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=675D>1A?5>LF�9BB<65?31C6<MB;9F�;?<<6;C93?3�@?�A6I6>9O�
>1DH>LF�9�>1DH>?-?2A18?31C6<M>LF�8151H.

-@67B82?:7�6:CH:A=:?L(@C?@4?L7�B2967=L):
�MIEAKpIucoKIc�loNlCy�oleEANÌ�I�IoPli]elCANÌ�TucBNys�
oQcEopC QcAiIelCANNys� NA� BAec� INrlQMAtIlNNys� I�
KlMMTNIKAtIlNNys�pcsNlilaIJ
�INAiIe�CleMlGNlopcJ�IoPli]elCANÌ�INrlQMAtIlNNys�I�
KlMMTNIKAtIlNNys�pcsNlilaIJ�C�lBQAelCANII
�;ucBNl-MApcQIAi]NÀ� BAeA� lBcoPcucNÌ� PQltcooA�
INrlQMApIeAtII�lBQAelCANÌ
�7cQoPcKpICNyc�NAPQACicNÌ�QAeQABlpKI�I�IoPli]elCANÌ�
INrlQMAtIlNNys� I� KlMMTNIKAtIlNNys� pcsNlilaIJ� C�
lBQAelCANII�
�7cQoPcKpICNyc� NAPQACicNÌ� IooicElCANIJ� C� lBiAopI�
INrlQMApIeAtII�lBQAelCANÌ
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?2:>7?@42?:7�

6:CH:A=:?L �<@=:I7CD4@�
I2C@4�%$�

F@B>2�<@?DB@=P

�??@D2H:P

 ��!�#!������
'@>AMOD7B?L7�
D7G?@=@5::�4�?2E<7�:�
@3B29@42?::

'@=:I7CD4@�I2C@4�%$��-
72/2
0@B>2�<@?DB@=P�:81H6C

,29B23@DI:<:                       
;�E�-=�>��5?G6>C;1E65AL�
$,-�%?>5A1CM63�!�*�

7Qltcoo�IeTucNÌ�EIotIPiINy�NAPQACicN�NA�rlQMIQlCANIc�
oicET_ZcJ�KlMPcpcNtII�
- ���-1 3<156>96=� =6C?5?<?496:� C6?A6C9H6B;9F� 9�
N;B@6A9=6>C1<M>LF�9BB<65?31>9:�3�?2<1BC9�@A?E6BB9?>1<M>?:�
56PC6<M>?BC9;
- ���-3 B@?B?2>?BCMO� ;� A18A12?C;6� >?3LF� =6C?5?3�
9BB<65?31>9P�9�9F�@A9=6>6>9O�3�B1=?BC?PC6<M>?:�>1DH>?-
9BB<65?31C6<MB;?:�56PC6<M>?BC9�3�?2<1BC9�@A?E6BB9?>1<M>?:�
56PC6<M>?BC9;
- ���-5 B@?B?2>?BCMO�?2K6;C93>?�?G6>931CM�A68D<MC1CL�
9BB<65?31>9:� 9� A18A12?C?;�� 3L@?<>6>>LF� 5AD49=9�
B@6G91<9BC1=9�9�3�5AD49F�>1DH>LF�DHA6756>9PF;
- ��-2 B@?B?2>?BCMO�3L@?<>PCM�C6?A6C9H6B;96�9BB<65?31>9P�
@A?G6BB?3�B?851>9P��>1;?@<6>9P�9�?2A12?C;9�9>E?A=1G99��3;<OH1P�
1>1<98�9�B?851>96�=?56<6:�51>>LF�9�8>1>9:��P8L;?3�9F�?@9B1>9P�9�
=1>9@D<9A?31>9P��A18A12?C;D�>?3LF�=1C6=1C9H6B;9F�=6C?5?3�9�
BA65BC3�@?556A7;9�9>C6<<6;CD1<M>?:�?2A12?C;9�51>L	.
- ��-1 B@?B?2>?BCMO�;�;A9C9H6B;?=D�1>1<98D�9�?G6>;6�
B?3A6=6>>LF�>1DH>LF�5?BC976>9:��46>6A9A?31>9O�>?3LF�956:�
@A9�A6I6>99�9BB<65?31C6<MB;9F�9�@A1;C9H6B;9F�8151H��3�C?=�
H9B<6�3�=6759BG9@<9>1A>LF�?2<1BCPF.

-@67B82?:7�6:CH:A=:?L(@C?@4?L7�B2967=L):
� 2lMP]_pcQNyc�oQcEopCA�I�pcsNlilaII�PQI�QcYcNII�
IooicElCApci]oKIs�I�lPpIMIeAtIlNNys�eAEAu
� 2lMP]_pcQNlc�MlEciIQlCANIc
� ICplMApIeAtÌ�NATuNlJ�I�PQlIeClEopCcNNlJ�Ec̀pci]NlopI
� SQaANIeAtÌ�ACplMApIeIQlCANNlal�TPQACicNÌ�lBTucNIcM

 ��!�#!������
.7@B7D:I7C<:7�@C?@4L�
:?F@B>2D:<:�

'@=:I7CD4@�I2C@4�%$��-
72/2
0@B>2�<@?DB@=P�:81H6C

,29B23@DI:<:                       
;�E�-=�>��5?G6>C;1E65AL�
$,-�%?>5A1CM63�!�*�

7Qltcoo�IeTucNÌ�EIotIPiINy�NAPQACicN�NA�rlQMIQlCANIc�
oicET_ZIs�KlMPcpcNtIJ�
- ���-2 3<156>96=�;D<MCDA?:�>1DH>?4?�9BB<65?31>9P��3�C?=�
H9B<6� B� 9B@?<M8?31>96=� B?3A6=6>>LF� 9>E?A=1G9?>>?-
;?==D>9;1G9?>>LF�C6F>?<?49:;
- ���-5 B@?B?2>?BCMO�?2K6;C93>?�?G6>931CM�A68D<MC1CL�
9BB<65?31>9:� 9� A18A12?C?;�� 3L@?<>6>>LF� 5AD49=9�
B@6G91<9BC1=9�9�3�5AD49F�>1DH>LF�DHA6756>9PF;
- ��-2 B@?B?2>?BCMO�3L@?<>PCM�C6?A6C9H6B;96�9BB<65?31>9P�
@A?G6BB?3�B?851>9P��>1;?@<6>9P�9�?2A12?C;9�9>E?A=1G99��
3;<OH1P�1>1<98�9�B?851>96�=?56<6:�51>>LF�9�8>1>9:��P8L;?3�9F�
?@9B1>9P�9�=1>9@D<9A?31>9P��A18A12?C;D�>?3LF�=1C6=1C9H6B;9F�
=6C?5?3�9�BA65BC3�@?556A7;9�9>C6<<6;CD1<M>?:�?2A12?C;9�
51>>LF�

-@67B82?:7�6:CH:A=:?L(@C?@4?L7�B2967=L):
�7QcEMcp�I�McplE�INrlQMApIKI�KAK�NATKI�lB�INrlQMAtII�
�9cMIlpIucoKIc�McplEy�C�INrlQMApIKc�
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1:FB�6:CH:A=:?L�4�/+ �
?2:>7?@42?:7�

6:CH:A=:?L �<@=:I7CD4@�
I2C@4�%$�

F@B>2�<@?DB@=P

�??@D2H:P

�:ceATQToy�I�lNplilaII�
�MlKTMcNp�KAK�loNlCNÀ�rlQMA�lCcZcopCicNÌ�INrlQMAtII�
���INAiIpIKl-oINpcpIucoKÀ�PcQcQABlpKA�ElKTMcNplC�
�4cpAEANNyc� I� lolBcNNlopI� lBQABlpKI� îcKpQlNNys�
ElKTMcNplC�

�JIBiIlMcpQIKA�I�CcBlMcpQIKA.
�NNrlQMAtIlNNyJ�PlIoK
�SBelQ�BAelCys�PlǸpIJ�pclQII�INrlQMAtII
�7QlPToKNÀ�oPlolBNlop]�KANAiA�
�2lMBINAplQNlc�KlEIQlCANIc�
�2lEy�o�laQANIucNÌMI�
�;NICcQoAi]Nlc�KlEIQlCANIc�
�:clQÌ�ocKQcpNys�oIopcM�>cNNlNA�I�olCQcMcNNyc�PlEslEy�K�
pclQcpIKl-INrlQMAtIlNNlJ�ocKQcpNlopI�
�2lEy�Eì�opcaANlaQArIucoKIs�oIopcM�
�7QlaNleIQlCANIc�CQcMcNNys� Q̀ElC�I�EQTaIc�eAEAuI�
opApIopIKI�

�9pApIopIucoKIc�pcopy�
�2QIPpl-I�opcalANAiIe
�.yuIoiIpci]NÀ�aMKlop]�KlMP]_pcQlC�
�4lEci]�KliicKpICA�CyuIoiIpcicJ��
�IPPAQApTQNyc�lolBcNNlopI�CyuIoiIpci]NysoIopcM�
�2ANlNIucoKÀ� rTNKtIlNAi]NÀ� opQTKpTQA� KlNCcJcQNlal�
PQltcoolQA�

�2ANlNIucoKÀ� rTNKtIlNAi]NÀ� opQTKpTQA� MApQIuNlal�
PQltcoolQA��5AeNAucNIc�MApQIuNlal�PQltcoolQA��
##�E�5#!:;AA!#��

�2ANlNIucoKÀ�rTNKtIlNAi]NÀ�opQTKpTQA�MTi]pIPQltcoolQA�
(Multiprocessor).
�7QlaQAMMNlc�lBcoPcucNIc�CyuIoiIpci]Nys�oIopcM
�:clQcpIucoKIc�loNlCy�PAQAiici]Nlal�I�QAoPQcEciaNNlal�
PQlaQAMMIQlCANÌ

�:csNlilaII�PAQAiici]Nlal�PQlaQAMMIQlCANÌ
���.yolKl̂rrcKpICNyc�PAQAiici]Nyc�AialQIpMy
�7AQAiici]Nlc�PQlaQAMMIQlCANIc�NA�loNlCc�MPI
�7AQAiici]Nlc�PQlaQAMMIQlCANIc�o�OpenMP
�/IBQIENlc�PAQAiici]Nlc�PQlaQAMMIQlCANIc

 ��!�#!������
.7=7<@>>E?:<2H:@??L7�
C:CD7>L�:�C7D:

'@=:I7CD4@�I2C@4�%$��-

7Qltcoo�IeTucNÌ�EIotIPiINy�NAPQACicN�NA�rlQMIQlCANIc�
oicET_ZcJ�KlMPcpcNtII�
- ���-2 3<156>96=�;D<MCDA?:�>1DH>?4?�9BB<65?31>9P��3�C?=�
H9B<6� B� 9B@?<M8?31>96=� B?3A6=6>>LF� 9>E?A=1G9?>>?-
;?==D>9;1G9?>>LF�C6F>?<?49:	
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252/7
0@B>2�<@?DB@=P�:81H6C��
N;81=6>

,29B23@DI:<:                       
;�C�>��5?G6>C�;1E65AL�
)*#�-,��� D5L<59>1�(�!�

- ���-44?C?3>?BCMO�?A41>98?31CM�A12?CD�9BB<65?31C6<MB;?4?�
;?<<6;C931�3�?2<1BC9�@A?E6BB9?>1<M>?:�56PC6<M>?BC9	
- ��-1 B@?B?2>?BCMO�3L@?<>PCM�C6?A6C9H6B;9:�1>1<98�9�
N;B@6A9=6>C1<M>?6� 9BB<65?31>96� ED>;G9?>9A?31>9P�
3LH9B<9C6<M>LF�=1I9>��;?=@<6;B?3�9�;?=@MOC6A>LF�B6C6:�B�
G6<MO�D<DHI6>9P�9F�C6F>9;?-N;?>?=9H6B;9F�9�N;B@<D1C1G9?>>LF�
F1A1;C6A9BC9;��1�C1;76�A18A121CL31CM�>?3L6�=6C?5L�9F�
1>1<981�9�B9>C681	
- ��-2 B@?B?2>?BCMO�3L@?<>PCM�C6?A6C9H6B;96�9BB<65?31>9P�
@A?G6BB?3�B?851>9P��>1;?@<6>9P�9�?2A12?C;9�9>E?A=1G99��
3;<OH1P�1>1<98�9�B?851>96�=?56<6:�51>>LF�9�8>1>9:��P8L;?3�9F�
?@9B1>9P�9�=1>9@D<9A?31>9P��A18A12?C;D�>?3LF�=1C6=1C9H6B;9F�
=6C?5?3�9�BA65BC3�@?556A7;9�9>C6<<6;CD1<M>?:�?2A12?C;9�
51>>LF	
- ��-4 B@?B?2>?BCMO�@A9=6>PCM�9�A18A121CL31CM�=6C?5L�9�
BA65BC31�B9BC6=>?4?�1>1<981��?@C9=981G99��D@A13<6>9P��
@A9>PC9P�A6I6>9:�9�?2A12?C;9�9>E?A=1G99�@A9=6>9C6<M>?�;�
B<?7>L=�B9BC6=1=�

-@67B82?:7�6:CH:A=:?L(@C?@4?L7�B2967=L):
�/ilBAi]Nyc� pQcNEy� I� loNlCNyc� ECIGTZIc� oIiy �
lPQcEcì_ZIc�QAeCIpIc�MIQlClal�pcicKlMMTNIKAtIlNNlal�
ocKplQA�
�?Cli_tÌ�ocpcCys�pcsNlilaIJ�
�IQsIpcKpTQA�ocpcJ�oC̀eI�oicET_Zcal�PlKlicNÌ�
�IQsIpcKpTQA��2���8Aoucp�sAQAKpcQIopIK�TQlCǸ�TPQACicNÌ�
AQsIpcKpTQy��2��
�2lNCcQacNtÌ�rIKoIQlCANNys�I�MlBIi]Nys�ocpcJ�oC̀eI�
�SBiAuNyc�CyuIoicNÌ�I�ocQCIoy�NA�BAec�lBiAuNys�
CyuIoicNIJ�

 ��!�#!������
.7@B:P�
FE?<H:@?:B@42?:P�
B2CAB767=7??LG�
4LI:C=:D7=M?LG�C:CD7>

'@=:I7CD4@�I2C@4�%$��-
252/7

0@B>2�<@?DB@=P�:81H6C�
N;81=6>

,29B23@DI:<
;�C�>��5?G6>C�;1E65AL�
)*#�-,� D5L<59>1�(�!�

7Qltcoo�IeTucNÌ�EIotIPiINy�NAPQACicN�NA�rlQMIQlCANIc�
oicET_ZIs�KlMPcpcNtIJ�
- ���-2 !<156>96�;D<MCDA?:�>1DH>?4?�9BB<65?31>9P��3�C?=�H9B<6�B�
9B@?<M8?31>96=� >?36:I9F� 9>E?A=1G9?>>?-;?==D>9;1G9?>>LF�
C6F>?<?49:	
- ��-1 B@?B?2>?BCMO� 3L@?<>PCM� C6?A6C9H6B;9:� 1>1<98� 9�
N;B@6A9=6>C1<M>?6�9BB<65?31>96�ED>;G9?>9A?31>9P�3LH9B<9C6<M>LF�
=1I9>��;?=@<6;B?3�9�;?=@MOC6A>LF�B6C6:�B�G6<MO�D<DHI6>9P�9F�
C6F>9;?-N;?>?=9H6B;9F�9�N;B@<D1C1G9?>>LF�F1A1;C6A9BC9;��1�C1;76�
A18A121CL31CM�>?3L6�=6C?5L�9F�1>1<981�9�B9>C681	
- ��-3 B@?B?26>�B?36AI6>BC3?31CM�9�B?85131CM�>?3L6�N<6=6>CL�9�
DBCA?:BC31�3LH9B<9C6<M>?:�C6F>9;9��A18A121CL31CM�E989H6B;96�9�
C6F>9H6B;96�@A9>G9@L�9F�ED>;G9?>9A?31>9P��B?85131CM�=6C?5L�9�
BA65BC31��?26B@6H931OJ96�@?3LI6>96�>15Q7>?BC9��;1H6BC31�
;?>CA?<P�9�5914>?BC9;9�ED>;G9?>9A?31>9P�N<6=6>C?3�9�DBCA?:BC3�

-@67B82?:7�6:CH:A=:?L(@C?@4?L7�B2967=L):
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�IQsIpcKpTQA�CyuIoiIpci]Nys�oIopcM��4lEci]�KliicKpICA�
CyuIoiIpcicJ��IPPAQApTQNyc�lolBcNNlopI�CyuIoiIpci]Nys�
oIopcM��2ANlNIucoKÀ�rTNKtIlNAi]NÀ�opQTKpTQA�KlNCcJcQNlal�
PQltcoolQA�� 2ANlNIucoKÀ� rTNKtIlNAi]NÀ� opQTKpTQA�
MApQIuNlal�PQltcoolQA��5AeNAucNIc�MApQIuNlal�PQltcoolQA�
(Array 5#!:;AA!#���2ANlNIucoKÀ�rTNKtIlNAi]NÀ�opQTKpTQA�
MTi]pIPQltcoolQA��2& %�"#!:;AA!#���7QlaQAMMNlc�lBcoPcucNIc�
CyuIoiIpci]Nys�oIopcM
�:clQÌ� I�PQAKpIKA�PAQAiici]Nlal�PQlaQAMMIQlCANÌ��
:clQcpIucoKIc�loNlCy�PAQAiici]Nlal�I�QAoPQcEciaNNlal�
PQlaQAMMIQlCANÌ�� :csNlilaII� PAQAiici]Nlal�
PQlaQAMMIQlCANÌ�� .yolKl̂rrcKpICNyc� PAQAiici]Nyc�
AialQIpMy��7AQAiici]Nlc�PQlaQAMMIQlCANIc�NA�loNlCc�MPI. 
7AQAiici]Nlc� PQlaQAMMIQlCANIc� o� OpenMP�� /IBQIENlc�
PAQAiici]Nlc�PQlaQAMMIQlCANIc�
�2lNtcPpTAi]Nyc�MlEciI�INrlQMApIKI�7QcEMcp�I�McplE�
INrlQMApIKI�KAK�NATKI�lB�INrlQMAtII��9cMIlpIucoKIc�McplEy�
C�INrlQMApIKc��:ceATQToy�I�lNplilaII��MlKTMcNp�KAK�loNlCNÀ�
rlQMA�lCcZcopCicNÌ�INrlQMAtII��INAiIpIKl-oINpcpIucoKÀ�
PcQcQABlpKA�ElKTMcNplC��4cpAEANNyc�I�lolBcNNlopI�lBQABlpKI�
îcKpQlNNys�ElKTMcNplC��JIBiIlMcpQIKA�I�CcBlMcpQIKA��
NNrlQMAtIlNNyJ�PlIoK�

�:clQÌ�INrlQMAtII�I�cc�PQIilGcNÌ��SBelQ�BAelCys�PlǸpIJ�
pclQII� INrlQMAtII�� 7QlPToKNÀ� oPlolBNlop]� KANAiA��
2lMBINAplQNlc� KlEIQlCANIc�� 2lEy� o� laQANIucNÌMI��
;NICcQoAi]Nlc�KlEIQlCANIc���:clQÌ�ocKQcpNys�oIopcM�>cNNlNA�
I� olCQcMcNNyc� PlEslEy� K� pclQcpIKl-INrlQMAtIlNNlJ�
ocKQcpNlopI�� 2lEy� Eì� opcaANlaQArIucoKIs� oIopcM��
7QlaNleIQlCANIc�CQcMcNNys�Q̀ElC�I�EQTaIc�eAEAuI�opApIopIKI��
9pApIopIucoKIc�pcopy��2QIPpl- I�opcalANAiIe��.yuIoiIpci]NÀ�
aMKlop]�KlMP]_pcQlC�

 ��!�#!��	����
&CC=76@42?:7�@A7B2H:;

'@=:I7CD4@�I2C@4�%$��-
108/3
0@B>2�<@?DB@=P�:N;81=6>

,29B23@DI:<:                       
;�E�-=�>��5?G6>C�;1E65AL�
!'9.�
0F9>�+���

7Qltcoo�IeTucNÌ�EIotIPiINy�NAPQACicN�NA�rlQMIQlCANIc�
oicET_ZIs�KlMPcpcNtIJ�
- ���
1 3<156>96=� =6C?5?<?496:� C6?A6C9H6B;9F� 9�
N;B@6A9=6>C1<M>LF�9BB<65?31>9:�3�?2<1BC9�@A?E6BB9?>1<M>?:�
56PC6<M>?BC9
- ���-3 B@?B?2>?BCMO� ;� A18A12?C;6� >?3LF� =6C?5?3�
9BB<65?31>9P�9�9F�@A9=6>6>9O�3�B1=?BC?PC6<M>?:�>1DH>?-
9BB<65?31C6<MB;?:�56PC6<M>?BC9�3�?2<1BC9�@A?E6BB9?>1<M>?:�
56PC6<M>?BC9;
- ��-2 B@?B?2>?BCMO�3L@?<>PCM�C6?A6C9H6B;96�9BB<65?31>9P�
@A?G6BB?3�B?851>9P��>1;?@<6>9P�9�?2A12?C;9�9>E?A=1G99��
3;<OH1P�1>1<98�9�B?851>96�=?56<6:�51>>LF�9�8>1>9:��P8L;?3�9F�
?@9B1>9P�9�=1>9@D<9A?31>9P��A18A12?C;D�>?3LF�=1C6=1C9H6B;9F�
=6C?5?3�9�BA65BC3�@?556A7;9�9>C6<<6;CD1<M>?:�?2A12?C;9�
51>>LF�
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-@67B82?:7�6:CH:A=:?L(@C?@4?L7�B2967=L):
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�PQlslGEcNIc�INopQTKpAGA�Pl�lsQANc�pQTEA�I�PlGAQNlJ�
BcelPAoNlopINA�QABlucM�Mcopc�PQAKpIKANpA��

�leNAKlMicNIc�ol�opQTKpTQlJ�lB[cKpA�PQAKpIKI��CTeA �
rAKTi]pcpA � KArcEQy�� I� loNlCNyMI� ElKTMcNpAMI �
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lBelQA�iIpcQApTQy �PlopANlCKA�eAEAuI�Pl�pcMc�EIoocQpAtIlNNlJ�QABlpy
�8ABlpA�Pl�IeBQANNlJ�pcMApIKc�
-PiANIQlCANIc �QAeQABlpKA�PQlaQAMMy 
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olopACicNIc�lpucpA�
�SBQABlpKA�I�ANAiIe��PliTucNNlJ��INrlQMAtII��C��slEc�CyPliNcNNlal�
K̂oPcQIMcNpA��oBlQ, lBQABlpKA �oIopcMApIeAtÌ����I�lBlBZcNIc�
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�?Cli_tÌ�ocpcCys�pcsNlilaIJ
�IQsIpcKpTQA�ocpcJ�oC̀eI�oicET_Zcal�PlKlicNÌ
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7Qltcoo�IeTucNÌ�EIotIPiINy�NAPQACicN�NA�rlQMIQlCANIc�
oicET_ZIs�KlMPcpcNtIJ�
- ���-1 3<156>96=� =6C?5?<?496:� C6?A6C9H6B;9F� 9�
N;B@6A9=6>C1<M>LF�9BB<65?31>9:�3�?2<1BC9�@A?E6BB9?>1<M>?:�
56PC6<M>?BC9	



18

1:FB�6:CH:A=:?L�4�/+ �
?2:>7?@42?:7�

6:CH:A=:?L �<@=:I7CD4@�
I2C@4�%$�

F@B>2�<@?DB@=P

�??@D2H:P

A@65@D@4=7??@;��?2EI?@-
<42=:F:<2H:@??@;�
B23@DL��6:CC7BD2H::�

'@=:I7CD4@�I2C@4�%$��-
216/6
0@B>2�<@?DB@=P�:N;81=6>

,29B23@DI:<:                       
5�@�>., @A?E6BB?A�;1E65AL�
$,-
#?<9>6A�&�$��
;�C�>��5?G6>C;1E65AL�
)*#�-,, 
 D5L<59>1(�!�

- ���-4 4?C?3>?BCMO�?A41>98?31CM�A12?CD�9BB<65?31C6<MB;?4?�
;?<<6;C931�3�?2<1BC9�@A?E6BB9?>1<M>?:�56PC6<M>?BC9	
- ���-3 B@?B?2>?BCMO� ;� A18A12?C;6� >?3LF� =6C?5?3�
9BB<65?31>9P�9�9F�@A9=6>6>9O�3�B1=?BC?PC6<M>?:�>1DH>?-
9BB<65?31C6<MB;?:�56PC6<M>?BC9�3�?2<1BC9�@A?E6BB9?>1<M>?:�
56PC6<M>?BC9;
- ���-5 B@?B?2>?BCMO�?2K6;C93>?�?G6>931CM�A68D<MC1CL�
9BB<65?31>9:� 9� A18A12?C?;�� 3L@?<>6>>LF� 5AD49=9�
B@6G91<9BC1=9�9�3�5AD49F�>1DH>LF�DHA6756>9PF	
- ���-��B@?B?2>?BCMO�@A65BC13<PCM�@?<DH6>>L6�A68D<MC1CL�
>1DH>?-9BB<65?31C6<MB;?:�56PC6<M>?BC9�>1�3LB?;?=�DA?3>6�9�B�
DH6C?=�B?2<O56>9P�13C?AB;9F�@A13	
- ���-7 3<156>96=� =6C?51=9� @A?3656>9P� @1C6>C>LF�
9BB<65?31>9:��<9G6>89A?31>9P�9�81J9CL�13C?AB;9F�@A13�@A9�
B?851>99�9>>?31G9?>>LF�@A?5D;C?3�3�?2<1BC9�@A?E6BB9?>1<M>?:�
56PC6<M>?BC9;
- ��-��B@?B?2>?BCMO�3L@?<>PCM�C6?A6C9H6B;96�9BB<65?31>9P�
@A?G6BB?3�B?851>9P��>1;?@<6>9P�9�?2A12?C;9�9>E?A=1G99��
3;<OH1P�1>1<98�9�B?851>96�=?56<6:�51>>LF�9�8>1>9:��P8L;?3�9F�
?@9B1>9P�9�=1>9@D<9A?31>9P��A18A12?C;D�>?3LF�=1C6=1C9H6B;9F�
=6C?5?3�9�BA65BC3�@?556A7;9�9>C6<<6;CD1<M>?:�?2A12?C;9�
51>>LF	
- ��-5 B@?B?26>�?2K6;C93>?�?G6>931CM�@A?E6BB9?>1<M>L:�
DA?36>M�A68D<MC1C?3�>1DH>LF�9BB<65?31>9:��3�C?=�H9B<6�B�
@?=?JMO� =675D>1A?5>LF� 218� 51>>LF� @D2<9;1G9?>>?:�
1;C93>?BC9	
- ��-2 B@?B?2>?BCMO� @A?6;C9A?31CM� 9� ?BDJ6BC3<PCM�
;?=@<6;B>L6�9BB<65?31>9P��3�C?=�H9B<6�=6759BG9@<9>1A>L6��>1�
?B>?36�G6<?BC>?4?�B9BC6=>?4?�>1DH>?4?�=9A?3?88A6>9P�B�
9B@?<M8?31>96=�8>1>9:�3�?2<1BC9�9BC?A99�9�E9<?B?E99�>1D;9	
- ��-3 4?C?3>?BCMO�DH1BC3?31CM�3�A12?C6�A?BB9:B;9F�9�
=675D>1A?5>LF�9BB<65?31C6<MB;9F�;?<<6;C93?3�@?�A6I6>9O�
>1DH>LF�9�>1DH>?-?2A18?31C6<M>LF�8151H
- ��-6 B@?B?2>?BCMO� @<1>9A?31CM� 9� A6I1CM� 8151H9�
B?2BC36>>?4?�@A?E6BB9?>1<M>?4?�9�<9H>?BC>?4?�A1839C9P�

-@67B82?:7�6:CH:A=:?L(@C?@4?L7�B2967=L):
.28�EliGNA�
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