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(sÅCÁu(-2i¹�ÁI24FA»K279;*+*+(-2X.�ºq,�¹XJI(#�/(-&)<�9K,/<�J/9K. ¸ ,/<C(-24»AFK,I(�.4(�?A(�279;&}2X(�?@º¤.iº)FK,u.sÂIÐ	?A(�2X¼C<I9V¼
&q(-»A9A5s¼§á'âbã@ä�ã}Öbå��Nf`f§5sFC<C(~º¤.G&)º)6K(�&)¼�¹4F+Æ�(~&)(-.X.�i�º),A¹ ¸ ºq¹4º)?K(�jCÂ

k lnmBo)E}±/¶FLNE�¯G°��jC�Edp �jCZ´ ��°@¶i²	¯

æ1JIº¤.�.4(-5s¹4º)FK, º),@?K(�.Z¹Xºq»R9�¹X(-.¨¹XJI("2 ¸ ,R¹4º)*+(§Á�(�24¿ÀFK2X*§9;,u5s(ª9A57JIº)(�?K(�<�Æ@¼�5�FC<C(�5�FK*+ÁIº)&)(-<
¿À24FA*ç¹XJI(zÕuÖd×ê.4Áu(�5sº��u5-9�¹4º)FA,+F;¿bÏ É =RB · æ3Î/9A.�F ¸ ¹4&)º),I(�<Hºq,§¹4JI(3ÁI2X(�?@º)F ¸ .'.i(�5�¹4º)FA,}ÂAÜo¹1º¤.



5sFK*+Áu9;2X(-<z½�ºq¹4JH¹4Ju9�¹'FK¿}¹4JI(3.i(-24º¤9K&/á'âbãRä ã}Ö�å��Nf`f�2X(s¿À(-24(-,/5s(�º)*+ÁI&)(-*+(�,R¹X9;¹4º)FK,�5�FK*+º),I»
½�º¾¹XJ§¹XJI(~Ï É =ªÆ�(�,/57JI*§9K246H. ¸ ºq¹4(~Ò@Â+4 8 ÎI½�ºq¹4J�9§× º)*+ÁI&)(�*+(�,R¹79�¹4º)FA,�<C(-24º)?K(�<H¿À2XFK* ¹4J/(
á'âbãRä ã}Ö�å��Nf`fª5sFC<C(�9K,/<�(sÅ@¹X(�,/<C(�<�ÆR¼������Iå����ë<Cº)2X(-5s¹4º)?K(�.4M�Æ@¼"È�(�9;&�$�FK2X&¤<>%'FA*HB
Á ¸ ¹4º),I»>Ã�9K2i¹X,I(�27.iJ/ºqÁÛØ^È�$ê%GÃ'Ù�Î�9;,/<�&¤9K.i¹3Æ ¸ ¹�,IF;¹�&)(�9K.i¹3½�ºq¹4J�¹4J/(H¿�9K.i¹4(-.i¹	��Ö�
������m�
ºq*+Á/&q(-*+(�,R¹X9;¹4º)FK,�ÁI2XFKÁ�FA.4(-<�º),ìÊ ÔKÌ^Â É &)&	(sÅCÁ�(�2Xºq*+(-,R¹X.�½'(-24(+*§9A<C(HFK, 9©Ë�ÒVBoÁI2XFC5s(-.X.4FK2
=CÍ:ÏìÍ:&¾¹X2X93Ð	,R¹X(�2XÁI24º¤.4(�Ôm2'2'2�.iJu9;2X(-<�*+(-*+FK2X¼¨* ¸ &q¹XºqÁ/24FC5s(�.4.4FK2 ¸ .iº),I»~=CÍ:Ï $�FK2X6C.iJ/FKÁ
5sFK*+Á/ºq&)(-2X.�Â
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· º)»/Â',�.iJ/F�½�.�.i(�Ñ ¸ (�,R¹4º¤9;&C(�ÅC(-5 ¸ ¹4º)FK,z¹4º)*+(�.�¿ÀFK2'áGâ�ã@ä ã}Ö�ådÎu×~ÎR9;,u<�ÕuÖd×~Â · FK2�Æ�F;¹XJ
.iº)L�(�5s&¤9K.X.i(�.�º),@?K(-.i¹4º)»R9�¹4(�< ÎAá'âbã@ä ã}Ö�å��Nf`fzF ¸ ¹XÁu(-2i¿ÀFA24*§.�ÕuÖd× Æ@¼H&q(�.4.	¹4J/9K,"9�¿�9K5�¹XFK2'F;¿
Ò@Â Ôª½�JIº)&)(+×�F ¸ ¹4Á�(�24¿ÀFK2X*§.~ÕuÖ�×ëÆR¼>&)(�.4.�¹4J/9K,�9+¿�9A5�¹XFK23F;¿GÒCÂ 2IÂ æ1JI(�Áu(-2i¿ÀFA24*§9K,/5s(�F;¿
9�¿À(-½é&)º),I(-.�F;¿�JIº)»KJI&)¼H»K(-,I(�2Xº¤5¨ÕuÖd× 5sFC<C(¨º¤.'º),"24(�9K57J§FK¿�J/9K,/<@BoFKÁC¹Xºq*+º)L-(-<Hº)*+Áu(-2X9;¹4º)?K(
ºq*+Á/&q(-*+(�,R¹X9;¹4º)FK,u.�FK¿	¹4JI(zÆ�(�,/57JI*§9K246�Â æ1JI(�2X(�*§9Kºq,/ºq,/»zÁ�(�24¿ÀFK2X*§9;,u5s(�»R9;Á>* ¸ .Z¹�¹4F�9
&)9K24»A(1(sÅ@¹4(-,A¹'Æu(39�¹i¹X24º)Æ ¸ ¹4(-<z¹XF�<C¼@,/9K*+º)5G*+(-*+FK2X¼�*§9;,/9K»K(-*+(�,R¹�F�?A(�2XJI(-9A<H5�9 ¸ .i(�<�Æ@¼
¹4JI(�2X(-5 ¸ 27.iº)?K(�<C(�5sFA*+ÁuFR.iºq¹4º)FA,�F;¿�9;2X» ¸ *+(�,R¹�?K(-5s¹4FA2X.d½�JI(-,§5sFA*+Á ¸ ¹4º),I»HË�Bo<Cº)*+(-,/.iº)FA,/9;&
·�· æ�.�Â�Í:,I&)ºq6A(GÕuÖd×~Î�Æ�F;¹XJ~ºq*+Á�(�279�¹Xº)?K(�ºq*+Á/&q(-*+(�,R¹X9;¹4º)FK,u. ¸ .4(�9�.Z¹79�¹Xº)5�*+(-*+FK2X¼�&)9V¼AF ¸ ¹-Â
��Ö�
������%�¦2 ¸ ,A¹Xº)*+(-.�9K24("FK*+ºq¹i¹X(-<�º), · ºq»/Â ,¦Æu(�5�9 ¸ .i("½�º¾¹XJÛ*+FK2X(+¹XJ/9;,ÝÒm*�*+º), ¸ ¹4(�.
2 ¸ ,R¹Xºq*+(3¿ÀFA2�.4ºqL-(�5s&¤9K.X.P$ ºq¹:º¤.�*+FA24(3¹4Ju9;,�ÒHFA2X<I(�27.�F;¿�*§9;»A,Iºq¹ ¸ <I(�.i&)F�½G(�2G¹4J/9K,>¹4J/(
F;¹4J/(�2¨5�9;,u<Cº¤<I9�¹X(-.�Â ·/¸ 2i¹XJI(�2X*+FK2X(;Î���Ö�
������m�+¿�9;º)&¤.:9K&q¹4FK»A(s¹XJI(�2:¹4F"5�FK*+Á ¸ ¹4(�.4º)L�(z5s&¤9K.X.
É º),§9�4RÒVBoÆIºq¹�9K<I<I24(�.4.'.iÁ/9A5s(KÂ@æ1JI(-24(�¿ÀFK2X(;ÎR½'(�J/9V?K(�(�ÅI5s& ¸ <C(�<���Ö�
������%��¿À24FA*à¿ ¸ 2i¹XJI(�2
(sÅCÁu(-24º)*+(-,A¹7.sÂ

· º)»/Â.-Þ.iJ/F�½�.3¹4JI(ª.X5�9K&¤9;ÆIº)&)ºq¹Z¼�9A57JIº)(�?K(�<¦Æ@¼¦¹4JI( 4¦5�9;,u<Cº¤<I9�¹X(-.�Î�º^Â (;Â�Á/9;279;&)&)(�&d(sÅC(�B
5 ¸ ¹XºqFA,¨¹4º)*+(-.�<Cº)?@º)<I(-<3Æ@¼3(�9K57J�5-9;,/<Cº¤<I9;¹4('^ .bÆu(�.Z¹d.i(-24º¤9;&K2 ¸ ,R¹Xºq*+(KÂ1$ JI(-24(�9K.�Ju9;27<C&)¼39K,R¼
Áu(-2i¿ÀFA24*§9K,/5s(�»A9Kºq,¨5�9K,¨Æu(	FAÆ/.4(�2X?K(-<:¿ÀFK2�9 ¸ ¹4FA*§9�¹Xº)5�Á/9K2X9K&q&)(-&qº)L�9�¹4º)F;,1FK¿A¹XJI('á'âbã@ä ã}Ö�å��Nf`f
5sFC<C(;Î�ÕuÖd×�9A57JIº)(�?A(-.�.4Áu(-(-< ¸ Áu.:FK¿ ¸ Á>¹4F�Ú@ÂTÚ+9;,u< ¸ ÁÞ¹XF  CÂ+2H¿ÀFK2¨.4ºqL-(�5s&¤9K.X.4(-.P$�9K,/<
É Îu2X(-.4Á�(-5�¹Xº)?K(�&)¼KÂQ$ º¾¹XJ�¹4JI(�.i(#�u» ¸ 2X(-.¨Õ�Öd× (�?K(-,Þ.i&)º)»KJR¹X&q¼HF ¸ ¹4Á�(�24¿ÀFK2X*§.������Iå����ëº),
¹4(�2X*§.GF;¿�.45-9;&¤9;Æ/ºq&)ºq¹Z¼;Â

· º)»/ÂGËe2�.4JIF�½�.H9;Æ/.4FK& ¸ ¹X(ª2 ¸ ,R¹4º)*+(-. ¸ .4º),I»Þ¹X(�,èÁI24FC5�(-.X.iFA2X.�Â�� ¸ (�¹4F�ºq¹X.H. ¸ Á�(�2XºqFA2
.i(�Ñ ¸ (�,R¹4º¤9;&1Á�(�24¿ÀFK2X*§9;,/5�(§¹XJI(�×��������/å���� 5�FK*zÆIº),/9�¹XºqFA,Û9K57JIº)(-?K(-.�¹4J/(�Æ�(-.i¹ª9;Æu.iFKB
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Number of processors involved.

Class W:
SAC
C/OpenMP
Fortran-77
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Class A:
SAC
C/OpenMP
Fortran-77
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& ¸ ¹4(�2 ¸ ,R¹4º)*+(-.�Â���F�½G(�?A(�2-ÎC¹4JIº¤.�5�FK*+(�.�9�¹�¹XJI(�(�Å@Á�(�,u.i(�FK¿'ÒKÚH5�FK*+ÁIº)&)(�21<Cº)24(�5�¹Xºq?A(-.G¿ÀFA2
» ¸ º¤<Cº),I»�Á/9;279;&)&)(�&)º)L-9;¹4º)F;,}Âa$ JIº)&)(3Á/9;279;&)&)(�&)º)L-9;¹4ºqFK,�FK¿b¹XJI(HÕuÖd× 5sFC<C(~º¤.15sFK*+Á/&q(�¹4(-&q¼zº)*HB
ÁI&)º)5�ºq¹�&)º)6K("9 5�FK*+ÁIº)&)(�2�FKÁC¹Xºq*+º)L�9�¹4º)FA,}Îb¹XJI(>24(�. ¸ &¾¹Xº),I»¦Á�(�24¿ÀFK2X*§9;,/5�(ªº¤.+.i¹4º)&)&'º),è24(�9K57J
F;¿:(�Å@Á/&qº¤5�º¾¹z9;ÁIÁI2XFA9A57JI(-.�ÂdÜo¹H5�&q(�9;2X&)¼�F ¸ ¹4Á�(�24¿ÀFK2X*§.�9 ¸ ¹4FA*§9�¹4º¤5+Áu9;279;&)&)(�&)º)L-9�¹Xº)F;,¦FK¿:¹4J/(
FK2Xºq»Aº),/9;& á'âbãRä ã}Ö�å��Nf`f§5sFC<C(KÂ
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� =�²�¯�µ�CZ´ HA¶i²	¯BH��d¯�³
	7´�°C´�± E���²�±	�

ÕuÖd× 9Kºq*§.z9�¹+5sFA*�Æ/ºq,/ºq,/»>JIº)»KJCBo&)(�?K(-&�Î�»K(�,/(�2Xº)5"9;2X2X9V¼©ÁI2XFK»A2X9K*+*+ºq,/»"½�ºq¹4Jè5sFA*+Áu(�¹4ºqB
¹4º)?K(�2 ¸ ,R¹4º)*+(1Á�(�24¿ÀFK2X*§9;,/5�(;ÂAæ1JI(�Á/9;Á�(�2'(�?�9;& ¸ 9;¹4(�.d¹4JIº¤.'9;ÁIÁI2XFA9A57JHÆ/9K.4(-<+FA,H¹4JI(3Ï É =
Æu(-,/57JI*§9;2X6 · æ3ÂAÜo¹Gº¤.�.iJIF�½�,+J/F�½ 4;Bo<Cº)*+(-,/.iº)FA,/9;& ·d· æ�.'5�9K,zÆ�(:9A.4.4(�*zÆI&)(-<�ÆR¼H9;Æ�F ¸ ¹
Ë�ÚH&)º),I(-.�F;¿�ÕuÖd×à5sFC<C(�9A.:FAÁIÁuFR.i(�<�¹4F�9;Æ�F ¸ ¹zË�Ú/2§&qº),I(�.�F;¿��u,I(sB�¹ ¸ ,/(-<�áGâ�ã@ä ã}Ö�å��1f`f
FK2+× 5sFC<C(KÂ�� ¸ (+¹XF>º¾¹7.�5sFA,/5sº¤.4(�,I(�.4.~9K,/<©JIº)»KJ�&)(�?A(�&�F;¿�9KÆ/.Z¹X2X9A5�¹XºqFA,Þ¹XJI(>ÕuÖd× 5�F@<I(
5s&)(-9K24&)¼+(sÅCJIº)ÆIºq¹7. ¸ ,/<C(-24&)¼@º),I»z*§9�¹4J/(�*§9�¹Xº¤5�9;&}9K&q»AFK2Xºq¹4JI*§.�ÎR½�J/º)57J>9K24(�5�FK*+ÁI&)(s¹X(�&)¼§<Cº¤.iB
» ¸ º¤.4(-<�ÆR¼�Áu(-2i¿ÀFA24*§9K,/5s(�B�2X(�&¤9;¹4(-<>5�FC<Cº),I»�¹42Xº)576C.3º),©¹4JI(§5-9K.4(+F;¿�á'âbãRä ã}Ö�å��Nf`f>FK2+×~Â



�:(-?K(�&)FAÁI*+(�,R¹"9K,/< *§9Kºq,R¹X(�,/9K,/5s(ÞFK¿�¹4J/(-.4(�5�FC<C(-."24(�Ñ ¸ º)24(©<C(�(-Áê6@,IF�½�&)(-<C»A(¦9;Æ�F ¸ ¹
5sFK*+Á ¸ ¹4(-2�9;2757JIºq¹4(�5�¹ ¸ 24(�9K,/<+5sFA242X(-.4ÁuFA,/<Cº),I»¨FKÁI¹4º)*+º)L-9�¹Xº)FK,~¹X(-57JI,Iº¤Ñ ¸ (�.sÎK(KÂ »/ÂAÁ/9A<I<Cº),I»/Î
¹4º)&)ºq,/»IÎ@Æ ¸ Ç (�2Xºq,/»IÎCFK2�ºq¹4(-2X9;¹4º)FK,ªFK27<C(�2Xº),I»IÂ

Ï�(�?A(�24¹4JI(-&)(-.X.sÎ@¹4J/(+ÕuÖd× 2 ¸ ,R¹4º)*+(¨º).�½�º¾¹XJIº),�9z¿�9A5�¹XFK2�FK¿	ÒCÂ Ô+FK¿d¹4JI(�áGâ�ã@ä ã}Ö�å��1f`f
5sFC<C(ª9K,/<�½�ºq¹4JIº),�9�¿�9K5s¹4FK2�F;¿:Ò@Â+2�F;¿1¹4J/(Þ× 5sFC<C(KÂ�ÜE,Û5sFA,R¹4279K.i¹�Î ¸ .4º),I»�¹4JI("»K(-,I(�279;&qB
Á ¸ 2XÁuFR.i(�¿ ¸ ,/5s¹4º)FK,u9;&1&¤9;,I» ¸ 9;»A( ��Ö�
������m�©&q(�9K<I.�¹XF�9©Á�(�24¿ÀFK2X*§9;,/5�("<C(-»K279K<I9;¹4º)FK,ßF;¿
*+FK2X(~¹4J/9K,>¹Z½GFªFK27<C(-2X.:F;¿	*§9;»A,Iºq¹ ¸ <I(�9;,/<ÞÁI24FAJIº)ÆIºq¹4º)?K(¨*+(-*+FK2X¼ª<C(�*§9K,/<I.:¿ÀFK2�,IFK,CB
¹42Xºq?@º¤9;&�ÁI24FAÆI&)(�* .iº)L-(-.�Â ·/¸ 2i¹XJI(�2X*+FK2X(;Î�ÕuÖd×ÄÆ@¼ .iº)*+ÁI&)(+2X(-5�FK*+ÁIº)&¤9�¹XºqFA,¦F ¸ ¹4Á�(�24¿ÀFK2X*§.
ÆuFK¹4J�&)F�½1Bo&)(�?K(-&Vºq*+Á�(�279�¹Xº)?K(dº)*+ÁI&)(�*+(�,R¹79�¹4º)FA,/./½�ºq¹XJ�FK,I&)¼�Ô:ÁI2XFC5s(-.X.4FK27.}F;¿/9K,�=Q�ÞÃ�.i¼C.iB
¹4(�*�ÂIÜE,>5�FK,R¹4279K.i¹�ÎCFK,/&q¼§9K,I,IFK¹X9�¹Xº)FK,ª½�ºq¹XJ�ÒAÚ���� �Iå���� <Iºq2X(-5s¹4º)?K(�.�. ¸ 5�5�(�(�<C(-<�º),"(�Å@B
ÁI&)FKºq¹4º),I»�* ¸ &q¹4º)ÁI&)(	Á/24FC5s(�.4.4FK27.�Î�½�JI(-24(�9K.dº)*+ÁI&)º¤5sºq¹�Á/9K2X9K&q&)(-&qº)L�9�¹4ºqFK,3F;¿u¹4JI(:áGâ�ã@ä ã}Ö�å��1f`f
5sFC<C(3¿�9;º)&)(-<§¹4F§9K57J/ºq(-?K(39;,@¼§Á�(�24¿ÀFK2X*§9;,/5�(:º)*+ÁI2XF�?K(�*+(-,R¹X.�Â

·I¸ ¹ ¸ 24(�½'FA246èº¤.§Æ/9A.iº¤5-9;&)&)¼�¹Z½'FK¿ÀFK&¤< Â · º)2X.i¹�ÎG?�9;2XºqF ¸ .+º),I( 0+5�º)(�,/5�ºq(�.Hº), ¹4JI(©º),A¹X(�24B
*+(-<Cº¤9�¹X(§ÕuÖ�× 5�F@<I(H.4JIF ¸ &¤<ÞÆ�(zF�?A(�275sFA*+(�Æ@¼¦9K<I<Iº¾¹Xº)FK,/9K&�.4¼@*�Æ�FK&)º¤5~ÁI2XFK»A2X9K* ¹X2X9K,/.iB
¿ÀFK2X*§9�¹4º)FA,/.sÎ ½�JIº¤57J©*§9V¼Þ9;&)&)F�½ ¸ .¨¹4F�¿ ¸ 2i¹XJI(�2�5�&qFR.i(z¹XJI(+Áu(-2i¿ÀFA24*§9K,/5s(z»A9KÁ�Æ�(s¹Z½G(�(-,
ÕuÖd×ç9K,/<Þ&)F�½1Bo&q(-?K(-&b.iFA& ¸ ¹4º)FK,u.sÂ�=C(-5sFA,/< Î}½G(�½GF ¸ &¤<�&)º)6K(~¹XF"(�Å@¹4(�,u<>¹4J/(H5�FK*+Á/9K2X9;¹4º)?K(
.Z¹ ¸ <C¼Ý¹4F F;¹XJI(�2ªÆu(-,/57JI*§9;2X6Ûº)*+ÁI&)(�*+(-,R¹X9�¹Xº)FK,/.�Î�(KÂ »/Â � � � BoÆ/9A.i(�<ÝÁu9;279;&)&)(�&)º)L-9�¹Xº)F;,�F;¿
á'âbãRä ã}Ö�å��Nf`fÞ9;,/<Ý× 5sFC<C(�.sÎb9�<I9;¹X9�Á/9K2X9K&q&)(-&������Þº)*+ÁI&)(�*+(-,R¹X9�¹Xº)FK,}Î/FA2�9�ÁI2X(-. ¸ *HB
9;ÆI&)¼H¿�9K.i¹4(-2 ��Ö�
������m�Hºq*+Á/&q(-*+(�,R¹X9;¹4º)FK,zÆ/9A.i(�<ªFA,�.i¹42Xº¤5�¹�9;,/< ¸ ,@Æ�FVÅC(-<�9;2X2X9V¼C.�Â
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