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=>?@AB?A CA DE >F@>GHA DIII JAKLB@ CA M?HN F>OP>QR JA SOA A@ SST U
VQLGACCA SWXYVY Z[ VBQAHO\ ]HAL@^Q [LPP>H@A?H
_L@H^F` abcdefSg Z[ VBH^L\ VH^QL [LPP>H@A?H
S^FhAC aW[iWcZ _H\ cY=W Z^HAF@A?H JA @hjQA
kLFl?AQ ZW[]bc[d _H\ cm[ JA ORJAF^BA cY=W Z^HAF@A?H JA @hjQA
X^CCAQ Wcaf[d _H\ cY=W fnLO^BL@A?H

Y^Fh>CLQ WgW]ef Z[ VBH^L\ VBH^L =>Ph^L WB@^P>C^Q fnLO^BL@A?H
gKAQ aVoWV= _H\ cm[ JA ORJAF^BA cab fnLO^BL@A?H
=hRH^p SWq[WSrfafVZ ]hAp JA PH>MA@\ _h^C^PQ [AQALHFh fnLO^BL@A?H
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� S^H�L\

� OAQ K>^�^BQ\





]A p?@ L?n Fh^ABQ JA P>QAH @>?@A Q>H@A JA PH>GCjOAQT _LH AnAOPCA ?B OL@^B\ F>OOA
mAHHAH QA @H>?KL^@ RMAF@R JA Q>B @HL�BAL? Q?H ?BA LH�@A JA BA^�A H?�?A?QA\ CA KRh^F?CA PH^KR
JA OL�@H^QA F>OOAB�L JA GH^B�?AGLCAH AB @>?Q QABQT SL^Q\ L? C^A? JA Q�LHH�@AH\ CAQ LB^OL?n
QA FH>NLB@ C^GHAQ JR@LCjHAB@ � @>?@A LCC?HA A@ JLBQ PC?Q^A?HQ J^HAF@^>BQ � CL p>^QT iA @HL�BAL?
�B^@ PLH KAHQAH A@ QA F>^BFAH AB @HLKAHQ JA CL P^Q@A\ ^OO>G^C^QLB@ L? G>?@ JA CA?HQ F>?HH>^AQ
CAQ Fh^ABQ l?^ QA O^HAB@ L?QQ^@�@ � Q�AB�?A?CAH GH?NLOOAB@ AB@HA A?nT ]APABJLB@ mAHHAH
@�FhL^@ JA HAKAB^H � C?^ Q?H CA GLQrF�@R JA CL P^Q@A AB QA OLQQLB@ CL hLBFhAT i�LNLB@ HAO^Q
Q?H P^AJQ\ WB�>?@HA@>` AB@HAPH^@ J�LPL^QAH CAQ G�@AQ � F>?PQ JA p>?A@ OL^Q BA PLHK^B@ l?��
ABKAB^OAH CAQ Fh>QAQ U C>^B JA QA FLCOAH\ CA PHAO^AH Fh^AB p>?A@@R HRL�^@ AB O>HJLB@ Q>B
K>^Q^B\ l?^ AB O>HJ^@ ?B Q?^KLB@\ l?^ AB O>HJ^@ JA?n L?@HAQ l?^ HRL�^HAB@ JA O�OA LKLB@ l?A
@>?@ FACL JR�RBRH�@ AB KLQ@A F>B�^@\ JLBQ ?BA F>Bp?Q^>B @>@LCAT W �HLBJrPA^BA >B PLHK^B@
� CAQ OL�@H^QAHT _?^Q >B HAPLH@^@T i�R@R G>HRLC PH>�HAQQL^@T iL B?^@ BA @>OGL^Q MLOL^QT

kALB fFhAB>�
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iAQ RJ^@^>BQ JA O^B?^@





kA QL^Q �HR � SOA mHLB�>^QA a?QQ^jHA\ J^HAF@H^FA J? iLG>HL@>^HA JA G^>PhNQ^l?A A@ JA
@HL^@AOAB@ JA C �̂OL�A JA CL mLF?C@R JA ORJAF^BA JA Y^FA\ A@ � SST XRHLHJ mLK^AH A@ _^AHHA
aAHBhLHJ\ J^HAF@A?HQ Q?FFAQQ^pQ J? CLG>HL@>^HA V�= JA =>Ph^L WB@^P>C^Q\ JA O�LK>^H LFF?A^CC^
JLBQ CA?H CLG>HL@>^HAT kA HAOAHF^A SOA VQLGACCA SL�B^B A@ ST _L@H^F` a>?@hAON J�LK>^H
G^AB K>?C? HLPP>H@AH � PH>P>Q JA FA J>F?OAB@ A@ P>?H CAQ HAOLHl?AQ J>B@ ^CQ O�>B@ pL^@
PLH@T kA HAOAHF^A CAQ OAOGHAQ J? M?HN J�LK>^H LFFAP@R J�N Q^R�AHT SAHF^ � X^CCAQ W?GAH@
J�AB �@HA CA PHRQ^JAB@T
]A @HLKL^C L R@R AB PLH@^A HRLC^QR L? QA^B JA C�LF@^>B ^BF^@L@^KA � ]�?H GL@@LB@ � J? XZ[r_[] V=V=T

=LG^BA\ VKLB\ CAQ O>@Q OA OLBl?AB@T S>B JR�?^QAOAB@ ���
��� L?QQ^ OA OLBl?A
JAP?^Q l?A OLOLB C�L O^Q L?n >HJ?HAQ � C�RP>l?A >�\ CA @>?H JA F>? JA CL FLPA JAKAB? @H>P
PA@^@\ M �LKL^Q PH^Q C�hLG^@?JA JA M>?AH L? QL?KA?H JA C�?B^KAHQ AB LPBRA\ LM>?@LB@ ABF>HA L?
JLB�AH l?A F>BQ@^@?L^@ ?B ABK>C J? hL?@ J? @>^@ JA CL OL^Q>BT SL^Q K>^F^ l?A CAQ O>@Q OA
HA@H>?KAB@T VCQ BA K>B@ PLQ �@HA PCL^QLB@Q � C^HAT SL^Q Q>N>BQ h>BB�@AQ\ =LG^BA\ VKLBT _>?H
?BA p>^QT [AF>BBL^QQA� l?A K>?Q B�LKA� L?F?B �>	@T


>NL�AQ AB f?H>PA A@ KAHQ CA F>B@^BAB@ Y>HJrLORH^FL^B >B@ R@R JA @AHH^GCAQ RPHA?KAQ
l?A MA J>^Q L? F>BF>?HQ LFhLHBR JA S^FhAC aLHCL?J A@ kLFl?AQ ZLHF>?H@T cBA @hjQA Q>?Q
CL J^HAF@^>B J�?B G^P�CA Y^FAr=>Ph^L WB@^P>C^Q J>BF\ J>B@\ L? HA�LHJ J? @AOPQ JA PHRQABFA
� ?BA An@HRO^@R PLH HLPP>H@ � C�L?@HA\ CA FAB@HA JA �HLK^@R L pL^@ C�>GMA@ J�?B LM?Q@AOAB@
PAHOLBAB@ L�B l? �̂ C KA?^CCA G^AB HRQ^JAH CA PC?Q L? O^C^A? P>QQ^GCAT �l?^C^GHA JRC^FL@ l?�L
PAH@?HGR ?BA PLBBA JA K>^@?HA\ JR�B^@^KA AB l?ACl?A Q>H@A U CA Q>^B JA HAORJ^AH � CL JRrpL^CCLBFA L R@R LGLBJ>BBR L? JAQ@^BT
WGLBJ>BBR L? JAQ@^B\ @AC BA p?@ PLQ O>B Q>H@T ]AH@AQ\ ^C L G^AB pLCC? OA HRQ>?JHA\

kLFl?AQ ZLHF>?H@ R@LB@ ORJAF^B\ � C?^ LFF>HJAH JAQ FHRBAL?n J�LF@^K^@R h>QP^@LC^jHA �� A@
C�T S^FhAC aLHCL?J L R�LCAOAB@ ?BA LF@^K^@R LBBAnA l?A\ PLH R�LHJ\ MA O �̂ B@AHJ^Q JA JRK>^CAH
� CAQ PHL@^l?LB@Q J^H>B@ � LLCAH � � @>?@ AB ^BJ^l?LB@\ PLH Q>?F^ JA PHRF^Q^>B\ l?�>B Q�N
LJ>BBA � CL Q?HpLFA J�?B RCROAB@ C^l?^JA l?A Q?HK>CAB@ JAQ PLH@^F?CAQ J�L^H LB^ORAQ J�?B
O>?KAOAB@ J�ABQAOGCA F>hRHAB@T _>?H@LB@\ FA ONQ@RH^A?n C>^Q^H BA p?@ PLQ ?BA >FFLQ^>B JA
HAPHABJHA O>B Q>?�AT k�L^ F>BQ@LOOAB@ Q?G^ QL G^ABKA^CCLB@A Q?HKA^CCLBFA l?^ L Q>?KAB@
PH^Q CL p>HOA JA HR?B^>BQ AB PA@^@ F>O^@R A@ J�LPPACQ @RCRPh>B^l?AQT
ZA O>B P>^B@ JA K?A\ CAQ JA?n LF@^>BQ JR@AHO^BLB@AQ l?�L OABRAQ X^CCAQ W?GAH@ JAP?^Q

>F@>GHA ���E Q>B@ C�?@^C^QL@^>B M?J^F^A?QA J�?B @HLJ?F@A?H RCAF@H>B^l?A LB�CL^Q KAHQ >? JAr
P?^Q pHLB�L^Q\ A@ ?B JRKAC>PPAOAB@ OL@hROL@^l?A AQQAB@^AC � B>Q QRl?ABFAQT SL^Q FA BA Q>B@
C� l?A JA?n F>?PQ J�RFCL@ J�?BA FLOPL�BA JA @H>^Q LBQ L? F>?HQ JA CLl?ACCA QA Q>B@ Q?FFRJR
J^QF?QQ^>BQ\ Q?��AQ@^>BQ\ Q>C?@^>BQ\ F>HHAF@^>BQ JA P?GC^FL@^>BQ\ CA@@HA JA HAF>OOLBJL@^>BT
XHL@^@?JA ABKAHQ ]>CA@@A P>?H Q��@HA >FF?PRA JA @>?@T f@ ]>Bp?F^?Q J^QL^@ U � VC HAQ@A

@>?M>?HQ ?B PA? JA PLHp?O � CL OL^B l?^ J>BBA JAQ H>QAQ �T
XHLBJ OAHF^ � SLC^F` P>?H Q��@HA >FF?PR JAQ PCLB@AQ\ P>?H Q>B QABQ JA C�>H�LB^QL@^>B A@

P>?H CAQ FH>^QQLB@QT e>OOL�A L? QAF@A?H ORJ^FLC U bF@LKA\ p>?HB^QQA?H >�F^AC JA GCL�?AQ
A@ JA F>?PQ JA �?A?CA\ A@ C�Rl?^PA J? QAHK^FA JA ORJAF^BA B?FCRL^HA J? ]AB@HA WB@>^BA
iLFLQQL�BAT
]A Q>B@ JAQ Q@L�^L^HAQ\ @hRQLHJ�A�Q >? LBF^AB�BA�Qr?BrJAQrJA?n J�V�= QLBQ CAQl?ACQ CAQ

PL?QAQ B�L?HL^AB@ PLQ A? CL O�OA QLKA?HT fB K>^F^ CL C^Q@A\ PLH >HJHA LCPhLGR@^l?A U A^^CbHK
LWJA^O?\ LA^qBH LaAHH\ Ga> L]>@N\ LAf�^B? LJ^>Hdr]H?�\ BQ?W LAA^CB@
\ LARh^BP=@ LAhkB\
LARhBP=@ L^^OBHd � >H�LB^QL@A?H JA Q>^HRAQ P>?H LJ?C@AQ �\ LX>Q@?K L^SBH@\ ]Ahh^>PHQ@



L^>_HQ@\ A^CiB> aACBH?\ A^C=KN GAC>d?\ FJRRm^HH FR^>>_HQ\ LA^HK� Z^PQ??\ LWGAACCBB AX>?�\
�kC> �kB?\ PLHO^ l?^\ AB >HJHA FhH>B>C>�^l?A\ =NCK^A\ =@RPhLB^A A@ mHRJRH^F >B@ PLH@L�R
LKAF O>^ CA?H G?HAL?T
SAHF^ � S^FhAC^BA eL�BRHRT

������� 	�
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=>Ph^A H^�>CA\
_A?@r�@HA ?B PA? PC?Q

WKAF ?B PA? PC?Q J�LCF>>CT
ZA PHRpRHABFA JA C�Ll?L K^KL\

VC AQ@ G^AB AB@ABJ?T
bB BA H^�>CA PLQ LKAF B �̂OP>H@A l?>^T

W�BjQ\ ^QQ?A J�CL F?^Q^BA � k?P^@AH U
_�@AQ\ �?pQ J?HQ\ pH^@AQ\

fCCA AQ@ HA^BA JA CL OLHO^@AT
WCQL\ m^BJ?Q\ a>C^B>\

SL�@H^QA @>@LCA L? p>?HBAL?T
=?H Q>B QF>>@\ ACCA @^AB@ CL GH^JA\
]�AQ@ JAQ S^FhAC^BQ l?^ CL �?^JAB@T

_L@ SLHABF>\ MA @A PH>P>QA JA F>BFC?HAT
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J�?BA JH>^@A PLHLCCjCA AB pLFA J? JR@AF@A?H � LnA p>FLC � A@ RO^Q JLBQ JAQ PCLBQ >H@h>�>r
BL?n � FA@@A JH>^@AT fB�B\ ACCA AQ@ F>B^l?A Q^ CAQ @HLMAF@>^HAQ L?@>H^QRAQ QA F>?PAB@ AB ?B
P>^B@ JAKLB@ CA JR@AF@A?H � P>^B@ p>FLCT iAQ ^OL�AQ LFl?^QAQ Q>B@ LPPACRAQ JAQ PH>MAF@^>BQTi�h^Q@>^HA JA CL F>BQ@H?F@^>B JA C �̂OL�A JR�B^@^KA QAHKLB@ L? J^L�B>Q@^F AQ@ HLF>B@RA JLBQ
CAQ QAF@^>BQ �T�T� A@ �T�TDT
�� D� ��A��A��
iAQ LFl?^Q^@^>BQ AB RO^QQ^>B Q>B@ JA @NPA PH>MAF@^>B ?B^l?A >? JA @NPA PH>MAF@^>BQ

O?C@^PCAQ LKAF H>@L@^>B J? JR@AF@A?HT ZLBQ CA PHAO^AH FLQ\ >B CAQ J^@ � PCLBL^HAQ � >?
� QF^B@^�HLPh^l?AQ �T ZLBQ CA QAF>BJ\ >B CAQ J^@ � @>O>�HLPh^l?AQ ��\ J�>� C�LGHRK^L@^>B
dfS_T iAQ LFl?^Q^@^>BQ PCLBL^HAQ Q>B@ ?@^C^QRAQ AB C�R@L@ P>?H CA J^L�B>Q@^FT iAQ LFl?^Q^@^>BQ
@>O>�HLPh^l?AQ PH>J?^QAB@ ?BA QRH^A JA PH>MAF@^>BQ F>HHAQP>BJLB@ � C�>GQAHKL@^>B J�?BA
O�OA HR�^>B Q>?Q J^RHAB@Q LB�CAQ\ HR�?C^jHAOAB@ HRPLH@^Q Q?H ��I >? � I JA�HRQ CA PC?Q
Q>?KAB@ A@ CA C>B� J�?BA @HLMAF@>^HA PCLBA\ >H@h>�>BLCA � C�LnA J? F>HPQ J? PL@^AB@ � K>^H
��?HA �T�T iL �R>OR@H^A J�LFl?^Q^@^>B BA JRPABJ l?A J? @NPA JA F>CC^OL@A?H ?@^C^QRT

r

r+1

r-1

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

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

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

��� ��
 �����
 �
� ��������
 �
� 	���� ����	��
� ��������
� ��	�
� �
 ���	 	
��
 ��
 ����	
��
�	��� �
�
����� �
 ��
 �
� ����
�	���� 
�	 ��
 �����
�
iL HR�^>B >GQAHKRA � AB pL^@\ CL F>BFAB@HL@^>B\ >? ?BA �HLBJA?H PH>P>H@^>BBACCA\ J? @HLFA?HJLBQ FA@@A HR�^>B � J>^@ �@HA HAF>BQ@H?^@A � PLH@^H JAQ PH>MAF@^>BQ �eAGAH@ A@ iALhN �� �\
dQ?^ 
 ��! ����\ e?JQ>B A@ iLH`^B ����\ iL?HA@@A 
 ��! ��� "T _>?H R@LGC^H CA J^L�B>Q@^F\
C �̂OL�A HAF>BQ@H?^@A AQ@ CL PC?PLH@ J? @AOPQ R@?J^RA PLH PHRQAB@L@^>B J�?B ABQAOGCA JA
F>?PAQ >? L�FhL�A J�?BA ^Q>Q?HpLFAT bB PA?@ R�LCAOAB@ AAF@?AH JAQ @HL^@AOAB@Q PC?Q
RCLG>HRQ\ PLH AnAOPCA ?BA QA�OAB@L@^>BT
��� D� #@$���A��A��
iAQ LFl?^Q^@^>BQ AB @HLBQO^QQ^>B Q>B@ AnFC?Q^KAOAB@ JA @NPA PH>MAF@^>BQ O?C@^PCAQ LKAF

H>@L@^>B J? JR@AF@A?HT fCCAQ @HLJ?^QAB@ ?BA ^Bp>HOL@^>B LBL@>O^l?A OL^Q BA Q>B@ MLOL^Q
^B@AHPHR@RAQT fCCAQ Q>B@ ?BA PHAO^jHA R@LPA JA CL F>HHAF@^>B J? PhRB>OjBA J�L@@RB?L@^>B
l?^ LAF@A CAQ ^OL�AQ J�RO^QQ^>B � K>^H QAF@^>BQ �T� A@ �TDT iAQ LFl?^Q^@^>BQ F>OP@AB@ ?B
ABQAOGCA JA PH>MAF@^>BQ F>HHAQP>BJLB@ � J^RHAB@Q LB�CAQ J? JR@AF@A?H A@ JA CL Q>?HFA HLrJ^>LF@^KA An@AHBA HR�?C^jHAOAB@ HRPLH@^Q Q?H ��I >? � I JA�HRQ CA PC?Q Q>?KAB@ A@ CA C>B�
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J�?BA @HLMAF@>^HA PCLBA\ >H@h>�>BLCA � C�LnA J? F>HPQ J? PL@^AB@T iA JR@AF@A?H A@ CL Q>?HFA
Q>B@ J^LOR@HLCAOAB@ >PP>QRQ A@ CA PL@^AB@ AQ@ Q^@?R AB@HA A?n � K>^H ��?HA �TDT iL �R>OR@H^AJ�LFl?^Q^@^>B JRPABJ ?B^l?AOAB@ J? @NPA JA F>CC^OL@A?H ?@^C^QR >? ?B^l?AOAB@ JA CL p>HOA
JA CL Q>?HFA � PCLBL^HA\ C^BRL^HA >? P>BF@?ACCAT ZA @>?@A pL�>B\ CA @NPA A@ CL p>HOA J>^KAB@
�@HA AB LJRl?L@^>BT
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VC AQ@ Q>?hL^@LGCA l?A C �̂ B@AHQAF@^>B JAQ K>C?OAQ JR�B^Q � FhLl?A PH>MAF@^>B AB@HA CA JRr
@AF@A?H A@ CL Q>?HFA Q>^@ L?QQ^ PH>FhA l?A P>QQ^GCA JA CL HR�^>B J�RO^QQ^>B >GQAHKRA � CL
QAF@^>B �T�T�T ]ACL B�AQ@ @>?@Ap>^Q PLQ QNQ@ROL@^l?A\ BA QAHL^@rFA l?A PLHFA CAQ �R>OR@H^AQJ�LFl?^Q^@^>B AB RO^QQ^>B A@ AB @HLBQO^QQ^>B BA Q>B@ PLQ BRFAQQL^HAOAB@ CAQ O�OAQT
iL HR�^>B JA @HLBQO^QQ^>B >GQAHKRA � AB pL^@\ C�L@@RB?L@^>B JLBQ FA@@A HR�^>B � J>^@ �@HA
HAF>BQ@H?^@A � PLH@^H JAQ PH>MAF@^>BQ �iLB�A 
 ��! �� E\ SLB�C>Q 
 ��! ����\ X^CCLBJ

 ��! ��� "T i �̂OL�A HAF>BQ@H?^@A AQ@ LPPACRA � FLH@A J�L@@RB?L@^>B � A@ ACCA F>BQ@^@?A
C�R@LPA Q?^KLB@A JA CL F>HHAF@^>B J? PhRB>OjBA J�L@@RB?L@^>BT _C?Q^A?HQ OR@h>JAQ LFhAr
KLB@ CL @�FhA Q>B@ PH>P>QRAQ JLBQ �dQ?^ 
 ��! �� �\ mHAN 
 ��! ���D"T VBJRPABJLOOAB@ JA
CL OR@h>JA\ CL F>HHAF@^>B JA FA PhRB>OjBA AQ@ PLH@^F?C^jHAOAB@ ^OP>H@LB@A AB ^OL�AH^A
FLHJ^Ll?A FLH CA PhRB>OjBA AQ@ QPRF^LCAOAB@ PRBLC^QLB@ JLBQ FA@@A LPPC^FL@^>B U CA @h>HLn
AQ@ CLH�A A@ C�L@@RB?L@^>B L?�OAB@A LKAF CL C>B�?A?H JA @^QQ? @HLKAHQRAT

��� �!���"��!��
fB RO^QQ^>B F>OOA AB @HLBQO^QQ^>B\ B>?Q BA B>?Q ^B@RHAQQ>BQ l?�L?n LFl?^Q^@^>BQ l?A

B>?Q LK>BQ LPPACRAQ � � PH>MAF@^>BQ O?C@^PCAQ LKAF H>@L@^>B J? JR@AF@A?H �T iAQ ^OL�AQ
HAF>BQ@H?^@AQ Q>B@ JAQ K>C?OAQ >? JAQ Q?^@AQ JA K>C?OAQ AB ^OL�AH^A JNBLO^l?A � K>C?OAQ
L? F>?HQ J? @AOPQT
iL PHAO^jHA OR@h>JA J �̂ B@AHPHR@L@^>B J�?BA ^OL�A J�RO^QQ^>B HAF>BQ@H?^@A AQ@ C�>GQAHr

KL@^>B J�?B ABQAOGCA JA F>?PAQT fCCA F>BQ@^@?A C �̂ BF>B@>?HBLGCA AnPAH@^QA l?LC^@L@^KA J?
ORJAF^BT d>?@Ap>^Q\ JAQ OAQ?HAQ l?LB@^@L@^KAQ Q?H CAQ ^OL�AQ PA?KAB@ pL^HA JRF>?KH^H ?BA
PL@h>C>�^A PLQQRA L? @HLKAHQ JAQ OL^CCAQ J? �CA@ JA C�AnPAH@T _C?Q KHL^QAOGCLGCAOAB@\ FAQ
OAQ?HAQ Q>B@ JAQ@^BRAQ � L^JAH � C�RKLC?L@^>B JA CL �HLK^@R J�?BA PL@h>C>�^A HAF>BB?A PLH
C�AnPAH@T iL JR@AHO^BL@^>B J�?BA ^Q>Q?HpLFA AQ@ ?B PLQ JLBQ FA@@A J^HAF@^>B FLH >B PA?@ Q�AB
QAHK^H P>?H FLCF?CAH\ PLH AnAOPCA\ ?B K>C?OA >? ?BA RPL^QQA?HT i�AQP>^H AQ@ l?A C �̂ Q>Q?HpLFA
Q>^@ PH>FhA J? F>B@>?H JA C�>H�LBA R@?J^RT



 ������������

iL QA�OAB@L@^>B L P>?H G?@ JA O^A?n F>CCAH � CL HRLC^@R JA C�>H�LB^QOA\ Q>^@ CL HRLC^@R
LBL@>O^l?A � FCLQQ^�FL@^>B BL@?HACCA J? F>HPQ AB >H�LBAQ �\ Q>^@ CL HRLC^@R p>BF@^>BBACCA
� FCLQQ^�FL@^>B AB HR�^>B QL^BA A@ HR�^>B PL@h>C>�^l?A J�?B >H�LBAT iAQ OAQ?HAQ >PRHRAQ Q?H
CL QA�OAB@L@^>B Q>B@ LC>HQ J^HAF@AOAB@ @HLBQP>QLGCAQ AB PLHLOj@HAQ JA C�>H�LBA R@?J^RT ZA
PC?Q\ ?BA OR@h>JA JA QA�OAB@L@^>B PA?@ �@HA HACL@^KAOAB@ H>G?Q@A L? GH?^@ A@ ^B@R�HAH JAQ
F>B@HL^B@AQ ^QQ?AQ JA F>BBL^QQLBFAQ � ������ Q?H C�>H�LBA � PLH AnAOPCA\ >B P>?HHL^@ �nAH
CA K>C?OA JA QA�OAB@L@^>B � ?BA KLCA?H F>BQ^JRHRA O>NABBA FhA� ?B PL@^AB@ B>HOLCT ]CLQr
Q>BQ CAQ OR@h>JAQ AB @H>^Q FL@R�>H^AQ U FACCAQ l?^ B�?@^C^QAB@ l?A CAQ PH>MAF@^>BQ A@ Q>B@ J>BF
LB@RH^A?HAQ � CL HAF>BQ@H?F@^>B �aL@@CA 
 ��! ���E"\ FACCAQ l?^ Q>B@ Q^O?C@LBRAQ � CL HAF>BQr
@H?F@^>B �dAG>?C 
 ��! ��� " A@ FACCAQ l?^ Q>B@ P>Q@RH^A?HAQ � CL HAF>BQ@H?F@^>B �XAHOLB>

 ��! ����\ YACQ>B 
 ��! ����\ gA��^ 
 ��! ���E\ Y^AQQAB 
 ��! ��� \ SLH^LB>rX>?CLH@

 ��! ��� \ mLGAH 
 ��! ����\ oAB� 
 ��! ����" � CL OR@h>JA JA FCLQQ^�FL@^>B\ P>Q@RH^A?HA
� CL JR@AHO^BL@^>B J? B>OGHA JA FCLQQAQ A@ � C�AQ@^OL@^>B JA CA?HQ PLHLOj@HAQ\ JRKAC>PPRA
PLH =LOQ>B 
 ��! �DIII" ?@^C^QA CAQ ABQAOGCAQ JA B^KAL?n JA pL�>B ^B�RB^A?QAT ZLBQ @>?Q
CAQ FLQ\ CL QA�OAB@L@^>B PA?@ �@HA ?@^CA P>?H LORC^>HAH CL l?LC^@R JA CL HAF>BQ@H?F@^>B\ PLH
AnAOPCA AB pLF^C^@LB@ ?B C^QQL�A LB^Q>@H>PA �dAG>?C 
 ��! ��� \ [^JJACC 
 ��! DIII"T
]APABJLB@\ FA B�AQ@ PLQ ?B PH>GCjOA pLF^CA\ O>^BQ ABF>HA AB ^OL�AH^A J�RO^QQ^>B JNBLr
O^l?A >� ^C Q�L�^@ JA QA�OAB@AH ?BA QRl?ABFA J �̂OL�AQT fB AA@\ PLHO^ CAQ AnLOABQ JA
ORJAF^BA B?FCRL^HA\ CA PC?Q F>?HLOOAB@ HRLC^QR � C�RFhACCA O>BJ^LCA AQ@ C�AnLOAB FLHJ^Ll?AT
i�LFl?^Q^@^>B @HLJ^@^>BBACCA PHRQAB@RA AB QAF@^>B �T�T� B�AQ@ PLQ LJLP@RA � C�>GQAHKL@^>B J?
ON>FLHJAT VC An^Q@A ?B O>JA J�LFl?^Q^@^>B QNBFhH>B^QR Q?H C�RCAF@H>FLHJ^>�HLOOA l?^ L?@>r
H^QA CL HAF>BQ@H?F@^>B JA � ^OL�AQ J�RO^QQ^>B l?^ Q>B@ CAQ F>B��?HL@^>BQ O>NABBAQ J? F�?H
PABJLB@ CAQ ��� JA FNFCAT cBA QRl?ABFA J �̂OL�AQ ORH^@A l?A QL OR@h>JA JA QA�OAB@L@^>B
@AB@A J�?@^C^QAH CA pL^@ l?�ACCA HAPHRQAB@A ?B O�OA >GMA@ L? F>?HQ J? @AOPQT Y>?Q B>?Q N
AOPC>N>BQ JLBQ CL PLH@^A VVVT _?^Ql?A B>?Q LK>BQ OAB@^>BBR CA FLCF?C JA PLHLOj@HAQ JA
C�>H�LBA R@?J^R\ B>?Q O>B@H>BQ l?A CL pHLF@^>B J�RMAF@^>B J? KAB@H^F?CA �L?FhA AQ@ pLF^CAr
OAB@ RKLC?LGCA � PLH@^H JA CL QA�OAB@L@^>BT Y>?Q LK>BQ ABQ?^@A JRKAC>PPR ?BA OR@h>JA JA
F>OPABQL@^>B F^BR@^l?A\ PHRQAB@RA JLBQ CL PLH@^A V
\ l?^ QA QAH@ JA CL QA�OAB@L@^>B FLCF?CRA
L�B J�LORC^>HAH CL l?LC^@R JA CL HAF>BQ@H?F@^>BT
Y>?Q C�LK>BQ J^@\ CAQ ^OL�AQ JA @HLBQO^QQ^>B HAF>BQ@H?^@AQ BA Q>B@ PLQ ^B@AHPHR@RAQT

fQ@rFA � J^HA l?A CA?H QA�OAB@L@^>B B�LPP>H@A H^AB 	 [^JJACC 
 ��! �DIII" PHRF>B^QAB@ JA
HAF>BQ@H?^HA A@ QA�OAB@AH ?BA FLH@A J�L@@RB?L@^>B P?^Q J�AAF@?AH ?B C^QQL�A LB^Q>@H>PA JA
CL FLH@A HAF>BQ@H?^@A A@ JA F>HH^�AH C�L@@RB?L@^>B JAQ ^OL�AQ J�RO^QQ^>B LKAF CL FLH@A C^QQRAT
ZA FA@@A pL�>B\ CA G^L^Q HRQ?C@LB@ J�?BA F>HHAF@^>B LKAF ?BA FLH@A HAF>BQ@H?^@A GH?@A AQ@
HABJ? l?LQ^OAB@ B?CT ZLBQ CL PLH@^A VV\ B>?Q PH>P>Q>BQ ?BA OR@h>JA JA QA�OAB@L@^>B JAQ
FLH@AQ J�L@@RB?L@^>B l?^ L�^@ J^HAF@AOAB@ � PLH@^H JAQ PH>MAF@^>BQT Y>?Q C�LPPC^l?>BQ L?n
FLH@AQ J�L@@RB?L@^>B J? @h>HLn J>B@ CL �BLC^@R AQ@ CL F>HHAF@^>B JA C�L@@RB?L@^>B JAQ ^OL�AQ
FLHJ^Ll?AQ J�RO^QQ^>BT
cBA JAQ J^�F?C@RQ JA CL QA�OAB@L@^>B AQ@ l? �̂ C B�An^Q@A PLQ KHL^OAB@ JA FH^@jHA ?B^KAHQACT

iL HAFhAHFhA JA OLn^OL C>FL?n J? �HLJ^AB@ �ZAH^FhA �� E" PAHOA@ G^AB Q	H JA @H>?KAH JAQ
pH>B@^jHAQ JLBQ JAQ ^OL�AQ J�>H^�^BAQ J^KAHQAQ U K^JR>\ QL@ACC^@A\ ORJAF^BA � � � YRLBO>^BQ\
>B H^Ql?A JA JR@AF@AH JAQ F>B@>?HQ l?^ BA Q>B@ PLQ FA?n JA C�>GMA@ J �̂ B@RH�@T cB FH^@jHA RFH^@
AB p>BF@^>B J? @NPA JA C �̂OL�A A@ JA CL F>BBL^QQLBFA � ������ JA C�>GMA@ AQ@ FAH@L^BAOAB@
CA OA^CCA?H O>NAB JA @H>?KAH FA l?�>B FhAHFhA A@ ?B^l?AOAB@ FACLT W?@HAOAB@ J^@\ ^C pL?@
JRB^FhAH JAQ PLHLOj@HAQ J^QFH^O^BLB@ CA >? CAQ >GMA@Q J? p>BJ A@\ Q �̂ C N L PC?Q^A?HQ >GMA@Q\ CAQ
>GMA@Q AB@HA A?nT�?^ PC?Q AQ@\ FA@@A QPRF^�F^@R JA CL OR@h>JA L QLBQ J>?@A P>?H F>BQRl?ABFA
LPPHRF^LGCA JA J^O^B?AH CL QABQ^G^C^@R L? GH?^@\ L?@HA J^�F?C@R ^OP>H@LB@A AB QA�OAB@L@^>B
� PC?Q �RBRHLCAOAB@\ AB @HL^@AOAB@ J �̂OL�AQT Y>?Q LK>BQ AQQLNR JLBQ CAQ PLH@^AQ VV A@ VVVJ�AnPC>^@AH CAQ PLH@^F?CLH^@RQ JAQ J>BBRAQ @HL^@RAQT
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cBA JAQ OR@h>JAQ JA PC?Q GLQ B^KAL? JA QA�OAB@L@^>B AQ@ CL JR@AF@^>B JA F>B@>?HQ PLH

?B �C@HA JRH^KL@A?H P?^Q CA?H FhL�BL�A �S>B�L 
 ��! ����"T i �̂ B�?ABFA J? GH?^@ PA?@ �@HA
PRB^GCA � OL�@H^QAH A@ CL OR@h>JA AQ@ @>@LCAOAB@ ^BJRPABJLB@A J? @NPA A@ J? F>B@AB? JA
C �̂OL�AT iL QA�OAB@L@^>B PLH GLQQ^BQ KAHQLB@Q AQ@ LQQA� P>P?CL^HA �SLH^LB>rX>?CLH@ 
 ��!
��� \ [^JJACC 
 ��! DIII" OL^Q C �̂ B@R�HL@^>B JA F>B@HL^B@AQ QAOGCA JRC^FL@AT iL @AFhB^l?A JAQ
F>B@>?HQ LF@^pQ O^QA AB �?KHA PLH ABQAOGCAQ JA B^KAL?n B>?Q L PLH? LP@A L? JRKAC>PPAOAB@
JA OR@h>JAQ JA QA�OAB@L@^>B Q?�QLOOAB@ H>G?Q@AQ L? GH?^@ A@ p>BJRAQ Q?H JAQ F>B@HL^B@AQ
J^F@RAQ PLH CL F>BBL^QQLBFA J? @NPA J �̂OL�A A@ JAQ >GMA@Q J �̂ B@RH�@ � K>^H PLH@^A VT
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]A J>F?OAB@ AQ@ L�ABFR F>OOA Q?^@ U
� CA HAQ@LB@ JA FA@@A PLH@^A AQ@ F>BQLFHR L?n B>@L@^>BQ A@ � CL @AHO^B>C>�^A AB ?QL�A ^F^ �
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� CL PLH@^A V
 AQ@ HRQAHKRA � CL OR@h>JA JA F>OPABQL@^>B F^BR@^l?A JAQ QRl?ABFAQ FLHrJ^Ll?AQ �
� CL JAHB^jHA PLH@^A AQ@ C�>FFLQ^>B JA F>BFC?HAT
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�>H^@hOAT iAQ FH^@jHAQ � O^B^O^QAH Q�LPPACCAB@ � l?ACl?A Fh>QA >? @>?@ F>?H@ � PLH AnAOPCA\
� \ �� A@ ���� TiAQ O^B?QF?CAQ CA@@HAQ CL@^BAQ Q>B@ HRQAHKRAQ L?n Q>H@^AQ >? ^BF>BB?AQ J�?B LC�>H^@hOAT ]A
Q>B@ Q>?KAB@ JAQ ^OL�AQ >? QRl?ABFAQ J �̂OL�AQ � F>BQ^JRHRAQ RKAB@?ACCAOAB@ F>OOA JAQ
^OL�AQ AB J^OABQ^>B l?L@HAT �?ACl?AQ AnFAP@^>BQ FAPABJLB@T cB P>^B@ FLH@RQ^AB\ AB J^r
OABQ^>B JA?n >? @H>^Q\ AQ@ HRpRHABFR PLH 	 >? 
T cB P>^B@ JA PH>MAF@^>B AQ@ B>@R �T Y>?Q
JRB>OO>BQ � CAQ F>>HJ>BBRAQ F?HK^C^�BAQ >?  C>HQl?�ACCAQ Q>B@ PLHLOR@HRAQ PLH C>B�?A?H
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JA JR�B^@^>B JAQ ^OL�AQ � A@ JAQ PH>MAF@^>BQ �\ CA J>OL^BA �� J? ON>FLHJA JLBQ C �̂OL�A
� J�?BA QRl?ABFA FLHJ^Ll?A QNBFhH>B^QRA A@ Q>B F>B@>?H �� T fB pL^@ J�AnAOPCAQ\ F�AQ@ ?B
^BKAB@L^HA >? PLQ C>^BT
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iAQ B>OQ J �̂OL�A A@ JA F>B@>?H Q>B@ L?GCRQ JA PLHAB@hjQAQ AB@HA CAQl?ACCAQ QA �C^QQA
?B P>^B@ Q^ CA B>O AQ@ ?@^C^QR AB @LB@ l?A p>BF@^>B\ >? ?BA CA@@HA �\ 	\ 
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fB AA@\ B>?Q ?@^C^Q>BQ Q>?KAB@ ?B QFhROL JNBLO^l?A L? QA^B J?l?AC ACCAQ JRPABJAB@ J?
@AOPQT Y>?Q LM>?@>BQ LC>HQ ?B � � � � >? ?B � � � � JLBQ CAQ PLHAB@hjQAQ JAQ ^OL�AQ A@ JAQ
F>B@>?HQ JA Q>H@A l?A CA @AOPQ Q>^@ @>?M>?HQ CL JAHB^jHA KLH^LGCAT bB F>BFL@jBA R�LCAOAB@
� ��� � >? � ��� � L?n B>OQ JAQ L?@HAQ @NPAQ J �̂ BF>BB?A � B^ ^OL�A\ B^ F>B@>?HT _HAO^jHA JAQJA?n ^CC?Q@HL@^>BQ\ ��T\T� AQ@ ?BA p>BF@^>B JA C�AQPLFA A@ J? @AOPQ A@ ���� �� AQ@ CL HAQ@H^F@^>BJA FA@@A p>BF@^>B � C �̂ BQ@LB@ �T =AF>BJA ^CC?Q@HL@^>B\ �� ��� AQ@ ?BA p>BF@^>B J? @AOPQ J>B@
CL KLCA?H � C �̂ BQ@LB@ � AQ@ �� ���T W@@AB@^>B L? H^Ql?A JA F>Bp?Q^>B J? � ��� � J�?BA p>BF@^>BJA C�AQPLFA � AnAOPCA ����� � LKAF CA � ��� � J�?BA p>BF@^>B J? @AOPQ � AnAOPCA l?^ K^AB@J��@HA K? LKAF �� ���T ZjQ C>HQ l?A B>?Q LK>BQ G^AB JRFH^@ FA@@A F>BKAB@^>B\ B>?Q P>?K>BQ
LK>?AH l?A B>?Q CL GLp>?AH>BQ LCCj�HAOAB@\ Q?H@>?@ JLBQ C�RFH^@?HA JAQ Rl?L@^>BQ A@ Q>?Q
PHR@An@A JA FCLH@RT Z>BF\ � CL PCLFA JA U
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iL JRH^KRA � QPL@^LCA � J�?BA p>BF@^>B ���� JA 	 � KLCA?HQ HRACCAQ AQ@ B>@RA ����� � KAFr
@A?H �HLJ^AB@ JA ����T _>?H HAQ@AH F>hRHAB@ LKAF FA@@A B>@L@^>B\ CL JRH^KRA PLH@^ACCA J�?BAp>BF@^>B ��T\T�\ JA 	 A@ JA � � KLCA?HQ HRACCAQ\ PLH HLPP>H@ � 	\ �LHJA CL B>@L@^>B PHRFRJAB@ATfB HAKLBFhA\ CL JRH^KRA PLH@^ACCA PLH HLPP>H@ � � � @AOP>HACCA � AQ@ RFH^@A ��������T\T�T iA
CLPCLF^AB JA ���� AQ@ B>@R �����T=^ ���� AQ@ ?BA p>BF@^>B KAF@>H^ACCA JA � \ QL JRH^KRA AQ@ �� ���T =^ ACCA JRPABJ R�LCAOAB@ JA �\
CL JRH^KRA PLH@^ACCA PLH HLPP>H@ � � �LHJA CL B>@L@^>B PHRFRJAB@A A@ CL JRH^KRA PLH@^ACCA PLH
HLPP>H@ � � AQ@ B>@RA ��������T\T�T
_>?H AB �B^H LKAF C�LQPAF@ �RBRHLC JAQ B>@L@^>BQ\ PHRF^Q>BQ l?A FAH@L^BQ B>OQ JA KAF@A?HQ

Q>B@ F>^RQ J�?BA �jFhA\ F>OOA P>?H CA KAF@A?H B?C ��\ ��� >? ��
T

>^F^ KAB^H JA?n @LGCAL?n JA QNOG>CAQ �T� A@ �TD AB HABp>H@ JAQ AnPC^FL@^>BQ PHRFRJAB@AQT
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� C�ABQAOGCA K^JA
�� ^C An^Q@A ?B ?B^l?A
�� KL?@ PLH JR�B^@^>B
� AQ@ LPPH>FhR PLH
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 KLCA?H LGQ>C?A J�?B QFLCL^HA >? B>HOA A?FC^J^ABBA J�?B KAF@A?H
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�\ � \ � KLH^LGCAQ ^BJ^FAQ LPPLH@ABLB@ � �

� KLH^LGCA ^BJ^FA @AOP>HAC LPPLH@ABLB@ � ���� PLHLOj@HA J?HRA ^B�B^@RQ^OLCA >? PLQ @AOP>HAC J�RFhLB@^CC>BBL�A
� KLH^LGCA P>^B@Q DZ >? �Z JA F>>HJ>BBRAQ FLH@RQ^ABBAQ JLBQ CAQ PH>MAFr
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	 KLH^LGCA P>^B@Q DZ >? �Z JA F>>HJ>BBRAQ FLH@RQ^ABBAQ JLBQ CAQ ^OL�AQ

 ^BF>BB?A P>^B@Q DZ >? �Z JA F>>HJ>BBRAQ FLH@RQ^ABBAQ JLBQ CAQ ^OL�AQ��
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=^�BLC>BQ AB PHRLOG?CA l?A\ Q�L�^QQLB@ J�?BA pH>B@^jHA pAHORA\ l?�ACCA Q>^@ F>?HGA PCLBA
>? Q?HpLFA\ B>?Q AOPC>^AH>BQ CA O>@ F>B@>?H QLBQ PC?Q JA PHRF^Q^>B � @>?@ JA O�OA >B J^HL
PLHp>^Q F>B@>?H �Z JLBQ CA PHAO^AH FLQ A@ F>B@>?H DZ JLBQ CA QAF>BJ l?LBJ CL J^Q@^BF@^>B
AQ@ BRFAQQL^HAT =�̂ C pL?@ Fh>^Q^H CA QABQ JA PLHF>?HQ J�?B F>B@>?H �Z\ B>?Q Fh>^Q^QQ>BQ CA QABQ
@H^�>B>OR@H^l?A JA Q>H@A l?�?BA B>HOLCA J^HAF@A L? F>B@>?H Q>^@ J^H^�RA KAHQ Q>B ^B@RH^A?HT
_>?H ?B F>B@>?H DZ\ B>?Q l?LC^�>BQ R�LCAOAB@ JA J^HAF@A ?BA B>HOLCA l?^ P>^B@A KAHQ
C �̂ B@RH^A?HT �?LB@ � CL � F>?HG?HA �\ ACCA JRQ^�BA ^BJ^RHAOOAB@ CL F>?HG?HA J�?B F>B@>?H
�Z >? CL F>?HG?HA O>NABBA J�?B F>B@>?H DZ JLBQ CAQ JRKAC>PPAOAB@Q KLC^JAQ P>?H FAQ
JA?n J^OABQ^>BQT
m^n>BQ � PHRQAB@ CAQ QABQ l?A B>?Q LFF>HJ>BQ � C�AnPHAQQ^>B � ABQAOGCA�Q� JA B^KAL?�n� �T

iL l?AQ@^>B AQ@ JRM� JA QLK>^H l?ACQ PC?H^ACQ B>?Q LCC>BQ F>BQ^JRHAHT _>?H N HRP>BJHA\ HAr
KAB>BQ � C�AnPHAQQ^>B >H^�^BLCA � F>?HGA JA B^KAL? �T Y^KAL? AQ@ RFH^@ L? Q^B�?C^AH A@\ Q>?Q
F>?KAH@ J�LBLC>�^A\ >B J^HL^@ l?�ABQAOGCA JA B^KAL? AQ@ ?BA AnPHAQQ^>B PC?Q �RBRHLCA >� ABr
QAOGCA pAHL^@ ^BJ^RHAOOAB@ HRpRHABFA � ?BA F>?HGA � PLH AnAOPCA\ ?BA F>?HGA JA C �̂OL�A
FLH@>�HLPh^l?A �T� � >? ?BA Q?HpLFAT Z? F>?P\ F>OOAB@ LPPACCAHL^@r>B C�?B^>B JAQ ABr
QAOGCAQ JA B^KAL? � F�AQ@r�rJ^HA CL @>@LC^@R JA C �̂OL�A �T� P>?H F>B@^B?AH J�AnPC>^@AH FA@
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PLH AnAOPCA\ AB J^OABQ^>B JA?n U � � ��������� ��� J>BBRA PH>MAF@^>BQ @NPA RO^QQ^>B
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AnAOPCA � 	 cB ABQAOGCA J�ABQAOGCAQ JA B^KAL? 	 Y>?Q J^H>BQ PC?@�@ ?B F>B@>?H JA B^KAL?
PLH An@ABQ^>B � F>?HGA JA B^KAL?\ l?^ J>BBA L? PC?H^AC JAQ F>B@>?HQ JA B^KAL? l?^\ Q^ >B
CAQ �H>?PA\ p>HOAB@ ?B ABQAOGCA JA F>B@>?HQ JA B^KAL? l?A B>?Q P>?K>BQ O�OA HRJ?^HA
AB ABQAOGCA JA B^KAL?n\ CA PC?H^AC JA B^KAL? pL^QLB@ >�FA JA F>B@HLF@^>B JA F>B@>?HQ JA
B^KAL?T
fB HRQ?OR U

� F>B@>?H JA B^KAL? U F>?HGA >? Q?HpLFA JA B^KAL?\ PLH AnAOPCA �� �
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B^KAL? �Q@H^F@AOAB@" �P>Q^@^p 
BR�L@^p � �\ l?�?B F>B@>?H LF@^p\ l?�?B F>B@>?H LF@^p HAPHRQAB@R
PLH CA F>B@>?H JA B^KAL? �RH> J�?B ABQAOGCA JA B^KAL?n AB RK>C?@^>BT W? Fh>^n Q?^KLB@ CA
F>B@An@A A@ Q?^KLB@ C�h?OA?HT
iAQ BR�L@^K^@R\ P>Q^@^K^@R\ ^BpRH^>H^@R\ Q?PRH^>H^@R AOPC>NRAQ QA?CAQ CA Q>B@ L? QABQ CLH�AT

_LH AnAOPCA\ � BR�L@^p � Q^�B^�A � Q@H^F@AOAB@ BR�L@^p >? R�LC � �RH> �T iA QABQ Q@H^F@ AQ@
Q@H^F@AOAB@ PHRF^QRT
_>?H JRQ^�BAH J�?B QA?C O>@ ?B P^nAC >? ?B K>nAC\ B>?Q J^H>BQ � RCROAB@ �T fB�B\ B>?Q

AOPC>^AH>BQ C�AnPHAQQ^>B �PHAQl?A PLH@>?@ � P>?H l?LC^�AH ?BA PH>PH^R@R KHL^A PLH@>?@ QL?p
AB l?ACl?AQ P>^B@Q � FLQ F>B@^B? � >? AB l?ACl?AQ RCROAB@Q � FLQ J^QFHA@T _LH � l?ACl?AQ
P>^B@Q �\ B>?Q AB@ABJ>BQ JAQ P>^B@Q ^Q>CRQ\ JAQ P>^B@Q HA�H>?PRQ AB F>?HGAQ � FLQ JA CLJ^OABQ^>B JA?n � >? JAQ P>^B@Q L��C?@^BRQ AB Q?HpLFAQ � FLQ JA CL J^OABQ^>B @H>^Q �\ OL^Q
PLQ PC?QT dNP^l?AOAB@\ ?B HRQ?C@L@ KRH^�R PLH@>?@ QL?p Q?H CA Ql?ACA@@A J�?B F>B@>?H QAHL
J^@ KHL^ PHAQl?A PLH@>?@T
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cB F>B@>?H LF@^p AQ@ ?B F>B@>?H pAHOR J>B@ CL p>HOA A@ CL P>Q^@^>B PA?KAB@ RK>C?AH
J�?B R@L@ ^B^@^LC\ PLH AnAOPCA ?B �H>Q FLHHR AnFAB@HR\ KAHQ ?B R@L@ �BLC\ PLH AnAOPCA ?B
PA@^@ FAHFCA FAB@HRT bB J^@ L?QQ^ F>B@>?H JRp>HOLGCA OL^Q F�AQ@ PC?Q C>B� J>BF B>?Q J^H>BQ
F>B@>?H LF@^pT bB J^@ ABF>HA ���
 � F�AQ@ PC?Q F>?H@ OL^Q F�AQ@ LB�CL^Q J>BF B>?Q J^H>BQ
l?LBJ O�OA F>B@>?H LF@^pT

��� ��������
iA F>B@>?H J�?B >GMA@ AQ@ ?BA F>?HGA PCLBA pAHORA JLBQ ?BA ^OL�A G^J^OABQ^>BBACCA

>? ?BA Q?HpLFA pAHORA JLBQ ?BA ^OL�A @H^J^OABQ^>BBACCAT =L JR@AF@^>B PA?@ �@HA HRLC^QRA L?
O>NAB J�?B �C@HA JRH^KL@A?H �ZAH^FhA �� E" OL^Q ACCA QAHL PLH@^ACCA\ Q>^@ l?A FAH@L^BAQ PLH@^AQ
B�L?H>B@ PLQ OLB^pAQ@R ?B �HLJ^AB@ J �̂ B@ABQ^@R Q?�QLOOAB@ RCAKR P>?H �@HA K?AQ\ Q>^@ l?A\
CA F>B@>?H LNLB@ R@R F>OPCj@AOAB@ @H>?KR\ >B J^QP>QA J�?B ABQAOGCA J�RCROAB@Q QLBQ C^AB
@>P>C>�^l?A\ FA l?^ AQ@ JRM� KHL^ JLBQ CA PHAO^AH FLQT bB PA?@ LC>HQ FhL�BAH CAQ P>^B@Q JA
F>B@>?H �S>B�L 
 ��! ����" >? FhAHFhAH CA F>B@>?H pAHOR CA?H F>CCLB@ L? O^A?n �H�FA L?n
F>B@>?HQ LF@^pQ �a>H�Ap>HQ ��  "T bB PA?@ L?QQ^ ?@^C^QAH J�AOGCRA CAQ F>B@>?HQ LF@^pQT bB
LFFjJA L^BQ^ J^HAF@AOAB@ � ?BA ^Bp>HOL@^>B JA PC?Q hL?@ B^KAL? l?A C�RCROAB@ ^Q>CRT ZA
PC?Q\ JAQ OR@h>JAQ J�RK>C?@^>B JA F>B@>?HQ LF@^pQ PAHOA@@AB@ JA J^O^B?AH CL QABQ^G^C^@R L?
GH?^@ J? HRQ?C@L@ � LKAF PLHp>^Q ?BA F>B@HAPLH@^A p�FhA?QA F>BFAHBLB@ CL JR@AF@^>B JAQ p>H@AQ
F>BFLK^@RQ A@ p>H@AQ F>BKAn^@RQ\ K>^H QAF@^>B DT�TD �\ PA?@r�@HA PC?Q pLF^CAOAB@ l?�>B AQ@ AB
OAQ?HA JA CA pL^HA LKAF ?B �C@HA JRH^KL@A?HT
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Force quelconque

Force tangentielle

Force normale
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cB F>B@>?H LF@^p RK>C?A Q>?Q C�LF@^>B J�?BA p>HFAT ]A@@A
p>HFA PA?@ �@HA J �̂ B@ABQ^@R ^JAB@^l?A AB @>?@ P>^B@ J? F>B@>?H
>? B>BT �?LB@ � QL J^HAF@^>B\ ACCA AQ@ � ������ l?ACF>Bl?AT
iA l?ACF>Bl?A AQ@ @>?M>?HQ JRF>OP>QLGCA AB ?BA F>OP>QLB@A
@LB�AB@^ACCA � L?@HAOAB@ J^@\ AB FhLl?A P>^B@\ JA J^HAF@^>B PLr
HLCCjCA � CL JH>^@A @LB�AB@A L? F>B@>?H �Z >? L? PCLB @LB�AB@
L? F>B@>?H DZ � A@ ?BA F>OP>QLB@A B>HOLCA � AB J�L?@HAQ
@AHOAQ\ AB FhLl?A P>^B@\ JA J^HAF@^>B PLHLCCjCA � CL B>HOLCA
L? F>B@>?HT [ABJA�rK>?Q � CL ��?HA DT� Q^ K>?Q Q>?hL^@A� K^r
Q?LC^QAH\ AB J^OABQ^>B JA?n\ CAQ p>HFAQ AB PHRQABFAT d>?M>?HQ
JLBQ CA F>B@An@A G^J^OABQ^>BBAC\ AB ^OL�^BLB@ l?A CA F>B@>?H
Q>^@ ?B RCLQ@^l?A\ CL p>HFA @LB�AB@^ACCA L P>?H AA@ JA C�R@^HAH

�E
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>? JA CA pL^HA QA HLOLQQAH QLBQ AB FhLB�AH CL C>B�?A?H B^ CL p>HOA � RCLQ@^l?A LQQA� PA?
F>BKAB@^>BBAC J>BFT ]�AQ@ P>?Hl?>^ >B HRQ?OA AB �RBRHLC CL p>HFA LPPC^l?RA � ?B F>B@>?H
LF@^p � QL F>OP>QLB@A B>HOLCA\ CL QA?CA ?@^CAT W^BQ^\ CL O^QA AB Rl?L@^>B J? PH>FAQQ?Q
J�RK>C?@^>B F>BJ?^@ Q>?KAB@ � U���� � � �� �DT��
>� ��T\T� AQ@ CA F>B@>?H LF@^p A@ �� �� ��T\T� AQ@ CL p>HFA LPPC^l?RA � ��T\T� A@ J>B@ �� �T\T�
HAPHRQAB@A CL B>HOLCAT ]A@@A p>HFA ^BJ?^@ ?BA RK>C?@^>B PC?Q >? O>^BQ HLP^JAT W^BQ^\ � �T\T�
AQ@ B>OOR K^@AQQA J�RK>C?@^>BT iL ��?HA DTD ^CC?Q@HA ?B AnAOPCA FCLQQ^l?A AB J^OABQ^>B
JA?n\ CR�jHAOAB@ F>OOAB@R � CL QAF@^>B DT�TD\ JLBQ CAl?AC CL K^@AQQA J�RK>C?@^>B AQ@ CL
F>?HG?HA J? F>B@>?HT
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fB J^OABQ^>B JA?n A@ AB Q?G^QQLB@ ?B FhLB�AOAB@ JA @>P>C>�^A\ K>^F^ Q?H CAQ ��?HAQ DT�

A@ DT� CA PH^BF^PA AB ^OL�AQ JA CL QA�OAB@L@^>B PLH F>B@>?H LF@^pT fB �?^QA JA F>OOAB@L^HA\
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pL^Q>BQ HAOLHl?AH l?A CA F>B@>?H LF@^p JA CL ��?HA DT� RK>C?A QA?CAOAB@ AB HR@HRF^QQLB@T iAQ
F>B@>?HQ LF@^pQ JA CL ��?HA DT� RK>C?AB@ QA?CAOAB@ AB AnPLBQ^>BT cBA RK>C?@^>B � QABQ ?B^l?A
@NP^l?A JAQ F>B@>?HQ LF@^pQ FCLQQ^l?AQ\ �R>OR@H^l?AQ A@ �R>JRQ^l?AQ l?A B>?Q JRFH^K>BQ
GH^jKAOAB@ AB QAF@^>BQ DT�T�\ DT�TD A@ DT�T�T Z�L?@HAQ JR�B^@^>BQ JA CL K^@AQQA J�RK>C?@^>B
L?@>H^QAB@ JAQ JRp>HOL@^>BQ KAHQ C�An@RH^A?H J? F>B@>?H Q?H FAH@L^BAQ JA QAQ P>H@^>BQ A@
KAHQ Q>B ^B@RH^A?H Q?H J�L?@HAQT _LH AnAOPCA CAQ OR@h>JAQ JRKAC>PPRAQ JLBQ �_LHL�^>Q A@
ZAH^FhA ����\ gA��^ 
 ��! ����\ WOLJ^A? 
 ��! ����\ kAhLBraAQQ>B 
 ��! DIII" A@ JLBQ
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CAQ PLH@^AQ VV A@ VVVT ]A@@A PH>PH^R@R AQ@ AQQAB@^ACCA C>HQl?A CA F>B@>?H ^B^@^LC\ ^BJRF^Q\ AQ@ �
FhAKLC Q?H CA F>B@>?H JA C�>GMA@T cBA RK>C?@^>B AB HR@HRF^QQLB@ ?B^l?AOAB@ L?HL^@ @�@ pL^@
JA HRJ?^HA CA F>B@>?H � ?B �C >? � BRLB@T VB?@^CA R�LCAOAB@ JA Q>B�AH � ?BA J^CL@L@^>BT fCCA
P>?HHL^@ G^AB\ L? P^HA\ G>?@AH CA F>B@>?H h>HQ JAQ C^O^@AQ JA C �̂OL�AT

��� ��� ��!������
=L?p C>HQl?A OAB@^>B AQ@ pL^@A J? F>B@HL^HA\ CAQ F>B@>?HQ JAQ @H>^Q PH>FhL^BAQ QAF@^>BQ

� B?ORH>Q DT�T�\ DT�TD A@ DT�T� � Q>B@ JAQ F>B@>?HQ �ZT

���� ���#��@� $B#A�� B�$��A����
iA PHAO^AH O>JjCA JA F>B@>?HQ LF@^pQ L R@R JRP>QR PLH qLQQ 
 ��! ��� E"T VC AQ@ �jr

HAOAB@ KLH^L@^>BBAC LKAF Q>B FH^@jHA F>OP>QR JA JA?n RBAH�^AQ\ C�?BA J^@A ^B@AHBA� � JA
HR�?CLH^QL@^>B �\ C�L?@HA J^@A An@AHBA � JA F>BQ^Q@LBFA LKAF CAQ J>BBRAQT �?>^l? �̂ B@AHBA\ CL
PHAO^jHA B�AQ@ PLQ ^B@H^BQjl?A J? F>B@>?H� T fCCA AQ@ CL Q>OOA J�?B @AHOA JA H^�^J^@R A@
J�?B @AHOA JA B>B RCLQ@^F^@RT iL H^�^J^@R AQ@ F>OOLBJRA PLH C �̂ B@AHJ^F@^>B � CL F>?HGA JA
PHABJHA JA p>H@AQ F>?HG?HAQ A@ CL F>?HG?HA AQ@ ?BA FLHLF@RH^Q@^l?A ^B@H^BQjl?AT _LH F>B@HA\
CL B>B RCLQ@^F^@R AQ@ C^RA L? PLHLOR@HL�A JA CL F>?HGAT fCCA B�AQ@ J>BF PLQ ^B@H^BQjl?A A@\
PLH Q?^@A\ C�RBAH�^A ^B@AHBA B>B PC?Q\ F>OOA B>?Q CA HLPPAC^>BQ ^C N L PA?T i�L?@HA RBAH�^A\
An@AHBA\ pL^@ HRpRHABFA � C �̂OL�A � QA�OAB@AH PLH C �̂ B@AHORJ^L^HA J�?BA p>BF@^>B 	��� JA 	\
P>^B@ JA F>>HJ>BBRAQ FLH@RQ^ABBAQ JLBQ CA J>OL^BA JA JR�B^@^>B � JA C �̂OL�A\ � KLCA?HQ
P>Q^@^KAQT VJRLCAOAB@\ ACCA KL?@ �RH> Q?H CA F>B@>?H JAQ >GMA@Q\ ?B C>^B JAQ >GMA@Q A@ ?BA
KLCA?H ^B@AHORJ^L^HA l?^ LQQ?HA CL F>B@^B?^@R L^CCA?HQT iL O^B^O^QL@^>B J? FH^@jHA AQ@ >G@Ar
B?A PLH HRQ>C?@^>B JA C�Rl?L@^>B J�f?CAHriL�HLB�A LQQ>F^RA � C �̂ BF>BB?A l?�AQ@ CA F>B@>?HTfCCA AB@HL�BA CL JRp>HOL@^>B J? F>B@>?H ^B^@^LC l?^ L@@A^B@ � F>BKAH�ABFA ?BA p>HOA A@ ?BA
P>Q^@^>B O^B^O^QLB@ CA FH^@jHA\ F�AQ@r�rJ^HA CL Q>OOA JAQ JA?n RBAH�^AQT bB AOPC>^A P>?H
FACL ?B QFhROL JNBLO^l?A J? @NPA U���� � HRQ^Q@LBFA � CL F>?HG?HA 
 HRQ^Q@LBFA � C�RCLQ@^F^@R� � ������ �������� L@@HLF@^>B KAHQ CAQ G>HJQ JA C�>GMA@� � ������ ������� �������� �� ����

�DTD�

>� ��T\T� AQ@ CA F>B@>?H LF@^pT iL p>HFA O>@H^FA J? F>B@>?H AQ@ ?BA F>OG^BL^Q>B JA CL HRr
�?CLH^QL@^>B A@ JA CL F>BQ^Q@LBFA LKAF CAQ J>BBRAQT iL PHRQABFA JA CL F>BQ^Q@LBFA LKAF CAQ
J>BBRAQ PLHL�@ F>?CAH JA Q>?HFAT _>?H@LB@\ ^C B�AB KL PLQ JA O�OA LKAF CAQ F>B@>?HQ LF@^pQ
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�R>OR@H^l?AQ � K>^H QAF@^>B DT�TDT Y>@>BQ l?L@HA ^BF>BKRB^AB@Q JAQ F>B@>?HQ LF@^pQ FCLQr
Q^l?AQT ��� d>?@ J�LG>HJ\ CA FH^@jHA B�AQ@ PLQ ^B@H^BQjl?A J? F>B@>?H PLH CL pL?@A J�?B
RCROAB@ JA HR�?CLH^QL@^>BT _LH F>BQRl?AB@\ QL O^B^O^QL@^>B JRPABJ JA CL PLHLOR@H^QL@^>BT
���� fBQ?^@A\ CL p>HFA O>@H^FA B�AQ@ PLQ B>HOLCA L? F>B@>?HT fCCA F>OP>H@A J>BF ?BA PLH@^A
^B?@^CA K>^HA ��BLB@AT fB AA@\ O�OA C>HQl?A CA F>B@>?H F>CCA AnLF@AOAB@ � C�>GMA@ � QA�r
OAB@AH\ CL p>HFA PA?@ BA PLQ �@HA B?CCA JA PLH QL F>OP>QLB@A @LB�AB@^ACCAT i�RK>C?@^>B BA
QAHL J>BF PLQ F>BQ^JRHRA LFhAKRAT ����� cBA L?@HA F>BQRl?ABFA ABB?NA?QA JA CL F>OP>QLB@A
@LB�AB@^ACCA JA CL p>HFA O>@H^FA AQ@ CL F>BFAB@HL@^>B A@ CL HLHRpLF@^>B JAQ P>^B@Q JA J^QFHR@^r
QL@^>B J? F>B@>?H JLBQ FAH@L^BAQ P>H@^>BQT ]ACL BRFAQQ^@A ?B HRRFhLB@^CC>BBL�A PRH^>J^l?A
J? F>B@>?H �]hLHG>BB^AH A@ ]?^QABL^HA ����"\ l?^ PA?@ F>BJ?^HA � ?BA ^BQ@LG^C^@R J? PH>r
FAQQ?Q\ >? C �̂ B@H>J?F@^>B J�?BA F>B@HL^B@A JA OL^B@^AB J�?B AQPLFAOAB@ F>BQ@LB@ AB@HA CAQ
P>^B@Q �aAH�AH ����"T ���� fB�B\ CL F>OP>QLB@A ^B@AHBA JA CL p>HFA F>B@^AB@ ?B @AHOA JRH^KR
� C�>HJHA l?L@HAT VC HRQ?C@A J�?BA HR�?CLH^QL@^>B JHLF>B^ABBA A@ P>QA\ J? pL^@ JA C�>HJHA RCAKR
JA JRH^KL@^>B\ ?B PH>GCjOA J�LPPH>n^OL@^>B B?ORH^l?AT
]A@@A OR@h>JA L R@R JRKAC>PPRA AB J^OABQ^>B @H>^Q PLH dAH�>P>?C>Q 
 ��! ���  "T bB AB L
?B AnAOPCA J�LPPC^FL@^>B JLBQ �]>hAB 
 ��! ���D"T

����� ���#��@� $B#A�� �����#@A����
ZRF>?KAH@A J? O>JjCA �R>OR@H^l?A JA F>B@>?HQ LF@^pQ LKAF bQhAH A@ =A@h^LB ���  " l?^

LGLBJ>BBAB@ CL p>HO?CL@^>B KLH^L@^>BBACCA � PC?Q JA O^B^O^QL@^>B JA FH^@jHA � P>?H ?BA
F>BFAP@^>B � F>OOAB@ J^HA 	 � �R>OR@H^l?A JA C�RK>C?@^>B JA F>B@>?HQ U CA P>^B@ JA K?A
LJ>P@R AQ@ FAC?^ JA C�RK>C?@^>B JAQ F>?HGAQ PCLBAQT iL Q^Ch>?A@@A J�?BA Rl?L@^>B J�RK>C?@^>B
F>HHAQP>BJLB@A AQ@ U���� � � �� �DT��

>� � �T\T� AQ@ CL K^@AQQA J�RK>C?@^>B J? F>B@>?H ��T\T� A@ �� �T\T� AQ@ CL B>HOLCA\ J^HAF@A A@JA B>HOA ?B^@L^HA\ � ��T\T�T ]A l?A PHRQAB@AB@ bQhAH A@ =A@h^LB AQ@ ?B FLQ PLH@^F?C^AH JA
FA@@A Rl?L@^>BT � C�>H^�^BA R@L^@ C�Rl?L@^>B JA CL FhLCA?H >? JA J^?Q^>B ^Q>@H>PA �e?OOAC

 ��! �� �" U���� � �� �DT��
>� ���� � � �� AQ@ ?BA ^OL�A G^J^OABQ^>BBACCAT ]A QFhROL JNBLO^l?A PH>K>l?A CA C^QQL�A JA���� � � ��T VC AQ@ @hR>H^l?AOAB@ Rl?^KLCAB@ � CL F>BK>C?@^>B PLH ?BA �L?QQ^ABBA JA KLH^LBFAJ�L?@LB@ PC?Q �HLBJA l?A CA @AOPQ PLQQA� T � F>BKAH�ABFA\ CL KLH^LBFA AQ@ ^B�B^A\ FA l?^
J>BBA � CL �L?QQ^ABBA CL p>HOA J�?BA p>BF@^>B F>BQ@LB@AT i �̂OL�A ��T\T� L J>BF P>?H C^O^@A
?BA ^OL�A F>BQ@LB@A J>B@ CL KLCA?H AQ@ CL O>NABBA JA ���� � � ��TiA @AHOA JA JH>^@A JA �DT�� R@LB@ ?BA JRH^KRA QPL@^LCA � C�>HJHA JA?n\ >B JR�B^@ PLH LBLC>�^A
?BA Rl?L@^>B �R>OR@H^l?A JA CL FhLCA?H\ B>B ^B@H^BQjl?A J? F>B@>?H� U���� � ������ �DT��
l?^ JAK^AB@ � C�L^JA JA CL PLHLOR@H^QL@^>B PLH C>B�?A?H J�LHF U���� � ����� � � �� �DT��
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>� ��T\T� AQ@ CL F>?HG?HA JA ��T\T� � K>^H LBBAnA mT i�Rl?L@^>B �DT�� AQ@ ?B QFhROL JNBLO^l?A
^B@H^BQjl?A J? F>B@>?H LPPACR Rl?L@^>B �R>OR@H^l?A JA CL FhLCA?H >? �?n JA HLFF>?HF^Qr
QAOAB@ A?FC^J^ABT bB J^@ L?QQ^ PC?Q F>?HLOOAB@ l? �̂ C Q�L�^@ J�?B �?n JA O^B^O^QL@^>B JA
C>B�?A?HT �?ACCA l?A Q>^@ ?BA F>?HGA ^B^@^LCA QLBQ L?@>r^B@AHQAF@^>B B^ P>^B@ Q^B�?C^AH\ ACCARK>C?A KAHQ ?BA p>HOA F>BKAnA\ P?^Q F^HF?CL^HA\ CA @>?@ AB J^O^B?LB@ JA @L^CCA M?Ql?�� J^Qr
PLHL�@HA AB ?B P>^B@ � F^HF?CL^HA � � K>^H ��?HA DTD AB QAF@^>B DTDT WHH�@>BQ Q>B RK>C?@^>B
LKLB@ FA@@A @HL�^l?A ^QQ?AT =>^@ 	��� ?BA p>BF@^>B JA O�OA �LGLH^@ l?A FACCA J? O�OA B>O
JA CL QAF@^>B DT�T�T WC>HQ C�Rl?L@^>B U���� � 	� �� �DTE�
PAHOA@ CL QA�OAB@L@^>B JAQ >GMA@QT ZAQ >GMA@Q 	 _LQ @>?@ � pL^@T fCCA L?@>H^QA QA?CAOAB@
CL JR@AHO^BL@^>B JA CA?H ABKAC>PPA F>BKAnAT cBA FhLBFA J>BF Q �̂ CQ Q>B@ F>BKAnAQ\ Q^B>B ^C
pL?@ LK>^H HAF>?HQ � CL p>HFA GLCC>B� � �]>hAB ����" U���� � 	�� � �� �� �DT �
iA PLHLOj@HA � ^B�?ABFA CA QABQ J�RK>C?@^>B J? F>B@>?HT =@H^F@AOAB@ P>Q^@^p\ ^C pLK>H^QA
C�RK>C?@^>B BL@?HACCA J?A � CL F>?HG?HA JLBQ CA QABQ J? HR@HRF^QQAOAB@T =�̂ C AQ@ Q@H^F@AOAB@
BR�L@^p\ ^C PH>K>l?A ?BA RK>C?@^>B JLBQ CA QABQ JA CL J^CL@L@^>BT fB >?@HA\ ^C �nA OL^B@ABLB@
CL F>BFLK^@R � Q �̂ C AQ@ P>Q^@^p � >? F>BKAn^@R � Q �̂ C AQ@ BR�L@^p � OLn^OLCA l?^ PA?@ �@HA
JR@AF@RAT bB HAOLHl?A l?A CL K^@AQQA J�RK>C?@^>B AQ@ ^B@H^BQjl?A J? F>B@>?H A@ l?�ACCA AQ@
J^H^�RA QAC>B CL B>HOLCA L? F>B@>?HT ZA PC?Q\ PLH HLPP>H@ L?n F>B@>?HQ LF@^pQ FCLQQ^l?AQ\
QA?C CA @AHOA JA HR�?CLH^QL@^>B J�>HJHA JA?n L R@R PHRQAHKRT iL HR�?CLH^QL@^>B AQ@ J>BF O>^BQ
QRKjHA � >B PA?@ F>BQ^JRHAH FACL F>OOA ?B LKLB@L�A >? ?B ^BF>BKRB^AB@ � A@ Q>B LPPH>n^r
OL@^>B B?ORH^l?A AQ@ O>^BQ JRC^FL@AT WM>?@>BQ � PH>P>Q JA CL HR�?CLH^QL@^>B LJ>?F^A l?A\
� C�LPPH>FhA J? F>B@>?H JA C�>GMA@ � QA�OAB@AH\ CL p>BF@^>B 	��� LOAB?^QA ABF>HA Q>B P>^JQ
PLHFA l?�ACCArO�OA AQ@ AB @HL^B JA Q�LBB?CAH P>?H Q^�B^�AH CL F>BKAH�ABFAT ]ACL PAHOA@
FAH@L^BAOAB@ ?BA QA�OAB@L@^>B PC?Q �JjCA JAQ >GMA@Q\ AB PLH@^F?C^AH L? B^KAL? JAQ F>^BQ\
A@ ?BA OA^CCA?HA Q@LG^C^@R J? PH>FAQQ?QT fB�B\ ^C AQ@ J>OOL�A l?A CL K^@AQQA J�RK>C?@^>B
BA JRPABJA PC?Q JRQ>HOL^Q l?A JAQ FLHLF@RH^Q@^l?AQ �R>OR@H^l?AQ J? F>B@>?H\ � QLK>^H CL
F>?HG?HA QAHKLB@ JA HR�?CLH^QL@^>BT iL F>BQ^Q@LBFA LKAF CAQ J>BBRAQ B�L�^@ l?�AB @LB@ l?A
@AHOA J�LHH�@ HAPHRQAB@R PLH CL p>BF@^>B 	���Ta^AB l?A FA O>JjCA L^@ C�RK>C?@^>B JAQ F>?HGAQ PCLBAQ P>?H Ph^C>Q>Ph^A J�>H^�^BA A@ C�Rl?Lr
@^>B JA CL FhLCA?H G^J^OABQ^>BBACCA P>?H LBLC>�^A p>BJL@H^FA\ ^C Q�LJLP@A QLBQ J^�F?C@R
@hR>H^l?A AB J^OABQ^>B @H>^QT fB HLFF>?HF^\ ^C Q?�@ JA HAOPCLFAH CL F>?HG?HA J? F>B@>?H
�Z PLH CL F>?HG?HA O>NABBA J? F>B@>?H DZ �]LQACCAQ 
 ��! ����\ ]LQACCAQ\ q^OOAC\ =LP^H>
A@ =GAH@ ���E" � K>^H @>?@ JA O�OA CL QAF@^>B DT�TD � PH>P>Q JA C�Rl?^KLCABFA F>?HG?HA AB
J^OABQ^>B JA?n A@ F>?HG?HA O>NABBA AB J^OABQ^>B @H>^QT

����� ���#��@� $B#A�� ������A����
bB J>^@ � ]LQACCAQ 
 ��! �����" � @HLKL?n P?GC^RQ ABQ?^@A Q>?Q CL HRpRHABFA �]LQACCAQ\

q^OOAC A@ =LP^H> ���E" � C�LPPLH^@^>B JAQ F>B@>?HQ LF@^pQ �R>JRQ^l?AQ\ L^BQ^ B>OORQ FLH ^CQ
F>BKAH�AB@ KAHQ ?BA Q>C?@^>B JA C>B�?A?H O^B^OLCA\ QAC>B ?BA OR@H^l?A JR�B^A PLH C �̂OL�A
� QA�OAB@AHT VCQ OLHl?AB@ CA HA@>?H � C�AQPH^@ KLH^L@^>BBAC JAQ F>B@>?HQ LF@^pQ FCLQQ^l?AQ
� K>^H QAF@^>B DT�T�T SL^Q ^F^\ CA @AHOA HR�?CLH^QLB@ JA H^�^J^@R AQ@ Q?PPH^ORT cBA Q^ Q^OPCA
Q^OPC^�FL@^>B l?^ F>BJ?^@ P>?H@LB@ � ?B JRKAC>PPAOAB@ @hR>H^l?A B>?KAL?T fB AA@\ CA
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DD V �������� ������ �� ��������� �� ������	

FH^@jHA �O^B^O^QAH Q�LKjHA �@HA Rl?^KLCAB@ � CL C>B�?A?H J? F>B@>?H P>BJRHRA PLH C�hLG^@?ACCA
p>BF@^>B 	��� U

� ��� � �
�	������
�� ���
�� �DT��

>� � AQ@ CA J>OL^BA JA KLH^L@^>B JA � \ F>>HJ>BBRA F?HK^C^�BAT bB HRQ>?@ C�Rl?L@^>B J�f?CAHriL�HLB�A LQQ>F^RA � ���� �H�FA L? QFhROL JNBLO^l?A Q?^KLB@ U���� � 	� �� � ��	� �� � �� �DT�I�
[AOLHl?>BQ l?A Q^ 	��� AQ@ CL p>BF@^>B F>BQ@LB@A R�LCA � ?B\ C�Rl?L@^>B �DT�I� B�AQ@ L?@HA
l?A C�Rl?L@^>B �R>OR@H^l?A JA CL FhLCA?H\ l?^ F>HHAQP>BJ J>BF � CL O^B^O^QL@^>B JA CL
C>B�?A?H B>B P>BJRHRA J? F>B@>?H >?\ PC?Q �RBRHLCAOAB@\ P>BJRHRA PLH ?B @AHOA F>BQ@LB@T
iA @AHOA AB Q?PPCROAB@ J? O>JjCA �R>OR@H^l?A �DTE� B�AQ@ A�FLFA l?�� PH>n^O^@R JAQ
F>B@>?HQ JAQ >GMA@Q� Q?H CAQl?ACQ ^C L^JA � O^A?n �nAH CA F>B@>?H LF@^pT VC B�AB@HA AB H^AB
JLBQ C�h^Q@>^HA JAQ F>BFLK^@RQT Y>?Q Q>OOAQ J>BF @AB?Q � C�AOPC>^ JA CL p>HFA GLCC>B � K>^H
QAF@^>B DT�TD\ Rl?L@^>B �DT � � U���� � 	�� � �� �� � ��	� �� � �� �DT���
_>?H LCCAH � C�AQQAB@^AC\ J^Q>BQ l?A CAQ F>B@>?HQ LF@^pQ �R>JRQ^l?AQ HLQQAOGCAB@ CAQ LKLB@L�AQ
JAQ F>B@>?HQ LF@^pQ FCLQQ^l?AQ A@ �R>OR@H^l?AQT ZLBQ CA JR@L^C\ CL p>HFA O>@H^FA AQ@ ^B@H^Br
Qjl?A J? F>B@>?H\ ACCA AQ@ B>HOLCA L? F>B@>?H\ ACCA AQ@ J?A � CL p>^Q � CL HR�?CLH^QL@^>B A@
� CL F>BQ^Q@LBFA LKAF CAQ J>BBRAQ � CL HR�?CLH^QL@^>B AQ@ HL^Q>BBLGCAOAB@ F>B@HL^�BLB@A\ ACCA
BA F>OP>H@A PLQ JA @AHOA JRH^KR � ?B >HJHA RCAKR A@ ACCA PAHJ ABF>HA AB ^OP>H@LBFA L?
K>^Q^BL�A J? F>B@>?H JAQ >GMA@Q � QA�OAB@AHT
ZA O�OA l?A Q>B h>O>C>�?A �R>OR@H^l?A\ CA O>JjCA �R>JRQ^l?A QA F>BM?�?A L?QQ^ pLF^r
CAOAB@ � CL J^OABQ^>B @H>^Q l?�� CL J^OABQ^>B JA?n � K>^H OLC�HR @>?@ CL QAF@^>B DT�TD �
PH>P>Q JA C�Rl?^KLCABFA F>?HG?HA AB J^OABQ^>B JA?n A@ F>?HG?HA O>NABBA AB J^OABQ^>B
@H>^QT iL Q>?HFA J? JRKAC>PPAOAB@ AB J^OABQ^>B @H>^Q AQ@ ?B FH^@jHA J�L^HA O^B^OLCA J?
F>B@>?H P>BJRHRA PLH 	��� � CL PCLFA J? FH^@jHA �DT�� JA C>B�?A?H P>BJRHRAT
fB J^OABQ^>B JA?n\ PC?Q LOPCAQ ^Bp>HOL@^>BQ A@ HR�An^>BQ Q?PPCROAB@L^HAQ Q?H FAQ @H>^Q

@NPAQ OLMA?HQ JA F>B@>?HQ LF@^pQ PA?KAB@ �@HA @H>?KRAQ JLBQ �]hLHG>BB^AH A@ ]?^QABL^HA
����"T
��� �!����"��!� )����"��
Y>?Q R@LGC^QQ>BQ JLBQ FA@@A QAF@^>B CAQ @HL^@Q F>OO?BQ L?n F>B@>?HQ LF@^pQ JAQ @H>^Q

PLH@^AQ Q?^KLB@AQ � B?ORH>Q VV\ VVV A@ V
 � l?A B>?Q BA PHABJH>BQ PLHp>^Q PLQ CL PA^BAJA HRPR@AHT fB PLH@^F?C^AH\ B>?Q J^QF?@>BQ ^F^ JA CL HR^B^@^LC^QL@^>B JAQ ABQAOGCAQ JA B^r
KAL?nT ]A @HL^@AOAB@\ P>?H@LB@ G^AB PHRQAB@ JLBQ CAQ LC�>H^@hOAQ JAQ PLH@^AQ VV A@ VVV\ N
AQ@ AnPC^F^@AOAB@ PLQQR Q>?Q Q^CABFAT
���� ?��$#A�� �������#A��
Y>?Q HAPHAB>BQ C�Rl?L@^>B �RBRHLCA J�RK>C?@^>B JAQ F>B@>?HQ LF@^pQ �R>OR@H^l?AQ U���� � � �� �DT�D�
�
� �� ����	��� �	
� � �	� ������
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]hLP^@HA D ]>B@>?HQ LF@^pQ D�

>� � �T\T� AQ@ CL K^@AQQA J�RK>C?@^>B J? F>B@>?H ��T\T� A@ �� �T\T� AQ@ CL B>HOLCA\ J^HAF@A A@JA B>HOA ?B^@L^HA\ � ��T\T�T iAQ K^@AQQAQ J�RK>C?@^>B QA J^K^QAB@ AB JA?n FL@R�>H^AQ U ^C N L
FACCAQ l?^ Q>B@ JR�B^AQ hA?H^Q@^l?AOAB@ � AnAOPCA AB PLH@^A VV � A@ FACCAQ l?^ JRF>?CAB@ JA
CL O^B^O^QL@^>B J�?B FH^@jHA � AnAOPCA AB PLH@^A VVVT ZLBQ CAQ JA?n FLQ\ CA PH^BF^PA AQ@ l?A
CL K^@AQQA J�RK>C?@^>B Q>^@ R�LCA � �RH> Q?H CA F>B@>?H JAQ >GMA@Q � AB PHL@^l?A\ CL K^@AQQAJ�RK>C?@^>B QA F>B@AB@A J��@HA PH>FhA JA �RH> � A@ B>B B?CCA L^CCA?HQT _>?H CAQ PLH@^AQ VV A@VVV\ CL B>B B?CC^@R PA?@ QA OLB^pAQ@AH PLH JAQ KLCA?HQ Q@H^F@AOAB@ P>Q^@^KAQ L?QQ^ G^AB l?A
Q@H^F@AOAB@ BR�L@^KAQ\ L?@>H^QLB@ ?BA RK>C?@^>B JA FAH@L^BQ P>^B@Q J? F>B@>?H JLBQ CA QABQ
J? HR@HRF^QQAOAB@ A@ J�L?@HAQ JLBQ CA QABQ JA CL J^CL@L@^>BT
bB PA?@ L?QQ^ JRF^JAH J�?BA L?@HA PLH@^@^>B JAQ K^@AQQAQ J�RK>C?@^>B U C>HQl?A\ P>?H @>?@ �\
� �	� �� BA JRPABJ l?A JA �HLBJA?HQ RKLC?RAQ L? P>^B@ 	\ >B PLHCA � PH>P>Q JA C�RK>C?@^>B
J? F>B@>?H JA OR@h>JA P^nAC >? K>nAC � C>HQl?A\ P>?H @>?@ �\ � �	� �� JRPABJ R�LCAOAB@
>? AnFC?Q^KAOAB@ JA �HLBJA?HQ RKLC?RAQ JLBQ JAQ HR�^>BQ JA � � PLH AnAOPCA\ ?BA KLCA?H
O>NABBA FLCF?CRA Q?H C �̂ B@RH^A?H JA ���� �� �\ CA PH>FAQQ?Q J�RK>C?@^>B J? F>B@>?H AQ@ l?LC^�RJA OR@h>JA HR�^>BT iAQ OR@h>JAQ HR�^>BQ Q>B@ AB PH^BF^PA O>^BQ QABQ^GCAQ L? GH?^@ FLH
ACCAQ PHABBAB@ AB F>OP@A PC?Q J �̂ Bp>HOL@^>B JLBQ CAQ J>BBRAQ P>?H CA FLCF?C JA CL K^@AQQA
J�RK>C?@^>B � C�AnAOPCA PH^Q PC?Q hL?@ JA CL O>NABBA J�?BA FLHLF@RH^Q@^l?A AQ@ HRKRCL@A?HT

����� ?��$#A�� �� @����$@A�$#A��
i>HQl?A CAQ F>B@>?HQ LF@^pQ Q>B@ AOPC>NRQ AB QA�OAB@L@^>B\ CL K^@AQQA J�RK>C?@^>B � �T\T�pL^@ BRFAQQL^HAOAB@ HRpRHABFA L?n J>BBRAQ\ JR@RH^>HRAQ PLH J? GH?^@T _LH F>BQRl?AB@\ CL

K^@AQQA J�RK>C?@^>B L?QQ^ AQ@ GH?^@RAT ]ACL AQ@ OLHl?R PLH JAQ >QF^CCL@^>BQ JA pL^GCA LOPC^@?JA
A@ JA hL?@A pHRl?ABFA CA C>B� J? F>B@>?HT dH>^Q Q>C?@^>BQ L? O>^BQ Q>B@ ABK^QL�ALGCAQ
P>?H CAQ F>OGL@@HAT =>^@ >B C^QQA ?BA p>^Q P>?H @>?@AQ CAQ J>BBRAQ\ Q>^@ >B C^QQA � FhLl?A
^@RHL@^>B � CL K^@AQQA J�RK>C?@^>B � ��� ��\ Q>^@ >B O>J^�A C�Rl?L@^>B J�RK>C?@^>B JA Q>H@A �
^B@R�HAH ?B @AHOA JA C^QQL�A J? F>B@>?HT iAQ JA?n PHAO^jHAQ P>QQ^G^C^@RQ Q>B@ J^QF?@RAQ �
CL QAF@^>B �IT T ZR@L^CC>BQ CL @H>^Q^jOA\ J�LG>HJ JLBQ CA FLQ G^J^OABQ^>BBAC\ @ACCA l?A B>?Q
C�LK>BQ ?@^C^QRA FhLl?A p>^Q l? �̂ C L R@R l?AQ@^>B JA HR�?CLH^QAH ?B PH>FAQQ?Q JA F>B@>?HQ
LF@^pQT ]A @NPA J�>QF^CCL@^>BQ ^OPC^l?A JAQ F>?HG?HAQ RCAKRAQ AB KLCA?H LGQ>C?AT Y>?Q LK>BQ
K? AB QAF@^>B DT�TD l?A C�Rl?L@^>B �R>OR@H^l?A JA CL FhLCA?H LKL^@ P>?H AA@\ � @AHOA\
JA HABJHA F^HF?CL^HA ?BA F>?HGA QLBQ L?@>r^B@AHQAF@^>B B^ P>^B@ Q^B�?C^AHT ]ACL Q�>PjHA PLH
HRJ?F@^>B C>FLCA JA CL F>?HG?HA AB KLCA?H LGQ>C?A Q>^@\ AB PLH@^F?C^AH\ HRJ?F@^>B JAQ p>H@AQ
F>BFLK^@RQ A@ p>H@AQ F>BKAn^@RQT ]A @HL^@AOAB@ B>?Q QL@^QpL^@T Y>?Q F>OG^B>BQ J>BF CAQ
Rl?L@^>BQ J�RK>C?@^>B �DT�D� A@ �R>OR@H^l?A JA CL FhLCA?H �DT�� JA CL pL�>B Q?^KLB@A U���� � �� � ��� �� �DT���
>� � AQ@ ?B PLHLOj@HA F>BQ@LB@ P>Q^@^pT iA @AHOA JA F>?HG?HA L L^BQ^ R@R LM>?@R\ JLBQ
?B G?@ JR@AHO^BR FAH@AQ\ OL^Q LH@^�F^ACCAOAB@T W? F>B@HL^HA\ ^C K>^@ CA M>?H QP>B@LBROAB@
JLBQ CA JRKAC>PPAOAB@ J? O>JjCA JAQ F>B@>?HQ LF@^pQ �R>JRQ^l?AQT d>?@Ap>^Q\ Q^ CL K^@AQQA
J�RK>C?@^>B � �T\T� AQ@ ^QQ?A JA CL O^B^O^QL@^>B J�?B FH^@jHA � PLH HLPP>H@ � ��T\T�\ LC>HQ CA
FH^@jHA J>B@ C�Rl?L@^>B �DT��� PH>K^AB@ AQ@ U

� � �
�
� 
�� ���
�� �DT���

fB F>BQRl?ABFA\ CL l?LB@^@R O^B^O^QRA AQ@ ?B ORCLB�A\ J>QR PLH �\ J? FH^@jHA J�>H^�^BA A@
JA CL C>B�?A?H J? F>B@>?HT ]A PH>FRJR JA HR�?CLH^QL@^>B AQ@ LPPACR F>B@HL^B@A JA C>B�?A?H
O^B^OLCA � AB pL^QLB@ HRpRHABFA L? G?@ � >? F>B@HL^B@A JA F>?HG?HA � AB pL^QLB@ HRpRHABFA
L? O>NAB J�L@@A^BJHA FA G?@T VC AQ@ ?@^C^QR JLBQ �gA��^ 
 ��! ����" B>@LOOAB@T



D� V �������� ������ �� ��������� �� ������	


>N>BQ � PHRQAB@ FA l? �̂ C QA PLQQA AB J^OABQ^>B @H>^QT i�Rl?L@^>B �R>OR@H^l?A JA CL
FhLCA?H G^J^OABQ^>BBACCA\ J>B@ B>?Q LK>BQ J^@ l?�ACCA @HLJ?^QL^@ CL O^B^O^QL@^>B JA CL C>Br
�?A?H J? F>B@>?H\ JAKHL^@ LK>^H P>?H Rl?^KLCAB@ @H^J^OABQ^>BBAC ?BA Rl?L@^>B HACL@^KA � CL
O^B^O^QL@^>B JA C�L^HA J? F>B@>?H J>B@ CA FH^@jHA AQ@ U

� � �
�
�� �DT���

>� �� AQ@ C�RCROAB@ ^B�B^@RQ^OLC J�L^HA Q?H ����T i�Rl?L@^>B F>HHAQP>BJLB@A � HRQ>?JHA AQ@ U
���� � � �� �DT���

>� ��T\T� AQ@ CL F>?HG?HA O>NABBA JA ��T\T�T ]APABJLB@\ CAQ Fh>QAQ BA Q>B@ PLQ L?QQ^ PLHLJ^r
Q^Ll?AQ l?�AB J^OABQ^>B JA?nT VC QA PA?@ l?�?B F>B@>?H\ QLBQ L?@>r^B@AHQAF@^>B B^ P>^B@
Q^B�?C^AH OL^Q F>BFLKA\ JRKAC>PPA JAQ Q^B�?CLH^@RQ AB RK>C?LB@ QAC>B C�Rl?L@^>B �DT���T
cB AnAOPCA FCLQQ^l?A AQ@ ?BA Q?HpLFA AB p>HOA J�hLC@jHA LHH>BJ^\ @HLJ?F@^>B JA �����
�
�� �XHLNQ>B �� �\ fQFhAH 
 ��! ��� "T ZAQ hNP>@hjQAQ JA J>?FA?H A@ JA F>BKAn^@R Q>B@
BRFAQQL^HAQ � CL PHA?KA l?A FA@@A Rl?L@^>B LOjBA CA F>B@>?H � JAKAB^H ?BA QPhjHA\ JA PC?Q
AB PC?Q PA@^@A\ P?^Q � J^QPLHL�@HA AB ?B P>^B@ � QPhRH^l?A � �e?^Q`AB �� �"T ZLBQ CA FLJHA
JAQ F>B@>?HQ LF@^pQ �R>JRQ^l?AQ\ ^C B�AQ@ PLQ C>?LGCA JA HAOPCLFAH CL F>?HG?HA O>NABBA
PLH ?BA F>?HG?HA PC?Q LHHLB�ALB@A P?^Ql?�ACCA AQ@ LPPLH?A JLBQ CL JRH^KL@^>B JA C�Rl?Lr
@^>B J�f?CAHriL�HLB�A � l?>^l?A\ Q^ FACL LORC^>HA AB PHL@^l?A CL F>BKAH�ABFAT fB @>?Q
CAQ FLQ\ J�L?@HAQ @AHOAQ JA HR�?CLH^QL@^>B � GLQA JA F>?HG?HA �L?QQ^ABBA >B@ R@R PH>P>r
QRQ JLBQ �]h>� �� �\ ]LQACCAQ A@ =GAH@ ����"T Y>?Q LK>BQ Fh>^Q^ JA �LHJAH CL F>?HG?HA
O>NABBA PLHFA l?�ACCA AQ@ C�Rl?^KLCAB@ C>�^l?A JA CL F>?HG?HA J�?B F>B@>?H AB J^OABQ^>B
JA?n A@ PLH F>BKABLBFA � C�LPPH>n^OL@^>B B?ORH^l?A AB AQ@ Q^OPCA\ K>^H LBBAnA mT ]A @NPAJA HR�?CLH^QL@^>B AQ@ LPPACR F>B@HL^B@A JA Q?HpLFA O^B^OLCA >? F>B@HL^B@A JA F>?HG?HAT
Y>?Q KAB>BQ JA K>^H C�LQPAF@ GRBR�l?A J�?BA F>B@HL^B@A JA F>?HG?HAT VC An^Q@A ?B HAKAHQ

JA CL ORJL^CCA l?^ AQ@ CL OL?KL^QA JR@AF@^>B JAQ p>H@AQ F>BFLK^@RQ A@ p>H@AQ F>BKAn^@RQ J�?B
>GMA@\ FLH ACCAQ BA PA?KAB@ PLQ �@HA J^Q@^B�?RAQ JA FACCAQ ^BJ?^@AQ PLH CA GH?^@T ]�AQ@ L? O>^BQ
CA FLQ LKAF CA O>JjCA �R>OR@H^l?A �RBRHLC l?A B>?Q LK>BQ Fh>^Q^T fB HAKLBFhA\ CA O>JjCA
�R>OR@H^l?A PLH@^F?C^AH JRKAC>PPR PLH bQhAH A@ =A@h^LB ���  " A@ CA O>JjCA �R>JRQ^l?A BA
Q>?HAB@ PLQ L?@LB@ JA FA@ ^BF>BKRB^AB@T fB AA@\ CL p>BF@^>B 	��� Q�LL^GC^@ L? K>^Q^BL�AJ? F>B@>?H JAQ >GMA@Q A@ AB@HL�BA JLBQ Q>B LL^GC^QQAOAB@\ PLH O?C@^PC^FL@^>B\ CL F>B@HL^B@A
JA F>?HG?HAT ]ACCArF^ L?HL J>BF P? M>?AH Q>B H�CA F>B@HA CA GH?^@ PABJLB@ C�RK>C?@^>B L?
CLH�A JAQ >GMA@QT _?^Q ACCA Q�ALFA � CA?H PH>n^O^@RT fBF>HA pL?@r^C P>?K>^H Q�LPPH>FhAH
Q?�QLOOAB@ JAQ PLH@^AQ F>BFLKAQ JAQ >GMA@Q�\ FA l?^ JRPABJ JA CL p>HFA GLCC>BT

�
� �� ����
 ����� 
�	 �	���	

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

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

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

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



��031/4+ �

��������� �� ����	
�

iAQ ABQAOGCAQ JA B^KAL?n >B@ @>?@ J�LG>HJ R@R AnPC>^@RQ P>?H CL PH>PL�L@^>B JA F>B@>?HQ
LF@^pQ �R>OR@H^l?AQ PLH bQhAH A@ =A@h^LB ���  "\ ^BQP^HRQ AB PLH@^F?C^AH PLH aLHCAQ ��� �"T
=^ K>?Q �@AQ pLO^C^AH JAQ ABQAOGCAQ JA B^KAL?n\ PLQQA� J^HAF@AOAB@ � CL QAF@^>B �TDT

��� �����!� ��� �!��!��� "�����

i�RK>C?@^>B JAQ F>B@>?HQ LF@^pQ P>QA CA PH>GCjOA JA CA?H HAPHRQAB@L@^>BT bB PA?@ PLH
AnAOPCA ABK^QL�AH JA?n HAPHRQAB@L@^>BQ AnPC^F^@AQ\ R�LCAOAB@ J^@AQ CL�HLB�^ABBAQT iL PHAr
O^jHA AQ@ F>OP>QRA J�?BA FhL�BA JA P>^B@Q J? F>B@>?H\ HR�?C^jHAOAB@ AQPLFRQ JA PHRpRHABFAT
iL K^@AQQA J�RK>C?@^>B AQ@ LPPC^l?RA AB FhLl?A P>^B@T VC AQ@ Q>?hL^@LGCA JA F>BQAHKAH ?B
RFLH@ ^JAB@^l?A AB@HA CAQ P>^B@Q � RFLH@ l?^ FhLB�A L? F>?HQ J? @AOPQ AB �RBRHLCT ]ACL
Q?PP>QA ?B HRRFhLB@^CC>BBL�A PRH^>J^l?A J? F>B@>?H �]hLHG>BB^AH A@ ]?^QABL^HA ����" >?
G^AB C �̂ BFC?Q^>B JLBQ CL K^@AQQA J�RK>C?@^>B J�?B @AHOA l?^ ^OP>QA FA@ RFLH@ F>BQ@LB@ AB
AQPLFA �aAH�AH ����"T Z�L?@HA PLH@\ CL �AQ@^>B JAQ FhLB�AOAB@Q JA @>P>C>�^A � QRPLHL@^>BJ�?B F>B@>?H AB JA?n F>B@>?HQ >? PC?Q � PLH@^H J�?B\ @HLJ?F@^>B JA ����  �\ A@ p?Q^>B JA
JA?n F>B@>?HQ >? PC?Q P>?H B�AB p>HOAH l?�?B\ @HLJ?F@^>B JA �
�� � An^�A ?BA JR@AF@^>B\RKAB@?ACCAOAB@ F>	@A?QA\ JAQ L?@>r^B@AHQAF@^>BQ A@ F>CC^Q^>BQT iL QAF>BJA HAPHRQAB@L@^>B Anr
PC^F^@A AQ@ ?BA KAHQ^>B PC?Q F>OPLF@A JA CL PHAO^jHA U CA F>B@>?H AQ@ OL@RH^LC^QR PLH ?BA
FhL�BA J�RCROAB@Q F>BBAnAQT iA FhLB�AOAB@ JA @>P>C>�^A HAQ@A PH>GCROL@^l?AT
i �̂ JRA JA CL HAPHRQAB@L@^>B ^OPC^F^@A\ >? A?CAH^ABBA\ AQ@ J �̂ BQRHAH CA F>B@>?H JLBQ ?B

ABQAOGCA JA J^OABQ^>B Q?PRH^A?HA � C�ABQAOGCA JA B^KAL?n � J>B@ CL JRp>HOL@^>B QLBQ
FhLB�AOAB@ JA @>P>C>�^A PA?@ ^BJ?^HA ?B FhLB�AOAB@ JA @>P>C>�^A J? F>B@>?HT Z^QF?@>BQ
J�?B AnAOPCA AB J^OABQ^>B JA?nT iA F>B@>?H LF@^p AQ@ ?BA F>?HGA PCLBA pAHORAT =?PP>Q>BQ
l? �̂ C HAPHRQAB@A CA F>B@>?H J�?B CLF JA O>B@L�BAT i�ABQAOGCA JA J^OABQ^>B Q?PRH^A?HA JLBQ
CAl?AC >B C �̂ BQjHA AQ@ ?BA Q?HpLFAT ]A@@A Q?HpLFA B�AQ@ L?@HA l?A CL O>B@L�BA\ Q>^@ CL PLH@^A
J? Q>C @>?@ L?@>?H J? CLF A@ R�LCAOAB@ CL PLH@^A B>NRAT iA F>B@>?H AQ@ J>BF C �̂ B@AHQAF@^>B
JA CL O>B@L�BA LKAF CA PCLB J? CLFT =^ CA O^C^A? J? p>BJ J? CLF\ F�AQ@r�rJ^HA ?BA PLH@^A JA
CL PLH@^A ^OOAH�RA JA CL O>B@L�BA\ JRF^JA JA Q�RCAKAH PH>�HAQQ^KAOAB@ P>?H LCCAH HAQP^HAH
� CL Q?HpLFA\ ^C LHH^KA ?B O>OAB@ >� CA CLF AQ@ F>?PR AB JA?nT VC N L @>?M>?HQ ?BA QA?CA
Q?HpLFA JA O>B@L�BA � PLQ JA FhLB�AOAB@ JA @>P>C>�^A JA C�ABQAOGCA l?^ QAH@ JA F>B@ABLB@
L? F>B@>?H J>BF � OL^Q JA?n CLFQ Q?PP>QRQ JA O�OA LC@^@?JAT i �̂ B@AHQAF@^>B JA CL Q?HpLFA
LKAF CA PCLB JAQ CLFQ p>?HB^@ OL^B@ABLB@ JA?n F>B@>?HQT iL @>P>C>�^A J? F>B@>?H ^B^@^LC L
G^AB FhLB�RT
d>?@ FACL AQ@ HLF>B@R AB ^OL�AQ Q?H CL ��?HA �T�T =?PP>Q>BQ l?A C�LC@^@?JA J? PCLB J? CLF
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Q>^@ �RH>�T i�LC@^@?JA JAQ P>^B@Q ^OOAH�RQ JA CL Q?HpLFA AQ@ BR�L@^KA A@ C�AQ@ JA PC?Q AB PC?Q
AB J^HAF@^>B J? O^C^A? JA C�AL?T ]ACCA JAQ P>^B@Q ROAH�RQ AQ@ P>Q^@^KA A@ >B Q?PP>QA l?�ACCA
C�AQ@ JA PC?Q AB PC?Q � OAQ?HA l?�>B Q�RC>^�BA J? CLFT ZjQ C>HQ\ CL Q?HpLFA AQ@ Rl?^KLCAB@A �
?BA ^OL�A G^J^OABQ^>BBACCA JA hL?@A?HQT VC B�N L J>BF PLQ\ AB @AHOAQ JA O^QA AB �?KHA JA
CL OR@h>JA\ J�L?�OAB@L@^>B PAHFAP@^GCA JA J^OABQ^>B J? PH>GCjOAT ]hLl?A P^nAC F>B@^AB@
CL hL?@A?H\ P>Q^@^KA >? BR�L@^KA\ � CLl?ACCA Q�RCjKA CL Q?HpLFA � QL KAH@^FLCA\ O>B@LB@A >?
JAQFABJLB@AT ZLBQ FA@@A ^OL�A\ CA F>B@>?H AQ@ F>OP>QR JAQ P^nACQ JA KLCA?H B?CCAT bB
C�LPPACCA J>BF CA F>B@>?H JA B^KAL? �RH> � J�>� CA B>O JA � ABQAOGCA JA B^KAL?n � J>BBR �
CL Q?HpLFA l?^ CA F>B@^AB@ L^BQ^ l?A J�L?@HAQ JA B^KAL?n B>B B?CQT fB HRLC^@R\ PA? JA P^nACQ >B@
?BA KLCA?H B?CCAT iA F>B@>?H JA B^KAL? �RH> QA JAK^BA L?n P^nACQ J>B@ ?B K>^Q^B L? O>^BQ AQ@
JA Q^�BA >PP>QR L? CA?HT fB AA@\ Q^ ?B P^nAC AQ@ � C�An@RH^A?H J? F>B@>?H � KLCA?H Q@H^F@AOAB@
P>Q^@^KA � A@ ?B JAQ FAQ K>^Q^BQ L? O>^BQ AQ@ � C �̂ B@RH^A?H � KLCA?H Q@H^F@AOAB@ BR�L@^KA �\
LC>HQ CA F>B@>?H JA B^KAL? �RH> AQ@ l?ACl?A PLH@ AB@HA CAQ JA?nT cB ABQAOGCA JA B^KAL?n
LQQ?HA J>BF ?BA PHRF^Q^>B JA JAQFH^P@^>B J? F>B@>?H JA B^KAL? �RH> @HjQ ABrJAQQ>?Q J? P^nAC
P?^Ql?�ACCA AQ@ QA?CAOAB@ C^O^@RA PLH CL PHRF^Q^>B J? @NPA JA J>BBRA ^Bp>HOL@^l?A ?@^C^QR
P>?H ORO>H^QAH CAQ KLCA?HQ JA C �̂OL�AT VC BA pL?@ G^AB Q	H PLQ F>Bp>BJHA FA@@A PHRF^Q^>BrC�
LKAF FACCA J�?BA LPPC^FL@^>B JA QA�OAB@L@^>B ?@^C^QLB@ CAQ ABQAOGCAQ JA B^KAL?n l?^ JRPABJ
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]hLP^@HA � fBQAOGCAQ JA B^KAL?n DE

AQQAB@^ACCAOAB@ JA CL OR@h>JAT _>?H LFhAKAH J�R@LGC^H CAQ HACL@^>BQ AB@HA Q?HpLFA\ ABQAOGCA
JA B^KAL?n A@ ^OL�A\ B>?Q J>BB>BQ CL p>HO?CA ?B^�FL@H^FA U

�	  �� � � ��	� ��T��
>� � AQ@ CA J>OL^BA JA JR�B^@^>B JA C �̂OL�A >? ABQAOGCA JA B^KAL?n ����T fB ?B P>^B@ 	JA �\ CL KLCA?H � � ��	� AQ@ CL hL?@A?H JA CL Q?HpLFAT
SL^Q CL Q?HpLFA B�R@L^@ l?�?BA ^CC?Q@HL@^>BT fCCA B�L J�L^CCA?HQ PLQ J�Rl?^KLCAB@ AB J^r

OABQ^>B @H>^QT cB ABQAOGCA JA B^KAL?n AQ@ Q^OPCAOAB@ ?BA p>BF@^>B ���� JA CL P>Q^@^>B\
G^J^OABQ^>BBACCA >? @H^J^OABQ^>BBACCA\ � KLCA?HQ HRACCAQT ]AQ KLCA?HQ Q>B@ Q@H^F@AOAB@ P>Q^r
@^KAQ � C�An@RH^A?H J? F>B@>?H\ B?CCAQ Q?H CA F>B@>?H A@ Q@H^F@AOAB@ BR�L@^KAQ � C �̂ B@RH^A?HT
_C?@�@ l?A � KLCA?H �\ >B J^HL � B^KAL? �T � CL QAF@^>B �TDT�\ B>?Q LCC>BQ ^OP>QAH ?BA
F>B@HL^B@A Q?PPCROAB@L^HA L?n ABQAOGCAQ JA B^KAL?nT

��� ���"��!��
���� C� B��#��@ $B#A� � ���������� �� �A��$��
=>^@ ?B F>B@>?H pAHOR ����T cB ABQAOGCA JA B^KAL?n JR�B^ PLH HLPP>H@ � ���� AQ@ ?BAp>BF@^>B ���� JA CL P>Q^@^>B\ JLBQ CA PCLB P>?H ?B F>B@>?H l?^ AQ@ ?BA F>?HGA PCLBA A@ JLBQ

C�AQPLFA P>?H ?B F>B@>?H l?^ AQ@ ?BA Q?HpLFA\ � KLCA?HQ HRACCAQ @ACCA l?A U
��
�

�	 
 ��	� � �� � ������ �  ��
�	 
 ��	� � �� F>HHAQP>BJ � C�An@RH^A?H JA �����	 
 ��	� 	 �� F>HHAQP>BJ � C �̂ B@RH^A?H JA ����

��TD�

>� � AQ@ CA J>OL^BA JA KLH^L@^>B JA � \ F>>HJ>BBRA F?HK^C^�BAT iL PHAO^jHA F>BJ^@^>B JA ��TD�
^OPC^l?A l?A U

��  �� ������� � � ��T��
VC pL?@ B>@AH l?A CA Fh>^n J? Q^�BA � C �̂ B@RH^A?H J? F>B@>?H AQ@ LHG^@HL^HAT =A?C F>OP@A CA
pL^@ l? �̂ C Q>^@ >PP>QR � FAC?^ JA C�An@RH^A?HT cBA L?@HA FLHLF@RH^Q@^l?A AQ@ CL^QQRA � B>@HA
J^QFHR@^>B U CL B>HOA J? �HLJ^AB@ JA ���� AB @>?@ P>^B@ HR�?C^AH � CAQ P>^B@Q Q^B�?C^AHQ Q>B@R@?J^RQ AB QAF@^>B �TDTDT [^AB B�>GC^�A J�L^CCA?HQ � FA l?�ACCA Q>^@ PLH@>?@ � PHAQl?A PLH@>?@ �
CL O�OAT _>?H@LB@\ P?^Ql? �̂ C KL pLCC>^H C�AQ@^OAH B?ORH^l?AOAB@\ B>?Q C �̂OP>Q>BQ JA Q>H@A
l?A CA PLQ QPL@^LC J�RFhLB@^CC>BBL�A� P?^QQA �@HA Fh>^Q^ ^JAB@^l?A AB FhLl?A RCROAB@T ZA
PC?Q\ CA HAQPAF@ J? @hR>HjOA JA =hLBB>B C?^ ^B@AHJ^@ J��@HA @H>P RCAKRAT Z�?B L?@HA F�@R\
ACCA BA PA?@ PLQ �@HA B?CCAT Y>?Q pL^Q>BQ CA Fh>^n\ @>?@ � pL^@ FCLQQ^l?A PLHO^ CAQ @HLKL?n
Q?H CAQ ABQAOGCAQ JA B^KAL?n\ JA CL �nAH � ?B\ QL�A F>OPH>O^Q AB@HA �RH> A@ C �̂ B�B^T iL
F>BQRl?ABFA AQ@ l?A\ AB @>?@ P>^B@ 	\ CL KLCA?H LGQ>C?A JA ��	� AQ@ CL J^Q@LBFA O^B^OLCA
L? F>B@>?HT Z�LPHjQ CAQ F>BKAB@^>BQ ��TD�\ ��	� AQ@ AnLF@AOAB@ FA@@A J^Q@LBFA Q^ 	 AQ@
An@RH^A?H � ���� A@ Q>B >PP>QR Q^ 	 AQ@ � C �̂ B@RH^A?H � >B J^@ l?A ���� AQ@ ?BA FLH@A JA J^Q@LBFA
Q^�BRAT Y>?Q AQQLN>BQ J�AB J>BBAH C �̂ B@?^@^>B � C�LBBAnA Z � PLH@^H J�?B JRKAC>PPAOAB@ JA
C�LH@^FCA �[>?N A@ d>?H^B ���D" � K>^H �WHB>CJ �� �\ aLHCAQ ����" � PH>P>Q JA CL FLH@A JA
J^Q@LBFA J�?B F>B@>?H F>OOA ?B^l?A Q>C?@^>B JA K^QF>Q^@R JA C�Rl?L@^>B J^@A A^`>BLCA l?^
^OP>QA ?BA B>HOA JA �HLJ^AB@ ?B^@L^HA PHAQl?A PLH@>?@T XR>OR@H^l?AOAB@\ AB HAPHABLB@
CL HAPHRQAB@L@^>B Q>?Q p>HOA JA Q?HpLFA J�?B ABQAOGCA JA B^KAL?n G^J^OABQ^>BBAC � K>^H
QAF@^>B �T� �\ FACL Q^�B^�A l?A CL hL?@A?H JA CL Q?HpLFA AB ?B P>^B@ AQ@ R�LCA � CL J^Q@LBFA
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Q^�BRA PLH HLPP>H@ L? F>B@>?H JA CL PH>MAF@^>B JA FA P>^B@ Q?H CA PCLB J�LC@^@?JA �RH>T

>^C� P>?H C�LQPAF@ Q@L@^l?AT SL^Q CA F>B@>?H RK>C?A QAC>B C�Rl?L@^>B U���� � �� � ��� �� ��T��
iA F>B@>?H ���� JRPABJ R�LCAOAB@ J? @AOPQ U ��T\T�T VC AB KL JA O�OA JA C�ABQAOGCA JA
B^KAL?n ��T\T� J>B@ ^C pL?@ JR@AHO^BAH ?BA Rl?L@^>B J�RK>C?@^>B @ACCA l?A Q>B F>B@>?H JA
B^KAL? �RH> L^@ ?BA RK>C?@^>B ^JAB@^l?A � FACCA JA ��T\T� Q>?Q C�AA@ JA C�Rl?L@^>B ��T��T bB
?@^C^QA P>?H FACL CA pL^@ l?A JRQ>HOL^Q C�Rl?L@^>B ��T�� J>^@ �@HA KRH^�RA � FhLl?A ^BQ@LB@ � U

�� � �� ��  �� ����� � ��� �� � � ��T��
iA FLCF?C FCLQQ^l?A PAHOA@@LB@ JA PLHKAB^H � C�Rl?L@^>B Q?^KLB@A AQ@ HLPPACR AB LBBAnA W U���� � �� � ���
��
 ��T��
>� ��T\T� AQ@ CL F>?HG?HA J? F>B@>?H JA B^KAL? �RH> � K>^H LBBAnA mT
����� ��A�#� �A����A�@� �� �A��� �� B��B
Y>?Q LK>BQ JRF^JR J �̂OP>QAH � ���� J�LK>^H ?B �HLJ^AB@ JA B>HOA ?B AB @>?@ P>^B@

HR�?C^AHT cB P>^B@ AQ@ HR�?C^AH Q^ CA �HLJ^AB@ N AQ@ JR�B^T =^ CL F>BJ^@^>B ��TD� AQ@ KRH^�RA\
PA?@r>B LK>^H ?B �HLJ^AB@ JA B>HOA ?B PLH@>?@ 	 VC pL?@ JRM� l?A @>?Q CAQ P>^B@Q Q>^AB@
HR�?C^AHQT fQ@rFA P>QQ^GCA 	 VC AQ@ FCL^H l?A CA Ql?ACA@@A J? F>B@>?H JA B^KAL? �RH> ���� AQ@
?B C^A? PLH@^F?C^AH JA ����T fB AA@\ ^C AQ@ F>BQ@^@?R JA P>^B@Q FhLF?B � R�LCA J^Q@LBFA J�L?
O>^BQ JA?n P>^B@Q JA ���� @ACQ l?�L?F?B L?@HA P>^B@ JA ���� B�AQ@ � ?BA J^Q@LBFA Q@H^F@AOAB@
^BpRH^A?HAT fB F>BQRl?ABFA\ PLH@LB@ J�?B P>^B@ J? Ql?ACA@@A\ JA?n J^HAF@^>BQ J^Q@^BF@AQ L?
O>^BQ Q>B@ P>QQ^GCAQ P>?H L@@A^BJHA ���� AB ?BA J^Q@LBFA O^B^OLCAT i�ABQAOGCA JA B^KAL?n���� R@LB@ ?BA FLH@A JA J^Q@LBFA\ FA Q>B@ C� JA?n Fh>^n P>?H CL J^HAF@^>B JA Q>B �HLJ^AB@T iL
F>BFC?Q^>B AQ@ l?A\ AB @>?@ P>^B@ J? Ql?ACA@@A\ CA �HLJ^AB@ JA ���� B�AQ@ PLQ JR�B^ >? ABF>HA
l?A CAQ P>^B@Q J? Ql?ACA@@A Q>B@ Q^B�?C^AHQ �aC?O A@ YL�AC ��E \ SLCLBJL^B A@ mAHB�BJA�r

^JLC ��� "T =^ CA F>B@>?H AQ@ F>BKAnA\ ^C B�N L PLQ J�L?@HAQ P>^B@Q Q^B�?C^AHQT � C �̂ BKAHQA\
?BA F>BFLK^@R AQ@ � C�>H^�^BA JA P>^B@Q Q^B�?C^AHQ Q?PPCROAB@L^HAQ Q^@?RQ � C�An@RH^A?H JA
����T Y>?Q AB LK>BQ ?B AnAOPCA Q?H CL ��?HA �TDT


>N>BQ � PHRQAB@ AB l?>^ CAQ P>^B@Q Q^B�?C^AHQ PA?KAB@ �@HA K?Q F>OOA JAQ C^A?n JA Fh>FT
]A@@A @AHO^B>C>�^A pL^@ HRpRHABFA � CL PH>PL�L@^>B J�>BJAQ >� CAQ C^A?n JA Fh>F F>HHAQP>BJAB@
L?n ^B@AHQAF@^>BQ JAQ FLHLF@RH^Q@^l?AQ\ F>?HGAQ CA C>B� JAQl?ACCAQ CL �HLBJA?H @HLBQP>H@RA
PLH C�>BJA AQ@ F>BQ@LB@AT ]A PhRB>OjBA AQ@ JRFH^@ JLBQ �=A@h^LB ����"\ PLH AnAOPCAT �
C�LBBAnA f\ B>?Q J>BB>BQ l?ACl?AQ ^JRAQ K^QLB@ � O>B@HAH l?A\ JLBQ ?BA FLH@A JA J^Q@LBFA\
CAQ FLHLF@RH^Q@^l?AQ Q>B@ JAQ JAO^rJH>^@AQ >? JAQ QA�OAB@Q B>HOL?n � ���� � FA QAHL^@ JAQJH>^@AQ Q^ ACCAQ BA QA F>?PL^AB@ PLQ L?n C^A?n JA Fh>FT ]A@@A l?AQ@^>B AQ@ R@?J^RA JLBQ �WHB>CJ
�� �"T =?PP>Q>BQ ^F^ l?A CL �HLBJA?H @HLBQP>H@RA Q>^@ CA KAF@A?H �HLJ^AB@T VOL�^B>BQ l?A���� BA Q>^@ PLQ ABF>HA ?BA FLH@A JA J^Q@LBFAT VOL�^B>BQ R�LCAOAB@ l?�?BA >BJA PLH@A JA
@>?Q CAQ P>^B@Q JA ���� AB O�OA @AOPQ\ � CL O�OA K^@AQQA\ KAHQ C �̂ B@RH^A?H A@ JLBQ JAQ
J^HAF@^>BQ AB FhLl?A P>^B@ B>HOLCAQ � ����\ J>BF CA C>B� JAQ FLHLF@RH^Q@^l?AQT VOL�^B>BQ
AB�B l?A FA@@A >BJA PH>PL�A CA KAF@A?H �HLJ^AB@ K>?C? P>?H l?A ���� Q>^@ ?BA FLH@A JAJ^Q@LBFAT iAQ P>H@^>BQ J�>BJA AB K^Qr�rK^Q QA HABF>B@HAB@ LPHjQ LK>^H PLHF>?H? ?BA J^Q@LBFAR�LCA A@ O^B^OLCA P>?H L@@A^BJHA FA P>^B@ JAP?^Q CA F>B@>?H � O^B^OLCA FLH Q^B>B ?BA
L?@HA P>H@^>B JA C�>BJA C�L?HL^@ L@@A^B@ LKLB@T VC Q�L�^@ J>BF J�?B P>^B@ J? Ql?ACA@@A A@
^C Q�N PH>J?^@ ?B Fh>FT =^ B>?Q F>BQ^JRH>BQ OL^B@ABLB@ CL PH>PL�L@^>B Rl?^KLCAB@A KAHQ
C�An@RH^A?H JA ����\ JA?n FLQ QA F>B�>^KAB@T =>^@ ���� AQ@ F>BKAnA A@ CAQ >BJAQ Q>B@ RO^QAQ
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JLBQ JAQ J^HAF@^>BQ J^KAH�AB@AQT fCCAQ BA Q�AB@HAFh>l?AB@ PLQT =>^@ ���� AQ@ F>BFLKAT cBA
F>BFLK^@R J>BBRA PHRQAB@A JAQ PLH@^AQ JA ���� CAQ ?BAQ AB pLFA JAQ L?@HAQT iAQ P>H@^>BQJ�>BJA ^QQ?AQ JA FAQ PLH@^AQ QA HABF>B@HAB@ AB ?B C^A? JA Fh>F\ An@RH^A?H � ����\ Q�R@ABJLB@
M?Ql?�� C �̂ B�B^ l?^ KAHHL CA Fh>F JAQ P>H@^>BQ J�>BJA RO^QAQ JAQ �>BAQ JA F>B@LF@\ JA PLH@
A@ J�L?@HA JA CL F>BFLK^@R\ AB@HA ���� A@ Q>B ABKAC>PPA F>BKAnAT
����� D�#���A�� �� �$ �A#���� �������#A��
i�Rl?L@^>B J�RK>C?@^>B ��T�� AQ@ JR�B^A Q?H ��T\T�\ BL@?HACCAOAB@T i�Rl?L@^>B J�RK>C?r

@^>B Rl?^KLCAB@A ��T�� JA C�ABQAOGCA JA B^KAL?n AQ@ ?@^C^QLGCA JLBQ �T SL^Q B>?Q KAHH>BQ AB
QAF@^>B �TDT� l?A C�RK>C?@^>B J? F>B@>?H JA B^KAL? �RH> PA?@ �@HA �RHRA JLBQ ?B J>OL^BA
HAQ@HA^B@\ @>?@Ap>^Q PLQ L? P>^B@ JA F>B@AB^H CAQ QA?CQ P>^B@Q J? B^KAL? �RH>T ]ACL P>QA J>BF
CL l?AQ@^>B JA CL K^@AQQA J�RK>C?@^>B � LPPC^l?AH AB JAh>HQ J? F>B@>?H JA B^KAL? �RH>T Y>?Q
LK>BQ Q>?hL^@R l?A ���� Q>^@ ?BA FLH@A JA J^Q@LBFAT W^BQ^\ CL JR@AHO^BL@^>B JA C�An@ABQ^>BJA CL K^@AQQA J�RK>C?@^>B J>^@ LK>^H P>?H G?@ l?A ���� HAQ@A ?BA FLH@A JA J^Q@LBFAT VC An^Q@AJA?n O>NABQ L? O>^BQ J�N PLHKAB^HT iA PHAO^AH AQ@ PH>P>QR PLH WJLCQ@A^BQQ>B A@ =A@h^LB
�����"T iL K^@AQQA J�RK>C?@^>B AQ@ J�LG>HJ ^B@AHP>CRA L?n RCROAB@Q JA ���� J>B@ ?B K>^Q^B L?
O>^BQ AQ@ JA Q^�BA >PP>QR L? CA?HT ]A Q>B@ CAQ RCROAB@Q l?^ G>HJAB@ CA F>B@>?H JA B^KAL?
�RH>T _?^Q\ CL K^@AQQA J�RK>C?@^>B AQ@ PH>PL�RA � PLH@^H JA FAQ RCROAB@Q\ PLH ?BA OR@h>JA
JA OLHFhA HLP^JA\ @HLJ?F@^>B JA ��� ������ �
 ���\ JA Q>H@A l?A CL KLCA?H CA C>B� JAQ
FLHLF@RH^Q@^l?AQ Q>^@ F>BQ@LB@AT iA JA?n^jOA O>NAB\ PH>P>QR PLH X>OAQ A@ mL?�AHLQ �����"\
AQ@ ^BKAHQA U PC?@�@ l?A JA PH>PL�AH ?BA KLCA?H F>BQ@LB@A CA C>B� J�?BA FLHLF@RH^Q@^l?A �
PLH@^H J? F>B@>?H JA B^KAL? �RH>\ ^C Q�L�^@ P>?H ?B P>^B@ J�LCCAH FhAHFhAH � C �̂ B@AHQAF@^>B JA
CL FLHLF@RH^Q@^l?A Q?H CLl?ACCA ^C QA @H>?KA A@ J? F>B@>?H JA B^KAL? �RH> CL KLCA?H � L@@H^r
G?AHT
i>HQl?�>B BA KA?@ PLQ pL^HA C�A>H@ JA FA@@A An@ABQ^>B\ >B PA?@ JRF^JAH J�LPPC^l?AH J^r
HAF@AOAB@ CL p>HO?CA JA CL K^@AQQA J�RK>C?@^>B AB FhLl?A RCROAB@T Z�?BA PLH@\ FACL B�AQ@
PLQ P>QQ^GCA Q^ CLJ^@A p>HO?CA JRPABJ J�?BA �HLBJA?H l?^ B�L JA Q^�B^�FL@^>B l?A Q?H CA
F>B@>?H JA B^KAL? �RH>\ PLH AnAOPCA JLBQ �WJLCQ@A^BQQ>B A@ =A@h^LB ����G"T Z�L?@HA PLH@\
?BA @ACCA PHL@^l?A BA PAHOA@ RK^JAOOAB@ PLQ JA �LHLB@^H l?A ���� QAHL @>?M>?HQ ?BA FLH@AJA J^Q@LBFAT dACCA l?A B>?Q C�LK>BQ JR�B^A\ CL K^@AQQA J�RK>C?@^>B AQ@ F>OP>QRA J�?B @AHOA
JA F>BQ^Q@LBFA LKAF CAQ J>BBRAQ � �T\T� A@ J�?B @AHOA JA HR�?CLH^QL@^>B ���T\T�T iL F>?HG?HA



�I V �������� ������ �� ��������� �� ������	

��T\T� J? F>B@>?H JA B^KAL? �RH> AQ@ FLCF?CLGCA PLH ?BA AnPHAQQ^>B LJLP@RA L?n F>B@>?HQ JA
B^KAL?n l?ACF>Bl?AQ � K>^H LBBAnA mT bB PA?@ J>BF R@ABJHA QLBQ Q>?F^ FA@@A PLH@^A JA CL
K^@AQQA J�RK>C?@^>B � �T ZLBQ CAQ PLH@^AQ VV A@ VVV\ CA @AHOA JA F>BQ^Q@LBFA LKAF CAQ J>BBRAQ
PA?@ �@HA RKLC?R B �̂OP>H@A >� FLH @>?Q QAQ F>OP>QLB@Q >B@ ?B QABQ JLBQ �T ]APABJLB@\ CL
K^@AQQA J�RK>C?@^>B >G@AB?A F>OPH>OA@ C�LQPAF@ JA FLH@A JA J^Q@LBFA JA ����T Y>?Q @>CRH>BQ
FA@@A F>OPH>O^QQ^>B PABJLB@ l?ACl?AQ ^@RHL@^>BQ\ P?^Q B>?Q JRF^J>BQ l?A F�AB AQ@ @H>P\ ^C
pL?@ HAPLH@^H Q?H JA G>BBAQ GLQAQ\ B>?Q HR^B^@^LC^Q>BQ � K>^H QAF@^>B �TDT�T ]A@@A OLB^jHA
FCLQQ^l?A JA �RHAH C�RK>C?@^>B J�?B ABQAOGCA JA B^KAL?n B�AQ@ PLQ M?Q@^�LGCA @hR>H^l?AOAB@T
����� F�A�A#A$�A�$#A��
bB Q?PP>QA J^QP>QAH J�?B ABQAOGCA JA B^KAL?n CR�jHAOAB@ JRp>HORT _LH � JRp>HOR �\

B>?Q AB@ABJ>BQ l?A CA �HLJ^AB@ B�AQ@ PLQ @>?M>?HQ JA B>HOA ?B JLBQ JAQ HR�^>BQ L?@HAQ l?A
CAQ C^A?n JA Fh>FT ]A B�AQ@ J>BF PLQ ?BA FLH@A JA J^Q@LBFA OL^Q\ L? @HLKAHQ J? � CR�jHAOAB@ �\
B>?Q pL^Q>BQ C�hNP>@hjQA l? �̂ C AB AQ@ Q?�QLOOAB@ PH>FhA P>?H l?�?B HAJHAQQAOAB@ J?
�HLJ^AB@ JA pL�>B l?A QL B>HOA Q>^@ ?B � QL?p L?n C^A?n JA Fh>F � PAHOA@@A JA HA@H>?KAH
?BA FLH@A JA J^Q@LBFAT ZLBQ C�>PRHL@^>B\ CL P>Q^@^>B J? F>B@>?H JA B^KAL? �RH> J>^@ �@HA
PHRQAHKRAT [>?N A@ d>?H^B ����D" P>QAB@ ?B PH>GCjOA JA HR^B^@^LC^QL@^>B PC?Q �RBRHLC� l?A
FAC?^rC�\ O>B@HAB@ C�An^Q@ABFA A@ C�?B^F^@R J�?BA Q>C?@^>B JA K^QF>Q^@R A@ CL JR@AHO^BAB@ PLH
CL OR@h>JA JA PH>�HLOOL@^>B JNBLO^l?AT _?^Q\ =?QQOLB 
 ��! �����" PH>P>QAB@\ Q?H CAQ
GLQAQ MA@RAQ PLH [>?N A@ d>?H^B\ C�Rl?L@^>B JA HR^B^@^LC^QL@^>B Q?^KLB@A U���� � Q^�BA��� 	��� 
��
� ��TE�
>� Q^�BA����T\T� AQ@ ?BA p>BF@^>B FLHLF@RH^Q@^l?A J? Q^�BA JA ��T\T� l?A B>?Q LK>BQ Fh>^Q^ Q?H
@H>^Q R@L�AQ U CA �� Q^ ��T\T� AQ@ Q@H^F@AOAB@ BR�L@^KA\ CA �RH> Q^ ��T\T� AQ@ B?C A@ CA �� Q^ ��T\T�
AQ@ Q@H^F@AOAB@ P>Q^@^KAT cBA J^QFHR@^QL@^>B P>QQ^GCA JA C�Rl?L@^>B ��TE� AQ@ U���� � � ��� � ���� �� � �� 	Q^�BA������ �� 	��� 
��
��� ��� ��T �
]A@@A HACL@^>B AQ@ ^@RHRA M?Ql?�� FA l?A\ P>?H ?B FAH@L^B �\ CA OLn^O?O PLH HLPP>H@ � 	 JA
��� 
��
�	� ��� Q>^@ ^BpRH^A?H � ?B QA?^CT iL PHRQAHKL@^>B JA CL P>Q^@^>B J? F>B@>?H JA B^KAL?
�RH>\ A@ O�OA PC?Q\ CL Q@LG^C^@R J? QFhROL JNBLO^l?A ��T � JRPABJAB@ JA CL J^QFHR@^QL@^>B
JA 
��
�T\T�T ZAQ Q>C?@^>BQ Q>B@ J>BBRAQ JLBQ �=h? A@ bQhAH ��  \ =h? A@ bQhAH �� �\ [>?N
A@ d>?H^B ���D\ =?QQOLB 
 ��! ����\ =A@h^LB ����\ =?QQOLB 
 ��! ��� "T SLC�HR FACL\ B>?Q
LK>BQ JRKAC>PPR B>@HA LPPH>n^OL@^>B\ Q^OPCA A@ A�FLFA OL^Q p>BJRA Q?H JAQ ^B@?^@^>BQ A@
C�>GQAHKL@^>B JA FLQ PLH@^F?C^AHQ � K>^H LBBAnA aT
]A@@A R@LPA JA HR^B^@^LC^QL@^>B AQ@ ^BQRHRA PRH^>J^l?AOAB@ PLHO^ CAQ ^@RHL@^>BQ J�RK>C?@^>B JA
C�ABQAOGCA JA B^KAL?T iL pHRl?ABFA JA CL OLB�?KHA AQ@ G^AB Q	H p>BF@^>B J? PLQ @AOP>HAC
J�RFhLB@^CC>BBL�A JA C�Rl?L@^>B J�RK>C?@^>BT ZLBQ CAQ LPPC^FL@^>BQ JA QA�OAB@L@^>B l?A
B>?Q PHRQAB@>BQ\ B>?Q AAF@?>BQ ?BA HR^B^@^LC^QL@^>B @>?@AQ CAQ @H>^Q >? l?L@HA ^@RHL@^>BQ
J�RK>C?@^>BT VC BA HAQ@A PC?Q l?�� Q^�BLCAH l?A B>?Q BA HLPPACCAH>BQ B^ JLBQ CL PHRQAB@L@^>B
J�?BA OR@h>JA\ B^ JLBQ C�LC�>H^@hOA l?^ AB AQ@ J>BBR\ CA HAF>?HQ � CL HR^B^@^LC^QL@^>B\ QL?p
Q �̂ C M>?A ?B H�CA L?@HA l?A FAC?^ l?A B>?Q KAB>BQ JA PHRQAB@AH � K>^H M?Q@AOAB@ C�LBBAnA ]
� PH>P>Q J�?BA ?@^C^QL@^>B JA C�Rl?L@^>B JA HR^B^@^LC^QL@^>B F>OOA Rl?L@^>B J �̂ B^@^LC^QL@^>BT
����� �A�� �� ���@� A���@�$#A���
i�Rl?L@^>B J�RK>C?@^>B ��T�� AQ@ HRQ>C?A B?ORH^l?AOAB@ PLH J^QFHR@^QL@^>B A@ ^@RHL@^>B

JA CL p>HO?CA JA HRF?HHABFA >G@AB?AT Y>?Q LK>BQ Fh>^Q^ ?BA J^QFHR@^QL@^>B JA O�OA @NPA
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]hLP^@HA � fBQAOGCAQ JA B^KAL?n ��

l?A CL OR@h>JA J�f?CAH\ � QLK>^H l?A ����� AQ@ AQ@^OR PLH ?BA J^RHABFA �B^A B>B FAB@HRA U
���� ��� �� � ���� � � ��� � ���� ���� ��T��

A@ l?A CL PLH@^A JH>^@A JA C�Rl?L@^>B AQ@ RKLC?RA AB � U �� ��� �� � ����� ���
��
��� ��T VC pL?@
Fh>^Q^H ?BA AQ@^OL@^>B ^B^@^LCA JA ��T\T� l?A B>?Q B>@>BQ ����T iL p>HO?CA JA HRF?HHABFA Q?H� AQ@ LC>HQ U � �	  �� ��	� � � �� � � �	��	  �� ��	� � � ��� � ��	� ��� �� 	�� �	� ��� ���	� ��� 	 
��
�	� �� ��T�I�
dhR>H^l?AOAB@\ CL F>BKAH�ABFA AQ@ ^BJ^l?RA PLH CL Q@L@^>BBLH^@R JA CL Q?^@A JAQ F>B@>?HQ
JA B^KAL? �RH> L?rJAC� J�?B FAH@L^B HLB� U

����� � ��  � � ������ � ���� � � 	���� � ���  �� � ������ � ������ � ���  ��
�� ����� � ��  � � � ��� ���� � � 	���� ����� ���� � � 	��� � � ��T���
fB PHL@^l?A\ CL F>BJ^@^>B J�LHH�@ JAQ ^@RHL@^>BQ AQ@ KRH^�RA C>HQl?A CA OLn^O?O AB KLCA?H
LGQ>C?A JAQ �� �	� �� � ���	� ���\ P>?H 	 LPPLH@ABLB@ � C�ABQAOGCA JAQ RCROAB@Q J>B@ ?B
K>^Q^B L? O>^BQ AQ@ JA Q^�BA >PP>QR L? CA?H\ AQ@ Q@H^F@AOAB@ ^BpRH^A?H � ?B QA?^C l?A B>?Q
Fh>^Q^QQ>BQ\ l?ACCA l?A Q>^@ C�LPPC^FL@^>B\ AB@HA �I�� A@ �I�� T WKAF ?B ABQAOGCA JA B^KAL?n
l?^ HAQPAF@A ?BA B>HOA JA �HLJ^AB@ JA ?B PHAQl?A PLH@>?@\ FACL HAK^AB@ � L@@ABJHA l?A CA
JRPCLFAOAB@ J? F>B@>?H JA B^KAL? �RH> Q>^@ ^BpRH^A?H � ?B J^n^jOA >? ?B FAB@^jOA JA P^nAC
>? K>nAC Q?^KLB@ CL PHRF^Q^>B HAl?^QA\ CL K^@AQQA JA F>BKAH�ABFA A@ CL Q@LG^C^@R JA C�RK>C?@^>BT
=^ C�RK>C?@^>B AQ@ HLP^JA A@ Q@LGCA\ >B PA?@ QA PAHOA@@HA JA �nAH ?BA �HLBJA PHRF^Q^>BT =^
C�RK>C?@^>B B�AQ@ PLQ Q@LGCA � � C�LPPH>FhA JA CL F>BKAH�ABFA\ CA F>B@>?H JA B^KAL? �RH>
>QF^CCA L?@>?H JA CL Q>C?@^>B � >? AQ@ CAB@A\ ^C pL?@ QA F>B@AB@AH J�?BA pL^GCA PHRF^Q^>BT ZA
PC?Q\ PLH QRF?H^@R\ CA PH>FAQQ?Q AQ@ Q@>PPR Q^ ?B B>OGHA OLn^OLC J �̂ @RHL@^>BQ AQ@ L@@A^B@T
W? F>?HQ J�?BA R@LPA J�RK>C?@^>B\ CA F>B@>?H JA B^KAL? �RH> QA JRPCLFA L? PC?Q J�?BA

J^Q@LBFA JA C�>HJHA JA C�RCROAB@T VC BA QAH@ � H^AB JA pL^HA RK>C?AH CAQ F>B@>?HQ JA B^KAL?
RCAKR AB KLCA?H LGQ>C?A\ F�AQ@r�rJ^HA C>^B J? F>B@>?H JA B^KAL? �RH>T _>?H J^O^B?AH CA @AOPQJA FLCF?C\ >B ORO>H^QA ^B^@^LCAOAB@ CAQ RCROAB@Q JA ��T\T� � O>^BQ J�?BA FAH@L^BA J^Q@LBFA\
AB KLCA?H LGQ>C?A\ J? F>B@>?H JA B^KAL? �RH>T VCQ F>BQ@^@?AB@ CL GLBJA R@H>^@A\ @HLJ?F@^>B
JA ����� ���\ J>B@ C�RPL^QQA?H AQ@ ?B PLHLOj@HA JA C�LC�>H^@hOAT iL K^@AQQA J�RK>C?@^>B
B�AQ@ FLCF?CRA A@ C�ABQAOGCA JA B^KAL? B�RK>C?A l?A JLBQ FA@@A GLBJAT iA F>B@>?H JA B^KAL?
�RH> H^Ql?A JA QA JRPCLFAH KAHQ CAQ G>HJQ JA CL GLBJA R@H>^@AT i>HQl?A CL PC?Q PA@^@A KLCA?H
LGQ>C?A JAQ RCROAB@Q J? G>HJ ^B@RH^A?H JA CL GLBJA � FAQ RCROAB@Q Q>B@ Q@H^F@AOAB@ BR�L@^pQ
P?^Ql? �̂ CQ Q>B@ � C �̂ B@RH^A?H J? F>B@>?H JA B^KAL? �RH> � >? CL PC?Q PA@^@A KLCA?H JAQ RCROAB@QJ? G>HJ An@RH^A?H JA CL GLBJA � FAQ RCROAB@Q Q>B@ Q@H^F@AOAB@ P>Q^@^pQ � JAK^AB@ ^BpRH^A?HA �
?B QA?^C\ CA F>B@>?H JA B^KAL? �RH> P>?HHL^@ � Q>H@^H � JA CL GLBJA R@H>^@A JLBQ CAQ PH>FhL^BAQ
^@RHL@^>BQT VC pL?@ J>BF HAFAB@HAH CL GLBJA R@H>^@A Q?H CL P>Q^@^>B LF@?ACCA J? F>B@>?H JA
B^KAL? �RH>T _?^Q CAQ ^@RHL@^>BQ J�RK>C?@^>B PA?KAB@ HAPHABJHA M?Ql?�� FA l?�� B>?KAL? CA
F>B@>?H JA B^KAL? �RH> Q>^@ @H>P PH>FhA J�?B G>HJ JA CL GLBJA R@H>^@A >? l? �̂ C L^@ F>BKAH�RT
iA Fh>^n JA CL CLH�A?H JA CL GLBJA R@H>^@A AQ@ �?^JR PLH ?B F>OPH>O^QT =^ ACCA AQ@ pL^GCA\ ACCA
F>B@^AB@ PA? J�RCROAB@Q J>BF CAQ ^@RHL@^>BQ J�RK>C?@^>BQ Q>B@ HLP^JAQT SL^Q Q^ CA F>B@>?H JA
B^KAL? �RH> ^B^@^LC AQ@ C>^B JA CL Q>C?@^>B\ Q>B JRPCLFAOAB@ KL �@HA ^OP>H@LB@\ CA F>B@>?H JA
B^KAL? �RH> QA HLPPH>FhAHL Q>?KAB@ J�?B G>HJ JA CL GLBJA R@H>^@A l? �̂ C pL?JHL HAFAB@HAH L?
PH^n JA l?ACl?AQ FLCF?CQT bB ^OL�^BA L^QROAB@ CA HL^Q>BBAOAB@ O^H>^H Q^ CL GLBJA R@H>^@A
AQ@ � CLH�A � A@ CA F>B@>?H JA B^KAL? �RH> ^B^@^LC PH>FhA JA CL Q>C?@^>BT iA Fh>^n QA pL^@
J>BF QAC>B l?A C �̂ B^@^LC^QL@^>B AQ@ Q?PP>QRA G>BBA >? ^BFAH@L^BAT ]A@@A @AFhB^l?A AQ@ J?A
� ]h>PP �����"T fCCA L R@R R@?J^RA LKAF L@@AB@^>B JLBQ �WJLCQ@A^BQQ>B A@ =A@h^LB ����L"
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B>@LOOAB@ A@ Q>B ?@^C^QL@^>B Q�AQ@ �RBRHLC^QRA � K>^H PLH AnAOPCA �SLCCLJ^ 
 ��! ����"T
_>?H HAFAB@HAH CL GLBJA R@H>^@A\ B>?Q AAF@?>BQ l?ACl?AQ ^@RHL@^>BQ JA HR^B^@^LC^QL@^>B JA
OLB^jHA � >G@AB^H ?BA FLH@A JA J^Q@LBFA JLBQ ?B ^B@AHKLCCA QNOR@H^l?A JA PLH@ A@ J�L?@HA
J? F>B@>?H JA B^KAL? �RH>T ]>OOA CLH�A?H JA GLBJA\ B>?Q Fh>^Q^QQ>BQ AB �RBRHLC �������
l?ACCA l?A Q>^@ C �̂ B^@^LC^QL@^>BT
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�?AC ^B@RH�@ Lr@r>B � ?@^C^QAH CAQ F>B@>?HQ LF@^pQ P>?H CL QA�OAB@L@^>B J �̂OL�AQ JA ORrJAF^BA B?FCRL^HA 	 ]AQ JAHB^jHAQ Q>B@ HRP?@RAQ P>?H �@HA GH?^@RAQ A@ JA HRQ>C?@^>B LQQA�
�H>QQ^jHAT =?H CL ��?HA �T�\ F>C>BBA JA �L?FhA\ JA?n ^OL�AQ JA ORJAF^BA B?FCRL^HA p>B@
AAF@^KAOAB@ PHA?KA J�?BA OL?KL^QA HRQ>C?@^>B OL^Q JA PA? JA GH?^@T =LBQ J>?@A FACL AQ@r
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^C J	 � ?B p>H@ C^QQL�A � K>FL@^>B J^L�B>Q@^l?AT bB >G@^ABJHL^@ ?BA OA^CCA?HA HRQ>C?@^>B
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�� V �������� ������ �� ��������� �� ������	

AB C^QQLB@ O>^BQT _HRF^Q>BQ\ � @^@HA J�AnAOPCA A@ � @>?@AQ �BQ ?@^CAQ\ l?A CL HRQ>C?@^>B �

CL J^Q@LBFA JA �I FO J�?B JR@AF@A?H JA �LOOLrFLORHL _H^QO DIII � _^F`AH VB@AHBL@^>BLCVBFT\ ]CAKACLBJ\ be\ �@L@QrcB^Q � Rl?^PR J�?B F>CC^OL@A?H hL?@A HRQ>C?@^>B A@ JA �R>OR@H^A
PLHLCCjCA� AQ@ JA C�>HJHA JA  OOT ]A QAHL^@ L? PH^n J�?B GH?^@ PC?Q ^OP>H@LB@T aHAp\ F>OOA
B>?Q C�LBB>BF^>BQ\ J? GH?^@ A@ PA? JA HRQ>C?@^>BT
_>?H J^O^B?AH C�AA@ PAH@?HGLB@ J? GH?^@\ CL HR�?CLH^QL@^>B JAQ F>B@>?HQ LF@^pQ K?A AB QAFr
@^>B DT�TD AQ@ A�FLFAT SL^Q FA B�AQ@ l?A C�LPP>H@ J�?BA ^Bp>HOL@^>B LHG^@HL^HA l?^ B�L^JA PLQ
� CL @�FhA\ JA QA�OAB@L@^>B PLH AnAOPCAT VC pL?@ R�LCAOAB@ l?A CA @AHOA JA F>BQ^Q@LBFA LKAF
CAQ J>BBRAQ Q>^@ PA? ��BR PLH CA GH?^@T Y>?Q LK>BQ pL^@ HAOLHl?AH � CL QAF@^>B DT�T� l?�?BA
OR@h>JA HR�^>B JA F>B@>?HQ LF@^pQ QL@^QpAHL^@ PH>GLGCAOAB@ FA@@A F>BJ^@^>BT fB QAF>BJ C^A?\
C>HQl?�?BA ^OL�A � QA�OAB@AH AQ@ JA HRQ>C?@^>B pL^GCA\ ^C AQ@ PA?@r�@HA PC?Q A�FLFA JA FhAHr
FhAH JA CLH�AQ HR�^>BQ h>O>�jBAQ l?A JAQ HR�^>BQ R@H>^@AQ JA p>H@ �HLJ^AB@T iAQ F>B@>?HQ
LF@^pQ QAOGCAB@ LJLP@RQ P?^Ql? �̂ C Q?�@ JA F>BQ^JRHAH CA?H ^B@RH^A?H F>OOA ?BA AQ@^OL@^>B\
� pL^HA RK>C?AH JLBQ CA QABQ JA C�LJRl?L@^>B L?n J>BBRAQ\ JAQ HR�^>BQ FhAHFhRAQT VC pL?@
FAPABJLB@ l?�?BA >? PC?Q^A?HQ FLHLF@RH^Q@^l?AQ J�h>O>�RBR^@R An^Q@AB@T fB >GQAHKLB@ CA
Q`^A?H JA CL ��?HA �T�\ >B L G^AB J? OLC � AB @H>?KAHT _LH F>B@HA\ @>?M>?HQ Q?H CL O�OA
��?HA\ ^OL�AQ JA �L?FhA\ >B PA?@ pL^HA C�hNP>@hjQA HL^Q>BBLGCA l?A C �̂ B@ABQ^@R JAQ RCROAB@Q
AQ@ h>O>�jBA JLBQ CAQ HR�^>BQ J �̂ B@RH�@ � CL PLH>^ KAB@H^F?CL^HA �L?FhA >? CA F>H@AnT iA
HRQ?OR JA FA PLHL�HLPhA AQ@ l?�?BA OR@h>JA HR�^>B JA F>B@>?HQ LF@^pQ PLHL�@ LJLP@RA � CL
QA�OAB@L@^>B J �̂OL�AQ JA ORJAF^BA B?FCRL^HAT
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cB JAQ PC?Q ^B�?AB@Q pLF@A?HQ JA JR�HLJL@^>B JAQ ^OL�AQ dfS_ � JA?n L?@HAQ R@LB@

CA J^?QR ]>OP@>B A@ C�AA@ JA K>C?OA PLH@^AC � AQ@ C�L@@RB?L@^>B Ph>@>B^l?A\ Q>?KAB@
HLFF>?HF^A AB L@@RB?L@^>BT WKLB@ J�AB PH>P>QAH ?BA JAQFH^P@^>B\ Q^�BLC>BQ l?�>B CL B>OOA
� LGQ>HP@^>B � AB ^OL�AH^A HLJ^>�HLPh^l?A\ PLH HLN>BQ � J>BF\ >? @>O>JABQ^@>OR@H^AT iA
@HLFA?H HLJ^>LF@^p ROA@ HR�?C^jHAOAB@ JAQ Ph>@>BQ JLBQ JAQ J^HAF@^>BQ LCRL@>^HAQT =?^K>BQ
?B JA FAQ Ph>@>BQT =�̂ C Q>?hL^@A L@@A^BJHA ?B JR@AF@A?H\ ^C C?^ pL?@ @HLKAHQAH JA CL OL@^jHAT
Z�LG>HJ CA PL@^AB@ P?^Q C�L^HT =AQ P>QQ^GCAQ JAQ@^BQ Q>B@ U

� CA Ph>@>B AQ@ PHAQQR\ ^C HAM>^B@ ?B JR@AF@A?H AB C^�BA J^HAF@A A@ QLBQ F>CC^Q^>B �
� CA Ph>@>B AQ@ ��BA?H\ ^C HABF>B@HA ?B JR@AF@A?H � CL Q?^@A J�?BA QRH^A JA Fh>FQ LKAF CL
OL@^jHA l?^ C�>B@ pL^@ FhLB�AH JA J^HAF@^>B A@ PAHJHA JA Q>B RBAH�^A\ >B CA l?LC^�A JA
J^?QR �

� ^C Q?G^@ ?B >? PC?Q^A?HQ Fh>FQ J>B@ CA JAHB^AH AQ@ pL@LC P?^Ql? �̂ C C?^ �@A @>?@A Q>BRBAH�^A � CA Ph>@>B J^QPLHL�@ JLBQ CAQ @RBjGHAQ � >? CA HAJ^H^�A Q?H ?B FhAO^B l?^ BA
FH>^QA PLQ JA JR@AF@A?H � CA Ph>@>B J^QPLHL�@ JLBQ CL BL@?HA �\ A@ JLBQ CAQ JA?n FLQ\
CA Ph>@>B AQ@ PAHJ?T

i>HQl?A CL JAHB^jHA RKAB@?LC^@R L C^A? LC>HQ l?A CL J^HAF@^>B ^B^@^LCA J? Ph>@>B P>^B@L^@
KAHQ ?B JR@AF@A?H\ >B PLHCA JA PhRB>OjBA J�L@@RB?L@^>BT VC F>BFAHBA\ F>BQ^JjHAr@r>B\ JA
C�>HJHA JA EI �  I � JAQ Ph>@>BQ RO^Q\ QAC>B CA O^C^A? L@@RB?LB@ A@ QAC>B CA?H RBAH�^A�T fB
F>BQRl?ABFA\ CAQ ^OL�AQ J�RO^QQ^>B HAF>BQ@H?^@AQ LPPLHL^QQAB@ PLH ABJH>^@ O>^BQ GH^CCLB@AQ
l?A CL HRLC^@RT W^BQ^\ C �̂OL�A J�?B FNC^BJHA HAOPC^ J�?BA LF@^K^@R ?B^p>HOA QAHL ^Bh>O>�jBA\
LKAF ?BA LF@^K^@R JRFH>^QQLB@A C>HQl?�>B QA HLPPH>FhA JA C�LnA J? FNC^BJHAT ZLBQ CA F>B@An@A
FC^B^l?A\ CA J^L�B>Q@^F PA?@ LC>HQ �@HA AB pLKA?H J�?BA PL@h>C>�^A ^BAn^Q@LB@AT cB AnAOPCA
HRPLBJ? AQ@ FAC?^ JA CL PLH>^ ^BpRH^A?HA J? KAB@H^F?CA �L?FhA l?^ H^Ql?A J��@HA pAHOAOAB@
JRFCLHRA F>OOA CA Q^j�A J�?B ^BpLHF@?QT ]>OOAB@ F>HH^�AH FA JRpL?@ 	

��� �!������!�
iL F>HHAF@^>B JA C�AA@ J�L@@RB?L@^>B BRFAQQ^@A C�AQ@^OL@^>B J? P>?K>^H L@@RB?LB@ JAQ

O^C^A?n @HLKAHQRQT iL PH>PH^R@R L@@RB?LB@A J�?B OL@RH^L? JRPABJ JA QL JABQ^@R\ J? B?r
ORH> L@>O^l?A JAQ L@>OAQ l?^ CA F>OP>QAB@ A@ JA C�RBAH�^A JA Ph>@>B F>BQ^JRHRAT fCCA
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AQ@ FLHLF@RH^QRA PLH ?B F>A�F^AB@ J�L@@RB?L@^>B C^BRL^HA AnPH^OR AB FO��T iL p>BF@^>B l?^
J>BBA CA F>A�F^AB@ J�L@@RB?L@^>B AB ?B P>^B@ AQ@ LPPACRA FLH@A J�L@@RB?L@^>BT fCCA B�AQ@
PLQ F>BQ@LB@A l?>^l?A P>?H FAH@L^BAQ LPPC^FL@^>BQ\ C �̂OL�AH^A FRHRGHLCA PLH AnAOPCA\ ?BA
@ACCA hNP>@hjQA � J^@A J�L@@RB?L@^>B ?B^p>HOA � BA Q>^@ PLQ @HjQ PRBLC^QLB@A �[LMAAKLB

 ��! ��� "T Y>?Q ^B@RHAQQLB@ � C �̂OL�AH^A FLHJ^Ll?A P>?H CLl?ACCA CL HR�^>B L@@RB?LB@A
AQ@ CA @h>HLn\ B>?Q LK>BQ LJ>P@R\ F>OOA FACL AQ@ PHRF>B^QR PLH B>OGHA JA @HLKL?n �dQ?^

 ��! �� �\ mHAN 
 ��! ���D"\ CL O>JRC^QL@^>B B>B ?B^p>HOA JA C�L@@RB?L@^>BT cBA J^QFHR@^r
QL@^>B JA CL p>BF@^>B J�L@@RB?L@^>B � l?A B>?Q F>B@^B?>BQ J�LPPACAH FLH@A J�L@@RB?L@^>B �
Q�>G@^AB@ JA J^RHAB@AQ pL�>BQT

���� �$�� $B��A�A#A�� �� #@$���A��A��
iAQ F>BJ^@^>BQ JA F>BQ^Q@LBFA F>B@HL^B@AQ PLH l?ACl?AQ � ������ PAHOA@@AB@ JA FLCF?CAH

?BA FLH@A J�L@@RB?L@^>B LPPH>n^OL@^KA QLBQ L?@HAQ J>BBRAQ l?A FACCAQ J�RO^QQ^>B �YL@@AHAH
����\ �ACFh 
 ��! ���E\ iL?HA@@A 
 ��! ����"T fB AA@\ AB C�LGQABFA JA GH?^@\ ?B B>OGHA
HRJ?^@ JA F>B��?HL@^>BQ J�L@@RB?L@^>B Q>B@ F>hRHAB@AQ LKAF CAQ J>BBRAQ J�RO^QQ^>B\ FA l?�Anr
PH^OAB@ CAQ F>BJ^@^>BQ JA F>BQ^Q@LBFAT cBA F>B@HL^B@A @NP^l?A AQ@ FACCA J? Q?PP>H@ l?�>B
^OP>QA FNC^BJH^l?A JA QAF@^>B ACC^P@^l?A PLH AnAOPCA\ Q>H@A JA @h>HLn QFhROL@^l?AT
VC AQ@ R�LCAOAB@ P>QQ^GCA J�AOPC>NAH ?B QFhROL JA HRQ>C?@^>BQ LC@AHBRAQ L�B JA HAF>BQr

@H?^HA � CL p>^Q C �̂OL�A AB @HLBQO^QQ^>B A@ C �̂OL�A J�RO^QQ^>B F>HH^�RA JA C�L@@RB?L@^>B �

PLH@^H JA CL HACL@^>B JA p>HOL@^>B JAQ PH>MAF@^>BQ AB RO^QQ^>B L@@RB?RAQ �Y?N@Q 
 ��! ����"T
dHLJ^@^>BBACCAOAB@\ FA@@A HACL@^>B AQ@ ?@^C^QRA P>?H AQ@^OAH C �̂OL�A J�RO^QQ^>B F>HH^�RA LC>HQ
l?�>B J^QP>QA JA C �̂OL�A JA @HLBQO^QQ^>B � ?BA QA?CA ^OL�A ^BF>BB?A L? C^A? JA JA?nT VCpL?@ J>BF HR�?CLH^QAH PC?Q P>?H PLHAH � C�L?�OAB@L@^>B J? B>OGHA J �̂ BF>BB?AQ � >? JA
OLB^jHA Rl?^KLCAB@A\ CL J^O^B?@^>B HACL@^KA JAQ J>BBRAQT
iL OR@h>JA JA _LB^B 
 ��! ���� " @HL^@A CA FLQ ^B@AHORJ^L^HA AB@HA PLQ J�LFl?^Q^@^>B AB

@HLBQO^QQ^>B A@ ?BA LFl?^Q^@^>B AB @HLBQO^QQ^>B U ?BA LFl?^Q^@^>B @H>Bl?RA � CA FhLOP JA
K?A JAQ PH>MAF@^>BQ B�AQ@ PLQ LQQA� CLH�A P>?H C�>GMA@ >GQAHKRT Z�>HJ^BL^HA\ FA PhRB>OjBA
PAH@?HGA RB>HOROAB@ CL HAF>BQ@H?F@^>B JA CL FLH@A J�L@@RB?L@^>BT _LB^B 
 ��! QA QAH@ J�?BA
GLQA JA J>BBRAQ J�LFl?^Q^@^>BQ B>B @H>Bl?RAQ F>OOA GLQA JA JRF>OP>Q^@^>B JA C�LFl?^Q^@^>B
@H>Bl?RA A@ L^BQ^ CL HAOPCLFA PLH ?BA F>OG^BL^Q>B C^BRL^HA JA J>BBRAQ F>HHAF@AQT

����� ���B #@$���A��A��� �$�� ������#$#A��
_C?Q FCLQQ^l?AOAB@\ CL FLH@A J�L@@RB?L@^>B AQ@ HAF>BQ@H?^@A � PLH@^H JA PH>MAF@^>BQ LFr

l?^QAQ AB @HLBQO^QQ^>B �iLB�A 
 ��! �� E\ SLB�C>Q 
 ��! ����\ X^CCLBJ 
 ��! ��� "\ Q^r
O?C@LBRAQ >? QRl?AB@^ACCAQ JAQ LFl?^Q^@^>BQ AB RO^QQ^>BT fCCA AQ@ ABQ?^@A ?@^C^QRA JLBQ CL
O>JRC^QL@^>B J? PH>GCjOA JA HAF>BQ@H?F@^>B JA C �̂OL�A J�RO^QQ^>B P>?H LG>?@^H � ?B LC�>r
H^@hOA LKAF F>HHAF@^>B J�L@@RB?L@^>B ^B@H^BQjl?A �dQ?^ 
 ��! �� �\ mHAN 
 ��! ���D"T cBA
FLH@A J�L@@RB?L@^>B HAF>BQ@H?^@A PLH ?B LC�>H^@hOA JRP>?HK? JA HR�?CLH^QL@^>B F>B@^AB@ J?
GH?^@ � J	 L? GH?^@ JLBQ CAQ PH>MAF@^>BQT iL F>HHAF@^>B J�L@@RB?L@^>B Q�AB @H>?KA PAH@?HGRATbB PA?@ C^QQAH CAQ PH>MAF@^>BQ >? CL HAF>BQ@H?F@^>B � AB PHRQAHKLB@ P>?H@LB@ CAQ F>B@>?HQ
QLBQ l?>^ CL FLH@A �>?A >G@AB?A H^Ql?A JA BA PLQ pL^HA C�LL^HA �\ >? ABF>HA HR�?CLH^QAH C�LCr
�>H^@hOAT _LH AnAOPCA\ JAQ @HLKL?n �iL?HA@@A 
 ��! ��� \ _LB^B 
 ��! ����" PH>P>QAB@\ LKAF
C�L^JA JA CL HR�?CLH^QL@^>B QAO^rl?LJHL@^l?A �XAOLB A@ gLB� ����\ ]hLHG>BB^AH 
 ��! ���E"\
J �̂ BQ?�AH ?B � ������ JA F>BQ@LBFA PLH O>HFAL?n JA CL FLH@A OL^Q BA PLHCAB@ @>?@Ap>^Q PLQ
JA HR�^>BQ h>O>�jBAQ LBL@>O^l?AQT iL F>B@HL^B@A AQ@ J>BF C>FLCA A@ F>BJ?^@ � JAQ ^OL�AQ
JLBQ CAQl?ACCAQ ?B >H�LBA AQ@ F>BQ@^@?R JA PC?Q^A?HQ PA@^@AQ �>BAQ ?B^p>HOAQT cBA pL�>B JA
O>^BQ O>HFACAH CAQ >H�LBAQ AQ@\ @>?M>?HQ AB HR�?CLH^QL@^>B QAO^rl?LJHL@^l?A\ J�LPPC^l?AH
?BA F>B@HL^B@A JA J>?FA?H L?n F>B@>?HQ �ZAGHA?KA 
 ��! ��� " � l?^ AQ@ F>BFHR@^QRA AB ?B



]hLP^@HA � ]>B@An@A ��

C^QQL�A LKAF PHRQAHKL@^>B JAQ J^QF>B@^B?^@RQ JA C �̂OL�A JA CL KLH^LGCA L?n^C^L^HA Q^�B^�FL@^KA
JAQ F>B@>?HQT

����� ���B #@$���A��A�� �# ������#$#A��
ZLBQ CA FLJHA @h>HLF^l?A\ CL FLH@A J�L@@RB?L@^>B PA?@ �@HA A�FLFAOAB@ F>BQ^JRHRA F>Or

P>QRA JA l?ACl?AQ HR�^>BQ LBL@>O^l?AQ ?B^p>HOAQT bB J^Q@^B�?A AB �RBRHLC CAQ P>?O>BQ\
CL F>C>BBA KAH@RGHLCA A@ CA HAQ@A P?J^l?AOAB@ B>OOR @^QQ?Q O>?QT VC Q�L�^@ J>BF J�?BA QA�r
OAB@L@^>B �H>QQ^jHA JA CL FLH@A J�L@@RB?L@^>B l?^ ABQ?^@A AQ@ ?@^C^QRA Q>^@ ^OORJ^L@AOAB@
JLBQ CL OR@h>JA FCLQQ^l?A � K>^H QAF@^>B �TDTD �\ Q>^@ AB @LB@ l?�� ������ LBL@>O^l?A P>?H
?B C^QQL�A LJLP@L@^p JA CL FLH@A J�L@@RB?L@^>B HAF>BQ@H?^@A\ FLH@A C^QQRA l?^ QAH@ LC>HQ � CL
OR@h>JA FCLQQ^l?A �[^JJACC 
 ��! DIII"T ]>OOAB@ FLCF?CAr@r>B FA@@A QA�OAB@L@^>B 	

^� K
 	
O�� O�	��V�OJ���
bB PA?@ Q^OPCAOAB@ FLCF?CAH ?BA QA�OAB@L@^>B JA CL FLH@A J�L@@RB?L@^>B HAF>BQ@H?^@AT

_LH JR@AF@^>B JA F>B@>?HQ �ZAH^FhA �� E"\ PLH HAOPC^QQL�A JA GLQQ^BQ KAHQLB@Q �SLH^LB>rX>?CLH@ 
 ��! ��� \ [^JJACC 
 ��! DIII"\ PLH RK>C?@^>B JA F>B@>?HQ LF@^pQ �gA��^ 
 ��! ���E\
Y^AQQAB 
 ��! ��� " � � � SL^Q JLBQ FA FLQ\ CL l?LC^@R JA CL QA�OAB@L@^>B AQ@ C^RA � CL l?LC^@R
JA CL HAF>BQ@H?F@^>BT VC AQ@ J>BF ^B@RHAQQLB@ JA F>?H@rF^HF?^@AH C�R@LPA JA HAF>BQ@H?F@^>B AB
QA�OAB@LB@ J^HAF@AOAB@ � PLH@^H JAQ PH>MAF@^>BQ AB @HLBQO^QQ^>BT

� U
O��O ��V UO�R�	����V
iL l?AQ@^>B J? FLCF?C JA CL QA�OAB@L@^>B J �̂OL�AQ HLJ^>C>�^l?AQ J^HAF@AOAB@ � PLH@^H

JAQ PH>MAF@^>BQ L R@R LG>HJRA PLH dh^H^>B ����D"T iA PH^BF^PA J�LFl?^Q^@^>B AQ@ Rl?^KLCAB@ �
C �̂OL�AH^A JA @HLBQO^QQ^>B dfS_T iAQ PH>MAF@^>BQ Q>B@ QAOGCLGCAQ l?>^l?A O^A?n HRQ>C?AQ
A@ O>^BQ GH?^@RAQT dh^H^>B JRKAC>PPA JA?n OR@h>JAQ P>?H CL J^OABQ^>B JA?nT iL PHAO^jHA
F>BQ^Q@A � LPPC^l?AH ?BA JR@AF@^>B JA F>B@>?HQ JLBQ CAQ PH>MAF@^>BQT VCQ F>HHAQP>BJAB@ L?n
@HLMAF@>^HAQ JAQ G>HJQ JAQ >GMA@Q AB p>BF@^>B JA C�LB�CA JA PH>MAF@^>BT _C?Q^A?HQ @AFhB^l?AQ
Q>B@ LC>HQ R@?J^RAQ P>?H � HR@H>PH>MA@AH � CAQ P>^B@Q JA F>B@>?H\ J>B@ ?BA HAFhAHFhA J�ABr
KAC>PPAQ JA pLO^CCAQ JA JH>^@AQT iL QAF>BJA OR@h>JA AQ@ ?BA RK>C?@^>B JA F>B@>?H LF@^p
�?^JRA PLH CA �HLJ^AB@ JAQ PH>MAF@^>BQ U � FhLl?A R@LPA\ CA F>B@>?H AQ@^OR AQ@ PH>MA@R � CL
@HLMAF@>^HA >G@AB?A AQ@ C>FLCAOAB@ JRp>HORA KAHQ CAQ HR�^>BQ JA �HLJ^AB@ RCAKR � CL B>?KACCA
@HLMAF@>^HA AQ@ � HR@H>PH>MA@RA � � A@ CA B>?KAL? F>B@>?H AQ@ C^QQRT ]AQ JA?n OR@h>JAQ >B@
JAQ C^O^@L@^>BQT d>?@ J�LG>HJ\ CAQ F>B@>?HQ Q>B@ J^�F^CAQ � JR@AF@AH JLBQ CAQ PH>MAF@^>BQ
FLH ^CQ >B@ ?BA QAF@^>B @HjQ LHH>BJ^AT Z�L^CCA?HQ\ dh^H^>B AAF@?A ?B HRhL?QQAOAB@ PHRLCLGCA
� JLBQ CAQ PH>MAF@^>BQ dfS_\ JA O>^BQ G>BBA HRQ>C?@^>B A@ PC?Q GH?^@RAQ\ FA @HL^@AOAB@ AQ@
PC?Q hLQLHJA?nT Z�L?@HA PLH@\ CL QA�OAB@L@^>B J �̂OL�AQ F>OPCAnAQ � F>OP>H@LB@ ?B >GMA@
F>BFLKA >? PC?Q J�?B >GMA@ � Q�LKjHA JRC^FL@ATdh^H^>B �����" PH>P>QA\ AB J^OABQ^>B JA?n @>?M>?HQ\ JA O>J^�AH CA �C@HA JA HR@H>PH>MAF@^>B
P>?H FLCF?CAH AB ?BA ^@RHL@^>B CA �HLJ^AB@ >? CA CLPCLF^AB JA CL HAF>BQ@H?F@^>BT dh^H^>B QA
QAH@ JAQ JA?n P>?H AAF@?AH ?B Q?^K^ C>FLC JA F>B@>?H PLH OLHFhA CA C>B� JA C^�BAQ ^Q>KLr
CA?HQ\ @HLJ?F@^>B JA ������ ��
�T fB FLQ JA pL^GCA HRQ>C?@^>B A@ JA GH?^@ ^OP>H@LB@\ CAQ
^OL�AQ JA �HLJ^AB@ A@ JA CLPCLF^AB BA Q>B@ PA?@r�@HA PLQ AB OAQ?HA JA p>?HB^H\ PLH ?BA
OR@h>JA C>FLCA\ JAQ F>B@>?HQ PCLFRQ LKAF PHRF^Q^>B A@ HAQPAF@LB@ ?BA @>P>C>�^A L@@ABJ?A
� F>B@>?HQ pAHORQ PLH AnAOPCAT 
>N>BQ � PHRQAB@ JA?n @HLKL?n J>B@ B>?Q B>?Q Q>OOAQ
PC?Q ^B@^OAOAB@ ^BQP^HRQT
cBA F>B@HL^B@A �R>OR@H^l?A\ PLH CA G^L^Q JA F>B@>?HQ LF@^pQ\ L? QAHK^FA J�?BA QA�OABr

@L@^>B J^HAF@A JA CL FLH@A J�L@@RB?L@^>B � PLH@^H JAQ PH>MAF@^>BQ\ K>^C� CA JR� AnRF?@R PLH
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aL@@CA 
 ��! �����" A@\ PC?Q LBF^ABBAOAB@\ aL@@CA 
 ��! ����E"T ]hLl?A HR�^>B LBL@>O^l?A N
AQ@ FLHLF@RH^QRA PLH ?B F>B@>?H A@ JAQ PH>PH^R@RQ L@@RB?LB@AQ l?A HRQ?OA CA QA?C F>A�F^AB@
J�L@@RB?L@^>B Q?PP>QR F>BB?T iAQ F>B@>?HQ Q>B@ JAQ Q?HpLFAQ J^QFHR@^QRAQ PLH JAQ @H^LB�CAQT
iA?H RK>C?@^>B AQ@ OABRA JLBQ C�AQP>^H l?A CAQ PH>MAF@^>BQ AQ@^ORAQ � FLCF?CRAQ AB ?@^C^r
QLB@ CL FLH@A J�L@@RB?L@^>B HAPHRQAB@RA PLH CL p>HOA F>?HLB@A JAQ F>B@>?HQ A@ F>BBL^QQLB@
CA O>JjCA JA p>HOL@^>B JAQ PH>MAF@^>BQ � HAQQAOGCAB@ CA PC?Q P>QQ^GCA L?n PH>MAF@^>BQ LFr
l?^QAQ J�LPHjQ ?B @AHOA JA F>BQ^Q@LBFA LKAF CAQ J>BBRAQ AB C>�LH^@hOA JA KHL^QAOGCLBFAT
ZA?n O>JAQ J�RK>C?@^>B JAQ P>^B@Q JA CL Q?HpLFA\ Q>OOA@Q JAQ @H^LB�CAQ\ >B@ R@R R@?J^RQT
Z�LG>HJ\ ?B JRPCLFAOAB@ J^HAF@ �aL@@CA 
 ��! ���E"\ ABQ?^@A ?BA JRp>HOL@^>B J^@A JA p>HOA
C^GHA �aL@@CA 
 ��! ����" J>B@ K>^F^ CA PH^BF^PA �=AJAHGAH� A@ _LHHN �� �"T ZAQ P>^B@Q J�LBr
FHL�A Q>B@ HRPLH@^Q HR�?C^jHAOAB@ JLBQ C�AQPLFA � PLH AnAOPCA �n�n� P>^B@Q JLBQ ?B F?GATcB Q>OOA@ JA CL Q?HpLFA � JRp>HOAH AQ@ ?B GLHNFAB@HA JAQ P>^B@Q J�LBFHL�A O>NABBLB@ CA
Fh>^n JA G>BBAQ P>BJRHL@^>BQT iAQ P>^B@Q J�LBFHL�A Q>B@ JRPCLFRQ AB KAH@? JA CL F>BQ^Qr
@LBFA LKAF CAQ J>BBRAQT _ABJLB@ @>?@A C�RK>C?@^>B A@ � F>BKAH�ABFA\ CAQ P>^B@Q JA CL Q?HpLFA
Q>B@ CAQ GLHNFAB@HAQ\ FhLF?B LKAF QAQ P>BJRHL@^>BQ\ JAQ P>^B@Q J�LBFHL�A � CA?HQ P>Q^@^>BQ
Q?FFAQQ^KAQ � P>?H J�L?@HAQ LPPC^FL@^>BQ ?@^C^QLB@ CL JRp>HOL@^>B JA p>HOA C^GHA\ K>^H PLH
AnAOPCA �=�AC^Q`^ A@ iLKLCCRA ����\ aLHJ^BA@ 
 ��! ����\ [A^QQOLB 
 ��! ����"T
iA @HLKL^C PHRQAB@R JLBQ �=LB@>QL ����" BA F>BFAHBA PLQ CA FLCF?C JA FLH@AQ J�L@@RB?Lr

@^>BT VC AQ@ LPPC^l?R � CL JRF>BK>C?@^>B J �̂OL�AQ �>?AQ A@ CL HAF>BQ@H?F@^>B JA J>BBRAQ
LF>?Q@^l?AQ >? >P@^l?AQ J^HLF@RAQT fB HAKLBFhA\ CL OR@h>JA J�RK>C?@^>B ?@^C^QRA\ J>B@ CL
M?Q@^�FL@^>B @hR>H^l?A AQ@ JRC^FL@A A@ l?^ JA @>?@A pL�>B BA PA?@ �@HA LPPC^l?RA � B>@HA
F>B@An@A\ L R@R CA P>^B@ JA JRPLH@ JA B>@HA LC�>H^@hOAT fCCA F>BQ^Q@A �BLCAOAB@ � ?@^C^QAH
CA �HLJ^AB@ J�?B FH^@jHA JA HAQ@L?HL@^>B P>?H C�RK>C?@^>B JA F>B@>?HQ LF@^pQ � K>FL@^>B JA
QA�OAB@L@^>B JAQ >GMA@Q HAQ@L?HRQ\ OL^Q QLBQ KRH^@LGCA HAQ@L?HL@^>B JA C �̂OL�AT
]AQ JA?n @HLKL?n �=LB@>QL ����\ aL@@CA 
 ��! ����" HRP>BJAB@ L? JRQ^H JA QA�OAB@Lr

@^>B QLBQ @HLBQ^@^>B\ JA HAF>BQ@H?F@^>B P>?H CA PHAO^AH\ JA HAQ@L?HL@^>B P>?H CA QAF>BJ\ A@
Q?PPH^OAB@ J>BF CL JRPABJLBFA JA CL l?LC^@R J? HRQ?C@L@ � CL QA�OAB@L@^>B � JA FACCA JAQ
^B@AHORJ^L^HAQ � ?BA HAF>BQ@H?F@^>B >? ?BA HAQ@L?HL@^>BT
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fCCA L P>?H p>BJAOAB@ CL F>B@HL^B@A �R>OR@H^l?A PLH F>B@>?HQ LF@^pQT Y>?Q Fh>^Q^QQ>BQ
� ������ CA B>OGHA JA HR�^>BQ LBL@>O^l?AQ A@ B>?Q O>JRC^Q>BQ FhLF?BA PLH Q>B F>B@>?H
A@ Q>B F>A�F^AB@ J�L@@RB?L@^>B Q?PP>QR F>BB?T Y>?Q �n>BQ JAQ F>B@>?HQ ^B^@^L?n l?A B>?Q
pL^Q>BQ RK>C?AH Q?H CA PH^BF^PA AnPC>^@R PLH �=LB@>QL ����" AB B>?Q LPP?NLB@ J^HAF@AOAB@
Q?H CAQ PH>MAF@^>BQ AB @HLBQO^QQ^>BT iL K^@AQQA J�RK>C?@^>B JAQ F>B@>?HQ J>^@ �@HA JA @NPA
HR�^>B P>?H O^A?n �RHAH CA PH>GCjOA JA CL pL^GCA HRQ>C?@^>B A@ J? GH?^@T

��� �" ���!��

���� G� B@A#�@� �� @�B���#@�B#A��
iA JRKAC>PPAOAB@ @hR>H^l?A JLBQ �=LB@>QL ����" M?Q@^�A CL OR@h>JA PH>P>QRA � FAF^

PHjQ l?A �LHJA B�AQ@ PA?@r�@HA PLQ Q?�QLOOAB@ PH^QA JA CL J^QF>B@^B?^@R � CL hL?@A?H
JAQ pH>B@^jHAQ AB@HA CAQ HR�^>BQT Y>@HA Fh>^n JA K^@AQQA J�RK>C?@^>B JAQ F>B@>?HQ LF@^pQ AQ@
KRH^@LGCAOAB@ hA?H^Q@^l?AT VC @^AB@ Q>B >H^�^BA J�?B FH^@jHA FCLQQ^l?A JAQ O>^BJHAQ FLHHRQ
AOPC>NR AB HAF>BQ@H?F@^>B U

� �	� � �
���		���� �� ����� ��T��

>� � AQ@ CA J>OL^BA JA JR�B^@^>B JAQ PH>MAF@^>BQ\ 	 AQ@ C�>PRHL@A?H JA PH>MAF@^>B AB
@HLBQO^QQ^>B\ 	 AQ@ CL FLH@A J�L@@RB?L@^>B ^BF>BB?A\ � HAPHRQAB@A CAQ PH>MAF@^>BQ LFl?^QAQ\
AB @HLBQO^QQ^>B\ A@ � AQ@ ?B P>^B@ JA � l?A B>?Q L?H^>BQ P? B>OOAH 	 OL^Q l?A B>?Q LK>BQ
B>OOR � P>?H O^A?n J^Q@^B�?AH ?BA AnPHAQQ^>B RFH^@A JLBQ CA J>OL^BA JAQ PH>MAF@^>BQ J�?BA
AnPHAQQ^>B J? J>OL^BA JA C �̂OL�AT fB F>B@^B? A@ AB PLQQLB@ PLH JAQQ?Q CAQ F>BQ^JRHL@^>BQ
PH>GLG^C^Q@AQ P>?H Q^OPC^�AH\ ?BA KLCA?H JA PH>MAF@^>B AQ@ J>BBRA PLH U
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>� � AQ@ CA B>OGHA JA Ph>@>BQ RO^Q JAP?^Q �\ P>^B@ J�RO^QQ^>B An@RH^A?H L? PL@^AB@ J>BF\JLBQ CL J^HAF@^>B ��� \ � R@LB@ CA P>^B@ JAQ@^BL@^>B JLBQ CAQ PH>MAF@^>BQT =NB@hR@^l?AOAB@\C�Rl?L@^>B ��TD� PHABJ CL p>HOA U
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bB HA@H>?KA 	\ C�>PRHL@A?H JA PH>MAF@^>B AB @HLBQO^QQ^>B\ K^Q^GCAOAB@ B>B C^BRL^HAT SL^Q\
F>BQRF?@^KAOAB@ � ?BA J^K^Q^>B PLH �\ PHAB>BQ CA C>�LH^@hOA BL@?HAC JA ��TD� U�� �� ���
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>� �	 B�AQ@ PC?Q @>?@ � pL^@ ?B >PRHL@A?H JA PH>MAF@^>B AB @HLBQO^QQ^>BT VC AQ@ C^BRL^HA A@
C�Rl?L@^>B ��T�� HAQQAOGCA � FACCA JA p>HOL@^>B JAQ PH>MAF@^>BQ AB RO^QQ^>BT W^BQ^\ B>?Q
LPPAC>BQ �	 C�>PRHL@A?H JA PH>MAF@^>B JA @NPA RO^QQ^>BT iAQ PH>MAF@^>BQ �� ���\ l?^ Q>B@ CA
C>�LH^@hOA JA CL J^K^Q^>B JA � PLH CAQ PH>MAF@^>BQ AB @HLBQO^QQ^>B\ Q>B@ R�LCAOAB@ l?LC^�RAQJA @NPA RO^QQ^>BT mL^Q>BQ J>HRBLKLB@ � JAQ @^CJAQ A@ F>BQ^JRH>BQ l?A C�Rl?L@^>B ��T�� pL^QL^@
JRM� ^B@AHKAB^H JAQ RCROAB@Q JA @NPA RO^QQ^>BT ]A l?^ Q?^@ J>^@ R�LCAOAB@ �@HA ^B@AHPHR@R AB
@LB@ l?A @NPA RO^QQ^>BT VC AQ@ ^OP>H@LB@ JA B>@AH l?�?BA PH>MAF@^>B JA @NPA RO^QQ^>B AQ@
F>OP>QRA JA KLCA?HQ J�L?@LB@ PC?Q �HLBJAQ l?A CAQ HR�^>BQ L@@RB?LB@AQ Q>B@ L@@RB?LB@AQ\ >?
PH>p>BJAQ\ >? CAQ JA?n � ?BA PH>MAF@^>B AB @HLBQO^QQ^>B OLB^pAQ@A ?B F>OP>H@AOAB@ >PP>QRT
SL^Q LKLB@ J�LCCAH PC?Q C>^B\ J^QF?@>BQ JAQ F>BQRl?ABFAQ JA FA@@A OLB^P?CL@^>BT iA GH?^@
JLBQ CAQ PH>MAF@^>BQ\ JA _>^QQ>B AB @HLBQO^QQ^>B\ B�L PC?Q JA FLHLF@RH^Q@^l?A �
���������

AB @NPA RO^QQ^>BT iA FH^@jHA ��T�� PA?@ FAPABJLB@ �@HA JRJ?^@ JA C�hNP>@hjQA\ PH>GLGCAOAB@
pL?QQA\ J�?B GH?^@ XL?QQ^AB JLBQ CAQ PH>MAF@^>BQ JA @NPA RO^QQ^>BT �?>^ l? �̂ C AB Q>^@\ B>?Q
B�LK>BQ PLQ GAQ>^B\ JLBQ B>@HA LPPH>FhA\ JA F>BBL�@HA CAQ PH>PH^R@RQ J? GH?^@T Y>?Q B>?Q
F>B@AB@AH>BQ JA C^QQAH CAQ F>B@>?HQ JA QA�OAB@L@^>B L? O>NAB J�?BA F>B@HL^B@A �R>OR@H^l?A\
^BJRPABJLOOAB@ JA QL BL@?HAT SL^Q B>?Q B�AB Q>OOAQ PLQ C�T
iA G?@ AQ@ JA O^B^O^QAH CA FH^@jHA ��T�� AB 	T VC pL?@ J>BF HRQ>?JHA C�Rl?L@^>B J�f?CAHriL�HLB�A LQQ>F^RA U

�� � ���� 	
�		 �� � � �� ��T��
>� 	
 AQ@ C�>PRHL@A?H F>BM>^B@ JA 	T ZLBQ CA J>OL^BA J^QFHA@\ 	 AQ@ ?BA OL@H^FA A@ 	
 AQ@
CL OL@H^FA @HLBQP>QRA 	� LPPACRA >PRHL@A?H JA HR@H>PH>MAF@^>BT
����� HA#���� �������#A��
Y>?Q LK>BQ @H>^Q HR�^>BQ @h>HLF^l?AQ A@ @H>^Q F>B@>?HQ LQQ>F^RQ U ?B P>?H CA F>B@>?H

An@RH^A?H J? @h>HLn\ ?B P>?H CL F>C>BBA KAH@RGHLCA A@ ?B F>B@>?H J>?GCA P>?H CAQ P>?O>BQT
Y>?Q LK>BQ J>BF @H>^Q F>B@>?HQ LF@^pQ A@ L?@LB@ J�Rl?L@^>BQ J�RK>C?@^>BT i�Rl?L@^>B �RBRHLCA
J�RK>C?@^>B J�?B F>B@>?H LF@^p �R>OR@H^l?A AQ@ � K>^H QAF@^>B DT�TD � U���� � � �� ��T��
>� ��T\T� AQ@ ?B JAQ @H>^Q F>B@>?HQ LF@^pQ\ � �T\T� AQ@ CL K^@AQQA J�RK>C?@^>B A@ �� �T\T� AQ@
CL B>HOLCA\ J^HAF@A A@ JA B>HOA ?B^@L^HA\ L? F>B@>?HT � FhLl?A ^BQ@LB@\ CAQ F>B@>?HQ
p>HOAB@ CL F>B��?HL@^>B AQ@^ORA JA CL QA�OAB@L@^>B JA CL FLH@A J�L@@RB?L@^>BT Y>?Q P>?r
K>BQ AB FLCF?CAH CAQ PH>MAF@^>BQT =^ ACCAQ Q>B@ ^JAB@^l?AQ L?n PH>MAF@^>BQ LFl?^QAQ\ LC>HQ
��		���� � � ���� KL?@ �RH> P>?H @>?@ �\ A@ L^BQ^ �� �	� AQ@ R�LCAOAB@ B?C P>?H @>?@
	T fB J>BBLB@ � � ��� CL KLCA?H ��� ���\ >B �LHLB@^@ l?�� F>BKAH�ABFA ���������� AQ@
B?CCA PLH@>?@ A@ l?A J>BF CA F>B@>?H B�RK>C?A PC?QT iA G?@ AQ@ L@@A^B@T VC HAQ@A � QLK>^H
Q^ FA J>^@ �@HA ��� ��� >? ��� ���T [L^Q>BB>BQ L? FLQ PLH FLQ � PLH@^H J? QFhROL �T�T



]hLP^@HA � SR@h>JA PH>P>QRA ��

=^ CAQ F>B@>?HQ Q>B@ F>HHAF@AOAB@ Q^@?RQ QL?p CA F>B@>?H An@RH^A?H J? @h>HLn l?^ AQ@ An@RH^A?H
L? F>B@>?H HRAC\ LC>HQ CL KLCA?H FLCF?CRA JA CL PH>MAF@^>B CA C>B� JA CL C^�BA B>^HA AQ@ PC?Q
RCAKRA l?A CL KLCA?H OAQ?HRAT WC>HQ ��		���� � � ���� AQ@ Q@H^F@AOAB@ P>Q^@^p A@ CL KLCA?H
HR@H>PH>MA@RA CA C>B� JA FA@@A O�OA C^�BA\ l?^ B�AQ@ L?@HA l?A ��� ���\ AQ@ Q@H^F@AOAB@
P>Q^@^KAT iA F>B@>?H An@RH^A?H AQ@^OR R@LB@ @H>P CLH�A\ ^C pL?@ RK>C?AH JLBQ CA QABQ JA CL
B>HOLCA ^B@AHBAT iA G>B Fh>^n P>?H CL K^@AQQA J�RK>C?@^>B AQ@ J>BF ��� ���T cB FhAO^BAOAB@
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