F ortran 90/VPP $N>R2p EOIt A1N4 � K\9F$G$O!$?7%9!<%Q!<%3%s%T%e!<%? VPP700/56 $N%Y%/%H%kJBNs F ortran %3%s%Q%$%i$G$"$k F ortran 90/VPP $N5!G=$r>R2p$7$^$9!%FbMF$O!X VPP700/56 MxMQ$N<j0z ( Bh 1.0 HG ) !YBh 10 >O$NH4?h$H$J$C$F$$$^$9!% 6qBNE*$J%W%m%0%i%‘$N<B9TJ}K!$d%*%W%7%g%s5!G=$J$I$OMxMQ$N<j0z$r;2>H4j$$$^$9 1 !% $J$*!$ F ortran 90/VPP $K$h$kJBNs%W%m%0%i%_%s%0$N$?$a$K$O!$J8K!=q$G$"$k [1] $r$*FI$_2<$5$$!% 1 JBNs2=$N%$%a!<%8 1.1 X OCL 9T F ortran 90/VPP $G$O!$%=!<%9%W%m%0%i%‘$K!V3HD%:GE,2=@)8f9T!W$H8F$P$l$kJBNs2=$K4X$9$k;X<(9T$rKd$a 9~$_!$K]Lu;~%*%W%7%g%s -Wx $rIU2C$7K]Lu!$JT=87k9g$9$k$3$H$K$h$jJBNs2=$r9T$$$^$9!% SUBROUTINE SETDAT(A,B) INTEGER LA,N,NPE,NMAX,NBPE PARAMETER (LA=18000,N=LA,NPE=32) PARAMETER (NMAX=((LA-1)/NPE+1)*NPE,NBPE=100*NPE,LD=NMAX) DOUBLE PRECISION A(LD,NMAX),B(LD,NMAX),PI INTEGER I,J !XOCL PROCESSOR P_MAIN(NPE) ! 3HD%:GE,2=@)8f9T 1 !XOCL SUBPROCESSOR P(NPE)=P_MAIN(1:NPE) ! 3HD%:GE,2=@)8f9T 2 !XOCL INDEX PARTITION IP= (PROC=P,INDEX=1:NMAX,PART=BAND) ! 3HD%:GE,2=@)8f9T 3 !XOCL LOCAL A(:,/IP),B(:,/IP) ! 3HD%:GE,2=@)8f9T 4 PI=4.0D0*ATAN(1.0D0) !XOCL SPREAD DO /IP ! 3HD%:GE,2=@)8f9T 5 DO 10 J=1,N DO 20 I=1,N A(I,J)=SQRT(2.0D0/(N+1))*SIN(I*J*PI/(N+1)) B(I,J)=A(I,J) 20 CONTINUE 10 CONTINUE !XOCL END SPREAD ! 3HD%:GE,2=@)8f9T 6 RETURN END 3HD%:GE,2=@)8f9T$O X OCL 9T $H$b$$$$$^$9 2 !% X OCL 9T$N5-=RJ}K!$O!$Bh 1 7e$+$iBh 5 7e$^$G$,!TI,$:!U \ !XOCL " $G ;O $^ $j $^ $9!% 8G Dj 7A <0 $G $O *XOCL $b 5v$7 $^ $9!% $^ $?!$ >. J8 ;z $G !xocl $H =q $$ $F $b 9= $$ $^ $; $s!% 0J 2<$O$9$Y$F !XOCL $GE}0l$7$^$9!% � 6e=#Bg3XBg7?7W;;5!%;%s%?!<!&8&5f3+H/It E-mail : watanabe@cc.kyushu-u.ac.jp 1 !X VPP700/56 Mx MQ $N <j 0z ( Bh 1.0 HG ) !Y $N F~ <j $r 4u K> $5 $l $k J} $O!$ O" Mm =j 7P M3 $G 6& F1 Mx MQ 3] $^ $G $* ?= $7 9~ $_ $/ $@ $5 $$!% $^ $?!$ :G ?7 $N %P!<%8%g%s$O kyu-cc $N /usr/local/doc/VPP700guide.ps $G P ostScript %U%!%$%k$H$7$F8x3+$7$F$$$^$9!% 2 \eXtended Optimization Control Line" $NN, $G$9!% F ortran 90/VPP FH<+ $NMQ 8l$G $9!%$^ $?!$%Y %/%H %k2= $K 4X$9 $k;X <(9T $G$" $k OCL 9T$b$"$j$^$9 ([2]) !% 1

!234567890 ! $3$l$OC1$J$k%3%a%s%H !XOCL PROCESSOR P_MAIN(NPE) ! XOCL 9T !XOCL $KB3$/Bh 6 7eL\$O6uGr$G$9!% Bh 7 7e0J9_$KJBNs2=$K4X$9$k9=J8$r5-=R$7$^$9 3 !% !XOCL $N7QB3$O!$7QB3$9$k9T$N:G8e$K & $r5-=R$7$^$9!% !XOCL INDEX PARTITION IP= (PROC=P,INDEX=1:NMAX, & ! <!$N9T$X7QB3 !XOCL PART=BAND) K]Lu;~%*%W%7%g%s -Wx $r;XDj$7$J$$$H!$ !XOCL $O%3%a%s%H9T$H8+$J$5$l$^$9 4 !%=>$C$F!$C10l PE HG$N F or- tran %W %m %0 %i %‘ (F ortran 90/VP) $d B> $N %o!< %/ %9 %F!< %7%g %s $N %3 %s%Q %$ %i $H $N 8_ 49 @- $O J] $? $l$^ $9 5 !%6q BN E* $J3HD%:GE,2=@)8f9T$N5!G=$O<!@a$G>R2p$7$^$9!% 1.2 JQ?t$NG[CV JBNs=hM}$G$b$C$H$b=EMW$J$N$,!$G[Ns$KBeI=$5$l$k JQ?t $r3F PE $K$I$N$h$&$K3d$j?6$k$+$G$9!% F ortran 90/VPP $K$*$1$kJQ?t$N7ABV$O!$ %0%m!<%P%kJQ?t $H %m!<%+%kJQ?t $H$KJ,N‘$5$l$^$9!% !|%0%m!<%P%kJQ?t VPP700/56 $O 3F PE $, $=$l $>$l FHN) $7$? %a %b%j $H%W %m%;%C %5$r ;} $D%Y %/%H %k7W ;;5! $@ $H8+ $k$3 $H$, $G$- $^ $9!% ?^ 1 : VPP700/56 $N%$%a!<%8 F ortran 90/VPP $G $O!$ $3 $l $i J* M} E* $KJ, ;6 $7 $? %a %b %j $r $" $? $+ $b 0l $D $N %a %b %j 6u4V $G $" $k $+ $N $h $& $K 8+ $; $k 5!G=$,$"$j $^$9!%O@ M}E*$K %a%b %j$, 1 $D$N $h$&$K 8+$($k 6u4V $r %0%m!< %P%k6u 4V 6 $H 8F$S!$%0 %m!<%P %k6u4V $KG[CV $5$l$?JQ?t$r %0%m!<%P%kJQ?t ( glob al variable ) $H8F$S$^$9!% ?^ 2 : %0%m!<%P%kJQ?t$K$h$k%a%b%j$N6&M- I ?^ 2 $O $9 $Y $F $N PE $N %a %b %j $r 0l $D $N %0 %m!< %P %k 6u 4V $H $7 $F 8+ $? 6K C< $J Nc $G!$ <B :] $N 7W ;; $G $O 3F PE $N %a %b %j $N0lIt$r%0%m!<%P%kJQ?t$H$7$F@k8@$7$^$9!% 3 JB Ns2= F ortran $O!$ F OR TRAN 77 $r6/ $/ 0U <1$7 $? ;E MM$H $J$C $F $* $j!$ F ortran 90 $N!V<+ M3 7A <0%W %m %0 %i%_ %s %0!W $N@: ?@ $+ $i 0oC& $7$F$$$^$9!%$7$+$7!$8=:_$N$H$3$m!$%W%m%0%i%‘$N8+$d$9$5$r9M$($k$HDL>o$N%W%m%0%i%‘$bBh 7 7e$+$i=q$-;O$a$?J}$,$$$$$G$7$g$&!% 4 F ortran 90 $G$O!$ \ ! " 0J9_$OCm<a$H8+$J$5$lL5;k$5$l$^$9!%$J$*!$$3$N5!G=$O F OR TRAN77 EX/VP $G$b;HMQ$G$-$^$9!% 5 $H$O$$$C$F$b!$$"$^$j!V8+1I$(!W$,$$$$%W%m%0%i%‘$H$O8@$($J$/$J$j$^$9!% 6 $"$/$^$G$b%=%U%H%&%’%"$NNO$K$h$C$F<B8=$5$l$?6u4V$G$9$N$G!$!V2>A[%0%m!<%P%k6u4V!W$H$b$$$$$^$9!% 2

?^ 3 : %0%m!<%P%kJQ?t$K$h$k%a%b%j$N6&M- I I %0%m!<%P%kJQ?t$O!$$9$Y$F$N PE $+$i6&DL$K;2>H$9$k$3$H$,$G$-$^$9!%$D$^$j!$ VPP700/56 $OJ*M}E*$K$O!VJ, ;6 %a %b %j 7? 7W ;; 5!!W $G $" $j $J $, $i!$ O@ M} E* $K $O %0 %m!< %P %k JQ ?t $K $h$C $F !V6& M- %a %b %j 7? 7W ;; 5!!W $G $" $k $+ $N $h $&$K8+$k$3$H$b$G$-$^$9 7 !%$?$@$7!$ %0%m!<%P%kJQ?t$O%G!<%?%"%/%;%9$K;~4V$,$+$+$j!$G[Ns1i;;$b%Y%/%H%k2=$G$-$^$;$s!% PE 4V $N %G!< %? DL ?. $O %M%C %H %o!< %/ $r 7P M3 $7 $F 9T $$ $^ $9!% 0[ $J $k PE( Nc $( $P PE1 $H PE2) $N %G!< %? E> Aw $O PE Fb $N E> Aw ( Nc $( $P PE1 $N Cf $@ $1 ) $K Hf $Y $F Bg NL $N ;~ 4V $r MW $7 $^ $9!% $^ $? DO %k!< %W $J $I $N %Y %/ %H %k 2= $b $G $- $^ $; $s $N $G!$ %Y %/ %H %k 7W ;; 5! $H $7 $F $N @- G= $r H/ 4x $9 $k $3 $H $, $G $- $^ $; $s!% $D $^ $j!$ <B :] Ld Bj $H $7 $F %0 %m!< %P %k G[ Ns$rMQ$$$?D>@\$N1i;;$O;H$$$b$N$K$J$j$^$;$s!% %0%m!<%P %kJQ?t $O!$DL>o J,3d %m!<%+%k JQ?t$H EQUIVALENCE J8$K$h $j5-21 0h$r6& M-$7!$ 0[$J$k PE 4V $N%G!< %?8r49$rCg2p$9$k$?$a$KMxMQ$5$l$^$9 (cf.2.9 @a ) !% ?^ 4 : %0%m!<%P%kJQ?t$K$h$k%G!<%?$N;2>H ?^ 4 $O PE0 $N A(1) $r%0%m!<%P%kJQ?t$H$7$F@k8@$9$k$3$H$G!$0[$J$k PE $+$i;2>H$9$kNc$G$9!% !|%m!<%+%kJQ?t 3F PE $N%a%b %j$K G[CV $5$l $?JQ ?t$r %m!<%+ %kJQ ?t ( lo c al variable ) $H8F $S$^ $9!%%m!< %+%k G[Ns 8 $O!$ B>$N PE $+$i;2>H $G$-$J$$$+$o$j $K!$ F ortran 90/VP $N<+ F0%Y%/%H%k2=5! G=$,$9$Y$F;H$( $^$9!%0[$J$k PE $+$i%m!< %+ %kJQ?t$r;2>H$9$k$?$a$K$O!$%0%m!<%P%k6u4V$r2p$7$F9T$$$^$9!% %m!<%+%kJQ?t$O!$%G!<%?$NJ,3dJ}K!$K$h$C$F!$$5$i$K =EJ#%m!<%+%kJQ?t $H J,3d%m!<%+%kG[Ns $KJ,$+$l$^$9!% !{=EJ#%m!<%+%kJQ?t !XOCL $G 2? $b ;X Dj $7 $J $$ JQ ?t $O $9$Y$F$N PE $K=EJ#$7$F 3d $j Ev $F $i $l $^ $9!% $3 $N %m!< %+ %k JQ ?t $r =E J# %m!< %+%kJQ?t ( duplic ate lo c al variable ) $H8F$S$^$9!%Nc$($P 8PE $rMQ$$$?%W%m%0%i%‘Cf!$ DOUBLE PRECISION A(100) $G@k8@$5$l$?G[Ns A $O!$3F PE $G=EJ#$7$F ?^ 5 : =EJ#%m!<%+%kJQ?t 7 %^%K%e%"%k$K$O$3$N9=B$$r!V3,AX%a%b%j7?!W$HL>IU$1$F$$$^$9!% 8 G[Ns@k8@$5$l$?%m!<%+%kJQ?t$N=8$^$j$N$3$H$G$9!% 3

$HG[CV$5 $l$^ $9!%$^ $?!$%W%m %0%i %‘$G $3$l $^$? !XOCL $N;X Dj$, $J$$ >l9g$O!$ 3F PE $G$^$C $?$/ F1$8 1i;; $,<B9T $5$l$^$9!% !{J,3d%m!<%+%kG[Ns 1 $D $N PE $N %a%b %j $G$O <}$^ $j $-$i $J $$Bg $-$J G[ Ns$r ;H MQ$9 $k%W %m %0%i %‘ $G$O!$ G[Ns $r J#?t $N PE $K J,3d $7 $FG[CV$9$kI,MW$,$"$j$^$9!%$3$NG[Ns$rJ,3d%m!<%+%kG[Ns ( p artitione d lo c al arr ay ) $H8F$S$^$9!% Nc $( $P!$ DOUBLE PRECISION A(1000) $G @k 8@ $7 $? A $r 8 $D $N PE $G 6Q Ey $K J, 3d $9 $k $H!$ G[ Ns $N %$ %a!< %8 $O ?^ 6 : J,3d%m!<%+%kG[Ns $H$J$j$^$9 9 !% 1.3 <B9TJ}<0 VPP700/56 $N<B9TJ}<0$K$O!$C‘<!!$>iD9!$JBNs$N 3 $D$N<B9TJ}<0$,$"$j$^$9!% C‘<!<B9T 1 Bf$N PE $r;H$C$F%W%m%0%i%‘$r<B9T$7$^$9 >iD9<B9T $9$Y$F$N PE $GF10l=hM}$r9T$&J}<0$G$9 JBNs<B9T J#?t$N PE $,=hM}$rJ,C4$7$FJBNs$K<B9T$9$k$3$H$G$9 %^ %k%A%W%m%;%C%5 $N8z2L$r0z$- =P$9$?$a$K$O!$JB Ns<B9T$NItJ, $N3d9g$r9b$a $kI,MW$,$"$j $^$9!%$?$H$($P!$ 1PE $G$O A, B, C, D $N=h M} $r=g HV $K<B 9T$9 $k I,MW $, $"$j!$ $b$C$H $b %3%9 %H$N $+ $+$k It J,$O C $@ $H$7 $^ $9!%$3 $N C $N It J, $r <j B3 $- $N J, 3d (C1 !A Cn) $K $h$C $F J# ?t $N PE $G JB Ns $K <B 9T $9 $k $3 $H $, $G $- $l $P!$ C $N ;~ 4V $N C; =L$,A4BN$N=hM};~4V$NC;=L$K$D$J$,$j$^$9!% ?^ 7 : JBNs=hM}$K$h$k<B9T;~4V$NC;=L%$%a!<%8 9 Nc $G $O G[Ns $, PE ?t $G $- $l $$ $K 3d$j @Z $l $F $$ $^ $9 $,!$3d $j @Z $l $J $/ $F $b8e $m $N %W %m %;%C %5 $G<+ F0 E* $K D4 @0 $5 $l $^$9 $N $G!$ FC $K 0U <1 $9$k I,MW$O$"$j$^$;$s!% 4

?^ 7 $N A, D $O 1 Bf $N PE $G <B 9T $5 $l $F $$ $k C‘ <! <B 9T $G $9!% B $O $9 $Y $F $N PE $G <B 9T $5 $l $k >i D9 <B 9T $G $9!% C $NItJ,$O3F PE $K=hM}$,J,C4$5$l$F=hM}$5$l$F$$$kJBNs<B9T$G$9!% >iD9<B9T$OJB Ns=hM}$N0UL#$G $O!VL5BL!W$JItJ, $H$$$($^$9!%$7 $+$7!$<B:]$N%W %m%0%i%‘$G$O $I$&$7$F$b=P $F $/$k$h$&$G$9 10 !% $=$N $?$a!$ %;%s %?!<$G $OJB Ns$K <B9T $5$l $k3F PE $N CPU ;~ 4V$N :GD9 $N$b $N$K BP$7 $F2] 6b$9 $kJ} <0$r :NMQ $7 $F$$$^$9!% 10 !X>i D9!Y $O !VHK ;( $G $o $: $i $o $7 $/ D9 $$ $3 $H!W $G $9 $N $G!$ $b $A $m $s!$ $$ $$ 0U L# $G $O $" $j $^ $; $s!% !V>i D9 $J 2q 5D!W !V>i D9 $J OC!W !V>i D9 $J J8 >O!W$GL5BL$JO+NO$r;H$&$N$O@$$N>o$G$9!% 5

2 3HD%:GE,2=@)8f9T$N5!G= $3 $N @a $G $O!$ 3H D% :G E, 2= @) 8f 9T (X OCL 9T ) $N 5! G= $r >R 2p $7 $^ $9!% X OCL 9T $O @k 8@ 9= J8 (declaration con- struct) $H<B9T9=J8 (executable construct) $KJ,N‘$G$-$^$9!% 2.1 @k8@9=J80lMw @k8@9=J8$O!$ INTEGER I,J,K $d REAL A(10,10) $J$I$N@k8@J8$N$"$k>l=j$K5-=R$7$^$9!% I= 1 : @k8@9=J80lMw @)8fJ8 5!G= PROCESSOR ;HMQ$9$k PE $N?t$HL>A0$N@k8@ SUBPROCESSOR %5%V%k!<%A%sFb$G;HMQ$9$k PE $N?t$HL>A0$N@k8@ INDEX PARTITION J,3d;XDj$NDj5A$HL>A0$N@k8@ LOCAL J,3d;XDj$r$7$?%m!<%+%kG[Ns$N@k8@ GLOBAL %0%m!<%P%kG[Ns$N@k8@ PROC ALIAS %W%m%;%C%5%0%k!<%W$NJLL>$r@k8@ 2.2 <B9T9=J80lMw <B9T9=J8$O DO J8$d IF J8$J$I$N$"$k>l=j$K5-=R$7$^$9!% I= 2 : <B9T9=J80lMw @)8fJ8 5!G= PARALLEL REGION JBNs<B9T$N3+;O END PARALLEL REGION JBNs<B9T$N=*N; SPREAD REGION J8$NJB$S$rJ,3d$7!$J,3dItJ,$r3:Ev%W%m%;%C%5$G<B9T$9$k$3$H$r;XDj REGION SPREAD REGION $NJd=u$H$7$F6h@Z$j$r<($9 END SPREAD REGION SPREAD REGION $N=*N; SPREAD DO DO %k!<%W$rJ,3d$7!$JBNs<B9T$9$k END SPREAD DO SPREAD DO $N=*N; SPREAD MOVE %m!<%+%kJQ?t$H%0%m!<%P%kJQ?t$NBeF~$r0l3gE>Aw$9$k END SPREAD MOVE SPREAD MOVE $N=*N; SPREAD ASSIGNMENT BeF~J8$N<B9T$r!$ PE $,J,C4$7$F<B9T$9$k END SPREAD ASSIGNMENT SPREAD ASSIGNMENT $N=*N; BROADCAST ;XDj$5$l$? PE $N%G!<%?$rE>Aw$9$k OVERLAPFIX B5IU$-J,3d%m!<%+%kG[Ns$NB5ItJ,$K%G!<%?$rE>Aw$9$k UNIFY 3F PE $GDj5A$5$l$?=EJ#%m!<%+%kG[Ns$NCM$rB7$($k MOVEWAIT E>Aw$N40N;$rBT$D$3$H$r;X<( BARRIER PE 4V$G%P%j%"F14|$r<h$k$3$H$r;X<( LOCKON %j!<%8%g%s4V$G$NGSB>@)8f$N6h4V$N3+;O END LOCKON %j!<%8%g%s4V$G$NGSB>@)8f$N6h4V$N=*N; 2.3 PR OCESSOR J8 PROCESSOR J8 $O!$ %W %m %0 %i %‘ $G ;H MQ $9 $k PE $N ?t $H L> A0 $r @k 8@ $7 $^ $9!% 2? $O $H $b $" $l!$ $3 $N ;X Dj $, $J $$ $H %W%m%0%i%‘$,;O$^$j$^$;$s!% !XOCL PROCESSOR P(16) ! %W%m%;%C%5$NDj5A 6

Nc $G $O!$ 16 8D $N PE $r ;H MQ $9 $k $3 $H $r @k 8@ $7 $F $$ $^ $9!% PROCESSOR J8 $K $h$C $F Dj 5A $5 $l $? \ P " $r %W %m %;%C %5 %0 %k!< %W $H 8F $S $^ $9!% %W%m %;%C %5 %0 %k!< %W $N L> A0 $O G$ 0U $G $9!% \ PRO " $G $"$C $F $b \ MAIN_P " $G$"$C $F $b 9= $$ $^ $;$s!%$7$+$7!$%W%m%0%i%‘Fb$NJQ?tL>$H%W%m%;%C%5%0%k!<%WL>$r =EJ#$5$;$k$3$H$O$G$-$^$;$s !%$3$N5-;v$G$O!$ 0lHV0BD>$JL>A0$H$7$F \ P " $H$7$^$9!% PE $N?t$O!$%Q%i%a!<%?$rMQ$$$F PARAMETER (NP=8) !XOCL PROCESSOR P(NP) $H=q$/$3$H$b$G$-$^$9!% F ortran 90 $J$i INTEGER,PARAMETER :: NP=8 !XOCL PROCESSOR P(NP) $H$J$j $^$9 11 !%%W%m %;%C%5%0%k!<%W$r 2 <! 85 ( P(3,3) ) $d 3 <!85 ( P(2,3,4) ) $GDj5A$9 $k$3$H$b$G$- $^$9 12 $,!$ $3$l$O>e5i<TMQ$N%F%/%K%C%/$G$9!% 2.4 PR OC ALIAS J8 4{B8$N%W%m%;%C %5%0%k!<%W$rJ, 3d$7$FJL$NL> A0$N%W%m%;%C%5 %0%k!<%W$H$7$F Dj5A$9$k$3$H $b$G$-$^$9!%JL L> $O PROC ALIAS J8$G@k8@$7$^$9!% !XOCL PROCESSOR P(32) ! %W%m%;%C%5$NDj5A !XOCL PROC ALIAS P1(8)=P(1:8),P2(24)=P(9:32) ! P $rFs$D$KJ,$1!$JLL>$r$D$1$k Nc $G$O!$ %W %m%;%C %5 %0 %k!<%W P $r Fs $D $KJ, 3d $7$F!$ 8 $D $N PE $+ $i@. $k P1 $H!$ 24 $N PE $+ $i @.$k P2 $KJ, 3d $7$F$$$^$9!% PROC ALIAS J8$O0[$J$k%W%m%;%C%5%0%k!<%W$r6n;H$9$k$?$a!$=i?4<T$O$^$:;H$$$^$;$s!% 2.5 SUBPR OCESSOR J8 %5%V %k!< %A %s $K X OCL 9T $, =P $F $/ $k >l 9g $O!$ %a %$ %s %W %m %0%i %‘ $G @k 8@ $7 $? %W %m %;%C %5 %0 %k!< %W $N >p Js $r 0z $-7Q$0I,MW$,$"$j$^$9!% $^$:!$%a%$%s%W%m%0%i%‘$G!$%W%m%;%C%5%0%k!<%W$,<!$N$h$&$K@k8@$7$F$"$k$H$7$^$9!% PARAMETER (NP=32) !XOCL PROCESSOR P(NP) %5%V%k!<%A%s$G$N%W%m%;%C%5%0%k!<%W$N0z$-7Q$.$O SUBPROCESSOR J8$G9T$$$^$9!% SUBROUTINE SETDAT(A,B) PARAMETER (NPE=32) !XOCL PROCESSOR P(NPE) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL SUBPROCESSOR PS(NPE)=P(1:NPE) ! %W%m%;%C%5%0%k!<%W$N0z$-7Q$. SUBPROCESSOR J8 $K $h$C $F!$ %a %$ %s %W %m %0 %i %‘ $N %W %m %;%C %5 %0 %k!< %W $, %5 %V %k!< %A %s Fb $N %W %m %;%C %5 %0 %k!< %W PS $K0z$-7Q$,$l$^$7$?!% \ 1:NPE " $O!$ 1 $+$i NPE $^$G$N PE $r0UL#$7$^$9!% $^ $?!$ %a %$ %s %W %m %0 %i %‘ $H %5 %V %k!< %A %s $H $O JQ ?t $, FH N) $G $9 $N $G!$ %a %$ %s %W %m %0 %i %‘ $H F1 $8 %W %m %;%C %5 %0 %k!<%WL> ( $3$3$G$O P ) $r;H$$$?$1$l$P!$ 11 F ortran 90 $N%Q%i%a!<%?B0@-!$$*$h$S0EL[$N7?@k8@DIJ|$N4QE@$+$i$O!$ \ INTEGER,PARAMETER::NP=8 " $H=q$/$Y$-$G$9$,!$8=>u F or- tran 90 $,$5$[$I?;F)$7$F$$$J$$$3$H$+$i$3$N8e$O F OR TRAN 77 $N5-K!$rF’=1$7$^$9!% 12 >e8B$O 7 <!85$G$9!% 7

SUBROUTINE SETDAT(A,B) PARAMETER (NPE=32) !XOCL PROCESSOR P_MAIN(NPE) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL SUBPROCESSOR P(NPE)=P_MAIN(1:NPE) ! %W%m%;%C%5%0%k!<%W$N0z$-7Q$. $H5- =R $7 $F $b :9 $7 ;Y $( $" $j $^ $; $s!% Bg ;v $J $3 $H $O!$ %a %$ %s %W %m %0 %i %‘ $G @k 8@ $7 $? %W %m %;%C %5 %0 %k!< %W $N >p Js $, %5%V%k!<%A%s$K0z$-7Q$,$l$k$3$H$G$9 13 !% 2.6 INDEX P AR TITION J8 INDEX PARTITION J8 $O!$J, 3dJ} K!$r Dj 5A$7!$ L>A0 $r$D $1 $^$9!% ;XDj $G$- $k$b $N $O!$%W %m%;%C %5%0 %k!< %W$N L>A0!$ <! 85!$ %$ %s %G%C %/ %9 $N HO 0O!$ J, 3d J} K!!$ PE $K %*!< %P!< %i%C %W $r ;} $? $; $k $+ $I $& $+ $N 5 $D $G $9!% 6q BN E* $JG[Ns$NJ,3d$N%$%a!<%8$O<!$N LOCAL J8$G>R2p$7$^$9!% !XOCL PROCESSOR P(32) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:100,PART=BAND) ! J,3dJ}K!$rDj5A \ IP " $OJ, 3d;X DjL> $G$9!% %W%m %;%C%5%0 %k!<%W L>$H F1$8 $G!$L> A0$O 2?$G$b 9=$$ $^$; $s!% \ PROC=P $O " !$$9 $0>e $G Dj 5A $7 $? %W %m %;%C %5 %0 %k!< %W $r J, 3d $K ;H MQ $9 $k $3 $H $r 0U L# $7 $^ $9!% \ INDEX=1:100 " $O J, 3d $9 $k Bg $- $5 $N Dj 5A $G$9!% \ PART=BAND " $O!$J,3d$r6QEy$K9T$&$3$H$r;XDj$7$^$9!% J,3dJ}K!$O PART=BAND $NB>$K=[4DJ,3d ( PART=CYCLIC ) $*$h$SIT6QEyJ,3d$,$"$j$^$9 14 !% PARAMETER(NMAX=10000) !XOCL PROCESSOR P(16) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NMAX,PART=BAND,OVERLAP=(1,1)) J,3d;XDj$G$O!$J,3d$5$l$?:81&$NItJ,$r=E$M$F;}$D$3$H$,$G$-$^$9!%$3$N=E$J$C$?ItJ,$r!VB5!W$H8F$S$^$9!% OVERLAP=(1,1) $O!$:81&$K 1 8DB5$r;}$D$3$H$r;XDj$7$^$9!% 2.7 LOCAL J8 LOCAL J8$O INDEX PARTITION J8$GJ,3d$r;XDj$7$?%m!<%+%kG[Ns$r@k8@$7$^$9!% !|J,3dNc (1 <!85 ) PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX) !XOCL PROCESSOR P(4) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NMAX,PART=BAND) ! J,3dJ}K!$rDj5A !XOCL LOCAL A(/IP) ! J,3d%m!<%+%kG[Ns$N@k8@ 1 <! 85 $N G[ Ns A $r 4 $D $N %W %m %;%C %5 $K 6Q Ey $K 3d $j Ev $F $^ $9!% \ INDEX=1:NMAX " $O G[ Ns $N >e 2< 8B $r ;X Dj $7 $^ $9!% LOCAL J8 $N \ / " $O!$ !V%G!< %? J, 3d $r $9 $k $h!W $H $$ $& 0U L# $G $9!% IP $O!$ $9 $0 >e $G Dj 5A $7 $? J, 3d J} K! $N L> A0 $G$9!%$3$NJ,3d;XDj$K$h$j!%G[Ns A $O?^ 8 $N$h$&$K3F PE $KG[CV$5$l$^$9!% 13 SUBPROCESSOR J8 $K $h $k %W %m %;%C %5 $N 0z $- 7Q $. $K $O B> $K $b J} K! $, $" $j $^ $9 (cf.[1]) !% $^ $?!$ It J, E* $K %W %m %;%C %5 $r 0z $- 7Q $0 $3 $H $b $G $- $^$9!% 8= :_ $N $H $3 $m!$ JB Ns 2= $N 5!G= $r 0z $- =P $9 $? $a $K $O!$ %5 %V %k!< %A %s C1 0L $G ;H MQ $9 $k PE ?t $r 5- =R $9 $k I, MW $, $" $j $^ $9!%<B $O!$ PE Bf ?t $K0MB8$7$J$$%W%m%0%i%‘$N5-=RJ}K!$,$"$k$N$G$9$,!$%a!<%+!<$N@5<0%5%]!<%H$N2sEz$rF@$F$*$j$^$;$s$N$G!$ $3$3$G$O>R2p$G$-$^$;$s!% 14 =[4DJ,3d , IT6QEyJ,3d$H$b=i5i%l%Y%k$G$O;H$$$^$;$s$N$G!$@bL@$r>JN,$7$^$9!% 8

?^ 8 : J,3d%m!<%+%kG[Ns (1 <!85 ) PROCESSOR J8 $G Dj 5A $5 $l $? 4 $D $N PE( P(1) !A P(4) ) $K $= $l $> $l C4 Ev $H $J $k G[ Ns %G!< %? $, 3d $j IU $1 $i $l $^ $9!% G[Ns A $rNc$($P A(-500,500) $G@k8@$7$?>l9g$b>e2<8B$r@_Dj$9$l$PBg>fIW$G$9!% PARAMETER(NMAX=500) DOUBLE PRECISION A(-NMAX,NMAX) !XOCL PROCESSOR P(4) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=-NMAX:NMAX,PART=BAND) !XOCL LOCAL A(/IP) J,3dJ}K!$OD>@\ LOCAL J8$K=q$-9~$‘$3$H$b2DG=$G$9!% PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX) !XOCL PROCESSOR P(4) !XOCL LOCAL A(/(P,INDEX=-NMAX:NMAX,PART=BAND) ) Nc$N 2 $D$N LOCAL J8$OF1$80UL#$r;}$A$^$9!%$,!$%W%m%0%i%‘$N8+$d$9$5$d3HD%@-$r9M$($k$H INDEX PARTITION J8$GL>A0$rDj5A$7$?J}$,$$$$$G$7$g$&!% $^$?!$ LOCAL J8$K \ / " $,$J$$$H!$=EJ#%m!<%+%kG[Ns$H8+$J$5$l$^$9!% !|J,3dNc (2 <!85 ) F ortran $GB?<! 85$N %G!<%?$r J,3d $9$k>l 9g!$Bh 1 E: ;z$G%Y %/%H %k2=$7!$ :G8e $NE:;z $GJB Ns2=$r $9$k J}K!$,!$ %a%b%j%"%/%;%9$N4QE@$+$i8+$FM-8z$G$9!%=>$C$F!$FCJL$J;v>p$,$J$$$+$.$j!$ 2 <!85G[Ns$NJ,3d$O 2 HVL\$NE:;z$rJ,3d$9$k $h$&$K$7$F2<$5$$!% PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX,NMAX) ! 2 <!85G[Ns !XOCL PROCESSOR P(4) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NMAX,PART=BAND) ! J,3dJ}K!$rDj5A !XOCL LOCAL A(:,/IP) ! J,3d%m!<%+%kG[Ns$N@k8@ 10000 � 10000 $N@5J}9TNs A $rBh 2 E:;z$G6QEy$KJ,3d$7$^$7$?!%%a%b%j%"%/%;%9$NNI$$9TJ}8~$O$=$N$^$^$G$9!% \ : " $O !V$3 $N J} 8~ $K $O J, 3d $r $7 $J $$ $h!W $H $$ $& 0U L# $G $9!% $3 $N J, 3d ;X Dj $K $h $j!$ G[ Ns A $O ?^ 9 $N $h $& $K 3F PE $KG[CV$5$l$^$9!% 9

?^ 9 : J,3d%m!<%+%kG[Ns (2 <!85 ) $J$*!$3FE:;z$r LOCAL A(/IP1,/IP2) $J$I$HF1;~$KJ,3d$9$k$3$H$b2DG=$G$9 15 !% !|J,3dNc (3 <!85 ) 3 <! 85 $N N. BN $N ?t CM %7 %_%e %l!< %7%g %s $G $O!$ X , Y , Z J} 8~ $N 3J ;R $r @Z $j $^ $9 $N $G!$ 3 <! 85 G[ Ns $, $h $/ EP >l $7$^$9!% PARAMETER(NX=150,NY=100,NZ=80) DOUBLE PRECISION A(NX,NY,NZ) ! 3 <!85G[Ns !XOCL PROCESSOR P(4) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NZ,PART=BAND) ! J,3dJ}K!$rDj5A !XOCL LOCAL A(:,;,/IP) ! J,3d%m!<%+%kG[Ns$N@k8@ 150 � 100 � 80 $N 3 <! 85G[ Ns A $rBh 3 E: ;z$G 6QEy $KJ, 3d$7 $^$7 $?!%$3 $NJ, 3d;X Dj$K $h$j!$ G[Ns A $O?^ 10 $N $h $&$K3F PE $KG[CV$5$l$^$9!% ?^ 10 : J,3d%m!<%+%kG[Ns (3 <!85 ) 2 HVL\$NE:;z$rJ,3d$9$k>l9g$bF1MM$G$9!% PARAMETER(NX=150,NY=100,NZ=80) DOUBLE PRECISION A(NX,NY,NZ) ! 3 <!85G[Ns !XOCL PROCESSOR P(4) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NY,PART=BAND) ! J,3dJ}K!$rDj5A !XOCL LOCAL A(:,/IP,:) ! J,3d%m!<%+%kG[Ns$N@k8@ 15 $b$A$m$s%G!<%?$N4IM}$,J#;($K$J$j$^$9!% 10

!|J,3dNc ( B5IU$- 2 <!85 ) J, 3d ;X Dj $K $h $j 3F PE $K 3d $j Ev $F $i $l $? J, 3d %m!< %+ %k G[ Ns $O!$ 3d $j Ev $F $i $l $? Ev $N PE $+ $i $O 9b B. $K %" %/ %; %9 $G $- $^ $9 $,!$ B> $N PE $+ $i $O %" %/ %; %9 $G $- $^ $; $s!% $7 $+ $7!$ %W %m %0 %i %‘ $G $O B> $N PE $N CM $, $h $/ I, MW $K $J $j $^ $9!% :9 J, K! $N %" %k %4 %j %: %‘ $r ;} $A =P $9 $^ $G $b $J $/!$ ;2 >H $7 $? $$ B> $N PE $N CM $N B? $/ $O J, 3d $5 $l $? %a %b %j $N !V6-3&!W$NItJ,$G$9!% 6Q Ey J, 3d $G $O!$ :8 1& $N E: ;z $N CM $r =E $J$C $F ;} $D $3 $H $, $G $- $^ $9!% 6q BN E* $K $O!$ OVERLAP %Q %i %a!< %? $r ;X Dj $7!$ NY $N PE $N 6- 3& $N CM $r =E J# $7 $F ;} $D $3 $H $K $h $j!$ A0 8e $N E: ;z $N ;X $9 G[ Ns $r Mx MQ $9 $k $3 $H $, $G $- $^ $9!% $3 $N =E$J$C$?E:;z$N$3$H$r B5 ( overlap ) $H8F$S$^$9!% B5 OVERLAP( l , r ) $O!$ J, 3d 8e $N 3F E: ;z $N HO 0O $K BP $7 $F!$ >. $5 $$ J} 8~ $K l 8D!$ Bg $- $$ J} 8~ $K r 8D ?- $P $9 $3 $H $r 0U L#$7$^$9 16 !% PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX,NMAX) !XOCL PROCESSOR P(4) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NMAX,PART=BAND,OVERLAP=(1,1) ) !XOCL LOCAL A(:,/IP) 10000 � 10000 $N@5 J}9T Ns A $r Bh 2 E:;z $GA0 8e 1 8D $NB5 $D $-$G 6QEy $K J,3d $7 $^$7 $?!% $3$N J,3d ;X Dj$K $h $j!$G[ Ns A $O?^ 11 $h$&$KB5$D$-$G3F PE $KG[CV$5$l$^$9!% ?^ 11 : B5IU$-J,3d%m!<%+%kG[Ns (2 <!85 ) 16 B5$ND9$5$O INDEX $NHO0O$rD6$($J$1$l$P$$$/$i$G$b?-$P$9$3$H$,$G$-$^$9$,!$$=$NJ,!$J,3d%m!<%+%kG[Ns$N%a%b%j$,A}$($^$9!% 11

2.8 GLOBAL J8 GLOBAL J8$O!$3F PE $G6&M-$7$?$$G[Ns$r;XDj$7$^$9!%<!$N EQUIVALENCE J8$HBP$G$h$/;H$o$l$^$9!% G[Ns$rJ,3d$9$kMWNN$O LOCAL J8$HF1$8$G$9!%$?$@$7!$%0%m!<%P%kG[Ns$OB5$r;}$D$3$H$,$G$-$^$;$s!% PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX,NMAX),B(NMAX) !XOCL PROCESSOR P(4) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NMAX,PART=BAND) ! J,3dJ}K!$rDj5A !XOCL GLOBAL A(:,/IP) ! %0%m!<%P%kG[Ns$N@k8@ 2.9 EQUIV ALENCE J8 GLOBAL J8 $G @k 8@ $7 $? %0 %m!< %P%k G[ Ns $O!$ 3F PE $G 6& M- $N %G!< %?$H $7 $F 07 $& $3 $H $, $G $-$^ $9!% $7 $+ $7!$ %" %/ %;%9 $K ;~ 4V $, $+ $+ $k $& $( $K %Y %/ %H %k 2= $b $G $- $^ $; $s!% 0l J}!$ LOCAL J8 $G @k 8@ $7 $? J, 3d %m!< %+ %k G[ Ns $O!$ 3d $j Ev $F$i$l $? PE Fb $J $i$P ( F1 $8 %W %m %;%C%5 Fb $N %G!<%? $G $9 $N$G ) 9b B. $K %" %/%; %9 $G $-$^ $9 $7!$ %Y%/ %H %k 2= $b2D G= $G $9!% F ortran $N EQUIVALENCE J8$rMQ$$$F%0%m!<%P%kG[Ns$HJ,3d%m!<%+%kG[Ns$r7k9g$9$k$H!$N>J}$N@-3J$r$b$C $?%G!<%?$r@k8@$9$k$3$H$,$G$-$^$9!% EQUIVALENCE J8 $G 7k 9g $9 $k >l 9g $N %0 %m!< %P %k G[ Ns $O J, 3d ;X Dj $r $7 $J $$ $+!$ B5 0J 30 $N $9 $Y $F $, %m!< %+ %k G[ Ns $H0lCW$7$?J,3d$G$J$/$F$O$J$j$^$;$s!%%W%m%0%i%‘$N8+$d$9$5$+$i$O!$J,3d;XDj$r=q$+$J$$J}$,$h$$$G$7$g$&!% PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX),AG(NMAX) !XOCL PROCESSOR P(8) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NMAX,PART=BAND) ! J,3dJ}K!$rDj5A !XOCL GLOBAL AG ! %0%m!<%P%kG[Ns$N@k8@ !XOCL LOCAL A(/IP) ! %m!<%+%kG[Ns$N@k8@ EQUIVALENCE(AG,A) ! 5-21C10L$N6&M- EQUIVALENCE J8$K$h$k7k9g$K$h$C$F!$Nc$($P%W%m%;%C%5 P(1) $+$i$O%0%m!<%P%kG[Ns AG $N AG(1) !A AG(10000) $9$Y$F$,!$$^$?!$J,3d%m!<%+%kG[Ns A $N A(1) !A A(1250) $,;2>H2DG=$G$9!%$5$i$K!$ A(1) !A A(1250) $H AG(1) !A AG(1250) $,7k9g$5$l$F$$$^$9 17 !% PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX),AG(NMAX) !XOCL PROCESSOR P(8) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NMAX,PART=BAND,OVERLAP=(1,1) ) !XOCL GLOBAL AG !XOCL LOCAL A(/IP) EQUIVALENCE(AG,A) $3$A$i$O 1 <!85G[Ns$NB5IU$-$NNc$G$9!% A $H AG $N7k9g$O?^ 12 $N$h$&$K$J$j$^$9!% 17 F ortran 90 $G $O!V;H $o$J $$J} $,$$$$ 5!G=!W ([3]) $K F~$C$F $$$k EQUIVALENCE J8$, F ortran 90/VPP $N Bg$- $JFC D’$H $J$C$F $$$k $N$O Ha$7$$$3$H$G$9!% 12

?^ 12 : J,3d%m!<%+%kG[Ns$H%0%m!<%P%kG[Ns$N7k9g PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX+1,NMAX),AG(NMAX+1,NMAX) !XOCL PROCESSOR P(32) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NMAX,PART=BAND) !XOCL GLOBAL AG !XOCL LOCAL A(:,/IP) EQUIVALENCE(AG,A) 2 <!85$N%0%m!<%P%kG[Ns$HJ,3d%m!<%+%kG[Ns$H$N7k9gNc$G$9!% 2.10 J,3d;XDj$N>JN,7A $3$l$^$G8+$F$-$?@k8@9=J8$G!$J,3d$K$+$+$o$k%Q%i%a!<%?$O$=$l$>$l>JN,7A ( %G%U%)%k%H ) $r;}$C$F$$$^$9!% :G =i $O $- $A$s $H INDEX PARTITION J8$G J, 3d ;X Dj $r Dj 5A $9 $Y$- $G $9 $,!$ 47 $l $F $/ $k$H $@ $s $@ $s IT @: $J 9= J8$, =q $1$k$h$&$K$J$j$^$9!% � \ PROC= " $O>JN,$G$-$^$9!%$?$@$79‘L\$N:G=i$K%W%m%;%C%5%0%k!<%WL>$r=q$/I,MW$,$"$j$^$9!% � INDEX $N2<8B$N>JN,CM$O 1 $G$9!% � J,3d;XDj$G INDEX $r>JN,$9$k$H!$G[Ns$N2<8B!&>e8B$,:NMQ$5$l$^$9!% � PART $N>JN,CM$O \ PART=BAND " $G$9!% $D$^$j!$ PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX+1,NMAX) !XOCL PROCESSOR P(32) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NMAX,PART=BAND) !XOCL LOCAL A(:,/IP) $O PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX+1,NMAX) !XOCL PROCESSOR P(32) !XOCL INDEX PARTITION IP=(P,INDEX=NMAX) !XOCL LOCAL A(:,/IP) 13

$H=q$/$3$H$,$G$-$^$9!%$5$i$K INDEX PARTITION $r:o$C$F$7$^$$!$%W%m%;%C%5%0%k!<%W$@$1$r;H$C$F!$ PARAMETER(NMAX=10000) DOUBLE PRECISION A(NMAX+1,NMAX) !XOCL PROCESSOR P(32) !XOCL LOCAL A(:,/(P) ) $H=q$/$3$H$b$G$-$^$9!% SSL I I/VPP $N%^%K%e%"%k ([4]) $K$O$h$/$3$N5-=R$,$G$F$-$^$9!% 2.11 P ARALLEL REGION 9=J8 JBNs<B9T$N3+;O$H=*N;$O PARALLEL REGION !$ END PARALLEL REGION $G;X<($7$^$9!%$3$N9=J8$OI,$:%W%m %0%i%‘$N$I $3$+$K =q$/I, MW$,$" $j$^$9!% END PARALLEL REGION $O \ END PARALLEL " $H>J N,$9$k $3$H$, $G$-!$ <j0z=q$NNc$G$O>JN,7A$7$+5-=R$7$F$"$j$^$;$s$N$G!$K\9F$G$b END PARALLEL $H=q$/$3$H$K$7$^$9!% PARALLEL REGION J8 $N A0 $^ $G $O!$ 1 $D $N PE $K $h $k C‘ <! <B 9T $, 9T $o $l $F $$ $^ $9!% PARALLEL REGION J8 $K E~C# $9 $k $H!$ <B 9T %U%! %$ %k $H %G!< %? $, B> $N PE $K J# <L $5 $l JB Ns <B 9T $, 3+ ;O $5 $l $^ $9!% END PARALLEL $K $h $j JB Ns<B9T$,=*N;$9$k$H!$:F$S 1 $D$N PE $K$h$kC‘<!=hM}$KLa$j$^$9!% PROGRAM TEST PARAMETER (LA=18000,N=LA,NPE=32) PARAMETER (NMAX=((LA-1)/NPE+1)*NPE,NBPE=100*NPE,LD=NMAX) REAL*8 A(LD,NMAX),B(LD,NMAX),C(LD,NMAX),W(LD,NBPE) REAL*8 AG(LD,NMAX),BG(LD,NMAX),CG(LD,NMAX) !XOCL PROCESSOR P(NPE) !XOCL INDEX PARTITION IP= (PROC=P,INDEX=1:NMAX,PART=BAND) !XOCL GLOBAL AG(:,/IP),BG(:,/IP),CG(:,/IP) !XOCL LOCAL A(:,/IP),B(:,/IP),C(:,/IP) EQUIVALENCE (AG,A),(BG,B),(CG,C) !XOCL PARALLEL REGION !-----+ CALL SETDAT(A,B) ! | CALL MAMUL(AG,BG,CG,LA,LA,LA,N,N,N) ! |--- JBNs<B9T CALL EST(C,ERROR) ! | !XOCL END PARALLEL !-----+ STOP END $J $*!$ 1 2s$N PARALLEL REGION 9=J8 $N<B 9T$K $O$b $N$9 $4$$ %*!<%P %X%C%I $,$+$+ $k$? $a!$%W %m%0 %i%‘ $NCf $K 4v$D$b PARALLEL REGION 9=J8$r5-=R$9$k$H!$$$$D$^$G7P$C$F$b7W;;$,=*$i$J$$;vBV$r>7$-$^$9!%=>$C$F!$ PARALLEL REGION 9=J8$O%W%m%0%i%‘$NCf$K 1 2s$7$+;H$C$F$O$$$1$^$;$s!% PARALLEL REGION 9= J8 $O!$ <g %W %m %0 %i %‘ $^ $? $O I{ %W %m %0 %i %‘ $N Cf $K ( A4 BN $G )1 2s $@ $1 5- =R $9 $k $h $& $K $7 $F 2< $5$$!% 2.12 SPREAD REGION 9=J8 SPREAD REGION 18 J8$O!$<B9TJ8$rJ,3d$7$F%W%m%;%C%5$K=hM}$r3d$j?6$k$3$H$r;X<($7$^$9!% =*N;$O END SPREAD REGION J8$G$9!% END SPREAD REGION $O \ END SPREAD " $H>JN,2DG=$G$9!% \ REGION " $O6h@Z$j$rI=$7$^$9!% 18 \SPREAD" $O!V9-$a$k!W!V$P$i$^$/!W$H$$$&0UL#$G$9!% 14

!XOCL PROCESSOR P(16) ! %W%m%;%C%5?t$N@k8@ !XOCL PROC ALIAS P1(8)=P(1:8),P2(4)=P(9:12),P3(4)=P(13:16) ! JLL>$NDj5A : !XOCL SPREAD REGION / P1 : ! P(1) !A P(8) $G$N=hM} !XOCL REGION / P2 : ! P(9) !A P(12) $G$N=hM} !XOCL REGION / P3 : ! P(13) !A P(16) $G$N=hM} !XOCL END SPREAD REGION SPREAD REGION 9= J8 $G $O F~ $l ;R 19 $b 2D G= $G $9!% SPREAD REGION 9= J8 $O!$ %W %m %0 %i %‘ $r J# ?t $N PE $K J, 3d $7 $F 3d $j ?6 $k $? $a!$ $I $N PE $G 2? $, <B 9T $5 $l $F $$ $k $+ $r $- $A $s $H 4I M} $9 $k I, MW $, $" $j $^ $9!% $= $N $? $a!$ =i ?4 <T $O<j$r=P$5$J$$J}$,$$$$$G$7$g$&!% <B9TJ8$NJ,3d$h$j$b!$<!$K>R2p$9$k DO %k!<%W$NJ,3d$NJ}$,4JC1$+$DJBNs2=8z2L$,4|BT$G$-$^$9!% 2.13 SPREAD DO 9=J8 SPREAD DO 9= J8 $O!$ DO %k!<%W $r J, 3d $7!$JB Ns $K <B 9T$9 $k $3 $H $r;X <( $7 $^ $9!% DO %k!<%W $N J, 3d$N =* $j $r 0U L#$9 $k END SPREAD DO $O \ END SPREAD " $H >J N, 2DG= $G $9!% $^$?!$ Am OB $d:G Bg!& :G>. $J $I $N$h $/ ;H $o$l $k 1i ;;$rJBNs$K<B9T$9$k4X?t$b%5%]!<%H$5$l$F$$$^$9!% !|J,3d%m!<%+%k%G!<%?$N1i;;Nc I PARAMETER (N=10000) DOUBLE PRECISION A(N) !XOCL PROCESSOR P(4) ! %W%m%;%C%5?t$N@k8@ !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:N,PART=BAND) ! J,3dJ}K!$N;XDj !XOCL LOCAL A(/IP) ! J,3d%m!<%+%kG[Ns$N@k8@ : !XOCL PARALLEL REGION ! JBNs<B9T$N3+;O : !XOCL SPREAD DO /IP !---+ DO I=1,N ! | A(I)=SQRT(2.0D0*I) ! |---DO %k!<%W$NJ,3d END DO ! | !XOCL END SPREAD DO !---+ : !XOCL END PARALLEL ! JBNs<B9T$N=*N; : 4 $D $N PE $r MQ $$ $F DO %k!< %W $r J, 3d $7!$ JB Ns =h M} $7 $^ $9!% A $O J, 3d %m!< %+ %k %G!< %? $H $7 $F 3F PE $K 3d $j Ev $F $i$l$F$$$k$N$G!$$=$l$>$l$N PE >e$G DO I=1,2500 A(I)=SQRT(2.0D0*I) END DO DO I=2501,5000 A(I)=SQRT(2.0D0*I) END DO DO I=5001,7500 A(I)=SQRT(2.0D0*I) END DO DO I=7501,10000 A(I)=SQRT(2.0D0*I) END DO P(1) P(2) P(3) P(4) 19 SPREAD REGION 9=J8$NCf$G SPREAD REGION 9=J8$r;H$&$3$H!% 15

$H%Y%/%H%k=hM}$5$l$^$9!% \ /IP " $O!$ INDEX PARTITION $G;XDj$7$?J,3dJ}K!$K=>$C$F DO %k!<%W$rJ,3d$9$k$3$H$r;X<($7$F$$$^$9!% J,3d J} K! (\ /IP ") $r >J N, $7 $? >l 9g $O!$ !V DO %k!< %W $N E: ;z $N HO 0O $r %W %m %;%C %5 ?t $G 6Q Ey $K J, 3d $9 $k!W ;E MM $H $J $j$^$9!%=>$C $F!$>e $NNc $G$O \ /IP " $O >JN, $7$F $b9= $o$J $$$N $G$9 $,!$J# ?t$N J,3d J}K! $r;H $$$3 $J$9 >-Mh $r8+ 1[ $7$F!$$-$A$s$H=q$$$?J}$,L5Fq$G$9!% !|J,3d%m!<%+%k%G!<%?$N1i;;Nc I I PARAMETER (N=18000) REAL*8 A(N+1,N),B(N+1,N) !XOCL PROCESSOR P(32) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:N,PART=BAND) !XOCL LOCAL A(:,/IP),B(:,/IP) !XOCL PARALLEL REGION : (A,B $K4X$9$k1i;; ) : !XOCL SPREAD DO /IP DO J =1,N DO I=1,N A(I,J)=A(I,J)+B(I,J)/2.0D0 END DO END DO !XOCL END SPREAD DO !XOCL END PARALLEL STOP END B?=E %k!< %W $N 0l HV Fb B& $r J, 3d $7 $? >l 9g $O!$ %Y %/ %H %k @- G= $, =P $J $$ >l 9g $, $" $j $^ $9 $N $G!$ J, 3d $O $G $- $k $@ $1 30 B& $N%k!<%W$GJ,3d$7$^$9 20 !% !{%0%m!<%P%kG[Ns$N1i;;$O!) %0 %m!< %P %k G[ Ns $, DO %k!< %W $N Cf $K :. F~ $9 $k $H!$ %Y %/ %H %k @- G= $, Cx $7 $/ Dc 2< $7 $^ $9!% BP :v $H $7 $F $O!$ DO %k!<%W$N <B9T $K@h $@$C$F %m!<%+ %k G[Ns $K SPREAD MOVE 9=J8 $r;H$C $F E>Aw $9$k $+!$ EQUIVALENCE J8$K $h$C $F7k 9g$5$l$?J,3d%m!<%+%kG[Ns$r;HMQ$9$k$+$7$^$9!% !{=EJ#%m!<%+%k%G!<%?$N1i;;$O!) 3F PE $K %G!< %?$, =E J#$7 $FB8 :_ $9$k =E J#%m!< %+%k %G!< %?$b SPREAD DO $GJB Ns =hM} $9 $k$3 $H $,$G $-$^ $9!% $? $@$7!$ DO %k!< %W$r JB Ns 2= $9 $k $H!$ DO %k!< %W=* N; 8e $N =E J# %m!<%+ %k %G!< %? $O PE $N 0l It$K @5 $7 $$ 1i ;; 7k 2L$, $"$j!$ $= $N B> $O E, Ev $J ?t CM $, F~$C $F $$ $k >u BV $H $J$C $F $$ $^ $9!% $= $N $? $a!$ PE $K ;6 $i $P$C $? %G!< %? $r $- $A $s $H =8$aD>$9I,MW$,$"$j$^$9!%$=$N5!G=$H$7$F UNIFY J8$,Ds6!$5$l$F$$$^$9 (cf.2.20 @a ) !% !|%0%m!<%P%k4X?t SPREAD DO 9= J8 $K $O!$?t CM 7W ;; $G $h $/;H $o $l $k =h M} $r %0 %m!< %P %k 4X ?t ( glob al function ) $H $7 $F MQ 0U $7 $F$$ $^$9!%%0%m!<%P%k4X?t$OAmOB ( SUM ) !$:GBg ( MAX ) !$:G>. ( MIN ) !$O@M}@Q ( AND ) !$O@M}OB1i;; ( OR ) !$:G=*CM ( LAST ) $G$9!% 20 $^$?!$ PART=CYCLIC $G=[4DJ,3d$5$l$? DO %k!<%W$O%Y%/%H%k2=$5$l$^$;$s!% 16

PARAMETER (N=10000,NPE=32) REAL*8 A(N+1,N),T INTEGER I,J,MAXI,MAXJ !XOCL PROCESSOR P(32) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:NMAX,PART=BAND) !XOCL LOCAL A(:,/IP) : (A $N7W;; ) : T=0.0D0 !XOCL SPREAD DO /IP DO J=1,N DO I=1,N IF ( T < ABS(A(I,J) ) ) THEN !--+ T = ABS(A(I,J) ! | MAXI = I ! |-- :GBgCM$HE:;z$NA\:w MAXJ = J ! | END IF !--+ END DO END DO !XOCL END SPREAD DO MAX(T,MAXI,MAXJ) J, 3d $7 $? DO %k!< %W $G :G Bg CM $N 7W ;; $r 9T $& $H!$ $= $l $> $l $N PE $, C4 Ev $9 $k 6I =j E* $J :G Bg CM $O 5a $^ $j $^ $9 $,!$ A4 BN $N:G Bg CM$O $3 $l $@$1 $G $OJ, $+ $j$^ $; $s!% %0%m!< %P %k4X ?t SUM $O!$ 3F PE $N :GBg CM $r D4$Y!$ G[ NsA4 BN $N:G Bg CM ( Nc $G $O T ) $r 7W ;; $7 $^ $9!% $^ $?!$ E: ;z $N CM ( Nc $G $O MAXI , MAXJ ) $b D4 $Y $k $3 $H $, $G $- $^ $9!% E: ;z $r D4 $Y $k I, MW $,$J$$>l9g$O!$ ( Nc$G$O ) MAX(T) $H$@$15-=R$7$^$9!% DO I=1,N PIVOT(I) = 0 END DO !XOCL SPREAD DO /IP DO J=1,N DO I=1,N PIVOT(LIST(I,J)) = PIVOT(LIST(I,J)) + 1 END DO END DO !XOCL END SPREAD DO SUM(PIVOT) 2 <!85G[Ns LIST $N>pJs$r PIVOT $K3JG<$9$kNc$G$9!% SUM %0%m!<%P%k4X?t$K5-=R$9$kJQ?t!$G[Ns ( $3$N>l9g PIVOT ) $O!$ SPREAD DO $NA0$G$9$Y$F$N PE $GF1$8CM$K$7$F$*$/I,MW$,$"$j$^$9!% !|%0%m!<%P%k4X?t$NCm0U;v9‘ %0%m!<%P%k4X?t $KG[Ns$r;HMQ$9 $k>l9g!$:n6HNN 0h$,ITB-$7$F =hM}$,CY$/$J $k>l9g$,$"$j $^$9!%$=$N>l9g!$ <B 9T ;~ %* %W %7%g %s \ -Wl,-Pg " $K B3 $1 $F :n 6H NN 0h $r Kb yte C1 0L $G ;X Dj $9 $k $H!$ =h M} $, 9b B. 2= $5 $l $^ $9!% >J N, CM $O 1Kb yte $G$9!%Nc$($P<B9T%U%!%$%k$r a.out $KBP$7!$ 1MB $r;XDj$9$k>l9g$O!$ a.out -Wl,-Pg1024 $H;XDj$7$^$9!% 17

2.14 SPREAD MO VE 9=J8 SPREAD MOVE 9= J8 $O!$ %m!< %+ %k JQ ?t $H %0 %m!< %P %k JQ ?t $N Be F~ $r 0l 3g $7 $F 9T $& $3 $H $r ;X Dj $7 $^ $9!% J, 3d $N J} 8~$,0[$J$k$h$&$JJ,3d%m!<%+%k%G!<%?Aj8_$NBeF~$r%0%m!<%P%k%G!<%?$rDL$7$F9T$&>l9g$J$I$K;H$$$^$9!% SPREAD DO $rMQ$$$F$bF1MM$NBeF~$,2DG=$G$9$,!$ SPREAD MOVE $KHf$Y$F$+$J$jCY$/$J$j$^$9!% SPREAD MOVE 9=J8$O!$$"$/$^$G$b!VBeF~J8!W$N$_$K;H$($k5!G=$G$9!% 0l3gBeF~$N=*N;$O END SPREAD MOVE $G$9!% \ END SPREAD " $H>JN,$9$k$3$H$b$G$-$^$9!% $^$?!$ END SPREAD MOVE $K B3 $1 $F!$ %G!< %? E> Aw $N <1 JL L> $r $D $1 $k $3 $H $G!$ $= $N 8e $N MOVEWAIT J8 $G E> Aw $N 40 N;$r3NG’$9$k$3$H$,$G$-$^$9!% !XOCL PROCESSOR P(4) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:100000,PART=BAND) REAL*8 A(10000,10000),B(10000,10000) !XOCL LOCAL A(:,/IP) !XOCL GLOBAL B(/IP,:) : !XOCL SPREAD MOVE /IP,: !---+ DO J=1,N ! | DO I=1,N ! | A(I,J)=B(I,J) ! |-- %G!<%?$N0l3gBeF~ END DO ! | END DO ! | !XOCL END SPREAD MOVE (ID) !---+ <1JLHV9f ID $r?6$k !XOCL MOVEWAIT (ID) ! E>Aw$N40N;$r3NG’ Nc$G$O!$J,3d%m!<%+%kG[Ns A $K%0%m!<%P%kG[Ns B $NCM$rA4MWAG0l3g$7$FBeF~$7$F$$$^$9!% SPREAD MOVE /IP,: $N \ /IP,: " $O!$ DO %k!<%W$N=P8==g $KJ,3dJ}K!$r ;XDj$7$F$$$^$9!%$D $^$j!$Bh 2 E: ;z$r J, 3d $9 $k $3 $H!$ Bh 1 E: ;z $O 2? $b $7 $J $$ $3 $H $r 0U L# $7 $^ $9 21 !% J, 3d ;X Dj $O J, 3d %m!< %+ %k G[ Ns $K 9g $o $; $F ;X Dj $7$^$9!% END SPREAD MOVE (ID) $N \ (ID) " $O!$ E> Aw $N<1 JL HV9f ID ( G$ 0U$G $9 ) $r ?6 $jEv $F $k$3 $H $r0U L# $7 $^$9!% D>8e$N MOVE WAIT (ID) $O!$<1JLHV9f ID $NE>Aw$,40N;$7$?$3$H$r3NG’$9$k;XNa$G$9 22 !% 2.15 SPREAD ASSIGNMENT 9=J8 SPREAD ASSIGNMENT 9=J8$O!$ BeF~J8$N <B9T$r PE $,J, C4$7$F<B 9T$9$k$3 $H$r;X<( $7$^$9!%5- =R$G$- $kJ8$O BeF~ J8 $N B> $K!$ C1 =c WHERE J8!$ WHERE J8 $G $9!% AH $_ 9~ $_ Be F~ J8 $N JQ ?t ( :8 JU ) $O %Y %/ %H %k E: ;z $r ;} $? $J $$ G[ Ns $G$"$kI,MW$,$"$j$^$9!% !XOCL PROCESSOR P(4) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:100,PART=BAND) REAL*8 A(100),B(100),C(100) : !XOCL SPREAD ASSIGNMENT /IP A(1:50) = B(11:60) + C(21:70) !XOCL END SPREAD ASSIGNMENT 21 \ ,: " $O>JN,$G$-$^$9!% 22 $J $< <1 JL HV 9f $d E> Aw 3N G’ $N ;X <($, $" $k $N $+ $H $$ $& $H!$ <B 9T ;~ 4V $N C; =L $N $? $a $K $O!$ %G!< %? $N E> Aw Cf $K B> $N =h M} $r 9T$C $? $j!$ J#?t $N E> Aw $r$&$^$/;H$$$3$J$7$?$j$9$k%A%e!<%K%s%0$rA[Dj$7$F$$$k$?$a$G$9!% 18

2.16 BR O ADCAST J8 BROADCAST J8$O!$ LOGICAL $, true $H$J$k=EJ#%m!<%+%kJQ?t$NCM$r!$B>$N PE $KE>Aw$9$k$3$H$r;XDj$7$^$9!% PARAMETER (N=10000,NPE=32) !XOCL PROCESSOR P(NPE) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:N,PART=BAND) REAL*8 A(N),B(N) LOGICAL FLAG ! O@M}7?$NDj5A : FLAG=.FALSE. ! PE $9$Y$F$r false $K$9$k !XOCL SPREAD DO /IP DO J=1,1 ! P(1) $G$N$_7W;; FLAG=.TRUE. ! P(1) $NO@M}7?$r true $K$9$k DO I=1,N !--+ A(I)=B(I)+2.0 ! |--P(1) $G$N7W;; END DO !--+ END DO !XOCL END SPREAD DO !XOCL BROADCAST(A) (FLAG) ! E>Aw$r9T$& 2.17 BARRIER J8 3F PE $K0[$J$k =hM}$r3d $j?6$C$F!V$;!< $N!W$G<B9T $K0\$7 $F$b!$=hM} $N7ABV$K $h$C$F$O!$$" $k PE $N=hM} $O $9 $0$K =*$C $F$7 $^$C $? $N$K!$ $$ $D$^ $G $b=h M} $,=* $i $J$$ PE $, $"$C $? $j$7 $^ $9!% F ortran 90/VPP $K $O!$JB Ns <B 9T $9 $k PE $K $" $k %] %$ %s %H $G <B 9T $r Dd ;_ $7!$ $9 $Y $F $N PE $N =h M} $, $= $N %] %$ %s %H $^ $G E~ C# $7 $? 8e!$ <B 9T $r :F 3+ $9 $k $H $$ $& F1 4| 5! G= $, $" $j $^ $9!% $3 $N 5! G= $r %P %j %" F1 4| $H 8F $S $^ $9!% BARRIER J8 $O!$ $9 $Y$F $N PE $G %P %j %" F14|$r<h$k$3$H$r;XDj$7$^$9!% %P%j%"F14| DL>o!$ SPREAD DO !$ SPREAD MOVE 9=J8$J$I$O!$FC$K;XDj$7$J$1$l$P BARRIER J8$,;XDj$5$l$?$H8+$J$5$l$^$9 23 !% 2.18 LOCK ON 9=J8 LOCKON 9=J8$O!$ SPREAD REGION 9=B$$GJ,3d$5$l$?J#?t$N%j!<%8%g%s4V$N%W%m%0%i%‘$N<B9T$r@)8f$7$^$9!% LOCKON $G?6$i$l$?HV9f$HF1$8$b$N$r;}$DJ8$OF1;~$K$O<B9T$5$l$^$;$s ( GSB>@)8f ) !% 23 5U$K BARRIER J8$O!$%P%j%"F14|$r%W%m%0%i%^<+$i<h$j30$7$F!V%.%s%.%s!W$N%A%e!<%K%s%0$K<j$r@w$a=P$7$?;~$N;u;_$a$@$H8@$($^$9!% 19

2.19 MO VEW AIT J8 MOVEWAIT J8$O!$ SPREAD MOVE 9=J8!$ OVERLAPFIX J8!$ UNIFY J8$G3+;O$5$l$? PE 4V%G!<%?E>Aw$N40N;$r3N G’$7$^$9!% 2.20 UNIFY J8 UNIFY J8$O!$3F PE $GDj5A$5$l$?=EJ#%m!<%+%kG[Ns$NCM$rB7$($k$3$H$r;X<($7$^$9!% PARAMETER (N=1000) DOUBLE PRECISION A(N,N),B(N,N) ! =EJ#%m!<%+%kG[Ns$N@k8@ !XOCL PROCESSOR P(4) ! %W%m%;%C%5?t$N@k8@ !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:N,PART=BAND) ! J,3dJ}K!$N;XDj : !XOCL PARALLEL REGION ! JBNs<B9T$N3+;O !XOCL SPREAD DO /IP !---+ DO J=1,N ! | DO I=1,N ! | A(I,J)=SIN(B(I,J)+1.0D0) ! |---DO %k!<%W$NJ,3d END DO ! | END DO ! | !XOCL END SPREAD DO !---+ !XOCL UNIFY(A(:,/IP)) (ID) ! %G!<%?$r6Q0l$K$9$k !XOCL MOVEWAIT(ID) ! %G!<%?E>Aw$N40N;$r3NG’ : !XOCL END PARALLEL >e$NNc$G@k8@$5$l$? =EJ#%m!<%+%k G[Ns A $O!$ 4 $D$N PE $GA4$/ F1$8CM$r;} $A$^$9!% SPREAD DO $G$N%k!<%W$N J, 3d$K$h$j!$=hM}$O3F PE $GJ,C4$7$F DO J=1,250 DO I=1,1000 A(I,J)=SIN(B(I,J)+1) END DO END DO DO J=251,500 DO I=1,1000 A(I,J)=SIN(B(I,J)+1) END DO END DO DO J=501,750 DO I=1,1000 A(I,J)=SIN(B(I,J)+1) END DO END DO DO J=751,1000 DO I=1,1000 A(I,J)=SIN(B(I,J)+1) END DO END DO P(1) P(2) P(3) P(4) $H<B 9T $5 $l $^ $9!% $H $3 $m $,!$ =E J# %m!< %+ %k %G!< %? $O!$ 3F PE $G F1 $8 CM $r ;}$C $F $$ $J $1 $l $P $$ $1 $J $$ %G!< %? $G $9 $N$G!$3F PE $,J,C4$7$?7W;;7k2L$rB>$N PE $KCN$i$;$kI,MW$,$"$j$^$9!% \ ID " $O<1JLHV9f$G$9!%D>8e$N MOVEWAIT $O!$%G!<%?E>Aw$N40N;$r3NG’$9$kJ8$G$9!% 2.21 O VERLAPFIX J8 OVERLAPFIX J8$O!$B5IU$-J,3d%m!<%+%kG[Ns$NB5ItJ,$K%G!<%?$rE>Aw$9$k$3$H$r;X<($7$^$9!% CV$-49$($O!$ EQUIVALENCE J8$K$h$C$F7k9g$7$F$$$k%0%m!<%P%kG[Ns$NBP1~$9$kHO0O$NCM$G9T$o$l$^$9!% Nc$($P!$C10l PE $GF0$/<!$N%W%m%0%i%‘$NJBNs2=$r4k$s$@$H$7$^$9!% 20

! ======================== STEP0 ==================================== ! PARAMETER(N=1000000) DOUBLE PRECISION A(N,N),B(N,N) : DO J=2,N-1 DO I=1,N B(I,J) = A(I,J-1) -2*A(I,J) +A(I,J+1) END DO END DO $^$:!$ PE32 Bf$G A , B $N Bh 2 E:;z$r6QEy$K J,3d$7$^$9!% $^$?!$ A , B $rJ,3d%m!< %+%kG[Ns$H $7$F3F PE $K3d$j ?6 $j$^$9!%$5$i$K!$ SPREAD DO 9=J8$G DO %k!<%W$rJ,3d$7$^$9!% ! ======================== STEP1 ==================================== ! PARAMETER(N=1000000,NPE=32) !XOCL PROCESSOR P(32) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:N,PART=BAND) DOUBLE PRECISION A(N,N),B(N,N) !XOCL LOCAL A(:,/IP),B(:,/IP) : !XOCL PARALLEL REGION : !XOCL SPREAD DO /IP DO J=2,N-1 DO I=1,N B(I,J) = A(I,J-1) -2*A(I,J) +A(I,J+1) END DO END DO !XOCL END SPREAD DO !XOCL PARALLEL REGION $3$l$G=*$j$G$O$"$j$^$;$s!%J,3d$5$l$? DO %k!<%W$G$O!$ PE >e$K$"$k%G!<%?0J30$KNY$N PE $N6-3&$N%G!< %?$,I,MW$G$9!% =>$C$F A $r B5 IU$- $N %m!< %+ %k G[ Ns $H $7 $F Dj 5A $7 D> $7 $^ $9!% J} K! $O 4v $D $+ $" $j $^$9 $,!$ LOCAL J8 $N A $N @k 8@ $K OVERLAP %Q%i%a!<%?$rDI2C$9$k$N$,$$$$$G$7$g$&!% ! ======================== STEP2 ==================================== ! PARAMETER(N=1000000,NPE=32) !XOCL PROCESSOR P(32) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:N,PART=BAND) DOUBLE PRECISION A(N,N),B(N,N) !XOCL LOCAL A(:,/IP(OVERLAP=(1,1)) ),B(:,/IP) : !XOCL PARALLEL REGION : !XOCL SPREAD DO /IP DO J=2,N-1 DO I=1,N B(I,J) = A(I,J-1) -2*A(I,J) +A(I,J+1) END DO END DO !XOCL END SPREAD DO !XOCL PARALLEL REGION 21

$^ $@ $"$j $^ $9!%%m!< %+ %k G[Ns A $N B5 $X$N %G!< %?$N E> Aw $O!$ EQUIVALENCE J8$G 7k 9g$5 $l $?%0 %m!< %P%k G[ Ns$r 2p$7$F9T$$$^$9!%$H$K$+$/!$%0%m!<%P%kG[Ns$r@k8@$7!$7k9g$5$;$F$_$^$7$g$&!% ! ======================== STEP3 ==================================== ! PARAMETER(N=1000000,NPE=32) !XOCL PROCESSOR P(32) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:N,PART=BAND) DOUBLE PRECISION A(N,N),B(N,N),AG(N,N) !XOCL LOCAL A(:,/IP(OVERLAP=(1,1))),B(:,/IP) !XOCL GLOBAL AG EQUIVALENCE (AG,A) : !XOCL PARALLEL REGION : !XOCL SPREAD DO /IP DO J=2,N-1 DO I=1,N B(I,J) = A(I,J-1) -2*A(I,J) +A(I,J+1) END DO END DO !XOCL END SPREAD DO !XOCL PARALLEL REGION $3$l$G OVERLAPFIX J8$,EP>l$9$k=‘Hw$,@0$$$^$7$?!% OVERLAPFIX J8$O!$%0%m!<%P%kG[Ns AG $+$iB5IU$-J, 3d%m!<%+%kG[Ns A $NB5$K%G!<%?$rE>Aw$9$k$3$H$r;X<($7$^$9!% ! ======================== STEP4 ==================================== ! PARAMETER(N=1000000,NPE=32) !XOCL PROCESSOR P(32) !XOCL INDEX PARTITION IP=(PROC=P,INDEX=1:N,PART=BAND) DOUBLE PRECISION A(N,N),B(N,N),AG(N,N) !XOCL LOCAL A(:,/IP(OVERLAP=(1,1))),B(:,/IP) !XOCL GLOBAL AG EQUIVALENCE (AG,A) : !XOCL PARALLEL REGION : !XOCL OVERLAPFIX(A) (ID) ! A $NB5$K AG $NCM$rE>Aw !XOCL MOVEWAIT (ID) ! E>Aw$N40N;$rBT$D !XOCL SPREAD DO /IP DO J=2,N-1 DO I=1,N B(I,J) = A(I,J-1) -2*A(I,J) +A(I,J+1) END DO END DO !XOCL END SPREAD DO !XOCL PARALLEL REGION E>Aw$N<1JLL> ID $O2?$G$b9=$$$^$;$s!% OVERLAPFIX J8$K%0%m!<%P%kG[Ns AG $N;Q$O8+$($^$;$s$,!$B5$N%G!< %?$rDs6!$9$kBg@Z$JLrL\$r2L$?$7$F$$$^$9!% 22

3 %5%V%k!<%A%s$N5-=RJ}K! 3.1 %W%m%;%C%5%0%k!<%W$N<uEO$7 %a %$ %s %W %m %0 %i %‘ $G @k 8@ $7 $? %W %m %;%C %5 %0 %k!< %W $N >p Js $r $O SUBPROCESSOR J8 $G %5 %V %k!< %A %s $K 0z $- EO $7 $^$9!% PROGRAM MAIN ! %a%$%s%W%m%0%i%‘ PARAMETER (NPE=4) ! %W%m%;%C%5?t !XOCL PROCESSOR PE(NPE) ! %W%m%;%C%5%0%k!<%W$N@k8@ : !XOCL PARALLEL REGION ! JBNs<B9T3+;O : CALL SUB(A) ! %5%V%k!<%A%s$N CALL : !XOCL PARALLEL REGION ! JBNs<B9T=*N; : SUBROUTINE SUB(A) ! %5%V%k!<%A%s PARAMETER (NPE=4) ! %W%m%;%C%5?t !XOCL PROCESSOR PE(NPE) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL SUBPROCESSOR PES(NPE)=PE(1:NPE) ! %W%m%;%C%5%0%k!<%W$N0z$-7Q$. : 8= :_ $N F ortran 90/VPP $N J8 K! $G!$ %W %m %;%C %5 ?t $K 0M B8 $7 $J $$ %5 %V %k!< %A %s $r =q $/ $3 $H $O!$ $G $- $J $$ $3 $H $O $J $$$N $G $9 $,!$ EQUVALENCE J8$d OVERLAPFIX J8 $, ;H $($J $$ $J $I $N6/ $$ @) 8B$, $" $k $? $a!$Ia DL $O $$$A $$ $A %W %m%;%C%5?t$r@k8@$9$k$3$H$K$J$j$^$9!% %5%V %k!< %A %s $K X OCL 9T $r5- =R $7 $J $$ >l 9g $O!$ SUBPROCESSOR J8 $K$h $k %W %m %;%C %5 %0 %k!<%W $N 0z $- 7Q $. $O IT MW $G $9!% $? $@ $7!$ $= $N %5 %V %k!< %A %s $O $9 $Y $F $N PE $G F1 $8 =h M} $, $5 $l $^ $9 ( >i D9 <B 9T ) !% $3 $N It J, $, Cx $7 $/ B- $r0z$CD%$k$h$&$G$7$?$i!$JBNs2=$r8!F$$9$kI,MW$,$"$j$^$9!% 3.2 %G!<%?$N<uEO$7 FC$K!$%0%m!<%P%k!$ J,3d%m!<%+%kG[ Ns$r%5%V%k!< %A%s$KEO$9>l 9g$O!$<B0z?t$H 2>0z?t$OF1$8 J,3d$r$7$? %G!< %?$G$"$kI,MW$,$"$j$^$9!% Nc$($P!$%a%$%s%W%m%0%i%‘$, PROGRAM MAIN ! %a%$%s%W%m%0%i%‘ PARAMETER (NPE=32,MAXDIM=100001) ! %W%m%;%C%5?t!$<!85?t !XOCL PROCESSOR PE(NPE) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL INDEX PARTITION IP=(PE,INDEX=1:MAXDIM) ! J,3dJ}K!$N;XDj DOUBLE PRECISION A(MAXDIM,MAXDIM),AG(MAXDIM,MAXDIM) ! G[Ns$N@k8@ !XOCL LOCAL A(:,/IP) ! J,3d%m!<%+%kG[Ns$N@k8@ !XOCL GLOBAL AG ! %0%m!<%P%kG[Ns$N@k8@ EQUIVALENCE (A,AG) ! 5-21NN0h$N6&M- : !XOCL PARALLEL REGION ! JBNs<B9T3+;O : CALL MAKE_A(L,NU,U1,U2,A) ! %5%V%k!<%A%s$N CALL : !XOCL PARALLEL REGION ! JBNs<B9T=*N; END 23

$H$9$k$H!$%5%V%k!<%A%s$K$bF1MM$NJ,3d;XDj$,I,MW$G$9!% SUBROUTINE MAKE_A(L,NU,U1,U2,A) PARAMETER (NPE=32,MAXDIM=100001) ! %W%m%;%C%5?t!$<!85?t !XOCL PROCESSOR MAIN_PE(NPE) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL SUBPROCESSOR PE(NPE)=MAIN_PE(1:NPE) ! %W%m%;%C%5%0%k!<%W$N0z$-7Q$. !XOCL INDEX PARTITION IP=(PE,INDEX=1:MAXDIM) ! J,3dJ}K!$N;XDj DOUBLE PRECISION A(MAXDIM,MAXDIM) ! G[Ns$N@k8@ !XOCL LOCAL A(:,/IP) ! J,3d%m!<%+%kG[Ns$N@k8@ : RETURN END 47$l$??M$O!$F1MM$N<jB3$-ItJ,$rJL$N%U%!%$%k$K5-=R$7!$ include J8$GFI$_9~$s$@$j$7$F$$$^$9!% $^ $?!$%5%V %k!<%A%s Fb$G!$%0 %m!<%P%k G[Ns$HJ, 3d%m!<%+ %kG[Ns $r EQUIVALENCE J8 $G7k9g $9$kI, MW$,$" $k>l 9g$O!$%0%m!<%P%kG[Ns$r COMMON J8$GEO$7!$%5%V%k!<%A%sFb$GJ,3d%m!<%+%kG[Ns$r@k8@$77k9g$7$^$9!% PROGRAM MAIN PARAMETER (NPE=8,MAXDIM=100001) !XOCL PROCESSOR PE(NPE) !XOCL INDEX PARTITION IP=(PE,INDEX=1:MAXDIM) DOUBLE PRECISION AG(MAXDIM) !XOCL GLOBAL AG COMMON/BLK/AG : !XOCL PARALLEL REGION : CALL SUB ! %5%V%k!<%A%s$N CALL : !XOCL PARALLEL REGION : SUBROUTINE SUB PARAMETER (NPE=8,MAXDIM=100001) !XOCL PROCESSOR MAIN_PE(NPE) !XOCL SUBPROCESSOR PE(NPE)=MAIN_PE(1:NPE) !XOCL INDEX PARTITION IP=(PE,INDEX=1:MAXDIM) DOUBLE PRECISION A(MAXDIM),AG(MAXDIM) !XOCL LOCAL A(/IP) ! J,3d%m!<%+%kG[Ns$N@k8@ !XOCL GLOBAL AG ! %0%m!<%P%kG[Ns$N@k8@ COMMON/BLK/AG EQUIVALENCE (A,AG) : RETURN END $J $*!$ COMMON J8 $N 6& DL %V %m%C %/ $KB0 $9 $k MW AG $K!$ =E J# %m!< %+%k JQ ?t!$ J, 3d %m!< %+ %k G[Ns!$ %0 %m!< %P %k JQ ?t $r:.:_$5$;$k$3$H$O$G$-$^$;$s 24 !% 4 %U%!%$%kF~=PNO J,3d%m!<%+%kG[Ns$NF~=PNO$r$9$k>l9g$NCm0UE@$G$9!% 24 F ortran 90 $G $O!V;H $o$J$$ J}$, $$$$5! G=!W ([3]) $KF~$C $F$$ $k COMMON J8$, F ortran 90/VPP $NBg $-$JFC D’$H $J$C$F$$ $k$N $O!$<B $K Ha$7$$$3$H$G$9!% 24

� %U%!%$%k$O PARALLEL REGION J8$NA0$K%*!<%W%s$9$k!% � EQUIVALENCE J8$K$h$j7k9g$7$?%0%m!<%P%kG[Ns$G9T$&!% � %0%m!<%P%kG[Ns$NFI$_=q$-$O>iD9<B9TIt$G9T$$!$ SPREAD DO Fb$K$O=q$+$J$$!% =E J#%m!< %+%k G[ Ns$O => MhDL $j$N %W %m%0 %i %‘$G LdBj $" $j$^ $; $s!% READ, WRITE $K $O!$ DO 7? JB$S $b;H MQ $G$- $^$9$,!$G[NsL>$G$N%"%/%;%9$,8zN(E*$G$9!% PROGRAM MAIN PARAMETER (NPE=8,MAXDIM=100001) !XOCL PROCESSOR PE(NPE) !XOCL INDEX PARTITION IP=(PE,INDEX=1:MAXDIM) DOUBLE PRECISION A(MAXDIM,MAXDIM),AG(MAXDIM,MAXDIM) !XOCL LOCAL A(:,/IP) !XOCL GLOBAL AG EQUIVALENCE (A,AG) OPEN(33,FILE=’input.data’) ! %U%!%$%k$N%*!<%W%s OPEN(15,FILE=’output.data’) ! %U%!%$%k$N%*!<%W%s !XOCL PARALLEL REGION : READ(33) AG : WRITE(15) AG : !XOCL END PARALLEL REGION CLOSE(15,FILE=’output.data’) ! %U%!%$%k$N%/%m!<%: CLOSE(33,FILE=’input.data’) ! %U%!%$%k$N%/%m!<%: END 5 JBNs2=Nc ( %Q%i%a%H%j%C%/%9%?%G%# ) F~NO%G!<%?$d%Q %i%a!<%?$rJQ$($k $3$H$K$h$j!$2? EY$bF1$87W;; $r7+$jJV$7<B 9T$9$k$h$&$J %1!<%9$r %Q%i%a %H %j%C%/%9%?%G%# ( p ar ametric study ) $H8F$S$^$9!% 4JC1$JNc$G@bL@$7$^$9!% PROGRAM MAIN DOUBLE PRECISION A(1000),B(1000) INTEGER I READ(5) B ! %G!<%?$NFI$_9~$_ DO I=1,1000 ! CALL SUB(A(I),B(I)) ! F1$8%5%V%k!<%A%s$r CALL END DO ! WRITE(6) A ! =hM}7k2L$N=q$-=P$7 END ! SUBROUTINE SUB(X,Y) DOUBLE PRECISION X,Y Y=SIN(X) RETURN END 5 HV$+$i%G!<%?$rFI$_9~$_!$ B(I) $r%Q%i%a!<%?$H$7$F!$<!!9$K A(I) $r5a$a$k%W%m%0%i%‘$G$9!%$3$N>l9g!$8D!9 $N I $KBP$9$k SUB $N=hM}$OA4$/FHN)$G$9$N$G!$4JC1$KJBNs2=$9$k$3$H$,$G$-$^$9!% 25

PROGRAM MAIN PARAMETER (NPE=16) ! %W%m%;%C%5?t$N@k8@ !XOCL PROCESSOR PE(NPE) ! %W%m%;%C%5%0%k!<%W$N@k8@ !XOCL INDEX PARTITION IP=(PE,INDEX=1:1000) ! J,3dJ}K!$N;XDj DOUBLE PRECISION A(1000),B(1000) INTEGER I READ(5) B ! %G!<%?$NFI$_9~$_ !XOCL PARALLEL REGION ! JBNs<B9T$N3+;O !XOCL SPREAD DO /IP ! DO %k!<%W$NJ,3d DO I=1,1000 CALL SUB(A(I),B(I)) ! F1$8%5%V%k!<%A%s$r CALL END DO !XOCL END SPREAD DO ! DO %k!<%W$NJ,3d !XOCL UNIFY (A(/IP)) (ID) ! %G!<%?$rB7$($k !XOCL MOVEWAIT(ID) ! %G!<%?E>Aw$N40N; !XOCL END PARALLEL REGION ! JBNs<B9T$N=*N; WRITE(6) A ! =hM}7k2L$N=q$-=P$7 END ! SUBROUTINE SUB(X,Y) DOUBLE PRECISION X,Y Y=SIN(X) RETURN END $J$*!$ %Q %i %a %H %j%C %/ %9 %? %G%# $K $h $k JB Ns 2= %W %m %0 %i %‘ $N %5 %s %W %k 25 $r kyu-cc $N /usr/local/doc 2< $K 8x 3+ $7$^$9!%3F<+%3%T!<$7$F;2>H2<$5$$!% kyu-cc% copy /usr/local/doc/parasta.txt . � � � � � <--- ;HMQJ}K!$N%F%-%9%H kyu-cc% copy /usr/local/doc/parasta.tar . � � � � � <--- %W%m%0%i%‘!$%G!<%? (tar 7A<0 ) 6 JBNs2=Nc (SSL I I/VPP) ?tCM 7W;;$G%3%9%H$N$+$+$kItJ, $O!$B?$/$,O"N) 1 <!J}Dx<0$d8GM-CM 7W;;$J$I$N@~7A7W;;$K=8Cf $9$k$H$$$C$F $b$$$$ $G$7$g $&!% F ortran 90/VPP $N8- $$ MxMQ J}K! $H $7$F $O!$ JBNs 7W;; MQ $K%A%e!< %K%s %0 $5$l $?%5 %V %k!<%A %s %i%$%V%i %j SSL I I/VPP $r @Q6KE* $KMx MQ$9 $k$3$H $G$9!% $3$l$i $N%i %$%V%i %j$O VPP700/56 $N @-G= $r:GBg 8B$K H/4x $9 $k $h $& $K %A%e!< %K %s %0 $5 $l $F $$ $^ $9 $N $G!$ <+ J, $G AH $s $@ %W %m %0 %i %‘ $N J} $, B. $$ $H $$ $& $3 $H $O $^ $: $" $j $^ $;$s 26 !% $3 $3 $G $O!$<{ MW $, :G$b $" $k $H;W $o $l $kO" N) 1 <! J} Dx<0 %5 %V%k!< %A %s DP_VLAX $N;H MQ J} K!$K $D $$ $F!$6q BN E* $JNc$r$"$2$F@bL@$7$^$9!% 6.1 %5%V%k!<%A%s$N0z?t$N@bL@ vman dp_vlax $G8+$l$P$o$+$k$h$&$K!$ DP_VLAX $N0z?t$O 15 8D$b$"$j$^$9 27 !%$?$@$7!$ SSL I I/VPP , SSL I I/VP $N0z?t$N7A<0$O0l$D21$($F$7$^$($P$"$H$O;w$?$j$h$C$?$j$J$N$G!$LLE]$G$b$9$Y$F@bL@$7$^$9!% 25 Cx:n8"$OIY;NDL$K5"B0$7$F$$$^$9!% 26 $b$7>!$C$?$i@’Hs%;%s%?!<$^$G8f0lJs2<$5$$!% 27 $O$C$-$j8@$C$F!$IY;NDL$NF|K\8l%*%s%i%$%s%^%K%e%"%k$NA43Q1Q?t;z$OBg$$$K4VH4$1$G$9!% 26

!|8F$S=P$77A<0 CALL DP_VLAX(AG,KA,NA,N,B,IBLKS,EPSZ,ISW,IP,IS,WG,WA,WU,IWU,ICON) !|5!G= <B78?tO"N) 1 <!J}Dx<0 Ax = b $r!$%V %m%C%/2=$7$?30@Q7A$N LU J,2r K!$G2r$-$^$9!% A $O n � n ( n � 1) $N @5B’$J<B9TNs!$ b $O n <!85$N<BDj?t%Y%/%H%k!$ x $O n <!85$N2r%Y%/%H%k$G$9!% !|0z?t$N@bL@ @0?t$O 4 %P%$%H$G$9!%Dj?t$H$7$F F~NO$G$-$k0z?t$b$"$j$^$9 $,!$%Q%i%a!<%?$H$7$F$-$A$s$H @k8@$7$?J}$,%G %P%C%0$KM-Mx$G$9!% I= 3 : DP_VLAX $N0z?t0lMw 0z?t 7? B0@- F~=PNO FbMF AG G\@:EY<B?t 2 <!85G[Ns F~=PNO F~ NO $H $7 $F 9T Ns A $r AG(1:N,1:N) $K 3J G<!% =P NO $H $7 $F 9T Ns L $H 9T Ns U $, AG $KJV $5 $l $k!% AG $O AG(KA,NA) $G @k 8@$5 $l $k %0 %m!< %P%k G[ Ns $G!$$3$N%k!<%A%s$r8F$S=P$9%j!<%8%g%s$G 2 <!85L\$r6QEy$KJ,3d$5$l$F $$$k!% AG(1:N,1:N) 0J30$N AG $NCM$OJ]>Z$5$l$J$$!% KA @0?t JQ?t F~NO AG !$ WG $N 1 <!85L\$NBg$-$5 ( @k8@$7$?CM ) !% KA � N . NA @0?t JQ?t F~NO AG !$ WG $N 2 <!85L\$NBg$-$5 ( @k8@$7$?CM ) !% NA � N . NA $O%j!<%8%g%s$r 9=@.$9$k PE ?t$H IBLKS $N@Q$NG\?t$G$"$k$3$H!% N @0?t JQ?t F~NO 9TNs A $N<!?t n !% B G\@:EY<B?t 1 <!85G[Ns F~=PNO Bg$-$5 N $N%Y%/%H%k b $rF~NO!%2r%Y%/%H%k x $,=PNO$5$l$k!% IBLKS @0?t JQ?t F~NO %V %m%C %/ 2= $7 $? 30 @Q 7A LU J, 2r $r 9T $& %V %m%C %/ $N Bg $- $5!% 6v ?t $G $" $j $+$D!$ 30 � IBLKS � 60 $G$"$k$3$H!% EPSZ G\@:EY<B?t JQ?t F~NO %T%\%C%H$NAjBPNmH=DjCM!% EPSZ � 0.0D0 !% 0.0D0 $N$H$-$OI8=‘CM$,:NMQ $5$l$k!% ISW @0?t JQ?t F~NO F10l$N78?t9TNs A $r$b$DJ}Dx<0 Ax = b i $KBP$7!$ ISW=1 $N$H$- 1 AHL\ $NJ}Dx<0$r2r$/!% ISW=2 $N$H$- 2 AHL\0J9_$NJ}Dx<0$r2r$/!%$?$@$7!$$3 $N $H $- B $N CM $@ $1 $r ?7 $7 $$ %Y %/ %H %k $K JQ $(!$ $= $l 0J 30 $N 0z ?t $O $= $N $^ $^$G;HMQ$9$k!% IP @0?t 1 <!85G[Ns =PNO ItJ,%T%\%C%HA*Br$K$h$k9T$NF~49$($NMzNr$r<($9Bg$-$5 n $N%Y%/%H%k!% IS @0?t JQ?t =PNO 9T Ns A $N 9T Ns <0 $r 5a $a $k $? $a $N >p Js (1 $^ $? $O � 1) !$ 1i ;; 8e $N G[ Ns AG $N n 8D$NBP3QMWAG$H IS $NCM$r3]$19g$o$;$k$H9TNs<0$,F@$i$l$k!% WG G\@:EY<B?t 2 <!85G[Ns :n6H0h WG(KA,NA) $J $k %0 %m!< %P %k G[ Ns $G!$ $3 $N %k!< %A %s $r 8F $S =P $9 %j!< %8%g %s$G 2 <!85L\$r6QEy$KJ,3d$5$l$F$$$k!% WA G\@:EY<B?t 2 <!85G[Ns :n6H0h WA(N,IBLKS) $J$kG[Ns!% WU G\@:EY<B?t 1 <!85G[Ns :n6H0h WU(IWU) $G@k8@$5$l$kG[Ns!% IWU @0?t JQ?t F~NO :n6HMQG[Ns WU $NBg$-$5!% NA $r%W%m%;%C%5?t$G3d$C$?CM!% ICON @0?t JQ?t =PNO ICON=0 %(%i!<$J$7!% ICON=20000 9TNs A $N$"$k9T$NMWAG$,$9$Y$FNm$G$"$C$?$+!$Kt$O%T %\%C%H$,AjBPE*$KNm$H$J$C$?!%9TNs A $OHs@5B’$N2DG= @-$,6/$$!% ICON=30000 NA $, %j!< %8%g %s $r 9= @. $9 $k PE ?t $H IBLKS $N @Q $N G\ ?t $G $J $$!% $^ $? $O NA < N , KA < N , N < 1 $G $" $k!% $^ $? $O EPSZ < 0.0D0 $G$"$k!% $^$?$O IBLKS > 60 , IBLKS < 30 $G $" $k!% $^ $? $O!$ %0 %m!< %P %k G[ Ns $, @5 $7 $/ J, 3d $5 $l $F $$$J$$!% !|;HMQ>e$NCm0U 1. %0 %m!< %P %k G[Ns AG $O AG(1:N,1:N) $N ItJ, $r EO $7 $^ $9!% DL >o AG(KA,NA) $H @k 8@ $7 $F $$ $l $PLd Bj $" $j $^ $;$s!% 27

2. SSL I I/VP $d NUMP A C $N %5%V %k!< %A%s $H 0[$J $j!$ 2 <! 85G[ Ns $N 2 <!85 L\ $NBg $- $5 NA $b 0z?t $K I,MW $G $9!%$^$?!$ NA $O ( IBLKS � PE ?t ) $G3d$j@Z$l$kI,MW$,$"$j$^$9!% 3. EPSZ $K I8 =‘ CM 0J 30 $N CM $r @_ Dj $7 $? $H $-!$ %T %\%C %H $, 28 @_ Dj $7 $? EPSZ 0J 2< $J $i!$ $= $N %T %\%C %H $r Nm $H 8+ $J $7 ICON=20000 $H $7 $F =h M} $r BG $A @Z $j $^ $9!% EPSZ $N I8 =‘ CM $O!$ 4] $a 8m :9 $N C1 0L $r u $H $7 $? $H $-!$ EPSZ =16 � u $G$9!%$J $*%T%\%C%H$,>.$5$/$J$C$F$b7W;;$rB39T$5$;$k>l9g$K$O!$ EPSZ $X6K>.$NCM$r@_Dj $9$l$P$h$$$N$G$9$,!$$=$N7k2L$OJ]>Z$5$l$^$;$s 29 !% 4. F1 0l $N 78 ?t 9T Ns A $r $b $D J} Dx <0 Ax = b i $r B3 $1 $F 2r $/ >l 9g $O!$ 2 2s L\ 0J 9_ $r ISW=2 $H $7 $F 2r $/ $H!$ $b$C $H $b %3 %9 %H $r MW $9 $k LU J, 2r $N 2a Dx $r >J N, $9 $k $? $a!$ <B 9T ;~ 4V $, Bg I} ( O ( n ) 0c $$ $^ $9 ) $K C; =L $G $- $^$9!% 5. IP $H IS $O!$ LU J, 2r $N 2a Dx $G It J, %T %\%C %H A* Br $K $h $k 9T $N F~ $l 49 $( $, @8 $8 $? >l 9g $N >p Js $r <u $1 ;} $A $^ $9 30 !% 6. DP_VLAX $K$O!$ 3 $D ( $b ) $N:n6HMQG[Ns$,I,MW$G$9!%FC$K!$ WG $O AG $HA4$/F1$85-21NN0h$,I,MW$G$9!% 6.2 C10l PE HG%W%m%0%i%‘Nc $=$l$G$O!$6qBNE*$JNc$K1h$C$F DP_VLAX $rMxMQ$9$k$^$G$N2aDx$rDI$$$+$1$F$_$^$7$g$&!% $^$:!$C10l PE $GF0:n$9$k F ortran %W%m%0%i%‘$rMQ0U$7$^$9!% n � n 9TNs A = ( a ij ) $r a ij = r 2 n + 1 sin � ij � n + 1 � ; n � 1 %Y%/%H%k b = ( b i ) $r b i = n X j =1 a ij $GDj5A$7$^$9!%$9$k$HO"N) 1 <!J}Dx<0 Ax = b $N2r$O x � 1 $H ( M}O@E*$K ) $J$j$^$9!%%W%m%0%i%‘ Linear_Equation1 $O!$ A , b $r:n@.$7!$ SSL I I/VP $N%5%V%k!<%A%s DVLAX $KJ|$j$3$s$GF@$i$l$? x ( ?tCM2r ) $N8m:9$r max 1 � i � n j x i � 1 j $GB,Dj$9$k$b$N$G$9!% 28 9TNs$N>C5nCJ3,$G3d$j;;$r;J$kBeI=85$G$9!%%<%m$K$J$C$F$7$^$&$H7W;;$,GKC>$7$F$7$^$$$^$9!% 29 ?t CM E* $K 9T Ns $, Hs @5 B’ $K $J$C $? $H$$ $& $3 $H $O!$ $b $H $b $H $N Ld Bj $K 2? $i $+ $N 86 0x $, $" $k $N $G $O $J $$ $+ $H 5?$C $F 8+ $k $Y $- $G $9!%$? $@ $7!$ %W %m%0%i%‘$N%A%’%C%/$,@h$G$9!% 30 !VItJ,%T%\%C%HA*Br!W$H8@$o$l$F$b%T%s$HMh$J$$?M$O?tCM7W;;$NK\$r8fMw2<$5$$!% 28 program Linear_Equation1 ! %W%m%0%i%‘$NL>A0 implicit none ! 0EL[$N7?@k8@$NM^;_ integer,parameter :: KA=501 ! 1 <!85L\$NBg$-$5$N%Q%i%a!<%? integer,parameter :: NA=500 ! 2 <!85L\$NBg$-$5$N%Q%i%a!<%? real(kind=8),dimension(KA,NA) :: A ! A $N@k8@ real(kind=8),dimension(NA) :: B,VW ! B $N@k8@!$:n6HNN0h vw real(kind=8) :: error,s,Pi,EPSZ integer,dimension(NA) :: IP integer :: N,i,j,IS,ICON,ISW N=KA-1 ! <!?t$NDj5A Pi=atan(1.0D0)*4.0D0 ! &P$NDj5A B=0.0D0 ! B $N=i4|2= do j=1,N do i=1,N A(i,j)=sqrt(2.0D0/DBLE(N+1))*sin(dble(i)*dble(j)*Pi/dble(N+1)) B(i)=B(i)+A(i,j) ! A,B $N:n@. end do end do ! --------------------------------------------------------------------------- ! EPSZ=0.0D0 ISW=1 call DVLAX(A,KA,N,B,EPSZ,ISW,IS,VW,IP,ICON) ! O"N) 1 <!J}Dx<0$r2r$/ ! --------------------------------------------------------------------------- ! error=0.0D0 do i=1,N s=abs(B(i)-1.0D0) if(s.ge.error) error=s ! 8m:9I>2A end do write(6,*) ’ICON=’,ICON write(6,*) ’N=’,N,’ ERROR=’,error end program Linear_Equation1 KA $, N $h$j $b 0l $D $@$1 B? $$ $N $O!$%P %s %/ %3 %s %U%j %/ %H $K $h$k @- G= Dc 2<$r Hr $1 $k $?$a $G!$ $= $l 0J 30$N 0U L# $O $"$j$^$;$s!% 6.3 SSL I I/VPP $N$?$a$NJQ99 JB Ns 2= $K @h $@$C $F!$ DP_VLAX $N $? $a $N JQ ?t $r =‘ Hw $7 $^ $9!% $^ $:!$ B? >/ %a %b %j $N L5 BL ;H $$ $K $J $k $N $O 3P 8g $N >e$G!$G$0U$N IBLKS $H PE ?t$KBP1~$G$-$k$h$&$K NA $NCM$rJQ99$7$^$9!%6qBNE*$K$O!$ F ortran $G ?7 NA = � 5l NA PE ?t � IBLKS + 1 � � PE ?t � IBLKS $H@k8@$7$^$9!% <!$K!$:n6HNN0h $J$I$N$3$^$4 $^$H$7$?JQ?t $r@k8@$7!$%5%V %k!<%A%sL>$r=q $-D>$7$^$9!%%0 %m!<%P%kG[Ns$H $J $k AG $G $N 1i ;; $O %Y %/ %H %k 2= $G $- $^ $; $s $N $G!$ A $r J, 3d %m!< %+ %k G[ Ns $H $7 %0 %m!< %P %k G[ Ns AG $H EQUIVALENCE J8$G7k9g$7$^$9!%$3$3$^$G$r Linear_Equation2 $H$7$^$9!% 29 program Linear_Equation2 implicit none integer,parameter :: NPE=4,IBLKS=50,KA=501,LA=KA-1 integer,parameter :: NA=(LA/(NPE*IBLKS)+1)*NPE*IBLKS integer,parameter :: IWU=NA/NPE real(kind=8),dimension(KA,NA) :: A,AG,WG real(kind=8),dimension(LA,IBLKS):: WA real(kind=8),dimension(LA) :: B real(kind=8),dimension(IWU) :: WU real(kind=8) :: error,s,Pi,EPSZ integer,dimension(LA) :: IP integer :: N,i,j,IS,ICON,ISW EQUIVALENCE (A,AG) N=KA-1 Pi=atan(1.0D0)*4.0D0 B=0.0D0 do j=1,N do i=1,N A(i,j)=sqrt(2.0D0/DBLE(N+1))*sin(dble(i)*dble(j)*Pi/dble(N+1)) B(j)=B(j)+A(i,j) end do end do ! --------------------------------------------------------------------------- ! EPSZ=0.0D0 ISW=1 call DP_VLAX(AG,KA,NA,N,B,IBLKS,EPSZ,ISW,IP,IS,WG,WA,WU,IWU,ICON) ! --------------------------------------------------------------------------- ! error=0.0D0 do i=1,N s=abs(B(i)-1.0D0) if(s.ge.error) error=s end do write(6,*) ’ICON=’,ICON write(6,*) ’ N=’,N,’ ERROR=’,error end program Linear_Equation2 6.4 JBNs2=Nc =‘ Hw $, @0$C $? $H $3 $m $G X OCL 9T $r A^ F~ $7 $^ $9!% DP_VLAX $N ;H MQ J} K! $K =>$C $F AG ( A ), WG $N 2 <! 85 L\ $r 6Q Ey$K J, 3d $7!$ %0 %m!< %P %k G[ Ns $r @k 8@ $7 $^ $9!% Fs $D $N DO %k!< %W $O $H $b $K SPREAD DO $G J, 3d =h M} $7 $^ $9!% :G =i $N%k!< %W $G $O!$ A $, BP >N 9T Ns $G $" $k $3 $H $r MQ $$ $F!$ B $N E: ;z $r JQ 99 $7 $F $$ $^ $9!% B $O =E J# %m!< %+ %k G[ Ns $G $9 $N $G!$J,3d=hM}$N8e$O3F PE $GCM$r6Q0l$K$9$k UNIFY J8$r<B9T$7$^$9!% Fs $D L\ $N %k!< %W $G $O!$ :G Bg CM $r 8! :w $9 $k %0 %m!< %P %k 4X ?t MAX $, I, MW $G $9!% $3 $N It J, $O L5 M} $7 $F JB Ns 2= $7 $J $/$F$b>iD9<B9T$G7W;;2DG=$G$9!% 0J>e$G$H$j$"$($:$NJBNs2=$,40N;$7$^$7$?!%$"$H$O!$ PE ?t$H<!85$N%Q%i%a!<%? NPE , KA $@$1$rJQ99$9$k$@ $1$G!$<+M3$K7W;;5,LO$rJQ99$G$-$^$9!%$3$N%W%m%0%i%‘$r Linear_Equation3 $H$7$^$9!% 8= <B$N8&5f %l%Y%k $H$J$k$H A , B $N :n@.J}K! $O$3$s$J $K3Z$G $O$"$j$^ $;$s!%$7$+ $7!$9TNs$K i , j $K$D$$ $F$N 5,B’@-$,$"$l$P$=$l$[$I6lO+$;$:$KJBNs2=$G$-$k$N$G$O$J$$$G$7$g$&$+ 31 !% 31 $J$K$7$m!$4N?4$JO"N) 1 <!J}Dx<0$N7W;;$O SSL I I/VPP $^$+$;$G$9$+$i!% 30 program Linear_Equation3 implicit none integer,parameter :: NPE=4,IBLKS=50,KA=501,LA=KA-1 integer,parameter :: NA=(LA/(NPE*IBLKS)+1)*NPE*IBLKS integer,parameter :: IWU=NA/NPE real(kind=8),dimension(KA,NA) :: A,AG,WG real(kind=8),dimension(LA,IBLKS):: WA real(kind=8),dimension(LA) :: B real(kind=8),dimension(IWU) :: WU real(kind=8) :: error,s,Pi,EPSZ integer,dimension(LA) :: IP integer :: N,i,j,IS,ICON,ISW !XOCL PROCESSOR P(NPE) !XOCL INDEX PARTITION PX=(PROC=P,INDEX=1:NA,PART=BAND) !XOCL LOCAL A(:,/PX) !XOCL GLOBAL AG, WG(:,/PX) EQUIVALENCE (A,AG) !XOCL PARALLEL REGION N=KA-1 Pi=atan(1.0D0)*4.0D0 B=0.0D0 !XOCL SPREAD DO /PX do j=1,N do i=1,N A(i,j)=sqrt(2.0D0/DBLE(N+1))*sin(dble(i)*dble(j)*Pi/dble(N+1)) B(j)=B(j)+A(i,j) end do end do !XOCL END SPREAD DO !XOCL UNIFY(B(/PX)) (ID) !XOCL MOVEWAIT (ID) ! --------------------------------------------------------------------------- ! EPSZ=0.0D0 ISW=1 call DP_VLAX(AG,KA,NA,N,B,IBLKS,EPSZ,ISW,IP,IS,WG,WA,WU,IWU,ICON) ! --------------------------------------------------------------------------- ! error=0.0D0 !XOCL SPREAD DO /PX do i=1,N s=abs(B(i)-1.0D0) if(s.ge.error) error=s end do !XOCL END SPREAD DO MAX(error) !XOCL END PARALLEL write(6,*) ’ICON=’,ICON write(6,*) ’ N=’,N,’ ERROR=’,error end program Linear_Equation3 31

6.5 B,Dj%G!<%? 7W;;$NBgItJ,$O DP_VLAX $N%3%9%H$G$9$N$G!$$3$NItJ,$N$_ PEP A $N%5%V%k!<%A%s$G@-G=$rB,Dj$7$^$7$?!% !|JBNs2=@-G= 1PE $G %a %b %j!< $K F~ $j $- $k $h $& $K <! ?t $r N=10000 $K 8G Dj $7 $F JB Ns 2= 8z N( $r B, Dj $7 $^ $7 $?!% 7W ;; It J, $N AG $K$OLs 763MB $N%a%b%j$,I,MW$G$9!% I= 4 N=10000 PE ?t GFLOPS %T!<%/Hf 1( DVLAX ) 2.1 95% 1 1.8 81% 2 3.6 81% 4 6.9 78% 8 12.5 71% 16 21.0 59% 32 31.0 44% PE ?t $, A}$( $k $K =>$C$F!$ $@ $s$@ $s %T!<%/ @- G= Hf$, Mn $A$F $$ $-$^ $9!% $3 $l$O!$ 1 Bf $N PE $, C4Ev $9 $kG[ Ns $, >.$5$/$J$C$?$?$a!$%Y%/%H%k7W;;5!$N@-G=$,==J,H/4x$G$-$J$$$?$a$H;W$o$l$^$9!% !|:GBg@-G= <!$O!$J#?t$N PE $G3NJ]$G$-$k:GBg$N5-21NN0h6a$/$^$G N $rBg$-$/$7$FB,Dj$7$F$_$^$7$?!% I= 5 :GBg5-21NN0h6a$/$N N PE ?t N AG $N%a%b%j GFLOPS %T!<%/Hf 1( DVLAX ) 10000 0.7GB 2.1 95% 1 10000 0.7GB 1.8 81% 2 14500 1.5GB 3.7 84% 4 19500 2.8GB 7.4 84% 8 29000 6.2GB 17.6 83% 16 40000 11.9GB 35.2 82% 32 58000 25.0GB 70.4 80% <!?t$rBg$-$/$9$k$H 32PE $G$b%T!<%/@-G=$N 80% $r$J$s$H$+C#@.$7$^$7$? 32 !% 32 F1$8MFNL$N:n 6HNN0h$r$H$C$F$$$k $N$@$+$i!$$3$N$/$i $$$N@-G=$O=P$F$/ $l$J$$$H:$$k$H$$ $&5$$b$7$^$9!%$^$?!$ :G8e$N N=58000 $NO"N) 1 <!J}Dx<0$r2r$/$N$KLs 25 J,MW$7$^$9!% 32

7 %a%C%;!<%8%Q%C%7%s%0%i%$%V%i%j$NMxMQ F ortran 90/VPP 0J 30$NJB Ns2=$H $7$F!$%a%C %;!<%8%Q%C %7%s%0 %i%$%V%i %j (MPL) $rMQ$$ $?J}K! $,%W%m %0%i %_%s%0$,2DG=$G$9!% 0J2<!$ MPL $N35MW$H;29MJ88%$r>R2p$7$^$9!% 7.1 PVM PVM(P arallel Virtual Mac hine) $O!$ %" %a %j %+ %*!< %/ %j%C %8 9q N) 8& 5f =j $G 3+ H/ $5 $l $? %a%C %;!< %8 %Q%C %7 %s %0%i%$%V%i%j$G$9!% DL >o $O %M%C %H %o!< %/ $r 2p $7 $? J, ;6 4D 6- >e $G 3F %N!< %I 4V $N DL ?. $N $? $a $K Mx MQ $5 $l $^ $9 $,!$ VPP700 >e $G PE $r%N!<%I$H$7$?%G!<%?JQ49$r9T$$$^$9!% %5%]!<%H5!G=$H $7$F$O!$%W%m%; %9@8@.!$3F<oLd $$9g$o$;$J$I $N%W%m%;%94I M}!$F14|!?HsF1 4|Aw<u?.!$9-Js Aw ?.$J$I$N%a%C%;!<%8DL?.!$J#?t%a%C%;!<%8$N0l3gAw<u?.!$J#?t%W%m%;%94V$K$^$?$,$k1i;;5!G=$rDs6!$7$^$9!% !|%^%K%e%"%k IY;NDL$N%^%K%e%"%k [5] $r;2>H2<$5$$ 33 !% 7.2 MPI MPI F orum $K $* $$ $F 6H 3& I8 =‘ $r L\ ;X $7 $F ;E MM 8! F$ $5 $l $F $$ $k %a%C %;!< %8 %Q%C %7 %s %0 %i %$ %V %i %j $G $9!% J, ;6 $5 $l $? %W %m %; %9 4V $N =8 G[ ?. 5! G=!$ =8 @Q 1i ;; $* $h $S %0 %k!< %T %s %0 $J $I $N 6/ NO $J 5! G= $r %5 %]!< %H $7 $F $$ $^ $9!% $J $*!$ F ortran $N<+M37A<0$O%5%]!<%H$5$l$F$$$^$;$s!% !|%^%K%e%"%k IY;NDL$N%^%K%e%"%k [6] $r;2>H2<$5$$ 34 !% 7.3 P ARMA CS %W %m %; %9 4I M}!$ %a%C %;!< %8 Aw ?.!$ F1 4| =h M}!$ 3F <o Ld $$ 9g $o $;!$ O@ M} %M%C %H %o!< %/ Dj 5A $r C 8@ 8l 4X ?t $^ $? $O F ortran %5 %V %k!< %A %s $H $7 $F @) 8f $9 $k %a%C %;!< %8 %Q%C %7 %s %0 %i %$ %V %i %j $G $9!% VPP700 %7 %j!< %: $O J, ;6 %a %b %j JBNs%3%s%T%e!< %?$G$9$,!$9bB.%/%m%9%P DL?.$K$h$j6&M-%a%b%j 7?JBNs%3%s%T%e!<%?JB$N@- G=$r<B8=$7$^$9 ( $H%+ %?%m%0$K=q$$$F$"$j$^$9 ) !% !|%^%K%e%"%k [7] $r 8f Mw 2< $5 $$!% P ostScript %U%! %$ %k $, kyu-cc $N /usr/local/doc/PM61-UserGuide.ps.gz $K $" $j $^ $9!%$^$?!$ README %U%!%$%k$r<!$N$h$&$K;2>H$9$k$3$H$,$G$-$^$9!% kyu-cc% rsh kyu-vpp cat /usr/lang/parmacs/doc/README.VPP700 | more � � � � � 33 PVM $NF|K\8l%^%K%e%"%k$O ftp://etlport.etl.go.jp/pub/pvm/new-jdoc/jpvmug-950205.ps.gz $K$"$j$^$9!% 34 MPI $NF|K\8l%^%K%e%"%k$O ftp://et7alpha.et.u-tokai.ac.jp/pub/mpi/mpiprimj.ps.gz $K$"$j$^$9!% 33

;29MJ88% [1] UXP/V F ortran 90/VPP ;HMQ<j0z=q V10 MQ , J2U5-0080, IY;NDL3t<02q<R (1995). [2] UXP/V F ortran 90/VP ;HMQ<j0z=q V10 MQ , J2U5-0050, IY;NDL3t<02q<R (1995). [3] M. Metcalf, J. Reid ( @>B< =zI’ , OBED 1QJf , @>B< OBIW , 9bED @5G7 Lu ) : >\2r F ortran 90, bit JL:} , 6&N)=P HG (1993). [4] FUJITSU SSL I I/VPP ;H MQ <j 0z=q ( 2J 3X MQ %5 %V %k!< %A %s %i %$ %V %i%j )V11 MQ , J2X0-1370, IY ;N DL 3t <0 2q <R (1996) !% [5] UXP/V PVM ;HMQ<j0z=q V10 MQ , J2U5{0140, IY;NDL3t<02q<R (1995). [6] UXP/V MPI ;HMQ<j0z=q V10 MQ , J2U5{0270, IY;NDL3t<02q<R (1996). [7] P ARMA CS reference man ual, user’s man ual, P ALLAS Gm bH (1995). 34