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k�±�k Ô u�h%�Zphj�=ph ~ tv¦®h��Pu Ã?Ä¢}Å� n@k '-'-'-'x±¶±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �
k�±&% (�z���¦��ªr�t�z�� � �q�-h � �����-�~��� t½°vhj� �	��
[�x� ��u � hju �#£¹�ª��rsz ~ u��¨z�� � ��r Ã?Ä¢}Å� Ô ±#±%±%±Á±@±%±Á±%±%±Á± �
k�±ó� Æ\� 	�ph ~ hj�Iz�r�zc|X�hjr��-hÁ�(�®�hj¦����-h�rshj¦ � � ¦®hjr�u����®zXphjr�» � ���¨z�� � ����hj¦�¦®hjr���tv��r�¦�h Ã?Ä¢}Å� n�k '-'-'-'x±�±%±Á± kvk
k�±)$ Ô u�h%�Zphj�=ph ~ tv¦®h��Pu Ã?Ä¢}Å� n��,'-'-'x±&±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± %,'
%X±�k � ~ � f �®zshj�¨z�u ~ h���uyÆ\ÇÅ��%xk '�Ê�$4±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �v�
%X±&% � ~ � f �®zshj�¨z�u ~ h���uyÆ\ÇÅ��%xkvkjÊ�$4±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �vÊ
%X±ó� � � f phji3t1��uyÆ\ÇÅ��%xk�%vÊ�$-± ±@±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± $-$
%X±)$ ²Âhjr��P�®�hj¦��ª�-hjr=�PuyÆ�Ç�� %xk�%vÊ�$-± ±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± $-$
%X±ó� Ä �Izsh ~ »ýt Ì�{t��vh§��u Æ\ÇÅ� %xk�%vÊ�$1tj°vhj�§¦®h%�{tv� f h�rshj� � �P��tv� ~ hÁh{z�¦�h ~ hjrszsh@��uyr�|Xrsz ghji�hv±�±@±%±Á±%±%±Á± $I�
�X±�k ²ÂhÁ� ~�� �¨hjr�rshju ~�} % � ���¼£ Ä � Ã ¯Prs|x� � ��z���·Xu-hv±"±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �-%
�X±&% n�hj¦�t�z�� � �yhj�Iz ~ h@¦�hjr � hju-wq�#£¹�ª��rsz ~ u��¨z�� � ��r }�� �>Ç=n/h{z }È�½É h ~9} ��±G±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± ���
$-±�k ��hj� µh{z ~ hjr���h ~ h{����rsz ~ hjr�r�u ~ ¦¥£¹t ~ � f �®zshj�¨z�u ~ h �x} ��n��Å Ô �X± ±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �,%
$-±&% ²Âhjr�� � i�� � r�tv�Iz�r��-h%¦Ú£ *�|X�h ~è�x} ��n���±Á±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± ��Ê
$-±ó� � |X� � �Pz���·Iu�h\�Pu e u ~ ¬ �I�-} ��n���±y±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �xk
$-±)$ ²ÂhÁ�P�®�hj¦�����h���u e u ~ ¬ �I�x} ��n���± ±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �-%
$-±ó� Ã phj�{tv����r�i3h@�-h%�vhjrsz�� � � �-hjr�¬ ~ tv��� f hji3hj�©z�r���tv��r�¦®h e u ~ ¬ �I�x} ��n��\± ±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �-%
�X±�k � �v~ i3t�z�r���hjr�����rsz ~ u��¨z�� � ��r��-h%¦Ú£¹t ~ � f ��zshj�¨z�u ~ h\w��vÊX± ±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �v�
�X±&% � |X� � �Pz���·Iu�h\�Pu } �v��� � } hj�Iz���u�i t½°vhj� Ã´Ã�  	±�±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �v�
�X±ó� ²Âhjr��P�®�hj¦��ª�-hjr=�Pu } �v����±�±Á±@±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �vÊ
�X±)$ } �®�hj¦����-hjrÅ��uyi3�ª� ~�� � ~�� �¨hjr�rshju ~[��d*��\~4 Ê�w��vÊX± ±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± ���
�X±ó� � |X� � �Pz���·Iu�h\�Pu Ã hj���ªt%�  �-h��Å| ~ �¿w±S±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k '-k
�X±óÊ ²ÂhÁ�P�®�hj¦�����h���u Ã hj����t%�  ± ±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k '-k
�X± � � ~ � f �®zshj�¨z�u ~ h���u } hj�©z���uPi }�~�� ±�±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k '��
�X±ó� } �®�hj¦����-hjrÅ��u } hj�Iz���u�i }'~�� ±�±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k ',$
�X±ó� � |X� � �Pz���·Iu�h\�Pu Ã %���h��Å| ~ �¿w)±(±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k '�Ê
�X±�k ' � |X� � �Pz���·Iu�h\�Pu "@Ê"�#£¹� Ã Æ§± ±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k '��
�X±�kvk;²Âhjr��P�®�hj¦��ª�-hjr=�Pu "@ÊX± ±%±Á±@±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k '��
ÊX±�k Æ?phj�{��i3tv¦Âhji��Ptv·Xu-h{zIph��-h%¦Ú£¹t ~ � f ��zshj�¨z�u ~ h } ��cn Ä�� ��±�±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�kvkjÊ
ÊX±&% ��� ~ hjr9rshjr�� f |Xr9��·Iu�hjrÅ��h@¦�t�i;phji � � ~ h%h{z��-hjr�hj�Iz ~ ph{hjr��Ur �v~ z��®hjr{±y±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�kvkj�
ÊX±ó� ��� ~ hjr9rshÁ°X� ~ z�u-hj¦�¦®h\�-h%¦¥£¹t ~ � f �®zshj�¨z�u ~ h } ��cn Äs� ��k�±�k�±Z±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�kvkj�
ÊX±)$ ÃG� � ghj¦®h@�#£¹tv� ~ hjr�r�t��vh%°x� ~ z�u-hj¦#��h } ��cn Ä�� ��%X± 'x±§±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k�%xk
ÊX±ó� ÃG� |vhj�P�-h@�Pt ~ tv¦�¦ ghj¦®h%r�u ~ ¦�hjr��-hji3�¿ci � z�r���tv��r�¦¥£Ëh¨wxzshj��r�� � � Ã �   %X±�±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k�%xk
ÊX±óÊ ²Âh%���@u ~ �Pu�� � � ��t��vh�� �c± ±Á±@±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k�%v�
ÊX± � ²ÂhÁ�P�®�hj¦�����h���u ����u ~ ��u�� � � ��t��vh�� �Ú±�±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k�%v�
ÊX±ó� ²ÂhÁ�P�®�hj¦�����h���u } ��³�Xk '-'x± ±@±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k�%��
ÊX±ó� � � � 5P��u ~ t�z�� � �yu����®� ~9� �¨hjr�r�hju ~ tj°vhj�@¦�h } ��³�Xk '-'x±/±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k�%v�
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ÊX±�kj�¸� ~ � f �®zshj�¨z�u ~ h���u } ��ì�,'-'-'x± ±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�kj�v�
ÊX±�kjÊ¸²Âhjr��P�®�hj¦��ª�-hjr=�Pu } ��ì�,'-'-'x±;±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�kj�vÊ
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k�±�k ÃG� ���65(�{t�z�� � �Pr���u � hju?�#£¹����rsz ~ u��¨z�� � �qt���� �v~ zIph{hjr��(t ~�Ã?Ä¢}Å� Ô ± ±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �
k�±&% pÇ'° � ¦�u-z�� � �y�Pu � hju?�#£¹����rsz ~ u��¨z�� � ��r Ã?Ä¢}Å� ± ±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �
k�±ó� e tv��¦�¦�h\��hjr��Pt��vhjr���hjr�i3��� ~�� � ~�� �¨hjr�rshju ~ r Ã?Ä¢}Å� ±È±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± kj�
k�±)$ pÇ'° � ¦�u-z�� � �y��h%¦�t"zshj� f � � ¦ � ���®h���hjr�i3��� ~�� � ~�� �¨hjr�rshju ~ r Ã?Ä¢}Å� ±�±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± kj�
k�±ó� ²Zt�zshj���¨hjr�h{z��=ph{¬P�®z�r �ýhj�?�¨|X�{¦®hjr  ���u ÃGÄ³}�� n��,'-'-'lh{z���u n.$©Ê,'-'x±S±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± %,'
k�±óÊ ��t ~ tv�¨zIph ~ ��rsz���·Xu-hjr�� ~ �����{���Ptv¦®hjrÅ�-hjr�i3��� ~9� � ~�� �¨hjr�rshju ~ r Ã?Ä¢}Å� n��,'-'-'3h{z�n Ã ��'-'-'x± ±%±Á±%±%±Á± %�$
k�± � ��t ~ tv�¨zIph ~ ��rsz���·Xu-hjrZ�-hjr#� ~ �ª���{�®�Ptvuxw�il��� ~�� � ~�� �¨hjr�rshju ~ rhji@¬(t ~ ·IuÅphjr gt�¬Ptvrsh=�#£¹t ~ � f �®zshj�¨z�u ~ h ÃGÄ¢}Å�
��h{�Pu���r\kj�v�-% ±Á±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± %��

k�±ó� ²Âhjr�� ~ �ª���{�®�Ptv¦®hjrÅ��� 	�ph ~ hj���¨hjr���tv��r�¦®hjr�i3��� ~�� � ~9� �¨hjr�rshju ~ r�� � $/'-'-k�¤�$/'-'/%X¤(h{z0$/'-'��X± ±Á±%±%±Á± %v�
k�±ó� ²Âhjr�� ~ �ª���{�®�Ptv¦®hjrÅ��� 	�ph ~ hj���¨hjr���tv��r�¦®hjr�i3��� ~�� � ~9� �¨hjr�rshju ~ r�� � $/'-k 'x¤�$/'-kvk�¤(h{z0$/'/%,'x± ±Á±%±%±Á± �,'
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�X±&% nqphj�{t��P�®z�u�¦�t�z���»È�-hjr�� � ���Åph{hjr�zshj� f � � ¦ � ���ª·Iu-hjr��-hjr�i3�ª� ~�� � ~�� �¨hjr�r�hju ~ r }È�½É h ~9} �\±)±Á±@±%±Á±%±%±Á± Ê�$
�X±ó� ²Âhjr�� ~ �ª���{�®�Ptv¦®hjrÅ��� 	�ph ~ hj���¨hjr�hj�©z ~ h�¦®hjr�i3��� ~9� c� � �-z ~Uµ� ¦®hju ~ r }È�½É h ~9} ��$/'��X± ±%±%±Á±@±%±Á±%±%±Á± ÊvÊ
$-±�k � �v~ i3t�z�r�h{z�zc|X�)hjr��-h%� � ���Åph{hjr��-h%¦�t�� �v~ i�h �x} ��n��= Ô � ±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± ��'
$-±&% Æ\� 	�ph ~ hj���¨hjr�hj�©z ~ h�¦®hjr�i3��� ~9� � ~�� �¨hjr�rshju ~ r���h%¦�t"»ýtvil��¦�¦®h �x} ��n���¦��®zsh%�v�,'x±y±%±%±%±Á±@±%±Á±%±%±Á± �v�
�X±�k ²Âhjr�����r�z ~ u��¨z�� � ��r��-h�¦¥£Ëh¨wXzshj�Pr�� � �yi§u�¦®z���i;phj���ªt Ã´Ã� ±�±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á± �,'
�X±&% ²Zt�zshj���¨hjr�h{z��=ph{¬P�®z�r��¼£Ëh¨w'phj�{u-z�� � �G�-hjr�u��P�®zIphjr���u "@Ê"hj�?� � i@¬ ~ h%�-h%�¨|x�{¦®hjr{±#±%±%±Á±@±%±Á±%±%±Á±�kvk '
�X±ó� ²Âhjr�i3��� ~9� � ~�� �¨hjr�rshju ~ r��#£¹t ~ � f �®zshj�¨z�u ~ h%w-�vÊ�tv�¨z�u�hj¦�r �¢kj�v�vÊ�ì���  	±y±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�kvk�%
ÊX±�k ²Âhjr�zc|X�hjr��-h%� � ���=ph{hjr��-h%¦Ú£¹t ~ � f ��zshj�¨z�u ~ h } ��cn Äs� ��± ±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�kvkjÊ
ÊX±&% ²Âhjr�����r�z ~ u��¨z�� � ��r��-h�¦¥£Ëh¨wXzshj�Pr�� � � Ã �   %X±F±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k�%-%
ÊX±ó� ��¦ � �{t��vhjr��Puy�P�®�hj¦�����h���u } ��³�Xk '-'x±=±%±Á±@±%±%±Á±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�k�%��
ÊX±)$ ²Zt�zshj���¨hjr�h{z��=ph{¬P�®z�r�hj�?� � i@¬ ~ h%�-h%�¨|x�{¦®hjr��-hjr � �Åph ~ t�z�� � ��� � zsz�tv�©zshjr���u } ��³�Xk '-'x±�±%±Á±%±%±Á±�k�%v�
ÊX±ó� Ç�w'phj�{u-z�� � �?r�u-�h ~ r9�{tv¦�tv� ~ h\�-h%�-h{� ~ ph§�-hjuxwyr�u ~ ¦®h } ��³�Xk '-'v²È��±E±%±Á±@±%±Á±%±%±%±Á±@±%±Á±%±%±Á±�kj�xk
ÊX±óÊ ��t ~ tv�¨zIph ~ ��rsz���·Xu-hjr�� ~ �����{���Ptv¦®hjrÅ�-hjr�i3��� ~9� � ~�� �¨hjr�rshju ~ r f tvu-zshjr��)h ~ » �v~ iltv���¨hjr{±�±%±Á±@±%±Á±%±%±Á±�k+$�k
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²Âh ~ t���� �v~ z��-h�°vhj��¦�¦®h%zshj� f � � ¦ � ���ª·Iu-h§� ~ phjrshj�Izsh�¦�t��P¦ªu-�Pt ~ z���hjr�i3�ª� ~�� � ~�� �¨hjr�r�hju ~ r���h�·Xu-hj¦�·Xu-hjr�t ~ � f �®zshj�è
z�u ~ hjr{¤ gt?r9tj° � � ~"Ã?Ä¢}Å� ¤ÂÆ\ÇÅ�J��¦®� f tx¤ }�� �>Ç=n h{z }È�½É h ~9} ��¤ �x} ��n���¤¼w-�vÊX¤Èh{z } ��cn Ä�� ��±ÂÇ=¦�¦®h�»Ítv�®z@r�u���zsh
gt¶¾¿k¨À&h{z\hj��� � ��rsz��®z�u-h�u���h§i3�ªrsh gt �s� u ~ ±¼�Åh{�hj����tv�Iz{¤)�¨h ~ t��P� �v~ z��hju-z µh{z ~ hl� � ��r�u�¦�zIph����P�=ph{�)hj�P��tvi3i�hj�Iz��-h
r � �1� ~ phj�Åphj�¨hjr�r�hju ~ �Pu���r�·Xu-h�¦®hjr'� ~ ���P�{�®�Ptv¦®hjr&����» �v~ ilt�z�� � ��r�r{£Ë| ~ h{z ~9� u-°vhj�©z{± (�� ~ h{z � u ~ gtq¾¿kèÀ)�-h�rsh ~ t@�Åphj�¨hjr9r�tv� ~ h
·Xu-h%� � u ~ � f h ~ � f h ~ ��h%�P¦�u�r�tvi3�P¦®hjr��Åph{z�tv��¦ªr�r�u ~ �¨h ~ z�tv����r�� ~�� ��u��®z�r � uGrs�Åphj�{�65(�{t�z�� � �Pr��P¦ªu�r�tv���{�®hj����hjr��(��tv��r
�¨hjr��{tvrsc¦ gtx¤�¦®hÁ¦®hj�¨zshju ~ z ~�� u�°vh ~ t�u��-h ~ ph{»jph ~ hj���¨h%h¨wx�P¦����{�®zshv± }È� u ~ u���h ph{z�u��-h��=ph{z�tv��¦�¦èph{h%�-hÁ�¨h ~ z�tv���Pr�� ~�� �¨hjr�rshju ~ r
�-h�i µhji�h%�Zphj�=ph ~ t�z�� � �#¤¦®h%¦®hj�¨zshju ~ � � u ~�~ t"rsh ~ ph{»jph ~ h ~ gt?¾)%�ÀÚ¤Z¾Ë�UÀÚ¤Z¾ $�ÀÚ¤È¾Ë�UÀÂh{z�¾ËÊ�ÀÚ±
��h{zszsh�ph{z�u��-hv¤�z � u�z�� � i3i�h@¦ªt"� ~ phj�Pphj�-hj�©zshv¤#�-h%r�hÁ°vhju-z��Ptvr�h¨w f tvu�r�z��®°vhÁhj� �¨h@·Xu��#� � ���¨h ~ ��h@¦®hjr�t ~ � f �®zshj�è

z�u ~ hjrÅt�¬ �v~ �Åph{hjr�h{z�¦®hjrÅi3��� ~9� � ~�� �¨hjr�rshju ~ r=��h�� f tv·Iu�h\t ~ � f �®zshj�¨z�u ~ hv¤-i3tv��rÅ� � u�rÅtj° � ��r�z µtv� f ph@�-h�»ýtv� ~ h�hj�qr �v~ zsh
·Xu-hq¦®hjr"u��-hjr§h{z�¦®hjr�tvu�z ~ hjr�r � �®hj�Iz ~ h{� ~ phjrshj�Iz�t�z��®»ýrj±F������r9�=t����(t ~ t µ 	 z�¦Ú£ìph{° � ¦ªu-z�� � � �-hjr§zshj� f ����·Xu-hjr§hji��P¦ � |�ph{hjr
�-h{�(u���r�¦®hjr�� ~ hji3�®h ~ r � u�r�·Xu#£¹tvuxwS�P¦�u�r ~ phj�¨hj�Iz�r�il��� ~�� � ~�� �¨hjr9rshju ~ r��-h�� f tv·Xu-h@t ~ � f �®zshj�¨z�u ~ hv±
��h{zszsh@t���� ~�� � f h\t�tvuPr�r��)� � u ~ ¬Pu-z��-h ~ hj��� ~ h\� � i���zsh��-hjr�zshj����tv���¨hjr��PuSilt ~ � f ph@��hjr�i3��� ~�� � ~9� �¨hjr�rshju ~ r

h{z��-hjr�tv�¨zshju ~ r�·IuP�|S� ~ hj���-hj�Iz��Pt ~ z gt�z ~ tj°vh ~ r�¦®hjr����
	�ph ~ hj�Izshjr�tv¦�¦ª��tv���¨hjr�» �v~ i ph{hjr�hj�Iz ~ h@¦�hjr�� � ���¨h{��zshju ~ r{¤(¦®hjr
» � ���-hju ~ r{¤�¦®hjr����IzIph{� ~ t�zshju ~ r��-h%rs|xrsz ghji�hjr{¤(h{z���±
²Âhjr�r��¿wS� f t��P��z ~ hjr�·IuP�)� � �Prsz��®z�u-hj�Iz�¦®h\� �v~ �Pr��-h%�¨h ~ t��P� �v~ z=�hju-°vhj�Iz µh{z ~ h@t�¬ �v~ �=phjr������Åph{�hj���Ptvi3i�hj�IzÅ¦®hjr

u��Pr&�-hjr&tvu-z ~ hjr{± Ä ¦�r ~ ph{»jph ~ hj���¨hj�©zÅr � u-°vhj�Iz'�-hjr&� � z�� � ��rÈzshj� f ���ª·Iu-hjr&·Xu-h�¦®h�¦®hj�¨zshju ~ tj°vh ~ z���� � �P��t µ 	 z ~ tx¤�i3tv�ªr&� � �©z
¦®h�� � °x���¨h�� � u ~�~ t�z ~9� u-°vh ~ ·Xu-hj¦�·Xu-h�h¨wx�P¦����{t�z�� � �l��tv��r�¦®h���¦ � r�r�tv� ~ h��ý�Â±Pk+$©�  	±X��zszshj�Iz�� � �1z � u-zsh{» � ��r{¤©¦®hjr'� � ���Åph{hjr
zshj� f � � ¦ � ����·Xu-hjr �Í���©zXph{� ~ t�z�� � �#¤I» ~ phj·Xu-hj���¨h��¼£ f �v~ ¦ � �vhv¤�h{z���±  �ph{° � ¦�u-hj�Iz=z ~ ghjr ~ t��P����hji�hj�©z&h{zÅr � �Iz'r�u�r��¨h{�Pz��®¬P¦®hjr&�-h
� f tv�-�vhji�hj�Iz�r
�Z¦®hjrÁ� ~�� � � r\zshj�Xu�r@�ª�{�&�-hlr � �Iz@·Xu-h3¦®h ~ h �Ph{z��-hjr%���-» �v~ i3t�z�� � ��rÁ·Iu�h3� � u�rÁhj� tj° � ��r�tvu�i � ��r
�-h§i3tv�Åkj�v���I±������r9�¥¤P�¨h ~ t���� �v~ z�rsh ~ t3�P¦�u�z µ� z�� � ��r��ª�=ph ~ ph§� � i3i3h§u���h@� f � z � � ~ t�� f �®h gtSu��G����rsz�tv�Iz�� ~ phj�{�ªr��-h
¦¥£³ph{z�t�z\�-h%¦¥£¹t ~ z���h%� f tv·Xu-h@t ~ � f �®zshj�¨z�u ~ h%h{z��-h@� f tv·Xu-h@i3��� ~9� � ~�� �¨hjr�rshju ~ hj� � � ��rsz��®z�uPtv�©z�uP�-h%��i��P¦ªtv�©z�t�z�� � �¼±
²Âhjr����-» �v~ i3t�z�� � �Pr%� ~ phjrshj�IzIph{hjrl��tv�Pr��¨hy� � �{u�i�hj�Iz � �Iz�ph{zIph?� ~ �����{���Ptv¦®hji�hj�Iz%h¨wxz ~ tv�®zshjr"�-hq¦�t ~ h{°Xu-h �g\m:

�����
!y��������	
	�*�N1<� !/�*��93: �B"��z�
V/	
\ta_��/b 	�����\ta_� �D�g�g\t�����
!#�����
�	=	��*��q$*��a*)�$*�,� ¤=��hjr3i3tv�Xu-hj¦�r"�-h ~ ph{»jph ~ hj���¨hjr
�-h1� f tv·Xu-h1t ~ � f �®zshj�¨z�u ~ hlh{z§�-hjr@����°vh ~ r%r��®zshjr�� �*���~a � \lai� � ��ZÁ~ hj¦�t�z��®»Ír%tvuxw�� � ���¨h{�Pzshju ~ r%h{z�� � u » � ���-hju ~ r
�-hjr\i3�ª� ~�� � ~�� �¨hjr�r�hju ~ rqph{z�u��P�	ph{hjr{±#²Ât1�P¦�u-�Pt ~ z��-h§¦ªtl¦��®zszXph ~ t�z�u ~ h§u�z���¦���rXph{h@�ª�{�Âhjrsz�hj�´¦�tv�-��u-h§tv�-��¦�tv��rshv¤(h{z�� � u ~
�¨hj¦�ty� � u�r�� ~ � � ��r�¦®h�¦®hj�¨zshju ~ ��h�¬P��hj�G° � uP¦ � � ~ h¨wx�{uPrsh ~ ¦¥£¹u-z���¦ª��r�t�z�� � � �ý�P¦�u�r�� � i3i � �-h"� � u ~ � � u�r� ��-h"¬Pt ~ ¬PtU
~ �ªr�i�hjr��ýzshj¦�r�� � ~ hj� � i3ilt��vh � �&�-h ~ h{����rsz ~ hjr{¤u�����zIph � �'hj�Iz�� gh ~ h � �c¤)il��� ~�� � ~�� �¨hjr9rshju ~ � �'�P�®�hj¦����Åph � �c¤)h{z���±  �� � �Iz�¦�t
� � i�� ~ ph f hj��r�� � �?�-hÁ� � rsh f hju ~ hju�rshji�hj�Iz��Ptvr��-hÁ� ~�� ¬P¦ ghji�hv±
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�p����� �y�,��"_V#�*�`�,�6d � � �0�  'hjrsz�u��-h.5(¦���tv¦�h��-h�¦ªt@r � �{�	ph{zIph �D\m��\t�=�*V�����$
!#"_\l��	 �Í�-h{�(u���r�kj�v�-%  	±�²Âhjr�i3��� ~�� � ~9� 
�¨hjr�r�hju ~ r ������� r � �©zÅu-z���¦��ªrIphjr&�Pt ~ �(¦�u�r��®hju ~ rÈ°vhj���-hju ~ r'�-h�rsz�t�z�� � �l�-h�z ~ tj°�tv��¦�h{zÅ�-h } �\± Ã tv��r{¤©r�u ~ �¨h�i3t ~ � f phv¤
¦®hju ~ � ~ �����{���Ptv¦(u�z���¦���r�t�zshju ~ hjrsz�¦�t�i3tv��r � � i gh ~ h �#\^�v\l�
�*V�����$�!D"_\t�	 ±
²Âh�r�u��{� ghjrÅ�-hjr&i3��� ~�� � ~�� �¨hjr9rshju ~ r ������� hjrsz"ph{��tv¦®hji�hj�Iz=� µu�tvu�i3t ~ � f ph��-hjr&rs|xrsz ghji�hjr�hji�¬Pt ~ ·XuÅphjr � 	���9l:�9;�
!

Z=��4i�	 ¤-� � ��r � ¦®hjr��-h � hjuxw)¤ ���2���  	±x²Ât"� ~�� �ªr�r�tv���¨h\�-h\�¨h�rshj�¨zshju ~ h{z�¦�hjr'hj� � hjuxw«phj� � � � i3�ª·Iu-hjr�·Xu#£¹��¦ ~ h{� ~ phjr�hj�©zsh
¦�tv�ªr�rshj�Iz�tvu-��u ~ h ~ uP�ytj°vhj��� ~ � �v~ ��r9r�tv�©z�� � u ~�ÃGÄ³}�� ±

$ � u�r&� ~ phjrshj�©z � �Pr'��tv��r&uP�"� ~ hji3�®h ~ zshji��(r&¦®hjr�i3��� ~9� � ~�� �¨hjr�rshju ~ rF·Xu�� � �©z'»ýtv�®z&¦®h�r9u��{� ghjr'�-h ������� ��tv��r&¦®h
� � iltv���-h��-hjr�rsz�t�z�� � ��r��-h�z ~ t½°Utv��¦Ú¤ gtÁr�tj° � � ~ ¦®hjr&i3��� ~9� � ~�� �¨hjr�rshju ~ r ÃGÄ³}�� n��,'-'-'x¤ Ã?Ä¢}Å� n.$/'-'-'x¤ ÃGÄ³}�� n��,'-'-'
h{z ÃGÄ³}�� n�k '-'-'-'x±'Æ\tv��r"¦�t´i�hjr�u ~ h � gu«�¨hjr�i3��� ~�� � ~�� �¨hjr9rshju ~ r � �©z��Åph � gt/ph{zXph´¦®hSr9u � h{z"�-hq� � r§� ~ phj�Pphj�-hj�Izshjr
ph{z�u��-hjr�¾)%X¤�X¤)�X¤)Ê�ÀÚ¤)� � u�r��¼£Ëhj�©z ~�� �Pr��Ptvr���tv��r�¦�hjr��Åph{z�tv��¦�r��-h��¨hju-wIc�{�Zi3tv��r�� � u�r�� ~ phjrshj�Iz � ��r�¦®hjr�� ~ �����{�®�(tv¦®hjr
���
	�ph ~ hj���¨hjr��#£¹u��-h\�Èphj�Åph ~ t�z�� � � gt3¦Ú£¹tvu-z ~ hv±
} u���r{¤� � u�r?ph{z�u���� � ��r\¬ ~ � gh{°vhji�hj�Iz%¦®hjr\i3��� ~9� � ~�� �¨hjr�rshju ~ r\¦®hjr\�P¦�u�r ~ phj�¨hj�Iz�r{¤Â¦®h Ã?Ä¢}Å� n��,'-'-'qh{z%¦®h Ã?Ä¢}Å�

n Ã ��'-'-'x± Ä ¦�r§�-h1� � �Prsz��®z�u-hj�Iz"�Ptvr"u��-h1� � u-°vhj¦�¦®h1�Zphj�Åph ~ t�z�� � �6�-hqi3��� ~�� � ~�� �¨hjr�rshju ~ r���tv�Pr�¦�t´i�hjr�u ~ h � gu«¦®hjr
zshj� f ����·Xu-hjr�·Xu#£¹��¦�r&�ªi��P¦èphji�hj�Izshj�©z=�-h�r � �Iz��Ptvr�� � u�°vhj¦�¦®hjr{¤�i3tv�ªr&rshju�¦®hji�hj�Iz'�-hjr�°vh ~ r�� � ��r&�P� 	�ph ~ hj�IzshjrÅ�-hjrsz����Åph{hjr
gtq�-hjr�i3t ~ � f phjrÁ�Pt ~ z����{uP¦��®h ~ r�zshj¦ªr�·Xu-h"¦®hjr�rs|Xr�z ghji3hjr\hji@¬Pt ~ ·IuÅphjr f tvu�z��-h§��tvi3i�h � u�¦®hjr\rsz�t�z�� � ��r\�-h�z ~ tj°�tv��¦
�#£Ëhj�Iz ~ ph{h"�-hÁ��tvi3i�hv±PÇ'z���£Ëhjrsz�� � u ~ �¨hj¦ªt3·Iu�h%� � u�r��-h%¦�hjr������{¦�u � ��rÅ�Ptvr���tv��r�¦�t"�Pt ~ z��®h\� ~ phj�(phj�-hj�Izshv±
Ç=� 5(�#¤(� � u�rqph{z�u��P� � ��r�·Iu-hj¦ª·Iu-hjr�u���r���hjr�i3�ª� ~�� � ~�� �¨hjr�rshju ~ r��=ph ~ �®°�phjr���hjr�t ~ � f �®zshj�¨z�u ~ hjr ÃGÄ³}�� n��,'-'-'lh{z

ÃGÄ³}�� n0$/'-'-' �Í�¨h1r � �©z%tv�¨z�u�hj¦�¦®hji�hj�Iz%¦®hjr\rshju�¦�rÁil��� ~�� � ~�� �¨hjr9rshju ~ r gtytj° � � ~ �-hjrÁ�-hjr��¨hj�P��tv�©z�r  	±Z�Åh{zszsh3�Pt ~ z���h
� � uPr��h ~ i�h{zsz ~ tl�#£¹���Iz ~�� �Pu�� ~ h\¦�t�rsz ~ t�zXph{���®h�� � i3i3h ~ �{��tv¦®h@��h ������� gt�z ~ t½°vh ~ r�r�hjr��Pt ~ zshj��tv� ~ hjr�» � ���-hju ~ r{±�Ç'�
h 	h{z{¤ �p����� t%hjr�rshj�Iz��®hj¦�¦®hji�hj�Iz'u���h�tv�¨z��®°X��zIph��-h��Åph{°vhj¦ � �P�)hji3hj�©z'��h�i3��� ~�� � ~�� �¨hjr9rshju ~ r{¤�tv¦ �v~ r�·Xu-h�¦�t\» � ���-h ~ ��h
hjrszqtvr�r�u ~ ph{h´�(t ~ �-hjr1�Pt ~ zshj�Ptv� ~ hjr1h¨wXzXph ~ �®hju ~ r{±�²�£Ëhj��rshji�¬P¦®h´�-hG�¨hjrS» � ���-hju ~ rlt;�#£¹tvu-z ~ h´�Pt ~ zSu��-hGtv�¨z���°X�®zXph
�#£¹�ª��� � °�t�z�� � �;·IuP�=� � �Iz ~ �®¬Pu�hStvu«�Åph{°vhj¦ � ���hji�hj�Iz��-hqrs|Xr�z ghji3hjr gt´¬Ptvrshq�-hSil��� ~�� � ~�� �¨hjr�rshju ~ r �p����� h{z�·Iu��
tv�{� ~���µ 	 z�tv����r9�)¦ªt"�Åphj�=ph{z ~ t�z�� � �´�-h@�¨h{zszsh�t ~ � f �®zshj�¨z�u ~ h@r�u ~ ¦�h%i3t ~ � f ph§�-hjr�rs|xrsz ghji�hjr�hji@¬(t ~ ·IuÅphjrj±

����� ��������9��
#����� ������� ��$&!#���"!#�%$&���)�(�=�"!#� * +-,º.

Ç=�qkj�v�v�X¤ �������g�x�*Y2!#�/9I����#d 	9I�Y3	 ¦ªtv���¨hÅr � �"� ~ hji3�®h ~ i3��� ~9� � ~�� �¨hjr�rshju ~ ¤U¦®h Î � ��!G� 1������ ±I�Åh�i3��� ~�� 
� ~9� �¨hjr�r�hju ~ �Åph ~ ��°�ph"�-hjr�z ~ tj°�tvuxw?�-h�¦Ú£¹u����®°vh ~ r9�®zIph@�-h � z�tv�-» �v~ � hjrsz�u��?�-hjr�� ~ hji3��h ~ r�i3��� ~9� � ~�� �¨hjr�rshju ~ r�n Äs� �
�Í¦®h�� ~ hjil�®h ~ il��� ~�� � ~�� �¨hjr9rshju ~ Ô ² �XÄ rshj¦ � � �������  	±�� � i3i�h\��¦P�¼£Ëhjrsz=�(¦�u�r'� � ili�h ~ �{��tv¦��ªrIph��-h{�(u���r'¦ � �-�vzshji��Pr{¤
� � uPr��#£Ëhj�y�Pt ~ ¦®h ~�� ��r��Ptvr���tv��r�¦®hjr��(t ~ z��®hjr�r�uP�®°Utv�Izshjr{±
����� � �P�PphGhj�¡kj�v�v�X¤Å¦®h Î�� �"!8� # ����� »ýu-z3¦�hy� ~ hji3�®h ~ il��� ~�� � ~�� �¨hjr�rshju ~ �=ph{°vhj¦ � ����ph´�Pt ~z������� gt¶° � 

�{t�z�� � �¶�ª����u�rsz ~ �®hj¦�¦®hv±�²'£¹u��-h"�-hjr�� ~ �����{���Ptv¦®hjr��{t ~ tv�¨zXph ~ �ªrsz���·Xu-hjr%�-h"�¨h�i3��� ~�� � ~9� �¨hjr�r�hju ~ hjr�z\r9tSr9��i��P¦��ª�{�®zIphv±(Ç'�
h 	h{z{¤&¦�t » �v~ �¨hq�-hjr�il��� ~�� � ~�� �¨hjr�rshju ~ r ÃGÄ³}��¶~ phjr��ª�-h1��tv�Pr�¦�t ~ hj¦�t�z�� � ��z ~ ghjr�ph{z ~�� �®zshqhj�©z ~ hS¦¥£¹t ~ � f �®zshj�¨z�u ~ h1��u
i3�ª� ~�� � ~�� �¨hjr�rshju ~ h{z�¦®h%� � i��P��¦ªt�zshju ~ tvr�r � �{�èph���±
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Ç=�ºkj�v�xk�¤ �p����� � � i3i�h ~ �{��tv¦���rshy¦®h Î�� �"! � � ����� gt¶¦ªt�» ~ phj·Xu-hj���¨h �-h?ÊvÊ Ã *��v±'Æ ph{°vhj¦ � ���ÅphG�(t ~��<\m:
!��F�~$*�W�
VD9I�;�6��$F9I�=a �y�,��"_V#�*�`�,�6d ¤=�¨hqil��� ~�� � ~�� �¨hjr�rshju ~§~ h{� ~ hj��� � � u ~ ¦Ú£Ëhjr�rshj�Iz��®hj¦�¦¥£¹t ~ � f �®zshj�¨z�u ~ hq��u«n��,'-'-'�hj�
���Iz ~�� ��u���r9tv�©z@�¨h ~ z�tv���-hjr§�Pt ~ z����{uP¦�t ~ �®zXphjr%zshj¦ª¦®hjr"·Iu#£¹uP���{tv� f hqr�hj� � ����tv� ~ h1h¨wXzsh ~ �-hv¤&u�������hj�©z��65)�{t�zshju ~ ��hl� ~�� 
�¨hjr�r9u�r1�Ptv��r1¦�hjr1�{tv� f hjrS� ~ ��i3tv� ~ hjr�h{zq��tv��rS¦®hG�{tv� f h´r�hj� � ����tv� ~ hv¤�u��-h?� ~ phj�����¨z�� � �>�-hG¬ ~ tv��� f hji�hj�Iz{¤Åu���h
z�t�¬P¦�h"��h�z ~ tv�Pu��¨z�� � ���#£¹tv� ~ hjr9rshjr\rIph{�Pt ~ ph{hl�-h�¦¥£¹u��P�®zIph�hj�Iz�� gh ~ h"h{z%��i��P¦èphji3hj�©zXph{h3r�u ~ ¦®h"�{tv� f h3r�hj� � ����tv� ~ hv¤h{z���±
²Zt zshj� f � � ¦ � ���®h ���c� t>ph{zIphqu�z���¦���rXph�� � u ~ »Ít�¬ ~ �ª·Iu-h ~ �¨h1i3��� ~9� � ~�� �¨hjr�rshju ~ ± ���®hj� ·Iu�hl�¨h{zszsh1zshj� f � � ¦ � ����h1r � �®z
� � zshj�Iz��®hj¦�¦®hji�hj�IzÅ�P¦�u�r ~ t��P���-h�·Iu-h\¦�t�zshj� f � � ¦ � ���®h%� Ã �@� ¤X¦�hjr=t½°Utv�Iz�t��vhjr��-h��¨h{zszsh%�-h ~ ��� gh ~ h�hj�qi3t�z�� gh ~ hÁ�#£¹���-
zXph{� ~ t�z�� � �¼¤¼�-h§� � �Pr � i3i3t�z�� � �´h{zÁ�-h"� �#µu-zÁ�-h ~ h{°X��hj�©z�¦¥£¹��i�� � r gh ~ hj�Iz�� � ili�h�¦�t3�P¦ªu�r�u-z��ª¦���rXph{h"r�u ~ ¦®h�i3t ~ � f phv±
²Âh ÃGÄ³}�� n�Ê,'-'-' ~ hjrszsh gtl�¨h �¢� u ~ ¦®h§i3��� ~�� � ~9� �¨hjr�r�hju ~ ¦®h��P¦�u�r�� � ���Iu ~ phjtv¦���rXph"hj� ���c� ¤(i3tv��r��-h§� � ���Iu�z��Ptvr
¦®h%r9u��{� ghjr�hjr�� � i3��zIph �P��¦#��h%rsh ~ t��Ptvr��=phj� ~ �®z��P¦�uPr�tj°�tv�©z���tv��r��¨h ~ t���� �v~ z{±
²Âh Î�� �"!��� ����� � � ��rsz��®z�u�hq¦ªtGz ~9� ��r�� ghji�hq�Zphj�=ph ~ t�z�� � �>�-hyi3��� ~�� � ~�� �¨hjr9rshju ~ r Ã?Ä¢}Å� �¢kj�v�-%  	± Ä ¦Åhjrsz�¦®h

� ~ hji3�®h ~ gt�i�h{zsz ~ hÅhj� �@u�° ~ hÅu��-h�t ~ � f �®zshj�¨z�u ~ h�Ê�$\¬P�®z�rÈ·Iu�� ~ hjrszsh��¨h{�hj����tv�IzF� � i��Pt�z��®¬P¦�h=tj°vhj��¦�hjrZ�Èphj�Åph ~ t�z�� � ��r
� ~ phj�(phj�-hj�Izshjr��Íu��qi � ��h\�-%�¬P�®z�r�tvr�r9u ~ h\¦�t"� � i��Pt�z��®¬P�ª¦��®zIph  	±X�.5(�q�#£ � 	 ~ � ~ u��-h\�{tv�-hj���¨h%�-h\rXphj·Xu-hj���¨hji�hj�Iz�z ~ ghjr
phj¦®h{°�ph{h gtq¦¥£ìph{� � ·Xu-h �Í� ghjrÁr9tSr �v~ z��®hv¤¦®h§n.$/'-'-'qhjrszÁtv��� � ���(ph gtq¦�t1» ~ phj·Xu-hj���¨h��-hqk '-' Ã *��  	¤¼¦�t1zshj� f �P��·Iu�h§����zsh
��u�r�u��)h ~ �P�®�hj¦����-hqt8ph{zIph�u-z���¦��ªrIph{hv±ÅÆ�hjrsz����Åph tvuºilt ~ � f ph �-hjrqrsz�t�z�� � ��ry�-h´z ~ tj°�tv��¦¥¤��¨h¶i3��� ~�� � ~�� �¨hjr9rshju ~ »ýu-z
���P�®z���tv¦®hji�hj�Iz�� ~ ph{°xu1hj�1z ~9� ��r'°vh ~ r�� � ��r¯xn0$/'-'-' } � �Ítj°vhj�Á�{tv� f h�� ~ ��i3tv� ~ h�rshju�¦®hji�hj�Iz� 	¤xn0$/'-'-' � � �Ítj°vhj�Á�{tv� f h
rshj� � �P��tv� ~ h  Åh{z�n0$/'-'-' Ã � �ý°vh ~ r9� � � �-hjrsz��ª�=ph{h@tvuxwyrs|Xr�z ghji3hjr�i§u�¦®z��®� ~�� �¨hjr9rshju ~ r� 	±
Ç=� � uP���¸kj�v��$-¤ ������� tv�P� � � Ì�{tv�®z�¦®h Î�� �"!J� � ����� ±'Æ�hy�Pt ~ rshjr"�h ~ » �v~ i3tv���¨hjrj¤F�¨hyi3�ª� ~�� � ~�� �¨hjr�rshju ~

°x��r�tv�®z��{¦�tv� ~ hji�hj�Iz�¦�h\ilt ~ � f ph@��hjr�t����P¦��ª�{t�z�� � ��rÅr��{�®hj�Iz��65(·Xu-hjr�h{z�zshj� f �P��·Iu�hjr#�Írsz�t�z�� � ��r���h�z ~ tj°�tv��¦#� ~ t�� f ��·Iu�hjr
��Æ# 	¤�¦®hjrÈrsh ~ °vhju ~ rZ�-hÅ¬Ptvrsh��-h�� � ���Åph{hjr{¤vtv���Pr��©·Xu-h=¦�hÅ� � iltv���-h=��hjrÈi§u�¦®z���� ~�� �¨hjr�rshju ~ rj±��ÅhÅil��� ~�� � ~�� �¨hjr�rshju ~ hjrsz
¦®h�� ~ hjil�®h ~ gt§i�h{zsz ~ h\hj� �@u-° ~ h\u��-h�t ~ � f ��zshj�¨z�u ~ hÁr�u-�h ~ r��{tv¦ªtv� ~ hv±I�©u�r�·Xu#£ gt�·Xu�t�z ~ h\����r�z ~ u��¨z�� � ��r'�hju-°vhj�©z µh{z ~ h
rXphj·Xu-hj���(ph{hjr�hj�3�(t ~ tv¦�¦ ghj¦®h gt%� f tv·Xu-h��¨|x�{¦®h�� ~Uµtv�¨h gt%rshjr=�-hjuxw�u����®zXphjr � � zsz�tv�©zshjr{¤xrshjr=�-hjuxw�u����®zXphjr&hj�Iz�� gh ~ hjr=h{z=rshjr
�-hju-w\u��P�®zIphjr¼�-h�¦®hj�¨z�u ~ h �#phj� ~ �®z�u ~ hv± } t ~ tv��¦�¦®hju ~ r)�¨h=i3��� ~�� � ~9� �¨hjr�r�hju ~ i�h{z¼hj�	��u-° ~ h��-hjr¼i;phj�{tv����r9i�hjr �v~ ��������tvuxw
t�5(�?�#£¹tv�{� ~���µ 	 z ~ h�rshjr��h ~ » �v~ i3tv���¨hjrj±x²Âh ÃGÄ³}�� n��,'-'-'lhjrsz�� � i3i�h ~ �{��tv¦���rXph gt3¦ªt"» ~ phj·Xu-hj���¨h@��h§��� Ã *��v±

�F���lkj�v�v�X¤�¦®h Î�� �"!q� � ������� �����
	��xk�±�k! ° � �®zÂ¦�h �¢� u ~ ±��Åh�i3��� ~�� � ~�� �¨hjr9rshju ~ °�t ~ hji��P¦ªtv�¨h ~ ¦®h ÃGÄ³}�� n��,'-'-'
r�u ~ ¦®h§i3t ~ � f ph��-hjr�rsz�t�z�� � �Pr��-h�z ~ tj°�tv��¦ f tvu-z��-h@��tvi3i3hv± Ä ¦Âi�h{z�hj����u-° ~ h�u��-h�t ~ � f ��zshj�¨z�u ~ h"r�u-�h ~ r��{tv¦�tv� ~ h
�Åphj� � u-�(¦	ph{h�h{z=�)hju�z�rIphj·Iu-hj�P�¨h ~¼� u�r�·Xu#£ gt%r��®w"���Prsz ~ u��¨z�� � �PrFhj���Pt ~ tv¦�¦ ghj¦�hv±©²¼h ÃGÄ¢}Å� n�k '-'-'-'@hjr�z gt%�¨h �¢� u ~ ¦®h��P¦�uPr
�PuP��r�r�tv�Iz��-h§¦�t���tvi3i�h"�-hjr�i3��� ~�� � ~9� �¨hjr�r�hju ~ r��Åph{°vhj¦ � ���Åphjr��Pt ~{�p������ ¤(��¦¼t ph{zIph3tv��� � ���(ph gtlu��-h@» ~ phj·Xu-hj���¨h
�-h %���� Ã *��v±��h{�)hj�P��tv�©z{¤��ª¦)��h@rshji�¬P¦®h µh{z ~ h��P��rs� � ���®¬P¦�h�·Iu¼£ gt %,'-' Ã *��v±

$ � u�rÁ�Åphj� ~ ��° � ��rÁ��tv��r\¦®hjr��Pt ~ t�� ~ t�� f hjr\r�u��®°�tv�Iz�r�¦�hjr�� ~ �����{�®�(tv¦®hjr��{t ~ tv�¨zXph ~ ��r�z���·Iu�hjr%�-h"�¨hjr%i3��� ~�� � ~�� �¨hjrs
rshju ~ r�hj�y� � i��Pt ~ tv�Iz�¦®hju ~Z� hjuxwS�¼£¹����rsz ~ uP�¨z�� � ��r{¤X¦®hju ~ rÅ�P�®�hj¦��ª�-hjr{¤©¦�t"rsz ~ u��¨z�u ~ hÁ�-hjr��{tv� f hjr�h{z�¦®hjr�i;phj�{tv���ªr�i�hjr
�-hy�vhjr�z�� � � �-h ¦�t�i;phji � � ~ hv± $ � u�r�t�zsz�tv� f h ~�� ��r1�P¦�uPr��#£¹�ªi�� �v~ z�tv���¨hytvuxw;��hjuxw;i3�ª� ~�� � ~�� �¨hjr�r�hju ~ r"¦®hjr"�P¦�uPr
~ phj�¨hj�Iz�r��Pt ~ il�'�¨hjuxw �{��zIphjr��{�®ctj°�tv�©z � ÃGÄ³}�� n��,'-'-'x¤�n@k '-'-'-'% §�{t ~ ��¦�r�i�h{zszshj�©z"hj� �@u-° ~ h1��hjr�i;phj�{tv���ªr�i�hjr
t ~ � f �®zshj�{u ~ tvuxw ~ hj¦�t�z��®°vhji�hj�Iz=� � i3�P¦®h¨wxhjr{±I²Âh Î�� �"! � ������� ·Xu���t�ph{zXphÁtv��� � �P�Pph��=ph{¬Pu-z�kj�v�vÊ%hjrsz=�P¦�u�r ~ phj�¨hj�Iz
·Xu-hq¦®h1n�k '-'-'-'x¤�i3tv��r§��¦'�-hq� � i�� �v~ zshqtvu��{u��;� � ���¨h{��z�t ~ � f �®zshj�¨z�u ~ tv¦�� � u�°vhjtvu#¤È��£Ëhjr�z§� � u ~ �¨hj¦�t´·Iu-hq� � u�r
�#£Ëhj�6�Pt ~ ¦®h ~�� �Pr"�Ptvr3��tv��r��¨h{zszshG�Pt ~ z��®hv± Ä ¦�rsh ~ t¶�¨h{�hj���Ptv�©z3���Iz ~�� ��u��®z§�P¦�uPr§¦ � ���#¤Fhj� �Pt ~ z���h k�±&%X±�k �ý�¼±�kj�  	±
²Âh �qÎ � ����� �#£Ëhjrsz��(tvr�� � � Ì�{uG�Pt ~��p����� �y�,�"iV#�*�`�,�F\;��	 ¤iltv��r��Pt ~������ ± Ä ¦¼hjrsz��¨h{�)hj�P��tv�©z��#£¹t ~ � f �®zshj�¨z�u ~ h
ÃGÄ³}�� h{z�hjrsz\¦®h���h ~ ���®h ~ i3��� ~�� � ~9� �¨hjr�rshju ~ �-h�¦�t1»Ítvi3��¦�¦®h gtStj° � � ~ ph{zXph3� � � Ì�{u#±Æ�h§i µhji3h"·Xu-h�� � u ~ ¦®h§n��,'-'-'x¤
� � uPr�¦®h%�Åph{z�tv��¦�¦ � ��r���tv��r�uP�-h%tvu-z ~ hÁ�Pt ~ z��®h �Írshj�¨z�� � � k�±&%X±&%X¤(�¼± %-%  	±
��������� � A#O����fGIL+H E*CiO�S%E6G��BL+H

²Âh � hju3�#£¹���Prsz ~ u��¨z�� � �Pr ÃGÄ¢}Å� hjr�z'u�� � hjul�#£¹�ª��rsz ~ u��¨z�� � ��rFn Ä�� � �ý° � � ~ ��¦ � r�r�tv� ~ h��¼±Pkj�v�  Fh{zÅ�-h{�Pu��ªr&¦�tÁr �v~ z��®h
��uS� ~ hji3�®h ~ i3��� ~�� � ~�� �¨hjr�rshju ~�ÃGÄ³}�� ¤-��¦t§¬)hjtvuP� � u-�¸ph{° � ¦�u=phv± Ä ¦)hj�qhjrsz�tvu �s� u ~ �#£ f u�� gt§r9t��{����·Xu�� ghji�h�°vh ~ r�� � �#±
$ � z � ��r�·Xu-h@� f tv·Xu-h@i3��r�h gt �¢� u ~ ��u � hju?�#£¹����rsz ~ u��¨z�� � ��r�t3� � ��r9��rszIph%hj� u��?r�u ~ Úhj��r�hji@¬P¦�h\�Puq� ~ phj�Pphj�-hj�©z{±

$ � u�r�� ~ phjrshj�Iz � ��r���tv�Pr�u��-hÁ� ~ hjil� gh ~ hÁ�Pt ~ z��®h%¦�hjr�� � ���¨h{��z�r��Èphj�Åph ~ tvu-wG�-h%�¨h � hju �#£¹���Prsz ~ u��¨z�� � �Pr=t½°Utv�Iz��-h
�Åph{z�tv��¦ª¦®h ~ r � �>ph{° � ¦�u�z�� � �#±
���	õ�ëã¢ù¢ã³î�î�ã¢ï{ä%ø®î�æ	é 
����������¼ê¹ã 0�û2143Sõ 
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16 entries 16 entries 16 entries

128

64

ITLB
8 entry

BHT
512 x 2

Instruction Cache

32K, two-way associative

Cache

Resume

4 inst

Unit
PC Decode, Map,

Dispatch
Active
List

4 inst

4 inst Predecode
Unit

Map
Table

Queue
FP

Queue
Integer

64 x 64 bits

FP Registers

64 x 64 bits

Integer Registers

Queue

Memory

Adder

Address

virtual
addr

phys addrMain TLB

64 entries 32K, two-way associative

Data Cache

Adder

FP

Mult

FP

Sy
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FP
ALU1 ALU2
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� �x� � � � � � Ð�� �ZÒ Ð �ýÏ�� � � � Ï��,� ��� � �
ÃGÄ¢}Å� �Åph+5(�P�®z��{����·S�{¦�tvr�rshjr��#£¹����rsz ~ u��¨z�� � ��r�·Xu��#r � �Iz¼¯
� ²¼hjr�����r�z ~ u��¨z�� � ��r=�-h\¦®hj�¨z�u ~ h �¼phj� ~ �®z�u ~ hv±(�Åhjr�����rsz ~ u��¨z�� � ��r=� � ���¨h ~ �-hj�Iz�¦®h�z ~ tv��rs»ýh ~ zÅ��h�� � �P�=ph{hjr�hj�©z ~ hÁ¦�t
i phji � � ~ h�h{z'¦®hjr ~ h{����r�z ~ hjr��Èphj�Åph ~ tvuxw �ýhj�Iz��®h ~ r � u � � zsz�tv�Iz�r� 	±I��u��{u���h � �Åph ~ t�z�� � �l�¼£¹tv�{� ghjr�i;phji � � ~ h�tvu-z ~ h
·Iu�h\��hjr�����rsz ~ uP�¨z�� � ��r��-hÁ¦®hj�¨z�u ~ hÁh{z��¼£ìphj� ~ �®z�u ~ h%�#£Ëhjr�z��)h ~ i3��rsh��Pt ~ ¦®h � hjuy�#£¹����rsz ~ u��¨z�� � ��r��Ít ~ � f �®zshj�¨z�u ~ h
�~��$6a���	9;�*���  	±

� ²¼hjr��ª��rsz ~ u��¨z�� � ��rFt ~ �®z f i;ph{z���·Xu-hjr{±I��hjr�����rsz ~ u��¨z�� � ��rF� � ���¨h ~ ��hj�©zÅ¦¥£Ëhj��rshji�¬P¦®h��-hjr��{tv¦ª�{u�¦�r{¤�¦®hjr � ��ph ~ t�z�� � ��r
¦ � ����·Xu-hjr�h{z��-h%�Åphj�{tv¦ªt��vhjr{±

� ²¼hjr�����rsz ~ uP�¨z�� � ��r��-h§r�tvu-z�h{z��-h�¬ ~ tv��� f hji�hj�Iz�� � ������z�� � ���-hj¦¥±(��hjr����Prsz ~ u��¨z�� � �Pr�i � �P�65Phj�Iz�¦®h@� � �Iz ~Uµ� ¦®h
�-h � � zÅ�Pul� ~9� � ~ tvi3i�hv±x²¼hjr�r�tvu-z�r��hju-°vhj�Iz µh{z ~ h%r � �®z=t�¬(r � ¦�u�r��Í¦¥£¹tv� ~ hjr9rsh�hjr�z�tv¦ �v~ r�� � �Åph{h%r�u ~ %vÊ�¬P�®z�r  	¤
r � �®zÅ������� ~ hj�¨z�r �Í¦¥£¹tv� ~ hjr9rsh�hjrsz�tv¦ �v~ rÅ� � �Izshj�Iu-h\��tv��rÅu�� ~ h{����rsz ~ h�h{zÅt§� � ����u��-h�¦�t ~ �vhju ~ �-h��-%@¬P�®z�r� 	±X²¼hjr
����rsz ~ u��¨z�� � ��r��-hÁ¬ ~ tv��� f hji3hj�©z�� � ���P�®z�� � ���-hj¦)�h ~ i�h{zszshj�Iz��-hjr��Åph{�(¦�tv�¨hji�hj�Iz�r�tv� ~ hjr�rIphjr�r�u ~ kjÊ"¬P�®z�r��Pt ~
~ t���� �v~ z�tvu � � i��Pzshju ~ �-h%� ~�� � ~ tvi3i�h � } �  	±

� ²¼hjr\����r�z ~ u��¨z�� � ��r��-hjr\� � � ~�� �¨hjr�rshju ~ r{±#²�£¹t ~ � f �®zshj�¨z�u ~ h Ã?Ä¢}Å� �Åph+5(����z�·Xu�t�z ~ h�� � � ~�� �¨hjr�rshju ~ r |
�c� � �_��� ��
�c���� ±Å²ÂhG� � � ~9� �¨hjr�r�hju ~]�c�<� �=phjr��®���-h�¦¥£¹u�����zIph � � zsz�tv�Izshv¤�tv¦ �v~ rS·Iu-h´¦®hjr �=�
!#��������	=	�����
	�� h{z � r � �©z
~ phjrsh ~ °�phjr%� � u ~ �-h"»Íu-z�u ~ hjrÁ�Åph+5(�P�®z�� � ��r\�-h3¦¥£¹t ~ � f �®zshj�¨z�u ~ h Ã?Ä¢}Å� ±²Âh �=�
!y��������	
	����� � hjrsz%� f t ~ �Zph1�-h�¦�t
�vhjrsz�� � �3�Pu3rs|xrsz ghji�h��-h�i phji � � ~ h�°x� ~ z�u�hj¦�¦®hv¤v�-hjr&h¨w-�¨h{��z�� � ��r=tv����r��x·Xu-h��-hjr�z ~ tv��r��®z�� � ��rFhj�©z ~ h�¦®hjr�i � �-hjr
V#�*d6$*� ¤ 	
� !/���U�\^	������ �Ín0$/'-'-'x¤¼n@k '-'-'-'% �h{z �/9l\^�v\f	�$F9I���� ±�Åh{zszsh�u��P�®zIph@� � �©z ~�µ� ¦®h ph{��tv¦®hji3hj�©z%¦®hjr��{tv� f hjr�h{z
» � u ~ ���®z��-hjr����ªt���� � rsz����{r���h%� � �©z ~Uµ� ¦�hjr��#£Ëh ~�~ hju ~ ¤-h{z���±(Ç=¦�¦®hÁ�#£Ëhjrsz�tv�{�¨hjr9r��®¬P¦®h%·Xu#£Ëhj� i � �-h 	�� !/���U�\^	����%� ±
²¼hjr��ª��rsz ~ u��¨z�� � ��r��-h%�{tv¦��{u�¦#h{z��-hÁz ~ tv��rs»ýh ~ z�r � �Iz�rs��phj�{� 5(·Iu�hjr�tvuxw � � � ~�� �¨hjr�rshju ~ r{±

� ²¼hjr\����r�z ~ u��¨z�� � ��r����®zshjr�rs��phj�{��tv¦®hjrj±¼��hjr��ª��rsz ~ u��¨z�� � ��r�� � ���¨h ~ �-hj�©zÁ�-hjr�z µtv� f hjr%���®°vh ~ rshjr���h�z ~ tv�Prs»^h ~ z��-h
� � ���Åph{hjr�hj�©z ~ h ~ h{����rsz ~ hjr�rs�Åphj�{��tv¦���rXphjr�h{z ~ h{����r�z ~ hjr��Zphj�=ph ~ tvuxw¤)��hjr�h¨wx�¨h{�Pz�� � ��r�h{z���hjr�� � ���©z�r��¼£¹t ~�~{µh{z{±
e � u-zshjr&¦®hjrÈ����r�z ~ u��¨z�� � ��rÂr � �©zF� � �=ph{hjr&r�u ~ �-%�¬P��z�r{± e ~�� ��rÂ� ~ �����{���Ptvuxw\» �v~ ilt�z�rÈ�¼£¹����rsz ~ uP�¨z�� � ��r¼r � �IzFu-z���¦���rXphjr¯

��ili phj����t�z�� �
:�9ld=!��  	¤(r9tvu-z ��� :�9ld
!/�  Åh{z ~ h{����r�z ~ h � 1 :�9ld=!��  #�ý° � � ~ ¾)%x¤(�X¤(��ÀZ� � u ~ �P¦�u�r��-h%�Åph{z�tv��¦ªr� 	±
�	
	(Ï ÓÍ� Ð �ýÏ�� � ���j�x� � � � � � Ð�� �ÂÒ Ð �ýÏ�� � Î�� �"!
²Âh � hju?�¼£¹����rsz ~ uP�¨z�� � ��r ÃGÄ³}�� t1� � ���Iu´·Xu�t�z ~ h�il��rshjr gt �¢� u ~ ¤P� f tv�{u��-h"� �v~�~ hjrs� � ����tv�Iz gtSu�� t�� ~ tv�P����r�rsh¨

i�hj�Iz"�-hl¦¥£Ëhj��r�hji@¬P¦�hl�-hjr@�ª��rsz ~ u��¨z�� � ��r%t�5(� �#£¹tvr�r�u ~ h ~ u��-hlz � z�tv¦®hS� � i3�Pt�z��®¬P��¦ª�®zIph3¬P����tv� ~ h3tj°vhj�S¦®hjr�°vh ~ r�� � ��r
�P¦ªu�r%tv���{�®hj�P�-hjr{±�$ � u�r§�-h1�Åph{z�tv��¦ª¦®h ~�� ��r@�Ptvr@� f tv·Iu�h1°vh ~ r9� � ����u � hju �#£¹����r�z ~ u��¨z�� � � ÃGÄ³}�� m ¦®h1¦�hj�¨zshju ~ hj�
z ~�� u�°vh ~ t3u��-hÁrs|x�Iz fghjrsh@��tv��r�¦�hÁz�t�¬P¦®hjtvu k�±&% �ý�Â±P�  =h{z���¦)� � u ~�~ t§� � ��r�u�¦�zsh ~ ¾¹�½À¼� � u ~ u��-hÁrs��phj�{�65)�{t�z�� � � � � i"
�P¦ gh{zshy��u � hju«�#£¹�ª�©z ~ uP�¨z�� � ��r ÃGÄ³}��¶Ä Ô t½°vhj�yr � �Jph{° � ¦�u�z�� � �«�-h{�Pu���r Ã?Ä¢}Å� Ä m � � u ~ � � uPr@� � ���¨hj�Iz ~ h ~ r�u ~
¦�tG�-h ~ ��� gh ~ h3°vh ~ r�� � �¼¤ ~ phj�¨hji3i�hj�Iz�tv��� � ���(ph{hv¤&·Xu�� � 	 ~ h1�-hjr��Pt ~ z��ª�{u�¦�t ~ �®zXphjr����©zXph ~ hjr9r�tv�©zshjrj¤Ftv�ª��r���·Xu-h1r9u ~ ¦®hjr
h¨wxzshj��r�� � �Pr � ��z�� � ����hj¦�¦®hjr ~ phj�¨hj�Izshjr�tvu � hju �¼£¹����rsz ~ uP�¨z�� � ��r � ~ phjr�u�i;ph{hjr�hj¦�¦®hjr�tvuPr�r��#��tv��r�¦�hÁz�t�¬P¦®hjtvu�k�±&%  	±
ÃGÄ¢}Å� Ô
����� � �P�Pph{h�hj� � �¨z � ¬ ~ h%kj�v�vÊX¤I¦�t�� � u-°vhj¦�¦®hÅ°vh ~ r�� � �"��u � hju��#£¹����r�z ~ u��¨z�� � � Ã?Ä¢}Å� ¤ ÃGÄ³}�� Ô ¤�°x��rsh gt\tvi phj¦�� �v~ h ~

¦®hjr��h ~ » �v~ i3tv���¨hjr\�-hjrÁ�{tv¦ª�{u�¦�r�r�u ~ ¦®hjr�� ~ t�� f �ª·Iu-hjr��Zph � i ph{z ~ ��·Xu-hjr���Æ4h{zÁ��u��{tv¦��{u�¦Fr��{��hj�©z��65)·Iu-h�hj���Zphj�=ph ~ tv¦¥¤
hj�?�)h ~ i�h{zsz�tv�©z�¦�t"�Pt ~ tv¦�¦èphj¦ª��r�t�z�� � �q�-hjr � ��ph ~ t�z�� � ��r�r9u ~ ¦®hjr ~ ph{hj¦�r�r���i��(¦®h\� ~ phj�{��r�� � �¼±
}È� u ~ �¨h�»Ítv� ~ h ������� t%�Åph+5(�P�-u���� � u-°vhjtvul» �v~ ilt�z'�-h�� � ���Åph{hjr � � zsz�tv�IzshjrÂ¯�¦®h�» �v~ i3t�z !�$*\m���=a*:I	�\^V%�F�X�}|m���6� ±

�Åh§» �v~ i3t�z��h ~ i3h{z��-h§rsz � � �vh ~ �-hjuxw � ��ph ~ tv�P�-hjr � � zsz�tv�©z�r\r��ªi��P¦®h%� ~ phj�{��r�� � �G��tv��r�u��?rshjuP¦ ~ h{����r�z ~ h � � zsz�tv�©z
� � u�¬P¦®h\� ~ phj�{��r�� � �#± Ã?Ä¢}Å� Ô �ª���{¦�u-z�tvu�r�r��Â¦�t�i � ���65(�{t�z�� � �y��h%�¨h ~ z�tv���-hjr�����rsz ~ uP�¨z�� � ��rÅ� � u ~ ·Iu¼£Ëhj¦�¦®hjr��Pu��ªr�rshj�Iz
r�u���� �v~ zsh ~ �¨hl» �v~ i3t�z@��hl� � ���Åph{hjr{¤Ètv����r��&·Xu-h3�-h1� � u-°vhj¦�¦®hjr@����rsz ~ uP�¨z�� � ��rÁ·Xu��F�h ~ i�h{zszshj�Iz��-h3¦®h1i3tv���®�PuP¦®h ~
������ �Fk�±�k! 	±
²'£¹����rsz ~ u��¨z�� � � �x� wXwIw6�h ~ i�h{zS�-hG� � i3�Pt ~ h ~ ¦®hjr1��hjuxw °Utv¦®hju ~ rl� � �Izshj�Iu�hjry��tv��rluP�-hG� � �P�=ph{h }�� �=hj¦�¦�h

i�h{z gt �¢� u ~ ¦®hjr�¬ � ��r�� � �-hjr�� � ���P�®z�� � �#±�²Âhjr�����rsz ~ u��¨z�� � ��r ��� � w � �Izqph{zIph§i � ��� 5�ph{hjr�� � u ~ � � u-° � � ~ »Ítv� ~ h%�-hjr
�Åph{�P¦ªtv�¨hji�hj�©z�rÁ��h�°�tv¦®hju ~ r��-h§zc|X�h }�� �-h ~ h{����rsz ~ h gt ~ h{����rsz ~ h§rshj¦ � �G¦�t1°�tv¦®hju ~ �ý° ~ tv��h � uG»ýtvuPr�rsh  ��#£¹u��´� � �-h
� � ���P�®z�� � �#±
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 ��� �Èk�±�k � � ��a*\ n+�=$F9l\t�*V/	}a*�uh���@acb \mV/	9l�
����9l\t�*V $
!_!��*�9 k�=��	(!�$*�{������� ���

²Âhjr�� � u-°vhj¦�¦®hjrÅ����r�z ~ u��¨z�� � ��r � � 
s�x� h{z � ��
[�x� � f t ~ �vhj�Iz�h{z�r�tvu-°vh{��t ~ �-hj�Iz�Ê�$�¬(�®z�r=tv¦ª�®���=phjrÅhj�1�®��� �v~ tv�©z
¦®hjr%z ~�� ��r\¬P�®z�rÁ��h�� � �ª��r�»ýtv�®¬(¦®hjr\�-h3¦¥£¹tv� ~ hjr9rsh"hj� � �Åph ~ tv���-hv±F�Åhjr%����r�z ~ u��¨z�� � ��r��h ~ i�h{zszshj�Iz%�-h�z ~ t½°Utv�ª¦�¦®h ~ r�u ~
�-hjr"�(tv� ~ hjr"�#£ � ��ph ~ tv����hjr�r���i��P¦�hl� ~ phj�{��r9� � � ·IuPtv��� ¦�hjr � �Åph ~ tv���-hjr�» � �Iz§�(t ~ z��®hy�#£¹u�� °vhj�¨zshju ~ ·Xu����#£Ëhjrsz"�Ptvr
tv¦������=ph§r�u ~ Ê�$l¬(�®z�r{±(²'£¹����rsz ~ u��¨z�� � � � ����� �hju-z�hj��r�uP�®zsh@� �v~�~ hj�¨zshji3hj�©z ~ phjtv¦������-h ~ ¦®hjr�� � ���Åph{hjrj±�(�� h¨wxhji��P¦®h
����� 	 �&k�±&%  ��)hju�z µh{z ~ h�u-z���¦�hv±

GFEDCBA

LUXC1         f0, 0(T0)         # T0 is Wd addr. unaligned on DWd.

LUXC1         f1, T3(T4)     # T4 is T0 + 8

ALNV.PS     f2, f0, f1, T0

SDC1            f2, T3(T5)      # T5 is Wd addr. aligned on DWd.

ADDIU       T3, T3, 16

LUXC1        f0, T3(T0)

ALNV.PS    f2, f1, f0, T0

CB

ED

DC

f0

f1

f2

GFf0

FEf2

Contents in the memory

FPRs

SDC1            f2, T3(T5)      # T5 is Wd addr. aligned on DWd.

�g�]�V� ñ9åY��øX� �'��éËäÚð � !U� �1�j� ôFñ	òU�Uê¹ã � ñ	åY�@ø ���v��é¹äÚð � !��|� � åÚã 5èé¹ðÍä¥åÚã.��ñ9ä¥äcæ	ï{ä !��"� � åÚã 5èé¹ðÍä¥åÚã�ã¢ï{äÚé¹ã³å �
���
	��Èk�±&% �

�'9l\m��\^	$F9l\t�*V a_�{� �����-�~���w$*U*�=��� � 
s�x�za*��h���pacb \mV/	�9l������9l\t�*V/	��p����� �-�

²Âhjr1�ª��rsz ~ u��¨z�� � ��r � wXw6�h ~ i�h{zszshj�Iz1�-h´� � �P�®h ~ ¦�t i � �®z��èph f tvu-zsh � u6¬Ptvr9rshG�#£¹uP�-h °�tv¦®hju ~1}�� °vh ~ r1u���h
i � ��z��	ph f tvu-zsh � u«¬Ptvr�rshy�#£¹uP�-hStvu�z ~ hq°Utv¦®hju ~"}�� ± }Z� u ~ � ~ ph{h ~ u��-hq°�tv¦®hju ~�}Å� � ~ hjrs�Â±FuP�-h1°�tv¦®hju ~ � � zsz�tv�Izsh
r��ªi��P¦®h%� ~ phj�{��r�� � �� gtl�(t ~ z�� ~ ��h§�-hju-w °Utv¦®hju ~ r � � zsz�tv�Izshjr%r��ªi��P¦®hÁ� ~ phj�{�ªr�� � � � ~ hjrs�¼±u��-h�°Utv¦®hju ~�}Å�  � �´u-z���¦��ªrsh
¦¥£¹�ª��rsz ~ u��¨z�� � �l� Ô e ± }Å� ± � � ~ hjrs�¼±x� Ô e ± � ± } ( � uq� Ô e ± � ± } ²?rshj¦ � �l·Xu-h�¦¥£ � � ~ h{z�� ~ h�¦ªtÁ�Pt ~ z��®h f tvu-zsh � ul¬Ptvr�rsh  	±
õZõ ï+��� 
����



� � V#aF� k���P���Vy�=����B"_\;�����dT�c$�r$��%�

²Zt\i � �P�65(�{t�z�� � �§�-hjr&����r�z ~ u��¨z�� � ��rZt ~ �®z f i;ph{z��ª·Iu-hjrF�h ~ i3h{z gt ÃGÄ³}�� Ô �-h�i�h{zsz ~ h�hj� �@u-° ~ h�u��-h�t���� ~�� � f h
�XÄ¢Ã Æ�±#Ç=�?h 	h{z{¤#u��-h � ��ph ~ t�z�� � �¶r�u ~ u��-h§� � ���Åph{h }Å� �¥Ê�$y¬P�®z�r� ~ phjtv¦���rsh§hj�´»ýtv��z��-hjuxw � �Åph ~ t�z�� � ��r � � zsz�tv�Izshjr
r��ªi��P¦®h\� ~ phj�{��r9� � � �P¦®h ~ phjr�uP¦®z�t�z�hjrsz�tvuPr�r��#tvuy» �v~ i3t�z }�� ±
Ã Æ Ã�
²ÂhÁ� � u-°vhjtvu Ã Æ Ã��� tv��� � ���(phÁhj�qi µhji�hÁzshji��(rÅ·Xu-h Ã?Ä¢}Å� Ô ¤-�#£Ëhjrsz��Ptvr�u�� � hjuq�#£¹�ª��rsz ~ u��¨z�� � ��r gt§�Pt ~ z

hj�Iz�� gh ~ hv¤¼i3tv��r�u��-h§h¨wxzshj��r�� � � � ��z�� � ����hj¦�¦®h��@tvu � hju��#£¹���Iz ~ u��¨z�� � �Pr ÃGÄ³}�� ¤)� � i3�Pt�z��®¬P¦®h§tj°vhj� ÃGÄ³}��?Ä Ô h{zÁ¦®hjr
°vh ~ r9� � ��r��P¦ªu�r ~ phj�¨hj�©zshjr{±
Ã Æ Ã� �Åph+5(����z�u��Ghj��rshji�¬P¦®h"�-h ~ h{����rsz ~ hjr Y k�=a*\l$*	 �Í·Xu��F� �v~�~ hjr�� � �P�-hj�©z�� f |Xr��ª·Iu-hji3hj�©z gt1��hjr ~ h{����rsz ~ hjr

� � zsz�tv�Iz�r� 	¤��-h � � u-°vhjtvu-w«zì|I�hjr3��h � � ���Åph{hjr1hj�©z�� gh ~ hjrS��h{z?kjÊ ¬P�®z�r{¤Fh{zl�-hjr1����rsz ~ u��¨z�� � ��r"·Xu�� � � gh ~ hj�Iz1r�u ~
�¨hjrlzc|X�)hjrl�-h � � ���Åph{hjr{±=²Ât ~ ph{hj¦�¦®h � � u-°vhjtvu-zIph?hjrsz1·Iu-h ¦�hjr ~ h{����rsz ~ hjr Y k�=a*\t$&	 �-h?Ê�$ ¬(�®z�r"� � �©z��®hj�P�-hj�©z f u���z
°�tv¦®hju ~ r��-h§�3¬P�®z�r�� �<��9 �<dF9I�  � uG¬P�®hj�?·Iu�t�z ~ h@°�tv¦®hju ~ r��-hlkjÊl¬P�®z�r�� ����$6a q$*� r  �hj�©z�� gh ~ hjrj±)²Âhjr����Prsz ~ u��¨z�� � �Pr
t ~ ��z f i ph{z���·Xu-hjr\�=ph+5(���®hjr��Pt ~ÁÃ Æ Ã� r9u ~ �¨hjr\zì|I�h"�-h"� � ���Åph{hjr\�h ~ i�h{zszshj�IzÁ� � ���§u��-h"t���� ~�� � f hv¤���{�Ètvu�r�r��Ú¤�XÄ¢Ã Æ�¤(� � i3i�h@��tv�Pr�¦®h%�{tvr���hjr�� � ���Åph{hjr ��� ��h Ã?Ä¢}Å� Ô ¤-h{z�r9u-��� �v~ zshj�IzÅz ~9� ��r�i � �-hjr��#£Ëh¨w'phj�{u-z�� � �@¯

� i � �-h U*�=��9I���%��:�U*�,��9I���� ¯È¦¥£¹����r�z ~ u��¨z�� � � � � gh ~ hSr�u ~ � f tv·Xu-h � �¨zsh{z � � u��-hji3�®ci � z� Á��u � ~ hji3�®h ~@~ h{����rsz ~ h
r � u ~ �¨hÁh{z�r�u ~ ¦¥£ � �¨zsh{z � � u ��hji3�¿ci � z� �r�hÁz ~�� u-°�tv�©z gtl¦�t�i µhji�h@�(¦�tv�¨h%��tv��r�¦�h%rshj� � ��� ~ h{���ªrsz ~ h%r � u ~ �¨h �

� i � �-h U*�=��9I���%��: 	�=$F�~$*\m�,� ¯(u��Gu�����·Xu-h � �¨zsh{z�� � u´�-hji3�¿ci � z� �rIphj¦®hj�¨z�� � ���Åph���tv�Pr��#£¹��i3� �v~ zsh%·Iu-hj¦ª¦®h%�Pt ~ z���h
�#£¹u�� ~ h{���ªrsz ~ h Y k�,a*\t$ hjrsz�� � i�¬P���Åph§tj°vhj�@� f tv·Xu-h � �¨zsh{z � � u �-hjil�¿ci � z� ���uyr�hj� � ��� ~ h{���ªrsz ~ h%r � u ~ �¨h �

� i � �-h U*�=��9I���%��:�\^YTY k�,a*\t$F9 ¯È� f tv·Xu-h � �¨zsh{z � � u �-hjil�¿ci � z� Á�Pu ~ h{����rsz ~ h1r � u ~ �¨h3hjrsz"� � i@¬P�ª�=ph1tj°vhj�qu���h
°Utv¦�hju ~ ��i3i;phj���ªt�zsh �Í� � �Åph{h§r�u ~ �"¬(�®z�r� 	±
Ã Æ Ã� �=ph+5(���®zÅtvu�r�r��)u��1¦�t ~ �vh ~ h{����rsz ~ h $6�=����Y3���`$F9I���� �-h�kj�-%�¬P�®z�rÅ·Xu����h ~ i�h{zÅ�-h�r�z � � �vh ~ ¦®hjr ~ phjr9u�¦®z�t�z�r

�-hÁi§u�¦®z��®�(¦����{t�z�� � ��r'hj�yi � �-h U*�,��9I�����: UF�,��9I����� r�tv��r��Åph{¬ �v~ �-hji3hj�©z�r�h{z�r�tv�Pr��)h ~ zsh��-h\� ~ phj�{�ªr�� � �#± Ä ¦(�hju-z µh{z ~ h
�Pt ~ z��®z�� � ���Åph"hj� f uP�®z�� f tvi��PrÁ��h�%�$q¬P��z�r�m �¨hj¦ªt1�h ~ i3h{z�¦¥£¹tv�{�{uPi�u�¦ªt�z�� � ���-h %v�vÊqi�u�¦�z��®�P¦����{t�z�� � ��r��#£ � �¨zsh{z�r
�¥���§�@¬P�®z�r� Zm � u3hj�1·IuPt�z ~ h�� f tvi��Pr=�-h0$©�Á¬(�®z�rFm �¨hj¦�t%�h ~ i�h{z=¦¥£¹tv�{�{u�i§u�¦�t�z�� � �3��h�Êv�@�v�vÊ@i�u�¦�z��®�P¦����{t�z�� � ��r
�-h��-hji3�¿ci � z�r#�¢kjÊ��/kjÊ"¬P��z�r� 	±
������r9�¥¤X¦�hjr�� � ���Åph{hjr�i§u�¦®z���i;phj���ªtvr{¤-� � �Åph{hjr�r9u ~ � � u¶kjÊ§¬P�®z�r{¤X� � u ~�~�� �Iz µh{z ~ hÁz ~ tv�®zIph{hjr�t½°vhj�%¬hjtvu�� � u-�q�P¦�uPr

�-h ~ t��P������zIphv±
ÃGÄ¢}Å� ���
Æ�hjrsz��ª�=ph�tvu i3t ~ � f ph%hji�¬Pt ~ ·Xu=phv¤P¦®h � hju �#£¹���Prsz ~ u��¨z�� � � ÃGÄ³}�� ��� ·IuP�)t;ph{zXph"�=ph{°vhj¦ � ����ph��Pt ~2������� h{z�u��y�-hrshjr��Pt ~ zshj��tv� ~ hjr ���/�2�B�,�F\t�8�x�*�I!��*��$F9l\l�FV ¤¼��t�zsh@¦�uP�)tvuPr�r��¼�#£ � �¨z � ¬ ~ h1kj�v�vÊX± ÃGÄ³}�� ��� hjrsz�u��yi � �-hÁ�(t ~ z����{u�¦���h ~� gu´z � u-zshjrÁ¦®hjr�����r�z ~ u��¨z�� � ��r�r � �Iz�� � �=ph{hjr%r�u ~ kjÊl¬P�®z�r#¯�¨hj�{�È�)h ~ i�h{z��-h ~ phj��u�� ~ h�¦�t1z�tv��¦�¦�h@i phji � � ~ h"z � z�tv¦®h���u

� � �-h%h{z{¤Ptv�ª��r��¥¤-¦®hjr�� �¼µu�z�r��-hjr�r�|Xrsz ghji�hjr�hji�¬Pt ~ ·Xu=phjr{±
Ç=�?»Ítv�®z Ã?Ä¢}Å� ��� hjrsz{¤)z � u-z�� � ili�h �p��� 
 ¤�u��-h@h¨wxzshj��r�� � � � ��z�� � ���-hj¦�¦®h%·Xu��Âhjrsz�� � i3�Pt�z��®¬P¦®hv¤(hj¦�¦®hv¤)tj°vhj�z � u-zshjr"¦®hjr%°vh ~ r�� � ��r���u � hju��#£¹�ª��rsz ~ u��¨z�� � � Ã?Ä¢}Å� ± � � �hju-z%i3�®wXh ~ ��hjr@����r�z ~ u��¨z�� � ��r ÃGÄ¢}Å� ��� t½°vhj�1¦�hjr@����rsz ~ uP�¨z�� � ��r Ã?Ä¢}Å� � Ä ¤ Ä9Ä ¤ Ä�Ä�Ä ¤ Ä Ô � u Ô  �h¨w-��rsz�tv�Izshjr\�Pt ~ ¦®h�¬(��tv��r�r9u��®°�tv�©z¯#�-hjr\����rsz ~ u��¨z�� � ��r��-h�¬ ~ tv��� f hji�hj�©z

�¥�©��²  ¤(�©n%¤P�©��²Zn  �rs��phj�{�ªtv¦®hjr��h ~ i�h{zszshj�Iz��-hÁ�Ptvr9rsh ~ �#£¹u��?i � ��h gt�¦¥£¹tvu-z ~ hv±
ÃGÄ¢}Å� ��� � � i�� �v~ zsh§� ~ hjr�·Xu-h§z � u-zshjrÁ¦®hjr�����rsz ~ uP�¨z�� � ��r��Èphj�Åph ~ tv¦�hjr%�=ph+5(���®hjr��Pt ~\ÃGÄ³}�� Ä h{z ÃGÄ¢}Å� Ä�Ä ¤i3tv��rtvu�r9r��Â�-h�� � i@¬ ~ hju�rshjr�¦ªtv�{u��-hjr � � �´�-h%�hju-z��(tvr ~ phj��uP� ~ h%¦�t�z�tv�ª¦�¦®h%��uG� � �-h@h{z�� � ��rsh ~ °vh ~ z � u-zshjr�¦®hjr�����rsz ~ uP�è

z�� � �Pr
	  	± } t ~ i3�=�¨hj¦�¦®hjr¢c�{�Ú¤Â� � z � ��r§¦¥£¹t�¬Prshj�P�¨hl�-hlz � u�zshjr�¦®hjr � �Åph ~ t�z�� � ��r��Zph ~ ph{hjr��Pt ~ ¦®hl� � � ~�� �¨hjr�rshju ~ �Z�¨hS·Iu��
r��������65Phl¦Ú£¹��i�� � r�r��®¬(��¦��®zXph��#£Ëh¨w'phj�{u�zsh ~ ��u�� � �-h Ã?Ä¢}Å� ��� r�u ~ �-hjr"� � ���Åph{hjr � � zsz�tv�Izshjr{± � ���hju-z§tvu�r�r�� ~ hji3t ~ ·Xu-h ~ ·Xu-hy¦®hS� � i@¬ ~ hq��h ~ h{����rsz ~ hjr"�Èphj�Åph ~ tvuxw �Ptvr9rshy�-h �-% gt � �Í� � ��t��vh?r9u ~ �?¬(�®z�r"tvu ¦��®hju;�-h �  	¤�·Iu-hy¦�t
�P¦ªu-�Pt ~ z��-hjr � ��ph ~ t�z�� � �Pr ~ h{����rsz ~ h¨ ~ h{����rsz ~ h%r � �©z��-hjrsz ~ u��¨z ~ ���¨hjr#�½phj� ~ tvrshji3hj�©z\�#£¹u��q�-hjr��-hju-w ~ h{����rsz ~ hjr�r � u ~ �¨h  
h{z�·Xu-h%¦®hjr � �Åph ~ tv���-hjr��-hÁzc|X�h@��i3i;phj���ªt�z�r � �©z ~ phj��u��®z�r��-h1kjÊ gt3�"¬P�®z�r#�Í¦�hjr ����	���9m	 ��tv�Pr�¦®hjr�����r�z ~ u��¨z�� � ��r��-h
¬ ~ tv��� f hji3hj�©z��(tvr�rshj�Iz��-h %vÊ gt k '3¬P�®z�r� 	±
� � 0�û2143�ôFé 5èéËäcæ	ê 0�ãu��éóæ�ã�ÂäÚã¢ïUð¥é¹ñ	ï �Uæ	òUð¥ð¥éIù¢ñèï�ïjò�ð¥ñèò�ð¼êóã&ï�ñèî �½ã 0\æ�� 0\æ����
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²¼h'¦�hj�¨zshju ~ hjrszZ���©°x�®zXph gt�� � ��r�u�¦®zsh ~ ¾Ë�X¤U�X¤©k 'vÀI� � u ~ �-h��(¦�u�r#tvi��P¦�hjrÂ�Åph{z�tv��¦�rZr�u ~ ¦�h � hju��#£¹����rsz ~ u��¨z�� � ��r
Ã?Ä¢}Å� Ô h{z�¦�hjr�h¨wXzshj�Pr�� � ��r � �Pz�� � ���-hj¦�¦�hjr Ã Æ Ã� h{z Ã?Ä¢}Å� ��� ±

��������� � G���ADQIG L.ADH
� � � �xÓ � � ��� �)Ð � � �
²Âhjr�·Xu�t�z ~ h%i3�ª� ~�� � ~�� �¨hjr�rshju ~ r3ph{z�u��P�	phjr���tv��r��¨h@� f t��(�®z ~ hÁr � �Iz ~ h{� ~ phjrshj�Iz�t�z��®»Ír��-hjr���� 	�ph ~ hj�©zshjr�t��P� ~�� � f hjr

�-hjr��P�®�hj¦����-hjrÅn Ä�� �>tv�¨z�u-hj¦ª¦®hji�hj�Iz�����rs� � ����¬P¦®hjr'r9u ~ ¦®h%i3t ~ � f phv±
²Âh ÃGÄ¢}Å�?� # ����� ��i��P¦èphji3hj�©zsh§u��?�(�®�hj¦����-hÁ�-h"�{����·¸ph{z�t��vhjrÁzì|I�P�ª·Iu-h§�#£¹u��´i3��� ~�� � ~�� �¨hjr9rshju ~ n Äs� ��z ~ tU

����z�� � ���-hj¦��ý° � � ~ ��¦ � r�r�tv� ~ hv¤F�¼±Åkj�xk! 	±=²Ât´�vhjrsz�� � � �-hjr��ª�©zsh ~ ¬(¦ � �{t��vhjr"tvu rshj�ª�;�Pu��P���)hj¦ª���-h3hjrsz"h 	hj�¨z�u=ph{h?�Pt ~
¦ � ���ª�{�®hj¦¥±
²Âh ÃGÄ³}��"�  ����� i3h{z�hj� �@u�° ~ h�u��3�P�®�hj¦����-h=z ~ ghjr'� ~�� » � �P���-h f uP�®z�ph{z�t��vhjr{±-²¼hjr§ph{z�t��vhjr�� ~ �®z��ª·Iu-hjr � �Iz"ph{zIph

����°X��rXphjr�hj�3�-hjuxw¤�° � � ~ h�hj�lz ~�� ��r{¤v� � u ~ �h ~ i3h{zsz ~ h gt%�¨h�il��� ~�� � ~�� �¨hjr�rshju ~ �#£¹t�zszshj����� ~ h��-hjr�» ~ phj·Iu�hj���¨hjr"phj¦®h{°�ph{hjr{±
� � �©z ~ tv� ~ hji�hj�Iz=tvu Ã?Ä¢}Å� n��,'-'-'x¤x�¨h�i3�ª� ~�� � ~�� �¨hjr�rshju ~ i�h{z'hj� �@u-° ~ h�u��-h��vhjrsz�� � �Si3t�zIph ~ �®hj¦�¦®h��-hjr'�ª�©zsh ~ 

¬P¦ � �{t��vhjr{±�²'£¹tv� ~�� �I|Xi�h �g\t�����
!#�����
�	=	�F� )x\l9m"%�*�/90�
VD9I����`��������\ !���v\^Vy�<�#9;$��i� �¼£Ëhjrsz��=phjr �v~ i3tv�ªrF�P¦�u�r ~ hjrs�hj�¨zXphv¤�h{z
�-h\¦®h�rsh ~ t%�(¦�u�r�� � u ~ ¦®hjr=°vh ~ r�� � ��r'� � rszIph ~ �®hju ~ hjrÅ�-h\i3��� ~�� � ~�� �¨hjr�rshju ~ r ÃGÄ³}�� �Í� � i��(t�z��®¬P��¦���zIph�¬P����tv� ~ h � ¬P¦��®�vh  	±
²Âh?�P���)hj¦ª���-hlhj�Iz��®h ~ ��u ÃGÄ³}�� � � ����� ��� 	 gh ~ hG¦�t ~ �vhji3hj�©zl��hjrlrsz ~ uP�¨z�u ~ hjr3�-h?�P�®�hj¦����-hShji��P¦ � |�ph{hjrS�Pt ~

ÃGÄ³}���� uPr�·Iu�h¨c¦ gtx± }�~ hji3��h ~ il��� ~�� � ~�� �¨hjr�rshju ~ r9u-�h ~ r��{tv¦�tv� ~ h ~ phjtv¦��ªrIph��Pt ~�ÃGÄ³}�� ¤v��¦X�)hju�zÈz ~ tv�®zsh ~)� uPr�·Iu¼£ gt�·Xu�t�z ~ h
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��² ( %  	¤#tv����r��¼·Xu#£¹u���h�u�����zIph§�-h��{tv¦ª�{u�¦Z�¼£¹tv� ~ hjr�rshjr�tv¦���i3hj�©zXph{hjr�hj������rsz ~ uP�¨z�� � ��r��Pt ~ ¦�t1i µhji�h 5)¦®h��#£¹t�zszshj�Izshv¤
¦�t �
V#9I�;�i��� ���D��D��|m� ��� ·Iu��#t?kjÊ"hj�©z ~ ph{hjr������ 	 �Fk�±�k! 	±
²Âhjr\u����®zXphjr���² (�k@h{z���² ( %3z ~ tv�®zshj�©z�z � u-zshjr\�-hjuxw ¦®hjr�tv������z�� � ��r{¤�¦®hjr�i§u�¦®z��®�P¦ª���{t�z�� � ��r�h{z\¦®hjr � ��ph ~ t�z�� � ��r

¦ � ���ª·Iu-hjrj¤(i3tv��r��-h�r � �©z��Ptvr��ª�-hj�©z��ª·Iu-hjrj±P²�£¹��² (§k@z ~ tv�®zsh�¦®hjr�����r�z ~ u��¨z�� � ��r��-h@¬ ~ tv��� f hji3hj�©z�h{z��-h��=phj�{tv¦�t��vhv¤
z�tv���P��r�·Xu-h%¦¥£¹��² ( %"r{£ � �{�{u��)h%��hjr�i�uP¦®z��®�P¦��ª�{t�z�� � ��rÅh{z��-hjr��P�®°X�ªr�� � ��rÅu-z���¦��ªr�tv�©z��-hjr�tv¦®� �v~ �®z f i3hjr��®zIph ~ t�z��®»Ír{±
²'£¹u����®zXph �`��$6a ��	�9;�*�,� �{tv¦��{u�¦®hl¦�hjr%tv� ~ hjr�r�hjr%��tv��r%¦Ú£ �v~ � ~ h3��u�� ~�� � ~ tvi3i�hv¤Zi3tv��r%¦®hjr@¦®hj�¨z�u ~ hjrÁ�hju-°vhj�Iz@�Åph¨

�Ptvr9rsh ~ ¦®hjrSphj� ~ ��z�u ~ hjr{¤�� ~�µtv�¨h gt�u��-h%�Åph{zshj�¨z�� � �G�-hjr�tv¦	phjtvr 1<�=$6as�.r�9I��� � ��\m9I� r�u ~ ¦ªt�i phji � � ~ hv±
²ZtÁzshj� f ����·Xu-h���u ~ hj� � i3ilt��vh��-h ~ h{���®z ~ hjr'·Iu��x�h ~ i3h{zF��h ~ phjr � u�� ~ h�¦�hjrF»ýtvu�r9rshjr��Åph{�hj����tv���¨hjr'�-h�� � ���Åph{hjr

hjrsz"i3��r�h3hj� ��u-° ~ hl�Pt ~ ¦®hl¬P�ªtv��r@�-hqÊ�$ ~ h{����rsz ~ hjr�� f |Xr��ª·Iu-hjr%hj�©z��®h ~ r{¤Zr � ��z�¦®hS� � u-¬P¦®h1�-h1�¨hjuxw � ��°Xu�r�� �Å�Pt ~
¦¥£¹u�z���¦���r�t�zshju ~ ±

� �3�^ÐZ�� �����^Ð 2 � �� Ð ��� �Z� � Ï�ÐjÐ����)Ð � ��� � ���
²'£¹t ~ � f �®zshj�¨z�u ~ h ÃGÄ³}�� �Åph+5(�P�®z�¦Ú£¹u����®zXph � � zsz�tv�©zsh3� � i3i3h§¦®h �=��!#�����
��	
	����%�z� � �c�(��� ±Â�Åh{zszsh�u��P�®zIph@hjrsz ~ hjr¢

� � ��r�t�¬(¦®h'�-h�¦¥£Ëhj��rshji�¬P¦®hÅ�-hjr � �Åph ~ t�z�� � ��r&t ~ ��z f i ph{z���·Xu-hjr � � zsz�tv�©zshjr{±vÇ=¦�¦®h'hjr�zÈ� � �-» �v~ i�h gt�¦�t�� �v~ i�h ���+����� ��� ±
²'£¹u����®zXph � � zsz�tv�©zsh"r�u ~ ¦®h ÃGÄ³}��y� # ����� hjrsz�h¨wXzsh ~ ��h�h{z�hjrsz�t����hj¦èph{h§n��,'-k 'x±Â�Åh{zszsh�uP���®zIph����ªrs� � rsh%�-h��-%

~ h{���ªrsz ~ hjr\�Zphj�=ph ~ tvuxw��-h3�-%S¬P��z�r��	� ��1+� ± } t ~ tv�ª¦�¦®hju ~ rj¤ZkjÊ ~ h{����r�z ~ hjrÁ�-h3Ê�$y¬P�®z�r\r � �IzGph{��tv¦®hji�hj�Iz@����rs� � ����¬P¦®hjr
�Pt ~ � � ���{t�zIphj��t�z�� � ���-h@�-hju-w ~ h{���ªrsz ~ hjr��Èphj�Åph ~ tvuxw´tv� � tv�¨hj�Iz�r �	� �+1+� � � u ~ ¦®hjr � ��ph ~ t�z�� � �Pr�r�u ~ ��hjr�°�tv¦®hju ~ r�hj�
� � u�¬P¦®hS� ~ phj�{��r�� � �¼±���hjuxwIc�{��r � �©z3�-hjr ~ h{����rsz ~ hjr�¦ � ����·Iu�hjr{¤&rshju�¦�r"�-hjr��Xu�i;ph ~�� r��(tv� ~ r"r � �Iz3u-z���¦���rXphjr"� � u ~ ¦®hjr
tv� ~ hjr�rsh ~ �Í�Xu�i;ph ~�� r���i��Ptv� ~ r����©°�tv¦�����hjr� 	±

²¼h'����u ~ n��,'-'-'�tqph{zXph ~ h{� ~ ��r#� � u ~ ��h'� � i�¬ ~ hjuxw%i3��� ~9� � ~�� �¨hjr�rshju ~ r¼hji@¬Pt ~ ·IuÅphjr{¤�¦¥£¹u��P�®zIph � � zsz�tv�Izsh
h{z�¦¥£¹u��P�®zIph�hj�Iz�� gh ~ h§� � f t�¬P�®zshj�Iz�tv¦ �v~ r�r�u ~ ¦®h%i µhji�h§� � i�� � r�tv�Iz{±
²Âh ÃGÄ³}��y�� ����� ���Iz gh{� ~ h§¦¥£¹uP���®zIph � � zsz�tv�Izsh§r9u ~ ¦®h@i µhji3h�� � i�� � r�tv�Iz�·Xu-h@¦¥£¹uP���®zIph%hj�Iz�� gh ~ hv±)Ç=¦�¦®h%���ªrs� � rsh

�-h§�-% ~ h{����rsz ~ hjr��Zphj�=ph ~ tvuxw?�-h§Ê�$3¬P�®z�r{± }È� u ~ tvr�r�u ~ h ~ u��-hÁz � z�tv¦®h§� � i��Pt�z��®¬P�ª¦��®zIph%tj°vhj�§¦®h%n��,'-'-'x¤)u�� i � �-h%�-h
» � ���¨z�� � ����hji�hj�©z��h ~ i�h{zÅ�-hÁ�#£¹u-z���¦ª��rsh ~ ·Xu-h"kjÊ���h\�¨hjr ~ h{���ªrsz ~ hjr{± } t ~ tv��¦�¦®hju ~ r{¤©¦¥£¹���Prsz ~ u��¨z�� � �1�-h ~ tv�{���-h\�{t ~�~ ph{h
t;ph{zXph�i3��rsh\hj� ��u-° ~ hÁ�Pt ~ i3t�zXph ~ �®hj¦Ú±
� u ~ ¦®hGi3��� ~�� � ~9� �¨hjr�r�hju ~l� � ����� ¤ Ã?Ä¢}Å�6~ hj� � u�h?tj°vhj��¦®hjr1� � � ~�� �¨hjr�rshju ~ r � � zsz�tv�Iz�r1h¨wxzsh ~ �-hjrStj°vhj��u��

� � i�� � r�tv�Iz�n��,'-k '1� � � Ì�{u �Pt ~ � �\l9I� � ±(�Åh�� � i�� � r�tv�Iz����P�{¦�u-z��-hjuxwyu�����zIphjr��#£Ëh¨w'phj�{u�z�� � � gtlz ~�� ��r � ��ph ~ tv���-hjr{¤
�-% ~ h{����r�z ~ hjr � � zsz�tv�©z�r"�-hyÊ�$G¬(�®z�r%h{z��-hjuxw¶z�tvi�� � ��r§�-hS� � ���Åph{hjr"�-hy�-% hj�Iz ~ ph{hjr��-hjrsz����Åphjr"tvuxw � ��ph ~ t�z�� � ��r
�-h%¦�hj�¨z�u ~ h �#phj� ~ �®z�u ~ hv±�Æ�hju-wq���Prsz ~ u��¨z�� � �Pr=�hju-°vhj�Iz µh{z ~ h�r��ªi�u�¦�z�tv�=phji�hj�©z�h¨w'phj�{u-zIph{hjr gt�� f tv·Xu-h%�¨|x�{¦®hÁ�Pt ~ �¨h{zszsh
u��P�®zIphv±(²¼hjr��-hjuxw 5(¦®hjr��-h@� � ���Åph{hjr��h ~ i�h{zszshj�Iz��#£¹tv�Iz����{�®�h ~ ¦¥£Ëh¨w'phj�{u-z�� � �´�-hjr � ��ph ~ t�z�� � ��r��-h@¦®hj�¨z�u ~ h �#phj� ~ �®z�u ~ h
��u »ýtv�®z���h%¦¥£¹tvrs�hj�¨z��=phj� � u-�P¦èph§�-h%�¨h{zszsh�t ~ � f �®zshj�¨z�u ~ hv±

$ � z � ��r\tvu�r�r9�¼·Iu�h@¦®hjr�� � u-°vhj¦�¦®hjr��ª��rsz ~ u��¨z�� � ��r��-h@i§u�¦®z��®�(¦����{t�z�� � �xctv�P���®z�� � � � � zsz�tv�Izshjr gtlz ~�� ��r � ��ph ~ tv���-hjr
�	����
 ������� �� �  ��=ph+5(���®hjr=�Pt ~�Ã?Ä¢}Å�3Ä Ô �-h�r � �©zÅ�Ptvr�� � �-» �v~ i�hjr gt�¦�t§� �v~ i3h �����+������� �{t ~ ¦¥£¹t ~�~�� ���P�
hj�Iz ~ h1¦ªtyi�u�¦�z��®�P¦����{t�z�� � �Gh{z�¦¥£¹tv�����®z�� � �¶�#£Ëhjrsz%�Ptvr@»ýtv��z � � � ��t����-hStv����r��Fhj��� ~ phj�{��r�� � � z � u-z%hj���P��i3���Xu�tv�Iz�¦�t
¦�t�zshj�P�¨h  	±
²Âh3� � � ~�� �¨hjr�rshju ~ � � zsz�tv�©z���u � � ������� ¤È� � i3i�h3�¨hj¦�u��F��u¶n.$/'-'-'x¤Ârsh�z ~�� u�°vhlr�u ~ ¦®h�i µhji�hl� � i3� � r9tv�©z{±

Ä ¦�hjrsz§� � i�� � rIphS��h1�-hjuxw r � uPr¢cu����®zXphjr#¯Èu���tv�P���®z�� � ����hju ~ h{z�u�� i�uP¦®z��®�P¦���hju ~ ±²¼h1i§u�¦®z����P¦��®hju ~ ���Iz gh{� ~ hq�-hjuxw
u��P�®zIphjr��#£Ëh¨w'phj�{u-z�� � ��rshj� � ���Ptv� ~ hjr�·Iu��Âz ~ tv�®zshj�Iz�¦®hjr����®°x��r�� � ��r{¤-¦®hjr ~ tv�{���-hjr��{t ~�~ ph{hjr\h{z�¦�hjr � ��ph ~ t�z�� � �Pr gtS¦ � �-��u�h
¦�t�zshj�P�¨h �#�¨hjr%u����®zXphjrÁ�-h�r � �Iz\�Ptvr\�P�®�hj¦��ª�=ph{hjr�i3tv�ªr��hju-°vhj�Iz � �Åph ~ h ~ r��ªi�u�¦�z�tv�=phji�hj�©z\h{zÁhj���Pt ~ tv¦�¦ ghj¦®h"tj°vhj�3¦®h
i§u�¦®z��®�(¦��®hju ~ ±
²Âhlz ~ tv��zshji�hj�©z��-hjr � ��ph ~ t�z�� � ��r���h3i�u�¦�z��®�P¦����{t�z�� � �xctv�����®z�� � �Grshl»ýtv�®zÁhj� �-hjuxw��Pt ~ z��®hjr¼¯Â¦¥£¹����r�z ~ u��¨z�� � �´hjrsz

phj�{¦�t�zXph{hShj�¶�-hjuxw � ��ph ~ t�z�� � ��r%����r�z������¨zshjr\��tv��r\¦®hjrGph{z�t��vhjr§�-h�� f t ~ �vhji3hj�©z%h{zÁ�-h��Åphj� � ��t��vhv±F� � i3i�h"hj��r�u���zsh
¦¥£Ëh¨w'phj�{u-z�� � �¶rsh§»Ítv�®z��Ptv��r�¦�h��Åphjr �v~ � ~ hv¤#¦®h ~ phjr�uP¦®z�t�zÁ�-h§¦ªtli§u�¦®z��®�P¦ª���{t�z�� � �yhjrszÁt ~�~9� �����Ât½°Utv�IzÁ¦®h§�Ptvr�r�t��vh���tv��r

ûýüZõZûýþ
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¦¥£¹tv�P���®z�� � ����hju ~ �Í� � �Iz ~ tv� ~ hji3hj�©z%tvu�n��,'-'-'% 	±Z�����Pr��Z�¨h{zszsh1����rsz ~ uP�¨z�� � � � �0� �-:;�2��� hjrsz%� � �-» �v~ i�h�tvuxwGh¨wx�¿
�vhj���¨hjr��-h%¦�t�� �v~ i�h �����+� � ��� ±
²'£¹u����®zXph � � zsz�tv�Izsh"�Pu?n@k '-'-'-'y�ªi��P¦èphji�hj�Izsh�tvu�r9r��Z¦ªt3zshj� f ����·Xu-h���u ~ hj� � i3ilt��vh§�-h ~ h{���®z ~ hjrÂ¯Phj¦�¦�h������{¦ªu-z

Ê�$ ~ h{����rsz ~ hjr�� f |xr���·Xu-hjr � � zsz�tv�Iz�r{¤(r � �®z�¦®h%� � u-¬(¦®hÁ�-h%�¨hjuxw�� �&°Xu�r � �Â�(t ~ ¦¥£¹u-z���¦ª��r�t�zshju ~ ±
��������� � G �A�C6MPC_S ��G;A�J	�A#J �-G;C6A

²'£¹t ~ � f �®zshj�¨z�u ~ h ÃGÄ¢}Å� �Åph+5(����z���hjr�i3��� ~�� � ~�� �¨hjr9rshju ~ r�tj°vhj��u��S� ~ hji3��h ~ �P�®°vhjtvu �-hÁ�{tv� f hjr��#£¹���Prsz ~ u��¨z�� � �Pr
h{z��-h%� � ���Åph{hjr�rIph{�Pt ~ phjrZ¯P¦®h%i3tv���Iz��®hj� ��h%¦�t3� � f ph ~ hj���¨h"�{tv� f h��#£¹���Prsz ~ u��¨z�� � �Pr��Ui phji � � ~ hÁ� � ��z µh{z ~ h�tvr�r9u ~ ph@�Pt ~
¦ � ���ª�{�®hj¦¥± (�� rshj� � �P�6���®°vhjtvu«�-hy�{tv� f h?u����65�phqh{z�h¨wxzsh ~ �-hq�hju-z µh{z ~ h>ph{°vhj�©z�u�hj¦�¦®hji�hj�Izlt �s� u-zIph �Í��¦Åhjrsz3i µhji�h
� ¬P¦ª�®��t�z � � ~ hÁ� � u ~ ¦®h ÃGÄ¢}Å� n��,'-'-'3h{z�¦®h%n�k '-'-'-'% 	±
� � �x� � � � �3� 	 � � � � �´Ò � Ò 2 �
²Âh ÃGÄ³}��§� # ����� i�h{z�hj� ��u-° ~ h�uP�"� ~ hji3�®h ~ �P�®°vhjtvu��-h��{tv� f h��#£¹����r�z ~ u��¨z�� � ��rÈh{z��-h�� � ���=ph{hjr�h¨wxzsh ~ �-h�tvu

� � i�� � r�tv�Iz{±x��hjr'�{tv� f hjrÅr � �©z gt�phj� ~ �®z�u ~ hjr=r���i§u�¦®z�tv�Åph{hjr � )x�
\l9I�:�9m"_���*�6�*"  �h{z gt%� �v~�~ hjr�� � �P��tv���¨h���� ~ hj�¨zsh � a*\m���=��9
Ys$
!6!��,a  	¤� f |Xr��ª·Iu-hji3hj�©z�tv� ~ hjr�rIphjr�h{z�zshjr�zIphjrj±)²Âhju ~ �{t��Ptv�{�®zXph§hjrsz�°�t ~ ��t�¬P¦®hÁ�-h $ gtlÊ�$ " � �¨zsh{z�r�� f tv�{u��#±
� u ~ ¦�h ÃGÄ³}��l�� ����� ¤x¦�hjr=�-hju-w1�{tv� f hjr���h�� ~ hjil�®h ~ �P�®°vhjtvu �Í�ª��rsz ~ u��¨z�� � ��r�h{z�� � ���Åph{hjr  �r � �Iz����Izsh ~ �-hjr{± Ä ¦�r

� �IzÁz � u�r\�-hjuxwGuP�-h�z�tv�ª¦�¦®h���h���" � �¨zsh{z�r\h{zÁr � �Iz gtq� �v~�~ hjrs� � ����tv���¨h"��� ~ hj�¨zshv±#²Âh"�{tv� f h3�-h"� � ���Åph{hjrÁi�h{z\hj�
�@u�° ~ h\u��-h�� � ¦��®z���·Xu-h��#£³phj� ~ ��z�u ~ h\��� 	�ph ~ ph{h � )x��\l9I�:,Z,$6� �  	±P�Åhjr��-hjuxw1�{tv� f hjr�r � �Iz�tv� ~ hjr�rXphjr�°x� ~ z�u-hj¦ª¦®hji�hj�Iz=i3tv��r
r � �Iz�°�ph ~ �65�phjr�tvu i � |vhj�G�#£¹u��-h´ph{z���·Xu-h{zszsh�� f |xr���·Xu-hv±
²Âh ÃGÄ¢}Å�G� � ����� i�h{z�hj����u-° ~ h�¦�t1rsz ~ u��¨z�u ~ h§�-h§�{tv� f h3¦ªt3�P¦�uPr��Pt ~ z��ª�{u�¦�� gh ~ h§tj°vhj�"u��G� ~ hji3�®h ~ ���®°vhjtvu

� � i�� � rXph��-hG��hjuxw«�{tv� f hjrq���Izsh ~ �-hjr{¤'¦Ú£¹u�� � � u ~ ¦®hjr1����rsz ~ u��¨z�� � ��r{¤�¦Ú£¹tvu-z ~ h � � u ~ ¦�hjrl� � ���Åph{hjr1hj�Iz�� gh ~ hjr{± (��
rshj� � �P�¸����°vhjtvu �-h´�{tv� f hv¤Åh¨wXzsh ~ �-hGtvu>� � i�� � r�tv�Iz{¤=rsh ~ zS�-h � ~ hji3�®h ~ �P�®°vhjtvu �-hG�{tv� f h´� � u ~ ¦®hjr1� � ���Åph{hjr
� � zsz�tv�Izshjr{±
²ÂhÅ�{tv� f h��#£¹����r�z ~ u��¨z�� � ��rÂt�u���h=�{t��Ptv�{�®zXph��-h\kjÊ " � �¨zsh{z�rÈh{zFhjrsz gt�� �v~�~ hjr�� � �P��tv���¨h=�P� ~ hj�¨zshv± Ä ¦©hjrszÈr�z ~ u��¨z�u ~ ph

hj�G¦��®���-hjr���h@·IuPt�z ~ h@����r�z ~ u��¨z�� � ��r�� � u ~ tv¦ª��i�hj�Izsh ~ hj� u��?�¨|X�{¦®h§¦¥£¹u�����zIph%��h@� f t ~ �vhji�hj�©z�h{z��-h��=phj� � ��t��vh"�-hjr
���Prsz ~ u��¨z�� � �Pr{±Å�Åh��{tv� f h�hjrszqtv� ~ hjr9rIph´°x� ~ z�u�hj¦�¦®hji�hj�Iz3h{z gtJph{z���·Xu-h{zszshjrq°x� ~ z�u-hj¦�¦�hjr{¤'�¨h�·Iu����h ~ i�h{zS�#£¹u-z���¦��ªrsh ~
��� ~ hj�¨zshji�hj�Iz�¦¥£¹tv� ~ hjr9rshÁ°vhj��tv�Iz���uy� ~9� � ~ tvi3i�hv±
²ÂhÁ�{tv� f h%�-h\� � ���Åph{hjr#�ýhj�Iz�� gh ~ hjr�r�hju�¦®hji�hj�Iz� =t§uP�-h��{t��(tv�{�®zIph%�-h�kjÊ " � �¨zsh{z�r�h{z�hjrsz�tv�{�(phj�Åph@°x� ~ z�u�hj¦�¦®hji�hj�Iz

i3tv�ªrq°�ph ~ �65�ph tvuºi � |vhj�º�#£¹u���h¡ph{z���·Xu-h{zszsh¶� f |xr���·Xu-hv± Ä ¦\i�h{zyhj� �@u-° ~ h�u���i phj�{tv����r�i�h �v~ �®������tv¦�¦ �v~ rq�-hjr
phj� ~ �®z�u ~ hjr{± }'~�� 5Pz�tv�Iz@�-h3r�tyrsz ~ u��¨z�u ~ h gt � �v~�~ hjrs� � ����tv���¨h3��� ~ hj�¨zshv¤¼¦�ty� � ���Åph{h�hjr�z@rs|xrszIphji3t�z���·Xu-hji�hj�Iz�phj� ~ �®zsh
��tv�Pr&¦®hÅ�{tv� f h gt\¦¥£¹u��P��·Iu�h��P¦�tv�¨h�� � r�r��®¬(¦®h'�hj����tv�IzF¦®h�zshjrsz&�-h�¦¥£ìph{z���·Iu�h{zszshv± } u��ªr{¤�r��x¦®h�zshjrsz���h�¦Ú£ìph{z��ª·Iu-h{zszsh ~ ph{° ghj¦®h
·Xu-h1¦�h1rshj�¨zshju ~ hjrsz"t�¬Prshj�Iz§�Pu��{tv� f hv¤Ftv¦ �v~ r@¦®h � � u ¦�hjr� \¬P��z!�Ír� Á�-h1°Utv¦ª�����®zXphl��u i � z phj� ~ �®z�hjr�z��Ír � �Iz� �i3��r gt
�)ph ~�� ±)��h�zì|I�h\�-h\» � ���¨z�� � ���-hji�hj�IzÅ�¼£Ëhjrsz=�h ~ il��r=·Xu-h��Pt ~ �¨h\·Iu�h�¦®h\�{tv� f h%�-h�� � ���=ph{hjr�hjrsz gt�� �v~9~ hjrs� � ����tv���¨h
��� ~ hj�¨zsh%h{z gt ~ hj� � �(�®h@r���i§u�¦®z�tv�Åph{hv±
²Âh � � ������� �ª�©z gh{� ~ h�¦ªu���tvuPr�r��\�-hjuxw¸�{tv� f hjr � ~ ��i3tv� ~ hjr{¤=u��>� � u ~ ¦®hjry����r�z ~ u��¨z�� � ��rj¤=¦¥£¹tvu-z ~ h´� � u ~ ¦®hjr

� � �P�=ph{hjr{¤(�-h@�-%�" � �¨zsh{z�r�� f tv�{uP�#±
²Âh��{tv� f h3�#£¹�ª��rsz ~ u��¨z�� � ��r�hjrszÁtvr�r � �{��t�z��®»'�Pt ~ hj��rshji�¬P¦®hjr gtS��hjuxw ° � �®hjr{±#��u´� f t ~ �vhji�hj�Iz%�#£¹u���h�¦��®����hv¤)¦®hjr

���Prsz ~ u��¨z�� � �Pr=r � �Iz��Pt ~ z���hj¦�¦®hji�hj�Iz=�Åphj� � �=ph{hjr �Ít�5)�S·Xu-hÁ� f tv·Iu-h%�ª��rsz ~ u��¨z�� � �l�Åphjr��®����h%¦¥£¹u����®zXph\�#£Ëh¨w'phj�{u�z�� � � ��tv��r
¦�tv·Xu-hj¦�¦�h�hj¦ª¦®h%� � �®z µh{z ~ h§¦�tv���Pph{h  ���tv�Pr�u�� �{tv� f h��-h $ " � �¨zsh{z�r{¤(tj°�tv�©z��#£ µh{z ~ h@�P¦ªtv�Pph{hjr���tv��r�¦�h%�{tv� f h�� ~ ��i3tv� ~ h
�#£¹�ª��rsz ~ u��¨z�� � ��r{±xÆ�hÁ�(¦�u�r{¤xu��q¬P�®z��-hÁ°�tv¦�������zIphÁtvr�r � �{�èph gt�� f tv·Xu-h%¦��®���-h��h ~ i�h{z��-hÁi3tv�ª�©zshj��� ~ ¦ªt§� � f ph ~ hj���¨h���u
�{tv� f h��#£¹�ª��rsz ~ u��¨z�� � ��r�tj°vhj�§¦�t�i phji � � ~ hv±
²ÂhS�{tv� f hS� ~ ��i3tv� ~ h3�-h1� � ���=ph{hjr@hjr�z§� � i�� � rXphq�-h1��hjuxw¶¬Ptv���{r�hj�©z ~ hj¦ªtv�Pphjr�tvr9r � �{�ªt�z��®»ýr@�Pt ~ hj�Prshji@¬(¦®hjr gt

�-hju-wS° � �®hjrj±)�Åh%�{tv� f h@hjrsz�� � �xÚ¬P¦ � ·IuPtv�©z{± Ä ¦#u-z���¦��ªrsh�uP�-hÁ� � ¦��®z���·Xu-h\�#£ìphj� ~ �®z�u ~ h%�P� 	�ph ~ ph{hv±
²Âhjr��-hju-wq�{tv� f hjr�� ~ ��i3tv� ~ hjr�r � �Iz gt3�ª���-h¨w-t�z�� � �q°X� ~ z�u-hj¦�¦®h�h{z gt;ph{z���·Xu-h{z�t��vh§� f |Xr��ª·Iu-hv¤-� � i3i3h@¦®h%n0$/'-'-'x±

� �ÂÏPÐ � �   ¦®h?n��,'-'-'«t �-hjrl�{tv� f hjrq�����-h¨w'phjrl� f |xr���·Xu-hji�hj�Iz�h{z gt�ph{z���·Xu-h{zszshjrq� f |xr���·Xu-hjr{±�²¼h´n0$/'-'-' h{z1¦®h
n�k '-'-'-' � �Iz��-hjr��{tv� f hjr�� ~ ��iltv� ~ hjr������-h¨w'phjr�°x� ~ z�u-hj¦ª¦®hji�hj�IzÅh{z gt ph{z���·Xu-h{zszshjr�� f |xr���·Xu-hjr{¤-¦®h@�{tv� f h���h%� � ���Åph{hjr
��u?n��,'-'-'lt�¦�hjr�i µhji�hjr��{t ~ tv�¨zIph ~ ��rsz���·Xu-hjr�i3tv��r�¦®h%�{tv� f h��¼£¹����rsz ~ uP�¨z�� � ��rÅhjrsz�°x� ~ z�u-hj¦ª¦®hji�hj�Iz=zshjrszXphv±
õZõ ï+��� 
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� � Ò 2 �G�½�IÒ Ï�� � � � � �
ÃGÄ¢}Å� � ~�� � � rshqu��-hS°vh ~ r�� � � �#£Ëhj�©z ~ ph{hG�-h1��tvili�h ��u �  ����� �-hy����r�� � r9tv�©z§�Ptvr"�#£¹���Izsh ~ »Ítv�¨hy� � u ~ u��

�{tv� f h�r�hj� � ����tv� ~ h �Ín0$/'-'-' } �  	± }È� u ~ ¦®hjr&°vh ~ r�� � ��r�tj°vhj���{tv� f h�rshj� � �P��tv� ~ hv¤©¦�h�n0$/'-'-'§����rs� � rsh��#£¹u���h����©zsh ~ »ýtv�¨h
�h ~ i�h{zsz�tv�Iz��-h@�Zph ~ h ~ ��� ~ hj�¨zshji�hj�©z��¨h@�{tv� f h �ýzshjrsz���hjr1ph{z���·Iu�h{zszshjr{¤½±{±j±� 	±
²Âh1�{tv� f hSr�hj� � ����tv� ~ h1��u n0$/'-'-'G�hju-z µh{z ~ hqu-z���¦���rXph3� � ili�h1u����{tv� f hqu����65�phv¤Z� � i�� ~ hj��tv�Iz gt?¦�ty» � ��r@¦®hjr

� � �P�=ph{hjrqh{zS¦®hjrS����r�z ~ u��¨z�� � ��rj¤ � u�� � i3i�h�u��¸�{tv� f h¶r�u-¬#���®°x��rXphyhj��u��>�{tv� f h¶�#£¹�ª��rsz ~ u��¨z�� � ��r�h{zyu�� �{tv� f h
�-hq� � ���Åph{hjrj± � tGz�tv��¦�¦�h3hjrsz"� � i�� ~ ��r�hlhj�Iz ~ h´k�%v� " � �¨zsh{z�r"h{z $ ÃG� �¨zsh{z�rj±���hS�{tv� f hqhjrsz{¤&·Iu-hj¦ª¦®hl·Xu-h1r � ��z§r�t
� � � 5(��u ~ t�z�� � �#¤ gt3� �v~�~ hjrs� � ���Ptv���¨h@��� ~ hj�¨zsh@tj°vhj�§¦�t3i;phji � � ~ h%� ~ �ª���{�®�Ptv¦®hv¤Xh{z�u�z���¦���rshÁu���hÁ� � ¦ª�®z���·Xu-hÁ�#£ìphj� ~ �®z�u ~ h
���
	�ph ~ ph{h@� � u ~ ¦ªt�i3��rsh gt �s� u ~ �-hjr�� � ���Åph{hjr{±
Ä ¦�hjrsz ~ hj¦��èphGtvu�i3�ª� ~�� � ~�� �¨hjr�rshju ~ gt;z ~ tj°vh ~ ryuP�6¬Pu�rS�-h�� � ���Åph{hjrq�-h«k�%v� ¬P�®z�rS·Iu���tvr�r�u ~ h´u���h?¬Ptv����h

�Ptvr9r�tv�©zshÁr�u��1r�tv�Izsh�hj�Iz ~ hÁ¦®hjrÅ�-hjuxw1����°vhjtvuxwl�-h\�{tv� f hjr�� � u ~ i3�����ªi3��rsh ~ ¦ªt%��phj��tv¦���zIph\hj�q�{tvr��-h\�=ph{»ýtvu�z�r9u ~ ¦®h
�{tv� f h@� ~ ��i3tv� ~ hv±-²Zt"zshj� f ���ª·Iu-h%��h%� ~�� zshj�¨z�� � �?u-z���¦���rXph{hÁhjr�z�¦�t"zshj� f ����·Xu-h ������� ±
² �v~ r�·Xu#£¹u��1�=ph{»ýtvu-z��-h��{tv� f hÁr�u ~ °x�®hj�Iz gt�¦ªtÁ» � �ªr'��tv��r=¦®hjrÅ�{tv� f hjrÅ� ~ �ªi3tv� ~ h�h{zÅrshj� � ����tv� ~ hv¤I¦®h�rshj� � ���l�{tv� f h

hjrsz ~ hj� f t ~ �Èph gt��(t ~ z�� ~ �-hq¦�t�i phji � � ~ hy� ~ �����{�®�Ptv¦�h3h{z3¦®hS� ~ hji3�®h ~ gt´�Pt ~ z�� ~ �Pu;r�hj� � ���#± Ä ¦=hjr�z gt¶� � zsh ~ ·Iu-h
� � i3i3hq¦�h1i3��� ~9� � ~�� �¨hjr�rshju ~ tvr�r�u ~ hS¦�tG�vhjrsz�� � �«�-hjr§�-hjuxw��{tv� f hjr{¤&¦®hjr�� � ���=ph{hjr§z ~ tv��r��®zshj�Iz§z � u �¢� u ~ r@�(t ~ ¦®h
i3�ª� ~�� � ~�� �¨hjr�rshju ~ hj�Iz ~ h@¦ªt�i phji � � ~ h%h{z�¦®h%�{tv� f h§rshj� � ����tv� ~ hv±
²Âh Ã?Ä¢}Å�¶� � ����� hjrsz%�-hjr�z����=ph3tvu i3t ~ � f phl�-hjr%t��P�P¦����{t�z�� � �Pr��Xu�i;ph ~ �ª·Iu-hjr � � zsz�tv�©zshjr�·Iu�� ~ hj·Iu���h ~ hj�©z\hj�

�Èphj�Åph ~ tv¦�uP�@hj��r�hji@¬P¦�hÅ�-hÅz ~ t½°Utv��¦�� � u )��*��� \mVi��	���9  Â° � ¦�uPi3���-hjuxw±½��u�r�r��Ú¤�¦�t�rsz ~ u��¨z�u ~ hÅ�-h�r � �"�{tv� f h�r�hj� � ����tv� ~ h
h¨wxzsh ~ �-h�� ~ �®°x��¦èph{���®hÁu��-h%¦ªt ~ �vh%¬Ptv����hÁ�Ptvr�r�tv�Izsh��¢k�±&%�� � �¨zsh{z�r  �h{z�uP�-hÁ� ~ tv���-h��{t��Ptv�{�®zIph �Í��h $ gt kjÊ Ã?� �¨zsh{z�r� 
�P¦ªu-z µ� z%·Iu�hl¦®h�zshji��Pr@�#£¹tv�{� ghjr �Ítv�{� ghjr§�P�®�hj¦��ª�=ph§r�u ~ �{����·´�¨|X�{¦�hjr� 	± Ä ¦&hjrsz@tvr�r � �{��t�z���»=�Pt ~ hj��rshji�¬P¦®hjr gt ·Xu�t�z ~ h
° � �®hjr�h{z�i�h{z�hj� �@u-° ~ h%u��-h\� � ¦��®z���·Xu-h\�#£ìphj� ~ �®z�u ~ h@��� 	�ph ~ ph{hv±
��h3�{tv� f h �s� u-h3¦®h ~Uµ� ¦�h"�¼£¹u����{tv� f hlr�hj� � ����tv� ~ h"� � u ~ ¦®h�� ~ hji3�®h ~ ���®°vhjtvu¶�-h3�{tv� f hl�#£¹���Prsz ~ u��¨z�� � �Pr�h{z%�-h

� � �P�=ph{hjr�hj�Iz�� gh ~ hjr{¤)h{z�� � ��rsz���z�u-h�u��?�{tv� f h�� ~ ��i3tv� ~ h\°X��rs gtUÚ°X��r��-h@¦¥£¹u��P�®zIph � � zsz�tv�Izshv±)��u�r�r��Ú¤�r � � h��1�{tv�{��zIph§hjrsz
�Pt ~ z����{u�¦�� gh ~ hji3hj�©z��Åph{zsh ~ i3����tv�Izsh@� � u ~ ¦®hjr��h ~ » �v~ i3tv���¨hjr���u?rs|Xr�z ghji3hv±#��£Ëhjr�z�� � u ~ ·Xu � �¦®hjr�� � �P�¨h{��zshju ~ r � �©z
� f � ��r��)�-h�»Ítv� ~ h�t����hj¦ gt§¦�tÁzshj� f � � ¦ � ���®h\tv¦ �v~ r ~ phj�¨hj�©zsh%��h�i;phji � � ~ hjrÅr�|X��� f ~�� �-hjr=tj|�tv�Iz����{�Pu��1zshji��PrÅ�-h��¨|X�{¦®h
�-h�k�%"��rÅh{zSph{z�tv�Iz�rsz ~ uP�¨z�u ~ ph{hjr�hj�q�-hjuxwS¬Ptv���{rÅhj�©z ~ hj¦�tv�Pphjr{± g� �{tvu�rsh%�-h\r � �y��i�� �v~ z�tv�Izsh\¬Ptv���-h��Ptvr�r9tv�©zshv¤��¨h
�{tv� f h@hjrsz��=phjr��®���Åph@�(t ~�Ã?Ä¢}Å� r � u�r�¦®h%� � i �-h �#9l�,�,$*YT\mVi� �x$6��"�� ±

(�� �{tv� f h�rshj� � �P��tv� ~ hÁh¨wxzsh ~ �-h%tvr�r � �{��t�z���»Z�Pt ~ hj��rshji�¬P¦®hjr gt3�-hju-w1° � �®hjr�h{z�u����65�phÁhjrsz � ¬(¦��®��t�z � � ~ hÁ� � u ~ ¦®h
� � ������� ·Xu��F�����{¦�u-z�z � u-zsh3¦�tq¦ � ���ª·Iu-h"�Åphj�¨hjr�r�tv� ~ h gtyr�tS�vhjrsz�� � �#±¼²Ztqz�tv��¦�¦®h"�-h��¨h3�{tv� f h��)hju�z µh{z ~ h1� � i�� ~ ��r�h
hj�Iz ~ h��xk�% " � �¨zsh{z�r�h{z@kjÊ ÃG� �¨zsh{z�r{±
Æ�hjuxw1z�tv��¦�¦®hjr���h�¦��®����hjr�r � �Iz=� � r�r���¬P¦®hjr)¯XÊ�$ � uGk�%v� � �¨zsh{z�rj±x²Zt%� � ¦��®z��ª·Iu-h��#£³phj� ~ ��z�u ~ h�hjr�zÅ�-h�zc|X�)h���� 	�ph ~ ph�h{z

¦¥£¹tv¦�� �v~ �®z f i�h��-h ~ hji3�P¦�tv�¨hji�hj�Iz\hjrsz%�-h"zc|X�h �B1 � ±#²Âh"�{tv� f h3hjrszÁ� f |xr���·Xu-hji�hj�Iz��ª���-h¨w'ph"h{zÁ� f |xr���·Xu-hji�hj�Iz
ph{z���·Xu-h{zIphv±
Ä ¦Âu�z���¦���rshÁt½°vhj�§¦�h@i3��� ~�� � ~�� �¨hjr9rshju ~ u��-h����©zsh ~ »ýtv�¨h§�-hlk�%v�l¬P�®z�r�� � u ~ ¦�hjr�� � ���Åph{hjr�h{z���h %vÊ�¬P��z�r�� � u ~ ¦®hjr

ph{z���·Xu-h{zszshjr{± }È� u ~ ¦ª��i3�®zsh ~ ¦ªt3¦�t�zshj���¨h"�#£¹tv�{� ghjr{¤#u��-h%z�t�¬(¦®h@�-h"��"Á¬P��z�r�hjrsz��ª�©zXph{� ~ ph{h�tvuGil��� ~�� � ~�� �¨hjr�rshju ~ ±�Ç'¦�¦�h
i;phji �v~ ��rsh%¦®h\¬Ptv���\¦®h\�P¦ªu�r ~ phj�¨hjili�hj�©z�u-z���¦��ªrIphv±-�Åh{zszshÁz�t�¬(¦®hÁ�hju-z ~ hj� � u-° ~ � ~Z� u�r9·Iu#£ gt�% ÃG� �¨zsh{z�r��-hÁi phji � � ~ h
��u?�{tv� f h§rshj� � ����tv� ~ hv±
²Zt�zshj� f ����·Xu-h%�-hÁ� ~�� zshj�¨z�� � �?�-hjr�� � ���=ph{hjr�hjrsz�z � u �¢� u ~ r�¦�t"zshj� f ����·Xu-h ����� ±
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²Âhjr�i3�ª� ~�� � ~�� �¨hjr�rshju ~ rlph{z�uP���	phjr�» � u ~ �P��r�rshj�Iz��-hjr�i;phj�{tv����r9i�hjr��-h@�vhjrsz�� � �?��h%¦�t�i phji � � ~ h@°X� ~ z�u-hj¦�¦®h\h{z�u��
r�u���� �v~ z��h ~ i�h{zsz�tv�Iz��-h§i�h{zsz ~ h§hj� �@u�° ~ h§u�� rs|xrsz ghji�h��#£Ëh¨wx�P¦ � �®z�t�z�� � �#±P²¼h �=�
!y��������	
	����� � �=phjr��®���-h"¦¥£¹u��P�®zIph
~ hjr�� � �Pr�t�¬P¦®hÁ�-h%¦�t"�vhjr�z�� � �?�-h%¦ªt�i phji � � ~ h%°x� ~ z�u�hj¦�¦®hv±
²'£¹t ~ � f �®zshj�¨z�u ~ h Ã?Ä¢}Å� �=ph+5(���®zÅu���hjrs�(tv�¨h��#£¹tv� ~ hjr�r�t��vh�°X� ~ z�u-hj¦�¦��ª�=phjtv� ~ h��Pt������Åphv¤x��£Ëhjrsz¢ gtUc��� ~ h�·Xu-h�¦Ú£¹tv� ~ hjr�rsh

°x� ~ z�u-hj¦ª¦®h\hjrszSph{��tv¦®h gt3¦¥£¹tv� ~ hjr9rsh@�{tv¦��{u�¦èph{h��Pt ~ ¦®hÁ� ~�� � ~ tvi3i�hv±(Ç'¦�¦®hÁhjr�z����®°x��rXph{h%hj� uP� �IuPi ph ~�� �-h%�(t��vh@h{z�u��
�Åph{�P¦ªtv�¨hji�hj�©z���tv��r��¨h{zszsh@�(t��vh �Ítvuxwx·Xu-hj¦�r�rj£¹t �¢� u-zsh�u��q���-hj�Iz��65(�{t�zshju ~ �-h\� ~9� �¨hjr�r9u�r� 	±-²�£¹u��P�®zIph%�-h\�vhjrsz�� � � �-h
¦�t�i;phji � � ~ h@i3tv�P�®�Pu�¦èph{hÁ�Pt ~ ¦�h �=�
!#��������	=	����� � hjrsz�¦�t"�Pt��vhv±
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	 � � � Ò�� 	 � �½Ð �Z�xÓ
²Âh ÃGÄ³}��>� # ����� i�h{zsz�tv�Iz?hj� �@u-° ~ h¶u��-h t ~ � f �®zshj�¨z�u ~ h �-h¶zc|X�h��-%«¬P�®z�r{¤�r � �/hjrs�Ptv�¨h��#£¹tv� ~ hjr�r�t��vh

� f |xr���·Xu-h�hjrsz�¦���i3�®zXph gt $�� � �¨zsh{z�r{±-²�£Ëhjrs�(tv�¨h��#£¹tv� ~ hjr�r�t��vh�°X� ~ z�u-hj¦�rsh ~ ph{�Pt ~ z��®z=hj� % � � �¨zsh{z�r�� � u ~ ¦Ú£¹u-z���¦���r9t�zshju ~
h{z % � � �¨zsh{z�r�� � u ~ ¦®h%� � |�tvu#±
²'£Ëhjrs�Ptv�¨h\� f |Xr9��·Iu�h�tv� ~ hjr�r�t�¬(¦®h��Pt ~ ¦®h �  ����� hjr�zÅ�-h\Ê�$�� � �¨zsh{z�r#�Ítv� ~ hjr�rsh�� f |xr���·Xu-h�r9u ~ �vÊ@¬P�®z�r� 	±XÆ�hjuxw

i � �-hjrÅ�-h�» � ���¨z�� � ����hji�hj�©zÅr � �IzÅu-z��ª¦���rXphjr�r�u ~ �¨h�� ~�� �¨hjr�rshju ~ ¤Iu��li � �-h��-%@¬P�®z�r'h{z=u��1i � �-h�Ê�$�¬P�®z�r{± � hj¦ � �l�¨h
i � �-hv¤v¦¥£¹tv� ~ hjr�rshÅ°X� ~ z�u-hj¦�¦®h=hjrsz ~ h{� ~ phjrshj�IzIph{h�r�u ~ �-% � u3Ê�$\¬P�®z�r{±�²Ât�z�tv��¦�¦�hÅi3tUw-��i3tv¦�h=�#£¹u��§� ~9� �¨hjr�r9u�rZu�z���¦���r�t�zshju ~
hjrsz��-h % � � �¨zsh{z�r��Ptv��r=¦�h�� ~ hjil�®h ~ �{tvr�h{z��-h"k e � �¨zsh{z�r��Ptv��r=¦�h�rshj� � ��� � � �q�-h�z��®hj�IzÅ� � i��Pzsh�·Xu-h\�-h $/'�¬P�®z�r
�-h�¦¥£¹tv� ~ hjr�r�h�°x� ~ z�u�hj¦�¦®h  	±
� u ~ ¦®h ÃGÄ¢}Å�"� � ����� ¤x¦®hjr'hjrs�Ptv�¨hjrÅ�#£¹tv� ~ hjr�r9t��vh�� f |Xr9��·Iu�hÅh{z=°X� ~ z�u-hj¦ � �Iz"ph{zIph%� � ��r����Åph ~ t�¬(¦®hji�hj�Iz'tvu-��i�hj�x

zXphjr{±²�£Ëhjrs�(tv�¨h��#£¹tv� ~ hjr�r�t��vh%°x� ~ z�u-hj¦#t;ph{zXph�ph{zshj����u gt�$©��¬P��z�r�tv¦ �v~ r�·Xu-h%¦¥£Ëhjr��Ptv�¨h@�#£¹tv� ~ hjr�r�t��vh@� f |xr���·Xu-h\hjrsz��-h
$/'l¬P�®z�r{¤-¦®h%�{tv¦��{uP¦¼�#£¹tv� ~ hjr9rshjr�r{£Ëh 	hj�¨z�u�tv�Iz�z � u �s� u ~ r��Ptv��r�¦¥£¹u��qh{z�¦Ú£¹tvu-z ~ h%�{tvr�r9u ~ Ê�$3¬P��z�r{±
²Âh � � ������� tvr�r�u ~ h3¦�u��&tvu�r9r��&u��-h3� � i��(t�z��®¬P��¦���zIph�tvr��¨hj�P��tv�©zshStj°vhj�S¦�tq»Ítvi3��¦�¦®h"�-hjr�n���wXwIw¤¼��¦&r�u-�P� �v~ zsh

� � �P�l¦®hjr%��hjuxw i � ��hjr@�#£¹tv� ~ hjr�r�t��vhS�-% h{z"Ê�$G¬P�®z�r{±¼²Âh1i µhji�h �{������� hjrsz�u-z��ª¦���rXph�� � u ~ ¦®hjr�����rsz ~ u��¨z�� � ��r\h{z
¦®hjrÁ� � ���=ph{hjr��Í� � �Åph1r�u ~ �1¬P�®z�r{¤r � �®z %v�vÊS� ~�� �¨hjr�r�uPr� 	¤#� � �©z ~ tv� ~ hji�hj�Iz%tvu´n��,'-'-'x± } t ~%~ t���� �v~ z gtq�¨h3�-h ~ ����h ~ ¤
¦¥£¹tv� ~ hjr�rsh3°x� ~ z�u�hj¦�¦®h�t $ ¬P��z�r%�-hli � �ª��r �Í� � ��� $-$ ¬P�®z�r� 	¤Âh{z�¦®hjrÁ¬(�®z�r%�-h ~ ph{��� � � � �Iz�ph{zIphqi � ��� 5�phjr{± Ä ¦�hjrsz@�Pt ~
� � ��rXphj·Xu-hj�Izl� ~ t�z���·Iu�hji�hj�©z3�ªi�� � r�r��®¬P¦�h1�#£¹u-z��ª¦���rsh ~ �-hjr3i µhji�hjrl°vh ~ r�� � �Pr3�-h rs|xrsz ghji�h?�#£Ëh¨wx�P¦ � ��z�t�z�� � � r�u ~ ¦®h
n��,'-'-'3h{z�r�u ~ ¦®h%n@k '-'-'-'x±)²�£Ëhjrs�(tv�¨h��#£¹tv� ~ hjr�r�t��vh%� f |xr���·Xu-h\hjrsz�z � u �s� u ~ r��-h $/'�¬P�®z�r{±
� � Ò 2 � � � Ð�� ��� �ZÒ Ð �ýÏ�� � � ��� � �I�½�j�I� � � � � �

²Âh ÃGÄ³}��\� # ����� ��i��P¦èphji�hj�Izsh'u�� e ²���z � z�tv¦®hji3hj�©zÈtvr�r � �{��t�z��®»³¤½�-h=Ê�$�hj�©z ~ ph{hjr{¤�� � i3i§u��%tvuxw%���Prsz ~ u��¨z�� � �Pr
h{z3tvuxw;� � ���Åph{hjr{±�²'£¹tv� ~ hjr�r�t��vhq� f |xr���·Xu-h1�-hjr"�{tv� f hjr{¤�hj�Iz ~ t µ 	 ��tv�Iz��-hjr"tv�{� ghjrlrs|xrszIphji3t�z���·Xu-hjr gt��¨h{zszsh z�t�¬P¦®hv¤
h¨wx�P¦���·Xu-hy¦®h?� � i@¬ ~ h ~ hj¦�t�z��®°vhji�hj�Iz phj¦®h{°�ph´�¼£Ëhj�©z ~ ph{hjr{±�� f tv�{uP�-h �-hjr3hj�Iz ~ ph{hjrq�-h �¨h{zszsh´z�t�¬P¦®h hjrsz1� � i��P¦èph{zIph{h
�Pt ~ u��;���-hj�Iz��65(�{t�zshju ~ �-hl� ~�� �¨hjr9r�u�r§� � �Åphqr�u ~ r��¿w¶¬P�®z�r��Ír � �®z � uPr�·Iu¼£ gtGÊ�$´� ~�� �¨hjr�r�u�r�r���i§u�¦®z�tv�Åphji�hj�Iz§tv�¨z���»ýr
hj�>i phji � � ~ h  	±�²�£¹tv¦�� �v~ �®z f i�hG�-h ~ hji��(¦�tv�¨hji�hj�Iz1u-z���¦ª��rIph hjrszS��i��P¦èphji�hj�IzIph?�Pt ~ ¦ � �����{�®hj¦ �Íu��-h � � r�r9�®¬P��¦���zIphy�-h
��� Ö D D Û ! ØcØ F ß½Ü¨Ý ! @ & ! #�Ù ( � ! Û .
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°vh ~�~9� u���¦�¦�t��vh��-h��¨h ~ z�tv���-hjr&hj�Iz ~ ph{hjr'�h ~ i3h{zF��h�� � ��rsh ~ °vh ~ �Ptv��r&¦®hjr e ² � ¦ªt\z ~ tv��u��¨z�� � ���¼£¹tv� ~ hjr�rshjr&��h�rshj�¨z�� � ��r
�-h�� � �-hjr � u �-h%� � ���Åph{hjr�» ~ phj·Xu-hji3i3hj�©z ~ ph{»jph ~ hj���(ph{hjr� 	±
²Âh ÃGÄ³}����  ����� �ªi��P¦èphji�hj�Izshlu�� e ² �J�-h�$©�qhj�Iz ~ ph{hjr ph{��tv¦�hji�hj�©z"� � i3i§u�� tvuxw ���Prsz ~ u��¨z�� � �Pr�h{z�tvuxw

� � �P�=ph{hjr{±x� f tv�{u��-h��-h��¨hjr'hj�Iz ~ ph{hjrÅ�)h ~ i�h{z'�-h ~ h{� ~ phjrshj�Izsh ~ ¦�hjr�tv� ~ hjr�r�hjr'�-h��-hjuxw"�Pt��vhjr'°x� ~ z�u�hj¦�¦®hjr&� � �Iz��®��u��hjr{±
�Åh{zszsh1� � � 5P��u ~ t�z�� � ���)h ~ i�h{zÁtv����r��È�-h�����rs� � rsh ~ �-h3�vÊShj�Iz ~ ph{hjr@h 	hj�¨z��®°vhjr{±Z²�£¹tv¦®� �v~ ��z f i�h��-h ~ hji��P¦ªtv�¨hji�hj�©z
u-z��ª¦���rXph%t�� ~ ghjr�u��y�=ph{»ýtvu�z�r�u ~ ¦�h e ²���hjrsz�¦�h%i µhji�h@·Xu-h%�¨hj¦�u��#��u?n��,'-'-'x±
²ÂhÁn0$/'-'-'§� � r�r ghj�-h?ph{��tv¦®hji�hj�Iz�u��1r � u�r¢ e ² � �-h\�-hjuxwlhj�Iz ~ ph{hjr��Åphj���èphÁtvuxwS����rsz ~ uP�¨z�� � ��r�h{z������{¦ªu�r'��tv�Pr=¦®h

e ² �º�=phj� ~ �®z�� ~ phj�Pphj�-hji3i�hj�Iz{± Ä ¦#�h ~ i�h{z��#£Ëh 	)hj�¨z�u�h ~ hj�?�Pt ~ tv¦�¦ ghj¦®h%¦ªt�z ~ tv��u��¨z�� � � �#£¹u��-h%�ª��rsz ~ u��¨z�� � �qh{z��#£¹u���h
� � �P�=ph{hv±UÇ=�%�{tvrZ��h'�=ph{»ýtvu�zZ��u%r � u�r¢ e ² �¶�#£¹����rsz ~ u��¨z�� � ��r{¤{�¨hj¦�uP�¿c�{�vhjrsz ~ hj� f t ~ �Zph��-h{�PuP��r#¦®h e ² �¶� � i3i§u��#± ���®hj�
·Xu#£¹��¦���h'� � r�r ghj�-hÅ·Iu-h=�-hjuxwÁhj�©z ~ ph{hjrj¤��¨h�����r�� � r9�®z��®»©r�u����P¦èphji�hj�Iz�tv� ~ h��(t ~Â~ t���� �v~ z¼tvu§n��,'-'-'��h ~ i�h{zÂ�¼£¹tv�{�Pphj¦èph ~ h ~
¦¥£Ëh¨w'phj�{u-z�� � �«�{t ~ �ª¦�r�u-��� ~ ��i�h�¦®hl� � � �(�®z@�-h1¬Ptv���3¦ �v~ r%�#£¹u�� tv�{� ghjr�r���i§u�¦®z�tv�Åphltvuxw �{tv� f hjr"�#£¹����rsz ~ u��¨z�� � ��r\h{z
�-h�� � �P�=ph{hjr\h{z{¤)hj� ~ tv�ªr � ���-h§¦ªt1¦ � �{tv¦��®zXph�rs�Pt�z��ªtv¦®h§��hjr��ª��rsz ~ u��¨z�� � ��r{¤(��hjuxw?�Pt��vhjrÁr � �IzÁ��tv��r\¦�t1�P¦�u-�(t ~ z��-hjr
�{tvrSr�u �1r9tv�©zshjr´¾¿kvk¨ÀÚ±'²¼h ~ h{��t ~ ����r9r�t��vh?��u6r � u�r¢ e ² � �#£¹����rsz ~ u��¨z�� � ��r gt¶�Pt ~ z�� ~ ��u e ²��4�Zphj�=ph ~ tv¦\�-h?� �¼µu-zsh
·Xu-h1·Xu-hj¦�·Xu-hjr%�¨|x�{¦®hjr{± } t ~ tv��¦ª¦®hju ~ r{¤#¦¥£¹�ª�-hj�©z�� 5(�{t�zshju ~ �-h1� ~�� �¨hjr�r�u�r@t>ph{zIph tvi�hj�=ph gt f uP�®z%¬P�®z�r �ýh{z§�¨hv¤È� ghjr�¦®h
ÃGÄ³}�� n�Ê,'-'-'% 	±
²Âh Ã?Ä¢}Å�;� � ����� i�h{z�hj� �@u-° ~ hyu�� e ²��4�-h �v��$ hj�Iz ~ ph{hjr{¤=tvr9r � �{�ªt�z��®»��Pt ~ hj��r�hji@¬P¦�hjr gt�z ~�� ��r§° � �®hjr{±

²'£¹�����-h¨w-t��vhl�#£¹u�� e ²���tvr�r � �{��t�z��®»Å�Pt ~ hj��rshji�¬P¦®hjrj¤ � gu �hju-°vhj�Iz µh{z ~ h ~ tv�-�Èphjr§�-hjr%�-hjr9� ~ �®��zshju ~ r���h��Pt��vhjr@�-h
���
	�ph ~ hj�IzshjrÈz�tv��¦�¦®hjr{¤½hjrszZu��@� ~�� ¬P¦ ghji3h=�Åphj¦����{t�z��Í� f � �®w@�-h=¦¥£¹�ª���-h¨w� 	± Ä ¦�hjrszÈ�ª�{� ~ phjr � ¦�u�r���i��(¦®hji�hj�Iz¼�Pt ~ ¦Ú£¹u-z���¦���r9t�z�� � �
� � u ~ � f tv·Iu�h ���/��� �#£¹u���h%rshju�¦®hÁz�tv��¦ª¦®hÁ�-hÁ�Pt��vh �P�¨h{zszsh�z�tv��¦�¦®h\»Ítv�®z��Pt ~ z���h%��u � � �Izsh¨wXzsh§��uq� ~�� �¨hjr�r�u�rj±
²'£¹tv¦®� �v~ �®z f i�h¶�-h ~ hji��P¦�tv�¨hji�hj�Izy��u e ²�� hjrszq¬PtvrXph¶r�u ~ u��>tv¦®� �v~ �®z f i�h´��h ~ hji��P¦�tv�¨hji�hj�Izqtv¦	phjt�z � � ~ h

i3t�zXph ~ ��hj¦¥±-��h{�)hj�P��tv�©z{¤X�¨h ~ z�tv���-hjr=hj�Iz ~ ph{hjr���u3� ~ hji3�®h ~ ¬Ptv�P����u e ²�� �hju-°vhj�Iz µh{z ~ h\°vh ~�~9� u���¦�¦èph{hjr=t�5(�l�#£³ph{°x�®zsh ~
·Xu-h@�¨h ~ z�tv�ª�-hjr��Pt��vhjr�» ~ phj·Xu-hji3i�hj�Iz�tv�{�(phj�Åph{hjr\�h ~ �-hj�Iz�¦�t"z ~ tv��uP�¨z�� � � �-h%¦®hju ~ tv� ~ hjr�rshÁ�(t ~�~ hji��P¦ªtv�¨hji�hj�©z{±
²Âh e ² �J��u � � ������� � � �Iz��®hj�©z"Ê�$ hj�Iz ~ ph{hjr �Í� � u-¬P¦®hjr%� � ili�hl¦®h3n.$/'-'-'% Áh{z%hjr�z@z � z�tv¦®hji�hj�Iz�tvr9r � �{�ªt�z��®»ì±

(�� r � u�rs e ²��J�-h f u��®z\hj�Iz ~ ph{hjr§hjrsz@u-z���¦ª��rIph"� � u ~ ¦®hjr%����r�z ~ u��¨z�� � ��rj±Ç=�¶�{tvr@�-h1�=ph{»ýtvu-z�r�u ~ ¦®h e ² ���Zphj�=ph ~ tv¦¥¤
u���hÁh¨wx�¨h{��z�� � � hjrsz��Èphj�Åph ~ ph{h"h{z�¦®h ~ hji��P¦�tv�¨hji�hj�Iz�hjrsz�»ýtv�®z��(t ~ ¦ � �����{�®hj¦Ú±
� �UÏ�Ð �IÒ Ð��^Ï��
²Âhjr�i3��� ~�� � ~�� �¨hjr9rshju ~ r§����rs� � rshj�Iz���h1�P¦ªu�r��®hju ~ r%i � �-hjr"�-h1» � ���¨z�� � �P�-hji�hj�Iz{±���hjr§i � �-hjr§� ~9� z gh{�vhj�Iz3hj�

phj� ~ �®z�u ~ h � u�hj�/¦®hj�¨z�u ~ h �¨h ~ z�tv���-hjr � � �-hjr i;phji � � ~ hv± � u ~ ¦®hjryi3�ª� ~�� � ~�� �¨hjr�rshju ~ r ÃGÄ¢}Å� ¤�¦�t;� ~9� zshj�¨z�� � �ºhjrsz
~ phjtv¦��ªrIph{h gt1� f tv·Xu-h@tv�{� ghjr gtl¦ªt�i phji � � ~ h§tvu?� � u ~ r��-h@¦�t3z ~ tv��u��¨z�� � �?�#£¹tv� ~ hjr�r�h%h{z�r{£Ëh 	hj�¨z�u-h"tvu?����°vhjtvu �-h@¦�t
�Pt��vh �P¦®hjr�¬P��z�r��-hÁ� � ����r�» �v~ z��-hjr�tv� ~ hjr�rshjr�r � �Iz�u-z��ª¦���rXphjr�� � u ~ ����r�z����-��u-h ~ ¦®h%i � �-h%�-hÁ» � ���¨z�� � �P�-hji�hj�Iz{±
²Âh ÃGÄ¢}Å�?� # ����� ��i��P¦èphji�hj�Izsh"¦®hjr���hjuxw?i � �-hjr���h�» � ���¨z�� � ����hji�hj�©z�� � i3i§u��=phji�hj�Iz%u-z���¦���rXphjr)¯¦®h�i � �-h

V#�FdF$F� h{zÁ¦®h�i � ��h �/9l\m��\^	$F9I����� ±Z� � ili�h � �¶¦Ú£¹tS�P�®z{¤)¦ªt1i;phji � � ~ h"°X� ~ z�u-hj¦�¦®h�hjrsz\�Pt ~ z��®z�� � �P�=ph{h§hj���-hju-w � � �-hjr
�-h % � � �¨zsh{z�r{¤È¦�t�� � �-hl�#£¹tv� ~ hjr�rshjr\¬Ptvr9rshjrGph{z�tv�©z§�-hjrsz����Åph{h1tvu i � �-h ��9l\m�v\f	�$F9I���� ¤Â¦�tq�-hjuxw-� ghji�h��Pt ~ z���h ph{z�tv�Iz
~ phjrsh ~ °�ph{h"tvu?i � �-h V#�*d6$*� ±
²Âh ÃGÄ³}�� �� ����� rshS�{t ~ tv�¨zIph ~ ��rshq�Pt ~ u���i � �-hS�-h3» � ���¨z�� � ����hji�hj�©z§r�u-���(¦	phji�hj�©z�tv� ~ h&¯Z¦®h 	
� !/���U�\^	������ ±

Æ�hjuxw ¬P�®z�r��¼£¹tv� ~ hjr�rshyr � �Izltv¦ �v~ r3u-z���¦��ªrIphjr�� � u ~ �Åph{zsh ~ i3���-h ~ ¦�hqi � �-h ��hy» � ���¨z�� � ���-hji�hj�Iz��ýz ~�� ��r�hj� i � �-h
�-%3¬P�®z�r� 	±P�Åhjr�z ~�� ��r�i � �-hjr�r � �Iz¼¯

� ²¼h§i � ��h V#�*d6$*� ¯)�¨h"i � �-h�� �v~9~ hjrs� � ���´tvuGi � �-h 	
� !/���U�\^	������ �-h�¦ªtl�P¦ªu-�Pt ~ z��-hjr�i3��� ~9� � ~�� �¨hjr�rshju ~ rj±
²¼h�� } (¸hj�©z ~ h�hj�li � �-h V#�FdF$F� gt@z ~ tj°vh ~ rÅu��3t��P�)hj¦xh¨wx�P¦��ª�{�®zsh��Í����rsz ~ u��¨z�� � � ���B���c� �B�  � ul¦ �v~ r9·Iu#£¹uP�-h
h¨wx�¨h{�Pz�� � �¶hjrsz§�=ph{zshj�¨zIph{hqh{z�| ~ hjr�zsh � uPr�·Iu¼£ gty�¨h1·Xu-h3¦®h3� � �Izsh¨wXzshq��tv��r%¦�hj·Iu-hj¦'¦¥£Ëh¨wx�¨h{�Pz�� � � t>ph{zIphy¦®h{°�ph{h
r � �®z ~ hjr�z�tvu ~ phv±

� ²¼h�i � �-h 	���!����U�\^	����� ¯��¨h�i � �-h ~ h{� ~ phjrshj�©zsh�u��-h�� � u-°vhjtvu�zIph��Pt ~�~ t��P� �v~ zFtvuln��,'-'-'x± Ä ¦�� � ��r9��rszsh�hj�3u��
i � �-h����Izsh ~ i;phj���ªtv� ~ h%hj�Iz ~ h�¦®h�i � �-h V#�*d6$*� h{zÁ¦®h�i � �-h �/9l\^�v\f	�$F9I���� ¤h{z�t ph{zIph�hjr9rshj�©z���hj¦�¦®hji�hj�Iz�il��r�hj�
�@u-° ~ h���tv�Pr=¦®h�¬Pu-z=��h��h ~ i�h{zsz ~ h�¦®hjrÅrs|Xr�z ghji3hjr��#£Ëh¨wX�(¦ � �®z�t�z�� � �1��i��P¦èphji�hj�IzIphjrÅhj�1� � u�� f hjr{±��Åhj�{�)tvr�r�u ~ h
u��-h��P¦�u�r=� ~ tv���-h\rXphj�{u ~ ��zIphÁ� � u ~ ¦®h\rs|xrsz ghji�hv±P������r��¥¤I�¨h ~ z�tv���-hjr � � �-hjr�tv�{�¨hjr9r��®¬P¦®hjrÅhj�qi � �-h 	
� !/���U�\^	������
�-h%¦®h%r � �Iz��Ptvr�hj� i � �-h V#�*d6$*� h{z�°X�ª�¨h¨Ú°vh ~ r�tx±
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� ²¼h@i � �-h �/9l\m��\^	$69I���� ¯P�¨h�i � �-h%hjr�z�r���i3�ª¦�tv� ~ h gtl�¨hj¦�uP�#��u n��,'-'-'Si3��r gt��Pt ~ z�·Xu-h@¦ªt�z�tv��¦�¦®h%��h@¦¥£Ëhjrs�Ptv�¨h
tv� ~ hjr�r9t�¬P¦®h@�(t ~ u��G� ~�� �¨hjr�r�uPr�u-z��ª¦���r�t�zshju ~ �Ptvr�rsh"�-h�%�� � �¨zsh{z�r gt�k e � �¨zsh{z�r{±¼²�£Ëhjr��Ptv�¨h�u-z���¦���r9t�zshju ~ hjrsz
tv�{�¨hjr�r��®¬(¦®hÁhj� i � �-h V#�*d6$*� h{z�hj� i � �-h 	���!����U�\^	����� ��tv��r�¦®h%n0$/'-'-'x±
²Âh Ã?Ä¢}Å�y� � ����� �-h%r�u���� �v~ zsh�·Xu-h%�-hju-wSi � �-hjr��#£Ëh¨w'phj�{u-z�� � �%¯�¦�h%i � ��h Vy�*d6$*� h{z�¦®h%i � �-h �/9l\m��\^	$F9I����� ±

²Âh3i � ��h 	�� !/���U�\^	����%� �-h3r � ��� ~ phj�=phj�¨hjr�rshju ~ ¤Z¦®h�n0$/'-'-'x¤Z�¼£¹tq�Ptvr?ph{zIphq��i��(¦	phji�hj�©zXph3i3tv�ªr\hjrsz ~ h{� ~ �ªr�t½°vhj�l¦®hjr
�-hju-wGtvu-z ~ hjrÁi � �-hjr�� � u ~ ¦®h � � ������� r�u ~ ¦®hj·Xu-hj¦È¦®hjrÁ�1¬P�®z�r\�-h§� � �ª��r�» �v~ zÁ�-h"¦¥£¹tv� ~ hjr9rsh§r � �©zÁu-z���¦ª��rIphjr�� � u ~
¦®hjr�� � �-h ~ ¾ËÊUÀÚ±
��������� � O � � �cCFEgJ]O�Q;E6G	��C �'S�A#H&H&ADO�C

²ÂhS��h{� ~ phq��h1�h ~ » �v~ i3tv���¨hSt�zszshj���Iz��Pt ~ ¦®hjr§i3��� ~9� � ~�� �¨hjr�rshju ~ r�ph{z�u����èphjr�¦®hjr ~ hj���-hj�Iz�t�zsz ~ tj|�tv�Iz�r3� � i3i�h
¬ ~ ��·Iu�hl�-hS¬Ptvrshq�-hjr�r�|Xrsz ghji�hjr�i§u�¦®z���� ~�� �¨hjr�rshju ~ r �ýhj� �(t ~ z����{u�¦���h ~ gt´i phji � � ~ hS�Pt ~ z�t��Èph{hyh{z gt?¬(u�r@u��P��·Iu�h  	±
Æ\tv��rF�-hÅzshj¦�rFrs|xrsz ghji�hjr{¤v��¦IhjrszÈ�Åphj�¨hjr9r�tv� ~ h��-h�����rs� � rsh ~ �-h=r9u-��� �v~ z�rÂilt�zIph ~ �®hj¦�rÈ� � u ~ ¦ªt�� � f ph ~ hj���¨h���hÅ�{tv� f h�·Iu��
tvr�r9u ~ hj�Iz�¦¥£Ëh¨w-�{¦�u�r�� � � i�u�z�u-hj¦�¦®h%h{z\¦�t3il��rsh gt �¢� u ~ �-hjr���� 	�ph ~ hj�©z�r��{tv� f hjr{¤#t�5(�?·Xu-h�� f tv·Xu-h�i3�ª� ~�� � ~�� �¨hjr�rshju ~
�PuP��r�rshÁ¦�� ~ h\��hjr�� � ���Åph{hjr�� � f ph ~ hj�©zshjrj±
²Âh Ã?Ä¢}Å�´�� ����� hjrsz%¦®h"� ~ hji3�®h ~ �-hjr%i3�ª� ~�� � ~�� �¨hjr�rshju ~ r ÃGÄ¢}Å� gty�����{¦ªu ~ h"�-h"zshj¦�¦®hjr\» � ���¨z�� � ����tv¦ª�®zIphjr{± Ä ¦

�h ~ i�h{z�¦�hjr�� ~�� z � � � ¦®hjr�r9u��®°�tv�©z�r¯
� ¦¥£¹���I°Utv¦ª����t�z�� � �lhj� phj� ~ �®z�u ~ h�� )x��\m9I�q\mV�U&$F��\ta6$F9I�  ¯-¦ �v~ r�·Xu#£¹u���h�� � ���Åph{hÁhjr�z�i � �P�65�ph{h\�Pt ~ u��yi3��� ~�� � ~�� �¨hjrs
rshju ~ ¤(z � u�r\¦®hjr��{tv� f hjrÁ� � r�rXphj�Ptv�©z\u��-h§� � �P�®h"�-h§�¨h{zszsh3� � ���=ph{h§i3h{zszshj�©z%¦�t1¦��®���-h§·IuP�Â¦�tS� � �©z���hj�©zÁ��tv��r
¦¥£ìph{z�t�z1���I°�tv¦����-hv±��Åhy� ~�� z � � � ¦®h hjr�z ph{��tv¦�hji�hj�©zq� � ���Xu6r � u�rl¦®hy� � i �-hy� ~9� z � � � ¦®h �����/� �¼£¹t�� ~ ghjrl¦®hjr
·IuPt�z ~ h ph{z�t�z�r@� � r9r��®¬P¦®hjr��#£¹u��-h§¦��®���-h§�-h��{tv� f h'¯ � ��a*\ n��,a*���.4_�����%	�\^UF�����D"%$*�,�,a&���
VDU&$*�v\la �ý° � � ~ ��¦ � r�r�tv� ~ h
�¼±¼kj�-%  	±

� ¦�tS��� 	#u�r�� � �yhj�¡phj� ~ �®z�u ~ h � )x�
\l9I�}� !�a_$F9I�  #¯¦ �v~ r�·Xu#£¹u��-h@� � ���=ph{h"hjrszÁi � �P�65�ph{h��(t ~ uP�Gi3�ª� ~�� � ~�� �¨hjr�rshju ~ ¤
¦�tS¦��®���-h§·Iu��È¦�tS� � �©z���hj�©z\hjrszÁ��� 	#u�rXph{h"r�u ~ ¦®h�¬Pu�r�h{zÁ� f tv·Xu-h��{tv� f h�hj��� � �Izshj��tv�Iz%u��-h"� � �P�®h"¦�t1i3h{z gt
�¢� u ~ ±
²Âh¶� ~�� z � � � ¦®h¶�-h¶� � f ph ~ hj���¨h�u�z���¦���rXph´hjrszy�=ph{zsh ~ i3���Åph tvu>�P�®°vhjtvuº�-h¶¦�t;�Pt��vhv¤��Pt ~ �P¦�uPr��®hju ~ rl¬P�®z�rq��tv��r

¦®hS�-hjr�� ~ ����zshju ~ ��h1�Pt��vhv±�� f tv·Xu-h1�Pt��vhq� � r9r ghj�-hSuP��t�zsz ~ �®¬(u-z�·Xu��'¦�h1rs��phj�{�65(hv±F������r9�¥¤#h{z�� � �©z ~ tv� ~ hji�hj�Iz§tvu
� # ����� ·IuP���-h ����rs� � r�tv��z§·Xu-hy��u«� ~�� z � � � ¦®h?�¼£¹���©°�tv¦����Pt�z�� � ��hj�4phj� ~ �®z�u ~ hv¤'¦�h n0$/'-'-'¶�hju-z3r��ªi�u�¦�z�tv�=phji�hj�©z
u-z��ª¦���rsh ~ ¦¥£¹���I°�tv¦�����t�z�� � �Shj�>phj� ~ ��z�u ~ hv¤P¦�t��P� 	uPr�� � �Shj�¸phj� ~ �®z�u ~ h � u ¦¥£¹t�¬Pr�hj���¨h%�-h%� � f ph ~ hj���¨hv±
} t ~ tv��¦�¦�hju ~ r{¤�¦®h´n0$/'-'-'«���Iz gh{� ~ h´��hjr1���Prsz ~ u��¨z�� � �Pr3rs��phj�{�65(·Xu-hjrSu-z���¦��ªrIph{hjrl¦ �v~ r1�-hjrStv�{� ghjr gt ¦�t�i phji � � ~ h

�Pt ~ z�t��Zph{hv±�Åhjr=�ª��rsz ~ u��¨z�� � ��r��Åph+5(����hjr=� ghjr ÃGÄ³}���Ä�Ä&� 	 ~ hj�Iz gt§¦¥£¹u-z��ª¦���r�t�zshju ~ ¦ªt%� � r�r��®¬(��¦��®zXph��-h�i�h{zsz ~ h\hj� ��u-° ~ h
�-hjr%� ~ ��i3��z��®°vhjr���h"r�|X��� f ~�� ���ªr�t�z�� � �´zshj¦�¦®hjrÁ·Xu-h&¯#rIphji3t�� f �v~ hjr{¤ 9I��	9l:�$FV#a*: 	���9 ¤ Z�\m9l:��X�U*���'�~��� ��	 ¤¼rIphj·Iu-hj�P�¨hju ~ rÁh{z
� � i��Pzshju ~ r��#£³ph{°�phj�-hji�hj�Iz�r{±#²¼h ÃGÄ³}�� n��,'-'-'«ph{z�tv��z��Åph{� � u ~ °xu �-hÁzshj¦�¦�hjr�����rsz ~ u��¨z�� � ��r{±
²Âh\� ~�� z � � � ¦®h���h�� � f ph ~ hj�P�¨h%�-h��{tv� f hÁhji��P¦ � |�ph\�Pt ~ ¦®h ÃGÄ³}��3� � ����� hjr�z�¦�h�� ~�� z � � � ¦®h gt§���©°�tv¦����Pt�z�� � �3hj�

phj� ~ �®z�u ~ hv±�ÅhÁ� ~�� z � � � ¦�h%hjrsz�tv�¨z�u-hj¦ª¦®hji�hj�Iz�¦®hÁ�P¦�uPr�u-z���¦���rXphÁ��tv�Pr�¦®hjr�rs|xrsz ghji�hjr������{¦�u�tv�Iz��-hjr��{tv� f hjr gt phj� ~ �®z�u ~ h
���
	�ph ~ ph{h@hj�?i phji � � ~ hv±
Æ§£¹tvu-z ~ h'�Pt ~ z{¤�u��%�-hjr�phj¦èphji�hj�Iz�rF��i�� �v~ z�tv�Iz�r¼�#£¹u��@rs|Xr�z ghji3h'¬ µt�z���tvu�z � u ~ ��u Ã?Ä¢}Å� n��,'-'-'�hjrszÈ¦®h �=�FVD9l�y��F�`���%�

a_�q�=$_�"�� ·Xu��(hjrszÅ� f t ~ �Èph%�-h\¦¥£¹���Izsh ~ »Ítv�¨h�hj�Iz ~ h\¦®h�� ~9� �¨hjr�r�hju ~ ¤x¦�t@i;phji � � ~ h�� ~ �����{�®�(tv¦®h�h{z�¦®h ~ hjr�zsh���uSrs|xrsz ghji�hv±
�Åh�� � i�� � r�tv�©z��#£Ëhjrsz��Ptvr�� ~�� � � rXph��Pt ~�ÃGÄ³}�� ¤Pi3tv��r�rshjr�» � ���¨z�� � �P��tv¦��®zXphjr�r � �©z�r��Åphj�{�65�ph{hjr{±²�£¹���Izsh ~ °vhj�Iz�� � �?�-h
�¨h �
�*VD9l�P��*�X����Tai�T�=$6��"�� hjr�z ~ hj·Xu���rshÁ��tv��r�¦®hjr��{tvr�r�uP�®°Utv�Iz�r#¯

� ���Izsh ~ »ýtv�¨h�tj°vhj�§¦®h ~ hjrszsh§��u rs|xrsz ghji�h��Í� f t ~ �vhji�hj�Iz\�-h@� � ���Åph{hjr gt��Pt ~ z�� ~ �-h%¦�t3i;phji � � ~ h%� ~ �����{�®�Ptv¦�h � u
i3��rsh gt �s� u ~ �-h\¦�t@i;phji � � ~ h gt@�(t ~ z�� ~ ��u1�{tv� f h%rshj� � ���Ptv� ~ hv¤Xz ~ tv��r�tv�¨z�� � �q�-h\� � f ph ~ hj���¨h%t½°vhj�Á¦®hjr�tvu-z ~ hjr
i3��� ~�� � ~�� �¨hjr9rshju ~ r� �

� �vhjrsz�� � �´�-h�¦ªtl� � f ph ~ hj���¨h��-hjr��-hjuxw ����°vhjtvuxw?�-h��{tv� f hjr��Í�{tv� f h"r�hj� � ����tv� ~ h�h¨wXzsh ~ �-h�h{z��{tv� f h����Izsh ~ �-h  
�Pt ~ i3tv���Iz��®hj� ��h%¦�t"� ~�� � ~ �	ph{zIph��#£¹�����{¦�uPr�� � ��� �
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� �vhjrsz�� � � ��h%¦�t�� � f ph ~ hj���¨h"��uy�{tv� f h�rshj� � ���Ptv� ~ hÁh¨wxzsh ~ �-h@t½°vhj��¦®hjr�tvu-z ~ hjr��{tv� f hjr��Puyrs|Xr�z ghji3hv±

²ÂhSr9u-��� �v~ z%i§u�¦®z��®� ~9� �¨hjr�r�hju ~ ��u � � ������� tºph{zXph � � ��r��ª�=ph ~ t�¬P¦®hji�hj�Iz�tvi;phj¦ª� �v~ phq�Pt ~@~ t��P� �v~ z@tvuxw �Zphj�=ph¨
~ t�z�� � ��r§� ~ phj�Pphj�-hj�©zshjrj±=²¼hqn@k '-'-'-'�r�u-��� �v~ zshSu��-hq� � � 5P��u ~ t�z�� � � hj�;� ~ t��P�)hS�h ~ i�h{zsz�tv�Iz��-hy� � ���-hj�¨zsh ~ r�u ~
¦®hGi µhji�h?¬PuPr � uPr�·Iu¼£ gt¶·Iu�t�z ~ hGi3��� ~9� � ~�� �¨hjr�rshju ~ r�t½°vhj�Gr�hju�¦®hji�hj�Izl¦¥£¹tv� �s� ���¨z�� � � �#£¹u��6� � i�� � r�tv�Iz3h¨wxzsh ~ �-h
rsh ~ °Utv�Iz��#£¹���Izsh ~ »Ítv�¨h%tj°vhj��¦®hjr�tvu-z ~ hjr ~ hjr�r � u ~ �¨hjr��Puyrs|Xr�z ghji3hv±)�Åh{zszsh@� � � 5(��u ~ t�z�� � � ~ phj��uP�®z�� � �yrshju�¦�hji�hj�©z�¦�t
� � i��(¦®h¨wx��zIph\��u1rs|Xr�z ghji3h\iltv��r'tvu�r9r��Pr � �S� �¼µu-z{±�� � i3i�h�� � u ~ ¦®h�n��,'-'-'x¤-¦®h�� ~�� z � � � ¦�h��-h�� � f ph ~ hj���¨h%�-h��{tv� f h
��u?n@k '-'-'-'3hjr�z��-hÁzc|X�h Ã Ç �XÄ ±
²Âh�� � �Iz ~Uµ� ¦®hju ~ �-h@�{tv� f h�hjrsz����©zXph{� ~ ph�tvu?n�k '-'-'-'x¤)tv�ª��r��#·Xu#£¹u�� i;phj�{tv���ªr�i�h%�h ~ i�h{zsz�tv�Iz���h@��u-�P¦ª��·Iu�h ~ hj�

h¨wxzsh ~ �-h�¦®hjr\ph{z���·Xu-h{zszshjr&��u@�{tv� f h��-hÅrshj� � ����tv� ~ hv±½Æ�hÅ�¨hÅ»ýtv��z{¤�rshju�¦�hjrÂ¦®hjrÂz ~ tv��r�tv�¨z�� � �PrZ�-h=� � f ph ~ hj���¨h��=phj�¨hjr�r��®z�tv�Iz
u���h%tv�¨z�� � �?r � �Iz�°xu-hjr��Pt ~ ¦®h%i3��� ~�� � ~�� �¨hjr�rshju ~ ±
²Âh?¬PuPrlrs|xrsz ghji�h��-h´Ê�$ ¬P�®z�rlt � � i��P¦ gh{zshji�hj�Iz ph{zIph ~ hj�=ph+5(��� gt��Pt ~ z�� ~ �-hG�¨hj¦�uP���-hjr Ã?Ä¢}Å� n0$�w '-'x±��Åh

� � u�°vhjtvul¬PuPr{¤����®z � � gt@tj°�tv¦�tv��� f h � �Ú¤Ir�u-�P� �v~ zsh�¦®h�� ~�� z � � � ¦®h gt � �#z ~ tv��r�tv�¨z�� � ��r=�ªi@¬ ~ ��·IuÅph{hjr � � � 	I!#�v\m9l:�9l��$FV/	$6��9l\l�FV
!#���F9;���
�*� � h{z��h ~ i�h{z�tv���Pr�� � uPr�·Iu¼£ gt f u��®z�z ~ tv��rs»ýh ~ z�r�hj� i µhji�h�zshji��Pr{±

��������� � ADS �+L �BQ����BG;A

�.5(�´·Iu�h�¦®h§¦®hj�¨zshju ~ �Pu���r�r�h%rsh ~ hj�P� ~ h�� � i3��zsh§��hjr�� ~9� � ~ ghjr�zshj� f � � ¦ � ���ª·Iu-hjr�h 	hj�¨z�u=phjrÁ�#£¹u��-h��Zphj�Åph ~ t�z�� � �
�-h�i3��� ~�� � ~9� �¨hjr�rshju ~ r gtl¦¥£¹tvu-z ~ hv¤�u��qz�t�¬(¦®hjtvu ������ �Fk�±)$  �hj� ~ phjr�u�i3h@¦®hjr�� � �P�=ph{hjr�zshj� f � � ¦ � ����·Xu-hjr{±
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� ���hju-zF� � ��rsz�t�zsh ~ ¦®hjrF��� 	�ph ~ hj���¨hjr&� � ��r��ª�=ph ~ t�¬P¦®hjrÈh¨w-��rsz�tv�Izshjr&hj�©z ~ h�¦�h�n��,'-'-'\h{z�¦®h�n@k '-'-'-'x¤©i3�ª� ~�� � ~�� �¨hjr¢
rshju ~ r�r �v~ z��ªr gtÁ�hju3�-h�zshji3�Pr��#£¹���Izsh ~ °�tv¦�¦®hF¯©¦®hjr�z�tv��¦�¦®hjr&�-hjr=� � i�� � r�tv�Iz�r'r � �Iz't���� ~9� w-��i3t�z��®°vhji�hj�Iz'¦®hjr=i µhji�hjr{¤
h{z�� � u ~ z�tv�©z�¦®h ÃGÄ¢}Å� n�k '-'-'-'1���Iz gh{� ~ h@¦®h%� � u-¬P¦®hÁ�-h%z ~ tv��r���rsz �v~ r���¦�t"» ~ phj·Xu-hj���¨h�hjrsz�tvu�r9r��¬P�®hj�q�P¦ªu�r3phj¦�h{°�ph{hv±

��������� � ADJKMyC 
�O�ADH

²Âh i3��� ~�� � ~�� �¨hjr�rshju ~yÃGÄ³}�� n@k '-'-'-'x¤ f tvu-zS��h´��tvili�h tv�¨z�u-hj¦Á�-hjryi3�ª� ~�� � ~�� �¨hjr�r�hju ~ r Ã?Ä¢}Å� ¤��ª�©z gh{� ~ h
·Xu-hj¦�·Xu-hjr"� � ���¨h{��z�r���u;n��,'-'-'¶·Xu#£¹��¦Åt���� ~9� » � ���P�®z(¯&t ~ � f �®zshj�¨z�u ~ hqr9u-�h ~ r��{tv¦�tv� ~ h1�Åphj� � u-�P¦èph{hyh{z"� ~ �����{�®�h3�-hjr
5(¦�hjr§�¼£¹t�zszshj�©zshv±Å��h{�)hj�P��tv�©z{¤ � �«�hju-z ~ hji3t ~ ·Xu-h ~ ·Iu�hq�¼£¹tvu-z ~ hjr"zshj� f ����·Xu-hjr � ��h¨w � z���·Iu�hjr � ����u«n��,'-'-' � �©z
ph{zIph�t�¬Ptv�P� � ���Åph{hjr �Írshj� � ���y����°vhjtvuS��h��{tv� f h%rsh ~ °�tv�©z��-h�� ~ hjil�®h ~ ����°vhjtvu1� � u ~ ¦®hjr � � zsz�tv�Iz�r{¤ ���/��� ��� 	�ph ~ hj�©z
� � u ~ ¦®hjr�� � ���Åph{hjr�h{z�¦®hjr�����r�z ~ u��¨z�� � ��rj¤	±j±{±  Åtvu � ~�� 5(z���h%zshj� f �P��·Iu�hjr��P¦�u�r�r��ªi��P¦®hjr � uy�(¦�u�r�tv���{�®hj����hjr�i3��rshjr
hj� �@u-° ~ h���tv��r�¦®h�n.$/'-'-' �Í� � � ~9� �¨hjr�r�hju ~ � � zsz�tv�Iz=�ª�©zXph{� ~ phv¤xr � u�r¢ e ² �«�#£¹����rsz ~ u��¨z�� � ��r{¤ ~ hji3�P¦�tv�¨hji�hj�Iz�¦ � �����{�®hj¦
��u e ² ��¤&�´i � �-hjr��-hS� ~�� zshj�¨z�� � �#¤j±{±j±� 	± g� � � zsh ~ tvu�r�r��Å¦¥£¹tvu-��i3hj�©z�t�z�� � � ��hq¦Ú£¹���©zXph{� ~ t�z�� � � h{z�tj°vhj�yhj¦�¦�hv¤È¦�t
�{t��Ptv�{��zIph"�-hjr�� ~ hji3�®h ~ r��P�®°vhjtvuxwS��h@�{tv� f h �Í����rsz ~ u��¨z�� � ��rÅh{z�� � �P�=ph{hjr� �·Xu��#t�·Xu�tv� ~ u-�(¦	ph{h%�-h{�Pu���r�¦®h%n.$/'-'-'x±
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���+� ��� uP�-h 5 ~ i�hy� ~ ph(ph{h?hj�/kj�v�xk �Pt ~ �#£¹tv���{�®hj�Pr"hji��P¦ � |�phjr3�-h �p����� rsh �Åphj�P�®hq� ~ �����{���Ptv¦®hji�hj�Iz gt¶¦�t

� � ���¨h{�Pz�� � �G��h@i3��� ~�� � ~�� �¨hjr�rshju ~ r��#£Ëhj�Iz ~ ph{h§�-h@��tvi3i�hv¤)hj� �Pt ~ z��ª�{u�¦��®h ~ � � u ~�ÃGÄ¢}Å� ±PÇ=¦�¦®h%t3�Åph{°vhj¦ � ���Åph�� � u ~
ÃGÄ³}�� ¦®h�r�uP�{�¨hjr�rshju ~ �-hjr Ã?Ä¢}Å� n0$©Ê,'-'qh{z\n0$I��'-'x¤¼¦�h Î�� �"!¸� �<����� ¤¼��hjrsz����Åph"tvu´ilt ~ � f ph��-hjr�rsz�t�z�� � ��r\�-h
z ~ t½°Utv�ª¦��#£Ëhj�©z ~ ph{hG�-hq��tvi3i�hv±������ � ���(phyhj� �Åph{¬Pu-zykj�v�vÊX¤'¦�h ÃGÄ¢}Å� n��,'-'-'¶hjr�z"�Åph ~ �®°�ph?�Pu i3�ª� ~�� � ~�� �¨hjr�rshju ~
����\l�FV �Ín0$©Ê,'-'% 	± Ä ¦#hjrsz�� � i3i�h ~ �{��tv¦���rXph%�(t ~ �2�u� ¤ ��� � h{z ���	� ±
Æ�h{�PuP��r 5(� kj�v�vÊX¤ ����� t3tv�{·IuP��r�u��-h%¦ª���¨hj���¨h@�-hÁ»Ít�¬ ~ �ª�{t�z�� � �yh{z��-hÁ°vhj�Izsh"�-hÁ� ~�� ��u��®z�r ÃGÄ³}�� ±P������r��Ú¤X¦�t

5 ~ i�h"� ~�� � � rsh"r � ��� ~�� � ~ h§i3�ª� ~�� � ~�� �¨hjr�r�hju ~ ¤¦®h �SÎ � ����� �G� ·Iu��F�-h{° ~ tv�®z\r �v~ z�� ~ hj� kj�v���I±Z²¼h�n Ã ��'-'-'yhjrsz
�-hjr�z����=ph§tvu�i3t ~ � f ph"hji@¬(t ~ ·IuÅph f tvu-z��-h§��tvi3i�hv¤i3tv��r ����� �#£Ëh¨w-�{¦�u-z��(tvr���h�¦¥£¹���IzIph{� ~ h ~ ��tv��r��-hjr�rsz�t�z�� � ��r
�-h@z ~ tj°�tv��¦¼�#£Ëhj�Iz ~ ph{h���hÁ��tvi3i�hv±
Æ\tv��r��¨h3·IuP�&r�u��®z{¤#¦®h3¦®hj�¨zshju ~ z ~�� u-°vh ~ t?u��-h"� ~ phjrshj�Iz�t�z�� � ��r9u��{�{�����¨zsh3i3tv�ªrÁrsz ~ u��¨z�u ~ ph{h1�-hjr%�-hjuxw�i3��� ~�� 

� ~9� �¨hjr�rshju ~ r gt?¦�ty¦�uPi3� gh ~ h3�-hjr%�ª�-» �v~ i3t�z�� � ��rÁ���ªrs� � ���®¬P¦®hjr�r�u ~ �¨hjr@�-hjuxw�� ~�� ��u���z�r{±)²Âhjr@� � u�°vhjtvuxw � � ���¨h{��z�r
���Iz ~�� ��u��®z�r��Pt ~ ¦®hjr�� ~ phj�(phj�-hj�Iz�r ÃGÄ³}�� n��,'-'-'qh{z Ã?Ä¢}Å� n�k '-'-'-' �-h"rsh ~�� �IzÁ�Ptvr\�=ph{°vhj¦ � ����phjr{¤¼i3tv�ªr���hjr ~ ph{»jph¨
~ hj�P�¨hjr�� ~ phj�{��r�hjr��h ~ i�h{zsz ~�� �Iz��-hÁz ~�� u�°vh ~ �-hjr�h¨wx�P¦��ª�{t�z�� � ��r � �½±
��h ~ z�tv���-hjr3� � i3�Pt ~ tv��r � �Pr�hj�©z ~ h?¦®h n��,'-'-'�h{zl¦®h n Ã ��'-'-' r � �©zl»ýtv�®zshjrl��tv��r3u���h �-h ~ � gh ~ hy�Pt ~ z��®hv¤�r � u�r

» �v~ i�h@�¼£¹u��qz�t�¬P¦®hjtvu ~ phj�{t��(�®z�u�¦�t�z��®»³±
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� �x� � � � � � Ð�� �ZÒ Ð �ýÏ�� �
²Âh ÃGÄ³}�� n��,'-'-' hjrszS¦®h z ~�� ��r9� ghji�h?i3��� ~9� � ~�� �¨hjr�rshju ~ gt���i��P¦èphji�hj�Izsh ~ ¦�h � hju¸�#£¹����r�z ~ u��¨z�� � ��r ÃGÄ³}��«Ä Ô

�ý° � � ~ r�hj�¨z�� � ��k�±�k�±�k�¤��¼±�Ê  	¤��ª¦�hjrszqhj�Iz�� gh ~ hji�hj�Iz � � i��Pt�z��®¬P¦�h´t½°vhj�¶¦®hjrqi3��� ~�� � ~9� �¨hjr�r�hju ~ r Ã?Ä¢}Å� n��,'-'-'«h{z
ÃGÄ³}�� n@k '-'-'-'x±)²�£¹����r�z ~ u��¨z�� � �S�-h%i§u�¦®z��®�P¦ª���{t�z�� � �xctv���P�®z�� � � � � zsz�tv�Izsh%�h ~ i�h{z��#£¹tvi;phj¦ª� �v~ h ~ ¦®hjr��h ~ » �v~ i3tv���¨hjr
�-h�¦�t � } ( �Pt ~�~ t���� �v~ z�tvuxw ÃGÄ³}�� n0$�w '-'x±
� � Ò 23�^Ð �IÒ Ð � � �Á  	 �Z� ���� �§�� ��� Óý�
²Âh Ã?Ä¢}Å� n��,'-'-'3���Iz gh{� ~ h%u��q���@u ~ r�u-�h ~ r��{tv¦ªtv� ~ h���h\��h{� ~ ph %X¤xtv�ª��r��·Iu�h��-h\� ~ tv�P��r��{tv� f hjr�� ~ ��i3tv� ~ hjr'�-h

�-% " � �¨zsh{z�r�� � u ~ ¦®hjr����Prsz ~ u��¨z�� � �Pr=h{z��-h@�-%�" � �¨zsh{z�r�� � u ~ ¦�hjr�� � ���Åph{hjr ����� 	 ��k�±)$  	±
!%�� � �Z� � Ò��x� � �)Ð � Ð � � ��IÒ©� Ð �ýÏ�� � �I� � � � Ð�� �ZÒ Ð �ýÏ�� �

���®hj�?·Iu-h%¦�h%n��,'-'-'3r � ��z�u��y�=ph ~ �®°�ph���uyn.$©Ê,'-'G¾¿kèÀÚ¤P¦¥£¹tv�P���®z�� � �q�-h%¦¥£Ëh¨w'phj�{u-z�� � � r9u-�h ~ r��{tv¦�tv� ~ h��-hjr�����rsz ~ uP�è
z�� � �Pr=t ~ hji3��r'hj�1�{tvu�r�h�¦�t@¦ � ����·Xu-h��-h�� � �©z ~�µ� ¦®hv± g�º� f tv·Xu-h��¨|x�{¦®h�u��-h����Prsz ~ u��¨z�� � �3hj�©z�� gh ~ h\h{z�u��-h��ª��rsz ~ u��¨z�� � �
� � zsz�tv�Izsh��)hju�°vhj�©z µh{z ~ hyphji3��rshjr=°vh ~ r'¦�hjr�u����®zXphjr��¼£Ëh¨w'phj�{u-z�� � � �Í¦®hjr � � � ��ph ~ t�z�� � ��r�hj�Iz�� gh ~ hjr � �(� � �©z'�ª¦xhjrsz=·Xu-hjrsz�� � �
���{�Èr � �Iz�¦�hjr��{tv¦��{uP¦�r�t ~ �®z f i;ph{z���·Xu-hjr�hj�©z���h ~ r{¤(¦�hjr � ��ph ~ t�z�� � ��r\i phji � � ~ h"h{z\¦®hjr�¬ ~ tv��� f hji�hj�Iz�r �P° � � ~ ���� ��k�±óÊX¤
�¼± %�$  	±�²�£¹tvrs�hj�¨zqr�u-�h ~ r��{tv¦�tv� ~ h hjrsz ~ phj��u��®z1���{� gt;r�t��P¦�u�r1r���i��P¦�hyh¨wX� ~ hjr�r�� � �\¯Å� � u ~ ¦¥£Ëh¨w'phj�{u-z�� � �º�-h´� � �-h
u��P��·Iu�hji�hj�©z�hj�©z��®h ~ ¤)�¨h§� ~�� �¨hjr�rshju ~ hjrsz\r��{tv¦�tv� ~ hv±(²¼h§�P�®�hj¦��ª�-h\hj�©z��®h ~ hjrsz�z ~ tv����z�� � ���-hj¦#h{z\� � i�� �v~ zsh"¦®hjr��{����·
ph{z�t��vhjrÁ�{¦�tvr�r9��·Iu�hjr{¤-� � i3i�h@�¨hj¦�uP�#��uyn0$©Ê,'-'x±
²Âh ÃGÄ³}�� n��,'-'-'§���Iz gh{� ~ h��-h�� � i@¬ ~ hju�rshjr'zshj� f ���ª·Iu-hjr�hji�� ~ u��IzIph{hjr=tvu1n@k '-'-'-'x¤-� � �Iz'¦®h�� ~ phj�=phj� � ��t��vh\�-hjr

���Prsz ~ u��¨z�� � �Pr'��tv��rÅ¦®h\�{tv� f hÁ� ~ ��i3tv� ~ h��-h�� � ���=ph{hjr{± 
 u�t�z ~ h�¬P�®z�rÅr � �IzÅt �s� u-zXphjr gt"� f tv·Iu-h��Ptv� ~ h��#£¹���Prsz ~ u��¨z�� � �Pr
� � u ~ �������ª·Iu-h ~ r��È¦®hjr\�-hjuxw?����r�z ~ u��¨z�� � ��r��hju-°vhj�Iz µh{z ~ h3rXphj·Xu-hj���(ph{hjr%hj�Prshji@¬(¦®h �)�¨hjr\¬(�®z�r\rIphj¦®hj�¨z�� � ���-hj�IzÁtvu�r�r��
¦¥£¹uP���®zIphÁ» � �P�¨z�� � ���-hj¦�¦�h�� � u ~ � f tv·Xu-h@����r�z ~ u��¨z�� � �#±
Æ\tv��r1¦®hjr3�-hju-w;u�����zIphjrl» � �P�¨z�� � ���-hj¦�¦�hjr �ýhj�Iz�� gh ~ hv¤ � � zsz�tv�Izsh  	¤=¦®hjr3�{tv¦ª�{u�¦�r gt¶¦ � ����u-h ¦�t�zshj���¨h �Í� � ili�hG¦®hjr

����°X��r9� � ��r{¤U¦®hjr&�{tv¦��{u�¦�r&��h ~ tv�{���-h��{t ~�~ ph{hv¤½±½±{±  Èr � �Iz&� ~ ��rZhj�3� f t ~ �vh��Pt ~ u���h�r � u�r¢cu�����zIphv± Ä ¦�r&r � �Iz�tv����r��Xh¨w'phj�{u-zIphjr
hj�?�Pt ~ tv¦�¦ ghj¦®hÁt½°vhj���#£¹tvu�z ~ hjr � ��ph ~ t�z�� � �Pr gt3¦�t�zshj�P�¨h@� � u ~ zsh �ýzshj¦ª¦®hjr�¦®hjr�tv�P���®z�� � ��rj¤xr � u�rsz ~ tv�¨z�� � �Pr{¤{±j±{±� 	±
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32K Instruction cache
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R5000

512K, 1M, 2M)
(synchronous SRAM,

Secondary Cache

Logic
System

100-MHz SysAD Bus (64-bit)

System Bus

Control
Address

Instr Decode

���
	��Fk�±)$ �
���D� � k��V k���$*�X�Ta*�W�p������1{� ��� �F�

²'£¹u����®zXph � � zsz�tv�©zshqt�ph{zIphytvi phj¦�� �v~ ph{hl�(t ~@~ t���� �v~ z gt?�¨hj¦�¦®hl�-h1r � �¶� ~ phj�Åphj�¨hjr�r�hju ~ ¤Èhj� �Pt ~ z��ª�{u�¦��®h ~ � � u ~ ¦®hjr
�{tv¦��{uP¦�rÅhj�yr���i��P¦�h�� ~ phj�{��r9� � �#±-n�hji3t ~ ·Iu � �PrÅ·Xu-h\� � u ~ ¦®hjr�t����P¦��ª�{t�z�� � ��rÅu�����·Xu-hji�hj�Iz � � zsz�tv�©zshjr{¤(¦�t�r�z ~ u��¨z�u ~ h
r�u��)h ~ r��{tv¦�tv� ~ hq��u«n��,'-'-' hjrsz ~ hj¦�t�z��®°vhji�hj�Iz�h��1�{tv�¨h=¯�¦®hjr phj� f tv�-�vhjrStj°vhj� ¦ªt´i;phji � � ~ hy�hju-°vhj�Iz"r�hy»ýtv� ~ h1hj�
�Pt ~ tv¦�¦ ghj¦®h%tj°vhj�@¦®hjr � ��ph ~ t�z�� � �Pr�r�u ~ ¦®hjr ~ h{����rsz ~ hjr � � zsz�tv�Iz�r{±)²¼hÁz�t�¬P¦®hjtvu¶k�±ó�3i � �©z ~ h%¦®hjr��=ph{¬P�®z�r�h{z�¦�hjr�¦�t�zshj���¨hjr
��u Ã?Ä¢}Å� n��,'-'-'lh{z��Puyn0$©Ê,'-'3� � u ~ ¦�hjr � �Åph ~ t�z�� � ��r�hj�©z�� gh ~ hjr�h{z � � zsz�tv�Izshjr{±

� ������� ��
�	����

! @QS 8 LC; � BEN W LQ; ! @CS 8 LC; � BXN W LC;
( NOL ?_@ 8 LC@C;�N$<3;�DU?A@C;�< ��a = r�a � ! a
r ! ar
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� �-hjuxwS¬ ~ tv��� f hji�hj�Iz�r �
� �-hjuxw ~ ph{»jph ~ hj���¨hjr\i;phji � � ~ h �
� �-hjuxw � �Åph ~ t�z�� � ��r � � zsz�tv�©zshjr �
� u��-h � ��ph ~ t�z�� � � � � zsz�tv�Izsh�t½°vhj�@u��y¬ ~ tv��� f hji�hj�©z{±
Æ�h��P¦�u�r{¤x¦¥£ �v~ � ~ hv¤���tv��r�¦�hjr��Ptv� ~ hjr��¼£¹����rsz ~ uP�¨z�� � ��r�·IuP��)hju�°vhj�©z µh{z ~ h§rIphj·Iu-hj�P�Pph{hjrj¤�¼£¹���©zsh ~ °X�®hj�Iz��Ptvr{±
²Âh¶�P�®�hj¦�����hyhj�©z��®h ~ ��i��P¦èphji�hj�IzIph¶hjrszyu����P�®�hj¦��ª�-h �{¦�tvr�r��ª·Iu-h��-h¶�{����· ph{z�t��vhjr �Í�¨»³±�n��,'-'-'% 	±�Ç=���¨h ·Iu��

� � ���¨h ~ �-h´¦�hjr3¬ ~ tv�P� f hji�hj�Iz�r{¤Å¦®h?n Ã ��'-'-'«�#£¹��i��(¦	phji�hj�©zshG�Ptvrl��h?� ~ phj���ª�¨z�� � � �����#£Ëh¨w'phj�{u-z�� � �>r��Åphj�{u�¦�t�z��®°vhv¤
i3tv�ªr{¤¼¦ �v~ r�·Xu#£¹u���h§���Prsz ~ u��¨z�� � ���-h�¬ ~ tv��� f hji�hj�©z@hjrsz%�=phj� � �Åph{hv¤F¦®h1� } (@¤¼tvu��¨|X�{¦®h3r9u��®°�tv�©z{¤¼� f t ~ �vhl¦®hjr@�-hjuxw
���Prsz ~ u��¨z�� � �Prl� �v~�~ hjr�� � �P��tv�©zshjrStvu¸¬ ~ tv��� f hji�hj�Iz1� ~ ��r �Í¦®hjrS�-hjuxw �ª��rsz ~ u��¨z�� � ��r�hj��rIphj·Iu�hj���¨h¶·Iu���°X��hj���-hj�Iz
�#£ µh{z ~ h�� f t ~ �Zph{hjryr � �©zSi3��rshjr1��tv��r1u�� ¬Pu 	h ~  	±'������r9�¥¤�r���¦®h?¬ ~ tv��� f hji�hj�Izlhjrsz1� ~ ��r{¤�¦�hjrl����r�z ~ u��¨z�� � ��r�r � �©z
���ªrs� � ���®¬P¦®hjr �=r{£¹�ª¦��#£Ëhjrsz1�Ptvr1� ~ ��r{¤�¦�hjrl����r�z ~ u��¨z�� � ��r3hj�¸rXphj·Xu-hj���¨h�r � �Iz1tvu�r�r9������r�� � �P�®¬P¦®hjr"�-h{�PuP��r3¦®h ¬(u 	)h ~
� ~ ph{°xu gt��¨h{z�h 	)h{z{±
²Âh@�P���)hj¦ª���-h � � zsz�tv�©z�hjrsz����Prs�P� ~ phÁ��u n��,'-'-'x¤)iltv��r�tvu��{uP�-h%���-» �v~ i3t�z�� � �?�#£Ëhjrsz�hj��� �v~ h�����r�� � �P�®¬P¦®h�r�u ~ ¦®hjr

u��P�®zIphjr��#£Ëh¨w'phj�{u-z�� � ��� � zsz�tv�©zshjr{±
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� ���� ��� � Ò 23� ��� ��X� Ï�� � �
²'£ �v~ �®�����Ptv¦��®zIph �-h?�¨h´i3��� ~�� � ~9� �¨hjr�rshju ~�~ phjr��ª�-h?��tv��rlr�t f �èph ~ t ~ � f �®hGi phji � � ~ hv±'Ç=� h 	h{z{¤=��¦��ª�©z gh{� ~ h´�-hjuxw

����°vhjtvuxw��-h��{tv� f hv±�²Âh=� ~ hji3�®h ~ ���®°vhjtvu"� � i�� ~ hj�P���-hju-w@�{tv� f hjr���h�kjÊ " � �¨zsh{z�r&� f tv�{uP� �ÍuP�@� � u ~ ¦®hjrÈ� � ���Åph{hjr{¤
¦¥£¹tvu�z ~ h�� � u ~ ¦®hjr¼�ª��rsz ~ u��¨z�� � ��r� (tvr�r � �{��t�z��®»Ír#�Pt ~ hj�Prshji@¬(¦®hjr gt�·Xu�t�z ~ h�° � ��hjr{±½²Ât�z�tv��¦�¦®h��-hjrÂ¦��®���-hjr#hjr�zÂ�-h'�-% � �¨zsh{z�r
��tv�Pr'¦®hjr=�-hjuxw"h{z=¦®hjr"phj� ~ �®z�u ~ hjr=r � �©zÅ��� 	�ph ~ ph{hjr{±XÆ�h��P¦�u�r{¤v�¨hjr Ò � Ò 2 �X� � �,� � � � � �I� r � �©zÅ� � �xÚ¬P¦ � ·Xu�tv�Iz�rÈm u���h
¦®hj�¨z�u ~ h"�)hju�z¢ µh{z ~ h3r�t�z���rs»Ítv�®zsh�i µhji�h3r��Èu��-h"tvu-z ~ h�¦®hj�¨z�u ~ h§� ~ phj�Pphj��hj�©zsh1hjrsz\hj�´� � u ~ rÁ�-h§z ~ tv�®zshji�hj�Iz �Í� � ���Åph{h
t�¬Pr�hj�©zsh§��uy�{tv� f h�� ~ ��iltv� ~ h�° � � ~ h%rshj� � ���Ptv� ~ h  'm �¨h�·Iu��hjr�z�u��-hÁ� ~ hji3� gh ~ hÁ� � u ~ ����� ±
²Âh Ò � Ò 2 �>�j�XÒ Ï�� � ��� � � ���©zXph{� ~ phyhjrsz3uP���65�phlh{z�t�u��-hq�{t��Ptv�{�®zXph?�ª�=ph{��tv¦	ph{h tvu �¢� u ~ �#£ f u��=��h %v�vÊ " � �¨zsh{z�r{±

� � ili�h¶¦®hjry�{tv� f hjr?� ~ ��iltv� ~ hjr{¤Å��¦�hjr�z tvr�r � �{��t�z��®»@�(t ~ hj�Prshji@¬(¦®hjr gt«·Iu�t�z ~ h¶° � �®hjr{¤ gt8phj� ~ �®z�u ~ h¶���
	�ph ~ ph{hv¤�h{z
� � �-Ú¬P¦ � ·Iu�tv�Iz{±�²Ât"z�tv�ª¦�¦®h%�-hjr�¦ª�®���-hjr�hjrsz�z � u �¢� u ~ r��-h��-% � �¨zsh{z�r{±
Æ�h"�¨h�»Ítv�®z{¤)¦®hjr�tv�{� ghjr%i;phji � � ~ h�r � �Iz�z ~ ghjr ~ t��P���-hjr)¯(uP�?tv�{� ghjr%tvu?�{tv� f h"� ~ ��iltv� ~ hÁ� ~ hj�P� u��?�¨|x�{¦®hv¤(h{z�u��

tv�{� ghjr\tvu �{tv� f h�rshj� � ���Ptv� ~ h �Í�Åph{»Ítvu-z���u �{tv� f h%� ~ ��i3tv� ~ h  'hjrsz ~ phjtv¦ª��rIph@hj�yz ~9� ��r��¨|X�{¦�hjr{±P²�£¹tvu���i�hj�©z�t�z�� � �?�-h%¦�t
¬Ptv�P�-h��Ptvr�r9tv�©zsh�hj�©z ~ h�¦®hjr=�-hjuxw3���®°vhjtvuxw3�-h��{tv� f hv¤x�����Pu��®zsh��Pt ~ ¦¥£¹���IzIph{� ~ t�z�� � �1�Pulrshj� � ���S���®°vhjtvu¼¤��h ~ i�h{z'tvu
n Ã ��'-'-'S�-h%�-hÁ�Ptvr µh{z ~ h@z ~�� �G�Åphj��tv¦���rXphÁ�Pt ~ ¦�t ~ hj¦�t�z��®°vh��Ítvu n��,'-'-'% ��h{z��®zshÁz�tv��¦�¦®hÁ�-h%r�hjr��{tv� f hjr�� ~ ��i3tv� ~ hjrj±
²Âh1n Ã ��'-'-'´���Iz gh{� ~ h1tvu�r�r9��u�� � � �Iz ~Uµ� ¦®hju ~ � � u ~ u���ph{°vhj�Iz�u-hj¦ Ð��UÏ�� � ���X� � � � 	 � � � � �«Ò � Ò 2 � h¨wxzsh ~ �-hv±

²Zt3�{t��Ptv�{�®zXph"�-h@�¨h@�{tv� f h@zsh ~ z��ªtv� ~ h%�hju-z�tv¦�¦�h ~È� u�r9·Iu#£ gt3� Ã?� �¨zsh{z�r
�(��¦hjrsz gtl� �v~�~ hjrs� � ����tv�P�¨h%��� ~ hj�¨zsh@t½°vhj�@¦�t
i;phji � � ~ h%� ~ �ª���{�®�Ptv¦®hv¤Xh{z�¦®hjrSphj� ~ �®z�u ~ hjr�r � �©z�r���i§u�¦®z�tv�Åph{hjr{±

� �Z�l� Ð � �)Ð � ��� � Ò©�G� �¼� Ð��X� �
�.5(�¸�-h?� � i��P¦ gh{zshji3hj�©zqr�u-��� �v~ zsh ~ ¦Ú£¹tvrs�hj�¨zl� � �xÚ¬P¦ � ·Xu�tv�Iz3�-hjrl�{tv� f hjr{¤�¦®h n Ã ��'-'-'«��i��P¦èphji�hj�Izsh?u���h

� � u�°vhj¦�¦®hÁ¬ ~�� � f h%·Iu���h ~ i3h{z�tvuy� ~�� �¨hjr�rshju ~ �-h ~ h{� ~ hj�P� ~ hÁ¦�t�i3tv���yr9�#u��-h%¦®hj�¨z�u ~ hÁhjrsz��Åph � gt3hj� � � u ~ r{±
(��-h§� � u-°vhj¦�¦®h@»ýtv�{��¦ª�®zIph%hjrsz�� � ���=ph{h�·Xu�tv�Iz�tvu?� f � �¿w?�-h�¦�t�» ~ phj·Iu-hj�P�¨h@h¨wxzsh ~ �-h�¯(hj¦�¦®h%� � u ~�~ t µh{z ~ h§�-h % gt1�

» � ��r��P¦ªu�r�¦®hj�©zsh�·Iu-h%¦ªt"» ~ phj·Xu-hj���¨h§���©zsh ~ �-h\�Pt ~ �Ptvr���h � � � ±
� �XÒ 23�ÂÏ Ó Ï���� �
²Âhyn Ã ��'-'-'¶rsh ~ tG»ýt�¬ ~ ��·IuÅphShj� zshj� f � � ¦ � ���®h?� Ã �@� gt 'x±&%v� �¼iy¤Zh{z"r�h ~ t�rIphj·Iu-hj�P�Pph gt��,'-' Ã *��v± � hj¦ � �

���+� ¤F¦�tG����r�r����Pt�z�� � ��iltUwx��iltv¦®h1�-hq�-h{° ~ tv�®z��Ptvr"�=ph{�Ptvr�rsh ~ k�%X¤ó� � �¢k ' � r � u�r§�-hjr"� � �����®z�� � �Pr@zì|I�P�ª·Iu-hjr
�#£¹u�z���¦���r�t�z�� � �� 	±)²'£¹tv¦���i�hj�Iz�t�z�� � �¶rsh�»Ítv�®zÁhj���X¤ó� Ô ¤¼�¨h3·Xu��Fhjrsz%tvr�r�h �;ph{z ~ tv�-�vhl� � u ~ u��¶� � i3� � r9tv�©z§� Ã �%� gt
'x±&%v� �¼i �Í¦®hjr�zshj��r9� � ��r�t����(¦���·Xu=ph{hjr�tj°vhj�§u��-h\zshj¦�¦®hÁzshj� f � � ¦ � ���®h§r � �Iz��=phjr �v~ i3tv�ªr��P¦�u-z µ� z.%X¤ó� � u k�¤ó� Ô  	±
��h{�)hj�P��tv�©z{¤v¦�t�����r9r��®�Pt�z�� � �@z f h ~ i3�ª·Iu-h=z � z�tv¦®h�hjrsz ~ phj��uP�®zsh=� ~�µtv�¨h gt�¦ªt�� ~ phjrshj���¨h��-hjr&¦�t ~ �vhjr&�{tv� f hjr����Izsh ~ �-hjr

·Xu���» � �Iz ·Xu-h¶¦®hjry� � �©z ~�µ� ¦®hju ~ ry�-h¶r�������tvuxw¸h¨wxzsh ~ �-hjrqz ~ ghjr?� � u ~ i3tv�P��rShj���Pu���r�r9tv���¨h´r � �©z u-z��ª¦���rXphjrqi � ����r
r � u�°vhj�©z¼¯Å��¦�| t�i � �ª��r3�-h �Åph{»Ítvu-z�rS�-h?�{tv� f h m ¦®hjr3�{tv� f hjrS�ª�©zsh ~ ��hjr3� � �©z ~ �®¬Pu-hj�Izltvu�r�r9� gt tvi;phj¦�� �v~ h ~ ¦®hjr
�h ~ » �v~ i3tv���¨hjr���uyi3��� ~�� � ~�� �¨hjr�rshju ~ h{z�r � �Iz�� � ���Á� � u�¬P¦®hji�hj�Iz�u-z���¦®hjr{±
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²Âh Ã?Ä¢}Å� n��,'-'-'yh{z@¦®h�n Ã ��'-'-' r � �©z%�-hjr�z����=phjr%tvuxw�i µhji�hjr@t����(¦����{t�z�� � ��r��Íi3t ~ � f ph3hji�¬Pt ~ ·Xu=ph f tvu-zÁ�-h
��tvi3i3hv¤(rsz�t�z�� � �Pr��-hÁz ~ t½°Utv��¦Â�#£Ëhj�©z ~ ph{h"�-hÁ��tvi3i3h  	¤(�-h%�¨h%»Ítv�®z{¤���¦�hju-z µh{z ~ h§u-z���¦®hÁ�-h%¦�hjr�� � i��Pt ~ h ~ ±
²Âh=z�t�¬(¦®hjtvuqk�±óÊ �ý�Â±�%�$  ~ h{� ~ hj�P��¦®hjrÈ�{t ~ tv�¨zXph ~ ��r�z���·Iu�hjrZ�Èphj�Åph ~ tv¦�hjr��-hjrF�-hjuxw@i3�ª� ~�� � ~�� �¨hjr�r�hju ~ r{±U²¼hjrÈ� � ���Åph{hjr

zshj� f � � ¦ � ����·Xu-hjr��-h�¦�t%�P¦ªu-�Pt ~ z'��hjr=i3�ª� ~�� � ~�� �¨hjr�r�hju ~ r ÃGÄ¢}Å� r � �©z�� � i��Pt ~ ph{hjr��Ptv��r'¦®h�z�t�¬P¦®hjtvu�k�±)$-¤X�¼±(kj�X±-²Ât
rsz ~ u��¨z�u ~ h\�-hjr��P�®�hj¦��ª�-hjr�ph{z�tv�©z�¦�t�i µhji3h%r�u ~ ¦®hjr��-hjuxw1i3�ª� ~�� � ~�� �¨hjr�r�hju ~ r{¤x� � u�rÅ�#£¹tj° � �Pr��Ptvr � u��Zph%u�z���¦®h���h�¦�t
~ ph{»jph ~ hj���¨h ~ ±

��� � ��� 
 M���M0J GIQ Q;A � � � � � �

���+� t?tv��� � ���(ph3hj� i3t ~ r3kj�v���?¦�ty����r�� � �P�®¬P��¦���zIph��#£ìphj� f tv�Iz���¦�¦ � �Pr@�-h3rshjr��-hjuxw¶� � u-°vhjtvuxw i3�ª� ~�� � ~�� �¨hjr¢
rshju ~ r#¯I¦�h �SÎ ��1 # � h{zÅ¦®h �qÎ � 1 � � �I¦�t@� ~�� ��u��¨z�� � �"hj�Si3tvr�rsh�hjrsz'� ~ ph{°Xu-h�� � u ~ ¦�t 5)�l�-h�¦Ú£¹tv���=ph{h§kj�v���I±��Åhjr
�-hju-w�il��� ~�� � ~�� �¨hjr9rshju ~ r=r � �©zÅ�-hjrÅ�=ph ~ �®°�phjr���uln��,'-'-'"·IuP�-°X�ªrshj�©zÅ¦®hjr'i µhji3hjrÅilt ~ � f phjr�·Xu-h��¨hjuxwl�Puln Ã ��'-'-'�¯
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hji�¬Pt ~ ·Xu=ph f tvu�z@�-h3��tvi3i3hlh{z�r�z�t�z�� � ��r@��h3z ~ tj°�tv��¦=�#£Ëhj�©z ~ ph{hS�-h3��tvi3i3hv¤Zi µhji�hqr���¦®hju ~ �h ~ » �v~ i3tv���¨hjr%�-h¨
° ~ tv�®hj�Iz µh{z ~ h i � ����� ~ hv± }È� u ~ �¨hj¦�tx¤&¦®hjr"�-hjuxw;i3��� ~�� � ~9� �¨hjr�rshju ~ r§r � �Iz�r�u-�h ~ r��{tv¦�tv� ~ hjr���hS�-h{� ~ ph ��hjuxw�� ~Uµtv�¨h
gt¶u���hquP���®zIphyhj�©z�� gh ~ h h{z3u��-h u��P�®zIph � � zsz�tv�©zsh´rIph{�Pt ~ ph{hjr{±=²Âhju ~ r����
	�ph ~ hj���¨hjr3� ~ �����{���Ptv¦®hjr ~ phjr9���-hj�Iz3��tv��r�¦®hju ~
���Izsh ~ »Ítv�¨hÁ¬Pu�r�rs|xrsz ghji�h%h{z���tv�Pr�¦®hjr�» ~ phj·Xu-hj���¨hjr��-hÁrIphj·Iu-hj�P�¨hji�hj�©zZ¯�¦®h\n Ã �-%v�,'lt�zszshj���Iz%kj�v� Ã *��v¤�tv¦ �v~ r�·Iu-h
¦®h%n Ã �-%vÊ,'1�hju-z�tv¦�¦®h ~F� u�r�·Xu#£ gtqkj�,' Ã *��v±

²Âh�n Ã �-%v�,'§h{z�¦®h�n Ã �-%vÊ,'"r � �IzÅ����z'Ê�$�¬P��z�r�h{z'h¨w'phj�{u-zshj�Iz�z � u�r=��hjuxw3�-hjr=�ª��rsz ~ u��¨z�� � ��r&��u � hjuS�#£¹����rsz ~ u��è
z�� � �Pr Ã?Ä¢}Å�qÄ Ô ± ����� ¦®hju ~ t��h ~ i3�ªrÅtvuPr�r��¼¦¥£Ëh¨w'phj�{u-z�� � �G�#£¹u��-hÁ����r�z ~ u��¨z�� � �q�-h@i§u�¦®z����P¦����{t�z�� � �-ctv�����®z�� � �¼±
²Âhjr��-hjuxwqi3��� ~�� � ~�� �¨hjr�rshju ~ rÅ� � i3� �v~ zshj�©z��-hju-wS�{tv� f hjr�rXph{�Pt ~ phjr�� � u ~ ¦�hjr�����rsz ~ uP�¨z�� � �lh{z�¦�hjr�� � ���Åph{hjr{¤��-h

kjÊ�" � �¨zsh{z�r�� f tv�{u��#±P�Åhjr��{tv� f hjr�r � �©z�tvr�r � �{��t�z���»ýr��Pt ~ hj�Prshji@¬(¦®hjr gt��-hjuxw1° � ��hjr�h{z�¦�tv��r�rshj�Iz�¦®hÁ� f � �®wS·Xu�tv�©z gt
¦�t"� � ¦���z���·Iu�h��#£³phj� ~ ��z�u ~ h �Ír��ªi�u�¦�z�tv�=ph{h � u ��� 	�ph ~ ph{h  	±
²'£¹���Izsh ~ »ýtv�¨h1rs|Xr�z ghji3h1��u¶n Ã �-%v�,'?� ~ ph{° � �®z@u���¬(u�rÁ�-hl�-%q¬P��z�rÁ�{tv�-hj���Pph gtx¤¼tvu �P¦�u�r{¤¼Ê�� Ã *��v±È�Åhj¦�¦®h���u

n Ã �-%vÊ,'�i�h{z�hj� �@u-° ~ hluP�¶¬Pu�r��-h1Ê�$?¬(�®z�r@�{tv�-hj�P�Pph gt?¦ªt i µhji�hS» ~ tv�¨z�� � ���-h1» ~ phj·Xu-hj���¨hS���©zsh ~ �-hl·Xu-hlr � �
� �&� � ¦�¦ gh{��u-h�� ��� � � �  	¤(r � �®z���� Ã *��@i3tUw-��i�uPiy±
²Âh � ~�� �Pphj�=ph �-h�»ýt�¬ ~ ���{t�z�� � ��hjrsz´� Ã �%� gt 'x¤ó�v� �¼i � � u ~ ¦®hjr?�-hjuxwºi3��� ~�� � ~9� �¨hjr�rshju ~ rj±�²Âh�n Ã �-%vÊ,'

� � ��r � i3i�h3� � �ýzc|X�¼±  �r � uPr\�X¤ó� Ô ±#²¼h�n Ã �-%v�,'y� � ��r � ili�h�i � ����r{¤#�X¤ó� � ¤¼t½°vhj��¦�tqi µhji�h�tv¦���i�hj�Iz�t�z�� � �#¤
�¨h@·Xu��»Ítv�®z�r � �?���©zXph ~jµh{z��Ítj°vhj�§¦®h%� �#µu-z� �� � u ~ ¦®hjr�rs|Xr�z ghji3hjr�hji�¬Pt ~ ·Xu=phjr{±

����� 2 ��&���'�������S�'���'�\
���� ���@�P
 ��'� ��� ����"���)� ��� � �9$&!#���"!#�%$&�'�(�)�'�"!#��* +-,/.

��� ~ ghjr�tj° � � ~ ph{z�u��P�	ph@¦®hjr�i3��� ~9� � ~�� �¨hjr�rshju ~ r�·Xu�� � �©z���i�� � rIph Ã?Ä¢}Å� r�u ~ ¦®hÁi3t ~ � f ph��-hjr�n Ä�� ��¤x� � u�r�t�¬ �v~ 
� � �Pr���tv��r��¨h{zszsh@�Pt ~ z��®h�·Xu-hj¦�·Xu-hjr�u��PrÅ��hjr�i3��� ~�� � ~9� �¨hjr�r�hju ~ rÅ�=ph ~ �®°�phjr��-hÁ�¨hjr�t ~ � f �®zshj�¨z�u ~ hjrj±�²¼hjr�� ~ �ª���{�®�Ptvuxw
rs|xrsz ghji�hjr%r � �©z�¬ µt�z���r�tvu-z � u ~ �-hjr�t ~ � f �®zshj�¨z�u ~ hjr\n��,'-'-'qh{z\n0$/'-'-'x¤ � u�tv¦ �v~ r�r � �IzÁ�-hjr���i��P¦èphji�hj�Iz�t�z�� � ��r��-hjr
� hjuxwy�#£¹����rsz ~ u��¨z�� � ��r ÃGÄ³}�� �Pt ~ z����{uP¦�� gh ~ hjr�tvuxw � � ��rsz ~ u��¨zshju ~ r{±
²Zt�rsz ~ t�zIph{����hÅ�-h �p����� �y�,��"_V#�*�`�,�F\;��	 hjrszÂ¦®h'�Pt ~ zshj��t ~ �ªt�zÂtj°vhj�Å�-hjr#»Ít�¬ ~ ���{tv�Iz�rÂ��h'rshji3�¿c� � �P��u��¨zshju ~ rj± �������

� � � Ì� � ��z��-hjrÅ� ~�� �¨hjr�rshju ~ rÅn Ä�� � ·IuP�)r � �©z�hj��r�uP�®zsh�»Ít�¬ ~ ��·XuÅphjrÅh{z�°vhj����u�rÅ�Pt ~ ¦®hjrÅ» � ���-hju ~ rj±x�Åhjr�� � ��rsz ~ u��¨zshju ~ r
�hju-°vhj�Iz'tvu�r�r9���=ph{°vhj¦ � ���h ~ ¦�hju ~ rF� ~�� � ~ hjr&� ~�� ��u���z�r ÃGÄ¢}Å� r{£¹�ª¦�rF� � r�r ghj�-hj�Iz=u��-h�¦ª���¨hj���¨h�zshj� f � � ¦ � ����·Xu-hv¤I�¨h�·Iu��
�h ~ i�h{z��-h1����°vh ~ r��65Ph ~ ¦�hjr@t����P¦ª���{t�z�� � ��r%��hl�¨h{zszshSt ~ � f �®zshj�¨z�u ~ hv¤Zh{z§�-hlr{£¹�ª�©z ~�� ��u�� ~ h3r�u ~ ��h3�P¦�u�r@� � i@¬ ~ hjuxw
i3t ~ � f phjr{¤-� � z�tvi3i3hj�©z��¨hj¦�u��Pz ~ ghjr=� �v~ zshju ~ �-hjrÅt����P¦��ª�{t�z�� � ��r&hji�¬Pt ~ ·Xu=ph{hjr{±-���ª��r���¦®hjr=� ~�� ��u���z�r Ã?Ä¢}Å� �hju-°vhj�©z
µh{z ~ h\»Ít�¬ ~ ��·Xu=phjr'hj�1�P¦�uPr&� ~ tv���S� � i�¬ ~ hv¤©h{z��¨hj�{�(�)h ~ i�h{z=�-h.5(��tv���¨h ~ ¦®h��Åph{°vhj¦ � ���hji�hj�©z��-h�i3��� ~�� � ~9� �¨hjr�rshju ~ r
�P¦ªu�rÂr � � f ��rsz���·XuÅphjrÂ��hjrsz����Åphjr gt���hjrZi3t ~ � f phjr&�P¦ªu�r¼rs��phj�{��tv¦ª��rIphjrÈzshj¦�rF�¨hj¦�u��©��hjrZrsz�t�z�� � �§��h=z ~ t½°Utv�ª¦ f tvu�zÈ�-h=��tvi3i�hv±
Ô � �ª�{��u��-h�¦���r�zsh§� � ��h¨w f tvu�r�z��®°vh3�-h"» � �P�-hju ~ r\�-h3i3�ª� ~�� � ~�� �¨hjr�rshju ~ r��¼£¹t ~ � f ��zshj�¨z�u ~ h ÃGÄ³}�� ¦����¨hj���{�èphjr��Í¦�t

5 ~ i�h ����$*VD9l��Y �
� �,��9��T��	�\~�6V � � r�r ghj�-h%uP�-h%¦����¨hj���¨h%iltv��r��#£¹tvr�r9u ~ hÁ�Ptvr�¦ªt"»ýt�¬ ~ ���{t�z�� � �� P¯
� �2�u� ���X�,��9l���FV�\l��	=�.�
V#�����
� � �	� � Y[���\l�
$&���
V#� ���
� �D�*	="_\;Z,$��
�j�
VD9I�;�6��$69I�,as�T�U \l�����y�,��"_V#�*�`�,�6dg|l��� �D�	�
�j�����2�c�,�6\l���x�*�;!/�*��$69l\l�*V
�
�]�D\;�Y[�V/	u�
�*Y2!��*Vy��VD9m	=���
V#�����
�j��"_\m�v\ !D	��
��h%� f t��P��z ~ hÁ�-hÁ� � ��rsz��®z�u-h\�Ptvr�uP�-h�¦ª��rszsh\h¨w f tvu�rsz��®°vhÁ�-hÁ¦¥£Ëhj��r�hji@¬P¦�h��-hjr�il��� ~�� � ~�� �¨hjr�rshju ~ r��=ph{°vhj¦ � ����phjr gt

�Pt ~ z�� ~ �-h@�¨h{zszsh§t ~ � f ��zshj�¨z�u ~ hv¤Pi3tv�ªr ~ h{� ~ hj�P�y¦®hÁz ~ tj°�tv��¦#� ~ phjrshj�©zXph§��tv��r@¾¿k¨ÀÚ¤Ph{z�¦®h%� � i��P¦ gh{zshv±
õZõ ï+��� 
����
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Æ�h{�PuP��r1kj�v�xkqt½°vhj�y¦�tGr �v~ z��®h1��hjr�n��,'��xkqh{z§n��,'��-%X¤��-hlz ~ ghjr�� � i�¬ ~ hju-w�i3��� ~�� � ~9� �¨hjr�rshju ~ r��-hjrsz����Åphjr"tvu
i3t ~ � f ph hji�¬Pt ~ ·Xu=ph � �©zq°xuº¦®h �¢� u ~ ± } t ~ i3�Á�¨hju-wIc�{�¥¤�¬hjtvu�� � u-� � �Iz¸ph{zIph � ~ phjrshj�IzIphjr?��tv��r¶¾¿k¨ÀÚ± $ � u�ry� � u�r
¬ �v~ �-h ~9� ��rl� � �P�G���{� gt�»Ítv� ~ h�u��¸r�u��{�{�����¨z ~ t����hj¦�r9u ~ �¨hjrq� � i�� � r�tv�Iz�r¢c¦ gt;��tv��rSu��¸z�t�¬P¦®hjtvu ~ phj�{t��P�®z�uP¦�t�z��®»
������ �Zk�± �  	¤(h{z�� � u�r�� ~ phjrshj�©zsh ~9� ��r�¦®hjr�i3�ª� ~�� � ~�� �¨hjr�r�hju ~ r�t����Pt ~ u�r��-h{�Pu��ªrÅ�Ptv��r�¦®hjr��-hjuxwS�Pt ~ z��®hjr�r9u��®°�tv�©zshjr{±
²Âh3n��,'��xk�hjr�z ~ h{� ~ phjrshj�Iz�t�z��®»Å��h3¦�tl»Ítvi3��¦ª¦®h�°�t ~ �èph{h gtq¦�tv·Xu-hj¦�¦®h"��¦Ft����Pt ~ z��®hj�©z#¯#¦®hjr 1(�=���x�*VD9l���*�m�`���=	 ±F�Åh{zszsh

»Ítvi3��¦�¦�h�� � i��Pzsh%tvu�r�r��)�Pt ~ il�)r�hjr�i�hji�¬ ~ hjr�¦®hjr�n��,'��xk ���,'��-% �¢kj�v�xk! 	¤)¦®hÁn��,',$�k �¢kj�v�-%  	¤(h{z�¦®hjr�n��,'©�Xk ���,'©�Xk{Ç
� '©� �Xkj�v��$  	±�Æ\tv��r§¦�tyi µhji�hS�{t�zIph{� �v~ �®hv¤&�{�®z � ��r@tvuPr�r���¦®h �2��mr�F�
Ys$*V#���z�P��YT\l�
�*V#a*����9;�F�T�����+���+1 �¢kj�v�xk! 	¤Zh{z
¦®hjr ����� �c�,�6\l���-1 � ������� h{z �B1 � ��� � � ±
} t ~ il�Â�#£¹tvu-z ~ hjr��Åph ~ ��°�phjr���u?n��,'-'-'x¤)��¦¼h¨wx��r�zsh�tvu�r�r9�Â¦®h ���%	9;�*Y ��h ���/���`�,�6\l� ¤(¦®h �P1 ��� ��� � '�� �Xkj�v�v�  ��-h� ��� ¤�¦®h �-1 � �_� � � � '�Ê �Xkj�v�v�  ��-h �'���{�`�,�6\l� ¤�h{z�¦®h 1 �i� ��� �¢k ' �Xkj�v�v�  ��-h �y�FV�d h{z 2��� ±
� �y�hju-z�tvu�r�r��#r9�®����tv¦®h ~ ¦¥£Ëh¨w-��rszshj�P�¨h%�-hjr�i3��� ~9� � ~�� �¨hjr�rshju ~ r�r�u���°Utv�Iz�r�·IuP�#r � �©z��=ph ~ �®°�phjr���u n.$/'-'-'�¯
� ¦®h 1�� � ��� � ��� � ¤Âk ' �Xkj�v��$  	¤#r�u��{�¨hjr�rshju ~ ��u n.$©Ê,'-' �
� ¦®h 1��#76� � � ��� �B� � �	� ¤¼kvk �Xkj�v��$  �h{z�r � �yz ~ ghjr�� ~9� � f h@�Åph ~ �®°�ph@¦®h 1��y7� � �Íi3�&kj�v�vÊ  �
� ¦®h 1��D����� � �2�u� ¤ '�� �Xkj�v�v�  ���r�r�uy��uyn.$9%,'-' �ý� ~ phj�=phj�¨hjr�rshju ~ ��uyn0$©�,'-'% �
� ¦®h 1�� � ���&\ � �2�u� ¤ ',$ �Xkj�v�v�  	±

��� � ��� 
 ADHpJ GIS�C ���+C �xS�ADH*H&ADO.C_H � �A�C_G;? �A#H ��O �� � � � � ��� �

Æ�h{�PuP��r'¦¥£³phj����z�� � �l��u ~ t���� �v~ z�¾¿k¨ÀÚ¤Xtvu��{u��1i3��� ~�� � ~9� �¨hjr�r�hju ~ � � u-°vhjtvuS�Åph ~ �®°�ph��Pu ÃGÄ³}�� n��,'-'-'§�#£ËhjrszÅr �v~ z��¥¤
i3tv�ªr��P¦�u�z µ� z�·Iu-hj¦ª·Iu-hjr�rs|Xr�z ghji3hjr����IzIph{� ~ tv�Iz��-hjr�i3��� ~�� � ~�� �¨hjr�rshju ~ r��=ph � gtlh¨wx��r�z�tv�©z�r�tj°vhj�§�-hjr�hj�Iz ~ ph{hjr��Ur �v~ z��®hjr{±
�Åhjr"� � i�� � r�tv�Iz�r§°X�ªrshj�©z§�¨h ~ z�tv���-hjr§t����P¦ª���{t�z�� � ��r@hji@¬Pt ~ ·IuÅph{hjr{¤Fh{z§�hju-°vhj�©z µh{z ~ hyu-z���¦��ªrIphjr@� � i3i�hq� � � ~�� �¨hjr¢
rshju ~ r{±
} t ~ il�©¦®h&�hju%�-h�r�|Xrsz ghji�hjrÈ�Åph ~ �®°�phjrZ�Pu%n��,'-'-'x¤U�{�®z � ��r gt�z��®z ~ h'�#£Ëh¨wxhji��P¦�h�¦®h � #�� � # � � ~�� � � rIph��Pt ~ �#�&	
"_\tZ=$

hj� � �¨z � ¬ ~ h kj�v�vÊX±��Åh�i3��� ~9� � ~�� �¨hjr�rshju ~ hjr�zq�¨h¶·Xu-h �D�*	="_\;Z,$ t����hj¦�¦®h´u�� ��!6!#�v\t�=$F9l\t�*V �F!/�,��\ n��g�#9;$*Vya6$*��a
������aF�/��9�|m�{������� ¤P�-hjrsz��ª�=ph%tvu?i3t ~ � f ph@�-hjr � � �v~ �P����t�zshju ~ r���hÁ¬ �v~ � � �Ètvu-z � i � ¬P��¦�hjr{±
²Âh�n��v�,'���� hjrsz'� � i3� � rXph��#£¹u��3n��v�,'-'��ý° � � ~ ���� �k�± �I¤I�¼± %��I¤Ih{z�¾¿kèÀ  &tvuP·Iu-hj¦ � �lt%t �s� u-zIph���h�� � i�¬ ~ hju�rshjr

hj�Iz ~ ph{hjr��Ur �v~ z���hjr�h{z�¦®hjr�» � ���¨z�� � ����tv¦ª�®zIphjr��=phj�¨hjr�r�tv� ~ hjr gt3¦�t"�vhjr�z�� � �?�#£¹uP� phj� ~ tv� gt3� ~ �ªrsz�tvuxwy¦���·Xu����-hjrÅ� � u�¦®hju ~ ±
²Âhjr�hj�Iz ~ ph{hjr��Ur �v~ z���hjr�» � u ~ ����hjr�» �v~ i3hj�©z�uP�qhj��rshji�¬P¦®h%tvr�rsh ��� � i��P¦®h{z#¯
� ·IuPt�z ~ h%�{tv��tvuxw rXph ~ �®h (���n e �  �
� u��q� �v~ z��Pt ~ tv¦ª¦ ghj¦®h3kjÊ"¬P�®z�r��
� �-hjuxwq�{tv��tvuxw Æ Ã � � � ±
²Âh@¦®hj�¨zshju ~�~ hji3t ~ ·Xu-h ~ t�¦Ú£Ëh¨wXz ~ ghji�h§rs��phj�{�65(�{t�z�� � �?�-hjr�� ~�� �Pu��®z�r��=ph ~ �®°�phjr���u Ã?Ä¢}Å� n��,'-'-'ltvu �s� u ~ �¼£ f u��Ú¤ gt

z ~ t½°vh ~ r��¨h{z�h¨wXhji3�P¦®hv±
��� � ��� 
 ADHpJ GIS�C ���+C �xS�ADH*H&ADO.C_H � �A�C_G;? �A#H ��O �� � � � � ��� �

g� � � z ~ hq� � ��tv��r�r�tv�P�¨hv¤Fr�hju�¦�r@��hjuxw��=ph ~ �®°�phjr���u ÃGÄ¢}Å� n0$/'-'-' � �©z"°xu ¦�h �s� u ~ hj��kj�v�vÊ � �&¯È¦�h�� �� � � �
� � �¨z � ¬ ~ h�kj�v�vÊ  ��-h � ��� � gt´�-hl�Ptvr�� � �-» � ��� ~ hStj°vhj�q¦®h e n.$�k '-k�¤&���®z �-\mV�d�1<�=��� ¤È�-h �'���T�c�,�6\l� � ~ phjr�hj�©zXph
��tv�Pr�¦�t"�Pt ~ z���h%r�u��®°�tv�©zsh  =h{z�r � � r�u��{�¨hjr9rshju ~ ¦�h Ô n.$�k '/%��Ítj° ~ ��¦&kj�v���  	±

������ # ( D (¿Û ! Ý³Ù (�à�#vÜ%$vÖFØ	��#vÝA=jÛÍà,#và,?jØ�� ! Ý ! (�� ! Û=Ü,# D	� Û¥Ü,#�Ø��9(¿Ù®Ù ! Û �

>� � &)(¿Û ! Ý³Ù 8 ! ��à	Û��ÅÖÂÝÚÝ ! ØÚØH.

 � ���©ãÅõ)� ��� �k� # @ & �´ð¥ñ9å¥äÚé�
æ�êóæ�î�éËú 
 ���	��ã³ðÍä&ä¥å�
ã¢ðFí�åÚñ{ù��Uãv��ò%õ-��� ������ð¥ã¢ò�ê�êóã'�UòUðÈð��ðÍä�
ã³î�ãÅæ1ëã³ä½ëãÅî�ñ�½é 6ëã���é¹ê�í�æ	ð¥ð¥ãv��ã ����
æ
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(Scache) (96 Ko)

(8 Ko)

Cache Control and Bus Interface Unit (Cbox)

Control

Scache Access Board-level

Control

Bus Interface

Unit (BIU)
Backup Cache

(Ebox)

Integer Integer
Execution Execution

Unit 2Unit 1

Data Cache

Branch
History

(2 Ko x 2)

Instruction
TLB

(8 Ko)

Instruction Cache

Instruction Fetch/Decode Unit (Ibox)

Dispatch Logic
PC

Unit

Instr. Buffers

Integer Execution Unit FP Execution Unit
(Fbox)

Dcache Access
Control

Dual-Read
Write Buffer Translation

Buffer

Miss Address
File

Memory Address Translation Unit (Mbox)

(48 entries)

FP

Add/Divide

FP

Multiply

Integer Registers FP Registers

Level Two Cache
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Architecture POWER

Améliorations POWER2

Architecture PowerPC

Transition PowerPC 601

Suppression de 36 instructions

39 nouvelles instructions 32 bits

40 nouvelles instructions 64 bits

Suppression de 2 instructions
Emulation de 5 autres
29 sont toujours supportées.

Implémente la plupart des
nouvelles instructions 32 bits.

Racine carrée
Conversion entière-flottante

Lecture/écriture de 
quadruple-mot
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Integer registers

U-pipe

Data cacheData
TLB

V-pipe
FPU

Stack

Integer 

Target
Branch 

registers

Interger

Microcode

MMX
V-pipe
ALU

MMX

ROM

ALU

Buffer

FP 

2 instructions

Prefetch buffers

Instruction decode

Return

Buffer
Instruction cache

TLB

Bus Interface Unit

APIC

Instr.

U-pipe

64

64

256

B
ra

nc
h 

ve
ri

fi
ca

tio
n 

&

Data Addr.

64 32

ta
rg

et
 a

dd
re

ss

Multiplier

Shifter
MMX registers
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ÉG� o �IÅGm �=���= � ��=�� ����� nº=2m�m�l	��Æ�
2Æ�W=

exécution de multiplication
lecture registres MMX
écriture résultat
exécution

fetch
prefetch

Mx:

décodage et émission
génération d’adresse

F:

RD:
WB:
E:
D2:
D1:

PF:

P54C

P55C

P55C MMX (sauf multiplications)

P55C (multiplications-additions)

PF D1 D2

D2D1FPF

RD

RD M1 M2 M3 WB

1-3

1-3E

E

E WB

WB

WB
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JV-wA8(s�& �ÁE\39(�:�(VHN&vJ_P(1JUE\-0(5(UC�E\39(TC9(@(SJ3(@/B/B(�(V:�(1ATJ_P(1*@&GK9-wA4J3(1Ac:4( � l � Æ����DH0EG(SAT:�(VALP(1fL34(1K9*1(1Ac:LI�EGC�P(@(S&)/4-0E\K9A:7P(@C (1K9:9&GKL/8(1A@Y
&bI'&G3	/B(5(RCI&)(4/@d�H.(1Ap:4(13��^C.-0C (1HN-wK�(1A}K�(bABE\K]/DC.&GAMAB¿QJzP(@/B(+-NfW3�(1A@Y�%P(Vx xZC.-NC9(1Hw-NK�(T� { { (1AB/TH.(RA�(139H��&aH¡P(@(�(@(cH.(1A

F9(S&GK9*+,�(1J)(1K]/4Ap&G-NK9A4-�fW3�(cH.(1A}-NK.AB/B(+39*2/4-0E\K.A7|.EG/B/4&GK]/8(1A1Y

Pénalité en cas de 
mauvaise prédiction

Chargement instructions

Décodage 1

Pipeline X Pipeline Y

 

IF :

D1 :

WB :

EX :

AC2 :

Vers la file 
d’instructions
flottantes

D2 :

AC1 :

Décodage 2

Calcul adresse

Chargement opérande

Exécution

Mise à jour registres

Décodage 2

Calcul adresse

Chargement opérande

Exécution

Mise à jour registres

Chargement de 16 octets à chaque cycle.
Accès au BTB et à la prédiction.

Extraction de deux instructions.

Émission dans le pipeline adapté.

Calcul de deux adresses.
Renommage de registres.

Accès au banc de registres et au cache.
Accès TLB.

Exécution de deux opérations entières.
Emission d’une instruction  flottante
vers la FPU.
Écriture des résultats dans 
le banc de registres ou 
dans les tampons d’écriture 
(vers le cache).

Décodage de deux instructions.
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Processeur MediaGX
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vers
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Écriture du résultat dans un registre ou 

Décodage d’une instruction.

Calcul d’adresse.

Accès aux registres et/ou au cache,
accès au TLB et vérification du segment.

accès au BTB.
Lecture du cache instructions, 

Exécution d’une opération entière ou émissionEX

AC2

DE

IF

AC1

d’une instruction flottante vers la FPU.

WB dans le cache (à partir du tampon d’écriture).
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Store
Data

Unit

Store
Addr

Load

Unit
Addr

Integer
ALU

FP
Unit

Integer
Unit

Memory Reorder

Buffer (MOB)

1 store 1 load

Data TLB
(64 entry) 8K Dual-Ported Data Cache

load data 32

L2 Cache InterfaceSystem Bus Interface

64

64 data64 data36 addr

Reservation Station
(20 entries)

(32 entry)
Instr TLB

Branch
Target

Buffer

Fetch Unit

Instruction

Simple Decoder

Simple Decoder

General Decoder

Uop Sequencer

128

1 uop

1 uop

3 uops

4 uops

64

RRFRAT

(40 entries)

Reorder

Buffer

8K Instruction Cache

IN-ORDER
SECTION

EXECUTION ENGINE
OUT-OF-ORDER
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Modified Exclusive

WH

SHW WM

RME

SHW

RMS

WH

SHWSHR

SHR

RH

SHR

RH

WH

RH

RH : Read Hit
RMS : Read Miss, Shared
RME : Read Miss, Exclusive
WH : Write Hit
WM : Write Miss
SHR : Snoop Hit on a Read
SHW : Snoop Hit on a Write or

Read with intent to modify

Caption :

: Bus snooping transactions

: processor transactions

SharedInvalid
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Unit é de recherche INRIA Rocquencourt, Domaine de Voluceau,

Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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