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D�EGFHE�I8JLKHEGFHEGM0NOI8P�IRQ%S�FHTGUWVXI%Y�UWV[Z\N^]GTGMLZ[T_I`P�I
a MLZ\bWEGKHFHZ[P�I8PLE�PLE�ced8UfYgI8hLV[U%J�I8K^I%IiUWjeN^EGMLk_d8U

PLU%N^l\N^hLV[U`PLEnm7UWheN^UWKoEGp+S�MLqWEGMLr�I8KHZXI

s KHE_IiPLE�tuUWMLTGEGM0N^K^I8k_d8ULv�c�Z[F�N^EGpRI8Fom7Z[qWZ\NOI8Z[F
w KHZ[EGM0NOI8PLUWKGvY�KHU8x�ym7KGyuz"EGK^I8V[PLU%{|Z[MLU%PLE�t�I8pfJ}UWF

ced8UfYgI8hLV[U
~�E�bWEGKHEGZ[KHU%PLE��8�W�e�



�6I8KHZ[MLU����6I8KHZ[U%m7UWM�I N^U
tuUWMLF�N^KHhLk_d8UfE�� b8I8V[ZXI8k_d8UftuUWpfJ�I8K^I N^Z\b8I�PLE�hLp
c�Z[F�N^EGpRI%m"c����}ced8UfYgI8hLV[U�� �8�W�e���
�	��
8J y
D�EGFHE� PLUWheN^UWK^I8PLU���� S�FHTGUWVXI6Y�UWV[Z\N^]GTGMLZ[T_I P�I6a MLZ\bWEGKHFHZ[P�I8PLEfPLE ced8U6YgI8hLV[ULy m7EGJ�I8K�NOI	�
pfEGM0N^U%PLEnS�MLqWEGMLr�I8KHZXIiPLE�tuUWpfJLheNOI8k_d8U%E�c�Z[F�N^EGpRI8Fom7Z[qWZ\NOI8Z[FGy
�Wy c�Z[F�N^EGpRI8F@m"c���y ��y c�Z[F�N^EGpRI8F@m7Z[F�N^KHZ[jLheN^EGP:c�r�I8KHEGP�� EGpfUWK��Wy�
ey c�Z[F�N^EGpRI8FRPLE
� EGp��WKHZXI tuUWpfJ�I8K�N^Z[V[r�I8P�Ium7Z[F�N^KHZ[jLhLl[P�Iey��Oy a MLZ\bWEGKHFHZ[P�I8PLEPLE ced8UoYgI8hLV[U�� S�FHTGUWVXI Y�UWV[Z\N^]GT��
MLZ[T_I���m7EGJ�I8K�NOI8pfEGM0N^UfPLEnS�MLqWEGMLr�I8KHZXIiPLE�tuUWpfJLheNOI8k_d8U%E�c�Z[F�N^EGpRI8Fom7Z[qWZ\NOI8Z[FGy ���Oy1N_y
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� UfpfEGh I_b��fEnQipfZ[MLr�I`FHUWqWK^I���UWMLPLE��1hLEGK��1hLEnEGV[EGF EGF�N^E��^I8p y
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Y�KHZ[pfEGZ[K^I8pfEGM0N^E��1I8qWK^I8PLEGkGU`I����	��
 J}EGV[UnZ[MLTGEGM0N^Z\bWU���PLZ[KHEGTGZ[UWM�I8pfEGM0N^UnE J}EGVXI8F UWJ}UWK�N^hLMLZ[P�I8PLEGF �1hLE7EGV[E
N^EGp pfE"JLKHUWJ}UWKHTGZ[UWM�I8PLUiMLEGF�N^EnV[UWMLqWUiT_I8pfZ[MLrLU �1hLE�J}EGKHTGUWKHKHEGpfUWFGy

�7qWK^I8PLEGkGU&I6pfZ[MLr�I I_b���� t�I N^EGKHZ[M�I��gJ}EGV[U-I8J}UWZ[U6E@I8TGUWpfJ�I8MLr�I8pfEGM0N^U �1hLERN^EGp pfERP�I8PLU-PLEGFHPLE@UWF
pfEGhLF�JLKHZ[pfEGZ[KHUWFuJ�I8FHFHUWFGy � UWF pfEGhLF�J�I8Z[F � ��8KHZ[U`E �7MLM�I��LJ}UWK N^EGKHEGp pfE7N^UWKHM�I8PLUiEGF�NOIiJ}EGFHFHU0I �1hLE"FHUWh y

�7qWK^I8PLEGkGU�I8U"JLKHU8x�y�z"EGK^I8V[PLU"{|Z[MLU PLE t�I8pfJ}UWF �WJ}EGV[UWF TGUWMLFHEGV[rLUWF �0J}EGVXI7PLZ[FHJ}UWMLZ[jLZ[V[Z��_I8k_d8U PLU�I8p`jLZ[EGM0N^E
PLE"N^K^I8j�I8V[rLUiE�J}EGV[UWF KHEGTGhLKHFHUWF MLEGTGEGFHF��8KHZ[UWFoJ�I8K^I%UiN^]GKHpfZ[MLUiPLEGF�N^E�N^K^I8j�I8V[rLULy

�7qWK^I8PLEGkGU-Q JLKHU8x IeyR{|l[KHZXI��|J}UWK N^U�P�I I �HhLP�I M�I J�I8K�N^EiN^]GTGMLZ[T_I���Z[F�N^U ]���J}EGVXI8F�TGUWM0bWEGKHF^I8F � FHhLqWEGF�N���EGF �
KHE���E�����EGF EnI8h	�el[V[Z[U`FHEGpfJLKHE�EGFHJ}UWM0N��8MLEGUWFGy

DgI8p`j}]Gp qWUWF�NOI8KHZXI`PLEnI8qWK^I8PLEGTGEGK I8UWF TGUWMLF�NOI8M0N^EGF Z[MLTGEGM0N^Z\bWUWFoPLURI8pfZ[qWU`E�JLKHU8x�y��8U0d8U��8UWFH]�� E�N^ULy
�7qWK^I8PLEGkGUfI`N^U�PLUWF UWFopfEGhLF TGUWV[EGq0I8F �LEGp EGFHJ}EGTGZXI8V|I8UWF � {|Z��"h�I8M6turLZ[MLq��!  ]GV[Z[U%tuKHEGF�NOI8M�IRz"h�I8KHPLZXI`E

z"Z[FHEGV[E�tuK^I_bWEGZ[KHUfJ}EGVXIiTGUWM0b�Z\b#"GMLTGZXI�� I8h	�el[V[Z[U���TGUWM0bWEGKHF^I8F7E"PLZ[FHTGhLFHF$��EGFGy
~gZ[M�I8V[pfEGM0N^E��oqWUWF�NOI8KHZXI PLE&PLEGpfUWMLF�N^K^I8K@pfZ[MLr�I Z[pfEGMLF^I qWK^I N^Z[P�d8U I pfZ[MLr�I MLUWZ\b8I����6I8KHZXI �7pf]GV[ZXI��

J}EGVXI%J�I8TGZ�"GMLTGZXI��}TGUWpfJLKHEGEGMLF^d8U@E�T_I8KHZ[MLrLUREGp+N^U�PLUWF7UWF pfUWpfEGM0N^UWF PLZ\x l[TGEGZ[F��1hLE`J�I8FHF^I8pfUWF7PLhLK^I8M0N^E�EGF�N^E
N^K^I8j�I8V[rLULy
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�CJLKHUWqWK^I8pRI8k_d8U PLEuhLp FHZ[F�N^EGpRI PLEupfEGp��WKHZXI PLZ[F�N^KHZ[jLhLl[PLU ]uPLZ\x l[TGZ[VWJ}UWZ[F�EGM0bWUWV\bWE�TGUWMLTGEGZ\N^UWFgPLEuUWKHZ[qWEGp �
PLEGF�N^Z[MLU��8EGpfJ�I8TGU8NOI8pfEGM0N^U EuPLEGFHEGpfJ�I8TGU8NOI8pfEGM0N^U7PLEupfEGMLF^I8qWEGMLFGy � U �1hLE NOI8MLqWEuQ7JLKHUWqWK^I8pRI8k_d8UoEuhLFHU7P�I
pfEGp��WKHZXI��1hLp FHZ[F�N^EGpRI`J�I8K^I8V[EGV[U`PLE�pfEGp��WKHZXInTGUWpfJ�I8K�N^Z[V[r�I8P�In]�hLpRI`E���N^EGMLF^d8UfPLU%pfU�PLEGV[U`PLE�pfEGp��WKHZXI
N^K^I8PLZ[TGZ[UWM�I8VuTGUWp hLp JLKHU�TGEGFHF^I8PLUWK ��J}UWK�NOI8M0N^U�M�d8U2E��eZ[F�N^E6I2MLEGTGEGFHFHZ[P�I8PLE6PLE FHE JLKHEGU�TGhLJ�I8K%J�I8K^I2UWMLPLE
E U �1hLE N^K^I8MLF�x EGKHZ[K%PLE hLp V[hLq0I8KiJ�I8K^I�U�UWheN^KHULy �7FHFHZ[p �uJ�I8K^I&N^UWKHM�I8K%UWF���������	�
���6PLE p�� �1hLZ[M�I8FiNOd8U
x �8TGZ[V�PLE FHEGKuJLKHUWqWK^I8pRI8PLU�TGUWpfU�hLpRI�p�� �1hLZ[M�I"PLE7pfEGp��WKHZXI���FHZ[T_I8pfEGM0N^E7TGUWpfJ�I8K�N^Z[V[r�I8P�I��WheN^Z[V[Z��_I8k_d8U"PLUWF
TGV[hLF�N^EGKHF ��I�I8jLF�N^K^I8k_d8U�PLE�������	���������	�
������� �
��!�
�"$#%��& � m"c�� �`x UWZ TGKHZXI8P�Iev J}EGKHpfZ\N^E I&b�Z[F^d8U2PLE hLp
FHZ[F�N^EGpRI%PLZ[F�N^KHZ[jLhLl[PLUiTGUWpfUfFHE�N^Z\bWEGFHFHE�hLpRI%pfEGp��WKHZXI`TGUWpfJ�I8K�N^Z[V[r�I8P�I('LMLZ[T_I���TGUWp b �8KHZ[UWFoJLKHU�TGEGFHF^I8PLUWKHEGF
� M��WFuP�I�KHEGPLE � yYgI8K^I�pRI8M0N^EGKuInb�Z[F^d8U�P�I�pfEGp��WKHZXI"TGUWpfJ�I8K�N^Z[V[r�I8P�I)'LMLZ[T_InEGM0N^KHE7N^U�PLUWFuUWFuM��WFuP�I�KHEGPLE��e]
MLEGTGEGFHF��8KHZXI@IfpRI8M1heN^EGMLk_d8U@P�IfTGUWMLFHZ[F�N�"GMLTGZXIey w qWK^I8MLPLE�JLKHUWjLV[EGpRI%P�IfTGUWMLFHZ[F�N�"GMLTGZXIR]nU@qWK^I8MLPLEnM*'LpfEGKHU
PLE�pfEGMLF^I8qWEGMLFoJ�I8K^IipRI8M0N�"�� VXI��LI8hLpfEGM0NOI%IiFHUWjLKHEGT_I8KHq0I���PLZ[pfZ[M1hLZ[MLPLUiI8FHFHZ[p U%PLEGFHEGpfJ}EGMLrLULy

Y�EGVXI@heN^Z[V[Z��_I8k_d8URPLEipfU�PLEGV[UWF7PLEipfEGp��WKHZXI%x K^I8TGUWF �|TGUWpfU@U pfU�PLEGV[URPLEiTGUWMLFHZ[F�N�"GMLTGZXI JLKHEGqWhLZ[kGUWF^I@EiU
pfU�PLEGV[U PLEfTGUWMLFHZ[F�N�"GMLTGZXI PLEfEGM0N^K^I8P�I���TGUWMLFHEGqWhLE�� FHERKHEGPLh �GZ[KnI �1h�I8M0N^Z[P�I8PLEfPLE%P�I8PLUWFnE%pfEGMLF^I8qWEGMLF �1hLE
N^K^I x EGq0I8p M�IiKHEGPLEnJ�I8K^I%IipRI8M1heN^EGMLk_d8UfP�IiTGUWMLFHZ[F�N�"GMLTGZXIey

� EGF�N^E N^K^I8j�I8V[rLU?I8JLKHEGFHEGM0NOI	� FHE hLp MLU bWU FHZ[F�N^EGpRICm"c���v U,+�� ��	��-������y w �7I8heN^Z[V[hLF I8JLKHEGFHEGM0NOI I8F
FHEGqWhLZ[M0N^EGF%T_I8K^I8T�N^EGKHl[F�N^Z[T_I8FGv�".����	��-	-���
���*
���M�d8U2heN^Z[V[Z��_I6U2FHZ[M�I8Voc ��z � w J�I8K^I2I&Z[MLPLZ[T_I8k_d8U&PLE TOrLEGq0I8P�I
PLE pfEGMLF^I8qWEGMLF �LheN^Z[V[Z��_I�I`TGUWMLFHZ[F�N�"GMLTGZXI�PLE"EGM0N^K^I8P�I`J�I8K^IiI`PLZ[pfZ[M1hLZ[K I �1h�I8M0N^Z[P�I8PLE PLE pfEGMLF^I8qWEGMLF�N^K^I x E��
q0I8P�I8FgM�I7KHEGPLE��WN^]GTGMLZ[T_I PLE�p('LV\N^Z[JLVXI8F|EGFHTGKHZ\NOI8F TGUWMLTGUWKHKHEGM0N^EGF�J�I8K^I7pfZ[MLZ[pfZ��_I8K|U7x I8V[FHU7TGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U��
heN^Z[V[Z��_I JLKHU8N^U�TGUWV[U7a7m Y2J�I8K^I pfZ[MLZ[pfZ��_I8K UWF/#%0 
���1
���2��PLE�KHEGPLEuE�I8JLKHEGFHEGM0NOI JLKHZ[pfZ\N^Z\b8I8F|TGUWpfJ�I N^l\bWEGZ[F�TGUWp
UWheN^KHUWF�m"c�� F � J}U�PLEGMLPLU-UWheN^KHUWFnJLKHUWqWK^I8pRI8F�EGFHTGKHZ\N^UWF�EGp UWheN^KHUWF`m"c�� F`UWh FHZ[F�N^EGpRI8FnJ�I8K^I8V[EGV[UWF�FHEGKHEGp
x I8TGZ[V[pfEGM0N^E�J}UWK�NOI8PLUWF � y � hLpRI"UWheN^K^I"x I8FHE��0NOI8p`j}]Gp F^d8U�I_b8I8V[ZXI8P�I8F�I8F�N^]GTGMLZ[T_I8F PLE I8qWKHEGq0I8k_d8UnPLEoJ!�8qWZ[M�I8F
E�PLE�N^EGTGk_d8UfPLE�EGFHTGKHZ\NOIey

w F"KHEGFHhLV\NOI8PLUWF E��eJ}EGKHZ[pfEGM0NOI8Z[F pfUWF�N^K^I8p �1hLEfI8F7N^]GTGMLZ[T_I8F"EGpfJLKHEGq0I8P�I8F M�I@TGUWMLF�N^KHhLk_d8U PLU �7I8heN^Z[V[hLF
J}EGKHpfZ\N^Z[K^I8p I�UWjeN^EGMLk_d8UnPLE pfEGV[rLUWKHEGF�N^EGpfJ}UWFPLE E��eEGTGhLk_d8U�E pfEGMLUWKM*'LpfEGKHUnPLE pfEGMLF^I8qWEGMLF �1hLE UWheN^KHUWF
m"c�� F TGUWMLrLEGTGZ[PLUWFoM�IiTGUWp`hLMLZ[P�I8PLE�I8T_I8P "GpfZ[T_Iey
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� NuZ[FPLZ��fTGhLV\NN^U�JLKHUWqWK^I8p Z[M@I�PLZ[F�N^KHZ[jLheN^EGPfF���F�N^EGp FHZ[MLTGE7Z\NE�bWUWV\bWEGFuN^rLE TGUWMLTGEGJeN^F�U8x UWKHZ[qWZ[M �WPLEGF�N^Z[M ���
N^U6J�I8T�� I8MLP�N^U-hLMLJ�I8T��2N^rLERpfEGFHF^I8qWEGFGy�� ��TGUWMLTGEGKHMLZ[MLq-Z[M JLKHUWqWK^I8pfpfZ[MLq I8MLP hLFHZ[MLq N^rLERpfEGpfUWK���� I
FHr�I8KHEGP pfEGpfUWK���J�I8K^I8V[V[EGVF���F�N^EGp Z[F`I8M E���N^EGMLFHZ[UWM U8x N^rLERN^K^I8PLZ\N^Z[UWM�I8VpfEGpfUWK���pfU�PLEGV
	oZ\N^r UWMLV ��UWMLE
JLKHU�TGEGFHFHUWK �1N^r1hLF�N^rLEGKHE Z[FMLU�MLEGEGPRU8x�	uUWKHK���Z[MLqnI8j}UWheN
	orLEGKHE7I8MLP�	or�I NN^U�N^K^I8MLF�x EGK�x KHUWp UWMLE N^UnI8MLU8N^rLEGK
JLVXI8TGE8y c�U��oN^rLE�I8jLF�N^K^I8T�N^Z[UWM�U8x�m7Z[F�N^KHZ[jLheN^EGP5c�r�I8KHEGP � EGpfUWK�� � m"c�� �	�I8F TGKHE_I N^EGP:N^U j}EGTGUWpfE-N^rLE
TGV[hLF�N^EGKHF U8x pRI8TOrLZ[MLEGF N^Ufj}E�I8F E_I8FHZ[V �@JLKHUWqWK^I8pfpRI8jLV[E"I8FoN^rLEnFHr�I8KHEGP6pfEGpfUWK�� pRI8TOrLZ[MLEGFGvN^rLEGKHEnZ[FoUWMLV �
UWMLE�b�Z[E�	 U8x�N^rLE`pfEGpfUWK���	oZ\N^r-FHE�bWEGK^I8V�JLKHU�TGEGFHFHUWKHF�� MLU�PLEGF U8x�N^rLE`MLE�N�	uUWK���� y�� M&UWKHPLEGK7N^U@pRI8Z[M0NOI8Z|N^rLE
hLMLZ\x UWKHp b�Z[E�	 U8x�N^rLE@pfEGpfUWK���I8pfUWMLq N^rLERFHE�bWEGK^I8V�MLU�PLEGF`U8x�N^rLERMLE�N�	uUWK�����N^rLERTGUWMLFHZ[F�N^EGMLT � MLEGEGPLF`N^U
j}E"pRI8Z[M0NOI8Z[MLEGP ygD rLE�Z[pfpfEGPLZXI N^E TGUWMLFHE �1hLEGMLTGE�U8xgpRI8Z[M0NOI8Z[MLZ[MLq�N^rLE�TGUWMLFHZ[F�N^EGMLT � Z[F�N^rLE"rLZ[qWr I8pfUWhLM0N U8x
MLE�N�	uUWK�� pfEGFHF^I8qWEGF ��	orLZ[TOr T_I8hLFHEGF7I%qWKHE_I NoU bWEGKHrLE_I8P � FHV[U�	oZ[MLq%PLU�	oM N^rLE�J}EGK�x UWKHpRI8MLTGE8y

� � hLFHZ[MLq�	uE_I�� pfEGpfUWK���pfU�PLEGV[F � FHhLTOr?I8FiVXI � ��KHEGV[E_I8FHE I8MLP EGM0N^K�� TGUWMLFHZ[F�N^EGMLT ��� Z\N`Z[F�J}UWFHFHZ[jLV[ERN^U
KHEGPLhLTGEN^rLE I8pfUWhLM0N U8xeP�I NOI I8MLP�N^rLEM1hLp`j}EGK U8xepfEGFHF^I8qWEGF N^rLKHUWhLqWr�N^rLEMLE�N N^UopRI8Z[M0NOI8Z[M N^rLETGUWMLFHZ[F�N^EGMLT �Wy

� M N^rLZ[F�	uUWK�� I&MLE�	
m"c�� F���F�N^EGp Z[FiJLKHEGFHEGM0N^EGP v +�� ��	��-������y � NfJLKHEGFHEGM0N^FfN^rLE x UWV[V[U�	oZ[MLq6x E_I N^hLKHEGFGv
p`hLV\N^Z\N^rLKHE_I8PLEGP �1Z\NuPLU�EGFuMLU8NuhLFHE7N^rLE"c ��z � w FHZ[qWM�I8V�N^U�Z[MLPLZ[T_I N^EoN^rLE I8KHKHZ\b8I8V�U8x|N^rLE7MLE�N�	uUWK��fpfEGFHF^I8qWEGF �eZ\N
hLFHEGF N^rLEiEGM0N^K��-TGUWMLFHZ[F�N^EGMLT �-N^U pfZ[MLZ[pfZ��GE N^rLE%I8pfUWhLM0N U8x pfEGFHF^I8qWEGF N^rLKHUWhLqWr-N^rLEiMLE�N � p`hLV\N^Z[JLV[E�	oKHZ\N^EGK
N^EGTOrLMLZ �1hLEGF�N^UipfZ[MLZ[pfZ��GE�N^rLE7x I8V[FHE FHr�I8KHZ[MLq`E�� EGT�N �LZ\NuhLFHEGF N^rLE"a7m Y?JLKHU8N^U�TGUWV N^U`pfZ[MLZ[pfZ��GE N^rLE MLE�N�	uUWK��
U bWEGKHrLE_I8PLFRI8MLP?Z\N%r�I8F%JLKHZ[pfZ\N^Z\bWEGF�TGUWpfJ�I N^Z[jLV[E	oZ\N^r U8N^rLEGKfm"c�� F � N^U2pfZ[MLZ[pfZ��GE%N^rLE �HUWj?U8x7JLKHUWqWK^I8p
J}UWK�N^Z[MLq�� y �7V[FHU��LU8N^rLEGK�N^EGTOrLMLZ �1hLEGF7FHhLTOr-I8F J�I8qWEnI8qWqWKHEGq0I N^Z[UWM I8MLP�	oKHZ\N^E"PLE�N^EGT�N^Z[UWM6I8KHE�E�b8I8V[h�I N^EGP y

D rLE7E��eJ}EGKHZ[pfEGM0NOI8V KHEGFHhLV\N^F FHrLU�	�N^r�I N N^rLEoN^EGTOrLMLZ �1hLEGF�hLFHEGP@Z[M��7I8heN^Z[V[hLF�TGUWMLF�N^KHhLT�N^Z[UWMRJ}EGKHpfZ\NN^UnqWE�N
j}E�NHN^EGK�E��eEGTGheN^Z[UWM@N^Z[pfEGFuI8MLP I�V[U�	uEGK�M1hLp`j}EGK�U8x pfEGFHF^I8qWEGF�N^r�I8M@U8N^rLEGK�	uEGV[V ���1MLU�	oM m"c�� F Z[M I8T_I8PLEGpfZ[T
TGUWpfp`hLMLZ\N �Wy
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�Wy\�)c�Z[F�N^EGpRI8Fom"c���ynynynynynynynynyny�ynynynynynynynynyny�ynynynynynynynynyny�ynynynynynynyny �
�Wy ���oEGFHhLpfUfPLUWF w j �HE�N^Z\bWUWFoPLUWF7c�Z[F�N^EGpRI8Fom"c�� ynynynyny�ynynynynynynynynyny�ynynynynynynyny �
�Wy 
 w j �HE�N^Z\bWUWFoPLUfD�K^I8j�I8V[rLU ynynynyny�ynynynynynynynynyny�ynynynynynynynynyny�ynynynynynynyny �
�Wy  t�I8K^I8T�N^EGKHl[F�N^Z[T_I8F JLKHZ[MLTGZ[J�I8Z[F�PLU��7I8heN^Z[V[hLF�ynynynynynyny�ynynynynynynynynyny�ynynynynynynyny !
�Wy � �8hLF�N^Z ��T_I N^Z\b8I+ynynynynynynynynynyny�ynynynynynynynynyny�ynynynynynynynynyny�ynynynynynynyny !
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  Z[F�N^UWKHZ[T_I8pfEGM0N^E���I8Fnp�� �1hLZ[M�I8F�PLEfpfEGp��WKHZXI ��FHZ[T_I8pfEGM0N^EfTGUWpfJ�I8K�N^Z[V[r�I8P�I@TGUWp PLZ\bWEGKHFHUWF�JLKHU�TGEGFHF^I8PLUWKHEGF
KHEGJLKHEGFHEGM0NOI_b8I8p UCI8p`jLZ[EGM0N^E&PLE2JLKHUWqWK^I8pRI8k_d8U J�I8K^I8V[EGV[U pRI8Z[F@heN^Z[V[Z��_I8PLU��oFHEGMLPLUCTGUWMLrLEGTGZ[PLU?TGUWpfU FHh �
J}EGKHTGUWpfJLheNOI8PLUWKHEGF`J�I8K^I8V[EGV[UWFGy w qWK^I8MLPLE@JLKHUWjLV[EGpRI6PLEGFHFHE I8p`jLZ[EGM0N^E@EGK^I2I-j�I8Z �LI6EGFHT_I8VXI8jLZ[V[Z[P�I8PLEfJ}EGVXI
F^I N^hLK^I8k_d8U PLU j�I8KHK^I8pfEGM0N^U �1hLE-Z[M0N^EGKHV[Z[q0I_b8I2UWFRb �8KHZ[UWFfJLKHU�TGEGFHF^I8PLUWKHEGF � j}EGp�TGUWpfU FHEGh:I8V\N^U TGhLF�N^U PLE
TGUWMLF�N^KHhLk_d8ULy

S�p TGUWM0N^K^I8J�I8K�N^Z[P�I��0UWF�TGUWpfJLheNOI8PLUWKHEGFPLEopfEGp��WKHZXI7PLZ[F�N^KHZ[jLhLl[P�I��WUWh%FHE��^InI8F�KHEGPLEGF PLEoTGUWpfJLheNOI8PLUWKHEGF �
I8JLKHEGFHEGM0NOI_b8I8p
I8V\NOI�VXI N�"GMLTGZXI`E�j�I8Z �eU`N^EGpfJ}U%PLE�I8TGEGFHFHU�� j}EGp TGUWpfUiFHEGhLF JLKHU�TGEGFHF^I8PLUWKHEGF EGK^I8p PLE�j�I8Z �eU
PLEGFHEGpfJ}EGMLrLU  �e�'" y

� UWF�'LV\N^Z[pfUWF I8MLUWF ��I qWK^I8MLPLE%E�bWUWV[hLk_d8U P�I8F�KHEGPLEGF�PLE%TGUWpfJLheNOI8PLUWKHEGF�E%PLUWF"pfZ[TGKHUWJLKHU�TGEGFHF^I8PLUWKHEGF � E
NOI8p`j}]Gp FHEGh j�I8K^I N^E_I8pfEGM0N^U�� N�"Gp N^UWKHM�I8PLU I8FfKHEGPLEGFfPLE6TGUWpfJLheNOI8PLUWKHEGFfI8p`jLZ[EGM0N^EGFfJLKHUWJLl[TGZ[UWFiJ�I8K^I I
E��eEGTGhLk_d8URPLE�JLKHUWqWK^I8pRI8F�J�I8K^I8V[EGV[UWFGy

��N^h�I8V[pfEGM0N^E��LI8F�KHEGPLEGF UWh ��������	�
���"PLE"TGUWpfJLheNOI8PLUWKHEGF�TGUWMLF�N^KHhLl[PLUWF I�J�I8K�N^Z[KuPLE ��� � �"0 � �
 E � #��	10 � �

PLEiJLK^I N^EGV[EGZ[K^IREGF�NOd8U FHEiTGUWMLF�N^Z\N^hLZ[MLPLU hLpRIRKHEGqWK^I J�I8K^I I@KHEGPLE���MLZ[k_d8U PLU pfU�PLEGV[U@PLEiFHhLJ}EGKHTGUWpfJLheNOI8k_d8U
J�I8K^I8V[EGVXI  �e� " y � E�bWUWV[hLk_d8U@P�I8F KHEGPLEGF PLE�TGUWpfJLheNOI8PLUWKHEGF7EnPLUWF7JLKHU�TGEGFHF^I8PLUWKHEGF J}EGKHpfZ\N^Z[h �1hLE`UWF.��������	�
���
FHE��^I8p EGMLT_I8K^I8PLUWFfTGUWpfU�FHhLJ}EGKHTGUWpfJLheNOI8PLUWKHEGFfJ�I8K^I8V[EGV[UWFGy tuUWpfU�E��eEGpfJLV[U�PLEGFHF^I E�bWUWV[hLk_d8U��uJ}U�PLEGp � FHE
TGZ\NOI8K�I8F�KHEGPLEGF�� ��KHZ[MLE�N  �7 "|E�z"Z[q0I	� E�N^rLEGKHMLE�N  ��" �1hLE"FHE"EGMLTGUWM0N^K^I8p EGp UWJ}EGK^I8k_d8U`E"UWF�JLKHU�TGEGFHF^I8PLUWKHEGFoPLE
pRI8Z[F�PLE%� z  ���LTGUWpfU%U ��N^rLV[UWM�  " � ���iEGp hLFHULy

� hLZ\NOI8F J}EGF �1hLZ[F^I8FuN�"Gp FHZ[PLUnx EGZ\NOI8F MLU`FHEGM0N^Z[PLU�PLE7J}UWJLhLVXI8KHZ��_I8KUWF���������	�
��� TGUWpfU`I8p`jLZ[EGM0N^E PLE7j�I8Z �eU
TGhLF�N^U6ERPLERI8V\N^U PLEGFHEGpfJ}EGMLrLU-J�I8K^I U6PLEGFHEGM0bWUWV\b�Z[pfEGM0N^U6PLERFHhLJ}EGKHTGUWpfJLheNOI8PLUWKHEGF �gJ�I8K^I6I E��eEGTGhLk_d8U&PLE
JLKHUWqWK^I8pRI8FoJ�I8K^I8V[EGV[UWF   M" " y � TGKHEGPLZ\NOI8MLPLU@M�IfE�bWUWV[hLk_d8U@PLUWF ��������	�
��� �}U ��SSS:TGKHZ[UWh6U ��SSS:DgI8F��6~�UWKHTGE
UWM6tuV[hLF�N^EGK7tuUWpfJLheN^Z[MLq  !C" " y

�7IiV[Z[MLr�I`PLE ��������	�
��� ��EGp N^EGKHpfUWF qWEGK^I8Z[F �eN�"Gp FHZ[PLU%PLEGFHEGM0bWUWV\b�Z[P�I8F7I8FoFHEGqWhLZ[M0N^EGF �8KHE_I8FGv

� J�I8TGU8N^EGFoPLE�J�I8FHF^I8qWEGp PLEnpfEGMLF^I8qWEGMLFGv Y N��� �W� "����6Y �  ��
 " =

� J�I8TGU8N^EGF6PLE TGUWp`hLMLZ[T_I8k_d8UCICMLl\bWEGVnPLE hLFHh!�8KHZ[U  "C " �"J}EGKHpfZ\N^Z[MLPLUCI?EGV[Z[pfZ[M�I8k_d8U PLUCD t�Y��8a7m Y =
J}U�PLEGp � FHE E��eEGpfJLV[Z ��T_I8K �`UWF&J�I8TGU8N^EGF�� T�N^Z\bWE � EGFHF^I8qWEGF  � " �%~ I8F�N � EGFHF^I8qWEGF  ��! " �fz�I8pfpRI  � 
 "%E
a MLE�N  !#" �LPLEGFHEGM0bWUWV\b�Z[pfEGM0N^UWF7I8T_I8P "GpfZ[TGUWF E�U,N � �  " " � IiMLl\bWEGV|Z[MLPLhLF�N^KHZXI8V =

�



������� ��	 ��� � ��� � � � � �

� FHZ[F�N^EGpRI8F PLEnI8K �1hLZ\bWUWFoJ�I8K^I8V[EGV[UWF�TGUWpfUiURY �A� � w  �C" " =

� x UWKHpRI8V[Z��_I8k_d8U"PLE JLKHZ[pfZ\N^Z\b8I8F�PLE7J�I8K^I8V[EGV[Z[FHpfU�J�I8K^I ��������	�
���"PLE p�� �1hLZ[M�I8F p`hLV\N^Z[JLKHU�TGEGFHF^I8P�I8F TGUWpfU
U%J�I8PLK^d8U w J}EGM��6Y
 ��! " =

� FHZ[F�N^EGpRI8F UWJ}EGK^I8TGZ[UWM�I8Z[F�pfU�PLZ ��T_I8PLUWF�TGUWpfU%U � UWFHZ �  ���'" =

� I8PLpfZ[MLZ[F�N^K^I8k_d8U`PLE ��������	�
���nTGUWpfU%UfYgI8KHpfUWM� �C$ " =

� KHEGPLEGF PLE2Y tuF E&EGF�NOI8k ��EGF PLE&j�I8Z �eU TGhLF�N^U?TGUWpfU U �uEGU�	ohLV\x  !C$#""P�I � �"c � E&U � w 9  !7 ""PLE
�uEGK��8EGV[E ��=

� ��
FE � ��" � � 4 ��J�I8K^I ��������	�
���  "�� " =

� FHZ[F�N^EGpRI8F�������	���������	�
� ����� �
�.!�
�"$#%��&  !�� " UWh FHZ[F�N^EGpRI8Fom"c���y

S�F�N^E`N^K^I8j�I8V[rLURN^EGp�TGUWpfU�"GMex I8FHE%I$'LV\N^Z[pRI��8KHE_I�� �1hLE`N^E�bWEiZ[MLl[TGZ[URTGUWp�U@N^K^I8j�I8V[rLU@PLE%{|Z  
M! "�EGp���$�"��ey
YgI8K^I E��eJLV[Z[T_I8K UoTGUWMLTGEGZ\N^UoPLE m"c����_x I ��� FHE�MLEGTGEGFHF��8KHZ[U PLZ\x EGKHEGMLTGZXI8K EGM0N^KHEUWF|PLUWZ[F|pfU�PLEGV[UWF PLE�JLKHUWqWK^I8pRI8k_d8U
J�I8K^I8V[EGVXIevgpfEGp��WKHZXI�TGUWpfJ�I8K�N^Z[V[r�I8P�I�E�PLE�pfEGp��WKHZXI�PLZ[F�N^KHZ[jLhLl[P�Iey

����� � � �
	����� ��� ���

w pfU�PLEGV[U PLE&pfEGp��WKHZXI�TGUWpfJ�I8K�N^Z[V[r�I8P�I�]&hLpRI E���N^EGMLF^d8U?PLU pfU�PLEGV[U TGUWM0bWEGMLTGZ[UWM�I8V"TGUWp hLp 'LMLZ[TGU
JLKHU�TGEGFHF^I8PLUWK � J}EGV[U �1h�I8V � �1h�I8V �1hLEGK7p`hLP�I8MLk_IfEGp
hLp
P�I8PLURTGUWpfJ�I8K�N^Z[V[r�I8PLU%PLE�pfEGp��WKHZXIiFHEnN^UWKHM�IfZ[pfE��
PLZXI NOI8pfEGM0N^Eub�Z[FHl\bWEGV I8UWFUWheN^KHUWF�JLKHU�TGEGFHF^I8PLUWKHEGF J}UWK �1hLE I"pfEGp��WKHZXI7] ��FHZ[T_I8pfEGM0N^EoTGUWpfJ�I N^Z[V[r�I8P�I7EGM0N^KHEoUWF
pfEGFHpfUWFGy w JLKHUWjLV[EGpRI PLEGF�N^E pfU�PLEGV[U ] InI8V\NOI TGUWM0N^EGMLk_d8U �1hLE UWFJLKHU�TGEGFHF^I8PLUWKHEGF JLKHU bWU�T_I8p J�I8K^I�pRI8M0N^EGK
I`TGU�EGK$"GMLTGZXIiPLE"pfEGp��WKHZXI��eI8JLKHEGFHEGM0NOI8MLPLURI8FHFHZ[p hLpRI`qWK^I8MLPLE"J}EGKHP�IiPLE�PLEGFHEGpfJ}EGMLrLU%TGUWp hLp+I8hLpfEGM0N^U
P�IiEGFHT_I8VXIey

w pfU�PLEGV[UfPLE�pfEGp��WKHZXIiPLZ[F�N^KHZ[jLhLl[P�I%M�d8URhLF^I@I@I8jLF�N^K^I8k_d8URPLE`hLpRI 'LMLZ[T_IfpfEGp��WKHZXIiTGUWpfJ�I8K�N^Z[V[r�I8P�I
MLU6FHZ[F�N^EGpRI�� FHEGMLPLU �1hLERUWFnJLKHU�TGEGFHF^I8PLUWKHEGF�FHERTGUWp`hLMLZ[T_I8p J}UWKnpfEGZ[U PLERJ�I8FHF^I8qWEGp PLERpfEGMLF^I8qWEGMLFGy c�E
U pfU�PLEGV[U PLEfJ�I8FHF^I8qWEGp PLEfpfEGMLF^I8qWEGMLF�x UWKnI8PLU8NOI8PLU���U JLKHUWqWK^I8pRI8PLUWK"PLEfp�� �1hLZ[M�I8F�PLEfpfEGp��WKHZXI$��FHZ �
T_I8pfEGM0N^E�TGUWpfJ�I8K�N^Z[V[r�I8P�I�b8I8Z|N^EGK7PLE�p`hLP�I8K FHEGh-EGF�N^Z[V[UfPLE�JLKHUWqWK^I8pRI8K ��FHEGMLPLU@UWjLKHZ[q0I8PLURIfFHE�JLKHEGU�TGhLJ�I8K
TGUWp pfU b�Z[pfEGM0NOI8k_d8U�PLE6P�I8PLUWF � j}EGp TGUWpfU�FHEGh�EGpfJ�I8TGU8NOI8pfEGM0N^U E V[Z[MLE_I8KHZ��_I8k_d8ULy�S�F�N^E-pfU�PLEGV[U�M�d8U
I8JLKHEGFHEGM0NOIRURJLKHUWjLV[EGpRI%PLE�TGUWM0N^EGMLk_d8U@PLUWF7JLKHU�TGEGFHF^I8PLUWKHEGF J}EGV[Ufj�I8KHK^I8pfEGM0N^U  � �#" y m7EGF�NOIfx UWKHpRI�� J�I8K^IfFHE
N^EGK Iix I8TGZ[V[Z[P�I8PLE7PLEnJLKHUWqWK^I8pRI8K�PLUfpfU�PLEGV[UiPLE�JLKHUWqWK^I8pRI8k_d8U%PLE�pfEGp��WKHZXI�TGUWpfJ�I8K�N^Z[V[r�I8P�IiI8V[ZXI8P�I`I%hLp
j}UWp�PLEGFHEGpfJ}EGMLrLU��x UWZuJLKHUWJ}UWF�NOI&I&I8jLF�N^K^I8k_d8U2PLE hLp EGFHJ�I8kGU2PLE EGMLPLEGKHEGk_I8pfEGM0N^U�TGUWpfJ�I8K�N^Z[V[r�I8PLU EGM �
N^KHEnJLKHU�TGEGFHF^I8PLUWKHEGF"FHUWjLKHE�hLp ��������	�
��%PLE�TGUWpfJLheNOI8PLUWKHEGF � FHUWV[hLk_d8UfPLEGMLUWpfZ[M�I8P�IfPLE�FHZ[F�N^EGpRI ������	���������	�
�
����� �
� !�
�"$#%��&  !�� "�UWh�m"c���� �1hLE%J}U�PLEiFHEGK b�Z[FHh�I8V[Z��_I8PLU M�I ��qWhLK^I-�Wy\�WyiS�FHF^I I8jLF�N^K^I8k_d8U J}EGKHpfZ\N^EiI8U
hLFHh!�8KHZ[U6JLKHUWqWK^I8pRI8K"hLp ��������	�
�� PLERTGUWpfJLheNOI8PLUWKHEGF�TGUWpfU FHERx UWFHFHERhLpRI p�� �1hLZ[M�I PLERpfEGp��WKHZXI ��FHZ[T_I	�
pfEGM0N^E�TGUWpfJ�I8K�N^Z[V[r�I8P�Iey
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abstraction of shared memory

network

processor 1 processor 3processor 2

memory 2 memory 3 memory Nmemory 1

processor N

~gZ[qWhLK^I@�Wy\�Wv �7jLF�N^K^I8k_d8UfPLEnm"c��� � ��� 
0�#"

�7M0N^EGF%PLE E��eJLV[Z[T_I8KiI-TGUWMLF�N^Z\N^hLZ[k_d8U&PLE hLp m"c���� ] TGUWM0bWEGMLZ[EGM0N^E PLE�NOI8V[r�I8K`U �1hLE F^d8U2JLKHU�TGEGFHFHUWF%E
	-���
���2�  !�! " y Y�KHU�TGEGFHFHUWF7F^d8UREGM0N^Z[P�I8PLEGFox UWKHpRI8P�I8F J}UWK hLp+EGFHJ�I8kGURPLEnEGMLPLEGKHEGk_I8pfEGM0N^U��}hLp+TGUWM0NOI8PLUWK PLE
JLKHUWqWK^I8pRI8F �0hLp ��	 �*�54%E hLp TGUWM �HhLM0N^U�PLE KHEGqWZ[F�N^K^I8PLUWKHEGFGy�a p JLKHU�TGEGFHFHU���NOI8p`j}]Gp TOr�I8pRI8PLUnPLE JLKHU�TGEGFHFHU
J}EGF^I8PLU��uJ}U�PLE TGUWM0N^EGK%b �8KHZ[UWFiJLKHU�TGEGFHFHUWFRV[E�bWEGF � 	-���
���2� ��� �1hLE J}UWFHFHhLEGp FHEGhLFRJLK��WJLKHZ[UWF%TGUWM0NOI8PLUWKHEGFfPLE
JLKHUWqWK^I8pRI`E ��	 �*�54 � ��J}UWKH]Gp TGUWpfJ�I8K�N^Z[V[r�I8p UfpfEGFHpfUiEGFHJ�I8kGURPLE�EGMLPLEGKHEGk_I8pfEGM0N^ULy

Y�U�PLE�� FHE PLZ��GEGK �1hLE hLp FHZ[F�N^EGpRInm"c��
]ox UWKHpRI8PLU"b �8KHZ[UWF�TGUWM �HhLM0N^U�PLE JLKHU�TGEGFHFHUWF � UWhRPLE 	-���
���2� �0FHE I
Z[pfJLV[EGpfEGM0NOI8k_d8U UWhfUnFHZ[F�N^EGpRI"J}EGKHpfZ\N^Z[K ���8T_I8P�I�TGUWM �HhLM0N^U�FHEGMLPLU�E��eEGTGheNOI8PLU�EGp hLp PLUWFM��WF P�I"KHEGPLE8y w F
JLKHU�TGEGFHFHUWF�� UWh 	-���
���2� �gJ}EGK�N^EGMLTGEGM0N^EGF�I8U�pfEGFHpfU"TGUWM �HhLM0N^U�TGUWp`hLMLZ[T_I8p � FHE�EoUWF�TGUWM �HhLM0N^UWFPLEoJLKHU�TGEGFHFHUWF �
�1hLE�F^d8URE��eEGTGheNOI8PLUWF EGp
M��WF7PLZ\x EGKHEGM0N^EGF7P�IfKHEGPLE��}NOI8p`j}]Gp+FHE�TGUWp`hLMLZ[T_I8p y w m"c�� PLE�bWE�N^K^I8MLF�x UWKHpRI8K
I8TGEGFHFHUWF7QipfEGp��WKHZXI�TGUWpfJ�I8K�N^Z[V[r�I8P�I�EGp TGUWp`hLMLZ[T_I8k_d8U%EGM0N^KHE�UWFoTGUWM �HhLM0N^UWFoPLE�JLKHU�TGEGFHFHUWF   M" " y

w F%m"c�� F �uPLE@x UWKHpRI NOd8U-N^K^I8MLFHJ�I8KHEGM0N^E �1h�I8M0N^U2J}UWFHFHl\bWEGV �Z[M0N^EGKHTGEGJeNOI8p UWF%I8TGEGFHFHUWFfPLU&hLFHh!�8KHZ[U2Q8F
pfEGp��WKHZXI8F7KHEGpfU8NOI8F E%UWF N^K^I8MLF�x UWKHpRI8p�EGp pfEGMLF^I8qWEGMLFnI8JLKHUWJLKHZXI8P�I8F � �1hLE%J�I8FHF^I8p J}EGVXI KHEGPLE%PLEiZ[M0N^EGK �
TGUWMLE��Ld8ULy Y�UWK�NOI8M0N^U��LU%JLKHUWqWK^I8pRI8PLUWK ��T_IiTGUWp+I`Z[V[hLF^d8UiPLE�EGF�NOI8K TGUWp hLp qWK^I8MLPLE�EGFHJ�I8kGUfPLE"EGMLPLEGKHEGk_I	�
pfEGM0N^U��LJ}EGVXIiEGV[Z[pfZ[M�I8k_d8U�E��eJLV[l[TGZ\NOI`PLE"N^KHU�T_IiPLE�pfEGMLF^I8qWEGMLFGy

m7E�x UWKHpRIRI8M!�8V[UWq0IRI8UWF FHZ[F�N^EGpRI8F7PLE`pfEGp��WKHZXI%TGUWpfJ�I8K�N^Z[V[r�I8P�Iix l[FHZ[T_I��}UWF m"c�� F"J}U�PLEGp�KHEGJLV[Z[T_I8K UWF
P�I8PLUWF �1pfEGV[rLUWK^I8MLPLU�I"V[U�T_I8V[Z[P�I8PLEN^EGpfJ}UWK^I8VLEoEGFHJ�I8TGZXI8V ygm I�pfEGFHpRI x UWKHpRI �1hLEoUWFFHZ[F�N^EGpRI8F�PLEopfEGp��WKHZXI
TGUWpfJ�I8K�N^Z[V[r�I8P�I&x l[FHZ[T_I�heN^Z[V[Z��_I8p hLp�jLV[U�TGU PLU ��*� �1
&J�I8K^I hLMLZ[P�I8PLE-PLE-TGU�EGK$"GMLTGZXI��oUWF m"c�� F J}U�PLEGp
NOI8p`j}]Gp heN^Z[V[Z��_I8K`J!�8qWZ[M�I8FiPLE pfEGp��WKHZXI6UWh?pfEGFHpfU2UWj �HE�N^UWFfTGUWpfU2FHEGMLPLU FHh�I2hLMLZ[P�I8PLE PLE TGUWpfJ�I8K�N^Z �
V[r�I8pfEGM0N^ULy �:qWK^I8MLPLEohLMLZ[P�I8PLEoPLEoTGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U��8FHE TGUWpfJ�I8K^I8P�I"I8U"NOI8pRI8MLrLU�PLUnjLV[U�TGU"PLUWF ��*� �1
 �
PLUWF`FHZ[F�N^EGpRI8F`PLE pfEGp��WKHZXI TGUWpfJ�I8K�N^Z[V[r�I8P�I x l[FHZ[T_I��I8FHFHU�TGZXI8P�I-Q-VXI N�"GMLTGZXI6PLUWF$� #��	10 � �
 � FHE TGUWp`jLZ[M�I8p
J�I8K^IiTGUWMLF�N^Z\N^hLZ[K�UfqWK^I8MLPLE"PLEGF^I%��UfPLE�JLKHU �HE�N^UfPLUWFoFHZ[F�N^EGpRI8Fom"c���  M" " y

YgI8K^I6pfEGV[rLUWK^I8KnFHEGh PLEGFHEGpfJ}EGMLrLU��FHZ[F�N^EGpRI8F �1hLE I8JLKHEGFHEGM0NOI8p pfEGp��WKHZXI TGUWpfJ�I8K�N^Z[V[r�I8P�I x l[FHZ[T_I heN^Z �
V[Z��_I8p ��*� �1
 ��V[U�T_I8Z[F � E�J}UWK�NOI8M0N^U��8KHEGJLV[Z[T_I8p UWFgP�I8PLUWF MLEGV[EuTGUWM0N^Z[PLUWFGy Y�UWKH]Gp �0I8U heN^Z[V[Z��_I8KHEGp EGFHFHEGF���*� �1
 � �
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PLE�bWEGp+pRI8M0N^EGK FHh�I%TGU�EGK$"GMLTGZXI�� ��� �1hLE�UWFoP�I8PLUWFoF^d8U%KHEGJLV[Z[T_I8PLUWFGy
c�EGqWhLMLPLU c�rLZ  ���#" �|IRTGUWMLFHZ[F�N�"GMLTGZXI@EiIRTGU�EGK$"GMLTGZXIREGF�NOd8U@x UWK�N^EGpfEGM0N^E`KHEGVXI8TGZ[UWM�I8P�I8F EiI8F TGUWMLPLZ[k ��EGF PLE

TGU�EGK$"GMLTGZXIiTGUWMLFHZ[PLEGK^I8p PLZ\x EGKHEGM0N^EGF E�bWEGM0N^UWF7PLE�PLZ\x EGKHEGM0N^EGFoJLKHU�TGEGFHF^I8PLUWKHEGF7J�I8K^I%IipfEGFHpRIiV[U�T_I8V[Z[P�I8PLE���EGM �
�1h�I8M0N^U�U�pfU�PLEGV[U�PLE TGUWMLFHZ[F�N�"GMLTGZXInM�d8U�FHUWpfEGM0N^E TGUWMLFHZ[PLEGK^InUWF PLZ\x EGKHEGM0N^EGFuE�bWEGM0N^UWF�M�InpfEGFHpRI�V[U�T_I8V[Z[P�I8PLE
pRI8F7NOI8p`j}]Gp Z[pfJ ��EnKHEGF�N^KHZ[k ��EGF�M�I@UWKHPLEGp PLUWF"E�bWEGM0N^UWF ��Z[F�N^U ]��|M�I UWKHPLEGp PLE%E��eEGTGhLk_d8U PLEiT_I8P�I JLKHU �
TGEGFHF^I8PLUWKGy �7FHFHZ[p hLpRI@TGUWp`jLZ[M�I8k_d8U@PLEiTGU�EGK$"GMLTGZXI PLE ��*� �1
%EiUWKHPLEGM�I8k_d8U PLUWF"E�bWEGM0N^UWFnZ[K��RPLE�N^EGKHpfZ[M�I8K
UiTGUWpfJ}UWK�NOI8pfEGM0N^U`qWV[UWj�I8V}P�IipfEGp��WKHZXInPLUiFHZ[F�N^EGpRIey � FHEGqWhLZ[M0N^E"KHEGVXI8k_d8UiV �WqWZ[T_In]"Z[qWh�I8V[pfEGM0N^E7JLKHUWJ}UWF�NOI
EGp  ���#" v
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�7I7PLE���MLZ[k_d8U I8TGZ[pRIoJLKHUWJ}UWF�NOI��8U7UWj �HE�N^Z\bWU PLU7JLKHU8N^U�TGUWV[U PLEuTGU�EGK$"GMLTGZXI7]uq0I8K^I8M0N^Z[K�Iob�Z[F^d8U TGU�EGKHEGM0N^EuP�I

V[U�T_I8V[Z[P�I8PLE�PLE pfEGp��WKHZXI PLUWF p('LV\N^Z[JLV[UWF JLKHU�TGEGFHF^I8PLUWKHEGF =�InUWKHPLEGM�I8k_d8UnPLUWFuE�bWEGM0N^UWFuPLEGFHTGKHE�bWE�I�U�TGUWKHK$"GMLTGZXI
P�I FHE �18 "GMLTGZXI PLUWFRE�bWEGM0N^UWF PLE-pfEGp��WKHZXI&EGpfZ\N^Z[PLUWFRI N^K^I_bW]GF@PLE-T_I8P�I JLKHU�TGEGFHF^I8PLUWKGy S�p�KHEGFHhLpfU��ohLp
pfU�PLEGV[U�PLETGUWMLFHZ[F�N�"GMLTGZXI PLE�pfEGp��WKHZXIuEGFHJ}EGTGZ ��T_IoUWF|KHE �1hLZ[FHZ\N^UWF|PLETGU�EGK$"GMLTGZXI�M1hLp JLKHU8N^U�TGUWV[U�PLETGU�EGK$"GMLTGZXI��
Z[F�N^U ]�� �1h�I8VnI b�Z[F^d8U?TGU�EGKHEGM0N^E�P�I pfEGp��WKHZXI TGUWpfJ�I8K�N^Z[V[r�I8P�I �1hLE hLp JLKHU8N^U�TGUWV[U PLE�TGU�EGK$"GMLTGZXI PLE�bWE
JLKHU bWEGK  ��$ " yRa p JLKHU8N^U�TGUWV[U PLEfTGU�EGK$"GMLTGZXI PLE���*� �1
f]fPLEix I N^U hLp pfEGT_I8MLZ[FHpfU PLEfJLKHUWJ�I8q0I8k_d8U PLEfPLUWF
b8I8V[UWKHEGFfKHEGTGEGM0N^EGpfEGM0N^E-EGFHTGKHZ\N^UWFRM�I pfEGp��WKHZXI&PLE x UWKHpRI �1hLE-UWFfJLKHU�TGEGFHF^I8PLUWKHEGF PLE�b8I8p N^EGKRhLpRI2MLU b8I
b�Z[F^d8U%TGU�EGKHEGM0N^E�P�I%pfEGFHpRI  ��$#" yYgI8K^I%pRI8M0N^EGKoIiTGU�EGK$"GMLTGZXI���PLUWZ[F pfEGT_I8MLZ[FHpfUWF�j!�8FHZ[TGUWFoF^d8U%heN^Z[V[Z��_I8PLUWFGv�I
Z[M0b8I8V[Z[P�I8k_d8U`UWh I%I N^h�I8V[Z��_I8k_d8ULy

a p�pfU�PLEGV[U PLERpfEGp��WKHZXI EGFHJ}EGTGZ ��T_I �1h�I8MLPLU&I8F`UWJ}EGK^I8k ��EGF�PLE@TGU�EGK$"GMLTGZXI U�TGUWKHKHEGp�E �1h�I8Z[F�P�I8PLUWF
PLE�bWEGp
FHEGKob�Z[FHl\bWEGZ[FGy � F�N^URJ}U�PLEnFHEGK Z[pfJLV[EGpfEGM0NOI8PLUiTGUWp b �8KHZ[UWF qWK^I8hLF PLE � ��D�&7E 
 � ��M�I%JLKHUWJ�I8q0I8k_d8UfE�M�I
I8JLV[Z[T_I8k_d8U  ���#" v

� P�I8FoUWJ}EGK^I8k ��EGF PLE�TGU�EGK$"GMLTGZXI>=

� P�I8F�pfU�PLZ ��T_I8k ��EGFuPLE"P�I8PLUWF �1hLE"PLE�bWEGp FHEGKoI8JLV[Z[T_I8P�I8F�I8UWF�M��WF KHEGpfU8N^UWFuJ}UWK�pfEGZ[U`P�I`EGpfZ[FHF^d8U`PLE
pfEGMLF^I8qWEGMLFGy

w �1hLE�FHEnUWj �HE�N^Z\b8I%]�pRI �eZ[pfZ��_I8K�IiV[U�T_I8V[Z[P�I8PLE��epfZ[MLZ[pfZ��_I8MLPLU`I8Ufp�� �eZ[pfUiI%EGpfZ[FHF^d8U%PLEnpfEGMLF^I8qWEGMLFGy*)
J}UWK Z[FHFHU �1hLEnUWF J}EGF �1hLZ[F^I8PLUWKHEGF Z[M0bWEGF�N^Z[K^I8p NOI8M0N^U%MLUWFopfU�PLEGV[UWF�PLE�TGUWMLFHZ[F�N�"GMLTGZXI%MLUWF/'LV\N^Z[pfUWF�I8MLUWF�y

w "$# �*
���# � 
,+�-1
FE ����� ��]@U �1hLE I8JLKHEGFHEGM0NOI&TGUWMLFHZ[F�N�"GMLTGZXI6pRI8Z[F�x UWK�N^E���U �1hLE Z[pfJLV[Z[T_I EGp �1hLE@N^U�P�I8F
I8FibWE �GEGF �1hLE hLpRI-b8I8KHZ �_bWEGV�x UWK%pfU�PLZ ��T_I8P�I-EGp hLp M�����I8F%pfU�PLZ ��T_I8k ��EGFiPLEGFHF^I2b8I8KHZ �_bWEGVoFHE N^UWKHM�I8p
Z[pfEGPLZXI NOI8pfEGM0N^Eob�Z[FHl\bWEGZ[F I8UWF�UWheN^KHUWF�M��WF � I N^K^I_bW]GF PLUiEGM0b�Z[U%PLE"pfEGMLF^I8qWEGMLF � yS�FHFHE�Z[pfEGPLZXI N^Z[FHpfUnZ[pfJLV[Z[T_I
EGp hLp qWK^I8MLPLE M*'LpfEGKHUnPLEopfEGMLF^I8qWEGMLF PLhLK^I8M0N^E7I�E��eEGTGhLk_d8U`PLU�I8JLV[Z[T_I N^Z\bWU"FHUWjLKHE U�m"c����1T_I8hLF^I8MLPLU�hLp
j�I8Z �eU%PLEGFHEGpfJ}EGMLrLU  � � " y

c�E`I%TGUWMLFHZ[F�N�"GMLTGZXIfFHE �18LEGMLTGZXI8V x UWK pRI8M0N^Z[P�IiFHUWpfEGM0N^E�MLUWF J}UWM0N^UWF7PLEnFHZ[MLTGKHUWMLZ��_I8k_d8UfPLUWF JLKHUWqWK^I8pRI8F �
U�N^K�� x EGqWU`PLE pfEGMLF^I8qWEGMLF PLE TGUWMLFHZ[F�N�"GMLTGZXI`FHEGK��`pfEGMLUWKuE��eJ}UWK�TGUWMLFHEGqWhLZ[M0N^E��LU`PLEGFHEGpfJ}EGMLrLU%FHEGK��`pfEGV[rLUWKGy
w F pfU�PLEGV[UWFgPLE TGUWMLFHZ[F�N�"GMLTGZXI �1hLE FHE EGM �1h�I8PLK^I8p MLEGF�NOI8F�T_I8K^I8T�N^EGKHl[F�N^Z[T_I8F F^d8U"UWF�pfU�PLEGV[UWF�PLE � #7E ������	/.FE �����
�*
�������
�� ��0�1*# � UWh �
���
�2� 
 � #7E ������	�
FE ��&���� �1hLE�FHUWpfEGM0N^E�pRI8M0N�"Gp IiTGUWMLFHZ[F�N�"GMLTGZXIiPLU%JLKHUWqWK^I8pRIiI8JLV[Z[T_I N^Z\bWU
MLUWFoJ}UWM0N^UWF PLE�FHZ[MLTGKHUWMLZ��_I8k_d8U��LEGp qWEGK^I8V|j�I8KHKHEGZ[K^I8F E"FHEGp�� x UWKHUWF  
0�#" y
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��I8FHZ[T_I8pfEGM0N^E I`E�bWUWV[hLk_d8U`PLUWF�FHZ[F�N^EGpRI8F�m"c�� M�d8U`] M�I8P�I�pRI8Z[F PLU �1hLE"I�E�bWUWV[hLk_d8UiP�I$� ��D�&7E 
 � �"PLUWF
JLKHU8N^U�TGUWV[UWFGy �6I8Z[UWK � ��D�&7E 
 � �nZ[pfJLV[Z[T_I�EGp� �W��" v

� TGUWp`hLMLZ[T_I8k_d8UipfEGMLUWF x KHE �18LEGM0N^EnE�pfEGMLUWF UWJ}EGK^I8k ��EGFoPLE�JLKHU8N^U�TGUWV[UiPLE�KHEGPLE"=

� pRI8Z[UWKoPLZ ��TGhLV[P�I8PLE`PLE`JLKHUWqWK^I8pRI8k_d8URE`pRI8Z[UWK M*'LpfEGKHU PLE`EGF�NOI8PLUWF"PLU JLKHU8N^U�TGUWV[URPLE`pRI8M1heN^EGMLk_d8U
P�IiTGU�EGK$"GMLTGZXIey

����� � � �	�  ��
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 ��� � � �
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c�EGqWhLMLPLU� �	�#" I8JLhLP�  M" " �LU%PLEGFHEGpfJ}EGMLrLURPLUWF m"c�� F PLEGJ}EGMLPLEnPLE8v

� bWEGV[U�TGZ[P�I8PLE"PLEnI N^EGMLPLZ[pfEGM0N^U%PLE�hLp J}EGPLZ[PLU%Q%pfEGp��WKHZXI�PLE�hLp M��%KHEGpfU8N^U?=

� bWEGV[U�TGZ[P�I8PLE"TGUWp �1hLE�U%FHZ[F�N^EGpRIiPLE�pfEGp��WKHZXInb�Z[K�N^h�I8V PLE�N^EGT�NOIfhLpRI�x I8V\NOI`PLE�J!�8qWZ[M�I>=

� #%0 
���1
���@PLUfJLKHU8N^U�TGUWV[U`heN^Z[V[Z��_I8PLU`MLURm"c�� J�I8K^IfI N^EGMLPLEGKohLpRI�x I8V\NOI`PLE�J!�8qWZ[M�I>=

� #%0 
���1
���@PLU � #��	10 � �
�PLE�TGUWp`hLMLZ[T_I8k_d8U%E�FHEGhLF b �8KHZ[UWF MLl\bWEGZ[FoPLE�EGM0b�Z[U?=

� bWEGV[U�TGZ[P�I8PLE"PLU%pfEGZ[UiPLE�TGUWp`hLMLZ[T_I8k_d8U?=

� M*'LpfEGKHU%PLE�pfEGMLF^I8qWEGMLFoTGUWM0N^EGMLPLURZ[Mex UWKHpRI8k ��EGF�PLE�TGUWMLFHZ[F�N�"GMLTGZXI��LP�I8PLUWFoE�FHZ[MLTGKHUWMLZ��_I8k_d8U?=

� FHZ[MLTGKHUWMLZ��_I8k_d8UiPLE�j�I8KHKHEGZ[K^I8F E�FHEGp�� x UWKHUWF =

� j�I8VXI8MLTGE_I8pfEGM0N^UiPLE�T_I8KHq0Iey

�oEGFHhLpfZ[MLPLU��LhLp FHU8x N�	�I8KHEnm"c�� N^EGp TGUWpfUiUWj �HE�N^Z\bWUWFoJLKHZ[MLTGZ[J�I8Z[F  � � " v

�WyopRI8M0N^EGKoIiTGU�EGK$"GMLTGZXIiPLE�pfEGp��WKHZXI��LI8FHFHZ[p TGUWpfU%MLUWFoFHZ[F�N^EGpRI8F ��FHZ[T_I8pfEGM0N^E�TGUWpfJ�I8K�N^Z[V[r�I8PLUWF =

��yopRI8M0N^EGKoIiTGUWpfJ�I N^Z[jLZ[V[Z[P�I8PLE PLU � #��	10 � �
3=


eyoFHEGK N^K^I8MLFHJ�I8KHEGM0N^E�I8U%hLFHh!�8KHZ[ULy

c�hLpRI8KHZ��_I8MLPLU%I8F b8I8M0NOI8qWEGMLFoPLE�FHE�JLKHUWqWK^I8pRI8K�MLURI8p`jLZ[EGM0N^E"PLE�hLp+m"c��� � � " �LN�"Gp � FHE8v

�Wy IiM�d8U%JLKHEGU�TGhLJ�I8k_d8UfTGUWp+IipfU b�Z[pfEGM0NOI8k_d8UiE�V[Z[MLE_I8KHZ��_I8k_d8U`PLE�P�I8PLUWF =

��yoM�d8U%JLKHEGU�TGhLJ�I8k_d8UfTGUWp JLKHZ[pfZ\N^Z\b8I8F PLUiN^Z[J}U � 
FE ��� �
 � 
��-0 
3=
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eyoTGUWpfJ�I N^Z[jLZ[V[Z[P�I8PLEoTGUWp JLKHUWqWK^I8pRI8F EGFHTGKHZ\N^UWF J�I8K^I%p�� �1hLZ[M�I8F�PLE�pfEGp��WKHZXI�TGUWpfJ�I8K�N^Z[V[r�I8P�I>=

 Ly I8JLKHEGFHEGM0NOI8KRPLEGFHEGpfJ}EGMLrLU TGUWpfJ�I N^l\bWEGV TGUWp UWFRpfEGFHpfUWF%JLKHUWqWK^I8pRI8F%EGFHTGKHZ\N^UWFfJ�I8K^I�J�I8FHF^I8qWEGp PLE
pfEGMLF^I8qWEGMLFGy

�7V[qWhLMLF`m"c�� F`J}U�PLEGp�FHEGK`TGZ\NOI8PLUWFnP�I-V[Z\N^EGK^I N^hLK^I  
e� " v � m"c��� �8� "[P�I-a7~ � �>= �uK^I �GUWF  !W� � !�
 "uPLE �oZ[TGE"=
t�I8FHrLpfEGKHE  � �#" PLEQ�oU�TOrLEGF�N^EGK =�t N��� 
�
 " PLE��6I8K���VXI8MLP =�m���Y t� �	� " PLE ��a c�D
=	��� � ��� �  �8���1��" �1��$ " � t �"c�� =
{ I8KHTOr�I8M0N  
��#" =�� Z[V[V[Z[J}EGPLE  ���#" � D�EGTOrLMLZ[UWM�� I8JLhLP  �/ " =�� Z[K^I8qWE   M$ " � a t �oZ\bWEGKHFHZ[PLE � = � h�I8K��1F  $��A!C�#"
� aoNOI8r�� =nc� I� ���6Y
 !8� " � Y�KHZ[MLTGE�N^UWM�� =�c1N��6{|Z[j� � � "��<��9:D  � I8TOrLEGM����7D�KHE_I8P��6I8K��1F  
0� " �<�oZ[TGE � =A9:Z[MLP
D�hLMLMLEGV  " �#" �:9:Z[FHTGUWMLFHZ[M�� =�� hLMLZ[M� � � " �<�oZ[TGE �uE"U � Z[P 	�I �  � " � t �6a � y
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� JLKHZ[pfEGZ[K^I�J�I8K�N^E-PLEGF�N^E&N^K^I8j�I8V[rLU ]&EGF�N^hLP�I8K I8FRN^]GTGMLZ[T_I8F E&pfU�PLEGV[UWF �1hLE2UWFRb �8KHZ[UWFRFHZ[F�N^EGpRI8F m"c��
E��eZ[F�N^EGM0N^EGF heN^Z[V[Z��_I8p J�I8K^IfIiKHEGPLhLk_d8UfPLU%M*'LpfEGKHUfPLE�pfEGMLF^I8qWEGMLFoE�UWjeN^EGMLk_d8UfPLE�j}UWMLF � >1
 
� ��>1��y

�7I�JLK�� N^Z[T_I���J�I8K^InFHE"I_b8I8V[ZXI8KU�PLEGFHEGpfJ}EGMLrLUiM�I �8KHE_I�PLE"m"c�� F �LE��eZ[F�N^EGp j�I8FHZ[T_I8pfEGM0N^E7PLh�I8F x UWKHpRI8FGv

� FHZ[p`hLVXI8k ��EGF =

� Z[pfJLV[EGpfEGM0NOI8k_d8U`E�E��eEGTGhLk_d8URPLE�hLp JLKHU8N �8N^Z[J}ULy

m7E"x UWKHpRI�qWEGK^I8V �LM�IipRI8Z[UWKHZXI�PLUWF I8K�N^Z[qWUWF�FHUWjLKHEnm"c�� F � I8FoTGUWpfJ�I8K^I8k ��EGF F^d8U%j�I8FHE_I8P�I8FoEGp FHZ[p`hLVXI8k ��EGF �
I8U%Z[M0bW]GF P�I%TGUWpfJ�I8K^I8k_d8U%P�I%E��eEGTGhLk_d8URPLE ��
FE � ��" � � 4 ��EGp
m"c�� FGy � TGKHEGPLZ\NOI	� FHE��1hLE�I%TGUWpfJ�I8K^I8k_d8U%PLE
E��eEGTGhLk ��EGFPLE JLKHUWqWK^I8pRI8FgFHUWjfm"c�� F�] pRI8Z[FgJLKHEGTGZ[F^I E�pRI8Z[FgTGUWKHKHE�NOI PLU��1hLE TGUWpfJ�I8K^I8k_d8U PLE FHZ[p`hLVXI8k ��EGFGy

� E��eEGTGhLk_d8U&PLE m"c�� F`EGp�PLZ\bWEGKHF^I8F`KHEGPLEGF`ERTGUWp PLZ\x EGKHEGM0N^EGF`FHZ[F�N^EGpRI8F�UWJ}EGK^I8TGZ[UWM�I8Z[F�J}U�PLERV[E�b8I8K�I
TGUWMLTGV[hLF$��EGF M�d8U%JLKHEGTGZ[F^I8FGy c�E�b �8KHZ[UWFom"c�� F �}heN^Z[V[Z��_I8PLUWF�M�I%TGUWp`hLMLZ[P�I8PLEnI8T_I8P "GpfZ[T_I��ex UWKHEGp+E��eEGTGheNOI8PLUWF
EGp hLpRI pfEGFHpRI KHEGPLE��7PLE-JLK^I N^EGV[EGZ[K^I�� heN^Z[V[Z��_I8MLPLU hLp TGUWM �HhLM0N^U PLE2Y tuF TGUWp FHZ[F�N^EGpRI UWJ}EGK^I8TGZ[UWM�I8V �
NOI8p`j}]Gp PLE�JLK^I N^EGV[EGZ[K^I��eJ}U�PLEGK^d8U%FHEGK x EGZ\NOI8FoI_b8I8V[ZXI8k ��EGF�E�TGUWpfJ�I8K^I8k ��EGF �HhLF�NOI8FoE�rLUWpfUWq#"GMLE_I8FGy

a p PLUWF UWj �HE�N^Z\bWUWF PLEGF�N^E2N^K^I8j�I8V[rLU ]�I E��eJ}EGKHZ[pfEGM0NOI8k_d8U E2TGUWpfJ�I8K^I8k_d8U PLE&b �8KHZ[UWF m"c�� F =`J�I8K^I
Z[F�N^U ]RMLEGTGEGFHF��8KHZ[U6N^EGK � FHERhLp�I8p`jLZ[EGM0N^EfTGUWMLF�N^Z\N^hLl[PLU J}UWKnp�� �1hLZ[M�I8FnJ�I8PLK^d8U � TGUWM �HhLM0N^U6PLE@Y tuF � �1hLER]
hLp I8p`jLZ[EGM0N^E TGUWM � �_bWEGV �urLUWpfUWq#"GMLEGU&E �HhLF�N^U�� J�I8K^I-N^Z[K^I8K�TGUWMLTGV[hLF$��EGFfI&KHEGFHJ}EGZ\N^U2PLU2PLEGFHEGpfJ}EGMLrLU�PLU
TGUWpfJ}UWK�NOI8pfEGM0N^UiPLE�PLZ\x EGKHEGM0N^EGF m"c�� FGy

S�p FHEGqWhLZ[P�I JLKHUWJ ��E�� FHE�I7TGUWMLF�N^KHhLk_d8U�E�I_b8I8V[ZXI8k_d8U7PLU FHU8x N�	�I8KHEom"c�� PLEGMLUWpfZ[M�I8PLU PLE *��!� � ),+ ��
�
   1� "
EGp hLpRI6KHEGPLE ��2��	<6 
�	-�1
��LE 
�	�PLE Y tuF`TGUWp {|Z[M1h	� ��y � y-S�F�N^E@MLU bWU2m"c�� FHEGK��6E��eJ}EGKHZ[pfEGM0NOI8PLU-E@TGUWp �
J�I8K^I8PLUiTGUWp UWheN^KHUWFom"c�� F j�I8F�NOI8M0N^E�TGUWMLrLEGTGZ[PLUWF�J}EGVXI`TGUWp`hLMLZ[P�I8PLE"I8T_I8P "GpfZ[T_IevgUiD�KHE_I8P��6I8K��1F  
0� " E"U
��� � ��� �  �8� " y

����������������������������������� "! ����#$���&%"! ' ����(�)������� ��+*$! �	%"-,.! '0/21��������435�������� "! ������(�)&76�8�' ! ��*9� "���:
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w �7I8heN^Z[V[hLF  
�$ �  1�#"|]�hLp FHZ[F�N^EGpRI%m"c�� �1hLE�I8JLKHEGFHEGM0NOIRI8F FHEGqWhLZ[M0N^EGF T_I8K^I8T�N^EGKHl[F�N^Z[T_I8FGv

� TGUWMLFHZ[F�N�"GMLTGZXIiPLE�EGFHTGUWJ}U � UWh�� � #5>1
(� #7E ������	�
FE ��&  �C� " � =

� N^]GTGMLZ[T_IiPLE�p('LV\N^Z[JLVXI8FuEGFHTGKHZ\NOI8FoTGUWMLTGUWKHKHEGM0N^EGF PLU � hLMLZ[M� � �#" =

� pfZ[MLZ[pfZ��_I8k_d8UnP�I%TGKHZXI8k_d8UiPLE$� �  �  �C� ��
0����!W���}�8� " =

� JLKHZ[pfZ\N^Z\b8I8F TGUWpfJ�I N^l\bWEGZ[F TGUWp UfD�KHE_I8P��6I8K��1F � � h�I8K��1FoE���� � ��� ��=

� Z[pfJLV[EGpfEGM0NOI8PLU`J�I8K^IiKHEGPLE�PLEnY tuF TGUWp+{|Z[M1h	�6��y ��=

� heN^Z[V[Z��_I�JLKHU8N^U�TGUWV[Uia7m Y J�I8K^I%IipfZ[MLZ[pfZ��_I8k_d8U�PLE #%0 
���1
���eF =

� ".����	��-	-���
��� �:E��RJ�I8K^IipfZ[MLZ[pfZ��_I8K U%TOr�I_bWE_I8pfEGM0N^URPLE�TGUWM0N^E���N^U?=

� M�d8U heN^Z[V[Z��_IfU FHZ[M�I8V�c ��z � w � MLUWKHpRI8V[pfEGM0N^E�heN^Z[V[Z��_I8PLURM�I@Z[pfJLV[EGpfEGM0NOI8k_d8URPLE%m"c�� F�J�I8K^I@Z[MLPLZ[T_I8K
I�TOrLEGq0I8P�I`PLE hLpRI�pfEGMLF^I8qWEGp ��PLZ[pfZ[M1hLZ[MLPLU�U`M*'LpfEGKHU`PLE"TOr�I8pRI8P�I8FuPLE FHZ[F�N^EGpRI�E��LPLEGF�NOI�x UWKHpRI��
pfZ[MLZ[pfZ��_I8MLPLUnU�#%0 
���1
���8y

����� � � �
	�� �!� � 	���� �

S�p qWEGK^I8V �eJ}U�PLE�� FHE�PLZ��GEGK �1hLE�I8F �HhLF�N^Z ��T_I N^Z\b8I8F�PLE�FHEnTGKHZXI8K�hLp MLU bWUfFHZ[F�N^EGpRI%m"c�� F^d8ULv

�Wy I8P �1hLZ[KHZ[K�E��eJ}EGKHZ�"GMLTGZXI-JLK�� N^Z[T_I M�I6Z[pfJLV[EGpfEGM0NOI8k_d8U���PLERx UWKHpRI I6JLKHUWJ}UWK�MLU b8I8F`FHUWV[hLk ��EGF � �1hLE@M�I
JLK�� N^Z[T_I`pfEGV[rLUWKHEGp FHEGh�� >1
 
� ��>&PLE"x UWKHpRIiI%PLZ\b�hLV[q0I8K I8Z[MLP�I`pRI8Z[F�FHEGh6hLFHU?=

��yoJLVXI NOI x UWKHpRI JLK��WJLKHZXI6PLE I_b8I8V[ZXI8k_d8U FHEGp I-MLEGTGEGFHFHZ[P�I8PLE PLE EGF�N^hLPLU2PLUWF�x UWM0N^EGFiPLE UWheN^KHUWFim"c�� F �
MLEGp FHEGpfJLKHE�PLZ[FHJ}UWMLl\bWEGZ[F =


ey I_b8I8V[ZXI8KUWheN^KHUWF m"c�� F M�I`JLK�� N^Z[T_I�E M�d8U`J}UWK�FHZ[p`hLVXI8k ��EGF � ��� �1hLE"U`PLEGFHEGpfJ}EGMLrLU%JLK�� N^Z[TGU`J}U�PLE FHEGK
j�I8F�NOI8M0N^EiPLZ\x EGKHEGM0N^E`PLU FHZ[p`hLVXI8PLU��}FHEiM�d8U@x UWKHEGp�V[E�b8I8PLUWF7N^U�PLUWF UWF"PLE�NOI8V[rLEGF EGp TGUWM0NOI��|Z[MLTGV[hLFHZ\bWE
UWF PLE�Z[pfJLV[EGpfEGM0NOI8k_d8U?=

 LyoUWFgpfEGFHpfUWFgJLKHUWqWK^I8pRI8F x UWM0N^E�J}U�PLEGp FHEGK hLF^I8PLUWF MLU"MLU bWU�m"c����8hLpRIobWE � �1hLE�M�d8U r!� MLEGTGEGFHFHZ[P�I8PLE
PLEfp`hLP�I8MLk_I8F�FHZ[qWMLZ ��T_I N^Z\b8I8F � ��� �1hLE@I8F�pfEGMLF^I8qWEGMLFnEGM0bWUWV\b�Z[P�I8F � MLU-m"c�� ��M�d8U6F^d8U6qWEGK^I8P�I8FnPLE
pRI8MLEGZ[K^I�E��eJLV[l[TGZ\NOIey
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w �7I8heN^Z[V[hLF|] U JLKHZ[pfEGZ[KHU FHZ[F�N^EGpRIom"c�� ".����	��-	-���
���*
��Z[pfJLV[EGpfEGM0NOI8PLU EGp JLVXI NOI x UWKHpRI�{|Z[M1h	� �1hLE heN^Z[V[Z��_I
U7pfU�PLEGV[UoPLEuTGUWMLFHZ[F�N�"GMLTGZXI PLEuEGFHTGUWJ}ULy S�F�NOI x K^I8FHE ] b �8V[Z[P�I J}UWK �1hLEu] U�'LMLZ[TGU m"c�� �1hLE�FHZ[p`hLV\NOI8MLE_I8pfEGM0N^E
I8JLKHEGFHEGM0NOI%EGF�NOI8F T_I8K^I8T�N^EGKHl[F�N^Z[T_I8F � ��� �1hLE8v

� E��eZ[F�N^EGp bWEGKHF$��EGF ".����	��-	-���
���*
� PLU D�KHE_I8P��6I8K��1FfJ�I8K^I�{|Z[M1h	� ��J}UWKH]Gp EGV[E heN^Z[V[Z��_I-U�pfU�PLEGV[U2PLE
TGUWMLFHZ[F�N�"GMLTGZXIiPLE�V[Z[j}EGK^I8k_d8UiJLKHEGqWhLZ[kGUWF^I��LE�M�d8U%U%pfU�PLEGV[UiPLE�TGUWMLFHZ[F�N�"GMLTGZXI%PLE�EGFHTGUWJ}U?=

� U���� � ��� �  �8� " ]�hLp+m"c�� j�I8FHE_I8PLUfM�I%TGUWMLFHZ[F�N�"GMLTGZXIiPLE�EGFHTGUWJ}UfJ}UWKH]Gp M�d8U%] ".����	��-	-���
���*
��=

� U t N��� 
�
 " ] hLp FHZ[F�N^EGpRI�m"c�� ".����	��-	-���
���*
���uJ}UWKH]Gp heN^Z[V[Z��_I&U�pfU�PLEGV[U�PLE TGUWMLFHZ[F�N�"GMLTGZXI�PLE
V[Z[j}EGK^I8k_d8U`JLKHEGqWhLZ[kGUWF^IiE�M�d8UfU%pfU�PLEGV[U`PLE�TGUWMLFHZ[F�N�"GMLTGZXI%PLE�EGFHTGUWJ}U�

� U �uK^I �GUWF  !W� �=!�
#" ] hLp FHZ[F�N^EGpRI�m"c�� j�I8FHE_I8PLU EGp TGUWMLFHZ[F�N�"GMLTGZXI2PLE6EGFHTGUWJ}U���]�".����	��-	-���
���*
���
J}UWKH]Gp FHUWpfEGM0N^E UWJ}EGK^I EGp�9:Z[MLPLU�	oF�� D �WM�d8U�EGp {|Z[M1h	� �0EoI8FHFHZ[p �WM�d8U"J}U�PLE FHEGKI8PLE �1h�I8P�I8pfEGM0N^E
TGUWpfJ�I8K^I8PLULy

YgI8K^IipfEGV[rLUWK^I8K�U � >1
 
� ��>&P�I8F I8JLV[Z[T_I8k ��EGF �LPLh�I8F N^]GTGMLZ[T_I8FoF^d8U%heN^Z[V[Z��_I8P�I8F�J}EGV[U �7I8heN^Z[V[hLFGv

� Z[pfJLV[EGpfEGM0NOI8k_d8U ".����	��-	-���
���*
��=

� � �  �oPLE J!�8qWZ[M�I8FgEGFHTGKHZ\NOI8F�J}EGV[U"M�� �1#%"$
 M�d8U"F^d8U"TGKHZXI8P�I8F �0J}UWZ[FgEGF�N^EGFM��WF ���7b8d8U"TGUWM0N^EGK I8F J!�8qWZ[M�I8F
I N^h�I8V[Z��_I8P�I8FGy

� Z[pfJLV[EGpfEGM0NOI8k_d8U ".����	��-	-���
���*
� PLU �7I8heN^Z[V[hLF J}EGKHpfZ\N^E8v

� IipfZ[MLZ[pfZ��_I8k_d8UnPLE�TOr�I_bWE_I8pfEGM0N^URPLE�TGUWM0N^E���N^U?=

� I M�d8U-heN^Z[V[Z��_I8k_d8U PLU6FHZ[M�I8V�c ��z � w y � Z[pfJLV[EGpfEGM0NOI8k_d8U�".����	��-	-���
���*
��J}EGKHpfZ\N^ERI EGV[Z[pfZ[M�I8k_d8U PLU
#%0 
���1
���2PLU-FHZ[M�I8Vuc ��z � w E@I6I N^Z\b8I8k_d8U PLU6FHEGh KHEGFHJ}EGT�N^Z\bWU����CE � ��
�� EGp N^U�P�I8F`I8FnTOrLEGq0I8P�I8F`PLE
pfEGMLF^I8qWEGp y

� pRI8Z[UWKRJ�I8K�N^E2PLE2FHZ[F�N^EGpRI8F m"c�� F j�I8FHE_I8PLUWF EGp J!�8qWZ[M�I8F TGKHZXI8PLUWF I N^]2rLU �HE&E2Z[pfJLV[EGpfEGM0NOI8PLUWF@EGp
JLVXI NOI x UWKHpRI8F�a MLZ ��heN^Z[V[Z��_I8p U"FHZ[M�I8V�PLEoc ��z � w J�I8K^I I N^Z\b8I8K�hLp ���CE � ��
����1hLE�N^UWpRI TGUWM0NOI P�I8F pfEGMLF^I8qWEGMLF
�1hLE�TOrLEGq0I8p�P�IRKHEGPLE8y �7V[qWhLMLF7E��eEGpfJLV[UWF PLE`m"c�� F �1hLE`FHE�heN^Z[V[Z��_I8p PLEGF�N^E`FHZ[M�I8V F^d8URU@D�KHE_I8P��6I8K��1F � U
� h�I8K��1FnEfU ��� � ��� ��y � U�7I8heN^Z[V[hLF ��hLp PLUWF 	-���
���2�@J}EGKHpRI8MLEGTGEfjLV[U �1hLE_I8PLU�� �1h�I8MLPLU6N^EGM0NOI V[EGK�pfEGM �
F^I8qWEGMLF"P�I KHEGPLE8y`S�M �1h�I8M0N^U jLV[U �1hLE_I8PLU�� J}EGKHpRI8MLEGTGEiPLUWKHpfZ[MLPLU�� M�d8U TGUWMLFHhLpfZ[MLPLU t�Yany|S�F�NOI@N^]GTGMLZ[T_I
PLZ[pfZ[M1hLZ U #%0 
���1
���6PLU m"c�� J}EGKHpfZ\N^Z[MLPLU �1hLE%I t�Ya P "iI@pRI8Z[UWK JLKHZ[UWKHZ[P�I8PLE�J}UWFHFHl\bWEGV I8U JLKHUWqWK^I8pRI
PLU-hLFHh!�8KHZ[ULy&Y�UWK�NOI8M0N^U���U �7I8heN^Z[V[hLFn]@U-JLKHZ[pfEGZ[KHU FHZ[F�N^EGpRI-m"c���� j�I8FHE_I8PLU&EGp�TGUWMLFHZ[F�N�"GMLTGZXI6EGFHTGUWJ}U&E
EGp�J!�8qWZ[M�I8F � �1hLE M�d8U&heN^Z[V[Z��_I U�c ��z � w EGp FHh�I-Z[pfJLV[EGpfEGM0NOI8k_d8ULy � M�d8U-heN^Z[V[Z��_I8k_d8U6PLU&FHZ[M�I8V�c ��z � w
pfZ[MLZ[pfZ��_InI%heN^Z[V[Z��_I8k_d8U`P�I%I N^Z\b8I8k_d8UiPLE�hLp ���CE � ��
����LpfZ[MLZ[pfZ��_I8MLPLU�I8FHFHZ[p U�#%0 
���1
���8y
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m I-pfEGFHpRI x UWKHpRI �1hLE UWF`UWheN^KHUWF�FHZ[F�N^EGpRI8F ��U �7I8heN^Z[V[hLF�EGF�N��-JLKHEGU�TGhLJ�I8PLU&EGp�pfZ[MLZ[pfZ��_I8K"TGUWp�UWF
JLKHU8N^U�TGUWV[UWF�PLE�KHEGPLE8y YgI8K^I%Z[F�N^U��LU%JLKHU8N^U�TGUWV[U%a7m YC]�heN^Z[V[Z��_I8PLULy

tuUWpfU`InZ[PL]GZXI�PLU �7I8heN^Z[V[hLF] I8JLKHU bWEGZ\NOI8K UWFuJLKHUWqWK^I8pRI8FheN^Z[V[Z��_I8PLUWFJ}EGV[UWF UWheN^KHUWFum"c�� F �LJLKHEGU�TGhLJ}UWh �
FHE�TGUWp UfI8FHJ}EGT�N^U%TGUWpfJ�I N^Z[jLZ[V[Z[P�I8PLE8y tuUWpfU%KHEGFHhLV\NOI8PLU��LM�d8U%E��eZ[F�N^E�MLEGMLr1hLpRIiMLEGTGEGFHFHZ[P�I8PLEnPLE�KHE_I8KHK^I8M �HU
PLE@T ��PLZ[qWU�� �1h�I8MLPLU2FHE J}UWK�NOI8p�JLKHUWqWK^I8pRI8F�m"c�� F%EGFHTGKHZ\N^UWFiTGUWp I8F`JLKHZ[pfZ\N^Z\b8I8F�PLU&D�KHE_I8P��6I8K��1F%E@PLU
��� � ��� ��y
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S�F�N^E"N^K^I8j�I8V[rLU%I8JLKHEGFHEGM0NOI%b �8KHZXI8F TGUWM0N^KHZ[jLhLZ[k ��EGF TGUWpfJLV[EGpfEGM0NOI8KHEGFGv

� JLKHZ[pfEGZ[KHUim"c�� j�I8FHE_I8PLUfEGp J!�8qWZ[M�I8FoIiM�d8UfheN^Z[V[Z��_I8KuU%FHZ[M�I8V c ��z � w   1� " =

� I_b8I8V[ZXI8k_d8U`P�I`N^]GTGMLZ[T_I%PLEnI8qWKHEGq0I8k_d8U%PLE�J!�8qWZ[M�I8F�J�I8K^I%m"c�� F)�1#%"$
F6 � �2� 
�   0� " =

� I8JLV[Z[T_I8k_d8UfP�IRN^]GTGMLZ[T_I@I8P�I8JeNOI N^Z\b8IfPLEiPLE�N^EGTGk_d8U PLE`EGFHTGKHZ\NOI t w � 9�m  ��"�� ��
��� �� �  M�#" ���*� �1
 #7E1��&
0 ���-	�
 �*
�	�
 ��	�� #7E � I8U �7I8heN^Z[V[hLF =

� I_b8I8V[ZXI8k_d8UoP�I I8JLV[Z[T_I8k_d8U7P�I8FgPLh�I8FgN^]GTGMLZ[T_I8F �0I8qWKHEGq0I8k_d8U7PLE�J!�8qWZ[M�I8F�EuPLE�N^EGTGk_d8U"PLE�EGFHTGKHZ\NOI"t w � 9�m �
I8p`j�I8FoI8JLV[Z[T_I8P�I8F I8U%pfEGFHpfUiN^EGpfJ}U%I8U �7I8heN^Z[V[hLF   M�#" =

� Z[MLZ[TGZXI N^Z\b8InV[U�T_I8V PLE�TGKHZXI8K�hLp VXI8j}UWK^I N �WKHZ[U`J�I8K^I%I_b8I8V[ZXI8k_d8U`TGUWpfJ�I8K^I N^Z\b8I�EGM0N^KHE�m"c�� F =

� pfE�N^U�PLUWV[UWqWZXInJLK�� N^Z[T_I`J�I8K^I%I_b8I8V[ZXI8k_d8U`PLEnm"c�� FGy
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w UWj �HE�N^Z\bWUiPLEGF�N^E"T_I8JLl\N^hLV[U`] EGF�N^hLP�I8K�UWF�N �WJLZ[TGUWFupRI8Z[F KHEGV[E�b8I8M0N^EGF J�I8K^I`IiI8M!�8V[Z[FHE���JLKHU �HE�N^UiE Z[pfJLV[EGpfEGM �
NOI8k_d8URPLE�hLp
FHZ[F�N^EGpRIfm"c���y�N Z[F�N^UWF UWF7TGUWMLTGEGZ\N^UWF j!�8FHZ[TGUWF7J}EGK�N^Z[MLEGM0N^EGF Q��8KHE_I�� FHEGK��RP�I8PLU@URJ�I8MLUWK^I8pRI
qWEGK^I8V|I N^h�I8V PLUfEGF�NOI8PLUfP�I%I8K�N^E�M�I �8KHE_IiPLE�m"c�� F  ��� " y

w F`J�I8K��8pfE�N^KHUWF�Z[pfJ}UWK�NOI8M0N^EGFnJ�I8K^I&I6Z[pfJLV[EGpfEGM0NOI8k_d8U PLE hLp�FHZ[F�N^EGpRI8F`m"c�� F^d8U&I8JLKHEGFHEGM0NOI8PLUWFfI
FHEGqWhLZ[KGy

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

a p JLKHU8N^U�TGUWV[U&PLE TGU�EGK$"GMLTGZXI&PLE ��*� �1
 ] hLp pfEGT_I8MLZ[FHpfU&PLE JLKHUWJ�I8q0I8k_d8U&PLUWFib8I8V[UWKHEGFiKHEGTGEGM0N^EGpfEGM0N^E
EGFHTGKHZ\N^UWF M�I�pfEGp��WKHZXI"PLEox UWKHpRI �1hLE7UWF JLKHU�TGEGFHF^I8PLUWKHEGFupRI8M0N^EGMLr�I8p hLpRI"b�Z[F^d8UnTGU�EGKHEGM0N^E7P�I�pfEGFHpRI  ��$#" y

tuEGMLFHZ[EGKuE ~�E_I8heN^KHZ[EGK  �/ " I8JLhLP  ���#" PLE���MLZ[K^I8p hLp EGF �1hLEGpRI�PLE7TGU�EGK$"GMLTGZXInTGUWpfUnTGU�EGKHEGM0N^E FHE7Unb8I8V[UWK
KHE�N^UWKHM�I8PLU%M1hLp+{ w � m ]�FHEGpfJLKHE�Uib8I8V[UWK�EGFHJ}EGTGZ ��T_I8PLUfJ}EGV[U 'LV\N^Z[pfU%c�D w � SCTGUWp U%pfEGFHpfU%EGMLPLEGKHEGkGULy

S�F�NOI PLE���MLZ[k_d8U I8J�I8KHEGM0N^EGpfEGM0N^E&] b8I8q0I�E-FHZ[pfJLV[Z[F�NOIey � hLp FHZ[F�N^EGpRI PLE6TGUWpfJLheNOI8PLUWKHEGFRUWMLPLE-hLp
c�D w � S�J}U�PLEnFHE`I8KHpRI �GEGM�I8PLUfEGp
hLp ���  
���� M�d8UR]�TGVXI8KHUfFHE�U$'LV\N^Z[pfU$��	�#%�
`FHE�KHE�x EGKHE`IfE��eEGTGhLk_d8U@PLU
c�D w � S:J}UWK hLp�JLKHU�TGEGFHF^I8PLUWK"UWh&FHE%I@hLp ��>���� 	�
iP�I@pfEGp��WKHZXIey"m7E�x I N^U��|IRPLE���MLZ[k_d8U I8TGZ[pRIfTGUWM0N^]Gp
PLUWZ[F�I8FHJ}EGT�N^UWF TGUWpfJ}UWK�NOI8pfEGM0NOI8Z[F|PLZ\x EGKHEGM0N^EGFgP�I pfEGp��WKHZXIey w JLKHZ[pfEGZ[KHU�� TOr�I8pRI8PLU7TGU�EGK$"GMLTGZXI PLE���MLE �1h�I8Z[F
b8I8V[UWKHEGF J}U�PLE FHEGK�KHE�N^UWKHM�I8PLUWFuJ}UWKuhLpRI�UWJ}EGK^I8k_d8U`PLE V[EGZ\N^hLK^Iey w FHEGqWhLMLPLU%I8FHJ}EGT�N^U��eTOr�I8pRI8PLU`UWKHPLEGM�I8k_d8U
PLUWF"E�bWEGM0N^UWFnEGp T_I8P�I JLKHU�TGEGFHF^I8PLUWK �|PLE�N^EGKHpfZ[M�I �1h�I8MLPLU hLp b8I8V[UWK7EGFHTGKHZ\N^U Z[K��@FHEGK"KHE�N^UWKHM�I8PLU J}UWK hLpRI
UWJ}EGK^I8k_d8UnPLE V[EGZ\N^hLK^Iey ��TGU�EGK$"GMLTGZXI�q0I8K^I8M0N^E��1hLE b �8KHZ[UWF�JLKHU�TGEGFHF^I8PLUWKHEGF N^EGMLr�I8p hLpRI"b�Z[F^d8U�� TGU�EGKHEGM0N^E	�1P�I
pfEGFHpRI%V[U�T_I8V[Z[P�I8PLE"PLE�pfEGp��WKHZXI��LEGM �1h�I8M0N^U �1hLE`IfUWKHPLEGM�I8k_d8U@PLUWF E�bWEGM0N^UWF"PLEGFHTGKHE�bWE �1h�I8MLPLU@UWF UWheN^KHUWF
JLKHU�TGEGFHF^I8PLUWKHEGF b#"GEGp
hLp b8I8V[UWK �1hLE�x UWZ I N^h�I8V[Z��_I8PLUiJ}UWKohLp+JLKHU�TGEGFHF^I8PLUWKGy�S�p  
�" "�I8JLhLP  ���#" �   EGMLEGFHF��
EnYgI NHN^EGKHFHUWM6I8JLKHEGFHEGM0NOI8K^I8p+TGUWMLPLZ[k ��EGF FHh ��TGZ[EGM0N^EGF7J�I8K^IiTGU�EGK$"GMLTGZXIiTGUWpfU%FHE�FHEGqWhLE8v

�WyohLpRIiV[EGZ\N^hLK^IiJ}UWKohLp+JLKHU�TGEGFHF^I8PLUWK7Y EGp+hLpRIiV[U�T_I8V[Z[P�I8PLE�
 � �1hLEnFHEGqWhLEnhLpRI%EGFHTGKHZ\NOI%J}UWK Y�I�
 �
TGUWp+MLEGMLr1hLpRIREGFHTGKHZ\NOIfPLE
 J}UWK MLEGMLr1hLp�UWheN^KHURJLKHU�TGEGFHF^I8PLUWK7EGM0N^KHE`IfEGFHTGKHZ\NOIRE�IfV[EGZ\N^hLK^I%J}UWK7Y �
FHEGpfJLKHE�KHE�N^UWKHM�IiUib8I8V[UWK�EGFHTGKHZ\N^UfJ}UWKoY =

� �



� � � ��� � � � ��	 	�	 � � ��� � ��� � � � � � � � � �
� ��� � � � ��� � � 	�� �W�

��yohLpRI`V[EGZ\N^hLK^I`J}UWK hLp JLKHU�TGEGFHF^I8PLUWKoEGp hLpRIiV[U�T_I8V[Z[P�I8PLE 
 � �1hLEnFHEGqWhLE�hLpRIiEGFHTGKHZ\NOIiJ}UWK hLp UWheN^KHU
JLKHU�TGEGFHF^I8PLUWKgEGp 
 � KHE�N^UWKHM�I7U b8I8V[UWK�EGFHTGKHZ\N^U7P�I7V[EGZ\N^hLK^IoFHE�I7V[EGZ\N^hLK^IoE�I EGFHTGKHZ\NOI7F^d8U FHh ��TGZ[EGM0N^EGpfEGM0N^E
FHEGJ�I8K^I8P�I8FoE�PLEGFHPLE �1hLE�MLEGMLr1hLpRI%UWheN^K^IiEGFHTGKHZ\NOI%EGp 
 U�TGUWKHK^IiEGM0N^KHEnUWF PLUWZ[FoI8TGEGFHFHUWF =


eyoEGFHTGKHZ\NOI8F7I%hLpRI%pfEGFHpRI%V[U�T_I8V[Z[P�I8PLE F^d8UfFHEGKHZXI8V[Z��_I8P�I8F ��Z[F�N^U%]��}PLh�I8F EGFHTGKHZ\NOI8F7I%hLpRI%pfEGFHpRI%V[U�T_I8V[Z �
P�I8PLEJ}UWK|PLUWZ[F JLKHU�TGEGFHF^I8PLUWKHEGF �1h�I8Z[F �1hLEGK�F^d8Uob�Z[F�NOI8F M�I pfEGFHpRI UWKHPLEGp J}UWK N^U�PLUWF UWF JLKHU�TGEGFHF^I8PLUWKHEGFGy

c�EGqWhLMLPLU c�rLZ  ���#" �|I8F7N^K$"GF"TGUWMLPLZ[k ��EGF"I8TGZ[pRIfFHUWpfEGM0N^E`q0I8K^I8M0N^EGp �1hLE�N^U�PLUWF UWF JLKHU�TGEGFHF^I8PLUWKHEGF"N^EGMLr�I8p
hLpRI6b�Z[F^d8U2TGU�EGKHEGM0N^E FHUWjLKHE I&J}UWFHZ[k_d8U 
`yY�UWK�NOI8M0N^U�� M�d8U2Z[Mex UWKHpRI8p FHUWjLKHE I&UWKHPLEGM�I8k_d8U�PLUWFiE�bWEGM0N^UWF
EGp T_I8P�I JLKHU�TGEGFHF^I8PLUWK �oE6M�d8U FHE-J}U�PLE6PLE�N^EGKHpfZ[M�I8K �1h�I8MLPLU hLp b8I8V[UWKfEGFHTGKHZ\N^U J}U�PLE6FHEGKfb�Z[F�N^U J}EGV[UWF
UWheN^KHUWF�JLKHU�TGEGFHF^I8PLUWKHEGFGyRm7EGF�NOI x UWKHpRI�� I ��p PLEfT_I8JeN^hLK^I8K"U TGUWpfJ}UWK�NOI8pfEGM0N^U PLU FHZ[F�N^EGpRI PLE%pfEGp��WKHZXI
JLKHEGTGZ[F^I8pfEGM0N^E�� ]nMLEGTGEGFHF��8KHZ[U@Z[pfJ}UWK IfTGU�EGK$"GMLTGZXI%E�IfUWKHPLEGM�I8k_d8URPLUWF E�bWEGM0N^UWF � �1hLE�]�I%KHEGqWK^IfPLUfpfU�PLEGV[U
PLE�TGUWMLFHZ[F�N�"GMLTGZXIiPLE�pfEGp��WKHZXIey

� TGUWMLFHZ[F�N�"GMLTGZXI ERI TGU�EGK$"GMLTGZXI EGF�NOd8U x UWK�N^EGpfEGM0N^E%KHEGVXI8TGZ[UWM�I8P�I8FGy � TGU�EGK$"GMLTGZXI TGUWMLFHZ[PLEGK^I PLZ\x EGKHEGM0N^EGF
E�bWEGM0N^UWFgPLE PLZ\x EGKHEGM0N^EGFgJLKHU�TGEGFHF^I8PLUWKHEGFgJ�I8K^IohLpRIopfEGFHpRI V[U�T_I8V[Z[P�I8PLE�� EGM �1h�I8M0N^U U pfU�PLEGV[U PLE TGUWMLFHZ[F�N�"GMLTGZXI
M�d8U7FHUWpfEGM0N^E TGUWMLFHZ[PLEGK^I UWFgPLZ\x EGKHEGM0N^EGFgE�bWEGM0N^UWF M1hLpRI pfEGFHpRIoV[U�T_I8V[Z[P�I8PLE�� pRI8F NOI8p`j}]Gp Z[pfJ ��E�KHEGF�N^KHZ[k ��EGF
M�I`UWKHPLEGp PLUWF�E�bWEGM0N^UWF � Z[F�N^U`]��LM�I`UWKHPLEGp PLE E��eEGTGhLk_d8UfPLE T_I8P�I`JLKHU�TGEGFHF^I8PLUWKGy �7FHFHZ[p hLpRI`TGUWp`jLZ[M�I8k_d8U
PLE�TGU�EGK$"GMLTGZXI7PLE ��*� �1
�E�UWKHPLEGM�I8k_d8U PLUWF E�bWEGM0N^UWFZ[K�� PLE�N^EGKHpfZ[M�I8K�U"TGUWpfJ}UWK�NOI8pfEGM0N^U P�I pfEGp��WKHZXIoZ[M0N^EGZ[K^I
PLU%FHZ[F�N^EGpRIey )CJLKHUWJ}UWF�NOI%IiFHEGqWhLM0N^EnKHEGVXI8k_d8U%V �WqWZ[T_I�J}UWK c�rLZ|EGp  ��� " v
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Y�U�PLEGp � FHEfPLE���MLZ[KnpfU�PLEGV[UWF�KHEGVXI �LI8PLUWFnPLEfTGUWMLFHZ[F�N�"GMLTGZXI PLERpfEGp��WKHZXI��|UWh pfU�PLEGV[UWF�PLEfTGUWMLFHZ[F�N�"GMLTGZXI

x K^I8T_I TGUWpfU pfU�PLEGV[UWF"UWMLPLEfFHUWpfEGM0N^ERI UWKHPLEGp EGp T_I8P�I JLKHU�TGEGFHF^I8PLUWKn]fKHEGVXI �LI8P�I���EGp FHhLTGEGFHFHZ\b8I8F�UWJ}E��
K^I8k ��EGF"PLE`FHZ[MLTGKHUWMLZ��_I8k_d8U  ���#" y�S�M0N^KHE%UWF"pfU�PLEGV[UWF7PLEiTGUWMLFHZ[F�N�"GMLTGZXI��|I@UWKHPLEGM�I8k_d8U PLUWF"E�bWEGM0N^UWF�EGp T_I8P�I
JLKHU�TGEGFHF^I8PLUWK ] hLpRI�T_I8K^I8T�N^EGKHl[F�N^Z[T_I�FHZ[pfZ[VXI8KEGM0N^KHE"EGV[EGF �LE"I`JLKHZ[MLTGZ[J�I8V}PLZ\x EGKHEGMLk_I`EGM0N^KHE"UWF�b �8KHZ[UWFupfU�PLEGV[UWF
] Uipf]�N^U�PLU`PLE pRI8M1heN^EGMLk_d8U%P�I`TGU�EGK$"GMLTGZXI��eU �1hLE"Z[MLTGV[hLZ}PLUWZ[F�I8FHJ}EGT�N^UWFGv �1h�I8V JLKHU8N^U�TGUWV[U`PLE TGU�EGK$"GMLTGZXI`]
heN^Z[V[Z��_I8PLU`E�TGUWpfUiEGF�N^EnJLKHU8N^U�TGUWV[Ui]"Z[pfJLV[EGpfEGM0NOI8PLU  ��� " y

S�p
KHEGFHhLpfU�� hLp
pfU�PLEGV[U%PLEnTGUWMLFHZ[F�N�"GMLTGZXIfPLE�pfEGp��WKHZXI`EGFHJ}EGTGZ ��T_IRUWF KHE �1hLZ[FHZ\N^UWF PLE�TGU�EGK$"GMLTGZXI%M1hLp
JLKHU8N^U�TGUWV[U`PLE"TGU�EGK$"GMLTGZXI��LZ[F�N^Ui]�� �1h�I8V|I`b�Z[F^d8UiTGU�EGKHEGM0N^E�P�I`pfEGp��WKHZXInTGUWpfJ�I8K�N^Z[V[r�I8P�I �1hLE�hLp JLKHU8N^U�TGUWV[U
PLE TGU�EGK$"GMLTGZXInPLE�bWE7JLKHU bWEGK  ��$ " y�a p JLKHU8N^U�TGUWV[U�PLE7TGU�EGK$"GMLTGZXI�PLE ��*� �1
 ] hLp pfEGT_I8MLZ[FHpfU�PLE JLKHUWJ�I8q0I8k_d8U
PLUWF"b8I8V[UWKHEGF"KHEGTGEGM0N^EGpfEGM0N^EREGFHTGKHZ\N^UWF�M�I pfEGp��WKHZXIRPLE%x UWKHpRI �1hLEfUWF�JLKHU�TGEGFHF^I8PLUWKHEGF�N^EGMLr�I8p hLpRI@b�Z[F^d8U
TGU�EGKHEGM0N^E�P�I%pfEGFHpRI  ��$#" y
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�7IiTGVXI8FHFHZ ��T_I8k_d8U%JLKHUWJ}UWF�NOIiJ}UWK   h EGp  ��$ " �Lb �8KHZ[UWFux I N^UWKHEGF x UWK^I8p TGUWMLFHZ[PLEGK^I8PLUWFGv

� J�I8K^I �1hLEGp U MLU bWU b8I8V[UWK EGFHTGKHZ\N^U M�I pfEGp��WKHZXI@PLE�bWEfFHEGK�JLKHUWJ�I8q0I8PLULv �FE # #5> & � PLZ[KHE�N �WKHZ[UWF E ��# �5476
� �2� 
��=
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� TGUWpfUiJLKHUWJ�I8q0I8K U%MLU bWUfb8I8V[UWK�EGFHTGKHZ\N^U%M�I%pfEGp��WKHZXIev�FHEGK�b�Z[PLUWKoTGEGM0N^K^I8V �� 
FE1	�� � � � 
���0 
������LpfZ[qWK^I8k_d8U
� ".� � � � 	�� #7E ���LKHEGJLV[Z[T_I8k_d8UiPLE�V[EGZ\N^hLK^I � �
��� �
 > ��� �� 	�� #7E �uE�KHEGJLV[Z[T_I8k_d8UiJLV[EGM�I � ����-� �
 > ��� �� 	�� #7E � =

� �1hLEGp J}U�PLE EGFHTGKHE�bWEGKRU�MLU bWU�b8I8V[UWKiEGp hLp jLV[U�TGULv p('LV\N^Z[JLV[UWF`JLKHU8N^U�TGUWV[UWF`PLE EGFHTGKHZ\NOI � ".����	�� > ��

0 ���-	�
��=> �#%	�# � #%� � �uE�JLKHU8N^U�TGUWV[UiFHZ[pfJLV[EGF�PLE�EGFHTGKHZ\NOI � ���:E�� ��
 0 ���-	�
�� > �#%	�# � #%� � =

� �1h�I8MLPLUfJLKHUWJ�I8q0I8K�UfMLU bWU%b8I8V[UWK�EGFHTGKHZ\N^ULv�JLKHUWJ�I8q0I8k_d8UfI8PLZXI8M0NOI8P�IiUWh I N^K^I8F^I8P�Iey

w F"PLUWZ[F JLKHZ[pfEGZ[KHUWF I8FHJ}EGT�N^UWF�F^d8U E��eJ}UWF�N^UWFnI FHEGqWhLZ[KGy w F�UWheN^KHUWF�I8FHJ}EGT�N^UWF�FHEGK^d8U b�Z[F�N^UWF �1h�I8MLPLU x UWKHEGp
PLZ[FHTGheN^Z[PLUWF UWFopfU�PLEGV[UWF�PLE�TGUWMLFHZ[F�N�"GMLTGZXIey
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S�p JLKHU8N^U�TGUWV[UWF �FE # #5> & N^U�P�I8F I8F�I8k ��EGF KHEGVXI N^Z\b8I8F|I hLp jLV[U�TGUoTGUWpfJ�I8K�N^Z[V[r�I8PLUuF^d8U EGM0b�ZXI8P�I8F J}UWK ���# ���*��2��	
J�I8K^I%N^U�PLUWF7UWF.��*� �1
 �`MLU@FHZ[F�N^EGpRIey � TGU�EGK$"GMLTGZXIfPLE�P�I8PLUWF7]�pRI8M0N^Z[P�IfTGUWp
T_I8P�I���*� �1
`jLZ[FHjLZ[V[rLU8NOI8MLPLU
� �FE # #5> &��7U ���# ���*��2��	 E%N^UWpRI8MLPLU I8F�I8k ��EGF�I8JLKHUWJLKHZXI8P�I8F�PLERI8TGUWKHPLU TGUWp UWFnEGMLPLEGKHEGkGUWF`JLKHEGFHEGM0N^EGF`EGp
FHh�I6pfEGp��WKHZXI ��*� �1
�y-tuUWp I x I8TGZ[V[Z[P�I8PLE%PLU ���# ���*��2��	 �gFHUWpfEGM0N^E I8F`I8k ��EGF`P�I6TGUWM0N^KHUWVXI8PLUWK^I PLE ��*� �1

V[U�T_I8V EiIRZ[Mex UWKHpRI8k_d8URPLUWF EGF�NOI8PLUWF PLZ[F�N^KHZ[jLhLl[P�IfV[U�T_I8V[pfEGM0N^E�F^d8U MLEGTGEGFHF��8KHZ[UWF"J�I8K^IRpRI8M0N^EGK I@TGU�EGK$"GMLTGZXIey
Y�KHU8N^U�TGUWV[UWF �FE # #5> &"F^d8U Z[PLE_I8V[pfEGM0N^EuI8PLE �1h�I8PLUWF J�I8K^I7p`hLV\N^Z[JLKHU�TGEGFHF^I8PLUWKHEGF �1hLE�heN^Z[V[Z��_I8p hLp j�I8KHK^I8pfEGM0N^U
PLU N^Z[J}U@TGUWpfJ�I8K�N^Z[V[r�I8PLU��}J}UWZ[F hLp j�I8KHK^I8pfEGM0N^U TGUWpfJ�I8K�N^Z[V[r�I8PLURJLKHU b#"%hLp ���# ���*��2��	7K��8JLZ[PLU Eij�I8K^I N^U��
pRI8F �1hLE�J}U�PLE�FHE"N^UWKHM�I8K hLp q0I8KHq0I8V[U �1h�I8MLPLUfUfM*'LpfEGKHU%PLE�JLKHU�TGEGFHF^I8PLUWKHEGF7I8hLpfEGM0NOIey

YgI8K^I FHZ[F�N^EGpRI8FnTGUWp j�I8KHK^I8pfEGM0N^U6TGUWp`hLp ERTGUWp hLp M*'LpfEGKHU6EGV[E�b8I8PLU6PLERJLKHU�TGEGFHF^I8PLUWKHEGF � J}U�PLE�� FHE
heN^Z[V[Z��_I8KoJLKHU8N^U�TGUWV[UWF j�I8FHE_I8PLUWF"EGp�PLZ[KHE�N �WKHZ[UWF � �1hLE`M�d8U KHE �1hLEGKHEGp ���# ���*��2��	 E`TGUWMLFHUWpfEGp I8J}EGM�I8F hLpRI
x K^I8k_d8U@P�I@VXI8KHqWhLK^IfPLE`j�I8MLP�I@PLU FHZ[F�N^EGpRIey w F JLKHU8N^U�TGUWV[UWF7PLE`PLZ[KHE�N �WKHZ[URpRI8M0N�"Gp�hLp�l[MLPLZ[TGE�J�I8K^IRT_I8P�I
V[Z[MLr�IfPLE`pfEGp��WKHZXI � pRI N^KHZ��nPLE`TGUWV[hLM�I8F E`V[Z[MLr�I8F � J�I8K^IRN^EGK U@TGUWM0N^KHUWV[E�PLE`N^U�PLUWF7UWF JLKHU�TGEGFHF^I8PLUWKHEGF �1hLE
x I �GEGp ��*� �1
 P�InV[Z[MLr�Iey S�F�NOInZ[Mex UWKHpRI8k_d8U"]7EGM0NOd8U�hLF^I8P�InJ�I8K^I�FHEGV[E�N^Z\b8I8pfEGM0N^EoZ[M0b8I8V[Z[P�I8K �8I N^h�I8V[Z��_I8K�FHZ[M�I8Z[F
�1h�I8MLPLU%hLpRI`V[Z[MLr�I�PLE"pfEGp��WKHZXIn]"EGFHTGKHZ\NOIeyY�KHU8N^U�TGUWV[UWFuPLE"PLZ[KHE�N �WKHZ[U`F^d8U%I8PLE �1h�I8PLUWFoJ�I8K^I`p`hLV\N^Z[JLKHU�TGEGF �
F^I8PLUWKHEGF7TGUWp
KHEGPLEGF qWEGK^I8Z[F PLEnZ[M0N^EGKHTGUWMLE��Ld8ULy c�Z[F�N^EGpRI8F PLE�pfEGp��WKHZXIiTGUWpfJ�I8K�N^Z[V[r�I8P�IiTGUWp
TGU�EGK$"GMLTGZXIfPLE
��*� �1
j�I8FHE_I8P�IoEGp PLZ[KHE�N �WKHZ[UWF|J}U�PLEGp FHEGK EGFHT_I8VXI8PLUWF�I N^]pfZ[V[r�I8KHEGF PLE JLKHU�TGEGFHF^I8PLUWKHEGF  ��$ " y � PLEGF�b8I8M0NOI8qWEGp
PLUWF�JLKHU8N^U�TGUWV[UWF"j�I8FHE_I8PLUWFnEGp PLZ[KHE�N �WKHZ[UWF ] �1hLERQ pfEGPLZ[P�I �1hLEfU M*'LpfEGKHU PLEfJLKHU�TGEGFHF^I8PLUWKHEGF`I8hLpfEGM0NOI��
I2TGUWpfJLV[E��eZ[P�I8PLE PLE pRI8M0N^EGKRI2TGU�EGK$"GMLTGZXI&NOI8p`j}]Gp I8hLpfEGM0NOI��uFHEGMLPLU MLEGTGEGFHF��8KHZXI�pRI8Z[FipfEGp��WKHZXI-J�I8K^I
pRI8M0N^EGK UWF PLZ[KHE�N �WKHZ[UWFGy �7V[]Gp PLZ[FHFHU���IiTGUWpfJLV[E��eZ[P�I8PLE PLE�pRI8M0N^EGKoI8F EGM0N^K^I8P�I8FoPLU%PLZ[KHE�N �WKHZ[UiTGUWMLFHZ[F�N^EGM0N^EGF
TGUWp+I8F T �WJLZXI8F ��*� �1
nV[Z[pfZ\NOInI%EGFHT_I8VXI8jLZ[V[Z[P�I8PLE  ��$ " y
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jLV[U�TGU"] JLKHUWJ�I8q0I8PLU�EGp x UWKHpRI PLE PLZ[KHE�N �WKHZ[UWF�I N^U�PLUWF�UWFUWheN^KHUWF�JLKHU�TGEGFHF^I8PLUWKHEGF J�I8K^I �1hLE N^EGMLr�I8p U"b8I8V[UWK
NOI8p`j}]Gp I N^h�I8V[Z��_I8PLU  ��$ " y

c�EGqWhLMLPLU?c1N^hLp� !��#" �oUWF@JLKHU8N^U�TGUWV[UWF 0 ���-	�
F6��:E10%� ������� 	�
-F^d8U j}UWMLF@J�I8K^I I8JLV[Z[T_I8k ��EGF �1hLE2I8JLKHEGFHEGM0NOI8p
hLp J�I8PLK^d8U?FHE �18LEGMLTGZXI8V�PLE�TGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U��oEGM �1h�I8M0N^UCUWF JLKHU8N^U�TGUWV[UWF 0 ���-	�
F6���>���� 	�
 EGp PLZ\bWEGKHF^I8F
I8JLV[Z[T_I8k ��EGF7TGUWp PLZ\bWEGKHFHUWF"J�I8PLK$��EGF"PLEiTGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^ULy DgI8p`j}]Gp U�PLE�� FHEiI8JLV[Z[T_I8K7hLpRI@TGUWp`jLZ[M�I8k_d8U
PLEGV[EGF�J�I8K^I`UWjeN^EGK hLp J�I8PLK^d8UiPLE"TGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U �1hLE"FHE�I8PLE �*'LEnI`EGVXI8F �eJLKHUWJ}UWKHTGZ[UWM�I8MLPLUiI8FHFHZ[p hLp
pfEGV[rLUWK�PLEGFHEGpfJ}EGMLrLUfPLUfFHZ[F�N^EGpRIey
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w ".����	�� > ��
 0 ���-	�
�� > �#%	�# � #%�}] JLKHUWJ}UWF�N^U�J�I8K^I"pfZ[MLZ[pfZ��_I8K UWFE�x EGZ\N^UWF�PLU"x I8V[FHU"TGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U�� �1hLE
U�TGUWKHKHE �1h�I8MLPLUiPLUWZ[F UWh@pRI8Z[FJLKHU�TGEGFHF^I8PLUWKHEGF�TGUWMLTGUWKHKHEGM0N^EGpfEGM0N^E�I N^h�I8V[Z��_I8p PLZ\x EGKHEGM0N^EGF�P�I8PLUWFuTGUWpfJ�I8K�N^Z �
V[r�I8PLUWF �1hLEuEGF�NOd8U V[U�T_I8V[Z��_I8PLUWF|EGp hLp pfEGFHpfU jLV[U�TGULy�m7EupRI8MLEGZ[K^IoI8M!�8V[UWq0I�� M1hLp JLKHU8N^U�TGUWV[U 0 ���-	�
F6���>���� 	�

hLpRI�pfU�PLZ ��T_I8k_d8U�EGp hLpRI J�I8VXI_b�K^I�PLE6hLp jLV[U�TGU T_I8hLF^I U EGM0b�Z[U PLU jLV[U�TGU UWh J�I8VXI_b�K^I I2N^U�PLUWFRUWF
JLKHU�TGEGFHF^I8PLUWKHEGF �1hLE7J}UWFHFHhLEGp hLpRInT �WJLZXInPLU�jLV[U�TGU��1pfEGFHpfU �1hLE7EGFHFHEGF JLKHU�TGEGFHF^I8PLUWKHEGF�M�d8U�pRI8Z[FheN^Z[V[Z��GEGp
EGFHF^I%J�I8VXI_b�K^I  ��$#" y

� ��� � ��� ��� � � � 
 � ����� 
 �  � � ��� �
	������ �����  �8� 	 	 ��� 	�� �

S �eZ[F�N^E7hLp TGUWpfJLKHUWpfZ[FHFHU�EGM0N^KHE"I�x I8TGZ[V[Z[P�I8PLE PLE7JLKHUWqWK^I8pRI8k_d8UnE U`J}U8N^EGMLTGZXI8V�PLE7q0I8MLrLU�PLE7PLEGFHEGpfJ}EGMLrLULv
�1h�I8M0N^U pRI8Z[F7x �8TGZ[V U pfU�PLEGV[U PLE%TGUWMLFHZ[F�N�"GMLTGZXI J�I8K^I U JLKHUWqWK^I8pRI8PLUWK � pfEGMLUWK"U q0I8MLrLU PLE%PLEGFHEGpfJ}EGMLrLU
PLU%pfU�PLEGV[UiE"b�Z[TGE�� bWEGKHF^Iey

S�F�NOI%FHEGk_d8UfEGF�N��%j�I8FHE_I8P�I%M�I8FoKHE�x EGK$"GMLTGZXI8F  � � " �   M"#" E�FHh�I8FoKHE�x EGK$"GMLTGZXI8FGy
S�p�UWKHPLEGp�TGKHEGFHTGEGM0N^E2PLE-q0I8MLrLU PLE-PLEGFHEGpfJ}EGMLrLU�� UWKHPLEGp�PLEGTGKHEGFHTGEGM0N^E�PLE6x I8TGZ[V[Z[P�I8PLE PLE-JLKHUWqWK^I	�

pRI8k_d8U�� v TGUWMLFHZ[F�N�"GMLTGZXI EGF�N^KHZ\NOI�� TGUWMLFHZ[F�N�"GMLTGZXI FHE �18LEGMLTGZXI8V �7TGUWMLFHZ[F�N�"GMLTGZXI PLE&JLKHU�TGEGFHF^I8PLUWK �7TGUWMLFHZ[F�N�"GMLTGZXI
x K^I8T_I��oTGUWMLFHZ[F�N�"GMLTGZXI PLE-V[Z[j}EGK^I8k_d8U�� TGUWMLFHZ[F�N�"GMLTGZXI PLE&V[Z[j}EGK^I8k_d8U JLKHEGqWhLZ[kGUWF^I��oTGUWMLFHZ[F�N�"GMLTGZXI PLE-EGFHTGUWJ}U E
TGUWMLFHZ[F�N�"GMLTGZXIiPLE�EGM0N^K^I8P�Iey

�7FoJ�I8VXI_b�K^I8F +�JLKHU�TGEGFHF^I8PLUWK.,�E +�M�� , J}U�PLEGp FHEGKoJ}EGK�x EGZ\NOI8pfEGM0N^E"Z[M0N^EGKHT_I8p`jLZ �_bWEGZ[F MLEGF�N^EnTGUWM0N^E���N^ULy
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� EGF�N^E`pfU�PLEGV[U�� IRV[EGZ\N^hLK^I%PLE�hLp�EGMLPLEGKHEGkGU PLE�pfEGp��WKHZXIiKHE�N^UWKHM�IRURb8I8V[UWK��1hLE�x UWZ EGFHTGKHZ\N^U@pRI8Z[FoKHEGTGEGM0N^E��
pfEGM0N^E�MLEGFHFHEnEGMLPLEGKHEGkGULy

����� ��� %'	�����!��6�)*����!�+ ���������*����!�+����
	���� ���*� �!�+�� ��	�����!��6��*���2���	�%��

w pfU�PLEGV[UfPLE`TGUWMLFHZ[F�N^EGMLTGZXIRFHE �18LEGMLTGZXI8V � � 
,+��1
FE1	���� � � #7E ������	�
FE ��&����}Z[pfJLV[EGpfEGM0NOI8PLUfM�IRpRI8Z[UWKHZXIiPLUWF JLKHU �
TGEGFHF^I8PLUWKHEGF��FE # #5> &76 ��*� �1
 �eZ[pfJ ��E �1hLE�I8FopfU�PLZ ��T_I8k ��EGF�x EGZ\NOI8FoM�I%pfEGp��WKHZXI�TGUWpfJ�I8K�N^Z[V[r�I8P�I�PLZ[F�N^KHZ[jLhLl[P�I
FHE��^I8p�Z[pfEGPLZXI NOI8pfEGM0N^E b�Z[FHl\bWEGZ[F@I8UWFRUWheN^KHUWFRJLKHU�TGEGFHF^I8PLUWKHEGF � Z[F�N^U ]�� U KHEGFHhLV\NOI8PLU P�I E��eEGTGhLk_d8U PLE-hLp
I8JLV[Z[T_I N^Z\bWU ]fU6pfEGFHpfU6FHE@I8FnUWJ}EGK^I8k ��EGFnPLEfN^U�PLUWFnUWF�M��WF�x UWK^I8p E��eEGTGheNOI8P�I8F`EGp �1h�I8V �1hLEGKnUWKHPLEGp FHE��
�18LEGMLTGZXI8V|E�I8FoUWJ}EGK^I8k ��EGFoPLE�T_I8P�IiM��fZ[MLPLZ\b�Z[PLh�I8V[pfEGM0N^E I8J�I8KHEGTGEGp M�I%UWKHPLEGp P�I8P�IiJ}EGV[U%FHEGh JLKHUWqWK^I8pRIey
Y�UWK�NOI8M0N^U���J}UWK�EGF�N^E@pfU�PLEGV[U���N^U�PLUWF`UWF�M��WF`PLE�bWEGp TGUWMLTGUWKHP�I8K`TGUWp I6UWKHPLEGp�PLUWF`E�x EGZ\N^UWF�UWjLFHEGK�b8I8PLUWF �
PLE�bWEGMLPLU�I EGFHTGKHZ\NOI M�I7pfEGp��WKHZXI TGUWpfJ�I8K�N^Z[V[r�I8P�I�J}UWK�hLp M�� FHE N^UWKHM�I8K�Z[pfEGPLZXI NOI8pfEGM0N^E b�Z[FHl\bWEGVeI8UWF�UWheN^KHUWFGy

c�EGqWhLMLPLURm7hLj}UWZ[F  ��
 "XI8JLhLP   M" " v

� hLpRI6V[EGZ\N^hLK^I6PLE hLp JLKHU�TGEGFHF^I8PLUWKiJ��o] E�x E�N^h�I8P�I&TGUWp KHEGVXI8k_d8U&I-hLp JLKHU�TGEGFHF^I8PLUWKiJ�� �1h�I8MLPLU�I
EGpfZ[FHF^d8UfPLE�hLpRIfEGFHTGKHZ\NOIfJ}UWK J���MLURpfEGFHpfUREGMLPLEGKHEGkGU M�d8URJLhLPLEGK I x E�NOI8K Ufb8I8V[UWK KHE�N^UWKHM�I8PLURJ�I8K^I
J�� =
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� hLpRI EGFHTGKHZ\NOI7J}EGV[U JLKHU�TGEGFHF^I8PLUWK J���]uE�x E�N^h�I8P�I TGUWp KHEGVXI8k_d8U I8U JLKHU�TGEGFHF^I8PLUWK J � �1h�I8MLPLU"hLpRI V[EGZ\N^hLK^I
PLU%pfEGFHpfU%EGMLPLEGKHEGkGURJ}UWK J��7KHE�N^UWKHM�I8K Uib8I8V[UWK PLE���MLZ[PLU%J}EGVXIiEGFHTGKHZ\NOI � PLE�J�� � =

� hLp+I8TGEGFHFHUf]�E�x E�N^h�I8PLU �1h�I8MLPLUfUix UWK EGp KHEGVXI8k_d8UfI`N^U�PLUWF UWFoM��WFoP�I%KHEGPLE"=

� hLp�I8TGEGFHFHU PLE�V[EGZ\N^hLK^I � JLKHZ[pfEGZ[K^I%PLE���MLZ[k_d8U�� ]�qWV[UWj�I8V[pfEGM0N^E�E�x E�N^h�I8PLU �1h�I8MLPLU EGV[En]�E�x E�N^h�I8PLU@EiI
EGFHTGKHZ\NOI � FHEGqWhLMLP�I%PLE���MLZ[k_d8U�����UWMLPLE�FHE�KHE�N^UWKHM�IiU%b8I8V[UWK ��NOI8p`j}]Gp x UWZ E�x E�N^h�I8P�I>=

YgI8K^IiFHE�N^EGK TGUWMLFHZ[F�N�"GMLTGZXI%FHE �18LEGMLTGZXI8V JLKHEGTGZ[F^I	� FHE8v

� I8M0N^EGF �1hLEihLpRIRV[EGZ\N^hLK^IRFHE��^I@E�x E�N^h�I8P�I TGUWp�KHEGFHJ}EGZ\N^U I �1h�I8V �1hLEGK JLKHU�TGEGFHF^I8PLUWK � N^U�P�I8F"I8F"V[EGZ\N^hLK^I8F
JLKH]�b�ZXI8F PLE�bWEGp�FHEGK7qWV[UWj�I8V[pfEGM0N^E�� EGp+N^U�PLUWF UWF JLKHU�TGEGFHF^I8PLUWKHEGF � E�x E�N^h�I8P�I8F EnN^U�PLUWF UWF7I8TGEGFHFHUWF PLE
EGFHTGKHZ\NOI%I8M0N^EGKHZ[UWKHEGFoPLE�bWEGp+FHEGKoE�x E�N^h�I8PLUWF =

� I8M0N^EGF �1hLE2FHE2J}EGKHpfZ\NOI �1hLE2hLpRI EGFHTGKHZ\NOI J}UWK hLp JLKHU�TGEGFHF^I8PLUWK FHE��^I E�x E�N^h�I8P�I TGUWp KHEGFHJ}EGZ\N^U?I
�1h�I8V �1hLEGKRUWheN^KHU JLKHU�TGEGFHF^I8PLUWK �oN^U�P�I8F@I8F@V[EGZ\N^hLK^I8FfJLKH]�b�ZXI8F@PLE�bWEGp FHEGK@qWV[UWj�I8V[pfEGM0N^E E�x E�N^h�I8P�I8F@E
N^U�PLUWF UWF I8TGEGFHFHUWF PLE�EGFHTGKHZ\NOI%I8M0N^EGKHZ[UWKHEGFoPLE�bWEGp+FHEGKoE�x E�N^h�I8PLUWFGy

w pfU�PLEGV[U@PLE`TGUWMLFHZ[F�N�"GMLTGZXI FHE �18LEGMLTGZXI8V ]iFHZ[pfJLV[EGF PLE`FHE%Z[pfJLV[EGpfEGM0NOI8K E`q0I8K^I8M0N^E%I8U JLKHUWqWK^I8pRI8PLUWK �1hLE
MLEGMLr1hLpRIiZ[MLTGUWMLFHZ[F�N�"GMLTGZXI�U�TGUWKHK^Iey �7M0N^EGFoPLE"hLpRI`EGFHTGKHZ\NOI`PLE"hLp P�I8PLUiTGUWpfJ�I8K�N^Z[V[r�I8PLU�FHEGK TGUWpfJLV[E�NOI8P�I��
N^U�P�I8FoI8FoT �WJLZXI8F F^d8UfI N^h�I8V[Z��_I8P�I8F�UWh Z[M0b8I8V[Z[P�I8P�I8FGy � qWK^I8MLPLE"PLEGF�b8I8M0NOI8qWEGp+PLEGF�N^EnpfU�PLEGV[Ui]nIiVXI N�"GMLTGZXIey

� ��qWhLK^I ��y\� pfUWF�N^K^I2UWFfJLKHUWjLV[EGpRI8F%PLEGF�N^E pfU�PLEGV[ULy c�hLJ}UWMLr�I	� FHE �1hLE6UWFfJLKHU�TGEGFHF^I8PLUWKHEGFRJ �6E J �
J}UWFHFHhLEGp hLpRI6T �WJLZXI-P�I8F�b8I8KHZ �_bWEGZ[F�� � � E�� E �1hLE J � pfU�PLZ � �1hLE@FHEGhLF%P�I8PLUWF`PLEGM0N^KHU2PLE hLpRI-FHEGk_d8U
TGKHl\N^Z[T_Iey �7I.��qWhLK^IR��y\��� 	 FHZ[qWMLZ ��T_IiEGFHTGKHZ\NOI%EnIiFHEGk_d8URTGKHl\N^Z[T_I`EGF�N��%PLEGV[Z[pfZ\NOI8P�I�J}EGVXI �*�,+����-�
 � I �1hLZ[FHZ[k_d8U��
PLU FHEGp�� x UWKHU E�J}EGVXI �
���
�2� 
 � V[Z[j}EGK^I8k_d8U�� PLUopfEGFHpfULy � EGFHTGKHZ\NOI PLE 9�� PLE�bWE FHEGK I N^K^I8F^I8P�IoI N^] �1hLE I EGFHTGKHZ\NOI
I8M0N^EGKHZ[UWK 9 � FHE��^IfTGUWpfJLV[E�NOI8P�I��epfEGFHpfU%M1hLpRI%FHEGk_d8URTGKHl\N^Z[T_Iey � TGUWMLFHZ[F�N�"GMLTGZXIiFHE �18LEGMLTGZXI8V�E��eZ[qWE �1hLEnJ ���
pfEGFHpfUfEGF�NOI8MLPLU@M1hLpRIfFHEGk_d8U@TGKHl\N^Z[T_I%FHE�TGUWp`hLMLZ �1hLE�TGUWp+J � � TGUWp`hLMLZ[T_I8k_d8UfKHEGJLKHEGFHEGM0NOI8P�I@J}UWK ��EGTOr�I8F �
FHEGpfJLKHE �1h�I8MLPLU6hLp P�I8PLU TGUWpfJ�I8K�N^Z[V[r�I8PLU ]%pfU�PLZ ��T_I8PLULy w JLKHUWjLV[EGpRI@] �1hLEfJ � ��T_I J�I8K^I8PLU � V[Z[MLr�I8F
J}UWM0N^Z[V[r�I8P�I8F � EGM �1h�I8M0N^U6I8qWh�I8KHP�I I TGUWM ��KHpRI8k_d8U PLE �1hLE%J � KHEGTGEGj}EGh I pfEGMLF^I8qWEGp PLE%J � � pfEGMLF^I8qWEGp
PLEfI8T�����KHEGJLKHEGFHEGM0NOI8P�I6TGUWp V[Z[MLr�IRN^K^I8TGE��^I8P�I � y w qWK^I8MLPLE%M*'LpfEGKHU PLEfpfEGMLF^I8qWEGMLF�E%U x I N^U PLE%J � ��T_I8K
J�I8K^I8PLUfI8qWh�I8KHP�I8MLPLU%UWF �*�54 �nF^d8UfIiK^I �_d8U%PLUfj�I8Z �eU%PLEGFHEGpfJ}EGMLrLUfP�I%TGUWMLFHZ[F�N�"GMLTGZXIiFHE �18LEGMLTGZXI8V y
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a p FHZ[F�N^EGpRIim"c�� I8PLU8NOI`EGF�N^E"pfU�PLEGV[U �1h�I8MLPLUfI8F�EGFHTGKHZ\NOI8F�b�Z[F�NOI8F�Z[MLPLZ\b�Z[PLh�I8V[pfEGM0N^E EGp T_I8P�I`M��iM1hLMLT_I
F^d8U b�Z[F�NOI8Fgx UWK^I PLE UWKHPLEGp �WpRI8F �1h�I8MLPLU b�Z[F�NOI8F�EGp PLUWZ[F M��WF �0J}U�PLEGp FHEGK�UWjLFHEGK�b8I8P�I8F�PLE�x UWKHpRI7PLZ\x EGKHEGM0N^E8y
~�UWKHpRI8V[pfEGM0N^E8v

� I8M0N^EGF �1hLE hLpRI-V[EGZ\N^hLK^I6FHE��^I&x EGZ\NOI-J}UWK`hLp JLKHU�TGEGFHF^I8PLUWK �N^U�PLUWFiUWF%I8TGEGFHFHUWFfPLE V[EGZ\N^hLK^I8F`JLKH]�b�ZXI8F
PLE�bWEGp+FHEGKoE�x E�N^h�I8PLUWF =
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releaseWzWyWxacquire

ack ack ack ack ackrel(L)ack(L) inv x inv zinv y

p1

p2
~gZ[qWhLK^I%��y\�Wv tuUWMLFHZ[F�N�"GMLTGZXIiFHE �18LEGMLTGZXI8V heN^Z[V[Z��_I8MLPLU`Z[M0b8I8V[Z[P�I8k ��EGF  �8� �}����"

releaseWzWyWxacquire

ack ack ack ack ackrel(L)ack(L) inv x inv zinv y

p1

p2
~gZ[qWhLK^I%��y ��v tuUWMLFHZ[F�N�"GMLTGZXI%PLE�JLKHU�TGEGFHF^I8PLUWKoheN^Z[V[Z��_I8MLPLU`Z[M0b8I8V[Z[P�I8k ��EGF  � ��� �W�'"

� I8M0N^EGF �1hLE6hLpRI&EGFHTGKHZ\NOI�FHE��^I2x EGZ\NOI&J}UWK%hLp JLKHU�TGEGFHF^I8PLUWK �uN^U�PLUWFfUWFfI8TGEGFHFHUWFRJLKH]�b�Z[UWFfPLE�bWEGp�FHEGK
E�x E�N^h�I8PLUWFGy

S�F�N^E N^Z[J}U2PLE pfU�PLEGV[U2J}EGKHpfZ\N^E@U > � >1
����:E1�:E�� P�I8F%EGFHTGKHZ\NOI8F �uKHEGFHhLV\NOI8MLPLU�M1hLp N^EGpfJ}U�PLE J�I8K^I8V[EGV[Z��_I8k_d8U
pfEGMLUWK PLUWFoM��WFGy YgI8K^IipRI8M0N^EGKoI%UWKHPLEGp hLpRIi~ ��~ w ]�heN^Z[V[Z��_I8P�Iey

a p E��eEGpfJLV[UoPLE�p�� �1hLZ[M�I �1hLE I8PLU8NOI EGF�N^EpfU�PLEGV[U F^d8U I8F Y;� � � F � @ � >1
����:E 
��� �CE �*#%" G�� � 
 � � !�
�",6
#%��&���� UWMLPLE�UWF M��WF7P�I@KHEGPLE`pRI8M0N�"Gp
hLpRIfT �WJLZXIRTGUWpfJLV[E�NOIfP�IRpfEGp��WKHZXI%qWV[UWj�I8V TGUWpfJ�I8K�N^Z[V[r�I8P�I���V[EGMLPLU
E@I N^h�I8MLPLU6M�I8Fnb8I8KHZ �_bWEGZ[FnTGUWpfJ�I8K�N^Z[V[r�I8P�I8F"PLERFHh�I6T �WJLZXI V[U�T_I8V y �7F`I N^h�I8V[Z��_I8k ��EGF�J�I8K^I6I pRI8M1heN^EGMLk_d8U
P�I`TGUWMLFHZ[F�N�"GMLTGZXI`F^d8U�N^K^I8MLFHpfZ\N^Z[P�I8F pRI8Z[F NOI8KHPLE J�I8K^I`UWF�UWheN^KHUWF�M��WF�FHEGqWhLMLPLU%hLpRI`~ ��~ w �eU �1hLE q0I8K^I8M0N^E
�1hLE�F^d8UfUWjLFHEGK�b8I8P�I8FoM�I%pfEGFHpRI`UWKHPLEGp J}UWK�N^U�PLUWFoUWF M��WFGy

w m �"c�  {|EGMLUM$W� " I8JLhLP  � � " �eI8PLU8NOI�EGF�N^E7N^Z[J}U�PLE7pfU�PLEGV[U��0J}EGKHpfZ\N^Z[MLPLUnI8U�JLKHU�TGEGFHF^I8PLUWK � �1hLE7N^K^I8MLF �
pfZ\N^E I8FfZ[M0b8I8V[Z[P�I8k ��EGF � ��T_I8KfMLU EGF�NOI8PLU ��	 � �-��
� � V[Z[MLr�I&J}UWM0N^Z[V[r�I8P�I ��hLpRI2F���bWE �6PLhLK^I8M0N^E6hLpRI2FHEGk_d8U
TGKHl\N^Z[T_I � �*�,+����-�
 � �
���
�2� 
	���gEGFHJ}EGK^I8MLPLU&J}EGV[U&I8T���P�I6pfEGMLF^I8qWEGp PLE@Z[M0b8I8V[Z[P�I8k_d8U � EGp N^K^I8TGE��^I8PLU���� TGUWpfU
J}U�PLEnFHEGKob�Z[F�N^URM�I ��qWhLK^IR��y ��yotuUWpfURFHEnJ}U�PLE�bWEGK7J}UWKoEGF�NOI ��qWhLK^I�� URJLKHUWjLV[EGpRIiPLEGF�N^E�pfU�PLEGV[U%]�I8Z[MLP�I
U%qWK^I8MLPLE�M*'LpfEGKHU%PLE�pfEGMLF^I8qWEGMLF � PLE�Z[M0b8I8V[Z[P�I8k_d8U��J�I8K^IipRI8M0N^EGKoU%FHZ[F�N^EGpRIiTGU�EGKHEGM0N^E8y

����� ��� %'	�����!��6�)*����!�+�� �
+���+���� �*+�����	�����!��6��*���2����� %��

S�F�N^E%pfU�PLEGV[U@PLE%TGUWMLFHZ[F�N�"GMLTGZXI Z[pfJ ��E �1hLE%U b8I8V[UWK KHE�N^UWKHM�I8PLU J}UWK hLpRI UWJ}EGK^I8k_d8U PLE%V[EGZ\N^hLK^IR]%U b8I8V[UWK
�1hLE�x UWZ EGFHTGKHZ\N^U@J}UWK hLpRIfUWJ}EGK^I8k_d8URPLEiI N^h�I8V[Z��_I8k_d8U%M�IRpfEGFHpRI%b8I8KHZ �_bWEGV � �1hLE`J}U�PLEnN^EGK7Z[pfEGPLZXI NOI8pfEGM0N^E
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JLKHEGTGEGPLZ[PLURIiV[EGZ\N^hLK^I`M�IiE��eEGTGhLk_d8URPLE�hLp JLKHU�TGEGFHFHULy
� TGUWMLFHZ[F�N�"GMLTGZXIo]q0I8K^I8M0N^Z[P�I J}EGV[UoJLKHUWqWK^I8pRI8PLUWK J}UWK pfEGZ[U PLE UWJ}EGK^I8PLUWKHEGF PLE FHZ[MLTGKHUWMLZ��_I8k_d8U�� N^UWKHM�I8MLPLU

U%FHZ[F�N^EGpRIiFHE �18LEGMLTGZXI8V[pfEGM0N^E�TGUWMLFHZ[F�N^EGM0N^EnMLUWFoJ}UWM0N^UWFoPLE�FHZ[MLTGKHUWMLZ��_I8k_d8ULy�~�UWKHpRI8V[pfEGM0N^E8v

� UWFoI8TGEGFHFHUWF PLEnFHZ[MLTGKHUWMLZ��_I8k_d8UiF^d8UfFHE �18LEGMLTGZXI8V[pfEGM0N^E�TGUWMLFHZ[F�N^EGM0N^EGF hLp TGUWp KHEGVXI8k_d8U%I8U%UWheN^KHU?=

� MLEGMLr1hLp�I8TGEGFHFHU I�hLpRI&b8I8KHZ �_bWEGVoPLE6FHZ[MLTGKHUWMLZ��_I8k_d8U�]6EGpfZ\N^Z[PLU2J}UWKfhLp JLKHU�TGEGFHF^I8PLUWK@I8M0N^EGF �1hLE
N^U�PLUWF UWF I8TGEGFHFHUWF7I8M0N^EGKHZ[UWKHEGF�N^EGMLr�I8p+FHZ[PLU%KHE_I8V[Z��_I8PLUWF =

� MLEGMLr1hLp
I8TGEGFHFHU@MLUWKHpRI8V �eZ[F�N^Uf]�� �1hLEnM�d8UfFHE��^I%PLEnFHZ[MLTGKHUWMLZ��_I8k_d8U���]�EGpfZ\N^Z[PLUiJ}UWKohLp+JLKHU�TGEGFHF^I8PLUWK
I8M0N^EGF��1hLEnhLp JLKH]�bWURI8TGEGFHFHU@IihLpRI`b8I8KHZ �_bWEGV PLE�FHZ[MLTGKHUWMLZ��_I8k_d8UiN^EGMLr�I%FHZ[PLUix EGZ\N^ULy

w F7I8TGEGFHFHUWF7PLEnFHZ[MLTGKHUWMLZ��_I8k_d8UfI N^h�I8p TGUWpfUfPLEGV[Z[pfZ\NOI8M0N^EGF �LPLE�x UWKHpRI �1hLEnMLURZ[MLF�NOI8M0N^E�PLEnFHZ[MLTGKHUWMLZ��_I8k_d8U
N^U�PLUWFoUWF I8TGEGFHFHUWF7MLUWKHpRI8Z[FoI8M0N^EGKHZ[UWKHEGFoN^EGMLr�I8p FHZ[PLUfE�x E�N^h�I8PLUWF E�N^U�PLUWFoUWF7I8TGEGFHFHUWF7MLUWKHpRI8Z[F�J}UWF�N^EGKHZ[UWKHEGF
M�d8U%N^EGMLr�I8p+FHZ[PLUfE�x E�N^h�I8PLUWFGy m7EGJ}EGMLPLEGMLPLU@PLUfN^Z[J}U%PLEnZ[pfJLV[EGpfEGM0NOI8k_d8U%I8PLU8NOI8PLU�� I%TGUWMLFHZ[F�N�"GMLTGZXI%x K^I8T_I
M�d8U J}U�PLEiFHEGK�TGUWMLFHZ[PLEGK^I8P�I hLp pfU�PLEGV[U pRI8Z[F x K^I8TGU��|Z[F�N^U ]��|hLp pfU�PLEGV[U@UWMLPLEfI �1h�I8M0N^Z[P�I8PLEiPLEibWE �GEGF
�1hLE`U@FHZ[F�N^EGpRIRFHE��^IRpRI8M0N^Z[PLURTGU�EGKHEGM0N^EiFHE��^IRpfEGMLUWK � J}UWZ[F E��eZ[F�N^EGp UWKHPLEGM�I8pfEGM0N^UWF I8PLpfZ\N^Z[PLUWFoJ}UWK7hLp�E
M�d8U%J}EGV[U%UWheN^KHULy

a p JLKHUWqWK^I8pRInE��eEGTGheNOI8PLUfM1hLp pfU�PLEGV[U`PLE TGUWMLFHZ[F�N�"GMLTGZXI`x K^I8T_I`I8JLKHEGFHEGM0NOI%UWF�pfEGFHpfUWF�KHEGFHhLV\NOI8PLUWF FHE
x UWK E��eEGTGheNOI8PLU M1hLp
pfU�PLEGV[UfFHE �18LEGMLTGZXI8VgFHE�M�d8URE��eZ[F�N^EGp ��� 	 � � �*� 
 � � PLZ[FHJLheNOIfPLE�P�I8PLUWF ��� Z[F�N^UR]��}FHE�M�I
E��eEGTGhLk_d8URM�d8U%E��eZ[F�N^Z[K�hLp J�I8K PLE�UWJ}EGK^I8k ��EGFoTGUWM���Z\NOI8M0N^EGFoFHEGMLPLUfJ}EGV[UipfEGMLUWFohLpRI`PLEGVXI8FoIiP�I8PLUWFoE�M�d8U
UWKHPLEGM�I8P�I8FoJ}EGVXI`KHEGVXI8k_d8U%J�I8KHTGZXI8V PLE���MLZ[P�IiEGp  � PebWE/$�
 "gI8JLhLP� 
0�#" y

�7F b8I8M0NOI8qWEGMLF PLE�FHE�heN^Z[V[Z��_I8K U pfU�PLEGV[U�PLE�TGUWMLFHZ[F�N�"GMLTGZXI�x K^I8T_I�F^d8UoE�b�Z\NOI8K|I�FHZ[MLTGKHUWMLZ��_I8k_d8U PLEGFHMLEGTGEGFHF��8KHZXI��
KHEGPLh �GZ[MLPLU U M*'LpfEGKHU PLE�pfEGMLF^I8qWEGMLF J�I8K^I I7pRI8M1heN^EGMLk_d8U P�I TGUWMLFHZ[F�N�"GMLTGZXI��8PLE�FHZ[MLTGKHUWMLZ��_I8k_d8U EuPLE�P�I8PLUWFGy

����� ��� %'	�����!��6�)*����!�+ ��� ��!�� �(�
+�	�
�	���� �*���*+�������	�����!��6��*���2����� %��

w pfU�PLEGV[U PLE�TGUWMLFHZ[F�N�"GMLTGZXI?PLE�V[Z[j}EGK^I8k_d8U�� x UWZ"PLEGFHEGM0bWUWV\b�Z[PLU TGUWpfU?J�I8K�N^E�P�I p�� �1hLZ[M�I?m �"c� �J�I8K^I
pfZ[MLZ[pfZ��_I8KUfE��eTGEGFHFHURPLE�pfEGMLF^I8qWEGMLF qWEGK^I8P�I8F M�I%TGUWMLFHZ[F�N�"GMLTGZXIiFHE �18LEGMLTGZXI8V y

� TGEGFHFHUWF%FHZ[MLTGKHUWMLZ��_I8PLUWF`F^d8U&I8TGEGFHFHUWF �1hLE TGUWpfJ}E�N^EGp�E@F^d8U&heN^Z[V[Z��_I8PLUWFnJ�I8K^I6q0I8K^I8M0N^Z[K`I6UWKHPLEGp�E I
I N^UWpfZ[TGZ[P�I8PLE EGM0N^KHE"p('LV\N^Z[JLV[UWFI8TGEGFHFHUWFGy � TGEGFHFHUWF M�d8U`FHZ[MLTGKHUWMLZ��_I8PLUWFuF^d8UiI8TGEGFHFHUWF �1hLE TGUWpfJ}E�N^EGp ��J}UWKH]Gp
M�d8U%q0I8K^I8M0N^EGp UWKHPLEGp y

c�EGqWhLMLPLU U pfU�PLEGV[U PLE&TGUWMLFHZ[F�N�"GMLTGZXI PLE&V[Z[j}EGK^I8k_d8U�� UWF I8TGEGFHFHUWF I P�I8PLUWF TGUWpfJ�I8K�N^Z[V[r�I8PLUWFfJ}U�PLEGp
FHEGK M�d8U FHZ[MLTGKHUWMLZ��_I8PLUWF7UWh&FHZ[MLTGKHUWMLZ��_I8PLUWF � EGF�N^EGF�'LV\N^Z[pfUWFoPLZ\b�Z[PLZ[PLUWF7EGp �*�,+����-�
iE �
���
�2� 
�y�a p �*�,+����-�

FHZ[M�I8V[Z��_I �1hLE7UWF P�I8PLUWF TGUWpfJ�I8K�N^Z[V[r�I8PLUWF�F^d8UnMLEGTGEGFHF^I8KHZ[UWF �eEGM �1h�I8M0N^U �1hLE7U �
���
�2� 
7FHZ[M�I8V[Z��_I �1hLE7UWF P�I8PLUWF
TGUWpfJ�I8K�N^Z[V[r�I8PLUWF�EGF�NOd8U�PLZ[FHJ}UWMLl\bWEGZ[FGy z"KHUWFHFHEGZ[K^I8pfEGM0N^E�� UWF%I8TGEGFHFHUWF �
���
�2� 
 E��*�,+����-�
 TGUWKHKHEGFHJ}U�PLEGp Q8F
UWJ}EGK^I8k ��EGF PLE�FHZ[MLTGKHUWMLZ��_I8k_d8UiPLE"hLp FHEGp�� x UWKHULy 
 ( � ����� � � � ����� ��� ��� �*) � � � ��� � 
 � � � ��� ��+�� � �
(�� � � ��� � ��+ � �!
 �
	�� 
'��� � � � � ����� ��� ��� �*) � ���� ��� ��+�� � � (�� � � ��� ��������������

�7M0N^EGF PLE"x UWKHpRI8V[Z��_I8KuIiTGUWMLFHZ[F�N�"GMLTGZXI%PLE�V[Z[j}EGK^I8k_d8U��e]"Z[pfJ}UWK�NOI8M0N^E TGUWMLTGEGZ\N^h�I8K  � � " v
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�WyohLp JLKHUWqWK^I8pRI`I8JLKHEGFHEGM0NOI%b �8KHZ[UWFoI8TGEGFHFHUWF PLE�V[EGZ\N^hLK^I8F�E�EGFHTGKHZ\NOI8F =

��y I8TGEGFHFHUWF JLKH]�b�Z[UWFoF^d8UfI8TGEGFHFHUWF JLKHEGTGEGPLEGM0N^EGF"I8U%TGUWKHKHEGM0N^EnI8TGEGFHFHURM�IiUWKHPLEGp PLUfJLKHUWqWK^I8pRI>=


eyohLpRI2V[EGZ\N^hLK^I&PLE pfEGp��WKHZXI-]K>1
��� #%��"$
��� Z y E8y � N^UWKHM�I	� FHE b�Z[FHl\bWEGVoTGUWp KHEGFHJ}EGZ\N^U I �1h�I8V �1hLEGKfUWheN^KHU
JLKHU�TGEGFHF^I8PLUWK��1h�I8MLPLUfhLpRIiEGFHTGKHZ\NOIiFHhLjLFHE �18LEGM0N^E`M�IipfEGFHpRIiM�d8U%JLhLPLEGK7I x E�NOI8KoIiV[EGZ\N^hLK^I>=

 LyohLpRI V[EGZ\N^hLK^I PLE@pfEGp��WKHZXI ]Rb�Z[FHl\bWEGVuTGUWp KHEGFHJ}EGZ\N^U&I �1h�I8V �1hLEGK�UWheN^KHU-JLKHU�TGEGFHF^I8PLUWK �1h�I8MLPLU&hLpRI
V[EGZ\N^hLK^I�FHhLjLFHE �18LEGM0N^E`KHE�N^UWKHM�I8KoUib8I8V[UWK I8KHpRI �GEGM�I8PLU%J}EGVXI`EGFHTGKHZ\NOI>=

��yoV[EGZ\N^hLK^I8F�E"EGFHTGKHZ\NOI8FoFHE"N^UWKHM�I8p >1
��� #%��"$
� �1h�I8MLPLUfF^d8Uib�Z[FHl\bWEGZ[FoI`N^U�PLUWF UWF UWheN^KHUWFoJLKHU�TGEGFHF^I8PLUWKHEGFGy

~�UWKHpRI8V[Z��_I8MLPLU`IiTGUWMLFHZ[F�N�"GMLTGZXI%PLE�V[Z[j}EGK^I8k_d8U��1N^EGp � FHE8v

� I8M0N^EGF �1hLE�hLpRI V[EGZ\N^hLK^I PLEupfEGp��WKHZXIoUWh`EGFHTGKHZ\NOI7M�I7pfEGp��WKHZXIoJ}UWFHF^I8p FHEGK E��eEGTGheNOI8P�I8F�TGUWp KHEGFHJ}EGZ\N^U
I �1h�I8V �1hLEGKoUWheN^KHU%JLKHU�TGEGFHF^I8PLUWK �LN^U�PLUWFoUWF �*�,+����-�
 ��JLKH]�b�Z[UWF PLE�bWEGp
FHEGKoE��eEGTGheNOI8PLUWF =

� I8M0N^EGF �1hLE hLp �
���
�2� 
 TGUWp KHEGFHJ}EGZ\N^U I �1h�I8V �1hLEGKfJLKHU�TGEGFHF^I8PLUWKfJ}UWFHF^I�FHEGKfE��eEGTGheNOI8PLU���N^U�P�I8FfI8F
EGFHTGKHZ\NOI8F M�I%pfEGp��WKHZXI�E�V[EGZ\N^hLK^I8F�P�IipfEGFHpRIiPLE�bWEGp
FHEGKoE��eEGTGheNOI8P�I8F =

� I8M0N^EGF �1hLEuhLp �*�,+����-�
�TGUWp KHEGFHJ}EGZ\N^U"I7hLp FHEGp�� x UWKHU7UWh`F^I8l[P�I PLE�j�I8KHKHEGZ[K^IoJ}UWFHF^I8p FHEGK E��eEGTGheNOI8PLUWF
TGUWp+KHEGFHJ}EGZ\N^URI �1h�I8V �1hLEGK7JLKHU�TGEGFHF^I8PLUWK ��N^U�PLUWF UWF �
���
�2� 
 ��JLKH]�b�Z[UWFoPLE�bWEGp�FHEGK E��eEGTGheNOI8PLUWF = I8M0N^EGF
�1hLE%hLp �
���
�2� 
%FHE��^I@b�Z[FHl\bWEGV�TGUWp KHEGFHJ}EGZ\N^U I �1h�I8V �1hLEGK"UWheN^KHU JLKHU�TGEGFHF^I8PLUWK � N^U�PLUWF"UWF �*�,+����-�
 �fE
�
���
�2� 
 ��JLKH]�b�Z[UWFoPLE�bWEGp
FHEGKoE��eEGTGheNOI8PLUWFGy

c�E@I6TGUWMLFHZ[F�N�"GMLTGZXI x UWK�pRI8M0N^Z[P�I FHUWpfEGM0N^ERMLUWF`J}UWM0N^UWF�PLERFHZ[MLTGKHUWMLZ��_I8k_d8U��gZ[MLTGUWMLFHZ[F�N�"GMLTGZXI8F�N^EGpfJ}UWK��8KHZXI8F
b8d8U-U�TGUWKHKHEGKGy � h�I8MLPLU&hLp JLKHU�TGEGFHFHU&MLEGTGEGFHFHZ\NOI-x I �GEGK`hLp I8TGEGFHFHU�I6hLpRI b8I8KHZ �_bWEGVuTGUWpfJ�I8K�N^Z[V[r�I8P�I��gEGV[E
JLKHEGTGZ[F^I%x I �GEGK U��*�,+����-�
�PLURFHEGp�� x UWKHU���MLEGTGEGFHFHZ\NOI8MLPLU@MLEGFHFHE`J}UWM0N^U%N^EGK hLpRIib�Z[F^d8URTGUWKHKHE�NOIfP�I8Fob8I8KHZ �_bWEGZ[F
TGUWpfJ�I8K�N^Z[V[r�I8P�I8FGy � h�I8MLPLU FHEfN^EGKHpfZ[M�I U-I8TGEGFHFHU&I hLpRI b8I8KHZ �_bWEGVTGUWpfJ�I8K�N^Z[V[r�I8P�I@M1hLpRI FHEGk_d8U-TGKHl\N^Z[T_I��
U2JLKHU�TGEGFHFHU PLE�bWE6V[Z[j}EGK^I8K�U�FHEGp�� x UWKHU � �
���
�2� 
	��TGUWKHKHEGFHJ}UWMLPLEGM0N^E-I&EGFHF^I�FHEGk_d8U TGKHl\N^Z[T_Iey YgI8K^I2Z[FHFHU��uI8U
N^EGKHpfZ[M�I8K@U hLFHU?P�I8F b8I8KHZ �_bWEGZ[F TGUWpfJ�I8K�N^Z[V[r�I8P�I8F �oU JLKHU�TGEGFHFHU �1hLE I8F heN^Z[V[Z��_I��oEGM0b�ZXI?I8F pfU�PLZ ��T_I8k ��EGF
� I8UWF UWheN^KHUWF JLKHU�TGEGFHFHUWF �1hLE�J}UWFHFHhLEGp
hLpRI%T �WJLZXI%P�I%b8I8KHZ �_bWEGV TGUWpfJ�I8K�N^Z[V[r�I8P�I ���LUWh � �  � ��FHU8x KHZ[P�I8F J}EGVXI8F
b8I8KHZ �_bWEGZ[F%PLhLK^I8M0N^E-I�FHEGk_d8U TGKHl\N^Z[T_I�� FHE6U JLKHU8N^U�TGUWV[U�PLE TGUWMLFHZ[F�N�"GMLTGZXI2x UWKfU PLE6I N^h�I8V[Z��_I8k_d8U�� UWhCEGM0b�ZXI
pfEGMLF^I8qWEGMLF PLE7Z[M0b8I8V[Z[P�I8k_d8U�I8UWF UWheN^KHUWFJLKHU�TGEGFHFHUWF �1hLE J}UWFHFHhLEGp hLpRI�T �WJLZXI"P�I�b8I8KHZ �_bWEGV TGUWpfJ�I8K�N^Z[V[r�I8P�I��
FHE�U%JLKHU8N^U�TGUWV[UiPLE�TGUWMLFHZ[F�N�"GMLTGZXIix UWK U%PLE�Z[M0b8I8V[Z[P�I8k_d8ULy

Y�EGV[U?I8KHpRI �GEGM�I8pfEGM0N^U P�I8F pfU�PLZ ��T_I8k ��EGF EGp ���  
��� � E2J}EGVXI TGUWp`jLZ[M�I8k_d8U PLE&b �8KHZXI8F pfEGMLF^I8qWEGMLF
TGUWM0N^EGMLPLU�I8F�pfU�PLZ ��T_I8k ��EGF �WUWhiTGUWM0N^EGMLPLU�I8F�Z[M0b8I8V[Z[P�I8k ��EGF �WI"FHEGKHEGp JLKHUWJ�I8q0I8P�I8FI8UWF�UWheN^KHUWF�M��WF�P�I"KHEGPLE��
I TGUWMLFHZ[F�N�"GMLTGZXI PLEfV[Z[j}EGK^I8k_d8U TGUWMLFHEGqWhLERPLZ[pfZ[M1hLZ[K U6M*'LpfEGKHU6PLEfpfEGMLF^I8qWEGMLF �gJ}EGKHpfZ\N^Z[MLPLU hLp�I8hLpfEGM0N^U
PLE PLEGFHEGpfJ}EGMLrLUiFHUWjLKHE�I�TGUWMLFHZ[F�N�"GMLTGZXI�FHE �18LEGMLTGZXI8V E FHUWjLKHE"I`TGUWMLFHZ[F�N�"GMLTGZXI�PLE JLKHU�TGEGFHF^I8PLUWKGy � ��qWhLK^I%��y 

E��eEGpfJLV[Z ��T_I`UfpfU�PLEGV[U`PLE�TGUWMLFHZ[F�N�"GMLTGZXI%PLE�V[Z[j}EGK^I8k_d8ULy
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� I8TGEGFHFHUWF FHZ[MLTGKHUWMLZ��_I8PLUWF F^d8U%FHE �18LEGMLTGZXI8V[pfEGM0N^E�TGUWMLFHZ[F�N^EGM0N^EGF7EGM0N^KHE�FHZ y
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FE ��&���� �1hLE I8V[]Gp PLE2FHEGK j�I8FHE_I8PLU?EGp �1#%"$
 � �
I8JLKHEGFHEGM0NOI`I �HhLP�I�PLE���� � �"0 � �
7EGFHJ}EGTGZXI8V[Z��_I8PLU�� �1hLE M�d8U�PLE�N^EGT�NOI`I8FupfU�PLZ ��T_I8k ��EGFP�I8FuJ!�8qWZ[M�I8F J}UWK
pfEGZ[U"PLE � �  � � EGp FHU8x N�	�I8KHE � y �7FpfU�PLZ ��T_I8k ��EGF�F^d8UnJLKHU�PLh �GZ[P�I8F�M1hLpRI�T �WJLZXI JLKHZ[MLTGZ[J�I8VLP�I�J!�8qWZ[M�I
TGUWpfJ�I8K�N^Z[V[r�I8P�I �1hLE EGF�N���M1hLp M��(�1#%"$
 �8x I �GEGMLPLU�TGUWp �1hLE I8FI N^h�I8V[Z��_I8k ��EGFgFHE��^I8p x EGZ\NOI8F J}UWK pfEGZ[U
PLE�hLpRI`FHZ[pfJLV[EGF T �WJLZXI`PLUfM�� �1#%"$
3=

� U w  7{B� t �FJ 0 
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F6 � �2� 
� {B� t ��� �1hLE"N^Z[K^I`b8I8M0NOI8qWEGp P�I%TGUWp`hLMLZ[T_I8k_d8U%EGM0N^KHE�JLKHU�TGEGF �
F^I8PLUWKHEGF � TGUWpfU&U&E��eEGpfJLV[U&PLU2YgI8K^I8qWUWM� "M!#" ���I���p�PLE I8V[Z\b�ZXI8K�I8V[qWhLpRI8FnNOI8KHE�x I8F`JLKHU8N^U�TGUWV[UWF�PLU
 7{B� t7y
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w pfU�PLEGV[URPLEiTGUWMLFHZ[F�N�"GMLTGZXI@PLEiEGM0N^K^I8P�I��
FE1	���& � #7E ������	�
FE ��&��oJLKHEGFHFHhLJ ��E �1hLEihLp P�I8PLU TGUWpfJ�I8K�N^Z[V[r�I8PLU
PLE�bWE�FHEGK7I8FHFHU�TGZXI8PLURIfhLpRIib8I8KHZ �_bWEGV|PLE�FHZ[MLTGKHUWMLZ��_I8k_d8U���Z[F�N^Uf]���N^U�P�IibWE � �1hLEnx UWK x EGZ\N^UfhLp
I8TGEGFHFHU I%hLp
P�I8PLUoTGUWpfJ�I8K�N^Z[V[r�I8PLU��_MLEGTGEGFHF^I8KHZXI8pfEGM0N^E JLKHEGTGZ[F^I	� FHE�N^EGK|hLpRI�b8I8KHZ �_bWEGV0PLEFHZ[MLTGKHUWMLZ��_I8k_d8UoIoEGV[E�KHEGVXI8TGZ[UWM�I8P�Iey
{|UWqWU�� hLp �*�,+����-�
�EuhLp �
���
�2� 
uPLE�hLpRI b8I8KHZ �_bWEGV�PLEuFHZ[MLTGKHUWMLZ��_I8k_d8U �1hLE�qWh�I8KHP�I U I8TGEGFHFHU�Q FHEGk_d8U"TGKHl\N^Z[T_I��
UWMLPLE2]&x EGZ\N^U U?I8TGEGFHFHU I8U P�I8PLU?TGUWpfJ�I8K�N^Z[V[r�I8PLU��oF^d8U MLEGTGEGFHF��8KHZ[UWFGy � EGF�N^E�pfU�PLEGV[U PLE2TGUWMLFHZ[F�N�"GMLTGZXI��
FHUWpfEGM0N^E�UWF I8TGEGFHFHUWF7Q8F b8I8KHZ �_bWEGZ[F PLE�FHZ[MLTGKHUWMLZ��_I8k_d8U � �1hLE�qWh�I8KHP�IfIiFHEGk_d8U���FHE�N^UWKHM�I8p b�Z[FHl\bWEGZ[F ��Z[F�N^U%]���U
�
���
�2� 
�M�d8UiN^EGp MLEGMLr1hLpRIix hLMLk_d8U  � " y
w F�I8TGEGFHFHUWFgQ8F|b8I8KHZ �_bWEGZ[F|J}U�PLEGp FHEGK|x EGZ\N^UWF|PLEpfU�PLU E��eTGV[hLFHZ\bWU UWh�M�d8U E��eTGV[hLFHZ\bWULy � U pfU�PLU E��eTGV[hLFHZ\bWU��

V[EGZ\N^hLK^I8FoFHZ[p`hLV\N��8MLE_I8FoJ}U�PLEGp+FHEGK x EGZ\NOI8FGyoS�FHTGKHZ\NOI8F7FHUWpfEGM0N^E�J}U�PLEGp+FHEGK x EGZ\NOI8F MLURpfU�PLUfM�d8URE��eTGV[hLFHZ\bWULy
w TGUWpfJLKHZ[pfEGM0N^U&P�I2FHEGk_d8U TGKHl\N^Z[T_I-M�I2TGUWMLFHZ[F�N�"GMLTGZXI2PLE V[Z[j}EGK^I8k_d8U&] pRI8Z[UWK �1hLE U�P�I2TGUWMLFHZ[F�N�"GMLTGZXI2PLE
EGM0N^K^I8P�I  � " �LUWMLPLE�UWF P�I8PLUWF I N^h�I8V[Z��_I8PLUWFuPLE�bWEGp+FHEGKojLhLFHT_I8PLUWF I8M0N^EGF��1hLEnIiFHEGk_d8UfTGKHl\N^Z[T_I�TGUWpfEGk_I��LTGUWpfU
pfUWF�N^K^I%I.��qWhLK^If��y#!�yuYgI8K^I%Z[pfJ}UWK I%UWKHPLEGp P�I8F I N^h�I8V[Z��_I8k ��EGF KHEGTGEGM0N^EGF � I8PLU8NOI	� FHE�hLpRIiKHEGVXI8k_d8U%J�I8KHTGZXI8V �
j�I8FHE_I8P�I�MLU`EGF�N^hLPLU`PLE"{ I8pfJ}UWK�N  { I8pfJ !C" " I8JLhLP   M"#" �eUWMLPLE7hLp E�bWEGM0N^U � I8TGUWM0N^EGTGE"I8M0N^EGFuPLE �CFHE7hLpRI
pfEGMLF^I8qWEGp x UWK EGM0b�ZXI8P�IiPLUfM�� �1hLEnTGUWM0N^]Gp � J�I8K^IiU%M�� �1hLE�TGUWM0N^]Gp �7y

~gZ[M�I8V[pfEGM0N^E��}EGF�N^EipfU�PLEGV[URJ}U�PLE`FHEGK"TGUWMLFHZ[PLEGK^I8PLU@hLp T_I8FHU E���N^KHEGpfU PLU pfU�PLEGV[U � ��D�& � J}EGV[URx I N^U@PLE
FHEnI8FHFHU�TGZXI8K�b8I8KHZ �_bWEGZ[F TGUWpfJ�I8K�N^Z[V[r�I8P�I8F�I`b8I8KHZ �_bWEGZ[FoPLE�FHZ[MLTGKHUWMLZ��_I8k_d8ULy  � � �C��� 
0�#" y

�+I8FHFHU�TGZXI8k_d8U-PLE P�I8PLUWF`TGUWpfJ�I8K�N^Z[V[r�I8PLUWF�Q6b8I8KHZ �_bWEGZ[F�PLE FHZ[MLTGKHUWMLZ��_I8k_d8U-J}U�PLE@M�d8U&FHEGK�x �8TGZ[V/ �8� "�E
Z[Mex EGV[Z��GpfEGM0N^E��WpfU�PLEGV[UWFgPLEGKHZ\b8I8PLUWFPLU�pfU�PLEGV[U PLEoTGUWMLFHZ[F�N�"GMLTGZXI�PLEoV[Z[j}EGK^I8k_d8U"I8hLpfEGM0NOI8p I"TGUWpfJLV[E��eZ[P�I8PLE
PLU%pfU�PLEGV[UiPLE�JLKHUWqWK^I8pRI8k_d8U  �8� " y

~�UWKHpRI8V[Z��_I8MLPLU  � " " v

� I8M0N^EGF"PLEihLp �*�,+����-�
%FHE`N^UWKHM�I8K b�Z[FHl\bWEGV � N^U�PLUWF"I8F�I N^h�I8V[Z��_I8k ��EGF7I8UWF"P�I8PLUWF qWh�I8KHP�I8PLUWF PLE�bWEGp FHE
N^UWKHM�I8K�b�Z[FHl\bWEGZ[F TGUWp KHEGFHJ}EGZ\N^UfI8U%JLKHU�TGEGFHFHU?=

� �1h�I8MLPLU"FHE ]ux EGZ\N^U hLp �*�,+����-�
 EGp pfU�PLU7E��eTGV[hLFHZ\bWU��0MLEGMLr1hLp UWheN^KHU JLKHU�TGEGFHFHU�J}U�PLEux I �GEGK U �*�,+����-�

PLU ��# �54 �LMLEGp pfEGFHpfU%EGp pfU�PLUiM�d8UfE��eTGV[hLFHZ\bWU?=
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acquire

release

update

update

acquire

release

busca do lock

fim da secao critica

busca de atualizacoes
recentes

busca de atualizacoes

comeco da secao critica

fim da secao critica

busca do lock
comeco da secao critica

Release Consistency Lazy Release Consistency
Scope Consistency
Entry Consistency

~gZ[qWhLK^I&��y#!�v tuUWpfJ�I8K^I8k_d8U-EGM0N^KHE��
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 � #7E ������	�
FE ��& � � ��D�&��
���
�2� 
 � #7E ������	�
FE ��& � � � #5>1
 � #7E ������	�
FE ��&2E

FE1	���& � #7E ������	�
FE ��&� � "

� PLEGJ}UWZ[F PLE FHE x I �GEGKuhLp �*�,+����-�
 EGp pfU�PLUnE��eTGV[hLFHZ\bWU��eU`JLK�� �eZ[pfU �*�,+����-�
 M�d8U`E��eTGV[hLFHZ\bWU`PLU`pfEGpfU
��# �54-PLE�bWE%FHEGK"b�Z[F�N^U J}UWK7N^U�PLUWF"UWF"UWheN^KHUWF"JLKHU�TGEGFHFHUWFnFHUWpfEGM0N^E%PLEGJ}UWZ[F PLE%FHEGK"b�Z[F�N^U TGUWp KHEGFHJ}EGZ\N^U
I8U%PLUWMLU%PLU ��# �54 y
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a p�EGFHTGUWJ}U PLE`TGUWMLFHZ[F�N�"GMLTGZXI �� #7E ������	�
FE ��&$� � #5>1
	�o]ihLpRIfb�Z[F^d8U V[Z[pfZ\NOI8P�IiP�I@pfEGp��WKHZXI%TGUWp KHEGFHJ}EGZ\N^U I
�1h�I8Z[FuKHE�x EGK$"GMLTGZXI8F�PLE pfEGp��WKHZXI�FHE N^UWKHM�I8p b�Z[FHl\bWEGZ[F �eZ[F�N^U`]��epfU�PLZ ��T_I8k ��EGFuPLE P�I8PLUWFux EGZ\NOI8FuPLEGM0N^KHUiPLE hLp
EGFHTGUWJ}UfPLE�TGUWMLFHZ[F�N�"GMLTGZXIiF^d8UfFHUWpfEGM0N^E�q0I8K^I8M0N^Z[P�I8F�b�Z[FHl\bWEGZ[FoI8UWF UWheN^KHUWFoM��WFoPLEGM0N^KHUfP�I �1hLEGV[E�EGFHTGUWJ}ULy

Y�U�PLE�� FHE�J}EGMLF^I8KohLp EGFHTGUWJ}U%PLE�TGUWMLFHZ[F�N�"GMLTGZXIiTGUWpfUiFHEGMLPLUfN^U�P�I8FoI8F FHEGk ��EGF TGKHl\N^Z[T_I8F�JLKHU8N^EGqWZ[P�I8F�J}EGV[U
pfEGFHpfU ��# �54 �|UWh�pfEGFHpfU j�I8KHKHEGZ[K^I8F��1hLE%PLE���MLEGp hLp EGFHTGUWJ}U6PLE%TGUWMLFHZ[F�N�"GMLTGZXI qWV[UWj�I8VgZ[MLTGV[hLZ[MLPLU U JLKHU �
qWK^I8pRIRZ[M0N^EGZ[KHULynYgI8K^I T_I8P�I EGFHTGUWJ}U PLEiTGUWMLFHZ[F�N�"GMLTGZXI E��eZ[F�N^EihLpRI@UWJ}EGK^I8k_d8U PLEfI8j}EGK�N^hLK^I �#5>1
FE � EihLpRI
UWJ}EGK^I8k_d8U@PLEnx EGTOr�I8pfEGM0N^U������# � 
	� y w Z[M0N^EGK�b8I8V[URPLhLK^I8M0N^E`U �1h�I8V�hLp�EGFHTGUWJ}U ]`I8j}EGK�N^U IRhLp�P�I8PLU@JLKHU �
TGEGFHFHU ]iTOr�I8pRI8PLU@FHEGk_d8ULy � h�I8Z[F �1hLEGK pfU�PLZ ��T_I8k ��EGF x EGZ\NOI8F PLEGM0N^KHU PLEihLpRIRFHEGk_d8U PLEiEGFHTGUWJ}U FHE`N^UWKHM�I8p
b�Z[FHl\bWEGZ[FI8UWFJLKHU�TGEGFHFHUWF �1hLEoEGM0N^K^I8p EGp MLU b8I8FFHEGk ��EGF P�I �1hLEGV[EoEGFHTGUWJ}ULy � U�PLZ ��T_I8k ��EGF x EGZ\NOI8F x UWK^I"PLEohLpRI
FHEGk_d8UfPLE�EGFHTGUWJ}UfM�d8UiN�"Gp q0I8K^I8M0N^ZXI`PLE�FHEGKob�Z[FHl\bWEGZ[F J}EGV[UWF UWheN^KHUWFoM��WF  �8� " y

~�UWKHpRI8V[Z��_I8MLPLU  �8�'" v

� I8M0N^EGF��1hLE�hLp EGFHTGUWJ}UfPLE�TGUWMLFHZ[F�N�"GMLTGZXIiFHE��^IfI8j}EGK�N^U%J}UWK hLp JLKHU�TGEGFHFHURY �LN^U�P�I8FoI8FoEGFHTGKHZ\NOI8F�b�Z[F�NOI8F
TGUWp KHEGFHJ}EGZ\N^UfQ �1hLEGV[E"EGFHTGUWJ}URPLE�TGUWMLFHZ[F�N�"GMLTGZXIiPLE�bWEGp
FHEGK b�Z[F�NOI8F TGUWp KHEGFHJ}EGZ\N^URI%Y =

� hLp I8TGEGFHFHUnQ pfEGp��WKHZXIo]ub�Z[F�N^U"TGUWp KHEGFHJ}EGZ\N^U�I7hLp JLKHU�TGEGFHFHU�Y�FHUWpfEGM0N^E�PLEGJ}UWZ[F PLEuN^U�P�I8F�I8F FHEGk ��EGF
PLE�EGFHTGUWJ}U �1hLEnYCJLKHE�b�ZXI8pfEGM0N^E�EGM0N^KHUWh FHEGKHEGp
I8j}EGK�NOI8FGy
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RW

INV

RO

wt (twin)

rel (wtnt, diff), acq

wt (getp, twin)

acqinv acqinv

rd (getp)

acq, rel

rd, acq, relrd, wt

initial state

Notes

acqinv:      invalidate the page on acquire
getp:         get the page from its home
wtnt:        send write-notices to the lock
diffs:        send page diffs to home(s)
twin:        create a twin of the page

rd, wt:       read, write
acq, rel:    acquire, release

~gZ[qWhLK^I ��y "ev�m7ZXI8qWK^I8pRIRPLEiN^K^I8MLFHZ[k_d8U PLE%EGF�NOI8PLUWFnPLU JLKHU8N^U�TGUWV[U���# �5476 � �2� 
�&J�I8K^I I Z[pfJLV[EGpfEGM0NOI8k_d8U@P�I
TGUWMLFHZ[F�N�"GMLTGZXIiPLE�EGFHTGUWJ}U  �8� "

� JLKHZ[pfEGZ[K^I`KHEGqWK^I%EGF�NOI8j}EGV[EGTGE �1hLEnPLEGJ}UWZ[FoPLE�hLp+JLKHU�TGEGFHFHU@I8jLKHZ[K hLp+EGFHTGUWJ}UfPLEnTGUWMLFHZ[F�N�"GMLTGZXI��LN^U�P�I8F I8F
I N^h�I8V[Z��_I8k ��EGF �1hLE7PLE�bWEGp FHEGK�JLKHE�b�ZXI8pfEGM0N^Eob�Z[F�NOI8FuTGUWp KHEGFHJ}EGZ\N^UiI8U�EGFHTGUWJ}U`F^d8U�q0I8K^I8M0N^Z[P�I8FFHEGKHEGp b�Z[F�NOI8F
TGUWp KHEGFHJ}EGZ\N^U�Q �1hLEGV[E JLKHU�TGEGFHFHULy S�p UWheN^K^I8FiJ�I8VXI_b�K^I8F � I8F%I N^h�I8V[Z��_I8k ��EGF �1hLE U�TGUWKHKHEGK^I8p�JLKHE�b�ZXI8pfEGM0N^E
EGp+FHEGk ��EGF7x EGTOr�I8P�I8F7PLEnhLp
EGFHTGUWJ}U��}FHE�b�Z[F�NOI8F J}UWK hLp+JLKHU�TGEGFHFHU@UWh6J}UWK UWheN^KHUWF � F^d8URq0I8K^I8M0N^Z[P�I8FoFHEGKHEGp
b�Z[F�NOI8FM�I�pfEGp��WKHZXI PLUnJLKHU�TGEGFHFHU�V[U�T_I8V �1hLE b8I8Z I8jLKHZ[K�hLpRI"MLU b8InFHEGk_d8U�P�I �1hLEGV[EoEGFHTGUWJ}U  �8� " y�~�UWKHk_I8MLPLU�I8F
UWJ}EGK^I8k ��EGFuI8j}EGK�NOI8FuI�FHE TGUWpfJLV[E�NOI8KHEGp I8M0N^EGF �1hLE7UWFuI8TGEGFHFHUWF�Q�pfEGp��WKHZXI FHhLjLFHE �18LEGM0N^EGFoFHE��^I8p b�Z[FHl\bWEGZ[F �eI
FHEGqWhLMLP�IfKHEGqWK^I%q0I8K^I8M0N^E��1hLE�UWF I8TGEGFHFHUWF I%pfEGp��WKHZXI`TGUWpfJ�I8K�N^Z[V[r�I8P�I�FHE��^I8p
I N^h�I8V[Z��_I8PLUWF PLE�I8TGUWKHPLUfTGUWp
IiJLKHZ[pfEGZ[K^Iey

w pfU�PLEGV[U-PLE TGUWMLFHZ[F�N�"GMLTGZXI&PLE EGFHTGUWJ}U�FHE JLKHUWJ ��E  �C�#"oI&FHEGK%hLpRI&J}UWM0N^E EGM0N^KHE U2pfU�PLEGV[U-PLE TGUWM �
FHZ[F�N�"GMLTGZXI@PLEiEGM0N^K^I8P�I@EiU pfU�PLEGV[URPLEiTGUWMLFHZ[F�N�"GMLTGZXI@PLEiV[Z[j}EGK^I8k_d8ULy � U Z[M0bW]GF�PLE%I8FHFHU�TGZXI8K ��# �54 �fI@P�I8PLUWF
TGUWpfJ�I8K�N^Z[V[r�I8PLUWF � ��# �54 �%F^d8U I8FHFHU�TGZXI8PLUWF"I@FHEGk ��EGF�TGKHl\N^Z[T_I8F7UWh �|pRI8Z[F7qWEGMLEGKHZ[T_I8pfEGM0N^E��|I@EGFHTGUWJ}UWF�PLEiTGUWM �
FHZ[F�N�"GMLTGZXIey~�UWKHpRI8V[pfEGM0N^E8v

� hLp I8TGEGFHFHU PLEiEGFHTGKHZ\NOI UWh&V[EGZ\N^hLK^I@Q pfEGp��WKHZXIf]iJ}EGKHpfZ\N^Z[PLURTGUWp KHEGFHJ}EGZ\N^U I �1h�I8V �1hLEGK"UWheN^KHU JLKHU �
TGEGFHF^I8PLUWKoFHUWpfEGM0N^EnI8J �WF N^U�PLUWF UWF �*�,+����-�
 ��I8M0N^EGKHZ[UWKHEGF N^EGKHEGp FHZ[PLUix EGZ\N^UWF =

� hLp �
���
�2� 
2]2J}EGKHpfZ\N^Z[PLU I �1h�I8V �1hLEGK JLKHU�TGEGFHF^I8PLUWK6I8J �WF@N^U�PLUWF UWF I8TGEGFHFHUWF JLKH]�b�Z[UWF I8UWF P�I8PLUWF
TGUWpfJ�I8K�N^Z[V[r�I8PLUWF � JLKHU8N^EGqWZ[PLUWF J}EGV[U ��# �54 � N^EGKHEGp FHZ[PLUix EGZ\N^UWF =

� I8TGEGFHFHUWF PLE�FHZ[MLTGKHUWMLZ��_I8k_d8UiF^d8UfFHE �18LEGMLTGZXI8V[pfEGM0N^E�TGUWMLFHZ[F�N^EGM0N^EGFGy

� pRI8Z[UWKHZXIiP�I8F I8JLV[Z[T_I8k ��EGF EGFHTGKHZ\NOI8F J�I8K^IRUWF7pfU�PLEGV[UWF PLE`V[Z[j}EGK^I8k_d8UfE�V[Z[j}EGK^I8k_d8UfJLKHEGqWhLZ[kGUWF^IRJ}U�PLEGp�FHEGK
E��eEGTGheNOI8P�I8F MLU%pfU�PLEGV[UiPLE�TGUWMLFHZ[F�N�"GMLTGZXI%PLE�EGFHTGUWJ}UfFHEGp MLEGMLr1hLpRI%UWh TGUWp J}E �1hLEGM�I8F pfU�PLZ ��T_I8k ��EGFGy

Y�U�PLE�� FHEobWEGK M�I)��qWhLK^I���y "��0UnPLZXI8qWK^I8pRI PLE N^K^I8MLFHZ[k_d8UnPLEoEGF�NOI8PLUWF J�I8K^I�EGF�N^E pfU�PLEGV[U"PLEoTGUWMLFHZ[F�N�"GMLTGZXIey
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w pfU�PLEGV[U-c�T t U8x EGKHEGTGE@I pRI8Z[UWKHZXI@P�I8Fnb8I8M0NOI8qWEGMLF�PLU6pfU�PLEGV[U6S t FHEGp KHE �1hLEGKHEGKiI6I8FHFHU�TGZXI8k_d8U6PLE
b8I8KHZ �_bWEGZ[F PLE�FHZ[MLTGKHUWMLZ��_I8k_d8U@IfP�I8PLUWF7TGUWpfJ�I8K�N^Z[V[r�I8PLUWFGyoS�F�NOI8j}EGV[EGTGE�� FHE`URTGUWMLTGEGZ\N^URPLE�EGFHTGUWJ}U�� PLE���MLZ[MLPLU
hLpRI I8FHFHU�TGZXI8k_d8U N^K^I8MLFHJ�I8KHEGM0N^E�� M�d8UoE��eJLV[l[TGZ\NOI�EGM0N^KHE�b8I8KHZ �_bWEGZ[F|PLE�FHZ[MLTGKHUWMLZ��_I8k_d8UoE�P�I8PLUWF TGUWpfJ�I8K�N^Z[V[r�I8PLUWFGy
Y�KHUWqWK^I8pRI8F EGFHTGKHZ\N^UWF J�I8K^I%UfpfU�PLEGV[Uf{B� t�J}U�PLEGp FHEGK7E��eEGTGheNOI8PLUWF7J}EGK�x EGZ\NOI8pfEGM0N^E�MLUfpfU�PLEGV[URc�T t�FHEGp
pfU�PLZ ��T_I8k ��EGF �|M�I pRI8Z[UWKHZXIRPLUWF�T_I8FHUWF ��Z[F�N^U ]�� FHEGhLFnE�bWEGM0N^UWF�F^d8U KHEGJLKHEGFHEGM0NOI8PLUWF�J}EGV[UWF"EGFHTGUWJ}UWFGyRY�UWKH]Gp
MLEGp N^U�PLUWFiUWFfJLKHUWqWK^I8pRI8FiEGFHTGKHZ\N^UWF%J�I8K^I2U2pfU�PLEGV[U�{B� t F^d8U�TGUWKHKHE�N^UWF �uJ}U�PLEGMLPLU�r�I_bWEGKRMLEGTGEGFHFHZ[P�I8PLE
I8PLZ[TGZ[UWM�I8V PLE-PLE���MLZ[KRI8V[qWhLMLFREGFHTGUWJ}UWF@MLEGFHFHEGF T_I8FHUWFGy � EGFHpfU MLEGFHFHEGF T_I8FHUWF �7I�E���N^EGMLF^d8U ] x I8TGZ[V �uJ}UWZ[F
EGFHTGUWJ}UWFoFHZ[pfJLV[EGF F^d8UfI8FHFHU�TGZXI8PLUWF IiFHEGk ��EGF PLE�T ��PLZ[qWUiE�M�d8UfIip`hLP�I8MLk_I8FoM�I%EGF�N^KHheN^hLK^I%PLE�P�I8PLUWFGy

� UWF JLKHUWqWK^I8pRI8F�TGUWp FHZ[MLTGKHUWMLZ��_I8k_d8U�FHZ[pfJLV[EGF �1UWF/��# �54 ��
 j�I8KHKHEGZ[K^I8FPLEGV[Z[pfZ\NOI8p EGFHTGUWJ}UWF PLE TGUWMLFHZ[F�N�"GM �
TGZXI�� M�d8U FHE%MLEGTGEGFHFHZ\NOI8MLPLU I@Z[MLTGV[hLF^d8U@PLEiMLEGMLr1hLp UWheN^KHU pfEGT_I8MLZ[FHpfULy�c�EGk ��EGF"TGKHl\N^Z[T_I8F JLKHU8N^EGqWZ[P�I8F7J}EGV[U
pfEGFHpfU.��# �54iPLE���MLEGp hLp EGFHTGUWJ}U��1EohLpRI"J�I8K�N^Z[TGhLVXI8K FHEGk_d8UnTGKHl\N^Z[T_I JLKHU8N^EGqWZ[P�I J}UWKI �1hLEGV[E���# �54iE��1hLEoFHE��^I
heN^Z[V[Z��_I8P�IiPLEGV[Z[pfZ\NOIihLpRIfFHEGk_d8U PLE�EGFHTGUWJ}U  �8� " y w �*�,+����-�
`PLU���# �546I8jLKHE`IRFHEGk_d8U@TGKHl\N^Z[T_IfE�U��
���
�2� 
�PLU
��# �54fI"x EGTOr�Iey
��I8KHKHEGZ[K^I8FPLE���MLEGp hLp EGFHTGUWJ}U�PLE TGUWMLFHZ[F�N�"GMLTGZXInqWV[UWj�I8V �WZ[MLZ[TGZXI8V[pfEGM0N^E I8j}EGK�N^UnJ}UWKN^U�PLUWFUWF
JLKHU�TGEGFHFHUWFGyut�I8P�IiJLKHU�TGEGFHFHU �1hLE�EGM0N^K^IiM�I`j�I8KHKHEGZ[K^Inx EGTOr�IfI`FHEGk_d8U%PLE"EGFHTGUWJ}U%E�I8jLKHE"hLpRI�MLU b8IiM�I`F^I8l[P�I
P�I j�I8KHKHEGZ[K^Iey@c�EfhLp JLKHU�TGEGFHFHU6J�I8FHFHUWh J}UWK�hLpRI j�I8KHKHEGZ[K^I�� ]fq0I8K^I8M0N^Z[PLU I EGV[E%bWEGK�N^U�P�I8FnI8Fnp`hLP�I8MLk_I8F
J}UWK �1h�I8V �1hLEGK`JLKHU�TGEGFHFHUWF%I8M0N^EGFiP�I-j�I8KHKHEGZ[K^I�� TGUWpfU6MLU&pfU�PLEGV[U � t� �8� " y�� 'LV\N^Z[JLV[UWFnJLKHU�TGEGFHFHUWFiJ}U�PLEGp
FHZ[p`hLV\NOI8MLE_I8pfEGM0N^Eix I �GEGK�EGFHTGKHZ\NOI8FnEGp hLpRI j�I8KHKHEGZ[K^I���pRI8FnFHUWpfEGM0N^ERhLp PLEGV[EGF�J}U�PLE%x I �GEGK�hLpRI EGFHTGKHZ\NOI
JLKHU8N^EGqWZ[P�I`J}UWK hLp ��# �54 yS�p N^EGKHpfUWF PLE�j�I8KHKHEGZ[K^I8F E ��# �54 �nJ}U�PLE�� FHE"x UWKHpRI8V[Z��_I8K  �8�'" v

� I8M0N^EGF �1hLE7hLp ��# �54fUWhRj�I8KHKHEGZ[K^I�J}UWFHF^I�FHEGK b�Z[FHl\bWEGV InhLp JLKHU�TGEGFHFHUiY �1N^U�P�I8FuI8FuEGFHTGKHZ\NOI8Fb�Z[F�NOI8FuTGUWp
KHEGFHJ}EGZ\N^UfQ �1hLEGV[E ��# �54@UWh j�I8KHKHEGZ[K^I`PLE�bWEGp NOI8p`j}EGp FHEGK b�Z[F�NOI8FoTGUWp KHEGFHJ}EGZ\N^UfI%Y =

� hLp I8TGEGFHFHUfQ�pfEGp��WKHZXI�]7b�Z[FHl\bWEGV IiY FHE FHUWpfEGM0N^E�I�hLp JLKHU�TGEGFHFHUfY FHUWpfEGM0N^E PLEGJ}UWZ[F �1hLE N^U�PLUWFuUWF
�*�,+����-�
 �nJLKH]�b�Z[UWF I%YCU�TGUWKHK^I8p y

�7I(��qWhLK^IR��y $ipfUWF�N^K^I	� FHE"hLp E��eEGpfJLV[U%PLE�TGUWMLFHZ[F�N�"GMLTGZXIiPLE�EGFHTGUWJ}ULy
w JLKHU�TGEGFHFHUfY�`x I �"U �*�,+����-�
�PLU ��# �54 { �`E"EGM0N^K^IiMLU%EGFHTGUWJ}U%PLE���MLZ[PLU%J}UWK I �1hLEGV[E.��# �54 y w JLKHU�TGEGFHFHU

Y�6EGFHTGKHE�bWE EGp 
"�6PLEGM0N^KHU-PLU-EGFHTGUWJ}U&{ �6EREGFHTGKHE�bWE EGp�
`�@EGM �1h�I8M0N^U&PLEGM0N^KHU-PLUWF`EGFHTGUWJ}UWFi{ � E {��Wy
m7EGJ}UWZ[FfU JLKHU�TGEGFHFHU Y � x I �6U ��# �54C{��-I8jLKHZ[MLPLU U EGFHTGUWJ}U {��6E6V[EGMLPLU 
"��E 
`�Wy c�UWj U pfU�PLEGV[U�PLE
TGUWMLFHZ[F�N�"GMLTGZXIfPLE�EGFHTGUWJ}U@J�I8K^I@Y ���}q0I8K^I8M0N^E�� FHEnbWEGK IfEGFHTGKHZ\NOIRPLE`Y�@I 
`�`I8FHFHhLpfZ[MLPLU �1hLEiY �nx I ��U ��# �54
PLE�{��"PLEGJ}UWZ[F PLE�Y�`x I �GEGK U �
���
�2� 
�PLUipfEGFHpfULyY�UWK�NOI8M0N^U��LM�d8UiE��eZ[F�N^EnI`q0I8K^I8M0N^ZXI�PLE��1hLE�Y ��Z[K���bWEGK I
EGFHTGKHZ\NOIfEGp 
"�fJ}UWK �1hLE�UfEGFHTGUWJ}U { �fM�d8U%x UWZ�I8j}EGK�N^URJ}UWK Y � �1h�I8MLPLU@URpfEGFHpfUfV[EGh 
"�>= I8FHFHZ[p �}Y�fM�d8U
JLKHEGTGZ[F^IRJLKHUWJ�I8q0I8K IRpfU�PLZ ��T_I8k_d8UfPLE
"�fJ�I8K^I@Y � � MLUWF7pfU�PLEGV[UWFI� t5E`{B� t5JLKHEGTGZ[F^I	� FHE � y7Y�UWK�NOI8M0N^U�� FHE
Y �"x E �"U �*�,+����-�
�PLE�{ �iI8UiZ[M0bW]GFoPLE�{���E"FHE"Z[FHFHUfI8TGUWM0N^EGTGEGh PLEGJ}UWZ[F �1hLEnY�`x E �"U �
���
�2� 
"PLEn{ ���eEGM0NOd8U
I8F EGFHTGKHZ\NOI8F I�
"�iE 
`�"b�Z[FHl\bWEGZ[FoJ}UWKoY�iFHEGK^d8U%b�Z[FHl\bWEGZ[FoIfY �Wy

a p JLKHUWqWK^I8pRI6] c�T�� TGUWKHKHEGT�NfFHE EGV[E UWjLFHEGK�b8I8K%I-TGUWMLFHZ[F�N�"GMLTGZXI&FHE �18LEGMLTGZXI8V PLE pfEGp��WKHZXI �1h�I8MLPLU&x UWK
E��eEGTGheNOI8PLU EGp hLp FHZ[F�N^EGpRI �1hLE6FHhLJ}UWK�NOI8KRI�TGUWMLFHZ[F�N�"GMLTGZXI�PLE6EGFHTGUWJ}ULy�~�UWKHpRI8V[Z��_I8MLPLU&U TGUWMLTGEGZ\N^U PLE
c�T�� TGUWKHKHEGT�N  �8� " �LN^EGp � FHE8v
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acq(L0) open scope L0

X0 = 1

acq(L1)

X1 = 1

rel(L1)

rel(L0) close scope L0

rel(L1)

a = X0

b = X1

acq(L1)

close scope L1

open scope L1

open scope L1

close scope L1

P0 P1

~gZ[qWhLK^Ii��y $ev Y�KHUWqWK^I8pRI8MLPLUiTGUWp EGFHTGUWJ}UWF���# �5476 � �2� 
�  �8� "
P0

X = 1

acq(L1)

Y = 1

rel(L1)

acquire(L1)

a = Y

b = X

guaranteed Y=1 (LRC & ScC)

guaranteed X = 1 (LRC)LRC propagates X and Y

ScC propagates Y

P1

~gZ[qWhLK^I%��y\� �ev tuUWMLFHZ[F�N�"GMLTGZXIiPLEnEGFHTGUWJ}U � c�T t �ubWEGKHFHhLF7TGUWMLFHZ[F�N�"GMLTGZXIiPLE�V[Z[j}EGK^I8k_d8UiJLKHEGqWhLZ[kGUWF^I � {B� t �� �8� "

� pfU�PLZ ��T_I8k ��EGF�JLKHU8N^EGqWZ[P�I8F�J}UWK)��# �54 ��IiP�I8PLUWF TGUWpfJ�I8K�N^Z[V[r�I8PLUWFuM�d8U%F^d8U%EGFHJ}EGK^I8P�I8F FHEGK b�Z[FHl\bWEGZ[F EGp
hLp JLKHU�TGEGFHFHURI8M0N^EGF �1hLE�J}EGV[U%pfEGMLUWF hLp PLUWF���# �54 �nFHE��^I8p+I8P �1hLZ[KHZ[PLUWF J}UWK EGF�N^EGF =

� pfU�PLZ ��T_I8k ��EGF IoP�I8PLUWF TGUWpfJ�I8K�N^Z[V[r�I8PLUWF M�d8U JLKHU8N^EGqWZ[P�I8F|J}UWK ��# �54 �uM�d8UoFHEGK^d8U b�Z[FHl\bWEGZ[F�I8UWF JLKHU�TGEGFHFHUWF
I8M0N^EGFoP�I%JLK�� �eZ[pRI`j�I8KHKHEGZ[K^Iey

�7I(��qWhLK^IR��y\� �ipfUWF�N^K^I	� FHE"UWheN^KHU%E��eEGpfJLV[U%PLE�TGUWMLFHZ[F�N�"GMLTGZXIiPLE�EGFHTGUWJ}ULy
Y�`EGFHTGKHE�bWE�JLKHZ[pfEGZ[K^I8pfEGM0N^E EGp 
 E PLEGJ}UWZ[FuEGp�� =�� ] EGFHTGKHZ\N^U`M�I`FHEGk_d8UiTGKHl\N^Z[T_InqWh�I8KHP�I8P�I�J}EGV[U ��# �54

{����LEGM �1h�I8M0N^U�
 ]�EGFHTGKHZ\N^U%x UWK^IiPLEGVXIey Y ��x I ��U �*�,+����-�
nPLEn{��nPLEGJ}UWZ[FoPLEnY�iN^EGK x EGZ\N^U%U �
���
�2� 
�yuc�UWj U
pfU�PLEGV[U�{B� t��0PLEGJ}UWZ[F�PLEox I �GEGKU$�*�,+����-�
 PLE {�����I�Y � ]oq0I8K^I8M0N^Z[PLU"bWEGK�N^U�P�I8F I8FEGFHTGKHZ\NOI8F �1hLE U�TGUWKHKHEGK^I8p
EGp Y�nI8M0N^EGFPLU �
���
�2� 
oPLE {�����I8FHFHZ[p UWF�b8I8V[UWKHEGF�MLU bWUWF PLE 
�E���F^d8U�I N^h�I8V[Z��_I8PLUWFGy �:TGUWMLFHZ[F�N�"GMLTGZXInc�T t
q0I8K^I8M0N^E�FHUWpfEGM0N^E �1hLE�Y �nb#"�UfMLU bWURb8I8V[UWK PLE�� � J}UWK �1hLEnUfEGFHTGUWJ}U@EGF�N��fFHEGMLPLUfx EGZ\N^UfFHUWjLKHEnU@{��Wy�YgI8K^I
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P0 P1

acq(L0)

rel(L0)

acq(L2)

rel(L2)

X0 = 1

X2 = 1

rel(L1)
X1 = 2

acq(L1)

rel(L2)

X2 = 2

acq(L2)

miss due to true sharing (LRC & ScC)

miss due false sharing (LRC)

page 0 page 1

X2

X1

X0

X3

~gZ[qWhLK^I%��y\�W�Wv~ I8V[FHUiTGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U`MLU%pfU�PLEGV[Ufc�T t�bWEGKHFHhLF7MLU%pfU�PLEGV[U%{B� t� �8� "

q0I8K^I8M0N^Z[Kb�Z[FHZ[jLZ[V[Z[P�I8PLEoI
 E � �LI�EGFHTGKHZ\NOI�EGp 
 J}UWK�Y��PLE�bWE"EGF�NOI8K�PLEGM0N^KHUiP�I�pfEGFHpRI�FHEGk_d8UiTGKHl\N^Z[T_I��1hLE
IiEGp � ��T_I8FHUfTGUWM0N^K��8KHZ[U�� 
 FHUWpfEGM0N^E�FHEGK��ib�Z[FHl\bWEGV I%Y �nM�IiJLK�� �eZ[pRI`j�I8KHKHEGZ[K^I  �8�#" y

Y�KHUWqWK^I8pRI8F �1hLE"hLF^I8p ��VXI8F�PLE NOI8KHE�x I8F J�I8K^I`PLZ[F�N^KHZ[jLhLZ[KuI`TGUWpfJLheNOI8k_d8UiE��eEGpfJLV[Z ��T_I8p EGF�NOIiFHZ\N^h�I8k_d8ULv
IfFHEGk_d8U TGKHl\N^Z[T_I%JLKHU8N^EGqWE`I ��VXI%PLE�NOI8KHE�x I8F FHUWpfEGM0N^E`E�MLEGp
N^U�P�I8F7I8F7EGFHTGKHZ\NOI8F IRP�I8PLUWF7F^d8URb�Z[FHl\bWEGZ[F J}EGVXI
NOI8KHE�x Iey Y�UWK�NOI8M0N^U��1U�JLKHUWqWK^I8pRI8PLUWK�I8FHFHhLpfE �1hLE �1h�I8MLPLUnhLpRI7NOI8KHE�x I"]oFHEGV[EGTGZ[UWM�I8P�I"P�I ��VXI"PLE NOI8KHE�x I8F �1I8F
I N^h�I8V[Z��_I8k ��EGFoJLKHE�b�ZXI8pfEGM0N^E�x EGZ\NOI8F J}EGVXI8F UWheN^K^I8F NOI8KHE�x I8F PLE�bWEGp�FHEGK b�Z[FHl\bWEGZ[F I8UWF UWheN^KHUWF7M��WF � �1hLE�]�hLpRI
I%��KHpRI8k_d8U-TGUWKHKHE�NOI&MLU&pfU�PLEGV[U � t�� pRI8F`M�d8U2TGUWKHKHE�NOI-MLU c�T t7yc�UWpfEGM0N^E FHEGK^d8U&b �8V[Z[P�I8F�MLEGF�N^E 'LV\N^Z[pfU
FHEfI8F�pfU�PLZ ��T_I8k ��EGF"M�I ��VXI PLEiNOI8KHE�x I8F"x UWKHEGp JLKHU8N^EGqWZ[P�I8F"J}UWK.��# �54 �  �8�#" y��7V[qWhLpRI8F JLKHEGT_I8hLk ��EGF�PLE�bWEGp
FHEGK�N^UWpRI8P�I8FGv`N^UWKHM�I8K�FHEGk ��EGFiTGKHl\N^Z[T_I8FnqWK^I8MLPLEGF`U&FHh ��TGZ[EGM0N^E@J�I8K^I6TGUWM0N^EGK`N^U�P�I8F`I8F�pfU�PLZ ��T_I8k ��EGF = I8PLZ �
TGZ[UWM�I8KuMLU b8I8F FHEGk ��EGFoTGKHl\N^Z[T_I8FuJ�I8K^I`JLKHU8N^EGqWEGK�pfU�PLZ ��T_I8k ��EGFuM�d8UiJLKHU8N^EGqWZ[P�I8F�UWh pfEGFHpfU��eheN^Z[V[Z��_I8KEGFHTGUWJ}UWF
E��eJLV[l[TGZ\N^UWF  �8� " y

w FipfU�PLEGV[UWF%c�T t EK� t M�d8U&KHE �1hLEGKHEGp I8FHFHU�TGZXI8k_d8U&E��eJLV[l[TGZ\NOI6EGM0N^KHE P�I8PLUWF%TGUWpfJ�I8K�N^Z[V[r�I8PLUWFnE FHZ[M �
TGKHUWMLZ��_I8k_d8ULy w c�T t�I8FHFHhLpfE I�I8FHFHU�TGZXI8k_d8U�Z[pfJLV[l[TGZ\NOI EGM0N^KHE"I8TGEGFHFHUWF Q�pfEGp��WKHZXI�InEGFHTGUWJ}UWF�PLE�N^EGKHpfZ[M�I8PLUWF
P�I EGF�N^KHheN^hLK^I PLU JLKHUWqWK^I8pRIey w pfU�PLEGV[U c�T t+KHEGPLh ��� FHE�I8U pfU�PLEGV[U � t+J�I8K^I I8JLV[Z[T_I8k ��EGF �1hLE2hLF^I8p
FHUWpfEGM0N^E�FHZ[MLTGKHUWMLZ��_I8k_d8UiqWV[UWj�I8V TGUWpfUij�I8KHKHEGZ[K^I8F �LJ}UWK �1hLE�EGM0NOd8UfE��eZ[F�N^E�hLp 'LMLZ[TGU%EGFHTGUWJ}UfqWV[UWj�I8V  �8� " y

Y�EGV[U�I N^K^I8FHUnP�I�TGU�EGK$"GMLTGZXI�PLU �
���
�2� 
oJ�I8K^I�U �*�,+����-�
 E FHhLJ}UWK�NOI8MLPLUnp('LV\N^Z[JLVXI8FgEGFHTGKHZ\NOI8F TGUWMLTGUWKHKHEGM0N^EGF
M�I@pfEGFHpRI@J!�8qWZ[M�I�� U pfU�PLEGV[U {B� t EGV[Z[pfZ[M�I%U E�x EGZ\N^U PLU x I8V[FHU@TGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U��}TGUWpfJ�I8K^I8PLU TGUWp U
pfU�PLEGV[U.� t7y �6I8F�MLUipfU�PLEGV[U`{B� tCN^U�P�I8F�I8F�pfU�PLZ ��T_I8k ��EGFuPLE�bWEGp FHEGKub�Z[F�NOI8F�J}EGV[U`JLKHU�TGEGFHF^I8PLUWK �1hLE x E �
U �
���
�2� 
  �8�#" y

w pfU�PLEGV[U c�T t b8I8Z pRI8Z[FRI8PLZXI8M0N^E M�I EGV[Z[pfZ[M�I8k_d8U2PLUWF@E�x EGZ\N^UWFfPLU x I8V[FHU TGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^ULy5c�h �
J}UWK�NOI8MLPLU b �8KHZ[UWFnEGFHTGUWJ}UWF`PLE@pfEGp��WKHZXI�� U-pfU�PLEGV[U J}EGKHpfZ\N^E �1hLE I N^h�I8V[Z��_I8k ��EGF�FHE��^I8p�J}UWF�N^EGKHq0I8P�I8F`I N^]
�1hLE6U�TGUWKHKHEGFHJ}UWMLPLEGM0N^E-EGFHTGUWJ}U FHE��^I I8j}EGK�N^U���J}EGKHpfZ\N^Z[MLPLU �1hLE6U JLKHU�TGEGFHFHU �1hLE x I � U �*�,+����-�
 bWE��^I I8F
pfU�PLZ ��T_I8k ��EGF I N^K^I8F^I8P�I8F��1hLE�U�TGUWKHKHEGK^I8p MLUfpfEGFHpfU%EGFHTGUWJ}U  �8� " y

� ��qWhLK^I%��y\�W�"Z[V[hLF�N^K^InUij}EGMLE�x l[TGZ[U`PLUipfU�PLEGV[Uic�T t�EGp KHEGVXI8k_d8UiI8Ui{B� t�TGUWp KHEGFHJ}EGZ\N^U%Q`KHEGPLhLk_d8UiPLU
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x I8V[FHUfTGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^ULy Y�RpfU�PLZ ��T_I%JLKHZ[pfEGZ[KHU�
"�fE�PLEGJ}UWZ[F 
�� �}J}EGV[U��*�,+����-�
�PLUWF ��# �54 �`TGUWKHKHEGFHJ}UWM �
PLEGM0N^EGF ��{ � Eo{���y � h�I8MLPLUnY ��x I � U �*�,+����-�
oPLEo{�� �WFHUWj%U"pfU�PLEGV[U"{B� t EGV[E�PLE�bWE bWEGK I8F pfU�PLZ ��T_I8k ��EGF PLE

"�iE 
�� ��J}UWZ[F U��*�,+����-�
�J}EGKHpfZ\N^E �1hLEnPLEGJ}UWZ[F PLE�N^U�PLUWF UWF I8TGEGFHFHUWF JLKH]�b�Z[UWF Q%pfEGp��WKHZXI�FHE��^I8p b�Z[FHl\bWEGZ[F �
EfPLEGF�NOI x UWKHpRI��gI8p`j�I8FnI8FnJ!�8qWZ[M�I8Fn� E �RFHEGK^d8U6Z[M0b8I8V[Z[P�I8P�I8F"J}UWKnY �Wy m7E%x I N^U��gY �RM�d8U6JLKHEGTGZ[F^I bWEGK`I
pfU�PLZ ��T_I8k_d8U&I 
"�2I8qWUWK^I-PLEGFHPLE �1hLE EGV[E M�d8U-x E � U �*�,+����-�
 EGp { �-E 
`� PLE�bWE EGF�NOI8K%I N^h�I8V[Z��_I8PLULy��
Z[M0b8I8V[Z[P�I8k_d8UnM�I`J!�8qWZ[M�I`� �1hLE"U�TGUWKHKHEGh �1h�I8MLPLUix UWZ x EGZ\N^U`U �*�,+����-�
"EGp {���T_I8hLF^I`hLpRI�x I8V[r�I �1h�I8MLPLUix UWK
x EGZ\N^UihLp+I8TGEGFHFHU@I 
`� � PLE�b�Z[PLURI8Uix I8V[FHUiTGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U 
"�iE 
`�nKHEGFHZ[PLEGp M�IipfEGFHpRIiJ!�8qWZ[M�I �� �8� " y

� U pfU�PLEGV[U c�T t�� �1h�I8MLPLU Y �ix I �iU��*�,+����-�
%EGp {�� �|FHUWpfEGM0N^E%I8F"pfU�PLZ ��T_I8k ��EGF7JLKHU8N^EGqWZ[P�I8F J}UWK�{��
F^d8UfJLKHUWJ�I8q0I8P�I8FGy �7FHFHZ[p+hLpRIiZ[M0b8I8V[Z[P�I8k_d8U`E�I%FHhLjLFHE �18LEGM0N^E�x I8V\NOI`PLEnJ!�8qWZ[M�IiP�I%J!�8qWZ[M�I@��b8d8UfU�TGUWKHKHEGK �
pRI8FoM�d8URP�IfJ!�8qWZ[M�If�ey m7E�pRI8MLEGZ[K^I%I8M!�8V[UWq0I%I8U3� t��}URpfU�PLEGV[URc�T t5KHE �1hLEGK FHZ[MLTGKHUWMLZ��_I8k ��EGF E��eJLV[l[TGZ\NOI8F
� j�I8KHKHEGZ[K^I8F E ��# �54 � � y�z�I8K^I8M0N^Z[K �1hLE hLp JLKHUWqWK^I8pRI"x EGZ\N^U�J�I8K^I'� tCEGF�N^E��^I�TGUWKHKHE�N^U`EGp c�T t M�d8U�] N^KHZ\b�ZXI8V�E
KHE �1hLEGK �1hLE7PLEGJ}EGMLP "GMLTGZXI8F�PLE7P�I8PLUWF FHE��^I8p bWEGKHZ ��T_I8P�I8FGy �7V[qWhLpRI8FpfU�PLZ ��T_I8k ��EGFJ}U�PLEGp FHEGKuMLEGTGEGFHF��8KHZXI8F
J�I8K^IiEGFHF^I%TGUWM0bWEGKHF^d8U  �8� " y

� U&pfU�PLEGV[U&S t I&I8FHFHU�TGZXI8k_d8U-EGM0N^KHE UWj �HE�N^UWFiPLE@P�I8PLFiE UWj �HE�N^UWFiPLE FHZ[MLTGKHUWMLZ��_I8k_d8U-] EGFHJ}EGTGZ ��T_I8P�I
J}EGV[U%JLKHUWqWK^I8pRI8PLUWKGy m7E�x I N^U��LEGF�N^EnpfU�PLEGV[Uix UWZ|JLKHUWJ}UWF�N^U%J�I8K^Ifm"c�� F7j�I8FHE_I8PLUWF EGp b8I8KHZ �_bWEGZ[F EnM�d8UfEGp
J!�8qWZ[M�I8FGy�tuUWpfU�I8F I8FHFHU�TGZXI8k ��EGF�EGM0N^KHE P�I8PLUWF�E b8I8KHZ �_bWEGZ[F�PLEoFHZ[MLTGKHUWMLZ��_I8k_d8U"] x EGZ\NOI PLEopfU�PLU�I"Z[PLEGM0N^Z ��T_I8K
I8F`pfU�PLZ ��T_I8k ��EGFiI-FHEGKHEGp JLKHUWJ�I8q0I8P�I8F`EGp PLE�N^EGKHpfZ[M�I8P�I8F�b8I8KHZ �_bWEGZ[F ��EGF�N^E JLKHU8N^U�TGUWV[U-] Z[pfJLV[EGpfEGM0NOI8PLU
TGUWp+hLp+JLKHU8N^U�TGUWV[U%PLE`I N^h�I8V[Z��_I8k_d8ULy � URS t IRI8FHFHU�TGZXI8k_d8UfEGM0N^KHE�P�I8PLUWF E ��# �54 ��]nE��eJLV[l[TGZ\NOIiE�MLU@c�T t5]
Z[pfJLV[l[TGZ\NOI��0FHEGMLPLURMLEGF�N^E�'LV\N^Z[pfU`TGKHZXI8P�IiJ}EGV[UWFoI8TGEGFHFHUWF7QipfEGp��WKHZXI  �8� " y

� U%pfU�PLEGV[U%S t�I%FHZ[MLTGKHUWMLZ��_I8k_d8UiE��eJLV[l[TGZ\NOI`]�PLZ\x l[TGZ[V  �8�'" v

� M�d8U@FHE%I8FHFHU�TGZXI8p�P�I8PLUWF"I@j�I8KHKHEGZ[K^I8F � KHE �1hLEGKHEGMLPLU �1hLEiFHEiheN^Z[V[Z��GEGp ��# �54 �iJ�I8K^IRN^UWKHM�I8K I8F"pfU�PLZ ���
T_I8k ��EGF b�Z[FHl\bWEGZ[FoI8J �WF I8F pfEGFHpRI8F =

� E��eZ[F�N^EGp I8FHFHU�TGZXI8k ��EGF E��eJLV[l[TGZ\NOI8F I,��# �54 � � KHE �1hLEGKHEGMLPLU �1hLE p('LV\N^Z[JLVXI8F I8FHFHU�TGZXI8k ��EGF FHE j�I8KHKHEGZ[K^I8F
FHEGJ�I8K^I8KHEGp PLZ\x EGKHEGM0N^EGFox I8FHEGFoP�IiTGUWpfJLheNOI8k_d8U?=

� J}U�PLE�� FHEoNOI8p`j}]Gp x I �GEGK hLpRInI8FHFHU�TGZXI8k_d8UnPLU�EGFHJ�I8kGU`PLE7EGMLPLEGKHEGk_I8pfEGM0N^U`Z[M0N^EGZ[KHU��0U �1hLE7qWEGK^Inp`hLZ\NOI
TGUWp`hLMLZ[T_I8k_d8UiM1hLp+JLKHU8N^U�TGUWV[U`j�I8FHE_I8PLUfEGp
I N^h�I8V[Z��_I8k ��EGF�TGUWpfUiU � Z[P 	�I �  � " y

� U pfU�PLEGV[U S t I qWK^I8M1hLVXI8KHZ[P�I8PLE`]fPLU NOI8pRI8MLrLU P�I b8I8KHZ �_bWEGV �|J}UWZ[F�P�I8PLUWF�F^d8U6I8FHFHU�TGZXI8PLUWFnI b8I8KHZ �_bWEGZ[F
PLEiFHZ[MLTGKHUWMLZ��_I8k_d8ULy � qWK^I8M1hLVXI8KHZ[P�I8PLE`]ihLp x I N^UWK Z[pfJ}UWK�NOI8M0N^E�MLU PLEGFHEGpfJ}EGMLrLU EiM�I TGUWpfJLV[E��eZ[P�I8PLE`PLU
JLKHUWqWK^I8pRIey�c�E I8F�I8FHFHU�TGZXI8k ��EGFx UWK^I8p x EGZ\NOI8F TGUWp J}EGP�I8kGUWF�qWK^I8MLPLEGFuE7TGUWM0N^l[M1hLUWFuPLE7pfEGp��WKHZXI"U`E�x EGZ\N^UnPLU
x I8V[FHUfTGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U%J}U�PLE�FHEGK7KHEGZ[M0N^KHU�PLh �GZ[PLURE$��# �54 �iI8PLZ[TGZ[UWM�I8Z[FoF^d8URMLEGTGEGFHF��8KHZ[UWFGy �7FHFHU�TGZXI8k ��EGF7PLE
P�I8PLUWF J}E �1hLEGMLUWF M�d8URTGUWM0N^l[qWhLUWF F^d8URpRI8Z[FoE���TGZ[EGM0N^EGF J}UWK �1hLE�KHE �1hLEGKHEGp�pfEGMLUWF TGUWp`hLMLZ[T_I8k_d8UREnJLKHU�TGEGF �
F^I8pfEGM0N^U��|J}UWKH]Gp F^d8U pRI8Z[F PLZ\x l[TGEGZ[F PLEiFHEGKHEGp JLKHUWqWK^I8pRI8P�I8F � ��� �1hLE%U JLKHUWqWK^I8pRI8PLUWK7PLE�bWEfEGF�NOI8j}EGV[EGTGEGK
pRI8Z[F I8FHFHU�TGZXI8k ��EGF J�I8K^I%T_I8P�I ��# �54 y � qWK^I8MLPLE NOI8KHE�x IiPLUfJLKHUWqWK^I8pRI8PLUWK�]"EGFHTGUWV[rLEGKohLpRIij}U0I%I8FHFHU�TGZXI8k_d8ULy
�+TGUWp`hLMLZ[T_I8k_d8U2PLEGJ}EGMLPLE PLE TGUWpfU�I8FipfU�PLZ ��T_I8k ��EGF`x UWKHEGp PLE�N^EGT�NOI8P�I8FGy w � Z[P 	�I �  � "oheN^Z[V[Z��_I � �-��	�&
���-	-��EGp FHU8x N�	�I8KHE�� I8FHFHZ[p I �1h�I8M0N^Z[P�I8PLE PLE"TGUWp`hLMLZ[T_I8k_d8U`] PLZ[KHE�NOI8pfEGM0N^E7JLKHUWJ}UWKHTGZ[UWM�I8V I8U�NOI8pRI8MLrLU`PLUWF
P�I8PLUWF IiFHEGKHEGp
I N^h�I8V[Z��_I8PLUWFGy
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� U�pfU�PLEGV[Unc�T t?I�I8FHFHU�TGZXI8k_d8U�]oPLE�N^EGKHpfZ[M�I8P�I J}EGVXI"qWK^I8M1hLVXI8KHZ[P�I8PLE��WP�I8P�I"J}EGV[U NOI8pRI8MLrLU�P�I"J�I8VXI_b�K^Iey
� h�I8V �1hLEGKupfU�PLZ ��T_I8k_d8U �1hLE U�TGUWKHKHE7M1hLp EGFHTGUWJ}U%I8heN^UWpRI N^Z[T_I8pfEGM0N^E I8FHFHU�TGZXI`I`TGUWKHKHEGFHJ}UWMLPLEGM0N^E"V[U�T_I8V[Z��_I	�
k_d8UiP�I �1hLEGV[E"EGFHTGUWJ}ULyY�UWK�NOI8M0N^UfI`qWK^I8M1hLVXI8KHZ[P�I8PLE7PLE"TGUWp`hLMLZ[T_I8k_d8U`N^l[JLZ[T_InPLU%pfU�PLEGV[Uic�T t:] UiNOI8pRI8MLrLU
PLEuJ!�8qWZ[M�I FHE�U pfU�PLEGV[U c�T t x UWK�Z[pfJLV[EGpfEGM0NOI8PLU TGUWp hLp JLKHU8N^U�TGUWV[U7PLEupfEGp��WKHZXI b�Z[K�N^h�I8V1TGUWpfJ�I8K�N^Z[V[r�I8P�I��
N^K^I8MLF�x EGKHZ[MLPLU6J!�8qWZ[M�I8F�TGUWM0N^EGMLPLU&UWF�P�I8PLUWFGy&S�p`j}UWK^I6U6bWUWV[hLpfEfPLE@TGUWp`hLMLZ[T_I8k_d8U6J}UWFHF^I-FHEGK�pRI8Z[UWK�MLU
c�T t PLU �1hLE%MLU S t PLE�b�Z[PLU I@x K^I8qWpfEGM0NOI8k_d8U�� I@N^K^I8MLF�x EGK$"GMLTGZXI PLE%hLp jLV[U�TGU PLEiNOI8pRI8MLrLU Z[qWh�I8V I8U PLE
hLpRI`J!�8qWZ[M�IiJ}U�PLE"j}EGMLE���TGZXI8KoU%pfU�PLEGV[Ufc�T t:TGUWp N^]GTGMLZ[T_I8FoPLEA> � � 6  
�	�� ���:E��  �8��� "W�#" y

w pfU�PLEGV[U&c�T t ]@J}U8N^EGMLTGZXI8V[pfEGM0N^EfpRI8Z[F�x �8TGZ[VPLE@FHEGK`JLKHUWqWK^I8pRI8PLU6PLU �1hLE@U2S t M�d8U-KHE �1hLEGKHEGMLPLU
I p`hLP�I8MLk_I EGp p`hLZ\N^UWF@T_I8FHUWF PLE2JLKHUWqWK^I8pRI8F@EGFHTGKHZ\N^UWF J�I8K^I � t7y � h�I8MLPLU?JLKHUWqWK^I8pRI8F � t
M�d8U F^d8U
c�T t�� I8MLU8NOI8k ��EGF7PLE�bWEGp�FHEGK I8PLZ[TGZ[UWM�I8P�I8FoE�FHEGKHZXI8p
FHEGpfEGV[r�I8M0N^EGF IRI8PLZ[k ��EGF PLE�E��eJLV[l[TGZ\NOIfI8FHFHU�TGZXI8k_d8UREGp
JLKHUWqWK^I8pRI8F S t���EGp`j}UWK^IiFHE��^I%p`hLZ\N^UipRI8Z[Fux �8TGZ[V J}UWK FHEGKoUWKHZ[EGM0NOI8PLUfIiT ��PLZ[qWUiPLU �1hLEnI%P�I8PLUWFGy
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� UWF m"c�� F|N^Z[J}U �1#%"$
F6 � �2� 
��� I8F|J!�8qWZ[M�I8F|I8JLKHEGFHEGM0NOI8p JLKHUWJLKHZ[E�N��8KHZ[UWF ���eUWFGy	� pfEGPLZ[P�I �1hLEF^d8UoMLEGTGEGFHF��8KHZXI8F
MLUWF UWheN^KHUWF M��WF P�IiKHEGPLE���I8F J!�8qWZ[M�I8F�F^d8U%KHEGJLV[Z[T_I8P�I8FGy�YgI8K^IipRI8M0N^EGKoI`TGU�EGK$"GMLTGZXI��LMLUWF M��WF UWMLPLE"E��eZ[F�N^EGp
T �WJLZXI8F F^d8U%TGKHZXI8PLUWF UWF � �  � � �1hLEnJ}UWK FHh�IibWE �nF^d8U%EGM0b�ZXI8PLUWFoJ�I8K^IiFHEGhLF KHEGFHJ}EGT�N^Z\bWUWF)�1#%"$
 ��y

a p pfEGFHpfU%pfU�PLEGV[U`PLE�TGUWMLFHZ[F�N�"GMLTGZXI%J}U�PLE"FHEGKoZ[pfJLV[EGpfEGM0NOI8PLUiTGUWpfU$�1#%"$
F6 � �2� 
�@UWh��1#%"$
���
 � ��y
��I8FHE_I8PLUWF"MLU EGF�N^hLPLU PLE �"EGV[EGrLEGK  
C �� 
 �#" � UWF JLKHU8N^U�TGUWV[UWF {B� t �1#%"$
F6 � �2� 
� J}U�PLEGp I8JLKHEGFHEGM0NOI8K"PLE��

FHEGpfJ}EGMLrLU%pfEGV[rLUWK �1hLE"UWF JLKHU8N^U�TGUWV[UWF�{B� t �1#%"$
���
 � �"J�I8K^I%I8V[qWhLMLF N^Z[J}UWF�PLE�I8JLV[Z[T_I8k ��EGF�E UWF JLKHZ[MLTGZ[J�I8Z[F
V[Z[pfZ\N^EGFPLUWFuJLKHU8N^U�TGUWV[UWF/�1#%"$
F6 � �2� 
�fF^d8U`KHEGVXI8TGZ[UWM�I8PLUWFuI`I8P�I8JeNOI8k_d8U`PLE J�I8PLK$��EGF�PLE TGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^ULy

ced8Uib8I8M0NOI8qWEGMLF PLUWF JLKHU8N^U�TGUWV[UWF��1#%"$
F6 � �2� 
�  �0� � 
C �� 
 �#" v

� pfU�PLZ ��T_I8k ��EGFux EGZ\NOI8F MLUWFoM��WF �1#%"$
�M�d8U%KHE �1hLEGKHEGp
I%TGKHZXI8k_d8UiPLE$� �  ��=

� J�I8K^I%I N^h�I8V[Z��_I8K�IiJ!�8qWZ[M�I��LFHUWpfEGM0N^E�]�MLEGTGEGFHF��8KHZ[UfhLp J�I8K PLE�pfEGMLF^I8qWEGMLF � J}EGPLZ[PLU � KHEGFHJ}UWF�NOI � =

� UWF EGF�NOI8PLUWF-P�I8F6J!�8qWZ[M�I8F M�d8UCF^d8U J}EGKHFHZ[F�N^EGM0N^EGF-M�d8UCFHE MLEGTGEGFHFHZ\NOI8MLPLU�UCJLKHU�TGEGFHFHU�PLE ��� ��� � �*
F6
� #%�-��
 ��	�� #7E�y

ced8U%PLEGF�b8I8M0NOI8qWEGMLF  
C ��
 � " v

� UWF M��WF �1#%"$
 �nPLE�bWEGp+FHEGK EGFHTGUWV[rLZ[PLUWF TGUWp TGhLZ[P�I8PLU?=

� IiTGUWp`hLMLZ[T_I8k_d8UiEGM0N^KHEnPLUWZ[F�M��WFo]"x EGZ\NOI`heN^Z[V[Z��_I8MLPLU`U%M�� �1#%"$
 �eJ}UWZ[F UWF � �  �nF^d8UfMLEGV[E�I8JLV[Z[T_I8PLUWF�E
PLEGJ}UWZ[FoIiJ!�8qWZ[M�IiI N^h�I8V[Z��_I8P�I`PLE�bWEnFHEGK N^K^I8MLFHpfZ\N^Z[P�I>=

� � �  �nF^d8U%TGKHZXI8PLUWF EGp T_I8P�I%Z[M0N^EGK�b8I8V[UiE�M�d8UfI N^K^I8F^I8PLUWF ��TGUWpfUiMLUWFoJLKHU8N^U�TGUWV[UWFuN^Z[J}U � ��D�& =

� I N^K^I_bW]GF�PLE7hLpRInpfEGMLF^I8qWEGp �1hLE TGUWM0N^]Gp hLpRInJ!�8qWZ[M�I��1M��WFuPLZ\x EGKHEGM0N^EGF�PLU �1#%"$
 J}U�PLEGp I N^h�I8V[Z��_I8K
FHh�I8FoJ!�8qWZ[M�I8FGy
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�7IfpRI8Z[UWKHZXI`PLUWF m"c�� F �1hLE`heN^Z[V[Z��_I8p hLpRI%UWKHq0I8MLZ��_I8k_d8UfEGF�N^KHheN^hLK^I8P�IRJ}UWK J!�8qWZ[M�I8F � E��eZ[F�N^E�hLp ���CE � ��
��
KHEGFHJ}UWMLF��_bWEGV J}UWKuJ}EGPLZ[KuhLpRI�J!�8qWZ[M�I�I�hLp UWheN^KHU`M�� �1h�I8MLPLUihLpRInx I8V\NOI�PLE J!�8qWZ[M�InU�TGUWKHKHE8y c�EGpfJLKHE �1hLE
]Rx EGZ\N^U6hLp I8TGEGFHFHU�I-hLpRI J!�8qWZ[M�I �1hLE M�d8U-EGF�N��-TGUWp�J}EGKHpfZ[FHF^d8U-MLEGp�PLE@V[EGZ\N^hLK^I MLEGp PLE@EGFHTGKHZ\NOI6UWh
hLpRIiJ!�8qWZ[M�I �1hLE�EGF�N��fTGUWp J}EGKHpfZ[FHF^d8UfPLEnV[EGZ\N^hLK^I`FHU8x KHEGK hLpRI%EGFHTGKHZ\NOI���hLp+FHZ[M�I8V�c ��znceS zAN ]nqWEGK^I8PLUfE
U ���CE � ��
��%pfEGMLTGZ[UWM�I8PLU@I8M0N^EGKHZ[UWKHpfEGM0N^En]iI N^Z\b8I8PLUfJ�I8K^IRJ}EGPLZ[K7IRJ!�8qWZ[M�Iey7S�F�N^E ���CE � ��
��iJ}U�PLE�p`hLP�I8K I
J}EGKHpfZ[FHF^d8U P�I J!�8qWZ[M�I@J�I8K^I��
���C6 #7E1��& UWh �
���C6�0 ���-	�
�y � U a MLZ � � EGF�NOI p`hLP�I8MLk_I PLE%J}EGKHpfZ[FHF^d8U ]`x EGZ\NOI
I N^K^I_bW]GFoP�I%JLKHZ[pfZ\N^Z\b8I "I> �#%	�
 ��	�� � y

� JLKHZ[pfZ\N^Z\b8I�"I> �#%	�
 ��	�� � J}EGKHpfZ\N^ERTGUWMLFHZ[PLEGK^I8K`I6qWK^I8M1hLVXI8KHZ[P�I8PLEfP�I-KHEGqWZXd8U-I6FHEGKipfU�PLZ ��T_I8P�I TGUWpfU
FHEGMLPLU p('LV\N^Z[JLVXI%PLU@NOI8pRI8MLrLURPLEihLpRIRJ!�8qWZ[M�Iey�� F�N^U J}EGKHpfZ\N^EnpfU�PLZ ��T_I8K7I@J}EGKHpfZ[FHF^d8URPLEipRI8Z[F PLE`hLpRI
J!�8qWZ[M�I I8U"pfEGFHpfU N^EGpfJ}U��WUWh%FHE��^I��0J}U�PLE�� FHE EGMLTOrLEGKHq0I8K I"hLpRI J!�8qWZ[M�I�� �1hLE N^K^I8PLZ[TGZ[UWM�I8V[pfEGM0N^EuI8JLKHEGFHEGM0NOI
UfNOI8pRI8MLrLU  � �5TGUWpfUfN^EGMLPLURNOI8pRI8MLrLUfp('LV\N^Z[JLV[U%PLEGF�N^E�� Z[F�N^UR]8v "�� ���g����� ��� E�N^T8y S�F�NOIRT_I8J�I8TGZ[P�I8PLE�PLE
TGUWMLFHZ[PLEGK^I8K@qWK^I8M1hLVXI8KHZ[P�I8PLEGFRp('LV\N^Z[JLVXI8FfPLE  � ��� NOI8pRI8MLrLU N^K^I8PLZ[TGUWM�I8V7PLE&J!�8qWZ[M�I�� ]&TGUWMLrLEGTGZ[P�I TGUWpfU
N^]GTGMLZ[T_IiPLEnI8qWKHEGq0I8k_d8U%PLE�J!�8qWZ[M�I8FGy

tuUWMLFHZ[PLEGK^I8MLPLU �1hLE-I2pRI8Z[UWKiJ�I8K�N^E PLUWFRm"c�� FRZ[pfJLV[EGpfEGM0NOI8PLUWFiEGp x UWKHpRI&PLE6jLZ[jLV[Z[U8N^EGT_I-hLF^I8p U
a7m Y � �1hLE�J}UWFHFHhLZ NOI8pRI8MLrLU`PLE�jLh � EGK p�� �eZ[pfU`V[Z[pfZ\NOI8PLU�I �C � ���LJ�I8K^IiM�d8UiN^EGK J}EGKHP�IiPLE"PLEGFHEGpfJ}EGMLrLU
EGpfJ�I8TGU8NOI8MLPLU?E�PLEGFHEGpfJ�I8TGU8NOI8MLPLUCpfEGMLF^I8qWEGMLF ��UWF6m"c�� F �1hLE heN^Z[V[Z��_I8p EGF�NOI N^]GTGMLZ[T_I?PLE I8qWKHEGq0I8k_d8U
V[Z[pfZ\NOI8p UiNOI8pRI8MLrLUiP�I%J!�8qWZ[M�I`EGp 
0� � �7y

� U EGF�N^hLPLU PLE �7p �_I  �#" �|TOrLEGq0I	� FHEfQ TGUWMLTGV[hLF^d8U �1hLEfI8JLV[Z[T_I8MLPLU � FHEiI@N^]GTGMLZ[T_I PLE%I8qWKHEGq0I8k_d8U��|U x I8V[FHU
TGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U@]fZ[MLTGKHEGpfEGM0NOI8PLU���J}UWKH]Gp U6M*'LpfEGKHU N^U8NOI8V�PLEfpfEGMLF^I8qWEGMLFnN^KHU�T_I8P�I8F�]fKHEGPLh �GZ[PLULy S
NOI8p`j}]Gp � T_I8FHU U M�� x I8k_I U I8TGEGFHFHU6PLE`b �8KHZXI8F"J!�8qWZ[M�I8F � PLE  � � � FHhLTGEGFHFHZ\b8I8pfEGM0N^E���hLp 'LMLZ[TGU J}EGPLZ[PLU E
KHEGFHJ}UWF�NOI7J}U�PLEuFHEGK FHh ��TGZ[EGM0N^E I8U Z[M0bW]GF PLE b �8KHZ[UWF�J}EGPLZ[PLUWFgE�KHEGFHJ}UWF�NOI8F � TGUWp J!�8qWZ[M�I PLE NOI8pRI8MLrLU7pfEGMLUWK ���
PLEGF�NOI6x UWKHpRI��gpfEGMLUWF�pfEGMLF^I8qWEGMLF`KHEGVXI N^Z\b8I8F�I6J!�8qWZ[M�I8FGy w EGF�N^hLPLU&PLE �7p �_I  �#" NOI8p`j}]Gp pfUWF�N^K^I �1hLE
E��eZ[F�N^E hLpRInKHEGPLhLk_d8UiPLUiM*'LpfEGKHU`PLE7x I8V[r�I8FuPLE J!�8qWZ[M�I��1pRI8FuU`x I8V[FHU�TGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^U�J}U�PLE"I8hLpfEGM0NOI8K
I �1h�I8M0N^Z[P�I8PLE�PLE�P�I8PLUWFoE�U%M*'LpfEGKHU%PLE�pfEGMLF^I8qWEGMLFoN^KHU�T_I8P�I8FGy
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�7F%EGF�NOI N^l[F�N^Z[T_I8FiPLU�TGUWpfJLKHZ[pfEGM0N^U&P�I&pfEGMLF^I8qWEGMLF  �W�#"7I8JLhLP  �M!#"oMLUWF%FHZ[F�N^EGpRI8F%m"c�� pfUWF�N^K^I8p �1hLE U
J�I8PLK^d8URPLEnN^K�� x EGqWUR]�PLUfN^Z[J}UfjLZ[pfU�P�I8V|TGUWp
PLh�I8F7JLKHZ[MLTGZ[J�I8Z[FoT_I N^EGqWUWKHZXI8FGv�V[UWMLq0I8FoE�TGhLK�NOI8FGy � EGMLF^I8qWEGMLF
V[UWMLq0I8F`Z[MLTGV[hLEGp�J!�8qWZ[M�I8F ��qWK^I8MLPLEGF � �  � E KHEGFHJ}UWF�NOI&PLE FHZ[MLTGKHUWMLZ��_I8k ��EGF =�pfEGMLF^I8qWEGMLFiTGhLK�NOI8F%EGM0bWUWV\bWEGp
J}EGPLZ[PLUWFgPLE�FHZ[MLTGKHUWMLZ��_I8k_d8U��8J}EGPLZ[PLUWF PLE�J!�8qWZ[M�I8FgE�J}EGPLZ[PLUWFgJ}UWK � �  ��y w NOI8pRI8MLrLU7P�I8F pfEGMLF^I8qWEGMLF�TGhLK�NOI8F
] pfEGMLUWK �1hLE��8�oj �1N^EGF E UoNOI8pRI8MLrLUoP�I8F�pfEGMLF^I8qWEGMLFgV[UWMLq0I8F|PLEGJ}EGMLPLEuPLU I8JLV[Z[T_I N^Z\bWU  �M!'" y m7EGJ}EGMLPLEGMLPLU PLU
NOI8pRI8MLrLUiP�IipfEGMLF^I8qWEGp ��I`NOI �LIiPLE"N^K^I8MLF�x EGK$"GMLTGZXIip`hLP�I��LE"J}UWK Z[F�N^U��L]"j�I8F�NOI8M0N^E�Z[pfJ}UWK�NOI8M0N^E TGUWMLrLEGTGEGK
UiTGUWpfJ}UWK�NOI8pfEGM0N^U`PLUfI8JLV[Z[T_I N^Z\bWU  � 
 " �LZ[F�N^Ui]�� �1h�I8V|I`J}EGKHTGEGM0NOI8qWEGp+PLE"pfEGMLF^I8qWEGMLF J}E �1hLEGM�I8F E"qWK^I8MLPLEGFGy
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N �8KHZXI8F`pfEGMLF^I8qWEGMLFiF^d8U2qWEGK^I8P�I8F`J�I8K^I2I-UWjeN^EGMLk_d8U2PLUWF � �  � I8hLpfEGM0NOI8MLPLU�I-VXI N�"GMLTGZXI �1h�I8MLPLU�U�TGUWKHKHE
hLpRI�x I8V\NOI�PLE&J!�8qWZ[M�I EGp hLp�pfU�PLEGV[U �1hLE&N^K^I8j�I8V[rLE6PLEGF�NOI x UWKHpRIey �7V[]Gp�PLZ[F�N^U�� I MLEGTGEGFHFHZ[P�I8PLE2PLE
I8KHpRI �GEGM!�	� V[UWF"J}U�PLE%qWEGK^I8KnhLp qWK^I8MLPLEfhLFHU-PLEfpfEGp��WKHZXI@EfTGUWMLFHE �18LEGM0N^EGpfEGM0N^E E��eZ[qWZ[K�hLp JLKHU�TGEGFHFHU-PLE
��� ��� � �*
 � #%�-��
 ��	�� #7E � U �1hLE"J}U�PLE qWEGK^I8K�hLp #%0 
���1
���RFHhLjLF�NOI8MLTGZXI8V � y �6I8Z[F I8Z[MLP�Iev UWF�� �  �"FHE�I8TGhLp`hLVXI8p
K^I8JLZ[P�I8pfEGM0N^E�� ��� �1hLEoM�d8U"J}U�PLEGp FHEGKPLEGFHT_I8K�NOI8PLUWF �1hLpRI7bWE � �1hLEoJ}U�PLEGp FHEGK�MLEGTGEGFHF��8KHZ[UWFJ�I8K�hLp x heN^hLKHU
M�� �1hLE��!�GEGKoU �*�,+����-�
�y �7V[]Gp PLZ[FHFHU��LJ�I8K^IiqWEGK^I8K � �  � �e]�Z[M0N^EGMLFHUfU%hLFHUfPLE�UWJ}EGK^I8k ��EGFoPLE�pfEGp��WKHZXIev

� TGKHZXI8k_d8UiP�I%J!�8qWZ[M�I 	10 �:E =

� TGUWpfJ�I8K^I8k_d8UiJ�I8VXI_b�K^IiJ}UWK J�I8VXI_b�K^IiJ�I8K^IiT_I8V[TGhLVXI8K�U � �  =

� I8JLV[Z[T_I8k_d8U`PLU�� �  J�I8K^I%I%I N^h�I8V[Z��_I8k_d8U`PLE�J!�8qWZ[M�I8F =

� J}UWV[hLZ[k_d8U`PLU���*� �1
nJLKHZ[p��8KHZ[U�E�PLZ[pfZ[M1hLZ[k_d8U`PLU%PLEGFHEGpfJ}EGMLrLU  �8� "�I8JLhLP� ���#" y

� UWFoJLKHU8N^U�TGUWV[UWF�j�I8FHE_I8PLUWFoEGp �1#%"$
 �nTGUWp pfEGT_I8MLZ[FHpfUWF�PLE�p('LV\N^Z[JLVXI8FuEGFHTGKHZ\NOI8FoTGUWMLTGUWKHKHEGM0N^EGFGv

� pfEGMLUWF"pfEGMLF^I8qWEGMLF"PLEix I8V\NOI8F PLEiJ!�8qWZ[M�I8F7b8d8U U�TGUWKHKHEGK �|Z[F�N^U ]�� J�I8K^I@FHE%UWjeN^EGK"hLpRI J!�8qWZ[M�IRj�I8F�NOI
N^K^I � "�� VXI��LI8U%Z[M0bW]GF PLE�jLhLFHT_I8K b �8KHZ[UWF � �  ��=

� UWF � �  �nFHUWpfEGM0N^E�F^d8URI8JLV[Z[T_I8PLUWF�MLUWFoM��WF �1#%"$
�P�I%J!�8qWZ[M�I>=

� EGFHTGKHZ\NOI8F MLUWFoM��WF �1#%"$
 �nM�d8U%qWEGK^I8p � �  ��=

� M�d8U%E��eZ[F�N^EGp jLhLFHT_I8F PLE�J!�8qWZ[M�I`MLUfM�� �1#%"$
3=

� FHE`hLpRI 'LMLZ[T_IRJ�I8VXI_b�K^IfPLE`hLpRIRJ!�8qWZ[M�I%x UWK EGFHTGKHZ\NOI�� IRJ!�8qWZ[M�IfZ[M0N^EGZ[K^IfFHEGK��@jLhLFHT_I8P�I � M�Ifx I8V\NOIfPLE
J!�8qWZ[M�I � =

� FHE"UWFoM��WF��1#%"$
 ��M�d8Uix UWKHEGp j}EGp EGFHTGUWV[rLZ[PLUWF �eU%PLEGFHEGpfJ}EGMLrLUfJ}U�PLEGK��iFHEGK j�I8Z �eU��LPLEGJ}EGMLPLEGMLPLUfPLU
I8JLV[Z[T_I N^Z\bWULy

����� ��� ���
	��	���	���	�� � ��+�� �+��! ��	��

a pRI UWheN^K^I x UWKHpRI PLE I8JLV[Z[T_I8k_d8U P�I � ��D�&7E 
 � �@M�I&I8JLV[Z[T_I8k_d8U PLUWF`P�I8PLUWF`]RTGUWMLF�N^Z\N^hLl[P�I6J}EGV[UWF�JLKHU8N^U�TGU �
V[UWF%I8P�I8JeNOI N^Z\bWUWF � �1hLE p`hLP�I8p I&N^]GTGMLZ[T_I2PLE�".����	�� > ��
 0 ���-	�
��'> �#%	�# � #%� � � J�I8K^I ���:E�� ��
 0 ���-	�
��.> �#%	�# � #%� �
Z[F�N^U6]���heN^Z[V[Z��_I8p EGF�NOI6p`hLP�I8MLk_I �1h�I8MLPLU-U�TGUWKHKHERhLp�TGUWpfJ}UWK�NOI8pfEGM0N^U6pfZ[qWK^I N �WKHZ[ULy Y�KHU8N^U�TGUWV[UWF.�1#%"$
F6
� �2� 
�?N^K^I NOI8p PLE-FHZ\N^h�I8k ��EGF@TGUWp�p('LV\N^Z[JLVXI8F%EGFHTGKHZ\NOI8F@PLE-pRI8MLEGZ[K^I�pRI8Z[FRE���TGZ[EGM0N^E-PLU �1hLE&JLKHU8N^U�TGUWV[UWF
I8P�I8JeNOI N^Z\bWUWF  ���}��
 �|��"#" y
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w heN^K^I8F%x UWKHpRI8FfI8V\N^EGKHM�I N^Z\b8I8FiPLE TGUWM0N^KHUWVXI8KfI2JLKHUWJ�I8q0I8k_d8U�PLE P�I8PLUWFf]6I�Z[MLTGV[hLF^d8U2PLE-I8V[qWhLMLF%jLZ\N^F
J}UWK"J�I8VXI_b�K^I��|Z[MLTGV[hLF^d8U EGF�NOI FHEGMLPLU x EGZ\NOI@EGp � #��	10 � �
�  "I8JLhLP  ��� " y%YgI8K^I J�I8PLK$��EGF"pfZ[qWK^I N �WKHZ[UWF � EGF�NOI
Z[pfJLV[EGpfEGM0NOI8k_d8U TGUWpfJ}UWK�NOI	� FHE%pfEGV[rLUWK�PLU �1hLE@I heN^Z[V[Z��_I8k_d8U PLE�� �  � � �1hLERJ}UWKnFHh�I bWE �RFHERTGUWpfJ}UWK�NOI8p
pfEGV[rLUWK IiUWheN^KHUWFoJ�I8PLK$��EGF PLE�b�Z[PLURI8U%TGhLF�N^UfPLEGFHF^IfZ[MLF�N^KHhLpfEGM0NOI8k_d8U� �'" I8JLhLP� ���#" y

w heN^KHUWF�N^K^I8j�I8V[rLUWF TGUWpfU�UWFPLE 9 h� ��"�����������
 �1"�
 " �1I N^K^I_bW]GF PLEoJLKHU8N^U�TGUWV[UWF�I8P�I8JeNOI N^Z\bWUWF I8JLV[Z[T_I8PLUWF�I8U
��� � ��� �  �8� "1pfEGV[rLUWK^I8K^I8p�U PLEGFHEGpfJ}EGMLrLU7EGp I N^]p`hLZ\N^UWF|J}UWM0N^UWF J}EGKHTGEGM0N^h�I8Z[F �8PLEGJ}EGMLPLEGMLPLU7PLU JLKHUWqWK^I8pRI
I8JLV[Z[T_I N^Z\bWUiI_b8I8V[ZXI8PLULy
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YgI8TGU8N^EGF PLE"TGUWp`hLMLZ[T_I8k_d8U%I`MLl\bWEGV PLE"hLFHh!�8KHZ[UiPLZ[pfZ[M1hLEGp U #%0 
���1
���RJ}EGVXI`M�d8UiheN^Z[V[Z��_I8k_d8U�P�I8F T_I8pRI8P�I8F
PLEnTGUWp`hLMLZ[T_I8k_d8UiN^l[JLZ[T_I8F ��E"NOI8p`j}]Gp F^d8URTGUWV[U�T_I8PLUWF MLURpfEGFHpfU%EGFHJ�I8kGURPLEnEGMLPLEGKHEGk_I8pfEGM0N^U@PLUfhLFHh!�8KHZ[U��
U �1hLE@J}UWKnFHh�I6bWE ���KHEGPLh �@U-M*'LpfEGKHU-PLEfN^KHU�T_I8F�PLE@TGUWM0N^E���N^U&E@U6M*'LpfEGKHU&PLERTOr�I8pRI8P�I8F�PLE@FHZ[F�N^EGpRIey
�7V[qWhLMLFJ�I8TGU8N^EGF PLEoTGUWp`hLMLZ[T_I8k_d8U�I�MLl\bWEGV�PLE hLFHh!�8KHZ[U�N�"Gp FHZ[PLUnheN^Z[V[Z��_I8PLUWF J}EGVXI"TGUWp`hLMLZ[T_I8PLE I8T_I8P "GpfZ[T_Iev
� T�N^Z\bWE � EGFHF^I8qWEGF  � " � ~ I8F�N � EGFHF^I8qWEGF  ��! "gE`a MLE�N  !#"uy w N � �  " "g]�hLpRI%bWEGKHF^d8U TGUWpfEGKHTGZXI8V|PLU a MLE�N �1hLE
���`x UWZ J�I8PLKHUWMLZ��_I8P�IiE"EGF�N��%TGUWpfEGk_I8MLPLURIiFHEGKoheN^Z[V[Z��_I8P�Iey

����� ��� � � ��(���� � 	�
�	 	�� � 	�����!�� �

� EGMLr1hLpRInTGUWMLTGV[hLF^d8U�x UWZ UWjeN^Z[P�I�I N^] rLU �HE���Z[F�N^Un]���FHE7] pfEGV[rLUWKInheN^Z[V[Z��_I8K Z[M0N^EGKHKHhLJ}k_d8UnUWh >1#%�-���:E��8y w �1hLE
x UWZ TGUWMLTGV[hLl[PLUi]��1hLE�� PLEGJ}EGMLPLEGMLPLURP�IiFHZ\N^h�I8k_d8U��LhLp UWh UWheN^KHU%J}U�PLE"FHEGKopRI8Z[FoI8PLE �1h�I8PLULy

����� ���  +��)*����!�+��

YgI8K^I"pfZ[MLZ[pfZ��_I8K�U�JLKHUWjLV[EGpRI"P�I"VXI N�"GMLTGZXI��WUWFJ}E �1hLZ[F^I8PLUWKHEGFN�"Gp JLKHUWJ}UWF�N^U�TGUWp I8F�N^]GTGMLZ[T_I8FPLE > �
  
�	�� �*6
�:E���E�".����	��-	-���
��� �:E��  
C ��  L�'" I8JLhLP  "W� " y��7F�N^]GTGMLZ[T_I8FiPLE > �
  
�	�� ���:E���JLKHUWJ}UWF�NOI8F`M�I8FiFHZ[p`hLVXI8k ��EGF�PLE
�uZXI8MLTOrLZ[MLZ   "gI8JLhLP  ��� " E`U�".����	��-	-���
��� �:E�� PLUWF FHZ[F�N^EGpRI8F �uK^I �GUWF  !W�#"gE%t N��� 
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S�F�N^E"T_I8JLl\N^hLV[U`EGM0bWUWV\bWE�UiEGF�N^hLPLU%P�I8F�JLKHZ[MLTGZ[J�I8Z[FuT_I8K^I8T�N^EGKHl[F�N^Z[T_I8F�PLE"FHZ[F�N^EGpRI8F m"c�� E��eZ[F�N^EGM0N^EGFoE"JLKHUWJ ��E
hLpRIfTGVXI8FHFHZ ��T_I8k_d8UREGp+N^K$"GF qWEGK^I8k ��EGF7PLE�FHZ[F�N^EGpRI8F m"c���y S�F�NOI@TGVXI8FHFHZ ��T_I8k_d8UR]�PLZ\x EGKHEGM0N^E�P�I8F7JLKHUWJ}UWF�NOI8F
PLE�t�I8K�N^EGK  $ " Enc�J}EGZ[qWr0N  !W�#" y

t�I8K�N^EGK"JLKHUWJ �WF hLpRI@TGVXI8FHFHZ ��T_I8k_d8U PLE%m"c�� F�j�I8FHE_I8P�I M�I KHEGPLhLk_d8U PLU M*'LpfEGKHU PLEipfEGMLF^I8qWEGMLF"J}EGVXI
I8PLU�k_d8U&PLE hLp PLE�N^EGKHpfZ[M�I8PLU-pfU�PLEGV[U-PLE TGUWMLFHZ[F�N�"GMLTGZXI&PLE pfEGp��WKHZXIey c�EGqWhLMLPLU2EGF�NOI2TGVXI8FHFHZ ��T_I8k_d8U���UWF
m"c�� F7I8JLKHEGFHEGM0NOI8K^I8p PLh�I8F qWK^I8MLPLEGFoqWEGK^I8k ��EGFGv

� I y�qWEGK^I8k_d8U��LT_I8K^I8T�N^EGKHZ��_I8P�IiJ}UWK hLp qWK^I8MLPLE�M*'LpfEGKHU%PLEnpfEGMLF^I8qWEGMLFoJ�I8K^IipRI8M0N^EGKoIiTGU�EGK$"GMLTGZXI>=
�8I � qWEGK^I8k_d8U�� T_I8K^I8T�N^EGKHZ��_I8P�I@J}EGVXI@I8PLU�k_d8U PLEipfU�PLEGV[UWF7PLEipfEGp��WKHZXI%PLEiV[Z[j}EGK^I8k_d8UREiFHEGhLF�PLEGKHZ\b8I8PLUWF

� PLE7V[Z[j}EGK^I8k_d8U�JLKHEGqWhLZ[kGUWF^I���PLE EGM0N^K^I8P�InE7PLE EGFHTGUWJ}U�����TGUWp KHEGPLhLk_d8U`PLK��8F�N^Z[T_InPLU`M*'LpfEGKHU�PLE pfEGMLF^I8qWEGMLFGy
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� U M�� JLKHUWJLKHZ[E�N��8KHZ[URP�I J!�8qWZ[M�I@TGUWM0N^]Gp I�� #5> & � 
�	 �|V[Z[F�NOIRPLE`N^U�PLUWF"UWF"M��WF �1hLEiJ}UWFHFHhLEGp hLpRI@TGUWJLZXIRP�I
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w � hLMLZ[M� � � � �W�'" x UWZ U�JLKHZ[pfEGZ[KHU-FHZ[F�N^EGpRI�m"c�� Z[M0N^EGqWK^I8PLU�Q2pfEGp��WKHZXI b�Z[K�N^h�I8V E Z[pfJLV[EGpfEGM0NOI8PLU&EGp
� #��	10 � �
��1hLE�TGUWMLFHEGqWhLZ[h hLpRIiKHEGPLhLk_d8UfPLK��8F�N^Z[T_I`PLU%M*'LpfEGKHUfPLE"pfEGMLF^I8qWEGMLFoJ}EGVXIiheN^Z[V[Z��_I8k_d8U�PLU%pfU�PLEGV[U
PLE�TGUWMLFHZ[F�N�"GMLTGZXI �
���
�2� 
�y
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tuUWp KHEGVXI8k_d8U I8UoPLEGFHEGpfJ}EGMLrLU�� x UWZWhLp PLUWF JLKHZ[pfEGZ[KHUWF|m"c�� F �1hLETGUWMLFHEGqWhLZ[h � J�I8K^IoI8V[qWhLMLF I8JLV[Z[T_I N^Z\bWUWF �
PLEGFHEGpfJ}EGMLrLUfJLK�� �eZ[pfU%I8UfPLUWF pfEGFHpfUWF I8JLV[Z[T_I N^Z\bWUWFuTGUWM0bWEGK�N^Z[PLUWF J�I8K^IiJ�I8FHF^I8qWEGp+PLE�pfEGMLF^I8qWEGMLFGy
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UfI8JLV[Z[T_I N^Z\bWU �1hLEnEGF�N��%FHEGMLPLUfE��eEGTGheNOI8PLULy

YgI8K^I I NOI8T_I8K U@JLKHUWjLV[EGpRIRPLU EGM0b�Z[U PLE`pfEGMLF^I8qWEGMLF"PLE%I N^h�I8V[Z��_I8k_d8UfEiZ[M0b8I8V[Z[P�I8k_d8U �1hLEiM�d8U F^d8U heN^Z �
V[Z��_I8P�I8F J}EGV[U%M���� J}UWKH]Gp EGM0b�ZXI8P�I8F ��� �1hLEnEGF�NOd8URM�I�� #5> & � 
�	�PLURM��fJLKHUWJLKHZ[E�N��8KHZ[UiP�I8F J!�8qWZ[M�I8F �LU � hLMLZ[M
PLEGFHEGM0bWUWV\bWEGh�U@pfEGT_I8MLZ[FHpfU@PLE �?! '  & � &.��� � �?��& � TGEGFHF^I8MLPLU � FHE%U@EGM0b�Z[U PLE`pfEGMLF^I8qWEGMLF PLE%I N^h�I8V[Z��_I8k_d8U
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YgI8K^I&I8h	�eZ[V[ZXI8KnI-pRI8M1heN^EGMLk_d8U&E@UWKHq0I8MLZ��_I8k_d8U-P�I8F�b8I8KHZ �_bWEGZ[F�TGUWpfJ�I8K�N^Z[V[r�I8P�I8FnU�� hLMLZ[M heN^Z[V[Z��_I hLp
PLZ[KHE�N �WKHZ[U2PLE6UWj �HE�N^UWF � �1hLE6TGUWM0N^]Gp�Z[Mex UWKHpRI8k ��EGFiKHEGV[E�b8I8M0N^EGFRTGUWpfU�UWFREGF�NOI8PLUWFRP�I8FfJ!�8qWZ[M�I8F � � #5> & � 
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JLKHU b �_bWEGV}JLKHUWJLKHZ[E�N��8KHZ[U��0E UWheN^K^I8FGy tuUWMex UWKHpfEoPLEGFHTGKHZ\N^U`I8M0N^EGKHZ[UWKHpfEGM0N^E��eI � #5> & � 
�	�] hLpRInV[Z[F�NOI"TGUWp N^U�PLUWF
UWF�M��WF �1hLE FHE I8TGKHEGPLZ\NOI N^EGK`hLpRI6T �WJLZXI PLE@hLpRI6J!�8qWZ[M�Iey6a p�M��-] I8PLZ[TGUWM�I8PLU&Q � #5> & � 
�	�P�I-J!�8qWZ[M�I
�1h�I8MLPLU U�TGUWKHKHE%hLp J}EGPLZ[PLU J}EGVXI pfEGFHpRIey � h�I8MLPLU hLp M�� KHEGTGEGj}ERI J!�8qWZ[M�I@J}EGPLZ[P�I�� KHEGTGEGj}EfNOI8p`j}]Gp
hLpRI"T �WJLZXI�P�I � #5> & � 
�	 NOI8p`j}]Gp y �:NOI8j}EGVXI"PLE EGF�NOI8PLUWF PLEoN^K^I8MLFHZ[k_d8UnP�I8F J!�8qWZ[M�I8F] I8M!�8V[UWq0I�Q�P�I���qWhLK^I
��y  Ly w T_I8pfJ}U PLE%JLKHU b �_bWEGVJLKHUWJLKHZ[E�N��8KHZ[U@]iheN^Z[V[Z��_I8PLU@J�I8K^I EGMLTGUWM0N^K^I8K�hLp M�� �1hLE%TGEGK�NOI8pfEGM0N^E%J}UWFHFHh�I
hLpRIiT �WJLZXI%P�I%J!�8qWZ[M�IeyuS�p+T_I8P�IfM�����E��eZ[F�N^EnhLp
I8PLpfZ[MLZ[F�N^K^I8PLUWK�PLE�x I8V\NOIiPLEnJ!�8qWZ[M�I8FoKHEGFHJ}UWMLF��_bWEGV�J}EGVXI
Z[pfJLV[EGpfEGM0NOI8k_d8U`P�I`NOI8j}EGVXIiPLE"N^K^I8MLFHZ[k_d8UiPLE�EGF�NOI8PLUWF P�I8FoJ!�8qWZ[M�I8FGy

w � hLMLZ[M%FHhLJ}UWK�NOI�FHEGp�� x UWKHUWFEoj�I8KHKHEGZ[K^I8F�PLZ[F�N^KHZ[jLhLl[P�I8F �WTGUWMLFHZ[PLEGK^I8PLUWFM�I�TGUWMLFHZ[F�N�"GMLTGZXI �
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J}UWM0N^UWF x hLMLP�I8pfEGM0NOI8Z[F�J�I8K^IfIipRI8M1heN^EGMLk_d8U%P�I%TGUWMLFHZ[F�N�"GMLTGZXIey
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�� � &�
� ��>���� 	�
 +��1
��1
	� v�MLU Z[MLl[TGZ[UoPLE
hLpRIiFHEGk_d8UfTGKHl\N^Z[T_I`N^U�P�I8FoI8F b �8KHZ �_bWEGZ[FoTGUWpfJ�I8K�N^Z[V[r�I8P�I8FuEGF�NOd8URMLU%EGF�NOI8PLURPLE +�FHUWpfEGM0N^E�V[EGZ\N^hLK^I , = �1h�I8MLPLU
FHERN^EGM0NOI-pfU�PLZ ��T_I8K �1h�I8V �1hLEGKihLpRI6PLEGVXI8F � U�TGUWKHKHE@hLpRI x I8V\NOI PLE@J!�8qWZ[M�I6E@U&m"c�� x I �@hLpRI6T �WJLZXI P�I
J!�8qWZ[M�I � 	10 �:E ����TGUWV[U�T_I8MLPLU ��IiM�Ifm a�� � E�V[UWqWU%EGp+FHEGqWhLZ[P�IfI%J�I8FHF^I%J�I8K^I%UfEGF�NOI8PLURPLE +�EGFHTGKHZ\NOI	� V[EGZ\N^hLK^I ,Oy
c�E I�J!�8qWZ[M�I ���nEGF�N���MLU`M��`V[U�T_I8V �0FHUWpfEGM0N^E ]7TGUWMLFHZ[PLEGK^I8PLU`U #%0 
���1
���fJ�I8K^I�I�pfEGFHpRI�N^KHU�T_I8K PLE EGF�NOI8PLULy
� U �
���
�2� 
 �0]oTGKHZXI8P�I"hLpRI"TGU�PLZ ��T_I8k_d8U�J�I8VXI_b�K^I�J}UWK�J�I8VXI_b�K^I"P�I8F pfU�PLZ ��T_I8k ��EGF�FHU8x KHZ[P�I8F�PLhLK^I8M0N^E7I�FHEGk_d8U
TGKHl\N^Z[T_I�� Z[F�N^U ]�� UWF � �  � ��TGUWpfU J}U�PLEfFHEGKnb�Z[F�N^U6M�I ��qWhLK^I-��y � ��FHEGMLPLU-UWF�pfEGFHpfUWFnTGUWV[U�T_I8PLUWF�M�I6m a��`y
�7Z[MLP�I MLU �
���
�2� 
 � F^d8U6EGM0b�ZXI8P�I8F�pfEGMLF^I8qWEGMLFnPLERTGUWM0N^EGMLPLU6UWF � �  �RJ�I8K^I UWFnM��WF �1hLERJ}UWFHFHhLEGp T �WJLZXI8F
P�I8FoJ!�8qWZ[M�I8F �LI.��p PLE�pRI8M0N�"�� V[UWF�TGU�EGKHEGM0N^EGFGy

� ������� � �
�*+�� � +�� ���

w D�KHE_I8P��6I8K��1FR] hLp PLUWFfFHZ[F�N^EGpRI8FRm"c�� pRI8Z[FiZ[pfJ}UWK�NOI8M0N^EGFGy�~�UWZ U JLKHZ[pfEGZ[KHU2m"c�� I2N^EGK � >1
 
� ��>
TGUWpfJ�I8K��_bWEGVuI6hLpRI p�� �1hLZ[M�I PLERpfEGp��WKHZXI ��FHZ[T_I8pfEGM0N^ERTGUWpfJ�I8K�N^Z[V[r�I8P�I J�I8K^I U ��
FE � ��" � � 4 c w � � P�I
a MLZ\bWEGKHFHZ[P�I8PLE�PLE �oZ[TGE � v j�I8FHZ[T_I8pfEGM0N^E�TGUWpfJ�I8K^I8MLPLU hLpRI KHEGPLE�PLE p�� �1hLZ[M�I8F m S t E��eEGTGheNOI8MLPLUnU D�KHE_I8P �
�6I8K��1FoTGUWp hLpRIip�� �1hLZ[M�I`PLE�pfEGp��WKHZXI ��FHZ[T_I8pfEGM0N^E�TGUWpfJ�I8K�N^Z[V[r�I8P�I�P�IfcLz � �  � 0�7N7z 
��� 
0� " y

w pfU�PLEGV[U@PLEiTGUWMLFHZ[F�N�"GMLTGZXI@heN^Z[V[Z��_I8PLU@J}EGV[U@D�KHE_I8P��6I8K��1Fn]iU pfU�PLEGV[U@PLEiTGUWMLFHZ[F�N�"GMLTGZXI PLEiV[Z[j}EGK^I8k_d8U
JLKHEGqWhLZ[kGUWF^I  
0� " y"c�EGqWhLMLPLU EGF�N^E`pfU�PLEGV[U�� IRJLKHUWJ�I8q0I8k_d8URP�I8F pfU�PLZ ��T_I8k ��EGFoFHU8x KHZ[P�I8F7PLhLK^I8M0N^E`hLpRIfFHEGk_d8U
TGKHl\N^Z[T_I`]nI N^K^I8F^I8P�I%I N^]�IiJLK�� �eZ[pRIiUWJ}EGK^I8k_d8U%PLE$�*�,+����-�
�PLE�FHEGp�� x UWKHULy

�7j�I8Z �eU��eN^EGp � FHE"UfFHhLp��8KHZ[UiP�I8FoJLKHZ[MLTGZ[J�I8Z[FuT_I8K^I8T�N^EGKHl[F�N^Z[T_I8F PLUfD�KHE_I8P��6I8K��1FGv

� pfU�PLEGV[U PLEoTGUWMLFHZ[F�N�"GMLTGZXI�PLEoV[Z[j}EGK^I8k_d8U JLKHEGqWhLZ[kGUWF^I�E FHh�I8Fb8I8KHZXI8k ��EGF�I)��p PLEopfZ[MLZ[pfZ��_I8K U�M*'LpfEGKHU
PLE�pfEGMLF^I8qWEGMLFoM�IiKHEGPLE"=

� N^]GTGMLZ[T_IiPLE�p('LV\N^Z[JLVXI8FuEGFHTGKHZ\NOI8FoPLU � hLMLZ[M� � ���|�W��" =

� JLKHU8N^U�TGUWV[UWF�PLE�TGUWMLFHZ[F�N�"GMLTGZXIiPLE�Z[M0b8I8V[Z[P�I8k_d8U��eI N^h�I8V[Z��_I8k_d8UiE�rLl[jLKHZ[PLU?=



� � � � � �
		� � 		� �/	 � ��	 ��� � ��� ������	 ��� � � � � � 
�"

� JLKHZ[pfZ\N^Z\b8I8F TGUWpfJ�I N^l\bWEGZ[F TGUWp Ufp  0
 =

� Z[pfJLV[EGpfEGM0NOI8PLU`EGp x UWKHpRI`PLE�jLZ[jLV[Z[U8N^EGT_I>=

� J}U�PLE"FHEGKoE��eEGTGheNOI8PLUREGp KHEGPLEnPLE�� � ��ceY � ��PLE�c�hLMLF7c�J�I8KHT�E�PLEnY tuF =

� J}U�PLE"FHEGKoE��eEGTGheNOI8PLUREGp ��� 
 �}c�UWVXI8KHZ[F �L~�KHEGE � cem En{|Z[M1h	�6��y ��=

� heN^Z[V[Z��_I�JLKHU8N^U�TGUWV[Uia7m Y J�I8K^IipfZ[MLZ[pfZ��_I8K UWF #%0 
���1
���2�nPLUWFoJLKHU8N^U�TGUWV[UWF�PLE�KHEGPLE8y

w F � >1
 
� ��>1�  
�"#"�PLU-D�KHE_I8P��6I8K��1FiU6N^UWKHM�I8p�U-JLKHZ[MLTGZ[J�I8V m"c�� heN^Z[V[Z��_I8PLU M�I-TGUWp`hLMLZ[P�I8PLE@I8T_I8P "GpfZ[T_I
TGUWpfUnMLl\bWEGV}PLE KHE�x EGK$"GMLTGZXInPLE�� >1
 
� ��>1� �8N^Z[pfUWFGy Y�UWK�NOI8M0N^U���M1hLpRI�TGUWpfJ�I8K^I8k_d8UnEGM0N^KHE"m"c�� F �e]7EGFHFHEGMLTGZXI8V
N^EGK�U D�KHE_I8P��6I8K��1F�J�I8K^I E�x EGZ\N^U TGUWpfJ�I8K^I N^Z\bWULyRY�EGVXI heN^Z[V[Z��_I8k_d8U@PLEfp('LV\N^Z[JLV[UWF JLKHU8N^U�TGUWV[UWF"PLE%EGFHTGKHZ\NOI8FnE
PLU pfU�PLEGV[U PLERTGUWMLFHZ[F�N�"GMLTGZXI PLERV[Z[j}EGK^I8k_d8U JLKHEGqWhLZ[kGUWF^I���UWF.� >1
 
� ��>1�RPLU6D�KHE_I8P��6I8K��1F  
0� " F^d8U6j�I8F�NOI8M0N^E
TGUWMLrLEGTGZ[PLUWFoM�IiTGUWp`hLMLZ[P�I8PLE"TGZ[EGM0N^l ��T_I��LN^UWKHM�I8MLPLU � UihLp PLUWFoFHZ[F�N^EGpRI8Fom"c�� pRI8Z[F�heN^Z[V[Z��_I8PLUWFGy

��E���TGZ�"GMLTGZXI2PLU D�KHE_I8P��6I8K��1FR] PLEGKHZ\b8I8P�I2JLKHZ[MLTGZ[J�I8V[pfEGM0N^E PLU�FHEGh pfU�PLEGV[U2PLE TGUWMLFHZ[F�N�"GMLTGZXI��uU PLE
V[Z[j}EGK^I8k_d8U-JLKHEGqWhLZ[kGUWF^Iey �6I8F � U�JLKHZ[MLTGZ[J�I8VuJLKHUWjLV[EGpRI-PLEGF�N^E pfU�PLEGV[U&] I2I8V\NOI-MLEGTGEGFHFHZ[P�I8PLE PLE pfEGp��WKHZXI
MLEGTGEGFHF��8KHZXI&J�I8K^I2I8KHpRI �GEGM�I8K`UWF � �  � PLhLK^I8M0N^E N^U�P�I8F%I8FiFHEGk ��EGF%TGKHl\N^Z[T_I8F`P�I&E��eEGTGhLk_d8U PLU ��
FE � ��" � � 4 y
YgI8K^I I_b8I8V[ZXI8K U D�KHE_I8P��6I8K��1FnPLE�bWE�� FHEfN^EGK�J�I8K��8pfE�N^KHUWF�PLE%EGM0N^K^I8P�I �1hLEfFHE��^I8p hLp TGUWpfJLKHUWpfZ[FHFHU EGM0N^KHE
I@pfEGp��WKHZXIfV[Z\b�KHE�PLU FHZ[F�N^EGpRI�� J�I8K^I �1hLEiU FHZ[F�N^EGpRI@UWJ}EGK^I8TGZ[UWM�I8VgM�d8U@x I8k_I ��0 �L>M> �:E���� EiFHh ��TGZ[EGM0N^E%J�I8K^I
I_b8I8V[ZXI8KuU ��
FE � ��" � � 4 � �1hLEn]�hLp TGUWpfJLKHUWpfZ[FHFHU`EGM0N^KHEnTGUWpfJLheNOI8k_d8U%E�FHZ[MLTGKHUWMLZ��_I8k_d8ULy

� ������� � !����'+4�

w � Z[P 	�I �  � "|heN^Z[V[Z��_I�UfpfU�PLEGV[U`PLE�TGUWMLFHZ[F�N�"GMLTGZXI%PLE�EGM0N^K^I8P�I%J�I8K^I%IipRI8M1heN^EGk_d8UfP�IiTGUWMLFHZ[F�N�"GMLTGZXIey
�uhLFHT_I8MLPLURI8FoI N^h�I8V[Z��_I8k ��EGFuPLUWF P�I8PLUWF J�I8K^I`pRI8M0N^EGKoI`TGUWMLFHZ[F�N�"GMLTGZXI%I8UiFHE x I �GEGK U �*�,+����-�
"PLU%FHEGp��	�

x UWKHU���U�� Z[P 	�I �@PLZ[pfZ[M1hLZ j�I8F�NOI8M0N^E�I �1h�I8M0N^Z[P�I8PLE PLE"TGUWp`hLMLZ[T_I8k_d8U`heN^Z[V[Z��_I8P�I�J�I8K^I`pRI8M0N^EGK�I`TGUWMLFHZ[F�N�"GM �
TGZXI��uj}EGp TGUWpfU�MLU �
���
�2� 
 �uE6I8U TGUWM0N^K��8KHZ[U�P�I�TGUWMLFHZ[F�N�"GMLTGZXI&N^Z[J}U �
���
�2� 
 �uMLEGMLr1hLpRI�Z[Mex UWKHpRI8k_d8U2PLE
TGUWMLFHZ[F�N�"GMLTGZXIiJLKHEGTGZ[F^I%FHEGKoJLKHUWJ�I8q0I8P�IiUWh N^K^I8MLFHpfZ\N^Z[P�Iey

�7j�I8Z �eUiN^EGp � FHE"UfFHhLp��8KHZ[UiP�I8FoJLKHZ[MLTGZ[J�I8Z[FuT_I8K^I8T�N^EGKHl[F�N^Z[T_I8F PLU � Z[P 	�I �}v

� TGUWMLFHZ[F�N�"GMLTGZXIiPLE�EGM0N^K^I8P�I%J�I8K^IipfZ[MLZ[pfZ��_I8K U%M*'LpfEGKHU%PLE�pfEGMLF^I8qWEGMLF J}EGVXI`KHEGPLE"=

� PLE�N^EGTGk_d8U P�I8F pfU�PLZ ��T_I8k ��EGF�P�I8F�b8I8KHZ �_bWEGZ[F�J}UWKgpfEGZ[U PLEuT ��PLZ[qWUWF�Z[M0N^KHU�PLh �GZ[PLUWF�J}UWKghLp TGUWpfJLZ[VXI8PLUWK �
PLEGF�NOIix UWKHpRI`M�d8U%heN^Z[V[Z��_I`I`N^]GTGMLZ[T_I%PLE�p('LV\N^Z[JLVXI8FuEGFHTGKHZ\NOI8FoTGUWMLTGUWKHKHEGM0N^EGF PLU � hLMLZ[M =

� E��eZ[F�N^E�hLp
I8PLpfZ[MLZ[F�N^K^I8PLUWK�PLE�j�I8KHKHEGZ[K^I8F��1hLEnKHEGTGEGj}EGMLPLU I8FopfEGMLF^I8qWEGMLF PLE�I N^h�I8V[Z��_I8k_d8U`b�Z[MLP�I8FoPLE
UWheN^KHUWF�M��WF ��I8F TGUWp`jLZ[M�I���KHEGEGM0b�ZXI8MLPLU%EGF�NOI8F 'LV\N^Z[pRI8F � TGUWp`jLZ[M�I8P�I8F � J�I8K^I`UWF�UWheN^KHUWF M��WF�P�IiKHEGPLE8y

� heN^Z[V[Z��_I�JLKHU8N^U�TGUWV[U`PLEnI N^h�I8V[Z��_I8k_d8ULy
������������)& 	����
 ���	%"���)&���� "! ��! %"! � ������� �� ��!�� %"������4)& ������� "!���
 �������� �%"! ' ����)���:



� � � � � �
		� � 		� �/	 � ��	 ��� � ��� ������	 ��� � � � � � 
�$

� T_I8K^I8T�N^EGKHl[F�N^Z[T_IipRI8Z[F�Z[M0N^EGKHEGFHF^I8M0N^E�PLU � Z[P 	�I � ]�U%pfU�PLEGV[U`PLE�TGUWMLFHZ[F�N�"GMLTGZXIiPLE�EGM0N^K^I8P�I���J}UWK EGV[E�I8PLU �
NOI8PLULy w qWK^I8MLPLEnZ[MLTGUWM0bWEGMLZ[EGM0N^E`PLEGF�N^E�pfU�PLEGV[U �HhLF�NOI8pfEGM0N^E�]�IRI8FHFHU�TGZXI8k_d8URPLEnP�I8PLUWF7TGUWpfJ�I8K�N^Z[r�I8PLUWF I
b8I8KHZ �_bWEGZ[F7PLEiFHZ[MLTGKHUWMLZ��_I8k_d8URE��|PLEGF�N^EipfU�PLU�� I8T_I8j�I@E��eZ[qWZ[MLPLU@PLU hLFHh!�8KHZ[U IRp`hLP�I8MLk_I@M�I@FHh�IRx UWKHpRIRPLE
JLKHUWqWK^I8pRI8K �1U �1hLE J}U�PLE I8T_I8j�I8KuFHEGMLPLU%j�I8F�NOI8M0N^E TGUWpfJLV[Z[T_I8PLU   M" " y w heN^KHU`Z[MLTGUWM0bWEGMLZ[EGM0N^E"] I�PLEGJ}EGMLP "GM �
TGZXIRPLU TGUWpfJLZ[VXI8PLUWKoJ�I8K^I I@Z[MLFHEGKHk_d8U PLUWF"T ��PLZ[qWUWF MLEGTGEGFHF��8KHZ[UWF"J�I8K^I@PLE�N^EGT�NOI8K�I8F"pfU�PLZ ��T_I8k ��EGF7FHU8x KHZ[P�I8F
PLhLK^I8M0N^E`hLpRIRFHEGk_d8U TGKHl\N^Z[T_Iey w TGUWpfJLZ[VXI8PLUWKoqWTGT`EGF�NOI_b8I@FHEGMLPLU pfU�PLZ ��T_I8PLURJ�I8K^IRZ[FHFHU EGp���$�$�
��}J}UWKH]Gp
EGF�N^E�JLKHU �HE�N^URI8J�I8KHEGM0N^EGpfEGM0N^EnM�d8Uix UWZ TGUWMLTGV[hLl[PLULy

� ������� � ��+�� ���

w � h�I8K��1F  $ " ]6hLp Z[pfJ}UWK�NOI8M0N^E m"c�� J}UWK �1hLE x UWZohLp PLUWFRJLKHZ[pfEGZ[KHUWF%m"c�� F@PLE6PLUWpfl[MLZ[U2J�'LjLV[Z[TGU I
FHEGKHEGp Z[pfJLV[EGpfEGM0NOI8PLUWFGygDgI8p`j}]Gp x UWZ hLp PLUWF�JLKHZ[pfEGZ[KHUWF FHZ[F�N^EGpRI8F m"c�� PLE"PLUWpfl[MLZ[UnJ�'LjLV[Z[TGUiI`heN^Z[V[Z��_I8K
I@TGUWMLFHZ[F�N�"GMLTGZXI@PLEiV[Z[j}EGK^I8k_d8URJ�I8K^I I@pfZ[MLZ[pfZ��_I8k_d8U%PLU M*'LpfEGKHU PLEipfEGMLF^I8qWEGMLF"PLEiTGUWMLFHZ[F�N�"GMLTGZXI I N^K^I_bW]GF
P�I`pRI8M1heN^EGMLk_d8UiP�I`pfEGFHpRI`FHUWpfEGM0N^E"MLUWF�J}UWM0N^UWF PLE FHZ[MLTGKHUWMLZ��_I8k_d8U�� �
���
�2� 
"E �*�,+����-�
�ym7E�I8TGUWKHPLUiTGUWp
EGF�N^ERpfU�PLEGV[U�� � �  �RF^d8U N^K^I8MLFHpfZ\N^Z[PLUWF"MLU6pfUWpfEGM0N^U PLU �
���
�2� 
RJ�I8K^I pRI8M0N^EGKnI TGUWMLFHZ[F�N�"GMLTGZXIey �7j�I8Z �eU
N^EGp � FHE�I8FoJLKHZ[MLTGZ[J�I8Z[F�T_I8K^I8T�N^EGKHl[F�N^Z[T_I8F PLU � h�I8K��1FGv

� heN^Z[V[Z��_I`IiTGUWMLFHZ[F�N�"GMLTGZXIiPLE�V[Z[j}EGK^I8k_d8U?=

� I`N^]GTGMLZ[T_IiPLE�p('LV\N^Z[JLV[UWFuJLKHU8N^U�TGUWV[UWF PLE�EGFHTGKHZ\NOIiPLU%PLU � hLMLZ[M� � � �|�W�'" =

� heN^Z[V[Z��_I�KHEGJLV[Z[T_I8k_d8UiPLE�J!�8qWZ[M�I8F�E�JLKHU8N^U�TGUWV[UWF PLEnI N^h�I8V[Z��_I8k_d8U`E�Z[M0b8I8V[Z[P�I8k_d8U?=

� I8F"JLKHZ[pfEGZ[K^I8F bWEGKHF$��EGFnPLU�� h�I8K��1F"heN^Z[V[Z��_I_b8I8p
U J�I8TGU8N^E'> 	-���
���2�fJ�I8K^I PLZ[pfZ[M1hLZ[K U TOr�I_bWE_I8pfEGM0N^U
PLE7TGUWM0N^E���N^U?=LJ}UWKH]Gp FHEGqWhLMLPLUiU`EGF�N^hLPLUiPLE"t�I8K�N^EGK  !C� " �eM�d8U�x I �7MLEGMLr1hLpRI�PLZ\x EGKHEGMLk_I�U�x I N^U�PLE FHEGK
".����	��-	-���
���*
��=

� JLKHZ[pfZ\N^Z\b8I8F TGUWpfJ�I N^l\bWEGZ[F TGUWp UfD�KHE_I8P��6I8K��1F � ��� � ��� ��=

� heN^Z[V[Z��_I�JLKHU8N^U�TGUWV[Uia7m Y E(� # �54�
�	-��=

� KHEGPLE�PLE�c�hLMLF7c�J�I8KHT�EnY tuF =

� Z[pfJLV[EGpfEGM0NOI8PLU`EGp x UWKHpRI`PLE�jLZ[jLV[Z[U8N^EGT_Iey

�7J}EGF^I8KoPLE�N^EGKoT_I8K^I8T�N^EGKHl[F�N^Z[T_I8Foj�I8F�NOI8M0N^E�Z[M0N^EGKHEGFHF^I8M0N^EGF � TGUWpfU%FHEGK PLE�PLUWpfl[MLZ[UiJ�'LjLV[Z[TGUiEnPLEnI8JLKHEGFHEGM0NOI8K
U�pfU�PLEGV[U"PLEoTGUWMLFHZ[F�N�"GMLTGZXI�PLEoV[Z[j}EGK^I8k_d8U����1hLE M�I�]GJ}U�T_I �1h�I8MLPLUnx UWZLVXI8MLk_I8PLU ����$�$ �����0M�d8U�EGK^I�U�PLE pRI8Z[UWK
PLEGFHEGpfJ}EGMLrLU��0U � h�I8K��1F x UWZehLp PLUWF JLZ[UWMLEGZ[KHUWFgJ�I8K^I FHEGKHEGp E��eEGTGheNOI8PLUWFEGp KHEGPLEGF�PLEoY tuFGy �7I KHE_I8V[Z[P�I8PLE��
I8F T_I8K^I8T�N^EGKHl[F�N^Z[T_I8F PLU � h�I8K��1F7F^d8URp`hLZ\N^UfFHEGpfEGV[r�I8M0N^EGF Q8F7PLU � hLMLZ[M ����� �1hLE�FHEGh&TGKHZXI8PLUWK x UWZ�IfpfEGFHpRI
J}EGFHFHU0Ievut�I8K�N^EGKGy

w qWK^I8MLPLEfx I N^UWK�V[Z[pfZ\NOI8M0N^E`PLU � h�I8K��1Fn]RU6pfU�PLEGV[U PLEfTGUWMLFHZ[F�N�"GMLTGZXI �
���
�2� 
�y m7EGFHPLE EGM0NOd8U���x UWK^I8p
JLKHUWJ}UWF�NOI8FuI8V[qWhLpRI8FpfU�PLZ ��T_I8k ��EGF  !C� " EGp
��$�$�"���I N^K^I_bW]GF�PLE7FHZ[p`hLVXI8k ��EGF �0pfUWF�N^K^I8MLPLU �1hLE I8Z[MLP�InJ}U�PLEGKHZXI
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FHEGKRhLp�m"c�� �1hLE6J}U�PLEGKHZXI2TGUWpfJ}E�N^Z[K%TGUWp UWFfPLEGpRI8Z[FGy:Y�UWKH]Gp ��EGF�NOI8F@pfU�PLZ ��T_I8k ��EGF%F�����T_I8K^I8p M�I8F
FHZ[p`hLVXI8k ��EGF � ��� �1hLE I N^] I2I8JLKHEGFHEGM0NOI8k_d8U�PLU&N^K^I8j�I8V[rLU-PLE2��$�$�"��MLEGMLr1hLpRI&MLU b8I-bWEGKHF^d8U�FHhLKHqWZ[h PLEGFHPLE
��$�$��ey

� ������� % � �

w t N��  
�
�� 
 �#" ]-hLp m"c�� PLE-PLUWpfl[MLZ[U�J�'LjLV[Z[TGU�� JLKHU �HE�NOI8PLU J}UWK��"EGV[EGrLEGKGy m I pfEGFHpRI pRI8MLEGZ[K^I
�1hLE�URD�KHE_I8P��6I8K��1F  
0� " �}I8FHFHhLM0N^U@JLKHZ[MLTGZ[J�I8V|P�I%N^EGFHE�PLE �"EGV[EGrLEGK  
0� " �}U t N�� I8JLKHEGFHEGM0NOIRT_I8K^I8T�N^EGKHl[F�N^Z[T_I8F
j�I8F�NOI8M0N^EGF FHEGpfEGV[r�I8M0N^EGF � �1hLE"TGUWpfEGk_I8p M�IiI8PLU�k_d8U`PLUipfEGFHpfU`pfU�PLEGV[U�PLE"TGUWMLFHZ[F�N�"GMLTGZXIev UiPLE V[Z[j}EGK^I8k_d8U
JLKHEGqWhLZ[kGUWF^Iey c�EGqWhLMLPLU EGF�N^E&pfU�PLEGV[U��oI JLKHUWJ�I8q0I8k_d8U P�I8F pfU�PLZ ��T_I8k ��EGFRFHU8x KHZ[P�I8F@PLhLK^I8M0N^E&hLpRI FHEGk_d8U
TGKHl\N^Z[T_I`]nI N^K^I8F^I8P�I%I N^]�IiJLK�� �eZ[pRIiUWJ}EGK^I8k_d8U%PLE$�*�,+����-�
�PLE�FHEGp�� x UWKHULy

c�EGqWhLEGp � FHEnI8FoJLKHZ[MLTGZ[J�I8Z[F�T_I8K^I8T�N^EGKHl[F�N^Z[T_I8F PLURt N��� 
�
 " v

� pfU�PLEGV[U`PLE�TGUWMLFHZ[F�N�"GMLTGZXI%PLE�V[Z[j}EGK^I8k_d8U`JLKHEGqWhLZ[kGUWF^I  
0�#" =

� Z[pfJLV[EGpfEGM0NOI8PLU`TGUWp UWj �HE�N^UWF =

� ".����	��-	-���
���*
���LJ�I8K^IipfZ[MLZ[pfZ��_I8k_d8UnPLUfTOr�I_bWE_I8pfEGM0N^URPLE�TGUWM0N^E���N^U?=

� I8JLKHEGFHEGM0NOI6bWEGKHF$��EGFiJ�I8K^I2c�UWVXI8KHZ[F�E ��� 
 �gpRI8F`I N^]@I6P�I NOI-PLE@I8JLKHEGFHEGM0NOI8k_d8U2PLEGF�N^E@N^K^I8j�I8V[rLU6M�d8U
I8JLKHEGFHEGM0NOIibWEGKHF^d8URJ�I8K^I%{|Z[M1h	�6��y � y

S�p  � ���  L�'" ��pfUWF�N^K^I	� FHE �1hLE J}EGV[U?x I N^UCPLU�t N�� I8PLU8NOI8K UCpfU�PLEGV[U?PLE TGUWMLFHZ[F�N�"GMLTGZXI?PLE V[Z[j}EGK^I8k_d8U
JLKHEGqWhLZ[kGUWF^I��uI8JLKHEGFHEGM0NOI�JLKHUWjLV[EGpRI8FiJ�I8KHEGTGZ[PLUWF%TGUWp U2D�KHE_I8P��6I8K��1FGv6qWK^I8MLPLE �1h�I8M0N^Z[P�I8PLE PLE pfEGp��WKHZXI
MLEGTGEGFHF��8KHZXI%J�I8K^IfI8KHpRI �GEGM�I8KoUWF � �  �nPLhLK^I8M0N^E�N^U�P�I8F I8FoFHEGk ��EGF7TGKHl\N^Z[T_I8F P�I%E��eEGTGhLk_d8URPLE ��
FE � ��" � � 4 � �LU
�1hLE�J}U�PLEnI8T_I8KHKHE�NOI8K U ��0 �L>M> �:E��RPLU%FHZ[F�N^EGpRIiUWJ}EGK^I8TGZ[UWM�I8V EGp TGEGK�NOI8FoTGUWMLPLZ[k ��EGFGy

� ������� � �
+�"�	��

w m"c�� �uK^I �GUWF  !W� � !�
#"�]nU 'LMLZ[TGU@m"c���IfheN^Z[V[Z��_I8K�U ".����	�� ��2��	 � hLpRI%Z[pfJLV[EGpfEGM0NOI8k_d8U%EGp � #��	10 � �
nP�I
TGUWMLFHZ[F�N�"GMLTGZXI PLE%EGFHTGUWJ}U Eib �8KHZ[UWF"pfEGT_I8MLZ[FHpfUWF"I8P�I8JeNOI N^Z\bWUWF"PLE ���*E1	��-"$
fJ�I8K^I I8J}EGK�x EGZ[kGU0I8K"FHEGh�PLEGFHEGp �
J}EGMLrLULy w FHZ[F�N^EGpRI PLE)���*E1	��-"$
oPLU �uK^I �GUWF�])".����	��-	-���
���*
�iJ}EGKHpfZ\N^Z[MLPLU I FHUWjLKHEGJ}UWFHZ[k_d8U�PLE TGUWpfJLheNOI8k_d8U
TGUWp U #%0 
���1
���-PLE%TGUWp`hLMLZ[T_I8k_d8U N^Z[JLZ[T_I8pfEGM0N^EiI8FHFHU�TGZXI8PLU TGUWp � #��	10 � �
 �Rm"c�� FGy w �uK^I �GUWF�J}EGKHpfZ\N^E
�1hLEuUWF�JLKHUWqWK^I8pRI8F�I8JLV[Z[T_I N^Z\bWUWF I8JLKHU bWEGZ\N^EGp UWF�b �8KHZ[UWF JLKHU�TGEGFHF^I8PLUWKHEGF PLE hLpRI p�� �1hLZ[M�I PLEupfEGp��WKHZXI TGUWp �
J�I8K�N^Z[V[r�I8P�I`x l[FHZ[T_I%J}EGV[URhLFHU@PLU ".����	��-	-���
��� �:E����}EGM �1h�I8M0N^U@N^K^I8MLFHJ�I8KHEGM0N^EGpfEGM0N^E`Z[M0N^EGK^I8qWEnTGUWp
URFHZ[F�N^EGpRI
PLE�pfEGp��WKHZXInb�Z[K�N^h�I8V TGUWpfJ�I8K�N^Z[V[r�I8P�Iey

w �uK^I �GUWF`heN^Z[V[Z��_I U ".����	�� ��2��	�FHEGV[E�N^Z\bWU-J�I8K^I6KHEGPLh �GZ[K`U&M*'LpfEGKHU-PLE pfEGMLF^I8qWEGMLF`PLE@TGUWMLFHZ[F�N�"GMLTGZXI-E
Z[pfJLV[EGpfEGM0NOI8K E���TGZ[EGM0N^EGpfEGM0N^E�U%pfU�PLEGV[U`PLE"EGFHTGUWJ}ULy aoN^Z[V[Z��_I�IiZ[pfJLV[EGpfEGM0NOI8k_d8U�EGp � #��	10 � �
�PLUipfU�PLEGV[U
PLEEGFHTGUWJ}U7J�I8K^IoKHEGPLh �GZ[K U M*'LpfEGKHU PLE pfEGMLF^I8qWEGMLF�PLETGUWMLFHZ[F�N�"GMLTGZXIoE U E�x EGZ\N^UoPLUox I8V[FHUoTGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^ULy
� MLTGUWKHJ}UWK^I-NOI8p`j}]Gp U2hLFHU�PLE pfEGT_I8MLZ[FHpfUWF �1hLE I8pfEGMLZ��_I8p U�E�x EGZ\N^U&PLU ".����	�� ��2��	`J}EGVXI&KHEGPLhLk_d8U�P�I8F
� #5> & � 
�	-��I8FHFHZ[p TGUWpfUiUfpfEGT_I8MLZ[FHpfU �1hLE�pfEGV[rLUWK^I`U 	-���#%� �2��> ��	 P�IiKHEGPLE8y
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w �uK^I �GUWF7x UWZ�PLEGFHEGM0bWUWV\b�Z[PLU J�I8K^IfN^Z[K^I8Kob8I8M0NOI8qWEGMLF P�I8F T_I8K^I8T�N^EGKHl[F�N^Z[T_I8F7PLU39:Z[MLPLU�	oF � D � Z[MLTGV[hLFHZ\bWE
U ".����	��-	-���
��� �:E��  �W��� "W�#" JLKHEGEGpfJeN^Z\bWU���FHhLJ}UWK�N^E PLE�".����	�� ��2��	�MLU&D t�Y�� ��Y ��FHhLJ}UWK�N^E p`hLV\N^Z[JLKHU�TGEGFHF^I8PLU
PLU�� D"y w FHZ[F�N^EGpRI �uK^I �GUWF EGp
FHZ�] ".����	��-	-���
���*
��� J}EGKHpfZ\N^Z[MLPLU �1hLE�V[UWMLq0I8F VXI N�"GMLTGZXI8FoPLEnTGUWp`hLMLZ[T_I8k_d8U
I8FHFHU�TGZXI8P�I8F`TGUWp m"c�� FiFHE��^I8p FHhLJ}EGKHJ}UWF�NOI8F%TGUWp JLKHU�TGEGFHF^I8pfEGM0N^ULy Y�EGKHpfZ\N^ERNOI8p`j}]Gp �1hLE JLKHUWqWK^I8pRI8F
N^Z[KHEGp b8I8M0NOI8qWEGp PLUnp`hLV\N^Z[JLKHU�TGEGFHF^I8pfEGM0N^U"V[U�T_I8V y �:TGU�EGK$"GMLTGZXI"EGM0N^KHE UWF/	-���
���2� PLU �uK^I �GUWFEGp M��WF�c��6Y
]�pRI8M0N^Z[P�I`J}EGV[U$��� � �"0 � �
�y

S �eZ[F�N^EGp PLUWZ[F/	-���
���2� JLKHZ[MLTGZ[J�I8Z[FMLU��uK^I �GUWF �1hLE7F^d8U�KHEGFHJ}UWMLF��_bWEGZ[F�J}UWKKHEGFHJ}UWMLPLEGKuK^I8JLZ[P�I8pfEGM0N^E I8UWF
UWheN^KHUWF"JLKHU�TGEGFHFHUWF�E%I J}EGPLZ[PLUWF JLKHE�b�ZXI8pfEGM0N^EiEGM0b�ZXI8PLUWF�J}EGV[U@JLKHU�TGEGFHFHULy w hLFHU PLEihLp 	-���
���&FHEGJ�I8K^I8PLU
J�I8K^I%I N^EGMLPLEGKop('LV\N^Z[JLV[UWFuJ}EGPLZ[PLUWF J}EGKHpfZ\N^E"I8U �uK^I �GUWFopRI8M0N^EGK�b �8KHZ[UWF J}EGPLZ[PLUWFoI8U%pfEGFHpfU`N^EGpfJ}U��LU �1hLE
J}U�PLE"pfEGV[rLUWK^I8K�FHZ[qWMLZ ��T_I N^Z\b8I8pfEGM0N^E U%PLEGFHEGpfJ}EGMLrLULy

YgI8K^I KHEGPLh �GZ[KfU M*'LpfEGKHU PLE6pfEGMLF^I8qWEGMLF@PLE TGUWMLFHZ[F�N�"GMLTGZXI E Z[pfJLV[EGpfEGM0NOI8K%PLE pRI8MLEGZ[K^I2E���TGZ[EGM0N^E&I
TGUWMLFHZ[F�N�"GMLTGZXIiPLE"EGFHTGUWJ}U���U��uK^I �GUWF heN^Z[V[Z��_I`I8F JLKHZ[pfZ\N^Z\b8I8FPLE ".����	�� ��2��	uP�IijLZ[jLV[Z[U8N^EGT_I 9:Z[MLFHU�T�� ��y �eyS�p
hLp I8p`jLZ[EGM0N^E �1hLE@]fp`hLV\N^Z[JLV[E��LI8PLU I8U6V[UWMLqWU PLU N^EGpfJ}U���EGM0b�ZXI8KnhLpRI pfEGMLF^I8qWEGp PLE ".����	�� ��2��	�M�d8U6]
pRI8Z[FgT_I8KHU�PLU �1hLEoEGM0b�ZXI8K�hLpRI pfEGMLF^I8qWEGp J}UWM0N^U�I"J}UWM0N^U��WKHEGPLh �GZ[MLPLU � FHE NOI8M0N^U"U�M*'LpfEGKHU"PLEopfEGMLF^I8qWEGMLF
TGUWpfU%I �1h�I8M0N^Z[P�I8PLE�PLE�j �1N^EGFoN^K^I8MLF�x EGKHZ[PLUWF J�I8K^IipRI8M0N^EGK IiTGUWMLFHZ[F�N�"GMLTGZXIey

� h�I8MLPLU"hLp JLKHU�TGEGFHFHUnTOrLEGq0I�I hLpRI j�I8KHKHEGZ[K^I��WU"pfEGFHpfU EGM0b�ZXI"hLpRI pfEGMLF^I8qWEGp I hLp I8PLpfZ[MLZ[F�N^K^I8PLUWK
EGF�N�� N^Z[TGU?PLE�j�I8KHKHEGZ[K^I8F Z[MLPLZ[T_I8MLPLU �1hLE�UCpfEGFHpfU TOrLEGqWUWh I EGF�N^E J}UWM0N^U?PLE FHZ[MLTGKHUWMLZ��_I8k_d8ULy � h�I8MLPLU
U2I8PLpfZ[MLZ[F�N^K^I8PLUWKnPLE j�I8KHKHEGZ[K^I6KHEGTGEGj}E I&MLU8N^Z ��T_I8k_d8U �1hLE N^U�PLUWFiUWFiJLKHU�TGEGFHFHUWF%TOrLEGq0I8K^I8p � I-j�I8KHKHEGZ[K^I ���
EGV[EfKHEGTGEGj}E@MLEGFHF^I8F`pfEGFHpRI8F�pfEGMLF^I8qWEGMLF`I8F�J!�8qWZ[M�I8F �1hLEfx UWK^I8p Z[M0b8I8V[Z[P�I8P�I8F"J}EGV[UWFnpfEGFHpfUWFGy6S�M0NOd8U�� U
I8PLpfZ[MLZ[F�N^K^I8PLUWKgEGM0b�ZXI�J�I8K^I"T_I8P�I�JLKHU�TGEGFHFHUnhLpRI"pfEGMLF^I8qWEGp TGUWp N^U�P�I8FI8FJ!�8qWZ[M�I8FI"FHEGKHEGp Z[M0b8I8V[Z[P�I8P�I8F �
U M�� �1hLERI8FnZ[M0b8I8V[Z[PLUWh&EfU JLKHU�TGEGFHFHU6EGF�N�� V[Z\b�KHEiJ�I8K^I F^I8Z[K�P�I j�I8KHKHEGZ[K^Iey w F 	-���
���2�REGM0NOd8U Z[K^d8U FHU8x KHEGK
I8Fnx I8V\NOI8F�P�I8F`J!�8qWZ[M�I8F �1hLEfx UWK^I8p KHEGTGEGjLZ[P�I8F�M�I6j�I8KHKHEGZ[K^Iey YgI8K^I6UWjeN^EGK�UWF � �  �@PLE@pfU�PLU6I-I N^h�I8V[Z��_I8K
I8F�J!�8qWZ[M�I8F � U6I8PLpfZ[MLZ[F�N^K^I8PLUWK PLEfT_I8P�I M�� EGM0b�ZXI hLpRI pfEGMLF^I8qWEGp PLE ".����	�� ��2��	"I N^U�PLUWF�UWFnJLKHU�TGEGFHFHUWF
�1hLE`N^EGp T �WJLZXI8F P�I@J!�8qWZ[M�IeynS�FHFHEGFnJLKHU�TGEGFHFHUWF"Z[K^d8U@KHEGFHJ}UWMLPLEGK�TGUWp hLpRIRpfEGMLF^I8qWEGp PLE ".����	�� ��2��	7M�d8U
FHUWpfEGM0N^E�J�I8K^I U"JLKHU�TGEGFHFHU��1hLE J}EGPLZ[h �WpRI8FgNOI8p`j}]Gp J�I8K^I J�I8K^I7UWF�JLKHU�TGEGFHFHUWF �1hLE EGF�NOd8U�M�I � #5> & � 
�	 � V[Z[F�NOI
PLE�M��WF �1hLE�U@JLKHU�TGEGFHFHU@TGUWKHKHEGM0N^EiI8TGKHEGPLZ\NOI%N^EGK hLpRIfT �WJLZXIfP�IfJ!�8qWZ[M�I � y S�F�NOI8F7pfEGMLF^I8qWEGMLF7PLE$".����	�� ��2��	
Z[K^d8U&TGUWM0N^EGK�� �  � �uTGU�PLZ ��T_I8k ��EGF%P�I8F%p`hLP�I8MLk_I8FfFHU8x KHZ[P�I8FiJ}EGVXI2J!�8qWZ[M�I&PLhLK^I8M0N^E6I�'LV\N^Z[pRI-Z[M0b8I8V[Z[P�I8k_d8ULy
Y�KHU�TGEGFHFHUWF �1hLE&JLKHEGTGZ[F^I8p�PLUWF � �  �&E �1hLE2I8Z[MLP�I M�d8U FHU8x KHEGK^I8p x I8V\NOI�PLE-J!�8qWZ[M�I8FRZ[K^d8U KHEGTGEGj}EGK�� �  �
Z[MLPLZ[KHE�N^UWFoJ}UWKoEGFHF^I8F J!�8qWZ[M�I8F � TGUWp
IfZ[M0N^EGMLk_d8URPLE�N^K^I �GEGK I%J!�8qWZ[M�IfI N^h�I8V[Z��_I8P�I%I8M0N^EGF I%x I8V\NOIiPLE�J!�8qWZ[M�I
KHEGFHhLV\NOI8M0N^E�P�IiU�TGUWKHK$"GMLTGZXIiPLE�J!�8qWZ[M�I`Z[M0b �8V[Z[P�Iey

�7I���qWhLK^I�
ey\���uUWFfJLKHU�TGEGFHFHUWFRY��� Y � E6Y �&T_I8P�I�hLp EGFHTGKHE�bWEGp �:9 � � ���;9 ���	�iE 9 � �����`EGp hLpRI
pfEGFHpRI%J!�8qWZ[M�I%TGUWpfJ�I8K�N^Z[V[r�I8P�I%I8V[qWhLp N^EGpfJ}U@I8M0N^EGF7P�IRJLKHZ[pfEGZ[K^Iij�I8KHKHEGZ[K^I%j�I8KHKHEGZ[K^Iey �7J �WF IfJLKHZ[pfEGZ[K^I
j�I8KHKHEGZ[K^IRT_I8P�I@JLKHU�TGEGFHFHU V�"�hLp�b8I8V[UWK EGFHTGKHZ\N^U UWK UWheN^KHU@JLKHU�TGEGFHFHU Z[MLPLZ[T_I8PLU@J}UWK � � � ����� ���	�oE � � ��� y w F
J}EGPLZ[PLUWF`F^d8U2pfUWF�N^K^I8PLUWF`J}UWK���EGTOr�I8FiN^K^I8TGE��^I8P�I8FiE I8FiKHEGFHJ}UWF�NOI8F%J}UWK`V[Z[MLr�I8F�TGUWM0N^l[qWh�I8FGy � U&N^U8NOI8V ��� �
pfEGMLF^I8qWEGMLF%J}UWM0N^U I2J}UWM0N^U2F^d8U�heN^Z[V[Z��_I8P�I8F`J�I8K^I2I N^h�I8V[Z��_I8K`UWF%JLKHU�TGEGFHFHUWF@Y���uY � E Y � �uE FHUWpfEGM0N^E 

�1h�I8MLPLUnFHE heN^Z[V[Z��_I7U ".����	�� ��2��	 y w JLKHU�TGEGFHFHU�Y 
"NOI8p`j}]Gp KHEGTGEGj}E(� �  �7Z[MLPLZ[KHE�N^UWF�P�I"J!�8qWZ[M�I��0EGp`j}UWK^I"EGV[EGF
M�d8U%FHE��^I8p heN^Z[V[Z��_I8PLUWFGy

� UWheN^K^I@qWK^I8MLPLE`b8I8M0NOI8qWEGp�]%I EGTGUWMLUWpfZXIRPLE � �  �%J}EGV[U@hLFHU PLU ".����	�� ��2��	 � J}UWZ[F EGp UWheN^KHUWF�m"c�� F
TGUWpfUiUiD�KHE_I8P��6I8K��1F � ]"MLEGTGEGFHF��8KHZ[UfpRI8M0N^EGK�hLpRI`V[Z[F�NOI`PLUWF � �  ��J�I8FHF^I8PLUWF I N^] �1hLE�UWF UWheN^KHUWF JLKHU�TGEGFHFHUWF
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P0

P1

P2

P3

R(0)

R(2)

R(1)

ponto a ponto

tempo
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P1

W(0)

W(1)

W(2)W(2)

W(1)

W(0)

R(0)

R(2)

R(1)

tempo

multicast

~gZ[qWhLK^I 
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qWK^I N �WKHZ[UiEnJLKHU�PLheN^UWK � TGUWMLFHhLpfZ[PLUWK F^d8URI8PLpfZ[MLZ[F�N^K^I8P�I8F EGp+pfU�PLU ���:E�� ��
 0 ���-	�
��iEGM �1h�I8M0N^U �1hLE�I8Fox I8V[F^I	�
pfEGM0N^ETGUWpfJ�I8K�N^Z[V[r�I8P�I8F F^d8U7I8PLpfZ[MLZ[F�N^K^I8P�I8F|EGp pfU�PLU�".����	�� > ��
 0 ���-	�
�� y � TGU�EGK$"GMLTGZXIo]pRI8M0N^Z[P�I J}UWK pfEGZ[U
PLE�Z[M0b8I8V[Z[P�I8k ��EGF �8pRI8F I8F�I N^h�I8V[Z��_I8k ��EGFgF^d8U"heN^Z[V[Z��_I8P�I8F�J}UWKgP�I8PLUWF�JLKHU8N^EGqWZ[PLUWFgTGUWM0N^K^I(��# �54 �oEGp TGUWpfJ}UWK�NOI	�
pfEGM0N^UWF pfZ[qWK^I N �WKHZ[UWF E P�I8PLUWF JLKHU8N^EGqWZ[PLUWFTGUWM0N^K^I�j�I8KHKHEGZ[K^I8FEGp TGUWpfJ}UWK�NOI8pfEGM0N^UnJLKHU�PLheN^UWK � TGUWMLFHhLpfZ[PLUWKGy

w F KHEGFHhLV\NOI8PLUWF PLE � UWMLMLEGK^I N  �8� "LpfUWF�N^K^I8K^I8p �1hLE U � m"c�� TGUWMLFHEGqWhLE FHhLJ}EGK^I8K U"D�KHE_I8P��6I8K��1F�EGp I N^]
�	����� E UiD�KHE_I8P��6I8K��1F I8P�I8JeNOI N^Z\bWU`EGp �M!��@y �6I8F �LTGhLKHZ[UWF^I8pfEGM0N^E��eUiEGF�N^hLPLUipRI8Z[FuKHEGTGEGM0N^E"PLE �7p �_I  � " �
I N^K^I_bW]GF"PLE�N^]GTGMLZ[T_I8F"I8P�I8JeNOI N^Z\b8I8F I8JLV[Z[T_I8P�I8F I8U@D�KHE_I8P��6I8K��1F �|TGUWMLFHEGqWhLEipfEGV[rLUWK^IRFHhLjLF�NOI8MLTGZXI8VgFHUWpfEGM0N^E
EGp+I8V[qWhLMLF J}UWhLTGUWFoJLKHUWqWK^I8pRI8F �eTOr�I_bWE_I8MLPLU � FHE�PLE�pfU�PLU ".����	�� > ��
 0 ���-	�
��`J�I8K^I$���:E�� ��
 0 ���-	�
�� y
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) hLp JLKHU �HE�N^U-PLEfhLp p`hLV\N^Z[JLKHU�TGEGFHF^I8PLUWK"TGU�EGKHEGM0N^E@I ��*� �1
 ��UWMLPLEfUWF�JLKHU�TGEGFHF^I8PLUWKHEGF�EGF�NOd8U-I8qWKHhLJ�I8PLUWF
EGp ��������	�
��� �|E%EGp T_I8P�I ��������	�
���� TGUWpfJ�I8K�N^Z[V[r�I8p+U pfEGFHpfU�������y w F b �8KHZ[UWF ��������	�
���fEGF�NOd8U TGUWMLEGT�NOI8PLUWF
IfhLpRI%KHEGPLE�EGp "$
 � ��y m7EGM0N^KHU@PLU���������	�
����}IfTGU�EGK$"GMLTGZXIf]�PLUfN^Z[J}U �FE # #5> &@E�UfJLKHU8N^U�TGUWV[UfPLE�TGU�EGK$"GMLTGZXI
]Rj�I8FHE_I8PLU&EGp�PLZ[KHE�N �WKHZ[UWFGy w JLKHU8N^U�TGUWV[U PLE@TGUWMLFHZ[F�N�"GMLTGZXI6]Rj�I8FHE_I8PLU&EGp�Z[M0b8I8V[Z[P�I8k ��EGF�E@U-pfU�PLEGV[U PLE
TGUWMLFHZ[F�N�"GMLTGZXIi]�PLU%N^Z[J}U �
���
�2� 
�M�I8FoV[Z[MLr�I8F�PLU���*� �1
�y

����� � � 	�	���� ��� �
	����� �

�7V[qWhLMLFuUWheN^KHUWFuFHZ[F�N^EGpRI8F�TGUWpfU�U � PLFHpfZ\N^r  
 " ��t�I8FHrLEGpfEGKHE  � � " �Lm���Y t� �	� " �L{ I8KHTOr�I8M0N  
�� " � � Z[K^I8qWE   M$#" �
Y�EGKHEGqWKHZ[MLE  �C$ " ��Y�KHU8N^EGhLF  "e� " � c�r�I8F�NOI  �C " � c� I� ���6Y
 !8� " � c�Z[pfJLV[E t w � �  !�� " � c1N�� V[Z[j� � � " � NU8N^E  "0�#"oE
9:Z[MLPiD�hLMLMLEGV  " � "�M�d8U x UWK^I8p PLE�NOI8V[r�I8PLUWF J}UWK �1hLE M�d8U N^EGp KHEGV[E�b �8MLTGZXI7x hLMLP�I8pfEGM0NOI8VeJ�I8K^I7EGF�N^E N^K^I8j�I8V[rLULy



� ����� � � ��
 �

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

� EGF�N^EnT_I8JLl\N^hLV[U��eF^d8URI8JLKHEGFHEGM0NOI8P�I8F E �HhLF�N^Z ��T_I8P�I8F I8FoJLKHZ[MLTGZ[J�I8Z[F�T_I8K^I8T�N^EGKHl[F�N^Z[T_I8F PLUfFHZ[F�N^EGpRI%m"c�� �7I8h �
N^Z[V[hLFGy
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�:JLKHZ[MLTGZ[J�I8V�pfU8N^Z\b8I8k_d8U"P�InTGKHZXI8k_d8U�PLU �7I8heN^Z[V[hLF�] PLEGFHEGM0bWUWV\bWEGK�hLp m"c�� �1hLE7I8JLKHEGFHEGM0NOI�hLp pfU�PLEGV[U�PLE
TGUWMLFHZ[F�N�"GMLTGZXInPLE7pfEGp��WKHZXI"E���TGZ[EGM0N^E��ePLE7Z[pfJLV[EGpfEGM0NOI8k_d8U�FHZ[pfJLV[EGF E �1hLE JLKHUWJ}UWKHTGZ[UWMLE j}UWMLF � >1
 
� ��>1�  
W�#" y
w �7I8heN^Z[V[hLF7I8JLKHEGFHEGM0NOI@hLpRIfZ[M0N^EGK�x I8TGEnFHZ[pfJLV[EGF TGUWp
U@hLFHh!�8KHZ[UREnNOI8p`j}]Gp+]�TGUWpfJ�I N^l\bWEGV�TGUWp
URD�KHE_I8P �
�6I8K��1FoE���� � ��� ��y

w �7I8heN^Z[V[hLF FHEGqWhLEnIiN^EGMLP "GMLTGZXI%Z[M0N^EGKHM�I8TGZ[UWM�I8V ��FHEGMLPLURZ[pfJLV[EGpfEGM0NOI8PLU`EGp x UWKHpRI`PLE�jLZ[jLV[Z[U8N^EGT_Iey
w �7I8heN^Z[V[hLFI8JLKHEGFHEGM0NOInhLpRI"UWKHq0I8MLZ��_I8k_d8U�j�I8FHE_I8P�I�EGp J!�8qWZ[M�I8FGy�c�EGqWhLMLPLU�EGF�N^E EGF �1hLEGpRI��eI8FJ!�8qWZ[M�I8F

F^d8U KHEGJLV[Z[T_I8P�I8F7EGM0N^KHE`b �8KHZ[UWF M��WF PLU ��������	�
����|J}EGKHpfZ\N^Z[MLPLURp('LV\N^Z[JLVXI8FoV[EGZ\N^hLK^I8F7EiEGFHTGKHZ\NOI8F � J}UWK�NOI8M0N^U J}EGK �
pfZ\N^Z[MLPLUij}UWMLF � >1
 
� ��>1��y�aoN^Z[V[Z��_I�URpfEGT_I8MLZ[FHpfU%PLE�p('LV\N^Z[JLVXI8F�EGFHTGKHZ\NOI8F TGUWMLTGUWKHKHEGM0N^EGF7PLU � hLMLZ[M� � � � �W��" �
UWj �HE�N^Z\b8I8MLPLU%KHEGPLh �GZ[K U%x I8V[FHUiTGUWpfJ�I8K�N^Z[V[r�I8pfEGM0N^ULy

w JLKHU8N^U�TGUWV[U PLE TGUWMLFHZ[F�N�"GMLTGZXI�I8PLU8NOI8PLU�J}EGV[U �7I8heN^Z[V[hLFg]oU"PLEoZ[M0b8I8V[Z[P�I8k_d8U7J}UWK �1hLE�b �8KHZ[UWF EGF�N^hLPLUWF/ � � �
�W��� �W� � 
0�#"|pfUWF�N^K^I8K^I8p �1hLE�EGF�N^E"N^Z[J}UiPLE"pfEGT_I8MLZ[FHpfUiJLKHU b#"�j}UWMLF � >1
 
� ��>1��J�I8K^IiPLZ\x EGKHEGM0N^EGF I8JLV[Z[T_I8k ��EGF
qWEGML]GKHZ[T_I8FGy

w pfU�PLEGV[URPLE`TGUWMLFHZ[F�N�"GMLTGZXI I8PLU8NOI8PLU ]`U PLE`EGFHTGUWJ}U��|E �1hLEi]`Z[pfJLV[EGpfEGM0NOI8PLU@I N^K^I_bW]GF"PLU JLKHU8N^U�TGUWV[U
PLE�TGU�EGK$"GMLTGZXIij�I8FHE_I8PLUfEGp ��# �54 � �LTGUWp Z[M0b8I8V[Z[P�I8k ��EGFGy

w �7I8heN^Z[V[hLF%] PLZ\x EGKHEGM0N^E PLUWFfUWheN^KHUWFfFHZ[F�N^EGpRI8Ffm"c�� FRE��eZ[F�N^EGM0N^EGFREGp b �8KHZ[UWFfI8FHJ}EGT�N^UWF  
�$��; 
 �; � " y
Y�KHZ[pfEGZ[KHU��WI�FHh�InZ[pfJLV[EGpfEGM0NOI8k_d8U ]�".����	��-	-���
���*
��� � TGUWp JLKHU�TGEGFHFHUWF V[E�bWEGF heN^Z[V[Z��_I8MLPLU"UnJ�I8TGU8N^E > 	-���
���2� �
pfZ[MLZ[pfZ��_I8MLPLU�� J}UWK�NOI8M0N^U��8U"TOr�I_bWE_I8pfEGM0N^U�PLE�TGUWM0N^E���N^ULy �7V[]Gp PLZ[FHFHU��8NOI8p`j}]Gp M�d8U heN^Z[V[Z��_IoU FHZ[M�I8VLc ��z � w
� J�I8K^IiPLE�N^EGTGk_d8URP�I%TOrLEGq0I8P�I%PLEnhLpRIipfEGMLF^I8qWEGp � y w �7I8heN^Z[V[hLFoI8PLpfZ[MLZ[F�N^K^I`I%pfEGp��WKHZXI�TGUWpfJ�I8K�N^Z[V[r�I8P�I
heN^Z[V[Z��_I8MLPLU�U EGF �1hLEGpRI �1#%"$
F6 � �2� 
���uTGUWpfU U ��� � ��� � x I ��� J}UWKH]Gp�TGUWp hLpRI EGF�N^KHheN^hLK^I PLE6PLZ[KHE�N �WKHZ[U
�1hLE%TGUWM0N^]Gp N^U�P�I8F�I8F"J!�8qWZ[M�I8F � I8U Z[M0bW]GFnPLEiFHUWpfEGM0N^E%hLpRI@EGF�N^KHheN^hLK^I ��*� �1
��� Z[F�N^U ]��|TGUWp I8F"J!�8qWZ[M�I8F
KHEGV[E�b8I8M0N^EGF ��TGUWpfU%Z[pfJLV[EGpfEGM0NOI8PLU`MLU���� � ��� ��y

� Z[pfJLV[EGpfEGM0NOI8k_d8U`P�I%I8PLpfZ[MLZ[F�N^K^I8k_d8U`PLE�pfEGp��WKHZXI�FHEGqWhLEnU%JLKHU8N^U�TGUWV[UiPLE�TGU�EGK$"GMLTGZXI ��# �5476 � �2� 
�8y

�W�
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��� Z[pfJLV[EGpfEGM0NOI8PLU%EGp
JLVXI NOI x UWKHpRI%{|Z[M1h	� �}heN^Z[V[Z��_I8K�URpfU�PLEGV[UfPLE�TGUWM �
FHZ[F�N�"GMLTGZXI PLE&EGFHTGUWJ}U�� U �7I8heN^Z[V[hLFR]�'LMLZ[TGU TGUWp�N^U�P�I8F@EGF�NOI8F T_I8K^I8T�N^EGKHl[F�N^Z[T_I8FGy �7F T_I8K^I8T�N^EGKHl[F�N^Z[T_I8FRPLU
�7I8heN^Z[V[hLF�J}U�PLEGp FHEGK b�Z[F�NOI8FoMLU%Z\N^EGp �Wy  Ly
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m7E�b�Z[PLU Q8F b8I8M0NOI8qWEGMLF"PLU pfU�PLEGV[U@PLEiTGUWMLFHZ[F�N�"GMLTGZXI PLEiEGFHTGUWJ}U EiPLE�b�Z[PLU Q FHZ[pfJLV[Z[TGZ[P�I8PLEnPLEiFHh�I Z[pfJLV[E��
pfEGM0NOI8k_d8U��LU �7I8heN^Z[V[hLFoI8PLU8N^UWh EGF�N^E�pfU�PLEGV[U�� �1hLE�x UWKHMLEGTGE�j}UWMLF � >1
 
� ��>1�  
 � �H 1�#" y

�7d8Uix UWK^I8p I8PLU8NOI8PLUWFGv

�WyopfU�PLEGV[U&PLE TGUWMLFHZ[F�N�"GMLTGZXI2PLE V[Z[j}EGK^I8k_d8U&JLKHEGqWhLZ[kGUWF^I2J}UWK �1hLE EGF�N^E6I8T_I8j�I2heN^Z[V[Z��_I8MLPLU&hLpRI&qWK^I8MLPLE
�1h�I8M0N^Z[P�I8PLE%PLE%pfEGp��WKHZXIRJ�I8K^I I8KHpRI �GEGM�I8K N^U�PLUWF�UWF$� �  �fPLEiN^U�P�I8FnI8F�FHEGk ��EGFnTGKHl\N^Z[T_I8F UWh I N^]%U
JLKHU�TGEGFHFHU-PLERTGUWV[E�NOI PLERV[Z �eU FHEGK�E�x E�N^h�I8PLULy w heN^KHU6JLKHUWjLV[EGpRI ]RU #%0 
���1
����J�I8K^I6I UWjeN^EGk_d8U6PLUWF
� �  �nPLE"b �8KHZ[UWF�M��WFoPLZ[F�N^Z[M0N^UWFGy

��yopfU�PLEGV[U�PLE"TGUWMLFHZ[F�N�"GMLTGZXI`PLE EGM0N^K^I8P�IiJ}UWK �1hLE��LJ�I8K^IiI8FHFHU�TGZXI8KuP�I8PLUWF TGUWpfJ�I8K�N^Z[V[r�I8PLUWFuI`FHEGp�� x UWKHUWF �
U`JLKHUWqWK^I8pRI8PLUWKPLE�bWE"pfU�PLZ ��T_I8KFHEGhLF JLKHUWqWK^I8pRI8F �1U �1hLE J}U�PLE7FHEGK�PLZ\x l[TGZ[V �0PLEGJ}EGMLPLEGMLPLUiP�I8F�EGF�N^KHh �
N^hLK^I8F PLE�P�I8PLUWFoMLEGV[E�TGUWM0N^Z[P�I8F �LJ}U�PLEGMLPLUfTGUWpfJLKHUWpfE�N^EGK�j�I8F�NOI8M0N^E�IiTGUWpfJ�I N^Z[jLZ[V[Z[P�I8PLE8y


eyopfU�PLEGV[U-PLE TGUWMLFHZ[F�N�"GMLTGZXI2PLE V[Z[j}EGK^I8k_d8U&J}UWK �1hLE��uI8J}EGF^I8K%PLE x �8TGZ[V�Z[pfJLV[EGpfEGM0NOI8k_d8U��I8T_I8j�I&qWEGK^I8M �
PLU hLpRI qWK^I8MLPLE �1h�I8M0N^Z[P�I8PLE%PLEfpfEGMLF^I8qWEGMLF  
0�#"PLE�b�Z[PLU-I KHEGJLV[Z[T_I8k_d8U P�I8F�J!�8qWZ[M�I8F�E%U EGM0b�Z[U PLE
pfEGMLF^I8qWEGMLF PLE�TGUWMLFHZ[F�N�"GMLTGZXIiJ�I8K^I`pRI8M0N�"�� VXI8F �ej}EGp TGUWpfU%IiKHEGTGEGJ}k_d8U%pfEGMLF^I8qWEGMLFoPLE"TGUWMLFHZ[F�N�"GMLTGZXI
� TGUWM0N^EGMLPLU�� �  � � �1hLE�M�d8U%b8d8U%pRI8Z[F�FHEGKoheN^Z[V[Z��_I8P�I8F�M1hLp x heN^hLKHU%JLK�� �eZ[pfULy

� pRI8Z[UWKHZXInPLUWFoI8JLV[Z[T_I N^Z\bWUWFuEGFHTGKHZ\N^UWFoJ�I8K^IiTGUWMLFHZ[F�N�"GMLTGZXIiPLE"V[Z[j}EGK^I8k_d8U`JLKHEGqWhLZ[kGUWF^IiE�PLE"V[Z[j}EGK^I8k_d8U`J}U�PLEGp
FHEGK�E��eEGTGheNOI8PLUWF MLU`pfU�PLEGV[UnPLE EGFHTGUWJ}U`FHEGp MLEGMLr1hLpRI`UWh@TGUWp I8V[qWhLpRI8FJ}E �1hLEGM�I8F pfU�PLZ ��T_I8k ��EGFGy m7EGF�NOI
x UWKHpRI���UWF�JLKHUWqWK^I8pRI8F�PLEGFHEGM0bWUWV\b�Z[PLUWF`J�I8K^I6U6D�KHE_I8P��6I8K��1F � � h�I8K��1F�E���� � ��� � J}U�PLEGp FHEGKnx I8TGZ[V[pfEGM0N^E
J}UWK�NOI8PLUWF%J�I8K^I2U �7I8heN^Z[V[hLF �j�I8F�NOI8MLPLU � FHE hLpRI2FHZ[pfJLV[EGF`N^KHU�T_I&P�I8FfJLKHZ[pfZ\N^Z\b8I8F�E P�I2Z[MLZ[TGZXI8V[Z��_I8k_d8U6PLUWF
JLKHUWqWK^I8pRI8FGy
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w �7I8heN^Z[V[hLFoI8PLU8NOIiU%JLKHU8N^U�TGUWV[UiPLE�TGU�EGK$"GMLTGZXI ��# �5476 � �2� 
�8y � ��qWhLK^If��y "%KHEGFHhLpfE�U%PLZXI8qWK^I8pRI�PLE�EGF�NOI8PLUWF
J�I8K^IiEGF�N^E�JLKHU8N^U�TGUWV[ULy

w ��� � ��� �  �8� "7FHUWpfEGM0N^E TGUWM0N^]Gp�Z[Mex UWKHpRI8k ��EGFiP�I8FRJ!�8qWZ[M�I8F���*� �1
�?EGp T_I8P�I M�����J}UWK �1hLE  h� �8� "
I8KHqWhLpfEGM0NOI��1hLE7Z[F�N^UnKHEGPLh �7U #%0 
���1
���%PLU�FHZ[F�N^EGpRIey�m7E pRI8MLEGZ[K^I�TGUWM0N^K��8KHZXI��0MLU �7I8heN^Z[V[hLF �0pRI8M0N�"Gp � FHE7I
EGF�N^KHheN^hLK^I%PLE�PLZ[KHE�N �WKHZ[UiP�I8FoJ!�8qWZ[M�I8F V[U�T_I8V �eZ[F�N^U%]���EGp N^U�PLUWFoUWFoM��WF ��J}UWZ[F EGVXIiM�d8UfU�TGhLJ�Iip`hLZ\N^U%EGFHJ�I8kGU
PLE%pfEGp��WKHZXI�� ��� �1hLEfTGUWM0N^]Gp I8J}EGM�I8F�Z[Mex UWKHpRI8k ��EGF KHEGV[E�b8I8M0N^EGF ��EfI8U TGUWM0N^K��8KHZ[U���I8h	�eZ[V[ZXIRU I8hLpfEGM0N^U PLE
� >1
 
� ��>&PLU%FHZ[F�N^EGpRIey
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w F JLKHUWJLKHZ[E�N��8KHZ[UWFP�I8F J!�8qWZ[M�I8F MLU �7I8heN^Z[V[hLFM�d8U�EGM0b�ZXI8p � �  � J�I8K^I�UWheN^KHUWFuM��WF ��TGUWMex UWKHpfEoU�pfU�PLEGV[U
PLE EGFHTGUWJ}ULy �7FHFHZ[p �MLUWF%M��WF �1#%"$
 P�I8F%J!�8qWZ[M�I8F �M�d8U�E��eZ[F�N^E I2MLEGTGEGFHFHZ[P�I8PLE PLE TGKHZXI8k_d8U2E EGM0b�Z[U�PLUWF
� �  � �1pfZ[MLZ[pfZ��_I8MLPLU � FHE U�M*'LpfEGKHU`PLE pfEGMLF^I8qWEGMLFuJ�I8K^I�UWjeN^EGMLk_d8U`PLUWFupfEGFHpfUWF PLE7b �8KHZ[UWF M��WF ��E7NOI8p`j}]Gp
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t�I8P�I&M���I8qWE TGUWpfU&hLpRI-J�I8K�N^E P�I&pfEGp��WKHZXI6TGUWpfJ�I8K�N^Z[V[r�I8P�Iey w hLFHh!�8KHZ[U&M�d8U2J}U�PLE EGFHTGUWV[rLEGK%I&PLZ[F �
N^KHZ[jLhLZ[k_d8UiZ[MLZ[TGZXI8V}PLUWFoP�I8PLUWFGy

� U��7I8heN^Z[V[hLF  
�$ �M L��" �1F^d8Unx EGZ\N^UWFI8TGEGFHFHUWFuFHEGp MLEGMLr1hLp #%0 
���1
���%Q8F J!�8qWZ[M�I8F �1hLE J}EGK�N^EGMLTGEGp I8UWFM��WF
�1#%"$
 ��y Y �8qWZ[M�I8F7KHEGpfU8NOI8F7F^d8URN^K^I �GZ[P�I8F7PLU FHEGh&M�� �1#%"$
`E�TGUWV[U�T_I8P�I8F7V[U�T_I8V[pfEGM0N^E��}J}UWK�NOI8M0N^U ��T_I8p�MLU
EGF�NOI8PLU ��*� �1
��� J�I8K^I FHhLjLFHE �18LEGM0N^EGF�x heN^hLKHUWFnI8TGEGFHFHUWFGy w EGMLPLEGKHEGkGU6V �WqWZ[TGU@P�I8F�J!�8qWZ[M�I8F"]%U pfEGFHpfU EGp
N^U�PLUWF�UWF�M��WF � NOI8M0N^U J�I8K^I I J!�8qWZ[M�I MLU M����1#%"$
 � TGUWpfU J�I8K^I I8F ��*� �1
���|U �1hLEREGV[Z[pfZ[M�IfN^K^I8MLFHVXI8k ��EGF �
J}EGKHpfZ\N^Z[MLPLU`hLpRI`b�Z[F^d8U%hLMLZ\x UWKHpfE P�IipfEGp��WKHZXI�TGUWpfJ�I8K�N^Z[V[r�I8P�I�EGp N^U�PLUWF UWFoM��WFoP�I%KHEGPLE8y

w �7I8heN^Z[V[hLF] T_I8J�I �7PLE FHhLJ}UWK�NOI8K pfEGp��WKHZXI TGUWpfJ�I8K�N^Z[V[r�I8P�I"j}EGp pRI8Z[UWK�PLU �1hLE InpfEGp��WKHZXI7x l[FHZ[T_I�PLE
T_I8P�IiM��fPLU%FHZ[F�N^EGpRIey
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w �7I8heN^Z[V[hLF�PLZ[FHJ ��E"PLUWFoFHEGqWhLZ[M0N^EGF EGV[EGpfEGM0N^UWF J�I8K^I%FHZ[MLTGKHUWMLZ��_I8k_d8ULv

� j�I8KHKHEGZ[K^I8F =

� FHEGp�� x UWKHUWFGy

� Z[pfJLV[EGpfEGM0NOI8k_d8U�PLE6j�I8KHKHEGZ[K^I8FRMLU �7I8heN^Z[V[hLF%]-TGEGM0N^K^I8V[Z��_I8P�I���Z[F�N^U ]��ohLp�M�� FHE6KHEGFHJ}UWMLF^I8jLZ[V[Z��_I�J}UWK
KHEGTGEGj}EGK�I8F�pfEGMLF^I8qWEGMLFnPLEfEGM0N^K^I8P�I M�I j�I8KHKHEGZ[K^IeyfYgI8K^I pfZ[MLZ[pfZ��_I8K U M*'LpfEGKHU PLE%pfEGMLF^I8qWEGMLFnEGpfZ\N^Z[P�I8F
M�IiKHEGPLE��}I8F pfEGMLF^I8qWEGMLF PLE�FHZ[MLTGKHUWMLZ��_I8k_d8UiTGUWM0N^]Gp+Z[Mex UWKHpRI8k ��EGF�PLE�TGUWMLFHZ[F�N�"GMLTGZXIey

�7F�pfEGMLF^I8qWEGMLFgPLE EGM0N^K^I8P�I PLE j�I8KHKHEGZ[K^IoF^d8U pfEGMLF^I8qWEGMLFgEGpfZ\N^Z[P�I8F|J}UWK T_I8P�I hLp PLUWF�M��WF�J�I8K�N^Z[TGZ[J�I8M0N^EGF
PLU6JLKHU�TGEGFHFHU�� E��eTGE�N^U&J}EGV[U6M�� �1hLE@]fU-FHEGK�b�Z[PLUWKnPLERj�I8KHKHEGZ[K^Iey S�F�NOI8F�pfEGMLF^I8qWEGMLF�F^d8U-EGpfZ\N^Z[P�I8F�J�I8K^I U
FHEGK�b�Z[PLUWK PLE`j�I8KHKHEGZ[K^Iey"S�F�NOI8F"pfEGMLF^I8qWEGMLF �|I8V[]Gp
PLE`Z[MLPLZ[T_I8K �1hLEiU@M�� TOrLEGqWUWh2Q@j�I8KHKHEGZ[K^I��}TGUWM0N^]Gp hLpRI
V[Z[F�NOI-TGUWp I8F%J!�8qWZ[M�I8F �1hLE x UWK^I8p pfU�PLZ ��T_I8P�I8FiJ}EGV[U&M�� �.0 ���-	�
F6 E #%	�� � 
 � F���P�I �1hLEGV[E M�� �1hLE EGM0b�Z[UWhCI
pfEGMLF^I8qWEGp�PLE@TOrLEGq0I8P�I&Q6j�I8KHKHEGZ[K^I � y&S�F�N^E pfEGFHpfU6M���� �1h�I8MLPLU-N^U�P�I8F`I8F`pfEGMLF^I8qWEGMLFiPLE@TOrLEGq0I8P�I-PLE
j�I8KHKHEGZ[K^I ���"x UWK^I8p KHEGTGEGjLZ[P�I8F �1pfUWM0NOI�hLpRI"pfEGMLF^I8qWEGp PLE(���# ���*��2��	 �1hLE TGUWM0N^]Gp N^U�PLUWFUWF 0 ���-	�
F6 E #%	�� � 
 �
PLEoN^U�PLUWFUWF M��WF ��Z[MLTGV[hLFHZ\bWE I8FPLU�FHEGK�b�Z[PLUWKGy�S�F�NOInpfEGMLF^I8qWEGp PLE(���# ���*��2��	 J�I8K^I�N^U�PLUWFUWF M��WF ��I_b�Z[F^I8MLPLU
�1hLEnFHE"N^K^I NOI%PLE�hLpRIiF^I8l[P�I%PLE�j�I8KHKHEGZ[K^I��L]�EGpfZ\N^Z[P�I`J�I8K^IiN^U�PLUWF UWF M��WFGyuS�F�N^EGF7I8UfKHEGTGEGj}EGKHEGp � M�I���EGF�NOd8U
FHZ[MLTGKHUWMLZ��_I8PLUWFGy t�I8P�I M�� �1hLE-KHEGTGEGj}E2I pfEGMLF^I8qWEGp�PLE ���# ���*��2��	 � TGUWM ��KHpRI I FHh�I KHEGTGEGJ}k_d8ULy c�E&I
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pfEGMLF^I8qWEGp PLE ���# ���*��2��	gx UWK�J}EGKHPLZ[P�I��0UnM����1hLE7I�EGpfZ\N^E�M�d8UnKHEGTGEGj}E7I8FTGUWM ��KHpRI8k ��EGF�PLEoN�"�� VXI KHEGTGEGjLZ[PLU��
E�J}UWK�NOI8M0N^UfI8F EGM0b�ZXI%MLU b8I8pfEGM0N^EnI8J �WF hLp 	��-"$
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tuUWpfUiE��eEGpfJLV[U��ex UWZ PLZ\N^U �1hLEnI8F
0 ���-	�
F6 E #%	�� � 
 ��M�I8P�IipRI8Z[FuF^d8U%PLU �1hLEnI`V[Z[F�NOI�TGUWM0N^EGMLPLURI8F J!�8qWZ[M�I8F
pfU�PLZ ��T_I8P�I8F|M1hLpRIoFHEGk_d8U7TGKHl\N^Z[T_Iey��7F 0 ���-	�
F6 E #%	�� � 
 �uF^d8U T_I8KHKHEGq0I8P�I8F �HhLM0N^U TGUWp I8F pfEGMLF^I8qWEGMLF�PLE �*�,+����-�

PLUWFoFHEGp�� x UWKHUWF E�M�IiF^I8l[P�IiP�I8Foj�I8KHKHEGZ[K^I8F � pfU�PLEGVXI8P�I8F�TGUWpfU �*�,+����-�
	� y

m7E x UWKHpRI�I8M!�8V[UWq0I�� I�Z[pfJLV[EGpfEGM0NOI8k_d8U&PLUWFfFHEGp�� x UWKHUWF%] TGEGM0N^K^I8V[Z��_I8P�I�� J}UWKH]Gp T_I8P�I�TGUWM �HhLM0N^U PLE
FHEGp�� x UWKHUWF@N^EGp FHEGh �1#%"$
�y YgI8K^I x I �GEGK U �*�,+����-�
2PLE2hLp FHEGp�� x UWKHU �1hLE2M�d8U ]2V[U�T_I8V �oU M�� �1hLE�U
EGF�N���J}EGPLZ[MLPLU EGpfZ\N^E hLpRI2pfEGMLF^I8qWEGp J�I8K^I�U FHEGK�b�Z[PLUWKfPLE FHEGp�� x UWKHUWFfTGUWKHKHEGFHJ}UWMLPLEGM0N^E8y � U FHEGK�b�Z[PLUWK
PLE`FHEGp�� x UWKHUWF � FHE%I8V[qWhLp�M�� ���REGF�N^Z\bWEGK�heN^Z[V[Z��_I8MLPLUfU���# �54-PLEGFHE��^I8PLU��|U J}EGPLZ[PLU@]%I8KHpRI �GEGM�I8PLU@EGp hLpRI
��VXI E@V[Z[j}EGK^I8PLU �1h�I8MLPLU&TOrLEGq0I8K`FHh�I bWE �8y� U&FHE@V[Z[j}EGK^I8K�U-FHEGp�� x UWKHU��gU-FHEGK�b�Z[PLUWK`PLE@FHEGp�� x UWKHUWFnEGpfZ\N^E
hLpRI pfEGMLF^I8qWEGp J�I8K^I U M�� �1hLERU6EGF�N�� KHE �1hLZ[FHZ\NOI8MLPLU���pfEGMLF^I8qWEGp �1hLE@I8V[]Gp PLERZ[MLPLZ[T_I8K �1hLERU6M�� b8I8Z
J}U�PLEGK7heN^Z[V[Z��_I8K U@FHEGp�� x UWKHU@E`TGUWM0N^Z[M1h�I8K E��eEGTGheNOI8MLPLU I@FHEGk_d8U TGKHl\N^Z[T_I��}TGUWM0N^]Gp I8F 0 ���-	�
F6 E #%	�� � 
 � � Z[F�N^U@]��
I8F J!�8qWZ[M�I8F �1hLEnU%M��%PLE�bWE�Z[M0b8I8V[Z[P�I8KGy

� U�pfUWpfEGM0N^U PLU �
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 �WU�M���EGpfZ\N^E�hLpRI pfEGMLF^I8qWEGp PLE)�
���
�2� 
oP�I �1hLEGV[E FHEGp�� x UWKHU"J�I8K^I"U"FHEGK�b�Z[PLUWK
PLE�FHEGp�� x UWKHUWF�KHEGFHJ}EGT�N^Z\bWULy�S�F�NOI pfEGMLF^I8qWEGp PLE �
���
�2� 
�TGUWM0N^]Gp I8F 0 ���-	�
F6 E #%	�� � 
 ��PLU"M�� �1hLEux E ��U(�
���
�2� 
�y
� h�I8MLPLUnEGF�NOI�pfEGMLF^I8qWEGp TOrLEGq0I�I8U�FHEGK�b�Z[PLUWK �1EGV[EoZ[K�� EGpfZ\N^Z[K M�I�JLK�� �eZ[pRI V[Z[j}EGK^I8k_d8U��WEGF�NOI8F 'LV\N^Z[pRI8F 0 ���-	�
F6
E #%	�� � 
 �RKHEGTGEGjLZ[P�I8F �HhLM0N^U6TGUWp I8F 0 ���-	�
F6 E #%	�� � 
 � �1hLEREGV[EfJ}UWFHFHhLZ y S�F�N^ERJLKHU�TGEGFHFHU6]fZ[MLZ[TGZXI8V[Z��_I8PLU I T_I8P�I
j�I8KHKHEGZ[K^I��eUWh FHE��^I���FHUWpfEGM0N^EnI8F 0 ���-	�
F6 E #%	�� � 
 ��PLE�hLp FHEGp�� x UWKHU%EGM0N^KHEnPLh�I8Foj�I8KHKHEGZ[K^I8F F^d8U%qWh�I8KHP�I8P�I8FGy
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w J�I8TGU8N^E PLE6TGUWp`hLMLZ[T_I8k_d8U I8PLU8NOI8PLU�J�I8K^I I�Z[pfJLV[EGpfEGM0NOI8k_d8U&PLU �7I8heN^Z[V[hLFix UWZoU a7m Y TGUWp � # �54�
�	-��y
w a7m Y x UWZoEGFHTGUWV[rLZ[PLU J}UWK@I8JLKHEGFHEGM0NOI8KRpfEGMLUWK #%0 
���1
��� PLU D t�Y E6J}UWK �1hLE6U �7I8heN^Z[V[hLF%EGF�N�� FHEGMLPLU
PLEGFHEGM0bWUWV\b�Z[PLURE�I_b8I8V[ZXI8PLUiEGp+hLpRIiKHEGPLEnV[U�T_I8V x EGTOr�I8P�Iey w F)� # �54�
�	-�nx UWK^I8p EGFHTGUWV[rLZ[PLUWFoJ}UWZ[F I8JLKHEGFHEGM0NOI8p
pfEGMLUWK #%0 
���1
���&EGp KHEGVXI8k_d8U I8UWF"J�I8TGU8N^EGF �6Y �7EfY N����|J}UWZ[F EGF�N^EGFnF^d8U Z[pfJLV[EGpfEGM0NOI8PLUWF I J�I8K�N^Z[K PLUWF
JLKHZ[pfEGZ[KHUWFGy
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w �7I8heN^Z[V[hLF�TGUWM0N^]Gp
I8JLKHU �eZ[pRI8P�I8pfEGM0N^E 
�
W�W�iV[Z[MLr�I8F�PLE�T ��PLZ[qWU`x UWM0N^E�EGFHTGKHZ\NOI8FoEGp V[Z[MLqWh�I8qWEGp t7y
w pRI8M1h�I8V PLUfhLFHh!�8KHZ[U%PLU �7I8heN^Z[V[hLF EGF�N��fI8JLKHEGFHEGM0NOI8PLUfMLURI8J "GMLPLZ[TGE��:PLEGF�N^E�N^K^I8j�I8V[rLULy
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(G58Xb5810\0!�Ð#MvÖVN�Õ8MvÖVNªÄ{Å8MvÖ &=ÑFÔaMvÖVdcTVi8!²CE!#/+58X�5>,85872*~5890!#;](G58Xb5810\0!#;H;'@0.
&4/'*2!#/'&4;�5UÑFÔaMvÖ .
!#/'É%@0&=*2;<(+!
583>58/'/'&)(G58/'*~5f@0XåË#/+581090& 5��8o)x+t6o+wFâ�10![&4X[.65834!8(G58X[&41F(+!=&�90&4;'&4X[.65834!8(G58X[&41F(+![90&�X[&410;+58Ë#&410;l,v*2;<(+!=É%@0&
!="0@RQs&4/l90! MVjWÆ�A�90&ZÅ8Ð=MvÖVd
PR1DCE&472*2|4X[&41F(+&8Nv16i8!`&4;<(G5>,858X 90*2;'.
!#10?-,#&4*2;m!#;mCE!#1F(+&4;_90!fIJ/'&>589LK�58/'M%;_.658/+5`É%@0&V.0@090&4;';'&4Xå;'&4/}Ë#&4/+589658;

É%@65a(+/'!=10!{,858;e,#&4/';:5v&4;V90&�;'@65="0*2"072*2!8(+&43>5`34!#Xå!#;_(G58Xb5810\0!#;e90&�.6ç8Ë#*21658;l587-(+&4/+5890!#;4d
Æ:58/+5B&)CE&4*-(+!B90&WC 5834*272*-(G58/m5B34!#X[.0/'&4&410;+i8!=90!B72&4*-(+!#/}165f72&4*-(+@0/+5`90!#;eË#/+çaÌ634!#;4N6!#;_&)CE&4*-(+!#;e965`(+A43410*23>5B90&

58Ë#/'&4ËF58Í>i8!fCE!#/+58Xä;'&4.658/+5890!#;]&4Xå90!#*2;e3>58;'!#;4Î

Ä#dl&)CE&4*-(+!B965B(+A43410*23>5B;'!#"0/'&Z![jHk0K O8PRQHO8PRQ`Ó

Ôvdl&)CE&4*-(+!B965B(+A43410*23>5B;'!#"0/'&Z![jHk0K TV58@D(+*272@0;4d

 W;WzRá6oGo+â8ã{á6z�90![IJ/'&>589LK�58/'M%;lCE!#/+58Xä/'&4.
&)(+*290!#;e&4Xæ58Xf"
!#;e!#;lË#/+çaÌ634!#;l.658/+5B&)CE&4*-(+!=90&�/'&)CE&4/'�41034*~5Dd
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9 *2Ë#@0/+5 é d é Î�"#á6oGo+â8ã{á6z[90!�58.072*23>5a(+*-,#!Uè>M¹Ù kDÆÈè�QHkDÒeY<Ô#Û]Yl(G58Xb5810\0!�Ä{ÝFÔaÐ²Y]IeA43410*23>5U90&[QVË#/'&4ËF58Í>i8!U90&
Æ:ç8Ë#*21658;
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"JIA.cel.lu.1792.8192.data"
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"Naut.cel.lu.1792.8192.data.n"

"Naut.cel.lu.1792.16384.data.n"
"Naut.cel.lu.1792.32768.data.n"

9 *2Ë#@0/+5 é d ÅDÎ�"#á6oGo+â8ã{á6z[90!�58.072*23>5a(+*-,#!Uè>M¹Ù kDÆÈè�QHkDÒeY<Ô#Û]Yl(G58Xb5810\0!�Ä �-] Ô[Y]IeA43410*23>5U90&[QVË#/'&4ËF58Í>i8!U90&
Æ:ç8Ë#*21658;
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"Naut.cel.lu.3072.4096.data.n"
"Naut.cel.lu.3072.8192.data.n"

"Naut.cel.lu.3072.16384.data.n"
"Naut.cel.lu.3072.32768.data.n"

9 *2Ë#@0/+5 é d � Î�"#á6oGo+â8ã{á6z[90!�58.072*23>5a(+*-,#!Uè>M¹Ù kDÆÈè�QHkDÒeY<Ô#Û]Yl(G58Xb5810\0!�Ñ#Ý � Ô[Y]IeA43410*23>5U90&[QVË#/'&4ËF58Í>i8!U90&
Æ:ç8Ë#*21658;

�����a�	� BDC �\"��TBD #"�UVQW@�$

TV58;lÌ6Ë#@0/+58; é d é N é d Å=& é d � &4;<(Gi8!b.072!8(G5890!#;e!#;]Ë#/+çaÌ634!#;]90&=zRá6oGo+â8ã{á6z`.658/+5=!²è>M58.072*23>581090!aYR;'&Z5B(+A43410*23>5
90&l58Ë#/'&4ËF58Í>i8!H90&e.6ç8Ë#*21658;ª58!ZO8PRQHO8PRQ�&lTV58@D(+*272@0;4d¢Ç}!#X[!H;'&l.
!v90&_.
&4/'34&4"
&4/4N%10&4;<(+&`npo)qsrGtvu[w8x+yf5V(+A43410*23>5
90&Z58Ë#/'&4ËF58Í>i8!B90&Z.6ç8Ë#*2165B587-(+&4/'!#@�;'*2Ë#10*-Ì63>5a(+*-,858X[&41F(+&8ND!#;WzRá6oGo+â8ã{á6zZ&4Xæ5872Ë#@010;e3>58;'!#;4d
Qc,85872*~581090!b5=(+A43410*23>5[90&f58Ë#/'&4ËF58Í>i8![10!²jHk0K»O8PRQHO8PRQ`N
\0!#@D,#&`@0X 72*2Ë#&4*2/'![58@0X[&41F(+!b90&`5a(+AbÄ#N Ô��ä90&

zRá6oGo+â8ã{á£.658/+5B!#;_(G58Xb5810\0!#;e90&ZÕ8MvÖ�&=Ä{Å8MvÖ�&�.
&4/'Xb5810&434&41090![10!=X[&4;'X[!=10?-,#&47�90&fzRá6oGo+â8ã{á£É%@6581090!=CE!#*
@D(+*272*2|>58965V.6ç8Ë#*2165H90&VÑFÔaMvÖVN%34!#X[!�.
!v90&l;'&4/È,v*2;<(+!Z1658;ÈÌ6Ë#@0/+58; é d é N é d Å�& é d � N%&l165�(G58"
&47~5 é d ÑDdª �1�20X[&4/'!
90&`X[&410;+58Ë#&410;VCE!#*J/'&490@0|4*290!0Ns.
!#/'A4X &4X¹34!#1F(+/+58.658/<(+*2965[!²1�20X[&4/'!²90&`M%"43%(+&4;Z58@0X[&41F(+!#@�dHK�&4;'X[!²34!#X
@0X�X[&410!#/�1�20X[&4/'!�90&[X[&410;+58Ë#&410;4NJ!U(G58Xb5810\0!UXb58*2!#/W9658;�X[&410;+58Ë#&410;`58@0X[&41F(+!#@�5U"65810965U@D(+*272*2|>58965
165[/'&490&8Ns"
&4Xæ34!#X[!b![(+&4X[.
![90&`&4;'.
&4/+5b.
!#/]@0Xb5=.6ç8Ë#*2165DNL!b16i8!b.
&4/'X[*-(+*2@U@0Xb5=X[&472\0!#/+5=;'@0"0;<(G581034*~587
90&�zRá6oGo+â8ã{á
d£ß (G58Xf"
A4X�N:34!#1DCE!#/'X[&b&4;'.
&4/+5890!0NÈ!�1�20X[&4/'!£90&²X[&410;+58Ë#&410;f90&².6ç8Ë#*21658;`&²!�1�20X[&4/'!£90&
kvP��ZkDß���`È;fCE!#/+58XÁ/'&490@0|4*290!#;=90&UÐ£,#&4|4&4;4N_*21F,#&4/';+58X[&41F(+&�.0/'!#.
!#/'34*2!#16587_58! 58@0X[&41F(+!�90!£(G58Xb5810\0!£965
.6ç8Ë#*2165�Ù Õf,#&4|4&4;GÛpNL&pàD34&)(+!b.658/+5f!B(G58Xb5810\0!B90&BÄ �-] ÔvNDÉ%@6581090![!B1�20X[&4/'!=90&`kvP��ZkDß���`È;_CE!#*�58@0X[&41F(G5890!
90&),v*290![58![58@0X[&41F(+![90!=&)CE&4*-(+!=90!BC 5872;'!=34!#X[.658/<(+*272\658X[&41F(+!0d
Æ:58/+5�!£TV58@D(+*272@0;4N���X[&490*2965�É%@0&�58@0X[&41F(+!#@vYR;'&b!�(G58Xb5810\0!�90&b.6ç8Ë#*2165DN:!v34!#/'/'&4@¨@0Xb5�/'&490@0Í>i8!£90&

zRá6oGo+â8ã{á�É%@0&Z3G\0&4Ë#!#@£5a(+A=Ä>Ð0N Ð ��Ù�(G58"
&47~5 é d Ñ=&Z.
&47~58;eÌ6Ë#@0/+58; é d é N é d Å[& é d � Ûpdl Ê1�20X[&4/'!b90&ZX[&410;+58Ë#&410;
;'!8CE/'&4@�34!#10;'*290&4/+ç>,#&4*2;]/'&490@0Í(5v&4;4Ns34!#10;'&4É�
0�41034*~5b965=/'&490@0Í>i8!b90!b1�20X[&4/'![90&ZX[&410;+58Ë#&410;]90&`.6ç8Ë#*21658;e.
&472!
58@0X[&41F(+!²90&`;'&4@�(G58Xb5810\0!0dH W@D(+/+5[34!#10;'&4É�
0�41034*~5�&4;'.
&4/+58965bCE!#*:5[/'&490@0Í>i8!�90!²1�20X[&4/'!²90&=kvP��ZkDß���`È;4N
.
!#*2;eX[&410!#;_C 5872\658;e90&�.6ç8Ë#*21658;e!v34!#/'/'&4/+58Xä.
!#/'É%@0&ZX[&410!#;l5834&4;';'!#;V;+i8!BCE&4*-(+!#;��8;l.6ç8Ë#*21658;4N0É%@0&`58.0/'&4;'&41vY
(G58X (G58Xb5810\0!�Xb58*2!#/4d�ÆJ!#/'A4X�NÈ34!#X[!�58;BX[&410;+58Ë#&410;=90&�.6ç8Ë#*21658;=58@0X[&41F(G58/+58X 90&�(G58Xb5810\0!0Nª!£C 5872;'!
34!#X[.658/<(+*272\658X[&41F(+!f(G58Xf"
A4X 58@0X[&41F(+!#@�N
;'&41090!²/'&4;'.
!#10;+ç>,#&47:.
&472!²58@0X[&41F(+!b965[É%@6581F(+*2965890&Z90&`M%"43%(+&4;4d
 W@D(+/+5f34!#10;'&4É�
0�41034*~5fCE!#*s!=58@0X[&41F(+!B90!f(+&4X[.
!f.658/+5f/'&4;'.
!#1090&4/l58!B.
&490*290!f90&H@0Xb5`.6ç8Ë#*2165Ddªßª;<(+&4;l90!#*2;
207-(+*2X[!#;ªC 5a(+!#/'&4;_5872*~5890!#;ªCE!#/+58X�/'&4;'.
!#10;+ç>,#&4*2;e.
&47~5Z/'&490@0Í>i8!B90&V90&4;'&4X[.
&410\0!B90!=TV58@D(+*272@0; �ZX[&490*2965ZÉ%@0&
;'&Z58@0X[&41F(+!#@U!=(G58Xb5810\0!B965=.6ç8Ë#*2165Dd
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"JIA.cel.mm.1024.4096.data"
"JIA.cel.mm.1024.8192.data"

"JIA.cel.mm.1024.16384.data"
"JIA.cel.mm.1024.32768.data"
"Tmk.cel.mm.1024.4096.data"
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"Tmk.cel.mm.1024.4096.data"
"Naut.cel.mm.1024.4096.data.n"
"Naut.cel.mm.1024.8192.data.n"

"Naut.cel.mm.1024.16384.data.n"
"Naut.cel.mm.1024.32768.data.n"

9 *2Ë#@0/+5 é d ÕDÎ "#á6oGo+â8ã{á6zZ90![58.072*23>5a(+*-,#!=K�K�YÈ(G58Xb5810\0!�Ä{ÝFÔaÐ`YmIeA43410*23>5=90&ZQVË#/'&4ËF58Í>i8!=90&ZÆ:ç8Ë#*21658;
�����a�A@ cdc
TV58;:Ì6Ë#@0/+58; é d ÕDN é d ] & é d-Ä{ÝV&4;<(Gi8!�58.0/'&4;'&41F(G589658;m58;¢34@0/<,858;ª90&VzRá6oGo+â8ã{áb90!�58.072*23>5a(+*-,#!HK�Kå.658/+5W!#;ªjHk0K�;
É%@6581090![;'&Z58.072*234!#@U5f(+A43410*23>5=90&Z58Ë#/'&4ËF58Í>i8!=90&�.6ç8Ë#*21658;e58!bO8PRQHO8PRQÊ&Z58![TV58@D(+*272@0;4d
ÆJ!v90&pYR;'&�10!8(G58/B5a(+/+5>,#A4;=965�(G58"
&47~5 é d Ñ�&�.
&47~58;`Ì6Ë#@0/+58;fX[&41034*2!#16589658;f10!£.658/+ç8Ë#/+5aCE!£5834*2Xb5�É%@0&�!#;

zRá6oGo+â8ã{á6zb90!£O8PRQHO8PRQå58@0X[&41F(G58X 34!#10;'*290&4/+5>,#&472X[&41F(+& ��X[&490*2965UÉ%@0&b!#;�(G58Xb5810\0!#;Z90&b.6ç8Ë#*2165�;+i8!�*21vY
34/'&4X[&41F(G5890!#;4d} W@D(+/+58;_34!#10;'&4É�
0�41034*~58;l965B58.072*23>58Í>i8!f965`(+A43410*23>5f90&�58Ë#/'&4ËF58Í>i8!fCE!#/+58X�@0Xb5f34!#10;'*290&4/+ç>,#&47
/'&490@0Í>i8!B90!=1�20X[&4/'!B90&WX[&410;+58Ë#&410;4N690&),v*290! �f/'&490@0Í>i8!=965f.658/'34&47~5`90&H1�20X[&4/'!B90&HX[&410;+58Ë#&410;e/'&47~5a(+*-,858;
5U.6ç8Ë#*21658;bÙE.
&472!�58@0X[&41F(+!�90!�(G58Xb5810\0!%ÛpNJ5834!#X[.65810\658965U90&[@0Xb5U/'&490@0Í>i8!�90!�1�20X[&4/'!�90&[M%"43%(+&4;4dUQ
/'&490@0Í>i8!Z90!Z1�20X[&4/'!Z90&]X[&410;+58Ë#&410;È/'&47~5a(+*-,858; ��.658Ë#*21658;¢CE!#*0*21F,#&4/';+58X[&41F(+&V.0/'!#.
!#/'34*2!#16587058!`58@0X[&41F(+!�90!
(G58Xb5810\0!0N#58Xf"
!#;¢&4X(+!#/'10!H90&lÕV,#&4|4&4;4dm �1�20X[&4/'!H90&]kvP��ZkDß���`È;¢(G58Xf"
A4XÊ5834!#X[.65810\0!#@=5W/'&490@0Í>i8!H90!
1�20X[&4/'!Z90&lX[&410;+58Ë#&410;È90&].6ç8Ë#*21658;4NF34!#1DCE!#/'X[&e&4;'.
&4/+5890!0dmÇ}!#103472@0*21090!0NFË#/+58Í>58; ��/'&490@0Í>i8!Z90!Z1�20X[&4/'!Z90&
X[&410;+58Ë#&410;ZÙE/'&490@0Í>i8!=965f.658/'34&47~5f/'&47~5a(+*-,85f5f.6ç8Ë#*21658;GÛm&H90!B1�20X[&4/'!B90&HM%"43%(+&4;4N
5f(+A43410*23>5f90&�58Ë#/'&4ËF58Í>i8!
.
&4/'X[*-(+*2@²![58@0X[&41F(+!=90&Z90&4;'&4X[.
&410\0![90!bO8PRQHO8PRQ`d
Ç}!#X[!�;'&�.
!v90&b,#&4/'*-Ì63>58/B.
!#/fX[&4*2!�9658;fÌ6Ë#@0/+58; é d ÕDN é d ] & é d-Ä{Ý�&�965�(G58"
&47~5 é d ÑDNª!#;[zRá6oGo+â8ã{á6z�90!

TV58@D(+*272@0;e.0/+5a(+*23>58X[&41F(+&H16i8![Xf@09658Xå34!#Xå![*21034/'&4X[&41F(+![90!=(G58Xb5810\0!=90&Z.6ç8Ë#*2165DdmO#ç=É%@0&`É%@658;'&[Ä{Ý#Ý��
9658;_X[&410;+58Ë#&410;e90!=TV58@D(+*272@0;};+i8!B/'&47~5a(+*-,858;_5`.6ç8Ë#*21658;_10&4;<(+&�58.072*23>5a(+*-,#!0Nv5`(+A43410*23>5f90&�58Ë#/'&4ËF58Í>i8!B5a(+@6581vY
90!�;'!#"0/'&�!£1�20X[&4/'!�90&�X[&410;+58Ë#&410;f90&².6ç8Ë#*21658;4N¢CE&4|²34!#X É%@0&�!�1�20X[&4/'!£90&�X[&410;+58Ë#&410;fË#72!#"6587ÈCE!#;';'&
"658;<(G581F(+&�/'&490@0|4*290!0d± W@D(+/'!£&)CE&4*-(+!£&4;'.
&4/+5890!�CE!#*_5£/'&490@0Í>i8!�90!�1�20X[&4/'!�90&�kvP��ZkDß���`È;4d¨QV.
&4;+58/B9658;
Ë#/+581090&4;l/'&490@0Í(5v&4;]90!=1�20X[&4/'!=90&ZX[&410;+58Ë#&410;4N6165BXb58*2!#/_.658/<(+&H34!#10;<(+*-(+*2?29658;_90&�.6ç8Ë#*21658;4N0!B(+&4X[.
!=.658/+5
5a(+&41090&4/Z5U.
&490*290!#;�90&=.6ç8Ë#*21658;�58@0X[&41F(+!#@�Nc!v34!#/'/'&41090!�@0Xb5�;'!#"0/'&43>58/'ËF5�.
!#/H.
&490*290!#;�90&=@0Xb5�X[&4;'Xb5
.6ç8Ë#*2165Dd±QV@0X[&41F(+!#@ (G58Xf"
A4X !�(+&4X[.
! 90&U(+/+5a(G58X[&41F(+!�ÙE&4X[.65834!8(G58X[&41F(+! &U90&4;'&4X[.65834!8(G58X[&41F(+!%ÛB90&
@0Xb5fX[&410;+58Ë#&4Xå90&�.6ç8Ë#*2165Dd
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"Naut.cel.lu.1024.4096.data.c"
"Naut.cel.lu.1024.8192.data.c"

"Naut.cel.lu.1024.16384.data.c"
"Naut.cel.lu.1024.32768.data.c"
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"JIA.cel.lu.3072.4096.data"
"Tmk.cel.lu.3072.4096.data"

"Naut.cel.lu.3072.4096.data.c"
"Naut.cel.lu.3072.8192.data.c"

"Naut.cel.lu.3072.16384.data.c"
"Naut.cel.lu.3072.32768.data.c"
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"JIA.cel.lu.1792.4096.data"
"Tmk.cel.lu.1792.4096.data"

"Naut.cel.lu.1792.4096.data.c"
"Naut.cel.lu.1792.8192.data.c"

"Naut.cel.lu.1792.16384.data.c"
"Naut.cel.lu.1792.32768.data.c"
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"JIA.cel.mm.1024.4096.data"
"Tmk.cel.mm.1024.4096.data"

"Naut.cel.mm.1024.4096.data.c"
"Naut.cel.mm.1024.8192.data.c"

"Naut.cel.mm.1024.16384.data.c"
"Naut.cel.mm.1024.32768.data.c"
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"JIA.cel.mm.1792.4096.data"
"Tmk.cel.mm.1792.4096.data"

"Naut.cel.mm.1792.4096.data.c"
"Naut.cel.mm.1792.8192.data.c"

"Naut.cel.mm.1792.16384.data.c"
"Naut.cel.mm.1792.32768.data.c"
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"Naut.cel.mm.3072.4096.data.c"
"Naut.cel.mm.3072.8192.data.c"

"Naut.cel.mm.3072.16384.data.c"
"Naut.cel.mm.3072.32768.data.c"
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"JIA.cel.sor.1024.4096.data"
"Tmk.cel.sor.1024.4096.data"

"Naut.cel.sor.1024.4096.data.c"
"Naut.cel.sor.1024.8192.data.c"

"Naut.cel.sor.1024.16384.data.c"
"Naut.cel.sor.1024.32768.data.c"
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"JIA.cel.sor.1536.4096.data"
"Tmk.cel.sor.1536.4096.data"

"Naut.cel.sor.1536.4096.data.c"
"Naut.cel.sor.1536.8192.data.c"

"Naut.cel.sor.1536.16384.data.c"
"Naut.cel.sor.1536.32768.data.c"
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"JIA.cel.sor.2048.4096.data"
"Tmk.cel.sor.2048.4096.data"

"Naut.cel.sor.2048.4096.data.c"
"Naut.cel.sor.2048.8192.data.c"

"Naut.cel.sor.2048.16384.data.c"
"Naut.cel.sor.2048.32768.data.c"
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(+A43410*23>5B90&Z58Ë#/'&4ËF58Í>i8!BCE!#/+58XåÕ8MvÖ�&=Ä{Å8MvÖVÓ

Ï ;'!#X[&41F(+&[!�58.072*23>5a(+*-,#!�k0 HØS58.0/'&4;'&41F(+!#@¨X[&472\0!#/+5�&4X�;'&4@±zRá6oGo+â8ã{á±34!#X�5�58.072*23>58Í>i8!�965�(+A43410*23>5
90&Z90&)(+&434Í>i8!�90&`&4;'34/'*-(G5²Çe ]Y R�j�58.072*23>58965=58!²TV58@D(+*272@0;l90&),v*290! �[X[*210*2X[*2|>58Í>i8!B9658;]&4;'34/'*-(G58;V1658;
.6ç8Ë#*21658;_34!#X[.658/<(+*272\6589658;_1658;e"658/'/'&4*2/+58;4Ó
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Ï .
!v90&pYR;'&B34!#10;'*290&4/+58/H!�/'&4;'@07-(G5890!�965�58.072*23>58Í>i8!²34!#1g$'@01F(G5U9658;H(+A43410*23>58;H90&[58Ë#/'&4ËF58Í>i8!U&B90&)(+&434Í>i8!
Çe ]Y R�j 34!#X[!�;'&41090!�@0X 6  HØ.8c965�58.072*23>58Í>i8!�9658;Z90@658;Z(+A43410*23>58;4N:*2;<(+!�A8N:/'&490@0Í(5v&4;�ÙE*21034/'&4X[&41vY
(+!#;GÛl*21090*-,v*290@658*2;e9658;W90@658;](+A43410*23>58;W/'&4;'@07-(G58X 1%@0Xb5b/'&490@0Í>i8!�ÙE*21034/'&4X[&41F(+!%ÛlXb58*2!#/e165²58.072*23>58Í>i8!
34!#1g$'@01F(G5DÓ

Ï 16i8!f&pàD*2;<(+&W@0Xb5`;'!#72@0Í>i8!f×8(+*2Xb5ZÉ%@0&W;+5a(+*2;<C 58Í>5f5fXb58*2!#/'*~5H90!#;_3>58;'!#;4N0!#@�X[&4;'X[!`(+!v90!#;}&472&4;4ND;'&41090!
10&434&4;';+ç8/'*2!�&4;<(+@09658/ÜYR;'&B3>58;'!�5²3>58;'!0N�58.072*23>581090!²58;V(+A43410*23>58;H&f90&4;'34!#"0/'*21090!UÉ%@6587:90&47~58;WX[&472\0!#/V;'&
58.072*23>5Dd
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N Ä(O�VrGrGo),2o)x'w � (�q+* � t6o " � w8q
âFw8x'â �F5ax "#á6oGo+â8d jV*2;'.
!#10?-,#&47 &4X �l\F('(+.�Î Þ#Þg^e^e^�d Ë#*2ËF58"0*-(<Y
&)(+\0&4/'10&)(>d !#/'Ë%Þa*21090&pàsd \F(+X[7���d0Qe34&4;';'!²&4Xå!#@D(+@0"0/'!=90&=Ä ]W]W] d

N ÔPO�Vr � ( �8o	� oGzGz>w *%oGz)d_jV*2;'.
!#10?-,#&47V&4X��l\F('(+.�Î Þ#Þa10!{^�d 34;4d "
&4/'M8&472&�3#d &490@LÞaQHK�Þ8583)(+*-,#&��lX[&4;';+58Ë#&4;4d \F(+X[7���d
Qe34&4;';'!²&4Xæ58"0/'*27s90&=Ä ]W] ÕDd

N ÑTO�]âgz)u( � t�� "���d�jV*2;'.
!#10?-,#&47¢&4X��l\F('(+.�Î Þ#Þ858/'3G\0* Ä#d &4&8d 1F(+@�d &490@�d (R^VÞ��4^ 3v72*~5810Ë%Þ85890;'X[*-(+\���d
Qe34&4;';'!�&4X
$'@072\0!=90&=Ä ]W] ÕDd

N Ð O������� � t+,65aq 0}x 5{rGoGzGz 5ax��{ßª;<(G5890!#; M]10*290!#;�965eQVX[A4/'*23>5Dd>jV*2;'.
!#10?-,#&47F&4X��l\F('(+.�Î Þ#Þg^e^e^�d 58X[9�d 34!#X���d
Qe34&4;';'!²&4Xå90&4|4&4Xf"0/'![90&=Ä ]W]W] d

N é O�QHK� sQæÇVd-Ó}Çe "!æQ`d:èªd-Ómk�R£QWØ$#HQWjeQHk«k
d¢O8PÜTäèªd¢ODd-ÓmØlQHK�QHO8QWT]P%#Bd-Ó& LR£QWßÈTVßÈÆm HßÈè Rd
Qe9658.D(+*-,#& Æª/'!8(+!v34!#72; CE!#/ kv!8C�(R^_58/'& jV*2;<(+/'*2"0@D(+&49 kv\658/'&49 K�&4X[!#/<3 dvQV/<(+*2Ë#!`&4X /'&),v*2;<(G5DdDÆª/'!v34&4&490*210Ë#;
!8C:PÜßÈßÈßeNskv.
&434*~587�PR;';'@0&`!#1�jV*2;<(+/'*2"0@D(+&49�kv\658/'&49�K�&4X[!#/<3#N6.0.�d6ÐFÅ � YRÐ �#é NDXb58/'Í4!0NsÄ ]W]W] d

N ÅTOZÖ_ßÈØVkDÒ]QWjåÖVdcTZd-Ó' �ß'#HQ�MWk(#HQHk K d:ODd-ÓÈkvQ>R�jH HT RdcQ`d�Ie\0& K�*29D^_5 3 jV*2;<(+/'*2"0@D(+&49 kv\658/'&49
K�&4X[!#/<3 k�3v;<(+&4X d0QV/<(+*2Ë#!B90&�/'&),v*2;<(G5Dd
Çe �K�ÆmÇe �K NcÄ ]W] ÑDd

N � OZÖ*MW HT]QWjH HTVT]Q ÆJd*)cqso ��+ o)x+yFo),2o).#0}x 5-,>oGr � d M]10*-,#&4/';'*2965890&�965ÊÇ_5872*-CE×#/'10*~5DNbÖ}&4/'M8&472&�3#N�ßª;<(G5gY
90!#;,M]10*290!#;V965²QVX[A4/'*23>5Dd
jV*2;'.
!#10?-,#&47:&4X.�l\F('(+.�Î Þ#Þg^e^e^VÔvd 34;4d 34!#/'10&4727 d &490@LÞ MeYÜT]&)(pÞ8jV&)C 58@07-(>d \F(+X[7���d
Qe34&4;';'!²&4X$'@010\0!=90&=Ä ]W] ÕDd

N ÕTO + )&/ �0���1/ � �0� 0}d + o)x+yFo),2o).�2435� 0}x 5-,>oGr �76 �Vq83pq �8oGz � ( *Fw � (A5aq 5 � � t6o92P(�x � ã0w-,:3pq � o)x �4w%rGo%�Vx+rGt+(  
� oGr � ãvx+o)d>M]10*-,#&4/';'*2965890&B965UÇ_5872*-CE×#/'10*~5DNsÖ}&4/'M8&472&�3#NJßª;<(G5890!#;�M]10*290!#;W965�QVX[A4/'*23>5DN:Ä ]W] ÕDd�jV*2;'.
!#10?-,#&47
&4X;�l\F('(+.�Î Þ#Þg^e^e^�d 34;4d "
&4/'M8&472&�3#d &490@LÞ��>.0\0*272*2.0"LÞg,v*~5(��dLQe34&4;';'!b&4Xå;'&)(+&4Xf"0/'![90&=Ä ]W] ÕDd

N ] O`Ç}QWØ:IlßÈØ ODdcÖVd-Ó<#�Ò]QWTVjWß'#HQWØSj`d-Ó<#HQHK�Ö�èªd:� (2z � x ( n4ã � o+â "0t0w8x+o+â=� o)u 5ax .?>A@bt6o)x+o9@=o²w8x+o
w8q
â�@bt6o)x+o ^}o "0tb5aã+,-â$BZo+wFâ%o+â8dgIJ&43G\010*23>587DØl&4.
!#/<(>daÇ}!#X[.0@D(+&4/¢k�3v;<(+&4X[;¢èc58"
!#/+5a(+!#/<3#N M]10*-,#&4/';'*2965890&
90&�Ml(G58\�N�Ä ]W]Fé d

N Ä{ÝTO`Ç}QWØ:IlßÈØSODd�ÖVd-Ó &4C�r)( o)q � � (2z � x ( n4ã � o+â "0t0w8x+o+âD� o)u 5ax . + wgz{o+â;5aqE��ã+, � (  2á
x 5 � 5{r 5e,GFlo),2o+wgz{o=H�5aq  
z)(2z � o)qsr).ad0IJ&4;'&Z90&Z90!#@D(+!#/+5890!0d M]10*-,#&4/';'*2965890&�90&ZØl*234&BN6Ò]!#@0;<(+!#1�N6IJ&pà058;4NL;'&)(+&4Xf"0/'!0N�Ä ]W] ÑDd

]Fé
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N Ä#Ä(O`Ç}QWØ:IlßÈØ�ODd8ÖVd-ÓvÖ_ßÈTVTVßªIeI�ODd?#Bd-N  LR£QWßÈTVßÈÆm HßÈè7Rd8IJ&43G\010*2É%@0&4; CE!#/ Øl&490@034*210Ë Ç}!#10;'*2;<(+&4103�3 Y

Øl&47~5a(+&49 Ç}!#X[Xf@010*23>5a(+*2!#1 *21 jV*2;<(+/'*2"0@D(+&49 kv\658/'&49 K�&4X[!#/<3 k�3v;<(+&4X dmQV/<(+*2Ë#!�90&�Øl&),v*2;<(G5DdmQ]ÇeK
IJ/+5810;+583)(+*2!#10;l!#1�Ç}!#X[.0@D(+&4/Vk�3v;<(+&4X[;4Nb`È!#7 dsÄ{ÑDN010!0dLÑDN0.0.�d
Ô8Ý é Y<ÔaÐ#Ð0N058Ë#!#;<(+!0N�Ä ]W]Fé d

N ÄgÔPO�HÈwgzGt6o)ubo)x+o 0}x 5-,>oGr � d,M]10*-,#&4/';'*2965890&«90& Øl!v3G\0&4;<(+&4/4d�T]!{,85�PR!#/'É%@0&8d�ßª;<(G5890!#; M]10*290!#;�965�QVX[A4/'* Y
3>5Dd�jV*2;'.
!#10?-,#&47:&4X��l\F('(+.�Î Þ#Þg^e^e^�d /'!v3G\0&4;<(+&4/4d &490@LÞa/'&4;'&>58/'3G\LÞa3>58;'\0&4X[&4/'&���d:Qe34&4;';'!�&4X¹!#@D(+@0"0/'!�90&
Ä ]W]W] d

N Ä{ÑTO`Ç}PRQ]ÇeÇ}P< �Bd��'����� � 0}x 5-,>oGr � > �]o)q 5>w �Vr � ( �8o � oGzGz>w *%o � �VrGt+(�qso)d�jV*2;'.
!#10?-,#&47å&4X
�l\F('(+.�Î Þ#Þg^e^e^�d 90*2;'* d @010*2Ë#&8d *-(pÞa.0/'!g$'&43)(pÞaËF58X[Xb5FÞ���d%Qe34&4;';'!²&4XäCE&),#&4/'&4*2/'![90&=Ä ]W] ÕDd

N Ä>Ð O`Çe "!SQ`d èªd-Ó�è�QWØlQ�ßed-Ó�Ò
M��Bd ÇVd-ÓG LR£QWßÈTVßÈÆm HßÈè Rd�� 0lo)x �F5axpu[w8qsrGo H�5auVá0w8x (2z 5aqS5 � B 5aubo  
,2oGzGzZw8q
â B 5aubo  <nGwgz{o+â
	�w���. Flo),2o+wgz{o H�5aqDz)(2z � o)qsr). 0}x 5 � 5{r 5e, z (�q " 5 � � ^mw8x+o!"0t0w8x+o+â� o)u 5ax .ad0QV/<(+*2Ë#!
&4X &),#&41F(+!0dmÆª/'!v34&4&490*210Ë#;=!8Cl(+\0& 9 *-C�(+\±Ò]*2Ë#\±ÆJ&4/<CE!#/'Xb581034&�Ç}!#X[.0@D(+&4/=QV/'3G\0*-(+&43)(+@0/'&�Ç}!#1DCE&4/'&41034&
Ù ÒVÆmÇ}Q]ÇeÛpN8$+5810&4*2/'!0N�Ä ]W]W] d

N Ä é O � (2z � x ( n4ã � o+â 3pq � o)x  A0}x 5{rGoGzGz H�5auBuBãvqb( r+w � (A5aq  ��3 0 H�� k�3v;<(+&4X�d jV*2;'.
!#10?-,#&47 &4X
�l\F('(+.�Î Þ#Þg^_58727 3v"
!>àsd 34&4* d 10&)(pÞa90*2.
3���d0Qe34&4;';'!b&4XåXb58*2!B90&=Ä ]W]W] d

N Ä{ÅTOZßmk(#HP<Ç}P< ��è>M�K d�Ø�d-ÓcK�QWØVkDè�QWTVjSIHdsQ`d-ÓcÒ
M Rd-ÓJkDÒ]P Rd�& �aw-, ã0w � (A5aq 5 ���?35���?35� " 5 � � ^mw8x+o
� "�� " .{z � o)u 5aq B�( *gt 0lo)x �F5axpu[w8qsrGo1�Vx+rGt+( � oGr � ãvx+oGz)dªQV/<(+*2Ë#!�90&�&),#&41F(+!0dmIe\0*2/<(�3FY<kv&434!#109�ÒV5>^_58*2*
PR1F(+&4/'165a(+*2!#16587sÇ}!#1DCE&4/'&41034&W!#1�k�3v;<(+&4Xåkv34*2&41034&4;{Ù Ò]P<Çek0kFYÜÑFÔ#ÛpN6ÒV5>,858? Nvßª;<(G5890!#;*M]10*290!#;m965ZQVX[A4/'*23>5DN
$+5810&4*2/'!0N�Ä ]W]W] d

N Ä � O
�cwgz �  RuboGzGz>w *%oGz .6583GMa58Ë#&8d ßª;<(G5890!#; M]10*290!#; 965 QVX[A4/'*23>5Dd jV*2;'.
!#10?-,#&47 &4X
�l\F('(+.�Î Þ#Þg^e^e^ �l34;+58Ë0d @0;'349�d &490@LÞa.0/'!g$'&43)(+;GÞa34!#X[X²ÞgCEX�d \F(+X[7���d6Qe34&4;';'!²&4Xå;'&)(+&4Xf"0/'![90&=Ä ]W]W] d

N Ä{ÕTOZÒ
M�Rd-Ó0kDÒ]P>Rd-Ó%IJQWT �% :d �]âFwpá � ( �8oD@`x ( � o �fo � oGr � (A5aq (�q B 5aubo  <nGwgz{o+â " 5 � � ^mw8x+o � "���z)dFÆª/'!v34&4&49vY
*210Ë#;È!8Cs(+\0&VÕa(+\[PÜßÈßÈß«PR1F(+&4/'165a(+*2!#16587
k�3vX[.
!#;'*2@0X�!#1bÒ]*2Ë#\bÆJ&4/<CE!#/'Xb581034&]jV*2;<(+/'*2"0@D(+&49�Ç}!#X[.0@D(+*210Ë0N
Øl&490!#1090!bÖ}&>583G\�NsÇ_5872*-CE×#/'10*~5DNvßª;<(G5890!#;�M]10*290!#;l965BQVX[A4/'*23>5DN658Ë#!#;<(+!0N�Ä ]W]W] d

N Ä ] OZÒ
M Rd-ÓªkDÒ]P
Rd-Ó¢IJQWT �  :d-Ó¢è�PHK d-N:Q è�!v3GM YR"658;'&49 Ç_583G\0& Ç}!#\0&4/'&41034& CE!#/ kv34!#.
& Ç}!#10;'*2;<(+&4103�3 d
QV/<(+*2Ë#!²&4X�/'&),v*2;<(G5DdcO8!#@0/'16587:!8C_Ç}!#X[.0@D(+&4/Zkv34*2&41034&=58109�IJ&43G\010!#72!#Ë 3#N `È!#7}Ä{ÑDN�T]!0dcÔvN�.0.�d ]4� YGÄ#Ä{ÝDN
Ä ]W] ÕDd

N Ô8ÝTOZÒ
M Rd-ÓVkDÒ]P�Rd-ÓeIJQWT �  :d��?35���?35�%>"�Vq�" 2 � " .{z � o)u + wgz{o+âS5aq*� �Zo)^ HÈw%rGt6oEH�5{t6o)x+o)qsrGo
0}x 5 � 5{r 5e, d#QV/<(+*2Ë#!W&4X�&),#&41F(+!0dvÆª/'!v34&4&490*210Ë#;ª!8CL(+\0&]Ò]*2Ë#\=ÆJ&4/<CE!#/'Xb581034&]Ç}!#X[.0@D(+*210Ë�58109[T]&)(R^}!#/'M%*210Ë
Ù ÒVÆmÇ_T�8 ]W] ÛpNLècTWÇek£Ä é-] ÑDN0.0.�d6ÐFÅ#ÑgYRÐ � ÔvN6kv.0/'*210Ë#&4/4N0QVX[;<(+&4/'9658X�N6Æ:58?2;'&4;]Ö_58* àD!#;4N658"0/'*27 NsÄ ]W]W] d

N ÔvÄ(OZÒ
M Rd-ÓFkDÒ]P Rd-Ó8IJQWT �  :d B 5aubo � ( *8x'w � (A5aq(�qB 5aubo  + wgz{o+â�" 5 � � ^mw8x+o<� "���z �{QV/<(+*2Ë#!e&4X¬&),#&41F(+!0d
Ä>;<(?R�!#/'M%;'\0!#.²!#1�kv!8C�(R^_58/'&WjV*2;<(+/'*2"0@D(+&49Ukv\658/'&49UK�&4X[!#/<3�Ù R kDjHk0KE8 ]W] ÛpNvØl\0!v90&4;4N �H/'A434*~5DNDÔ é 90&
$'@010\0!0N�Ä ]W]W] d
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N Ô#ÔPOZÒ
M Rd-ÓvkDÒ]P Rd-ÓFIJQWT �  :d�Flo+â8ã6r)(�q+*!" .{z � o)u / �8o)x+t6o+wFâgz�(�q B 5aubo  <nGwgz{o+â�" 5 � � ^mw8x+o'� "���z)dgQV/<(+*2Ë#!
&4X�&),#&41F(+!0d�Ä{Ña(+\bPR1F(+&4/'165a(+*2!#16587
Æ:58/+587272&47LÆª/'!v34&4;';'*210Ë=k�3vX[.
!#;'*2@0X��SÄ{Ýa(+\�k�3vX[.
!#;'*2@0XS!#1�Æ:58/+587272&47
58109�jV*2;<(+/'*2"0@D(+&49UÆª/'!v34&4;';'*210ËLÙEPÜÆÈÆmk0Þ#kDÆÈjWÆ 8 ]W] ÛpN6PÜßÈßÈß�Çek�Æª/'&4;';4N6.0.�d�Ä{Å � YGÄ � ÑDN0kD581�O8@6581�N6Æª@0&4/<(+!
Øl*234!0N658"0/'*27 N
Ä ]W]W] d

N Ô8ÑTOZÒ
M RÓDkDÒ]P�Rd-ÓvIJQWT �  :d @`x ( � o0�fo � oGr � (A5aq (�qDB 5aubo  <nGwgz{o+â " 5 � � ^mw8x+o"� "���z)d%QV/<(+*2Ë#!�&4XS&),#&41F(+!0d
Æª/'!v34&4&490*210Ë#;l!8C¢ßª@0/'!aYÜÆ:58/(8 ]W] N�N0IJ!#72!#@0;'&8N 9 /+581034&8Ng$+5810&4*2/'!0N0QV@0Ë#@0;<(VÑDÄ)Y<kv&4.D(+&4Xf"
&4/]ÔvN�Ä ]W]W] d

N ÔaÐ O�P 9 I] HjWß«èªd�B 5aubo  <nGwgz{o+â "0t0w8x+o+â�2P(�x � ã0w-,�� o)u 5ax .adFIJ&4;'&]90&l90!#@D(+!#/+5890!0d4M]10*-,#&4/';'*2965890&l90&VÆª/'*21034&pY
(+!#1 N6ßª;<(G5890!#;
M]10*290!#;e965BQVX[A4/'*23>5DN658Ë#!#;<(+!0N�Ä ]W] ÕDd

N Ô é O�P 9 I] HjWßæèªÓ]kvPÜT ��Ò ODdlÆJd-ÓZP�C�(+!v90& èªd-N�kv*210Ë#\ ODdlÆJd]kv\658/'&49 `W*2/<(+@6587 K�&4X[!#/<3 Î Æª/'!#Ë#/'&4;'; 58109
Ç}\6587272&410Ë#&4; d0QV/<(+*2Ë#!=90&�/'&),v*2;<(G5Dd6Æª/'!v34&4&490*210Ë#;l!8CJ(+\0&�PÜßÈßÈßeNb`È!#7�Õ � NLT]!0d6ÑDN0Xb58/'Í4!0N�Ä ]W]W] d

N Ô8ÅTO�P 9 I] HjWß�èªd-Ó_kvPÜT ��ÒåODd¢ÆJd-Ó}è�P%#Bd "�r 5Gá6o�H�5aqDz)(2z � o)qsr).?>D��n4x ( â *%o�npo � ^}oGo)q x+o),2o+wgz{oUr 5aqDz)(2z � o)qsr).
w8q
â�o)q � x .�r 5aqDz)(2z � o)qsr).adcQV/<(+*2Ë#!U&4X�&),#&41F(+!0d¢Æª/'!v34&4&490*210Ë#;Z!8C_(+\0&bÕa(+\�Q]ÇeK QV101%@6587_k�3vX[.
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Speedup do Aplicativo WATER - Diversos Tamanhos de Pagina - Versoes Normal e com Deteccao

"JIA.cel.water.1728.4096.data"
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