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g@]KJR?@TDF�A�^��1O/YhG Q�OR^`Cb^LGfF/^`BDqRY�O�^L^;F/Oe]bQ M�CKM@]EJ�=@qRM	O ^;C_OeCKF�^;ghORQSF � z NjCKF�] BiGfF�YcCKBmNjUfB[Y@q�CKM@F
o\=@F/^`CKB[J�Yh^(O�G@Gc]KF/^E^;F/G B[Y�CKM@Bi^vCEM@FH^`Bi^�� CKM@F Q_MhO/g@CEF�]pF�YhGk^(?cU�g@]KJ/ZcByGcB[Y@q OeY�J/Z\F�]KZcBDF���JeNtCKM@F
^`CK]E=hQwCE=@]KF J/NVCKM@Bi^pGcBy^E^`F�]EC_O/CEBDJRY��
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r F/^;B[qRY 
 ^(ghF�]KZRO�^`BDZ\F YdOeCE=k]EF A�O �\F/^-B[C GcB � QS=@TDCvCEJLldYhG O QwJRYhQSBy^`F�� QSJ�A g@]EF�M@F�Yh^;B[Z\F OeYhG
�-F�T[T��PORQ�QSF�g@CKF/G9GcFSldY@B[CKB[JRY�� zvCECKF�A g@Cb^:O/CVGcFwlhY@B[Ykq9GcFH^`B[q�Y =h^;=hOeTDT[U9]KF��hF/QwC CEM@Ft?@BiO�^ J/NhCEM@FtO/=	�
CEMkJR]vO/YhGL]bOeY@q�F Nj]KJRA CKM@F9A�=@YhG@O/Y@FvCEJXCEM@F9CKM@F�J�]EF�CKBiQ�O/T � r OR^`q�=@g@CbO 
 ^-?hJ\J � g@]EJ/ZfBiGcFH^ ^;JRA F
M@By^`CEJ�]EByQ�OeTpO�^ �tF�T[T6OR^ A JfGcF�]KY�OeCKCEF�A gkC_^ O/C ^;=hQ_M GfFSlhY@BDCEB[J�Yh^ � r OR^`q�=@g@CbO��n{�|�|c{ � � � JR]KF
]EFHQSF�YfCET[U � u1M@]KBi^�� JRY@q!O/YhG r =@ZfZc=k]E= <>]EB[]bOeA ORGfZRO/YhQSF�OINPO/B[]KT[U!QSJRA g@]EF�MkF�Yh^`BDZ\F9GfFSlhY@BDCEB[J�Y
OeYdG�GcF/^EQw]EB[?hF GcF/^`BDqRY O�^ �KCEM@FXg@]EJfQwF/^E^9JeN6QSJ�Yh^`CK]E=hQwCEB[Ykq�O GcF/^KQS]EBDg@CEBDJRY!JeN6OeY O/]ECEB NPORQSC CEMhO/C
^EO/CEBy^ lhF/^tO � ghJ\^K^`BD?@T[U�B[YcNjJ�]EA�O/T � Nj=@YhQwCEB[J�YhOeT ^;g FHQSBml Q�OeCEBDJRY��fA F�F�Cb^VQSF�]KC_O/B[Y ghF�];NjJR]EA OeYhQSF QS]KB��
CEF�]EBiO O/YhG ]EF/^;JR=@]bQSFnT[BDA B[CbOeCEBDJRYh^��\Bi^ ]KF/OeTDB 	/O/?@T[F B[Y!O qRBDZ\F�Y C_O/]Eq�F�C(CKF/Q_M@Y@JRTDJRq�U��@O/YhG ^KOeCEBy^ lhFH^
QS]KB[CEF�]EBiO�^;=hQ M OR^ ^;B[A gkT[BiQwB[C;U � CEF/^;C_Oe?kB[T[BDC;U��:A�O/Yc=cNPO�QSCE=k]_Oe?kB[T[BDC;U��:]EF�=h^EO/?@B[TDB[C;U�� F�C_Q � � JRYkq OeYhG
<\]KB[]_O/A �h{�|�| / � � �

�-M@FpZRO/]EBDJR=h^1GcFSldY@B[CKB[JRYd^VOeq�]EF�F��\M@J��tF�Z\F�]��/CEMdOeCtGcF/^;B[qRY�Bi^ QSJRYhQwF�]EY@FHG �vB[CEM CKM@FpA�Oeg@gkB[Y@q
JeN On^`ghF/QSB lhF/G Nj=@YhQSCKB[JRY J�YcCKJ On^`CK]E=hQwCE=@]KF(J�]-GfF/^EQS]KB[g@CKB[J�Y JeN+OX^`CK]E=hQSCK=@]EF ��� W ^`=hO/T[T[U �RCEM@F GcF��
^`BDqRY@FHG ^`CE]K=hQSCK=@]EF6OeTi^;JX^EOeCKBi^3lhF/^ ghF�];NjJR]EA OeYhQSF �e]KF/^`J�=@]_QSF �RO/YhGIJ�CEM@F�] g@]bOeq�A�OeCKBiQ-QwJRYh^;CE]_O/B[YfC_^��
x Y O�G@GcB[CKB[J�Y��\A J\^;CVGcFH^`B[q�Y CKM@F�JR]KBi^;C_^VO/qR]EF�FvCEMhO/CVCEM@Fvq�J\O/T@JeN GcF/^;B[q�Y Bi^ CEJng@=@]Kg J>^`FSNj=kT[T[UnBDY@B[CKB��
OeCKF9Q_MhO/Y@qRFvBDY�^`JRA FpOR^`ghF/QwCVJeN CEM@F��tJR]ETyG � <\B[A JRY��f{�| �R|
��� JRYkq O/YhG <\]EBD]_OeA �c{�|R| /�� �tW(Y@TDB��\F
CEMkF�JR]KB[F/^ J/N CKM@F(YdOeCE=k]_OeT ^KQSB[F�YdQSF/^��>GcF/^`BDqRY By^ QwJRYhQSF�]EY@F/G �vBDCEM QSJRYd^`CE]K=hQSCKB[JRY�JeN Oe]KCEBmNPO�QSC_^ OeYhG
CEMkF gk=@]EghJ\^;FSNj=@T+F�� F/QSCKB[Y@qXJeNtQ_MhOeYkqRF��

�-M@F�A�OeBDY�]EFHOR^`J�Y�NjJR]�CEM@F�GfB � QS=@T[C;U�J/NXGcF/^;B[qRY�CbOR^ �k^ T[BDF/^ BDY�CEM@F�QwJRA g@TDF��kB[C;U J/N9CKM@F
A�O/g@g@B[Ykq ?hF�C �-F�F�Y�Nj=@YhQSCKB[J�Y OeYhG ^`CK]E=hQSCK=@]EF � �-M@F ^`ghF/QwBmlhF/G Nj=@YhQSCKB[J�Y A�O�U ?hF�Z\F�]EU!QSJ�A �
g@TDF���O/YhG ��J�]-BDCVA�O�UnMhO�Z\FvCEJn?hF(]KF/OeTDB 	�F/Gn=h^`BDY@qXQSJRA g@T[F�� Oe]E]bOeY@q�F�A F�YfC_^+JeN+O9TyOe]Eq�F(Yf=@A�?hF�]
JeNpBDYcCKF�]_O�QSCEBDY@q�ghOe]KC_^�� �1Ucg@ByQ�OeTDT[U�� CEM@F�?hF�MhO�ZcBDJR]XJeNpF/O�Q M QSJRA g J�Y@F�YfC9Bi^��-F�TDT �fY@J��vY�� CKM@F

�������������������! #"$��������������%&�(')������*�+���*����-,.��/�/�����+���%�0���%� .�1 #"$������*�+(��*����2,3���!��,34.���1,3�5�(6�*�%&7#,38����9�5*���8������
 .��������:$%&���	����,.����/<;
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GcB ��QS=kT[C;ULTDB[F/^vB[Y!g@]EFHGcBiQSCKB[Y@q�M@J�� O/Y OR^E^;F�A�?@TiO/qRF J/N6^`=hQ_M�QSJ�A ghJRY@F�YcCb^ �vBDT[T ?hF�MhO�Z\F��pz9G��
GcBDCEB[J�YhOeT Y@JRY ��Nj=@YhQSCKB[J�YhOeT1Qw]EB[CKF�]EByOLO/YhG QSJRYh^;CE]bOeB[YfC_^ QSJRA gkT[BiQ�OeCEFnCKM@F�GcF/^;B[qRY�gk]EJR?kT[F�A F�Z\F�Y
Nj=@]KCEM@F�]��

�-M@F C;UcghF J/Nv^;CE]K=hQSCE=k]EF�^`UfYfCEM@F/^;B 	�FHG Q�OeY ? F =d^`F/G CKJ�GcBi^;CEBDY@qR=@By^`M GcFH^`B[q�Y�C_O�^ �k^ � � J�Y@q
OeYdG <\]EBD]_O/A �1{�|R| / � � x Y I M P�$AC M:$,P�@'I/0�G M >A@/I�E8I��+CEM@F GcF/^;B[q�Y�Bi^nQSJ�Yh^`CK]E=hQSCKF/G Nj]EJRA�CEMkF QSJ�A �
ghJ\^;B[CEBDJRY�J/N-gk]EB[A B[CEBDZ\F(gdOe]ECb^(B[YfCEJ O ^;CE]E=dQSCE=@]KF CKMhOeC9ghF�];NjJR]KA�^(O�^`ghF/QwBmlhF/G Nj=@YhQSCKB[J�Y�� u1J�Y	�
^`CK]E=hQwCEB[Ykq O ghOe]KB[C;U�Q_M@F/Q �\F�]tQSB[]bQS=@BDC Nj]EJ�A T[JRq�BiQ9q\O/CEF/^pBi^vOeY�F �hO/A g@T[FpJeN CEM@By^ C;Ufg FnJ/N1C_O�^ � �
�-M@By^(A�O�U�Y@JRCn?hF JRg@CKB[A B 	/OeCKB[J�Y�� ?k=@C9]_O/CEM@F�]��+OR^9Y@J�CEF/G ?fU <\BDA JRY�� BDC9A�O�U�? F�O I9T�M8E8I8QSC��
E8G��LCbOR^ ��B[Y�CEMdOeCXO GcFH^`B[q�Y@F�]n^;F/Oe]bQ MkF/^(NjJR]XO�QSB[]bQS=@B[CpCEMdOeCXQ MkF/Q �k^(ghO/]EBDC`U �:Y@JRCXO/Y J�g@CEBDA�OeT
QSBD]_QS=@BDC � <\B[A J�Y��h{�| �R| � �

x Y I M8P $ C�M.$ P9@ C�J#G9Q ��$,P T�M8E6J#G�C_O�^ �k^��9CEMkF�GcFH^`B[q�Y By^ O QwJRYclhq�=@]_O/CEBDJRY�J/N ghO/]EC_^�JeN g@]EF��
GcF�CKF�]EA B[Y@F/G C;Ufg F OeYhG QSJ�Y@Y@F/QSCKJR]b^(JeN6g@]EF��PGcF�CKF�]EA B[Y@F/G�C`UfghF�� � JR]nF��dOeA gkT[F��@BDY �hJ\J�]Eg@TyOeY	�
Y@BDY@q	�+CEM@F�g@]EJ�?@T[F�A Bi^9CEJ GcF/^`BDqRY�O!QSJRYflhqR=@]bOeCKB[JRY JeNp]EJ\J�A�^nOeYhG�GcJ\J�]_^nCEJ ldC B[Y O q�B[Z\F�Y
Oe]KF/O��hO/T[J�Y@q �vBDCEM�CEMkF Z�O/T[=@F/^vJeN ]EJ\J�A OeYhG!GcJ\JR]pghOe]bOeA F�CEF�]b^��

� OR^;CET[U � BDY ��T#P T�� @�MF@/P=E8G�I M7T#GAM8E6T�M8E6J#G CbOR^ �k^�� CKM@F g@]EJ�?@T[F�A By^(CEJ lhYdG CKM@F Z�OeT[=kF/^(JeNtghO��
]_O/A F�CKF�]_^t^`=hQ_M�CEMhO/CpOIghO/]ECKBiQS=@TyOe]pGcFH^`B[q�Y!Q�OeY!? FnBDYh^`CbOeYfCEBiO/CEF/G �

x Y�O/T[T9CKM@F�Q�OR^`FH^ O/?hJeZ\F �9JRg@CKB[A B 	/OeCKB[JRY g@TiO�Uk^ O ]KJRTDF ^`B[YdQSF CKM@F�]KF�Bi^ =h^`=dOeT[TDU�O QSJ\^;C
OR^K^`JfQSByOeCKF/G �vB[CKM�F/ORQ_M!GcF/^`BDqRY�� � B[Y@BDA B 	�BmYkq CEMkBi^pQSJ\^;CnQ�OeY�?hFXghOe]KC9JeNtCEMkF JR]KB[q�B[YhO/TVGcFH^`B[q�Y
C_O�^ ��JR]vBDCvA�O�UL?hFXO�^`F�ghO/]_O/CEFnC_O�^ � �
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utOR^;CpOR^vO ^;F/Oe]bQ M g@]EJ�?@T[F�A �\O NjJR]KAL=@TyOeCKB[JRY �vBDCEM�O �tF�T[T �\F/^;C_O/?@T[By^`M@F/G MkF�]EBDC_Oeq�F9B[Y Oe]ECKBml��
QSByOeT B[YfCEF�T[T[BDqRF�YdQSF(]KF/^`FHOe]_Q_M��hO GfF/^`BDqRY gk]EJfQSF/^K^(^;F/Oe]bQ MkF/^ CKM@]EJ�=@qRM O�^`CbOeCKF ^`gdORQSF J/N1ghJ\^E^;B[?@TDF
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^`CK]E=hQwCE=@]KF/^ NjJ�]-JRYkF J�]-A J�]EF ^`CK]E=hQSCK=@]EFH^ CEMdOeCvghF�]`NjJ�]EA O ^;g FHQSBmlhFHGINj=@YhQSCKB[J�Y��1s JRBDYcCb^VB[Y CKM@F
^`CbOeCKF9^;ghORQSFp]EF�g@]EF/^;F�YfC1Q�OeYdGcBiG@O/CEF GcF/^;B[qRYd^-OeYdGIJ�Y@F(J�]-A J�]EFvJ/N CEMkF/^`FpghJRB[YfC_^1GcFwlhY@F/^1O9qRJ>OeT
^`CbOeCKF ]KF�g@]KF/^`F�YfCEBDY@q�O GcF/^;B[q�Y CEMdOeCvA F�F�C_^-^;ghF/QSBml Q�OeCKB[JRYd^��

x Y�^`F/O/]_Q_MLCKM@F�]EFtBi^1O9CE]bORGcF�J���?hF�C �-F�F�Y��1@���E "�E U E M:0 � Oegkg@T[ByQ�Oe?@BDT[BDC`U B[Y�GcB �:F�]EF�YfC1GcJ�A�OeBDYh^��
OeYdG I � @�@-����CEM@F!Yc=kAL?hF�] J/N Q�OeYhGcByG@OeCKF�GcFH^`B[q�Yh^ ^;F/Oe]bQ M@FHG CEMk]EJR=kqRM%? FwNjJR]EF�lhYhGcBDY@q�CKM@F
QSJ�]E]EFHQSCnJRY@F���u1=@]K]EF�YfCXGcF/^`BDqRY�^;U@^;CEF�A ^ CKF�YhG�CEJ GcF�ghF�YhG J�Y�GcJ�A�OeBDY�^;g FHQSBml Q �cY@J��vTDF/GcqRF
OeYdG NPO�Z\JR]X^`ghF�F/G�J/Z\F�]��hF��kB[?@BDT[BDC`U � � J>^`C O/]EF ^`J!?@]EBDCECETDF CEMhO/C CKM@F�U NPOeBDTtQSJRA gkT[F�CKF�T[U �vMkF�Y
GcJ�A�OeBDY �fY@J��vT[F/Gcq�F By^L^KQ�Oe]bQSF�� apF�YkF�CEByQ OeTDqRJ�]EB[CKM@A�^ JRY�CKM@F J�CEM@F�] MhOeYhG�Q�OeY�A�O �\F GfJ
�vB[CKMLTDB[CKCET[FpGfJRA�O/B[Y �cY@J��vTDF/GcqRF �RA�O �\F-NjF���OR^K^`=@A g@CEBDJRYh^tOe?hJR=@CtCEM@F ^`FHOe]_Q_M�^;ghORQSF �cO/YhGL=h^;F
GcJ�A�OeBDY B[YhGfF�ghF�YhGcF�YfCvJRghF�]bOeCKJR]_^vNjJR]vqRF�Y@F�]_O/CEBDY@q�Q�OeYdGcBiG@O/CEFXg J�B[YfC_^-BDY O�^`CbOeCKF ^;ghORQwF��
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x N:CKM@F�]KFvBi^V^;=
��QwB[F�YfC
�fY@J��vT[FHGcqRFpO/? J�=@CvOpg@]EJ�?@T[F�A GcJRA OeB[Y��RCEM@F�]EFvBi^+Y@JnY@F�F/G CKJn^`F/O/]_Q_M
NjJR] O ^;JRT[=kCEB[J�Y����(J��-F�Z\F�]9BmN6CEM@F�]EF�Bi^ BDYh^`= ��QSBDF�YfC �fY@J��vT[F/GfqRF Oe?hJR=@C�O!GcJRA OeB[Y CEJ Oe]K]EB[Z\F
GcBD]EF/QSCKT[UXOeC6On^`JRTD=@CEBDJRY��\CKM@F�Y�BmN CEM@F�]EFpBi^VO/C-T[FHOR^`C1F�YkJR=@q�MLBDYcNjJR]KA�OeCKB[JRY CKJXGcF�T[BDY@F/O/CEFpOeY Oe]EFHO
�vB[CKM@B[Y �vMkBiQ_M On^`J�T[=@CKB[J�YLBy^ F �@ghF/QSCKF/G CEJX?hF NjJ�=@YhG �fO ^;F/Oe]bQ M A F�CEM@JfG�Q�O/YL?hFp=h^`F/G CEJnMf=@YfC
NjJR] O ^`J�T[=@CKB[J�Y �vB[CKM@B[Y CEM@FXGcF�TDB[Y@FHOeCEFHG Oe]KF/O��

�-M@Bi^nCEM@FH^`Bi^9By^ QwJRYhQSF�]EY@F/G �vBDCEM GcF/^;B[qRY g@]EJ�?@T[F�A ^(CEMhO/CXGcJ Y@J�C TDF�YhG�CEM@F�A ^`F�TDZ\F�^vCEJ O
GcBD]EF/QSC ^`J�T[=@CKB[J�Y ?@=@C1Q�O/Y ?hFpQ�OR^;C1OR^V^;F/Oe]bQ M gk]EJR?kT[F�A�^ �vBDCEM@BDY�O9^`gdORQSFvJ/N:ghJ>^E^`BD?@T[Fp^;JRTD=@CEBDJRYh^��

<\F/O/]_Q_M�OeTDqRJR]KB[CKM@A�^ C;Ufg@BiQ�OeT[TDU MhO�Z\F�C �-J�QwJRA ghJRYkF�YcCb^ QSJ�]E]KF/^`ghJRYdGcB[Y@q�CKJ�CEM@F CE]_O�GcF�J��
?hF�C �-F�F�Y�^`ghF�FHG OeYdG �hF��kB[?@BDT[B[C;U�� �-M@F�U ?hOeTyOeYhQwF F��kg@T[J�]_O/CEB[J�Y J/N CKM@F�^;F/Oe]bQ M%^;ghORQwF �vB[CKM
F��kg@T[J�B[CbOeCEBDJRY�J/NXOe]KF/OR^ JeN CEMkF ^;ghORQwF�� 

�@g@TDJR]bOeCEBDJRY�ghJRBDYcCb^IJ�=@CLYkF�� O/]EF/O�^ CEJ ^`F/O/]_Q_M�B[Y��
�vM@BDT[F F��kg@T[J�B[CbOeCEBDJRY QSJ�YhQSF�YfCE]bOeCKF/^n^`F/O/]_Q_M BDY O ghO/]ECEByQS=@TyOe]nO/]EF/O � �-M@F�Y@F�F/G NjJR]XO ?hO/TiOeYdQSF
Oe]KBi^;F/^ ?hF/Q�Oe=h^;Fv=@YhQ_M@F/Q �\F/G(F��kg@T[J�]_O/CEB[J�Y TDF/ORG@^ CEJ��vOR^;CEF/GnCEBDA FVB[YX=@Y@g@]KJRA By^`BDY@q9O/]EF/O�^�� �vMkB[T[F
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^`F�Z\F�]EF F��kg@TDJRB[CbOeCKB[JRY�A OHU!A Bi^K^(CEMkF QSJ�]E]KF/QSCX^`J�T[=@CKB[JRY ?fU QSJRYhQwF�YcCK]_O/CEB[Ykq J�Y�CEJ\J ^`A�O/T[T1O/Y
Oe]KF/O�� �-MdOeC-By^��fCEJ\J A�=hQ_M F��kg@T[J�]_OeCKB[J�YLA FHOeYh^VCEJ\J A�=hQ_M CKB[A F6OeYhG CEJ\JXAL=dQ M F��kg@TDJRB[CbOeCKB[JRY
A F/O/Yh^9CEMhO/C CEM@F QSJR]K]EF/QSC ^`J�T[=@CKB[JRY A�O�U�Y@JRC ?hFLNjJ�=@YhG ���pY�CEMkF JRCKM@F�] MdOeYhG �1BmNpCKM@F�]KFLBy^
Y@J�C F�Y@JR=@q�M�F��kg@T[J�]_OeCKB[J�Y�CEM@F�QSJ�]E]KF/QSCn^;JRT[=kCEB[J�Y�A�O�U�Y@JRC9?hF q�F�Y@F�]bOeCEFHG �vM@BDT[FXB[Yh^;=
��QwB[F�YfC
F��kg@T[J�B[CbOeCEBDJRY�A�O�U�C_O �\F�CEJ\J T[JRYkq	��<\CE]KB��fB[Y@q O q�J\JfG ?hOeTyOeYhQSF�?hF�C �-F�F�Y�F��kg@T[J�]_O/CEB[J�Y OeYhG
F��kg@T[J�B[CbOeCEBDJRY�Bi^-CKM@F�]KFSNjJR]KFnQS]EBDCEByQ�OeThNjJR]pO�^`F/O/]_Q_M O/T[q�JR]EBDCEM@A �

��O�^`CKB[Y@q CKB[A FpB[Y =kY@g@]EJ�A Bi^;B[Y@q Oe]KF/OR^-J/NVCKM@Fn^`FHOe]_Q_M!^`ghO�QSF9A�O�U�^;F�F�A O ^`A�O/T[Thg@]EByQSF9CKJ
ghO�ULNjJ�] lhYhGfB[Y@q CKM@FXQSJR]K]EF/QSC6^`J�T[=@CKB[JRY��1W(YcNjJR]KCE=@YdOeCEF�T[U��fCEM@Fn^;B 	�F JeN CEM@Fn^;F/Oe]bQ M!^;ghORQSFH^-CEMhO/C
JeNjCKF�Y�O/]EBy^`F BDY�GcFH^`B[q�Y�GcJ�A�OeBDYh^vBi^p^`J TyOe]Eq�F CKMhOeC OLMf=@A�OeY�TDBmNjF�CKB[A FpBi^p^`M@J�]ECnQwJRA ghO/]EF/G CKJ
CEMkF9CEBDA FvY@F�F/GfF/GI?fU�CEM@F(NPO�^`CKF/^`C6^`=@ghF�]bQSJRA gk=@CEF�]b^ CKJ T[J\J ��OeC6O ^`BDqRY@B l Q�OeYfC Nj]bORQSCKB[J�Y JeN+CKM@F
^`gdORQSF�� �-M@By^ By^ �vMfU ]bOeYhGcJ�A O/YhG ��J�]9F��kMhOe=d^`CEBDZ\FX^`F/O/]_Q_M � 
 
-<	�tBi^vB[YcNjF/O�^`BD?@T[F��fB[CpF��kg@T[J�]EF/^
CEJ\J AL=hQ_M�� �(Y!CEM@FnJ�CEM@F�]pMhO/YhG 
 
-< �-J�] �k^ FHo =hO/T[TDU �-F�TDT O�QS]EJ>^E^9O/T[T+^`FHOe]_Q_M!^`ghO�QSF/^��:^;B[YhQSF
B[C A�O �\F/^ NjF��-F/^;C�OR^K^`=@A gkCEB[J�Yh^ O/? J�=@C F �@g@TDJRBDC_Oe?kT[F gk]EJRghF�]KCEBDF/^LJeNXCKM@F ^`F/O/]_Q_M%^`ghO�QSF�� x C
OR^K^`=@A F/^ CKMhOeCpO A BDY@B[A OeTkOeA J�=@YcCtJeN �cYkJ �vTDF/Gcq�F9Bi^vO�Z�OeBDTiOe?kT[F ��F�YkJR=@q�M CKJ �cYkJ � �vM@F�Y�CKJ
^`CKJRg�� sV=@CXOeY@J�CEM@F�] �vO�U�� 
 
6<!Y@F�FHG@^nOeYhG =d^`F/^9A BDY@B[A OeT BDYcNjJR]KA�OeCKB[JRY O/?hJR=@C CKM@F�^`F/O/]_Q_M
^`gdORQSFnCEJ �-J�] � FHo =hO/T[TDU �tF�T[T ORQS]KJ\^E^pO ZRO/]EBDF�C;ULJ/Nt^`ghO�QSF/^��

z CpCEMkF JRCKM@F�]pF��kCE]EF�A FnOe]KF O/T[qRJ�]EBDCEM@A�^vCEMdOeC GcJ Y@J F �@g@TDJR]bOeCEBDJRY OeYhG MhO�Z\F �cY@J��vTDF/GcqRF
O�Z�OeB[TyOe?@TDFLCKJ ^`J�T[Z\F�CEM@F gk]EJR?kT[F�A�o\=@BiQ �fT[U�O/YhG�GcBD]EF/QwCET[U ���-M@F/^`F OeT[q�JR]KB[CEMkA�^9A�O �\F�^;CE]EJ�Y@q
OR^K^`=@A g@CEBDJRYh^1Oe?hJ�=@C-CKM@F9^;F/Oe]bQ M�^;ghORQwF9O/YhGL^;=
� QSB[F�YfCVF��kg@TDJRB[CbOe?@TDF-BDYcNjJR]KA�OeCKB[JRY By^1OHZ�O/B[TiO/?@T[F
CEJ OHZ\J�BiG�^;F/Oe]bQ M@BDY@q	���pJ �tF�Z\F�]�� ?hF/Q�O/=h^`F CKM@F/^;F�^`CE]KJRY@q!O�^E^`=kA g@CEBDJRYh^ GcJ�Y@JRC9=d^`=hO/T[T[U!M@JRTyG
ORQw]EJ\^K^ GcJRA OeB[Yd^ � ^;F/Oe]bQ M ^`ghO�QSF/^ � CEM@FH^`F�O/T[qRJ�]EBDCEM@A�^��-J�] � JRY@TDU J�Y CKM@F ghO/]ECKBiQS=@TyOe] ^`ghO�QSF
CEMkF�U �-F�]EFnGcFH^`B[q�Y@F/GLNjJR] OeYdG GcJ A By^`F�]bOe?@TDU JRY!JRCEMkF�]_^��

x YL?hF�C �-F�F�Y CEM@FH^`FpF��@CK]EF�A F/^ J/N ]bOeYhGcJ�A O/YhG ��JR]-F �@MhO/=h^`CKB[Z\Fp^;F/Oe]bQ M OeYhG�Y@J ^;F/Oe]bQ M���F�Z��
F�]KU JRCKM@F�] ^`F/O/]_Q_M O/T[q�JR]EBDCEM@A A�O �\F/^1OR^K^`=@A gkCEB[J�Yh^vJeN1Z�Oe]KUcBDY@q �cBDYhG@^vOe?hJ�=@Cn^`FHOe]_Q_M!^`ghO�QSF/^��
�-M@F/^;F!OR^E^;=@A g@CKB[J�Yh^LQwJR]E]KF/^`ghJ�YhG CKJ��fY@J��vT[F/GfqRF!Oe?hJR=kC CEM@F!^;ghORQSF OeYhG�A�O�U ?hF!QSJ�]E]EFHQSC��
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B[YdQSJR]K]EF/QSC JR]nA Bi^;T[F/O�GcB[Ykq	�@B[A g@T[ByQSB[CvJ�] F �@g@TDBiQSBDC��hO/YhG �fY@J��vY JR]n=@Y��fY@J��vY����vM@F�Y =h^`FHG NjJ�]
^`FHOe]_Q_M@BDY@qnO9ghOe]KCEByQS=@TiO/]1^`gdORQSF�� �-MkBi^
�fY@J��vT[F/GfqRFvBi^VF��kg@TDJRB[CKF/G CKJnqR=@ByGcFvF��kg@T[J�]_OeCKB[J�Y��f^`ghF�F/G��
B[Ykq =kg ^;F/Oe]bQ M ?fU q�F�Y@F�]bOeCEBDY@qXOn^`F/O/]_Q_M ?@BiO�^ A OeY@B NjF/^`CKF/G BDY CEM@F ^`F�C JeN q�F�Y@F�]bOeCKF/GL^;JRTD=@CEBDJRYh^��

apF�Y@F�CKBiQ�OeTDqRJ�]EB[CKM@A�^�Oe]KF�O�A F�AL?hF�] J/N O QwTiOR^K^ J/N�OeTDqRJ�]EB[CKM@A�^�Q�O/T[T[FHG ?@T[BDYhG�^`F/O/]_Q_M
OeTDqRJ�]EB[CKM@A�^ �vMkBiQ_M�A�O �\FXCEM@F OR^K^`=@A gkCEB[J�Y�CEMhO/CnCEM@F�]KFLBy^(F�Y@J�=@qRM �cY@J��vTDF/GcqRF CKJ!QSJRA gdOe]EF
C �-J!^`J�T[=@CKB[J�Yh^nOeYhG�CEF�TDT �vM@ByQ M�By^(?hF�CECKF�] � 
(O��vTDB[Yh^�� {�|R|f{ � ��apF�Y@F�CKBiQ OeTDqRJ�]EB[CKM@A�^pOe]KFLCKM@F
^`FHOe]_Q_M�A F�CKM@JfGLJeN Q M@J�BiQSFpNjJR]vCEMkBi^pGcBi^K^`F�]KC_OeCKB[J�Y��

����� � ��� ��� � � ����
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z apF�YkF�CEByQ z(T[q�JR]EBDCEM@A � a z �pBi^nO ]bOeYhGcJ�A B 	�F/G ghOe]bOeTDT[F�Tt^`FHOe]_Q_M A F�CEMkJfG A JfGfF�T[F/G J�Y
F�Z\J�T[=@CKB[JRY�� a z9^ Oe]EFt?hF�B[Y@q Oeg@g@TDB[F/GnCEJnOpZRO/]EBDF�C;U J/N g@]EJ�?@T[F�A ^ OeYhG ?hF/QSJ�A B[Ykq9O/Y B[A ghJR]KC_O/YcC
CEJ\J�TvB[Y�A ORQ_M@B[Y@F�T[FHOe]EYkB[Y@q OeYhG Nj=@YhQwCEB[J�Y�JRg@CKB[A B 	/OeCKB[JRY�� �-M@F�U MhO�Z\F�O/T[]KF/ORGcU ?hF�F�Y�=h^;F/G
B[Y CEM@F�g@]EF�T[B[A B[YhO/]EU!GcF/^;B[qRY�J/N OeB[]bQS]_O�NjC F�YkqRB[YkFLCK=@]E?@BDY@F/^XOeYhG �VA JR]EF ]KF/QSF�YfCETDU�� B[Y g@]EJ�CEF�BDY
^`CK]E=hQwCE=@]KF g@]KF/GcBiQwCEB[J�Y � s J��-F�T[T F�C OeT ��� {�| �R| � �:F ap]bOeYhG�O/YhG � F�] 	 �R]����+{�|R|�} � � apJRTyGc?hF�]Eq 
 ^
?hJ\J �!qRB[Z\FH^-O T[Bi^;C-J/NtOeg@gkT[BiQ�OeCEBDJRY!Oe]KF/OR^ � apJ�TiGc?hF�]Kq	� {�| �R|/? � �

����
	�
� �����������������

x YcCK=@B[CKB[Z\F�TDU��_qRF�Y@F�CEBiQtOeTDqRJR]KB[CKM@A�^ Q�O/Y ?hF-=@YdGcF�]_^;CEJ\JfG B[YXCEF�]KA�^ J/N GfB � F�]EF�YhQSF/^ �vBDCEM J�CEM@F�]
^`FHOe]_Q_M A F�CEM@JfGk^ CKMhOeCXQ�O/Y ?hF�Oeg@gkT[B[FHG B[Y�CKM@F ^KOeA F ^`BDCE=hO/CEB[J�Y�� u1J�Yh^`ByGcF�]9CKM@F g@]KJR?@TDF�A JeN
lhYhGfB[Y@qnCEMkFpQSJR]K]EF/QSC QSJ�AL?@BDYhOeCKB[J�Y NjJR] JRghF�Y@BDY@qXO CKM@B[]KC;U GfB[qRBDC1QSJ�AL?@BDYhOeCKB[J�Y TDJfQ � � GcFH^`B[q�Y@B[Ykq
O �\F�U � � �pY@FnghJ\^K^`B[?kT[FXOeTDqRJR]KB[CKM@A Bi^-]bOeYhGfJRA OeYhG ��JR] F��@MdOe=h^;CEB[Z\F ^`F/O/]_Q_M�� x Y CKM@Bi^vQ�OR^`FnCKM@F
JRYkT[U�BDYcNjJR]KA�OeCKB[JRY�=h^;F/G�?cU CEM@F!OeTDqRJ�]EB[CKM@A Bi^ �vM@F�CEM@F�] J�]LYkJRC�CEM@F!QS=@]K]EF�YfCETDU q�F�Y@F�]bOeCKF/G
QSJ�AL?@BDYhOeCKB[J�Y Bi^-CKM@F QSJ�]E]KF/QSCvJRYkF�� ��BDCEM�CEMkBi^pOeT[q�JR]KB[CEMkA CEM@FXQ_MhOeYdQSF/^-JeN ^`=hQ�QwF/^E^ �LldYhGcB[Ykq
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CEMkF�QSJR]K]EF/QwC QSJ�AL?@BDYhOeCKB[J�Y � O/]EF�?hF�CECKF�] CKMhOeY%{�� / J�Y@T[U OHNjCKF�] qRF�Y@F�]_O/CEBDY@q�{ ��������/ QSJRA�?@B �
YhO/CEB[J�Yh^�� �-M@Bi^(By^9OLZ\F�]KU�TiOe]KqRF�Yc=kAL?hF�]�� x Y NPORQSC��vM@F�Y�qRF�Y@F�]_O/CEBDY@q�O�QSJRA�?@BDYhOeCKB[JRY!F�Z\F�]KU
YhO/Y@J\^;F/QSJRYdG �@B[C �-J�=@TiG C_O �\F(A JR]EFvCKMhOeY�CKM@F9O/qRF9J/N+CEM@FpF/O/]ECEM ? FwNjJR]EF ^`=dQ�QSF/^K^ Bi^VA J�]EFvCKMhOeY
3��	��g@]EJ�?hOe?@TDF��

x NVBDY�ORGkGcB[CKB[JRY!CEJ �vM@F�CKM@F�]pCEM@FXQS=@]K]EF�YfCpQSJ�AL?@BDYhOeCKB[J�Y Bi^pQSJR]K]EF/QwC��@A J�]EF9BDYcNjJR]KA�OeCKB[JRY�By^
O�Z�OeB[TyOe?@TDF�� O�^`FHOe]_Q_M OeTDqRJ�]EB[CKM@A�QSJ�=@TiG =h^;FLCKM@Bi^pB[YcNjJ�]EA�O/CEB[J�Y�CEJ�B[YdQS]EF/O�^`F F � QSBDF�YhQSU����(B[TDT �
QSTDB[A�?@B[Y@qpJR]vq�]_O�GcB[F�YfC � GcF/^KQSF�YfC-O/T[q�JR]EBDCEM@A ^����vM@F�Y q�B[Z\F�Y�B[YfNjJR]EA OeCEBDJRY Oe?hJR=kC��vM@BiQ_M JeN+C �tJ
qRF�Y@F�]_O/CEF/G�QwJRA�?@B[YhO/CEBDJRYh^ O/]EF �_QwT[J\^;F�] ��CEJ CEM@F QSJ�]E]KF/QSC QSJRA�?@B[YdOeCEBDJRY��1A�O �\F =d^`F J/NXCEM@By^
ORGkGcB[CKB[JRYdOeT � �#E8P�@HC�M8E6J#GDT�URBDYcNjJR]KA�OeCKB[J�Y CEJ ^;ghF�F/GL=@g CEM@Fn^;F/Oe]bQ M�� �-M@F9MkB[T[T �fQSTDB[A ?@BDY@q OeYhO/T[JRq�U
QSJ�Yh^`ByGcF�]_^nCEM@F ^`FHOe]_Q_M ^`ghO�QSF�OR^XO TyOeYhG@^KQ�OeghF�CEMk]EJR=kqRM �vM@ByQ M O ^;F/Oe]bQ M OeTDqRJ�]EB[CKM@A�A J/Z\F/^
CEJ��6Oe]_Gk^(CEM@FnM@BDqRM@FH^`Cpg J�B[YfC����vM@F�]KF M@F�BDqRMfCpQSJR]K]EF/^;ghJRYhG@^pCEJ��bQST[J>^`F�Y@FH^E^ � CEJ CEM@FnJRgkCEB[A�=@A �
�(J��-F�Z\F�]��fO M@B[TDT �fQwT[B[A ?hF�] Q�OeY�?hF CK]_Oegkg FHG JRY!O M@B[TDT �vM@ByQ M Bi^-Y@J�C9O q�T[JR?dOeT+JRg@CKB[A�=@A �R?@=kC
O T[JfQ�O/T JRg@CKB[A�=@A � x Y�JRCKM@F�]��-J�]_G@^�� B N+CEM@FX^;F/Oe]bQ M�TiO/YhG@^KQ�OeghF By^-]E=@q�qRF/G��vB[CKM O TDJRCpJeN M@B[TDTi^
� TDJfQ�OeT JRg@CKB[A�O�� �hCEM@F�O/T[qRJ�]EBDCEM@A�QSJ�=@TiG�QwT[B[A�? CKM@F Y@F/O/]EF/^;C9M@B[TDTVO/YhG lhYhG�CEMhO/CnOeYfU Nj=@]KCEM@F�]
A J/Z\F�A�F�YfC+GcF/QS]KF/OR^;F/^VM@F�B[q�McCtO/YhGLCEMf=h^1]EF�A�O/B[Y CK]_Oegkg FHGLJRY CKM@Bi^VM@BDT[T � �vM@F�]KF/OR^1CEM@FpM@B[q�M@F/^;C
ghJRBDYcC � qRT[J�?hOeT+JRgkCEB[A�=@A � Bi^vORQwCE=hO/T[T[U JRY�O/Y@JRCKM@F�]vCbOeT[TDF�]vM@BDT[T �

z�ghJRg@=kTiOeCKB[J�Y J/NpM@B[TDT � QST[BDA ? F�]_^vBi^ A JR]EF�]EJ�?@=h^;C�� � ]_O/g@g@B[Ykq�O TiO/]Eq�FLYf=@A�? F�] J/NpM@B[TDT �
QSTDB[A�? F�]_^����-J�] �fB[Y@qnBDYhGcF�ghF�YhGfF�YcCKT[UXJRY CKM@Fn^EO/A Fvg@]KJR?@TDF�A �RBy^ TDF/^E^1g@]EJ�?hOe?kT[FpCEMhO/Y CE]bOeg@g@BDY@q
�;=h^;CvJRY@FXM@B[TDT �fQwT[B[A ?hF�]��

apF�Y@F�CKBiQ�OeT[q�JR]KB[CEMkA�^nOe]EF A JR]KFLCKMhOeY�O�ghJRg@=@TyOeCKB[JRY�J/NpM@B[TDT �fQwT[B[A�?hF�]_^�� x Y ORG@GcBDCEBDJRY�CKJ
MhO�ZfB[Y@q!O ghJRg@=@TyOeCKB[JRY JeNvBDYhGcBDZcByGc=hOeTy^(CEMdOeCnM@B[TDT � QST[BDAL?��@q�F�Y@F�CKBiQ O/T[qRJ�]EBDCEM@A�^ OeT[TDJ�� CEMkF F��	�
Q_MhOeY@q�F-J/N:BDYcNjJR]KA�OeCKB[J�Y OeA JRY@qpB[YhGfB[ZfBiGc=hO/T\M@B[TDT � QST[BDAL?hF�]b^dBDY qRF�YkF�]_O/CEB[Ykq9QSJ�AL?kB[YhO/CEB[J�Yh^ CEMhO/C
Oe]KFLF�Z\F�]nQSTDJ\^`F�]9CEJ!CEM@F QSJR]K]EF/QwC9JRY@F � apF�Y@F�CKBiQ O/T[qRJ�]EBDCEM@A�^pF��@F�A g@T[B NjU CEMkF A�O �kB[A�� � � �-J
M@F/O�G@^ Oe]KF ?hF�CECKF�] CKMhOeY�J�Y@F ��OeYdG�Q�OeY�?hF�QSJ�Yh^`ByGcF�]KF/G�O ghJ�g@=@TiO/CEBDJRY J/NpB[YcNjJ�]EA�O/CEBDJRY F��	�
Q_MhOeY@q�B[Y@q�M@BDT[T � QST[BDA ?hF�]_^��
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��M@F�Y�=d^`F/G�B[Y GcF/^`BDqRY�� O a z�F�YhQSJfGfF/^ O Q�O/YhGcByG@OeCKF�GcF/^;B[qRY�BDY�O ?@BDYhOe]KU�^;CE]KB[Y@q � ��z
]_O/YhGcJ�A T[U!qRF�Y@F�]_OeCKF/G ^`F�CnJeN ^`=hQ_M ^`CE]KB[Y@q>^(NjJR]EA ^ CKM@F B[YkB[CEByOeTVghJ�g@=@TiO/CEBDJRY Nj]KJRA �vM@ByQ M�CKM@F
a z�^`CbOe]ECb^VB[C1^;F/Oe]bQ M�� �-M@]EF�Fv?hOR^;BiQ-qRF�Y@F�CEByQ-JRghF�]bOeCEJ�]_^ �1^`F�TDF/QSCEBDJRY���QS]KJ\^E^;J/Z\F�]��\O/YhG AL=@CbOeCKB[JRY
qR=kBiGcF CKM@Bi^9^;F/Oe]bQ M����-M@F qRF�YkF�CEByQ ^`FHOe]_Q_M�g@]KJfQSF/^E^9By^ BDCEF�]bOeCEBDZ\F��-F�Z�O/T[=hO/CEB[Ykq	�+^`F�TDF/QSCKB[Y@q �hOeYhG
]EFHQSJRA�?@B[YkB[Y@qt^`CK]EBDY@q\^ B[YnCEMkF ghJ�g@=@TiO/CEBDJRY Gf=@]EBDY@qvF/ORQ_MnB[CKF�]_O/CEB[J�Y � qRF�Y@F�]_O/CEBDJRY �h=@YfCEBDT\]EF/O�Q MkB[Y@q
^`J�A F�CEF�]KA B[YhO/CEBDJRY QSJRYhGfB[CEBDJRY�� �-M@F ?hO�^`BiQ OeT[q�JR]KB[CEMkA � �vM@F�]EF 
 �	� � Bi^ CKM@F ghJRgk=@TiO/CEB[J�Y�JeN
^`CK]EBDY@q\^pOeCvq�F�Y@F�]bOeCEBDJRY � �fBi^-q�B[Z\F�Y�?hF�T[J����
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VZRO/T[=hO/CEBDJRY�JeN FHORQ_M�^`CE]KB[Y@qnBy^ ?dOR^`FHGIJ�Y O(lhCKY@F/^E^ Nj=@YdQSCEBDJRY CEMdOeC1Bi^Vg@]KJR?@TDF�A GcF�g F�YhGcF�YfC��
x CVGfF�CEF�]KA B[YkF/^ �vM@BiQ_M J/N C �tJ9Q�OeYhGcByG@OeCKFp^`J�T[=@CKB[JRYd^ Bi^ ?hF�CECKF�] � ldqR=@]KFn{ �[{�� � �-M@Bi^VQwJR]E]KF/^`ghJ�YhG@^
CEJ CKM@FnF�YfZcBD]EJRYkA F�YfC_OeT GcF�CEF�]KA B[YhO/CEBDJRY�JeN ^`=@]KZcBDZRO/?@B[TDB[C;U�B[Y YhO/CE=@]bOeT ^`F�TDF/QSCKB[JRY�� <\F�TDF/QSCKB[JRY JeN
O ^`CK]EBDY@q	�	�vM@ByQ M ]EF�g@]KF/^`F�YcCb^-O ghJRBDYcCvBDY CEM@F ^`F/O/]_Q_M ^;ghORQwF��@GcF�g F�YhG@^-JRY!CEM@F ^`CE]KB[Y@q 
 ^ lhCKY@F/^K^

���� .�!+�8�,.��%����1����%�����������%��  .��8��1+( .����%&/���������%���,.��������+( �/�%&���.��;��$���2��,! � %�/���,3��+�,.�"� � �	#�������/���/ �� 
��%$�.�����$+�,.��/�%���,.8�%�����,.8�0���,!� �����$ 3�$����,38<��*� %� ������;
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� B[q�=@]EF�{ �[{�� 
VZ�OeT[=dOeCEBDY@q�B[YhGcBDZcByGc=hO/Ti^-GfF�CEF�]KA B[YkF/^ �vM@BiQ_M Bi^-?hF�CKCEF�]��

]EF�TiOeCKB[Z\F9CKJ CEMdOeCpJeN1J�CEM@F�] ^`CE]KB[Y@q>^ BDY CKM@F ghJRgk=@TiO/CEB[J�Y�� x C(g@]KJR?hO/?@B[TDBi^;CEBiQ�OeT[TDU Qw=@T[Ty^ Nj]EJRA CKM@F
ghJRg@=kTiOeCKB[J�Y�CEM@J>^`F ghJRBDYcCb^ �vM@BiQ_M�MhO�Z\F ]KF�TiO/CEB[Z\F�T[U T[J�� ldCEY@F/^K^ � ldqR=@]KF { �0/ � � � =@CbOeCEBDJRY OeYhG
QS]KJ\^E^;J/Z\F�]-BDA B[CbOeCEFp^;F��k=hOeT ]EF�g@]KJfGc=hQSCKB[J�Y�� � =@C_O/CEBDJRY��kOR^-B[Y YhOeCK=@]_O/T+^`Uk^`CEF�A�^��RBy^vO Z\F�]KU T[J��
g@]KJR?hO/?@B[TDB[C;U J�g F�]_OeCKJR]6OeYhG �;=d^`C �hB[gd^ OX^`ghF/QSB l Q-?@BDC�� u1]KJ\^K^`J/Z\F�]-BDY�QSJRYfCE]bOR^;C-Bi^1O/g@g@T[BDF/G �vB[CKM
M@BDqRM gk]EJR?dOe?@BDT[B[C;U�� x C(By^(O ]_O/YhGcJ�A B 	�FHG U\F�Cp^`CE]K=hQSCK=@]EF/G�JRghF�]bOeCEJ�]9CEMdOeC OeT[TDJ��p^ BDYcNjJR]KA�OeCKB[JRY
F��dQ MdOeY@q�F ?hF�C �tF�F�Y�ghJRBDYcCb^�� <>B[A g@TDF Qw]EJ\^K^`J/Z\F�] By^ B[A g@TDF�A FwYcCKF/G ?fU�Q MkJ\J\^`BDY@q�O ]bOeYhGcJ�A
ghJRBDYcCXB[Y�CKM@F�^`F�T[F/QSCKF/G ghO/B[] J/Nn^;CE]KB[Y@q>^ OeYdG F �hQ_MhOeYkqRB[Ykq CEMkF ^;=@?h^`CK]EBDY@q\^ GcFwlhY@F/G ?fU CEMhO/C
ghJRBDYcC�� � B[qR=k]EF�{ � }�^`MkJ �p^ MkJ � QS]KJ\^E^;J/Z\F�] A B �@FH^(B[YcNjJ�]EA�O/CEBDJRY Nj]KJRA�C �tJ�ghOe]KF�YfC ^`CK]EBDY@q\^��
g@]KJfGc=hQSBDY@q J�� ^`g@]KB[Y@q A�ORGfF =kg J/NnghO/]EC_^ Nj]KJRA ?hJRCKM ghO/]EF�YfC_^�� �(JRCKF CKMhOeC�CEMkBi^ JRghF�]bOeCKJR]
�vM@ByQ M�GcJ\FH^ YkJ CbOe?@TDFvT[J\J �c=@gd^ JR]1?hO�Q �fCE]bORQ �cBDY@q	�/Bi^VZ\F�]KUnF ��QwB[F�YfC ?hF/Q�Oe=d^`FpJeN BDC_^V^;B[A gkT[BiQwB[C;U �

<\F�TDF/QSCEBDJRY�g@]KJR?hO/?@B[TDBi^;CEBiQ�OeT[TDU lhTDCEF�]b^9JR=@C GcF/^`BDqRYh^nCEMhO/C ghF�];NjJR]EA�ghJ\JR]KT[U�� Q M@J\J>^`BDY@q�M@B[q�M
ghF�]`NjJ�]EA�O/YhQSF GcF/^`BDqRYh^pCEJ!QSJRYdQSF�YfCE]_O/CEFXJRY JR]+@�� �AU J#E M ��u1]EJ\^K^`J/Z\F�]nO/YhG�AL=@CbOeCKB[JRY�� CKM@]EJ�=@qRM
^`CK]EBDY@q J�g F�]_OeCKB[J�Yh^��fqRF�Y@F�]_OeCKF(YkF���GcFH^`B[q�Yh^ NjJ�]=@�� �AU J#P T�M8E6J#G�� �-Mf=h^VqRF�Y@F�CEBiQpOeTDqRJ�]EB[CKM@A�^ J�Y@T[U
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� B[qR=k]EF�{ �0/ �-<\F�TDF/QSCKB[JRY ORQSCb^(O�^(O ^;B[F�Z\F��k^`F�TDF/QSCKB[Y@qX? F�CECEF�]vB[YhGcBDZcByGc=hO/Ti^ CKJ QwJRYfCEB[Yf=@F��

Crossover  Point

Parents

Children

P1 P2

C2C1

� BDqR=@]KF { � } � u1]KJ\^E^;J/Z\F�] J/NpCEM@F C �tJ ghO/]EF�YfC_^Xs { OeYhG�s / gk]EJfGc=hQwF/^ CEM@F�C �-J Q M@BDTiGc]KF�Y�up{
OeYdG u / � 
1ORQ_M�Q_M@BDTiG QwJRYh^;Bi^`Cb^ J/NvghO/]EC_^(Nj]KJRA ?hJRCKM�ghOe]KF�YfC_^��vM@BiQ_M�T[FHORG@^9CEJ�BDYcNjJR]KA�OeCKB[JRY
F��dQ MdOeY@q�F��
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]EFHo =@BD]EF�C �-J F�T[F�A F�YcCb^ ��{ �nO/Y�F�YhQSJfGcBDY@q�JeN Q�OeYhGcByG@OeCKF!^`CE]K=hQSCK=@]EF/^ � ^;JRT[=kCEB[J�Yh^ � �1OeYhG /��XO
A F�CKM@JfG J/NvF�Z�O/T[=hO/CEB[J�Y�JeNtCEMkF ]EF�TyOeCEBDZ\Fng F�]`NjJR]KA�OeYdQSF J/NvQ�OeYhGcByG@OeCKF�^`CK]E=hQSCK=@]EFH^�� a(BDZ\F�Y�O/Y
B[YkB[CEByOeTpghJRg@=@TyOeCKB[JRY%JeN F�T[F�A F�YfC_^��va z9^ =h^`F�CKM@F NjF�F/Gf?hORQ ��Nj]EJRA CKM@F�F�Z�OeTD=hOeCKB[J�Y�g@]EJfQSFH^E^
CEJ ^`F�TDF/QSC lhCECKF�] GfF/^`BDqRYh^��(qRF�Y@F�]_O/CEBDY@q�Y@F�� GcF/^`BDqRYh^�CEM@]KJR=@q�M ]KF/QSJRA�?@BDYhOeCKB[JRY�J/N gdOe]ECb^ JeN
^`F�T[F/QSCKF/G GcFH^`B[q�Yh^��hF�Z\F�YfCE=dOeT[TDU QwJRYfZ\F�]Eq�B[Y@q CKJ O ghJRg@=@TyOeCKB[JRY�J/N1M@BDqRM ghF�];NjJR]KA�OeYhQwF GfF/^`BDqRYh^��
<\BDYhQSF a z9^-J�Y@T[U ]KF/o\=@B[]KF(NjF�F/Gc?dORQ �LJ�Y CEMkF ]KF�TiO/CEBDZ\F(ghF�];NjJR]EA OeYhQSF JeN Q�OeYhGfBiG@O/CEFXGcF/^;B[qRYd^ CKJ
qR=kBiGcFp^;F/Oe]bQ M���CEM@F�UXO/]EFpOegkg@T[ByQ�Oe?@TDFvB[Y OeYfU GcF/^;B[q�Y C_OR^ � CEMhO/C1Q�O/Y g@]EJ/ZfBiGcFvCKM@Bi^ BDYcNjJR]KA�OeCKB[J�Y��
x Y�JRCEMkF�] �tJR]bG@^��@q�B[Z\F�Y!O Nj=@YhQSCKB[JRY�CKJLghF�];NjJR]EA �@O qRF�Y@F�CEBiQ OeT[q�JR]KB[CEMkA J�Y@T[U Y@F�F/G@^-CKJ �fY@J��
�vM@ByQ M�JeN OnghOeBD]-JeN Q�OeYhGcByG@OeCKF9GfF/^`BDqRYh^1Bi^ �bQST[J>^`F�] � CKJ ghF�]`NjJ�]EA BDY@qnCEM@FvNj=@YhQwCEB[J�Y��1z(YhG F�Z\F�Y
CEMkBi^-B[YfNjJR]EA OeCEBDJRY YkF�F/G Y@JRCp?hFng F�]`NjF/QSCv?k=@CpQ�OeY�?hF ^;=@?��;F/QSCtCEJ�Y@JRBy^`FXOeYdG A By^EGcBD]EF/QSCKB[J�YLCKJ
^`J�A F9F��kCEF�YcC�� �-M@By^ CKM@F/^`By^-Bi^-J�Y@T[U�QwJRYhQSF�]EY@F/G �vB[CEM!^;=hQ M!GcFH^`B[q�Y g@]KJR?@TDF�A�^��

�(J��-F�Z\F�]�� CKM@F�]KF�Oe]KF =kY@]EF/^;JRTDZ\F/G�g@]EJ�?@T[F�A ^ BDY�=h^`BDY@q�qRF�YkF�CEByQ OeTDqRJR]KB[CKM@A�^ NjJ�]�GcF/^;B[qRY��
� BD]_^`C��pOeT[CKM@JR=kqRM%qRF�Y@F�CEBiQ!OeTDqRJR]KB[CKM@A�^ O/T[T[J�� ^`MdOe]EBDY@q�B[YcNjJ�]EA�O/CEBDJRY�O/A JRYkq�M@B[TDT � QST[BDA ? F�]_^��
Oe]KF�CEM@F�]EF ^`FHOe]_Q_M%^`gdORQSF/^ �vM@F�]EF�CEMkBi^ ^;MhOe]KB[Y@q�T[FHORG@^ CEJ ? F�CECEF�] ghF�]`NjJ�]EA�O/YhQSF�� <\FHQSJRYhG �
^`BDYhQSFXqRF�Y@F�CEBiQnO/T[qRJ�]EBDCEM@A�^��-J�] ���vB[CKM OeY�F�YdQSJfGcB[YkqLJ/N-CKM@F gk]EJR?kT[F�A �	�vMdOeC��fB[YhG�JeNt?@ByOR^`FH^
Q�O/Y ?hF F��kghF/QSCKF/G�CEJ�?hF BDYcCK]EJfGc=dQSF/G ?fU�CKM@F F�YdQSJfGcB[Ykq�O/YhG�Q�OeY CEM@F!qRF�YkF�CEByQ O/T[q�JR]EBDCEM@A
^`=k]EA J�=@YcCv=kYcNPO�Z\JR]_O/?@T[FXF�YhQSJfGfB[Y@q ?kBiOR^;F/^�� �-M@B[]bG � q�F�Y@F�CKBiQnOeTDqRJ�]EB[CKM@A�^p^`M@J�=@TiG�?hF�Oeg@g@TDB[F/G
B[Y �fY@J��vT[F/GfqRFnT[F/O/Y!GcJRA�O/B[Yh^ �vM@F�]KF CKM@FX^`J�T[=@CKB[JRYd^ CKMhOeC Oe]KF NjJ�=@YhG�CEF�YhG CKJ ? F GcB � QS=@TDC-CKJ
=@YhGfF�]_^;C_OeYdG � �-M@F o\=@F/^`CKB[J�Y By^����vMhOeC �cBDYhG JeN O/YhOeTDU@^;Bi^9Bi^9ghJ\^K^`BD?@T[F�JeN6qRF�Y@F�CEBiQ O/T[q�JR]EBDCEM@A
GcF/^;B[q�Yh^�� � B[YhO/T[TDU��eq�B[Z\F�Y O9g@]EJ�?@T[F�A ��M@J�� T[J�Y@qn^;M@JR=@TyGLO GcF/^`BDqRY@F�]V]E=@Y�O9q�F�Y@F�CKBiQ-O/T[q�JR]EBDCEM@A
JRY!B[C��

�-M@FXGcBi^K^`F�]KC_O/CEB[J�Y�O�G@Gc]EFH^E^`FH^ F/O�Q M JeN1CKM@F/^`Fng@]KJR?@TDF�A�^VB[Y�CK=@]EY��@=d^`B[Ykq GcFH^`B[q�Y�F��hO/A g@TDF/^
Nj]EJ�A QSBD]_QS=@BDCvGcFH^`B[q�Y����hJ\J�]Eg@TyOeY@Y@BDY@q OeYhG Nj=@YhQSCKB[JRY�J�g@CEBDA B 	/O/CEBDJRY��
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u1MhOegkCEF�] / B[YfCE]KJfGc=hQSF/^-YdOeCE=k]_OeT ^`F�T[F/QSCKB[J�Y�OeYhG�qRF�YkF�CEByQ9OeTDqRJR]KB[CKM@A CEM@F�J�]EU�� �hF/^;M@B[Y@q�JR=kC
CEMkF�g@]EJ�?@T[F�A ^IByGcF�YfCEBmldF/G O/? J/Z\F�� z(TDCEM@J�=@qRM�^`F/O/]_Q_M�Bi^LCKM@F�A JfGcF�T(=h^;F/G�B[Y CKM@Bi^ CKM@F/^`By^��
CEMkF Q_MhO/g@CEF�] OeTy^`J B[TDT[=h^;CE]_O/CEF/^ CKM@F!QST[J>^`F�A�O/g@g@B[Ykq�? F�C �tF�F�Y�qRF�Y@F�CEByQ OeTDqRJ�]EB[CKM@A�^ O/YhG CKM@F
�-F�T[T �>F/^`CbOe?@TDBi^;M@F/G O�GDT�U 0�I�E8I/5�B�0�G M >A@/I�E8I/5
	 ��T�U $ T�M8E6J#G�A JfGcF�T-JeN CEMkF GfF/^`BDqRY�g@]EJfQwF/^E^�� �-M@F
B[YkY@J/ZRO/CEBDZ\F�Y@F/^K^-JeN qRF�Y@F�CEBiQnO/T[qRJ�]EBDCEM@A�^vO/YhG By^E^;=@F/^-B[Y!F�Z�OeTD=hOeCKB[Y@q�O/YhG F�YdQSJfGcB[YkqLg@]KJR?@TDF�A�^
Oe]KF GcBi^KQS=h^K^`F/G � �-MkF�Q_MhOeg@CKF�] F�YdG@^L?fU F �@g@TyOeBDY@B[Y@q M@J�� CEJ�]KF�g@]KF/^`F�YfC O g@]EJ�?@T[F�A NjJR] O
qRF�Y@F�CEByQ9OeTDqRJ�]EB[CKM@A =h^;B[Y@q OeY!F��dOeA g@TDF Nj]KJRA �dJ\JR]EgkTiOeYkY@B[Y@q B[Y!Oe]bQ M@BDCEF/QwCE=@]bOeT GfF/^`BDqRY��

u1MhOegkCEF�] }�QSJ�A ghOe]KF/^ qRF�Y@F�CEByQ�OeYhG�JRCEMkF�] ^;F/Oe]bQ M	OeTDqRJR]KB[CKM@A�^�� x C GfFSlhY@F/^ O QSTiO�^E^ JeN
^`FHOe]_Q_M�^`ghO�QSF/^ �vM@BiQ_M%Oe]KF FHOR^`U NjJ�]�qRF�Y@F�CEBiQ�O/T[q�JR]EBDCEM@A ^ OeYhG%MhOe]bG NjJR]!^`CKJfQ MdOR^`CKBiQ�M@B[TDT �
QSTDB[A�? F�]_^���<\BDYhQSF ]KF/QSJ�AL?@BDYhOeCKB[J�Y By^ICKM@F�Qw]E=hQSByOeTpGcB � F�]EF�YdQSF ?hF�C �-F�F�Y�qRF�Y@F�CEBiQ!OeYhG J�CEM@F�]
^`FHOe]_Q_M!OeTDqRJR]KB[CKM@A�^��@CKM@Fn]EF/^;=@T[Cb^-g@]EJ/ZfBiGcFnBDYh^`BDqRMfCvB[YfCEJ�CEM@F �fB[YhG JeN ^`ghO�QSF/^��vM@F�]EFn]KF/QSJRA�?@B �
YhO/CEB[J�YLBy^VY@F/QSF/^K^EO/]EU�� �-M@Bi^1Q_MhOeg@CKF�]1M@F�TDgh^1OeYh^ �-F�]1CEMkFpo =@FH^`CEBDJRY�JeN��vM@F�Y�CEJ F �@ghF/QSC qRF�Y@F�CEBiQ
OeTDqRJ�]EB[CKM@A�^nCEJ J�=@CEghF�];NjJR]KA&JRCKM@F�]�OeTDqRJ�]EB[CKM@A�^nOeYdG CKMc=d^ �vM@F�Y�CKJ�=h^`F CKM@F�A�CEJ�q�]EF/O/CEF/^;C
F�� F/QSC��Vz(Y�F/O/]ET[BDF�]VZ\F�]b^`BDJRY�JeN CKM@F �-JR] �L]KF�ghJR]KCEF/G B[Y�CEM@By^1Q MhO/g@CEF�] MdOR^-O/g@ghF/Oe]KF/GLBDY � �:JR=kBi^
OeYdG 
pO �vTDB[Yh^��:{�|R|R}�O � �

x Y�Q MhO/g@CEF�] 1nCEM@FpGcBy^E^;F�]ECbOeCEBDJRY ^`M@J��p^VM@J�� gk]EJR?kT[F�A F�YhQSJfGcBDY@qXQ�OeY ?kBiOR^Vq�F�Y@F�CKBiQv^`FHOe]_Q_M��
�-M@By^ T[FHORG@^1B[YfCEJnCEM@FpB[A g J�]ECbOeYfC By^E^;=@F9JeN+gk]EJR?kT[F�A F�YdQSJfGcB[Ykq NjJR]tqRF�YkF�CEByQ(O/T[qRJ�]EBDCEM@A�^VBDYLCKM@F
GcF/^;B[q�Y GcJRA�O/B[Y�� z ?hORG F�YhQSJfGcBDY@q�Q�O/Y Q�Oe=h^;F�O a z CEJ �dJR=@YhGfF�]�� CEJ ? F A Bi^`TDF/G �fJR]n?hJRCEM��
� JfGcB NjUcBDY@q�CEM@F�QSTyOR^K^`BiQ�OeTVq�F�Y@F�CKBiQ OeTDqRJ�]EB[CKM@A CEJ�A BDCEBDq\OeCKF CKM@F/^`F gk]EJR?kT[F�A�^p^`MkF/G@^ TDB[q�McC9J�Y
CEMkF YhOeCK=@]EF�J/N9q�J\JfG F�YhQSJfGcBDY@q\^ Nj]KJRA&CKM@F ghF�]b^`ghF/QSCKB[Z\F�JeN qRF�Y@F�CEBiQ OeT[q�JR]KB[CEMkA�^ O/YhG Nj]EJRA
CEMkF GcB � F�]EBDY@q ghF�]_^;ghF/QSCEBDZ\F JeN GcF/^`BDqRY�� �-M@By^nQ MhO/g@CEF�] =d^`F/^9F��dOeA gkT[F/^-Nj]EJ�A�QSJRA�?@B[YdOeCEBDJRYhO/T
QSBD]_QS=@BDCvGcFH^`B[q�Y CKJLBDT[T[=d^`CE]bOeCKF CKM@F ]KF/^`=kT[C_^��-s Oe]ECb^ J/N1CEMkBi^pQ MhO/g@CEF�]vMhO�Z\F O/g@ghF/Oe]KF/G F/O/]ET[BDF�]-BDY
� �:J�=@Bi^pOeYdG 
pO �vTDB[Yh^��:{�|R|c{�� �
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u1MhOegkCEF�] 3 By^ QSJ�YhQSF�]KY@F/G �vBDCEM�O/YhOeTDU
	�BDY@q a z�q�F�Y@F�]bOeCKF/G�GcF/^`BDqRYh^�� �-M@F B[A g J�]ECbOeYhQSF
JeN GfF/^`BDqRY OeYhO/T[Uk^`By^ T[BDF/^9B[Y�?hF�BDY@q�O/?@T[F CEJ F �@g@TyOeBDY�OeYhG ^`=@?h^;F/o\=@F�YfCET[U�A JfGcBmNjU GcFH^`B[q�Yh^ BDY
g@]KB[YhQSBDg@T[FHG �6O�U@^�� <>B[YhQSFXqRF�YkF�CEByQ O/T[q�JR]EBDCEM@A ^(O/]EF GfF/^`BDqRY@F/G NjJR]��tJR] �cBDY@q B[Y!ghJ\JR]ETDU =@YdGcF�] �
^`CKJ\JfG�^`ghO�QSF/^����cY@J��vTDF/GcqRFXO/? J�=@C9CKM@FX^`ghO�QSFnY@F�F/G@^vCEJ ?hF ORQ�o\=@B[]KF/G �k^`CEJ�]EF/G!OeYhG�g@]EJfQwF/^E^;F/G
NjJR]n=h^;FSNj=@T1O/YhOeTDU@^;Bi^�� �-M@By^ Q_MhO/g@CEF�] ^`M@J��p^ MkJ � CEJ!Oegkg@T[U Q�O�^`F �>?hOR^;F/G�]EF/O�^`JRYkB[Y@q!CEJ\JRTy^ CKJ
ORQ�o =@BD]EF �fY@J��vT[F/Gcq�FvO/? J�=@CtO(GfF/^`BDqRY�^`gdORQSFtCEJpF��@gkTiOeBDY ^;JRT[=kCEB[J�Yh^ q�F�Y@F�]bOeCEFHG ?fU O9a z � � =hQ M
JeNtCKM@Bi^(BDYcNjJR]KA�OeCKB[J�Y By^(B[A g@T[ByQSB[C1B[Y�CKM@F gk]EJfQSF/^K^`BDY@q!GcJRY@F ?fU�CEM@FXqRF�YkF�CEByQ OeTDqRJ�]EB[CKM@A ���-M@F
Q�O�^`F �>?hOR^;F/G�]EF/O�^`JRYkB[Y@q�CKJ\JRTi^ F �@CK]_ORQwC O/YhG�g@]EJfQwF/^E^ BDYcNjJR]KA�OeCKB[JRY ^`=kg@g@T[BDF/G�?cU CEM@F�CE]bO �;F/Q��
CEJ�]EU�JeN OLqRF�YkF�CEByQ O/T[q�JR]EBDCEM@A CKM@]EJ�=@qRM�CKM@F ^;F/Oe]bQ M!^`gdORQSF�� �-M@By^ J�]Eq>OeY@B 	�F/G BDYcNjJR]KA�OeCKB[J�Y BDY
CEMkF Q�O�^`F �>?hOR^;F Q�O/Y ?hF =h^`FHG CEJ�F��kg@TiO/B[Y�M@J�� O ^;JRTD=@CEBDJRY F�Z\JRT[Z\FHG OeYhG�CEJ MkF�T[g�BiGfF�YcCKBmNjU�B[Cb^
?@=@BDTiGcBDY@q�?@TDJfQ �k^�� �-M@F�]EF/^;=@T[CKB[Y@q �fY@J��vT[F/GfqRF ?hO�^`F Q�OeY OeTy^`J ?hF =d^`F/G�CEJ CE=kY@F�O�qRF�Y@F�CEBiQ
OeTDqRJ�]EB[CKM@A NjJR]vCEMdOeCp^`ghF/QwBml Q9GfJRA�O/B[Y�� 
 �dOeA g@T[F/^ Nj]KJRA Nj=@YhQSCKB[JRY�J�g@CEBDA B 	/O/CEBDJRY�OeYdG QSBD]_QS=@BDC
GcF/^;B[q�Y QwTiOe]KBmNjU�CEM@Fn]KF/^`=@TDC_^�� �-M@Bi^��-J�] � MhO�^(O/g@ghF/Oe]KF/G BDY � �:JR=@By^ F�CpO/T � �:{�|�|R}�� �

u1MhOegkCEF�] ��QSJRYd^`BiGfF�]_^9QwJRA g@=kC_OeCKB[J�YhOeT1QwJRA g@TDF��kB[C;U��@O�QS]K=hQSByOeTVF�TDF�A F�YfC-BDY OeYfU QSJRA g@=	�
C_O/CEBDJRYhO/T-A JfGcF�T-O/YhG�B[Y�O/YcU GcF/^;B[q�Y�A JfGcF�T �vM@F�]EF�O!GcF/^`BDqRY@F�] A�=h^`CX^`ghF/QwBmNjU�CEBDA F�T[B[A B[C_^
NjJR] O GfF/^`BDqRY�C_O�^ � �I<>B[YhQSFXF�Z\JRTD=@CEBDJRY!Bi^9Gc]KB[Z\F�Y!?cU GcB[Z\F�]_^`BDC;ULJ�] Z�O/]EBiO/CEBDJRY�B[Y O�qRF�Y@F ghJ\J�T �
CEMkFnO�Z\F�]_O/qRF9MhO/A A BDY@q �tOeYdG GfBi^`CbOeYhQwF9Bi^1=h^`F/G�O�^vO GcBDZ\F�]_^;B[C;U A F�CE]EByQ-CEJ�GcF�]EB[Z\Fp?hJR=@YdG@^ J�Y
CEMkF CKB[A FpQwJRYfZ\F�]Eq�F�YhQSFpJeN qRF�YkF�CEByQ9OeTDqRJR]KB[CKM@A�^�� z(YhO/T[Uk^`Bi^-J/N1O � T�M:GfJRA�O/B[Y g@]KJ/ZcByGcF/^ �-J�]_^;C
Q�O�^`F�CEBDA F QwJRA g@TDF��kB[C;U NjJ�] ^;C_OeCKBiQLNj=@YhQwCEB[J�Yh^�� � =@]KCEM@F�]��1F�A g@TDJeUfB[Ykq TDB[Y@FHOe]ETDU QSJRA g@=@C_O/?@T[F
]E=kYcCKB[A FXB[YcNjJ�]EA�O/CEB[J�Y gk]EJ/ZcByGcF/^9CEBDqRMfCEF�]n?hJR=kYhG@^ JRY CEM@F�CEBDA F ?hF�U\JRYhG �vM@BiQ_M gk]EJRq�]EF/^K^ By^
=@Y@TDB��\F�TDU JRY Oe]E?kB[CE]bOe]KU�^`CbOeCEByQ(Nj=@YhQSCKB[JRYd^��1z9^vO ?cU g@]EJfGc=dQSC��@CKM@Bi^vO/YhOeTDU@^;Bi^pOeTi^;J qRBDZ\F/^vo =dOeT��
B[CbOeCKB[Z\F ?hJR=kYhG@^ ?cU g@]EF/GfBiQSCKB[Y@q O�Z\F�]bOeqRF lhCKY@F/^K^��-CKM@F�o\=hOeTDB[C;U�J/NXOeY	OHZ\F�]_Oeq�F!^`JRTD=@CEBDJRY%O/C
QSJ�YcZ\F�]KqRF�YdQSF���

�hO/A g@TDF/^6Nj]KJRA CEM@F r F �RJRY@q�CEFH^`Cn^;=@B[CKF JeNtg@]EJ�?@T[F�A�^(O/]EF�=h^`FHG CEJ�g@]EJ/ZfBiGcF
^`=kg@ghJR]ECKB[Y@q F�A g@BD]EBiQ�OeT/F�ZfBiGcF�YdQSF����-M@FtghOe]KC J/N CEM@By^ Q MhO/g@CEF�] J�Y �-J�]_^;C1Q�OR^;F-CKB[A F QSJRA g@T[F��kB[C;U
MhO�^(O/g@ghF/Oe]KF/G BDY � �:J�=@Bi^pOeYdG 
pO �vTDB[Yh^��:{�|R|R}/? � �

���$��%�� ��������%�� *������ ,!8� #: ����+�,.���	� %��-��,   % � � ��%���+�� %�� %&�$0�,.����%�� � %��9�� !+�    3� *���,!�3�#; ��� ����%��$��������%��
,.8� 3��� %��$%��$*����(/   .��� ����,.�-,��9*���/�����/-��%$ ���(;
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�-M@F9TyOR^`C6Q MdOeg@CKF�]vGc]bO��p^ CEJ�qRF�CKM@F�]vCKM@F(CKM@]EFHORG@^-J/N+]EF�g@]KF/^`F�YcCbOeCEBDJRY��fO/YhOeTDU@^;Bi^��kOeYhG�QSJ�A �
g@TDF��@BDC;U ghO�ZcBDY@q CKM@F �vO�U CKJ��vOe]bG F/^`CbOe?@TDBi^;M@B[Y@q qRF�Y@F�CEBiQXOeTDqRJR]KB[CKM@A�^pOR^nOLZfBiOe?kT[F QwJRA g@=kC_O �
CEBDJRYhO/TVA JfGcF�T J/NpGcF/^;B[q�Y����p=@FH^`CEBDJRYh^ OeYhG�ghJ\^E^;B[?@TDF�O�Z\F�Yc=kF/^ J/Nv]KF/^`F/O/]_Q_M ?@]KJR=@q�McCnCKJ TDB[q�McC
?fU CEM@By^vGcBi^K^`F�]KC_O/CEB[J�Y!Oe]EF ORG@Gf]EF/^K^`F/G�OeCpCEMkF F�YhG �
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�@u1MhO/]ETDF/^ r Oe] �vBDY���� G M >A@�� P�E(�#E8G J2L*B��A@HC.EF@/I/51{ � 3R| �

�-M@Bi^1Q_MhOegkCEF�]1B[YfCE]KJfGc=hQSFH^ YdOeCE=k]_OeT ^;F�T[F/QwCEB[J�Y��Rq�F�Y@F�CKBiQpOeT[q�JR]KB[CEMkA CEM@F�J�]EU�O/YhGL^;M@J��p^ CKM@F
QSJ�]E]EFH^`ghJRYhGfF�YhQSF�?hF�C �-F�F�Y qRF�Y@F�CEByQ OeTDqRJR]KB[CKM@A�^nOeYhG O QSTyOR^E^;BiQ�O/T1GcF/^;B[q�Y�A JfGcF�T � �-M@Bi^X^`F�Cb^
CEMkFn^`CbOeqRF9NjJ�]pGcF/^EQw]EB[?kB[Y@qnCEMkF9B[Y@YkJeZ�O/CEB[Z\F g J��tF�]_^1JeN O qRF�Y@F�CEBiQpOeTDqRJ�]EB[CKM@A OeYhG F�TyOe?hJR]bOeCEBDY@q
JRY!F�YhQSJfGfB[Y@q�O/YhG F�Z�O/T[=hO/CEB[J�Y J/N1GcFH^`B[q�Yh^-NjJR]vqRF�Y@F�CEByQ9OeTDqRJ�]EB[CKM@A�^��

� ��� � � ��� 	 �	� � � ��� � � �
�
�

x Y BDC_^9A J\^;C9qRF�Y@F�]_O/T NjJR]KA � YhOeCK=@]_O/Tt^`F�TDF/QSCEBDJRY�A FHOeYh^(CKM@F GcB � F�]KF�YcCKBiO/TV^;=@]EZfB[Z�OeT1J/NvF�Y	�
CEBDCEBDF/^ � r O � �fB[Yd^��1{�| � � � � <\JRA F F�YfCEBDCEB[FH^(T[BDZ\F OeYdG J�CEM@F�]b^nGcB[F�� � JR]nCKM@Bi^9CEJ�MhO/g@ghF�Y�CKM@F�]EF
A�=h^`C9?hF�O�ghJRg@=@TyOeCKB[JRY JeNpF�YfCEBDCEB[FH^9Q�OegdOe?@TDF JeN6]EF�g@]KJfGc=hQSCKB[J�Y�� � OeCE=k]_OeTt^;F�T[F/QwCEB[J�Y gk]E=@Y@FH^

{��
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CEMkBi^ ghJ�g@=@TiO/CEBDJRY�O�Q�QSJ�]_GcBDY@q CEJ CKM@FnQS]KB[CEF�]EB[J�Y JeN ^`=k]EZfB[Z�Oe?@BDT[BDC`U � lhCKY@F/^K^ � � x CvO�QSC_^vO�^vO ^`B[F�Z\F��
x Y�^;F��@=dOeT[TDU ]EF�g@]EJfGc=dQSB[Y@q ^`ghF/QSBDF/^ CKM@F =kY@B[CpJeNtYhO/CE=@]bOeT1^;F�T[F/QwCEB[J�Y�Bi^vCEM@F � @/G @ � �-M@FXZRO/T[=@FH^
JeN O9q�F�Y@F Oe]EF B[C_^�T�U U
@�U
@/I�� �(J��-F�Z\F�]��R^;B[F�ZfB[Ykq ?fU B[Cb^`F�T N Bi^VY@JRC6Q�OegdOe?@TDF(J/N+g@]EJfGc=dQSB[Y@q GcF/^;B[qRYd^
T[B �\F9CEMkJ\^`FnJ/N1CEM@FnTDBmNjF(NjJ�]EA�^-J�Y CEMkBi^-g@TyOeY@F�CvBDY!OeYfU ]EF/O�^`J�YhOe?@TDF O/A JR=@YfCvJeN CEB[A F�� �9OeCK=@]_O/T
^`F�T[F/QSCKB[J�Y�Y@F�F/G@^n]EF�gk]EJfGc=hQwB[Y@q�F�YfCEBDCEB[FH^(CEJ�NjF�F/G�CEM@F�]EF/^;=@T[Cb^9JeNpJRYkF�^`BDF�ZcBDY@q�g@]EJfQwF/^E^nJRY�CKJ
CEMkF YkF��@C��-O/YhG ^;J J�Y�� x C By^ CEM@F!QSJ�YcCKB[Yf=@B[Ykq C 0,C�U @ JeN ]EF�g@]KJfGc=hQSCKB[J�Y�OeYdG ^`F�T[F/QSCKB[J�Y � CKM@F
^`BDF�ZfB[Y@qXg@]EJfQSFH^E^ �1CKMhOeCvBy^ ]KF/^`ghJRYd^`B[?kT[F9NjJR]vCKM@FnGcBDZ\F�]_^;B[C;U J/NVTDBmNjFpJRY�F/Oe]KCEM�� �-MkF F �@By^`CEF�YhQSFpJeN
lhY@BDCEF9]KF/^`J�=@]_QwF/^-T[F/O�G@^ CKJ�QSJRA g F�CEB[CKB[J�YINjJ�]vCEM@F/^;Fn]EF/^;JR=@]bQSF/^-O/YhG�^`=@]KZcBDZ�OeT JeN CEMkJ\^`FnF�YfCEBDCEBDF/^
CEMdOeC9MhO�Z\F O QSJRA g F�CEB[CKB[Z\F ORGcZ�O/YcCbOeqRF � z T[BmNjF9NjJ�]EA �hJR]4��>A@HGDJ�M:0��A@ �:Bi^pO ^;=@]EZfB[Z�OeT+A�O�Q M@BDY@F
?@=@BDT[C ?fU O�^`F�C�JeN qRF�Y@FH^ � O!� @/GDJ�M.0��A@ � CEJ QS]EF/O/CEF O QSJ�A ghF�CEBDCEBDZ\F O�GcZ�OeYfC_Oeq�F J/Z\F�] J�CEM@F�]
NjJR]KA�^�� z(T[CKM@JR=@q�M BDCnBi^(CKM@FLgkM@F�Y@J�C`UfghF/^9CEMhO/CXOe]EF GcBD]EF/QSCKT[U!QSJ�A ghF�CEBDY@qLNjJR]X^;=@]EZfB[Z�OeT � B[C9By^
CEMkFLq�F�Y@JRC;UfghF/^ CKMhOeCXqRF�CX^`F�T[F/QSCKF/G JRY CEM@F�?hOR^;Bi^nJeNpCEMkBi^nQSJRA g F�CEB[CKB[J�Y NjJR] Nj=k]ECEMkF�]XQSJRYh^;BiG��
F�]bOeCEBDJRY�� 
 Z\J�T[=@CKB[J�Y�Q�O/Y�? F CEM@J�=@qRMfC JeN O�^ O ^`FHOe]_Q_M�g@]KJfQSF/^K^�� x C ^;F/Oe]bQ MkF/^ O�Z\F�]EU�TyOe]Eq�F
^`gdORQSF�JeNpq�F�Y@JRC;UfghF/^9g@]EJfGc=dQSB[Y@q ^`CK]E=hQSCK=@]EFH^ CKMhOeC Oe]KFLF � QSBDF�YcC OeCXQ�O/]E]KUcBDY@q�JR=@CnNj=@YhQSCKB[JRYd^
GcF/^;B[]bOe?@TDF NjJR] ^`=k]EZfB[Z�OeTpB[Y CEM@F�BD] F�YfZcBD]EJRYkA F�YfC�� � J�]LF �hO/A g@T[F CEM@F ^`F/O/]_Q_M�^`gdORQSF NjJ�]LCKM@F
� � { 4(1nZfB[]bOeThqRF�YkJRC;UcghFvBy^ J/N CKM@F(J�]_GcF�] J/N�1����������fO/YhGICKM@Bi^VBy^ J�Y@FpJeN CKM@F ^`A�O/T[T[FH^`C+T[BmNjF1NjJR]KA�^ �
�-M@By^(A JRCKB[Z�OeCKF/G��RJRM@Y �pJRT[TyOeYhG�CEJ�GfFSlhY@F O!�1@/G @�M8E6C O�U���J#P E M8>�� � O ^`FHOe]_Q_M gk]EJfQSF/^K^9?hOR^;F/G
JRY�YhO/CE=@]bOeT+^;F�T[F/QwCEB[J�Y��fOR^vO CKJ\JRT:NjJR]p^;F/Oe]bQ MkB[Y@qXCEM@F9TyOe]KqRF��fg J\J�]ETDU �>=@YhGcF�]b^`CKJ\JfG ^;ghORQSFH^-CEMhO/C
Oe]KBi^;F BDY�A�OeYfU O/g@g@TDBiQ�O/CEB[J�Y!Oe]EFHOR^vJeN ^EQSBDF�YhQSFnO/YhG F�Y@qRBDY@F�F�]KB[Y@q � �(J�T[TiO/YhG � {�|�4�3�� �
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z�qRF�Y@F�CEByQ OeTDqRJR]KB[CKM@A#=d^`F/^nCEM@F A F/Q MdOeY@ByQ�^ J/NpYhOeCK=@]_O/Tp^`F�TDF/QSCKB[JRY�CKJ q�=@BiGcF ^`F/O/]_Q_M�� x C
^`F�F�A�^vYhOeCK=@]_O/T CKJ =h^;F�O qRF�Y@F�CEBiQ O/T[q�JR]EBDCEM@A CKJ!GcF/^`BDqRY Oe]KCEBmNPO�QSC_^��+^`B[YdQSF CEM@F gdOe]_O�GcB[q�A#J�Y
�vM@ByQ M!CEM@F�U!O/]EF ?dOR^`FHG Bi^p^`J�^;=hQ�QSF/^K^ Nj=@T OeC B[C�� �(J��tF�Z\F�]��hO�^9OeTD]EF/O�GcU�B[YhGfBiQ�O/CEF/G �@CKM@F�]KF Oe]KF
GcB ��QS=kT[CEBDF/^ OeYdGIBDCVBi^ MkF�T[gcNj=kTcCKJ9=@YhGcF�]_^`CbOeYhG CEMkFvCEM@F�J�]EUX? F�M@B[YhG q�F�Y@F�CKBiQvO/T[qRJ�]EBDCEM@A�^ ?hFSNjJR]KF
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QSJ�Yh^`ByGcF�]EBDY@q CKM@FnGcB ��Qw=@T[CKB[F/^VB[Y GcF�C_O/B[T � �-M@FXOeTDqRJ�]EB[CKM@A �vOR^-BDYcCK]EJfGc=dQSF/GLBDY Q_MhO/g@CEF�] { �fCEM@By^
Q_MhOeg@CKF�]pQSJ�Yh^`ByGcF�]_^-q�F�Y@F�CKBiQ9O/T[q�JR]EBDCEM@A CEM@F�J�]EU��

u1]EJ>^E^`J/Z\F�]tQ�O/=h^`FH^ q�F�Y@J�C`UfghF/^ CKJ ?hF QS=@C1O/YhG�^`g@TDBiQSF/G � �-MkBi^VA F/O/Yh^ CKMhOeC1BDYh^`CKF/ORG JeN QSJRY	�
^`ByGcF�]KB[Y@qnCEMkF NPO/CEF9J/N+B[YhGcBDZcByGc=hO/Th^`CK]EB[Ykq\^ BDY O/YhOeTDU
	�B[Y@q O qRF�Y@F�CEByQvOeTDqRJR]KB[CKM@A �\CEM@F ^`=k?h^`CK]EB[Ykq\^
QS]KF/OeCKF/G O/YhG�A�OeY@BDg@=@TyOeCEFHG ?cU QS]KJ\^K^`J/Z\F�]nAL=d^`Cp? F QSJRYh^;BiGcF�]EF/G � �-M@FH^`F ^`=@?h^;CE]KB[Y@q>^ GcFSldY@F
]EF�qRB[J�Yh^VJeN+CKM@F9^;F/Oe]bQ M�^;ghORQwF9O/YhG Oe]KF9Q�OeT[TDF/G ^EQ_M@F�A OR^�� � J�]EFvNjJR]EA OeT[TDU���O ^EQ_M@F�A O By^ O9CKF�A �
g@TyOeCEF�CEMdOeC BiGfF�YcCKBmlhFH^9O ^;=@?h^`F�C JeN ^`CK]EBDY@q\^��vB[CEM ^`B[A B[TiO/]EBDCEB F/^pOeC QwF�]ECbOeB[Y ^`CE]KB[Y@q!ghJ\^`BDCEBDJRYh^��
�(J�T[TiO/YhG 
 ^ I9C.>A@)��T M8>A@HJ#P�@)� Bi^ Nj=kYhG@OeA F�YcCbOeT1CEJ!CEM@F CEM@F�J�]EU JeN qRF�YkF�CEByQLO/T[qRJ�]EBDCEM@A�^�� � J�]
F��dOeA gkT[F QSJRYh^;BiGcF�](?@BDYhOe]KU�^`CK]EBDY@q\^vJeN1TDF�Y@q�CEM �����-MkF ^KQ MkF�A�OL{���� ���\{�GcFH^EQS]KB[?hF/^-CEMkF ^;F�CpJeN
OeTDTt^`CE]KB[Y@q>^9JeNvTDF�Y@q�CEM � �vB[CKM {�� OeCXghJ\^`BDCEBDJRYh^ { O/YhG ��OeYdG�O�� OeCnghJ\^;B[CKB[JRY>1	� �-MkF ��� �
GcF�YkJRCEFH^9O��_GcJ�Y 
 CXQ�O/]EF � ^;UcA�?hJRT �vM@BiQ_M A F/OeYh^vCEMdOeCnghJ\^`BDCEBDJRYh^+/��+} O/YhG 3 Q�OeY ?hF F�B[CKM@F�]
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T[J�Y@q�O�^ CKM@F GcBy^`]K=@g@CEBDJRY!JeNtCEM@FH^`F ^KQ MkF�A�OR^tGc=@FXCEJ�QS]KJ\^K^`J/Z\F�]pOeYdG AL=@CbOeCKB[JRY � CEM@FXTiOR^;C(C �tJ
CEF�]EA�^vB[Y!F/o =dOeCEBDJRY / �[{ �pBy^(^;=
��QwB[F�YfCETDU�^`A�O/T[T � CKM@F Y@FHQSF/^E^KOe]KU Yf=@AL?hF�]pJeNt?@=kB[TiGfB[Y@q�?@T[JfQ �k^
Oe]KFLF �@ghF/QSCKF/G�CEJ ?hF�g@]EFH^`F�YfC�� � J\^`C QS]EJ>^E^;JeZ\F�] O/YhG A�=@C_O/CEBDJRY�JRghF�]bOeCKJR]_^ ^KOeCKBi^ NjU CEMkBi^9]EF��
o\=@B[]KF�A F�YfC����pJRT[TyOeYhG 
 ^-^;F/QSJ�YhG TiO���JeN qRF�YkF�CEByQ(O/T[qRJ�]EBDCEM@A�^tOeTy^`J�o\=hOeYfCEB lhF/^ CKM@F9g@]KJR?hO/?@B[TDB[C;U
CEMdOeC1qRJ\JfG ^KQ MkF�A�OR^��vB[TDT@QwJRA�?@B[Y@F1CKM@]EJ�=@qRM�CEM@Fv]bOeYhGfJRA B 	�F/GnORQSCKB[J�YLJ/N Qw]EJ\^K^`J/Z\F�]�� <\=@gkg J>^`F
	 ?@=@B[TyGcB[Ykq ?@T[JfQ �k^9Oe]KF Y@F�F/GcFHG CEJ NjJR]KA O ghOe]KCEByQS=@TiO/]n^`J�T[=@CKB[J�Y�O/YhG FHORQ_M�?@=@B[TyGcB[Ykq ?@T[JfQ �
MhO�^vOeC O T[F/O�^`C 
 ]EF�gk]EF/^;F�YcCbOeCKB[Z\F/^VB[Y CEM@FXQS=@]K]EF�YfC-ghJ�g@=@TiO/CEBDJRY�JeN ^`B 	�F�� � 
vF�ghF/OeCKF/G QS]KJ\^E^ �
B[Ykq J/Z\F�] �vBDCEM OLTDJ�� GfBi^`]K=@g@CKB[JRY Qw]EJ\^K^`J/Z\F�]pJRghF�]bOeCEJ�]nB[A g@TDB[F/^-CKMhOeC Y@J T[FH^E^(CKMhOeY � 
 ��� � �

B[YdGcB[ZfBiGc=dOeTi^ MhO�Z\FvO/T[TfCEM@Fv]KF/o\=@B[]KF/G 	 ?@=kB[TiGfB[Y@qp?@T[JfQ �k^ CEJ�qRF�CKM@F�]�� �-Mc=d^V^`F�TDF/QSCKB[JRY QSJRA�?@BDY@F/G
�vB[CKM�Qw]EJ\^K^`J/Z\F�]nO/T[TDJ �p^n?@=@BDTiGcBDY@q ?@TDJfQ �k^9CEJ�qR]KJ ��O/YhG�B[Y@Y@J/Z�OeCKB[Z\F�TDU!QSJRA�?@B[YkF B[YfCEJ!GcFH^`B[q�Y
^`J�T[=@CKB[J�Yh^��

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

x Y�B[Cb^ ^`BDA g@TDF/^`C(NjJ�]EA � =h^;B[Y@q O�qRF�YkF�CEByQLO/T[qRJ�]EBDCEM@A NjJR]�GcFH^`B[q�Y�Bi^nT[B �\F g@TiO�UfB[Y@q �vB[CEM O
A F/Q_MhO/Y@J�^`F�C � O Q_M@B[TyG 
 ^ QSJRYh^;CE]K=hQSCEBDJRY �cBDC�� � apB[Z\F�Y ^;JRA F TDJ�� T[F�Z\F�T gk]EB[A B[CEBDZ\F/^��hCEMkFLCbOR^ �
Bi^ CKJ�g@=@C CKM@F�A�CEJRq�F�CEMkF�]�^`J�CKMhOeC CKM@F�U g F�]`NjJR]KA O�QSF�]KC_O/B[Y Nj=@YdQSCEBDJRY�� �-M@F qRF�Y@JRC;Ufg F�By^
O�ghOe]KCEBiQw=@TiO/] ^;g FHQSBml Q�OeCEBDJRY�JeN CEM@F!C`UfghF!OeYhG�O/]E]_O/Y@qRF�A F�YfC JeN CEM@F!g@]EBDA B[CKB[Z\F�^ �vMkB[T[F�CKM@F
g@M@F�Y@JRC;Ufg F Bi^9CEM@F GcF/^`BDqRY@FHG O/]ECEB NPORQSC OR^XO �vM@JRTDF����-M@F q�F�Y@JRC;UfghF�Q�OeY ? F CEM@J�=@qRMfC J/N OR^
O g@]KJRq�]_OeA �vMkBiQ_M�GcF�CbOeBDTi^ M@J�� CKJ�?@=@B[TyG CKM@F g@MkF�Y@JRC;Ufg@BiQ!Oe]KCEBmNPO�QSC�� W ^`B[Ykq�CEM@By^L^;B[A gkT[F
OeYdOeT[J�qRU�� OLa z�=h^`F/GLNjJ�]9GcFH^`B[q�Y!Q�OeY�?hFXQSJRYh^;BiGcF�]EF/G�O A�O/Y@B[g@=kTiOeCKJR]�� x CvA�OeYkB[g@=@TyOeCKF/^ TDJ ���
T[F�Z\F�T �KCEJ\J�Ti^�� � g@TiO�UfB[Y@q �vB[CEM CEMkF�B[]XOe]K]_O/Y@qRF�A F�YcCb^��:=kYcCKB[TVBDC ldYhG@^9CEM@F�]EFHo =@BD]EF/G�^;CE]K=hQSCE=k]EF��

VYhQSJfGcBDY@qpCEM@F�]KFSNjJR]KFtQSJRYh^;Bi^;C_^:JeNklhYhGcBDY@q9Ov^;F�C+JeNkT[J���� TDF�Z\F�T/CEJ\J�Ti^ NjJ�] CEM@Fva z�CEJpA�OeYkB[g@=@TyOeCKF��
�-M@FnYf=@AL?hF�]1J/NVghJ\^K^`BD?@T[FnQwJfGcB[Y@q>^ CKJ�Q MkJ\J\^`F9Nj]KJRA A�O�U ?hFnZ\F�]EU TyOe]KqRFXOeYhG BDC-Bi^ NjJ�]ECK=@YhOeCKF
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CEMdOeC a z9^nOe]EF ]KJR?@=d^`C O/YhG �-JR] � o =kB[CEF �-F�TDTVJRY Oe]K?@B[CK]_O/]EB[TDU!Q M@J>^`F�Y F�YhQwJfGcB[Y@q>^�� �(J��-F�Z\F�]
B[Y!O�G@GcB[CKB[J�Y��@CEM@F9NjJ�T[T[J��vBDY@q C �-J g@]KB[YhQSBDg@T[FH^-Oe]KFnJeNjCEF�Y =d^`F/G � apJRTyGc?hF�]Eq � {�|���| � �

{ � �-M@Fng@]KB[YhQwB[g@TDF9JeN A F/O/Y@B[Y@q/Nj=@T:?k=@B[TyGcB[Y@q ?kT[JfQ �@^

/�� �-M@Fng@]KB[YhQwB[g@TDF9JeN A B[YkB[A�O/ThOeTDg@MhOe?hF�Cb^

x Y CKM@FvQSJ�YcCKF��kC JeN GcFH^`B[q�Y��RCKM@F lh]b^`C+g@]EBDYhQSBDg@T[FtOR^ �@^ CEMkF-=h^;F�] CKJn^`F�T[F/QSC+QwJfGcB[Y@q>^V^`=dQ MXCEMhO/C CKM@F
?@=@BDTiGcBDY@q9?@TDJfQ �k^ J/N:CKM@Fv=@YhGfF�]ETDUcBDY@qnGcF/^;B[q�Y�Oe]EF ^`A OeT[TfO/YhG ]EF�TyOeCEBDZ\F�T[U =@Y@]EF�TiOeCKF/G CEJn?@=kB[TiGfB[Y@q
?@TDJfQ �k^vOeCvJ�CEM@F�]vghJ>^`B[CKB[J�Yh^�� �-M@FX^`F/QwJRYhG g@]KB[YhQSBDg@T[F ^`CbOeCKF/^-CEMhO/C(CKM@F9=h^;F�]p^`MkJR=@TyG ^`F�T[F/QSC1CKM@F
^`A OeT[TDF/^`C OeTDg@MhOe?hF�C�CEMdOeC�g F�]EA BDC_^ O/Y F��kg@]KF/^E^;B[JRY�J/NnCEM@F GcF/^;B[qRY ^;J�CEMhO/CLCKM@F�Yc=kAL?hF�]XJeN
F��kg@T[J�B[CbOe?@TDFn^EQ_M@F�A�O�^ By^-A�O �kB[A B 	�FHG �

�(J��-F�Z\F�]��:BDY CKM@F �cBDYhG�JeN ^`gdORQSF/^9J/NjCEF�Y F�YhQSJ�=@YfCEF�]KF/G B[Y GcF/^;B[qRY��VO�GcF/^;B[qRYkF�]nA�O�U Y@J�C
�fY@J�� �vM@F�CEMkF�] F�BDCEM@F�] g@]KB[YhQSBDg@T[F J/N a z QwJfGcB[Y@q�By^ ?hF�BDY@q NjJRTDT[J��-F/G � �-M@F A�Oeg@gkB[Y@q�Nj]EJRA
qRF�Y@JRC;Ufg FpCEJng@MkF�Y@JRC;UfghF(By^ Y@J���AL=dQ MnA J�]EFpQSJ�A g@T[F ����� JnqRF�CtO/YLByGcF/O9JeN CEM@By^ QwJRA g@TDF��kB[C;U �
QSJ�A ghOe]KF-CKM@Fp^`CK]E=hQSCK=@]EFpJeN O/YLF�U\F � OnGcF/^;B[q�YLg@MkF�Y@JRC;UfghF ���vB[CKM�O9g J�B[YfC1B[Y CEMkFp^`F/O/]_Q_M�^`ghO�QSF
� O9g@MkF�Y@JRC;UfghF(BDY Nj=@YhQSCKB[JRY�JRgkCEB[A B 	/O/CEB[J�Y � x YfCEF�]_GcF�ghF�YdGcF�YhQSF1BDYLg@MkF�Y@JRC;Ufg@BiQv^;ghORQwFvA�O�U Y@J�C
?hF9]EF �hF/QSCKF/GIBDY CEMkF(q�F�Y@JRC;UfghF��c=@YkT[F/^K^ B[CtBi^VZ\F�]KU�Q�Oe]KFSNj=@T[TDU F�YhQSJfGfF/G �@O/YhGLA�O�U�Q�O/=h^`F OIa z
CEJ!?hFLA By^`TDF/ORG ?hF/Q�O/=h^`F�B[CnZfB[J�TiOeCKF/^9CEM@F lh]b^`C gk]EB[YdQSB[g@TDF�� 
Vg@By^`C_O�^`By^��VJR]nBDYcCKF�]E]KF�TiO/CEB[J�Yh^`MkB[gh^
OeA JRY@q QSJ�A ghJRY@F�YcCb^��1B[Y�g@M@F�YkJRC;UcgkBiQ ^;CE]E=dQSCE=@]KF/^ CEMkF�]EFSNjJ�]EF�g@TyOHUk^ OeY B[A ghJ�]EC_O/YcC gdOe]EC BDY
GcF�CKF�]EA B[Y@BDY@qnCEM@FX^`=kB[C_O/?@B[TDB[C;U�JeN OeY F�YhQSJfGcBDY@q NjJR] GcF/^;B[qRY��

z C+lh]_^;C q�TiO/YhQSF��\CEMkF9^;F/QSJRYdGIg@]KB[YhQwB[g@TDF-A�O�UX^`F�F�A CEJn?hFpAL=hQ_M ^;B[A gkT[F�]+CEJ9NjJRTDT[J���� <>B[YhQSF
GcBDqRB[CbOeTXQSJ�A g@=@CKF�]_^ =@T[CKB[A�O/CEF�TDU�]EF�g@]EF/^;F�YfC O/T[T9J�?��;F/QSCb^ BDY�?@B[Cb^�OeYhG ?fUfCEF/^��(CEMkF g@]KJR?@TDF�A
]EFHGc=hQSF/^ CKJ�A�O �fB[Ykq�^`=k]EF�CEMhO/CLq�F�Y@F�CKBiQLJ�ghF�]_O/CEJR]b^ �tJR] ��JRY CEM@By^ ?@B[YhO/]EU�]KF�g@]KF/^`F�YfC_O/CEBDJRY��
x Y NPO�QSC��vCEMkF F � QSB[F�YhQSU�J/Nn?@B[C JRghF�]_O/CEBDJRYh^LBDY%GcB[q�B[CbOeT QSJRA gk=@CEF�]b^ �vO�^LJRY@F�J/N �(JRTDTiOeYdG 
 ^
A J�CEB[Z�O/CEB[J�Yh^ NjJ�] =d^`B[Ykq�O ?@B[YdOe]EU�]KF�g@]KF/^`F�YfC_O/CEBDJRY NjJR]XqRF�YkJRC;UcghF/^�� �(J��-F�Z\F�]��:CEMkFLg@]KJR?@TDF�A
Bi^9CKJ O/]E]bOeY@q�FLNjJR]X^`=dQ M O/Y�F�YhQSJfGfB[Y@q�CEJ!^;B[A�=@T[CbOeY@F�J�=h^`TDU NjJRT[TDJ�� CKM@F lh]_^;C gk]EB[YdQSB[g@TDF�� �(=k]
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B[YfCE=kB[CEBDJRY�O/?hJR=@CnGfF/^`BDqRY�^;ghORQwF/^ A OHU�Y@J�C(CK]_OeYd^`TiO/CEFXB[YfCEJ�OeY!=@YhGcF�]_^`CbOeYhGfB[Y@q�JeN1CKM@Fn?@B[YdOe]EU
F�YhQwJfGcF/G�^`gdORQSF/^ CKMhOeC a z9^�CEM@]KB[Z\F J�Y���u1MhO/g@CEF�]�1�qRB[Z\FH^LO/Y F��dOeA g@T[F�JeNXCKM@Bi^LC;UfghF�JeN
g@]KJR?@TDF�A �f^`=@q�qRF/^;C_^9O ^;JRTD=@CEBDJRY��hO/YhG g@]KF/^`F�YcCb^ NPOHZ\J�]_O/?@T[FnF�A gkB[]EByQ�OeTkF�ZcByGcF�YhQwF9B[Y!^`=kg@ghJR]EC��

� ��� � � �	� � � � ��� 
 � ��� ��

� � � � 	 � � �


VZRO/T[=hO/CEBDY@q�O�GcF/^;B[q�Y A FHOR^`=k]EF/^vghF�]`NjJ�]EA�O/YhQSF ]EF�TiOeCKB[Z\FXCEJ�g@]EFHGcF�CEF�]EA BDY@F/G�QS]EBDCEF�]KBiO � x N
CEMkFvQS]KB[CEF�]EBiOvO/]EF��tF�T[TfGcFwlhY@F/G ��O9^KQ�OeTyOe]VJ�] Z\F/QwCEJR]+Z�OeTD=@FvQ�O/Y ?hFvOR^K^`BDqRY@F/G CKJnO9Q�O/YhGcByG@OeCKFvGcF��
^`BDqRY OeYhG QSJ�A ghO/]EF/G��vB[CKM J�CEM@F�]b^�� �(YXCEM@FtJRCKM@F�]+MhOeYhG B N@CKM@F-gk]EJR?kT[F�A Bi^ B[TDT � ^`CE]K=hQSCK=@]EF/G OeYhG
CEMkFpQS]EBDCEF�]KBiOpOe]EFvYkJRC �-F�TDTfGcFSlhYkF/G �\g@]EFHQSBi^;B[JRYXA�O�UXGcF/QS]KF/OR^;F-T[FHORGcBDY@q9CEJ9Nj= 	 	�UXo =hO/YcCKB 	/O/CEBDJRY��
�-M@By^ A OHU �cYkJfQ � ^`JRA FvghOe]bORGcBDqRA�^VJR=kC J/N QSJRYfCEF�YcCKB[JRY��R?@=@Cva z9^1Oe]KF(]KF�A�Oe] ��Oe?@TDU ]EFH^`B[TDB[F�YfC��
��M@F�Y�=h^;B[Y@qXOnGcBi^;CE]KB[?@=@CKF/G ^`F�T[F/QSCKB[J�Y A F/Q_MhOeY@By^`A �/^;=hQ_M�OR^ CKJR=@]KYhOeA F�YcC ^`F�TDF/QSCEBDJRY���OeTDThCEMhO/C
Bi^1Y@F�F/GfF/GINj]EJ�A�CKM@FnF�Z�OeTD=hOeCKB[JRY�Nj=@YhQSCKB[JRY Bi^vO gdOe]ECKBiO/T JR]_GfF�]EBDY@q J�Y CKM@F9q�F�Y@F�]bOeCEFHG ghJ�g@=@TiO��
CEBDJRY�J/NtGcF/^;B[qRY O/T[CKF�]EYhO/CEBDZ\F/^�� x N1CEMkF ghF�]`NjJ�]EA�O/YhQSFXQS]KB[CEF�]EBiO O/]EF BDT[T��PGcFSldY@F/G �hO/Y�B[YfCEF�]bORQSCKB[Y@q
GcF/^;B[q�Y@F�]pQ�O/Y ?k]EB[Ykq�OeF/^;CEM@F�CKBiQnOeYdG ��J�](J�CEM@F�] �;=dGcqRA F�YcCb^ B[YfCEJ CKM@F9F�Z�O/T[=hO/CEB[J�Y g@]KJfQSF/^K^vOeYhG
Y@F�FHG J�Y@T[U QSJRA gdOe]EF ghOeBD]_^-JeN Q�OeYhGfBiG@O/CEFX^`J�T[=@CKB[JRYd^ BDYhGcBiQ�OeCEBDY@q �vM@ByQ M By^-?hF�CECKF�]��

� JR]�F��hO/A g@TDF��1QSJRYd^`BiGfF�]LCKM@F�g@]EJ�?@T[F�A J/NXQSJ�Yh^`CK]E=hQSCKB[Y@q O QSJRA ghJ>^`B[CKF�JeNXO�Qw]EB[A B[YhO/T 
 ^
NPORQwFL?fU OeY�F�U\F��vB[CKY@F/^E^pCEJ CKM@F QS]EBDA F��LutO/TiG��tF�T[T1O/YhG �RJ�M@Yh^`CKJRY GcF/^KQS]EBD?hF O!^`Uk^`CEF�A CEMhO/C
=h^;F/^LO�qRF�Y@F�CEByQ�OeT[q�JR]KB[CEMkA CKJ ]bOeg@ByGcT[U ^`F/O/]_Q_M CKM@]EJ�=@qRM%O ^`FHOe]_Q_M�^;ghORQwF QwJRYfC_OeBDY@B[Ykq J/Z\F�]
} 1 ?@B[TDT[B[J�Y�g J>^E^;B[?@TDF NPORQSByOeT QSJRA ghJ>^`B[CKF/^ � utOeTyG��-F�T[T+OeYdG �RJRM@Yh^;CEJ�Y��1{�|R|f{ � ���-M@F F�U\F��vB[CEYkF/^E^
B[YfCEF�]_ORQwCEB[Z\F�T[UXOeYhG�^;=@?��;F/QSCKB[Z\F�TDU F/^;C_Oe?kT[Bi^;M@F/^1CEM@F9A F/OR^;=@]EFpJeN+lhCEYkF/^E^1=h^`F/G CKJ qR=@ByGcFn^`FHOe]_Q_M��
�-M@F OeTDqRJR]KB[CKM@A�QSJRA�?@BDY@F/^ ?@=@B[TyGcB[Ykq9?@T[JfQ �k^ A ORGcFt=@g JeN lhZ\Fv?hO�^`BiQ-NjF/O/CE=@]KF/^�� �-M@F(C;UfghFpOeYhG
ghJ\^;B[CEBDJRY J/NVCKM@FvNjJR]EF�M@F/ORG �cCEMkF9F�U\F/^VO/YhG CEM@F�B[]t^`F�gdOe]_O/CEBDJRY��kOeYhG CEMkF9^;MhOeghFXOeYhG�g J>^`BDCEB[J�Y�JeN
Y@J>^`F�� A J�=@CEM OeYhG Q_M@B[Y�� ]EF/^;g FHQSCEBDZ\F�T[U�� x Y�CEM@F�B[]9F��dOeA g@T[F�� �;=h^;CL{ � q�F�Y@F�]bOeCEBDJRYh^n^;=
��QwFLCKJ
qRF�Y@F�]_O/CEFXO�QSJRA ghJ>^`B[CKF9CEMdOeCpBi^-]EF�A�Oe] �RO/?@T[U�^;B[A BDTiO/]-CEJ CKM@FXQS]EBDA B[YdOeT �
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�-M@F q�F�Y@F�CKBiQ O/T[q�JR]EBDCEM@A"Bi^ OeTy^`J o =kB[CEF�]KF/^`By^`C_O/YcC CKJ�Y@JRBy^`F!B[Y�CEM@F�F�Z�O/T[=hO/CEB[J�Y�g@]EJfQSFH^E^
OeYdG Y@J�Bi^`U �;=hGfqRA F�YfC_^vO/]EFXg@]EJfQSFH^E^`FHG B[Y�=h^;FSNj=@T��6OHUk^ � r F��RJ�Y@q	�+{�|:4�3�� � x Y!OeTDT+Q�OR^;F/^��hJRYdQSF
O gdOe]ECKBiO/T J�]_GcF�]EB[Ykq By^nOHZ�O/B[TiO/?@T[F � ^;F�T[FHQSCEBDJRY Q�OeY g@]E=kY@FLCKM@F ^`F/O/]_Q_M�O/YhG�QSJ�YhQSF�YfCE]bOeCEF�JRY O
QSJ�A g@=@CbOeCEBDJRYhO/T[TDULCK]_ORQwC_Oe?kT[FX^`=@?d^`F�CvJ/N1CEM@FX^;ghORQSF �
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OeTy^`Jpg@TiO�Uk^:OvTiO/]EqRF1ghO/]EC BDY GfF/QSBiGfB[Y@qtBmNkOvghOe]KCEBiQw=@TiO/]:F�YhQwJfGcB[Y@qpBi^ Oeg@gk]EJRgk]EBiO/CEF�� � =kC:qRBDZ\F�Y9CKM@F
^EO/A F9g@]KJR?@TDF�A OeYhG F�YhQwJfGcB[Y@q �	�vM@F�Y�Bi^vO q�F�Y@F�CKBiQ9O/T[q�JR]EBDCEM@A F��@ghF/QwCEF/G CEJ ghF�];NjJR]EA ? F�CECEF�]
CEMdOeY JRCEMkF�]9?@TDB[YhG!^`F/O/]_Q_M OeT[q�JR]KB[CEMkA�^�� �(F��kC����vMhOeCKF�Z\F�]9CKM@F =@YhGcF�]ET[UfB[Ykq �fY@J��vT[F/GfqRF��j?hOR^;F
� GfF/^`BDqRY�g@]KJRCKJRC;UcghF/^��-^;MhOeghF�qR]bOeA A Oe]_^nF�C_Q � �%O/YhG�B[C_^n]EF�gk]EF/^;F�YcCbOeCKB[JRY�� CEMkF�]EF By^ lh]_^;C CKM@F
g@]KJR?@TDF�A JeN F�YhQSJfGcBDY@q�CEM@By^vGcJRA�O/B[Y �fY@J��vT[F/Gcq�F9NjJR] O a z ���-M@BD]_G � OeTDCEM@J�=@qRM a z9^ A OHU�?hF
F��kghF/QSCEFHG CEJ BDYcZ\F�YcC9YkF�� GcFH^`B[q�Yh^�� OeYhO/T[Uk^`By^ JeN �vMcU�CKM@F�GcFH^`B[q�Y �tJR] �@^XOeYhG �vMdOeC O/]EF�B[Cb^
^`CK]EJ�Y@q�OeYdG �-F/O � ghJ�B[YfC_^vBi^9GcB ��Qw=@T[C�� � BDYhOeTDT[U��@CKM@F CKB[A F CEJ QSJRYfZ\F�]Eq�F�YhQSF ��CKM@F CKB[A F CEMhO/C
OLa z�^`MkJR=@TyGL]E=@Y�� AL=h^;C1? F ? J�=@YhGcFHG ?hFSNjJR]KFnO+C�J��#��$�M6T�M E6J#GDT�U\A JfGfF�T Q�OeY�?hFnORGfZRO/YhQSF/G �
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�-M@Bi^1Q_MhOegkCEF�]1QwJRA ghO/]EF/^+qRF�Y@F�CEBiQvO/T[q�JR]EBDCEM@A ^ �vB[CKM JRCEMkF�]t^`F/O/]_Q_M�OeT[q�JR]KB[CEMkA�^�� x C GcFSlhY@FH^
O QSTyOR^E^-J/N ^`F/O/]_Q_M!^`ghO�QSF/^ �vM@ByQ M Oe]KF FHOR^`U�NjJR]-q�F�Y@F�CKBiQ9O/T[q�JR]EBDCEM@A ^-OeYdG MdOe]_GLNjJ�]p^`CEJfQ_MhO�^`CEByQ
M@BDT[T � QST[BDA ?hF�]_^�� �-M@FXGcFSldY@F/G�^`ghO�QSF/^v]EF/o\=@BD]EF9q�F�Y@F�CKBiQ9]EF/QwJRA�?@B[YhO/CEBDJRYLNjJ�]p^`=hQ�QwF/^E^3Nj=@T+^`F/O/]_Q_M
OeYdG O/]EF gdOe]ECKBiO/T[T[U GfF/QSF�g@CKB[Z\F�� z�GfF/QSF�g@CKB[Z\F�^;ghORQSF�NjJR] O�^;F/Oe]bQ M OeTDqRJ�]EB[CKM@A U
@HT��#InCEM@F OeT��
qRJ�]EBDCEM@A O �6O�U Nj]KJRA CEM@F�q�T[JR?dOeT9J�g@CEBDAL=@A OeYhG�CEJ��vO/]_G@^ O T[JfQ�O/T9JRgkCEB[A�=@A �	s ]KJR?@TDF�A�^
�vM@F�]KF(CK]_O�GcF�J � ^-Y@F�F/GLCEJX?hF9A�ORGfFp^`=@?h^;=@A F ^`ghO�QSF/^ �vB[CEM CEM@F/^;F(gk]EJRghF�]KCEBDF/^�� 
vF/^`=kT[C_^1QSJ�A �
ghO/]EB[Ykq O qRF�Y@F�CEBiQ OeT[q�JR]KB[CEMkA �vBDCEM@J�=@C�QS]EJ>^E^;JeZ\F�] Oeq>OeBDYh^`C J�Y@F��vB[CEM�C �-J �\ghJRBDYcC QS]EJ>^E^;JeZ\F�]
^`=kg@ghJR]EC CEM@F/^;FXQSTiO/B[A�^�� � =@]ECKM@F�]��hOIq�F�Y@F�CKBiQnOeTDqRJR]KB[CKM@A =h^;B[Y@q�ghOe]KF�CEJ�JRgkCEB[A OeT[BDC;U NjJR] ^`F�TDF/Q��
CEBDJRY��VJ�=@CEghF�];NjJR]KA�^ ?hJRCKM�� x Y�g@]KJR?@TDF�A�^��vB[CKM�A J�]EF�CEMhO/Y J�Y@F�QS]KB[CKF�]EByO CKJ�?hF JRg@CKB[A B 	�F/G �
ghO/]EF�CKJLJ�g@CEBDA�OeTDB[C;ULgk]EJ/ZcByGcF/^vO �vO�U�CEJ QSJRA ghOe]KF ^;JRTD=@CEBDJRYh^ �vBDCEM@J�=@CpCEM@FnY@F�FHG CEJ QSJ�AL?@BDY@F
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CEMkF QS]KB[CEF�]EBiOnB[YfCEJ OL^;B[Y@q�T[F9lhCKY@F/^E^pA F/OR^;=@]EF � �-M@F/^`FX]EF/^;=@T[Cb^ gk]EJ/ZcByGcFnB[Yh^;B[q�McCvBDYcCKJLCKM@F �fB[YhG
JeN6^;ghORQSFH^ �vM@F�]EF ]KF/QSJ�AL?@BDYhOeCKB[J�Y By^ YkF/QSF/^K^EOe]KU!^`=@q�qRF/^;CEB[YkqLNj=@]ECKM@F�] ^`CK=hGcU J/N1g@]KJRghF�]ECKB[F/^pJeN
^`=dQ M!^`gdORQSF/^��hOeYhG��vM@F�Y�CEJ�F��kghF/QSC-q�F�Y@F�CKBiQnOeTDqRJ�]EB[CKM@A�^1CEJ�JR=@CKg F�]`NjJR]KA JRCKM@F�]b^��
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 FHQSJRA�?@B[YdOeCEBDJRY�g@TyO�U@^nO QwF�YcCK]_O/TV]EJ�T[F�B[Y qRF�Y@F�CEBiQ�OeTDqRJ�]EB[CKM@A�^nOeYdG�QSJRYd^`CEBDCE=@CKF/^9JRY@F JeN
CEMkF(A�O �;JR]1GcB � F�]EF�YdQSF/^V?hF�C �-F�F�Y a z9^tOeYhG�JRCEMkF�]1?@T[BDYhGL^;F/Oe]bQ M OeTDqRJ�]EB[CKM@A�^�� �-MkF�]EFSNjJ�]EF��\CKM@F
OeYd^ �-F�] CKJ�CEM@F�o\=@F/^;CEB[J�Y J/N �vM@F�CEMkF�]XO ^;F/Oe]bQ M ^;ghORQwFLBy^(ghOe]KCEByQS=@TiO/]ETDU�^`=kB[CEFHG CEJ!O qRF�Y@F�CEBiQ
OeTDqRJ�]EB[CKM@A M@BDY@qRFH^ J�Y CEMkF ghJ��-F�](J/N1]EF/QwJRA�?@B[YhO/CEBDJRY�B[Y�qRF�YkF�]_O/CEB[Ykq O/Y�Oegkg@]EJ�g@]EByOeCEF ^`F/O/]_Q_M
?@ByOR^�� �-MkBi^vQ_MhOeg@CKF�]pGcFSldY@F/^ J�Y@FXQSTiO�^E^-J/N1^;ghORQSFH^-CEMhO/Cv]EF/o\=@B[]KF/^ q�F�Y@F�CKBiQ(]KF/QSJ�AL?@BDYhOeCKB[J�YINjJ�]
^`=dQ�QSF/^K^ Nj=@Tp^;F/Oe]bQ M�� �-MkF QwTiOR^K^ B[YhQwT[=hGcFH^ g@]KJR?@TDF�A�^ �vMkF�]EF!O�ghOe]KCEBiQw=@TiO/] �cBDYhG�JeN CE]_O�GcF�J��
F��kBi^;C_^vOeYdG Bi^-F �@F�A g@T[B lhF/G ?fU GcFH^`B[q�Y g@]KJR?@TDF�A�^1B[Y F�YkqRB[YkF�F�]EBDY@q�OeYdG Oe]bQ MkB[CEFHQSCE=@]KF��


 FHQSF�YfC��-JR] � JRY�a z �>F/OR^;U!OeYhG �E]EJ/UfO/T �\]KJ\O�G �INj=@YhQwCEB[J�Yh^p^`=@q�qRF/^;C_^(CKMhOeCpB[CvBy^ Y@J�C(FHOR^`U
CEJ�lhYhG�^`gdORQSF/^��vM@F�]KF a z9^ F�A F�]Eq�F�O QSTDF/Oe] �vB[Y@Y@F�] �vMkF�Y QSJRA gdOe]EFHG �vB[CEM O�^`CEJfQ_MhO�^`CEByQ
M@BDT[T � QST[BDA ?hF�] � < �nu�� JR]tO(ghJRgk=@TiO/CEB[J�Y JeN ^;CEJfQ_MhOR^;CEBiQvM@BDT[T � QST[BDA ?hF�]_^ � ��B[Ti^;JRY��k{�|R|f{ � � BDC_Q_M@F�T[T
OeYdG � J�]E]EFH^`C��h{�|R|R}�� ���-MkF �tJR] � ^`=kqRqRFH^`C_^-CKMhOeCvBDC1Bi^ YkJRC-F�Y@JR=@q�M�CEMhO/C-JRgkCEB[A OeThT[J��-F�] J�]_GcF�]
^EQ_M@F�A OR^ QwJRA�?@B[Y@F�CEJ�NjJR]KA&JRgkCEB[A OeT-MkB[qRMkF�] JR]bGcF�] ^EQ_M@F�A�O�^�� �pB[T[T �fQSTDB[A ?hF�]b^(JeNjCKF�Y�^;JRT[Z\F
^`=dQ M g@]EJ�?@T[F�A�^(B[Y O NjF��tF�]9Yf=@AL?hF�] JeNvNj=@YhQwCEB[J�Y F�ZRO/T[=hO/CEBDJRYh^nCEMhO/Y�O q�F�Y@F�CKBiQ�OeT[q�JR]KB[CEMkA �
x Yh^`CKF/ORG �9]EF/^;F/Oe]bQ M%JRY GfF/QSF�g@CKB[J�Y�g@]EJ/ZfBiGcF/^ BDYh^`BDqRMfC BDYcCKJ�CEM@F �cBDYhG@^ JeN ^;ghORQwF/^ CEMhO/C�Oe]KF
� @HC�@=�AM8E.��@ � apJRTiGf? F�]Eq	�h{�|��R|�O �+NjJR]-< �nut^ JR]1O9ghJRgk=@TiO/CEB[J�Y JeN < � ut^VO/YhG CEMhO/CtOe]EFv]KF�TiO/CEBDZ\F�T[U
F/O�^`ULNjJ�]vqRF�Y@F�CEBiQpOeTDqRJ�]EB[CKM@A�^�� x GfF�YcCKBmNjUfB[Y@qng@]KJRghF�]KCEB[FH^ JeN ^`gdORQSF/^-CKMhOeC Oe]KF9F/O�^`ULNjJ�]vqRF�Y@F�CEBiQ
OeTDqRJ�]EB[CKM@A�^1OeYdG MdOe]_GLNjJ�]v^`CKJfQ MdOR^`CKBiQ(MkB[T[T �fQSTDB[A ?hF�]b^V^`M@J�=@TiG�g@]EJ/ZfBiGcFpB[Yh^;B[q�McCtB[YfCEJ CKM@F9BDY@Y@F�]
�-J�] �fB[Y@q>^-JeNtO a z OeYhG!OeBiG BDY CKM@Fng@]_O�QSCEByQ�OeT ^`F�TDF/QSCKB[JRY JeNt^;F/Oe]bQ M!OeTDqRJ�]EB[CKM@A�^��

�-M@F-YkF��@C+^;F/QSCKB[JRY GcFSlhYkF/^:CEM@FtA JfGcF�T�JeN Op^`CEJfQ_MhO�^`CEByQ M@BDT[T �fQSTDB[A ?hF�]h=h^`FHG B[YnCKM@Bi^+Q MdOeg@CKF�]��
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�-M@F�Y%O�g@]KJR?@TDF�A CEMhO/C�Bi^ ghOe]KCEBiO/T[TDU�GcF/QwF�g@CEBDZ\F�OeYdG Y@F�F/G@^L]KF/QSJRA�?@BDYhOeCKB[JRY�CKJ J/Z\F�]bQSJRA F
GcF/QwF�g@CEBDJRY By^ GfF/^`BDqRY@F/G � <\ghO�QSF/^ �vB[CKM�^`CK]E=hQSCK=@]EF ^`BDA B[TyOe]+CEJnCEMkFvg@]EJ�?@T[F�A GcFSlhYkF/GIBDY�^`F/QwCEB[J�Y
CEMk]EF�FpA�O�U ?hFvNjJR=@YhG�B[Y�AL=@TDCEByQS]EBDCEF�]KB[OvJRgkCEB[A B 	/O/CEB[J�Y��RCKMc=h^VghO/]EF�CKJ J�g@CEBDA�OeTDB[C;UnBi^1GcFSlhYkF/GIBDY
^`FHQSCEBDJRY NjJ�=@]1O/YhGI=d^`F/G BDY ^`F�T[F/QSCKB[Y@qpQ�OeYhGcByG@OeCKF/^ NjJ�]V]EF/QwJRA�?@B[YhO/CEBDJRYnB[Y�O(q�F�Y@F�CKBiQtOeT[q�JR]KB[CEMkA �

VA g@BD]EBiQ�OeTfF�ZcByGcF�YhQwF-B[Y�^;F/QSCKB[JRY lhZ\FpQSJ�A ghO/]EF/^ ghF�];NjJR]KA�OeYhQwFvJRY CKM@Fvg@]EJ�?@T[F�A C`UfghFpGcFSlhYkF/G
B[Y!^;F/QSCEBDJRY�CEMk]EF�F��
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�-M@F�A JfGcF�TVJ/N O�QSTiO�^E^`ByQ�OeT qRF�Y@F�CEBiQ�OeTDqRJ�]EB[CKM@A B[Y CEMkBi^9Q_MhOegkCEF�]XOR^K^`=@A F/^9g@]EJ�g J�]ECKB[JRYdOeT
^`F�T[F/QSCKB[J�Y�� / �>g J�B[YfC�QS]KJ\^E^;J/Z\F�]�OeYhG O A�=@CbOeCEBDJRY�J�ghF�]_O/CEJR] CEMhO/C QSJ�A g@TDF�ALF�YcCb^ O�?@BDC�OeC O
]_O/YhGcJ�A T[U!^`F�T[F/QSCKF/G ghJ\^`BDCEBDJRY��nsV]EJ�ghJR]ECKB[J�YhOeTt^`F�T[F/QSCKB[J�Y�^`F�T[F/QSCb^(O Q�OeYhGfBiG@O/CEF NjJ�]9]EF�g@]EJfGc=dQ��
CEBDJRY �vBDCEM gk]EJR?dOe?@BDT[B[C;U g@]KJRghJR]KCEBDJRYhO/T CKJ CEMkF(lhCEYkF/^E^-J/N+CEM@FnQ�OeYhGcByG@OeCKF�� �-MhO/CvBi^��\B N ��� By^ CKM@F
lhCKY@F/^E^vJeN B[YdGcB[ZfBiGc=dOeT	� �@B[C_^-gk]EJR?dOe?@BDT[B[C;U�JeN ^`F�TDF/QSCKB[JRY Bi^
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�vM@F�]KF � Bi^vCEM@FXghJRg@=@TyOeCKB[JRY ^;B 	�F � � �tJLghJ�B[YfCnQS]EJ>^E^;JeZ\F�]vBi^vT[B��\FnJ�Y@F��jg J�B[YfCnQS]KJ\^E^;J/Z\F�] � lhq �
=@]KF { � } � �VF��dQSF�g@C9CKMhOeC�M:1 JLg J�B[YfC_^XOe]EF ]_OeYdGcJRA TDU�Q_M@J\^;F�Y OeYhG�CEMkF ^;=@?h^`CK]EBDY@q�GcFwlhY@F/G ?fU
CEMkJ\^`FpghJRBDYcCb^ F �hQ_MhOeYkqRF/G CKJ gk]EJfGc=hQwF(J�� ^;g@]EBDY@q	� � JR]VF �@ghF�]KB[A F�YfC_O/T\g@=@]Kg J>^`F/^tO9g J�g@=@TyOeCEBDJRY
JeN ^`CKJfQ MhO�^`CKBiQ M@B[TDT �fQwT[B[A ?hF�]b^ By^9O q�F�Y@F�CKBiQ O/T[qRJ�]EBDCEM@A �vB[CEMkJR=@C QS]EJ>^E^`J/Z\F�]�� x Y CKM@Bi^ Q MhO/g@CEF�]
M@BDT[T � QST[BDA ?hF�]nOeYdG�^`CKJfQ MhO�^`CKBiQ M@B[TDT � QST[BDA ? F�]nOe]KF =h^`FHG B[YfCEF�]bQ MdOeY@q�F/Oe?@TDU OeYhG�g@]KJR?@TDF�A�^nOe]KF
Q�O�^`C OR^-A�O �@BDA B 	/O/CEBDJRY g@]KJR?@TDF�A�^ BDY�MhOeA A B[Y@qX^`gdORQSF��@F�T[BiGfB[Y@qXCEM@FnBi^K^`=@FnJ/N1F�YhQSJfGfB[Y@q �

z�qRF�Y@F�CEByQ OeTDqRJ�]EB[CKM@A �vBDCEM@J�=@C�QS]EJ>^E^;JeZ\F�] OeYdG J�Y@T[U AL=@CbOeCKB[JRY Q�O/Y ?hF�T[B �\F�Y@F/G CKJ�O/Y
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	 ��J�U $�M E6J#G BAM8P T�MF@���0 � ���ORQ ��F�CXOeT ���t{�|R|f{ � �-O/T[?hF�B[CXO!^`B[A g@T[F J�Y@F �vB[CKM�O�Y@JRYfZ�Oe]KUcBDY@q A�=	�
C_O/CEBDJRY ]bOeCKF O/YhG ]bOeYhGfJRA ?kBiOR^�� z a z �vB[CKM@JR=@C QS]KJ\^E^;J/Z\F�] Bi^ O ^`CKJfQ MhO�^`CKBiQ MkB[T[T �3QwT[B[A ?hF�]
OeYdG GcF�ghF�YdGcB[Y@q JRY CEM@F�]bOeCEF�J/NnAL=kC_OeCKB[J�Y��1Q�OeY A�O �\F �;=@A gd^ JeNnZ�Oe]KUcBDY@q ^`B 	�F/^ CKM@]EJ�=@qRM
CEMkF ^;F/Oe]bQ M ^`ghO�QSF�� � F�BDY@q ghJRg@=@TyOeCKB[JRY�?hO�^`F/G!OeYhG�^;CEJfQ_MhOR^;CEBiQ9BDCvA�O �\F/^ NjF��tF�]vO�^E^;=@A g@CKB[JRYd^
Oe?hJ�=@C CEM@F ^`FHOe]_Q_M�^;ghORQSF OeYhG�O�^ ^;=hQ M Bi^9A JR]KFL]KJR?@=d^`C O/YhG�MhOe]bGcF�]nCEJ GfF/QSF�BDZ\F CEMdOeY�CKM@F
?@BDC �P^`F�CKCEB[YkqLJ�g@CEBDA B 	/O/CEBDJRY�O/YhG�^`CKF�F�ghF/^`C �3O�^EQSF�YcCpJRg@CKB[A B 	/OeCKB[J�Y�OeTDqRJR]KB[CKM@A�^vGcFSldY@F/G BDY ��BDT��
^`J�Y 
 ^ ghO/g F�] � ��BDTi^`J�Y��p{�|R|f{ � � z ?@BDC �P^`F�CKCEB[Ykq�JRg@CKB[A B 	/OeCKB[JRY OeTDqRJ�]EB[CKM@A O�^E^`=kA F/^ CEMdOeC O
ghJRBDYcCpB[Y!CEM@FX^`FHOe]_Q_M�^;ghORQwF Bi^v]EF�g@]EF/^;F�YfCEF/GL?fU!OI?kB[Cp^`CK]EBDY@q���J/NtT[F�Y@q�CEM � ���-M@F O/T[q�JR]EBDCEM@A
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JRgkCEB[A OeT a z ^`M@J��p^vCEM@F OHZ\F�]_Oeq�F9lhCEY@FH^E^-NjJR]pJRY@TDU JRY@FXJeN1CKM@FnC �-J QS]EBDCEF�]KBiO��fM@F�YhQwF CKM@FnT[J��
� O/?hJR=@C { ��/ CEM@FnZ�OeTD=@FnJeN CEM@FnJ�CEM@F�]pC �-J g@TDJRCb^ �1B[YkB[CEByOeT ZRO/T[=@FH^��

� O/?@T[F�} �[{nQSJ�A ghO/]EF/^1CEM@FnghF�]_QwF�YcCbOeq�F J/N1CEBDA F/^VCEMkF O/T[q�JR]EBDCEM@A ^ NjJR=@YhG CKM@FnJRg@CKB[A�O NjJ�]
^`CK]EBDY@q\^1JeN+T[F�Y@qRCKM�/ ���@} ����1�� OeYdG�3��9NjJR]-ghF/O �@^1JeN��vBiGcCKM�{ � /��f} O/YhG<1	� x Y�CEM@F C_Oe?kT[F��\ghF/O �
^`B 	�F�Bi^9qRBDZ\F�Y BDY�QSJ�T[=@A Y / �Vs-a z�Bi^nCEM@F�ghO/]EF�CKJ a z �vM@BDT[F�uva9z�Bi^9CEM@F!a9z �vB[CKM�C �-J �
ghJRBDYcCnQw]EJ\^K^`J/Z\F�] OeYhG�s-< �nu By^ CKM@F a z �vBDCEM�Y@J�Qw]EJ\^K^`J/Z\F�] �!OLghJRgk=@TiO/CEB[J�Y J/N6^`CEJfQ_MhO�^`CEByQ
M@BDT[T � QST[BDA ?hF�]_^�� �+Oe?kT[F } � /�GcF�g@ByQSC_^1CEM@FX^KOeA FnB[YfNjJR]EA OeCEBDJRY ?k=@C-NjJR] �vBiGcF�]-ghF/O �k^��
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� BDqR=@]KF-} � } � z�q�]_OegkM@BiQ�O/T\]EF�gk]EF/^;F�YcCbOeCKB[JRYnJ/Nh^;JRT[=kCEB[J�Y ghJRBDYcCb^:JRY O C �-JpQw]EB[CKF�]EByO J�g@CEBDA B 	/O/CEBDJRY
g@]KJR?@TDF�A � �-M@F�ghJRBDYcCb^ �vB[CEMkB[Y�CEMkF ^`MhO�GcF/G%Oe]EFHO ]KF�g@]KF/^`F�YfC�CEM@F ghOe]KF�CEJ JRg@CKB[A�O/T9^;F�C�JeN
^`J�T[=@CKB[J�Yh^��
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� BDqR=@]KF } � 1 �-s F�]`NjJR]KA�OeYdQSF9QwJRA ghO/]EBy^`JRY NjJ�]p^`CE]KB[Y@q�T[F�Y@qRCKM } ��� �-M@FnghF/O ���vBiGfCEM�Bi^ / �
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� B[qR=k]EFX}��03 �1s F�];NjJR]KA�OeYhQwFnQSJRA ghOe]KBi^`J�Y NjJR]p^`CK]EBDY@qLTDF�Y@q�CEM!}�� ?@=@C��vBDCEM�ghF/O ���vBiGfCEM;1	�

� JR]pC_Oe?kT[Fn} �[{ � ^`CbOeCKBi^`CKBiQ�O/T:CKF/^`CKB[Y@q =h^;B[Y@q O � � CKF/^`CvJ/Nt^`BDqRY@B l Q�OeYdQSF(NjJR] QSJ�A ghOe]KB[Y@qXg@]EJ �
ghJR]KCEB[J�Yh^ BDYhGcByQ�OeCKF/^(CEMdOeCnCEM@F�s-a z Bi^n^`BDqRY@B l Q�OeYfCETDU�? F�CECEF�] O/CXO QwJRYcl GfF�YhQSF TDF�Z\F�T+qR]EFHOeCEF�]
CEMdOeY�| 3 � NjJR] CKM@F�T[F�YkqRCEM / � g@]KJR?@TDF�A O/YhG O ^`BDqRY@B l Q�OeYdQSF�T[F�Z\F�T1q�]EF/O/CEF�] CKMhOeY	|R| � NjJ�]
CEMkF J�CEM@F�]_^�� �-M@F GcB � F�]EF�YdQSF9B[Y�ghF�];NjJR]EA OeYhQSFnJ/N1CEM@F uva z O/YhG s-< �nu�Bi^-Y@J�C9^;C_O/CEBi^;CEByQ�OeTDT[U
^`BDqRY@B l Q�O/YcCnNjJR]�OeYfU JeN CEM@F gk]EJR?kT[F�A�^9BDY�CEM@By^ CbOe?@TDF�� �+Oe?@TDF } � }!^`M@J��p^ CEMkF ^;B[q�Y@Bml Q�OeYhQSF
OeYdG�QSJRYfl GcF�YhQwFLTDF�Z\F�Ti^-NjJR]nCKM@F�G@O/C_O BDY CbOe?@TDF�}��0/�� u1JRA ghOe]KB[Y@q�ghF�]`NjJ�]EA�O/YhQSF =h^;B[Y@q G@OeCKF
NjJR]XCEM@F �vBiGcF�]XghF/O �k^ q�B[Z\F�Y B[Y�CbOe?@TDF�}��0/��VCKM@F � � CEFH^`C BDYhGcByQ�OeCKF/^9CEMhO/C CEMkF�GcB � F�]KF�YhQSFH^ BDY
ghF�]`NjJ�]EA�O/YhQSFX? F�C �tF�F�Y�CKM@F s-a z OeYdG uva z�OeYhG�?hF�C �-F�F�Y�CKM@F uva z�O/YhG s6< � u�J�Y CKM@F
}�� ?@BDC-g@]KJR?@TDF�A Oe]KFX^`C_O/CEBy^`CEByQ�OeTDT[U ^`BDqRY@B l Q�OeYfC�� �-M@FXQSJRYfl GcF�YhQwF TDF�Z\F�ThBi^1qR]KF/OeCKF�]vCEMhO/Y 4 3 � �
�pY�CEM@F�1 � O/YhG 3�� ?@BDC g@]EJ�?@T[F�A�^9CEM@F�ghO/]EF�CKJ�a9z ^`B[q�Y@Bml Q�OeYfCETDU J�=@CEghF�];NjJR]EA ^ CEMkF J�CEM@F�]
OeTDqRJ�]EB[CKM@A�^��

�-M@F/^;F-]EFH^`=@TDC_^ ^`CK]EJ�Y@qRTDU BDYhGcByQ�OeCKF CKMhOeC OvghOe]KF�CEJ a z�Bi^ A J�]EFVTDB��\F�TDUvCEJvlhYhG CKM@F-J�g@CEBDAL=kA
JRY gk]EJR?kT[F�A�^hJeN CEMkBi^:C;UcghF���NjJRTDT[J��-FHG ?fUXO a z �vB[CEM QS]EJ>^E^;JeZ\F�]�� �-M@Fv^;CEJfQ_MhOR^;CEByQ-M@B[TDT �fQwT[B[A ?hF�]
Oegkg FHOe]_^-TDF/OR^;C-TDB��\F�TDU CKJ lhYdGLCEM@F JRg@CKB[A�=@A O/YhGLB[Y CEM@By^ Q�OR^`F MhORG T[FH^E^VCEMhO/Y!O,3��	� Q_MhO/YhQSF��
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�:F�Y@qRCKM ��BiGcCKM s-a9z uva z s-< � u

/�� / { ��� � |f{ � { � � �

}�� 1 { ��� � � / � 3 3 �

1�� � { ��� � ��1 � � �

3�� � � / � � � � �

�+Oe?@TDFp}�� / � u1J�A ghOe]KB[Y@q CEM@FtYc=@A�?hF�]+JeN CEBDA F/^:CEMkFvJRg@CKB[A�=@A �vO�^ NjJR=kYhGIBDY
/ ��� q�F�Y@F�]bOeCKB[JRYd^
NjJR]p?@]KJ\ORGfF�]vghF/O �k^��

�:F�Y@qRCKM ��ByGcCEM s6a z�Zk^(uva9z uva9z�Zk^(s-< �nu
<\B[q�Y@Bml Q�OeYfC � <\B[q�Y@Bml Q�OeYfC �

/�� / �(J �(J �

}�� 1 � FH^ � 4 3 � � � FH^ � 4�3	� �
1�� � � FH^ � | 3 � � � FH^ � | 3	� �
3�� � � FH^ � |�| � � �(J

�+Oe?@TDF } � } � <>C_OeCKBi^;CEBiQ�OeT-<\BDqRY@B l Q�O/YhQSF JeN GcB � F�]KF�YhQSFH^(B[Y ghF�]`NjJ�]EA�O/YhQSF O�Q�QSJ�]_GcBDY@q�CEJ�CEM@F ���
CEFH^`CvJeN ^`B[q�Y@Bml Q�OeYhQwF�� u1J�Ycl GcF�YdQSF TDF�Z\F�Ti^1O/]EFnB[Y�ghO/]EF�YfCEM@FH^`Bi^��
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F�Z\F�Y�JRY�CKM@Fn^`A OeT[TDF�] / �ITDF�Y@qRCKM g@]KJR?@TDF�A �vM@F�Y�CEMkF9ghF/O � �6OR^1YhOe]K]EJ���� ��ByGcF�]tg FHO �k^-M@F�T[g
CEMkF MkB[T[T �fQSTDB[A�?hF�](NjJR] ^`A OeT[Ttg@]EJ�?@T[F�A�^ � TDF�Y@qRCKM /����tg FHO � �vBiGcCKM@/�� ?@=kC O�^ICKM@F g@]KJR?@TDF�A
^`B 	�F9BDYhQS]EFHOR^`FH^-CEM@FnM@BDT[T � QST[BDA ?hF�] 
 ^ ghF�]`NjJ�]EA�O/YhQSFnGcF�CEF�]KB[JR]bOeCKF/^-CEJ ?hF/QSJ�A F��tJR]_^;FnCEMhO/Y F�Z\F�Y
O ^;B[A gkT[FLa z � x Y OeTDTtQ�OR^;F/^9CEM@F�ghOe]KF�CEJ a z�GcJ\FH^ OR^��-F�TDTVJR]n?hF�CKCEF�]nCEMdOeY�CKM@FLJ�CEM@F�] C �tJ
OeTDqRJ�]EB[CKM@A�^��

� ��� � ��� � � �	�	� �
�

z gk]EF�TDB[A BDYhOe]KU O/YhOeTDU@^;Bi^XOR^E^;=@A F/^9CKMhOeC CKM@F O/T[q�JR]EBDCEM@A ^ YkF�F/G�CEJ ]KF/ORQ_M CEM@F TDJfQ�OeT1J�g	�
CEBDA�O CEJ ?hF�Oe?@TDF�CEJ �;=@A g CEJ�CEMkF qRTDJR?hO/T(J�g@CEBDAL=@A � � J�] CEM@F Nj=@YdQSCEBDJRY�C;UcghF�GcFwlhY@F/G BDY
CEMkBi^ Q_MhOeg@CKF�]��tOR^ CKM@F�T[F�YkqRCEM�J/NnCEM@F!GcFHQSF�g@CKB[Z\F�?hOR^;B[Y�?hF�C �-F�F�Y O TDJfQ�OeTvJ�g@CEBDA�O O/YhG CKM@F
qRTDJR?hO/T1JRg@CKB[A�=@A GcF/QS]KF/OR^;F/^��:MkB[T[T �fQSTDB[A ?hF�]b^v^`M@J�=@TiG�ghF�]`NjJ�]EA ?hF�CECKF�]�� z ?@]EF/O ���jF�Z\F�Y�ghJ�B[YfC
NjJR] O Nj=@YhQSCKB[JRY ^`MhO/ghF/G T[B �\F9CEM@FXJRY@FXB[Y lhq�=@]EF }�� / � JfQ�QS=@]_^��vM@F�Y!CEM@F Q MdOeYhQSFH^-JeNt]EF/O�Q MkB[Y@q
CEMkF qRTDJR?hO/TvJRg@CKB[A�=@A Nj]EJ�A&JRY@F�J/N9CKM@F T[JfQ�OeTvJRgkCEB[A O ?hF/QwJRA F q�]EF/O/CEF�]XCEMhO/Y�{ ��/�� � ]EJRA
CEMkFLF/O/]ETDB[F�]nO/YhOeTDU@^;Bi^9CEMkFLg@]KJR?hO/?@B[TDB[C;U CKMhOeC O�^`CEJfQ_MhO�^`CEByQLM@BDT[T � QST[BDA ?hF�]v]EF/O�Q MkF/^9CEM@F�qRTDJR?hO/T
JRgkCEB[A�=@A By^

��� � � ��� � � � {�� � � � ��� �

�vM@F�]KF � � By^(CEMkF g@]EJ�?hOe?@BDT[BDC`U�J/N-A�=@CbOeCEBDJRY OeYhG �VCKM@F T[F�YkqRCEM�J/NtCEM@F�^;CE]EBDY@q	� �:F�C ��^`CbOeYhG
NjJR]vCKM@FnT[F�YkqRCEM JeN CEM@FXGcF/QwF�g@CEBDZ\F(?dOR^`BDY � � ��/ Bi^-CKM@F9TDF�Y@qRCKM�JeN CEM@FXGcF/QwF�g@CEBDZ\Fv?hOR^;B[Y Oe?hJ/Z\F � �
� BDqR=@]KF } � � Bi^pOLQwJRgfU JeNVldqR=@]KF }��0/I?k=@C �vBDCEM!CEM@FXGcF/QwF�g@CEBDZ\F9?hO�^`B[Y ^`B 	�F � QST[FHOe]ETDULA Oe] �\FHG �
sVT[J�CECEBDY@q CEMkF Nj=kYhQSCEBDJRY NjJR]pZ�Oe]KB[JR=d^ Z�OeTD=@F/^-J/N ��� O/YhG �L]EF/^;=@T[Cb^-B[Y lhq�=@]EFX}�� 4��

�-M@F g@T[J�C � lhqR=k]EF�} � 4 ��BDYhGcBiQ�OeCEFH^LCEMhO/C CKM@F TDF�Y@q�CEM�JeN�CKM@F GcF/QSF�gkCEB[Z\F�?hO�^`BDY�g@TiO�Uk^�O
A�O �;J�]1ghOe]KC-B[Y GcF�CKF�]EA B[Y@BDY@q9^;=hQ�QSFH^E^ NjJ�]vOn^`CKJfQ MdOR^`CKBiQ(MkB[T[T �fQSTDB[A ?hF�]�� �pY@T[U NjJ�]v^`A OeT[TkZRO/T[=@FH^
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� BDqR=@]KF } � � ���-M@F ^;MhOeghF F/O�^`BDF�]-NjJR]na z OeYdG MhOe]bGcF�]vNjJR]pM@B[TDT �fQwT[B[A ?hF�]b^�� � GcF�Y@JRCKF/^ CKM@F ^;B 	�F
JeN CEM@FXGcF/QwF�g@CEBDZ\F(?dOR^`BDY��
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� BDqR=@]KF } � 4 � �-M@FnZ\F�]KCEByQ�OeT O �kBi^-B[YdGcBiQ�O/CEF/^-CKM@Fng@]EJ�?hOe?kB[T[BDC;U JeN+lhYhGcBDY@q�CEM@FnqRTDJR?hO/T J�g@CEBDAL=kA
B[Y�CKF�]EA�^1JeN AL=kC_OeCKB[J�Y ]_O/CEF ��� � �tOeYdG T[F�Y@qRCKM J/NtGcF/QwF�g@CEBDZ\F(?dOR^`BDY � ��� �
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JeN ��O/]EF�CEM@F Q MhO/YhQSF/^ J/N(ldYhGcB[Ykq�CEM@F�JRgkCEB[A�=@A�O/g@g@]EFHQSBiO/?@T[F J/Z\F�] O ]bOeY@q�F�JeN AL=@CbOeCKB[JRY
Z�OeTD=@F/^�� � JR] O qRF�Y@F�CEByQLO/T[q�JR]EBDCEM@A�=h^;B[Y@q!JRY@F��jghJRBDYcC�QS]KJ\^K^`J/Z\F�]�� CKM@F g@]KJR?hO/?@B[TDB[C;U�CEMhO/C CKM@F
qRTDJR?hO/T JRg@CKB[A�=@A Bi^ NjJ�=@YhG!OR^E^;=@A BDY@q F/o\=hO/T[T[U lhCvTDJfQ�OeT J�g@CEBDA�O By^-]EJR=kqRM@TDU CEM@Fng@]KJR?hO/?@B[TDB[C;U
CEMdOeC9CKM@F A�O/CEF/^pQ_M@J\^;F�Y ]KF�g@]EFH^`F�YfC(CKM@F C �tJ T[JfQ�O/T J�g@CEBDA�O��hA�=@T[CKB[g@TDBmFHGL?cU�CKM@F g@]KJR?hO/?@B[TDB[C;U
CEMdOeC Qw]EJ\^K^`J/Z\F�]Xg@]EJfGc=dQSF/^ CKM@F q�T[JR?dOeT-J�g@CEBDAL=kA ��z9^E^;=@A B[Ykq CEMhO/C CEM@F�qRF�Y@F�CEByQLO/T[q�JR]EBDCEM@A
ghJRg@=kTiOeCKB[J�Y�JRY@TDU QwJRYfC_OeBDYh^ ]EF�g@]KF/^`F�YcCbOeCEBDZ\F/^ JeN CEM@F!T[JfQ�O/T(J�g@CEBDA�O B[Y F/o =dOeTpg@]EJ�g J�]ECKB[JRYd^��
CEMkF gk]EJR?dOe?@BDT[B[C;U J/NVlhYhGfB[Y@q�CEM@Fnq�T[JR?dOeT+JRg@CKB[A�=@A�By^ �

� �
� �-M@Bi^p^`BDA g@TDBmlhF/G�OeYdOeT[Uk^`By^vOR^K^`=@A FH^

CEMdOeC9CKM@F O/T[qRJ�]EBDCEM@A�^-YkF�F/G CKJ ]EFHORQ_M CEMkF T[JfQ�OeT+JRg@CKB[A�O CKJ ?hF Oe?kT[F CKJ �;=@A g�CKJ CEM@FXqRTDJR?hO/T
JRgkCEB[A�=@A � �-M@F6OR^E^;=@A g@CKB[J�Y Bi^ Y@J�C1^`CK]EBiQwCET[U CE]E=kF��+z(YhOeTDU@^;Bi^ ?hF/QSJRA F/^:AL=dQ M9A JR]EFtQSJ�A g@TDF����
GcF�ghF�YdGcB[Y@q JRY CEM@F�GcF�C_OeBDT[F/G�?hF�MhO�ZcBDJR]9J/NvCKM@F JR?��;F/QwCEB[Z\F9Nj=@YdQSCEBDJRY�� �vMkF�Y GcBi^KOeTDT[J��vB[Y@q CEM@By^
OR^K^`=@A g@CEBDJRY����(J��-F�Z\F�]��@A�ORQw]EJ\^KQSJRgkBiQ9?hF�MhO�ZcBDJR]��:T[B �\F9CEM@F BDA ghJR]KC_OeYdQSFnJeN6GcF/QSF�g@CEBDZ\F ?dOR^`BDY
T[F�Y@qRCKM � ���-By^-g@]EFHGcBiQSCbOe?@TDF��

� ��� � ��� � �
	 �

r F/^;B[qRY g@]EJ�?@T[F�A ^ O/]EF9J/NjCEF�Y NjJR]KAL=kTiOeCKF/G�OR^ A�=@TDCEB[J�?��;F/QSCKBmZ\F1J�]-A�=@T[CKBiQS]KB[CEF�]EBDO J�g@CEBDA B 	HO �
CEBDJRYXg@]EJ�?@T[F�A ^�� x Y A�O/YcU Q�OR^;F/^V^;=hQ MXg@]EJ�?@T[F�A�^:B[YfZ\JRTDZ\F CK]_ORGfF�J � ^1OeA J�Y@qpg J>^E^;B[?@TDU QwJRY��hByQSC �
B[Ykq QS]KB[CEF�]EBiO �V<\ghORQwF/^ �vM@F�]EF9]KF/QSJRA�?@BDYhOeCKB[JRY J/N+C �-J J�]-A J�]EFp^;B[Y@q�T[FnQS]KB[CKF�]EBDJRY JRgkCEB[A O TDF/ORGk^
CEJ��6Oe]_G�O q�T[JR?dOeTvJRgkCEB[A�=@A ���vBDCEM�O�GcFHQSF�g@CKB[Z\F�?hOR^;B[Y�B[Y�?hF�C �tF�F�Y�CKJ�CE]_O/g�M@B[TDT��PQST[BDA ? F�]_^��
Oe]KF �tF�T[Td^`=@BDCEF/G NjJR]1qRF�Y@F�CEByQ(O/T[q�JR]EBDCEM@A ^ F/^`ghF/QwBiOeTDT[U �vM@F�Y�=h^`BDY@q ghO/]EF�CKJnJRg@CKB[A�O/T[B[C;UnB[Y�CEMkF�B[]
^`F�T[F/QSCKB[J�Y�g@]EJfQSFH^E^���s Oe]EF�CEJ J�g@CEBDA�OeT ^`F�TDF/QSCEBDJRY O/g@ghF/Oe]b^ CEJ�g@]EJ/ZfBiGcF�CEMkFLY@FHQSF/^E^KOe]KU�Y@BiQ_M@F/^
=@YfCEBDT@]EF/QwJRA�?@B[YhO/CEBDJRY g@]KJfGc=hQSF/^1CEM@F qRT[J�?hOeT JRg@CKB[A�=@A � �-M@Bi^tQ MdOeg@CKF�]tGcFSlhY@FHGLOng@]EJ�?@T[F�A BDY
MhO/A A B[Ykq9^;ghORQSF��vB[CEM�CEMkF/^`Fpg@]EJ�ghF�]ECKB[F/^1OeYdGLF�A g@BD]EByQ�OeTDT[UnQSJ�A ghO/]EF/G CEM@FpghF�]`NjJ�]EA�O/YhQSFvJ/N O
QSTyOR^E^;BiQ�O/T a z �vB[CKM C �tJ �>g J�B[YfC1QS]KJ\^E^;J/Z\F�]VCEJnCKMhOeCVJ/N+O9^;CEJfQ_MhOR^;CEByQ M@BDT[T �fQSTDB[A ?hF�] � O a9z �vBDCEM	�
JR=kC-Qw]EJ\^K^`J/Z\F�]�� �fOeYhG�O a z �vBDCEM�ghOe]KF�CEJnJRgkCEB[A OeTh^;F�T[F/QwCEB[J�Y�� �-M@Fna9z �vBDCEM�ghOe]KF�CEJnJ�g@CEBDA�OeT
^`F�T[F/QSCKB[J�Y OeT��6O�U@^ NjJ�=@YhG CKM@F JRgkCEB[A�=@A A J�]EF JeNjCKF�Y CEMhO/Y CKM@FLJ�CEM@F�]_^����vM@BDT[F CKM@F QwTiOR^K^`ByQ�OeT
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a z =h^;=hOeTDT[U	GcBiG�? F�CECEF�]LCKMhOeY%CEM@F ^`CKJfQ MhO�^`CKBiQ M@BDT[T � QST[BDA ?hF�]�� �-M@Bi^�F�ZcByGcF�YhQwF ^;=@qRq�F/^`Cb^�O
QSTDJ\^`F�](TDJ\J � OeC CEM@F�^;ghORQSFH^9GcFSlhYkF/G BDY�CEM@By^9Q MdOeg@CKF�] NjJ�](Nj=@YhQwCEB[J�Y�F�YhQSJfGfB[Y@q�QwJRA�?@B[YhO/CEBDJRYh^
CEMdOeC Oe]EFn]KF�TiO/CEB[Z\F�T[U F/O�^`ULNjJ�](q�F�Y@F�CKBiQ9O/T[qRJ�]EBDCEM@A�^tOeYhG�MhOe]bG NjJ�]vM@B[TDT �fQwT[B[A�?@B Y@q>^ A F�CEM@JfGk^��

sVOe]KF�CEJ JRgkCEB[A OeTv^;F�T[FHQSCEBDJRY OeTy^`J F�T[BDA B[YhO/CEF/^9CKM@F�Y@F�F/G�CEJ QSJ�AL?@BDY@F GcBi^;ghOe]bOeCEF QS]EBDCEF�]KBiO
B[YfCEJ O ^`B[YkqRT[F�lhCKY@F/^E^�O�^ Bi^�=h^`=dOeTnB[Y%qRF�YkF�CEByQ O/T[qRJ�]EBDCEM@A�^�� �-M@F A F�CKM@JfG%GcF/^EQw]EB[?hF/G BDY
CEMkBi^ Q_MhO/g@CEF�]nBy^ GfBi^`CK]EBD?@=@C_O/?@T[F OeYdG�QSJRA g@=@C_O/CEBDJRYhO/T[T[U�TDF/^E^9F��kghF�Yh^;B[Z\F�QSJ�A ghOe]KF/G�CEJ J�CEM@F�]
^`=kqRqRFH^`CEFHGLA F�CKM@JfG@^ NjJR]tB[YhQSJ�]EghJR]bOeCKB[Y@qXghOe]KF�CEJXJRg@CKB[A�O/T[B[C;U � apJ�TiGc?hF�]Kq	�:{�|���|e? � � 

�kg@T[J�]EB[Ykq
Y@ByQ M@FvNjJR]KA�OeCKB[J�Y �vB[CKM gdOe]EF�CEJ JRgkCEB[A OeT ^`F�TDF/QSCKB[JRY ]EF�A�O/B[Yh^1O/Y BDYcCKF�]EFH^`CEBDY@qXOe]KF/O NjJR]-Nj=@]KCEM@F�]
]EFH^`F/O/]_Q_M��

�-M@Bi^�Q_MhOegkCEF�]�GfBiG Y@J�C QwJRYh^;BiGcF�] F�YhQSJfGcBDY@q\^�^;B[YhQSF O/T[T9gk]EJR?kT[F�A�^ �-F�]EF Q�O�^`C!OR^ JRgkCEB��
A B 	/OeCKB[JRY g@]KJR?@TDF�A�^ BDY�MhO/A A B[Ykq ^;ghORQwF�� �(J��tF�Z\F�]��+F�YhQSJfGfB[Y@q O g@]KJR?@TDF�A#NjJ�]�O qRF�Y@F�CEBiQ
OeTDqRJ�]EB[CKM@A Bi^vO/Y B[A g J�]ECbOeYfCvBi^E^;=@F��	�vBDCEM CKM@Fn?@BiO�^`F/^vqRF�Y@F�]_O/CEF/G�?cU OeY F�YhQSJfGcBDY@qLgkTiO�UcBDY@q O
^`BDqRY@B l Q�O/YcCvghO/]ECpB[Y�ghF�]`NjJ�]EA�O/YhQSF�� �-M@FnY@F��kCpQ MdOeg@CKF�]vO/CEC_O�Q �k^vCEM@By^-g@]EJ�?@T[F�A �
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� � Oe]EZfB[Y � BDYh^ �fU�� B J#C�EF@�M:0 J2L
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�-M@Bi^ Q_MhO/g@CEF�]+GfF/^EQS]KB[?hF/^hCEM@FtOR^K^`=@A g@CEBDJRYh^h? F�M@B[YhG9CKM@F1g@]EBDYhQSB[gkT[F+JeNkA F/OeYkB[Y@q/Nj=@TR?@=kB[TiGfB[Y@q
?@TDJfQ �k^LO/YhG�GcFSldY@F/^�O Y@F�� Qw]EJ\^K^`J/Z\F�]�JRghF�]bOeCEJ�]�CEMhO/C ]EF�TyO �kF/^ CEMkF/^`F OR^E^;=@A g@CKB[J�Yh^�� �-M@F
Y@F�� JRghF�]_O/CEJ�] A O �\F/^ Q_M@J\J\^;B[Y@q O a z F�YhQwJfGcB[Y@q F/OR^;B[F�]��-ghO�ZcBDY@q CEM@F �vO�U�NjJR]�O/g@g@T[UfB[Ykq
a z9^vB[Y�GfF/^`BDqRY�� �-M@F Q MhO/g@CEF�](=h^;F/^pGcF/^`BDqRY�g@]KJR?@TDF�A�^ Nj]KJRA QSJRA�?@BDYhOeCKB[JRYdOeT QwB[]_Qw=@B[CpGcFH^`B[q�Y
� GfF/^`BDqRY@BDY@q�ORG@GfF�]_^pOeYhG�ghOe]KB[C;U Q M@FHQ �\F�]b^ �+CEJ�B[TDT[=h^;CE]bOeCEF CEM@Fn]EFH^`=@TDC_^��
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�-M@F�^;F/Oe]bQ M ?@BiO�^LGf=@]EBDY@q�qRF�Y@F�CEByQ�^`F/O/]_Q_M GfF�ghF�YhG@^LJ�Y � CKM@F g@]KJR?@TDF�A �1CEM@F!^;CE]E=dQSCE=@]KF
JeNtCKM@F F�YhQSJfGfF/G�^`F/O/]_Q_M�^;ghORQSF NjJ�]9CEMkF g@]EJ�?@T[F�A �hOeYhG�CEM@FXqRF�YkF�CEByQ JRghF�]bOeCKJR]_^9J/Np^`F�T[F/QSCKB[J�Y��
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QS]KJ\^E^;J/Z\F�]�OeYdG AL=@CbOeCKB[JRY�� � J�] F�Z\F�]KU�g@]EJ�?@T[F�A CEM@F�]EF�O/]EF O�TiO/]Eq�F�Yc=@A�?hF�] JeN ghJ\^E^;B[?@TDF
F�YhQwJfGcB[Y@q>^�� x C�Bi^ JeNjCKF�Y�ghJ\^K^`B[?kT[F CKJ NjJRTDT[J�� CKM@F g@]KB[YhQwB[g@TDF J/NXA B[Y@BDA O/TvO/T[g@MhO/?hF�C_^ �vMkF�Y
Q_M@J\J\^;B[Y@q OeY!F�YhQSJfGcBDY@q NjJR] O qRF�Y@F�CEBiQ OeT[q�JR]KB[CEMkA �c?@=kCp^`B[A�=@TDC_OeYkF�JR=h^;T[U NjJ�T[T[J��vBDY@q CEM@Fng@]KB[Y	�
QSBDg@T[FvJ/N A F/O/Y@B[YkqeNj=@Tf?@=@BDTiGcBDY@qn?@T[JfQ �@^1Q�O/YL?hFpAL=dQ MXMhOe]bGcF�]�� �-M@Bi^1Bi^ ?hF/Q�Oe=h^;F9JR=@]1BDYcCK=@B[CKB[JRY
Oe?hJ�=@C1CEM@F6^`CE]K=hQSCK=@]EFtJeN CEM@Ftg@]EJ�?@T[F�A ^;ghORQwFvA�O�U(Y@J�CVCE]bOeYh^;TiO/CEF��-F�T[T\B[YXCEM@Fv?kB[YhO/]EUnF�YhQSJfGfF/G
^`gdORQSF/^vCEMdOeCvqRF�Y@F�CEByQnOeT[q�JR]KB[CEMkA�^ CKM@]EBDZ\F9JRY��

�-M@F�]KF O/]EF C �-J�ghJ\^K^`B[?kT[F �vO�U@^pJeNvCbORQ �cTDB[Y@q CEM@F�g@]EJ�?@T[F�A JeN QSJfGcBDY@q!GcF/^`BDqRY�NjJR]nA F/O/Y	�
B[YkqeNj=@T ?@=kB[TiGfB[Y@q ?@TDJfQ �k^��

{ �9<\FHOe]_Q_M CEMk]EJR=kqRM ghJ\^K^`BD?@T[FpF�YhQSJfGfB[Y@q>^ NjJ�]tO q�J\JfG JRY@F �vM@B[TDFp^`F/O/]_Q_M@B[Ykq(NjJR]tOn^`J�T[=@CKB[JRY��

/�� 

�kghOeYhG CKM@F-Yf=@A�?hF�]:J/N:q�J\JfGIF�YhQSJfGcBDY@q\^ ?fU9BDYhQS]EFHOR^`BDY@qpCEM@FtC`UfghF/^ JeN ?@=@BDTiGcBDY@qv?@T[JfQ �k^
QSJ�Yh^`ByGcF�]KF/G � @HT#G�E8G��2L/$�U �

�-M@F lh]b^`CnQ_M@JRByQSFn=h^`FH^(]EF�J�]_GcF�]EB[Ykq JRghF�]bOeCEJ�]_^�� TDB��\FnB[YfZ\F�]b^`B[J�Y��@CEMdOeCnQ_MhOeYkqRF CEMkF F�YhQwJfG��
B[Ykq �vM@BDT[F ^`F/O/]_Q_M@B[Y@q NjJ�] CEMkF�^`J�T[=@CKB[JRY OeYhG�Bi^nGcBy^EQS=d^E^`FHG Y@F��kC����-M@F ]EF/^;C JeNpCKM@F Q MhO/g@CEF�]
A J�CEB[Z�O/CEF/^��@GcF�Z\F�T[JRgd^-OeYdG B[TDT[=h^;CE]bOeCEFH^-^`FHQSJRYhG!Oeg@gk]EJ\O�Q M��
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x YcZ\F�]b^`BDJRYn]EF/O/]E]bOeY@q�F/^ CEMkF ?kB[C_^ B[Y O(^;CE]KB[Y@qnO/T[TDJ �vBDY@qvT[BDY��\F/G9?@BDC_^ CEJpA J/Z\F1QST[J>^`F1CEJ�qRF�CKM@F�]��
x YcZ\F�]_^`BDJRY�JfQ�QS=k]_^(BDY YhO/CE=@]KF�OeYhG�^;F�]EZ\F/^vO ^`B[A B[TiO/] Nj=@YdQSCEBDJRY��na(F�Y@F/^pOeYhG CKM@F�B[] OeTDT[F�TDF/^vOe]KF
T[BDY��\F/G�BmNvCKM@F�BD]9F��kg@]EF/^K^`BDJRY Bi^nGcF�ghF�YhGfF�YcCnJ�Y J�Y@F O/Y@JRCKM@F�]����-B[qRMfCnT[BDY���OeqRF�Bi^pF/^`CbOe?@TDBi^`MkF/G
�vM@F�Y T[BDY��\F/G�O/T[T[F�T[F/^9O/]EF QST[J>^`F�CEJ�qRF�CKM@F�]XOeYhG ^`=hQ_M�O/T[TDF�T[F/^ Oe]EF Q�O/T[T[FHG QSJ �3O�G@OegkCEF/G�O/T[TDF�T[F/^��

Vg@Bi^;C_O�^`Bi^vBi^-CKM@FnCEF�]KA =h^;F/G CEJ GcF/^EQw]EB[?hF9CKM@FXGcF�q�]EF�FnJeN T[B[Y �RO/qRFXOeA JRY@q�O/T[T[F�T[F/^�� x Y�qRF�Y@F�CEBiQ
OeTDqRJ�]EB[CKM@A�^�� BDYcZ\F�]b^`BDJRY�Bi^(BDA g@TDF�ALFwYfCEF/GL?fU!Q MdOeY@q�B[Y@q CKM@F F�YhQSJfGcBDY@q CEJ Q�Oe]K]EU�O/T[J�Y@q�OLCbOeq
�vM@ByQ M ByGcF�YfCEB lhF/^ CKM@FnghJ\^`BDCEBDJRY�JeNtO ?kB[CvB[Y CEM@FX^`CK]EBDY@q � apJRTiGf? F�]Eq	�+{�| �R|/? � � ��BDCEM CKM@FnC_O/q\^
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^`ghF/QwBmNjUfB[Y@q ghJ\^`BDCEBDJRY��-BDCLBy^IYkJ � ghJ\^K^`BD?@T[F!CEJ�QS=kC O/YhG�^`g@TDBiQSF�ghO/]ECb^LJeNXO ^`CE]KB[Y@q OeTDT[J��vB[Ykq
?@BDC_^LCKJ�A B[q�]_O/CEF!OeYhG�QwJRA F�CEJ�qRF�CKM@F�]�� x YfZ\F�]b^`B[J�Y	�jT[B��\F ]EF�J�]_GcF�]KB[Y@q JRghF�]bOeCKJR]_^ MhO�Z\F!? F�F�Y
B[A g@T[F�A�F�YfCEF�G9?cU apJRTyGc?hF�]EqXO/YhGLJRCKM@F�]b^ � apJRTyGc?hF�]Eq OeYhG �:B[YkqRT[F � {�|�� 3
� <>A B[CKM��@{�| � 3�� �vB[CKM
^`J�A F9q�J\JfG ]EF/^;=@T[Cb^��

�-M@F g@]KJR?@TDF�A �vBDCEM�=h^;B[Y@q�B[YfZ\F�]b^`B[J�Y�O/YhG BDYcZ\F�]_^`BDJRY	�jT[B �\F9JRghF�]bOeCKJR]_^nBi^(CKM@F�GcF/Qw]EF/O�^`F BDY
QSJ�A g@=@CbOeCEBDJRYhO/T:NjF/OR^;B[?@BDT[BDC`U � x N��+By^-CEM@FnT[F�Y@qRCKM JeN OL^;CE]EBDY@q	�@BDYcZ\F�]_^`BDJRY�B[YdQS]EF/O�^`F/^-CKM@FX^`F/O/]_Q_M
^`gdORQSFLNj]KJRA2/ � CKJ / � � ���9OeCK=@]_O/Tt^`F�TDF/QSCEBDJRY�MhO�^ qRF�J�T[J�qRBiQ�OeT1CEBDA F ^KQ�OeTDF/^ CKJ �-J�] � �vBDCEM OeYhG
CEMkF�]EFSNjJ�]EFXB[YfZ\F�]_^;B[JRY�By^(^;=
��QwB[F�YfCvCEJ q�F�Y@F�]bOeCKF CEBDqRMfC(TDB[Y���O/qRF�� r F/^;B[q�Y@F�]_^ GcJ Y@J�C9MhO�Z\FnCEM@By^
OeA JR=@YfC-J/N1CEBDA F(J�](CKM@Fn]EF/^;JR=@]bQSF/^vO�Z�OeBDTiOe?kT[F9CKJLYhO/CE=@]KF��

x Yh^`CKF/ORG�JeNp=h^;B[Y@q�]KF�JR]bGcF�]EBDY@q�JRghF�]bOeCEJ�]_^��VCEM@By^ CKM@F/^;Bi^9F��kghOeYhGk^ CEMkFLYf=@A�? F�](J/NvF�YhQwJfG��
B[Ykq\^9CEMhO/C O qRF�Y@F�CEByQ OeTDqRJR]KB[CKM@A lhYhG@^n=h^`FwNj=@TV?fU�B[YhQS]KF/OR^;B[Y@q CEM@F�C;UcghF/^9JeN6?@=@BDTiGcBDY@q�? JfQ �k^
QSJ�Yh^`ByGcF�]EFHG A F/OeY@BDY@qeNj=kT ?fU�O qRF�YkF�CEByQ9OeTDqRJR]KB[CKM@A �
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�-M@F g@]KB[YhQSBDg@T[FnJ/N-A F/OeY@BDY@qeNj=kT ?@=@B[TyGcB[YkqL?@TDJfQ �k^pOe]EBy^`F/^pA�OeBDY@T[ULNj]KJRA CEMkF ^`FHOe]_Q_M�?@ByOR^`FH^
qRF�Y@F�]_O/CEF/G9?fU9CEMkF-Qw]EJ\^K^`J/Z\F�] J�g F�]_OeCKJR]�� � J9^;F�F �vMcU��/QwJRYh^;BiGcF�] CKM@F1g@]EJ�?hOe?kB[T[BDC;U(J/N GcBi^;]E=@gkCEB[J�Y
JeNIO�^EQ_M@F�A�O � �:F�C � ?hF�O�^KQ M@F�A�O�� � � � � BDC_^�GcFSldY@B[Y@q T[F�Y@q�CEM�OeYhG � � � � B[Cb^LJR]bGcF�]��
�-M@F�Y CEM@F�g@]EJ�?hOe?kB[T[BDC;U�CEMhO/C CEMkF�QS]EJ>^E^;JeZ\F�] ghJ�B[YfC NPOeTDTi^��vB[CKM@B[Y CEMkF�^EQ_M@F�A�O�Bi^ � � � � � � ���
{ � �vM@F�]EF �pBy^LCEM@F!T[F�YkqRCEM�J/NXCEM@F ^;CE]EBDY@q�QSJ�YcCbOeBDY@B[Y@q CEM@F ^EQ_M@F�A�O � �-M@By^LBi^ CEM@F ^;F/QSJ�YhG
CEF�]EA B[Y F/o =dOeCEBDJRY>/��D{�OeYhG By^ CKM@FLgk]EJR?dOe?@BDT[B[C;U�CKMhOeC QS]EJ>^E^`J/Z\F�] �vB[TDT-GfBi^`]K=@g@CnCEMkF�^EQ_M@F�A�O �
<\BDYhQSFnCEM@Fng@]KJR?hO/?@B[TDB[C;U�JeNtGcBy^`]K=@g@CEBDJRY�Bi^vg@]KJRghJR]KCEB[J�YhOeT+CEJ�CEMkF GfFSlhY@BDY@qLTDF�Y@q�CEM��h^KQ M@F�A�OR^1JeN
T[J�Y@q GfFSlhY@BDY@q TDF�Y@qRCKM CEF�YhGLCEJX?hF GfBi^`]K=@g@CKF/GIA JR]EFpJeNjCKF�Y CKMhOeY�CEMkF�B[]t^`MkJR]ECKF�]vQwJR=@YfCEF�]KghOe]KC_^��
u1JRYd^`F/o\=@F�YfCETDU��eCKM@F-gk]EB[YdQSB[g@TDFVJeN A FHOeY@BDY@qeNj=@T\?k=@B[TyGcB[Y@qv?kT[JfQ �@^ CE]KB[F/^ CEJ9F�Yh^`=@]KF-CKMhOeC O9Q_M@J\^;F�Y
F�YhQwJfGcB[Y@q GcJ\F/^9Y@JRCnMhO�Z\FXT[JRYkq ?@=@BDTiGcBDY@q ?@TDJfQ �k^����(J��tF�Z\F�]��@CKM@F A�O/g@g@B[YkqINj]KJRA q�F�Y@J�C`UfghF
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CEJ gkM@F�Y@J�C`UfghF9Bi^1B[Y q�F�Y@F�]bOeT AL=hQ_M A J�]EF QSJRA gkT[F�� B[Y�GcFH^`B[q�Y��cMkF�YhQSFpB[CtA�O�U Y@JRCt? F �fY@J��vY
�vM@F�CKM@F�]pCEM@FXF�YhQSJfGfB[Y@qLNjJ�T[TDJ �p^pCEM@FXg@]EBDYhQSB[gkT[FnJeNtA F/O/Y@B[YkqeNj=@T ?@=@B[TyGcB[YkqL?@TDJfQ �k^(F�Z\F�Y �vMkF�Y
CEMkF =kYhGcF�]KT[UfB[Y@q GcJ�A�OeBDY�Bi^ ]EF�TyOeCEBDZ\F�T[U �tF�T[Tt=@YhGcF�]_^`CKJ\JfG � �-MkBi^ A F/O/Yh^ CEMdOeC ^EQ_M@F�A�O�^ JeN
Oe]K?@B[CK]_O/]EUXGcFSlhYkB[Y@qvTDF�Y@qRCKMnA�O�U(Y@F�F/G9CEJp? Ftg@]EFH^`F�]KZ\F/G9OeYdG CEMkF ?kBiOR^ CEJ��6Oe]_Gk^ ^;M@JR]KCV^KQ M@F�A�OR^
?hF/QSJ�A F/^-O T[ByOe?@BDT[BDC`U �

�pY@F �6OHU JeNtQSJ�AL?dOeCEBDY@q CEMkF gk]EJR?kT[F�A JeN GcBi^;]E=@g@CKB[J�Y B[Y�M@BDqRM@TDU F�g@By^`CbOeCEByQnGcF/^`BDqRY!g@]EJ�?	�
T[F�A�^ Bi^ CEJ�]KF�A J/Z\F CKM@F ?@ByOR^LCKJ��vOe]bG�^`M@J�]EC�^KQ MkF�A�OR^ O/YhG�OeTDT[J�� T[J�� J�]_GcF�] ^EQ_M@F�A�O�^ JeN
Oe]K?@B[CK]_O/]EU�GcFwlhY@B[YkqLTDF�Y@qRCKM�CEJ ?@ByOR^p^`F/O/]_Q_M BDY�=h^`FSNj=kT GcBD]EF/QSCKB[J�Yh^��

sV]EF�ZfB[J�=h^ Oeg@gk]EJ\O�Q MkF/^ CKJ(CKM@Bi^:gk]EJR?kT[F�A%=h^`FHG O-Y@F�� QS]KJ\^E^;J/Z\F�] JRghF�]bOeCEJ�] TDB��\FVgk=@YhQSCK=hOeCKF/G
QS]KJ\^E^;J/Z\F�]1JR]1=@Y@B NjJR]EA�Qw]EJ\^K^`J/Z\F�]��VsV=@YhQSCK=hOeCKF/G QS]KJ\^K^`J/Z\F�]V]KF�T[BDF/^ JRY O ?kB[YhO/]EU�A�OR^ � �\Q�Oe]E]KB[F/G
OeTDJRY@q�O�^-ghOe]KCvJeN CEM@F qRF�Y@J�C;UcghF��fB[Y �vM@ByQ M O {9BiGcF�YfCEB lhF/^1O Qw]EJ\^K^`J/Z\F�]tg J�B[YfC�� � O�^ �k^��@?hF�B[Ykq
ghO/]EC9J/N-CKM@F qRF�Y@JRC;Ufg@BiQX^`CE]KB[Y@q � Q_MhOeY@q�F CEM@]KJR=@q�M�Qw]EJ\^K^`J/Z\F�] OeYhG�A�=@C_O/CEB[J�Y�� 

�@ghF�]KB[A F�YfC_O/T
]EFH^`=@TDC_^ �vB[CKM�g@=@YdQSCE=hO/CEF/G�QS]KJ\^K^`J/Z\F�]�GcByG YkJRC�QSJ�YhQST[=d^`B[Z\F�T[U�g@]KJeZ\F CEM@F =d^`FSNj=@TDY@F/^K^ JeN CEM@By^
JRghF�]bOeCKJR] JR] �vM@F�CKM@F�]nCEM@FH^`F�A�OR^ �@^nORGkOeg@C CKJ�OeY F�YhQSJfGcBDY@q � <fQ_MhO/F�� F�] O/YhG � JR]KBi^;M@B[A�O �
{�| ��4 � <fQ_MhO/F�� F�]pOeYhG � JR]KBi^`MkB[A�O � {�|�� � � �

W(Y@B NjJR]EA QS]EJ>^E^;JeZ\F�]9F��dQ MhO/Y@qRFH^(F�Z\F�]KU�QSJR]K]EF/^;ghJRYhGcBDY@q gdOeB[] JeNv?kB[C_^ �vB[CEM O g@]KJR?hO/?@B[TDB[C;U
JeN � ) 3 � �-M@F gk]EJR?dOe?@BDT[B[C;U�JeNtGfBi^`]K=@g@CKB[JRY�J/NtO ^EQ_M@F�A�OnBi^-Y@J���gk]EJRghJ�]ECEBDJRYhO/TVCEJ CKM@FnJR]bGcF�]pJeN
CEMkF ^KQ M@F�A�OLO/YhG�B[YhGcF�g F�YhGcF�YfC9JeN GfFSlhY@BDY@q�T[F�Y@q�CEM�� 

�kg F�]EB[A F�YcCbOeT ]KF/^`=@TDC_^��vB[CKM�=@Y@B NjJR]EA
QS]KJ\^E^;J/Z\F�] ^;=@qRq�F/^`C CEMhO/C CEM@By^Lg@]KJRghF�]EC;U�A�O�U�?hF =d^`FSNj=@TpB[Y	^`J�A F g@]KJR?@TDF�A�^ � <\Uk^ �-F�]_G@O �
{�| �R|�� � �(J��-F�Z\F�]�� B[Y GcF/^`BDqRY�g@]KJR?@TDF�A�^9CEM@F�ByGcF/O By^ GDJ�MtCEJ GcBy^`]E=kg@C�O M@B[q�M@T[U�lhC�^KQ M@F�A�O
�vMhO/CEF�Z\F�]vBDC_^vGcFwlhY@B[Ykq T[F�Y@q�CEM��

z�^;F/QSJ�YhG ghJ�B[YfC YkF�F/G@^9CEJ!?hFLA�O�GcF�� � OeCE=k]_OeTt^;F�T[F/QwCEB[J�Y �-J�] �k^ ?fU ?@ByOR^`BDY@q�^;F/Oe]bQ M�BDY
OeYfU �#E8P�@HC�M8E6J#G�CEMhO/C9^;M@J��p^(CEMkF ^`TDB[q�McCKF/^`CvBDA g@]EJ/Z\F�A�FwYcC1B[Y!^;=@]EZfB[Z�Oe?kB[T[BDC;U�� �-M@Bi^pGcBD]EF/QSCKB[J�YhOeT
B[YfNjJR]EA OeCEBDJRY By^ BDA g@T[ByQSB[C+B[Y CEM@FnYf=@AL?hF�]1J/N1QSJ�A ghF�CEBDY@qXOeTDT[F�TDF/^VCEMhO/CvF��@By^`CtB[Y�O ghJRgk=@TiO/CEB[J�Y��
OeYdG B[Y�YhO/CE=@]KF��vQ�O/Y@Y@J�CL?hF!^`CKJR]EFHG OeYfU �vM@F�]EF � u1TiOR^K^`ByQ�OeTpqRF�YkF�CEByQ OeTDqRJR]KB[CKM@A�^ OeYdG CEMkF�B[]
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JRghF�]bOeCKJR]_^�� A B[A ByQ �cB Y@qnYhO/CE=@]bOeT ^`F�TDF/QSCEBDJRY�O/]EFXOeTy^`J�?hJR=@YhG�?cU CEM@F/^;FXQSJRYh^;CE]bOeB[YfC_^��

x Y ^;=@A A�O/]EU���GcF/^;B[q�Y@B[Y@q�O/Y�F�YhQSJfGcBDY@q Bi^vQwJRA g@TDF���O/YhG�^`J�A F�CEMkB[Y@qXJeN OeY!Oe]KC�� � J�^;JRT[Z\F
CEMkFLg@]KJR?@TDF�A J/Nv?hO�G CbOR^;CEF�JRY�CKM@F ghOe]KCnJeNna z g@]EJ�qR]bOeA A F�]_^�� JR]nCEJ!OeCnTDF/OR^;C q�B[Z\F CKM@F�A
A J�]EFpT[F�F��6O�U��\CEM@By^ CEMkF/^`By^-T[F�Cb^ CEMkF a z F��kg@T[J�B[C-F�YhQSJfGcBDY@q\^-CKMhOeCpO/]EFnT[F/^K^-QSJ�Yh^`CK]_O/B[Y@F/G � �-M@F
NjJRTDT[J��vB[Ykq ^;F/QSCKB[JRYd^9GcF/^KQS]EBD? F�O/YhG =h^;F O A�O�^ �\F/G!QS]EJ>^E^;JeZ\F�] J�ghF�]_O/CEJR]XCEJ�]EF�A J/Z\F CKM@F�?@BiO�^
CEJ��6Oe]_G ^`M@J�]EC ^KQ MkF�A�OR^ OeYhG A O �\F/^(=d^`F J/NvF��kg@T[ByQSB[CKT[U!^`CKJR]KF/G�GcBD]EF/QSCKB[J�YhOeTVBDYcNjJR]KA�OeCKB[J�Y CKJ
F � QSB[F�YcCKT[U ?kBiOR^p^`FHOe]_Q_M��

� ��� � 	��
�	� � �
��	

�-M@F OR^E^;=@A g@CKB[J�Y CKMhOeCX^`MkJR]EC�� TDJ ���jJR]bGcF�] ^EQ_M@F�A�O�^(O/]EF�Y@F�F/GcFHG CKJ ^;JRTDZ\F�O g@]KJR?@TDF�A By^
GcF�ghF�YdGcF�YfC JRY CKM@F F�YhQSJfGcBDY@q�O/YhG CKM@F!QS]EJ>^E^;JeZ\F�]LJ�g F�]_OeCKJR]���z ^`CE]bOeCKF�qRU�CEMdOeC�BiGcF�YfCEB lhF/^
M@BDqRM@TDU lhCX^EQ_M@F�A OR^vJR]n?@=@BDTiGcBDY@q ?@TDJfQ �k^(JeN Oe]K?@B[CK]_Oe]KU GcFSlhYkB[Y@q�T[F�Y@qRCKM �-JR=kTiG�F��@gdOeYhG CKM@F
^`F�C JeNpghJ>^E^`BD?@T[F F�YhQSJfGcBDY@q\^ �vBDCEM �vMkBiQ_M�O�a9z QSJR=@TyG �-J�] � �VT[F/O�GcB[Ykq ghF�]KMhOegd^ CEJ O TDJ��-F�]
OeFH^`CEMkF�CEByQ(CEM@]KF/^`MkJRTiG NjJR]9a z�g@]EJ�qR]bOeA A F�]_^��

�-M@F1JRghF�]bOeCEJ�] CKMhOeC BDYcCK]EJfGc=dQSF/^:?@ByOR^ Gc=@F1CKJvCEM@FVF�YhQSJfGcBDY@q(BDY9qRF�Y@F�CEByQV^`FHOe]_Q_MnBi^ QS]EJ>^E^`J/Z\F�]��
�tOe]KB[JR=d^VOeTDCEF�]KYhOeCKB[Z\F/^ CKJ9CEMkFpQSTiO�^E^`ByQ�OeTdQS]EJ>^E^`J/Z\F�] JRghF�]_O/CEJ�]_^VMhO�Z\Fv?hF�F�Y g@]KJRghJ\^;F/GLO/YhG�^`CE=dG��
B[FHG � <fQ MdOeF�� F�]pF�C OeT � � {�|R|f{ �V<\Uk^ �-F�]_G@O � {�|��R|�� � <\Uk^ �-F�]_G@O�
 ^vghOeghF�]nQwJRYhQSTD=hGcF/^vCEMdOeC9CKM@F�]EF
Oe]KF Y@J QST[F/O/] �vBDY@Y@F�]b^��h?@=@C �vM@F�Y!B[Y�GfJR=@?@C��:=h^;F =@Y@B NjJR]KA Qw]EJ\^K^`J/Z\F�]�� x CpBi^pQST[FHOe]pM@J��-F�Z\F�]��
CEMdOeC(NjJ�]9O/T[T+CEM@FXJRghF�]_O/CEJ�]_^9^;CE=hGcBDF/G � ^`J�A FXGcJ ?hF�CECKF�]vJRY QwF�]ECbOeB[Y!g@]EJ�?@T[F�A�^-O/YhG �-J�]_^`F J�Y
JRCKM@F�]b^�� BDYhGcByQ�OeCKB[Y@q�CEMdOeC CKM@F�?@BiO�^`F/^9B[YfCE]KJfGc=hQSFHG O/]EF g@]KJR?@TDF�A ��F�YhQSJfGcBDY@q�GcF�g F�YhGcF�YfC�� z(Y
ORGkOeg@CKB[Z\FXQS]EJ>^E^;JeZ\F�]vJRghF�]_O/CEJ�]9CEMhO/C9O�G@OegkC_^vCEJ�CEM@FnF�YhQwJfGcB[Y@q � ?hF�BDY@q�Oe?kT[F CKJ F��kg@T[J�B[CvB[YfNjJR] �
A�O/CEB[J�Y =@Yf=h^;F/GI?fUXQSTiO�^E^;BiQ�O/ThQS]EJ>^E^;JeZ\F�]VJRghF�]bOeCEJ�]_^��cA�O�Un?hFv? F�CECEF�]VCEMhO/Y QwTiOR^K^`ByQ�OeTkQS]EJ>^E^;JeZ\F�]
JRghF�]bOeCKJR]_^�� �-M@F QSJ\^;C CKJ ?hF ghO/BiG NjJR] O�G@OegkCEB[Z\F QS]KJ\^E^;J/Z\F�]nT[B[FH^ BDY CKM@F ORG@GcFHG�QSJRA g@T[F��kB[C;U
JeN CEMkF J�ghF�]_O/CEJR] OeYdG CEMkF gdOe]_O�GcJ �@ByQ�OeTvghJ�B[YfC CEMhO/C B[C�Q�O/Y ?hF�A J�]EF F/O�^`BDT[U A Bi^;T[F/G � �-M@F
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A J�]EF9BDYcNjJR]KA�OeCKB[JRY CEMhO/C9O/Y O/T[q�JR]EBDCEM@A T[J\J �k^pOeC��@CKM@FnA JR]KF9B[Cb^-CE]bO �;F/QSCKJR]EU Q�O/Y ?hFXO � F/QSCKF/G
?fU ?hORG�T[F/O�G@^��tz�qRF�YkF�CEByQ9OeTDqRJR]KB[CKM@A =h^`BDY@q QwTiOR^K^`ByQ�OeT QS]EJ>^E^`J/Z\F�]vBy^ TDF/^E^-TDB��\F�TDU CEJ�?hF A Bi^`TDF/G
CEMdOeY%O q�F�Y@F�CKBiQ�OeTDqRJR]KB[CKM@A =h^`BDY@q�ORGkOeg@CKB[Z\F�Qw]EJ\^K^`J/Z\F�] ^`BDYhQSF!QSTiO�^E^;BiQ�O/T9QS]KJ\^K^`J/Z\F�]�B[qRYkJR]EFH^
B[YfNjJR]EA OeCEBDJRY =h^`FHG ?cU O�G@OegkCEB[Z\F QS]KJ\^E^;J/Z\F�] O/YhG Bi^9CKMc=h^nB[A A�=@Y@FnCKJ�A Bi^KGcB[]KF/QSCEB J�Y�B[Y CEM@By^
B[YfNjJR]EA OeCEBDJRY��

<\B[A g@T[FvY@J�Y	�PORG@O/g@CEBDZ\F QS]KJ\^E^;J/Z\F�]��fCEM@FnQwTiOR^K^`ByQ�OeT QS]EJ>^E^`J/Z\F�]tJRghF�]bOeCEJ�]�� QSJRYd^`Bi^;C_^-J/N1Q_M@J\J\^ �
B[Ykq�OIghJRBDYcCvBDY�CEM@FX^`CK]EBDY@q O/YhG NjJ�T[TDJ �vBDY@q CKM@Fng@]EJfQwF/Gc=@]KF JR=kCET[BDY@F/GL?hF�TDJ�� �

� �%� � � ���%� { � � QS]KJ\^E^;J/Z\F�] �jghJRB[YfC
� ���%!��

� � 	�
 qRF�YkF � � Q_M@B[TyG:{�� B�� � ���%� gdOe]EF�YcC�{�� B��
� � 	�
 qRF�YkF � � Q_M@B[TyG�/�� B�� � ���%� gdOe]EF�YcC /�� B��

���'�
� �%� � � ���%� � QS]KJ\^K^`J/Z\F�] �jghJRBDYcC � {�� ��� u1M@]KJRA J>^`J�A F��jT[F�Y@q�CEM
� ���%!��

� � 	�
 qRF�YkF � � Q_M@B[TyG:{�� B�� � ���%� gdOe]EF�YcC /�� B��
� � 	�
 qRF�YkF � � Q_M@B[TyG�/�� B�� � ���%� gdOe]EF�YcC�{�� B��

���'�

�pY@F ghJRBDYcC QS]EJ>^E^`J/Z\F�]��vOeYdG ZRO/]EByOeYfC_^LCKM@F�]EF�JeN �-TDB[A BDC CEMkF Yf=@AL?hF�] J/NXF�YhQSJfGcBDY@q\^�CEMhO/C
O�qRF�YkF�CEByQ�OeT[q�JR]KB[CEMkA Q�OeY%F��kg@T[J�B[C ?hF/Q�O/=h^`F CEMkF�U%OR^K^`=@A F�CKMhOeC QSJRYfCEBDqR=@J�=h^ qRF�YkF/^LNjJR]EA
?@=@BDTiGcBDY@q ?@TDJfQ �k^�� ��BDCEM!ORG@O/g@CEBDZ\FnQS]KJ\^E^;J/Z\F�]��@CKM@Bi^vQSJ�Yh^`CK]_O/B[YfCp^`M@J�=@TiG�? Fn]KF�TiO �@F/G �
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Mask  Function  3
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Cluster tree for a 5−bit parity checker

Dissimilarity

High Fitness Cases
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