?tCM7W;;$HB.EY$NOC !A %9!<%Q!<%3%s%T%e!<%?$O$I$l$/$i$$B.$$$+ !A EOIt A1N4 y 7W ;; 5! %; %s %?!< $G ;E ;v $r $7$F $$ $F 2? $h $j $b 9, 1? $J $N $O!" :G ?7 $N 7W ;;5! $, $^ $o $j $K $? $/ $5 $s $" $j!" ( MxMQ <T$N<Y Kb$K$J $i$J$$ HO0O$G $9$, ) Hf3SE* <+M3$K $$$8$l $k$3$H $G$9!#8& 5f$d;E;v $NET9g $GJ#?t $N7W ;; 5!$d%W %m%0 %i%_ %s%0 8@8l $r<h$j 07$C$F $$$k $H!"LL Gr$=$& $G$9 $,$A$c $s$H <B83$7 $?$3 $H$, $J$$ 5?Ld$, $$$/$D$+Ib>e$7$^$7$?!# %U %i %s %9 3W L? $N %9 %m!< %, %s $O !V<+ M3!W !VJ? Ey!W !VGn 0&!W $G $7 $? $,!" ?t CM 7W ;; $N @$ 3& $G $O !VB. $$!W !V$G $+$$!W!V@5 $7$$!W $,@5 5A$N 4z0u$G $9!#K\ 9F$G $O0J 2<$K$" $2$k 5 $D$N <B83$r DL$7!" ?tCM 7W;; $K$*$1 $k!VB.EY!W$r<g$K9M$($F$_$?$$$H;W$$$^$9!# !&C1@:EY1i;;$HG\@:EY1i;;$O$I$l$/$i$$:9$,$"$k$+!# !&%Y%/%H%k7W;;5!$OB>$N7W;;5!$KHf$Y$F7e0c$$$KB.$$$+!# !&<+:n$N%5%V%k!<%A%s$O%W%m$K$+$J$&$+!# !&?t3X4X?t$O?.MQ$G$-$k$+!# !& C $H F ortran $O$I$C$A$,B.$$$+!# $J $*!"FC Dj$N J,Ln $K$7 $+DL MQ$7 $J $$MQ 8l$K $O6K NO ( $h $1$$ $J ) 2r@b $r2C $($^ $7$? $,!"0l 1~!"<+ J,$G F ortran %W%m%0%i%‘$r0lEY$/$i$$AH$s$@$3$H$,$"$k?M$rFI<T$NBP>]$K$5$;$F$$$?$@$-$^$7$?!# 32bit BP 64bit <B?t7?@k8@$KI,MW$J5-21NN0h 7W ;; 5! $G $O!" >p Js $O $9 $Y $F 2 ?J K! $K 4p $E $$ $F =h M} $5 $l $^ $9!# $D $^ $j 0 $H 1 $N @$ 3& $G $9!# 2 ?J ?t ;z 1 8D $r 1 bit $H8F $S$^ $9!#?t ;z$d J8;z $O$3 $N bit $r ;H$C$F I=8=$5$l$^$9!# � � 0 � � � � 1 � � bit bit $, =8 $^$C $F 9= @. $5 $l $k >p Js NL $N C1 0L $r b yte $H8F$S$^$9!# DL>o$O 8bit $r C10L$H$7 $F 1byte $H $$$$ $^$9!# � � 10010011 � � � � 01001011 � � b yte $5$F!" F ortran %W%m %0%i %‘$G G\@: EY<B?t A $r 0l$D @k 8@ $7 $? $H $7 $^ $9!# $3 $N ;~!" A $K $O 8b yte $N 5- 21 NN 0h $, I, MW $K $J $j $^ $9!# $h$C $F!" double presicion y 6e=#Bg3XBg7?7W;;5!%;%s%?!<!&8&5f3+H/It ( $^ $?$O REAL*8 ) $G@k 8@ $7 $? A $N $? $a!" 7W ;; 5!$O %W %m%0%i%‘<B9T;~$K 64bit $N5-21NN0h$r3NJ]$7$^$9!# BP $7 $F C1 @: EY <B ?t $O!" G\ @: EY $N H> J, $N 4byte $N 5- 21NN0h$,I,MW$G$9!#=>$C$F!" REAL $G@k8@$7$?<B?t$O 32bit $NNN0h$r3NJ]$7$^$9!# ?t CM 7W ;; $G DL >o $$ $A $P $s 5- 21 NN 0h $r ?) $& G[ Ns $K $D $$$F$bF1$8$G$9!# REAL A(1001,1001) ! 4byte $NG[Ns@k8@ DOUBLE PRECISION B(1001,1001) ! 8byte $NG[Ns@k8@ >e $N %W %m %0 %i %‘ $G!" C1 @: EY <B ?t 9T Ns A $, 3N J] $9 $k NN 0h $O!" @k 8@ $7 $? G[ Ns $N MW AG ?t J, $G $9!# $h$C $F!" 1001 � 1001 � 4byte $G!"Ls 3 : 82MB 1 $N5- 21NN 0h$, I,MW$G$9!# 0l J}!" F1 $8 %5 %$ %: $N @k 8@ $G $b!" G\ @: EY <B ?t 9T Ns B $O$A$g$& $I A $N G\$NLs 7 : 65MB $N5- 21NN0h $,I,MW $K $J$j$^$9!# %P%s%/%3%s%U%j%/%H$N62I] @h$[ $I$NG[ Ns@k8@ $O REAL A(1001,1001) $H$J$C $F$$ $^$9!# $J $<$- $j$N $h$$ REAL A(1000,1000) $H $+!" REAL A(1024,1024) $H $+ =q $+ $J $$ $N $@ $m $& $H 5?Ld$K;W$&J}$b$$$i$C$7$c$k$H;W$$$^$9!# 1 MB $O MegaByte $NN,!# 1MB $O 1024 2 byte $G$9!# 1

$= $N Lu $O!" 8= :_ $N %9!< %Q!< %3 %s %T%e!< %? $N <g NO 5! $G$"$k %Y%/%H%k7W;;5! $N@-<A$+$i$-$F$$$^$9!# <B $O!" %Y %/ %H %k 7W ;; 5!$G G[ Ns @k 8@ $, 128 $N @0 ?t G\ $d!" 0l HL $K 2 n $H $+ 4 n ( n $O <+ A3 ?t ) $J $I $G Dj 5A $5 $l $? >l 9g!" <g 5- 21 Au CV Fb $G G[ Ns $X $N ;2 >H MW 5a $, $+ $A 9g$C $F!" <B 9T @- G= $, Cx $7 $/ Dc 2< $9 $k $3 $H $, $" $j $^ $9!#$3 $N 8=>] $r %P %s%/ %3 %s%U %j %/ %H (bank con ict) $H $$ $$ $^ $9!# $J $*!" %P %s %/ %3 %s %U %j %/ %H $K $D $$ $F $N >\ $7 $$ 2r @b $O [1] $r 8f Mw 2< $5 $$!# %P %s %/ %3 %s %U %j %/ %H $O!" %Y %/ %H %k 7W ;; 5! FC M- $N 8= >] $G!" $= $l 0J 30 $N 7W ;;5!$G$OH/@8$7$^$;$s!# $= $N $h $& $J Lu $G!" %Y %/ %H %k 7W ;; 5! $G G[ Ns $r @k 8@ $9 $k >l 9g $O!" B? >/ $N 5- 21 NN 0h $N L5 BL $O 3P 8g $N >e!" G[ Ns <!85 $r 2 n + 1 $d 4 n + 1 $J $I $H@k 8@ $7$? J} $,!"<B 9T %9%T!<%I$N2~A1$K$J$j$^$9 2 !# IbF0>.?tE@$N7A<0 C1 @: EY 7? $O!" 5- 21 NN 0h $, G\ @: EY 7? $N H> J, $G $9 $‘ H? LL!"@:EY$,G\@:EY7?$NH>J,$7$+$"$j$^$;$s!# @k 8@ $5$l $? <B ?t $O!" 7W ;; 5! Fb$G Ib F0 >. ?t E@ ( oat- ing p oin t n um b er) $H $7 $F 07 $o $l $^ $9!# Ib F0 >. ?t E@ I= 8= $K $* $$ $F!" @: EY $K 4X 78 $9 $k It J, $O !V2> ?t It!W $H8F$P $l$k$H $3$m $G$9!#Nc $($P!" HFMQ5! M-1800/20 $N F ortran %7 %9 %F %‘ $G $O!" C1 @: EY 7? $G 24bit !" G\ @: EY7?$G 56bit $,2>?tIt$K$"$F$i$l$^$9 3 !# M-1800/20 $N Ib F0 >. ?t E@ I= 8= $O IBM 7A <0 4 $H $$ $o $l $k $b $N $G!" 4 $D $N bit $r C1 0L $H $7 $? 16 ?J ?t $G I= 8= $5 $l $F $$ $^ $9!# =>$C $F!" 2> ?t It $O C1 @: EY $G 16 ?J 6 7e!" G\ @: EY $G 16 ?J 14 7e$N@:EY$r;}$C$F$$$^$9 5 !# $3 $l $r 10 ?J ?t I= 8= $K D> $7 $F $_ $^ $7$g $&!# C1 @: EY $N>l 9g 16 6 = 10 x !" G\ @:EY $N>l 9g 16 14 = 10 x $r $_ $? $9 x $r $= $l $> $l 5a $a $l $P!" Bg BN $N @: EY $, $o $+ $j $^ $9!# $^ $?!" %o!< %/ %9 %F!< %7%g %s I8 =‘ $N Ib F0 >. ?t E@ I= 8= $K IEEE 7A <0 6 $H $$ $& $b $N $, $" $j $^ $9!# $3 $N 7A <0 $G $O 2> ?t It $O C1 @: EY $G 2 ?J 23 7e!" G\ @: EY $G 2 ?J 52 7e $N@:EY$r;}$C$F$$$^$9!# 2 <B :] $O Bh 0l E: ;z $@ $1 =$ @5 $9 $l $P Bg >f IW $H ;W $$ $^ $9!# $^ $?!" %P %s %/ %3 %s %U %j %/ %H $r 5/ $3 $9 >r 7o $O!" 3F %Y %/ %H %k 7W ;; 5! $N %O!< %I 9= @.$K$h$jHyL/$K0[$J$j$^$9!# 3 ;D$j$N 8bit $OId9f$H;X?tIt$NI=8=$K;H$o$l$^$9!# 4 IBM $O International Business Machines $NN,!#$4B8CN@$ 3&6~;X$N%3%s%T%e!<%?!&%a!<%+!<!# 5 $b$A$m$s!"1i;;$r7+$jJV$9EY$K8m:9$,$?$^$C$F$$$-$^$9 6 IEEE $O Institute of Electrical and Electronics Engi- neers $NN,!#%"%a%j%+EE5$EE;R5;=Q<T6(2q!#!V%"%$%H%j%W%k%$!<!W $H FI $‘ $i $7 $$ $N $G $9 $,!" J9 $/ J} $O !V%" %$ %H %k %W %j!<!W $H J9 $3 $( $^ $9!# Ib F0 >. ?t E@ $N 7A <0 $K $O!" B> $K $b CRA Y 7A <0 $J $I $, $" $j $^ $9!# $4$A$c$4$A$c$7$F$-$?$N$G!"I= 1 $K$^$H$a$^$9!# I= 1: IbF0>.?tE@$N@:EY IBM 7A<0 IEEE 7A<0 C1@:EY7? 16 ?J 6 7e 2 ?J 23 7e (7 : 22 7e ) (6 : 92 7e ) G\@:EY7? 16 ?J 14 7e 2 ?J 52 7e (16 : 86 7e ) (15 : 65 7e ) ( ) Fb$O 10 ?J$K49;;$7$?6a;wCM IEEE 7A <0 $N >l 9g!" 2> ?t It J, $N @: EY $, IBM 7A <0 $h $j >/ $7 Nt $k Be $o $j $K!" ;X ?t It J, $K NO $r Cm $$ $G $$ $^ $9!# $= $N $? $a!" IBM 7A <0 $h $j $b @d BP CM $N 0U L# $G !V$G$+$$!W?t$,=hM}$G$-$^$9!# Ib F0 >. ?t E@ 7A <0 $K $D $$ $F $N 2r @b $O!" ?t CM 7W ;; $N K\ ( Nc$( $P [2] $d [3]) $r FI$‘ $H!" $?$$ $F $$:G =i $N>O $K =q $$$F $"$j $^$9!# $^$? [4] $G$O!" IEEE 7A<0 $H IBM 7A <0 $N JQ 49 J} K! $K $D $$ $F $N M- 0U 5A $J 2r @b $, $5 $l $F $$ $^ $9$N$G!"6=L#$N$"$kJ}$O$*FI$_2<$5$$!# $"$J$?$J$i$I$&$9$k $5 $F!" I= 1 $G $o $+ $k $h $& $K!" C1 @: EY 7? $, G\ @: EY 7? $N \ H> J, " $N @: EY $H $$ $& $3 $H $O!" 1i ;; $N 2a Dx $G CW L? E* $J 8m :9 $, 7W ;; 7k 2L $K :. F~ $9 $k 4m 81 $, G\ @: EY 7? $N \ G\ " $"$k$H$$$&$3$H$K$[$+$J$j$^$;$s!# Bg 5, LO $J ?t CM 7W ;; $, 8& 5f $N @. 2L $r Bg $- $/ :8 1& $9 $k $h $& $J >l 9g!" !V5- 21 NN 0h $r $H $k $+!" @: EY $r $H $k $+!W $GG:$‘$3$H$b$7$P$7$P$G$9!# $? $@ $7!" G\ @: EY $d $5 $i $K G\ $N @: EY $r ;} $D 4 G\ @: EY $G 7W ;; $7 $? $+ $i $H $$$C $F!" 7W ;; 7k 2L $r A4 LL E* $K ?. MQ $7 $F $$ $$ $+ $H $$ $( $P!" I, $: $7 $b $= $& $O $$ $- $^ $; $s!# Ib F0 >. ?t E@ 1i ;; $, $" $/ $^ $G $b L5 8B $N 6a ;w $K $9 $. $J $$ $H $$ $& ;v <B $+ $i!" >p Js $N B; <: $O I, $: 5/ $- $^ $9!# !V7W ;;$NIJ<A!W$K$D$$$F$O [5], [6] $r8fMw2<$5$$!# ?t CM 7W ;; $r C1 @: EY $G $d $k $Y $- $+ G\ @: EY $G $d $k $Y $- $+ $N A* Br $O!" A0 =q $- $G =R $Y $? ?t CM 7W ;; $N @5 5A $N %9 %m!< %, %s !VB. $$!W !V$G $+ $$!W !V@5 $7 $$!W A4 $F $K 4X $o $k=EMW$JLdBj$G$9!# $=$3$G!"<!$N<B83$r$7$^$9!# <B83 I G\@:EY (64bit) %G!<%?$OC1@:EY (32bit) %G!<%?$N G\ $N 5- 21 NN 0h $, I, MW!# $G $O!" G\ @: EY $G $N 1i ;; ;~ 4V$OC1@:EY$G$N1i;;;~4V$NG\$+$+$k$N$+!) 4 G\ @: EY $b 5$ $K $J $k $H $3 $m $G $9 $,!" 4 G\ @: EY 7? $O F ortran $N @5 <0 $J 5, 3J $G $O $" $j $^ $; $s!# $^ $?!" %F %9 2

%H $K MQ $$ $? %5 %V %k!< %A %s $, 4 G\ @: EY 7? $K BP 1~ $7 $F $$ $J$+$C$?$?$a!":#2s$O9T$$$^$;$s$G$7$? 7 !# %5%V%k!<%A%s$N@-G=Hf3S <B 83 $O!" 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< $K $" $k HF MQ 5! FUJITSU M-1800/20 $H!" %Y %/ %H %k 7W ;; 5! FU- JITSU VP2600/10 $r MQ $$ $F 9T $$ $^ $7 $?!# $^ $:!" B? $/ $N ?t CM 7W ;; $G B? MQ $5 $l $k 9T Ns @Q $H O" N) 1 <! J} Dx <0 $N 2r $r 5a $a $k %5 %V %k!< %A %s $K %?!< %2%C %H $r 9J $j!" C1 @:EY$HG\@:EY$G=hM}B.EY$rD4$Y$k$3$H$K$7$^$9!# DL >o!" %W %m %0 %i %‘ A4 BN $r DL $8 $F!" $3 $l $i $N 9T Ns 1i ;; $O Bg NL $N %3 %9 %H $, $+ $+ $k $H $3 $m $G $9!# 4D 6- $O I= 2 $K$^$H$a$^$7$?!# VMGGM, D VMGGM $O 9T Ns $N @Q $r 5a $a $k %5 %V %k!<%A %s!" VLAX, D VLAX $O L) 9TNs $N O" N) 1 <! J} Dx<0$r2r$/%5%V%k!<%A%s$G$9!#@hF,$K \D" $,$D$$$? J}$,G\@:EYMQ$G$9!# $3 $l $i $N %5 %V %k!< %A %s $O!" IY ;N DL 3t <0 2q <R Ds 6! $N 2J 3X 7W ;; MQ %5 %V %k!< %A %s %Q%C %1!< %8 SSL I I, SSL I I/VP $N 3HD% 5!G= $N0l It$G!" 7W;; 5!$N G= NO$r :GBg 8B $K 0z $- =P $9 $h $& $K !V%. %s %. %s!W $K %A%e!< %K %s %0 $5 $l $F$$$^$9 8 !#0z?t$d2rK!$N2r@b$O [8] $r8fMw2<$5$$!# G[Ns$O%P%s%/%3%s%U%j%/%H$rHr$1$k$?$a!" 1025 � 1025 $G @k8@ $7 $^$9!# 9T Ns$N Bg$- $5 $r n $H $7$F n = 16, 32, 64, 128, 256, 512, 1024 $KBP$7!"9TNs$H%Y%/ %H%k$r 8 > > > > > > > > > > < > > > > > > > > > > : A = B = ( b ij ) b ij = r 2 n + 1 sin � ij n + 1 f = ( f i ) f i = n X j =1 b ij (1) $G Dj 5A $7 $? 8e!" C1 @: EY!" G\ @: EY $N 3F %5 %V!< %k!< %A %s $rMQ$$$F9TNs@Q C = A � B $KMW$9$k;~4V!"$*$h$SJ}Dx<0 Ax = f 7 ?7 $7 $$ JIS 5, 3J $G $" $k F ortran 90 $G $O!" I, MW $J @: EY $H HO 0O $r<+ M3 $K@k 8@ $9$k $3 $H$, 2D G=$K $J $j$^ $7 $? ([7]) !# $?$@ $7 $=$N @: EY $K BP 1~ $7 $? 4X ?t $d %5 %V %k!< %A %s $O <+ J, $G :n $k $3 $H $K $J $j $^ $9!# 8= :_B? $/ $N F ortran %7 %9%F %‘ $K <B8= $5 $l $F$$ $k 4 G\ @: EY7? $,!" %5 %V %k!< %A %s %i %$ %V %i %j $d AH $_ 9~ $_ 4X ?t $b 4^ $a $F :# 8e $b %5 %]!< %H $5 $l $k$+$I$&$+$O!"$h$/$o$+$j$^$;$s!# 8 0l It $^ $? $O $[ $H $s $I $, %" %; %s %V %i $G =q $+ $l $F $$ $k $N $G $O $H ;W $$$^$9$,!"%=!<%9%3!<%I$O4k6HHkL)$GHs8x3+$G$9!# $N 2r x = ( x i ) $r F@ $k $^ $G $N ;~ 4V $r 7W B, $7 $^ $9!# 7W B, $O 3F F ortran %7 %9 %F %‘ $, Au Hw $7 $F $$ $k CLOCK %5 %V %k!< %A %s ([9]) $r MQ $$ 9 !" <! $N $h $& $K $7 $F <B 9T ;~ 4V$rD4$Y$^$9!# CALL CLOCK(T1,2,2) CALL DVMGGM(A,MAXN,B,MAXN,C,MAXN,N,N,N,ICON) CALL CLOCK(T2,2,2) CPU=(T1-T2)*1.0D-3 %5 %V %k!< %A %s $r 8F $S =P $9 $N $K MW $9 $k ;~ 4V $O L5 ;k $7 $^$9!#$^ $?!" CLOCK %5%V %k!<%A%s $N7WB, 7k2L$O ?. MQ$9$k$3$H$K$7$^$9!# <B837k2L $= $l $G $O 7k 2L $r 8+ $^ $7$g $&!# B, Dj $O 1995 G/ 6 7n 29 F|$K9T$$$^$7$?!# $^ $:$O HF MQ5! $G$N <B 9T;~ 4V$G $9!# I= 3 $r 8fMw 2<$5 $$!# I= 3: M-1800/20 $G$NB,Dj7k2L 9TNs$N@Q O"N) 1 <!J}Dx<0$N2rK! <!?t C1@:EY G\@:EY C1@:EY G\@:EY 16 0.293 0.303 0.244 0.244 32 1.786 1.732 1.109 1.022 64 13.199 12.742 6.314 5.879 128 114.875 118.569 41.415 41.126 256 892.322 936.736 304.125 314.801 512 6214.375 6800.281 2350.711 2409.872 1024 49992.702 54451.673 18847.299 19295.309 ( C10L : %_%jIC ) $@ $$ $? $$ F1 $8 $G $9 $,!" <! ?t $r Bg $- $/ $9 $k $H C1 @: EY 1i ;; $N J} $, <c 43 B. $/ $J$C $F $$ $^ $9!# n = 1024 $G $N 9T Ns @Q $G $O!" C1 @: EY $O G\ @: EY $N Ls 1 : 1 G\ B. $$ $H $$ $& 7k2L$rF@$^$7$?!# B3 $$ $F $O!" A4 $/ F1 $8 %W %m %0 %i %‘ $r %Y %/ %H %k 7W ;; 5! $GB,Dj$7$?7k2L$G$9!# $J $s $H!" %Y %/ %H %k 7W ;; 5! $G $O G\ @: EY 1i ;; $N J} $, B. $$ $H $$ $& 7k 2L $, F@ $i $l $^ $7 $?!# $b $A $m $s!" CLOCK 4X ?t $N 8m :9 $b 9M $( $k I, MW $, $" $j $^ $9 $, 10 n = 1024 $N $H $-!" G\ @: EY $O C1 @: EY $K BP $7 $F O" N) 1 <! J} Dx <0 $N 9 <B 9T ;~ 4V 7W B, 4X ?t $O!" 7W ;; 5! $d %3 %s %Q %$ %i $K $h$C $F $^ $A $^ $A $G$9!#=PMh$l$PE}0l$7$FM_$7$$$b$N$G$9!# 10 0l 2s $N <B 9T $, 6K $a $F C; $$ %8%g %V $r D4 $Y $k $K $O!" Nc $( $P F1 $8 %8%g %V $r 10000 2s 7+ $j JV $7 $? 7k 2L $r 10000 $G 3d$C $F J? 6Q CM $r $H $k $H $$ $& J}K! $, $" $j $^ $9 $,!" FOR TRAN77 EX $N CLOCK 4X ?t$O@:EY$,$h$5$=$&$J$N$G!"?.MQ$7$^$9!# 3

I= 2: <B83 I $N4D6- 7W;;5! M-1800/20 VP2600/10 OS OS IV/MSP V10L10 OS IV/MSP V10L10 %3%s%Q%$%i FOR TRAN77 EX V12L10 FOR TRAN77 EX/VP V12L10 %i%$%V%i%j SSL I I V12L10 SSL I I/VP V12L10 %5%V%k!<%A%s VMGGM, DVMGGM ( 9TNs@Q ) VLAX, DVLAX ( O"N) 1 <!J}Dx<0 ) I= 4: VP2600/10 $G$NB,Dj7k2L 9TNs$N@Q O"N) 1 <!J}Dx<0$N2rK! <!?t C1@:EY G\@:EY C1@:EY G\@:EY 16 0.104 0.102 0.181 0.202 32 0.280 0.230 0.400 0.418 64 0.952 0.672 0.968 0.972 128 3.810 2.354 2.828 2.671 256 17.815 10.005 9.681 8.602 512 111.110 60.410 39.927 34.228 1024 874.635 455.867 215.531 187.933 ( C10L : %_%jIC ) 2r K! $G Ls 1 : 2 G\!" 9T Ns @Q $G Ls 1 : 9 G\ $N @- G= $r =P $7 $F $$$^$9!# A4BN$N<B9T;~4V$rHf3S$9$k$H!) I= 3, 4 $O SSL I I $N %5 %V %k!<%A %s %i %$%V %i %j $N<B 9T ;~ 4V $K 8B$C $? <B 83 $G $7 $?!# $b $7 $+ $7 $? $i %i %$ %V %i %j $K :Y 9) $, $7 $F $" $j!" G\ @: EY $N $H $- $O $& $s $H 4h D% $k $N $+ $b CN $l $^ $; $s!# $= $3 $G :# EY $O!" F ortran %W %m %0 %i %‘ $r <+ J, $G AH $_!# K] Lu!" 7k 9g!& JT =8!" <B 9T A4 BN $K MW$9$k;~4V$GHf3S$9$k$3$H$K$7$^$9!# %W%m%0%i%‘$O0J2<$NMWNN$G:n@.$7$^$7$?!# � G[Ns$O 4001 � 4000 $G@k8@!# � <! 85?t n $r 4000 $H$7$F 9TNs A $H %Y%/%H%k f $r (1) $G Dj 5A!# $3 $N $h $& $K :n $k $H!" Ax = f $N 2r $O @53N $K x = (1 ; 1 ; � � � ; 1) $K $J $k$3 $H$, CN $i$l $F$$$k!# � O" N) 1 <!J}Dx<0 Ax = b $r Gauss $N>C5nK!$G2r $/%5%V%k!<%A%s MYLU $r:n@.!#$J$*!" MYLU $OFCJL$K%Y%/%H%k7W;;5!$r0U<1$7$F$$$J$$!# � MYLU $r MQ$$ $F 2r x = ( x i ) $r 5a $a$k!# $^$? 8m :9$H$7$F!"3FMWAG$N@dBPCM$G$N:GBg8m:9$r max 1 � i � n j x i � 1 j $GFCDj$9$k!# � 0J >e $N %W%m %0 %i %‘ $r C1 @: EY MQ $H G\ @: EY MQ $G :n@. $7!" <B 9T ;~ 4V $r Hf 3S $7 $?!# $J $*!" <B 9T ;~ 4V $O 7W ;;5!%7%9%F%‘$,5-O?$9$k%m%0$K$h$C$?!# MYLU $N Cf ?H $O 8e $[ $I >R 2p $7 $^ $9!# C1 @: EY MQ $H G\ @: EY MQ $N %W %m %0 %i %‘ $N 0c $$ $O!" <B ?t @k 8@ $H AH $_ 9~ $_ 4X ?t $N L> A0 $@ $1 $G!" %" %k %4 %j %: %‘ $O A4 $/ F1 $8 $G $9!# 7W;; 5! $N 4D 6- $OI= 2 $H F1 $8 $G $9!#$^ $?!" K] Lu %* %W%7%g%s$H$7$F!" OPT(E) $r;XDj$7$^$7$?!# <B 83 $O 1995 G/ 7 7n 7 F| $K 9T $$ $^ $7 $?!# I= 5 $, <B 9T7k2L$G$9!# I= 5: F ortran %W%m%0%i%‘$N7W;;;~4VHf3S M-1800/20 VP2600/10 <oJL C1@:EY G\@:EY C1@:EY G\@:EY K]Lu 0.45 0.45 0.62 0.62 7k9g!&JT=8 0.08 0.08 0.36 0.35 <B9T 14669 15362 188 84 9g7W 14670 15363 189 85 :GBg8m:9 1.02E+2 2.10E-8 7.46E+1 1.27E-8 ( C10L : IC ) HF MQ 5! $G $O!" $d $O $j C1 @: EY 7W ;; $N J} $, $o $: $+ $K B. $$$H$$ $&7k2L $,$G$^ $7$?!#$?$@ $7HfN( $O 1 : 05 G\Dx EY $J$N$G!"8_3Q$N@o$$$H$$$($^$9!# JR $d %Y %/ %H %k 7W ;; 5! $G $O!" G\ @: EY $N 85 IC $K BP $7 $F!" C1 @: EY $O $= $N 2 : 2 G\ $N 189 IC $b =h M} $K ;~ 4V $, $+ $+$C$F$7$^$$$^$7$?!# $= $l $K $b $^ $7 $F Cm L\ $7 $F $$ $? $@ $- $? $$ $N $O!" !V:G Bg 8m :9!W $N Ms $G $9!# M-1800/20 $N C1 @: EY $N 8m :9 $, \1.02E+2" $H $$$&0U L#$O!"??$N 2r$OA4 $F 1 $G$" $k$Y $- $J $N $K!" ?t CM 7k 2L $N $I $l $+ $N @d BP CM $, 100 $r 1[ $( $kCM$K$J$C$F$7$^$C$?$H$$$&$3$H$G$9!# VP2600/10 $G $b!" 8m :9 $O 70 0J >e $K $U $/ $l $" $,$C $F $$ $^ $9!# $3 $l $G $O!" $[ $H $s $I ;H $$ $b $N $K $J $i $J $$ $H 8@$C $F $$ $$ $G $7$g $&!# BP $7 $F G\ @: EY 1i ;; $G $O!" 8m :9 $G $+ $J $j 4

1x $5 $l $F $O $$ $^ $9 $,!" 7 7e $/ $i $$ $O 0l CW $7 $F $$ $k $N $G!">u67$K$h$C$F$O;H$($kM>CO$,$"$j$=$&$G$9!# $D $^ $j!" VP2600/10 $G 4000 85 $[ $I $N Bg 5, LO 7W ;; $r 9T $& $3 $N %F %9 %H %W %m %0 %i %‘ $G $O!" C1 @: EY 1i ;; $O G\ @: EY $H Hf $Y $F <B 9T ;~ 4V $, 2 G\ 0J >e $+ $+ $k >e $K!" ?t CM 7k 2L $, ;H $$ $b $N $K $J $i $J $$ $H $$ $& 62 $m $7 $$ 7k 2L $, =P $^ $7 $?!# $3 $& $J $k $H!" NN 0h $N @a Ls $H $$ $& Mx E@ $O 2? $NLr$K$bN)$?$J$/$J$j$^$9!# %Y %/ %H %k 7W ;; 5! $K Be I= $5 $l $k %9!< %Q!< %3 %s %T%e!< %? 11 $rMQ$$$F$N?tCM7W;;$O!"Bg5,LO$JG[Ns$r DO %k!< %W $G \ $V $s $^ $o $9 " $N $, $[ $H $s $I $G $9!# 7W ;; 5, LO $, Bg $- $$ $H $$ $& $3 $H $O!" 1i ;; NL $b B? $$ $H $$ $& $3 $H $G $" $j!" 1i ;; NL $, B? $$ $H $$ $& $3 $H $O!" $= $l $K $H $b $J $& 8m :9 $N A} Bg $, Hr $1 $i $l $J $$ $H $$ $& $3 $H $G $9!# 8m :9 $, A} Bg $9 $k $H $$ $& $3 $H $O!" 7W ;; 7k 2L $K A4 $/ 0U L# $, $J $/ $J $k4m81@-$,Bg$-$/$J$k$H$$$&$3$H$G$9!# =>$C $F!" $3 $N <B 83 $G $N 7k O@ $O <! $N $h $& $K $J $j $^ $9!# 7kO@ I Bg 5, LO $J ?tCM 7W ;; $r %Y %/ %H %k 7W ;; 5! $G <B 9T $9 $k >l 9g!" 7W ;; 7k 2L $N IJ <A $r J] $D $? $a!" =P Mh $k $@ $1 G\@:EY1i;;$G$d$j$^$7$g$&!# F A COM $8$c$J$$$N!) HF MQ5! M-1800/20 $b%Y %/ %H %k 7W;; 5! VP2600/10 $b!" >& IJ L> $O \FUJITSU" $G $9!# N> J} $H $b!" EA E} $" $k!V M %7%j!<%:!W!V VP %7%j!<%:!W$N0l>&IJ$G$9$,!" $3$N Be $K $J$C $F >& IJ L> $, \FUJITSU" $K Be $o $j $^ $7 $?!#A0$N5!<o$^$G$N>&IJL>$O \F A COM" $G$9!# F A COM $O F actory Automation COMputer $N N, $G!" D9 G/ IY ;N DL %3 %s %T%e!< %? $N %V %i %s %I $H $7 $F ;H $o $l $F $- $? $N $G $9 $,!" 2? 8N $+ JQ $o$C $F $7 $^ $$ $^ $7 $?!# M} M3 $O D4 $Y $F $J $$ $N $G $h $/ $o $+ $j $^ $; $s $,!" 0l $D$N@b$H$7$F [10] $N;XE&$r>R2p$7$F$*$-$^$9!# IY;NDL $N %3%s %T%e!< %?$O @$ 3&Cf $K 9- $/M" =P $5$l $F $$$k $,!" $= $N >& IJ L> $O %U%! %3 %‘ F A COM $H $$ $&!# IY ;N DL$N %3%s %T%e!< %? $H $$$C$? 0U L# $@!# $7$+ $7!" $3 $l $b1Q 8l7w$N ?M $O4i $r $7$+ $a$k!# ;z $r8+ $? ;~$K $O 5$$E $+ $J$$ $,!"<*$GJ9$/$H!V%U%!%C%/!&%*%s F uc k on !W$K6a$$46 $8$,$9 $k $+ $i$G $" $k!#0U L# $O !VHH$7 $F $d$l!W $H $G $b$J $k$@$m $& $+!#$R $I $/2< IJ $K6A $/!# ?M A0$G $O 8}$K $7 $K$/ $$L>A0$@!# 8b CR1Q!X8@MU$K$D$1$kLt!Y 11 !V%9!< %Q!< %3 %s %T%e!< %?!W $H $O!" 0l HL $K !V$= $N ;~ Be $N HF MQ $N 7W;;5!$HHf3S$7$F3JCJ$K9bB.$N7W;;5!!W$N$3$H$r$$$$$^$9!# F OR TRAN $8$c$J$$$N!) F ortran $H $$ $& L> >N $O F orm ula T ranslation $N N, $G $9!# F| K\ 8l $K $9 $k $H !V?t <0 K] Lu!W $H $$$C $? 0U L# $K $J$j$^$9!# F ortran $O Be!9 \F OR TRAN" $H!" A4 $F Bg J8 ;z $G =q $/ $N $, Ia DL $G $7 $?!# $7 $+ $7!" ?7 $7 $$ F ortran 90 $+ $i!" F, $N F $@ $1 Bg J8 ;z $G!" $" $H $O >. J8;z $G =q $/ $h $& $K $J $j $^ $7 $?!# 8= :_ $N 5, 3J $O F ortran 90 $G $9 $N $G!" 8@ 8l $H $7 $F $N L> A0 $b \F OR TRAN" $G $O $J $/!" \F ortran" $H=q$/$N$,@5<0$N$h$&$G$9!# $= $& $$ $& Lu $G!" %3 %s %Q %$ %i $N L> A0 $, Bg J8 ;z $H $J$C $F $$ $k $b $N $O!" Nc $( $P \F OR TRAN77 EX" $J $I $H =q $- $^ $9 $,!" $= $l 0J 30 $O \F ortran" $G E} 0l $9 $k $3 $H $K$7$^$9!# FUJITSU M-1800/20 5

%Y%/%H%k7W;;5!$N0RNO B.$$$>%Y%/%H%k7W;;5! <B 83 I $N 7k 2L $r $_ $k $H!" %Y %/ %H %k 7W ;; 5! $N =h M} $, $$ $+ $K 9b B. $+ $h $/ $o $+ $j $^ $9!# G\ @: EY 1i ;; $G Hf 3S $9 $k$H!"%Y%/%H%k7W;;5!$OHFMQ5!$KBP$7$F!"$*$*$h$= D VLAX $G 103 G\ D VMGGM $G 120 G\ %F%9%H%W%m%0%i%‘$G 181 G\ $N%9%T!<%I$r<($7$F$$$^$9!# $b$C $H $b!" %Y %/ %H %k 7W ;; 5! $O $= $N L> A0 $N <( $9 DL $j!" $b $H $b $H $3 $N $h $& $J %Y %/ %H %k!& 9T Ns 1i ;; $r 9b B. $K 9T $& $? $a $K @_ 7W $5 $l $? 7W ;; 5! $G $"$C $F!" 5U $K $3 $l $/ $i $$ $N @- G= $, =P $J $$ $H!" $= $N B8 :_ M} M3 12 $, <: $o $l $F$7$^$$$^$9!# %Y %/ %H %k =h M} $K $h $k 9b B. 2= $N $+ $i $/ $j $r CN $j $? $$ J}$O!"$<$R [11] $r8fMw2<$5$$!# $G $O!" $_ $J $5 $s $, $h $/ $* ;H $$ $K $J$C $F $$ $k %Q!< %= %J %k %3 %s %T%e!< %? $d %o!< %/ %9 %F!< %7%g %s $H Hf $Y $F!" %Y %/ %H %k 7W ;; 5! $, $I $l $/ $i $$ $N @- G= $r $b$C $F $$ $k $N $+!"<B83$7$^$7$g$&!# IT 8x @5 $K $b!" %Y %/ %H %k 7W ;; 5! $, $b$C $H $b F@ 0U $J EZ I6$GBP7h$5$;$^$9!#$=$NBe$o$j$K SSL I I %5%V%k!<%A %s $O ;H $o $: $K!" F1 0l $N F ortran %W %m %0 %i %‘ $G >! Ii $7 $^$9!# <B83 I I %Q!< %= %J %k %3 %s %T%e!< %? $d %o!< %/ %9 %F!< %7%g %s $O!" 9T Ns @Q 1i ;; $G HF MQ 5! $d %Y %/ %H %k 7W ;; 5! $H EO $j$"$&$3$H$,$G$-$k$+!) $=$NA0$K!"$$$/$D$+MQ8l$N@bL@$r$7$^$9!# FLOPS $H$$$&;XI8 FLOPS $H $O Floating P oin t Op erations p er Second $N N, $G $9!# FI $s $G $o $+ $k $H $* $j!" 1 IC 4V $K F@ $i $l $k Ib F0 >. ?t E@ 1i ;; $N 7k 2L $N ?t $r I= $7 $^ $9!# FLOPS $r C1 0L $H $7 $F MFLOPS, GFLOPS $J $I!" 12 <+ J, $r $R $H $+ $I $N ?M J* $K 8+ $; $? $, $k ?M $O!" 5$ <h$C $F \raison d’hatetre"( %l%>%s%G!<%H%k ) $J$I$H$$$$$^$9!# %a %,!& %. %, $N CM $, $h $/ ;H $o $l!" 7W ;; 5! $N 1i ;; @- G= $r I=$9BeI=E*$J;XI8$N0l$D$K$J$C$F$$$^$9 13 !# <} B+ H= Dj $J $I $r MQ $$ $? $j $7 $F!" <B 9T $7 $F $_ $J $1 $l $P 1i ;; 2s ?t $, $o $+ $i $J $$ %W %m %0 %i %‘ $G $J $1 $l $P!" Ib F0 >. ?t E@ 1i ;; ( ;M B’ 1i ;; ) $r 2? 2s $d $k $+ ?t $( $k $3 $H $, $G $- $^ $9!# $9 $k $H!" <B 9T ;~ 4V $r 7W $k 4X ?t $r ;H $$!" FLOPS CM$,7W;;2DG=$G$9!# do 10 i=1,n do 10 j=1,n do 10 k=1,n c(i,j)=c(i,j)+a(i,k)*b(k,j) 10 continue >e $N 9T Ns @Q$r 5a $a $k DO %k!< %W $N 1i ;; ?t $b!" 4JC1 $K?t$($k$3$H$,$G$-$^$9!#3FJQ?t i , j , k Kh$K!"2CK! $H>hK!$r0l2s$E$D9T$C$F$$$k$N$G!" 2 � n � n � n = 2 n 3 2s$N1i;;?t$G$9!# $3 $N %k!< %W $N A0 8e $K <B 9T ;~ 4V $r 7W B, $9 $k 4X ?t $r Kd $a 9~ $s $G $* $1 $P!" 0l IC 4V $" $? $j 2? 2s $N Ib F0 >. ?t E@ 1i ;;$r9T$C$?$+$N FLOPS CM$r FLOPS = 2 n 3 ;~4V ( IC ) $G5a$a$k$3$H$,$G$-$^$9!# 9TNs@Q$N7? @h$[ $I$N9TNs@Q $N%W%m%0 %i%‘$K$* $$$F!" i , j , k $N =g=x$rJQ$($F$b%"%k%4%j%:%‘$H$7$F$OEy2A$G$9!# 9T Ns @Q $N %W %m %0 %i %‘ $H $7 $F $O!" c $N =i 4| 2= $, I, MW $G$9$,!"$3$3$G$O9M$($J$$$3$H$K$7$^$9!# @) 8f JQ ?t$N $H $j J} $O 6 DL $j $" $j$^ $9!# DO %k!<%W $K EP >l $9 $k =g HV $K 1~ $8 $F 0J 2< $N $h $& $K L> A0 $r $D $1 $^ $9!# IJK 7? do 10 i=1,n do 10 j=1,n do 10 k=1,n c(i,j)=c(i,j)+a(i,k)*b(k,j) 10 continue JIK 7? do 10 j=1,n do 10 i=1,n do 10 k=1,n c(i,j)=c(i,j)+a(i,k)*b(k,j) 10 continue 13 @d BP E* $J @- G= $r 0U L# $9 $k $b $N $G $O $" $j $^ $; $s $,!" M- NO $J @- G= $N;XI8$G$9!# 6

KIJ 7? do 10 k=1,n do 10 i=1,n do 10 j=1,n c(i,j)=c(i,j)+a(i,k)*b(k,j) 10 continue KJI 7? do 10 k=1,n do 10 j=1,n do 10 i=1,n c(i,j)=c(i,j)+a(i,k)*b(k,j) 10 continue IKJ 7? do 10 i=1,n do 10 k=1,n do 10 j=1,n c(i,j)=c(i,j)+a(i,k)*b(k,j) 10 continue JKI 7? do 10 j=1,n do 10 k=1,n do 10 i=1,n c(i,j)=c(i,j)+a(i,k)*b(k,j) 10 continue $5 $F!" 7k 2L $H $7 $F $O Ey 2A $J $3 $l $i $N 7? $G $9 $,!" $$ $6 K] Lu!& <B 9T $9 $k $H!" <B 9T ;~ 4V $K $+ $J $j $N :9 $, $" $k $3$H$,CN$i$l$F$$$^$9!# F ortran $O <g 5- 21 $X $N %" %/ %; %9 $r Ns M% @h $K 9T $& $? $a!" 9T $r M% @h $7 $F %" %/ %; %9 $9 $k %W %m %0 %i %‘ $N >l 9g!" <g 5- 21 $X $N %" %/ %; %9 $, IT O" B3 $K $J $j!" =h M} B. EY $, Dc 2<$9$k $3$H$, $=$N M}M3$G $9!#$J $*!">\ $7$$2r @b$, [1] $K$"$j$^$9$N$G!";2>H2<$5$$!# <B83 I I $O!"<B83 I $GMQ$$$?HFMQ5! M-1800/20 $H!" %Y %/ %H %k 7W ;; 5! VP2600/10 $K 2C $(!" %Q!< %= %J %k %3 %s%T%e!<%?$H$7$F DEC <R$N AlphaStation 200 14 $r!" %o!< %/ %9 %F!< %7%g %s $H $7 $F Sun Microsystems <R $N SP AR Cstation 10 $r%F%9%H$K;H$$$^$7$?!#4D6-$OI= 6 $K$^$H$a$^$7$?!# :GE,2=%*%W%7%g%s I= 6 $N !V%* %W %7%g %s!W $H $O!" B, Dj $N :] $K ;X Dj $7 $? :GE,2=$N%*%W%7%g%s$G$9!# :GE, 2= (optimization) $H$O!" %W%m %0%i %‘$r 2DG=$J 8B $j 9b B. $K <B 9T $G $- $k $h $& $J L? Na Ns 5Z $S %G!< %? 0h $r @8 @. $9 $k $3 $H $G $9!# $D $^ $j!" !V4h D%$C $F B. $/ F0 $+ $;!*!W $H $$ $& %3 %s %Q %$ %i $X $N L? Na $G $9!# :G E, 2= 5! G= $O!" 3F 7W ;; 5! $d %3 %s %Q %$ %i $K $h$C $F 0[ $J $j $^ $9 $,!" 14 <h$j07$$@bL@=q$K!V%Q%=%3%s!W$H=q$$$F$"$j$^$7$?!# 4p K\ E* $K $O %3 %s %Q %$ %i $, O@ M} E* $K F1 CM $J HO 0O $G %W %m %0%i%‘$r=q$-49$($k$3$H$r$$$$$^$9!# $* $* $h $=!" %* %V %8%’ %/ %H %b %8%e!< %k $N @8 @. CJ 3, $G!"<!$N$3$H$,5/$-$^$9!# :o=| : <B 9T $7 $J $$ J8 $d!" F1 $8 7k 2L $H $J $k $H $3 $m $r >C $7 $F$7$^$&!# 0\F0 : %k!< %W Fb $K $" $k $,!" F1 $8 7k 2L $K $J $k $3 $H $, $o $+$C$F$$$k$b$N$r%k!<%W$N30$KJ|$j=P$9!# JQ99 : 1i;;<0$N7W;;=g=x$d%G!<%?$rJQ$($k!# J#<L : %k!< %W Fb $N 7+ $j JV $7 HO 0O $r 2? =E $+ $K J# <L $7 $F 7+ $j JV $7 2s ?t $r 8: $i $9!# M- L> $J !V%k!< %W %" %s %m!< %j%s%0!W$N$3$H!# E83+ : AH $_ 9~ $_ 4X ?t $J $I $N %3!< %I $r!" 0z MQ >l =j $K AH $_ 9~$‘!# <B9T : K] Lu ;~ $K <B 9T 7k 2L $, $o $+ $k $b $N $O CM $r 3N Dj $5 $;!"<B9T$5$;$J$$!# $=$NB> : %O!<%I%&%’%"$K$"$o$;$F$b$C$H4hD%$k!# O@ M} E* $K F1 CM $H $O $$ $(!" %W %m %0 %i %‘ $r =q $- 49 $( $k $N $G $9 $+ $i!" $R$g$C $H $7 $? $i Mx MQ <T $N M= 4| $7 $J $$ 7k 2L $H $J $k 2D G= @- $b $" $j $^ $9!# Ia DL!" 2? $b %* %W %7%g %s $r ;X Dj $7 $J $1 $l $P!" :G E, 2= $O :G Dc 8B $N 5! G= $K 2! $( $i $l $^ $9!# $7 $+ $7!" Mx MQ <T $N @U G$ $G @Q 6K E* $K :G E, 2= $r $* $3 $J $& $3 $H $G!" 3J CJ $N <B 9T @- G= $, F@ $i $l $k %W %m %0 %i%‘$b?tB?$/8+$i$l$^$9!# >\ $7 $$ :G E, 2= $N 5! G= $d!" I{ :n MQ $N Cm 0U $J $I $O!" $* ;H $$ $N %3 %s %Q %$ %i $K $h$C $F 0c $$ $^ $9 $N $G!" 3F %^ %K%e %"%k$r$*FI$_2<$5$$!# $J$*!" M-1800/20 $H VP2600/10 $N:GE,2=%*%W%7%g %s$O$=$l$>$l OPT(E) $r;XDj$7$^$7$?!# 9TNs$NDj5A G[ Ns $O VP2600/10 $N %P %s %/ %3 %s %U %j %/ %H $r Hr $1 $k$?$a!" 1025 � 1025 $G@k8@$7$^$9!#9TNs$O 1024 � 1024 $N%U%i%s%/9TNs ( A = B = ( b ij ) b ij = n + 1 � max( i; j ) (2) 7

I= 6: <B83 I I $N4D6- 7W;;5! AlphaStation 200 4/233 SP AR Cstation 10/40 %W%m%;%C%5 DECc hip 21064A-6 Sup erscalar SP AR C V ersion 8 %/%m%C%/ 233MHz 40MHz OS OSF/1 AXP SunOS 5.3 %3%s%Q%$%i DEC F ortran 3.6 SP AR Compiler FOR TRAN 2.0.1 %*%W%7%g%s -O4 -O $GDj5A$7$^$9!# 6 $D $N 7? $N 9T Ns @Q %W %m %0 %i %‘ $r %5 %V %k!< %A %s $H $7 $FDj5A$7!"3F7?$N9TNs@Q C = A � B $K MW $9 $k ;~ 4V $r B, Dj $7 $^ $9!# $J $*!" %5 %V %k!< %A %s $r 8F $S =P $9 ;~ 4V $O %< %m!" $^ $? 9T Ns $N =i 4| 2= $K MW $9 $k It J,$b4^$a$F FLOPS CM$r=P$7$F$$$^$9 15 !# <B837k2L $= $l $G $O 7k 2L $r 8+ $^ $7$g $&!# B, Dj $O 1995 G/ 7 7n 4 F|$K9T$$$^$7$?!# I= 7: 9TNs@Q 1024 � 1024 $N=hM};~4V 7W;;5!L> IJK JIK KIJ KJI IKJ JKI VP2600/10 0.64 0.63 0.64 0.63 0.64 0.63 3384 3391 3384 3390 3381 3385 M-1800/20 402 402 712 71 708 71 5.3 5.3 3.0 30.3 3.0 30.1 AlphaStation 357 362 644 236 639 167 6.0 5.9 3.3 9.1 3.4 12.8 SP AR Cstation 1180 1179 3097 261 3096 266 1.8 1.8 0.7 8.2 0.7 8.1 >eCJ$O=hM};~4V ( IC ), 2<CJ$O1i;;?t$r 2 n 3 $H$7$? MFLOPS CM ?t ;z $N 7e ?t $, 9g$C $F $$ $J $$ $N $O 8f MF <O 2< $5 $$!# $5 $9 $, $K <+ J, $N F@ 0U $J EZ I6 $H $"$C $F!" %Y %/ %H %k 7W ;; 5! $,%1%?0c$$$N@-G=$r8+$;$F$$$^$9!# ?t ;z $@ $H %T %s $H $3 $J $$ J} $b $$ $i$C $7$c $k $H ;W $$ $^ $9$N$G!"?^ 1 $K;k3P$KAJ$($?%0%i%U$r:n$j$^$7$?!# ?^ 1 $G $O!"=D <4$r BP?t $K <h$j!" 1 $r:G >.CM $K $7$? $? $a!" SP AR Cstation $N IKJ 7? $H KIJ 7? $O Ha $7 $$ $3$H$KI=<(=PMh$^$;$s$G$7$?!# 7?JL$NI>2A 15 $D$^$j!"87L)$5$r$d$d7g$$$F$$$^$9!# ?^ 1: 9TNs@Q$N=hM}@-G= (MFLOPS) [1] $G$O!"3F7?$K$D $$$F%Y%/%H%k %"%k%4%j%:%‘ $N4Q E@$+$i<!$N$h$&$J9M;!$r2C$($F$$$^$9!# � JIK 7? $O %Y %/ %H %k %" %k %4 %j %: %‘ $H $7 $F $O IT E, @Z!# � IJK 7?$O$^$"$^$"!# � KJI 7?$NJ}$, KIJ 7?$h$j$b%P%s%/%3%s%U%j%/%H $N4QE@$+$i8+$FNI$$!# � IKJ 7?$O F ortran $N4D6-$G$O4+$a$i$l$J$$!# � JKI 7? $, <g 5- 21 $N %" %/%; %9 $N N) >l $+ $i $_ $F0l HV $$$$!# $5 $i $K!" >Z 5r $H $7 $F!" VP2600/10 $N @h AD $G $" $k VP-200 $r MQ $$ $? ?t CM $, 7G :\ $5 $l $F $$ $^ $9!# $= $l $K $h $l $P!" JKI 7? $, :G $b B. $/!" IJK 7? $b $= $3 $= $3 $N @-G=$r=P$7$F$$$k$3$H$,Js9p$5$l$F$$$^$9!# $3 $N K\ $, =P $? $N $, 1988 G/ $G $9!# $* $= $i $/ $3 $N K\ $r FI $s $@ IY ;N DL $N %3 %s %Q %$ %i It Bb $, J3 5/ $5 $l $? $N $G $7$g $&!# VP-200 $N 8e 7Q $N VP2600/10 $G $O!" $I $N 7? $K BP $7 $F $b $[ $H $s $I F1 $8 @- G= $r =P $9 $3 $H $K @. 8y $7 $F $$ $^ $9!# $3 $l $O %Y %/ %H %k 2= %3 %s %Q %$ %i F OR- TRAN77 EX/VP $, 8- $/ $J$C $? $? $a $G!" DO %k!< %W $N 7+ $j JV $7 2s ?t $, K] Lu ;~ $K H=$C $F $$ $k $b $N $O!" VP2600/10 $N %O!< %I %&%’ %" $r :G $b 8z N( E* $K ;H MQ $G 8

$- $k DO %k!< %W $r Fb B& $K F~ $l BX $( $F %Y %/ %H %k 2= $r 9T$C$F$7$^$&$N$G$9 ([12]) !# BP $7 $F!" $= $N B> $N F ortran %3 %s %Q %$ %i $O!" %Y %/ %H %k 7W ;; 5! $G $O $J $$ $N $G $9 $,!" $[ $\ [1] $N 9M ;! DL $j $N 7k 2L $r =P $7 $F $$ $^ $9!# $3 $l $i $N %3 %s %Q %$ %i $K ?F @Z ?4 $O $" $j $^ $; $s!# =>$C $F!" %k!< %W $N F~ $l 49 $( $J $I $7 $F $/ $l $:!" %W %m %0 %i %^ $N ;X <( DL $j DO %k!< %W $r <B 9T $7 $^ $9!# $H $$ $& $3 $H $O!" %W %m %0 %i %_ %s %0 $K $* $$ $F!" JKI 7? $d KJI 7? $,9b B. $K=h M}$5 $l $k$3 $H$r CN$C $F$$ $k $N $H CN$C $F $$ $J $$ $N $H $G $O Bg $- $J 0c $$ $r @8 $‘ $3 $H $K$J$j$^$9!# 9T Ns @Q $K $D $$ $F $N $3 $N 4J C1 $J %F %9 %H $r $H$C $F $b!" @) 8f JQ ?t $r %A%g %$ $H JQ $( $k $@ $1 $G!" 0l HV B. $$ 7k 2L $H 0l HV CY $$ 7k 2L $G M-1800/20 $G 10 G\!" AlphaSta- tion $G 3 : 9 G\!" SP AR Cstation $G 11 : 9 G\$b<B9T;~4V $,JQ$o$k$3$H$,$o$+$j$^$9!# BP $7 $F!" VP2600/10 $G $O!" 8- $$ %Y %/ %H %k 2= %3 %s %Q %$ %i $N F/ $- $K $h$C $F!" $[ $H $s $I F1 $8 @- G= $r =P $9 $3 $H $, $G $- $^ $7 $?!# $^ $?!" 3F 7? $N 0l HV B. $$ 7k 2L $G Hf 3S $7$F$b M-1800/20 $N 112 G\!" AlphaStation $N 263 G\!" SP AR Cstation $N 411 G\$NB.$5$G=hM}$7$F$/$l $^ $9!# SP AR Cstation $G 50 J, 0J >e $b $+ $+ $k IKJ 7? %W %m %0 %i %‘ $b!" VP2600/10 $G $O 1 IC 0J Fb $G =* $( $k $3 $H $, $G $- $^ $9!# $^ $5 $K !V%9!< %Q!< %3 %s %T%e!< %?!W $H8@$($k$G$7$g$&!# CY$$$> ( !) ) %Y%/%H%k7W;;5! %Y %/ %H %k 7W ;; 5! VP2600/10 $N 1i ;; =h M} It $O!" %Y %/ %H %k =h M} %f %K%C %H $H %9 %+ %i!< =h M} %f %K%C %H $+ $i 9= @. $5 $l $F $$ $^ $9!# %Y %/ %H %k =h M} %f %K%C %H $K $O!" 2C ;;!& >h ;;!& =| ;; $J $I $r 7W ;; $9 $k @l MQ $N It Lg $, $" $j!" $3 $3 $, \ %S %7 %S %7 " %Y %/ %H %k =h M} $r $9 $k $3 $H $G!" 9b B.2=$,<B8=$5$l$F$$$^$9!# F OR TRAN77 EX/VP $K $O!" !V%Y %/ %H %k =h M} %f %K%C %H $r ;H MQ $9 $k $J!*!W $H $$ $& 0U CO 0- $J K] Lu %* %W %7%g %s SCALAR $, $" $j $^ $9!# $= $3 $G!" %Y %/ %H %k =h M} %f %K%C %H $N ;H MQ $r 6X ;_ $5 $l $? VP2600/10 $,!" %9 %+ %i!< =h M} %f %K%C %H $@ $1 $G $I $l $/ $i $$ 4h D% $k $+ $r!" <B 83 I I $H F1 $8 %W %m %0 %i %‘ $G B, Dj $7 $^ $7 $?!# $3 $N <B 83 $O!" F ortran %3 %s %Q %$ %i $, $I $s $J $K 4h D%$C $F $b %Y %/ %H %k 2= $9 $k It J, $, A4 $/ $J $$ 16 %W %m %0 %i %‘ $, $I $N $h $& $J @- G= $r <( $9 $+ $N %G!< %? $G $b $" $j $^ $9!# Hf 3S $O HF MQ 5! $H 9T $$ $^ $7 $?!# ?^ 2 $r 8f Mw 2< $5 $$!# :G E, 2= %* %W %7%g%s$O OPT(E) $G$9!# $J $" $" $s $H!" %Y %/ %H %k =h M} %f %K%C %H $N ;H MQ $r 6X ;_ $5 $l $? VP2600/10 $O!" A4 $F $N 7? $K $* $$ $F HF MQ 5! $h 16 !V VU N($, 0 !W$H$$$$$^$9!# ?^ 2: %9%+%i!<1i;;$G$N9TNs@Q$N=hM};~4V ( IC ) $j$b@-G=$,Nt$k$3$H$,$o$+$j$^$7$?!# $_ $J $5 $s $N =q $+ $l $k %W %m %0 %i %‘ $O!" 9T Ns $N @Q $@ $1 $G $b $J $1 $l $P!" %Y %/ %H %k 2= %3 %s %Q %$ %i $, %. %V %"%C %W $9 $k $[ $I $N %9 %+ %i!< @l MQ %W %m %0 %i %‘ $G $b $J $$ $H ;W $$ $^ $9!#$D $^ $j!" 7e 0c $$$N @- G= $r <( $9?^ 1 $H!" HF MQ 5! JB$N $* AF Kv$5 $r 8+ $;$k ?^ 2 $N Cf 4V $K0L CV $9 $k$O $: $G $9!# <+ F0 %Y %/ %H %k %3 %s %Q %$ %i $, $$ $/ $i 8- $/ $F $b!" $= $N 2r <a $K $O $I $& $7 $F $b 8B 3& $, $" $j $^ $9 17 !# =>$C $F!" %Y %/ %H %k 7W ;; 5! $N @- G= $r :G Bg $K 0z $- =P $9 $? $a $K $O!" [11] $J $I $N ;2 9M J8 8% $r $7$C $+ $j FI $s $@ >e!" Bg $$ $K %W %m%0%i%‘$r2~NI$9$kI,MW$,$"$j$^$9!# $=$s$J$o$1$G!"$"$?$j$^$($N7kO@$rF@$^$7$?!# 7kO@ I I $b $7 %Y %/ %H %k 7W ;; 5!$N @- G= $r == J, $K 0z $- =P $9 %W %m%0%i%‘$rAH$a$P!"7e0c$$$N@-G=$,F@$i$l$k!# >- Mh!" >e $N !V%Y %/ %H %k 7W ;; 5!!W $N It J, $O !V%Y %/ %H %kJBNs7W;;5!!W$K$J$C$F$$$k$O$:$G$9!# $= $& $O $$ $$ $^ $9 $,!" $8$C $/ $j 9x $r ?x $( $F %W %m %0 %i %_ %s %0 $N JY 6/ $r $9 $k $K $O!" $J $K $+ $H ;( MQ $N B? $$ @$ $N Cf$G$9 18 !# $F$C $H $j Aa $/ <B 9T @- G= $r >e $2 $k $K $O $I $& $9 $l $P $h $$ $+!# 0l HV 4J C1 $J J} K! $O!" black b o x $K $J $k $N $O 3P 8g $N >e $G!" @l Lg 2H $, Cm 0U ?< $/ %W %m %0 %i %‘ $7 $? %5 %V %k!< %A %s!& %i %$ %V %i %j $r Mx MQ $9 $k $3 $H $G $9!# %; %s %?!<$G $O SSL I I/VP , NUMP A C/VP $,$= $l $K $"$? $j$^$9!# 17 $^ $7 $F $d >- Mh $N %9!< %Q!< %3 %s %T%e!< %? $N M- NO $J 8u Jd $G $" $k JB Ns 7W ;; 5! $N @- G= $r == J, $K 0z $- =P $9 !V<+ F0 JB Ns %3 %s %Q %$ %i!W $K $O!" $^$@7hDjHG$,$"$j$^$;$s!# 18 FC $K 6e =# Bg 3X $O 0\ E> $d :F 3+ H/ 7W 2h $K $H $b $J$C $F!" $_ $J $5 $s $* K;$7$=$&$G$9!# 9

%Y%s%A%^!<%/$NOC 7W;;5!$N@-G=$rI>2A$9$kLdBj$r%Y%s%A%^!<%/ (b enc h- mark) $H 8F $S $^ $9!# Ia DL $O!" $" $k L\ E* $K 1h$C $F :n $i $l $? @- G= I> 2A %W %m %0 %i %‘ $r 3F 7W ;; 5! >e $G <B 9T $7!" B. EY$d8zN($rB,Dj$9$k$3$H$r;X$7$^$9!# !V7W ;; 5! $N @- G=!W $H $$$C $F $b!" MM!9 $J $3 $H $, 9M $( $i $l $^ $9!# ?t CM 7W ;; $N J, Ln $J $i $P!" Ib F0 >. ?t E@ 1i ;; $N 7W ;; B. EY $K 4X ?4 $, =8 $^ $j $^ $9 $7!" 5- 9f =h M} $N @$ 3& $G $O :F 5" 8F $S =P $7 $d %j %9 %H =h M} $N @- G= $, Bg ;v $G $9!# $^ $?!" %G!< %? %Y!< %9 $N @$ 3& $G $O!" 8z N( E* $J %G%# %9 %/ $X$N%"%/%;%9$,MW5a$5$l$^$9!# 5- 9f =h M} $d %G!< %? %Y!< %9!" 2h A| =h M} $N J, Ln $J $I $G $O!" L\ E* $, J, ;6 $7 $F $$ $k $? $a!" 7W ;; 5! $K %W %i %9 $7 $F!" $= $N >e $K $N$C $+$C $F $$ $k %= %U %H $N F, $N NI $5 $, Bg $- $/ Ld $o $l $^ $9!# $= $N $? $a!" Dj NL E* $J @- G= I> 2A $H $J $k %Y %s %A %^!< %/ %W %m %0 %i %‘ $r :n $k $N $O Bg JQ $J :n 6H $G $9!# 0l J} $G!" %9!< %Q!< %3 %s %T%e!< %? $N %Y %s %A %^!< %/ $K 8B$C$F $7 $^$( $P!" !V$G$+ $$ F ortran $d C %W %m%0 %i %‘ $,!"$"$kDxEY$N@:EY$r;}$C$F%P%7%P%7<B9T$G$-$k!#!W $3 $H $, @d BP $N @5 5A $G $9 $N $G!" Nc $( $P!" @h $[ $I $d$C $? !V9T Ns @Q 1i ;;!W $H $$ $& @Z $j 8} $r Ds <( $9 $l $P!" 0l 1~ Dj NL E* $G 8x @5 $J %Y %s %A %^!< %/ %W %m %0 %i %‘ $N 1 $D $H 6/ J[ $9$k$3$H$,=PMh$^$9 19 !# ?t CM 7W ;; $N J, Ln $G $O!" $= $N F; $N @l Lg 2H $, :n @. $7 $? @-G=I>2A%W%m%0%i%‘$,$?$/$5$s$"$j$^$9 20 !# $" $k 5! 4X $G %9!< %Q!< %3 %s %T%e!< %? $r D4 C# $7 $h $& $H $9 $k >l 9g $O!" $= $N 5! 4X $N <B >p $K $"$C $? %Y %s %A %^!< %/ %W %m %0 %i %‘ $r MQ 0U $9 $k $3 $H $, 0l HL E* $G $9!# Nc $( $P!" Bg 7? 7W ;; 5! %; %s %?!< $J $I $G $O!" Mx MQ <T $N 1~ MQ %W %m %0 %i %‘ $, $I $N $/ $i $$ $N @- G= $G <B 9T $G $- $k $+ $,!" Bg $- $J %]%$%s%H$G$9!# $3 $N $h $& $J @- G= I> 2A $O!" %3 %s %T%e!< %? $N J, Ln $K 6% Ah $, $" $k $+ $i $3 $= I, MW $K $J $k $b $N $G $9!# 0l Dj $N OH $d M= ;; $, 8B $i $l $F $$ $k Cf $G >/ $7 $G $b M% =( $J $b $N $, M_ $7 $$ >l 9g $O!" $J $K $, $7 $+ $N !V5R 4Q E*!W A* JL 4p =‘ $, I, MW $G$9!# $+ $H 8@$C $F!" $3 $l $O 7W ;; 5! $J $I FC Dj $N L\ E* $N $? $a $K :n $i $l $? $b $N $K 8B$C $? $3 $H $G $9!# 7W ;; 5! $O !VB. $/!W $J $1 $l $P Lr $K N) $A $^ $; $s!# Lr $K N) $? $J $$ $b $N $O 19 $? $@ $7!" 9T Ns @Q $@ $1 H? B’ $N $h $& $K $b $N $9 $4 $/ B. $/ $F!" 3d $j ;; $d %U%! %$ %k %" %/ %; %9 $J $I $O $? $$ $7 $? $3 $H $J $$ $H $$ $& 7W ;; 5! $, $" $k $H$$$&1=$rJ9$-$^$9!# 20 M- L>$J $H $3$m $G Dhrystone, Whetstone, Livermore F or- tran Kernels, NAS Kernel, Linpac k, SPEC, PERFECT Benc hmark $J$I$G$9!# <N $F $i $l $k $3 $H $K $J $j $^ $9!# $= $& $$ $& 0U L# $G!" Bg 3X F~ ;n $d 9q 2H 8x L3 0w ;n 83 $O!" 0l 1~ Dj NL E* $G 8x @5 $J !V5R 4Q E*!W A* JL 4p =‘ $G $9 $,!" $3 $l $r !V%Y %s %A %^!< %/ %W %m %0 %i %‘!W $H 8@ $& $N $O!" $A$g $$ $H :9 $7 >c $j $, $" $k $G $7$g$&!# 7]=Q$N%Y%s%A%^!<%/ 7W ;; 5! $N %Y %s %A %^!< %/ $K $* $1 $k !V5R 4Q E*!W 4p =‘ $H $$ $& OC $, =P $^ $7 $?!# $G $O $3 $3 $G Ld Bj $G $9!# 2< $N 3( $O $I$A$i$,7]=QE*$G$7$g$&$+!) 6K$a$FCj>]E*$J2hIw!) :8 $N 3( $O!" %9 %Z %$ %s $K =P D% $7 $? ?M $N 8+ $; $F $/ $l $? <L ?? $K $" $j $^ $7 $?!# $J $s $G $b!" %P %k %; %m %J ;T Fb $N JI $K IA $+ $l $F $$ $k %G %6 %$ %s $N 0l It $G!" $I $& $d $i :n <T $O %Q%V%m!&%T%+%=$5$s$@$H$$$&$3$H$G$9!# BP $7 $F 1& $O!" <+ >N 2h 2H 7s ;m ?M $r L> >h $k $" $k =u 65 <x $,!"B?>/?l$C$Q$i$C$FIA$$$?0UM_E*$J:nIJ$G$9!# FUJITSU VP2600/10 10

O"N) 1 <!J}Dx<0$N@-G=Hf3S O"N) 1 <!J}Dx<0 <+ A3 3& $K 5/ $3 $k 8= >] $r Dj <0 2= $7!" ?t CM 7W ;; $K $h$C $F $= $l $r =h M} $7 $h $& $H $9 $k $H!" B? $/ $N Ld Bj $, :G =* E* $K O" N) 1 <! J} Dx <0 (linear equation) $K 5" Ce $5 $l $^ $9!# $3 $l $O!" ?t 3X $N 8@ MU $G =q $+ $l $? Hs @~ 7A Hy J, ( @Q J, ) J} Dx <0 $r N% ;6 2=!& @~ 7A 2= $9 $k 2a Dx $+ $i F3 $+ $l $k $b$N$G$9!# 2r$/$Y$-O"N) 1 <!J}Dx<0$r9TNs7A<0$G Ax = b $H =q $- $^ $9!# :9 J, K! $d M- 8B MW AG K! $J $I $N <j K! $r MQ $$ $F $$ $k >l 9g!" 9T Ns A $O @. J, $N Bg It J, $, 0 $H $J $k AB 9T Ns (sparse matrix) $G!" $7 $+ $b 0 $G $J $$ @. J, $, BP 3Q @~ $N 6a $/ $K $+ $? $^$C $F J, I[ $7 $F $$ $k BS 9T Ns (band matrix) $H$J$k$3$H$,$[$H$s$I$G$9 21 !# 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4 4 � 1 0 0 0 0 0 0 0 � 1 5 � 2 0 0 0 0 0 0 0 � 1 2 � 1 0 0 0 0 0 0 0 1 6 2 0 0 0 0 0 0 0 1 3 1 0 0 0 0 0 0 0 � 1 2 � 1 0 0 0 0 0 0 0 � 1 5 � 1 0 0 0 0 0 0 0 � 1 4 � 2 0 0 0 0 0 0 0 � 2 7 3 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 5 9 � 9 $N<B 3 9‘9TNs$NNc $I$&$d$C$F2r$/!) O" N) 1 <! J} Dx <0 $N 2r K! $O!" Bg $- $/ J, $1 $F D> @\ 2r K! $HH? I|2r K! $H$, $" $j$^ $9!# D>@\ 2r K!$O!" A $rM- 8B 2s $$ $8 $/ $j 2s $7!" b $N CM $r ;H $& $3 $H $G x $r 5a $a $k J} K! $G $9!# 9T Ns $, @5 B’ $G!" 4] $a 8m :9 $N 1F 6A $r L5 ;k $9 $l $P I,$:2r$,F@$i$l$^$9!# BP $7 $F H? I| 2r K! $O!" $" $k $Y $- 2r $K <} B+ $7 $F $$ $/ 6a ;w 2r $N 7O Ns $r :n $j =P $7 $F $$ $/ J} K! $G $9!# H? I| 2r K! $N Mx E@ $O!" A $r $$ $8 $/ $k I, MW $, $J $/!" Bg 7? $J AB 9T Ns $N >l 9g $O!" >/ $J $$ 5- 21 NN 0h $G 2r $r F@ $k $3 $H $, $G $- $k 21 $J$<$=$&$J$k$+$O!"%W%m%0%i%‘$rAH$a$P$9$0$K$o$+$j$^$9!# $3$H $G $9!#$? $@ $7!" A $N @- <A$K $h$C $F$O <} B+ $NB. $5 $, 0[ $J $j!" >l 9g $K $h$C $F $O <} B+ $7 $J $$ $3 $H $, $" $j $^ $9!# D> @\ 2r K! $N Mx E@ $O!" M- 8B 2s $N A‘ :n $G 2r $r F@ $i $l $k $3 $H $H!" %" %k %4 %j %: %‘ $, $9$C $- $j $7 $F $$ $F!" 9T Ns $r \ $V$s $^$o $9 " %Y%/ %H %k7W ;;5! $K $h$/ %^%C%A $7 $F!"0l HL $K =h M} $, B. $$ $3 $H $G $9!# $? $@ $7!" 9T Ns $N JQ 7A $, $H $b$J$&$?$a!"$=$NJ,$N5-21NN0h$,I,MW$G$9!# Gauss $N>C5nK! 5-21NN0h$r$?$/$5$s3NJ]$G$-$k%9!<%Q!<%3%s%T%e!< %? $N @$ 3& $G $O!" D> @\ 2r K! $G 2r $r 5a $a $k %5 %V %k!< %A %s $, $h $/ ;H $o $l $^ $9!# D> @\ 2r K! $G :G $b Be I= E* $J <j K! $O Gauss $N >C 5n K! (Gaussian elimination) $H 8F $P $l $k$b$N$G$9!# O" N) 1 <! J} Dx <0 $N 2r K! $K $O!" D> @\ 2r K! $K Gauss- Jordan K!!"H?I|2rK!$K Gauss-Seidel K!$J$I$,$"$j!" \Gauss" $5 $s $, $" $A $3 $A $K =P KW $7 $F $H $F $b J6 $i $o $7 $$ @$ 3& $G $9!# $A $J $_ $K !VA] $- =P $7 K!!W $H $O Gauss- Jordan K!$N$3$H$G$9!# Gauss-Jordan K!$O Gauss $N >C5n K!$N JQ7A $G$9 $,!" 7W;; NL$, Gauss $N>C 5nK! $KHf $Y $F 1 : 5 G\ $b $+ $+ $k $? $a!" <B :] $O $" $^ $j ;H $o $l $^ $; $s!# Aa $/ $b :. Mp $7 $F $- $? ?M $O!" @’ Hs [13] $r $* FI $_ 2< $5$$!# DL >o!" Gauss $N >C 5n K! $G $O!" 9T Ns A $r 2< ;0 3Q 9T Ns L $H >e ;0 3Q 9T Ns U $K J, 2r $9 $k LU J, 2r ( LU de- comp osition) $r9T $J$$ $^$9!# $=$7 $F!"J, 2r$5 $l$? 9T Ns L $H U $rMQ$$$F2r x $r5a$a$^$9 22 !# $5$F!" A $, BS9TNs$N>l9g!" LU J,2r$N2aDx$GI,MW $J NN 0h $O BP 3Q @~ 6a $/ $N NN 0h $K 8B $i $l!" $= $N B> $O 0 $N $^ $^ $G :Q $‘ $3 $H $, $o $+ $j $^ $9!# =>$C $F!" E: ;z $K Cm 0U $9 $l $P!" NN 0h @a Ls 7? $N %W %m %0 %i %‘ $r AH $‘ $3 $H $b 2D G= $G $9!# $^ $?!" 9T Ns $, BP >N $N >l 9g $d !V@5 Dj CM!W $H $$ $o $l $k $H $F $b NI $$ @- <A $r ;} $D >l 9g $O!" $5 $i $K NN 0h $N @a Ls!& 9b B. 2= $, ?^ $l $^ $9!# 0J >e!" >\ $7 $$ <j K! $N 2r @b $O [2] $r8fMw2<$5$$!# Gauss $N>C5nK!$K$+$+$k%3%9%H 0J 2< $O!" A $N @. J, $, 0 $G $J $$ L) 9T Ns (dense ma- trix) $G 9M$( $^$9!# AB9TNs!& BP>N 9TNs!& BS9TNs $J$I $K BP $9 $k 2r K! $O A4 $F L) 9T Ns $N JQ 7A $G $" $j!" L) 9T Ns $r 9M $($k$3$H$,4pK\$H$J$j$^$9!# n 85O" N) 1 <! J}Dx <0$r Gauss $N >C5n K!$G 2r$/ >l9g $N 1i ;; NL $O!" <! $N $h $& $K $J $k $3 $H $, $h $/ CN $i $l $F $$ $^$9!# 22 $3$N2aDx$rA0?J>C5n ( BeF~ ) !"8eB‘BeF~$H8F$S$^$9!# 11

Gauss $N >C 5n K! $N 1i ;; NL $O!" == J, Bg $- $J n $K BP $7 3 n 3 = 2 $H $J $k!# $7 $+$b $= $N $[ $H $s $I $O LU J,2r$KMW$9$k%3%9%H$G$"$k!# >e$+$iFs$D$N$3$H$,J,$+$j$^$9!# � A $O $= $N $^ $^ $G!" b $r 2? EY $b JQ $( $F J} Dx <0 $r 2r $/ >l 9g!" 0l EY LU J, 2r $7 $F $*$1 $P!" 8z N( NI $/ 2r $,F@$i$l$k!# � O" N) 1 <! J} Dx<0 $N %W %m %0 %i %‘ $N A0 8e $K;~ 4V 7W B, 4X ?t $r CV $/ $3 $H $G!" $* $* $h $= $N FLOPS CM $, 7W ;;$G$-$k!# $3 $3 $^ $G =‘ Hw $7 $? $H $3 $m $G!" <! $N 6= L# ?< $$ <B 83 $r $7$^$9!# <B83 I I I %Y %/ %H %k 7W ;; 5! $G Gauss $N >C 5n K! $r MQ $$ $F O" N) 1 <! J} Dx <0 $r 2r $/ ;~!" %" %k %4 %j %: %‘ DL $j AH $s $@ %W %m %0 %i %‘ $H!" $= $N F; $N %W %m $, :n$C $? %W %m %0 %i %‘ $H $G $O!" B. EY!& @: EY $K $I $l $/ $i $$ $N 0c $$ $, =P$k$+!) $= $N A0 $K!" $9 $_ $^ $; $s $,!" MQ 8l $N @b L@ $r $5 $; $F $$ $?$@$-$^$9!# %T%\%C%HA*Br Gauss $N >C5nK!$N2aDx$G$O!"JQ7AA0$N A $NBP3Q@. J, $K BP 1~ $9 $k MW AG $G $N 3d $j ;; $, I, MW $G $9!# $3 $N It J, $r %T %\%C %H (piv ot) $H 8F $S $^ $9!# $5 $F!" 3d $j ;; $G $9 $N $G!" $b $7 %T %\%C %H $, 0 $@$C $? $j @d BP CM $, 6K $a $F >. $5 $$ >l 9g $O!" <B 9T IT 2D G= $K $J $k $+!" 2r $N @: EY $, Cx $7 $/0-$/$J$k$3$H$,CN$i$l$F$$$^$9 23 !# $= $N >l 9g!" Ns J} 8~ $K Be $o $j $N %T %\%C %H $K Aj 1~ $7 $$ ?t $r C5 $7!" $b $7 $"$C $? $J $i!" BP 1~ $9 $k 9T $r F~ $l 49 $( $k $H $$ $& A‘ :n $r 9T $& $3 $H $G!" $= $N ;v BV $r 2s Hr $9 $k $3 $H $, =P Mh $^ $9!# $3 $N A‘ :n $r !V%T %\%C %H $N It J, A* Br (partial piv oting) !W$H8F$S$^$9 24 !# $^ $?!" 9T $@ $1 $G $J $/!" Ns $N F~ $l 49 $( $b $" $o $; $F 9T $& !V%T %\%C %H $N 40 A4 A* Br (complete piv oting) !W $b $" $j $^ $9 $,!" %3 %9 %H $, G| Bg $J $3 $H $H!" <B MQ E* $K $O %T %\%C %H $N It J, A* Br $G $[ $H $s $I Ld Bj $J $$ $3 $H $+ $i!" LG B?$K8+$^$;$s!# 23 FC $K Hs @~ 7A $N Ld Bj $r L5 M} Lp M} @~ 7A 2= $7 $F 2r $/ >l 9g $O!" 9T Ns $N @-<A$,0-$/$J$k$N$G!"Cm0U$,I,MW$G$9!# 24 !VIt J, E* %T %\%C %F%# %s %0!W $H $b 8F $S $^ $9!# $^ $?!" K\ $K $h$C $F $O !V?u <4 BP :v!W $H $$ $&!" ;0 9q F1 LA $N 8~ $3 $& $r $O $k $h $& $J $$ $+ $a $7 $$8F$SJ}$b$7$F$$$^$9!# %T %\%C %H A* Br $O!" Gauss $N >C 5n K! $N %W %m %0 %i %_ %s %0 $r $9 $k >l 9g!" @’ Hs $H $b AH $_ 9~ $‘ $Y $- <j K! $G $9!# 7W ;; %3 %9 %H $O LU J, 2r $K Hf $Y $F L5 ;k $G $- $k $[ $I $G $9 $7!" MM!9 $J 9T Ns $K BP $7 $F 0B Dj $7 $? @: EY $r F@ $i $l $^ $9!# $^ $?!" Hf 3S $9 $k %W %m %0 %i %‘ $, $9 $Y $F %T %\%C %H A* Br $r 9T$C $F $$ $^ $9 $N $G!" BP 93 >e!" AH $_ 9~ $^ $6 $k $r F@ $^$;$s!# ?tCM 7W;;$NK\ $N%"%k%4 %j%:%‘ $r8+$J$, $i Gauss $N >C5nK!$N%5%V%k!<%A%s$r:n$C$F$_$^$7$?!# SUBROUTINE MYLU(A,B,N,NX,P,VW) DOUBLE PRECISION A(NX,1),B(1),VW(1),D INTEGER N,NX,I,J,K,L,P(1) !---------- PARTIAL PIVOTING ------------------ DO 10 K=1,N P(K)=K 10 CONTINUE DO 20 K=1,N D=0.0D0 DO 30 I=k,N IF(ABS(A(P(I),K)).GE.D) THEN D=ABS(A(P(I),K)) L=I END IF 30 CONTINUE IF(K.NE.L) THEN J=P(K) P(K)=P(L) P(L)=J END IF !---------- LU DECOMPOSITION ------------------ A(P(K),K)=1.0D0/A(P(K),K) DO 40 I=K+1,N A(P(I),K)=A(P(I),K)*A(P(K),K) DO 50 J=K+1,N A(P(I),J)=A(P(I),J)-A(P(I),K)*A(P(K),J) 50 CONTINUE 40 CONTINUE 20 CONTINUE !---------- FORWARD ELIMINATION --------------- DO 60 I=1,N VW(I)=B(P(I)) DO 70 J=1,I-1 VW(I)=VW(I)-A(P(I),J)*VW(J) 70 CONTINUE 60 CONTINUE !---------- BACKWARD SUBSTITUTION ------------- DO 80 I=N,1,-1 B(I)=VW(I) DO 90 J=I+1,N B(I)=B(I)-A(P(I),J)*B(J) 90 CONTINUE B(I)=B(I)*A(P(I),I) 80 CONTINUE RETURN END %5 %V %k!< %A %s $N L> A0 $O!" 0B D> $K MYLU $H $7 $F $* $- $^ $9!# 9T Ns $, @5 B’ $G $J $$ >l 9g $d!" %T %\%C %H $, 0[ >o $K >. $5 $/ $J$C $F $7 $^$C $? >l 9g $N =h M} $, $J $$ $N $G!" $^ $@ =$ @5 $N I, MW $, $" $j $^ $9 $,!" 0l 1~!" @5 $7 $$ 7k 2L $r F@ $k$3$H$,4|BT$5$l$k%W%m%0%i%‘$G$9!# 12

%W%m$,:n$C$?%5%V%k!<%A%s B3 $$ $F!" ?t CM 7W ;; $N %W %m %U%’%C %7%g %J %k $, :n$C $? Gauss $N >C 5n K! $N %5 %V %k!< %A %s 72 $N F~ >l $G $9!# $J $* %=!< %9 %W %m %0 %i %‘ $O!" ;D G0 $J $, $i Cx :n 8" <T $N 5v 2D $r $b$i$C$F$$$J$$$N$G$*8+$;=PMh$^$;$s!# I= 8: <B83 I I I $K;HMQ$9$k%5%V%k!<%A%s %5%V%k!<%A%sL> EPO?%Q%C%1!<%8L> DLAX SSL I I/VP D VLAX SSL I I/VP( 3HD%5!G=HG ) LEQLUW NUMP A C/VP DGEF A & DGESL Linpack $9$Y$FG\@:EY (64bit) MQ$N%5%V%k!<%A%s$G$9!# Lin- pac k $O LU J, 2r MQ $N %5 %V %k!< %A %s DGEF A $H J, 2r $5$l$?9TNs$rMQ$$$F2r$r7hDj$9$k%5%V%k!<%A%s DGESL $KJ,$+$l$F$*$j!"$=$N9g7W$G;~4V$r7WB,$7$^$9!# ?tCM7W;;$N%W%m ( A[A|?^ ) 25 B, Dj 5! <o $O!" %Y %/ %H %k 7W ;; 5! VP2600/10 $G $9!# %3%s%Q%$%iEy$N4D6-$O<B83 I, I I $HF1MM$G$9!# DLAX, D VLAX, LEQLUW $O!" 4{ $K EP O? $5 $l $F $$ $k %m!< %I%b%8%e!<%k$r8F$S=P$7$FMxMQ$7$^$9!#$^$?!" DGEF A & DGESL $H MYLU $O!" %5 %V %k!< %A %s $N %=!< %9 %W %m %0 %i %‘ $r %a %$ %s %W %m %0 %i %‘ $K B3 $1 $F 5- =R $7!" K] Lu!&<B9T$5$;$^$7$?!#A4$F:GE,2=%*%W%7%g%s$O OPT(E) $G$9!# Linpac k $K$D$$$F Linpac k $O %" %a %j %+ Argonne 9q N) 8& 5f =j $N Don- garra $5 $s $N 8& 5f %0 %k!< %W $K $h$C $F 3+ H/ $5 $l $? %5 %V %k!<%A%s!&%i%$%V%i%j$G$9!# 25 :8 $O 8& 5f 0l 6Z $N %? %$ %W!# $? $@ $7 0{ $_ 20 $G I? JQ $9 $k >l 9g $, $" $j $^$9!# 1& $b ... 8& 5f 0l 6Z $N ?M $G $9 $,!" $3 $A $i $O 0{ $_ 20 $G $b $" $^ $j JQ $o$j$^$;$s!#$"$/$^$G$bA[A|?^$G$9!# :# 2s %F %9 %H $K MQ $$ $? DGEF A $H DGESL $O!" Fb It $N DO %k!< %W $N Cf $G BLAS $H 8F $P $l $k @~ 7A 7W ;; %W%m%0%i%‘$N$$$/$D$+$r CALL $7$F$$$^$9!# $G!" DO %k!< %W Fb $G %5 %V %k!< %A %s $r 8F $V $H $$ $&9T 0Y $O!" 8= :_ $N <+ F0 %Y %/ %H %k 2= %3 %s %Q %$ %i $K $H$C $F <B $K :$$C $? $3 $H $G $7 $F!" Bg $$ $K :G E, 2= $N K8 $2 $K $J $j!" 7k 2L E* $K @- G= $, 6K C< $K Dc 2< $7 $^ $9!# >\ $7 $/ $O [14] $r 8fMw2<$5$$!# $D $^ $j!" DGEF A & DGESL $O F ortran %=!< %9 $r C1 =c $K K] Lu $7 $F $b!" $= $N $^ $^ $G $O %Y %/ %H %k 7W ;; 5! $N @- G= $, $& $^ $/ 0z $- =P $; $J $$ $3 $H $K $J $j $^ $9!# $= $N $3$H$rJ,$C$?>e$G!"<B83$K;22C$5$;$^$9!# B,Dj%W%m%0%i%‘ 3F %5 %V %k!< %A %s $N @: EY $b J; $; $F B, Dj $7 $? $$ $N $G!" ?t 3X E* $K exact $J 2r $, $o $+ $k $b $N $r [15] $+ $i A* $S $^ $7$?!#<!85$O n $H$7$^$9!# J}Dx<0 I J}Dx<0 I $O!"9TNs$H%Y%/%H%k$r 8 > > > > > > > > < > > > > > > > > : A = ( a ij ) a ij = a j i = n + 1 � i (if i � j ) b = ( b i ) b i = n � i +1 X k =1 n � k + 1 n (3) $G Dj 5A $7!" Ax = b $r 3F %5 %V %k!< %A %s $G 2r $- $^ $9!# 2r$O @5 3N $K x = (1 =n; 1 =n; � � � ; 1 =n ) $H$J $j $^ $9!# J}Dx<0 I I J}Dx<0 I I $O!" (1) $HF1$8$G$9!#$b$&0lEY=q$/$H 8 > > > > > > > > > > < > > > > > > > > > > : A = ( a ij ) a ij = r 2 n + 1 sin � ij n + 1 ( i; j = 1 ; 2 ; � � � ; n ) b = ( f i ) b i = n X j =1 b ij ( i = 1 ; 2 ; � � � ; n ) $GDj 5A$7 $? Ax = b $r 2r$- $^$9!# 2r$O@5 3N$K x = (1 ; 1 ; � � � ; 1) $H$J$j$^$9!# ;~4V$O CLOCK 4X?t$r%5%V%k!<%A%s$NA08e$KKd$a 9~ $s $G B, Dj $7 $^ $7 $?!# $^ $? 8m :9 $r error $H $9 $k $H!" ??$NCM$r ^ x i $KBP$7AjBP8m:9$N:GBgCM$r 13 error = max 1 � i � n j x i � ^ x i j j ^ x i j $GI>2A$7$F$$$^$9 26 !# G[Ns$O 7001 � 7001 $G@k8@$7 $^$9!#<!85 n $KBP$7 n = 50 ; 100 ; 500 !" 0J2< 500 $-$6$_ $G n = 7000 $^$G n $r F0 $+ $7!" Ax = b $N 2r K! $K MW $7 $? ;~ 4V $H Aj BP 8m :9$r7WB,$7$^$7$?!# <B9TB.EY B, Dj $O 1995 G/ 7 7n 5 F| $K 9T $$ $^ $7 $?!# $^ $: $O 7P 2a;~4V $G$9!#J} Dx<0 I, I I $H$b $KD>@\ 2rK!$G $9$+ $i!" <B 9T ;~ 4V $O $[ $H $s $I JQ $o $j $^ $; $s!# ?t ;z $N I= $K $9 $k $H%G!<%??t$,B?$$$N$G!"%0%i%U$@$1$K$7$^$7$?!# ?^ 3: Gauss $N>C5nK!$KMW$9$k;~4V ( %_%jIC ) ?^ 3 $O!" =D <4$, BP?t %0 %i%U $K $J$C$F $$ $k$3 $H $K$4 Cm 0U 2< $5 $$!# %5 %V %k!< %A %s $K $h$C $F <B 9T ;~ 4V $K $+ $J $j $N :9 $, =P $F $$ $k $3 $H $, $o $+ $j $^ $9!# 1& C< $N n = 7000 $G MYLU $KBP$9$kHfN($r=P$9$H!" DGEF A & DGESL $G 0.31 G\ LEQLUW $G 2.22 G\ DLAX $G 3.78 G\ DVLAX $G 6.18 G\ $N @- G= :9 $H $J $j $^ $7 $?!# <+ J, $N :n$C $? %5 %V %k!< %A %s $r 2? $b 9M $( $: $K ;H $& $H 5 J, 6a $/ $+ $+ $j $^ $9 $,!" $3 $l $r DVLAX $K :9 $7 BX $( $k $@ $1 $G!" 6 G\ 0J >e $N Ls 48 IC $G =h M} $, =* N; $7 $^ $9!# $3 $N :9 $O!" Nc $( $P 2? 2s $b $N ;~ 4V %9 %F%C %W $r 9o $s $G!" $= $N ET EY LU J, 2r $, I, MW $K 26 $b$C $H $b!" :# $N >l 9g $O 2r $, 0l Dj $J $N $G %W %m %0 %i %‘ $O Bg $$ $K 4J C1$G$9!# $J $k $h $& $J %W %m %0 %i %‘ $G $O!" %H!< %? %k $N <B 9T ;~ 4V $K 3N<B$K8z$$$F$/$k?t;z$H$$$($^$9!# $G$O!"?^ 3 $rIbF0>.?tE@1i;;?t$r 3 n 3 = 2 $H$7$?35 ;; FLOPS CM $G 8+ $k $3 $H $K $7 $^ $9!# ?^ 4 $r 8f Mw 2< $5 $$!# ?^ 4: Gauss $N>C5nK!$N=hM}G=NO (MFLOPS) VP2600/10 $N %T!< %/ @- G= $O 4 : 9GFLOPS $G $9!# D VLAX $O!" $= $N @- G= $K Gw $k CM $r $O $8 $- =P $7 $F $$ $^ $9!# $3 $l $O $+ $J $j 6C 0[ E* $J ?t CM $G!" %O!< %I %&%’ %" $r CN $j $D $/ $7 $? M% =( $J %9 %?%C %U $, \ %4 %j %4 %j " $H %A%e!<%K%s%0$7$?7k2L$@$H;W$o$l$^$9!# D VLAX $O JL $H $7 $F $b!" DLAX $d LEQLUW $O =c ?h $K F ortran $G =q $+ $l $? %5 %V %k!< %A %s $G $9!# $^ $? DLAX $N %=!<%9 %W%m %0%i%‘ $O!"B> $N7W ;;5! 5!$X0\ ?" $7 $J $$ $H $$ $& A0 Ds $N $b $H $G 8x 3+ $5 $l $F $$ $^ $9!# $H $$ $& $3 $H $O!" F ortran %5 %V %k!< %A %s MYLU $r %Y %/ %H %k 7W ;; 5! 8~ $- $K =q $- D> $9 M> CO $, $+ $J $j $" $k $H $$ $& $3 $H $G $9!# $^ $? $& $^ $/ =q $- D> $9 $3 $H $, =P Mh $? $J $i!" 4 G\6a$$@-G=$,=P$k$3$H$,!"%G!<%?$+$i$o$+$j$^$9 8m:9$O!) <!$O!"5$$K$J$k@:EY$G$9!#I= 9, 10 $r8fMw2<$5$$!# $d $O $j 8m:9 $O n $, Bg$- $/ $J $k $K =>$C $FA} Bg $7 $^ $9 $,!" 4p K\ E* $J %" %k %4 %j %: %‘ $, F1 $8 $J $N $G!" 6K C< $J :9 $O=P$F$$$^$;$s!# $J $*!" Aj BP 8m :9 $N 7W ;; $b G\ @: EY $G 9T$C $F $$ $^ $9!# Bg 5, LO $J 9T Ns 1i ;; $G $O!" $$ $/ $i @l Lg $N %i %$ %V %i %j $r MQ $$ $? $H $7 $F $b!" 9T Ns $N <o N‘ $K $h$C $F $O $+ $J $j $N 8m :9$,N_@Q$9$k$3$H$,$o$+$j$^$9!# SSL I I/VP $K$O!"F@$i$l$?2r$rH? I|=$@5$7$F2~NI $9$k%5 %V%k!<%A %s DLAXR $rAu Hw$7$F $$$^$9!#Nc $( $P J} Dx <0 I I $/ $i $$ 8m :9 $, $" $k >l 9g $O!" ( Ld Bj $K $b $h 14

I= 9: Gauss $N>C5nK!$K$*$1$k8m:9 ( J}Dx<0 I) %5%V%k!<%A%s n = 1000 n = 7000 DLAX 0.282053E-09 0.167452E-07 DVLAX 0.282053E-09 0.167452E-07 LEQLUW 0.224743E-09 0.829077E-07 MYLU 0.598924E-09 0.217968E-07 DGEF A&DGESL 0.212306E-09 0.571381E-07 I= 10: Gauss $N>C5nK!$K$*$1$k8m:9 ( J}Dx<0 I I) %5%V%k!<%A%s n = 1000 n = 7000 DLAX 0.361267E-12 0.101252E-11 DVLAX 0.357311E-12 0.110334E-11 LEQLUW 0.158526E-12 0.871081E-11 MYLU 0.116365E-12 0.502862E-12 DGEF A&DGESL 0.129854E-12 0.625944E-11 $j $^ $9 $, ) @: EY $N 2~ NI $r @Q 6K E* $K $* $3 $J $& $Y $- $@ $H ;W$o$l$^$9!# @: EY $, $" $^ $j JQ $o $i $J $$ 0J >e!" 9b B. $J %i %$ %V %i %j $r ;H$C $? J} $, Bg $$ $K F@ :v $G $9!# =>$C $F!" $3 $N <B 83 $G $N7kO@$O<!$N$h$&$K$J$j$^$9!# 7kO@ I I I %Y %/ %H %k 1i ;; $r 0U <1 $7 $J $$ %W %m %0 %i %‘ $H!" @l MQ $N %i %$ %V %i %j $G $O!" ?t G\ $N @- G= :9 $, =P $^ $9!# =>$C $F!" %Y %/ %H %k 7W ;; 5! $N @- G= $r >e <j $K 0z $- =P $9 $K $O!" @l MQ $N %i %$ %V %i %j $r @Q 6K E* $K Mx MQ $7 $^ $7$g$&!# Carl F riedric h Gauss $3 $N >O $G $O \Gauss" $H $$ $& L> A0 $, $‘ $d $_ $K =P $^ $7 $? $N $G!" $D $$ $G $K Gauss $5 $s $N 7P Nr $r >\ 2r $7 $^ $9!# Carl F riedric h Gauss $5$s$O%I%$%D Braunsc h w eig $H$$ $& 39 $G 1777 G/ 4 7n 30 F| $K @8 $^ $l $^$7 $?!# K4 $/ $J$C$?$N$O 1855 G/ 2 7n 23 F|$G$9!# Gauss $5 $s $O!" MD $$ :" $+ $i 0[ >o $J ?t 3X E* :M G= $r <( $7!" !VJ# AG 78 ?t $r $b $D J} Dx <0 $O I, $: J# AG ?t $N :, $r M- $9 $k!W $H $$ $& M- L> $J Be ?t 3X $N 4p K\ Dj M} $r 22 :M $N $H $-$K>ZL@$7$F3X0L$r$b$i$$$^$7$?!# @0 ?t O@!" Hs Euclid 4v 2? 3X!" D6 4v 2? 5i ?t!" J# AG 4X ?t O@!" BJ 1_ 4X ?t O@ $G $9 $0 $l $? 6H @S $r $" $2!" :G >. 2 >h K!!" 6J LL O@!" %] %F %s %7%c %k O@ $N AO ;O <T $G $b $" $j $^ $9!# 19 @$ 5* A0 H> :G Bg $N ?t 3X <T $H $7 $F =c ?h ?t 3X $K $b 1~MQ?t3X$K$bBg$-$JB-@W$r;D$7$^$7$?!# $3$s$J4i$r$7$F$$$^$9!# Carl F riedric h Gauss $5$s $^ $?!" 8e G/ $O E7 J8 3X!" B, CO 3X!" EE <’ 5$ 3X $N J, Ln $G $b IT 5‘ $N 9W 8% $r $7 $^ $7 $? $,!" @8 36 @0 ?t O@ $r G. 0& $7 $F $$ $F!" !V?t 3X $, 2J 3X $N =w 2& $J $i $P!" ?t O@ $O ?t 3X $N =w 2&$G$"$k!W$H8@$C$F$$$?$=$&$G$9!# $6$C$H8=:_$K;D$k Gauss $,$D$/$b$N$r$"$2$k$H!" � <’B+L)EY$NC10L$G$"$k Gauss � Gauss 7W � Gauss A| � Gauss $N8x<0 ( 6JLLO@ ) � Gauss $ND64v2?HyJ,J}Dx<0 � Gauss $NDjM} ( %Y%/%H%k2r@O3X ) � Gauss GH � Gauss J,I[ � Gauss J?LL $J$I$"$A$3$A$NJ,Ln$G8+$k$3$H$,$G$-$^$9!# Braunsc h w eig Bg 3X $N 6a $/ $K $O!" Gauss $5 $s $N ?M N‘ $X $N 0N Bg $J 9W 8% $r ;> $( $? 5p Bg $J F< A| $, $= $S $( $F $$ $^$9 27 !# 27 0J >e!" !X4d GH ?t 3X <- E5!Y !XJ? K^ <R @$ 3& Bg I4 2J ;v E5!Y $K $h $j $^ $7$? 15

?t3X4X?t$N@:EY ?t3X4X?t $3 $N >O $G $O!" B. EY $N OC $O $* 5Y $_ $K $7 $F!" ?t 3X 4X ?t $K$D$$$F>/$79M$($^$9!# F ortran $d C, C++ $J$I!" 2J3X 5;=Q 7W;; $X$N 1~ MQ$K ( $b ) ;H$o $l$k 8@8l $O!" F|K\ 9)6H5,3J (JIS) $NDj$a$k5,3J$K$*$$$F!" sin, cos, log $J $I $N 4p K\ E* $J ?t 3X 4X ?t $r Hw $( $k $3 $H $, MW 5a $5 $l $F $$$^$9!# $? $@ $7!" ?t 3X 4X ?t $, $I $N $h $& $J %" %k %4 %j %: %‘ $G AH $^ $l $k $+ $O %a!< %+!< $^ $+ $; $G!" !VC1 @: EY $G 7 7e!" G\ @: EY $G 15 7e $O @5 $7 $$ CM $r JV $5 $J $$ >l 9g $O IT NI IJ $H 8+ Jo $9!#!W $J $I $H $$$C $? @: EY $K 4X $9 $k 5, Dj $O Dj $a $i $l$F$$$^$;$s!# $D $^ $j!" Mx MQ <T $K $H$C $F ?t 3X 4X ?t $O 40 A4 $J black b o x $G $"$C $F!" !V$H $j $" $( $: $= $l$C $] $$ 7k 2L $_ $? $$ $@ $+ $i!" $^ $" ?. MQ $7 $F $* $3 $& $+!W $H $$$C $? BP 1~ $, $[ $H$s$I$@$m$&$H;W$$$^$9 28 $H $3 $m $,!" 1985 G/ $K =P HG $5 $l $? K\ $r FI $‘ $H!" <! $N$h$&$J62$m$7$$5-=R$,$"$j$^$9!# 4pK\E* $J %=%U %H $G$" $k%3 %s %Q%$ %i $K$D $$ $F8@ $( $P!"Hf 3S E* :G 6a $^ $G !V?t CM 7W ;; $K 4X 78 $9 $k It J, $O ?7 F~ <R 0w $,8&=$ $N 0l$D $H $7$F :n$l $P $h$$!W $H $$$& $/ $i$$ $K 9M$( $F$$$? $o $1$G $b $J$+ $m $&$,!" $o $, 9q:G Bg $N7W ;; 5!%a!< %+$N :G Bg 5! <o $N F OR TRAN $G CABS( J# AG ?t $N @d BP CM ) $r 8F $s $@ $i JP 3Q $, =P $F $- $? $H $+!" $= $N B> $N 7W ;; 5! $G$bG\ @:EY $K $7$F $b 3d;; $N7k 2L $,C1 @: EY$7 $+=P $J $$$H $+!"AH$_ 9~ $_4X ?t $N@: EY $,L\ Cc 6l Cc$G $" $k$H $+!" $H$K $+$/ $$ $m $$ $m LL Gr $$ OC Bj $N <o $O ?T $- $J $+$C $? ( 8= :_ $G $O$b$&$=$s$J$3$H$O$J$$ | $H?.$8$?$$ ) !# 0KM}@5IW!$F#LnOB7z !X?tCM7W;;$N>o<1!Y !V$o $, 9q :G Bg $N 7W ;; 5! %a!< %+!W $, 2? =h $+ $r DI 5Z $9 $k $N $O $5 $F $* $-!" 8= :_ F| K\ $G %9!< %Q!< %3 %s %T%e!< %? $r @= B$ $7 $F $$ $k 2q <R $O 3 <R $" $j $^ $9!# $= $N 0l $D $N IY ;N DL 3t <0 2q <R $r Nc $K $H $k $H!" F ortran %3 %s %Q %$ %i $N ;H MQ <j 0z =q [9] $K $* $$ $F!" ?t 3X 4X ?t $N @: EY $r $- $A $s $H <( $7 $F $$ $^ $9!# $3 $N %^ %K%e %" %k $h $j!" Be I= E* $J 4X ?t$K$D$$$F@:EY$r0zMQ$7$^$9!# 28 ?. MQ $G $- $J $$ ?M $O!" <+ J, $G 4X ?t $r :n $k $3 $H $K $J $j $^ $9!# $7 $+ $7!" 2? $b 9M $( $: $K T ailor E8 3+ $r 6a ;w $9 $l $P A4 $F Bg >f IW $+ $H $$ $( $P!"$=$&$G$b$"$j$^$;$s!#?5=E$J4]$a8m:9BP:v$,I,MW$G$9!# $? $@ $7 @: EY $N Hf 3S $O!" C1 @: EY $O G\ @: EY $H!" G\ @: EY $O 4 G\ @: EY $H Hf 3S $7 $? 7k 2L $@ $= $& $G $9!# $^ $?!" 0z ?t $N HO 0O $d 8m :9 %N %k %‘ $N @_ Dj $, 3F 4X ?t $G $^ $A $^ $A $J $N $G!"BgBN$NL\0B$H$7$F8fMw2<$5$$!# 4X?tL> C1@:EY G\@:EY sqrt 4.16E-7 9.95D-17 exp 4.56E-7 1.79D-16 log 4.68E-7 2.33D-16 sin 3.28E-7 6.94D-17 cos 4.18E-7 9.70D-17 tan 8.17E-7 1.98D-15 arctan 7.01E-7 2.12D-16 F OR TRAN77 EX AH$_9~$_4X?t$N@:EY � $N7W;; 5? $& $o $1 $G $O $J $$ $G $9 $,!" F OR TRAN77 EX $N AH $_ 9~ $_ 4X ?t ATAN $r ;H$C $F!" 1_ <~ N( � $, $A$c $s $H 5a$^$k$+$I$&$+$N%F%9%H$r$7$^$9!# [16] $K $h $k $H!" � $H 5U @5 @\ 4X ?t arctan $r 7k $S $D $1 $k 4X 78 <0 $O 249 8D CN $i $l $F $$ $^ $9!# $= $N Cf $N 4v $D $+ $N 8x <0 $r ;H$C $F!" � $r @8 @. $7 $^ $9!# 8x <0 $O <! $N 6 $D$G$9 29 !# � = 4 (arctan 1 2 + arctan 1 3 ) Euler = 4 (2 arctan 1 3 + arctan 1 7 ) Clausen = 4 (4 arctan 1 5 � arctan 1 239 ) Mac hin = 4 (4 arctan 1 7 + 2 arctan 3 79 ) Euler-V ega = 4 (arctan 1 2 + arctan 1 5 + arctan 1 8 ) Dase = 4 (4 arctan 1 5 � arctan 1 70 + arctan 1 99 ) Rutherford 1& $K =q $$ $F $" $k $N $, 8x <0 $N L> A0 $G $9!# %F %9 %H $O!" HFMQ 5! M-1800/20 $rMQ $$$^ $7$?!#I= 11 $, <B9T 7k2L $G$9!# $I$N 8x<0$r;H$C $F$b!"C1@: EY$G 6 7e!"G\ @:EY$G 15 7e $O @5 $7 $$ CM $r JV $7 $^ $7 $?!# M-1800/20 $N Ib F0 >. ?t E@ $O IBM 7A <0 $J $N $G!" I= 1 $H 8+ Hf $Y $F $b!" $3 $l $O$^$:$^$:$N7k2L$H8@$($k$G$7$g$&!# $7 $+ $7 $J $, $i!" >e $N 8x <0 $+ $i AH $_ 9~ $_ 4X ?t $r MQ $$ $F ?t CM E* $K CM $r 0z$C D%$C $F $/ $l $P!" I, $: $o $: $+ $J 29 :G $bM-L>$J$b $N$K � = 4 arctan(1) $, $"$j$^$9$,!" $D$^$i$J $$$N$G$d$j$^$;$s!# 16

I= 11: � $N@8@. 8x<0 G\@:EY C1@:EY ??$NCM 3.14159265358979323... 3.14159265... Euler 3.1415926535897931 3.1415920 Clausen 3.1415926535897931 3.1415920 Mac hin 3.1415926535897929 3.1415911 Euler-V ega 3.1415926535897933 3.1415911 Dase 3.1415926535897933 3.1415920 Rutherford 3.1415926535897929 3.1415911 $, $i $N 8m :9 $r ;} $A $^ $9!# Ib F0 >. ?t E@ 1i ;; $N =I L? $H $7 $F!" 1i ;; ?t $N A} 2C $K $H $b $J$C $F 8m :9 $, 3H Bg $9 $k $N $O Hr$1$i$l$^$;$s!# $3 $N =I L? $O!" AH $_ 9~ $_ 4X ?t $r MQ $$ $? 1i ;; $K $b $" $F $O $^ $k $3 $H $G $7$g $& $+!# $b $7 $+ $7 $? $i!" %3 %s %Q %$ %i $K ?t 3X E* $J AG M\ $, $" $j!" M? $( $i $l $? %W %m %0 %i %‘ $r ?t 3X E* $K F1 CM $+ $D @: EY $N NI $$ $b $N $K JQ 49 $9 $k ?t <0 =h M} %7%9%F%‘$,AH$_9~$^$l$F$$$k$+$bCN$l$^$;$s!# $F$J$3$H$G!"<!$N<B83$r$7$^$9!# <B83 IV AH $_ 9~ $_ 4X ?t $r %O!< %I $K B- $7 9g $o $; $? $j!" E0 Dl E* $K $+ $1 9g $o $; $? $j $9 $k $H!" 8m :9 $O $I $& $J $k $N $+!) Ib F0 >. ?t E@ 1i ;; $O M- 8B 7e $N A‘ :n $G $9 $N $G!" L5 8B 5i ?t $J $I $r %F %9 %H $K ;H $& $N $O H? B’ $@ $H 9M $(!" %Q %i %a!< %? n $K $h $j :[ NL $G $- $k M- 8B OB $d M- 8B @Q $N 8x <0 $r [17], [18] $+ $i A* $s $G <B 83 $9 $k $3 $H $K $7 $^ $7 $?!# B,Dj $OHF MQ5! M-1800/20 $rMQ $$ 1995 G/ 7 7n 7 F|!A 10 F| $K9T $$$^ $7$?!# %3%s %Q%$ %i $N4D 6-$J $I$O 0JA0 $H F1$8$G$9!# de Moivre $N8x<0 $^$:$OJ#AG2r@O3X$N4pAC8x<0$NEP>l$G$9!# 8x<0 A (cos z + i sin z ) n = cos nz + i sin nz 8x <0 A $O \de Moivre 30 $N 8x <0 " $H $7 $F CN $i $l $F $$$^$9!# z $OG$0U$NJ#AG?t!" n $O@0?t$G$9!# <B83$G$O!" z $r [ � 1 ; 1] $N<B ?t6h4V!" n $r 2 1 $+ $i 2 30 $^$G 2 G\$4$H$KA}$($k 30 8D$N<+A3?t$H$7$^$9!# 3F n $K BP$7!" 6h4V [ � 1 ; 1] $r 1024 J,3d $7!"3F E@$G 1& JU $H :8 JU $r 5a $a!" Aj BP 8m :9 $r 7W ;; $7 $^ $9!# $= $7 30 %I%b%"%V%k$HFI$_$^$9!# $F!" 6h 4V Fb $N J, E@ $G Aj BP 8m :9 $, :G Bg $N $b $N $r n $G $N 8m:9$H$7$F7hDj$7$^$9!# N> JU $H $b Ib F0 >. ?t E@ 1i ;; $r 9T $$ $^ $9 $,!" %Y %- 4X ?t $, $" $k :8 JU $N J} $, Bg JQ $= $& $J $N $G!" 1& JU $r 4 G\ @: EY $G 7W ;; $7!" @5 $7 $$ CM $@ $H $7 $F $$ $^ $9!# :8 JU $O G\ @: EY $G 5a $a!" 8m :9 $O 4 G\ @: EY $G 5a $a $^ $7 $?!# Aj BP 8m :9 $N 7W;;J}K!$O j 1&JU � :8JU j j 1&JU j $G $9!# ?^ 5 $O n $r 2# <4 $K $H$C $? Aj BP 8m :9 $N J, I[ $G $9!# ?^ 5: 8x<0 A $N8m:9 8m :9 $, n $N order $G A} 2C $7 $F $$ $/ $3 $H $, $h $/ $o $+ $j$^$9!# arctan $NM-8BOB B3 $$ $F $O!" @h $[ $I $N � $N 7W ;; $G $O $J $+ $J $+ $N 5; $r 8+ $;$? arctan $K4X$9$k8x<0$G$9!# 8x<0 I I n X r =1 arctan 1 r 2 + r + 1 = arctan n n + 2 $3 $l $b!" N> JU $r 7W ;; $9 $k I, MW $, $" $j $^ $9!# $= $3 $G!" 1i ;; ?t $, 05 E] E* $K >/ $J $$ ( 3d $j ;; 1 2s $H AH $_ 9~ $_ 4X ?t 1 2s ) 1& JU $r 4 G\ @: EY $G 5a $a!" ?? $N CM $@ $H >! <j $K 2> Dj $7 $? >e $G!" G\ @: EY 1i ;; $G 5a $a $? :8 JU $H $N Aj BP 8m :9 $r n = 2 1 ; 2 2 ; � � � ; 2 30 $K $D $$ $F I> 2A $7 $^ $7 $?!#?^ 6 $O n $r2#<4$K$H$C$?AjBP8m:9$NJ,I[$G$9!# $3 $l $b n $K Hf Nc$7 $F 8m :9 $, $I$s $I $s A} $($F $$ $- $^ $9!# 1 $N n >h:, 17

?^ 6: 8x<0 B $N8m:9 8x <0 A, B $O 1& JU $r 4 G\ @: EY $G 5a $a!" 0l 1~ @5 $7 $$ CM $H $7 $? 7k 2L $G $7 $?!# 0J 9_ $O!" 1& JU $, ?t 3X E* $K $- $A$C $H$o$+$k>l9g$G<B83$7$^$9!# 8x<0 C n � 1 Y r =0 � 1 � exp � (2 r + 1) � i n � = 2 8x <0 C $O 1 $N n >h :, $r 5a $a $k 8x <0 $+ $i D> $A $K F3 $+ $l $^ $9!# 7W ;; $G $O!" :8 JU $r G\ @: EY $G 5a $a!" 1& JU $H $N Aj BP 8m :9 $b G\ @: EY $G 7W ;; $7 $F $$ $^ $9!# $^ $?!" � $O 4 arctan 1 $G M? $( $F $$ $^ $9!# ?^ 7 $O n $r 2# <4 $K $H$C $?AjBP8m:9$NJ,I[$G$9!# ?^ 7: 8x<0 C $N8m:9 %G!< %? $O n $, 1024 $^ $G $7 $+ <h $l $^ $; $s $G $7 $?!# n $r 1080 0J >e $K $9 $k $H!" 4X ?t exp $, %*!< %P!< %U %m!< $r 5/ $3 $7 $F $7 $^ $& $+ $i $G $9 31 !# 8x <0 C $N >l 9g!" E0 Dl E* $J 1i ;; $r $9 $k A0 $K Ib F0 >. ?t E@ 1i ;; $N 5v MF CM $r 1[$($F$7$^$$$^$7$?!# 31 IEEE 7A<0$J$i$P!" n = 4000 0J>e$O4hD%$C$F$/$l$^$9!# cot $N8x<0 <!$O0J2<$N8x<0$G$9!# 8x<0 D n � 1 Y r =1 cot r � 2 n = 1 ( n > 1) >Z L@ $, CN $j $? $$ J} $O [17] $r 8f Mw 2< $5 $$!# 8x <0 C $O!" ?? LL L\ $K r = 1 $+ $i =g HV $K @Q $r 7W ;; $7 $F $$ $/ $H!" $9 $0 $K %*!< %P!< %U %m!< $, 5/ $- $^ $9!# $= $N $? $a!" r HVL\$H n � r HVL\$N@Q$rF1;~$K$H$k$h$&$K%W%m%0%i %‘$r2~cb$7$F$$$^$9!# NUMP A C $O � $, AH $_ 9~ $^ $l $? 4X ?t DCOTHP $r %5 %]!< %H $7 $F $$ $^ $9!# %^ %K%e %" %k $K $O!" $3 $A $i $N J} $, @: EY $, $$ $$ $h $H =q $$ $F $" $j $^ $9 $N $G!" ;n $7 $F $_ $^ $9!# AH$_9~$_4X?t COTAN $N � $O 4 arctan 1 $H$7$F5a$a $F$$ $^$9!# ?^ 8 $O n $r2# <4$K $H$C$? Aj BP8m :9$N J,I[ $G$9!# ?^ 8: 8x<0 D $N8m:9 8fMw$N$h$&$K!" NUMP A C $NAH$_9~$_4X?t DCOTHP $r Mx MQ$7 $? J} $,!" DL >o $N COT 4X ?t $r ;H $& $h $j $b 2 7e $[ $I @: EY $, NI $$ $3 $H $, $o $+ $j $^ $9!# $? $@ $7!" <B 9T ;~ 4V$O NUMP A C $NJ}$,Ls 2 G\$+$+$j$^$9!# cos $N8x<0 $3 $l $^ $G $N 8x <0 $G $O!" E0 Dl E* $K OB $d @Q $r $H$C $F $b!" $= $l $J $j $K F’ $s $P$C $F $$ $^ $7 $? $,!" :G 8e $N 8x <0 $N7k2L$O!"K’$7$/$"$j$^$;$s!# 18

8x<0 E n X r =1 cos (2 r � 1) � 2 n + 1 = 1 2 ( n > 1) :8 JU $N 7W ;;!" $* $h $S Aj BP 8m :9 $N 7W ;; $O G\ @: EY $G 9T $$ $^ $7 $?!# � $O 4 arctan 1 $H $7 $F 5a $a $F $$ $^ $9!# ?^ 9 $O n $r 2# <4 $K $H$C $? Aj BP 8m :9 $N J, I[ $G $9!# 8x <0 E $O!"G$ 0U $N n $K BP $7 $F 1 = 2 $K $J $k $O $: $G $9 $,!"?t CM 7k2L$O8fMw$N$h$&$K$J$j$^$7$?!# ?^ 9: 8x<0 E $N8m:9 ?^ 9 $G $O!" 8m :9 %0 %i %U $O D> @~ $K $J $i $:!" \ $K$g $m $K$g $m " $H $7 $? @~ $r IA $- $J $, $i A} 2C $7 $F $$ $- $^ $9!# $=$7$F n = 2 30 = 1073741824 $G$O!":GBg8m :9$, 30 $K $b $J$C $F $7 $^ $$ $^ $7 $?!# $H $$ $& $3 $H $O!" :8 JU $N @d BPCM$, 15 DxEY$K$^$GKD$i$s$G$7$^$C$?$o$1$G$9!# $b$C $H $b!" 4X ?t $N OB $r 10 2/ 2s 0J >e $b $d $k ?t CM 7W ;;$,$=$s$J$K$?$/$5$s$"$k$H$b;W$($^$;$s$, ... 7kO@ ?t 3X 4X ?t $N %F %9 %H $O!" A4 $F M-1800/20 $G $N <B 83 7k 2L $G $9!# $3 $N <B 83 $O!" ?t 3X 4X ?t $N @: EY $H Ib F0 >. ?t E@ 7A <0!" %" %s %@!< %U %m!< $, 5/ $- $? >l 9g $N =h M} 7A BV $J $I $G 7k 2L $, 0c$C $F $/ $k $H 9M $( $i $l $^ $9!# IBM 7A <0 $H IEEE 7A <0 $N Hf 3S $d!" B> $N %W %m %0 %i %_ %s %0 8@ 8l $G $N D4 ::!" $^ $?!" <B 9T ;~ 4V $r B, $k %Y %s %A %^!< %/ $J $I!" LL Gr $= $& $J %G!< %? $, =P $= $& $G $9 $,!" :# 2s $O $3 $l $/ $i $$$G$d$a$k$3$H$K$7$^$9!# $G$O!"7kO@$r!# 7kO@ IV AH $_ 9~ $_ 4X ?t $r %O!< %I $K B- $7 9g $o $; $? $j!" E0 Dl E* $K $+ $1 9g $o $; $? $j $9 $k $N $O!" $d$C $Q $j NI $/ $J $$!# 8x <0 $r MQ $$ $? $3 $l $i $N <B 83 $O!" $I $l $b $, 6K C< $K B? $$ 1i ;; ?t $r MW 5a $7 $F $$ $^ $7 $?!# 7k 6I!" ?t CM 7k 2L $N @: EY $r J] $D $? $a $K $O!" ?t 3X E* $K F1 CM $G $7 $+ $b >/ $J $$ 1i ;; $G :Q $‘ <0 $, $" $k $J $i!" =P Mh $k $@ $1 $=$C $A $K CV $- 49 $($?J}$,$h$$$H$$$&$3$H$G$9!# $3 $l $O %W %m %0 %i %‘ A4 BN $K $b $$ $( $k $3 $H $G!" BP >N @- $, $o $+$C $F $$ $k >l 9g $O!" L5 MQ $J 7W ;; $r $7 $J $$ $h $& $K 9) IW $9 $k $H $+!" ?t <0 =h M} $G =P $F $- $? B? 9‘ <0 1i ;; $r $= $N$^ $^ C $d F ortran $K N.MQ $9$k ;~$K $O!" =PMh $k$@ $1 6& DL 9‘ $G $/ $/ $k $J $I $N CO L# $J EX NO $,!" 7W ;; $N ?. Mj EY $r9b$a$k$3$H$K$J$j$^$9!# !V 1 $D$N?t$r>e<j$K7W;;$9$k$?$a$K$O!"$=$N?t$r?F$7$_$r$b$C$F CN$i$J$/$F$O$J$i$J$$ 32 !W 32 � $N7W;;$GM-L>$J David Chudno vsky $5$s$N8@MU!# 19

C $H F ortran %W%m%0%i%_%s%08@8l 8= :_!" ?t CM 7W ;; $N @$ 3& $G MQ $$ $k 8@ 8l $O!" F ortran, C, C++, Pascal $J $I $G $9!# %" %; %s %V %i $G %4 %j %4 %j $H =q $/ J} $b $$ $^ $9 $,!" 0l It $N 7W ;; 5! %; %s %?!< $, 7W ;; 5! $r FH @j $7 $F $$ $? ;~ Be $O $H$C $/ $N @N $K 5n $j!" 7W ;; 5! ;q 8; $, 8& 5f << $d <+ Bp $d EE <V $N Cf $d N9 @h $N 29 @t =I 33 $^ $G ?; F) $7 $F $$ $k $4 ;~ @$ $J $N $G!" 0\ ?" @- $K M% $l 34 !" $+ $D B? $/ $N ?M $, ;H$C $F $$ $k 8@ 8l $r >/ $J $/ $H $b 0l $D CN$C $F$$$J$$$H!"Ha$7$$;W$$$r$7$^$9!# ;d $N CN $k 8B $j!" ?t CM 7W ;; $G $N %W %m %0 %i %‘ 8@ 8l $G 8= :_$b$C $H$b ;H $o$l $F $$$k $N$O C $H F ortran $G$9!# $3 $N Fs $D $N 8@ 8l $O E( F1 ;N $N $h $& $J 07 $$ $r <u $1 $k $3 $H $, $h $/ $" $j $^ $9 $,!" $= $l $O %W %m %0 %i %‘ 8@ 8l $K \ H~ " $r 8+ $$ =P $= $& $H $9 $k ?M $N M} A[ $K G3 $( $k 8@ @b $G $"$C $? $j $7 $F 35 !" %W %m %0 %i %‘ 8@ 8l $r %" %k %4 %j %: %‘ $+ $i ?t CM %G!< %? $K JQ 49 $9 $k !VF; 6q!W $@ $H 3d $j @Z$C $F MQ $$ $k ?M $? $A $O!" Fs $D $N 8@ 8l $N $= $l $> $l $N D9 =j $r @8 $+ $7 $F >e <j$K;H$$J,$1$F$$$^$9!# ?tCM 7W;; $NJ, Ln$G$b 6aG/ C $,;H $o$l $O$8 $a$^$7 $? $,!" $d $O $j F ortran $G %W %m %0 %i %‘ $r AH $‘ ?M $, B? ?t $G $9!# [7] $NJ8>O$b<+?.$KK~$A$F$$$^$9!# 30 G/ $?$C $F $_ $F!" F ortran $O!" Bg H> $N 7W ;; 5! $K $* $$ $F;HMQ $G $-$k $? $@0l $D$N %W %m%0 %i %‘8@ 8l $G$" $k $H$O!" $H $F $b $$ $( $J $$ B8 :_ $G $" $k!# $= $N 4V!" ?7 $7 $$ 8@ 8l $, <!!9$K3+ H/ $5$l $F $-$?!# FC Dj$N <o N‘ $N1~ MQ $KE, 9g $7$? 8@ 8l $O!" F ortran $h $j $b M% @h $7 $F :N MQ $5 $l $?!# F or- tran $N M% 1[ $O $D $M $K!" ?t CM 7W ;;!" 2J 3X!" 9) 3X!" 5; =Q $N1~MQ J, Ln $K$"$C $?!# $3$l $i $N J,Ln $G $O!"82 Cx $J 6%Ah Aj<j$O$$$^$@$K$J$$!# M. Metcalf, J.Reid !X>\2r F ortran 90 !Y 33 %b %G %‘ Fb B" $N %N!< %H %Q %= %3 %s $r >o $K ;} $A Jb $/ ?M $, A} $( $^ $7 $?!#Cf =’ $K $O!" ISDN 7P M3 $G %$ %s %?!< %M%C %H $K @\ B3 $G $- $k %9 %J%C %/ $, $" $k $= $& $G $9!# $= $N $& $A !V%9 %J%C %/ !_ !_ $K :# $9 $0 Mh $$!*!W $J $I $H $$$C $? %\ %9 $+ $i $N 8F $S =P $7 %a!< %k $, Mh $k $+ $b CN $l $^ $; $s!# 62 $$$G$9$M!A 34 $I$N7W;;5!$K;}$C$F$$$C$F$b$9$0$KF0$/!# 35 $" $k 9q :] 3X 2q $G!" %I %$ %D $N ?t CM 2r @O $N 8& 5f <T $,!" $& $k $s $@ L\ $r $7 $J $, $i Pascal $N H~ $7 $5 $r ;> $(!" JR $d A~ 0- $K K~ $A $? 8} D4 $G C $d F ortran $r$1 $J $7 $F $$ $k9V 1i $r J9 $$ $?$3 $H $, $" $j $^ $9!#4N ?4 $N 9V1iFbMF$OK:$l$F$7$^$$$^$7$?!# N. BN $N %7 %_%e %l!< %7%g %s $J $I $N Bg 5, LO $J ?t CM 7W ;; $r %9!< %Q!< %3 %s %T%e!< %? $G 9T $J$C $? $j $9 $k 8& 5f <T $, F ortran $r ;H $& $o $1 $O!" C1 $K 8= :_ $N %9!< %Q!< %3 %s %T%e!< %? $G F ortran $, I} $r $- $+ $; $F $$ $k $? $a $G $"$C $F!" $b$C $H Bg 5, LO 7W ;; $K E, $7 $? M% $l $? 8@ 8l $, EP >l $9 $l$P!"$5$C$5$H>h$j49$($F$7$^$&$G$7$g$& 36 !# $H $O $$$C $F $b!" F ortran $, 2J 3X 5; =Q J, Ln $N <g NO 8@ 8l $G $" $k $H $$ $& 8= <B $O!" $H $j $" $( $: :# @$ 5* Cf $O JQ $o $i$J$$$G$7$g$&!#$=$NM}M3$O � C $N%Y%/%H%k2=5;=Q$,$^$@$^$@$J$3$H!# � C $N?tCM%i%$%V%i%j$N=<<B$,$^$@$^$@$J$3$H!# � F ortran 90 $H!" <! $N F ortran 95 $, 4h D% $j $= $& $J$3$H!# � 8& 5f <<$K F ortran %W %m %0 %i %‘ $N KDBg $J C_ @Q $, $" $k$3$H!# $H$$$C$?$H$3$m$G$9!# F ortran 90 $G $O!"?7$7 $/G[ Ns1i;; $d%] %$%s%?!<!" Mx MQ <T Dj 5A $N 9= B$ %G!< %? 7? $d F0 E* 5- 21 3d IU $1 $J $I!" C $r Bg$$ $K??;w $?5! G=$r DI2C$7 $F$$ $^$9 (cf.[7]) !#99 $K %W %m %0 %i %‘ $N 5- =R $b!" @N $N %+!< %I ;~ Be $N <v G{ $r C& $7!"<+M3$J7A<0$G=q$1$k$h$&$K$J$j$^$7$?!# $I$C$A$,B.$$!) C $H F ortran $NF@0U5;$r9M$($k$H!"2?$H$J$/ � F ortran $O?tCM7W;;$,F@0U � C $OJ8;zNs=hM}$d%7%9%F%‘%3!<%k$,F@0U $H $$$C $? %$ %a!< %8 $, $" $j $^ $9!# B? J, $= $N DL $j $G $7$g $&!# $7 $+ $7!" Lr 3d $, 0c $& $H $$$C $F $b!" F1 $8 7W ;; 5! $K 8@ 8l $, Fs $D $N$C $F $$ $k $H!" $d$C $Q $j D4 $Y $? $/ $J $j $^ $9!# $= $3 $G!" ?t CM 7W ;; $N J, Ln $G BP 7h $5 $; $k $3 $H $K$7$^$7$?!# <B83 IV F ortran $H C $O$I$C$A$,B.$$!) Fs $D $N 4J C1 $J %W %m %0 %i %‘ $r :n $j!" <B 9T ;~ 4V $r D4 $Y $k $3 $H $K $7 $^ $9!# $J $*!" :G E, 2= $N %3 %s %Q %$ %i %* %W %7%g %s $N ;X Dj $K $h$C $F <B 9T ;~ 4V $K :9 $, =P $^ $9!# $= $3 $G!" VP2600/10 $K $D $$ $F $O %9 %+ %i!< =h M} %f %K%C %H $r ;H$C $F $N <B 9T 7k 2L $H!" :G E, 2= %* %W %7%g %s $r ;X Dj $7 36 $b $A $m $s!" D9 G/ ;H $( $P 0& Ce $O @8 $8 $^ $9!# $7 $+ $7 %W %m %0 %i %‘ 8@ 8l $G $O!" $" $^ $j !V$3 $@ $o $j!W $r ;} $? $J $$ $G %I %i %$ $K 9M $( $F $$ $? J} $,F@:v$G$7$g$&!# 20

I= 12: <B83 V $N7W;;5!4D6- 7W;;5!L> C F ortran OS FUJITSU C/VP V11L10 F OR TRAN77 EX/VP V12L10 UXP/M V12L10 VP2600/10 -sc , ;XDj$J$7 -sc , -Of FUJITSU C V11L10 FOR TRAN77 EX V12L10 UXP/M V12L10 M-1800/20 ;XDj$J$7 , -O ;XDj$J$7 , -Of SUN SP AR Compiler C 2.0.1 SP AR Compiler FOR TRAN 2.0.1 SunOS 5.3 SP AR Cstation 10/40 ;XDj$J$7 , -xO4 ;XDj$J$7 , -O4 DEC DEC OSF/1 C DEC F ortran 3.6 OSF/1 AXP AlphaStation 200 4/233 ;XDj$J$7 , -O4 ;XDj$J$7 , -O4 ( >eCJ$O%3%s%Q%$%iL>!"2<CJ$O%F%9%H$KMQ$$$?%*%W%7%g%s ) $? 7k 2L $r Hf $Y $^ $9!# $^ $?!" $= $N B> $N 7W ;; 5! $G $O!" %* %W %7%g %s $N ;X Dj $J $7 $H!" :G Bg 8B $N :G E, 2= %* %W %7%g %s $r ;X Dj $7 $? 7k 2L $H $r Hf $Y $^ $9!# <B 9T 4D 6- $r I= 12 $K <($7$^$7$?!# %O!<%I$JB-$7;;$G>!Ii$@ 0l $D L\ $N %W %m %0 %i %‘ $O!" A0 >O $G MQ $$ $? !V8x <0 E !W $r $= $N $^ $^ ;H $$ $^ $9!# n = 2 25 = 33554432 $K BP $7!";0@iK|2s0J>e$N%O!<%I$JB-$7;; n X r =1 cos (2 r � 1) � 2 n + 1 $r 9T $J $& $b $N $G $9!# %O!< %I $J B- $7 ;; $r 9T $& It J, $r C $N%W%m%0%i%‘$G=q$/$H0J2<$N$h$&$K$J$j$^$9!# left = 0.; for (j=1; j<=n; ++j) { s = cos( (double)((j<<1)-1)*pi/ (double)((n<<1)+1) ); left += s; } BP$7$F!" F ortran $G$O<!$N$h$&$K$J$j$^$9!# left = 0.0D0 do 10 j=1,n s = COS( DBLE(2*j-1)*pi/DBLE(2*n+1) ) left = left + s 10 continue Dj?t � $r Dj5A$9 $kI, MW$,$" $j$^$9 $,!" [19] $N0J 2< $NCi9p$K=>$$!" 4atan(1) $GDj5A$7$^$9!# %U%)!<%H%i%s%W%m%0%i%‘$NKAF,$N$"$?$j$G!" PI=3.14159 $^ $? $O PI=ATAN(1.0)*4.0 $H $$ $& $h $& $JJ8$r8+$+$1$J$$$3$H$O$a$C$?$K$J$$!# ( 4W OC 5Y Bj ( Fs HV L\ $N J} $, CG A3 NI $$!# 0l HV L\ $N J} $G $O =q $- 8m $j $d 7e ?t IT B- $N 4m 81 $, $" $k!# ( PI $N Be $o $j $K PAI $H =q $/ 8~ $- $, B? $$!# $; $a $F @5 $7 $/ PI $H =q $$ $F $[ $7 $$!# ( $3 $& $$ $& $N $G $O $b$C $H $R $I $$ $N $, $" $k!# SITA(THETA) , GUZAI , BUZAI(XI) $J$I!# )))) Fs5\ ;T;0 !X � $H e $NBe$o$j$K 2 $r;H$*$&!Y [19] $NK\ Ev $N<g ;] $O!" NUMP A C $,%5 %]!< %H$7 $F $$ $k � $r 4^ $‘ ;0 3Q 4X ?t 72 $r ;H $( $H $$ $& $3 $H $J $N $G $9 $,!" C HG$,$J$$$N$G$3$3$G$O;H$$$^$;$s!# 3F for, DO %k!< %W $N A0 8e $K ;~ 4V 7W B, 4X ?t $r Kd $a 9~ $_!" <B 9T ;~ 4V $r B, Dj $7 $^ $9!# @: EY $O G\ @: EY 1i ;; $G $9!# Nc $K $h$C $F!" ;~ 4V 4X ?t $r 8F $V $? $a $K MW $9 $k ;~ 4V $O%<%m$@$H2>Dj$7$^$9!#?^ 10, 11 $,<B9T7k2L$G$9!# ?^ 10: C $H F ortran $N<B9T;~4VHf3S ( I8=‘ ) $J $* VP2600/10 $N 7k 2L $O!" %9 %+ %i!< =h M} %f %K%C %H $r MQ $$ $? 7k 2L $G $9!# I8 =‘ %b!< %I $G $N Hf 3S $G $O!" SP AR Cstation $G C $,>!Mx $7$^ $7$?!#HF MQ5!!" %Y%/ 21

%H %k 7W ;; 5!!" AlphaStation $G $O F ortran $N >! $A $G $9!# ?^ 11: C $H F ortran $N<B9T;~4VHf3S ( :GE,2= ) :GE,2=$r;\$7$?7k2L$G$O!"%Y%/%H%k7W;;5!$H SP AR C- station $O0z$-J,$1$H $$$C$F$$$$$G$7$g$&!#HFMQ5!$H AlphaStation $G$O F ortran $N>!$A$G$9!# $3 $3 $G!" :G E, 2= %* %W %7%g %s $r ;X Dj $7 $? >l 9g $N!" VP2600/10 $HB>5!<o$H$NB.EYHf3S$r$7$^$7$g$&!# F ortran %W%m%0%i%‘$G VP2600/10 $O!" M-1800/20 $N 35 G\ AlphaStation $N 48 G\ SP AR Cstation $N 286 G\ $N@-G=$r=P$7$F$$$^$9!# 9TNs1i;;$G>!Ii$@ B3$$$F$O!" F ortran $,$b$C$H$bF@0U ( $=$& ) $J9TNs 1i ;; $G <B 83 $7 $^ $9!# $^ $:!" F ortran $N %W %m %0 %i %‘ $r MQ 0U $7 $^ $9!# ;~ 4V 7W B, $J $I $N M> 7W $J $b $N $r =| $/ $H!" $@$$$?$$1&>e$N$h$&$J%W%m%0%i%‘$G$9!# Cf ?H $O 0J 2< $N 7W ;; $r $7 $F $$ $^ $9!# 10 $N %k!< %W $G (2) $N %U %i%s %/ 9T Ns$r Dj 5A $7$^ $9!# 20 $O 9TNs c $N=i 4|2=$G$9!# 30 $O C = A � B $r JKI 7?$G9T$$$^$9!# 40 $O C � A � B + A T � B T $r7W;;$7$^$9!# parameter(maxn=401,n=maxn-1) real*8 a(maxn,maxn),b(maxn,maxn), & c(maxn,maxn) integer i,j,k do 10 j=1,n do 10 i=1,n a(i,j)=DBLE(n+1-max(i,j)) b(i,j)=a(i,j) 10 continue do 20 j=1,n do 20 i=1,n c(i,j)=0.0D0 20 continue do 30 j=1,n do 30 k=1,n do 30 i=1,n c(i,j)=c(i,j)+a(i,k)*b(k,j) 30 continue do 40 j=1,n do 40 k=1,n do 40 i=1,n c(i,j)=c(i,j)-a(i,k)*b(k,j)+a(k,i)*b(j,k) 40 continue END $3 $N F ortran %W %m %0 %i %‘ $r ?? ;w $F!" 2 <! 85 G[ Ns $r ;H$C$? C %W%m%0%i%‘$r:n$j$^$9!# #include <stdio.h> #define maxn 401 #define n maxn-1 main() { double a[maxn][maxn],b[maxn][maxn], c[maxn][maxn]; int i,j,k,z; for(j=0; j<n; j++) { for(i=0; i<n; i++) { z = (i>j) ? (i+1):(j+1) ; a[i][j]=(double)(n+1-z); b[i][j]=a[i][j]; } } for(j=0; j<n; j++) { for(i=0; i<n; i++) { c[i][j]=0.0; } } for(j=0; j<n; j++) { for(k=0; k<n; k++) { for(i=0; i<n; i++) { c[i][j] += a[i][k]*b[k][j]; } } } for(j=0; j<n; j++) { for(k=0; k<n; k++) { for(i=0; i<n; i++) { c[i][j] += -a[i][k]*b[k][j] +a[k][i]*b[j][k] ; } } } } $5$F!" C $N K\$rFI$‘$H!" F ortran $, 2 <!85G[ Ns$r 22

9T Ns $N %$ %a!< %8 $= $N $^ $^ $G I= 8= $9 $k $N $K BP $7 $F!" C $G $O G[ Ns $r 9T %Y %/ %H %k $N =8 $^ $j $@ $H 2r <a $9 $k $H =q $$ $F$" $j $^$9!# $9 $k$H!" C $O 2 <! 85G[ Ns $,F@ 0U $G $J$$ $+$b$7$l$^$;$s!# F ortran %W %m %0 %i %‘ $r C $K JQ 49 $9 $k M- L> $J %D!< %k $K f2c $H $$ $& $b $N $, $" $j $^ $9!# $3 $l $G F ortran %W %m %0%i %‘$r C $KJQ 49 $9$k $H!" 1 <! 85 G[Ns HG $K=q $- 49$( $F$/$l$^$9!# $3$N %W%m %0%i %‘$r %Y!<%9 $K!"%j %9 %HHG C %W %m%0 %i %‘$r:n@.$7$^$7$?!# #include <stdio.h> main() { double a[160801], b[160801],c[160801]; int i,j,k,z; for (j=1; j<=400; ++j) { for(i=1; i<=400; ++i) { z = (i>j) ? i:j ; a[i+j*401-402] = (double)(401-z); b[i+j*401-402] = a[i+j*401-402]; } } for (j=1; j<=400; ++j) { for (i=1; i<=400; ++i) { c[i+j*401-402] = 0.; } } for (j=1; j<=400; ++j) { for (k=1; k<=400; ++k) { for (i=1; i<=400; ++i) { c[i+j*401-402] += a[i+k*401-402] *b[k+j*401-402]; } } } for (j=1; j<=400; ++j) { for (k=1; k<=400; ++k) { for (i=1; i<=400; ++i) { c[i+j*401-402] = c[i+j*401-402] - a[i+k*401-402]*b[k+j*401-402] + a[k+i*401-402]*b[j+k*401-402]; } } } } F ortran $N 1 <! 85 %j %9 %H HG $b :n $k $Y $- $J $N $G $7$g $& $,!" LL E] $J $N $G $3 $N 3 $D $G <B 83 $9 $k $3 $H $K $7 $^ $9!# $J $* <B 9T $K :] $7 $F $O!" VP2600/10 $@ $1 <B 9T ;~ 4V $, 6K C< $K C; $/!" ;~ 4V 4X ?t $N @: EY $, ?4 G[ $K $J$C $? $N $G!"F1 $8 F0 :n $r 100 2s 7+ $j JV $7!" 7k 2L $r 100 $G 3d $k $H$$$&J?6QCM$G=P$7$F$$$^$9!# ?^ 12, 13 $,<B9T7k2L$G$9!# $O $8 $a $K!" :G E, 2= %* %W %7%g %s $r FC $K ;X Dj $7 $J $+$C $??^ 12 $N7k2L$r8fMw2<$5$$!#$J$*!" VP2600/10 $O %9%+%i!<=hM}%f%K%C%H$@$1$G$N<B9T7k2L$G$9!# $^ $: SP AR Cstation10/40 $G $9!# B> $N 7W ;; 5! $K Hf ?^ 12: C $H F ortran $N<B9T;~4VHf3S ( I8=‘ ) $Y $F CY $$ $N $G $9 $,!" 1 <! 85 2= $7 $? C %W %m %0 %i %‘ $, F ortran $h$j$b 13 IC$[$IB.$/<B9T$5$l$^$9!# B> $N 5! <o $G $O!" F ortran $N 05 >! $G $9!# $^ $?!" A4 $F $N5! <o $G C $N 2 <! 85 G[Ns HG $,:G 2< 0L$H $J $j$^ $7$?!# $3$l $,!" C %3%s %Q %$ %i$N @- 3J$+ $i $/ $k$b $N $J $N$+!" $? $^ $? $^ $3 $N %W %m %0 %i %‘ $@ $1 $, $3 $& $J $N $+ $O!" $h $/ $o$+$j$^$;$s!# ?^ 13: C $H F ortran $N<B9T;~4VHf3S ( :GE,2= ) <! $O :G E, 2= %* %W %7%g %s $r IU 2C $7 $? ?^ 13 $r 8f Mw 2< $5 $$!# :G E, 2= $7 $F $b!" F ortran $N M% 0L $O JQ $o $j $^ $; $s $,!" 1 <! 85 HG $H $N :9 $O!" $= $l $[ $I 7h Dj E* $H $O $$ $( $^$;$s!# 2 <! 85 HG C %W %m %0 %i %‘ $K BP $9 $k 3F 7W ;; 5! $N @- G= $O $^$A$^$A$G$9!# M-1800/20 $H SP AR Cstation10/40 $G $O 1 <! 85 HG $K 3 G\ 0J >e $N :9 $r $D $1 $i $l $^ $7 $? $,!" AlphaStation $G $O 2 G\0JFb $KGw$j!" VP2600/10 $G $O 2 <!85HG$N C $, 1 <!85HG$r5UE>$7$^$7$?!# %9 %+ %i!< =h M} $G $O 2 <! 85 HG $O 1 <! 85 HG $K 3 G\ 0J >e $N :9 $r $D $1 $i $l $F $$ $? $3 $H $+ $i!" %Y %/ %H %k 2= $, $& $^ 23

$/9T$o$l$?$3$H$,$o$+$j$^$9!# :G 8e $K!" :G E, 2= %* %W %7%g %s $r ;X Dj $7 $? >l 9g $N!" VP2600/10 $HB>5!<o$H$NB.EYHf3S$r$7$^$7$g$&!# F ortran %W%m%0%i%‘$G VP2600/10 $O!" M-1800/20 $N 74 G\ AlphaStation $N 174 G\ SP AR Cstation $N 419 G\ $N@-G=$r=P$7$F$$$^$9!# 7kO@ %3 %s %Q %$ %i $N 5; =Q $O!" F|!9 ?J 2= $7 $F $$ $^ $9!# $3 $l $+ $i $b $I $s $I $s 9b 5! G=!& 9b IJ <A $J @= IJ $, @$ $K =P $k $3$H $G$7$g $&!# SP AR Cstation $N%3 %s%Q %$ %i$N $h$& $K!" F ortran $H C $,A4 $/8_ 3Q $N@- G= $r=P $9 7W;; 5!!& %W %m %0 %i %‘ 8@ 8l $b $" $j $^ $9!# $7 $+ $7!" %F %9 %H $N 7k 2L $+$i0l1~$N7kO@$r=P$7$F$*$-$^$7$g$&!# 7kO@ V ?t CM 7W ;; $r 9b B. $K $d $j $? $$ $J $i!" :# $N $H $3 $m F ortran $G%W%m%0%i%_%s%0$7$?J}$,$$$$!# F ortran $+ $i C $X $N =q $- 49 $( $O!" f2c $J $I $r MQ $$ $F0F 30 4JC1 $K =P Mh$k $N $G!" 5$$, JQ $o$C $F C $X >h$j 49 $($k$3$H$OMF0W$G$9!# SP AR Cstation $*$o$j$K 8= :_ $N %Y %/ %H %k 7W ;; 5! $N %3 %s %Q %$ %i $O Bg JQ M% =( $G!" $= $3 $= $3 $N %Y %/ %H %k 2= $O $d$C $F $/ $l $^ $9!# $7 $+ $7!" %9!< %Q!< %3 %s %T%e!< %? $N @- G= $r 0z $- =P $9 $? $a $K $O!" $" $k Dx EY <+ J, $G JY 6/ $7!" %9!< %Q!< %3 %s %T%e!< %? 8~$-$N%W%m%0%i%‘$r=q$/I,MW$,$"$j$^$9!# $3 $N !V$" $k Dx EY!W $, 6J <T $G $7 $F!" $b $7 $+ $7 $? $i %5 %V %k!< %A %s $r F~ $l 49 $( $k $@ $1 $G == J, $+ $b CN $l $^ $; $s $7!" $I $s $J $K 4h D%$C $F $b 7k 6I $[ $H $s $I @- G= $r >e $2 $k $3$H$,$G$-$J$$$+$bCN$l$^$;$s!# 5- ;v $N Cf $G $O!" %9!< %Q!< %3 %s %T%e!< %? 8~ $- $N 6q BN E* $J %W %m %0 %i %‘ $N =$ @5 J} K! ( %A%e!< %K %s %0 $H $$ $$ $^ $9 ) $O =R $Y $^ $; $s $G $7 $?!# 4{ $K >\ $7 $$ 2r @b 5- ;v $d =q @R $, B? ?t B8 :_ $9 $k $+ $i $G $9!# 7W ;; 5! 2J 3X $d >p Js =h M} $N @$ 3& $G $O!" 9b B. $J 7W ;; 5! $N $? $a $N %W %m %0 %i %_ %s %0 5; =Q $O =E MW $J J, Ln $G $" $j!" =q E9 $d ?^ =q 4[ $K 9T $1 $P I, $:8+ $D $+$j $^ $9!#$b $7!"$* <j 85$K F ortran $d C $N J8 K! =q $7 $+ $* ;} $A $G $J $$ J} $O!" @’ Hs $H $b %W %m %0 %i %_ %s %0$NK\$r$*<j85$KCV$+$l$k$3$H$r$*4+$a$7$^$9!# $3$l $+$i$d$C $F$/ $k ( $G $"$m$& ) !V%Y%/ %H%kJB Ns7W ;; 5!!W $N ;~ Be $O!" 62 $m $7 $$ $3 $H $K!" Mx MQ <T $, JB Ns 2= $* $h $S %Y %/ %H %k 2= %W %m %0 %i %_ %s %0 5; =Q $r CN$C $F $$ $k $N $H CN $i $J $$ $N $H $G 7h Dj E* $J :9 $, $D $/ $3 $H $K $K $J $j $=$&$G$9!# $D $^ $j!" ;W $$$C $- $j 6q BN E* $K 8@ $& $H!" ;~ 4V J} 8~ $^ $G F~$C $? 3 <! 85 Navier-Stok es J} Dx <0 $N 6a ;w 2r $r M- 8B MW AG K! $d :9 J, K! $G 5a $a $k $h $& $J!" %. %, %P %$ %H!& %F %i %P %$ %H C1 0L $N Bg 5, LO ?t CM 7W ;; $, I, MW $J J} $K $H$C $F!" O@ J8 40 @. $N $? $a $K $O!" H] 1~ $J $7 $K JB Ns %W %m %0 %i %_ %s %0 $N JY 6/ $r $7 $J $/ $F $O $J $i $J $/ $J $k ;~ $, $d$C $F $/$k$+$bCN$l$^$;$s!# $? $@ $7!" $3 $N :" $K $O M% $l $? 2r @b =q $d!" $= $3 $= $3 $N @- G= $r =P $9 JB Ns %W %m %0 %i %‘ JQ 49 %D!< %k $, =P 2s$C $F $$ $k$N$G$O!"$H;d$O>!<j$K4|BT$7$F$$$^$9!# illustration : Hidaki Naok o and <~ 24

;29MJ88% [1] DEED 9’ IW : ?tCM =hM} %W%m %0%i %_%s %0 , 4dGH 9V:B %=%U%H%&%’%"2J3X 9, 4dGH=qE9 (1988). [2] ?9 @5Ip : ?tCM2r@OK! , D+AR8=BeJ*M}3X9V:B 7, D+ AR=qE9 (1984). [3] L><h N< : @~7A7W ;; , $9$& $,$/ $V$C$/ $9 12, D+ AR =qE9 (1993). [4] :4F# <~9T : %3%s%T%e!<%?%M%C%H%o!< %/$N$;$$$G IT JX $K $J $k $3 $H , 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< 9-Js , V ol.27, No.2, 93{110 (1994). [5] @:EYJ]>ZIU$-?tCM7W;;$H$=$N1~MQ , >pJs=hM} V ol.31, Np.9 (1990). [6] EOIt A1 N4 : ?tCM 7W;; $H8m :9$N OC , 6e=# Bg3X Bg7? 7W;;5!%;%s%?!<9-Js , V ol.27, No.5, 556{580 (1994). [7] M. Metcalf, J. Reid ( @>B< =zI’ , OBED 1QJf , @> B< OBIW , 9bED @5G7 Lu ) : >\2r F ortran90, bit JL :} , 6&N)=PHG (1993). [8] SSL I I 3HD% 5!G=;H MQ<j0z =q ( 2J 3XMQ%5 %V%k!< %A %s %i %$ %V %i%j ), 99SP{4070-2, IY;N DL 3t <0 2q <R (1991) !% [9] OS IV/MSP FOR TRAN77 EX ;HMQ<j0z=q V12 MQ , 79SP-5031 !$IY;NDL3t<02q<R (1991). [10] 8b CR1Q : 8@MU$K$D$1$kLt , APMU<R (1994). [11] Eg:j bC>< : %9!<%Q!<%3%s%T%e!<%?$H%W%m%0%i%_ %s %0 , 7W ;;5!2J3X !?%=%U %H%&%’%"5; =Q9V:B 9, 6& N)=PHG (1989). [12] OS IV/MSP F OR TRAN77 EX/VP ;HMQ<j0z =q V12 MQ , 79SP-5041 !$IY;NDL3t<02q<R (1991). [13] 0KM} @5IW , F#Ln OB7z : ?tCM7W;;$N>o<1 , 6&N)=P HG (1985). [14] Eg :j bC >< : ?tCM 7W;; $K$* $1$k %Y%s %A%^!< %/ , >p Js=hM} , V ol.31, No.3, pp.313{320 (1990). [15] Gregory , R. T. and Karney , D. L. : A c ol- le ction of matric es for testing c omputational algorithms , John Wiley & Sons, New Y ork (1969). [16] 6bED 9/@5 : � $N$O$J$7 , El5~=q@R (1991). [17] >.>> M&:n , 3a86 >mFs : >\2r 4X?tO@1i=, , 6&N)=P HG (1983). [18] 4dGH?t3X8x<0 I I, 4dGH=qE9 (1957). [19] Fs 5\ ;T ;0 : � $H e $N Be $o $j $K 2 $r ;H $* $& , L> 8E 20 Bg 3X Bg 7? 7W ;;5! %; %s %?!< %K%e!< %9 , V ol.24, No.1, 34{42 (1993). 1981 G/:"$N%;%s%?!<C<Kv<<$NIw7J 25