VPP700/56 $N1i;;@-G= EOIt A1N4 � ?7%9!<%Q!<%3%s%T%e!<%? VPP700/56 $N1?MQ$K$"$?$j!$%;%s%?!<$G$O2?K\$+$N%F%9%H%W%m%0%i%‘$rAv$i$;!$%G!< %? $r <} =8 $7 $^ $7 $?!% K\ 9F $G $O!$ $= $l $i $N <B B, %G!< %? $N Cf $+ $i!$ F ortran 90 $N AH $_ 9~ $_ 4X ?t $H!$ %a %b %j!< %" %/ %; %9!$$* $h $S SSL I I/VPP $N Be I= E* $J %5%V %k!< %A %s $K $D $$ $F F@ $i$l $? 7k 2L $r >R 2p $7 $^ $9!%$J $* %W %m %0 %i %‘ $O $9 $Y$F F ortran $NG\@:EY (64 %S%C%H ) <B?t%G!<%?7?$N1i;;$r9T$J$&$b$N$G$9!% 1 F ortran 90/VP 1.1 F ortran 90 $NAH$_9~$_4X?t$N@-G= F ortran 90 $G $O!$%Y %/%H%k $NFb @Q!$9T Ns@Q $J$I $N$h $/;H$& <jB3 $-$, ?7$? $KAH $_9~ $_4X ?t$H$7 $FI8 =‘$G %5%]!< %H $5 $l $k $h $& $K $J $j $^ $7 $? ([3]) !% $3 $N @a $G $O!$ $3 $l $i $N AH $_ 9~ $_ 4X ?t $, B. EY $K 4X $7 $F \ ;H $$ $b $N $K$J$k$+ " $rD4$Y$F$_$^$7$?!% !|9TNs@Q ( MATMUL ) F ortran 90 $K$O!$AH$_9~$_4X?t MATMUL $,I8=‘$G%5%]!<%H$5$l$F$$$^$9 ([3]) !%%"%k%4%j%:%‘$O=hM}7O 0MB8$G$9!%%V %i%C%/%\%C%/ %9$H$J$k $?$a5$L# $,0-$$$3 $H$OH]Dj$G $-$^$;$s $,!$=>Mh$N F OR TRAN 77 $N %5%V%k!<%A%s$NMM$K@09g@#K!$d<!85?t$r$$$A$$$AF~NO$9$k<j4V$,>J$1$k$3$H$OL%NO$G$9!% %F%9 %H $G $O <! 85 n $N@5 J} 9T Ns A , B $r Mp ?t H/ @8 $N 4X?t RANDOM_NUMBER $G :n@. $7 $^ $7 $?!% $^ $?!$ Hf 3S $N$?$aIY;NDLDs6!$N SSL I I/VP([1]) $N DVMGGM $H!$ 2 2s%"%s%m!<%j%s%0$r;\$7$?<+:n$N9TNs@Q%5%V%k!< %A%s MYLIB $rMQ0U $7$^$7 $?!% CPU ;~ 4V$NB,Dj $OAH$_ 9~$_4X ?t CLOCKV $r<jB3 $-$NA0 8e$KKd$a 9~$s$G 9T $J$$$^$7$?!%?^ 1 $O1i;;?t$r 2 n 3 2s$H$7$? FLOPS CM$r%W%m%C%H$7$?$b$N$G$9!% ?^ 1 : 9TNs@Q$N@-G= � 6e=#Bg3XBg7?7W;;5!%;%s%?!<!&8&5f3+H/It E-mail : watanabe@cc.kyushu-u.ac.jp 1

\ MATMUL(July) " $O%l%Y%k%"%C%W0JA0$KB,Dj$7$?%G!<%?!$$=$NB>$O 1997 G/ 9 7n 2 F|$N7k2L$G$9!% F ortran 90/VP $N %l%Y %k %"%C %W $K $h$j!$ MATMUL $N @- G= $, DVMGGM $H F1 Ey $K $^ $G 8~>e $7 $? $3 $H $,$o $+ $j$^$9!% !|%Y%/%H%k$NFb@Q ( DOT PRODUCT ) <!$N 7k2L $O!$ F1$8 $/ F ortran 90 $G AH $_9~ $_ 4X?t $H $J$C$? %Y%/ %H %k$N Fb @Q$r 5a$a $k 4X?t DOT_PRODUCT $H!$<+:n$N4X?t ( 2?$b%F%/%K%C%/$O;H$C$F$$$^$;$s ) MYLIB $H$rHf3S$7$?$b$N$G$9!%2#<4$OBP?t$H$7!$%Y %/%H%k$ND9$5 n $r0UL#$7$^$9!%=D<4$O1i;;$r n ( n � 1) 2s$H$7$? FLOPS CM$r%W%m%C%H$7$F$$$^$9!%?^ 2 $,%Y %/ %H %k 1i ;;!$ ?^ 3 $, %9 %+ %i!< 1i ;; $N 7k 2L $G $9!% $3 $3 $G !V%Y %/ %H %k 1i ;;!W $H $O!$ >J N, CM K] Lu %* %W %7%g %s$r:NMQ$7$FK]Lu!&<B9T$7$?7k2L ( =>$C$F<+F0%Y%/%H%k2=$5$l$?%*%V%8%’%/%H$r=PNO$7$^$9 ) !$$^$?!$!V%9 %+%i!<1i;;!W$H$O!$%Y%/%H%k2=$rM^;_$9$k%*%W%7%g%s$rIU2C$7$FK]Lu!&<B9T$7$?7k2L ( =>$C$F!$%9%+%i!< %f%K%C%H$N1i;;@-G=$rD4$Y$k$3$H$K$J$j$^$9 ) $r0UL#$7$F$$$^$9!% B,Dj$O 1997 G/ 9 7n 2 F|$K9T$J$$$^$7$?!% \ !{ ", \ !| " $NItJ,$,B,Dj$7$? n $KBP1~$7$F$$$^$9!% ?^ 2 : %Y%/%H%k$NFb@Q$N@-G= ( %Y%/%H%k1i;; ) %0 %i %U $, \ $U $i $U $i " $7 $F $$ $k $N $O!$ %P %s %/ %3 %s %U %j %/ %H (cf.[5]) $N 1F 6A $H ;W $o $l $^ $9 ( 0U ?^ E* $K n $r 2 $N%Y%->h$K$J$k$h$&$JCM$r@_Dj$7$F$$$^$9 ) !% ?^ 3 : %Y%/%H%k$NFb@Q$N@-G= ( %9%+%i!<1i;; ) 2

%9%+%i!<1i;;$G6KC<$K@-G=$,0-$/$J$C$?860x$O:#$N$H$3$m$o$+$j$^$;$s!% N> J} $N %F %9 %H $H $b $K!$ DOT_PRODUCT $O <+ :n $N 4X ?t $K :9 $r $D $1 $i $l $F $$ $^ $9!% :# 8e $N %A%e!< %K %s %0 $K 4|BT$7$^$9!% !|9TNs$NE>CV ( TRANSPOSE ) <!$O!$9TNs$rE>CV$9$kAH$_9~$_4X?t TRANSPOSE $H<+:n$N4X?t ( 2?$b%F%/%K%C%/$O;H$C$F$$$^$;$s ) MYLIB $H$r Hf3S $7 $^ $7$?!% %F %9%H $O <!85 n $N @5J} 9T Ns $r RANDOM_NUMBER $G @8 @.$7!$ E> CV $9$k <j B3$- $K MW$9 $k CPU ;~ 4V $r B, Dj $9 $k $H $$ $& $b $N $G $9!% ?^ 4 $, %Y %/ %H %k 1i ;;!$ ?^ 5 $, %9 %+ %i!< 1i ;; $N 7k 2L $G $9!% B, Dj $O 1997 G/ 9 7n 2 F|$K9T$J$$$^$7$?!% 9TNs$rE>CV $9$k1i;;$O n $, 2 n $H 2 n + 1 $K@_Dj$7$F 9T$J$$$^ $7$?!%$=$l$> $l$N>l9g$G $+$J$j$N :9$,=P $^$7$?$N$G!$J,$1$F%W%m%C%H$7$F$$$^$9!% ?^ 4 : 9TNs$NE>CV$N@-G= ( %Y%/%H%k1i;; ) @-G= $K:9 $, =P $?86 0x $O %P%s %/ %3%s %U %j %/%H $N 1F 6A$@ $H ;W$o $l $^ $9!%FC $K n $, 2 $N %Y %- $N>l 9g 6KC< $K @- G= $,Nt2=$9$k $3$H$, $o$+$j $^$9!%%Y%/ %H%k2= %W%m%0%i %_%s%0 (cf.[2]9 >O ) $r$9$k :]$O!$<+J, $G%W%m %0%i%_ %s %0$7$?J}$,:#$N$H$3$mB.$$$H$$$&7k2L$K$J$j$^$7$?!% ?^ 5 : 9TNs$NE>CV$N@-G= ( %9%+%i!<1i;; ) 3

%9%+%i!<@-G=$G$O TRANSPOSE $NJ}$,B.$$$h$&$G$9 1 !% 1.1.1 :GBgCM ( MAXVAL ) :G8e$O!$%Y%/%H%k$N:GBgCM$r5a$a$k4X?t MAXVAL $r<+:n$N4X?t ( 2?$b%F%/%K%C%/$O;H$C$F$$$^$;$s ) MAX $HHf3S$7$?7k2L $G$9!% F ortran 90 $K $O:G>.CM$r 5a$a$k MINVAL $b $"$j$^$9!%?^ 6 $,%Y%/ %H%k1i;;!$?^ 7 $,%9%+%i!<1i;;$N7k2L$G$9!%B,Dj$O 1997 G/ 9 7n 2 F|$K9T$J$$$^$7$?!% ?^ 6 : %Y%/%H%k$N:GBgCM ( %Y%/%H%k1i;; ) $3$A$i$OBg$-$J:9$O$J$$$h$&$G$9$,!$%Y%/%H%kD9$,C;$$;~$N MAXVAL $O \ :c$( " $,$"$j$^$;$s!% ?^ 7 : %Y%/%H%k$N:GBgCM ( %9%+%i!<1i;; ) F ortran 90 $N AH$_ 9~$_ 4X?t $N@-G= $rD4 $Y$F $_$? $H$3 $m!$9T Ns@Q $O%l %Y%k %"%C%W$K $h$j %T!<%/ @-G= $K6a $$CM $r =P $9 $h $& $K $J $j!$ B. EY $N LL $+ $i 0B ?4 $7 $F Mx MQ $G $- $= $& $G $9!% $= $N B> $N AH $_ 9~ $_ 4X ?t $O!$ $= $l $[ $I @-G=$,=P$F$$$^$;$s!%$.$j$.$j$N%A%e!<%K%s%0$r$9$k>l9g$K$OCm0U$,I,MW$G$9!% 1 %9%+%i!<1i;;$G>!$C$F$b$"$^$j0UL#$,$J$$$N$G$9$,!D 4

1.2 %a%b%j!<%"%/%;%9@-G= F ortran $G 9T Ns $K %" %/%; %9 $9 $k >l 9g!$ 9T J} 8~ $N O" B3 $7 $? %" %/ %; %9 $,:G $b 8z N( NI $$ J} K! $G $9!% C $N >l 9g $O5U$GNsJ}8~$N%"%/%;%9$,8zN(NI$/$J$j$^$9!% $3 $3 $G $O!$ n <! 85 $N @5 J} 9T Ns $r 0J 2< $N J} K! $G %" %/ %; %9 $7 $? >l 9g $K MW $9 $k CPU ;~ 4V $N 9g 7W $r B, Dj $7 $F $_$^$7$?!% COLUMN Ns$4$H$K9TJ}8~$rO"B3$7$F%"%/%;%9 ROW 9T$4$H$KNsJ}8~$rO"B3$7$F%"%/%;%9 R-COLUMN Ns$4$H$K9TJ}8~$r%i%s%@%‘$K0[$J$j$J$/%"%/%;%9 R-ROW 9T$4$H$KNsJ}8~$r%i%s%@%‘$K0[$J$j$J$/%"%/%;%9 ?^ 8 $, %Y %/ %H %k!$ ?^ 9 $, %9 %+ %i!< $G K] Lu!& <B 9T $7 $? CM $r %W %m%C %H $7 $? $b $N $G $9!% ?^ $G $O \ COLUMN " $r 1 $H$7!$B>$N%"%/%;%9$,$=$N2?G\$K$J$k$+$r<($7$F$$$^$9!%B,Dj$O 1997 G/ 9 7n 2 F|$K9T$J$$$^$7$?!% ?^ 8 : %a%b%j!<%"%/%;%9 ( %Y%/%H%k1i;; ) %Y %/ %H %k 1i ;; $G $O!$ 9T !? Ns $N O" B3 %" %/ %; %9 $K ;W$C $? Dx $N :9 $O =P $^ $; $s $G $7 $?!% $‘ $7 $m %" %/ %; %9 $N \ O" B3 @- " $,Bg@Z$J$3$H$,$o$+$j$^$9!% ?^ 9 : %a%b%j!<%"%/%;%9 ( %9%+%i!<1i;; ) %9%+ %i!< 1i ;; $G $O 9T !? Ns $N %" %/ %; %9 J} 8~ $K $h$C $F Bg $- $J :9 $, =P $k $3 $H $, $o $+ $j $^ $9!% %o!< %/ %9 %F!< %7%g %s$d%Q!<%=%J%k%3%s%T%e!<%?$G%W%m%0%i%‘$rAH$‘>l9g!$$3$N@-<A$rCN$C$F$$$k$HM-Mx$G$9!% 5

2 F ortran 90/VPP JBNs%W%m %0%i%‘$N1i ;;@-G=$H $7$F!$ SSL I I/VPP $NBeI= E*$J%5%V %k!<%A%s@- G=$r@-G= $rB,Dj$7 $?%G!< %?$r4v$D$+>R2p$7$^$9!% 2.1 56PE $G$N%T!<%/@-G=;n83 1996 G/ 12 7n 5 F|!$ IY ;N DL >B DE 9) >l $G VPP700/56 $N 8= CO %F %9 %H $r 9T $J $$ $^ $7 $?!% $= $N :]!$ %T!< %/ @- G= ;n 83 $H $7 $F!$ 9T Ns @Q 1i ;; $N F ortran %W %m %0 %i %‘ $r 56PE $G JB Ns <B 9T $7 $^ $7 $?!% %W %m %0 %i %‘ $O!$ <! ?t n $N G\ @: EY <B ?t %G!< %? 7? $N @5 J} 9T Ns A , B $N @Q $r 7W ;; $7!$ 7k 2L $r <! ?t n $N @5 J} 9T Ns C $K 3J G< $9 $k $b $N $G $9!% 9TNs@Q1i;;$K$O SSL I I/VPP $N DP_VMGGM $rMQ$$$^$9 2 !%9TNs$N %G!<%?$O3FMWAG$r A ij , B ij $H$9$k$H $-!$ A ij = B ij = � 2 n + 1 � 1 2 sin � ij � n + 1 � $GDj5A$7$^$9!%$J$* � $O 4 tan � 1 1 $H$7$^$9!% $3$N$h$&$KDj5A$7$?M}M3$O!$9T Ns@Q1i;;$N@:EY$N3NG’$H$7$F M}O@E*$K AB = E ( E $OC10L9TNs ) $H$J$k $3$H$rMQ$$$F!$9TNs C $KBP$9$kMWAG$r C ij !$ E $NMWAG$r E ij $H$9$k$H$-!$:GBg9TOB%N %k%‘$N0UL#$G$N8m :9 ( jj E jj 1 = 1 $h$j@dBP8m:9$+$DAjBP8m:9$H$J$j$^$9!% ) jj C � E jj 1 = max 1 � i � n n X j =1 j C ij � E ij j $,CN $j $? $+$C $? $+ $i $G $9!% 7P 2a ;~ 4V $O %&%)!< %k %/ %m%C %/ $K $h $j 9T Ns @Q 1i ;; $N 3+ ;O $+ $i 7k 2L 3J G< $^ $G $r B, Dj$7$^$7$?!%<!85 n $NBg$-$5$H A , B , C $KI,MW$J5-21NN0h$*$h$S7P2a;~4V!$8m:9$OI= 1 $NDL$j$G$9!%7P 2a;~4V$O>.?tE@Bh 1 0L0J2<$r!$8m:9$O>.?tE@Bh 4 0L0J2<$r@Z<N$F$F$$$^$9!% I= 1 : 56PE $G$N%T!<%/@-G=;n837k2L n 5-21NN0h 7P2a;~4V 8m:9 18000 7.2GB 105sec. 0.138e-09 40000 35.7GB 1135sec. 0.393e-09 55000 67GB 2865sec. 0.713e-09 60000 80GB 3683sec. 0.681e-09 65000 94GB 5197sec. 0.819e-09 8D?ME*$J46A[$H$7$F$O!$1i;;?t$NA}Bg$K$h$C$FCe!9$HA}$(B3$1$k8m:9$NJ}$,5$$K$J$j$^$9!%$b$A$m$s!$ 8m:9 %N %k %‘ $N 7W ;; <+ BN $K :. F~ $9 $k 4] $a 8m :9 $b 9M N8 $K F~ $l $k I, MW $, $" $j $^ $9 $,!$ Bg 5, LO $J ?t CM 7W ;; $r 9T $J $&>l9g$N4]$a8m:9$NI>2A$O:#8e$-$A$s$H9M$($kI,MW$,$"$k$N$G$O$J$$$G$7$g$&$+!% ?^ 10 $O1i;;?t$r 2 n 3 $H$7$? GFLOPS CM$r%W%m%C%H$7$?$b$N$G$9!% \ Theoretical_Peak " $O!$ 56 Bf $G$NM}O@%T!<%/@-G=CM$G$9!% 2 IaDL $K9T Ns @Q$N %W%m %0 %i%‘ $rAH $‘ $H?t 9T$G :Q $‘$N $G$9 $,!$ %=!<%9 %j%9 %H $r8+ $?$H $3 $m!$ A4 H= 29 JG$K $*$h $V D9Bg $J$b $N $G $7$?!% 6

?^ 10 : 56PE $G$N%T!<%/@-G=;n837k2L N = 65000 $G=h M} @- G= $,Dc 2< $7 $? 86 0x$r %a!< %+!< $K Ld$$ 9g $o $; $?$H $3 $m!$ \ $? $^$? $^ " $3 $N CM$K BP $7 $F@-G=Dc2<$r5/$3$9MW0x$,$"$j!$ DP_VMGGM $N%=!<%9$N=$@5$K$h$j!$ N = 60000 0J>e$N@-G=$,=P$k $H$N Js9p $r <u $1 $^ $7 $?!% $7 $+ $7!$ 56PE $N @- G= ;n 83 $r 9T $J $& $? $a $K $O $9 $Y $F $N PE $N 3d $j Ev $F $r JQ 99 $9 $k I, MW$,$"$k$?$a!$1?MQ$r3+;O$7$?8=:_$G$O$J$+$J$+%F%9%H$G$-$^$;$s!% 2.2 Bf?t8z2L 8=:_!$MxMQ<T$,;HMQ$G$-$k:GBg PE Bf?t$O 32 $G$9!%0J2<!$ 4 $D$N SSL I I/VPP %5%V%k!<%A%s$KBP$7!$ PE Bf?t$rJQ2=$5$;!$Bf?t8z2L$rD4$Y$F$_$^$7$?!%B,Dj$O 1997 G/ 4 7n!A 6 7n$K9T$J$$$^$7$?!% FLOPS CM $O!$ Analyzer([4]) $NIb F0>. ?t E@1i ;; ?t$N :N <h5! G= PEP A(PE P erformance Analyzer) $N CM$r?.MQ$7$FMQ$$$F$$$^$9!% !{9TNs@Q ?^ 11 $O 56PE $G$N %T!< %/ @-G= ;n 83 $G;H MQ $7$? F1 $8 %W%m %0 %i %‘ ( %5 %V %k!< %A%s DP_VMGGM ) $N n = 8500 $KBP$7 PE Bf?t$rJQ2=$5$;$?$b$N$G$9!% \ Theoretical_Peak " $O!$$=$NBf?t$G$NM}O@%T!<%/CM$G$9!% ?^ 11 : DP_VMGGM $NBf?t8z2L 7

N = 8500 $K$7$?M}M3 $O!$$.$j$. $j 1PE $G<B 9T2DG=$@$+ $i$G$9!%3F PE Bf?tJ, $N%a%b%j!< $N>e8B$KGw $k $h$&$K N $rJQ2=$5$;$?%G!<%?$b:N<h$7$^$7$?$,!$$=$l$[$I@-G=$OJQ$o$j$^$;$s$G$7$?!% ?^ 12 $O!$ <B %9 %Q!< %9 9T Ns $H <B %Y %/ %H %k $N @Q $r 5a $a $k DP_VMVSD $N @- G= $r <( $9 $b $N $G $9!% <B %9 %Q!< %9 9TNs $O!$ NN0h = [0 ; 1] 3 $r 3F J}8~ N + 1 Ey J, 3d $7$? $H $- $NBJ 1_ 7? JPHy J, 1i ;; ;R$r Cf ?4 :9J, $r MQ $$ $FN% ;62=$7$?;~$KF@$i$l$k$b$N$G$9!% [1] $K$h$kBP3Q7A<03JG<K!$K$h$j3JG<$5$l$F$$$^$9!% ?^ 12 : DP_VMVSD $NBf?t8z2L \ N=MAX " $O!$ 3F <! 85 $N J, 3d ?t N $r <B 9T 2D G= $J 5- 21 NN 0h $N >e 8B 6a $/ $K @_ Dj $7 $F :N <h $7 $? CM $r %W %m%C %H $7 $?$b$N$G$9!% !{O"N) 1 <!J}Dx<0 ?^ 13 $O L) <B 9T Ns $K BP $9 $k O" N) 1 <! J} Dx <0 DP_VLAX $N @- G= $r <( $9 $b $N $G $9!% 9T Ns $O DP_DVMGGM $H F1 $8$b$N$rMQ$$$^$7$?!% ?^ 13 : DP_VLAX $NBf?t8z2L \ N=MAX " $N0UL#$O@h$[$I$HF1$8$G$9!% ?^ 14 $O Hs BP >N $^ $? $O IT Dj CM $N %9 %Q!< %9 9T Ns $K BP $9 $k O" N) 1 <! J} Dx <0 (MGCR K! ) DP_VCRD $N @- G= $r <($9$b$N$G$9!%9TNs$O DP_VMVSD $HF1$8$b$N$rMQ$$$^$7$?!% 8

?^ 14 : DP_VCRD $NBf?t8z2L \ N=MAX " $N 0U L# $O @h $[ $I $H F1 $8 $G $9!% $3 $N %F %9 %H $G $O!$ N ( $3 $3 $G $O J, 3d ?t $G $9 ) $N CM $r >. $5 $a $K @_ Dj $7$F$_$^$7$?!% N = 22( =>$C$FJ}Dx<0$N<! 85$O 22 3 ) $N>l9g$K J}Dx<0$r2r$/ ;~4V$O?tIC$G $9!%$7$+$7!$ PE $,A}$($k$K => $$!$ Ib F0 >. ?t E@ 1i ;; $K MW $9 $k ;~ 4V $h $j $b PE 4V $N %G!< %? E> Aw $K $+ $+ $k %3 %9 %H $, A} Bg $9 $k $? $a!$ @- G= $O 0-$/ $J$C $F $$ $- $^ $9!% $3 $N $h $& $J >. 5, LO $J Ld Bj $G $O PE Bf ?t $r A} $d $7 $F $b $" $^ $j 0U L# $, $J $$ $3 $H $, $o $+ $j$^$9!% ;29MJ88% [1] FIJITSU SSL I I 3H D% 5! G= ;H MQ <j 0z =q ( 2J 3X MQ %5 %V %k!< %A %s %i %$ %V %i %j ), 99SP{4070, IY ;N DL 3t <0 2q<R (1991) !% [2] VPP700/56 Mx MQ $N <j 0z ( Bh 1.0 HG ), 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!<!& %W %m %0 %i %‘ %i %$ %V %i %j << (1997). [3] M. Metcalf, J. Reid ( @>B< =zI’ , OBED 1QJf , @>B< OBIW , 9bED @5G7 Lu ) : >\2r F ortran 90, bit JL:} , 6&N)=PHG (1993). [4] UXP/V %"%J%i%$%6;HMQ<j0z=q V12 MQ , J2U5{0131, IY;NDL3t<02q<R (1997). [5] Eg:j bC>< : %9!<%Q!<%3%s%T%e!<%?$H%W%m%0%i%_%s%0 , 7W;;5!2J3X!?%=%U%H%&%’%"5;=Q9V:B 9, 6&N)=P HG (1989). 9