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(a) HVS Threshold detectivity curve.
(b) MTF of display system.
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��� ��MK !��S]R�U�R PM� �S N��T�N���K � ��� �N���MR R���KMKT� �SKM��T �MK!�  �� ��� ���NRMS��
�T�K��Z !�U�K ��� ��K���� TMR���M���K ��M��� M� ���T����� �K ��T���K 
Y�Y� �K ��� K�V� NM!�Y \���
��M!�� P��� T�M�MT������� �S U�T���� � ���  ��� �T��N������K ������ ���� T��N������K �M���
����Z �M�!�� ���� ����Z �M�!�� T�K��M�� ���Z �MTX!���K�Z ��!��KZ R�TM���K	Z P��T� P��� !�K��M��� M�
 �RR�P��

�O� ��� �MT� �MTX!���K�Z M ��T�MK!�RM� ��!��K  �� �M�!�� �K������K PM� �N�T�W���
��� ��V� M �M�!�� T�K��� PM� �MK���RS ��R�T���  ��� P����K ��� T����K ��!��K�
��� � �MK��� NM�� ��� Z ��  ��� P����K ��� MRR�P�� ���M�K � �M�!�� ���� MK� �M�!�� T�K��M��

PM� T����K MK� M �M�!�� P��� ����� T�M�MT�������T� �K������ M� ��� T����K T�K����
��� � T��N������K �M��� �� 
 	�
� O	� O
��	��
��	��
 PM� ���K ��R�T��� �MK���RSZ ���[�T� ��

��� T�K���M�K� ��M� �MT� �MTX!���K� �� ���� �Q�MRRS � ��K M� �MT� T��N������K �M���Y \��
���� ��M!� PM� ���K T��N������ �� ���� ��!��� �S ���� ���  �MT�MR MK� ���� MR!�������Y
��KMRRSZ ��� ����R��K! �P� WR�� P��� ��T��N������ �MTX �� ��� ���!�KMR 
O� �
O� ���� MK�
�MU�� M� ���� ��M!��Y �VM�NR� ���� ��M!�� M�� ���PK �K W!��� 
Y�  �� ��� �M�� ��M!�  ��
���� ���� MK�  �MT�MRRS T��N������ ��M!��Y
\�� ��!��K� ���T����� �K ���� �O� P��� � ���� �	 �
 N�V�R�Z MK� ���� � ����� P��� R�TM���

�K ��N���M�R� M��M� ��
�
Z �XS� �� M� �� �KT���M!� M  �RR ��M�T� M� �MT� ���MRY JK ����� �� ����T�
MKS R�M�K�K! M��T��Z O
 ��T� ��!��K� P��� �MK�MRRS N��]��R�T���  �� �MT� �MTX!���K� ��M!�Y \���
PM� ��K� �� ��M� ��� �NM��MR �����������K P����K �MT� �MTX!���K� ��M!�Z MK� ��� �����������K
� �MTX!���K� �SN�� P����K �MT� ��!��K P��� ����RM�  �� MRR ��� �MTX!���K� ��M!��Y \P�RU�
� ��� O
 ��!��K� P��� ���K �MK���RS ��R�T��� �S ��� �� �PM��Z ����K! N��T����K! � ��� ����
��M!��Y �����K ��� ������ � ���� ��M!�� P��� M !�U�K �MTX!���K�Z �M�!��� P��� �S����M��TMRRS
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MK� �K� ���RS MRR�TM��� MT���� ��!��K�Y �KT� ��� ��!��K �M� ���K ��R�T���Z M T�K���  �� ���
�M�!�� PM� �MK���RS T����K P����K ��� ��!��KZ ���K! T�K��K���� T�����KM���Z �� ��M� ��� �M�!��
T��R� M�����M��RS �U��RMN N�V�R ���K�M����Y \��� �� ���PK !�MN��TMRRS �K W!��� 
Y�Y

\M�!��� � ��R�T��� ���� MK� T�K��M�� P��� �������� �K ����� �T�K��Z ���K! MK �K������K
N��T����� ���T����� �K������� MK� ��P�M� �O����Z P��T� �� ���M�R�� �K �NN�K��V �Y ���M�R�
� ��� T���T� � ���� MK� T�K��M�� M�� !�U�K �K �NN�K��V �Y �����SZ M �M�� �M�!�� ���� � �

N�V�R� P��� MK� � N�V�R� ��!� PM� �N�T�W��Z P���� O N�V�R �����K��� M U���MR MK!R� � ���� �O	��
��!����Y �M��� �K M N�R�� ����SZ �NN�� MK� R�P�� ���K��P��� NRMT�� �K �M�!�� M��M MK� T�K��M��Z
P��R� ��� N����T� � T�K��M�� MK� M��M PM� T�K���M�K��Z ��KT� ��� ����R�MK���� T����KM���K � 
��K��MR T�K��M�� MK� ��K��MR M��M !MU� ��� R�P M ����T���K �M��Z P��� T�KU���� ���T��  ��
�MV��MR UMR��� ���� ��T���K 
Y�Y��Y �����K ��� MRR�P�� �MK!� � T�K��M�� MK� ���� UMR���Z �����
UM��M�R�� P��� ����������� M� �K� ��� �MK��� UM��M�R��Y

\� MT���U� ���MR �M�!�� �K������KZ ��� �MTX!���K� ��M!�� ����R� �� ��T�KU�RU�� �� ����U�
��� ���T�� � ��� N��K� �N��M�  �KT���K%# ����� � ��� ��M!�K! ��K��� �S����Y \��K ��� �M�]
!�� T��R� �� �K������ MK� ��� P��R� ��M!� ��]T�KU�RU�� P��� ��� ���!�KMR N� Y ��P�U��Z ��KT�
��T�KU�R����K �� K��������RS  �M�!�� P��� N���R���Z ���� MNN��MT� PM� MU�����Y JK���M�Z ���
 �RR�P�K! MNN��V��M�� MNN��MT� PM� M��N���Y \�� ������ ���M�R�� �K �NN�K��V � PM� ����
P��� ���  �RR�P�K! ������ �����K! ����WTM���KY � �� � �� N�V�R ��!��K T�]T�K���� P��� ���
�M�!�� R�TM���K PM� �T�� ����  ��� ��� �MTX!���K� ��M!� MK� ������]������ ���P�M�Z O����
�S M  MT��� � �Y \�� �M�!�� PM� ���K �K������ �K ��� T�K��� � ��� ��!��K MK� T�KU�RU�� P��� M
��� P��T� PM� T�K�����K� P��� ��� ��K��� ��M� N����T�� ��� �MTX!���K� ��M!�Y � ���]��!��K � 
�� ��� N�V�R� T�]T�K���� P��� ��� �V����K! ��!��KZ PM� ���K ����U�� MK� N�V�R MU��M!�� ��PK �S
M  MT��� � � ���������� MK� ��]�K������ �K ��� �MTX!���K� ��M!�Y \��� ������ �����K! N��]T����� �� �Q��UMR�K� �� N�� ����K! M ��]T���T �NR�K� �K���N�RM���K ���P��K N�V�R� �K ��� �VT����
��M!� ��!��KY \��� PM� ��K� �� ���M�K ��� �R����K! M� ��� ���]N�V�R R�U�RY
��
�� ���� �#�


\�� �VN�����K� PM� T�K���RR�� �S M ��� �� ��� �� N����KMR T��N����Y J�M!�� P��� N����K���
�K MK �R�T������� O�O�� ��!� Q�MR��S ��K�T����� ��R�U����K ��K����  ��� M �M���V �J�]O	��
��M!� ��!�����K! MK� ���NRMS TM��Y \�� ��RM���K ���P��K �T���K R���KMKT�Z �Z �K TMK��RM� N��
�Q�M�� ����� �T�����Z MK� N�V�R !��S]R�U�R UMR��Z � Z PM� TR���RS MNN��V��M��� �S ��� Q�M��M��T
 �KT���K � � 	�		����� 	 	�O	��
� 	 	�
�	��Z P��� � 
 
	� � � � ��

�� �	� � 	�����Y � ���� PM�
NRMT�� �U�� ��� �T���K �� T�K���M�K ��� U��P�K! ����MKT� �� 
		 �� MK� �R�TX ��� M����K� R�!��Y
��
�� ��
�!�#


���[�T�� P��� MRR U�R�K�����  ��� P����K ��� M!� !���N �� ] �� S�M��Z �MU�K! M� R�M�� ��� U����KY
�K� ���[�T� PM�  ��MR�Y \�K ���[�T�� P��� ���� �K �VN�����K� O MK� ��V �K �VN�����K� �Y\���� � ��� ���[�T��  ��� �VN�����K� O MR�� ���U�� M� ���[�T��  �� �VN�����K� �Y ��K� � ���
����� ������� ����. �� ��	
��� � ��� 	 ��������� �� (�'�
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���[�T�� �M� N��U����RS ���U�� M� ���[�T��  �� ����RM� N�ST��N�S��TMR �VN�����K��Y ��P�U��Z MRR
���[�T�� P��� N�� �����KMR �K!�K���� �� �T��K����� P���  M��R�M���S P��� ��M!�K! �S�����Y
��
�� � ��!�� !

�VN�����K�M���K T�K������ � ����� N�M���� W��� M N�R�� ����S �� �������K� MNN��N��M�� �MK!��
 �� ���� MK� T�K��M�� UMR��� �P��T� �M� MR��M�S ���K ���T������� ��T�K�RSZ �VN�����K� OZ �K P��T�
��� ����]������ ��R�M��R��S � ��� N��T����� PM� �������K��� MK�Z WKMRRSZ �VN�����K� �Z P��T� PM�
��� MT��MR T��N������K ����SY JK �VN�����K� OZ �MR � ��� �����R� ] �Q�MRRS ����������� ���P��K
���� T��N������ MK�  �MT�MR T��N������ ] P��� N����K��� �P�T� �� �MT� ���[�T� �K �MK���
�����Y JK �VN�����K� � �MT� �����R�� PM� N����K��� �VMT�RS �KT� �� �MT� �����U�� �K �MK���
�����Y JK MRR TM��� ��� ������ � N����K�M���K�  �� ���[�T�� P��� �KT����RM���Y

\�� N����K�M���K N��T����� ] P��T� PM� ��� �M�� �K ���� �VN�����K�� ] PM� M�  �RR�P��]
��� ���� �VN�����K�� T�K������ � ��� N����K�M���K�Z �� ����� �� ���� M� ���MR�Y \�� �K����

��� � ���MR� PM� T��NR���� �U�� ��U��MR ������K�Z P��T� P��� � M ���M���K � M���� �	
��K����Y \�� ����� � N����K�M���K � �����R� �� �MT� �����U�� PM� N��]TMRT�RM��� M� ���
T����KT���K� � ��M� �����U���� W��� ������KZ MK� PM� �MK���Y \� ��K����� R�M�K�K!
M��T��Z ��� �K���MR ������K  �� �MT� ���[�T� PM� ���M��� M� M ��M�K�K! N�����Y \�M� ��Z ���
����R�� � ���� ������K P��� ��R���� MK� ��� �VN�����K� PM� ��]�K���MR���� �K ���  �RR�P�K!
������KY \��� ���K ��TM�� ��� ��MR ��M�� � ��� �VN�����K�Y �RR �����R� P��� N����K���
�VMT�RS �P�T� �K �VN�����K� O �	
�
 �MR ��� ��� PM� �����Z MK� �VMT�RS �KT� �K �VN�����K�
�Y �M�M  �� �MT� �VN�����K� P��� T�RR�T��� �U�� M N����� � MNN��V��M��RS 
 ] � �MS�  ��
�MT� �����U��Z P��� ���[�T�� �SN�TMRRS ���K! M�R� �� T��NR��� ���  �RR ��� � ���MR�  �� MK
�VN�����K� �K � ] � ������K�Y

���� �MT� ���MR T�K������ � ���  �RR�P�K! ��Q��KT��]
�M� �����R�� N����K�M���KZ
��� �����U�� ��M�T�  �� M �MV���� � � ��T�K�� �P��� ��M�T� K���MRRS ���K! �����KM���

�S ��� �����U�� ��N�����K! ��� �NMT��M� � M ��MK�M�� T��N���� X�S��M���Z
�T� T��N���� N����K�M���K � M T�K��MRRS]R�TM��� T����� P��T� ��� �����U�� ���K ��U��

U�M M ����� �� ��� N��M��U� �M�!�� N������K ��� �� M �MK��� R�TM���K � K� �M�!�� PM�
 ��K�� MK� TR�TX�� ��� ����� �����KZ

��� �K��S � M T�KW��KT� R�U�R �K �K� � ����� TM��!����� �T���M�KZ K�� ���� ��� M���� 
	�T�KW��K�Z N��� !�����K� ���M�Y
\�� �T���K PM� ���K �RMKX�� P��� M �K� ��� !��S M� ��� ��MK !��S R�U�R � MRR ��M!��Z

MK� M K�P ��M�T� �T�K� R�M��� �K�� ���  �M�������Y \�� ���[�T� T��R� NM��� ��� �VN�����K�MR
������K �� �����KM�� ��� ������K �K T��NR����K � MKS ���MR �K P��T� ���S P��� ���� � ��� �M�!��
R�TM���KY
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�MT� ���[�T� PM� N����K��� P��� �P� ���K��TMR ���� � ��� ��M!��Z ��� ��� ����� � N����K�M���K
� �MT� ��M!� PM� �MK��� MK� ������K�  �� �MT� ���[�T� MK� �MT� ��KY �MT� ��M!� �K M ���
��N����K��� M �K�Q�� �����R�� ���M���K�� 	
�
 �MT� ��M!� ��N����K��� M �K�Q�� T����KM���K � �
��� � �MTX!���K� ��M!��Z ��� O� �M�!�� ����]T�K��M�� R�U�R�Z MK� ��� � T��N������K �M����Y ���
�MT� ���[�T�Z M �M�!�� ��� �����T���K� �� ���� PM� ��T�����Z MR�K! P��� ��� ��M�T� ���� �K TM��
� M ���Y � ��� �MT� ��M!� N����K�M���KZ ��� ���[�T� �K����� M T�KW��KT� �M��K!Y \��� PM� ����
�� U��� S ��M� M ��� �M� �TT����� ����T����� �K ��T���K 
Y� �K NM!� O	
�Y

\�� ���[�T��� ���N�K��� P��� MU��M!�� �U�� ���[�T�� �� N����T� M ��MK ��M�T� ���� ���\�
MK� M ��MK ���]�M�� �����  �� �MT� ���� ��M!� ���NRMS��Y JK ����� �� �������K� � MKS ��!K�WTMK�
R�M�K�K! ���T� �M� �TT�����Z M NM���� �]���� PM� MNNR��� �� �MT� NM�� � ���N�K�� �M�M �O�� MK�
�K� M����N���Z  �� ���� ��MK ���]�M�� MK� ��MK ��M�T� ����Y � NM��]P��� T����RM���K MKMRS���
PM� MNNR��� �� ��� O�� MK� �K� ��K �M�M  �� ���� ��MK ��M�T� ���� MK� ��MK ���]�M�� ����R��Y
����
����� �

�� ��K���K�� N��U����RSZ ���� �VN�����K� PM� N�� ����� �� M����� ��� ���T�� � ���� T��N���]
���K ������ MK� �M��� �K �M�!�� ����T���KY �VN�����K� � T�K ����� �� M ��V�� �MK��� MK�WV�� ���T�� ����!K P��� �R�TX�K! ���K�� MK� ��K�!����SZ O��	��Y \�� �R�TX�K! UM��M�R�� P���
���[�T�Z �MTX!���K� MK� P����K]��M!� R�TM���KY L��N������K ������ ���� MK� T��N������K
�M��� ���� P��� WV�� ���T�� ] 	
�
 ���S �M� ��R�T��� ���T���� UMR���Z P��R� ���[�T�� P��� ���M���
M� M �R�TX UM��M�R�Z P��� �MT� ���[�T� ����K! MRR � ��� ���� ��M!��Y

JK ���� ��T�K� �VN�����K�Z ��V ���[�T�� NM���T�NM���Z � P��� ����� �M� NM���T�NM��� �K
�VN�����K� OY �!M�KZ ��� ��M!�� PM� N����K��� �� �MT� ���[�T� �K M ������K� �MK��� �����Y
��P�U��Z ���� ����Z �MT� ��M!� ��N����K��� M �K�Q�� ���M���K�Z P��� ��� �V��M  MT��� � T��]N������K ������ ���K! �KTR���� �K ���  MT��� T����KM���K�� 	
�
 �MT� ��M!� ��N����K��� M �K�Q��
T����KM���K � � ��� � �MTX!���K� ��M!��Z ��� O� �M�!�� ����]T�K��M�� R�U�R�Z ��� � T��N������K
�M����Z MK� ��� � T��N������K �������Y �� �K �VN�����K� OZ M ��� �� ���� PM� ��T�����  ��
�MT� ���[�T� M� �MT� ��M!� N����K�M���KZ P��� ��� ��M�T� ���� MR�� ���K! ��T�����  �� M ���Y �
T�KW��KT� R�U�R PM� MR�� ��T����� �S ��� �� �PM��Y

� ��M�����TMR MKMRS��� � ��� �VN�����K� PM� ���M�K�� �S N�� ����K! M �P�]PMS TRM���WTM���K
���Z ��� �����Y
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�BC �DE�FG�HEIFD
\�� �VN�T��� N��R� ��M���K � ��!��MR ��M!�K! �S����� �K ��� K�M�  ����� P�RR �� MTT��NMK���
�S ��� P����N��M� ��� � ��M!� T��N������K �� ����T� ��MK�������K MK� ����M!� ��Q������K��Y
����R���% ��M!� T��N������K TMK �� M��M�K��Z ��� ���� MT���U�� �KRS ��� ��RM��U�RS R�P T��N���]
���K �M���� � M���� 
�O �� R���Y J ��!��� T��N������K �M���� M�� K�����Z ���K R���S T��N������K ��
��Q�����Y ��T� ��R��M�S MK� N����T��U� ���U��RRMKT� �� T�KT��K�� P��� ��� ����T���K MK� ��T�!]K����K � ��RM��U�RS ��MRRZ R�P T�K��M�� �M�!���Y J ���U��RRMKT� ��M!��S �� �� �� ��MK�������  ���
N��K� �� N��K�Z �� � �� �� �� �� ������  �� RM��� MKMRS���Z ���K R���S T��N������K �T����� �MS ��
��Q�����Y \���� ���Z P��K T�K������K! MK ��M!�K! �S����  �� M P�RR ��WK�� U���MR �M�XZ ��T� M�
���U��RRMKT�Z �� �� ��N���MK� �� W��� M����� �� P�M� �V��K� ��M!� T��N������K �� R�X�RS �� M��T�
���� N�� ���MKT� �K ��� !�U�K �M�X�Y J N�����R�Z T��N������K �T����� ��!�� �� �� ��K�� �� ���
�N�T�WT �M�X��� P��T� P�RR �� TM����� ��� P��� ����� ��M!��Y

JK �UMR�M��K! ��M!� T��N������K ��T�K�Q���Z �MKS  MT���� T��� �K�� NRMSZ �KTR���K! ��NR�]
��K�M���K T��NR�V��SZ ��MR]���� N��T����K! T�K�����M���K�Z T��N������K �M���Z ���Y ��U�����R���
��� �U��]����K! T�KT��K �� ��� Q�MR��S � ��� ��T�K����T��� ��M!�Y ��KT� ����� �� M !��M� K��� ��
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�S����M��TMRRS �UMR�M�� ��M!� T��N������K MR!������� P��� ���N�T� �� ����� ��!�M�M���K � ��M!�
Q�MR��SY ��P�U��Z ��� R����M���� ���M�K� ��R�K� �K ��� ����� � �UMR�M��K! ���MK U���MR �M�X N��]
 ���MKT� ���K! ���� T��N������ U����Y � ��� P��X �UMR�M��K! ���� ��KTR���K! ����]��U���� T��N������KZ �KRS M ���[�T��U� �M��K! ������ �M� ���K ���� ����MXM MK� ��MPMZ O����YJK  MT� �KRS ��� ��K�[�T��U� �M��K! � ��M!� Q�MR��S �� �N�T�W�� �K ��� ���� ��MK�M���Z P��T�
M�� ���T����� �K ��T���K �Y�Y

\��� P��X M������� ��� M��T�� � U���� T��N������K �K �M�!�� ��T�!K����K MK� ���K��WTM���K
�S �����U���Y JK NM���T�RM�Z ��� �M�K M�� PM� �� Q�MK�� S ��� ��!�M�M���K �K �M�!�� MTQ�������K
N�� ���MKT� P��K U��P�K! ����� ��Q��KT�� � U���� ��M!��S P��T� �M� ���K T��N������ �K���
��� K�PZ ����]� ��MK�M��Z P��T� �� ���T����� �K ��� K�V� ��T���KY
�B� ���� �IG�F �FGID�

�� ���� T�MN��� �� T�KT��K�� P��� ��� ���T�� � ����]� T��N������K �K ���MK U���MR N�� ��]
�MKT�Z MK �U��U��PZ P��� ���� �MTX!���K� �K ���M���K �K ���� T��N������KZ �� K�P !�U�KY
���� T��N������K PM� �����S ���T����� �K L�MN��� 
 �K ��� T�K��V� � T��N������K ����]
���Y ��� ���� ���M�R�Z ��� ��� MT��MR ��MK�M�� �N�T�WTM���K �J���J�L O��O�]��Z ����!� ���� ��
�M�� !��K!Z �� ��� M ��V�Z ��T� M� ��M� �S \�XMRN �O��
�Z P��T� T�U��� ��� �����S MK� UM�����
U���� T���K! ��MK�M���Z �� ��� NMN�� �S L��K �O��
�  �� M ��U��P � ��!��MR U���� T��N������K
��MK�M���Y

L�����T�MR ��R�U����K �� �K���!��K! M ��MK�����K �� ��!��MR N��T����K! MK� ��MK�������KZ
��� T����K�RS �� MKMR�!��Y �KMR�!�� U���� ��MK�M��� ��WK� ��� K����� �  �M��� N�� ��T�K�
���Y��  �� �\�L� MK� �
  �� ����� MK� ��� K����� � R�K�� N��  �M�� �
�
  �� �\�L MK� ��

 �� ����Y ����� ��!KMR� MR�� T�K�M�K M �RMKX�� N�����K ��M� �� ����  �� �SKT���K��M���K ��� K��
���NRMS��Z �� K�� MRR R�K�� K�� MRR NM��� � �MT� R�K� T�K�M�K MT��U� U����Y \� T�KU��� �� ��!��MRZ
��� MKMR�!�� U���� ��!KMR �� �M�NR�� MR�K! �MT� � ��� MT��U� U���� R�K�� ����  �� �\�L MK� 
��
 �� ����Y � T����K �M�� �� O�Y
 ���Z ��WK�� �K LLJ�] �	O� MK� ����  �� �]O� MK� ��� K�P
�����]L�  ���M�  �� T��N������ U����Y \�� ���� ��MK�M���Z P��T� M�� ��WK��  �� ��!��MR
U����Z M�� K�P ���T�����Y

����Z P��T� ��MK��  �� ��U�K! ��T����� �VN���� ����NZ �� M [��K� T�������� � ��� JK]
���KM���KMR ��MK�M����M���K ��!MK��M���K �J��� MK� JK���KM���KMR �R�T���]��T�K�TMR L��������K
�J�L�Y J� �M� ���K ���N�K���R�  �� ��� ����]O MK� ����]� ��MK�M��� �K ��� NM�� MK� �M� [���
��R�M��� ��� WKMR ��M � �K ��� ����]� �J���J�LZ O���� ��MK�M��Z P��T� �� ��� �� ��  ���MRRS
�M��W�� �K �MK�M�S O��� M� J���J�L O����Y ���� ��MK�M��� M�� !�K���T MK� �K�U���MR �K ���
��K�� ��M� ���S ����RS �N�T� S M T��N������ �������M� �SK�MVY \���Z �K ���T�Z �KM���!����RS
��WK�� ��� ��]T��N������K N��T���Y ��P�U��Z ��� ��MK�M�� ���� R�MU� ����  �� ��M�� ��NR���K]
�M���K� � ��� �KT����Z T��N������K MR!������Z MK� ��� ��T����Y \���� M�� ����� �M�K NM��� � ���	 ����� +�	����� �	�	/�
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��� ����]O MK� ����]� �N�T�WTM���K�Z KM��RSZ �S�����Z ����� MK� �����Y \�� ����� NM��
��WK�� ��� �SK�MV MK� ���MK��T� � ��� T��N������ U���� �������M�Y \�� ����� NM�� ��WK�� ���
�M��  �� ��� M���� �������M�Z P��R� ��� �S����� NM�� M�������� ��� N���R�� � ��R��NR�V�K! ���
M���� MK� U���� ����M�� �K�� M ��K!R� �S���� ����M� P��� MRR ��� K�T���M�S ����K! �K ���M���KY\�� ����K! �K ���M���K �� K�T���M�S �� �SKT���K��� ��� NRMS�MTX � ��� ����M� �S ��� ��T����Z
P������ MKS �U����P MK� �K�����P � ��� ��T���� ������Y �������KMRRSZ ��� ����]� �N�T�W]TM���K T�K����� � M  ����� NM��Z TMRR�� ���LLZ P��T� ��WK�� M ��� � N����T�R�  �� ��� ������UMR
MK� ����M!� � ���� �M�M  ��� MK� �� M ��!��MR ����M!� ������Y

����]O MK� ����]� �MU� ������K�  �M���� ����Z �M�!���K! ������K� MNNR�TM���K�Y \��
����]O ��MK�M�� M�������� ���X��N ��R������M MNNR�TM���K� ��T� M� ����M!� MK� ������UMR � 
�M�M  ��� L�]���� M� ���]�M��� TR��� �� OY
 ��!M����]N��]��T�K� ���N��Y \�� Q�MR��S � 
����]O U���� �� ���MRRS ������ ��MK ��� Q�MR��S U���� ���� W!��� �YO�Y ����� MNNR�TM���K�
�KTR��� U����]T�K ���KT�K!Z �R�T���K�T N��R����K!Z !M���Z U����]�M�R MK� U����]N��K�Y �� R�P
���]�M���Z �� ��� T��N������KZ U���� �� ���MRRS ��T��M���� �� ���� ���MK�M�� �KN��  ���M��
��J�� ����R����KZ ��	 ����Y \�� ��M��K  �� ���� �� ���PK �K W!��� �YOZ P��T� ��N�T�� �P� T��U���
��� LLR�]�	O T��U� T�����N�K�� �� T��N�����K! U���� M�  �RR �KN�� ����R����K ���	 ������ ���
����� T�����N�K�� �� T��N�����K! U���� M� �J� �KN�� ����R����KY ��!��� �YOZ �K��TM��� ��M�
������ Q�MR��SZ ��RM��U� �� ��MK�M�� NRMS]�MTX ��T�K�R�!���Z �� MT���U�� ���K! �J� �KN��  �� R�P��
���]�M���Z ��� ���� M�UMK�M!� �� ���K R���  �� ��!��� ���]�M��� ��� ���N��Y
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��!��� �YO� ����� Q�MR��S  �� ����

����]� T��N������  �RR ����R����K LLJ� �	O U���� M� ���]�M��� ���P��K �]O
 ��N�  �� M
P��R� �MK!� � ��R�T����K�TM���K MNNR�TM���K� ��M� K��� ���M�TM�� Q�MR��S U����Y J�� MNNR�TM]
���K� �KTR��� M��K! ������ TM�R� ��R�U����KZ MK� ��!� ��WK����K ��R�U����K ���\��Y ����]�PM� ����!K��  �� ��� ��!��� Q�MR��SZ ��!� ���]�M�� MNNR�TM���K� MK� ����]O  �� R�P�� ���]�M���Y
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��P�U��Z ����� M�� K� W�� T�K���M�K�� �K ������ MR!������Z MK� �� �� N�����R� �� ��K ����]OU���� M� M U��S ��!� �M��Z �� ����]� U���� M� M U��S R�P �M��Y
�� ��� ��T�K�R�!S �� ��N��U�K! �MN��RSZ ����� �� M T�K��K��K! ���MK� �� MT���U� ��!���

T��N������K P������ �������RS T��N������K! ��� Q�MR��SY \�M� �M� ���K M �M[��  �T��  �� ���
���� U���� �VN���� M� ���S T����K�RS ��U�R�N ��� ����]� ��MK�M��  �� R�P ���]�M��Z T�K��K�
�M��� T���K! ��R����K�  �� �K���MT��U� M����]U���� MNNR�TM���K�Y
��
�� �����


����]� U���� �� M !�K���T ������  �� T��N������ ��N����K�M���K � U���� ��Q��KT��Z ���K! M
T����K T���K! �SK�MVZ ��WK�� �K ��� ��T���K� J���J�L O��O� �M�� � �S ��� J�� MK� ���J�LY \��� ��MK�M�� PM� ��U�R�N�� �K T�RRM���M���K P��� ��� JK���KM���KMR \�R�T����K�TM���K�
�K��K �J\�� P�� N����R!M�� �� M� ��T����K�M���K �Y���Y

\�� ����]� T�KT�N� �� ����RM� �� ����]OZ ��� �KTR���� �V��K���K� �� T�U�� M P���� �MK!�
� MNNR�TM���K�Z P��� ��� ����K��MR ������KT� ���P��K ���� ���K! ��� �KT��N��M���K �K����]� � 
W�R��Z �M���� ��MK  �M��]�M��� N��T����K!Z �K M ��T�K�Q�� TMRR�� �W�R�]�M��� �����K N����T���K�Y

��U��MR ����� ���� ����R� �K�MKT���K�� ��
�
Z O	]��� �L\ �L N��T����KZ K�K]R�K�M� Q�MK]
���M���KZ ��N��U�� ����M�T� T�K���R� M�� �KTR����Z P��T� �MU� M K���T�M�R� ��N��U���K� �K
T���K! ��T��KTSZ �U�K  �� N��!�����U� U����Y ����� X�S  �M����� � ����]� M�� ��� �TMRM�R�
�V��K���K�Y \���� N����� ��� ��U����K � M T�K��K���� U���� ��!KMR �K�� �P� �� ���� T���� ���
����M�� ��N����K��K! ��� U���� M� ������K� ����R����K�Z N�T���� Q�MR��S �	
�
 ��!KMR]��]K���� �M����Z
�� N�T���� �M���Y
��
�
 ���� ���� "#$�


\�� �M��T ���M ����K� ���� U���� T��N������K �� �� ����U� �NM��MR ����K�MKTS P����K M
U����  �M�� MK� ���N��MR ����K�MKTS ���P��K U����  �M���Y �� �K ���� Z ��� ��MK�M��  ��
���RR ��M!� T��N������KZ �L\]�M��� ����T���� L���K� \�MK� ���� T��N������K �� ���� �� ����T�
�NM��MR ����K�MKTSY �����K]T��N�K�M���K �� ���� �� �VNR��� ���N��MR ����K�MKTSY \�� ��M!��
�K M U���� ����M� ���MRRS �� K�� T�MK!� ��T� P����K ��MRR ���� �K���UMR�Y \�� ���M � �����K]T��N�K�M���K �� �� �KT��� M U����  �M�� �M��� �K ����� U����  �M��� ���N��MRRS TR��� �� ��Y

�� ��� ��!���� R�U�R � ��� ����M�T�SZ ��� U���� �������M� T�K����� � U���� ��Q��KT���	
�
 ��]Q��KT�� � N�T�����Y ����]O MRR�P�  �� �KRS N��!�����U� ��Q��KT��Z P��R� ����]� MRR�P�  ��
���� N��!�����U� MK� �K���RMT�� ��Q��KT��Y �MT� U���� ��Q��KT� T�K����� � M UM��M�R� K�����
� !���N� � N�T����� �����Z P���� M ��� T�K�M�K� M UM��M�R� K����� � N�T�����Y

� N�T���� TMK ������ �� M  �M�� N�T���� �� M W�R� N�T����Y JK M  �M�� N�T����Z ��� �P� W�R��
M�� T���� ��!����� ��  ��� M  �M��Z P��R� W�R� N�T���� �� M T���� U�����K � MK �K��U���MR W�R�Y
��T����� TMK �� ������ �  �M�� �SN� �� W�R� �SN� �K ����]�Z P��R� ����]O MRR�P� �KRS  �M��
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N�T�����Y ��T����� TMK �� TM��!������ �K�� ����� �M�K �SN��Z �M��� �K ����� T��N������K �T�����Y
� J �� JK��M N�T������
� 	 �� �����T��� N�T������
� � �� ��]����T���KMR N�T�����Y
� N�T����� M�� T���� �S ������RU�� ���KT� ��� KM��Z JK��M�Y \�� T���K! ��T�K�Q��  ��

����� N�T�����  MRR� �K ��� TM��!��S � ��MK� ��� T���K!Y �MT� N�T���� �� ��U���� �K�� � �� K�K]
�U��RMNN�K! N�V�R �R�TX�Y ���� � ����� �R�TX� M�� M������KMRRS M��MK!�� �K�� M ��!!�� �R�TX � 
���� O� �O�Z TMRR�� M �MT���R�TXY \�� ���T���� L���K� \�MK� ��� �� MNNR��� �� �MT� � �� �R�TX
�K��U���MRRSY \�� ��MK� ��� �VNR���� ��� �NM��MR T����RM���K � ��� N�V�R� �S T�KU����K! ����
�� M ��� � �K��N�K��K� T���T��K��Y \�� R�P  ��Q��KTS T���T��K�� T�K�M�K ���� �K��!S ��MK
��� ��!�  ��Q��KTS �K��Y \���� T���T��K�� M�� Q�MK�����Z ��NR�S�K! M Q�MK���M���K �M���VZ M�
���T����� �K L�MN��� 
  �� ��� ���� MR!������Y !�MK���M���K �� ��� �KRS R���S NM�� � ��� P��R�
T��N������K MR!������ ����� ��MK ���]�M�NR�K!Y \�� Q�MK���M���K N��T��� MR�� ��RN� �K �M��
T�K���RZ 	
�
 MRR�P�K! ��� �KT���� �� ���N�� ���]����M�� M� M �N�T�W�� ���]�M��Y

\�� �L\ T���T��K�� M�� T���� ��NR�S�K! M T����KM���K � �P� �N�T�MR T���K! �T������
��K ��K!�� MK� ����MK ��K���NS� T���K!Y �MT� �R�TX � T���T��K�� �� �TMKK�� �K M ��!�M!
NM����K �� T��M�� M O]� ��Q��KT�Y ����]� TMK M������KMRRS N��U��� M ������K� �TMK NM����K
M� MK MR���KM��U�Y \�� ����R��K! O]� ��Q��KT� ���MRRS T�K�M�K� M RM�!� K����� � �����Z ���
�� ��� R�PNM�� KM���� � ��� �L\ �N�T���� MK� ��� Q�MK���M���K N��T���Y \�� K�K]���� �L\
T���T��K�� M�� MRR����� M UM��M�R� R�K!�� T���  ��� M R��X�N �M�R�Y \��� �� ��K� �K ��T� M
�MKK�� ��M� M ��!�RS N���M�R� T����KM���K !��� M T��� P���  �P�� ����Z P��R� ��� �KR�X�RS �K��
!�� R�K!�� T����Y ���N��K! ���� R���R��� T���K! ��T�K�Q��Z ��� ���MR K����� � ���� �� X�N� ��PKY
��P�U��Z ��KT� �NM��MR ����K�MKTS �� R������Z ��� � N�T����� N��U��� �KRS �����M�� T��N������KY\���� N�T����� N��U��� ��N���MK� ���X�  �� �MK��� MTT��� �K�� ��� ��!��MR �������M�  �� �����K!
N��N����Y \��  ��Q��KTS � � N�T����� �� K���MRRS �KT� �U��S O� �� O
  �M���Y

\�� 	 MK� � N�T����� M�� P���� ���� ����U�� ��� �MV���� T��N������K ��T��KTSY J�
���� ��M� �S M ��T�K�Q�� TMRR�� �����K T��N�K�M���K ��L� �M��� N����T���KZ P��T� �VNR����
���N��MR ����K�MKTSY ��KT�  �M��� M�� TR���RS ��RM���Z �� �� M������ ��M� M T����K� N�T���� TMK
�� ����RR�� M� M ��MK�RM���K � ��� N�T���� M� M N��U���� ����Y J� �� N�����R� ���K �� MTT��M��RS
��N����K� ���N����T�� ��� �M�M � �K�  �M�� �M��� �K ��� �M�M � M N��U����  �M��Z N��U����
��� ��MK�RM���K �� �����M���Y \�� N��T��� � N����T���K ��RN� �K ��� ����T���K � ���� �S M ��!�
M���K�Y JK 	 N�T�����Z �MT� O� � O� N�V�R ����� �MT���R�TX �� N����T���  ��� M �MT���R�TX � 
M N��U����RS �KT���� � N�T����Y ��KT�Z  �M��� M�� �KMN����� �K ���� � M ��U�K! ��[�T�Z ���
�MT���R�TX� �K ��� �P�  �M��� �MS K�� �� T�]�����Z	
�
 T�����N�K� �� ��� �M�� �NM��MR R�TM���KY
��KT�Z M ��M�T� �� T�K��T��� �K ��� �  �M�� �� WK� ��� �MT���R�TX P��T� TR���RS �M�T��� ���
�MT���R�TX �K��� T�K�����M���K �K ��� 	  �M��Y \�� ������KT� ���P��K ��� �P� �MT���R�TX� ��
��� N����T���K �����Y \��� ����� TMK �� T���� �� ���Z �� M ��� �L\ ��MK� ���M���KY \�� �L\ � 
��� ����� ����R�� �K  �P ��!�  ��Q��KTS T���T��K��Z P��T� M ��� ��� Q�MK���M���K N��T��� ��Q����
M ��MRR K����� � ����  �� ��N����K�M���KY
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\�� Q�MK���M���K �M���T��  �� ��� N����T���K ����� �R�TX� M�� ������K�  ��� ����� ���� �K

�K��M �R�TX�Z ��� �� ��� �����KT� KM���� � �����  ��Q��KTS �N�T��MY \�� ���NRMT���K�� �K ���
������K�MR MK� U����TMR ����T���K� � ��� ���� �M�T� �MT���R�TX  ��� ��� T�]����� �MT���R�TX
M�� TMRR�� �����K U�T����Y \�� �����K U�T���� ��N����K� ��� ��MK�RM���K � ��� N�T���� �R�TX�
���P��K  �M���Y \���� U�T���� M�� ��U����RS K�����  �� ��T�K����T���K MK� M�� ������K��MRRS
T���� �K ��� �������M�Y ������K��MR T���K! �� ���� ��TM��� �� ����T�� ��� ���MR ��� ��Q������K� �S
��MK������K! ��� ������KT� ���P��K ��� �����K U�T���� � T�K��T���U�  �M���Y \�� T��N������K
��T��KTS MK� ��� Q�MR��S � ��� ��T�K����T��� U���� ��N�K�� �K ��� MTT��MTS � ��� �����K
�����M���KY \�� �������R�!S  �� ��� T��N��M���K � ��� �����K U�T���� �� K�� �N�T�W�� �S ���
��MK�M�� MK� �� R� � �N�K M� MK ����!K �����Y \���� �� � T����� M ��M���� ���P��K ��� MTT��MTS
� ��� �����K �����M���K U����� ��� T��NR�V��S � ��� �L ��T�K�Q��Y

��� � N�T�����Z�L N����T���K MK� �K���N�RM���K �� N�� ����� ���K! �� ���KT�  �M��� N����K�
�K ������ ���� � ��Z P���� �� ���KT� N�T����� �KTR��� ���� � MK� 	 N�T�����Y \�� N����T���K ��
K�K]TM��MRZ ��KT� �� ����  �M���  ��� ��� NM�� MK� ���  �����Y L��NM��� �� � MK� 	Z � N�T�����
N��U��� ��� �MV���� T��N������KY ���� ����� M�UMK�M!�� � � N�T����� �KTR��� ��� ����T���K � 
K���� ��� �� ��� MU��M!�K! N��T���Z MK� ��� ��� �  ����� N�T�����  �� T���K!Y \��� �� NM���T�RM�RS
��� �R P��K T���K!��KT�U���� M��M��Y � N�T����� M�� ������RU�� K�U�� ����  �� N����T���K� MK�
��KT� �� K�� N��NM!M�� ������Y ����]O MRR�P�  �� �KRS  �M�� �M��� �LZ P��R� ����]� MRR�P�
 �� ����  �M�� MK� W�R�]�M��� �LY ���R�]�M��� �L �� �N�T�MRRS ��� �R P��K ��� U���� ��!KMR
�KTR����  M�� �����KY

��T����� �� K�� K��� ��  �RR�P M ��M��T �	� NM����KY �MT� �K��U���MR N�T���� TMK �� � MKS
�SN�Y ��P�U��Z  �� ���NR�T��SZ M WV�� �	� ��Q��KT� �� � ��K ���� �����!���� ��� �K���� U����
����M�Y \��� �� ��� N��T����� ���� �K ��� ����S ���T����� �K ���� T�MN���Y
����� �������

�R����!� ����]O TMK �� ��K M� ��!� ��� �M��� MK� M�  �RR LLJ�]�	O ����R����KZ �� N��T�����
 �M���Z K�� W�R��Y \�M�  MT� R����� ��� M��M�KM�R� Q�MR��S ��U�K M� �M�M �M��� � 
�	 ��N�� MK�
PM� ���N�K���R�  �� ����UM��K! ��U�R�N��K� � ��� ����]� MR!������ ��M� TMK �MK�R� �K��U���MRW�R�� �K ��� W��� NRMT�Y

���� ��WK�� ��� �SK�MV  �� �����K! MK� ��MK������K! T��N������ �M�M� ��T���K! ��  �RRS
��WK��Y ��P�U��Z �KT���K! �� K�� ��WK��� \�M�  MT� K��P�����MK��K!Z MRR T�K ����K! �KT�����
���� N����T� UMR�� ���� ���]����M�� ��M� M�� ��]T��N������R� �S MKS ���� ��T����Y \���
�� ��� X�S ����K!�� ����K� ����Y �S MRR�P�K! �KT����� �� ���T� N��N����M�SZ ��� T��NR�MK�Z
MR!�������Z ������K� ��T�MK���� M�� NRM����R�Y J �P� �KT����� M�� �MT�  �� MK ���K��TMR U����
��!KMR MK� �Q��UMR�K� ���N�� �M��� M�� �M�K�M�K��Z ����� �� K� !�M�MK��� ] K�� �U�K MK �VN�T�M���K
] ��M� ��� T��N������ ����M��Z �� ��� ��]T��N������ U���� Q�MR��SZ P�RR �� ��� �M��Y

� ������ ���� T��N������ ���M�K� ��� ����R��Z �K NM��Z �S �SKM��TMRRS MRR�TM��K! �MK�]P���� ������T�� �� ��M� ���S M�� �MRMKT�� M��K! ��� ���M�R� � �MT� ��M!�Y ���� U����  �M�����
�MK MT�����  MT�MR K�MKT��Z  �� �K��MKT�� M�� ���� UMR�M�R�  ��� ��� U��P���� N��T�N���K � Q�MR��S
��MK M�� ������ ���T� M� ��� ��V���� � ��� PMRR M!M�K�� P��T� ��� MT��� �� R�MK�K!�Y �KT���K!
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���M�R� ��M� �� K�� M�� ��T� ��� �U�K ����MT�� �� Q�MR��S K���MRRS T�K���� UM�� M���K�� � 
MUM�RM�R� ���� ��M� T��R� �����P��� �� ���� �� ����  M��� �RRS ��N����K� ��� ��N���MK� M���������Y
�B� �����I��DE�� ��E�FG�
�K M�������K� PM� �M�� � ��� ���T�� � ����]� T��N������K �K ��� M��R��S � ���MK �����U���
�� ��T�!K��� ��� TRM�� � M ���N �K U��P�K! U���� ��Q��KT�� � ��� ���M����� U��P � U����R� M�
��MY
����� ���� �#�


\�� �VN�����K�MR ����N T�K������ � M ��� �� ��� �� N����KMR T��N���� ��L� P��� M �M���V
�J�] O	�� ��M!� ��!�����K! MK� ���NRMS TM�� M� ��� ���NRMS ���U�� MK� �VN�����K� T�K���RR��Y \��
��M!� ���NRMS ��U�T� PM� MK �R�T������� O�O�� ��!� Q�MR��S ��K�T����� ��R�U����K ��K����
P��� M ���� NRMT�� �U�� ��� �T���K �� T�K���M�K ��� U��P�K! ����MKT� �� 
		 �� MK� �� �R�TX
��� M����K� R�!��Z ����!� ��� ���� PM� �M�X�K�� �� �M�K�M�K R�!�� M�MN�M���KY \�� U����
��Q��KT�� P��� ���NRMS�� U�M M �L����]� � ��M��Z P��T� NRMS�� ��� ��� ����M�� ����T�RS  ���
���X ��KK�K! �K��� ��� T�K���R � ��� �VN�����K�MR �� �PM�� ��M� PM� ��U�R�N��  �� ���� N��N���Y\���� P��� �MKS ��T�K�TMR N���R��� �KT��K����� �K �����K! �N ��� �VN�����K�MR �S����Y \����
M�� ���R�K�� �K �NN�K��V �Y
����
 � ��!�� !

����K! ��� �VN�����K�Z ��K �����U��� �MT� �MP 
O� WU� ��T�K� R�K! U���� ��Q��KT��Y \���� P���
N����K��� �K M ������K� �MK��� �����  �� �MT� ���[�T�Y \�� �����U�� �M� �� ���N�K� �S N�����K!
M T��N���� X�S��M�� X�SZ ���K ��!������K! M TRM�� �S���R MK� M T�KW��KT� �M��K! �K M 
 N��K�
�TMR�Y ���N�K�� ���� PM� MR�� ��T�����Y JK M������K �� ���N�K�� ���� MK� T�KW��KT� �M��K!Z ���
N���M��R��S � ��T�!K����K �� ���]�M�� �M� ��WK�� �K �Q�M���K �YO�Z PM� ���� M� M N�� ���MKT�
��M����Y

��	 � O� 
� ��� � P���� ��� � 
 	 ����
O ���  �� ��� ��� ���M���K� MK� ��� �����U��� ��YO�

P���� � � K����� � �����U���Y
\�� �VN�����K� PM� N�� ����� �K ������K� P��� M �MV���� R�K!�� � �	 ��K����Z �� ����T�

 M��!�� �� ������� ���T��Y ����� �� ��� �M�K �VN�����K�Z ��� �����U��� �K���P�K� ��M�K�K! ��
����T� N�MT��T� ���T��Y
�
������
����� �� ��� �M�K �VN�����K�Z �U��S �����U�� �K���P�K� ��M�K�K! ������K�Y \��� ��M�K�K! PM�
TM����� ��� ���K! ��� �VN�����K�MR ��� �NZ ��� P��� �KT��N������ U�����K� � ��� U���� ��Q��KT��Z
?���	���	) ,(%*/� ����� ���	����	�	� �0 #�����
	




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


�� �� ������ ������
�
�� ���

�� R�M�K ��� ���N TRM���� MK� !�� ���� �� ��� �VN�����K�MR N��T�����Y �KT� ���S �M� MT���U��
O		� ���]�M��Z ���S P��� T�K������� ����M�R�  �� ��� ��MR �VN�����K�Y \��� ��M�K�K! PM� �K��K���
�� ����T� ��� R�M�K�K! M��T�Z K�� M���T�M��� P��� T��N������KZ ����K! ��� �VN�����K�� 	
�
 ��
����U� R�M�K�K!Z K�� T����RM��� P��� T��N������K R�U�RZ M� M  MT��� �K ��� ��M�����TMR MKMRS���Y
����� �#"���"

\�� ���!�KMR ����T� � U���� ��Q��KT�� P��� �MX�K  ��� MK M�����K� �K �M��� ��K���%
# Y \��

�VN�����K�MR ��Q��KT�� P��� ����U��  ��� O� ���!�KMR ��Q��KT�� ��M� T�K�M�K�� � TRM���� � KMUMR
U����R ���� W!��� �Y��Z P��T� P��� T��N������ �S ������K� M���K�� MK� ���K ��]T��N������Y
��!��� �Y�Z ���P�  �M���  �� �MT� TRM��Z P��T� �MU� ���K T��N������ MK� ���K ��]T��N������
M� �Y	 ��!M����]N��]��T�K� ���N��Y
����� ���! "�!�#�� �!
"��

\�� �VN�����K� PM� M  �RR  MT����MR ��N�M��� ��M����� ����!K P��� WV�� ���T�� MK� �R�TX]
�K! ���K�� MK� ��K�!����SZ O��	��Z P��� ��� �����R� �MK������� P����K ����� �R�TX�Y \��
�����U��� P��� ���M��� M� �R�TX�K! UM��M�R��Z 	
�
 ���S P��� K�� �KTR���� �K ��� MKMRS��� MK� ��
��� �M�M PM� T�RRMN��� MT���� ����Y

\�� WV�� ���T� UM��M�R�� P��� ��� �P� ���T���� �K��N�K��K� UM��M�R��� �M�!�� TRM�� ��K�
�  ��� ���N TRM�� TM��!������ MK� ��� T��N������K �M��� �� ��� ����M� �M�� ����� ���� �K �MT�
��Q��KT�Y \�� ��� PM� ��M����� �K ��N� MK� PM� ������T��� �� ��� ��� �Y	Z �Y	Z �Y	Z �Y	Y ����
MK �KT��N������ U���� ����M� T�K�M�K� M���� O�	 ��N� � �K ���M���KY \��� ��MK� �K ���T�
��M� ��� T��N������K �M��� ��� � �	Z �	Z ��Y�Z �	 �� �K� PM� ����Y

��U�K ��M� �KRS O� ���!�KMR ��Q��KT�� P��� MUM�RM�R�Z ��� ���MR K����� � T��N������ MK�
��]T��N������ ��Q��KT�� !�K��M��� �S M  �RR  MT����MR ����!K PM� �Q�MR �� ��� K����� � ���!�KMR
��Q��KT�� ����� ��� K����� � T��N������K R�U�R� ����� ��� K����� � �M�!�� TM��!�����Z 	
�
 � �
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� Q�MK���M��U� ����S �� �������K� ��� !M�K� �K �M�!�� MTQ�������K �����!� ��� ���N��MR ����K]
���KZ PM� T�K������� �� �� ��� �RZ ��� PM� K�� �K����MX�K ��� �� ���� MK� ������T� T�K���M�K��Y
��P�U��Z J �K������X MK �K ���MR ����S T��NM��K! ��� ����T�M��R��S � ���RR MK� ��U�K! �M�!��
��Q��KT��Z MK� N����K��� ��� �M�� �����R� �� 
 � ��� ���[�T��Z M ��� ��� �M�K �VN�����K�Y \��
�M�M PM� �KRS Q�MR��M��U�Z ��� !MU� ���� �K��!�� �K ��� !M�K �K �M�!�� ����T�M��R��S MT���U�� �S
��� ��� �����!� ���N��MR N��T����K!Y
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���� �VN�����K�MR ����!K ��Q����� ��M� ��� �����R� T�U�� ���  �RR N��T�N��MR �MK!�� ��� T��N������K]
�K��T�� ��!�M�M���K� ���� N����T� M �MK!� � ���T�� �� ��M� �M�!�� ��T�!K����K �MK!��  ���
�V�����RS ���T�R� MRR ��� PMS �� ��RM��U�RS �M�SY L���M�KRS ��!�M�M���K ���� �� ���T��K�RS �M�
��M� ���� �����U��� P�RR  M�R �� ��T�!K��� ���� ��Q��KT��Y

��P�U�� P��K ��KK�K! ��� ����]� �KT���K! �� �PM�� P��� ��� NM�M������ �K �� M�R�
����Z �� ���K�� ��� �� �� ��N�����R� �� N����T� ��� ����M�� ��R�P �Y	 ��N� P������ !����K!
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��!�M��� ��� �� M����N����T MK� ����� ���T��Z �� ���� ��!�M��K! N��T��� PM� MTT�N�M�R�Y ��KT�
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��!��� �Y� ���P� M !�MN��TMR ����M�S � ��� ����R�� � ��� �VN�����K�Z �VT�N��K! ���K� MKMRS���Z
P��T� �� ���PK �K W!���� �Y
 MK� �Y� �K ��T���K �Y�Y�Y \�� N���M��R��S � MTQ�������K M� ������K�
T��N������K �M���� UM���� �KRS �U�� M ��MRR �MK!� � ��� ] O		�Z M� ���PK �K W!��� �Y��M�� MK�Z
M� �VN�T���Z ���P�� K� ��M�����TMR ��!K�WTMKT� �� � 	����  �� MKS TRM��Z P��T� �K��TM��� ��M�
���]�M�� PM� K�� ��� �R M� M ��M���� � �M�!�� MTQ�������K �K ���� �VN�����K�� 	
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 ���]�M�� PM�
��� �K��K����U�Y ��P�U��Z ��� K�M� T�K��MK� ��!� R�U�R � ��� ���]�M�� ��!!���� ��M� �������� �	��
PM� M UMR�� ��M���� � �����U�� N�� ���MKT� � �� ��M��K� ���T����� �K ��T���K 
Y� �K L�MN��� 
�ZMK� �� ���P�� M� ��M�����TMRRS ��!K�WTMK� ��� ���T�� �K �����U�� N�� ���MKT�Y

\�� T�KW��KT� �M��K! PM� K�� ���� �K ���� MKMRS���Y \��� PM� T�RR�T��� �� ��U�R�N ����
 ��� � ��T�!K����K ��T��U�� �N��M��K! T�M�MT�������TZ ��� �� PM� ��T���� K�� �� N��T��� P��� ����
MNN��MT�Y
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��!��� �Y���� ���P� ��� �K���MT���K � TRM�� P��� T��N������K R�U�RZ P��T� PM� ���PK �S ���
����� �� �� ��M�����TMRRS ��!K�WTMK�Y ��P�U��Z N����MR � W!��� �Y���� �K��TM��� ��M� ���� TMK
�M�KRS �� MTT��K���  �� �S ��� �K���MT���K� ���P��K TRM�� M� UMR��� � �NM���R� MK� �N����� M�
T��N������K R�U�R� � ���� MK� � ����Y \��� �MS �VNRM�K ��� MNNM��K� T�MK!� �K ��� ���K� � 
��T��M��K! ���N�K�� ���� P��� �KT��M�� �K T��N������K R�U�R ����� �� ���T����� �K ��T���K �Y�Y��Z
M� ���PK �K W!��� �Y����Z  �� M T��N������K R�U�R � � ����Y \��� P�RR K�� ���T� ��� �M�K
�����UM���K !M�K��  ��� ��� �K�N�T���K � W!��� �Y��T�Z P��T� �� ��M� ��� RM��KTS �K ���N�K��
���� �� R�K!��  �� ��� ��U�� TRM�� ���N �M�!�� ��MK MKS � ��� ����� TRM����Y
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��T�K� ���N��Y \�� �����U�� N�� ���MKT� M� ��� �Y	 ��N� R�U�R PM� ��!K�WTMK�RS �R�P�� ��MK
M� ��� ����� R�U�R� � T��N������KY ��P�U��Z ��� N���]��T MKMRS���Z P��T� �� ���PK �K �M�R� �YOZ
��U�MR�� ��M� ��� ����� MNNM��K� ������KT�� �K N�� ���MKT� M� ��� T��N������K R�U�R� � �Y	
��N� ] �Y	 ��N� P��� K�� ��M�����TMRRS ��!K�WTMK�� 	
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 ��� ����� ������KT�� ���PK ���� ����
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���N��� ��� ��M�K�K! ��!��� ��M� MRR ���[�T�� �K���P�K� N���� �� ��� �VN�����K�Z �� PM�  ��K�
��M� ����� PM� ���RR M ��!K�WTMK� R�M�K�K! ���T� �U���KT��Y \��� TMK �� ���K �K W!��� �Y
�M�ZP��T� �� M !�MN� � ���N�K�� ���� ���� U����� ��� ��N�M��� N����K�M���K ��� � � ��� �M�� �����R��
���%� Y J� �� ��U���� ��M� ��� K�K]R�K�M� ���K� �K ��� !�MN� �� M N��!�����U� ����T���K �K ���N�K��
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 R�M�K�K! �� �MX�K! NRMT�Y � ��!������K MKMRS��� ���P� ���� T��U� �� �� M Q�M��M��T
��� � ����	� � 	�			��� � 	�			���� �Z P��� MK �V�����RS !��� W� �	� � 	�����Z M� ���PK �K
W!��� �Y
���Y\��� ����� �� !� M!M�K�� T�KU�K���KMR P�����Z P��T� ��N����� ��� ����� ��� ��

�����	�� ���P�RRZ O��	�  �� !�K��MR R�M�K�K! M��T��Y ��P�U��Z �K K���MR N�MT��T�Z ��MT���K ���� ��
NR����� M!M�K�� ���MR K�����Z MK� ���K! R�!M������T MV��Y \��� N��T����� PM� N�� �����Z MK� ���
����R�� M�� ���PK �K W!��� �Y�Z P��T� �K��TM��� ��M� ��� N�P�� RMP � N�MT��T� �� MNN��V��M��RS
���S��Y \���� �M�M ��N����K� ��� ��MK ���N�K�� ���� �U�� ���[�T�� �K ����� � N����K�M���K � 
�����R�Y ����Z ��� ����� � �����R�  �� �MT� ���[�T� PM� �MK�������Y \���� ���Z ��� MT��MR �����R�
���K �S ������K� ���[�T�� M� M NM���T�RM� ���MR P��� N���M�RS ������K�Y ���MRRSZ �K �VN�����K��
�������K�K! ��� N�P�� RMP � N�MT��T�Z ��� ���T�R�S � �MT� ���MR �M� ���K M���� ��� �M��Y
��P�U��Z ���� ��� ���T�R�S � �MT� �����R�� PM� K�� �Q�MR �M� ���K� ��� �S ��� ������Y \���
�MS �VNRM�K ���� ��U�M���K  ��� ��� �VN�T��� N�P�� RMP � N�MT��T�Y
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�M�R� �Y�Y
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����M�S � MRR ���T��  �� �����
���T� ��!���� � ������� ��� � �Q�M��� ��MK �Q�M�� � �M��� �]R�U�R
��� ���M��� � ��Y���� �Y�	�� ] ]

���Y���MR ���M���
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���Y���MRYT��N���� ���M���
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�BA �I�H���IFD �DG �FDH���IFD�
\�� �M�M  ��� ���� ����S ����K���M�� MK ��U���� ���T� � U���� T��N������K �K �����U�� N��]
 ���MKT� �K �M�!�� ��T�!K����KY ��P�U��Z ���� ���T� PM� K�� RM�!� �K��!� �� TM��� �������
���TRM���WTM���K � �M�!��� MK� PM� RM�!�RS ��� �� ��� ��!�M�M���K TM���� M� ��� �MV����
U���� T��N������K ��Y	 ��N��Y \�� ��!�M�M���K TM���� �S T��N������K ��� �KT��M�� ��� ����
��Q�����  �� �M�!�� ��T�!K����KZ NM���T�RM�RS M� ��� ��!���� T��N������K R�U�RY JK M ��MR P��R�
�����K!Z ��N�K��K! �K ��� MNNR�TM���KZ ���� �MS �K�����T� MK �K��R��M�R� ��!�M�M���K �K �����U��
N�� ���MKT�Y

���N TRM���� P��� T����K �� M� �� �K�����T� M �MK!� � ���T�R���� �K ���T����KM��R��S ���P��K
�M�!�� TRM����Y ��P�U��Z ���� PM� R������ �S ��� �MK!� � ����M�R� U����  ���M!� MUM�RM�R�Z ��
��M�  ��� TRM���� PM� T�K������� M ��K���� ����� ���Y �K��� ����� T�K���M�K��Z ��� ��� �  ���
���N TRM����Z M� ���T����� �M�R���Z PM� T����K ���[�T��U�RS �S ��� M�����Y � ��� N�� ����K! ���
�VN�����K�Z �� ��TM�� �U���K� ��M� ����RM���S �� �����P��� � �M�!��� PM� U��S ���[�T��U�Y \���
�K ���M���K PM� �M�KRS !R�MK��  ��� ��� N���]�VN�����K�MR ������WK! � ��� �����U���Z ��� ��
PM� MR�� �U���K� �K ��� �M�MY JK ������ TM��Z  ��� ���� MK�T���MR MK� ��M�����TMR �U���KT�Z MRR
�����U���  ��K� ��� ��U�� TRM�� U����R ��� �M����� �� ���T����KM��  ��� �MT� � ��� ����� U����R�Y\��� ��!!���� ��M� ���  �M����� � ��� ��U�� TRM�� ���N �U��RMN P��� ���  �M����� � ��� �����
����� TRM���� �K N��T�N��MR �NMT�Z MK�  ������ �VNR��M���K � ���� P��R� ��Q���� ��T�K�Q��� ��T�
M� ��R��]����K���KMR �TMR�K! ��UMK� MK� ���MSMZ O����Y

\���� PM� M ��!K�WTMK� R�M�K�K! ���T�Z �U�K M ��� ��� �K���MR ��M�K�K! ������K�Y JK �����
P����Z ��� �����U���� N�� ���MKT� X�N� ��N��U�K! P��� N�MT��T�Y \��� ��MK� ��M� ��� ���MK
U���MR �S���� ����� PM� R�M�K�K! ��� ���������K� �K�����T�� �S T��N������K MK� ������ T��]N�K�M��K!  �� ���� �� ���� S�K! ��� �K���KMR ����R � ��� �M�!��Y \��� �M� ������� ��NR�TM���K�
 �� ��M�K�K! � N����KK�R ���K! �S����� P��T� ��Q���� T��N������ ��M!��SZ M� �� ���P� ��M� �N��]M��� ��T��KTS TMK �� !��M�RS ��N��U�� �S ��M�K�K! �K N�� ����K! ���U��RRMKT� ��RM��� �M�X�Y � 
T�����Z ����� P��R� �� M N��K� M ��� P��T�  ������ ��M�K�K! P��R� !�U� �KRS ��K��MR ��N��U���K�
�K N�� ���MKT�Y \��� N��K� PM� K�� �K��TM��� �K ��� ����S ���T����� ����Y

�� ���T����� �K ��T���K �Y�Z ��� �NN�� R����  �� T��N������KZ MRR�P�� �S ��� ����]� �� �]PM��Z PM� M� �Y	 ��N� �MNN��V��M��RS �	�O�Z MK� ���� R�U�R MTT��K���  �� ���� � ��� ��!�M�M���KY\���� �� MK ����!�K! ��MK�M��  �� R�P ��� �M�� U���� T��N������K TMRR�� ����]�Z P��T� P��R�
MRR�P ��T� R�P�� ��� �M��� �� �� ���M�K��Y \��� ��MK�M�� �� ���K! ����!K��  �� �MKS MNNR�TM]
���K� �KTR���K! ���U��RRMKT� �S�����Y \�� �VN�����K�� ����R� �MU� ���K �M��� �KZ �� M� R�M��
�KTR����Z ����]� T��N������KY ��P�U��Z M� ��� ���� ���� �VN�����K� PM� TM����� ���Z �����
P��� K� ����]� �� �PM�� �� �M��PM�� �KT���K! �S����� MUM�RM�R�Y

���� � ��� ��Q��KT�� N����T�� P��� �V�����RS ��!�M��� M ��� T��N������K MK� P��� M����K���� MK� T�K��M�� ����T���K �N���� �� T��N������K�Y �� M ����R�Z �K��U���MR ���RR  �M��� P��� Q����
���T�R� � K�� ��N�����R� �� �K���N��� �K ����� �PKY \��� ��!!���� ��M� ��� ���N��MR N��T����K!
� ��� ���MK U���MR �S���� �� M N�P�� �R M�� �K ����T���K MK� ��T�!K����KZ MK� N��U����  ������
����UM���K  �� N�����K! ���� ����M�T�Y \� �RR����M�� ����Z W!��� �Y� ���P� �SN�TMR  �M���  ���
��]T��N������ ��Q��KT��Y �R����!� ��U����RS ��!�M���Z ���N��MR �K��!�M���K ���RR MRR�P� MK
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�����U�� �� ��T�!K��� ��� ���N  ��� ��� M���T�M��� ��Q��KT�Y
����� ����"��#"��
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\��� P��X �M� ���� !�K��MR ��NR�TM���K�  �� U���� Q�MR��S �����T�%� Z MK� �M� NM���T�RM� ��R�UMKT�
�� U���� T��N������KY JK ��T� MNNR�TM���K�Z ��� ���N��MR ����K���K �M� �� �� T�K������� W���Y
�U�K ����!� ���� M�N�T� � ��� P��X PM� �KRS ���T��� �KZ �� PM� TR�M� ��M� ���N��MR N��T����K!
�K ��� ��� �M�� M ��!K�WTMK� ������KT� �� ��� M��R��S � �����U��� �� TRM��� S �M�!���Y \���� ���Z
MKS U���� Q�MR��S �����T ���� �� MNNR��� �U�� ��U��MR U����  �M���Z MK� �� MNNR��� ���� �NM��MRRS
MK� ���N��MRRSY ��P �MKS  �M��� K��� �� ��M�NR��� MK� ��� ��RM��U� P��!���K! � �NM��MR MK�
���N��MR N��N������ �� �� �KTR���� �K M �����TZ M��  MT���� P��T� M�� N���M�RS ��N�K��K� �K ���
U���MR �M�X MK� MNNR�TM���KZ MK�Z M� ��T�Z M�� ���[�T��  ��  ������ ����M�T�Y

JK T�K������K! M �����T P��T� P�RR N����T� ���MK N�� ���MKT�Z T�!K��MKT� �M� �� �� �MX�K
� ��� R�M�K�K! ���T� ����K���M��� ����Y ��KT� UM��RS ������K� N�� ���MKT�� TMK �� MT���U��  ��
��� �M�� U���� �����R� M� ������K� N��K�� �K ��� R�M�K�K! T��U�Z ���� ��MK� ��M� MK MNN��N��M��
�����T P�RR MRR�P  �� ��� �SN� � U���MR �M�X MK� ��� R�U�R � �����U�� �VN����KT�Y \��� �MS ��MK
��M� �M��T �����T� P��X �K��� M ����M� �����TY ���T� M �S���� �� ���T����� �K ��� WKMR T�MN���Y�

\��� ����S �M� ���PK ��M� P��K ��MR�K! P��� ��!��� R�U�R U���MR �M�X�Z ��T� M� �M�!�� ��T�!]K����KZ M� M!M�K�� ���NR� ����T���KZ UM��M��R��S ���P��K �K��U���MR� �KT��M���Y ��P�U��Z ����!�
�K��U���MR ������KT�� �K ���[�T��U� ���N�K�� P��� MNNM��K�Z �� PM� K���� ��M�Z �U��S ���[�T�
 ��K� �K� NM���T�RM� TRM�� � �M�!�� �Q�MRRS ��� ���� ���T�R� �� TRM��� SY \���� T����KMR�����
MK� ������KT�� �K �K��U���MR ���[�T��U� N��T�N���KZ P��� ���T����� �K ��T���K �Y�Y� MK� �MS ��]NMT� �K ��� ����!K MK� MNNR�TM���K � MK ��M!� �����TZ P��K MNNR��� �� ��!��� R�U�R U���MR �M�X�Y
�� MK �VM�NR� T�K����� M �����TZ ��M� �� ��Q����� �� ��M���� ��� ��!��� � ���T�R�S M ���MK
P��R� �KT��K��� �K TRM��� S�K! �M�!��� �K UM����� U���� ��Q��KT��Y \��� �����T P��R� M����N�
�� ��M���� ��� ��!��� � ��NM�M���K � �M�!��� �K ���[�T��U� N��T�N��MR �NMT�Y J� �MS MT���U�
���� �S ��MK� �����! MNN��N��M�� N�S��TMR U���� ��M!� T�M�MT�������T�Z �S ��MK� � M ����M�R�
�M����M��TMR T�K����T�Z �K�� M �MN � ��� �M�!����  �M����� �K M �NMT�Z MKMR�!��� �� ��� ���MK
N��T�N��MR �NMT�Y ��P�U��Z ����� MNN�M�� �� �� ���� UM��M��R��S �K ��P ���MK� �MN ��� �M�!��
 �M����� �K�� N��T�N��MR �NMT� MK� ����� K��� �� �� T�K������� �K ��� �����T ����!KY
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�BC �DE�FG�HEIFD
\��� T�MN��� ��MR� P��� ��� ���T�� � ��� �V��K� � ��� TR����� M���K� M �M�!�� �K ��� ���MK��
M��R��S �� ����T� ��M� �M�!��Y ����Z TR����� �� ��WK�� M� MKS ����T���� �K ��� ��M!�Z P��T� �M�X�
��� �M�!�� �� T�K ���� ��� �����U�� M� �� ��� R�TM���K MK���� TRM�� � ��� �M�!��Y JK �����SZ
N��N������ � TR����� TMK �� ��WK�� !R��MRRS �� R�TMRRS �����MK �� MRYZ O����Z MK� �� �M� ���K
���PK ��M� ��� ��� N��T����� �K ���M���K M� ���� ��� !R��MR MK� R�TMR R�U�R� �LM�RR� MK� ��R���Z
O���� ���� �� MRYZ O����Y ������� �� K�� ��� ��� ���� �M�KRS R�TMR �� !R��MR N��]M���K��U�%

T��� ��  �T�� M���K���K �� �������K�� �S ��� N��N������ � ��� NM���T�RM� ��M!� ���K! U��P��Y
�NNM��K�RSZ ��� ��� TMK �K��!�M�� !R��MR  �M�����Z ��T� M� ��V���� ��M�����TMR N��N������ �LM�RR�
MK� ��R���Z O����Z �� �K���RS�K! �NM��MR �N�T��MR �����������K� ����� �� MRYZ O����Z P��T� �K ���K
��K� ��� ��� �� R�TMR N��N������Y

\���� �K���MT���K� ���P��K !R��MR MK� R�TMR N��N������ �K U���MR N��T����K! ���� ��N�K� �K
��� TR����� MK� �M�!�� �SN�� �K ��� ����T���K T�K��V�Y \��� ����S TMKK�� TRM�� �� �VNR��� MRR �����
N������R�����Z ��� �� �K��K��� M� M N��R���KM�S �KU����!M���K � ��� ���T� � TR����� R�TMR��M���K
�K ���MK �M�!�� ����T���K MK� � ��� ��NR�TM���K�  �� ��� MNNR�TM���K � R�TMR TR����� �����T�Y

��		 �����	� � 
	����� �
�
�




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

\��� �� ��N���MK�Z ��KT� �� �� T�KU�K���KMR P����� �� ��� ��� R�TMR ���M�K �� �P�T� ��� �VN�T���
�M�!�� ����Z P������ MKS [����WTM���KY J� �� MR�� ��N���MK� ��TM��� �� �� R�X�RS ��M�Z �K �����
� ����T���KZ �M���� ��MK ��M�T�Z R�TMR TR����� �M� M !��M��� ���T� ��MK !R��MR TR����� �K U���MR
N�� ���MKT� ��U���K!��KZ O����� ��RR �� MRYZ O����Y

\�� ����M�T� ���T����� �K ���� T�MN��� �� �VN�T��� ��  MT�R��M�� ���  �RR�P�K! M��� �S N��U��]
�K! ���� �K ���M���K �K ��� �V��K� MK�  �KT���KMR  ��� � ��� ���T�� � R�TMR TR����� �K ���MK
�M�!�� ����T���KY

� \� !�U� ���� MTT��M�� N����T���K � ���MK �M�!�� ����T���KZ �S ���K! TR����� �����T� P��T�
P�RR �� ���� ��N����K�M��U� � ���MK U���MR ���N�K���

� \� �KT��M�� ��� ��T��KTS � ��� T��N��M���K � TR����� �����T�Z M� ��M!�� P��� K�M� ��]
��!�K���� TR����� R�U�R P��� �VN�T��� �� ��Q���� �KRS R�TMR �V��K� �� �� T��N����Y �����
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�� ��� T����RM���K R�K!��Z �K�����T�� ��RM��U�RS ��!� �NM��MR  ��Q��KT���Z M!M�K N����T�K! ��!�
U����MR T�K��M��Y ��P�U��Z M� �K�������M�� UMR��� � 
Z ���  ��Q��KTS T�K��K� � ��� �MTX!���K�
��M!� ���� �U��RMN ���  ��Q��KTS �MK!� �K�����T�� �S ��� �M�!���Z TM���K! R�P�� U����MR T�K��M��
MK� ����R��K! �K R�P�� ���]�M���Y

�K��� ���� �SN�������Z P��K MNNR��� �� ��� �M�K ���T� � TR����� �M���� �K ���]�M��Z P�
P��R� �VN�T� �� ��� R���R� �� K�  MRR]��  �� 
 K�M� ]O MK� ��� RM�!���  MRR]�� �K ���]�M�� P��� 
 K�M�
	Y \� ���� ����Z MK����� NR�� PM� N����T�� � ���]�M�� U����� TR����� �M����Z ��� P��� ��NM�M��
NR���  �� �MT� 
 UMR��Y \��� �� ���PK �K W!��� �YO�Z P���� ��� �M�M �M� ���K ��U�K!]MU��M!�]WR����� M� �� ���Y \��� !�MN� ���P� ���]�M�� �� �� �K��N�K��K� � TR����� �M����  �� 
 � �	���
MK� ��� !��M����  MRR]�� P��� 
 � �	�	
Z M� �VN�T���Y �� ��� �K�������M�� UMR��� � 
Z ���
����M���K �� �R�!��RS ���� T��NR�VZ ��� MK �K�������M��  MRR]�� �K ���]�M�� P��� TR����� �M���� ��
�U���K�Y

1 2 3 4 5 6 7 8 9 10
Clutter Radius (deg)

0.0

0.2

0.4

0.6

0.8

1.0

H
itr

at
e

-0.93
-0.55
-0.30
-0.05

�

��!��� �YO�� LR����� �M���� �K���MT���K P��� 
 UMR��Y
� NRM����R� �VNRMKM���K TMK K�P �� !�U�K M� �� P�S ��� ���]�M��  �� RM�!�� �M�!��� �� R���

M��T��� �S TR����� �M���� ��MK ��M�  �� ��MRR �M�!���Y J� ����� ��M� ��� ���� � ��� ��!��K � 
�����R�� �K��!�M���K �� �������K�� �S ��� T����RM���K  �KT���K � ��� TR�����Y ��P�U��Z !�U�K ����Z
��� U����MR T�K��M�� �� ���K �������K�� �S ��� �M�!�� ����Y ��� �M�!��� ��MRR�� ��MK ��� M��M  ��
 �RR �K��!�M���K �M���� 	�
��Z NM�� � ��� TR����� �����R�� MR��  MRR� P����K ���� ��!��KY \���� ���Z
��� �M�� �  MRR]�� �K ���]�M��  �� ��MRR �M�!���Z P��� �KT��M��K! TR����� �M����Z �� !��M��� T��NM���
�� RM�!�� �M�!���Z P��T�  ��T� ��� TR����� �MTX!���K� R���KMKT� �K�� M ��!��KZ ��M� �� �K��!�M���



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

M� M R�P�� �M��Y \���Z �K ���KZ ����T�� ��� ��K����U��S � ���[�T��U� ���]�M�� �� TR����� �M���� P���
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>?@AB CDEFBGGHIA JBFKIHLMBG @DB MGBN HI ?BNHF@O H?@AHIA JE BIK@IFBP DBGJEDB @IN FENB H?@ABG HI
GMFK @ Q@R JK@J JKB LM@OHJR ES JKB CDEFBGGBN H?@ABG HG ?@HIJ@HIBN ED H?CDETBNU VEQBTBDP QKBI
JKBGB JBFKIHLMBG @DB B?COERBNP JKB LMBGJHEI @DHGBG @G JE KEQ JKBR ?@R WB BT@OM@JBNU XKHG HI JMDIP
H?COHBG JK@J @ ?BJKEN HG IBBNBN JE LM@IJHSR JKB LM@OHJR ES JKB CDEFBGGBN H?@ABU >I JKHG FEIJBYJP
JKB ?B@I GLM@DB BDDED Z[\]^ HG TBDR FE??EIOR MGBN @G @ ?B@GMDB ES LM@OHJRU VEQBTBDP JKB[\] ?B@GMDBG EIOR EIB @GCBFJ ES H?@AB LM@OHJR @INP @G K@G WBBI GKEQIP WEJK HI JKB OHJBD@JMDB_@IN BYCBDH?BIJ@OOR HI `K@CJBD aP HJ NEBG IEJ FEDDBO@JB QBOO QHJK KM?@I CBDFBCJHEIU XKBEDBJHF@O
HGGMBG FEIFBDIHIA GMFK ?B@GMDBG QBDB NHGFMGGBNP WEJK HI `K@CJBD b @IN `K@CJBD cU >I FEIJD@GJPKBDB QB @DB FEIFBDIBN QHJK JKB CD@FJHF@O @CCOHF@JHEI ES GMFK @ ?B@GMDB JE @ DB@O CDEWOB?U

XKB QEDd NBGFDHWBN HI JKHG FK@CJBD Q@G JKB HIHJH@O CK@GB ES @ CDEAD@? ES DBGB@DFK JE H?CDETB
JKB NH@AIEGJHF LM@OHJR ED MJHOHJR ES WD@HI H?@ABGP WR ECJH?HGHIA H?@AB CDEFBGGHIA C@D@?BJBDG QHJK
DBGCBFJ JE BYCBDJ KM?@I EWGBDTBDG ZeMFOB@D [BNHFHIB fKRGHFH@IG^U XKHG Q@G NEIB WR NBTBOECHIA@I H?@AB ?B@GMDBP QKHFK Q@G GBIGHJHTB JE @CCDECDH@JB WOJBDHIA C@D@?BJBDGP @IN ZJKEMAK IEJ JKB?@HI @H?^ QKHFK FEDDBO@JBN QHJK KM?@I GMWgBFJHTB� BT@OM@JHEI ES JKBGB WOJBDHIA ECBD@JHEIGU XKB=hii jklmnio p qro l stuv	uutrw rw nktu xtnioln	oiyz{wnio|lx uvlxi olntw
u r}nltwis qor~ � i�mion r}uio|iouy
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DB?@HINBD ES JKHG FK@CJBD NBGFDHWBG JKB NBTBOEC?BIJ @IN BT@OM@JHEI ES JKHG ?B@GMDBU VEQBTBDPQB WBAHI QHJK GE?B W@FdADEMIN NHGFMGGHEI EI HJG @CCOHF@JHEIU
����� �������� ������ ! "���#$%�&'

\BTBD@O ?BNHF@O H?@AHIA ?EN@OHJHBG MGB @ JBFKIHLMB dIEQI @G JE?EAD@CKRU XKHG HG JKB FDEGG(GBFJHEI@O H?@AHIA ES @ C@JHBIJ SDE? BHJKBD JD@IG?HGGHEIP B?HGGHEI ED DB)BFJHEI N@J@P FEOOBFJBN
SDE? ?@IR THBQHIA @IAOBG @DEMIN JKB C@JHBIJ* +,-, @ .(/ H?@AB ES JKB C@JHBIJ0G WENR HG WMHOJ MC
SDE? ?@IR Zb(/^ THBQGU

>I FEITBIJHEI@O Y(D@R JE?EAD@CKRP CKRGHFH@IG MGB JKB @JJBIM@JHEI FEB1FHBIJ ES JHGGMB JE
HISBD NH@AIEGJHF HISED?@JHEI @WEMJ JKB C@JHBIJU ]?HGGHEI FE?CMJBN JE?EAD@CKR Z]`X^P EI JKB
EJKBD K@INP MGBG JKB NBF@R ES D@NHE@FJHTB HGEJECBG JE H?@AB JKB NHGJDHWMJHEI ES JKB HGEJECB @G@ SMIFJHEI ES JH?BU XKBGB HGEJECBG ?@R WB @N?HIHGJBDBN JE JKB C@JHBIJP HI JKB SED? ES D@NHE(CK@D?@FBMJHF@OGP BHJKBD WR HIgBFJHEI ED WR HIK@O@JHEIU XKMGP SED BY@?COBP WR @N?HIHGJBDHIA @
D@NHE@FJHTB HGEJECB WR HIK@O@JHEIP ]`X F@I WB MGBN JE JD@FB JKB C@JK ES JKB HGEJECB JKDEMAK JKBOMIAG @IN JKB DBGJ ES JKB WENRU

2@NHE@FJHTB HGEJECBG @DB FK@D@FJBDHGBN WR JKB B?HGGHEI ES A@??@(D@R CKEJEIG ED CEGHJDEIGP
WEJK CDENMFJG ES IMFOB@D NBF@RU XKB FEIFBIJD@JHEI ES GMFK @I HGEJECB HI @IR FDEGG(GBFJHEI FK@IABGQHJK JH?B NMB JE D@NHE@FJHTB NBF@RP )EQP @IN WHEFKB?HF@O dHIBJHFG QHJKHI JKB WENRU XKHG H?COHBG
JK@J @OO JKB N@J@ SED EIB FDEGG(GBFJHEI@O H?@AB ?MGJ WB FEOOBFJBN HI @ JH?B HIJBDT@O JK@J HG GKEDJ
FE?C@DBN JE JKB JH?B FEIGJ@IJ @GGEFH@JBN QHJK JKB FK@IAHIA FEIFBIJD@JHEIU VEQBTBDP JKHG @GCBFJ@OGE CDETHNBG ]`X QHJK HJG ADB@JBGJ CEJBIJH@O @IN MJHOHJR HI NH@AIEGJHF ?BNHFHIB3 WR @I@ORGHIA
JKB H?@ABG J@dBI @J NH4BDBIJ JH?BG SED JKB G@?B FDEGG GBFJHEIP QB F@I NBJBD?HIB JKB SMIFJHEI@O
GJ@JB ES T@DHEMG EDA@IG HI @ C@JHBIJ0G WENRU

]`X HG ES JQE JRCBG3 \HIAOB fKEJEI ]?HGGHEI `E?CMJBN XE?EAD@CKR Z\f]`X^ @IN
fEGHJDEI ]?HGGHEI XE?EAD@CKR Zf]X^U XKB QEDN GHIAOB HI JKB SED?BD DBSBDG JE JKB CDENMFJ
ES JKB D@NHE@FJHTB NBF@RP @ GHIAOB CKEJEIP QKHOB HI f]XP JKB NBF@R CDENMFBG @ GHIAOB CEGHJDEIU
5SJBD JD@TBOOHIA @ GKEDJ NHGJ@IFBP JKB CEGHJDEI FE?BG JE DBGJ @IN FE?WHIBG QHJK @I BOBFJDEIU XKB@IIHKHO@JHEI ES JKB B?HJJBN CEGHJDEI DBGMOJG HI JQE A@??@(D@R CKEJEIG JD@TBOOHIA HI ECCEGHJB
NHDBFJHEIGU 6IOR \f]`X HG NHGFMGGBN KBDBU
����7 8��#9 :&���� �������� "���#$%�&'

;HAMDB <Ub GKEQG @ FDEGG(GBFJHEI ES @ C@JHBIJ QHJK @ NHGJDHWMJBN GEMDFB B?HJJHIA A@??@(D@RCKEJEIGU ;ED JKB CMDCEGB ES H?@AHIAP @IR BOB?BIJ ES JKHG GEMDFB JK@J HG TBDR G?@OOP FE?C@DBNQHJK JKB QKEOB WBON ES THBQP ?@R WB FEIGHNBDBN JE WB @I HGEJDECHF GEMDFB ES A@??@(D@RGU XKB
IM?WBD ES A@??@(D@R CKEJEIG B?HJJBN CBD GBFEIN WR GMFK @I BOB?BIJ HG CDECEDJHEI@O JE JKB
FEIFBIJD@JHEI ES JKB GEMDFB @J JK@J CEHIJU >S QB @GGM?B JK@J JKB FEOOH?@JED HI SDEIJ ES JKB NBJBFJEDK@G HIWIHJB FEOOH?@JHEI=P HJ QHOO @FFBCJ EIOR JKEGB CKEJEIG JK@J JD@TBO JEQ@DN HJ HI JKB C@D@OOBO

>{w?wtni vrxxt~lntrw@ tw molvntvi@ @rAxs t~mx? lw tw?wtnix? xrwB nt~i nr ~lCi l unlntuntvlxx? ~ilwtwBqAx r}uioD|lntrwy
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D@R(WMINOB �_�� U XKB JEJ@O IM?WBD ES CKEJEIG DBFEDNBN WR JKB NBJBFJED HI @ �GJ@JHGJHF@OOR?B@IHIASMO� JH?B HIJBDT@O HG JKBI CDECEDJHEI@O JE JKB JEJ@O FEIFBIJD@JHEI ES JKB B?HJJBD @OEIA
JKB OHIB NBWIBN WR �_�� U XKHG GM??@JHEI ES CKEJEI FEMIJG @OEIA JKHG OHIB HG dIEQI @G @ �D@R
HIJBAD@O�� U �R ?ETHIA JKB NBJBFJED(FEOOH?@JED @GGB?WOR JE @I @Ng@FBIJ CEGHJHEI O@JBD@OORP EIB?@R NBJBD?HIB JKHG HIJBAD@O SED @IEJKBD D@R C@D@OOBO JE �_�� U 5SJBD EIB GMFK GF@I HG FE?COBJBNP
ABIBD@JHIA EIB CDEgBFJHEIP EIB ?@R BHJKBD DEJ@JB JKB C@JHBIJ ED JKB NBJBFJED(FEOOH?@JED @GGB?WOR@IN ABIBD@JB EJKBD CDEgBFJHEIGU �INBD HNB@O FEINHJHEIGP HJ GKEMON WB CEGGHWOB JE ABIBD@JB JKB
CDEgBFJHEI N@J@ DBLMHDBN SED JKB MGM@O DBFEIGJDMFJHEI @OAEDHJK?GU >J HG WBREIN JKB GFECB ES JKHG
JKBGHG JE NHGFMGG JKBGB @OAEDHJK?G KBDBP WMJ JKB WEEd WR �@d @IN \O@IBR Z�@d @IN \O@IBRP
b	<<^ AHTBG @ DB@N@WOBP JKEMAK IBFBGG@DHOR ?@JKB?@JHF@OP NBGFDHCJHEI ES JKB FE??EIOR MGBN
DBFEIGJDMFJHEI JBFKIHLMBGU

A

B

R2

detector

collimator

A distributed source of
gamma-ray emission

A cross-section of
the patient

R
3

R1 R
4

;HAMDB <Ub3 \HIAOB CKEJEI B?HGGHEI JE?EAD@CKHF H?@AHIAU
5 GBDHEMG NH1FMOJR QHJK JE?EAD@CKHF H?@AHIA ES @ A@??@(D@R B?HJJHIA GEMDFB HG F@MGBN WR

JKB @JJBIM@JHEI JK@J CKEJEIG GM4BD NMDHIA JKBHD JD@TBO SDE? JKB B?HJJHIA IMFOBH JE JKB NBJBFJEDU
XKB BYJBIJ ES JKHG @JJBIM@JHEI NBCBING MCEI WEJK JKB CKEJEI BIBDAR @IN JKB I@JMDB ES JKB
JHGGMBU `EIGHNBD JQE BOB?BIJ@O GEMDFBG ES BLM@O GJDBIAJK @J CEHIJG 5 @IN � HI WAMDB <Ub3 WBF@MGB
ES @JJBIM@JHEI JKB NBJBFJED QHOO WIN JKB GEMDFB @J 5 GJDEIABD JK@I JKB EIB @J �U 5 IM?WBD ES
NH4BDBIJ @CCDE@FKBG SED @JJBIM@JHEI FE?CBIG@JHEI K@TB WBBI NBTBOECBNP WMJ QHOO IEJ WB NHGFMGGBNKBDBU
����
 ��#��%9 ��9� $��# �� 8:��"

;HOJBDBN W@Fd(CDEgBFJHEI JE?EAD@CKR Z�@d @IN \O@IBRP b	<<^ Z;�X^ HG FE??EIOR MGBN SED H?@AB
DBFEIGJDMFJHEI @IN Q@G MGBN HI JKHG GJMNRU �@Fd(CDEgBFJHEI @OEIB ZQHJKEMJ WOJBDHIA^ DBGMOJG HI

hnotvnx?@ nktu tu nki xtwi twniBolx rq nki mkrnrw �A� lxrwB nktu mlnky
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MINBGHD@WOB H?@AB G?EEJKHIA @IN JKB CDBGBIFB ES GJ@D(OHdB @DJHS@FJG HI JKB DBFEIGJDMFJBN H?@ABU
XKB NBADBB JE QKHFK W@Fd(CDEgBFJHEI @DJHS@FJG F@I WB DB?ETBN ?MGJ WB W@O@IFBN WR JKB NBADBB
JE QKHFK H?@AB IEHGB F@I WB JEOBD@JBNU ;DBLMBIFR DBSBDG JE JKB FK@IAB HI IM?WBD ES FEMIJG
SDE? CHYBO JE CHYBOU XDMB H?@AB GHAI@O S@OOG E4 D@CHNOR QHJK HIFDB@GHIA SDBLMBIFRP QKHOB JKB IEHGB
FEIJBIJ DB?@HIG FEIGJ@IJU �@FdADEMIN IEHGB HG FEIGHNBDBN JE WB ES @ KHAK SDBLMBIFR WBF@MGB
JKBDB HG ?@DdBN T@DH@WHOHJR HI JKB IM?WBD ES FEMIJG SDE? CHYBO JE CHYBOU >?@AB GK@DCIBGG ZBNABG@IN WIB NBJ@HO^ @DB @OGE KHAK SDBLMBIFRP QKHOB JKB J@DABJ HG OEQ SDBLMBIFRU

2@?C WOJBDG ZKHAK C@GG WOJBDG^ @DB MGBN JE WEEGJ KHAK SDBLMBIFHBG HI EDNBD JE GK@DCBI JKB
GC@JH@O NBJ@HOG ZBNABG^ ES JKB H?@ABU �ISEDJMI@JBORP JKHG @OGE HIFDB@GBG JKB IEHGBP WBF@MGB JKBWOJBD OHIB@DOR BIK@IFBG KHAKBD SDBLMBIFHBG ZKBIFB JKB JBD? �D@?C�^U XKMGP @OJKEMAK D@?C WOJBDG
CDENMFB JKB KHAKBGJ DBGEOMJHEI CEGGHWOB HI @ DBFEIGJDMFJHEIP JKB H?@ABG @DB ESJBI MIHIJBDCDBJ@WOB
NMB JE JKB CDEC@A@JHEI ES IEHGB @GGEFH@JBN QHJK OEQ FEMIJ GJ@JHGJHFGU XE OH?HJ JKHG B4BFJ Z+,-, JE
NBFDB@GB JKB IEHGB^ @ GBFEIN DEOO(E4 ED OEQ C@GG ZG?EEJKHIA^ WOJBD HG @CCOHBNU 5 OEQ C@GG SDBLMBIFRWOJBD HG B?COERBN JE DBNMFB IEHGBU �EQ C@GG WOJBDG HIFDB@GB JKB GHAI@O JE IEHGB D@JHEP WMJ @J JKB
BYCBIGB ES H?@AB FEIJD@GJ @IN DBGEOMJHEIU

�KBI GBOBFJHIA @ CDEFBGGHIA WOJBD JKBDB HG @OQ@RG @ JD@NB(E4 WBJQBBI H?@AB FEIJD@GJ @IN
H?@AB MIHSED?HJRU XKB FMJ(E4 SDBLMBIFR HG JKB SDBLMBIFR @WETB QKHFK @OO N@J@ HG DB?ETBNU XKBOEQBD JKB FMJ(E4 SDBLMBIFR B?COERBNP JKB G?EEJKBD Z?EDB MIHSED?^ JKB DBFEIGJDMFJBN H?@AB @IN
JKB ADB@JBD JKB OEGG ES FEIJD@GJ @IN DBGEOMJHEI NMB JE JKB OEGG ES H?@AB GK@DCIBGG FEIJ@HIBN HI JKBKHAKBD SDBLMBIFR N@J@U VHAK FEMIJ GJ@JHGJHFG @DB FDMFH@OP @G JKB KHAKBD JKB IM?WBD ES FEMIJG HI
JKB CDEgBFJBN N@J@P JKB KHAKBD JKB FMJ(E4 SDBLMBIFR F@I WBU 5 WOJBD QHJK @ KHAK FMJ(E4 CDENMFBG
H?@ABG QHJK @ OEJ ES FEIJD@GJ QKHFK F@I DBGMOJ HI @ KHAK GBIGHJHTHJR ZNBJBFJ@WHOHJR ES J@DABJ^P WMJOEQ GCBFHWFHJR ZFO@GGHW@WHOHJR ES JKB J@DABJ^U XKB WOJBD EDNBD DBSBDG JE JKB GJBBCIBGG ES JKB GOECB
ES JKB WOJBD FMDTBU VHAK EDNBD H?COHBG @ GJBBC GOECBU XKHG CDENMFBG @ GK@DCBD H?@ABP WMJ @OGE
FDB@JBG ?EDB H?@AB NHGJEDJHEIGU

5G gMGJ NHGFMGGBNP NHAHJ@O WOJBDHIA ES JKB N@J@ HG @I HIJBAD@O C@DJ ES JKB DBFEIGJDMFJHEI CDEFBGG
HI JE?EAD@CKRU 5OJKEMAK JKB FKEHFB ES WOJBD C@D@?BJBDG K@G @ ND@?@JHF B4BFJ EI WEJK THGM@O
LM@OHJR @IN GC@JH@O @FFMD@FR ES JKB N@J@P JKB NBFHGHEI NBCBING EI ?@IR C@D@?BJBDG @IN JKBDB HG
IE B@GRP ED BTBI MIHLMBP @IGQBDU >I IEI(LM@IJHJ@JHTB \f]`XP GMWgBFJHTB JBGJGP GMFK @G THBQBD
CDBSBDBIFBP ?@R WB MGBN JE NBJBD?HIB @I �ECJH?@O� FMJE4 SDBLMBIFR QKHFK ?@dBG @ JD@NB(E4WBJQBBI DBGEOMJHEI @IN IEHGBU ;ED LM@IJHJ@JHTB GJMNHBGP HJ HG H?CEDJ@IJ JE K@TB @I EWgBFJHTB@OAEDHJK? JE F@OFMO@JB JKB @CCDECDH@JB WOJBD C@D@?BJBDGU XKHG J@dBG MG HIJE JKB IBYJ GBFJHEIU
45� �����9�	�78 9
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5G ?BIJHEIBN HI JKB O@GJ GBFJHEIP JKB LM@OHJR ES JKB WI@O \f]`X H?@AB NBCBING EI JKB T@OMBG
ES C@D@?BJBDG HI JKB FK@HI ES JD@IGSED?@JHEIG SDE? C@JHBIJ JE EWGBDTBDU XKHG FK@HI WBAHIG QHJK
JKB CKRGHF@O CDECBDJHBG ES JKB C@JHBIJ @IN HGEJECB FE?WHI@JHEIP @IN BING QHJK JKB CBDFBCJM@O
DBGCEIGB ES JKB EWGBDTBDU XKHG FK@HI K@G WBBI DBSBDDBN JE @G JKB ��� -�� �� ���-��-� �+�-�+�-
Z6X6f^ Z�OR?BIdE BJ @OUP b		 ^U [@IR ES JKB C@D@?BJBDG ES JKB 6X6f @DB DBO@JHTBOR WYBNP
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BYFBCJ SED JKB H?@AB CDEFBGGHIA GJ@ABGP GMFK @G DBGJED@JHEI WOJBDHIAU XKBDB BYHGJG GE?B SDBBNE?KBDB JE T@DR JKB WOJBDHIA C@D@?BJBDGP @IN JKBGB H?C@FJ ADB@JOR EI JKB WI@O H?@AB LM@OHJRU >I
EDNBD JE ECJH?HGB JKBGB C@D@?BJBDG HI JBD?G ES JKB WI@O GMWgBFJHTB LM@OHJR ES JKB \f]`X H?@ABP
HJ HG IBFBGG@DR JE NBWIB @ ?BJDHF JK@J CDENMFBG @ G@JHGS@FJEDR ?B@GMDB ES JKB B4BFJG ES JKB
T@DH@JHEIG HI JKB C@D@?BJBDG ES JKB WOJBDHIA CDEFBGG EI JKB H?@AB MINBDAEHIA JD@IGSED?@JHEIU
XKBDBSEDB JKB ?@HI @H? ES JKB QEDd NBGFDHWBN HI JKHG FK@CJBD Q@G JE NBTBOEC @I H?@AB ?BJDHF
JK@J CDBNHFJG JKB B4BFJG ES NH4BDBIJ WOJBDHIA SMIFJHEIG @IN C@D@?BJBDG QKBI MGBN EI \f]`X
H?@ABGU
��7�� � �$%!� �� � %��$ 

5 ?B@GMDB ES JKB B4BFJG ES WOJBDHIA EI ]`X @IN DBFEIGJDMFJBN� ZX�^ \f]`X H?@ABG Q@G
NBTBOECBNU XKHG ?B@GMDB Q@G W@GBN EI @I H?@AB LM@OHJR ?B@GMDB NBTBOECBN SED BT@OM@JHIA
FE?CDBGGBN THNBE LM@OHJR Z�MHIFRP b		 ^P QKBDB JKB ?B@GMDB HG NBDHTBN SDE? JKB GLM@DB ES JKB
IM?WBD ES CHYBOG QKHFK @DB JKB EMJCMJ ES @I BNAB NBJBFJHEI WOJBD @IN K@TB T@OMBG @WETB @
ADBR(OBTBO JKDBGKEONU �MHIFR EWJ@HIBN JKHG JKDBGKEON WR @ JBNHEMG ?BJKEN ES GMWgBFJHTB GFEDHIA
ES H?@AB LM@OHJRU XKB ?B@GMDB JE WB NBGFDHWBN HI JKHG FK@CJBD Q@G NBTBOECBN JE LM@IJHSR JKB@?EMIJ ES WOMDDHIA @IN IEHGB HI JKB \f]`X H?@ABG @SJBD WOJBDHIAP @IN NH4BDG SDE? �MHIFR0G?B@GMDB WR HIJDENMFHIA @I EWgBFJHTB Q@R ES EWJ@HIHIA JKB JKDBGKEONU XKHG JKBI S@FHOHJ@JBG JKB
ECJH?HG@JHEI ES JKB WOJBDHIA C@D@?BJBDG HI JBD?G ES H?@AB LM@OHJRP @G NHGFMGGBN BOGBQKBDB HI JKHG
FK@CJBDU

XKB ?B@GMDBP QKHFK HG NBDHTBN HI JKHG FK@CJBDP HG F@OOBN JKB AD@NHBIJ BIBDAR ?B@GMDB Z�][^
@IN HG W@GBN MCEI JKB �	��	�+	� @IN 
��-� BNAB NBJBFJHIA FEITEOMJHEI@O WOJBDG Z�EI�@OB� @IN
�HIJ�P b	<�W^U XKBGB JBIN JE B?CK@GHGB JKB BNABG* JKB \EWBO JBING JE ECBD@JB EI OHIB BNABGPQKHOB JKB �@CO@FH@I JBING JE ECBD@JB EI CEHIJ HIJBIGHJR NHGFEIJHIMHJHBGU 5 WDHBS NBGFDHCJHEI ES
JKBGB WOJBDG HG IEQ AHTBIU

������� ���������

XKB WOJBDG MGBN KBDB @DB BNAB ED AD@NHBIJ BIK@IFBDG @IN @DB @CCOHBN MINBD JKB ECBD@JHEI ES
FEITEOMJHEI� U XKB FEITEOMJHEI ES @ NHAHJ@O H?@AB � P QHJK @ WOJBD SMIFJHEI �P DBGMOJG HI JKBWOJBDBN H?@AB � @IN HG NBWIBN WR

� Z���^  !"_#
$%&

!"_#
'%&

�Z� ( )�� ( *^� Z)� *^� Z<Ub^
QKBDB �   � b�c� + + + �, ( b @IN �   � b�c� + + + �, ( bP SED @I , -, @DD@R ES WOJBD FEB1FHBIJG
�P F@OOBN @ ��	�+	� ������.�+��	� /	�0 ED gMGJ �?@Gd�U 5I BY@?COB ES @ . -. ?@Gd HG GKEQI HIWAMDB <UcP QKBDB , HG MGM@OOR ENNU
12ki oivrwunoAvnis t~lBiu Auis kioi loi nolwu|ioui uivntrwu 3uxtviu4 rq nki }oltw lws kiwvi loi vlxxis 25t~lBiuy6jrw|rxAntrw tu stuvAuuis@ tw nki vrwni�n rq mrtwn umoils qAwvntrwu@ tw uivntrw pypy� rq jklmnio py
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;HAMDB <Uc3 5 . -. GC@JH@O FEITEOMJHEI ?@GdU
XKB FEITEOMJHEI NBWIBN HI Z<Ub^ SED ,  .P HG @FKHBTBN FEIFBCJM@OOR WR GMCBDH?CEGHIA JKB@DD@R � ETBD JKB HICMJ H?@AB � @IN JKBI J@dHIA JKB @TBD@AB ES JKB CDENMFJ ES B@FK JBD? HI JKB?@Gd QHJK HJG @GGEFH@JBN H?@AB CHYBO SDE? � @IN DBCO@FHIA JKB CHYBO �MINBD� �__ QHJK JKHG IBQ

T@OMB* +,-, JKB IBQ CHYBO T@OMB �  b
	

�#
$%&

�#�%&�$�'�)� *P SED ,  .U
XKHG ?@Gd HG JKBI NHGCO@FBN WR EIB CHYBO @IN @ IBQ T@OMB SED JKHG FBIJD@O CHYBO HG F@OFMO@JBNU

XKHG HG FEIJHIMBN MIJHO JKB B@FK ES JKB HICMJ H?@AB CHYBOG K@G WBBI DBF@OFMO@JBN�* +,-, K@G WBBI
JKB CHYBO �MINBD� JKB ?@Gd FBIJD@O CHYBOU

�B QHOO IEQ WDHB)R FEIGHNBD JKB �@CO@FH@I @IN \EWBO WOJBDG @IN JKBHD H?COB?BIJ@JHEI @G
FEITEOMJHEI@O ?@GdGU����� ���������
`EIGHNBD @I H?@AB � Z���^P JKB AD@NHBIJ @J JKB CEHIJ Z���^ HG NBWIBN @G	
�� Z��� �̂  

�
��  ��������� � Z<Uc^
>J HG QBOO dIEQI SDE? TBFJED @I@ORGHG JK@J JKB TBFJED 	
 CEHIJG HI JKB NHDBFJHEI ES ?@YH?M? D@JB
ES FK@IAB ES � @J Z���^U ;ED BNAB NBJBFJHEIP QB @DB MGM@OOR EIOR HIJBDBGJBN HI JKB ?@AIHJMNB ES
JKHG TBFJEDP QKHFK HG dIEQI @G JKB ��	�+-�� @IN HG NB�IBN @G
�� Z��� �̂  �
�� � 
��� =z + Z<U.^
;ED B@GB ES H?COB?BIJ@JHEIP JKHG BLM@JHEI HG MGM@OOR @CCDEYH?@JBN WR
�� Z��� �̂ � ��
� � � �
� ��+ Z<Ua^
XKB AD@NHBIJ NB�IBN HI Z<Uc^ F@I WB H?COB?BIJBN HI @ NHAHJ@O S@GKHEI HI T@DHEMG Q@RGU >J HGQBOO dIEQI JK@J NBDHT@JHTBG F@I WB @CCDEYH?@JBN IM?BDHF@OOR WR J@dHIA NH4BDBIFBGU XKHG HG
FE??EIOR NEIB HI @CCDEYH?@JHIA Z<Uc^P WR J@dHIA @ . - . ?@GdP FBIJDBN @J Z���^P @G SEOOEQGU
`EIGHNBD JKB GMW(H?@AB GKEQI HI �AMDB <U.Z@^P QKBDB �__ DBCDBGBIJG JKB ADBR(OBTBO OEF@JHEI @J
Z���^P QHJK JKB EJKBD �$� DBCDBGBIJHIA HJG < IBHAKWEMDGU XKBI JKB FE?CEIBIJ ES JKB AD@NHBIJ HI
JKB � NHDBFJHEI HG NB�IBN @G
�  Z��& � ��_ � ���^ ( Z�&& � �&_ � �&�^� Z<U�^�>vnAlxx?@ nki mt�ixu lorAws nki miot~inio rq nki twmAn t~lBi@ nr l simnk rq 3wi�n ktBkiun twniBio rq �z 4 � �@loi AwnrAvkis !"#"@ simnk i$Alxu p mt�ixu qro % & '
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;HAMDB <U.3 XKB \EWBO ECBD@JEDG3 Z@^ . -. H?@AB DBAHEIP ZW^ [@Gd SED 
� P ZF^ [@Gd SED 
� U
@IN HI JKB � NHDBFJHEI @G
�  Z�&� � �_� � ���^ ( Z�&& � �_& � ��&^+ Z<U�^
XKB ?@GdG GKEQI HI �AMDB <U.ZW^ @IN HI �AMDB <U.ZF^P QKHFK @DB dIEQI @G \EWBO ECBD@JEDGP
CBDSED? JKB ECBD@JHEIG HI Z<U�^ @IN Z<U�^ DBGCBFJHTBORU XKB EMJCMJG ES JKBGB JQE ?@GdG @DB
FE?WHIBNP MGHIA Z<Ua^ JE EWJ@HI JKB AD@NHBIJ @J Z���^U
��������� ��������
XKB �@CO@FH@I HG @ GBFEIN(EDNBD NBDHT@JHTB ECBD@JED NB�IBN @G

��� Z��� �̂  �
��
��� � �

��
���

+ Z<U�^
�GHIA NH4BDBIFBG @A@HI JE @CCDEYH?@JB NH4BDBIJH@OG HI NHAHJ@O H?@ABGP JKB ?@Gd GKEQI HI �A(MDB <Ua H?COB?BIJG Z<U�^ NHAHJ@OOR @J JKB CEHIJ Z���^ QHJK DBSBDBIFB JE JKB DBAHEI ES JKB HICMJ
H?@AB � P GKEQI HI �AMDB <U.Z@^P @G NB�IBN WBSEDBU �KBI FEITEOTBN QHJK JKB H?@ABP JKHG ?@Gd
FE?CMJBG JKB NHAHJ@O �@CO@FH@IP ��� P WR CBDSED?HIA JKB ECBD@JHEI

���  �_& � ��_ � �_� � �&_ ( a�__ + Z<U<^
XKHG SMIFJHEIG @G @ GBFEIN(EDNBD NBDHT@JHTBP HI JK@J JKB EMJCMJ ES JKB ECBD@JHEI HG �BDE HI FEIGJ@IJ
H?@AB @DB@G ED QKBI JKB DBAHEI ES GMCCEDJ ES JKB ?@Gd HG EI JKB D@?C ES @I BNABU �BHIA @ GBFEIN(EDNBD NBDHT@JHTBP JKB �@CO@FH@I HG LMHJB GBIGHJHTB JE IEHGBP @G QHOO WB NB?EIGJD@JBN O@JBDU

 b  
b (a b
 b  

;HAMDB <Ua3 [@Gd MGBN JE @CCOR JKB �@CO@FH@IU
eEQ JK@J JKB W@GHF MINBDCHIIHIAG ES JKB �][ K@TB WBBI NHGFMGGBNP JKB NBTBOEC?BIJ ES

JKHG ?B@GMDB QHOO IEQ WB NBJ@HOBNU
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XKB FE?WHI@JHEI ES @I BNAB �OJBD QHJK @ JKDBGKEON AHTBG @ ?B@GMDB ES JKB @?EMIJ ES WOMDDHIA HI@I H?@ABU XKHG WOMDDHIA HG JKB DBGMOJ ES JKB FEITEOMJHEI ES JKB H?@AB QHJK @I H?@AHIA GRGJB?
CEHIJ(GCDB@N(SMIFJHEIP QKHFK HIFDB@GBG JKB @?EMIJ ES FEDDBO@JHEI WBJQBBI IBHAKWEMDHIA CHYBOGU
XKBDBSEDBP JKB OBTBO ES JKB HIJBIGHJR NHGFEIJHIMHJHBG HI JKB H?@AB @DB DBNMFBNP DBGMOJHIA HI @ OEQBD
IM?WBD ES CHYBOG @WETB @ GCBFH�BN JKDBGKEON HI JKB BNAB �OJBDBN H?@ABU 5IEJKBD DB@GEI SED MGHIA
JKBGB �OJBDG HG JK@J JKB KM?@I THGM@O GRGJB? HG TBDR GBIGHJHTB JE BNABG @IN JKB �@CO@FH@I K@G
WBBI MGBN @G @I @CCDEYH?@JB ?ENBO ES A@IAOHEI DBJHI@O FBOO B4BFJG Z�EMIAP b	<�* �HIANE? @IN[EMONBIP b	<	^U 5 ?B@GMDB � Q@G @CCOHBN JE JKB H?@ABG JD@IGSED?BN WR JKB �@CO@FH@I @IN\EWBO �OJBDGU XKB ?B@GMDB �� SED JKB ��� H?@AB ES @I H?@AB GBJ HG3

��  b�#$ �
�$ � �$  	�$ � �$ 
 �

 � EJKBDQHGB Z<U	^

QKBDB �$ HG JKB T@OMB ES JKB )�� CHYBO @WETB JKB JKDBGKEON � @IN � HG JKB IM?WBD ES CHYBOG
HI JKB H?@AB QHJK @ T@OMB @WETB � U

XKB ?B@GMDB � SED @I H?@AB GBJ ED GMWGBJ HG JKBI gMGJ JKB ?B@I T@OMB SED �� ETBD JKB GBJ3
�  b

, !#� �� Z<Ub ^
XKMG � HG @ ?B@GMDB @I@OEAEMG JE JKB @TBD@AB CHYBO BIBDARP GHIFB HJ DBCDBGBIJG JKB @TBD@AB
GLM@DBN T@OMB ES JKB CHYBOG ADB@JBD JK@I JKB JKDBGKEON � P @IN K@G MIHJG ES ADBR(OBTBO GLM@DBN CBD
CHYBOP WMJ GHIFB ADBR(OBTBO @IN CHYBO @DB MIHJOBGGP GE HG � U

XKB ?B@GMDB NB�IBN HI BLM@JHEI Z<U	^ Q@G FKEGBI @G HJ Q@G BYCBFJBN JE K@TB FBDJ@HI CDEC(BDJHBGU ;ED @ �YBN JKDBGKEONP JKB �][ Q@G BYCBFJBN JE HIFDB@GB ?EIEJEIHF@OOR QHJK H?@AB IEHGB
CEQBD @IN NBFDB@GB ?EIEJEIHF@OOR QHJK HIFDB@GB HI H?@AB WOMDDHIAU 5OGEP JKB �][ Q@G BYCBFJBNP@G @ SMIFJHEI ES JKDBGKEONP JE K@TB @ GHIAOB ?@YH?M?* +,-, FEHIFHNBIJ OEF@O @IN AOEW@O ?@YH?@U
XKHG WBK@THEMD HG NB?EIGJD@JBN HI �AMDB <U�P QHJK JKB MINBDORHIA FE?CEIBIJG ES JKB ?B@GMDBPQKHFK GM? JE AHTB JKB BYCBFJBN WBK@THEMDU XKMGP JKB JKDBGKEON T@OMB QEMON WB EWJ@HI@WOB@MJE?@JHF@OOR SDE? JKB N@J@U
45� �
���=	�78�� ����;�8=97 9
 8�� ���
;��

XKHG GBFJHEI CDETHNBG JKB FE?WHIBN ?BJKENG @IN DBGMOJG SED @ GBDHBG ES BYCBDH?BIJG BT@OM@JHIA
JKB B1F@FR ES JKB �][ HI ?B@GMDHIA JKB B4BFJG ES T@DHEMG dHING ES �OJBDHIA EI \f]`X H?@ABGU
XKB �OJBDHIA JRCBG JK@J @DB FEIGHNBDBN @DB3 �MJJBDQEDJK OEQ C@GG Z�f^ �OJBDHIAP �OJBDHIA WR
FEITEOMJHEI ES @I H?@AB QHJK �@MGGH@I CEHIJ GCDB@N SMIFJHEIG Zf\;^P �BHIBD �OJBDHIAP @IN JKB@NNHJHEI ES fEHGGEI IEHGBU >?@ABG QBDB CDENMFBN MGHIA B@FK ES JKB OHGJBN �OJBDHIA CDEFBGGBG HI
GBC@D@JB GBJGU XKB �][ Q@G F@OFMO@JBN SED B@FK H?@AB GBJ MGHIA BLM@JHEIG Z<U	^ @IN Z<Ub ^PQKBDB , HI JKB O@JJBD Q@G BLM@O JE b * +,-, B@FK GBJ FEIGHGJBN ES b H?@ABGU eEJBP B@FK GBJ ES
H?@ABG QBDB A@JKBDBN SDE? @ GHIAOB @FLMHGHJHEI SDE? JKB G@?B C@JHBIJU
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;HAMDB <U�3 ]YCBFJBN WBK@THEMD ES AD@NHBIJ ?B@GMDB @G @ SMIFJHEI ES JKDBGKEONU
XKB BYCBDH?BIJG QBDB CBDSED?BN WR COEJJHIA JKB �][ EMJCMJ SED B@FK �OJBDHIA JRCB @J

T@DHEMG OBTBOG ES JKB DBGCBFJHTB �OJBDHIA C@D@?BJBDG SED B@FK �OJBDHIA JRCBU XKBGB COEJG @OGE
GM??@DHGB JKB BYCBDH?BIJ@O FEI�AMD@JHEIG JK@J QBDB BYCOEDBNP HIFOMNHIA JKB �OJBDHIA ECBD@JHEIG@IN JKB OBTBOG ES JKB �OJBD C@D@?BJBDG JK@J QBDB MGBNU fOEJJHIA Q@G SEMIN JE WB GM1FHBIJ SED@I@ORGHG GHIFB JKB �][ EMJCMJ OBTBO Q@G IEJ GJEFK@GJHF QHJK DBGCBFJ JE JKB �OJBD C@D@?BJBDOBTBO* +,-, SED @ AHTBI GBJ ES H?@ABGP JKBDB Q@G IE T@DH@JHEI HI ECJH?M? JKDBGKEON T@OMB ED �][
EMJCMJ SED @ AHTBI �OJBDHIA ECBD@JHEIU VEQBTBDP OH?HJBN GMWgBFJHTB BYCBDH?BIJG QBDB NEIBP QKHFK
DBLMHDBN GH?COB GJ@JHGJHF@O @I@ORGHGU
��
�� 8�*+ ,��� ��%9'���

\E?B OH?HJBN BYCBDH?BIJG EI JKB GMWgBFJHTB LM@OHJR ES �OJBDBN H?@ABG QBDB NEIB JE FE?C@DB QHJK
JKB �][ CBDSED?@IFBP JE AHTB @I HINHF@JHEI @G JE HJG GMHJ@WHOHJR @G @ CDBNHFJED ES GMWgBFJHTB H?@AB
LM@OHJRU

>I JKBGB GMWgBFJHTB GJMNHBG a BYCBDJ MGBDG ZIMFOB@D ?BNHFHIB CKRGHFH@IG^ QBDB MGBNU XKBRQBDB DBLMHDBN JE D@JBP EI @ GF@OB SDE? b JE b P JKB B4BFJ ES �OJBDHIA EI B@FK H?@AB JE QKHFK JKB
�][ Q@G @CCOHBNU XKBR QBDB JEON JE D@JB3 GK@DCIBGG ES JKB H?@AB SED OEQ C@GG @IN f\; �OJBDHIAP
IEHGB OBTBO SED H?@ABG QHJK @NNBN IEHGBP @IN WEJK GK@DCIBGG @IN IEHGB OBTBO SED �BHIBD �OJBDBN
H?@ABGU XKB H?@ABG QBDB CDBGBIJBN EI \MI QEDdGJ@JHEIG MINBD JKBHD MGM@O QEDdHIA FEINHJHEIG*
+,-, GJ@IN@DN E1FB FEINHJHEIGU
��
�7 � %��$ � �� �� -�. :%�� /9� $��# �0 ,��

5G NBJ@HOBN O@JBD ?@IR BYCBDH?BIJG QBDB CBDSED?BN JE BT@OM@JB JKB WBK@THEMD ES JKB ?B@GMDBU>IHJH@OORP KHAKOR FEIJDEOOBN N@J@P SDE? JKB NHAHJHGBN VE4?@I CK@IJE?1 N@J@ GBJP QBDB MGBNU XKBGB
N@J@ QBDB OEQ C@GG �OJBDBNP MGHIA @ �MJJBDQEDJK �OJBDP QHJK FMJE4G ZF2E^ HI JKB D@IAB  Ua (  U<
32ktu tu l }oltw mklwnr~@ ro niun r}4ivn@ @tnk vrwunoAvntrw }luis rw lw lvvAolni t~lBtwB rq l kA~lw 35r6D~lw7u4 }oltwy
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FRF2F?P CDENMFHIA GBTBD@O H?@ABGU XKB �][ Q@G @CCOHBN JE JKBGB H?@ABGP QHJK JKB JKDBGKEON
WBHIA T@DHBN SDE?  � JE < � ES JKB ?@YH?M? CHYBO T@OMB SED B@FK H?@ABU XKB DBGMOJG @DB GKEQI
HI �AMDB <U�Z@^P SED JKB �@CO@FH@IP @IN HI �AMDB <U�ZW^P SED JKB \EWBO U >J Q@G SEMIN JK@J JKB
ECJH?M? JKDBGKEON T@OMBP QKHFK EWJ@HIBN JKB CB@d EMJCMJ ES JKB �][P Q@G DEWMGJ QHJK DBGCBFJ
JE JKB @?EMIJ ES �f �OJBDHIAP @OJKEMAK JKB @FJM@O FMDTB WBF@?B )@JJBD @G JKB WOMD HIFDB@GBN*
+,-, JKB KHAKBD JKB @?EMIJ ES WOMDP JKB ?EDB HIGBIGHJHTB JKB �][ Q@G JE JKB JKDBGKEON T@OMBU
XKHG WBK@THEMD Q@G FEIGHGJBIJ QHJK BYCBFJ@JHEIGU
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3l4 �utwB nki �lmxlvtlw rmiolnroy
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3}4 �utwB nki hr}ix rmiolnroy
;HAMDB <U�3 6MJCMJ ES JKB �][ SED VE4?@I NHAHJ@O N@J@ TBDGMG JKB JKDBGKEON Z� ^ T@OMBP @INSED NH4BDBIJ FMJE4 ZF2E^ SDBLMBIFHBG ES JKB OEQ C@GG �MJJBDQEDJK �OJBDU

]Y@?COBG ES @FJM@OOR @FLMHDBN� @IN �MJJBDQEDJK �OJBDBN VE4?@I CK@IJE? H?@ABG @DB
GKEQI HI �AMDB <U�P SED ]`X H?@ABGP @IN HI �AMDB <U<P SED X� H?@ABGU XE JBGJ JKB �][P @G @
?B@GMDB ES G?EEJKHIA ZJKB FMJE4 SDBLMBIFR^ NMB JE OEQ C@GG �OJBDHIAP JKB �][ @?COHJMNB Q@G
COEJJBN @A@HIGJ JKB �MJJBDQEDJK �OJBD FMJE4 SDBLMBIFR SED WEJK NHAHJHGBN @IN @FLMHDBN VE4?@I
H?@AB GBJGU XKHG Q@G NEIB QHJK JKB JKDBGKEON GBJ JE JKB ECJH?M? T@OMB* +,-,QKBDB JKB AD@NHBIJ ES
JKB �][ TBDGMG� JKDBGKEON FMDTB HG BLM@O JE �BDEU 5OGE COEJJBN EI JKB G@?B AD@CK HG @ GMWgBFJHTB
GFEDB AHTBI JE JKB H?@ABG HI JBD?G ES CBDFBHTBN G?EEJKIBGGU XKHG HG GKEQI HI �AMDBG <U	ZB^ @IN
<U	ZS ^P QKBDB HJ F@I WB GBBI JK@J JKB �][ WBK@TBG @G @ ?EIEJEIHF@OOR HIFDB@GHIA SMIFJHEI ES JKB
FMJE4 SDBLMBIFR QHJK @OO JKB H?@AB GBJGU 5OO JKB FMDTBGP HIFOMNHIA JKB GMWgBFJHTB AD@CKP @CCB@D
JE WB GJDEIAOR FEDDBO@JBNU XKHG HG NB?EIGJD@JBN HI J@WOB <Ub QKHFK OHGJG @ FEDDBO@JHEI @I@ORGHG
SED JKB N@J@ COEJJBN HI �AMDBG <U	ZB^ @IN <U	ZS ^P @IN GKEQG TBDR KHAK FEDDBO@JHEI WBJQBBI JKB
FMDTBGU
��
�
 � %��$ � �� �� ���� %�! :���� 8�$ %! ���,���� �0 ,��

XKB �][ K@G WBBI GKEQI JE WB MGBSMO SED ?B@GMDHIA WOMD NMB JE �f �OJBDHIAU VEQBTBDP @
LMBGJHEI @DHGBG FEIFBDIHIA WOMDDHIA NMB JE f\; B4BFJG @IN JKB B4BFJG ES IEHGBU 5FFEDNHIAORP @
GBDHBG ES BYCBDH?BIJG QBDB CBDSED?BN JE NBJBD?HIB JKBGB B4BFJGU >IHJH@OORP @ DBFEIGJDMFJBN ZX�^
�{~lBiu morsAvis }? uvlwwtwB rq l 5r6~lw mklwnr~ ?xxis @tnk olstrDturnrmi@ AuAlxx? 2ivkwintA~ ��y
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3l4 �l@ �j2 t~lBi D �lniolx |ti@ 3}4 �l@ �j2 t~lBi D mruniotro |ti@

3v4 �Annio@ronk ?xniois 3�y� v?v�v~4 �j2 t~lBi D
�lniolx |ti@ 3s4 �Annio@ronk ?xniois 3�y� v?v�v~4 �j2 t~lBi Dmruniotro |ti@

;HAMDB <U�3 �EQ C@GG �OJBDBN @IN MI�OJBDBN B?HGGHEI Z]`X^ H?@ABGU

fB@DGEI fDENMFJ([E?BIJ `EDDBO@JHEIO@C BFJ O@C JT GEW BFJ GEW JT O@C N? GEW N? GMWgBFJHTBO@C BFJ bU   O@C JT  U		� bU   GEW BFJ  U	�.  U	<b bU   GEW JT  U		c  U	�	  U	ca bU   O@C N?  U		.  U	<.  U	.a  U		c bU   GEW N?  U		c  U			  U	<�  U	�  U	�< bU   GMWgBFJHTB  U		<  U		�  U	�.  U	<�  U	<.  U		. bU   
X@WOB <Ub3 `EDDBO@JHEI ES �][ SED VE4?@I NHAHJHGBNP ]`X � X� @IN GMWgBFJHTB GFEDBGU



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

3l4 �l@ 25 t~lBi D �lniolx |ti@ 3}4 �l@ 25 t~lBi D mruniotro |ti@

3v4 �Annio@ronk ?xniois 3�y� v?v�v~4 25 t~lBi D
�lniolx |ti@ 3s4 �Annio@ronk ?xniois 3�y� v?v�v~4 25 t~lBi Dmruniotro |ti@

;HAMDB <U<3 �EQ C@GG �OJBDBN @IN MI�OJBDBN DBFEIGJDMFJBN JD@IGTBDGB ZX�^ H?@ABGU
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3l4 ��� @tnk �lmxlvtlw rw �j2 t~lBiuy
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3v4 ��� @tnk �lmxlvtlw rw 25 t~lBiuy
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3s4 ��� @tnk hr}ix rw 25 t~lBiuy

0.90.80.70.60.50.4

0

10

20

30

lap ect x10E4

lap tv x 10E6

lap dm x 10E6

subjective

Cutoff Frequency (cyc/cm)

LP
 C

u
to

ff
 M

e
a

su
re

3i4 �� u~rrnktwB ~iluAoi 3�lmxlvtlw4y

0.90.80.70.60.50.4

0

10

20

sob ect x 10E7

sob tv x 10E7

sob dm x 10E8

subjective

Cutoff Frequency (cyc/cm)

LP
 C

u
to

ff
 M

e
a

su
re

3q 4 �� u~rrnktwB ~iluAoi 3hr}ix4
;HAMDB <U	3 �][ @G @ ?B@GMDB ES OEQ C@GG Z�f^ FMJE4 ZF2E^ SDBLMBIFRU \MW(�AMDBG Z@^ JE ZN^COEJ �][ EMJCMJ TG JKDBGKEON SED T@DHEMG �f F2E SDBLMBIFHBGP QKHOB GMW(�AMDBG ZB^ � ZS ^ COEJ
�][ EMJCMJ @G @ SMIFJHEI ES F2E SDBLMBIFR QHJK JKB JKDBGKEON FEIGJ@IJ @J JKB ECJH?M? T@OMBU]`X  B?HGHEI FE?CMJBN JE?EAD@CKRP X�  XD@IG �BDGB ZDBFEIGJDMFJBN^
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3}4 �rtui@ nki hr}ix rmiolnroy
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;HAMDB <Ub 3 �][ JKDBGKEON DEWMGJIBGGU \KEQI HG �][ EMJCMJ TG JKDBGKEON SED T@DHEMG OBTBOGES IEHGB @IN f\; SMOO(QHNJK(K@OS(?@YH?M? Z;�V[^ HI ?HOOH?BJDBG Z??^U
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3l4 �l@ 25 t~lBi D �lniolx |ti@ 3}4 �l@ 25 t~lBi D mruniotro |ti@

3v4 jrw|rx|is @tnk �h� 3��~~ ��5�4 25 t~lBi
D �lniolx |ti@ 3s4 jrw|rx|is @tnk �h� 3��~~ ��5�4 25 t~lBi

D mruniotro |ti@
;HAMDB <Ubb3 2BFEIGJDMFJBN H?@ABG FEITEOTBN QHJK �@MGGH@I f\;U
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@FLMHDBN VE4?@I H?@AB GBJ Q@G FEITEOTBN QHJK @ f\; SDE? @ FEIGJDMFJBN N@J@W@GB ES �@MGGH@I
f\; FEITEOMJHEI@O dBDIBOGU /H4BDBIJ TBDGHEIG ES JKHG H?@AB GBJ QBDB JKBI FDB@JBN WR @NNHIA @
NH4BDBIJ OBTBO ES fEHGGEI IEHGB JE B@FK GBJU XKB IEHGB OBTBO Q@G NB�IBN HI JBD?G ES JKB GHAI@O(JE(IEHGB D@JHE Z\e2^P GCBFH�BN HI NBFHWBOG_& ZNW^U >J Q@G SEMIN JK@J JKB T@OMB SED JKB ECJH?M?
JKDBGKEON T@OMB SED JKB �][ Q@G HIGBIGHJHTB JE IEHGB ZGBB �AMDBG <Ub Z@^ @IN <Ub ZW^^U VEQBTBDP
BTBI JKEMAK JKB �][ JKDBGKEON T@OMB Q@G DEWMGJ QHJK DBGCBFJ JE IEHGBP JKB @FJM@O EMJCMJ ES
JKB ?B@GMDB Q@G @ ?EIEJEIHF SMIFJHEI ES JKB IEHGB ZGBB <UbcZ@^^P GKEQHIA HJ Q@G @OGE @ IEHGB?B@GMDBU 5G QHJK �f WOMDP BYCBDH?BIJG QBDB CBDSED?BN JE @GFBDJ@HI JKB B4BFJG ES �@MGGH@I f\;GQHJK T@DRHIA �.�� �+��� �	�� /	�+/./__ Z;�V[^G EI JKB GJ@WHOHJR ES JKB ECJH?M? JKDBGKEONU
;HAMDB <Ubb GKEQG @I BY@?COB ES WOMDDHIA NMB JE FEITEOMJHEI ES @ DBFEIGJDMFJBN H?@AB QHJK @
�@MGGH@I f\;U XKB WBK@THEMD ES JKB �][ Q@G SEMIN JE WB GH?HO@D JE JK@J ES OEQ C@GG �OJBDHIAP@IN HG GKEQI HI �AMDBG <Ub ZF^ @IN <Ub ZN^U

XKB T@OMB ES JKB �][P @J ECJH?M? JKB JKDBGKEON ES c�� Z@G GBBI HI �AMDBG <Ub ZF^ �

<Ub ZN^^P Q@G COEJJBN @A@HIGJ ;�V[ ZGBB �AMDB <UbcZW^^P @IN Q@G SEMIN JE WBK@TB QBOO @G @
?B@GMDB ES f\;(HINMFBN WOMDU XKB �@CO@FH@I CDENMFBN @ O@DABD NRI@?HF D@IAB JK@I JKB \EWBO
W@GBN ?B@GMDBU 5OGE COEJJBN HG @ GMWgBFJHTB GFEDB ES CBDFBHTBN H?@AB WOMDDHIAU XKHG FEDDBO@JBNQBOO ZGBB J@WOB <Uc^ QHJK WEJK TBDGHEIG ES JKB �][P WMJ GKEQBN GOHAKJOR WBJJBD @ADBB?BIJ QHJK
JKB \EWBO W@GBN ?B@GMDBU

fB@DGEI fDENMFJ([E?BIJ `EDDBO@JHEIGEW Y b 1 O@C Y b � GMWgBFJHTBGEW Y b 1 bU   O@C Y b �  U	<c bU   GMWgBFJHTB  U			  U	�c bU   
X@WOB <Uc3 `EDDBO@JHEI ES �][ SED �@CO@FH@I @IN \EWBO ?B@GMDB QHJK @ GMWgBFJHTB GFEDB SED
�@MGGH@I WOMDU

;MDJKBD @I@ORGHG Q@G F@DDHBN EMJ JE HITBGJHA@JB JKB FE?WHIBN B4BFJG ES IEHGB @IN FEITE(OMJHEI@O WOMDDHIAU XKB DBGMOJG @DB GM??@DHGBN HI �AMDBG <UbcZF^ @IN <UbcZN^P QKHFK GKEQ JKBOEA@DHJK? ES JKB �][ @?COHJMNB TBDGMG JKB IEHGB OBTBO HI NW ZNEQI SDE? JKB GHAI@O OBTBO^P SED
T@DHEMG QHNJKG ES JKB f\;U XKBGB AD@CKG GKEQ JK@J JKB �][ @?COHJMNB HG @ ?EIEJEIHF SMIFJHEI
ES IEHGB OBTBO @J @ C@DJHFMO@D f\; QHNJKP @IN SED @IR AHTBI @WGFHGG@ T@OMB ZQHJKHI JKB NE?@HI
ES @OO JKB SMIFJHEIG COEJJBN^ JKB EDNHI@JB T@OMBG SED COEJG @J NBFDB@GHIA f\; QHNJKGP @DB ?EIE(JEIHF@OOR HIFDB@GHIAU XKBDB HG @OGE BTHNBIJ @I HIJBD@FJHEI WBJQBBI IEHGB OBTBO @IN f\; QHNJKP @G
JKB AD@NHBIJ ES B@FK FMDTB WBFE?BG GJBBCBD @G JKB f\; QHNJK NBFDB@GBGU XKHG HG FEIGHGJBIJ QHJK
FE??EIOR dIEQI S@FJG @WEMJ G?EEJKHIA ECBD@JHEIG ZFEITEOMJHEI ES H?@AB @IN f\;^ @IN IEHGBOBTBOG HI H?@ABGU

XKHG HINHF@JBG JK@J JKB �][ HG @OGE @ CEJBIJH@OOR MGBSMO ?B@GMDB ES f\; HINMFBN WOMDDHIA@IN IEHGB OBTBOP QKBDB WEJK JKBGB CDEFBGGBG @DB EFFMDDHIA GH?MOJ@IBEMGOR HI JKB H?@ABG MINBD
FEIGHNBD@JHEIU=�h�� tw sivt}ixu �%��� & �� xrB 	� @ @kioi � tu nki t~lBi slnl lws % tu nki wrtui xi|ixy==��5� tu nki @tsnk rq nki �h� @kioi nki l~mxtnAsi klu sormmis nr klxq tnu milC |lxAiy
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5I H?CEDJ@IJ @GCBFJ ES \f]`X H?@AB CDEFBGGHIA HG JK@J ES DBGJED@JHEI �OJBDHIAP QKHFK HG @I@JJB?CJ JE A@HI @I ECJH?M? JD@NBE4 WBJQBBI IEHGB @IN WOMDDHIA HI JKB �I@O H?@ABU 5 �OJBD
JK@J HG FE??EIOR B?COERBN HI JKHG SMIFJHEI HG JKB �HBIBD �OJBD Z�EI�@OB� @IN �HIJ�P b	<�F^U
5I BY@?COB ES @ �HBIBD �OJBDBN B?HGGHEI H?@AB HG GKEQI HI �AMDB <Ub.U 5 TBDGHEI ES JKHG �OJBD
Z@ C@D@?BJDHF �HBIBD �OJBD^ HG FK@D@FJBDHGBN WR JKB SEOOEQHIA BLM@JHEI SED HJG CEQBD GCBFJDM?3

� Z� ^  ��� Z� ^"_ ��� Z� ^�
���� Z� ^ � � !

z���
�z��� + Z<Ubb^

�KBDB ��� HG ZHNB@OOR^ JKB BLMHT@OBIJ ?ENMO@JHEI JD@IGSBD SMIFJHEI ES JKB H?@AHIA GRGJB?*
,� HG JKB IEHGB CEQBD GCBFJDM?* 	� HG JKB CEQBD GCBFJDM? ES JKB EWgBFJ ES HIJBDBGJP QKHOB � HG
JKB SDBB C@D@?BJBD QKHFK T@DHBG JKB JD@NBE4 WBJQBBI IEHGB @IN WOMDDHIAU

XKB GCBFJDM? ES @ NBAD@NBN H?@AB F@I WB ?ENBOOBN WR BLM@JHEI <UbcP QKBDB 
� HG JKB
NBAD@NBN GCBFJDM? @IN 
� HG JKB MINBAD@NBN H?@AB CEQBD GCBFJDM?U >I H?@AB DBGJED@JHEIP JKB@H? HG JE EWJ@HI 
� SDE? 
� U


� Z��
^  , Z��
^ ����� Z��
^ � 
� Z��
^ Z<Ubc^
]YCBDH?BIJG QBDB CBDSED?BN JE BT@OM@JB JKB �][ @G @ ?B@GMDB ES JKB B4BFJG ES JKB SDBB

C@D@?BJBD � U 5�HBIBD �OJBD Q@G @CCOHBN JE JKB @FLMHDBN VE4?@I ]`X H?@AB GBJP QHJK � T@DRHIA
WBJQBBI  U� @IN �U HI  U� GJBCGU XKB �][ Q@G @CCOHBN JE WEJK JKB ]`X @IN JKB DBGMOJ@IJ
DBFEIGJDMFJBN H?@AB GBJGU XKB DBGMOJG @DB GM??@DHGBN HI �AMDBG <Uba @IN <Ub�U ;HAMDB <Uba
GKEQG ?EIEJEIHF@OOR NBFDB@GHIA FMDTBG SED HIFDB@GHIA A@??@P MGHIA WEJK �@CO@FH@I @IN \EWBO�OJBDGU XKMG JKB �][ @CCB@DG JE WB @ AEEN ?B@GMDB ES JKB B4BFJG ES A@??@U

;HAMDB <Ub� GKEQG @ GF@JJBDAD@?P CDENMFBN SDE? JKB T@OMBG ES JKB �][ EWJ@HIBN SED JKB]`X H?@AB GBJP TBDGMG JKB �][ T@OMBG EWJ@HIBN SED JKB H?@AB GBJ DBFEIGJDMFJBN SDE? JKHG]`X H?@AB GBJU XKB DBADBGGHEI OHIB CDENMFBN @I �� T@OMB ES  U		�P QKHFK GMAABGJG @ TBDR KHAK
FEDDBO@JHEI ES JKB JQE GBJG ES �][ T@OMBGU XKHG H?COHBG JK@J JKBDB BYHGJG @ OHIB@D DBO@JHEIGKHC
WBJQBBI JKB WOMDDHIA HI JKB ]`X H?@ABG @IN JKB WOMDDHIA HI JKB �I@O DBFEIGJDMFJBN H?@ABGU
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3l4 �l@ �j2 t~lBi D �lniolx |ti@ 3}4 �l@ �j2 t~lBi D mruniotro |ti@

3v4�tiwio ?xniois �j2 t~lBi D �lniolx |ti@ 3s4�tiwio ?xniois �j2 t~lBi D mruniotro |ti@
;HAMDB <Ub.3 �HBIBD �OJBDBN B?HGGHEI H?@ABGU
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;HAMDB <Uba3 �][ @G @ ?B@GMDB ES � HI �BHIBD �OJBDHIAU

1.40e+61.20e+61.00e+68.00e+56.00e+54.00e+52.00e+50.00e+0
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5.00e+8

GEM ECT

G
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V

y =  - 2.5221e+7 + 322.02x   R^2 = 0.995

;HAMDB <Ub�3 \F@JJBDAD@? � DBADBGGHEI OHIB ES �][ SED ]`X TG DBFEIGJDMFJBN H?@AB GBJU
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XKB AD@NHBIJ BIBDAR ?B@GMDB Q@G NB?EIGJD@JBN JE WB @ MGBSMO ?B@GMDB ES JKB B4BFJG ES GBTBD@O
FE??EIOR MGBN �OJBDHIA ECBD@JHEIG EI \f]`X H?@ABGP @IN Q@G GBIGHJHTB JE JKB �OJBDHIA C@D@?(BJBD GBJJHIAGU >J Q@G @OGE SEMIN JE @ADBB QBOO QHJK CDBOH?HI@DR GMWgBFJHTB D@JHIAGU �@CO@FH@I@IN \EWBO TBDGHEIG QEDdBN QBOOP JKEMAK JKB SED?BD FEDDBO@JBN GOHAKJOR WBJJBD QHJK GMWgBFJHTB
N@J@U XKB \EWBO �OJBD Q@G ?EDB HIGBIGHJHTB JE IEHGBP QKHFK ?@R ?@dB HJ ?EDB GMHJ@WOB HI GE?B
GHJM@JHEIGU

XKB S@FJ JK@J JKB �][ FEDDBO@JBG QBOO QHJK GMWgBFJHTB D@JHIAG ?B@IG JK@J HJ FEMON CEGGHWOR
WB MGBN @G @ GJ@IN(@OEIB ?B@GMDBP JKEMAK JKHG HG IEJ IBFBGG@DR SED HJG HIJBINBN MGB HI ECJH?HGHIA\f]`X H?@AB LM@OHJR MGHIA SMOO(WOEQI GMWgBFJHTB BYCBDH?BIJGU

XKBDB HG @ ?ENBO ES V�\ SMIFJHEI JK@J @CCB@DG JE WB ?ENBOOBN JE @ �DGJ EDNBD WR JKB �][U
XKHG ?ENBO HG dIEQI @G JKB �BIBDAR HIJBAD@JED� ?ENBO Z�DBBI @IN \QBJGP b	��F* [EMONBI BJ @OUP
b		 ^U XE NBJBD?HIB HS JKHG HG @I BNBLM@JB ?ENBOP ?EDB QEDd IBBNG JE WB NEIBU

>J HG @CCDECDH@JB JK@J JKHG ?B@GMDB WB MGBN HI FEIgMIFJHEI QHJK GMWgBFJHTB @I@ORGHG ES \f]`X
H?@ABG HI EDNBD JE �IN JKB ECJH?M? �OJBD C@D@?BJBDG HI JBD?G ES FOHIHF@O H?@AB LM@OHJRU XKHGQHOO DBLMHDB @ O@DAB GMWgBFJHTB GJMNR JE @GFBDJ@HI JKB ECJH?M? GBJ ES CDEFBGGHIA C@D@?BJBDG @IN
JE F@OHWD@JB JKB �][U [BJKENG ES GMWgBFJHTB H?@AB LM@OHJR @I@ORGHG @DB NHGFMGGBN HI FK@CJBD .@IN HJ HG DBFE??BINBN JK@J JKB DBFBHTBD ECBD@JHIA FK@D@FJBDHGJHF Z26`^ ?BJKEN HG JKB ?EGJ@CCDECDH@JBP JKEMAK GE?B HIGHAKJP QKBDB GMWgBFJHTB FEI�NBIFB HG IEJ @ FEIFBDIP FEMON WB EWJ@HIBN
SDE? MGHIA @I @I@ORGHG(ES(T@DH@IFB Z5e6�5^U
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 56 �78�9:;<8=97
XKHG FK@CJBD FEIJ@HIG @ NBGFDHCJHEI ES @ ?@gED GJMNR JE NBJBD?HIB JKB CBDSED?@IFB ES KM?@I
H?@AB @I@ORGJGP MGHIA @ GRIJKBJHF @CBDJMDB D@N@D Z\52^ Z;HJ�GH?EIGP b		<* 6OHTBD @IN �MBA@IP
b		<^ H?@AHIA GRGJB?P QKHFK HG FMDDBIJOR MINBD NBTBOEC?BIJU XKB GJMNR Q@G NBGHAIBN JE EWJ@HI
CD@FJHF@O W@GBOHIB N@J@ EI KM?@I @I@ORGJ CBDSED?@IFBP @IN JE HITBGJHA@JB JKB HGGMBG ES FOMJJBD@IN FEIJD@GJ ?B@GMDB?BIJU

>J HG OHdBOR JK@J @ GRIJKBJHF @CBDJMDB D@N@D GRGJB? QHOO WB MGBN JE NBJBFJ CEGGHWOB J@DABJG ES
HIJBDBGJ HI DB?EJB DBAHEIG ES 5MGJD@OH@0G IEDJKU XKHG ?@R WB ES GHAIH�F@IFB JE FMGJE?GP CEOHFBP
GB@DFK @IN DBGFMB ED ?HOHJ@DR ECBD@JHEIGU

XKBDB @DB JKDBB ?@HI DBLMHDB?BIJG SED ECBD@JHEI@O B4BFJHTBIBGG ES @ \52 GRGJB? HI JKHG JRCB
ES FEIJBYJU ;HDGJORP JKB HISED?@JHEI HJ A@JKBDG ?MGJ WB IB@D DB@O(JH?BU \BFEINORP JKB CDEW@WHOHJR
ES NBJBFJHEI SED @IR J@DABJ ES HIJBDBGJ HI JKB DBAHEI ES ECBD@JHEI ?MGJ WB KHAKU XKHDNORP JKB S@OGB@O@D? D@JB ES JKB \52 GRGJB? ?MGJ WB OEQ BIEMAK JE BIGMDB JK@J JKB OH?HJBN DBGEMDFBG MGBN JE
SEOOEQ MC B@FK \52 NBJBFJHEI @DB IEJ Q@GJBNU

XKB HGGMBG ES JH?BOHIBGG @IN JKB CDEW@WHOHJR ES NBJBFJHEI @IN S@OGB @O@D? D@JB Z;52^ SED
JKB BIJHDB \52 GRGJB? QHOO IEJ WB @NNDBGGBN KBDBU XKHG GJMNR FEIFBIJD@JBG EI ?B@GMDHIA JKB
CBDSED?@IFBP HI JBD?G ES CDEW@WHOHJR ES NBJBFJHEI @IN S@OGB @O@D? D@JB ZF@OOBN JKB �-�-+�-� ��-�!
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	�+�� ��	�	��-�+��+� Z26`^^P ES EIB FE?CEIBIJ ES JKB \52 GRGJB? � JKB KM?@I @I@ORGJU >I JKB
ECBD@JHEI@O GRGJB?P @ IM?WBD ES @I@ORGJG QHOO WB B?COERBN JE BY@?HIB JKB \52 H?@ABDR HI EDNBD
JE NBJBFJ @IN DBCEDJ @IR CEGGHWOB J@DABJG ES HIJBDBGJU 5G @ DBGMOJP JKB ETBD@OO CBDSED?@IFB ES JKB\52 GRGJB? NBCBING HIHJH@OOR MCEI JKB CBDSED?@IFB ES KM?@I @I@ORGJG HI JKHG THGM@O NBJBFJHEI
J@GdU

XKB GJMNR CDBGBIJBN KBDB NBJBD?HIBN JKB MI@GGHGJBN CBDSED?@IFB ES KM?@I @I@ORGJG HI
JKB \52 FEIJBYJ HI JBD?G ES JKB @I@ORGJ0G 26`U XKB BYCBDH?BIJ Q@G NBGHAIBN JE FEDDBGCEIN@G FOEGBOR @G CEGGHWOB JE JKB BYCBFJBN ZSMOOR ?@IM@O^ �-	���!/��- ES ECBD@JHEI ES \52 @I@ORGJG
MGHIA GH?HO@D \52 H?@ABDRU >I JKHG ?ENBP JKB @I@ORGJG ?@IM@OOR GF@IIBN JKDEMAK @OO JKB H?@ABDROEEdHIA SED JKB CEGGHWOB J@DABJG ES HIJBDBGJ* +,-, IE @MJE?@JHF J@DABJ NBJBFJHEI @OAEDHJK?G ED EJKBD
FMBHIA ?BJKENG QBDB B?COERBNU XKBDBSEDBP JKB JEEOG MGBN JE THBQ JKB H?@AB HI JKB BYCBDH?BIJ
FOEGBOR ?@JFKBN JKB @I@ORGJ0G BYCBFJBN ?BJKEN ES ?@IHCMO@JHEI @IN NHGCO@RU >I JKHG Q@RP JKB
BYJBDI@O T@OHNHJR ES JKB BYCBDH?BIJ Q@G ?@NB @G KHAK @G CEGGHWOB Z@OJKEMAK SED JKB G@dB ES
HIJBDI@O FEIGHGJBIFRP @IN JE dBBC JKB GH�B ES JKB BYCBDH?BIJ NEQI JE @ ?@I@AB@WOB OBTBOP FBDJ@HIOH?HJ@JHEIG � GCBFH�BN O@JBD � QBDB CO@FBN MCEI JKB @I@ORGJG^U

XKHG BYCBDH?BIJ Q@G NBGHAIBN JE NBJBD?HIB JKB GB@DFK(?ENB @I@ORGJ CBDSED?@IFB HI EDNBD
JE @DDHTB @J @ W@GB(OHIBP @A@HIGJ QKHFK JE ?B@GMDB JKB H?C@FJ ES @MJE?@JHF J@DABJ NBJBFJHEI EI
JKB QKEOB GRGJB?U �KBI @MJE?@JHF J@DABJ NBJBFJHEI HG B?COERBNP JKB @I@ORGJG @DB EIOR FMBNQHJK FMJ(EMJG_ ES G?@OO DBAHEIG SDE? JKB H?@ABDR JK@J JKB @MJE?@JHF J@DABJ NBJBFJHEI @OAEDHJK?G
HNBIJHSR @G CEGGHWOR FEIJ@HIHIA J@DABJGP JKBDBWR BOH?HI@JHIA @IR GB@DFK FE?CEIBIJ SDE? JKB@I@ORGJ0G QEDdU XKHG HG JBD?BN JKB �.-+�� ?ENBU XKHG FK@IAB HI ?BJKENEOEAR QHOO H?C@FJ
GHAIH�F@IJOR MCEI JKB CBDSED?@IFB ES @I@ORGJG ZWEJK HI JBD?G ES JKBHD FETBD@AB D@JB @IN 26`^@IN HG BYCBFJBN JE H?CDETB HJ ETBD JKB CBDSED?@IFB NBJBD?HIBN KBDBU

XKHG GB@DFK(?ENB @I@ORGJ 26` BYCBDH?BIJ Q@G CBDSED?BN QHJK J@DABJG HIGBDJBN HI H?@ABDR@FDEGG @ QHNB D@IAB ES THGM@O FOMJJBD @IN FEIJD@GJ OBTBOGU XKHG NEBG IEJ DB)BFJ GJ@JHGJHF@OOR JKB
ECBD@JHEI@O NHGJDHWMJHEI ES J@DABJG @IN FOMJJBDP @IN HJ Q@G IEJ ?B@IJ JE NE GEU >J HG H?CEDJ@IJ JE
B?CK@GHGB JK@J @NNHJHEI@O HISED?@JHEI HG DBLMHDBN JE HIJBDCDBJ JKBGB DBGMOJG HI JBD?G ES JKB 26`
CBDSED?@IFB ES JKB \52 GRGJB? QHJK SMOOR ?@IM@O @I@ORGHG HI @I ECBD@JHEI@O GFBI@DHEU >I S@FJP
GBTBD@O NH4BDBIJ JRCBG ES HISED?@JHEI @DB DBLMHDBNU XKBR HIFOMNB3 JKB NHGJDHWMJHEI ES SEOH@AB @IN
JBDD@HI JRCBG @FDEGG @ DBAHEI ES ECBD@JHEIP JKB NHGJDHWMJHEI ES J@DABJGP JKB H?@AHIA FK@D@FJBDHGJHFG
ZHIFOMNHIA H?@AHIA ABE?BJDR^ ES JKB D@N@DP @IN JKB J@DABJ(JE(W@FdADEMIN FEIJD@GJ JK@J EFFMDGP
AHTBI JKB J@DABJ JRCBP SEOH@ABP @IN H?@AHIA FK@D@FJBDHGJHFGU XKHG QEDd HG FMDDBIJOR WBHIA NEIB WR
EJKBDGP @IN HG WBREIN JKB GFECB ES JKHG JKBGHGU VEQBTBDP JKBGB FDMFH@O CHBFBG ES HISED?@JHEI ?MGJ
WB @NNBN JE JKB DBGMOJG ES JKHG GJMNR JE NBJBD?HIB JKB 26` CBDSED?@IFB ES JKB \52 GRGJB?QHJK SMOOR ?@IM@O @I@ORGHGU

>NB@OORP JKHG BYCBDH?BIJ GKEMON K@TB WBBI CBDSED?BN MGHIA H?@ABDR JK@J K@N WBBI BYK@MG(JHTBOR ADEMIN(JDMJKBNU VEQBTBDP IE GMFK H?@ABDR Q@G @T@HO@WOBU `EIGBLMBIJORP FBDJ@HI FE?(CDE?HGBG QBDB IBFBGG@DR HI JKB BYCBDH?BIJ@O NBGHAIU 5G @ DBGMOJP HJ Q@G NH1FMOJ JE DBO@JB JKB@I@ORGJ0G CBDSED?@IFB JE JKB \52 GRGJB?0G S@OGB @O@D? D@JBU >I EJKBD QEDNGP ADEMIN(JDMJKBN
���vtuis oiBtrwuy
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H?@ABDR QEMON K@TB @OOEQBN JKB LM@IJH�F@JHEI ES JKB @I@ORGJ0G ZGB@DFK(?ENB^ S@OGB @O@D? D@JB
SED @FJM@O J@DABJG ES HIJBDBGJ EI JKB ADEMINU >IGJB@NP QK@J HG DBCEDJBN KBDB HG JKBHD S@OGB @O@D?
D@JB SED J@DABJ(OHdB FEI�AMD@JHEIG ES CHYBOGP QKBJKBD ED IEJ JKBGB QBDB NMB JE J@DABJG ES HIJBDBGJU
XKBGB HGGMBG @DB NHGFMGGBN HI ?EDB NBJ@HO HI GBFJHEI 	UcU�U
����� "& ����%9 "%��

>I JKB OHJBD@JMDBP 26` @I@ORGHG HG MGM@OOR @CCOHBN JE @ CMDB NBJBFJHEI J@Gd* +,-, JKB GHAI@O HG
BHJKBD CDBGBIJ ED HJ HG IEJU >I ABIBD@OP JKB GJH?MOH @DB BHJKBD IEHGB ED IEHGB COMG GHAI@OU >I JKHG
F@GBP JKB J@Gd HG GOHAKJOR ?EDB FE?COHF@JBNU XKB BYCBDH?BIJ FEMON K@TB WBBI GBJ MC @G BHJKBD3

ZH^ 5 NHGFDH?HI@JEDR NBJBFJHEI J@GdP QKBDB @ J@DABJ K@G JE WB NHGJHIAMHGKBN SDE? JKB W@Fd(ADEMIN ED FOMJJBD*
ZHH^ 5 FO@GGH�F@JHEI J@GdP QKBDB CEJBIJH@O J@DABJG K@TB JE WB NHGJHIAMHGKBN SDE? IEI(J@DABJGJK@J @DB GH?HO@D HI JBD?G ES D@N@D FDEGG GBFJHEI* -,�,P TBKHFOBG TBDGMG CEQBD CEOBGU

>I JKB FO@GGHF@O NHGFDH?HI@JEDR NBJBFJHEI CDEWOB?P JKB J@DABJ ?@R ED ?@R IEJ WB CDBGBIJ HI
JKB FOMJJBDU >I FEIJD@GJP JKB FO@GGHF@O FO@GGH�F@JHEI CDEWOB? CDBGBIJG JKB EWGBDTBDG QHJK EIB
EWgBFJ SDE? @ IM?WBD ES FO@GGBG ES EWgBFJGP @IN JKB EWGBDTBDG K@TB JE HINHF@JB QKHFK FO@GG JKBR
JKHId HJ HG SDE?U XKB BYCBDH?BIJ Q@G NBGHAIBN SED J@Gd ZH^ WBF@MGB HJ ?EGJ FOEGBOR ?@JFKBG JKB\52 @I@ORGHG J@GdU VEQBTBDP JKBDB HG @ FO@GGH�F@JHEI FE?CEIBIJ JE JKB \52 @I@ORGHG J@Gd HI
JK@J EIFB @I @I@ORGJ K@G NBJBFJBN @ J@DABJ(OHdB EWgBFJ HI JKB H?@ABDR JKBR QEMON IED?@OOR JDR
JE NHGJHIAMHGK HJ SDE? FMOJMD@O FOMJJBDP GMFK @G S@D? GKBNG @IN CEQBD CEOBGP MGHIA FEIJBYJM@O
HISED?@JHEIU > K@TB IEJ ?B@GMDBN JKBGB @GCBFJG ES JKB CDEWOB?U �BF@MGB ES JKB QHNBOR T@DRHIA@CCDE@FKBG ES JKB EWGBDTBDG ZGBB 5CCBINHY �^ IE @JJB?CJ Q@G ?@NB JE HITBGJHA@JB JKBGB @GCBFJG
ES JKB CDEWOB?P @G @ DBGMOJP JKB BYCBDH?BIJ@O J@Gd HG @ CMDBOR NHGFDH?HI@JEDR NBJBFJHEI EIBU XKHG
JD@NB(E4 HG NHGFMGGBN HI ?EDB NBJ@HO HI GBFJHEI 	UcU�U
 5� �
���=	�78�� ��8�9:


XKHG GBFJHEI NBJ@HOG JKB BYCBDH?BIJ@O NBGHAIU >I JKHG GJMNRP WEJK @I@ORGHG ES T@DH@IFB Z5e6�5^
@IN 26` ?BJKENG K@TB WBBI MGBN ZGBB FK@CJBD .^U XKB 26` @I@ORGHG B?COERBN JKB D@JHIA?BJKEN ZGBFJHEI .UcU. EI C@AB �a^U

XKB NH4BDBIFB WBJQBBI JKB JQE @I@ORGHG JBFKIHLMBG HG JK@J 5e6�5 SEFMGBG EI EWJ@HIHIA
CMDBOR GBIGEDR HISED?@JHEIP QKHFK HI FEIJD@GJ JE JKB 26` @I@ORGHGP NEBG IEJ AHTB @IR HISED?@JHEI@WEMJ JKB EWGBDTBD0G HIJBDI@O FDHJBDHEIU 5e6�5 @OGE AHTBG ?MFK ?EDB HISED?@JHEI @WEMJ JKB
DBO@JHEIGKHCG WBJQBBI JKB S@FJEDG @IN JKBHD B4BFJGP HIFOMNHIAP SED BY@?COBP HIJBD@FJHEI @I@ORGHGU
VEQBTBDP HI JKB F@GB ES NHGFDH?HI@JEDR NBJBFJHEI JK@J HG MGBN KBDBP HJ HG IBFBGG@DR JE J@dB HIJE
FEIGHNBD@JHEI JKB EWGBDTBD0G FDHJBDHEIU XKBDBSEDB 26` @I@ORGHGP QKHFK AHTBG @ GM??@DR ?B@GMDB
ES WEJK GBIGEDR @IN GMWgBFJHTB FDHJBDHEI HISED?@JHEIP HG @OGE DBLMHDBNU
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XKB BYCBDH?BIJ Q@G NBGHAIBN JE K@TB �YBN B4BFJGP QHJK WOEFdHIAP DBGMOJHIA HI IHIB JDB@J?BIJGU
XKB CEQBD @IN GHAIH�F@IFB BGJH?@JHEI Q@G W@GBN EI @ JQE(Q@R @I@ORGHG(ES(T@DH@IFBU

XKB IHIB JDB@J?BIJGP JK@J FEIGJHJMJBN @ . - . FBOOP QBDB @ FE?WHI@JHEI ES JKDBB OBTBOG ES
FOMJJBD @IN JKDBB OBTBOG ES FEIJD@GJ Z�^ JH?BG J@DABJ @DB@ CDENMFJ ��� P QKHFK QBDB SEMIN JE WBQHJKHI JKB @CCDEYH?@JB CBDFBCJM@O D@IAB ES � SED @ J@DABJ ES @CCDEYH?@JBOR � -� CHYBOGU

> K@TB SEOOEQBN JKB MGM@O CD@FJHFBP HI THGM@O CBDFBCJHEI GJMNHBGP ES NB�IHIA JKB Z�BWBD^
FEIJD@GJ @G

�  �� (��

��
Z	Ub^

QKBDB �� HG JKB ?B@I J@DABJ OM?HI@IFB @IN �� HG JKB ?B@I OEF@O W@FdADEMIN OM?HI@IFBU
XKB J@DABJ FEIJD@GJ @IN JKB T@OMB ES OEF@O FOMJJBD ?BJDHFG QBDB F@OFMO@JBN ETBD @ �a-�a CHYBO

DBAHEI QHJK JKB J@DABJ @J HJG FBIJDBU XKHG T@OMB ES W@FdADEMIN DBAHEI Q@G FKEGBI JE FEDDBGCEIN
JE @WEMJ .� �BON(ES(THBQ QKBI JKB EWGBDTBD HG �Y@JBN EI JKB J@DABJP @J @ THBQHIA NHGJ@IFB ES� F?U ;DE? JKB GJMNHBG CBDSED?BN HI `K@CJBD � ZGBB GM??@DR HISED?@JHEI HI �AMDB �U�^ JKHG
GBB?G JE WB @I @CCDECDH@JB GH�B ES DBAHEI @DEMIN JKB J@DABJ JE NB�IB @ DBAHEI ES �OEF@O� FOMJJBDU

>J HG @OGE H?CEDJ@IJ JE IEJB JK@JP SED G?@OO ED OEQ FEIJD@GJ J@DABJGP GMFK @G @DB JRCHF@OOR
SEMIN HI \52 H?@ABDRP JKB OM?HI@IFB JKDBGKEON HG @ SMIFJHEI ES J@DABJ @DB@ Z��^ Z�O@FdQBOOP b	a�*
�MdHG @IN �MNDHdHGP b	<c^U XE dBBC JKB BYCBDH?BIJ @ ?@I@AB@WOB GH�BP D@JKBD JK@I MGB � @G @I
HINBCBINBIJ T@DH@WOBP JKB ��� CDENMFJ Q@G MGBN JE FEIJDEO JKB NBJBFJ@WHOHJR ES JKB J@DABJU >I JKHGQ@RP JQE CKRGHF@O J@DABJ C@D@?BJBDG ZJ@DABJ FEIJD@GJ @IN J@DABJ @DB@^ QBDB WBHIA ?@IHCMO@JBNP
WMJ EIOR JKBHD CDENMFJ Q@G FEIGHNBDBN @I HINBCBINBIJ T@DH@WOB HI JKB BYCBDH?BIJU XKHG @OOEQBN@ ?EDB DBCDBGBIJ@JHTB GBJ ES J@DABJG HI JKB BYCBDH?BIJU 6I JKB EJKBD K@INP @G JKB DBGCEIGBGQBDB FEOO@CGBN @FDEGG J@DABJ @DB@ @IN J@DABJ FEIJD@GJ SED B@FK OBTBO ES ��� CDENMFJP IE GCBFH�F
HISED?@JHEI Q@G @T@HO@WOB @WEMJ JKB B4BFJ ES J@DABJ @DB@ ED J@DABJ FEIJD@GJ @OEIBU

;ED JKHG GJMNR JKB FOMJJBD OBTBOG QBDB NBJBD?HIBN WR @CCORHIA @ FOMJJBD ?BJDHF NMB JE �@ON(?@I -� 	�, Zb	<<^U XKHG ?BJDHF K@G IEJ WBBI DHAEDEMGOR BT@OM@JBN HI JKB OHJBD@JMDB QHJK DBGCBFJ JE
HJG FEDDBO@JHEI QHJK GMWgBFJHTB DBGCEIGBP WMJ QKHFK GKEQBN ADB@J CDE?HGB HI CHOEJ GJMNHBGU XKHG
FOMJJBD ?BJDHF HG NHGFMGGBN HI NBJ@HO HI GBFJHEI cU� ES `K@CJBD cU
��7�7 ��� $�� ��%9 :%$%� � $�

XKB GJ@JHGJHF@O C@D@?BJBDG SED JKHG BYCBDH?BIJP QKHFK @DB NB�IBN HI 5CCBINHY `P @DB IEQ AHTBIU
XKB GHAIH�F@IFB Q@G GBJ @J JKB 	�� OBTBO Z�   + �^ @IN JKB NBGHDBN CEQBD Q@G GBJ @J 	 �
Z�   +b^U XKB B4BFJ GH�B JK@J F@I WB NBJBFJBN WR JKB BYCBDH?BIJ HG LM@IJH�BN WR JKB C@D@?BJBD
�* SED JKHG BYCBDH?BIJ@O NBGHAI �   +c�U XKHG FKEHFB ES C@D@?BJBDG ?B@IG JK@J @ G?@OO JE?BNHM? B4BFJ GKEMON WB NBJBFJ@WOB WR JKB BYCBDH?BIJU �R MGB ES @ GBJ ES CEQBD J@WOBG Z`EKBIP
b	��^ JKHG T@OMB ES � FEDDBGCEING JE �   +bP MINBD JKB @GGM?CJHEI JK@J JKB B4BFJG ES JKB
JDB@J?BIJG @DB NHGJDHWMJBN MIHSED?OR @OEIA JKB D@IAB ES GCDB@N* JKHG GJ@JHGJHF HG JBGJBN HI JKB
	 (JBGJU
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;ED JKHG C@D@?BJBD GBJP JKB IM?WBD ES EWGBDT@JHEIG DBLMHDBN Q@G ca CBD JDB@J?BIJU XKBGB

EWGBDT@JHEIG QBDB GCDB@N @FDEGG B@FK ES b EWGBDTBDG QKE G@Q JKB G@?B GBJ ES ZWOEFdBN^ GJH?MOHU
XKHG FEDDBGCEING JE B@FK EWGBDTBD THBQHIA ca GJH?MOH @J B@FK JDB@J?BIJ OBTBOU ;ED JKB G@dB ES
BGJH?@JHIA JKB IM?WBD ES J@DABJG JE HIGBDJP HJ Q@G @GGM?BN JK@J K@OS JKB GJH?MOH QEMON FEIJ@HI
J@DABJG Z\BB JKB IBYJ GMW(GBFJHEI 	UcU. SED SMDJKBD NHGFMGGHEI^U XKHG FEDDBGCEINBN JE bc HIGBDJBN
J@DABJG CBD EWGBDTBD @J B@FK JDB@J?BIJU 5OO EWGBDTBDG THBQBN JKB G@?B H?@ABDRU �HTBI JK@J
JKBDB QBDB 	 JDB@J?BIJGP JKB bc HIGBDJBN J@DABJG CBD EWGBDTBD CBD JDB@J?BIJ OBTBO FEDDBGCEINBN
JE @ DBLMHDB?BIJ SED b < J@DABJG JE WB HIGBDJBN HI JEJ@OU

>NB@OORP B@FK EWGBDTBD GKEMON WB CDBGBIJBN QHJK JKB G@?B GBJ ES GJH?MOHP WMJ HI @ NH4BDBIJ
D@INE? EDNBDU VEQBTBDP SED JKB G@dB ES BYJBDI@O T@OHNHJRP JKHG Q@G IEJ CEGGHWOB HI JKHG BYCBDH?BIJ
SED JQE DB@GEIGU ;HDGJORP EWGBDTBD0G K@N FE?COBJB FEIJDEO ES JKB EDNBD HI QKHFK JKBR GB@DFKBN
JKDEMAK JKB H?@ABDRU \BFEINORP JKBDB Q@G @ GC@JH@O DBO@JHEIGKHC WBJQBBI JKB GJH?MOH WBF@MGB
JKBR QBDB B?WBNNBN HIJE @ GQ@JKU 5FFEDNHIAORP @OO EWGBDTBDG THBQBN JKB GQ@JKG HI JKB G@?B
EDNBDU
��7�
 :$ �%$%���� ��$ �& ��� ��%9'���

>I JKB OHJBD@JMDB EI 26` FMDTB GJMNHBGP HJ HG MGM@O JE GBJ JKB 	 ��+��+ CDEW@WHOHJR ES NBJBFJHEI
JE @WEMJ  U�* +,-, K@OS JKB GJH?MOH FEIJ@HI J@DABJGU �GM@OOR HI 26` BYCBDH?BIJGP GJH?MOH @DB
CDBGBIJBN JE EWGBDTBDG EIB @SJBD JKB EJKBDP ED JEABJKBDP HI @ FEIJDEOOBN Q@RU XKHG @CCDE@FK?@dBG HJ B@GR JE GBJ MC JKB DBLMHDBN 	 ��+��+ NBJBFJHEI CDEW@WHOHJRU >I JKB F@GB ES JKB \52 H?@AB@I@ORGHGP JKB CD@FJHFB HG ?EDB FE?COHF@JBNU VBDBP H?@AB @I@ORGJG BY@?HIB O@DAB GQ@JKG ES H?@AB
N@J@P QKHFK F@I WB THBQBN WR GFDEOOHIA @IN C@IIHIAP ED WR GJBCCHIA JKDEMAK @ GFDBBI(SMO @J @
JH?BU ;ED JKB G@dB ES BYJBDI@O T@OHNHJR HJ Q@G H?CEDJ@IJ JK@J JKHG ECBD@JHIA CDEFBNMDB @OGE WB
B?COERBN HI JKB BYCBDH?BIJU

XE GJ@R @G FOEGB @G CEGGHWOB JE JKB IED?@O ECBD@JHIA CDEFBNMDBG ES @I@ORGJGP RBJ @J JKB G@?B
JH?B @FFE??EN@JB JKB DBLMHDB?BIJG ES 26` @I@ORGHGP JKB EWGBDTBDG QBDB DBLMHDBN JE BY@?HIB @
GQ@JK ZED CEDJHEI ES @ GQ@JK^ EIB GFDBBI(SMO Z@ SD@?B^ @J @ JH?BP C@IIHIA @FDEGG JKB GQ@JK HI @
IEI(ETBDO@CCHIA ?@IIBDU >I EDNBD JE GBJ MC JKB HNB@O 	 ��+��+ NBJBFJHEI CDEW@WHOHJR ES  U�P JKB
FK@IFB ES @ SD@?B FEIJ@HIHIA @ J@DABJ ?MGJ BLM@O JKB FK@IFB ES @ SD@?B IEJ K@THIA @ J@DABJU XKHG
FEMON K@TB WBBI EWJ@HIBN WR NHTHNHIA JKB GQ@JK HIJE SD@?BGP QHJK K@OS ES JKB SD@?BG FEIJ@HIHIA@ J@DABJU VEQBTBDP JKHG Q@G IEJ CEGGHWOB HI JKHG BYCBDH?BIJ WBF@MGB HJ QEMON K@TB DBGMOJBN HI @I@JRCHF@OOR KHAK J@DABJ NBIGHJRU >J HG BYCBFJBN JK@J JKB KHAK J@DABJ NBIGHJR QEMON K@TB ?ENH�BN
EWGBDTBD WBK@THEMD HI @I MINBGHD@WOB Q@R* +,-, JKB EWGBDTBDG QEMON K@TB ?EGJ OHdBOR OB@DIJ JKB
CDEW@WHOHJR ES �INHIA @ J@DABJ @IN JKMG @IJHFHC@JBN @ J@DABJ NBJBFJHEIP JKBDBWR NHGJEDJHIA JKB
DBGMOJGU

XE FHDFM?TBIJ JKHG CDEWOB?P @ ?BJKEN dIEQI @G JKB SDBB(DBGCEIGB 26` Z;26`^ Z�MIFK
BJ @OUP b	�<^ Q@G MGBNU XKB ;26` HG @CCOHF@WOB JE GHJM@JHEIG JK@J HITEOTB @IR IM?WBD ES DBCEDJBNOEF@JHEIG @IN @IR IM?WBD ES @FJM@O J@DABJG HI B@FK H?@ABU �GM@OOR HI JKB ;26`P JKB @WGFHGG@
DBCDBGBIJG JKB @TBD@AB IM?WBD ES S@OGB @O@D?G CBD H?@AB CDBGBIJ@JHEIP QKBDB@G JKB EDNHI@JB HG
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>?@AB 2BGEOMJHEI fHYBO ]LMHT@OBIJ X@DABJZ?^ FEMIJ 5DB@� Zd?�^ FEMIJ
 b c 	 	a��<a 	b  
 c c 	 	a��<a 	b a
 . c ba�<��	<a ba� �
 a c ba�<��	<a ba� �
 � c b�b cb	�c b�b �
 � c b�b cb	�c b�b �
 � c b�b cb	�c b�b �
 < c b� c��a< b� a
 	 c b� c��a< b� ab c b� c��a< b� bbb c b�<�<��.� b�	 �
bc c b�<�<��.� b�	 cb. c b�<�<��.� b�	 �
ba c b�< a  �a b�< ab� c b�< a  �a b�< ab� c b�< a  �a b�< ab� b b..cb<. a b.. �
b< b b� ba�a < b� cb	 b b�.�<<aa< b�. b c b b.c� 	�	� b.c ccb b b.c� 	�	� b.c <cc b b.c� 	�	� b.c ac. b b� ba�a < b� aca b b��� c.�< b�� .
c� b b��� c.�< b��  

X@WOB 	Ub3 fHYBO FEMIJG @IN DBGEOMJHEIG ES JKB JBGJ H?@ABDRP @OEIA QHJK JKB IM?WBD ES J@DABJGHIGBDJBN HIJE B@FK H?@ABU eEJB JK@J SED JKB CMDCEGBG ES JKB BYCBDH?BIJP @OO c ?BJDB DBGEOMJHEIH?@ABDR Q@G JDB@JBN @G HS HJ Q@G b ?BJDB DBGEOMJHEIP @OWBHJ QHJK @ NH4BDBIJ D@IAB ES FOMJJBD T@OMBGU
��uuA~twB � ~inoi oiurxAntrwy

JKB G@?B @G @ GJ@IN@DN 26`� U >I JKHG F@GBP JKB @WGFHGG@ DBCDBGBIJG JKB @TBD@AB S@OGB @O@D? D@JB
CBD MIHJ @DB@ Zd?�^* +,-, SED @ AHTBI @DB@P HJ DBCDBGBIJG JKB @TBD@AB S@OGB @O@D? D@JBU XE FEITBDJ
JE S@OGB @O@D?G CBD MIHJ @DB@ @J B@FK FOMJJBD OBTBOP JKB T@OMB EI JKB @WGFHGG@ GKEMON WB ?MOJHCOHBN
WR JKB IM?WBD ES J@DABJG JK@J @DB FO@GGH�BN @J JK@J FOMJJBD OBTBOU

XKB J@DABJG QBDB D@INE?OR HIGBDJBN @J @ D@JB FKEGBI JE ?@JFK DB@GEI@WOB ECBD@JHEI@O FEI(NHJHEIG ES b J@DABJ CBD a d?� ES H?@ABDRU XKMGP @WEMJ b < -a  a�.c d?� ES H?@ABDR Q@G
DBLMHDBN SED JKB BYCBDH?BIJU X@WOB 	Ub GKEQG JKB IM?WBD ES J@DABJG JK@J QBDB FEIJ@HIBN HI B@FK
ES JKB c� JBGJ H?@ABGP @OEIA QHJK JKBHD @DB@U

`@DB Q@G J@dBI HI JKB CDEFBGG ES D@INE?OR CO@FHIA JKB J@DABJG HIJE JKB H?@ABDRU XKB KM?@I
BRB HG C@DJHFMO@DOR GBIGHJHTB JE BNAB B4BFJGU 5G @ FEIGBLMBIFBP HS JKB J@DABJG @DB IEJ DB@OHGJHF@OOR
HIGBDJBN GE @G JE @TEHN BNAB B4BFJGP JKBI JKHG QHOO WH@G JKB BYCBDH?BIJ@O DBGMOJGU ;MDJKBD?EDBP

zhnotvnx�� nki qolvntrw rq nloBinu sinivnis @tnk uA�vtiwnx� lvvAolni xrvlxtulntrw� lu si?wis tw nki �rvlxtulntrw
��jy
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@OO JKB J@DABJ CO@FB?BIJG QBDB FKBFdBN JE BIGMDB JK@J JKBR NHN IEJ EFFMD HI JEJ@OOR MIDB@GEI@WOB
GHJM@JHEIGP -,�,P EI @ FOH4 S@FBU XKBGB NBJ@HOG @DB ?EDB SMOOR BYCO@HIBN HI GMWGBFJHEI 	UcU	U
��7�� :$ �%$%���� ��$ �& %�%9'��������%$�%�, 
5G HINHF@JBN HI GBFJHEI 	UcUbP JKB BYCBDH?BIJ Q@G EDHAHI@OOR NBGHAIBN JE WB @ . -. S@FJEDH@O �YBN
B4BFJG NBGHAI DBGMOJHIA HI IHIB JDB@J?BIJGU �CEI JKHG W@GHG J@DABJG QBDB HIGBDJBN HIJE JKB \52
H?@ABDRU VEQBTBDP JKB @FJM@O NBGHAI MGBN HI JKB 5e6�5 Q@G @ . - a S@FJEDH@O �YBN B4BFJG
NBGHAIP DBGMOJHIA HI JQBOTB JDB@J?BIJGU

XKB DB@GEIG WBKHIN JKHG @DB SMOOR NHGFMGGBN HI GBFJHEIG 	UcU� JE 	UcU	P O@JBD HI JKHG FK@CJBDP
WMJ @ WDHBS BYCO@I@JHEI QHOO IEQ WB AHTBIU XKB JQBOTB JDB@J?BIJG QBDB @ FE?WHI@JHEI ES JKDBBOBTBOG ES FOMJJBD @IN SEMD OBTBOG ES FEIJD@GJ= JH?BG J@DABJ @DB@ CDENMFJU >J WBF@?B IBFBGG@DR JE
HIJDENMFB @ SEMDJK OBTBO ES FEIJD@GJ ZCEGJ BYCBDH?BIJ^ WBF@MGB JKB BYCBDH?BIJ@O EWGBDTBDG SEMIN
J@DABJG HI JKB H?@ABDR QKHFK FEMON IEJ WB CBDFBCJM@OOR NH4BDBIJH@JBN SDE? JKB HIGBDJBN J@DABJGP
GE?B ES QKHFK QBDB HI @ KHAKBD FEIJD@GJ D@IAB JE JK@J ES JKB D@IABG GBJ ZOEQP ?BNHM?P KHAK^ SED
JKB HIGBDJBN J@DABJGU 5G JKB EWGBDTBDG QBDB IEJ AHTBI @IR BYJD@ HISED?@JHEI QKHFK @OOEQBN JKB?
JE NH4BDBIJH@JB JKBGB �BYJD@� J@DABJG SDE? JKB HIGBDJBN EIBGP JKBR QBDB FO@GGH�BN @G DB@O J@DABJGU
6JKBD IEI(HIGBDJBN J@DABJG QBDB NHGFETBDBN QKHFK QBDB FO@GGH�BN @CCDECDH@JBORP @G NBGFDHWBN HI
GBFJHEI 	UcU�U

5G @ DBGMOJ ES JKB HGGMBG ?BIJHEIBN HI JKB O@GJ C@D@AD@CKP JKB N@J@ WBF@?B IEI(HNB@O SEDJKB 5e6�5 @CCDE@FKP JKEMAK JKBR QBDB @FFE??EN@JBN HI JKB 26` @I@ORGHG WR JKB ;26`@CCDE@FK ZGBFJHEI 	UcU.^U XKB CDEWOB? Q@G JK@J JKB @?EMIJ ES N@J@ @J B@FK FE?WHI@JHEI ES
S@FJEDG ZJDB@J?BIJG^ Q@G IEJ BLM@OOR NHGJDHWMJBNU XKHG ?@R F@MGB CDEWOB?G HI JK@J B@FK JDB@J(?BIJ FEINHJHEI HG IEJ AM@D@IJBBN JE FEIJDHWMJB BLM@OOR JE JKB @I@ORGHGP @IN JKHG GHJM@JHEI HGOHdBOR JE BY@FBDW@JB JKB NBADBB JE QKHFK JKB @GGM?CJHEIG MINBDORHIA @I@ORGHG(ES(T@DH@IFB @DB
THEO@JBN Z�BCCBOP b		bW^U

XKBDB @DB @CCDE@FKBG SED NB@OHIA QHJK JKHG GHJM@JHEIP GMFK @G JKB ?BJKEN ES MIQBHAKJBN?B@IG ED JKB ?BJKEN ES QBHAKJBN ?B@IGP WMJ JKBGB ?BJKENG @DB )@QBN Z�BCCBOP b		bF^U XKB
WBGJ @CCDE@FKP HS GM1FHBIJ N@J@ @DB @T@HO@WOBP HG JE D@INE?OR GBOBFJ JKB G@?B IM?WBD ES G@?COBG
SED B@FK JDB@J?BIJ @G BYHGJG SED JKB G?@OOBGJ JDB@J?BIJ G@?COBU XKHG @CCDE@FK Q@G @NECJBN HI@I@ORGHIA JKB N@J@ GKEQI HI J@WOB 	UcU 5G GKEQI HI J@WOB 	U.P JKHG DBGMOJBN HI @ N@J@ GBJ ES
ADB@JOR DBNMFBN GH�BU VEQBTBDP @I @I@ORGHG(ES(T@DH@IFB Q@G F@DDHBN EMJ SED WEJK GBJG ES N@J@PQHJK JKB @I@ORGHG W@GBN EI JKB GBFEIN GBJ @FJHIA @G @ FKBFd EI JKB �DGJ @I@ORGHGU
��7�� ��� $�� ��%9 :$�, !�$ 

5 QEDdGJ@JHEIP QHJK @ CKEJE?BJDHF@OOR F@OHWD@JBN GFDBBI Z+,-, JK@J K@N HJG CKEJE?BJDHF EMJCMJ JE
ADBR(OBTBO HICMJ DBFEDNBN^ DMIIHIA JKB HI(KEMGB @I@ORGJ NHGCO@R GESJQ@DB �������	

� Q@G MGBN
SED JKB GJMNRU `K@IABG QBDB ?@NB JE JKB GESJQ@DB JE OEA DBGCEIGB JH?BG HI FEIgMIFJHEI QHJK
JKB EWGBDTBD0G FEI�NBIFB D@JHIA SED B@FK NBJBFJHEIU XKB EWGBDTBDG QBDB DBLMHDBN JE �IN J@DABJG

>jrwnolun lws vrwnolun olntr� loi Auis u�wrw�~rAux� tw nktu vklmnio
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`EIJD@GJ �BTBO`OMJJBD �BTBO OEQ ?BNHM? KHAK KHAKBGJ DEQ GM?OEQ a�� b�a b b �a	?BNHM? � b � < �	 �b ba.	KHAK b�a �a b		 c b bcbaFEO GM? bc. b�cc c<< c�c .. c
X@WOB 	Uc3 XKB IM?WBD ES J@DABJG @J B@FK FE?WHI@JHEI ES S@FJEDG ZJDB@J?BIJ^ SED JKB BYCBDH?BIJU

`EIJD@GJ �BTBO`OMJJBD �BTBO OEQ ?BNHM? KHAK KHAKBGJ DEQ GM?OEQ b b b b a ?BNHM? b b b b a KHAK b b b b a FEO GM? . . . . bc 
X@WOB 	U.3 XKB IM?WBD ES J@DABJG @J B@FK JDB@J?BIJ SED JKB FEI�D?HIA 5e6�5U

QKHFK K@N WBBI CGBMNE(D@INE?OR CO@FBN HIJE H?@ABDR @FFEDNHIA JE JKB CDHIFHCOBG NHGFMGGBN HI
GBFJHEI 	UcU.U

XKB EWGBDTBDG QBDB HIGJDMFJBN JE GB@DFK JKB GQ@JK WR GJBCCHIA JKDEMAK JKB H?@AB @ GFDBBI@J @ JH?B MGHIA IEI(ETBDO@CCHIA H?@AB GFDBBIGU /MDHIA J@DABJ OEAAHIAP JKB EWGBDTBD CO@FBN JKB
FMDGED ETBD JKB GBOBFJBN J@DABJ @IN KHJ @ WMJJEI F@MGHIA JKB J@DABJ FEEDNHI@JBG JE WB DBFEDNBNU
6WGBDTBDG QBDB JKBI CDE?CJBN JE BIJBD JKBHD FEI�NBIFB D@JHIA @FFEDNHIA JE JKB �(CEHIJ GF@OB
EMJOHIBN B@DOHBD ZQHJK @I H?COHBN GHYJK D@JHIA ES �BDE^U eE HISED?@JHEI EI BYCBFJBN HIFHNBIFB EDOEF@JHEI ES J@DABJG Q@G AHTBIU

]@FK GBGGHEI Q@G @DD@IABN SED JKB G@?B JH?B BTBDR N@R SED B@FK C@DJHFMO@D EWGBDTBD @IN Q@GOH?HJBN JE @ ?@YH?M? NMD@JHEI ES EIB K@OS(KEMDU ]@FK EWGBDTBD Q@G DBLMHDBN JE GF@I JKDEMAK
EIB BIJHDB H?@AB CBD GBGGHEI HI JKB EDNBD AHTBI HI J@WOB 	UbU XKMGP B@FK EWGBDTBD JRCHF@OOR G@J
JKDEMAK c� GBGGHEIG @SJBD @I HIHJH@O JD@HIHIA GBGGHEIU Z\E?B EWGBDTBDG QBDB LMHFd BIEMAK JE GF@I
JKDEMAK ?MOJHCOB H?@ABG HI @ GHIAOB GBGGHEIU^ XKB HIGJDMFJHEIG AHTBI JE JKB @I@ORGJG F@I WB SEMIN
HI 5CCBINHY �U

\E?B NH1FMOJHBG QBDB BYCBDHBIFBN QHJK EWGBDTBDG HIJBDCDBJHIA HIGJDMFJHEIG NH4BDBIJOR SDE??R HIJBIJHEI ZGBB @OGE GBFJHEI 	UcU�^U �KHOB JKHG B?CK@GHGBG JKB IBBN JE QDHJB HIGJDMFJHEIG @G
FOB@DOR @IN MI@?WHAMEMGOR @G CEGGHWOBP @ FE?CEIBIJ ES JKB CDEWOB? Q@G JKB CDBFEIFBHTBN IEJHEIG
GE?B EWGBDTBDG K@N SDE? CDBTHEMG \52 H?@AB @I@ORGHG HI @I ECBD@JHEI@O BITHDEI?BIJU

5 SMOO NHGFMGGHEI ES JKB BYCBDH?BIJ@O GBJMC @IN HJG DMIIHIA F@I WB SEMIN HI GBFJHEIG 	UcU	�
	UcUbbU
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5IEJKBD HGGMB HG JKB BYCBDHBIFB OBTBO ES JKB EWGBDTBDGU >S NBJBD?HIHIA JKB B4BFJHTBIBGG ES BYCBDJ@I@ORGJG HG JKB BYCBDH?BIJ@O @H?P JKBI EIOR BYCBDJG GKEMON WB MGBN HI JKB BYCBDH?BIJGU VEQBTBDP
JBI BYCBDJG QBDB IEJ @T@HO@WOBU XKBGB DBLMHDB?BIJG FEMON K@TB WBBI DBNMFBN QHJK @ FEDDBGCEINHIA
HIFDB@GB HI JKB @?EMIJ ES H?@ABDR B@FK ?MGJ GB@DFKU VEQBTBDP JKHG QEMON K@TB ?@NB JKB
BYCBDH?BIJ BTBI ?EDB EIBDEMG SED B@FK EWGBDTBD JE F@DDR EMJ @IN QEMON K@TB DBNMFBN JKBQHOOHIAIBGG ES EWGBDTBDG JE C@DJHFHC@JB AHTBI JKBHD EJKBD FE??HJ?BIJGU 5OJBDI@JHTBORP HS QB QHGKBN
JE NBJBD?HIB JKB B4BFJ ES JD@HIHIA EI B4BFJHTBIBGGP JKBI EWGBDTBDG QHJK ?HYBN BYCBDHBIFB QEMONK@TB WBBI DBLMHDBNP WMJ ?EDB THBQHIA QEMON K@TB WBBI IBFBGG@DR JE EWJ@HI GJ@JHGJHF@O GHAIH�F@IFB
SED JKB BYJD@ T@DH@WOB HI JKB BYCBDH?BIJU ;ED BY@?COBP HS JKBDB QBDB JQE OBTBOG ES BYCBDJHGBP JKBI
JKB FEGJ ES JKB BYCBDH?BIJ QEMON K@TB WBBI NEMWOBN ETBD JK@J HINHF@JBN @WETBU

XKBDBSEDBP WBF@MGB ES JKB HIFDB@GBN FEGJ JK@J JKHG LMBGJHEI HIJDENMFBG HIJE JKB BYCBDH?BIJP> K@TB IEJ NB@OJ NB�IHJHTBOR QHJK HJU XKB GJMNR MGBN EWGBDTBDG QHJK ?HYBN OBTBOG ES BYCBDHBIFB@IN JKB DBGMOJG @DB NB@OJ QHJK @G @I @TBD@AB ?B@GMDBU 5G @ DBGMOJP JKBGB BYCBDH?BIJG HINHF@JB
JKB CBDSED?@IFB OBTBO ES @I@ORGJG QHJK GdHOOG JK@J @DB GE?BQK@J WBOEQ JKB OBTBO JK@J FEMON WB
BYCBFJBN QHJK JD@HIBN H?@AB @I@ORGJGU >I GMCCEDJ ES JKHG CD@A?@JHF FKEHFBP JKB WBOHBS K@G WBBI
BYCDBGGBN WR GE?B JK@J JKB NBJBFJHEI J@Gd FEMON WB G@JHGS@FJEDHOR CBDSED?BN ECBD@JHEI@OOR WR
CBECOB QKE @DB IEJ BYCBDJ H?@AB @I@ORGJG @IN QKE CBDSED? JKHG J@Gd EI @ C@DJ(JH?B W@GHG EIORP@OEIA QHJK JKBHD EJKBD DBGCEIGHWHOHJHBGU VEQBTBDP JKHG LMBGJHEI F@IIEJ WB @IGQBDBN QHJK @IR
FEI�NBIFB MGHIA JKB DBGMOJG ES JKHG BYCBDH?BIJ WBF@MGB JKB IM?WBD ES EWGBDTBDG HI B@FK F@JBAEDRQEMON IEJ CDENMFB GJ@JHGJHF@OOR GHAIH�F@IJ DBGMOJGU 5 SMDJKBD BYCBDH?BIJ NBGHAIBN JE GCBFH�F@OOR@IGQBD JKHG LMBGJHEI QEMON IBBN JE WB DMI JK@J �YBN @ IM?WBD ES JKB C@D@?BJBDG JK@J QBDB
T@DHBN HI JKHG BYCBDH?BIJU VEQBTBDP JKHG BYCBDH?BIJ @NNDBGGBG ?EDB SMIN@?BIJ@O LMBGJHEIG
DBA@DNHIA JKB �@TBD@AB� @WHOHJR ES EWGBDTBDG JE NBJBFJ J@DABJ(OHdB EWgBFJG HI \52 H?@ABDR @J
T@DRHIA FEIJD@GJ @IN FOMJJBD OBTBOGU >I ABIBD@OP BYCBDJHGB HG BYCBFJBN JE K@TB @ ?MOJHCOHF@JHTB
B4BFJ EI JKB CBDSED?@IFB ?B@GMDBN HI JKHG BYCBDH?BIJU
��7�� �$���! "$��&��#

6SJBIP HI THGM@O NBJBFJHEI J@Gd BYCBDH?BIJGP GRIJKBJHF H?@ABDR HG MGBN JK@J HG QBOO(NB�IBN @INK@G GE?B ES JKB GJ@JHGJHF@O FK@D@FJBD ES DB@O H?@ABDRP WMJ IEIB ES HJG FE?COBYHJHBGU >J NH4BDG SDE?
DB@O H?@ABDRP QKHFK K@G FMOJMD@O SB@JMDBG JK@J @DB NHGJHIFJ SDE? JKB IED?@O W@FdADEMIN JBYJMDB@IN FEIJ@HIG @ T@DHBJR ES I@JMD@O JBYJMDBG ZGRIJKBJHF H?@ABDR MGM@OOR FEIJ@HIG @ OH?HJBN T@DHBJR
ES JBYJMDBG^U XKHG @CCDE@FK K@G IEJ WBBI CEGGHWOB HI JKHG BYCBDH?BIJ WBF@MGB ES JKB IBBN JE?@dB JKB BYCBDH?BIJ @G FOEGB HI FK@D@FJBD JE @I ECBD@JHEI@O GHJM@JHEI @G HG CEGGHWOBU XKBDBSEDB> K@TB MGBN DB@O H?@ABDR HI ?R BYCBDH?BIJU

>NB@OORP @G ?BIJHEIBN HI JKB HIJDENMFJHEIP > QEMON K@TB @J ?R NHGCEG@O H?@ABDR JK@J Q@G
BYK@MGJHTBOR ADEMIN(JDMJKBNU XK@J HGP BTBDR EWgBFJ HI JKB GFBIB ES JKB H?@AB K@G WBBI HNBIJH�BN@IN OEAABNP GE JK@J JKB F@MGB ES BTBDR J@DABJ(OHdB FEI�AMD@JHEI ES CHYBOG HI JKB H?@AB HG dIEQIU>S GMFK H?@ABDR QBDB @T@HO@WOBP HJ QEMON K@TB WBBI CEGGHWOB HI JKHG BYCBDH?BIJ JE JBGJ JKB @WHOHJR
ES IEJ gMGJ JKB @I@ORGJ WMJ ES JKB QKEOB \52 GRGJB? JE NBJBFJ J@DABJG ES ?HOHJ@DR HIJBDBGJ @IN
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NHGJHIAMHGK JKB? SDE? FMOJMD@O FOMJJBDU > NHN IEJ K@TB GMFK ADEMIN(JDMJKHIAP @IN HJ Q@G IEJ
SB@GHWOB JE FEOOBFJ HJ SED JKB O@DAB @?EMIJ ES H?@ABDR MGBN HI JKHG BYCBDH?BIJU

XKB IBYJ WBGJ @OJBDI@JHTB JE BYK@MGJHTB ADEMIN(JDMJKBN H?@ABDR QEMON WB JE GF@I JKDEMAK
JKB H?@ABDR OEEdHIA SED BTBDR HIFHNBIFB ES CDB(BYHGJHIA J@DABJ(OHdB EWgBFJG @IN JKBI JE GBIN
GE?BEIB EMJ HIJE JKB �BON JE NBJBD?HIB QKBJKBD ED IEJ JKB @I@ORGJG @DB gMGJH�BN HI F@OOHIA HJ@ J@DABJP ED QKBJKBD HJ GKEMON WB FO@GGH�BN @G @ ?HGG ED S@OGB @O@D?U 6S FEMDGBP @IR J@DABJ EI
JKB ADEMIN JK@J NEBG IEJ GKEQ MC HI JKB H?@ABDR QEMON WB ?HGGBNU \E QHJK JKHG @CCDE@FKP JKB
CBDSED?@IFB ES JKB \52 GBIGED JE NBJBFJ EWgBFJG ES HIJBDBGJ QEMON IEJ WB JBGJBNU VEQBTBDP JKB
GRGJB?0G @WHOHJR JE NHGJHIAMHGK J@DABJ(OHdB EWgBFJG HI JKB H?@AB SDE? ABIMHIB J@DABJG ES HIJBDBGJ
FEMON GJHOO WB NBJBD?HIBN WR JKB BYCBDH?BIJ WBF@MGB QB QEMON dIEQ JKB F@MGB ES JKBGB CHYBO
FEI�AMD@JHEIGU XKHG QEMON HIJDENMFB @ WH@G HIJE JKB @I@ORGHG HI JK@J JKB F@IEIHF@O OHGJ ES CDB(BYHGJHIA J@DABJG @IN S@OGB @O@D?G QEMON WB CDBC@DBN EIOR SDE? JKEGB SEMIN WR JKB EWGBDTBDGU >J
HG FEIFBHT@WOB JK@J JKBDB QEMON WB CDB(BYHGJHIA J@DABJG HI JKB H?@ABDR JK@J IEIB ES JKB EWGBDTBDG
NBJBFJBNP @INP @G @ DBGMOJP JKB DBCEDJBN CDEW@WHOHJR ES NBJBFJHEI QEMON WB KHAKBD JK@I HJ GKEMON
WB EWgBFJHTBORU VEQBTBDP QHJK @ GM1FHBIJ IM?WBD ES EWGBDTBDGP HJ HG @ DB@GEI@WOB @CCDE@FKU

XKB @CCDE@FK gMGJ EMJOHIBN ES FKBFdHIA HI JKB �BON Q@G IEJ SB@GHWOB WBF@MGB ES JKB FEGJ@IN BO@CGBN JH?B GHIFB JKB H?@ABDR Q@G FEOOBFJBNU XKBDBSEDBP JKB IBYJ FE?CDE?HGB JK@J K@N JE
WB ?@NB Q@G JE FEIGHNBD THGM@OOR ADEMIN(JDMJKHIA JKB H?@ABDRU XK@J HGP THGM@OOR FE?C@DB @OO
J@DABJ(OHdB EWgBFJG NBJBFJBN WR JKB EWGBDTBDG ZJK@J Q@G IEJ @DJH�FH@OOR HIGBDJBN JKBDB^ @IN @GGBGG
JKBHD GH?HO@DHJR JE JKB ABIMHIB J@DABJG JK@J QBDB HIGBDJBNU >S JKBR QBDB THGM@OOR HINHGJHIAMHGK@WOB
SDE? ABIMHIB J@DABJGP JKBI JKBR QBDB @NNBN JE JKB OHGJ ES HIGBDJBN J@DABJG @IN IEJ FEIGHNBDBN @G
S@OGB @O@D?GU >I DB@OHJRP ES FEMDGBP GE?B FMOJMD@O FOMJJBD FEMON S@OO QHJKHI JKHG F@JBAEDRP -,�,P @
SBIFB CEGJP WMJ QHJKEMJ ADEMIN JDMJK HJ HG H?CEGGHWOB JE J@dB @IR EJKBD @CCDE@FKU XKHG CDEWOB?Q@G ?HIH?HGBN WR GBOBFJHIA H?@ABDR QHJK @G OHJJOB HI JKB Q@R ES FMOJMD@O SB@JMDBG @G CEGGHWOBP@IN JKHG HG FEIGHGJBIJ QHJK JKB ECBD@JHEI@O GFBI@DHE @IRQ@RU 5IR G?@OO DBAHEI ES KHAK FMOJMD@O
FEIJBIJP GMFK @G JEQIG HI JKB H?@ABDRP QBDB ?@DdBN EMJ SED EWGBDTBDG JE HAIEDBP WEJK JE DBNMFB
JKB B4BFJHTB FMOJMD@O FOMJJBD FEIJBIJ @IN WBF@MGB JKB \52 DEOB HG JE ?EIHJED DB?EJB @DB@GU

>I GM??@DRP HJ HG H?CEDJ@IJ JE MINBDGJ@IN JKB NHGJHIFJHEI WBJQBBI QK@J GKEMON HNB@OOR WB?B@GMDBN � JKB @WHOHJR ES @I@ORGJG JE NBJBFJ J@DABJG ES HIJBDBGJ HI @ DBAHEI .�+�� \52 H?@ABDRP@IN QK@J Q@G @FJM@OOR ?B@GMDBN HI JKHG BYCBDH?BIJ WBF@MGB ES JKB MI@TEHN@WOB FE?CDE?HGBG gMGJ
NHGFMGGBNU XKHG BYCBDH?BIJ ?B@GMDBG JKB @WHOHJR ES @I@ORGJG JE NBJBFJ J@DABJ(OHdB FEI�AMD@JHEIG
ES CHYBOG HI \52 H?@ABDRP @IN GE?B ES JKBGB EWgBFJG QHOO WB NMB JE ABIMHIB J@DABJG ES HIJBDBGJ @IN
GE?B QHOO IEJ WBU 5G @ FEIGBLMBIFBP HJ HG IEJ FOB@D KEQ JE DBO@JB JKB S@OGB @O@D? D@JB DBCEDJBN KBDB
JE JK@J ES JKB \52 GRGJB?U fDEW@WHOHJR ES NBJBFJHEI HG IEJ GE CDEWOB?@JHFP WBF@MGB BYCBDH?BIJGK@TB WBBI CBDSED?BN HI JKB �BON JE NBJBD?HIB KEQ dIEQI J@DABJG @CCB@D HI H?@ABDRP @IN HJ HG
B@GR JE ?B@GMDB KEQ QBOO REM GBB @I EWgBFJ HI JKB H?@ABDR QHJK @ dIEQI OEF@JHEI EI JKB ADEMINU

XKB @GGBGG?BIJ ES JKB GH?HO@DHJR ES CDB(BYHGJHIA EWgBFJG SEMIN HI JKB H?@ABDR WR JKB EW(GBDTBDG JE ABIMHIB J@DABJG GKEMON HNB@OOR WB CBDSED?BN @G @ GBFEIN BYCBDH?BIJ QHJK @ NH4BDBIJ
GBJ ES EWGBDTBDGU 5A@HIP JH?B FEIGJD@HIJG @IN DBGEMDFB OH?HJ@JHEIG K@TB IEJ @OOEQBN JKHGP GE @
FE?CDE?HGB Q@G ?@NB WR MGHIA @ GHIAOB BYCBDJ Z@ FEOOB@AMB ES JKB @MJKED^P QKE NHTHNBN @OO JKB
NBJBFJHEIG ?@NB WR JKB EWGBDTBDG HIJE a F@JBAEDHBGU XKBGB F@JBAEDHBG QBDB3 J@DABJ ES HIJBDBGJP @
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CBD?@IBIJ ?@I(?@NB HIGJ@OO@JHEI Z-,�,P WMHONHIA ED CEQBD CEOB^P @ I@JMD@O EWgBFJ Z-,�,P @ JDBB^P
ED MIdIEQIU

XKB GBIGHJHTHJR ES JKHG TBJJHIA CDEFBGG JE JKB F@JBAEDHG@JHEI Q@G JBGJBN WR @GGHAIHIA JKB
MIdIEQIG JE JQE NH4BDBIJ F@JBAEDHBG @IN DMIIHIA JKB @I@ORGHG JQHFBU XKB MIdIEQIG QBDB JKEGB
NBJBFJHEIG ?@NB WR JKB EWGBDTBDG JK@J JKB BYCBDJ FEMON IEJ FOB@DOR NBJBD?HIB THGM@OOR QBDB BHJKBD
J@DABJGP HIGJ@OO@JHEIG ED I@JMD@O EWgBFJGU ;HDGJORP JKB MIdIEQIG QBDB @GGHAIBN JE JKB J@DABJ FO@GGP
GE HI B4BFJ @FKHBTHIA JKB WBGJ(F@GB S@OGB @O@D? D@JBU \BFEINORP JKB @I@ORGHG Q@G CBDSED?BN QHJK
JKB MIdIEQIG @GGHAIBN JE JKB FO@GG ES I@JMD@O EWgBFJG ZGE JK@J JKBHD NBJBFJHEI HG @ S@OGB @O@D?^U

6DHAHI@OORP HJ Q@G CO@IIBN JE ?B@GMDB JKB FO@GGH�F@JHEI FE?CEIBIJ ES JKB \52 @I@ORGHG J@GdP@G EMJOHIBN HI GBFJHEI 	UbUbU VEQBTBDP JKB EWGBDTBDG0 DBGCEIGBG JE JKB LMBGJHEIG HI 5CCBINHY �
HINHF@JB JK@J TBDR SBQ EWGBDTBDG NHN CDBFHGBOR QK@J Q@G Q@IJBN HI JKHG DBA@DNU XKHG HG NMB JE
JQE S@FJEDGU ;HDGJORP BYCBDHBIFBN EWGBDTBDG JBINBN JE HIJBDCDBJ QK@J Q@G Q@IJBN HI JBD?G ESQK@J JKBHD BYCBDHBIFB HINHF@JBNU \BFEINORP WBF@MGB ES JKB O@DAB IM?WBD ES HIGJDMFJHEIG JK@JQBDB IBFBGG@DHOR AHTBI JE EWGBDTBDG NMDHIA HIHJH@O JD@HIHIA GE?B NBJ@HOG QBDB SEDAEJJBIU 5G @
FEIGBLMBIFBP HI JKB @I@ORGHG ES JKB DBGMOJGP @IRJKHIA JK@J Q@G HNBIJH�BN @G @I HIGJ@OO@JHEI Q@G
NBOBJBN SDE? FEIGHNBD@JHEIP +,-, HJ Q@G JDB@JBN @G IBHJKBD @ J@DABJ IED @ S@OGB @O@D?U
��7�� ����$���� �

XKHG BYCBDH?BIJ ?B@GMDBG JKB W@GBOHIB CBDSED?@IFB SED @I@ORGJG MGHIA @ \52 GRGJB? HI @ GB@DFK(?ENB ES ECBD@JHEIU >J HG EIOR @ W@GBOHIB WBF@MGB ES @ IM?WBD ES FE?CDE?HGBG JK@J K@N JE WB ?@NB
JE dBBC JKHG BYCBDH?BIJ JE @ ?@I@AB@WOB GH�BU XKB CBDSED?@IFB HI @I ECBD@JHEI@O BITHDEI?BIJ?@RWB BYCBFJBN JE WB WBJJBD SED @ IM?WBD ES DB@GEIGP @G NHGFMGGBN WBOEQU

;HDGJORP JKB b EWGBDTBDG JK@J QBDB MGBN K@N QHNBOR D@IAHIA OBTBOG ES GdHOO HI JKB BYCOEHJ@JHEI
ES \52 H?@ABDR SED J@DABJ NBJBFJHEIU XKB OBTBO ES GdHOO T@DHBN SDE? JK@J ES FE?COBJB IETHFB MC
JE EIB EWGBDTBD QKE K@N WBBI @ CDESBGGHEI@O H?@AB @I@ORGJ @J @I B@DOHBD JH?B HI KHG F@DBBDU 5G@ FEIGBLMBIFBP JKB GdHOO OBTBO ES JKB EWGBDTBDG @G @ QKEOB Q@G EI @TBD@AB @DEMIN JKB @?@JBMD
H?@AB @I@ORGJ OBTBOP GE HJ ?@RWB BYCBFJBN JK@J GMHJ@WOB JD@HIHIA QEMON WEEGJ JKBHD CBDSED?@IFBU

\BFEINORP S@?HOH@DHJR QHJK @ DBAHEI QEMON H?CDETB @I @I@ORGJ0G @WHOHJR JE �IN J@DABJGUVEQBTBDP
HI JKHG BYCBDH?BIJP JKB OB@DIHIA S@FJED Q@G dBCJ JE @ ?HIH?M? WR IBTBD MGHIA JKB G@?B H?@AB
JQHFBU XKHG Q@G JE BIGMDB JK@J JKB OB@DIHIA S@FJED QEMON IEJ FEISEMIN JKB DBGMOJG ED F@MGB@I HIFDB@GB HI JKB IM?WBD ES JDB@J?BIJG HITBGJHA@JBN HI JKB BYCBDH?BIJU >I JKHG ?@IIBDP JKHG
BYCBDH?BIJ CMDBOR ?B@GMDBG J@DABJ NBJBFJHEIU >J HG BYCBFJBN JK@J JKB OB@DIHIA S@FJED QHOO WB
HITBGJHA@JBN HI @ GBC@D@JB BYCBDH?BIJU

XKHDNORP @I@ORGJG QEMON IED?@OOR K@TB @J JKBHD NHGCEG@O ?EDB JEEOG JE BY@?HIB JKB H?@ABDR
JK@I Q@G @OOEQBN HI JKHG BYCBDH?BIJU >I C@DJHFMO@DP EWGBDTBDG QBDB IEJ @OOEQBN JE �EE? HI EI @
DBAHEI ES @I H?@AB JE BY@?HIB HJ HI FOEGBD NBJ@HOU XKHG QEMON IED?@OOR WB MGBN WR @I@ORGJG JE
HIFDB@GB JKBHD OHdBOHKEEN ES ?@dHIA @ FEDDBFJ NBFHGHEI WR @OOEQHIA JKB? JE BY@?HIB F@DBSMOOR JKB
BNABG ES CEJBIJH@O J@DABJGU 6WGBDTBDG QBDB NBIHBN JKB MGB ES JKBGB JEEOG SED JKB GH?COB DB@GEI
JK@J B@FK OBTBO ES ECJHEI @T@HO@WOB JE JKB? HG @ ?MOJHCOHBD EI JKB GH�B ES JKB BYCBDH?BIJP -,�,P HS
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JKBDB @DB . OBTBOG ES �EE?P JKBI . EWGBDTBDG QEMON WB IBBNBN HIGJB@N ES b P ED B@FK ES JKB b 
EWGBDTBDG QEMON K@TB IBBNBN JE GHJ JKDEMAK �� H?@ABG HIGJB@N ES c�U /BGCHJB JKBGB OH?HJ@JHEIGP> WBOHBTB JK@J JKBGB HGGMBG @DB WBJJBD BY@?HIBN HI @ G?@OO FEIJDEOOBN BYCBDH?BIJP NBGHAIBN JE
BY@?HIB JKB H?CDETB?BIJG JK@J DBGMOJ SDE? B@FK JEEO HI HGEO@JHEIU XKBGB DBGMOJG JKBI F@I WB
FE?C@DBN QHJK JKB DBGMOJG ES JKB W@GB(OHIB GJMNR NBGFDHWBN HI JKHG FK@CJBDU

;EMDJKORP @I@ORGJG QEMON IED?@OOR K@TB NHAHJ@O ?@C HISED?@JHEI SED JKB ABEAD@CKHF DBAHEI
FEIJ@HIBN HI JKB H?@ABDRUXKHG Q@G IEJ CDETHNBN JE JKB EWGBDTBDG HI JKHG BYCBDH?BIJ SED JKB
G@?B DB@GEIG @G @WETBU XKHG JRCB ES HISED?@JHEI QEMON K@TB JKB B4BFJ ES BIK@IFHIA @I @I@ORGJ0G
S@?HOH@DHJR QHJK @ DBAHEI @IN @OOEQ JKB? JE WBJJBD NHGJHIAMHGK BYHGJHIA HISD@GJDMFJMDB SDE? J@DABJGU
fDBTHEMG H?@ABDR ES @ DBAHEI QEMON @OGE IED?@OOR WB @T@HO@WOB JE @I@ORGJG JE @GGHGJ JKB? HI JKHG
CDEFBGGP JKHG Q@G IEJ ?@NB @T@HO@WOB JE JKB? KBDBU

;HI@OORP JKB J@DABJG JK@J QBDB HIGBDJBN HI JKB H?@ABDR SED JKHG BYCBDH?BIJ QBDB IEJ HIGBDJBN @J
DB@OHGJHF FEIJD@GJ OBTBOGU XKHG Q@G WBF@MGB HJ Q@G IBFBGG@DR JE JBGJ JKB SMOO D@IAB ES CBDSED?@IFB ES
JKB KM?@I THGM@O GRGJB? HI JKB J@DABJ NBJBFJHEI FEIJBYJP FETBDHIA BTBDR FEIFBHT@WOB GHJM@JHEIU >J
HG IBFBGG@DR JE HIJBDCDBJ JKBGB DBGMOJG HI JKB OHAKJ ES JKB ECBD@JHEI@O J@DABJ(W@FdADEMIN FEIJD@GJGQKHFK K@TB RBJ JE WB FE?COBJBOR NBJBD?HIBN HI SMDJKBDP ECBD@JHEI@OOR W@GBNP GJMNHBGU
��7�� :$ �%$��# �& ��%# $'

>NB@OORP HI EDNBD JE @FKHBTB @ GM1FHBIJ FK@D@FJBDHG@JHEI ES @I @I@ORGJ0G CBDSED?@IFBP @ GBJ ES
H?@ABDR QHJK @ D@IAB ES FOMJJBDGP FEIJ@HIHIA dIEQI J@DABJG QHJK @ D@IAB ES FEIJD@GJGP HG IBBNBNP
WMJ SED JKB O@DAB @?EMIJ ES H?@ABDR DBLMHDBN SED JKHG BYCBDH?BIJP JK@J Q@G H?CD@FJHF@OU XKB@CCDE@FK J@dBI Q@G JE FKEEGB GQ@JKG ES BYHGJHIA H?@ABDR QKHFK QBDB @CC@DBIJOR O@DABOR SDBB SDE?
J@DABJG Z@G CBD GBFJHEI 	UcU�^ @IN @DJH�FH@OOR HIGBDJ J@DABJG @J D@INE?OR NBJBD?HIBN OEF@JHEIGU
XKHG @OGE @OOEQBN CDBFHGB FEIJDEO ES FEIJD@GJP JKMG BIGMDHIA JK@J @ D@IAB ES J@DABJG Q@G CDBGBIJP
T@DRHIA SDE? HINHGJHIAMHGK@WOB JE EWTHEMGU
������� ���������� �������

5 DB@OHGJHF GBJ ES F@INHN@JB J@DABJG Q@G EWJ@HIBN WR BYJD@FJHEI SDE? BYHGJHIA H?@ABGU 5 GMHJ@WOB
N@J@ GBJ Q@G FEOOBFJBN NMDHIA @ CDBTHEMG �BON JDH@OU XQE a�/ TBKHFOBG QBDB CEGHJHEIBN EI@ GLM@DB ES J@D?@F @J JKB BIN ES @ DMIQ@R @J JKB ]NHIWMDAK 255; W@GBU XKB ECBIIBGG ES
JKB GHJM@JHEIP QHJK CEED D@N@D DBJMDI SDE? JKB J@D?@FP CDETHNBN AEEN J@DABJ FEIJD@GJU >J Q@G
JKBDBSEDB GH?COBD @IN ?EDB DBOH@WOB JE BYJD@FJ J@DABJG SDE? JKHG H?@ABDR JK@I SDE? H?@ABG QHJK
J@DABJG HI @ ?EDB JRCHF@O BITHDEI?BIJU XKB D@N@D H?@ABN JKB TBKHFOBG HI GCEJOHAKJ ?ENB EI?@IR DMIG SDE? NH4BDBIJ NHDBFJHEIGU XKHG CDETHNBN @ O@DAB IM?WBD ES H?@ABG ES GMHJ@WOB J@DABJGU

XKBGB GQ@JKG QBDB CDEFBGGBN QHJK @ CDEAD@? NBGHAIBN SED CDEFBGGHIA GJDHC \52 H?@ABGU
XKHG NEBG IEJ CDECBDOR @FFEMIJ SED JKB ABE?BJDR ES @ GCEJ \52 H?@ABU VEQBTBDP JKB NHGJEDJHEI
HG IEJ ADB@J @IN JKB @CCB@D@IFB ES J@DABJG HG MIOHdBOR JE WB @4BFJBNU

XKBDB QBDB GBTBD@O GJ@ABG HI JKB CDEFBGG ES CDENMFHIA @ GBJ ES J@DABJG SDE? JKB GCEJ \52
H?@ABGU ;HDGJORP SEDJR GBFJHEIG ES JKB H?@ABDRP FEDDBGCEINHIA JE GBC@D@JB H?@ABG ES JKB J@D?@F
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;HAMDB 	Ub3 XKB GBJ ES J@DABJG MGBN SED HIGBDJHEI HIJE JKB W@FdADEMIN H?@ABGU XKB WDHAKJIBGG HGGF@OBN JE CDETHNB JKB NBGHDBN FEIJD@GJ NMDHIA J@DABJ HIGBDJHEIU

DBAHEIP QBDB ?@IM@OOR BYJD@FJBNU 5OJKEMAK JKHG HIJDENMFBG @I MINBGHD@WOB ?@IM@O CDEFBGGP QKHFK
F@IIEJ WB JDHTH@OOR DBCDENMFBNP HJ QEMON K@TB WBBI JEE ?MFK B4EDJ JE NE JKHG GJ@AB @MJE?@JHF@OORU

XKB CEGHJHEI ES JKB J@DABJG EI JKB J@D?@F @DB@ Q@G SEMIN WR GH?COB JKDBGKEONHIAU 5
JKDBGKEON Q@G FKEGBI JK@J SEMIN ?@IR ES JKB J@DABJG QHJK IE S@OGB CEGHJHTBGU 5 G?@OO DBAHEI@DEMIN B@FK J@DABJ Q@G JKBI JKDBGKEONBN @IN FOB@IBN QHJK @ GH?COB IBHAKWEMDKEEN �OJBDU

XKB DBGMOJ ES JKHG CDEFBGG Q@G SEDJR �TB ?@GdBN H?@ABG ES J@DABJG ZGBB �AMDB 	Ub^U
������� �������� ���������� �������
>NB@OORP b ? DBGEOMJHEI W@FdADEMIN H?@ABDR Q@G DBLMHDBNU >J Q@G NBGHD@WOB JK@J JKB H?@ABDR WB ES
JRCHF@O IEDJKBDI 5MGJD@OH@I DBAHEIG FEIJ@HIHIA SBQ BYHGJHIA J@DABJG ED EJKBD ?@I(?@NB SB@JMDBGU

�ISEDJMI@JBORP IBHJKBD ES JKBGB DBLMHDB?BIJG FEMON WB ?BJU [EGJ ES JKB N@J@ @T@HO@WOB Q@G@J c ? DBGEOMJHEI Z@G QHNBD GQ@JKG F@I WB @FLMHDBN @J OEQBD DBGEOMJHEI^P @IN JKBDB Q@G HIGM1FHBIJ
b ? N@J@ @T@HO@WOBU 5OGEP QKHOB ?@IR GQ@JKG HIFOMNBN DB?EJB DBAHEIGP @OO K@N GE?B ?@I(?@NB
SB@JMDBG CDBGBIJU

XKB N@J@ �I@OOR FKEGBI QBDB @ ?HY ES b @IN c ? DBGEOMJHEI H?@ABDRU eEJB JK@J HJ HG JKB
H?@AB DBGEOMJHEI JK@J HG WBHIA DBSBDDBN JE KBDBU XKB D@Q \52 N@J@ QBDB FEOOBFJBN QHJK bU� ED
. ? DBGEOMJHEI FE?COBY G@?COBGU XKHG Q@G DB(G@?COBN JE b ED c ? DBGEOMJHEI QKBI JKB H?@ABQ@G SED?BNU

XKB CDBGBIFB ES BYHGJHIA ?@I(?@NB EWgBFJG Q@G @FFEMIJBN SED HI JQE Q@RGU ;HDGJORP @OO
JKB N@J@ QBDB THBQBN MGHIA �������	

�P @ OEF@OOR QDHJJBI MGBD HIJBDS@FB CDEAD@?U 6WTHEMGP
HGEO@JBN J@DABJG @IN BYJBINBN DBAHEIG FEIJ@HIHIA ?@IR D@N@D WDHAKJG � ZGMFK @G JEQIG^ QBDBOEAABNU \BFEINORP @ CEGJ GFDBBIHIA Q@G NEIB EI JKB @I@ORGJG0 NBJBFJHEIG ZGBB GBFJHEI 	UcUbbUb^U

>J QEMON K@TB WBBI @I EIBDEMG DBLMHDB?BIJ SED JKB @I@ORGJG JE OEA @OO JKB WDHAKJG HI @ JEQIU>J QEMON @OGE K@TB WBBI HI@CCDECDH@JB WBF@MGB JKB \52 GRGJB?0G DBLMHDB?BIJ HG JE ?EIHJED

2ki @ros �}otBkn� tu l 4loBrw nio~ qro l BorAm rq mt�ixu @ktvk unlws rAn lBltwun nki t~lBi }lvCBorAwsy
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DB?EJB @DB@GU XKBDBSEDBP JEQIG @IN EJKBD BYJBINBN DBAHEIG FEIJ@HIHIA WDHAKJG QBDB ?@DdBN EI
JKB H?@ABDR QHJK @ FDEGG(K@JFK C@JJBDIU XKB @I@ORGJG QBDB GCBFH�F@OOR HIGJDMFJBN JE HAIEDB JKBGB@DB@GU �BF@MGB �������	

� K@G IE S@FHOHJR SED OEAAHIA DBFJ@IAMO@D @DB@GP @I MIMGM@O ?BJKENQ@G MGBN JE OEA JEQIGU XKB JEC OBSJ @IN WEJJE? DHAKJ K@IN FEDIBDG QBDB B@FK OEAABN JQHFBU 5
CDEAD@? Q@G JKBI QDHJJBI JK@J HIFOMNBN @ GJ@JB ?@FKHIB JE NHGJHIAMHGK CEHIJG SDE? @DB@GU

XKB �������	

� CDEAD@? MGM@OOR GKEQG JQE TBDGHEIG ES @I H?@AB3 EIB @J SMOO DBGEOMJHEI@IN @ �GM??@DR� H?@AB JK@J HG G?@OO BIEMAK JE �J JKB BIJHDB DBAHEI ES JKB H?@AB EI JKB GFDBBIU
XKB GM??@DR H?@AB HG MGM@OOR FEIGJDMFJBN WR NHTHNHIA JKB H?@AB HIJE WOEFdG @IN @TBD@AHIA
B@FK WOEFd JE CDENMFB @ GHIAOB CHYBOU XE @GGHGJ HI �INHIA D@N@D WDHAKJGP GM??@DR H?@ABG QBDB
FEIGJDMFJBNP MGHIA JKB ?@YH?M? ES B@FK WOEFdU �HJK JKHG FK@IABP �������	

�0G JKDBGKEON
ECBD@JHEI NHDBFJOR KHAKOHAKJG D@N@D WDHAKJG ES @IR GH�BU

\BTBD@O EJKBD ECJHEIG SED NB@OHIA QHJK BYHGJHIA D@N@D WDHAKJG QBDB FEIGHNBDBN @IN DBgBFJBNU\?EEJKHIA JKB? EMJ ED C@GJHIA ETBD JKB? QEMON WB NH1FMOJ QHJKEMJ OB@THIA EWTHEMG @DJHS@FJGU
�GHIA TBDR G?@OO GBFJHEIG ES GQ@JKG ED FEIGJD@HIHIA JKB @I@ORGJ0G ?ETB?BIJ JKDEMAK JKB GQ@JKQEMON ?@dB JKB @I@ORGJG0 CDEFBNMDB JEE @DJH�FH@OU

XKB H?@ABG FKEGBI QBDB NHTHNBN HIJE @CCDEYH?@JBOR BLM@O(GH�BN FKMIdGU XKB GH�B ES B@FK
FKMId Q@G FKEGBI GE JK@I @I @I@ORGJ FEMON DB@GEI@WOR WB BYCBFJBN JE FE?COBJB �INHIA J@DABJG
HI HJ HI @ K@OS(KEMDU
������� �������������
XE BIGMDB JK@J JKB J@DABJG QBDB HIGBDJBN BTBIOR @FDEGG NH4BDBIJ OBTBOG ES W@FdADEMIN FOMJJBDP HJQ@G IBFBGG@DR JE FO@GGHSR JKB W@FdADEMIN H?@ABDR @FFEDNHIA JE FOMJJBDU 5G GJ@JBN B@DOHBDP JKB?B@GMDB GBOBFJBN SED FOMJJBD HG NMB JE �@ON?@I -� 	�, Zb	<<^U XKB ?B@GMDB CDETHNBG @ FOMJJBD
T@OMB SED @I H?@AB QHJK @ AHTBI GJBC GH�B HI @ AHTBI NHDBFJHEI� U ;ED JKB CDEWOB? ES NHGJHIAMHGKHIA@ J@DABJ SDE? W@FdADEMIN HJ HG @CCDECDH@JB JE FKEEGB @ GJBC GH�B ES JKB EDNBD ES JKB J@DABJ GH�BU> MGBN JKB @TBD@AB ES JKB ?B@GMDBG SED JKB NHDBFJHEIG Z � �� � �� � =�� ^ @J @ �GJ@IN@DN� J@DABJ QHNJK
ES � CHYBOGU

5G GJ@JBN WR �@ON?@I -� 	�,P @ ?B@GMDB ES FOMJJBD IBBNG JE WB ?EDB GCBFH�F JK@I @ ?B@GMDB
ES JBYJMDB ES JKB H?@AB @DEMIN JKB J@DABJ � JKB @?EMIJ ES JBYJMDB @J JKB GF@OB ES JKB J@DABJG
ES HIJBDBGJ HG JKB FDHJHF@O S@FJEDU XKB GJ@IN@DN J@DABJ NH?BIGHEI HG OBGG JK@I JKB JBYJMDB GF@OB
JRCHF@OOR EWGBDTBN HI \52 H?@ABGU 5G @ FEIGBLMBIFBP JKB �@ON?@I -� 	�, FOMJJBD ?B@GMDB
DBNMFBG JE @ IED?@OHGBN QBHAKJHIA ES JKB BOB?BIJG ES JKB FE(EFFMDDBIFB ?@JDHYP QKBDB JKB ?@JDHY
HG FE?CMJBN @J JKB GJ@IN@DN J@DABJ GH�B HI B@FK ES JKB SEMD NHDBFJHEIG Z�@ON?@I BJ @OUP b	<<^U

5I B1FHBIJ H?COB?BIJ@JHEI ES JKB �@ON?@I -� 	�, FOMJJBD ?B@GMDB Q@G NBTHGBN JK@J @TEHNG
BYCOHFHJOR WMHONHIA JKB FE(EFFMDDBIFB ?@JDHYU XKHG HG MGBSMO EIOR WBF@MGB @ G?@OO WOEFd GH�B
Z�a - �a^ GMDDEMINHIA B@FK NBJBFJHEI Q@G MGBN JE FE?CMJB JKB FOMJJBD OBTBO ZGBFJHEI 	UcUb^U
`EIGBLMBIJORP WBF@MGB JKB FE(EFFMDDBIFB ?@JDHY HG O@DABD JK@I JKHG Zc�� - c��^P HJ HG GC@DGBOR�OOBNU XKB ?@JDHY BOB?BIJG @DB MGM@OOR QBHAKJBN @IN GM??BN* QBHAKJHIA @IN GM??HIA HIJE
1hii uivntrw py�yp rw mlBi �� rq jklmnio p qro sinltxuy
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`OMJJBD 5DB@ Zd?�^OEQ bbcb?BNHM? bb< KHAK bb�.

X@WOB 	Ua3 XKB @?EMIJ ES @DB@ HI B@FK ES JKB FOMJJBD DBAH?BGU

@ GHIAOB @FFM?MO@JEDP @G H?@AB T@OMBG QBDB BY@?HIBNP @TEHNBN WMHONHIA @IN OEECHIA ETBD JKB?@JDHYU �HJK JKHG @IN EJKBD FENHIA B1FHBIFHBGP JKB JH?B JE ?B@GMDB @OO JKB H?@ABG Q@G DBNMFBN
SDE? b� N@RG JE . KEMDGU

XKB W@FdADEMIN H?@ABDR Q@G NHTHNBN HIJE G?@OO GLM@DBG @IN JKB FOMJJBD @IN @TBD@AB CEQBD?B@GMDBN SED B@FKU 5 KHGJEAD@? ES JKB FOMJJBD T@OMBG GKEQG @ NHGJDHWMJHEI QHJK @ G?@OO CB@d@J OEQ FOMJJBDP FEDDBGCEINHIA JE GK@NEQ @IN Q@JBD DBAHEIG EI JKB H?@ABDRP @IN @ QHNB CB@dP
FEDDBGCEINHIA JE JKB DB?@HIHIA SB@JMDBGU XKB QHNB CB@d Q@G NHTHNBN HIJE JKDBB BLM@O @DB@G JE GBJ
WEMIN@DHBG SED NH4BDBIJ FOMJJBD DBAH?BGU \K@NEQ @IN Q@JBD QBDB BYFOMNBN SDE? FEIGHNBD@JHEIP
MGHIA JKDBGKEONG EI WEJK FOMJJBD @IN CEQBDU XKB CEQBD JKDBGKEON Q@G (c N� @IN JKB FOMJJBD
JKDBGKEONG QBDB  +bcbP  +b�� @IN  +cbbU XKB @?EMIJ ES @DB@ Z@GGM?HIA EIB ?BJDB CHYBOG^ FO@GGH�BN@J B@FK ES JKB FOMJJBD OBTBOG Q@G @CCDEYH?@JBOR BLM@O @IN HG GKEQI HI J@WOB 	UaU

eEJ MIBYCBFJBNORP JKB FOMJJBD ?BJDHF T@OMB T@DHBN QHJK JKB H?@AB DBGEOMJHEIU >J Q@G @GGM?BN
JK@J NH4BDBIFBG HI THGHWHOHJR QEMON WB @NBLM@JBOR DB)BFJBN HI JKB FOMJJBD ?BJDHF T@OMBGP GE IE
SMDJKBD @FFEMIJ Q@G J@dBI ES DBGEOMJHEI NH4BDBIFBGU

XKB GFDBBI OM?HI@IFB T@OMBG ZGBFJHEI 	UcUbbUc^ QBDB IEJ @T@HO@WOB QKBI JKB J@DABJG QBDB
HIGBDJBNU >IGJB@NP JKB @CCDEYH?@JB T@OMB ES JKB FEIJD@GJ Q@G SEMINU XKB @FJM@O FEIJD@GJ Q@G
NBJBD?HIBN O@JBD @IN MGBN HI JKB @I@ORGHG @G NHGFMGGBN HI GBFJHEI 	UcUbbU.U XKB @CCDEYH?@JB
FEIJD@GJ BGJH?@JB FEDDBGCEINBN QBOO QHJK THGM@OOR CBDFBHTBN FEIJD@GJ HI NH4BDBIJ W@FdADEMIN
WDHAKJIBGGBG @IN FOMJJBD OBTBOGU

5 GEMDFB ES FEISMGHEI HG JK@J JKBDB @DB SEMD NH4BDBIJ �WDHAKJIBGG� GF@OBG3 JKB D@NHE?BJ(DHF@OOR FEDDBFJBN D@N@D CEQBDP JKB FEIJD@GJ GJDBJFKP JKB GFDBBI CHYBO ADBR GF@OB @IN JKB GFDBBIOM?HI@IFBU VBDB JKB GFDBBI CHYBO ADBR GF@OBP QKHFK HG OHIB@DOR DBO@JBN JE CEQBDP Q@G MGBNU �@JBD
ZGBFJHEI 	UcUbbU.^P JKB @FJM@O OM?HI@IFB Q@G MGBNU
������� ������ ���������

5I HIJBD@FJHTB CDEAD@? Q@G QDHJJBI JE CO@FB JKB J@DABJG HI JKB W@FdADEMIN H?@ABDRU ;ED B@FK
DBLMHDBN CO@FB?BIJP @ J@DABJ Q@G FKEGBI @J D@INE? @IN @I H?@AB OEF@JHEI Q@G FKEGBI @J D@INE?
SDE? JKEGB ES JKB FEDDBFJ FOMJJBD OBTBOU 5I H?@ABP GKEQHIA JKB FKEGBI OEF@JHEI HI FEIJBYJP Q@G
CDBGBIJBN JE JKB BYCBDH?BIJBD SED FEI�D?@JHEI @IN JKB NBJ@HOG OEAABN JE @ �OBU XKHG DBLMHDBN@WEMJ JBI ?HIMJBG ES HIJBD@FJHEI WR JKB BYCBDH?BIJBD JE CO@FB b < J@DABJGU

\MWGBLMBIJOR JKB @FJM@O HIGBDJHEI Q@G NEIBU XKB J@DABJ CHYBOG QBDB GF@OBN JE JKB FEDDBFJ
CEQBD JE CDENMFB JKB NBGHDBN FEIJD@GJ @IN JKB CHYBOG HIGBDJBN HIJE JKB W@FdADEMIN H?@ABDRU XKB
BNAB ES JKB J@DABJ Q@G G?EEJKBN QHJK JKB W@FdADEMIN JE @TEHN @I EWTHEMG GJBC HI WDHAKJIBGGU
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XKB CDEAD@? WBHIA NBTBOECBN @G @ ?ENBO SED JKB ?@HI MGBD HIJBDS@FB SED JKB H?@AB @I@ORGJ HG
F@OOBN �������	

�U >JG ?@HI CMDCEGB HG JE @OOEQ JKB @I@ORGJ JE HIJBD@FJHTBOR THBQ CEDJHEIG ES@I H?@ABP C@I @IN �EE?P ?@Dd ?@IM@O NBJBFJHEIG @IN THBQ @IN TBJ @MJE?@JHF NBJBFJHEIGU

\BTBD@O BIK@IFB?BIJG QBDB IBFBGG@DR SED JKB CDEAD@? JE WB MGBN HI JKHG BYCBDH?BIJU XKB?EGJ H?CEDJ@IJ ES JKBGB Q@G @ OEAAHIA S@FHOHJR JK@J DBFEDNBN QK@J C@DJ ES JKB H?@AB JKB @I@ORGJQ@G OEEdHIA @J @IN DBFEDNBN JKB ?@IM@O NBJBFJHEIGU 2BGCEIGB JH?BG QBDB @OGE DBFEDNBNP @OJKEMAK
JKBR K@TB IEJ RBJ WBBI MGBN HI JKB @I@ORGHGU

\E?B SMDJKBD ?HIED FK@IABG QBDB ?@NB JE BIK@IFB JKB MG@WHOHJR ES JKB JEEO SED JKHG J@Gd@IN JE NHG@WOB SMIFJHEIG ZGMFK @G FEIJD@GJ GJDBJFKHIA @IN �EE?HIA^ JK@J QBDB HI@CCDECDH@JBU
�������� �����������

XE GH?COHSR JKB GBJJHIA MC DBLMHDBN WR B@FK @I@ORGJ NMDHIA JKB DMIIHIA ES JKB BYCBDH?BIJP @
CEHIJ(@IN(FOHFd HIJBDS@FB Z�AMDB 	Uc^ Q@G CDETHNBNU XKB @I@ORGJG K@N GH?COR JE FKEEGB JKBHD I@?B
SDE? JKB OHGJ @IN JKB JEEO NBJBD?HIBN QKHFK H?@AB JKBR QBDB MC JE @IN HITEdBN �������	

�@CCDECDH@JBORU /BJ@HOGP GMFK @G BIGMDHIA NBJBFJHEIG QBDB OEAABN GBC@D@JBOR SED B@FK @I@ORGJP QBDB
J@dBI F@DB ES @MJE?@JHF@OORU

;HAMDB 	Uc3 ;DEIJ BIN CDEAD@? JE CDBC@DB SED @I@ORGJGU
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XKB @I@ORGJG DBFBHTBN HIGJDMFJHEIG EI KEQ JE FEINMFJ JKB BYCBDH?BIJ WR JKB SEOOEQHIA ?B@IGU

� �DHJJBI HIGJDMFJHEIG NBJ@HOHIA JKB MGB ES �������	

�P JKB NBGHDBN ?BJKEN ES GF@IIHIA
JKDEMAK JKB H?@ABG @IN D@JHIA NBJBFJHEIG ZGBB 5CCBINHY �^U

� �BDW@O HIGJDMFJHEIG QHJK JKB G@?B HISED?@JHEI @IN @I ECCEDJMIHJR SED FO@DHSRHIA @IR MIFOB@D
CEHIJGU

� 5 NB?EIGJD@JHEI @IN JDH@O CBDHEN QHJK @ GCBFH@OOR CDBC@DBN G?@OO H?@AB JK@J HIFOMNBN
J@DABJG HIGBDJBN @J T@DHEMG FEIJD@GJ OBTBOG @J dIEQI OEF@JHEIGU

��7��� :$ �%$��# �& �%�% ��$ ��%9'���

�������� �������

5G NHGFMGGBN HI GBFJHEI 	UcU� HJ Q@G IBFBGG@DR JE THGM@OOR ADEMIN(JDMJK JKB H?@ABDR WR TBJJHIA@OO JKB NBJBFJHEIG ?@NB WR JKB EWGBDTBDGU XKB @CCDE@FK J@dBI Q@G JE THBQ B@FK NBJBFJHEI ZGBB�AMDB 	U.^ ?@NB WR JKB @I@ORGJG @IN ?@IM@OOR FO@GGHSR HJ @G @ J@DABJ ES HIJBDBGJ Z-,�,P @ a�/^P@ CBD?@IBIJ ?@I ?@NB HIGJ@OO@JHEI Z-,�,P @ WMHONHIA ED CEOB^P @ I@JMD@O EWgBFJ Z-,�,P @ JDBB^ ED
MIdIEQIU \E?B EWTHEMGOR GCMDHEMG NBJBFJHEIG QBDB @OGE NBOBJBN NMDHIA JKHG CDEFBGG Z-,�,P EIB@I@ORGJ CO@FBN @ IM?WBD ES GCMDHEMG NBJBFJHEIG HI JKB FEDIBD ES @I H?@AB* CDBGM?@WOR KB Q@IJBN
JE GBB HS QB QBDB @Q@dB^U

;HDGJORP HJ Q@G IBFBGG@DR JE FE?C@DB @OO ES JKB JBI @I@ORGJG0 NBJBFJHEIG @IN CDENMFB @ OHGJQHJK @OO DBCB@JBN NBJBFJHEIG BOHNBNU 6S JKB �.� NBJBFJHEIGP JKBDB QBDB .c	b MIHLMB NBJBFJHEIG
JK@J QBDB B@FK FO@GGH�BN HI JKHG Q@RU
�������� ��������� ������ ���������
\E JK@J JKB @I@ORGJG DBGMOJG0 QBDB ?B@IHIASMOOR FE?C@D@WOBP GE?B F@DB Q@G J@dBI JK@J JKBR QBDB
GBBHIA JKB G@?B JKHIAU 5OO ES JKB @I@ORGJG MGBN JKB G@?B ?@FKHIB* JKB ?EIHJED FEIJDEOG QBDB GBJ@IN JKBI NHG@WOBN JE CDBTBIJ FK@IABG NMDHIA JKB BYCBDH?BIJU XKB QHINEQG ES JKB DEE? QBDB
C@CBDBN ETBD @IN JKB OHAKJG OBSJ EI JE ?HJHA@JB T@DH@JHEIG HI OHAKJHIAU XKB SB@JMDB HI �������	

�

JK@J @OOEQG JKB ?@CCHIA SDE? H?@AB CHYBOG JE GFDBBI FEOEMD JE WB @OJBDBN Q@G NHG@WOBNU
XKB GFDBBI OM?HI@IFB SED B@FK CEGGHWOB ADBR OBTBO Q@G ?B@GMDBN MGHIA @ CKEJE?BJBDU XKHG

BIGMDBG EMD DBGMOJG @DB ?B@IHIASMOOR FE?C@D@WOB QHJK EJKBDG HI JKB OHJBD@JMDBU XE @FKHBTB JKHGP@ SMOO GFDBBI SED B@FK ADBR OBTBO Q@G NHGCO@RBN @IN @ OM?HI@IFB ?B@GMDB?BIJ J@dBI QHJK JKB
CKEJE?BJBD SEFMGGBN @J JKB FBIJDB ES JKB GFDBBIU XKB DBGMOJG ES JKBGB GFDBBI ?B@GMDB?BIJGPQKHFK QBDB MGBN HI BLM@JHEI 	Ub JE F@OFMO@JB JKB J@DABJ FEIJD@GJP F@I WB SEMIN HI J@WOB 	U�U
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;HAMDB 	U.3 5 GFDBBI GKEJ ES JKB TBJJHIA CDEAD@?U XKB MGBD F@I F@JBAEDHGB JKB J@DABJ HI JKBFBIJDB ES JKB @WWDBTH@JBN FDEGG(K@HD FMDGEDP @FFEDNHIA JE JKB WMJJEIG @WETB JKB H?@ABU
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;HAMDB 	Ua3 5 KHGJEAD@? ES JKB T@OMB ES JKB �@ON?@I -� 	�, FOMJJBD ?BJDHF FBIJBDBN EI B@FK ESJKB NBJBFJHEIG ?@NB WR JKB EWGBDTBDGUXKB NHTHGHEI ES JKB FOMJJBD T@OMBG HIJE JKB OEQP ?BNHM? @IN KHAK F@JBAEDHBGP @FFEDNHIA JE BLM@O@DB@G MINBD JKB KHGJEAD@?P HG HINHF@JBN WR JKB N@GKBN OHIBGU
�������� ��������� ������ �������� ��� �������
XE FEIGJDMFJ JKB DBFBHTBD ECBD@JED FMDTBG JKB C@D@?BJBDG DBLMHDBN SED B@FK NBJBFJHEI @DB3 @
?B@GMDB ES JKB FEIJD@GJ ES JKB GMCCEGBN J@DABJP @ ?B@GMDB ES JKB FOMJJBD ES JKB DBAHEI @DEMIN
JKB J@DABJ @IN @ FO@GGH�F@JHEI ES JKB NBJBFJHEI @G J@DABJ ED S@OGB @O@D?U

�KBI JKB HIGBDJBN J@DABJG QBDB CO@FBN HI JKB H?@ABDR JKB BYJBIJ ES JKB J@DABJG Q@G dIEQIU
XKB FEIJD@GJP QKHFK NBCBING EI JKB BYJBIJ ES JKB J@DABJP FEMON JKBDBSEDB WB ?B@GMDBN QHJKEMJ
NH1FMOJRU VEQBTBDP SED ?B@GMDHIA FEIJD@GJ @J JKB NBJBFJHEIGP QKHFK HI ?EGJ F@GBGP NHN IEJ FEDDB(GCEIN QHJK @I HIGBDJBN J@DABJP JKB BYJBIJ ES JKB GMCCEGBN J@DABJ Q@G IEJ dIEQIU 5NNHJHEI@OORP
JKB ?B@GMDBG MGBN NMDHIA HIGBDJHEI HIFOMNBN JKB CHYBOG �MINBDIB@JK� JKB J@DABJGU

XKBGB CDEWOB?G DBGMOJBN HI CEED FEDDBGCEINBIFB WBJQBBI JKB CEGJ(BYCBDH?BIJ ?B@GMDB @IN
JKB CDB(BYCBDH?BIJ FO@GGH�F@JHEI SED JKB HIGBDJBN J@DABJGU VEQBTBDP @OO JK@J Q@G DBLMHDBN SED
MGBSMO HIGBDJHEI ES J@DABJG Q@G SED @ GM1FHBIJ GCDB@N ES J@DABJG @FDEGG NH4BDBIJ FOMJJBD @IN
FEIJD@GJ DBAH?BGU XKBDBSEDBP JKB IM?WBDG MGBN NMDHIA J@DABJ HIGBDJHEI QBDB @W@INEIBN @IN @
FO@GGH�F@JHEI W@GBN EI ?B@GMDB?BIJG @J NBJBFJHEIG QBDB MGBNU

5 GH?COB ?BJKEN Q@G SEMIN JE WB GM1FHBIJ SED �INHIA JKB J@DABJ CHYBOGU 5 b - b @DB@P
FBIJDBN @J JKB NBJBFJHEIP Q@G FMJ EMJU XKB WDHAKJBGJ CEHIJ HI JKB @DB@ Q@G SEMIN @IN JKB @DB@Q@G JKDBGKEONBN DBO@JHTB JE JKB ?@YH?M? ADBR(OBTBO ZQHJK @ JKDBGKEON ES  U	^U XKBI JKEGB CHYBOG
DB?@HIHIAP QKHFK QBDB FEIJHAMEMG QHJK JKB WDHAKJBGJ CEHIJP QBDB NBB?BN JE FEIGJHJMJB JKB J@DABJU

5 KHGJEAD@? ES JKB FOMJJBD GMDDEMINHIA B@FK ES JKB NBJBFJHEIG ?@NB WR JKB EWGBDTBDG HG
NBCHFJBN HI �AMDB 	UaU ;HAMDB 	U� NHGCO@RG @ KHGJEAD@? ES JKB J@DABJ FEIJD@GJ(@DB@ CDENMFJ ���SED B@FK ES JKB EWGBDTBDG0 NBJBFJHEIGU

�K@J HG DBLMHDBN SED JKB 26` HG @ NBJBD?HI@JHEI ES QKBJKBD B@FK NBJBFJHEI HG @ J@DABJ
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;HAMDB 	U�3 5 KHGJEAD@? ES JKB T@OMB ES JKB J@DABJ FEIJD@GJ(@DB@ CDENMFJ ��� SED B@FK ES JKBNBJBFJHEIG ?@NB WR JKB EWGBDTBDGU XKB NHTHGHEI ES JKB FEIJD@GJ(@DB@ CDENMFJ T@OMBG HIJE JKB OEQP?BNHM?P KHAK @IN KHAKBGJ F@JBAEDHBG HG HINHF@JBN WR JKB N@GKBN OHIBGU 5OO JKB HIGBDJBN J@DABJG SBOOHIJE JKB OEQBD JKDBB F@JBAEDHBGU 5 SEMDJK F@JBAEDR Q@G IBFBGG@DR JE @FFEMIJ SED JKB CDB(BYHGJHIAEWgBFJG HI JKB H?@ABDR NBJBFJBN WR JKB EWGBDTBDG JK@J QBDB ?MFK WDHAKJBD JK@I JKB D@IAB MGBNSED JKB HIGBDJBN J@DABJGU
ED S@OGB @O@D?U ;ED HIGJ@IFBP HJ ?HAKJ WB DB@GEI@WOB JE JDB@J CBD?@IBIJ ?@I(?@NB EWgBFJG @G
BHJKBD J@DABJG ED S@OGB @O@D?G ED JE DB?ETB JKB? SDE? JKB @I@ORGHG @OJEABJKBDU XE @OOEQ JKB 26`@I@ORGHG JE JDB@J JKBGB FO@GGH�F@JHEIG )BYHWORP @ �OJBD Q@G QDHJJBI JE CDETHNB @DWHJD@DR ?@CCHIA
SDE? JKB TBJJHIA FO@GGH�F@JHEIG JE �J@DABJ�P �S@OGB @O@D?� ED �DB?ETBN�U >I @NNHJHEIP HINHTHNM@O
H?@ABG FEMON WB DB?ETBN @IN JKB ?@CCHIA FEMON WB FEIJDEOOBN GBC@D@JBOR SED NH4BDBIJ @I@ORGJG
JE FE?CBIG@JB SED HINHTHNM@O HNHEGRIFD@GHBGU \BB GBFJHEI 	UcU� SED JKB JDB@J?BIJ MGBNU

XKB @I@ORGJ0G NBJBFJHEIG SED H?@ABG  b @IN  c QBDB NHGF@DNBN SDE? JKB @I@ORGHG WBF@MGB JKB
EWGBDTBDG QBDB GJHOO D@CHNOR FK@IAHIA HI JKBHD CBDSED?@IFBP GE JKBGB H?@ABG QBDB NBB?BN JE WB
C@DJ ES JD@HIHIAU
 5� ��
;�8

XKB JH?BG DBFEDNBN SED B@FK EWGBDTBD JE GB@DFK JKDEMAK @OO ES JKB JBGJ H?@ABG @DB AHTBI HI
J@WOB 	U�U XKHG N@J@ CEGGHWOR AHTBG GE?B FE?C@D@JHTB HISED?@JHEI EI EWGBDTBD CBDSED?@IFB @IN
NH4BDBIFBG HI J@DABJ NHGJDHWMJHEIG WBJQBBI H?@ABGP WMJ JKHG HISED?@JHEI HG JEE T@AMB JE @NN@IRJKHIA ES T@OMB JE JKB GJMNRU XKBDBSEDB J@WOB 	U� HG IEJ NHGFMGGBN SMDJKBDU
��
�� ��� ��%9'���

>I 26` @I@ORGHG JKB @DB@ MINBD JKB FMDTBP �Z�^P CDETHNBG @ GM??@DR ES JKB HIKBDBIJ NHGFDH?HI@(JHEI CBDSED?@IFB EWJ@HIBN SED JKB GRGJB? ES HIJBDBGJU XKHG @DB@ F@I WB HIJBDCDBJBN @G JKB @TBD@AB
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T@OMB ES NBJBFJHEI CDEW@WHOHJR EI JKB FEDDBGCEINHIA 26` HS JKB GRGJB?0G S@OGB @O@D? CDEW@WHOHJR
HG GBOBFJBN D@INE?OR JE WB WBJQBBI �BDE @IN EIBU ]LMHT@OBIJORP HJ F@I WB FEIGHNBDBN @G JKB@TBD@AB T@OMB ES S@OGB @O@D? CDEW@WHOHJR EI JKB FEDDBGCEINHIA 26` HS JKB GRGJB?0G NBJBFJHEI
CDEW@WHOHJR HG GBOBFJBN D@INE?OR JE WB WBJQBBI �BDE @IN EIBU

XKB DBGMOJG EWJ@HIBN SED JKB 26` GJMNR @DB GM??@DHGBN HI J@WOBG 	U� @IN 	U< QKHFK GKEQ
JKB @DB@G MINBD JKB 26`0G HI �AMDB 	U�U XKB 26` AD@CKG K@TB @OO WBBI GF@OBN JE JKB G@?B@WGFHGG@ JE S@FHOHJ@JB THGM@O FE?C@DHGEIU

;EMD GBJG ES 26` N@J@ QBDB CDENMFBNU ;HDGJOR JQE GBJG ES @I@ORGJ0G DBGCEIGB N@J@ QBDB
ABIBD@JBN MINBD NH4BDBIJ S@OGB @O@D? @GGM?CJHEIGU >I JKB �DGJ HIGJ@IFBP @IR MIdIEQI J@DABJG
JK@J QBDB NBJBFJBN WR JKB @I@ORGJG QBDB DBFEDNBN @G @ KHJ ZWBGJ S@OGB @O@D? D@JB^P QKHOB HI JKBO@JJBD HIGJ@IFBP @IR MIdIEQI J@DABJG NBJBFJBN QBDB DBFEDNBN @G S@OGB @O@D?G ZQEDGJ S@OGB @O@D?
D@JB^U XKBI JKB GBJG ES N@J@ QBDB @I@ORGBN HI JQE Q@RG JE CDENMFB 26`GP @IN @GGEFH@JBN@DB@ MINBD B@FK FMDTBP WR MGHIA WEJK @ C@D@?BJDHF Z�@MGGH@I^ @CCDE@FKP Z�AMDB 	U�^ @IN @
IEI(C@D@?BJDHF ZQHJK IE SED? @GGM?BN SED MINBDORHIA NHGJDHWMJHEIG^ @CCDE@FK Z�AMDB 	U�^U 5G?BIJHEIBN HI GBFJHEI 	UcU.P HI EMD F@GB JKB @WGFHGG@ DBCDBGBIJG JKB @TBD@AB S@OGB @O@D? D@JB CBD
MIHJ @DB@ Zd?�^* +,-, SED @ AHTBI @DB@ HJ DBCDBGBIJG JKB @TBD@AB S@OGB @O@D? D@JBU XE FEITBDJ JE
S@OGB @O@D?G CBD MIHJ @DB@ @J B@FK FOMJJBD OBTBOP JKB @WGFHGG@ ?@R WB ?MOJHCOHBN WR JKB @FJM@O
IM?WBD ES S@OGB J@DABJG JK@J BYHGJ @J JK@J FOMJJBD OBTBOU XKB IM?WBD ES S@OGB J@DABJG HI B@FK
FOMJJBD(FEIJD@GJ DBAH?B HG NBCHFJBN HI J@WOB 	U	U

XKBGB @I@ORGBG QBDB CBDSED?BN EI @OO SEMD FEIJD@GJ @IN JKDBB FOMJJBD DBAH?BGU XKB SEMD
F@JBAEDHBG @DHGB SDE? JKB NHTHGHEI ES JKB D@IAB ES FEIJD@GJ OBTBOG ES JKB NBJBFJHEIGU XKDBB OBTBOGQBDB IBFBGG@DR JE FETBD JKB JDB@J?BIJ OBTBOG ES JKB HIGBDJBN J@DABJGP @IN @I @NNHJHEI@O OBTBO Q@G
MGBN JE @FFEMIJ SED JKB CDB(BYHGJHIA EWgBFJG HI JKB H?@ABDR JK@J QBDB NBB?BN JE WB J@DABJGU

XKB @DB@G EWJ@HIBN SED WEJK JKB C@D@?BJDHF @IN IEI(C@D@?BJDHF ?BJKENG QBDB GH?HO@DP QHJK@ GOHAKJOR KHAKBD BGJH?@JHEI SED �Z�^ HI JKB F@GB ES JKB SED?BDU XKHG HG MGM@OOR JKB F@GB GHIFB
JKB IEI(C@D@?BJDHF ?BJKEN �JG GJD@HAKJ OHIB GBA?BIJG JE JKB 26` AD@CK QKHOB JKB C@D@?BJDHF?BJKENG �JG @ G?EEJK FMDTBU

5G BYCBFJBNP HI @OO J@WOBGP JKB T@OMBG ES �Z�^ HIFDB@GBN QHJK HIFDB@GB HI J@DABJ FEIJD@GJU
5OGE BTHNBIJ HG @ NBFDB@GB HI �Z�^ QHJK HIFDB@GB HI FOMJJBD OBTBOP @G NBJBD?HIBN WR JKB �@ON?@I
-� 	�, FOMJJBD ?BJDHFU XKHG Q@G TBDR @CC@DBIJ SED JKB KHAKBD FEIJD@GJ OBTBOGU ;ED JKB OEQBGJ
D@IAB ES FEIJD@GJ MGBNP JKB �Z�^ T@OMBG EWJ@HIBN HINHF@JB CBDSED?@IFB EIOR @J FK@IFB* +,-, IE
NHGFDH?HI@JHEI Q@G GKEQIU XKHG HG WBF@MGB JKB OEQBD J@DABJ FEIJD@GJ OBTBO Q@G NBOHWBD@JBOR FKEGBI
JE WB gMGJ WBREIN JKB CBDFBCJM@O D@IAB GE @G JE BIGMDB JK@J JKB D@IAB Q@G FETBDBNU

5I @CC@DBIJ BYFBCJHEI JE JKHG JDBIN HI �Z�^ QHJK FOMJJBD OBTBO HG GKEQI HI JKB C@D@?BJDHF
J@WOBG ZJ@WOB 	U<^P HI JKB FBOOG SED ?BNHM? @IN KHAK FOMJJBD QHJK FEIJD@GJ OBTBO @J KHAKU VBDBP JKB
JDBIN GBB?G JE WB DBTBDGBNP WMJ HJ GKEMON WB IEJHFBN JK@J T@OMBG @DB QHJKHI JKB GJ@IN@DN BDDEDGP
DBINBDHIA JKHG @CC@DBIJ NH4BDBIFB @G MIOHdBORU [EDBETBDP CBDMG@O ES JKBHD FEDDBGCEINHIA COEJG
GKEQG JK@J JKB FMDTBG SED ?BNHM? FOMJJBD FDEGG JKB FMDTBG SED KHAK FOMJJBDU XKBGB @DB BY@?COBG
ES +/����-� ��� FMDTBG Z]A@IP b	��@^U >I JKB GJ@IN@DN 26`P JKB AD@NHBIJ ES JKB FMDTB @J @
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;HAMDB 	U�3 f@D@?BJDHF 26` FMDTBGU ;DE? JEC JE WEJJE? JKB COEJG @DB SED OEQP ?BNHM?P KHAK@IN KHAKBGJ FEIJD@GJU XKB OBSJ FEOM?I HG SED WBGJ F@GB S@OGB @O@D? D@JB Z;52^* JKB DHAKJ FEOM?IHG SED QEDGJ F@GB ;52U XKB OBABIN O@WBOG3 �OEQ�P�?HN� @IN �KHAK� DBSBD JE OEQ ?BNHM? @IN KHAKFOMJJBD OBTBOG DBGCBFJHTBORU
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;HAMDB 	U�3 eEIC@D@?BJDHF 26` FMDTBGU ;DE? JEC JE WEJJE? JKB COEJG @DB SED OEQP ?BNHM?PKHAK @IN KHAKBGJ FEIJD@GJU XKB OBSJ FEOM?I HG SED WBGJ F@GB S@OGB @O@D? D@JB Z;52^* JKB DHAKJFEOM?I HG SED QEDGJ F@GB ;52U
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CEHIJ HG BLM@O JE JKB OHdBOHKEEN D@JHEP
�Z�^  � Z���^

� Z���^ � Z	Uc^
QKBDB � Z���^ HG JKB CDEW@WHOHJR NBIGHJR ES JKB BTHNBIFB Z�^ SED J@DABJ CDBGBIJ ZGHAI@O^P QKHOB � Z���^
HG JKB CDEW@WHOHJR NBIGHJR ES JKB BTHNBIFB SED J@DABJ @WGBIJ ZIEHGB^� U XKBDBSEDBP JKB AD@NHBIJ ES
JKB 26` FMDTB ?MGJ WB ?EIEJEIHF@OOR NBFDB@GHIA* +,-, IE C@DJ ES JKB 26` ?MGJ BTBD WB FEIF@TB
MCQ@DNU VEQBTBDP JKHG WBK@THEMD HG BTHNBIJ HI JKB FMDTBG gMGJ ?BIJHEIBN @G QBOO @G JKB FMDTBG
SED JKB OEQ FEIJD@GJ OBTBOU ;ED SMDJKBD NHGFMGGHEI GBB GBFJHEI 	UaU
��
�7 ��%9'��� �� �%$�%�, 
XKB @H? ES JKB BYCBDH?BIJ@O NBGHAI MGBN HI JKB @I@ORGHG(ES(T@DH@IFB Q@G JE A@HI BYJD@ HIGHAKJG
HIJE JKB CMDBOR CBDFBCJM@O @GCBFJG ES J@DABJ NBJBFJHEI HI FOMJJBDU XE JKHG BINP JKB @CCDE@FK
EMJOHIBN HI GBFJHEI 	UcUa Q@G F@DDHBN EMJP QHJK IE NH4BDBIJH@JHEI ?@NB WBJQBBI JKB NBJBFJHEI ES
JDMB ED S@OGB J@DABJGU

XKB CBDSED?@IFB ?B@GMDB MGBN SED JKB @I@ORGHG(ES(T@DH@IFB Q@G JKB CDEW@WHOHJR ES NBJBFJHEIP
ED KHJ(D@JBP QKHFK HG NB�IBN HI BLM@JHEI Z	U.^U /MDHIA JKB BYCBDH?BIJ@O GBGGHEIG JKB EWGBDTBD0G
GB@DFK JH?B Q@G @OGE DBFEDNBN @G @ CEJBIJH@O CBDSED?@IFB ?B@GMDBU VEQBTBDP GHIFB JKB KHJ(D@JB T@DHBN SDE? @WETB < � NEQI JE @CCDEYH?@JBOR b �P > FEIGHNBDBN JKB MGB ES GB@DFK JH?B@G @ ?B@GMDB ES J@DABJ NBJBFJ@WHOHJR @G HIT@OHNU XKB DB@GEIG SED JKHG @DB NHGFMGGBN HI NBJ@HO
BOGBQKBDB Z�EENDM4 @IN eBQG@?P b		a^U VEQBTBDP HI @ IMJGKBOOP JKB GB@DFK JH?B HG T@OHN EIORQKBI JKB T@DH@JHEI HI JKB KHJ(D@JB HG IEJ O@DABU

XKB SEOOEQHIA CDEW@WHOHJR ES NBJBFJHEI ?B@GMDB ZKHJ(D@JB^ Q@G MGBN3��$  b
,
#� �$� Z	U.^

QKBDB �$� HG �BDE SED @ ?HGGP @IN EIB SED @ KHJP SED JDB@J?BIJ ) @IN GMWgBFJ � P @IN , HG JKB
IM?WBD ES GMWgBFJGU

XKBGB N@J@ @DB GKEQI AD@CKHF@OOR HI �AMDB 	U< @IN �AMDB 	U	U XKB SED?BD �AMDB NBCHFJG JKB?@HI B4BFJG HI JKB @I@ORGHGU 5G F@I WB GBBI HI �AMDB 	U<ZW^P @I HIFDB@GB HI J@DABJ FEIJD@GJ DBGMOJG
HI @ FEIFE?HJ@IJ HIFDB@GB HI KHJ(D@JB QHJK @ GJ@JHGJHF@O GHAIH�F@IFB ADB@JBD JK@I JKB 		U			� OBTBO*
+,-, OBGG JK@I @  U   b� CDEW@WHOHJR JK@J JKHG HG CMDBOR @ FK@IFB B4BFJU ;MDJKBD?EDBP @I HIFDB@GB
HI JKB T@OMB ES JKB FOMJJBD ?BJDHF DBGMOJBN HI @ FEIFE?HJ@IJ DBNMFJHEI HI KHJ(D@JB QHJK @ GJ@JHGJHF@O
GHAIH�F@IFB @J JKB 		U			� OBTBOU

XKB ?@HI B4BFJG EIOR FOB@DOR HINHF@JB JKB DBO@JHEIGKHC WBJQBBI JKB NBCBINBIJ @IN JKB
HINBCBINBIJ T@DH@WOBG HI JKB @WGBIFB ES HIJBD@FJHEIGU >I JKHG F@GB JKBR GJHOO CDETHNB GM??@DR
HISED?@JHEIP WMJ F@I KHNB ?EDB GMWJOB B4BFJGU XKB IBYJ FEIGHNBD@JHEI HG ES JKB BYJBIJ JE QKHFK
FOMJJBD @IN FEIJD@GJ OBTBOG HIJBD@FJU >S IE HIJBD@FJHEI BYHGJGP JKBI JKB COEJ ES KHJ(D@JB TBDGMG
FOMJJBD OBTBO SED B@FK OBTBO ES FEIJD@GJP ED THFB(TBDG@P QHOO CDENMFB @ S@?HOR ES C@D@OOBO AD@CKGU
6hii ?BAoi 'yp rw mlBi �' tw jklmnio '� @ktvk oimoiuiwnu nki luuA~is Awsiox�twB mor}l}txtn� stunot}Antrwuy
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;HAMDB 	U<3 XKB B4BFJG JK@J JKB HINBCBINBIJ T@DH@WOBG K@TB NHDBFJOR EI JKB KHJ D@JBU
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;HAMDB 	Ub 3 XKB HIJBD@FJHEI WBJQBBI JKB HINBCBINBIJ T@DH@WOBG @J �IBD GF@OBU
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XKBGB COEJG @DB GKEQI HI �AMDB 	U	U 5G F@I WB GBBIP JKB COEJG @DB IEJ @OO C@D@OOBOP QKHFK HINHF@JBG@I HIJBD@FJHEI EFFMDDBN WBJQBBI FOMJJBD @IN FEIJD@GJ OBTBOGU XKHG HG FEI�D?BN WR JKB 5e6�5
J@WOB QKHFK AHTBG @ GHAIH�F@IFB OBTBO ADB@JBD JK@I 		U			� SED JKB HIJBD@FJHEI WBJQBBI JKBGB
S@FJEDG* +,-, JKBDB HG THDJM@OOR IE FK@IFB JKHG HG IEJ @ DB@O B4BFJU

\FDMJHIR ES �AMDB 	U	ZW^ DBTB@OG JK@J JKBDB HG OHJJOB ED IE HIJBD@FJHEI @J JKB OEQ @IN ?BNHM?OBTBOG ES FEIJD@GJP WMJ JKBDB HG EWTHEMG HIJBD@FJHEI @J KHAKBD OBTBOG ES FEIJD@GJU 5J JKB KHAKBGJOBTBO ES FEIJD@GJP JKB AD@NHBIJ ES JKB @CCDEYH?@JBOR OHIB@D FMDTB HG GJBBCBDP HINHF@JHIA @ GJDEIABD
B4BFJ ES FOMJJBD OBTBO EI J@DABJ NBJBFJHEIP @J JKHG OBTBOU >IJBDBGJHIAORP SED @ KHAK FEIJD@GJ OBTBOP
JKB FMDTB NBC@DJG SDE? JKB OHIB@DOR NBFDB@GHIA C@JJBDI JK@J HG BYKHWHJBN SED JKB EJKBD FEIJD@GJOBTBOGU VBDB JKB KHJ(D@JB T@OMB SED JKB ?BNHM? FOMJJBD OBTBO HG KHAKBD JK@I JK@J SED JKB OEQ OBTBO
ES FOMJJBDP AEHIA @A@HIGJ JKB JDBINU

XKHG HIJBD@FJHEI ES FOMJJBD @J JKB ?BNHM? OBTBO QHJK FEIJD@GJ Q@G BYCOEDBN SMDJKBD WR @C(CORHIA @ �IBD GF@OB JE JKHG FOMJJBD OBTBOP CDENMFHIA JKB OBTBOG3 /-�+./!���
�

/-�+./!/-�+./ @IN
/-�+./!�+��U ;HAMDB 	Ub GKEQG @ COEJ ES JKB HIJBD@FJHEI ES ?BNHM? FOMJJBD QHJK FEIJD@GJU XKB
C@JJBDI GKEQI B@DOHBD FEIJHIMBGP QHJK KHJ(D@JB HIFDB@GHIA SDE? ?BNHM?(OEQ JE ?BNHM?(?BNHM?@J KHAK FEIJD@GJ OBTBOP JKEMAK JKB D@IAB K@G WBBI I@DDEQBN JE FOMJJBD ?BJDHF T@OMBG ES  Ub���
 Ub<bU XKB COEJ SED KHAKBGJ FEIJD@GJ @IN JKB JKDBB ?BNHM? FOMJJBD D@IABG @OGE GKEQG @ NBFDB@GB
HI KHJ(D@JB @J ?BNHM?(?BNHM? FOMJJBDU

5G HINHF@JBN HI GBFJHEI 	UcUaP JKBGB N@J@ QBDB IEJ HNB@O SED @I@ORGHG(ES(T@DH@IFBP @IN @ SMDJKBD@I@ORGHG Q@G CBDSED?BN EI @I ECJH?HGBN GMWGBJ ES JKB N@J@U XKB DBGMOJG ES JKHG @DB GM??@DHGBN
HI J@WOB 	UbbP @G HINHF@JBN B@DOHBD HI JKHG GBFJHEIU XKHG J@WOB FEI�D?G JKB DBGMOJG EWJ@HIBN SED
JKB QKEOB N@J@ GBJP GKEQHIA WEJK JKB FEIJD@GJ ?@HI B4BFJ @IN JKB FOMJJBD(FEIJD@GJ HIJBD@FJHEI@G KHAKOR GHAIH�F@IJP BTBI QHJK JKHG ?MFK G?@OOBD GMWGBJ ES N@J@U
��
�
 ����� "%*9 �

5 GM??@DR ES JKB DBGMOJG SED JKB @I@ORGHG(ES(T@DH@IFB HG GKEQI HI J@WOBG 	Ub @IN 	UbbP QKHFK@DB HI JKB MGM@O GM??@DR SED? ES 5e6�5 DBGMOJGU X@WOB 	Ub DBCDBGBIJG JKB DBGMOJGP MGHIA @OO
JKB N@J@ JK@J Q@G @OGE MGBN SED JKB 26` @I@ORGHGP QKHOB J@WOB 	Ubb CDBGBIJG JKB DBGMOJG EWJ@HIBN
WR JKB G?@OOBD GMWGBJ ES N@J@ ECJH?HGBN SED 5e6�5 @IN NBGHAIBN JE WB MGBN @G @ FKBFd EI JKB
DBGMOJG ES @I@ORGHG ES JKB SMOO GBJU
 5� �=
<;

=97
>J Q@G NB?EIGJD@JBN JK@J JK@J JKB NBADBB ES W@FdADEMIN FOMJJBD @IN J@DABJ FEIJD@GJ K@N @ ZGJ@(JHGJHF@OOR GHAIH�F@IJ^ ?B@GMD@WOB B4BFJ EI JKB NBJBFJHEI CBDSED?@IFB ES KM?@I EWGBDTBDGU XKB
CDEWOB? HG JE NB�IB ?BJDHFG JE NBGFDHWB JKBGB S@FJEDG LM@IJHJ@JHTBOR HI @ Q@R JK@J FEDDBO@JBGQHJK KM?@I CBDSED?@IFBU >I JKB F@GB ES FEIJD@GJP JKB �BWBD FEIJD@GJ ?BJDHF Z	Ub^ HG MGM@OOR B?(COERBNU XKHG KEQBTBDP HG NB�IBN SED GH?COB CO@HI J@DABJGP FEIJD@GJBN @A@HIGJ CO@HI W@FdADEMINGP@IN ETBD @ O@DAB WMJ OH?HJBN OM?HI@IFB D@IABU >I JKB @WGBIFB ES @IR EWTHEMGOR WBJJBD @OJBDI@JHTBPKEQBTBDP JKB ��� CDENMFJ Q@G B?COERBN @G NBGFDHWBN B@DOHBD HI GBFJHEI 	UcUbP QHJK � WBHIA JKB
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>INBY fEQBD �M?HI@IFB >INBY fEQBD �M?HI@IFBZN�^ ZFN2?�^ ZN�^ ZFN2?�^
 (. U  cU	� b. cU� b�U �� (c<U�� .U � b.a .U� b�U b
	 (c�U�� .Uba b.< aU� b�U �b. (c�U�� .Ub	 bac �U� b<Uc�b� (c�U�� .Uc ba� �U� b	Ua	cb (caU�� .Ucb b� �U� c U�ac� (c.U�� .Uca b�a <U� cbU	.c	 (ccU�� .Uc� b�< 	U� c.Uc�
.. (cbU�� .U.. b�c b U� caU<.
.� (c U�� .Uab b�� bbU� c�Ub<ab (b	U�� .Ua� b� bcU� c<U <a� (b<U�� .U�b b�� b.U�� c	U�ca	 (b�U�� .U�	 b�	 baU�� .bUa��. (b�U�� .U	a b<. b�U�� ..Ub��� (b�U�� aU.. b<� b�U�� .aU��
�b (baU�� aUa< b	b b�U�� .�U�<
�� (b.U�� aU�� b	� b<U�� .<U�c
�	 (bcU�� �U a b		 b	U�� a Uaa
�. (bbU�� �Ua� c . c U�� acUa	
�� (b U�� �U<� c � cbU�� aaUa.
<b (	U�� �Uc	 cbb ccU�� a�U�.
<� (<U�� �U�� cb� c.U�� a<Ua�
	 (�U� �U.c cb	 caU�� � U	.
	a (�U� �U<. cc. c�U�� �.U b
	< (�U� <Ua< cc� c�U�� ��Uabb c (aU� 	Ubc c.b c�U�� ��U�cb � (.U� 	U<c c.� c<U�� �	U	<bb (cU� b U�a c.	 c	U�� �cUa<bba (bU� bbUac ca. . U�� ��Uc bb< ( U� bcUc� ca� .bU�� ��Ua�bcc  U� b.U 	 c�b .cU�� � U.<bc� bU� b.U	< c�� ..U�� �.U<�

X@WOB 	U�3 XKB ADBR OBTBOGP D@NHE?BJDHF@OOR FEDDBFJBN DBFBHTBN D@N@D CEQBDP @IN ?B@GMDBN GFDBBIOM?HI@IFB ES JKB BYCBDH?BIJ@O GBJMCU XKB ?B@GMDB?BIJG QBDB DBFEDNBN QHJK IED?@O ECBD@JHIAFEINHJHEIG QHJK GJ@IN@DN E1FB OHAKJHIAU
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6WGBDTBD>?@AB b c . a � � � < 	 b XEJ@O
 b b	 a c� b< .b aa .a � .c a	 �3a.
 c b< .� c� bc cc ab c< c. b� c� a3 <
 . b� .< .� b	 c� � .a ca cb . a3�a
 a cb .	 cb b� cb �� ca b< ba b� a3 �
 � b	 .a c. bc b� �< c. b� bc b� .3�	
 � b� .c .. b	 b	 a� c� b	 b< c a3 <
 � c� c	 b< b. b� a	 cb b	 b. b� .3.	
 < b. . cb bb b� a	 cb ba b< bb .3c.
 	 bc .a cb ba b� a. c	 bc b� ba .3..b b� c� ba b b� c	 c b� b� bc c3� bb b� c	 b< b ba ab c b	 b< bb .3b�bc b� c b< bc b� .� b� b< b� c� .3b�b. ba cb .a bb b� . cb b� b. b� .3bcba ba c. b. b b� .� b� b� b. bc c3�bb� b< b	 b. < bc c	 b� b� b� b< c3a.b� b� cb b� < b. .� b� b� b. bc c3a<b� b	 b� c� b� c .c b. b. b� b	 .3 �b< cc c< c b b� .� b. cc ba ba .3bab	 b. . b� bb b� a� b� b� b. cb .3cbc b c b� 	 b� .b � b� bb b� c3..cb ba cb b� < b� b� b. bc b� c c3.ccc b� b	 ba � bb cc bb b� bc b� c3cac. b< c b� bc b� .� ba b� b� b� c3�	ca b	 cb b. b b� c� b. b	 b b� c3a.c� b b	 b� 	 b� c< bb b< b ba c3. XEJ@O �3�� bb3 a <3c< a3�� �3 � b�3�. �3�c �3aa �3c� �3.� <.3��

X@WOB 	U�3 XKB DHAKJ?EGJ FEOM?I AHTBG JKB GM? ES JKB JH?BG J@dBI WR @OO JKB EWGBDTBDG JE GB@DFKJKDEMAK B@FK C@DJHFMO@D H?@ABU XKB WEJJE? DEQ AHTBG JKB GM? ES JKB JH?BG J@dBI WR B@FKEWGBDTBD JE GB@DFK JKDEMAK @OO JKB H?@ABGU XKB JH?B HG AHTBI HI HI KEMDG @IN ?HIMJBGU eEJBPJKB JH?BG HI JKB ?@HI WENR K@TB WBBI DEMINBN JE JKB IB@DBGJ GBFEINP QKHOB JKB JEJ@O DEQ @INFEOM?I B@FK AHTB GM?G ES JH?BG JE JKB IB@DBGJ GBFEINPJKBI DEMINBNU
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`EIJD@GJ(\H�B CDENMFJ`OMJJBD OBTBO OEQ ?BNHM? KHAK KHAKBGJOEQ  +�bc< �  +  	<  +���< �  + b.	  +��b� �  + ac�� �?BN  +�bb� �  +  	�  +��a� �  +  <c  +�.�c �  + b<��  +�aca �  + .	�KHAK  +�b.� �  + b�  +�ab �  +  		  +��<a �  + bac�  +��	a �  + b�c
3l4 �iun ���

`EIJD@GJ(\H�B CDENMFJ`OMJJBD OBTBO OEQ ?BNHM? KHAK KHAKBGJOEQ  +�b�� �  +  		  +���. �  + bc	  +�	.b�  + .b��  +<�  �  +�b. �?BN  +�bb� �  +  	�  +��c	 �  +  �	  +���b�  + b�c�  +��<b�  + .b �KHAK  +� 	 �  + b	b  +�� c �  +  		  +� .c �  + bc.�  +��b �  + b��
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X@WOB 	U�3 5DB@G MINBD JKB 26` FMDTBG ZIEI(C@D@?BJDHF @I@ORGHG^U 5 GJ@JHGJHF@OOR GHAIH�F@IJNH4BDBIFB Z@J JKB 	�� OBTBO^ HI @DB@ SED NH4BDBIJ FOMJJBD D@IABG QHJK JKB G@?B FEIJD@GJ D@IAB HGNBIEJBN WR @I @GJBDHGdU XKB GHAIH�F@IFB HI NH4BDBIFB HI @DB@ Q@G NBJBD?HIBN WR JKB ?BJKEN ESV@IOBR � [FIBHOP b	<cP QKHFK HG BLMHT@OBIJ JE JKB �HOFEYEI JBGJU

`EIJD@GJ(\H�B CDENMFJ`OMJJBD OBTBO OEQ ?BNHM? KHAK KHAKBGJOEQ  +��.. �  + .�b  +�a < �  + 	 <  +�cb< �  +b �� (?BN  +�.a� �  + .�	  +�a�. �  + �ab  +�a� �  + �c�  +��c� �  + ���KHAK  +�b.� �  +bc�c  +�.b. �  + <��  +�<�< �  + �<�  +��. �  + a�b
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`EIJD@GJ(\H�B CDENMFJ`OMJJBD OBTBO OEQ ?BNHM? KHAK KHAKBGJOEQ  +��<a �  + ..b  +�b	a �  + �a<  +<.�c �  +bb�c  +<�� �  + 	�.?BN  +� 	� �  + .��  +�	�� �  + ab�  +��� �  + a<<  +<b c �  + .acKHAK  +a	.� �  + �.�  +�.b. �  + <��  +� � �  + .�  +��. �  + a�b
3}4�roun ���

X@WOB 	U<3 5DB@G MINBD JKB 26` FMDTBG Z�@MGGH@I @I@ORGHG^U
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`EIJD@GJ(\H�B CDENMFJ`OMJJBD OBTBO OEQ ?BNHM? KHAK KHAKBGJOEQ ba  �a . (?BNHM? b�� b�� c. a KHAK �b bb  a. b� 
3l4 �iun ���

`EIJD@GJ(\H�B CDENMFJ`OMJJBD OBTBO OEQ ?BNHM? KHAK KHAKBGJOEQ cc. <c � c ?BNHM? caa c	a a� � KHAK <� c�< bc	 .  

3}4�roun ���
X@WOB 	U	3 eM?WBDG ES S@OGB J@DABJG HI B@FK ES JKB FOMJJBD @IN FEIJD@GJ DBAH?BGU

\M??@DR ES @OO ]4BFJG SED 5e6�5]4BFJ /BADBBG ES ;DBBNE? [B@I \LM@DB 	 2@JHE �(OBTBOZ��^ Z��^FOMJJBD c  U�.c	 ccU		ca  U    bFEIJD@GJ . �U<	 . b<aU�<�a  U    bHIJBD@FJHEI �  Ub<�a �U<a�b  U    bBDDED .c	  U .b	 � �

X@WOB 	Ub 3 5e6�5 J@WOB SED @OO JKB N@J@U

\M??@DR ES @OO ]4BFJG SED 5e6�5]4BFJ /BADBBG ES ;DBBNE? [B@I \LM@DB 	 2@JHE �(OBTBOZ��^ Z��^FOMJJBD c  Ua�.. �U�bb�  U  a<FEIJD@GJ . bU��<b ccU ba�  U    bHIJBD@FJHEI �  Ub�		 cUcc��  U a�<BDDED b <  U < < � �

X@WOB 	Ubb3 5e6�5 J@WOB SED GMWGBJ ES JKB N@J@ QHJK BLM@O IM?WBD ES G@?COBG HI B@FK FBOOU



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

�BWBD FEIJD@GJU `OMJJBDP EI JKB EJKBD K@INP HG @ ?EDB FE?COHF@JBN FEIFBCJP @IN NBCBING EI
J@DABJ FK@D@FJBDHGJHFG* +,-, QK@J HG FOMJJBD JE EIB J@DABJ HG IEJ JE @IEJKBDU XKBDB BYHGJ ?@IR
FOMJJBD ?BJDHFG HI JKB OHJBD@JMDBU VEQBTBDP @G HINHF@JBN HI GBFJHEI 	UcU	U.P > FKEGB JKB FOMJJBD?BJDHF ES �@ON?@I -� 	�,P QKHFK GKEQBN CDE?HGB NMDHIA CHOEJ GJMNHBG QHJK \52 H?@ABDRU XKB@ODB@NR O@DAB @IN FE?COBY BYCBDH?BIJ NHN IEJ @OOEQ SMDJKBD FOMJJBD ?BJDHFG JE WB BYCOEDBN HI
NBJ@HOU

XKB DBGMOJG SDE? JKB 26` @IN JKB 5e6�5 @I@ORGBG GKEQBN JK@J JKB FEIJD@GJ @IN FOMJJBD?BJDHFG MGBN NHN HINBBN @ADBB QBOO QHJK KM?@I CBDSED?@IFB @G ?B@GMDBN WR JKB CDEW@WHOHJR ES
NBJBFJHEIU XKB ?BJDHFG MGBN K@TB CDETBI F@C@WOB ES NBGFDHWHIA JKB H?@ABDR HI @ LM@IJHJ@JHTBQ@R JK@J @OOEQG JKB NHGFDH?HI@JHEI ES FBDJ@HI G@OHBIJ H?@AB CDECBDJHBG JK@J @CC@DBIJOR @DB @OGE
MGBN WR JKB KM?@I THGM@O GRGJB?U

>J Q@G OB@DIJ SDE? JKB 26` @I@ORGHG JK@J JKB GMWgBFJG QBDB F@C@WOB ES @ KHAK NBADBB ES J@DABJ
NHGFDH?HI@JHEI MINBD GE?B FHDFM?GJ@IFBGU VEQBTBDP @G BYCBFJBNP JKBHD CBDSED?@IFBP Q@G TBDR
NBCBINBIJ EI JKB J@DABJ FEIJD@GJ @IN W@FdADEMIN FOMJJBD FEINHJHEIGP QHJK JKB FEIJD@GJ WBHIA
JKB NE?HI@IJ S@FJEDU 5G NHGFMGGBN B@DOHBDP JKB CDEWOB? HG JK@J QB NE IEJ K@TB ADEMIN JDMJK
HISED?@JHEIP ED BIEMAK HISED?@JHEI EI JKB NHGJDHWMJHEI ES DB@O J@DABJ FEIJD@GJ OBTBOGP JE DBO@JB
EMD GJMNR JE @I ECBD@JHEI@O GBJJHIAU XKB OBTBOG ES FEIJD@GJ DBLMHDBN SED AEEN @I@ORGJ CBDSED?@IFBQBDB GKEQI HI JKHG GJMNR JE WB LMHJB KHAKU VEQBTBDP JKHG ?B@IG OHJJOB QHJK DBGCBFJ JE CDBNHFJHEIG
ES @I@ORGJ CBDSED?@IFB HI JKB ECBD@JHEI@O GBJJHIA HI JKB @WGBIFB ES @ JRCHF@O FEIJD@GJ NHGJDHWMJHEI
HI JKHG FEIJBYJU XKHG NEBGP IBTBDJKBOBGGP AHTB GE?B HIGHAKJ HIJE KM?@I THGM@O CBDSED?@IFB EI
J@DABJ NBJBFJHEI HI FOMJJBDU

>I DBA@DN JE KM?@I THGM@O CBDSED?@IFBP > NHGFETBDBN @I HIJBDBGJHIA @IN MIBYCBFJBN CKB(IE?BIEIP @G NHGFMGGBN HI GBFJHEI 	U.U >I ABIBD@OP @I@ORGJ CBDSED?@IFB NBFDB@GBN QHJK HIFDB@GB HI
FOMJJBD OBTBOU VEQBTBDP @J JKB KHAK FEIJD@GJ D@IABP CBDSED?@IFB H?CDETBN QHJK J@DABJG B?WBNNBN
HI KHAK FOMJJBD W@FdADEMING FE?C@DBN QHJK J@DABJG HI OEQ W@FdADEMIN DBAHEIGU XKHG B4BFJ Q@G
GKEQI JE WB KHAKOR GHAIH�F@IJ HI @ GJ@JHGJHF@O GBIGBP WMJ SED JKHG JE WB @ DB@O B4BFJ JKB FOMJJBD?BJDHF MGBN ?MGJ K@TB WBK@TBN @I@OEAEMGOR JE JKB KM?@I THGM@O GRGJB?U ;DE? JKB @I@ORGJ0G
CEHIJ ES THBQP JKB @CC@DBIJ FOMJJBD @J JKB CEHIJ QKBDB CBDSED?@IFB H?CDETBN ?MGJ K@TB WBBIOEQBD JK@I JK@J ?B@GMDBN WR JKB FOMJJBD ?BJDHF MGBNU XKHG CKBIE?BIEI DBLMHDBG SMDJKBD @I@O(RGHG @IN HG WBREIN JKB GFECB ES JKHG GJMNRU > WBOHBTB JK@J JKHG CKBIE?BIEI ?@R WB NMB JE JKB
NHGFDBC@IFR WBJQBBI JKB @GGM?BN J@DABJ GH�B ES � -� CHYBOG @IN JKB @FJM@O GH�BP QKHFK NEBG T@DR@DEMIN JKHG HNB@OU

5G NHGFMGGBN HI GBFJHEI 	U.P SED JKB 26` JE WB CDECBDP JKB @I@ORGJ ?MGJ WBK@TB @G @
?@YH?M? OHdBOHKEEN EWGBDTBDU �HJK JKB B4BFJ NBGFDHWBN HI JKB O@GJ C@D@AD@CKP KEQBTBDP JKHG
FDHJBDHEI QEMON IEJ K@TB WBBI ?BJ HI @OO GHJM@JHEIGU XKB EWGBDTBD HG HI B4BFJ GBJJHIA JKB T@OMB ES
JKB OHdBOHKEEN SMIFJHEI Z	Uc^ W@GBN EI JKB BTHNBIFB @T@HO@WOB QKBI NBJBD?HIHIA QKBJKBD @ J@DABJ
BYHGJG HI JKB H?@AB @J @ C@DJHFMO@D OEF@JHEIU XKHG BTHNBIFB HG DB@OOR W@GBN EI @ GMWgBFJHTB ?BJDHF
GBJ MC HI JKB CBDFBCJM@O GC@FB HI JKB EWGBDTBD0G ?HINU VEQBTBDP HJ HG @OGE W@GBN EI JKB CKRGHF@O
BTHNBIFB SED @ J@DABJ HI JKB H?@AB HJGBOSP QKHFK HIFOMNBG HJG FOMJJBD FK@D@FJBDHGJHFGU XKBDBSEDBP
HS JKB FOMJJBD ?BJDHF Q@G ?B@GMDHIA @ T@OMB SED FOMJJBD JK@J HG HI@CCDECDH@JB SED JKB KM?@I
EWGBDTBDP JKBI HI JKB FEIJBYJ ES JKB 26` @I@ORGHGP JKHG QEMON @CCB@D @G @I HDD@JHEI@O NBFHGHEI
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DMOB EI JKB C@DJ ES JKB EWGBDTBD @J JKHG CEHIJU XKHG QEMON DBGMOJ HI @I H?CDECBD 26`U 5G K@G@ODB@NR WBBI EWGBDTBNP JKHG @CCB@DG JE WB JKB F@GBU >J HG ?EGJ BTHNBIJ HI JKB C@D@?BJDHF 26`
FMDTBG @J JKB KHAK FEIJD@GJ OBTBOP @G QEMON WB BYCBFJBNU XKB IEI(C@D@?BJDHF @I@ORGHG GBB?G JE
WB ?EDB DEWMGJ JE NBC@DJMDBG WR JKB GMWgBFJ SDE? JKB CBDSED?@IFB BYCBFJBN SDE? @ ?@YH?M?OHdBOHKEEN EWGBDTBDU

eEJQHJKGJ@INHIA JKHG CEGGHWHOHJRP HJ GBB?G ?EDB OHdBOR JK@J JKB H?CDECBD 26` FMDTBG NBDHTBN
SDE? JKB C@D@?BJDHF @I@ORGHG @J JKB OEQBD FEIJD@GJ OBTBOG EFFMDDBN SED EJKBD DB@GEIGU 5J JKBGB OBT(BOG ES FEIJD@GJP JKB EWGBDTBD CBDSED?@IFB Q@G EIOR @J @WEMJ FK@IFB OBTBOU XK@J HGP JKB CDEW@WHOHJR
NHGJDHWMJHEIG MINBDORHIA JKB 26` FMDTBG @DB WBGJ NBGFDHWBN @G �BDIEMOOH NHGJDHWMJHEIG Z]A@IP
b	��W^U VEQBTBDP JKB C@D@?BJDHF ?BJKEN HI@CCDECDH@JBOR �JG @ WHIED?@O NHGJDHWMJHEI ZTH@ @
?@YH?M? OHdBOHKEEN �J^ JE JKB N@J@U XKHGP > FEIgBFJMDBP HG JKB F@MGB ES JKBGB CEEDOR �JJBN
FMDTBGU XKHG GHJM@JHEI Q@G CDEW@WOR BY@FBDW@JBN WR JKB MIBLM@O FEMIJG HI B@FK D@JHIA F@JBAEDR
SED NBJBFJHEIG TBDGMG JKEGB SED S@OGB @O@D?GU
 5� �97<�;
=97


XKHG GJMNR K@G GKEQI KEQ NH1FMOJ HJ HG JE GBJ MC @I BYCBDH?BIJ JE DB@FK @ AEEN FE?CDE?HGB
WBJQBBI HIJBDI@O @IN BYJBDI@O T@OHNHJR FEIGHNBD@JHEIG* +,-, JE DB@FK @ MG@WOB JD@NBE4 WBJQBBIO@WED@JEDR FEIJDEO @IN DB@O QEDON @CCOHF@WHOHJRU \E?B CDEWOB?G KBDB DBGMOJBN HI IEI(ECJH?@O
N@J@ GBJGP QKHFK F@MGBN GE?B 26` FMDTB �JJHIA CDEWOB?GP C@DJHFMO@DOR SED JKB C@D@?BJDHF FMDTB�JJHIA @OAEDHJK?U �EJK JKB IEI(C@D@?BJDHF @IN C@D@?BJDHF ?BJKENG @ADBBN QBOO HI @OO F@GBGQKBI CDECBD 26`G QBDB EWJ@HIBNU XKHG HINHF@JBG JK@J HI FE?COBY BYCBDH?BIJ@O DBAH?BGP @G
MGBN KBDBP JKB IEI(C@D@?BJDHF @CCDE@FK HG JKB ?EDB DEWMGJU

XKB BYCBDH?BIJ@O N@J@ HINHF@JB JK@J \52 H?@AB @I@ORGJG CBDSED?BN QBOO EIOR QHJK DBO@JHTBORKHAK FEIJD@GJ J@DABJG HI JKB FEIJBYJ ES FOMJJBDP @IN @J JKHG OBTBO JKBR EWJ@HIBN @ ��� JE <��
FK@IFB ES @ FEDDBFJ NBFHGHEI @J KHAKBGJ JRCHF@O J@DABJ FEIJD@GJGU XKB @I@ORGJG0 CBDSED?@IFB
NBCBINBN EI JKB FOMJJBD OBTBOP @G ?B@GMDBN WR JKB �@ON?@I -� 	�, FOMJJBD ?BJDHFU XKHG ?BJDHFK@G WBBI NB?EIGJD@JBN JE FEDDBO@JB QBOO QHJK KM?@I CBDFBCJHEI ES FOMJJBDP @G EWGBDTBN HI \52
H?@ABDRP HI @ DHAEDEMG Q@RU XKHG @OGE @NNG QBHAKJ JE JKB �INHIAG EI JKB �OEF@OIBGG� ES FOMJJBD@G NBJBD?HIBN HI JKB BYCBDH?BIJ NBGFDHWBN HI `K@CJBD �U

/MB JE JKB O@Fd ES @CCDECDH@JB N@J@P JKB DBO@JHEIGKHC WBJQBBI JKB FEIJD@GJ NHGJDHWMJHEI ES
DB@O J@DABJG ES HIJBDBGJ @IN JK@J ES EMD BYCBDH?BIJ@O DBAH?B K@G IEJ WBBI HITBGJHA@JBN KBDBU >I@NNHJHEI JE JKB DBGMOJG CDBGBIJBN KBDBP JKHG FDMFH@O CHBFB ES HISED?@JHEI HG IBBNBN HI EDNBD JE
DBO@JB JKHG GJMNR JE JKB CBDSED?@IFB ES H?@AB @I@ORGJG MGHIA @ \52 GRGJB? HI @I ECBD@JHEI@O
FEIJBYJU
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XKB @H� ES JKHG JKBGHG Q@G JE FEIGEOHN@JB @IN FE��BIJ EI JKB H�@AB �B@GMDB OHJBD@JMDBGP JE�INP JKDEMAK BYCBDH�BIJP JKB G@OHBIJ CDECBDJHBG ES BOBFJDEIHF@OOR NHGCO@RBN DB@O QEDON FE�COBY
H�@ABDR JK@J HI)MBIFB KM�@I CBDSED�@IFB HI QBOO GCBFH�BN THGM@O J@GdG ZES DB@O DBOBT@IFB^P @IN
SDE� JKB N@J@ FEOOBFJBN FEIGHNBD JKB �EGJ B4BFJHTB @CCOHF@JHEI ES H�@AB �B@GMDBG JE JKHG H�@ABDR
SED JKB CDBNHFJHEI ES KM�@I CBDSED�@IFBU
�
�� ��		��� �
 ��
���
�
5I HIJDENMFJHEI JE FBDJ�HI �GCBFJG ES H���B LM�OHJR �B�GMDBG Q�G CDETHNBNU ����B LM�OHJR Q�G
NB�IBN HI JKB FEIJBYJ ES JKHG JKBGHG �IN FOMJJBD �BJDHFG QBDB DBO�JBN HIJE JKHG FEIFBCJU 5 TBDR
WDHBS �IN W�GHF HIJDENMFJHEI JE JKB KM��I THGM�O GRGJB� Q�G �HTBI QHJK GE�B W�GHF �ENBOGU
������ ��%# � %��$ �

5I �I�ORGHG Q�G �HTBI ES H���B �B�GMDBG QKHFK QBDB FO�GGH�BN �FFEDNHI� JE JKEGB SB�JMDBG JKBRQBDB NBGH�IBN JE LM�IJHSRU XKB DBOBT�IJ OHJBD�JMDB Q�G DBTHBQBN �IN H���B �B�GMDBG QBDB F�J(B�EDHGBN �FFEDNHI� JE JKBHD MINBDORHI� CDHIFHCOBG �IN JKB HIJBINBN �ENB ES �CCOHF�JHEIU XKBRQBDB �OGE FO�GGH�BN �FFEDNHI� JE JKB GC�JH�O BYJBIJ ES �CCOHF�JHEI* +,-, �G OEF�O ED �OEW�O �B�(GMDBGP �IN GE�B �B�GMDBGP GMFK �G BN�B �B�GMDBGP QBDB SEMIN JE WB HIJDHIGHF�OOR OEF�O HI I�JMDBU
XKBGB �B�GMDBG QBDB �OGE FO�GGH�BN �G BHJKBD GH�HO�DHJR Z�NBOHJR^ ED HIJBDCDBJ�WHOHJR ZHIJBOOH�HWHO(HJR^ �B�GMDBGU `OMJJBD �B�GMDBG QBDB DB��DNBN �G � SED� ES JKB O�JJBDU �J Q�G IEJBN JK�J JKBGB
FO�GGH�F�JHEI GFKB�BG QBDB �MJM�OOR HIFOMGHTBU

XKB �I�ORGHG ES JKB H���B LM�OHJR �B�GMDB OHJBD�JMDB SEMIN � I�JMD�O FO�GGH�F�JHEI ES H���B
�BJDHFG �FFEDNHI� JE JKB H���B SB�JMDBG JKBR �DB �JJB�CJHI� JE LM�IJHSRU ;HTB W�GHF FO�GGBG ES
H���B �B�GMDBG B�BD�BNU XKBR �DB OHGJBN KBDB �IN QBDB NHGFMGGBN HI NBJ�HO HI `K�CJBD cU

ZH^ �� IED� JRCB �B�GMDBGP ES QKHFK JKB �EGJ FE��EI HG JKB �B�I GLM�DB BDDED ���� Z[\]^*
ZHH^ [ENMO�JHEI JD�IGSBD SMIFJHEI Z[X;^ JRCB �B�GMDBGU XKBGB �DB FE��EIOR MGBN HI �GGBGGHI�

H���HI� GRGJB�GP WMJ F�I WB MGBN HI �GGBGGHI� H���BG NHDBFJOR*
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ZHHH^ �ISED��JHEI ���GMD�G*
ZHT^ /�FHGHEI JK�ED�JHF ���GMD�G*
ZT^ \H�I�O N�J�FJHEI ���GMD�GU

XK� �WET� OHGJ�N ���GMD�G �D� MGM�OOR ���OH�N HI � �OEW�O G�IG�P WMJ FEMON W� ���OH�N QHJKOEF�O GM��EDJ* +,-, F�OFMO�J�N ET�D � OEF�OHG�N �D�� ES JK� H����U XK� N��IHJHEI ES �OEF�O�P HI JK�
���OHF�JHEI ES H���� ���GMD�GP Q�G �Y�OED�N �Y��DH��IJ�OOR HI `K��J�D �P �IN HG GM���DHG�NO�J�D HI JKHG G�FJHEIU XK�D� �YHGJ �IEJK�D JQE FO�GG�G ES ���GMD�GP QKHFK �D� MGM�OOR ���OH�N
JE OEF�O S��JMD�GU XK�G� �D� ��N�� LM�OHJR ���GMD�G� �IN �J�YJMD� ���GMD�G�P QK�D� J�YJMD�
���GMD�G �D� SD�LM�IJOR HI JK� FO�GG ES JK� �IJDE�R W�G�N ���GMD�G* +,-, JK�R �D� ESJ�I �I
HISED��JHEI ���GMD�U

�I JK� �D�� ES H���� �I�ORGHGP JK�D� �����D�N JE W� JQE ��HI �T�IM�G ES �JJ�Fd EI JK�
���OHF�JHEI ES ���GMD�G JE H����GU

ZH^ � GJ�JHGJHF�O ED S��JMD� W�G�N ���DE�FK �IN
ZHH^ � GRIJ�FJHF ZED GJDMFJMD�O^ ���DE�FKU

XK� OHJ�D�JMD� EI H���� LM�OHJR ���GMD�G HG ��DT�N�N QHJK JK� SED��D JR�� ES ���GMD�GP WMJ
T�DR OHJJO� HS �IR K�G W��I NEI�P MGHI� JK� O�JJ�D ���DE�FKP HI JKHG FEIJ�YJU XKHG HG N�T�OE��N HI
JK� G�FJHEI b Uc EI SMDJK�D QEDd HI JKHG FK��J�DU

XK� J�D� �FOMJJ�D� Q�G HIJDENMF�N �IN HG MG�N �G � ��I�D�O J�D� JE N�GFDHW� G��JH�O �INP
GE��JH��GP G��JHEJ���ED�O T�DH�JHEIG HI H����DR QKHFK D�NMF� JK� �T�HO�WHOHJR ES J�D��J HISED(��JHEI JE � G��FH�F G�IGEDU 5OJKEM�K EJK�D D�G��DFK�DG HI JK� �D�� ES FOMJJ�D �D� HIJ�D�GJ�N HI
��I(��N� �O�FJDE(E�JHF�O G�IGEDGP JKHG JK�GHG Q�G FEIF�DI�N QHJK JK� V�\ �G JK� G�IGEDU

XK� H���� LM�OHJR���GMD� �IN FOMJJ�D���GMD� OHJ�D�JMD�G �����D �G O�D��OR NHGJHIFJUVEQ�T�DP
JKHG JK�GHG �D�M�G JK�J FOMJJ�D ���GMD�G �D� HI S�FJ IEJ NH4�D�IJ JE JK� H���� ���GMD�GP �YF��J
JK�R HIFOMN� � ��J� ��JDHF JE FK�D�FJ�DHG� J�D��J �G NHGJHIFJ SDE� W�Fd�DEMIN* +,-, JK� FOMJJ�D
��JDHF K�G �Y�OHFHJOR WMHOJ HIJE HJ JK� FEIF��J ES NHGJHI�MHGKHI� J�D��J SDE� IEI(J�D��J ZW�Fd(�DEMIN^U �J Q�G GKEQI JK�J FOMJJ�D ��JDHFG �D� HI S�FJ � SED� ES HIJ�D�D�J�WHOHJR ED HIJ�OOH�HWHOHJR
��JDHFP �G SEMIN HI JK� H���� LM�OHJR OHJ�D�JMD�P �YF��J SED JK� �YJD� FEINHJHEI gMGJ NHGFMGG�NU
�����7 ��%# 8���9%$��'

5 GJMNR Q�G N�GFDHW�N QKHFK HIT�GJH��J�N KEQ KM��IG D�O�J�N JE JK� G��� GF�I� HISED��JHEI
�D�G�IJ�N WEJK �G HISD�(D�N Z�2^ H����DR �IN E�JHF�O H����DRU 5G JKHG Q�G �R �DGJ �GRFKETHGM�O
�Y��DH��IJP � HIT�GJH��J�N JK� ���OHF�WHOHJR ES � GMWg�FJHT� ��JKENEOE�R SED �DENMFHI� �I HIJ�DT�O
GF�O� �G � ��JDHF ES H���� GH�HO�DHJRP �IN ���OH�N GE�� W�GHF H���� LM�OHJR ��JDHFG JE ��J � S��O
SED JK�HD ���OHF�JHEIU

;DE� JKHG �Y��DH��IJ HJ Q�G ����D�IJ JK�J JK� FEIJ�IJ ES JK� H���� GF�I�G Q�G H��EDJ�IJ
HI KEQ �I H���� Q�G ��DF�HT�NU �J K�G W��I HINHF�J�N JK�J D�O�JHEIGKH�G ES JK� D��HEIG QHJKHI JK�
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GF�I� Q�D� T�DR H��EDJ�IJP �G Q�G G��I QHJK JK� D��HEIG ES GK�NEQ �IN GMIOH�KJU XK�G� D�O�JHEI(GKH�G FEMON IEJ W� ���GMD�N WR ���IG ES �OEW�O GJ�JHGJHF�O ���GMD�G �OEI�U �J W�F��� ����D�IJ
JK�JP JE F��JMD� JK� FE��O�YHJR ES JK� H����GP ���GMD�G ES OEF�O ZD��HEI(W�G�N^ H���� �DE��DJH�G
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