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k�� � L F M b{S M u9XcOYZ<F�Scb k ~��Èd�j�n S.O3º�»�¼�½r¾r¿ ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW���.ó

�  oàGåIÕ>ÒeàGåIÔ çÁä!����ÑYå�Ù�Þ ÑÂå�íhÛ{Ú]ÙIåIÛ{á@ä>ÙIÔ�Õ©ç>ìràGåIÔ�Õ¬î�Ô�×ØÑÂå5è é�ú��
~ � � ¶ X M R��#X M F³dfFIH�J_|.O9SIb�PTEGF�~�S[O�P M S.^v^_F M#k S�X M R ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW� ö ø
~ � ð j�SIb{P��#X M F�dfFIH�J_|[O�b{S M PTEGF�~�S[O�P M S.^v^_F M�k S±X M R ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW� ö ð
~ � � VG\GOYZ]PQJ_S[OYXc^rdfF�HTZ M J_}GPQJ_S.O9SIb�PQEGF�~�S.O�P M S[^_^vF M ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW� ö ý
~ � ö 
 ¯�}YFIZ<PTFIR L F M b{S M u9XcOYZ<F�Scb&PTEGF�~�S[O�P M S.^v^_F M ñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW��ò.ø

í �oär×�á�Ô�å�ÑGÞ�î�Ô�Ú5Ú5àGÖYÔ�ÚWÞ�ÑYå:ÙIìrÔ"�eÑYì@Ô�åIÔ�ÐrÎ�Ô$#�åIÑGÙIÑ>Î�ÑYÓÜÚ é ï �


�Û{á@Ó{ÛÜÑYÖYåIà%�rìÂè é��>é

&9ÛKÙIà é�� ï

g�J_J
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� ~�S.u�}YX M JKH�S[OoSIb�d%j�n H�`GH�PTF5u9H�ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþ��ý
ð k X.H�JKZ�H�`UH�PQF5u�PQJ_u7JvOG|�H�S.O
º�»�¼�½r¾@¿"ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ö.ö
� k X.H�JKZ�H�`UH�PQF5u�PQJ_u7JvOG|�H�S.O
º�»�¼�½r¾@¿��ÈZ<S.O�P�R � � ñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ö ò
ö k X.H�JKZ�H�`UH�PQF5u�PQJ_u7JvOG|�H�S.O
º�»�¼�½r¾@¿��ÈZ<S.O�P�R � � ñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ö ó
ò d%j�nþPTJ_u�J_OG|±HNS[O¸º�»�¼�½r¾r¿ ñ�ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ö ý
ó L XI|.F0�KbÄXc\G^vP�H�F M g�JKZ<F�PTJvu7FIH�S.O
º�»�¼�½@¾r¿:ñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ö õ
ý ~�S.u�}G^_F5PQJ_S[ODPTJvu7FIH9XcOYRùH�}YF5FIR�\G}YHhb{S M PTEUF 
 ua�YX MQM X[HTH�JvOG|.^v` L X M XI^_^vF5^

�YF5OYZ�EGu9X M �+�21 3 ð2465 J_PTF M XcPQJ_S[OYH�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþò.�
õ k/M F�Xc�UR�SI��OhSIb�PTJvu7FIH@b{S M PTEUF p O�PTF5|[F M j±S M P�Xc^v|.S M J_PQEGu�g�F M H�JvS.O7� ð � ñ%ñeñþò.õ
� ~�S.u�}G^_F5PQJ_S[O�PTJvu7FIHYXcOYR�H�}ÂF�FIR�\G}YH�b{S M PQEGF�n�XIP M Jv¯�no\U^_PTJv}G^_JqZ5XcPQJ_S[Of�YF5OYZ�E%�

u9X M ��b{S M 1 3 ð ò[ó M SI��H:ñ�ñWñ�ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþò.�
�5ø ~�S.u�}G^_F5PQJ_S[O�PQJ_u7FIH�XcO�R H�}YF5FIR�\G}�H b{S M PTEGF�C M X5g�F5^_JvOG|�j�Xc^vFIH�u�XcO LNM S.�%�

^_F�u��Y�.�eZ]J_P�`aPTS.\ M ñeñ�ñWñ�ñWñ�ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþó ö
�.� ��JKH�PfSIb�}�X M XIu7F5PQF M Hmb{S M R�S.u9XIJ_OµH�}YFIZ<JËs+Zf��S M ��^vS�X.R9u7S�R�F5^qH ñ�ñWñ�ñeñ%ñeñ ý ö
� ð ��JKH�PfSIb�}�X M XIu7F5PQF M Hmb{S M PTEGFeH�Jvu:\U^KXcPQS M Xc^_S[OG|a��J_PTE9PQEGFeR�F]bÄXc\U^_P�g[Xc^v\GFIH ñ ýIõ
�5� ~�S.u�}YX M JKH�S[O7Scb M FIH�\G^_PzH�S.�GPzXcJ_OUFIR®g�JKX�H�J_ua\G^KXIPTJ_S[OW��JvPTE�X.Z]PQ\YXc^+u7FIX.H�\ M F8�

u7F5O�P�H�b{S M PQEGF p O�PTF�|.F M j�S M P��YF5OYZ�EGu9X M ��b{S M ð2469 F5^_F5u�F5O�P�H�ñWñ�ñWñ�ñeñ%ñeñ ýI�
� ö ~�S.u�}YX M JKH�S[O7Scb M FIH�\G^_PzH�S.�GPzXcJ_OUFIR®g�JKX�H�J_ua\G^KXIPTJ_S[OW��JvPTE�X.Z]PQ\YXc^+u7FIX.H�\ M F8�

u7F5O�P�H�b{S M PQEGF�jG~�B��D�YF5OYZ�EGu9X M �®b{S M �5ø[ø.ø.ø M FIZ]S M RGH�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ýI�
�5ò ��JKH�PfSIb�XI^_PQF M OYXIPTJvg�FIHmF5g[XI^_\YXIPTFIR9\YH�JvOG|aH�Jvu:\G^qXcPQJ_S.O ñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ýI�

g�J_JvJ



�5ó p O�PQF5| M XcPQFIR7gGH���Jv� M X M `+�x~�S[u7}YX M JKH�S.O9Scb�PQEGF�P��/SaXc}U} M S±X.Z�EGFIH7ñWñ�ñeñ%ñeñþ�.õ
�cý ~�S.u�}G\GP�XIPTJvS.O9| M XcO�\G^KX M J_P�` M FIy�\GJ M F5u7F5O�P�Hþñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW��ø.ø
�5õ ~�^KX[HTH�JËs+Z5XIPTJvS.OoSIb�PTEUFWXI}G}G^vJKZ5XIPTJ_S[OYH/�YX[H�FIR9S.O9PTEGF�:<;>=�?2@BADC ñ�ñWñ�ñeñ%ñeñW��ø.ø
�5� ÿ�}GPTJvu9Xc^+g[Xc^_\UF%SIb�}�Xc|.F8�ÈH�J_Æ5F�b{S M R�JE��F M F5O�P�H�`GH�PTF5u�Z<S.O�sY|[\ M XIPTJvS.OYH7ñeñ%ñeñW��ø ð
ð ø w�XcOG��J_OG|aScb&PTEUF%PQE M F�F%u�F5u7S M `Wu7S�R�F5^KHDñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW��ø.ò
ð � �f\Gua�YF M SIb�u�FIHTHQXc|.F�H/|.F5OGF M XcPQFIR7J_O9PTEUF%PQE M F�FWZ<S.EGF M F5OYZ]F�} M S[PTS�Z]S[^KH ñeñW��ø.õ
ð.ð j�Z5XI^KXI�GJ_^vJ_P�`:SIb�PQEGF�PTE M F5FeZ]S.EUF M F5O�Z]F�} M S.PTS�Z<S.^KH���J_PQEGS.\UPfua\G^_PQJF�ÄZ5X.H�P0ñ%ñeñW��ø.�
ð � ~�EYX M X.Z<PTF M JKH�PQJKZ5H/SIb�PTE M F5F�P�`�}YFIH/Scb�d�j�n H�`GH�PTF5u�H ñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW�[�5�
ð ö �f\Gua�YF M Scb�OUS�R�FIH�PTEYXIPeZ5XcO3FHG�Z]J_F5O�PT^v`7F5¯�FIZ]\GPQF�XIO¸XI}G}G^_JqZ5XcPQJ_S[O��YX.H�FIR

S.OµPTEGF�~�i�w�XcPTJvS¹ñ%ñeñ�ñWñ�ñWñ�ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW�[�5�
ð ò Bf}G} M SI¯�Jvu9XcPQF�H�EYX M FIR�u7F5u7S M ` M FIy�\GJ M F5u7F5O�P�H�b{S M PTEUFmJvO�PQF5|.F M H�S M P@�YF5OYZ�E%�

u9X M ��b{S M 1 3 ð2469 F5^_F�u7F5O�P�H]� k u9Xc¯�3 ð ø ö õ��>n�B�I L wfÿ�~�j%3�ó)ñeñ%ñeñW� ð ø
ð ó �f\Gua�YF M Scb M F]b{F M F5OYZ<FIH�u9X.R�F���`:FIX[Z�E�P�X.H��:b{S M PQEGF�JvO�PQF5|.F M H�S M P��YF5OYZ�E%�

u9X M ��b{S M 1 3 ð 469 F5^_F�u7F5O�P�H]� k u9Xc¯�3 ð ø ö õ ñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW� ð �
ð ý Bf}G} M SI¯�Jvu9XcPQF�H�EYX M FIR u�F5u7S M ` M F�y�\GJ M F5u�F5O�P�H%b{S M PQEGFØjG~�B��)�YF5OYZ�E%�

u9X M ��b{S M n�BJI�w 
 ~�ÿ�w�d%j%3e�5ø[ø.ø[ø M FIZ]S M RGHfñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW� ð ý
ð õ k X.H�JKZ�H�`UH�PQF5u�PQJ_u7JvOG|�H@b{S M�k ~��Äd%j�n"S.O¸º�»�¼&½@¾r¿ ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW���.õ
ð � j�F M g�JqZ]F�PQJ_u7FIH@b{S M XLKNM OQP�R�KNSUT8V�H�`UH�PQF5u�Z�Xc^_^�b{S M�k ~��Èd�j�n S.O3º�»�¼�½r¾r¿h���.õ
�.ø d%j�n�~��YC/Jvu7FIH�b{S M }YXc|[F0� bÄXI\G^_P�H�F M g�JKZ]JvOG|%b{S M�M FIH�JKR�F5O�P�RUXcP�X"ñ�ñWñ�ñeñ%ñeñW��ò ð
��� d%j�n�~���j±F M g�JKZ]F�PTJ_u�Fxb{S M XLKNM OQP�R�KNSaZ5Xc^v^ ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW��ò ö
� ð d%j�n�~���j±F M g�JKZ]F�PTJ_u�Fxb{S M XXWYO[Z \�M^]%_2`�a�u7FIHQHTXc|[F�ñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW��ò.ó
�.� �f\Gua�YF M SIb�u�FIHTHQXc|.F�H/|.F5OGF M XcPQFIR7J_O9PTEUF%� M J_PQF0�Ü\U}�RUXcPTFe} M S[PTS�Z]S[^ ñeñ%ñeñW��ò.�
� ö �f\Gua�YF M SIb�u�FIHTHQXc|.F�H/|.F5OGF M XcPQFIR7J_O9PTEUF%� M J_PQF0�ÜJvO�g[XI^_JKRUXcPTF�} M S[PTS�Z]S[^Øñ%ñeñW��ó.ø
�.ò �f\Gua�YF M SIb�u�FIHTHQXc|.F�H/|.F5OGF M XcPQFIR7J_O9PTEUF%^vS�Z����{�YX.H�FIR7} M S[PTS�Z]S[^7ñWñ�ñeñ%ñeñW��ó.ø

J_¯
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� dfJqH�P M J_�G\UPTFIRoj�EYX M FIRµnoF5u7S M `aBf�YH�P M X.Z]PQJ_S.O ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ð
ð noF5u7OUF5P�B M Z�EGJ_PQFIZ]PQ\ M F
ñWñ�ñWñ�ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ð ò
� ~�S�H�P�X[HTH�S�Z<JKXcPQFIR���J_PTEaFIX[Z�EaH�\G�YH�`UH�PQF5u¨J_OaH�F M g�JKZ<J_OG|�X�d%j�n }�Xc|.F8� bÄXI\G^_P �

C>S.P�XI^U3 �5ó � ��u9H�ñ%ñeñ�ñWñ�ñWñ�ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ö.ö
ö ¶ Jv|.E9^_F5g�F�^�H�P M \YZ]PT\ M F�Scb�PQEGF p O�PQF5|.F M H�S M P��ÂF�OYZ�EUu9X M ��� · F M H�J_S[O$���Àñ%ñeñþò.ó
ò ¶ Jv|.E9^_F5g�F�^�H�P M \YZ]PT\ M F�Scb�PQEGF p O�PQF5|.F M H�S M P��ÂF�OYZ�EUu9X M ��� · F M H�J_S[O$� ð ñ%ñeñþò.ó
ó ~�S.u�}G^_F5PQJ_S[O�PTJ_u�FIHÁb{S M PTEGF p O�PQF5|.F M j�S M P/�YF5OYZ�EGu9X M �+� · F M H�J_S[O����[�Q1 3

ð2h6i ��F5`UH ñ�ñWñ�ñeñ%ñeñ�ñWñ�ñWñ�ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþò�ý
ý ~�S.u�}G^_F5PQJ_S[O7PTJvu7FIHNb{S M PTEGF�~�S[O.l�\G|�XIPTFai M X.R�JvF5O�P��ÂF�OYZ�EUu9X M �DñWñ�ñeñ%ñeñþó��
õ L H�F5\�R�S7Z<S�R�F%b{S M PTEGF�jG~�B��D�YF5OYZ�EGu9X M � ñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþó ð
� ~�S.u�}G^_F5PQJ_S[O7PTJvu7FIHNb{S M PTEGF�jG~�B�� �YF5O�Z�EGu�X M � ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþó.�
�5ø ~�S.O�Z]F5}GPQ\YXc^r}GJKZ<PT\ M F�Scb�PQEGFeH�Jvu:\G^qXcPQS M ñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþó.õ
�.� w�F]b{F M F�OYZ]F�}YX M XIu7F5PTF M Hm��JvPTEGJvOµX®PzX.H�� ñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñ ýI�
� ð C M XcO�HTX.Z<PTJ_S[O��/S M ��^_S�X[R7u7S�R�F5^ÄÅ Hm}YF M b{S M u9XcOYZ<F�S.O ö OGS�R�FIHfS[O7sY�YF M ñ%ñeñþõ ð
�5� C M XcO�HTX.Z<PTJ_S[O��/S M ��^_S�X[R7u7S�R�F5^ÄÅ Hm}YF M b{S M u9XcOYZ<F�S.O�õWOGS�R�FIHfS[O7sY�YF M ñ%ñeñþõ.�
� ö C M XcO�HTX.Z<PTJ_S[O��/S M ��^_S�X[R7u7S�R�F5^ÄÅ Hm}YF M b{S M u9XcOYZ<F�S.O
�5ó�OGS�R�FIH�S.O9sY�YF M ñeñþõ.�
�5ò C M XcO�HTX.Z<PTJ_S[O��/S M ��^_S�X[R7u7S�R�F5^ÄÅ Hm}YF M b{S M u9XcOYZ<F�S.O ö OGS�R�FIHfS[O 
 PQEGF M OGF5P õ.ò
�5ó C M XcO�HTX.Z<PTJ_S[O��/S M ��^_S�X[R7u7S�R�F5^ÄÅ Hm}YF M b{S M u9XcOYZ<F�S.O�õWOGS�R�FIHfS[O 
 PQEGF M OGF5P õ.ó
�cý C M XcO�HTX.Z<PTJ_S[O��/S M ��^_S�X[R7u7S�R�F5^ÄÅ Hm}YF M b{S M u9XcOYZ<F�S.O
�5ó�OGS�R�FIH�S.O 
 PQEGF M OGF5P õ.ó
�5õ p PTF M XcPQJ_g�F���S M ��^_S±X.R7u7S�R�F�^ÈÅ H�}YF M b{S M u9XIOYZ]F�S[O ö OGS�R�FIH�S.O9sY�YF M ñ�ñeñ%ñeñþõ�ý

¯



�5� p PTF M XcPQJ_g�F���S M ��^_S±X.R7u7S�R�F�^ÈÅ H�}YF M b{S M u9XIOYZ]F�S[O¸�5ó�OGS�R�F�HxS[OhsY�YF M ñeñ%ñeñþõ�ý
ð ø B�H�`�OYZ�E M S.OGS[\YHx��S M ��^vS�X.R7u7S�R�F5^ÈÅ Hm}YF M b{S M u9XIOYZ]F�S[O ö OGS�R�FIH�S.O9sY�YF M ñeñþ�.ø
ð � B�H�`�OYZ�E M S.OGS[\YH%��S M ��^_S±X.R¸u7S�R�F�^ÈÅ H�}ÂF M b{S M u9XcO�Z]F�S.O ö OUS�R�FIHWS.O3sY�YF M5�

~�S.u�}YX M J_OG|�� M J_PTF8�Ü\G}+RGXIPTF³XcOYR9� M J_PQF0�{J_O�g.XI^_JqRGXcPQF�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþ���
ð.ð 
 �+FIZ]P�Scb&} M S�Z]F�HTH�S M H�}YF5FIRhS[Oo}YF M b{S M u�XcOYZ]F�ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþ� ð
ð � 
 �+FIZ]P�ScbNZ]S.u7ua\GOGJqZ5XcPQJtS.O�H�}YF5FIR9S.O9}YF M b{S M u9XIOYZ]F9ñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñþ�.�
ð ö j�`UH�PQF5u�HTZ�Xc^KXI�GJ_^vJ_P�`a��J_PTEµ��n p�L j9~ Lm� XIOYR���ø:no�G}�HxOGF�P���S M �:ñ�ñeñ%ñeñþ� ö
ð ò j�`UH�PQF5u�HTZ�Xc^KXI�GJ_^vJ_P�`a��J_PTE ð ò:n p�L j9~ Lm� XIOYR���ø:no�G}�H/OGF5P��/S M �¨ñeñ%ñeñþ� ö
ð ó j�`UH�PQF5u�HTZ�Xc^KXI�GJ_^vJ_P�`a��J_PTEµ��n p�L j9~ Lm� XIOYR���i��G}YH�OGF5P��/S M � ñ�ñeñ%ñeñþ�.ò
ð ý j�`UH�PQF5u�HTZ�Xc^KXI�GJ_^vJ_P�`a��J_PTE ð ò:n p�L j9~ Lm� XIOYR��Wi��G}YH�OGF5P���S M �Øñ�ñeñ%ñeñþ�.ò
ð õ ~�S.u�}G\GP�XIPTJvS.O9PTS�Z]S.u�u:\GOUJKZ<XcPTJvS.O M XIPTJ_S M F�y�\GJ M F5u�F5O�P�H ñ�ñWñ�ñWñ�ñeñ%ñeñþ�.�
ð � C>S.P�XI^@SIg�F M EGFIX[R�}YF M ��`�PTFfb{S M d%j�n S[O¸º�»�¼�½r¾@¿ ñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW��ø.�
�.ø j�P M \YZ]PQ\ M F�SIb�PTEGFkj2@B?�lHmFn�F5O�P M `0ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW���.ó
��� V@^vSc�¹ScbmZ]S.O�P M S.^�b{S M PQEGFoK2M O[P�R�K2S�T0V�H�`GH�PTF5uôZ5XI^_^�ñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW����ý
� ð �>X5`�S.\GP�ScbNPTEGFed%j�n�~ Z]S[} M S�Z]F�HTH�S M �YS±X M R�ñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW� ö �
�.� VG\GOYZ]PQJ_S[OYXc^rR�F�HTZ M J_}GPQJ_S.O9SIb�PQEGF ·�p ~¬ø[ó.õ · n 
 �G\�HxJvO�PQF M bÄX[Z]F�Z�EGJ_} ñ%ñeñW� ö ð
� ö j�P M \YZ]PQ\ M F�SIb�XW�G\��+F M F5O�P M `þñ�ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW� ö �
�.ò j�P M \YZ]PQ\ M F�SIb�X�H�PzXcPTFeP�XI�G^_F�F5O�P M ` ñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW� ö.ö
�.ó L XI|.F0�KbÄXc\G^vP�H�F M g�JKZ<J_OG|e��`7PQEGFeZ]S.O�P M S.^v^_F M ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW��ò��
��ý j�Z�EGF5u9XIPTJqZxSIb�d%j�n�~ X.Z]PQJ_S[OYHfH�\G�YH�FIy�\UF5O�P�PQSaXpKNM O[P�R�K2S�T0V�H�`GH�PTF5u Z5Xc^v^/��ò.�
�.õ j�Z�EGF5u9XIPTJqZ SIbYd%j�n�~�X[Z]PTJvS.OYH>H�\G�YH�F�y�\GF�O�P+PTS�PTEGF M FIZ]F5Jv}GP�SIbYXUWYOQZ \�M^]q_N`ra

u7FIHQHTXI|.F ñ�ñWñ�ñeñ%ñeñ�ñWñ�ñWñ�ñ�ñWñ�ñWñ�ñeñ%ñeñ�ñWñ�ñ�ñWñ�ñWñ�ñWñ�ñeñ%ñeñW��ò.ò
�.� 
 �+FIZ]P�Scb&\YH�JvOG|7X�d�j�n Z]S[O�P M S.^v^_F M S.OµPTEGF�}YF M b{S M u9XIOYZ]F�ñ�ñWñ�ñWñ�ñeñ%ñeñW��ò�ý
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C/EGJqH�PTEGFIH�JKH�F5¯UXcu�J_OGFIHYPTEGF�g[X M J_S[\YH>H�`UH�PQF5uDJKHQH�\GF�H�PTEYXIP�X M JKH�F�J_O�PTEGF�R�F�H�J_|[O�Scb+R�JqH�P M J_�U\GPTFIR
H�E�X M F�R:u7F5u7S M `��Äd%j�n��&H�`UH�PQF5u9H � C/EUJKH��/S M ��EYX[Hm�YF5F5Oau7S.PQJ_g[XcPQFIRW��`WPTEUFfS[�YH�F M g[XcPTJvS.O
PTE�XcP�R�JKH�P M Jv�G\GPTF�R:H�`GH�PTF5u9H���Jv^_^YZ]S[O�PQJ_O�\GF�PTSW�YFIZ<S.u7F�}YS.}G\G^qX M �GXcO�R���Jv^_^G�YF�JvOYZ M FIX.H�J_OG|[^_`
\YH�FIR b{S M H�S[^_g�J_OG|
^KX M |.F3Z]S[u7}G\GPzXcPQJ_S.O�Xc^�} M S[�G^_F5u�H � C>S¸PTEGJqH:FH�+FIZ]P���H�EYX M FIR¬u7F5u7S M `
}YX M X.R�J_|.u0JKH�XcPQP M X[Z]PTJvg�F/b{S M } M S.| M Xcu�u7J_OG|�^KX M |.F�R�JKH�P M J_�G\GPQFIR7H�`GH�PTF5u9Hr�ÂF�Z5Xc\YH�F�J_P�SQ��F M H
X�OYXcPQ\ M XI^YP M XIOYH�JvPTJvS.OWb{S M Xf} M S.| M XIu7u7F M b M S[u¢PTEUF��/S M ^KRWSIb>\GOGJv} M S�Z<FIHTH�S M H � C/EGF�|.S�XI^YScb
PTEUJKH��/S M �aJKH�PTSeJKR�F5O�PTJtb{`eXWH�F�P/Scb H�`UH�PQF5u¨JKHQH�\GFIH<�GH�\YZ�E�X.H�J_O�PTF5| M XIPTJ_S[O:SIb&d%j�n���J_PTEag�J M �
PT\�Xc^>u7F5u�S M `�u9XIOYXc|[F5u7F5O�P5�±Z�EGS[JKZ]F�Scb&u7F5u�S M `eu7S�R�F5^Ä��Z�EGS[JKZ]F�ScbNZ]S[EGF M F�OYZ]F�} M S.PQS�Z]S.^Ä�
XcO�R²PQFIZ�EUOGS.^vS.|.`9bÄX.Z]PQS M H]ÇrXcOYRoF�g.XI^_\YXIPTF�PQEGF�FH�+FIZ]PzHfScb#PTEGF³R�FIH�Jv|.O
Xc^vPTF M OYXcPQJ_g�FIH�S.O�PQEGF
}YF M b{S M u9XIOYZ]F�Scbmd%j�n H�`GH�PTF5u9H � C/EGF�H�}YFIZ]JËsÂZ%y�\GFIH�PTJvS.OoPQEYXcP��/FeX M FWP M `�J_OG|aPTS�XcO�H��/F M
JKH<� É ~�XcO3�/F³R�F5PTF M u7JvOGF�X7H�F5PfSIb#H�`UH�PTF�u)R�FIH�Jv|.O�}YX M Xcu�F5PTF M HxPQEYXcP R�F]sYOGF�HfXIO�FHG9Z<J_F5O�P
M F�Xc^_JvÆIXcPQJ_S[O�ScbrX�R�JqH�P M J_�U\GPTFIR�H�EYX M FIR�u7F5u7S M `�H�`GH�PTF5u$u�Ê � C/EUF�R�F�H�J_|[OaXc^vPTF M OYXcPQJ_g�FIH@E�X�g�F
�YF5F5O�F5g[Xc^_\�XcPTF�R©J_O©PQE M F�FoH�PTF5}�H � VrJ M H�P5�/��F�R�S X¸R�F5PzXcJ_^vFIR¸}YF M b{S M u9XIOYZ]FµH�PQ\YR�`©SIb³X
R�JqH�P M J_�G\UPTFIR�H�EYX M FIR®u�F5u7S M `�J_u�}G^_F5uaF5O�PzXcPTJvS.O�S.O�PTEGF�º�»�¼�½r¾r¿ 4 R�JKH�P M Jv�G\GPQFIRWS.}YF M XcPTJvOG|
H�`UH�PQF5u � j±FIZ]S.O�R��.�/F�J_u7}U^_F5uaF5O�P�XIOYR�XcO�Xc^_`�Æ5F�PTEGF�}YF M b{S M u�XcOYZ]F�SIb>H�F5g�F M Xc^�Xc}U}G^_JqZ5XcPQJ_S.O�H
S.OaX�R�JqH�P M J_�G\UPTFIReH�EYX M FIRWu7F�u7S M `�H�`UH�PTF�u � C/EGJ M R��cPQEGF�H�`GH�PTF5u�JqHTH�\UFIH PQEYXcPNZ]S.\G^qR%OGS[P��YF
F5g[Xc^v\YXcPQFIRog�JKX�PTEGFeF5¯�}YF M J_u7F�O�PzXc^>H�PT\YR�`��>X M FWF5g[XI^_\YXIPTFIRo\YH�J_OG|�X7H�Jvu:\G^qXcPQJ_S.O^�Ü�YX[H�FIR9XI}%�
} M S�X.Z�E � C/EGF H�J_ua\G^qXcPTJvS.O�u7S�R�F5^YJKH/R�F5g�F5^_S[}YFIR³b M S.u0S.\ M F�¯�}YF M J_F5OYZ<F���J_PTE�PTEGF�º�»�¼&½@¾r¿
R�JqH�P M J_�G\UPTFIR3H�`UH�PQF5u � B OUF5�¨�/S M ��^_S�X[R�u7S�R�F�^�PTEYXIP�Z5XI}GPT\ M FIH�PTEUF9HTXI^_J_F�O�Pfb{F�XcPT\ M FIH�Scb
vxw�y0z�{�|^}�~����<��~�������~��[�Q�����J�H���6���6�����N�����������2���B����~��Q�<���0���������0������ ����2�����¡��¢���������~E��£%����¤�¥
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}YX M Xc^v^_F5^#XcOYRØR�JqH�P M J_�U\GPTFIR3} M S[| M XIu9HWJKHeR�F5g�F5^vS.}YFIR¸XIOYR¸\YH�F�R�PTS3R M J_g�F7PQEGF9H�J_ua\G^KXIPTS M��
C/EGF���F�` M F�H�\G^vP�H�ScbrPQEGFfPQEGFIH�JKH�X M F���d%j�n�u7FIZ�EYXcOGJqH�u9H>EYX5g�F�PTSe�YF�J_O�PTF5| M XIPTFIR���J_PQE:PQEGF
g�J M PQ\YXc^�u�F5u7S M `ou9XIOYXc|[F5u7F5O�P�b{S M } M SIg�JqR�J_OG|�EUJ_|.E�}YF M b{S M u9XIOYZ]F9R�JqH�P M J_�U\GPTFIRØH�EYX M FIR
u7F5u�S M `�H�`UH�PQF5u9H]Ç�PTEUF9Z�EUS.JKZ<F7Scb�PTEGF9u7F�u7S M `ou7S�R�F�^/XIOYR©Z<S.EGF M F5OYZ]F�} M S[PTS�Z]S[^�R�S�FIH
OGS[P�H�Jv|.OGJts+Z5XIO�PQ^_`�J_O�¦Y\GF5OYZ<FfPQEGF�H�`GH�PTF5u0}YF M b{S M u9XIOYZ]F/b{S M Xc}G}G^vJKZ5XIPTJvS.OYH�F5¯�EGJ_�UJ_PTJvOG|�EGJ_|[E
Z]S[u7}G\GPzXcPTJvS.Oa| M XcO�\G^KX M J_P�`aXIOYR7^_SI�¬H�P�XcPQF0�ÄH�EYX M J_OU|GÇYXcO�RhXIO7FHG�Z]J_F�O�P�Jvu7}G^vF5u:F�O�PQXcPQJ_S[O�Scb
d%j�n M FIy�\UJ M F�H�X7Z5X M F]b{\G^&R�FIH�J_|.O�SIb�u7JKHQZ]F5^_^qXcOGF�S.\YH�H�`GH�PTF5u(H�F M g�JKZ]FIH��ÄH�\YZ�E3X.H�H�`�OYZ�E M S2�
OGJvÆIXcPQJ_S.O�XcO�R7RGXcPzXWH�F M g�F M H�� � C/EUF�PTEGF�H�JKH�XI^KH�S�F5O�\Gu7F M XcPQFIH�H�F5g�F M XI^Yy�\GFIH�PQJ_S[OYH M F5^qXcPTF�R®PQS
b{\GPQ\ M F M F�H�FIX M Z�EoR�J M F�Z]PTJvS.OYH �
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C>FIZ�EUOGS.^vS.|.JqZ5Xc^ÁX.R�g[XIOYZ]FIH�J_O M F�Z]F5O�Pm`�F�X M H/E�X�g�F H�}G\ MQM FIR9X�P M F5OYR7PTSI��X M RGH/��S M �GH�P�XcPQJ_S[O%�
S M J_F5O�PTF�R�Z]S.u7}U\GPTJvOG|9F5O�g�J M S.OGu�F5O�PzH � 
 X[Z�E3�/S M �UH�P�XIPTJvS.O¸EYX[HWZ]S[u7}G\GPQJ_OG|9}YSI�/F M Z]S[u��
}YX M Xc�U^_F9PTSµPTEGF7u�J_OGJ®�Üu9XIJ_O�b M XcuaFIH�Scb�PTEGF7}�X.H�P � Bfg[XIJ_^KXI�GJ_^vJ_P�`oSIb�}YSc��F M b{\U^�Z]S[u7}G\GPQF M H
Z]S[OGOGFIZ]PQFIR�g�JKX9^_S�Z5XI^��Ü��JqR�F.� X M F�XoOGF5P��/S M �3EYX.H�H�}YX M ��FIR¸J_O�PTF M FIH�P�J_O
PTEGF9X M FIXoSIb�R�JKH��
P M J_�G\UPTFIR�Z]S[u7}G\GPQJ_OG|�H�`UH�PTF�u9H � ~�\ MQM F5O�P M FIH�FIX M Z�E�JqH PzX M |.F5PQJ_OG|9J_PzH�FH�+S M PzH%JvO�\GPQJ_^vJ_Æ5JvOG|
PTEUF�X5g[XcJv^KXc�U^_F�Z]S[u7}G\GPzXcPTJvS.O�}YSI�/F M S[O:PQEGFfOUF5P��/S M �WJvO7H�S.^_g�J_OU|%^qX M |.F�} M S.�G^vF5u9H@PQE M S[\G|.E
Z]SN�ÜS[}ÂF M XcPQJ_g�FeZ]S[u7}G\GPQJ_OG| �

C>S/bÄX.Z]Jv^_J_PzXcPQF�} M S[| M Xcu7u7JvOG|�Scb+R�JKH�P M Jv�G\GPTF�R�H�`UH�PQF5u9H]�<P��/S��YX[H�JKZ�}YX M X[R�J_|[u9HÂF5¯�JKH�P5�
H�E�X M F�R u�F5u7S M `��+XcOYR¸u7FIHQHTXI|.F0�{}YX.HQH�JvOG| � C/EGFIH�F7P��/Sµ}YX M X.R�Jv|.u9H�EYX5g�F:�YF5F5O
\YH�FIR�b{S M
J_O�PTF M } M S�Z]FIHTH�Z<S.u7ua\GOGJqZ]XIPTJ_S[O¸XIOYR©H�`�O�Z�E M S.OGJvÆIXcPQJ_S[O¸J_OØua\G^_PQJF�{} M S�Z]F�HTHWZ<S.u7}G\UP�XcPQJ_S[OYH �
C/EGF#R�\YXc^vJ_P�`��YF5P��/F�F5O�PTEGF�P���Sf}�X M X[R�J_|[u9HÂb{S M H�P M \YZ]PQ\ M JvOG|�Z<S.u7}G\UP�XcPQJ_S[OYH�JKH>�/F5^v^F�{��OUSc��O
¯ ð ø[° � �fF5g�F M PTEUF5^_FIHQH]�[H�EYX M FIR�u7F5u�S M `�EYX.H��YF5F5OaXIO9Xc}G}YFIXI^_JvOG|�}YX M X.R�Jv|.u¢b M S[u¨PTEGF�}YS[J_O�P
Scb�g�JvF5�¸} M S.| M Xcu7u�J_OG|�FIX.H�F�F5g�F5O�J_OeR�JqH�P M J_�G\UPTFIReH�`UH�PTF�u9H �>p PrJKH>OGS�H�\ M } M JKH�F/PTE�XcP&H�F5g�F M Xc^
M F�H�FIX M Z�EGF M H ¯ ð ý�� ð �G���5óG��ó2°fE�X�g�Fµ} M S[}YS�H�F�R H�`GH�PTF5u X M Z�EUJ_PTF�Z]PT\ M FIHWPTE�XcP7} M SIg�JqR�FoPQEGF
Xc��H�P M X.Z]PQJ_S[OWScbÂH�EYX M FIR�u7F5u7S M `�J_OeX�}GE�`GH�JKZ5XI^_^_`�OGS[O%�ÈH�EYX M FIR7�ÈR�JKH�P M Jv�G\GPTF�RÂ�+X M Z�EGJvPTFIZ<PT\ M F �
° F M F]b{F M PTSePTEGJqHmXI�YH�P M X[Z]PTJvS.OµX.H<±²A´³�@6µ�ADl0¶�@�n�j¬·%¸^?�µ¡n�jX¹ºn�»oC�µ�¼f�Èd�j�n�� � V@Jv|.\ M FW��H�EGSI��H
PTEUF¸Z]S[OYZ]F5}UPT\YXI^ M F5} M FIH�F5O�P�XIPTJvS.O¬Scb�XØR�JqH�P M J_�U\GPTFIR¹H�E�X M F�R u7F5u7S M `ØH�`GH�PTF5u �¨p O PQEGF
H�`UH�PQF5u���XaH�F5P�SIb�OGS�R�FIH%�ÄZ]S.u�}G\GPTF M H��NX M FWZ<S.OGOGF�Z]PTFIR7g�JKX�XIOhJvO�PQF M Z<S.OGOGF�Z]PTJvS.O7OGF�P���S M ���
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XcO�RoR�S7OUS.P�}GE�`UH�JqZ5Xc^v^_`�H�EYX M F�u7F�u7S M ` � C/EGF³d%j�n"u7FIZ�EYXcOUJKH�u�HmXI^_^vSc� XcO�XI}G}G^vJKZ5XIPTJ_S[O
PTS X.Z5Z]F�HTHaH�EYX M FIR�RGXcPzX�OGS.P�}GE�`UH�JqZ5Xc^v^_` M FIH�JKR�F�O�PaXIP7PTEYXIP:OUS�R�F � C/EUFIH�Fµu7FIZ�EYXcOGJqH�u9H
X M F9\YH�\YXI^_^v`�} M SIg�JqR�FIR¸X[H:X�H�Scb{P���X M F9^KX5`�F M F5JvPTEGF M J_O�PTF5| M XIPTFIR���JvPTEØS M S[OØPTS.}ØSIb�PQEGF
S.}YF M XcPQJ_OG|�H�`UH�PQF5u �

N1 N2 N3 N4

N5 N6 N7 N8

Distributed Shared Memory Abstraction

V@J_|[\ M F��[�/d�JKH�P M Jv�G\GPTF�R�j±EYX M FIR9noF5u7S M `7B��YH�P M X.Z<PTJ_S[O

BfOGS[PTEGF M u7S.PQJ_g[XcPQJ_S.O�b{S M d%j�n�X M JKH�F�HÁb M S.uDPQEGF�H�P M \�Z]PT\ M F�Scb+Z]\ MTM F�O�PrR�JqH�P M J_�U\GPTFIR
Z]S[u7}G\GPQJ_OG|�F5O�g�J M S.OUu7F5O�P�H � B P�`�}UJKZ5XI^GR�JqH�P M J_�U\GPTFIR�Z<S.u7}G\UPTJ_OU|fF5O�g�J M S[OGu7F5O�P>Z<S.OYH�JKH�PzH�Scb
½ C�»J¾¿¶�@�n>³Qn�µHÀ[n�µÁ³ 4 XIOYR�j�?2@6?�³Qn�µHÀQn�µÁ³ h JvO�PQF M Z]S[OGOGFIZ<PTFIR���`WX�^_S�Z5XI^YX M FIXfOGF5P���S M � ��p O³H�\YZ�E
XcO�F5O�g�J M S[OGu7F5O�P5��PQEGF M FNX M F�P��/S�PzX.H��GH�PQSf�YF�}YF M b{S M u7FIR�PTS�F5¯�FIZ]\GPQF�X�Z<S.u7}G\UP�XcPQJ_S[O � C/EGF
s M H�P�PzX.H��eJ_O�g�S.^vg�FIH>H�F5^vFIZ]PQJ_OG|�X�Z]S[u7}G\GPQF�H�F M g�F M �.XIOYRWPTEGF�H�FIZ]S[OYRWP�X[H��WJvO�g�S[^_g�FIH�� M J_OU|.J_OU|
PTEUF3Z]S�R�F
XcOYR¬RGXIP�X¸b M S.u PTEGF3RUXcP�XØH�F M g�F M PTSØPQEGF3H�F5^vFIZ]PQFIR©Z]S[u7}G\GPQF�H�F M g�F M �YF]b{S M F
F5¯�FIZ]\GPQJ_OG|�PQEGFaZ]S[u7}G\GPzXcPTJvS.O � C/EGFaH�FIZ]S[OYRoP�X[H�� M FIy�\GJ M FIH�X M F�u7S.PQF%}�Xc|.JvOG|:bÄX[Z]J_^vJ_P�` ��p b
v�Â��Q�0����Ã�¤Q�����<�6�H���Q�Q�6�¡��~��H�<~��¿�2���DÄF�����J����¥ÅxÂ��Q�0������¤N�������������<�¡�������N�H��~����H��~����ÆÄ®�H���Q�¡�6�Q¥
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H�E�X M JvOG|3Scb RGXcPzX²JqH�Z]S.\G}U^_FIR¸��J_PQEØPTEGJqH M F5u7S[PTFa}YXc|[J_OG|U�/J_P³Z]S.\U^KR¸�YF�H�F�F5O¸PTE�XcP�d%j�n
} M FIH�F5O�P�H/JvP�H�F5^Ëb&X[HfX�OYXcPQ\ M XI^�bÄX.Z]Jv^_JvP�`Wb{S M Z<S.ua�GJ_OGJvOG|�PTEGF�P��/S �

L�M F5g�J_S[\YH%��S M ��JvO�PQEGF9X M FIXhSIb�R�JKH�P M Jv�G\GPTF�R�H�EYX M FIR�u7F5u�S M `±�>X.H���J_^_^��YF7F5^qXc�%�
S M XcPQFIR²JvO ~�E�Xc}GPQF M ���>EYX.H��YF5F5O3Z]S[OYZ]F M OGFIR���J_PTE�PQEGF�R�FIH�Jv|.O
XcOYR�J_u�}G^_F5uaF5O�P�XIPTJtS.OµScb
R�JqH�P M J_�G\UPTFIR�H�EYX M FIR¸H�`UH�PQF5u9H<��XIOYR�F5g[Xc^v\YXcPQJ_S[O�SIb�Xc^v|.S M J_PQEGu9Hxb{S M F5O�b{S M Z]J_OU|oZ<S.EGF M F5OYZ]F
Scb³H�EYX M FIR RUXcP�X � j±S.u7F M FIH�FIX M Z�EGF M H�EYX5g�F�Xc^qH�S¸b{S�Z]\YHQH�FIR©PQEGF5J M FH�+S M P�H:S[ODR�F�H�J_|[OGJ_OU|
bÄXc\U^_Px�{PTS[^_F M XcO�P�Xc^v|.S M J_PQEGu9H/b{S M R�JKH�P M Jv�G\GPTF�RoH�E�X M F�R²u7F�u7S M `7H�`GH�PTF5u9H ��L�M F�g�JvS.\YH��/S M �+�
EGSI�/F�g�F M ��EYX[H�Jv|.OGS M FIR¬PTEUF3H�PT\�R�`¬Scb®H�`UH�PTF�u JKHQH�\GF�H�PQEYXcP9OGF�FIR©PTSØ�YF¸X[RGR M FIHTH�FIR JvO
PTEUFaR�FIH�Jv|.O�SIb�R�JKH�P M Jv�G\GPTF�RoH�E�X M F�Rou7F5u7S M `�H�`UH�PTF�u9H � C/EGFaH�}YFIZ]Jts+ZWy�\GFIH�PTJvS.O�PTE�XcP�PQEGF
M F�H�FIX M Z�EhJqH/P M `�JvOG|�PTSaXIOYH���F M JqH]�

Ç�:�?�ÈÊÉUnoj�nÁ@�n�µ�»oADÈrnË?p³Qn¡@�C�ÌÍ³8¼0³�@�n�»Îj�nx³8A�ÏÐÈÑ¾^?�µx?�»Ln¡@�n�µx³Í@�¸^?2@�j�n®ÒÓÈrnx³Ô?�ÈÕnFÖØ×
½ A�n�È�@�µ�n�?2mEA´Ù8?2@BADC�È$C�Ì²?kj�A´³�@6µ�ADl0¶�@�n�jL³¡¸^?�µ�n�jÚ»Ln�»oC�µ�¼Ë³8¼0³�@�n�»$Û2ÜQÝ

p O�PQEGJKH�PQEGFIH�JqH]�>�/FaJKR�F5O�PQJËb{`µXcO�R�F5g[Xc^v\YXcPQF:PQEGF7H�`GH�PTF5u"JqHTH�\GFIH��ÈH�F5Fh~�E�Xc}GPQF M ð �
PTE�XcP�OGF5FIR7PTS��ÂFeX[RGR M F�HTH�F�Rhb{S M R�FIH�Jv|.OGJvOG|aR�JqH�P M J_�G\UPTFIRµH�EYX M FIR9u7F5u7S M `aH�`UH�PQF5u9H � C/EGF
JKHQH�\GF�H M F5^qXcPTF�PTSay�\GFIH�PQJ_S[OYH�H�\YZ�E9X[H]�G��EGF5PQEGF M PTSaJ_O�PTF5| M XcPQF�d%j�n)��JvPTE9g�J M PQ\YXc^+u7F5u7S M `
u9XIOYXc|[F5u7F5O�P5����E�XcPWP�`�}YF7Scb�u7F�u7S M `7u7S�R�F5^�PQSo} M Scg�JKR�F��>��EGJKZ�EØZ]S[EGF M F�OYZ]F�} M S.PTS�Z<S.^
PTSØ\YH�F²b{S M u9XcJvO�PzXcJ_OUJ_OG|
Z]S.EUF M F5O�Z]FoSIbaH�E�X M F�RDRGXcPzX���XIOYR ��E�XcP9��JvOYR©Scb³J_u7}�X.Z]P9R�S
PTF�Z�EGOUS.^_S[|.`�bÄX.Z]PQS M HrEYX5g�F�S.O�PTEUF�d%j�n)H�`GH�PTF5u�}YF M b{S M u�XcOYZ]F � ° F�F5g[Xc^v\YXcPQF�PTEGF�H�F�JKHQH�\GF�H
��J_PQE M FIH�}YFIZ]P�PTS7PQEGFaX5g.XIJ_^qXc�G^vF�R�FIH�J_|[O�Xc^vPTF M OYXcPQJ_g�FIH � C/EGF�F�g.XI^_\YXIPTJvS.O�JKH�R�S[OGF�J_O�PQE M F5F
H�PQF5}YH � V@J M H�P��c��F�R�S�Xf}YF M b{S M u�XcOYZ]FNH�PT\�R�`WSIb+XcO�Jvu7}G^_F�u:F<O�PzXcPQJ_S.O�Scb+d%j�n)�ÈH�F5Ff~�EYXI}GPTF M
ö � � C/EGF�}YF M b{S M u�XcOYZ]F�H�PT\YR�`:EYX[H/} M SIg�JKR�F�R®\YH���J_PQE9XcO7JvOYH�Jv|.E�P�J_O�PTSWPQEGF�b{\GOYZ]PQJ_S.OUJ_OG|eScb
X9R�JKH�P M J_�G\GPQFIRoH�EYX M FIR�u7F5u7S M `�H�`UH�PTF�u � j�FIZ]S[OYR��>�/FeEYX5g�F�J_u7}U^_F5uaF5O�PTF�R7XcOYR3H�PQ\YR�JvFIR
PTEUF7}YF M b{S M u9XIOYZ]F7SIb�H�F5g�F M XI^�Xc}G}G^vJKZ5XIPTJvS.OYHWS[O©X�R�JKH�P M Jv�G\GPTF�R¸H�EYX M FIR¸u7F�u7S M `oH�`GH�PTF5u

�



�ÈH�F5F�~�EYXc}UPTF M ò�� � VrJ_OYXI^_^_`±��X.H�}YFIZ<P�H�Scb�PQEGF�H�PT\YR�`ØPQEYXcP�Z]S.\U^KR OUS.Pa�ÂFµF5g[Xc^v\YXcPQFIR¸g�JqX
F5¯�}YF M Jvu7F5O�P�Xc^NH�PT\�R�J_FIHeX M FhF�g.XI^_\YXIPTFIR3\YH�JvOG|3H�Jvu:\G^qXcPQJ_S.O ��p O©~�EYXc}UPTF M ó��m��F9R�FIHQZ M Jv�ÂF
PTEUFaR�FIH�Jv|.O�SIb�X7H�J_ua\G^KXIPTS M PTE�XcP�u7S�R�F5^KH�X�R�JKH�P M Jv�G\GPQFIR�H�EYX M FIRou�F5u7S M `7H�`GH�PTF5u � C/EGF
Z]S±H�P�HWS[�GP�XIJ_OGF�R
b M S.u PQEGF9}YF M b{S M u9XIOYZ]F9H�PT\YR�` X M F�\YH�FIR¸PQS¸X[HTH�Jv|.O�Z]S±H�P�H�PTS3R�J´�+F M F�O�P
Z]S[u7}YS.OGF5O�P�H�SIbYPTEUF/H�J_ua\G^KXIPTS M5� B¸OGF5�¸��S M ��^_S±X.R�u7S�R�F5^[JKH>R�F5g�F�^_S.}YFIR�XIOYR%\YH�FIR%PQS�R M J_g�F
PTEUFoH�J_ua\G^KXIPTS M5� C/EGF9�/S M ��^_S±X.R u�S�R�F5^�Z�Xc}GPQ\ M FIH�PTEUFoHQXc^vJ_F5O�PWb{FIXcPQ\ M F�HWScbeR�JqH�P M J_�U\GPTFIR
XcO�Ro}YX M Xc^_^vF5^�} M S.| M Xcu�H ��p O�~�EYXI}GPTF M ý±���/F³R�JKHQZ]\YHQHfPTEGF M FIH�\U^_P�H�Scb�PTEGF M FIH�F�X M Z�E � C/EGF
Z]S[OYZ]^_\�H�J_S[OYH�XcO�RoZ]S[O�P M J_�U\GPTJvS.OYH/SIb�PTEGF M FIH�FIX M Z�E9X M FW} M FIH�F�O�PQFIR:J_O�~�EYXI}GPTF M õ �

C/EGF���F5`aZ]S[O�P M Jv�G\GPTJvS.O7SIb�PQEGJKH/PQEGFIH�JKHmJqHmPQEYXcP�JvP�F5O�\Uu7F M XIPTFIHrPTEGFeH�`UH�PQF5u9H�JKHQH�\GF�H
XcO�R©H�}YFIZ<JËsYFIH�PTEGFµR�F�H�J_|[OØ}YX M Xcu7F5PQF M H�b{S M X.RGR M FIHQH�J_OU|3H�`UH�PTF�u JKHQH�\GFIH%b{S M XIOØFHG9Z<J_F5O�P
M F�Xc^_JvÆIXcPQJ_S[OhSIb�Xad%j�nþH�`UH�PQF5u � C/EGF���F5` M F�H�\G^vP�H/Scb&PTEUF%PQEGFIH�JKH�X M F���d%j�n"u7FIZ�EYXcOGJqH�u9H
EYX5g�F9PTS3�YFhJvO�PQF5| M XcPQFIR¸��J_PTE�PTEGF9g�J M PT\YXI^�u7F5u7S M `�u9XIOYXc|[F5u7F5O�P�b{S M } M SIg�JKR�JvOG|�EGJ_|[E
}YF M b{S M u9XIOYZ]F�R�JKH�P M J_�G\GPQFIRaH�EYX M FIR7u7F5u�S M `eH�`GH�PTF5u9H<Ç�PTEGF�Z�EUS.JKZ<FfSIbrPTEGF�u�F5u7S M `�u7S�R�F5^
XcO�R7Z]S.EUF M F5O�Z]F�} M S[PTS�Z]S[^+R�S�FIHmOUS.P�H�J_|[OGJËs+Z�XcO�PT^_`eJ_O�¦�\GF5OYZ]F�PQEGF�H�`UH�PQF5u¨}YF M b{S M u9XIOYZ]F/b{S M
Xc}U}G^_JqZ5XcPQJ_S.O�H F5¯�EGJv�GJ_PQJ_OG|�EGJv|.E³Z]S.u7}U\GP�XIPTJ_S[O�| M XIO�\U^KX M J_P�`�XIOYRW^_SI�ØH�P�XcPQF0�ÄH�EYX M J_OU|GÇ�XcOYR�XIO
FHG�Z]J_F�O�P�J_u�}G^_F5uaF<O�PzXcPTJvS.O�SIb�d%j�n M FIy�\UJ M F�HmX�Z�X M F<b{\G^>R�F�H�J_|[O9Scb&u7JKHQZ]F5^_^qXcOGF�S.\YH�H�`GH�PTF5u
H�F M g�JKZ]FIH��ÈH�\YZ�EµX[HfH�`�OYZ�E M S.OGJvÆIXcPQJ_S.OµXIOYRoRGXIP�XaH�F M g�F M H�� �

ö
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B�H�u7F�O�PQJ_S.OUFIRxJvO�~�EYXc}GPQF M �.�[XfR�F�H�J_|[OGF M OGF�FIRGH�PTS�X[RGR M FIHTHrH�F5g�F M Xc^�H�`GH�PTF5u¹JKHQH�\GF�H@R�\ M J_OU|
PTEUF�R�FIH�J_|[O�Scb#X:R�JKH�P M Jv�G\GPTF�RoH�E�X M F�Rou7F5u7S M `�H�`UH�PTF�u � C/EGFIH�FWJqHTH�\UFIHxb{S M u�PTEGFaZ]S M FeScb
XØd%j�n H�`UH�PQF5u R�FIH�Jv|.O>��XcO�R Z�EGS.JqZ]FoSIb³H�S.^v\GPTJvS.OYH7PQS PQEGFIH�FoJKHQH�\GF�HhZ�XcO¹H�Jv|.OGJts+Z5XIO�PQ^_`
J_O�¦Y\GF5OYZ<FhPQEGF�SIg�F M XI^_^#H�`UH�PTF�u }YF M b{S M u9XcOYZ<F �¹p O�PTEGJqH:Z�EYXI}GPTF M �/�/FµF5O�\Gu7F M XcPTF�PTEGFIH�F
JKHQH�\GF�H�XcOYRµR�JKHQZ]\YHTH�PTEUFWXI^_PQF M OYXIPTJvg�FIH/X5g[XcJv^KXc�U^_Ffb{S M X[RGR M F�HTH�JvOG|aPTEGFIH�F�JKHTH�\GFIH �

á7â[ã ä å8æ>çUèêéLëeì í¬î ïLæÓð éLñÊò ó ô7ì

d%j�nþJKH�OGS.P�P M \GF�H�EYX M FIRhu7F�u7S M `aX.H�JKH�PTEGF³Z5X.H�F%JvO�H�EYX M FIRhu7F�u7S M `�u:\G^vPTJv} M S�Z]F�HTH�S M H
��j�n�n�� � C/E�\YH M F5u7S[PTF9u7F5u7S M `3X[Z5Z]FIHQH�FIHWEYX5g�FµPTS3�ÂF M FIZ<S.OYZ]Jv^_FIR3��J_PTE�PTEGFµu7F5u7S M `
u9XIOYXc|[F5u7F5O�P�XcP�F�X.Z�EoOGS�R�F � ÿ�b#Z]S.\ M H�F±��JËb�PQEGF��YX[H�JKZWu�X.Z�EGJ_OGFeX M Z�EGJ_PQFIZ]PT\ M FeR�S�FIH�OGS[P
H�\U}G}YS M P�g�J M PT\YXI^�u7F5u7S M `aPTEGF�O�PTEGFaH�S.^_\UPTJ_S[O3Z]S.\U^KRo}YF M E�Xc}YH��YF7H�J_u7}U^_F M��f¶ Sc��F5g�F M �ÂJtb
PTEUF:�YX[H�JqZ7X M Z�EGJvPTFIZ<PT\ M FaH�\G}G}YS M P�HWg�J M PT\YXI^�u7F5u�S M `9PQEGF5O3PTEGF9d�j�n u9XIOYXc|[F5u7F5O�P�XcOYR
· J M PT\�Xc^+noF5u7S M `7� · n��ru9XcO�Xc|.F�u7F5O�P@EYX5g�F�PTS��YF�JvO�PQF5| M XcPTF�R ��p Oa}YX M PTJKZ<\G^KX M ��PQEGF�^_S�Z5XI^
u7F5u�S M `³XcP�FIX.Z�E7OGS�R�FWu9X5`��YF�Z]S[OYH�JqR�F M FIR7H�Jvu7}G^v`aX:Z5X[Z�EUF�ScbNX®|[^_S[�YXc^rX[RGR M F�HTH�H�}YX[Z]F
PTE�XcPµH�}YXIOYH7PTEGF3F5O�PTJ M FoOUF5P��/S M � � C/EGF3d%j�n XcO�R · n u9XIOYXc|[F5u7F5O�PaXcP�FIX.Z�E¬OGS�R�F
�/S[\G^KR�EYX5g�F�PTSµZ]S�S[}YF M XIPTF7PQShF�OYH�\ M F:PQEYXcP�PQEGF7H�F5u9XIO�PQJKZ5H�J_u7}U^_F5uaF5O�PTF�R���`oPQEGF�d%j�n
u9XIOYXc|[F M XcOYR:PQEGF · n�u9XIOYXc|[F M X M F�OGS.P#Z]S.u�} M S[u7JKH�FIR � C/EGF�OGS M u9Xc^ · n)Z�EGS M FIH�H�\YZ�E

ò



X.H�}YXI|.F M F5}G^qX.Z]F5u�F5O�P��IH��#Xc}G}GJvOG|G��XIOYRÔ¦Y\YH�EGJ_OU|%E�X�g�F�PQSW�YF�R�S.OGF�J_OaZ<S.OYH�JKR�F M XcPQJ_S.Oa��J_PQE
PTEUF�d%j�n Xc^_|[S M J_PTEUu9H � j±J_u7Jv^KX M ^_`���JvO�HTXIPTJqH b{`�J_OG|�X M F5u7S[PTF�u7F5u7S M ` M FIy�\UFIH�P��GPTEGF³d%j�n
�/S[\G^KR9EYX5g�F�PTS�Z]S[OYH�\G^vPfPQEGF · n"u9XcOYXI|.F M PQS:|[F5P�X®}YXI|.F�b M Xcu�F���F5P�Z ��� }YS.O M F5^vFIX.H�F�Scb
XW}YXI|.F��YPTEGFed%j�n EYX[H/PTSaJ_OYH�P M \YZ]P�PTEUF · n"u9XcOYXI|.F M PTSaJ_O�g[Xc^_JqRGXcPQF�}YXI|.F�P�XI�G^_F�F5O�P M J_FIH
XcO�RhP�XI��F�S.PTEUF M�M F5^qXcPQFIR7X.Z<PTJ_S[OYH �

C/EGFaFH�+FIZ]PQJ_g�F5OGF�HTH�Scb�PQEGF�d%j�n }�X M X[R�J_|[uþR�F5}YF5OYRUHWZ M \YZ]JKXI^_^v`hS[O�EUSc� y�\UJKZ���^v`
X M F�u7S.PQF7u7F5u7S M `�X.Z5Z]F�HTH M FIy�\GFIH�P�JqHWH�F M g�JKZ]F�R���XcOYR¸PQEGFµZ]S.u7}U\GP�XIPTJ_S[O¸JKH�XI^_^vSc��FIR�PQS
Z]S[O�PQJ_O�\GF�����EUJKZ�E7J_O9PT\ M OµR�F5}YF5OYRUHxS[O�H�F�g�F M XI^ÂbÄX.Z<PTS M H]�

õ PQEGF�H�}ÂF�FIR�XcP���EUJKZ�EoPTEUF · n H�`GH�PTF5u(R�F�PTFIZ]PzH/PTEYXIP�X:u7F�u7S M `7X[Z5Z]FIHQH#bÄXI\G^_P��{J � F �
X�}YXc|[F0�KbÄXc\G^vP]��S M X�} M F0�Kb{F5PzZ�EGJvOG| M FIy�\GFIH�P�F�O�PzXcJ_^qH/X M F5u�S.PTF�X.Z�Z]FIHTH

õ PQEGF�H�Scb{P���X M F�SIg�F M EUFIX.R7J_O�g�S.^vg�FIR7J_OµPTEGF³d%j�n } M S.PQS�Z]S.^��ÜJ � F � Z]S.EGF M F5OYZ<FWu7FIZ�EYXQ�
OGJqH�uo�rb{S M H�F M g�JKZ]JvOG|�X M F�u7S.PQF�u7F5u7S M `³X.Z5Z]F�HTH M F�y�\GF�H�P

õ PQEGFµH�Scb{P��#X M FµSIg�F M EGF�X.R¸J_O�g�S.^vg�FIR�J_OØPQEGF�Z]S[u7ua\GOGJvZ5XcPQJ_S[O¸H�\G�YH�`UH�PQF5u �ÜJ � F � PQEGF
�YX[H�JqZ/P M XIOYH�}YS M P�} M S[PTS�Z]S[^Ü�>b{S M FH�+FIZ]PTJvOG|�PQEGF/JvO�PQF M �{OGS�R�F�u7F�HTHTXI|.F#Z]S.u7ua\GOGJqZ5XcPQJ_S[O
PQS7H�F M g�JKZ]F�PTEUF M FIy�\GFIH�P

õ PQEGFeH�}YF5FIR7ScbNPTEGFeZ]S[u7u:\UOGJKZ<XcPQJ_S.Oau7FIR�J_\Gu��{J � F � EYX M R��#X M F[� �

á7âHá ö÷æ>éLñ�èøë8éoæùå8ç�ð

C/EGF M F�X M FWP���SaR�J_u7F�OYH�JvS.OYH/PQS:| M XcO�\G^qX M JvP�`�� ½ C�»J¾¿¶ú@B?2@BADC�ÈÑÏ�µ�?�È%¶�mE?�µHAF@B¼�XcO�R	j�?2@6?oÏ�µ�?�È�×
¶�mE?�µHAF@B¼ � C/EGF7b{S M u7F M R�F�Xc^KHW��JvPTE¸PQEGFµXcu7S[\GO�PWScb Z]S[u7}G\GPzXcPTJvS.OØXo} M S�Z]FIHQHWEYX.HWPQS¸R�S
�YF5P��/F5F�O¹H�`�OYZ�E M S.OUJ_ÆIXIPTJ_S[O¬S M Z]S[u7u:\UOGJKZ<XcPQJ_S.OØ}YS.JvO�PzH7J_OÀX ua\G^vPTJF�{} M S�Z]FIHTH�Z<S.u7}G\UP�X[�
PTJvS.O � C/EGF9^KXIPTPTF M R�FIXc^qHW��J_PQE PQEGF9XIu7S.\GO�P�Scb H�E�X M F�R JvO�b{S M u9XcPQJ_S[O¸} M S�Z<FIHTH�FIR©R�\ M J_OU|

ó



PTEUJKH�Z]S[u7}G\GPzXcPTJvS.O9}GEYX[H�F �

 |.|[F M H�XIOYR � XcPQÆ ¯ �5�Q°�R�F]sYOGF É � M JvPTF0� M \UOYÊ7X.H�X7H�FIy�\GF5O�Z]F�Scb M FIX[RGH�XcOYRo� M J_PTF�H

��`aX%|.Jvg�F5Oa} M S�Z]F�HTH�S M b{S.^v^_SI��J_OG|eXIOhJvOGJ_PQJKXI^G� M JvPTF�F5¯�F�Z]\GPTF�RW��`aPTEGF�HTXIu7F�} M S�Z]F�HTH�S M PTS³X
|.Jvg�F5O�H�EYX M FIRou7F5u�S M `�^vS�Z5XcPQJ_S[O��ÂF<b{S M FaXIO�F5¯�PTF M OYXc^ M FIX[Rh��`µX7R�J´�+F M F5O�Pf} M S�Z]FIHQH�S M PQS
PTE�XcP�H�EYX M FIRou7F�u:S M `�^_S�Z�XcPTJvS.O�S�Z5Z<\ M H ��p OoX�H�EYX M FIR9u7F5u7S M `�ua\G^_PQJ_} M S�Z]FIHTH�S M H�`UH�PTF�u��
� M JvPTF0� M \UOYH%SIb M F5} M F�H�F5O�P�XIPTJ_g�FaXI}G}G^vJKZ5XIPTJ_S[OYHWu9X5` M XIOG|.Fab M S.u Xhb{F5�¨PTS�Xhb{F5�¨PTF5O�HWScb
M F<b{F M F5O�Z]FIH �e¶ SI�/F�g�F M �GJvO¸X9d%j�n H�`GH�PTF5u��Y� M JvPTF0� M \UOYH�Scb�X:b{F5��E�\GOYR M FIRoJ_O�H�P M \YZ]PQJ_S.O�H
�/S[\G^KR7�YFWu�S M F Xc}G} M S.} M JKXIPTF�|.Jvg�F5O9PTEGF�^KXIPTF5O�Z]`®b{S MfM F5u7S[PTF�X.Z5Z]F�HTH�F�H �

BfOGS[PTEGF M R�JKH�PQJ_OYZ<PTJ_S[O��YF5P��/F5F5O3PTEUFhj�n�n XcOYR�PTEUF7d%j�n JKH�J_O3PTEGF�RGXIP�Xh| M XIO%�
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Z5X[Z�EGF8�ÜPQS2�{u9XcJvO�u7F5u7S M `9P M XcOYHÈb{F M PTJ_u�F�JKH�J_O3PTEGFaE�\GOYR M FIRGH�Scb�OYXIOGS�H�FIZ]S[OYRGH]��XIOYR�PQEGF
u9XIJ_O�u7F�u7S M `��{PTSN�ÈR�JqH���P M XcO�H b{F M PQJ_u7F�JqH�J_O�PTEUFmS M R�F M ScbYu7Jv^_^vJKH�F�Z�S[OYRGH � ~�S MTM FIH�}YS[OYR�J_OU|.^_`±�
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PTEUFaZ5X.Z�EGF��>XIOYR3X�}�Xc|.F M XIOG|.JvOG|7b M S[uþò�� ð ��`�PTF�HxPQSoX9H�F5g�F M XI^���J_^_S[��`�PTF�Hx�YF5P��/F�F5OoPQEGF
u9XIJ_O�u7F5u�S M `�XcOYR�PTEGF�R�JqH�� � d�j�n H�`UH�PQF5u9H�X.RGR¸X7OGF��¨R�Jvu7F5OYH�J_S.O�PQS9PTEGFau7F5u7S M `
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 ¯UXcu7}U^_FIH>Scb H�\YZ�EaXc}G}U^_JKZ�XcPTJvS.OYH�JvOYZ]^_\�R�F�X[H�`�O%�
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X.HTH�S�Z]JKXIPTFIRØ��J_PQE©H�F M g�JKZ<J_OG| M F5u7S[PTFau7F5u7S M `
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XcO�R M FIZ]SIg�F M Xc�G^vFaR�JKH�P M Jv�G\GPQFIR¸H�E�X M F�R u�F5u7S M ` �7p O¸PQEGJKHeZ�E�Xc}GPQF M �r�/F7� M J_FH¦�`¸H�\Gu7u9XQ�
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�YX[H�FIR7g�F M H�J_S[O7O�\Gu:�YF M HTZ�EGF5u7F/b{S M FIX.Z�E7S.�Gl�F�Z]P � C/EGF�PTJvu7F0�ÄH�PzXcu7}aZ]S MTM FIH�}YS.O�RGHxPQSWPQEGF
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PTE�XcPWJvP�Sc��O�H � d%j�n�~�\YH�FIHWX9^_S�Z����{�YX.H�FIR�} M S[PTS�Z]S[^/b{S M Z<S.EGF M F5OYZ]F�u�XcJ_O�PTF�OYXcOYZ<F�PTEYXIP
\GOGJtsYFIHeH�`�OYZ�E M S.OUJ_ÆIXIPTJ_S[O¸XIOYR�P M XcO�H�}YS M P�Scb�RGXIP�X ��p PeH�\G}G}YS M P�H��ÂS[PTE¸F�¯GZ]^v\YH�Jvg�F9� M FIX.R��
� M JvPTF.�#^_S�Z��GH�X.H��/F5^v^�X.H�H�EYX M FIR©� M FIX.R��ÜS[OG^_`Y��^_S�Z��GHfb{S M H�F5|.u7F�O�P�X[Z5Z]FIHQH ��� }YS.O
Xh^_S�Z��
M F�y�\GF�H�P5�rPTEGFaSI��OGF M d%j�n�~�F5OYZ<^_S�H�FIH�PTEGF M FIy�\GFIH�PTFIR3H�F5|[u7F5O�P��Ü}�X M PzH%PQEGF M F�Scb<��JvO�PQEGF
u7FIHQHTXI|.F�PTE�XcP�| M XcO�P�H%PQEGF�^_S�Z�� M FIy�\GFIH�P���PTE�\YH�} M Scg�JKR�J_OG|9H�`�O�Z�E M S.OGJvÆIXcPQJ_S[O²b{S M b M F5F � B
H�F�|.u7F5O�P/u�X�`��ÂF M FIy�\GFIH�PTFIR7��`µX®PQE M FIX[RoJ_O9S.OUFWScb�PQEGF%b{S[\ M u�S�R�FIH]��µ�n�?�j2× C�È�mE¼c� µ�n�?�j2×
É µ�AF@�nz� ÉUn�?[þ�×�µ�n�?�j.�YXIOYRºÈ%C�È�n � w�FIX.R��{S.OU^_`7u7S�R�F%} M SIg�JqR�FIH�X�OGS.O^�ÜF5¯UZ]^v\YH�Jvg�Ff^vS�Z��7S[OoPQEGF
H�F�|.u7F5O�P���EGJv^_F M FIX[R��{� M J_PQFWu7S�R�FW} M Scg�JKR�FIHfXIOoF5¯UZ]^v\YH�Jvg�F�^_S�Z��9S.O�PTEUF�H�F�|.u7F5O�P � noS�R�F
È%C�Èrn�|.Jvg�FIH�F5¯GZ<^_\YH�J_g�F�X[Z5Z]FIHQHfPTS7PQEGF�H�F5|.u�F5O�P���JvPTEGS[\GP�^_S�Z���JvOG|aPTEGF³H�F5|[u7F5O�P5�GJ � F � �YXIO�`
OGF5� M FIy�\GFIH�P��/S.\U^KR M FIH�\G^_P�J_OaPTEUF�H�F5|.u7F�O�P��YF5JvOG|�`�XcOG��F�R:X5��X5`�PQSWH�F M g�JKZ<F�PTEGF M FIy�\GFIH�P �
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C/EGFIH�F�PTE M F5F/u�S�R�FIH@} M SIg�JqR�F�H�FIy�\UF5O�PQJKXI^_^_` Z]S.OYH�JKH�PTF5O�P@u�F5u7S M `�H�F5u9XIO�PQJKZ5HÂb{S M PTEGF�OUS�R�FIH
X.Z�Z]FIHTH�J_OG|aPTEUF�H�F�|.u7F5O�P�H �/¶ Sc��F5g�F M ��PTEUF M FeX M F�H�J_PT\�XcPTJvS.OYH���EGF M F�H�\YZ�E�H�P M S.OU|7u7F5u7S M `
Z]S[EGF M F�OYZ]F�u9X5`:OUS.P��ÂF M FIy�\GJ M FIRo�{F � | � X�u7S.OGJvPTS M J_OU|WPTE M FIX[RhPTE�XcP��#XcO�P�H/PTS É J_O�H�}YFIZ]PzÊ
PTEUF�Z]S.O�PTF5O�P�HrScbrX�H�F5|.u7F�O�P<� � VGS M H�\YZ�E�}U\ M }YS�H�FIH]��PTEGF���FIXc��� M FIX[R®u7S�R�F/JKH�} M SIg�JqR�FIR �rp O
PTEUJKH@u7S�R�F�X�Z]\ MQM F5O�P�Z]S[}�`�ScbÁPTEGF�H�F5|.u�F5O�P>JqH�H�F5O�P@PQS�PTEGF M FIy�\UFIH�PQF M5� C/EGF�PTE M FIX.RW��S.\G^qR
Z]S[O�PQJ_O�\GFfPQS M FIZ<F5J_g�F�\G}+RGXcPQFIH/PTS�PQEGF�H�F�|.u7F5O�P�JtbrJ_P�EYX.R9H�}ÂF�Z]JËsYF�R:PTEGFÔ¶�¾^j�?2@�n�S.}GPQJ_S[OhS[O
PTEUF��/FIXI��� M F�X.R M FIy�\GFIH�P � B PTE M FIX.RaF5¯�}U^_JKZ<J_PT^v` M F5^_JvOYy�\UJKH�EUFIH�X%^_S�Z��aPTEYXIP�J_P/E�X.H�X.Z�y�\GJ M FIR
b{S M X�H�F�|.u7F5O�P/��`7\YH�J_OG|�PQEGFkj�A´³ ½ ?�µxjf} M J_u7JvPTJvg�F �
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n�X.Z�E ¯ ���H°rJKH�X�u:\G^vPTJv} M S�Z]F�HTH�S M S[}ÂF M XcPQJ_OG|�H�`UH�PTF�u���F M OUF5^>R�F�g�F5^_S[}ÂF�R7XcP�~�n �W�Yp P�} M SN�
g�JKR�FIHÂs�g�F/�YX[H�JKZ�XI�YH�P M X.Z<PTJ_S[OYH]�<@B?[³¡þI��@�¸^µ¡n�?�j.�[¾^C�µ¡@Ü��»Ln�³¡³8?0Ï�nrXcOYR7»Ln�»oC�µH¼�C�l43Qn ½ @ � B PzX.H��
JKH&XcO�F5¯�FIZ]\GPQJ_S[OWF5O�g�J M S[OGu7F5O�P�PQEYXcP�JvOYZ]^v\YR�FIHrXfg�J M PQ\YXc^�X.RGR M FIHTH&H�}YX[Z]F�XcOYRaXcOaX[Z5Z]FIHQH@^_JqH�P
PTSµH�`GH�PTF5u M F�H�S.\ M Z]FIH � B¢PTE M FIX[RoJKH�X7�YX[H�JKZW\UOGJ_P�SIb�~ L�� HTZ�EGFIR�\G^_JvOG|9XcO�RoJ_P�F5¯�FIZ]\UPTFIH
J_O3PTEUF:F5O�g�J M S[OGu7F5O�P�} M SIg�JKR�FIR���`3X�PzX.H���Ç�X9}ÂS M PeJKHWX9Z]S[u7ua\GOGJKZ�XcPTJvS.O�Z�EYXIOGOGF5^ÄÇrXcOYR
X�u7FIHTHQXc|[FhJqH�X²P�`�}YFIRØZ]S.^v^_FIZ]PQJ_S[O SIb�RUXcP�X3S.�Gl�FIZ]PzH ��p O�PQF M �{PTE M FIX.RØZ]S[u7ua\GOGJKZ<XcPQJ_S[O�JqH
FH�+FIZ]PQFIR�\YH�JvOG|Wu7F�HTHTXI|.FIH�S[OhPQEGF�}ÂS M PzH � B u7F�u7S M `%S[�Gl�FIZ]P�JKH�XWZ]S[^_^vFIZ]PTJvS.O�SIb&RGXcPzXWPTEYXIP
u9X5`a�ÂFeu9Xc}U}ÂF�RhJ_O�PTS�PQEGF�X[RGR M FIHTH�H�}YX.Z<FWScbmXcO�`hPzX.H�� ��p P�JKH�X7H�P M \YZ]PT\ M FIR7u7FIZ�EYXIOGJKH�u
b{S M u9XIOYXc|[J_OG|�g�J M PT\YXI^�u7F5u�S M `�JvOYR�F5}YF5O�R�F5O�P/ScbNPTEGF�\GOYR�F M ^v`�JvOG|�X M Z�EGJ_PQFIZ]PT\ M F �

BfO
X.RGR M FIHQH�H�}YX[Z]F7Z<S.OYH�JKH�PzH%SIb�XoZ]S[^_^_F�Z]PTJvS.O�Scb�u�F5u7S M `9u9Xc}G}UJ_OG|±H �YF5P���F5F5O
X
P�X[H��9XIOYRhu�F5u7S M `WS[�Gl�FIZ]P�H � B P�X[H��9u9X5`�u7S�R�Jtb{`:JvP�H�X[RGR M F�HTH�H�}�X.Z]Fe��`�Xc^v^_S�Z5XIPTJ_OU|aXcOYR
R�F0�ÄXc^v^_S�Z5XIPTJvOG|eX M F5|.JvS.O�SIb>g�J M PQ\YXc^Uu7F5u7S M ` � B©P�X[H���u9X5`eXc^qH�SeH�F5P&} M S[PTFIZ]PQJ_S[OaXcPTP M Jv�G\GPTF�H
XcO�R�H�}YFIZ]Jtb{`�J_OGEUF M JvP�XcO�Z]F�ScbÁX M F�|.J_S[OWSIb�g�J M PT\YXI^�u7F5u7S M ` �+p P�Z<S.\G^qRWZ M FIXcPQF�XcO�RWu9XcOYXI|.F#X
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u7F5u�S M `�S[�Gl�FIZ]P/PQEYXcP�u9X5`��YF�u9Xc}U}ÂF�R®JvO�PQSWPTEUF�X.RGR M FIHQH�H�}YX[Z]F�Scb&XIOGS.PQEGF M PzX.H�� � C/EGF M F
X M FWP��/Sa��X5`UHxSIb�H�E�X M JvOG|7u7F�u7S M `��ÂF�P���F5F5O9P�X[H��UHxJvO�n�X[Z�E>� ½ CH¾¿¼[× C�È�×�É µ�AF@�n�XIOYR	µ�n�?�j2×
É µ�AF@�n �op O
Z]S.}�`��{S.O^�Ü� M J_PTF�H�EYX M J_OU|G�@\UO M F5^qXcPQFIR²PzX.H��GH�H�EYX M F9XcOØX[RGR M FIHTHeH�}YX[Z]F7��J_PQEGS.\UP
PTEUF�X.Z<PT\YXI^�RGXIP�X:�YF5JvOG|�Z]S.}GJvFIR � C/EUF%s M H�P�P�X.H��oPQEYXcP�P M J_FIH�PTSa� M JvPTFW|[F5P�H�XaZ]S.}�`9Scb�PQEGF
H�E�X M F�R7X.RGR M FIHQH/H�}�X.Z]F � C/EGF�Z]S.}GJvFIH��YFIZ]S.u�F�R�JKH�PTJ_O�Z]P�XcO�R7R�J´�+F M F5O�P@b M S[u,PQEGJKH�}YS.JvO�P�S.O �
w�FIX.R��{� M JvPTFaH�EYX M FIR²u�F5u7S M `:JqH�Z M FIXcPQFIRo��`µXI^_^_S�Z�XcPTJvOG|µX7u7F5u7S M ` M F5|[J_S.O3XIOYR3H�F5PQPTJ_OU|
J_PzH/J_OGEUF M JvP�XcO�Z]F�XcPQP M J_�G\GPQFIH�PTS�³¡¸^?�µ�n�j.� ½ CH¾¿¼c��S M È%C�Èrn � j±\G�YH�F�y�\GF�O�P�Z�EGJ_^qR:P�X[H��9Z M FIXIPTJ_S[O
S.�YF5`UH/PTEUF�J_OGEUF M JvP�XcO�Z]F�XIPTP M J_�U\GPTFIH�H�}YFIZ]JtsYFIR:��`�PTEUF�}YX M F5O�P ��L XI|.FIH�H�}ÂF�Z]JËsYF�R7X.H�H�EYX M FIR
X M F9}GE�`UH�JqZ5Xc^v^_`3H�EYX M FIR¸�ÂF�P���F5F5O¸PQEGF7}YX M F5O�PaXcO�R PQEGFµZ�EUJ_^KR M F5O>�rJ � F � �rPTEGF M F7JKH�F5¯UX.Z]PQ^_`
S.OUFaZ]S.}�`9Scb�PQEGFW}YXI|.F�JvOoPTEUFWua\G^_PQJ_} M S�Z]FIHTH�S M H�`GH�PTF5u � B¢Z�EGJ_^qR�|[F5P�H�X:^_S[|.JKZ�Xc^&Z]S.}�`9Scb
Xo}YXI|.F7PQEYXcP�JqH%u9X M ��FIR�Z]S[}�` �oL XI|.FIHWu�X M ��F�R�X.HWOGS[OGFµX M F�OGS.P³H�EYX M FIR¸�YF5P��/F5F�O�PQEGF
}YX M F5O�P�XcOYR9PTEGFeZ�EGJ_^qR M F�O �

�fS[PTF�PQEYXcP�u7F5u7S M `eS.�Gl�FIZ]PzHmu9X5`��YFeH�EYX M FIRµX.Z M S�HQH/PTEGF�OGF5P���S M � ��p O9PTEUJKH/Z�X.H�F±�
PTEUFW}GE�`GH�JKZ5XI^>u7F5uaS M `�JKH�Z]S.OYH�JKR�F M FIR9PTSa�ÂF³X:Z�X.Z�EGF�b{S M PTEGFeu7F5u7S M `�S.�Gl�F�Z]P�H � B�HTH�S�Z]JF�
XcPQFIRo��J_PQEoFIX[Z�Eµu7F5u7S M `aS.�Gl�FIZ<PfJqHfX7H�F M g�F M Z5XI^_^vFIR�¾%?0Ï�n�µ/PTEYXIP�u9XcO�Xc|.F�HfPTEGFeu7F5u7S M `
S.�Gl�F�Z]P � C/EGFe}YXc|[F M E�XcOYR�^vFIH�XIO�` M F�y�\GF�H�P/b{S M PTEGFeu7F5u7S M `�S.�Gl�F�Z]PfPQE M S[\G|.E3X�Z]S.u7ua\%�
OGJqZ5XcPQJ_S.O3}YS M P � ÿ�O
X7}YXc|[F0� bÄXI\G^_P��@PQEGFan�X.Z�E�}�Xc|.F8� bÄXI\G^_P�EYXIOYR�^_F M Z�EGFIZ��UHf��EGF5PQEGF M PQEGF
bÄXc\U^_PTJvOG|�PTE M FIX.RaEYX.H/PQEGF�X[Z5Z]FIHQH�}ÂF M u7JqHTH�JvS.OYH@b{S M PTEUFf}YXI|.F ��p bÁPTEGF�}YF M u7JKHQH�JvS.OYH�X M F�Z<S M �
M F�Z]P�PTEGF�OhPQEGFW}�Xc|.F M FIy�\GFIH�P�JKH�H�F5O�P�PTSaPTEUF%}�Xc|.F M b{S M PQEGF�u7F5u7S M `�S.�Gl�F�Z]P � C/EGF�}YXc|[F M
H�F M g�JKZ]FIH�PTEGF M FIy�\UFIH�P#XcOYRµH�F5OYRUH/�YX.Z��7PTEUF%}�Xc|.F�b M S.u�PQEGF�u7F5u7S M `WS[�Gl�FIZ]P � n�X.Z�E7} M SN�
g�JKR�FIH�H�FIy�\GF5O�PTJqXc^v^_`�Z<S.OYH�JKH�PQF5O�Pmu�F5u7S M `�Z]S[EGF M F5OYZ]F�H�F5u�XcO�PTJKZ�H@\YH�JvOG|aX%� M J_PQF0�ÜJvO�g[XI^_JKRUXcPTF
Xc}U} M S±X.Z�Ehb{S M H�E�X M JvOG|aScb&}YXc|[FIHfX[Z M S±HTH�PTEGF�OGF�P���S M � �

Bf^vPTEGS[\G|.E
n�X.Z�E>Å H�H�EYX M FIR�u�F5u7S M `9H�F�u9XcO�PTJqZ5HfX M Fa|.FIX M FIR�PTSI�#X M RUH u�XcOYXI|.J_OU|
H�E�X M F�Rhu7F5uaS M `�J_O9X�PTJv|.E�PT^v`��ÄZ]S.\U}G^_FIRau:\G^vPTJv} M S�Z]F�HTH�S M ��PTEUF M F�JqH/OGS.PQEGJ_OU|�J_O9PTEGFeR�F�H�J_|[O
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PTE�XcP�} M F�Z]^_\YR�FIHxJvP�Hf\�H�F�J_O3X7^vS�S�H�F�^_`��ÈZ]S[\G}G^vFIR�H�`UH�PQF5u ��p OobÄX[Z]P5�>B�|.S M X ¯ ö °&JKH�X7H�`GH�PTF5u
PTE�XcP�JqHf�G\GJv^_P�S.O�PTS[}�Scb#n�X.Z�E���J_PQEoPQEGFaH�}YFIZ]Jts+Z%JvO�PQF5O�P�Scb�} M SIg�JKR�JvOG|9H�EYX M FIRou7F5u7S M `
H�F�u9XcO�PTJqZ5H®JvODXØ^_S�S±H�F5^v`��ÄZ]S.\U}G^_FIR¹H�`UH�PQF5u � C/EUF¸Bf|[S M X©H�`UH�PQF5u Xc^v^_SI��H7} M S�Z<FIHTH�FIHhPQS
H�E�X M F H�P M \YZ]PQ\ M FIR�RGXcPzX���F � | � ��Xc�YH�P M X[Z]P�RUXcP�XWP�`�}YFIH/X[Z M S±HTHmEUF5PTF M S.|[F5OGF5S[\YH/X M Z�EGJ_PQFIZ]PT\ M FIH
SIg�F M X%^vS�Z5Xc^ÁX M F�X%OGF5P���S M � � B�|.S M XW\YH�F�HmPTEUF�H�EYX M FIRau7F5u7S M `eXc�YH�P M X.Z]PQJ_S.O9SIbrPTEGF�n�X[Z�E
S.}YF M XcPQJ_OG|�H�`UH�PQF5uDPTS�H�E�X M F#RGXcPzXfH�P M \YZ]PT\ M FIH>XIu7S.OG|�} M S�Z]FIHTH�FIH>S.OWPQEGF�HTXIu7F�u9X[Z�EGJvOGF �+p P
Xc^qH�S�} M Scg�JKR�FIH@H�J_u7}U^_F�^_S�Z��GHrPTSeH�`�OYZ�E M S[OGJ_Æ5F#X.Z5Z<FIHTH@PQS�H�E�X M F�R:RGXIP�X � C S�} M Scg�JKR�F�H�E�X M JvOG|
X.Z M S�HQH/PTEGF�OGF5P��/S M �+��PQEGF�H�EYX M FIR9RGXIP�X�H�P M \YZ<PT\ M FIH/X M F�H�PTS M FIR:JvO7PTEGF�H�E�X M F�R�u�F5u7S M `�Scb
PTEUFf} M S�Z]FIHQH/PTEYXIP�Z M FIXcPQFIR®PQEGF�RGXIP�XeH�P M \YZ]PQ\ M F � C/EUJKH/Z<S.}�`�Scb&RGXIP�X%JqH/Z5XI^_^vFIR®PQEGFË»o?[³�@�n�µ
½ CH¾¿¼���EGJ_^vF�X�Z]S[}�`eScb+PTEUF�RGXIP�X�XcP�XIOGS.PQEGF M OGS�R�F�JqH�Z5XI^_^_F�RWX ½ ? ½ ¸�n ½ CH¾¿¼ � d�XcPzX�JKH�H�EYX M FIR
\YH�J_OG|�Z]S.}�`��ÜS[O%�Ü� M J_PQFWH�F5u9XIO�PQJKZ5H���J_PQE9\G}+RGXcPQFIHxPQS:PQEGFeZ5X.Z�EGF�Z<S.}GJvFIH ��°3M JvPTFIH/PQS7H�EYX M FIR
RGXIP�XWX M F�R�S.OGF�S[O:PQEGF�u9X[H�PQF M Z]S[}�`���EGJv^_F�RGXcPzX%JqH M FIX.R�b M S.u¨PQEGF�Z5X.Z�EGF�Z]S.}�` � B¹H�F M g�F M
} M S�Z]FIHTH M \UOGOGJ_OU|�S.OoPQEGF�OGS�R�Fe��J_PTE9PQEGF�u9X.H�PTF M Z]S.}�`7JKH M FIH�}YS[OYH�Jv�G^_F�b{S M \G}+RGXIPTJ_OU|:PQEGF
Z]S[}GJ_FIH/SIb�PTEUFWRUXcP�XaXcP�S.PQEGF M OGS�R�FIH � B M FIX[R7u9X5`:}YS.PQF5O�PTJKXI^_^v` M F5PT\ M O�H�P�Xc^vFeRGXcPzX®Jtb�PQEGF
M F�X.R:S�Z5Z<\ M H�X5b{PTF M PTEGF�� M J_PQFfJqH/Z]S[u7}G^_F�PTF�S.O9PQEGF�u9X[H�PTF M Z<S.}�`aXcOYR7�YF]b{S M F�PTEUF�\G}+RGXcPQFIH
X M F7} M S.}YXI|�XcPQFIR�PQSoPTEUF9Z5X.Z�EGFaZ]S[}GJ_F�H � C/EGF�H�`UH�PQF5u"F5¯�}ÂF�Z]P�H�PTE�XcP�H�`�O�Z�E M S.OGJvÆIXcPQJ_S[O�JqH
J_u�}G^_F5uaF5O�PTF�R®S M PQEGS.|[S.OYXI^_^_`9\YH�J_OG|aH�F5u9XI}GEGS M FIH/PTSa|.\�X M RµXc|±XcJ_O�H�P�H�\YZ�EµH�P�XI^_FeX.Z�Z]FIHTH�FIH �
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noF5u7OUF5P ¯ �[�0°�JKH7XØH�EYX M FIR ^vS�Z5Xc^eX M FIX¸PTS[��F5O%� M JvOG|¸OGF5P���S M ���YF5J_OG|�R�F�g�F5^_S[}ÂF�R©XcP9PQEGF
� OGJvg�F M H�J_P�`�ScbÁdfF5^qX��#X M F �rp Pr} M Scg�JKR�FIH@Z<^_S�H�F�Z]S[\G}G^vJ_OG|�PTS�PQEGF/} M S�Z]FIHQH�S M H�ScbÁX�R�JqH�P M J_�U\GPTFIR
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X.Z�EGJvF5g�FIR�g�JqXoPTEGF©±²A´³�@BµHADl8¶ú@�n�j[¹ºn�»oC�µ�¼Z' l43Qn ½ @�:�? ½ ¸�n�Z]^qX.HQH � C/EGJqH:Z]^qX.HQHWJKH M F�H�}YS.OYH�J_�G^vF
b{S M H�F M g�JqZ]J_OG|�}�Xc|.F8� bÄXI\G^_PzH S[O3X:OGS�R�F�b{S M H�E�X M F�R�RGXIP�X M FIH�JqR�J_OU|:S[O3X M F5u�S.PTF�OGS�R�F ��p P
Z]S[u7u:\UOGJKZ<XcPQFIHx��JvPTE¸JvP�H�}YF5F M H%PTSµu9XcJvO�PzXcJvO�PTEGF�Z]S.O�H�JKH�PTF5O�Z]`�Scb�H�EYX M FIR¸RGXIP�Xo\YH�J_OG|�X
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}YXI|.F0�KbÄXc\G^vP5�+X.H�H�S�S.O3X.H�PTEUFWH�\G�YH�F5PfSIb�PQEGF�}YXc|[FWJqH/u9X.R�F X�g[XIJ_^KXI�G^_F�PQS�PTEGJqH/OGS�R�F �

û�â�\ ì èøñÊåQñ

no\GOGJvO ¯ óQ°�JqH�XWR�JqH�P M J_�G\UPTFIR7H�EYX M FIR7u7F5u7S M `³H�`UH�PTF�u,PQEYXcP�XI^_^_SI��H�H�EYX M FIR7u7F5u7S M `�}YX M �
Xc^v^_F5^�} M S.| M Xcu�H%PTSµ�YF7F5¯�FIZ]\GPQFIRoS.O�R�JqH�P M J_�G\UPTFIR�u7F5u7S M `9ua\G^_PQJ_} M S�Z]FIHTH�S M H �9p PeR�J´�+F M H
b M S[u¨S.PQEGF M R�JKH�P M J_�G\GPQFIRaH�EYX M FIR:u�F5u7S M `�H�`UH�PQF5u9H@JvO:PQEYXcP�JvPm\�H�FIH�u:\G^vPTJv}G^_F�Z]S[OYH�JqH�PTF�OYZ]`
} M S.PTS�Z<S.^KH<��XcOYR¸JvP�H�\YH�F�Scb�Xh��FIXc��F M u�F5u7S M `9u7S�R�F5^��YX[H�FIR�S[O M F�^_FIX[H�F�Z]S.OYH�JKH�PTF5OYZ<` 4 �
v9] ������ ��������Ó� ���Q��~��������2�6�=^[�����J����� �6�H�Q��~��������N� ��~�������Ä®���6�6���Í���Y�>���� ����¡�������0�N��¤Q�����Q~`_�����~������2��~��0��¥

ð õ



p O9no\GOGJvO>��H�EYX M FIRa} M S[| M XIu�g[X M JKXc�U^_FIH�X M F�XcOUOGS.PzXcPTF�R���JvPTE7PQEGF5J M F�¯�}YFIZ]PQFIRaX.Z5Z]F�HTH�}YXcP��
PTF M O>�UXcOYR7PTEUFIH�FeXcOUOGS.PzXcPTJvS.OYH�X M F�PTEGF5O9\YH�FIR7��`aPTEUF M \GO�PTJvu7F�H�`UH�PTF�u,PQSaZ�EGS�S±H�FeXaZ]S.O%�
H�JqH�PQF5OYZ]`9} M S.PTS�Z<S.^��YFIH�P�H�\GJ_PQFIRoPTS�PTEYXIP�X.Z5Z<FIHTHf}�XcPTPQF M O � B�Pf} M FIH�F5O�P���no\UOGJ_O3H�\G}G}YS M P�H
H�F�g�F5O7R�J´�+F M F�O�P�P�`�}YFIH�SIb&XcOGOGS[P�XIPTJ_S[OYH]� M F�X.R��{S.OG^v`���u�J_| M XcPQS M `±��� M J_PQF0�ÈH�EYX M FIR���} M S�R�\YZ]F M �
Z]S[OYH�\Gu�F M � M FIR�\YZ]PTJvS.O>� M FIH�\G^_P���XcOYR�Z<S.O�g�F5O�PQJ_S[OYXc^ � C/EUFIH�F�XIOGOGS.PzXcPQJ_S.O�HmX M F�PQEGF5O�\YH�FIR®��`
PTEUF M \GO�PTJ_u�F�H�`UH�PQF5u�PTS�H�F�^_FIZ]P#Xc}G} M S.} M JKXIPTF³Z]S.OYH�JKH�PTF5OYZ<`7} M S[PTS�Z]S[^@b{S M H�EYX M J_OG| � no\GOGJvO
\YH�FIH��/FIXI��F M H�E�X M JvOG|�H�F5u9XIO�PQJKZ5H/�{\YH�JvOG| M F5^vFIX.H�F�Z]S.O�H�JKH�PTF5O�Z]`Â�rPQS%u�X.H��eOGF5P��/S M ��^qXcPTF�OYZ]`
XcO�R M F�R�\YZ]F�PQEGF�O�\Uu:�YF M Scb&u7FIHTHQXc|[FIH M FIy�\GJ M FIR:PQS:��F�F5}7u7F5u�S M `³Z]S.O�H�JKH�PTF5O�P �

û�â�a � éoæùò��Îéoæ>íÎé�XUXUå�X ç í¬ò òøå�X ç æùå=bºè©ç íËò XU�©éoæÓí¬ò î íËî c
ïLæÓð X ð2X ç íËî X

p O M FIZ]F5O�P>`�FIX M H]�[H�F5g�F M Xc^�H�`GH�PTF5u�H�EYX5g�F/�YF5F5Oe} M S[}ÂS±H�FIRWPQEYXcP&J_u7}G^vF5uaF5O�PYPQEGF�R�JqH�P M J_�U\GPTFIR
H�E�X M F�Rou7F5u7S M `�Xc�YH�P M X[Z]PTJvS.O�JvOoEYX M R��#X M F � C/�/S7F5¯UXcu�}G^_FIH�X M F�PQEGF�d�B%j ¶ u:\G^vPTJv} M SN�
Z]FIHQH�S M ¯ ð ò2°Ä�GXIOYR � j�w<�T� ¯ � ð ° �

C/EGF�d�B%j ¶ X M Z�EGJvPTFIZ]PQ\ M F�Z<S.OYH�JKH�PzH/Scb&} M S�Z<FIHTH�J_OG|�OGS�R�FIH�Z]S.OUOGFIZ]PQFIR®PQSaXcO9J_O�PTF M �
Z]S[OGOGFIZ]PQJ_S[O%OUF5P��/S M � �rp P>\YH�FIH@X�R�JqH�P M J_�G\UPTFIR�R�J M F�Z]PTS M `��Ü�YX[H�FIReZ5X.Z�EGF�Z<S.EGF M F5OYZ]F�} M S.PQS�Z]S.^ �

 X.Z�E¸} M S�Z]FIHTH�J_OG|�OUS�R�FµZ]S.OYH�JKH�P�HWScb XoH�u9Xc^v^�O�\Gua�YF M Scb�} M S�Z]FIHQH�S M H]��Z5Xc^v^_FIR
XoZ]^v\YH�PQF M Ç
X9H�u9XI^_^�}YS M PTJvS.O3Scb�PQEGFaH�EYX M FIR3u7F5u7S M `+Ç�XIOYR�XµR�J M FIZ]PQS M `�Z]S.O�P M S.^v^_F M J_O�PTF M bÄX.Z]JvOG|7PQEGF
Z]^v\YH�PQF M PTS�PTEGF�OGF5P���S M � � C/EUF�u7F5u7S M `�EUJ_F M X M Z�E�`�Z]S[OYH�JqH�P�H�ScbrP��/S�^vF5g�F5^KH<�>Z]^v\YH�PQF M u7F5u��
S M `���XcOYRØ|.^_S[�YXc^�u�F5u7S M ` � C/EGFµZ]^_\�H�PTF M u7F5u�S M `�Z]S.O�H�JKH�P�H�Scb�PQEGF7u7F�u7S M `3X�g[XIJ_^KXI�G^_F
��J_PQE¸PTEUF7} M S�Z<FIHTH�S M H�Scb�PTEUF9Z]^_\�H�PTF M �@��EUJ_^_F�PTEGF7|[^_S[�YXc^�u7F�u7S M `oZ<S.OYH�JKH�PzHWScb�u7F5u7S M `
X5g[XcJ_^qXc�G^vF�J_OµXI^_^>PTEUFWZ<^_\YH�PTF M H � ÿ�OµXcO�X[Z5Z]FIHQH/u7JKHQH]��XcO�XcPQPTF5u7}UP/JKH/u�X.R�F�PQS7H�F M g�JKZ<FfPQEGF

ð �



RGXIP�X M FIy�\UFIH�P���`7PTEUFW} M S�Z]FIHTH�S M Hf��J_PQEGJ_OµXaZ]^_\YH�PTF M��/p b&PTEGF M FIy�\GFIH�P�Z5XcOUOGS.P��YF�H�F M g�JKZ]FIR
PTEUF5O�JvP�JKH�H�F5O�P�PTSµS.PQEGF M } M S�Z]FIHQH�S M H%S[\GP�H�JKR�FaPTEGFaZ<^_\YH�PTF M�� 
 X.Z�E�} M S�Z]FIHQH�J_OU|hOUS�R�F:E�X.H
X9R�J M FIZ]PQS M `µu7F5u7S M `9Z<S MTM FIH�}YS[OYR�J_OU|oPTS9JvP�Hf}YS M PTJvS.O¸SIb�PTEUFaH�EYX M FIR�}UE�`UH�JqZ5Xc^ru7F5u7S M ` �
VGS M FIX[Z�E�u7F�u7S M `7�G^_S�Z��+��PTEGF�R�J M FIZ]PQS M `hu�F5u7S M `9H�PQS M FIH�PTEGFaJKR�F�O�PQJ_PTJvFIH/ScbxXc^v^ M F5u7S[PTF
OGS�R�F�H:Z5X[Z�EUJ_OG|µPTEYXIP:�G^vS�Z�� �¸� H�J_OU|oPTEUFoR�J M F�Z]PTS M `3u7F5u7S M `��rXoOGS�R�F�Z5XcO�H�F5OYR¸F5J_PQEGF M
J_O�g[Xc^vJKRGXIPTJ_S[O¸S M \G}+RGXIPTF9u7FIHQHTXc|[FIHWPTS�PQEGS�H�Fo} M S�Z]FIHQH�S M H®PQEYXcP�X M FµZ5X.Z�EGJ_OU|oPTEUFh�U^_S�Z�� �
d�B%j ¶ \�H�FIH�XcO�JvO�g[Xc^vJKRGXIPTJvS.O%�{�YX.H�FIRoSI��OGF M H�EGJv}�} M S[PTS�Z]S[^@b{S M u�XcJ_O�P�XIJ_OGJvOG|aZ]S[OYH�JqH�PTF�OYZ]`
Scb#H�EYX M FIR�RGXcPzX � d�XcPzX7Z]S[OYH�JqH�PTF�OYZ]`9JKHfu�XcJ_O�P�XIJ_OGF�RhXIP�PTEUFW| M XcO�\G^KX M JvP�`9SIb�X�Z5X.Z�EGFW^vJ_OGF
��J_PQEGJ_OµX�Z]^v\YH�PQF M �UXcOYRµXcP�PTEGF�| M XcO�\G^qX M JvP�`:SIb�X®u�F5u7S M `W�G^vS�Z����ÂF�P���F5F5O9Z<^_\YH�PTF M H �

� j�w<�T�7JqHWX�ó ö �Ü�UJ_PaZ5X[Z�EGF�S.OG^v`�u7F�u7S M `oX M Z�EGJ_PQFIZ]PQ\ M Fa�YX.H�FIR¸S.O�XcOØJvO�PQF M Z]S[O%�
OGFIZ<PTJ_S[O©SIb�X3EGJ_F M X M Z�E�`�SIb M J_OU|�H �Àp P:Jvu7}G^_F�u:F5O�P�HeX�H�`GH�PTF5u g�J M PT\YXI^�X[RGR M F�HTHo��j · B%�
H�}�X.Z]F�PTE�XcP�JKH/|[^_S[�YXc^>PQS�PTEGF�F5O�PTJ M F�H�`UH�PTF�u � C/EGFej · BDZ]S[OYH�JqH�PzH/Scb&PTEGF�\GOGJvS.O9ScbNXc^v^�PQEGF
u7F5u�S M `aX5g[XcJv^KXI�G^_Fe��J_PTEµPTEGFeJ_OYR�J_g�JKR�\YXI^>} M S�Z<FIHTH�S M Z5X[Z�EUFIH � 
 X.Z�E�Z5X[Z�EUF%JqHfH�\G�+R�J_g�JKR�FIR
J_OÀ�5óQ� � ��`�PQF�}YXc|[FIH]����EGJqZ�E X M F9b{\ M PQEGF M R�J_g�JKR�FIR JvO�PQS©� ð õ[�{��`�PQF3H�\G�%�{}YXI|.FIH � B)RGXIP�X
J_PQF5u�S[O � j�w<�T�eR�S�FIHfOUS.P�EYX5g�FWXIO�`9EGS[u7FeX.HQH�S�Z]JqXcPTF�Ro��J_PTE9JvP � C/EGF³RGXcPzX®JvPTF5uôu7SIg�FIH
b M S[u�S.OUF�Z5X[Z�EGF�PQS7XIOGS.PQEGF M Z5X.Z�EGF�X[H�R�JKZ<P�XcPQFIR7��`�PTEGF�u7F5u�S M `³X.Z5Z<FIHTH�}YXcPQPTF M O9Scb�PQEGF
Xc}U}G^_JqZ5XcPQJ_S.O � BfO¸JvO�g[XI^_JKRUXcPTJvS.O%�{�YX[H�FIR3Z5X.Z�EGF�Z]S.EUF M F5O�Z]F�} M S[PTS�Z]S[^/JqH \�H�FIR�PQSou9XIJ_O�P�XIJ_O
Z]S[OYH�JqH�PTF�OYZ]`oSIb�H�EYX M FIR3RGXIP�X � C/EGFa\GOGJ_P�SIb�Z5X[Z�EGF�Z]S[OYH�JqH�PTF�OYZ]`oJqH�XhH�\G�%�{}YXc|[F � B�Z5Z<FIHTH
u7JqHTHfS[O¸X9RGXIP�XhJvPTF5u(JKH�H�F5O�P%S[O�PQEGFa^_S�Z5XI^ M J_OG| �ap b#XIOGS.PQEGF M Z�X.Z�EGF�JKH�Xc�U^_F�PTSµH�F M g�JKZ]F
PTEUF�RGXcPzX M FIy�\GFIH�P5��J_P�R�S�F�H�H�S���`aH�F5OYR�J_OG|ePTEGF�H�\G�%�{}YXc|[F�PTS�PTEUF M FIy�\GFIH�PTJvOG|eZ5X.Z�EGF �&p brOUS
Z5X[Z�EGF�S[O�PQEGFa^_S�Z5XI^ M J_OG|9EYX[H�PTEGF�RGXcPzXhJvPTF5u��YPTEUF M FIy�\GFIH�P%JqHf} M S.}YXI|�XcPQFIR¸PTS9PTEUF:OGF�¯�P
^_F�g�F5^YScb�PQEGF M J_OU| �

�.ø



û�â[ãSd ó å�XU��èeXOX�å8ï�ñ
p O PQEGJKH9H�FIZ]PTJvS.O¹�/F
Z]S.u�}YX M F�PTEGF�b{FIXcPQ\ M F�H�SIbaPTEGF
d%j�n H�`UH�PQF5u9H7H�\ M g�F5`�F�R©J_O¹PTEGJqH
Z�EYXc}GPQF M ��J_PTE M FIH�}YFIZ]P�PTS�PTEGF�JKHQH�\GF�HxF5O�\Gu7F M XcPQFIR:JvO�Z�EYXc}GPQF M ð �ÄH�F5F³C@XI�G^_F��c� � Bf^v^�PQEGF
d%j�n H�`GH�PTF5u9H�} M FIH�F5O�PTFIR9J_O�PTEUJKH�Z�E�Xc}GPQF M ����JvPTE�PQEGF�F5¯UZ]F5}GPQJ_S.O�SIb#Bf|.S M X9XcOYR3no\GOGJvO
EYX5g�FWJvO�PQF5| M XcPQFIRoPTEGFad�j�n u9XIOYXc|[F5u7F5O�P���J_PQE�PTEGF · n u9XcO�Xc|.F�u7F5O�P5�GJ � F � �YPTEUFad%j�n
u9XIOYXc|[F M Z<S2�{S.}YF M XIPTFIHa��J_PTE�PTEGF · n u9XcOYXI|.F M PQSØH�F M g�JKZ]F7}�Xc|.F8� bÄXI\G^_PzH � B�Z5Z]FIHQH�FIHWPQS
M F�u7S.PQF%u�F5u7S M `7X M F M F]b{F MTM FIR7PTS9PTEUF�d%j�n u9XIOYXc|[F M ��`9PTEUF · n u9XIOYXc|[F M �Y��EGJKZ�EoJvO
PT\ M O¬HQXcPQJKH s�FIH:PTEUF M F�y�\GF�H�P�\YH�J_OG|¸JvP�H�SI��O¬Z]S[EGF M F�OYZ]F9} M S[PTS�Z]S[^ � C/E�\YH<��X²}YXI|.F0�KbÄXc\U^_P
PTSa^_S�Z�Xc^ru7F5u7S M `�JKH/JvOYR�JqH�PTJvOG|.\UJKH�E�Xc�G^vF b M S.u(X�}YXc|[F0� bÄXI\G^_P�PTS M F5u7S[PTF�u�F5u7S M `��.JvOYH�SIbÄX M
X.HeXh} M S�Z]FIHQHWJKH�Z]S.O�Z]F M OUFIR � C/EGF9R�J´�+F M F�OYZ]F�u9X5`oS[OG^_`3�YF:JvO¸PTEUF:^qXcPTF�OYZ]`�Scb�H�F M g�JKZ<F �
noF5u7OUF5P�R�S�FIH�OGS[P�H�\G}U}ÂS M Peg�J M PT\�Xc^ru7F5u7S M ` � C/EGFaH�EYX M FIR²u�F5u7S M `:JvO3noF5u7OGF�P�JKH�XIP
PTEUF:}GE�`UH�JKZ�Xc^�X.RGR M FIHQH%^_F�g�F5^�XcO�R�J_PzH u�XcOYXI|.F5u7F�O�P�JKHeH�J_u�J_^KX M PQSo} M J_g[XcPQF7Z�X.Z�EGFIH�J_OØXIO
j�n�n � w�F]b{F M F�OYZ]FIH�PTS³H�EYX M FIR7u7F�u7S M `WX M F�H�F M g�JKZ<FIR®��`�XWnoF5u7OUF5P�R�F5g�JKZ<Ff��JvPTEGS[\GP/PQEGF
H�SIb{P���X M F9Scg�F M EGFIX[RØX.HTH�S�Z]JKXIPTFIRØ��J_PQE PQEGF · n u9XIOYXc|[F5u7F5O�P � B�H�J_u7Jv^KX M XI}G} M S±X.Z�E©JqH
\YH�FIRhJvOod�B%j ¶ XIOYR � j�w<�T�³H�`UH�PTF�u9H � º�»�¼�½r¾r¿%} M Scg�JKR�FIH�X®PQJ_|[E�PQF M J_O�PTF5| M XIPTJ_S[O9Scb�PQEGF
· n H�`UH�PTF�u"XcO�R�PTEGF�d%j�n H�`GH�PTF5u"PQEYXcO
XcO�`3Scb�PQEGFaS.PTEUF M H�`GH�PTF5u9H���`�u9XIJ_O�P�XIJ_OGJvOG|
H�E�X M JvOG|�J_O�b{S M u�XcPTJvS.O9XIP�PTEGF�PTE M FIX.R��Ü} M S�Z]FIHQH���^vF5g�F5^YX[H/S.}G}YS�H�FIRhPQS�} M S�Z<FIHTH�S M ^_F�g�F5^ �rp O
bÄX.Z<P5�GH�\YZ�EoXIO9J_O�PTF5| M XcPQJ_S[O7JKH�FIHTH�F5O�PQJKXI^Âb{S M X�H�`GH�PTF5u0PTE�XcP�\YH�FIH/XW^vS�Z����Ü��X.H�F�RhZ<S.EGF M F5OYZ]F
} M S.PTS�Z<S.^�PQSØX.HQH�\ M F�u:\GPQ\YXc^�F�¯GZ]^v\YH�JvS.O¹�Ü��EUF5O¬OGF5FIR�FIRÂ��b{S M X�PTE M FIX.R b M S.u Xc^v^fS[PTEGF M
PTE M FIX[RGH]�>J_O�Z]^_\YR�J_OG|7S[OGFIH�PTE�XcP�F5¯�FIZ]\GPQFWS.O3PTEUF7HQXcu7Fe} M S�Z]F�HTH�S M5� ÿfO3PTEUF�S.PTEUF M EYXcOYR+�
Bf|[S M XØXIOYR no\UOGJ_O¬\YH�F�PTEGF�^vJ_� M X M `��ÄXc}G} M S�X[Z�E �¨k S.PQE¹H�`UH�PTF�u9H M FIy�\GJ M FoPTEUF�\YH�F M PQS
H�}YFIZ<JËb{`©��EUJKZ�E¹RGXcPzX©H�P M \YZ<PT\ M FIH7J_O¹PTEGF3} M S[| M Xcu X M F¸H�EYX M FIR � C/EGJKH7J_O�b{S M u�XcPTJvS.O¬JqH
\YH�FIR©��`�PTEGF3d�j�n XcP M \GO�PTJvu7F7b{S M u�XcJ_O�P�XIJ_OGJvOG|
Z]S.EGF M F5OYZ<Fhb{S M H�EYX M FIR¹RGXcPzX � d�\GF
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PTS�PTEGFaX[RGR�J_PQJ_S[OYXc^�SIg�F M EUFIX.R7b{S M } M S�Z]FIHQH�J_OU|oH�EYX M FIR�u7F5u7S M ` M FIy�\GFIH�P�HfJvO�PTEGFe^_J_� M X M `��
Xc}U} M S±X.Z�E>�ÂPQEGFW^vJ_� M X M `7XI}G} M S±X.Z�E�JKH/F5¯�}YFIZ]PQFIR7PTSa}ÂF M b{S M u�}ÂS�S M ^v`oX[H�Z]S[u7}YX M FIR:PQS:PQEGF
J_O�PTF�| M XIPTFIR��ÈXI}G} M S±X.Z�E �

d�XIP�X%| M XIO�\G^qX M J_P�`7�ÄH�F5F�H�FIZ]PTJvS.O ð � ð �rEYX.H�P��/SeX[H�}YFIZ]PzH]��¶�È%AF@�C�Ì�@Bµx?�Èú³DÌQn�µrXcOYR�¶�È%AF@
C�Ì�? ½¡½ nx³¡³Í?�È^jÔmEC ½ þ[ADÈ2Ï ��� OGJ_P&ScbrP M XcOYHÈb{F M/M F]b{F M HNPQSWPQEGF�XIu7S.\UO�P�ScbÁJ_O�b{S M u9XIPTJvS.O�H�EGJv}G}YFIR
X.Z M S�HQHmPQEGFfOUF5P��/S M �WPQSWHQXcPQJKH b{`aX M F5u�S.PTF M FIy�\GFIH�P5�.��EUJ_^_F�PQEGF�\GOGJ_P�SIbrX.Z�Z]FIHTH�XIOYR:^_S�Z���J_OG|
JKH�H�F5^tb�F5¯�}G^KXIOYXcPQS M ` � ÿ�OGFaR�JqHTX[R�g[XcO�P�Xc|[F:SIb�J_O�PTF5| M XcPQJ_OG|�d%j�n u9XcO�Xc|.F�u7F5O�P���J_PTE · n
u9XIOYXc|[F5u7F5O�PfJqH%PQEYXcPePTEGF9RUXcP�X9| M XcO�\G^KX M J_P�`�SIb�H�EYX M FIR¸u7F5uaS M `9u9X5`o�YF9R�JqZ]P�XIPTFIR���`
PTEUFf\GO�R�F M ^v`�JvOG| · n)X M Z�EGJ_PQFIZ]PQ\ M F � noS±H�P · n)X M Z�EUJ_PTF�Z]PT\ M FIH@} M SIg�JqR�F�X.RGR M FIHQH/u9Xc}G}UJ_OG|
XcO�R®} M S.PQFIZ]PTJvS.O�XcPQP M Jv�G\GPQFIH�XcP�PTEGF�^vF5g�F5^�Scb X }�Xc|.F�S M ua\G^_PQJ_}G^vFIH�Scb X�}YXc|[F � C/EGJKH@b{FIXIPT\ M F
Z]S[\G^KR7Z<S.OYH�P M XIJ_O9PTEUF�\GOGJvP/Scb&P M XcOYHÈb{F M �YF5P���F5F5O7PQEGF�d%j�n"u9XIOYXc|[F M H�PTSW�YFeXW}YXI|.F��UXcOYR
Z]S[\G^KR�^vFIX.R�PTS�JvOGFHG�Z]J_F�OYZ]J_F�HxJtb�PTEUF9H�JvÆ5F:SIb�PTEGF�H�EYX M FIR¸RUXcP�X�H�P M \YZ]PT\ M F7JqH ^vFIHTH�PTEYXIO�X
}YXI|.F � V�S M F5¯UXcu7}U^_F���H�\G}G}YS±H�F�PTEGF#H�J_Æ�FmSIbÁX�RGXcPzXfS.�Gl�F�Z]P@JqH@ò�� ð ��`�PTFIH �@p O³X�d%j�n�H�`GH�PTF5u
��J_PQE¸X7}YXI|.F9H�J_Æ5F�SIb�õ��5� ð ��`�PTF�H]�rXcO
X.Z5Z<FIHTH�PTS9PQEGJKH�RGXIP�XhS[�Gl�FIZ]P���S.\G^qR M FIH�\U^_P�J_O�PQEGF
P M XcOYHÈb{F M SIb&õ���� ð ��`�PQFIH]��XcO�\GOGOGFIZ<FIHTHQX M `�SIg�F M EGFIX[R®SIb��5ò.ø[ø�f � C/EUJKHmSIg�F M EGFIX[R�Z]S.\G^qR:�YF
M F�R�\YZ]FIRo��JvPTE
H�S[u7FaH�Jvu7}G^_FeS.}GPQJ_u7JvÆIXcPQJ_S[OYH � ÿ�OGFaH�\�Z�E3S.}GPQJ_u7JvÆIXcPQJ_S[O�JKH�J_u7}U^_F5uaF5O�PTF�R
J_O noF5PTEUF M ����EGF M FoF�X.Z�E©X[Z5Z]FIHQH®PQS¸H�EYX M FIR¬RGXIP�X M FIH�\G^_PzH®JvO PQEGFoP M XIOYH b{F M Scb PTEGF9s M H�P
� ð �Ü��`�PTFIH/SIb�PQEGF�}YXI|.F � B } M S�Z]FIHTH/u�X�`aR�FIZ]JKR�FfPQSWb{F5P�Z�E7PTEUF�F5O�PTJ M Ff}�Xc|.F�JtbrJ_P�H�S7R�FIH�J M FIH
��`7F5¯UXcu7JvOGJ_OG|�PQEGF�s M H�P�� ð �{��`�PTFIH/SIb�PTEUF%}�Xc|.F �

BfOGS[PTEGF M R�JKHQX.R�g[XIO�PzXc|.F�Scb H�\YZ�EaXcO�JvO�PQF5| M XcPQJ_S.O9�{�YF5P��/F5F5O · n�XcOYRad%j�n�� Z]S.\G^qR
�YF/PQEYXcP�PQEGF/\UOGJ_PrScb+X[Z5Z]FIHQH@XIOYRW^_S�Z���J_OG|�u9X5`��YF#Z]S.OYH�P M XcJ_OUFIR%PQS��YF�Xf}YXI|.F��{S M u:\G^vPTJv}G^_FIH
PTEUF M F5SIb<� ��p b�ua\G^_PQJ_}G^vF7RGXIP�X3H�P M \YZ]PQ\ M F�H:X M FµXc^v^_S�Z5XIPTFIRØS.O©PQEGFµHTXIu7F9}YXc|[F��/PTEUF5OØPTEGJqH
Z]S[OYH�P M XcJvO�PµZ]S[\G^KR©^vFIX.R¬PTS©Ì8?2mÿ³Qn�³¡¸^?�µHADÈ2Ï[�f��EGF M F5J_O¹R�JKH�PQJ_OYZ<P7} M Jvg[XcPTF
RGXIP�XØH�P M \YZ]PQ\ M F�H
Xc}U}ÂF�X M H�E�X M F�R R�\GF:PQS3Z]S2�{^_S�Z�XcPTJvS.OØS.O
PTEGF9HQXcu7Fa}YXI|.F ��¶ Sc��F5g�F M � PQEGF9X[R�g[XcO�P�Xc|[F9Scb
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H�\�Z�E¹XIO¬J_O�PTF5| M XcPQJ_S[O¬JKH�PTEYXIP7PTEGF�E�X M R���X M F�u7F5u7S M `3u9XcO�Xc|.F�u7F5O�PWbÄX.Z]Jv^_J_PQJ_FIHWJvO©PQEGF
\GOYR�F M ^v`�JvOG|7X M Z�EGJ_PQFIZ]PQ\ M FeZ]S[\G^KR9�ÂFeF5¯�}G^_S[J_PTF�RhPTSaFHG�Z]J_F�O�PQ^_`aJ_u7}G^vF5uaF5O�P�X[Z5Z]FIHQHfZ]S[O�P M S[^
XcO�Rh^_S�Z���J_OG|eScb�PQEGFeH�EYX M FIRµRGXcPzX:H�P M \�Z]PT\ M FIH �

noS�H�P�d%j�nþH�`UH�PQF5u9HNb{S[^_^vSc�¹X�H�P M JKZ]P�u7F�u7S M `%u�S�R�F5^Âb{S M RGXcPzX:X[Z5Z]FIHQH�FIH<��X M FIX[R
PTSaX�u7F5u7S M `e^_S�Z5XIPTJ_S[O9Xc^v��X5`UH M F�PT\ M OYHmPQEGF�u7S±H�P M FIZ]F5O�P�� M JvPTF�PTS�PTE�XcP�^_S�Z�XcPTJvS.O ��¶ Sc�<�
F5g�F M ��X.H���X.H/u�F5O�PQJ_S[OGFIR�FIX M ^_J_F M �ÄH�F5FeH�FIZ]PTJvS.O ð � ����H�\YZ�EµX�H�P M JKZ]P�u7F5u7S M `eu7S�R�F5^+JKH/OGS[P
M F�y�\GJ M FIR¸PQS�F5O�H�\ M Fh} M S.| M XIu Z]S MTM F�Z]PTOGF�HTH ��p O¸bÄX.Z]P��/�/FIXI��F5OGJvOG|�PTEGF9u7F�u7S M `�u7S�R�F5^
Z]S[\G^KR M FIH�\G^vP�J_O
H�Jv|.OGJts+Z5XIO�P�}YF M b{S M u9XcOYZ<F�X.R�g.XIO�PzXc|[F9H�JvOYZ]F�PTEUFad%j�n u�XcOYXI|.F M ��S.\G^qR
OGS[PmE�X�g�F�PTS�J_O�Z]\ M PQEGF�SIg�F M EGF�X.RWX[HTH�S�Z]JKXIPTFIR���J_PQE:PQEGF�H�P M JKZ<P@u7F�u7S M `�u7S�R�F5^ � º�»�¼�½@¾r¿��
noF5PQEGF M �rBf|[S M X���no\UOGJ_O>�&XcOYR3d�B%j ¶ X M FaF5¯UXcu7}U^_FIHfSIb�d%j�n H�`UH�PTF�u9HfPTE�XcPWE�X�g�FaJ_uk�
}G^vF5u7F5O�PTFIR��/F�Xc��F M u7S�R�F5^qH/Scb�u7F�u7S M `aZ]S.EGF M F5OYZ<F � C/EGFW��FIXc��� M FIX[Rhu7S�R�F�SIb�H�F5|[u7F5O�P
X.Z�Z]FIHTHrJ_O9º�»�¼�½r¾@¿�XI^_^vSc��H�XIOaXc}G}G^vJKZ5XIPTJvS.OaPTS�X[Z5y�\UJ M F�X�H�F5|[u7F5O�P@��JvPTEGS[\GP�PTEGF�SIg�F M EGFIX.R
b{S M Z<S.OYH�JKH�PQF5OYZ]`�u�XcJ_O�PTF�OYXcOYZ<F � C/EGFµXc}G}U^_JKZ�XcPTJvS.O¸u�X�`�Z�EUS�S�H�F9PQS M FIZ]F�J_g�FW\U}�RUXcPTF�H®PQS
PTEUJKH�H�F5|[u7F5O�P�X[H�`�OYZ�E M S[OGS.\YH�^_` ��p O¸noF5PQEGF M �>X7} M S�Z]F�HTH%u�X�`µZ]S[O�PQJ_O�\GF�PTS M FIX[R�X9H�P�Xc^vF
Z]S[}�`�Scb Xf}YXI|.F�PTE�XcP�EYX.H&H�J_O�Z]F/�YF5F5O�� M J_PQPTF5Oe��`³XcOGS[PTEGF M } M S�Z]F�HTH ��p PrJKH@\U}�PTS�PQEGF�Xc}G}U^_JF�
Z5XIPTJ_S[O�PTS7F�J_PTEUF M b{S M Z]F�\G}+RGXcPQFIHfPQS7�YF�} M S[}YXc|±XcPTF�R²S[O�� M J_PQFIH]�YS M�M FIy�\GFIH�Pxb{S M \G}+RGXcPQFIH
PTS�F�¯�JqH�PTJvOG|3Z]S[}GJ_FIH�} M JvS M PQS M FIX[R�J_OG|
Xo}YXI|.F � j�Jvu7J_^qX M ^_`oJvO�Bf|.S M X���X�H�F M g�F M } M S�Z]F�HTH
�ÜPQEYXcP�EYX[HxPQEGFWu9X[H�PQF M Z]S[}�`Y��JKH M F�H�}YS.OYH�J_�G^vF�b{S M } M S[}YXc|±XcPTJvOG|7\G}+RGXIPTFIH�PTS�Z5X.Z�EGF�Z]S[}GJ_F�H
XcP�S[PTEGF M OGS�R�FIH � no\GOUJ_O�J_u�}G^_F5uaF5O�P�H�H�F5g�F M XI^�P�`�}YFIH�SIb�u7F5u�S M `�Z]S.EGF M F5OYZ<F�} M S[PTS�Z]S[^KH
J_O�Z]^_\YR�J_OG|�X7�/FIXI��F M u�F5u7S M `7u7S�R�F�^@�YX[H�FIR�S.O M F5^_F�X.H�FaZ<S.OYH�JKH�PQF5OYZ]` � B¢\YH�F M OGF�FIRGHfPQS
H�}YFIZ<JËb{`�PTEUF�P�`�}YF�SIb�u7F�u7S M `WZ<S.OYH�JKH�PQF5OYZ]`aPTE�XcP�H�EGS.\U^KR7�YF�\YH�F�R�b{S M XW}YX M PQJKZ]\G^qX M u7F5u��
S M `¸S.�Gl�F�Z]P � d�B%j ¶ XI^KH�S�Jvu7}G^vF5u:F�O�PzHfPTEGF M F5^vFIX.H�F9Z]S.O�H�JKH�PTF5O�Z]`�u�F5u7S M `ou7S�R�F5^È�&XcOYR
\YH�FIHxJvO�g[XI^_JKRUXcPTF�H/XcO�Rh\G}+RGXIPTFIH/b{S M u9XIJ_O�P�XIJ_OGJvOG|�Z]S[EGF M F5OYZ]F�SIb�H�E�X M F�RoRGXIP�X �

p g�`±��n�X.Z�E>��noF5u7OGF�P5��~�EGS.JqZ]FIHaXcOYR � j�wù�Q�oJvu7}G^_F�u:F5O�P�X3� M J_PQF0�{J_O�g.XI^_JqRGXcPQJ_S.O
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�YX[H�FIR�u7F5u7S M `�Z<S.EGF M F5OYZ]F�} M S[PTS�Z]S[^ � Bf|.S M X�\YH�FIH�X � M J_PQF0�Ü\U}�RUXcPTF�H�P�`�^_F�} M S[PTS�Z]S[^È����EUJ_^_F
º�»�¼�½r¾@¿W\�H�FIH�Xa^_S�Z����{�YX.H�FIRo} M S.PTS�Z<S.^ � Bf^v^@PQEGFIH�FaH�`GH�PTF5u�H/} M F5g�F�O�P�u7F5u7S M `aJ_OYZ<S.OYH�JKH��
PTF�OYZ]J_F�HNb M S[u,E�Xc}G}YF5OGJvOG|µ�¡?LmE?�R�FIX[R�^_S�Z��7} M F5g�F5O�PTJvS.OaJ_O9S.}YF M XcPTJvOG|aH�`UH�PQF5u9H�� � d�S.u9XIJ_O>�
S.OePTEGF�S.PQEGF M EYXcOYR+�.\YH�F�H@X�g�F M H�J_S[O%�Ü��X.H�F�R%} M S.PTS�Z<S.^GPQS�R�F�PTFIZ]P>JvOYZ]S[OYH�JqH�PTF�OYZ]J_F�H>X�b{PTF M PQEGF5`
EYX5g�F/E�Xc}G}YF5OGF�Rh�Á?XmE?�R�FIX[R�^_S�Z���R�F5PTFIZ<PTJ_S[OWJvOWS.}YF M XcPQJ_OG|eH�`UH�PQF5u9H����[XcOYRWPzXc��FIH�Z<S MTM FIZ]PQJ_g�F
X.Z<PTJ_S[O �

C/EGF�^vS�Z����Ü��X.H�F�RW} M S[PTS�Z]S[^ÂSIb�º�»�¼�½r¾r¿�X�g�S[JKRGHrEYX5g�JvOG|�PTS H�F5OYR�J_O�g[Xc^vJKRGXIPTJ_S[OWu7F�H��
HTXI|.FIH�\G}YS.O3� M J_PQFIH�X.H�JKH�PTEGF³Z5X.H�F���J_PTEµ� M JvPTF0�{J_O�g[Xc^_JqRGXcPQJ_S[OoH�P�`�^vF%} M S.PQS�Z]S.^qH ��¶ SI�/F5g�F M �
J_Oµ^_JvF5\7Scb�PQEGFIH�F�u7F�HTHTXI|.FIH<�GPTEGF M FIy�\GFIH�PTJvOG|:PQE M F�X.RhE�X.H�PTS7F5¯�}G^vJKZ]JvPT^_` M F5^_JvOYy�\GJKH�E9X:^_S�Z��
PTE�XcP�J_P�EYX[H�X.Z5y�\GJ M FIR�\�H�J_OU|oPTEUF9R�JKHQZ5X M R�} M J_u7JvPTJ_g�F �:° EGJv^_FaJ_O¸PQF M u9H�Scb�PTEGF7O�\Gua�YF M
Scb�u7FIHQHTXI|.FIHa�ÜJ_O�g[Xc^vJKRGXIPTJ_S[OYHWS M R�JKHTZ�X M RUH���PTEUF M F7u�X�`�OUS.Pa�ÂF�X�H�J_|.OUJËs+Z5XIO�P³R�J´�+F M F5OYZ]F
�YF5P��/F5F�O�PQEGF7� M JvPTF0�{J_O�g[Xc^vJKRGXIPTJ_S[O¸XI}G} M S�X.Z�E�XcOYR�º�»�¼�½@¾r¿��@PQEGF:�U\ M R�F�O¸Scb�|.F5OUF M XIPTJ_OU|
PTEUFIH�F�u7FIHQHTXI|.FIH/JqH�H�} M FIX.R9S.\GP�Xcu7S[OG|�PTEUF M FIX.R�F M H�XcOYR9PTEGF�� M J_PTF M H/J_O3º�»�¼�½r¾r¿ ��EUJ_^_F
J_P M FIH�P�HeZ]S.u7}U^_F5PQF5^_`9��J_PQE¸PTEUF7� M JvPTF M H JvO¸PTEUF7� M JvPTF0�{J_O�g[Xc^_JqRGXcPQJ_S[O¸XI}G} M S±X.Z�E � 
 ¯�}G^vJKZ]JvP
^_S�Z���J_OG|aScb�H�F5|.u�F5O�PzH/EYX.H�PQEGF�X[R�g[XcO�P�Xc|[F�Scb M F�R�\YZ]JvOG|:PQEGFWPQE M X[H�EGJvOG|7FH�+FIZ<P�X[Z M S±HTHfPQEGF
OGF5P���S M �aPTE�XcP/JqHm}YS�HQH�Jv�G^_F�J_O�PTEGF�� M J_PQF0�ÜJvO�g[XI^_JKRUXcPTJvS.Oa} M S[PTS�Z]S[^KH/b{S M EGJ_|[EG^_`�H�EYX M FIR9RGXIP�X �
~�EGS[JKZ]FIH�XcO�R�noJ M Xc|[F�XIPTPTF�u7}GP�PTS M FIR�\�Z]FWPQEGFWF5¯�PTF�O�P�Scb�PQEGJKH�PTE M X.H�EUJ_OG|7��`µXc^v^_SI��J_OG|�X
} M S�Z]FIHTH�S M PTS M F5P�XIJ_O�Z<S.O�P M S[^�ScbxX:}YXI|.F�b{S M X:sY¯�FIR�R�\ M XcPQJ_S.O�SIb�PQJ_u7FeR�\ M J_OG|���EGJKZ�EoJvP
u9X5`�R�JKH M F5|±X M R M F5u7S.PQF M F�y�\GF�H�P�Hmb{S M PTEGFeHQXcu7F�}�Xc|.F �

p O7H�`GH�PTF5u�H PQEYXcP#R�S�OGS.P�\YH�F�PTEGF�^vS�Z����{�YX.H�FIR:XI}G} M S�X.Z�E>��PTEGF M F�JKH�OGF5F�R³b{S M u�FIZ�E^�
XcOUJKH�u�H PQS3H�`�OYZ�E M S[OGJ_Æ5F�X.Z�Z]FIHTH�PTS3H�EYX M FIRØRGXcPzX � C/EGFIH�F7u7FIZ�EYXcOUJKH�u�HfX M F7S M PTEUS.|.S[OYXc^
PTSaPTEUF�d%j�n XcOYRµX M Fe\YH�\�Xc^_^v`9�G\GJ_^vP�XcP�PTEGF³Xc}G}U^_JKZ�XcPTJvS.O9^_F�g�F5^ � C/EGJqHfXI}G} M S�X.Z�E�EYX[HxPQEGF
X.R�g.XIO�PzXc|[F7ScbÓ¦YF5¯�J_�GJv^_J_P�`7JvO�PQEGFaZ�EGS.JqZ]F�Scb#} M Jvu7J_PQJ_g�FIHmb{S M H�`�O�Z�E M S.OGJvÆIXcPQJ_S[O � º�»�¼�½@¾r¿��
dfS[u9XcJvO>��XIOYR©~�EGS.JqZ]FIH%} M SIg�JqR�F9H�S.u7F�b{S M u Scb�H�`�OYZ�E M S.OGJvÆIXcPQJ_S.O
J_O�PTF5| M XcPQFIR���JvPTE¸PQEGF
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d%j�nþH�`UH�PQF5u �
C/EGF M F�X M F�P���SWX[H�}YFIZ]PzH/PTSePTEGF�SIg�F M EGF�X.RaX.HTH�S�Z]JKXIPTFIRa��J_PTE�XWd%j�n(H�`UH�PQF5u��>} M SN�

Z]FIHQH�JvOG|��ÈH�Scb{P���X M F.�z�>XcO�R�Z]S.u7ua\GOGJqZ]XIPTJvS.O3�ÜEYX M R��#X M F.� � C/EGFWb{S M u7F M R�F�Xc^KH���J_PQE�u9XcJvO%�
P�XIJ_OGJvOG|�PTEGF�H�PzXcPQF/J_O�b{S M u�XcPTJvS.O�J_O³H�SIb{P��#X M Fmb{S M PTEUF/H�EYX M FIR%u�F5u7S M `�}YXc|[FIH�X[H ��F5^_^�X[H PQEGF
SIg�F M EUFIX.R:b{S M PTEGF�u7FIHQHTXI|.F0�{F5¯UZ�EYXIOG|.F�} M S.PQS�Z]S.^�S[OoPQEGF�Z]S[u7ua\GOGJKZ�XcPTJtS[O7u7FIR�Jv\Gu � C/EGF
^KXIPTPQF MfM F5^KXIPTFIH�PTS7PQEGFaZ]S�H�P�Scb#H�EGJ_}G}UJ_OG|9Xa\GOGJ_P�Scb#RGXcPzX9X.Z M S�HTH�PTEGF�OGF�P���S M � � C/EGF�} M SN�
Z]FIHQH�JvOG|�Scg�F M EGFIX[R:Z<S.\G^qR:�YF M FIR�\YZ]FIR���`�} M SIg�JqR�J_OU|WH�S.u7F/b{S M u0ScbrEYX M R��#X M F�� s M u:�#X M F.�
H�\U}G}YS M P � noF�u7OGF5P���d�B%j ¶ XcOYR � j�wù�Q�WX M F�F5¯UXcu7}U^_FIH�ScbNH�\YZ�EµX:H�`GH�PTF5u �

û�â[ãÚã g çO�©íÍæ#h ïLæji
C/EGF M F�EYX.H9�YF5F5O¬g�F M `©^_JvPTPQ^_FoJvO¬}G\G�G^vJKH�EGFIR©^_JvPTF M XcPQ\ M FµJ_O¹PTEGF�PQEGF3X M FIX SIbW} M SIg�JqR�J_OU|
bÄXc\U^_Px�{PTS[^_F M XcOYZ<F�XcO�R M FIZ]SIg�F M `7J_O3d�j�n H�`UH�PQF5u9H �x° \3XcO�R�VG\YZ�EYH ¯ �.õQ°@E�X�g�FeF5¯UXcu7JvOGFIR
PTEUF:} M S.�G^vF5u)SIb M S.^_^v�YX.Z�� M FIZ]SIg�F M `hJvO¸X9d%j�n H�`UH�PQF5u � C/EUF5`�EYX5g�F�} M S[}YS�H�F�R¸Xh\YH�F M �
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Xc^v^_F5^NZ]S.u7}U\GP�XIPTJ_S[O���F M OUF5^KHfPQSµX.H�`�OYZ�E M S[OGS.\�HWXc^v|.S M J_PQEGu9H � 
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R�JE��F M F5O�P�Z�EYX M X.Z]PQF M JqH�PQJKZ5H���J_PTE M FIH�}YFIZ]PWPQS�PQEGF9u7F5u7S M `3X[Z5Z]FIHQHW}YXcPQPTF M OYH]��Xcu7S[\GO�P�Scb
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J_PWJqHWOGS.PaZ�X.Z�EGFIR3XcPaZ]S[u7}G\GPQF7H�F M g�F M HWXIOYRØXc^KH�S�u9XcJvO%�
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XaRGXcPzX:H�F M g�F M XcOYRµX�H�`�OYZ�E M S[OGJ_ÆIXIPTJvS.OµH�F M g�F M5�
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u7S�R�F�^ �¬p PaJKH��YX.H�FIR©S.O¬PQEGF�X[HTH�\Uu7}GPTJvS.O�PTEYXIP9Xc^v^f} M S.| M Xcu X M Fo� M JvPTPQF5O©��JvPTE¬H�S.u7F
H�`�OYZ�E M S[OGJ_Æ�XcPTJvS.O�u7S�R�F5^@JvO�u7J_O�R � C/EUF M F]b{S M F��+J_P�JqHf}YS�HTH�J_�G^vF:PQSµR�F]b{F M Z<S.OYH�JKH�PQF5OYZ]`�X.ZH�
PTJvS.OYH>PTS Z]F M PzXcJvOWH�`�O�Z�E M S.OGJvÆIXcPQJ_S[O%}YS[J_O�P�H � ÿ�OGF�SIb�PQEGF���F5`�} M S.�G^vF5u9H�JvOWd�j�n�H�`UH�PQF5u9H�JqH
PTEUF�}ÂS[PTF5O�PTJqXc^Gb{S M Ì8?2mÿ³Qn¡×�³¡¸^?�µ�ADÈ2ÏfPQEYXcP�F5¯�JKH�P�H@JvO7X�}YXI|.F0�{S M J_F5O�PTFIRWJvu7}G^vF5u:F�O�PzXcPTJtS[O ��° J_PQE
XcO
J_O�g.XI^_JqRGXcPQJ_S.O^�Ü�YX[H�FIR3} M S[PTS�Z]S[^/J_P�JqH%J_u�}ÂS±HTH�J_�G^vF�PTS�X5g�S[JKR�PTEGJqH�bÄXI^KH�F9H�EYX M JvOG|oF5g�F�O�Jtb
H�`�OYZ�E M S[OGJ_Æ�XcPTJvS.O¸JvO�b{S M u9XcPQJ_S[O�JqH%\YH�FIR�PTS�R�F]b{F M PTEGF�Z]S[OYH�JqH�PTF�OYZ]`
X.Z]PQJ_S.O�H � C/EGF M F]b{S M F��
�/F�E�X�g�F�Jvu7}G^vF5u:F<O�PTFIR7XIO�\U}�RUXcPTF8�Ü�YX[H�FIR3} M S[PTS�Z]S[^ � C/EGF��YX[H�JKZWJqR�FIX:JqH�PTEGFWb{S[^_^_SI��JvOG| �
B¢OGS�R�F M F�Z]S M RGH�Xc^v^�u7S�R�Jts+Z5XIPTJ_S[OYH�PTSµX7}YXc|[F�J_O3X9H�EYX[R�SI�¨Z]S[}�`
�ÜP M XcO�H�}YX M F5O�P�PTS7PQEGF
} M S.| M Xcuo� �/L�M J_S M PTS�F�¯�JvPTJ_OU|aX:H�`�OYZ�E M S.OGJvÆIXcPQJ_S.O M F5|.JvS.O>�YXIO$I�ÿ�w¹Scb�PQEGF�S M Jv|.JvOYXc^>}YXI|.F
XcO�R�J_PzHWH�E�X.R�SI�0JKH%|[F5OGF M XcPQFIR�b{S M FIX[Z�E R�J M P�`�}�Xc|.F��ÈH�Jvu7J_^qX M PQSoPQEGF©j�A !�JvO ¯ óQ°Ü� � C/EGF
u7S�R�Jts+Z5XIPTJ_S[OYH%PQS�PQEGFµRGXcPzX�X M FoH�F5O�P�PTS�PTEUFoRUXcP�X3H�F M g�F M �ÜSI��OGF M � � C/EUFoRUXcP�X3H�F M g�F M
u7F M |.FIH/PQEGF�u7S�R�Jts+Z5XIPTJ_S[OYH�PTS7JvP�H�Z]S.}�`9Scb�PTEGFe}YXc|[F��>XIOYR�H�F5OYRGH�PTEGFeu7S�R�JËs�FIR7}YXc|[F:PQS
Xc^v^�OGS�R�F�H PQEYXcPeX M F�J_O�PTF M FIH�PTFIR9J_O M F�Z]F5J_g�J_OU|:PQEGF�\G}+RGXcPQFIH b{S M PTEUF�}YXc|[F �a� }YS.O M F�Z]F5J_g��
J_OU|:PQEGFWu7S�R�JËsYFIR9}YXc|[F��YPTEGF�} M S.| M Xcu(JKH�Xc^v^_SI�/FIR7PQS7F5¯�J_P�PTEUF�H�`�OYZ�E M S[OGJ_Æ�XcPTJvS.O M F5|[J_S.O �
C/E�\YH]��PTEGF9� M J_PTF8�Ü\G}+RGXIPTF9} M S.PTS�Z<S.^�Xc^_^vSI��HWu:\G^vPTJv}G^_F�OGS�R�FIH®PQS¸X[Z]PTJvg�F5^_`�� M J_PQF0�ÈH�EYX M FµX
}YXI|.F��GPQEGF M F���`�X5g�S.JKR�J_OG|ePTEGF�}YF5OYXI^_PTJvFIH/R�\GF�PTSWbÄXc^qH�F0�ÄH�E�X M JvOG|a��EGJKZ�E9X M F�J_OGEGF M F5O�P/JvO7J_O%�
g[Xc^vJKRGXIPTJ_S[O��YX.H�FIR3H�`UH�PTF�u9H � ÿ�O3PTEGFaR�F��GJ_P�H�JqR�F���PQEGJKHfu�F5u7S M `9H�`UH�PQF5u"R�S�FIH�J_OYZ]\ M PQEGF
SIg�F M EUFIX.R�Scbru9XI��JvOG|�XeH�EYX[R�SI�DZ]S[}�`Wb{S M u7S�R�JËsYFIR�}YXI|.FIH<��|.F�OGF M XIPTJvOG|WPQEGFJI�ÿ�wù�{}YXI|.FIH<�
XcO�R¬Xc}G}G^v`�JvOG|
XcO I�ÿ�w<�{}YXc|[FoPTS
PTEGFµS M Jv|.JvOYXc^�RGXcPzX�}YXI|.F � V�\ M PTEUF M �/PQEGF M FhJqH:H�PTJv^_^�X
}YS.PQF5O�PQJKXI^Âb{S M bÄXI^KH�F0�ÈH�EYX M J_OG|�JvO9PTEGFfb{S M u0Scb&\G}+RGXcPQFIH�PTSaXW}YXI|.Fa�ÜS M }YX M P�H/PTEUF M F5SIb<��PTEYXIP
XoOGS�R�F9JqHWOGS�^_S[OG|.F M JvO�PQF M F�H�PTF�R²JvO � C/EGJKH�Z]S[\G^KR3�ÂFµX5g�S.JqR�FIR�Jtb�PTEGF9u7F�u7S M `oH�`GH�PTF5u
Xc^v^_SI��H/XW�#X5`®b{S M XWOGS�R�F�PQS É \GO M F5|.JqH�PQF M Ê�J_P�H�F5^Ëb+b M S[u�X.Z]PQJ_g�F�H�EYX M JvOG| � C/EGF Z]S MQM FIZ]PQOGFIHQH
ScbxXc^v^_SI��J_OG|µZ]S[OYZ]\ MQM F5O�P�� M JvPTFIHfPQSoPQEGF7HQXcu7F�}�Xc|.FaJKH�|[\YX M XcO�PTF5FIR3��`µPTEGF�X.HQH�\Gu7}UPTJ_S[O
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J_u�}G^_F5uaF5O�P�XIPTJtS.O�ScbÁPTEGF�H�`�O�Z�E M S.OGJvÆIXcPQJ_S[OaZ]S.OYH�P M \YZ]P�H��{^_S�Z��GH<��H�F5u�Xc}GEGS M FIH&XcOYR��YX MQM JvF M H��
JKH�Z]F5O�P M XI^_JvÆ5FIR � VGS M X7|.J_g�F�O3H�`�OYZ�E M S.OUJ_ÆIXIPTJ_S[O�g[X M JqXc�G^vF��>X9H�JvOG|.^vFaH�F M g�F M u9XIJ_O�P�XIJ_OYH�J_PzH
H�PzXcPQF�XcO�R�PQEGFey�\UF5\GF�Scb&} M S�Z<FIHTH�FIHx�U^_S�Z���FIR:S.OµJ_P �

p O�PTEGF�b{S.^v^_SI��J_OG|�H�FIZ]PQJ_S[OYH]����FW} M FIH�F�O�P�PQEGF M FIH�\U^_P�H�Scb�PTEGF�}YF M b{S M u9XcOYZ<FWScb�PQEGF
Xc}U}G^_JqZ5XcPQJ_S.O�H#b{S M PTEGFeP��/S9Z]S[EGF M F5OYZ]F�} M S.PTS�Z<S.^KH � C/EGFWPQJ_u7JvOG|�u7FIX[H�\ M F5u7F5O�P�H�X M FaR�S[OGF
\YH�J_OG|eX%u�JKZ M S�H�F�Z]S.OYR�PTJvu7F M5�rL�M JvS M PTS�PQEGF�H�P�X M P/SIb>PQEGFfu�FIX.H�\ M F5u�F5O�PzH]�IXI^_^+H�EYX M FIRaRGXIP�X
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ò ð



$�%'&)(+*,%-*,.0/213/ 4657.8509;:;<>=@?BABC

° F M XcOØPTEUFh} M S.�U^_F5uþS.OÀº�»�¼�½@¾r¿®b{S M 1 3 ð2465 JvPTF M XcPQJ_S.O�H � C/EUFL1 J_PQF M XIPTJ_S[OYH�X M F
FIy�\YXc^v^_`aR�Jvg�JqR�FIRaXcu7S[OG|WPQEGF�X5g[XcJv^KXc�U^_F�O�\Gua�ÂF M Scb&} M S�Z<FIHTH�S M H � C/EUF�O�\Uu:�YF M Scbr} M S�Z]FIH��
H�S M HfJqHxg[X M J_F�R�b M S[uþ�%PQS9ó � 
 X.Z�Eo} M S�Z]FIHQH�S M Z]S.u7}U\GPTFIH/PQEGF�H�\YZ5Z]F�HTH�Jvg�FeHTy�\YX M F�XcOUO�\G^vJÈ�
XcO�R¬XcPaPTEGF9F5OYRØ\G}+RGXcPQFIH:PQEGFo|[^_S.��Xc^�P�Xc�U^_F � C/EUFo��F M OGF5^/}YF M b{S M u9HWFIy�\YXc^v^_`¸��F5^_^/b{S M
PTEUFhP���S�Z]S[EGF M F�OYZ]F7} M S.PQS�Z]S.^qH � CrXc�G^vFoý�H�EGSI��HWPTEGFµZ]S[u7}G^vF5PTJvS.O3PTJ_u�FIH�XcO�R©X.Z�EGJvF5g�FIR
H�}YF5F�R�\G}YH/b{S M PQEGJKH�XI}G}G^_JqZ5XcPQJ_S[O �

D Scb � M J_PQF0�{\G}+RGXcPQF � M JvPTF0�{J_O�g[Xc^vJKRGXIPTF
LNM S�Z � C/Jvu7Fe�ÈH�F�Zc� j�}YF5FIR�\G} C/J_u7F��ÄH�FIZI� j±}ÂF�FIR�\G}

� �cýIõ � ó[ó � �IýIó � ø.ø �
ð õ.� � ð � � � �.� õ.õ � ö õ � � �.�
� ó ð � ��ø ð � õ.õ ò.� � ø.ó ð � �.õ
ö ö ý � �[ò � � ý.ý ö ó � ò�ý � � ýIõ
ò �.ó � õ ö öG� õ.ò �.ó � ó�ý öG� õ.ø
ó �.ø � �[ø ò � �.ø �.ø � ò.� ò � ýIó

CrXc�G^vFhý±�W~�S.u7}G^vF5PTJvS.O�PQJ_u7FIH�XIOYR¸H�}ÂF�FIR�\G}YHfb{S M PQEGF 
 ua�YX MTM X[HTH�J_OG|[^_` L X M Xc^v^_F5^��YF5O�Z�E%�
u9X M �+�21 3 ð2465 J_PTF M XcPQJ_S[OYH

�7â�û $�ñpç íS�LíÍæ ôÑïÚæ>çE# í¬ñ����Êî éoæji
p O�PQF5|.F M H�S M P�JqH \�H�FIRoJvO É }YX M PTJqZ]^_F8�ÜJvO%�ÈZ<F5^_^qÊ:XI}G}G^_JqZ5XcPQJ_S[OYH � C/EUF�} M S[�G^_F5u H�PzXcPTF�u7F5O�Pxb{S M
PTEUF�J_O�PTF5|[F M H�S M P��YF5O�Z�EGu�X M � M FIy�\UJ M F�HfPTEYXIP<1 ��F5`UH��ÂF�H�S M PQFIR²JvO�}YX M Xc^v^_F5^ � C/EGF���F�`GH
X M F�|.F5OGF M XcPQFIR7��`�X�} M FIHQZ M Jv�YFIR7H�F�y�\GF�O�PQJKXc^+��F5`�|.F�OGF M XIPTJvS.O�XI^_|[S M JvPTEGu���XIOYRoX M FeH�PQS M FIR
Z]S[O�PQJ_|.\US.\YH�^_`9J_O�H�EYX M FIRou7F�u7S M ` � C/EGF��YF5OYZ�EGu9X M � M FIy�\UJ M F�H�Z]S.u7}U\GPTJvOG|�PTEGF M XIOG�hb{S M
FIX[Z�E9��F5`aJ_O9PTEUF%JvOG}G\GP�H�FIy�\GF5OYZ]F �

ò.�
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° FoEYX5g�FoJvu7}G^vF5u:F<O�PTFIR�P��/S3g�F M H�J_S.O�H®SIbWPQEGFoJvO�PQF5|.F M H�S M P7�YF5OYZ�EGu9X M �¸S[O�º�»�¼�½@¾r¿ �
k S.PQE7g�F M H�J_S[OYH�\YH�F�PTEUF��G\YZ���F5P�H�S M P#Xc^v|.S M J_PQEGu ��¶ Sc��F5g�F M �.PTEGF�P�X[H��a| M Xc}GEYHmb{S M PQEGFfP���S
g�F M H�J_S[O3X M Fay�\GJvPTFaR�JE�+F M F5O�P ��p O�g�F M H�JvS.OÊ���.�>PQEGF�|.F5OUF M XIPTJ_S[O�Scb M XcOU�GHfb{S M PQEGF���F5`UHxJqH
R�S[OGF�J_Oµ}YX M Xc^_^vF5^È�G��EUJ_^_F�JvOog�F M H�J_S[O©� ð �ÂPQEGFW|[F5OGF M XcPTJvS.OµScb M XIOG�GH�b{S M PTEGFe��F5`GH�JKH�R�S[OGF
H�F�y�\GF�O�PQJKXc^v^_` � V@J_|[\ M FIH ö XcOYR�ò�H�EGSI�ØPTEUF/P�X[H���| M Xc}GE�H&b{S M PQEGF/P���Sfg�F M H�JvS.OYH �@p OË���.�.FIX[Z�E
��F5`�JKH M FIX[R�XcOYReZ]S.\GO�PrScbYPQEGF��G\YZ���F5P�PQSf��EGJqZ�E�JvP>�ÂF�^_S.OU|�H>JKH�J_O�Z M F5u�F5O�PQFIR � B¸} M F]s�¯�H�\Gu
S.}YF M XcPQJ_S.OµJKH�}ÂF M b{S M u7FIR:S[O9PTEGF��G\YZ���F5P�Z]S[\GO�PzH � V@JvOYXc^v^_`���PTEGF���F5`GH�X M F M FIX.R9XI|�XcJvOµXcOYR
X.HQH�Jv|.OGFIR M XIOG�UHf\YH�JvOG|9PTEGFe} M F<sY¯�H�\Gu9H � C/EUFaXc^_|[S M J_PTEUu)EYX[H �YF5F�O3H�EGSI��O3PTS7}YF M b{S M u
�/F�^_^rS.O � j�wù�Q�.�rX7PTJv|.E�PT^_`��ÄZ]S.\G}U^_FIRµH�EYX M FIRou7F�u7S M `7u9X.Z�EGJvOGFeXcOYR�EYX.H��YF5F5O3X[RGXc}UPTFIR
b M S[u ¯ �[ø2° ��p Ok� ð ��FIX[Z�Ea} M S�Z<FIHTH�S M�M F�X.RGH�X%}YS M PTJvS.O7SIbrPTEGF���F5`UH�XcOYR:\U}�RUXcPTF�HmPTEUF�Z]S[\GO�P
Scb�PQEGFW�G\�Z���F5P�PQS7��EGJqZ�EµPTEGFeJ_OYR�Jvg�JqR�\YXI^@��F5`UH/�YF5^_S[OG| � C/EUFWsYOYXc^ M XIOG��X[HTH�J_|.OUu7F5O�Pxb{S M
PTEUF%��F�`GH/JqH�R�S.OGFe��`�S.OGFe} M S�Z]F�HTH�S M \YH�J_OG|�X:H�EYX M FIRoRUXcP�XaH�P M \YZ<PT\ M FWPTE�XcP�Z]S.O�P�XIJ_OYH/PQEGF
H�\Uu"Scb�Xc^v^��G\YZ���F5P�Z]S[\GO�PzH�Z]S.u7}U\GPTFIR���`oJ_O�R�J_g�JKR�\�Xc^�} M S�Z<FIHTH�S M H � C/EGF7��F5`�R�J´�+F M F5OYZ]F
J_O�PTEGF9P��/S3g�F M H�J_S[OYH�JKHWPTEUFoO�\Gu:�YF M ScbeH�`�O�Z�E M S.OGJvÆIXcPQJ_S[O©S.}YF M XcPQJ_S.O�Ho�Ü�YX MTM J_F M H��ePTEYXIP
X M F7}YF M b{S M u7F�R �h· F M H�JvS.O	���a}ÂF M b{S M u9H®ýµH�`�O�Z�E M S.OGJvÆIXcPQJ_S[O�S[}ÂF M XcPQJ_S[OYHh�ÄXc^v^/�YX MTM JvF M H����
��EGJv^_F/g�F M H�JvS.OÚ� ð }YF M b{S M u9H@S.OU^_`WS[OGF��YX MTM JvF M XIOYR:X�H�F5P�ScbÁH�F5u9Xc}UEGS M F�S.}YF M XIPTJvS.OYH � C/EGF
u7S[PTJ_g[XIPTJ_S[O®b{S M P���S�R�JE�+F M F5O�P�J_u7}U^_F5uaF5O�P�XIPTJvS.OYH@JqH�PTS�H�PT\YR�`:PQEGFfF���F�Z]P�ScbrPTEUF�H�P M \�Z]PT\ M F
ScbNPTEGFeP�X.H��9| M XI}GE�S.OµPTEGF³Xc}G}U^_JKZ�XcPTJvS.O>Å H/}YF M b{S M u9XIOYZ]F�J_O�X:R�JqH�P M J_�U\GPTFIR9H�`GH�PTF5u � 
 X.Z�E
g�F M H�J_S[ODH�S M P�HL1 3 ð2h6i ��F5`GH � V�S M PQEGF�P���S g�F M H�JvS.OYH<�fS[OGF¸�/S[\G^KR¬F5¯�}YFIZ]P9PTEYXIPµX.H
PTEUF7O�\Uu:�YF M Scb�} M S�Z]FIHQH�S M HaX M F9JvOYZ M F�X.H�F�R��@PQEGF9Z]S[u7}G^_F�PTJ_S[O�PQJ_u7FWb{S M PQEGF9�ÂF�OYZ�EUu9X M �
R�FIZ M FIX[H�FIH �

ò ö
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B�H�S.OGF�J_O�Z M FIX[H�FIH�PTEGF�O�\Gua�YF M SIb�} M S�Z]FIHQH�S M HxPQSaH�S[^_g�F�PTEGF�} M S.�U^_F5u���S[OGF��/S[\G^KR7F5¯�}YFIZ]P
PTE�XcPWPQEGF9Z]S[u7}G^vF5PTJvS.O�PTJvu7FIHfPQS3R�FIZ M FIX.H�F:�YFIZ�Xc\YH�FhPQEGFaPTS.PzXc^���S M �3JKH�FIy�\YXI^_^_`3R�J_g�JKR�FIR
Xcu�S.OG|3}YX M PTJqZ]J_}YXIPTJvOG|�} M S�Z]FIHQH�S M H �À¶ SI�/F5g�F M ��PTEUF M F�H�\G^vP�H�Scb�PQEGFoJvu7}G^_F�u:F5O�PzXcPQJ_S.O
Scb
g�F M H�J_S[O7����X M Fey�\GJvPTF�H�\ M } M JKH�J_OG|³X.H�Xc^vu7S�H�P/OGSaH�}ÂF�FIR�\G}YH�S.��H�F M g�FIR®b{S M XIO�`�Scb&PTEGF�P���S
Z]S[EGF M F�OYZ]F�} M S[PTS�Z]S[^KHf�ÄH�F5F V@J_|[\ M F�ó�� � C/EGFfJvu7}G^vF5u7F<O�PzXcPTJvS.Oe\YH�JvOG|WPQEGFf� M J_PQF0�ÜJvO�g[XI^_JKRUXcPTF
} M S.PTS�Z<S.^�}YF M b{S M u9H�}YS�S M ^v`¸R�\GF�PTS7PQEGF�FH�+FIZ]PzHfScb Ì8?2mÿ³Qn¡×�³¡¸^?�µ�ADÈ2Ï � VÂXI^KH�F0�ÈH�EYX M J_OG|µZ5XI\YH�F�H
RGXIP�X�}YXI|.FIH�PTE�XcP�Z]S.O�P�XIJ_O©PQEGFµRGXcPzX¸H�P M \YZ<PT\ M FIH%b{S M Z]S.u�}G\GPTJvOG|�PTEUFh��F�`ØR�F5OYH�J_PQJ_FIHWPQS
PTE M X.H�E��YF5P��/F5F5Oµ} M S�Z<FIHTH�S M H<��PTEUF M F5��`9OGF5|±XcPTJvOG|9XIO�`9}YF M b{S M u9XIOYZ]F�|�XIJ_OYH�X.Z�EGJ_F5g�F�RhR�\GF
PTSeJ_OYZ M FIX[H�FIRW}YX M XI^_^_F�^_JKH�u � ÿ�O:PQEGFfS[PTEGF M E�XcOYR���PTEGF�} M S.�G^vF5u¨Scb>bÄXI^KH�F8�ÈH�EYX M J_OG|eJKH�Xc�YH�F5O�P
J_O3PTEUF7� M JvPTF0�{\G}+RGXcPQF7} M S.PTS�Z<S.^ � ÿfOUF:��S.\G^qR��@PQEGF M F<b{S M F±�@F5¯�}YFIZ]P�J_P�PTSµ}YF M b{S M uþ�ÂF�PTPTF M
PTE�XcO¬PTEUF�� M J_PQF0�{J_O�g.XI^_JqRGXcPQFh} M S.PQS�Z]S.^ � C/EUF�� M J_PQF0�{\G}+RGXcPQF�} M S[PTS�Z]S[^�}YF M b{S M u9H�}YS�S M ^v`
�YFIZ5XI\YH�F7SIb�PTEGF�EGJ_|[E¸SIg�F M EGF�X.R�JvP%JvOYZ]\ M HWXIP�H�`�OYZ�E M S[OGJ_Æ�XcPTJvS.O3}YS.J_O�P�H � B�H�S.OGF7��S.\G^qR
M F�Z5Xc^v^È��g�F M H�JvS.O�����}ÂF M b{S M u9Hfýe�YX MQM J_F M H�S.}YF M XIPTJvS.OYH ��L�M J_S M PQS:F�X.Z�Eh��X MTM J_F M S.}YF M XcPQJ_S.OÁ�
PTEUFW� M JvPTF0�{\G}+RGXIPTFW} M S.PQS�Z]S.^r}YF M b{S M u9H�|.^vS.�YXI^@� M J_PQFIH/PTS�H�EYX M FIR�RUXcP�X � B�H/J_P�PT\ M OYH�S.\GP��
PTEUJKH%S[}YF M XIPTJ_S[O©JqHWy�\GJ_PQF:F5¯�}YF5OYH�J_g�FaPTS�}YF M b{S M uþJ_OØX�R�JKH�P M Jv�G\GPTF�R¸H�`UH�PQF5u �YFIZ�Xc\YH�FoXI^_^
u7S�R�Jts+Z5XIPTJ_S[OYHWOGF5F�R PQS��YFo} M S.}YXI|�XcPQFIR©PTS3XI^_^�}YX M PQJKZ]Jv}YXcPQJ_OG|�} M S�Z]FIHQH�S M H]��Xo}YS.PQF5O�PQJKXI^
Je��� h �fu�FIHTHQXc|.F�H � C/EGJqHfJKH�XIO¸X M PQJËbÄX.Z<P�Scb�PTEUFaH�P M \YZ]PQ\ M F�SIb�XI^_|[S M JvPTEGu(��EGF M F5J_O3R�\ M J_OU|
R�JE��F M F5O�Pf}UEYX.H�FIH]�>FIX[Z�E�} M S�Z]FIHQH�S M X[Z5Z]FIHQH�FIH�R�J´�+F M F�O�P�}YS M PTJvS.OYH�SIb�PTEUFaH�EYX M FIR�RGXIP�X � B
R�JE��F M F5O�P�XI^_|[S M JvPTEGuùPTEYXIP�F5O�b{S M Z]F�H@^_S�Z5XI^_JvÆ5FIRWX[Z5Z]FIHQH�FIH>PTSeH�EYX M FIRWu7F5u7S M `���`�JvOYR�J_g�JKR�\YXc^
} M S�Z]FIHTH�S M HW�/S.\U^KR�}ÂF M b{S M u �YF5PQPTF M X[H%FIX[Z�E3} M S�Z<FIHTH�S M Z5XIOØH�}YFIZ]Jtb{`o��EGJqZ�E3\G}+RGXIPTFIHWPQS
|.^vS.�YXI^Yu7F5u7S M `�J_P���S.\G^qR®^vJ_��F�PTS M FIZ]F5Jvg�F��5PTEUF M F5��`WF�^_J_u�J_OYXIPTJ_OU|fPQEGFf}YS[PTF5O�PTJqXc^�b{S M Je��� h �
u7FIHQHTXI|.FIH�XIP�H�`�OYZ�E M S.OGJvÆIXcPQJ_S.Oµ}YS.J_O�P�H � VGS M PTEGF�Jvu7}G^_F�u:F5O�P�XIPTJvS.OaScb�g�F M H�JvS.O����%S[OoPQEGF

ò.ò



� M JvPTF0�{\G}+RGXIPTFaZ]S[EGF M F�OYZ]FW} M S.PQS�Z]S.^Ä�>Xc^v^@|±XcJvOYH�R�\GF�PQS7PTEUF�Xc��H�F5OYZ<F�Scb�bÄXc^qH�F0�ÄH�EYX M JvOG|9X M F
OGF5|±XcPQFIRh��`:PQEGF�OGF5FIR7PQS:}YF M b{S M uô|.^_S[�YXc^r� M JvPTFIH�XcP�H�`�OYZ�E M S[OGJ_ÆIXIPTJvS.O9}YS.J_O�P�H �

Only 1 thread
is active

Phase 1

Phase 2

Phase 3

Phase 4

Phase 5

Phase 6

Phase 7

N threads working in parallel

Barrier

V@Jv|.\ M F ö � ¶ J_|[E9^_F5g�F5^+H�P M \�Z]PT\ M F�Scb&PTEGF p O�PQF5|.F M H�S M Pf�YF5O�Z�EGu�X M �+� · F M H�J_S.Op���

Barrier

Parallel phase 
     - computing key frequencies
     - N threads working in parallel

Sequential phase
    - assiging ranks
    - only 1 thread active

V@Jv|.\ M F�ò�� ¶ J_|[E9^_F5g�F5^+H�P M \�Z]PT\ M F�Scb&PTEGF p O�PQF5|.F M H�S M Pf�YF5O�Z�EGu�X M �+� · F M H�J_S.Op� ð

&�Ô�åIÚ5ÛÜÑYÐ � ð

C/EGF�H�FIZ<S.OYR�g�F M H�J_S[O:SIb>PTEUFfJvO�PQF5|.F M H�S M P/�YF5OYZ�EGu9X M ��EYX[HmP��/SeR�JqH�PTJvOYZ]P�}UEYX.H�FIH]��X�}YX M Xc^®�
^_F�^�}GEYX[H�F��+XcO�RoX7H�FIy�\UF5O�PQJKXI^�}GEYX[H�F �#p O9PQEGF�}YX M Xc^_^vF5^>}GEYX[H�F��+Xc^v^>} M S�Z<FIHTH�S M H M FIX[RhJ_O9PQEGF
��F5`�g[Xc^v\GFIH�b M S.u0PTEUF5J M�M F�H�}YFIZ]PQJ_g�F�}YS M PTJ_S[OYH�XcO�R�JvOYZ M F5u7F5O�P@PQEGF��G\�Z���F5PNZ]S.\GO�P�H � BxP�PQEGF

ò.ó
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Number of Processors

Integer Sort Benchmark (1 million elements)

write-invalidate
write-update

V@Jv|.\ M FWó��x~�S[u7}G^vF5PTJvS.O7PQJ_u7FIH@b{S M PQEGF p O�PTF�|.F M j�S M Pf�YF5OYZ�EGu9X M �+� · F M H�JvS.O����.��1 3 ð h6i
��F5`UH

F5OYR¸SIb�PTEGF9}YX M Xc^v^_F5^�}GEYX[H�F3�Ü�YF]b{S M F9F5¯�FIZ]\GPQJ_OG|9PTEUF7�YX MQM JvF M �z��FIX.Z�E¸} M S�Z]FIHTH�S M \G}+RGXcPQFIH
PTEUF7|.^vS.�YXI^��G\YZ���F5PeZ]S.\GO�P�H�b{S M PQEGF7��F5`UH � B�b{PTF M PTEUF7�YX MQM JvF M ��S[OGF7} M S�Z]FIHTH�S MaM FIX[RGH%JvO
PTEUF%|[^_S[�YXc^r�G\YZ���F5P�Z<S.\GO�P�H�XcOYRµX.HQH�J_|[OYH�PTEGF M XIOG�UHxPQS:JvOYR�J_g�JKR�\YXc^+��F5`GH � C/EGFeH�FIy�\GF5O�PTJqXc^
Z]S[u7}YS.OGF5O�P�Scb�PTEGF�Xc^_|[S M J_PTEUu Z]S.O�H�PTJvPT\GPQFIHWXI}G} M Sc¯�J_u�XcPTF�^_`�ó[ø�f"}YF M Z]F5O�PWSIb�PQEGF7PTS[P�XI^
F5¯�FIZ]\GPQJ_S[OoPTJvu7FWS[O�S.OGFa} M S�Z]FIHTH�S M�� C/EUJKHfg�F M H�JvS.O>��PQEGF M F]b{S M F���EYX[H g�F M `9^_Jvu7J_PQFIR:}YX M Xc^®�
^_F�^_JKH�u �>k S[PTEaPTEGF�� M JvPTF0�{\G}+RGXcPQF�XIOYR:� M J_PTF8�ÜJvO�g[Xc^vJKRGXIPTF�}ÂF M b{S M u¨FIy�\YXc^v^_`W��F5^_^ �r¶ SI�/F5g�F M �
PTEUF9Z]S.u�}G^_F5PQJ_S[O�PQJ_u7FIH�S[O PQEGFIH�F7} M S[PTS�Z]S[^KHaH�PzX M PzHWPTS3HQXcPT\ M XcPQF9�ÂF�`�S.OYR ö } M S�Z]FIHTH�S M H]�
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Conjugate Gradient Method Benchmark

write-invalidate (no false sharing)
write-invalidate (false sharing)

write-update (with global updates)
write-update (with controlled updates)
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Ø Î>ÐtÎ�Í�Î�ÑcÒ>Î�Ù�×�ßCß$×�Ë
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Data granularity (in bytes)

Transaction workload on a (4-node, 3 MIPS, 1 Gbps) system
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Data granularity (in bytes)

Transaction workload on a (8-node, 3 MIPS, 1 Gbps) system

write-update
write-invalidate

lock-based
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Data granularity (in bytes)

Transaction workload on a (16-node, 3 MIPS, 1 Gbps) system

write-update
write-invalidate

lock-based
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Data granularity (in bytes)

Transaction workload for a (4-node, 3 MIPS, 10 Mbps) system
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write-invalidate

lock-based
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Data granularity (in bytes)

Transaction workload on a (8-node, 3 MIPS, 10 Mbps) system

write-update
write-invalidate

lock-based
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Data granularity (in bytes)

Transaction workload on a (16-node, 3 MIPS, 10 Mbps) system

write-update
write-invalidate

lock-based
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Data granularity (in bytes)

Iterative workload on a (4-node, 3 MIPS, 1 Gbps) system

write-update
write-invalidate

lock-based
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Data granularity (in bytes)

Iterative workload on a (16-node, 3 MIPS, 1 Gbps) system

write-update
write-invalidate

lock-based
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vpr��i^S`+a�bpdmetaih�j
k7amjf^�e>�H¹�rt��}_bp^
n�®���h
uEj{®�¯0oqacu(�Eb@k±v@]_r�nW]mÿf|Eacv@]_^
n�r�n$�¤1�a
`+^��i^�b<rtvIr�n�ny}_b@|_bprxnyrgu_�Ovp]Eh
v
`Cbprgvp^�'�}_|�j_h
vp^<npo�]_^�k5^+jmai^
n�u_a�v3jfa~hcn�`S^�ete�hcn�etamo�d('�sEhcn�^
j�npo�]_^�k5^i�=�>u�v@]_^C`Cbprgvp^�'�}_|�j_h�v@^
npo�]_^�k5^i��}�|Gj�h�vp^zn ��acb<h�egeEk7amjfr���^
j�|�h��c^znCh�bp^¦ny^�umvCh
v+vp]�^W^�uEj-a
��^
hco�]5nyÿmuEo�]�bpacu�r�³
h
vprta�u
^�|Eamo�]��<\+]_r�n<ny^�v<a���|Eh���^
nWo$a�}_e�jO|Ua�vp^�umvprxh�egetÿ7rguEo$et}�jf^Wacu�^
n�vp]�h�vIh�bp^~}_u_b@^�e�h
vp^
jOvpa�vp]_rxn
|Eh
bpvprxo$}_exh�b+^�|Uamo�]�� þ nCh�b@^
ny}�etv+v@]_r�nSnpo�]_^�k7^<oqac}_exj-rtuEoq}_b+k7a�bp^<a��i^�bp]_^zhcj-v@]Eh�uO^�umvprgbp^�egÿ
o�h
etet^zj5��a�bWrtu,v@]_^�rgvp^�b�h�v@r��i^�`+a�bpdmetaih�j�k7amjm^�e>�<\+]_^�egamo�d&'�s�hcny^zj,npo�]_^�k7^Wsmÿ�hcn@nyamo$rxh�vprgu_�
etamo�d�n `Crtv@]�ny^���k7^�umv�n3jfai^
nCu_acvC]�h��i^Ivpa�rtu�o$}_b+v@]_r�n+}�u_u_^
o$^znpnph
bpÿ�a��i^�bp]_^zhcjG�3\+]_rxn+^�´�^
o$v
r�n�k7acb@^
h�|_|Eh
bp^�umvOh
v�ega
` j_h
v�hl�cb�h�um}_e�h
bprtv@rt^
nCS>nyk¥h�ete<|Eh
�c^wnyr�³�^
nÈU��×�>u���hco$v��WhcnOo�h
u
sE^�ny^�^�u{^��i^�u2`Cb@rtvp^�'�rgu(��h�egr�j_h
vp^On@o�]�^�k7^�|E^�by��a�bpkOn�sE^�vpv@^�b�vp]Eh
u{`Cbprtv@^�'�}_|�j_h�v@^0n@o�]�^�k7^
h�v5ny}&ØOo$rg^�umvpetÿwnyk¥h�ete©j_h�v�h2�cb�h�um}_e�h
bprgvyÿ�nyrtu�o$^Ovp]_^Ou_^�^zj���acb�}_u_u�^
o$^
n@nph�b@ÿ{}_|�j_h�v@^
n�rgu
vp]�^We�h
vpvp^�b+a��i^�bL'�ny]�hcjfa
`<n+vp]�^[rgete�'�^�´�^
oqv�a�����h�exny^�'�ny]Eh
bprgu_��rtuOvp]�^���acb@k7^�b�� þ v+]_rg�c]_^�bCj_h
v�h
�cb�h�um}_e�h
bprgvprt^znGvp]_^©jfr�n�vprtu�o$vprgacu�sE^�v�`+^�^�u�egamo�d&'�s�hcny^zj�h�uEj�`Cbprtv@^�'�}_|�j_h�v@^Cnpo�]_^�k5^
nUrxnJeg^
npn�^�b��

\+]_^�b@^
ny}_egv�n+��acbWv@]_^�rgvp^�b�h�v@r��i^�`+a�bpdmetaih�j0k7amjf^�e�jma�u�acv�o�]Eh�u��c^�r �3vp]�^�o$ack7k�}b'
u_rxo�h�v@rtacuOk7^zjfrt}_kMrxn+bp^�|�e�hcoq^
j7sfÿOhO® @ ÿ0s_|En�µ�vp]_^�b@u_^�vCsE^
o�h
}Eny^�a�u_etÿ ­J@�M a���vp]_^~j_h
v�h
hco�o$^
npn�^
n�h
bp^CkOh�jf^C}_uEjf^�b�vp]_^<oqacumvpbpa�e_a���hWetamo�d���1�^�u�o$^i�
vp]_^C|E^�b���acbpk¥h�uEo$^©jf^���b�hcj�h�vprgacu
hcnCh�b@^
ny}�etv+a
�3n�]_rt|�|_rtu_��j�h�v�h�`Crtv@]7vp]�^Wetamo�d-rxn+u_acv��i^�bpÿ�nyrg�cu_r���o�h
ufv+��a�bCvp]_^Wegamo�d&'�sEhcn�^
j
|_b@acvpamoqace>�
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�>ulvp]�r�nWk7amjf^�e���}_uEnyÿmuEo�]_bpa�u_r�³�^
j£`Cb@rtv@^�'>n�]Eh�b@rtu_�,a
�Ij_h�v�h0r�n�h�egeta
`+^zjÚS�ny^�^On�^
o$v@rtacuÛ®f� ­ U��
¹_}_bpv@]_^�b�v@]_^Ojfa�kOh�rgu�a
�W`Cb@rtv@^�'>n�]Eh�b@^
j{j_h�v�h£rxn�vp]_^O^�umvprgbp^5ny]Eh
bp^
j�j_h�v�h2n�|Ehcoq^i�{\+]f}�n
vp]�^[k5amjf^�eErtv�ny^�e ��]EhcnCh�]_rg�c]Os_}_rgetv¶'�rgu7a��i^�bp]_^zhcj²S>h�nCo$ack7|�h�bp^zj-vpa�v@]_^Wrtv@^�b�h
vpr��i^�k7amjm^�eÜU
��acb�sEa�vp]{vp]_^O`Cb@rtvp^�'�rgu(��h�egr�j_h
vp^�acb�`Cb@rtvp^�'�}_|�j_h
vp^On�v�ÿfeg^7|_bpa�vpamo$a�e�nq�g�>ulvp]�^-��acb@k7^�b���rtub'
��h�egr�j_h
vprta�uEn�kOh�ÿO]Eh��i^�v@a7sE^�ny^�umvWv@aOh�ege�vp]_^�u�amjf^
nW`C]_rteg^�rgu0vp]�^�e�h�v@vp^�bI}_|�j_h�v@^
nWkOh�ÿ
]Eh��i^Cvpa�sE^�n�^�ufv�vpa~h�egeUv@]_^<u_amjf^
nq�3\+]_r�n�r�n�^��mr�jm^�ufv�smÿ�o$a�k7|Eh�b@rtu_�~h
sEnya�et}_v@^Wo$a�k7|_eg^�vprgacu
vprgk7^
n���acb~vp]_^�n@h�k7^5h�k7a�}_umv�a��<v@acv�h�eC`+a�bpdÝS�rtulv@^�bpk¥n¦a
�Wum}_k�sE^�bWa��Ik7^�k5acbpÿ�bp^$��^�bL'
^�uEoq^
nÈU���a�b�v@]_^�vy`Sa�`+a�bpdmetaih�j�k7amjm^�e�n�S>ny^�^V¹�rt�c}�bp^
n�®���h�uEj ­ ®�U�� þ n�o�h�uOsE^�ny^�^�u7��bpack
¹�rg�c}_b@^ ­ ®�rtuEoqbp^
h�nyrtu���v@]_^�j_h
v�h7�cb�h�um}_e�h
bprtv�ÿ�]_^�et|�n�sEacvp]wvp]_^�|_b@acv@amo$acexn$��\+]_^�|Ua�nyrgvpr��i^
^�´�^
o$v�a
��bp^zjf}Eo$rgu_�,vp]_^Oum}_k�sU^�b�a��Ik7^
n@nph
�c^
n�h
v-exh�bp��^�b�j_h
v�h2��b�h�um}_exh�bprgvprg^
n�ny^�^�kOn[v@a
jfa�k7rtuEh
vp^Cv@]_^Wu_^���h�v@r��i^<^�´�^
o$v3a�����h
e�ny^�'>n�]Eh�b@rtu_����acb+v@]_^<`Cbprtv@^�'�rtu&�ch
etrxj_h�v@^�|_b@acv@amo$ace��3\+]_^
etamo�d&'�sEh�ny^
j,|_b@acvpamoqace�S�a
`Crtu��7vpaOrtv�nWhcn@ny}_k5|_vprgacu
vp]Eh
v�o$ack5|_}_v�h
vprgacuEn�a�sE^�ÿ
hOnyÿmuEo�]�bpaJ'
u_r�³
h�v@rtacu5k7amjf^�e¼U�rxn sEh�nyrxo�h�egetÿ�rtuEo$a�k7|Eh
vprts�et^C`Crtv@]7vp]�r�n+h�nyÿmuEo�]_bpa�u_ac}EnC`+a�bpdmeta�hcj7k7amjf^�e��
Ð `Crtu_�Ov@a0vp]�^-|_b@acv@amo$ace©h�etega
`Crtu_�O^���hco$v@etÿ�acu_^�'�o$a�|fÿ,a
�Ih0ny^��ck7^�umvHS�bp^��ih�b�jfet^znpn[a
�Cv@]_^
j_h
v�h��cb�h�um}_e�h
bprgvyÿ"U���acb©ny}Eo�]Ohcn�ÿfu�o�]_b@acu_a�}EnChco�o$^
npn�^
n v@]_^Wegamo�d&'�s�hcny^zj-|_bpa�vpamo$a�e�|E^�by��a�bpkOn
o$a�uEnyrxnyvp^�ufv@etÿ�`Sacb�ny^Wv@]Eh�u7v@]_^<acvp]�^�b3vy`Sa[��a�b+h
ete�j_h
v�h[��b�h
uf}_exh�b@rtv�ÿ#S>n�^�^1¹�rt�c}�bp^8¥JU��31<a�`�'
^��i^�b¦jf}_^�vpaOet^
n@ny^�b�um}_k�sU^�b�a
�Ck7^
n@nph
�c^
n�h�v�exh�bp��^�b��cb�h�um}_e�h
bprtv@rt^
nWv@]_^-|E^�b���acb@kOh�uEoq^�a��
etamo�d&'�sEh�ny^
j7|_b@acv@amo$ace�h�|_|�bpaih�o�]�^
n�v@]Eh�v<a���vp]_^�acv@]_^�bCv�`+a��

\+]_^<bp^
n�}_etv�n���acb3vp]_^Ihcn�ÿfu�o�]_b@acu_a�}En `Sacb@dfegaihcj�k7amjf^�eEjma[u�acvCo�]Eh
u_�c^<r"��vp]�^Wo$a�k	'
k�}_u_r�o�h�vprgacu<k7^
jfrg}_k¡r�nGb@^�|_exhco$^
jWsmÿ�hW® @ ÿ0s_|En
µ�vp]_^�b@u_^�v�sE^
o�h
}Eny^Sacu_egÿ ­J@�M a���vp]_^Sj_h
v�h
hco�o$^
npn�^
n�h�b@^�kOhcjf^�}�uEjf^�bWv@]_^5o$acumvpb@ace�a
�<h7etamo�dG�¤1�^�uEo$^��Gvp]_^�|E^�b���acb@kOh�uEoq^�jf^��cb�hcj_h�'
vprgacuOjm}_^�v@a�n�]_rt|_|�rtu_�~a���j_h
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Data granularity (in bytes)

Asynchronous workload on a (4-node, 3 MIPS, 1Gbps) system

write-update
write-invalidate

lock-based

¹�rg�c}_b@^ ­J@ ° þ n�ÿfuEo�]_b@acu_a�}En+`+a�bpdmetaih�j�k7amjm^�e>8Ön |E^�by��a�bpkOh
uEo$^Wa�u#©-u_amjm^
n�a�u¿�EsE^�b

|_b@acvpamoqace>�
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^�o$acuEjm}Eo$vp^zj,ny^��i^�b�h�e�^��m|U^�bprtk5^�ufv�n v@aOjf^�v@^�bpk7rgu_^�vp]_^�^�´G^zo$v�nCa��©u_^�`Àvp^
o�]_u_a�eta��cÿ0a�u
vp]�^[a��i^�b�h�egeG|E^�by��a�bpkOh
uEo$^i�
¾¡]_^�uOvp]�^[|�bpamo$^
n@nya�b�nCrtuOvp]_^�sEh�ny^�egrtu_^¦nyÿ�nyvp^�k¨h�b@^[b@^�|_exhco$^
j
`Crtv@]£��h�nyv@^�b�|_bpamo$^znpnya�b�n	S�ny^�^á¹�rt��}_bp^ ­A­ U���vp]�^-a��i^�b�h�ete�nyÿ�nyvp^�k |U^�by��acb@kOh�u�o$^�rtk7|�bpa��i^
n$�
h�egvp]_a�}_�c]Évp]_^,|E^�b�o$^�umv�h���^2rgk7|_b@a9�i^�k-^qufv�jm}_^2v@a{bp^
jf}�o$^
o$ack5|_}_v�h
vprgacu¡vprgk7^
n�r�n7u_a�v
}_u_r ��acb@kîhco$b@ainpn�h
eteSj_h
v�h�v@b�h
uEn���^�b¤nyr�³�^
n$�O\+]�^7u_acuf'�}_u�r"��acb@k rgk7|_b@a9�i^�k-^qufvIhcoqbpain@n[v@]_^
b�h
u_�c^5a��Ij_h
v�h0�cb�h�um}_e�h
bprgvyÿ
o�h�ulsE^7^��m|_exh�rtu�^
j2h�n[��acegeta
`<n$°/¹_a�b�eta
`ûj_h�v�h0�cb�h
uf}�e�h�b@rtv�ÿi�
k7a�bp^�uf}�k-sE^�bCa
�Sj_h�v�h7bp^��i}_^
n�v�n<h�bp^~�c^�u�^�b�h
vp^
jG�Evp]�^�bp^�smÿOrtuEoqbp^
h�nyrtu��-v@]_^�o$a�k7|_}_v�h�v@rtacu
bp^��§}_rgbp^�k5^�ufv�n+h�npnyamoqr�h�v@^
j0`Crtv@],|Eh���^�'���h�}_egv[]�h�uEjfegrtu_�¥h�uEjnþ[�Ôÿ b@^�e�h
vp^
j�nyv�h�vp^�k¥h�rtumvp^�'
uEh
uEo$^�DmhcnShWbp^
n�}_etv��cvp]_^<|_b@amo$^
npn�acb©ny|E^�^
j�]Ehcn3h~nyrt��u_r��Uo�h�umv�rtk5|Ehco$v�acu5vp]_^C|E^�b���acbpk¥h�uEo$^
vp]�h�u[��a�b�exh�b@�c^Sj_h�v�h���b�h
uf}_exh�b@rtv�ÿi���irtk5rte�h
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Data granularity (in bytes)

Asynchronous workload on a (4-node, 3 MIPS, 1 Gbps) system

write-update
write-invalidate

¹�rg�c}_b@^ ­ ®�° þ n�ÿfu�o�]_b@acu_a�}En�`Sacbpdmeta�hcj�k7amjf^�e�8ÛnG|E^�by��a�bpkOh
uEo$^SacuV©Iu_amjf^
n�a�uV�EsE^�b��§O3ack	'
|Eh
bprtu��-`Cb@rtvp^�'�}_|�j_h
vp^~h�u�j�`Cbprgvp^�'�rtu&��h�egr�j_h
vp^

vp]�^�o$a�k7k-}�u_r�oqh�v@rtacu5k7^
jfrg}_k�rgu0v@]_^�sEh�ny^�egrtu_^~n�ÿ_n�vp^�k¨r�nCbp^�|_e�h�o$^
j7`Crtv@],h���h�nyvp^�bWo$a�k	'
k�}_u_r�o�h�vprgacuOk7^
jmrt}_kâS>n�^�^/¹�rt�c}�bp^ ­ ®�U���\+]_^�b@^
hcn�acu,��acb�vp]_^�rgk7|_b@a9�i^�k-^qufvCrxn�bp^zjf}Eo$^
j
vpb�h�uEn�k7r�n@nyrgacu0v@rtk7^zn$�<\+]_^�rtk5|Ehco$vCa
�©o$ack7k�}_u_rxo$h
vprgacuOn�|U^�^
j0acu
vp]_^~|E^�by��a�bpkOh
uEo$^�sE^�'
o$a�k7^
nWk7acb@^Onyrg�cu_r���o�h
ufv¤hcn�vp]�^0j�h�v�h0��b�h
uf}_exh�b@rtv�ÿ2rxn�rtuEoqbp^
h�ny^
j2sE^
o�h�}En�^0h
v�eta
`¯j_h
v�h
�cb�h�um}_e�h
bprgvyÿ{v@]_^�hco�o$^znpn-v@a2v@]_^0k7^zjfrt}_kîr�n�vp]�^0|_b@rtkOh
bpÿwnyac}�b�o$^,sEacv@vpeg^�u_^
o�dÝS>jm}_^0v@a
e�h
bp��^[um}_k�sE^�b+a
��k7^znpnph
�c^
nãU��
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è 
Eù¼
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  ôE
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^�jf^��Eu_^¤npo�h
e�h
s_rtegrtv�ÿ7a��©hOjfrxnyvpb@rts_}�vp^
j�nyÿ�nyvp^�k±h�n�vp]�^�^�´�^
o$v<a��SrtuEoqbp^
h�ny^
j0um}_k�sU^�bCa��
u_amjf^zn�rgu�vp]�^0n�ÿ_n�vp^�k acu�v@]_^O|E^�by��a�bpkOh
uEo$^Oa��Ivp]_^�|_bpa�s_et^�k sE^�rtu_�
n�ace��i^
jG�3^i� ���t�3r"�¦h
|_b@acs_eg^�k�a
�3n�r�³�^¦í rxn+n�ace��i^zj-rtu7v@rtk7^�î I smÿTï |_bpamoq^
npn�acb�nCvp]�^�u7rtv©ny]_a�}_e�j7sE^~nya�e��i^
j-smÿ
ð ïñS ðCò ®9U<|_b@amo$^
n@nyacb�nWrtu0v@rtk7^8î¶ó�`C]_^�bp^Vî¶ó8ôõî I �8��jf^
h
etetÿ��_`+^�`+a�}_e�j0egrtdi^8î IÈö îLó1÷ ð �
�>uOvp]_rxnCo�hcn�^i�_vp]_^�|_b@acs_eg^�k'rxnCnph�rxj7vpa5hco�]_rt^��i^<etrgu_^
h
b<ny|E^�^
jf}�|��

\�aWn�vp}Ejfÿ�v@]_^3^�´�^
o$v�n�a���vp^
o�]_u_a�etac��ÿ���hcoqvpacb�nJa�u�n�ÿ_n�vp^�k npo�h�e�h
s_rtegrtv�ÿi�q`+^3^���h�k7rgu_^
j

¯f®



0

5000

10000

15000

20000

25000

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

C
o
m
p
l
e
t
i
o
n
 
T
i
m
e
 
(
i
n
 
m
s
e
c
)

Data granularity (in bytes)

Transaction workload on a (4-node, 10 Mbps, write-invalidate) system

3 MIPS cpu
25 MIPS cpu

¹�rt�c}�bp^ ­J­ °$µ7´�^
o$vCa
�3|_bpamoq^
npn�acbIny|E^�^
j7acu�|E^�by��a�bpkOh
uEo$^

h,jfrxnyvpb@rts_}�vp^
jln�ÿ_n�vp^�kî}En�rtu_�
vp]_^5vpb�h
uEnph�o$vprgacu{k7amjf^�eCh�u�j�v@]_^O`Cbprgvp^�'�}_|�j_h�v@^�npo�]_^�k7^i�
¹�rg�c}_b@^
n ­ ©_� ­ Pm� ­ ¨f��h�uEj ­ ¥�n�]_a
`¡vp]_^Ibp^
n�}_etv�n���a�b ��a�}_b3|Ua�npn�rts_eg^�nyÿ�nyv@^�k¯o$acu&�E�c}_b�h�v@rtacu�n$°
®@ÿ²�°c©�HO¦c§G�`Crtvp]O® @ ÿ0s_|En�h
uEj�®1·<s_|En�k7^zjfrt}_k��
h�u�j ­ ¨@ÿ²�°c©�/O¦c§G�`Crgvp]O® @ ÿ0s_|�n
h�u�j2®V·<s_|EnCk7^
jfrg}_k,�

¹�rg�c}_b@^ ­ ©¡n�]_a
`<n�v@]_^
nyÿ�nyv@^�k |E^�by��a�bpkOh
uEo$^,h�n0h2��}_uEoqvprta�u�a
��j_h
v�h{vpb�h
uEn���^�b
�cb�h�um}_e�h
bprgvyÿ0��a�bV©A'p�)�9'@�3h�uEj�®�P9'�u_amjf^�o$a�u(�E�c}�b�h�v@rta�uEn$� þ etv@]_ac}��c]2��a�b�hO�cr��i^�u2um}_k�sE^�b
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Data granularity (in bytes)

Transaction workload on a (4-node, 3 MIPS, write-invalidate) system

10 Mbps
1 Gbps

¹�rt��}_bp^ ­ ®f°¦µ7´G^zo$v�a
�3oqack7k�}_u_rxo�h�v@rtacu�n�|E^�^
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o$a�k7k-}�u_r�oqh�v@rtacu�k7^
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Data granularity (in bytes)

Transaction workload on a (3 MIPS, 10 Mbps, write-update) system

16-nodes
8-nodes
4-nodes

¹�rt��}_bp^ ­ ©_°C�iÿ_n�vp^�k npo�h
e�h�s�rtetrgv�ÿ�`Crtvp]C®Rÿ²�°c©�#O¦c§GÀh�uEj
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Data granularity (in bytes)

Transaction workload on a (25 MIPS, 10 Mbps, write-update) system

16-nodes
8-nodes
4-nodes

¹�rt��}_bp^ ­ ¨m°���ÿ_n�vp^�kënpo�h
e�h
s_rtegrtv�ÿ-`Crgvp] ­ ¨Rÿ²�°c+�¿O¦c§GÀh�u�j2® @ ÿ0s_|EnCu_^�v�`Sacbpd
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Data granularity (in bytes)

Transaction workload on a (3 MIPS, 1 Gbps, write-update) system

16-nodes
8-nodes
4-nodes

¹�rt�c}�bp^ ­ Pf°C�iÿ_n�vp^�k npo�h
e�h�s�rtetrgv�ÿ-`Crgvp]C®�ÿ²�°c©�#O¦c§G¢h
uEj,®ù·<s_|�n�u_^�vy`Sacb@d
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Data granularity (in bytes)

Transaction workload on a (25 MIPS, 1 Gbps, write-update) system

16-nodes
8-nodes
4-nodes

¹�rg�c}_b@^ ­ ¥�°���ÿ_n�vp^�k¨n@o�h�exh�s_rgetrgvyÿ�`Crgvp] ­ ¨Rÿ²�Ñc+�	O¦c§G h�uEj
®V·�s�|En�u�^�v�`+acb@d
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½+¾o¿ÁÀÃÂ#ÄoÄZÅ�ÆZÇ�¿ÉÈ¥ÄoÊËÅ#À4Å�Æ�Ì-À\ÌM¾oÅXÇ�Å#À/¿ÎÍ�Æ¬Â�ÆZÇÏ¿ÉÐ�ÄoÑÉÅ�ÐÏÅ;Æ�Ì�Â�ÌË¿ÎÒ�ÆÓÒ#ÔÕÇ�¿ÁÀ4ÌËÊM¿ÎÖy×oÌMÅ#ÇFÀ/¾ZÂ�ÊËÅ#ÇFÐ�Å�Ð�Ø
Ò�ÊËÙ¥ÖZÂ�À4Å#ÇcÒ�ÆFÌË¾oÅBÖo×�Ú`Å�ÊËÅ#Ç¥Û�Ò�ÆZÀ4¿ÁÀ4ÌËÅ�ÆZÛ�ÙcÐ�Å�Ð.Ò�ÊMÙBÐ.Ò�Ç�Å�ÑZÜ&ÝKÞgØßJÓà�áãâ-ä�½+¾yÅB¿ÎÐ�ÄoÑÉÅ�Ð¬Å�Æ�Ì�Â#Ø
ÌM¿ÉÒ�Æ�¿åÀBÇ�Ò�ÆoÅcÒ�Æ�ÌËÒ�ÄæÒ#ÔçÌË¾oÅ¬èhé�êçëÕì\ícÇ�¿ÁÀ4ÌMÊË¿ÎÖo×yÌMÅ#ÇÏÒ�ÄZÅ�Ê�Â#ÌM¿ÎÆyÍ�À/ÙoÀ/ÌMÅ�Ð äÕî\¿ÉÊ�À/Ì�ï�ð�ÅcÖoÊM¿ÉÅ�ñZÙ
Ç�Å#ÀËÛ�ÊM¿ÉÖZÅÓÌË¾oÅcÖo×�Ú`Å�ÊËÅ#Ç�Û�Ò�ÆZÀ/¿åÀ/ÌMÅ�ÆZÛ;Ù�Ð�Å�Ð�Ò�ÊMÙIÐ�Ò�Ç�Å�Ñßä

ò ó#ô õ*ö¸÷ òùøæú(÷cû+÷¥ü ý*þ�ÿ��������ç÷¥ÿ��	� 
 ÷�� þ¬û
� 
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Ý+×�Ú`Å�ÊËÅ#Ç Û�Ò�Æ�À4¿åÀ/ÌMÅ�Æ�Û�Ù ÜßÝKÞBâK¾�Â�ÀhÖZÅ�Å�Æ�ÄoÊMÒ�ÄtÒ�À4Å#Ç�Ö�Ù��rÅ�Å�Â#ÆZÇ��KÂ#Ð�Â�Û�¾ZÂ�Æ�Ç�Ê�Â#Æ�������� Â�À
ÂFð+Å#Â���Ð�Å�Ð�Ò�ÊMÙFÐ�Ò�Ç�Å�ÑtÔ Ò�ÊhÀ/¾ZÂ�ÊËÅ#Ç Ð�Å�Ð�Ò�ÊËÙFÐÏ×oÑÉÌM¿ÉÄoÊMÒ�Û�Å�ÀMÀ4Ò�Ê�À;äç½+¾oÅ ÝKÞ0Ð�Ò�Ç�Å�Ñ%ÊMÅ#Û;Ò�Í�Ø
Æo¿���Å#ÀÃÌ/ð�Ò¥Ì/Ù�ÄZÅ#ÀgÒ�Ô Â�Û�Û;Å#ÀMÀ/Å#À��gÇoÂ#Ì�ÂFÂ#ÆZÇ�À4Ù�ÆZÛ ¾yÊMÒ�Æy¿ �#Â#ÌM¿ÎÒ�Æ%ä"!hÂ#Ì�ÂFÂ�Û�Û�Å#ÀMÀ/Å#À+Û�Â�Æ�ÖZÅÓÊËÅ#Â�ÇyÀ
Ò�ÊFðBÊË¿ÎÌËÅ#À¥ÌMÒ Å�¿ÉÌM¾oÅ�Ê¥ÄoÊË¿ #�Â�ÌËÅ�Ò�Ê¬À/¾ZÂ�ÊËÅ#Ç0ÇoÂ#Ì�Â�ïÃðB¾oÅ�ÊMÅ#Â�ÀFÀ4Ù�ÆZÛ ¾yÊMÒ�Æy¿ �#Â#ÌM¿ÎÒ�Æ Â�Û�Û�Å#ÀMÀ/Å#ÀFÂ�ÊËÅ
Â�Û�Û�Å#ÀMÀ/Å#ÀÓÌËÒ À/Ù�ÆZÛ�¾oÊËÒ�Æo¿��#Â�ÌË¿ÎÒ�Æ$#�Â#ÊM¿ÁÂ�ÖoÑÉÅ#À�ä
½+¾oÅ�ÝKÞ�Ð�Ò�Ç�Å�ÑgÇ�¿ÁÀ4ÌM¿ÉÆoÍ�×y¿åÀ4¾yÅ#ÀÓÖZÅ�Ì/ð+Å�Å�ÆãÌ/ð�Ò
Ì/Ù�ÄZÅ#ÀÕÒ�Ô�À4Ù�ÆZÛ�¾oÊMÒ�Æo¿ ��Â�ÌM¿ÉÒ�Æ%�%ÆoÒ�ÆoØßÛ�Ò�ÆZÀ/¿åÀ/ÌMÅ�ÆZÛ;ÙFÄoÊMÅ#À/Å�Ê&#�¿ÎÆyÍFÜ('*)çØ/à�Ù�ÆZÛ ¾`â�ï�Â#ÆZÇ�Û�Ò�ÆZÀ4¿ÁÀ4ÌMÅ�ÆZÛ�Ù
ÄoÊËÅ#À4Å�Ê+#�¿ÉÆoÍcÜ4Þ,)çØ/à�Ù�ÆZÛ ¾`â�äç½+¾yÅBÝKÞ Ð�Ò�Ç�Å�Ñ�ÊMÅ�-�×o¿ÉÊMÅ#ÀrÌË¾ZÂ�Ì�À4Ù�ÆZÛ�¾oÊMÒ�Æo¿ �#Â#ÌM¿ÉÒ�ÆFÂ�Û�Û�Å#ÀËÀ4Å#ÀÕÇ�Ò�ÆoÅ
Ö�Ù�Â�Æ¸Â�ÄoÄoÑÉ¿åÛ�Â#ÌM¿ÉÒ�Æ
À4¾oÒ�×oÑåÇ�ÖZÅ¥Í�ÑÉÒ�ÖZÂ#ÑÎÑÉÙ�ÄZÅ�Ê4Ô Ò�ÊMÐ�Å#Ç¬¿ÎÆæÌË¾oÅcÒ�Ê-Ç�Å�ÊBÒ�Ô ¿åÀMÀ/×oÅ�ä,.&Æ�ÌËÅ�ÊMÑÉÅ#Â/#�¿ÉÆoÍ
Ò�ÔÃÀ4Ù�ÆZÛ ¾yÊMÒ�Æy¿ �#Â#ÌM¿ÎÒ�Æ Â�Û�Û�Å#ÀËÀ4Å#ÀBÒ�Ô�Ç�¿ Ú`Å�ÊMÅ�Æ�ÌQÂ#ÄoÄoÑÎ¿ÁÛ�Â�ÌË¿ÎÒ�ÆZÀVÆyÅ�Å#Ç�ÆoÒ�ÌXÖtÅ À4Å�-�×oÅ�Æ�ÌM¿ÁÂ�ÑÉÑÎÙ.Û�Ò�ÆoØ
À4¿ÁÀ4ÌËÅ�Æ�Ì�äç½+¾oÅXÝKÞ Ð.Ò�Ç�Å�Ñ�ÄoÑåÂ�Û�Å#À\Ô Ò�ÑÉÑÎÒ#ðB¿ÎÆoÍcÊËÅ#À4ÌËÊM¿åÛ;ÌM¿ÎÒ�ÆZÀ\Ò�Æ�À4Ù�ÆZÛ�¾oÊMÒ�Æo¿ �#Â#ÌM¿ÉÒ�ÆFÒ�ÄZÅ�Ê-Â�ÌË¿ÎÒ�Æ�À��
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1 ½+¾oÅB¿ÁÀMÀ/×oÅBÒ�Ô�Â�Æ2'3) Ø/à�Ù�ÆZÛ�¾FÂ�Û�Û�Å#ÀMÀ�Ç�Ò�Å#ÀçÆoÒ�Ì�ÊMÅ�-�×o¿ÎÊËÅ+ÌË¾oÅ+ÄoÊËÅ#Û�Å#Ç�¿ÎÆoÍXÇoÂ�Ì-ÂcÂ�Û�Û�Å�ÀMÀ4Å�À
ÌËÒÏÖZÅcÄZÅ�Ê4Ô Ò�ÊMÐ�Å#Ç¬Í�ÑÎÒ�ÖZÂ�ÑÉÑÎÙ�ä

1 à�¾�Â�ÊMÅ�ÇãÂ�Û�Û�Å#ÀËÀ4Å#ÀKÔ Ò�ÑÉÑÎÒ#ðB¿ÎÆyÍ�Â�Æ$'*)çØ4à�Ù�ÆZÛ�¾�Â�Û�Û�Å�ÀMÀKÖ�Ù�Â�Æ�Â�ÄoÄyÑÎ¿åÛ�Â�ÌM¿ÉÒ�Æ�Û�Â#ÆoÆoÒ�Ì¥ÖZÅ
¿ÁÀMÀ4×yÅ#Ç�×oÆ�ÌË¿ÎÑ`ÌM¾oÅ4'*)çØ/à�Ù�Æ�Û ¾
Â�Û�Û�Å#ÀMÀ+¿ÁÀ+ÄZÅ�Ê4Ô Ò�ÊMÐ�Å#Ç`ä

165 Þ,)çØ4à�Ù�ÆZÛ�¾(Â�Û�Û;Å#ÀMÀ¥¿ÁÀÓÆoÒ�ÌÏ¿ÁÀMÀ4×yÅ#Ç ×oÆ�ÌË¿ÎÑ Â�ÑÎÑ�ÄoÊMÅ�Û�Å#Ç�¿ÉÆoÍ ðBÊM¿ÉÌMÅ#ÀcÌMÒ�À4¾ZÂ#ÊMÅ#Ç ÇoÂ#Ì�Â
¾ZÂ/#�ÅhÖZÅ�Å�ÆæÍ�ÑÉÒ�ÖZÂ#ÑÎÑÉÙÏÄZÅ�Ê/Ô Ò�ÊMÐ.Å#Çrä

ÝKÞ ¿ÎÐ.ÄoÑÎÅ�Ð¬Å;Æ�Ì-À ÊËÅ#Â�Ç�Å�ÊMØ ¿ÎÆo¿ÉÌM¿åÂ#ÌMÅ#ÇFÐ�Å�Ð.Ò�ÊMÙIÛ�Ò�¾oÅ�ÊËÅ�ÆZÛ�Å�ï�¿&ä Å�äÎï�¿ ÔÕÂ�Æ
Â#ÄoÄoÑÎ¿ÁÛ�Â�ÌË¿ÎÒ�ÆÏ¿ÁÀ
¿ÎÆ�ÌMÅ�ÊMÅ#À/ÌMÅ#Çc¿ÎÆFÊMÅ�Û�Å�¿ #�¿ÎÆyÍBÐ�Ò�Ç�¿87tÛ�Â�ÌË¿ÎÒ�Æ¥Ô Ò�ÊgÀ4¾�Â�ÊMÅ�ÇÏÇoÂ#Ì�ÂhÌM¾yÅ�ÆF¿ÎÌÕð+Ò�×oÑåÇF¿ÎÆZÇ�¿åÛ�Â#ÌMÅBÀ/ÒcÌMÒhÌË¾oÅ
ÇoÂ#Ì�ÂFÀ4Å�Ê&#�Å�Ê�ä 5 À+ÂÓÊËÅ#À4×yÑÎÌ�ï�Â#Æ�Ù¬Ð�Ò�Ç�¿97`Û�Â�ÌË¿ÎÒ�ÆÏÐ�Â�Ç�ÅBÌMÒ À4¾ZÂ#ÊMÅ#Ç.ÇoÂ�Ì-Â¥ðB¿ÎÑÎÑZÖZÅhÄoÊËÒ�ÄZÂ#Í�Â#ÌMÅ#Ç
ÌMÒ¬ÌM¾yÅ¥Â#ÄoÄoÑÉ¿åÛ�Â#ÌM¿ÎÒ�Æ�×oÆ�ÌË¿ÎÑ`ÌM¾oÅcÊMÅ:-�×oÅ�À4Ì+¾�Â�ÀBÖtÅ�Å�ÆæÅ�È�ÄoÑÉ¿åÛ�¿ÉÌMÑÎÙIÊMÅ/#�Ò0��Å#Çrä

.&Æ ÂæÆ�×oÌ�À/¾oÅ�ÑÎÑßïçÂ#Æ!¿ÉÐ�ÄoÑÉÅ�Ð�Å;Æ�Ì-Â�ÌM¿ÉÒ�Æ Ò#ÔhÖo×�ÚrÅ�ÊMÅ#Ç Û�Ò�ÆZÀ4¿ÁÀ4ÌMÅ�ÆZÛ�Ù ¿ÎÆ(Â Ç�¿ÁÀ4ÌËÊM¿ÎÖy×oÌMÅ#Ç
À4ÙyÀ4ÌËÅ�Ð*ÊËÅ�-�×y¿ÎÊMÅ�ÀÃÌM¾yÊMÅ�ÅhÔ Å#Â#ÌM×oÊËÅ#ÀÃÔ ÊMÒ�Ð*ÌM¾oÅc×oÆ�Ç�Å�ÊMÑÉÙ�¿ÉÆoÍFÀ/ÙoÀ/ÌMÅ�Ð��

165 Öy¿ÎÑÎ¿ÉÌ/ÙFÌMÒFÄZÅ�Ê4Ô Ò�ÊMÐ�ÑÎÒ�Û�Â�Ñ%ÊMÅ�Â�ÇoÀQÂ�ÆZÇ�ðBÊË¿ÎÌMÅ�À�ä

165 Öy¿ÎÑÎ¿ÉÌ/ÙFÌMÒFÄZÅ�Ê4Ô Ò�ÊMÐ�Í�ÑÉÒ�ÖZÂ#Ñ%ðBÊM¿ÉÌMÅ#À;ä

165 Öy¿ÎÑÎ¿ÉÌ/ÙBÌMÒXÀ4×ZÀ/ÄtÅ�ÆZÇFÂVÄyÊMÒ�Û�Å#ÀËÀ�ï�ÂBÌM¾yÊMÅ#Â�Çrï�Ò�ÊçÂ#ÆFÂ#ÄoÄoÑÎ¿ÁÛ�Â�ÌË¿ÎÒ�Æ¥×oÆ�ÌM¿ÉÑ�Â�ÑÉÑ�Í�ÑÉÒ�ÖZÂ#Ñ�ðBÊË¿ÎÌMÅ�À
ÄoÊË¿ÎÒ�ÊBÌMÒ.ÂÏÞ,) Ø/à�Ù�ÆZÛ�¾æÒ�ÄZÅ�Ê-Â�ÌË¿ÎÒ�Æ
¾ZÂ/#�ÅhÖZÅ�Å�Æ�Í�ÑÉÒ�ÖZÂ#ÑÎÑÉÙ�ÄZÅ�Ê4Ô Ò�ÊMÐ�Å#Ç`ä
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U ÆæèXé�ê�ë\ìÕí�ï�ÌË¾oÅKÖy×�Ú`Å�ÊMÅ#Ç¬Û�Ò�ÆZÀ4¿ÁÀ4ÌMÅ�ÆZÛ�Ù¥Ð.Å�Ð�Ò�ÊËÙhÐ�Ò�Ç�Å�Ñ�¾ZÂ�ÀÃÖZÅ�Å�ÆF¿ÉÆ�ÌËÅ�Í�Ê-Â�ÌËÅ#Ç ðB¿ÉÌM¾FÌË¾oÅ
Ò�ÄZÅ�Ê-Â�ÌË¿ÎÆoÍ¸À4ÙyÀ4ÌMÅ�Ð ä¥½+¾y¿åÀh¾ZÂ�ÀhÖZÅ�Å�Æ�Ç�Ò�ÆoÅÏÖ�ÙæÐ.Ò�Ç�¿ Ô Ù�¿ÎÆoÍ.ÌM¾oÅ2!Óà�á À4×yÖZÀ4ÙyÀ4ÌËÅ�Ð ïrðB¾o¿ÁÛ ¾
¿åÀ¬ÊMÅ#À/ÄtÒ�ÆZÀ4¿ÉÖoÑÎÅæÔ Ò�Ê�Ð�Â�¿ÉÆ�Ì-Â�¿ÎÆy¿ÎÆoÍ�Û�Ò�¾oÅ�ÊËÅ�ÆZÛ�Å
Ò�Ô¬À/¾ZÂ�ÊËÅ#Ç"ÇoÂ#Ì�Â�ïhÌËÒ Ð�Ò�Ç�Å�ÑKÌË¾oÅ Öo×�Ú`Å�ÊËÅ#Ç
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Û�Ò�ÆZÀ4¿ÁÀ4ÌMÅ�ÆZÛ�Ù�Ð�Å�Ð�Ò�ÊMÙæÐ.Ò�Ç�Å�Ñ&ä 5 À¥Â ÊMÅ�À4×oÑÉÌ�ïgÂ�Æ�Ù Â#ÄoÄoÑÎ¿ÁÛ�Â�ÌË¿ÎÒ�Æ!Å�È�Å#Û;×oÌM¿ÉÆoÍæÒ�Æ�èXé�ê�ë\ìÕí
Û�Â#ÆæÌMÊ-Â�ÆZÀ/ÄZÂ�ÊËÅ�Æ�ÌMÑÎÙ.×ZÀ4ÅIÌM¾oÅcÖo×�Ú`Å�ÊËÅ#ÇæÛ;Ò�ÆZÀ/¿åÀ4ÌËÅ�ÆZÛ�Ù.Ð�Å�Ð�Ò�ÊMÙFÐ�Ò�Ç�Å�Ñ&äg½%ÒÏ¿ÉÐ�ÄoÑÎÅ�ÐÏÅ�Æ�ÌçÌË¾oÅ
Û�Ò�¾oÅ�ÊMÅ�ÆZÛ�Å¥ÄyÊMÒ�ÌËÒ�Û�Ò�ÑßïrÅ#Â�Û ¾�!Óà�áãÞ�ÆyÅ�Å#ÇoÀKÌËÒ�Ð�Â#¿ÎÆ�Ì�Â�¿ÉÆ
À4Ò�Ð.ÅFÀ4Ì-Â�ÌËÅF¿ÎÆ�Ô Ò�ÊMÐ�Â#ÌM¿ÎÒ�Æ Â#ÖtÒ�×oÌ
ÌM¾yÅæÀ/¾ZÂ�ÊËÅ#Ç ÇoÂ�Ì-ÂæÄZÂ�Í�Å#ÀFÌM¾ZÂ#Ì¬Â�ÊMÅ�ÊËÅ#À4¿ÁÇ�Å�Æ�ÌFÂ�ÌFÌË¾ZÂ�ÌFÆyÒ�Ç�Å�ä ½+¾oÅ�À/Ì�Â#ÌMÅ�¿ÎÆ�Ô Ò�ÊMÐ�Â#ÌM¿ÉÒ�Æ ¿ÁÀ
Ð�Â#¿ÎÆ�Ì�Â�¿ÉÆoÅ#ÇF¿ÎÆ
À4Ì-Â�ÌËÅÓÌ-Â�ÖoÑÉÅ�ïZÂ�Æ
Å�Æ�ÌMÊMÙ¬Ò�Ô�ðB¾o¿ÁÛ ¾�¿åÀBÀ/¾oÒ#ðBÆ�¿ÎÆ
î\¿ÎÍ�×oÊMÅ4�0W�äBà�Ò�Ð�Å	7ZÅ�ÑåÇyÀ+Ò�Ô
ÌM¾yÅcÀ4Ì-Â�ÌMÅc¿ÉÆ�Ô Ò�ÊËÐ�Â�ÌË¿ÎÒ�Æ Â�ÊMÅX#�Â�ÑÉ¿åÇÏÒ�ÆoÑÎÙ.Â�ÌBÌË¾oÅZY\[>]_^<`gÆoÒ�Ç�Å�ä 5 Æ�Y\[>]H^<`+Ò�Ô�ÂFÄZÂ�Í�ÅÓ¿ÁÀÃÌË¾oÅ
ÆoÒ�Ç�ÅIÊMÅ#À/ÄZÒ�ÆZÀ/¿ÎÖoÑÉÅ®Ô Ò�ÊKÐ Â�ÆZÂ#Í�¿ÎÆyÍFÌM¾oÅIÛ�Ò�ÆZÀ4¿ÁÀ4ÌMÅ�ÆZÛ�Ù¬Ò�ÔgÌË¾oÅIÇoÂ�Ì-Â ÄZÂ#Í�Å�ä

½+¾oÅæÔ Ò�ÑÎÑÎÒ#ðB¿ÉÆoÍ À/Å�Ì�Ò#Ô¥ÄyÊM¿ÎÐ.¿ÎÌM¿�#�Å�ÀIÂ�ÊËÅ ÄoÊMÒ�#�¿åÇ�Å#Ç Ö�Ù(ÌM¾oÅ�!Óà�á À4×yÖZÀ4ÙyÀ4ÌËÅ�Ð Ô Ò�Ê
¿ÎÐ.ÄoÑÎÅ�Ð¬Å�Æ�ÌM¿ ÆoÍcÖo×�Ú`Å�ÊËÅ#Ç�Û�Ò�Æ�À4¿åÀ/ÌMÅ�Æ�Û�Ù�ä

a6b/c cHd\egfih ]kjl^<` mon\p�^*jiYqjsrH^ut\^<`<]_^wv xzy"¾oÅ�Æ�ÂcÄoÊMÒ�Û�Å�ÀMÀÃÆyÅ�Å#ÇoÀ�Â¥ÇoÂ#Ì�Â¥ÄZÂ#Í�ÅhÖZÅ�ÑÉÒ�ÆoÍ�¿ÎÆoÍFÌËÒ
Ç�¿ÁÀ4ÌËÊM¿ÎÖy×oÌMÅ#ÇXÀ4¾ZÂ#ÊMÅ#ÇcÐ�Å�Ð�Ò�ÊMÙ�ïMÌË¾oÅ"��Å�ÊMÆyÅ�Ñ�Ð�Â���Å#ÀZÂ+ÊMÅ�-�×oÅ#À/Ì%ÌMÒBÌË¾oÅ,!Óà�áaÀ4×oÖZÀ/ÙoÀ/ÌMÅ�Ð
Ò�Æ�ÖZÅ�¾ZÂ�Ñ Ô%Ò#ÔÕÌM¾oÅQÄoÊMÒ�Û;Å#ÀMÀ;ä
!K×yÊM¿ÎÆyÍ¥ÌM¾y¿åÀçÌM¿ÉÐ�Å�ï#ÌM¾oÅQÊMÅ�-�×oÅ#À/ÌM¿ÉÆoÍcÄoÊMÒ�Û�Å�ÀMÀÃ¿ÁÀÃÖoÑÉÒ�Û{��Å�Çrä
. Ô`ÌM¾oÅXÇoÂ#Ì�ÂhÄZÂ�Í�Åh¿åÀÕÆoÒ�ÌgÑÎÒ�Û�Â�ÑÎÑÉÙFÂ/#�Â�¿ÉÑåÂ�ÖyÑÎÅ�ï�ÌË¾oÅ3!Óà�áªÀ/×oÖZÀ/ÙoÀ/ÌMÅ�Ð¼À4Å�ÆZÇyÀ+Â}|%~�� �_�0�
ÊËÅ�-�×yÅ#À4ÌQÌMÒ�ÌË¾oÅJY\[�]_^<`VÆyÒ�Ç�Å¥Ô Ò�ÊhÌË¾ZÂ�Ì®ÇoÂ�Ì-ÂÏÄZÂ�Í�Å�äh½+¾yÅRY\[>]_^<`QÀ4Å�Ê+#�¿ÁÛ�Å#À+ÌM¾yÅFÇoÂ#Ì�Â
ÊËÅ�-�×yÅ#À4ÌQÖ�Ù.ÊMÅ�ÌË×oÊMÆo¿ÉÆoÍ�Â¬Û�Ò�Ä�Ù�Ò�Ô�ÌM¾yÅFÇoÂ#Ì�ÂÏÄZÂ#Í�ÅFÌËÒ�ÌM¾oÅIÊMÅ�-�×oÅ#À/ÌM¿ÉÆoÍFÆoÒ�Ç�Å�äX�QÄtÒ�Æ
ÊËÅ#Û�Å�¿ÉÄoÌ+Ò#ÔgÌM¾oÅ ÇoÂ�Ì-ÂÏÄZÂ#Í�Å�ïZÌM¾oÅX��Å�ÊËÆoÅ�Ñ`¿ÎÆZÀ/Ì�Â�ÑÉÑåÀBÌM¾oÅcÄZÂ#Í�ÅI¿ÎÆæÌË¾oÅcÄoÊMÒ�Û;Å#ÀMÀ<�rÂ�ÇoÇ�ÊMÅ�ÀMÀ
À/ÄZÂ�Û�ÅIÂ#ÆZÇ ÊËÅ#À4×oÐ.Å#ÀÃÅ�È�Å#Û�×yÌM¿ÎÒ�Æ�Ò�Ô ÌM¾oÅIÀ4×�À4ÄZÅ�ÆZÇ�Å�Ç ÄoÊËÒ�Û�Å#ÀMÀ;ä

�\� b���������fih ]kjl^<`�mon\p�^,jiY�jsrH^�t\^{`�]_^�v x(½%ÒhÍ�ÑÉÒ�ÖZÂ#ÑÎÑÎÙcÄZÅ�Ê/Ô Ò�ÊMÐ�Â#ÑÎÑ�Ð�Ò�Ç�¿87tÛ�Â�ÌË¿ÎÒ�Æ�ÀrÌMÒcÀ/¾ZÂ�ÊËÅ#Ç
ÇoÂ#Ì�ÂæÖZÅ�Ô Ò�ÊMÅ�ÂãÞ,)çØ/à�Ù�Æ�Û ¾ ÄZÒ�¿ÎÆ�Ì�ïçÌM¾yÅ���� ~����H��� ÄoÊË¿ÎÐ�¿ÉÌM¿�#�Å¥¿ÁÀÓÄoÊËÒ�#�¿ÁÇ�Å#Çrä�y"¾yÅ�Æ
Â0Þ,)çØ4à�Ù�ÆZÛ�¾"ÄZÒ�¿ÉÆ�Ì�¿åÀ¬ÊMÅ#Â�Û ¾oÅ�Ç"Ç�×oÊM¿ÉÆoÍ ÌM¾oÅ Å�È�Å#Û;×oÌM¿ÉÒ�Æ"Ò�Ô Â�Æ�Â�ÄoÄyÑÎ¿åÛ�Â�ÌM¿ÉÒ�Æ%ïBÌË¾oÅ
��Å�ÊËÆoÅ�Ñ+Ô Ò�Ê�Û�Å#À¬Â�ÑÉÑhÛ�¾ZÂ#ÆoÍ�Å#À¬Ð�Â�Ç�Å�ÌËÒ ÌM¾oÅ�À/¾ZÂ�ÊËÅ#Ç"ÇoÂ#Ì�ÂãÄZÂ#Í�Å#À¬ÌMÒ ÖZÅæñZ×ZÀ/¾oÅ#Ç0ÌËÒ
ÌË¾oÅ ÊMÅ#À/ÄZÅ#Û�ÌM¿�#�Å6Y\[>]H^<`��.Ò�Ô ÌM¾oÅ�ÇoÂ#Ì�Â ÄZÂ�Í�Å#À�äa½+¾o¿ÁÀÏ¿åÀ�Ç�Ò�ÆoÅãÖ�Ù0¿ÁÇ�Å�Æ�ÌM¿ Ô Ù�¿ÉÆoÍ Â#ÑÎÑ
ÌË¾oÅ¬Ç�¿ÎÊËÌ/ÙæÄZÂ#Í�Å#Àh¿ÎÆ ÌË¾oÅFÄoÊËÒ�Û�Å#ÀMÀ<�ÕÂ�ÇoÇ�ÊËÅ#ÀMÀcÀ/ÄZÂ�Û�Å.Â�Æ�Ç ¿ÁÀMÀ4×y¿ÎÆoÍ�ÌË¾oÅ��0� ~��k�H���
Û�Â#ÑÎÑ

V ���



Ô Ò�ÊÏÌË¾oÅæÄZÂ#Í�Å ÌËÒ ÌM¾oÅ�!Óà�á À/×oÖZÀ/ÙoÀ/ÌMÅ�Ð ä¤½+¾oÅT!Óà�á À4×oÖ�À4ÙyÀ4ÌMÅ�Ð Û;Ò�Ð�Äo×yÌMÅ#À¥ÌË¾oÅ
Ç�¿ Ú`Å�ÊMÅ�Æ�Û�Å¥ÄZÂ#Í�Å¥Ô Ò�ÊÓÌË¾oÅFÇyÂ�Ì�Â�ÄZÂ#Í�Å¬Ö�ÙR�C��� h ]0� ÌË¾oÅFÛ�Ò�Æ�ÌËÅ�Æ�Ì�ÀKÒ#Ô+ÌË¾oÅ¬ÇoÂ#Ì�ÂÏÄZÂ#Í�Å
ðB¿ÉÌM¾�ÌË¾oÅc×oÆoÐ�Ò�Ç�¿97ZÅ#ÇæÜ Ò�ÊË¿ÎÍ�¿ÉÆZÂ�Ñ âgÛ�Ò�Ä�Ù¬Ò�Ô�ÌM¾yÅÓÄ�Â�Í�Å�äg½+¾oÅIÇ�¿ Ú`Å�ÊËÅ�ÆZÛ�ÅQÄZÂ�Í�Å¥¿ÁÀÃÌM¾yÅ�Æ
Û�Ò�Ð�ÄoÊËÅ#ÀMÀ/Å#Ç��BÂ�Æ�ÇæÀ4Å�Æ�ÌBÌËÒÏÌË¾oÅZY\[>]_^<`�äB½+¾oÅZY\[>]_^{` ×yÆZÛ�Ò�Ð.ÄoÊMÅ#ÀËÀ4Å#À+ÌË¾oÅIÇ�¿ Ú`Å�ÊËÅ�ÆZÛ�Å
ÄZÂ#Í�Å�ï�Â#ÄoÄoÑÎ¿ÉÅ#À\¿ÉÌçÌMÒc¿ÎÌ-À�#�Å�Ê-À4¿ÎÒ�ÆFÒ�Ô`ÌM¾yÅQÇoÂ�Ì-ÂÓÄZÂ#Í�Å�ä". Ô`Â#Æ�ÙFÒ�ÌM¾oÅ�Ê�ÆoÒ�Ç�ÅQ¿åÀ\¿ÉÆ�ÌËÅ�ÊMÅ#À/ÌMÅ#Ç
¿ÉÆ ¾yÅ#Â�ÊË¿ÎÆoÍ¬Â#ÖtÒ�×oÌQÌM¾oÅcÐ�Ò�Ç�¿97`Û�Â#ÌM¿ÎÒ�ÆZÀ�ï�ÌM¾oÅqY\[>]_^<`BÀ4Å�ÆZÇoÀBÂ¬Û�Ò�Ä�ÙÏÒ#ÔçÌË¾oÅIÇ�¿ Ú`Å�ÊËÅ�ÆZÛ�Å
ÄZÂ#Í�ÅcÜ�#�¿ÁÂ�|%~��  ���¡�¢0�_�gÊËÅ�-�×yÅ#À4Ì;ârÌËÒhÂ#ÑÎÑ�ÌM¾oÅ#À/Å+ÆoÒ�Ç�Å#À�ä�î\¿ÎÍ�×oÊMÅ£� V À/¾oÒ#ðQÀ\ÌM¾oÅ�Û�Ò�Æ�ÌËÊMÒ�Ñ
ñZÒ#ð�Ô Ò�ÊBÌM¾oÅC�0� ~��k�H�0��¤o¥hÀ/ÙoÀ/ÌMÅ�Ð�Û�Â�ÑÎÑßä

¦�dk§%¨�d�b�e ¨��"©�ª�e�d Üwn\pwp�^&�w��^+«­¬ h n­n®�o¯:�<jl^<° pwn�v v x±.ßÔ.Â"ÄoÊËÒ�Û�Å#ÀMÀæ¿ÁÀæ¿ÎÆ�ÌMÅ�ÊËÅ#À4ÌËÅ#Ç�¿ÉÆ�ÊMÅ�Ø
Û�Å�¿ #�¿ÎÆoÍ
×oÄ`ÇoÂ�ÌËÅ#À ÌËÒ Â ÄZÂ#Í�ÅæÌË¾oÅ�¿ÎÌF¿ÉÆZÇ�¿åÛ�Â�ÌMÅ�À¥ÌM¾o¿ÁÀ¥ÌMÒ�ÌM¾oÅJ��Å�ÊËÆoÅ�Ñ
#�¿åÂ Â À/ÙoÀ/ÌMÅ�Ð
Û�Â#ÑÎÑßäK½+¾yÅ���Å�ÊËÆoÅ�Ñ%ÆoÒ�ÌM¿87�Å#ÀKÌM¾yÅC!Óà�á À/×oÖZÀ4ÙyÀ4ÌËÅ�Ð äB½+¾yÅ2!Óà�á À/×oÖZÀ4ÙyÀ4ÌËÅ�ÐùÀ/Å�ÆZÇoÀXÂ
² �\³\ H��~��  ���¡�¢��H�QÐ�Å#ÀËÀMÂ�Í�ÅKÌËÒcÌM¾oÅhÒ#ðBÆoÅ�Ê Ô Ò�Ê+ÌË¾oÅhÀ/Å�Í�Ð.Å�Æ�Ì�äÕ½+¾oÅKÒ#ðBÆoÅ�Ê+ðB¿ÎÑÉÑZÀ4Å�ÆZÇ
Ô ×oÌË×oÊMÅc×oÄ`ÇoÂ#ÌMÅ#À+Ô Ò�ÊXÂ¥ÄZÂ#Í�Å�#�¿åÂ¥ÌË¾oÅ*|%~��  k�´¡�¢��H�oä

¦�dkbodµe ¨��"©�ªke�d Ü�n\pwp�^&�w��^+«¶¬ h n�nq�o¯:�<jl^<°·pwn�v v xÓ½ Ò¬À/ÌMÒ�Ä�ÊËÅ#Û�Å�¿�#�¿ÉÆoÍhÄoÊËÅ/#�¿ÉÒ�×ZÀ/ÑÎÙ¬ÊMÅ�-�×oÅ#À/ÌMÅ#Ç
×oÄ`ÇoÂ#ÌMÅ#À;ï�Ô Ò�ÊÕÀ4ÄZÅ#Û�¿97`ÛçÄZÂ�Í�Å#ÀrÒ�Ô�ÂQÀ4Å�Í�Ð�Å�Æ�Ì�ï�ÌM¾oÅ,!Óà�á À/×oÖZÀ4ÙyÀ4ÌËÅ�Ð�À/Å�ÆZÇoÀ%Â ² ��~\�0�  ��´¡¸¢0�_�
Ð�Å�ÀMÀMÂ#Í�Å ÌËÒ�ÌË¾oÅ Ò#ðBÆoÅ�Ê�Ò�Ô.ÌM¾yÅ0À/Å�Í�Ð.Å�Æ�Ì�ä 5 Í�Â#¿ÎÆ%ï¥ÌË¾o¿åÀæ¿ÁÀæÇ�Ò�ÆoÅ0×yÆZÇ�Å�Ê ×ZÀ/Å�ÊMØ
Ç�¿ÉÊMÅ#Û;ÌM¿ÎÒ�Æ%ä

a6b/c ¨��"©�ªke:dFfih ]kj¹^{`�mon\p�^XjiY�n\]�Y�jsrH^<`}º*»�¼½�o¾k¿w�o¯:�<jl^<°Àx¼½ ÒFÄoÊËÒ�ÄZÂ#Í�Â#ÌMÅFÛ�¾ZÂ#ÆoÍ�Å#À+Í�ÑÎÒ�ÖoØ
Â#ÑÎÑÎÙ
ÖZÅ�Ô Ò�ÊËÅ�ÌM¾oÅ.Û�Ò�Ð�ÄoÑÎÅ�ÌM¿ÎÒ�ÆæÒ#ÔQÌM¾oÅJ��� ~����H����Ò�ÄZÅ�Ê-Â�ÌË¿ÎÒ�Æ�ïçÌM¾oÅZ!Óà�á À4×oÖZÀ/ÙoÀ/ÌMÅ�Ð
À/Å�ÆZÇoÀgÌM¾oÅ}|Á~��  ���¡�¢��H�hÐ.Å#ÀMÀËÂ�Í�ÅQÌMÒFÒ�ÌM¾oÅ�Êu!Óà�áùÀ/×oÖZÀ/ÙoÀ/ÌMÅ�Ð�ÀgÌM¾ZÂ#ÌBÂ#ÊMÅh¿ÉÆ�ÌËÅ�ÊMÅ#À/ÌMÅ#Ç
¿ÉÆ ¾yÅ#Â�ÊË¿ÎÆoÍ¬Â#ÖtÒ�×oÌhÌË¾oÅ#À4ÅIÛ�¾ZÂ�ÆyÍ�Å#À;ä
�KÄZÒ�Æ ÊËÅ#Û�Å�¿ÉÄoÌ+Ò#Ô�Â�|%~��  k�´¡¸¢0�H�cÐ�Å#ÀMÀËÂ�Í�Å�ï�ÌË¾oÅ

ÂlÃ�Ä�Å
Æ�ÇXÆÉÈ�ÅuÊ9ËwÌ�Í�Å,ÎÉÇwÏ�ÆsÐ%ËwÌÉÅ,ÇwÑ�ÅlÌ�È�Å+Ë<ÒCË{Î�Î�Ç�Ó(Ô9Ë{Æ�Å+Ò�Ð%ÔÕÆ�ÈCÒ/Ç�Ô×Ö�ÍzÓØÇ<Ù	Ú�Ì�ÅlÎÉÎ�ÔÕÇ<Ö�ÛµÐÜÅ	Ò/Ç*Ö�Ç�Æ"Ò/ÇXÒ�ËwÆ(Ë
Ó(Ç�Ù	Ú�ÌÉÅlÎ�ÎÉÔ×Ç�ÖXÔÕÖXÆ�È�Å	Ó(Ä�Ì�ÌÉÅlÖ/Æ"ÔÕÙ	Ú�ÊÕÅlÙ}ÅlÖ/ÆiË{Æ�Ô�Ç�Ö�Ý�ÞßÇwÐÜÅlÑ�ÅlÌ+ÛµÚ�Ì�ÇwÑ/ÔÕÎ�ÔÕÇ<Ö}Ï�Ç�Ì"Ò�ËwÆ(Ë	Ó(Ç�Ù	Ú�ÌÉÅlÎ�ÎÉÔ×Ç�ÖXÈ0Ë{Î�à�ÅlÅlÖ
Ù3Ë�Ò/Å�ÔÕÖ}Æ�È�Å"È�ËwÌiÒ:ÐÁË{Ì�Å>Ì�Å+Ë{ÊÕÔ×á&ËwÆ�ÔÕÇ�Ö	ÇwÏ�Æ�È�Å
Ã�â�ã�Î�Ä�à�Î�ä/Î�ÆÉÅlÙ4Ý

V �0å



!Óà�á Â#ÄoÄoÑÎ¿ÉÅ#À+ÌM¾yÅÓÐ.Ò�Ç�¿87`Û�Â�ÌM¿ÉÒ�ÆZÀ;ïoÂ#ÆZÇ ¿ÉÆZÀ4Ì-Â�ÑÎÑÁÀÃÌË¾oÅcÆoÅ�ð�Û�Ò�Ä�Ù�Ò�Ô ÌM¾oÅcÇyÂ�Ì�ÂF¿ÎÆ�ÌË¾oÅ
Â�ÇoÇ�ÊMÅ�ÀMÀFÀ4Ä�Â�Û�Å#À¥Ò#ÔhÌË¾oÅ
Â�Ú`Å#Û�ÌËÅ#Ç ÄoÊMÒ�Û;Å#ÀMÀ/Å#À�ä U ÆyÅ�ðBÂ�Ù ÌËÒ ÌMÒ�Â�Û�¾o¿ÉÅ/#�ÅÏÌË¾o¿åÀc¿åÀ¥ÌËÒ
¿ÉÆk#�Â�ÑÉ¿åÇoÂ#ÌMÅIÂ�ÑÉÑÕÛ�Ò�Äy¿ÎÅ#À+Ò#ÔgÌM¾oÅ ÇoÂ�Ì-Â Ä�Â�Í�ÅI¿ÎÆ¸Â�Æ�Ù�ÄoÊMÒ�Û;Å#ÀMÀ<�rÂ�ÇoÇ�ÊMÅ�ÀMÀhÀ/ÄZÂ�Û�Å�À�äKà�×yÖZÀ4Å�Ø
-�×oÅ�Æ�ÌcÄZÂ�Í�Å�Ø ÔßÂ#×oÑÎÌ-ÀÓÒ�Æ!ÌË¾oÅ.ÇoÂ�Ì-Â ðB¿ÎÑÉÑgÊMÅ#À/×oÑÎÌc¿ÎÆ�ÌM¾yÅJ!Óà�á À/×oÖZÀ4ÙyÀ4ÌËÅ�Ð>À4×yÄoÄoÑÎÙ�¿ÎÆyÍ
ÌË¾oÅcÑåÂ�ÌËÅ#À4ÌQÛ;Ò�Ä�Ù�Ò�Ô�ÌM¾oÅcÄZÂ#Í�ÅIÌMÒ¬ÌM¾oÅcÊMÅ:-�×oÅ�À4ÌM¿ÉÆoÍ¥ÄyÊMÒ�Û�Å#ÀËÀ�ä

æ¹ç�è�élé
ê
ë+è/ì�ç9í<î%ï�ëlðlñ¶ò%ó\ô\ì�çÕõ8æ�ö�è�éÉõ�æ�÷"ô\íwô\í<îøç9íwùûú
ó\ô\ì�çÕõ�æ4òü ñ\élý,è:ùXí ü íwþ�ùXíwï�ë+ý
è/ùXí�ÿ����/ý,è/ù�í����%ë��\í	é(íwþ�ùXíwï0ë

ô õ9ï0ë"ì�ç	�\æ�
 ï0ô\ù*ìkíwð<ÿ ���/ý"ô\ù*ì�íwð����Áë��\íuì�ç
�\æ�
��>õ9ë���õ9ï2ë��\í*é(íwþ�ùXíwï�ë
é(ëlð¹ô�æ&ëuú

ì����/ç9í<è/ï��oè�çÕõ���ÿ �����(é"ë��\í��\è:ë+è��oèoç×õ����� ð+è/ùXí��
è/ï���ç9í	ó���ñ é �sð+è/ùXí�ÿ ���� ��\íwðlíÀõ8é ë��\í!�\è/ë&èuç	�\æwè/ëlí����
é(ë&è/ì�ç9í�"<ù4è/óHÿ ��"�#$�\í}ó��0ñ\é ��ð+è:ùXí	è/ì�����íuìkí&ç	��ï\þ0é�ë��

"	ë���õ8é ù4è/ó�õ9ï2ë��\í	éØíwþ�ùXíwï�ë�%%ù4è/ó�� õ×çÕç%ì�í
"	ô�éØí���õ ïqõ9ï��/è�çÕõ&�\è:ë(õ9ï\þ2ë��\í	é(ë&è/ì�ç9í
"	íwï�ëlð(õ9í<é'%
"��� ð+è/ùXí��
è/ï���ç9í���ðØõ þ �sð+è/ùXí�ÿ ���)(*��ó�ñ+���%ë��\í��\è/ë+èÀõ9ëlíwù ì�í,�-��ðlíuì�í&õ9ï\þ
���{õ ï�éØë+è�çÕç9í���õ9ï2ó\ð��\æ&í<élé'.kè�����ðlí<élé
é(ó�è�æ&í

ì����/ç9í<è/ï¶þ�íwë ðlí<è�� ókíwï���õ9ï\þ�ÿ ����/
ðlí��>í	é(ë(õÕçÕçÁð¹í<è���õ9ï\þ4ë��\í��\è:ë+è0�1 �\è/ë&è\ÿ
ì��0�/ç9í<è/ï��2��ï\íwð 3´è/þkÿ ���4�ié>ë���õ�é>ï�����í	ë��\í��2��ï\íwð
ô ç	��ï\þ4æ,��ó�ñ éØíwë<ÿ ����5kõ�é(ë6���%ï��7��í<é�ë���è/ë$��è4��íuðlí�8�ô\í<é(ëlí��

����ô\ó9�\è/ëlí<é:%�ößõ ë¹ù4è�é;
<�=��ð�ï�����%1 ÿ

î\¿ÎÍ�×oÊMÅz��Wk�Bà�ÌËÊM×ZÛ�ÌË×oÊMÅcÒ#ÔgÌM¾oÅZ«�jin\¿�v ^�Å�Æ�ÌËÊMÙ

ò ó'> ?�÷cû,D�þÏûu� BÏÿ��Q÷ þ¶D�ò ýFEHG I 
 þ ÿ K L*N�O�QTS

y�ÅK¾ZÂ/#�ÅQ¿ÎÐ�ÄyÑÎÅ�Ð¬Å�Æ�ÌMÅ�ÇÓÖo×�Ú`Å�ÊËÅ#Ç�Û�Ò�ÆZÀ4¿ÁÀ4ÌËÅ�ÆZÛ�Ù¬Â�ÀÃÄZÂ#ÊMÌ+Ò#ÔÕÌM¾oÅXÇ�¿ÁÀ4ÌMÊË¿ÎÖo×yÌMÅ#Ç¬À4¾ZÂ#ÊMÅ#Ç¬Ð�Å�Ð�Ø
Ò�ÊËÙ"À/×oÖZÀ4ÙyÀ4ÌËÅ�Ð Ò�Æ�èXé�ê�ë\ìÕí�ä�½+¾oÅ ÖZÂ�À4¿ÁÛæÄtÅ�Ê4Ô Ò�ÊËÐ�Â�Æ�Û�Å Ô Ò�Ê Öy×�Ú`Å�ÊMÅ#Ç"Û;Ò�ÆZÀ/¿åÀ4ÌËÅ�ÆZÛ�Ù ¿ÁÀ

V ��@



For all pages i in object’s address space
      If (page i is dirty) then
                flush the page

Find the block number for page i
from the segment map

Compute the difference page for
the page using  the original copy

Send the difference page  to the  owner
Receive the difference page
Apply the difference page  to
original copy

If  any other node interested
in receiving the modified data
then send the difference page
to the node(s)

cp_synch()
system call

  USER KERNEL OWNER NODE
(maybe remote)

î\¿ÉÍ�×oÊËÅ4� V ��î\ÑÉÒ�ð$Ò�Ô Û�Ò�Æ�ÌËÊMÒ�ÑrÔ Ò�ÊKÌË¾oÅC��� ~��k�H�0��¤o¥cÀ4ÙyÀ4ÌËÅ�Ð�Û�Â#ÑÎÑ

À4ÑÉ¿ÎÍ�¾�ÌËÑÎÙ¥ÄZÒ�Ò�ÊMÅ�ÊBÌË¾ZÂ�Æ�Ò�ÌM¾oÅ�ÊBÛ�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÅBÄoÊËÒ�ÌMÒ�Û;Ò�ÑåÀgÌM¾ZÂ#Ì+ÄoÊËÒ�#�¿ÁÇ�ÅhÀ/Å�-�×oÅ�Æ�ÌM¿åÂ#ÑÎÑÉÙ¥Û;Ò�ÆZÀ/¿åÀ4ÌËÅ�Æ�Ì
#�¿ÎÅ�ð�Ò#ÔgÐ�Å�Ð.Ò�ÊMÙ.Ç�×oÅIÌMÒ�ÌË¾oÅFÛ;Ò�À4ÌXÒ�Ô�Ð�Â�¿ÉÆ�Ì-Â�¿ÉÆo¿ÎÆoÍ Â�Æ Å�È�ÌMÊ-Â�Û�Ò�Ä�Ù�Ò�ÔÃÇoÂ�Ì-Â Ä�Â�Í�Å�äh½+¾o¿ÁÀ
Û�Ò�Ä�Ù ¿ÁÀÓ×ZÀ/Å#Ç Â�ÌIÌM¾oÅ¬ÌM¿ÉÐ�ÅFÒ�ÔQÌË¾oÅJ��� ~����_�0�"¤/¥¬Û�Â#ÑÎÑgÌMÒ
Í�Å�ÆoÅ�Ê�Â�ÌËÅ�ÌM¾yÅ�Ç�¿ Ú`Å�ÊMÅ�Æ�Û�ÅÏÄ�Â�Í�Å�ä
½ÕÂ�ÖoÑÉÅ#ÀC�0A Â#ÆZÇ6�0B�À4¾oÒ#ðaÌM¾oÅ�ÖyÊMÅ#Â��oÇ�Ò#ðBÆ Ò�ÔXÌM¿ÉÐ�Å#ÀVÔ Ò�ÊFÄZÂ�Í�Å�ØåÔßÂ�×oÑÉÌ�À/Å�Ê&#�¿åÛ�¿ÉÆoÍ
Â�ÆZÇ ÌË¾oÅ
�0� ~��k�H���"¤o¥KÀ/ÙoÀ/ÌMÅ�ÐaÛ�Â�ÑÎÑßäÕ½+¾oÅ#À4ÅXÌM¿ÎÐ.¿ÎÆoÍhÐ.Å#Â�À/×oÊMÅ�Ð.Å�Æ�Ì�ÀÕÂ�ÊËÅcÇ�Ò�ÆyÅKÒ�Æ�Â à�×yÆJ�DCE@�W¥ðB¿ÎÌË¾
ÂÓÐ.¿åÛ�ÊËÒ�À4Å�Û�Ò�ÆZÇcÌM¿ÉÐ�Å�Ê�ä 5 ÄoÄoÊËÒ�È�¿ÎÐ Â�ÌMÅ�ÑÎÙ4��åcÐ�À\ÄZÅ�ÊgÄZÂ�Í�Åh¿åÀgÀ/ÄtÅ�Æ�Ì�Ç�×oÊË¿ÎÆoÍIÂC��� ~����_�0�"¤/¥
Û�Â#ÑÎÑ&äIÝ+×oÑ��æÒ�Ô ÌM¾oÅFÌË¿ÎÐ�ÅI¿åÀhÀ/ÄZÅ�Æ�ÌcÌËÊ�Â�Æ�À4Ð�¿ÁÀMÀ4¿ÉÒ�Æ Ò#ÔQÇoÂ#Ì�Â�ÌMÒ�ÌM¾yÅFÒ�ðBÆyÅ�Ê�ïÕÂ�Æ�ÇãÂ#Æ�Ù�Â�ÇoÇ�¿ÎØ
ÌM¿ÉÒ�ÆZÂ#Ñ+¾oÒ�×ZÀ4Åo��Å�Å�Äo¿ÉÆoÍ
Ç�Ò�ÆoÅ Â�Ì¥ÌË¾oÅ¬Ò�ðBÆyÅ�Ê�ä 5 ÇyÇ�¿ÎÌË¿ÎÒ�Æ�Â�ÑgÌM¿ÉÐ�ÅFð+Ò�×oÑåÇ ÖZÅ�ÆoÅ�Å#Ç�Å#Ç ¿ ÔBÌË¾oÅ
ÇoÂ#Ì�Â¥ÆoÅ�Å�ÇoÀÃÌËÒ¥ÖZÅcÀ4Å�Æ�Ì�ÌMÒ¥Ò�ÌM¾oÅ�Ê+ÆoÒ�Ç�Å�À�ïoðB¾o¿ÁÛ ¾.Â�ÊËÅh¿ÎÆ�ÌMÅ�ÊËÅ#À4ÌËÅ#ÇF¿ÎÆ¬ÊMÅ#Û�Å�¿ #�¿ÎÆoÍc×oÄ`ÇoÂ#ÌMÅ#ÀÃÔ Ò�Ê
ÌM¾�Â�Ì�ÇoÂ�Ì-ÂÓÄZÂ#Í�Å�ä 5 ÊMÅ�Û�Å�¿ÎÄyÌçÒ�ÔÜ|%~��  k�´¡¸¢0�H�K¿ÉÆZÛ�×oÊ-ÀgÂ¥Û�Ò�À4ÌgÒ�Ô Â�ÄoÄoÊËÒ#È�¿ÉÐ�Â�ÌËÅ�ÑÎÙ4�ÓÐ À�ï�Öo×yÑ �
Ò�Ô ÌM¾oÅcÌM¿ÉÐ�Å#Àç¿åÀBÀ/ÄZÅ�Æ�ÌB¿ÉÆ�×oÄ`ÇoÂ�ÌË¿ÎÆoÍ¬Ò�ÑÁÇæÛ�Ò�Äo¿ÎÅ#À+Ò#ÔçÌË¾oÅIÇoÂ�Ì-Â Ä�Â�Í�Å�ä

V ��F



U ÄZÅ�Ê-Â�ÌM¿ÉÒ�ÆZÀ Ý+ÊMÅ#Â��oÇ�Ò#ðBÆ áæÅ#Â�À/×oÊMÅ#Ç
Ü 5 ÑÉÑtÌË¿ÎÐ�Å�À+Â�ÊËÅc¿ÎÆ�Ð�¿ÎÑÉÑÎ¿ÁÀ4Å#Û�Ò�ÆZÇyÀ â ½%Ò�Ì-Â�Ñ�½+¿ÎÐ�Å

G Å�ÌVÔ ÊËÒ�Ð�ÂFÇoÂ#Ì�Â¬À4Å�Ê+#�Å�Ê V F7HÕå�å0W
Ø+ÝBÂ�À4¿ÁÛ��QÂ�½u)IA�JeÖ�Ù�ÌËÅ#À+ÌMÊ-Â�ÆZÀ&Ô Å�Ê V ��HÕå�W0W
Ø V ÞgÒ�Æ�ÌMÅ�È�ÌQÀ/ðB¿ÎÌ�Û�¾�Â#ÌKÌË¾oÅIÀ4Å�Ê+#�Å�Ê W�H V å�W
Ø�!Óà�á ÄyÊMÒ�Û�Å#ÀËÀ4¿ÉÆoÍFÂ#ÌÃÌË¾oÅXÀ4Å�Ê+#�Å�Ê+Ü ×oÄ`ÇoÂ�ÌË¿ÎÆoÍ À4Ì-Â�ÌMÅ
¿ÉÆ�Ô Ò�ÊËÐ�Â�ÌË¿ÎÒ�Ærâ ��H×W�W�W
Ø U ÆoÅIÛ�Ò�Ä�Ù.Ò�Ô ÇoÂ�Ì-Â Ô ÊËÒ�ÐLKçÌM¾oÅ�ÊËÆoÅ�Ì�Öo×�Ú`Å�Ê�À
¿ÉÆ�ÌËÒ¬Û�ÑÎ¿ÉÅ�Æ�ÌÃÖy×�Ú`Å�Ê�À V H��\å�W

½ U ½ 5 � ½u./áMK V F7H V W0W
yãÊË¿ÎÌMÅIÄZÂ�Í�Å ÔßÂ#×oÑÎÌXÀ4Å�Ê&#�¿åÛ�¿ÉÆoÍ Ô ÊËÒ�Ð@Â�ÆyÒ�ÌM¾yÅ�Ê¬èhé�êçë\ìÕí
À4Å�Ê+#�Å�Ê

��W�HÕå�� W

Ø
!cà�á Ð.Å#ÀMÀËÂ�Í�ÅcÍ�Å�ÌQÛ�Â�ÑÉÑ V F7HÕå�å0W
ØVÞgÑÉ¿ÎÅ�Æ�ÌBÀ/¿åÇ�ÅIÀ/Ì�Â�ÌËÅcÐ�Â�¿ÉÆ�ÌËÅ�ÆZÂ�Æ�Û�Å W�HNA�W�W
Ø U ÆoÅIÛ�Ò�Ä�Ù¬Ô Ò�ÊBÐ�Â#¿ÎÆ�Ì�Â�¿ÉÆo¿ÎÆyÍ¥Ò�ÊË¿ÎÍ�¿ÎÆZÂ#ÑÕÛ�Ò�Ä�Ù�Ò�Ô
ÇyÂ�Ì�Â V H��\å�W

½ U ½ 5 � ½u./áMK V B�HOA�W0W
½\Â#ÖoÑÎÅ4��Ak��ÝBÂ�À4¿ÁÛcÀ4ÙyÀ4ÌMÅ�Ð*ÌM¿ÉÐ�¿ÎÆoÍ�À\Ô Ò�ÊXÝKÞgØ(!Óà�á Ò�Æ èhé�êçëÕì\í

U ÄZÅ�Ê-Â�ÌM¿ÉÒ�ÆZÀ Ý+ÊMÅ#Â��oÇ�Ò#ðBÆ áæÅ#Â�À/×oÊMÅ#Ç
Ü 5 ÑÉÑtÌË¿ÎÐ�Å�À+Â�ÊËÅc¿ÎÆ�Ð�¿ÎÑÉÑÎ¿ÁÀ4Å#Û�Ò�ÆZÇyÀ â ½%Ò�Ì-Â�Ñ�½+¿ÎÐ�Å

Þ,) À/Ù�Æ�Û ¾ À4ÙyÀ4ÌËÅ�Ð Û�Â�ÑÉÑ Ü ¿ Ô�ÇoÂ#Ì�Â�ÄZÂ�Í�Å�¾ZÂ�À ÖZÅ�Å�Æ
Ð�Ò�Ç�¿87�Å#Çtâ

��å�äÕW�W0W

Ø+½%Ê�Â#Äæ¿ÉÆ�ÌËÒFÌM¾oÅX��Å�ÊËÆoÅ�ÑoÔ ÊMÒ�Ð*×ZÀ4Å�ÊKÑÉÅ/#�Å�Ñ W�H V � V
ØVà�Ì�Â�ÌËÅcÐ�Â�¿ÉÆ�ÌËÅ�ÆZÂ�Æ�Û�Å W�HNA�W�W
Ø+ÞgÒ�Ð�Äy×oÌM¿ÉÆoÍcÌM¾oÅX�rÒ�Í�Ü ¿ÉÆ�À/Ò�Ô Ì/ðBÂ#ÊMÅKÔ Ò�Ê�A0J�ÇoÂ�Ì-Â�â �PH	F�W�W
ØçÞgÒ�À4ÌgÒ#Ô%À/Å�ÆZÇ�¿ÉÆoÍhÌË¾oÅ+ñZ×ZÀ/¾ÏÊËÅ�-�×yÅ#À4ÌÕÌMÒcÌM¾yÅ+Ò#ðBÆoÅ�Ê
À/¿ÎÌËÅÏÜQA�JhÖ�Ù�ÌMÅ#ÀBÇyÂ�Ì�ÂFÌMÊ-Â�ÆZÀ&Ô Å�Ê�ïZÂ#ÄoÄoÑÉÙ�¿ÉÆoÍFÑÎÒ�Í�Â#Ì
ÌË¾oÅIÀ4Å�Ê+#�Å�Ê�ïyÀ4Ì-Â�ÌMÅcÐ�Â#¿ÎÆ�ÌMÅ�Æ�Â�ÆZÛ�Å�â V F7H&F�W0W
ØVÞgÒ�À4ÌQÒ�Ô�Û;Ò�Ä�Ù�¿ÉÆoÍ¥Ð�Ò�Ç�¿87ZÅ#Ç�ÇoÂ#Ì�Â¥Ô Ò�Ê+Ô ×oÌË×oÊMÅc×ZÀ/Å V H��\å�W

½ U ½ 5 � ½u./áMK ���9H&F�A0W
½\Â#ÖoÑÎÅ4�0B��Và�Å�Ê&#�¿åÛ�ÅXÌM¿ÎÐ.Å#À\Ô Ò�ÊXÂ¶��� ~����_�0�"¤/¥cÀ/ÙoÀ/ÌMÅ�Ð�Û�Â�ÑÎÑZÔ Ò�ÊXÝKÞgØ(!cà�á Ò�Æ èXé�êçëÕìÕí

V ��A
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)\Å�Ê/Ô Ò�ÊËÐ�Â�ÆZÛ;Å�À4ÌË×ZÇ�¿ÎÅ�À¥Ò�ÔcÌË¾oÅ Ç�¿ÁÀ4ÌËÊM¿ÎÖy×oÌMÅ#Ç À/¾ZÂ�ÊËÅ#Ç!Ð�Å�Ð�Ò�ÊËÙ�À4ÙyÀ4ÌMÅ�Ð Ò�Æ�èhé�êçë\ìÕí Ü&À/Å�Å
Û�¾ZÂ�ÄoÌËÅ�Ê���â%¾ZÂ/#�Å À4¾oÒ#ðBÆ¬ÌM¾ZÂ#Ì"!Óà�á ÊËÅ�ÑåÂ#ÌMÅ#ÇIÂ�Û�ÌË¿ #�¿ÎÌ/Ùh¿ÉÆZÛ�×oÊ-ÀçÂ�ÇoÇ�¿ÎÌM¿ÉÒ�ÆZÂ#Ñ�ÄyÊMÒ�Û�Å#ÀËÀ4¿ÉÆoÍcÒ�#�Å�ÊMØ
¾oÅ#Â�Ç Ò�Æ�Âc¾oÒ�À/ÌgÆoÒ�Ç�Å�äg½+¾o¿ÁÀçÒ�#�Å�ÊM¾oÅ#Â�Ç¥×ZÀ4×�Â�ÑÎÑÉÙ¬Û�Ò�Æ�À4¿åÀ/Ì�ÀçÒ�Ô À4Å�Æ�Ç�¿ÎÆoÍIÂ#ÆZÇ ÊËÅ#Û�Å�¿�#�¿ÉÆoÍcÇoÂ#Ì�Â�ï
Â�Æ�Ç ÄoÊËÒ�Û�Å#ÀËÀ4¿ÎÆyÍ Û�Ò�Æ�ÌËÊMÒ�Ñ�Ð�Å#ÀMÀËÂ�Í�Å#À¥Ü&À/×ZÛ�¾ Â�À®¿ÉÆk#�Â#ÑÎ¿åÇyÂ�ÌM¿ÉÒ�ÆZÀ;ïr×oÄ`ÇoÂ#ÌMÅ#À�âKÔ Ò�ÊcÐ�Â#¿ÎÆ�Ì�Â#¿ÎÆo¿ÉÆoÍ
Û�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÅcÒ�Ô À4¾�Â�ÊMÅ�ÇæÇoÂ#Ì�Â�äX½+¾oÅFÂ#Ð�Ò�×yÆ�ÌBÒ#Ô+Ò�#�Å�ÊË¾oÅ#Â�Ç ¿ÁÀKÂFÔ ×oÆZÛ�ÌË¿ÎÒ�Æ
Ò�ÔgÌË¾oÅFÛ;Ò�¾oÅ�ÊËÅ�ÆZÛ�Å
ÄoÊËÒ�ÌMÒ�Û;Ò�Ñ&ï�ÌM¾oÅ®Â�ÄoÄoÑÉ¿åÛ�Â#ÌM¿ÉÒ�Æ�Û�¾ZÂ�Ê-Â�Û�ÌËÅ�ÊM¿ÁÀ4ÌË¿åÛ�À;ï�Ç�Å�Í�ÊMÅ�ÅQÒ�Ô À4¾ZÂ#ÊM¿ÉÆoÍ¥ÖZÅ�Ì/ð+Å�Å�ÆÏÆyÒ�Ç�Å#À�ïZÂ#ÆZÇÏÌË¾oÅ
Æ�×oÐÏÖZÅ�ÊFÒ#ÔIÆoÒ�Ç�Å#ÀÏ¿ÉÆ0ÌË¾oÅ�Ç�¿åÀ/ÌMÊË¿ÎÖo×oÌËÅ#Ç À4ÙyÀ4ÌËÅ�Ð ä$áæÅ#Â�À/×oÊMÅ�Ð�Å�Æ�Ì�ÀFÀ4¾yÒ�ð�ÌË¾ZÂ�Ì�Â#ÄoÄoÊËÒ�È�¿ÎØ
Ð�Â#ÌMÅ�ÑÉÙ@�0WDi>Ò�ÔIÌM¾yÅ ÄyÊMÒ�Û�Å#ÀËÀ4¿ÉÆoÍ Ç�Ò�ÆoÅ Ç�×yÊM¿ÎÆyÍ À/Å�Ê&#�¿åÛ�¿ÉÆoÍ�Â ÊMÅ�Ð�Ò�ÌMÅ�ÄZÂ#Í�Å�ØåÔßÂ�×oÑÉÌÏ¿ÁÀÏÇ�×oÅ
ÌMÒA!Óà�á ÊËÅ�ÑåÂ#ÌMÅ#Ç
Â�Û�ÌË¿ #�¿ÎÌ/Ù�äKà�×�Û ¾
Ò�#�Å�ÊM¾oÅ#Â�Ç�Û�Â�Æ�À/×oÖZÀ4Ì-Â�Æ�ÌM¿ÁÂ�ÑÎÑÉÙ
Ç�Å�Í�Ê-Â�Ç�Å À4ÙyÀ4ÌËÅ�Ð�ÄtÅ�Ê4Ô Ò�ÊËØ
Ð�Â#ÆZÛ�ÅgÖ�ÙcÊËÅ#Ç�×ZÛ�¿ÉÆoÍQÌM¾oÅQÂ/#�Â�¿ÉÑåÂ�ÖyÑÎÅ+Æ�×oÐ¬ÖZÅ�Ê%Ò�ÔZ×�À4Å�Ô ×oÑ�Û�ÙoÛ;ÑÎÅ#À;ä%½ Ò®Â�ÑÎÑÉÅ/#�¿åÂ�ÌËÅ+ÌË¾o¿åÀ%ÄoÊMÒ�ÖoÑÎÅ�Ð ï
ð+ÅFÄyÊMÒ�ÄZÒ�À4Å�ÌM¾oÅ¬Ç�Å#À4¿ÉÍ�Æ�Ò�ÔXÂ�º h �<ji` h ¿/¾\jl^+« »�r´n\`{^+«�¼@^<°CY\`<¯Mj"Y\]kj(`+Y�v v ^{`¥Ü(!Óà�áãÞBâ-äÕ½+¾oÅ
Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�ÊgÒ#ÚrØ ÑÎÒ�Â�ÇoÀQÂ�ÑÉÑÜ!Óà�áªÊMÅ�ÑåÂ�ÌËÅ#ÇÏÄoÊËÒ�Û�Å#ÀËÀ4¿ÎÆyÍÓÔ ÊMÒ�Ð ÌË¾oÅh¾oÒ�À4ÌBÖ�Ù¬À4Å�Ê+#�¿ÁÛ�¿ÎÆyÍ¥Â#ÑÎÑÁ!Óà�á
ÊMÅ�ÑåÂ�ÌËÅ#Ç�ÊMÅ�-�×oÅ#À/Ì�À;ï�ÌM¾yÅ�ÊMÅ�Ö�ÙFÔ ÊMÅ�Å�¿ÉÆoÍFÌM¾yÅÓ¾yÒ�À4ÌQÌMÒFÄZÅ�Ê/Ô Ò�ÊËÐ*Ò�ÌË¾oÅ�ÊQ×ZÀ4Å�Ô ×yÑ%ð+Ò�Ê+�rä

½+¾oÅX!cà�áãÞ0¿ÁÀ+ÂFÛ�Ò�ÄoÊMÒ�Û;Å#ÀMÀ/Ò�ÊQÖtÒ�Â�Ê-Ç ÌË¾ZÂ�ÌQÀ/¿ÎÌ-À+Ò�Æ�ÌË¾oÅIÀ4ÙyÀ4ÌMÅ�Ð ÖZÂ�Û{��ÄoÑÁÂ�ÆoÅ�ï�Û�Ò�Ð�Ø
Ð¬×oÆo¿åÛ�Â�ÌM¿ÉÆoÍ�ðB¿ÎÌË¾!ÌË¾oÅ�¾oÒ�À4Ì2#�¿ÁÂæÌM¾oÅ À4ÙyÀ4ÌMÅ�Ð Öo×ZÀ;ä ½+¾oÅ�ÖZÒ�Â#Ê�Ç0¿åÀIÀ4Å�Ñ Ô Ø&Û;Ò�Æ�Ì�Â�¿ÉÆoÅ#Çrïç¿ßä Å�äÉï
¿ÎÌQ¾ZÂ�ÀK¿ÎÌ-ÀVÒ#ðBÆ ÄoÊËÒ�Û�Å#ÀMÀ/Ò�Ê�ï ÄyÊM¿ #�Â#ÌMÅ¥Ð.Å�Ð�Ò�ÊËÙ�ï�Â�ÆZÇ Û;Ò�Æ�ÌMÊMÒ�Ñ\ÑÉÒ�Í�¿åÛÓÆyÅ�Å#Ç�Å#Ç�ÌMÒ�À/Å�Ê&#�¿åÛ;Å¥Â#Æ�Ù

V ��B



!Óà�áæØ ÊMÅ�ÑåÂ�ÌËÅ#Ç�ÊMÅ�-�×oÅ#À/Ì�À;ä
.&ÌB¿ÎÆ�ÌMÅ�Ê�Â�Û;Ì�À+ðB¿ÎÌË¾�ÌM¾oÅI¾oÒ�À/ÌKÌË¾oÊMÒ�×oÍ�¾�ÂFð+Å�ÑÉÑÎØßÇ�Å�7ZÆyÅ#ÇÏ¿ÎÆ�ÌMÅ�Ê4ÔßÂ�Û;Å�ä
.&Æ ÌM¾yÅ Ô Ò�ÑÎÑÎÒ#ðB¿ÉÆoÍ À/Å#Û�ÌM¿ÉÒ�ÆZÀ;ï\ð�Å�Ç�¿åÀËÛ�×ZÀËÀÓÌM¾yÅ¶#�Â�ÊË¿ÎÒ�×ZÀFÂ�À/ÄtÅ�Û�Ì�À¥Ò#ÔQÌM¾oÅ�Ç�Å#À4¿ÉÍ�Æ%äJyãÅ Û�Ò�ÆoØ
Û�ÑÉ×ZÇ�Å¬ÌM¾oÅ.Ç�¿åÀËÛ�×ZÀËÀ4¿ÎÒ�Æ ðB¿ÎÌË¾ãÅ�È�ÄZÅ#Û�ÌËÅ#Ç�À4ÙyÀ4ÌMÅ�ÐùÄtÅ�Ê4Ô Ò�ÊËÐ�Â�Æ�Û�ÅF¿ÎÐ�ÄyÊMÒ�#�Å�Ð¬Å�Æ�ÌhÇ�×oÅÏÌËÒæÌË¾oÅ
Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê�ä".&Æ ÌË¾oÅ¥ÄyÊMÅ#À/Å�Æ�Ì Ç�Å#À/¿ÎÍ�Æ�ïtÌË¾oÅIÛ�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�ÊBÇ�Ò�Å#ÀKÆoÒ�ÌK¾ZÂ/#�ÅcÇ�¿ÎÊMÅ�Û�ÌQÂ�Û�Û;Å#ÀMÀ+ÌËÒÏÌË¾oÅ
ÆoÅ�Ì/ð�Ò�Ê&�`ä¶y�Å�Â�ÀMÀ4×yÐ�ÅFÌM¾ZÂ#Ì¥ÌË¾oÅ�Û;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�ÊIÛ�Â�Æ Â�Û�Û�Å#ÀËÀhÌM¾oÅ¬ÆoÅ�Ì/ð+Ò�Ê&��Â�ÇoÂ�ÄoÌËÅ�Ê�#�¿åÂ�ÌË¾oÅ
¾oÒ�À4Ì�ïZÂ#ÆZÇ ¿ÁÀBÂ�ÖoÑÉÅhÌMÒ¬ÊMÅ�Û�Å�¿ #�ÅQÂ#ÆZÇæÀ/Å�ÆZÇ�Ð�Å#ÀËÀMÂ#Í�Å#ÀgÌMÒFÌM¾yÅÓÆyÅ�Ì/ð+Ò�Ê+�rä+à�×ZÛ ¾ ÂÏÇ�Å�À4¿ÎÍ�Æ�Ð�Â�Ù
Û�Â#×ZÀ4Å�ÌË¾oÅ.Û�Ò�Ð�Ð¬×oÆo¿ÁÛ�Â�ÌË¿ÎÒ�Æ À4×yÖZÀ4ÙyÀ4ÌËÅ�Ð ÌËÒæÖZÅ#Û�Ò�Ð�Å¬Â ÖZÒ�ÌMÌMÑÉÅ�ÆoÅ#Ûw� ¿ Ô ÑåÂ#ÊMÍ�Å Â�Ð�Ò�×oÆ�Ì-ÀhÒ�Ô
ÇoÂ#Ì�ÂFÌMÊ�Â�k�Ûh¿ÁÀVÍ�Å�ÆoÅ�Ê-Â�ÌMÅ�Ç Ö�Ù�ÌË¾oÅIÛ�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�Ê�ä U ÆoÅIÀ/Ò�ÑÎ×yÌM¿ÎÒ�ÆæÌËÒÏÌË¾o¿åÀ+ÄoÊËÒ�ÖoÑÉÅ�Ð*ð�Ò�×oÑÁÇ ÖZÅ
ÌMÒ.Â�ÑÉÑÎÒ#ð$ÌM¾oÅIÛ�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê�ÌMÒ¬Ç�¿ÉÊMÅ#Û;ÌMÑÎÙ.Â�Û�Û�Å#ÀMÀ+ÌË¾oÅcÆoÅ�Ì/ð+Ò�Ê&�`ä

ý ó#ô l BFûVünm BFû�÷ G ÷��"��o�ÿ þ¶D �Ãö¸÷ ý*þ ÿA�çû+þ�����÷cûùò@þ¶BFûBü

î\¿ÉÍ�×oÊËÅ��0��À4¾yÒ�ðQÀBÌM¾yÅ¥ÑåÂ�Ù�Ò�×oÌBÒ�ÔgÌË¾oÅC!cà�á Û�Ò�ÄoÊMÒ�Û�Å�ÀMÀ4Ò�ÊhÖZÒ�Â#Ê�ÇräQ½+¾oÅcÖZÒ�Â#Ê�Ç�Û�Ò�ÆZÀ/¿åÀ/Ì�ÀBÒ�Ô
Â��0��Ø Öo¿ÎÌBÐ.¿åÛ�ÊËÒ�ÄoÊËÒ�Û�Å#ÀMÀ/Ò�Ê�ï�Ð.Å�Ð�Ò�ÊËÙcÐ�Ò�Ç�×oÑÉÅ#À�ï�À4ÙyÀ4ÌËÅ�Ð�Ø Öo×ZÀç¿ÎÆ�ÌMÅ�Ê4ÔßÂ�Û;ÅBÑÎÒ�Í�¿åÛ�ïyÂ�ÆZÇ.À4ÄZÅ#Û�¿ÁÂ�ÑÎØ
¿ ��Å#Ç�Û ¾o¿ÉÄ
À4Å�ÌQÌMÒ¬ÄZÅ�Ê4Ô Ò�ÊMÐ@Û�Ò�Ð.ÄoÊMÅ#ÀËÀ4¿ÉÒ�ÆpC�Ç�Å#Û�Ò�Ð�ÄoÊMÅ�ÀMÀ4¿ÉÒ�Æ�Ò#Ô ÇoÂ�Ì-Â�äQ½+¾oÅ¥Ð.¿åÛ�ÊËÒ�ÄoÊËÒ�Û�Å#ÀMÀ/Ò�Ê
Û�Ò�Ð�ÐÏ×yÆo¿åÛ;Â�ÌËÅ#ÀÃðB¿ÉÌM¾ ¿ÎÌ-ÀVÑÉÒ�Û�Â�ÑÕÐ�Å�Ð.Ò�ÊMÙ2#�¿åÂ¬ÂÏÑÎÒ�Û�Â#Ñ\Öy×ZÀ�ïrðB¾y¿ÎÑÎÅI¿ÎÌXÛ�Ò�Ð.ÐÏ×oÆy¿åÛ;Â�ÌMÅ�ÀÃðB¿ÎÌË¾
ÌM¾yÅF¾oÒ�À/Ì�#�¿åÂÏ¿ÉÌ�ÀrqcáMK"Öo×ZÀh¿ÉÆ�ÌËÅ�Ê4ÔßÂ�Û�Å�äI½+¾oÅ�q®áMK1Öo×�À®¿ÉÆ�ÌËÅ�Ê4ÔßÂ�Û�ÅFÛ;Ò�ÆZÀ/¿åÀ4Ì-ÀhÒ�ÔBÌË¾oÅsqX.MÞ
W0@�A�Û�¾o¿ÎÄ �tB��ßäB½+¾oÅ�qX.MÞ W0@�A Û�¾o¿ÉÄæÂ#ÑÎÑÉÒ�ðQÀBÅ#Â�À4Ù
Â�Û�Û;Å#ÀMÀBÌMÒ�ÌË¾oÅ¥ÖZÒ�Â�Ê�ÇæÔ ÊMÒ�Ð�ÌM¾oÅI¾oÒ�À/Ì�ä	.&Ì
Â�ÑÁÀ4Ò�Ò�Ú`Å�Ê-ÀcÂ.ÔßÂ�Û�¿ÎÑÉ¿ÎÌ/ÙÏÔ Ò�ÊÓ¿ÉÆ�ÌËÅ�ÊMØ ÄoÊËÒ�Û�Å#ÀMÀXÛ�Ò�Ð�Ð¬×oÆo¿ÉÛ�Â#ÌM¿ÉÒ�ÆJ#�¿ÁÂ�Â�Ç�Å�Ç�¿åÛ�Â#ÌMÅ#Ç À/Å�ÌhÒ#ÔB¿ÎÆ�ÌMÅ�ÊMØ
ÄoÊËÒ�Û�Å#ÀMÀFÛ;Ò�Ð�Ð¬×oÆo¿ÉÛ�Â#ÌM¿ÎÒ�ÆæÊËÅ�Í�¿ÁÀ4ÌMÅ�Ê�À¥Â#ÆZÇ Ð�Â�¿ÉÑÎÖZÒ#È�Å�À�ä�îÕ¿ÎÍ�×yÊMÅJ�0� À4¾oÒ#ðQÀ¥ÌM¾yÅ Ô ×oÆ�Û�ÌM¿ÉÒ�ÆZÂ#Ñ
Ç�Å#ÀËÛ�ÊM¿ÉÄoÌM¿ÉÒ�Æ�Ò�Ô ÌM¾oÅuqz.-Þ W�@0A Û�¾o¿ÎÄ%ä.½+¾oÅ¬ÊMÅ#À/¿åÇ�Å�Æ�ÌcÐ�Å�Ð�Ò�ÊMÙ�Ò�Æ ÌM¾yÅÏÖZÒ�Â#Ê�Ç ¿åÀh×ZÀ/Å#Ç Ô Ò�Ê
À4ÌËÒ�ÊË¿ÎÆoÍ�ÌË¾oÅFÛ;Ò�Æ�ÌMÊMÒ�ÑçÀ/Ò�Ô Ì/ðBÂ#ÊMÅ�ï`Â�Æ�ÇæÄoÊM¿�#�Â#ÌMÅ ÇoÂ�Ì-Â�ä 5 ÄZÒ�ÊMÌM¿ÉÒ�Æ Ò#Ô+ÌË¾oÅ¥ÊËÅ#À4¿ÁÇ�Å�Æ�ÌBÐ�Å�Ð�Ò�ÊMÙ
¿åÀ�Â�ÑÁÀ4Ò¥Ð Â�ÄoÄZÅ#ÇÏÒ�Æ�ÌËÒ¥¾oÒ�À4Ìo� ÀBÂ�ÇyÇ�ÊMÅ#ÀËÀBÀ4ÄZÂ�Û�ÅKÔ Ò�ÊBÂ�Û�Û�Å#ÀMÀ"#�¿ÁÂÓÌË¾oÅ�qcáMKãÖy×ZÀ�ä�½+¾�×�À�ï�¿ Ô%ÌË¾oÅ
¾oÒ�À4Ì¥ðBÊË¿ÎÌËÅ#ÀKÌMÒ�ÌË¾oÅÏÒ�#�Å�ÊËÑåÂ#ÄoÄZÅ#ÇæÄZÒ�ÊMÌË¿ÎÒ�ÆZÀÓÒ#ÔBÐ�Å�Ð.Ò�ÊMÙ�ïoÌM¾oÅ.ÇoÂ�Ì-ÂæÛ�Â#ÆãÖZÅ¬ÊMÅ#Â�ÇãÇ�¿ÎÊMÅ�Û�ÌMÑÉÙ

V � W



MC68020

VMEBus

Transceiver

VIC 068

RAM
Compression/
Decompression
Logic

24

8

32

32

8

Control Data/
Address

Data/Address

Data/Address

î\¿ÉÍ�×oÊËÅ4���k�,�%Â�Ù�Ò�×oÌQÒ�Ô�ÌM¾yÅ�!cà�áãÞ$Û�Ò�ÄoÊMÒ�Û�Å�ÀMÀ4Ò�ÊKÖZÒ�Â�Ê�Ç

Ö�ÙãÌË¾oÅR!Óà�á Û�Ò�ÄoÊËÒ�Û�Å#ÀËÀ4Ò�Ê�ä!à�¿ÉÐ�¿ÎÑÁÂ�ÊËÑÎÙ�ïÕÇoÂ#Ì�ÂæðBÊM¿ÉÌMÌËÅ�Æ ÌMÒ�ÌM¾y¿åÀÓÄZÒ�ÊMÌM¿ÉÒ�Æ(Ò�ÔXÐ�Å�Ð�Ò�ÊMÙæÖ�Ù
ÌM¾yÅ�!cà�áãÞ"Û�Â�Æ�ÖZÅ¥Â�Û�Û�Å#ÀËÀ4Å#Ç�Ö�ÙÏÌË¾oÅc¾oÒ�À/Ì�äBà�Ù�ÆZÛ ¾yÊMÒ�Æy¿ �#Â#ÌM¿ÎÒ�Æ�ÖZÅ�Ì/ð+Å�Å�Æ�ÌM¾oÅIÛ�Ò�ÄoÊMÒ�Û;Å#ÀMÀ/Ò�Ê
Â�Æ�ÇÏÌM¾oÅQ¾oÒ�À4Ì+¿ÁÀ+Â�Û ¾o¿ÉÅ/#�Å#Çc×ZÀ4¿ÉÆoÍ¥ÌË¾oÅK¿ÉÆ�ÌËÅ�ÊMØ ÄoÊËÒ�Û�Å#ÀMÀ/Ò�Ê Û�Ò�Ð�Ð¬×oÆo¿ÁÛ�Â�ÌË¿ Ò�Æ¥Ð.Ò�Ç�×oÑÎÅXÀ4ðB¿ÉÌ�Û�¾oÅ#À
ÄoÊËÒ�#�¿åÇ�Å#Ç¥Ö�ÙIÌM¾oÅ�qX.MÞ$W0@�A¥Û�¾o¿ÎÄ%ä�½+¾oÅB¿ÎÆ�ÌMÅ�Ê�Â�Û;ÌM¿ÎÒ�ÆFÖZÅ�Ì/ð+Å�Å�ÆFÌË¾oÅQ¾oÒ�À/ÌÃÄyÊMÒ�Û�Å#ÀËÀ4Ò�ÊBÂ�Æ�Ç ÌË¾oÅ
Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê�¿åÀ+ÆoÒ�ÆoØ ÖoÑÎÒ�Ûw��¿ÉÆoÍoä�½+¾o¿ÁÀ+Ð�Å#Â�Æ�ÀÃÌM¾�Â�ÌQðB¾o¿ÎÑÉÅ¥ÂFÇyÂ�Ì�ÂFÊMÅ:-�×oÅ�À4ÌB¿åÀ+ÖZÅ�¿ÉÆoÍ¬À4Å�Ê&#�¿åÛ�Å#Ç
Ö�Ù ÌË¾oÅ¬Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê�ïtÌË¾oÅ¥¾yÒ�À4ÌcÄoÊËÒ�Û�Å#ÀËÀ4Ò�Êc¿ÁÀ Ô ÊËÅ�ÅFÌMÒ�ÄZÅ�Ê/Ô Ò�ÊËÐªÒ�ÌË¾oÅ�ÊcÂ�Û�ÌM¿�#�¿ÉÌM¿ÉÅ#À�ä U ÆoÑÎÙ�ÌË¾oÅ
ÌM¾yÊMÅ#Â�ÇvC�ÄoÊËÒ�Û�Å#ÀËÀ¥ÌM¾ZÂ#ÌFÛ�Â#×ZÀ4Å#Ç�ÌM¾oÅ�Ä�Â�Í�Å�Ø ÔßÂ#×oÑÎÌFÍ�Å�Ì�ÀcÖoÑÎÒ�Ûw��Å#Çräæà�¿ÉÐ�¿ÎÑÁÂ�ÊËÑÎÙ�ïrðB¾o¿ÎÑÉÅ�Â�ÊMÅ�ÄyÑÎÙ
¿åÀ¥ÄZÅ�Æ�Ç�¿ÎÆoÍ Ô ÊMÒ�Ð ÂæÊMÅ�Ð�Ò�ÌËÅ�Û�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê�ïçÌM¾oÅ�ÑÎÒ�Û�Â�ÑQÛ�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�ÊI¿åÀÓÔ ÊËÅ�Å�ÌMÒ�À4Å�Ê&#�¿åÛ�Å�Ò�ÌM¾oÅ�Ê
ÊMÅ:-�×oÅ�À4Ì�ÀÃÔ ÊËÒ�Ð*ÌË¾oÅcÄoÊMÒ�Û;Å#ÀMÀ/Ò�Ê�ä
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Register
Selection

IPC 
registers
& switches

Address modifier
encode/decode

Slave selection

Local bus
requester/
arbiter

DRAM refresh

Block transfer
control
DMA control

Local bus
timing
control

VMEbus arbiter

Requester

Interrupt
handler

Interrupter

Sysclock
driver

VME Buffer
Control
Logic

Local
timeout

Control signal
transformation

VMEbus
timeout

Reset
logic

VME and local
strobes

VME
Buffer

Resets

BR0-3*

BCLR*
BBSY*
BG0-3*

64 MHz

16 MHz

IRQ1-7*
IACKI/O
IACK*

LIRQ

IPL

D00-7

A01-7LA0-7

LD0-7

CS*

SIZ0-1
FC1-2
AM05

SEL

L-BUS

î\¿ÉÍ�×oÊËÅ��0�k��îo×oÆZÛ�ÌË¿ÎÒ�Æ�Â�ÑÕÇ�Å#ÀËÛ�ÊM¿ÉÄoÌM¿ÉÒ�Æ�Ò#ÔgÌM¾yÅ<qz.-Þ W�@0A�q®áMK Öy×ZÀV¿ÉÆ�ÌËÅ�Ê4ÔßÂ�Û�ÅcÛ�¾o¿ÎÄ

ý ó<; I þ2D\�wm BFû+÷ G ÷����2o�ÿ D�þÏû��gö ÷ ý*þ�ÿJ�çû�þA����÷cû ò@þ¶BFûBü

½+¾oÅcÀ/Ò�Ô Ì/ðBÂ#ÊMÅQÒ�ÊËÍ�Â�Æy¿ �#Â#ÌM¿ÎÒ�Æ�Ò�ÔÕÌM¾yÅcÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�ÊgÛ;Ò�ÆZÀ/¿åÀ4Ì-ÀÃÒ#ÔÕÌM¾oÊËÅ�ÅKÐ.Ò�Ç�×oÑÎÅ�À��çÛ;Ò�Æ�ÌMÊMÒ�Ñ`À4Ò�Ô ÌËØ
ðBÂ#ÊMÅBÔ Ò�ÊgÌM¾yÅQÛ�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�Ê�ï�¿ÎÆ�ÌMÅ�Ê/ÔßÂ�Û�Å�ÖtÅ�Ì4ð�Å�Å�ÆFÌË¾oÅhÛ;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�ÊgÂ�Æ�Ç ÌË¾oÅK¾yÒ�À4Ì�ï�Â�ÆZÇF¿ÎÆ�ÌMÅ�Ê/ÔßÂ�Û�Å
ÖZÅ�Ì/ð+Å�Å�Æ�Ì/ð+Ò¬Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê-À�ä

V � �



xzy|{�}�~�y|����y��'}����6~v�T��y�~�}p�!��xzy|{�}�~�y|�'����~

½+¾oÅ�Û;Ò�Æ�ÌMÊMÒ�ÑBÀ/Ò�Ô Ì/ðBÂ#ÊMÅ�¿ÉÐ�ÄoÑÎÅ�ÐÏÅ�Æ�Ì-ÀKÌM¾yÅÏÄoÊËÒ�ÌËÒ�Û�Ò�Ñ+Ô Ò�Ê¥Ð�Â#ÆZÂ�Í�¿ÎÆoÍ¸Û�Ò�¾oÅ�ÊMÅ�ÆZÛ;ÅÏÒ#ÔcÀ/¾ZÂ�ÊËÅ#Ç
ÇoÂ#Ì�Â�ä".&ÌgÂ#ÑåÀ/ÒÓÐ Â�¿ÎÆ�Ì�Â#¿ÎÆZÀ%ÇyÂ�Ì�ÂcÀ/ÌMÊM×�Û�ÌM×oÊËÅ#À\Ô Ò�ÊgÀ/ÌMÒ�ÊM¿ÎÆyÍ¥À/Ì�Â#ÌMÅB¿ÎÆ�Ô Ò�ÊMÐ Â�ÌM¿ÉÒ�Æ¬Â#ÖtÒ�×oÌgÊMÅ#À/¿åÇ�Å�Æ�Ì
ÇoÂ#Ì�Â�ÄZÂ�Í�Å#À�ä 5 ÀKÐ�Å�Æ�ÌM¿ÉÒ�ÆoÅ#Ç¬¿ÎÆ À/Å#Û�ÌË¿ÎÒ�Æ ÞQä V ï%À/Ò�Ð�ÅcÄZÒ�ÊËÌM¿ÉÒ�Æ�Ò�Ô�ÌM¾oÅ Û�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�ÊQÐ�Å�Ð�Ò�ÊMÙ
¿åÀXÀ4¾ZÂ#ÊMÅ#Ç ðB¿ÎÌË¾ ÌM¾oÅF¾oÒ�À4Ìo� ÀcÂ�ÇoÇ�ÊMÅ#ÀËÀÓÀ/ÄZÂ�Û;Å�ä 5 ÌQÌM¾oÅFÌË¿ÎÐ�ÅcÒ�ÔVÀ4ÙyÀ4ÌËÅ�Ðª¿ÉÆo¿ÎÌË¿åÂ�ÑÉ¿ �#Â#ÌM¿ÉÒ�Æ%ïoÌË¾oÅ
¾oÒ�À4Ì�À/Å�Ì�ÀÏ×yÄ"Ì4ð�Ò Û;¿ÎÊ�Û;×oÑåÂ#ÊÏÖo×�ÚrÅ�Ê�ÀÏ¿ÉÆ0ÌM¾y¿åÀFÄtÒ�ÊMÌË¿ÎÒ�Æ$Ò�ÔIÌË¾oÅ À/¾ZÂ�ÊËÅ#Ç0Ð�Å�Ð�Ò�ÊMÙ�ä(½+¾oÅ#À/Å
Ì/ð+Ò�Öo×�Ú`Å�Ê-À�ïBÌM¾oÅ ² � ³\ _�´~������k ���Â#ÆZÇ0ÌM¾oÅ ² �0�������0�� ��rï�Â�ÊMÅ
×ZÀ4Å�Ç!Ô Ò�Ê.Û�Ò�Ð�Ð¬×oÆo¿ÁÛ�Â�ÌË¿ÎÒ�Æ
ÖZÅ�Ì/ð+Å�Å�ÆFÌM¾oÅXÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�ÊgÂ#ÆZÇFÌM¾oÅQ¾oÒ�À/Ì�ä 5 ÑÉÑoÇyÂ�Ì�ÂcÊMÅ�-�×oÅ#À/Ì�ÀçÐ�Â�Ç�ÅBÖ�ÙIÌM¾oÅQ¾oÒ�À4Ì�Â�ÊËÅKÄo×yÌÃ¿ÉÆ
ÌM¾yÅ ² � ³\ _�´~������\ ��cðB¾o¿ÉÑÎÅXÂ�ÑÎÑZÊËÅ�ÄoÑÎ¿ÉÅ#ÀgÀ4Å�Æ�ÌgÖ�Ù¬ÌM¾yÅcÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�ÊgÂ#ÊMÅhÄy×oÌ+¿ÉÆ�ÌM¾oÅ ² �0�v�0���0�� ��Zä
Ý+Ò�ÌË¾%ï�ÌM¾oÅQ¾oÒ�À4Ì�Â�ÆZÇ¬ÌM¾oÅXÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê�ï�Ð�Â#¿ÎÆ�Ì�Â#¿ÎÆ¬ÂhÄZÒ�¿ÎÆ�ÌMÅ�ÊÃÌËÒcÌM¾oÅQÑåÂ�À4ÌgÄoÊMÒ�Û;Å#ÀMÀ/Å#Ç Å�Æ�ÌËÊMÙ¥¿ÉÆ
ÌM¾yÅÓÖy×�Ú`Å�Ê�ä�î\¿ÎÍ�×oÊMÅz���.À4¾oÒ#ðQÀBÌM¾oÅIÀ4ÌËÊM×ZÛ;ÌM×oÊËÅÓÒ#Ô�ÂFÖo×�Ú`Å�ÊBÅ�Æ�ÌMÊËÙ�ä$KgÂ�Û�¾æÅ�Æ�ÌËÊMÙ.Û�Ò�ÆZÀ/¿åÀ/Ì�ÀBÒ�Ô
ÌM¾yÅÓÊËÅ�-�×oÅ#À4Ì�Ì/Ù�ÄZÅ�ïyÂ�ÆZÇ�¿ÎÆ�Ô Ò�ÊMÐ Â�ÌM¿ÉÒ�Æ�Â#ÖZÒ�×oÌQÌM¾oÅIÇoÂ#Ì�Â#Ø ÄZÂ#Í�ÅIÖtÅ�¿ÎÆoÍFÒ�ÄtÅ�Ê�Â�ÌËÅ#Ç ×yÄtÒ�Æ%ä�½+¾oÅ
Â�ÇyÇ�ÊMÅ#ÀËÀ 7ZÅ�ÑåÇF¿ÎÆ¬ÌM¾oÅQÅ�Æ�ÌMÊMÙFÄZÒ�¿ÎÆ�Ì�ÀÃÌËÒcÑÎÒ�Û�Â#ÌM¿ÎÒ�Æ�¿ÎÆ¬¾oÒ�À4Ì/� ÀÃÐ�Å�Ð�Ò�ÊËÙÓðB¾yÅ�ÊMÅXÇoÂ�Ì-ÂÓÐ�¿ÉÍ�¾�ÌçÖZÅ
ÑÎÒ�Û�Â�ÌMÅ�Çrä

�0�k \|I�%~����k���_���îê7�������u�p��~\�k¢ ² ¡6�����0 ø~��������Ü~��_¢������������_¢��P�0¡�¢��H���$�
�0�k \|I�p  ¡����¢ê0¡H��¢\¡6��¢ ² ���H�$�s¢_��¢0£�¡H�k¢ ¡��s¤v 0�H�����
~�� ²  _�0�±|Ü�´~k~\¢��H�éê
���� µ| �Á~������k�H�@�����_��� ¥�¦§�����_�I ��®|Ü�´~k~\¢��H��� ² �\³\ _�´~���� ² �������¨¦�¥
�� 0�k� ~\�0�µ|Ü�������P�0¡��u¥�¦ ~\�0�µ|Ü�����¨�0¡¨¦�¥
�� 0�k� �H¢0�_������ \|�� ¥�¦ �H¢0�_�6�� µ|9�H� ² ¦�¥
���� µ| �©  ¡¸� |©  ¡¸��� ¥�¦±|©  ¡¸���M�)� ¢0�k���P�\��¢0���\�§¦�¥
�� 0�k� ¢ ¡�¡ ² ��~�~*� ¥�¦§ª´¡�¡ ² ��~�~¬«��H� ² � ¡¸¢0�H¢­~��� � �� ¡­�H� �� k�f¦�¥
���

îÕ¿ÎÍ�×yÊMÅ4���´�Và�ÌËÊM×ZÛ;ÌM×oÊËÅÓÒ#ÔgÂFÖo×�Ú`Å�ÊQÅ�Æ�ÌMÊËÙ

V � �



~�� ²  _�0��¡H~/|p®������ ² � ê
�� 0�k� ~\���\|Ü�����v�9�0¡$�¯¥�¦­~µ�0�µ|Ü�0�k�f�0¡°¦�¥
�� 0�k� �H¢��H������ µ|±� ¥�¦6�_¢0�_� �� µ|9�_� ² ¦�¥
���� µ|I�©  ¡¸�@|© \¡���� ¥�¦��p  ¡¸�²��~­«��p�\�0� �H¢��H���k~����ø~��_¢����k� ¡³¦�¥
�� 0�k�   ² �������H¢��H��� ¥�¦6�v 9�����H� ² �� I  ² ���p���_¢�� �� 0�k�¨¦�¥
���

î\¿ÎÍ�×oÊMÅ4�0åk�Bà�ÌMÊË×ZÛ�ÌM×yÊMÅcÒ�Ô ÂÏÀ/Ì�Â#ÌMÅ¥Ì-Â�ÖoÑÉÅcÅ�Æ�ÌËÊMÙ

à�Ì-Â�ÌMÅF¿ÉÆ�Ô Ò�ÊËÐ�Â�ÌË¿ÎÒ�Æ Â�ÖZÒ�×oÌIÂ�ÑÎÑ À4¾ZÂ#ÊMÅ#Ç ÇoÂ#Ì�Â�ÄZÂ#Í�Å#ÀKÊËÅ#À4¿ÁÇ�Å�Æ�ÌhÂ#ÌIÂÏÆoÒ�Ç�ÅF¿ÁÀKÐ�Â�¿ÉÆoØ
Ì�Â#¿ÎÆoÅ�ÇÏ¿ÎÆ
À4Å�ÄZÂ�Ê-Â�ÌMÅIÀ/Ì�Â�ÌËÅcÌ�Â�ÖyÑÎÅ#À;äg½+¾oÅ#À4ÅXÌ�Â�ÖyÑÎÅ#ÀBÛ�Ò�Æ�Ì-Â�¿ÉÆ�¿ÎÆ�Ô Ò�ÊMÐ�Â#ÌM¿ÉÒ�Æ�Â#ÖtÒ�×oÌQÌM¾oÅhÒ#ðBÆoÅ�Ê
Ò�Ô ÂÏÄ�Â�Í�Å�ï Ð.Ò�Ç�Å¥¿ÉÆæðB¾o¿ÁÛ ¾
ÌM¾oÅFÄZÂ#Í�ÅF¿ÁÀKÄoÊMÅ�À4Å�Æ�ÌhÂ#ÌhÌM¾yÅFÆoÒ�Ç�Å�ïrÄZÒ�¿ÎÆ�ÌMÅ�ÊQÌMÒ�ÌM¾yÅ¥Ò�ÊË¿ÎÍ�¿ÎÆZÂ#Ñ
Û�Ò�Ä�Ù�Ò#ÔgÌM¾yÅ¥ÇyÂ�Ì�ÂFÄZÂ#Í�Å¥¿ÉÆ
Û�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�Ê/� À+Ð�Å�Ð�Ò�ÊMÙ�ï�Â�ÆZÇ
Â�Æ�Ù�Û�Ò�¾yÅ�ÊMÅ�Æ�Û�ÅhÄoÊËÒ�ÌMÒ�Û;Ò�ÑgÀ/ÄtÅ�Û�¿87`Û
À4Ì-Â�ÌËÅ¥¿ÎÆ�Ô Ò�ÊMÐ Â�ÌM¿ÉÒ�Æ%äg½+¾yÅFÀ4ÌËÊM×ZÛ;ÌM×oÊËÅÓÒ#Ô�Â�Æ
Å�Æ�ÌMÊMÙ¬Ò�Ô ÌM¾oÅ À4Ì�Â#ÌMÅcÌ�Â#ÖoÑÎÅI¿åÀBÀ/¾oÒ#ðBÆæ¿ÎÆ
î\¿ÉÍ�×oÊËÅ
��å�ä

xzy|{�}�~�y|�'����~§´�µfy�¶�}¨·'{�}���~v���6¸¹�

½+¾oÅhÔ Ò�ÑÉÑÎÒ#ðB¿ÎÆyÍ¬À4Å�ÌBÒ#ÔçÄoÊË¿ÎÐ�¿ÉÌM¿�#�Å#ÀçÇ�Å�7�ÆoÅcÌM¾oÅc¿ÎÆ�ÌMÅ�Ê4ÔßÂ�Û;ÅKÖZÅ�Ì/ð+Å�Å�Æ�ÌM¾oÅIÛ�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê Â�ÆZÇ�ÌË¾oÅ
¾oÒ�À4Ì�ä

1 �H�0��¤o~µ�0�\|ø�������C�H¢��H���¶|p  ¡¸�������k�Ü~��\��¢��6¢ ¡k¡ ² �´~�~k¥���½+¾oÅT�_�0�0ÄyÊM¿ÎÐ.¿ÎÌM¿�#�Å�ï
¿åÀËÀ4×oÅ�Ç Ö�Ù�ÌË¾oÅc¾oÒ�À/ÌKÒ�ÆæÂFÄZÂ#Í�Å�ØåÔßÂ�×oÑÉÌKÒ�Æ
À4¾ZÂ#ÊMÅ#Ç
ÇoÂ�Ì-Â�ïZ¿ÎÆZÇ�¿ÁÛ�Â�ÌËÅ#ÀÃÌËÒÏÌË¾oÅIÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê�ÌM¾ZÂ#Ì
ÌM¾yÅF¾oÒ�À/Ì¥¿åÀQ¿ÎÆ�ÌMÅ�ÊËÅ#À4ÌËÅ#Ç ¿ÉÆ�Â�Û/-�×o¿ÎÊË¿ÎÆoÍ.ÌM¾oÅ.ÇoÂ�Ì-Â�Ø ÄZÂ�Í�ÅÏÔ Ò�ÊcÌË¾oÅ¬À4Å�Í�Ð�Å�Æ�ÌK¿ÉÆ ÌM¾oÅ.À4ÄZÅ#Û;¿87ZÅ#Ç
Ð�Ò�Ç�Å�ä

1 ¡v��~µ��¢ ² ¡>¤/~\���\|ø�������C�H¢��H�����k���ø~��\�k¢��6¢\¡�¡ ² �´~k~�¥k�Õ½+¾oÅ4¡��k~\��¢ ² ¡¥ÄoÊM¿ÉÐ�¿ÎÌË¿ #�Å
Â�ÑÉÑÎÒ#ðQÀQÂ¥¾oÒ�À/ÌhÌMÒ¬ÌM¾oÊËÒ#ð�Ò�×oÌhÂ¬À4¾�Â�ÊMÅ�ÇæÇoÂ#Ì�Â�Ø ÄZÂ#Í�Å¥Ô ÊMÒ�Ð�¿ÎÌ�À+Ð.Å�Ð�Ò�ÊËÙ�äÕ½+¾oÅFÛ;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�Ê+¿ÁÀ
ÊMÅ�À4ÄZÒ�ÆZÀ/¿ÎÖoÑÉÅKÔ Ò�Ê�Ì�Â���¿ÉÆoÍFÂ#ÄoÄoÊMÒ�ÄoÊM¿ÁÂ�ÌËÅcÛ�Ò�¾yÅ�ÊMÅ�Æ�Û�ÅhÂ�Û�ÌM¿ÉÒ�ÆZÀgÒ�Æ�ÌM¾yÅhÇ�¿ÁÀMÛ�Â#Ê�Ç�Å�ÇÏÄZÂ�Í�Å�äg½+¾oÅ#À/Å

V �0�



Â�Û;ÌM¿ÎÒ�ÆZÀ¥Û;Ò�×oÑÁÇ ¿ÉÆZÛ�ÑÎ×�Ç�ÅÏÌË¾oÊMÒ#ðB¿ÉÆoÍ�Ò�×oÌIÌM¾oÅ�ÇyÂ�Ì�Â#Ø Ä�Â�Í�Å�ïgÀ4Å�ÆZÇ�¿ÎÆoÍ
¿ÎÌcÖZÂ�Ûw� ÌMÒ
ÌM¾oÅ¬Ò#ðBÆoÅ�Ê�ï
Ò�ÊcÌ-Â���¿ÎÆoÍ
ÆoÒ
Â�Û�ÌË¿ÎÒ�Æ Â�ÌIÂ�ÑÉÑ&ä¬½+¾oÅ.Â�Û�ÌË¿ÎÒ�Æ�ÀÓÌ�Â���Å�Æ Ö�Ù ÌM¾oÅ.Û�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�ÊcÂ#ÊMÅ¬ÖZÂ�À/Å#ÇãÒ�ÆãÌË¾oÅ
Û�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÅhÄoÊËÒ�ÌËÒ�Û�Ò�ÑÕÖZÅ�¿ÎÆoÍ¬×ZÀ/Å#Ç�Ö�Ù�ÌË¾oÅIÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê�ä

1 ���� Ü~��"¤o~µ�0�µ|H�0���6�¶�H¢��H�$�2�k���Ü~��\�k¢�� ¢ ¡�¡ ² ��~�~�¥k� ½+¾oÅº�v�0 ø~��"ÄoÊË¿ÎÐ�¿ÉÌM¿ #�Åæ¿ÁÀ
Ô ×oÆZÛ;ÌM¿ÎÒ�ÆZÂ�ÑÉÑÎÙ�À4¿ÉÐ�¿ÎÑÁÂ�Ê¥ÌËÒãÌË¾oÅR¡v��~\�k¢ ² ¡æÄyÊM¿ÎÐ.¿ÎÌM¿�#�Å�ä�½+¾oÅ�Ò�ÆoÑÎÙ Ç�¿ Ú`Å�ÊMÅ�ÆZÛ�Å�¿åÀ¥ÌË¾ZÂ�Ì¬Ò�Æ¤Â
���� Ü~��`ï#Ò�ÆoÑÉÙ¥ÌM¾yÅKÐ�Ò�Ç�¿87`Û�Â#ÌM¿ÉÒ�ÆZÀ\ÌËÒIÂ®Ä�Â�Í�ÅIÜ ×�À4¿ÎÆyÍÓÌË¾oÅ4« h » Ä�Â�Í�Å�âçÂ#ÊMÅXÀ4Å�Æ�ÌçÌËÒÓÌË¾oÅBÒ#ðBÆoÅ�Ê�ä
½+¾oÅ$« h » ÄZÂ�Í�Åæ¿åÀFÛ;Ò�ÆZÀ/ÌMÊM×�Û�ÌMÅ#Ç Ö�Ù6�C��� h ]���ÌË¾oÅ
Û�Ò�Æ�ÌMÅ�Æ�Ì�À¥Ò#ÔcÌM¾yÅ Ð.Ò�Ç�¿87ZÅ�ÇãÄZÂ�Í�Å
Â�ÆZÇ
ÌM¾yÅÓÒ�ÊM¿ÉÍ�¿ÎÆ�Â�ÑÕÇoÂ#Ì�Â�Ø ÄZÂ#Í�Å�äQ½+¾o¿ÁÀ+ÄoÊM¿ÉÐ�¿ÎÌË¿ #�ÅB¿åÀ+×�À4Å#Ç�¿ÎÆ�ÌM¾oÅc¿ÉÐ�ÄoÑÎÅ�ÐÏÅ�Æ�Ì�Â#ÌM¿ÉÒ�ÆFÒ�Ô ÌM¾oÅcðBÊM¿ÉÌMÅ�Ø
×oÄ`ÇoÂ#ÌMÅ¥ÄyÊMÒ�ÌËÒ�Û�Ò�Ñßä

1 ���ø~��H¢�����¤o~\����|Ü���k���C�_¢0�H��¥��+½+¾yÅu���ø~��_¢����¥ÄoÊË¿ÎÐ�¿ÉÌM¿�#�ÅQ¿åÀB¿åÀMÀ/×oÅ#ÇæÖ�Ù�ÌM¾oÅ Û�Ò�ÆoØ
ÌMÊËÒ�ÑÉÑÎÅ�Ê�ÌMÒFÌM¾yÅh¾oÒ�À/Ì�ïo¿ÉÆZÇ�¿åÛ�Â�ÌM¿ÉÆoÍ¥ÌË¾ZÂ�ÌQÂFÇyÂ�Ì�Â#Ø Ä�Â�Í�ÅIÊMÅ�-�×oÅ#À/ÌMÅ#Ç¬Ö�Ù¬ÌM¾oÅc¾oÒ�À4ÌB¿ÁÀÃÆoÒ#ð�Â:#�Â#¿ÎÑÎØ
Â�ÖyÑÎÅ Ô Ò�ÊÏ¿ÉÆZÀ4Ì-Â�ÑÉÑåÂ�ÌË¿ÎÒ�Æ%ä$½+¾oÅ�Û�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�ÊF¿ÁÀMÀ4×yÅ#À¯���Ü~��H¢����¸Â�Ô ÌMÅ�ÊÏ¿ÉÌÏ¾ZÂ�À�À4Å�Ê&#�¿åÛ�Å#Ç�ÂP�_�0�
ÊMÅ:-�×oÅ�À4Ì+Ô Ò�ÊBÌË¾oÅIÇoÂ�Ì-Â�Ø ÄZÂ�Í�Å�ä

1 �����_¢��9��¡�¢��H�%¤o~µ���\|ø�������q�H¢0�_�´¥k��ÞgÅ�ÊËÌ�Â#¿ÎÆ(Û�Ò�¾yÅ�ÊMÅ�Æ�Û�Å
ÀMÛ�¾oÅ�Ð�Å#ÀhÐ�Â�Ù ÊËÅ�-�×y¿ÎÊMÅ
ÌM¾�Â�Ì�ÂcÇoÂ�Ì-Â�Ø ÄZÂ�Í�Åh¿ÎÆ¬¾oÒ�À/ÌgÐ�Å�Ð�Ò�ÊMÙhÖZÅB¿ÎÆ�#�Â�ÑÉ¿åÇoÂ#ÌMÅ#Çrï�¿&ä Å�äÎï#Ð�Å�Ð�Ò�ÊMÙhÐ�Â#ÄoÄo¿ÉÆoÍ�ÀçÂ�ÀMÀ/Ò�Û�¿åÂ#ÌMÅ#Ç
ðB¿ÎÌË¾¬ÂhÇoÂ#Ì�Â�Ø ÄZÂ#Í�ÅhÖZÅB¿ÎÆ�#�Â�ÑÉ¿åÇoÂ#ÌMÅ#ÇräÕ½+¾oÅ¼�����H¢��9�0¡¸¢0���+Ð.Å#ÀMÀËÂ�Í�Å�¿åÀçÀ/Å�Æ�ÌçÖ�ÙcÌË¾oÅQÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê
ÌMÒ ÌË¾oÅ�¾oÒ�À4ÌF¿ÉÆZÇ�¿åÛ�Â�ÌM¿ÉÆoÍæÌË¾ZÂ�Ì¬ÂæÄ�Â�ÊMÌË¿åÛ�×yÑåÂ�Ê ÇoÂ�Ì-Â�Ø ÄZÂ�Í�ÅæÖZÅ�¿ÉÆk#�Â�ÑÉ¿åÇoÂ#ÌMÅ#Ç`ä U ÆoÅ�Å�ÈyÂ�Ð�ÄyÑÎÅ
ðB¾oÅ�ÊËÅFÌM¾o¿ÁÀVÄyÊM¿ÎÐ.¿ÎÌM¿�#�ÅcÛ�Â#Æ ÖtÅF×�À4Å#Çæ¿ÁÀV¿ÉÆ ÌM¾oÅF¿ÉÐ�ÄoÑÎÅ�ÐÏÅ�Æ�Ì-Â�ÌË¿ÎÒ�Æ�Ò#Ô+ÌË¾oÅ¥ðBÊË¿ÎÌËÅ�Ø ¿ÉÆk#�Â#ÑÎ¿åÇyÂ�ÌMÅ
ÀMÛ�¾oÅ�Ð.Å�ï�ðB¾oÅ�ÊMÅ¥ÊËÅ#Â�Ç�Ø Ò�ÆoÑÎÙ¸Û�Ò�Äo¿ÉÅ#ÀBÒ�Ô�ÌM¾oÅ ÇoÂ�Ì-Â�Ø ÄZÂ�Í�Å#ÀÓÆyÅ�Å#Ç ÌËÒ�ÖZÅ¥¿ÉÆk#�Â�ÑÉ¿åÇoÂ#ÌMÅ#Ç�ÖZÅ�Ô Ò�ÊËÅ¬Â
ðBÊM¿ÉÌMÅQÌMÒcÌM¾yÅhÇoÂ#Ì�Â#Ø ÄZÂ#Í�ÅIÛ�Â#ÆÏÒ�Û�Û;×oÊ�äg½+¾o¿ÁÀçÄoÊM¿ÉÐ�¿ÎÌË¿ #�Å�Û�Â�Æ.Â�ÑÁÀ4ÒIÖtÅX×ZÀ4Å#ÇFÌMÒcÔ Ò�Ê-Û�ÅBÌM¾oÅQ¾oÒ�À4Ì
ÌMÒ¬ÊMÅ:-�×oÅ�À4ÌBÂ¥Ô ÊMÅ�À4¾
Û�Ò�Ä�Ù�Ò#ÔgÂ¬ÇoÂ�Ì-Â�Ø ÄZÂ�Í�Å�ä

1 ² ���k�9�)�H�  ���¡�¢0�_�´~ß¤o~\���µ|Ü���k���C�_¢0�H�$�����������k�������k¢0�Ü¥k��½+¾o¿åÀ�ÄoÊM¿ÉÐ�¿ÎÌË¿ #�Å�¿ÁÀ
À4ÄZÅ#Û;¿87`ÛcÌMÒ¬ÌM¾oÅIðBÊM¿ÎÌËÅ�Ø ×oÄ`ÇoÂ�ÌËÅ¬Û�Ò�¾oÅ�ÊMÅ�ÆZÛ;ÅÓÄyÊMÒ�ÌËÒ�Û�Ò�Ñ�ÖZÂ�À/Å#ÇæÒ�Æ
ÌM¾oÅIÖo×�Ú`Å�ÊMÅ�Ç�Ø&Û;Ò�ÆZÀ/¿åÀ4ÌËÅ�ÆZÛ�Ù
Ð�Å�Ð.Ò�ÊMÙ Ð.Ò�Ç�Å�ÑhÜßÀ4Å�Å 5 ÄyÄtÅ�ÆZÇ�¿ÎÈ ÝKâ�ä �KÆZÇ�Å�Ê¬×ZÀ/Å�ÊMØßÇ�¿ÎÊËÅ#Û�ÌË¿ÎÒ�Æ�ïçÌM¾oÅ
ÄoÊM¿ÉÐ�¿ÎÌË¿ #�Å¬Â�ÑÉÑÎÒ#ðQÀ¬Â

V � å



ÄoÊËÒ�Í�Ê-Â�Ð ÌËÒ!ÊËÅ�-�×oÅ#À4Ì.×oÄ`ÇoÂ�ÌËÅ#ÀÏÔ Ò�Ê
Â À4ÄZÅ#Û;¿87`Û ÇoÂ#Ì�Â#Ø ÄZÂ#Í�Å�äa½+¾oÅ�ÊMÅ:-�×oÅ�À4ÌFÔ Ò�Ê�×oÄ`ÇoÂ�ÌËÅ#À
¿åÀ¬À4Å�Æ�Ì�ÌËÒ ÌM¾yÅæÒ#ðBÆoÅ�Ê�ä�½+¾oÅ Ò#ðBÆoÅ�Ê.ÌM¾oÅ�Æ¤Û�Ò�Æ�ÌM¿ÉÆ�×yÅ#À ÌËÒ À4Å�ÆZÇ Ô ÊËÅ#À4¾"×oÄ`ÇoÂ#ÌMÅ#ÀFÔ Ò�Ê�ÌË¾oÅ
ÇoÂ#Ì�Â�Ø ÄZÂ#Í�Å¬×oÆ�ÌË¿ÎÑ%ÌË¾oÅ¥ÊËÅ�-�×yÅ#À4ÌB¿ÁÀVÅ�È�ÄoÑÉ¿åÛ�¿ÉÌMÑÎÙFÌË×oÊMÆyÅ#Ç Ò#Ú Ö�Ù�ÌM¾oÅI×ZÀ4Å�Ê�äQî�Ò�ÊKÄ�Â�Í�Å�Ø Ò�ÊM¿ÎÅ�Æ�ÌËÅ#Ç
Û�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÅFÄoÊËÒ�ÌMÒ�Û;Ò�ÑåÀ;ï\ÌË¾oÅÏ¾yÒ�À4Ì À4ÄZÅ#Û�¿97ZÅ#ÀKÌË¾oÅ.À4Ì�Â#ÊMÌË¿ÎÆoÍ
ÄZÂ�Í�ÅÏÒ#ÔQÌM¾oÅ¬À/Å�Í�Ð�Å�Æ�ÌhÌË¾ZÂ�ÌcÌË¾oÅ
×ZÀ/Å�ÊB¿åÀ+¿ÉÆ�ÌËÅ�ÊMÅ#À/ÌMÅ#Ç¬¿ÎÆ�ÊMÅ#Û;Å�¿ #�¿ÎÆoÍI×oÄ`ÇoÂ�ÌËÅ#À+Ô Ò�Ê�ä

xzy|{�}�~�y|�'����~§´zxzy|{�}�~�y|�'���$~°·'{�}��$~�����¸*�

½+¾oÅhÔ Ò�ÑÉÑÎÒ#ðB¿ÎÆyÍ¬À4Å�ÌBÒ#ÔçÄoÊË¿ÎÐ�¿ÉÌM¿�#�Å#ÀçÂ�ÊËÅIÇ�Å�7ZÆoÅ�Ç.Ô Ò�ÊQÛ�Ò�Ø Ò�Ê-Ç�¿ÎÆ�Â�ÌM¿ÉÆoÍ.Â�Û�ÌË¿ #�¿ÎÌM¿ÉÅ#À+Â#Ð�Ò�ÆyÍ¬Û�Ò�ÆoØ
ÌMÊËÒ�ÑÉÑÎÅ�Ê-À�ä ½+¾oÅ�À4Å�ÄoÊË¿ÎÐ�¿ÉÌM¿�#�Å#ÀVÄyÊMÒ�#�¿ÁÇ�Å�ÌË¾oÅ�ÖZÂ�À4¿åÛFÔ ×oÆZÛ�ÌË¿ÎÒ�Æ�Â�ÑÎ¿ÉÌ/Ù ÌMÒ ¿ÎÐ.ÄoÑÎÅ�Ð¬Å�Æ�ÌhÇ�¿ Ú`Å�ÊMÅ�Æ�Ì
Ì/Ù�ÄZÅ#À+Ò#Ô�Û�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÅhÄoÊËÒ�ÌËÒ�Û�Ò�ÑÁÀ�ä

1 � �_�0�"¤/~\���\|Ü���\���P��¡6�C�_¢0�H�$�¶|© \¡��´¥k�3.ßÔVÂ�Û�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�Êc¿åÀKÆyÒ�ÌFÂ#ÖoÑÎÅ¬ÌMÒ
À/Å�Ê&#�¿åÛ�Å
Â�ÊMÅ�-�×oÅ#À/ÌVÔ Ò�ÊIÂ ÇyÂ�Ì�Â#Ø Ä�Â�Í�Å�ï\¿ÎÌXÀ4Å�ÆZÇoÀcÂ�� �H����Ð�Å#ÀËÀMÂ#Í�ÅFÌMÒ.ÌM¾oÅFÒ#ðBÆoÅ�Ê�ï%ÊMÅ�-�×oÅ#À/ÌM¿ÎÆyÍÏÌË¾oÅ
ÇoÂ#Ì�Â�Ø ÄZÂ#Í�Å�Ò�Æ�ÖZÅ�¾ZÂ�Ñ ÔBÒ#ÔQÌM¾oÅF¾oÒ�À4Ì�ä�½+¾oÅ¬Ò#ðBÆoÅ�Ê¥Ì-Â���Å#ÀXÂ�ÄoÄoÊËÒ�ÄoÊË¿åÂ#ÌMÅ�Â�Û�ÌM¿ÉÒ�ÆZÀhÌMÒ
À/Å�Ê&#�¿åÛ�Å
ÌM¾yÅ¥ÇyÂ�Ì�ÂFÊMÅ:-�×oÅ�À4Ì�ä

1 � ¡�¢��H¢�¤/~\���\|Ü���k������¡6�C�_¢0�H��¥��%.&Æ¥ÊËÅ#À4ÄZÒ�Æ�À4ÅQÌMÒcÌM¾oÅ	� �_�0�cÊMÅ�-�×oÅ#À/Ì�ï#ÌM¾oÅBÒ#ðBÆoÅ�Ê
À4Å�ÆZÇoÀBÌM¾oÅIÇoÂ#Ì�ÂFÌMÒFÌM¾yÅÓÊËÅ�-�×oÅ#À4ÌË¿ÎÆoÍ¬Û;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�Ê+×ZÀ/¿ÎÆoÍ¬ÌM¾yÅq� ¡¸¢0�H¢¥ÄoÊË¿ÎÐ�¿ÉÌM¿�#�Å�ä

1 � ¡v��~µ��¢ ² ¡>¤/~��0�\|H�����P�P��¡6�C�_¢0�H��¥��".&Æ�Ô Ò�ÊËÐ�Â�ÌË¿ÎÒ�Æ.ÌM¾ZÂ#ÌhÂ¬ÇoÂ�Ì-Â�Ø ÄZÂ�Í�ÅÏ¾�Â�ÀBÖtÅ�Å�Æ
Ç�¿ÁÀMÛ�Â#Ê�Ç�Å#ÇFÖ�Ù¬Â®ÆyÒ�Ç�Åh¿åÀgÀ/Å�Æ�ÌgÌËÒÓÌË¾oÅQÒ�ðBÆyÅ�Êg×ZÀ4¿ÉÆoÍ¥ÌË¾oÅ�� ¡v��~\�k¢ ² ¡hÄoÊË¿ÎÐ�¿ÉÌM¿�#�Å�äÜ. Ô%ÆoÅ�Å�Ç�Å#Çrï
ÌM¾yÅ¥ÇyÂ�Ì�Â#Ø Ä�Â�Í�ÅF¿ÁÀBÂ�ÑÁÀ4Ò.À4Å�Æ�ÌBÌMÒFÌË¾oÅcÒ�ðBÆyÅ�Ê�ä

1 � ���� Ü~��"¤o~µ�0�µ|H�0�\���P��¡6�C�_¢0�_�´¥��r½+¾oÅu� �v�0 ø~��BÄoÊË¿ÎÐ�¿ÉÌM¿ #�Å`¿åÀ%À/¿ÎÐ�¿ÉÑåÂ�ÊyÌMÒX� ¡��k~\�k¢ ² ¡tï
Å�ÈyÛ�Å�ÄoÌ�ÌM¾ZÂ#ÌKÒ�ÆoÑÎÙ.Ð�Ò�Ç�¿87tÛ�Â�ÌË¿ÎÒ�Æ�À+ÌMÒFÌM¾yÅ¥ÇyÂ�Ì�Â¬Â�ÊËÅFÀ/Å�Æ�Ì�ÌMÒ¬ÌM¾oÅcÒ#ðBÆoÅ�Ê�ä

1 � �v  ² «H¢ ² ¡>¤/~��0�\|H�����P�P��¡6�C�_¢0�H��¥�� à�Ò�Ð�Å�ÌË¿ÎÐ�Å�ÀtÂ#Æ¥Ò#ðBÆoÅ�ÊÕÒ�ÔtÂVÄZÂ#Í�Å�Ð�Â�ÙKÆoÅ�Å#Ç
ÌMÒ�ÊËÅ�-�×yÅ#À4ÌcÂ#ÆoÒ�ÌË¾oÅ�ÊIÆoÒ�Ç�Å¬ÌMÒ Ô Ò�ÊMð Â�Ê�Ç ÌM¾yÅ�ÇoÂ#Ì�Â�ÌMÒ
ÌM¾oÅFÊËÅ�-�×oÅ#À4ÌË¿ÎÆoÍ.ÆoÒ�Ç�Å�ä.½+¾oÅÏÒ#ðBÆoÅ�Ê

V �7@



Û�Â#ÆæÇ�Ò�À/ÒÏ×ZÀ/¿ÎÆoÍ¬ÌM¾yÅq� �v  ² «_¢ ² ¡cÄoÊM¿ÉÐ�¿ÎÌË¿ #�Å�ä
1 �  ���¡�¢0�_��¤/~\�0��|ø�0�\�v�9��¡6�q�H¢0�_�´¥k�Õà�Ò�Ð�Å�ð+Å#Â���Å�Ê�Û�Ò�¾oÅ�ÊMÅ�ÆZÛ;Å+ÄoÊËÒ�ÌMÒ�Û;Ò�ÑåÀçÊËÅ�-�×y¿ÎÊMÅ

×oÄ`ÇoÂ#ÌMÅ#À�ÌMÒ"Â ÇoÂ#Ì�Â#Ø ÄZÂ#Í�Å ÖZÅ ÄoÊËÒ�ÄZÂ#Í�Â�ÌËÅ#Ç�ÌËÒ0Ò�ÌË¾oÅ�Ê�ÆoÒ�Ç�Å�À�ä 5 Û�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�Ê�Û�Â#Æ�À4Å�ÆZÇ
×oÄ`ÇoÂ#ÌMÅ#ÀBÌMÒ¬Ò�ÌË¾oÅ�ÊBÆoÒ�Ç�Å�ÀV×ZÀ/¿ÎÆoÍ¬ÌM¾yÅq�  k�´¡�¢��H�cÄoÊM¿ÉÐ�¿ÎÌË¿ #�Å�ä

1 � �����_¢��P�0¡�¢��H�%¤/~\���\|ø�����v���0¡$�¶�H¢0�_�´¥k� 5 Û�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê�Û�Â#Æ ¿ÉÆZÀ4ÌËÊM×ZÛ;ÌÃÒ�ÌM¾oÅ�ÊQÛ�Ò�ÆoØ
ÌMÊËÒ�ÑÉÑÎÅ�Ê-ÀÃÌMÒ¬¿ÎÆ�#�Â�ÑÉ¿åÇoÂ#ÌMÅhÌË¾oÅ�¿ÎÊ Û�Ò�Ä�Ù�Ò#Ô�ÂFÇoÂ�Ì-Â�Ø ÄZÂ�Í�ÅFÖ�Ù.À4Å�ÆZÇ�¿ÎÆyÍÏÌË¾oÅC� �����H¢��9�0¡¸¢0���hÐ�Å�À4Ø
ÀMÂ#Í�ÅIÌMÒ¬ÌM¾oÅ�Ð¸ä

1 � ² �k���P���H�  k�´¡�¢��H��~%¤o~����\|H�����P�9��¡��C�H¢��H�$�T~���½¸���u�v��¢0�ø¥�� 5 Û�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�Ê%À/Å�ÆZÇoÀ
ÂFÊMÅ�-�×oÅ#À/ÌBÌMÒFÌM¾yÅ¥Ò#ðBÆoÅ�ÊB¿ ÔçÌË¾oÅc¾oÒ�À/ÌK¿ÁÀV¿ÉÆ�ÌËÅ�ÊMÅ#À/ÌMÅ#Ç¬¿ÎÆ�ÊMÅ#Û;Å�¿ #�¿ÎÆoÍ�C�ÊËÅ#À4Å�ÌË¿ÎÆoÍI×oÄ`ÇoÂ�ÌËÅ#À+Ô Ò�ÊXÂ
ÇoÂ#Ì�Â�Ø ÄZÂ#Í�Å�ä4. Ôg×oÄ`ÇoÂ�ÌËÅ#ÀcÂ�ÊËÅ¥ÊMÅ:-�×oÅ�À4ÌMÅ�ÇrïrÂ#Æ�Ù�Ô ×oÌM×yÊMÅ¥×yÄrÇyÂ�ÌMÅ�À®ÌËÒ�ÌM¾yÅFÇoÂ#Ì�Â�Ø ÄZÂ#Í�Å¬ðB¿ÎÑÎÑÕÖZÅ
À4Å�Æ�ÌBÖ�Ù�ÌM¾yÅÓÒ#ðBÆoÅ�ÊB×ZÀ4¿ÉÆoÍÏÌË¾oÅC�  ���¡�¢0�_�cÄoÊË¿ÎÐ�¿ÉÌM¿�#�Å�ä

ý ó'> ¾ãøãÿ��	����þ�ÿTB¶� G ÷��"�QûÀ�o?�����þ ÿ þ2Dg�gö ÷ ý*þ�ÿJ�çû�þA����÷cû

.&Æ ÌM¾o¿ÁÀ¥À4Å�Û�ÌM¿ÉÒ�Æ%ïgð+Å�Ç�Å#ÀMÛ�ÊË¿ÎÖZÅ�ÌË¾oÅ�Å/#�Å�Æ�Ì�ÀÓÌË¾ZÂ�ÌFÒ�Û�Û�×oÊ¬Ç�×oÊË¿ÎÆoÍ ÄyÊMÒ�Û�Å#ÀËÀ4¿ÉÆoÍãÒ#ÔcÇ�¿ Ú`Å�ÊMÅ�Æ�Ì
ÊMÅ:-�×oÅ�À4Ì�À+Ö�Ù�ÌË¾oÅIÛ�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�Ê�ä

¿ ª´��©*ÀÂÁ���cP��ª�cHdDÃ�Älª�¨*À e:b�ÅH� bo��ª�¦�d�©�©�ª�e�ª

y"¾oÅ�Æ¸ÂÏÄZÂ#Í�Å�ØåÔßÂ�×oÑÉÌhÒ�Û�Û�×yÊ�ÀKÒ�Æ�ÇoÂ�Ì-ÂÏÖZÅ�ÑÎÒ�ÆoÍ�¿ÉÆoÍ�ÌMÒ À4¾ZÂ#ÊMÅ#Ç�Ð�Å�Ð�Ò�ÊMÙ�ï�ÌM¾oÅ4��Å�ÊMÆoÅ�Ñ%Ç�Å�ÌËÅ�ÊMØ
Ð�¿ÉÆoÅ#ÀtÌË¾oÅBÀ/Å�Í�Ð.Å�Æ�ÌËØ ¿ÁÇrï�ÌË¾oÅ+Ä�Â�Í�Å Â�ÆZÇ¥ÌË¾oÅgÐ�Ò�Ç�Åg¿ÎÆIðB¾o¿åÛ�¾cÌM¾oÅ�ÇoÂ#Ì�ÂKÆyÅ�Å#ÇoÀ%ÌMÒQÖZÅÃÔ Å�Ì-Û ¾oÅ�Çrä
5 �H���¬Ð�Å#ÀËÀMÂ#Í�Åh¿ÁÀBÛ�Ò�ÆZÀ/ÌMÊË×ZÛ�ÌMÅ�ÇÏ×ZÀ4¿ÉÆoÍFÌM¾y¿åÀ+¿ÎÆ�Ô Ò�ÊMÐ Â�ÌM¿ÉÒ�Æ%ä 5 Äo¾�ÙoÀ/¿åÛ�Â#ÑrÄZÂ#Í�Åc¿åÀBÂ#ÑÎÑÉÒ�Û�Â�ÌËÅ#Ç
¿ÎÆ�Ð�Å�Ð�Ò�ÊMÙ
Â�ÆZÇ ¿ÉÌ�ÀÓÄy¾�ÙyÀ4¿ÁÛ�Â�Ñ Â�ÇoÇ�ÊËÅ#ÀMÀFÂ�ÇoÇ�Å#Ç�ÌMÒ ÌM¾yÅ�Û�Ò�Æ�ÌMÅ�Æ�Ì-ÀÓÒ�ÔQÌË¾oÅ�Ð�Å�ÀMÀMÂ#Í�Å�ä¸½+¾oÅ
Äo¾�ÙoÀ/¿åÛ�Â#ÑgÂ�ÇyÇ�ÊMÅ#ÀËÀÓ¿ÁÀ®×�À4Å#Ç Ö�Ù ÌË¾oÅ.Û�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�ÊKÔ Ò�ÊFÀ4ÌËÒ�ÊË¿ÎÆoÍ�ÌM¾yÅ�ÇoÂ#Ì�Â�ä�½+¾oÅ�Í�Å�ÌÓÐ.Å#ÀMÀËÂ�Í�Å
¿åÀhÌË¾oÅ�Æ�Â�ÇoÇ�Å�ÇãÌMÒ ² � ³µ H�´~����0�� ��`ä¥½+¾oÅ.¾oÒ�À/Ì¥ÌM¾yÅ�Æã¿ÉÆZÇ�¿ÁÛ�Â�ÌËÅ#ÀhÌMÒ�ÌM¾oÅ Û�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�ÊhÌË¾ZÂ�Ì Â

V ��F



ÊMÅ:-�×oÅ�À4ÌQ¿åÀKÄZÅ�ÆZÇ�¿ÎÆoÍ�¿ÎÆ
ÌM¾oÅFÊËÅ�-�×oÅ#À4Ì3-�×oÅ�×oÅ�äc½+¾y¿åÀK¿ÁÀKÖZÅ¬Ç�Ò�ÆoÅFÖ�ÙæðBÊË¿ÎÌË¿ÎÆoÍ¬ÌMÒ�ÌM¾yÅ�qcáMK
Öo×ZÀB¿ÎÆ�ÌMÅ�Ê4ÔßÂ�Û;ÅcÛ ¾y¿ÎÄ%ï�ðB¾o¿ÁÛ ¾�ÌM¾yÅ�Æ�Í�Å�ÆoÅ�Ê�Â�ÌËÅ#ÀBÂ�Æ
¿ÎÆ�ÌMÅ�ÊËÊM×oÄyÌ+ÌMÒ¬ÌM¾yÅ¥Û;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�Ê�ä

½+¾oÅ Û;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�Ê�ïh×oÄZÒ�ÆeÊËÅ#Û�Å�¿�#�¿ÉÆoÍ Â#Æ�¿ÎÆ�ÌMÅ�ÊËÊM×oÄyÌ�ïcÀ4Å�Ì�À Ò�×oÌ ÌMÒ¤À4Å�Ê+#�¿ÁÛ�Å ÌM¾yÅ ÊMÅ�Ø
-�×oÅ#À4Ì�äJ.&ÌÓÊËÅ�Ð�Ò�#�Å#ÀKÌË¾oÅ¬Ð�Å#ÀMÀËÂ�Í�Å Ô ÊËÒ�Ð>ÌM¾oÅ ² � ³\ _�´~������k ���Â�Æ�Ç Â�ÇoÇyÀ¥¿ÎÌcÌMÒ
¿ÎÌ�ÀhÄoÊË¿ #�Â�ÌËÅ
² �\³\ _�´~��v� ³µ ��0 H��ä%�hÀ4¿ÉÆoÍcÌM¾oÅ¼ÆQÀ4Å�Í�Ð�Å�Æ�ÌMØ ¿åÇrï�ÄZÂ�Í�Å�Ø Æ�×oÐMÇ(Â�À�Â���Å�Ù�ï�ÌM¾oÅXÛ�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê�ÑÎÒ�Ò��yÀ
ÌM¾yÊMÒ�×yÍ�¾ ¿ÎÌ-ÀKÑÎÒ�Û�Â�ÑÕÌ�Â�ÖyÑÎÅ#ÀBÌMÒ�Ç�Å�ÌMÅ�ÊËÐ�¿ÎÆyÅh¿ Ôg¿ÉÌB¾ZÂ�ÀcÂC#�Â�ÑÎ¿ÁÇæÛ�Ò�Ä�Ù�Ò#Ô+ÌË¾oÅFÇyÂ�Ì�Â#Ø Ä�Â�Í�Å¬¿ÎÆ
¿ÎÌ-À
ÄoÊË¿ #�Â�ÌËÅBÐ�Å�Ð�Ò�ÊMÙ�ä%. Ô�Â*#�Â�ÑÎ¿ÁÇÏÛ;Ò�Ä�Ù¥¿åÀ\Ô Ò�×oÆZÇrï�ÌM¾yÅhÛ�Ò�Æ�ÌËÊMÒ�ÑÎÑÎÅ�Ê\¿ÉÆo¿ÎÌË¿åÂ�ÌËÅ#ÀçÂX!há 5 ÌMÊ-Â�ÆZÀ&Ô Å�ÊgÒ�Ô
ÌM¾yÅcÇoÂ�Ì-Â®Ô ÊËÒ�Ða¿ÎÌ�ÀgÄoÊM¿�#�Â�ÌMÅQÐ�Å�Ð.Ò�ÊMÙcÌËÒFÌM¾oÅQ¾oÒ�À/Ì/� À+Ð�Å�Ð�Ò�ÊMÙc×ZÀ4¿ÉÆoÍ¥ÌË¾oÅQÄo¾�ÙyÀ4¿ÁÛ�Â�Ñ`Â�ÇoÇ�ÊMÅ�ÀMÀ
À4×yÄoÄoÑÎ¿ÉÅ#Ç!Ö�Ù ÌË¾oÅæ¾oÒ�À4Ì�Â�ÀÏÌM¾yÅ Ì-Â�ÊËÍ�Å�Ì�Â�ÇoÇ�ÊËÅ#ÀMÀ;ä �KÄZÒ�Æ¤À4×ZÛ�Û�Å#ÀMÀ&Ô ×oÑXÛ�Ò�Ð�ÄyÑÎÅ�ÌË¿ÎÒ�Æ�Ò�ÔcÌË¾oÅ
!há 5 ÌMÊ-Â�ÆZÀ&Ô Å�Ê�ï�ÌM¾oÅcÛ;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�ÊgÀ4Å�ÆZÇoÀÃÌË¾oÅ����ø~��H¢����QÐ�Å#ÀMÀËÂ�Í�ÅKÌËÒ¥ÌM¾yÅh¾oÒ�À/Ì�äg½+¾o¿ÁÀÃ¿ÁÀ+Ç�Ò�ÆoÅ
Ö�ÙæðBÊM¿ÉÌM¿ÉÆoÍ�ÌM¾yÅFÐ�Å#ÀMÀËÂ�Í�Å¥ÌMÒ�ÌË¾oÅ ² �0�������0�� ��¬Â�ÆZÇ ¿ÎÆ�ÌMÅ�ÊËÊM×oÄyÌM¿ÎÆyÍÏÌË¾oÅF¾oÒ�À/Ì�ä�ÈQÒ�ð�Å/#�Å�Ê�ït¿ Ô
ÌM¾yÅ�Û�Ò�Æ�ÌËÊMÒ�ÑÎÑÎÅ�Êh¿åÀc×oÆZÂ�ÖyÑÎÅ¬ÌMÒæÑÉÒ�Û�Â�ÌËÅÏÌË¾oÅ.ÇoÂ�Ì-Â�Ø ÄZÂ�Í�ÅæÛ;Ò�ÊMÊËÅ#À4ÄZÒ�ÆZÇ�¿ÎÆyÍ ÌMÒæÌË¾oÅ.À4Å�Í�Ð�Å�Æ�ÌMØ ¿åÇ
Â�Æ�Ç ÄZÂ#Í�Å�Ø Æ�×yÐ ï�¿ÉÌQÀ4Å�ÆZÇyÀBÂA� �_�0�ÏÐ.Å#ÀMÀËÂ�Í�ÅcÌËÒFÌM¾oÅcÒ#ðBÆoÅ�Ê�ïoÊMÅ�-�×oÅ#À/ÌM¿ÎÆyÍFÌM¾oÅIÇoÂ#Ì�ÂFÄZÂ�Í�Å�ä

y"¾oÅ�Æ Â�ÆFÒ#ðBÆoÅ�ÊÕÊMÅ�Û�Å�¿ #�Å�ÀrÂ*� �H���hÐ.Å#ÀMÀËÂ�Í�Å�ï�¿ÉÌ\ÑÉÒ�Û�Â�ÌËÅ#À ÌË¾oÅBÇyÂ�Ì�Â#Ø Ä�Â�Í�ÅXÂ�Æ�ÇFÀ4Å�ÆZÇyÀ
ÌM¾yÅ¥ÇyÂ�Ì�Â¬ÖZÂ�Ûw��ÌMÒ¬ÌM¾yÅÓÊËÅ�-�×oÅ#À4ÌË¿ÎÆoÍ¬Û;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�ÊB×ZÀ4¿ÉÆoÍ¬ÌM¾oÅC� ¡�¢0�_¢IÄoÊM¿ÉÐ�¿ÎÌË¿ #�Å�ä�. Ô�ÌM¾oÅIÇoÂ#Ì�Â
ÄZÂ#Í�Åh¿ÁÀ ÆyÒ�ÌÃÔ Ò�×oÆZÇÏÌË¾oÅ�Æ¬¿ÎÌ�Û�Â#Æ�ÊMÅ�-�×oÅ#À/ÌQÜÉ#�¿åÂ�� ��  ² «H¢ ² ¡�â`Â#ÆoÒ�ÌË¾oÅ�Ê�ÆoÒ�Ç�ÅcÌMÒhÔ Ò�ÊËðBÂ#Ê�ÇÏÌË¾oÅ
ÇoÂ#Ì�ÂÏÌËÒÏÌË¾oÅcÊMÅ�-�×oÅ#À/ÌMÅ�Ê�ä+½+¾oÅcÒ#ðBÆoÅ�ÊXÂ�ÑÁÀ4Ò¬×oÄ`ÇoÂ�ÌËÅ#ÀK¿ÉÌ�À+ÑÎÒ�Û�Â�Ñ�À4Ì�Â#ÌMÅIÌ�Â�ÖyÑÎÅ#À+ÌËÒÏÊËÅ�ñZÅ#Û�ÌQÂ#Æ�Ù
Û�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÅBÀ/ÄZÅ#Û�¿87tÛÃ¿ÎÆ�Ô Ò�ÊMÐ Â�ÌM¿ÉÒ�Æ%ä��KÄZÒ�ÆFÊMÅ#Û�Å�¿ÎÄoÌ%Ò#Ô%ÌM¾yÅBÇoÂ#Ì�ÂhÄZÂ�Í�Å�ï�ÌË¾oÅQÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�ÊÕÛ�Ò�Äo¿ÎÅ�À
ÌM¾yÅKÄZÂ#Í�Åc¿ÎÆ�ÌMÒc¿ÉÌ�ÀçÑÎÒ�Û�Â#ÑrÐ�Å�Ð�Ò�ÊËÙ�är½+¾yÅcÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Êç¿ÁÇ�Å�Æ�ÌM¿97ZÅ#ÀçÌM¾oÅQÊMÅ:-�×oÅ�À4Ì�Û�Ò�ÊËÊMÅ#À/ÄZÒ�ÆZÇ�¿ÉÆoÍ
ÌMÒQÌM¾yÅ+ÄZÂ#Í�Å�ä"�hÀ/¿ÎÆoÍ3!há 5 ï�ÌË¾oÅBÇyÂ�Ì�ÂQ¿åÀrÌMÊ-Â�ÆZÀ&Ô Å�ÊMÊËÅ#Ç¥ÌMÒQ¾oÒ�À4Ì/� À\Ð�Å�Ð.Ò�ÊMÙ�ä 5 Ô ÌMÅ�Ê�À4×�Û�Û�Å#ÀËÀ Ô ×oÑ
Û�Ò�Ð�ÄoÑÎÅ�ÌM¿ÎÒ�ÆãÒ#ÔX!Xá 5 ï\ÌË¾oÅ
Û�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�ÊcðBÊM¿ÉÌMÅ#À¥ÌË¾oÅ�� ���Ü~��H¢�����¿ÎÆ�ÌM¾oÅ ² �����������k ��
Â�ÆZÇ
¿ÎÆ�ÌMÅ�ÊMÊM×yÄoÌ�ÀFÌM¾oÅ ¾yÒ�À4Ì�ä �QÄtÒ�Æ"ÊMÅ#Û;Å�¿ #�¿ÎÆoÍ�Â#Æ"¿ÎÆ�ÌMÅ�ÊËÊM×oÄyÌ Ô ÊËÒ�Ð ÌË¾oÅ�Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê�ï+ÌM¾yÅæ¾oÒ�À4Ì
ÊMÅ�Ð�Ò�#�Å#ÀçÌM¾oÅcÊMÅ�ÄoÑÎÙFÔ ÊMÒ�Ð*ÌM¾oÅ ² �����0�v���k ��FÂ#ÆZÇæÀ/Å�Ê&#�¿åÛ;Å#ÀÃÌË¾oÅcÄZÂ�Í�Å�Ø ÔßÂ#×oÑÎÌ�ä

V �7A



É ÁÉbo�\ª�¦�©¹Á���c�ª���ª�cHd

y"¾oÅ�Æ Â¥À4¾�Â�ÊMÅ�Ç�ÇoÂ�Ì-Â¥ÄZÂ�Í�Åh¿åÀgÆoÒ¥ÑÉÒ�ÆoÍ�Å�Ê+ÆyÅ�Å#Ç�Å#ÇFÖ�Ù�Âc¾oÒ�À/Ì�ï�¿ÉÌBÇ�¿ÁÀMÛ�Â#Ê�ÇoÀgÌM¾oÅXÇoÂ#Ì�Â�ä�½+¾o¿ÁÀ
¿åÀBÇ�Ò�ÆoÅcÖ�Ù�À/Å�ÆZÇ�¿ÉÆoÍ¬Â¶¡���~µ��¢ ² ¡ÓÐ.Å#ÀMÀËÂ�Í�ÅXÌMÒFÌM¾yÅ¥Û;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�Ê�ä�½+¾oÅIÛ�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�ÊBÛ;Ò�Äo¿ÉÅ#ÀÃÌË¾oÅ
ÇoÂ#Ì�Â¥ÄZÂ#Í�Åc¿ÎÆ�ÌMÒI¿ÎÌ�ÀgÄoÊM¿�#�Â�ÌMÅXÐ�Å�Ð¬Ò�ÊMÙ�ï�Â#ÆZÇ�Ì�Â���Å�À+Â�ÄyÄoÊMÒ�ÄoÊM¿ÁÂ�ÌMÅIÂ�Û�ÌM¿ÉÒ�Æ�Ç�Å�ÄtÅ�ÆZÇ�¿ÎÆyÍFÒ�Æ�ÌË¾oÅ
Û�Ò�¾oÅ�ÊMÅ�ÆZÛ�Å¬ÄoÊMÒ�ÌMÒ�Û�Ò�ÑBÖtÅ�¿ÎÆoÍ
×ZÀ4Å#Ç`äP. Ô ÌM¾oÅ�Û;Ò�¾oÅ�ÊËÅ�ÆZÛ�Å¬ÄoÊËÒ�ÌMÒ�Û;Ò�ÑBÊMÅ:-�×o¿ÉÊMÅ#ÀcÌM¾ZÂ#Ì¥ÌË¾oÅ�ÇoÂ#Ì�Â
ÖZÅ�ÊMÅ�ÌË×oÊMÆoÅ�Ç ÌËÒ ÌM¾oÅ�Ò#ðBÆoÅ�Ê�ïçÌM¾oÅ
Û�Ò�Æ�ÌËÊMÒ�ÑÎÑÎÅ�ÊFÀ4Å�ÆZÇoÀ¥ÌM¾yÅæÇyÂ�Ì�Â ÌMÒ ÌË¾oÅ�Ò#ðBÆoÅ�ÊF×ZÀ/¿ÎÆoÍ ÌË¾oÅ
� ¡���~µ��¢ ² ¡hÐ�Å#ÀËÀMÂ�Í�Å�ä 5 Ô ÌMÅ�Ê�Â�ÑÉÑrÌË¾oÅKÄyÊMÒ�Û�Å#ÀËÀ4¿ÉÆoÍF¿åÀ�Ç�Ò�ÆoÅ�ï�ÌM¾yÅK¾oÒ�À4ÌB¿ÁÀÃ¿ÎÆ�Ô Ò�ÊMÐ.Å#Ç¥ÌM¾ZÂ#Ì+ÌË¾oÅ
ÄZÂ#Í�Å¥¾�Â�ÀBÖtÅ�Å�Æ
Ç�¿åÀËÛ�Â�Ê-Ç�Å#Çrä

Ê À�¨�b/�*Á���c@ªT��ª�cHd

y"¾oÅ�Æ ÌË¾oÅ¬¾oÒ�À/ÌÓðB¿ÁÀ4¾oÅ�ÀKÌMÒ�ñZ×ZÀ/¾ãÒ�×oÌIÂ�ÑÉÑçÐ�Ò�Ç�¿97`Û�Â�ÌË¿ÎÒ�ÆæÐ�Â�Ç�Å¥ÌËÒæÂ�ÇoÂ#Ì�Â�ÄZÂ#Í�Å�ï%¿ÎÌ®Ç�Ò�Å#À
À4Ò Ö�Ù ¿åÀËÀ4×o¿ÉÆoÍ�Â¯���0 ø~��æÐ�Å�ÀMÀMÂ#Í�Å�ÌËÒæÌË¾oÅ�Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê�äæ½+¾yÅ�Û�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�ÊIÛ�Ò�Äo¿ÎÅ#ÀhÌË¾oÅ�ÇoÂ#Ì�Â
ÄZÂ#Í�Å ¿ÉÆ�ÌËÒ!¿ÉÌ�À�ÄoÊË¿ #�Â�ÌËÅãÐ�Å�Ð�Ò�ÊËÙ Â�ÆZÇ�Û�Ò�ÆZÀ/ÌMÊË×ZÛ�Ì�À�ÌË¾oÅ Ç�¿ Ú`Å�ÊMÅ�ÆZÛ�Å ÄZÂ#Í�ÅãÔ Ò�ÊæÌM¾yÅ ÇoÂ#Ì�Â�ä
½+¾oÅ¸Ç�¿ Ú`Å�ÊËÅ�ÆZÛ�Å�ÄZÂ#Í�ÅæÊËÅ�ÄoÊËÅ#À4Å�Æ�Ì�ÀFÌM¾yÅ Ð.Ò�Ç�¿87`Û�Â�ÌM¿ÉÒ�ÆZÀFÐ�Â�Ç�Å�ÌMÒ�ÌM¾oÅ
ÇoÂ#Ì�ÂãÄZÂ#Í�Å�Â#ÆZÇ!¿ÁÀ
Û�Ò�ÆZÀ4ÌËÊM×ZÛ�ÌËÅ#ÇæÖ�Ù�Ë U �B¿ÎÆyÍÏÌË¾oÅ¬Û�Ò�Æ�ÌMÅ�Æ�Ì-ÀKÒ�Ô�ÌM¾yÅFÐ�Ò�Ç�¿87�Å#Ç ÄZÂ#Í�Å.Â�ÆZÇ ÌM¾yÅFÒ�ÊM¿ÉÍ�¿ÉÆZÂ�ÑçÄ�Â�Í�Å�ä
½+¾oÅIÇ�¿ ÚrÅ�ÊMÅ�ÆZÛ;ÅhÄZÂ�Í�Å¥¿ÁÀ+ÌM¾oÅ�Æ
À/Å�Æ�ÌBÌËÒÏÌË¾oÅcÒ#ðBÆoÅ�Ê�ä

Ì �vÍHªPÀÎÁ�©�ªkeEÁÉ��cPª���ª�cHd

½+¾oÅXÛ�Ò�¾yÅ�ÊMÅ�Æ�Û�ÅBÄoÊMÒ�ÌMÒ�Û�Ò�ÑrÐ�Â�ÙIÊMÅ�-�×o¿ÎÊËÅBÌM¾ZÂ#ÌBÂ#ÑÎÑZÛ�Ò�Äo¿ÎÅ�À Ò#ÔÕÌM¾oÅXÇoÂ#Ì�Â�Ø ÄZÂ#Í�ÅcÖZÅK¿ÉÆk#�Â�ÑÉ¿åÇoÂ#ÌMÅ#Ç
ÖZÅ�Ô Ò�ÊËÅhÂ#Æ�ÙFÐ.Ò�ÊMÅ Â�Û�ÌË¿ #�¿ÎÌ/ÙcÒ�Æ¬ÌM¾oÅQÄZÂ#Í�ÅXÛ�Â�Æ¬Ò�Û�Û�×oÊ�äg½+¾o¿åÀgÛ�Â#ÆÏÖZÅQÂ�Û ¾o¿ÉÅ/#�Å#ÇcÖ�Ù¬À/Å�ÆZÇ�¿ÉÆoÍIÂ
� �����_¢��P�0¡�¢��H�hÐ�Å�ÀMÀMÂ#Í�ÅcÌMÒ.Â�ÑÉÑ%ÆoÒ�Ç�Å#ÀBÌM¾�Â�ÌQ¾ZÂ/#�Å¥Â¬Û�Ò�Ä�Ù�Ò#ÔgÌM¾yÅ¥ÄZÂ#Í�Å�ä�½+¾oÅFÛ;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�Ê�À
Â�Ì¬ÌM¾yÅ#À4Å�ÆoÒ�Ç�Å�ÀÏ¿ÎÆZÀ/ÌMÊË×ZÛ�ÌFÌM¾yÅ�¿ÎÊF¾oÒ�À4Ì-À ÌËÒã¿ÉÆk#�Â�ÑÉ¿åÇoÂ#ÌMÅ�ÌM¾yÅæÛ;Ò�Äo¿ÉÅ#À¥Ò�ÔcÌË¾oÅ
ÇoÂ�Ì-Â�Ø ÄZÂ�Í�ÅãÖ�Ù
À4Å�ÆZÇ�¿ÎÆyÍ�Â�Æ¨�����_¢��P�0¡�¢����.Ð�Å#ÀMÀËÂ�Í�Å�ä@�KÄZÒ�Æ0ÊMÅ�Û�Å�¿ #�¿ÎÆyÍæÂ#Æ������_¢��9��¡�¢��H��Ð.Å#ÀMÀËÂ�Í�Å¬Ô ÊMÒ�Ð

V �7B



ÌM¾yÅ�Û�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê�ï\ÌM¾yÅ�¾oÒ�À/ÌF¿ÎÆ�#�Â�ÑÎ¿ÁÇoÂ�ÌËÅ#ÀÓÌË¾oÅ�Û�Ò�ÊMÊËÅ#À4ÄZÒ�Æ�Ç�¿ÎÆoÍ�ÇyÂ�Ì�Â#Ø Ä�Â�Í�Å
Ð�Â�ÄyÄo¿ÎÆoÍ�ÀÓ¿ÉÆ ¿ÎÌ-À
á áT�¥äZà�×oÖZÀ/Å�-�×yÅ�Æ�Ì Â�Û�Û;Å#ÀMÀ+ÌËÒFÌM¾oÅcÄZÂ#Í�Å¥ðB¿ÉÑÎÑ�Û�Â�×ZÀ/ÅIÂ¥ÄZÂ�Í�Å�Ø ÔßÂ#×oÑÎÌ�ä+½+¾y¿åÀ+ÄZÂ#Í�Å�ØåÔßÂ�×oÑÉÌKðB¿ÉÑÎÑ
ÖZÅc¾ZÂ�ÆZÇ�ÑÎÅ#Ç
Â�ÀBÅ�È�ÄyÑåÂ�¿ÉÆoÅ#ÇÏÅ�Â�ÊMÑÉ¿ÎÅ�Ê�ä

Ì ��b�e:ªPÀÂÀÎÁ���c�¨��"©�ªke�d�bÏÄ�ÅH¦�ª���ª�cHd

. Ô�Â�Û�Ò�Æ�ÌËÊMÒ�ÑÎÑÎÅ�ÊKðB¿ÁÀ4¾oÅ#ÀBÌMÒ.×oÄ`ÇoÂ�ÌËÅ�Â#ÑÎÑ�Û�Ò�Äo¿ÉÅ#ÀBÒ�Ô Â�ÇoÂ#Ì�Â�Ø ÄZÂ#Í�Å¬ÊMÅ#À/¿åÇ�Å�Æ�ÌXÂ�ÌhÒ�ÌM¾oÅ�ÊXÆoÒ�Ç�Å#À;ï
¿ÎÌQÀ/Å�ÆZÇoÀ+ÌË¾oÅIÇoÂ�Ì-Â�Ø ÄZÂ�Í�ÅFÌMÒ.Â�ÑÉÑÕÛ�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�Ê�À"#�¿ÁÂ¥ÌM¾oÅC�  k�´¡¸¢0�H�cÐ�Å#ÀMÀËÂ�Í�Å�äg½+¾oÅIÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê
¿ÎÆ�À4Ì�Â#ÑÎÑÁÀKÌM¾oÅ¬ÇyÂ�Ì�Â�Û�Ò�Ä�Ù
¿ÎÆ ¿ÉÌ�ÀKÄoÊË¿ #�Â�ÌËÅFÐ�Å�Ð�Ò�ÊMÙ�Â#ÆZÇ�À4Å�ÆZÇyÀÓÂ#Æz�����H¢��9��¡�¢0�_� Ð.Å#ÀMÀËÂ�Í�Å
ÌMÒ.ÌM¾oÅI¾oÒ�À/Ì�ähà�×oÖZÀ/Å�-�×oÅ�Æ�ÌhÂ�Û�Û�Å#ÀËÀVÌËÒ�ÌM¾oÅIÄZÂ�Í�ÅFð+Ò�×oÑåÇ
Û�Â�×ZÀ/ÅFÂÏÄ�Â�Í�Å�Ø ÔßÂ#×oÑÎÌ�ïrÊMÅ#À/×oÑÎÌË¿ÎÆoÍF¿ÉÆ
ÌM¾yÅÓÆyÅ�ð�Û;Ò�Ä�Ù�Ò�ÔgÌË¾oÅcÄZÂ�Í�ÅcÖtÅ�¿ÎÆoÍ¬¿ÎÆZÀ/Ì�Â#ÑÎÑÎÅ�ÇÏ¿ÎÆ�¾oÒ�À4Ì/� ÀVÐ.Å�Ð�Ò�ÊËÙ�ä

ý ó�Ð ÑZÒ�? ÷��	�ç÷¥ü ?�÷cû,D�þÏûu� BÏÿ��Q÷ þ¶D �Ãö¸÷ ý*þ�ÿJ�çû�þA����÷cû

.&ÆæÌË¾o¿åÀhÀ/Å#Û�ÌË¿ÎÒ�Æ�ïtð�Å¥Å�ÈyÂ�Ð�¿ÉÆoÅhÌË¾oÅFÄZÅ�Ê4Ô Ò�ÊMÐ�Â#ÆZÛ�Åc¿ÎÐ�ÄyÑÎ¿åÛ�Â�ÌM¿ÉÒ�ÆZÀgÒ�Ô Â�!Óà�á Û;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�ÊKÒ�Æ
ÌM¾yÅ�¾oÒ�À/ÌFÀ/ÙoÀ/ÌMÅ�Ð>ÄZÅ�Ê4Ô Ò�ÊMÐ�Â#ÆZÛ�Å�ä�½+¾oÅ.Å�ÈoÂ#Ð�¿ÎÆ�Â�ÌM¿ÉÒ�Æ�¿åÀcÇ�Ò�ÆoÅ�¿ÎÆ�Û�Ò�Æ�ÌMÅ�È�ÌcÒ�ÔXÌM¾oÅ¬ðBÊM¿ÉÌMÅ�Ø
×oÄ`ÇoÂ#ÌMÅ�ÄoÊËÒ�ÌËÒ�Û�Ò�Ñ�ÖZÂ�À/Å#Ç Ò�Æ ÌË¾oÅÏÖy×�Ú`Å�ÊMÅ#Ç�Ø&Û�Ò�ÆZÀ4¿ÁÀ4ÌËÅ�ÆZÛ�Ù Ð�Å�Ð�Ò�ÊËÙ Ð.Ò�Ç�Å�Ñ&ä¬áæÒ�ÊMÅ�Ç�Å�Ì�Â�¿ÉÑåÀ
Â�ÖZÒ�×oÌcÌM¾o¿ÁÀVÄoÊËÒ�ÌËÒ�Û�Ò�ÑgÛ�Â�Æ ÖZÅÓÔ Ò�×oÆZÇæ¿ÎÆ 5 ÄoÄZÅ�ÆZÇ�¿ÎÈ
Ýhä	. Æ
Ò�×oÊ®Â�ÆZÂ#ÑÎÙyÀ4¿åÀ;ïrð+Å Â�ÀËÀ4×oÐ�ÅcÌË¾oÅ
Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�ÊB×�À4Å#À+ÌË¾oÅFáæÒ�ÌMÒ�ÊËÒ�ÑÁÂÏáãÞ�@�A�W��0W��KÞ V @ Ð.¿åÛ�ÊËÒ�ÄoÊËÒ�Û�Å#ÀMÀ/Ò�ÊBðB¿ÉÌM¾M@0W�ÆZÀXÛ�ÙoÛ;ÑÎÅhÌË¿ÎÐ�Å�ä
5 Ì/Ù�Äo¿ÁÛ�Â�Ñ��0��Ø Öo¿ÎÌQÊMÅ�Â�Ç Ò�ÊhðBÊM¿ÉÌMÅcÒ�Æ¸áãÞ�@0A0W���W�Ì-Â���Å#ÀQÂ�ÖZÒ�×yÌX�ÏÛ;ÙoÛ�ÑÉÅ#À�ä"y�Å¥Â#ÑåÀ/Ò�Â�ÀËÀ4×oÐ�Å
ÌM¾�Â�ÌXÂ����#Ø Öo¿ÉÌX!há 5 ÌMÊ-Â�ÆZÀ&Ô Å�ÊhÖZÅ�Ì/ð+Å�Å�Æ�ÌM¾oÅIÛ�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�ÊBÖZÒ�Â�Ê�Ç�Â�Æ�Ç ¾oÒ�À4ÌhÐ�Å�Ð�Ò�ÊËÙFÌ�Â���Å�À
Â�ÖZÒ�×oÌ+@FÛ�ÙyÛ�ÑÎÅ�ÀKÜ ð�Ò�Ê-À4ÌXÛ�Â�À/Å�â�ä

V å0W



 CPU

Detect page-fault

Notify DSMC

write request 

DSMC

Pick request from request-buf

Is data available?

Initiate a DMA
transfer to the
CPU memory

Inform CPU that
request is done

Send message
to owner

Receive data
Update tables

handle request

Owner site

î\¿ÎÍ�×oÊMÅ4�0@��
)�Â�Í�Å�Ø ÔßÂ#×oÑÎÌXÀ4Å�Ê+#�¿ÁÛ�¿ÎÆyÍ¥Ö�Ù�ÌM¾oÅIÛ�Ò�Æ�ÌËÊMÒ�ÑÎÑÎÅ�Ê

Ó��6Ô��¹´�����Õ<��}�¶9�$~PÖ<·�¸$·'{!Ô

î\¿ÉÍ�×oÊËÅJ�0@ À/¾oÒ#ðQÀ ÌË¾oÅ�À4Å:-�×oÅ�ÆZÛ�Å¬Ò�ÔXÅ/#�Å�Æ�Ì�ÀhÌM¾ZÂ#ÌFÒ�Û�Û�×oÊF×yÄtÒ�Æ(ÂæÄZÂ�Í�Å�Ø ÔßÂ#×oÑÎÌ¬Ò�Æ(À/¾ZÂ�ÊËÅ#Ç
ÇoÂ#Ì�Â�ä ½+¾oÅ¥ÖoÊËÅ#Â��yÇ�Ò#ðBÆ Ô Ò�ÊKÅ�È�ÄZÅ#Û�ÌËÅ#Ç�À/Å�Ê&#�¿åÛ�ÅXÌM¿ÎÐ.ÅhÒ�Ô V ä&F:�0BÏÐ�Àg¿åÀQÀ4¾oÒ#ðBÆ
¿ÎÆ
½\Â#ÖoÑÎÅ���W�ä
!hÂ#Ì�ÂFÌM¾ZÂ#ÌBÆoÅ�Å#ÇoÀgÌMÒFÖZÅcÊMÅ�-�×oÅ#À/ÌMÅ#Ç¥Ô ÊMÒ�Ð�Â�ÆyÒ�ÌM¾yÅ�ÊQÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê�ðB¿ÎÑÎÑZ¿ÉÆZÛ�×oÊ Â�ÇoÇ�¿ÉÌM¿ÉÒ�ÆZÂ#ÑÕÛ�Ò�À/Ì
Ò�ÔVÛ�Ò�Æ�À4ÌMÊË×ZÛ�ÌË¿ÎÆoÍ�ÌË¾oÅFÐ�Å#ÀËÀMÂ#Í�Å¥ÌËÒ�ÖtÅ¬À/Å�Æ�Ì�ïrÊËÅ#Û�Å�¿�#�¿ÉÆoÍÏÌË¾oÅ¬ÇoÂ#Ì�Â�Ò�#�Å�ÊKÌË¾oÅFÆoÅ�Ì/ð�Ò�Ê&�`ï`Â�ÆZÇ
×oÄ`ÇoÂ#ÌM¿ÎÆyÍ�ÌM¾oÅcÑÉÒ�Û�Â�Ñ�ÇoÂ�Ì-ÂÏÀ/ÌMÊË×ZÛ�ÌM×yÊMÅ#À;ä+½+¾o¿ÁÀVÒ�#�Å�ÊË¾oÅ#Â�Ç ð�Ò�×oÑÁÇ ÖZÅIÂ�ÄoÄyÊMÒ#È�¿ÉÐ�Â�ÌËÅ�ÑÎÙ V åFÐ�À
ÄZÅ�ÊQÇoÂ#Ì�ÂFÄZÂ�Í�Å¥Ò�#�Å�ÊQÂ�Æ�KçÌM¾yÅ�ÊMÆoÅ�ÌMØ ÑÎ¿ ��Å®Û�Ò�Ð�Ð¬×oÆo¿ÉÛ�Â#ÌM¿ÉÒ�Æ¬ÆoÅ�Ì/ð+Ò�Ê&�`ä

���$~PÖ<·�¸$·'{!Ô��×¸*Ø ¶�Ù+{�¸w�sÚ�Û�¸¹���'�

î\¿ÉÍ�×oÊËÅ��DF À/¾oÒ#ðQÀ ÌË¾oÅ�À4Å�-�×oÅ�Æ�Û�Å Ò�Ô Å/#�Å�Æ�Ì�ÀÏÌË¾ZÂ�Ì�Ò�Û�Û�×yÊ ðB¾yÅ�Æ�Â �0� ~��k�H�0��¤o¥ Û�Â#ÑÎÑh¿ÁÀ
¿åÀËÀ4×oÅ�Çräa½+¾oÅ±�0� ~����H���"¤/¥�Û�Â#ÑÎÑh¿ÁÀÏ¿åÀËÀ4×oÅ�Ç1Ö�Ù0ÌË¾oÅã¾yÒ�À4Ì
ÌMÒ Å�Æ�Ô Ò�Ê�Û�Å Í�ÑÎÒ�ÖZÂ�ÑcðBÊM¿ÉÌMÅ#À�ÌËÒ
À4¾�Â�ÊMÅ�Ç0ÇoÂ#Ì�ÂãÖZÅ�Ô Ò�ÊMÅ�ÌM¾oÅ
ÄoÊMÒ�Í�Ê-Â�Ð Û�Ò�Ð.ÄoÑÎÅ�ÌËÅ#ÀhÌM¾oÅ¸À4Ù�ÆZÛ�¾oÊMÒ�Æo¿ �#Â#ÌM¿ÉÒ�Æ(Û�Â�ÑÉÑ&ä ½+¾o¿ÁÀ ¿ÁÀÏÂ#Æ
Â�ÊËÌM¿ ÔßÂ�Û�ÌIÒ�ÔXÌM¾oÅ�Û;Ò�¾oÅ�ÊËÅ�ÆZÛ�Å.ÄoÊMÒ�ÌMÒ�Û�Ò�ÑB¿ÎÐ�ÄoÑÉÅ�Ð¬Å�Æ�ÌMÅ#ÇæÖ�Ù�ÌM¾oÅ�Û;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�Ê�ä ½+¾yÅ�Å�È�ÄtÅ�Û�ÌMÅ#Ç

V å V



K #�Å�Æ�Ì U ÄZÅ�Ê�Â#ÌM¿ÎÒ�ÆZÀ 'Q×oÐÏÖZÅ�Ê ½+¿ÉÐ�Å
Ò�ÔÃÛ�ÙoÛ;ÑÎÅ#À Ü ¿ÎÆ�ÆZÀ�â

ØQÈKÒ�À/Ì/�gðBÊM¿ÎÌËÅ#À+ÊMÅ:-�×oÅ�À4ÌB¿ÎÆ
² �\³\ H��~��v���\ �� ��Ø ð+Ò�Ê�Ç�ðBÊM¿ÎÌËÅ V � F���W
ØQÈKÒ�À/Ì/�gÆoÒ�ÌË¿ Ô ÙJ!Óà�áãÞ V Ø ð+Ò�Ê�Ç�ðBÊM¿ÎÌËÅ � V A�W
Øi!Óà�áãÞ	�ZÊMÅ#Â�Ç ÊËÅ�-�×oÅ#À4Ì+Ô ÊËÒ�Ð
² �\³\ H��~��v���\ �� ��Ø ð+Ò�Ê�Ç�ÊMÅ#Â�Ç V � F���W
Øi!Óà�áãÞ	�ZÑÎÒ�Û�Â#ÌMÅIÇoÂ�Ì-Â ¿ÉÆ�ÌM¾oÅIÀ4Ì-Â�ÌËÅ
Ì-Â�ÖoÑÉÅ#À V W�W0W�W�W0W
Øi!Óà�áãÞ	��¿ÎÆo¿ÉÌM¿ÁÂ�ÌMÅ£!há 5 ÌMÊ-Â�ÆZÀ&Ô Å�ÊçÌËÒ ��W���A#Ø ð�Ò�Ê�Ç
¾oÒ�À4ÌQÐ�Å�Ð�Ò�ÊMÙ.Ü;A V B��ÏÖ�Ù�ÌMÅ#À�â ÌMÊ-Â�ÆZÀ&Ô Å�Ê V ���0A�A F���F��0A0W
Øi!Óà�áãÞ	��ðBÊM¿ÉÌMÅgÊMÅ�ÄoÑÎÙQ¿ÎÆ ² �����������k �� ��Ø ð+Ò�Ê�Ç�ðBÊM¿ÎÌËÅ V � F���W
Øi!Óà�áãÞ	�`À4¿ÎÍ�ÆZÂ�Ñ%ÌË¾oÅc¾oÒ�À/Ì V Ø ð+Ò�Ê�Ç�ðBÊM¿ÎÌËÅ � V A�W

½ U ½ 5 � ½u./áMK V F���B�W0A0W
½ÕÂ�ÖoÑÉÅ4��Wk�,!Óà�áãÞ	�Z½+¿ÉÐ�Å#À\Ô Ò�ÊQÄZÂ#Í�Å�ØåÔßÂ�×oÑÉÌhÀ/Å�Ê&#�¿åÛ;¿ÎÆoÍcÔ Ò�ÊBÊMÅ�À4¿åÇ�Å�Æ�ÌQÇyÂ�Ì�Â

ÌM¿ÉÐ�Å�Ô Ò�Ê�¿ÎÆ�Ç�¿ #�¿åÇ�×�Â�ÑQÅ/#�Å�Æ�Ì�ÀF¿åÀ�À/×oÐ�Ð�Â#ÊM¿ ��Å�Ç ¿ÎÆ$½ÕÂ�ÖyÑÎÅ�� V ä )\Å�Ê/Ô Ò�ÊËÐ�¿ÎÆoÍ�Â �0� ~��k�H�0�
Ò�ÄZÅ�Ê-Â�ÌË¿ÎÒ�Æ¸Û�Ò�À/Ì�ÀQÂ�ÄoÄyÊMÒ#È�¿ÉÐ�Â�ÌËÅ�ÑÎÙ V A�ä×�DFFÐ�À;äç½+¾oÅIÖo×oÑ��ÏÒ#ÔgÌM¾oÅcÌË¿ÎÐ�ÅQ¿åÀBÀ/ÄtÅ�Æ�ÌQ¿ÎÆ
À4Å�ÆZÇ�¿ÎÆyÍ
ÌM¾yÅ¬ÇoÂ�Ì-Â ÌËÒ�ÌM¾oÅFÒ#ðBÆoÅ�Ê�ä ÞgÒ�Ð�Äo×oÌË¿ÎÆoÍ.ÌM¾oÅ¬Ç�¿ Ú`Å�ÊMÅ�Æ�Û�Å¥ÄZÂ#Í�Å¬Ì�Â���Å#ÀhÂ�ÖZÒ�×oÌC� V Û;ÙoÛ�ÑÉÅ#ÀBÄtÅ�Ê
���#Ø Öy¿ÎÌcð+Ò�Ê�Ç Ü(��ä×å�Ð�À:CEA V B0� Ö�Ù�ÌËÅ#À â-äF½+¾o¿ÁÀ®Å�Æ�Ì-Â�¿ÎÑÁÀKÊMÅ�Â�Ç�¿ÉÆoÍ�Ì4ð�Ò�ð+Ò�Ê�ÇoÀ;ï\ÄZÅ�Ê/Ô Ò�ÊMÐ.¿ÎÆoÍ�Â#Æ
Å�ÈyÛ�ÑÎ×�À4¿ #�Å�Ø Ò�ÊKÒ�ÄtÅ�Ê�Â�ÌË¿ÎÒ�Æ Â�ÆZÇ ðBÊM¿ÉÌM¿ÉÆoÍ�ÌM¾oÅ¬ÊMÅ#À/×oÑÎÌXÖZÂ�Ûw�rä 5 ÇyÇ�¿ÎÌË¿ÎÒ�Æ�Â�ÑgÛ�ÙyÛ�ÑÉÅ#ÀhÂ�ÊËÅÏÆyÅ�Å#Ç�Å#Ç
Ô Ò�ÊcÅ�È�Å#Û�×yÌM¿ÎÆyÍ�ÌM¾oÅ¬ÑÎÒ�Ò�Ä6��W���A�ÌM¿ÎÐ.Å#À�äÏÞgÒ�Ð�ÄoÊËÅ#ÀMÀ/¿ÎÆoÍ�Â
ÇoÂ�Ì-Â�ÄZÂ�Í�Å�Û�Ò�À/Ì�ÀcÂ�Æ Â�ÇoÇ�¿ÉÌM¿ÉÒ�ÆZÂ#Ñ
@�W0��Ü`À�äÕ�$½+¾oÅ.Â�Çk#�Â#Æ�Ì-Â�Í�Å.Ò�ÔQ×ZÀ/¿ÎÆoÍ
ÇoÂ#Ì�ÂæÛ;Ò�Ð�ÄoÊËÅ#ÀMÀ/¿ÎÒ�Æã¿ÁÀ®ÌË¾ZÂ�ÌcÒ�ÆoÅ�Û�Â#Æ ÀËÂ:#�ÅFÒ�Æ ÇoÂ#Ì�Â
ÌMÊ-Â�ÆZÀ/Ð�¿åÀËÀ4¿ÉÒ�Æ�Û�Ò�À4Ì-À�ä�î�Ò�Ê+Å�ÈyÂ�Ð.ÄoÑÎÅ�ï�Â�ÀMÀ/×oÐ�¿ÉÆoÍFÒ�Æ
Â�Æ
Â/#�Å�Ê-Â�Í�Åzå�WDi¼ÊMÅ#Ç�×�Û�ÌM¿ÉÒ�Æ�¿ÎÆ�À/¿ ��ÅXÒ�Ô
ÂFÇoÂ#Ì�Â¥ÄZÂ#Í�Å�ï�ÌMÊ�Â#ÆZÀ4Ð.¿ÎÌMÌË¿ÎÆoÍIÂ#Æ�A V B0��Ø Ö�Ù�ÌMÅIÇoÂ#Ì�Â¥ÄZÂ#Í�ÅhÒ�#�Å�Ê±K ÌË¾oÅ�ÊËÆoÅ�Ì�Â�Ì V W�áæÖoÄZÀ+ð�Ò�×oÑÁÇ
ÀMÂ/#�ÅIÂ�ÄyÄoÊMÒ#È�¿ÎÐ�Â#ÌMÅ�ÑÉÙ2��äÕ�0å Ð ÀÃÄZÅ�ÊBÄZÂ#Í�Å�ä

Â�ÝøÄ�ÌÉÌ�ÅlÖ/Æ�ÊÕäuË&Ñ<ËwÔÕÊ9Ëwà�ÊÕÅHÒ�Ë{ÆiË>Ó(Ç<Ù}Ú�Ì�Å¹Î�Î�ÔÕÇ�Ö,È0Ë{ÌiÒ/Ð%ËwÌÉÅ�ÓlËwÖ
Ç<Ú�ÅlÌ(ËwÆ�Å>ËwÆ�Î�Ú�ÅlÅ+Ò:ÎHÏ�ÌÉÇ<Ù§Þ�ß�ÝáàßÆ�Ç6â�ã�ã+ä©å{Î�Å+Ó
æáç�è Ý

V å0�



cp_synch() system call  

For all dirty pages belonging
to this process’ address space
do 

Identify page 

Notify DSMC

write request 

Initiate DMA transfer
from host memory

Compute Log using
XOR of new page
and old page

Send log to owner

Receive Log
Apply log
if any updates
need to be sent to
other nodes then
send them

Signal host

Mark page as clean

More dirty
pages 

Yes

No

Owner sitePick request

DSMC

Kernel

Compress data

îÕ¿ÎÍ�×yÊMÅ4�DF �Và�Û�¾oÅ�Ð Â�ÌM¿ÁÛVÒ#Ô"!cà�áãÞ$Â�Û;ÌM¿ÎÒ�ÆZÀBÀ4×yÖZÀ4Å�-�×oÅ�Æ�ÌBÌMÒ.Â¶�0� ~��k�H���"¤o¥cÀ4ÙyÀ4ÌMÅ�Ð�Û�Â�ÑÉÑ

���$~PÖ<·�¸$·'{!Ô���{éÕ!Ø�ê<�$}��T~��$ë�Õ!�$¶�}

î\¿ÉÍ�×oÊËÅ���AÏÀ/¾oÒ#ðQÀVÌË¾oÅIÀ4Å�-�×oÅ�Æ�Û�ÅcÒ�Ô�Å/#�Å�Æ�Ì�ÀÃÌË¾ZÂ�ÌQÒ�Û�Û�×yÊKðB¾oÅ�ÆæÂ#Ææ×oÄ`ÇoÂ#ÌMÅIÐ�Å#ÀMÀËÂ�Í�ÅÓ¿ÁÀ+ÊMÅ�Ø
Û�Å�¿�#�Å#Ç¥Ö�ÙFÌM¾oÅXÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê�äç½+¾oÅQÅ�È�ÄtÅ�Û�ÌMÅ#ÇFÌM¿ÉÐ�Å#À Ô Ò�Ê+¿ÉÆZÇ�¿ #�¿åÇ�×ZÂ�ÑoÅo#�Å�Æ�Ì-ÀçÂ�ÊËÅcÀ4×yÐ�Ð�Â�ÊË¿ ��Å�Ç
¿ÎÆ ½\Â#ÖoÑÎÅJ�0��ä U Æ Â�Æ(Â/#�Å�Ê-Â�Í�Å�ïçÂ�ÄyÄoÊMÒ#È�¿ÎÐ�Â#ÌMÅ�ÑÉÙ��æÐ ÀÓ¿åÀIÀ4ÄZÅ�Æ�Ì¥ÄoÊËÒ�Û�Å#ÀËÀ4¿ÎÆyÍ�Â�Æ ×oÄ`ÇoÂ#ÌMÅ
Ð�Å#ÀËÀMÂ#Í�Å�ï�Öo×oÑ �.Ò�Ô�ðB¾o¿åÛ�¾�¿åÀBÀ4ÄZÅ�Æ�ÌQÂ�ÄyÄoÑÎÙ�¿ÎÆoÍFÌË¾oÅcÐ�Ò�Ç�¿97`Û�Â�ÌË¿ÎÒ�ÆZÀ+ÌMÒ¬ÌM¾oÅcÄZÂ#Í�Å�ä

ì¨ê�Ö6��{�}��6Ô��$¶�y��Mê+�$}��×¸¹y�íîØ+~��$¶P¶�·�y|{

!hÂ#Ì�Â�ÌMÊ-Â�ÆZÀ/Ð�¿åÀËÀ4¿ÎÒ�Ææ¿ÁÀKÌM¾oÅFÐ Â)ï/Ò�ÊXÛ�Ò�À/Ì�ÀK¿ÉÆZÛ�×oÊËÊMÅ#Ç�¿ÎÆ�Ç�¿ÁÀ4ÌËÊM¿ÎÖy×oÌMÅ#Ç
À4¾ZÂ#ÊMÅ#Ç Ð�Å�Ð¬Ò�ÊËÙ�À4ÙyÀ4Ø
ÌMÅ�Ð�À�äOà�Å/#�Å�Ê-Â�ÑXÛ�Ò�¾yÅ�ÊMÅ�Æ�Û�ÅæÄoÊËÒ�ÌËÒ�Û�Ò�ÑÁÀ ÌMÊËÙ0ÌËÒ!ÊËÅ#Ç�×ZÛ;Å�ÇoÂ�Ì-Â!Û;Ò�Ð�Ð¬×oÆo¿ÁÛ�Â�ÌË¿ Ò�Æ(Û�Ò�À/Ì�À Ö�Ù
ÊMÅ�Ç�×ZÛ�¿ÉÆoÍ ÌM¾oÅ¸Û�Ò�À/ÌÏÒ#ÔcÐ�Â#¿ÎÆ�Ì�Â�¿ÉÆo¿ÎÆyÍ�Û�Ò�¾oÅ�ÊMÅ�ÆZÛ;Å�ä 5 ÆoÒ�ÌË¾oÅ�ÊFðBÂ�Ù ÌMÒ�ÊMÅ�Ç�×ZÛ�Å
ÇoÂ#Ì�Â Û�Ò�Ð�Ø
Ð¬×oÆo¿åÛ�Â�ÌM¿ÉÒ�Æ�Û�Ò�À4Ìc¿åÀhÌË¾oÅ�×ZÀ/ÅÏÒ#ÔXÇoÂ�Ì-ÂæÛ�Ò�Ð�ÄoÊMÅ�ÀMÀ4¿ÉÒ�Æ�ÌMÅ#Û�¾oÆo¿�-�×yÅ#À�ä�Þg×oÊËÊMÅ�Æ�ÌIÀ4Ì�Â#ÌMÅ�Ò#ÔBÌË¾oÅ

V å0�



K>#�Å�Æ�Ì U ÄZÅ�Ê�Â#ÌM¿ÎÒ�ÆZÀ 'K×oÐ¬ÖZÅ�Ê ½+¿ÎÐ�Å
Ò�Ô Û�ÙyÛ�ÑÎÅ�À Ü ¿ÎÆ�ÆZÀ�â

ØQÈKÒ�À/Ì/�gðBÊM¿ÎÌËÅhÊMÅ:-�×oÅ�À4ÌB¿ÎÆ
² � ³µ H�´~����0�� �� ��Ø ð+Ò�Ê�Ç�ðBÊM¿ÎÌËÅ V � F���W
ØQÈKÒ�À/Ì/�gÆoÒ�ÌË¿ Ô ÙZ!Óà�áãÞ V Ø ð+Ò�Ê�Ç�ðBÊM¿ÎÌËÅ � V A�W
Øi!Óà�áãÞ	�oÊMÅ�Â�Ç ÊËÅ�-�×oÅ#À4ÌgÔ ÊMÒ�Ð
² � ³µ H�´~����0�� �� ��Ø ð+Ò�Ê�Ç�ÊMÅ#Â�Ç V � F���W
Øi!Óà�áãÞ	�o¿ÎÆy¿ÎÌM¿ÁÂ�ÌËÅX!há 5 ÌMÊ-Â�ÆZÀ&Ô Å�Ê ��W���A#Ø ð�Ò�Ê�Ç
Ô Ò�ÊQÇoÂ#Ì�ÂFÄZÂ�Í�Å¥ÌMÒFÖZÅcñZ×ZÀ4¾yÅ#ÇÏÔ ÊMÒ�Ð ÌMÊ-Â�ÆZÀ&Ô Å�Ê
¾oÒ�À/ÌKÐ�Å�Ð�Ò�ÊËÙ�Ü;A V B0�ÏÖ�Ù�ÌMÅ�À â V ���0A�A F���F��0A0W
Øi!Óà�áãÞ	�ZÛ�Ò�Ð�Äo×oÌËÅhÌM¾oÅIÇ�¿ Ú`Å�ÊMÅ�Æ�Û�Å ��W���A#Ø ð�Ò�Ê�Ç
ÄZÂ�Í�Å Ë U � � ��W�W�A �0å0A0W���A0W
Øi!Óà�áãÞ	�ZÛ�Ò�Ð�ÄoÊMÅ�ÀMÀÃÌË¾oÅIÇ�¿ Ú`Å�ÊËÅ�ÆZÛ�Å A V B��#Ø Ö�Ù�ÌËÅ#À�ð
ÄZÂ�Í�Å V ��äO@¬á ÝrC#À/Å#Û A V B0� @�W0����å0�
Øi!Óà�áãÞ	�ZÀ4Å�ÆZÇ�¿ÎÆyÍÏÌË¾oÅIÇ�¿ Ú`Å�ÊËÅ�ÆZÛ�Å
ÄZÂ�Í�Å¥×ZÀ/¿ÎÆoÍC|%~�� �v�0 Ü~��¬Â#ÆZÇ
ðBÂ�¿ÉÌM¿ÉÆoÍ¥Ô Ò�ÊXÂ�Æ
Â�Ûw��ÆoÒ#ðBÑÎÅ#Ç�Í�Å�Ð�Å�Æ�Ì V ���\å�W0W�W0W�ñ
Øi!Óà�áãÞ	��ðBÊM¿ÉÌMÅçÊËÅ�ÄoÑÉÙh¿ÎÆ ² �0�v�0�v���� �� ��Ø ð+Ò�Ê�Ç�ðBÊM¿ÎÌËÅ V � F���W
Øi!Óà�áãÞ	�ZÀ4¿ÉÍ�ÆZÂ#Ñ\ÌË¾oÅc¾oÒ�À/Ì V Ø ð+Ò�Ê�Ç�ðBÊM¿ÎÌËÅ � V A�W

½ U ½ 5 � ½u./áMK V A���F��0@0���
ò,ó Ë'ô�ÅlÖuÏ�ÌÉÇ<Ù6ÎÉÇwÏ�ÆsÐ%ËwÌÉÅ>Ù	Å+Ë{Î�Ä�ÌÉÅlÙ	ÅlÖ/ÆÉÎ

½ÕÂ�ÖyÑÎÅ4� V �
!Óà�áãÞ	�rà�Å�Ê&#�¿åÛ;ÅhÌM¿ÉÐ�ÅVÔ Ò�ÊQÂA�0� ~����_�0�¬Û�Â�ÑÉÑ

Â�ÊËÌc¾ZÂ�Ê-Ç�ðBÂ#ÊMÅFÌMÅ�Û ¾oÆyÒ�ÑÎÒ�Í�Ù
¾ZÂ�ÀhÐ�Â�Ç�Å¥¿ÉÌhÄZÒ�ÀMÀ/¿ÎÖoÑÉÅFÌMÒ�×ZÀ/ÅFÒ�ÆoØ ÌM¾oÅ�Ø ñZÙ�ÇyÂ�Ì�Â�Û�Ò�Ð�ÄoÊËÅ#ÀMÀ/¿ÎÒ�Æ
ÌMÒ.À4×yÖZÀ4Ì-Â�Æ�ÌM¿åÂ#ÑÎÑÉÙ ÊËÅ#Ç�×ZÛ;ÅÓÌË¾oÅFÇyÂ�Ì�Â¬ÌMÊ�Â#ÆZÀ4Ð.¿åÀMÀ/¿ÎÒ�ÆæÛ;Ò�À4Ì-À�äuy�Å¥×ZÀ/ÅFÇoÂ#Ì�Â�Û�Ò�Ð�ÄoÊËÅ#ÀMÀ/¿ÎÒ�Æ�Ô Ò�Ê
Ò�×yÊX!Óà�áãÞ$¿ÎÐ.ÄoÑÎÅ�Ð¬Å�Æ�Ì-Â�ÌM¿ÉÒ�Æ�ÖZÅ#Û�Â�×ZÀ/ÅFÌM¾oÅ Ç�¿ Ú`Å�ÊËÅ�ÆZÛ�ÅIÄZÂ�Í�Å#ÀKÍ�Å�ÆoÅ�Ê�Â#ÌMÅ#Çæ×�À4¿ÎÆyÍuË U ��¿ÉÆ
ÌM¾yÅÓÖy×�Ú`Å�ÊMÅ#Ç
Û�Ò�Æ�À4¿åÀ/ÌMÅ�Æ�Û�Ù�Û�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÅhÄoÊËÒ�ÌËÒ�Û�Ò�Ñ�Â�ÊËÅ¥Ð�Ò�À4Ì+ÑÉ¿ ��Å�ÑÉÙFÌMÒ.Û�Ò�Æ�Ì�Â#¿ÎÆ
ÂF¾o¿ÎÍ�¾æÄZÅ�ÊMØ
Û�Å�Æ�Ì�Â#Í�Å¬Ò�ÔVÀ4ÌMÊË¿ÎÆoÍ�ÀÓÒ#Ô3W�À�ïÕÌM¾oÅ�ÊMÅ�Ö�ÙæÙ�¿ÎÅ�ÑÁÇ�¿ÎÆyÍ�Í�Ò�Ò�Ç Û�Ò�Ð�ÄoÊMÅ�ÀMÀ4¿ÉÒ�Æ�Ê�Â#ÌM¿ÎÒ�À�ä�½+¾�×ZÀ�ï�À4×ZÛ�¾�Â
ÄoÊËÒ�ÌMÒ�Û;Ò�ÑQðB¿ÎÑÎÑBÖZÅ�ÆyÅ�7ZÌFðB¿ÎÌË¾0ÌË¾oÅ�×ZÀ4Å
Ò�ÔIÇoÂ#Ì�Â�Û�Ò�Ð.ÄoÊMÅ#ÀËÀ4¿ÉÒ�Æ ÌMÅ#Û�¾oÆo¿�-�×yÅ#ÀÓÅ#À/ÄZÅ#Û�¿åÂ#ÑÎÑÉÙ Ô Ò�Ê
À4ÑÉÒ#ð+Å�ÊcÛ;Ò�Ð�Ð¬×oÆo¿ÁÛ�Â�ÌË¿ÎÒ�Æ�Ð�Å�Ç�¿Î×oÐ ÀBÀ4×ZÛ�¾ Â�ÀÏKçÌM¾yÅ�ÊMÆoÅ�Ì�ä¬îoÒ�ÊcÅ�ÈyÂ�Ð�ÄoÑÉÅ�ïZ¿ÎÆ�Â�ÆºK ÌË¾oÅ�ÊËÆoÅ�ÌMØ
ÑÎ¿���ÅcÐ�Å#Ç�¿ÁÂ¥ðB¿ÎÌM¾�Â.Û�Ò�Ð�Ð¬×oÆo¿ÉÛ�Â#ÌM¿ÉÒ�Æ�À/ÄtÅ�Å#ÇæÒ�Ô V W�áæÖoÄ�À�ï`Â Û;Ò�Ð�ÄoÊËÅ#ÀMÀ/¿ÎÒ�Æ Ê-Â�ÌË¿ÎÒ�Ò#Ô+Ð.Ò�ÊMÅ

V å��



msg_update from the owner
Pick message from network

Install changes in local
copy

Signal host to invalidate
its copy.

On subsequent page-faults
DSMC will supply new data

DSMC

Uncompress data

î\¿ÉÍ�×oÊËÅX�0A��+à�Û ¾yÅ�Ð�Â�ÌË¿åÛ+Ò#Ô"!Óà�áãÞ"Â�Û�ÌM¿ÉÒ�ÆZÀ�À4×oÖZÀ/Å�-�×oÅ�Æ�Ì+ÌMÒFÌË¾oÅhÊËÅ#Û�Å�¿ÉÄoÌgÒ�Ô Â�|%~��  k�´¡¸¢0�H�
Ð�Å#ÀËÀMÂ#Í�Å

ÌM¾�Â�ÆTW�äOA0� ð�Ò�×oÑÁÇ Ù�¿ÎÅ�ÑåÇÏÍ�Ò�Ò�Ç À4ÙyÀ4ÌMÅ�Ð*ÄZÅ�Ê4Ô Ò�ÊMÐ�Â#ÆZÛ�Å�ä

õ÷ös�$¸w}�¶§y����Vø_��ù xzy|{�}�~�y|�'���$~

.&ÆÏÌË¾oÅQ¿ÎÐ�ÄoÑÉÅ�Ð�Å;Æ�Ì-Â�ÌË¿ÎÒ�ÆIÒ�Ô�Ç�¿ÁÀ4ÌËÊM¿ÎÖy×oÌMÅ#ÇFÀ/¾ZÂ�ÊËÅ#ÇÏÐ�Å�Ð�Ò�ÊËÙÓÒ�Æ èhé�êçëÕì\í�ï�ÂcÄoÊMÒ�Û;Å#ÀMÀ/Ò�ÊBÄZÅ�ÊMØ
Ô Ò�ÊËÐ�ÀBÂ�ÑÉÑÕÇ�¿åÀ/ÌMÊË¿ÎÖo×oÌËÅ#Ç�À4¾ZÂ#ÊMÅ#Ç�Ð�Å�Ð�Ò�ÊMÙFÊËÅ�ÑåÂ#ÌMÅ#Ç�Â�Û;ÌM¿ #�¿ÎÌ/Ù¬Â#ÑÎÒ�ÆyÍ�ðB¿ÎÌË¾æÂ#Æ�Ù
Û�Ò�Ð�Äo×oÌ-Â�ÌË¿ÎÒ�Æ
ÌM¾�Â�ÌBÆoÅ�Å�ÇoÀÃÌËÒFÖtÅXÄtÅ�Ê4Ô Ò�ÊËÐ�Å#Ç¬Â�ÌBÌË¾oÅhÆoÒ�Ç�Å�ä 5 ÀgÐ�Å�Æ�ÌM¿ÉÒ�ÆoÅ#Ç¥Å�Â�ÊMÑÉ¿ÎÅ�Ê�ï�Â�ÌBÑÎÅ�Â�À4Ì£��W�iOÒ�ÔÕÌË¾oÅ
ÄZÂ#Í�Å�ØåÔßÂ�×oÑÉÌ¬À4Å�Ê+#�¿ÁÛ�¿ÎÆyÍ�ÂæÌM¿ÉÐ�Å¥¿ÁÀÓÊMÅ�ÑåÂ�ÌËÅ#Ç ÌMÒT!cà�á ÊMÅ�ÑÁÂ�ÌËÅ#ÇãÂ�Û�ÌM¿�#�¿ÉÌ/Ù�äæà�×ZÛ�¾ãÒ�#�Å�ÊË¾oÅ#Â�Ç ¿ÁÀ
Â�Û�Û�Å�ÄoÌ-Â�ÖoÑÉÅF¿ Ô�Ò�ÆoÑÉÙæÒ�ÆoÅÏÌË¾oÊMÅ�Â�ÇæÒ�ÊcÄoÊËÒ�Û�Å#ÀËÀ®¿ÁÀKÅ�È�Å#Û�×oÌË¿ÎÆoÍ.Ò�Æ�Â ÄyÊMÒ�Û�Å#ÀËÀ4Ò�Ê�ä2.&Æ ÊMÅ#Â#ÑçÑÎ¿ Ô Å�ï
¾oÒ#ð+Åo#�Å�Ê�ïZÌM¾o¿ÁÀh¿åÀKÆoÒ�ÌcÌM¾oÅ¬Û�Â�À4Å�ä 5 ÄoÊMÒ�Û�Å�ÀMÀ4Ò�Ê¥Ð�Â�Ù�ÖZÅ¬À4¿ÉÐÏ×oÑÉÌ�Â#ÆoÅ�Ò�×�À4ÑÎÙ�Å�È�Å#Û�×yÌM¿ÎÆyÍ�À/Å/#�Ø
Å�Ê-Â�ÑÕÄoÊMÒ�Û�Å�ÀMÀ4Å�À¥Ü ×ZÀ/¿ÎÆoÍ.ÌM¿ÎÐ.Å�Ø&À/¾ZÂ�ÊË¿ÎÆoÍ�â�ïZÂ#ÆZÇæÌM¾oÅ���W�i !Óà�á>ÊMÅ�ÑÁÂ�ÌMÅ�Ç Ò�#�Å�ÊM¾yÅ#Â�Ç�ÄtÅ�ÊKÄZÂ#Í�Å
ÔßÂ�×yÑÎÌFÛ�Â�Æ Ç�Å�Í�Ê�Â�Ç�Å�ÌË¾oÅ�Ò�#�Å�Ê�Â#ÑÎÑçÌË¾oÊMÒ�×oÍ�¾yÄo×oÌ¥Ô Ò�ÊIÌM¾oÅ.ÆoÒ�Ç�Å�äãà�¿ÎÐ�¿ÉÑåÂ�ÊËÑÎÙ�ï`Â�Æ�¿ÎÆZÛ�ÊËÅ#Â�À/ÅÏ¿ÉÆ
!Óà�á Â�Û�ÌM¿�#�¿ÉÌ4Ù¬¿ÎÆ
ÌM¾oÅ¬À/ÙoÀ/ÌMÅ�Ð�Ð�Â�Ù�ÊËÅ�-�×o¿ÎÊËÅ¥Â¬ÄoÊMÒ�Û�Å�ÀMÀ4Ò�ÊhÌMÒ.¾ZÂ�ÆZÇ�ÑÎÅ¬ÂFÑåÂ�ÊËÍ�ÅFÆ�×oÐ¬ÖtÅ�ÊBÒ�Ô
Û�Ò�Æ�ÌËÊMÒ�ÑyÊMÅ�-�×oÅ#À/Ì�À+ÜßÀ4×ZÛ�¾¬Â�Àç¿ÎÆ�#�Â�ÑÉ¿åÇoÂ#ÌM¿ÎÒ�Æ%ï�Ô Ò�ÊMð Â�Ê-Çrï�Â�ÆZÇF×oÄ`ÇoÂ�ÌËÅ#À â%Ô ÊËÒ�Ð�Ò�ÌM¾oÅ�ÊÃÄyÊMÒ�Û�Å#ÀËÀ4Ò�Ê�À
Ô Ò�ÊBÐ Â�¿ÎÆ�Ì�Â#¿ÎÆo¿ÉÆoÍcÛ�Ò�¾oÅ�ÊËÅ�ÆZÛ�ÅQÒ�Ô À4¾ZÂ#ÊMÅ#Ç�ÇoÂ#Ì�Â�äVà�×�Û ¾¬Ò�#�Å�ÊM¾oÅ�Â�ÇoÀ�Û�Â�Æ
Â�Ç�#�Å�Ê�À/Å�ÑÎÙ¬Â�ÚrÅ�Û�Ì+ÌË¾oÅ

V å0å



K>#�Å�Æ�Ì U ÄZÅ�Ê�Â#ÌM¿ÎÒ�ÆZÀ 'K×oÐ¬ÖZÅ�Ê ½+¿ÉÐ�Å
Ò�Ô Û�ÙyÛ�ÑÎÅ�À Ü ¿ÎÆ�ÆZÀ�â

Øi!Óà�áãÞ	�oÊMÅ�Û�Å�¿ #�Åu|Á~��  ���¡�¢��H�yï
¿ÎÆZÛ�ÑÉ×ZÇ�¿ÉÆoÍ2!há 5 ÌËÊ�Â�Æ�À Ô Å�ÊBÔ ÊMÒ�Ð¾oÒ�À/ÌKÐ�Å�Ð�Ò�ÊËÙ�Ü;A V B0�ÏÖ�Ù�ÌMÅ�À â V W0W�W�W0W�W ñ
Øi!Óà�áãÞ	�o×oÆZÛ;Ò�Ð�ÄoÊËÅ#ÀMÀBÇyÂ�Ì�Â A V B��#Ø Ö�Ù�ÌËÅ#À¯ð

V ��äO@¬á ÝrC#À/Å#Û
A V B0� @0W��0��å��

Øi!Óà�áãÞ	�#Â�ÄyÄoÑÎÙcÌM¾yÅ+Ç�¿ Ú`Å�ÊMÅ�ÆZÛ�ÅçÄZÂ#Í�Å ��W���A#Ø ð�Ò�Ê�Ç
Ë U �

� ��W�W�A �0å0A0W���A0W

Øi!Óà�áãÞ	�oðBÊM¿ÉÌMÅc¿ÎÆ�#�Â�ÑÉ¿åÇoÂ#ÌM¿ÎÒ�Æ
ÊMÅ�-�×oÅ#À/ÌB¿ÎÆ ² �0�������0�� �� ��Ø ð+Ò�Ê�Ç�ðBÊM¿ÎÌËÅ V � F:��W
Øi!Óà�áãÞ	�ZÀ4¿ÉÍ�ÆZÂ#Ñ\ÌË¾oÅc¾oÒ�À/Ì V Ø ð+Ò�Ê�Ç�ðBÊM¿ÎÌËÅ � V A�W

½ U ½ 5 � ½u./áMK � V A0�DF��0�
ò,ú Ú�Ú�Ì�Ç,û�ÔÕÙ3Ë{Æ�ÅlÊÕä/ÛwÔÕÖ0Ó(ÊÕÄ0Ò/ÅlÎ*ü4ß�ü4â�ý�ã{Ö�Î_Ï�Ç<Ì%Ã>ã ú Ý

½ÕÂ�ÖyÑÎÅ4�����
!Óà�áãÞ	�rà�Å�Ê&#�¿åÛ;ÅhÌM¿ÉÐ�ÅVÔ Ò�ÊhÂ�|Á~��  ���¡�¢��H�cÐ�Å#ÀËÀMÂ#Í�Å

Â�ÄyÄoÑÎ¿ÁÛ�Â�ÌË¿ÎÒ�Æ�ÄtÅ�Ê4Ô Ò�ÊËÐ�Â�Æ�Û�ÅÏÖ�Ù ÊMÅ�Ç�×ZÛ�¿ÉÆoÍ�ÌM¾oÅ�Æ�×oÐ¬ÖZÅ�ÊhÒ�Ô®Û�ÙyÛ�ÑÎÅ�ÀKÌM¾ZÂ#Ì¬Â�ÊËÅ�Â/#�Â#¿ÎÑÁÂ�ÖoÑÉÅ Ô Ò�Ê
Ç�Ò�¿ÎÆoÍ¬ÌM¾oÅIÛ�Ò�Ð�Äo×oÌ-Â�ÌË¿ÎÒ�Æ�ä

½%Ò À4ÌË×ZÇ�Ù ÌË¾oÅÏÄZÅ�Ê/Ô Ò�ÊËÐ�Â�ÆZÛ;ÅFÍ�Â�¿ÉÆZÀhÒ�ÔQ¾ZÂ/#�¿ÎÆoÍ
Â�À4Å�ÄZÂ�Ê-Â�ÌMÅ Û�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�ÊhÌËÒ ¾�Â�ÆZÇ�ÑÉÅ
Ç�¿ÁÀ4ÌMÊË¿ÎÖo×yÌMÅ#ÇFÀ/¾ZÂ�ÊËÅ#ÇÏÐ�Å�Ð.Ò�ÊMÙXÊMÅ�ÑÁÂ�ÌMÅ�Ç ÊËÅ�-�×yÅ#À4Ì-À�ï�ð+ÅBÅ�È�ÌMÅ�ÆZÇ�Å#Ç¥ÌË¾oÅhÀ/¿ÎÐ¬×oÑåÂ#ÌM¿ÉÒ�Æ¬À4ÌË×ZÇ�¿ÉÅ#ÀçÒ�Ô
Û�¾ZÂ�ÄoÌËÅ�Ê�@�ä+îÕ¿ÎÍ�×yÊMÅX��BFÛ�Ò�Ð�Ä�Â�ÊMÅ�ÀÃÌM¾yÅhÊMÅ#À/×oÑÎÌ-ÀÃÔ Ò�ÊBÌ/ð+Ò À4×ZÛ�¾
À4ÙyÀ4ÌËÅ�Ð*Û;Ò�Æk7ZÍ�×oÊ�Â#ÌM¿ÉÒ�ÆZÀ�þtÒ�ÆoÅ
ðB¿ÎÌË¾�Â�!cà�áùÛ�Ò�Æ�ÌMÊËÒ�ÑÉÑÎÅ�Ê�Â�Æ�Ç Ò�ÆoÅhðB¿ÉÌM¾oÒ�×oÌBÂ4!Óà�áùÛ�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê�ä 5 À�À4¾oÒ#ðBÆ�¿ÎÆ.î\¿ÉÍ�×oÊËÅX�0B�ï
ÌM¾yÅ¥À/ÙoÀ/ÌMÅ�Ð ðB¿ÎÌM¾¸Â¶!cà�á Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Ê À4¾oÒ#ðQÀBÐÏ×�Û ¾�ÖZÅ�ÌËÌMÅ�ÊBÄZÅ�Ê/Ô Ò�ÊËÐ�Â�ÆZÛ;ÅÓÌË¾ZÂ�Æ
ÌM¾ZÂ#ÆæÒ�ÆoÅ
ðB¿ÎÌË¾oÒ�×yÌ�ä ½+¾y¿åÀ¥Å�È�ÄZÅ�ÊM¿ÉÐ�Å�Æ�ÌcÀ4¾oÒ#ðQÀFÌM¾oÅ.ÄtÅ�Ê4Ô Ò�ÊËÐ�Â�Æ�Û�Å�ðB¿ÎÌË¾ ÊMÅ�À4ÄZÅ#Û�ÌFÌËÒ�ÂæÌMÊ�Â#ÆZÀMÂ�Û�ÌM¿ÉÒ�Æ
ð+Ò�Ê&��ÑÎÒ�Â�Ç Ð�Ò�Ç�Å�ÑßïrÅ�È�Å#Û�×oÌË¿ÎÆoÍ¬Ò�Æ V @�Ø ÆoÒ�Ç�Å�À/ÙoÀ/ÌMÅ�Ð¸ä¥½+¾oÅ¬¿ÎÐ.ÄoÊMÒ�#�Å�Ð¬Å�Æ�ÌB¿åÀhÐ�Ò�ÊMÅ À4¿ÎÍ�Æo¿ Ô Ø
¿åÛ�Â�Æ�ÌÓÔ Ò�Ê¬À/Ð�Â�ÑÉÑBÇoÂ#Ì�ÂæÌËÊ�Â�Æ�À Ô Å�Ê¬À/¿ ��Å#À¥ÌË¾ZÂ�Æ Ô Ò�ÊFÑåÂ�ÊËÍ�Å
ÇoÂ#Ì�Â�À4¿ ��Å#À�ä�½+¾oÅ�ÊMÅ�Â�À4Ò�Æ0¿ÁÀ¥ÌM¾ZÂ#Ì
Ô Ò�Ê®À4Ð�Â#ÑÎÑ�ÇoÂ�Ì-Â ÌËÊ�Â#ÆZÀ Ô Å�Ê®À4¿ ��Å#À�ïZÐ�Ò�ÊËÅ¥Æ�×oÐ¬ÖtÅ�ÊBÒ�Ô	!cà�á ÊMÅ�-�×oÅ#À/Ì�ÀQÂ�ÊMÅ¬Í�Å�ÆoÅ�Ê�Â#ÌMÅ#Çæ¿ÉÆæÌË¾oÅ
À4ÙyÀ4ÌËÅ�Ð ï�ÌM¾oÅ�ÊËÅ�Ö�Ù�ÊMÅ�-�×o¿ÉÊM¿ÎÆyÍFÐ�Ò�ÊËÅ�!cà�á ÊMÅ�ÑåÂ�ÌËÅ#Ç�ð+Ò�Ê&��ÌMÒ¬ÖZÅ¥ÄZÅ�Ê4Ô Ò�ÊMÐ�Å�Ç Â#ÌKÅ�Â�Û�¾æÆoÒ�Ç�Å�ä

V å�@



�KÆZÇ�Å�ÊBÀ/×ZÛ ¾
Û�Ò�ÆZÇ�¿ÉÌM¿ÎÒ�ÆZÀ�ï�Å�È�¿åÀ4ÌËÅ�ÆZÛ�ÅQÒ�Ô ÂC!Óà�á>Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�Êg¿ÉÐ�ÄoÊMÒ�#�Å#ÀçÌË¾oÅcÀ4ÙyÀ4ÌËÅ�ÐaÄtÅ�Ê4Ô Ò�ÊËØ
Ð�Â#ÆZÛ�Å�ä�Ý+Å�ÆoÅ�7�Ì�ÀBÂ�Û�Û�ÊM×oÅ�Ç Ç�×oÅ¥ÌËÒ�ÌM¾oÅcÄoÊËÅ#À4Å�ÆZÛ�ÅcÒ�ÔgÌË¾oÅC!cà�á Û�Ò�Æ�ÌËÊMÒ�ÑÉÑÎÅ�ÊBÖZÅ#Û;Ò�Ð�ÅhÐ.Ò�ÊMÅ
À4¿ÉÍ�Æo¿97`Û�Â#Æ�ÌgÂ�ÀÃÌË¾oÅBÆ�×yÐÏÖZÅ�ÊÕÒ�Ô�ÄoÊMÒ�Û�Å�ÀMÀ4Ò�Ê�Àg×ZÀ4Å#ÇÓÔ Ò�Ê�À4Ò�Ñ�#�¿ÉÆoÍIÂhÄoÊMÒ�ÖoÑÎÅ�Ð�¿åÀ\¿ÉÆZÛ�ÊËÅ#Â�À/Å#ÇräçîoÒ�Ê
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Transaction model on a (16-node, 25 MIPS, 1 Gbps, write-update) system

without DSM controller
with DSM controller

î\¿ÉÍ�×oÊËÅ���Bk��K\ÚrÅ�Û�ÌBÒ�Ôg×�À4¿ÎÆyÍ¬Â¶!Óà�á Û�Ò�Æ�ÌËÊMÒ�ÑÎÑÎÅ�Ê+Ò�Æ
ÌM¾oÅcÄZÅ�Ê/Ô Ò�ÊMÐ Â�ÆZÛ�Å

.&Æ�ÌM¾y¿åÀ+Û�¾ZÂ#ÄoÌMÅ�Ê�ï�ð�ÅK¾ZÂ/#�ÅhÄyÊMÅ#À/Å�Æ�ÌËÅ#Ç¬ÂFÇ�Å�Ì�Â#¿ÎÑÉÅ#ÇÏÇ�Å#À4¿ÉÍ�Æ�Â#ÆZÇ�ÄtÅ�Ê4Ô Ò�ÊËÐ�Â�Æ�Û�ÅhÂ#ÆZÂ�ÑÉØ
ÙyÀ4¿åÀBÒ�Ô Â�Ç�¿åÀ4ÌËÊM¿ÉÖo×oÌMÅ�ÇæÀ4¾�Â�ÊMÅ�ÇæÐ�Å�Ð�Ò�ÊMÙ.Û�Ò�Æ�ÌMÊËÒ�ÑÎÑÉÅ�Ê�äQ½+¾oÅ¬Û;Ò�Æ�ÌMÊMÒ�ÑÎÑÉÅ�ÊB¾ZÂ�ÀhÖZÅ�Å�Æ¸Ç�Å#À/¿ÎÍ�ÆyÅ#Ç
ÌMÒc¿ÉÐ�ÄoÊMÒ�#�ÅgÂhÆoÒ�Ç�Å\� ÀçÌM¾yÊMÒ�×yÍ�¾oÄo×yÌÃÖ�Ù¥Ò#Ú`Ø ÑÉÒ�Â�Ç�¿ÎÆoÍ Â�ÑÎÑ¸!Óà�á*ÊMÅ�ÑÁÂ�ÌËÅ#Ç¥ÄoÊMÒ�Û;Å#ÀMÀ/¿ÎÆoÍhÔ ÊMÒ�Ð�ÌË¾oÅ
¾oÒ�À4ÌQÄoÊMÒ�Û�Å�ÀMÀ4Ò�Ê�ä
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	 'Q×oÐÏÖZÅ�ÊgÒ#Ô�À4Ù�ÆZÛ�¾oÊMÒ�Æo¿ �#Â#ÌM¿ÉÒ�Æ�Äo¾�Â�À4Å�À
á 5 Ð�Ò�×oÆ�ÌgÒ�ÔgÐ.Å�Ð�Ò�ÊËÙ¥Ò�ÄtÅ�Ê�Â�ÌËÅ#Ç Ö�Ù�ÂFÄoÊMÒ�Û;Å#ÀMÀ/Ò�ÊXÇ�×oÊM¿ÉÆoÍ¬Â¬Û�Ò�Ð�Äy×oÌ�Â#ÌM¿ÎÒ�Æ

 )çÊËÒ�ÖZÂ#Öo¿ÎÑÉ¿ÎÌ/ÙÏÌË¾ZÂ�ÌXÂ�Æ¸Â�Û�Û;Å#ÀMÀ+¿ÁÀBÂ¥ðBÊM¿ÎÌËÅcÒ�ÄZÅ�Ê�Â#ÌM¿ÉÒ�Æ
� ÈQ¿ÎÌ+Ê-Â�ÌË¿ÎÒ
� )çÊËÒ�ÖZÂ#Öo¿ÎÑÉ¿ÎÌ/ÙÏÌË¾ZÂ�ÌXÂ�Æ¸Â�Û�Û;Å#ÀMÀ+ÊËÅ#Â�ÇvC�ðBÊM¿ÉÌMÅcðB¿ÎÑÉÑ%Û�Â#×ZÀ4ÅIÛ�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÅcÐ�Å#ÀËÀMÂ�Í�Å#À
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1 �BÅ�ÑÎÅ�Â�À4¿ÉÆoÍ¬Â¥ÑÎÒ�Ûw��Ö�Ù�ÂFÛ�ÑÉ¿ÎÅ�Æ�Ì
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��å�þ
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� ��������¦)ÅH�*Á��\ª�e�ÁÂÅH� ����ª�b/d
y�ÊM¿ÎÌËÅ�ØßÂ�Û�Û�Å�ÀMÀ�ï�ÆoÒ.Û�Ò�¾oÅ�ÊMÅ�ÆZÛ;ÅcÂ�Û�ÌË¿ #�¿ÎÌ/Ù å 	 
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��$#&% � ! ��BÅ#Â�Ç�Ø Ð�¿ÁÀMÀ�ïyÇoÂ�Ì-Â ðB¿ÉÌM¾�ÌM¾yÅ¥À/Å�Ê&#�Å�Ê �(� �$#&%�
 ! �$#(% � ! �$#(%/� !�BÅ#Â�Ç�Ø Ð�¿ÁÀMÀ�ïyÇoÂ�Ì-Â ðB¿ÉÌM¾
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� V �Iá ä 5 ¾ZÂ�Ð Â�Çrï,)\ä"y�ä6ÈK×oÌËÌMÒoïQÂ#ÆZÇ �cä.@�Ò�¾oÆ%ä­.&Ð�ÄoÑÉÅ�ÐÏÅ�Æ�ÌË¿ ÆyÍ Â�Æ�Ç!ÄoÊËÒ�Í�Ê-Â�Ð�Ð.¿ÎÆoÍ
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�����3@oä 5 Ê�Û�¾o¿ÎÖ�Â�ÑåÇ Â#ÆZÇ�@�Å#Â#ÆoØi�rÒ�×oÄ�ÝBÂ�Å�Ê�ä�Þ�Â�Û�¾oÅ¸Û�Ò�¾oÅ�ÊMÅ�ÆZÛ;Å ÄyÊMÒ�ÌËÒ�Û�Ò�ÑÁÀ��XK>#�Â�ÑÎ×�Â�ÌM¿ÉÒ�Æ
×ZÀ/¿ÎÆoÍ�Â ÐÏ×yÑÎÌM¿ÉÄoÊMÒ�Û;Å#ÀMÀ/Ò�ÊIÀ4¿ÉÐÏ×oÑÁÂ�ÌË¿ÎÒ�Æ�Ð�Ò�Ç�Å�Ñ&äHG¼j�¼ I´`&n\]µ�on\p<j h Y\]µ� Y\]°j"Y\°EDÜ¾\j¹^<`
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@�Â�Æ�×ZÂ#ÊMÙ V B�B���ä

� @��3@�Ò�¾yÆ¬Ýhä�Þ�Â�ÊMÌËÅ�Ê�ïR@�Ò�¾oÆsJFä�Ý+Å�ÆoÆoÅ�ÌËÌ�ï#Â#ÆZÇ�y"¿ÎÑÉÑÎÙTSZð Â�Å�ÆoÅ�ÄtÒ�Å�Ñ&ä�.&Ð�ÄoÑÎÅ�ÐÏÅ�Æ�Ì�Â#ÌM¿ÉÒ�ÆXÂ�ÆZÇ
ÄZÅ�Ê4Ô Ò�ÊMÐ�Â#ÆZÛ�ÅcÒ�Ô áæ×oÆy¿ÎÆ%ä	.&Æ IørH^=AVU�jsr�G¼j�¼�»Ü¯�°ED´Y�� h ¾�° Y\]@�WDH^<`&n�j h ]���»Ü¯:�<jl^<°��
X£` h ]´p h DHv ^&�;ï U Û�Ì V B�B V ä

�OF/�4)\Å�ÌËÅ�ÊQÝhäH!hÂ#Æ���¿ÎÍ.Â�Æ�Ç à�ÌËÅ�Äo¾oÅ�Æ
áæÅ�Ñ�#�¿ÉÆ%ä6ÈK¿ÉÍ�¾�ÊMÅ#À/Ò�ÑÉ×oÌM¿ÉÒ�ÆæÌË¿ÎÐ�¿ÉÆoÍcðB¿ÎÌË¾æÑÎÒ#ð$ÊMÅ#À/×oÑÎØ
ÌM¿ÉÒ�Æ�Û�ÑÉÒ�Û{�yÀhÂ#ÆZÇ 5 Ð�¿åÛ;ÊMÒ�À/Å#Û�Ò�ÆZÇ�ÊMÅ#À/Ò�ÑÎ×yÌM¿ÎÒ�Æ ÌM¿ÉÐ�Å�Ê+Ô Ò�ÊIà�×oÆ�ð+Ò�Ê+�oÀ/Ì�Â#ÌM¿ÎÒ�ÆZÀ�äR�WDH^<`ZY
n�j h ]��A»_¯:�<jl^<°��*�*^{¬ h ^<[\ïÜ���yÜ V â��Õ�0�MF���@�ï V B0B0W�ä

� A��4)çÂ#ÊMÌM¾�Â�!hÂ�À4Í�×yÄoÌ�Â�ïH�V¿ÁÛ ¾ZÂ#Ê�ÇC�rÅ#Ý+ÑÁÂ�ÆZÛ�ï�áæ×ZÀ4Ì-Â�-�×oÅ 5 ¾ZÂ�Ð Â�Çrï�Â�Æ�Ç¶�KÐ Â���¿åÀ4¾yÒ�ÊMÅ£�KÂ#Ø
Ð�Â�Û ¾ZÂ#ÆZÇ�Ê-Â�Æ%ä�½+¾oÅ�[ré�êçëÕì\í�Ç�¿ÁÀ4ÌËÊM¿ÎÖy×oÌMÅ#Ç�Ò�ÄZÅ�Ê�Â#ÌM¿ÉÆoÍ�À4ÙyÀ4ÌËÅ�Ð äHC"O\OPOLj"Y\°EDÜ¾\j¹^{` ï
5 ÄoÊË¿ÎÑ V B0B V ä

� B��FÞgÒ�ÑÉ¿ÎÆ6!XÂ:#�¿åÀ;ä�îoÅ#Â#ÌM×oÊËÅ#ÀhÒ�ÔXÂ¯q®áMK Öy×ZÀh¿ÎÆ�ÌMÅ�Ê/ÔßÂ�Û�Å¬Û�¾o¿ÎÄ�Ç�Å#À/¿ÎÍ�Æ%äNO,v ^+p�ji`&Y\] h p=O£]�� h Y
]_^w^<` h ]���ïZÄZÂ#Í�Å#À�A��]F�A0B�ï%á Â�Ê-Û ¾ V B0A0B�ä

� V W��¼ÈKÅ�ÑÉÅ�Æ$!hÂ/#�¿ÁÀ�ï+à�ÌËÅ�Äo¾oÅ�Æ �Óä G Ò�ÑåÇoÀËÛ ¾yÐ�¿åÇ�Ì�ïÕÂ�ÆZÇ�@�Ò�¾yÆ§ÈQÅ�ÆoÆoÅ#ÀËÀ4Ù�ä
áæ×oÑÉÌM¿ÎÄyÊMÒ�Û�Å#ÀËÀ4Ò�Ê
À4¿ÉÐÏ×yÑåÂ�ÌË¿ÎÒ�ÆcÂ�ÆZÇcÌMÊ-Â�Û�¿ÉÆoÍK×�À4¿ÎÆyÍh½ 5 ' GXU ä\.&Æ=C{]kj¹^{`�]�n�j h Y\]�n�v©j"Y\]{m�^<`w^<]�p�^£Y\]^X£n\`&n�v�v ^wv
X£`&Y�p�^&�w� h ]���ïoÄZÂ�Í�Å#À}.+.�F�B0B]F V WDF�ï V B0B V ä

V @ V



� V0V � G Â�ÊËÙæàZä�!QÅ�ÑÎÄ%ï 5 ÇoÂ#Ê�À4¾yÄZÂ�ÑçàZäZà�Å�ÌË¾o¿&ïyÂ�ÆZÇJ!hÂ/#�¿åÇ_@oäyîtÂ#ÊMÖZÅ�Ê�ä 5 Æ�Â#ÆZÂ�ÑÉÙoÀ/¿åÀ+Ò#ÔgáæÅ�Ð.ØÆoÅ�Ìo� 5 Æ�Å�È�ÄtÅ�ÊM¿ÎÐ.Å�Æ�Ì�¿ÎÆ�¾o¿ÎÍ�¾oØßÀ4ÄZÅ�Å#Ç�À4¾�Â�ÊMÅ�Ç�Ø Ð.Å�Ð�Ò�ÊËÙFÑÎÒ�Û�Â#Ñ%ÆoÅ�Ì/ð+Ò�Ê&��¿ÎÆoÍyä>.&Æ�j"Y\°TY
DÜ¾\j¹^<`�j"Y\°C°C¾k] h pwn�j h Y\]��3^<¬ h ^<[\ï0#�Ò�ÑÎ×yÐ�Å V A�ï#ÄZÂ�Í�Å#À V @�å]F V F/�oïZà�Ì�Â#Æ�Ô Ò�Ê-Çrï�Þ�Â�ÑÎ¿ Ô Ò�ÊËÆo¿åÂ�ï
5 ×oÍ�×ZÀ4Ì V B�A0A�ä 5 Þ�á àµ. G Þ U á á ä

� V ���Iá ä\!K×yÖtÒ�¿åÀ;ïtÞQä�à�Û�¾oÅ�×yÊM¿åÛ�¾%ï�Â�ÆZÇ¬î+ä 5 ä�Ý+ÊM¿ÉÍ�Í�À;äráæÅ�Ð�Ò�ÊËÙ¥Â�Û�Û�Å#ÀËÀ\Öo×�Ú`Å�ÊË¿ÎÆoÍc¿ÉÆFÐÏ×oÑÉÌM¿ÉØÄoÊËÒ�Û�Å#ÀMÀ/Ò�Ê-À�äu.&Æ IørH^TAVU�jsr_C<]�j¹^<`<]�n�j h Y\]�n�v%»Ü¯�°ED´Y�� h ¾�°ûY\]�j"Y\°EDÜ¾µjl^<`EG3`&pwr h j¹^+p�ji¾�`{^�ï
ÄZÂ#Í�Å#Àu�\���(F\�0�\��ïW@�×yÆoÅ V B0A�@�ä

� V ���FàZäV@oä�KçÍ�Í�Å�Ê�ÀçÂ#ÆZÇC�Óä�ÈIä�JÓÂ#Ì&��ä 5 Û�¾ZÂ�Ê-Â�Û�ÌËÅ�ÊM¿��#Â�ÌË¿ÎÒ�ÆcÒ#Ô%À/¾ZÂ�ÊË¿ÎÆoÍQ¿ÎÆIÄZÂ�Ê-Â�ÑÉÑÎÅ�Ñ�ÄoÊËÒ�Í�Ê�Â�Ð ÀÂ�Æ�ÇÓ¿ÎÌ-À%Â�ÄoÄyÑÎ¿åÛ�Â�ÌM¿ÉÒ�ÆcÌMÒXÛ�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÙQÄoÊMÒ�ÌMÒ�Û�Ò�ÑoÅ/#�Â�ÑÉ×ZÂ�ÌË¿ÎÒ�Æ�ä\.&ÆJX£`+Y�p&`6Aba�j r5C{]kj(c vd`µ»_¯�°EDe`
Y\]�j"Y\°EDÜ¾\j¹^<`EG3`+p{r h j¹^+p<j(¾�`{^�ïoÄ�Â�Í�Å�À}��F��MFµ�0A0��ïe@�×oÆyÅ V B0A�A�ä

� V ��� 5 ÆoÒ�Æ ^�j*n�v ä 5 Ð�Å�Â�À4×yÊMÅ¥Ò#ÔBÌËÊ�Â�Æ�ÀMÂ�Û;ÌM¿ÎÒ�ÆãÄyÊMÒ�Û�Å#ÀËÀ4¿ÉÆoÍ�ÄtÒ#ð�Å�Ê�ä�º4n�jin\°Cn�j h Y\]�ïrÄZÂ�Í�Å#À
V�V �MF V�V A�ï 5 ÄoÊM¿ÉÑ V B0A�å�ä

� V å��IÝ+ÊMÅ�ÌMÌ,!�î\ÑÎÅ�¿ÁÀMÛ�¾%äÜ�VÅ�ÑÉ¿åÂ#ÖoÑÎÅXÇ�¿åÀ/ÌMÊË¿ÎÖo×oÌËÅ#Ç¬À4¾ZÂ#ÊMÅ#Ç�Ð�Å�Ð.Ò�ÊMÙ�äH. ÆR»%^+pwY\]�«JC"O\OPOgf�Y\`&t&Y
�wr´YhD Y\]iOPjZDH^<` h °¶^<]kjin�v}º h �<ji` h ¿o¾µjl^+«±»Ü¯:�<jl^<°��;ïhÄZÂ#Í�Å#À V W0�MF V W�å�ï�ÈK×oÆ�Ì�Àl#�¿ÉÑÎÑÎÅ�ï 5 ÑÎØÂ�Ö�Â�Ð�Â�ï U Û;ÌMÒ�ÖZÅ�Ê V B0B0W�ä�KçÈ�ÌMÅ�ÆZÇ�Å#Ç 5 ÖZÀ4ÌËÊ�Â�Û�Ì�ä

� V @��IÝ+ÊMÅ�ÌMÌ,!¥äoîÕÑÎÅ�¿ÁÀMÛ�¾FÂ�Æ�Ç G Å�Ê-Â�ÑÁÇ=@oä´)\Ò�ÄZÅ/�`ä%áæ¿ÎÊ-Â�Í�Å\� 5 Û;Ò�¾oÅ�ÊËÅ�Æ�Ì+Ç�¿åÀ4ÌËÊM¿ÉÖo×oÌMÅ�ÇÏÀ/¾ZÂ�ÊËÅ#ÇÐ�Å�Ð.Ò�ÊMÙ¬Ç�Å#À4¿ÉÍ�Æ%äX�WDH^<`+n�j h ]0�q»Ü¯/�<j¹^<°��X�3^<¬ h ^<[\ïÜ����Ü(å�âw�Õ� V�V F����0��ï�!KÅ#Û V B0A0B�ä
� V F/�3@oä"�cä G Ò�Ò�Ç�Ð�Â�Æ¤Â�ÆZÇ )\äk@oä>y�Ò�Å#À/Ì�ä(½+¾oÅJy"¿åÀMÛ;Ò�ÆZÀ/¿ÎÆ(áæ×oÑÎÌË¿åÛ�×yÖtÅ ��Â ÆoÅ�ðaÑåÂ�ÊËÍ�Å�Ø

ÀMÛ�Â�ÑÎÅIÛ�Â�Û ¾yÅ�Ø&Û;Ò�¾oÅ�ÊËÅ�Æ�Ì+Ð¬×oÑÎÌË¿ÎÄoÊËÒ�Û�Å#ÀMÀ/Ò�Ê�ä". Æ�X£`&Y�p(`lAVm�j r_C{]kj&c vn`�»Ü¯0°EDe`�Y\]�j"Y\°EDÜ¾\j¹^<`
G3`&pwr h j¹^+p�ji¾�`{^�ïoÄZÂ#Í�Å#Àu�\�0�MF �\� V ïe@�×oÆoÅ V B0A0A�ä

� V A��4�cä$KBä$JhÅ#ÀËÀ4ÑÎÅ�ÊFÂ�Æ�Ç!áæ¿ÉÊMÒ�Æ6�r¿ #�Æ�Ù�ä 5 Æ Â�ÆZÂ#ÑÎÙyÀ4¿ÁÀÓÒ�Ô®Ç�¿ÁÀ4ÌMÊË¿ÎÖo×yÌMÅ#Ç À/¾ZÂ�ÊËÅ#Ç Ð�Å�Ð�Ò�ÊMÙÂ�ÑÉÍ�Ò�ÊM¿ÎÌË¾oÐ�À;ä". Æpo�jsr�C<]kj�v6j"Y\]{m�^<`w^<]�p�^4Y\] º,C+�<j(` h ¿/¾\j¹^+«Mj"Y\°EDÜ¾\j h ]��¶»_¯:�<jl^<°��;ïoÄZÂ�Í�Å#À
��B�AMFµå�W�å�ï V B0A�B�ä

� V B��4�rÅ#À/ÑÎ¿ÎÅ �%Â#Ð�ÄZÒ�ÊMÌ�ä ÈKÒ#ð ÌËÒ"Ð�Â���Å Â0ÐÏ×oÑÉÌM¿ÉÄoÊMÒ�Û�Å�ÀMÀ4Ò�Ê Û�Ò�Ð�Äo×oÌËÅ�ÊæÌË¾ZÂ�Ì�Û;Ò�ÊMÊËÅ#Û�ÌËÑÎÙ
Å�È�Å#Û�×oÌËÅ#À ÐÏ×oÑÉÌM¿ÉÄoÊMÒ�Û�Å�ÀMÀ4Ò�ÊæÄoÊËÒ�Í�Ê�Â�Ð À�ä C"OPO\O I´`&n\]µ�on\p�j h Y\] Y\]îj"Y\°EDÜ¾\j¹^<`&�;ï ÞgØ
�0A�Ü;B�âw�O@�B�W]F�@0B V ï\à�Å�Ä V B�F�B�ä

� �0W��¼È¥ärÞQäÜ�%Â�×oÅ�ÊcÂ�ÆZÇT�cäZá äH'KÅ�Å�Ç�¾ZÂ�Ð¸ä U ÆæÌË¾oÅFÇ�×ZÂ�ÑÉ¿ÎÌ/Ù�Ò�Ô Ò�ÄZÅ�Ê�Â#ÌM¿ÉÆoÍ�À4ÙyÀ4ÌËÅ�Ð@À4ÌËÊM×ZÛ�Ø
ÌM×yÊMÅ#À;äX�WDH^<`&n�j h ]��¶»Ü¯/�<j¹^<°��X�3^<¬ h ^<[\ï V ��Üi��âw�×�MF V B�ï 5 ÄoÊM¿ÉÑ V BDF�B�ä

� � V �4)çÂ#×oÑe@oä��rÅ#Â�Û ¾%ï�)çÂ#×oÑwÈIäk�rÅo#�¿ÉÆoÅ�ï�Ý+ÊMÙ�Â#Æ�)Õäk!QÒ�×oÊËÒ�À�ïq@�Â#Ð�Å#À 5 ÈhÂ�Ð�¿ÉÑÎÌËÒ�Æ%ï0!hÂ/#�¿ÁÇ��
'KÅ�ÑÁÀ4Ò�Æ%ïZÂ�ÆZÇ Ý+Å�ÊMÆZÂ#Ê�ÇJ�çä à�ÌM×oÐ�Ä�ÔËä+½+¾oÅ Â�Ê-Û ¾o¿ÉÌMÅ#Û;ÌM×oÊËÅhÒ�Ô Â�Æ
¿ÎÆ�ÌMÅ�Í�Ê�Â#ÌMÅ#Ç�ÑÎÒ�Û�Â�ÑÕÆoÅ�ÌMØ
ð+Ò�Ê&�`ägC"OPO\OrK�Y\¾�`�]´n�v*Y\] »%^wv ^+p<j¹^+«�G3`{^+n�� h ]_j"Y\°C°C¾k] h pwn�j h Y\]µ�;ï V Üiå�â��OA�� �MFDA�åDF�ï
'KÒ�#�Å�Ð¬ÖZÅ�Ê V B0A0��ä

V @0�



� �0���3@�Ò�Ò�Æ�ð+Ò�Æ �rÅ�Å�Â#ÆZÇ6�KÐ�Â���¿ÁÀ4¾oÒ�ÊMÅC�QÂ�Ð Â�Û�¾ZÂ�ÆZÇ�Ê�Â�Æ�äæà�Ù�Æ�Û ¾oÊËÒ�Æo¿��#Â�ÌË¿ÎÒ�ÆãðB¿ÉÌM¾�ÐÏ×oÑÉÌM¿ÉØ
ÄoÊËÒ�Û�Å#ÀMÀ/Ò�ÊQÛ�Â�Û ¾yÅ#À�ä�.&ÆNX£`&Y�p(`eAts/jsr_C<]�j(c vn`Ü»Ü¯�°EDe`ÁY\]Mj"Y\°EDÜ¾µjl^<`EG3`&p{r h jl^+p�ji¾k`w^�ï�ÄZÂ�Í�Å#À
�DFbF���F�ï%á Â�Ù V B0B�W�ä

� �0���3@�Ò�Ò�Æ�ð+Ò�Æ­�rÅ�Å�Â#ÆZÇ �KÐ Â���¿åÀ4¾yÒ�ÊMÅZ�QÂ�Ð�Â�Û ¾ZÂ#ÆZÇ�Ê-Â�Æ%ä 5 Ê�Û�¾o¿ÎÌËÅ#Û�ÌË×oÊ�Â#ÑÃÄyÊM¿ÎÐ.¿ÎÌM¿�#�Å#ÀVÔ Ò�ÊÂ ÀMÛ�Â�ÑåÂ#ÖoÑÎÅ
À/¾ZÂ�ÊËÅ#Ç Ð�Å�Ð�Ò�ÊMÙæÐ¬×oÑÉÌM¿ÎÄyÊMÒ�Û�Å#ÀËÀ4Ò�Ê�äT.&Æ�G¼j�¼ »Ü¯0°ED´Y�� h ¾k°½Y\]uX£n\`&n�v�v ^wv
G	v �\Y\` h jsr´°��Cn\]´«JG3`&p{r h jl^+p�ji¾k`w^&�;ïoÄZÂ#Í�Å#À V W0�MF V0V �yï�ï/×oÑÎÙ V B0B V ä

� �����3@�Ò�Ò�Æ�ð+Ò�Æ6�rÅ�Å.Â�ÆZÇ��KÐ�Â���¿ÁÀ4¾oÒ�ÊMÅ��KÂ#Ð�Â�Û�¾ZÂ�Æ�Ç�Ê�Â#Æ%äC�rÒ�Ûw�oÀ;ï\Ç�¿ÎÊMÅ�Û�ÌMÒ�ÊM¿ÎÅ�À�ï%Â#ÆZÇ ð�Å#Â��
Û�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÅcØBÂFÊMÅ#Û;¿ÎÄZÅÓÔ Ò�ÊhÀËÛ�Â�ÑÁÂ�ÖoÑÉÅFÀ4¾�Â�ÊMÅ�Ç Ð�Å�Ð.Ò�ÊMÙ¬Ð¬×oÑÎÌË¿ÎÄoÊËÒ�Û�Å#ÀMÀ/Ò�Ê-À�ä,. Æ�»Üpwn�v9n\¿�v�^
»�r´n\`w^+«q¼@^<°CY\`<¯�¼�¾\vÕj h DÜ`&Y�p�^&�w�oY\`&�;ä�J®ÑÉ×�ð�Å�Ê 5 Û�Â�Ç�Å�Ð�¿åÛ	)ç×oÖoÑÎ¿ÁÀ4¾oÅ�Ê�À�ï V B�B V ä

� �0å��4!��rÅ�ÆyÒ�À¹��¿&ïv@oä	�%Â�×ZÇ�Ò�Æ%ï¼J G ¾ZÂ�Ê-Â�Û�¾oÒ�ÊËÑÎÒ�Òoï 5 G ×yÄoÌ�Â�ïcÂ�ÆZÇ*@�ÈKÅ�ÆoÆyÅ#ÀMÀ/Ù�äa½+¾oÅ
Ç�¿ÉÊMÅ#Û�ÌËÒ�ÊËÙ�Ø ÖZÂ�À/Å#ÇæÛ�Â�Û�¾oÅcÛ�Ò�¾oÅ�ÊMÅ�ÆZÛ�ÅcÄoÊMÒ�ÌMÒ�Û�Ò�Ñ Ô Ò�ÊKÌË¾oÅ4! 5 à�È�ÐÏ×oÑÉÌM¿ÉÄoÊMÒ�Û�Å�ÀMÀ4Ò�Ê�ä.X£`&YwY
p�^w^+« h ]����&`5IørH^)Ats/j r�G3]�]´¾kn�vkC<]�j¹^<`<]�n�j h Y\]�n�v>»Ü¯�°ED´Y�� h ¾�° Y\]§j"Y\°EDÜ¾\jl^<`^G3`+p{r h jl^+phY
ji¾k`w^�ïoÄZÂ�Í�Å#À V ��A]F V å0B�ï V B0B0W�ä

� ��@��Xy�ä G ä��rÅ/#�Å�ÑÉÌ�ï#á ä�î�ä�JÓÂ�Â�À/¾oÒ�Å/�`ï�È¥ä�KBä#ÝBÂ�Ñßï#Â�ÆZÇ 5 ä�àZä#½ÕÂ�ÆyÅ�Æ�Ö�Â�×oÐ ä 5 Û;Ò�Ð�ÄZÂ#ÊM¿ÁÀ4Ò�ÆÒ�ÔIÌ/ð+Ò�ÄZÂ�Ê-Â�Ç�¿ÉÍ�Ð�À¥Ô Ò�Ê�Ç�¿åÀ4ÌËÊM¿ÉÖo×oÌMÅ�Ç0À4¾�Â�ÊMÅ�Ç0Ð�Å�Ð�Ò�ÊMÙ�ä�»ÜY¹m<ji[>n\`{^�YxX£`&n\p�j h p�^Rn\]�«
OPjZDH^<` h ^<]�p�^�ïÜ����Ü V�V âw�NB0A�å]F V W V W�ï�'KÒ�# V B0B0��ä

� ��F/�¼JcÂ�¿´�r¿oÂ#ÆZÇC)çÂ#×oÑPÈQ×ZÇoÂ��`ä�áæÅ�Ð�Ò�ÊMÙcÛ�Ò�¾oÅ�ÊËÅ�ÆZÛ�Åg¿ÎÆ À4¾ZÂ#ÊMÅ#ÇX#�¿ÉÊMÌË×ZÂ�Ñ�Ð�Å�Ð¬Ò�ÊËÙhÀ/ÙoÀ/ÌMÅ�Ð�À;ä
jiY�pw�;ïpF�ÜÉ��âw�×��� V F��0å0B�ï�'KÒ�#�Å�Ð¬ÖZÅ�Ê V B0A0B�ä

� ��A��4�BÒ�ÆZÂ#ÑåÇ G ä%áæ¿ÎÆyÆo¿åÛ�¾�Â�Æ�ÇP!hÂ/#�¿åÇ�@oärîZÂ�ÊËÖZÅ�Ê�ä3�VÅ#Ç�×ZÛ�¿ÎÆyÍÏ¾oÒ�À4ÌhÑÉÒ�Â�ÇrïrÆoÅ�Ì/ð�Ò�Ê&��ÑÉÒ�Â�Ç`ï
Â�Æ�Ç ÑÁÂ�ÌMÅ�ÆZÛ�Ù¥¿ÉÆ¬ÂcÇ�¿åÀ/ÌMÊM¿ÉÖo×oÌËÅ#ÇFÀ4¾ZÂ#ÊMÅ#Ç¥Ð.Å�Ð�Ò�ÊËÙ�ä�.&Æ�ABy�j rxC{]kj¹^{`�]�n�j h Y\]�n�v*j"Y\]{m�^<`w^<]�p�^
Y\] º h �<ji` h ¿o¾µjl^+«�j"Y\°EDÜ¾\j h ]��¶»_¯:�<jl^<°��;ïtÄ�Â�Í�Å�ÀÀ�7@0AMF ��F:å�ï%á Â�Ù V B0B�W�ä

� ��B��4�KÐ�Â���¿ÁÀ4¾oÒ�ÊMÅ��KÂ#Ð�Â�Û�¾ZÂ�Æ�Ç�Ê�Â#Æ%ïÕáæ×ZÀ4Ì-Â�-�×oÅ 5 ¾ZÂ�Ð�Â�Çrï%Â#ÆZÇ á ä{zgÒ�×�À4Å�Ô 5 äwJh¾ZÂ#ÑÎ¿ÁÇ�¿&äÞgÒ�¾yÅ�ÊMÅ�Æ�Û�ÅcÒ�Ô Ç�¿åÀ/ÌMÊM¿ÉÖo×oÌËÅ#Ç�À4¾�Â�ÊMÅ�Ç Ð�Å�Ð.Ò�ÊMÙÜ�%�KÆy¿ Ô Ù�¿ÎÆoÍ À4Ù�ÆZÛ ¾yÊMÒ�Æy¿ �#Â#ÌM¿ÎÒ�Æ
Â�ÆZÇ�ÇoÂ#Ì�Â
ÌMÊ-Â�ÆZÀ&Ô Å�Ê�ä�.&Æ|AV}�j r)C<]kjl^<`<]�n�j h Y\]´n�v6j"Y\]{m�^<`{^{]�p�^XY\]_Xun\`+n�v v ^�v{Xu`+Y�p�^&�w� h ]���ï�ÄZÂ#Í�Å#À V @�WMF
V @�B�ï 5 ×oÍ V B�A0B�ä

� �0W��4�KÐ�Â���¿ÁÀ4¾oÒ�ÊMÅR�QÂ�Ð�Â�Û ¾ZÂ#ÆZÇ�Ê-Â�Æ%ï G Â�×oÌ-Â�Ð à�¾ZÂ�¾%ïhàZä,�QÂ:#�¿ ��×oÐ�Â#Ê�ïgÂ#ÆZÇ?@�Å�Ù�Â���×oÐ�Â#Ê
áæ×oÌË¾�×���×oÐ�Â#Ê�Â�ÀMÂ�Ð¬Ù�äKà�Û�Â�ÑÁÂ�Öo¿ÉÑÎ¿ÎÌ/Ù�À/ÌM×ZÇ�ÙæÒ�Ô�ÌË¾oÅ�J¥à��BØ V äc½ Å�Û ¾oÆy¿åÛ�Â#Ñ>�BÅ�ÄZÒ�ÊËÌ G .4½+Ø
ÞBÞ�B0�DC�W0��ï G Å�Ò�ÊMÍ�¿åÂ2. Æ�À4ÌM¿ÉÌM×oÌËÅhÒ�ÔÃ½ Å#Û�¾oÆoÒ�ÑÎÒ�Í�Ù�ï 5 ÌËÑåÂ�Æ�Ì�Â�ï G 5 ��W0�����#Ø(W0�0A\W�ï V B0B0��ä

� � V �4�B¿åÛ�¾ZÂ�Ê-Ç �QÂ�À4¾y¿åÇrï 5 #�Â�Ç�¿ÁÀã½%Å/#�Â�Æo¿ÁÂ�Æ%ï¬áæ¿ÁÛ ¾oÅ�Â�ÑxzgÒ�×oÆyÍoï�!XÂ:#�¿åÇ G Ò�ÑÎ×yÖ%ï��BÒ�ÖZÅ�ÊËÌ
ÝBÂ�ÊËÒ�Æ%ï6!XÂ:#�¿åÇ�Ý+ÑÁÂ�Ûw�rï�y"¿ÉÑÎÑÉ¿åÂ�Æ@Ý+Ò�ÑÎÒ�Àl��Ù�ïãÂ#ÆZÇ~@�Ò�Æ�Â�ÌM¾�Â�Æ Þg¾oÅ�ðcä á Â�Û�¾o¿ÉÆoÅ�Ø
¿ÎÆ�Ç�Å�ÄZÅ�ÆZÇ�Å�Æ�Ì	#�¿ÉÊMÌË×ZÂ�ÑÕÐ�Å�Ð�Ò�ÊMÙFÐ�Â#ÆZÂ�Í�Å�Ð�Å�Æ�Ì+Ô Ò�ÊXÄZÂ�Í�Å#Çæ×oÆo¿ÉÄoÊMÒ�Û�Å�ÀMÀ4Ò�ÊcÂ�Æ�ÇæÐÏ×oÑÉÌM¿ÉØ
ÄoÊËÒ�Û�Å#ÀMÀ/Ò�ÊgÂ#Ê�Û�¾o¿ÎÌËÅ#Û�ÌË×oÊMÅ#À;ä�. Æ�X£`&Y�p�^w^+« h ]����,Y¹m£j rH^"»%^+pwY\]�«,C<]kjl^<`<]�n�j h Y\]�n�vwj"Y\]{m�^<`w^<]�p�^
Y\]=G3`&p{r h jl^+p�ji¾k`+n�vk»Ü¾]DBD´Y\`{j\moY\`�X£`+Y{� `&n\°C° h ]��,��n\]�� ¾kn/�k^+�4n\]�«��WDH^<`+n�j h ]���»Ü¯/�<j¹^{°��;ï
ÄZÂ#Í�Å#À	� V F��0B�ï V B�ADF�ä

V @0�



� �0���¼JhÅ�ÆZÇoÂ#ÑÎÑçà�-�×ZÂ#ÊMÅ4�VÅ�À4Å#Â#Ê�Û�¾%ä\�*»´�TAxX£` h ]´p h DHv ^&�qY¹m2�WDH^<`&n�j h Y\]µ�;ï V B0B V ä
� �0��� 5 ä%à�Â�ÆyÅ�ïwJFärá Â�Û G ÊMÅ�Í�Ò�Ê�ïrÂ#ÆZÇP�BÒ#Ù�È¥ärÞ�Â�Ð�ÄyÖtÅ�ÑÎÑ&ä	!K¿ÁÀ4ÌËÊM¿ÎÖy×oÌMÅ#ÇJ#�¿ÉÊMÌË×ZÂ�ÑÕÐ�Å�Ð�Ò�ÊMÙ

Û�Ò�ÆZÀ4¿ÁÀ4ÌMÅ�ÆZÛ�Ù ÄoÊËÒ�ÌMÒ�Û;Ò�ÑåÀ<�C!KÅ#À/¿ÎÍ�Æ Â#ÆZÇãÄZÅ�Ê4Ô Ò�ÊMÐ�Â#ÆZÛ�Å�ä2.&Æ6»%^+pwY\]�«NC2OPOPO~fRY\`�to�wr´YhD
Y\]�OPjZDH^<` h °¶^<]kjin�vøº h �<j(` h ¿/¾\j¹^+«¶»Ü¯/�<j¹^{°��;ïoÄZÂ�Í�Å#ÀrB V FDB0@�ï U Û;Ì V B0B0W�ä

� �����¼È¥ä%!Iä à�Û ¾�ð+Å�ÌËÐ�Â�Æ�ä ÞBà�./á@� 5 ÞgØ ÖZÂ�À4Å#ÇrïçÄyÊMÒ�Û�Å#ÀËÀ4Ø Ò�ÊË¿ÎÅ�Æ�ÌMÅ#Ç À/¿ÎÐ¬×oÑåÂ#ÌM¿ÉÒ�ÆæÑÁÂ�ÆoÍ�×ZÂ�Í�Å�ä
.&Æ4X£`+Y�p�^w^+« h ]0����Y¹m�j rH^|AVoB}���f h ]kjl^<` » h °C¾\v9n�j h Y\]Tj"Y\]{m�^<`{^{]�p�^�ïhÄZÂ#Í�Å#ÀR�0ADFbF���B0@�ï
!KÅ#Û;Å�ÐÏÖZÅ�Ê V B0A0@�ä

� �0å��3@�Ò�¾yÆ�î+ähà�¾oÒ�Û�¾%ï,zgÒ�Í�Å�Æ¨JFä	!hÂ#ÑåÂ�ÑßïX!hÂ/#�¿ÁÇ�!¥ä*�BÅ#Ç�Å�ÑÎÑ&ïQÂ#ÆZÇ �BÒ�Æ�Â�ÑåÇ�ÞQä®ÞgÊ-Â�ÆoÅ�ä
K>#�Ò�ÑÉ×oÌM¿ÉÒ�Æ�Ò�ÔgÌË¾oÅ3�6�e�����e���6�æÑÉÒ�Û�Â�ÑÕÛ�Ò�Ð�Äo×oÌËÅ�Ê+ÆyÅ�Ì/ð+Ò�Ê+�räPC2OPOPOTj"Y\°EDÜ¾\jl^<` ï�ÄZÂ�Í�Å#À
V Fµ�DF�ï 5 ×oÍ V B0A���ä

� ��@��Iáæ¿åÛ�¾ZÂ#Å�ÑKà�ÌË×oÐ�Ð Â�ÆZÇ"à�Ò�ÆyÍ�Æo¿ÁÂ�Æ1SZ¾yÒ�×%ä 5 ÑÎÍ�Ò�ÊË¿ÎÌM¾yÐ�ÀÓ¿ÉÐ�ÄoÑÎÅ�ÐÏÅ�Æ�ÌË¿ÎÆoÍ
Ç�¿ÁÀ4ÌËÊM¿ÎÖy×oÌMÅ#ÇÀ4¾�Â�ÊMÅ�Ç Ð�Å�Ð.Ò�ÊMÙ�äWC2OPOPOTj"Y\°EDÜ¾\jl^<` ï�ÄZÂ�Í�Å#À	å��(FD@��yï%á Â�Ù V B�B�W�ä
� ��F/�FÞg¾oÊË¿åÀ4ÌËÒ�Äo¾yÅ�Ê�@oä�y"¿ÎÑ���Å�ÆoÑÎÒ�¾%äH�QÂ�½u)u� 5 ÌMÊ�Â#ÆZÀMÂ�Û�ÌM¿ÉÒ�Æ.À4×oÄyÄtÒ�ÊMÌ�ÄoÊMÒ�ÌMÒ�Û�Ò�ÑtÔ Ò�Ê3`+n�äoá Â�À/Ø

ÌMÅ�Ê/� ÀhÌË¾oÅ#À4¿ÁÀ�ïçà�Û�¾oÒ�Ò�Ñ�Ò�ÔÀ. Æ�Ô Ò�ÊMÐ Â�ÌM¿ÉÒ�Æ�Â�ÆZÇ ÞgÒ�Ð�Äo×yÌMÅ�Ê¥à�Û�¿ÎÅ�Æ�Û�Å�ï G Å�Ò�ÊMÍ�¿ÁÂ�.&ÆZÀ/ÌM¿ÎÌË×oÌMÅ
Ò�ÔÃ½ Å#Û�¾oÆoÒ�ÑÎÒ�Í�Ù�ï V B0A�B�ä

� ��A��¼Jh×oÆoÍ�Ø(�r×oÆyÍ�y�× Â#ÆZÇ y�ä J®Å�Æ�Ìcîo×ZÛ�¾ZÀ;ä��BÅ#Û�Ò�#�Å�Ê-Â�ÖoÑÉÅ¥Ç�¿åÀ4ÌËÊM¿ÉÖo×oÌMÅ�Ç À4¾ZÂ#ÊMÅ#ÇT#�¿ÉÊMÌË×ZÂ�Ñ
Ð�Å�Ð.Ò�ÊMÙ�äWC2OPOPO�I´`&n\]\�on\p�j h Y\]\�4Y\]�j"Y\°EDÜ¾µjl^<`&�;ïH�0B�ÜÉ��â�� �7@�WMF ��@�B�ï 5 ÄoÊË¿ÎÑ V B0B0W�ä

V @��



� [ b <

5 ïËÂ�Ù"áæÒ�¾o¿ÎÆ�Ç�Ê�Â ðBÂ�À�ÖZÒ�ÊËÆ�¿ÎÆ²JhÒ�Ì-Â�ïX.&ÆZÇ�¿ÁÂ Ò�Æ U Û�ÌËÒ�ÖZÅ�Ê V F�ÌM¾%ï V B0@��oä .&Æ V B0A0��ïc¾oÅ
Û�Ò�Ð�ÄoÑÎÅ�ÌMÅ#Ç�¾o¿åÀIÀ4Å#Û�Ò�ÆZÇoÂ#ÊMÙ�ÀMÛ�¾oÒ�Ò�Ñ�Å#Ç�×ZÛ�Â#ÌM¿ÉÒ�Æ Ô ÊMÒ�Ð !KÅ�ÑÉ¾o¿")ç×oÖoÑÉ¿åÛ�à�Û�¾oÒ�Ò�Ñßï>'KÅ�ðM!KÅ�ÑÉ¾o¿&ä
'KÅ�È�Ì�ï�¾oÅ®Â�ÌMÌËÅ�ÆZÇ�Å�Ç ÌË¾oÅcÝ+¿ÉÊMÑåÂX.&ÆZÀ/ÌM¿ÎÌË×oÌMÅXÒ�Ô�½%Å#Û ¾yÆoÒ�ÑÉÒ�Í�Ù Â�ÆZÇæà�Û�¿ÉÅ�ÆZÛ�ÅIÜ&Ýu./½Kàoâ�Â#Ì	) ¿ÉÑåÂ#Æo¿&ï
ðB¾oÅ�ÊËÅ+¾oÅBÅ�Â�ÊMÆyÅ#ÇÓ¾o¿ÁÀçá ä à�ÛVÜß½ Å�Û ¾râ`¿ÎÆ¬ÞgÒ�Ð�Äy×oÌMÅ�Êgà�Û�¿ÉÅ�ÆZÛ�Å�ä 5 ÌÕÝu./½KàZï#¾oÅ+Í�Â�¿ÎÆyÅ#Ç¥¾o¿åÀ%7ZÊ�À/Ì
Å�È�ÄZÒ�À4×yÊMÅ¬ÌMÒ
Û�Ò�Ð.Äo×oÌMÅ�Ê�ÀBÒ�Æ�Â�Æ$.4ÝBá V0V ��W_F¸Â V @�Öo¿ÎÌhÐ Â�¿ÎÆ�Ô Ê�Â�Ð.ÅÓðB¿ÉÌM¾�Äo×oÆZÛ�¾�Û�Â#Ê�ÇoÀ;ä
'KÒ�Ì¬ÀMÂ�ÌË¿åÀ(7ZÅ#Ç ðB¿ÎÌË¾!¾y¿åÀ���ÆoÒ#ðBÑÎÅ#Ç�Í�Å�Â�ÖZÒ�×oÌ�Û�Ò�Ð�Äo×oÌËÅ�Ê�À;ï\¾oÅ
Ç�Å#Û;¿åÇ�Å#Ç�ÌMÒ Äo×oÊ-À4×oÅ�¾o¿ÉÍ�¾oÅ�Ê
À4ÌË×ZÇ�¿ÉÅ#ÀÓ¿ÉÆ ÌM¾oÅR�¥ä àZä 5 äwÈKÅÏï/Ò�¿ÎÆoÅ#Ç�ÌM¾oÅ G Å�Ò�ÊMÍ�¿åÂT.&ÆZÀ4ÌË¿ÎÌË×oÌMÅ�Ò#Ôc½%Å#Û�¾oÆoÒ�ÑÎÒ�Í�Ùã¿ÉÆ 5 ÌMÑåÂ#Æ�Ì-Â�ï
ðB¾oÅ�ÊËÅ�¾oÅæÅ#Â#ÊMÆoÅ�Ç0á ä à�ä\¿ÎÆ .&Æ�Ô Ò�ÊËÐ�Â�ÌË¿ÎÒ�Æ(Â#ÆZÇ1ÞgÒ�Ð�Äo×oÌËÅ�Ê�à�Û�¿ÉÅ�ÆZÛ�Å�¿ÉÆ V B0A0B�ä�à�ÌM¿ÉÑÎÑBÆoÒ�Ì
À4×yÊMÅQ¿ Ô%¾yÅK¾ZÂ�ÇÏÑÎÅ�Â�ÊMÆyÅ#Ç Å�ÆoÒ�×oÍ�¾�Â�ÖZÒ�×oÌQÛ�Ò�Ð.Äo×oÌM¿ÉÆoÍoï�áæÊ�äçáæÒ�¾o¿ÎÆ�Ç�Ê�ÂIÇ�Å#Û�¿ÁÇ�Å#Ç¥ÌMÒ�ï/Ò�¿ÉÆÏÌË¾oÅ
)ç¾%äÕ!Iä ÄyÊMÒ�Í�Ê�Â#Ð ¿ÉÆ0ÞgÒ�Ð�Äy×oÌMÅ�ÊIà�Û�¿ÎÅ�ÆZÛ�Å¬Â�Ì G Å�Ò�ÊËÍ�¿åÂ
½ Å�Û ¾%äZ'KÒ#ðcï\ÌË¾ZÂ�ÌI¾oÅÏ¾�Â�ÀÓÅ�Â�ÊMÆyÅ#Ç
¾o¿ÁÀ
)ç¾%äÕ!IäÎï�¾oÅhÊËÅ#Â�ÑÉ¿ ��Å#ÀçÌË¾ZÂ�Ì�¿ÎÌ+¿ÁÀÃÆoÒ�Ì+ÄZÒ�ÀËÀ4¿ÉÖoÑÎÅhÌËÒFÑÎÅ#Â#ÊMÆ�¿ÉÌ�Â�ÑÎÑßï�Öo×oÌB¿åÀçÊËÅ#Â�Ç�Ù¬ÌMÒFÐ.Ò�#�ÅBÒ�Æ
ÌMÒ¬Öo¿ÉÍ�Í�Å�ÊQÂ�ÆZÇ�ÖtÅ�ÌMÌMÅ�ÊBÌM¾o¿ÉÆoÍ�À+¿ÉÆ ÑÉ¿ Ô Å�ä

V @0å


