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EFW`G+LQa?TMYcbedfG+R�L[Y�Khg�HiV�b�W`V�j�]�D+TUN<Y�k�PSW`K YSG+P YhG^]�]�PcD'G+V�b�W%KlTMN
a?b�T"V�blG+LML�]�PSDFV�W`KSK$K�Y�G_YSW`K1D^dJG^NmG+]�]�LUTUV`G_YSTMD<NlG+PcW0KcG�n<W`EoTUN'YcD
K�Y�G^g�LUWpK�YSD+P�G^O+Wq]\W`PcTUDFEFTUV`G^LULMH<roCsb�WpG+EFn_G^N'Y�G^O+WmD^d�YSb�T"K:G+]Ft
]�PSD<G+V�buT"KoYSb�G_YlT[YlTUKmG^g�LUWhYSDvYcD<LMW`PSG^YcWwYSb�WhdfG+TMLUR�PSWxD+d0YSb�W
a?b�D+LUW�KcH�K YcW`yzr�{QD_a0WXn<WXP%|�TUN}Ycb�T"K�G+]�]�PSD<G+V�b�|XTMd�D<N�W�]�PSDFV�W%KcK
dfG^TULUK`|%R�K R\G^LULMH:G^LUL<KcR�Pcn�TUn�TMN�O?]�PcDFV�W%KcKcW`K-G+PcW8G+g\D<P YSW`E~G^N\EAYSb�W
a?b�D+LUW?G^]�]�LMT"VXG^YcTUD+NlTUK$PSW`K YSG+P YSW`Eqd5PcD<y�Ycb�W?L"G+K Y�V�b�W`V�j�]�D+TUN'Y`r
Csb�W�ywG_��D<P�KcD+R�P�V�W�D+dhD_n+W`Pcb�W%G+E�TMN�G^LULlK YSG+g�LMWXt�K YcD<PSG+O+WXt
g�G+KcW`EvV�b�W`V�j�]\D<TMN'Y�KcHFK�YSWXywKQT"KAYcb�WqYcTUylWmT[Y�YSG+j+W`KQYcD�a?PcTMYcW
V�b�W`V�j�]�D+TUN'YSK�TMN'YcD�K�Y�G^g�LUWpK�YSD+P�G^O+W��[����rqCsb�WlV�b�W`V�j�]�D+TUN'Y:D+d
G^N�G+]�]�LUTUV`G_YcTUD+N(D+N�G�|-KSG�H+|�YcWXN�t.YSb�D+R�KSG^N\E�t&]�PcDFV�W%KcKcD+PQVXD+ylt
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K�Y�G^g�LUW�K YcD<PSG+O+W�]�WXPSTUD�E�TUV`G^LULMH<|_a?b�TUV�bmywG�H:TUN'YcPSDFEFR�V�W0G^NmR�NFt
G+V`V�WX]�YSG^g�LMWoG+ylD<R�N'YAD^d�D_n<WXPSb�W`G<ExTUN'YcDwYSb�WmV�b�W`V�j�]\D<TMN'YSTMN�O
K HFK YcW`y�r�Csb�W�PSW`K YSG^PcYvD^dhKcR�V�b�G^N�G^]�]�LMT"VXG^YcTUD+N�TMyp]�LUTMW%K
Ycb�G^Y�G+LML�]�PcDFVXW`KSK W%Khb�G�n<WzYcD�g�W(PSW`VXPcW%G_YSW`EeG^N\E�G^LUL�E�G^YSG
d5D+P0W`G<V�bh]�PSD�VXW`KSK�b�G�n<WQYSDqg�W�PSW�t�PcW%G+Eld5PSD+y�K YSG^g�LMW}K�YSD+P�G^O<W
TMN'YSD�ylW`ypD+PSH�D+PxPcWXt&O<WXN�W`PSG^YcW`E�g�H�VXD+yp]�RFY�G_YcTUD+N�|?a?b�TUV�b
D^d�YSWXN�g�PSTUN�O<KmG�L"G^PSO+WhG^ypD<R�N'YmD^dQD_n<WXPSb�W`G<E�TMN'YcD�PcW%K�Y�G^PcY`r
��Y:ywG�H�G+LUKcDxg�Wpn+WXPSHzW��F]�WXN�KcTMn<WmD<P}R�N�PSW`G^LUT"K�YSTUVod5D+P}ywG^N�H
LUG+PcO<W�KcHFK�YSWXywK$K R�V�bpG+K1O<PcT"E�K�YcD:]�PSD_n'T"EFW�Ycb�WsL"G^PSO+W0G^ypD+R�N'Y
D^d�K YSG^g�LMWlK�YSD+P�G^O+W}N�W%V�W%KcKSG^PSHhYSDxb�D<LUEvG+LML1]�PSD�VXW`KSKQK YSG_YSWqD+d
G^NzG^]�]�LMT"VXG^YcTUD+N�D^d1Ycb�D<R�KcG+N�E�KsD+d�]�PSDFV�W`KSKcW`K`r

��N�D+P�EFWXPzYSDeYcD<LMW`PSG^YcW�]�G+P YSTUG+L~dfG^TULUR�PcW%Kva?TMYcb�PSW`EFR\V�W`E
D_n+W`Pcb�W%G+E-|�EFTUKcj�LMW%KcKxV�b�W`V�j�]�D+TUN<YSTMN�O��M�+|��_�Ab�G<Kpg\W`WXNe]�PSD^t
]\D'K W%E�g�H��)LUG+N�j�W�Y`r8G+L.r(�0HuWXLUTUylTUN�G^YcTUN�O�K YSG+g�LMW�K�YSD+P�G^O<W
d5PcD<y�V�b�W%V�j�]\D<TMN'YcTUN�OwG^N\E�PSWX]�LUG<V�TUN�OpT[YAa?TMYcbvypW`ylD<PcH�G^N�E
]�PSD�VXW`KSK D<P~PcW%EFR�N�E�G^N�VXH+|$EFTUKcj�LMW%KcKqV�b�W`V�j�]�D+TUN<YSTMN�O�PcW`ypD_n+W`K
Ycb�W?ywG+TMNpK D<R�P�V�W0D^dJD_n+WXPSb�W%G+E~TUNwV�b�W`V�j�]�D+TUN<YSTMN�Ol�M����r$��T"K j't
LMW%KcK?V�b�W`V�j�]\D<TMN'YSTMN�Opb�G<K?g�WXWXN�Kcb�D_a?N�YcDhG<V�b�TMW`n+W~GwEFW%V�WXN'Y
]\W`P d5D<PcywG+N�V�W8YSDQYSD+LUWXP�G_YcW�K TUN�O+LUW�]�PSDFV�W%KcK�dfG^TULMR�PSW)TUNx�  _��r�¡�D+P
G^]�]�LMT"VXG^YcTUD+N�K?a?b�TUV�b�ypDFEFTMd5HvGhK ywG+LML$G^ypD+R�N<Y�D^d8ypWXypD+PSH
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Ë ¦\­ ª�¬U¶S£`º�¢�»u¤S¨�£z£�ÀF¬U­ ¤c¬U¦�¼u²^´U¼+«<¶c¬M¤c¨�·lµ�¢�²+­c£`º�¹f²+¸�´M¤l¤S«+´Mµ
£`¶S²+¦�§�£Ì¬"ºF£`²Í¬U¦Î¯ Ï_±&®�¬M¦�¤S¨�¬U­�ª�²^ª�£X¶%®�¥0£�ª�¶S£`­c£X¦'¤�²^¦
²+´M¼<«+¶S¬[¤S¨�·lµ&¢\²+­c£`ºÐ§�¨�£`§�©�ª\«<¬M¦'¤cµ.¹5¶S£X£�¹f²^¸�´M¤�¤c«<´M£`¶S²+¦�§�£�²+ªFµ
ª�¶c«'²+§�¨e¬U¦�¥?¨�¬"§�¨�®Q¬U¦�­�¤S£`²<ºe«^¹~¤�²^©�¬M¦�¼�§�¨�£%§�©'ª�«+¬U¦'¤S­xª\£`¶c¬Mµ
«FºF¬"§X²+´M´U»+®J²h§X«�º�£`ºv¼<´M«<¢�²^´�§X«+¦�­c¬"­�¤S£X¦'¤�­ ¤S²_¤S£q«+¹1¤S¨�£m§X¶c¬M¤c¬"§X²+´
²+ª�ª�´U¬U§`²_¤S¬M«<¦�º�²^¤S²h¬"­:·w²^¬U¦<¤�²^¬U¦�£`º(¬M¦�·p£X·p«+¶S»z¢'»v·p«FºF¬M¹5»'µ
¬U¦�¼q²+ª�ª�´U¬U§`²_¤S¬M«<¦�­1¤c«~«<ª\£`¶S²^¤c£?«+¦p£`¦�§�«FºF£%ºlº�²_¤S²�½1ÑA´[¤S¨�«+¸�¼+¨
¤S¨�¬"­�²+ª�ª�¶S«<²<§�¨�¬"­h¦�«^¤�²<­x¼<£X¦�£`¶S²+´M´U»�²+ª�ª�´U¬U§`²^¢�´U£(²<­h¤�»�ª�¬Mµ
§`²^´�§�¨�£`§�©�ª\«<¬M¦'¤�²^ª�ª�¶c«'²+§�¨�£%­X®_¬U¦pª�²^¶�²^´U´U£X´F·w²_¤S¶c¬MÀm§�«<·pª�¸F¤S²^µ
¤S¬M«<¦�­�¥?¨�£X¶S£A¬M¤0¸\­ ¸�²+´M´U»l¥�«<¶c©F­`®^¹f²^¸�´[¤0¤c«<´M£`¶S²+¦�§�£?¹5«<¶)ª�²+¶ ¤S¬U²+´
¦�«�º�£�¹f²+¬M´U¸�¶S£`­0§X²+¦x«^¹�¤S£X¦�¢\£~²+§�¨�¬M£`³+£`ºh¥?¬[¤S¨�²l­ ¸�¶Sª�¶S¬U­c¬U¦�¼+´U»
´U«_¥Ã«_³<£X¶S¨�£`²<º-½

Æ�£`­cª�¬M¤c£q¤c¨�£~¹f²<§�¤Q¤S¨�²_¤�¤c¨�£`¶c£q¨�²+­?¢�£X£`¦�·q¸\§�¨�¶S£`­c£`²+¶S§�¨
«<¦�²^´U¼+«<¶c¬M¤c¨�·lµ�¢�²+­c£`º�¹f²^¸�´M¤h¤S«+´U£X¶�²^¦�§X£u¯ Ï�®0ÒF®sÓ`±:¬M¦i¥?¨�¬"§�¨
²+ª�ª�´U¬U§`²_¤S¬M«<¦�­~²^¶S£m·p«FºF¬MÔ�£`º�¤S«�«<ª\£`¶S²^¤c£p«+¦�£X¦\§�«FºF£`º�º�²^¤S²
¤S«�ºF£�¤S£X¶S·l¬U¦�£�¤c¨�£i§X«+¶S¶c£%§�¤S¦�£`­S­(«+¹�­c«+·p£�·p²^¤c¨�£`·w²_¤c¬"§X²+´
§`²^´"§�¸�´"²_¤S¬M«<¦�­Q«<¦�ª�²+¶S²+´M´U£X´�ª�´U²^¤ ¹5«+¶S·w­Q¥?¨�£`¶c£q¹f²^¬U´M£%ºvª�¶S«F§�£`­ µ
­c«+¶�­�ª�¶c«FºF¸\§�£q¬U¦�§X«+¶S¶c£%§�¤:§`²^´"§�¸�´"²_¤S¬M«<¦�­`®�¤S«x¤S¨�£m¢�£`­ ¤}«^¹)«<¸�¶
©�¦�«_¥?´U£`º�¼+£+®�¤c¨�¬"­~¬"­}¤c¨�£pÔ\¶S­ ¤~¤c¬U·p£p¤c¨�²^¤q²^ª�ª�´U¬"§X²_¤S¬M«<¦�­~²^¶S£
·p«FºF¬MÔ�£`º�¤S«�«<ª\£`¶S²^¤c£�«+¦�£X¦�§X«�º�£`º�º�²_¤�²�¤S«�·w²+¬M¦'¤S²+¬M¦Õ²
¼<´M«<¢�²^´�§X«+¦�­c¬"­�¤S£X¦'¤Q­�¤�²_¤c£~«<¦�ª\²^¶�²^´U´M£`´�²^¦�º�ºF¬"­�¤S¶c¬U¢�¸F¤S£`ºz­ »F­ µ
¤S£X·w­?¥?¨�£`¶c£:¹f²+¬M´U£`º�ª�¶S«F§�£`­S­c«+¶�­�­ ¤c«<ª�¥0«+¶S©�¬M¦�¼�½

Ö £A­c¨�«_¥�¤S¨�£Qª�¶�²+§�¤c¬"§X²+´M¬M¤�»o«^¹�¤c¨�¬U­�¤c£`§�¨�¦�¬UÈ'¸�£?¢�»l²^ª�ª�´U»'µ
¬U¦�¼u¬M¤w¤c«�¤c¨�£(Å�§X²+×�ÑAØ-ÑAÙ0ÚqÛ^Ø)Üs×�Ñ:Åe¯ Ý_±A·w²_¤c¶S¬MÀ'µ�·w²_¤S¶c¬MÀ
·m¸�´M¤c¬Uª�´M¬"§X²^¤c¬U«+¦Ì©+£`¶c¦�£X´p¥?¨�¬"§�¨�¬"­�«+¦�£�«+¹�¤S¨�£i·l«'­�¤�¬U·lµ
ª�«+¶c¤S²+¦'¤�©+£`¶c¦�£`´U­�¹5«+¶iÅF§X²<×�ÑAØ-ÑAÙ0ÚÞ´U¬M¢�¶�²^¶S»�¤S«�²<§�¨�¬M£`³+£
¨�¬M¼<¨lª�£X¶c¹5«+¶S·w²^¦�§X£0²+¦�ºl­c§`²^´"²^¢�¬U´M¬M¤�»+½1ß8ÀFª�£X¶S¬M·p£X¦'¤�²^´F¶S£`­c¸�´[¤�­
¹5«<¶?·w²_¤c¶S¬MÀ'µ�·w²_¤S¶c¬MÀh·q¸�´M¤c¬Uª�´U¬U§`²_¤S¬M«<¦�ºF£`·p«+¦�­ ¤c¶�²_¤S£A¤S¨�²_¤?¤S¨�£
ª�¶c«<ª\«'­ £%ºm²+ª�ª�¶S«<²+§�¨m¬U­)²^¢�´U£s¤c«~­c¸�¶c³�¬U³+£?²}­ ·w²+´M´�¦�¸�·m¢\£`¶8«^¹
ª�¶c«F§�£%­c­�¹f²^¬U´M¸�¶c£%­�¥?¬M¤c¨�²o³+£X¶S»l´M«_¥iª�£X¶c¹5«+¶S·p²+¦�§�£?«_³<£X¶S¨�£`²<º-½

à ¨�£¿¶S£`­ ¤�«^¹�¤S¨�¬"­Ãª�²+ª\£`¶�¬"­�«+¶S¼<²^¦�¬MÁ`£`ºá²+­�¹5«+´U´M«_¥Q­`½
ÅF£`§�¤S¬M«<¦ãâä­ ª�£`§X¬[Ô\£`­�¤c¨�£�¤�»�ª\£Í«^¹Ã¹f²^¬U´M¸�¶S£`­É¥0£å¹5«F§�¸\­

«+¦�½ÍÅ�£`§�¤c¬U«+¦ÕÊ�ª�¶S£`­c£X¦'¤�­x¤S¨�£u¢�²+­c¬"§(¬"ºF£`²�«^¹p²^´U¼+«<¶c¬M¤c¨�·lµ
¢�²+­c£`ºæ§�¨�£%§�©�ª\«<¬M¦'¤ µ&¹5¶S£X£�¹f²^¸�´M¤�¤c«<´M£`¶S²+¦�§�£<½ Ë ¦ÇÅ�£%§�¤c¬U«+¦
°�®�¥�£çª�¶c£%­ £`¦<¤�²^¦è£�À�²+·lª�´M£é¤S«êºF£`·l«<¦�­ ¤c¶�²_¤c£é¨�«_¥
²^´U¼+«<¶c¬M¤c¨�·lµ�¢�²+­c£`º�§�¨�£%§�©'ª�«+¬U¦'¤ µ&¹5¶c£`£p¹f²^¸�´M¤q¤S«+´U£X¶�²^¦�§X£w¥�«<¶c©F­
¬M¦�ª�¶S²<§�¤S¬U§X£h¢�»�²+ª�ª�´U»'¬U¦�¼v¤S¨�¬"­q¤S£`§�¨�¦�¬UÈ'¸�£w¤S«�¤S¨�£�ÅF§`²+×�Ñ?µ
Ø-ÑAÙ0ÚqÛ_Ø�Ü0×�Ñ�Åå·p²^¤c¶S¬[À�µ�·w²_¤c¶S¬MÀë·q¸�´M¤c¬Uª�´U¬U§`²_¤S¬M«<¦Í©<£X¶S¦�£X´&½
Ë ¦�Å�£`§�¤c¬U«+¦vÏF®�¥0£}£X³_²^´U¸�²_¤S£:¤c¨�£~ª�£X¶c¹5«+¶S·w²^¦�§X£:«_³<£X¶S¨�£`²<ºh«+¹
²^ª�ª�´M»�¬U¦�¼�¤c¨�¬U­x¤c£%§�¨�¦�¬"È<¸�£v¤c«�¤c¨�£uÅF§X²<×�ÑAØ-ÑAÙ0ÚqÛ^Ø)Üs×�Ñ:Å
·w²_¤c¶S¬MÀ'µ�·w²_¤S¶c¬MÀ�·q¸�´M¤c¬Uª�´U¬U§`²_¤S¬M«<¦�©<£X¶S¦�£X´&½ÐÅ�£%§�¤c¬U«+¦�Òi§�«<¦Fµ
§�´U¸�ºF£%­0¤c¨�£~ª�²+ª\£`¶Q²^¦�ºzºF¬"­S§�¸�­S­ £%­0¹5¸F¤c¸�¶c£~¥0«+¶S©J½

ì íQî$ïcð ñAò�ó�ôéõ?öAó�ð

à «vºF£XÔ�¦�£p¤c¨�£lª�¶c«<¢�´M£`·÷¥0£p²+¶c£m¤S²+¶c¼<£�¤S¬M¦�¼z²^¦\º�§X´U²+¶c¬M¹5»
¤c¨�£zºF¬Mø�£`¶c£`¦�§�£%­p¥?¬[¤S¨�¤S¶S²<ºF¬[¤S¬M«<¦�²^´?²+´M¼<«+¶S¬[¤S¨�·lµ&¢�²<­ £%º�¹f²^¸�´M¤
¤c«<´M£`¶S²+¦�§�£<®%¬U¦m¤c¨�¬"­8­ £%§�¤S¬M«<¦�®^¥0£0­cª\£%§�¬M¹5»~¤c¨�£�¤�»�ª�£s«^¹�¹f²+¬M´U¸�¶S£`­
¥�£~²+¶c£:¹5«F§�¸�­c¬U¦�¼p«+¦�½

ÑA­S­ ¸�·p£Ã¤c¨�£Õ§�«<·lª�¸F¤c¬U¦�¼¿­c»F­�¤S£X·ù§�«<¦�­ ¬"­ ¤S­�«+¹�·w²^¦�»
¦�«FºF£`­m§�«<¦�¦�£`§�¤c£%º�¢�»�¦�£X¤�¥�«<¶c©u§�«<¦�¦�£%§�¤c¬U«+¦\­X½�ß�²+§�¨�¦�«FºF£
¨�²+­x¬[¤�­x«_¥?¦e·p£`·l«<¶c»�²^¦�º�´M«F§X²+´�ºF¬"­c©�½ à ¨�£�§�«<·p·q¸�¦�¬Mµ
§X²^¤c¬U«+¦�¢�£�¤�¥0£X£`¦�ª�¶S«F§�£%­c­c£`­l²^¶S£�²<­c­c¸�·p£`º�¤c«�¢\£z·p£`­S­S²^¼+£
ª�²+­S­c¬M¦�¼\½1Ñ�­c­c¸�·p£?¤S¨�£Q¤�²^¶S¼+£�¤0²^ª�ª�´U¬"§X²_¤S¬M«<¦w¬U­)«+ªF¤S¬M·p¬UÁX£%ºp¤c«
¶c¸�¦�«<¦�²lÔ�ÀF£%ºx¦�¸�·m¢\£`¶Q«^¹1ª�¶c«F§X£`­S­ £%­X½

Ö £�²<­c­c¸�·p£�¦�«�º�£`­�¬M¦�¤c¨�£Õ§X«+·pª�¸F¤S¬M¦�¼Ì­c»F­�¤S£X·ú²+¶c£
³+«<´U²^¤c¬U´M£<®<¥?¨�¬"§�¨h·p£`²+¦�­0²o¦�«FºF£�·p²�»p´U£`²�³<£?¤c¨�£}§�«<·pª�¸F¤c¬U¦�¼
­ »F­ ¤c£`·ûºF¸�£�¤c«u¹f²^¬U´U¸�¶c£<®s«+¶}ü�«+¬U¦i¤c¨�£(§�«<·lª�¸F¤c¬U¦�¼�­c»�­ ¤c£`·
²_¹�¤S£X¶o¢�£X¬U¦�¼v¶S£Xª�²+¬M¶S£`º-½�ýQ¦�´U¬M©<£h¬U¦u¤c¶�²+ºF¬M¤c¬U«+¦�²+´�²^´U¼+«<¶c¬M¤c¨�·lµ
¢�²+­c£`ºx¹f²^¸�´[¤?¤S«+´U£X¶�²^¦�§X£�¥?¨�¬"§�¨v²+­S­ ¸�·l£%­?²m¹f²^¬U´M£%º�ª�¶c«F§�£%­c­c«+¶
§�«<¦<¤S¬M¦�¸�£%­1¤c«~¥0«+¶S©o¢�¸F¤�ª�¶c«FºF¸\§�£?¬U¦�§�«<¶c¶S£`§�¤$¶S£`­c¸�´M¤S­`®+¬U¦l¤c¨�¬"­
ª�²^ª�£X¶%®s¥�£�²+­S­ ¸�·p£�²�þ�ÿ��������	��
���¹f²+¬M´U¸�¶S£v·p«�º�£X´&½ à ¨�²_¤x¬"­
¤c¨�£(¹f²^¬U´M¸�¶c£�«+¹q²�¦�«FºF£�¥?¬M´U´:§`²^¸�­c£(²+´M´:ª�¶S«�§X£`­S­ £%­w«+¦i¤S¨�£
¹f²^¬U´M£%º�¦�«�º�£`­p­�¤S«+ª�¥�«<¶c©�¬U¦�¼�½�ÑA´M´Qº�²_¤S²�«^¹�¤c¨�£zª�¶S«F§�£%­c­c£`­
«+¦�¤S¨�£�¹f²^¬U´M£%º�¦�«FºF£�¬U­m´M«'­�¤%½ à ¨�£xª�¶S«F§�£`­S­c£`­o«<¦�­c¸�¶c³�¬U³_²^´
¦�«FºF£`­�§�«<¸�´Uº:¦�«+¤�£X¬M¤c¨�£X¶�­c£X¦\º}«+¶�¶S£`§X£X¬U³+£�²^¦�»�·l£%­c­S²^¼<£$¹5¶c«<·
¤c¨�£xª�¶c«F§X£`­S­ £%­}«+¦u¤c¨�£w¹f²^¬U´M£%ºu¦�«FºF£+½zÑQ´M¤c¨�«+¸�¼<¨u¤c¨�£`¶c£x²+¶c£
·w²^¦�»i«^¤c¨�£X¶�¤�»'ª�£�«^¹o¹f²+¬M´U¸�¶S£`­�£�ÀF¬"­�¤%®A¬U¦�¤c¨�¬U­�ª�²+ª\£`¶`®�¥�£
«+¦�´U»x§X«+¦�­c¬Uº�£X¶0¤c¨�¬"­s¤�»�ª�£~«^¹�¹f²+¬M´U¸�¶S£`­`½ à ¨�¬U­?¤�»'ª�£~«^¹�¹f²^¬U´M¸�¶c£
¬U­0§�«<·p·l«<¦h¬U¦h¤c«Fº�²�»�
 ­)´"²^¶S¼+£�§�«+·pª�¸�¤c¬U¦�¼l­c»F­�¤S£X·w­0­ ¸�§�¨�²+­
¨�¬U¼+¨Fµ�£X¦�ºx§�´U¸�­�¤S£X¶�­)¥?¬M¤c¨�¤c¨�«+¸�­S²^¦�º�­)«+¹�¦�«FºF£`­0²^¦\ºx§�«<·pª�¸Fµ
¤S²^¤c¬U«+¦�²+´-¼+¶S¬Uº�­0¥?¬M¤c¨�ºF»�¦�²+·p¬U§:¶S£`­c«+¸�¶�§�£%­X½

� �eð���õ�ò�ï����������uî��'ó�ö � �Aó"!�#%$~õ)ï'&(�)�_í?ò�ó�ó
íQî$ñ�ð*�,+lõ)ð ó�ò�î�&�!Jó

Ë ¦ ¤c¨�¬"­ë­c£`§�¤c¬U«+¦�®�¥0£ ª�¶S£`­c£X¦'¤å¤S¨�£÷¢�²<­ ¬"§á¬Uº�£`²é«+¹
²^´U¼+«<¶c¬M¤c¨�·lµ�¢�²+­c£`ºÃ§�¨�£`§�©�ª�«+¬U¦<¤cµ.¹5¶S£X£�¹f²^¸�´[¤z¤c«<´M£`¶S²+¦�§�£<½ Ö £
¶c£%­�¤S¶c¬"§�¤�«+¸�¶}­c§X«+ª�£~¤c«x¤c¨�£l´U«+¦�¼h¶S¸�¦�¦�¬M¦�¼�¦�¸�·p£X¶S¬U§`²^´�§X«+·lµ
ª�¸F¤S¬M¦�¼�²^ª�ª�´U¬"§X²_¤S¬M«<¦�­w«<¦�´M»<½�ÑA­h¬U¦�ºF¬"§X²^¤c£%ºi¬M¦ÃÅ�£%§�¤S¬M«<¦e°�®
¤c¨�¬"­}²^ª�ª�¶c«'²+§�¨v§X²+¦�·w²^¬U¦�´M»v¢�£p²^ª�ª�´U¬U£`ºz¤S«�´U¬M¦�£`²^¶:²^´U¼+£`¢�¶S²
§�«<·lª�¸F¤S²^¤c¬U«+¦�­s«<¦�ª�²+¶S²+´M´U£X´�²+¦�º�ºF¬U­ ¤c¶S¬U¢�¸F¤c£%ºz­ »F­ ¤c£X·w­`½
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J�KMLONMP=N'N'Q�RTSVUWK'X?PYK[Z\P�L^]`_�N�K'a=bcZ\PdL`]^Q�efSVNMgVP�hji?SkU�SlK'Smg	KfSVU
Pdh<Un]`aogVPYK'SmUnp[LqKfXrK'X�SsPdL^Una�ZtK'X<S:b�e'a=ude�P�RTRTL`h<u,SVh)vwL`_
efadh<RtSVh)KVxzy{Pdh)|}glQ�efe'SVh)Kjb�efadu=efPdRTRtL^h�u~S�hwvwL`efadh<RtSVh)KfN
N'Q<g�XjPdN%�H�Gy�� ���A�<�G]^adi<Q<N��q�m���A�o����_*y{�HJ��`�d�l�A�oP�h?Uj��b�S�h
y��HJ��`�V����Uoa�b�efaYvwL^U�S�K'X�LON��wL^h<U�adZ�Z\P�L^]`Q�efSkUoS�K'Smg	K'L^adh{Pdh<U
]^aog�P�K'L^adh�g�Pdb<P�i�L^]^LqK�|=x���SkP=N'N'Q�RTSGK'X�Sk]`a)N�K[a�Z�b<Pde�KfL^Pd]�b�e'ad_
g�SVNfN�SmNTL`h,K'X<S�RtSmN'NfP�u=SWb?PdNfN�L^h�u�N�|oN�K'S�R�UoawSVNTh�adK�gVP�Q<N'S
KfX�ScPdi?a=e�KfL`h�u�adZ�KfX�S�N'Q�e'vwL^vYP�]Hb�efaoglSmN'N'SVN�P�h?U�L`KkLON�b�a=NfN�L`_
i<]`SGK'atefS�b�]OPdg�SMK'X<S�Z\PdL`]^SVUcb�e'aog�SVNfN�SmN(L^h�KfX�S�RtSmN'NfP�u=SMb<P=N'N�_
L^h�u�N'|wN�K'SVRzP�h<U gla=h)K'L^h)Q<SkKfX�S�gladRTR Q�h�LOg�PYKfL`a=h�P�Z�K'S�eGKfX�S
efS�b<]^P=glS�RTSVh=Kmx~����_*y{�HJj�q�=�	�MLONTadh�S�N'Q<g�X¡b�efadu=efPdRTRtL^h�u
SVhwv)L^efadh�RTS�h)K�N(KfX<PYK�N'Q�b�b�ade'K[P�]^]�K'X�SmN�SGZ¢Q�h<glK'L^adh<Pd]`L`K'L^SVNVx�J*h
KfX�S�e'SmN�K�a�Z�KfX�L^N%N'SVglK'L^adhI�wp�S�p[L^]`]�R�P�L^h�]^| Z¢aog�Q<N�adh�X�aYp£Kfa
efSVg�aYvdSVe2KfX�S�P�b<b�]`LOg�P�K'L^adhIx
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�¨aoU�P�|�© NT]^adh<u:e'Q�h<h�L`h<usN'g�L`SVh=KfLqª�g�b�efadude�P�R�N K�|wb�LOg�P�]^]^|
U�SVP�]�p[LqKfX,Z\PdQ�]`KfN�iw|,g�X<SVg��wb?a=L`h)K�P�h?U,efad]^]^i<Pdg��:efSVg�aYvdS�ef|
L^h�p[X<L^g�X{Pd]`]Cb�efawg�SVNfNMN�KfPYKfSVN�a�ZHP�h�P�b�b�]^LOg�PYKfL`a=h{P�efSkNfP�vdSVU
L^h)K'a glS�e'KfPdL`h,N�Kfade�P�udS�b�S�efL^awU�L^gVP�]^]`|=x�J�Z�a=h�S�b�efaoglSVNfN�Z\PdL`]ONV�
KfX�S,U<PYKfP£a=h¬«Y­�­Mb<e'aoglSmN'N'SVN{X<PdN�Kfa®i�Sse'SmglaYv=S�efSVU¯Z¢e'a=R
KfX�S{]OPdN�Kcg�X�SVg��wb�adL^h)KVx}�%X<S�g�X�SVg��wb�adL^h)K�Pdh<U£efad]^]`i<P=g��:a�Z
Pdh�P�b<b�]`LOg�P�K'L^adh{a=h{P���N'P�|=�<KfS�ho_AK'X<adQ<NfP�h<Uo_Ab�efaoglSmN'N'adeMg�adRt_
b<QoK'SVe"L^Rtb<]`L^SVNIK'X<P�K"P�]^]dglefLqKfL^gVP�]dU<PYKfP�Z¢a=e�K'X<S(P�b�b<]`LOg�P�K'L^adh�adh
Pd]`]¨K'SVh{KfX�adQ<NfP�h?U�b�e'aog�SVNfN�a=efN[X?P�vdS�Kfaci�S NfP�vdSVU�L^h)K'acPdh<U
efSVg�aYvdSVe'SmU Z¢e'a=R°N�a=RtS�N�K'ade�P�u=Scb�S�efL`aoUoLOg�Pd]`]^|d�(p[X�L^g�X,R�P�|
L^h)K'efaoUoQ<glSWP�h:Q�h<P=g�g�S�boK�P�i�]^ScP�RTa=Q�h)Kka�Z[aYvdSVe'X<SVPdU£±\i?adK'X
KfL`RTS�P�h<U�N�K'a=efPdudS�²CL`h)K'akK'X�SGg�X�SVg��wb�adL^h)K'L^h�u�N�|oN�K'SVRjx(³2a=ho_
N'LOUoS�efL`h<u KfX<PYKGP�]^]IU�PYK�PTadh�P�]^]"N�Q<e'vwL^v�Pd]�b�efawg�SVNfN�SmN%P�efS�N�K'L^]^]
S�´�Smg	KfL`v=Sd��L`K�L^NCL^h=KfS�efSVN�K'L^h�u�K'a�PdN'��µH¶O·�¶�¸�¹�ºY·�·�¶\»�­`¼�¸*º�½'¼�¾�ºY¿Y¼l½
º�À<­�Ác¸�Â<¼�­`ºY·	¸%Ã=«Y¸*«cºYÀ�¸�Â<¼(Äl«�¶�­`¼�Ã�¹�½'ºm¾�¼	·�·wÅ
³2a=h<N'L^UoSVekKfX�S�N�L^RTb�]^SjgVPdN'Scp[X�SVe'SWK'X�SVe'Sjp[L^]`]%i�Sja=h�]^|

a=h�S�b�efaoglSmN'N%Z\PdL`]^Q�efSdx%Æ�SlZ¢adefS�K'X<S�Z\P�L^]`Q<e'SkP=g	KfQ<P�]^]`|Waog�glQ<efNV�
p�S�Uoa:h<a�Kc�wh�aYpÇp[X�LOg�X9b�e'aog�SVNfNTp[L`]^]MZ\PdL`]A�%K'X�SVe'S�Z¢adefSd�[P
Nfg�X�SVRtSGKfa�e'SmglaYvdSVe2a=h�]^|TK'X�S�]^a=N�KMU�PYK�P a=hcKfX�S�Z\P�L^]^SVUWb�e'ad_
g�SVNfNTPdg	KfQ<P�]^]^| h<S�SVUsK'a i?S�P�i<]`SWK'a�e'SmglaYvdSVe U�P�KfP�adhn«�À<Á
b<e'aoglSmN'NVx{J�KTN�SVS�R�N U�LqÈ�glQ<]qK K'a�i�SWPdi�]^S�K'a�e'SmglaYvdSVekU�P�KfP
a=hcP�hw|Tb�efaoglSVNfNHp[L`K'X<adQoK%N'P�vwL^h�ukP�]^]�U�PYK�P�adhcPd]`]�b�efaoglSVNfN'SVN
N'adRTSVp[X�S�efSdx�ÉMaYp�S�v=S�em��LqZ%p2S�P=N'N'Q�RTSd�"P�K�P�hw|�K'L^RTS�UoQ�e'_
L^h�u�KfX�S{gla=Rtb<QoKfP�K'L^adhI��K'X<S{U�PYK�P�a=h~K'X�S�Ê�Ë\Ì�b�efaoglSmN'NTÍCÎ
NfPYKfL^N�ª<SmN

Í�Ï�Ð¡ÍCÑ2Ð9ÒVÒ�ÒmÐ¡ÍCÓwÔIÏ[Õ®Í¨ÓIÖ ±���²
p[X<S�efS�×nLONTKfX�S�K'adKfPd]MhwQ�Rki�S�e�adZGb<e'aoglSmN'N�Q<N�SmU,Z¢ade�KfX�S
g�adRTb�QoK�PYKfL`a=hIxH�%X�S�hcK'X�SG]^a=N�K%U�P�KfPkadh «�À<Á[Z\PdL`]^SVUWb�efaoglSVNfN
p�adQ<]^Uki?S%P�i�]^S2K'a�i�S%e'SmglaYv=S�efSVU�Z¢e'a=RØ±��m²lxCÙ�N'N'Q�RTS2K'X�S�Ú=Ë\Ì
b<e'aoglSmN'N�Z\PdL`]^SVU���KfX�S�h�K'X<S ]^a=N�K�U<PYKfPjÍIÛtg�Pdh�i�StefSVg�aYvdSVe'SmU
Z¢efadR

ÍIÛ�Õ¯Í¨ÓtÜ£±\ÍHÏ�Ð®Ò�Ò�Ò�ÐsÍIÛlÔIÏ(ÐsÍIÛ'ÝCÏHÐ®Ò�ÒVÒmÐ¡Í¨ÓwÔ"Ïl²

J*hWKfX�LON[vdSVe'|�N'b?SmglLOP�]IgVPdN'Sd�op�S�Pde'S�]^Q<g��w|�S�h<adQ�u=XcKfati�S
P�i�]^S2K'a�e'SmglaYv=S�e¨K'X�S%]^a=N�K�U<PYKfP�adh�«YÀ?ÁHZ\PdL`]^SVUtb�efaoglSVNfN¨p[LqKfXo_
adQoK�g�X�SVg��wb�adL^h)KCUoQ�S2K'a�K'X�S%N'b?SmglLOP�]�¾fÂ<¼f¾�ÞY·�ßoà�½'¼l­^«Y¸A¶\ºYÀ�·'Âo¶ ¹
±���²	xMJ*h{b<efP=g	K'LOglS=�<KfX�LON��wL^h<U�a�Z(N'b�SVglLOP�]¨e'SV]^P�K'L^adh<N'X�L^b�L^N�iw|
h�a�RTSVP�h?NTh<PYKfQ�efPd]áx9É�aYp2SVvdS�em�HL`K�L^N�h<PYKfQ�efPd]%K'a:PdN'��µ�¶O·
¶�¸I¹<º�·�·	¶\»�­`¼t¸�ºWÃd¼l·	¶qâ�À:«YÀ�«f¹d¹�­�¶\¾�«Y¸A¶\ºYÀ:¸*º�à�«Y¶�À?¸�«�¶�À�·	ß<¾�Â{«
·A¹�¼�¾�¶\«Y­C¾�Â�¼�¾�Þ�·	ßoàÇ½'¼�­`«Y¸A¶\ºYÀ<·�Âo¶ ¹,ºYÀT¹�ßo½A¹�ºY·l¼�Å
Ù�NfN�Q�RTS�KfX�SHa=e'L^udL^h<P�]�Pdb�b�]^L^gVPYKfL`a=hGLONIUoSmN�L^udh<SVU�K'aMefQ�h�adh

×¡b�efaoglSmN'N'SVNVxkãIS�K�Í Î UoSVh�a�KfSVNGKfX�S�U�PYK�PWa=h{KfX�S�Ê�Ë\ÌWg�adRt_
b�QoK�PYK'L^adh£b�efaoglSmN'NVx®�%X�S{N'b?SmglLOP�]Mg�X�Smg��wN'Q�R°efS�]OPYKfL`a=h<N'X�L`b
P�i�aYvdS�g�PdhjP=g	K'Q?P�]^]`|�i�S�UoSmN�L^udh�SmUca=h�b�Q�efb?a)N�S�PdN�Z¢a=]`]^aYpMN

ä Ù�U<U¯P�h<a�K'X<S�e�S�h<g�aoUoL`h<u¡b�efaoglSVNfNWL`h)K'a,K'X<S�Pdb�b�]^L^gVPY_
K'L^adh"x�Ù�N'N'Q�RTS�K'X�S�U�P�KfP adh�KfX�L^N%SVh<glaoUoL^h�utb�efawg�SVNfN(LON
å xH��a=e2hwQ�RTSVe'LOg�Pd]�g�adRTb�QoK�PYK'L^adh?N��oÍ Î LON�a�Z�KfS�hWPdhWPde�_
e�P�|GadZ<æ<a)PYKfL`h�ud_Ab�adL^h)K¨hwQ�R i?SVefNV�YK'X<S�efSlZ¢adefSd��P�K¨KfX�S%i?S�_
udL^h�h�L^h�uGa�Z�KfX�S[gla=Rtb<QoKfP�K'L^adhI�Yp�S�gVP�htglefSVPYKfS2PGg�X�SVg��)_
N'Q�RzefS�]OPYK'L^adh?N�X�L^b�P�RTadh�uWK'X<S�U�PYK�PWadZ�Pd]`]�b�efaoglSmN'N'SVN
iw|TL`h�L`K'LOP�]^L^ç�L^h�u�KfX�SGU<PYKfP å adhcK'X�SGS�h?glaoUoL^h�ukb�efaoglSmN'N
PdN

Í�Ï�Ð¡ÍCÑ2Ð9ÒVÒ�ÒmÐ¡ÍCÓ�Õ å ±Aèd²

ä¡é Q�e'L^h�uWK'X�StSlêoSmglQoKfL`h�uja�Z2K'X�STP�b<b�]`LOg�P�K'L^adhI��efSVU�SVN'L`u=h
K'X<S�P�]^uda=e'L`K'X�R�K'a�a=b?SVefP�K'SMi�a�KfX�adhTKfX�S�U�P�KfP�adZ�g�adRt_
b�QoK�PYKfL`a=h9b�e'aog�SVNfN�SmN�P�h<U®adh£K'X<S�U�P�KfP:adZ�SVh<glaoUoL^h�u
b�efaoglSVNfN2L`h�N�Q?g�XWPtp�P�|tKfX<PYK%K'X<S�g�X<SVg��oN�Q<RØe'SV]^P�K'L^adho_
N'X�L`b:±Aèd²2L^N�P�]^p�P�|oN2RTPdL`h)K�P�L^h�SVU�x

�%X�S�N'b�SVglLOP�]^]^|�UoSVN'L`u=h�SVUkg�X�SVg��oN'Q�Rre'SV]^P�K'L^adh<N'X�L^bc±áè=²"P=g	_
K'Q<Pd]`]^|{SmN�K�P�i�]^L^N'X�SmN�P�h SVë)Q<P�]^L`K�|{i?S�K�p2SVS�h�K'X�S�U<PYKfP�Í Î adh
gla=Rtb<QoKfP�K'L^adhnb�e'aog�SVNfN�SmNjPdh<U¯K'X�S�S�h?glaoUoL^h�u9U�PYK�P å adh
K'X�SWS�h<g�aoUoL`h<u�b�efaoglSVNfNVx{J�Z�P�hw| b�efawg�SVNfN�a=e�Z\P�L^]ON�KfX�S�h:KfX�S
SVë)Q<Pd]`L`K�|,±Aèd²�i�SVg�adRTSVN�Pdh�SVë)Q<PYKfL`a=h�p[LqKfXsadh�S�Q<h��wh�aYp[hIx
�%X�S�efSlZ¢a=e'S=��K'X<S�U�PYK�PWL^h K'X�STZ\PdL`]^SVU b�efaoglSmN'N'ade�g�Pdh�i�S�efSl_
gla=h<N�Kfe'Q?g	K'SmU�KfX�efadQ�u=XjN'ad]^vwL`h�u K'X<L^N[Smë)Q<PYKfL`a=hIx

ì í�îMï"ð<ñ�ò�ó2ô�õ2ö)÷�ø[ù�ï"ïúø[û�ü�ý�öÿþtó(ý�ï"ù�û�õ�ð�ï���óHù� û¨öoù<ô�� � ü�ý*ö�ô�òGý�ô�ð�ûCö�ô�ó2õ
Ù�N�Pdh�S�êoPdRTb�]`StKfa{UoS�RTadh?N�KfefP�K'StX�aYp KfX�S�P�]^uda=e'L`K'X�Rt_

i<PdN'SVUrg�X�Smg��wb?a=L`h)K�_AZ¢efS�S Z\P�Q�]`K{Kfad]^S�e�P�h<g�S:p2a=e'�oN�L^h b�efP=g	_
K'LOglS=�9L`h KfX�LONÿN'SVglK'L^adhI�9p�S¬P�b<b�]`| K'X<L^N K'SVg�X<h�L^ë)Q�S¬K'a
K'X�S��og�P=ã"Ù���Ù�³��
	��(Æ%ã"Ù�� R�P�K'efLqêw_�RTP�K'efLqêúRkQ�]`K'L^b�]^L^gVPY_
K'L^adhj�dSVe'h�SV]�p[X�L^g�X�LON%adh�S�adZ"K'X<S�Rta)N�K[L^RTb?a=e�K�P�h)K[�dS�efh�SV]^N
Z¢ade��ogVPdã¨Ù���Ù�³��9Kfa�Pdg�X�L^S�v=S%X�L`u=XTb?SVe�Z¢a=e'R�P�h?glS[P�h<UTNfg�Pd]q_
P�i�L^]^LqK�|=x
Ù�g	KfQ<P�]^]^|d�<L`K�LON�Pd]^N'aTb?a)N'N'L`i<]`S�Kfa�L`h?gladefb�ade�PYK'SGZ\PdQ�]qK�K'ad]`_

S�e�P�h<g�S�L^h)K'atRTPdhw|�a�K'X<S�e
�og�P=ã"Ù���Ù�³��re'a=QoK'L^h�SVN2KfX�e'a=Q�udX
K'X�LON�P�b<b�e'a)Pdg�XIx¨ÉMaYp�S�vdSVeV�YL^h K'X�LON�N�Smg	KfL`a=hI��p�S�p[L^]^]oe'SmN�Kfe'LOg	K
adQ�ecb�e'SmN�SVh)KfPYKfL`a=h~K'a:KfX�S�R�PYKfe'L`êw_AR�P�K'efLqê¡R Q�]`K'L^b�]`LOg�P�K'L^adh
�dSVe'h�SV]áx
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Figure 1. Process grid in ScaLAPACK
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Figure 4. Distributed column checksum ma-

trix of the example matrix
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Figure 6 . Distributed full checksum matrix of

the original matrix
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matrix-matrix multiplication algorithm
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Ù"Ô�Ï á Î;!=< &?> â�Ì�â�È!ã Ç�Ë�É¤ÌYÍ�Ç[Ø�Ñ�Ù ÚªÑ�Ð<Ü�Ò"ÙYÝ�ÚªÒYÖsÐ�ä
Ú!Ô�ÏQÚ!Û�Ü	Ý�×æ× á ÒYÙ"Ö ÚªÏQÜMØ�Ñ,Ù�× á ÒYÙ"Ö6� × á ÒYÙ"Ö6� ×WÝ å ÒYÖsß å ÖsÚ á Ò"ÖoÑ,Ð`Ö Ü

> â�Ì	â�È!ã Ç¤Ë�É¤Ì"Í�Ç í Æ â�Ì�â�È!ã Ç�Ë�É¤ÌYÍ�Ç
ÆA@�È!â�ê�B6C @ED�ã.â

í �"! ý� � & !GF &H�ÙYÑ,×I!GF & èKJ Ï�Ú á Ð]Ú
Ñ�Ð�Ú å Ý<Î�Ï
ý : 4+ØHÒYÔ�ÏWÜYÖ95
Ï�Ñ�ØHÒ"Ô�ÏWÎ á Ò á Ñ�Ð]Ï á Ú!Ô]ß�Ù"Ñ�Ú
ÏQÜ"Ü�Ö ÜELK��ÏQÎM!$�ÖsÜNLK��Ï�Î & è Ò"Ô�Ï
Ð á ÜDÒ"Ô�Ï�Ð�Ý�×��?Ï
ÙHÑ�Ø?ß�Ù"Ñ�Ú
ÏQÜ"Ü	Ï�ÜDÖsÐ�Ú
ÙYÏ á ÜYÏQÜÒYÑ³ÖsÐOL�Ð�ÖoÒYÏP!6ÒYÔ á Ò�Ö Ü �RQ;S�& è Ò"Ô�ÏmÑ 8 ÏQÙYÔ�Ï á ÎT!=< & Ø�Ñ,ÙÚªÑ,Ð�Ü�Ò"ÙYÝ<Ú�ÒYÖsÐ�ä^ÒYÔ�Ï9Ú!Ô�Ï�Ú!Û�ÜYÝ�× × á Ò"ÙYÖ ÚªÏ�Ü�Î�ÏQÚ
ÙYÏ á ÜYÏQÜ�Ò"Ñ5
ÏQÙYÑ J ÖþÒ"Ô á ÜYß?Ï
ÏQÎ`Ñ�Ø7�"! �U &, : 4+Ø,Ò"Ô�Ï1Ð�Ý�×��<ÏQÙDÑ�Ø�ß�Ù"Ñ�ÚªÏQÜ"ÜYÏQÜ­Ö ÜVLK��ÏQÎW! � Ö ÜVLK��Ï�Î & è ÒYÔ�Ï
Ðá ÜHÒ"Ô�Ï�ÜYÖ65QÏ�Ñ�Ø­ÒYÔ�Ï�Î á Ò á Ñ�Ð³Ï á Ú!Ô�ß�Ù"Ñ�Ú
ÏQÜ"ÜHÖoÐ<ÚªÙ"Ï á ÜYÏQÜ�Ò"ÑÖoÐKL�Ð�ÖoÒYÏ/!�ÒYÔ á Ò`Ö ÜP� Q S/& Ò"Ô�Ï^Ñ 8 Ï
Ù"Ô�Ï á ÎX!=< & Ø�Ñ,ÙÚªÑ,Ð�Ü�Ò"ÙYÝ<Ú�ÒYÖsÐ�ä^ÒYÔ�Ï9Ú!Ô�Ï�Ú!Û�ÜYÝ�× × á Ò"ÙYÖ ÚªÏ�Ü�Î�ÏQÚ
ÙYÏ á ÜYÏQÜ�Ò"Ñ5
ÏQÙYÑ J ÖþÒ"Ô á ÜYß?Ï
ÏQÎ`Ñ�Ø7�"! �@ &YNZ6YNZ9[ \"]_^a`.bc^edKfXg=hi`kjl^-`.gmhn`.oqpGrNsut�h_oMvxw%yzdOy)pGhirc{hir}|�rc~�h�fc^ef��RdOy�`.p$~a^e{*�Ô�ÏaØ á Ý å Ò3ÒYÑ å Ï
Ù á Ð¼ÒW× á ÒYÙ"Ö��S× á ÒYÙ"Ö6� ×3Ý å Ò"Öoß å Ö Ú á ÒYÖsÑ�Ð á�å ä,Ñ�àÙ"ÖoÒYÔ�× ÖoÐ�H�Ösä�Ý�Ù"Ï���ß<ÏQÙ	Ø�Ñ,ÙY×³Ü�Ú
Ñ�×�ß�Ý�Ò á Ò"ÖoÑ,Ð�Ü�Ý�ÜYÖoÐ�äaÚ!Ô�ÏQÚ!Û¼àÜYÝ�× × á ÒYÙ"ÖsÚ
ÏQÜ J Ô�ÖsÚ!Ô Ô á 8 Ï å á Ù"ä�Ï
ÙÂÜ	Ö95
Ï3ÒYÔ á ÐÓÒ"Ô�Ï�Ñ�Ù"Öoä,ÖoÐ á�å

× á ÒYÙ"Ö ÚªÏQÜ :�� Ñ J Ï 8 Ï
Ù è ÒYÔ�Ï(Ò"Ñ�Ò á�å Ð�Ý�×��?Ï
ÙbÑ�ØMß�Ù"Ñ�Ú
ÏQÜ"Ü	Ï�Ü�Î�Ïªà8 Ñ�ÒYÏQÎÁÒYÑÕÚ
Ñ�×�ß�Ý�Ò á Ò"ÖoÑ,Ð á�å Ü	ÑÕÖoÐ<ÚªÙ"Ï á ÜYÏQÜ :T� ×�Ñ�Ù"Ï Ú á ÙYÏ
Ø�Ý å
á Ð á�å ð�ÜYÖsÜ1Ñ�Ø­ÒYÔ�Ï á�å ä�Ñ,ÙYÖoÒYÔ�× ÖoÐPHjÖsä�Ý�ÙYÏ���ÖsÐ�Î�Ö Ú á ÒYÏ�Ü1Ò"Ô á Ò1Ò"Ô�ÏÐ�Ý�×��?Ï
Ù1Ñ�Øi�<Ñ á Ò"ÖoÐ�ä�à+ß<Ñ,ÖoÐ¼Ò á Ù"ÖoÒYÔ�×�ÏªÒ"ÖsÚ�Ñ,ß<ÏQÙ á ÒYÖsÑ�Ð�ÜHÑ,Ð�Ï á Ú!Ôß�Ù"Ñ�Ú
ÏQÜ"Ü�ÖsÐ�ÒYÔ�Ï�Ø á Ý å Ò�ÒYÑ å ÏQÙ á Ð¼Ò á�å ä�Ñ�Ù"ÖoÒYÔ�×�!$H�Öoä,Ý�Ù"Ïl� & Ö Ü á Ú�àÒYÝ á�åoå ð�Ò"Ô�Ï�Ü á ×�Ï á Ü�ÒYÔ á ÒDÑ�Ø�ÒYÔ�Ï1Ñ�Ù"Öoä,ÖoÐ á�å Ð�Ñ,Ð�àOØ á Ý å ÒAÒYÑ å ÏQÙ á Ð,Ò
á�å ä�Ñ,ÙYÖoÒYÔ�× :� Ü³Ø á Ù á Ü³ÒYÔ�ÏÓÚ
Ñ�×�×WÝ�Ð�ÖsÚ á ÒYÖsÑ�Ð�Ö ÜaÚªÑ,Ð�ÚªÏQÙYÐ�ÏQÎ è ÖsÐ/Ò"Ô�ÏÑ�Ù"Öoä,ÖoÐ á�å�á�å ä,Ñ�Ù"ÖþÒ"Ô�× è Ò"Ô�ÏÕÚ
Ñ å Ý�×�Ð�! á Ð�Î Ù"Ñ J & � å Ñ�Ú!Û�Ü á ÙYÏ��Ù"Ñ á Î�Ú á Ü	Ò�ÒYÑ � ß�Ù"Ñ�Ú
ÏQÜ"Ü	Ï�Ü : 4¤ÐÁÒYÔ�Ï Ø á Ý å Ò3ÒYÑ å Ï
Ù á Ð¼Ò á�å ä,Ñ�àÙYÖoÒYÔ�×�Ü�!�ÖsÐ�H�Öoä,Ý�Ù"Ïl� & è Ò"Ô�Ï�Ú
Ñ å Ý�×�Ð�! á Ð�Î³Ù"Ñ J & � å Ñ�Ú!Û�Ü1Ð�Ñ JÔ á 8 Ï�ÒYÑW�?Ï���Ù"Ñ á Î�Ú á Ü�ÒMÒYÑ � 
 ýbß�Ù"Ñ�ÚªÏQÜ"ÜYÏQÜ :*�Ô�Ï
Ù"ÏªØ�Ñ,ÙYÏ è ÒYÔ�Ï�ÒYÑ�Ò á�å ÒYÖs×�ÏmÒYÑ ß<ÏQÙ	Ø�Ñ,ÙY× × á ÒYÙ"Ö6� × á Ò"ÙYÖ6�×WÝ å ÒYÖsß å ÖsÚ á Ò"ÖoÑ,Ð J ÖoÒYÔÓÚ!Ô�Ï�Ú!Û�Ü	Ý�× × á ÒYÙ"ÖsÚ
ÏQÜ�Ö Ü
Æ @�È�â�ê1B9C @ED�ã.â É¤Ê�Ç	É�����D�@ í , � � � ("
/,�# � �� å Ñ�ä � ! � 
cý &
3ýz��
 � � � å Ñ�ä � ! � 
cý &�3*�Ô�Ï
Ù"ÏªØ�Ñ,ÙYÏ è Ò"Ô�Ï Ñ 8 Ï
Ù"Ô�Ï á Î/!�ÒYÖs×(Ï & Ò"ÑÓß<ÏQÙ	Ø�Ñ,ÙY×�ÚªÑ,×�ß�Ý�à
Ò á ÒYÖsÑ�Ð�Ü J ÖoÒYÔ9Ú!Ô�Ï�Ú!Û�ÜYÝ�×æ× á ÒYÙ"ÖsÚ
ÏQÜ�Ö Ü
ÆAÌ0�ªÇ¤ê!Ê�Ç�ÈªÍ @�È!â�ê1B9C @ED�ã.â í ÆA@�È!â�ê�B6C @ED�ã.â É¤Ê�Ç�É�����Dz@��ÕÆA@�È!â�ê�B6C @�D�ã.â

í !=,�# � �� 
 ýz��
 � ��� & å Ñ,ä � !	ý�
 ý� &�3 !G� &*�Ô�Ï�Ñ 8 ÏQÙYÔ�Ï á Î�!m< &x> Ì1�ªÇ¤ê!Ê�Ç	ÈªÍ @�È�â�ê1B9C @ED�ã.âAØ�Ñ,ÙHß<ÏQÙ	Ø�Ñ,ÙY×(àÖoÐ�ä�Ú
Ñ�×�ß�Ý�Ò á Ò"ÖoÑ,Ð�Ü J ÖoÒYÔ9Ú!Ô�ÏQÚ!Û�ÜYÝ�×æ× á Ò"ÙYÖ ÚªÏ�Ü�ÖoÐ]Ø á Ý å Ò�ÒYÑ å àÏ
Ù á Ð¼Ò�× á ÒYÙ"Ö��`× á ÒYÙ"Ö6� ×WÝ å ÒYÖsß å ÖsÚ á Ò"ÖoÑ,Ð Ö Ü
> Ì1�ªÇ¤ê!Ê�Ç�ÈªÍ @�È!â�ê1B9C @ED�ã.â í Æ Ì1�ªÇ¤ê"Ê�Ç�È
Í @�È!â�ê�B6C @EDQãþâ

Æ @�È�â�ê1B9C @ED�ã.â
í �"! ý� � & !m� &H�Ù"Ñ�×�!m� & èOJ ÏmÚ á Ð]ÚªÑ�Ð<Ú å Ý�Î�ÏÂÒYÔ á Ò

ý : 4+ØHÒYÔ�Ï3Ü	Ö95
Ï�Ñ�Ø�Ò"Ô�ÏWÎ á Ò á Ñ,Ð9Ï á Ú!Ô]ß�Ù"Ñ�ÚªÏ�ÜYÜ�Ö Ü�LK��Ï�Î�!$�Ö Ü%Ln��Ï�Î & è ÒYÔ�ÏQÐ á ÜjÒYÔ�Ï�Ð�Ý�×��?Ï
ÙHÑ�Ø<ß�Ù"Ñ�ÚªÏQÜ"ÜYÏQÜjÖoÐ�Ú
ÙYÏ á ÜYÏQÜÒYÑ³ÖsÐOL�Ð�ÖþÒ"ÏP!6Ò"Ô á Ò�ÖsÜ �RQ;S/& è Ò"Ô�ÏmÑ 8 Ï
Ù"Ô�Ï á ÎT!m< & Ø�Ñ�Ùß?Ï
ÙYØ�Ñ�Ù"×(ÖsÐ�ä(ÚªÑ�×�ß�Ý�Ò á Ò"ÖoÑ,Ð�Ü J ÖþÒ"Ô`Ú!Ô�ÏQÚ!Û�Ü	Ý�×ü× á ÒYÙ"ÖsÚ
ÏQÜÎ�Ï�ÚªÙ"Ï á ÜYÏQÜ�Ò"Ñ�5QÏ
Ù"Ñ J ÖþÒ"Ô á ÜYß<ÏQÏQÎ`Ñ�Ø7�"! �U &, : 4+Ø�ÒYÔ�Ï�Ð¼Ý�×��?Ï
ÙAÑ�Ø¼ß�Ù"Ñ�ÚªÏ�ÜYÜYÏQÜ­Ö ÜALK��Ï�Î�! � ÖsÜVLn��Ï�Î & è Ò"Ô�Ï
Ðá Ü�ÒYÔ�Ï�ÜYÖ95
Ï�Ñ�Ø­Ò"Ô�Ï�Î á Ò á Ñ,Ð(Ï á Ú!Ô�ß�Ù"Ñ�ÚªÏQÜ"ÜHÖsÐ�ÚªÙ"Ï á Ü	Ï�ÜHÒYÑÖsÐOL�Ð�ÖoÒYÏu!6Ò"Ô á Ò`ÖsÜP� Q S�& ÒYÔ�ÏÕÑ 8 Ï
Ù"Ô�Ï á ÎX!=< & Ø�Ñ�Ùß?Ï
ÙYØ�Ñ�Ù"×(ÖsÐ�ä(ÚªÑ�×�ß�Ý�Ò á Ò"ÖoÑ,Ð�Ü J ÖþÒ"Ô`Ú!Ô�ÏQÚ!Û�Ü	Ý�×ü× á ÒYÙ"ÖsÚ
ÏQÜÎ�Ï�ÚªÙ"Ï á ÜYÏ�ÒYÑ"5
ÏQÙYÑ J ÖoÒYÔ á Ü	ß?Ï
Ï�Î Ñ�Ø7�"! �@ &Y%Z9Y%Z9Y \"]_^-`�bc^edKf�gmhi`���^e~�he]_^-`z�*�Ô�ÏMØ á Ö å Ý�ÙYÏMÙYÏ�ÚªÑ 8 Ï
Ù"ðbÚ
Ñ�Ð¼Ò á ÖoÐ<ÜDÒ J ÑbÜ�Ò"Ï
ß�Ü)��!	ý & ÙYÏ�ÚªÑ 8 Ï
ÙAÒ"Ô�Ïß�Ù"Ñ�ä�Ù á ×�×�ÖsÐ�ämÏ
Ð 8 ÖsÙYÑ,Ð�×�Ï
Ð¼Ò) A!G, & Ù"ÏQÚ
Ñ 8 ÏQÙ1ÒYÔ�Ï á ß�ß å ÖsÚ á ÒYÖsÑ�ÐÎ á Ò á :
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Table 1. Experiment ConfigurationsÆ «9ò�£ ¤�©x¤�¦�«6­a«6¬i§�ÀV²W§.®1¦�«6Â ½�ßOÃ ñ%>?> ½zÿKÃ ß@>?> ß�ÇOÃ A%>?>Æ «9ò�£ ¤�©7ª±¢K£)ª±ÎO´1ÁK²�²W§.®�¦1«6Â ½zÿKÃ ß@>?> ßaÇOÃ A%>?> 3 ßOÃ >%>?>¹»¦�¤Oª�£)´�´�­�¦�«9¨P¿�«�®�¢K¤�ÁK®l·c¡ ß�Äeó	ß 3 Äeó 3 à�Äeó�à¹»¦�¤Oª�£)´�´�­�¦�«9¨P¿�«�®�¢k·c¡ 3 Äeó 3 à"Äeó�à Ç�ÄeóPÇ
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