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¶ �W}f�ux{}4·©�?�=�W~��4�C�W�:�{tW��x{�C�W���4�C�(zD�=x{�W}:~Îx���z��Wx���~W�1�:t�w�}4�Jz��=�|}�z6�W�=��}f�=�
z6��}$�Ft�z6�W�=�S�=�W~¹���W�=tW��~¹�W�=zSv�}�x��(z�}:������}4z�}:~;�=�S��}4�W��}4��}:�(z�x��W�ºz6�W}��=Ïy�4x��=�
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·E�=��}º~W}4���:�|x���z�x��C� ���=�W�CtW�=�C}:�4Ä�s���� Ä��F�|�1�W�D�W�|�C�W�CtW�Î�:x{���4tWx{z��:Ä�� }4z���x½�W}�z6�4Ä
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Ã�x���x{z6}E�|zD�,z6}�wy�u~W}4�����F�A�4�C�W�4tW���|}:�(zE���1�|z6}4w��N�C�|�¥·¸}nÐ����C�W}4�(z6x��F���{�j�=�
z6��}
�JtWw v�}:���F�l�:�Cwy�A�=�W}:�(z6���=�Wz6��}��|�1�|z�}:wVx{�W�:�|}Å�=�|}:�4Æ ¶ �Wx�� x�� �1���q·©�®·©x{~W}:���j�F�
z6��}�� 
�	�
�� �����   � ���-�� � ��  ��� x�� �=t�z��Cw²�,z6x����C}4��x{�W�Å�Fz�x��C�\Ä)�F�W~��W�=�f��x�wyx{z�}:~
�-�Wx�z6}��|z6�Fz6}��C}:�|x{�-�:�Fz6x{�C� wy}4z��W�1~W�?z��²�|w²�=�{�b�|�1�|z�}:wy�:Æ ¶ �²�Å�C�Cx{~$z6��x��?�W���Cv1È
��}4w$Äu�jwy}4z��W�u~²�Å�=�{��}:~�� � ����� !��� �� � �� (�*���*������-�� x��E�����C���C��}4~��=�W~���z6tW~�x�}:~�Æ
¶ �Wx{��wy}4z6���u~ �¥�=�Cx�~���vWtWx{��~Wx{�W�y�²�|z6�Fz6}��C�6�F�W� v(�$tW��x{�W� ¾ �1�C�{}Å�=�����C��wjtW���=�
z6�f�|}:�W�|}:��}4�(zE�|}4z6���=�W~S�|}:���,z6x��=�W�:Æ » �=�F��x�}�z��®�=���W�|�C�A}4�|z�x�}:�N�D�-�F�6�=��z6}:�|x��4}:~yvJ�
��}:�=�|z��=�W~��C��}:�Fz6}4�|z©��Ðu}:~Î���Cx��(z6�E�Å�=��v�}��C}:�|x{�-}4~$��tW��}4�{��v(��w��=�Wx{�WtW���Fz6x{�C�W�
�=�/z6�W}4��}f���C��wjtW���=�EtW��x{�W���½�|~W}:�|}:~ ¾ x��-�F�|����}4�:x{��x��=����x��=�C���=wy�:Æ

¶ �W}:�=��}4z�x��:�=�����CÄ � ��z6��t��4z6t��6�=� �4���=�|�Ñ�=����}:�JtW}4�(z6x��F�®�:x��|�:tWx�z6� x{�Ñ~W}:wy�C�uÈ
�|z��6�Fz�}:~h·©�W�=��} z6���=�W�|x{z6x{�C�¸�|}:���Fz6x{�C�W�y�Å�=�hv�} �|}:�W�|}:��}4�(z6}:~5v(�h���C�{�1�W�=w�x��=�
���W�=�:} � ¾ �½���:Ä�z��W�CtW�=� z6�W}��JtWw v�}:�®�F����zD�Fz�}:�Sx��j}�Ðu�A�=�W}:�(z6x��=�HÆ ¶ �Wx{� ��}nÈ
��t��{z�x��fvA�=���9�=t�z�vJ� }nÐ���}:�|x�wy}:�(zD�F�Á�|}:�|tW�{z����C��}�Ð��=wy�W��}y�:x{���4tWx{z����F�W~9���u��È
z6}4w��4Æ ¶ �W}�wy�C��z��4�Cwy�W��}nÐy�=�\z6��}:��}�x��Nz6�W}?�Å�F�D�W}��:�=�W��x{�|z6}4�W�4���W�|�=z6�1�:�C�-�F�)�
�:�=w�wy}:�|�:x��F��~Wx{�|z6�|x�vWtuz6}:~ºw t��{z6x{�W���1�:}4���|�C�:Æ ¶ �W}y�|�1w v��C�{x�� wy�u~�}:�
�D�W}4���1x{�W�
z6}4�D�W�Wx{�1t�}���}��C}Å�F��}:~ �|tWv�z���}y}:���|�C���jx��ºz6�Wx{�j�W�|�=z6�1�:�C� Ä �|}:�|tW�{z�x��W�Î�����Cw �4�CwSÈ
�W�{}�Ðy}�Ðu}4�:t�z�x��C����}:�JtW}4�W�:}4��z6�-�,z�·��CtW�{~��1�:�4tW�Á·©x�z6�y�C}:���y���¥·h�W�|�Cv-�=v�x���x�z�� x{�
�6�F�W~W�Cw �|x�w t����Fz�x��C����tW�W�4Æ
! ���C��~W}4�Ez6�®wy�1~W}:�lz6�W}½�:�=�D�W}½�W�|�=z6�1�:�=�HÄu� ���=�W�=t-�=�C}©·��F��~W}4�=}:���=�A}4~����=�

~W}4���:�|x�vWx{�W����}:�JtW}4�(z6x��F�A�4x����4tWx{z��Á�=�W~²�����=z��u�4�C���N�FzN�F�=�|x��CtW�N�{}4�C}4���Á�=�b�FvW�|z��6�=�nÈ
z6x{�C�\Æ ¶ �Wx{�����F�W�Ct-�=�=}��W�=���²���1�W�D�W���=�W�CtW�½~-�,zD�#"-�¥· �|}:w��=�(z6x��4�:Ä�vWt�z��=���{�q·©�
�W�C��~W}4z�}:��wyx���x���w �=��~Ñ��tW�W���C��z6��x{�Jz�}:�|��}Å�Å�1x����²�W�|�u�4}:���|}:�½·©x{z�� ���W�=��}4~º�F�=�|x�È
�=vW�{}:�4Æ » ���1�|z6}4w �Å�=�{��}4~ÎsW�����Å�=�$�=t�z��Cw��Fz6x{�Å�=�{�{�®�C}4��x�� ���W�|�C�C�6�Fw���x{��z6�Wx{�
���F�W�Ct-�=�=}S·©x�z6� ��}4����}:�4z�z6�Îz6}:wy���C�6�=�
�{�C�Cx{�j���C��wjtW���=�4Ä)tW��x{�W�$z��W}����1w vA�=��x��
wy�u~W}4�\�D�W}4���1x{�W��z�}:�D�W��x��JtW}=Æ

» z�}:�D�W�Wx{�JtW}j���C�©�W�|�q�1x{�W�²�W�|�C��}:�|z�x�}4���=�
x{�W~WtW��z6x��C}:�����C}:��}:�6�,z6}:~ �:���F����}4�
�=�A�-�Wx{z�}��|z6�Fz6}?�|�1�|z�}:wy��x{�Á�=���|��~�}4�C}4���C��}:~�Æ ¶ �W}������1�=��x{�N�D�W}:���F}:~��=t�z��Cw��Fz|È
x��:�=�����CÄ�v�t�z®��}4�JtWx��|}:�y� tW��}4�®��tW���W��x{}:~ �W�|�u�4}:���S�:�=���{}:~ � � �  �*� ��� ��-�$�	����"	�-�

z6�º�F�4zy�=�S�=� x{�W~WtW��z6x��C}��(�1�A�=z��W}:�|x��4Æ » �¹x��(�F�=�|x��=�(z x{� ~W}��C}:�{�C��}:~ ���C� z6��}
~Wx{�|z6�|x�vWtuz6}:~Ñ�:�=�D�W}S�W�|�=z6�1�:�C� Äb�=�{���¥·©x��W���W���=�A}4�|z6x{}:���F�E���u��z6}4w��½·©x{z��º�=� �=��È
vWx�z6�6�F�|���JtWwjvA}4�?�F���W�|�u�4}:�|���C�|�?z��yv�}f�W���¥�=}:~\Æ

Ã�x��W�=�����CÄ/�=� �F�{z6}4���-�,z6x{�=}�wy}4z��W�1~�x{��~W}��C}4���C��}:~ ���C���Å�C�=x�~Wx{�W�$z��W}²��zD�Fz�}
}�Ðu�W�{�C��x{�C� x{� z6�W}j�Å�=�|}®�=�Á�=�|�1�W�D�����C�W�=tW�f�:�C�(z6�|�C���4x��|�:tWx�z6�:Æ ¶ ��x���z�}:�D�W�Wx{�JtW}
x��Áv-�=�|}:~�z��W}�tW�����=��~Wx{�W���F�)� }�z6��xA�W}4z��:Ä-�F�W~�x��ÁtW�|}:~�z6�j�D�W}:���y���C���W���Å�=�|~W��x{�
�®~Wx���z6�|x�vWt�z�}:~�w t�z�t-�=�b}nÐ��4��tW�|x��C���4x����4tWx{z:Æ
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¶ �$z6�W}y}�Ð1z6}4�(z z6�-�,z�z��W}�·��C� �ºx{��z6��x��fz6�W}4��x���x��f·��C�|z��J���=���4��}4~Wx{z:Ä��
~
�E���F� �=} ~W}:�|}:�|�=}:�Î�9���=���C}$�A�=�|z6x{�C�¸�F��z6�-�,z��:�|}:~Wx�zÅÄ���x{�W�:} �Wx��y·E�C� �¸x{��z6��}
���CtW��~-�Fz6x{�C� ���C���=��wy�C��z�}��C}:���Jz6�Wx{�W��x�� x�zÅÆ��
~Ñ�C�=z½wy}j��zD�=��z6}4~ x{� z6��}j�-}:�{~
v(��z6}:�=�D�Wx�����wy}½·©�-�Fz ! �J�W�¥·��=v��Ct�z��C}4��x��-�Å�Fz�x��C��Äl�=�W~ �=�A}4�Wx��W�S~W�1�C�|�©���=�
wy}�x��yz6�W}���}4��}Å�F���D���:�Cwyw tW��x{z��CÆ���x{�E}:�(z��1t���x��F��w ���C�Ewj�y}:�=�����CÄ1���Cwy}4·©�-�,z
tW�(z6tuz6�C�|}:~ z6}4�(zD�Fz�x{�C}4��x��Îz6�W}��-}:�{~ �(�Å�C}jw�}�z6�W}��:�C���W~W}:�W�4} z6����tW���|tW} wj�
�¥·©� x�~W}:�=�:Æ » �W�=z��W}:�jx�wy�A�C��zD�=�(z�x���"-tW}:���:}��C� z��Wx���·E�=� ���=�W~ x�z6� �Ft�z6�W�=�
x�� ¾ �=v��½tW���|�-�=�\Æ ! �$w��=��}½z6�-�F� �C�W�4}jx{�W�|z6�=�W�:}FÄl�Wx��?x��W�|x���z6}:���:}��C� �|�C�{�1x����
�$�W�=�|z�x��:t����=�f�W�|�CvW��}4w ��}:~ z6� � �C}:��}:�6�F���|�C��t�z�x��C� x��9�=� tW��}�Ðu�A}4�4z�}:~ ·��Å�=Æ
� �-�Fz ! �W�¥· �J�W�¥· �=v��Ct�z²z6�W}Ñ�W�|�u�4}:�|�Î�F���|}:�|}Å�=�|�D� ! ��}:�=����}:~h�����=w �
~
�E���F� �=}��=��~ ¾ �=v��½tW�|���-�F�\Æ

¶ �W}®·E�=� � x{� z6�Wx{��z6�W}4��x{�f�=���|����}:��z6�f�6�,z6�W}4�½�W}Å�Å�1x���� �C�Ñz��-�Fz½�=�EÇ?�=�W~��
¾ ���(�=�(zÅÆ ¶ �º� �4}:��zD�=x{� }�Ð1z6}4�Jz:ÄÁz��W}��|�1w v��C�{x��²wy�1~W}:���D�W}:���Jx���� z�}:�D�W�Wx{�JtW}
��}4��tW��z6}4~$�����=w&z6�W}½���C��z6tW�W�Fz6}f�:�=x��W�4x�~W}4�W�:}��=� wj��vA}4x��W�y�Fz©z��W}����=wy}�x{�W�|z�x�È
z6tuz6x��=� �=�½Ç?�=�W~u�CÆ�Ã x��W~Wx{�W���=�Ñ�=�W����x��:�Fz6x{�C�����C��z��Wx��©z6}4�D�W�Wx��JtW} ·E�=�½�F�����²�
wy�C��}½�C���{}:�|����}:�|}:�W~�x��Wx�z6�CtW�©�1�:�4tW���|}:�W�4}=Ä��=�W~����C�Ez��Wx�� ! �-�Å�C}fz6�®z6�-�F� �²z6��}
��}:�C�W�{}��Fz��
�W�4�C��}?�E�Cwy�Wt�z�}:�Á�E�C�|�A�=�6�Fz�x��C�\ÄFx��W�4��tW~�x��W�½���1tW��� �Á�F�SÀ)}FÄ��=x�w
su�D�(·E�=��v�}��=��~®����}�· � x��{���C�\Äq���C�)zD���Jx{�W���=��x��(z6}4��}4�|z�x{�����=��w��=�C�C}4��x{�W�Å�Fz�x��C�\Ä
�=�W~��C}4�W}:�|�CtW�|�{���F�����¥·©x{�W� wy}�z6�StW�|}fz��W}:x{���|�1��z6}:w �F�©�=�Î�=�W�W�{x��Å�,z6x��=��� �F�W~
z6�S�Wt�vW��x{����x{z©�W�S�{}:��� �"!nÆ
! w tW�|z®�=���|� z6�-�F� �9�½�Å�1x�~ À)�=�W�Ñ�=�W~#�=}4����� ¾ tW�|�D�\Ä�·©�W�º�:�=�Jz���x{vWt�z6}4~

��t�vW�|z6�=�(z6x��F���{�²z6�Sz6�W}�x�~W}:�=�©x���z6�Wx{��z6�W}4��x��4Æ ! �¥·�}��|�A}4�:x��F�)z��-�=� �J�©z6�²�½�¥�1x{~
Àb�C�W�WÄ(·©�W��x��Á�����C�(z��=��x{�����C�|w²�Fz�x��C��ÄC�=�W~S·©�W���W}:�{�A}4~�wy}�z6�����C�{x�~Wx�� �jx{~W}Å�F�
x����4�CtW�(z6�{}:�|�?~�x����4tW���|x��C���:Ä�·©�W}4�$���y~��CtWv�z©�W}½�W�=~�w��C�|}�x�wy���C�|z6�=�(z�z��Wx��W�=�
z6�S~W��Æ

¶ �-�=� �J�jz�� Ç©�Cv�}:�|z ¾ ���¥�Jz��C� �=�W~�z6�W}�� » �&�C�|�CtW�9�Fz�z��W}��?�Wx{�=}:�|��x{z��
�=�����=�{x{���C�|�Wx����Fz ¾ }:� �=}4��}4�=ÄW·©�W�S�(�Å�C}½z6��x���z6��}:��x{�©� �C}:�����Å�F��}4��t��)�=�W~�x��(z6}4��È
��x{�C}:�(z½�|}Å�=~�x��W�WÄ/�=��~ºz�� » �����=�ºÃ�x��|�W}:�4Æ ! zf·��=���=��·��Å�1��������}Å�F��tW�|}Sz��$�W�¥�=}
~Wx{���:t�����x{�C�W�E·©x�z6� » �����=�\Ä1�=�W~²�W� ~W�Ct�v�z��|�Cw�}��=�b�Wx{�Ex{�W��x{�C�(z6�Á�Å�=��v�}����Ct��W~
x��(z�}:���|�A}4���|}:~9x{� z6�W}4��}S�-�=�=}:�:Æ������:�Ct�����}FÄ ! �=w�x��W~W}4v�z6}4~ z����=���/z6�W}S�C�1�1~
��}:�C�W�{}�·©�W�jw����=}�z��W}����F���W}4�Cx�}��$}4�����=�²s1�D�W�u�=���F�b�E�Cwy�Wt�z�}:�Esu�:x{}:�W�4}��F�W~
x{z����@�F�:x��{x{z�x�}:��·E�C� �lÆ ���$� �W�|�q�1x{~W}:�j�ÎtW��x��JtW}²}4�(�ux{���C��w�}4�Jz����C���C�6�F~Wt-�Fz�}
�|z�tW~W}4�Jz��:ÄA�=�W~ ! �4�C�W�|x�~W}4�?w��u�|}:�����W�|x{�1x��{}:�C}4~�z6�y�-�Å�C}�vA}4}:�$�®�-�=�|z©�F��x{z:Æ

Ã�x��W�=�����CÄ)z6� ¶ �6�F�4� su��}4x��\Ä/z6�W}��=�W}²x{�W~Wx��|�A}4�W��x{vW��}y��}:���|�C� x{�9z6�W}y·©�W�C�{}
�W�|�u�4}:���%$ ! �:�=�'& z?z��-�=� ���C�CtÎ}:�W�=tW�C�\Æ
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�:�=w vWx���}:~��Fzfz6�W}y�W}�Ð1zj�Wx��C��}:�f��}��C}:�Á�=��~���tW��z6�W}4���|}:~Wt��:}:~�Ä ��
�� Æ �½tW���|�-�=�
�=~��=�u�:�Fz6}4�©vWtWx��{~Wx����jz6�Wx{���Wx�}4�6�=�|�D�(�������Cw z6�W}�z��C��~W�¥·©�\Äl���®z6�W�Fz�z6�W}fwy�C�|z
�=vW��z6���=�4zfwy�u~�}:�����Å�=�ºv�} �C}4��x{�W}:~ºvA}����C��}®~�}4zD�Fx������=��} �W����}4~ x��º�,z�z6�W}®��}�Ð1z
���¥·�}:�©��}��C}4�HÆ

» �Wx�}4�6�=�|�D�Wx��:�=�l�=�W�W�|�(�=�D�S·��F�E�=�{���½zD� �=}:��v(�S��x��{��x��S�Wx{�
z6�6�F�:}�z6�W}4�C��}�z6x{�
�|�1��z6}:w ���C���|�A}4}:~ºx���~W}:��}:�W~�}:�(z½�:x{���4tWx{z���- ��x���É=É8. Æ ! � z��Wx����Å�=�|}=Ä�z��W}j�|}:~WtW�nÈ
z6x{�C�Sx��N�Cv�z6�=x���}:~yw��C��z6��� v(�S�Wx�~�x��W�fx��(z�}:���W�=�-��x{�C�-�=�{�
�=�b�fw��1~WtW�{}=Æ ¶ �W}:�|}�x{�
�W���W�|�¥�ux{��x{�C� ���C�½�=v��|z6���=�4z�x��W��z��W}®��x{�C�-�=�{��v(� ·©��x��D�Ñz6�W}®wy�1~WtW��}��:�Cwyw tuÈ
�Wx{�Å�Fz�}:��·©x�z6� x�z6�?}:�(�1x��|�C�Wwy}:�(zÅÆ ¶ �-�Fz½x{�:Ä��:�Cwyw tW�Wx{�Å�Fz�x��C�Î�=��·��Å�1���|}:w��=x��W�
�Fz�z��W}f�6�=wy}f��}4�=}:� Ä�z6�-�,z©�=��~�x��Cx�zD�=�A��x��=�-�=��z��6�=�W�|x{z�x��C�W�4Æ

¶ �W}Î��}:~�tW�4z�x��C�;�=�W�W�|�(�=�D�;x��S�C}:��}:�6�F���{�9�W�=z��=t�z��Cw��Fz6x{�=Æ¹���|t-�=�{�{�CÄNz6��}
��}4~WtW�4}:~ �W�|�u�4}:�|� x��f�Cv�z6�=x���}:~ x����=� 	 ���� � w��=�W��}:�:Ä �=�W~ z6�W}y�F�=��x{~Wx{z��$�=�
z6��}��|}:~WtW��z6x{�C�9x{��z��W}:� z6}:��z6}4~ �=t�z��Cw²�,z6x��:�=�����CÆ�su�Cwy}Sw�}�z6�W�1~W���-�Å�C}�vA}4}:�
�W�|�C�A�=��}:~ ���=���Cv�z6�=x��Wx{�W�y��}:~�tW�:}4~��W�|�u�4}:�|��}:�f�Ft�z6�Cw��Fz�x��Å�F���{�=Ä-�W�¥·E}��C}4�:Æ Ã-�C�
}�Ð��=wy�W�{}=Ä(x��S��wy}4z��W�1~y�:�=���{}:~ �*�� �� � ��
"���- 	� �� � �� �*���*������-�� Ä(�½�|zD�,z6}�wyx��uÈ
x�wyx��:�Fz6x{�C���W�|�u�4}:~WtW�|} x��?tW�|}:~ z����Cv�z6�=x��$�²��}4~WtW�4}:~Ñ�W�|�u�4}:���?z6�-�,z�x��?}:�JtWx��(È
�=�{}:�(z�z��²z6��}j�C�|x��Cx{�-�=�\�W�|�u�4}:�|��·©x{z�� ��}4����}:�4z�z6�²�=vW��}4�|�F�Fz6x{�C� �1x��yx{z���x{�W�Wt�z��
�=�W~��Ct�z��Wt�z6� - ��À/� É!8=v\Ä ��À/� É58C��. Æ ¶ �Wx{���|}:~WtW��z6x{�C�9�W�|}:�|}:�|�=}:�jz��W}�z���t�z��
�F�=��t�}��=���F���(���C��wjtW���=�)x{� ���|tWx{z6�=vW��}Á���=�Cx��FÆ @½�6�,�l�=�W~SsJz6} �A}:�j�-�Å�C}©�=�{������z6tW~1È
x�}4~ wyx��Wx{w�x �Å�Fz�x��C��·©x�z6� �|}:����}:��z½z6���²�|tWx{z6�=vW�{}j�W�=z�x��C�$�=�N}:�JtWx��F�=��}4�W�:}®�F�½�
��}4~WtW��z6x��=��z6}4�D�W�Wx{�1t�} - @�s 8 � .HÆÎ�Îx��Wx{w�x �Å�Fz�x��C� z�}:�D�W��x��JtW}:� �=��}S�@�=x��|�{� �|z6�|x���z
x��yz6}4��wy�E�=�bz��W}��|}:�JtWx��|}:~��|}:���,z6x��=��v�}4z�·�}:}4��z��W}��C�|x��Cx{�-�=�l�=��~���}4~WtW�:}4~��W���FÈ
�:}4���|}:�:ÄA�W�¥·E}��C}4�:Æ » ���S��}:�|tW�{z:Ä-z6�W}���}4~WtW�4z�x��C��z6�W�Fz?�Å�=�$vA}f�Cv�z6�=x���}:~ÎtW��x{�W�
z6��}:��} z�}:�D�W��x��JtW}:�fx{���W�=z½�=}:�W}4�6�=�{�{�$�=���C�|}Å�Fz��Å�=�Ñv�} �Cv�z6�=x���}:~ÑtW�|x��W��wy�C��}
"-}nÐ�x{vW��}½v�t�z?tW�-�=t�z��Cw��Fz6}4~Îwy}4z��W�1~W�:Æ

¶ �W}f�|�1w v��C��x{��wy�u~W}4�\�D�W}4���1x{�W�Sz6}:�D���Wx��JtW}�x����W�Fz©��}Å�F���{�²�=�Î�=��z6}:�|�-�Fz�x{�C}
z6�²��}:~�tW�4z�x��C�Ñwy}4z��W�u~��:Ä\vWtuz½x����:�Cwy�W��}4w�}4�(zD�=���Îz���z6�W}4w$Æ ! �Ñ�C}:�W}4�6�=� Ä�z6��}
���F���C}4�©z��W}j��zD�Fz�}j�|�-�=�:}�z6�-�Fz��Å�F� vA}���}:�=���D�W}4~º�=t�z��Cw²�,z6x��:�=�����CÄ�z��W}j�{}:�|��z6��}
�W}4}:~����C�Á��}4~WtW�4z�x��C��ÆNÃl�=��}nÐW�Fw��W�{}=Äu��x��{�WtW��}4~��j��}4~WtW��z6x��=� �@�4�C�W�|z���tW��z6}4~�vJ�
�-�=��~�!Ez6�S�C}:�|x{� ���S����}:}4~ x{�W~W}:��}:��~W}:�(z�~�x��|z���x{vWt�z6}4~�w t�z6tW�=�b}�Ðu�:�{tW��x{�C�Î��x����
�:x{���4tWx{z�- ��x{��ÉCÉ8.HÆ��?��x������|�1w v��C��x{�jwy�u~W}4���D�W}4���Jx��W�WÄ\z��W}:�|}®x��������W}:}4~ ���C���
��}4~WtW��z6x��=� $fz6��}E�C}4��x{�W�Å�Fz�x��C��z6x�wy}Áx������C���u���Cw�x��=�(x���z6�W}E��x��4}E�=�-z��W}��|x��W� �@�4��Æ
�D�-�=�uz6}:��Ë !�Æ ����z6��}E�=z��W}:� �-�=�W~\ÄF�|�1w v��C��x{��wy�1~W}:�(�D�W}4���Jx��W��z�}:�D�W�Wx{�JtW}:�
�:�=�
v�}yt���}:~�z6��x�wy�W��}4w�}4�(z�z6�W}S�F�=��x{~Wx{z��Îz6}4�|z����C�½��}4~WtW��z6x��=�W� ���4��Æy�D�-�=��z�}:� 4 !�Ä
�W}4�W�:}fz6�W}½z�·��yz�}:�D�W��x��JtW}:���Å�=�Îv�}½�:�Cw v�x��W}4~\Æ
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! �Ñ�|�1��z6}:wy���=�Nw��=�(�Îx�~W}4�(z6x��:�=�/�W���1�:}4����}4�:Äbx�z�x{�����=w�}�z6x�wy}:�?���C���|x�vW�{}�z�����}nÈ
~WtW�4}f�=�Î�=��v�x{z6���=�|�y�JtWw v�}:���F� �����1�:}:�|��}4�©z��S� ��x{�W�C��}��W���1�:}4����·©�Wx{��}��|}4z6�=x��uÈ
x���� �4}:��zD�=x{�;�W�|�C��}:�|z�x�}4���=��x��(z�}:��}4�|z:Æ Ã-�C�®}�Ð��=wy�W��}FÄ ¾ �|�¥·©�W}=Ä©�E���=� �F} �F�W~
@½��tWw v�}:�|�S�W���C���C�|}:~$�y�|}:~WtW��z6x{�C�Îz�}:�D�W��x��JtW}��=� z��Wx��©�|�C�|z©·©�Wx{�D�$�W�|}:�|}:�|�=}:�
z6��}Sz���t�z����F�=�{tW}®�=�E���=��w tW���=��x{������t�x{zD�FvW�{� ��}:��z6�|x��4z�}:~����C�Cx{�j·©x{z��������1�:}:�|�
�Jt-�=�(z6x��-}:�|� - ¾ � @fÉCÌ .HÆÁ���u���C�|z�tW�-�Fz�}:�{�=Äuz��W}f��}:~�tW�4z�x��C�\ÄW�j���C��w �=�/vWx��|x�w tW���,È
z6x{�C�\ÄA�-�=~ z���vA} }4�|z6�=vW��x{���W}4~ v(� �-�F�W~\Æ ¶ �W}4��} ·E�=�½�W���=t�z��Cw��Fz6}4~$·E�¥� �=�
�D�W}4���1x{�W�Îx{zÅÆ��½tW�|���-�F���F�W~ �$�¥�Îx������=� �W�|�C���C��}4~º�=�Ñx��W~�tW�4z�x{�C}®wy}4z��W�1~ �=�
}:��zD�=v���x��|�Wx�����z6��}���}4~WtW�4z�x��C� z��-�Fz
�4�CtW�{~ vA}E�D�W}:���F}:~��Ft�z6�Cw��Fz�x��Å�F���{��- ��� É!8�.HÆ
¶ �W} wy}4z��W�1~ x����=���|����}4�����|}:�|z���x{�4z6x��C}�x�� z�}:��wy���F�
z6�W} �����C��}:��z6x�}4��z��-�Fz½�:�=�
v�}j�W�|�q�=}:~Ñ�|x��W�4} x{z�~W�1}:�����=z��|}:�{���=� vWx��|x�w t����Fz�x��C�\Æ ¶ �Wx���w�}�z6�W�1~ x{��tW�|}:~
x��®�D�W�=��z6}4� 4uÆ » �|x�wyx����=� wy}4z��W�1~ ·��=�
~�}:���4��x{vA}4~�x{�W~W}:��}:��~W}:�(z6��� v(� � �C����}:�
�=�W~3À)�¥�1x��u���C���|} - � À)É58 .HÆ » �W�=z��W}:� x{�W~WtW��z6x��C}�z�}:�D�W��x��JtW} �-�=� vA}4}:� ~W}nÈ
���4��x{vA}4~yv(�ys1�Jz6�=~W�{}:�
�=��~ @½��t�w vA}4���$- s @fÉ58 . Æ ¶ �Wx{��z6}4�D�W�Wx��JtW}?x������Cwy}4·©�-�,z
wy�C��} "-}nÐux�vW�{}?x{�®z6�-�FzÁx�z
z6��}:�Fz6�Á�W}�z�·E�C� �J�E�C}4�W}:���Fz6}4~²v(�S�:�C�(z�}�Ð1z����|}:}?�C�6�FwSÈ
w��=���4Ä�v�t�z�x{���{x�wyx{z6}4~�z6��vWx��|x�w tW���Fz6x{�C���=�����|}:~WtW��z6x{�C�$z�}:�D�W�Wx{�JtW}=Æ » wy�C��}
~W}�zD�=x{��}:~��4�Cw��W�=��x{���C���=�/z6��}:��}�wy}4z6���u~W���:�=�ÎvA}½���CtW��~$x{���D�-�=��z�}:� 4uÆ
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�E�CtW~�}:�|z½�=�W~º� �F~W��} �W�¥�=}®~W}:�|�:�|x�v�}:~º�²wy}4z��W�u~Î���C���=}:�|x{� �1x��W���-�Wx{z�}j��zD�Fz�}
w��=�D�Wx���}:�?tW��x{�W� ���|~W}:�|}:~ ¾ x{�-�=���Î��}:�:x{��x{�C�Î��x��=�C���=wy��·©�Wx��D�$x��?��x�wyx����=��z��
�|�1w v��C�{x���wy�u~W}4�W�D�W}4���1x{�W� - � ¾ � É!8�.HÆ ¶ ��}?���1w vA�=��x���wy�1~W}:�W�D��}:���Jx��W��z6}4�D�uÈ
�Wx{�1t�}�·E�=�y~W}4�=}:�{�C�A}4~¸x{� � 8CÉ(ÊuÆ ¶ �W}�z6}4�D�W�Wx��JtW}Î�=�½�E�CtW~W}4�|z��=�W~¸� �=~W�|}
�=�W��}Å�F���½z6���-�Å�C}Sv�}:}4�9~W}��C}:�{�C��}:~ºz�·E���C}:�=�������Fz�}:��- �E�Ct 8 � .NvWt�zfx{�W~W}:��}:�1È
~W}4�Jz��{�=Æ ¶ �W}4��}¹�=�|} ��}��C}:���=� ~Wx ��}4��}4�W�:}4� �F�²�F�W�W���C�=�D� vA}�z�·E}4}:��z6�W}9z�·��
wy}4z6���u~W�4Æ s1�1w v��C��x{�$wy�1~W}:�?�D�W}:���Jx{�W�¹x��y~Wx��|}:�4z�}:~ wy�C�|z��{�¹z6�¥·E�=��~ �����¥�(È
x����$z6}4w����C���=�N�W���C��}:��z6x{}:�j�F���-�Wx{z�}²��zD�Fz�}��|�1�|z�}:wy�:Ä�·©�W}4��}:�=�y�E�CtW~W}4�|zS�F�W~
� �=~���}��-�Å�=}½�:�C�W�4}:�(z6���Fz6}4~�w��C��z6���S�C���W���¥�1x���� }:�JtWx��=�F��}:���:}��=�)~�}4z6}4��wyx��Wx{��È
z6x{�©�$}:�=�{�jw²�=�D��x��W}4� ��z6���CtW�C� z��W}4�S�F�����½~�x����4tW���
z�}:wy�A�C���=���{�C�Cx{��- ��� ¾ 8 � . !�Æ
¶ }:�|z�x��W�²�$}:�=�{��w��=�D�Wx{�W}½}:�JtWx��F�=��}4�W�:}�x���tW�|}4��tW� ÄW���C�©}�Ð��=wy�W��}FÄ�·©�W}4� �C�W}fx{�
w��=�W�Wx{�W���²~�}:��x{�C� �����=w �=�W}jz6}4�D�W�W�C�{�C�=�Îz6���F�W�=z6��}:�:Ä�vWt�z½x{�����@�=x{��������x�w®È
x{z�}:~¸���=��w �=�f�C}:�|x{�-�:�Fz6x{�C�\Ä��|x��W�4} z6�W} �|�A}4�:x��-�Å�Fz�x��C�¸x����Fz�z6�W}Ñ���=wy} ��}��C}4�
�=�?~W}�zD�=x{���=� z��W}�x�wy�W�{}:wy}:�(zD�Fz�x��C��Æ » �{���WÄNx���z6�Wx{� ·E�C� �lÄN·�}��:�C����x�~�}:� z6��}
��}:�|���=��w��=�W�:}��=�N�F���C�C�|x{z��Ww���wy�C��z6�{��x��$z�}:�|w����=�N�=���uwy��z��=z6x{��v�}:�W�¥�1x{�C�?���=�
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��}4�CtW���=��������z6�|tW�4z�tW��}4~Î�4���=�|��}4���=�)�|�1�|z�}:wy�:ÄW·©�Wx{��}��E�CtW~W}4�|z?�=�W~Î�$�=~W��}½�W�¥�=}
�:�=�W��x{~W}:�|}:~®wy�C�|z��{������}�z
�=�lv�}:�W�D��w²�=� ���4x��|�:tWx�z6� ���=���|�1�(z6��}:��x{�:Æ ¶ �Wx{��w����=}4�
x{z ~Wx�Ï��4tW�{z z6��~�}4z6}4��wyx��W}��W�¥·¹·E}4���Jz6�W}4x�� z�}:�D�W��x��JtW}����:�=��}4� ·©x�z6� �4x����4tWx{z���x �:}=Æ
Ã�x{�-�=�����CÄ��E�CtW~W}4�|zS�F�W~ � �=~W�|}��-�Å�C}����=z®�=���C}4z ��}:���C��z6}:~¹�F�J�9��}4��tW��z6�����=�
z6}4�|z�x��W�y}:�JtWx��=�F��}:���:}��=��z�·���~Wx ��}4��}:�(z�x�wy�W��}4w�}4�(zD�Fz�x��C�W�E�=��z��W}����=wy}f�W�Wx{z�}
�|z6�Fz6}�w²�F�D�Wx��W}FÆ ! ���W���=�4z�x��4}=Äuz��W}4�y�-�Å�=}��C�W���StW��}4~��|�1w v��C��x{�?z�}:�D�W�Wx{�JtW}:�Ez��
�C}4�W}:���Fz6}Ez��W}E�|}4z
�F�l��}Å�F�D�-�=vW�{}��|z6�Fz6}4���=�l���W�Wx{z�}E�|z6�Fz6}Ew²�=�D��x��W}FÆ ¶ �Wx{��x��u���C��È
w��Fz6x{�C��x��EtW��}���tW�\���C�Ez�}:�|z?�C}4�W}:���Fz6x{�C���=�W~��|}:�JtW}:�(z�x��=�b���u�(z��W}:�|x�� - ¶ s�À�� 8! �.HÄ
vWt�zÁz6��}:��}?}�Ðu��}:�|x�wy}:�(z6�Á�W���¥�1x�~�}��W��x������=��w��Fz6x{�C�®�=v��Ct�zÁ�W�¥·h·�}:�{�Wz6�W}©z6}4�D�uÈ
�Wx{�1t�}�·��C� �J�����=���=}:��x��-�Å�,z6x��=�\Æ �½� z6�W}��=z6��}:���-�=�W~\Ä z6�W}y�|�1w v��C��x{��wy�1~W}:�
�D�W}4���1x{�W�®z6}4�D�W�Wx��JtW}��-�=��v�}:}4���=�W�W�{x�}:~yz6�jz��W}��=}:��x��-�Å�,z6x��=���=�/�=��x{�W~WtW��z6�|x��=�
~W}4��x��=� ���C�½��~Wx{�|z6�|x�vWtuz6}:~Ñ�:�=�D�W}S�:�=�W��x{�|z6}4�W�4� �W���=z��u�4�C� �@�4��Æ��D�-�=�uz6}:� � !�Æ »
wy�C��}�~�}4zD�Fx���}4~�~W}:�|�:�|x���z�x��C���=�/z6�W}�·��C� ���=���E�CtW~W}4�|z?�=�W~ � �=~���}=ÄW�=�W~Î�=z6�uÈ
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M P P ...

cluster bus
UIC

M P P ...

UIC

...

global bus

UIC

...

1) read miss
issues read-shared
->shared, waiting

2) sends read-shared

3) read-shared issued
->shared, waiting

initially own
4) reply-owned asserted
sends read-public
-> shared,snoop

5) read-shared issued
->shared, waiting

initially own
6) reply-owned asserted
sends read-public
-> shared,snoop
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M P P ...

cluster bus
UIC

M P P ...

UIC

...

global bus

UIC

...

12)waiting cleared

11) issues response

7) issues write-resp
->shared, clear snoop

10a) sends response to requester
waiting cleared

9) issues write-resp
-> shared, clear snoop

8) sends write-resp
waiting cleared

10b) sends write-shared
       to main memory
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M P P ...

cluster bus
UIC

M P P ...

UIC

...

global bus

UIC

...

1) read miss
issues read-shared
->shared, waiting

initially owned
2) asserts reply-owned
sends read-shared
->shared, snoop

initially owned
6) reply-owned asserted
->shared, snoop

3) read-shared issued
->shared, waiting

initially owned
4) reply-owned asserted
sends read-shared
-> shared, snoop

5) read-shared issued
waiting set
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M P P ...

cluster bus
UIC

M P P ...

UIC

...

global bus

UIC

...

12)stores data

11) issues write-shared

7) issues write-resp
clears snoop

10b) sends response
        clears waiting

9) issues write-resp
clears snoop

8) sends write-resp
clears waiting

10a) sends write-shared
       to main memory
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M P P ...

cluster bus
UIC

M P P ...

UIC

...

global bus

UIC

...

can’t issue read-public

13) issues read-shared
        -> shared, waiting

14) sends read-public
       to main memory

waiting still set

read-shared still
pending
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a) Petri net b) Unfolded to occurrence net
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^,O0R�OjP
T�K2/tM
O �9_]O0HJF�M�K6TjF`[vW�^�TpPSW6go�yO0UhHoM
M
W2�YPSR,O0U M
aLW /LFtPSO0g��LHJFtkLl!��HmM�aLO�/�M�^�TjKNR
Hmw
� KNHJFLkXTjF��`R
W6TjK�a Tj[LgoWuUXTjR1"4HoFLk0^�OjP#M�aLW�O0R
Hok0HJFLTjg�FLW�M3+�r OX^,W6W�M�aLHo^6l�^7/L_t_vO0^,W
��WhaLT' jWX[:/LHJgmM'M�aLW>/LF�PSO0g(�LHoFLkYO0Ftgo�I/t_�M
O`M
aLWxK2/tM
O � _]O0HJF�M
^6l�HJFDM
aLWx^
W6Ft^
W
M�aLTVM>TjF��`FLW&� M�R
TjFL^
HmM�HoO0FA��W�KZTVF\TH�:�IU /t^,M>a T3 0WuT�K2/tM
O �A_vOjHJF�M>Tj^>T�_LR
W w
�LWNK6W6^,^
O0R&+�A�R,O0U M
aLHJ^ _]O0HJF�M O0F�l�TVFs�cM�R�TVFL^
HmM�HJOjF ��W�TH�4�hU /L^�M�[]W �LW6^,K6WNF4�LW2�
PSR
OjU�^,O0UXWuK2/tM
O �;_]O0HoFsM2+'r�a0/L^6l TjF��IK6O0F�� k�/LR
TVM�HoO0FK��W�UXHok0a�M'TH�:�DM�OYM�atW
/LFtPSOjg(�LHoFLkuU /L^,M�a T3 0WGM
aLWG^
TjUhW � FLTjg�^,M�TpM�W'TV^�^
OjUXW>K6O0F�� k�/LR
TVM�HoO0FyTVgJR
W6TH�t�
_LR,W6^
WNF�M3+

- ^1/ �hK6HJWNF�MYK6OjF4�LHoM
HJO0F PSO0RhT�M
R�TjFt^
HoM
HJO0F M�O}[vWIT}K&/tM�O � _]O0HoFsMXHJ^xM�atW
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PSO0gogJO'��HJFLk<SqM�aLW � F TVg ^,M�TpM�W�OjPvHoM�^�goO�K6TjgLKNO0F � k�/tR�TVM
HJO0FxHJ^�M
aLW�^�TjUhW�Tj^�M�aLTVM OjP
^
OjUXW�OjM
aLW6R(M
R�TjFL^,HoM
HJO0FK��atO0^
WhgJO4KZTjg#K6O0F�� k�/LR
TVM�HoO0F9HJ^(^,UyTjgogJWNR2+cr�atWh_tR
O4OjP
OjPqM
aLHJ^ ^�M�TVM
W6UhW6F�M�Ho^�TV^@PSO0gogJO'��^8S#^7/L_t_vO0^,W�M
aLW6R,W'TjR,W>M ��OuM
R�TjFL^,HoM
HJO0FL^�� * TVF4�
� 9 l=��aLOj^
WYgoO�K6Tjg K6O0F �Lk�/LR�TpM�HJOjFL^uaLT' jWYM�aLWX^�TjUhW �LF Tjg@^,M�TpM�Wjl���HmM�a2M
a TVMuOjP
� 9 []W6HJFtky^
UXTjgogJW6R&+ � O'�~HJUXTjk0HoFLW�TyK6O0F�� k�/LR
TVM�HoO0F�� * =SgJO4KZTjg�O0R>OjM
aLW6R ��HJ^
W@>K6OjFsM�TjHJFtHJFLk�� * + Y W{K6TjFAO0[tM�TVHJF�� * PSR,O0U M
aLW{goO�K6Tjg#KNO0F � kH/LR�TVM
HJO0F\OjP�� * [s�TH�4�tHJFLk�M�atW�M
R�TjFt^
HoM
HJO0Ft^�HJFQM�atWO�tH��vW6R
WNFLK6W�O0FtWuTpM>T�M
HJUhWjl�HJFeTjFeO0R7�LWNR�K6O0F4w
^
Ho^,M
W6F�MB��HoM
a{M�aLWQ�tW6_]W6F4�LWNFLKN�xR,W6gJTVM�HoO0F + -GKNK6O0R1�LHJFLk'M
O(O�/LR�KNO0FL^�M�R7/tKNM�HoO0Fql�TpM
WZTVK�ah^�M�WN_hOVP]M
aLHJ^*_LR
O4K6WN^
^6l�M
aLW6R,W�HJ^�T'KNO0R
R,W6^
_]O0F4�tHJFLk'M
R�TjFL^,HoM
HJO0F ��W�KZTVFXTF�4�
M�OhM�aLWugJO4KZTjgnKNO0F � kH/LR�TVM
HJO0FIOjP�� 9 goWZTH�tHJFLkxM�OyM
aLWc^
TjUhWJ� FLTjg#^�M�TVM
WH+���WNFLK6WVl
��W(KZTjF`[4/LHog(�QTuK6O0F �Lk�/LR�TpM�HJOjF	� 9 K6O0F�M�TVHJFLHoFLk
� 9 ��aLHJK�a`a TV^�M�aLW(^
TjUhW�� F Tjg
^,M�TVM�WVl	� 0 N�P T LON�! U L T N :JI U N $ML I<T P NQP :JI T % L#!>! U $ N>-<L I � * l*^
HoFLK6W ��WX^,M�TjR,M
W2�PSR
OjU TQ^
UXTjgJgoW6R'^,WNM2+hr�a0/L^�HoP�TjF��9KNO0F � kH/LR�TVM
HJO0FAKNO0F�M�TjHoFL^�TQK2/tM
O � _vOjHJF�MZl
HoM{HJ^{W �$/tH� VTjgJWNF�M{M�OAT9^
UXTjgogJW6R�K6OjF � k�/LR
TVM�HoO0F + ��O0F � kH/LR�TVM
HJO0Ft^{KZTjFtFLOjMx[]W
UXTH�LW�TjR
[LHmM�R
TjR
Hogo�u^
UXTjgJg l0aLO'��W* 0WNR6l ^
OcTjF��xK6O0F�� k�/LR
TVM�HoO0FyKNO0F�M�TjHoFLHJFLk�T�K2/tM�w
O �A_]O0HJF�M�U /t^,M�[vW�W��0/LH  VTjgJWNFsM�M
OyTxK6O0F�� k�/LR
TVM�HoO0FIFtOjM>K6O0F�M�TVHJFLHoFLkhThK&/tM�O �
_]O0HJF�M3+Gb�HoFLK6W�TVgJgnM�aLWuR
W6TjK�a Tj[LgoW{^,M�TVM�WN^(TjR,WcR
WN_LR
WN^
WNFsM
W2�A[��\KNO0F � kH/LR�TVM
HJO0Ft^
K6OjFsM�TjHJFtHJFLk�FLO;K&/tM�O � _]O0HJF�M�^Nl�HoMXHJ^ /LFLFLWNK6WN^
^�TVR,� M
O;[4/LHog(� M�aLWK/LFtPSO0g��LHJFLk
[]WN�0OjF4�DTjF��QK&/tM�O �A_vO0HoF�M3+
Y W�KZTVF � F4�`M�atWuK&/tM�O ��_]O0HJF�M
^>[��`^,HJUh_Lgo�;"jW6WN_LHJFtkYTxa Tj^
aeM�Tj[tgJW(OjP�TjgJg

M�R
TjFL^,HoM�HoO0FL^NlVHoF4�LW*)�W&�c[���M�aLW�� F Tjg4^,M�TVM�W@OjP�M�aLW�gJO4KZTjg0KNO0F � kH/LR�TVM
HJO0F5+ � P4��atW6F
k0WNFLW6R
TVM�HoFLk(TGM�R
TjFL^,HoM�HoO0Fql ��W �LF4��HJFcM
aLW�M�Tj[LgJW�TGM�R
TjFL^
HmM�HoO0FC��HmM�a{W �$/tH� VTjgJWNF�M
[4/tM�^,UyTVgJgJWNR�goO�K6Tjg�KNO0F � kH/LR�TVM
HJO0F�l!��W �LHJ^,KZTjR1�`M
aLW(FLW*� M
R�TjFL^,HoM
HJO0F + Y W(K6TjF
^
atO ��l�TV^XPSO0gogJO'��^6l@M�a TVMhM�atHJ^h_LR
O4K6WN^
^yHo^XkH/ TjR�TVFsM
W6W&� M�O�M�W6R,UXHoF TVM
WeHmP'M�atW
O0R,HJk0HoF Tjg FLWNMxHo^{[]O�/LF4�LW&� TVF4� � FLHoM
WH+VA*HJR,^,M6l�M�aLWD�LWN_tM�a OjP>M�atWD/LFtPSO0g��LHJFLk
U /L^�M`[vWA[]O�/LF4�tW2� [���M�aLW9F0/LU{[]W6R`OjP�F0/LU{[]W6R`OjP�R,WZTjK�a TV[LgJWAUXTjR7"sHJFtk0^2+
r�aLW �LWN_tM�aeOjP#T{k0H  0W6FYM
R�TjFt^
HoM
HJO0FyHJFYM�atW /LFtPSO0g��LHJFLkuHJ^�M
aLW(gJOjFLk0W6^�M�K�a TjHoFQOjP
_LR,W2�LWNK6W6^,^
O0R,^�OVPvM
a TVM�M
R�TjFL^,HoM
HJO0F +�� TjK�a�M�R
TjFL^
HmM�HoO0F{HJF{M
aLHJ^*K�a TjHJFxa TV^ T'gJO4KZTjg
K6OjF � k�/LR
TVM�HoO0Fql�TjF4�yM
aLW6^,W(gJO4KZTjg�KNO0F � k�/tR�TVM
HJO0FL^@PSO0R
U TcK�aLTjHJFYOVP�HJFLKNR
WZTV^
HJFtk
^
H�J6WF+ � P�M�aLW �LW6_tM
a OjP�M�aLWyk0H� jW6F2M
R�TjFL^,HoM
HJO0F}HJ^ckjR
WZTpM�W6R�M�a TVF;M�aLWYF0/LUc[vWNR
OjPuR
W6TjK�a Tj[LgoW9UyTVR7"sHJFLkj^YOjP�M�aLW9O0R,HJk0HoF Tjg>FLWNM6l�M
aLW6F [�� M�aLW9_tH(�Lk0WNO0F�w aLO0gJW
_LR,HJFLKNHJ_LgoWjl�M ��O�OjP>M�aLWN^
WegJO4KZTjg�K6O0F �Lk�/LR�TpM�HJOjFL^�U /L^�MXaLT' jWeM
aLW`^�TjUhW � F Tjg
^,M�TVM�WF+�r�aLHJ^@KZTVFLFLOjM�[vWVl�atO ��W& jW6RNlL^
HoFLK6W�HJFxM�aLHo^�K6Tj^
W�O0FLW>OjPqM�atW>M
R�TjFL^,HoM
HJO0FL^
HJF9M
aLWxK�a TjHJF%��O�/Lg(��a T3 0Wh[]W6W6F �LWNM
W6R,UXHoFLW2�9M�Oe[]WXTQK&/tM�O � _]O0HoFsM2+ � P�M�atW
O0R,HJk0HoF Tjg�FLWNM�Ho^'[]O�/LF4�LW&�qlnHoMGa Tj^�TL� FtHoM�WcF$/tU{[vWNR'OjP@R
W6TjK�a Tj[tgJW�UXTjR7"sHJFtk0^6l
aLWNFLK6W�M
aLWQ�LWN_tM�a�OjP M
aLWQ/LF�PSO0g(�LHoFLkGHo^*[]O�/LF4�tW2� + � P M
aLW�O0R,HJk0HoF Tjg�FLW�M�HJ^ � FLHmM�Wjl
��WcKZTVF\^
atO � [s�eHoF4�4/LK�M�HJOjF`M
a TVM>M�aLW�F0/LU{[]W6R>OjP*M
R�TjFt^
HoM
HJO0Ft^�TVM'TVFs�`kjH� 0WNF
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A*Hok�/LR,W�C:+ � S �'HJFLHoFLk�_LaLHogJO0^,O0_LaLWNR
^�FLW�M3+

�LWN_tM�aDHoFeM
aLWO/LFtPSO0g��LHJFLkxHo^ � FtHoM�WF+ ��WNFLK6WuM�aLW�M�OjM�TjgnF0/LU{[]W6R�OjP*M
R�TjFL^,HoM
HJO0FL^
k0WNFLW6R
TVM�W&�I[��QM�atWO/tFtPSO0g(�tHJFLk�_LR,O�KNW6^,^�Ho^ � FLHoM
WH+

-G^>TjF`W*)tTjUh_LgoW'OjP M�W6R,UXHoF TVM
HJO0Fql4K6OjFL^
H��LW6R�M
aLW(FLWNM>OjPH� kH/LR
W C:+ � l!��atHJK�a
R
WN_LR
WN^
WNFsM
^yM�atW,�LHoFLHJFtk�_taLHJgoO0^
O0_taLW6R,^X_ TVR�TH�LHok0U + � F�M�aLHo^X^,K6WNF TjR
HoOLl�M
aLW6R,W
TjR,W � KNO0FLK&/LR
R,W6F�M(_LR,O�KNW6^
^,W6^ =S_LaLHJgoO0^
Oj_LaLW6R,^ > lvW6TjK�aDOjPB��aLHoK�aDU /L^�M(TjK �0/LHJR,W
M�atW /t^
WxOjP@M ��OI^
a TjR,W2��R
WN^
O�/LR,K6WN^1=�PSO0R7"s^ >'HoF�OjR7�LWNR�M
O`W*)�W6K&/tM�WhHoM
^(K6R
HmM�HoKZTjg
^
WNKNM
HJO0F = W6TVM�HoFLkX^,_ Tjk0atWNM
M
H >?+�r�aLW�_LR,O�KNW6^
^,W6^GTjR
W�O0R
k0TjFLH(JNW2�`HJFITxR
HJFtkLl:��HoM
a
WZTVK�aIFLWNHJk0as[]O0R
HoFLk{_ TVHJR�^,a TjR,HJFLk�O0FtW(R
W6^,O�/LR,K6WH+ A*Hok�/LR
W�C:+ � ^,aLO'��^�M�aLW(KNO0Uxw
_LgoWNM�W&�,/tFtPSO0g(�tHJFLk{PSO0R�M
aLW�KZTj^,WuOjP#M�aLR,W6W�_LaLHogJO0^,O0_LaLWNR
^ = � � � >?+�r�atWuK&/tM�O �
_]O0HJF�M�^�TjR,WcUXTjR7"VW2�K��HmM�a9TjF � +]r�aLW{goO�K6TjgnK6O0F�� k�/LR
TVM�HoO0F\OjP W6TjK�aDOjP�M
aLW6^,W
M�R
TjFL^,HoM�HoO0FL^'Ho^'W��0/LH  VTjgJWNFsM(M
OYM�aLW�WNUX_�M.�9K6O0F�� k�/LR
TVM�HoO0F + Y WxO0[L^,W6R  0W�M�a TpM
M�atW'^
H�J6W'OjP�M
aLW /LFtPSOjg(�LHoFLkcHo^�FLOjM�OjFLgo�h[]O�/LF4�LW&�qlL[4/�M�HJ^�goHJFLW6TjR@HJFyM
aLW(F0/LUxw
[]W6R@OjPn_LaLHogJO0^,O0_LaLWNR
^Nl0��atHJgJW�M
aLWGF0/LU{[]W6R@OjPn^�M�TVM
W6^�HJ^ W*)�_]O0FLW6F�M
HiTjg]Tj^�^
aLO'��F
HJFQM�Tj[LgJW5C!+ 9 +
�>WNKZTjgog4M
a TVM*HJFckjR
O'��HJFLk>M�aLW /LFtPSO0g��LHJFLktlVHmM*Ho^#FLWNK6WN^
^�TVR,�{M
OGW6F0/LUhW6R
TVM�W�TjgJg

OjP�M
aLW{^7/t[L^
W�M�^�OjP _LgJTjK6WN^ ��aLHJK�a9KNO0R
R,W6^,_vO0F:�AM
OyM�atW{HJFL_:/tM�^'OVP�M�R�TVFL^
HmM�HJOjFL^2+
r�aLW�KNO0UX_tgJW*)�HmM.�uOVP M�aLHo^�HJ^������ �	� lH��aLWNR
W � Ho^*M�aLW�^
H(JNW�OjP M
aLWQ/LFtPSOjg(�LHoFLkLl0TVF4�
	 HJ^�M�aLWhgiTjR,k0W6^�McF0/LUc[vWNRuOjP�HJFL_4/�M�^�OjP�TjF��AM�R
TjFL^,HoM�HoO0F +Xr�aLHJ^uHJ^6l OjP�K6O�/LR,^
WVl
[]O�/LF4�LW&��[�� � � lH��aLHoK�a�HJ^�_]O0go�4FLOjUXHJTjg�k0H� jW6F�T��!)tW&�  VTjg(/LW�OjP 	 + � F�_LR�TjK�M�HoK6Wjl
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A*Hok�/LR,W5C:+ � SB��FtPSO0g��LHJFtk�OjP#M
aLW �LHJFtHJFLk�_LatHJgJOj^
O0_LatW6R
^�FtWNM3+

F0/LU{[]W6R ^,H(J6W�OjP /LFtPSOjg(�LHoFLk F0/LU{[]W6R�OjP
OjP�_taLHJgoO0^
O0_taLW6R,^ =�M�R
TjFL^
HmM�HoO0FL^ > R,WZTjK�aLTj[LgJW�^�M�TVM
W6^

� � � �
� 9 � 9 /0/
� 9� � C C
� � 9 � 9 C �

r#Tj[LgJW�C:+ 9 S#��FtPSO0g��LHJFtk�^,H(JNWGTjF:�yF0/LU{[]W6R@OjPq^�M�TVM
W6^@PSO0R �'HJFLHoFLk���aLHJgoO0^
O0_taLW6R,^
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aLO'��W& 0WNR6l�M
aLWyF0/LU{[]W6R�OjP�^7/L[L^,WNM
^ ��aLHJK�a2TjR
WhK6O0Ft^
H(�tW6R
W&�;KZTVF2[]WXR,W2�4/LKNW2�
�0/LHoM
W�W �vW6KNM
H� jW6go�jl /L^
HoFLkxM�aLW(PSO0gogJO'��HJFLkuM ��OxM�WNK�aLFLH �0/LWN^2+7A*HJR,^,MZlt^7/L_L_]O0^,WO��W
TjR,W�W6F0/LUhW6R�TpM�HJFtk`M
aLWx^7/L[t^
WNM
^8SO��WxFLWNW2�2FtOjM�TH�4�}TjF��9_LgJTjK6W{M
O`M
aLWx^
W�MuHmP
M�atWQR
W6^1/LgoM ��O�/tg(� FLOjM{[vWYKNO0F�M�TjHoFLW2� HoF2M�aLWQ^,WNMxOjP�HoFL_4/tM
^{OjP�TjF��2M
R�TjFt^
Hmw
M�HoO0F + b4W6K6OjF4�A��aLW6FtW& 0WNR>Tc_LgiTVK6WGHo^�TH�:�LW2�YM
OcM�aLWG^
WNM6l!��W'KZTVFQHJUhUXW&�LHiTVM
W6gm�
W6goHJUhHJF TpM�W�PSR
O0U KNO0FL^
H��LW6R
TVM�HoO0FYTVgJg]OjPnM�aLWG_LgiTjKNW6^ ��atHJK�aQa T3 0W'T{_LR
W&�LW6KNW6^
^,O0R
HJFIK6O0F : HJK�M ��HmM�aDTX_LR
W&�LW6KNW6^
^,O0R(OjP�M
aLWcFtW&�~W6goW6UhW6F�MZl]^
HoFLK6WcTjF��IM
R�TjFt^
HoM
HJO0F
��HoM
a\[]OjM�aI_LgiTVK6W6^GTj^GHoFL_4/tM
^ ��O�/Lg��\[]W �LHo^
K6TjR7�LW&� + Y WuTH�4�\M
R�TjFt^
HoM
HJO0Ft^�M
O
M�atWyFLW�M{HJF}O0R7�tW6R�HJFLKNR
WZTV^
HJFtk\^
H�J6WXOjP�M�atWygJO4KZTVg�K6O0F �Lk�/LR�TpM�HJOjFql*^,O\M�a TpMC��W
KZTVFG/L^
WhTYa Tj^,aDM�Tj[tgJWcM
OD�LWNM
W6R
UhHJFtWC��aLW�M�aLWNR�OjR'FLOjM(W6TjK�a9M�R
TjFL^
HmM�HoO0FDHJ^GT
K2/�M�O � _vO0HoF�M3+Dr�a0/L^Nl ��atW6FLW* 0W6RhTDK6TjF4�LH�� TVM�WhPSO0R�TIM
R�TjFt^
HoM
HJO0F}HJF2M
aLWA/LF4w
PSO0g��LHJFLkcHJ^�k0WNFLW6R
TVM�W&�ql HoM�HJ^�_LgJTjK6W&�eHoF`T �$/tW2/LW�O0R1�LW6R,W2�e[s�YHJFLKNR
WZTV^
HJFtk�gJO4KZTjg
K6OjF � k�/LR
TVM�HoO0Fh^
H(JNWH+�r�aLW�_LgiTVK6W6^@OjPqM
aLW>FLWNM�TjR
W>W6F0/LUhW6R
TVM�W&�Y[��X_:/LgJgoHJFLk(M�atW
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TVM�HoO0F KZTjF�[vW`K6TjR
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ayM�atWGgJW* 0WNgvOjP�M�aLW'^�M�TjK#"
TVM#M�aLW�M
HJUhW�HmM ��Tj^��,R,W6UhO  jW2���:+ � F�M�WNR
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PSO0R ��TjR1�
M�OxW?)�M
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 � >*+ �>O ��W& jW6RNl�M�aLHo^�Ho^�OjFLgo�QM
aLWC��O0R
^�M'K6Tj^
WF+
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