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V�MBM � ��1 }���2
2[�=C�Z�`���^��[Z�V)2 C���]_��M9}�Z�� ��� ��� }�C h �[�0G�`��d�[�d��C �Q��]sX[�[Z\VY` }�`��0G[��Z�VQ� Z\��`�V)C)-@IJG�V
`�V�C�VQ}�`��0G X�`�V�C�VQ�fZ�V)2&���sZ`G[�=C Z`G�V)C � C Z\� �./_X�M9}��YV����7ZHG�V X0VQ`����#2 a cdc[a��\a$cdc�8 }��>2 `�V�M }�Z\V�C Z��
	��d``/ � �B}�C h ���0G�`������d��C6C h C Z\VQ]�2�V)C � 1d�B���>2�VQ` Z }�/�VQ�S^ h ZHG�V d ; � ] � I 1d`��d�[XB}�ZLZHG[V
| VQX�}�`�Z�]sVY�fZ ���x���d]7X��WZ\VQ`,UW� � VY���QV�� � �[�B<dVQ` C�� Z h ��� ; }����0G�V)C Z\VY`)-

����� � �����! 
"�#�$��� 
%��� &('*),+-�.���! �+-/

� M��W�0/�V)2 � ]DU�YWC h C�Z\VY] C�}�`�V }�X�X�`��f}��0G[����1b}L�Q` ��Z�� �Q}VM"X0��� �fZ�� 2���V Z\� �YVQ`�Z\}���� 2[V �~� � VY���Y��V)C
����G�VQ`�VQ�fZ � � Z`G�V C h ���0G[`��d������Cu��X=VY`\}�Z�� �d� -5deC h ���0G�`��d���d��C6M��.1���� X�`��d] �=C�V�C Z��kX�`�� <F�=2�V
ZHG[V ]7V }���C�Z��L� <dVY`��Q��]sV Z`G�V)C�V 2�V �~� � VY���Y��V)C�}���2 M ��]7� Z }oZ����d��C����~Z`G�V C h ���0G[`��d������C � ]DU�Y
2�V�C��=1d� }�X[X�`��f}��0G - ��VQ���YV	� `�VY�QVY�FZ M h � ZHG�VY`�V G~}�C ^=VYVQ� }G`�V)C��[``1dVY���QVI���u���fZ\VY`�V)C Z ���
}�C h �[�0G�`��d�[�d��C 2[V)C��=1d� Z\VY�0G��[�=c �[V)C)-

IJG�V�cF��V)C Z7�%�d`_ZHG[VkV � X>M�����Z\}�Z����d� ��� Z`G�VkX=��Z\VQ�fZ��9}VM }�2><�}��fZ }�1�V)C � � VQ`�V)2 ^ h }�C h � �
�0G�`��d���d��CWM �.1�� � G~}�C@`�V�<�V }VM�V)2s}���VQV�2 �%�d`@]7�#2�V�MBM � ��1L}���2 C � ]u�>M9}oZ����d�_Z\VY�0G��[�=cF��V)C�� 	 GW� �0G
	��d�>M=21^0V }�X�X�`��dX�` �9}�Z�V �%�d` ZHG[V }VC h ���0G�`��d���d��C 2�V�C��=1d� C Z h M VV- IJG �>C���Z`G�Vk`�VY�Q��`�`�VQ�[�QV

7V8
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��� ���FZ�VQ`�V)C�Z ����}VC h ���0G�`��d���d��C\2�V�C��=1d� G~}�Ck�%��V�M�V)23���fZ\VQ�>C�VS`�V)C�V }�`��0G }�� Z��B<F��Z h }o� ] ����1
Z\� 2�V^<dV^M �dX>Z\VY�0G��[�=c �[V)C }�X[X�`��dX[`�� }�Z\V �%�d`k]7�#2�V�MBM � ��1�}���2 C���]_��M9}�Z�� �>1 }�C h �[�0G�`��d�[�d��C
C h C Z\VQ] C�- � U>N �+� �BX~}�`�Z����Q��M9}�`�� G~}�CL}�Z�Z�`\}�� Z\V)2 Z`G�V }�Z�Z\VQ�fZ�� �d�B��� ]s}�� h `�V)C�V }�`��0G�VQ` C_}VC
} X=��Z\VQ�fZ��9}VM �[��Z }�Z�� ��� �%�d` 2[V)C��Y`���^[����1 }�C h ���0G�`������d��C ^=V�G~} < ���d��`�- �����FZ�`���^��[Z�� ��17Z\�7ZHG[V
cF��V)C ZL�%�d`�]7��2�V^M=M ����1 }���2@C � ]u�>M }�Z����d� Z\VY�0G��[�=cF��V)C6C��W��Z\}�^>M�V_�%�d` }�C h ���0G�`��d���d�>C 2�V)C � 1d���
}���2B]7��Z��=<�}�Z�V)2B^ h ZHG[V � ���Y`�VQ}�C�����1\2�VQ^~}oZ\V7`�V�1f}�``2W� ��1 Z`G�V X0��Z\VY�FZ��9}9Mx��� � U>N>�%�d` ZHG[�=C
X���`�X=��C�V	�WZHG�V 	��d` /U2�V�C��Y`���^=V�2 ���&ZHGW� C Z`G�V)C � C ��� <dV)C Z��=1f}�Z�V)C ZHG�V C��[� Z }�^W�=M ��Z h ��� � �Q� }�] �[}
� U>N � ^�}�C�V�2 X�`���1d`\}�]7] ����1 M }���1��~}�1dV����%�d` ZHG�V ]7��2[V�MBM�����1 }���2OC � ]u�>M }�Z����d� ���:�Q�d]7X>M�V �
}�C h �[�0G�`��d�[�d��C C h C�Z\VY] C)-

���! "��#� ��� �#��� + �$# �&% + '�% +-/ � /

IJG�V_Z`G�V)C � C,�Q�d]7X�` � C�V)C a as�0G~}�X[Z�VQ``C�- � G~}�XWZ\VQ` C67 �%E �*8k}���2 Z`G�V ��``C�Z,X~}�` ZL���x�0G�}�X[Z\VY`
e_X�`���<F�=2�Vb}_ZHG�VY�d`�V Z���� }VM.^~}��0/�1d`�������2 Z\� ZHG[V }�`�VQ}�CJ2[��`�VY�YZ`M h `�V�M }�Z\V�2 Z�� ZHG�V C���^>A VY�YZ����
ZHG[V_ZHG�V�C��=C����~}�]sV^M h X~}�`�}VM=M�V�M �=C�]
�!C���]_�>M }�Z�� �d�B]7�#2�V�MBM�����1 �.}�C h ���0G�`��d���d�>C4C h C�Z\VY] Cu}���2
]7��2[V�MBM�����1&Z�VQ�0G��[�=cF��V)C �%�d` }�C h �[�0G�`��d�[�d��C G~}�` 2 	�}�`�V `�V)C�X=VY�YZ��B<dV^M h -6IJG�V `�VQ]s}�����2�VQ` ���
ZHG[V Z`G�V)C � C��d�~}�]7V�M h ZHG�V C�VY�Q�d�>2 X~}�` Z@���~�0G~}�X[Z�VQ`:e }��>2u�0G~}�X[Z\VY``C i � Q �V[ }���2 c �92�V�C��Q` � ^0V
ZHG[Vu}��[ZHG���` �bC�	��d` /k}���2 �Q�d�fZ�`���^��[Z����d� -

� G~}�X[Z�VQ` 7 X�`�� < �=2�V�C }\C G��d` Zu���fZ\`��#2���� Z����d�IZ�� X~}�`\}VMBM V^M��=C�] }�Cu} �~}�Z\�[`\}VM X~}�Z`GSZ��
ZHG[V c �[V)C�Z �%�d` G[� 1�GsX0VQ` �%�d`�]s}��[�QV	� 	 � ZHGsVQ]7X�G�}�C��=C �d� ZHG�V ;\Yf; | }�X�X�`��d}��0G Z\� X~}�`�}VM=M�V�M
�Q��]sX[�[Z }�Z�� ��� - IJG�V <�}�` � �d�>C X~}�`\}9M=M�V�MxX[`��.1d`�}�]7] � ��1k]7�#2�V�M=Cb}�`�V ]7VY�FZ�� ����V)2I}���2 ZHG[V
� U>N>]s�#2�V^Mx��� �Q�d]7X��WZ }�Z�� �d� �=C 2[�=C��Y��C`C�V)2 - �D� �~}9M=M h � } ]7�d`�V 2�VYZ\}��BM V�2�2�V�C��Y`���X[Z����d�B���
ZHG[V � �Q�Q}�] X�`��.1�`\}�]7] � �>15M }���1d�~}V1dV,}���2 � ZHC�}�C`C��W� �9}oZ\V)2&X�`�� �QV�C`C���`��WZ`G�V Z�`\}��>C�X��[Z�VQ`��W�=C
X�`���<F�=2�V)2 -

� G~}�X[Z�VQ` E\2�V }9M C 	 ��Z`G5ZHG�Vs� C C���V�C ��� ]7�#2�V�MBM�����1 }���2 C � ]u�>M9}oZ����d� -_d��-Z\VY` }OC G��d` Z
���FZ�`��#2���� Z����d�>Z�� ]s�#2�V^M=M � �>1 �,ZHG[V �0G~}�X[Z�VQ` �Q�d���YVQ�fZ\`�}�Z\V�C ��� 2W� C��Q`�V Z\VSV�<�VQ�fZ_C � ]u�>M } �
Z����d� ]7�#2�V�MBM�����1 � }��>2P� � X~}�` Z����Q�>M }�`�����Z`C 2[� C Z\` � ^��WZ\V)2 ��]sX�M VY]sVY�fZ }�Z�� �d� -
IJG�V<�}�` � �d�>C
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}�X�X[`��f}��0G[V)C,�%�d` V � X>M���� Z�����1kX~}�`�}VM=M�V�M �=C�] ���@C � ]u�>M9}oZ����d�B}�`�V_]sVY�fZ����d��V)2���}���2 Z`G�V ]��.1��
��� }VM4Nx`�� �QV�C`CON:}�`�}�2[�=1d] �=C 2�V)C��Q`���^0V)2 - IJG�VB� }���C�}VM ��Z h � `�V�M }�Z\V�2 �=C`C��[V)C }�`��=C�����1 �%`��d]
ZHG[VO2[�=C�Z�`���^��[Z�V)2 �~}oZ\��`�V ���,ZHG[V_]��.1���� }9M N `��W�YV)C CN:}�`\}�2[�=1d] }�`�V 2�V)C��Q`���^0V)23}��>21ZHG[V
Z\VY�0G��[�=cF��V)C ZHG~}oZ G~} <dV ^0VQVY� 2[V�<dV^M ��X=V�2SZ�� }�2�2�`�V)C`CLZ`G�V)C�V � C C���V�Cu}�`�V 2[�=C��Y��C`C�V)2 - IJG�V
�0G~}�XWZ\VQ`u�Q�d�[��M���2�V)C 	 ��Z`G }O2[�=C��Y��C`C � ��� �d�IZ`G�V&`���M Vs��� ]7�#2�V�MBM � ��1 }���2�C���]_�>M }�Z����d�P���
2[�=1�� Z }VM!C h C�Z\VY] 2�V)C � 1d� -

� G~}�X[Z�VQ`J852[�=C��Q�>C`C�V�C � C C���V�C `�V^M9}�Z�V)2 Z�� }�C h �[�0G�`��d�[�d��CJ2�V�C��=1d� Z\VY�0G��[�=cF��V)C�- d �-Z�VQ`�}
C`G[�d`�Z 2[�=C��Q�>C`C����d� �d�sZHG�V �~}�Z\�[`�V }���2k}�2�<�}��FZ\}�1dV�C�����}�C h ���0G�`��d���d�>C M ��1�� ��� Z`G�V,�0G�}�X[Z\VY`
X�`�V)C�VY�fZHC C���]sV ��� Z`G�V&]7�.C Z_��� � ��VY�FZ��9}9M }�C h ���0G�`������d��C 2�V�C��=1d�5Z�VQ�0G��[�=cF��V)Cs}��>2IZHG[VQ�
X�`��W�YVQV)2>C Z��kX�`�� <F�=2�V7} ]7�d`�V 2�V Z }��BM�V)2 2�V)C��Q` � X[Z�� ���I��� Z`G�V ; ���Q`���X[� X0V�M ����V 2�V)C � 1d�I}�X �
X�`��f}��0G -�IJG[V �~�~}9M�X�}�`�Zu����Z`G�Vs�0G~}�X[Z�VQ`u�=Cb�W�Y�Q��X[��V)25^ h } C`G���`�Z52�V)C��Q`���X[Z�� �d�5��� ZHG[V
; ���Q`��dX[��X=V^M�����V)2Od ; � ] � ILau] � �Y`��dX�`��W�YV)C C��d`�-

IJG�VuZ`G�V)C � C�ZHG�VY� ]7� <dV)C Z\�7ZHG�Vu]s�#2�V^M=M � �>1&��� }VC h ���0G�`��d���d��C C h C�Z�VQ] C)-,� G~}�X[Z�VQ`,e
X�`���<F�=2�V)C�}��k� <�VQ` <F��V�	 ��� V � � C Z�����1s����Z }oZ����d��C }��>2 Z�VQ�0G��W� cF��V�C �"VQ]7X�G~}VC��=C �=C X>M }��QV�2 �d�
ZHG[VbZ�VQ�0G��[�=cF��V)CLZ`G~}�Z VQ]7X>M�� h � U�N � M��=/�V_����Z }oZ����d��C)- d 2><��W�Q}�Z�����1&Z`G�VuX0��Z�VQ�fZ�� }VM@��C�Vb���
� �Q� }�] �%�d`xZHG�V ]s�#2�V^M=M � �>1 }���2UC���]_�>M }�Z�� �d�&��� }�C h �[�0G�`��d�[�d��CJC h C Z\VY] C��~}u]7V ZHG��#2���M��.1 h
�=C ���fZ\`��#2����YV)2 	 GW� �0G VY]7X>M � h C � �Q�Q}�] Z\�G^��[�BM=2 X~}�`�}VM=M�V�M ]7�#2�V�M=C ��� }�C h �[�0G�`��d�[�d��C
C h C Z\VQ] CL^�}�C�V�2 �d� ZHG�V5; ���Q`��dX[��X=V^M�����V_}�X�X�`��f}��0G - IJG[� C���V�1�M VY�YZ`C,� }���C\}VM � Z h X[`��d^>M�VQ] C��
ZHGF��CS}VMBM�� 	 ����13Z���] � �>1>VY`�`��d``C Z��>� �Q�Y��`)- Y Z � CS}�` 1d��V�2 G[� 	�V�<�VQ`BZHG~}oZ ZHG�V Z�� ] ����1
���~}��Q�Y��`\}�� h 	 �BM=M ^0Vb}��Q�YVQX[Z\}�^>M�V�-

� G~}�X[Z�VQ` i
2�V�C��Y`���^=V�COG��
	 ZHG�V ]s�#2�V^M=M � �>11}�X�X�`��d}��0G3� �fZ\`���2[���QV�2 ��� �0G~}�X[Z�VQ` e �
G~}�C ^=VYVQ� VY]7X>M � h V)23Z\�I^��[�BM 23}�� �W�Y� }�] ]7�#2�V�M ���LZ`G�V_d ; � ] � ILaB}�C h �[�0G�`��d�[�d��C
] � �Y`��dX[`�� �QV)C C��d`�- � ]sX>G~}�C��=Cu�=Ch1��=<�VQ�IZ�� Z`G�V&}VC�X0VQ�YZ`C_����ZHG�Vs]7��2[V�MBM�����1 Z`G~}�ZuX�`�� <�V)2
Z\� ^0V �Q��]sX�M V � - IJG�V �0G~}�XWZ\VQ` }VM=C��P�����^M ��2[V)C }P]s��`�V@2�V Z }��BM�V)2 2�V)C��Q`���X[Z�� �d�>��� ZHG[V
�dX0VQ`�}�Z����d�G���,Z`G�V_d ; � ] � ILa X�`��W�YV)C C��d`�� }�CsZ`G[�=CU2�V �~��V�C ZHG[V �%����� Z����d�~}VM � Z h ���LZHG[V
]7��2[V�MD}�C 	�V�MBM -

� G~}�X[Z�VQ` Q }V2�2�`�V�C`C�V)C �=C`C��[V)C7`�V^M9}�Z�V)2PZ�� ZHG�V&V � VQ�Y�[Z����d� ��� ZHG[V �W�Y� }�] ]7�#2�V�M��d�
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} �Y�d]7X��[Z\VY` C h C Z\VQ] - I	��SVY� < ��`�����]7VQ�fZHCs}�`�V&X�`�V)C�VY�fZ\V)2�� �%�d`bZHG�V&V � VQ�Y�[Z����d� ��� ZHG[V
]7��2[V�MW�d� } C � ��1VM V }���2 ]_��M�Z�� X>M�V�Z�`\}���C�X��[Z�VQ``Cx`�V)C�X=VY�YZ��B<dV^M h - ; �d�[� Z\�d` � �>1 ��Z�VQ`�] ���~}�Z�� �d���
]s}�X�X[����1 }���2 M �d}�2 ^~}VM }����Y����17� C C���V�CL}�`�V 2[�=C��Q�>C`C�V�2 -

� G~}�X[Z�VQ`h[ X�`�V)C�VQ�fZHC }�<�}VM � 2~}oZ����d�I����ZHG[V � �Q�Q}�] ]7��2�V^M �@X�`�� <F�=2[� �>1_cF�~}��fZ�� Z }oZ��B<dV
`�V�C��>M ZHC }���2 }��~}VM h C��=C `�V)1d}�``2[����1 ^0��ZHG��WZHG[V }��Q�Y��`\}�� h }��>2 X0VQ` �%�d`�]s}��[�QVL��� Z`G�V ]7��2�V^M -

� G~}�X[Z�VQ`Dc����FZ�`��#2����YV)C�ZHG�V �`Nx`��.1d`\}�] | ` �=<�VQ�uU h ���0G�`��d�[� � }�Z�� �d�hNx`���Z��W�Y��M � � N | U>N�� �
} ��� <dV�M�}�X�X[`��f}��0GS�%�d` V�M � ] ���~}�Z�� ��1 ZHG�V7Z���] � ��1 X�`���^>M VY] C_`\}o� C�V)25^ h Z`G�VU2W� C Z\`���^��[Z�V)2
�~}�Z���`�V ���=Z`G�V X�`���X=�.C�V)2s]7��2�V^M=M ����1 X�G[�BM �.C��dX�G h - IJG�V �Y�d���QVYX[Z ��� � Y ��C Z\`��[�YZ����d�S] � �./o} �
G�VQ}�2 �,�=C@���fZ\`��#2����YV)27}��>2 }eC�VYZ����~`��>M�V)C�}�`�V�X�`�V�C�VQ�fZ�V)2 	 G[���0G C�X0VQ�Y� � h ZHG�V�^=V�G~} < ���d��`@���
X�`��W�YV)C`C�V)Cx���_ZHG�V��W�Y� }�] ]7��2�V^M�C��LZHG~}�Z@Z���] � ��1 }��Q�Q�[`\}�� h �=C�VQ��C���`�V�2 - IJG�V }�X[X>M���� }oZ����d�
��� N | U>N �d�fZ�� Z`G�V � �Q� }�]�]7��2�V^Mx��� d ; � ] � ILa7�=CLZHG�VY��2�V�C��Y`���^=V�2 - �@� ��}VM=M h �!C��d]7V
X0VQ`��%��`�]s}����YVb`�V)C��>M�Z`C,}�`�V61��B<dVQ� -

� G~}�X[Z�VQ`�a a VQX[� Z\�d] � �QV�C�ZHG[V��Y�d���^M ��C � ����C 2�`�} 	 �&^ h ZHG�V�`�V�C�VQ}�`��0G X[`�V)C�VQ�fZ\V�2&��� ZHG[V
ZHG[V)C��=C��+}���2 ����2[��� }oZ\V)CL} �F��]_^0VQ`,��� }�`�V }�C 	 G�VQ`�V_�%��`�Z`G�VQ` `�V�C�V }�`��0GB}���2O2�V�<�V�M��dX�]7VQ�fZ
	��d``/&�=C X=��C`C���^>M�V�-
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| � � VY`�VQ�fZ }�C�X0VQ� ZHCk���LZ`G�V `�V)C�VQ}�`��0G 	��d` /1X�`�V)C�VQ�fZ\V�2 ��� ZHGW� CsZHG�V�C��=C�G~} <dV ^0VQVY�3X�`�V��
C�VY�fZ\V)2 ��� ZHG[Vhd ; � ] � I ; ��2�V^M=M ����1 � ��``/�C`G���X � � ����2�VY`�]7VQ`�V	�D����]u^�`�� } � � ��1�M }���2 �
 IJG�VQ�fcV8"! � Z`G�V � �d` M=2 I `\}���C�X��WZ\VQ` ���d��1d`�V)C`C5a$cdc�8 � ���d]7� �6Y Z\}VM h �  IJG�VY�fc�8f}#! � ZHG[V
� ��`���X=VQ}��uU � ]u�>M }�Z����d�_U h ]sX0�.C � ��] a cdc�8 � Y C Z }��F^���M ��ID��` /�V h �  IJG�VQ�fcV8d^�! �(Z`G�V � ��`��.C � ]
���d��1�`�V)C C a$cdcfe � � � VY���~} � d ��C�Z�`�� } �  IJG�VQ�dcfe#!:Z`G�V � �d` M=2 I `\}��>C�X��[Z�VQ`b���d�>1d`�V�C`C a$cdcde
� � }�`�`��.1f}�Z�V	� � ��1VM9}��>2 �  IJG�VQ�fcde�}$! }���25ZHG[V8�ZHG � ��`��d] � �Y`�� � �d``/�C G��dX ?L� N:}�`�}VMBM V^M
d,�>2 | �=C�Z�`���^��[Z\V�2_Nx`��W�YV)C`C � �>1 � g `\}�1f} ��N@�d` Z\��1d}VM �  IJG�VQ�dcfe�^�! -
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IJG�VuX�`������Y��X>M�V)C ���x�Q��]sX[�[Z\VY`,�d` 1f}��[� � }�Z�� ���OG~} <�VuZ\`�}�2[� Z����d�~}VMBM h ^=VYVQ� ^~}VC�V)2 ��X=��� ZHG[V
X�`��W�YV)C`C � �>1 ]7�#2�V�MW2�V�C��Q` � ^0V)2S^ h ����G��_<d��� 
�VQ��]s}��[� � � Z`G�V5M }�Z\V&a$c�8 a�C���	 G�VY`�VY^ h }
�Q��]sX[�[Z\VY` �Q�d]7X�` � C�V)Cs}@C�����1�M�VkX�`�� �QV�C`C � ��1B���W��Z �Y�d����VY�YZ�V)2 Z\�B}_C � ��1VM V�� ]7VQ]7�d` h ���
	 G[���0G&^0��ZHG��FZ`G�V X�`���1d`\}�] �Q�#2�V�}���27ZHG�V 2~}�Z\} Z��u^0V �dX0VQ`\}oZ\V)2s��X0�d� }�`�V C�Z��d`�V�2 - IJG[�=C
�=C �Q�d]7]7�d�>M h `�V �%VQ`�`�V)2kZ��7}�C ZHG�V <��d� 
 VY��]s}���� ]s�#2�V^M����D�Q�d]7X��WZ }�Z�� �d� - IJG�V �dX=VY`\} �
Z����d� ���"Z`G�V C h C�Z�VQ] �Y�d��C��=C�Z`C ���*C�V)cF��VY�fZ�� }VM"�%VYZ\�0G[V)C ���"� �>C�Z\`����YZ�� ����C }���2 ZHG�V � `:�dX=VY`\}��>2�C
�%`���] ]sVY]7�d` h � 	 G[���0GB}�`�VbZ`G�VQ� V � VQ�Y�[Z\V�2�� 	 � ZHG Z`G�Vu`�V)C��>M�Z,����Z`G�VuV � VQ�Q�WZ����d� 	 `�� Z�Z�VQ�
^~}��0/IZ\�B]7VQ]7�d` h - IJG�V ]7VQ]7�d` h }V2�2�`�V�C`C�V)Cs���L}9M=M ����C Z\`��[�YZ����d��Cs}��>2 2~}oZ } � � <���M=<�V)2
����}B�Q�d]7X��WZ }�Z�� �d�1}�C 	�V�MBML}�C Z`G�Vk� ��C Z\`����YZ�� �d�>C ZHG[VY��`s��X=VY`\}���2>C&}��>2GZ`G�V X�`��#2����YV)2
`�V�C��>M ZHC_}�`�Vs�Q��]s]u���[��� }�Z�V)2 � <dVY`uZ`G�VSC � ��1VM VsX~}�Z`GIZHG�}�Z_�Y�d����VY�YZ`C_ZHG�VsX�`��W�YV)C`C��d` }���2
ZHG[V�]7VY]s��` h � g }��0/ �>C��Q}VM=M�V)2sZHG[�=C X~}�Z`G&}�CxZ`G�V � <d�d� 
 VY��]s}����&^0��Z�Z`M�VQ��VY�0/ �  g }��0/�Q�["! -

U �����QV Z`G�V �~` C�Zk�Y�d]7]sVY`�� �9}VM � 1dVQ��VY`\}VM,X���`�X=�.C�V@<d�d� 
�VQ��]s}��[�>�Y�d]7X��[Z�VQ``C 	�VQ`�V
�Q��]s] �=C`C � �d�[V)2I��� ZHG�V7VQ}�` M h a$cde�a�C��.Z`G�VQ`�V G~}�C ^0VQVQ�I}��BV�<�VQ` �����Q`�V }�C � ��1O2�VQ]s}��>2S�%�d`
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]7�d`�V��Q��]sX[�[Z }�Z�� ���~}VM0X=�
	�VQ`�}���2 C�X0VQV)2 - I `\}V2[��Z�� ���~}VMBM h � Z`G[� C 2�VQ]s}��>2SG~}�C ^0VQVQ�SC\}�Z�� C��
�~V�2_^ h VQ���0G~}����Y����1,Z`G�V�X0VQ` �%�d`�]s}����YV�����C�V�cF��VQ�fZ�� }VM[�Q�d]7X��[Z�VQ` C@ZHG[`��d��1�GuZ\VY�0G�����M��.1���� }9M
}�2><�}��[�QV)C }���2 }�`��0G[� Z\VQ� Z\��`�}VM � �[��� <�}oZ����d��C)-

IJG�V�X[`��.1d`�V)C C����d�u�%`��d] V�M�VQ� Z\`���]sVY�0G~}��[��� }9M�`�V^M9} h C��V<�}��Q����] Z���^0V)C�� � �=MBM �9}�] �bC@Z���^=V�C
}���2 ]s}�1���VYZ�� �2[`���] C��xZ�� Z\`�}���C��=C�Z��d` C�	 ��Z��0G[� �>1�2�V^<F� �YV)C7}���2 C���M � 2 C Z }�Z�V ]7VQ]7�d`���V)C��
Z\� � �fZ�V)1d`�}�Z\V�2 �Y��`��Q�W��Z`C }���2IV�<dVY�fZ\�~}VMBM h Z\� � ]DU�Y C�VY] � �Y�d��2���� Z\�d` 2[V�<F� �YV)C G�}�C G~}�25}
2�`�}�]s}�Z���� � ]7X~}��YZ �d� �Q��]sX[�[Z }�Z�� ���~}VM C�X=VYV)2 - L V)2��[�QV)2>X�G h C���� }VM4C ���YVI}���2 C`G���`�Z\VY`
2�V^< ���QV C�	 ��Z��0G[����1GZ�� ]7V�CG~} <dV `�V)C���M�Z�V)2 � �K2W� 1�� Z }9M C h C Z\VQ] CkZHG�}�Z �Q}��3^=V_2�`��B<dVY��}oZ
V � Z�`�VQ]7V^M h G[� 1�GP��M��W�0/S`\}oZ\V)C � V�-b1�- ZHG�V7Wada i�8 � � � e � C����Y�QV�C`C���` ��� ZHG�V | VQ� �FC d M X>G~}
X�`��W�YV)C`C��d`��o� CDV � X0VQ� Z\V)2 Z�� `���� }oZ:} C�X0VQV�2 ����E.a.a ; � �  � 	�VY�~c�8 ! �0- ? XWZ���� }VMFZ\VY�0G�����M��.1 h
X�`��d] � C�V)C�Z\�,`�V)2[���QV 1f}oZ\V 2[V�M } h C�Z��LX[���Q�.C�VQ�Q����2�C 	 G[�BM V �����Y`�V }VC�����1 ZHG�V�^~}���2 	 �=2[Z`G }���2
ZHG[Vb�F��]u^=VY``C����D� �fZ\VY`��Y�d����VY�YZ����d��C  ���~}��~c�a$! -

d 2><�}��[�QV)Ck��� Z\VY�0G�����M��.1 h G~} <dV ^0VQVQ�>}��Y�Q�d]7X~}��[� V�2�^ h }�`��0GW��Z�VQ�YZ���`\}9M ��� <dV�M Z���V)C�-
IJG�V�C�V �����^M ��2[VsZ`G�V7��C�Vs����� }��0G�V�2
C�Z��d`�V G[��VQ`�}�`��0GW� V�C��W<F��`�Z��~}VM�}�2�2�`�V)C C5C�X~}��QV�C��:}�`�� ZHG �
]7VYZ�� �u�dX[Z���] ���Q}�Z����d��CL}���2 ]7�d`�VuV � � � VY�fZ � ��C Z\`����YZ�� �d�_C�VYZ`C)- IDVY�0G��[�=c �[V)C Z\� ��<�VQ`��Q�d]7V
ZHG[V <d�d� 
�VQ��]s}���� ^0��Z�Z M VY��VQ�0/UG~} <dVb}VM=C�� ^0VQVQ� 2�V^<F� C�V)2	�~ZHG[V)C�VL�����^M ��2[V Z`G�V � � }�` <�}�` 2
d,`��0G[� Z\VQ� Z\��`�V � 	 G[���0G ��C�V�C C�VYX~}�`\}oZ\V&����C�Z�`���� Z����d� }���2 2~}�Z } ]sVY]7�d`���V)C7}��>2P]7VQ]7�d` h
���FZ�VQ`fM VQ} <F����1 � 	 G[���0Gs}VM=M��
	 C��Q�����Q��`�`�VY�FZ }��Q�QV�C`CxZ\� C�V�<�VQ`�}VM�����2�VQX0VQ�>2�VQ�fZ ]7VQ]7�d` h ]7��2 �
�>M�V)C  � `�}�� Q�c#!  Y ^�^0V [.7#!  �~��`�^�[dc$!  ��VQ��2~c.7$! -
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d Z\VY�0G��[�=c �[V 	 G[���0G G~}�Cs]s}�2�V } C��=1d�[� �~� }��fZ �Q�d�fZ�`���^��[Z����d�GZ\�BZHG�V � ]7X�`�� <dVQ]7VY�FZ&���
ZHG[V X=VY`��%�d`�] }����QV ��� <d��� 
�VQ��]s}���� }�`��0G[��Z�VQ� Z\��`�V)C G~}�CB^=VYVQ� ZHG[VGV � X>M ����Z\}�Z����d�����
X~}�`�}VMBM V^M��=C�] }�Z ^W��Z }���2k����C�Z�`���� Z����d�OM�V�<�V�M=C)-

g � Z � X�}�`\}VMBM�V�M�}�` ��Z`G�]7VYZ���� 	 }�C7ZHG[V ��``C�Z7Z�VQ�0G��[�=cF��V Z��I^0V VQ]7X>M�� h V)2 }�C G~}�``2 	 }�`�V
�Q��]sX0�d��VY�fZHC�^=VY� }�]7V6M V�C`C V � X0VQ��C �=<�V�-

g � Z X~}�`�}VM=M�V�M �=C�] 	 }�CL�%�VM=M��
	�V�2S^ h ZHG�Vu� �fZ\`���2[���YZ�� �d� ��� ]_�>M Z���X>M�V �%�����YZ�� ���~}VM��[�[��Z`C
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� ���������	� � 	 G[���0G��Y�d�>M=21�dX0VQ`�}�Z\Vk����}��1� <dVY` M }�X�X0V)21] }�����VQ`�- IJG[V)C�V\C�Z\}�1dV�C&}�`�Vk�Q�d� �
��VY�YZ\V�2P�d��V7Z\� ZHG�Vs��V � ZuZ\� �%�d`�] } X[��X=V^M�����V��x����C�Z�`���� Z����d��C VY�fZ\VQ`_}�Zb�d��VsVQ��25��� ZHG[V
X[��X=V^M�����V }���21Z�`\} <dV^M Z`G�`�����1.G��Y�d��C�VQ�Q�WZ��B<dV@C Z }�1dV�C Z��IV � � Zk}oZ Z`G�V ��ZHG�VY` VY��2 - IJG[�=C
}�`�`\}���1�VQ]7VQ�fZ�}VMBM �
	 C }�� � ��C Z\`����YZ�� �d� Z\�_^=V �{X�`�V � �%V Z\�0G�V�2 }��>2�2�VQ�Y��2�V�2 	 G[�=M�V ZHG�V,X�`�V��
<F� ����C � �>C�Z\`����YZ�� ��� �=C ^0VY����17V � VQ�Y�[Z\V�2 - IJG[V V � VQ�Y�[Z����d� ���[� Z ]s} h }VM=C��7^=V 2[�=<F�=2�V)2 ���FZ��
} �F��]_^0VQ` ��� C Z }�1�V)C�� 	 � ZHGsV }��0GUC�Z\}�1dV X=VY`��%�d`�] � ��1b}62[� � VY`�VQ�fZ��dX0VQ`\}oZ����d�7�Q�d�fZ\` � ^[�[Z�����1
Z\��ZHG�V V � VY�Q�[Z�� �d� ���~}��b� ��C Z\`����YZ�� �d� - UWV�<�VQ`�}VM~}�2�<�}����QV�2 }�`��0GW��Z�VQ�YZ���`\}9MWZ�VQ�0G��[�=cF��V)C G�} <�V
^0VQVQ� 2[V�<F� C�V)2 Z\� �dX[Z���] ���YVkX[��X=V^M�����V)2 �dX0VQ`�}�Z����d�	�xZ`G�V)C�V&� �[��M���2�Vk^�`�}����0G[����1 C��0G[VQ]7V)C
� VV-F1>-W2�V^M9} h V)2_^[`\}����0G � ��}�2><�}����YV)24C��0G�V�2��>M � ��1 Z\VQ�0G[�[� cF��V�C��d`�V)1��=C�Z�VQ` ^~}��>/L]s}��~}�1dVY]7VQ�fZ
Z\VY�0G��[�=cF��V)C�� C��[X=VY`�X[��X=V^M����[����1 �%C���X0VQ` C�� }9M9}�`,}���2 <dVY` h M ����1s����C Z\`��[�YZ����d� 	��d` 2 � � ]!Y � �

C h C Z\VQ] C  ��VQ����c[a ! - UW��X0VQ`�X[��X=V^M�����V)2�]s}��0G[����V)C VQ]7X>M�� h � 2�VYVQX0VQ`�� X[��X0V�M � ��V�C�� 	 GW�=M�V
C��[X=VY``C��Q}VM }�`B] }��0G[� �[V)CB� C C���V ]7�d`�VPZ`G~}����d��VP����C Z\`��[�YZ����d� X=VY` ��M��W�0/�� h ��M�V � � ZHG[V
X[��X=V^M�����V
�=��� � ]!Y � C h C Z\VQ] CLZ`G�Vu�Y�d]7X[�BM VY` �~��2�C �dX0VQ`\}oZ����d��C 	 GW� �0G �Q}�� ^0Vu�=C`C���V)2 ���
ZHG[V X[� X0V�M ����V�Z��.1dV ZHG�VY` }���2s�Q`�VQ}�Z\V�C }6C � �>1�M V ����C�Z�`���� Z����d�s�Q�d�fZ }o� �[����1 ZHG���C�V �dX0VQ`\}oZ����d��C)-
Y � 1dVQ��VY`\}VM �LZHG[VI�[Z��=M � � }�Z�� �d�>���_]_�>M Z���X>M�V5X[��X=V^M�����V�2 ���[� ZHC � }�� `�V�2����YVSZ`G�V5} <�VQ`\}V1dV
V � VY�Q�[Z�� �d�1Z���]sV X0VQ` ����C�Z�`���� Z����d� }��>2G��]7X�`�� <dV ZHG�`��d��1.G[X��[Z C��=1d�[� �~� }��FZ M h �eG��
	�V^<dVQ`��
2~}�Z\} }���23�Y�d�fZ\`��VM 2�VQX0VQ�>2�VQ��� � V�C ]s} h �Q}���C�V �Y�d��C � 2�VY`\}�^�M V 2�V�M } h C  � �.1.1 [Wa ! -�I `\} �
2[� Z����d�~}VMBM h �,XW� X0V�M � �[V)C G~} <dVS^=VYVQ� 2�` �=<�VQ�>^ h } �Y�d]7]7�d� V � Z\VY`��~}VM �^M � �0/'- L VQ�QVY�fZ`M h
�����Y�d� <dVY�FZ�� ���~}VMLZ�VQ�0G��[�=cF��V)C G~} <�V ^=VYVQ� 2�V^<dV^M �dX0V)2 	 G[���0G }VMBM �
	 ZHG[V }�C h �[�0G�`��d�[�d��C
�dX0VQ`�}�Z����d�s����X[��X=V^M�����VeC�Z }V1dV)C � Z`G�V)C�V Z\VY�0G��[�=cF��V)C }�`�V,}oZ Z`G�V��Q�d`�V ���+ZHG�V�`�V�C�V }�`��0G 	��d``/
2�V�C��Q` � ^0V)2 � � ZHGW� C ZHG[V)C��=C }���2 }�`�V62[�=C��Y��C`C�V)2 ���O2[VYZ }o�=M���� �0G�}�X[Z\VY` 8�-

� �! 
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d ] �BM V�C�Z��d��V_��� �Q�d]7X��WZ\VQ`L}�`��0G[� Z\VY�YZ���`�V `�V)C�V }�`��0G 	�}�C,Z`G�Vh2[V�<dV^M ��X�]7VQ�fZb��� L�V�2����YV)2
Y ��C Z\`��[�YZ����d� UWVYZ,���d]7X��[Z�VQ` C � L Y U�� C �0-

IJG�V�cF��V)C Z �%�d` G[�=1.G X0VQ` �%�d`�]s}����YVk}���2PZ`G�Vk}���] Z\� `�V�2����YV ZHG�V �fC�VQ]s}��fZ�� � 1f}�X �
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^0VYZ 	�VQVQ� G�}�``2 	�}�`�V�}��>2hG[�=1.G6M V^<dV�M[X�`���1d`\}�] C G~}�251dVQ�[VQ`\}oZ\V)2_}�Z�`�VQ�>2uZ\�
	�}�``2>CD�����Q`�V }�C��
����1�M h C��dX�G[�=C�Z�� �Q}�Z\V�2 }���2 �Y�d]7X>M�V � G~}�``2 	 }�`�VL}��>2 ����C�Z�`���� Z����d��C�V ZHC  �~��`�^�[�c#! - d 1f}�����C Z
ZHGW� C7^~}��0/�1d`��d����21���,�����Y`�V }VC�����15�Y�d]7X>M V � ��Z h ZHG[V �Y�d���YVQX[Z ��� L Y U�� 	 }�C7���FZ�`��#2����YV)2
���Pa$c.[.a �=}V2><d� � }�Z�� �>1C���]7X>M����Y� Z h }���2 V � � � VY��� h  N@}�Z�ZH[.a$! - L Y U��ZC h C Z\VY] CL��]7X>M�VQ]7VQ�fZ
C�]s}VMBM�����C Z\`��[�YZ����d� C�V ZHC ��C � �>1 C � ]7X>M�V }���2 � � V�2 � ��C Z\`����YZ�� �d� �%�d`�]s}�ZHCu�d�
M �d}�2��VC Z\�d`�V
}�`��0G[��Z�VQ� Z\��`�V)C7Z\�S}��0G[��V�<�V �{}�C Zs}���2 C�����1�M�V � h ��M�V V � VY�Q�[Z�� ���  U Z }VM [.[$! - IJG�V h VQ]7X>M�� h
X[��X=V^M����[����1s}���2 G~}�` 2 	 ��`�V)2 �%� ��C Z\VQ}�2 ���D]7���Q`��W�Y��2[V)2 � �Y�d�fZ\`��VM }���2 `�V^M h �d�k�dX[Z�� ] �=C�����1
�Q��]sXW�=M�VQ` Cx}���2hM }�` 1dV��Q}��0G�V ]7VQ]7�d` � V�C:Z\�,] } � ��] � C�V ZHG�V���C�V����~`�V�1��=C�Z\VY``Cx}���2 ] � �W� ] � �QV
`�V �%VQ`�VQ���YV)C�Z��u]s}���� ]7VQ]7�d` h - IJG�V ����2�VY` M h ����1 X[`������Y��X>M�V)C ���+ZHG�VeL Y U[� }�X�X�`��f}��0GSG�}�2
}VM�`�VQ}�2 h ^0VQVY� M }��=2�2��
	 �S^ h Y g ; ���BZHG�V � `4[.a[a7�Y�d]7X��[Z\VY`��+2�V�<�V�M��dX0V)2I��� M9}�Z�V a$c Q�a�C
}�ZeY g ; �bC IJG��d]s}�C�� � }oZHC���� L�V�C�VQ}�`��0GS��VY�FZ�VQ`  L�}�2[� [.E$! �0Z`G�V �~` C�Z,X�`���Z���Z h X=V � ]DU�Y
L Y U�� X�`�� �QV�C`C���``C 	�VQ`�V�2�V�<�V�M��dX=V�2 � �PVQ}�` M h a$c.[.a�Cu}�ZuZHG�V � �[�B<dVQ` C�� Z h ��� � }9M�� �%�d`��W�9} �
g VY``/�V^M V h  � }oZ\V [de !:}���2B}�Z U Z }��W�%�d``2 � �[�B<dVQ` C�� Z h  � VQ�[��[[a ! - U �����QVuZHG�VY����}���2 }�] � 2�C Z
}�� V^<dVY` M9}VC�Z�����1 �Y�d�fZ\`���<�VQ` C h ��� ZHG�Vb� C C���V_��� C h C Z\VQ] �Q�d]7X>M�V � � Z h  � G~}�`�c 7#!  d M=M �9c.7#! �
C�V^<dVY`\}VM+�Q�d]7]7VQ`��Y� }VM.X0�
	�VY`��%�>M L Y U[��X�`�� �QV�C`C���``CJG~} <�VL^=VYVQ�2[V�<dV^M ��X=V�2��[������M���2[����1 ZHG[V
� ] [.id�Ja[a aSd �Q�d`���L Y U�� ; }��0G[����V � d Le; �  �~��`�^�[dc !  � ]DU�Y c.a$! �.ZHG[V ; g [.i�c.a.a U � 

U>N*d L �  �~��A � [ Q !  UW����[ Q#! � Z`G�VO;OY N U Le7�a.a.a  � }���V)[ Q#! � d I � I �bC&�JL Y U>N  | � Z � [.Q#! �
d ; | �FC d ]S7�c.a.a.a  d ; | [.Q ! � � V 	 M V Z�Z � N:}��0/o}�` 2 �bC �eN N%d  �eN [.i$! }���2 ; ��Z\��`���M } �bC
;_[.[�a.a.a  | �d^�^�[.[#! �.�Q��]sX[`�V)G[VQ��C �=<�V C���` <�V h C ��� � ]DU�Y ��]7X>M�VQ]7VQ�fZ }oZ����d��C ��� L Y U�� }�`��
�0G[� Z\VY�YZ\�[`�V)C ]s} h ^=V �%�d���>2 ���  �~��`�^�[dc#!D}��>2  � VY��2~c 7$! -

� ��� ' % + � ��� � ��/(�$# " +�� � +-����� 
� � � � �� ��
"�#�$���

I VQ�0G����VM �.1�� �Q}VM }��>2 }�`��0G[��Z�VQ� Z\��`�}VM }V2><�}����QV�C@G~} <dV h � V^M 2�V�2�} 2�`�}�]s}�Z����5` � C�VI��� ZHG[V
X0VQ`��%��`�]s}����YV ���6<d�d� 
�VQ��]s}��[�>]s}��0GW� ��V�C }���23�Q��]sX[�[Z }�Z�� ���~}VM C�X=VYV)23� �[�Q`�VQ}�C�V�Ck���
}�� ��``2�VY`L��� ]s}�1d�[� Z\�>2�V V�<�VQ` h ��<dV h V }�` C G~} <dV ^0VQVY� 	 � Z\�[V)C`C�V)2 - � �
	�V�<�VQ`���Z`G[� C,`\}�Z�V
������]7X�`�� <dVY]7VQ�fZ � }��k�[��Z ^0V C���C�Z\}�� �[V)2 2���V,Z��_�%����2�}�]7VQ�fZ }VM%M���] ��Z\}�Z����d��C�� ]7X0�.C�V�2k�d�
� ]DU�Y�Z\VY�0G�����M��.1 h ^ h ZHG[V M } 	 Cu����X�G h C����)C  ].����2~c.E#!  Nx`�VYX~c�8"! -U?L��VUC����0G�M ��]7� Z }oZ����d�
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�=C�ZHG�V C�X0VQV)2 }oZ	 G[���0G V�M�VQ�YZ�`���� }VM C��=1d�~}VM=C � }��k^=V,Z�`\}��>C�] ��Z�Z\V�2k��<�VQ` Z`G�V,X�G h C���� }9M!M�����/�C
	 G[���0G �Q�d���[VQ�YZ&ZHG�V � � `��Q�[� Zk�Y�d]7X=�d�[VQ�fZHC � Z`G[�=CC�X0VQV�2>�Q}�������Z ^0V@1d`�VQ}�Z\VY` Z`G~}�� ZHG[V
C�X0VQV�2B��� M��=1.GfZ �%� - V�-b}�^0�d�[Z a>-:E ]7V Z\`�V�C X=VY`L�~}��[�.C�VY�Q�d��2 �  L ��C C0Q�["! -4; ���[�9}oZ\��` ���Q}�Z����d�
Z\VY�0G��[�=cF��V)C }�� ] }�Z G[�=1.G X~}��0/o}�1dV 2�VY��C�� Z���V)C }���2�} G[� 1�GD2�V�1d`�VYVB���u���fZ\V�1d`\}�Z�� ��� Z��
`�V�2����YVO2[�=C�Z\}����YV)C&^0VYZ 	�VQVY�3�Q�d]7X0�d��VY�FZ`C�� ^[�[Z }�`�V M���] ��Z�V)21^ h Z`G�V G�V }oZS2[�=C`C � X�}�Z����d�
}���2 ZHG�V5cF�~}��fZ\��] V � VY�YZHCL}�Z C���^ � ]7���Q`��d�_M�V�<�V�M=C  ; V }�2�[�a"! - IJG�V�C�V_Z 	��&�%���>2~}�]7VQ�fZ }9M
�Q����C�Z�`\}����fZHC7� ]7X0�.C�V }��G�>M Z���] }oZ\V�M���] ��Z7Z��SZ`G�V ] } � ��]_�[] ZHG�VY�d`�V Z���� }VM X0VQ` �%�d`�]s}����YV
ZHG�}�Z � }�� ^=V7}��0GW� V^<dV)2S^ h }C � ��1VM V <��d� 
 VQ�[] }����B�Q�d]7X��[Z�VQ` � Z`G[�=C X=VY`��%�d`�] }����QV G~}VC
^0VQVQ� V)C�Z�� ]s}�Z�V)2 Z��&^0V }�`��d����2_E �L� 1d} � �dX�C � Es^[�BM=M � ��� � �f}oZ�����1&X0�����FZ,�dX0VQ`\}oZ����d��C�X=VY`
C�VY�Q�d�>2 �  � �BM V)[ Q#! -

� ��� � 
� 
��$+� � � � �� �#+-��� � � %��!�#+ � �#��� + /

| V)C�X[� Z\VkZHG�V�2[`\}�]s}�Z�� �k` � C�V ��� ZHG�V � ` X0VQ` �%�d`�]s}��[�QV	� C�V�cF��VQ�fZ�� }VM <d��� 
�VQ��]s}��[�1�Y�d] �

X��[Z�VQ` C C�Z��=MBM:�Q}�� ����ZL� � VQ`�ZHG�VuX�`�� �QV�C`C�����1k`�}�Z\V�CL`�V�c �W� `�V)2 �%�d` ZHG�VhC���M��[Z����d� ��� } 	 �=2�V
`\}���1dV ���~}�X�X>M � �Q}�Z����d��C �{Z`G�V C��,�Q}VMBM V�2 � � `\}��>2_� G�}VM=M�VQ�>1dV � X�`��d^�M VY] C �  �~� � [dc !  ] } �Y�fc.E$!
 � �[��1fc�8"! - IJG[�=C G~}�C M�V)2�Z\� ZHG�V ���FZ�`��#2���� Z����d� ���k}�`��0G[��Z�VQ� Z\��`�}VMs�Q�d���YVQX[Z`C 	 GW� �0G
}�Z�Z\VQ]7X[Z�Z\�sZ }�/�V }�2�<�}��FZ\}�1dVb����Z`G�VhG[�=1.G\M V^<dV�M �.}9M 1d��`�� ZHG�] ���_�d` 2~}�Z\} � C�VYZ��=X~}�`\}VMBM V^M��=C�]
����G�VQ`�VQ�fZ ��� ] }�� h X�`���^>M VY] C)- IJG�V)C�V �Q�d���YVQX[Z`C � }VMBM��%��`_ZHG�V&�[Z��BM�� � }oZ����d� ����]_�>M Z���X>M�V
X�`��W�YV)C`C � �>1IV^M VY]sVY�fZHC 	 G[� �0GG� }��G��X=VY`\}�Z�V&� � X~}�`\}VMBM V^M  � 	�}���[�8"!  ���W�0/#[.[$!  | ���[� c.a$!
 ; ��M=2~c.E$! -

ID`�}�2[� Z����d�~}VMBM h � X~}�`�}VMBM V^M,�Y�d]7X��[Z\VY` }�`��0G[� Z\VQ� Z\��`�V)C }�`�V �^M9}VC`C�� �~V�2 }�C&V ��Z`G�VQ` U�Yf; |
� UF� ��1VM VeY ��C�Z�`���� Z����d�\; �>M Z���X>M�V | }�Z }_U Z\`�V }�] C �x�d`J;OYf; | ��; �>M�Z�� X�M V Y �>C�Z\`����YZ�� ���\; �>M �
Z���X>M�V | }oZ }�U Z\`�V }�] C � ���%��MBM�� 	 ����1 �WM h �[� �FCDZ } � �d�[�d] h  �WM h �'Q�7#! -WIJG[�=C@Z\} � �d���d] h 2�V �~�[V)C
Z 	�� ]7�d`�V7�^M9}�C C�V�C_��� }�`��0G[� Z\VY�YZ���`�V�C����~}�]sV^M h U#Y U | � U � �>1�M V Y ��C Z\`��[�YZ����d�PU � �>1�M V | }�Z\}
U Z�`�V }�] C � }��>2 ;OY U | � ; �>M Z���X>M VhY ��C�Z�`���� Z����d�BU ����1�M�V | }�Z\}&U Z�`�VQ}�] C �0-,U�Y U | `�VY�%VY``C Z��
�Q����<�VQ�fZ����d�~}9M �+C�VY`�� }VM <d��� 
�VQ��]s}��[�I]s}��0G[����V�C �@��� ZHG�V�C�V �Y�d]7X��[Z\VY``Cb}�Zb}�� h � ��C Z }��fZ��
�d��V C Z\`�VQ}�]���� ����C�Z�`���� Z����d��C � }���2BZHG[VQ`�V �%�d`�V�� �d�>M h �d��V ����C�Z�`���� Z����d�5X�`��W�YV)C C�����1 ���W��Z �
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�dX0VQ`�}�Z\V�C���� } C�����1�M�V52�}�Z } C�Z�`�V }�]\-J;OY U | 	��d��M 2 � � <d�VM=<�V_]_��M�Z�� X>M�V_X[`�� �QV)C C�����1&�[�[��Z`C
}�X�X�M h ����1�2W� � VQ`�VQ�fZ7� ��C Z\`����YZ�� �d�>CsZ��B} C � �>1�M V 2~}oZ\��] ��Z`G[� C Z`G�VQ�d`�VYZ�� �Q}VM X=��C`C���^[�BM�� Z h �=C
1dVY��VQ`�}VM=M h 2�VYVQ]7V)2 � ]7X�`�}��YZ�� �Q}VM -

� ��� ��� ����� �

I	��k] }9A �d`,�^M9}�C C�V�C ��� U�Yf; | ]s}��0GW� ��V�C V � �=C�Z��+�~}�]7V�M h <�VQ� Z\�d`LX[`�� �QV)C C��d` C }���2 }�`�`\} h
X�`��W�YV)C`C��d``C�-

� VQ� Z\�d`xX�`��W�YV)C C��d` Cx�[Z��BM�� �QV ]u�>M�Z�� X�M V X[��X0V�M � ��V�2 X[`�� �QV)C C�����1 V�M�VQ]7VQ�fZ`C Z�� }�X�X>M h �=2�VQ� �
Z���� }9M0}�`�� ZHG�]7V Z���� �dX0VQ`�}�Z����d��CxZ��u}62~}�Z\}4C Z\`�V }�] M ����V }�`fM h ��``1f}��W� C�V)2 ��� <dVQ� Z\�d` `�V�1��=C�Z\VY``C�-
� VQ� Z\�d` � C � �>1 �Q�d]7X[�BM�VQ``C�}�`�V�VQ]7X>M�� h V�2 Z\�_`�VQX>M }��YV,^>M��W�0/�C����!C�V�cF��VQ�fZ�� }VM+�Q�#2�V ^ h <dVY�YZ��d`
����C�Z�`���� Z����d��C)- �� }�]7X>M�V)C ���+C����Y�QV�C`C��%��M �Q�d]7]7VQ`��Y� }VM <dVY�YZ��d` ]s}��0G[����V)C�}�`�V,ZHG�V �JL d
	 �
a  L���C C0Q�[#! �xZHG[V ���d�fZ\`���M | }�Z\} ���d`�X0�d`�}�Z����d� ��	 g � LP7�a.a_C�VQ` � V�C  ].� �[� [ 7#! }���2 ZHG[V
�~��A � ZHC�� � N � 7�a.a  ; � �[`H[�8 ! -

d,`�`\} h X�`��W�YV)C`C��d``C Z h X[� �Q}VMBM h VY]sX�M � h } �QVQ�fZ�`\}VM"�Y�d�fZ\`��VM"���[� Z�}���2 ]u�>M Z���X>M V�X�`��W�YV)C`C��
����1BV�M�VQ]7VQ�fZHC 	 G[���0G��dX0VQ`�}�Z\V ���1X�}�`\}VMBM�V�M�}�X�X�M h ����1SZ`G�V C\}�]7Vk����C�Z�`���� Z����d� C�V)cF��VY���QV
�d� }�`�`\} h C7��� 2~}�Z } ���G} ������������������ ��� �{}�C G[���d� - d `�`�} h ]s}��0G[����V)C7� }��1}��0G[� V^<dV\G[�=1.G
X0VQ`��%��`�]s}����YVu`�}�Z\V�C 	 � ZHG_C��[� Z }�^>M�V_X[`��d^>M�VQ] �^M9}�C C�V�C 	 G�VY`�VuZ`G�VhC�}�]7Vu��X=VY`\}�Z�� �d� ]_��C Z
^0V X0VQ` �%�d`�]7V�2��d� 2[� � VY`�VQ�fZU2~}�Z\} C�}�]7X>M V X=��� �fZHC�- � VQ��VY`\}VMBM h ��X�}�`\}VMBM�V�M � C�] ]_��C Z ^0V
V � X�`�V)C C�V)2 V � X>M����Y� Z`M h ^ h Z`G�VuX[`��.1d`�}�]7]7VQ`��=}VM ZHG�����1.G �Y�d]7X[�BM�����1 Z�VQ�0G��W� cF��V�C � }�� }VM C��
^0V5��C�V)2 �%�d` ZHG[�=C X���`�X=��C�V�- �� }�]7X>M�V)C ���s}�`�`\} h X�`��W�YV)C`C��d``CB}�`�VIZ`G�V Y ] ]!Y d�� Y �
 � �d` 2�[ 7#! ��Z`G�V g ��`�`��d�>1.G�CxU �Y��VQ�fZ�� �~� Nx`�� �QV�C`C���` � g U>N��  d ��C�Z0Q�c$! ��ZHG�V Y �J] | �=C�Z�`���^��[Z�V)2
d,`�`\} h Nx`�� �QV�C`C���` � | d N��  L V)2>2'Q�c$! �oZ`G�V� � ��2 h V }�`Wd VQ`���C�X~}��YV ;_N N  g }�Z�� [.a$!W}��>2uZHG[V
���d���[VQ�YZ�� ��� ; }��0GW� ��V  ���BM=M [fe#! -

U�Yf; | ]s}��0G[����V�C }�`�V 	�V^M=MWC��W��Z�V)2 Z\�U2~}�Z\} X~}�`�}VMBM V^M�}�X[X>M���� }oZ����d��C C����0GB}�C 	�VQ}�ZHG�VY`
�%�d`�VQ� }VC�Z�����1 � ��] }V1dV5X�`��W�YV)C C�����1 � ���[��Z�V
C�Z\}�Z\VP}��~}VM h C��=CB}���2 1dVY��VQ`�}VMhM ����V }�` }VM=1dVQ^�`�}
X�`��d^>M�VQ] C)-
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;OYf; | }�`��0G[��Z�VQ� Z\��`�V)C VQ]7X>M�� h ]_�>M Z���X>M�VS�Y�d����VY�YZ�V)2 X[`�� �QV)C C��d` C 	 G[� �0G>� }��>V � VQ�Q�WZ\V
����2�VQX0VQ�>2�VQ�fZ&����C Z\`��[�YZ����d�KC Z\`�V }�] C)-K;OYf; | �Y�d]7X��[Z�VQ``C }�`�V � ������������������ � C h C�Z�VQ] C
�0G~}�`�}��YZ�VQ` ���YV)23^ h 2�VQ�YVQ�fZ\`�}VM�� �QV�2 G~}�``2 	 }�`�V �Y�d�fZ\`��VM - IJG�V h � � VY`S1d`�V }�Z�VQ` � V � ��^[�=M � Z h
ZHG�}�� Z`G�VY��` U�Yf; | �Q�d���fZ�VQ`�X�}�`�Z`C }���2&Z`G�V h C���X�X0�d`�Z G[� 1�G�VQ` M V^<dV�M+X~}�`�}VM=M�V�M �=C�] � C��[^�X�`�� �
1d`�}�] }���2 Z }�C / M�V�<�V�M=C ��	 G[���0G � }�� ^0V_V � X>M���� Z\V�2 ^ h � ��� � � � � � � ��������� �� }9M 1d��`�� ZHG�] C �
} M }�` 1dVuX[`��d^>M�VQ] �=C C�X�M�� Z,���fZ\�k}s� �[]_^0VQ`L��� C���^ � Z }�C /�C���	 GW� �0G �Q}�� ZHG[VQ� ^0V_V � VY�Q�[Z�V)2
�Q�����Q��`�`�VY�FZ M h �d� 2[� � VQ`�VY�fZ,X�`��W�YV)C C��d` C)-

IJG�V@2�V�1d`�VYV ��� �Y�d��X>M ����1P^0VYZ 	�VQVQ� X�`��W�YV)C C��d` C � }�Z�V)1d��`�� �QV)C�;OYf; | ]s}��0G[����V)C }VC
VY� ZHG[VQ`�Z�� 1�GFZ M h �d` M��W�.C�V�M h �Y�d��X>M�V)2 - Y �&Z��=1.GfZ`M h �Q�d��X�M V�2 � �d` C`G~}�`�V)2&]sVY]7�d` h � C h C�Z\VY] C��
X�`��W�YV)C`C��d``C��Q��]s]u���[��� }�Z�V_}���2 C h ���0G�`��d�[� �QVuZ`G�`�����1.G } 1�M ��^~}VM!C G~}�`�V�2 ]s}���� ]sVY]7�d` h -
Y �@M��W�.C�V�M h �Y�d��X>M�V)2 � ��` 2[�=C�Z\` � ^[�[Z\V�2S]7VY]s��` h � C h C�Z�VQ] C��DV }��0GSX[`�� �QV)C C��d` G�}�C,� ZHCL�
	 �
M��W�Q}VM C�Z��d`�Vb}���2 �Q��]s]u���[��� }�Z�V)C 	 ��Z`G ZHG[Vb��ZHG�VY`�X[`�� �QV)C C��d` C,^ h V � �0G~}���1�����1&]7V)C C\}�1�V)C
<F�9}�} ��VYZ 	��d` /�� -
	 � � ��� �� ��� � � ����� ��� ��� � C h C Z\VQ] CWG~} <dV�}VM C�� ^0VQVY�52[V�<dV^M ��X=V�2���	 G�VY`�V � �
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a  � U>L�! -
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]s} h ^0V ��C�V�2 - d,����ZHG�VY`�Z\VY�0G��[�=c �[Vb�>C�V)CJM�� � }VM+� }��0G�V ]7VY]s��`���V)C Z\� `�V)2��[�QV }��Y�QV)C C�V�C Z��
ZHG[V 1�M��d^~}VMF]7VY]s��` h - IJG[� C@� �fZ\`���2[���QV�C@ZHG[V��=C`C��[V ����]s}����fZ }����[����1L�Y�.G�VQ`�VQ��� h }�]7�d�>1 ZHG[V
]_��M�Z�� X>M�V �Y�dX[��V)CL���:ZHG�V C�}�]7Vh2~}oZ }sZ`G~}�Z,] } h V � �=C�ZL���_<�}�`����d��C X�`�� �QV�C`C��d``C �+� }��0G�V)C }oZ
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]s} h C���MB<dV�ZHG[�=C�X[`��d^>M�VQ] ^[�[Z ��C��~}9M=M h `�V)2[���QV ZHG�V�X0VQ`��%��`�]s}����YV ���=ZHG�V C h C Z\VQ]  ���BM=M [dc$!
 U Z\VY�~c.a$! -

� }�`����d��C }VM�Z�VQ`��~}�Z��B<dV�C �%�d` �Y�d����VY�YZ�� ��1 ]u�>M�Z�� X�M V X�`��W�YV)C C��d` C Z\� C G~}�`�V�2 ]7VQ]7�d` h
G~} <dVS^0VQVQ��X�`���X=�.C�V)2 - UW]s}VMBM ] }��0G[� �[V)C 	 � ZHG�`�V^M9}�Z��=<�V�M h �%V�	 X�`��W�YV)C C��d` C Z h X[��� }VMBM h
�%V }oZ\��`�V } Z�� ]7V�� C`G�}�`�V�2
2~}�Z\} ^���C � X�`�� �QV�C`C���``C_�Y�d�fZ\V�C�Z �Y�d�fZ\`��VM�����ZHG[�=CuZ�� }��Y�QV)C C_ZHG[V
C�Z��d`�VV- g ��C C�}�Z\�[`\}�Z�� �d�BX�`��d^>M�VQ] C ]s}�/�V ZHGW� C6C��0G[VQ]7Vs����V � VY�YZ��B<dV7�%�d` M }�` 1dV X�`�� �QV�C`C��d`
�F��]_^0VQ` C)-��WM�V � � ^�M Vb���d`�X=��`\}�Z�� �d� �FC �+M V � �VE 7 �[Z`G�V � ���Q��`�Vb���d]7X��[Z�VQ` �FCe; �>M Z���]s} � }���2
ZHG[V UWV)cF��VY�fZ g }VM9}����QVL]s}��0GW� ��V�C  ���W�0/#[.["!+}�`�V,V � }�]7X>M�V)C ��� ^���C ^�}�C�V�2 }�`��0G[� Z\VY�YZ\�[`�V)C�-
��`���C`C�^�}�` � �fZ�VQ`��Y�d����VY�YZ�� �d��Z\VY�0G�����M��.1 h ��C�V�CB} �Q`��.C`C�^~}�` C 	 � Z\�0G���� � � �Q`���C`C�X0�����fZHC
Z\�B�Y�d����VY�YZ � X�`�� �QV�C`C���``C7Z\� � ]7VQ]7�d`���V)C�- � }�`���V�1�� VO; V^M=M��d�G]_�>M Z�� � ] ���[� � X�`��W�YV)C`C��d`
� � - ]7]7X �  � �>M � Q.7#! 	 }�Ck^�}�C�V�2>��� ZHG[�=C&���FZ�VQ`��Q�d���[VQ�YZ�� ���DC��0G�VQ]7V�- N@�
	�VQ`��,X[� �[�d�[Z��
}���2 C�� �QV �Q����C��=2�VQ`�}�Z����d��Cs]s}�/�V �%�>MBM h �Q�d���[VQ�YZ�V)2 �[VYZ 	��d``/�CU<�VQ` h V � X=VY��C��B<dV ^=VY� }���C�V
ZHG[Vs�Y�d]7X>M�V � ��Z h 1d`��
	 C_}�C Z`G�V C`cF�~}�`�V&��� ZHG�V7�F��]u^=VY`_����X�`�� �QV�C`C��d``Cu}���2S]7VQ]7�d`���V)C�-
; �>M Z��=C�Z\}�1dV�� �fZ\VY`��Y�d����VY�YZ����d� �[VYZ 	��d``/�CJC����0Gk}�C | V�M Z }b}���2? ]7V�1f}u��V Z 	���``/�C  N:}�Z�V Q�c$!
X�`���<F�=2�VBZHG�V C\}�]sVS�Q������VQ� Z��B<F��Z h }�C �Q`��.C`C�^~}�` ��V Z 	��d` /�C ^��[Z }�Z `�V)2����YV)2��Q�.C Z�� �u}��
V � }�]7X>M�V ���L} ]u�>M�Z��=M�V�<�V�MeC 	 � Z\�0G[����1I��VYZ 	��d``/ ^~}VC�V)2G]s}��0G[����V � C ZHG[V\Y�MBM � ����� C ��V)2�}�`
�Q��]sX[�[Z\VY`  �b}VA C`[.E$! 	 G[���0G ��C�V�Cx}�� ?L]7V)1d} ��V Z 	��d` /uZ��,�Q������VQ� Z��^M ��C Z\VY``Cx���~X[`�� �QV)C C��d` C
Z\� 1�M��d^~}9M�]7VQ]7�d` h ]7�#2��>M�V)C�-

d,����ZHG�VY` X�`��d^>M�VQ] }�C C�� �Y� }�Z\V�2 	 � ZHG C G~}�`�V)2 ]7VQ]7�d` h }�`��0G[� Z\VY�YZ���`�V�C �=CsZ`G�V �=C`C���V
��� � � � � �� ��� ��� � �� ��� �b�~}�]7V�M h X[`�V�<�VQ�fZ�����1�}1Z }VC`/��%`��d] }��Q�YV)C C�����1 }KC G~}�`�V)2 2~}�Z\}
C�Z�`���� Z\��`�V 	 GW�=M�V�Z`G[� C �=C@^0VY����1�]s�#2[� �~V)2u^ h } 2[� � VQ`�VY�fZ�X~}�`�}VMBM V^MfZ }�C /*-�U �=1d�~}VM=C  � ��`�Z Q�Q#! �
C�VY]s}�X�G��d`�V)C  | �bA /#i.[#! �W�Y�d��2[� Z����d�~}9M"�Q`�� Z���� }9M=`�V)1����d��C  � �f}�`HQ.7 !  �,}���C0Q�E#! � }���2 ]7�d�[� Z\�d` C
 � �f}�`HQV8$!,}�`�VOC��0G�VQ]7V)C Z`G~}�ZSG~} <dV ^0VQVY� 2�V�<�V�M��dX0V)2 Z\��C���MB<dV ZHG�V ]_�[Z��~}VM V � ��M���C����d�
X�`��d^>M�VQ] - ]D}���1d�~}�1�V)C�^�}�C�V�2 ��� ZHG�V�C�V �Q�����QVYX[ZHC G~} <�V }VM C�� ^=VYVQ��2�V^<dV^M �dX0V)2 ������M���2[����1
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; V�C`C\}V1dV X~}�C C�����1 ;OYf; | ] }��0G[� �[V)C G~} <�V X�`������ � X~}9M=M h ^=VYVQ� �Y�d��C�Z�`���� Z\V�2 � � }�� V � �d` Z
Z\�7X�`�� < �=2�Vb}�`��0G[��Z�VQ� Z\��`�V)C 	 � ZHG ZHG[V X=��Z�VQ�fZ�� }VM�Z�� C�� }VM�V ��X � �fZ\� C h C Z\VY] C �Q�d�>C��=C�Z�����1s���
]s}�� h ZHG[�d��C\}���2�C����:X[`�� �QV)C C��d` C)-

Y � 2[�=C�Z�`���^��[Z�V)2P]7VQ]7�d` h }�`��0GW��Z�VQ�YZ���`�V�C � � X�`�� �QV�C`C���``C }�`�V7�Q�d�[��VQ� Z\V)25^ h }��B���FZ�VQ`��
�Q������VQ� Z����d� ��V Z 	��d` / �&^���C�� ^~}VC�V)2��Y�d����1d�[`\}�Z�� �d�>C }VM=C�� V � �=C�Z �{V�-b1�-�Z`G�V N L Y 
 �4] �
�Q��]sX[�[Z\VY`  � � �0/#[.["! � ^��[Z }�`�V ����Z �Q�d]7]7�d� -

IJG�V ��V Z 	���``/ ZHG~}�Z X�`���<F�=2�V)CL�%��`�Z`G�V_�Y�d����VY�YZ����d� ����ZHG�VuX�`�� �QV�C`C��d``C,��� }&]7V�C`C\}V1dV
X~}�C C�����1 C h C�Z�VQ] � }�� ^0VPVY� ZHG[VQ` C�Z\}�Z����P�d` `�VQ�Y�d����1���`\}�^�M VV- Y � Z`G�V �~` C�Z �Q}�C�V��_ZHG[V
�Q������VQ� Z����d��C ^0VYZ 	�VQVY� Z`G�VLX�`��W�YV)C`C��d``C�}�`�V � � V�2 }���2kX=VY`�]s}���VY�fZ - Y ��C�Z\}�Z���� ��VYZ 	��d` /#C��
�Q��]s]u���[��� }�Z�� ��� ^0VYZ 	�VQVY� ���d� � ��V � 1.GF^0�d��` � ��1 X�`��W�YV)C C��d` CS�Q}�� `�V�C��>M ZB� � C � 1d�W� �~�Q}��fZ
M }�Z\VY��� h }�C@2~}oZ }1�=C_cF��VY��V)2 }���2 �%��` 	�}�``2�V�2 ^ h ���fZ\VQ`�]7V)2[� }�Z\V �[��2�V�C Z\�1`�VQ}��0G ��Z`C
2�V�C�Z����~}�Z�� ��� - � }�`����d��C ���fZ\VQ`��Q�d�[��VQ� Z����d� ��V Z 	���``/ Z\��X=��M��.1���V)C G�} <�V ^=VYVQ� X�`��dX0�.C�V)2
Z\� C���X�X0�d` Z V � X~}��>2~}�^[�BM�� Z h }���2 C��Q}VM9}�^[�=M � Z h }���2�Z\� ] ���[� ] � �QV
M }�Z\VY��� h �%�d` �QVQ` Z }����
��M }�C C�V)Cs��� X�`���^>M VY] C  U ��V)1 [de#!  L�VYV)2�[ Q$! ��Z`G�V)C�V �����^M ��2[V ` � ��1�C�� 1d`��=2 ^~}�C�V�21�[VYZ 	��d``/�C
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}VMBM �
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V � VY�Q�[Z�V)2 - IJG�V �Q�d�fZ\`���M*2�`��B<dVY� ]7��2[V�M0���.�Y�d]7X��[Z\}�Z����d�&�=C C���X�X0�d`�Z�V)2 ^ h �Y�d� <dVQ�fZ�� �d��}VM
��]sX0VQ`�}�Z��B<dV6M }���1d�~}V1dV)C C��[�0G }�C �  � VQ`���[.[$! -

IJG�V }�2><�VQ�fZ:���WX�}�`\}VMBM�V�MF}�`��0G[� Z\VQ� Z\��`�V)C+G~}�C `�V�C��>M Z\V�2b���b} C�Z\`��d��1 ���FZ�VQ`�V)C�ZD���42W� � VQ`�VQ�fZ
�Q��]sX[�[Z }�Z�� ����]7�#2�V�M=C 	 GW� �0G G�} <�VSZ`G�VBX=��Z\VQ�fZ��9}VM �%�d`kX�}�`\}VMBM�V�M V � VY�Q�[Z�� �d� }���2>��V�	
X�`��.1d`\}�]s] ����1 C�Z h M�V)CL}���2\M }���1��~}�1dV�C Z�� C���X�X0�d` Z�Z`G�VQ] -

Y � Z`G�V � � ��� � � ��� �� ]7��2[V�MD�����Y�d]7X��[Z\}�Z����d���0}�� � ��C Z\`����YZ�� �d� ] } h ^0VuV � VQ�Q�WZ\V)2B}VC
C�� �d� }�C ZHG�Vb��VY�QV)C C\}�` h 2�}�Z }s}�`�Vb} <�}��BM9}�^�M V�� 	 � ZHG[�d�[Z�Z }�/f����1s���fZ\�&}��Q�Y�d���fZ � ZHC Z�V � Z\�~}9M
X0�.C�� Z����d�7� �7ZHG�V X�`��.1d`�}�] - IJG[�=C�]7�#2�V�M~�=C C���X[X=�d` Z\V�2 ^ h �� � � � � � �	�� � � � �� � M }���1��~}�1dV�C
C��[�0G }�C U�Y U#d ]  g�
�.G�]sc[a !�}���2
] � � Y |  d C��0G�Q.Q$! - | }�Z\} � �
	 ]s}��0G[����V�C �Q�d��C Z�� Z\�[Z�V
��]sX�M VY]sVY�fZ }�Z�� �d�>C,���DZHG�V62~}oZ } 2�`��B<dVY� ]7�#2�V�M ���@�Q��]sX[�[Z }�Z�� ��� -

Y � ZHG�V � ��� � � � � ���� �� ]s�#2�V^M ��}�� �dX0VQ`\}oZ����d� �=CLX0VQ`��%��`�]7V)2 �d��M h 	 G�VY�B� ZHC `�V�C��>M Z
�=C `�V�c �W� `�V)2 -�� ������� � ��� ���� � � � � �����	�  � M }�CH[�8$!  L�VQ}�2�[dc$! C����0G }�C �ed U ��� ] ]  � �>2~}dc.a$!
}�`�V 	�V�MBM C��[� Z\V�21�%�d` Z`G[�=Cs]7�#2�V�M � 	 GW�=M�VO1�`\}�X�GG`�V�2���� Z����d� }�`��0G[� Z\VQ� Z\��`�V)CsX�`�� <F�=2�V �%�d`
ZHG[VY��`�V �s�Y��VQ�fZ ��]7X>M�VQ]7VQ�fZ }oZ����d� -
 � � � � � � � � � �����	� }�`�V�^~}�C�V�2 �d��� � � � �� � � � ��� �� ]7�#2�V�M=C����.�Q��]sX[�[Z }�Z�� ���  d M ]s}.[�c$! -

Y � Nx`���M��.1  � M�� � [[a !:�%�d`,����C�Z\}����QV��DZ`G�V V � VY�Q�[Z�� �d�I����}kX�`��.1�`\}�] �Q�d��C � C ZHC ����}�C�V }�`��0G
�%�d`,�{}��YZHC � X~}�Z�Z\VY`���C ��	 G[� �0G C\}oZ��=C�� h }1��=<�VQ� cF��VQ` h � ZHG[V_�{}��YZ`C }�`�V_�d``1f}��[���YV)2 Z�� �%�d`�]
}SC�V }�`��0GBZ�`�VYV 	 G[���0GS]s} h ^0VhC�V }�`��0G�V)2B��� X~}�`\}9M=M�V�M � ��C � ��1�d 
 | � X~}�`\}9M=M�V�M � C�] ��` ? L �
X~}�`�}VMBM V^M��=C�] �0-
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IJG�V ZHG�`�VQV }��%��`�VQ]7VY�FZ�� ����V)2�]7��2[V�M=CS��� �Y�d]7X��[Z\}�Z����d� C���X[X=�d` Z �~��V 1d`�}���� X~}�`��
}VMBM V^M��=C�] 	 G[���0G �=C Z`G�V5`�V)C�X0�d��C � ^W�=M ��Z h ���uZHG�VI�Q�d]7X[�BM VY` Z��1V � X�M ��� Z - ��� 	�V�<�VQ`��uZHG[V
X�`�V)2��d] ���~}��fZ �Q�d]7X��[Z\}�Z����d�~}9M ]7��2�V^M �%�d` ;OYf; | }�`��0GW��Z�VQ�YZ���`�V�C�� �=C7^~}�C�V�21�[X=�d� ZHG[V
�Q�����QVYX[Z ��� �Y�d���Q�[`�`�VY�fZ X�`�� �QV�C`C�V�CLZHG~}oZ �Q�d]7]u���[��� }�Z�V7}���2@C h �[�0G�`��d�W���YV7Z`G�`�����1.G ZHG[V
V � �0G~}���1dV_���x]7V)C`C�}�1dV�C � ]7V�C`C\}V1dV_X~}VC`C�����1 � �=Z`G[� C�]7��2[V�M � C�	�V�MBM C��[��Z�V)2 Z��U2W� C Z\`���^��[Z�V)2
]7VQ]7�d` h ]s}��0G[����V)C ZHG�����1.G ��Z�� }�� }VM=C�� ^0V ��]7X>M�VQ]7VQ�fZ\V�2&�d� C G~}�`�V�2 ]7VY]s��` h C h C�Z\VY] C)-
IJG�V X�`��W�YV)C C ^~}�C�V�2 ]7��2�V^Mx��� �Y�d]7X��[Z }oZ����d� V � X>M���� ZHC ZHG�V �� � ���� � � � � � X~}�`�}VMBM V^M��=C�] ���
X�`��.1d`\}�] C }���2 � }VMBM C��%�d`=ZHG�V � ` X~}�` Z�� Z����d�[����1 � �fZ�� } �F��]u^=VY`@����2W� � VQ`�VQ�fZDX�`�� �QV�C`C�V�C 	 GW� �0G
X0VQ`��%��`�] 2W� � VQ`�VQ�fZ X~}�` ZHCx���0ZHG�V � <�VQ`\}9M=M0}VM=1d�d` ��Z`G�] � - IJG[V�X�}�`\}VMBM�V�M~X�`��W�YV)C C�V)C ]s} h ZHG[VQ�
^0V ] }�X�X=V�25�d�fZ��\2W� � VQ`�VQ�fZ_X[`�� �QV)C C��d` C ����Z`G�V7X~}�`�}VM=M�V�M }�`��0G[� Z\VY�YZ\�[`�V�-UIJG�V 2�V Z\VQ� Z����d�
���u}VM=1d�d` ��Z`G�] � � X~}�`\}VMBM V^M��=C�] }���23ZHG�VB]s}�X�XW� ��1 ��� Z`G�V `�V�C��>M Z�����1GX~}�`�Z���Z�� ���[� �>1G���FZ��
ZHG[VL]_�>M Z���X>M�V X�`�� �QV�C`C��d``C ���@}���;OYf; | ]s}��0G[����V }�`�V Z 	��7]s}VA �d`�X�`��d^�M VY] C }VC`C�� �Y� }�Z�V)2
	 � ZHG Z`G�V_X�`��W�YV)C C,^~}�C�V)2 ]7�#2�V�M@���x�Y�d]7X��[Z\}�Z����d� - Y 2�VQ}VM=M h �0ZHG�V6M }�Z�Z�VQ` Z\}�C`/ C G��d�>M=2 ^0V
X0VQ`��%��`�]7V)2&}��[Z\��] }oZ���� }VMBM h �WZ`G��d��1.G7���1dVQ�[VQ`\}9M0� Z � C ZHG�V X�`���1d`\}�]7]7VQ` �FC�`�V�C�X0�d��C���^[�BM�� Z h �
�0G~}�XWZ\VQ` Q 2[� C��Q��C C�V�C G��
	 ZHGW� C�X�`���^>M VY]PG~}�C ^0VQVQ� Z }��0/ M�V)2 	 � ZHGW� � ZHG�V �Q���FZ�V � ZL���:ZHG[V
`�V�C�VQ}�`��0G X�`�V�C�VQ�fZ�V)2 ��� Z`G[�=C Z`G�V)C � C�-

� }�`����d��C X�`�� �QV�C`C ^~}�C�V�23X�`���1d`\}�]7] ����15]7�#2�V�M=CSG~} <�V ^=VYVQ� X[`��dX0�.C�V�2�� ������M���2[����1
N ]!Y I U � Nx`��.1d`�}�]7] � ��1 ] }��>1d�~}�1dVb� � Z`G�VsU�/ h �  �"V^M 2�Q�c$! �!].� ��2�}  deG �VAf[.i$! ��}���2S� U>N
� ����]s]u���[��� }�Z�� �>1�U V)cF��VQ�fZ��9}VM N `��W�YV)C C�V)C �  ���f}�`0QV[#!  � �d}�`H[fe ! - IJG[V)C�V 2W� � VQ`&��� ZHG[V
�~}�] ����15�Y�d� <dVY�FZ�� ��� Z`G�V h ��C�V Z\�S`�V �%VQ`sZ\� C�VQ��2[VQ`k}��>2�`�VY�QV �=<�VQ`kX�`��W�YV)C`C�V)Ck}���2�ZHG[V
C�VY]s}��fZ����)C,���@Z`G�VY��` �Q�d]7]_�[�[� �Q}�Z����d� -

&�� ��� � � � �ul*$
$ByW Dp �.���(p   n �.j��.y j# %�(p �~z � m(l!�dj q qQj q

IJG�V�ZHG�VY�d`�V Z���� }VM+]s�#2�V^M=���D���d]7]_���W� �Q}�Z�����1 UWV)cF��VY�fZ�� }VM!Nx`�� �QV�C`C�V)C �=C��d��V ���.Z`G�V,]7�.C Z
V�M�V)1d}��fZWC��0G�VQ]7V�C 	 G[���0GhG~} <�V�^0VQVY�uX�`��dX0�.C�V�2u�%�d`�X�`��W�YV)C CD^�}�C�V�2_X~}�`�}VMBM V^Mf�Q�d]7X��WZ }�Z�� �d� -

� ��Z`G[���_ZHG�V �%`\}�]7V 	��d` /u���0� U>N ��} X�`��.1d`�}�] � C:},�Q�VM=M�VQ� Z����d� ����C�V)cF��VY�FZ��9}9M~X�`�� �QV�C`C�V)C
��� �-(�� !9!9�4+���
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	 G[���0G V � VY�Q�[Z�V }�C h ���0G�`��d���d�>C M h }��>2&�Q�����Q��`�`�VY�FZ M h }���2 �Q�d]7]_�[�[� �Q}�Z\V,^ h V � �0G�}���1�����1
]7V)C C\}�1dV�C�Z`G�`�����1.G ��� � ��� ��� � -

IJG�V&�Y�d]7]_���W� �Q}�Z����d�P�=C_���F^�� � VQ`�V)2��xX0�����fZ � Z���� X0�����fZ_}���2
C h ���0G[`��d������C)-Od �Y�d] �

]_�[�[� �Q}�Z����d� `�V)cF�[��`�V)Cb} � �� � ����� ��� � ^0VYZ 	�VQVQ�BZHG[VhC�VY��2�VY` }���2 ZHG[V_`�VY�QV �=<�VQ` X�`�� �QV�C`C�V)C
}���2 	 �BM=MxZ\}�/�VsX>M }��QV7�d�>M h � ��^0��ZHGBZHG[V)C�VsX�`��W�YV)C`C�V)C5G~} <dVs`�V)cF��V�C�Z�V)2PX~}�`�Z����Y��X~}�Z�� ���S���
C��[�0G }��k}��YZ��=<F� Z h ����ZHG[VQ` 	 �=C�VLZ`G�VLX�`��W�YV)C C ZHG~}�Z }�`�` �=<�V)C }oZ�ZHG[VL`�VY��2�V �^<d�d�>C ��``C�ZJG~}�C�Z��
^>M��W�0/&���fZ��BMDZ`G�V �Q�d`�`�V�C�X0�d��2[����1 }��YZ�� �d� �=C�`�V }��0G[V)2 }oZ ZHG�V ��Z`G�VQ` VQ�>2 ���DZHG[Vb�0G�}�����V^M -

d 1d�~}�` 2�V)2k����X��[Z��Q����C�Z�`���� Z  | �bA />Q�e#!.�=C } <�}��BM9}�^>M V 	 G[���0G X[`�� <F� 2�V�C�Z`G�V ]7V }��>C��%�d`
} `�VQ�YVY�B<dVQ` X[`�� �QV)C C }�`�^[� Z\`\}�`��BM h Z\�OC�V^M VY�YZ Z�� �Q��]s]u���[��� }�Z�VS<F�9} �d��Vs��� C�V^<dVY`\}VM�� ��X[�[Z
�0G~}��[��V�M=C 2�VQX0VQ��2W� ��17�d� Z`G�V `�VQ}�2[����V)C C �d`���Z`G�VQ`�	 � C�V ��� ZHG�V�C�V �0G~}��[��V�M=C �~ZHG[VL�0G������QV �=C
���d�>2�VYZ�VQ`�] ���[�=C�Z�����-

� ��� & � � 
�� 
��� �&% + ' � 
%��/ �� �#+-�

� � ZHG ZHG�Vu}���] ����X[`�� <F� 2[����1&}sX�`�}��YZ�� �Q}VM `�VQ}VM ���Q}�Z����d� ���@Z`G�V � U�N ]s�#2�V^M �����Y�d]7X��[Z } �
Z����d���=� �BV }�` M h a$c.[�a�C Y ��]7�.C6].��]7� Z\V�2 2�V�<�V�M��dX=V�2IZ`G�V � ��� �� X�`���1d`\}�]7] ����1M9}���1d�~}�1�V
 Y ��]7� [.[$! }���2 ZHG�V � � � � � � ��� ��  Y ��]7� [.i$!  Y ��]7� [�[d}$! ��} ] ���Q`���X�`�� �QV�C`C���` 2[V)C��=1d��V�2GZ��
C��[X�X=��`�Z ZHG�V V � VY�Q�[Z�� ��� ���@�W�Y� }�] -

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

IJG�VL^�}�C���� ���[� Z ����Z`G�V,� �Q�Q}�] M }���1��~}�1dV
	 � C�Z`G�V � ��� �	�	�	� - IJG�V,�Q�d���YVQX[Z ����ZHG�VLX[`�� �QV)C C
� }��1^0V<F� V 	�V�23}�Z7]s}�� h M V^<dV^M C 	 ��Z`G[��� }�� � �Q� }�] X�`���1d`\}�]
� ZHG�V�M��
	�V�C�Z ^=V � ��1BZHG[V
�Q��]s]s}��>2 M�V�<�V�M - ? �Y� }�] X�`��.1�`\}�] C }�`�V ^��[�BM�Z �%`���] ZHG[`�VQV � � ��� � � ��� � X[`�� �QV)C C�V�C��~}�]sV^M h
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� �	�� � � � �� � � � � � � � }���2 ����� � ��� �

� ����� � � }�C`C � 1�� V � X[`�V)C C����d� � Z\� <�}�`�� }�^>M�V �

� ��� � �x�d�[Z�X��[Z�V � X�`�V)C`C � ��� � Z��7�0G~}�����V^M � � C�VQ�>2 �

� ��� � �x� �[X��[Z <�}�`�� }�^>M�V � �%`��d] �0G~}��[��V�M � � `�VY�QV �=<�V �

� G~}����[V�M=C }�`�V �>C�V)2 Z�� VQ�~}�^>M VuZHG�V V � �0G~}���1dV7��� ]7V�C`C\}V1dV)C ^0VYZ 	�VQVY�I�Y�d���Q�[`�`�VY�fZ`M h
V � VY�Q�[Z�� ��1 X�`�� �QV�C`C�V)C)- IJG�V6C�VY] }��FZ�� ��C,���@� �Q� }�]��0G~}��[��V�MD�Q��]s]u���[��� }�Z�� ����CL}�`�V ^~}�C�V)2
�d� � U>N+- d>�Y�d]7]_���W� �Q}�Z����d� Z`G�`�����1.Gs} �0G~}�����V^M"� Cx���W� 2[��`�VY�YZ�� �d��}VM � ���F^�� � VQ`�V)2�� X0��� �fZ��
Z\� � X0��� �fZ��[}��>2C h ���0G�`��d���d�>C �0}�C���� � U>N ��}hC�VQ��2�VY` }���2 }u`�VQ�YVY�B<dVY` G~} <dVLZ\�_V)C�Z\}�^>M � C G }
`�VY��2�V ��<d����C ��� ��``2�VY` Z��7�Q�d]7]_�[�[� �Q}�Z\VV-

IJG�VbX�`���] ��Z��=<�VuX�`��W�YV)C C�V)C ]s} h ^=V �Q��]_^[����V)2 Z\� �%�d`�] ����� ��� � ����� � �

�
	 � �~�Q�d��2W��Z�� �d��}VM

�����	 �� �[� Z\VQ`�}�Z��B<dV

��� ��� ��C�V�c �[VQ�fZ�� }VM

�
����� �~X�}�`\}VMBM�V�M

��� �� �"}VM�Z�VQ`��~}�Z��B<dV

d��Y�d��C�Z�`���� Z_�=Cu� ZHC�V�M �,} X�`�� �QV�C`C_}���2P]s} h ^=V ��C�V�2 }�C_} �Q�d]7X0�d��VY�FZ ��� }�����ZHG�VY`
�Q����C�Z�`���� Z - IJG�VhC��Q�dX0V_����ZHG�V�C�V �Y�d��C Z\`��[�YZHC�� C�� �>2[� �Q}�Z\V�2 ��� ZHG�V Z\V � ZL����Z`G�VbX�`��.1�`\}�]
^ h ����2�VQ�fZ\}�Z����d� � } C�����1�M�V ���[� Z ���0� �>2�VQ�fZ }oZ����d�7^=V � ��1 Z 	��5C�X~}��YV)C �H- IJG�V V � VQ�Y�[Z����d�s���=}
�Q��]sX0�d���>2 �Q�d�>C�Z\`����YZ Z\VY`�] � ��}�Z\V�C 	 G�VY� }VMBMDZ`G�V_X[`�� �QV)C C�V�C 	 ��Z`G[��� ��Z �{� - V�- �Q����C�Z�`���� ZHC
}���2 X�` � ] � Z��B<dVbX�`�� �QV�C`C�V�C � G~} <dV Z\VY`�] � ��}�Z\V�2 -

Y � }���2 � �eY ] � �Q�d�>C�Z\`����YZ`C&}�`�VkZHG�V C Z }���2�}�``2G�Q�d�>2[��Z�� ���~}VM�}���2 � Z\VY`\}�Z��=<�V �Y�d] �

]s}���2�C `�V)C�X0VQ� Z��B<dV^M h �+VQ�[�Q�d���fZ�VQ`�V�2 ��� }9M=M���]7X=VY`\}�Z��=<�V4M }���1d��}�1dV)C�-
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SEQ
   P1
   P2
   PAR
     P3
     SEQ
       P4
       P5
     P6
   P7
 :

�@� 1���`�V57�- a � IJG�V � C�Vu���@Z`G�V5? �Y� }�] U � � }���2ON%d L ���d��C Z\`��[�YZHC

&�� � � � � � r_t j � � R��� Dv � ��� �ul* @q�� m�y+���(q

IJG�V7]7��2[V ��� X�`�� �QV�C`CbV � VQ�Y�[Z����d�B� C62�VY��M }�`�V�2I��C � �>1 Z`G�VsU � � }��>2�N*d L �Y�d��C Z\`��[�YZHC�-
Nx`�� �QV�C`C�V�C 	 GW� �0G&}�`�V 1d`��d��X0V)27��C�����1_U � � }�`�V V � VQ�Y�[Z\V�2&� � C�V)cF��VQ�fZ��9}VM �WZ�V � Z\��}VM"�d``2[VQ`)-
Nx`�� �QV�C`C�V�C51�`��d��X0V)2S^ h ]7V }��>Cb���JN*d L ��}�`�V7����Z `�V)C Z\` � � Z\V)2BZ\� }�� h C�X=VY�Y� �~�s�d``2�VY` ���
V � VY�Q�[Z�� �d�S}��>2 ]s} h ZHGF��C ^0V_V � VQ�Q�WZ\V)2B��� X~}�`�}VM=M�V�M - U � � }���2 N*d L��Q�d�>C�Z\`����YZ`C ]s} h
^0V �Q�d]u^[� �[V)2 Z��b}VM=M��
	1Z`G�V C�X0VQ� � �~�Q}�Z����d�s���+}�`�^[� Z\`�}�`��BM h �Q��]sX�M V � V � VQ�Y�[Z����d� �d``2�VY`�����1.C �
ZHG[V �d��M h `�V)C�Z�`����YZ�� �d� � C�}�2�G�VY`�VY���QV,Z��bZ`G�V��Q�d]7]_�[�[� �Q}�Z����d�k`��>M V�C �{V�-b1�-xX~}�`�}VMBM V^M=���[Z\X��WZ
Z\� Z`G�V6C\}�]7Vb�0G~}�����V^M � C �BM=M�V)1f}9M �H-

Y � ��1d�[`�V 7�-�a	�WX�`��W�YV)C C�V)CJN a,}���2�N 7 	 �=MBM+V � VQ�Q�WZ\V C�V)cF��VQ�fZ��9}VMBM h - � X0�d�&�Y�d]7X>M V Z����d�
���WN 7uZHG�V6N*d L>�Q�d��C Z\`����YZ �=C }��YZ��=<�}�Z�V)2 	 G[���0G }9M=M��
	 C X�`�� �QV�C`C�V�C N E ��N i }���2 }�� h �d�[V
����Z`G�V X�`��W�YV)C C�V)C6N 8k}���2 N esZ\� V � VQ�Y�[Z\V �Y�d���Y��`�`�VQ�fZ`M h � N 8 }���2 N eUG~} <�V_Z\� V � VQ�Q�WZ\V
C�V�cF��VQ�fZ�� }VMBM h - � X=�d� ZHG[V Z�VQ`�]7���~}�Z�� ��� ���DZHG[V5N*d L �Y�d��C Z\`��[�YZ��*N Q � C V � VY�Q�[Z�V)2 -

?L�Q� }�] }VMBM�� 	 CuZHG�V � � � � � � � � � ��� ��� Z`G�VkU � � }���2 N*d L �Q�d�>C�Z\`����YZ`C ^ h X�`�� < �=2[����1
}��PV � Z\VQ�>C����d�1��� ZHG�V � `5C h �fZ } � - d `�VYX>M � �Q}�Z\V�2GU � � �Y�d`�`�V)C�X0�d��2>C Z\� Z`G�V �+? L �Y�d] �

]s}���2�� VQ�[�Q�d���fZ�VQ`�V�2 � � ]7�.C�Z � ]7X0VQ`�}�Z��B<dV M }���1��~}�1dV�C)- IJG�V X~}�`�}VM=M�V�M0`�VQX>M � �Q}�Z\��` �=C�]7�d`�V
���FZ�VQ`�V)C�Z�� �>1 �~�%�d` 	 ��Z`G � Z }�`�`�} h C ���@X~}�`�}VMBM V^M ���=2�VQ�fZ�� �Q}VMDX�`�� �QV�C`C�V�C,]s} h ^0V4C�X=VY�Y� �~V)2 -

Nx`����d`�� Z���V)Cu}�]7�d��1 X~}�`�}VMBM V^M X�`�� �QV�C`C�V�CuV � VQ�Q�WZ�����1 �d�BZHG[V C�}�]7V7X�`�� �QV�C`C���`u]s} h ^0V
VQ�W�%�d`��YV)2 ^ h Z`G�VB��C�VS���_Z`G�V�N L Y&��X=VY`\}�Z��d` �{� - VV- N L YN%d L � � ZHG�VBX�`�VQ�QV�2�VQ�[�QV5���
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  BOOL ready:
  CHAN OF BYTE ch1, ch2:
  BYTE any:

  ALT
    ch1 ? any                --input guard of process P1
      P1
    ready=TRUE & ch2 ? any   --input guard of process P2
      P2
  :

�@� 1���`�V57�-:7 � IJG�V5?L�Q�Q}�]Pd ]�I ���d�>C�Z\`����YZ

ZHGW� C � }VC�V7� C62�VY��M }�`�V�25^ h ZHG�V Z�V � Z\�~}9M���``2�VY`b����Z`G�V7X�`�� �QV�C`C�V�C 	 � ZHG[���IZ`G�V N L Y N%d L
�Q����C�Z�`���� Z -

IJG�VxZ\`�}���C�X[�[Z\VY` ��]7X>M�VQ]7VQ�fZ }oZ����d�u���W� �Q�Q}�]ZC���X�X0�d`�Z`C�Z 	�� M�V�<dV^M CD��� X�` � �d` ��Z h ����}�]7V�M h
� ��� }���2 ��� ��� - ]��
	 X�` � ��`�� Z h X�`��W�YV)C`C�V)C }�`�VLZ�� ]7V�� C M ���QV)2 }���2 }�`�V V � VQ�Y�[Z\V�2 �d�>M h 	 G[VQ�
ZHG[VQ`�Vs� Cu��� }��YZ��B<dVSG[� 1�GPX�`����d` ��Z h X�`��W�YV)C`C�V)C�- ���=1.GPX[`����d`�� Z h X�`�� �QV�C`C�V�C7}�`�Vs����ZbZ���]7V
C M ���QV)2 - g ��ZHG��.M �
	�}���2 G[�=1.G X[`����d`�� Z h X�`��W�YV)C C�V)C�}�`�V 2�V)C��0G�V)2���M V�2 V }��0G7Z���]7V ZHG�V h ��VYV)2
Z\� 	�}�� Z ��� } �0G~}�����V�MD�d` } Z�� ]7VQ` �Y�d]7]_���[��� }oZ����d� � C�VQV6C�VQ�YZ�� ��� 7�-Fi>- a.-:E �0- g�h 2[VY�{}��>M Z��
� �Q� }�] X�`�� �QV�C`C�V)C�V � VQ�Y�[Z\V_}�Z M �
	 X�`����d`�� Z h -

&�� � � � � & r_t j@� � r �ul% Dq��$moy+���

IJG�V5d ]>I��Q�d��C Z\`����YZ � ]7X>M�VQ]7VQ�fZ`CLZHG�V41d�~}�` 2�V)2 � �[X��[ZL�Y�d]7]s}���2 ���@ZHG�V � U>N3]7��2�V^M -
d 1d�~}�` 2��Q}���^0V VY� ZHG�VY` }�� � �[X��[Z X�`�� �QV�C`C&��` }��G����X��[Z ��M }���C�V }��Y�Q�d]7X~}��[� V�2 ^ h }
^0�W��M�V }�� �Y�d��2[� Z����d� � ��1���`�V57�-:7 �0-

d ]�I VY�~}�^>M�V)C }_`�VY�QVY�B<dVY` Z\� C�V�M�VQ� Z �%�d`�V � VQ�Q�WZ����d� �d��V,��� C�V�<�VQ`�}VM�}VM Z\VY`��~}oZ��B<dV �0G~}�� �
��V^Mb����X��WZ X[`�� �QV)C C�V�C � ZHGW� C }VMBM �
	 C ZHG�VS`�VY�QVY�B<dVY` Z��1�Y�d]7]_���[��� }oZ\V 	 � ZHG�]7�d`�V ZHG�}��
�d��V C�VQ��2[VQ` X�`�� �QV�C`C��,`�VY�QV �=<F����1�`�}���2��d] M h �d` 2�VQ`�V)2 ]7V)C C\}�1dV�C)- IJG�V ����X��[Z X[`�� �QV)C C
C�V^M VY�YZ�V)2 �%�d` V � VQ�Q�WZ����d� �=CSZ`G�V �d��V 	 G��.C�V�^0�W��M�V }�� �Y�d��2[� Z����d��� � �k}�� h �7�=C I L � �
}���2 Z`G�V �Y�d`�`�V)C�X0�d��2W� ��1 C�VQ��2[VQ`kX�`��W�YV)C`C }oZ ZHG�V ��ZHG�VY` VQ�>23��� ZHG�V �0G~}�����V^ML�=C �~``C Z
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TIMER Clock:         --Timer channel declaration
INT Now:

SEQ
  Clock ? Now --Read current clock value
  Clock ? AFTER (Now PLUS Delay) --Deschedule
  --Resume Operation
:

�@� 1���`�V57�-FE � Y �fZ\`���2��[�Y����1 | V^M9} h C�	 ��Z`G@?L�Q�Q}�]PI���]7VQ``C

`�VQ}�2 h Z\�k�Q��]s]u���[��� }�Z�V�� ����]7�d`�VuZHG~}��B�d�[V `�VQ}�2 h C�VQ��2�VY` V � �=C�ZHC��:}��B}�`�^[� Z\`�}�` h �.���d� �
2�V Z\VQ`�] � �[�=C�Z�� �u�0G������QV � C ]s}�2�VV-

d X�` � �d` ��Z����YV)2 d ]�I �=Cx}VM=C�� X[`�� <F� 2�V�2 �%� - V�- N L Y+d ]�I � ����� 	 G[���0G �Q}�C�V Z`G�V `�V }�2[����V�C`C
���DZHG�V61d��}�``2�C �=C V � }�] � �[V)2 ��� ZHG�V � ` Z\V � Z\�~}VM ��``2�VY`)-

&�� � � � � � r_p $5jFmoq

?L��VL����Z`G�VL�d` � 1�� �~}9M+Z }�``1dV Z }�`�V }�C ��� �W�Y� }�] 	 }VC � �kVY]_^0V)2�2�V�2OC h C�Z\VY] C }�X�X>M � �Q}�Z����d��C��
	 G�VY`�V C���X�X0�d` Z �%��`k`�V }9M Z���]sVB�Y�d�fZ\`��VM � C `�V�cF�[� `�V)2 - IJG[�=C\C���X�X0�d`�Z �=C X[`�� <F� 2�V�2����
� �Q� }�] ^ h ]7V }���C_��� � ��� �� � -�I���]7VQ``C }�`�V C h �fZ }�� Z���� }VMBM h Z�`�V }oZ\V)25}�Cb�Q�d]7]_�[�[� �Q}�Z����d�
�0G~}��[��V�M=C 	 GW� �0GP�Q}��SX�`�� <F� 2[V �d��M h ����X��WZ -UIJG�V <�}9M ��V7`�VYZ\�[`���V�2I�=C Z`G�Vs�Q��`�`�VQ�fZ Z���]7V
	 G[���0G �=C `�VQX�`�V)C�VQ�fZ\V�2 }�C }��k� �fZ\V�1dVQ` <�}VM���V�- IJG�V42���`\}oZ����d� ���:ZHG[Vb�^M � �0/ Z����0/�2�VYX=VY��2�C
�d�BZHG�V7X�` � ��`�� Z h M V^<dV^M���� ZHG[V X�`��W�YV)C C 	 G�VY`�V � �SZHG�V Z���]7VQ` � C ��� <d�./�V)2 -Y �BZ\`�}���C�X��[Z\VY`
��]sX�M VY]sVY�fZ }�Z�� �d�>Cu��� � �Q�Q}�]
�.�%�d` M�� 	 X�` � �d` ��Z h X�`�� �QV�C`C�V�C��DV }��0GB�^M � �0/ Z����0/ `�VQX�`�V)C�VY�fZHC
i�8I]7���Q`��.C�VY�Q�d�>2�C �L�%�d` G[�=1.G�X[`����d`�� Z h X[`�� �QV)C C�V�C�� ZHG�V ��M��W�0/ �=C �����Q`�VQ]7VQ�fZ\V�2 V�<dVY` h a
] � �Y`��.C�VQ�Y�d��2 -

I�� ]7VY``C � }�� ^0V ��C�V�2 Z�� �Q�d�fZ�`���M.Z`G�VLZ\VY]7X=�d`�}VM.^0V)G�} <F���d��` ���D� �Q� }�] X�`��.1d`�}�] C ^ h
�%�d`��Y����1 X�`��W�YV)C`C�V)C Z��@2�V�M } h Z`G�VY��` V � VY�Q�[Z�� �d� �%�d`u} X�`�V ��2�VYZ�VQ`�] ����V)2 X0VQ` � �#2 - IJG[�=C �=C
�BM=M���C�Z�`\}�Z�V)25��� ��1���`�V7�-:E�- IJG�V&Z���]7VQ`b� ��X[�[Z C Z }�Z�VQ]7VQ�fZ�� 	 G�VQ� ��C�V)2P���5�Y�d��A ����� Z����d�
	 � ZHG Z`G�V d � I � L /�V h 	��d``2���� }��>C�V)C ZHG�V�Z���]7VQ` � ��X[�[Z�Z��_^0VeG[V�M=2 ��X&�[�FZ��=M0ZHG[V �Y��`�`�VQ�fZ
��M�� �0/ `�VQ}��0G�V�C Z`G�V <�}VM���V C�X0VQ� � �~V�2S��� ZHG�V d � I � L ��M }���C�V�- | ��`�����1 ZHGW� C X0VQ` � �#2��.ZHG[V
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VAL Time.Out IS 15625:  --Constant definition
TIMER Clock:            --Timer channel declaration
INT Now:
BYTE any:
SEQ
  Clock ? Now   --Read current clock value
  WHILE (NOT end)
    SEQ
      ALT
        ch1? any  --Poll channel ch1
          P1

        Clock ? AFTER (Now PLUS Time.Out) -- Timeout?
          P2
:

�@�=1d��`�Vh7#-F8 � Nx`��.1d`\}�]s] ����1UI�� ]7VQ���[Z g V)G~} <F���d��`

X�`��W�YV)C`C `�VY] }o� ��CS2�V)C��0G�V)2���M V�2 - Y �K1dVY��VQ`�}VM �JC��0G�V�2��>M � �>1 2[V�M } h C&���fZ\`���2��[�QV)2�^ h ZHG[V
Z\`�}���C�X��[Z\VY` �bCeC��0G�V)2[�>M VY` � C�VQV4C�VY�YZ�� �d�@7�-Fi>-g7 � 	 �=MBM+C M � 1.GfZ M h V � Z�VQ��2 ZHG�V X0VQ` � �#2 Z`G~}�Z ZHG[V
X�`��W�YV)C`C�`�VQ]s}�����C����~}�� Z��B<dV  � }VM=M c.a ! - �~��` ZHG�VY`�]7�d`�V��[}�� V � Z\`�}h2�V^M9} h � C � ]7X0�.C�V�2k^ h ZHG[V
M }�Z\VY��� h ��� ZHG�V&X�`�� �QV�C`C cF��VQ�[Vk��� ZHG�V&X�`�� �QV�C`C���`�� �~}�]7V�M h ZHG�V&Z�� ]7V �%`��d] 	 G�VQ� ZHG[V
X�`��W�YV)C`Cb� Cu`�V�C��0G�V�2��>M�V)2 Z\� Z`G�V7Z���]sV&}�Z 	 G[� �0G `�V }��0G[V)C_Z`G�V �%`��d�fZ_����ZHG�VUc �[VQ��Vk}���2
C�Z\}�`�Z`C X�`�� �QV�C`C�����1���Z`G�V ]s} � � ]u��] M9}oZ\VQ�[� h �=C V)C�Z�� ]s}�Z�V)2 Z\�7^0V ��7 � � 7 � �������	� 
������� �
	 G�VY`�V � �=C Z`G�VP�F��]_^0VQ` ���7X�`�� �QV�C`C�V�C � � Z`G�V
cF��VY��V 	 G�VQ� Z`G�V5Z�� ]7VQ` X�`�� �QV�C`C �=C
`�V�C��0G�V�2��>M�V)2  ; ��Z�� c.a"! -WIJG�VQ`�VY�%�d`�V	�dZHG[V�X0VQ` � �#2_ZHG�}�Z�}�X�`�� �QV�C`C�]s} h ^=V � }���C�V�2 Z\� 2[V�M } h
� ZHC V � VY�Q�[Z�� ���>�Q}��3�d�>M h ^=V }�X�X�`�� � ��]s}�Z\VB}��>2 ���d� ��2�VYZ�VQ`�]7���[�=C�Z�� �S}���21� C1�VQ��VY`\}VMBM h
1d`�V }�Z�VQ` ZHG�}�� Z`G�V62�V�M } h C�X0VQ� � �~V�2 ��� Z`G�V6d � I � L �^M9}��>C�V�-

� C�V)2 	 � ZHGW� � }�� d ]>I �Q�d�>C�Z\`����YZ�� }PZ���]sVY` ]s} h 1dVY��VQ`�}�Z\V Z�� ]7V � �d�[Z ^0V)G~} <F� ����`
}���2 ZHGF��C X�`�V^<dVQ�fZ 2[V }�2>M�� �0/\C ��Z��~}�Z�� �d�>C ZHG�}�Z,] �=1.GfZ,^0Vb� }���C�V)2 ^ h X�`��W�YV)C`C�V)C 	�}�� Z�����1
�%�d`L����X��[Zu�d�B����`�V)C�X=�d�>C��B<dV �0G~}�����V�M=C)- �@�=1d��`�VU7�-b8 2�VQXW� � ZHC }kX�`��W�YV)C C 	 � ZHGSZ���]sV�� �d�WZ
^0V)G~} <F� ����` �d� �"�0G~}����[V�M ��� a �~`�V)C�^0VY�%�d`�V�Z`G�V�� ���	� 3���� � X0VQ` � �#2 G~}VC:V�M }�X�C�V)2����7a 	 �BMBM�^0V
V � VY�Q�[Z�V)2��0��ZHG[VQ` 	 �=C�V ZHG[V Z�� ]7VY`��0G�}�����V^M 	 �BMBM �~`�Vb}���2 X�`��W�YV)C`C��57 	 �=MBMD^=V V � VY�Q�[Z�V)2 -
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 ��� ��	 8fech[0]
Feed.Pipe Pipe.Stage Pipe.StagePipe.Stage Flush.Pipe

ch[1] ch[2] ch[N]ch[N-1]
...

PROC Pipeline(...)
  VAL INT N IS ...:      --Size of pipeline
  [N+1] CHAN OF INT ch:  --Array of channels
  INT i:
  ...
  ---------------------------------------
  --Definition of the Feed.Pipe process
  ---------------------------------------
  PROC Feed.Pipe(CHAN OF INT To.Pipe)
    INT x:
    SEQ
      x:=0
      WHILE TRUE
        SEQ
          To.Pipe ! x
          x:=x+1
  :
  ---------------------------------------
  --Definition of the Flush.Pipe process
  ---------------------------------------
  PROC Flush.Pipe(CHAN OF INT From.Pipe)
    INT x:
    SEQ
      WHILE TRUE
        SEQ
          From.Pipe ? x
  :
  ---------------------------------------
  --Definition of the Pipe.Stage process
  ---------------------------------------
  PROC Pipe.Stage(CHAN OF INT From.Previous, To.Next)
    INT x:
    SEQ
      WHILE TRUE
        SEQ
          From.Previous ? x
          ...
          To.Next ! x
  :
  ---------------------------------------
  --Body of the calling Pipeline process
  ---------------------------------------
  SEQ
    PAR
      Feed.Pipe(ch[0])
      PAR i=0 FOR N
        Pipe.Stage(ch[i], ch[i+1])
      Flush.Pipe(ch[N])
:

�@�=1d��`�V57�- e � d � �� }�]7X>M�V ?L�Q�Q}�]PNx`���1d`\}�]
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&�� � � � � , �DyW +���(p%l* @q �� Dv � m(l!�dj vDyDm(j q

d C ��� }VM=M.]s�#2��>M }�` ��]7X=VY`\}�Z��=<�V4M }���1d��}�1dV)C���� �Q� }�] }VMBM �
	 C ZHG�V 2[V �~�[� Z����d� ���D�%�����YZ�� ����C
� � � 
L�JIJYf? 
 ��}��>2_X�`��W�YV)2���`�V)C�� N L ? � �0-9Nx`�� �QV�2���`�V�C�VQ�[� }�X�C��>M }�Z\V��W�Y� }�] X�`��W�YV)C C�V)C �
} � }9M=M@Z\�k} X�`��W�YV)2��[`�V ����C�Z\}��fZ�� }�Z\V�CLZHG�V � �Q�Q}�]�X[`�� �QV)C C 2�V ����V)2B^ h Z`G�V ^0��2 h ��� ZHG[V
X�`��W�YV)2���`�V�-

ID�u�=MBM �>C�Z\`�}�Z\V ZHG�VeC�Z\`����YZ���`�V }���2 X�G[�BM��.C��dX>G h ��� � �Q�Q}�] C h C�Z�VQ] C��"}hC�]s}VM=M+V � }�]7X>M�V
X�`��.1d`\}�] �=C�X[`�V)C�VQ�fZ\V�2 ��� ��1���`�V57�- e�-

IJG�`�VYV 2[� � VQ`�VQ�fZ X�`�� �QV�C`C�V)C �~}�]7V�M h � �	��� � � �
� � ��� � � ��� � � �

� � }���2 � � � � � � � ����� }�`�V
2�V �~��V)2�}�C7�W�Y� }�] X�`�� �QV�2���`�V�C)- d `�VQX>M ��� }�Z�V)2KN*d L �Y�d��C�Z�`���� Z �=C7��C�V�21Z��I�Y`�V }oZ\V }
X[��X=V^M�����V ��� 
 X�`��W�YV)C`C�V)Cu����Z h X0V � � � � � � � ����� - � }��0G5X[`�� �QV)C Cu���SZ`G�VsX[� X0V�M ����V ����X��[Z`C
2~}�Z\} �%`��d] ZHG[VIX�`�VQ�YV)2[����1 X�`��W�YV)C C }���2��d�[Z�X��[ZHCO2~}�Z\} Z��GZ`G�V C����Q�YVQV)2W� ��13X[`�� �QV)C C
}��-Z�VQ`bX=VY`��%�d`�]7����1OC��d]7V&X[`�� �QV)C C�����1 �d�SZHG�VU2~}�Z }�- IJG�V&X[��X0V�M � ��V&] } h ZHGF��CuX�`��#2����YV
}�� � <dVY` M }�X�X0V)2 ��X=VY`\}�Z�� �d� 	 � ZHG>V }��0G��Q�d]7X0�d��VY�FZ X�`��W�YV)C C ��� Z`G�VB`�VQX�M���� }�Z�V)2ZN%d L
V � VY�Q�[Z�� ��1I�Q�d�[�Q��`�`�VQ�fZ M h 	 � ZHGGV�<�VQ` h ��ZHG�VY` �Q�d]7X0�d��VQ�fZsX�`��W�YV)C`C�������X��[Z }��>2G���[Z\X��WZ
^0VY����1,}��[Z\�d]s}�Z�� �Q}VMBM h C h �[�0G�`��d�W���YV)2 ^0VYZ 	�VQVQ�_X�`�� �QV�C`C�V�C��f}���2_} C�Z�`�VQ}�] ����2~}�Z } X~}�C C�����1
ZHG[`��d��1�G ZHG�V_X[� X0V�M ����V�-6d �d�[V � 2W� ]7VQ�>C����d�~}VM�}�`�`�} h ��� �0G~}�����V�M=C ��� � C 2�VQ�^M9}�`�V)2��.}VM ����1
ZHG[VbV^M VY]7VQ�fZHC ��� 	 GW� �0G ZHG�V X�`��W�YV)C`C�V)C �Q�d]7]_�[�[� �Q}�Z\VV-

� ������� ����� � � � ��� � � �� �

I �1X�`�� < �=2�VSZHG�VS]7V }���C �%�d`kZHG[VSV �s�Y��VQ�fZ V � VY�Q�[Z�� ��� ��� � �Q�Q}�] ^~}�C�V)2�X~}�`\}9M=M�V�Mu}�X �
X>M � �Q}�Z����d��C�� Y �[]s��C }��Q�Q��]sX�}��[��V)2 ZHG�V 2�V^<dV�M��dX�]7VY�FZ ��� �W�Y� }�] 	 ��Z`GGZ`G�V�2�V�C��=1d��}���2
��]sX�M VY]sVY�fZ }�Z�� �d�k����}u�[V�	 �{}�] �BM h ���+] � �Y`��dX�`��W�YV)C C��d` C����Y��M=M�VQ� Z��B<dV^M h `�V �%VQ`�`�V)2&Z�� }�C ZHG[V
� � � � � � � � �� - IJG�V_]7�.C ZL��]sX0�d` Z }��fZL�^M9}VC`C�V�C ����Z`G�Vu�{}�] �BM h G~} <dV_^=VYVQ� Z`G�V IJ8 a.a C�VY`���V)C
}���2GZHG�V_I [.a.a C�VQ` � V�C � `�VQ�YVQ�fZ`M h Y ��]7�.CSG~} <�V@2�V�<�V�M��dX0V)2 }I]7�d`�V }V2><�}����QV�2�Z h X=V ���
Z\`�}���C�X��[Z\VY`��~�~}�]sV^M h Z`G�V4I c.a.a.a�-

IJG�V�Z�`\}���C�X��[Z�VQ`:�=C 2[�=C�Z�� ��1��[� C G�V)2 �%`��d]��Q�d� <dVY�fZ����d�~}VM~] ���Q`��dX�`�� �QV�C`C��d``C���� ZHG~}oZ@� Z��=C
X~}�` Z����Q�>M }�`fM h 2�V�C��=1d��V�2 }�C }u^��[�BM=2[� �>1_^>M��W�0/ �%�d` 2[�=C�Z�`���^��[Z�V)2 ]7VQ]7�d` h ;OYf; | C h C�Z\VY] C)-
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Link Interface

Event

Link Interface

Link Interface

Link Interface

Timers

System Services

4Kbytes

Memory
Interface

32-bit Processor

Floating Point Unit

 SRAM

32 bit bus

Handler

�@�=1d��`�Vh7#-:i � IJG[V4d `��0G[� Z\VY�YZ���`�Vu���@Z`G�V4I [.a.a I `\}���C�X��[Z�VQ`

UW���0G }hC h C�Z\VY] � }��k^=VL�Y�d��C Z\`��[�YZ\V�2 �%`��d] } �Q��MBM�VQ�YZ�� ���k��� Z\`\}���C�X��WZ\VQ` C 	 G[���0G ��X=VY`\}�Z�V
�Q�����Q��`�`�VY�FZ M h }��>2 �Y�d]7]_���W� �Q}�Z\VbZHG�`��d��1.G C�VY`�� }VM �Q��]s]u���[��� }�Z�� ���_M�����/�C)-

Y �_ZHG[V Z�`\}���C�X��[Z�VQ`���Y 
 ;@? U5G~} <�V�� ]7X>M�VQ]7VY�FZ�V)27�d�_}eC�����1�M�V��0GW� X_Z`G�V�]s}����_�Y�d]7X=� �
��VY�FZ`C ���:} Z�`\}�2[� Z����d�~}9M <d�d� 
 VY��]s}���� �Q�d]7X��[Z�VQ`�� 	 G[�=M�Vb}�Z ZHG[V4C�}�]7V Z���]sV X�`�� < �=2[����1
} G[�=1.G\M�V�<�V�MD���WC���X[X=�d` Z �%�d` }s�Y�d���Y��`�`�VQ�fZ��"X�`��W�YV)C`C�� ^~}VC�V)2\<F� V 	 ���@�Q�d]7X��[Z\}�Z����d� -

IJG�V X�`��W�YV)C`C � �>1 X�}�`�Z,���xZHG�VuZ\`\}���C�X��WZ\VQ`L�=C }�E 7
� ^[� Z,X[`�� �QV)C C��d` 	 GW� �0GBV � VY�Q�[Z�V)Cb}
C�]s}VMBM � `\}���1�V&��� ����C�Z�`���� Z����d��C }���2 }�2�2�`�V)C C�����1 ]7��2�V�C }�Z } `\}�Z�V&��� ��XPZ\�Ia a ;OY N U
�{�%��`h7Va ; � �7��]sX�M VY]sVY�fZ }�Z�� �d�>C �0-\IJG�VUI [.a.a � ��1���`�VU7�-Fi � �%V }�Z���`�V�C_} ] � �Y`�� �Q�#2�V)2 iV8
^[� Z � �f}�Z�� �>1bX0�����fZ��[�[��Z��FX�`�� <F� 2W� ��1u} C���C Z }����~}�^�M V�X=VY`��%�d`�]s}����QV ���@a�� 7 ; � ]+? N�U*-�IJG�V
2�V^< ���QV�C����=ZHG�VeIJ8 a.a6C�VY`���V)C 2��u�[��Z G~} <dVL} � �f}oZ�����1uX0�����fZ��[�[��Z�}���2 1��B<dV }��&V�C�Z�� ]s}�Z�V)2
X0VQ`��%��`�]s}����YVb��� a>- a5; � ]+? N U%-

IJG�V Z\`�}���C�X[�[Z\VY` G�}�C�Z 	�� � IJ8.a.a ��Z�� �%����` � I [�a.a � � ^ h Z�V)C ���%G[�=1.G C�X0VQV)2�� ��� � ^0�f}�` 2
C�Z\}�Z����UL d ; 	 G[���0GP� Cb��C�V)2 }�C6M��W�Q}VM ]sVY]7�d` h -\? � � �0GW� XI]sVY]7�d` h ]s} h ^0V }��Q�YV)C`C�V)2

� �	��
 +��-�.8��-/�(�+�
=� �9� � ;<+�
=8 ��!��.�-�����*
=� �.� � � ����� #��.! +-����( ��� +-��
=��
 ��� � �"��81+���� 5.
������ �18 +���
���1����
=�"+�8�
���� �.; +����9�&�"!9��������� �"�.+��9��8 E
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<F�9} }_E 7 � ^W��Z 	 � 2[VkV � Z\VY`��~}VM�]7VQ]7�d` h � �fZ�VQ`��{}��QV 	 G[���0GG}VMBM �
	 2~}�Z\} Z\`�}���C��%VY` `\}oZ\V)Cu���
]7�d`�VuZHG~}���7deS; ^ h Z�V)CbX=VY` C�VY�Q�d�>2 -hY �B]_��M�Z�� � Z\`\}���C�X��WZ\VQ` C h C�Z\VY] C��DV }��0G Z\`�}���C�X��[Z\VY`
G~}�C6C���M V7��C�V ����� ZHC �
	 �I��� � �0G[��XI}���2S� � � �0G[��XI]7VQ]7�d` h }���2 ZHGF��C42�� V)C ����Z6G�} <�VsZ��
�Q��]sX0VYZ�V 	 ��Z`G ZHG[Vb��ZHG�VY` Z\`\}���C�X��WZ\VQ` C��%��` �Q�d]7]7�d� ]sVY]7�d` h }��Y�QV�C`C�V�C)-

IJG�V Z\`�}���C�X[�[Z\VY`�� ���Y�d`�X0�d`�}�Z\V�C��%�d��`x�Q��]s]u���[��� }�Z�� ��� M � �>/#C�- � }��0G M�����/ �Q}�� Z\`\}���C��%VY`
2~}�Z\}I}oZ&� <dVY` a@; ^ h Z\V)C �VC 	 � ZHG�}��[Z\��] }oZ����OG~}���2�C`G�}�/f� ��1 C h ���0G�`��d�[� � }�Z�� �d� ����VQ}��0G
2[��`�VY�YZ����d���:X�`�� <F� 2W� ��1B} ^[� 2W� `�VQ�YZ�� ���~}VM ��X=��� �fZ � Z\��� X=��� �fZ��WC h ���0G�`��d���d�>C �Q�d���[VQ�YZ�� ��� ^=V��
Z 	�VQVQ�1Z\`\}���C�X��WZ\VQ` C)-Kd Z�`\}���C�X��[Z�VQ`s] } h ^0V\M ����/�V�2�Z\�B�%�d��` ��Z`G�VQ`7Z\`�}���C�X��[Z\VY``C�-KY �
ZHGW� C	�} h ��V Z 	���``/�C ����Z\`�}���C�X��[Z\VY``C ���!<�}�` � ����C C ���YV)C }���2 Z��dX0��M ��1�� V�C�]s} h ^0VL^��W�=M Z ��X -
� }��0G Z\`�}���C�X��[Z\VY`����k}_��V Z 	���``/s�dX=VY`\}�Z�V)C }VC }��s� ��2[VQX0VQ��2�VY�fZ ���[� Z �Q��]s]u���[��� }�Z�� �>1 }VC
}���2 	 G�VY� ��VY�QV�C`C\}�` h 	 ��Z`G Z`G�V ��ZHG[VQ` Z\`�}���C�X[�[Z\VY``C Z\� 	 G[���0G � Z��=C M�����/�V)2 -

deMBM�Z�`\}��>C�X��[Z�VQ` �Y�d]7X=����VQ�fZHC_�dX=VY`\}�Z�V �Y�d���Y��`�`�VQ�fZ`M h ��V }��0GP��� ZHG[V �%�d��`6M � ��/�C }���2
ZHG[V � �f}oZ�����1�� X0�����fZ_�Y�dX�`�� �QV�C`C��d` � ���5ZHG�VSI [.a.a �L� }��P}VM=M�X0VQ`��%��`�] ��C�VY�%�>M 	��d` / 	 GW�=M�V
ZHG[VbX[`�� �QV)C C��d` �=C V � VQ�Y�[Z�����1 ��Z`G�VQ` ����C Z\`��[�YZ����d��C�-

IJG�V Z\`�}���C�X��[Z\VY` � C �^M �.C�V�M h ���fZ\V)1�`\}�Z�V)2 	 ��Z`G ZHG�V � �Q�Q}�]�X�`��.1d`�}�]7]7����1M }���1d��}�1dV��
� �Q� }�] `�V � VY�YZ`CLZHG�V �Y�d���Y��`�`�VQ��� h �%�d���>2 � � ZHG�V_Z�`\}��>C�X��[Z�VQ` }���2 X�`���<F�=2�V)CL�%��`,�Q���FZ�`���M
��� ZHG[V Z\`\}���C�X��WZ\VQ` G~}�``2 	�}�`�V�� 	 G[�=M�VkZHG�V Z�`\}��>C�X��[Z�VQ`7X�`���<F�=2�V)C7V � � � VY�fZSC���X�X0�d`�Z �%�d`
ZHG[Vb� �Q�Q}�] ]7�#2�V�M ���@�Q�����Q��`�`�VY��� h }��>2 �Y�d]7]_���[��� }oZ����d� -

Y �&� �Q�Q}�]
� �Y�d���Y��`�`�VQ��� h ]s} h ^0V C�X=VY�Y� �~V)2&^=V Z 	�VYVQ�&Z�`\}���C�X��[Z�VQ``C �d`x����2�VQV�2 	 � ZHG[���
} C � ��1VM V Z�`\}��>C�X��[Z�VQ`�- ID� C���X�X0�d` Z&���FZ�VQ`��~}VML�Y�d���Y��`�`�VQ��� h � Z`G�V Z�`\}��>C�X��[Z�VQ`&�����^M ��2[V)C
} X�`��W�YV)C`C cF��VY��V	� 	 � ZHG�} ] ���Q`��W�Y��2�V�2 C��0G�V�2��>M�VQ` 	 G[� �0G�VY�~}�^>M�V)CS}�� h �F��]u^=VY` ���
�Q�����Q��`�`�VY�FZsX�`��W�YV)C C�V)C7Z\�B^0VkV � VQ�Y�[Z\V�2�Z\��1dVYZ`G�VQ` C G~}�`�����1 ZHG[V X[`�� �QV)C C��d` Z�� ]7V�-
IJG�V
] � �Y`�� �Q�#2�V)2\C��0G[V)2��>M�VQ`��=�Y�d]_^W� ��V�2 	 � ZHG }s] ���[� ]s}VM �Y�d�fZ\V � Z��%�d` VQ}��0G }�� Z��B<dVbX�`�� �QV�C`C��
}��0G[��V�<�V5<�VQ` h `�}�X[�=2 X�`�� �QV�C`C C 	 � Z\�0G[����1 �%Z h XW� �Q}VM=M h M�V)C`C ZHG�}�� �d��V ] � �Y`��.C�VQ�Q����2 �0-

�� }�]sX�M V�C ���+IJ8 a.a �VI [.a.auZ�`\}���C�X��[Z�VQ` ^~}VC�V)2k]s}��0GW� ��V�C }�`�V ZHG�V � U�N L Y I�UW��X0VQ`�� �
�#2�V@; }��0G[����V  � � �0/�[�[$! ��ZHG�V@; VY�=/��G���d]7X��WZ�����1 UW��` �{}��QV  g ��Z�ZH[.i$! ��ZHG[V@N:}�``C h Z�VQ� �bC
�b��V�M }���2 � N M��d`�VY` ] }��0G[� �[V)C  N@}�``C ! � }��>2PZHG�V I � L }��0/  � }�X=�.[.i$! � } i�8 Z\`�}���C�X��[Z\VY`
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FI@C@ZF0S�:C5�<?>W\iXTg¢:ZeUFQ@EB6SRN=eUgZXTS658�I<O:Z5PXTS
<9SU3 :GeRFQNIXTgCgZF0N0:+XTMfFIgZ<O:Z5PXTS XO\�:GeUFQ@E58HK^R>8<O:Z5PXTS
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PROC Register(CHAN OF BUNDLE In,Out)
  SEQ
    WHILE TRUE
      SEQ
        In  ? Data
        Out ! Data
:

In Out

N 5P7T^UgCF & x # �50)58N0gZXTMR5PMfF0>;58SUF A}5;:GeUXT^6: > gCX6N0FI@Z@E58SR7 ���AeRF@?]FI7O58@E:GFIg�0¢XD3UF0>
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0j5PNIgCXTMR5PM�FY>P5PSUFW@E:=<97TFo3UF0@ZNIgE58_fFI3�5PS�@CFINY:Z5PXTS . x . x � xA2�HK^R>P:C5;`�@C:G<97TF 0j58N0gZXTM658MfF0>;58SRFWHp<�B
_fFqHaX63RF0>;>8F03+_�B¢HaFd<9SR@�X9\c<pMw<9gG<?>P>PF0>�gZF0MR>P5PNd<?:Z5PXTS � > 2`? �-X9\%:ZeUFqgCFI795P@C:ZFIg MRgZXDNIFI@C@Ib <O@
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DPE
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Register

RDin RDout

Ain Aout

PROC Register(CHAN OF BUNDLE RDin,RDout,
              CHAN OF ACK Ain, Aout)
  SEQ
    RDin ? Data
    WHILE TRUE
      SEQ
        PAR             -- fork
          RDout ! Data
          Ain   ! any
        PAR             -- Muller-C
          RDin? ? Data
          Aout  ? any
:

RDout

RDin

fork
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gZF0795P@C:GF0g ��5�<�:ZeUFW2�5PS � ?]XT^R:�r-58gCF9xo�AeR5P@u_�F0ew<d�D5PXT^Ug�58@uHaXD3UF0>;>8F03+_nB�gZFI<93R5PSU7#:GeRFW�wgZ@E:
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PROC Synchronous.Merge(CHAN OF BUNDLE RDin1,RDin2,RDout,
                       CHAN OF ACK Ain1,Ain2,Aout)
  -- data.delay : time taken to process the data
  -- ack.delay  : time taken for the acknowledge signal to propagate
  SEQ
    WHILE TRUE
      SEQ
        PAR
          RDin1 ? in1.data      --Muller-C element
          RDin2 ? in2.data
        --process data
        out.data(timestamp):= max(in1.data(timestamp),in2.data(timestamp))+ data.delay
        RDout ! out.data
        Aout ? ack
        ack(timestamp):= ack(timestamp) + ack.delay
        clock := ack(timestamp)
        PAR
          Ain1 ! ack
          Ain2 ! ack
:

C process data

RDin1

RDin2
RDout

Ain1

Ain2

Aout

Synchronous.Merge Process

a)

b)

N 5P7T^UgCF & x . ��:�B6SRN=eUgZXTSRXT^U@�0¢FIgC7TF

<9SU3)<?EA<?>P>y<9@-3UFIM658NY:GFI3k5PSk�w7T^UgCF & x & <Rx'�AeUFu_fFIew<d��5PXT^Ug-X9\ :ZeUFuHaFIgZ79FuMUgZXDNIF0@Z@A5PS#:GeR5P@
Nd<O@ZF�5P@%@E58H�5;>�<9g :GX�:Gew<O:�X9\f<�MUgZXDNIF0@Z@�r-5;:Ge�@h^R@C:/<�@C5PSU79>PF�5PSUMU^R:�N=ew<9SUSUFY> bneRFISUN0FANd<9^R@G<O>;5P:LB
5P@�SRX9:-��58X9>8<O:ZFI3 � �w7T^UgCF & x & _ �=x
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PROC Data.Dependent.Merge(CHAN OF BUNDLE RDin1,RDin2,RDout,
                       CHAN OF ACK Ain1,Ain2,Aout)
  -- data.delay : time taken to process the data
  -- ack.delay  : time taken for the acknowledge signal to propagate
  SEQ
    WHILE TRUE
      SEQ
        IF              --Select
          TRUE
            SEQ
              RDin2 ? in.data       -- Behaviour of a single input process
              -- process.data
              out.data(timestamp):= in.data(timestamp)+ data.delay
              RDout ! out.message
              Aout ? ack
              ack(timestamp):= ack(timestamp) + ack.delay
              clock := ack(timestamp)
              Ain2 ! ack
          FALSE
            SEQ
              RDin1 ? in.data
              --same as TRUE clause
:
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Data.Dependent.Merge Process
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N 587T^RgZF & x & � K <O:G< K F0M�F0SU3UF0S�:�0¢F0gZ7TF

_fFIew<d��58X9^Ug � �w7T^RgZF & x 2 < �=x
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PROC Arbitrated.Merge(CHAN OF BUNDLE RDin1,RDin2,RDout,
                     CHAN OF ACK Ain1,Ain2,Aout)
  -- data.delay : time taken to process the data
  -- ack.delay  : time taken for the acknowledge signal to propagate
  SEQ
    clock:=0
    WHILE TRUE
      SEQ
        ALT                 --arbiter
          RDin1 ? in.data
            SEQ
              -- process data
              out.data(timestamp):= max(in.data(timestamp),clock) + data.delay
              RDout ! out.data
              Ackout ? ack
              ack(timestamp):=ack(timestamp) + ack.delay
              clock:=ack(timestamp)
              Ain1 ! ack

          RDin2 ? in.data
            SEQ
              --process in.data in a similar as above
:
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Decode1

Decode2 Decode3

AddIntDatInt

WrtCtrlRegBank

buffer

buffer

buffer

buffer

buffer

AIabt

PCcol

ALx

Wlx

LsmTrm

NGen

R15

Instr

OPa/OPb
CP

Imm

InC2
InC3

Dout

Din
I,R15

RdData

WrtData

Addr

ALUgo

APipe

ALU
result

Dab0

Dabt0

Dabt1

Dabt1

from memory

to memory
addr+data+ctrl

data

from memory

from memory

Bundle

Wire

 (two channels: Req/Data + Ack)

(single channel)

addr+ctrl
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PROC buffer()
  SEQ
    WHILE TRUE
      SEQ
        in ? data
        out! data
:
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arbitrating mux

incrementer

MAR
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write bus

Abus

to primary
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PC loopLSM loop

Latches

A
 P

ip
e

(Wbus) R15
(PC+8)
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 execution unit
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5PS�:ZFIgCgZ^UMR:]r-5;:Gej:GeUFt7TF0SUFIgZ<O:Z5PXTSjX9\�:ZeUFtFYv6NIF0MR:Z5PXTSj�TFINY:GXTg�<93U3RgZFI@C@Ix

�AeUF�gCF !�^R5PgZF03kgZF0:Z^UgZS#<93U3UgCFI@Z@c58@�XT_R:G<O58SRFI31\igCXTH :GeRF`? # & �O<O>P^UF�X9\m:ZeUF�5PSU@C:ZgZ^UNY:Z5PXTS
FYvD:ZgG<9NY:GFI3j\igZXTH :GeUFu:ZXTM)X9\�:ZeUF > E > 58MfF9x

� ��� ��� �	� � #�� � � � 	 � ���$# � � � � � � 	 � � � � � � �

� SU@E:GgZ^RN0:Z5PXTSU@Wr]e658N=e�ew<d�TFkNI<9^U@CFI3V<�MUgZFY\iF0:ZN=e�<O_�XTgE:�<9gCF�Hp<9gC~9FI3V<9@q@Z^UN=e�_nBQHaFd<OSU@
X9\A:ZeUF �f� -  -��L�=�Q� �Y�?��� �-� � � � � � � �Gxj�AeR58@K58@q<¢@C5PSU79>PF#N0XTSn:GgZXO>�_65P:Ib%7TFISRFIgG<?:GFI3�_�Bs:GeRF
HaFIHaXTgEBK@EBD@C:GF0H�<OSU3KN0XTMR5PFI3q5PSn:GX�:GeUF'58SR@C:GgC^UN0:C58X9SWMR5PM�FY>P5PSUF�:ZXT7TF0:ZeUFIg!r-5;:GeK:ZeUF�<9_�X9gC:GF03
5PSU@C:ZgZ^UNY:Z5PXTSyxJA|eUFIS�:GeRF)5PSU@E:GgZ^RN0:Z5PXTS�FISn:GF0gZ@�:GeUF)MUgE58Hp<9gEB[3UF0NIXD3UF9bc:GeUF � � � �5= <97{5P@
3UFY:GFINY:GF03yb Nd<O^U@C5PSU7�:GeUF�5PSU@C:ZgZ^UNY:Z5PXTS 3w<O:=<Q:ZX[_�F+5P7TSUXTgCFI3 <9SU3}:GeRF+FYv6NIF0MR:Z5PXTS£F0Sn:GgCB
gZX9^R:Z5PSUFu:GXa_fFoF0Sn:GFIgCFI3yx

2�@A5PS#:GeUFuNI<9@ZFuXO\�@CX9\ :Lr�<9gZF 5PSn:GFIgCgZ^UM6:G@IbU:ZeUFugZFY:G^UgCS)<93U3UgCFI@C@]5P@]<WHaX6365P�wF03#�TF0gZ@C5PXTS
X9\ :GeUF ? # & �O<O>8^RFoXO\�:ZeUFo<9_�X9gC:GF03k58SU@E:GgC^UN0:C58XTS�<9gZgE5P��5PSU7a\igZXTH :GeUF > E > 58MfF9x

� ��� ��� ��� � � � ��� � � � ��# � � � � ����� �

*�<OgZ3Rr�<9gZF-5PSn:GFIgCgZ^UM6:G@cFISn:GF0gc:ZeUF]MUgZXDNIF0@Z@ZX9g'��58<K<OS1<OgZ_R5;:GF0g'5PS�:GeUF]MUgE58Hp<9gEBa3UFIN0X63RF�<OSU3
<9gCF-3UF0:ZFIN0:ZFI3a58S�:ZeUF]MUgC5PHp<9gCBq3UFIN0X63UF]_nB�F vU<OHa5PSR5PSU7t:GeUFA>PF0�9F0>fX9\ :GeUFA5PSn:GF0gZgZ^RMR:c@C5P7TSw<O>P@
N�� � <9SU3 � ? � b @h^U@E:!_�FY\iXTgZF/FI<9N=eKSRF0r�5PSU@E:GgZ^RN0:Z5PXTSyb9<9gZgE5P��5PSU7-\igZXTH :GeUF � SR@C:GgC^UN0:C58X9S > 5PM�FOb
5P@K<?>P>PX�r�F03�:GXjFISn:ZFIgt:GeUFa3w<O:G<9Mw<O:Zeyx � \A<OSs5PSn:GFIgCgZ^UM6:K5P@t3UF0:ZFIN0:ZFI3yb :GeUF�5PSU@C:ZgZ^UNY:Z5PXTSQ<?:
:GeRF :GXTM)X9\ :GeUF ��> 5PM�FObUrA<O5;:Z5PSU7a:GXaFISn:ZFIg-:GeUFu3U<O:=<9MU<O:Geyb658@]^U@C^UgZMfFI3¢<9SU3)5P:Z@-FYv6FIN0^R:Z5PXTS
5P@�gCFIMR>8<9N0FI3�_nB#:ZeUFtFYv6NIF0MR:Z5PXTS�F0Sn:GgCB#gZXT^R:C58SRF9x

2�@ 5PSo:ZeUF'Nd<9@CFcXO\R@CX9\ :LrA<OgZF'58Sn:GF0gZgC^UMR:G@ <9SR3o5PSU@C:ZgZ^UNY:Z5PXTSqMRgZF0\iFY:GN=eK<9_fXTgC:Z@Ib�:GeUF'gZFY:G^UgCS
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<93U3RgZFI@C@�5P@�MUgCX��D5P3UF03+_�B):ZeUF ? # & �9<?>8^UFKX9\%:ZeUFK^R@Z^UgCM�F03�58SU@E:GgC^UN0:C58XTSmbmFYvD:ZgG<9NY:GFI3¢\igZXTH
:GeRF > E > 5PMfF9x � \f:GeUF-5PSU@C:ZgZ^UNY:Z5PXTS15PHaHpF03R58<O:GFY>PBaMUgCFIN0FI3R5PSU7K:ZeUF]3UF0:ZFINY:Z5PXTS�X9\f5PS�:ZFIgCgZ^UMR:Z@
5P@a<�_UgG<9SRN=e�r]e658N=e�58@W:G<9~9F0S�eUX�r�FY�TFIg0b�:ZeUFIS[:GeRF#FYv6FIN0^R:Z5PXTSVX9\]:GeUFkF v6NIFIM6:Z5PXTS�F0Sn:GgCB
gZX9^R:Z5PSUFt58@�M�XT@E:GMfXTSUF03�^USn:Z5;> :GeUFt�wgZ@E:�5PSU@C:ZgZ^UNY:Z5PXTS�\igCXTH4:GeRFq_UgZ<9SUN=e�:G<9gZ7TFY:�<9gZgE5P�9FI@ <?:
:GeRFoMRgC5PH1<OgCBk3UF0NIXD3UF9x

�AeUF#MfXT@C:ZM�X9SUFIHaFISn:�XO\]<9S�F v6NIFIM6:Z5PXTS[FISn:GgEB�\iXO>P>PX�r-58SU7�<¢_UgZ<9SUN=e�5P@qSUF0NIF0@Z@G<OgCB�:ZX
FISR@Z^UgCF�:Gew<?:�:ZeUF�? # & �O<O>P^UF�XT_R:=<?58SUF03q\igZX9H :ZeUF > E > 5PM�Fc58@ :GeUF�NIXTgCgZFINY:/gZFY:G^UgCS�<93U3RgZFI@C@
� 5 x Fa:ZeUFp_UgG<9SRN=e�:=<OgZ7TFY:q<O3U3UgZF0@Z@��=��5;:t58@o<9N=eR5PF0�9FI3[_nB+\iXTgCN05PSU7j:ZeUFaFYv6NIF0MR:Z5PXTSQF0Sn:GgCB+:ZX
<93UX9MR:�:ZeUFWNIXO>8XT^Rg�X9\/:ZeUFW^U@C^UgZMfFI3�5PSU@C:ZgZ^UNY:Z5PXTSyxt�AeR5P@ NI<9^U@ZF0@ :GeUFqFYv6NIF0MR:Z5PXTS{FISn:GgEB¢:ZX
_fF�gZF @hFINY:GFI3[gCFIMfFd<O:ZFI3R>;B�<O:q:ZeUF�2�C
4 ^USn:Z5;>-<9S�58SU@E:GgC^UN0:C58XTSQ\igCXTH :GeRF#_UgG<OSUN=e�:=<OgZ7TFY:
r-5;:Ge1:ZeUF�N0XTgZgCFINY:�N0X9>8X9^Ug�<OgZgC5;�TF0@Ixc�!XqFISR@Z^UgCF�NIX9gZgZF0N0:�XTM�F0gG<O:C58X9Sybn:GeUF]58Sn:ZFIgZgC^UMR:�@C5P7TSw<O>P@
gZF0Hp<O58S¢<9NY:Z5;�TFo^USn:Z5;> :GeUFtFYv6N0FIMR:C58XTS¢FISn:GgEB)_�F0NIXTHaF0@��O<O>;583mx

*�<9gC3Rr�<9gZF)58Sn:ZFIgZgC^UMR:Z@�ew<d�TF¢SUX9:p_fFIFISV58HaMR>PFIHaF0S�:ZFI3¡5PS�:ZeUF¢XDNINI<9gZH HpXD3UFY>�<OSU3
:GeRFIgZFY\iXTgZFo<9gCFtSUX9:]3R5P@ZN0^U@Z@CFI3�\i^UgE:GeUF0gIx

� ��� ��� � � � � � �  � �&#�� � � �	� � � � � �

�AeUF XDNIN0^UgZgCFISUN0F X9\!3w<?:=<W<9_fXTgE:G@�5P@�5PSR5;:Z58<O>;>PB13UF0:ZFINY:GFI3k5PS�:GeRF 2�C 4 gZ<O:GeRFIg�:Zew<9S�5PS#:GeRF
MUgE58Hp<9gEB{3UFIN0X63UFOxDA|eUF0SQ<)3w<O:G<):ZgG<9SU@E\iFIgu5PSU@C:ZgZ^UNY:Z5PXTS�5P@oF v6FINI^6:GFI3mb�:GeUFp2�C 4 5P@Z@Z^RFI@
:GeRFW3w<O:G<1:GgZ<9SU@C\iF0gu<93U3RgZFI@C@�:GX�HpF0HaXTgCB�<9SU3�:ZeUFIS�5;:u_R>PX6N=~�@u^USn:C5P>%<�gZF0@ZMfXTSU@ZFa<OgZgC5;�TF0@
\igZX9H :GeUF�0¢FIHaXTgEB 0�<OSw<97TF0HpF0Sn: 4�S65P: � 0�0I4 �W:ZX�5PSU3R5PNd<O:ZF�r]eUF0:ZeUFIg1:GeUFj:GgG<OSU@C\iF0g
<9_fXTgC:ZFI3y��:GeUF]0�0�4@' @ugZFI@CM�X9SU@ZFW5P@u@ZF0S�:t_nB�HpFI<9SU@ XO\c:ZeUF K <9_6: ( <9SR3 K <9_R: # @C5P7TSw<O>P@
3UF0@ZNIgE58_fFI3j58Sj@ZF0N0:C58XTS . x 2 x # x

� \K<Q3w<O:=<�<9_�X9gC:�5P@k@C5P7TSw<?>P>PFI3yb]:GeRF�2�C 4�N=ew<OSU7TFI@#:ZeUF+XTMfFIgZ<O:Z5PSU7QN0X9>8X9^Ug#X9\t:GeRF
MUgCX6N0FI@Z@CXTgk<9SR3}@ZFISR3U@k5P:�_w<9N=~�:ZX�:GeRF�MUgC5PHp<9gCB 3UFIN0X63RF9� :GeRF�3UF0:ZFINY:Z5PXTS|X9\u:GeUF�SUF0r
NIXO>8XT^RgoF0Sw<9_R>PFI@o:GeUFaMUgE58Hp<9gEB{3UFIN0X63RFp:ZX¢gCFd<O>;58�0Fp:Zew<O:K<)3w<O:=<)<9_fXTgE:KeU<9@u:=<9~OFIS�M6>�<9N0F
<9SU3jeUF0SUNIFt:GX�5PSR5P:C5�<?:GFu:GeUFtF vRN0FIMR:C58X9S�FISn:ZgCB)gZX9^R:Z5PSUF � @CFIN0:C58X9S 2 x 2 x # �=x

4�SR>;5P~9F#:GeRF1:GeRgZFIF#<O\iXTgZF0HaFISn:Z5PXTSUF03[FYv6NIF0MR:Z5PXTSU@0b'5PS�:ZeUF#Nd<O@ZF#X9\A3w<O:=<�<9_�X9gC:G@0b�:GeRF



���������
	�� � �^� ��� ������� ��� � ��� ���_� ����	 � ���J��� � � 	���� # .62

XPipe

XLatch

to primary decode

from addressinterface

mux

Aborts
Signalling

SELECT
FalseTrue

z1
a1

a2

fire

z2

z1a1

a2

fire

z2

XPr

Dabt0

Dabt1

XLr

XPa

no abort

abort
from memory

ALU control

XPipe control

a) The Exception Pipe (XPipe) b) Aborts Signalling

AIabt

(PC Pipe)

R15

N 5P7T^UgCF 2 x 2 �'�AeUF C�v6NIF0MR:Z5PXTS > 5PMfF

gZFY:G^UgCS <93U3UgCFI@Z@sNd<OS SRX9:{_�F[:G<9~9F0S
3R5PgZF0N0:C>PB \igCXTH :ZeUF > E > 58MfF9x �AeUF > E :Gew<?:
ew<9MRM�F0SU@�:GXq_�Fu<?:�:ZeUF�:GX9M#X9\ :GeRF > E > 5PM�FOb6r]eUF0Sk:GeUF�3w<O:=<q<9_�X9gC:�5P@A3UFY:GF0N0:GF03k_nB�:GeRF
MUgE58Hp<9gEB)3UFIN0X63UFObf5P@�SUX9:�:GeUF@? #%& �O<O>P^UFoX9\�:ZeUFq<O_�XTgE:GF03¢5PSU@C:ZgZ^UNY:Z5PXTS�_U^R:�gG<?:GeUF0gIbw5P:�5P@
<9@C@ZXDN058<O:GF03�r-5P:Ze�:GeUFKMUgZFY\iF0:GN=eRFI3{58SU@E:GgC^UN0:C58XTS{<OgZgC5;��58SR7�\igZXTH :ZeUF � SU@E:GgZ^RN0:Z5PXTS > 5PM�F�<?:
:GeU<O:'Mw<9gE:Z5PNI^R>8<9g'HaXTHaFISn:dx�:D5PSUN0F]:ZeUF�<9HaXT^USn:cX9\�MUgZFY\iF0:GN=e658SU7o58@'SUX9SU3UF0:ZFIgCHa5PSR5P@C:C58NOb6:GeRF
? # & �9<?>8^UF]X9\f:GeRF�<9_fXTgE:GFI3�5PSU@C:ZgZ^UNY:Z5PXTS�NI<9SpSUX9:c_�F]N0XTHaMU^R:GF031\igCXTH
:ZeUF > EVFYvD:GgZ<9N0:ZFI3
\igZX9H�:GeRF > E > 5PM�FOx

� XaMUgCFI@CFIgC�9Fu:GeUFugCF0:G^RgZSj<93U3UgCFI@C@�XO\ 5PSU@E:GgZ^RN0:Z5PXTSU@-r]eR5PN=ejH1<dB�Nd<9^U@CFt<�3w<O:=<�<O_�XTgE:db
<9S+F v6:ZgG<kMR5PM�FY>P5PSUFOb gCF0\iF0gZgZF03+:GX)<9@ � �6�,-��!� � �?� � � ��- � 	 � � ��- �=byew<O@u_�F0FIS+58SRNIXTgCM�XTgZ<O:GF03
5PS�:ZX :GeUF�2�0I4�C%C'� # �DeUF0gZF9bT:ZeUF ? # & �O<O>P^UFI@/X9\w5PSU@E:GgZ^RN0:Z5PXTSU@/r]eR5PN=eaew<d�TFA:ZeUF-M�XO:GFISn:C5�<O>
:GXa7TF0SUFIgZ<O:GFo<a3w<O:G<p<O_�XTgE:�<9gZFu@E:GXTgCFI3yx

�AeUFW5PS�:ZFIgZ<9N0:C58XTS+_fF0:Lr�FIF0S+:GeUF � > 58MfFa<9SU3�:ZeUFWgCFI@C: X9\/:GeUFqMUgZXDNIF0@Z@ZX9g�58@�3UFIMR5PN0:ZFI3
5PS1�w7T^RgZF 2 x 2 <Rx1C'<9N=ep:Z5PHpF]:GeRF ? # & �9<?>8^UF]X9\y<K3w<?:=<u:GgG<OSU@C\iF0g'5PSU@E:GgZ^RN0:Z5PXTS�5P@cFYvD:GgZ<9N0:ZFI3
\igZX9H�:GeUFt:GXTM¢X9\%:ZeUF > E > 5PM�FObf:ZX�_fFK@CFISn:�:ZX1:GeRFKMUgE58Hp<9gEBj3UFIN0X63UFObf5;:�58@�<O>8@CX�N0XTMR5PFI3
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Memory

register

Decode3

Decode1

XPipe

PCPipe

XPtoXL

XLatchbuffer

buffer

buffer

buffer

buffer

PROC XPtoXL()
  SEQ
    ALT
      Dabt0?signal
        SEQ
          --no abort
      Dabt1?signal
        SEQ
          --abort!!
      AIabt?signal
        SEQ
          --no abort
:Dabt0

Dabt1 AIabt

Dabt0

Dabt1

from address interface

N 5879^UgZF 2 x 8 �/2�_fXTgE:G@H0¢XD3UF0>;>;58SU7

5PS�:ZXW:GeUF�� > 58MfF9xc�AeUFuF0SU3)X9\ :GeUF�� > 58MfF � F0S�:ZgCB�M�X95PSn: �/5P@-NIX9S�:ZgZX9>;>PFI3)_nB�:GeRF MUgC5PHp<9gCB
3UF0NIXD3UF9�!:GeUF > E �O<O>8^RFW58@tMR>8<9NIF03{XTS+:GeUF�3w<?:=<#_U^U@0b!_U^R:u5;: 58@u>8<O:GN=eRFI3{_nB�:GeUF � > 58MfF
XTSR>;B�<?\ :GFIg�:GeUF-3UF0NIXD3R5PSU7tX9\ :GeUFAN0XTgZgCFI@CM�XTSR3R58SR7o5PSU@C:ZgZ^UNY:Z5PXTS�58SR3R58NI<O:GF0@/:Gew<O:�5P:%5P@'< 3w<O:G<
:GgZ<9SU@E\iFIg-58SR@C:GgC^UN0:C58X9SybUr]eUFIgCFI^UMfXTSj:GeUFuMUgE58Hp<9gEBk3UF0NIXD3UFo5P@Z@C^UFI@�<W>�<?:GN=ejgZF !�^UF0@C:�:GX�:GeRF
� > 5PM�FOx

� \]<)3w<O:=<j<9_fXTgC:oXDNIN0^UgZ@0b :ZeUFp�O<O>P^UF1<O:t:GeUFa:GX9M�X9\�:GeUF�� > 5PM�Fpr]eR5PN=e�r-5P>;>c_�Fa:GeRF
<93U3RgZFI@C@�XO\�:ZeUFo<9_�X9gC:GF03j5PSU@E:GgZ^RN0:Z5PXTSybU5P@�@ZFISn:]��5�<�:GeRF 	 � � �h�=�q:GXa:GeUFtMUgE58Hp<9gEBk3UF0NIXD3UF
:GXj_fF1^U@CFI3[<O@o:ZeUF1gCF0:Z^UgZS�<93U3UgCFI@Z@0�%5P\�:GeUFp3w<O:G<):ZgG<9SR@C\iFIgt5P@K@C^UNIN0FI@Z@E\i^R> b%:GeUFa�O<O>8^RF15P@
@C5PHaMR>;Ba3R58@CNd<9gC3UFI3�_�FY\iXTgZF-5;:�F0Sn:GFIgC@�:ZeUF ��C!<O:GN=emx'�AeUF]FYv6NIF0MR:Z5PXTS > EV5P@c<O>8@CXK3658@CNd<9gC3UFI3
<O:':GeRF]5PSR5;:Z58<O:Z5;�TF�X9\�:GeUF]2�C 4ob�5;\f:GeUF�NIXTgCgZF0@ZMfXTSU3R5PSU7K5PSU@E:GgZ^RN0:Z5PXTSpr-5P>;>fSUX9:c_�F]F vRF0NI^R:ZFI3
<9@]<WgCFI@Z^6>P:�X9\ 5P:�\iX9>P>PX�r-58SR71<�_UgZ<9SUN=ejXTg�\ <O5;>;58SU7�5;:G@-N0XTSU3R5;:Z5PXTS)NIXD3UFI@0xc�AeUFu58Sn:GF0gG<9NY:Z5PXTS
_fF0:Lr�FIFISk:ZeUF � > 5PMfF <9SU31:GeUF ��C!<O:GN=e158@�NIXTSn:GgCX9>;>8F03#_nB1:ZeUF <9_fXTgE:�@E587TSU<O>P>;5PSU7WN05PgZN0^R5;:GgCB
r]eR5PN=e+58@u3UF0MR5PN0:GF03+58S��w79^UgZF 2 x 2 _m�y58S�:ZeUFq�w7T^RgZF9b � � � � ��gZF0MUgZF0@ZF0S�:Z@u:GeUF�FY�TFISn:u5P@Z@C^UFI3
_nB#:GeRFo2�C 4 :ZXa@C5P7TSw<O> :ZeUFt3R58@CNd<9gC3R5PSU7�X9\ :GeRFoF v6NIFIM6:Z5PXTS > E�x

N 5P7T^UgZF 2 x 8�5P>;>P^U@C:ZgG<O:ZFI@):GeUF+5PS�:ZFIgZ<9N0:C58XTS _�FY:Lr�F0FIS :GeUF{MUgCX6N0FI@Z@CFI@j58S|:GeUF{XDNINI<9gZH
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HaX63RF0> b�r-5;:Ge gCFI7n<OgZ3�:GXs3w<O:=<{<9_fXTgE:G@Ix��AeUF > E \igZXTH :GeUF > E > 58MfF)58@p@ZF0S�:p:GX{:GeRF
MUgE58Hp<9gEB}3UFIN0X63RF � K FIN0X63UF # �p<9SR3 5;\oSUFIN0FI@Z@Z<9gCB|5P@#\iXTgCr�<9gC3UFI3|:GX[:GeRF � > 58MfF9x ��r�X
@ZF0Mw<9gZ<O:GFAN=eU<9SUSUFY>8@'<9gCF�^U@CFI3W:ZX gZFI<93q:GeRF > EQF05;:GeUF0g�\igZXTH :ZeUF > E > 58MfFAXTg :GeUF ��C!<O:GN=emx
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PROC Dec1CtrlA()

  SEQ
    PAR
      PAR
        Ir? Instruction            -- Read Instruction and Control(Icol)
        PCr? PC                    -- Read PC from PC Pipe
      PRI ALT                      -- Sample PCcol channel
        PCcol? SPCcol
          SEQ
            SKIP
        TRUE & SKIP
          SKIP
    IF
      Icol<>Previous.Icol          -- New instruction stream
        SEQ
          IF
            SPCcol=Previous.Icol   -- ERROR!! New PCcol should have arrived
              SEQ                  -- Read it NOW!!!
                PCcol? SPCcol
            TRUE
              SKIP
          Previous.Icol:=Icol
      TRUE
        SKIP
  ...
:
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NIXO>8XT^Rg X9\':GeUF�MRgZXDNIFI@C@ZXTgt<OSU3+NIXTSR@ZF !�^UF0Sn:Z>;BTb!:GeUFW�O<O>P^UF�X9\/:ZeUF > E�NIX9>/@E5879Sw<O> � @ZFINY:Z5PXTS
2 x & x � x . �=x
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X9\ 3U<O:=<K<9_�X9gC:G@c58@�MUgZX���5P3UFI3#:ZXq:GeUF�MUgC5PHp<9gCBp3UF0NIXD3UF _nBa:GeUF�gZF !D^RFI@C:]FY�TF0S�: 	 � �'X9\ :GeRF
��C!<O:ZN=e � @ZF0Fp<O>8@CX#�w7T^UgCFI@ 2 x 8#<9SU3 2 x 2 �=xK�AeUF�XDNIN0^UgZgCFISUN0FpXO\A<9S{<O_�XTgE: r-5;>P>/gCFI@C^R>P:t5PS
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A Decode

Registers

B Decode

W Decode

C

C

SELECT
False True

SELECT
False True

SELECT
FalseTrue

. . .

. .
 .

S1

C1

S2

S3

C2

AND1 AND2

IR
eg

O
R

eg

W
R

eg

Lock Fifos

(AFifo, MFifo)

write enableread enable lines
lines

lock??

write data

read addresses

valid

Read Done

Lock Done

C
C3

write

I,R15

from primary

to execution unit

from write control

 (Decode2)

Abus

Abus

 decode
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register

register

register

register

re
gi

st
er

register

register

register

re
gi

st
er

re
gi

st
er

cell cell cell

. . . . . .

. .
 .

. . .

ReadLock

ReadCtrl WrtCtrl

Read Write

AFifo MFifo

WrtRegIReg

Mux

read enable

out.bus

write data

from write

write data

write addresses

from primary

I

PC

PC

to execution unit

read addresses

OReg

ReadDone

LockDone

(W decode)(A,B decode)

PC

 control

 decode

(Decode2)

AB

A

B

lock

unlock

read addresses

AB

PROC ReadLock()
  SEQ
    ALT
      lock?address
        SEQ
          --insert into buffer
      unlock?signal
        SEQ
          --remove top of buffer
          IF
            read address waiting
              SEQ
                --send address to READ
            TRUE
              SKIP
      read?address
        IF
          address in buffer
            SKIP
          TRUE
            --send address to READ
:
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Process process_name: instruction instruction_type was executed at time clock

 Process process_name: variable variable_name has the value val at time clock

Process process_name: sending value val to process proc on channel chan at time clock

Process process_name: receiving value val from process proc on channel chan at time clock

a) Execution event trace

b) Data event trace

c) Parallelity event traces
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Y[UR@kDQY[Hfeg@Ce=UKSC<WPXY��RJW@kDQY[Hfe8@CM=M=PXHn@CJL:=<7B�_g@T�KZ\<;suHfa=e=UKY[ez� ��:NY�DL� $k��� ���;@CPXBO�f  �¡� ��}N@CU=Hn�C  ���
��}N@CPQ�f n¢ �¡� �£}^@CPQ�n k¤ �¡� ��¥;@d>AJW C¤ � @Ce=U¦� ¥;@k>[JT C¤f@ � �
9;:=<VSk@k>[Y[UR@kDXYAHCe]HCs�H^J7JT@CPX_§:R@CB4Z\<W<7e�M\<WPEsuHfPQ_p<7U�Zn��JWHf_pMR@CPEYAeN�gPX<WBXaN>[DQBrM=PQHhU=a=J7<WU

Zn�]HhJWJT@kPQ_¨F4Y[DQ:�DQ:=HfBQ<VMNPQHhU=a=JW<7U�Zn�8DO:=<t�?BEYA_`BXY[_�aN>A@kDXYAHfe�_pH^UN<7>*@CeNU�J7Hfe=J7<WPQeNBrDGFxH
UNY�©�<7PQ<7eoD�JL:R@CPQ@CJ7DQ<WPEYABEDQY[JWB?Hks|HhJWJW@CPQ_ � eR@k_g<i>[�mª

« 9;:=<q@CJ7JWa=PQ@CJ7�%Hks�DXYA_KY[e=�=�

« 9;:=<tM\<WPEsuHfPQ_g@Ce=J7<C�
¬®\¯�°�±Q²¡³7´q±Xµ/³w¶A·¹¸ \¯�°E±Xº7»L¼\½�³O¾i±;²�½'¿LÀ*´tµ�½�³wµ6µ�½'±4¾i±QÁÃÂÅÄk°E³iµÃÂÆ¿7´V¿iÇ�°E±XÁ¡µ¡³iÂÆ´bÈ�ÁÃ¿WÈd±QÁÃµ¡ÂÅ±Q²|¿wÇjÉ'ÂÆ²�°EÁ¡±Eµ¡±±E¾7±X´Wµj²ÃÂËÊ�¯�¶Æ³iµÃÂÆ¿7´?Êx¿'É'±X¶Æ²*ÂÆ²j³7´�Ì�Í�ÎÏ°�¿7Ê;È'¶Æ±Eµ¡±6È�ÁÃ¿WÐ'¶Æ±XÊ?·

Ñ  f¢
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  ...
  time();
  for (Run_Index = 1; Run_Index <= Number_Of_Runs; ++Run_Index)
  {

    Proc_5();
    Proc_4();

    Int_1_Loc = 2;
    Int_2_Loc = 3;
    strcpy (Str_2_Loc, "DHRYSTONE PROGRAM, 2'ND STRING");
    ...
  } /* loop "for Run_Index" */
  time();
  ...
  Proc_4 ()
  {
    Boolean Bool_Loc;

    Bool_Loc = Ch_1_Glob == 'A';
    Bool_Glob = Bool_Loc | Bool_Glob;
    Ch_2_Glob = 'B';
  } /* Proc_4 */
  ...
  Proc_5 ()
  {
    Ch_1_Glob = 'A';
    Bool_Glob = false;
  } /* Proc_5 */
  ...

~�Y[�fa=PX<q�N� Ñ ª6� }^<WJiDQY[Hfe HCs�DO:N<-,¹:NPX�hBXDQHfe=<b}h�henDO:=<iDQY[J ¥I<7e=JL:=_g@CPQ�
#%$/. 021¹)234365 7�-)8 9"-6.;:8-)7-5 <

� Y�DO:NY[eVDO:=<6��=?>�@�A/9 M=PXH+B�<WJiD � suHfP�DQ:=<6Sf<WPEY[�=JT@kDXYAHfeb@Ce=Ut<iSC@d>AaR@dDQY[HfetHCsoDO:=<6��=?>�@�A/9 Ñ
M=PXH^J7<WBQBXHfP � DQ:=<-C�D�EGFIH+JLKNMOH+PQKSRITVUXWYR[Z\W[H+]_^t� �?��= � @CB4FI<i>[>�@CB;DQ:=<a`�b�W/cd^�PeRITgf;Z\<WeNJL:^l
_g@CPQ��� ��<7Y[JT�C¤ � @CPQ<4a=BX<WU��/9;:N<�suHfPX_p<WP/@CPX<ih�DOH'��jqZ\<WeNJL:=_g@CPQ�oBxFr:^YAJL:gYAenSfHC�C<?U^Y[©�<WPX<WenD
Y[e=BXDQPQa=JiDQY[Hfe�DG�hM\<WBtDOH%DO<WBED�U^Y[©�<WPX<WenD�M=@CPXDQBqHksIDO:N<gUN<WBXY[�fe��i,¹:=PX�hBEDOHfe=<pY[Bb@%BX�henDO:N<7DQY[J
Z\<We=JL:=_g@CPX� Fr:^YAJL: :R@kB8DOPQ@CUNY�DQY[HfeR@k>�>��lk8Z�<7<We a=BX<WU�suHfPpDO:N< <7Sk@k>[aR@kDXYAHCe HCsVJ7Hf_pM=aNDO<7P
@CPXJL:NY[DQ<WJiDOa=PX<WBW�
9;:=<,_g@kY[e Z\H^U^��HksIDO:N<m,¹:=PE�^BEDOHfeN<�M=PXHf�fPO@k_ JWHfe=BEYABEDOB Hksr@�>[H^HCM¦@CBbU=<WMNY[J7DQ<WU¦Y[e

�R�faNPQ<b�N� Ñ �n>�BEYAeN�8DO:^YAB�Z�<7e=JL:=_g@CPX� � DO:=<qM\<WPXsuHCPQ_g@Ce=J7<bHCs�DO:=<qBXY[_�a^>c@kDQ<WU2@kPQJL:NY�DO<7J7DOaNPQ<
o[p É'ÂË²¡°X¯�²�²ÃÂÆ¿7´b¿7´�µ¡½�±rÉ'Ârqf±XÁ¡±X´Wµ/Ðk±X´�°G½dÊI³7ÁQsT²6¯�²¡±XÉ�ÂË´K°�¿W´�´'±X°EµÃÂÆ¿7´bÀjÂÅµ�½K°�¿WÊIÈd¯'µÃ±QÁ6³iÁ�°G½'ÂÅµ¡±X°Eµ¡¯�Á¡±Á¡±X²¡±X³iÁ�°G½rÊ;³Yt�Ðk±�Ç ¿7¯�´dÉ�ÂË´K¸ u�±X´�´dº�vL¼hÈdÈn·xwzyLÎ{wz|�·
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=�HhU=<7> ����������	
� ���������	
��@k>[a=<��Ãe=B�� ,¹PXY�sÏD��Ãe=B�� A/PXPQHfP������ ��@k>AaN<��¡eNB�� ,¹PEY[sÏD��¡e=B�� A6PQPXHfP������

� JWJT@kPQ_���}hYAeN�C>A< � *f �!\*#" Ñ !\* Ñ * ¢$!N�Æ  ÑfÑ ¤C¤O*n¢ ¢C�f�+*C¤ ¢#!N� Ñ *
� JWJT@kPQ_��S=�aN>�DQY%� *f n¢�&d¤ Ñ !�!'&�( ¢#!^�Å¤o¢ ÑfÑ "#!f �! ¢�& Ñ &#" Ñ �N�Å '&

�?BEYA_)����������	���*
¤f \*C¤n CeNB
�?BXY[_+���������	,* Ñ ¤O*n¢#"�"ke=B

¥I<WeNJL:=_g@CPQ��ª ,¹:=PX�hBXDQHfe=<�� Ñ >[H^HfM��

9�@CZN>[<��^� Ñ ª/9IY[_p<WBEDL@C_pM ,¹PEY[sÏD

=�H^U=<i> ,¹:=PX�hBEDOHfe=<.-�aN_�Z\<WP A6PXPQHfP/�����
� J7JT@CPX_��®}hY[e=�C>[<0� Ñ *n¢#"+*N� *#! ¢k¤=�1(�&
� J7JT@CPX_�� =�a^>[DXY2� Ñ *�! Ñ �N� *#! ¢f¢^�Æ¢#"

��BXY[_ ,¹:=PX�hBXDQHfe=</-�aN_�Z\<WP�* Ñ !�"C¤3&h�1"f 

9�@CZN>[<q�N�Æ¢^ª),¹:=PX�hBEDOHfe=<.-�aN_�Z\<WPQB

Y[Bq<wv^M=PQ<7BQBQ<7U¦YAe DO<7PQ_pBbHksxDQ:=<'h[,¹:=PX�hBXDQHfe=<peoa=_�Z\<WP[j Fr:NY[JL: U=<7e=HCDQ<WBbDQ:=<peoa=_�Z\<WPqHCs
DQY[_p<WB�DQ:R@kDbDO:=<�>[HhHfM�Y[B <iv^<7JWaNDQ<WU U=a=PEYAe=�m@�M�<7PXY[H^U¦Hks4Hfe=<,BX<WJ7Hfe=U4� h[,¹:=PX�hBXDQHfe=<7B j5�O�
9;:=< h ,¹:NPX�hBXDQHfe=<;eoa=_bZ�<7P jVYAB6JW@k>[JWaN>A@kDO<7UpZo��BO@C_pMN>�Y[e=�¹DO:=<4J7a=PQPX<WenD/J7>[HhJL�bSk@k>[a=<;Z\<7suHfPX<
������������	����x@CeNU @ksÏDQ<WP6�2���7������	���DO:N<q<wv^<WJWa^DQY[Hfe HCs�DO:N<t>[HhHfM�@Ce=U�<W_pMN>[H��oY[e=�8DQ:=<VsuHfPQ_baN>A@Nª

8:9<;0= ��>7?�@BA#CEDGF �IH�A ;/* Ñ !$JLK DGF �IH�A ; C1MON�CEPQFR@ �
���7�����2	TSU����������	
�

9;:=<�J7>[H^JL� Sk@k>[a=<WB�YAe�DO:=<�@CZ\H'Sf<�suHCPQ_�a^>c@ PQ<7su<7P�DQH <iY[DQ:=<WP�PQ<W@k>qHfP%BXY[_�aN>A@kDO<7U�DQY[_p<
U=<7M�<7e=UNY[e=�pHfe�Fr:=<iDO:=<7P ,¹:=PX�hBXDQHfe=<?Y[B;<wvN<7JWaNDQ<WU�Hfe�DQ:=<¹M=:n�hBXY[JT@k>*MNPQHhJW<WBXBQHfPIHfPxF4Y�DO:NY[e
@KBXY[_�aN>A@kDQHfP�PX<WBXM�<7J7DQY�Sf<i>[�C�
9;:=<�sua=eNJ7DQY[HfeR@d>IJ7HfPQPX<WJ7DQe=<WBXBKHCsrHhJWJT@kPQ_ :R@CBbZ�<7<We¦Sf<7PXY��R<WU Zn�V�¡_p<7DO@dl�®<iv^<WJ7aNDQY[e=�

DO:N<qJ7Hf_pMN>[<7DO<qBQ<iD�HCs�DQ:=<t�¹��= Sk@k>�Y[UR@kDQY[Hfe%M=PXHf�fPO@k_gB7�
~RHfP�DQ:=<bSk@k>�Y[UR@kDQY[HfezHks6H^J7JT@CPX_ � ,¹:=PE�hBXDOHCe=< :R@CB�Z�<7<WezaNBQ<WUzsuHCP�DQ:=<bsuHC>�>[H�F4Y[e=��DGFxH

PQ<W@CBQHCe=BWª
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« ,¹:=PE�hBXDOHCe=< � >[Y[�C<�@k>�>4BE�^enDQ:=<7DXYAJ�Z�<7e=JL:=_g@CPQ�oB � DOPEYA<7BKDOHm_g@kDOJL: DO:=<%@TSC<WPO@k�f<%Z�<wl
:R@TSoY[Hfa=P �uY�� <C�?DQ:=<K@TSf<7PO@C�C< suPQ<W�oa=<7e=J7� HCs/HfM\<WPQ@kDQY[Hfe=BV@ke=UzHfM\<WPQ@Ce=U=B��rHCs�@8>A@CPQ�C<
BX<7D Hks4PQ<W@k>�M=PQHf�CPO@C_pB � DQ:haNB � DQ:=<�PX<WBQa^>[DQB HfZNDO@kYAeN<WU¦_g@T� Z�<gJWHfeNBXY[U=<WPX<WU PQ<7M=PQ<wl
BX<WenDL@kDXY[SC<bHks|DO:N<b@TSC<WPO@k�f<tZ�<7:R@TShY[Hfa=P�HCs�H^J7JT@CPX_`DQH^H=�

« ,¹:=PE�hBXDOHCe=<�Y[B6DO:=<�Z\<We=JL:=_g@CPX�KDO:R@kD/:=@CB�DG�hMNY[JT@d>[>��gZ�<7<We�aNBQ<WUgsuHfP�DO:N<�<iSC@d>AaR@dDQY[Hfe
HCs�DO:N<q��=?>�@�A/9 Ñ �

� Y[DQ:NY[e DQ:=<]�¹��= UN<7Sf<i>AHCM=_p<WenD�<7enShY[PQHCe=_p<WenD,a=BX<WU YAe�DQ:=<%�(=?>�@
A/9 M=PQH+B�<7J7D �
DO:N< h�PQK ]if����/j]sua=e=JiDQY[HfemYAemDO:=< ,¹:=PE�hBXDOHCe=<pJWHhU=< �u�R�fa=PX<g�N� Ñ �rYABtJWHC_gM^Y[>[<WU @CBq@]FrPEY[DQ<
PQ<7�oa=<WBEDgDQH @zMR@CPXDXYAJ7aN>A@CPp@CU=U=PX<WBXBgY[e _g<7_pHfPX� � DQ:=<%_g<7_pHfPX� PQ<WBXM�HCe=U=BpZn�¦YABXBQaNY[e=��@
Sk@k>[a=<�Fr:NY[JL: U=<7e=HCDO<7B�DO:N<�DQY[_p< DO:=@kD8DQ:=<�FrPEY[DQ<zPQ<7�oa=<WBED,YABgYABXBQa=<7U DOH _p<7_gHCPX�f���Ge
HhJWJT@kPQ_ � DO:NY[B4Sk@k>AaN<tY[B4DO:=<VDXYA_p<WBEDL@C_pM�HCs�DQ:=<tPQ<7�haN<WBXD�_p<WBXBO@C�f<tDOHp_p<W_pHfPE�f�

#%$�� 	 3�3�12-)7�3�


9;:=< @CJWJ7a=PO@CJi��HCs DQY[_KYAeN� Y[e H^J7JT@CPX_ :R@CB�Z�<7<We�DQ<WBEDO<WU Zn��JWHC_gM=@CPXY[e=� DQ:=< PX<WBXaN>[DQB
M=PXH^U=aNJW<WUbZn�tH^J7JT@CPX_�F4Y[DQ:qDQ:=HfBX<xHfZ^DL@kY[e=<WUtsuPQHC_ �?BEYA_ �ÃBQ<W<�JL:R@CM^DO<WP " �O�|9;:=<7BQ<I@CPQ<6DO:N<
PQ<7BQaN>�DOBVDQ:R@kDq@CPX< a=BQ<7U suHCP¹DO:=<KM\<WPEsuHfPQ_g@Ce=J7<K<7Sk@k>[aR@kDXYAHfemHCsx�(= >�@�A/9 Ñf� eR@C_p<7>��zDO:N<
,¹:=PE�^BEDOHfeN<VehaN_�Z\<WP � @kBIFI<i>[>j@CB;DO:=<?H^J7JWa=MR@ke=J7�%@ke=U]BXDO@k>[>�M�<7PXY[H^UNB4HCsjDO:=<V��=?>�@�A/9 Ñ
MNY[M�<i>[Y[e=<7B.�ÃBQ<7<VBQ<WJiDQY[HfeG&^� *N� Ñ �L��}hY[e=JW<¹DQ:=<VJT@d>AJ7aN>c@dDQY[Hfe]HCs*DO:=<7BQ<VSk@k>[a=<WB;Y[B;ZR@CBX<WU�Hfe,DO:N<
BXY[_�a^>c@kDQ<WU DXYA_p< � DQ:=<7�b@CPX<IMR@kPXDQY[JWa^>c@CPE>[�bBQa^Y[DO@CZN>[<IDOH¹Z\<IaNBQ<WUp@kB�@?_p<T@ke=B|suHfP�_p<T@CBXa=PXY[e=�
DO:N<qUN<W�fPX<W<tHCs�DQY[_pY[e=�8@CJWJ7a=PO@kJ7�%HCs�H^J7JT@CPX_%�
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a) Single Transputer Implementation

b) Multi Transputer Implementation
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a) Single Transputer Implementation

b) Multi Transputer Implementation
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a) Single Transputer Implementation

b) Multi Transputer Implementation
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DO:N<¹YAe=MNaND�JL:R@Ce=e=<i>ABrHCs��?UNU���MNPQHhJW<WBXB���Y[B�:^YA�f:N<WP � DO:oa=B4YAeNJWPQ<W@CBXY[e=�pDO:=<tM=PXHfZR@CZ^Y[>�Y[DG��HCs
M=PX<W<W_pMNDXYAHCe=BW�
�?e YAenDO<7PQ<7BXDQY[e=��@kBQM\<WJ7DgF4Y�DO: PX<W�n@CPXU DQH�MNPQ<W<7_pMNDQY[Hfe=B�Fr:^YAJL: <7_p<WPQ�C<WU suPXHf_ DO:N<
��� ´4µ¡½�±�°E¯dÁ¡Á¡±X´Wµ�ÂËÊ;È'¶Å±QÊI±X´Wµ¡³iµÃÂÆ¿7´4¿iÇo¿T°X°E³7Á¡Ê �iµ�½'±�²�³iÊ;È'¶ÆÂË´ ��Èk±XÁ¡ÂÅ¿'É4ÂË² " v�v�v vi´�²��[²¡ÂÆÊx¯'¶Æ³iµÃ±QÉ;µÃÂËÊx±��¡·

u�¿LÀ�±E¾7±XÁ��Lµ¡½'±*É�ÂÆ²¡µ¡Á¡ÂÆÐd¯'µÃ±QÉI³7´�ÉI±E¾7±X´WµuÎÏÉ�Á¡ÂÅ¾7±X´�´d³wµ¡¯dÁÃ±j¿iÇC¿'°E°X³iÁ�Ê2³w¶Æ¶Å¿LÀ*²RÁ¡±XÈk¿7Á¡µ¡²=µ¡¿/Ðd± �7±X´'±QÁ¡³iµÃ±QÉ�¿W´'¶ t³LÇ µ¡±XÁ=µ�½'±*ÁÃ±QÈd¿WÁÃµRÐk¿7¯�´dÉ�³iÁQt/ÂË´�²Ãµ�³i´Wµ�½�³7²RÐd±X±X´;°EÁ¡¿7²�²Ã±QÉn·hÂË´Iµ¡½'±jÂËÊ;È�¯'¶Ë²Ã± �WÁ¡³7È�½�²����¡³7°E°E¯dÊ�¯'¶Ë³wµ¡±XÉx±XÁ�ÁÃ¿WÁ
	Á¡±�Ç ±XÁ�²�µÃ¿;µ�½'±6µÃ¿7µ¡³w¶oÈdÁÃ±X±XÊ;È'µÃÂÆ¿7´¹Ê;³ �W´'ÂÆµ¡¯�É'±�ÀjÂÆµ¡½'ÂË´¹³4²¡³7Ê;È'¶ÅÂË´ �4Èk±XÁ¡ÂÅ¿'Én·
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a) Single Transputer Implementation

b) Multi Transputer Implementation
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HfZNDO@kY[e=<WU�PQ<WBXaN>�DOBbY[BtDO:R@kD�@k>�DO:=HCa=�f:�>[HhJT@k>�>[� � F4Y�DO:^YAe¦<W@CJL:¦@kPQZNY�DO<7PbM=PXH^J7<WBXB � DQ:=<�@kJWJWahl
_�a^>c@kDQ<WU�DQY[_KYAeN�2<WPQPXHfPbY[e=J7PQ<T@kBQ<WBg@CBqDO:=<]BEYA_baN>A@kDQY[Hfe�M=PXHf�fPQ<7BQBX<WB � DO:N<,<WPXPQHfPqFr:NYAJL: Y[B
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suHC>�>AH'F DQ:NYAB�MR@kDXDO<WPXe � J7<WPXDO@kY[e YAeNUNY[SoY[U=aR@k>�_g<7BQBQ@C�f<WB?_8@T��<7SC<We2:R@TSf< DXYA_p<7BXDL@k_gMNB?DO:R@dD
<ivN@CJiDQ>��p_g@kDOJL:gDO:=<rDQY[_p<�DQ:R@kD/DO:=<rJ7HfPQPX<WBQM\Hfe=U^YAe=�b<7SC<WenDOBIFxHfaN>[U�HhJWJ7a=P6YAegDO:=<�@CZNBQ<WeNJW<
HCs*M=PX<W<7_gM^DQY[Hfe=BW�x9;:NY[B;YAB;Y�>�>Aa=BEDOPQ@kDO<7U%Y[e,�R�faNPQ<t�N�Å� � Fr:N<WPQ<t@ke]<ivN@C_pMN>[<qMNPQHhJW<WBXB4�fPO@kM=:
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a) Single Transputer Implementation

b) Multi Transputer Implementation

0 20000 40000 60000 80000 100000 120000
Simulated Time (ns)

0

1

2

3

4

P
re

em
pt

io
n 

C
ou

nt

0 20000 40000 60000 80000 100000 120000
Simulated Time (ns)

0

1

2

3

4

P
re

em
pt

io
n 

C
ou

nt

~�Y[�fa=PQ<q�N�E"Nª���PXDL�xDOPX>¡ª�{6PQ<W<7_pMNDQY[Hfe2�IHCa=enDO� Ñ ,¹:=PX�hBXDQHfe=<-@jH^HfM��

F4Y�DO: DGFxH]@CPXZNY[DQ<WP�M=PQHhJW<7BQBQ<7B �����b@CeNU����#�;Y[B?U=<7MNY[J7DO<7U��?��BQBXa=_KYAe=���7<WPXH,M=PQHCMR@C�n@kDXYAHCe
U=<i>c@T�hB?F4Y�DO:NY[e DO:N<�M=PXH^J7<WBQBX<WB � Y[s�e=H�M=PX<W<7_gM^DQY[Hfe=B¹HhJWJ7a=P � _g<7BQBQ@C�f<WB�FIHfa^>AUzZ\<�BX<WenD?DQH
M=PXH^J7<WBQB	��
gY[e DQ:=<pHfPQUN<WPVH�����

�
��M��f���� � F4Y�DO:mDQY[_g<7BXDO@C_pM=Ba* � ( � & �/Ñ ! �6Ñ *�@ke=U Ñ (

PQ<7BQM\<WJiDQY�Sf<7>��f� �®s�M=PX<W<7_gM^DQY[Hfe=BqH^J7JWa=P � @]M�HfBXBXY[ZN>[<KBQ<W�oa=<7e=JW<gHCs�_p<WBXBO@C�f<7BqDQH%{)*,JWHfaN>[U
Z\< M�(H���������

�
�#f � F4Y�DO: DXYA_p<7BXDL@k_gMNB Ñ ! �xÑ ! ��Ñ ! �IÑ ( �xÑ (�@Ce=U Ñ (�@ke=U F4Y�DO: DXYA_KY[e=�

<WPXPQHfP ! � & � ( � ( � � � !g@Ce=U�¢pPX<WBXM�<7J7DQY�Sf<i>[�C�

#%$�� 9 1V-��f.g-)5 7�)23 1

� Y�DO:zPX<W�n@CPXU DOH�M�<7PXsuHfPX_8@ke=JW< � HhJWJT@kPQ_�@Ce=U DQ:=< ��BXY[_y_pHhU=<7>|@CPQ<be=HCD?UNYAPX<WJiDQ>�� J7Hf_ l
MR@CPQ@CZN>[< � BXY[e=JW< <T@CJL: U=<WBXJWPEYAZ\<WB%DO:=<m��=?>�@�A/9 Ñ @CPXJL:NY�DO<WJiDOa=PX< @dD�@ UNY�©�<WPQ<7enD�>[<7SC<7> �
@Ce=U]DQ:=<VBQa=MNM�HfPEDQY[e=�g_8@kJL:NYAeN<WB.�¡eR@C_p<i>[�,DQ:=<t9xl���@CJL�]@ke=U�@Cen��}N{��?�4��FxHfPX�hBEDL@kDXYAHCe��
@CPX<gY[enDOPXY[e=BEYAJW@k>[>��mSf<7PX��UNY[©�<WPX<WenDT�I-�<7SC<WPXDQ:=<7>[<WBXB � @�JWHf_pMR@CPQ@kDQY�Sf<8<ivN@C_KY[eR@kDQY[Hfe�HCs;DO:N<
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a) Single Transputer Implementation

b) Multi Transputer Implementation
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~�YA�Ca=PQ<t�N�Å�Nª/�?e A|vN@C_pMN>[<�{6PQHhJW<7BQB � PQ@CM=:

M\<WPXsuHCPQ_g@Ce=J7< HCs¹DQ:=<�DGFxH¦_pHhU=<7>[B,_g@T� MNPQH'SoYAU=<z@Ce Y[e=UNY[JT@kDXYAHCe HCs¹DQ:=<�Y[_pMR@CJ7D8DO:R@dD
DO:N<8a=BX<8HksIDO:N<8HhJWJW@C_ _pH^U=<i>/_g@'� :R@TSC<gDQH�DQ:=<8UNa=PO@kDXYAHCe ��@ke=U�J7HfBXD��¹HksIDO:N<8U=<7BXY[�fe
J7�hJi>A< � F4Y[DQ:NYAe,DQ:=<¹Z\Hfa=e=U=@CPXY[<WB;Hks�<wvhYABEDQY[e=� DO<7JL:=e=HC>[Hf�C�C�/� Y�DO:^YAe]DO:N<¹BXY[e=�C>[<?DOPQ@Ce=BXM=aNDO<7P
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JWHCeN�R�fa=PQ@kDQY[Hfe �ÃY¡� <C�"HCe @¦BEYAeN�C>A<�¢#!\=���� � 9;¤ Ñ ¤¦DQPO@CeNBQM=aNDQ<WP�� � HhJWJW@CPQ_ PQ<W�oaNY[PQ<7B%Hfe
@TSf<7PO@C�f< 	 Ñ �1&f¢V_KYAeoaNDQ<WBxDQHt<iv^<WJ7aNDO<¹HCe=<�,¹:=PX�hBXDQHfe=<r>AHhHfM J Fr:=<7e�e=Hq_pHfeNY�DOHfPEYAe=�tDOPQ@CJW<7B
@CPX<g�C<We=<7PO@kDQ<WU � @CBVY[>�>AaNBXDOPQ@kDO<7U�Y[e DO@CZN>[<g�N� ( � DO:NY[BqDXYA_p<KY[Bt>[Hfe=�C<WPVDO:R@ke DQ:R@kDqPQ<7�ha^YAPX<WU
Zn�,DO:N<q��BXY[_�_pH^U=<i>*<iv^<WJ7aNDQY[e=�8Hfe @ke ��{��"}^a=e%FxHfPQ�oBXDO@kDQY[Hfe ��� Zo�]@psÃ@CJiDOHfP4Hks Ñ � Ñ "N�
9;:NY[B�Y[B�@rPX<T@CBXHfeR@CZ^>A<�@Ce=Ut<wvNM\<WJiDO<7U M�<7PXsuHfPX_g@Ce=JW< � suHCP�DO:=</<wvN<7JWaNDXYAHCe�HCshDO:=</HhJWJW@CPQ_

M=PXH^J7<WBQBX<WB/Hfep@¹BEYAe=�k>A<;DQPO@Ce=BXM=aNDQ<WP�Y[B�M�<7PXsuHfPX_p<WUpe=HCD�Y[ep@¹MR@CPQ@k>�>A<i>=Z=aND�PO@kDQ:=<WP|Y[eg@�DQY[_p<
BQ:=@CPXY[e=��sÃ@kBQ:NY[Hfe @ke=UqDQ:=</>c@CPX�f</eoa=_�Z\<WP�HCs=M=PXH^J7<WBXBQ<WB�YAeqDO:=<�_pH^U=<i>Ã�G��_g@C�C<�DO:=<�JWHfenDQ<ivhD
BXF4Y�DOJL:^YAe=�8H'Sf<WPX:=<T@kU�Y[e�DQ:=<VDOPO@ke=BQM=a^DO<WP�BXY[�feNY��RJW@CenDT�
9�@kZN>A<��N�E"qMNPQ<WBX<WenDOB�DO:=<rM\<WPEsuHfPQ_g@Ce=J7<�Hks�HhJWJW@CPQ_ suHfP6Z\HCDQ: � Y[DQB�BEYAeN�C>A<�@Ce=U8_�aN>�DQY[MN>[<

DOPQ@Ce=BXM=aNDO<7PKJWHfe^�R�fa=PQ@kDQY[Hfe=BK@ke=U�suHfPbDQ:=<]UNY�©�<7PQ<WenDpM\HC>�YAJiYA<7BK<W_pMN>[H��C<WU suHfP�DQ:=<�DOPQ@Ce=B�l
M\HfPXDO@kDQY[Hfe%HCs�_gHCeNY[DQHfPXY[e=�pUR@kDO@G�ÃBQ<7<qBX<WJiDQY[Hfe &^� *N� Ñ �L�
��:=<We e=H _pHfeNY�DOHCPXY[e=��DQPO@CJ7<WB @kPQ<g�f<We=<7PO@kDQ<WU � DO:=<8UNY[BXDOPEYAZNaNDQY[Hfe¦HCsIH^J7JT@CPX_ Hfe�DQH

DO:N<qBX<7SC<We DQPO@Ce=BXM=aNDQ<WPQBrHCs�DO:=<q9xlG��@CJL�8�hY[<7>[U=B�@KBQM\<W<WUNa=M HCs Ñ �E"f N�
9;:=< hXBXDQHfPQ< @ke=U a=eN>[Hn@CU j DQPO@Ce=BXM�HCPXD2M\HC>�YAJi� @k>�>AH'FrB @ BQM\<W<7U=a=M HCs,¢^�Ë¢$"�DOH Z\<

@CJL:NY[<7SC<WU�BXY[e=JW< � Y[e]DO:NY[Br_pH^U=<VHks|HfM\<WPQ@kDQY[Hfe � DO:=<VM\<WPEsuHfPQ_g@Ce=J7<tHCs�H^J7JT@CPX_§Hfe�@KBXY[e=�C>[<
DOPQ@Ce=BXM=aNDO<7PKU=PQHCM=BKZn��@zsÃ@CJ7DQHfP HCs�¢h�Å¤3( J7Hf_pMR@CPX<WU DOH Ñ �Å�\*�Y[e�DO:=<]_baN>[DXY;DOPQ@Ce=BXM=aNDO<7P
Y[_gM^>A<7_g<7enDL@kDXYAHfe��]9;:NY[BbUNY�©�<WPQ<7e=JW<gYAe DO:=<pM\<WPEsuHfPQ_g@Ce=J7<8UNPQHfM _g@'�mZ\<8@kDQDQPXY[Z=aNDO<7U DQH
DO:N<�sÃ@CJiD8DQ:R@kDgDO:=<�@CJiDQY�SC@dDQY[Hfe�HCs�DO:=<�_pHfeNY�DOHfPEYAeN� M=PXH^J7<WBQBX<WB,BX<7SC<WPQ<i>[� YAeNJWPQ<W@CBQ<7B�DO:N<
suPQ<7�oa=<We=Ji� @Ce=U � J7Hfe=BX<W�oa=<WenDX>[� � DQ:=<mH�SC<WPX:=<T@CU�HCs�J7HfenDO<wv^D�BXF4Y�DOJL:^YAe=��Hfe�DQ:=<mBXY[e=�C>[<
DOPQ@Ce=BXM=aNDO<7PW��9;:=<�UNYABEDOPEYAZ=a^DQY[Hfe HCs¹DQ:=<�_gHCeNY[DQHfPXY[e=��M=PQHhJW<7BQBQ<7B]HfenDOH�_�aN>�DQY[MN>[<�DOPQ@Ce=B�l
M=aNDQ<WPXB @k>�>[<7SoYc@dDO<WBmDO:^YAB M=:=<7e=Hf_p<We=HCe�@CB2DO:=< J7HfenDO<ivhD BXF4Y�DOJL:NY[e=� H'Sf<7PQ:=<W@CU
Y[B�@k>ABXH
UNY[BXDQPXY[Z=aNDO<7U��
��:=<WepDO:N< hEYA_p_p<WU^Yc@kDQ<4DOPO@ke=BQM\HfPXD jVM�Hk>[Y[J7�bYAB6<7_gM^>AH'�f<7U � DQ:=<4M\<WPXsuHCPQ_g@Ce=J7<4HCs\Z�HCDQ:

DO:N<IBXY[e=�C>[<4@CeNU _�aN>�DQY[MN>[<IDOPQ@Ce=BXM=aNDO<7P�JWHCeN�R�fa=PQ@kDQY[Hfe=B�HCsRHhJWJW@CPQ_ U=PXHfM=B�U=PQ@C_g@kDQY[JT@d>[>��qZo�
��
j½'±qÈk±XÁÃÇ ¿7Á�Ê;³i´�°E±¹Á¡±X²�¯'¶Æµ¡²rÈdÁÃ±Q²Ã±Q´7µ¡±XÉ8ÂÆ´,µ�½'ÂË²r²Ã±Q°�µ¡ÂÅ¿W´�Á¡±XÈdÁÃ±Q²Ã±Q´7µ;µ�½'±q³O¾i±QÁ¡³ �i± ��ÂA· ±7·�µ¡½�±��
	���¸ �|Á¡³7½�º/wO¼ �dÈ�³ �i±���|�w �=¾O³i¶Æ¯�±/É'±XÁ¡ÂÅ¾7±XÉ�Ç�ÁÃ¿WÊ � " v ��Á�¯�´�²�¿wÇ=µ¡½�±/²ÃÂËÊ�¯'¶Ë³wµ¡¿7Á�²�ÂÆ´��T¯'±X²¡µÃÂÆ¿7´o·
� 
j½'ÂË²*°�¿WÁ¡Á¡±X²�Èd¿W´�É�²�µÃ¿;µ�½'±6±��'±X°X¯'µÃÂÆ¿7´�¿wÇ�»/vnp���� ÊI³7°G½'ÂË´'±�ÂÆ´�²¡µ¡Á�¯�°EµÃÂÆ¿7´�²jÈk±XÁ*²¡±X°E¿7´�Éo·¬���
j½'±;±E¶Ë³iÈ�²¡±XÉbµÃÂËÊI±IÇ ¿7Á�µ¡½�±np�²ÃÂËÊ�ÊI¿'É'±X¶�½�³i²6Ðk±E±Q´q¿WÐ'µ¡³iÂÆ´'±QÉbÐzttµ�³�sWÂË´ ��ÂË´WµÃ¿V³i°X°�¿W¯�´Wµ�µ�½'±�����	��³i´dÉ �"!#��¾L³i¶Æ¯'±Q²jÈ�Á¡¿L¾WÂËÉ'±QÉ�Ðztrµ�½'± � ¿7¯�Á�´'±6²¡½�±E¶Æ¶ �ÃµÃÂËÊI± 	4°E¿7Ê;Ê;³i´�Én·¬¡¬ 
j½'±/°E¯dÁ¡Á¡±X´Wµ�ÂÆÊ;È'¶Æ±XÊI±Q´7µ�³wµ¡ÂÅ¿W´�¿iÇN¿'°E°X³iÁ�Ê�°�¿W´�²ÃÂË²¡µ¡²�¿wÇR³iÈdÈ�ÁÃ¿#�'ÂËÊ;³wµÃ±X¶ t�"O»/vIÈ�³iÁ�³w¶Æ¶Æ±E¶nÈ�Á¡¿T°E±X²�²Ã±Q²E·
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=�HhU=<7> A�>c@CMNBQ<WU 9IYA_p<��¡_KY[eha^DO<WB��
� JWJT@kPQ_ �®}hY[e=�C>[<0� Ñ �1&f¢
�?BEYA_ Ñ � ¤n�

¥I<WeNJL:=_g@CPQ��ª ,¹:=PX�hBXDQHfe=<�� Ñ >[H^HfM��

9�@CZN>[<q�N�1(^ª6�?BEYA_�SC<WPQBXa=B � J7JT@CPX_��®}oYAe=�k>A<b9�PQ@Ce=BXM=aNDO<7P �G_gM^>A<7_g<7enDL@kDXYAHfe��

9*PO@ke=BQM\HfPXD�{�HC>[Y[J7� A6>A@CM=BX<WU 9IYA_p< �¡_KY[eha^DO<WB�� }^M�<7<WU=aNM
� JWJT@kPQ_��ÃBXY[e=�C>[<0� � J7JT@CPX_��¡_baN>[DXY2�

9*PO@kJ7Y[e=� � © Ñ � &f¢ Ñ �E!n¢ Ñ �E"f 
}oDOHfPX<b@ke=U >�eN>[Hn@CU ¤N�Ë¢f¢ Ñ �Å�'& ¢^�Æ¢#"
�G_p_p<WU^Yc@kDQ<�9*PO@ke=BQM\HfPXD  ^� &�( &^�Æ¢ Ñ Ñ � *'(

¥I<WeNJL:=_g@CPQ��ª ,¹:=PX�hBXDQHfe=<�� Ñ >[H^HfM��

9�@CZ^>A<b�N�E"Nª/{�<7PXsuHfPX_8@ke=JW<qHCs � J7JT@CPX_
(^�E"'&K@Ce=U &^�1!�&KPX<WBXM�<7J7DQY�Sf<i>[� � @k>�>AH'F4Y[e=�,@pBQM\<W<7U=a=M�HCs�Hfe^>[� Ñ � *'(^�x9;:NY[B�Z\<W:=@'SoY[Hfa=P�_g@'�
Z\<4@kDQDQPXY[Z=aNDQ<WUKDOH?DQ:=<4HfM\<WPQ@kDQY[Hfe HCs�DQ:=< � � � M=PQHhJW<7BQB7�6�?B�<wvNM^>c@kY[e=<7UgY[eKBQ<7J7DQY[Hfe &^�1( � DO:N<
� � � M=PQHhJW<7BQBb@CJ7DQBb@kBb@%_�a^>[DXYAMN>[<iv^HfPtsuHfPV_p<WBXBO@C�C<WB @kPQPXY�SoYAeN��suPXHf_�Z\HCDO:mDO:N<i=�<W_pHfPX�
@Ce=UgDO:=<�=�HfeNY�DOHCPXY[e=� M=PXH^J7<WBQBX<WB7�x9;:^YABIY[enDOPXH^U=aNJW<WBI@b_g@ B�HfPxZ�HkDQDQ>[<WeN<WJL�pYAegDO:=<�BX�hBXDQ<W_ �
Fr:NY[JL:,YA_pM\HfBQ<7B;DO:=<�aN>�DQY[_8@dDO<?>�YA_KY�D;Hfe8DO:=<¹M\<WPEsuHfPQ_g@CeNJW<¹HCs�DO:=<¹BEYA_baN>A@kDOHfP7�/9;:=<?>A@CPQ�C<
eoa=_�Z\<WPtHCsx_pHfeNY�DOHfPEYAeN�]_g<7BQBQ@C�f<WBq�f<7e=<WPQ@kDO<7U�Zn�zDQ:=< hEY[_g_p<7UNYc@dDO<KDOPQ@Ce=BQM\HfPEDYj]M\HC>[Y[J7�
HhJWJWaNMo�K@V>A@CPX�f<4M=PQHCM�HfPEDQY[HfepHCs � � � M=PXH^J7<WBXBx@kJ7DQY�SoY[DG� � DQ:oa=B/PQ<WUNa=J7Y[e=�tDO:=<rPO@dDO<r@kD�Fr:^YAJL:
Y[e=BXDQPQa=JiDQY[Hfe=B�@Ce=U�UR@kDO@K@CPQ<VBXa=M=MN>�YA<7U�DQH DO:=<t_pH^UN<7> � @CB�@ JWHfeNBQ<W�oa=<7e=JW< � DQ:=<VM=PQHhJW<7BQBX<WB
HCs�DO:=<t_pHhU=<7>*PX<W_g@kY[e�Y[UN>[<tsuHCP4BQa=Z=BEDL@CenDXYc@k>�M\<WPEYAHhU=BW�
9;:=<¹BXM�<7<WU=a=MNB4@CJL:NY[<7SC<WU%Zn�gDQ:=<?U^YABEDOPXY[Z=aNDXYAHCe]HCsjHhJWJT@kPQ_�HfenDOHqDO:=<�_�aN>�DQY[MN>[<?DOPQ@Ce=B�l

M=aNDQ<WPXB�HCs�DO:N<�9xlG��@CJL��_8@T�%Z\<tJWHfe=BEYAUN<WPQ<7U2@CJ7JW<WM^DL@CZN>[<b@Ce=U�PQ<T@kBQHfeR@kZN>A<]� ¥xYAPEDL C¤ ��� Z=a^D
e=HCD¹BO@kDXYABEsÃ@CJ7DQHfPX�C�K9;:=<pM�HhHfP�BQM\<W<WUNa=M¦@CJL:^YA<iSf<WU�_g@'� Z�<p@dDQDOPEYAZNaNDO<7U DQH%@,ehaN_�Z\<WPtHCs
sÃ@CJiDOHfPXB¹PQ<i>c@kDQ<WU2DOH,DQ:=<KJL:R@CPQ@CJ7DQ<WPEYABEDQY[JWBtHCs�Z�HkDO:zDO:N<KBXY[_�aN>A@kDO<7U @kPQJL:NY�DO<7J7DOaNPQ<g@Ce=U2DO:N<
_g@CJL:NY[e=<tDO:R@kDr:NHfBXDQB�DQ:=<tBXY[_�aN>A@kDOHCPW�
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« ��_gU=@C:N> � BV>A@'F�� ��_pUR@�"'& � BQM\<WJ7Y��R<7BqDQ:R@kDVDO:N<K_8@�v^Y[_�aN_ M�HfBXBXY[ZN>[<gBXM�<7<WU=aNM U=<wl
M\<We=UNB Hfe¦DO:N<�YAeN:=<WPX<WenDpMR@CPQ@k>[>[<7>�Y[BQ_ HCs4DO:=<�<iv^<WJ7aNDO<7U BE�^BEDO<7_!Fr:NY[JL: _g@T��M�Hkl
DQ<WenDQYA@k>�>[� Z�< <iv^MN>[HCY[DQ<WU��Qk'���Ge DO:=<zJW@CBQ< HCst�(=?>�@�A�9 ÑC� DQ:=<zPX<W�oaNY[PQ<W_p<7eoD%suHfP
Y[e=BXDQPQa=JiDQY[Hfe�J7Hf_pMR@kDXYAZNY�>�Y[DG��F4Y�DO: DO:=<%BX�he=JL:NPQHfe=HCa=B,�¹��= � :R@kBgPX<WBXaN>[DQ<WU�Y[e @Ce
@CBE�he=JL:=PQHCe=Hfa=BgU=<WBEYA�Ce F4Y�DO: @mSC<WPX� J7Hf_pMN>[<iv MNY[M�<i>[Y[e=<�BXDQPQa=JiDOa=PX< @CeNU � Y[e=UNY[JT@�l
DXY[SC<7>�� � >�Y[_pY�DO<7U2MR@CPQ@k>[>[<7>�Y[BQ_%�?9;:N<�M\<WPXsuHCPQ_g@Ce=J7< HCs6��=?>�@�A/9 Ñ Y�DOBQ<i>[s6Y[B &$!'�§HCs
DQ:=<KM�<7PXsuHfPX_g@Ce=JW<�HCs�HCs/DO:=<KBE�^eNJL:=PQHfeNHfa=Bq�¹��= ��~Ra=PXZR C¤ � ��9;:N<KJWHf_pMN>[<ivhY�DG�2HCs
DQ:=<K�(=?>�@�A�9 Ñ @CPQJL:^Y[DQ<WJ7DQa=PQ<g_g@C�C<7Bq@Ce @CeR@k>��hBXY[BbHCs�DO:N< YAe=:N<WPQ<7enD�MR@kPO@k>�>A<i>[Y[BQ_
HCs�DO:N<qUN<WBXY[�fe�@gJ7Hf_pMN>�YAJW@kDO<7U�DL@kBQ��Fr:NY[JL: � @CB4�f<iD � :R@CBre=HkDrZ�<7<We�a=e=U=<7PXDL@k�C<We��

« ��BX�he=JL:=PXHfe=Hfa=Bb@CPXJL:NY[DQ<WJiDOa=PX<WB @kPQ<KJWHC_g_ba=eNY[JT@kDXYAHCe Z\Hfa=e=UmBX�hBEDO<W_pB�@Ce=U2DO:=<7PQ<wl
suHfPX<,DO:=<%< � JiYA<7e=J7� HCsrDQ:=<%JWHf_p_�aNeNYAJW@kDQY[Hfe BX�hBXDQ<W_�YABpJ7PQa=JiYc@k>¡� 9;:=<�JWHf_pMN>[<iv
Y[PQPX<W�faN>A@CP Y[enDO<WPXJWHfeNe=<WJiDQY[Hfe M=@kDQDQ<WPQe HCs��(= >�@�A/9 Ñ � BKsua=eNJ7DQY[HfeR@d>4_pH^U=a^>A<7B8@ke=U
DQ:=<�<wv^DQPO@g_�aN>�DQY[MN>[<ivhYAeN� � U=<7_�aN>�DQY[MN>[<ivhYAeN� M=PXH^J7<WBQBX<WBVPX<W�oaNY[PQ<WUzDQH�J7HfM�<qF4Y[DQ: DO:N<
J7Hfe=e=<7J7DQY�SoY[DG��J7Hfe=BXDQPO@kY[e=BrHCs�DO:=<t9*PO@ke=BQM=a^DO<WP�@Ce=U]DQ:=<q9xl���@CJL��Y[eoDQPQHhU=a=J7<q_g@ B�HCP
Z\HCDQDX>A<7e=<WJL�oB�Y[e DQ:=< BE�hBXDO<7_ Fr:^YAJL: BX<7SC<WPQ<i>[��PQ<7U=a=JW<�DO:=<�JWHf_p_ba=eNY[JT@kDXYAHfe < � l
JiYA<7e=J7�C�

�?B�<iv^MN>A@kY[e=<WU Y[e�BQ<WJiDQY[Hfe &h� *N� Ñf� _pHfBED�Hks|DO:N<tDXYA_p<tDO:=<tBEYA_baN>c@dDQY[Hfe _pHhU=<7>*F4Y�>[>�HfM^l
<WPQ@kDO<ra=eNU=<WP/DO:=<VhXBEDOHfPX<�@Ce=Uga=eN>[Hn@CU jVDOPQ@Ce=BXM�HfPED�M�HC>�Y[J7� Fr:NY[JL:�M\<WPX_KY[DQB�DQ:=<r_8@�v^Y[_�aN_
BQM\<W<7U=a=M��
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9;:NY[BmJL:R@CMNDQ<WP2:R@CB2MNPQ<WBX<WenDO<7U @ BX<7DmHCs8�oaR@CenDQY�DL@kDXY[SC< PQ<WBXaN>�DOBmPQ<7�n@CPQU^YAe=� Z\HCDQ: � DO:N<
@CJ7JWa=PQ@CJ7��@CeNU�M\<WPEsuHfPQ_g@Ce=J7<tHCs�DQ:=<tH^J7JT@CPX_�BXY[_�a^>c@kDXYAHCe _pH^UN<7>¡�I9;:=<q@CJ7JWa=PQ@CJ7�%Hks|DO:N<
_pH^UN<7>6:R@kBVZ�<7<We _g<W@CBQaNPQ<WU Zn�2JWHC_gM=@CPXY[e=�]DO:=<KPX<WBXaN>[DQBbHCZNDL@kY[e=<7UmsuPXHf_�H^J7JT@CPX_yF4Y�DO:
¬ o�
j½'±I±X²¡µÃÂËÊI³iµÃÂÆ¿7´V¿iÇ\µ¡½�±IÊ;³ �'ÂËÊ�¯�Ê Èk¿7²�²ÃÂËÐ'¶Æ±I²�Èk±E±XÉd¯�Èt¿iÇ\³�É'ÂË²¡µ¡Á¡ÂÆÐ�¯�µÃ±XÉb²ÃÂËÊ�¯�¶Æ³iµÃÂÆ¿7´VÂË²�°X¯�Á�ÁÃ±Q´7µ¡¶ t³i´¹³7°�µÃÂÆ¾i±/³7ÁÃ±Q³I¿wÇRÁÃ±Q²Ã±Q³iÁ�°G½n· 
h±Q°G½�´'Â �T¯'±X²jÀ*½�ÂÆ°G½¹½�³O¾7±�Ðk±E±Q´V²¡¯ � �i±Q²Ãµ¡±XÉ�Ç ¿7Á�µ�½'ÂË²�È�¯�Á�Èk¿7²¡±6ÂÆ´�°E¶Æ¯dÉ'±/µ¡½�±±XÊ;È'¶Æ¿ t'ÊI±X´Wµ\¿iÇh³�°EÁ¡ÂÆµÃÂË°E³w¶CÈ�³wµ�½r³i´d³w¶ tT²¡ÂË²�¿wÇN³6µ¡Á�³i°E±*Ç�Á¡¿7Ê¦³��iÂÆ¾i±Q´r²¡ÂÆÊx¯'¶Æ³iµÃÂÆ¿7´t¸ � ±XÁ�ÁQ|zyX¼�¸ �W¿WÊ4|7ºQ¼ �'³7´�Éµ¡½�±6µ¡Á¡±X³wµ�ÊI±X´Wµ�¿wÇ=µ¡½'±/È�Á¡¿'°�±Q²¡²��7Á�³iÈd½�³7²j³ �T¯'±Q¯'±EÂË´ �4´'±XµÏÀ�¿WÁQs4ÊI¿'É'±E¶�¸ � ³ �W´d|iºO¼c·
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DO:NHfBQ<bM=PQH'SoYAUN<WU2Zn�%DO:=<b�?BXY[_ _pH^U=<i> � DO:=<bPQ<7BQaN>�DOB�:R@TSf< Z\<W<7ezHfZNDO@kYAeN<WUzZn��<iv^<WJ7aNDQY[e=�
DO:N< ,¹:NPX�hBXDQHfe=<%Z�<7e=JL:=_g@CPX� HCe DQ:=<%DGFIH _pH^U=<i>AB7��9;:N<�U^YABEDOPXY[Z=aNDXYAHCe�HCs�M=PQ<7<W_qDQY[Hfe=B
H'Sf<7P¹DQY[_g<p@ke=U2DO:=<iYAPV<i©�<7J7DOBtHfezDQ:=<K_p<WBXBO@C�f<7B � DQY[_p<WBEDL@C_pM=BVY[ezDO:=<K_pHhU=<7>6:=@'SC<g@k>ABXH
Z\<W<We�UNY[BQJ7a=BQBX<WU��
9;:=<%e=<ivhDgJL:R@CM^DO<WP Y[enDOPXH^U=aNJW<WBg@Ce @CMNM=PQHn@kJL: suHCPK<7>�YA_KY[eR@kDQY[e=�mHhJWJWaNPO@Ce=J7<%HCs�M=PQ<wl

<W_pMNDXYAHCe=B�F4Y�DO:^YAe%DO:=<VsuPQ@C_p<7FxHfPQ�]HCs�DO:N<qMNPQHfM\HfBQ<7U�_pHhU=<7>�>�YAe=�8@CM=MNPQHn@CJL:��
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9;:=< PQ<7BQaN>�DOBmM=PX<WBX<WenDO<7U
Y[e DQ:=<�M=PX<7SoYAHCa=B�JL:=@CMNDO<7PmJWHfeN�=PQ_ DQ:R@kD2DQ:=<¦DQY[_KYAe=��<7PQPQHCP
Y[eoDQPQHhU=a=J7<WU�Y[enDOHpDO:=<tHhJWJW@CPQ_�BEYA_baN>A@kDQY[Hfe _pHhU=<7>*Zn�,DQ:=<t>c@CJL��HCs6@Cen�]BE�he=JL:=PQHCeNY �W@kDQY[Hfe
Z\<7DGFx<W<We DO:N<�MR@CPO@d>[>[<7>�M=PQHhJW<7BQBQ<7Bm_8@T��Z�<¦J7Hfe=BEYAU=<7PQ<7U"@CJ7JW<7MNDL@CZ^>A< @kD DO:NY[Bz>A<iSf<i>KHCs
BXY[_�a^>c@kDXYAHCez@Ce=U�@kDrDQ:=<t<T@CPE>[�]BEDL@C�C<WBrHCs�DO:=<tBXY[_�a^>c@kDXYAHCe M=PXH^J7<WBQB7�

� PX<T@kDQ<WPV@kJWJWaNPO@CJi�zYABVeN<W<WUN<WU � :=H'Fx<7Sf<7P � Y[s/DQ:=<K_pH^U=<i>�Y[B¹DOH]BQ<7PXSC<8@kBt@�DOHhHC>�suHCPV@
_pHfPQ<r<wv^DQ<We=BEY[SC<V@Ce=U8<7>A@CZ\HfPO@kDQ<4<7Sk@k>[aR@kDXYAHfe8HCs\DO:=<�M�<7PXsuHfPX_g@Ce=JW<�JL:R@CPQ@CJ7DQ<WPEYABEDQY[JWBIHks�DO:N<
@CBE�^eNJL:=PQHfeNHfa=B¹@kPQJL:NY�DO<7J7DOaNPQ<C�
9;:=<�PQ<W�oaNY[PQ<7_p<WenD;DOHtDO<7BXD/DO:N<?@CPXJL:NY�DO<WJiDOa=PX<�suHfP6M\HCDQ<WenDQYA@k>\U=<T@kUN>AHhJL�oBIZn�p_pH^U^Y[sÏ�oY[e=�

DO:N<�UN<7>A@'�hBgYAe DO:=<%BX�hBEDO<W_ �ÃBQ<W<�BQ<7J7DXYAHfe (^� *^� Ñ � Ñ �q_g@C�k<WB8DQ:=<�@CJWJ7a=PO@kJ7� PQ<7�ha^YAPX<W_p<WenD
<7SC<We _pHfPQ<�Y[enDO<7e=BQ<k� >�BEYAe=�]DQ:=<KPQ<W@k>|DXYA_p< DOPQ@Ce=BXM=aNDO<7PVJ7>[H^JL�oBVDOH]JL:=@Ce=�f< DQ:=<KPQ<i>c@kDXY[SC<
BQJL:N<WU=aN>�Y[e=�%HCs�DO:N<�HhJWJT@k_�M=PQHhJW<7BQBQ<7B � :R@kB�DQ:=<�_g@ B�HfP�U=PO@TFrZR@kJL��DQ:R@kD�BQ_g@k>�>�PQaNe�DQY[_p<
U=<i>c@T�hB JW@Ce=e=HCD��fa=@CPO@CenDQ<W<2DO:=<mY[eoDQ<We=UN<WU <i©�<7J7DOB�@Ce=U�Z\<W:R@TSoYAHCa=P�Y[e�DQ:=<m_pH^U=<i> � @kB
DO:N<WBQ<gU=<i>c@T�hB�@kPQ<pHfeN>��m@CM=MNPQHTvhYA_g@kDQ<C�8~�aNPXDO:N<WPQ_pHfPX< � PQaNe DXYA_p<gU=<7>A@T�^Bq:R@TSf<8@]UNY[PQ<WJiD

¢#!C 
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<7©�<WJiDzHfe�DO:=<�M�<7PXsuHfPX_g@Ce=JW<�HCs�DQ:=< BEYA_baN>A@kDOHfP7��9;:haNB � >c@CPX�f< U=<7>A@T�^B�Fr:NYAJL: FxHfaN>[U
�faR@kPO@CenDO<7<KDO:=<pMN>A@Ce=e=<7U M=PXH^J7<WBXBbBXJL:=<WU=a^>[Y[e=� � FIHfa^>AU�@k>[BQH�@k©�<7J7DtDO:N<gM\<WPEsuHfPQ_g@CeNJW<pHCs
DO:N<;BXY[_�aN>A@kDQHfP � <iv^M\<WPEYA_p<WenDQB/F4Y�DO:KHhJWJW@CPQ_ :R@TSf<4BX:=H'FreKDO:R@kD�DO:=<IU=PQHfM Y[e M\<WPEsuHfPQ_g@Ce=J7<
JT@ke�Z\<VBXY[�feNY��RJT@keoDW�
9;:NY[BbJL:R@kMNDO<7PbU=<7BQJ7PXY[Z�<7BK@,DO<WJL:NeNYA�oa=<8DO:R@kDq:R@kBqZ\<W<7e U=<iSf<i>AHfM\<WU�DOH�<WeNsuHfPXJW<KDQY[_p<

@CJ7JWa=PQ@CJ7�]Y[e%H^J7JT@C_�_pHhU=<7>[B�HCs�@kBX�he=JL:=PXHfe=Hfa=B�@CPXJL:NY[DQ<WJiDOa=PX<WBW�
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�?B�UNY[BQJ7a=BQBX<WUzY[e JL:R@CM^DO<WP,( � DO:N<qPQ@kDQY[HfeR@d>A<qZ�<7:NY[e=U a=BEYAeN��HhJWJT@k_�suHfPr_gHhU=<i>[>�YAeN�,@CBE�^ehl
JL:=PXHfe=Hfa=B @CPQJL:NY�DO<7J7DQa=PQ<7BpY[BbDQ:=<,<wvNM^>AHCY�DL@dDQY[Hfe�HCs;DQ:=<,J7>[HfBX<,PQ<i>c@kDXYAHCe=BQ:NY[M�Z\<7DGFx<W<We DO:N<
>A@Ce=�faR@k�f<4BQ<7_8@keoDXYAJ7B;@CeNUpDQ:=<rJL:R@CPQ@CJ7DQ<WPXY[BXDXYAJ7BIHCs\DO:N<�@kBX�he=JL:=PXHfe=Hfa=BxBX�hBXDQ<W_%� � e=JW<rDO:N<
HhJWJT@k_�BXY[_�aN>A@kDXYAHfe�_pH^U=<i>jYAB�JWHCe=BXDQPQa=JiDO<WU � @Cen�%@dDQDO<7_pMND�DQHKYAenDOPXH^UNa=JW<tDQY[_p<�@CJ7JWa=PQ@CJ7�
Y[eoDQHgY�Dr_�aNBXD�M=PQ<7BQ<WPESf<qDO:NY[Br_gHhU=<i>[>�YAeN�8M=:^Y[>[HfBQHCM=:n�f�
~Ra=PXDQ:=<WPX_gHCPQ< � @Cen��J7Hf_pMN>[<ivhY[DG�2@CU=U=<7UzDOH�DQ:=<�_pHhU=<7>�@CB¹@�PX<WBXaN>[D¹HCs6DO:=<�BX�he=JL:=PXHkl

eNY �T@kDXYAHCe2M=PQHCDQH^J7HC>�BX:=HfaN>[UmZ�<�_pY[eNY[_g@k>�� � e=<KHCs6DQ:=<KM=a=PXM�HfBX<WBVBX<WPXSC<WU Zn� DO:N<KH^J7JT@C_
_pH^UN<7>NY[B�DOHVMNPQH'SoYAU=<�@¹U=<7BQJ7PXY[MNDQY[HfepHCs�DO:=<r@kPQJL:NY�DO<7J7DOaNPQ< � B/BQM\<WJiY[�RJW@kDQY[Hfe8@Ce=UKHfM\<WPQ@kDQY[Hfe �
DO:^YABVY[eNsuHfPQ_g@kDXYAHCe BX:=HfaN>[U eNHCDtZ�<pHfZNBQJWaNPQ<WU�Zn�m<ivhDOPQ@%sua=eNJ7DQY[HfeR@d>[Y�DG�zFr:NY[JL:�Y[BtPQ<7>A@kDQ<WU
HfeN>���DQHVDO:=<�@CJ7JWa=PQ@kDO<rHfM\<WPQ@kDQY[HfeKHCs\DO:=<r_pHhU=<7>�@ke=Upe=HCD6DOHVDQ:=<rBXY[_�aN>A@kDO<7U�@kPQJL:NY�DO<7J7DOaNPQ<
M\<WPrBQ<k�
�?en�K@dDQDO<7_pMND�DOHV<7_pMN>AH'��Hfe=<;HCs�DQ:=<;<ivhY[BXDXYAe=�tBE�^eNJL:=PQHfe^Y �W@kDQY[HfegM=PQHCDQH^J7HC>[B�BQa=PESf<i�f<WU

Y[e JL:R@CMNDQ<WP * � FIHfa^>AU suHfPXJW< Y�DzDOH UN<WMR@CPED2suPQHf_ DQ:=<�_pH^U=<i>[>�Y[e=��M=:NY�>AHfBXHfM=:n��Fr:^YAJL:
M=PXH�SoY[U=<WU�Y[DQB�HCPXY[�CYAe=@k>*ZR@CBEYAB7�;9;:=<7PQ<7suHCPQ< � DQH8_p<W<iD�DQ:=<b@ksuHfPQ<7_p<WenDQY[Hfe=<7U PQ<7�oaNYAPX<W_p<WenDQB �
@]e=H'Sf<i>/BX�he=JL:=PXHfeNY �T@kDXYAHfe�M=PQHkDOHhJWHC>6:=@CBVZ�<7<We U=<7SoY[BQ<7U � eR@k_g<i>[� DO:=< � WYR[Z\W H+] `#W/K F+f�T
� cIT

�
b�W RITxK�� H+PNKSRIT��4WYRIPeR

�
RIJ � �)`�� � �L�^9;:NYAB4Y[Br@ JWHfeNBQ<WPESk@kDQY�Sf<tM=PXHCDOHhJWHC>�Fr:NY[JL:�Y[B4ZR@CBX<WU

Hfe�@?JWHf_bZNY[eR@kDQY[Hfe HksRDO:=<x<iv^MN>[HCY[DO@kDQY[Hfe Hks=DO:=<xJL:R@CPQ@CJ7DQ<WPXY[BXDXYAJ7B6HCsRDO:N<IBXY[_�a^>c@kDQ<WUKBE�^BEDO<7_
@Ce=UKDQ:=<r<W_pMN>[H��h_p<WenDIHCs -�aN>�>�_g<7BQBQ@C�f<WB/DOHq@CJL:^YA<iSf<?UN<T@CUN>[HhJL�p@'SCHCY[UR@Ce=J7< � Fr:NY[>[<r_g@kYAehl
DL@dYAeNY[e=�%DO:=<pM=:^Y[>[HfBQHCM=:n��HksxDQ:=<p_gHhU=<i>�Y[enDL@CJiDT� �®DqBQ<W<7�oBbDOH%<7eR@CZN>[<gDQ:=<pU=<7SC<7>[HfM=_p<WenD
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HCs*@kJWJWaNPO@kDQ<V@CPQZ^Y[DQ<WPI_pHhU=<7>[BIY[enSfHC>�SoYAe=�pHfe^>[�gDO:=<�M=PQHhJW<7BQBX<WB4PQ<7�oaNYAPX<WU]suHfP/DO:NY[B;M=aNPQM\HfBQ<k�
9;:=<tM=PXH^J7<WBQBX<WB�HCs�DQ:=<t_pH^U=<i>*PQ<7_8@dYAe�<WenDQY[PQ<i>[��UR@dDL@KU=PXY�Sf<7e��
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�/Hfe -�<Wa=_g@Ce=emJ7Hf_pM=aNDO<7Pt@CPQJL:^Y[DQ<WJ7DQa=PQ<7B � BX�he=JL:NPQHfe=HCa=BbHCPV@CBX�he=JL:NPQHfe=HCa=B � @CPX< U=<7DQ<WP�l
_KYAe^YABEDQY[J�BX�hBEDO<W_pB � DQ:=<7��@CJ7JW<WM^D @CBtY[e=M=aNDbYAe=BEDOPXa=J7DXYAHfeNBbFr:NY[JL:¦DO:=<i� <iv^<WJ7aNDO<,BX<W�oa=<7e^l
DQYA@k>�>[��Y[e2@�BQM\<WJiY[�=Jp@Ce=UzM=PX<WU=<i�Re=<7U HCPQU=<7PW�(A/@CJL:zY[e=BXDQPQa=JiDQY[Hfe2U=<i�Re=<WB¹DQ:=< BEDO<WMNB?DO:R@dD
@CPX<qPX<W�oaNY[PQ<7U�suHfP;Y�DOBr<iv^<7JWaNDXYAHfe @CB4FI<i>[>�@CB4DQ:=<tZ�<7:R@TShY[Hfa=P�HCs�<T@CJL:%sua=e=JiDQY[HfeR@k>*_pHhU=aN>[<
HCs�DO:=<q@CPXJL:NY�DO<WJiDOa=PX<C�;�IHfe=BQ<7�oa=<WenDQ>�� � DO:N<b�nY[e=U @ke=U�BX<W�oa=<7e=JW<bHCs|<iSf<7eoDQB�DQ:R@kD�H^J7JWa=P4Y[e
DO:N<qBE�hBXDO<7_ @CPQ<tU=<iDO<7PQ_KYAeN<WUz@dD?@keo��DQY[_g<tZn�]DO:N<q<wv^<WJWa^DQY[e=�8Y[e=BXDQPQa=JiDQY[Hfe=B7�
9;:NY[Bp@CZNY�>[Y�DG��DQHzM=PX<WUNY[J7Dp<iSf<WenDQB YAe¦DQ:=<]@CPXJL:NY[DQ<WJiDOa=PX< � ZR@CBX<WU�Hfe DQ:=<�Y[eNsuHfPX_8@dDQY[Hfe

M=PXH�SoY[U=<WU8Zn�KDO:=<�M=PQHC�fPO@C_"a=e=U=<7Px<wvN<7JWaNDXYAHCe � suHCPQ_pB�DQ:=<rZR@CBEYAB�HCs�DQ:=<�{6PQHf�fPQ@C_ ,¹PEY[SC<We
}h�he=JL:=PXHfeNY �T@kDXYAHCe
{6PXHCDOHhJWHC> � Zn��<wv=@k_pY[eNY[e=� DO:N< YAeNBXDOPXa=J7DXYAHCe=B2Z�<iYAeN� <iv^<WJ7aNDO<7U � DO:N<
@CPXZNY[DQ<WP%M=PXH^J7<WBQBX<WBzHks�DO:N< BEYA_baN>A@kDQY[Hfe _pHhU=<7>qJT@ke U=<iDO<7PQ_KYAeN<�Fr:=<iDO:=<7Pz@Ce�<7SC<WenDzY[B
<iv^M\<WJiDO<WU Hfe @�MR@CPXDXYAJ7aN>A@CP�Y[e=M=aND >�Y[e=�¦@CeNU DO:oa=B Fr:=<iDO:=<7P DO:=<iYAP�ZN>AHhJL�nYAeN� aNM�Hfe�DO:NY[B
>�YAe=�8FIHfa^>AU�PQ<WBXaN>�D�Y[e�@pUN<T@CUN>[HhJL�\�
9;:=<��C<7�pJ7Hfe=J7<WMND�YAegDO:=<�{6PQHC�fPO@C_ ,¹PXY�Sf<WegM=:NY�>[HfBQHfMN:o�pY[B6DO:=<ih �Ge=BEDOPQaNJ7DQY[Hfei@*HhHf�d@dl

:=<W@CUz}h<7DYjpFr:NY[JL:�Y[BrU=<7�ReN<WUz@kBrsuHk>[>[H'FrBWª

$&%('*),+.-/+102)4365 bxf87�):9�-<;>=,?@-A+.02)4BC0D0FEHGJIK%LGJM�ND%(- �O7�B�N �\R�� H JLK THPRQ K{^ P bxf_^ f�P�R��
K Tl^�PNW �

�
PNKSRITl^ �TS bxR ^ fafVU�f

�
��PQKSRIT S K J JlUxRIPef�TxPNKNH+J JLc WYf ^ ��JLP4K T H+T f�F+f�TxPnR

� �
��W/W�K T Z RITWQ:X

7YBZND[Q*]\_^YTl^�PQW �
�
PQKSRIT`7_Xa7 Z�f�Tgf�W[H+P�f ^ H+T f�F+f�TxP�RIT6JLK THPbQdcfe

9;:=< �GeNBXDOPXa=J7DXYAHCe @jH^Hf�d@C:N<T@CU,}^<7DxHCsj@keo�gMR@kPXDQY[JWa^>c@CP/>�YAe=�KY[e8DQ:=<�BE�hBXDO<7_ Y[BIU^YAPX<WJ7DX>[�
¬ p�´?ÂË´�²Ãµ�Á¡¯d°�µÃÂÆ¿7´�g|ÂË²jÁÃ±EÇ ±XÁ�ÁÃ±QÉ�µ¡¿;³7²j³i´ih�jDkLlTm  �#n �"�poVnqmsr ;Â ÇR³i´dÉ�¿W´'¶ trÂ Ç"hZt8h�jDkLl�·
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U=<i�Re=<WU�Zn� DO:N<m@CPQJL:NY�DO<7J7DQa=PQ< � B�BQM\<WJiY[�RJW@kDQY[Hfe @Ce=U DO:oa=B � _g@T� Z\<WJWHC_g<m@TSk@kY�>c@kZN>A<zDQH
DO:N<�@CPXZNY�DO<WPbM=PQHhJW<7BQBX<WB HCsxDO:=<8BXY[_�aN>A@kDXYAHfe _gHhU=<i>xY[e¦@CU^SC@ke=JW<k��¥I@CBQ<7U¦Hfe�DQ:=< ��@�}mHCs
DO:N<7Y[P�YAeNM=aND,>�YAeN�hB � @CPXZNY�DO<WP�M=PQHhJW<7BQBQ<7B%_8@T� UNY[PQ<WJiDQ>�� _g@C�k<2U=<WJiYABEYAHfeNB�PX<W�n@kPQUNY[e=�¦DO:N<
M\HCDO<7eoDXYc@d>�@CPQPEY[Sk@k>/HCsI_p<WBQBQ@C�f<7B � MNPQH'SoYAU=<7U¦HCsxJWHfaNPQBQ<gDO:R@dDVDO:=<i� @CPQ<8@k>[BQH%YAeNsuHCPQ_p<WU HCs
DO:N<tY[e=BEDOPQaNJ7DQY[Hfe=B�Z\<7Y[e=�8<wv^<WJWa^DO<WU�YAe]DO:N<qBE�hBXDO<7_%�

��������� �����������#�,�
¥;@CBX<WUzHCe�DO:N< �Ge=BEDOPQaNJ7DQY[Hfe6@jHhHf�d@C:=<W@CU2}^<iD?UN<7�Re=<7Um@CZ\H�SC< � DO:=<bZ�<7:R@TSoYAHfaNP?HCs/@kPQZNY�DO<7P
M=PXH^J7<WBQBX<WB�F4Y[DQ:�PX<W�n@CPXU]DOHp_p<WBQBQ@C�f<qJWHfeNBQa=_pMNDXYAHfe�_g@'�%Z\<tBQM\<WJiY[�R<7Uz@CB4suHC>�>[H�FrB7ª

�W=
	1% 3 C�T H+W��zK P�f�WaUXWYR
�
f ^ ^�� K{^ H+J J{R S f M PeR �zJ{R

�
P H+TXM S H+K P � RIW?H+T f�F+f�TxP;RIT K P ^

K T+U ��P JLK THP Q M ��W�K T ZmP bxfafVU�f
�
��PQKSRIT R��#H+T6K Tl^�PQW �

�
PQKSRITW7;K �-H+TXM RITxJLc K �Z7� 7YBZND[ e

9;:=<t@CZ\H'Sf<¹PXaN>A<V<7e=BQaNPQ<WB;DQ:R@kDr@kPQZNY�DO<7P;M=PQHhJW<7BQBX<WBrZN>[H^JL�gHfeN>���suHfP�YAeNBXDOPXa=J7DXYAHCe=B;DO:R@dD
@CPX<x>�YA�k<7>��bDQH?�f<7e=<WPQ@kDO<�DO:=<;J7HfPQPX<WBXM�HfeNUNYAeN�¹<7SC<WenDOB7� ��H'FI<iSf<7P � U=<WM\<WeNUNYAeN�VHfebDQ:=<IBEDL@kDQa=B
HCs�DO:=<tBE�^BEDO<7_ � U=a=PEYAeN�gDQ:=<VYAe=BEDOPXa=J7DXYAHfe � B�<iv^<WJ7aNDQY[Hfe�BQa=JL: @Ce�<iSf<7eoD�_KYA�C:oD�e=HkD�HhJWJ7a=P �
Y[e,DO:NY[B4JT@CBX< -�a^>[>j_p<7BQBO@k�f<WBr@CPX<¹PQ<7�oaNYAPX<WU�HCDO:N<WPXF4Y[BQ<¹DQ:=<V@CPXZNY�DO<WPIM=PQHhJW<7BQB;F4Y�>[>jZ\<WJ7Hf_p<
ZN>[H^JL�k<WU @Ce=U]DO:=<tBEYA_baN>c@dDQY[Hfe�_pHhU=<7>jF4Y�>�>*U=<T@CU^>AHhJL���x9;:N<tsuHk>[>[H'F4YAe=�gPQa^>A<VY[B4JWHfe=J7<WPXe=<WU
F4Y�DO:%DO:=<tM=PXH^U=aNJ7DQY[Hfe�HCs -�aN>�>*_p<WBQBQ@C�f<7BWª

�W=
	1%�� C�� ��J J ]if ^ ^zH Z�f S K J J ��f ^ f�TxP�PeR_JLK THP Q R���P bxf#H+W��zK Pef�W)UXWYR
�
f ^ ^�� K ��H+TXMiRITxJLc

K ��� fVU Uxf
�
P ^ H+T f�F+f�TxP#RIT Q � HI^ f M RIT P bxf 7YBZND[ �#H+TXM � RIW P bxf

�
��W/W f�TxP�^�P H+Pef R��VP bxf

^�c ^�P�f�] P bxf f�F+f�TxP S K J J TgRIP ��f�Z�f�Tgf�W[H+Pef M(e
9;:=<mDGFIH PQaN>[<WB�@CZ\H'Sf< � BXM�<7J7Y�sÏ� DO:=<mZ\<W:R@TSoY[Hfa=P�HCs @kPQZNY�DO<7P�MNPQHhJW<WBXBQ<7Bz@Ce=U�DO:N<7Y[P

M\<W<WPXB � Fr:=<7e8DO:N<7Y[P�YAenDO<7PO@CJiDQY[HfegU=<WM\<We=UNBxHfeKDQ:=<r<iv^<WJ7aNDO<7U8Y[e=BXDQPQa=JiDQY[Hfe=BW� ��H�Fx<7SC<WP � e=HkD
@k>�>�<7Sf<7enDOB?Y[ez@Ce�@CBE�^eNJL:=PQHfeNHfa=B¹BE�^BEDO<7_yHhJWJ7a=P�Y[ez@ke�Y[e=BXDQPQa=JiDQY[HfezU=<7M�<7e=U=<7eoD?sÃ@CBQ:NY[Hfe��
�Ge=U=<7<WU � JW<7PXDL@dYAe MR@CPEDOBKHCs�DO:=<]BE�hBXDO<7_�_g@'�¦HfM�<7PO@kDQ<%@CaNDQHfe=Hf_pHfa=BE>[� � Y[PQPX<WBQM\<WJiDQY�Sf<�HCs
Fr:NY[JL: Y[e=BXDQPQa=JiDQY[Hfe=BV@CPX<bZ\<7Y[e=�8<iv^<WJ7aNDO<7U � DO:N<�{�� >[H^HfM%Y[e DO:=<q�(= >�@�A/9 Ñ M=PQHhJW<7BQBXHfP
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Y[B8@ke <wv=@k_gM^>A<�HCs�BQa=JL: @ke @kaNDOHfeNHf_pHfa=Bpa=eNY�DT� �Ge DQ:NY[BgJW@CBQ<%Y�DgY[BKDO:=<%BEDL@kDQ<�Hks?DO:N<
BXY[_�a^>c@kDQ<WU�BX�hBXDQ<W_�DO:R@dDrUNYAJiDL@kDQ<WBrDO:=<tZ\<W:R@TSoY[Hfa=PrHCs�DO:=<q@CPXZNY[DQ<WPrM=PXH^J7<WBQB7ª

�W=
	1% � C�T H+W��zK P�f�WaUXWYR
�
f ^ ^�� K{^ H+J J{R S f M PeR �zJ{R

�
P H+TXM S H+K P � RIW?H+T f�F+f�TxP;RIT K P ^

K T+U ��P JLK THP8Q S b�K
�
b��)WYf ^�K T H+T K Tl^�PQW �

�
PQKSRIT K TXM�feUxf�TXM�f�TxP S H+c �
K ��H+TXM RITxJLc-K � P bxf�^�P H+Pef

R��(P bxf(^�cd^�Pef�] Z �lH+W H+TxPef f ^ P blH+PnHi]if ^ ^zH Z�f S K J J���f K{^ ^ � f M RIT Q:e

��������� �����������	� 
��� !��"�����������d�,�f�
9;:=<qZR@CBEYAJVsua=e=JiDQY[HfeR@k>�Y�DG�%HCs�@ke @CPXZNY�DO<WPrM=PXH^J7<WBXBrF4Y�DO:�PQ<7�n@CPQU]DQHgDQ:=<q{/PXHf�fPQ@C_ ,¹PEY[SC<We
}h�he=JL:=PXHfeNY �T@kDXYAHCez{6PQHCDQH^J7HC>�Y[B�UN<WMNY[J7DQ<WU�Y[e%�R�fa=PX<b ^� Ñ �

>�M\Hfe PX<WJ7<7Y�ShY[e=�%@p_p<WBQBQ@C�f< HCe Hfe=<qHCs�Y�DOBr>�YAe=�oBO�¡<C� �=�(]_^[Z �¹_g<7BQBQ@C�f< Hfe ^ T ����DO:N<
@CPXZNY[DQ<WPpYAenSCHf�C<7B,DO:=< � f�J{f

�
P�MNPQHhJW<WBXB�DOH�U=<7DQ<WPX_pY[e=<�Fr:=<7DQ:=<WP�DQ:=< MNPQHhJW<WBXBXY[e=��HCs�DO:NY[B

_p<WBXBO@C�f<tFxHfaN>[U�JW@Ca=BQ<b@KM=PQ<7<W_pMNDXYAHfe��
�®srDO:=<7PQ<,Y[Bp@zM�<7e=UNY[e=�m_g<7BQBQ@C�f< ]_^[Z � � @k>[PQ<T@kUN�¦PX<WJW<iY[SC<WU suPQHf_ DO:N<]HCDO:=<7P�Y[e=M=aND �

DO:N<We2DO:=<�_g<7BQBQ@C�f<KF4Y[DQ:zDO:=<K_KY[eNY[_�a=_�DXYA_p<7BXDL@k_gM2Y[BVBQ<i>A<7J7DO<7U DQH]Z�<�M=PQHhJW<7BQBQ<7U @ke=U
suHfPEF;@CPXU=<WU DQH DQ:=<m@CPXZNY[DQ<WP]M=PXH^J7<WBXB � B�Hfa^DOM=aND � Y[sbZ�HkDO: DQY[_p<WBXDO@C_pM=B�:R@TSf<2DO:=<2BQ@C_p<
Sk@k>[a=< � DQ:=<VBQ<i>A<7J7DXYAHfe%Y[B4_8@kU=<¹YAe�@ PQ@Ce=U=Hf_ sÃ@CBQ:^YAHfe,DQHp<W_�a^>c@kDQ<¹DO:=<VZ\<W:=@'SoY[Hfa=PrHCs*DO:N<
JWHCPQPQ<7BQM\Hfe=UNY[e=�g:R@CPXUNF;@kPQ<b@CPQZNY�DO<7PW�

�®s�:=H'Fx<7SC<WP � e=HqM�<7e=UNY[e=�q_g<7BQBQ@C�f<�<ivhYABEDOB � Z=a^DI@VM\HfBXY�DQY�Sf<�M=PX<WUNY[J7DXYAHfeG�¡Z=@CBQ<7U8HfepDO:N<
�Ge=BEDOPQaNJ7DQY[Hfe;@jHhHf�d@C:=<T@kU���Y[B�_g@CU=<;PX<W�n@kPQUNY[e=�?Y�DOB�M\HCDQ<WenDQYA@k>N@CPQPEY[Sk@k> � DO:N<;@CPXZNY[DQ<WP�MNPQHhJW<WBXB
ZN>[H^JL�oBb@Ce=UmF;@dY[DQBba=enDXY[>6DQ:NYABqBQ<7JWHfeNU _p<WBXBO@C�f<8@CPXPXY�Sf<WB7�,9;:=<g@CPXPXY�Sk@k>/HCs�DO:NY[Bb_p<7BQBO@k�f<
M=PXH�SoY[U=<WBpDO:N<�@kPQZNY�DO<7PKM=PQHhJW<7BQBKF4Y[DQ: DQ:=<]YAe^suHfPQ_g@kDXYAHfe PX<W�oaNY[PQ<WU DOHmM=PXH^J7<W<WU F4Y�DO: Y[DQB
HfM\<WPQ@kDQY[Hfe @Ce=Um<We=@CZN>[< � f�J{f

�
P�DOH%_g@C�C<8@]U=<WJiYABEYAHfe � eR@k_g<i>[� DO:=<pe=<wv^DtDXYA_p<WBEDL@C_pM�Hfe

Y�DOBrHCDO:N<WP4YAeNM=aNDr>[Y[e=���
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PROC PDSP_Arbiter()
  PROC Select(msg1, msg2)
    SEQ
      IF
        msg2_pending=TRUE
          SEQ
            IF
              timestamp(msg1)<timestamp(msg2)
                SEQ
                  process(msg1)
                  msg1_pending:=FALSE
              timestamp(msg1)>timestamp(msg2)
                SEQ
                  process(msg2)
                  msg2_pending:=FALSE
              timestamp(msg1)=timestamp(msg2)
                SEQ
                  make_random_selection(msg1,msg2)
        msg2_pending=FALSE
          SEQ
            IF
              msg2_expected=TRUE
                SEQ
                  In2?msg2
                  msg2_pending:=TRUE
              msg2_expected=FALSE
                SEQ
                  process(msg1)
                  msg1_pending:=FALSE
  :
  WHILE TRUE
    SEQ
      IF
        msg1_pending=TRUE
          SEQ
            Select(msg1,msg2)
        msg2_pending=TRUE
          SEQ
            Select(msg2,msg1)
        TRUE
          SEQ
            ALT
              In1?msg1
                msg1_pending:=TRUE
              In2?msg2
                msg2_pending:=TRUE
:

~�YA�Ca=PQ<q N� Ñ ª/9;:=<q{),t}N{���PQZNY�DO<7P�{6PXH^J7<WBQB

��� ��� ��� 3 7����:;A0	�K+ )�
� $ N�����%L;���0F;�� GJ),?_%
9;:=<¹Z=@CBXY[JV@k>[�fHfPEY[DQ:=_`UN<WBQJ7PXY[Z�<7U]YAe�DQ:=<¹M=PX<7SoY[Hfa=B4BQ<7J7DXYAHfe �u�R�fa=PX<V N� Ñ �6<7eR@CZN>[<WBr@kPQZNY�DO<7P
M=PXH^J7<WBQBX<WBIDQH�PX<WJW<iY[SC<V@Ce=U8M=PQHhJW<7BQBx_g<7BQBQ@C�f<WB;@CPQPEY[SoY[e=��HfegDO:=<iYAP/Y[e=M=aNDx>[Y[e=�oBxY[e8Y[e=JWPX<T@CB�l
Y[e=�gDXYA_p<7BXDL@k_gM�HfPQUN<WP � @d>[FI@T�^B�BQ<i>A<7J7DQY[e=�gDO:=<q_p<WBQBQ@C�f<tF4Y[DQ:�DQ:=<tBQ_g@k>�>A<7BXD?DXYA_p<7BXDL@k_gM �
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DO:^YAB4�fa=@CPO@CenDQ<W<WB;DQ:=<V@CJ7JWa=PQ@kDO< � M=PQ<7<W_pMNDXYAHfehl®suPQ<7<VHfM\<WPO@dDQY[Hfe]HCs*DO:=<?BXY[_�aN>A@kDQY[Hfe�_pH^U=<i>��
��H'Fx<7Sf<7P � DQ:NY[B?M=PXH^J7<WBQB?U=H^<7B�eNHCD?<7e=BQaNPQ<�DQ:R@kD�DO:=<bJWHfe=J7a=PQPX<We=Ji� Hks�DO:=<qBXY[_�a^>c@kDQ<WU

BX�hBEDO<W_�Y[BpBQa � J7Y[<WenDX>[� <iv^MN>[HCY�DO<WU DOHmYAeNJWPQ<W@CBQ<%DO:N<�M\HCDO<7enDQYA@k>rHCs?DQ:=<%_pH^U=<i>4suHfPp:NY[�f:
M\<WPXsuHCPQ_g@Ce=J7<C� �Ge=U=<7<WU � @kBbBXH^Hfe @CBtY[DbM=PQ<7UNY[J7DOBbDO:R@kD�@�_p<7BQBO@k�f<8Y[B�<wvNM\<WJiDO<7U�Hfe HfeN<
HCs�Y[DQB4YAe=MNaNDr>[Y[e=�oBO�Ã<C� �=� �Ge�¢3� � DO:=<q@CPXZNY[DQ<WPrM=PXH^J7<WBQBrF4Y�>[>*BEDOHfM�@CJWJ7<WMNDXYAeN�,@Cen�]_p<WBXBO@C�C<WB
@CPXPXY�ShY[e=� HCe8Y�DOBIHkDO:=<7PxY[e=M=aNDx>[Y[e=� �Ge Ñ a=enDXY[>\DO:=<�<iv^M\<WJ7DQ<WU%_p<WBXBO@C�f<?Hfe �Ge�¢b@CPQPEY[SC<WBW�6��B
@ JWHCe=BQ<7�haN<We=J7< � @k>[>�DO:=<VMNPQHhJW<WBXBQ<7B�Fr:NY[JL:�@CPQ<¹M=@CPXDrHCs*DQ:=<¹MR@kDQ:]DO:R@kDI>A<W@CU=B4DOH �Ge Ñ F4Y�>�>
ZN>[H^JL�m@ke=U FI@kY�D � @Ce=UmDO:=<gMNY[M�<i>[Y[e=<WB�@kDtDO:=<gHfaNDQM=aNDqBXY[U=<8HCsIDQ:=<g@CPQZNY�DO<7PbMNPQHhJW<WBXBqF4Y�>�>
BXDO@CPXSC< � U=a=PEYAeN�gDQ:NYAB4DXYA_p< � >A@CPX�f<tMR@CPXDQB4HCs|DQ:=<tBXY[_�aN>A@kDQHfP4F4Y[>�>*PQ<7_8@dYAe%YAU^>A<k�
� BQHk>AaNDXYAHCepDQH?DO:^YAB6M=PXHfZN>[<W_ YAB|DQHVM=PQH'SoY[U=<r@CPQZ^Y[DQ<WP�M=PXH^J7<WBXBQ<WB6F4Y�DO:pBQHC_g<xYAe=U^YAJW@kDQY[Hfe

@CBjDOHrFr:=<7e � Y[eqDQ:=<�BXY[_�aN>A@kDO<7UbsuaNDQa=PQ< � @Ceq<iv^M\<WJiDO<WU�_g<7BQBQ@C�f</F4Y[>�>^@CJ7DQaR@k>�>[�q@CPXPXY�Sf<k��9;:NY[B
Y[eNsuHfPQ_g@kDXYAHCe F4Y[>�>4<7eR@CZN>[<�DO:N<W_ DQHzJWHCe=BQa=_p<%@ eoa=_bZ�<7PKHCs�<7SC<WenDOBKHhJWJ7a=PQPEYAe=�2HCe �Ge Ñ
>�YAe=� Z�<isuHfPQ< DQ:=<7�2Z^>AHhJL� Hfe �Ge�¢�Y[e=JWPX<T@CBEYAeN��DO:oa=BVDQ:=<KJWHfeNJWa=PXPQ<WeNJ7�mHCs/DO:N<gBEYA_baN>A@kDQY[Hfe
_pH^UN<7>¡�/9;:NYAB�YAe^suHfPQ_g@kDXYAHfegJT@ke�Z\<�HfZ^DL@kY[e=<WU�Zo�pDO@C�nYAe=�qYAenDQH @CJ7JWHfa=enD�DO:=<�M=PQHCMR@C�n@kDXYAHCe
U=<i>c@T�hB;YAe8DO:=<?@CPQJL:NY�DO<7J7DQa=PQ<VZ\<7Y[e=� BEYA_baN>c@dDO<WU��x��e,<7SC<WenDr�f<WeN<WPO@dDO<WU]Zn��@Ce�Y[e=BXDQPQa=JiDQY[Hfe
F4Y�>[>|M=PQHfM=@C�n@kDQ<bDO:NPQHfa=�C:m@�eoa=_�Z\<WPVHCs/M^YAM\<7>�YAeN<KBXDL@k�f<WBVZ\<7suHfPX<bY�DVPQ<W@CJL:=<7Bt@Cem@CPQZ^Y[DQ<WPW�
9;:=<gMR@kDQ:�suHC>�>AH'Fx<WU�Zo�2DQ:=<g<7Sf<7enD�Y[BbJ7Hf_pMN>A<iDO<i>[� U=<i�Re=<WU Zo�2Y�DOBqMR@CPX<WenDqYAe=BEDOPXa=J7DXYAHfe �
DO:N<b>A@kDO<7e=J7��HCs6DO:N<�MR@kDQ:z:=H'Fx<7Sf<7Pq@kD¹@keo��MR@CPEDQY[JWaN>A@CP�DQY[_g< � U=<7M�<7e=U=B¹Hfe�DO:=< eoa=_bZ�<7P
HCs�<7>[<W_p<WenDQB�Y[e�DQ:=<t_pY[JWPXHfMNY[M�<i>[Y[e=<7B�Y[enSfHC>�Sf<7U2@Ce=U%DO:oa=B � Y�D4Y[B�e=HCe^lGU=<iDO<7PQ_KYAe^YABEDQY[JC�
�IHfe=BX<W�oa=<WenDX>[� � Y[D/Y[B/e=HCD6su<T@kBXY[ZN>A<rDOHt�oe=H'F Y[e�@kUNSk@Ce=JW<4DQ:=<r<ivN@CJ7D/DXYA_p<rPQ<7�ha^YAPX<WU�suHfP

@Cez<iSf<7eoDVDQH,M=PXHfMR@C�n@dDO<�DQ:=PQHfaN�f:2@��CY�Sf<7em_pY[JWPXHfMNY[M�<i>[Y[e=<k� ��H'FI<iSf<7P � DO:=<7PQ<�Y[BV@8>[H'FI<7P
Z\Hfa=e=UKDOH¹DQ:NY[B�DQY[_g< � eR@C_p<7>�� DQ:=<;>c@dDO<WeNJ7�KHCs�DQ:=<4_KYAJ7PQHfMNY[M\<7>�YAe=<4Fr:=<7e � @kD�DQ:=<4_pHf_p<WenD
HCsRDQ:=<;<7SC<WenD � B/<WenDOPE� � Y�D|Y[B6<W_pMNDG�C�6¥;@CBX<WUKHfe DQ:NYAB|HfZ=BQ<7PXSk@kDXYAHfe � DO:=< =%YAeNY[_�aN_ @*@kDO<7e=J7�
@jH^HC�k@k:=<T@CU � _g@'�,Z�<tU=<i�Re=<WU�ª

$&%('*),+.-/+102)�� 5 bxf�� + ),+ � = � BCGH-/% ),?�� BC0D0FEHGJIK%LGJM R��;H JLK THPRQ�� BCB [ �nK{^VM�f��
�)Tgf M;HI^�P bxf�P�RIPSH+J UXWYR UlH Z H+PNKSRIT M�f�J H+cVR���P bxf�UlH+P biJ{f HOM+K T Z P�R Q � S bxf�T P bxf�UXK Uxf�JLK Tgf ^(R��
P bxf�UlH+P b H+WYf f�]�UXPNc_X
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��B B [Q* ����� �

� � X�� WYR UlH Z H+PNKSRIT M�f�J H+c R��#P bxf K �eP baUXK Uxf�JLK Tgf�^�PSH Z�f K T P bxf�UlH+P bHe
9;:=< �Ge=BXDQPQa=JiDQY[Hfe @jHhHf�d@C:=<T@kU�}h<7D8HCs¹@2>�YAe=��YAeNsuHCPQ_pBgDQ:=<%JWHfPXPQ<7BQM\Hfe=UNY[e=�¦@kPQZNY�DO<7P

M=PXH^J7<WBQB S bxf�P bxf�W*@�_p<WBQBQ@C�f<xBQ:=Hfa^>AU Z\<I<wv^M�<7J7DO<7UKHfebDQ:R@kD�>[Y[e=� � DO:N<n=�Y[eNY[_�a=_ @*@kDO<7e=J7�
@jH^HC�k@k:=<T@CU�PQ<7SC<T@k>[B S bxf�T¹Y[e DO:=<;BEYA_baN>A@kDO<7Upsua^DOa=PX<IDO:=<I<iv^M�<7J7DQ<WUg_g<7BQBQ@C�f<4_g@T� @CPXPXY�Sf<k�
¥;@CBX<WU�Hfe]DO:=< =%YAeNY[_�aN_ @�@dDO<WeNJ7� @jHhHf�d@C:=<T@kU � DO:N<tsuHk>[>[H'F4YAe=�pPXaN>A<t_g@T�]Z\<VBQM\<WJ7Y��R<7U�ª

�W=
	1%���C�T H+W��zK P�f�WnUXWYR
�
f ^ ^ � S K J J TgRIP�UXWYR

�
f ^ ^-Hi]if ^ ^zH Z�f�� � WYf �

f�K F+f M RIT6K P ^ K T+U ��P
JLK THP	Q � � ��P K Tl^�P�f HOM K P S K J J �zJ{R �

P H+TXM S H+K P � RIW H ]if ^ ^zH Z�f	� k fVU Uxf �
P�f M RIT K P ^iRIP bxf�W

K T+U ��P�JLK THP Q k ��K �VH+TXM RITxJLc?K � P bxfiPNK ]if ^�PSH+]�U R��
� k HI^ UXWYf M+K �
Pef M �zc P bxf���� [��6K{^

J{f ^ ^#P blH+T RIWaf�� � H+J PeR P bxf PQK ]if ^�PSH+]�U'R���� � e
��a^>A<�¤ � J7Hf_�ZNY[e=<7U F4Y[DQ:�DO:=<���@^9§BXDO@kDO<7_g<7enD,YAe DO:=<�_g@kY[e�>AHhHfM HCs¹DQ:=<z{),t}N{

@CPXZNY[DQ<WP�M=PQHhJW<7BQB � F4Y[>�>N<7eR@CZN>[<4@CPXZNY�DO<WP�M=PQHhJW<7BQBX<WB|DQH?M=PXH^J7<WBQB|_g<7BQBQ@C�f<WB�F4Y�DO: @CM=M=PXHfM=PXYA@kDQ<
DQY[_p<WBEDL@C_pM=B�@CBrBQHhHfe�@CB4DO:=<i��@CPQPEY[SC<C�
~�Y[�fa=PQ<8 N�Æ¢%UN<WMNY[J7DQBbDO:N<gsua=eNJ7DQY[HfeR@d>[Y�DG� HCsIDQ:=<�@kPQZNY�DO<7PbM=PXH^J7<WBXBbFr:=<7e DO:=<i=?@�@�Y[B

DL@k�C<We%Y[eoDQH�@kJWJWHCa=enDT�

��������� �������	!�� !��"� �"! �����
9;:=<%{6PQHC�fPO@C_G,¹PXY�Sf<7e ��M=M=PXHn@CJL:�YABpZR@kBQ<WU Hfe�DQ:=<,<iv^MN>[HCY�DL@kDXYAHCe HCsrDQ:=< �Ge=BXDQPQa=JiDQY[Hfe
@jH^HC�k@k:=<T@CU�MNPQHfM\<WPEDQY[<WBpHCsrDO:=<]BEYA_baN>A@kDO<7U @CPXJL:NY[DQ<WJiDOa=PX<C� }^aNJL:�@Ce <wvNM^>AHCY�DL@dDQY[Hfe M=PQ<wl
BQaNM=M�HCBQ<WB2DQ:R@kD @CPXZNY[DQ<WPzMNPQHhJW<WBXBQ<7B�:R@TSC< �oe=H'F4>[<WU=�C<�@CB�DOH Fr:NY[JL: Y[e=BXDQPQa=JiDQY[Hfe=B @CPX<
Z\<7Y[e=�%<iv^<WJ7aNDO<7U�� �®sxDQ:NY[BV�heNH�F4>[<WUN�f<gY[Bte=HCDVU^YAPX<WJ7DX>[�2@'Sk@kY�>A@CZN>[< � DO:=<7e @Ce @CM=M=PXHfM=PXYA@kDQ<
_p<WJL:R@keNYABX_"e=<7<WU=B�DQH¹Z\<IU=<iShY[BQ<7UKDOH¹M=PXH'ShY[U=<4@kPQZNY�DO<7P|M=PXH^J7<WBQBX<WB6F4Y�DO:�DQ:NYAB�YAeNsuHCPQ_g@kDQY[Hfe��
� <We=<7PO@k>�>[��DO:N<�sua=e=JiDQY[HfeR@k>�Y�DG��HCs�DO:=<�@kPQJL:NY�DO<7J7DOaNPQ<¦Z\<7Y[e=� _pHhU=<7>�>A<7U F4Y[>�> _g@C�k< DO:N<
U=<iSf<7>[HfM=_p<7eoDtHks�BQaNJL:m@8_p<WJL:R@keNYABX_�su<W@CBXY[ZN>[<C� � DO:=<7PXF4Y[BQ<�DQ:=<tYAe=BEDOPXa=J7DXYAHfe�>AHhHf�d@C:=<W@CU
M=PXHfM�<7PXDXYA<7B;HCsjDO:N<?BX�hBEDO<W_§JT@Ce,eNHCD;Z\<?<wvNM^>AHCY�DO<7U�@Ce=U�DQ:=<V{),t}N{ PQaN>[<WB;JW@Ce,e=HkD4@CM=M^>[�C�
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PROC PDSP_Arbiter()
  PROC Select(msg1, msg2)
    SEQ
      IF
        msg2_pending=TRUE
          SEQ
            IF
              timestamp(msg1)<timestamp(msg2)
                SEQ
                  process(msg1)
                  msg1_pending:=FALSE
              timestamp(msg1)>timestamp(msg2)
                SEQ
                  process(msg2)
                  msg2_pending:=FALSE
              timestamp(msg1)=timestamp(msg2)
                SEQ
                  make_random_selection(msg1,msg2)
        msg2_pending=FALSE
          SEQ
            IF
              msg2_expected=TRUE
                SEQ
                  IF
                    timestamp(msg1)< MLL_timestamp(msg2)
                      SEQ
                        process(msg1)
                        msg1_pending:=FALSE
                    timestamp(msg1) >= MLL_timestamp(msg2)
                      SEQ
                        In2?msg2
                        msg2_pending:=TRUE
              msg2_expected=FALSE
                SEQ
                  process(msg1)
                  msg1_pending:=FALSE
  :
  WHILE TRUE
    SEQ
      IF
        msg1_pending=TRUE
          SEQ
            Select(msg1,msg2)
        msg2_pending=TRUE
          SEQ
            Select(msg2,msg1)
        TRUE
          SEQ
            ALT
              In1?msg1
                msg1_pending:=TRUE
              In2?msg2
                msg2_pending:=TRUE
:

~�Y[�fa=PQ<q N�Æ¢^ª/{),t}N{4ª�9�@C�nYAe=�i=?@�@�Y[enDOHg�?JWJ7Hfa=enD
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�Ge HfPQUN<WP DOHmU=<7_pHfe=BXDQPO@kDQ<]Y[DQBp@CM=MN>�YAJW@CZNY�>[Y�DG� � DO:=<%{6PXHf�fPO@k_ ,¹PXY�Sf<7e }h�he=JL:=PQHCeNY �W@kDQY[Hfe
{6PQHCDQH^J7HC>VFI@CB�<7_pMN>AH'�C<WU�DQH U=<iSf<i>AHfM�_gHhU=<i>AB�HCs�DQ:=<�@CPQZNY�DO<7P%M=PQHhJW<7BQBQ<7B�Y[e�HhJWJW@CPQ_
Fr:NY[JL:�FxHfaN>[U M=PXH'ShY[U=<q@CJ7JWa=PQ@kDO<q_pH^U=<i>[>�Y[e=�8Hks�DXYA_p<C�
�?Bq@k>[PQ<W@CUN�m_p<WenDQY[Hfe=<7U � H^J7JT@CPX_ _g@C�C<7B�a=BX<gHksxDQ:=PQ<7<�@CPXZNY�DO<WPtM=PXH^J7<WBXBQ<WB � eR@k_g<i>[�

�?UNU�� � ,¹<7J Ñ �xDQPX>[� @Ce=U ��PXDL�xDOPX> � Fr:NY[JL:KsuHfPQ_ MR@kPXD6HCsRDQ:=<4@CUNU=PQ<7BQB|Y[enDO<WPEsÃ@CJW< � M=PXY[_g@CPX�
U=<7JWHhU=<q@Ce=U%FrPXY�DO<tZ=a=B�JWHfenDQPQHC>*a=e^Y[DQB�Hks�DQ:=<t�(=?>�@
A/9 Ñ PQ<WBXM�<7J7DXY[SC<7>��f�
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�?B�U=<WBXJWPXY[Z\<WU�YAe�BQ<7J7DXYAHfe "N� *N�Æ¢ � DO:=< �?U=U���M=PXH^J7<WBQB]<7_pMN>AH'�hB�@CPQZ^Y[DQPO@kDXYAHfe DQH @k>�>AH'F
@CU=UNPQ<WBXBQ<7BV@CPQPEY[SoY[e=��suPXHf_�DO:=<qUR@kDO@CMR@kDQ: Hfe�DO:=<t��JL:zJL:R@CeNe=<7>�DOH�ZNPQ<T@k�%DQ:=< {�� >[H^HCM
@Ce=U��n@kY[e @CJWJ7<WBQB�DOH DO:=< =��?��<7�=��9;:N< �Ge=BEDOPXa=J7DXYAHfe @jH^Hf�d@C:N<T@CU�}^<7D�HCsqDO:=<m��JL:
JL:R@CeNe=<7>*Y[BYkTª

7�B�N����
	��Z\� ���������� ^ ���
`�D�� � 5 D ���
`�E � � 5�E �
`-H+PSH � W R
�
f ^ ^�K T Z S K P b ��� HI^

`af ^�P e D fQZLeqc%�
9;:=< HCDQ:=<WPrY[e=M=aNDVHks�DO:=<�@CPQZ^Y[DQ<WP � eR@C_p<i>[��DO:=<�{��IJL: � suHfPX_gB�MR@CPED?HCs|DO:=<�{x��>[H^HCM

@Ce=U8YAB�su<WU,F4Y�DO:]{�� @CU=U=PX<WBXBQ<WB;suPXHf_�DO:=<?{���{�Y[M�<k�/9;:=<¹HfM\<WPQ@kDQY[Hfe,Hks�DO:=<?{�� >[HhHfM�Y[B
@CaNDQHfe=Hf_pHfaNB;@Ce=UgYAeNU=<WM\<We=UN<WenDrHCs�DQ:=<?HfM\<WPQ@kDQY[Hfe8HCs�DO:N<?PQ<7BXDIHCs�DO:N<?M=PXH^J7<WBQBXHfPW�/9;:oa=B �
Hfe%DO:=<b{��IJL:zJL:R@CeNe=<7>�DO:=<7PQ<tF4Y[>�>�Z�<q@pJWHfenDQY[eoa=Hfa=B � Y[e=BXDQPQa=JiDQY[Hfe Y[e=U=<7M�<7e=U=<WenD��RH'F HCs
_p<WBXBO@C�f<7BW�

����� ��� � �����i!��T! ���! ��� ��� � � �"! � � � ���#":� ���,�$�% ��& � � � � �"! � �
�?UNU�� Y[B|@Ceb<ivN@C_pMN>[<IHCs=@Ceb@CPQZNY�DO<7P�MNPQHhJW<WBXB�Fr:^YAJL: :=@CB�eNH�UNY[PQ<7J7D|�heNH�F4>[<WUN�f<IPX<W�n@CPXUNY[e=�
<iv^<7JWaNDXYAe=�rY[e=BXDQPQa=JiDQY[Hfe=BW�|�?eq@CU=U=PX<WBXB�MNPQHhU=a=JW<7UbZn�?�?U=U��2YABjBX<WenD*DOHr_p<W_pHfPE�¹suHC>�>AH'F4Y[e=�
DO:N<;MR@kDQ:psuPXHf_ �?U=U�� � DO:=PXHfa=�f: =��?��<7�q@Ce=U;,V@kDO@ �GenD � =�<7_8�xDOPX>%�*DOHV_p<7_gHCPX�f� �®s\Y�D6Y[B
o �W±E±/³7È�Èk±X´�É'Â ��p�·
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AddC
re

gi
st

er

MAReg

Wch

from WrtCtrl

re
gi

st
er

MRReg

PCch

Memory to IPipe

from PC Pipe

MemCtrl

Memory Addresses

Instructions

~�Y[�fa=PX<q N� *^ª/{/PXH'ShY[UNY[e=� �GeNBXDOPXa=J7DXYAHCe @jH^HC�k@k:=<T@CU��Ve=H'F4>[<WU=�f<VDQH8��U=U��

@Ce�Y[e=BEDOPQaNJ7DQY[Hfeg@CU=UNPQ<WBXB � DQ:=<IY[e=BXDQPQa=JiDQY[Hfep_g<7BQBQ@C�f<;suPQHC_ _p<7_gHCPX�b<WenDO<7PQB�DO:N<;M=PQHhJW<7BQBXHfP
suHC>�>AH'F4Y[e=�pDO:=<tMR@kDQ:]suPQHf_�_p<7_gHCPX�,DQ:=PQHfaN�f:?,V@dDL@ �GenD/� ��{�Y[M�< ��DOHV,¹<WJWHhU=< Ñ �
�?U=UR�¦Y[B|eNHCD�Y[e�DQ:=<IMR@dDO:bsuHk>[>[H'FI<7UKZo�tDQ:=<xY[e=BXDQPQa=JiDQY[Hfep@Ce=UbDO:=<7PQ<7suHCPQ<I:=@CB|e=H�UNY[PQ<WJiD

Y[eNsuHfPQ_g@kDXYAHCe2@CB?DQH�Fr:NY[JL:mY[e=BEDOPQaNJ7DQY[Hfe=BV:=@'SC< <WenDQ<WPQ<7U2DO:=< BE�hBXDO<7_ � Y[e2HfPXU=<WP�DOH]@CMNMN>[�
{),t}N{ @K_p<WJL:R@keNYABX_�YABrPQ<7�oaNYAPX<WU�DOHpM=PQH'SoY[U=<b��U=U���F4Y�DO:%DO:^YAB4Y[eNsuHfPQ_g@kDXYAHCe��
�¨e=<T@kDq@ke=U�< � J7Y[<WenD�BXHC>[aNDQY[HfemYABVDOH%DL@k�C<g@CUNSk@CenDL@k�f<KHCs�DO:=<p:NY[U=U=<7e�>�YAe=�oBtYAemDO:N<

@CZ\H'Sf<4MR@kDQ:=B � e=@C_p<7>�� DO:=<4J7HfenDOPQ@��RH'F�HCs�DQ:=<r@CJL�oe=H'F4>A<7U=�f<7_g<7enD;_p<WBXBO@C�f<7BW�6��JL�heNH�F4> l
<WUN�f<W_p<WenDp_p<WBXBO@C�C<WBp@CPX<,BQ<7eoDKsuPXHf_ PQ<7�CYABEDO<7P�DOHzPX<W�CY[BXDQ<WP DQ:=PQHfaN�f:¦JWHCeoDQPQHC>IM=PQHhJW<7BQBX<WB
Y[e¦DO:=<,_pHhU=<7>¡� �Ge¦DO:N<��RPQBEDKMR@kDQ:�@CZ\H'Sf< � @Ce¦@CU=U=PX<WBQBK_p<7BQBO@k�f<]M=PQHhU=a=J7<WU Zn� ��U=U��
F4Y�>[>xM=PQHCMR@C�n@kDQ<KDOH _p<7_gHCPX��@Ce=U suPXHf_�DQ:=<WPX<8DOH = ����<7� � = ����<7� F4Y�>[>��f<7e=<WPQ@kDO<�@Ce
@CJL�oe=H'F4>[<WU=�f<7_p<WenDq_g<7BQBQ@C�f< Fr:NY[JL:2F4Y[>�>|suHC>�>[H�F DQ:=< �RH'F ZR@CJL�%DOH��?U=U�� �u�R�fa=PX<  N� * �L�
9;:NY[BV@CJL�oe=H'F4>[<WU=�f<7_p<WenD�_p<7BQBO@k�f<KJT@Ce Z�< aNBQ<WUzDQH,JT@kPQPX��DO:N<�JWHCPQPQ<7BQM\Hfe=UNY[e=�,Y[e=BXDQPQa=Jwl
DQY[Hfe]DOHp��U=U�� � e=HpJWHC_g_ba=eNY[JT@kDXYAHCe H'Sf<7PQ:=<W@CU�Y[Br�f<We=<7PO@kDQ<WU�@CB;DO:N<b@kJL�heNH�F4>[<WUN�f<W_p<WenD
_p<WBXBO@C�f<7B�FxHfaN>[U Z\<tBQ<7eoD�@Cen�oFI@'�C�
�x>A<W@CPX>�� � @dsÏDO<WPpY[BQBQa^YAe=� @ke Y[e=BXDQPQa=JiDQY[Hfe @CU=UNPQ<WBXB�DOH�_p<W_pHfPX� � �?U=UR�`F4Y[>�>?PX<WJ7<7Y�Sf<

@Ce=U M=PQHhJW<7BQBK@ eoa=_bZ�<7P HCs�{�� _p<WBQBQ@C�f<7Bp@CPQPEY[SoY[e=�zHfe DQ:=<]{��IJL:¦>�YAe=�msuPQHC_ DQ:=<,{��
{�YAM\<tZ�<isuHfPQ<VY�D�PQ<WJ7<7Y�Sf<7B?DO:=<q@CJL�oe=H'F4>[<WU=�C<W_p<WenD¹F4Y�DO:�DO:=<tJWHCPQPQ<7BQM\Hfe=UNY[e=�gYAe=BEDOPXa=J7DXYAHfe��
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~�YA�faNPQ<t N� ¤=ª/9;:=<q�?PXPXY�SC@d>jHCs �Ge=BXDQPQa=JiDQY[Hfe @jHhHf�d@C:=<T@kU �Ge^suHfPQ_g@kDXYAHfe

��H'Fx<7SC<WP � U=aNPXY[e=�gDQ:NY[B4M�<7PXY[H^U%e=HpM=PX<W<W_pMNDXYAHCe�F4Y�>[>*HhJWJ7a=PW� �GeNU=<W<7U � DO:=<t@CJL�oe=H'F4>[<WU=�C<il
_p<WenDg_p<WBQBQ@C�f<�JT@CPXPX�oY[e=� @ke�� ������ 	]Y[e=BXDQPQa=JiDQY[Hfe suPXHf_ _p<W_pHfPE�¦F4Y�>[>�@CPXPXY�Sf<�@kDKDO:N<
�?UNU�� � B�a=BEDpZ�<isuHfPQ<,DQ:=<,�RPQBEDpHfP�DQ:=<]BQ<7JWHfe=U {��¨Sk@k>[a=<�suHk>[>[H'F4YAe=�2DQ:NYAB Y[e=BEDOPQaNJ7DQY[Hfe � B
@CU=UNPQ<WBXB;HfegDO:=<?{x�IJL:]JL:=@Ce=e=<i>�Y[BIPQ<7JW<iY[SC<WU%Zn�gDQ:=<?��U=U�� M=PXH^J7<WBQB7�/9;:NY[BIYAB�Y[>�>[a=BXDQPO@kDQ<WU
Y[e �R�faNPQ<� N�Å¤N��9;:=<¦@kJL�heNH�F4>[<WUN�f_p<WenD2JT@kPQPX�oY[e=� @Ce�Y[e=BXDQPQa=JiDQY[Hfe����2F4Y�>[>qZ\< Y[BQBXa=<WU
Zn� =��?��<7�2YAe PQ<7BQM\Hfe=BX<%DQHzY[DQBKPQ<7JW<7Y�SoYAeN� � suPXHf_ ��U=U�� � DQ:=<]e=<ivhDp_p<W_pHfPE� @CU=UNPQ<WBXB
_p<WBXBO@C�f<gYA_p_p<WU^Yc@kDQ<7>���@ksÏDO<7PqDQ:=<gY[e=BEDOPQaNJ7DQY[Hfe � B @kU=U=PQ<7BQB��
	���� �®s � @ksÏDO<7P��
	�� � ��U=U��
BQ<i>A<7J7DQB¹@Ce=U]suHfPEF;@kPQU=B�@K_g<7BQBQ@C�f<tsuPQHf_§��JL:�JL:R@Ce=eN<7> �¡eR@k_g<i>[�%_p<7BQBO@k�f<����� � � � DO:N<We
���KF4Y�>[>xPQ<W@CJL:¦�?UNU��"YA_p_p<WUNYA@kDQ<7>�� Z\<7suHfPX<gDQ:NY[B�M=PXH^J7<WBQBbYABbPQ<T@kUN�mDOH PX<WJ7<7Y�Sf<%@CU=UNPQ<WBXB
��	���� � �Ã�=�fa=PQ<z N�Å¤f@ � � HkDO:=<7PXF4Y[BQ<����%F4Y[>�>t@CPXPXY�Sf<2@dsÏDO<WP��
	���� � :R@CB,Z\<W<7e suHfPXFI@CPQUN<WU
DOH =��?��<7�z@CeNU�Z\<7suHfPX<��
	���� k Y[BtM=PQHhJW<7BQBQ<7U �Ã�=�fa=PQ<g N� ¤fZ��O��9;:N<gSk@k>[a=<pHCs���	���� k Y[B
��	���� �N� 9;:=<WPX<7suHfPX< � Y[D8YABgDO:=< � Ñ (mSk@k>[a=< Fr:NY[JL: � @CJWJ7HfPQU^YAe=��DOH DQ:=<z{����V� PQa^>A< �
F4Y�>[>?PQ<WeNU=< �iSfHfa=B%F4Y�DO:�����YAe ,¹<7JWHhU=< Ñ Z\<7suHCPQ< DQ:=<7��Z�HCDQ: <WenDQ<WP,DO:N<zUR@kDO@CMR@kDQ: �¡BQ<7<
BQ<7J7DXYAHfe "^� (3�O�z}oYAe=J7<,DO:=<8JWHfPXPQ<7BQM\Hfe=UNY[e=�2_p<WBXBO@C�f<���pHfe DO:N<���JL:�JL:R@Ce=eN<7>IF4Y�>�>;Z\<
�f<7e=<WPQ@kDO<7U @kB%@¦PQ<WBXaN>�D�HksqDQ:=<2<iv^<7JWaNDXYAHfe�HCs���� � Y�DOB,DXYA_p<7BXDL@k_gM > ����F4Y�>[>VZ\<2<W�oaR@d>
DOHNª � 	�� � > �"! �$#&%(' >*) � �+� �-, � ���/.�� � 	 � Fr:N<WPQ< >*) � Y[B,DO:=<2DXYA_p<WBEDL@C_pM�HCsqDO:=<zY[e=BXDQPQa=JiDQY[Hfe
Fr:=<7e8Y�DxPX<T@CJL:N<WBn,¹<7JWHhU=< Ñ @Ce=U �-, � ���/.�� � 	?Y[B/DQ:=<rDOHCDO@k>�M=PQHCMR@C�n@kDXYAHCegUN<7>A@'�pF4Y�DO:NY[e�Hks�DO:N<
UR@kDO@CMR@kDQ:��/9;:=<7PQ<7suHCPQ< � > �"! �$#&%�0 > � � �
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� Y[DQ:�DQ:=<m�?U=UR�yM=PQHhJW<7BQB%YAe^suHfPQ_p<WU�HCsbDO:=<2Y[e=BXDQPQa=JiDQY[Hfe=B�<WenDO<7PXY[e=� DQ:=<mBX�hBXDQ<W_ �
DO:N< @CM=M^>[Y[JT@kDXYAHCe2HCs/HCs/{),t}N{ F4Y[DQ:2PQ<7�n@CPQU�DOH8DQ:=< M=PX<7su<iDOJL:NY[e=�]>AHhHfM @CPQZNY�DO<7P¹Z\<WJWHC_g<7B
su<T@kBXY[ZN>A<k� �Ge=U=<7<WU DQ:NYAB�YAe^suHfPQ_g@kDXYAHfe�_8@T�qZ\<Ia=BX<WUKZn����U=U���Y[e HfPXU=<WP�DOH?_g@C�k<;U=<7J7Y[BXY[Hfe=B
PQ<7�n@CPXUNYAeN�pDQ:=<tM�HkDO<WenDXYc@k>�@kPQPXY�Sk@k>*HCs�_p<WBQBQ@C�f<7B�Hfe%Y�DOB4YAeNM=aNDr>[Y[e=�oBW�

����� ��� ������� � �2� �	!���"
9;:=<�{��IJL:�JL:R@CeNe=<7>�JT@kPQPXY[<WBpDO:N<�@kJL�heNH�F4>[<WUN�f<W_p<WenD]BEYA�CeR@k>4suPQHC_!DO:=<�{��§{�Y[M�<k� ��B
@k>[PQ<W@CUN�]_p<WenDXYAHfeN<WU � DO:NY[BrBXY[�feR@k>jY[B4YABXBQa=<7U Y[e @KJWHCeoDXYAeoa=HCa=B � YAeNBXDOPXa=J7DXYAHCe�Y[e=U=<WM\<WeNU=<WenD
sÃ@CBX:NYAHCe � <W@CJL: DQY[_p<gDQ:=<�J7a=PQPX<WenDK{��"JiYAPXJWaN>A@kDQY[e=��YAe DO:=<�{x�
>[HhHfM Y[Bb>A@kDQJL:=<WU¦Zn�mDO:N<
�RPXBXDKPX<W�CY[BXDQ<WP HCsrDQ:=<]{���{6Y[M\< �ÃDQ:=<]{�� !zPQ<7�CYABEDO<7P � BQ<7<]BQ<WJiDQY[Hfe "N� *N�Æ¢3�L�29;:N<,YABXBQaNY[e=�
HCs�DO:=<q@CJL�oe=H'F4>[<WU=�C<W_p<WenDVBEYA�fe=@k>*J7>[HfBQ<7B�DQ:=<tM=PQ<isu<7DQJL:NYAeN�8>[H^HfM � DO:oa=B4DOPEYA�f�C<WPXY[e=�8@Ke=<7F
J7�hJi>A<k�I9;:=<7PQ<isuHfPQ< � @ _g<7BQBQ@C�f<qHfe,DO:=<q{��IJL:�JL:R@Ce=e=<i>jF4Y[>�>*Z\<V<iv^M�<7J7DQ<WU�Zo�,�?U=U�� � Y�s�@
e=<iF {���Sk@k>[a=<t:R@CBrZ�<7<We%suHfPXFI@CPXU=<WU%DOHpZ\<tY[e=J7PQ<W_p<7eoDQ<WU2@ke=U�BX<WenD�DOHKDO:=<q{�� {�Y[M�<k�
��H'Fx<7Sf<7P � Y�sIDQ:=<g{��"{�YAM\<gY[BVsuaN>�>�Fr:N<We�DQ:=<pPQ<7�haN<WBXD�BXY[�feR@k>6DQH�DQ:=<8{x� !%PQ<7�CY[BXDO<7P

Y[B?YABXBQa=<7U � DO:N<KJ7Y[PQJWa^>c@kDXYAeN�%{x� Sk@k>[a=<�F4Y�>[>|e=HCDV<7eoDQ<WP¹DQ:=<K{�� {6Y[M\<Ka=enDQY�>6@kD�>A<W@CBXDtHfeN<
<7>[<W_p<7eoDVsuPXHf_�DO:=< {x� {�Y[M�<�Y[B¹PX<W_pH'Sf<WU � DO:NY[B?F4Y�>[>|<W_pMNDG�2{�� !,PX<W�CY[BXDQ<WP � <WeR@CZ^>[Y[e=�,Y�D
DOH�>c@dDOJL: DQ:=<8M\<WeNUNYAeN�2{��
SC@d>Aa=<�@Ce=U�JWHfe=BX<W�oa=<7eoDX>[��DOH�YABXBQa=<�DQ:=<,@kJL�heNH�F4>[<WUN�f<W_p<WenD
BXY[�feR@d>*Hfe]DO:=<q{��IJL: JL:R@ke=e=<7>¡�
9;:=<;{��¦{�Y[M�<�Z�<7JWHf_p<7B|suaN>�>N@kB|@�PQ<WBXaN>�D|HCsNDO:=<�UR@kDO@CMR@kDQ:�Z\<7Y[e=�?BEDL@k>�>A<7U��69;:=<�PQHk>A<�HCs

DO:N<t{x��{�YAM\<VYAB;DQHKM=PQH'SoY[U=<VDO:=<VM=PXH^J7<WBXBQHfP � BrUR@kDO@CMR@kDQ:]F4Y[DQ:%DQ:=<t� Ñ (bSk@k>AaN<WBrPQ<7�ha^YAPX<WU
suHfP�DO:=< <wv^<WJWa^DQY[HfemHCs6YAeNBXDOPXa=J7DXYAHCe=B �¡BX<W<KBQ<7J7DXYAHfe "N� *N� Ñ �Æ¢3� � Y[DQB¹HfaNDQM=aND¹Y[B¹JWHCe=e=<WJiDO<7UmDQH
DO:N<g�RPXBXDqBXDO@C�f<gHCsIDQ:=<pUR@kDO@CMR@kDQ: � e=@C_p<7>��2DO:=<gM=PXY[_g@CPX�mUN<WJWHhU=<k� �®s � suHfPq@Cen�2PQ<W@CBQHfe �
DO:N<gU=@kDL@CM=@kDO:2BEDL@k>�>AB � Y[e=BEDOPQaNJ7DQY[Hfe=BtF4Y�>[>/BEDL@CPEDVDOH%ZR@CJL�n>[Hf���N>[>�YAeN�%DQ:=<pUR@kDO@CMR@kDQ: aNMmDQH
DO:N<�M=PEYA_g@CPE� U=<7JWHhU=< � JWHfe=BX<W�oa=<7eoDX>[� � sua=PXDQ:=<WP�YAe=BEDOPXa=J7DXYAHfeNB?F4Y[DQ:zDO:=<iYAP?@CBQBXH^JiYc@dDO<WUm{��
Sk@k>[a=<WBtF4Y[>�>�Z�<pM=PX<7SC<WenDO<7U¦suPQHf_ <7enDO<WPEYAeN��DO:N<8UR@dDL@CMR@dDO:��g�?Bq@%PQ<WBXaN>�D � DQ:=<g{��"{�YAM\<
F4Y�>[>�Z�<7JWHf_p<¹suaN>�>j@CeNU,F4Y[>�>�PX<W_g@kY[e�BXH suHfP;@kBI>AHCe=�p@CBIDQ:=<¹UR@kDO@CMR@kDQ:�Y[B4BXDL@d>[>[<WU��),¹aNPXY[e=�
DO:^YAB¹M\<WPEYAHhUze=H,suaNPXDO:N<WP¹{�� Sk@k>AaN<WB?F4Y�>[>|Z�< @k>[>[H'FI<7U2DOH,<7eoDQ<WP?DQ:=<K{�� {�YAM\<K@Ce=UzDQ:oa=B
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e=Hg@CJL�oe=H'F4>[<WU=�f_p<7eoD¹BXY[�feR@k>jF4Y�>[>*Z\<VYABXBQa=<7U Hfe%DO:N<b{��IJL:�JL:R@Ce=e=<i>��
9;:NY[B|Z\<W:R@TSoYAHCa=P�HksNDO:N<xBE�^BEDO<7_
_g@T�V>A<W@CUbDQH�UN<T@CUN>[HhJL�qBEY[DQaR@kDXYAHfeNB�Y[ebDQ:=<xBEYA_baN>A@kDQY[Hfe

_pH^UN<7>�Fr:=<7e DQ:=<g{),t}N{�@k>[�fHfPEY[DQ:=_yY[BV<W_pMN>[H'�f<7U��g9;:NYABVY[BtU=a=<KDOH,DQ:=<KsÃ@CJ7D¹DQ:R@kDte=HkD
HfeN>��mDO:=<pY[e=M=aND � Z=aND�@k>[BQH�DQ:=<�HCaNDOM=a^Db>�YAeN�hB�HCsIDQ:=<�UR@dDL@CMR@dDO:¦@kPQ<gJWHfe=eN<WJ7DQ<WU¦DQH�DO:N<
@CU=UNPQ<WBXB�Y[enDO<7PXsÃ@CJ7< � DQ:oa=B�suHfPX_KYAe=�rJi>AHfBX<WU J7Hf_p_�a=e^YAJW@kDQY[Hfe�M=@kDO:=B�@CBjY�>[>[a=BXDQPO@kDQ<WUqYAeq�R�fa=PX<
 N�1(^� �®s � DO:N<WPQ<isuHfPQ< � DQ:=<8U=@kDL@CM=@kDO:�BXDL@d>[>[B�@kB�@%PQ<7BQaN>�D HCsxY[DQBqFI@kY�DQY[e=� DQH�Y[enDO<WPQ@CJ7DqF4Y�DO:
DO:N<8��U=U��
M=PXH^J7<WBXB � @ke=U DQ:NY[BbM=PXH^J7<WBXBbY[BbZN>[HhJL�C<WU�F;@kY�DQY[e=��suHfPt@Ce¦@kJL�heNH�F4>[<WUN�f<W_p<WenD
_p<WBXBO@C�f<VsuPXHf_`DQ:=<t{�� {�YAM\<¹Fr:NY[JL: :=H'Fx<7SC<WPrF4Y[>�>je=<iSf<WP�@CPXPXY�Sf<VZ\<WJT@ka=BQ<VDO:N<b{���{�YAM\<
:R@CBrZ\<WJ7Hf_p<tsua^>[>�@CB�@KPQ<7BQaN>�D�HCs�DQ:=<tUR@kDO@CMR@kDQ: � BrBEDL@k>�> � @KU=<W@CUN>[H^JL�,F4Y�>�>*H^J7JWa=P7�
9;:NY[B8BEY[DQaR@kDQY[Hfe _g@'��@CPXY[BQ<]Fr:=<7e � @CBg@2PQ<7BQaN>�D8HCs�DQ:=<%<iv^<WJ7aNDQY[Hfe HCs�DQ:=< �  �����
	

Y[e=BXDQPQa=JiDQY[Hfe � @g_p<WBQBQ@C�f<qF4Y[DQ: DQY[_p<WBXDO@C_pM > � Y[B?M=PXH^U=aNJW<WU Zo�%DQ:=<�UR@dDL@CMR@dDO: HCe���JL:
>�YAe=��� � Z\<7�oY[e=� DQ:=<%{),t}N{"@d>A�fHCPXY�DO:=_ � �?U=UR� PQ<7JW<iY[SC<WB8DQ:NY[BK_g<7BQBQ@C�f<�Z=aNDpU=Hh<WBKe=HkD
M=PXH^J7<WBQB*Y�DjYA_p_p<WUNYA@kDQ<7>��f� �Ge=BEDO<W@CU � Y�DjDOaNPQe=BjY�DOB�@kDQDQ<WenDQY[HfetDOHrBQ<7PXSoY[e=��DQ:=</{��IJL: JL:R@Ce=eN<7> �
JWHCeoDXYAeoa=HCa=BX>��,PX<T@CUNY[e=�p@CJL�oe=H'F4>[<WU=�C<W_p<WenD�_p<WBQBQ@C�f<7Br@CPQPEY[SoY[e=��suPQHC_¨DQ:=<V{�� {�YAM\< � DO:NY[B
HfM\<WPQ@kDQY[HfezF4Y�>[>/J7HfenDQY[ehaN<psuHCPV@CB¹>[Hfe=�%@CB¹DQ:=< DQY[_p<WBXDO@C_pM > �"! HCs/DQ:=<K_p<WBQBQ@C�f<pHfe2DO:N<
{��IJL:�Y[B4>A<7BQBrDO:R@kD > �,�

A/@CJL: @CJL�oe=H'F4>[<WU=�f<7_p<WenDm_p<WBQBQ@C�f<�PQ<WJ7<7Y�Sf<7U Hfe DQ:=< {��IJL: JL:=@Ce=e=<i>�JW@CPQPEYA<7B�DO:N<
{��
Sk@k>AaN<8Fr:NY[JL: :R@CB�B�aNBXD <7enDO<WPX<WU¦DQ:=<,{�� {�YAM\<C� 9;:NY[BbSk@k>[a=<�Y[BbsuHfPEF;@CPXU=<WU Zo� DO:N<
�?UNU��¨DQH BXa=Z=BX<W�oa=<WenD�BXDL@k�f<WBpHCs�DO:=<�{��¨>[HhHfM � DOHmZ\<,YAe=J7PQ<7_g<7enDO<WU @Ce=U <7Sf<7enDOaR@k>�>��
JL:R@CeNe=<7>�>A<7U DQ:=PQHfaN�f:�DO:=<%{��`{�Y[M�<,DQH2DO:=<]UR@dDL@CMR@dDO:�� �®s � UNa=PXY[e=�2DO:NY[BpHfM\<WPO@dDQY[Hfe�HCs
DO:N<K�?U=U�� M=PQHhJW<7BQB � DQ:=<KUR@kDO@CMR@kDQ:mBXDL@d>[>[B � DO:N<We2DO:=<g{�� {6Y[M\<pF4Y�>�>6<7SC<WenDOaR@d>[>��m�=>[>�a=M
@Ce=U � @CB8@ PX<WBQa^>[D � F4Y[>�>�Z�<�a=eR@CZ^>A<�DOHmYABXBQa=< @Cen� _pHfPX< @kJL�heNH�F4>[<WUN�f<W_p<WenD%_p<WBXBO@C�C<WB
DOH ��U=U��?� �®s � Z\<7suHfPX<mDQ:=< {���{�YAM\<2�=>[>[B�a=M � @Ce @CJL�oe=H'F4>[<WU=�f<7_p<WenD2_p<WBXBO@C�f<mF4Y�DO:
DQY[_p<WBEDL@C_pM > �"! Z\WYf H+P�f�WKDQ:R@Ce > �!Y[B�YABXBQa=<7U�Hfe�DO:N<2{��IJL:�JL:=@Ce=e=<i> � DO:=<�HfM\<WPO@dDQY[Hfe
HCstDO:N< BEYA_baN>A@kDOHfP,F4Y�>�>tM=PQHhJW<7<WU�BQ_pH^HkDO:N>�� @CeNU�F4Y�DO:NHfaND�@Cen��Y[_pMN>[Y[JT@dDQY[Hfe=BW����U=U��
F4Y�>[>4MNPQHhJW<WBXBKDO:=<]M\<We=U^YAe=� _p<WBXBO@C�f<]suPXHf_ DQ:=<,��JL: >[Y[e=� � BEYAeNJW<]Y[D :R@CB DO:N<�BX_g@k>[>[<WBED
DQY[_p<WBEDL@C_pM � DQ:NY[B8F4Y�>[>�a=eoZN>[H^JL� DO:=<�UR@kDO@CMR@kDQ:�<We=@CZN>�YAe=��DO:oa=B,_pHfPX<�Y[e=BXDQPQa=JiDQY[Hfe=B�DQH
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LsmTrm

PCch

Wch

R15

Datapath

PC Pipe

AddC

...

 (W)

(PC)

PC loop

~�Y[�fa=PX<t N�1(^ª�9;:=<t�?U=U=PX<WBXB �GenDO<7PXsÃ@CJ7<tl ,V@dDL@CMR@dDO: @jH^HfM

<WenDQ<WP4Y[D�@CeNU � JWHfeNBQ<W�oa=<7enDQ>�� � @k>[>[H'F4YAeN�8DO:N<b{���{6Y[M\<tDQHpHfaNDOMNaNDrY[DQB�J7HfenDO<7eoDQBW�
�®sI:NH�Fx<7SC<WP;TgRb_p<WBQBQ@C�f<KF4Y�DO:2DQY[_p<WBXDO@C_pM��CPQ<T@dDO<WP�DO:R@Ce > ��YABVPX<WJ7<7Y�Sf<WUmsuPQHC_yDO:N<

{��IJL:�JL:R@ke=e=<7>rZ\<7suHCPQ<,DO:N<%{x� {�YAM\<]�=>[>[Bpa=M � DO:=<]BEYA_baN>A@kDOHfPKF4Y�>[>rUN<T@CUN>[HhJL�\ª]��U=U��
F4Y�>[>jPX<W_g@kY[e]ZN>[H^JL�k<WU%F;@kY�DQY[e=�KsuHfP�DO:=<Ve=<wvhD�@CJL�oe=H'F4>A<7U=�f_p<WenD�Fr:NYAJL:%F4Y�>[>jeN<7Sf<7Pr@CPQPEY[SC<
BXY[e=J7<qDQ:=<tUR@kDL@kMR@kDO:]F4Y�>[>*PX<W_g@kY[e ZN>[HhJL�C<WU @Ce=U%DO:=<q{�� {�Y[M�<VsuaN>�>¡�

�®DbY[Bq<WBQBX<WenDQYA@k>xDO:=<7PQ<7suHCPQ<pDO:R@kDtDQ:=<8��U=U��"M=PXH^J7<WBXB�Z\<�@CZ^>A<pDOH�U=<WJiYAUN<8Fr:=<iDO:=<7PbY�D
BQ:NHfaN>[U�FI@kY�D�suHCP;�f<7D�@CeNHCDO:=<7Pr_g<7BQBQ@C�f<VsuPQHf_ DO:=<q{��IJL: HCP;Fr:=<7DQ:=<WPrDO:=<q{�� {�Y[M�<t:R@kB
Z\<WJWHC_g<VsuaN>�>�@Ce=U%DO:oa=Bre=Hg_pHfPQ<t_p<WBXBO@C�C<WBrF4Y[>�>�Z�<VBX<WenD?HCe�DQ:=<q{x�IJL:�>[Y[e=���

,¹a=PXY[e=�qDO:=<�<iv^<WJ7aNDQY[Hfe]HCsj@Ce � ���� �
	rYAe=BEDOPXa=J7DXYAHfe � DO:N<�UR@dDL@CMR@dDO:�_g@T�gBXDO@k>[>�Y[e�DO:N<
suHC>�>AH'F4Y[e=�gJT@CBX<WBWª

« �®s�DO:=<%UR@dDL@CMR@dDO:��=>�>ABga=M � DQ:NYABKF4Y�>[>rHhJWJ7a=Pg@CBg@2PQ<WBXaN>�D8HksV�xDQPX>{*�@CeNU ��PXDL�xDOPX>
M=PXH^J7<WBXBQ<WBrFI@kY[DXYAeN�8suHfP;DQ:=<q@CZ�HCPXD � e=Hp@CZ\HfPXD�@CeNU�� > v%BXY[�feR@d>ABrPQ<7BQM\<WJiDQY�Sf<7>��f�

« �®s\DO:=<�� ������ 	;Y[e=BXDQPQa=JiDQY[Hfe8Y[B�suHC>�>AH'Fx<WUgZn�pPQ<W�kYABEDO<WP6PX<T@CUgHfM\<WPQ@kDQY[Hfe=B�Fr:NY[JL:�PX<7su<7P
DQHp>[HhJL�C<WU�PQ<7�CYABEDO<7PQBW�

« �®stDO:N<�� ������
	 YAe=BEDOPXa=J7DXYAHfe�Y[B�suHC>�>AH'Fx<WU�Zo� YAeNBXDOPXa=J7DXYAHCe=B]Fr:NYAJL: @CJiDQY�SC@dDO<zDO:N<
��@
>��fHpBXY[�feR@k>¡�
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AddC

register

re
gi

st
er

RRegLsmTrm

Wch

datapath

Wlx

Ctrl3

RegBank

WrtCtrl

Decode1 ... ...

WReg

. . .

ALUgo

 stagesI

R15

from IPipe

from PC Pipe

Dabt0

Dabt1

Aborts
 from memory

Block due to Aborts

Block due to Wlx

Block due to ALUgo

Block due to a

 or load/store multiple

register read

~�Y[�fa=PX<b ^�1"Nª�}oDL@k>�>[Y[e=�gHCs�DO:=< ,V@kDO@CMR@kDQ:

« ,¹a=PEYAeN�pDQ:=<t<iv^<WJ7aNDQY[Hfe�HCs�>[Hn@CU � BXDQHfPQ<t_�a^>[DXYAMN>[<tYAe=BEDOPXa=J7DXYAHfeNBW�

~�Y[�fa=PQ<� N�E"�Y�>[>[a=BXDQPO@kDQ<WB�DQ:=<gZN>AHhJL�nYAeN�2HCs;DO:N<�UR@kDO@CMR@kDQ: � @kB�@ PX<WBXaN>[D�HCs;DQ:=<,@ksuHCPQ<il
_p<WenDQY[Hfe=<7U JW@CBQ<7BW�

������� � � 3 �Z+ 	 	1+ )�
 0 � -/I,% $ Gf-/G �,GH-AI
�?UNU=PQ<7BQB4Sk@k>AaN<WBrM=PQHhU=a=J7<WU%Zn�,DO:N<VUR@kDL@kMR@kDO:%@kBr@pPX<WBXaN>[DrHks�DQ:=<t<iv^<WJ7aNDQY[Hfe�HCs �  �����
	
Y[e=BXDQPQa=JiDQY[Hfe=B;@kPQ<4suHfPXFI@CPXU=<WUpDOHtDO:=<��?UNU�� M=PXH^J7<WBQB/DO:NPQHfa=�C:gDQ:=<4� PEDw�xDOPE>\M=PQHhJW<7BQB �¡BQ<7<
�R�faNPQ<b N�1"3�L�4�?B�<iv^MN>A@kY[e=<WUzY[ezBX<WJ7DXYAHCe "N�Å  � @ksÏDO<7P�suHfPEF;@kPQUNY[e=�8DQ:=<b@CU=U=PX<WBQB?_g<7BQBQ@C�f<bDQH
�?UNU�� �uShYA@,����<7��PX<W�CY[BXDQ<WP�� � � PEDw�xDQPX>�F4Y�>[>/Z^>AHhJL�za=enDQY�>/Z\HCDO:2DO:N<8@kJL�heNH�F4>[<WUN�f<W_p<WenD
suPQHC_ DQ:=<���PQ<7�2@Ce=U¦DQ:=<�� > v¦BEYA�fe=@k>IsuPXHf_ �?U=U���@CPX<�Y[BQBQaN<WU � Fr:=<7PQ<WaNM�Hfe���PXDL�xDOPX>
F4Y�>[>�JWHCeoDXYAeoa=<bY[DQB�HfM\<WPQ@kDQY[Hfe�M=PQHhU=a=JiYAeN�]@Ce�@CJL�oe=H'F4>A<7U=�f<W_p<7eoDt_p<7BQBO@k�f<�DOHpDO:N<�����<7�
PQ<7�CY[BXDO<7PW�
9;:=< @CJL�oe=H'F4>A<7U=�f_p<WenD�suPQHf_ DO:=<z���r<W� PX<W�CY[BXDQ<WP,F4Y�>[>tZ\< Y[BQBQaN<WU @kB]BQHhHfe�@CB,Y�D
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>A@kDOJL:=<7B?DO:N<K@CU=U=PX<WBXB¹_p<WBQBQ@C�f< � YAe MR@CPO@d>[>[<7>�F4Y[DQ:zDO:=<bM=PQHCMR@C�n@kDXYAHCe HCs6DQ:NYAB�_p<WBQBQ@C�f<�DQH
�?UNU���ShYA@�DO:N<���JL:2JL:R@Ce=eN<7>¡�b9;:N< � >�v JL:R@Ce=eN<7>6:=H'Fx<7SC<WP¹F4Y�>[>6eNHCD?�RPX< a=enDQY�>���U=U��
:R@CB4MNPQHhJW<WBXBQ<7U�DO:N<b@kU=U=PQ<7BQBr_p<WBXBO@C�f<b@Ce=U%:R@kBrsuHCPXFI@CPQU=<7U�Y�D4DOH DQ:=<-=�<W_pHfPE�]�?UNU=PQ<7BQB
�r<W�CY[BXDQ<WP �¡BX<W<gBQ<7J7DQY[Hfe "N� *N�Ë¢'� � U=a=PEYAeN��DQ:NYABVM\<WPEYAHhU � ��PXDL�xDOPX>|F4Y[>�>/PQ<7_8@dYAe BQa=BXM�<7e=U=<7U �
DO:oa=BrZN>[HhJL�oY[e=�gDO:=<t<ivhY�D�HCs�DQ:=<tUR@kDO@CMR@kDQ:��
~RHfP � ������ 	�YAe=BEDOPXa=J7DXYAHfeNB|Fr:NY[JL:p@CJ7DXY[Sk@kDQ<xDO:N<;@CZ\HfPXD�BXY[�feR@d>AB�suPQHf_ _p<W_pHfPE� � ��PXDL��l

DOPE>�F4Y�>�>�Z\<?BXa=BQM\<We=UN<WU]YAe%@qBXY[_KY[>A@CPIsÃ@CBX:NY[Hfe � DQ:=<?U=@kDL@CM=@kDO:8:=H'FI<iSf<WP4F4Y�>[>�ZN>[H^JL�gZ\<7suHfPX<
DO:=@kDqM�HCY[enD � U=a=<pDOH �xDOPE> * � BtF;@kY�DQY[e=��DOH�PQ<WJ7<7Y�Sf<�DQ:=HfBX<8BEYA�fe=@k>ABtsuPQHC_ _p<W_pHfPX� �u�R�fa=PX<
 N�E" �L�
9;:=<�<wv^<WJWa^DQY[Hfe�HCsIY[e=BEDOPQaNJ7DQY[Hfe=B��f<We=<7PO@kDQ<WB�@ �RH'F¨HCsI_p<WBQBQ@C�f<7B�DOH'FI@CPQU=BqDO:=<g<ivhY�D

HCs6DQ:=<KUR@kDO@CMR@kDQ:��t9;:oa=B¹Y[s�<iY[DQ:=<WP¹��PXDL�xDOPX>|HfPt�xDQPX>{*]@CPQ< Z^>AHhJL�C<7U � DO:=<KU=@kDL@CM=@kDO: F4Y�>�>
�fPQ@CU=aR@k>�>��,�=>�>*a=M @ke=U%<7Sf<7enDOaR@k>�>���BEDL@k>�>¡�
9;:=<%<iv^<WJ7aNDQY[Hfe HCs?@zBXY[e=�C>[<ilGJi�hJ7>[<�Y[e=BXDQPQa=JiDQY[Hfe YAe @2_KYAJ7PQHfMNY[M\<7>�YAe=<7U�@kPQJL:NY�DO<7J7DOaNPQ<

JWHCe=BXY[BXDQB?HCs�DQ:=<qU=<WJ7H^U=<7U Y[e=BXDQPQa=JiDQY[Hfe FxHfPQU�Z�<iYAe=�8M=PQHCMR@C�n@kDQ<WU�DOH�J7Hfe=BX<WJWa^DQY�Sf< BEDL@C�f<7B
HCs�DQ:=<�U=@kDL@CM=@kDO: � F4Y�DO:z<W@CJL:2BXDO@C�f<�M\<WPEsuHfPQ_KY[e=�]@gUNY[©�<WPX<WenD � M=PQ<7U=<7�=e=<WUmHfM\<WPQ@kDQY[Hfe�DQH
M=PXH^U=aNJW<q@Ce%YAenDO<7PQ_p<WU^Yc@kDQ<�PX<WBQa^>[DW�I9;:oa=B � @dD?@keo��DQY[_g<b@KBXY[e=�C>[<il®J7�hJ7>[<bY[e=BXDQPQa=JiDQY[Hfe�F4Y�>�>
HhJWJWaNMo�zHfeN>��zHfe=<KBEDL@C�C<KHCs/DO:=<KUR@dDL@CMR@dDO:��b~RHfP¹_�a^>[DXY�l®J7�hJ7>[<gY[e=BEDOPQaNJ7DQY[Hfe=B � @,BQ<WM=@CPO@kDQ<
_p<WBXBO@C�f<tF4Y�>[>*Z\<t�f<We=<7PO@kDQ<WU�@Ce=U%suHfPXFI@CPXU=<WU�U=H'Fre�DQ:=<tUR@kDL@kMR@kDO:]suHfP4<W@CJL:�J7�hJ7>[<C�
��<7e=JW< � @CB @��f<WeN<WPO@d>xPXaN>[< � DQ:=<8U=@kDL@CM=@kDO:�MNYAM\<7>�Y[e=<�F4Y�>[>�Z\<WJWHC_g<8suaN>[>/Y�s;DO:N<8DOHkDL@k>

eoa=_�Z\<WPKHks�Ji�hJ7>[<WBpHCsrDO:=<8YAe=BEDOPXa=J7DXYAHfeNBpFr:^YAJL: :R@TSf<%<7eoDQ<WPX<WU�DO:=<]U=@kDL@CM=@kDO:�@dsÏDO<WP @Ce
� ���� �
	 @ke=U @CPX<mZ�<iYAe=��<iv^<WJ7aNDO<7U YAB�<W�oaR@k>qDOH DO:N<�eoa=_bZ�<7PzHCs BEDL@C�C<WB�>[<7sÏD�Y[e DO:N<
UR@kDO@CMR@kDQ:��t9�@CZN>[<K N� Ñ M=PQ<7BQ<7eoDQBVDO:=< eoa=_bZ�<7PVHCs�BXDO@C�f<WB�YAezDQ:=< UR@kDO@CMR@kDQ:zsuHfP?U^Y[©�<WPX<WenD
� ���� �
	¹YAeNBXDOPXa=J7DXYAHCe=BW�
�?B6U=<7BQJ7PXY[Z�<7UgY[epBQ<WJiDQY[Hfeg N�1(^� ÑC� DO:=<4��U=U���M=PQHhJW<7BQB�Y[B�YAe^suHfPQ_p<WUpHCs�DQ:=<IY[e=BXDQPQa=JiDQY[Hfe=B

Fr:NY[JL: :=@'SC<%<WenDO<7PQ<WU DO:N<]M=PQHhJW<7BQBQHCPp@kDp@Cen��MR@kPXDQY[JWa^>c@CP�_gHC_g<7enDT� ��H�Fx<7SC<WP � e=HCDK@k>[>
Y[e=BXDQPQa=JiDQY[Hfe=B�Fr:NY[JL: <WenDO<7PbDQ:=<,UR@kDO@CMR@kDQ:�F4Y�>[>I<7SC<WenDOaR@d>[>��¦Z\<�<wvN<7JWaNDQ<WU � Y[e=BXDQPQa=JiDQY[Hfe=B
F4Y�DO: JWHC>[Hfa=PXBqeNHCDt_g@kDOJL:NY[e=�%DO:=<pHfM\<WPQ@kDQY[e=�]J7HC>AHCa=PtHCsxDQ:=<KM=PXH^J7<WBQBXHfPtHfP¹Y[e=BXDQPQa=JiDQY[Hfe=B
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� ���� �
	 �Ge=BXDQPQa=JiDQY[Hfe -�HN��Hks6}hDO@C�f<7B
¥ - � Ñ
¥n@ - � Ñ
}h� � - � Ñ
@
,V� -
}N94� -
@�,#= -
}^9 = -

,V@kDO@N�/{6PQHhJC��� Ñ ( - � Ñ
~RHfPIDQ:=<tJWa=PXPQ<WenD�YA_pMN>[<W_p<7eoDO@kDQY[HfezHks|��=?>�@�A/9 Ñf� -Q*(*N�

9�@CZN>[<b ^� Ñ ª/{),t}N{4ªR-�a=_�Z\<WP�HCs|~�PX<W<q}hDO@C�f<7BrY[e%DO:=< ,V@kDO@CMR@kDQ:

Fr:NY[JL: sÃ@kY[>�DO:=<iYAP�JWHfe=U^Y[DXYAHfe�J7H^U=<7B�F4Y�>[>VZ\<zUNY[BQJW@CPQUN<WU @CB�Y[eoSk@k>�Y[U �¡BQ<7<2BQ<7J7DQY[Hfe "N�1(3�L�
�?e�YAe=BEDOPXa=J7DXYAHfe�Fr:NY[JL:�YABbUNY[BQJT@kPQU=<7U F4Y�>�>IsuPQ<7<�DO:N<�PQ<7�CY[BXDO<7PQBKHCs4DQ:=<,UR@dDL@CMR@dDO:�Fr:^YAJL:
Y�DbFxHfaN>[U�HCDO:N<WPXF4Y[BQ<�H^J7JWa=Mn� � DQ:oa=B @k>�>[H�F4Y[e=�2_pHfPX<8Y[e=BXDQPQa=JiDQY[Hfe=B�DQH <WenDQ<WP�DQ:=<�UR@dDL@CM^l
@kDQ:���9;:N<WPQ<isuHfPQ< � Y[e HfPQU=<7PqDQH%<WeR@CZ^>A<pDO:=<g�?UNU��
M=PXH^J7<WBQBtDOH�U=<iDO<WPX_KYAe=<pFr:=<iDO:=<7PbDO:N<
UR@kDO@CMR@kDQ:�:=@CBtZ�<7JWHf_p<psuaN>[>x@CeNU @CBq@%PQ<7BQaN>�D�:=@CBbBEDL@k>�>[<WU � Y[DtY[BqeN<WJW<7BQBQ@CPX� DOH�M=PQH'SoY[U=<
DO:^YAB�M=PQHhJW<7BQBIF4Y�DO:gYAe^suHfPQ_g@kDXYAHfe8PQ<7�n@CPQU^YAe=�qFr:NY[JL:,HCs�DQ:=<�Y[e=BEDOPQaNJ7DQY[Hfe=B�Fr:NY[JL:]<WenDO<7PxDO:N<
UR@kDO@CMR@kDQ:%@CPQ<V<wv^<WJWa^DO<WU � ��U=U�� YABr@TFI@CPQ<tHCs�Z\HCDO:,DQ:=<VJWHC>[Hfa=Pr@ke=U]DO:=<VJ7Hfe=UNY�DQY[Hfe]�R<7>[U
HCs�Y[e=BEDOPQaNJ7DQY[Hfe=BV<7enDO<WPEYAeN�,DO:=<bUR@kDL@kMR@kDO: @CB�DQ:=<WBX< suHfPQ_�M=@CPXD?HCs�DO:N<bY[e=BXDQPQa=JiDQY[HfezFIHCPQU
Fr:NY[JL:�Y[BrM=PQH'SoYAUN<WU�DQHp�?U=U��?�

� 02):M,+.-/+102) � 0dMK% 9 �KGJ+ 	1=,;A%
�Ge �(=?>�@
A/9 Ñf� DO:=<]DO<7BXD8HCs�DO:=<%JWHCe=UNY�DQY[Hfe ��@k�fBKYABpM\<WPXsuHCPQ_p<WU Zo��DQ:=<��;{�}N��a=eNY�D
Fr:NY[JL: � YAe¦DQ:=<,HhJWJT@kPQ_ _gHhU=<i> � :R@CB�Z�<7<We�YAeNJWHfPXM�HfPQ@kDO<7U¦YAe¦DQ:=<,sua=e=JiDQY[HfeR@k>�Y�DG�¦HCsrDO:N<
�xDOPE> *pM=PXH^J7<WBQB/�ÃBQ<W<qBQ<7J7DXYAHfe "N�Å�N� Ñ �L�
�?B6@d>APX<T@CUN�q_p<WenDXYAHfeN<WU � @Ce
� ������
	xYAeNBXDOPXa=J7DXYAHCepFr:^YAJL:K:R@kB|DO:=<xM�HkDO<WenDXYc@k>hDOH?JT@Ca=BX<

@�_p<W_pHfPX� @CZ�HCPXD,F4Y�>[>t�k<W<7M �xDQPX>{* M=PXH^J7<WBXB�Z^>AHhJL�C<7U�a=enDQY�>V��U=U�� >[<7DQB]DO:=< @CU=UNPQ<WBXB
_p<WBXBO@C�f<bsuPQHf_���JL:zJL:R@ke=e=<7>�DO:=PXHfa=�f:�DOH�_p<7_gHCPX� �Ã�R�faNPQ<  ^�1" �O����B¹@gPQ<WBXaN>�D � U=aNPXY[e=�



���������
	�� � � ���(�(��	���������� �
��	 ��� %?	 % � �(	)��������� �)�(���n��	�% ¢f¢#&

DO:^YAB�M�<7PXY[H^U � e=Hfe=<mHCsbDO:=<mY[e=BXDQPQa=JiDQY[Hfe=B�suHk>[>[H'F4YAe=� DO:N< � ���� �
	2YAeNBXDOPXa=J7DXYAHCe Y[e DO:N<
UR@kDO@CMR@kDQ:�F4Y�>[>jZ\<V@CZ^>A<?DQH <WenDQ<WP��xDOPE> * � @Ce=U]M\HfBXBXY[ZN>[��Z�<?PQ<[B�<7J7DQ<WU%U=a=<¹DQH�DO:=<iYAPxsÃ@kY[>�Y[e=�
DO:N<7Y[PgJ7Hfe=UNY�DQY[Hfe JWHhU=<WB7��9;:N<WPQ<isuHfPQ< � Y[e HCPQU=<7PpDQH�UN<7DO<7PQ_KY[e=<�Fr:N<7DO:N<WPpDO:=<%UR@kDO@CMR@kDQ:
Y[BbsuaN>�> � �?U=U��"_ba=BXD�DL@C�k<8Y[eoDQH2@CJ7JWHfa=enD H+J J�YAeNBXDOPXa=J7DXYAHCe=B Fr:NY[JL:�<WenDO<7PbDO:N<�UR@kDO@CMR@kDQ:
Y[PQPQ<7BQM\<WJiDQY�Sf<�Hks�DQ:=<7Y[PrJWHC>[Hfa=P7�
~RHfP � ���� �
	IY[e=BXDQPQa=JiDQY[Hfe=B�Fr:NY[JL:pU=HVe=HCD�@CJ7DXY[Sk@kDQ<IDO:N<4@CZ\HfPXD|BXY[�feR@k>N:=H'FI<iSf<WP � �xDQPX>{*

U=Hh<WBVe=HkDtZN>AHhJL��FI@kY�DQY[e=�]suHfP¹_p<W_pHfPE� � BqPQ<7BQM\Hfe=BQ<k� �?BVBXH^HCe�@kB¹DO:=<K_p<W_pHfPE�m@CU=UNPQ<WBXB
M=PXH^U=aNJW<WU�Zo� �xDOPE> *�@CBz@ PQ<WBXaN>�DzHCsKDQ:=< <wvN<7JWaNDXYAHCe HCs DO:N< � ���� �
	�Y[e=BXDQPQa=JiDQY[Hfe Y[B
suHfPEF;@CPXU=<WU DQH DO:N<z����<7�¦PQ<7�CYABEDO<7P,M=PQHhJW<7BQB �uY�� <C� @kB�BQHhHfe�@CBgDO:=<z���r<W�¦:=@CB8Y[BQBXa=<WU
DO:N<bJ7HfPQPX<WBQM\Hfe=U^YAe=�,@CJL�oe=H'F4>A<7U=�f_p<WenDt_p<WBXBO@C�f< � � �xDOPX>{*gY[B�suPX<W<tDOH8PQ<WJ7<7Y�Sf< BXa=Z=BX<W�oa=<WenD
Y[e=BXDQPQa=JiDQY[Hfe=B�@Ce=U � M\HfBQBEYAZ^>[� � PX<[B�<7J7DrDO:=<7_%�
9;:=<¹HfM\<WPQ@kDQY[Hfe,Hks��xDOPX>{*bF4Y�>[>�M=PQHhJW<7<WU]a=enDXY[>�@Ce�Y[e=BXDQPQa=JiDQY[Hfe]YAB;<7e=JWHCa=enDO<WPX<WU]Fr:=HfBX<

<iv^<7JWaNDXYAHfe�M=PQHhU=a=J7<WB,@mPQ<7BQaN>�DgDOH Z\<]suHfPXFI@CPXU=<WU DOH¦���r<W�=� }hYAeNJW<����r<W�mYABgZN>[H^JL�k<WU
FI@kY[DXYAeN�%suHCP¹DO:=<p@CJL�oe=H'F4>[<WU=�C_g<7enD�suPQHC_��?UNU�� �uDO:=PXHfa=�f:2��PXDw�xDQPX>%� � DQ:=<pM=PQHhU=a=JiDQY[Hfe
HCs�DO:=<�PQ<7BQaN>�DgF4Y[>�>�ZN>AHhJL� �xDOPE> * @CBKFx<7>�>�� ��<WeNJW<7suHCPXDO: � e=Hmsua=PXDQ:=<WPpYAeNBXDOPXa=J7DXYAHCe=BgF4Y�>�>
<WenDQ<WP��xDOPE> *�a=enDQY�>t�?UNU���M=PXH^J7<WBXBQ<WB%DO:N< M\<WeNUNYAeN��@CUNU=PQ<7BQB%_p<WBQBQ@C�f<�@Ce=U Y[BQBQaN<WB�@Ce
@CJL�oe=H'F4>[<WU=�f_p<7eoDW�
9;:=< �#��W/WYf�TxP � WYR

�
f ^ ^ RIW�� P H+P � ^L�®�;{�}R��@kDjDQ:=<6DQY[_g</HCs^DO:=</<wvN<7JWaNDXYAHCe�HCshDO:=</J7a=PQPX<WenD

� ���� �
	�Y[e=BXDQPQa=JiDQY[Hfem_8@T� Z�< BX<WenDVDOH]��U=U�� F4Y[DQ:zDO:=<p@kU=U=PQ<7BQBV_p<WBXBO@C�C< � �oe=H'F4>A<7U=�f<
HCs�DO:=<g�;{�}2F4Y[>�>/<WeR@kZN>A<p��U=U�� DQH%U=<WJiYAU=<pFr:NY[JL: HCs�DO:N<KBQa=Z=BX<W�oa=<7eoD�YAe=BEDOPXa=J7DXYAHfeNBqY[e
DO:N<qU=@kDL@CM=@kDO:]F4Y�>[>jsÃ@kY�>jDO:N<7Y[P�J7Hfe=UNY�DQY[Hfe�JWHhU=<WB7�
��H'Fx<7Sf<7P � Y�D?Y[B?M\HfBQBEYAZ^>A<�DQ:R@kD�DO:=<b<iv^<WJ7aNDQY[Hfe2HCs�@pSC@d>[Y[U Y[e=BXDQPQa=JiDQY[HfezFr:NY[JL: <7enDO<WPXB

�xDOPE> * @Ce=U�MR@CBXBQ<WB�Y[DQB�J7Hfe=UNY�DQY[Hfe JWHhU=<WB�F4Y[>�>tYAenSfHk>[SC< DO:=< _pH^U^Y[�RJW@kDQY[Hfe�HCsg�;{�}�� �®s
DO:N<2<iv^<WJ7aNDQY[Hfe�HCstBQa=JL: @Ce Y[e=BXDQPQa=JiDQY[Hfe @k>ABXH��f<WeN<WPO@dDO<WB%@�PX<WBQa^>[D]DQH ���r<W� � DQ:=<We Y�D
Y[B2e=HCD2e=<7JW<7BQBO@kPX� DQH M=PQH'SoYAUN< ��U=U�� F4Y[DQ: DO:=<¦eN<7F �;{�} � BXY[e=JW< ����<7� YABzaNeR@CZN>[<
DOH M=PQHhU=a=J7<]@Ce @CJL�oe=H'F4>[<WU=�f<7_p<WenD�_p<7BQBO@k�f< � �xDOPE> * F4Y�>�>;ZN>[H^JL� @Ce=U¦DQ:haNB e=Hzsua=PEDO:=<7P
Y[e=BXDQPQa=JiDQY[Hfe=BrF4Y[>�>jZ\<VUNYABXJT@CPXU=<WU�Zn�,DO:NY[BrM=PQHhJW<7BQB7�x~RHfPxYAe=BEDOPXa=J7DXYAHfeNB�Fr:NY[JL: JL:=@Ce=�f<VDO:N<
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�;{�}qF4Y�DO:=Hfa^D6M=PQHhU=a=JiYAeN�¹@?PX<WBQa^>[D�DO:=HfaN�f: � � Y�D|Y[B|<7BQBX<WenDQYA@k>=<wv^MN>[Y[J7Y�DQ>���DQH?M=PXH'ShY[U=<;��U=U��
F4Y�DO:]DO:=<?a=M�U=@kDO<7U �;{�}]@CBr�xDQPX>{*�F4Y[>�>jZ\<?suPQ<7<¹DOHKM=PXH^J7<WBXBr@Ce=U]M\HfBQBEYAZN>��]UNY[BQJW@CPQU%_pHfPX<
Y[e=BXDQPQa=JiDQY[Hfe=B � DO@C�nYAe=�pY[eoDQH�@kJWJWHCa=enD�DQ:=<te=<7F �;{x}\�

�GeKHfPQUN<WP|DQH¹M=PQH'SoY[U=<;DO:=<xe=<7F �;{�}bDOH¹��U=U�� � @keK@k>�DO<WPXeR@kDXY[SC<4JWHf_p_�aNeNYAJW@kDQY[HfepMR@kDQ:
Z\<7DGFx<W<We�DO:NY[BrM=PQHhJW<7BQB�@Ce=U��xDOPE> *KYABrPX<W�oaNY[PQ<WU � suHCP;DO:=<t<ivhY[BXDXYAe=�8Hfe=<VDO:NPQHfa=�C:���PXDL�xDOPX>
F4Y�>[>�Z\<gZ^>AHhJL�C<7U�� ��<We=J7< � @ke�<wv^DQPO@%MR@kDQ:�J7Hfe=e=<7J7DQY[e=��DO:=<KDGFxH M=PXH^J7<WBQBX<WBqYABqPQ<7�ha^YAPX<WU
Y[e DO:=<b_pH^U=<i> � BXY[e=JW<bDO:NY[B?J7Hf_p_�a=eNY[JT@dDQY[HfezYAB�e=HCD�YAeNJ7>[a=U=<WUzY[ez��=?>�@�A/9 Ñf� ZNaN©�<7PXY[e=�
Y[B8e=<7JW<7BQBO@kPX� DOH UN<WJWHCa=MN>[<�DO:N<�M=PXH^J7<WBXBQ<WB,@Ce=U�<7e=BQaNPQ<�DQ:R@kDgU=<W@CUN>[H^JL�oB,U=aN<�DQH�DO:N<7Y[P
BX�he=JL:NPQHfeNY �T@dDQY[HfezU=Hpe=HCDrHhJWJ7a=PW�
9;:=<;Y[eoDQ<WPQ@CJ7DXYAHfeKZ\<7DGFx<W<7ep�?U=U�� @Ce=UK�xDOPX>{*?F4Y�DO:KPQ<7�n@CPXU�DOH?DQ:=<r�;{�}bY[B|Y[>�>[a=BXDQPO@kDQ<WU

Y[e �R�fa=PX<  N� &h� � _p<7BQBO@k�f<�F4Y[DQ: DQ:=<¦J7a=PQPX<WenD �;{x}�F4Y�>[> Z�<¦Y[BQBXa=<WU Zn� �xDOPE> * suHfP
<T@kJL:zSC@d>[Y[UzYAeNBXDOPXa=J7DXYAHCemFr:^YAJL:2suHC>�>AH'FrBt@Ce � ������
	�YAe=BEDOPXa=J7DXYAHfe � a=enDQY�>6@CezY[e=BXDQPQa=JiDQY[Hfe
�ÃSk@k>�Y[UzHfP�Y[enSk@k>[Y[U��4Fr:NHfBQ< <wv^<WJWa^DQY[HfemM=PQHhU=a=J7<WBV@�PX<WBXaN>[D?DOH,Z\<bsuHfPEF;@kPQU=<7UzDOH]����<7��Y[B
<WeNJWHfa=enDQ<WPQ<7U��
9/�hMNY[JT@d>[>�� � DO:=</eoa=_�Z\<WP*HCshJ7Hfe=BQ<7JWaNDXY[SC<�Sk@k>�Y[UtY[e=BEDOPQaNJ7DQY[Hfe=B*Fr:NY[JL:qsuHk>[>[H'F¦@Ce � ���� �
	

F4Y�DO:=Hfa^Dx�C<We=<7PO@kDXYAe=�b@tPQ<WBXaN>�DxF4Y�>[>�Z\<rBQ_g@k>�>��/9;:N<WPQ<isuHfPQ<rDO:N<�J7Hf_p_�a=e^YAJW@kDQY[Hfe�H'SC<WPQ:N<T@CU
Y[e]H^J7JT@CPX_§U=a=<¹DQH DO:=<?<ivhDOPQ@p_p<7BQBO@k�f<WBrBQ<7enD4DOHK�?UNU���Zn���xDQPX>{*�F4Y[>�>jZ\<?Y[e=BXY[�feNY��RJT@keoDW�

� 0 	102=K; � +19 � GH-A?pI
�?BVUN<WBQJ7PXY[Z�<7U�Y[emBQ<WJiDQY[HfeU"^� ( � YAe=BEDOPXa=J7DXYAHfeNBb_g@T�2Z\<KUNYABXJT@CPXU=<WU�U=a=< DQH�@]J7HC>AHCa=PV_KYAB�l
_g@kDOJL:�<7Y�DO:=<7PIYAe8DO:=<���@�> ���xDOPX>{*�M=PXH^J7<WBXB��/HfP�YAe8DO:=<�M=PXY[_g@CPX�gU=<7JWHhU=<¹a=eNY�D �Q,¹<WJ7H^U=< Ñ
M=PXH^J7<WBQB��L�

�Ge�HCPQU=<7PrDQH8UN<7DO<7PQ_KY[e=<qDQ:=<tBXDO@kDO<tHCs�DO:=<tUR@kDO@CMR@kDQ:�@kD�@Cen�]MR@CPEDQY[JWaN>A@CPr_pHf_p<WenD � Y�D
Y[BV<WBQBX<WenDQYA@k>/suHfP¹��U=U�� DOH]:R@TSf<KY[eNsuHfPX_8@dDQY[HfemPQ<W�f@CPQUNY[e=�,DQ:=<p<ivN@CJ7DtM\HCY[enDVFr:=<WPX<g<W@CJL:
HCs;DQ:=<�Y[enSC@d>[Y[U¦YAeNBXDOPXa=J7DXYAHCe=B YABbUNY[BQJT@kPQU=<7U�� }^a=JL:¦Y[eNsuHfPX_8@dDQY[Hfe Y[B PQ<7�ha^YAPX<WU�Zn� ��U=U��
HfeN>��zsuHfP¹Y[e=BEDOPQaNJ7DQY[Hfe=BtFr:NY[JL: Y[_g_p<7UNYc@dDO<7>��2suHC>�>AH'F
SC@d>[Y[U � ������ 	 Y[e=BXDQPQa=JiDQY[Hfe=B7�,9;:NY[B
Y[B�eN<WJW<7BQBQ@CPX� � @CB7ª
	�
j½'±X²¡±6ÂË´�²Ãµ�Á¡¯d°�µÃÂÆ¿7´d²j³iÁ¡± � 
�� 
#� 
������ ���tÍ � ���VÌ � � � �2³i´�É � � �rÎ\²¡±E±/³7È�Èd±Q´�É'Â ��p
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Instruction flow

CPS to AddC

Ctrl3

S2={I : The execution of I produces a result to RReg}
S1={TST, TEQ, CMP, CMN, MSR, MRS}

I S1∈

I ILSWch∈

I S1∈

I S2∈

I S1∈

I S1∈

I

I

I

0

1

0

0

1

1

1

1

1

1

Instruction Valid bit
1: valid

0: invalid

Stop issuing CPS

I S1∈

~�Y[�fa=PX<b ^� &^ª/{),t}N{4ª�{6PQH'SoY[UNYAeN�]�;{�}]DQH8��U=U��

« �Ge=BEDOPXa=J7DXYAHfeNB?Fr:NY[JL:�@kPQ<�U^YABXJT@CPXU=<WU @kD�,¹<WJ7H^U=< Ñ U=H,eNHCD¹<7eoDQ<WP?DQ:=< UR@dDL@CMR@dDO:z@dD
@k>�>¡�

« �Ge=BEDOPXa=J7DXYAHfeNBbFr:NY[JL:�MR@CBXB_,¹<7JWHhU=< Ñ _8@T� ZN>[H^JL�zDQ:=<�U=@kDL@CM=@kDO: Z�<isuHfPQ<gPQ<W@CJL:NY[e=�
�xDQPX>{*KDQH8Z\<VUNY[BQJW@CPQU=<7U �¡BX<W<tBQ<7J7DXYAHfeNB? N�1(^�Æ¢^�Æ¢�l� N�1(^�Æ¢^� ¤5��@Ce=U �

« �Ge=BEDOPXa=J7DXYAHfeNB;Fr:NYAJL:�U=H PX<T@CJL:��xDQPX>{*�DOH Z\<VUNY[BQJT@kPQU=<7U�_g@T�8BXDQY�>�>jZN>[H^JL�gDO:=<¹U=@kDL@dl
MR@dDO:]Y[s�DO:=<i�]M=PXH^U=aNJW<b@ �uYAenSk@k>�YAU��IPX<WBXaN>[DW�

��H'Fx<7Sf<7P � BXY[e=J7< DQ:=< {x�IJ7HC>qBXY[�feR@k>q@kPQPXY�Sf<7B @dD?,¹<7JWHhU=< Ñ Y[e�@ e=HfeNU=<7DQ<WPQ_KY[eNY[BXDQY[J
sÃ@CBX:NYAHCe � DQ:=<?<wv=@kJ7D4_pHf_p<WenD4Fr:=<7e,YAeNBXDOPXa=J7DXYAHCe=B4BXDO@CPXDIZ�<iYAe=��UNYABXJT@CPXU=<WU]Y[e ,¹<WJ7H^UN< Ñ Y[B
e=HCDIUNY[PQ<WJiDQ>��,@TSk@kY�>c@kZN>A<�DOH ��U=U�� @Ce=U8DO:oa=B;_ba=BXD4Z\<?<wv^MN>[Y[J7Y�DQ>��,MNPQH'SoYAU=<7U]Zn�m,¹<7JWHhU=< Ñ �
9;:=<]_pHfBXD < � J7Y[<WenDpF;@T��DOHzM=PXH'ShY[U=<%@zPX<W_pHCDO<�M=PQHhJW<7BQBI�¡e=@C_p<7>��¦�?UNU�� �tF4Y[DQ: @

^�K T Z\J{f/MNY[<WJ7<VHCsjY[eNsuHfPQ_g@kDXYAHCe �¡eR@k_g<i>[�8DO:=<?M�HCY[enD;HCs�@kPQPXY�Sk@k>�HCsjDO:=<¹{x�IJ7HC>�BEYA�CeR@k>%�6YABIZo�
_p<T@CeNB�Hks|@KBEYAe=�k>A<V_p<WBXBO@C�C<C� ��H'FI<iSf<7P � BQa=JL:�@ BQJL:=<7_p<bY[B4e=HCD4su<T@kBXY[ZN>A<VY[e]DO:=<VHhJWJW@CPQ_
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_pH^UN<7>¡�b9;:^YABt_p<WBXBO@C�f< FxHfaN>[Um:R@TSf<KDOH�Z�<KBX<WenDtZn�6,¹<WJ7H^UN< Ñ @ksÏDQ<WP?DQ:=<K@CPXPXY�SC@d>�HCs/DO:N<
{��IJWHC>\BEYA�fe=@k> � BXY[e=J7<�DO:^YAB/YAB�e=HfeNU=<7DQ<WPQ_KY[eNY[BXDQY[J � BQa=JL:8YAB/DO:=<r�f<7e=<WPQ@kDQY[Hfe8HCs�DQ:=<�_p<7BQBO@k�f<
DOHp��U=U��?� ��<7e=JW< � Y[s�DO:=<tZN>[HhJL�oY[e=�gHCs��?U=U���a=M\Hfe]F;@kY�DQY[e=�psuHfPIDQ:=<t_g<7BQBQ@C�f<qM=PQ<7JW<WUN<WB
DO:N<�YABXBQaNY[e=�%HCs/DO:N< _p<WBQBQ@C�f<pZn�6,¹<7JWHhU=< Ñf� @,U=<T@kUN>AHhJL� _g@T�zHhJWJ7a=PWªrDO:N<KHfM�<7PO@kDXYAHCezHCs
DO:N<b{���>[HhHfM]F4Y[>�>�BXDOHCM @CeNU�DQ:haNB�e=Hg_pHfPQ<q� Ñ ( SC@d>Aa=<7B4F4Y[>�>�Z�<tM=PXH�SoY[U=<WU�DOHV,¹<WJ7H^U=< Ñ
@Ce=Ub<7SC<WenDOaR@d>[>��bDQ:NY[B�M=PXH^J7<WBXB�F4Y�>[>hZN>[H^JL� � Y�sNDQ:NYAB�:R@CM=M\<WeNB�Z\<7suHfPX<�DQ:=<x{x�IJ7HC>^:R@CB�@CPQPEY[SC<WU
DO:N<qBEYA_baN>A@kDOHfP4F4Y�>[>�U=<W@CUN>[H^JL���
9;:=< @k>�DO<WPXeR@kDXY[SC< DQ<WJL:=eNY[�oa=<�Y[B,DOH :R@TSC< ,¹<7JWHhU=< Ñ M=PXH�SoY[UNY[e=����U=U�� F4Y�DO:�Y[eNsuHfPEl

_g@kDQY[Hfe PQ<W�f@CPQUNY[e=� DO:=<�HfaNDOJ7Hf_p< HCs¹JWHC>[Hfa=PgJL:=<WJL�nY[e=� � suHfPg<T@CJL: Hks¹DO:=<%Y[e=BXDQPQa=JiDQY[Hfe=B
Y[eoSCHC>�Sf<WU � Zo� YABXBQaNY[e=� @�BQ<WM=@CPO@kDQ<2_p<WBQBQ@C�f<2suHfP,<W@CJL:�YAe=BEDOPXa=J7DXYAHfe���9;:=<m�f<WeN<WPO@dDQY[Hfe
HCsbDO:=<7BQ< _p<7BQBO@k�f<WBzJ7Hf_p_p<We=J7<WB2@CB�BQHhHfe @CB ,¹<WJWHhU=< Ñ PQ<7JWHf�CeNY �7<WB @ Sk@k>�YAU �  �����
	
Y[e=BXDQPQa=JiDQY[Hfe8Fr:NY[JL:�:=@CB6DO:=<�M�HkDO<WenDXYc@k>RDQHq@CJ7DXY[Sk@kDQ<�{��IJ7HC> �Ã�R�faNPQ<� N�Å� �L����U=U�� � Y[egDQa=PQe �
ZN>[H^JL�oB�@CB/BQHhHfeg@CB�Y�D/U=<7DQ<WJiDOB/DO:R@kD6DQ:=< �  �����
	;YAe=BEDOPXa=J7DXYAHfeg:R@CB/<7eoDQ<WPX<WU8DQ:=<4UR@kDO@CMR@kDQ:
@Ce=U�DO:oa=B¹eNH�U=<W@CUN>[H^JL��_g@'��HhJWJ7a=PW��9;:=<�DQPO@CeNBQ_KYABXBXY[Hfe2HCs�DQ:=<�_p<7BQBO@k�f<WB?F4Y�>�>|BEDOHfM2@kB
BQHhHfe @CBKDO:N<%�=PQBXDgY[e=BXDQPQa=JiDQY[Hfe DQH�Z\<%UNY[BQJT@kPQU=<7U�Zn� ,¹<WJ7H^UN< Ñ YABp<WeNJWHfa=enDQ<WPQ<7U HfP � Y[e
DO:N<?JT@kBQ<?Hks�DO:=< �  �����
	�Y[e=BXDQPQa=JiDQY[Hfe]Z\<7Y[e=��Y[eoSk@k>�Y[UR@kDO<7U�Y[e%�xDOPE> * � a=M\Hfe]@CPXPXY�Sk@k>\HCs�DO:N<
JWHCPQPQ<7BQM\Hfe=UNY[e=�8{��IJWHC> -�a^>[>*_p<WBXBO@C�C<qsuPXHf_��xDQPX>{*G�ÃBQ<W<qBQ<7J7DXYAHfe� N�E" �L�
}hY[_pY�>A@CPVDOH]DO:=<gJWHC_g_ba=eNY[JT@kDXYAHCe Z\<7DGFx<W<We��?U=UR�"@Ce=U �xDOPE> *]PQ<7�n@CPXUNYAeN��DQ:=<8�;{x} �

@Ce,<wvhDOPO@bJWHf_p_�aNeNYAJW@kDQY[Hfe,>�YAeN�gF4Y�DO:,ZNaN©�<7PXY[e=� Y[BIPQ<7�oaNYAPX<WU,DQH�YAe^suHfPQ_¨�?UNU�� HCsjJWHk>AHfaNP
_KYABX_g@kDOJL:=<7B�Y[e?,¹<7JWHhU=< Ñ �

������� � � � � % 
2+ 9Y-/%L; � %LGJM 7�),9�-/;p=,?@-A+102),9
�?Bt<wvNM^>c@kY[e=<7U�Y[e BX<WJiDQY[HfeU"N�1& � Y[e=BXDQPQa=JiDQY[Hfe=Bb@kDQDQ<W_pMNDXYAe=�%DOH%PX<T@CUmPQ<7�CY[BXDO<7PQBtFr:NY[JL:¦@CPX<
>[H^JL�k<WU � F4Y�>�>tZN>AHhJL� a=enDXY[>VDQ:=<2PQ<7�CYABEDO<7PQB�@CPQ<zFrPEY[DXDO<7e�@CeNU�DQ:=<7Y[P�@CU=U=PX<WBXBQ<WB�PQ<7_pH�SC<WU
suPQHC_ DQ:=<,J7HfPQPX<WBQM\Hfe=U^YAe=�2>[H^JL�m�=suHfB � DQ:=<,ZN>[HhJL�oY[e=�2HCs�PX<T@CU Y[e=BEDOPQaNJ7DQY[Hfe=BKY[BK@CJL:NY[<7SC<WU
Zn� _p<T@Ce=BgHCs�DO:=<�PQ<7�CYABEDO<7P8ZR@ke=� � BgPQ<W@CU >[H^JL�¦>[Hf�CY[J]Fr:NY[JL: � YAe HhJWJT@kPQ_ � Y[B8_pHhU=<7>�>[<WU
Zn�2DO:=<8�r<T@CUx@jHhJL�mM=PQHhJW<7BQB��¡BQ<7<8�R�Ca=PQ<�"N� Ñ * �L�g��:NY�>A<8@�PX<T@CU YAe=BEDOPXa=J7DXYAHfe YABqZN>[H^JL�k<WU
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Message to AddC

Ctrl3
I ILS

Wch
∈

I

I

1

1

1

1

1

1

1

1

0

1

Instruction Colour

PCcol

Stop issuing messages

I

I

I

I

Dec1CtrlA

I

I

0

I

Instruction flow

~�YA�faNPQ<q N�Å�Nª �GeNsuHfPX_pY[e=�g�?U=UR��HCs��IHC>[Hfa=P�=�Y[BQ_g@kDOJL:N<WB¹@dD�,¹<7JWHhU=< Ñ

@Ce=U M\<We=UNY[e=� � DO:N<�PX<W�CY[BXDQ<WPgZR@Ce=��F4Y[>�>rZ�<%a=e=@CZN>[<%DQHmM=PQHhJW<7BQB8@Cen��BQa=ZNBQ<W�oa=<7enD]PQ<W@CU
HfM\<WPQ@kDQY[Hfe=B � BXY[e=JW<x<7SC<WPX�qY[e=BXDQPQa=JiDQY[Hfe�Fr:NY[JL: <WenDQ<WPQB�DO:=<�UR@kDO@CMR@kDQ:bY[BQBXa=<WB6@rPQ<W@CU�PX<W�oa=<7BXD
DOHKDQ:=<tPQ<W�kYABEDO<WPrZR@ke=� � Y[e=BEDOPQaNJ7DQY[Hfe=BrF4Y�>[>*ZR@kJL�o>[Hf�8@Ce=U%DO:=<tUR@dDL@CMR@dDO:]F4Y[>�>�BXDO@k>[>¡�
� PEY[DQ<KUR@kDO@�@kPQ<KBQ<7enDqDQH,DO:=<pPX<W�CY[BXDQ<WPVZR@CeN� DO:=PXHfa=�f:zDQ:=<KFrPXY�DO<KZ=aNBqJ7HfenDOPXHC>�>[Hf�CY[J

�Ã��PXDL�xDOPE>tM=PQHhJW<7BQB��O� ��H'FI<iSf<7P � U=a=PEYAe=� DO:N< <wv^<WJWa^DQY[Hfe�HCs�@Ce � ���� �
	2YAe=BEDOPXa=J7DXYAHfe �
��PXDw�xDQPX>6PX<W_g@kY[e=BtZN>[H^JL�k<WU aNeoDXY[>|DO:=<K� > v2_p<WBXBO@C�f<psuPQHC_�DQ:=<K�?U=UR�
@CPXPXY�Sf<WB � U=aNPXY[e=�
DO:^YABzDXYA_p< � eNH sua=PXDQ:=<WPzFrPEY[DQ< U=@kDL@ _p<WBXBO@C�C<WBmF4Y[>�>pZ�< @kZN>A<¦DQH PQ<W@CJL: DQ:=<�PQ<7�CY[BXDO<7P
ZR@CeN�%@Ce=U aNeN>AHhJL�,DO:N<bJ7HfPQPX<WBQM\Hfe=U^YAe=�8PQ<7�CYABEDO<7PQBW�r9;:oa=B � Y�s�DQ:=< � ������
	qY[e=BXDQPQa=JiDQY[Hfe Y[B
suHC>�>AH'Fx<WU�Zn�%@Ce]YAeNBXDOPXa=J7DXYAHCe�Fr:NY[JL:z@dDQDO<7_pMNDOB4DOHpPX<T@CU%PQ<7�CY[BXDO<7PQB4F4Y�DO:�M�<7e=UNY[e=�gFrPEY[DQ<WB �
@Ce=U�DO:=<,J7HfPQPX<WBXM�HfeNUNYAeN�zFrPXY�DO<,UR@dDL@ :R@kB e=HCD�Z�<7<We¦suHfPEF;@CPXU=<WU¦DQH DO:N<,PQ<7�CYABEDO<7P ZR@Ce=�
Z\<7suHfPX<,� PEDw�xDOPE>4ZN>[H^JL�oB � DO:N<]UR@kDL@kMR@kDO:�F4Y�>[>rBEDL@k>�>;Y[_pM�HfBEYAeN� @ >�YA_KY�DpDOHzDO:N<�eoa=_bZ�<7P
HCs|JWHfe=BX<WJ7aNDQY�Sf<K{�� _p<7BQBO@k�f<WB�DO:R@kD���U=U���_g@T�%M=PQHhJW<7BQB�U=a=PXY[e=�gDO:=<q<iv^<WJ7aNDQY[HfezHks|DO:N<
{),t}N{ @k>[�fHfPEY[DQ:=_%�
� PEY[DQ<,UR@kDO@ HfPEYA�CY[eR@kDQ<,<7Y�DO:N<WP�suPXHf_ DO:=<,U=@kDL@CM=@kDO:¦HCP�DO:=<�_g<7_pHfPX�C� �®s4DO:=<�FrPEY[DQ<

Y[e=BXDQPQa=JiDQY[Hfe Fr:NY[JL: >[H^JL�oBbDQ:=<gPQ<W�kYABEDO<WP��¡B��¹suHC>�>AH'FrBtDO:=< �  �����
	pY[e�DQ:=<gUR@kDL@kMR@kDO: � DO:N<
PQ<W@CU¦Y[e=BXDQPQa=JiDQY[Hfe�F4Y[>�>;U=<i�ReNY�DO<i>[��Z^>AHhJL�¦@kDbDO:=<]PX<W�CY[BXDQ<WP Z=@Ce=� � suHfPbDQ:=<,PQ<7BQaN>�DpHCsrDO:N<
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FrPXY�DO<pY[e=BXDQPQa=JiDQY[Hfe �ÃFrPEY[DQ<8U=@kDL@�HfPtPQ<T@kU _p<W_pHfPE� @CU=U=PX<WBQB��¹F4Y�>[>xe=HCDqZ\<�@kZN>A<pDOH�MR@CBXB
DO:NPQHfa=�C:%��PXDL�xDOPE>��

�®stDO:=<zFrPEY[DQ<zYAe=BEDOPXa=J7DXYAHfe�M=PX<WJ7<WU=<7B%DQ:=<�� ���� �
	z:=H'Fx<7Sf<7P � @ke=U DO:=<zFrPEY[DQ<zUR@kDO@
HfPEYA�CY[eR@kDQ<WBIsuPXHf_ _g<7_pHfPX� � DO:=<7e%�?U=U�� JW@Ce%:R@TSf<Ve=HKUNY[PQ<7J7D4�oe=H'F4>[<WU=�C<b@kBIDOH Fr:=<iDO:=<7P
DO:N<2UR@kDL@�:R@kU�Z\<W<7e�suHCPXFI@CPQU=<7U�DQH�DO:=<2PX<W�CY[BXDQ<WP%ZR@Ce=��Z�<isuHfPQ<zDQ:=<mZN>AHhJL�nYAeN� HCsqDO:N<
��PXDw�xDQPX>;DQH^HC� MN>A@CJW< � UR@kDO@ @ke=U�YAe=BEDOPXa=J7DXYAHfeNBgsuPXHf_!_p<W_pHfPE��suHC>�>AH'F`UNY[©�<WPX<WenD8MR@kDO:NB
�ÃSoYA@i,V@kDO@ �Ge�@Ce=U ��{�Y[M�<qPQ<7BQM\<WJiDQY�Sf<7>�� � BQ<W<bBQ<7J7DQY[Hfe "^�Å¤5�I@CeNU�DO:N<bHfPXU=<WPrDO:N<�PQ<7BQM\<WJiDQY�Sf<
_p<WBXBO@C�f<7Bm@CPQPEY[SC<¦DOH���PXDL�xDOPE>�Y[B e=HfehlGU=<iDO<WPX_KYAeNY[BXDXYAJk�!9;:^YABz�oe=H'F4>[<WU=�C< :NH�Fx<7SC<WP2Y[B
M\HfBQBX<WBQBX<WU Zo��� PEDw�xDOPE>�� �Ge=U=<7<WU � ��PXDL�xDOPE>V_g@'���C<7<WM @ PX<WJ7HfPQU�HCstDO:N<2ehaN_�Z\<WP%HCs
UR@kDO@ Sk@k>AaN<WB�suPXHf_ _p<7_gHCPX� DQ:R@kDK:=@'SC<%Z�<7<We¦suHfPEF;@CPXU=<WU�DQHzDO:=<,PX<W�CY[BXDQ<WPKZR@ke=� BEYAe=J7<
DO:N< >c@kBXD�� ������ 	�YAe=BEDOPXa=J7DXYAHfe�� 9;:NYAB�ehaN_�Z\<WP,Y[B�BQ<7enD]DOH¦��U=U��§F4Y[DQ:�DO:N< �  �����
	
_p<WBXBO@C�f< DQH]Z�<�JWHf_pMR@CPX<WU @C�n@dYAe=BED¹DO:N< PQ<7BQM\<WJ7DXY[SC<8PX<WJ7HfPQU � _8@dYAenDL@dYAe=<7U�Zn���?U=UR� � HCs
DO:N<?eoa=_�Z\<WPIHCsjFrPXY�DO<�HfM�<7PO@kDXYAHCe=BIM=PX<WJ7<WUNY[e=� DO:N<¹JWa=PXPQ<7eoD � ������
	�Y[e=BXDQPQa=JiDQY[Hfe���¥;@CBX<WU
HfemDO:NY[BbY[eNsuHfPX_g@kDQY[Hfe �?U=U��"_g@T�mU=<7J7Y[U=<8Fr:NY[JL:¦HCsxDO:=<pFrPXY�DO<8HfM\<WPO@dDQY[Hfe=Bt:R@TSf<8Z�<7<We
JWHC_gM^>A<iDO<WU @Ce=U%DO:oa=B4Fr:NY[JL: HCs�DO:N<qPX<W�CY[BXDQ<WPXB�PX<W_g@kY[e�>[H^JL�k<WU��

������� � � � 7�):9�-<;>=,?@-A+.02):9 � ?@-A+ �"Gf-A+ )�
 -AIK% � B�� 
F0 ND+ 
 )KG 	
9;:=<g��@�>��CH�BEYA�fe=@k>/YABtYABXBQa=<7U¦Zn���xDOPE> *�M=PQHhJW<7BQBbDQH�Y[eNsuHfPX_ ,¹<WJ7H^UN< Ñ HCsIDQ:=<gSk@k>�Y[UNY[DG�
HCs/J7<WPXDO@kY[e _baN>�DQY[J7�hJ7>[<KYAe=BEDOPXa=J7DXYAHfeNB � � �®D¹YAB¹@CJ7DXY[Sk@kDQ<WU2Zn�m�xDQPX>{*]@CBV@,PQ<7BQM\Hfe=BX< DOH,DO:N<
PQ<7�oa=<WBED�_p<WBXBO@C�C<8�f<7e=<WPQ@kDO<7U�Zn� ,¹<7JWHhU=< Ñ U=a=PEYAeN�%DQ:=<K�RPQBEDqJ7�hJ7>[<8HksxDQ:=<KYAe=BEDOPXa=J7DXYAHfe��
,¹<WJ7H^UN< Ñ ZN>[H^JL�oBga=enDQY�>4DO:=<%��@�>��fHm_g<7BQBQ@C�f<�@CPQPEY[SC<WB � Y�s�Y[DpY[BgM\HfBEY[DXY[SC< �uY�� <C�¦DQ:=<]YAehl
BXDQPQa=JiDQY[Hfe YAB Sk@k>�YAU�� � DO:=<]eN<ivhDgJ7�hJ7>[<%HCs�DQ:=<,Y[e=BXDQPQa=JiDQY[Hfe J7Hf_p_p<We=J7<WB � HCDO:N<WPXF4Y[BQ<%DO:N<
Y[e=BXDQPQa=JiDQY[Hfe�Y[BrUNYABXJT@CPXU=<WU�BQHpDO:R@dD4Y[DrU=Hh<WBre=HkD�>[HhJL�]@Cen�]PQ<7�CY[BXDO<7PQB.�¡BX<W<qBQ<WJiDQY[Hfe "^�1"N�Æ¢3�O�

�®sjDO:=<�_�aN>�DQY[J7�hJi>A<VY[e=BXDQPQa=JiDQY[Hfe�suHC>�>AH'FrB4@ke��  �����
	�Y[e=BXDQPQa=JiDQY[Hfe � @ke=U�DO:N<?UR@kDO@CMR@kDQ:
BXDO@k>�>AB4Z\<7suHfPX<¹DO:=<VPX<W�oa=<7BXD�_p<WBQBQ@C�f<tsuPQHf_2,¹<WJ7H^UN< Ñ PQ<W@CJL:=<WB��xDQPX>{*p��@�>��fH F4Y�>[>�e=HCDrZ\<
Y[BQBQaN<WUz@ke=U�DQ:oa=B�,¹<WJWHhU=< Ñ F4Y�>[>*PX<W_g@kY[e�Z^>AHhJL�C<7U��
��
j½'±X²¡±�ÂË´�²¡µ¡Á�¯�°�µ¡ÂÅ¿W´�²�³7ÁÃ± � ���#� � � 
 � �C³7´zt?É�³iµ¡³�È�ÁÃ¿'°E±X²�²ÃÂË´ �4ÂË´�²Ãµ�Á¡¯d°�µÃÂÆ¿7´tÀjÂÅµ�½ ��É�� � "Yy4³i´dÉ �Ð'ÂÆµ*²Ã±Xµ �[¯�²¡±XÁjÊI¿'É'±�� � � � � ³i´dÉ � ��� µ�½�³wµjÀ*Á¡ÂÆµÃ±6µÃ¿;µ�½'±���Í�� � �AÐ'ÂÅµ�»7» ��Í�É����6v ��·
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Ik

Ik+1

Ik+2

 ??  0

1

2

3

4

. . .

Ik+3

R15 in PC Pipe

R15 / Instructions in the Datapath

Instruction no.of.pcs

or Datapath

R15 in PC loop

~�YA�faNPQ<t N�Å Nª/9;:=< �Ge=BXDQPQa=JiDQY[Hfe @jHhHf�d@C:=<W@CU�9�@CZ^>A<

}hY[e=JW<;��U=U���Y[B�Y[eNsuHfPX_g<7U HCs=DQ:=<IBEDL@kDQ<xHks=DO:=<xUR@kDO@CMR@kDQ: @kD|@Cen�qMR@CPXDXYAJ7aN>A@CP|_pHf_p<WenD �
DO:N<qUN<WJ7Y[BXY[Hfe @CB4DOHKFr:=<7DQ:=<WPrDO:N<q��@�>��fHpBXY[�feR@d>jYAB4Y[BQBQaN<WU Y[BrBXDOPQ@kY[�f:nDQsuHfPEF;@CPXU��

������� � � � BC02G"M � N -/0F;p% �]=
	O-A+ � 	.% 7�),9�-/;p=:?@-/+102),9
�?BKUN<WBQJ7PXY[Z�<7U Y[e BQ<7J7DQY[Hfe=B "N�E"N�Æ¢z@Ce=U "N� *N� Ñ � * � U=a=PXY[e=�2DO:N<]<iv^<WJ7aNDQY[Hfe HCs�@
,#= � }N9 =
Y[e=BXDQPQa=JiDQY[Hfe=B�,¹<WJWHhU=< Ñ Y[enDO<WPQ@CJ7DQB�U^YAPX<WJ7DX>[�]F4Y�DO:��?UNU���SoYA@pDQ:=< @*BX_g9�PX_�JL:R@Ce=e=<i> �¡BQ<7<
�R�faNPQ<WB "N�Å�m@Ce=U "N� ¤5�L� ,¹aNPXY[e=�2DO:NY[BKYAenDO<7PO@CJiDQY[Hfe � Fr:NYAJL: BXDO@CPXDQBgaNM�Hfe�DQ:=<�@CPQPEY[Sk@k>r@dD
,¹<WJ7H^UN< Ñ HCs4DQ:=<,JWHCPQPQ<7BQM\Hfe=UNY[e=�m��@�>��fHz_p<WBXBO@C�f<%@ke=U¦>c@kBXDOB�a=enDQY�>;DO:=<�HfM�<7PO@kDXYAHCe¦HCs
DO:N< @�} = >[H^HfM�YAe���U=U��"YAB�JWHf_pMN>[<7DQ< � ,¹<WJ7H^UN< Ñ F4Y�>[>IPQ<W_g@kY[e¦ZN>[HhJL�C<WU e=HkDp@k>�>AH'F4Y[e=�
@Cen�,sua=PEDO:=<7P4YAe=BEDOPXa=J7DXYAHfeNB�DQHg<7enDO<WPrDO:N<qU=@kDL@CM=@kDO:��
��<7PQ<xDQH^H � DQ:=<�ZN>AHhJL�nYAeN�¹HCsNDQ:=<�UR@kDL@kMR@kDO:tY[B�UNY[PQ<7J7DX>[�qU=<iDO<WJiDL@CZ^>A<;Zn�t��U=U�� ZR@CBX<WUbHfe

DO:N<�Y[eNsuHfPQ_g@kDXYAHCe,M�HCBQBQ<7BQBX<WU%Zn�8DQ:NYABxM=PQHhJW<7BQB � @Ce=U�DQ:oa=B;e=H�suaNPXDO:N<WP;@kJ7DQY[Hfe�Y[BIPX<W�oaNY[PQ<7U��

������� � ��� � IK% 7�),9�-/;p=:?@-/+102) BC0D0FEHG"I,%LGJM � G�� 	1%
9;:=<t_g@kY[e�BEDOPQaNJ7DOaNPQ<q_8@dYAenDL@dYAe=<7U�Zn��@CPXZNY�DO<WP4MNPQHhJW<WBXBQ<7B�DOHp_g@C�k<qaNBQ<qHCs�{),t}N{ YAB4DO:N<
�Ge=BEDOPQaNJ7DQY[Hfe @jH^HC�k@k:=<T@CUp9�@CZN>[< � ��@N9 �L�f9;:NYAB6_g@T� Z\<IY[_pMN>A<7_p<WenDO<7U,@CB6@¹JiYAPXJWaN>A@CP�ZNaN©�<7P
@Ce=UKJ7HfenDL@kY[e=B�@k>�>NDQ:=<;YAe^suHfPQ_g@kDXYAHfepPX<W�oaNY[PQ<WUgZn��DQ:=<r@CPQZ^Y[DQ<WP6M=PXH^J7<WBQB�DQHV_g@C�C<rU=<7J7Y[BXY[Hfe=B
PQ<7�n@CPXUNYAeN�pDQ:=<tM�HkDO<WenDXYc@k>�@kPQPXY�Sk@k>*HCs�_p<WBQBQ@C�f<7B�Hfe%Y�DOB4YAeNM=aNDr>[Y[e=�oBW�
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�Ge DO:=<�JW@CBQ<�HCsg��U=U�� � @ e=<iF <7eoDQPX� YABm@CMNM�<7e=U=<WU DOH ��@^9 <W@CJL: DQY[_p< @ e=<7F
Y[e=BXDQPQa=JiDQY[Hfe�@kU=U=PQ<7BQB ��{�� Sk@k>[a=< �pYAB]>[<7D%DO:=PXHfa=�f: DQH =��¹�r<W� � DOH Z�<zsuHCPXFI@CPQU=<7U�DQH
_p<W_pHfPE�2@Ce=UzDQ:=<K{�� >AHhHfM�� A/@CJL:2<WenDQPX�2HCs6DQ:=< ��@N9 J7HfPQPX<WBQM\Hfe=UNB¹DOH%@CezY[e=BXDQPQa=JiDQY[Hfe
@Ce=U YAe=Ji>AaNU=<WB]@ �R<7>[U �[TgR@eNR���erU

�
^��qDQ:R@kD,BXM�<7J7Y��R<WB8DO:=<�ehaN_�Z\<WP,HCsq@kJL�heNH�F4>[<WUN�f<W_p<WenD

_p<WBXBO@C�f<7BqDQ:R@kDq:R@TSf<gZ\<W<We PQ<7JW<iY[SC<WU¦HfemDO:N<8{��IJL:�JL:R@Ce=e=<i>;@dsÏDO<WP¹DQ:=<pJWHfPXPQ<7BQM\Hfe=UNY[e=�
Y[e=BXDQPQa=JiDQY[Hfe�:R@CB]Z\<W<We suHfPEF;@kPQU=<7U�DQH =��¹�rPQ<7�4�Ã�R�Ca=PQ<m N�Å  �O�
~RHfP�<T@CJL:�e=<iF�<7eoDQPX� �
TgR@eNR���erU

�
^�Y[B|Y[eNY�DQYA@k>[Y �W<7U DOH ! � DO:=<I<ivhYABEDO<7e=JW<4HCs�BXa=JL:p@Ce <7enDOPX�bYAeNUNYAJW@kDO<7B|DO:=@kD6@?_p<7BQBO@k�f<

Y[B�<wv^M�<7J7DO<7U�Hfe�{��IJL:���A/@CJL:�DQY[_g< @�e=<iF {�� Sk@k>[a=<2YAB]>[<7D]DQ:=PQHfaN�f:�DQH =��¹�r<W� �
@B?'C1?$NRC � � � HCs|@k>�>j<WenDQPXY[<WB�Y[e]DO:=< ��@^9�Y[BrY[e=J7PQ<W_p<7eoDQ<WU2Zn�]HfeN<C�
9;:=< TgR@eNR���erU

�
^p�R<7>[U�M=PQH'SoY[U=<WB%YAe^suHfPQ_g@kDXYAHfe PX<W�n@kPQUNY[e=��DO:=<2PX<7>[<7Sk@CenD�M�HCBXY�DQY[Hfe HCs

Y[e=BXDQPQa=JiDQY[Hfe=B Y[e DQ:=<�BE�hBXDO<7_%� �Ge=U=<7<WU � BEYAe=J7< DO:N<�BEY �7<¦HCs�DQ:=<¦{�� {�Y[M�< YAB%DGFIH � Y�s
@B?'C1?$NRC � � ��� * * � DQ:=<�Y[e=BXDQPQa=JiDQY[Hfeb:=@CBjU=<7�=eNY[DQ<7>��t<WenDO<7PQ<7UqDQ:=<6UR@kDO@CMR@kDQ:�� �®s @B?'C1?$NRC � � � *
Ñ DO:=<%YAeNBXDOPXa=J7DXYAHCe�_g@T� Z�<]Y[e DO:N<�UR@dDL@CMR@dDO: HfPpe=HCDG�ÃY¡� <C� Y�DOB8� Ñ (2Sk@k>[a=<%_g@T� BXDQY�>�>
Z\<¦YAe DQ:=< {�� {�Y[M�< ��U=<WM\<We=U^YAe=��Hfe DO:N<¦eoa=_�Z\<WPmHCsgM=PX<WJW<7UNY[e=��Y[e=BEDOPQaNJ7DQY[Hfe=B7� �®s
@B?'C1?$NRC � � � * ¢ � DQ:=<qY[e=BEDOPQaNJ7DQY[Hfe�:R@CB�<WenDO<7PQ<WU ,¹<WJWHhU=< Ñ @CeNU�DQ:=<bZ\<W:=@'SoY[Hfa=P�U=<WBXJWPEYAZ\<WU
Y[e�BX<WJ7DXYAHCe=B? ^� (^�Æ¢^� *�lx N� (h�Ë¢^� ¤KYAB4DO@C�C<7e�Y[enDOH8@CJWJ7Hfa=enDT�
9;:=< �Ge=BXDQPQa=JiDQY[Hfe @*HhHf�d@C:=<W@CU�9�@kZN>A<t@d>ABXH8<7eR@CZN>[<WBr�?UNU���DQHKM=PQ<7UNYAJiDrsuaNDOa=PX<t<7Sf<7enDOB

Hfe Y[DQBg��JL: YAe=MNaND8>�Y[e=� � @Ce <7SC<WenD�Y[B8<wv^M�<7J7DO<7U Y[s ��@N9§J7HfenDL@kY[e=B�@Ce <7enDOPX� F4Y�DO:�@Ce
� ���� �
	¹YAeNBXDOPXa=J7DXYAHCe��

����� ��� ������� �2� �	!���"
=�<7BQBO@k�f<WBI@CPQPEY[SoY[e=�tHfeg��JL:8JL:R@Ce=eN<7>�@CPQ<4MNPXY[_8@kPXY�>[�pBX<WenDxDQHt�?U=U�� suPQHf_ DO:=<rUR@kDO@CMR@kDQ:
�ÃDQ:=PQHCa=�f:%� PEDw�xDOPE>2�I@CB�@pPQ<7BQaN>�D?Hks�DQ:=<b<wv^<WJWa^DQY[Hfe HCs �  �����
	tY[e=BEDOPQaNJ7DQY[Hfe=B�@Ce=U�JT@CPXPX�
<7Y�DO:N<WPrZ=PO@ke=JL:�DO@CPQ�f<iDrHfP4UR@kDO@ DOPO@ke=BXsu<7P�@kU=U=PQ<7BQBX<WBW�
~RHfP;UR@kDO@�DOPQ@Ce=BXsu<7P4HfM\<WPO@dDQY[Hfe=BIFr:=HCBQ<tU=<WBEDQY[eR@kDXYAHfe%PX<W�CY[BXDQ<WP4YABr� Ñ ( � @ BQ<7JWHfe=U%_p<WB�l

BO@k�f<qF4Y�>�>�Z\<qBQ<WenD?H�SC<WPr��JL: � eR@C_p<7>��%DO:=<qe=<7F�SC@d>Aa=<qHCs�DO:=<b{6PQHf�fPQ@C_��IHfa=enDQ<WPrsuPQHf_
_p<W_pHfPE�f�
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�?J7JWHfPXUNYAeN�tDQH?DO:N<r{�,t}^{�@k>[�fHfPEY[DQ:=_ � Fr:=<7eg��U=U���U=<7DQ<WJiDOB/@Ce � ���� �
	IY[e=BXDQPQa=JiDQY[Hfe
Y�DpZN>AHhJL�oBpa=enDQY�>;Y[DpPX<WJ7<7Y�Sf<WBgDO:=<]J7HfPQPX<WBXM�HfeNUNYAeN��_p<WBXBO@C�C<WBgHfe¦��JL:�� �®s�:=H'FI<iSf<7P8DO:N<
� ���� �
	VYAe=BEDOPXa=J7DXYAHfe�F4Y[>�>�e=HCD�Z�<q<iv^<7JWaNDQ<WU2HfP4DO:N<b_p<W_pHfPE�]sÃ@kY�>ABrDOHgPQ<7BQM\Hfe=UU�uY�� <C�;@Ce
@CZ\HfPXDpHhJWJ7a=PQB�� � DO:=<�<iv^M\<WJ7DQ<WU _g<7BQBQ@C�f<WBgF4Y[>�>�e=<7SC<WPgZ�<]Y[BQBXa=<WU � DO:oa=Bp>A<W@'SoY[e=� ��U=U��
ZN>[H^JL�k<WU @Ce=U�JT@Ca=BEYAeN�gDQ:=<tBXY[_�aN>A@kDOHCP�DQHgUN<T@CUN>[HhJL�\�
9;:=<WPX<q@CPQ<¹DGFxH8PX<T@CBXHfe=B4Fr:n�%@Ce]Y[e=BXDQPQa=JiDQY[Hfe�_g@T�]e=HkDrZ�<V<wvN<7JWaNDQ<WU � eR@C_p<i>[�,Y�s�Y[DQB

JWHk>AHfaNP�UNH^<7B�eNHCDr_g@kDOJL:%DO:R@dD�Hks�DQ:=<tM=PQHhJW<7BQBQHCP�HCPrY�s�Y[DrsÃ@kY�>AB;Y�DOBrJ7Hfe=UNY�DQY[Hfe�JWHhU=<WB7�

������� ��� 3 � 0 	102=K; � +19 � GH-A?pI
��>�>oYAeNBXDOPXa=J7DXYAHCe=B|Fr:=HfBX<I<wvN<7JWaNDXYAHCeK_8@T�tJL:R@ke=�f<xDQ:=<IHCM�<7PO@kDXYAe=��JWHk>AHfaNP�HCsNDO:=<�M=PQHhJW<7BQBXHfP
l\<7Y�DO:N<WP�Zo�t<wv^MN>[Y[J7Y�DQ>��tFrPXY�DQY[e=��@�e=<iF¦Sk@k>[a=<6DOHrDO:=<�{��V�ÃY¡� <C��DQ:=</Z=PO@ke=JL:bDO@CPQ�f<iD�@CU=U=PX<WBQB��
HfP Zn��JW@Ca=BEYAe=� @Ce @CZ\HfPED�ltZ\<7>[Hfe=�2DOHzDQ:=< �Ge=BXDQPQa=JiDQY[Hfe @*HhHf�d@C:=<W@CU }^<7DpHks�DQ:=<,��JL:
JL:R@CeNe=<7>¡� 9;:oa=B � @Ce � ������
	]Y[e=BEDOPQaNJ7DQY[Hfe F4Y[>�>rBQa^©�<7P8@2J7HC>AHCa=PK_KYABX_8@dDOJL:�HCeN>[��Y[s�Y�D
suHC>�>AH'FrB�@Ce=HkDO:=<7P � ������ 	¹Fr:NY[JL: :=@CBrJL:R@Ce=�f<7U�DQ:=<tM=PQHhJW<7BQBQHCP � B�J7HC>AHCa=PW�
~RHfP¹YAeNBXDOPXa=J7DXYAHCe=BqFr:^YAJL:�<iv^MN>�YAJiY[DX>[� JL:R@CeN�f<gDQ:=<g{�� � DO:=<pe=<iF�JWHC>[Hfa=P¹Y[BqM=PQH'SoYAUN<WU

DOH DQ:=<¹��U=U�� F4Y[DQ:%DQ:=<¹Z=PQ@Ce=JL:]DL@kPQ�f<iD4@CU=UNPQ<WBXBW�I}hY[e=JW<V��U=U�� YAB4@d>ABXH YAeNsuHCPQ_p<WU%HCs*DO:N<
JWHk>AHfaNPbHCs;BQa=Z=BX<W�oa=<7eoDKY[e=BEDOPQaNJ7DQY[Hfe=B�<WenDO<7PXY[e=� DO:N<�BX�hBEDO<W_ @CBqFI<i>[>I@CB�HksIY[e=BXDQPQa=JiDQY[Hfe=B
Fr:NY[JL: <7eoDQ<WP4DO:N<VUR@kDL@kMR@kDO: � DO:=<tU=<7J7Y[BXY[Hfe�@CB4DOHKFr:=<7DQ:=<WP�@Ce � ���� �
	¹Y[e=BXDQPQa=JiDQY[Hfe�F4Y�>�>
Z\<qU^YABXJT@CPXU=<WU�YABrBXDQPO@kY[�f:nDQsuHCPXFI@CPQU��

�®sj:=H'Fx<7Sf<7PxDQ:=<�J7HC>[Hfa=P�JL:R@Ce=�f<7BIU=aN<�DQH�@Ce8@CZ\HfPXD � �?U=U���:=@CB/e=H�UNY[PQ<7J7Dx�oe=H'F4>A<7U=�f<
PQ<7�n@CPXUNYAeN��DO:NY[BVJL:R@CeN�f< � �xDQPX>{*8F4Y[>�>�PX<WJ7<7Y�Sf<KDO:=< @CZ�HCPXD¹BEYA�CeR@k>|suPXHf_ _p<W_pHfPX�z@Ce=U F4Y�>�>
JL:R@CeN�f<bDQ:=< {��IJWHk>|PX<[B�<WJiDQY[e=�,BXa=Z=BQ<7�oa=<WenDVY[e=BXDQPQa=JiDQY[Hfe=BW� �Ge DQ:NYAB�JT@CBX< @�-�aN>�>|_p<7BQBO@k�f<
_�aNBXD�Z�<tBQ<7enD¹Zn���xDOPE> *KDOHKY[eNsuHfPQ_���U=U�� Hks�DQ:=<bHhJWJ7a=PQPX<We=J7<bHks6@Ce�@CZ\HfPXD�@CeNU�<7eR@CZN>[<
Y�DqDQH�UN<WJ7Y[U=<gFr:NYAJL: HCsIDQ:=<gsuHk>[>[H'F4YAe=� �  �����
	pY[e=BEDOPQaNJ7DQY[Hfe=BqF4Y[>�>�Z�<g<iv^<7JWaNDQ<WU�� �®sIe=H
BQaNJL: YAeNBXDOPXa=J7DXYAHCez<ivhY[BXDOB � DQ:=<O-�aN>�>�_p<7BQBO@k�f<�Y[B�BEYA_pMN>��%YA�feNHfPQ<7U Zn���?U=U�� � :=H'Fx<7Sf<7P?Y�D
BXDXY[>�>�e=<7<WU=B�DOHqZ�<4Y[BQBQaN<WU�BEYAeNJW<V�xDQPX>{*qJW@Ceg:R@TSf<�e=Hb�oe=H'F4>[<WU=�C<?PQ<7�n@CPXUNYAeN�qDQ:=<r<ivhYABEDO<7e=JW<
HCs�BQa=ZNBQ<W�oa=<7enD �  �����
	¹YAe=BEDOPXa=J7DXYAHfeNB�Y[e�DQ:=<tUR@kDL@kMR@kDO:%HfP4DQ:=<7Y[PrM�HfBXBXY[ZN>[<bPX<[B�<WJiDQY[Hfe�Zo�
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,¹<WJ7H^UN< Ñ � �
9;:oa=B � suHfP � ������ 	IY[e=BEDOPQaNJ7DQY[Hfe=B�Fr:^YAJL:g_g@'��@CZ\HfPXD � �?UNU���FI@kY�DOB�suHfP�DGFIHt_p<WBXBO@C�C<WB

Hfe ��JL:�>�YAe=� � e=@C_p<7>���DO:=<�_p<W_pHfPX� @CUNU=PQ<7BQB,@ke=U�@m_p<WBXBO@C�f<�PQ<7�n@CPQU^YAe=� DO:=<�@CZ\HfPXD
BXDO@kDOaNB � Y[s�� Ñ (]YABqYAe=Ji>AaNU=<WU¦Y[e DO:N<�U=<7BXDQY[eR@kDXYAHCe�PQ<W�kYABEDO<WPq>[Y[BXD HCs;DO:N<8Y[e=BXDQPQa=JiDQY[Hfe � DO:N<
BQ<7JWHfeNU8_p<WBXBO@C�C<4<iv^M�<7J7DQ<WU�Zn���?U=U��¦F4Y�>[>RZ\<4<7Y�DO:N<WP�DO:N<4e=<7F Sk@k>AaN<4HCs�DO:=<r{�� @CPQPEY[SoY[e=�
suPQHC_§_p<W_pHfPE�%HfP � Y[e%DO:=<tJT@kBQ<tHCs6@kZ�HfPED � @ -�aN>[>*_p<7BQBO@k�f<qsuPXHf_��xDQPX>{*N�

������� ��� � � 02):M,+.-/+102) � 0dMK% 9 �KGJ+ 	1=,;A%
�?B�U=<7BQJWPEYAZ\<WU YAe BQ<WJiDQY[Hfe  N�1(^�Æ¢^� Ñf� Fr:=<7e @ Sk@k>�Y[U � ���� �
	 Y[e=BEDOPQaNJ7DQY[Hfe�Fr:NYAJL: UNH^<7B
e=HCD�@CJiDQY�SC@dDO<%DO:=<�@CZ\HfPXDgBXY[�feR@d>�Y[B8<wv^<WJWa^DO<WU � ��U=U��`Y[B8MNPQH'SoYAU=<7U Zn� �xDQPX>{* F4Y�DO:�@k>[>
DO:N< �;{�}N�;lGPX<7>A@kDO<7U Y[eNsuHfPX_8@dDQY[Hfe PQ<W�oaNY[PQ<7U�DOHmM=PX<WUNY[J7DgDO:N<%sÃ@dDO<%HCs�BQa=Z=BX<W�oa=<7eoD�SC@d>[Y[U
Y[e=BXDQPQa=JiDQY[Hfe=BgPQ<W�f@CPQUNY[e=�mDO:=<iYAPpJ7Hfe=UNY�DQY[Hfe JWHhU=<WB � DQ:NY[BpY[BpM�<7PXsuHfPX_p<WU ShYA@ @ U=<7UNY[JT@kDQ<WU
MR@kDQ:p@Ce=UK>A@CBXDQB6a=enDQY�>�@¹PQ<7BQaN>�D6YAB6MNPQHhU=a=JW<7U8Zn�K�xDOPX>{*V@Ce=UKsuHfPEF;@kPQU=<7UpDQHt���r<W�VPX<W�CY[BXDQ<WP7�
9;:=<q�f<We=<7PO@kDXYAHCe�HCs�DO:N<qPX<WBXaN>[DrDQHpDQ:=<q���r<W�gPQ<7�CY[BXDO<7Pr:R@CB�@KU=aR@k>*<i©�<7J7DTª

« ~�Y[PQBEDQ>�� � @CB�<iv^MN>A@kYAeN<WU,Y[e�BQ<7J7DXYAHfe, N� (h�Ë¢^� Ñf� Y[eNY[DXYc@d>[>��pY[DxZN>[H^JL�oB4�xDQPX>{*bM=PX<7SC<WenDQY[e=� Y�D
suPXHf_ PQ<7JW<iY[SoY[e=� @Cen��_pHfPX< Y[e=BXDQPQa=JiDQY[Hfe=B�@Ce=U�DO:oa=B�<7>�YA_KY[eR@kDQY[e=� DO:=<me=<7<WU�suHfP
sua=PEDO:=<7P Y[eNsuHfPQ_KY[e=���?U=UR� HCsgM\HfBQBEYAZ^>A<�JL:R@ke=�f<WB2Y[e DO:=< �;{�}N�t�t9;:NY[B2PQHC>[<¦Y[B
M\<WPEsuHfPQ_p<WU suHfPp@CBK>[Hfe=� @CBg����<7�mY[Bpa=eR@CZ^>A<]DOHmM=PXH^UNa=JW<�@Ce @CJL�oe=H'F4>A<7U=�f_p<WenD
_p<WBXBO@C�C<qDQH��xDQPX>{*N�

« }^<7JWHfeNUN>[� � Y[D¹Y[eNsuHfPX_pB��xDQPX>{*�DO:R@dDVDO:=< >A@CBXDV@CU=U=PX<WBQBt_p<WBXBO@C�C<gMNPQHhU=a=JW<7U�Zn��DO:NY[B
M=PXH^J7<WBXB�:R@CB�Z\<W<7e BQ<i>A<7J7DQ<WUg@Ce=UKM=PXH^J7<WBXBQ<WUpZn�q�?U=UR�?� �Ge=U=<7<WU � DQ:=<;@CJL�oe=H'F4>[<WU=�C<il
_p<WenDq_p<WBXBO@C�f<KsuPXHf_ ����<7�]F4Y[>�>6e=HCDtZ\< Y[BQBQaN<WU aNeoDXY[>6DQ:NY[BqPX<W�CY[BXDQ<WPVPX<WJW<iY[SC<WB�@Ce
@CJL�oe=H'F4>[<WU=�C<W_p<WenD;suPXHf_ � PEDw�xDQPX> � DQ:NYAB/Y[egDQa=PQegF4Y[>�>\Z�<r�f<7e=<WPQ@kDO<7U,a=M\Hfe8PX<WJ7<7Y[MND
HCs�DO:N<t� > v%BEYA�fe=@k>��

$�
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CPS to AddC

S2 = {I : The execution of I produces a result to RReg}
S1 = {TST, TEQ, CMP, CMN, MSR, MRS}

I ILS1
Wch

∈

1

Stop issuing CPS

I

0

1

0

I S2∈ 1

I S1∈ 1

I S1∈ 1

I S1∈ 1

?

I ILS2
Wch

∈

I ILS2
Wch

∈

I ILS2
Wch

∈

0

0

I ILS2
Wch

∈

0

0

I

I ILS2
Wch

∈ 0 NULL to AddC

I ILS2
Wch

∈

I ILS2
Wch

∈

NULL to AddC

ILS1Wch = {I : I does not activate aborts and

ILS2Wch = {I : No message is sent to AddC if I is ivalidated in Ctrl3}

Ctrl3

Instruction flow

Instruction Valid bit
1: valid

0: invalid

                  if invalidated in Ctrl3, I still produces a message to AddC}

~�Y[�fa=PX<t N� Ñ !Nª/{),t}N{�_p<WBXBO@C�f<7B�suPXHf_��xDQPX>{*pDQHg��U=U��

� e=JW<KDO:N<p@CJL�oe=H'F4>A<7U=�f<W_p<7eoDbsuPQHf_y����<7�,YABtPQ<7JW<iY[SC<WU � e=H,sua=PEDO:=<7Pq�;{x}^�4l®PQ<7>A@kDQ<WU
_p<WBXBO@C�f<7B @kPQ<2BQ<7enD�DQH ��U=U��?�r9;:oa=B � suHfP]BQa=ZNBQ<W�oa=<7enD � ���� �
	2YAe=BEDOPXa=J7DXYAHfeNB%Fr:^YAJL:
sÃ@kY�>VDO:=<iYAP%J7Hfe=UNY�DQY[Hfe�JWHhU=<WB � -�aN>�>t_p<WBQBQ@C�f<7Bz@CPX< PX<W�oaNY[PQ<7U�DOH Z\< BX<WenD�Zo� �xDQPX>{* DQH
Y[eNsuHfPQ_y�?U=UR� HCs/DQ:NYABt<iSf<WenDW�K9;:=<WBX<8_p<7BQBO@k�f<WBt_g@T�2Z�<�PQ<WUNa=e=UR@CenDtFr:=<7e DQ:=<7�2PX<7su<7P
DOHtY[e=BXDQPQa=JiDQY[Hfe=B/suHfP6Fr:NYAJL:��?U=U�� _8@T�g@k>[PQ<W@CUN�K:=@'SC<?Z\<W<7e8Y[eNsuHfPQ_p<7U8HCs�DO:=<iYAP/sÃ@kDQ<6�ÃY¡�Å<k�
Y[e=BXDQPQa=JiDQY[Hfe=B�PQ<T@kJL:NYAeN�K�xDOPE> *¹Y[_p_g<7UNYA@kDO<i>[�8@ksÏDQ<WP�DO:N<�PX<WJW<iYAM^DxHks�DO:N<�@kJL�heNH�F4>[<WUN�f<W_p<WenD
suPQHC_ ����<7�5� � :=H'FI<iSf<WP -�aN>�>K_p<WBXBO@C�C<WB�@CPQ<�BEDQY�>[>pPX<W�oaNY[PQ<WU"@CB �xDOPE> * JW@Ce
:=@'SC< e=H
�oe=H'F4>A<7U=�f<�@CB�DQHgFr:^YAJL: DQ:=<WBX<bY[e=BXDQPQa=JiDQY[Hfe=B�_pY[�f:nD�Z�<k� � e=JW<b@ -�aN>[>�_p<WBXBO@C�C<bY[B�BX<WenD
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DOH%��U=U�� � e=H%_pHfPQ<p_p<WBXBO@C�f<7B�HCs�DO:^YABt�nYAeNU F4Y�>[>�Z\<KYABXBQa=<7U�suHfP � ���� �
	 Y[e=BXDQPQa=JiDQY[Hfe=B
BQaNZ=BQ<7�haN<WenDQ>���Y[enSk@k>[Y[UR@kDQ<WU�YAe �xDOPE> * � a=enDQY�>|@ Sk@k>�YAU%Y[e=BXDQPQa=JiDQY[Hfe�Y[B�<iv^<WJ7aNDO<7U��
9;:NY[B8MR@dDQDO<7PQe�F4Y�>[>rZ\<]suHC>[>[H'FI<7U aNeoDXY[>rDQ:=<]e=<ivhD �  �����
	,DOHmM=PQHhU=a=J7<�@mPX<WBXaN>[DgY[B

<WeNJWHfa=enDQ<WPQ<7U � Fr:=<7PQ<7a=M�HCe¦DO:=<gM=PQHhU=a=JiDQY[Hfe Hksr�;{�}N�;lGPQ<i>c@dDO<WU _g<7BQBQ@C�f<WBbDOH��?U=U�� @kB
U=<7BQJWPEYAZ\<WUpY[eKBQ<WJiDQY[Hfeg N�1(^�Ë¢h� Ñ F4Y�>�>RJWHf_p_p<WeNJW<C�/9;:^YAB�Y[B|Y�>[>[a=BXDQPO@kDQ<WUKY[e �R�fa=PX<r N� Ñ !�Fr:=<WPX<
@KJWHf_pMN>[<7DQ<bM^YAJiDOa=PX<qY�s�DQ:=<VYAenDQ<WPO@kJ7DQY[Hfe�Z�<iDGFI<7<We2�xDQPX>{*8@ke=U���U=U�� YABrM=PXH�SoY[U=<WU��

�®D?Y[B�Y[enDO<WPX<WBEDQY[e=�,DOH8e=HCDO<tDO:=@kD?Fr:=<7e -�a^>[>�_p<WBQBQ@C�f<7BV@CPQ<bM=PQHhU=a=J7<WUzZn� �xDOPE> * � DO:N<
MR@kDQ:�>[<T@CUNY[e=� DQH¦�?UNU��§ShYA@���JL: Y[B�a=eoZN>[H^JL�k<WU @Ce=U�DQ:oa=B�DO:N<WBQ< _g<7BQBQ@C�f<WB,F4Y�>�>¹Z\<
suHfPEF;@CPXU=<WU�F4Y[DQ:=HfaND¹@k©�<7J7DXYAe=�gDO:=<bZ�<7:R@TSoYAHfaNP¹HCs|DQ:=<�BE�hBXDO<7_�Zn�%�=>�>[Y[e=�,PX<W�CY[BXDQ<WPQB�DO:R@dD
FxHfaN>[U�Z\<tHCDO:=<7PXF4Y[BQ<qH^J7JWa=M^YA<7U Zn�%BX�hBXDQ<W_ � B?_p<WBXBO@C�f<7BW�


%$�� � 3 1 9"-�5z5 7�- 
 � 1V3r.%0 1 	 -��257+$1V-

�?BpU=<7BQJ7PXY[Z�<7U Y[e BX<WJ7DXYAHCeV"N�E"N� Ñf� @CPQZNY�DOPQ@kDQY[Hfe�Y[BK<W_pMN>[H��C<WU Zn��MNPXY[_8@kPX��U=<7JWHhU=< �S,¹<il
JWHhU=< Ñ �IDQH�U=<iDO<7J7D?DQ:=< {��IJ7HC>|BEYA�CeR@k>�suPQHf_§DQ:=<���@�>b���?J7JWa=PQ@kDO< _pHhU=<7>�>�YAe=�8HCs�DQ:NYAB?@CPEl
ZNY�DO<7P/Y[epH^J7JT@CPX_"FxHfaN>[U8<7e=BQa=PX<�DQ:R@kD6DQ:=<rehaN_�Z\<WP�HCs�Y[e=BEDOPQaNJ7DQY[Hfe=B�UNY[BQJW@CPQU=<7U,@CB�Y[enSk@k>[Y[U
Zn�bDQ:=<�,¹<7J Ñ �xDQPX>[� M=PQHhJW<7BQB�Y[B�<W�oaR@d>NDOH�DO:=<;PX<WBXM�<7J7DQY�Sf<reoa=_bZ�<7P�YAeK��=?>�@�A/9 Ñ �6{��IJWHk>
Y[B�@CJiDQY�Sk@kDO<7U�<W@CJL: DQY[_p<KDO:=<gM=PQHhJW<7BQBXHfP � B�J7HC>AHCa=PtJL:R@Ce=�f<7B @CBq@%PQ<7BQaN>�D HCs�Y[e=BXDQPQa=JiDQY[Hfe=B
Fr:NY[JL:¦_pH^U^Y[sÏ� � Ñ (]HfP�@kZ�HfPEDT��9;:haNB�DO:=< �Ge=BEDOPQaNJ7DQY[Hfe @jHhHf�d@C:=<W@CU¦}h<7DbHCs;DO:N<�{��IJWHk>
JL:R@CeNe=<7>*Y[BWª

7�B�N �"! �%��� �Z\� ����������`^ � �
`�D�� � 5 D����
`�E ��� 5�E �4`-H+PSH�� WYR
�
f ^ ^�K T Z S K P b ���

HI^�`af ^�P e�D fQZLeqc
Fr:NY[JL:�Y[B4DO:=<tBO@k_g<q@CB4DQ:=< � ������
	C�
�?B¹DQ:=<;,¹<WJ Ñ �xDOPE>A��M=PXH^J7<WBXBqJ7Hfe=BEDQY�DOaNDQ<WBVDO:=<KU=@kDL@CM=@kDO: � BV<WenDQPX�zM\HCY[enD � Y�DV:R@CB¹Y[_ l

_p<WUNYA@kDQ<8�oe=H'F4>[<WU=�f<�HCsIDQ:=<gY[e=BEDOPQaNJ7DQY[Hfe=Bb<WenDO<7PXY[e=� DQ:=<8BE�hBXDO<7_ @Ce=U J7Hfe=BX<W�oa=<WenDX>[��HCs
DO:N<?M\HCDO<7eoDXYc@d>�Hks�DO:=<?{��IJWHC>\DOHbZ�<�@CJ7DXY[Sk@kDQ<WU��/9;:oa=B � DO:N<¹@CM=M^>[Y[JT@kDXYAHCe�HCs*�raN>[< Ñ HCs�DO:N<
{),t}N{ �ÃBQ<WJiDQY[Hfe� N� *^�Ë¢3�/Y[B�BXDOPQ@kY[�f:nDQsuHfPEF;@CPXU��
��H'Fx<7Sf<7P � Y�DKYABg<WBXBQ<7eoDXYc@d>�DQH�<7e=BQaNPQ<%DO:R@kDKDQ:=<%ZN>[H^JL�nY[e=� HCs�,¹<WJ Ñ �xDOPE>A� U=Hh<WBpe=HkD
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@k©�<WJiD,DO:=<2HCM�<7PO@kDXYAHfe HksqDQ:=<2�?UNU�� MNPQHhJW<WBXB]DOH @TSfHCY[U�U=<T@kUN>AHhJL�oBW�"9;:NYAB]Y[B,U=a=<zDQH
DO:N< sÃ@CJ7D8DO:R@dD�� �� �"! �2� �/* � ������ 	 @Ce=U ,¹<WJ Ñ �xDOPE>A� � �xDQPX>{*¦@Ce=U ��U=U���M=PQHhJW<7BQBX<WB
@CPX< J7Hfe=e=<7J7DQ<WU�DQHf�f<7DQ:=<WP]Y[e @ J7>[HfBQ<7U >[H^HCM �ÃBQ<W<m�R�faNPQ<  N�E" � � Y[sa,¹<WJ Ñ �xDOPX>[� ZN>AHhJL�oB
Fr:NY�>A<V�xDOPX>{*bY[BxFI@kY�DQY[e=� DOHqYAenDO<7PO@CJiD;F4Y�DO:,��U=U�� Z�<isuHfPQ<�Y[D;@CJ7DXY[Sk@kDQ<WB�DO:=<V{��IJ7HC>�BEYA�fe=@k> �
@Ce=U��?U=U���<wv^M�<7J7DOBr@ke,@CJL�oe=H'F4>[<WU=�f<7_p<WenD�suPXHf_ ,¹<WJ Ñ �xDOPE>A� �ÃDQ:=PQHfaN�f:�DO:N<¹{�� {�YAM\<0� �
{��IJWHC>jF4Y�>�>�eN<7Sf<7P�Z\<VYABXBQa=<7Uz@CeNU�HhJWJW@CPQ_ F4Y[>�>�U=<T@CU^>AHhJL���
~RHfPxZNPO@Ce=JL:N<WB � BQHCsÏDGFI@CPX<?YAenDQ<WPQPXa=MNDQB4@Ce=U8UR@kDL@qM=PQHhJW<7BQBEYAe=� Y[e=BEDOPQaNJ7DQY[Hfe=B � DQ:=<¹{��IJWHk>

_p<WBXBO@C�f<2Y[B]YABXBQa=<7U Zn���xDQPX>{*�Y[e�MR@CPQ@k>[>[<7>?F4Y[DQ:�DQ:=<2e=<7F {���Sk@k>[a=< �¡Z=PQ@Ce=JL: DL@kPQ�f<iD
@CU=UNPQ<WBXB���BQ<7eoD%DQH ��U=U��?��9;:oa=B � BEYAeNJW<mDO:=<7PQ<2YAB%e=H�Y[enDO<WPXU=<WM\<WeNU=<We=Ji��Z\<7DGFx<W<7e�DO:N<
Y[eoDQ<WPQ@CJ7DXYAHfeNB?HCs6�xDOPX>{*gF4Y�DO:?,¹<WJ Ñ �xDOPE>A�
@Ce=U��?U=UR� � DQ:=<bZ^>AHhJL�nYAe=�8HCs ,¹<7J Ñ �xDQPX>[� F4Y�>�>
e=HCD6>[<T@kUgDQHqUN<T@CUN>[HhJL�\� �®s\DO:N<rY[e=BEDOPQaNJ7DQY[HfepsÃ@kY�>AB6Y�DOB/JWHfeNUNY[DXYAHCe8J7H^U=<7B � @6-�aN>�>�_p<WBXBO@C�f<rY[B
BQ<7enDVZn�z�xDQPX>{*�H'Sf<7P¹{��IJWHC>|JL:R@Ce=eN<7> � ,¹<WJ Ñ �xDOPE>A� F4Y[>�>|eNHCD¹ZN>[HhJL��aNeoDXY[>�DO:N<�e=<wv^D?SC@d>[Y[U
� �� �"! �2� ��Y[e=BXDQPQa=JiDQY[Hfe�Y[Br<We=J7Hfa=enDO<7PQ<WU��
~RHfPjYAe=BEDOPXa=J7DXYAHfeNB�Fr:NY[JL: JT@ka=BQ<I@�J7HC>AHCa=P*JL:R@Ce=�f<xHfeN>��VY[s^DO:=<i�q@CZ\HfPXD�:=H'Fx<7Sf<7P � {��IJWHk>

F4Y�>[>|e=HCDVZ\<�Y[BQBQaN<WU a=enDQY�>/@ksÏDO<7PV�xDQPX>{*,:R@CBVPQ<7JW<iY[SC<WUmDO:=<K@kZ�HfPEDVBXY[�feR@d>AB?suPXHf_�_g<7_pHfPX�C�
9;:oa=B � DQH�@TSfHCY[U U=<W@CUN>[H^JL�oB � ,¹<WJ Ñ �xDOPE>A�yBQ:=HCaN>AU eNHCD�Z^>AHhJL� aNeoDXY[>�DO:N< UR@kDO@¦@CU=UNPQ<WBXB
Fr:NY[JL:�Y[B�MNPQHhU=a=JW<7U,@CBx@tPQ<WBXaN>�DIHCs\DO:N< � �� �"! �%��� � ���
	 YAe=BEDOPXa=J7DXYAHfe � :R@CB/Z\<W<7e�M=PXH^J7<WBQBX<WU
Zn�]�?UNU���@Ce=U%suHfPEF;@CPXU=<WU%DOHp_p<W_pHfPE�f�
9;:NY[B;BXY�DOaR@dDQY[Hfe�Y[BxY�>[>[a=BXDQPO@kDQ<WU,Y[e��R�faNPQ<¹ ^� ÑfÑC� Fr:N<WPQ<�� � Y[B;@Ce � �� �"! �%���=Y[e=BXDQPQa=JiDQY[Hfe

Fr:NY[JL: _g@'� @CZ\HfPEDU�Ã<C� �=� @
,V�Q�L�r9;:N< <iv^<7JWaNDXYAHfe HCsbDO:NY[B�Y[e=BEDOPQaNJ7DQY[Hfe PX<WBQa^>[DQB YAe�@
_p<WBXBO@C�f<  )�� Z\<7Y[e=� BQ<7enD�DQH �?U=U���F4Y[DQ:�DXYA_p<7BXDL@k_gM > ��� � � �®sa,¹<7J Ñ �xDQPX>[� ZN>AHhJL�oB
FI@kY[DXYAeN�%suHCPt{x�IJ7HC> � @ke=Ume=H�@CJL�oe=H'F4>A<7U=�f<W_p<7eoD�suPQHf_ DO:=<g{�� {6Y[M\<pF4Y�DO:mDQY[_p<WBEDL@C_pM
>�� �/� � � > ��� � YABr<7e=JWHfaNeoDQ<WPX<WU2Zn�%�?U=UR� � DQ:=<q{���{�YAM\<qF4Y�>�>�BEDL@k>�>�@Ce=U�DO:=<tBE�^BEDO<7_ F4Y�>�>
U=<W@CUN>[H^JL���
}hY[e=JW<_,¹<WJ Ñ �xDOPX>[�":=@CB?e=HgYA_p_p<WU^Yc@kDQ<��oe=H'F4>[<WU=�f< @CB�DQH8Fr:=<7ezDO:=<b{�� >AHhHfM�YABrYAehl

DO<7PQPXa=MNDO<7U �uY�� <C��@Ce�@kJL�heNH�F4>[<WUN�f<W_p<WenDxF4Y[DQ:gDXYA_p<WBEDL@C_pM >�� �/� � �V> ��� � Y[B�<7e=JWHCa=enDO<WPX<WU�� �
@ DO<7JL:=eNY[�haN<�e=<7<WU=BrDOHpZ\<qUN<7SoYABX<WU DQHpM=PQH'SoYAUN<qY�DrF4Y[DQ:�DQ:NYAB4Y[eNsuHfPX_8@dDQY[Hfe��
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AddC

Ctrl3

WrtCtrl

Dec1CtrlA

PCcol

Instructions

from PC Pipe

Dabt0

Dabt1

Aborts
 from memory

PCk+1

PCk

PCk+2

IkIk+1Ik+2

I2

PC2

I1

PC1

W

Ackk+1

Ackk

Ackk+2

from IPipe

R15 Values to PC PipePC loop

to memory

. . . . . .

I
1

~�YA�Ca=PQ<q N� ÑfÑ ª/9;:=< ,¹<7JWHhU=< Ñ �?PXZNY[DQ<WP7ªx{��IJ7HC>*U=a=<VDOHg�?Z\HfPEDOB

� M�HfBXBXY[ZN>[< @CM=MNPQHn@CJL:%FxHfaN>[U Z\<tDQH8MNPQH'SoYAU=<tDO:^YABrYAe^suHfPQ_g@kDXYAHfe%F4Y�DO:%DO:=<b{���Sk@k>AaN<
suHfPEF;@CPXU=<WUgZn�K�?UNU�� Y[_p_g<7UNYA@kDO<i>[�8@ksÏDQ<WP�DO:N<;YAenDO<7PQPXa=MND � Y¡�Å<4F4Y�DO: �
	���� � �u�R�fa=PX<� N� ÑCÑ �L�
9;:NY[BbDQ<WJL:=eNY[�oa=<�FxHfaN>[U e=HkDbY[enSfHC>�Sf<]@keo�m<wvhDOPO@�JWHf_p_ba=eNY[JT@kDXYAHfe�H'SC<WPQ:N<T@CU � :=H'FI<iSf<WP �
Y�D;U=Hh<WB;eNHCD4�faR@kPO@CenDO<7<?DO:N<¹M=PQ<iSf<7eoDXYAHCe�Hks*M=PQ<7<W_pMNDQY[Hfe=B7� �GeNU=<W<7U � Y�s >*) � � > �"! �2� � � DO:N<We
Zn� DQ:=<�DQY[_p< ,¹<WJ Ñ �xDOPE>A��PX<WJ7<7Y�Sf<WB���	���� � @,M=PX<W<7_gM^DQY[Hfe2F4Y[>�>�:R@TSC<8@d>APX<T@CUN��HhJWJWaNPQ<WU��
9;:oa=B � Y�D4Y[B4<WBQBX<WenDQYA@k>*DOHKMNPQH'SoYAU=< ,¹<7J Ñ �xDQPX>[� F4Y[DQ:%Y[eNsuHfPX_g@kDQY[Hfe]PQ<7�n@CPXUNYAeN�pDQ:=<¹sÃ@kDQ<¹HCs
� ��� �¹Z�<isuHfPQ<VDQ:=<t<WenDOPE�]HCs ���¹YAenDQHpDQ:=<tUR@kDO@CMR@kDQ:�DO@C�C<7B�MN>A@CJ7<C�
9;:NY[B�_g@T�KZ\<r@CJL:NY[<7SC<WU�Zn�K_p<W@Ce=B/HCs�@Cep<ivhDOPQ@ �¡Z=aN©�<WPX<WU���>�YAeN� UNY[PQ<WJiDQ>��KJWHCe=e=<WJiDQY[e=�

�?UNU���@Ce=U;,¹<WJ Ñ �xDOPE>A� @CB�U=<7MNYAJiDO<7UpY[e �R�faNPQ<4 N� Ñ ¢^�$A/@CJL:KDQY[_g<I�?U=U��¦BX<7>[<WJ7DQB6DO:=<;eN<ivhD
@CU=UNPQ<WBXB�DQHrZ�<6suHfPEF;@CPXU=<WUtDOHr_p<W_pHfPE� � Y[D*Y[BQBQaN<WB�@r_p<7BQBO@k�f<xDQHrY[eNsuHfPX_ ,¹<7J Ñ �xDQPX>[� HksNDO:N<
BQ<i>A<7J7DXYAHfe � B6PX<WBQa^>[D � DO:=<;MNPQHhU=a=J7DXYAHCe HCsR_p<WBXBO@C�C<WB6JWHC_g_p<7e=JW<7Bx@kB|BQHhHfeK@kB|�?UNU�� U=<7DQ<WJiDOB
@Ce�� �� �"! �%���=Y[e=BXDQPQa=JiDQY[Hfe�@Ce=U,BEDOHfM=BIa=M�HCe,BQ<i>A<7J7DQY[Hfe%HCs�DQ:=<V@CUNU=PQ<7BQB;_p<WBXBO@C�C<VHfe���JL:
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PCch
R15

PC Pipe

...

AddC Dec1CtrlA

PC loop

Buffer

Wch

to memory

Wch selected??

~�Y[�fa=PX<t N� Ñ ¢^ª �GeNsuHfPX_KYAe=�V,¹<WJ7H^UN< Ñ HCs�DO:=<tBQ<i>A<7J7DQ<WUzJL:R@ke=e=<7>

JL:R@CeNe=<7>¡� }hY[_KY[>A@CPX>�� � suHfP�<T@CJL: YAeNBXDOPXa=J7DXYAHCe PX<WJW<iY[SC<WU�@ksÏDO<7PK@Ce � �� �"! �2� � � ,¹<7J Ñ �xDQPX>[�
@k>[BQH FI@kY�DOBIsuHfPxDO:=<¹J7HfPQPX<WBXM�HfeNUNYAeN�K_g<7BQBQ@C�f<VsuPQHf_¨��U=U�� Z�<isuHfPQ<?Y�D;UN<WJ7Y[U=<7BrFr:N<7DO:N<WP;Y�D
BQ:NHfaN>[U�>[<7DrDO:N<tY[e=BEDOPQaNJ7DQY[Hfe�<WenDO<7P�DQ:=<tUR@kDL@kMR@kDO:%HfP4Z^>AHhJL�]@Ce=U%FI@kY[DrsuHfPr{��IJ7HC>��

�®D/YAB6Y[_gM\HfPEDL@CenD/DOHte=HCDQ<4DO:R@kD/DQ:=<rBXY �W<�HCs�DQ:=<4YAeNBXDOPXa=J7DXYAHCe�MNY[M�<.� ��{�Y[M�< ���faR@CPQ@CenDO<W<7B
DO:=@kD�Hfe=JW<q@pUR@kDO@g@kU=U=PQ<7BQB�YAB4suHfPEF;@CPXU=<WU�Zn�%�?U=U���DOHV=��¹�r<W�gY[D4F4Y�>�>�PX<T@CJL:�_p<W_pHfPX�
Y[PQPQ<7BQM\<WJiDQY�Sf<]HCs;DQ:=<gBXDL@dDO<�Hks;DO:=<8UR@kDO@CMR@kDQ:�� {|@TSf<W C¤ � MNM�� Ñ ¢C�dl Ñ * Ñ ��9;:haNB � ZN>[H^JL�nY[e=�
,¹<WJ Ñ �xDOPE>A�¨:R@kBqeNH�<i©�<7J7DbHfe2DO:=<pZ\<W:R@TSoY[Hfa=PtHCs�DO:=<pBX�hBEDO<W_ @CeNU � JWHfe=BX<W�oa=<7eoDX>[� � DO:N<
Y[BQBQa^YAe=�8HCs�DO:=<q@CZ\HfPXDrBEYA�CeR@k>[B�Zn�%_p<W_pHfPE�f�

�®srDO:=<�� �� �"! �%���/YAe=BEDOPXa=J7DXYAHfe U=Hh<WB�e=HCDp@CZ\HfPED � @ -�aN>[>I_p<WBQBQ@C�f<,Y[BKBQ<7eoDpH'SC<WP DO:N<
{��IJWHC>�JL:R@ke=e=<7>xZn� �xDOPX>{*N� �®s;DO:=<pY[e=BXDQPQa=JiDQY[Hfe sÃ@kY�>ABVY�DOBqJWHfeNUNY[DXYAHCe¦JWHhU=<WB � ,¹<7J Ñ �xDQPX>[�
Y[B8Y[eNsuHfPQ_p<7U Zn��_p<T@ke=B�HCsV@U-�aN>�>�_g<7BQBQ@C�f<zBX<WenD,suPQHC_��?U=U��§H'SC<WP�DQ:=< <wv^DQPO@�>�Y[e=���
9;:NY[B�Y[B�UNa=<bDQHgDQ:=<qsÃ@kJ7D�DO:R@kD�,¹<7J Ñ �xDQPX>[�
F4Y�>[>�:R@TSf<qDOH8PQ<WJ7<7Y�Sf<�@Ce a=eN�heNH�Fre2eoa=_bZ�<7P
HCs?_g<7BQBQ@C�f<WB8YABXBQa=<7U Hfe DQ:=< <wvhDOPO@m>[Y[e=� Z\<7suHfPX<���U=U��§Z\<WJW@C_p<z@TF;@kPQ<�DQ:R@kDpDO:N<�DO:N<
� �� �"! �2� ��Y[e=BXDQPQa=JiDQY[Hfe�FI@CBrUNY[BQJT@kPQU=<7U��
~RHfP�>AHf@CU � BEDOHfPX<6_�aN>�DQY[MN>[<�Y[e=BXDQPQa=JiDQY[Hfe=B�e=H�BQM\<WJ7YA@k>o_p<WBXBO@C�C<WB�@kPQ<6PQ<7�oaNYAPX<WUqDOHrZ�</BX<WenD

suPQHC_ ��U=U�� � suHfPIe=HK_pHfPX<�Y[e=BXDQPQa=JiDQY[Hfe=B;F4Y�>[>�<WenDO<7PIDO:=<?UR@kDL@kMR@kDO:�a=enDQY�>�DO:N<?>AHf@CU � BEDOHfPX<
_�a^>[DXYAMN>[<�HfM�<7PO@kDXYAHCe Y[BKJWHC_gM^>A<iDO< � DQ:=< ,¹<WJ Ñ �xDOPE>A� M=PXH^J7<WBQBpF4Y�>[>4Z^>AHhJL� @Ce=U�FI@kY[DpsuHfP
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{��IJWHC>=@CB�BXH^Hfe @CB|Y�DOB�Y[enDO<7PO@CJiDQY[HfeKF4Y[DQ:p��U � <We�M=PQHhJW<7BQB�J7Hf_pMN>A<iDO<7B �ÃBQ<7<;BQ<7J7DQY[Hfe "N�E"N�Æ¢3�L�


%$ � � 3 1 � -/57+�1 �`.g),+6-6.	� 	 -��257+$1V-

� Y�DO:NY[e DQ:=<KFrPXY�DO<gJWHfenDQPQHC>6aNeNY[DqHCsx�(= >�@�A/9 Ñf� @CPXZNY�DOPO@dDQY[Hfe2YABta=BX<WU�DQH%<WeR@CZ^>A<pUR@kDO@
Sk@k>[a=<WB�HfPXY[�CY[eR@kDXYAe=�psuPQHC_�<7Y�DO:=<7P�DQ:=<bU=@kDL@CM=@kDO:�HfP4DO:=<q_p<W_pHfPE��DQH8�f@kYAe�@CJ7JW<WBXB�DQH8DO:N<
FrPXY�DO<tZ=aNB6�¡BQ<7<bBX<WJiDQY[Hfe "^�Æ  � � Y[e�HhJWJW@CPQ_ � @ke���@N9�BXDL@dDO<W_p<7eoDrY[Br<W_pMN>[H��C<WU�DOHpM=PQH'SoY[U=<
@CPXZNY[DQPO@kDXYAHCe�Hfe�DQ:=<?J7HfPQPX<WBXM�HfeNUNYAeN�KJL:R@Ce=e=<i>AB � eR@C_p<i>[�i,V{6JL:%@Ce=U , � -�JL:,PQ<7BQM\<WJ7DXY[SC<7>��
�¡BX<W<t�R�fa=PX<6"N� Ñ   �L�/9;:N< �Ge=BEDOPXa=J7DXYAHfe?@jH^Hf�d@C:N<T@CU�}^<iDOBrHCs�DO:=<7BQ<qJL:R@Ce=e=<i>AB?@CPQ<kª

7�B�N�� � �
	 �Z\� � ��������`^ � ��`�D ��� 5 D � ��`(E ��� 5�E �$` H+P H � WYR
�
f ^ ^�K T Z@c

7�B�N�� )�� � 	��Z\��
`�D�� �
`�E c

����� ��� �������  
	��2� �	! ��"
, � -�JL: JL:R@ke=e=<7>4F4Y�>�>4�RPQ<%@CBp@2PX<WBQa^>[DpHCs?@z_p<WBXBO@C�f< � Bg:R@TSoYAeN� MNPQ<7SoY[Hfa=BE>[� Z\<W<7e BX<WenD
DOH%��PXDw�xDQPX>�M=PXH^J7<WBQBbH'Sf<WP_,V{6JL: JL:R@CeNe=<7>¡� �Ge=U=<7<WU � @kU=U=PQ<7BQBX<WB HCsIUR@kDO@%DQH Z\<g>[Hn@CU=<7U
suPQHC_�_p<W_pHfPE� @CPQ<KsuHfPEF;@CPXU=<WUmsuPQHC_yDO:N<8UR@dDL@CMR@dDO: �®�xDQPX>{* ��DOH]DO:=<g@CUNU=PQ<7BQBtYAenDO<7PXsÃ@CJ7<
�¡��U=U�� �6SoYA@�� PEDw�xDQPX>¡�x9;:oa=B;DQ:=<¹M=PX<WUNY[J7DXYAHCe�@kBIDOH�Fr:N<7DO:N<WPr@�UR@dDL@�Sk@k>[a=<?Y[B;<iv^M\<WJ7DQ<WU
suPQHC_§_p<W_pHfPE�]YABrBXDQPO@kY[�f:nDQsuHCPXFI@CPQU��
~RHfPr@Ce @
,V��YAe=BEDOPXa=J7DXYAHfe � @pBXY[e=�C>[<q_g<7BQBQ@C�f<tF4Y[>�>�Z�<VY[BQBQaN<WU suPXHf_§_p<W_pHfPE�f� �®s|DO:N<

Y[e=BXDQPQa=JiDQY[Hfe�@CZ�HCPXDOB � @ UR@kDO@�Sk@k>AaN< � @k>[Z\<7Y�D4YAenSk@k>�YAU � F4Y[>�>jBXDXY[>�>*@CPXPXY�Sf<VHfe , � -�JL:�JL:=@Ce=e=<i>
BQHpDO:N<WPQ<VY[Bre=H8eN<W<WU%suHfP4<wv^DQPO@ -�aN>�>*_p<WBXBO@C�f<7BW�

�GeqDQ:=<6JT@kBQ<�HCso>AHn@kUq_baN>�DQY[MN>A<�HfM\<WPQ@kDQY[Hfe=B*:=H'Fx<7Sf<7P �Q@�,#= � � _pHfPX<6DO:R@CetHfeN<�_p<7BQBO@k�f<
F4Y�>[>6Z\< Y[BQBQaN<WUmsuPQHf_y_g<7_pHfPX� � DO:=<Keoa=_bZ�<7PqHks�DQ:=<WBX<p_g<7BQBQ@C�f<WBtF4Y�>[>6Z\<K<W�oaR@d>�DOH]DO:N<
eoa=_�Z\<WP]HkstPQ<W�kYABEDO<WPXB,DOH�Z\< >[Hn@CU=<7U�� �?J7JWHfPXUNYAeN� DQH DO:N<2�(=?>�@
A/9 Ñ BXM�<7J7Y��RJT@kDXYAHCe �
U=a=PEYAeN��DO:N<��RPXBXD,Ji�hJ7>[<zHCs¹DQ:=<?@�,#= YAe=BEDOPXa=J7DXYAHfe � �xDQPX>{*�M=PXH^J7<WBXB,HfaNDQM=aNDOBgDO:=<�ZR@CBX<
@CU=UNPQ<WBXB,@CeNU�DO:=<7e�ZN>[HhJL�hB�a=enDQY�>�DQ:=< @kZ�HfPED � eNH¦@CZ\HfPXDgBEYA�fe=@k>¹@kPQPXY�Sf<7B8suPXHf_�_p<W_pHfPX�
� {|@TSf<W C¤ ��� M=M�����"dlG �! � :=<7e=JW<�U=a=PEYAe=� DO:NY[BpDQY[_g< TgR]_p<WBXBO@C�C<�F4Y�>[>�Z�<�BQ<7enD,H'Sf<7P8DO:N<
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re
gi

st
er

re
gi

st
er

DestCtrl

D
In

C
tr

l

Memory

MRReg

DataIn

WrtCtrl

from execution unit

DINch

DPch

~�Y[�fa=PQ<t ^� Ñ *^ª/9;:=<-=�<W_pHfPE�ol�� PEDw�xDQPX>�MNY[M�<i>[Y[e=<

,V{6JL:zJL:R@CeNe=<7> � @Ce=U DQ:oa=B?��PXDw�xDQPX>*F4Y�>[>|JWHfenDQY[eoa=Hfa=BE>[� @CJ7JW<WM^Dt@Ce=U�M=PQHhJW<7BQB¹_p<WBXBO@C�C<WB
@CPXPXY�ShY[e=�gHfe , � -�JL:��
9;:=<�@CZ\HfPXD � e=Ht@CZ\HfPXD/BEYA�CeR@k>=Y[B6YABXBQa=<7U,@CB6BXH^Hfeg@CB�DQ:=<4>c@kBXD6DOPQ@Ce=BEsu<WP/@CU=UNPQ<WBXBI@kPQPXY�Sf<7B

@kD _g<7_pHfPX� � Fr:=<7PQ<7a=M�HCe �xDOPX>{*�Y[B�suPQ<7< DOH M=PQHhJW<7<WU F4Y�DO: Y�DOBzHCM�<7PO@kDXYAHfe <iv^<WJ7aNDQY[e=�
sua=PEDO:=<7P�Y[e=BXDQPQa=JiDQY[Hfe=B/@Ce=U�M=PQHhU=a=JiYAe=�VPX<WBXaN>[DQB�Hfe�DQ:=<�,V{6JL:KJL:R@CeNe=<7>¡�/�IHfe=BX<W�oa=<7eoDX>[� � @kB
BQHhHfep@CB�DQ:=<4@CZ\HfPED � e=Ht@kZ�HfPED�BEYA�fe=@k>=Y[B�YABXBQa=<7U � DO:=<4J7HfenDQY[ehaNHfa=B/M=PQHhJW<7BQBEYAe=�tHCs\_p<WBXBO@C�C<WB
suPQHC_ , � -�JL:zZn�]��PXDL�xDOPX>�_ba=BXD?BXDOHCM HCDQ:=<WPEF4YABX<�M=PX<W<W_pMNDXYAHCe=B?_KY[�f:nD¹HhJWJWaNPW�I��PXDL�xDOPX>
BQ:NHfaN>[U�@kJWJW<7MND�@Ce=U]MNPQHhJW<WBXB4BQa � JiYA<7eoD�UR@dDL@ _p<WBXBO@C�f<7B4DOHK@k>�>[H�F�DO:N<aJ HI^�P�UR@dDL@K@CU=UNPQ<WBXB
DOHpPX<T@CJL:�_g<7_pHfPX�C�
9;:=< MNY[M�<i>[Y[e=< Z�<iDGFI<7<We DO:=<�_p<W_pHfPE� @Ce=U ��PXDL�xDOPX> JWHfe=BEYABEDOB HCspDGFIH�PQ<7�CY[BXDO<7PQB �

eR@C_p<i>[� = ���rPQ<7�p@Ce=U ,V@kDO@ �Ge �u�R�fa=PX<t N� Ñ * �L����<We=J7< � Y�s - YABxDO:=<Veoa=_bZ�<7P4HCs�PQ<W�kYABEDO<WPXB
DOH�Z\</>[Hn@CUN<WU � DO:=<7ebDQ:=<6>c@CBED�@CU=U=PX<WBQB�F4Y[>�>oPQ<W@CJL:�_p<7_gHCPX�q@CB�BQHhHfeq@CB*� PEDw�xDOPE>oM=PQHhJW<7BQBX<WB
DO:N<���-rl�¢3�®DQ:]_g<7BQBQ@C�f<tsuPQHf_ , � -�JL: � Y�DrYABr@kD4DQ:NY[B�M\HCY[enD�DQ:R@kD4DQ:=<q@CZ�HCPXD4BEYA�fe=@k>jF4Y[>�>*Z\<
@CJiDQY�SC@dDO<WUqDOH�suPQ<W<;�xDOPE> *N���?en�b@kDQDQ<W_pMND�DOH�ZN>AHhJL�V� PEDw�xDQPX>^Z�<isuHfPQ</DO:=<�M=PXH^J7<WBQBEYAeN�VHCs=DO:N<
��-4lE¢3��DO:,_p<7BQBO@k�f<t:R@CB;J7Hf_pMN>A<iDO<7U�F4Y�>[>�PQ<WBXaN>�D4DOHKU=<W@CUN>[H^JL��@CBIDO:N<t@CZ�HCPXDIF4Y�>�>je=<7SC<WPrZ\<
Y[BQBQaN<WUpFr:NY[>[<rM=PQHhJW<7BQBEYAe=����-4l Ñ ��DO:K_p<WBXBO@C�C<�Z\<7suHCPQ<IDO@C�nYAe=�VY[enDOHq@CJWJ7Hfa=enD�,V{6JL:8JL:=@Ce=e=<i>
_g@T�]PQ<7BQaN>�D�Y[enDOH8@KM=PQ<7<W_pMNDQY[Hfe��
9;:=< sua=e=JiDQY[HfeR@k>�Y�DG� HCs6��PXDL�xDOPE>|F4Y�DO:2PQ<7�n@CPXU DOH , � -�JL:z>[Y[e=�%YAB?U=<WMNY[J7DQ<WU2Y[ez�R�fa=PX<

 N� Ñ ¤=�
�[p�°Eµ¡¯�³i¶Å¶ t �*ÂÅÇ/À*Á¡ÂÅµ¡±XÐ�³7°esgÂË²�²�Èk±X°�ÂÅÄd±QÉ �*¿7´�±qÊI¿7Á¡±qÊI±X²�²¡³ �i±VÀjÂÆ¶Å¶�Ðd±�²Ã±Q´WµrÇ�Á¡¿7Ê ��µ¡Á¡¶ �K¿W´ ��Í�°G½°G½�³7´�´'±E¶A·
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PROC PDSP.WrtCtrl()
  SEQ
    ...
    --DINch.selected=TRUE
    IF
      instruction=LDM
        SEQ i=1 FOR N-2
          SEQ
            DINch?message
            --process and forward message
      instruction=LDR
        SEQ
          DINch?message
    --continue normal PDSP operation
    ...
:

~�YA�Ca=PQ<t N� Ñ ¤=ª���PXDL�xDOPE>�ª��r<T@CUNY[e=�gUR@kDO@KSk@k>[a=<7B�suPXHf_§_p<W_pHfPE�
����� ��� ������� ���2� �	!���"
�?B8<iv^MN>A@kY[e=<WU�Y[e�DQ:=<�MNPQ<7SoY[Hfa=B,BX<WJiDQY[Hfe � Y[e��(= >�@�A/9 Ñ DO:=<7PQ<�YAB�@�PQ<7�faN>A@CP �RH'F�HCs
_p<WBXBO@C�f<7BK@CPXPXY�ShY[e=� @kDbDQ:=<pFrPXY�DO<�J7HfenDOPXHC>/suPQHf_ DQ:=<�UR@dDL@CMR@dDO: � Fr:NY�>A<8_g<7BQBQ@C�f<WBbsuPQHf_
_p<W_pHfPE�]F4Y[>�>*Z�<VY[BQBXa=<WU�HfeN>��]H^J7JT@CBEYAHCeR@k>�>[� � @CB�@pPX<WBXaN>[D�HCs�DO:=<VsuHfPX_p<WPW�
�IHfe=BX<W�oa=<WenDX>[� � DQ:=<���PXDL�xDOPE>�M=PXH^J7<WBQBxF4Y[>�>�e=HCPQ_g@k>�>[�gZ\<¹PQ<W@CUN�pDOHK@kJWJW<7MND4_p<WBXBO@C�C<WB

suPQHC_�DQ:=<;,V{6JL: JL:=@Ce=e=<i>�� ��H'FI<iSf<WP � DQ:=<WPX< YABt@,M\HfBXBXY[ZNY[>�Y�DG�2DO:R@kD¹BQa=JL: _p<WBQBQ@C�f<7BtF4Y�>�>
e=<iSf<WPq@CPXPXY�Sf<p@CeNUm@CBt@,PQ<7BQaN>�DVDO:=<KBE�hBXDO<7_�F4Y�>[>6UN<T@CUN>[HhJL�\��9;:NY[BV_8@T�2:=@CM=M\<We2HfeN>�� Y�s
DO:N<WPQ<q@CPX<tUR@kDL@K_p<WBXBO@C�C<WBrsuPQHf_�_p<7_gHCPX�]M\<We=U^YAe=� � @ke=U%_8@T�%Z\<tU=a=<VDOH=ª

« 9;:=<xPQ<7�CYABEDO<7P�ZR@Ce=�tZ\<7Y[e=�¹BEDL@k>�>A<7UK@CB|@?PQ<7BQaN>�D�HCsR@Ce�Y[e=BXDQPQa=JiDQY[Hfe�DO:=@kD6@kDXDO<7_gM^DOB�DQH
PX<T@CUg@¹>AHhJL�C<7U8PX<W�CY[BXDQ<WP6Fr:NY[JL:gY[B6DOHVZ\<4FrPXY�DQDO<7epZo� Hfe=<rHCs�DO:=<4M\<WeNUNYAeN�b_p<WBXBO@C�C<WB
Hfe]DQ:=< , � -�JL:%>[Y[e=���

« 9;:=<�<W_pMNDG�oY[e=��HCs¹DQ:=< UR@dDL@CMR@dDO:���9;:NY[B,_g@T� H^J7JWa=PpY[steNH _pHfPQ<%Y[e=BXDQPQa=JiDQY[Hfe=B
<7eoDQ<WP4DO:N<qU=@kDL@CM=@kDO:�U=a=<VDOHKDQ:=<VsuHC>[>[H'F4YAeN�=ª
Ñ �r9;:N<,@CU=UNPQ<WBXBqY[enDO<7PXsÃ@CJ7<�BXDQHfM=BtYABXBQaNY[e=��YAe=BEDOPXa=J7DXYAHfe¦@CU=U=PX<WBQBX<WBqDOH�_g<7_pHfPX�C�
��B�BQHhHfe�@CB�@Ce @CU=U=PX<WBQB�Fr:=HfBQ<IJWHfenDO<7enDOB6@CPX<xDQH?Z\<xFrPXY�DQDQ<We DQH¹� Ñ (rY[B�Y[BQBXa=<WU
DQH�_p<7_gHCPX� � � DQ:=<�HfM�<7PO@kDXYAHCeqHks^DQ:=<I{��2>AHhHfMqBXDOHCM=B*a=enDQY�>hDQ:=</JWHfPXPQ<7BQM\Hfe=UNY[e=�

��� ´rµ�½'±|°X³i²¡±�¿iÇ^³i´ � � � �Wµ�½'±|¿7Èk±XÁ�³wµÃÂÆ¿7´r¿wÇhµ�½'±�Í �8¶Å¿T¿WÈ4ÀjÂÅ¶Æ¶n²Ãµ¡¿7Èr¯dÈd¿W´rÂË²¡²�¯'ÂË´ ��µ¡¿IÊI±XÊI¿WÁNt;µ¡½�±



���������
	�� � � ���(�(��	���������� �
��	 ��� %?	 % � �(	)��������� �)�(���n��	�% ¢k¤'(

registerRReg

datapath Ctrl3

WrtCtrl

Decode1 ... .... . .
I

R15

from IPipe

from PC Pipe

Buffer

Memory

DINch

DPch

. . .

Instruction Entered
 the Datapath

RBBch

~�YA�faNPQ<q N� Ñ (^ª/¥x�hMR@CBXBXY[e=�8DQ:=<tPQ<7�CYABEDO<7P�Z=@Ce=�

U=@kDL@ @kPQPXY�Sf<7BIsuPQHC_ _p<7_gHCPX� �ÃDO:NPQHfa=�C:�� PEY[DQ<¹JWHCeoDQPQHC>%��DQH Z\<WJWHC_g<�DO:=<�e=<7F
JiYAPXJWaN>A@kDXYAe=�gSk@k>AaN<qHks�DQ:=<q{x� >AHhHfM��

¢^���GeNBXDOPXa=J7DXYAHCe=B¹YABXBQa=<7U2suPQHf_ _p<W_pHfPE�z@CPX<�M=PX<7SC<WenDO<7UmsuPXHf_ PQ<W@CJL:NY[e=�,DO:=<qYAehl
BEDOPXa=J7DXYAHfeqMNY[M�< � ��{6Y[M\<0�L�|¥IHCDQ:tY[e=BEDOPQaNJ7DQY[Hfe=B�@Ce=UtUR@dDL@;Sk@k>AaN<WBjsuPQHf_ _p<W_pHfPX�
<7enDO<WP;DQ:=<VM=PXH^J7<WBQBXHfP;SoYc@�DQ:=< = ����<7�KPQ<7�CYABEDO<7PW� �®s*DO:=<¹eoa=_bZ�<7PrHCs*M�<7e=UNY[e=�
U=@kDL@ Sk@k>[a=<WB suPXHf_ _g<7_pHfPX��YABK<7�ha=@k>;DOHzDQ:=<,eoa=_bZ�<7PgHks�PX<W�CY[BXDQ<WPXB YAe�DO:N<
M^YAM\<7>�YAeN<qFr:NY[JL:�JWHfe=eN<WJ7DQB�DQ:=<t_p<W_pHfPX��DOHKDO:=<V��PXDL�xDOPX>L�ÃY¡�Å<k�/DGFxH � eR@k_g<i>[�
=����rPQ<7� @CeNU ,V@kDO@ �Ge � BQ<7<K�R�fa=PX<� N� Ñ * �rDQ:=<WemDO:N<psuHk>[>[H'F4YAe=�%Y[e=BXDQPQa=JiDQY[Hfe=B
F4Y�>�>�Z\<Va=eR@kZN>A<tDOHp<7eoDQ<WP�= ����<7�8@ke=U�J7Hfe=BX<W�oa=<WenDX>[��DOHpPQ<W@CJL: ,¹<WJWHhU=< Ñ �

�Ge HfPXU=<WPrDOH8PQ<7BQHC>�Sf<�DQ:=<t�RPQBED?HCs|DO:=<b@ksuHfPX<W_p<WenDQY[Hfe=<7U Y[BQBQaN<WB � eR@C_p<7>��%DO:=<bBXDO@k>[>�Y[e=�
HCs�DO:=<tPX<W�CY[BXDQ<WPrZR@Ce=� � DQ:=<V� PEDw�xDOPE>*M=PQHhJW<7BQBre=<7<WU=BrDOHp:R@TSf<q�oe=H'F4>A<7U=�f<qPQ<7�n@CPQU^YAe=�pDO:N<
Y[e=BXDQPQa=JiDQY[Hfe=BbFr:^YAJL:�:R@TSC<�<WenDQ<WPQ<7U¦DO:=<gUR@kDO@CMR@kDQ:��,�`M�HfBXBXY[ZN>[<8DO<7JL:=eNY[�oa=<�DOH�M=PQH'SoY[U=<
��PXDw�xDQPX>�F4Y[DQ:zDO:NY[B¹YAe^suHfPQ_g@kDXYAHfezY[B¹U=<7MNY[J7DO<7U2YAez�R�Ca=PQ<K ^� Ñ (h�V�?e2<ivhDQPO@,Z=aN©�<WPX<WU2>�YAe=�
�¡e=@C_p<7>�� � DO:N<_D # �

b'�/:R@CB4Z\<W<7e�Y[enDOPXH^U=aNJW<WU%Fr:=<7PQ<WZn� ,¹<7JWHhU=< Ñ �S,¹<7J'�xDQPX>[�/�xBQ<7e=U=B�@
Ð�³7²Ã±6³iÉdÉ�ÁÃ±Q²¡²X·
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PROC PDSP.WrtCtrl()
  SEQ
    ...
    --DPch.expected=TRUE
    PRI ALT
      DPch?result.message    --from Ctrl3
        SEQ
          --process and forward message
          --if corresponding entry exists in ILT, delete it
      RBB?instruction        --from Decode1
        SEQ
          IF
            corresponding.message.from.DPch.already.processed
              SEQ
                --ignore instruction
            TRUE
              SEQ
                --append entry in ILT of DPch channel.
    ...
:

~�YA�Ca=PQ<q N� Ñ "Nª���PXDL�xDOPX>¡ª/�r<T@CUNY[e=�g_p<WBQBQ@C�f<7B�suPQHC_`DO:N<qU=@kDL@CM=@kDO:

_p<WBXBO@C�f<tDOHK��PXDL�xDOPX>*<W@CJL:�DXYA_p<q@Ke=<7F�SC@d>[Y[U]YAe=BEDOPXa=J7DXYAHfe�<WenDO<7PQBrDO:=<tUR@dDL@CMR@dDO:��
9;:=< sua=e=JiDQY[HfeR@k>�Y�DG�2HCs/� PEDw�xDQPX>�PX<W�n@kPQUNY[e=�,DO:N<p@CJWJ7<WMNDO@Ce=JW<pHCs/_p<7BQBO@k�f<WBtsuPQHf_ DO:N<

UR@kDO@CMR@kDQ:�Y[B¹U=<7MNYAJiDO<7UzYAe �=�fa=PQ<� N� Ñ "N�r�?ez��@N9 BEDL@kDQ<W_p<WenDV<7eR@CZN>[<WB?��PXDL�xDOPE>�DQH,PQ<W@CU
_p<WBXBO@C�f<7B4@CPXPXY�ShY[e=�b<7Y�DO:=<7PxsuPQHC_ ,¹<WJWHhU=< Ñ �¡e=<iF YAeNBXDOPXa=J7DXYAHCe=B���HfP�DQ:=<V�xDQPX>{* �ÃM=PQHhU=a=J7<WU
@CB�@ PQ<7BQaN>�D DO:N<,<iv^<WJ7aNDQY[Hfe HCs � �� � � �
	8YAeNBXDOPXa=J7DXYAHCe=B��O� �®s�@ _p<WBQBQ@C�f<,PX<W�n@kPQUNY[e=�zDO:N<
<WenDQPX�bHCs�@�M=@CPXDXYAJ7aN>c@kP � �� � � �
	xYAeNBXDOPXa=J7DXYAHCe YAenDOH�DO:=<xUR@kDO@CMR@kDQ:bY[B|PQ<7JW<iY[SC<WUpZn�b��PXDL�xDOPX>
��f � RIWYfpDO:=< JWHfPXPQ<WBXM�HCe=UNY[e=� PQ<WBXaN>�D]suPQHf_ �xDOPE> * � DQ:=<We�@Ce <7enDOPX� YAB,@CM=M\<We=U=<7U DOH¦DO:N<
�Ge=BEDOPQaNJ7DQY[Hfei@*HhHf�d@C:=<W@CU89�@CZ^>A<�HCs�DQ:=<�,V{6JL:�JL:R@CeNe=<7> � HCDQ:=<WPEF4YABX<�Y�D/YAB�BXY[_pMN>[�pY[�fe=HfPX<WU��

9;:NY[B4BQJL:=<7_g< � Fr:=<WPX<WZn�]_p<WBXBO@C�C<WB;suPQHC_§�xDQPX>{* _g@'�8Z\<?PQ<7JW<iY[SC<WU ��f � RIW f/��PXDL�xDOPE>�Y[B
Y[eNsuHfPQ_p<7U HCs;DQ:=<7Y[PqM�HCDQ<WenDQYA@k>x@CPXPXY�SC@d>/<We=BXa=PQ<7BK@�:^YA�f:N<WP�UN<W�fPX<W<gHCs4MR@CPQ@k>�>A<i>[Y[BQ_ Y[e�DO:N<
_pH^UN<7>¡����B;� PEDw�xDQPX>jF4Y�>[>*PX<WJW<iY[SC<�@ke=U%M=PQHhJW<7BQB�_g<7BQBQ@C�f<WBrsuPQHC_��xDOPE> *p@CBrBXH^Hfe�@CB;DQ:=<7�
Z\<WJWHC_g<¹@'Sk@kY�>A@CZN>[< � F4Y�DO:NHfaNDIY�D;:=@'SoY[e=��DQH ZN>[H^JL�p�RPQBEDIsuHfP/DO:N<?JWHCPQPQ<7BQM\Hfe=UNY[e=�K_p<WBXBO@C�C<WB
suPQHC_2,¹<7JWHhU=< ÑC� DQ:=<V{/� �6��@N9 <7e=BQa=PX<WB;DQ:R@kD;_p<7BQBO@k�f<WB;suPXHf_`�xDOPX>{* � Fr:NYAJL:%@kPQ<?J7PQa=JiYc@d>
@CBgDO:=<i��suHfPX_ M=@CPXD�HCsVDO:=<�HfM\<WPO@dDQY[Hfe HCsVDQ:=<zBXY[_�a^>c@kDQ<WU�BX�hBEDO<W_ � @CPQ<�DOPQ<W@kDO<7U�F4Y�DO:
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:NY[�f:=<7P�MNPXY[HfPXY�DG�f�
~RHfP �  � � � �
	zY[e=BXDQPQa=JiDQY[Hfe=B%Fr:NYAJL: @CPX< U^YABXJT@CPXU=<WU�YAe��xDOPE> * � @ -�aN>�>t_p<WBXBO@C�f<mY[B

Y[BQBQaN<WU Zn�]DQ:NYABrM=PXH^J7<WBXB�DQHpY[eNsuHfPX_§��PXDw�xDQPX>jHks|DO:^YABr<7SC<WenDT�
��<7�n@CPXUNYAeN� DO:=<�<W_pMNDG�oYAeN� Hks4DO:=<8UR@kDL@kMR@kDO: U=a=<�DQH DO:=<8>AHn@kUNYAeN�zHCs�� Ñ ( �ÃJT@CBX< Ñ

@CZ\H'Sf<0� � ��PXDw�xDQPX>Ne=<W<7U=B|DOH?Z�<�YAeNsuHCPQ_p<WU DQ:R@kD�eNH¹_pHfPQ<�YAe=BEDOPXa=J7DXYAHfeNB/@CPQ<x�fHCY[e=��DQH¹<WenDO<7P
DO:N<¹UR@kDO@CMR@kDQ:,Z�<isuHfPQ<�DO:=<¹J7HfPQPX<WBXM�HfeNUNYAeN�K_g<7BQBQ@C�f<¹suPQHC_2, � -�JL:]JL:R@Ce=eN<7>�Y[B;M=PXH^J7<WBQBX<WU
@Ce=UpsuHfPEF;@CPXU=<WUgDOHb�?U=U��?�h9;:NY[BI_g@T�pZ\<�@kJL:NYA<iSf<7U]Zo�p:=@'SoY[e=��DQ:=<���U=U�� MNPQHhJW<WBXB�Y[BQBXa=<
@ -�aN>�>r_p<WBQBQ@C�f<�DOH ,¹<WJ Ñ �xDOPX>[��YA_p_p<WU^Yc@kDQ<7>�� @ksÏDO<7PpDQ:=<�HfM�<7PO@kDXYAHCe Hks?DO:N< {�� >[H^HCM
BXDQHfM=B � DQ:NYABg_p<WBXBO@C�f<�YABpDO:N<We suHCPXFI@CPQU=<7U�UNY[PQ<7J7DX>[� DOHm��PXDw�xDQPX>�Zn� ,¹<WJ Ñ �xDOPE>A�b� �®DgY[B
Y[_gM\HfPEDL@CenD�DOH�eNHCDO<rDO:R@dDxDQ:=<Q-�aN>[>\_p<WBXBO@C�C< S K J JCPX<T@CJL: ,¹<7J Ñ �xDQPX>[� � @ksÏDO<7P�DQ:=<¹{�� >[H^HCM
Y[eoDQ<WPXPQa=MNDXYAHCe DQ:=<]{��¨{6Y[M\<�F4Y[>�>4Z\<WJ7Hf_p<]<W_pMNDG� DQ:oa=BK<We=BXa=PXY[e=�2DO:N<,M=PQHCMR@C�n@kDXYAHCe¦HCs
DO:N<.-�aN>�>*_g<7BQBQ@C�f<C�
9;:NY[BK_g<7JL:R@CeNY[BQ_!JT@Ce�e=HkDKZ�<�<W_pMN>[H��C<WU DOH2U=<W@k>IF4Y�DO:�DQ:=<,ZN>[H^JL�nY[e=�mHCs�= ����<7�

�¡JW@CBQ<V¢�@CZ\H�SC<0��@kB;�?U=UR� :=@CB;e=H �oe=H'F4>[<WU=�C<qPX<W�n@kPQUNY[e=��DQ:=<¹eoa=_�Z\<WPIHCs*M�<7e=UNY[e=�KUR@kDO@
Sk@k>[a=<WB7��~Ra=PEDO:=<7PQ_pHfPX< � DO:=<,{x�¨{�YAM\<�F4Y�>[>;Z�<,HhJWJ7a=MNY[<WU Zn��{��"Sk@k>AaN<WBKM\<We=UNY[e=�2DO:N<
MR@kY[PXY[e=� F4Y�DO:,DQ:=<¹JWHCPQPQ<7BQM\Hfe=UNY[e=�KY[e=BXDQPQa=JiDQY[Hfe=B;Fr:NY[JL:]F4Y[>�>�e=HkDr@CPQPEY[SC<¹a=enDQY�>
= ���r<W� Y[B
suPQ<7<WU � DQ:oa=B�eNHpY[eNsuHfPX_g@kDQY[Hfe�JT@Ce%PQ<W@CJL: ,¹<7J Ñ �xDQPX>[� DO:=PXHfa=�f:]DO:^YAB�MR@kDQ:��
�?U=UR� :=H'FI<iSf<7PIM\HfBQBX<WBQBI@qPX<WJ7HfPQUG�ÃY[egDQ:=< ��@N9 ��HCs�@k>[>RDQ:=<4YAeNBXDOPXa=J7DXYAHCe=B�Fr:^YAJL:,:=@'SC<

Z\<W<We BQ<WenD DQH�DQ:=<8Y[e=BXDQPQa=JiDQY[Hfe�MNY[M�<gYA_p_p<WU^Yc@kDQ<7>�� ��f � RIWYfVDQ:=<8>A@CBXD�UR@kDO@ @CU=UNPQ<WBXB�FI@CB
Y[BQBQaN<WU�DOHz_p<7_gHCPX�f� �Ge=UN<W<WU � DQ:=<,@kJL�heNH�F4>[<WUN�f<W_p<WenD8_p<WBQBQ@C�f<,Fr:NY[JL:�F4Y[>�>4Z\<8Y[BQBXa=<WU
Zn�mDO:=<m=��¹�r<W� Y[e¦PX<WBQM\Hfe=BX<8DQH�Y�DOB�PX<WJ7<7Y�ShY[e=�zDQ:=<�UR@dDL@ @kU=U=PQ<7BQB�F4Y�>�>IJW@CPQPE� DQ:=<8>A@CBED
Y[e=BXDQPQa=JiDQY[Hfe�Fr:NYAJL: :R@kB Z�<7<We�Y[BQBQaN<WU Zo��_p<W_pHfPE� � Y[srDQ:=<,JWHCPQPQ<7BQM\Hfe=UNY[e=�mUR@kDO@ Sk@k>AaN<
ZN>[H^JL�oBrDO:=<-= ���r<W� � eNH8_pHfPX<tY[e=BEDOPQaNJ7DQY[Hfe=BrF4Y�>[>*PX<T@CJL:�DO:=<VY[e=BXDQPQa=JiDQY[Hfe�M^YAM\<C�
9;:NY[B�Y[eNsuHfPQ_g@kDXYAHCe�_g@T�%Z�<t_g@CU=<b@TSk@kY[>A@CZN>[<tDOHpDO:=<t� PEDw�xDQPX>*M=PXH^J7<WBQB�Zn�%_g<W@Ce=B�HCs

@pBXY[e=�C>[<q_p<7BQBO@k�f< � eR@C_p<7>��]DO:N<q� > v%BXY[�feR@d>�Fr:^YAJL:�YABrYABXBQa=<7Uz@CBrBXH^Hfe�@CB4DO:N<�@CJL�oe=H'F4> l
<WUN�f<W_p<WenD�suPXHf_ DO:N<�=��?��<7�?YAB�PQ<7JW<iY[SC<WU���¥;@CBX<WU HCebDO:^YAB�YAeNsuHCPQ_g@kDQY[Hfe � � PEDw�xDQPX>hYAB|@CZN>[<
DOH�U=<WJiYAU=<VDQ:=<¹_g@dvhYA_ba=_§eoa=_bZ�<7PrHCs*_p<WBQBQ@C�f<7BrY�D4BX:=HfaN>[U]<iv^M\<WJ7D4suPXHf_¨DO:=<¹U=@kDL@CM=@kDO:��
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=�HhU=<7> A�>c@CMNBQ<WU 9IYA_p<��¡_KY[eha^DO<WB��
M � � 	 ; � ����� Ñ �1&f¢
M � � 	 ; � � ��� � ¢^� Ñ (
M � � 	 ; � � ��� � ��� �	� Ñ �Å \*

¥I<WeNJL:=_g@CPQ��ª ,¹:=PX�hBXDQHfe=<�� Ñ >[H^HfM��

9�@kZN>A<q N�Æ¢^ª/{�<WPXsuHCPQ_g@Ce=J7<bHCs�{),t}N{ �Ã�?U=U=PX<WBXB �GenDO<7PXsÃ@CJ7<0�

-�HCD�@k>�>jDO:N<qY[e=BXDQPQa=JiDQY[Hfe=B�YAe=Ji>AaNU=<WU Y[e%DO:=< ��@N9�Hks|��U=U���F4Y�>[>�<7eoDQ<WP�DO:=<tUR@kDO@CMR@kDQ:
:=H'Fx<7Sf<7P � BQHf_p<�_8@T� Z\<�U^YABXJT@CPXU=<WU @kBgY[enSC@d>[Y[U @kDV,¹<7J Ñ �xDQPX>[����9;:=<WPX<7suHfPX< � Y[e�HCPQU=<7P
DOHg@TSfHkYAU�U=<T@CU^>AHhJL�oB�DQ:R@kDr_KYA�C:oD�HhJWJ7a=P�@CB�@gPX<WBQa^>[D�HCs�� PEDw�xDQPX>jFI@kY[DXYAeN�gsuHfP4U^YABXJT@CPXU=<WU
Y[e=BXDQPQa=JiDQY[Hfe=B � @,-�aN>�>=_p<WBXBO@C�C<IYAB|BQ<WenD6Zn�_,¹<WJ Ñ �xDOPE>A� aNM�Hfe�PQ<WJ7<7Y[MND6HCs\{��IJ7HC>NDQH?YAe^suHfPQ_
��PXDw�xDQPX>*HCs�DO:N<qM\HCY[enD � @ksÏDQ<WP;Fr:NY[JL:�Y[enSC@d>[Y[U�Y[e=BEDOPQaNJ7DQY[Hfe=B�F4Y[>�>*Z\<qU^YABXJT@CPXU=<WU��
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�Ge�HfPXU=<WPKDQH��f<iD,@ke Y[e=UNY[JT@kDXYAHCe�HCs�DO:=<�M�HkDO<WenDXYc@k>4Y[_pMR@CJiD�HCs¹{),t}N{"DOHmDO:=<%M\<WP�l
suHfPX_8@ke=JW<mHCstDO:N< BEYA_baN>A@kDOHfP � DO:N<�@d>A�fHCPXY�DO:=_pB%U=<WBXJWPEYAZ\<WU�YAe�BQ<7J7DXYAHfe� N�1(�:=@'SC<mZ�<7<We
Y[_gM^>A<7_g<7enDO<WUp@ke=UbY[e=JWHCPQM\HfPO@kDQ<WUtYAenDQH?HhJWJT@kPQ_ DOH�U=<iSf<7>[HfMK@ke�@CJ7JWa=PQ@kDO<�_pH^UN<7>hHCs=��U=U��
M=PXH^J7<WBQB7�
9;:=<�M�<7PXsuHfPX_8@ke=JW<rPQ<7BQaN>�DOB�HfZNDO@kY[e=<WU�@CPQ<4Y�>[>[a=BXDQPO@kDQ<WUpYAepDL@kZN>A<� N�Æ¢^�69;:N<?@CMNMN>[Y[JT@dDQY[Hfe

HCs/{),t}N{ HCeoDQH8DQ:=<���U=U�� @CPXZNY[DQ<WP�M=PQHhJW<7BQB?Hks�DO:=<bH^J7JT@CPX_�_pH^U=<i> � Fr:=<7eze=H]@kDXDO<7_gM^D
Y[B�_g@CUN<tDQHp<iv^MN>[HCY[DrDQ:=<-=�YAe^YA_ba=_ @�@dDO<WeNJ7� @jHhHf�d@C:=<T@kU �uY�� <C�/a=BEYAeN�gDQ:=<q@k>A�CHfPXY�DO:=_`HCs
�R�faNPQ</ N� Ñ �L��:R@CB�Y[e=J7PQ<T@kBQ<WUqDO:=<�DXYA_p</PQ<7�oaNYAPX<WUbZo��DO:=</_pHhU=<7>fDQHr<iv^<WJ7aNDO<�Hfe=<),¹:=PE�hBXDOHCe=<
>[H^HfM]Zn�:!N�Å¤\* _pY[eoaNDO<7B � DO:oa=B4PX<WBXaN>[DXYAeN�pY[e�@p¢�(��¨U=<WJ7PQ<T@kBQ<tHCs*DO:=<VM\<WPEsuHfPQ_g@CeNJW<VHCs*DO:N<
BXY[_�a^>c@kDQHfPW�
}^Hf_p<qM=PQ<i>[Y[_KYAeR@kPX��<iv^M\<WPXY[_p<WenDOB?:R@TSf<bY[e=UNY[JT@dDO<WU�DO:R@dD�Zn�%<wvNM^>AHCY�DQY[e=� = @
@ @gM\<WP�l

suHfPX_8@ke=JW<6Y[_gMNPQH'Sf<7_g<7enD�HCs=@kDj>A<W@CBXD Ñ !�� JT@CetZ\<�@CJL:NY[<7Sf<7U � PX<WU=a=JiYAeN��DO:N</DXYA_p<�PQ<7�ha^YAPX<WU
suHfP;DQ:=<q@CJWJ7a=PO@kDQ<t<iv^<WJ7aNDQY[Hfe Hks|HfeN<-,¹:NPX�hBXDQHfe=<t>AHhHfM%Zn�I!N�Æ¢f¢ _pY[e=B7�
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� HCPQ� Y[BpBXDQY�>�>4DOHmZ�<%U=HCe=<]DOH2YA_pMN>[<W_p<7eoD,@Ce=U�Y[e=JWHfPXM�HCPO@kDQ<%Y[enDOH H^J7JT@CPX_ @k>�>4DO:N<
@k>[�fHfPEY[DQ:=_pB U=<WBXJWPEYAZ\<WU YAe¦DQ:NY[B JL:R@CMNDQ<WPKBXHzDO:R@kD @zU=<7DO@kY�>A<7U�M�<7PXsuHfPX_8@ke=JW<]<iSC@d>AaR@dDQY[Hfe
@Ce=U�JWHCeN�RPQ_g@kDXYAHCe�HCs�JWHCPQPQ<7J7DQe=<WBXB�HCs|{),t}N{ Y[B�M\HfBXBXY[ZN>A<k�


%$ 
 �%165 5 7b- 


9;:NY[B|JL:R@kMNDO<7P|:R@CB�M=PX<WBQ<7enDO<WUKDQ:=<I{6PXHf�fPO@k_",¹PXY�Sf<WeK}h�he=JL:=PQHCeNY �W@kDQY[HfeK{6PXHCDOHhJWHC> � @�e=H'Sf<i>
@CM=MNPQHn@CJL:msuHfP¹UN<T@k>�YAeN��F4Y�DO:mDO:=<pJW@Ca=BO@d>[Y�DG�2M=PXHfZN>[<W_pBqY[enDOPXH^U=aNJW<WU�Zn�zDO:=<KU^YABEDOPXY[Z=aNDQ<WU
eR@kDQa=PQ<�HCsrDO:=<]M=PXHfM\HfBQ<7U _pHhU=<7>�>�YAe=�2MN:NY[>[HfBXHfM=:n�f� 9;:NYABKY[BK@zJWHCe=BQ<7PXSk@kDQY�Sf< � U=<W@CUN>[H^JL�
@TSfHCY[UR@CeNJW<K@CMNM=PQHn@kJL: Fr:=HfBX< HfZlB�<7J7DQY�Sf< Y[B?DQH�<iv^MN>[HCY�D¹DO:N< @CZNY�>�Y[DG��HCs/@CPXZNY�DO<WP�M=PQHhJW<7BQBX<WB
DOH?M=PQ<7UNYAJiD6<7SC<WenDOB6Y[e�DO:N<;BXY[_�aN>A@kDQ<WUKsuaNDOaNPQ<;ZR@kBQ<WUKHCe�DO:=<xYAe=BEDOPXa=J7DXYAHfeNB6<iv^<WJ7aNDO<7UpY[e DO:N<
_pH^UN<7>¡��9;:N<8su<T@kBXY[ZNY[>�Y�DG�¦@CeNU PQHCZ=a=BXDQe=<WBXBKHCsIDQ:NY[B @CM=MNPQHn@CJL: :R@CB�Z\<W<7e¦U=<7_gHCe=BXDQPO@kDQ<WU
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R0

R2
R3
R4
R5
R6
R7
R8
R9
R10

R1

R11
R12
R13

R14 (Link Register)
R15 -PC and PSR

R13
R14

R13
R14

SVC

SVC

IRQ

IRQ

R8
R9
R10
R11
R12
R13
R14

FIQ

FIQ

FIQ

FIQ

FIQ

FIQ

FIQ

R13
R14

ABT

ABT

R13
R14

UND

UND
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N Z C V I F M1 M0PROGRAM COUNTER (PC)

31 30 29 28 27 26 25 2 1 0

Processor Mode
00 - User Mode
01 - FIQ Mode
10 - IRQ Mode
11 - Supervisor Mode

Program Counter
(Word Aligned)

FIQ Disable
0 - Enable
1 - Disable

IRQ Disable
0 - Enable
1 - Disable

Overflow

Carry/Not Borrow/
Rotate Extend

Zero

Negative/ Signed
Less Than

6 ��©C�4�"� ·$J Ò 0½Ã¸¤4� · Ð Ç , � A ©C�>ª ´ Ñ A �4�Z>�N��ªa�4� , � A ©C�>ª ´ ¡ >ªa>�4� , A �}�

USER Mode
FIQ
Mode

SVC
Mode

ABT
Mode

IRQ
Mode

UND
Mode

SPSR_irqCPSR
SPSR_svc SPSR_abt

SPSR_und
SPSR_fiq
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xx x x x xx x x x x

1

Opcd

CP

Rd

Cond

Cond

Cond

Cond

Cond

Cond

Cond

Cond

Cond

Cond

Cond

00 I S Rn Rd Operand 2

000000 Rn Rs 1001 Rm

0001 xxx1xx1

01 I P B W L Rn Rd Offset

011

100

101

110

1110

1110

1111

L

U N W L

U S W L

x x x x x x x x x x xx x x x x

Rn Register list

offset

Rn CRd CP# offset

ignored by ARM

CRd CP#

Rd CP#

x x x

CRm

CRm

CP

CP

CRnCPop

P

P

0

1L CRn

U

A S

Data Processing

Multiply

Undefined

Single Data T ransfer

Undefined

Block Data T ransfer

Branch

Co-Proc Data T ransfer

Co-Proc Data Op

Co-Proc Register T ransfer

Software Interrupt
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h�w`-0F#HI_05�OQ3WlTn�e��^� hjMkJ�|*5mlGn�eg�!o hjMPJ�|*5�B4JQFIlTn�O*B4X�FGb45�O*36-xFGbEMP5WFN-0H�J*Yr5I3GOQF6-KJ2BED
���!��n]����d�h�O*X4XP�%-0FNb�H�O*3636\LlTnLt ����nLtu��d¡h�D614wEFG3NO*HIF��%-0FNb�H�OQ3N36\LlGn`��tu�¢hj3N5I|*5R36DN5
DN1EwEFG3NO*HIFWlTnZ��t.d£h�3N5W|25I3NDN5?DN14w`FG3GOQHIF'�%-0FNbpH�OQ3N36\LlGn`eg�!¤¥h�My1E_0F6-KY`_0\*nE3N5IDN1E_xF'-KD�FGb45%_05�O*DSF
D6-0/2BE-x¦LHRO*BqF +q( wE-xFGDcJQV�O +q(�§E+q( YE3NJZX414HIFWl�O*BEX!ei¤��¨h�My1E_xFN-0YE_0\�O*HRHI14M�1`_©OQFN5*nªO*D%>�«�¬
�%-xFGb�FGbE5�3N5IDN1E_xF%-KB`-0F6-©OQ_x-0R5RX�lT8�7?_x_ FNb45�7�=?>®XLOQFGOJ2Y�5R3GOmFN-0J2B4D�hj5 § HR5IYEF%FGb45�M�1E_xFN-0YE_x-K5IDWl
OQ_x_KJ��¯O*BpOQ3NwE-xFG3NO*36\}D6bE-xV°F�FNJyw�5�O*Y4YE_x-K5IXpJ2BPJ2B45�J*VrFGb45�J2Y�5R3NO*B4X4D'w�5IV�J2365�FNb45�J2Y�5R3GOmFN-0J2B
-0D�Y�5R3SV�J23NMk5IXunLDNJkFGb45I3N5^O*365^BEJPD65RYLOQ3GOQFN5yD6bE-0V°F�-0B4D6FN3N14HWFN-0J2B4DI8

�cb45�D65RHIJ2B4X±HI_KO*D6D[J*Vu-0B4DSFG3N1EHIFN-0J2B4DcO*3N5�14DN5IXpFGJ^_KJ2O*X�hj¤��!��lzJ23�D6FNJ23N5�h²tusy��lzwq\ZFN5
O*B4X���J23NX³XLOmFTO�|QOQ_K1E5RDV�3NJ*M´O*B4X�FNJ�MP5IMkJ236\*8³�cb45±Mk5RMkJ236\�O*X4X4365RDNDP14D65RX³-KB�FGbE5
FG3NO*B4DSV�5R3�-0D}H�OQ_0HR1`_©OQFN5RX³wq\�O*XEXE-KBE/�FGJ³hj-xV?«µwE-xF-0DDN5WFIl^J23D614wEFN3GO*HWFN-0B4/�V�3NJ2M¶O�wLO*D65
3N5I/*-0D6FG5I3ph�=�B�l�OQB�J*·rDN5WF�n¸��bE-0HTb$MPO�\�w�5P5I-xFGb45I3�O!3N5I/*-KDSFG5I3phjJ2YEFN-0J2BLOm_0_x\�DNb`-0V°FN5RXrl�J23^O
¹ (�º wE-xFU-KMkMk5RX`-©OQFN5�|QOQ_0145Q8<�cb45�J*· D65IF�MPO�\}w�5�MkJZXE-x¦L5RXP5I-xFGb45I3�wr5WV�J23N5�hjY43N5 º -0B4X45 § 5IXun4»
wE-xF¸DN5WFIl J23¸OQV°FG5I3�h�Y�J2D6F º -0B4X45 § l�FNb45�wLO*DN5<-0D¸14DN5IXO*D¸OcFG3NO*B4DSV�5R3�O*X4X4365RD6DR8<�cb45<-0B4D6FN3N14HWFN-0J2B
OQ_0DNJ}D614Y4Y�J236FNDcJ2YEF6-KJ2B4OQ_¼O*1`FGJ�-0B4HR365RMk5RBqFT½QX45RHI3N5IMP5IBqF�J*V¼FNb45�wLO*D65�3N5I/*-KDSFG5I3Rn4X45IYr5IB4XE-0B4/
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J2B±FGbE5�|QOQ_0145�J*V�FGb45�� wE-0FR8
�cb45�-KBED6FG3614HIF6-KJ*B4D�J*V¸FGb45�FNbE-K36X!HI_KO*DND%D6Yr5IHI-xV°\�FG3NO*B4D6V�5I3ND�J*V�wE_0J`H��]D�J*V�XLOQFGOwr5WFC�[5I5RB

Mk5RMkJ23S\�OQB4X�O*Bq\#DN14wEDN5IF�J*VUFNb45�HI143N365RBqFN_x\�|]-0D6-0wE_053N5I/*-KDSFG5I3NDRar¤��#e DNY�5RHW-0¦45RD�O�My1E_ º
FN-0YE_05�_0JqO*X�O*B4X tus�e OpMy1E_0F6-KY`_K5}DSFGJ2365}J2Yr5I3GOQF6-KJ*Bu8��cb45}365R/*-0D6FN5R3ND�FNJ�w�5�FG3NO*B4D6V�5I3N365RX
O*365�DNY�5RHW-0¦45RX�wq\ FNb45�Y436J2/23GOQMPMk5I3pwq\�Mk5RO*B4D�J*V^O ¹ )mº wE-0Fp3N5I/*-KDSFG5I3p_0-0D6F�¦L5I_0Xun%�%-xFGb
5�OQHTb�wE-xFcHRJ*3N3N5IDNY�J2B4XE-0B4/�FNJO�365R/*-0D6FN5R3I8<7�D�-0BpFNb45?DS-KBE/*_K5�XLOQFTO�FG3NO*B4D6V�5I3[J2Y�5R3NOQFN-0J2Bun]FGbE5
FG3NO*B4DSV�5R3cOQX4X43N5IDND65RD%O*365?XE5IFG5I3NM}-0B45RX!wq\kFGb45?wLO*DN5?3N5I/*-KDSFG5I3�h�=�BrlUO*B4XPFGb45?Y43N5�½QYrJ*D6F�h�»[l
O*B4X�-KB4HI3N5IMP5IBqF ½QX45IHR365RMk5RBqF�h�«�l%wE-xFGDI8��cb45�3N5R/Q-KDSFG5R36D�O*365^FN3GO*B4DSV�5R363N5RX�-0B�O�DN5R{]145IBqFN-KOQ_
MPO*B4B45I3Rn]�%-0FNb�FNb45�bE-0/2b45ID6F'-KBPFGb45�_x-KDSF[FG3NO*B4DSV�5R3N365RXP_©O*DSF�h�= ¹�� nq-0V¼D6Yr5IHI-x¦L5RX n`�%-x_0_rOQ_x�cO�\ZD
w�5�FG3NO*B4DSV�5R3N365RX�_KO*DSFIlT8U>�1E_xFN-0YE_05c3N5I/*-KDSFG5I3zFG3NO*B4D6V�5I3.-0B4D6FN3N14HWFN-0J2B4D<OQ3N5�-0BqFG5IB]FN5RXFNJ�Y43NJ�|]-0X45
O*B�5��PHI-05RBqF%Mk5RHTbLOQBE-KD6M�V�J23�DGO�|]-KBE/}J23�365RDSFGJ23S-KB4/}HIJ2BqFG5 § FRnEJ23'V�J23'MPJ�|]-0B4/_©OQ3N/25?wE_KJZH��]D
J*V.XLOQFGOPOQ3NJ214BEX�MPOQ-0B�Mk5IMPJ*36\28

�cb45±V�J2143SFGb HI_KO*DND}-0B4HI_014X45IDP-0B4D6FN3N14HWFN-0J2B4Dk��bE-0HTb�DNY�5RHW-0V°\³wE3GO*B4HTbE5RDR8 �cb45#HRJ*B]FN3NJ*_
FG3NO*B4DSV�5R3�O*X4XE3N5RD6D'-0D�H�OQ_0HR1`_©OQFN5RXPwq\}DNbE-xV°FN-0B4/yO*BkJ*·rDN5IF�_05IV°F�wq\FC��Jyw`-0FNDRnZO*B4XPO*X4X`-KB4/�FGbE5
3N5IDN1E_xF�FNJpFGbE5�Y436J2/23GOQM HRJ214BqFN5R3Rn O*Bq\#J�|*5R3	�LJ���w�5I-0B4/p-0/2B4J2365RXua�FGb45yJ*·rDN5IF?-KD�O�DS-K/2BE5RX
(�
 DHRJ*MPY`_K5IMP5IBqF ( 9 º w`-0F�BZ1EM�w�5R3R8��cb]14DIn<FGb45�wE3GO*B4HTb�HRO*B�3N5RO*HTb³O*B�OQX4X43N5IDND�%-xFGbE-0B
� ½ º�+q( >�wq\]FG5IDR8��[��J�w43GO*BEHTb$|*OQ36-KO*BqFGD}O*365pY436J�|Z-0X45IXun�BLO*Mk5I_x\ DS-KMkYE_05�w43NO*B4HTb¥h���l
O*B4X�wE3GO*B4HTb$�%-xFGb�_x-KB��h��¤�lGa.FGbE5pFC\ZYr5±J*V�wE3GO*B4HTb�XE5RY�5RB4X4DkJ2B�FGb45�|QOQ_0145�J*V%FNb45±¬
wE-xF}-KB³FGbE5�-KB4DSFG3614HIF6-KJ2B �[J*3NXu8���3GO*B4HTb³�%-xFGb³_0-0B�� ��3S-0FN5RDkFGb45±J*_0X »��£-0B]FNJ�FNb45�_x-KB��
3N5I/*-0D6FG5I3�h�= ¹ 9`l^-KB FGb45#3N5I/*-KDSFG5I3pwLO*B��n�V�J23kDN14w4D65R{]145IB]F!1EDN5�O*DpO�DN14wE3NJ21EF6-KBE5�3N5WFG1436B
O*X4XE3N5RD6DR8��cb45?»�� |QOQ_0145%��36-xFNFG5IB�-0BqFGJy= ¹ 9�-0D'O*X��²14DSFG5RXPFGJyOQ_x_KJ���V�J*3UFGb45�Y43N5WV�5IFNHTbunEOQB4X
HRJ*B]FGOQ-0B4DcFGb45�O*X4X4365RDND%JQV�FNb45�-0B4D6FN3N14HWFN-0J2B±V�J*_x_KJ��%-0B4/FGb45�w43GO*BEHTb�OQB4X�_0-0B��P-KB4DSFG3614HIF6-KJ2B 8
�cb45��c»��E=�-0D�B4J*F�DGO�|25IX��%-xFGb�FGbE5}»���8¼��J!365IFG1E3NB�V�3NJ*M®O�D614w43NJ*1EFN-0B45}FGb45�HRJ2BqFG5IBqFGD
J*Vz= ¹ 9�OQ3N5�3N5ID6FGJ*3N5RX�O*D%FGbE5^BE5I�i»���|QOQ_0145Phj-�8:5*8'w]\�Yr5I36V�J236Mk-0B4/�O}MPJ�|*5�= ¹ 9}FGJ�= ¹��
J2Y�5R3NOQFN-0J2BrlG8

7 ¦4V°FNb -0B4D6FN3N14HWFN-0J2B¯HW_©O*D6D�HRJ*B]FGOQ-0B4D�FNb45�D6J*V°FC�cOQ3N5�-0BqFG5I3N3N1EYEFp-0B4D6FN3N14HWFN-0J2BghCt�� ��l
��bE-0HTb�-KD?14DN5IX�FGJ�5IBqFG5R3?DN14Y�5R3S|]-KD6J23�MkJ`X45^-KB�O�HRJ*B]FN3NJ*_x_05RX�MPO*B4B45I3R8?�cb45�-0B4D6FN3N14HWFN-0J2B
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H�OQ14DN5ID�FGbE5�D6J*V°FC�[O*3N5�-KBqFN5R3N3614YEF#FG3NO*Y¥FNJ w�5�FTO��Q5RBun�OQB J2Y�5R3NOQFN-0J2B�FGbLOmF�5W· 5IHIFND�FGbE5
MkJ`XE5�HTbLO*B4/*5*8'�cb45�»�� -0DcV�J236HR5RX�FNJkO�¦ § 5RX±|QOQ_0145kh ����� l<O*B4X±FGbE5 �c»��E= -0D%DGO�|25IX#-0B
������	�
��� 8

�cb45'D6- § FNb�HW_©O*D6D�-0B4HW_K14XE5RD.FNb45'e�tu��O*B4Xyeg��t}-0B4D6FN3N14HWFN-0J2B4D.��b`-KHTbyY43NJ�|]-KXE5[O*HIHR5IDND
FGJ�FGb45 �c»��E=®O*B4X �E»��E= 3N5R/Q-KDSFG5R36DR8�>�= �¯OQ_x_KJ���D�FGbE5�HRJ2BqFN5RBqFGD±J*V�FNb45 �c»��E= J*3
�E»��E= MPJZX45�FNJkwr5�MkJ�|25IX#FNJPO/25RB45I3GOQ_u3N5R/Q-KDSFG5R3InE��bE-x_K5y> �`= OQ_x_KJ���DcFGbE5�HRJ2BqFG5IBqFGD�J*V
O}/25RBE5R3GOm_¸3N5R/Q-KDSFG5R3�FGJkw�5�MPJ�|*5RX�FNJ}FGb45 �c»��E= J23 �E»��E= MkJ`X45�365R/*-0D6FN5R3R8

,.-0BLOQ_x_0\*nrFGbE5y-0B4D6FN3N14HWFN-0J2B4D�J*VUFNb45y_KO*DSF�HI_KO*D6D�O*3N5y14DN5IX�FGJ�DN14Y4Y�J23SF�5 § FG5I3NBLOm_UHRJ*Y43NJ º
HR5IDND6J23NDI8
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�cbE-0D�O*Y4Y�5RBEXE- § -x_0_014D6FN3GOQFN5RD�FNb45�-0BqFG5R36BLOQ_zJ23N/qOQBE-KROQFN-0J2B�J*V<FGb45yJ`HIH�O*36M Y43NJZHR5IDNDN5ID�FGbLOmF
MkJ`XE5I_2FNb45<HRJ2BqFN3NJ*_]HW-K36HR1E-xFG3S\�J*VZ7�>�«?¬¸�'� ¹ 8U�<MkY4bLO*DS-KD¸-KD¼/Q-0|*5RB�FGJ%FGb45<1EDN5�J*V]FGb45 �E���
O*B4X�»r7�= JZHRH�OQM¢HRJ2BED6FG3614HIFNJ23ND�-0B�J236X45R3cFNJ�XE5RDNHI36-0wr5�FGbE5^Y4O*36F6-©OQ_uJ23NX45I36-0B4/2D�J*V.5I|25IBqFGD
DNY�5RHW-0¦45RX±wq\kFGb45?HI-03NHR1`-0FR8�,.-0|*5�MPO �²J23'Y43NJZHR5IDND65RDcbLO�|*5�wr5I5RB�D65I_05RHWFG5RX�FNJ�w�5�Y4365RD65RBqFG5IXun
BLO*Mk5W_0\#��5IH ¹ ��FN36_ ��hjY436-0MPO*36\±XE5RHRJZX45Qn�D65R5�DN5IHIF6-KJ2B ) 8 ) 8 ( lTn47?X4X ��h�O*X4X4365RDND�-0B]FN5R3SVjO*HR5Qn
DN5I5�DN5IHIF6-KJ2B ) 8 + 8 ( lGn���FN36_ ( h�5 § 5RHR1`FN-0J2B!14BE-xF�nED65R5�D65RHWFN-0J2B ) 8 � 8 ( lTn��FG3S_ + hj5 § 5RHI1EFN-0J2B!14BE-xF�n
DN5I5yD65RHWFN-0J2B ) 8 � 8 + lGnLO*B4X � 3SF ��FN36_'hj��3S-0FN5�w414D�HRJ2BqFG36J*_¼14B`-0FRnLDN5R5^DN5IHIF6-KJ2B ) 8! ZlT8

�cb45�HI-03NHI1E-0F�D6HTb45RMPOQF6-KHID�Y4365RDN5IBqFG5RX#-KB!FGbE5�O*Y4Y�5RB4XE- § bLO�|25�w�5R5IB�Y436J`XE14HR5IX#�%-xFGbE-0B
FGbE5��[J2MkYLO*D6D%��5RDS-K/*B±7�1EFNJ2MPOQFN-0J2Bp5IBq|Z-03NJ*B4Mk5RBqF?O*B4X�bLO�|*5�wr5I5RB �q-0B4XE_x\�Y436J�|Z-0X45IX±w]\
»zOQ1E_���O�\28
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SEQ
  P1
  P2 --IF
    TRUE
      SEQ
        PAR
          P3
          P4
          P5
          P6
          P7
          P8
          P9
    FALSE  --LDM/STM
      SEQ
        WHILE done=FALSE --interaction with RdNeg
          SEQ
            P12
            ALT  --deterministic
              LSMPr?
                SEQ
                  PAR
                    P4
                    P14
                    P13
              RdGA?
                SEQ
                  done:=TRUE
  P10
  P11
:

,.-0/214365 ��8 ( ;��cb45y��5RH ¹ ��FG36_ �¥»�36J`HI5RD6D
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P1

P2.1

P2.3

P2.4

P2.6
P2.2

P2.5

,.-K/*143N5 ��8 + ;<7�XEX � �[J2BqFG36J*_ ��-03NHR1`-0F
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SEQ
  ALT
    PCr?
      P1           --PC loop
    Wr?
      P2.1         --IF
        FALSE
          SEQ
            P2.2   --data transfer
        TRUE
          SEQ
            P2.3  --IF
              TRUE
                SEQ
                  WHILE Ntrm=FALSE  -- LSM loop
                    SEQ
                      P2.4
                      P2.5
              FALSE
                SEQ
                  P2.6 --data transfer: Apipe
:

,.-0/214365 ��8:94;'�cb45�7�X4X � »�36J`HI5RD6D



�������������
	 � ���$�%���'&¸&¼�²��£�������%�%�P�����%&$&'���%��� ���������.&����	� (�
 ¹

 

P1

P5.1

P5.2

P2 P3 P4

P5.3

P5.4

P5.5

P5.6
P5.7

P5.8

P5.9
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SEQ
  P1
  PAR
    P2
    P3
    P4
    SEQ --P5
      P5.1 --IF
        TRUE
          P5.2 --IF
            TRUE
              SEQ
                PAR
                  P5.3
                  SEQ
                    P5.9  --Multiplier
                    P5.4  --Shifter
                PAR
                  P5.5
                  P5.6
            FALSE
              SKIP
        FALSE
          SEQ
            PAR
              P5.3
              SEQ
                P5.8
                P5.4  --Shifter
            PAR
              P5.5
              P5.6
  P5.7
:

,.-0/214365 ��8 ) ;��cbE5 ��FN36_ ( YE3NJZHR5RD6D
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P1

P2

P3.1

P3.2

P3.3

P3.4

P3.5

P4

P5

,.-K/*143N5 ��8 
 ;���FG3S_ + �[J2BqFG36J*_ ��-03NHR1`-0F
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SEQ
  P1 --input and CPSR
  PAR
    P2
    SEQ --P3
      P3.1
      PAR
        P3.4
        P3.3
        SEQ
          P3.2
          P3.5
  P4
  P5
:

,.-0/214365 ��8 � ;��cbE5 ��FN36_ + YE3NJZHR5RD6D
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P2

P3

P4

P6

P7

P8

WrtCtrl1

P1

P5

P9
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ALT
  Dr? --from data interface
    SEQ
      P1 --IF
        TRUE
          SEQ
            P2 --IF
              TRUE
                PAR
                  P3
                  P9
              FALSE
                SKIP
        FALSE
          SEQ
            P4
      P7
  Wr? --from execution unit
    SEQ
      PAR
        SEQ
          P5 --IF
            TRUE
              PAR
                P3
                P9
            FALSE
              SKIP
        SEQ
          P6 --IF
            TRUE
              SEQ
                P4
            FALSE
              SKIP
      P8
:

,.-0/2143N5 ��8 ¹ � ;��cbE5 ��36F���FG36_ ( Y43NJZHR5IDND



	 � � ��� 
 ���� � ���

� 7�>�� � 
��	� 7�M (  � ��� «?DN5I3 
 D�>�O*B]1LOQ_�
4nL7�XE|QO*BEHR5RX�>#-0HR3NJ���5I|]-0HR5IDRn ¹  � 
 8
� 7�>�«?¬ � � �cb45¢7�>�«�¬¸��� ��36J214Y
En ��J23S_KX � -KX45 � 5Iw��?J2Mk5µ»zO*/25Qn¥«�=�¬�;

b]F6FGYu; ½2½m�%�%��8:HRDI8 MPO*B 8 O*HQ8 1�E½QO*M�1E_05IFT½m-0B4X45 § 8:bZFNM}_
� �^>#@  *9 � � =�5IYrJ*36F�J*B�FGb45@CBqFN5R/25I3^>�O*HR36J`HI5I_x_<=�5I|]-0D6-0J2B
4n¼���E»�=�@²��»<36J��²5RHWF )  �  º

�^>#@S½*��� º 7�=?>�n'��5I_x-0|*5R3GOQwE_K5 
 8:948 ( n[«�BE-0|*5R36D6-xFC\¯J*V�>�O*B4HTb45ID6FN5R3Rn�>�O�\
¹   *948

� 7�/23NO � 
�� 7�/23NO��[OQ_�n�».8xn 5WF OQ_�8xn � >�7�= �r;±7 >�1E_xFN-0Y43NJZHR5IDND6J23 �cOQDN5RX >�1E_xFN-0Y43NJ º
/23GO*MkMPO*wE_05�7�HIHR5I_05R3NOQFGJ*3�
4nª@²����� ��5RD6-0/2B#O*B4X��¸5RD6F?J*V �[J2MkY41EFN5R3NDInª94n ¹ � n
��HWFGJ2w�5R3 ¹  � 
 n4Y4Y 8 ( �mº²+*) 8

� 7�b]1�� �2)�� 7�b]1��SOEn �r8xn �cO*3N3S-K5I3NJ4n�~y8xn���5W_K5I3NBqFG5I3Rn?�80n � ¬¼-0B4XLO�OQB4X ,L36-05RB4XED�
4n�@²���'�
�[J2MkY41EFG5I3Rnª7�1E/214D6F ¹  �2) n4Y4Y 8 (*)mº²+ 948

� 7 �*5W_  ¹ � 7 �*5W_0_KOEn��8xn���J2Y4OQ_©O �Z3S-KD6b4BLO*B n�}80n � �?J2Y�HRYu;z7 �[J*B4HR14363N5IB]F���OQ3NXE�[O*3N5?��5 º
DNHR3S-KY`FN-0J2B¬¸O*B4/*1LO*/25�
4n���5IHTb4BE-0H�OQ_E=�5RY�J236F¸«?« � � º �%= º  ¹ º �q( ¹ n���5IYLO*36FNMk5RBqF
J*V �[J*MPYE1EFG5I3 �`HW-K5IB4HR5Qn «�BE-x|25R36D6-xFC\#J*VU«�FTO*b n ¹   ¹ 8

� 7?_x_0-  (�� 7?_x_0-0DNJ2B nE7�8xn � @CD[=�@	���¯=�5�OQ_x_x\P��J`J2Mk5IX���
4n`>#-KHI3NJ2YE3NJZHR5RD6DNJ23c=�5IYrJ23SF�n]@CDND6145
9 
 nª��HIFNJ2w�5R3 ¹   ( 8

� 7?_0M�O �  � 7?_0M�OQD6-�n��}8 �r80n���J*FNF6_0-05Rw n%7�8��E80n � ��-K/2b`_0\ »zOQ3GOQ_x_K5W_ �[J2MkY41`FN-0B4/�
48��cb45
�[5RB��SOQMk-0Bª½ �[1EMPM}-0B4/2D�»�1EwE_0-0DNb`-KB4/ �[J2MkYLO*Bq\!@CB4HQ80n ¹  �  E8

� 7?_0MP5  *9 � 7?_0MP5W-KX4OEnE,�8q7�8xn ��5I_0HTbun`».8��y8xn � 7¥»zO*3NOQ_0_05I_r�<M�1`_©OQFNJ23�V�J23�O�>#1E_0F6-KYE3NJZHR5RD º
DNJ23���OQFGO �LJ��³>�OQHTbE-KBE5�
4nq»<36J`HI5R5RX`-KB4/*D.J*V`FGb45 ��J236_0Xy��3NO*B4DNYE1EFG5I3 �[J2B4/*3N5RD6D
¹   *94n �[J2MkJ4n �`5RY`FG5RMywr5I3 ¹   *94n4YEYu8 ( �  º²(�
2( 8

� 7?_0J2B  +�� 7?_0J2B4DNJEn �E8q>�8xnq5IF'OQ_�8xn � �[J2B4D65R3S|*OmFN-x|25�»zO*3NOQ_x_K5W_ª��-KD6HR365IFG5��U|*5RBqF �Z-KMy1E_KOQFN-0J2B
-KB�O¥�¸3GOQB4DNY41`FG5R3 º �cOQDN5RX >�1E_xFN-0HRJ2MkY41EFN5R3!
4np»<36J`HI5R5RX`-KB4/*D J*VPFGb45 ��J236_0X
��3NO*B4DNYE1EFG5I3 �[J2BE/23N5IDND ¹   + nE7�O*HTb45IBun �`5RY`FG5RMywr5I3 ¹   + n4YEYu8 )2+2)mºC) � � 8

� 7�36-0D � 7�36-0D6FNJ*FN_05*n � »<bq\`DS-KHID�
4n!�<B4/Q_0-0DNb£�¸3GO*BED6_KOQFN-0J2Bu;£¬¼JZ5Rw ��_KO*DNDS-KHROQ_±¬u-0w43GOQ36\2n
��O*3S|*OQ3NX�«?BE-x|25I3ND6-xFC\�»<3N5RD6DR8

� 7�36-0D º ¹ � 7�36-0D6FNJ*FN_05*n � >�5IFGO*Y4bq\ZD6-0HRD!
4nZ��BE/*_0-0DNb��3NO*B4D6_KOQF6-KJ2B ;z¬¼JZ5Rw ��_KO*DNDS-KHROQ_L¬u-0w43GOQ36\2n
��O*3S|*OQ3NX�«?BE-x|25I3ND6-xFC\�»<3N5RD6DR8

(�
 




� � � &¼�W���������'� � (�
 �

� 7�3NMkD �  � 7�3NMkDSFG3NJ*B4/4n �E8L=�80n � �[b`-KY�¬¼5I|25W_<>#J`X45W_0_x-0B4/P�%-xFGb � �?��¬ 
4nL»<3N5IB]F6-KHI5 �?OQ_0_
@CB]FN5R36BLOQFN-0J2BLOm_�n ¹  �  E8

� 7 �q\]-  +�� 7 �q\]-0_0XE-0*n4@T8Z,[8xn`5WF%OQ_�8xn � �cb45��U·r5RHIF[J*V�>�5IMkJ236\ �cO*YLOQHI-xFC\pJ2Bp�[-KMk5 �$O*36Y
».5R3SV�J23NMPO*BEHR5�
En �*J21436BLOQ_�J*V�».O*3GOQ_x_05I_<OQB4X���-0D6FN36-0w41EFG5IX �[J2MkY41EF6-KB4/En ¹ � nª94n
7�14/21ED6F ¹   + n`Y4Yu8L9 ¹*¹ º 9 (*( 8

� 7�MkXLO ) 
�� 7�MkXLO*bE_�n �}8#>�8xn � �'OQ_x-KX`-0FC\ J*V�FGb45 �Z-0B4/*_05�»<36J`HI5RDND6J23 7?Y4Y436JqO*HTb FNJ
7�HTbE-05I|]-0B4/�¬¸O*36/25��`H�Om_K5 �[J2MkY41EF6-KBE/ �cO*Y4O*wE-x_0-xFN-05RD!
4n�»�36J`HI5R5IXE-KBE/2Dy7�,z@²»��
¹  ) 
 �`YE-0B4/ �*JQ-KBqF �[J2MkY41EFG5I3 �[J2B`V�5R3N5IB4HR5QnE7cF6_©O*BqF6-KH ��-0FC\*nE7�YE36-x_ ¹  ) 
 n]Y4Yu8
9 �2+mº 9 � � 8

� 7�DNHTb 
�
�� 7�DNHTbEHR3NJQV°F�n2�%8�7y80n �$OQX4/25*n �i8 �i8xn � ¬�« �[@²�;�7³~?J2BEY43NJZHR5IX4143GOm_Z¬�OQB4/21LO*/*5
�%-0FNb$@
FG5I3GOQF6-KJ2B 
4n �[J*MPMy14BE-0H�OQF6-KJ*B4D}J*V[FNb45P7 �%>�n ( � n 
 n �*1E_x\ ¹  
�
 n�Y4Yu8
�`¹  º � (*) 8

� 7�14DSF 
  � 7�14DSFN-0Bun �E8 �y8xn � �cb45 ��143N36J214/2b4D �`HW-K5IB]F6-0¦4H}»<3NJZHR5RD6DNJ23!
4n @CB`V�J*FG5IHTb �ZFGOQFG5^J*V
FGb45�7�3SF?=�5IYrJ23SF�;��`1EYr5I3NHRJ*MPYE1EFG5I3NDRn���J*_�8 ( n ¹  
  EnEYEYu8 ¹ º²+ ¹ 8

� 7?|Z3GO �*+�� 7?|Z3GO*MkJ�|]-KHW-�n4>�8xnE¬¼5I|*5RB4XE5I_�n��}8Z>�8xnE>�5RMkJ2BunE».8]=�80n � 7 ¬¼J2/*-0H �Z-KMy1E_KOQFN-0J2B
��BE/*-KBE5�
4nZ@²���'�³�¸3GO*BEDGO*HWFN-0J2B4D'J2B �[J*MPYE1EFG5I3[7?-0X45IX���5RDS-K/*B�J*V @CBqFG5R/*3GOQFN5RX
��-K36HR1E-xFGD?O*B4X �Z\ZD6FN5RMkDRn ( n ( nL7?Y436-x_ ¹  �*+ 8

� 7?\qOQB �  � 7?\qOQBE-�nP=�80n � 7 ».O*3GOm_0_05I_ �Z-0M�1E_KOQF6-KJ2B �`HTb45IMP5 wLO*D65RX�J*B FNb45 ��-KDSFTO*B4HI5
�[5IFC��5R5IB���w�²5IHIFND�
4n�»<3NJZHR5I5RXE-0B4/2D}JQVcFGb45 ¹  �  ��� ��>�1E_xFN-0HRJ*BEV�5R365RB4HI5±J2B
��-KDSFG36-0w41EFN5RX �]-KMy1E_©OmFN-0J2Bun���� � �Z-0M�1`_©OQF6-KJ*B �`5R3S-K5IDRn >�O*36HTb ¹  �  `nLY4Yu8 ¹2¹ +mº
¹2¹ � 8

� 7?\qOQB  ��� 7?\qOQBE-�n�=^8xn�=�O �SO*5I-�n �^80n � »zOQ3GOQ_x_K5W_ �Z-0M�1E_KOQFN-0J2B¥J*V�O ��5RB45I3GOQ_x-0R5RX �[14w�5
>�1E_xFN-0D6FTOQ/25p@CBqFG5I3NHIJ2B4B45IHIFN-0J2B ~?5WFC�[J*3 �]D�
4nU»�36J`HI5R5IXE-KBE/2DJ*VcFNb45 ¹   � ��� �

>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5�J2B ��-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQFN-0J2Bun ��� � �Z-KMy1E_KOQFN-0J2B �`5I36-05RDIn
�2O*B]1LO*36\ ¹   � n`Y4Yu8 )��mºC)2+ 8

� 7?\qOQB  (�� 7?\qOQBE-�n.=�80n¸=�O �SO*5W-�n �y8xn � ».O*3GOQ_x_05I_ �Z-0M�1E_KOQF6-KJ2B�14DS-KB4/ �[J2B4D65R3S|*OmFN-x|25��[-0Mk5
� -KB4XEJ���D!
4n�»<36J`HI5R5RX`-KB4/*D±J*V�FGb45 ¹   ( � -KBqFG5I3 �Z-0M�1E_KOQFN-0J2B �[J2B`V�5R3N5IB4HR5Qn
��5RHR5IM�w�5R3 ¹   ( n4Y4Yu8 
 �  º 
 ¹ 
 8

� 7�=?> � 7�=?> ¬uFGXun�,L1E_0wrJ*143NBg=�JqO*X n �[b45R3636\ ��-0BqFGJ2Bun �cO*Myw436-0X4/25Qn � � ¹ 9��2~yn
��BE/*_©OQB4Xu8

� �cO*wLO  +�� �cO*wLO*J*/*_KJ*1un]�80nq>�O*3NI1E_x_KJ4n��}8xn � �[J2B4DS-KDSFG5IB]F���_KJ*wLOQ_��ZFTOQFN5RD<J*V���-0D6FN36-0w41EFN5RX
�Z\ZD6FG5IMkDR;i,L14B4XLOQMP5IBqFTOQ_��[J*B4HR5IYEFGD�O*B4X >#5RHTbLO*B`-KD6MPD!
4nk�¸5RHTb4BE-0H�Om_P=�5 º
YrJ23SF#« �c¬ � � º  +mº ¹ n�¬¸O*w�J23NOQFGJ23S\ V�J*3 �[J2MkY41EFN5R3 �`HI-05RBEHR5*n�«�BE-x|25R36D6-xFC\�J*V
�[J*_0J2/2BLOEn �2O*B]1LO*36\ ¹   + 8

� �cO*HRH  +�� �cO*HRHI5I_x_0-�nZ,[8xn �cO*BLOm_K5IDRn`>�8xn � »zOQ3GOQ_x_K5W_ �Z-0M�1`_©OQF6-KJ*BPJQV �ZFGJZHTbLO*DSFN-0H�».5IFN36-4~?5IFND
«?D6-0B4/�=�5RHI143N365RB4HI5��<{Z14OQFN-0J2B
4n^7 �%> �¸3GO*B4DNO*HIF6-KJ*B4D�J2Bi>#J`X45W_0-0B4/ OQB4X
�[J2MkY41EFG5I3 �]-KMy1E_©OmFN-0J2Bun + n ¹ n �2O*B]1LO*36\ ¹   + n`Y4Yu8 ( �mº 9 ¹ 8



� � � &¼�W���������'� � (�
  

� �cO*H�� 
 ��� �cO*H��]14DRn �E8xn � �cO*B�»<3NJ*/23GO*MkM}-0B4/±wr5�¬u-Kw�5R3NOQFG5IX�V�3NJ2M FNb45y|*J2B�~?5I14MPO*B4B
�ZFC\]_K5��g7¡,L14B4HWFN-0J2BLOQ_ �]FC\Z_05�O*B4X�-0FND^7�_K/*5Rw43NO#J*V[»<3NJ2/*3GO*MkD�
En �[J*MPMy14BE- º
H�OQF6-KJ2BED�JQVzFGbE5^7 �%>�n ( ¹ n � n47?14/214DSF ¹  
 � nEY4Yu8 ) ¹ +�º²) 9 ¹ 8

� �cO*/23  ��� �cO*/236J`XE-KOEn*=^8m¬<80n*¬u-©O*JEn �i8Q��80n � »zO*3NOQ_0_05I_��Z-0M�1E_KOQF6-KJ2B�J*V4FGbE5 �`bLOQ3 �]D ��J236_0X
»�36J2wE_05RM 
4ny»<3NJZHR5R5IXE-0B4/2D�J*VFNb45 ¹   � � -0BqFG5R3 �Z-0M�1E_KOQFN-0J2B �[J2B`V�5R3N5IB4HR5Qn
��5RHR5IM�w�5R3 ¹   � n4Y4Yu8 ¹  ¹ º ¹  � 8

� �cOQ- � � � � �cOQ- ��n��8xn�� 5W-K/Q_K5I3Rn ��8^».8xn � »�5R3SV�J23NMPO*B4HI5 �U|QOQ_K14OQFN-0J2B�JQV ��-05R3NO*3NHTbE-0H�Om_
��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFGJ236D�
4nz»<3NJZHR5R5IXE-0B4/2D^J*V[FNb45 ¹  � � � -KBqFN5R3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5*nr��5RHI5RM�w�5R3 ¹  � � nEY4Y 8L9 ( ¹ º 9 (�
 8

� �cOQ-x_  ¹ � �cOQ-x_K5W\2n � >�5�OQDN143S-KB4/�FGbE5���|*5R3NbE5�O*Xk-KB �[J2B4D65R3S|*OmFN-x|25�».O*3GOm_0_05I_ �Z-0M�1`_©OQF6-KJ*B4D
J*V%>#1E_0F6-KHIJ2MkY41EFN5R3^»<3NJ2/23NO*MkD�
4n¸»<36J`HI5R5RX`-KB4/*DyJ*V�FNb45 ¹   � � -0BqFG5R3 �]-KMy1 º
_©OQF6-KJ*B �[J2B`V�5R3N5IB4HR5Qn���5RHR5IM�w�5R3 ¹   � n4Y4Yu8 )q( 
�º²)2+*) 8

� �cOQ-0B ����� �cOQ-0Bun �i8]¬<8xn��ZHRJ*F6F�nZ�8 �r8xn � 7�Bp7�_K/*J236-xFGb4M�V�J23'�[-KMk5��]\`BEHTb43NJ2B`-KROQFN-0J2Bp-0B
��-KDSFG36-0w41EFN5RX#��-0DNHR365IFN5��<|*5RBqF �Z-0M�1E_KOQF6-KJ2B 
4nL»<3NJZHR5I5RXE-0B4/2D�J*V¼FNb45 ¹  � � ��� �
>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5�J2B ��-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQFN-0J2Bun ��� � �Z-KMy1E_KOQFN-0J2B �`5I36-05RDIn
�*1E_0\ ¹  ��� n`Y4Yu8 +��mºC+2+ 8

� �cOQ_0H  *9 � �cOQ_0HI-�n¼�80n � �'OQ_x-0XLOQFN-0J2Bun���5R3S-0¦4H�OQF6-KJ2B�O*B4X��¸5RDSFN-0B4/±�¸5RHTb4BE-0{]145RD^�cb436J214/2b º
J21EFFNb45!¬u-0V�5 ��\ZHW_K5!J*V�O �Z-0M�1`_©OQF6-KJ*B �]FG14XE\ 
4n'»<3NJZHR5I5RXE-0B4/2DkJ*V%FNb45 ¹   Q9
� -KBqFG5I3 �]-KMy1E_©OmFN-0J2B �[J*BEV�5R365RB4HI5�
4n���5RHI5RMywr5I3 ¹   *94n4Y4Y 8 ( ¹ � º²(2( � 8

� �cOQ_0H  *9qO � �cOQ_0HI-�n��8xn � »<3S-KB4HW-KY`_K5ID J*V �]-KMy1E_©OmFN-0J2B£>�JZX45I_ �'OQ_x-0XLOQFN-0J2B ��5R36-x¦LHROQFN-0J2B
O*B4X ��5ID6F6-KB4/ 
��¸5RHTbEBE-KHROQ_?=�5IYrJ*36Fk�%= º  *9 ºS( 94nU��5RYLO*3SFGMkB45WFkJ*V �[J2MkY41EFG5I3
�`HI-05RB4HI5*n���-03N/*-0BE-KOk��5IHTbun �?-K36/*-0BE-©O`nL« �`7yn ¹   *9E8

� �cOQ_0M  ��� �cOQ_0MP5I3Rn%�8 �i8xn%»zOQ1E_�nc=^8 �E8xn � @CBqFG5I/23GOQFN5RX �`14Y4Y�J236Fp�<Bq|Z-03NJ*B4Mk5RBqFGD�V�J23
�Z-KMy1E_KOQFN-0J2B�>�JZX45I_x_0-0B4/ 
�»<36J`HI5R5RX`-KB4/*D�J*VkFGb45 ¹   � � -0BqFG5I3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5*nr��5RHI5RM�w�5R3 ¹   � nEY4Y 8 ( 9 +mº²( 9  E8

� �cO*B�� �2)�� �cO*B��]DRn �E8xn��cO*36DNJ2B n �E8��r8xn � @CBqFG36J`X41EHIFN-0J2BkFGJy��-KD6HR365IFG5?�U|25IB]F �Z-0M�1E_KOQFN-0J2B
En
»�36J`HI5R5IXE-KBE/2D�JQVPFNb45 ¹  �*) � -KBqFG5I3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5RBEHR5*nP��5IHR5RMywr5I3
¹  �2) nEY4Yu8 ¹ 
�º²(*+ 8

� �cO*B��  (�� �cO*B��]DRn �E8xn � �]-KMy1E_©OmFN-0J2B ¬¸O*B4/21LOQ/25RD OQB4X �Z-0M�1E_KOQFNJ23¯�<Bq|]-K36J2B4Mk5RBqFGD!
4n
»�36J`HI5R5IXE-KBE/2D�JQVPFNb45 ¹   ( � -KBqFG5I3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5RBEHR5*nP��5IHR5RMywr5I3
¹   ( nEY4Yu8 ���mº  ) 8

� �cO*3NB �  � �cO*3NBE5RDRn �E8��}8ª».8xn � »<3NJ*/23GO*MkM}-0B4/}-KB#7�XLO�
4n47�XEXE-KD6J2B ��5RDS_K5W\2n ¹  �  E8
� �cO*36F �  � �cO*36FNJ2Bunz=^8�=�n �ZHTb43N14w�5RB n�¬�8 �i8xn � ��3GOQY4bE-0H�OQ_[>�5WFGb4JZX4DyV�J*3^FNb45���5ID6-0/2B

O*B4X�7�BLOm_0\ZD6-0D!J*V �Z-0M�1E_KOQFN-0J2B � § Y�5R3S-KMk5IB]FND�
4n�»<36J`HI5R5RX`-KB4/*D#JQV^FNb45 ¹  �  
� -KBqFG5I3 �]-KMy1E_©OmFN-0J2B �[J*BEV�5R365RB4HI5*nr��5RHR5IM�w�5R3 ¹  �  `nEY4Yu8 �Z¹ º²) ¹ 8



� � � &¼�W���������'� � ( � �

� �cO*D6F  *9 � �cO*D6FN5RBA��8xn³5IFiOQ_�8 � �[-KMk5£O*BEX®FGb45 ��36X45R3 J*V³7�wED6FG3NO*HIFg�<|*5RBqFGDg-0B
��-KDSFG36-0w41EFN5RX �[J2MkY41`FTOQF6-KJ2BED�
4n��¸5RHTb4B`-KHROQ_�=�5RY�J236Fp�%= º  *9 º � ¹ nc«�BE-x|25R36D6-xFC\
J*V � OQFN5R36_0JZJ4n �cO*BLOQXLOEnª,L5Rw4361LO*3S\ ¹   *9E8

� �cOQFGH ����� �cOQFGHTbE5R3Rn �}8 ��8xn � �cb45^��5ID6-0/2B�JQVUOP>�O*D6D6-x|25W_0\�»zOQ3GOQ_x_K5W_�»<3NJZHR5RD6DNJ23!
4nª@²���'�
��3NO*B4DGOQHIFN-0J2B4D�J2B �[J2MkY41EFN5R3NDIn (  En  En �`5IYEFG5IM�w�5R3 ¹  ��� nEY4Yu8 �2+2)�º � 9 � 8

� �[5I_x_  ��� �[5I_x_K5IB4J*FRn �r8xn � ��_KJ2w4OQ_��?-K3SFG1LOQ_c�[-KMk5!7?_0/2J23S-0FNb4MkD�
4n'»<3NJZHR5I5RXE-0B4/2DPJ*V�FGbE5
¹   � ��� ��>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5?J2BP��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bun��� ���Z-KMy1E_KOQFN-0J2B
�`5R3S-K5IDRn �2O*B]1LO*3S\ ¹   � n`Y4Yu8 ¹ (*(�º ¹ ( 
 8

� �[5I_x_  (�� �[5I_x_K5IB4J*FRn��r8xn � �]FTOQFN5 � �]-0Y4YE-0B4/µ».5R3SV�J23NMPO*BEHR5i�%-0FNb FNb45 �[-KMk5 �$O*36Y
��Y�5R3NOQFN-0B4/ �]\`DSFG5IM 
EnL»<3NJZHR5R5IXE-0B4/2D%J*V¼FNb45 ) FNb ��J23 �]DNbEJ2Y±J2B±».O*3GOQ_x_05I_¼OQB4X
��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2B�h�»r7�� �  ( lGn ��� �rn �2O*B]1LOQ36\ ¹   ( n4Y4Y 8 � +mº²) 948

� �[5RMkM  ��� �[5IMPMk5I36_�nE��8xnq5IF'OQ_�8xn � ����»���� �r;]�¸JZJ*_KD.V�J23<»zOQ3GOQ_x_K5W_ �Z\ZD6FN5RMkD�
EnE�¸5RHTb4B`-KHROQ_
=�5IYrJ23SF �%«�> º @  � 9 
 n �E, � º �[5I36-0HTb]F ~�3R8 + 9 ( ½ ( � ½  � 7�n±@CB4DSFN-xFG1EFN5 V�1E3
@CBEV�J23NMPOQF6- �pX45R3��¸5RHTb4BE-0DNHTbE5RB�«?B`-0|*5R3NDS-0FGOQF�>#14B4HTb45IBun �2O*B]1LO*36\ ¹   � 8

� �[5R363 � � � �[5R3636\2nu�80n �*5I·r5R36DNJ2B�nr�80n � �[3S-0F6-KHROQ_U».OQFGb�7�BLOQ_x\ZD6-0D�J*V'��-0D6FN36-0w41EFG5IX �Z-0M º
1E_©OmFN-0J2B
4nr»<3NJZHR5R5IXE-0B4/2D�J*VzFGb45 ��� ����-0D6FG3S-KwE1EFG5IX �Z-KMy1E_KOQFN-0J2B �[J2B`V�5R3N5IB4HR5Qn
��� � �Z-0M�1`_©OQF6-KJ*B �`5I36-05RDIn ¹  � � n4YEYu8 � 
�ºC)�� 8

� ��-0_05 � � � ��-0_05RDIn �i8ª��8xnª��O*BE-05I_0DRnª�8L>�80n�� 
 ��J2B4B45W_�nª��8 �E8xn � �]FTOQF6-KDSFN-0H�OQ_ �[J2BED6-0X45R3NO º
FN-0J2B4D[-0B �Z-0M�1E_KOQF6-KJ2B!J2B�O~?5WFC�[J23 �pJ*V¸>#-KHI3NJZHRJ2MkY41`FG5R36D�
4nª»<36J`HI5R5RX`-KB4/*DcJ*V
FGb45 ¹  � � � -0BqFG5R3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5IB4HR5Qnª��5RHR5IM�w�5R3 ¹  � � nZY4Yu8 + ���mº²+  + 8

� ��-K3SF  *9 � ��-K3SFC�%-KDSFN_05*n �k8xnL»<36-x|QOQFG5 �[J2MkMy14BE-0H�OQF6-KJ2B n ¹   *948
� ��-K3SF  *92O � ��-K3SFC�%-KDSFN_05*n �}80n ¬¼-01un �80n � �`Y�5RHI-x¦LHROQFN-0J2B�J*V<FGbE5P>�O*B4HTb45ID6FN5R3�7�>�«?¬¸�'� ¹ ;

��J2Yy¬¼5I|*5I_�`Y�5RHI-x¦LHROQFN-0J2B
4n*��5IHTb4BE-0H�OQ_E=�5RY�J236FRn��[J*MPYE1EFG5I3 �`HW-K5IB4HR5[��5RYLOQ36F º
MP5IBqF�n�«?BE-x|25I3NDS-0FC\#J*V �cOQ_0/qO*36\*nª��5RHI5RM�w�5R3 ¹   Q948

� ��-K3SF  � � � 7�DS\`BEHTb43NJ2BEJ214D���-K/Q-0FGOQ_ ��-03NHI1E-xF���5RD6-0/2B
En4�<XE-xFGJ236D ��-K3SFC�%-KDSFN_05*n �}80n`��O�|]-KDIn
7�n �`Y43S-KBE/25R3 ��5R3S_©OQB4/4n ¹   � 8

� ��_©OQB � 9 � ��_©OQB��ªn?��8xn � 7 �Z1436|*5I\¯JQV ��O*36XE�[O*3N5�7?HRHI5I_05R3GOmFGJ236D!«?DN5IX¯-KB �[J2MkY41EFG5I3
7?-0X45RX ��5ID6-0/2B
4n%@²�����£��5RDS-K/2B¯O*B4X¯�¸5RDSF�J*V �[J2MkY41EFG5I3NDIn ¹ n � nc7?14/214DSF
¹  � 94nEY4Yu8 ( ¹ ºC+  E8

� � �J2b4M  ¹ � � �J2b4M!n�7�8[».8 �i8xn�5IF!Om_�8xn � �`@	�`7�¬ ( 8 � =�5IV�5I3N5RBEHR5�>�O*B]1LOm_ 
4n��¸5RHTb4B`-KHROQ_
=�5IYrJ23SF �[D º  ¹ º ¹2¹ � n ��5RYLO*3SFGMk5RBqF�J*V �[J2MkY41`FG5R3 �`HW-K5IB4HR5Qn �[J*_KJ*3GO*X4J �]FTOQFN5
«?BE-x|25I3ND6-xFC\2n ¹   ¹ 8

� �[J*-x_ � 
�� �[J*-x_0_KOQF�n �E8��%8xn�5WF�OQ_�8xn � 7?B 7�BLOm_0\ZD6-0D�O*BEX =�5IHRJ2B`¦L/2143NOQFN-0J2B �¸J`JQ_�V�J23
>�O*Y4YE-0B4/!».O*3GOQ_x_05I_<»<36J2/23GOQMPD�J2BqFGJ±�¸3GO*BEDNY41EFN5R3�~�5IFC��J23 �]D�
En¼»<3NJZHR5R5IXE-0B4/2D
J*V.FNb45 
 FGb���HRHRO*M «?D65R36D?/236J214Yun �`5RYEFN5RMywr5I3 ¹  ��
 nEY4Y 8 ¹ �2)mº ¹  *948



� � � &¼�W���������'� � ( � ¹

� �[J*FNF �2)�� �[J*FNFNJ2M}_K5W\2n�=^8xn � �cbE5 >�5W- �QJ �[J2MkY41EF6-KB4/ �`143SVjO*HR5Q; 7 �[J*BE¦L/2143NO*wE_05
�`14Y�5R3NHIJ2MkY41EFN5R3�
En`@²�����[J*_x_0J`{]1E-014M!;<�cb45��¸3GO*B4D6Y41EFN5R3R;z7�Y4YE_x-0H�OQF6-KJ2BED�OQB4X
�cO*DN5 �ZFG1EXE-K5IDRnª@²���¯��-0/25RDSF�n ¹  �*) ½  ¹ n (*+ 36X�>�O�\ ¹  �2) 8

� �[J21��  *9 � �[J21��Q5R3NHTbE5*n�7y80nP�¸3NJ2Y4Y�5R3In ��8xn � 7 �ZFTOQF6-KH »zOQ36FN-xFN-0J2BE-0B4/gOQB4X >�O*Y4YE-0B4/
7?_0/2J236-xFGbEM V�J*3 �[J2BEDN5R3S|QOQFN-x|25}».O*3GOm_0_05I_ �Z-KMy1E_KOQFN-0J2B4D!
4nu»<3NJZHR5I5RXE-0B4/2D�J*VUFGbE5
� FGb � J23 �]DNb4J2Y}J*B»zOQ3GOQ_x_K5W_4OQB4X��-0D6FN36-0w41EFG5IX �Z-0M�1E_KOQF6-KJ2B!h�»r7�� �  *9`lGn ��� ��n
�*1E_0\ ¹   *94n`Y4Yu8 ¹ ) 9 º ¹ 
2( 8

� �[36-0B  ¹ � �[36-0B45R3In �E8��*3R8xn � ,ªO*D6F�»zO*3NOQ_x_K5W_ �Z-0M�1`_©OQF6-KJ*BgJ*Vk��-0/*-0FGOQ_ �Z\ZD6FN5RMkD�
4n ��� �
7�XE|QO*B4HI5RD}-0B³»zO*3NOQ_0_05I_%O*B4X³��-0D6FG3S-KwE1EFG5IX �]-KMy1E_©OmFN-0J2Bun (*+ n �2O*B]1LOQ36\ ¹   ¹ n
Y4Yu8 
 ¹ º 
�
 8

� �[3NJ2 �  � �[3NJ2IJ���D �q-�n�E827�8xnZ�<wr5I3N/25IBun��E8 ��80n � =�5RHI5RBqF���5I|25W_KJ*Y4Mk5RBqFGD'-KBkFGb45���5ID6-0/2B
J*V�7?D6\ZB4HTb436J2B4J21ED ��-03NHR1`-0FND�
4n�=�5IDN5RO*3NHTbµ=�5IYrJ23SF � � º �  º ¹ � n �[J2MkY41EFG5I3
�`HI-05RB4HI5��5IYLO*36FNMk5RBqF�nª«�BE-0|*5R36D6-xFC\�JQV � OQFG5I36_x_KJEn�>�O�\ ¹  �  E8

� �[3NJ2  � � �[3NJ2IJ���D �q-�n �E8r7�8xn �`5I/25R3In � º �E8xn �y8xn � 7?D6\ZB4HTb436J2B4J21ED ��-03NHI1E-xFGD�
En �`Y436-0B4/25I3
��5R36_KO*B4/En ¹   � 8

� �[3N14B �  � �[3N14Bq|QO*B4X nr�%8xn �`Y436J21E_x_�nª=�8L,[8xn � �¸3GO*BED6_KOQFN-0B4/ �[J2B4HR1E3N3N5IBqF�»<3NJ*/23GO*MkD%-0B]FNJ
��5I_KO�\ º @CB4DN5IB4D6-xFN-x|25 ��-03NHR1`-0FND�
4nq»<36J`HI5R5RX`-KB4/*DUJ*VL@	� �[7��n ¹  �  EnQYEYu8 (Q)q(�ºS(Q) � 8

� �[3N14B  ¹ � �[3N14Bq|QO*B4X n��%8xn � ��3NO*B4DS_©OQF6-KBE/ �[J*B4HR14363N5IB]F �[J2MkM�1EBE-KHROQFN-0B4/�»�36J2/23NO*MkD
-KBqFGJ�7?D6\ZB4HTb436J2B4J21ED���-K36HR1E-xFGD!
4n�»<bu8 � �cbE5RD6-0DRn �cO*36B45R/Q-K5!>#5I_x_KJ2B³«�BE-x|25R3 º
D6-xFC\2n ¹   ¹ 8

� �[3N14B  ¹ O � �[3N14Bq|QO*B4X n*�%8xn �ZFGO*3 �Q5I\*n2>�8xn � 7�B�@CBqFG5I/23GOmFG5RXy�<Bq|Z-03NJ*B4Mk5RBqF.V�J*3 FGb45'��5ID6-0/2B
O*B4X �Z-0M�1E_KOQFN-0J2B J*V �`5I_xV��[-0Mk5RX �Z\ZD6FN5RMkD�
4nc»�36J`HI5R5IXE-KBE/2DkJ*V���¬ �`@ ¹   ¹ n
7�14/21ED6F ¹   ¹ 8`Y4Yu8L9qO`8 ( 8 ¹ º 9qOE8 + 8 ¹ 8

� �[3N14B  +�� �[3N14Bq|QO*B4X nr�%8xn � �cb45y~ �E= »�36J`HI5RD6DNJ23!
4n�»�36J`HI5R5IXE-KBE/2D?JQVzFGbE5 (Q) FGb ��O��[OQ-x-
@CB]FN5R36BLOQFN-0J2BLOm_��[J2BEV�5I3N5RBEHR5}J2B �Z\ZDSFG5RM �`HI-05RB4HI5RDPh ��@	� ��� ¹   + lTn �2O*B]1LO*36\
¹   + nEY4Yu8L9 ( ��º 9 + � 8

� �[36\2O 
�
�� �[36\2O*BqF�n�=�8���8xn � �]-KMy1E_©OmFN-0J2B J*V�»zOQH��*5IF �[J2MkM�14B`-KHROQFN-0J2B 7?3NHTbE-xFG5IHIFG1E3N5
�[J2MkY41EFG5I3 �]\`DSFG5IMPD!
4n`��5IHTb4BE-0H�OQ_ =�5IYrJ*36F�>�@²� º ¬ � � º �%= º ¹ ��� n]¬�OQwrJ23NOQFGJ*36\
V�J23��[J2MkY41EFN5R3 �`HI-05RBEHR5*n%>�O*DNDNO*HTb]14DN5WFNFNDp@CB4DSFN-xFG1EFN5�J*V?�¸5RHTb4BEJ*_KJ*/*\2n%« �`7�n
¹  
�
 8

� �[3NI5  +�� �[3NI5RI-0B4D �]-�n �E8xn �?5W_©OQ36\2n �E8U>�80n'=�O�\`B4OQ_�n�>�8xn � ��-0D6FN36-0w41EFG5IX ��5I3NM}-KB4OQFN-0J2B
��5IFG5IHIF6-KJ2B ; ��5IB45R3NOQ_%>#J`X45W_cOQB4X 7�_K/2J*36-xFGb4MkD�
En<��5IHTb4BE-0H�OQ_%=�5IYrJ23SF ¹  ) 94n
@²~�=�@C7�n�>�O*36HTb ¹   +

� �[14B4X �*)�� �[14B4XLO�\*n �?8ª�80n � �cO*D6-0H ��145R145W-KBE/��cb45IJ236\ 
4nª�<XE�[O*3NX�7�36B4J*_0Xun ¹  �2) 8



� � � &¼�W���������'� � ( �2(

� �[143NB � 
�� �[143NBEDRn �r8?>�8xn^>�O*3SFN-0Bun�7�8��E8xn � �Z\ZBqFGbE5RD6-0D�J*V �`5I_xV º �[-0Mk5RX ��-K36HR1E-xFGD�w]\
»�36J2/23NO*M ��3NO*B4D6V�J*3NMPOQFN-0J2B4D!
4nu�¸5RHTbEBE-KHROQ_�=�5RY�J236F � ( � + ; �%=�; � 
 n��[J2MkY41EFG5I3
�`HI-05RB4HI5��5IYLO*36FNMk5RBqF�n �cOQ_xFG5IHTbun ¹  � 
 8

� �[143NB ����� �[143NBEDRnª7�8xn � »<3NJ2/*3GO*MkM}-KBE/k-0B���HIH�O*M ( 
4n47?X4XE-0DNJ2B � 5ID6_05I\2n ¹  ��� 8
� �cOQ-  ��� �cOQ-�n��i8xnL�¸143NBE5R3Rn ��8��E80n � 7�B!7?_0/2J23S-0FNb4M�V�J23c��-KD6HR3N5WFG5^�U|25IB]F �Z-0M�1E_KOQF6-KJ2B ;

�cb45 �cO*3636-05R3p~?1E_x_�>#5RDNDNO*/25�7�Y4Y436JqO*HTb
$»�36J`HI5R5IXE-KBE/2D�J*V?FGb45 ¹   � ��� �

>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5�J2B ��-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQFN-0J2Bun ��� � �Z-KMy1E_KOQFN-0J2B �`5I36-05RDIn
�2O*B]1LO*36\ ¹   � n`Y4Yu8 +mº � 8

� �cOQ-  � O � �cOQ-�n �i80n���1436B45R3In �r8 �E8xn � � § Y�5R3S-KMk5RBqFGOQ_ �ZFG14X`-K5ID�J*V �[J2B4D65R3S|*OmFN-x|25
��-KDSFG36-0w41EFN5RX®��-KD6HR3N5WFG5 �U|25IB]F �Z-0M�1E_KOQF6-KJ2B J2B ��3NO*B4D6Y41EFG5I3 ~�5IFC��J23 �]D!
4n
»�36J`HI5R5IXE-KBE/2DJ*V�FGb45 ¹ ( FNb���HRHRO*MA«?D65R3 ��3NJ*14Y �¸5RHTbEBE-KHROQ_�>#5R5IF6-KBE/4nU@S� �
»�365RD6DRn ¹   � n`Y4Yu8 ¹ + �mº ¹ 9 
 8

� �cO*YrJ �2)�� �cO*YrJ*Bun^».8 ��80n ��1E3NXun �E8?=^8xn ��BEJ��%_05RDIny7y8��%8xn � »zO*3 �Z-K,�Om_�; 7¶»zO*3NOQ_x_K5W_
�Z-KMy1E_KOQFN-0J2B�,ªO*HW-0_x-xFC\�
En�@²��� �[J*_x_0J`{]1E-014M!;c�cb45y�¸3GO*B4D6Y41EFN5R3R;�7�Y4Y`_0-0H�OQF6-KJ*B4D
O*B4X �cO*DN5 �ZFG1EXE-K5IDRnª@²���¯��-0/25RDSF�n ¹  �*) ½  ¹ n (*+ 36X�>�O�\ ¹  �2) 8

� �cO*3ND �  � �cO*3ND6J2Bun �E8 ��80n � ��5I36-x¦LH�OmFN-0J2B O*B4X �'OQ_x-0XLOQFN-0J2Bu;A7 �[J2B4DN1`_0FGO*B 
 D »�5R3 º
DNY�5RHIF6-0|*5�
4n�»<3NJZHR5I5RXE-0B4/2D�J*VPFGb45 ¹  �  � -0BqFG5I3 �Z-0M�1`_©OQF6-KJ*B �[J2B`V�5R3N5IB4HR5Qn
��5RHR5IM�w�5R3 ¹  �  `n4Y4Yu8 � � (�º � � � 8

� �cO*3ND  (�� �cO*3ND6J2Bun��E8��r8xn � >�JZX45I_x_x-KB4/ 
48*»<36J`HI5R5RX`-KB4/*DUJ*V4FNb45 ¹   ( � -0BqFG5R3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5*nr��5RHI5RM�w�5R3 ¹   ( nEY4Y 8 �q(�º ��
 8

� �[bLO*B 
  � �[bLO*B4XE\*n �}8�>�8xn �?JQ_KMk5RDIn��8xn�>!-KD63GOEn �E8xn � ��-KDSFG36-0w41EFN5RX �Z-0M�1E_KOQFN-0J2B¥J*V
~?5IFC��J23 �ZD!
4n��[J2MkY41EFG5I3�~?5IFC��J23 �ZDIn + n ¹ n��2O*B]1LO*3S\ ¹  
  En4Y4Yu8 ¹ � � º ¹*¹ + 8

� �[bLO*B 
  *O � �[bLO*B4XE\*n �}8[>�80n�>!-KD63GOEn �E8xn � ��-0D6FN36-0w41EFG5IX �Z-0M�1E_KOQF6-KJ2B ;�7 �cOQDN5 �]FG14XE\
-KB®FNb45 ��5ID6-0/2BAO*B4X ��5R3S-0¦LHROQFN-0J2B¨J*V���-KDSFG36-0w41EFN5RXA»<3NJ*/23GO*MkD!
4n�@²���'�
��3NO*B4DGOQHIFN-0J2B4D%J*B �`J*V°FC�[O*3N5��<B4/*-0B45I5R36-0B4/4n � n � n��`5RY`FG5RMywr5I3 ¹  
  EnZY4Yu8`929 �mº
9 � ( 8

� �[bLO*B 
  Qw � �[bLO*B4XE\*n �}8'>�8xnc>#-0DN3NOEn �E8xn � ��5�O*XE_0JZH��$7�w4D65RB4HI5�»<3NJZJ*V�D}V�J23k~�5IFC��J23 �]D
J*V �[J2MkM�14BE-0H�OmFN-0B4/ »<36J`HI5RDND65RD!
4n[@CBEV�J*3NMPOQFN-0J2B³»<3NJZHR5IDNDS-KB4/�¬¼5IF6FG5R36DRn� En<94n
~?J�|25IM�w�5R3 ¹  
  En4YEYu8 ¹ � � º ¹ �  E8

� �[bLO*B � ¹ � �[bLO*B4XE\*n �}8�>�8xnu>!-KD63GOEn �E8xn � 7?D6\ZB4HTb436J2B4J21ED���-KDSFG3S-Kw41`FG5RX �Z-0M�1E_KOQFN-0J2B�|]-KO
O �Z5R{]145RBEHR5�JQVz».O*3GOm_0_05I_ �[J2MkY41`FTOQF6-KJ2BED�
4n �[J2MkMy14BE-0H�OQF6-KJ2BED�J*V¸FGbE5^7 �%>�n
( 94n ¹2¹ nª~?J�|25IM�w�5R3 ¹  � ¹ nEY4Yu8 ¹  ��ºS( � � 8

� �[bLO*B � � � �[bLO*B4XE\*n �}8�>�8xn'¬¸O*MkYrJ23SF�n'¬<80n � ��-0D6FN36-0w41EFN5RX �`BLO*Y4D6b4J*FNDR;!��5IFN5R36Mk-0BE-0B4/
��_0J2wLOQ_ �ZFGOQFG5ID�J*V���-0D6FN36-0w41EFG5IX �Z\ZD6FN5RMkD�
4n�7 �%> �¸3GO*BEDGO*HWFN-0J2B4DJ2B��[J2M º
Y41EFG5I3 �Z\ZD6FG5IMkDRn + n ¹ nL,L5RwE3N1LO*3S\ ¹  � � n4Y4Yu8 )*+mº 
 � 8



� � � &¼�W���������'� � ( �*+

� �[bLO*B �  � �[bLO*B4XE\*n �k8z>�8xn��`b45I3NMPO*Bun�=�80n � �cb45 �[J2BEXE-0F6-KJ*BLOQ_%�U|*5RBqFk7�Y4YE3NJqO*HTb$FNJ
��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2B
4n*»<3NJZHR5R5IXE-0B4/2DzJQV`FNb45 ¹  �  ��� ��>#1E_0F6-KHIJ2BEV�5I3N5RBEHR5
J2B���-0D6FN36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bun ��� � �]-KMy1E_©OmFN-0J2B �Z5R36-05RDIn%>�OQ3NHTb ¹  �  En�Y4Yu8 +mº   E8

� �[bE-K1  *9 � �[bE-K1 n±».8y».8 �k8xn ��1 n �}8>�80n � �Z-0M�1E_KOQFN-0J2B J*V#¬¼J2/Q-KH ��-K36HR1E-xFGD�«�D6-0B4/
O ~?5WFC�[J*3 � J*V±�¸3GO*BEDNY41EFN5R36D�
4np»�36J`HI5R5IXE-KBE/2D$J*V�FGb45 � J23S_KX���3NO*B4D6Y41EFG5I3
�[J2B4/2365RDND ¹   Q94n �[J2MkJ4n �`5IYEFG5IM�w�5R3 ¹   *9En4Y4Yu8 (�
Q+mºS( � 948

� �[b436- �  � �[b436-0D6F6-©O*B n¯,[8xn � Y43NJ*wLO*wE-x_0-0D6F6-KH ��_0JZH�� �Z\ZB4HTb436J2BE-0�OQF6-KJ*B
4n¯��-0D6FN36-0w41EFN5RX
�[J2MkY41EFN-0B4/4n + n + n�>�O*36HTb ¹  �  En4Y4Y 8 ¹ 9 )mº ¹ � � 8

� �[b436- �q(�� �[b436-0D6FNJ2Y4b45I3Rn%��8xn[5WFpOm_�8xn � �ZFG3614HIFN143N5#J*V�O���-0D6FN36-0w41EFN5RX �]-KMy1E_©OmFN-0J2B �]\`D º
FG5RM 
4n^@²����� �%��>�»��`7 � ¹  �2( n�@²���'� �[J2MkY41EFN5R3 �ZJ`HW-K5WFC\ »<3N5IDNDIn�Y4Yu8
� 9 �mº � �  E8

� �[bZ1 � � � �[bZ1 nª��847�8xn4¬¼5R1EB4/4n ��8 �}8���80n� O*B]14/qO`nL��8 �r8xn � 7 ��5RD6-0/2B�>�5WFGb4JZX4J*_0J2/*\
V�J23��[J2BEHR14363N5RBqF ��¬ �`@%D6\ZD6FN5RMkD�
En¸»�36J`HI5R5IXE-KBE/2D�J*V<@	� �c� ¹  � � n ¹  � � n�Y4Yu8
9 � 
�º 9 ¹ � 8

� �[bZ1 �2)�� �[bZ1 n`��8q7y80n � ��BFNb45�>�JZX45I_0D<V�J23<��5ID6-0/2BE-0B4/ ��¬ �`@z7?D6\ZB4HTb436J2B4J21ED[��-0/*-xFTOQ_
�Z\ZD6FG5IMkD�
4n�@²~��%� ��=�7��c@S��~ynLFNb45 ��¬ �`@ �*J*143NBLOm_�n49En ¹  �2) 8`Y4Yu8   º ¹2¹ + n

� �[bZ1 �2) O � �[bZ1 n¸��8u7�8xn ��_©O*D6DN5I3Rn¼¬<8 7y80n � �Z\ZBqFGb45ID6-0DyJ*V �Z5I_xV º FN-0Mk5RX �[J2BqFG36J*_���-03NHI1E-0FND
V�3NJ2M ��3GOQY4b4D�;¸7�By� § O*MkYE_05�
En2»<3NJZHR5I5RXE-0B4/2D.J*VE@	� �c� ¹  �2) n ¹  �2) n�Y4Yu8 � ) � º
� 
 ¹ 8

� �[bZ1 � 
�� �[bZ1 n!��8�7�8xn � �]\`BqFNb45RDS-KD³J*V �`5W_0V º FN-0MP5IX ��¬ �`@ ��-03NHR1`-0FND$V�3NJ2M ��3NO*Y4b º
�cb45RJ2365IF6-KH �ZYr5IHI-x¦LH�OQF6-KJ*B4D�
4nU»�b 8 �¢�cbE5RD6-0D±h�>�@²��½*¬ � �4½*�%= º²+  + lTnU>�8 @T8 ��8xn
�*14B45 ¹  � 
 8

� �[bZ1EB  ¹ � �[bZ1EB4/4nP>�8xn �[b]14B4/En �}8xn � 7?B�� § Y�5R36-0Mk5RBqFTOm_k7�BLOQ_x\ZD6-0D�J*V �Z-KMy1E_KOQFN-0J2B
��_KJZH��¯7�X`|*OQB4HR5IMP5IBqF#-0B¥»zO*3NOQ_x_K5W_�¬¼J2/*-0H �Z-KMy1E_KOQFN-0J2B�J2B�O*B �`@S>�� >�O º
HTbE-KBE5�
4n���� �g7�X`|*OQB4HR5ID�-0B »zO*3NOQ_x_K5W_kO*B4X ��-0D6FG3S-KwE1EFG5IX �Z-0M�1`_©OQF6-KJ*Bun (*+ n
�2O*B]1LO*36\ ¹   ¹ n`Y4Yu8 ¹ ( � º ¹ +q( 8

� ��_©O*3 ) 
�� ��_©O*3 �ªn �i8c7y80n � >�O*HR36J2MkJ`X41`_©O*3 �[J2MkY41EFG5I3 �Z\ZD6FN5RMkD�
4n�»�36J`HI5R5IXE-KBE/2D±J*V
FGb45 ¹  ) 
 7�,z@²»�� �`Y436-0B4/ �*J*-0BqF �[J2MkY41EF6-KBE/ �[J2BEV�5R365RB4HI5*n¼7?Y436-x_ ¹  ) 
 Y4Yu8
+2+ � ºC+2+2) 8

� ��_©O*3 
 9 � ��_©O*3 �ªn��i8�7�8xn�>�J*_0BLO*3 ��8^�%80n � >�O*HI3NJ2MkJZX41E_KO*3 �[J2MkY41EFN5R3��]\`DSFG5IMPDI8
�[J2MkY41EFG5I3ND!
4n �[bLO*Y`FG5R3 + n?@CB ��-0J2Mk5RXE-0H�Om_�=�5IDN5RO*3NHTbun���X`-0FNJ23ND �ZFGO*HI\¯=^8
�i80n�� O § MPO*B �?8 �nL7?H�O*X45IM}-KHy»<3N5RD6DRn ¹  
 948

� ��_K5RO  *9 � ��_K5RO*36\*n �E8xnE5IFcOQ_�80n � �[J2DSFcJ*V �]FTOQFN5��EO�|]-KBE/}O*B4X±=�J*_x_Kw4O*H���
4nE»<36J`HI5R5RX`-KB4/*DcJ*V
FGb45 � FGb ��J23 �]DNbEJ2Y�J2B�»zO*3NOQ_x_K5W_zOQB4X���-0D6FN36-0w41EFN5RX �]-KMy1E_©OmFN-0J2B$h�»r7�� �  *9`lTn
��� �rn �*1E_x\ ¹   *9En4Y4Yu8  *9 º ¹ � ¹ 8



� � � &¼�W���������'� � ( � 9

� ��_KJZH � ¹ � ��_KJZH��]D6-0Bun �i8z,�80nU>�5I_x_0-0DNb n���8 ��80n � »�36J2/23NO*MkMk-0B4/#-KB�»<36J*_KJ*/ 
4n �`Y436-0B4/25I3
��5R36_KO*/4n ¹  � ¹ 8

� �[JqOQF  +�� �[JqOQFG5IDRn ��8xn<��O�|]-KDIn<7�8xn �ZFN5I|25IB4DRn �}8 �r80n � 7�1EFNJ2MPOQFN-0H �Z\ZBqFGbE5RD6-0DkJ*V�,ªO*DSF
�[J2MkYLO*HIF �`5W_0V º FN-0MP5IX �[J*B]FN3NJ*_ ��-03NHI1E-xFGD�
EnE»<3NJZHR5I5RXE-0B4/2D'J*V�FGb45�@²,z@²» � J23 � º
-KB4/ �[J2B`V�5R3N5IB4HR5kJ2B�7?D6\ZB4HTb436J2B4J21ED���5ID6-0/2B�>�5IFNb4J`XEJ*_KJ*/*-K5IDRn.>�O*BEHTb45RDSFG5R3In
��BE/*_©OQB4Xun ¹   + 8

� �[J2M}V � 9 � �[J2M}V�J236FRn �E8 ��80n � �cbE5 �Z-0M�1`_©OQF6-KJ*B�J*VUOP>�O*D6FN5R3 º �Z_KO�|25�U|*5RBqF��Z5IF�»�36J`HI5RD º
DNJ23!
4n �Z-0M�1E_KOQFN-0J2BunL9 ( n + nª>�OQ3NHTb ¹  � 94nEY4Yu8 ¹2¹ 
�º ¹ ( 9E8

� �[J2M}V ����� �[J2M}V�J236FRn �E8 ��8xn ��J2YLOQ_�n�».8�=�80n � �<Bq|]-K36J2B4Mk5RBqFk».O*36F6-0F6-KJ2BE5RX$��-0D6FN36-0w41EFN5RX
�Z-KMy1E_KOQFN-0J2Bk�%-0FNb��¸3GOQB4DNY41`FG5R36D�
4n`»<3NJZHR5I5RXE-0B4/2D�J*V�FGb45 ¹  ��� ��� �P>�1E_xFN-0HRJ2B º
V�5R3N5IB4HR5�J2B���-0D6FN36-0w41EFG5IX �Z-0M�1E_KOQF6-KJ2B n ��� � �]-KMy1E_©OmFN-0J2B �`5I36-05RDRn �*1E_x\ ¹  ��� n
Y4Yu8 ¹ �2+�º ¹ ��� 8

� �[J2B4H �  � �[J2B4HR5IYEFN-0J2Bun^7�8%@T8xn � 7AbE-05R3GOQ3NHTbE-0H�OQ_ �[J2MkY41EFN5R3#7�3NHTb`-0FN5RHIFN143N5�V�J23#��-KD º
FG36-0w41EFN5RX �Z-0M�1E_KOQFN-0J2B
EnL@²�'���¯�¸3GOQB4DGO*HWFN-0J2B4D�J2B �[J2MkY41EFN5R36D + � n ( nE,ª5Iw43N1 º
O*36\ �  En4Y4Yu8 + ¹2¹ º²+ ¹  E8

� �[J*FTO  ��� �[J*FTOEn��8Z7�8xn �EO*36/25RBqFRn4=�8�}80n � 7 ,ª3NO*Mk5I��J23 �kV�J23'7�1EFNJ2MPOQFN-0H�¬¼JZJ �mO*b45�OQX
�[J2MkY41EFTOmFN-0J2B$-KB �[J2B4D65R36|QOQF6-0|*5!��-KDSFG3S-Kw41`FG5RX �]-KMy1E_©OmFN-0J2B4D�
En<»<3NJZHR5R5IXE-0B4/2D
J*V�FGbE5 ¹   � ��� ��>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5¯J*B ��-KDSFG3S-Kw41`FG5RX �Z-KMy1E_KOQFN-0J2Bun ��� �
�Z-KMy1E_KOQFN-0J2B �Z5R36-05RDIn �2O*B]1LO*36\ ¹   � nEY4Yu8 � )mº �  E8

� ��O�|]- �  � ��O�|]-0Xunc@T8xn ��-KBEJ2DGO*3Inc=�80n �'J`5W_0-�n�>�8xn � �`5I_xV º �[-0Mk5RX¯@CMkYE_05RMk5RBqFGOQFN-0J2B¯J*V�O
=�5IX414HR5IX�@CB4DSFG3614HIF6-KJ2B �`5IF �[J2MkY41`FG5R3!
4n���5IHTb4BE-0H�OQ_z=�5RY�J236F 
*+2( nL�¸5RHTb4BE-0J2B
O*B4X#@CDN3GOQ5I_¸@CB4DSFN-xFG1EFN5yJ*Vz�¸5RHTb4B4JQ_KJ2/Q\2nr��HIFGJ*wr5I3 ¹  �  E8

� ��O�|]- ����� ��O�|]-0DRn ��8 �}80n �`b45RYEYLO*3NX n �r8 �8xn<¬u-0|*5I_x\2n �i8z>�80n � 7�1EFNJ2MPOQFN-0H���5W|25W_KJ2Y º
MP5IBqF�J*VU»zO*3NOQ_x_K5W_ �Z-KMy1E_KOQFN-0J2B�>#J`X45W_KD�-0B�7?XLO 
4nª»<3NJZHR5I5RXE-0B4/2D�J*V.FGb45 ¹  � �
�Z-KMy1E_KOQFN-0J2B �[J*BEV�5R365RB4HI5*n���5RHI5RM�w�5R3 ¹  � � n4Y4Yu8 +*+  º²+ 9 + 8

� ��O�|]-  � � ��O�|]-0DRn47y80nE~?J��%-0H���n ��8L>�8xn � 7?D6\ZB4HTb436J2B4J21ED ��-03NHI1E-xF���5RDS-K/2B ;'>�J*FN-x|QOQFN-0J2Bun
�cO*H��]/23NJ*14B4X�OQB4X�>#5IFGbEJ`X4D!
4nL@CB � ��-036F  � � n4Y4Yu8 ¹ º 9  E8

� ��O�|]-  � O � ��O�|]-0DRn�7�8xn ~�J��%-0H��ªn �r8!>�80n � �Z\ZBqFGb45ID6-0I-0B4/¢7�DS\ZB4HTb43NJ*B4J214D ��-K36HR1E-xFGDI;
»�3NO*HIF6-KHI5�OQB4X�� § Y�5R36-05RBEHR5�
En�@CB � ��-K3SF  � � nLY4Y 8 ¹ � 9 º ¹ � � 8

� ��O�\  (�� ��O�\*n�».8xn � 7¶>#-0HR3NJ*YE-KY�5I_x-0B45RXi>#1E_0F6-KY`_0-05R3!
4n^»�36J`HI5R5IXE-KBE/2D�J*VyFGb45�7 ��-K� º
� �^½*����7 �c� ��J23 �]D6b4J2Y¡J2B�7?D6\ZB4HTb436J2B4J21ED¯��OQFGOg»�36J`HI5RD6D6-0B4/4n ��5W_KX º
b4J�|25RB nr�cbE5�~�5IFGbE5R36_KO*B4XEDRn���5RHI5RM�w�5R3 ¹   ( 8

� ��O�\  � � ��O�\*n�».8xn � @CBq|25RDSFN-0/qOQF6-KJ2BED-KBqFGJ�>#-0HR36J2YE-0Yr5W_0-0B45!¬¸OQFNHTb ��5ID6-0/2B �ZFC\]_05RD�
En�FNJ
wr5�Y414w`_0-0DNb45IX�-0B#@²����� �¸3GO*B4DNO*HIF6-KJ*B4D�-0B ��¬ �`@T8



� � � &¼�W���������'� � ( � �

� ��5 �[5 ����� ��5 �[5IB45RHWFN-xFG14DInª��8E».8xnE7?H��]_KO*B4X n ��84�8xn � ��-K36HR1E-xF �Z-0M�1`_©OQF6-KJ*B±J2B!O ��\ZY�5R3 º
HR14w�5�
4n�»<36J`HI5R5RX`-KB4/*DJ*VcFNb45 ¹  � � ��� �$>#1E_0F6-KHIJ2BEV�5I3N5RBEHR5±J2B���-0D6FN36-0w41EFN5RX
�Z-KMy1E_KOQFN-0J2Bun ��� � �Z-0M�1E_KOQFN-0J2B �`5R3S-K5IDRn �*1E_x\ ¹  ��� n4Y4Yu8 �  º  + 8

� ��5 �[5  ¹ � ��5 �[5IB45RHWFN-xFG14DIn���8'»�n ��b4J*DNbun ��80n �'1u8'>�8'¬<80n � 7 ~?J�|25W_�7�_K/2J*36-xFGb4M´V�J23
��-KD6HR3N5WFG5y�U|25RBqF �Z-0M�1E_KOQFN-0J2B
En��[J*MPYE1EFG5I3Rn ( 94n ) n��*14B45 ¹   ¹ n4Y4Yu8 ( ¹ º²+2+ 8

� ��5�=�5 
*)�� ��5�=�5RMk5R3In£,[80n ��36J2Bun �^8 �^80n � »<36J2/23GOQMPM}-0B4/ º -KB º FGb45 º ¬¸O*36/25 |*5R3ND614D
»�36J2/23NO*MkMk-0B4/ º -KB º FGbE5 º �ZM�Om_0_�
4nP@²�'���A�¸3GO*B4DNO*HIF6-KJ*B4D J2B �`J*V°FC�[O*3N5��<B4/*- º
B45R5I36-0B4/4n ( n ( nª,L5Iw43N1LOQ36\ ¹  
*) nEYEYu8 ¹2¹ 9 º ¹ ( ¹ 8

� ��5�O*B  (�� ��5�O*Bun<>�8U�%8xn � �E�%=%-©»%;z7 �`5I_xV º �[-0Mk5RX =�@	��� »�36J`HI5RD6DNJ237?3NHTbE-xFG5IHIFN143N5�
4n
»�b 8 ���cb45RDS-KDIn �ZFGO*BEV�J236X#«?BE-x|25I3ND6-xFC\2n ¹   ( 8

� ��5R3N3 �  � ��5R3N3S-KH��ªn[��8 �E8xn �cOQ_0HI-�nc�8xn[~?O*B4HR5Qnc=�8<�%80n � 7 �[J2MkYLO*3S-KD6J2B J*V��Z5I_05RHIFN5RX
�[J2B4HR5IYEFG14OQ_4,L3NO*Mk5I��J23 �]DzV�J23 �Z-0M�1`_©OQF6-KJ*Bk>�JZX45I_x_0-0B4/ 
En2»<3NJZHR5I5RXE-0B4/2D.J*V4FGbE5
¹  �  � -0B]FN5R3 �Z-0M�1E_KOQF6-KJ2B �[J2BEV�5I3N5RBEHR5*n���5IHR5RMywr5I3 ¹  �  En4YEYu8 
 ¹2¹ º 
 ¹ � 8

� ��5���3  ��� ��5���36-05RDIn$=�8 ��8xn � =�5RXE14HI-0B4/�~?1E_x_�>�5RD6DGO*/*5RD�-KB®>#-0DN3GOQD ��-0D6FN36-0w41EFN5RX
��-KD6HR3N5WFG5P�U|25IB]F �Z-0M�1`_©OQF6-KJ*B >#5IFGbEJ`X
En¼@²�'��� �¸3GOQB4DGO*HWFN-0J2B4D�J2B �`JQV°FC�cO*365
��BE/*-KBE5R5R3S-KBE/4n ¹ ) n ¹ n �2OQBZ14O*36\ ¹   � n4YEYu8 �q(�º  ¹ 8

� ��-KH��  ��� ��-KH��Q5RB4DInL».8E>�8xnE=�5I\ZB4J*_0X4DInL».8`,[8xn � �E=�7�� � � -xFGb±¬¼JZH�OQ_r=�J*_x_KwLOQH�� 
EnE»<3NJ º
HR5R5IXE-0B4/2D�JQVzFGbE5 ¹   � ��� ��>�1`_0F6-KHIJ2BEV�5R365RB4HI5�J2B���-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQF6-KJ2B n
��� � �Z-0M�1`_©OQF6-KJ*B �`5I36-05RDIn �2OQBZ14O*36\ ¹   � n4YEYu8 ¹ ) ¹ º ¹ ) 948

� ��- � � )���� ��- � �]D6FN3GOEnr�%8 �i8xn � �cb45 �ZFN3N14HWFG14365�J*V'� �?� >#1E_0F6-KYE3NJ2/23NO*MkM}-KB4/ �Z\ZD6FG5IM 
4n
�[J2MkM�14BE-0H�OmFN-0J2B4D�JQV.FNb45�7 �%>�n ¹2¹ n � n�>�O�\ ¹  )�� nEY4Yu8 + 9 ¹ º²+ 9 ) 8

� ��- � � 
 � � ��- � �]D6FN3GOEn��%8 �i8xn � ��14O*3NX45IX �[J2MkM�OQB4X4DRn[~?J2BEX45IFN5R3NM}-0BLO*HW\ O*B4X ,LJ23NMPOQ_
��5R36-x|QOQFN-0J2BPJ*V¼»<36J2/23GOQMPD!
4n�[J2MkM�14BE-0H�OmFN-0J2B4D[JQV FGbE5?7 �%>�n ¹ � n � nZ7?14/214DSF
¹  
 � nEY4Yu8L9 � +�º 9 � 
 8

� ��- � � ����� ��- � �]D6FN3GOEn`�%8 �i80n��`HTb4J*_xFG5IBun ��8��r8xn � ��5I3NM}-KB4OQFN-0J2B±��5WFG5RHWFN-0J2B�V�J*3[��-x· 1ED6-0B4/
�[J2MkY41EFTOmFN-0J2B4D�
En�@CB`V�J23NMPOQF6-KJ2B#»<3NJZHR5IDNDS-KB4/p¬¼5IFNFN5R36DRn ¹2¹ n ¹ n47�14/*14D6FRn ¹  ��� 8

� ��-0_x_ �  � ��-0_x_�nk�8�¬�8xn � 7 �%> ��-KDSFN-0B4/21E-0DNbE5RX ��-0DND65R3SFTOQF6-KJ2BEDR;���3NO*HR5 �cb45IJ236\gV�J23
7�1EFNJ2MPOQFN-0H ��-05R3NO*3NHTbE-0H�Om_ ��5R3S-0¦LHROQFN-0J2B�J*V �`Y�5R5IX º @CBEX45RY�5RB4XE5RBqF ��-03NHI1E-xFGD�
En
>�@²� »<3N5IDNDRn ¹  �  E8

� ��-0FN � 
�� ��-0FNR5I_�n��8<=^8xn�>�H�¬¼5W_0_KO*Bun��y8<=�80n��[5I3N5IBZw4O*14M!n[7y8<�80n � �cbE5 �?O*3NX`�cO*365
7�3NHTb`-0FN5RHIFN143N5kJ*V<FNb45 �c=�@	�E» >!-KHI3NJ2Y436J`HI5RD6DNJ23!
4n¸»<3NJZHR5R5IXE-0B4/2D�J*V<FNb45 ¹ 9*FNb
7�B4B]1LOQ_ �Z\ZMkY�J2D6-014M J2B �[J2MkY41EFN5R3�7�36HTbE-0FN5RHWFG14365*n ¹  � 
 n`Y4Yu8 +��  º²+ ¹  E8

� � �SO*B �  � � �SO*B4bLO*/*1E-K3In�7y8 �y8xn ��5I·r3NJ�\2n �E8���80n � «?D65�JQV���HRHRO*MvV�J23 �'OQ_x-KX4OQFN-0J2B³J*V
��-KDSFG36-0w41EFN5RXk�U|25IBqF���36-x|25IB��Z-KMy1E_KOQFN-0J2B
4n2»�36J`HI5R5IXE-KBE/2DUJ*V4FNb45 ¹ � FGb��HIH�O*M
«?DN5I3 ��3NJ*14Y#��5IHTb4BE-0H�OQ_z>�5I5IFN-0B4/4n��<B4D6HTb45RX45Qn 7?Y436-x_ ¹  �  `nEY4Yu8 ( ¹ +mºS(*( ¹ 8



� � � &¼�W���������'� � ( �*)

� ��J2w4w  (�� ��J2w4w�5R3NYE14bE_�n4�8xnE5IFcOQ_�80n � 7 ( � � > �� ) 92w±��14OQ_ º @CDND6145 �%>�� �±>#-0HR36J2Y43NJ º
HR5RD6DNJ23!
4n4@²����� �*J*143NBLOm_rJQV �`J*_x-KX º �ZFGOQFG5 ��-K36HR1E-xFGDIn (�
 n ¹2¹ n`~?J�|*5RM�w�5R3 ¹   ( n
Y4Yu8 ¹ � � º ¹ � ) � 8

� ��J2w4w ����� ��J2w4w4DIn���8xn�=�5I5RXunr».8xn�~?/4nª��8xn � �`14Y�5R36HRJ2MkY41EF6-KBE/pJ2B�O �[bE-0Yu; ��5IB45RDS-KD�J*V
FGb45 ����� ��� 
4n ��¬ �`@ �Z\ZDSFG5RM ��5ID6-0/2Bun�>�O�\ ¹  ��� n4YEYu8 ( 9 ºC+2+ 8

� ��J���D � � � ��J���DS-KBE/4n2=�8m�80n � �Z-0M�1E_KOQF6-KB4/���O*36XE�[O*3N5 �ZFG3614HIFN143N5ID.-0B�JZHRH�OQM 
En �`JQV°FC�cO*365
O*B4X�>#-KHI3NJ2DS\ZD6FG5IMkDRn 9En494n47?14/214DSF ¹  � � nEYEYu8 
�
�º � 948

� ��J���D ����� ��J���DS-KBE/4n%=�8��8xn � @CB]FN3NJZX414HWFN-0J2B FNJ �[J2BEHR14363N5RBEHI\�«?D6-0B4/$��HIH�O*M 
4n �'O*B
~?J2DSFG3GOQB4X�=�5I-0B4b4JQ_KXun ¹  ��� 8

� ��14/qO + � � ��14/qO*DInk=^8xn � 7 ��-0D6FGJ*36\iJ*V�>�5RHTb4O*BE-0HRD�
En��<B4/*_x-KD6b �¸3GO*BED6_KOQFN-0J2B�JQVpFGbE5
��3S-K/Q-KBLOm_ ¹  + � ,L3N5IB4HTbg�<XE-xFN-0J2Bun �[5RBqFG3NOQ_ ��J`J � �[J2MkYLOQB]\*n�~�5I� �'J23 ��n
¹  � � 8

� ��14B4H  ��� ��14B4H�OQBun�=^8xn � 7®D61436|*5I\�J*V^»zO*3NOQ_x_K5W_ �[J2MkY41EFN5R3�7?3NHTbE-xFG5IHIFN143N5ID�
4n �[J2M º
Y41EFG5I3Rn�,L5Rw4361LO*3S\ ¹   � n4Y4Yu8 � º ¹ ) 8

� ��14BE-  ¹ � ��14BE-0/qO*Bun<��8 �y8xn � ��\`Y�5R36HR14w�5 ��_0J`H�� �Z\ZB4HTb436J2BE-0�OQF6-KJ2B 
4n���5IHTb4BE-0H�OQ_%=�5 º
YrJ23SF���> º ¹*¹ 
 9294nL��O �±=�-0X4/25^~?OQFN-0J2BLOQ_¼¬�OQwrJ23NOQFGJ*36\2n4,ª5Iw43N14O*36\ ¹   ¹ 8

� ��\`B� �2(�� ��\`B�]-0Bun]�%8 ��8xn � >�O*3 �QJ�|»<3NJZHR5RD6DN5ID�OQB4Xk=�5W_©OmFG5RXk»<36J2wE_05RMkD<J*Vª7�B4OQ_0\ZDS-KD!
4n
�cO*M�w43S-KXE/25�«�BE-x|25R36D6-xFC\�»�365RD6DRn ¹  �q( 8

� ��w�5R3  ¹ � ��w�5R36/25RB n �E8 ��8xn � 7�,LJ23NMPOQ_'7?Y4Y43NJ2O*HTb FGJ���5RDS-K/2B`-KB4/���5I_KO�\ º @CB4DN5IB4D6-xFN-x|25
��-K36HR1E-xFGD!
4n���-KDSFG36-0w41EFN5RX �[J2MkY41EFN-0B4/4n � n + nª>�O*36HTb ¹   ¹ n4YEYu8 ¹ � 
�º ¹2¹  E8

� ��w`_0- �  � ��w`_0-0B4/4nE>�8xnZ5WFcOm_�8xn � 7�BP7�BqF�,LJ23GO*/Q-KB4/y>�JZX45W_r@CMkYE_05RMk5IB]FN5RX�J*BPFNb45��[-0Mk5
�$O*36Y���Yr5I3GOQF6-KB4/ �]\`DSFG5IM 
En.»<36J`HI5R5RX`-KB4/*D�J*V�FGb45 ¹  �  ��� ��>�1`_0F6-KHIJ2BEV�5R3 º
5RB4HI5PJ*B���-0D6FN36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bun ��� � �Z-0M�1E_KOQFN-0J2B �`5R3S-K5IDRn.>�O*36HTb ¹  �  En
Y4Yu8 ¹ �`¹ º ¹ )2+ 8

� �<-0H��  ¹ � �<-0H��ªn �r8 �k8xn¸5IF^OQ_�80n � �]\`BEHTb43NJ2BEJ214Dy=�5W_©O § OQF6-KJ*B�V�J23�».O*3GOm_0_05I_ �Z-0M�1`_©OQF6-KJ*B4D
�%-0FNb�7�Y4Y`_0-0H�OQF6-KJ*B4D�FGJ ��-K36HR1E-xF º �Z�%-xFGHTb45IX�~?5IFC��J23 �ZD!
4n¼»<3NJZHR5I5RXE-0B4/2D�J*VUFGbE5
� FGb � J23 �]DNb4J2Y}J*B»zOQ3GOQ_x_K5W_4OQB4X��-0D6FN36-0w41EFG5IX �Z-0M�1E_KOQF6-KJ2B!h�»r7�� �  ¹ lGn ��� ��n
�2O*B]1LO*36\ ¹   ¹ n`Y4Yu8 ¹ �`¹ º ¹ )2+ 8

� ��D6b43 �  � ��D6b43GOQ/2bE-KO*Bun �}80n ��5RDSFG5Qn�~y8xn � »<36-0B4HI-0YE_05RD}J*V �%>�� ����5RDS-K/*B$7 �Z\ZD6FN5RMkD
».5R36DNY�5RHWFN-x|25�
En 7�XEXE-KD6J2B � 5ID6_05I\2n ¹  �  E8

� ,U��=  +�� ,U��=
«?DN5I3�>�O*B]1LOQ_Ph�O�|QOQ-x_KO*wE_05�|]-KO OQB4J2Bq\ZMPJ*14D#V°FNY¥OQF±V°FGYu8:HRJ*Mk_KO*wu8:J § 8 O*HQ8 1�LlGn
,ªJ*3NMPOQ_ �Z\ZDSFG5RMkD���1E3NJ2Y�5*n + 7?_xV�3N5IX �]FG3N5I5IFRn � § V�J236Xun ¹   + 8

� ,ª5W_KX 
  � ,ª5W_KXEM�OQBun �E8z7y80n � ��-0/2b�¬¼5W|25I_%»�36J2/23NO*MkMk-0B4/�V�J*3���-0D6FN36-0w41EFG5IX �[J2MkY41EF º
-KB4/ 
4n �[J2MkM�14B`-KHROQFN-0J2B4D�J*VzFNb45�7 �%>�n (2( n ) n��*14B45 ¹  
  En4Y4Yu8 + � +mº²+*)�� 8



� � � &¼�W���������'� � ( ��


� ,ª5I3ND  +�� ,ª5I3ND6HTbLOEn47y80n��[bE-KJQ_©OEn�k8xn � ��-KDSFG3S-Kw41`FG5RX �Z-KMy1E_KOQFN-0J2B±J*V��[-0Mk5RX!».5WFG3S-¼~?5WFGDI;
� § YE_0J*-xFN-0B4/�FGb45c~?5IF �ZFG3614HIFN143N5cFNJ���wEFTOm-KB}� �PHI-05RBEHI\ 
4n`»�36J`HI5R5IXE-KBE/2D<J*VLFGbE5
¹ 9*FGb#@CBqFG5I3NBLOQF6-KJ*BLOQ_ �[J2BEV�5I3N5IB4HR5^J2B#7�Y4YE_x-0H�OQF6-KJ2B�O*B�O*B4X#�cb45IJ236\!J*Vz».5WFG3S-
~?5IFNDRn�¬¼5RHWFG14365y~�J*FG5ID�-0B �[J2MkY41EFN5R3 �`HI-05RB4HI5*n )  ¹ n ¹   + n`Y4Yu8 ¹ 9 )mº ¹ ) � 8

� ,ª5I3ND  *9 � ,ª5I3ND6HTbLOEn<7�8xn<�¸36-0YLOQFNbE-�n �r8 �}8xn � ».O*3GOQ_x_05I_[O*B4X���-0D6FN36-0w41EFG5IX �Z-0M�1E_KOQF6-KJ2B$-xV
��-KD6HR3N5WFG5��U|25IB]F �Z\ZDSFG5RMkD!
4nZ��5IHTb4BE-0H�OQ_r=�5RY�J236F�� ��8 �%=�8 +*+2+2) nq«�BE-x|25R36D6-xFC\kJ*V
>�O*36\]_KO*B4Xunª7?14/214DSF ¹   *948

� ,.-KXE/ ����� ,.-KXE/25*n ��8 �E8xn � �[-0Mk5RDSFTO*MkY4D�-KB�>�5IDNDNO*/25y»zO*D6D6-0B4/ �]\`DSFG5IMPD�FGb4OQF�»<3N5RD65R3S|25
FGb45'»zOQ36FN-KOQ_Z��36X45R3S-KB4/ 
4n�@CBy»<36J`HI5R5RX`-KB4/*D�JQV`FNb45 ¹2¹ FNb^7?14D6FN3GOQ_x-KO*B �[J2MkY41EFG5I3
�`HI-05RB4HI5 �[J2B`V�5R3N5IB4HR5Qn �[36-0DNwLOQB45*nª7�1ED6FG3NOQ_x-©OEnª,L5Iw43N1LOQ36\ ¹  ��� n4Y4Y 8 � � º²)*) 8

� ,.-KXE/  ¹ � ,.-KXE/25*n ��8 �E8xn � ¬¼J2/*-0H�OQ_Z�[-0Mk5'-0B��-0D6FN36-0w41EFG5IX �[J2MkY41`FN-0B4/ �Z\ZD6FN5RMkD�
En2@²���'�
�[J2MkY41EFG5I3Rn ( 94n � nL7�14/*14D6F ¹   ¹ n4Y4Yu8 ( �mº²+2+ 8

� ,.-KD6b  (�� ,.-KD6bq�%-KH��ªn¼»�8�7y80n � @CBqFN5R/23NOQFN-0B4/±>#J`X45W_0-0B4/p-0B �]-KMy1E_©OmFN-0J2Bun��`J*V°FC�[O*3N5y�<B4/*- º
B45R5I36-0B4/�O*BEX#7?@ 
4n4-0B � =?OQXE-  (�� nLY4Yu8 
�
*+�º 
�
 9E8

� ,._K5IH  (�� ,._K5IH��*5IB4D6FN5I-0Bun ��8��E80n]5IF[OQ_�80n � >#1E_0F6-KYE3NJZHR5RD6D6-0B4/ 
4nZ-KB � �'J�|]-  (�� n`Y4Y 8 ( � � º²+2( 948
� ,._0\ZB 
*(�� ,._0\ZB4B nU>�8xn � �`J2Mk5 �[J2MkY41EFN5R3���3N/qO*B`-KROQFN-0J2B4D^O*B4X�FNb45I-03��U·r5RHWFN-x|25RBE5RDND!
4n

@²�'������3NO*B4DNO*HIF6-KJ2BEDUJ2B �[J*MPYE1EFG5I3NDRn ( ¹ n  En��`5IYEFG5IM�w�5R3 ¹  
*( nQYEYu8  Q9 �mº  )�� 8
� ,ªJ § �  � ,ªJ § n �}8 ��8xn � »zO*3NOQ_x_K5W_ �[J2MkY41EF6-KB4/ �[J2Mk5RD³J*V#7?/25*; �`14Y�5R3NHIJ2MkY41EFN5R3

¬¸5W|25W_<»zOQ3GOQ_x_K5W_ �[J*MPYE1EFTOQF6-KJ*B4D�OQF �cOQ_xFG5IHTb
4n �[J*B4HR14363N5IB4HI\�;�»<3GO*HWFN-0HR5OQB4X
� § Y�5R3S-K5IB4HR5Qn ¹ n ¹ n��*J2b4B � -0_05I\*n �`5RYEFN5RMywr5I3 ¹  �  En4Y4Y 8 )2+mº ¹ � 948

� ,ª3NO*B4H ����� ,ª3NO*B4HI5R*n.~y8xn � ��-KDSFG3S-Kw41`FG5RX��¸5R3NM}-0BLOQF6-KJ2B 
4n.7 �%> ����»�¬¼7���n ( n ¹ n ¹  ��� n
Y4Yu8L9 (�º � � 8

� ,ª1 �C- ����� ,ª1 �C-KMkJ*FNJ�=^8xn � 7�Y4YE_x-0H�OQF6-KJ2BEDR;g��-0D6FN36-0w41EFG5IX �Z-KMy1E_KOQFN-0J2B
4n^-KB � =�5I5RX � ��� n
�[bLO*YEFN5R3 ) n4Y4Yu8 ( 9 �mºS(Q) 
 8

� ,ª1 �C- ��� O � ,ª1 �C-KMkJ*FNJ�=�80nr�cDGOQ-�n �E8xn ��J2YLOm_©O��]3S-KD6b4BLO*Bun �}80n � ��5RDS-K/*B�O*B4X�»�5R3SV�J23NMPO*B4HI5
J*V��`Yr5IHI-KOQ_ª»<1436YrJ2D65 ��OQ3NXE�[O*3N5cV�J*3<�[-KMk5 � O*3NY 
4nq»<3NJZHR5I5RXE-0B4/2D<J*VªFNb45 ¹ � FNb
7�B4B]1LOQ_ �Z\ZMPY�J2DS-K14M¶J2B �[J2MkY41`FG5R3}7?3NHTbE-xFG5IHIFN143N5Qn��*1EB45 ¹  ��� nzY4Yu8.9 � ¹ º
9 ��� 8

� ,ª1 �C- �  � ,ª1 �C-KMkJ*FNJ�=^8xn � »�5R3SV�J23NMPO*B4HI5±Mk5�O*D6143N5IMP5IBqFGDkJ*V���-0D6FG3S-KwE1EFG5IX �Z-KMy1E_KOQFN-0J2B
�ZFG3NOQFG5I/*-K5ID�
4n��¸3GO*BEDGO*HWFN-0J2B4D�J*V'FGb45��`JZHI-05IFC\�V�J*3 �[J2MkY41EFN5R3 �Z-0M�1E_KOQFN-0J2Bun ) n
( nL7�Y43S-0_ ¹  �  En`Y4Yu8 ���mº ¹ +q( 8

� ,ª1 �C- �  *O � ,ª1 �C-KMkJ*FNJ =�80n � �[-0MP5 �$O*36Y J2B�O �`bLOQ3N5RX¡>#5RMkJ236\ >�1E_xFN-0Y436J`HI5RDND6J23�
En
��3NO*B4DGOQHIFN-0J2B4D�J*V¼FNb45 �`JZHI-05IFC\�V�J23 �[J2MkY41`FG5R3 �]-KMy1E_©OmFN-0J2Bun ) n + n �*1E_x\ ¹  �  En
Y4Yu8 ( ¹2¹ ºS(*+  `8



� � � &¼�W���������'� � ( � �

� ,ª1 �C- �  Qw � ,ª1 �C-KMkJ*FNJ�=�80n � �cb45 ��-036FN1LOQ_��[-KMk5�>�O*HTbE-0B45�
En<»<3NJZHR5R5IXE-0B4/2D�JQVcFGb45 ¹  �  
@CB]FN5R36BLOQFN-0J2BLOm_ �Z\ZMkYrJ*D6-014M J*B�»zOQ3GOQ_x_K5W_U7�_K/2J*36-xFGb4MkD�OQB4X�7�36HTbE-xFG5RHWFG14365RD!
4n
�*14B45 ¹  �  En`Y4Yu8 ¹   ºS( � � 8

� ,ª1 �C-  ��� ,ª1 �C-KMkJ*FNJ�=�80n � ».O*3GOQ_x_05I_[��-KD6HR3N5WFG5��U|25RBqF��]-KMy1E_©OmFN-0J2B
4n �[J2MkM�14BE-0H�OmFN-0J2B4D
J*V.FNb45�7 �%>�n +2+ n ¹ � n���HIFGJ*wr5I3 ¹   � nEY4Yu8 + ¹ º � + 8

� ,ª1 �C-  (�� ,ª1 �C-KMkJ*FNJ�=�80nz~�-0HRJ*_�nU�8xn � �ZFTOQFN5�JQVcFGb45�7�3SFy-0B��[J2MkY41`FG5R3 �Z-0M�1E_KOQFN-0J2B
En
»�36J`HI5R5IXE-KBE/2D�JQVPFNb45 ¹   ( � -KBqFG5I3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5RBEHR5*nP��5IHR5RMywr5I3
¹   ( nEY4Yu8 ( 9 )�ºS( � 9E8

� ,ª1 �C-  +�� ,ª1 �C-KMkJ*FNJ¯=�80n � »zOQ3GOQ_x_K5W_OQB4Xg��-0D6FG3S-KwE1EFG5IXi��-KD6HR3N5WFG5 �<|*5RBqF �Z-0M�1E_KOQF6-KJ2B ;
7?_0/2J236-xFGbEMPD�O*BEX±7�Y4YE_x-0H�OQF6-KJ2BED�
4nª»<3NJZHR5I5RXE-0B4/2D�J*V¸FGbE5 ¹   + � -0BqFG5R3 �]-KMy1 º
_©OQF6-KJ*B �[J2B`V�5R3N5IB4HR5Qn���5RHR5IM�w�5R3 ¹   + n4Y4Yu8 ¹ �*)mº ¹2¹ 948

� ,ª1 �C- � 
�� � > � �2)  ��� ��-0/2b »�5R36V�J*3NMPO*B4HI5 +q(�º wE-xF =�@	��� �E»�7�= � ��OQFTO �`b45I5IF 
En
,ª1 �C-0FNDN1�>#-KHI3NJZ5I_05RHWFG3NJ*BE-KHID�@CB4HQ80n ¹  � 
 8

� ,ª1E3Nw �  � ,ª1E3Nw�5R3Rn���8 ��8xn � ��¬ �Z@y=�@	��� 7�36HTbE-xFG5RHWFG14365!O*B4X ��3N/2O*BE-0�OQF6-KJ2B 
4n�>�O*36HR5W_
��5 � �*5I3Rnª@CB4H*8xn ¹  �  `8

� ,ª1E3Nw  (�� ,ª1E3Nw�5R3Rn �r8���8xn � >#-0HR36J2YE-0Yr5W_0-0B45ID º 7 �cO*D65 �ZFN14XE\ 
4n�»<3NJZHR5I5RXE-0B4/2D J*V
FGb45�7 ��-K� º � �y½*����7 �c� � J*3 �]DNb4J*Y�J2Bk7?D6\ZB4HTb436J2B4J214D[��OQFTO�»<36J`HI5RDNDS-KBE/4n
��5I_0X4b4J�|25IBun �cbE5�~�5IFGbE5R36_KO*B4XEDRn���5RHI5RM�w�5R3 ¹   ( 8

� ,ª1E3Nw  +�� ,ª1E3Nw�5R3Rn �r8 ��8xn � 7�>�«�¬¸��� ¹ º 7�B�7�D6\ZB4HTbE3NJ2B4J*14D$7�=?> »<36J`HI5RDND6J23�
En
�Z\ZMPY�J2DS-K14M =�5IHRJ236XJ*V �?J*F �[bE-0Y4D �n �ZFTO*B`V�J23NX}«�BE-x|25R36D6-xFC\2nZ7�14/*14D6F ¹   + 8

� ,ª1E3Nw  + O � ,ª1E3Nw�5R3Rn �r8 ��80nr5IF�OQ_�8xn � 7 >#-0HR36J2YE-0Yr5W_0-0B45RX�7�=�> 
En »<3NJZHR5I5RXE-0B4/2D�JQV ��¬ �`@
�  + h �[5RDSF�».O*Yr5I3�7?�[O*3NXrlGn �`5RY`FG5RMywr5I3 ¹   + nEYEYu8 � 8:948 ¹ º � 8 � 8 � 8

� ,ª1E3Nw  *9 � ,ª1E3Nw�5R3Rn��r8 ��8xn � 7�>�«?¬¸�'� ¹ ;�7 >#-0HR36J2YE-0Yr5W_0-0B45IX�7�=?> 
4nm@²����� �[J2MkY �[J2B
�  *9EnL@CB]|]-xFG5IX�»zOQYr5I3Rn�>�O*36HTb ¹   *948

� ,ª1E3Nw  *92O � ,ª1E3Nw�5R3Rn �r8���8xn � �cb45 ��5RDS-K/2BµO*B4X �U|QOQ_01LOQF6-KJ2B�J*V�O*B�7�DS\`BEHTb43NJ2BEJ214D
>#-KHI3NJ2YE3NJZHR5RD6DNJ23!
4n.»�36J`HI5R5IXE-KBE/2DyJQV[@	� �c� ¹   *9En���HWFGJ2w�5R3 ¹   *94n¼Y4Y 8 ( ¹ 
�º
(2( � 8

� ,ª1E3Nw  *9*w � ,ª1E3Nw�5R3Rn���8 ��8xn���OQ_ ��OQFyFGb45�7�>�«�¬¸����>�J`XE5I_x_0-0B4/ ��J23 �]DNbEJ2Yun � -KBEX45R3 º
MP5I3N5Qn��[1EM�w43S-©OEn��<B4/*_KO*B4X n �*1E_0\ ¹   *948

� ,ª1E3Nw  *9*H � ,ª1E3Nw�5R3Rn ��8 ��80n4»�3S-0|QOQFN5 �[J2MkM�14BE-0H�OmFN-0J2Bu8
� ,ª1E3Nw  � � ,ª1E3Nw�5R3Rn��r8���80n � �[J2MkY41`FN-0B4/ � -0FNb4J21EF ��_KJZH��]D�
4nE@CB � �'-K3SF  � � nZY4Yu8 ( ¹2¹ ºS(Q)q( 8
� �^OQV�B � � � �^OQV�B`-�n�7y80n � �`YLO*HI5¥>�O*BLO*/*5RMk5RBqF O*B4X �cO*BEHR5I_x_KOQFN-0J2B�>�5RHTb4O*BE-0DNMkD V�J23

�[-KMk5 � O*3NY 
4n*�¸5RHTbEBE-KHROQ_L=�5RY�J23SF�n2�%= º � � º²+mº 9 ¹ n���5IYLO*36FNMk5RBqFUJ*V �[J2MkY41EFG5I3
�`HI-05RB4HI5*nr«?BE-x|25I3NDS-0FC\#J*V �`J21EFNb45R36B �cOm_0-xV�J23NB`-©OEn ¹  � � 8



� � � &¼�W���������'� � ( �  

� �^OQV�B ����� �^OQV�B`-�n�7�8xn � =�J*_x_0wLO*H�� >#5RHTbLO*B`-KD6MPD!V�J23!��YEF6-KM}-0D6F6-KH���-0D6FG3S-KwE1EFG5IX �]-KMy1 º
_©OQF6-KJ*B �]\`DSFG5IMPD!
4nk»<3NJZHR5I5RXE-0B4/2D�J*VkFGbE5 ¹  ��� �� � >#1E_0F6-KHIJ2BEV�5I3N5RBEHR5 J2B
��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bun ��� � �Z-0M�1E_KOQFN-0J2B �`5R3S-K5IDRn �*1E_x\ ¹  ��� nEY4Yu8 ) ¹ º²) 
 8

� �^O �²D �2+�� �^O �²D �q-�n��8'5IFpOQ_�80n � �[5IXLO*3 º 7 _©O*36/25�D6H�OQ_05�My1E_xFN-0Y43NJZHR5IDNDNJ*3�
4n�@²���'�£»<3NJ º
HR5R5IXE-0B4/2D�J*V.FGb45 ¹  �2+ @CBqFG5I3NBLOQF6-KJ*BLOQ_ �[J2BEV�5I3N5RBEHR5J2B�»zO*3NOQ_x_K5W_z»<36J`HI5RDNDS-KBE/4n
¹  �2+ nEY4Yu8 � ( 9 º � (  `8

� �^OQ_x_  ��� �^OQ_x_05IFN_x\2n �E8xn � ��HRHRO*M ( 
4nª»U-xFGMPO*Bun ¹   � 8
� �^O*36H � 9 � �^O*36HI-KO º >#J*_0-0BLOEn �^80n ��5I3NMPO*B4JEn�,�80n �?J*bE_K5I3Rn �i8 �y8xn � ��5Rw41E/2/*-0B4/£O

��-KDSFG36-0w41EFN5RX �[J2MkY41`FN-0B4/ �Z\ZD6FN5RM 
4n�@²���'� ��3NO*B4DNO*HIF6-KJ2BED¯J2B �`JQV°FC�cO*365
��BE/*-KBE5R5R3S-KBE/4n ¹ � n ( nª,L5Iw43N1LOQ36\ ¹  � 94nEYEYu8 ( ¹ �mº²( ¹  E8

� �^O*36D �  � �^O*36D6-0X45 �E8��8xn � � º =�O*H�� �Z�%-xFGHTb �cOQ3NX
4nc»zO*3 �Z-©,ªOQ_�@CBqFN5R3NB4OQ_?��J`HI14Mk5RBqF
» �`,<½2>�«�½ �¥» � ½ �  q½ + n���5RYLO*3SFGMk5RBqF!J*V �[J2MkY41`FG5R3 �ZHI-05RB4HI5*n�«�BE-x|25R36D6-xFC\
J*V<>�O*B4HTb45ID6FG5I3Rnr,L5Rw4361LO*36\ ¹  �  E8

� �^O*36D  (�� �^O*36D6-0X45*n �E84�80n � >#-KHI3NJ2Y`-KY�5I_x-KBE5 �ZFN3N14HWFG14365RD!
4nª»<3NJZHR5R5IXE-0B4/2D�J*V.FNb45�7 ��-K� º
� �^½*����7 �c� ��J23 �]D6b4J2Y¡J2B�7?D6\ZB4HTb436J2B4J21ED¯��OQFGOg»�36J`HI5RD6D6-0B4/4n ��5W_KX º
b4J�|25RB nr�cbE5�~�5IFGbE5R36_KO*B4XEDRn���5RHI5RM�w�5R3 ¹   ( 8

� �^O*36D  +�� �^O*36D6-0X45 �E8¸�80n � 7 �%>�� � ��¬ �`@�@CMkYE_05RMk5IB]FGOQFN-0J2B$JQV%O*B�7�DS\`BEHTb43NJ2BEJ214D
7�¬¸«�
4nZ»<3NJZHR5I5RXE-0B4/2D�J*V FNb45�@²,z@²» ��J23 �q-0B4/ �[J*BEV�5R365RB4HI5�J2BP7�DS\`BEHTb43NJ2BEJ214D
��5RD6-0/2B�>�5IFNb4JZX4J*_0J2/*-05RDRnr>�OQB4HTb45RDSFG5I3Rnr��BE/*_©OQB4Xun ¹   + 8

� ��-x_0_ )q(�� ��-x_0_�np7y80n � @CBqFG36J`X41EHIFN-0J2B FNJ FGb45¯�cb45RJ23S\�JQV#,.-KB`-0FN5 �ZFTOmFG5 >�O*HTbE-0B45RD!
4n
>�H ��3GO�� ��-0_x_�n ¹  )q( 8

� ��-x_KM �2)�� ��-x_KMk5I3Rn �E8 ��8xn �?J2B4/En �E8�».8xn � =�5IYE_x-KHROQFG5IX �ZFGOQFG5 �`YLO*HI5�7?Y4Y436JqO*HTb V�J23
»zO*3NOQ_0_05I_ �Z-0M�1E_KOQFN-0J2B
En�»�36J`HI5R5IXE-KBE/2D¯J*V�FNb45 ¹  �2) � -0BqFG5R3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5*nr��5RHI5RM�w�5R3 ¹  �*) nEY4Y 8L9 +��mº 9 +2+ 8

� ��-0B4J  ��� ��-0B4J2DNO*3Rnq=�8xn]>#-0HTb45I_x_�nZ~^80n � ��B�FNb45%»�J*FG5IB]F6-©Om_LJ*Vª7�DS\ZB4HTb43NJ*B4J214D'»U-KY�5I_x-0B45RX
»�36J`HI5RD6DNJ236D�
4nª�¸5RHTb4B`-KHROQ_�=�5IYrJ*36F%«?« � � º  �mº � ¹ � n���¬ �`@ �Z\ZD6FN5RMkD�=�5IDN5�OQ3NHTb
��36J214Yunª«�BE-0|*5R36D6-xFC\�JQVU«�FTO*bun ¹   � 8

� ��_KO*D � 9 � ��_KO*DN5I3Rn �y8xn ��O*B�]-0Bun ��8xnU�[-x_x_�n<�8xn � »<36-0B4HI-0YE_05RD}J*Vc,ª1EB4HIF6-KJ2B4OQ_c»<36J2/23GOQM º
Mk-0B4/ 
Enª»�365RBqFN-0HR5 ��Om_0_¸@CBqFG5I3NBLOmFN-0J2BLOQ_�n ¹  � 9E8

� ��_KO*  (�� ��_KO*R5I3RnZ�8 �i8xn � ¬¸J2O*X��cOQ_KO*B4HI-0B4/y»zO*3NOQ_x_K5W_ ��-0DNHI3N5WFG5?�<|*5RBqF �]-KMy1E_©OmFN-0J2B4D�
En
»�b 8 �8'�cb45ID6-0DRn���5RY4O*36FNMP5IBqF�J*V��[J2MkY41EFG5I3 �ZHI-05RB4HI5*n�>�H���-x_0_?«�BE-0|*5R36D6-xFC\2n
¹   ( 8

� ��J*_0X ����� ��J*_0X4D6Mk-xFGb n¸>�8xn �*J2B45IDRn �k8xn � »<36J2/23GOQMPM}-0B4/�-0B�JZHRH�OQM ( 
4n »<365RBqFN-0HR5 �?OQ_0_
@CB]FN5R36BLOQFN-0J2BLOm_�n ¹  � � 8



� � � &¼�W���������'� � (  �

� ��J2Y4O  ��� ��J2Y4OQ_©O �Z3S-KD6b4BLO*B �}8xn �2OQ-0B »�80n � �`J2Mk5¯=�5RHI5RBqF�7?D6\ZB4HTb436J2B4J214D �]\`DSFG5IM
��5RD6-0/2B�>�5IFNb4J`XEJ*_KJ*/*-K5ID�
4nZ�¸5RHTb4B`-KHROQ_u=�5RY�J23SF[«?« º � � º �%= º  ��º � ¹ ) nq��5RYLOQ36F º
MP5IBqF�J*V �[J2MkY41EFN5R3 �`HI-05RBEHR5*n�«�BE-0|*5R36D6-xFC\�JQV<«�FGO*bunª��HWFGJ2w�5R3 ¹   � 8

� ��J2Y4O  +�� n ��J2YLOQ_KO��]36-0DNb4B4O*Bun �}8xn�7 �*5I_x_KOEn ��80n � �`Y�5RHI-x¦LHROQFN-0J2Bun �]-KMy1E_©OmFN-0J2Bun�OQB4X
�Z\ZB]FNb45RDS-KD�J*V �Z5I_xV º �[-0MP5IX ��-K36HR1E-xFGD!
4n»<36J`HI5R5RX`-KB4/*D�J*V}FGbE5 (*) FNb ��O��[OQ-x-
@CB]FN5R36BLOQFN-0J2BLOm_��[J2BEV�5I3N5RBEHR5}J2B �Z\ZDSFG5RM �`HI-05RB4HI5RDPh ��@	� ��� ¹   + lTn �2O*B]1LO*36\
¹   + 8EY4Yu8 +   º 9 ��� 8

� ��J236X  ��� ��J236X4J2Bunª=�8ª,[8xnL5IF?OQ_�80n � ��-K5I3GO*36HTbE-0H�OQ_z>�JZX45I_x_x-KB4/k-0B�O ��3NO*Y4bE-0H�OQ_ �]-KMy1E_©O º
FN-0J2B �Z\ZD6FN5RM 
4nL»<36J`HI5R5RX`-KB4/*DcJ*VuFNb45 ¹   � � -0BqFG5R3 �Z-KMy1E_KOQFN-0J2B �[J2B`V�5R3N5IB4HR5Qn
��5RHR5IM�w�5R3 ¹   � n4Y4Yu8L9   º � �*+ 8

� ��3NO*b  *9 � ��3NO*bLO*M!nm=^8�¬�8xn ��BZ1`FGbunQ�8��%8xn*».OQFTO*D6b4BE- �ªn2�8xn � �[J*B4HR365IFG5�>�OmFGb45IM�OmFN-0HRD�
En
7�X4XE-0DNJ*B ��5RD6_05I\*n ¹   *948

� ��36J2D ����� ��36J2DN5W_ � n ��8u��36J2Y4Y�5R3Rn ��8xn � �cb45P�[-0Mk5}J*Vc~�5 § F^�U|25IB]Fy7?_0/2J23S-0FNb4M 
4n¼»<3NJ º
HR5R5IXE-0B4/2D�JQVzFGbE5 ¹  ��� ��� ��>�1`_0F6-KHIJ2BEV�5R365RB4HI5�J2B���-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQF6-KJ2B n
��� � �Z-0M�1`_©OQF6-KJ*B �`5I36-05RDIn �*1`_0\ ¹  ��� nEYEYu8 ( � º²(  E8

� ��36J2D �  � ��36J2DN5W_ � n ��8��¸3NJ*Y4Yr5I3Rn ��80n � 7���5RO*XE_0J`H�� =�5IDNJ*_01EF6-KJ2B �ZHTb45RMk5$V�J23���-KD º
FG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2B
4n[»<3NJZHR5R5IXE-0B4/2DpJQV?FNb45 ¹  �  ��� ��>#1E_0F6-KHIJ2BEV�5I3N5RBEHR5
J2B���-0D6FN36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bun ��� � �]-KMy1E_©OmFN-0J2B �Z5R36-05RDIn%>�OQ3NHTb ¹  �  En�Y4Yu8
¹ ���mº ¹2¹ ( 8

� ��1436X � � � ��1436Xun �E8 =�8¼5IFyOQ_�8xn � �cb45�>�O*B4HTb45ID6FN5R3»<36J*FGJ*FC\ZY�5p��OmFTO �LJ�� �[J2MkY41EFN5R3�
En
�[J2MkM�14BE-0H�OmFN-0J2B4D�JQV.FNb45�7 �%>�n ( � n ¹ n �2OQBZ14O*36\ ¹  � � n4YEYu8 + 9 º � ( 8

� ��14D65 � 9 � ��14D65I_x_©O`n�=^8xn �uOQF6FN-�n �r8xn � �¸5RMkYrJE;�7 ~?5WFC�[J23 �¥�[-KMk5 �[J2BqFG3NJQ_0_05R3#V�J23!O
��-KDSFG36-0w41EFN5RX �[5I3 �Q5I_05I\!«�BE- § �Z\ZD6FN5RM 
4nL��-0D6FN36-0w41EFN5RX!»<3NJZHR5IDND6-0B4/k�¸5RHTb4B`-KHROQ_
�[J2MkM�14BE-0H�OmFN-0J2B�¬¼5IF6FG5R3InL@²���'�%n �`@ ºC) n��*14B45 ¹  � 94n4Y4Y 8 
�º ¹ � 8

� ����5RB  Q9 � ����5RB4B4O*Yun�¬�8xn � ��-K/Q-0FGOQ_c¬¼5RO*X4D}FGb45!».O*H�� �%-xFGb ( ¹2¹ ) 9 
4n'>#-0HR36J2Y43NJZHR5IDND6J23
=�5IYrJ23SF�n � n ¹ ( n �`5IYEFG5IM�w�5R3 ¹   *9En4Y4Yu8 ¹ n )�º ¹ � 8

� ��» �2)�� � »<3N5RHW-KDS-KJ*B�7�36HTbE-xFG5RHWFG14365�OQB4X!@CB4D6FN3N14HWFN-0J2B�=�5IV�5I3N5RBEHR5y>�O*B]1LOQ_�
4n���5I�%_05IFNF º
»zO*H��mO*36X �[J2MkYLO*Bq\*n ¹  �2) 8

� ��O*B4D 
*+�� ��O*B4D65RBun �?8z»�80n � ��Y�5R3NOQFN-0B4/ �]\`DSFG5IMPDk»<3S-KB4HW-KY`_K5ID�
4n'»<3N5IB]F6-KHI5 ��OQ_x_�@CB]FN5R3 º
BLOQFN-0J2BLOm_�n ¹  
*+ 8

� ��O*3SF � 
�� � ��O*36XE�[O*3N5 ��5RDNHI36-0YEFN-0J2B ¬¸O*BE/21LO*/25ID�
4n�7�XE|QO*BEHR5RD -KB �[7�� V�J23 ��¬ �`@Tn
��J*_K1EMP5 
 n �?O*36FN5RB4DSFG5W-KBun�=�8�i8xn¸h��<XE-xFGJ23 lTnª~?J*36FGb �?JQ_0_KO*B4Xun ¹  � 
 8

� ��O*14H  +�� ��O*14H��ªn �r8xn � 7?D6\ZB4HTb436J2B4J214D ��5ID6-0/2B�>�5IFNb4J`XEJ*_KJ*/*-K5IDR;�7�B���|25R3S|]-K5W� 
4n
��5IHTb4BE-0H�OQ_¸=�5RY�J23SFc« � º � �E� º  +mº � � º � 
 nZ«�BE-0|*5R36D6-xFC\�J*V � O*DNb`-KB4/QFGJ2Bun`7�Y43S-0_
¹   + 8



� � � &¼�W���������'� � (  ¹

� �?5I-0X �2)�� �?5I-0X45W_Kw�5R36/25R3In�»�80n � �ZFTOmFN-0D6FN-0H�Om_[7?BLOQ_x\`DS-KD}JQV�»zO*3NOQ_0_05I_ �Z-0M�1E_KOQF6-KJ2BED�
4n�»<3NJ º
HR5R5IXE-0B4/2D^J*V�FNb45 ¹  �2) � -0BqFG5R3 �Z-0M�1`_©OQF6-KJ*B��[J2BEV�5I3N5IB4HR5Qnz��5IHR5RMywr5I3 ¹  �2) n
Y4Yu8 (  ��ºS(  � 8

� �?5I-0X  ��� �?5I-0X45W_Kw�5R36/25R3In¼».8xn �ZFNJ2B45Qn �^80n � »zO*3NOQ_x_K5W_U�¸3GO*HI5}��36-x|25IB �cO*HTb45 �Z-KMy1E_KOQFN-0J2B
w]\¯�[-KMk5�».O*36F6-0F6-KJ2B`-KB4/ 
4n�»�36J`HI5R5IXE-KBE/2D!J*V�FGb45 ¹   � � -0BqFG5I3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5*nr��5RHI5RM�w�5R3 ¹   � nEY4Y 8 
*+ 9 º 
*+ 
 8

� �?5R1EX  (�� �?5R1EXE-KB n �E8 ��80n¸».O*B45WFGJ4n ��8xn � =�@	��� 7�3NHTb`-0FN5RHIFN143N5ID�
4nxn �[bLO*Y4MPO*B � ��OQ_x_�n
¹   ( 8

� �?5RBEB � ¹ � �?5RBEB45RD6D6\2n �E8¼¬<8xn �*J214Y4YE-�n¸~y8 ».8xn �cO*D �*5IF6F�n�,[8xn ��-0_x_�n �E8xn � >�@²»��r; 7 ��¬ �`@
»�36J`HI5RD6DNJ23.7�3NHTb`-0FN5RHIFN143N5�
4n]»<3NJZHR5I5RXE-0B4/2DUJQVEFGbE5 �%>�« �[J2BEV�5R365RB4HI5cJ2B ��¬ �`@
�Z\ZD6FG5IMkD�O*B4X �[J2MkY41EFGOQFN-0J2B4DIn ¹  � ¹ n4Y4Yu8 +2+�
�º²+ 9 ) 8

� �?5RBEB  ��� �?5RBEB45RD6D6\2n �E8`¬<80nE»zOQF6FG5R36DNJ2B nL�8]7�8xn � �[J2MkY41`FG5R3%7?3NHTbE-xFG5IHIFN143N5�7 ��14O*BqFN- º
FTOQF6-0|*5y7?Y4Y43NJ2O*HTb
4n�>�J*3N/qO*B ��O*1EV�MPO*BEB�»<14wE_x-0DNb45I3ND�@CBEH*8xn ¹   � 8

� �?5RBEB  ¹ � �?5RBEB45RD6D6\2n �E8�¬<8xn �*J214YEYE-�n�~y8�».8xn � �[J2MkY41EFG5I3��¸5RHTbEB4J*_0J2/*\¥O*B4X¥7�36HTbE- º
FG5RHWFG14365*;?7�B�5I|*J*_x|Z-0B4/!@CBqFG5I3GO*HWFN-0J2B
4nu@²����� �[J*MPYE1EFG5I3 ( 94n  `n �`5IYEFG5IM�w�5R3
¹   ¹ nEY4Yu8 ¹ �mº²(  E8

� ��-x_0_ �2)�� ��-x_0_�n �}80n � �cO*H��]YE_KO*B45���5RDS-K/2B V�J23 FGb45�� º =�O*H���
4n�».O*3��]-©,ªOQ_�@CBqFG5I3NBLOm_
��J`HI14Mk5RBqF�nª@CB4MkJ2D�¬uFGXu8xn ¹  �*) 8

� ��-x_0_ �  � ��-x_0_�n¸>�8 �80n ¬�OQ3N14DIn �E8u=�80n � �cO*HTb45��[J*B4D6-0X45R3NOQFN-0J2B4D�V�J*3�»<3NJ2/*3GO*MkMk5R36D�J*V
>�1E_xFN-0Y43NJZHR5IDNDNJ*3ND�
En��¸5RHTb4BE-0H�Om_^=�5IYrJ23SF!�%= º � � º �  ¹ n �[J2MkY41`FG5R3 �ZHI-05RB4HI5RD
��5RYLO*3SFGMk5RBqFRnr«�BE-x|25R36D6-xFC\#J*V � -0DNHIJ2B4DS-KBun >�O*X`-KD6J2Bunª~?J�|*5RM�w�5R3 ¹  �  `8

� ��-x_0_ � � � ��-x_0_x-KDIn �i8ª�80n � �cb45 �[J2B4B45IHIFN-0J2B�>�O*HTbE-0B45�
En >#@²� »<3N5RD6DRn ¹  � � 8
� �?J �  � �?J4n �8 ��80n � ��\ZBLOQMk-0HRD�J*Vz��-KD6HR365IFG5y�U|25IB]F �Z\ZD6FN5RMkD�
�»�36J`HI5R5IXE-KBE/2D?JQVzFGbE5

@²�'���%n 
�
 n ¹ n �2O*B]1LO*36\ ¹  �  EnEY4Yu8 +mºC) 8
� �?JqO*3 
2(�� �?JqO*365*n���8 7y8 =�8xn � �¸J��cO*36X4D.O�FNb45RJ23S\�J*V`YLO*3GOm_0_05I_]Y436J2/23NO*MkMk-0B4/ 
Enm-0B ��8:7�8 =�8

�?JqO*365PO*B4X$=�8 �y8¸».5I3N36J*F�n�h��<XE-xFGJ236DWlGn � ��Y�5R3NOQFN-0B4/ �Z\ZD6FG5IMkD�¸5RHTb4BE-0{]145RD!
4n
7�H�OQX45RM}-0H�»<3N5IDNDIn ¹  �q( 8

� �?JqO*3 
 9 � �?JqO*365*n ��8:7�8 =^8xn � >#J2BE-xFGJ236DR;�7�B¯��Yr5I3GOQF6-KB4/ �Z\ZD6FN5RM �ZFG3614HIFN1436-0B4/ �[J2B º
HR5RY`F 
4n �[J2MkM�14BE-0H�OmFN-0J2B4D�JQV[FGbE5�7 �%>�n ¹ 
 n ¹ � nz��HWFGJ2w�5R3 ¹  
 9En¼Y4Yu8 � 9  º
� � 
 8

� �?JqO*3 
 ��� �?JqO*365*n ��8 7y8 =�80n � �[J2MkM�1EBE-KHROQFN-0B4/ �`5I{]145RBqFN-KOQ_�»<36J`HI5RDND65RD!
4n �[J2MkM�14B`-KHRO º
FN-0J2B4D�J*V�FGb45�7 �%>�n ( ¹ n � nL7�14/*14D6F ¹  
 � n4Y4Yu8 )*)2)mº²)�
�
 8

� �?JqO*3 � � � �?JqO*365*n ��8:7�8 =�80n � �[J2MkM�14BE-0H�OmFN-0B4/ �Z5R{]145RBqF6-©OQ_�»<36J`HI5RDND65RD!
4n�»�365RBqFN-0HR5 �?OQ_0_
@CB]FN5R36BLOQFN-0J2BLOm_�n ¹  � � 8



� � � &¼�W���������'� � (  (

� �?JZH�� � ��� �?JZH��ZBE5I\2n2=^8 �i80n��*5IDNDNbEJ2Yr5Qn ��8 =^8xn � »zO*3NOQ_0_05I_��[J*MPYE1EFG5I3ND ( 
4n�7�XLOQM ��-x_K/*5R3Rn
¹  ��� 8

� �?J*_x_  +�� �?J*_x_0-0B4/2DS�[J*36FGb n �E8xn�>#-x_0_05R3In�»�8 ��8xn � ��\`B4O*M}-KH �[J2BqFN3NJ*_�JQV�»�5R3SV�J23NMPO*B4HI5
>�J2BE-xFGJ23S-KBE/ J2Bg¬¸O*3N/*5��`HROQ_K5$»zO*3NOQ_0_05I_ �Z\ZD6FN5RMkD�
4ny3N5IYrJ23SF�O*HIHR5IDND6-0wE_05³w]\
O*B4J2Bq\ZMkJ214DcV°FGY�-0B�/23S-0_x_05RXu8:HRDI8:�%-0DNHQ8 5IX41u;[FN5RHTb4BE-0H�Om_ YLO*Y�5R36DT½m� + DN5�OQ3NHTbu8:Y4DR8 �z8

� �?J*_0M 
 ��� �?J*_0Mk5RDRn ��80n � »zOQ3GOQ_x_K5W_�7?_0/2J236-xFGbEMPDPJ2B¯>�1E_xFN-0Y43NJZHR5IDNDNJ*3p7�36HTbE-xFG5RHWFG14365RD!
4n
»�b 8 �8p��-KD6DN5R3SFTOQF6-KJ*Bun �[J2MkY41EFN5R3 �`HW-K5IB4HR5i��5IYLO*36FNMk5RBqF�n�«�BE-0|*5R36D6-xFC\ J*V
��5 § OQDRnª7�14DSFN-0Bun ¹  
 � 8

� �?J236X �q(�� �?J236XunE=�8`>�8xn � �cbE5?@²¬¸¬¼@C7 ��@ �n`�cb45?,.-K36D6Fc>#-0HR3NJZHRJ*MPYE1EFG5I3�
4n��[J2MkY41EFG5I3
�`HI-05RB4HI5»<3N5IDNDInr=�JZH��]|]-x_0_05*n ¹  �q( 8

� ���[O*B � 9 � ���[O*B4/4n �}8xn ��36-0/2/2DRn�,[8:7�8xn � �[J2MkY41`FG5R3i7?3NHTbE-xFG5IHIFG1E3N5�O*B4X »zO*3NOQ_x_K5W_
»�36J`HI5RD6D6-0B4/ 
4nr>�H���3NO�� ��-x_0_�n ¹  � 948

� �?1LO*B  ��� �?1LO*BE/4n*7y80n � ��YEFN-0H�OQ_�[J2MkY41`FN-0B4/ 
4nq¬¼5IHIFG1E3N5c~�J*FG5IDRn �`14B7?B4B]1LOQ_E¬¸5IHIFN143N5Qn
��5RYLO*3SFGMk5RBqF�J*V �[J2MkY41EFN5R3 �`HW-K5IB4HR5Qn�«�BE-x|25R36D6-xFC\iJ*Vp>�O*B4HTbE5RD6FN5R3In �*1EB45
¹   � 8

� �?14XLO  ��� �?14XLO ��n�».8xn �$OQXE_K5I3Rn�».8xn � =�5RY�J236F J*B FNb45i»<3NJ2/*3GO*MkM}-KBE/£¬�OQB4/21LO*/*5
��O*D �*5I_x_�
4n���5R36D6-0J2B ¹ 8 � n���5IYLO*36FNMk5RBqF!J*V �[J2MkY41EFN5R3 �`HI-05RBEHR5*n ��OQ_K5�«�BE- º
|25R36D6-xFC\2n�7�Y43S-0_ ¹   � 8

� �?1E· � 9 � �?1E·rMPO*BunP�8�7�8xn � �cb45 �Z\ZB]FNb45RDS-KD J*V �Z5R{]145RBqF6-©OQ_ �Z�%-xFGHTbE-0B4/ ��-03NHI1E-xFGD�
En
�*J2143NB4OQ_¸J*V�FGb45^,L3GO*B�]_x-0B�@CB4DSFN-xFG1EFN5*n ( � 
 n + nª>�OQ3NHTb ¹  � 94n`Y4Yu8 ¹ ) ¹ º ¹  � 8

� @Cw4wr5 
 ��� @Cw4wr5WFNFRn2=�8Q~^80n��cO*Y�J2Bun*».8 ��80n � �cb45���5I|*5I_0J2Y4Mk5RBqF<J*V`FGb45[>�« º � �[J2MkY41EFG5I3
�Z\ZD6FG5IM 
4n �[J2MkM�1EBE-KHROQFN-0J2B4D�J*V`FGb45�7 �%>�n ( ¹ n ¹ n �2O*B]1LO*3S\ ¹  
 � n�Y4Yu8 ¹ +mº²( 948

� @Cw4wr5 �q(�� @Cw4wr5WFNFRn�=�8U~^80n � �cbE5±7�3NHTb`-0FN5RHIFN143N5#J*V ��-K/2b »�5R36V�J*3NMPO*B4HI5 �[J*MPYE1EFG5I3ND�
En
>�O*HRM}-x_0_KO*Bun ¹  �q( 8

� @CB4MkJ �2)�� � @S> �!� ����� 7�3NHTb`-0FN5RHIFN143N5�
4n���5IHTb4BE-0H�OQ_z~?JQFG5 ) nL@CB4MkJ2D�¬u-0Mk-xFG5IXun ¹  �2) 8
� @CB4MkJ ����� � ��HRH�OQM ( =�5IV�5I3N5IB4HR5�>�O*B]1LOQ_�
4nª»<3N5IBqFN-0HR5 ��OQ_x_¸@CBqFG5R36BLOQF6-KJ2B4OQ_�n ¹  ��� 8
� @CB4MkJ ��� O � � �¸3GOQB4DNY41`FG5R3�=�5IV�5I3N5RBEHR5�>�O*B]1LOQ_�
4nª»<3N5IB]F6-KHI5 �?OQ_0_u@CB4H*8xn ¹  ��� 8
� @CB4MkJ  ¹ � � �cb45��  � ��� �¸3GO*B4D6Y41EFN5R3%»<3NJZX414HWFGD���|*5R36|]-05I�g>�O*B]1LOQ_�
4nE@CBEMPJ*D%¬u-KM}-xFG5RX n

¹   ¹ 8
� @CB4MkJ  ¹ O � � ��HIH�O*M ( ��JZJ*_0DN5WF�«�DN5I3�>�OQBZ14OQ_ 
EnL@CB4MkJ2D�¬¼-0M}-0FN5RXun ¹   ¹ 8
� @CB4MkJ  (�� � ��HRH�OQM + =�5IV�5R365RB4HI5>�O*B]1LOQ_�
4nL@CB4MkJ2D?¬¼-0M}-0FN5RXun ¹   ( 8
� @CB4MkJ  +�� � �cb45c�  ����� �¸3GOQB4DNY41`FG5R3 ��O*36XE�cOQ3N5c=�5IV�5I3N5IB4HR5c>�O*B]1LOQ_�
4n2@CB4MkJ2Dz¬u-KM}-xFG5RX n

¹   + 8



� � � &¼�W���������'� � (  +

� @CB4MkJ  + O � � ~�5IFC��J23 �]D�=�J21EFN5R3ND�O*B4X��¸3GO*B4D6Y41EFN5R3ND!
4n�>�O�\2n�>�8u�8xnu�cb4J2MkD6J2Bun¸».8 �i80n
� 5W_KHTbun�»�8��y8xn¸h��<XE-xFGJ236DWlTnL@S� �!»<3N5RD6DRnª@CB4MkJ2D?¬u-KM}-xFG5RX n ¹   + 8

� @CB]FN5 �2)�� � @CBqFG5I_#-K» �� �]\`DSFG5IM ��|25I36|]-05I� 
4n���3NXE5R3 ~?14Mywr5I3 + ¹ �2) ¹ �mº � � ¹ n±@CBqFG5W_
�`HI-05RBqFN-x¦LH �[J2MkY41EFG5I3NDIn ¹  �2) 8

� �*5I· �q(�� �*5I·r5R3ND6J2Bun?�80n �ZJ��%-0R3NOQ_�n��^80n � ,ªO*DSF �[J2BEHR14363N5RBqF �Z-0M�1`_©OQF6-KJ*B «�D6-0B4/$FGbE5
�[-KMk5 � O*3NY�>�5RHTbLOQBE-KD6M!n¸»zO*3SF�@T;r¬¸JZH�Om_ �[J*B]FN3NJ*_�
4n ��5IHTb4BE-0H�OQ_�=�5RY�J23SF�~ º
¹  �2)mº 7�,[nE=�7�~�� �[J23NY�J23NOQFN-0J2Bunª��5IHR5RMywr5I3 ¹  �q( 8

� �*5I· � � � �*5I·r5R3ND6J2Bun?�80n �ZJ��%-0R3NOQ_�n��^80n � ,ªO*DSF �[J2BEHR14363N5RBqF �Z-0M�1`_©OQF6-KJ*B «�D6-0B4/$FGbE5
�[-KMk5 � O*3NY±>�5RHTbLOQBE-KD6M 
4nª»<3NJZHR5R5IXE-0B4/2DcJ*V FGb45 ��� ����-KDSFG3S-Kw41`FG5RX �]-KMy1E_©O º
FN-0J2B �[J*BEV�5R365RB4HI5*n ��� � �]-KMy1E_©OmFN-0J2B �Z5R36-05RDIn ¹  � � nEY4Yu8 )2+mºC)  E8

� �*5I· � � O � �*5I·r5R3ND6J2Bun��8xn �`J��%-KI3GOQ_�n �y8xn � ��-036FN1LOQ_��[-0Mk5�
4n�7 �%> �¸3GO*B4DNO*HIF6-KJ*B4D!J2B
»�36J2/23NO*MkMk-0B4/�¬¸O*B4/21LOQ/25RD�O*B4X �Z\ZDSFG5RMkDIn 
 n + n��*1E_x\ ¹  � � n`Y4Yu8L9 � 9 º 9 ( � 8

� �*5I·� ��� �*5I·r5R3ND6J2Bun<�8xn � ��-036FG14OQ_��[-KMk5p@6@T; �ZFGJ23NO*/25p>�O*BLOQ/25RMk5RBqF-0B$��-0D6FN36-0w41EFN5RX
�Z-KMy1E_KOQFN-0J2B
4nP»<3NJZHR5I5RXE-0B4/2D�J*VPFGb45  QFNbi7�B4B]1LOQ_k7 �%> �Z\ZMkYrJ2DS-K1EM J2B
»�3S-KBEHI-0YE_K5yJ*Vz��-KDSFG36-0w41EFN5RX �[J2MkY41EF6-KB4/En�7?14/214DSF ¹   � n`Y4Yu8 
 � º �  E8

� �*bLO  +�� �*bLOEn ��80n �[O*/23NJZXE-KOEnr=^8 ¬�8xn � ��3NO*B4DNY4O*3N5IB]F�@CMkYE_05RMk5IB]FGOQFN-0J2B�J*V �[J2B4D65R3S|*O º
FN-x|25�7?_0/2J236-xFGbEMPDU-0B�»zO*3NOQ_0_05I_ �]-KMy1E_©OmFN-0J2Bp¬¸O*BE/21LO*/25ID�
4n]»<36J`HI5R5RX`-KB4/*D�J*V�FGbE5
¹   + � -0B]FN5R3 �Z-0M�1E_KOQF6-KJ2B �[J2BEV�5I3N5RBEHR5*n���5IHR5RMywr5I3 ¹   + n4YEYu8 ) 
�
�ºC)��2) 8

� �*J2B45 �*)�� �*J2B45RDIn4�8 �i8xn � �[J*B4HR14363N5IB]F �Z-0M�1E_KOQFN-0J2Bu;<7?Bp7�_0FN5R3NB4OQFN-x|25�FGJ��-0D6FN36-0w41EFN5RX
�Z-KMy1E_KOQFN-0J2B
4n¸»<36J`HI5R5RX`-KB4/*D^JQV'FNb45 ¹  �*) � -KBqFN5R3 �Z-0M�1E_KOQF6-KJ2B �[J2B`V�5R3N5IB4HR5Qn
��5RHR5IM�w�5R3 ¹  �2) n4Y4Yu8L9 ¹ 
�º 9 (Q+ 8

� �*J2B45 �  � �*J2B45RDIn��8 �i8xn�5IF¥OQ_�80n � � § Y�5R3S-K5IB4HR5g�%-xFGb �[J2B4HI143N365RBqF �Z-0M�1E_KOQFN-0J2B
En
»�36J`HI5R5IXE-KBE/2D�JQVPFNb45 ¹  �  � -KBqFG5I3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5RBEHR5*nP��5IHR5RMywr5I3
¹  �  EnEY4Yu8 
 � )�º 
*) 9E8

� �*J2B45 ��
�� �*J2B45RDInz»�80n � 7�B�� § FN3GO*HWFGJ23G½*¬¼JqO*X45I3^,ªJ*3�FGb45�>�« � º =?OQH�� 
En.».O*3��]-©,ªOQ_<@CB º
FG5R36BLOQ_¸��JZHR1EMP5IBqF�» �`,<½2>�«�½ � 
 ½ �¥»<9]½Q» �q½ ¹ nL��5RY4O*36FNMP5IBqF�J*V �[J2MkY41EFG5I3
�`HI-05RB4HI5*nr«?BE-x|25I3NDS-0FC\#J*VU>�O*B4HTbE5RD6FN5R3In ¹  � 
 8

� �*J2B45 � ��� �*J2B45RDIn�»�80ny>�1E36FTO`n�7�8xn � �`14Y4Y�J236F#V�J23���HRH�OQM �[b4O*B4B45W_KD�|]-KO���\ZBLO*M}-0H
�Z�%-0FNHTbE-0B4/�-0B}>�1E_xFN- º �¸3GOQB4DNY41`FG5R3U>�O*HTbE-0B45ID�
4n]��HIH�O*MiO*BEX^FNb45[�¸3GOQB4DNY41`FG5R3 º
=�5IDN5�OQ3NHTb�OQB4X!7�Y4YE_x-0H�OQF6-KJ2BEDRnª�<XE-xFGJ23%7?D �*5W��n ��8xn4@S� � ¹  ��� nEY4Yu8 ¹ � ¹ º ¹*¹ ( 8

� �*J2DN5  ��� �*J2DN5IY4b4DRn$>�8 �?80n�«?XEXE-KBE/4n��E8p��80n � ��5W_©O�\ º @CB4D65RB4DS-0F6-0|*5 ��-03NHI1E-xFGDR;�7?B
7?_0/25Rw43NOQ-0H 7?Y4Y436JqO*HTbiFGJ¯FGbE5I-03���5ID6-0/2B
4n¬¸5IHIFN143N5 ~?JQFG5RD�-0B �[J2MkY41EFG5I3
�`HI-05RB4HI5*n�9 � � n ¹   � n`Y4Yu8 + 9 (�º²+2)*) 8

� �*J2DN5  ¹ � �*J2DN5IY4b4DRn�>�8���nx84«�X4XE-0B4/4n �E8E��80n � 7�B±7�_K/*5Rw43NOyV�J23c��5W_©O�\ º @CBEDN5RBED6-xFN-x|25 ��-K3 º
HR1E-xF 
4nr»<3NJZHR5I5RXE-0B4/2D�JQVUFGb45 � J*3 �]DNb4J*Y�J2B �[J*MPYE1EFG5I3 º 7�-KXE5RX ��5R3S-0¦4H�OQF6-KJ2B n
��X`-0FNJ23ND ��143ND6bLO*Bunª=�80n ��_©O*3 �*5Qnr�%8�>�8xnL7�> � º 7 �%>�n ¹   ¹ nEY4Y 8 ¹ 9 
�º ¹ 
 � 8



� � � &¼�W���������'� � (  Q9

� �*J�\ZH � 
�� �*J�\ZHI5*n �E8xn[5WFpOm_�8xn � >#J2BE-xFGJ23S-KB4/���-0D6FN36-0w41EFG5IX �Z\ZDSFG5RMkD!
4n%7 �%> �¸3GO*BEDGO*H º
FN-0J2B4D�J2B �[J2MkY41EFG5I3 �Z\ZD6FG5IMkDRn � n ( nª>�O�\ ¹  � 
 n4YEYu8 ¹ ( ¹ º ¹ � � 8

� � �`= � ��5IB4XLOQ_x_ �`{]1LO*365�=�5RD65�O*36HTb �[J236YrJ23NOQFN-0J2Bun ¹ 
 � �¸3GO*HI5R3�¬�OQB45*n � OQ_xFGbLOQM#n
>�7 �q( ¹ � 9 º ¹ + 
  EnE« �`7�8

� �^Om_K1 
 � � �^Om_K14Y4O*bLO*BLO`n±�8 �E8xn � �cOQ14DGOQ_x-xFC\r;µ�cb45 �[5RBqFN3GOQ_�»�b`-0_0J2DNJ*Y4bq\ J*V �[14X º
X4bE-0DNM 
4n�«?BE-x|25I3NDS-0FC\�»<3N5IDND�J*V �?O��cOQ-x-�n ¹  
 � 8

� �^OQB45 � 
�� �^OQB45*n��k8xn � >�@²»�� = ( ��� � 7�3NHTb`-0FN5RHIFN143N5�
4n%»<3N5IBqFN-0HR5 ��OQ_x_%@CBqFG5I3NBLOQF6-KJ*BLOQ_�n
¹  � 
 8

� �^OmFG5 � � � �^OmFG5I|*5RBE-0DRn[>�8 �k8 �y8xn � =�5RX414HI5RX³@CB4DSFG3N1EHIFN-0J2B �`5WF��[J2MkY41EFN5R3}7�36HTbE-xFG5RH º
FG14365RDyV�J*3 ��¬ �`@ 
4n.7 �%> ��JZHIFGJ*3GOQ_'��-0DND65R36FGOQFN-0J2B�7?�[O*3NX ¹  � 94n��cb45p>�@²�
»�365RD6DRn ¹  � � 8

� ��5W_0_ 
 9 � ��5W_0_05R3In�=�8�>�8xn � �¸J��cO*36X4D#O³�cb45RJ23S\�J*Vy«?BE-x|25I3NDNOQ_ �`Yr5I5RX º @CB4X45IYr5IB4X45RBqF
>�J`XE1E_K5ID�
4n�@²���'� �¸3GOQB4DGO*HWFN-0J2B4DkJ2B �[J2MkY41EFN5R36DRn +q( n ¹ n �*14BE5 ¹  
 94n�Y4Yu8
( ¹ º²+*+ 8

� ��5I3NB � ��� ��5I3NBE-0B4/2b4O*Bun���8 �i80nZ=%-0FNHTbE-05*n`�8Z>�80n � �cbE5 � »�36J2/23NO*MkMk-0B4/y¬¸O*B4/21LOQ/25�
4n
»�365RBqFN-0HR5 ��OQ_x_¼@CBqFG5I3NBLOmFN-0J2BLOQ_�n ¹  ��� 8

� ��5I3N3 � 
�� ��5I3N3S-KX4/*5*n �E8xn � ��HRH�OQM »<3NJ2/*3GO*MkM}-KBE/4n]O�»<3GO*HWFN-0H�OQ_L7?Y4Y436JqO*HTb
4n �'_©O*H��q��5I_x_
�`HI-05RBqFN-x¦LHQn ¹  � 
 8

� ��BEJ�� ��
�� ��BEJ��%_05RDIn�7�8^�%8xn � ».O*3��Z-K,ªOQ_ º 7 »zOQ3GOQ_x_K5W_ �Z-0M�1`_©OQF6-KJ*B ,ªO*HI-x_0-xFC\ wLO*D65RX
J2B FNb45$�¸3GO*BEDNY41EFN5R3!
4n^»�365RD65RBqFG5IXiOQF�FNb45��ZHTb4J`JQ_yJQV ��-0/2bg»�5R3SV�J23NMPO*B4HI5
7�3NHTb`-0FN5RHIFN143N5ID�O*BEX�7�_K/2J*36-xFGb4MkDRnª»<3S-KMkJ236D �*JEn ��1E_K/2O*36-KOEn ¹  ��
 8

� ��BEJ�� �  � ��BEJ��%_05RDInU7�8��%8xn.@
_x_0-05I|�n�>�8 �r80n � >�J2B`-0FNJ236-0B4/�,�OQHI-x_0-xFN-05RDyJ2B�FNb45�»zO*3 �Z-©,ªOQ_
� º =�O*H���
4nL»<3NJZHR5I5RXE-0B4/2D%J*V¸FNb45 �[J2BL».O*3 
 ��� n �cO*M�w43S-KXE/25�«?BE-x|25I3NDS-0FC\!»<365RDNDIn
¹  ��� 8

� ��J*/2/ � ¹ � ��J*/2/25*n�»�8�>�80n � �cbE5P7?3NHTbE-xFG5IHIFN143N5�J*Vc»U-0Yr5W_0-0B45IX��[J2MkY41EFN5R36D�
4nz>�H ��3GO��
��-x_0_¸@CB4HQ80n ¹  � ¹ 8

� ��J*BLO  (�� ��J*BLO*DRn�».8xn �'5I��n�».8���8xn � �Z\ZB4HTb436J2B4J214D�»zOQ3GOQ_x_K5W_���-KD6HR365IFG5#�U|25IBqF �]-KMy1 º
_©OQF6-KJ*B¯J2B �ZbLO*3N5IX�>�5IMPJ*36\¯>�1E_xFN-0Y43NJZHR5IDNDNJ*3ND�
En?»<36J`HI5R5RX`-KB4/*D�J*V�FNb45 ) FNb
� J23 �]DNb4J2Y J2B¥»zO*3NOQ_x_K5W_�OQB4X¥��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2B�h�»r7�� �  ( lGn���� ��n
�2O*B]1LO*36\ ¹   ( n`Y4Yu8 ¹ (�º²( ¹ 8

� ��3NOQV 
  � ��3NOQV°F�n �}8¸�80n.��J�\*n �i8�~y8xn � >#-KB`-°½2>!-KHI3NJZHRJ2MkY41EFN5R3 ��O*36XE�cOQ3N5���5ID6-0/2B
4n
»�365RBqFN-0HR5 ��OQ_x_¼@CBqFG5I3NBLOmFN-0J2BLOQ_�n ¹  
  E8

� ��365R1 �*)�� ��365R1EFNR5I3Rn��i80n � �]\`DSFG5IM �]-KMy1E_©OmFN-0J2Bu; »<3NJ*/23GO*MkM}-0B4/ �ZFC\]_05RD�OQB4X ¬¸O*B º
/21LO*/25ID�
4nL7?X4XE-0DNJ2B � 5ID6_05I\*n ¹  �2) 8



� � � &¼�W���������'� � (  �

� ��3S-KD � � � ��3S-KD6b4BLO*My1436FNbE-�n�>�80n �[bLO*B4X43NO*DN5 �mO*3GO*B n¼«y8xn �`b45IY4YLO*36Xun �r8 �8xn � �[��J±7�Y º
Y43NJqOQHTb45RDcFNJ�FGb45�@CMPY`_K5IMP5IBqFTOQF6-KJ2B!J*V�O���-KDSFG36-0w41EFN5RX �Z-0M�1`_©OQF6-KJ*B �Z\ZD6FG5IM 
4n
»�36J`HI5R5IXE-KBE/2D�JQVPFNb45 ¹  � � � -KBqFG5I3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5RBEHR5*nP��5IHR5RMywr5I3
¹  � � nEY4Yu8L9 + � º 929 + 8

� ��1EM�O  ��� ��1EM�OQ3Rn.�80n ��O*36J214DIn �r8xn � 7�B 7?Y4Y436JqO*HTb$�¸J��cOQ3NX4D���-KDSFG36-0w41EFN5RX �]-KMy1E_©O º
FN-0J2B±J*V.�[-KMk5IX�»�5IFN36-¸~�5IFGD!
P»�36J`HI5R5IXE-KBE/2D%J*V¸FGb45 ¹   � � -0BqFG5I3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5*nr��5RHI5RM�w�5R3 ¹   � nEY4Y 8L9 ( �mº 9 + � 8

� ��1EM�O  ¹ � ��1EM�OQ3Rnk�8xn ��O*36J214DIn��r80n � ��5�O*XE_0JZH�� X45WFG5RHWFN-0J2B OQB4X�=�5RHIJ�|25R3S\ �cO*D65RX
��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bu;³7A».5I36V�J236MPO*B4HR5 �ZFN14XE\ 
�»<36J`HI5R5RX`-KB4/*D�J*V^FGbE5
¹   ¹ � -0B]FN5R3 �Z-0M�1E_KOQF6-KJ2B �[J2BEV�5I3N5RBEHR5*n���5IHR5RMywr5I3 ¹   ¹ n4YEYu8 )����mºC) ¹ 
 8

� ��1EB4/  *9 � ��1EB4/4n �^82��8xn � � -x_0_4��Mk5I3N/*-0B4/ ��-0/2b �ZYr5I5RXP~?5WFC�[J23 �]D�»�36J�|Z-0X45�O��ZJ*_K1`FN-0J2B
FGJ�»zO*3NOQ_0_05I_�7?3NHTbE-xFG5IHIFG1E3N5RD ��
4n ¬¼5IHIFG1E3N5�-KB#FGb45 �Z- § FGb�@CBqFN5R3NB4OQFN-0J2BLOQ_ �`HTbEJ`J*_
,ªJ*3 �[J2MkY41EFG5I3 �ZHI-05RB4HI5�=�5RD65�O*36HTb45R36DRn �*1E_0\ ¹   *94n4¬¼-0YLO*3S-�n �]-KHW-0_x\28

� ¬�OQMPY 
 ��� ¬�OQMPY�J23SF�nq¬<8xn � �[-0MP5Qn ��_KJZH��]D�O*B4XFNb45���3NX45I36-0B4/�J*V��U|25IBqFGD<-KBk��-0D6FN36-0w41EFN5RX
�Z\ZD6FG5IMkD�
��[J2MkM�1EBE-KHROQFN-0J2B4D�J*V FNb45�7 �%>�n ( ¹ n 
 n��*1E_x\ ¹  
 � nqY4Y 8 ��� �mº � ) � 8

� ¬�OQ1 ����� ¬�OQ1un�,�8 ��8�>�8xn��`bE5�OEn �k8c>�8xn � >�OQY4YE-0B4/ O�»�36J`HI5RD6D�~�5IFC��J23 � J*B]FNJ³O
»�36J`HI5RD6DNJ23�~?5WFC�[J*3 ��
4n-0B � ��HRH�OQM O*B4XgFNb45³��3NO*B4D6Y41EFG5I3 º =�5IDN5�OQ3NHTb OQB4X
7�Y4YE_x-0H�OQF6-KJ2BED�
4n��<XE-xFGJ23�7�D �*5W��n ��8xnL@S� � ¹  ��� nEYEYu8  ¹ º ¹ ��� 8

� ¬�O�|*5 �2+�� ¬�O�|*5RB]wr5I3N/4n �r8xn�>�14BqFGQn =�80n � ».5R3SV�J23NMPO*BEHR5i7�BLOm_0\ZD6-0D�J*V�O =�J*_0_0wLO*H��
>�5IFNb4J`X V�J23¥��-KDSFG36-0w41EFN5RX �]-KMy1E_©OmFN-0J2B
4n³»�5R36V�J*3NMPO*B4HI5 ¹  �2+ n$�U_KD65I|]-05R3
�`HI-05RB4HI5»<14wu8xnª~?J*36FGb �?JQ_0_KO*B4Xun ¹  �2+ n`Y4Yu8 ¹2¹ 
�º ¹ +q( 8

� ¬�O�|]- 
 ��� ¬�O�|]-0B4/*FGJ*Bun �r8 �y8xn � �cb45#>�O*B4HTb45ID6FG5I3�>�O*3 ��@^O*B4X³7cFN_KO*DR;�7 ��-0D6FNJ236-0H�Om_
».5R36DNY�5RHWFN-x|25�
En �[J2MkM�14BE-0H�OmFN-0J2B4D�J*VUFNb45�7 �%>�n ( ¹ n ¹ n �2O*B]1LO*3S\ ¹  
 � n�Y4Yu8
9 º ¹ ( 8

� ¬�OQRJ  +�� ¬�OQRJ���D �mOEnE��8`�8��ZFTOmFG5RMk5IB]F%OQF�FNb45�«^8 ��8 ��J214DN5?J*V¸=�5RY4365RD65RBqFTOQF6-0|*5RD �`14w º
HRJ2MkM}-0F6FG5I5PJ*B �`HI-05RB4HI5*n �?5RO*36-0B4/±J2B�FNb45 ��-0/2b�».5I36V�J236MPO*B4HR5��[J*MPYE1EFN-0B4/
O*B4X ��-0/2b �ZYr5I5RX�~?5IFC��J23 �]-0B4/�7�HIF�J*V ¹   + n �y8 =�8 ¹ 
 � 
 8

� ¬¸5I1  (�� ¬¸5I1un¯�%8xn �`HTb`-KY�5R3In¯7�8xn � ».O*3GO*=�5 § ; 7 YE3NJ2/23NO*MkM}-KB4/ �<Bq|]-K36J2B4Mk5RBqF
@CB]FN5R/23NOQFN-0B4/ � § 5IHR1EF6-KJ*B =�5RYE_KO�\�O*B4X ��-0DN1LOm_0-0�OQF6-KJ*B
 -0B � �<Bq|Z-03NJ*B4Mk5RBqFGD
O*B4X��¸JZJ*_KD�V�J23�»zOQ3GOQ_x_K5W_ �`HI-05RBqFN-x¦LH �[J*MPYE1EFTOQF6-KBE/ 
4n��<XE-0FNJ23ND?��J2B4/2O*3N3NOEn �E80n
��J21E3GO*B4HTbE5R5�OQ1un��?80nL�U_0DN5W|Z-05R3 �`HI-05RBEHR5»<14w`_0-0DNb45I3NDIn ¹   ( nEYEYu8 ¹ � � º ¹ 
 � 8

� ¬¼-0B �  � ¬¼-0Bun �8 ��8xn�¬¸O*RJ���D �QO`n?�%8xn � � § YE_KJQ-0F6-KB4/³¬¼JZJ �mO*b45RO*X -0B »zOQ3GOQ_x_K5W_��]-KMy1 º
_©OQF6-KJ*B
��¸5RHTb4B`-KHROQ_�=�5RY�J236F �  º ¹ �mº²) n.��5IYLO*3SFGMk5RBqFJQV �[J2MkY41EFN5R3 �`HW-K5IB4HR5Qn
«?BE-x|25I3ND6-xFC\�J*V � O*D6bE-KBE/*FGJ2B n ¹  �  E8

� ¬¼-0B �  *O � ¬¼-0Bun �8 �?80n��[O*5R3In �E8?¬<8xn�¬¸O*RJ���D �QO`ny�%8xn � ��OQ-0_0J23S-KB4/ O »zO*3NOQ_0_05I_y�¸3GO*HI5
��36-x|25RB �Z-0M�1E_KOQFN-0J2B ��5IHTb4BE-0{Z1E5 FGJ �`Y�5RHW-0¦LH >�1E_xFN-0Y436J`HI5RDND6J23 �cOQHTb45 �[J º
b45R365RB4HI5�»<36J*FGJZHRJ*_0D�
Enu»<3NJZHR5I5RXE-0B4/2D�J*V<FNb45 ¹  �  ��� ��>�1`_0F6-KHIJ2BEV�5R365RB4HI5kJ2B



� � � &¼�W���������'� � (  )

��-KDSFG36-0w41EFN5RX �]-KMy1E_©OmFN-0J2Bun���� � �Z-0M�1`_©OQF6-KJ*B �`5R3S-K5IDRn >�O*36HTb ¹  �  `nLY4Yu8 ¹  ¹ º
¹  ) 8

� ¬¼-0B  ��� ¬¼-0Bun �}8 �?80n ¬�OQRJ���D �mOEn¼�%8xn �cOQ5R3Rn �E8u¬<8xn � �[J2BEDN5R3S|QOQFN-x|25k».O*3GOQ_x_05I_ �]-KMy1E_©O º
FN-0J2B�V�J23��]\`DSFG5IMPD��%-xFGb�~�J!¬¸JZJ �mO*b45RO*X�»<3N5IXE-0HIFN-0J2B
En¼»<3NJZHR5R5IXE-0B4/2D�J*V�FGbE5
¹   � ��� ��>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5?J2BP��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bun��� ���Z-KMy1E_KOQFN-0J2B
�`5R3S-K5IDRn �2O*B]1LO*3S\ ¹   � n`Y4Yu8 ¹ 9*9 º ¹ 9  E8

� ¬¼-0B  � O � ¬¼-0Bun �8 ��80nª¬¸O*IJ���D �mOEn��%80n � ��5WFG5I3NM}-KB`-KB4/kFGbE5 ��_KJ*wLOQ_ �?-K3SFG1LOQ_¼�[-KMk5�-KB�O
��-KDSFG36-0w41EFN5RX±�<Bq|]-K36J2B4Mk5RBqF�
4n4�¸5RHTb4B`-KHROQ_u=�5RY�J23SF  �mº � ¹ º �q( n2��5RYLO*3SFGMk5RBqF�J*V
�[J2MkY41EFG5I3 �ZHI-05RB4HI5*n�«?BE-x|25I3NDS-0FC\�J*V �$O*D6bE-0B4/*FGJ*Bun ¹   � 8

� ¬¼-0B  � w � ¬¼-0Bun �8 ��8xn�¬¸O*IJ���D �mOEn±�%8xn � =�5RX414HW-KBE/iFNb45 �ZFGOQFG5 �EO�|]-KB4/���|25I3Nb45RO*X
V�J23��[-KMk5 �$OQ3NY »zO*3NOQ_0_05I_ �]-KMy1E_©OmFN-0J2B
4n ��5IHTb4BE-0H�OQ_ =�5IYrJ*36F  �mº �q(�º �2+ n
��5RYLO*3SFGMk5RBqF?J*V �[J2MkY41EFG5I3 �`HI-05RB4HI5*nr«?BE-x|25I3NDS-0FC\#J*V �$OQDNbE-0B4/*FNJ2Bun ¹   � 8

� ¬¼-0B  � H � ¬¼-0Bun �8 ��80nª¬¸O*IJ���D �mOEn��%80n �cOm-0_05I\*n�>�8�¬�8xn � �[J*MPY4O*36-0B4/ �Z\ZB4HTb43NJ*BE-KROQFN-0J2B
»�36J*FGJZHRJQ_KD¸V�J23�»zO*3NOQ_x_K5W_E¬¼J2/Q-KH�¬¼5I|25W_ �]-KMy1E_©OmFN-0J2B
4n*»�36J`HI5R5IXE-KBE/2DzJ*V`FGb45 ¹   �
@CB]FN5R36BLOQFN-0J2BLOm_��[J*BEV�5R365RB4HI5[J2B�»zO*3NOQ_0_05I_`»<3NJZHR5IDNDS-KB4/En*7�1E/214D6F ¹   � nQYEYu8 (2(*+mº
(2(�
 8

� ¬¼-0B  (�� ¬¼-0Bun��8 ��8xn � >�5IMkJ236\±>�O*BLO*/*5RMk5RBqF�7?_0/2J23S-0FNb4MkDcV�J23���YEFN-0M}-KDSFN-0H�»zO*3NOQ_x_K5W_
�Z-KMy1E_KOQFN-0J2B
4n�»<3NJZHR5I5RXE-0B4/2DkJ*V�FGb45 ) FGb�� J*3 �]DNb4J*Y J*B ».O*3GOm_0_05I_�O*BEX³��-KD º
FG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2B�h�»r7�� �  ( lGn ��� �rn �2O*B]1LOQ36\ ¹   ( n4Y4Y 8L9 +mº � ( 8

� ¬¼-0B �  ¹ � ¬¼-0Bun �k8 �E80n ¬u-KBun ��8 �r8xn � 7?1EFGJ*M�OmFN-0H �Z\ZB]FNb45RDS-KD J*V 7�DS\`BEHTb43NJ2BEJ214D
��-K36HR1E-xFGD!
4n�»�36J`HI5R5IXE-KBE/2D?JQVU��7 ��n ¹   ¹ n`Y4Yu8 (  )mº²+�� ¹ 8

� ¬¼-0B �  (�� ¬¼-0Bun �}8 �E8xn�¬u-KBun���8 ��80n � 7¶=�5�Om_0-0�OQF6-KJ*B 7?_0/2J23S-0FNb4M J*V�7�DS\`BEHTb43NJ2BEJ214D
��-K36HR1E-xFGD�V�3NJ2M �E� � 
EnL»<3NJZHR5R5IXE-0B4/2D�J*VU����7 ��n ¹   ( nEY4Yu8 +q(2(�ºC+q(*) 8

� ¬¼-0B �  ( O � ¬¼-0Bun �}8 �E80nE¬u-KBun���8 �r8xn � ��BpFNb45���5I36-x¦LH�OQF6-KJ*B±J*V �ZFTOmFG5 º �[J`X`-KB4/-0B �E� ��D�
4n
»�36J`HI5R5IXE-KBE/2D?JQVU@	� �[7�� ¹   ( n ¹   ( n4Y4Yu8 ¹2¹ ��º ¹ (2( 8

� ¬¼-0B4H �q(�� ¬¼-0B4HIJ*_KB n¸~y8u=�8xn � �¸5RHTb4B4JQ_KJ2/Q\�O*B4X���5ID6-0/2B���3NO*X45IJ*· D�-0B�FGbE5��[3N5�OmFN-0J2B�J*V
O±>�JZX45R36B �`14Y�5R3NHIJ2MkY41EFN5R3�
Enu@²���'� ��3NO*B4DNO*HIF6-KJ2BED�J2B �[J2MkY41EFN5R36DRn + ¹ 8 � 8
>�O�\ ¹  �q( n`Y4Yu8 +2)*+mº²+ 
Q) 8

� ¬¼-0B4X  +�� ¬¼-0B4X4DNO�\2n2�8xn � �cb45'¬u-KM}-xFGD¸J*V��[bE-0Y��¸5RHTb4BEJ*_KJ*/*\ 
4nq>#-0HR36J2Y436J`HI5RDND6J23�=�5IYrJ*36F�n

 n ¹ n��2O*B]1LOQ36\ ¹   + n4Y4Y 8 ( ¹ ºS( 948

� ¬¼-01  ��� ¬¼-01un*¬�8 �z8xn*�¸3NJ2YEYr5I3Rn ��8xn � ¬¼JZH�OQ_Z��5RO*XE_0J`H��^��5WFG5RHWFN-0J2B�-0B��-0D6FN36-0w41EFG5IX �Z-0M º
1E_©OmFN-0J2B4D�
^»<3NJZHR5I5RXE-0B4/2D<JQV�FNb45 ¹   � ��� �k>�1E_xFN-0HRJ2B`V�5R3N5IB4HR5�J2Bk��-0D6FN36-0w41EFN5RX
�Z-KMy1E_KOQFN-0J2Bun ��� � �Z-0M�1E_KOQFN-0J2B �`5R3S-K5IDRn �2O*B]1LO*3S\ ¹   � n4Y4Yu8 ) 9 º²)  E8

� ¬¸J*/*- � � � � »<3NJ2Y�J2DGOm_LFGJ�FGb45�7?_x|25W\P��-K365RHWFGJ23NOQFG5%V�J23'O�»zO*3NOQ_x_K5W_ �]-KMy1E_©OmFN-0J2B�,ªO*HW-0_x-0FC\ 
4n
¬¸J*/*-KHRO�«^8 ��¬uFGXu8xnL7�Y43S-0_ ¹  � � 8



� � � &¼�W���������'� � (  


� ¬¸J*MPJ ����� ¬¸J*MPJ���n��}8xn25IFUOQ_�8xn � 7�».5I36V�J236M�OQB4HR5 �]FG14XE\yJ*V��[-0Mk5 �$OQ3NY
4n*»<3NJZHR5R5IXE-0B4/2D
J*V�FGbE5 ¹  � � ��� ��>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5¯J*B ��-KDSFG3S-Kw41`FG5RX �Z-KMy1E_KOQFN-0J2Bun ��� �
�Z-KMy1E_KOQFN-0J2B �Z5R36-05RDIn �*1E_0\ ¹  ��� nEY4Yu8 � �mº � � 8

� ¬¸J*14H  ��� ¬¸J*14H��]DRn �i8L>�8xnL»<3N5W-KD6DRn ��8L=�8xn � �cb45�=�J*_05�J*V ��B4J��%_K5IX4/25�-0B���-0D6FN36-0w41EFN5RX
�Z-KMy1E_KOQFN-0J2B
4n�»<3NJZHR5R5IXE-0B4/2D!J*V�FGb45 ¹   � ��� ��>�1`_0F6-KHIJ2BEV�5R365RB4HI5�J*B���-KD º
FG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bun ��� � �Z-0M�1E_KOQFN-0J2B �`5R3S-K5IDRn �2O*B]1LO*3S\ ¹   � n4Y4Yu8  º ¹ ) 8

� ¬¸1EwLO ����� ¬¸1EwLO*HTb45W|`D �q\2n ��8L�8xn � �[J*14B4X45IX�¬¸O*/k��-0D6FN36-0w41EFN5RX���-KD6HR3N5WFG5��U|25IBqF �]-KMy1 º
_©OQF6-KJ*B
4nr»�36J`HI5R5IXE-KBE/2D�J*VzFGb45 ¹  ��� ��� ��>�1`_0F6-KHIJ2BEV�5R365RB4HI5}J2B���-0D6FN36-0w41EFN5RX
�Z-KMy1E_KOQFN-0J2Bun ��� � �Z-0M�1E_KOQFN-0J2B �`5R3S-K5IDRn �*1E_x\ ¹  ��� n4Y4Yu8 ¹ �*+mº ¹  ¹ 8

� ¬¸1EwLO �  � ¬¸1EwLO*HTb45W|`D �q\2n ��8Z�8xn � �`H�OQ_KO*wE-x_x-0FC\�J*V FNb45 �[J214B4XE5RX±¬¸O*/���-KDSFG36-0w41EFN5RXp��-KD º
HR3N5WFG5%�U|*5RBqF��Z-0M�1E_KOQF6-KJ2B 
4nq»<3NJZHR5I5RXE-0B4/2D.J*V4FGbE5 ¹  �  ��� �>#1E_0F6-KHIJ2BEV�5I3N5RBEHR5
J2B���-0D6FN36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bun ��� � �]-KMy1E_©OmFN-0J2B �Z5R36-05RDIn%>�OQ3NHTb ¹  �  En�Y4Yu8
¹ ���mº ¹ � 
 8

� ¬¸1EwLO �  2O � ¬¸1EwLO*HTb45W|`D �q\2n ��8��8xn��`bq�[O*36FN*n�7y80n � 5W-KD6DRn�7�8xn � =�J*_x_0wLO*H�� �`J*MP5WFN-0Mk5RD
� J23 �]D�8R8R86@
V�,.-0_xFG5I3N5IX
4n»<36J`HI5R5RX`-KB4/*D�J*VkFGb45 ¹  �  � -0BqFG5I3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5�
4n���5IHR5RMywr5I3 ¹  �  En4YEYu8 )2+��mºC)2+  E8

� ¬¸1EwLO �  *w � ¬¼14w4O*HTb45I|ZD �]\*n���8z�8xn � � �PHW-K5IB]F}��-KDSFG36-0w41EFN5RX³�U|25IBqFk��-0|*5RB �Z-0M�1`_©OQF6-KJ*B4D
J*V >�1E_xFN-0YE_K5�¬¼JZJ2Yk~?5WFC�[J*3 �]D�
4n��[J2MkMy14BE-0H�OQF6-KJ2BED�J*Vª7 �%>�n +q( n ¹ n �2O*B]1LO*36\
¹  �  EnEY4Yu8 ¹2¹2¹ º ¹ (*+ 8

� ¬¸1EMPY  (�� ¬¸1EMPYEYun �E8<�%8xn�5WFPOQ_�80n � �`Y�5RHW-0¦4H�OQF6-KJ2B O*B4X³@CX45IBqFN-x¦LH�OQF6-KJ*B�J*V?�U|25IB]FND�V�J23
��5Rw414/*/*-KBE/�O*B4X�»�5R3SV�J23NMPO*B4HI5!>�J2B`-0FNJ236-0B4/�JQV���-KDSFG36-0w41EFN5RX³>#1E_0F6-KYE3NJZHR5RD º
DNJ23 �Z\ZDSFG5RMkD!
4n�»<3NJZHR5I5RXE-0B4/2D!J*V�FGbE5 ¹ � FGb @CBqFN5R3NB4OQFN-0J2BLOQ_ �[J2BEV�5R365RB4HI5�J2B
��-KDSFG36-0w41EFN5RX �[J2MkY41EFN-0B4/ �Z\ZD6FN5RMkDRn�@²���'�%n ¹   ( n4Y4Yu8L9 
*)mº 9 �2+ 8

� >�OQ_0J  ��� >�OQ_0J2Bq\2n�7�nc~�-KHTbEJ*_KDIn �}8xn � �ZFTO*BEXLO*3NXED � J*3 �q-KBE/ ��36J214Y �`14MkMPO*3S\�
En�-0B
� ».5I36V�J236M�OQB4HR5@CBED6FG3614Mk5RBqFTOmFN-0J2B�O*B4X �?-KD61LOQ_x-KROQFN-0J2B
4nu��X`-0FNJ23ND �]-KMkMkJ2B4DIn
>�80n ��J2D �*5W_©OEn�=�80nL7?X4XE-0DNJ2B ��5RD6_05I\*n ¹   � 8

� >�O*B��  +�� >�O*B��C- �q-©O*B n�~^80nk¬¼J21EH��ZDIn��i8^>�80n � ��-K/*b�»�5R36V�J*3NMPO*B4HI5¯»zOQ3GOQ_x_K5W_P¬¼J2/*-0H
�Z-KMy1E_KOQFN-0J2B J2B�O$~�5IFC��J23 � J*V ��J23 �]DSFTOQF6-KJ2BED�
4n?»<3NJZHR5R5IXE-0B4/2D±J*V�FNb45 
 FNb
� J23 �]DNb4J2Y J2B¥»zO*3NOQ_x_K5W_�OQB4X¥��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2B�h�»r7�� �  + lGn���� ��n
>�O�\ ¹   + n`Y4Yu8 
*)�º � 948

� >�O*36-  (�� >�O*36-0B45IDNHR1 n4�8q5IF�OQ_�8xn � >�J`XE5I_0D'V�J23'>#J2BE-xFGJ23S-KB4/yO*B4Xp��5Rw41E/2/*-0B4/^��JZJ*_0D'V�J23
»zO*3NOQ_0_05I_ZOQB4X���-0D6FN36-0w41EFN5RX �`J*V°FC�[O*3N5�
4n �*J*143NBLOm_]J*V4».O*3GOm_0_05I_ZO*BEXy��-0D6FN36-0w41EFN5RX
�[J2MkY41EFN-0B4/4nª7?H�O*X45IM}-KHy»<3N5RD6DRn �*14B45 ¹   ( n4Y4Y 8 ¹ 
 ¹ º ¹ � 948

� >�O*36F � � � >�O*36F6-KB nq7�8 �E8xn � ��-0D6FN36-0w41EFG5IX�>�1EFG14OQ_L� § HI_014D6-0J2BPJ2BPO�=%-KB4/�JQV »<36J`HI5RDND65RD!
4n
�`HI-05RB4HI5�J*V �[J2MkY41EFN5R3�»<3NJ2/*3GO*MkM}-KBE/4n � n ¹  � � nEY4Y 8 (*) � º²(�
*) 8



� � � &¼�W���������'� � (  �

� >�O*36F � � O � >�O*36F6-KB n�7�8 �E80n � �cb45�XE5RD6-0/2BgJ*V�O �Z5I_xV º FN-0Mk5RXgHW-K36HR1E-xF�V�J23���-0D6FN36-0w41EFN5RX
>�1EFG14OQ_c� § HI_014DS-KJ2B 
4n�»<3NJZHR5R5IXE-0B4/2D}J*VcFNb45 ¹  � � �[bLO*Y�5I_���-x_0_ �[J2BEV�5I3N5RBEHR5
J2B ��¬ �`@Tn �[J2MkY41EFN5R3 �`HI-05RB4HI5�»<365RDNDIn ¹  � � 8xn4Y4Y 8 ( 9 
�º²(*)�� 8

� >�O*36F � � w � >�OQ36FN-0Bun<7y8 �E8xn � 7¢��5W_©O�\ º @CBEDN5RBED6-xFN-x|25�,�Om-K3y7�3Nw`-0FN5R3�
En���5IHTb4BE-0H�OQ_�=�5RY�J23SF
�`¹  + ; �%=�; � � n �[J2MkY41EFN5R3 �`HI-05RB4HI5���5IYLO*3SFGMk5RBqF�n �cOm_0FN5RHTbun ¹  � � 8

� >�O*36F �2)�� >�O*36F6-KB n�7�8 �E8xn � �[J2MkYE-x_x-KB4/ �[J2MkM�14BE-0H�OmFN-0B4/ »<3NJZHR5IDNDN5ID¯-KBqFNJ ��5I_KO�\ º
@CB4DN5IB4D6-xFN-x|25 ��¬ �Z@ ��-K36HR1E-xFGD!
���-KDSFG3S-Kw41`FG5RX��[J2MkY41EFN-0B4/4n ¹ n.9En.7?Y436-x_ ¹  �2) n
Y4Yu8 (2(*)�ºS(*+ 9E8

� >�O*36F �  � >�O*36F6-KB n�7�8 �E80n � ,LJ23NMPOQ_�»<3NJ2/23NO*M ��3NO*B4D6V�J*3NMPOQFN-0J2B4D±V�J23 ��¬ �`@ ��-K36HR1E-xF
�Z\ZB]FNb45RDS-KD!
4n�«�� �'5�O*3kJ*V�»<3NJ2/23NO*MkM}-KB4/�@CB4DSFN-xFG1EFN5�J2B ,LJ23NMPOQ_���5W|25W_KJ2Y º
MP5IBqFGD�J*V`»�36J2/23NO*MkD¸O*B4X^»<3NJZJ*V�DRnm�<XE-xFGJ23¸��- � �]D6FG3NOEnm�%8 �i8xnQ7?X4XE-0DNJ2B ��5RD6_05I\*n
¹  �  E8

� >�O*36F �  2O � >�O*36F6-KB n[7�8 �E8xn'5IF�OQ_�80n � ��5RDS-K/2B J*V�O*B³7�DS\`BEHTb43NJ2BEJ214D!>#-0HR36J2Y436J`HI5RDND6J23�
En
7�XE|QO*B4HI5RX =�5IDN5RO*3NHTb -0B ��¬ �`@ ¹  �  En�»<36J`HI5R5RX`-KB4/*D¥JQV�FNb45g��5IHR5RBEBE-©Om_
�cOQ_0FN5RHTb �[J2BEV�5R365RB4HI5�J2B ��¬ �Z@Tn ¹  �  EnEY4Yu8 + �`¹ º²+ 
*+ 8

� >�O*36F �  *w � >�OQ36FN-0Bunk7�8 �E8xn � �cb45³¦L3NDSF$OQD6\ZB4HTb436J2B4J214D$>#-0HR3NJ*Y43NJZHR5IDNDNJ*3�
g�¸5RHTb4B`-KHROQ_
3N5RY�J23SF � � º �%= º �  º �2) n��[J2MkY41EFG5I3 �`HI-05RB4HI5��5IYLO*36FNMk5RBqF�n �cOQ_xFG5IHTbun ¹  �  `8

� >�O*36F  ��� >�O*36F6-KB n?7y8 �E8xn � �]\`BqFNb45RDS-KD!J*V�7?D6\ZB4HTb436J2B4J214D ��¬ �`@ ��-03NHI1E-0FND�
4n�,LJ23NMPOQ_
>�5IFNb4J`XEDzV�J23 ��¬ �`@¸��5ID6-0/2Bunq�<XE-xFGJ23 �ZFGO*14B4DSFG3N1EYun��E8xn2~?J*36FGb �?J*_x_©OQB4Xun ¹   � 8

� >�OQFNF ����� >�OQFNFN5R36Bun�,[8xn � ��-036FN1LOQ_^�[-0MP5 O*B4X ��_0J2wLOm_ �ZFTOQFN5RD#J*V}��-0D6FN36-0w41EFN5RX �]\`D º
FG5RMkD!
4nk»<3NJZHR5R5IXE-0B4/2D�J*VkFGb45�@CBqFN5R3NB4OQFN-0J2BLOQ_ � J23 �]DNb4J2Yi-0B�».O*3GOm_0_05I_kOQB4X
��-KDSFG36-0w41EFN5RX�7?_0/2J236-xFGbEMPDIn ��5I3NDInª,ª3NO*B4HI5*n���HIFNJ2wr5I3 ¹  ��� n4Y4Yu8 ( ¹�� ºS(2(Q) 8

� >�O�\  Q9 � >�O�\2n��8xnc@CBq|Z-xFG5IX�¬¼5RHIFN143N5Qn � J23S_KX���3NO*B4D6Y41EFG5I3 �[J2B4/*3N5RD6D ¹   *94n �[J2MkJ4n
@
FTOQ_x\2n �`5IYEFG5IM�w�5R3 ¹   *948

� >�H�¬¸O  (�� >�H�¬¸O*365RBung=�8xn � @CB4DSFG3614Mk5RBqFTOQF6-KJ*B O*BEX ».5R3SV�J23NMPO*BEHR5 >�J2BE-xFGJ*36-0B4/¨J*V
��-KDSFG36-0w41EFN5RX �]\`DSFG5IMPD!
4ny»�36J`HI5R5IXE-KBE/2D�J*VFNb45 � FGb ��-KDSFG36-0w41EFN5RXi>#5RMkJ236\
�[J2MkY41EFN-0B4/ �[J2BEV�5R365RB4HI5*nª@²������n ¹   ( n4Y4Y 8 ¹2¹ ���mº ¹2¹ �2) 8

� >�5�O*X ����� >�5�O*X n ��8�7�8xn��[J2Bq�cO�\2n*¬<8�7�8xn � @CBqFN3NJZX414HIF6-KJ*B^FNJ ��¬ �`@ �Z\ZDSFG5RMkD!
4n27�XEXE-KD6J2B
� 5ID6_05I\2n ¹  � � 8

� >�5RB4/ �  � >�5RB4/En2��8 �^8 �}8xn��[36J`XE5R3ND65RBunQ=�8 �i80nQ>�5IDNDN5I3ND6HTb4M}-KXEF6F�nZ�8��}80n � 7?1EFGJ*M�OmFN-0H
�Z\ZB]FNb45RDS-KDkJ*V�7?D6\ZB4HTb436J2B4J21ED���-K36HR1E-xFGDV�36J2M ��-0/2b º ¬¼5W|25I_ �`Y�5RHI-x¦LHROQFN-0J2B4D!
4n
@²�'��� �¸3GO*BEDGO*HWFN-0J2B4D�J2B �[7��n � n ¹2¹ nL~?J�|25IM�w�5R3 ¹  �  `n4Y4Yu8 ¹2¹ � � º ¹ ( � � 8

� >�5R363  ��� >�5R3636-x¦L5I_0Xun ��8 ��80n�=%-KHTbLOQ3NX4D6J2Bun �r8 ��8xnª=�J2w�5R3SFGDIn �E8 ��8 �}8xn � ��1LO*BqFN-xFTOQF6-0|*5
�ZFG14X`-K5ID[J*Vu��-KD6HR3N5WFG5��<|*5RBqF �Z-0M�1`_©OQF6-KJ*B±>�JZX45I_x_x-KB4/yJ*V¼=�JqO*Xp��3NO �PH�
4nZ»<3NJ º
HR5R5IXE-0B4/2D�JQVzFGbE5 ¹   � ��� ��>�1`_0F6-KHIJ2BEV�5R365RB4HI5�J2B���-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQF6-KJ2B n
��� � �Z-0M�1`_©OQF6-KJ*B �`5I36-05RDIn �2OQBZ14O*36\ ¹   � n4YEYu8 ¹ ���mº ¹  + 8



� � � &¼�W���������'� � (   

� >#-0_x_ ) � � >#-0_x_05R3Rn$=^8!�%8xn � �`5I{]145RBqFN-KOQ_ ��-K36HR1E-xFGD!
4n �[bLOQYEFG5I3 ¹ � n�@CB � �Z�%-xFGHTbE-0B4/
�cb45RJ23S\ 
4n � -0_05I\*nr~�5I� �'J23 �ªn ¹  ) � 8

� >#-KD63 �2)�� >#-KD63GOEn �E80n � ��-0D6FG3S-KwE1EFG5IX!��-KD6HR3N5WFG5 º �U|25IB]F �Z-0M�1`_©OQF6-KJ*B
4nE7 �%> �[J*MPYE1EFN-0B4/
�`1436|*5I\ZDRn ¹ � n ¹ n�>�O*36HTb ¹  �2) n4Y4Y 8 +  º²) � 8

� >#-0FN3 � 9 � >#-0FN3GOEn$�80n >#-xFG3GOQBE-�n @T80n � 7�BLOm_0\ZD6-0D OQB4X ��YEF6-KMy14M ».5I36V�J236M�OQB4HR5 J*V
�[�[Jp>�5RD6DGO*/*5y».O*DNDS-KBE/p».O*3GOQ_x_05I_¸»<3NJZHR5IDND6J23ND �Z\ZB4HTb436J2BE-0R5IX�wq\±=�J*_x_KwLOQH�� 
En
».5R3SV�J23NMPO*BEHR5 ¹  � 94n[�<_0DN5W|]-K5I3 �`HI-05RBEHR5�»<14w 80n�~�J236FNb ��J*_0_KO*B4X n ¹  � 9En[Y4Yu8
+ � º � � 8

� >#-0FNH  ��� >#-0FNHTb45I_x_�nL�8q7�8Z».8xnZ5IF%Om_�8xn � @CB4D6-0X45�FNb45?��3NO*B4DNYE1EFG5I3�
4n��_©OQH��]��5I_x_ �ZHI-05RBqFN-x¦LH
»�1EwE_0-0H�OmFN-0J2B4DRn ¹   � 8

� >#-K1E3 � 9 � >#-K1E3GOEn �}80n¸«�HTbE-0XLO �}8xn � ,`7 �%��> ��5RHIFNJ23�»<3NJZHR5IDNDNJ*3 ��» º ¹ ��� ½���» ºS( � � 
4n
��-0/2b��`Y�5R5IX��[J2MkY41`FTOQF6-KJ2B nz5RX��E8 �r8 ��J��[OQ_x- �³n�~?7����µ7 �`@ �`5I36-05RDIn<, 
 n
�`Y436-0B4/25I3 ��5R36_KO*/4n ¹  � 948

� >#-KI1  � � >#-KI14B4J4n}>�80n=?O�\ZBLOQ_�n}>�8xn � bEJ21un �E8 �z80n � �`5I{Z1E5RBqFN-KOQ_ �[J2B4DS-KDSFG5IB4HI\g-0B
��-KDSFG36-0w41EFN5RX �]\`DSFG5IMPDI;%�cb45IJ236\�O*B4X#@CMkYE_05RMk5RBqFTOmFN-0J2B
4nr=�5IDN5RO*3NHTb�=�5RY�J23SF
( 9 + 
 nE@²~�=�@C7�nª,L3GO*BEHR5*n�>�O�\ ¹   � 8

� >�J2b43  ��� >�J2b43In ��8xn � ».5I36V�J236MPO*B4HR5��<|QOQ_01LOQF6-KJ*B$J*V�».O*3GOQ_x_05I_[»�36J2/23NO*MkDy-0B�»zO*3NOQ_x_K5W_
O*B4X���-KDSFG3S-Kw41`FG5RX �Z\ZD6FN5RMkDRnz»<3NJZHR5R5IXE-0B4/2D�J*V'FGb45 �[J2BL».O*3 
  �pº �.7�»�» @ �n
¬¸5IHIFN143N5y~?J*FN5RD%-0B �[J2MkY41`FG5R3 �`HW-K5IB4HR5Qn�9 
 � n ¹   � n4Y4Y 8 ¹ 
*)mº ¹ � 
 8

� >�J*_0X  +�� >�J*_0X4J�|*OQBun]�8Q@T8xn � ».O*3GOQ_x_05I_L»<36J`HI5RDNDS-KBE/4nZ,ª36J2Mi7�Y4Y`_0-0H�OQF6-KJ*B4DUFGJ �Z\ZDSFG5RMkD!
4n
>�J23N/2O*B ��O*1`V�M�OQB4B#»�1EwE_0-0DNbE5R3ND?@CB4H*8xn ¹   + 8

� >�J*_0B �2+�� >�J*_0BLO*3Rn���8r��8xnu,ªO*BE/�n � º ».8xn � �Z\ZBqFGb45ID6-0D�J*V�=�5I_x-©O*w`_K5 �`Yr5I5RX º @CB4X45IYr5IB4X45RBqF
��-K36HR1E-xF³>�JZX41E_05RDI; @T8 ��5IB45R3NOQ_p>�5IFNb4J`X�V�J23 �`Yr5IHI-x¦LH�OmFN-0J2B J*V#>#J`X41`_K5 º
��Bq|]-03NJ2B4Mk5IB]F�@CBqFG5I3GO*HWFN-0J2B O*B4Xi��5R3S-0|QOQF6-KJ*BgJ*V�O ��-K36HR1E-xF�=�5ROQ_x-KROQFN-0J2B
4n
��5IHTb4BE-0H�OQ_y=�5RY�J236F (  
 n �[J2MkY41EFG5I3 �Z\ZD6FN5RMkD�¬¸O*w�J23NOQFGJ23S\2n�@CB4D6F6-0FN1EFG5�V�J23
��-KJ*MP5IXE-0H�OQ_ �[J2MkY41EF6-KBE/4n��$OQDNbE-0B4/*FNJ2B�«�BE-x|25R36D6-xFC\2n �ZF�8L¬¼J21`-KDIn ¹  �2+ 8

� >�J23ND  ��� >�J23ND65*n �}8xn � »zO*3NOQ_0_05I_`��-0D6FN36-0w41EFG5IX �Z-0M�1`_©OQF6-KJ*B�-KB>�J2DS-KM 
4nm-KBy»<3NJZHR5R5IXE-0B4/2D
J*V[FNb45 ¹   � @CBqFG5I3NBLOQF6-KJ*BLOQ_ �[J2BEV�5I3N5RBEHR5PJ2B ».O*3GOm_0_05I_�»<3NJZHR5IDND6-0B4/4n ��J*_014Mk5
+ nL7�14/*14D6F ¹   � n4Y4Yu8 ( ¹ �mºS( ¹ 
 8

� >�1EV°F  ��� >�1EV°FTOQbun�^8`��8xn �]FG1436/25RJ2B nE=�80n`».8xnxn � ��-0D6FN36-0w41EFG5IX±��-0DNHR365IFN5��U|25IB]F �]-KMy1E_©O º
FN-0J2B�V�J23 �[J2MkM�14BE-0H�OmFN-0J2B�~?5WFC�[J23 �]D�
4n¼@²����� �*J*143NBLOm_zJ2B �`5I_05RHWFG5RX�7?3N5RO*D
-KB �[J2MkM�14B`-KHROQFN-0J2B4DIn � n  Enª��5RHI5RM�w�5R3 ¹   � nEY4Y 8 ¹ 
2(*+mº ¹ 
*+ 9E8

� >�1E_x_ � )�� >�1E_x_K5I3Rn¸�8u�%8xn �cO*3SF �q\2n��i8 �r80n � 7 �cb45IJ236\�J*V'7�D6\ZB4HTbE3NJ2B4J*14D ��-03NHI1E-xFGD�
En
��-K/*-xFTOm_��[J2MkY41EFG5I3._KO*w�J23GOQFNJ236\ 
 � nQ«?BE-x|25I3ND6-xFC\yJ*V4@
_x_0-0B4J*-0DRn*~?J�|25IM�w�5R3 ¹  � ) 8

� >�1E_x_ � 
�� >�1E_x_K5I3Rn¸�8u�%8xn �cO*3SF �q\2n��i8 �r80n � 7 �cb45IJ236\�J*V'7�D6\ZB4HTbE3NJ2B4J*14D ��-03NHI1E-xFGD�
En
��-K/*-xFTOm_ �[J2MkY41EFN5R3�_©O*w�J23NOQFGJ23S\ 
 � nL«?BE-x|25I3NDS-0FC\#J*V.@
_0_x-0B4J*-0DRnr>�O*36HTb ¹  � 
 8



� � � &¼�W���������'� � +�� �

� >�1436F � 
�� >�1436FGOEn�7�8xn � �¸JZJ*_KD�V�J23�FNb45P7�1EFNJ2MPOQFG5IX �[J2B`¦L/2143NOQFN-0J2B�J*V%O#��3NO*B4D6Y41EFG5I3
~?5IFC��J23 � 
En > �`H��cbE5RD6-0DRn�«�BE-0|*5R36D6-xFC\�J*VU>�O*BEHTb45RDSFG5R3Inu��HWFGJ2w�5R3 ¹  � 
 8

� >�1436F  ¹ � >�1436FGOEn 7y8��80n � �`14YEYrJ23SF?V�J*3��¸3GO*BEDNY41EFN5R3��[O*DN5IX�»�36J2/23NO*M ��5I|*5I_0J2Y4Mk5RBqF
|Z-KO³=�1EB��[-KMk5�¬u-KB�¯=�5RHRJ*BE¦L/2143NOQFN-0J2B
En?»<bu8 �A�cb45RDS-KDIn���5RY4O*36FNMP5IBqF±J*V
�[J2MkY41EFG5I3 �ZHI-05RB4HI5*n�«?BE-x|25I3NDS-0FC\�J*VU>�O*B4HTb45ID6FN5R3Rn ¹   ¹ 8

� ~�O*/25 
*+�� ~�O*/25W_�n^¬<8 �i80n�»�5RX45I3NDNJ*Bun��8?�8xn � �E»<@	�c�Ah �Z-0M�1E_KOQF6-KJ2B »�36J2/23NO*M �%-xFGb
@CB]FN5R/23NOQFG5IX ��-03NHI1E-xF��<MkY4bLOQD6-0DWl 
En�«�BE-x|25R36D6-xFC\¡J*V �cOQ_0-xV�J236BE-©O`n �[5R3 �*5I_05I\*n
�<_05RHWFG36J2BE-0HRD�=�5RDN5RO*3NHTbi¬¸O*w�J23NOQFGJ23S\2n^>�5IMkJ23GO*BEX414M �'=�¬ º > + �q( n�7�Y43S-0_
¹  
*+ 8

� ~�O*B4X  (�� ~�O*B4X`\2n ��80n#¬¼J214H��]DIn �i8P>�8xn � 7�B£7�_K/2J*36-xFGb4M V�J*3³»zO*3SFN-xFN-0J2BE-0B4/�OQB4X
>�O*Y4YE-0B4/ �[J2B4DN5I36|QOQF6-0|*5 »zO*3NOQ_x_K5W_ �]-KMy1E_©OmFN-0J2B®J2BqFNJ¢>�1`_0F6-KHIJ2MkY41EFG5I3ND!
4n
»�36J`HI5R5IXE-KBE/2D±J*V�FNb45 ) FNb ��J23 �]DNbEJ2Y¯J2B ».O*3GOm_0_05I_�O*B4X ��-0D6FN36-0w41EFN5RX �Z-0M º
1E_©OmFN-0J2B h�»r7�� �  ( lGn ��� �rn �2O*B]1LOQ36\ ¹   ( nEY4Y 8 ¹ +  º ¹ 9 ) 8

� ~�O*Bq\  *9 � ~�O*Bq\qO`n���8xn³5IFgOm_�8xn � �c@²�¸7 ��;���5RDS-K/2B¨JQV³O ��1LO*DS- º X45I_KO�\ º @CB4DN5IB4D6-xFN-x|25
>#-KHI3NJ2YE3NJZHR5RD6DNJ23!
4nq@²��������5ID6-0/2B}O*BEX�¸5RD6FUJ*V �[J2MkY41EFN5R36DRn ¹2¹ n ( n*,ª5Iw43N14O*36\
¹   *94nEY4Yu8 � �mºC)2+ 8

� ~?5R5W_ ��
�� ~?5R5W_©OQM��mO�|]-0_�n¸,[8xn � �[J2MkY41`FG5R3��Z-KMy1E_KOQFN-0J2B�O*B4X�>#J`X45W_0_x-0B4/ 
4n �*J*b4B � -0_05I\
� �`J2B4DIn ¹  � 
 8

� ~?5IFNJ  ¹ � ~?5IFNJ4n��k8*7�8xn � ��-KDSFG36-0w41EFN5RX �Z-0M�1E_KOQFN-0J2B�«?DS-KB4/y=�5I_KO § 5RX��[-0M}-KBE/ 
4nZ��5IHTb4BE- º
H�OQ_'=�5RY�J236F^«�> � � º  ¹ ºS(�º ¹ n¸��5IYLO*36FNMk5RBqF^J*V �[J*MPYE1EFG5I3 �ZHI-05RB4HI5*nU«�BE-x|25R3 º
D6-xFC\!J*V<>�O*B4HTb45ID6FG5I3Rn ¹   ¹ 8

� ~?5I|]- �  � ~?5I|]-0DNJ2B n ��80n � ��-KD6HR3N5WFG5}�U|*5RBqF �Z-0M�1E_KOQFN-0J2B�«?DS-KBE/#��HIH�O*M 
4n »<3NJZHR5R5IXE-0B4/2D
J*V?FNb45 ¹ � FNb ��HIH�O*M´«?DN5I3 ��36J214Y ��5IHTb4BE-0H�OQ_�>�5I5IF6-KB4/En[�<B4D6HTb45RX45Qn%7�Y43S-0_
¹  �  EnEY4Yu8 (2(2(�ºS(*+�� 8

� ~?5I|]-  ��� ~?5I|]-0DNJ2B n ��8xn � ».O*3GOm_0_05I_ �Z-KMy1E_KOQFN-0J2B�J*V�>�O*B]1EVjO*HIFN1436-0B4/ �Z\ZDSFG5RMkDI; �ZFN3N14H º
FG143NOQ_�,ªO*HWFGJ236D�
4n�»�36J`HI5R5IXE-KBE/2D J*V�FGbE5 ¹   � ��� � >�1E_xFN-0HRJ*BEV�5R365RB4HI5gJ2B
��-KDSFG36-0w41EFN5RX �Z-0M�1E_KOQF6-KJ2B n ��� � �Z-0M�1E_KOQFN-0J2B �`5I36-05RDIn �2O*B]1LO*36\ ¹   � nEY4Y 8 ¹ 
�º
¹  E8

� ~�-0H��  � � ~�-0H��]_x-0Bun �r8xnu»<bu8 �8��cb45RDS-KDInuFGJpw�5�D614w4M}-xFNFG5IXun¼��5IYLO*36FNMk5RBqF�J*V �[J2MkY41EFG5I3
�`HI-05RB4HI5*nr«?BE-x|25I3NDS-0FC\#J*VU>�O*B4HTbE5RD6FN5R3I8

� ~�-0HRJ � 9 � ~�-0HRJ*_�nz�8¼>�80n�=�5I\ZB4J*_0X4DInU».8¸,�80n � »<36J2wE_05RM ��36-05RBqFG5IX »<36J*FGJZHRJ*_'��5ID6-0/2B
4n
»�36J`HI5R5IXE-KBE/2D�JQVPFNb45 ¹  � 9 � -KBqFG5I3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5RBEHR5*nP��5IHR5RMywr5I3
¹  � 94nEY4Yu8L9 
 ¹ º 9 
 9E8

� ~�-0HRJ ����� ~�-0HRJ*_�nL�8L>�80n � »zO*3NOQ_0_05I_u��-KD6HR365IFG5��U|*5RBqF �Z-KMy1E_KOQFN-0J2B!J*V., �c, � �ZFGJZHTbLO*DSFN-0H��1E5R145W-KB4/³~�5IFC��J23 �]D!
4n �`@ �^»�¬¼7�~ ~?JQFG5RDIn (*+ n  `n �`5RY`FG5RMywr5I3 ¹  � � ncY4Yu8
¹ ( 9 º ¹ + 
 8



� � � &¼�W���������'� � +�� ¹

� ~�-0HRJ  ��� ~�-0HRJ*_�nu�8r>�8xnu=%-0·r5*n��r8r�%80n � 7 �[J*B4DN5I36|QOQFN-x|25}7?Y4Y436JqO*HTb�FNJ±»zO*3NOQ_x_K5W_0-0I-0B4/
FGb45 �`bLO*3 �ZD ��J236_0X�»<3NJ*wE_K5IM 
4n »<36J`HI5R5RX`-KB4/*D�J*VUFNb45 ¹   � � -KBqFN5R3��]-KMy1E_©O º
FN-0J2B �[J*BEV�5R365RB4HI5*n���5RHI5RM�w�5R3 ¹   � n4Y4Yu8 ¹ �2)mº ¹  � 8

� ~�-0HRJ  ¹ � ~�-0HRJ*_�n^�8�>�80n^=�J�\2n �r8xn � »zOQ3GOQ_x_K5W_ �]-KMy1E_©OmFN-0J2B J*V�[-KMk5RX ».5IFN36-�~?5WFGD�
En
»�36J`HI5R5IXE-KBE/2D�JQVPFNb45 ¹   ¹ � -KBqFG5I3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5RBEHR5*nP��5IHR5RMywr5I3
¹   ¹ nEY4Yu8 � 
 9 º � �2+ 8

� ~�-0HRJ  (�� ~�-0HRJ*_�n��8.>�80n<5WF}OQ_�8xn � >�O*D6D6-x|25W_0\³».O*3GOm_0_05I_[7?_0/2J236-xFGbEMPDyV�J23�¸3GO*HI5��¸3GO*HI5
��36-x|25RB �Z-KMy1E_KOQFN-0J2B
4nE»<3NJZHR5R5IXE-0B4/2DcJ*V FGb45 ) FGb�� J23 �]DNb4J2YpJ2B±»zOQ3GOQ_x_K5W_uOQB4X
��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2B�h�»r7�� �  ( lGn ��� �rn �2O*B]1LOQ36\ ¹   ( n4Y4Y 8 +mº ¹2¹ 8

� ~�-0HRJ  +�� ~�-0HRJ*_�n}�8�>�n �?5I-0X45W_Kw�5R36/25R3�».8xn � »zO*3NOQ_0_05I_k7�_K/*J236-xFGb4MkD�V�J23 �Z-KMy1E_KOQFN-0B4/
�[J2BqFN-0BZ1EJ214D��[-0Mk5}>�O*3 �*J�| �[bLOQ-0B4D�
4nr»<3NJZHR5I5RXE-0B4/2D?J*VUFGbE5 
 FNb ��J23 �]D6b4J2Y
J2B}»zOQ3GOQ_x_K5W_4OQB4X}��-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQFN-0J2B!h�»r7�� �  + lTn���� �rn �2O*B]1LO*3S\ ¹   + n
Y4Yu8 +mº ¹2¹ 8

� ~�-0HRJ  *9 � ~�-0HRJ*_�n'�8<>�8xn',ª1 �C-KMkJ*FNJ4n'=^8xn � »zOQ3GOQ_x_K5W_ �Z-0M�1E_KOQF6-KJ2B �¸J`X4O�\ 
4n�7?B4BLOQ_0D}J*V
��Y�5R3NOQFN-0J2B4D�=�5RD65�O*36HTbun � + nL��5IHR5RMywr5I3 ¹   *94n4YEYu8 ( 9  º²( �2) 8

� ~�-05RD � ��� ~�-05RDND65RBun ��8xn �'OQB �[5I3 �*5W_�n ��8 �^80n�=�5IM#n�>�80n �EO*5W- �²DIn�=�8 �i8 �E8 �E80n
� ��¬ �`@r»<3NJ2/23NO*MkM}-KB4/?O*B4X �Z-x_x-KHIJ2B �[J2MkYE-0_KOQF6-KJ2B ;�7³~�J�|25I_Z7?Y4Y43NJ2O*HTb�V�3NJ2M
»�b`-0_x-KYED�=�5RD65�O*36HTb
4n�»<3NJZHR5R5IXE-0B4/2D�J*Vz@	� �c�n ¹  ��� nEYEYu8 ¹ � �mº ¹ �`¹ 8

� ~?J236M  +�� ~?J236M�OQBun4>�8�}80nZ�cbLOQBE-KD6HTbunL»�80n � >�JZX45I_0D[JQV¸>�O*HTb`-KB45ID%O*B4X �[J2MkY41EFGOQFN-0J2B
V�J23±>�OQY4YE-0B4/ -0B¥>�1E_xFN-0HRJ2MkY41EFN5R36D�
4n�7 �%> �[J2MkY41EF6-KB4/ �Z1436|*5I\ZDRn ( � n + n
�`5RYEFN5RMywr5I3 ¹   + nEY4Y 8 (*)2+mºC+��q( 8

� ~?J2363 � 
�� ~?J23636-05*n ��80n � �`14Y�5R36HRJ2MkY41`FG5R36D�V�J23 �`14Y�5R3NYE3NJ2wE_05RMkDI; 7?B 7�36HTbE-0FN5RHWFG143NOQ_
@CB]FN3NJZX414HWFN-0J2B
4nL@²����� �[J2MkY41EFN5R3Rn ¹ 
 n + n�>�O*36HTb ¹  � 948

� ~?J��%-  ¹ � ~?J��%-KH��ªn��r82>�80n2��-0_x_�n2�8*¬<8xn � �Z\ZBqFGb45ID6-0D�J*Vª7�DS\`BEHTb43NJ2BEJ214D �ZFTOmFG5�>�OQHTbE-KBE5RD
«?D6-0B4/�O�¬¼JZH�OQ_ ��_KJZH���
4n�»�36J`HI5R5IXE-KBE/2D?JQV ¹   ¹ @	� �c�n ¹   ¹ n`Y4Yu8 ¹  (�º ¹  
 8

� ~?J��%-  ¹ O � ~?J��%-KH��ªn �r8�>�8xn.��-x_x_�n��8¼¬<8xn � 7�1EFNJ2MPOQFN-0H �Z\ZBqFGb45ID6-0D�J*V[¬¼J`HROQ_0_x\ º ��_0J`H��Q5RX
7�D6\ZB4HTbE3NJ2B4J*14D �ZFTOmFG5�>�O*HTbE-0B45RD!
4n�»<3NJZHR5R5IXE-0B4/2DpJQV�@	� �[7�� ¹   ¹ n ¹   ¹ n
Y4Yu8 + ¹ ��º²+q( ¹ 8

� ��VjOm_ � � ��HRH�OQM ,ªJ*3�7?_x_�n�7 �cO*D65 V�J23 �`1EY4YrJ*36F 
En�O�|*Om-0_KO*wE_05 OQF «�=�¬�;
b]F6FGYu; ½2½m�%�%��8:b45IB4DGOE8 O*HQ8 1��`½QY4O*3GOQ_x_05I_�8

� »zO*/25  ¹ � »zO*/25Qn@T8xn�¬¼1��Q5*n �i8xn � �[J*MPY`-0_x-KBE/ ��HIH�O*M -KBqFGJ�,z» ��7�D!
4ny-0Bi,U» ��7�DRn
��X`-0FNJ23ND�>#J`J2365*n �i80nE¬¸1��n��i80n`7�wE-0B4/2X4J*B!�'� � � � �[JZJ �]DRn ¹   ¹ nZY4Yu8 (�
 ¹ º
( �2+ 8

� »zO*36D � »zO*36D6\]FG5IH �[J2MkY41EFN5R3 ��M�w�yn �*145I_x-KHTbE5R3 �ZFN3GO*D6DN5 +2+�� n � ( � 
 � 7�O*HTb45RB n
��5I3NMPO*Bq\28



� � � &¼�W���������'� � +��2(

� »zO*36D  � � � �`MPOQ_x_ �Z\ZD6FG5IMkD�
4nr»zO*36D6\ZD �[1E_x_K5WFN-0B�~?JE8 ¹ nL».O*3NDS\`D�¬uFGXunª>�O*3NHTb ¹   � 8
� »zOQFN5 
  � »zOQFN5I_�n �E8 �^80n � »<3NJZHR5RD6DNJ23 º Mk5RMkJ23S\@CBqFG5I3NHIJ2B4B45IHIFN-0J2B}V�J23z>�1E_xFN-0Y43NJZHR5IDND6J23ND!
4n

»�36J`HI5R5IXE-KBE/2D�J*V¸FGb45 ) FNb±@CBqFG5R36BLOQF6-KJ2B4OQ_ �Z\ZMkYrJ2DS-K1EM¢J2B �[J2MkY41EFN5R3�7�36HTbE- º
FG5RHWFG14365*n ¹  
  En4Y4Yu8 ¹ )��mº ¹ 
�
 8

� »zO�|25  ¹ � »zO�|25I3Rn.~y8 ��8xn � �[J2B4XE-xFN-0J2B���5IFN5RHIF6-KJ*B�-0B�7�D6\ZB4HTbE3NJ2B4J*14D�»U-0Yr5W_0-0B45ID�
4n.« �
»zOQFN5RBqF�BEJ  ¹2¹ 9 �`¹ + nL��HIFNJ2w�5R3 ¹   ¹ 8

� »zO�|25  (�� »zO�|25I3Rnr~y8 ��8xnL5IF?OQ_�80n � =�5I/*-0D6FG5I3�¬¸JZH��q-KBE/P-0B�OQB#7?D6\ZB4HTb436J2B4J21ED�>#-0HR36J2Y43NJ º
HR5RD6DNJ23!
4n�»<3NJZHR5R5IXE-0B4/2D�J*Vz@	� �c� ¹   ( nª��HIFGJ*wr5I3 ¹   ( n`Y4Yu8 + �`¹ º²+ � � 8

� »zO�|25  ( O � »zO�|25I3Rn�~y8 ��8xn � >!-KHI3NJ2YE-0Y�5I_x-KB45ID º @CMkYE_K5IMk5RBqFTOQF6-KJ*B
4n�»<3NJZHR5I5RXE-0B4/2D J*V
FGb45�7 ��-K� º � �y½*����7 �c� � J*3 �]DNb4J*Y�J2Bk7?D6\ZB4HTb436J2B4J214D[��OQFTO�»<36J`HI5RDNDS-KBE/4n
��5I_0X4b4J�|25IBun �cbE5�~�5IFGbE5R36_KO*B4XEDRn���5RHI5RM�w�5R3 ¹   ( 8

� »zO�|25  *9 � »zO�|25I3Rn�~y8 ��8xn � �cb45p��5RD6-0/2B O*B4X$@CMkYE_05RMk5RBqFGOQFN-0J2B�J*V�OQB$7�DS\`BEHTb43NJ2BEJ214D
>#-KHI3NJ2YE3NJZHR5RD6DNJ23!
4n�»<bu8 � �cb45ID6-0DRn���5RY4O*36FNMP5IBqF¯J*V �[J2MkY41EFG5I3 �`HW-K5IB4HR5Qn
«?BE-x|25I3ND6-xFC\�J*V<>�O*B4HTb45ID6FG5I3Rn ¹   *9E8

� »zOQF6F ����� »zOQF6FG5R36DNJ2B n]�8m7y80n2��-0FNR5I_�nq�8m=�80n � �cb45 �cO*D65[V�J23¸FGb45c=�5IX414HR5IX}@CB4D6FN3N14HWFN-0J2B
�`5IF �[J2MkY41`FG5R3!
4n�7 �%> �[J*MPYE1EFG5I3±7�3NHTb`-0FN5RHIFN143N5�~�5I��DRn � n ) n?��HIFGJ*wr5I3
¹  ��� nEY4Yu8 ( � ºC+q( 8

� ».5�OQH 
  � ».5�OQHRJZH���n �E8 �}80n � J2BE/4n �E8 �i80nq>�O*B4BE-0B4/4n2��8 �}80n � ��-KDSFG3S-Kw41`FG5RX �Z-KMy1E_KOQFN-0J2B
«?D6-0B4/�O#~�5IFC��J23 ��J*V[»<3NJZHR5IDNDNJ*3ND�
En �[J2MkY41EFN5R3y~?5WFC�[J23 �]DRn + n ¹ n �2OQBZ14O*36\*n
¹  
  EnEY4Yu8L929 º � ) 8

� ».5IFN5  ¹ � ».5IFN5R36DNJ2Bun �E8�¬<8xn � »�5IFN36-?~?5WFp�cbE5RJ23S\�OQB4X FNb45�>�J`XE5I_x_0-0B4/�J*V �Z\ZDSFG5RMkD!
4n
»�365RBqFN-0HR5 ��OQ_x_�n ¹   ¹ 8

� ».5IFN5  +�� ».5IFN5R36DNJ2Bun �}8k�8xn �[bLO*Mywr5I36_KOQ-0Bun�=�8��8xn � � § Y`_KJ*-xFN-0B4/ ¬¼JZJ �mO*b45RO*X�-0B
�Z\ZB4HTb43NJ*B4J214D�».O*3GOm_0_05I_ �Z-0M�1E_KOQFN-0J2B
Eny»<36J`HI5R5RX`-KB4/*D�J*V�FNb45 ¹   + � -KBqFG5I3
�Z-KMy1E_KOQFN-0J2B �[J*BEV�5R365RB4HI5*n���5RHI5RM�w�5R3 ¹   + n4Y4Yu8 
 �2)mº 
 ¹ ( 8

� »<_KOQF � »<_KOQFNJ4n � ¬¸O���D�
���BE/*_0-0DNb$��3NO*B4D6_KOQF6-KJ2B ;k¬¸JZ5Rw ��_©OQDND6-0H�Om_%¬u-KwE3GO*3S\2n �?O*36|QO*36X
«?BE-x|25I3ND6-xFC\�»�365RD6DR8

� ».J214B � 
�� ».J214BqFGOQ-KB n =�80nr>�O�\*n �8xn � 7 ��1`FGJ23S-©OQ_�@CBqFG36J`XE14HIF6-KJ2B#FGJ���HIH�O*M »<36J2/23GOQM º
Mk-0B4/ 
En � �E»¯»<3NJQV�5RDNDS-KJ*BLOQ_ �[JZJ �]DRn ¹  ��
 8

� »�365I- �  � »�365I-0DNDIn ��8�=�80n � �cb45 ��OQX4X45RD���-0D6FG3S-KwE1EFG5IXg��-KD6HR365IFG5 �U|25RBqF �Z-KMy1E_KOQFN-0J2B
�`Yr5IHI-x¦LH�OmFN-0J2Bµ¬¸O*BE/21LO*/25�OQB4X¡� § 5IHR1EF6-KJ2Bµ�<B]|]-03NJ2BEMP5IBqF 
4n�»<3NJZHR5R5IXE-0B4/2D
J*V�FGbE5 ¹  �  ��� ��>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5¯J*B ��-KDSFG3S-Kw41`FG5RX �Z-KMy1E_KOQFN-0J2Bun ��� �
�Z-KMy1E_KOQFN-0J2B �Z5R36-05RDInr>�O*3NHTb ¹  �  En4Y4Yu8 ¹ +  º ¹ 92948



� � � &¼�W���������'� � +��*+

� »�365I-  (�� »�365I-0DNDIn ��8m=^8xn � ��B�FGb45[��3NO*X45'J*·Pwr5WFC�[5I5RBk�[-0Mk5cO*B4X �`YLO*HI5'-0Bk��YEFN-0M}-KDSFN-0H
»zO*3NOQ_0_05I_���-0DNHI3N5WFG5��U|25RBqF �Z-0M�1E_KOQFN-0J2B
En`»<36J`HI5R5RX`-KB4/*D'JQVrFNb45 ) FGb ��J23 �]D6b4J2Y
J2B}»zOQ3GOQ_x_K5W_4OQB4X}��-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQFN-0J2B!h�»r7�� �  ( lTn���� �rn �2O*B]1LO*3S\ ¹   ( n
Y4Yu8 +2+mº 9 ( 8

� »�365RY  Q9 � »�365RYLOQ3GOQFGOEnp,�8�»�80n � »zOQ3GOQ_x_K5W_ �[J*MPYE1EFTOQF6-KJ*B£>�JZX45I_0D$O*BEX �cO*DS-KH���5IHTb º
BE-K{]145ID�
4n!¬¼5IHIFG1E3N5¯-0B FGb45 �]- § FGb£@CBqFG5I3NBLOmFN-0J2BLOQ_ �`HTb4JZJ*_±,LJ23 �[J2MkY41EFG5I3
�`HI-05RB4HI5=�5RD65�O*36HTb45R36DRn �*1E_0\ ¹   *94n4¬¼-0YLO*3S-�n �Z-KHW-0_x\28

� »�365RD  ��� »�365RDS_K5W\2n¼>�8r��8xn�=�5W-KbE5R3Rn�»�8r¬<8xn �[5I_x_K5IB4J*FRn���80n � 7��[-KMk5 �$OQ3NY�@CMkYE_05RMk5IB º
FTOQF6-KJ2B�J*V �`b4O*3 �]D ��J236_0X
4n¸»<3NJZHR5I5RXE-0B4/2D�J*V�FNb45 ¹   � � -0BqFG5I3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5*nr��5RHI5RM�w�5R3 ¹   � nEY4Y 8 ¹   º²( �2+ 8

� »�3S-0F  ¹ � � »<36-0B4HI-0YE_05RD±J*Vy>�JZX45W_0_x-KBE/ 
4n�»zO*BE5I_ �`5IDNDS-KJ2B n �[bLOm-K3p»�3S-0FND �Q5R3Rn?7�8'7�8 ��80n
»�36J`HI5R5IXE-KBE/2D�JQVPFNb45 ¹   ¹ � -KBqFG5I3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5RBEHR5*nP��5IHR5RMywr5I3
¹   ¹ nEY4Yu8 ¹2¹   º ¹ ( ��� 8x8

� =?O*X`- �2+�� =?O*X`-KBun �}80n � �cb45 ��� ¹ >!-KBE-0HRJ*MPYE1EFG5I3�
4n'@ �%> �*J21436BLOQ_cJQV�=�5RD65�O*36HTb�OQB4X
��5I|25W_KJ*Y4Mk5RBqF�n (�
 n + n ¹  �2+ n`Y4Yu8 (*+�
�ºS( 9 ) 8

� =?O*w`-  *9 � =?O*w`-KBunz>�8xn � �[J*MPY`-0_x-KBE/�»<3NJ2/*3GO*MkD�V�J23^»<3GO*HWFN-0H�OQ_�»zOQ3GOQ_x_K5W_ �[J*MPYE1EFG5I3ND�
En
¬¸5IHIFN143N5 -0B¢FGb45 �]- § FGb @CBqFN5R3NB4OQFN-0J2BLOQ_ �`HTb4JZJ*_�,LJ23 �[J2MkY41EFG5I3 �`HI-05RBEHR5
=�5IDN5�OQ3NHTb45I3NDRn �*1E_x\ ¹   *9En4¬u-KY4O*36-�n �Z-0HI-x_0\*8

� =?O*w`-  *92O � =?O*w`-KBun >�8xn � ��_0J`H�� �[J2B4DSFG3N1EHIFN-0J2B -0BA,L1E_0_x\ 7�D6\ZB4HTbE3NJ2B4J*14Di»zO*3NOQ_x_K5W_
�Z\ZD6FG5IMkD}O*B4X�»�=�7�> �Z-0M�1`_©OQF6-KJ*B
4nU¬¼5IHIFG1E3N5k-KB�FGb45 �Z- § FGb�@CB]FN5R36BLOQFN-0J2BLOm_
�`HTb4JZJ*_�,LJ23 �[J2MkY41EFN5R3 �`HI-05RB4HI5�=�5RD65�O*36HTb45R36DRn �*1E_x\ ¹   *9EnL¬u-KYLOQ36-�n �Z-KHW-0_x\28

� =?O*X`-  (�� � ��-KD6HR365IFG5y�U|25IB]F��Z-0M�1E_KOQFN-0J2B�>�JZX45I_x_0-0B4/4;���-03N5RHWFN-0J2B4D�V�J23cFGbE5  � D�
4nª».O*B45W_
�`5RD6D6-0J2Bun �[b4OQ-K3�=�O*XE-x\qOEnZ7�8xnE»<36J`HI5R5RX`-KB4/*D[J*VuFNb45 ¹   ( � -0B]FN5R3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5*nr��5RHI5RM�w�5R3 ¹   ( nEY4Y 8 
�
*+mº 
 �q( 8

� =?O�\ZB  � � =?O�\ZBLOQ_�n4>�80n�Z-0B4/2bLOQ_�nE>�80n � ¬¼J2/*-0H�Om_��[-KMk5*;<7 � O�\}FNJ �cOQYEFG14365 �cOQ14DGOQ_x-xFC\
-KB���-KDSFG3S-Kw41`FG5RX �Z\ZD6FN5RMkD�
Enr=�5RD65�O*36HTb�=�5RY�J236F ( 9 
2( n4@²~?=�@C7ynª,L3GO*B4HI5*nª>�O�\
¹   � 8

� =�5RO*X �  � =�5RO*X45*n ��8xn � �U_05RMk5RBqFND^JQV[,L14BEHIFN-0J2BLOm_<»<3NJ2/*3GO*MkM}-KBE/ 
4nu7?X4XE-0DNJ2B ��5RD6_05I\*n
¹  �  E8

� =�5IX4X 
  � =�5IX4XLO��cO�\*n ��8 ,[8xn � �cbE5 ��7�»®O*Y4Y436JqO*HTb
4n�@CBEV�J*FG5IHTb �]FTOQFN5 JQVPFNb45³7�3SF
=�5IYrJ23SF�;��`1EYr5I3NHRJ*MPYE1EFG5I3NDRn���J*_�8 ( n ¹  
  En4Y4Y 8 + ¹2¹ ºC+q(  E8

� =�5I5RX �2+�� =�5I5RXunz�8�7y80n � @CMkYE_05RMk5RBqF6-KB4/�7cFNJ2M}-KH�7�HWFN-0J2B4D^J2B$��5IHR5RBqFN3GOQ_x-KI5���OQFGO 
4n
7 �%> �¸3GO*B4DNO*HIF6-KJ*B4D�J*B �[J*MPYE1EFG5I3 �]\`DSFG5IMPDIn ¹ n ¹ n�,ª5Iw43N14O*36\ ¹  �2+ n�Y4Yu8
+mºS(*+ 8

� =�5I5RX � 
�� =�5I5RXunz�8¼7�8xn ��3N14Bq�[OQ_KX nU�8 ��8xn � �cb45�».5I36V�J236MPO*B4HR5�J*V�>#1E_0F6-KHIJ2MkY41EFN5R3
@CB]FN5R36HRJ2B4BE5RHIF6-KJ*B�~?5WFC�[J23 �]D�
4nª@²����� �[J2MkY41EFG5I3Rn �*14B45 ¹  � 
 n4Y4Y 8 )2+mº 
Q+ 8



� � � &¼�W���������'� � +�� 9

� =�5I5RX ����� =�5I5RXunZ�827y80n],L1��C-0MkJ*FGJ4n]=�8xn � >�1E_xFN-0HRJ2MkY41`FG5R3'~�5IFC��J23 �]DR;'>#5RDNDNO*/25 º �cO*D65RX
»zO*3NOQ_0_05I_.»<3NJZHR5IDNDS-KB4/ 
4nr>�@²� »<3N5IDNDIn ¹  ��� 8

� =�5I5RX ��� O � =�5I5RXun`�8q».8xn`>�OQ_0J2Bq\2nZ7�8]�8xn`>�H��[365RXE-05*n��8]�80n � »zO*3NOQ_0_05I_���-0DNHI3N5WFG5?�<|*5RBqF
�Z-KMy1E_KOQFN-0J2B «?D6-0B4/ �`bLOQ3N5RX�>�5IMPJ*36\ 
4n'@²�'��� �¸3GOQB4DGO*HWFN-0J2B4DkJ2B �`JQV°FC�cO*365
��BE/*-KBE5R5R3S-KBE/4n ¹ 94n494nL7?Y436-x_ ¹  � � nEY4Y 8 � 9 ¹ º � � + 8

� =�5I5RX ��� w � =�5I5RXunL�8`».8xnª>�Om_KJ2Bq\*n47�8E�80n � »zOQ3GOQ_x_K5W_¼��-0DNHI3N5IFN5��U|25RBqF �Z-0M�1E_KOQF6-KJ2B ;��cb45
�[bLO*B4XE\ º >#-KD63GO�7?Y4Y436JqO*HTb
4n��Z-0M�1`_©OQF6-KJ*Bp7?_0/2J23S-0FNb4M 
4nZ»<3NJZHR5R5IXE-0B4/2D[JQV FGbE5
¹  ��� ��� ��>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5?J2BP��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bun��� ���Z-KMy1E_KOQFN-0J2B
�`5R3S-K5IDRn �*1E_x\ ¹  ��� n`Y4Yu8 �mº ¹ + 8

� =�5I5RD � � � =�5I5RDN5Qnª=^8L>�80n � 7 �`J*V°FC�[O*365���5I|25W_KJ*Y4Mk5RBqF��<Bq|]-K36J2B4Mk5RBqF�V�J23%��-0D6FN36-0w41EFN5RX
�Z-KMy1E_KOQFN-0J2B
4n�»<3NJZHR5I5RXE-0B4/2D^J*V'FGb45��� ����-0D6FN36-0w41EFG5IX �]-KMy1E_©OmFN-0J2B �[J*BEV�5R3 º
5RB4HI5*n ¹  � � n4Y4Yu8 + 
�º 9 � 8

� =�5W-Kb  ��� =�5W-Kb45I3Rnz».8 ¬�8xn�5IF�OQ_�8xn � �cO*B4HI5I_KOQFN-0J2B��]FG3GOmFG5R/Q-K5IDy-0B���YEFN-0M}-KDSFN-0Hp� § 5RHI1EFN-0J2B
�Z\ZD6FG5IMkD�
4n �Z-0M�1E_KOQFN-0J2B¨7�_K/2J*36-xFGb4M 
4n³»<3NJZHR5I5RXE-0B4/2DgJQV$FGb45 ¹   � ��� �

>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5�J2B ��-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQFN-0J2Bun ��� � �Z-KMy1E_KOQFN-0J2B �`5I36-05RDIn
�2O*B]1LO*36\ ¹   � n`Y4Yu8 ¹2¹ (�º ¹ ( ¹ 8

� =�5W-Kb  � O � =�5W-Kb45I3Rn�».8 ¬<80n �*5W· 5I3ND6J2Bun��80n � ��\`B4O*M}-KH^¬¼JqO*X�>�O*B4O*/25RMk5IB]F?-KB!FGbE5y�[-0Mk5
�$O*36Y$��Y�5R3NOQFN-0B4/ �Z\ZD6FG5IM 
4nU�¸3GO*BEDGO*HWFN-0J2B4D�JQV�FNb45 �ZJ`HW-K5WFC\�V�J23 �[J2MkY41EFG5I3
�Z-KMy1E_KOQFN-0J2Bun 
 n ( n �*14B45 ¹   � n4Y4Yu8  ¹ º ¹ ( � 8

� =�5W-KB  +�� =�5W-KB4b4O*3NXEFRn �r8 �}8xnu5IF�Om_�8xn � �cb45 � -0B4DNHIJ2D6-0B � -KB4X��¸14B4B45W_�;���-036FG14OQ_<»<3NJ º
FGJ*FC\ZYE-0B4/!J*V'»zOQ3GOQ_x_K5W_��[J2MkY41EFN5R36D�
4nu-0B�7 �%> �`@ �y>��'�%=�@	� � �[J2BEV�5I3N5RBEHR5
J2B�>�5RO*DN14365RMk5RBqFyO*B4X�>�J`XE5I_x_0-0B4/±J*V��[J*MPYE1EFG5I3 �Z\ZD6FN5RM!n ( ¹ n �*14B45 ¹   + n
Y4Yu8L9 �mºC)�� 8

� =�5IM �*+�� =�5IM#nr>�n �`BE5RY4D6HTb45R1EFRn �E8�¬<8L7�8xn�«?X4XE-0B4/4n �E8ª��8xn � ��3NO*HR5y�cb45IJ236\#O*BEX�FGbE5
��5I¦LBE-xFN-0J2B�J*V���-K5I3GO*36HTbE-KHROQ_�>�JZX41E_05RD!
4n'»<3NJZHR5R5IXE-0B4/2D}J*V�FGbE5 + 3NX �cOm_0FN5RHTb
�[J2BEV�5R365RB4HI5�J2B ��¬ �Z@Tn ¹  �2+ nEY4Yu8 (2( � ºS(*+  `8

� =�5W\`B ����� =�5W\`BEJ*_KXEDRn�»�8c,[8xn � 7 �ZYr5IHIFG3614M JQVy��Y`FN-0J2B4D�V�J23p»zO*3NOQ_0_05I_��Z-0M�1E_KOQFN-0J2B
En
��5IHTb4BE-0H�OQ_�=�5RY�J23SF�@²»�� º �%= º � �mº ����
 nz«�BE-x|25R36D6-xFC\�J*V �?-K36/*-0BE-©O`n �`5IYEFG5IM�w�5R3
¹  ��� 8L7�_KD6JP-0B�»�36J`HI5R5IXE-KBE/2D�J*V.FGb45 ¹  ��� � -KBqFG5I3 �]-KMy1E_©OmFN-0J2B �[J2B`V�5R3N5IB4HR5Qn
��5RHR5IM�w�5R3 ¹  ��� n4Y4Yu8 +q( � º²+2+2( 8

� =�5W\`B �  � =�5W\`BEJ*_KXEDRn¸».8r,[8xn ��5I-0/2bqF�n ��8 ,[8xn ,.-x_0X45R3In �E8 =�8xn � �[J2MkYLOQ3GOQF6-0|*57�BLOm_0\ZD6-0D
J*V�»zO*3NOQ_x_K5W_ �Z-0M�1`_©OQF6-KJ*B³»�36J*FGJZHRJQ_KD!
4n<�¸5RHTb4BE-0H�Om_�=�5IYrJ*36Fy@²» � º �%= º �  º � ¹2¹ n
«?BE-x|25I3ND6-xFC\�J*V �?-K36/*-0BE-©O`nL��5RHI5RM�w�5R3 ¹  �  E8

� =�-05 �  *9 � =�-05 �}n�>�8xn%��J*143GO*BEHTb45�O*1 n ��80n ��-0/2J21436J21 § n �8',[8xn � >�J2BE-xFGJ23S-KBE/ J*V���-KD º
FG36-0w41EFN5RX�>#5RMkJ236\ >#1E_0F6-KHIJ2MkY41EFN5R3±»<3NJ*/23GO*MkD!
4nc�¸5RHTb4B`-KHROQ_�=�5RY�J236F�«?� º
� � º  +�ºS( � 9En4«?B`-0|*5R3NDS-0FC\�J*Vz��5IB45RD6DN5I5*n ��HWFGJ2w�5R3 ¹   + 8



� � � &¼�W���������'� � +�� �

� =�-0/2b �  � =�-0/2bqFG5I3Rnq=�80n �$OQ36_KO*B4Xun��E8 ��8xn � ��-0D6FN36-0w41EFG5IX��Z-0M�1E_KOQFN-0J2BJQVª��-KD6HR365IFG5c�<|*5RBqF
�Z\ZD6FG5IMkD�
4nr»<3NJZHR5R5IXE-0B4/2D�J*V.FNb45�@²���'�%n 
�
 n ¹ n �2O*B]1LO*3S\ ¹  �  `n4Y4Yu8   º ¹2¹ + 8

� =�-0YE_ � 
�� =�-0YE_05I\2n ��84�80n � �]FGJZHTbLO*D6F6-KH �Z-0M�1`_©OQF6-KJ*B
4n�� -x_K5W\2n ¹  � 
 8
� =�J2w�5  (�� =�J2w�5R3SFGDIn �E8 �i8xn 5IXE-0FNJ23Rn � ».5I36V�J236M�OQB4HR5}�U|QOQ_01LOQF6-KJ2B�OQB4X���5RDS-K/2B�JQV�>�1E_ º

FN-0DN5R3S|]-KHI5p~�5IFC��J23 �]D�
En.»<14w`_0-0H�OQF6-KJ*B�J*V�FNb45 �[J2MkM}-KD6D6-0J2B JQV'FNb45k�<143NJ*Yr5RO*B
�[J2MkM�14BE-xFN-05RDIn ¬¼1 § 5IM�w�J2143N/En ¹   ( 8

� =�J2D6H �2)�� =�J2D6HRJZ5*n`7�8��i8xn4��OmFGbE-�nE~^80n � �cb45�»<1436DN1E-xF%J*V���5RO*XE_0J`H���,L3N5R5IX4J2M 
4nE��5IHTb º
BE-KHROQ_r>�J2BEJ2/23GOQY4bp»�= � º � 
 n]»<3NJ2/23NO*MkM}-KB4/y=�5RDN5RO*3NHTb ��36J214Yun �[J*MPYE1EFN-0B4/
¬�OQwrJ23NOQFGJ*36\2nL� § V�J236X�«�BE-x|25R36D6-xFC\2nr~?J�|25IM�w�5R3 ¹  �2) 8

� =�J2D65  *9 � =�J2D65RB]w�5R3N/En'7y8z¬<8xn � 7�B���|*5R3S|Z-05I�µJ*V?>�O*YEYE-KBE/�»�36J2wE_05RMkD�
En�¬¸5IHIFN143N5�-0B
�Z- § FNb @CB]FN5R36BLOQFN-0J2BLOm_��`HTbEJ`J*_�,LJ23 �[J*MPYE1EFG5I3 �`HW-K5IB4HR5�=�5RD65�O*36HTb45R36DRn��*1E_0\
¹   *94n4¬¼-0YLO*3S-�n �]-KHW-0_x\28

� =�J*FNb �  � =�J*FNb45RB]w�5R36/4n �E80n � �¸1EFGJ*36-KOQ_�; 7�3SFN-x¦LHI-KOQ_P@CBqFG5W_0_x-K/*5RB4HI5 O*B4X �Z-0M�1E_KOQFN-0J2B
En
»�36J`HI5R5IXE-KBE/2D±J*V�FNb45 ¹  �  � -0B]FN5R3 �]-KMy1E_©OmFN-0J2B �[J2BEV�5I3N5RBEHR5�
En���5IHR5RMywr5I3
¹  �  EnEY4Yu8 +2+mºC+ 948

� =�14XEJ �  � =�14XEJ*_0V²nE�8���80nE=�5I5RXunL�8]7y80n � �[36\ZD6FGOQ_�;<@CB]FN5I_r-©»����%½ ( ��Y�5R3NOQFN-0B4/ �]\`DSFG5IM
@CB4D6FN3N14Mk5RBqFGOQFN-0J2B
4n[»<3NJZHR5R5IXE-0B4/2DPJ*V?FNb45±9*FNb �[J*BEV�5R365RB4HI5�J2B ��\`Y�5R36HR14w�5
�[J2B4HR1E3N3N5IBqF��[J2MkY41`FG5R36D�O*BEX#7?Y4YE_x-KHROQFN-0J2B4DIn ¹  �  EnEY4Yu8 ( 9  ºS( � ( 8

� =�14Myw  ¹ � =�14MywLO*14/*bun �E80n�5IF¯OQ_�8xn � ��w�²5IHIF¥��3S-K5IB]FN5RX >#J`X45W_0_x-0B4/£O*B4X ��5ID6-0/2B
4n
»�365RBqFN-0HR5 ��OQ_x_¼@CBqFG5I3NBLOmFN-0J2BLOQ_�n ¹   ¹ 8

� =�14D6D 
 ��� =�14D6DN5W_0_�n'=^8z>�8xn � �cb45 �c=�7 � º ¹ �[J2MkY41`FG5R3 �Z\ZD6FG5IM 
4n �[J2MkM�14BE-0H�OmFN-0J2B4D
J*V.FNb45�7 �%>�n ( ¹ n ¹ n �2O*B]1LO*36\ ¹  
 � nEY4Yu8 )2+mº 
2( 8

� =�1EFGO  ¹ � =�1EFGO*Bun�7�8 �y8xn � 7?XE|QO*B4HR5IDP-0B �[J*MPYE1EFG5I3 �Z-0M�1E_KOQF6-KJ2B 
4nc»<3NJZHR5I5RXE-0B4/2D�J*V
FGb45 ( 9*FNb!7�B4B]1LOQ_ �Z-0M�1`_©OQF6-KJ*B �Z\ZMkY�J2D6-014M!nr@²����� ¹   ¹ n4Y4Y 8 (�º²) 8

� ��� � � � � � �cOQFTOm_KJ2/*145 J*V �]-KMy1E_©OmFN-0J2B �`J*V°FC�[O*3N5�
4n ��� � �Z-0M�1E_KOQFN-0J2Buny9 � n�94n^7�Y43S-0_
¹  � � nEY4Yu8 ¹  )�ºS( �  `8

� �EO*X4J �  � �EO*X4J���D �q-�n�=�8[»�80n � �cbE5 �Z-0M�1E_KOQFN-0J2B�»<3NJZHR5IDNDI;�7�|2J*-0XE-0B4/�FGb45�»<36J2wE_05RMkD
O*B4Xk»U-0F6VjOQ_x_KD!
4nq»<3NJZHR5I5RXE-0B4/2D<J*VLFNb45 ¹  �  � -0BqFG5R3 �Z-KMy1E_KOQFN-0J2B��[J2BEV�5I3N5IB4HR5�
4n
��5RHR5IM�w�5R3 ¹  �  `n4Y4Yu8 
2(�º 
  E8

� �EO*MPO � � � �EO*MPO*XE-�n ��80n � ��-0D6FN36-0w41EFN5RX �Z-0M�1`_©OQF6-KJ*Bun�7?_0/2J236-xFGbEMPD�O*B4Xg»�5R3SV�J23NMPO*B4HI5
7�BLOQ_x\ZD6-0D�
P»<bu8 �8E�cb45ID6-0DRnª��5IYLO*36FNMk5RBqF%J*V �[J*MPYE1EFG5I3 �`HI-05RB4HI5*nL«�BE-x|25R36D6-xFC\
J*V �cOm_0-xV�J23NB`-©OEnª¬¼J2D�7?B4/25I_05RDIn ¹  � � 8

� �EO*3N/  (�� �EO*3N/*5RBqF±=�8 �k8xn � �'OQ_x-0XLOQFN-0J2B�O*B4X ��5I36-x¦LH�OmFN-0J2B¯J*V �]-KMy1E_©OmFN-0J2B�>�JZX45I_0D�
En
»�36J`HI5R5IXE-KBE/2D±J*V�FNb45 ¹   ( � -0B]FN5R3 �]-KMy1E_©OmFN-0J2B �[J2BEV�5I3N5RBEHR5�
En���5IHR5RMywr5I3
¹   ( nEY4Yu8 ¹ � 9 º ¹2¹ 9E8



� � � &¼�W���������'� � +��*)

� �EO*3N/  *9 � �EO*3N/*5RBqF±=�8 �k8xn � �'OQ_x-0XLOQFN-0J2B�O*B4X ��5I36-x¦LH�OmFN-0J2B¯J*V �]-KMy1E_©OmFN-0J2B�>�JZX45I_0D�
En
»�36J`HI5R5IXE-KBE/2D±J*V�FNb45 ¹   Q9 � -0B]FN5R3 �]-KMy1E_©OmFN-0J2B �[J2BEV�5I3N5RBEHR5�
En���5IHR5RMywr5I3
¹   *94nEY4Yu8 
�
�º � 
 8

� �EO*36- � 
�� �EO*36-0Bun �r8 �}8xn ¬u\ZB4HTbun�¬<80n � ��-0DNH�OQ3NXE-0B4/���w4DNJ*_05IFN5i@CBEV�J23NMPOQF6-KJ*B -0B O
=�5IYE_0-0H�OmFG5RX¶��OQFGO �cO*D65 �Z\ZD6FN5RM 
4n�@²����� �¸3GO*BEDGO*HWFN-0J2B4DgJ2B �`JQV°FC�cO*365
��BE/*-KBE5R5R3S-KBE/4n ¹ + n ¹ �2O*B]1LO*3S\ ¹  � 
 n4Y4Yu8 +  º 9 ) 8

� �`HTb4M ����� �`HTb4M�1EH���n�,[8xn � �cb45 «�DN5�JQV � �PHW-K5IB]F �[3NJqOQX4H�O*DSF -0B 7�DS\`BEHTb43NJ2BEJ214D
��-KDSFG36-0w41EFN5RX �Z\ZD6FG5IMkD�
4nq�¸5RHTbEBE-KHROQ_E=�5IYrJ23SF.�%= ����º  (�
 n �[J23NB45W_0_`«�BE-0|*5R36D6-xFC\2n
¹  ��� 8

� �`HTb4B �q(�� �`HTb4B45W-KX45I3Rn[,[8 �?80n � �Z\ZB4HTbE3NJ2BE-0�OmFN-0J2B�-KB ��-0D6FG3S-KwE1EFG5IX »<36J2/23GOQMPD!
4n<7 �%>
��3NO*B4DGOQHIFN-0J2B4D�-KBg»<36J2/23GOQMPM}-0B4/¯¬¸O*BE/21LO*/25ID�O*BEX �Z\ZD6FN5RMkDRny94n ( n�7�Y43S-0_
¹  �q( nEY4Yu8 �`¹ ºC) 948

� �`HTb43  (�� �`HTb43N1Ewr5IBun}¬<8 �i8xn � ��3NO*Y4bE-0H�Om_}>�JZX45W_ �ZFN3N14HWFG14365RD�V�J23���-KD6HR365IFG5$�<|*5RBqF
�Z-KMy1E_KOQFN-0J2B
4n¸»<36J`HI5R5RX`-KB4/*D^JQV'FNb45 ¹   ( � -KBqFN5R3 �Z-0M�1E_KOQF6-KJ2B �[J2B`V�5R3N5IB4HR5Qn
��5RHR5IM�w�5R3 ¹   ( n4Y4Yu8 ( 9 ¹ ºS( 9 � 8

� �`bLO*B  (�� �`bLO*B4BEJ2Bunq=�8m��8xn � @CB]FN3NJZX414HWFN-0J2B�FGJ �Z-0M�1E_KOQF6-KJ2B 
4nq»<3NJZHR5I5RXE-0B4/2DUJQVEFGbE5 ¹   (
� -KBqFG5I3 �]-KMy1E_©OmFN-0J2B �[J*BEV�5R365RB4HI5*nr��5RHR5IM�w�5R3 ¹   ( nEY4Yu8 ) � º 
*+ 8

� �`5R/qO �2)�� �`5R/qOm_0_�n �z8xnz=�14X4JQ_KY4b nU¬<80n � »<@²�%;�7�»<3NJ2/*3GO*MkM}-KBE/�O*B4X�@CB4D6FN3N14Mk5IB]FGOQFN-0J2B
��Bq|]-03NJ2B4Mk5IB]F ,ªJ*3³»zO*3NOQ_0_05I_#»<36J`HI5RDNDS-KBE/ 
4n�@²����� �`J*V°FC�[O*365*n�~?J�|25IM�w�5R3
¹  � � nEY4Yu8 (2(�ºC+ 
 8

� �`5I-xF 
 ��� �`5I-xFGQn ��8�¬�8xn � 7�DS\ZB4HTb43NJ*B4J214D�>�O*HTb`-KB45IDi� § b`-KwE-xFN-0B4/ �[J2B4HI143N365RB4HW\ 
4n
�[J2BEV�5R365RB4HI5$=�5RHIJ23NX¥J*V^FGb45�»<3NJ��²5IHIF�>�7 � �[J*BEV�5R365RB4HI5 J2B �[J2B4HI143N365RBqF
�Z\ZD6FG5IMkD�O*B4X�»zOQ3GOQ_x_K5W_ �[J2MkY41EFGOQFN-0J2Bun ¹  
 � 8

� �`5I-xF ����� �`5I-xFGQn���8ª¬<8xn � �Z\ZD6FN5RM �[-0M}-KB4/ 
4n �[bLO*YEFN5R3 
 nL@CB � >#5�O*X � ��� 8
� �`5I-xF � � � �`5I-xFGQn ��8¸¬<8xn � �cb45 �[J2DNM}-0H �[1Ewr5�
4n �[J2MkM�14BE-0H�OmFN-0J2B4D^J*V�FNb45k7 �%>�n ( � n

¹ n �2O*B]1LO*3S\ ¹  � � n4Y4Yu8 (2(�º²+2+ 8
� �`b45RY ����� �`b45RYEYLO*3NX n �r8 �8xn^��O�|]-0DRn ��8 �}8xn �[b4O*B4X43NOEn�«^80n � ».O*3GOQ_x_05I_ �Z-KMy1E_KOQFN-0J2B

��Bq|]-03NJ2B4Mk5IB]FND�V�J23}>�1E_xFN-0Y43NJZHR5IDNDNJ*3�7?3NHTbE-xFG5IHIFG1E3N5RD!
4n%»<3NJZHR5I5RXE-0B4/2DkJ*V�FGbE5
¹  ��� ��� ��>�1`_0F6-KHIJ2BEV�5R365RB4HI5kJ2B���-KDSFG3S-Kw41`FG5RX �Z-0M�1`_©OQF6-KJ*Bun �*1E_x\ ¹  � � nuY4Yu8
¹ �  º ¹2¹ 948

� �Z-K5I/ � � � �Z-K5I/25I_�n��^8 �E80n � @CBqFG5I3NHRJ*B4B45RHWFN-0J2B¨~�5IFC��J23 �]D V�J¡¬¸O*36/25 �`H�OQ_05 »zO*3NOQ_x_K5W_
»�36J`HI5RD6D6-0B4/4;��cb45RJ23S\#O*B4X�»<3GO*HWFN-0HR5�
Enª¬¸5 § -KB4/QFGJ2B �[J`J��ZDIn ¹  � � 8

� �Z-0VjO ����� �Z-0VjO �]-0DRn �E8xn � ��5�O*X`_KJZH��]D?OQB4X�¬u-x|25I_0JZH��ZD�-KB��¸3GO*B4DS-0F6-KJ*B �Z\ZD6FN5RMkD�
En ¬¼5RHWFG14365
~?J*FN5RD%-KB �[J2MkY41EFN5R3 �`HI-05RBEHR5*n ��� n ¹  ��� n`Y4Yu8 � ��
�º �   E8



� � � &¼�W���������'� � +���


� �`Bq\`X �q(�� �`Bq\`XE5R3Rn�¬<80n � @CBqFG36J`XE14HIF6-KJ2B¯FNJ FGbE5 ��-0/2bE_x\ ».O*3GOQ_x_05I_ �[J*MPYE1EFG5I3�
4n�@²���'�
�[J2MkY41EFG5I3Rn �2O*B]1LO*3S\ ¹  �2( n4Y4Yu8L9 
�º � � 8

� �`J �*J ����� �`J �*JQ_�n¸¬<8¼>�80n �[3S-KD6HRJZ5*n¸�8r».8xn � -K5W_©OQB4Xun¼7�8 ».8xn � >�� �i;u7 �ZFG3NOQFG5I/*\�V�J23
�`HTb45RXE1E_0-0B4/���-KD6HR3N5WFG5 �Z-0M�1`_©OQF6-KJ*B �U|25IBqFGD!V�J23 �[J2B4HI143N365RBqF �Z-0M�1E_KOQFN-0J2B
En
»�36J`HI5R5IXE-KBE/2DpJ*V?FGb45 ��� � >�1E_xFN-0HRJ2BEV�5I3N5IB4HR5�J*B¯��-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQF6-KJ2B n
��� � �Z-0M�1`_©OQF6-KJ*B �`5I36-05RDIn �*1`_0\ ¹  ��� nEYEYu8 + 9 º 9 ( 8

� �`J �*J �  � �`J �*JQ_�n�¬<8P>�80n �ZFN14H��q\2n ��8 �}8xn ���[O*B4/4n �8��r8xn � >�� �i;}7 �[J*B]FN3NJ*_
>�5RHTb45IBE-0DNM V�J23i»zOQ3GOQ_x_K5W_ ��-KD6HR365IFG5 �Z-0M�1`_©OQF6-KJ*B
®»<36J`HI5R5RX`-KB4/*D�J*V FGbE5
¹  �  �@CBqFG5R36BLOQF6-KJ2B4OQ_��[J*BEV�5R365RB4HI5�J2B�»zO*3NOQ_0_05I_?»<3NJZHR5IDNDS-KB4/En%7�14/21ED6F ¹  �  En
».5RBEB4D6\]_x|*OQBE-©O`nrY4Y 8 ( � �mº²( � 948

� �`J �*J  ¹ � �`J �*JQ_�n`¬<8E>�80n � 5W-KD6DNMPO*Bun�E8 ��80nE>�1EFNHTbE_05R3RnE».8]7�8xn � >�� �i;Z7�Bp��MkYE-036-0H�Om_
».5R3SV�J23NMPO*BEHR5 �ZFN14XE\ 
4n�»<3NJZHR5I5RXE-0B4/2D�J*V�FGbE5 ¹   ¹ � -0B]FN5R3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5�
4n���5IHR5RMywr5I3 ¹   ¹ n4YEYu8 � � 
�º � )2+ 8

� �`J2M �  � �`J2M!n%��8 �}80n �[J*FTOEn ��8�7�8xn �EOQ3N/25IB]Fp=�8��}8xn � ��B 7�BLOQ_x\ZD6-0B4/��U|25IBqFGD�FNJ
��DSFN-0MPOQFG5%FGbE5%».J2D6D6-0wE_05 �`Y�5R5IX414YkJ*Vr»zOQ3GOQ_x_K5W_ª��-0DNHR365IFN5��<|*5RBqF �Z-0M�1E_KOQFN-0J2B
En
»�36J`HI5R5IXE-KBE/2D±J*V�FNb45 ¹  �  � -0B]FN5R3 �]-KMy1E_©OmFN-0J2B �[J2BEV�5I3N5RBEHR5�
En���5IHR5RMywr5I3
¹  �  EnEY4Yu8 
2(  º 
*+ 
 8

� �`J21E_  ¹ � �`J21E_05*n?¬<80n���14YEFTO`n�7y80n � 7?B��U|*Om_K1LOmFN-0J2B J*V�FGbE5 �[bLO*B4X`\ º >#-0DN3GO º �[3S\qO*BqF
7?_0/2J236-xFGbEM V�J23g��-0/*-xFTOQ_$¬¸J*/*-KH �]-KMy1E_©OmFN-0J2B
4n¯7 �%> �¸3GO*B4DNO*HIF6-KJ*B4DiJ2B
>�J`XE5I_x_0-0B4/OQB4X �[J2MkY41`FG5R3 �Z-0M�1E_KOQF6-KJ2B n ¹ n]94n`��HIFNJ2wr5I3 ¹   ¹ n]Y4Y 8 + ���mº²+ 9 
 8

� �`YrJ*3  +�� �`YrJ*3N3N5I3Rn ��8xn �cOQ145R3In��^80n � �[J*3NJ*_x_©O »zO*3SFN-xFN-0J2BE-0B4/�V�J23���-0D6FN36-0w41EFG5IX�¬¼J2/*-0H
�Z-KMy1E_KOQFN-0J2B¯J*V���¬ �`@ ��-K36HR1E-xFGD!
4n�»<3NJZHR5R5IXE-0B4/2DpJQV�FGbE5 
 FNb ��J23 �ZD6b4J2Y J2B
»zO*3NOQ_0_05I_cO*B4X���-0D6FN36-0w41EFN5RX �Z-0M�1`_©OQF6-KJ*B�h�»r7�� �  + lGn ��� ��nU>�O�\ ¹   + nzY4Yu8
� � º  ( 8

� �`Y43NJ �2)�� �`Y43NJ*1E_0_�n<=�8z,�80n �`1EFGbE5R36_KO*B4X n<@T8z�%8xn � 7�DS\ZB4HTb43NJ*B4J214D��Z\ZDSFG5RMkD ��JQ_K14Mk5�@T;
@CB]FN3NJZX414HWFN-0J2B
4n ���`7¨9 
 �2) n �`1EFNb45R3S_©O*BEXun �ZY43NJ21`_0_�OQB4X 7�D6DNJZHI-KOQFG5IDRn�@CBEH*8xn
¹  �2) 8

� �`Y43NJ  *9 � �`Y43NJ*1E_0_�n?=^8[,[80n �`1EFNb45R3S_©OQB4Xun�@T8[�%80n�>�J*_0BLO*3 ��8c��8xn � �cb45 �[J214BqFN5R3 �4J��
»<-0Y�5I_x-KB45[»<3NJZHR5RD6DNJ23�7�36HTbE-xFG5RHWFG14365�
4n*@²�'����X45ID6-0/2BO*BEX��¸5RDSFUJ*V��[J2MkY41EFN5R3NDIn
¹2¹ n + n�>�O*3NHTb ¹   *9En4Y4Yu8L9 ��º �  E8

� �ZFTOQ_ ����� �ZFTOQ_x_x-KB4/*DRn �i80n � =�5RX414HI5RX�@CB4D6FN3N14HWFN-0J2B �`5WF[7?3NHTbE-xFG5IHIFG1E3N5�
En4»<3NJZHR5I5RXE-0B4/2D'J*V
FGb45�@²������n 
*) n ¹ n �2O*B]1LO*3S\ ¹  � � n4Y4Yu8 + �mº � � 8

� �ZFG5W-  ¹ � �ZFG5W-KB4MPO*B n �E80n � �E»����'�����r; �Z\ZB4HTbE3NJ2B4J*14Dg»zOQ3GOQ_x_K5W_�5RBq|]-K36J2B4Mk5RBqF V�J23
��My1E_KOQFN-0J2B¥O*B4X ��-0DNHI3N5WFG5��U|25IB]F �]-KMy1E_©OmFN-0J2B
4n�»<3NJZHR5I5RXE-0B4/2D±J*V�FNb45 � FNb
� J23 �]DNb4J2Y J2B¥»zO*3NOQ_x_K5W_�OQB4X¥��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2B�h�»r7�� �  ¹ lGn���� ��n
�2O*B]1LO*36\ ¹   ¹ n`Y4Yu8  � º ¹ �2+ 8



� � � &¼�W���������'� � +�� �

� �ZFG5IB  ��� �ZFG5IB4D6FN3 �J2M!n¼»�80n � 7 �`1E36|25W\�J*V �cOQHTb45 �[J2b45I3N5IB4HR5��`HTbE5RMk5RD�V�J23�>�1E_xFN-0Y43NJ º
HR5RD6DNJ236D�
4n��[J2MkY41EFN5R3In (*+ n ) n �*1EB45 ¹   � nEY4Yu8 ¹ (�º²( 948

� �ZFG5IY ����� �ZFG5IY4b45RBEDNJ2BunZ>�80n ��J214XE-x_0_05IFRnq�8xn � 7 ��3NO*Y4bE-0H�Om_ZFNJ`JQ_ZV�J*3�FNb45c>#J`X45W_0-0B4/�OQB4X
>�O*BE-0Y41E_KOQFN-0J2B³J*V?��HRHRO*M �ZJ*V°FC�cOQ3N5±O*BEX³��3NO*B4DNYE1EFG5I3 ��O*36XE�cOQ3N5!�¸J2YrJQ_KJ º
/*-K5ID�
4n^-KB � ��HIH�O*M O*B4X FNb45��¸3GO*B4D6Y41EFN5R3 º =�5IDN5RO*3NHTb�O*B4Xg7�YEYE_0-0H�OmFN-0J2B4D�
En
��X`-0FNJ23�7�D �Q5I��n���80nL@S� � ¹  ��� n4Y4Yu8 ¹ +  º ¹ 9*948

� �ZFG5IY �2)�� �ZFG5IY4B45I\*n ��80n � »<36J*FGJ*FC\ZY�5}J*V �^=�7�@²¬ º ��HIH�O*M �`HR365R5IB ��-0DNYE_KO�\ 
4n�»zO*3 �Z-©,ªOQ_
@CB]FN5R36BLOQ_.��J`HI14Mk5RBqF?»��E,<½ �����%½ �¥» + ½ �2) ½ ¹ � n ¹  �2) 8

� �`1 �  � �`1un �i8 �k8xn �`5W-0FN*n ��8z¬<80n � �'O*36-KO*BqFGDyJ*VcFGbE5 �[bLO*B4X`\ º >#-0DN3GO���-0D6FN36-0w41EFN5RX
��-KD6HR3N5WFG5 º �U|25IB]F �Z-0M�1E_KOQFN-0J2B�7?_0/2J236-xFGbEM 
En.»<36J`HI5R5RX`-KB4/*DyJ*V'FGbE5 ¹  �  ��� �
>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5�J2B ��-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQFN-0J2Bun ��� � �Z-KMy1E_KOQFN-0J2B �`5I36-05RDIn
>�O*3NHTb ¹  �  `nEY4Yu8 + �mº 9 + 8

� �`14B �2)�� �`14B >#-0HR36J2D6\ZD6FN5RMkD @CB4H*8xn � �`14B + 7?3NHTbE-xFG5IHIFG1E3N5*; 7 �`14BA�¸5RHTb4B`-KHROQ_
=�5IYrJ23SF 
4n �`14B�>#-KHI3NJ2DS\ZD6FG5IMkD��<143NJ2Y�5�@CB4H*8xnª7�D6HRJ*FRn �[5R3 �ZD6bE-03N5*n ¹  �2) 8

� �`14B � 
�� � �cb45 �E»r7�= �¥7?3NHTbE-xFG5IHIFG1E3N5}>�O*B]1LOQ_�
4n �`14B�>#-0HR3NJ*D6\ZD6FN5RMkD�@CB4HQ80n ¹  � 
 8
� �`1EFGb �  � �`1EFGbE5R36_KO*B4X#@T8ª�%80n � >#-0HR3NJ*YE-KY�5I_x-0B45RD!
4n �[J*MPMy14BE-0H�OQF6-KJ*B4D?JQV�FNb45�7 �%>�n +q( n

¹ n �2O*B]1LO*3S\ ¹  �  `n4Y4Yu8 
2( �mº 
*+ � 8
� �`1EFGb  +�� �`1EFGbE5R36_KO*B4X @T8<�%80n � ,._KO*D6bZw4O*H�� �Z-0M�1E_KOQFN-0J2B
En[=�5RD65�O*36HTb¯=�5RY�J236F �`1EBL¬¸O*w + ; �q( � � n �`14B�>#-KHI3NJ2DS\ZD6FG5IMkD�¬¸O*w�J23GOQFNJ236-05RDInL@CB4H*8xnL7�1E/214D6F ¹   + 8
� �.O*XEY � 
�� �.O*XEYrJ*_05£�¸5RHTb4B4JQ_KJ2/Q\ »'¬ ��8xn � �¸3GOQB4DNY41`FG5R3 �]\`DSFG5IM �cO*3NX �%» º � ����
En

»�365I_x-KM}-0BLO*3S\#»�36J`XE14HIF?��5RD6HR3S-KYEF6-KJ*Bun��.O*XEYrJ*_05^��5IHTb4B4J*_0J2/*\#»�¬ ��n ¹  ��
 8
� �cb45RJ  ¹ � �cb45RJZX4J236J2YrJ*1E_KJ*DRn �}n � �`Y�5RHI-x¦LHROQFN-0J2B¨J*V$=�5IYE_0-0H�OmFG5RX �ZFG3614HIFN143N5ID -KB®O

��3NO*Y4bE-0H�OQ_`�<Bq|]-K36J2B4Mk5RBqF<V�J23.O��¸3GO*BEDNY41EFN5R3.wLO*DN5IXk>�O*HTb`-KB45�
4nZ> �`H[�cb45RDS-KDIn
«?BE-x|25I3ND6-xFC\�J*V<>�O*B4HTb45ID6FG5I3Rn ��HIFGJ*wr5I3 ¹   ¹ 8

� �cb45RJ  Q9 � �cb45RJZX4J236J2YrJ*1E_KJ*DRn �k8xn � 7�B¨JZHRHRO*M MkJZX45I_ J*V³FGb45 7�>�«�¬¸��� ¹ 
4n @CB
»�36J`HI5R5IXE-KBE/2D�J*V�FGb45g7�>�«�¬¸��� >�JZX45W_0_x-KBE/ ��J23 �ZD6b4J2Yun � -0B4X45R36Mk5R3N5Qn
�[14M�w43S-©O`nr�<B4/Q_©O*BEXun �*1E_x\ ¹   *948

� �cb45RJ  Q9qO � �cb45RJZX4J236J2YrJ*1E_KJ*DRn �}80n � JZJZX4D �E8 ��80n � �[1E-x_KX`-KB4/µ»zO*3NOQ_x_K5W_ ��-0D6FN36-0w41EFN5RX
>�J`XE5I_0D!V�J*3�7�DS\`BEHTb43NJ2BEJ214D �[J2MkY41EFG5I3±7�36HTbE-0FN5RHWFG14365RD�
En�»<3NJZHR5R5IXE-0B4/2D!J*V
FGb45 ��J23S_KX���3NO*B4DNYE1EFG5I3 �[J2B4/2365RD6D ¹   *94n��[J2MkJ4n �Z5RYEFN5RM�w�5R3 ¹   *94nQY4Yu8 ( � � º
+�� ¹ 8

� �cb45RJ  Q92w � �cb45RJZX4J236J2Y�J21E_0J2DRn��k8xn ��J`JZX4D �E8 �8xn � ��-KDSFG36-0w41EFN5RX �Z-0M�1E_KOQFN-0J2B³J*V�7�DS\ZB º
HTb43NJ2BEJ214D �[J2MkY41`FG5R3�7�36HTbE-0FN5RHWFG14365RDR;'�cb45�»<3NJ2/23NO*M£��36-x|25IB �[J2B4D65R3S|*OmFN-x|25
7�Y4Y436JqO*HTb
En2»<3NJZHR5I5RXE-0B4/2D.J*V`FNb45���1E3NJ2Y�5�O*B �Z-0M�1E_KOQF6-KJ2B �Z\ZMkYrJ2DS-K1EM ¹   *94n
��J*_K1EMP5 ( n4@CDSFTO*B]w41`_�n��¸143 �Q5I\2nr��HIFNJ2w�5R3 ¹   *9En4Y4Yu8 (*+ �mºS(*+ 948



� � � &¼�W���������'� � +��  

� �cb45RJ  Q92H � �cb45RJZX4J236J2YrJ*1E_KJ*DRn �}80n ��5RD6FRn�7�8xn � ��3GOQY4bE-0H�OQ_��[J2BE¦L/21E3GOQF6-KJ2B¥J*V���3NO*B4D º
Y41EFG5I3 �Z\ZD6FG5IMkDR; �cb45 ��3NO*Y4bE-0H�Om_��[J2BE¦L/*143GOQF6-KJ*B 7?DNDS-KDSFTO*BqF 
En�»<36J`HI5R5RX º
-KB4/*D±J*V�FGb45 ¹   *9³��3NO*B4D6Y41EFG5I3#=�5IDN5�OQ3NHTb O*B4X 7�YEYE_0-0H�OmFN-0J2B4D �[J2BEV�5I3N5RBEHR5
h�~?7��%«�� º 
 lTnE7cFGb45IB4DRn ��5IJ23N/Q-©OEn4��HIFGJ*wr5I3 ¹   *948

� �cb45RJ  � � �cb45RJZX4J236J2YrJ*1E_KJ*DRn �}80n ��JZJ`X4D �E8 �8xn � 7�B4OQ_0\ZDS-KB4/ FGb45��[-0M}-KB4/¯��363NJ23±-0B
��-KDSFG36-0w41EFN5RX �Z-0M�1E_KOQF6-KJ2BED±J*V�7�DS\`BEHTb43NJ2BEJ214D �[J2MkY41EFN5R3±7�36HTbE-xFG5RHWFG14365RD!
4n
��1E3NJ2DS-KM �[J2BE/23N5IDND 
  � n ��-05RB4B4OEnª7�14DSFG36-KOEn �`5IYEFG5IM�w�5R3 ¹   � nEFGJPO*Y4Y�5�OQ3R8

� �cb45RJ  � O � �cb45RJZX4J236J2YrJ*1E_KJ*DRn �k8xn ��J`JZX4D �E8 �8xn � ��5�OQ_x-0B4/g�%-0FNb��[-0Mk5 >�J`XE5I_x_0-0B4/
»�36J2wE_05RMkD�-0B�»zOQ3GOQ_x_K5W_ >#J`X45W_KD�J*V 7?D6\ZB4HTb436J2B4J214D �[J2MkY41EFG5I3 7�36HTbE- º
FG5RHWFG14365RD!
4n � J*36_0X ��3NO*B4DNYE1EFG5I3 �[J2B4/2365RD6D ¹   � n ��OQ3N3NJ*/qOQFG5Qn��<B4/*_KO*B4X n
�`5RYEFN5RMywr5I3 ¹   � n`FNJpO*YEYr5RO*3R8

� �cb45RJ  � w � �cb45RJZX4J236J2Y�J21E_0J2DRn �}80n ��J`JZX4D �E8 �8xn � �Z-0M�1E_KOQF6-KB4/�7?D6\ZB4HTb436J2B4J214DP7�36HTbE- º
FG5RHWFG14365RD<J2B���3NO*B4D6Y41EFG5I3�~?5WFC�[J23 �]D�
4nq9*FNb@²�������<1436J2M}-KHI3NJ ��J23 �]D6b4J2YP��B
»zO*3NOQ_0_05I_z7�B4X���-0D6FN36-0w41EFN5RX�»<3NJZHR5IDND6-0B4/4n ��3GO*/qO`nu».J*36FG1E/qOQ_�n �2O*B]1LO*3S\ ¹   ) n
FGJ�O*Y4Y�5�O*3I8

� �cb45RD  ��� �cb45RD65RBun¸7�8xnu�¸3GO�|]-0DRn¸¬<8u�%8xn � @CBqFG36J`X41EHIFN-0J2B�FNJ �Z-0M�1E_KOQFN-0J2B
En¼»<3NJZHR5R5IXE-0B4/2D
J*VuFGbE5 ¹   � � -0BqFG5R3 �Z-0M�1E_KOQFN-0J2B �[J*BEV�5R365RB4HI5*n4��5IHR5IM�w�5R3 ¹   � n]Y4Yu8 ¹ 9 º²( ¹ 8

� �cb4J2M  ¹ � �cb4J2MPO*DRn �k8��r80n �uO*b4J*3 �SO*Bun��E8xn � »zO*3NOQ_0_05I_��]-KMy1E_©OmFN-0J2B�J*VE».5I36V�J236MPO*B4HR5�».5WFG3S-
~?5IFNDR;�� § FG5IB4XE-0B4/!FGb45k��J2MPOQ-0B�J*V�»zOQ3GOQ_x_K5W_��Z-0M�1E_KOQF6-KJ2B 
4n�»�36J`HI5R5IXE-KBE/2D�J*V
FGb45 ¹   ¹ � -0BqFG5R3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5IB4HR5Qnª��5RHR5IM�w�5R3 ¹   ¹ nZY4Yu8 � ) 9 º � 
*+ 8

� �[-KB�� �  � �[-KB��Q5R3Inc».8.7�8xn�7�/2365*n �E8<=�80n � ��w��²5RHIF �[365�OQF6-KJ*Bun�>�5RD6DGO*/*-0B4/4n�O*B4X �]FTOQFN5
>�O*BE-0Y41E_KOQFN-0J2B�-0BOQB}��w�²5RHWF���36-05RBqFN5RXk�[-0MP5��$OQ3NY �]\`DSFG5IM 
Enq»<3NJZHR5R5IXE-0B4/2D
J*V�FGbE5 ¹  �  ��� ��>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5¯J*B ��-KDSFG3S-Kw41`FG5RX �Z-KMy1E_KOQFN-0J2Bun ��� �
�Z-KMy1E_KOQFN-0J2B �Z5R36-05RDInr>�O*3NHTb ¹  �  En4Y4Yu8 
  º � 9E8

� ��365I_ �q(�� ��365I_05�O�|25IBun4»�8 ��8xn��3NJ���B]w436-0X4/25QnE�8 =^8xn��?J*Y��q-KB4DInE=�8 ».8xn � ��OQFTO º ��36-x|25IB�OQB4X
��5RMPO*B4X º ��36-x|25IB �[J2MkY41`FG5R3�7?3NHTbE-xFG5IHIFG1E3N5�
En.7 �%> �[J2MkY41EF6-KB4/ �`143S|25W\`DIn
¹ 94n ¹ n �2OQBZ14O*36\ ¹  �q( n4YEYu8  +mº ¹ 9 + 8

� ��1436B  (�� ��1436B45R3In ��n ��1 n�>�80n � »�5R36V�J*3NMPO*B4HI5��<|QOQ_01LOQF6-KJ*B J*V�FGb45�wrJ21EB4X45RX��[-0Mk5
�$O*36Y�7�_K/*J236-xFGb4M 
4n�»<3NJZHR5I5RXE-0B4/2D^J*V'FGb45 ) FNb ��J23 �ZD6b4J2Y�J2B�»zO*3NOQ_0_05I_'OQB4X
��-KDSFG36-0w41EFN5RX �]-KMy1E_©OmFN-0J2Bun ��� � �Z-KMy1E_KOQFN-0J2B �`5I36-05RDIn �2O*B]1LO*36\ ¹   ( nmY4Yu8 ¹2¹ 
�º
¹ ( � 8

� «?B4/25 �2)�� «?B4/25I3Rn ��8xnq5IF<OQ_�8xn � 7¯��-KDSFG36-0w41EFN5RX �`J*V°FC�[O*365�»�36J*FGJQFC\`Y`-KB4/^O*BEX��Z-KMy1E_KOQFN-0J2B
��Bq|]-03NJ2B4Mk5IB]FR; �2O*XE5�
4n�»<3NJZHR5I5RXE-0B4/2D^J*V ��� ��>#1E_0F6-KHIJ2BEV�5I3N5RBEHR5pJ*B�@CBqFN5I_x_0- º
/25RBqF �Z-0M�1E_KOQFN-0J2B^�<Bq|Z-03NJ*B4Mk5RBqFGDIn ��� � �Z-KMy1E_KOQFN-0J2B �`5R3S-K5IDRn ¹  �2) n�YEYu8 )2+mº 
 ¹ 8

� «?B4/25 �  � «?B4/25I3Rn ��8xn � �cb45�@CMkYLO*HWF�J*VU»zO*3NOQ_x_K5W_U»<3NJZHR5IDNDS-KB4/ 
4n�-0B � �?J��i�¸5RHTb4B4JQ_KJ2/Q\
¬¼-0M}-0FND �Z-0M�1`_©OQF6-KJ*Bi>�5IFNb4JZX4J*_0J2/*\ 
4n^»zO*BE5I_ �`5RD6D6-0J2Bun �[bLOQ-03�».5I/2X45IBun ��8
�80n`»<3NJZHR5R5IXE-0B4/2DcJ*V¼FNb45 ¹  �  �� -KBqFG5I3 �Z-0M�1E_KOQF6-KJ2B �[J*BEV�5R365RB4HI5*nL��5IHR5RMywr5I3
¹  �  EnEY4Yu8 )��2)�º²)  ¹ 8



� � � &¼�W���������'� � + ¹ �

� «?B4/25 )  � «?B4/25I3Rn �r8 �y8xn � 7?D6\ZB4HTb436J2B4J21ED �`5I{Z1E5RBqFN-KOQ_ �]�%-0FNHTbE-KBE/ ��-K36HR1E-xFGD!
4n � -x_05I\ º
@CB]FN5R36DNHI-05RBEHR5*n �*J2b4B � -0_05I\ � �`J2B4DInL@CB4H*8xn�~?5W� �'J23 ��n ¹  )  E8

� ��¬ �`@  ��� � 7�HIJ23NBk=%-KD6H�>�O*HTb`-KB45�h�7�=?>�l�,ªO*M}-x_0\y��OQFGO�>�O*B]1LOm_ 
4n���¬ �`@¸�¸5RHTb4B4JQ_KJ2/Q\
@CB4H*8xn�»�365RBqFN-0HR5 ��Om_0_¸@CBqFG5I3NBLOmFN-0J2BLOQ_�n ¹   � 8

� �'O �[5 � ��� �'O*B��[5R3 �*5I_�n���8 �y8xn]=�5RM!nZ>�8xn �EO*5I- �²D�=�8 �i8��E8��E8xn � ��¬ �`@z»<36J2/23GOQMPM}-0B4/ 
4n
»�36J`HI5R5IXE-KBE/2D?JQVU@	� �c�n ¹  � � nEY4Y 8 ¹ � (�º ¹ � ) 8

� �'O �[5 � � O � �'O*B ��5R3 �Q5I_�n ��8 �^80n2=�5IM#nq>�80n �EO*5W- �²DIn]=^8��i8 �E8 �E8xn � �[J2MkYE-x_KOQFN-0J2BJ*V �[J2M º
M�14BE-0H�OmFN-0B4/�»<3NJZHR5IDND65RD?-0BqFGJP��5I_KO�\ º @CB4D65RB4DS-0F6-0|*5 ��-K36HR1E-xFGD!
4n�»<3NJZHR5R5IXE-0B4/2D�J*V
@	� �c�n ¹  ��� n`Y4Yu8 ¹ � 
�º ¹ )q( 8

� �'O �[5  ¹ � �'O*B �[5R3 �*5W_�n ��8 �y8xn���5IDND65I_0DRn��E80n2=�J2BEH��*5RB nZ>�80n �`O*5I- �²DRn]=�8 �i8 �E8 �En �`HTbLOQ_x- � n
,[80n � �cb45 ��¬ �Z@ º »<3NJ2/*3GO*MkM}-KBE/!¬�OQB4/qO*14/*5��O*B4/23NO*M®OQB4X�-xFGD��¸3GO*BED6_KOQFN-0J2B
-KBqFGJ ��OQB4X4DNb4O��*5 ��-K36HR1E-xFGD!
4n�»<3NJZHR5R5IXE-0B4/2D�JQVU����7 ��n ¹   ¹ nEY4Yu8 +�� 9 º²+��  `8

� �'O �[5  (�� �'O*B �[5I3 �*5W_�n ��8 �y8xn � ��OQB4X4DNb4O��*5�HW-K36HR1E-xFGDI;�7�B¯@CBqFG5I3NMk5RX`-©O*3S\ �[5WFC�[5I5RB
�[J2MkM�14BE-0H�OmFN-0B4/$»<3NJZHR5IDND65RD�OQB4X���¬ �`@ 
4n[»�b 8 � FGb45ID6-0DRn[�<-0B4X4bEJ�|*5RB «�BE- º
|25R36D6-xFC\#J*VU�¸5RHTbEB4J*_0J2/*\2n ¹   ( 8

� �'O*B]w  ��� �'O*B]wr5 �Zw�5R36/25RB n�»�80n�5WF OQ_�8xn � ��YEFN-0M}-KI5RX �Z\ZBqFGb45ID6-0D�J*V�7�DS\`BEHTb43NJ2BEJ214D
�[J2BqFG3NJQ_ ��-03NHI1E-0FND[V�3NJ*M ��3NO*Y4b º �cb45RJ2365IF6-KH �ZYr5IHI-x¦LH�OQF6-KJ*B4D�
}»<36J`HI5R5RX`-KB4/*DcJ*V
@	� �[7�� ¹   � n ¹   � n4YEYu8 ¹ � 9 º ¹ � 
 8

� ��5RB�� �2)�� ��5RB��mOQFN5RDNb n �}8xn =�O*X4bLO��]3S-KD6b4BLO*Bun���8xn ¬u-�n �y8�,[8xn � ��-0DNHI3N5WFG5��<|*5RBqF
�Z-KMy1E_KOQFN-0J2B -0B$O#��-KDSFG3S-Kw41`FG5RX��Z\ZD6FG5IM 
4nU@²����� �%��>�»��`7 � ¹  �2) n�@²���'�
�[J2MkY41EFG5I3 �ZJ`HW-K5WFC\#»�365RD6DRnªY4Yu8 ¹ (Q+mº ¹ (  E8

� �$O*/*B �  � �$O*/*B45R3In*�8��?80nm¬¸O*RJ���D �QO`n2�%8��80n � ».O*3GOm_0_05I_��Z-0M�1`_©OQF6-KJ*ByJ*V ��145R1E5I-0B4/�~�5IF º
�[J23 �]DR;�¬u-0M}-0FGOQFN-0J2B4D�OQB4X�».J*FN5RBqFN-KOQ_0D�
4n¸»<36J`HI5R5RX`-KB4/*D�J*V<FGb45�@CB]FN5R36BLOQFN-0J2BLOm_
�[J2BEV�5R365RB4HI5 J2B£>�5RO*DN1E3N5RMk5IB]F OQB4X¡>�JZX45I_x-KBE/ J*V �[J2MkY41EFN5R3 �]\`DSFG5IMPDIn
�[5R3 �*5I_05I\*n « �`7�n�>�O�\ ¹  �  En`Y4Yu8 ¹ 9 )�º ¹ � � 8

� �$O*363 ����� �$O*363N5IBun �^8r�8xn ��O*3S-KXE-�n��r80n � �cb45���OQFTOP��-0·r14DS-KJ2B�>�O*HTbE-0B45 º 7�D6H�OQ_KO*wE_05
�`bLO*365RX �?-K3SFG1LOm_r>�5RMkJ23S\�7?3NHTbE-xFG5IHIFN143N5�V�J23'»zO*3NOQ_0_05I_r� § 5RHI1EFN-0J2B�J*V ¬¼J2/*-0H�OQ_
»�36J2/23NO*MkD�
4nZ»<3NJZHR5I5RXE-0B4/2D'J*VªFGb45 ¹  ��� @CBqFG5R36BLOQF6-KJ2B4OQ_ �[J2BEV�5I3N5RBEHR5�J2BP,.-0V°FNb
��5IB45R3NOQFN-0J2B �[J2MkY41EFG5I3 �]\`DSFG5IMPDIn ¹  ��� nEY4Yu8  *9 +�º  � ( 8

� �$O�\ZM �  � �$O�\ZMPO*Bun�=�80n � ��3NO*B4DNYE1EFG5I3 ��5I|*5I_0J2Y4Mk5RBqF �Z\ZD6FN5RMkD�
4n�-0B ��3NO*B4D6Y41EFG5I3
7�Y4YE_x-0H�OQF6-KJ2BEDRn ��O*36Yun �}8¼h��<XE-xFGJ23 lTnª»U-xFGMPO*Bun ¹  �  En4Y4Y 8 + ¹ º �*+ 8

� � 5W-KH � 9 � � 5W-KH��Q5R3Rn =�8#».8xn � ��b43S\ZD6FGJ*B45*n�7 �Z\ZBqFGb45WFN-0H �Z\ZD6FN5RMkDg»<3NJ*/23GO*MkM}-0B4/
�[5RB4HTbEM�OQ3 ��
4n �[J2MkMy14BE-0H�OQF6-KJ2BEDcJ*VuFNb45�7 �%>�n (�
 n ¹ � n`��HIFNJ2w�5R3 ¹  � 94n]Y4Yu8
¹ � ¹ +mº ¹ �2+�� 8



� � � &¼�W���������'� � + ¹*¹

� � 5W_KH � 
�� � 5W_KHTbun[».8 �^80n � �<M�1`_©OQF6-KBE/ ��-0/*-xFTOQ_�¬¼J2/Q-KH!«�D6-0B4/ �¸3GOQB4DNY41`FG5R3P~�5IFC��J23 �]D
h ��5R3S\ ��-0/2b�»zO*3NOQ_x_K5W_0-0DNM

�
�Z-KMkYE_x-0HI-xFC\

�
».5I36V�J236M�OQB4HR5�l 
4n�¬¼5RHWFG14365y~�J*FG5ID

-KB �[J2MkY41EFN5R3 �`HI-05RB4HI5*n ( � � n¼h�»�7�=�¬�� 
 � 
 lGn ¹  � 
 Y4Y 8 + � 
�ºC+ 
*+ 8
� � 5W_KH  +�� � 5W_KHTbun�».8 �y8xn �*14DSFGJ4n �}80n � -0_x_0J`H��ªn ��8xn � ��-0/2b º ¬¼5W|25I_p»zOQ3GO*XE-0/2MkD V�J23

��5�O*XE_0JZH�� º ,L3N5R5 ��-0/2b º »�5R3SV�J23NMPO*B4HI5 �Z\ZD6FN5RMkD�
Enª»�36J`HI5R5IXE-KBE/2D%J*VuFNb45 ��J236_0X
��3NO*B4DNYE1EFG5I3 �[J2BE/23N5IDND ¹   + n �`5RYEFN5RMywr5I3 ¹   + n4Y4Y 8  � ¹ º ¹ ��� 948

� � 5I3NB � 9 � � 5I3NB45I3Rn��E8xn �[5I3N5ID6V�J236Xun2=�80n � 7 �Z\ZD6FN5RM���BE/*-KBE5R5R3 
 D ��1`-KX45'FGJ �Z-0M�1E_KOQFGJ*3ND�
En
��¬ �`@c��5ID6-0/2Bunª,L5RwE3N1LO*3S\ ¹  � 94n4Y4Yu8 ( 
�º²+ ¹ 8

� ��bLO*3  (�� ��bLO*36FNJ2Bun �E8xn � ��b]\#=�@	���¥-0D?��J`J2Mk5IX
4n�>#-0HR36J2Y43NJZHR5IDND6J23�=�5RY�J236FRn ) n ¹2¹ n
7�14/21ED6F ¹   ( nrnLY4Yu8 ¹ 9 º ¹ 
 8

� ��bE-0F �  � ��bE-0FNB45R3In#=^8xn±O*B4X �[OQ_KHW-�n#�8xn � ��1E-KXE5I_x-KB45ID$V�J23 �`5W_K5IHIF6-KB4/�O*B4X£«�D6-0B4/
�Z-KMy1E_KOQFN-0J2B >�JZX45I_ ��5R3S-0¦LHROQFN-0J2B³�¸5RHTb4B`-K{]145ID�
4n[»�36J`HI5R5IXE-KBE/2DJ*V%FNb45 ¹  �  
� -KBqFG5I3 �]-KMy1E_©OmFN-0J2B �[J*BEV�5R365RB4HI5*nr��5RHR5IM�w�5R3 ¹  �  `nEY4Yu8 ���  º � )�� 8

� � -K5W_ �  � � -K5W_©O*BEXunU,[8xn¸5IF�OQ_�80n � ��-0D6FG3S-KwE1EFG5IX �[J2MkYLOmF �Z-0M�1`_©OQF6-KJ*B�-0B$�[-0MP5 � O*3NYu;
�cb45�>�J`XE5I_�OQB4X -0FND�».5R3SV�J23NMPO*BEHR5�
En�»<36J`HI5R5RX`-KB4/*D¥JQV�FNb45 ¹  �  ��� �

>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5�J2B ��-0D6FG3S-KwE1EFG5IX �Z-0M�1E_KOQFN-0J2Bun ��� � �Z-KMy1E_KOQFN-0J2B �`5I36-05RDIn
>�O*3NHTb ¹  �  `nEY4Yu8 ¹ 9 ºS( � 8

� � -0_05 � 
�� � -0_05I\*n�».8xn � 7A»zO*3NOQ_x_K5W_y7?3NHTbE-xFG5IHIFN143N5 �[J2Mk5RD�JQV�7?/25�OQF�¬�OQD6F 
En�@²���'�
�`Yr5IHIFN3N14M!n �*14B45 ¹  ��
 n4Y4Yu8L9 )mº � � 8

� � -K3SF 
�
�� � -K3SFGbun�~^80n � >�J`XE1E_©O`;P7µ¬¸O*B4/21LOQ/25�V�J23>�JZX41E_KO*3}>�1`_0F6-KY436J2/23NO*MkMk-0B4/ 
En
�`J*V°FC�[O*3N5y»<3GO*HWFN-0HR5^O*B4X�� § Y�5R3S-K5IB4HR5Qn 
 n ¹ n �2O*B]1LO*3S\ ¹  
 
 n4Y4Yu8 +�º²+ � 8

� � JZJ`X  *9 � � JZJ`X n �}8u=�80n¼�¸1436B45R3In �r8 �E8xn � 7 ��5RBE5R3GOm_0-0R5IX �cOQ3N36-05R3 º ~�1E_0_�>�5IFNb4J`X�V�J23
�[J2B4DN5I36|QOQF6-0|*5�»zOQ3GOQ_x_K5W_ �Z-KMy1E_KOQFN-0J2B
4n.»<3NJZHR5I5RXE-0B4/2D^J*V'FGb45 � FGb ��J23 �]D6b4J2Y
J2B »zOQ3GOQ_x_K5W_�OQB4X¯��-0D6FN36-0w41EFG5IX �Z-0M�1E_KOQF6-KJ2Bih�»r7�� �  *9`lGn ��� �rn �*1E_x\ ¹   *94n
Y4Yu8 � �mº � 
 8

� � JZJ��  *9 � � JZJ`XEDRn �E8 ��80nª»<36-x|QOQFG5 �[J2MkMy14BE-0H�OQF6-KJ2B n ¹   *948
� � 1E_xV 
2(�� � 1E_xV²n��i8:7�8xn �[5I_x_�n ��8 �}80n � ��8:MkMkY º 7iM�1E_xFN- º M}-0BE- º Y436J`HI5RDND6J23�
Enr»<36J`HI5R5RX º

-KB4/*DcJ*V¼FGbE5�7�,z@²»���,ªOQ_x_ �*J*-KBqF �[J*MPYE1EFN-0B4/��[J2BEV�5I3N5IB4HR5QnL9 ¹ nZYLO*36F ( n ¹  
2( n
Y4Yu8 
*) � º 
�
�
 8

� � \qOQF �2+�� � \qOQF6F�n��8P¬<80n �`b45IY4YLO*36Xun �r8xn �'J21EB4/4n�=�8P�%80n � 7�Bµ� § Y�5R3S-KMk5RBqF -0B
>#-KHI3NJ2YE3NJZHR5RD6DNJ23 º �cOQDN5RX���-0D6FG3S-KwE1EFG5IX���-0/*-xFTOQ_ �Z-0M�1E_KOQFN-0J2B
En]»�36J`HI5R5IXE-KBE/2D<J*V
FGb45 ¹  �2+ � -0BqFG5R3 �Z-KMy1E_KOQFN-0J2B �[J2BEV�5I3N5IB4HR5Qnª��5RHR5IM�w�5R3 ¹  �2+ nZY4Yu8 ( 
 ¹ ºS( 
�
 8

� � \qOQF � 9 � � \qOQF6F�nU�8¸¬<8xn �Zb45RY4Y4O*3NXun �r80n � 7¡¬¸O*B4/214O*/25���-K365RHIFN5RX ��-KDSFG36-0w41EFN5RX ��-KD º
HR3N5WFG5 �]-KMy1E_©OmFN-0J2B �Z\ZD6FN5RM 
4nL»<36J`HI5R5RX`-KB4/*DcJ*V¼FGbE5 ¹  � 9 � -0BqFG5R3 �Z-KMy1E_KOQFN-0J2B
�[J2BEV�5R365RB4HI5*nr��5RHI5RM�w�5R3 ¹  � 94nEY4Y 8L9 )2+mº 9 ) 948



� � � &¼�W���������'� � + ¹ (

� � \qOQF � � � � \qOQF6F�n��8[¬<80n � �Z-0M�1E_KOQFN-0J2B¥»<3NJ2/*3GO*MkM}-KBE/ J*B�O ��-0D6FN36-0w41EFN5RX �Z\ZD6FN5RM!;
7 »<3N5RYE3NJZHR5RD6DNJ23g7?Y4Y436JqO*HTb
4n »<3NJZHR5I5RXE-0B4/2DgJ*V�FNb45 ��� � ��-0D6FN36-0w41EFN5RX
�Z-KMy1E_KOQFN-0J2B �[J*BEV�5R365RB4HI5*n ��� � �]-KMy1E_©OmFN-0J2B �Z5R36-05RDIn ¹  � � nEY4Yu8 +q(�ºC+2) 8

� ��1 �  � ��1unZ>�8xn]»U-KB n`~^80n � 7�B}@C3N365R/21`_©O*3U��-KDSFG36-0w41EFN5RX �Z-0M�1E_KOQFN-0J2BP»<3NJ2w`_K5IM��%-xFGbPO
��\`B4O*M}-KH�¬¸J*/*-KHROQ_�»<3NJZHR5IDND �ZFN3N14HWFG14365�
4nr»<3NJZHR5I5RXE-0B4/2D?J*VUFGbE5 ¹2¹ FGb���HIH�O*M
«?DN5I3 ��3NJ*14Y#��5IHTb4BE-0H�OQ_z>�5I5IFN-0B4/4n��<XE-0B]w4143N/*bun �`5RYEFN5RMywr5I3 ¹  �  EnEYEYu8 ( ¹ +mº
(2( ¹ 8

� ��O��*J  (�� ��O��*J�|]_K5W|�np7�8 ��80n � ��B�¬u-KM}-xFTOQF6-KJ2BED O*BEX � § FG5RBED6-0J2B4D JQV �E� � >�JZX45I_
V�J23���5RDS-K/*BE-KBE/�7?D6\ZB4HTb436J2B4J214D �[J2BqFG36J*_���-03NHI1E-0FND�
4n�»<3NJZHR5I5RXE-0B4/2D�J*V'@	� �c�
¹   ( nEY4Yu8 +  )�º 9 ��� 8

� �'J�|]-  (�� �'J�|]-xFGDIn'>�8 ��8xnU5IXE-0FNJ23Rn � 7�XE|QO*BEHR5RDy-KB �[J*MPYE1EFG5I3ND�
En ��J*_�8 + � nU7�HRO*X45RM}-0H
»�365RD6DRn ¹   ( 8

� �'1 �  � �'1un �80n��¸J���D6_05I\2n��8xn �?5W-KX45W_Kw�5R36/25R3In�».8xn � �[-0MP5���36-x|25I_�»zOQ3GOQ_x_K5W_��]-KMy1 º
_©OQF6-KJ*B J*V�>�1E_xFN-0D6FTOQ/25�@CBqFG5R36HRJ2BEB45RHWFN-0J2B ~�5IFC��J23 �]D�
En�»<3NJZHR5I5RXE-0B4/2D!J*V�FGbE5
¹  �  ��� ��>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5?J2BP��-KDSFG36-0w41EFN5RX �Z-KMy1E_KOQFN-0J2Bun��� ���Z-KMy1E_KOQFN-0J2B
�`5R3S-K5IDRnr>�O*36HTb ¹  �  EnEY4Y 8 ¹  ¹ º ¹  )

� �'14HR5  (�� �'14HR5IDGO*Bun��%80n��2O*HRJ*w4DNJ2B n��r8xn � �[1E-x_KXE-0B4/ �[J2363N5IHIF �Z-0M�1E_KOQF6-KJ2B >�JZX45W_KD±-0D
��- �PHR1`_0F�
4n}»<3NJZHR5I5RXE-0B4/2D�J*VPFGb45 ¹   ( � -0B]FN5R3 �Z-0M�1E_KOQF6-KJ2B �[J2B`V�5R3N5IB4HR5Qn
��5RHR5IM�w�5R3 ¹   ( n4Y4Yu8 
 �*+mº 
 �  E8

� �'14B  (�� �'14Bun��}8 �}8xn]��-x_0_�nq�82¬<8xn]~?J��%-0H���n�r8]>�80n � �]\`BqFNb45RDS-KD'J*V + � 7�DS\`BEHTb43NJ2BEJ214D
�ZFTOQFN5y>�O*HTbE-0B45RD!
4nr»�36J`HI5R5IXE-KBE/2D?JQVz@	� �c� ¹   ( n ¹   ( n`Y4Yu8 + 9 )mº²+ � � 8

� �'14B  ( O � �'14Bun �k8 �}8xn���-x_x_�n��8c¬<8xn�~?J��%-KH��ªn �r8�>�8xn � »�3NO*HIF6-KHROQ_ ��5RBE5R3GOm_0-0�OQF6-KJ*B4D
J*VU7?D6\ZB4HTb436J2B4J214D �ZFTOmFG5y>�O*HTbE-0B45ID�
4nr��5IHTb4BE-0H�OQ_.=�5RY�J236F � �E¬ º �%= º  (�º � 9294n
�[J2MkY41EFG5I3 �]\`DSFG5IMPD�¬¸O*wrJ*3GOQFNJ236\*n �ZFGO*BEV�J236X�«�BE-0|*5R36D6-xFC\2n �*1E_0\ ¹   ( 8

� �uO*wLO  (�� �uO*wLOQ_KOEn���8xn$��O�\]_KJ23In�=�80n � »<3NJZHR5IDND O*B4X »�36J`HI5RD6DNJ23¥@CBqFG5R3NO*HIF6-KJ*B
4n -0B
� �<B]|]-03NJ2BEMP5IBqFGD^O*B4X��¸J`JQ_KD�V�J23�».O*3GOQ_x_05I_ �ZHI-05RBqFN-x¦LH �[J2MkY41EF6-KB4/ 
4nu�<XE-xFGJ236D
��J2B4/qO*363GOEn �E80n]�¸J2143NO*B4HTb45I5�O*1 n��?80nq�U_0DN5W|Z-05R3 �`HW-K5IB4HR5�»<14wE_x-0DNb45I3NDRn ¹   ( n2Y4Yu8
� � º 
*( 8

� � 5I-0/ 
*)�� � 5I-0/*_K5I3Rn ��8q»�80n � �cbE5RJ23S\}J*V >�JZX45I_x_0-0B4/yO*B4X �Z-0M�1E_KOQF6-KJ2B 
4n��*J2b4B � -0_05I\kOQB4X
�`J2B4DIn ¹  
*) 8

� � 5I-0/  ��� � 5I-0/*_K5I3Rn ��8ª»�80n � ��w�²5RHWF���3S-K5IB]FN5RX �Z-KMy1E_KOQFN-0J2B!�%-0FNb ��-K5I3GO*36HTbE-KHROQ_�n >#J`X41 º
_©O*3%>�J`XE5I_0DR;<@CBqFG5W_0_x-K/*5RBqF�7�/25IBqFGD�O*B4X!�<B4XEJ2MkJ23NY4b`-KH �Z\ZDSFG5RMkD!
4nL7�HRO*X45RM}-0H
»�365RD6DRn ¹   � 8

� � bLO*B �  � � bLO*B4/4n �}80n � 5W-K/Q_K5I3Rn���8�».8xn � ��� � � º �`HTb45IMP5 �`14Y4Y�J23SFG5RX >�O*Y4Y`-KB4/ J*V
��-05R3GOQ3NHTbE-0H�OQ_�>�JZX45I_0DPJ2BqFGJ >�1E_xFN-0YE_K5�»<3NJZHR5IDNDNJ*3 �Z\ZD6FN5RMkD�
En%»<3NJZHR5R5IXE-0B4/2D
J*V�FGbE5 ¹  �  ��� ��>�1E_xFN-0HRJ2BEV�5I3N5IB4HR5¯J*B ��-KDSFG3S-Kw41`FG5RX �Z-KMy1E_KOQFN-0J2Bun ��� �
�Z-KMy1E_KOQFN-0J2B �Z5R36-05RDInr>�O*3NHTb ¹  �  En4Y4Yu8 � 
�º²)�� 8


