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° ¯£.¤(¨$Õ¤�´ ¯´|²�¨$¦�£(¨L¤�§�¦µ¹¯±q£Väu½�Íe¦�¹Õ²2¦�§N´�²2§|¨[©�ªd¦�®0º[£�¦�º[®Ë®lª
°B£�©µÀÇ®[©�±q¨[¥|¤�£V²�¹»À8¦µ§ £³¨$° °|»¹Õ¤�¨$¦µ¹¯®[¥·¥ £(£(ª ²�ÀÇ©µ£ à ´ £�¥N¦¼¤�®[±q±�´ ×¥ ¹Õ¤�¨$¦µ¹¯®[¥|²�Ù»ð(ó$ÜW½
¾T®³´|²µ£j¦�§ ¹Õ²)°|¨$©�¨$¯»£(L§�¨$©�ªl«¼¨[©µ£�¦µ£(¤�§|¥ ®[¯®[ºL¶[È$¤�®L¥ ¥ £V¤u¦µ¹¯®[¥ ×

¹Õ²o¦=¤�®[±q±�´|¥ ¹�¦o¶�§|¨[ª�¦�®�¨[ª ¨[°l¦0¹�¦�²·±q®lªl£�Õ²�½ ßj®[±q±q®[¥ ¯¶[È
¦µ§|£�¶ò¨$©�£c±q®lªl¹»Ê|£(ªò¦µ®3©µ£Vªl´|¤�£¿¤�®L±q±�´ ¥ ¹Õ¤�¨$¦µ¹¯®[¥òÉB£�¦o«¼£�£(¥
° ©�®l¤�£(²�²µ®[©�²��}¤�®[±q±�´|¥ ¹¯¤(¨Å¦�¹»®L¥³ÉB£�¦o«¼£�£(¥�¥ £�´|©µ®L¥|²�¹¯²}©µ£Vªl´|¤�£Vª
¨$¥�ªÄ¦�§ £�¦µ®L°�®L»®Lº[¶Þ®[À�¦�§ £	¥ £�¦o«¼®[©�Ál²�¹¯²·¤�§|¨[¥ º[£Vª�¨L¤�¤�®[©�ªË×
¹¯¥ º[¯¶[½
¾�§ £�©�£�ÀÇ®L©µ£LÈ_«;¹»¦µ§3¨�ªl¹Õ²o¦�©µ¹¯É ´l¦�£(ªÞ±q£�±q®L©µ¶PÌ	ÍoÌ�Î#¤�®L±�×

° ´l¦�£�©VÈj¨¤�®L¥ ¥ £(¤�¦µ¹¯®[¥ ¹Õ²I¦q°|©µ®Lº[©�¨$±q±q£�©�±.´|²I¦qÁË¥ ®Å«Æ°|¨$©�¨$»×
¯£�8° ©�®[ºL©�¨[±�±q¹¯¥ º�¨[¥|ª�°�¨$©�¨$¯»£(B¨[©�¤�§ ¹»¦µ£V¤u¦�´ ©µ£�¦µ®�®[É ¦�¨$¹¯¥=¨[¥
£�¸0¤�¹»£(¥L¦'¹¯±q° ¯£�±q£�¥N¦�¨$¦µ¹¯®[¥}½dÌ	®[©�£�®Å¬L£�©Ø¨	²I°B£(¤�¹�ÊB¤0²I®L»´ ¦µ¹¯®[¥
±�´�²o¦2ÉB£�ªl£(¬[£�¯®[°B£(ª=ÀÇ®L©;£(¨[¤�§	ªl¹»î�£�©�£�¥N¦2±q®Ëª £�}®[À4¥ £�¦o«j®L©µÁ
¦µ®q°|¨[©�¨[»¯£�¯¹Õ²I£·Ù ��Üe½

AË¹»¥�¤�£�¨òÀÇ£�« ¶L£(¨[©�²(È�¨ò¥|£�«6ÁË¹»¥�ª ®$À�Ì	ÍoÌcÎ °�¨$©�¨$¯»£(
¤�®L±q° ´l¦µ£(©c§|¨L²�¨$°|°�£V¨$©�£(ª�� Î�¹Õ²o¦�©µ¹¯É ´l¦�£(ª Al§|¨$©�£(ª Ì	£(±.×
®[©�¶PâæÎ AlÌcä³¤�®L±�°|´l¦µ£(©�²�Ù �$ÜW½Øá�©�£(²µ£�¥N¦�»¶LÈBÎ AlÌ�¦µ£(¤�§|¥ ®[¯®[ºL¶
º[®Ë£V²;´ °�¦µ®cð����° ©�®l¤�£V²µ²µ®[©�²�½jÍe¦�²µ´ ° °B®[©µ¦�²2¬Å¨[©µ¹¯®[´|²�°�¨$©�¨$¯»£(
°|¨[©�¨Lªl¹»ºL±·²�È4»¹¯Á[£=±q£(²�²µ¨[º[£·°|¨L²µ²µ¹»¥|ºc¨$¥|ª�±�£(±q®[©�¶²µ§|¨$©�¹¯¥ º
âæ²µ£�£�Ê|º[´ ©�£��[ä�È2¨$¥|ªí²µ§|¨[©µ¹¯¥ ºÞ±q£�±q®[©�¶Ä¹Õ²0¯£(²�²·¦�¹»±q£¤�®[¥ ×
²µ´ ±q¹»¥ º¿¦µ§�¨$¥�²µ£�¥�ªl¹»¥|ºc±q£(²�²µ¨[º[£V²�È)«;§ £(¥�²µ§|¨$©�£(ªÞ±q£(±�®L©µ¶
¹Õ²�«j£(»�±q¨[¥|¨$ºL£(ª�Ù»ð[ð�Üe½dßj®L¥|²I£ à ´ £�¥N¦µ¯¶[È4¹»¦�²I£(£�±·²�°B®L²�²I¹¯É ¯£¦µ®�¤�®L±q±�´ ¥ ¹Õ¤�¨$¦µ£.É�£�¦o«j£(£�¥�¦�§ £q° ©�®Ë¤�£(²�²I®L©�²2«;¹�¦�§ ®[´l¦�±·¨$° ×
° ¹¯¥ º�¥ £(´ ©�¨[ ¤�®L±�±.´ ¥ ¹Õ¤�¨$¦µ¹¯®[¥�° ©µ®[¦µ®l¤�®LN¦µ®'Ì	ÍoÌ�Îò±�£V²µ²�¨$ºL£
°|¨L²µ²µ¹»¥|º�° ©�®$¦µ®l¤�®[W½�¾�§|£�¥Þ¦�§ £�±·¨$¹¯¥�©�£(²I¦µ©�¹¯¤�¦µ¹¯¬[£qÀæ¨L¤u¦µ®L©'¦�®

��� õéü�ö?�éý�� ü�� �WÿHþ ���Wõ�uü�ùØþ � �Wõéû �éý��)ú8�eú
� ùØþ � �Wõéû �éý�� ü��	�HÿWþ ���Hõ�uü��4ùØþ � �Wõéû �éý��)ú8�Wú

Processors

Memory

Communications
Memory access

Shared memory

ô õéö�÷��V÷ � �Åú�ÿHý ��ùØý�� �uÿ"!2ù#�Çù���ûÅú�ÿeú���éý��éõ$�	�
¦µ§|£'É ´ ¹¯¯ª ¹»¥ º�®$À�¨·º[£(¥ £�©�¨$8¹¯¥N¦µ£(©IÀæ¨L¤�£�ÉB£�¦o«¼£�£�¥	¥|£�´ ©�¨$}¥|£�¦I×
«¼®[©�ÁË²�¨[¥|ª0¦�§|¨Å¦2°�¨$©�¨$¯»£(}¤�®[±q° ´ ¦µ£�©2²µ£�£(±·²¼¦µ®qÉ�£'²µ®[¯¬[£Vª8½
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¾�§ £c®LÉ,+o£(¤�¦µ¹¯¬[£�®[À�¨Þ°|¨$©�¨$¯¯£��¹¯±q° ¯£�±q£�¥N¦�¨$¦µ¹¯®[¥ò¹Õ²0´�²I´l×
¨$¯¯¶·¦µ®·¹¯¥|¤�©�£(¨L²I£�¦µ§|£'²I°B£�£Vª=®[À_° ©�®[ºL©�¨[±Ý£�Âl£(¤�´l¦µ¹¯®[¥�¨$¥�ª0¦�®
ªl£V¨$�«;¹»¦µ§ Õ¨$©�º[£�©Ø° ©�®[É|»£(±q²(½ ë¼´l¦�¦�§ ¹Õ²Ø¹¯²Ø¥ ®[¦�®[´ ©Ø®[¥|»¶
¨$¹¯±�½ AË°�£V¤�¹»Ê�¤�®LÉ,+o£(¤�¦µ¹¯¬[£(²2®$À)®[´ ©2«¼®[©�Á=¨[©µ£Ø¯¹»¥|Á[£(ªd¦�®·¦µ§|£
Àæ¨[¤�¦�¦�§|¨Å¦�¹�¦¼¹¯²j¹¯¥L¦�£�¥|ª £(ªq¦�®�° ©�®Å¬Ë¹¯ªl£�§ £�¯°0¦�®�¤�®L¥ ¥ £(¤�¦µ¹¯®[¥ ¹Õ²I¦
ªl£(¬[£�¯®[°B£�©�²(È «;§ ®�¨[©µ£'©�¨$©�£�¯¶�²µ°�£V¤�¹Õ¨$¯¹¯²I¦�²�¹»¥	°�¨$©�¨$¯»£(_¨$©�¤�§ ¹»×
¦µ£V¤u¦�´ ©µ£V²�½
Ô ²�¨·¤�®[¥|²µ£ à ´ £(¥|¤�£LÈË¦µ§ £�±q¨[° ° ¹¯¥ ºqÀÇ©�®[±ïÊ�¥ £'º[©�¨$¹¯¥d¥ £�´l×©�®[¥|¨[�°|¨[©�¨[»¯£�¯¹Õ²I± ¦�®3¤�®L¨$©�²µ£cº[©�¨$¹¯¥D¨[©�¤�§|¹�¦�£(¤u¦�´ ©�¨$³°|¨$©�¨$»×

¯£�¯¹¯²µ±�±.´|²o¦·ÉB£�¦µ©�¨$¥|²µ°|¨[©µ£(¥L¦�ÀÇ®[©q¦�§ £	´|²µ£�©V½í¾�§ ¹¯²�¦�©�¨[¥|²I×
°|¨[©µ£(¥|¤�¶0¤(¨$¥dÉ�£Ø®[É ¦�¨$¹¯¥ £Vª�¹»À4®L¥ ¯¶0¨�ÀÇ£(«D²µ¹»±q° ¯£ØÀÇ´ ¥|¤�¦µ¹¯®[¥|²
¨$©�£�° ©�®[°B®L²µ£(ªÞ¦�®P¦µ§ £	´�²I£(©�â ¦µ§�¨Å¦0¹Õ²�¦µ§ £	©�£(¨L²I®L¥Ä«;§Ë¶�«¼£
¤�§ ®N²I£�¦µ®.ª £�¬[£(»®L°�¨.»¹¯É ©�¨$©�¶�¨[¥|ª0¥ ®[¦�¨.¤�®L±�°|»£�¦µ£³¥ £�«òÕ¨$¥ ×
º[´�¨$º[£�«;¹�¦�§.¹»¦�²4®Å«;¥�²µ¶Ë¥L¦�¨ÅÂ�¯¹»ÁL£já�¨$©�ßj£�BÙ�ð���ÜÇäu½4¾T®�¹»¥|¤�©µ£V¨[²µ£
ÀÇ©�¹»£(¥|ªl¯¹»¥ £V²µ²(ÈT«¼£0¨$Õ²µ®d©�£ à ´ ¹¯©�£.¦�§|¨Å¦�¦�§ £0²�¨$±q£0¤�®lªl£q´|²µ¹»¥|º®[´|©j¯¹»É|©�¨[©µ¶�É�£Ø¤�®L±q° ¹»Õ¨$É|»£³¨$¥|ª�£�¸0¤�¹¯£�¥N¦j®L¥�ÉB®$¦�§=²µ£ à ´ £�¥ ×¦µ¹Õ¨$_¨$¥|ªdÌ	ÍoÌ�Î °�¨$©�¨$¯»£(}²I§|¨[©µ£Vª0±q£�±q®L©µ¶0±·¨L¤�§ ¹»¥|£(²(½
Í ¥c®[©�ªl£(©2¦µ®�¨$¯¯®Å«DÀÇ®L©�¦�§ £�¹»±q° ¯£�±q£�¥N¦�¨Å¦µ¹¯®[¥¿®[¥c¨=Î'A Ì

Ì	ÍoÌ�Î ±q¨L¤�§ ¹¯¥ £[È�«;¹»¦µ§#¤�®N¨$©�²I£Dº[©�¨$¹¯¥Æ°|¨[©�¨[»¯£�¯¹Õ²I± ¨[¥|ª
²µ§|¨$©�£(ª ±q£�±q®L©µ¶LÈd®[À�¥ £�´|©�¨[=¥ £�¦o«j®L©µÁl²(È=©�¨Å¦�§ £�©3¤�§|¨$©�¨[¤�×
¦µ£(©µ¹Õ²µ£(ª�ÉË¶PÊ|¥|£dºL©�¨[¹»¥Ä°|¨$©�¨$¯»£(»¹Õ²µ± ¨$¥|ªÄ±�£V²µ²�¨$ºL£�°|¨L²µ²µ¹¯¥ º
¤�®L±q±�´ ¥ ¹Õ¤�¨$¦µ¹¯®[¥}ÈL«j£2¤�§|®L²µ£j¦�®�ªl£(¬[£�¯®[°·¨Ø¯¹»É|©�¨[©µ¶LÈ[¨[²�¨[¥q¹»¥l×
¦µ£(©IÀæ¨L¤�£.É�£�¦o«j£(£�¥�¦�§ £(²µ£�°|¨$©�¨[ªl¹¯º[±·²(½ Ô ²#-Nß.-0¹Õ²�¦µ§ £�´|²µ´|¨$
Õ¨$¥ ºL´|¨$ºL£2´|²µ£(ª·ÉË¶0¤�®L¥ ¥ £V¤u¦µ¹¯®[¥|¹¯²I¦¼¤�®[±q±�´ ¥|¹�¦o¶LÈN®L´ ©�¯¹¯É ©�¨[©µ¶
¹Õ²�¹»±q° ¯£�±q£�¥N¦�£(ª�«;¹»¦µ§d¦µ§ ¹Õ²;Õ¨$¥ ºL´|¨$ºL£[½
Ô ¥ ®[¦µ§ £(©j®LÉ,+o£(¤�¦µ¹¯¬[£�®[ÀT®[´|©j«¼®[©�Á.¹Õ²�¦µ®.Àæ¨[¤�¹¯¯¹�¦�¨Å¦µ£�¦µ§ £³¹¯±.×

° ¯£�±q£�¥N¦�¨Å¦µ¹¯®[¥Ä®$À2É ¹¯®[¯®[ºL¹¯¤(¨$¯»¶¿¹»¥|²µ° ¹¯©µ£VªP¥ £�´|©�¨[j¥ £�¦o«j®L©µÁl²(È
¹¯¥|¤�¯´|ªl¹¯¥ º0²µ´|¤�§d¨[¥�¹»¥N¦µ£(©µ£V²o¦�¹»¥|ºqª ¹¯²I¦µ©�¹»É|´l¦µ£Vªd¤�§�¨$©�¨[¤u¦�£�©�¹¯²I¦µ¹Õ¤
¨[²;¦µ®[°B®[¯®[ºL¶[½�¾_®·¹»±q° ¯£�±q£(¥L¦2É|¹»®L»®Lº[¹Õ¤�¨$¯¯¶0¹»¥�²I° ¹¯©�£(ªd¥ £�´|©�¨[
¥ £�¦o«j®L©µÁl²(È ªl£�¬L£�¯®[°B£�©�²�§|¨�¬[£Ø¦�®·±q¨[¥|¨$ºL£�±·¨$¥Ë¶=²µ¶Ë¥|¤�§ ©�®[¥ ¹»×
²�¨Å¦µ¹¯®[¥�° ©�®[É|»£(±q²(½ Ô ²�¦µ§ £�É|©�¨[¹»¥í¤�¨[¥íÉ�£¿²I£(£�¥ò¨[²�¨[²µ¶N¥ ×
¤�§ ©�®[¥ ®L´|²(È_£V¨[¤�§P¥ £�´|©µ®L¥Þ¹¯²�¨[¤�¦µ¹¯¬�¨$¦µ£VªP«;§ £�¥�¹»¦�©�£(¤�£�¹¯¬[£(²�¨
²µ¹»ºL¥|¨$�¦µ§ ©�®[´ ºL§�¹�¦�²=¤�®[¥ ¥ £V¤u¦�¹»®L¥|²�½ ¾_®Ä²µ¹»±.´ Õ¨Å¦µ£�¦µ§ ¹Õ²�ÉB£�×
§|¨�¬Ë¹¯®[´ ©VÈ8¹�¦�¹Õ²Ø¥ £(¤�£(²�²µ¨[©µ¶d¦�®�²µ¶Ë¥|¤�§ ©�®[¥ ¹Õ²µ£�¨[»)¦�§ £q¥ £�´ ©�®[¥�²
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£�Õ²2®[À4°�¨$©�¨$¯»£(»¹Õ²I±�½�ç4¹»©�²o¦VÈ ¦�§ £'¯¹»É ©�¨$©�¶�¨[»¯®Å«2²2¤�®L¥ ¥ £V¤u¦µ¹¯®[¥ ×
¹Õ²o¦�°|©µ®Lº[©�¨$±q±q£�©�²}¦�®�ªl£�¬L£�¯®[°.¦µ§ £(¹»©j±q®Ëª £� «;¹»¦µ§·©�£(²µ°�£V¤u¦�¦�®
¦µ§|£�Ê�¥ £Øº[©�¨$¹¯¥�®$ÀT¦µ§ £�É ¹¯®[¯®[ºL¹¯¤(¨$B¹»¥�²I° ¹¯©�¨Å¦µ¹¯®[¥TÈN«;§|¹»¯£ØÉ ´ ¹¯¯ªË×
¹¯¥ ºq¦µ§ £�¥|£�´ ©�®[¥|²(½�AË£V¤�®[¥�ª8Èl¥ £�¦o«¼®[©�Á0É ´|¹»Õªl¹¯¥ º·«;¹�¦�§�®[´ ©;¯¹�×
É ©�¨$©�¶³¤(¨$¥'ÉB£¼£�Âl£(¤�´l¦µ£Vª�¹»¥.º[£(¥ £�©�¨$L° ´ ©�°�®N²I£¼Ì	ÍoÌ�Î�²I§�¨$©�£(ª
±q£�±q®[©�¶�¤�®[±q° ´l¦�£�©�²�½

% ����ÓI��� �)��� '�� �}���2Ó����
� ´ ©�¯¹»É ©�¨$©�¶�¨[»¯®Å«2²4¦µ§ £�É ´ ¹¯¯ªl¹¯¥ º�®[À�¥|£�¦o«¼®[©�ÁË²)´�²I¹¯¥ ºØ¦µ§|£

²µ±q¨[»¯£(²I¦;º[©�¨$¹¯¥�®[À_¦�§ £'¤�®L¥ ¥ £(¤�¦µ¹¯®[¥ ¹Õ²I¦¼ÀÇ®L©µ±·¨[»¹Õ²I±�ÈN¦µ§|£�¥ £�´l×
©�®[¥}½ Ô ¥ £�´ ©�¨$B¥ £�¦o«j®L©µÁq¹Õ²¼¨.²I£�¦¼®[À_¨$´ ¦µ®[¥|®[±q®[´|²¼¨$¥�ª�²µ¶N¥ ×
¤�§ ©�®[¥ ®L´|²}¥|£�´ ©�®[¥|²_¤�®L±�±.´ ¥ ¹Õ¤�¨$¦µ¹¯¥ º2«;¹»¦µ§�±q£V²µ²�¨$ºL£�×e°|¨[²�²I¹¯¥ º
¦µ§|©µ®L´ º[§.É�£�ÀÇ®[©�£�§|¨[¥|ª�ªl£V¤�Õ¨$©�£(ª'¤�®[¥ ¥|£(¤u¦�¹»®L¥|²(½ Ô ¥ £�¦o«¼®[©�ÁØ¹¯²
¹¯±�°|»¹Õ¤�¹»¦µ¯¶Þ¤�©�£(¨Å¦�£(ª«;§ ¹¯»£=ªl£�Ê|¥|¹»¥ º¿¨	²I£�¦�®$À;¥ £(´ ©µ®L¥|²'¨[¥|ª
¦µ§|£�¹¯©�¤�®L¥ ¥ £(¤�¦µ¹¯®[¥|²(½
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Ô ¥ £(´ ©µ®L¥·¹¯²¼¨$¥0¨[´l¦µ®L¥ ®[±q®L´|²�£�¥N¦�¹�¦o¶q«;§ ¹Õ¤�§0¹Õ²�¨[¤�¦µ¹¯¬Å¨Å¦µ£Vª
«;§ £(¥�¹�¦4©µ£V¤�£�¹¯¬[£V²8¨2²µ¹»ºL¥|¨$ÅÀÇ©�®[± ¨Å¦_»£V¨[²I¦T®[¥ £�®[ÀË¦µ§ £j¥ £�´ ©�®[¥�²
¦µ®�«;§ ¹¯¤�§�¹�¦T¹Õ²4¤�®[¥|¥ £(¤�¦µ£(ª}ÈV¹»¦�²T¹»¥|° ´l¦�²(½4Íe¦�²}®Å«;¥'¨L¤u¦�¹»¬Å¨Å¦�¹»®L¥�¹¯²
²µ£�¥N¦;¦µ§ ©�®[´|º[§�¹�¦�²2®L´l¦µ° ´ ¦(½�¾�§ ¹¯²�¨[¤u¦�¹»¬Å¨$¦µ¹¯®[¥�¹¯²�ªl£�¦�£�©�±q¹»¥ £Vª
ÀÇ©�®[± ¹�¦�²�Õ¨[²I¦�¨[¤�¦µ¹¯¬Å¨Å¦µ¹¯®[¥TÈ|¦�§ £.²µ¹»ºL¥|¨$Õ²;¹»¦³©�£(¤�£�¹¯¬[£V²�ÀÇ©µ®L± ¹»¦�²
¹¯¥ ° ´l¦�²2¨$¥|ª=¦�§ £'²o¦�¨Å¦�£³®[À4¹»¦�²�£(¥Ë¬N¹¯©�®[¥ ±q£�¥N¦V½
Í ¥¿¦�§ £0²�¨$±q£·«¼¨�¶LÈ}«;¹»¦µ§P®[´ ©�¯¹¯É ©�¨[©µ¶LÈ}£(¨L¤�§¿¥|£�´ ©�®[¥P§|¨L²

¨²I¹¯¥ º[¯£�®L´l¦µ°|´l¦0¨$¥|ªÄ©µ£V¤�£�¹¯¬[£V²�¹»¦�²�¹¯¥ ° ´l¦�²qÉË¶�¤�®[¥|¥ £(¤�¦µ¹¯¥ º
¹»¦�²µ£�»À¼¦�®�¦µ§ £·®L´l¦µ°|´l¦�®$À;¨$¥Ë¶�®[¦µ§ £(©�¥ £�´|©µ®L¥}½ � ¥ £·¥ £(´ ©�®[¥
§|¨L²'¥ ®�¯¹¯±�¹»¦�²�¹»¥�¦µ£�©�±·²'®[À�¥Ë´ ±.É�£(©�®[À;¤�®[¥ ¥|£(¤u¦�¹»®L¥|²(È4¨[¥|ª
£(¨L¤�§.¤�®[¥ ¥ £V¤u¦�¹»®L¥�¹Õ²)´ ¥ ¹Õªl¹»©�£(¤�¦µ¹¯®[¥|¨[�½4¾�§ ©�®[´|º[§�¦�§ £(²µ£�»¹¯¥ Ál²�È
ÀÇ®[©¼£(¨L¤�§0¤�¶l¤�¯£[ÈN¹»¦¼©�£(¤�£�¹¯¬[£(²�¦µ§ £³¬Å¨$¯´ £�®[À8¦µ§ £�®[´l¦�° ´l¦�®$À8¦µ§|£
®[©�¹¯º[¹¯¥³¥|£�´ ©�®[¥�£(¬�¨[»´�¨Å¦µ£Vª�¨Å¦}¦�§ £�£(¥|ª�®[ÀN¦�§ £�°|©µ£(¬N¹¯®[´�²}¤�¶l¤�¯£[½
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