%G !< %? %U %m !< 2r @O $K $b $H $E $/ JB Ns 2= %3 %s %Q %$ %i $N DL ?. :G E, 2= <j K! 8e F# ?5 Li J? @. 7 G/ 2 7n Ds =P Fb MF 35 67 <! @$ Be $N %9 !< %Q !< %3 %s %T %e !< %? $H $7 $F JB Ns 7W ;; 5! $K $O Bg $- $J 4| BT $, 4s $; $i $l $F $$ $k !# $7 $+ $7 !$ JB Ns 7W ;; 5! $N $? $a $N %W %m %0 %i %_ %s %0 $O 0l HL $K J# ;( $G $" $k $? $a !$ C‘ <! 8@ 8l $K $h $C $F 5- =R $5 $l $? %W %m %0 %i %‘ $r <+ F0 E* $K JB Ns 2= $9 $k JB Ns 2= %3 %s %Q %$ %i $N <B 8= $, 5a $a $i $l $F $$ $k !# 8= :_ 2f !9 $O %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR $r 3+ H/ Cf $G $" $k !# TINP AR $O 3H D% Tiny Language $G 5- =R $5 $l $? C‘ <! %W %m %0 %i %‘ $K BP $7 owner computes rule $K => $C $? JB Ns 2= $r 9T $& !# $7 $+ $7 TINP AR $N JB Ns 2= @o N, $G $O !$ IT I, MW $J Aw ?. %3 !< %I $, A^ F~ $5 $l $F $7 $^ $& $3 $H $, $" $k !# 0l HL $K %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $O DL ?. $K $+ $+ $k %3 %9 %H $, Bg $- $/ !$ IT I, MW $J DL ?. %3 !< %I $N A^ F~ $O @- G= $r Bg $- $/ Dc 2< $5 $; $k 86 0x $H $J $k !# $7 $? $, $C $F IT MW $J DL ?. $O $G $- $k 8B $j =| 5n $5 $l $J $1 $l $P $J $i $J $$ !# K\ 8& 5f $G $O !$ %G !< %? %U %m !< 2r @O $K $b $H $E $$ $F IT MW $J DL ?. %3 !< %I $r :o =| $9 $k :G E, 2= <j K! $r Ds 0F $9 $k !# K\ <j K! $G $O !$ %W %m %0 %i %‘ Cf $N JQ ?t Dj 5A $N M- 8z @- $K $D $$ $F <B 9T $N N. $l $K => $C $F 2r @O $7 !$ $= $N 7k 2L Dj 5A $5 $l $? CM $, ;2 >H $5 $l $J $$ $H H= L@ $7 $? >l 9g !$ $= $N Dj 5A J8 $r :o =| $N 8u Jd $H $9 $k !# :o =| $N 8u Jd $H $J $k Dj 5A J8 $, C1 =c $J Be F~ J8 $G $" $C $? >l 9g $K $O L5 >r 7o $G :o =| $9 $k !# :o =| $N 8u Jd $, <u ?. J8 ( RECV J8 ) $G $" $C $? >l 9g $K $O !$ $= $l $K BP 1~ $9 $k Aw ?. J8 ( SEND J8 ) $b F1 ;~ $K :o =| $9 $k !# $3 $N :] !$ RECV J8 $H SEND J8 $, 1 BP 1 $K BP 1~ $7 $F $$ $k >l 9g $K $O L5 >r 7o $K :o =| $7 $F $h $$ $, !$ $= $l 0J 30 $N >l 9g $K $O !$ Ev 3: SEND J8 $K BP 1~ $9 $k $9 $Y $F $N RECV J8 $, :o =| 2D G= $J >l 9g $K $N $_ !$ $3 $l $i $N J8 $r :o =| $9 $k !# $3 $l $K $h $C $F SEND / RECV $N BP 1~ 4X 78 $r Jx $5 $J $$ $h $& $K $9 $k !# K\ <j K! $N E, MQ Nc $H $7 $F $O !$ IT MW $J %F %s %] %i %j JQ ?t $N :o =| $, $" $k !# $^ $? K\ <j K! $O !$ %k !< %W :G E, 2= <j K! $N 0l $D $G $" $k %9 %+ %i %( %/ %9 %Q %s %7 %g %s $N Be MQ $H $7 $F !$ %k !< %W $N :G E, 2= $K E, MQ $9 $k $3 $H $, $G $- $k !# K\ 8& 5f $G $O TINP AR $K BP $7 $F K\ :G E, 2= <j K! $N <B Au $r 9T $$ !$ It J, E* %T %\ %C %F %# %s %0 IU $- %, %& %9 >C 5n K! $N %W %m %0 %i %‘ $r MQ $$ $F JB Ns 7W ;; 5! AP1000 >e $G K\ :G E, 2= <j K! $N I> 2A $r 9T $C $? !# Ev 3: %W %m %0 %i %‘ $K BP $7 $F K\ <j K! $r E, MQ $7 $J $$ $G JB Ns 2= $9 $k $H !$ IT MW $J J| Aw $, B? ?t A^ F~ $5 $l $k !# $= $N $? $a %W %m %; %C %5 ?t 64 Bf $G $N <B 9T @- G= $O C‘ <! <B 9T $h $j $b Dc $$ $b $N $H $J $k !# $3 $l $K BP $7 $F K\ :G E, 2= <j K! $r E, MQ $7 $F JB Ns 2= $7 $? %W %m %0 %i %‘ $G $O !$ $3 $l $i $N J| Aw $O A4 $F :o =| $5 $l $? !# $= $N $? $a Bg I} $K B. EY $r 2~ A1 $9 $k $3 $H $, $G $- !$ %W %m %; %C %5 ?t 64 Bf !$ 9T Ns %5 %$ %: 1000 � 1000 $N >l 9g !$ K\ :G E, 2= $r E, MQ $7 $J $$ >l 9g $H Hf $Y $F 49.7 G\ $N @- G= 8~ >e $, F@ $i $l $? !# An Optimization T ec hnique for In terpro cessor Comm unication on a P arallelizing Compiler GOTO Shin-ya Abstract The parallel computer is exp ected as the next generation sup ercomputer. How ev er developing programs for parallel computers is generally di�cult. F or this reason, there is requirement for parallelizing compilers which translate sequential programs to parallel programs for multiprocessors. W e are developing TINP AR, a parallelizing compiler for message-passing multiprocessors. TINP AR parallelizes sequen- tial programs written in an extended version of Tiny Language following the owner computes rule. Ho w ev er, unnecessary communication co des may b e inserted under the parallelizing strategy of TINP AR. Such needless codes should b e remov ed b ecause high communication cost of message-passing multiprocessors has a bad in uence on the execution p erformance. This pap er presents an optimization technique which remov es needless communication co des using data ow analysis. In this technique, the v alidness of a v ariable de�nition is analized along the execution ow. When the de�ned v alue is not used, the de�nition is useless and regarded as a remov e candidate. When the candidate is a simple substitution code, it is remov ed. But when the candidate is a message-receiving co de( RECV ), b oth the RECV and the message-sending code( SEND ) must b e remov ed together. In the case when the SEND and RECV hav e one-to-one corresp ondence, they can b e easily remov ed, but in the other cases the communication co des can b e remov ed only when all the related RECV co des are useless. This technique can b e applied to remov e needless temp orary v ariables. And it can also b e applied to optimize lo ops instead of the scalar expansion, the optimization metho d used on other compilers. The technique describ ed in this pap er has b een implemented to TINP AR. The e�ect of this optimization technique was ev aluated using the program of Gaussian elimination metho d with p ertial pivoting. When we run this program without the optimization, it pro vides low er p erformance on 64 pro cessors than the p erformance of sequential program. This is caused by insertions of many needless broadcast co des. On the other hand, in the parallel program optimized with this tec hnique, all needless broadcast co des were remov ed. Therefore on 64 pro cessors and with matrix size 1000 � 1000, by using this tec hnique, we could obtain a sp eed up of 49.7 times comparing with the same program without using this tec hnique. 1

1 $O $8 $a $K %7 %_ %e %l !< %7 %g %s $d ?t CM 2r @O $J $I $N Bg 5, LO 2J 3X 5; =Q 1i ;; $K MQ $$ $i $l $k %9 !< %Q !< %3 %s %T %e !< %? $K BP $7 !$ J# ;( $+ $D Bg 5, LO $J 1i ;; $r $h $j 9b B. $K 9T $& $? $a $K $5 $i $J $k 1i ;; =h M} G= NO $N 8~ >e $, MW 5a $5 $l $F $$ $k !# $= $N $h $& $J Cf $G JB Ns 7W ;; 5! $O !$ 8= :_ <g N. $N %Y %/ %H %k 7W ;; 5! $K Be $o $k <! @$ Be $N %9 !< %Q !< %3 %s %T %e !< %? $H $7 $F Bg $- $J 4| BT $, 4s $; $i $l $F $$ $k !# $7 $+ $7 !$ JB Ns 7W ;; 5! $N $? $a $N %W %m %0 %i %‘ $N 3+ H/ $K $O !$ DL ?. !& F1 4| =h M} $J $I $N 9b EY $+ $D J# ;( $J %W %m %0 %i %_ %s %0 5; =Q $, I, MW $H $J $k $? $a !$ %W %m %0 %i %^ $K $H $C $F Bg $- $J Ii C4 $H $J $C $F $$ $k $N $, 8= >u $G $" $k !# $= $N $? $a !$ 4{ B8 $N 8@ 8l $G 5- =R $5 $l $? C‘ <! %W %m %0 %i %‘ $r <+ F0 E* $K JB Ns 7W ;; 5! MQ $N %W %m %0 %i %‘ $K JQ 49 $9 $k =h M} 7O $N 3+ H/ $, K> $^ $l $F $$ $k !# 8= :_ 2f !9 $O %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR $r 3+ H/ $7 $F $$ $k [1, 2] !# TINP AR $O 3H D% Tiny Language $G 5- =R $5 $l $? C‘ <! %W %m %0 %i %‘ $r owner computes rule $K => $C $F JB Ns 2= $9 $k !# $7 $+ $7 !$ TINP AR $N JB Ns 2= @o N, $G $O !$ A4 $/ ;2 >H $5 $l $k $3 $H $N $J $$ %G !< %? $r Aw <u ?. $7 $F $7 $^ $& Ey !$ IT I, MW $J DL ?. %3 !< %I $, A^ F~ $5 $l $F $7 $^ $& >l 9g $, $" $k !# %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $G $O 0l HL $K %a %C %; !< %8 DL ?. $N %3 %9 %H $, Bg $- $$ $3 $H $r 9M $( $k $H !$ IT MW $J DL ?. $O @- G= $r Dc 2< $5 $; $k Bg $- $J MW 0x $H $J $k !# @- G= $N Dc 2< $r KI $0 $? $a $K $O !$ $3 $N $h $& $J IT MW $J DL ?. $N =| 5n $r 9T $& $Y $- $G $" $k !# $= $3 $G K\ O@ J8 $G $O !$ %G !< %? %U %m !< 2r @O $r MQ $$ $F IT MW $J %a %C %; !< %8 DL ?. %3 !< %I $r :o =| $9 $k :G E, 2= <j K! $r Ds 0F $9 $k !# 0J 2< Bh 2 >O $G 8= :_ 3+ H/ Cf $N JB Ns 2= %3 %s %Q %$ %i TINP AR $K $D $$ $F 35 @b $7 !$ B3 $$ $F Bh 3 >O $G $O K\ 8& 5f $G Ds 0F $9 $k :G E, 2= <j K! $K $D $$ $F =R $Y $k !# $= $N 8e Bh 4 >O $G K\ :G E, 2= <j K! $N I> 2A $r 9T $$ !$ Bh 5 >O $G 8& 5f @. 2L $N $^ $H $a $r 9T $& !# 2 JB Ns 2= %3 %s %Q %$ %i TINP AR 2.1 TINP AR $N 35 MW TINP AR $O %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i $G $" $k !# TINP AR $O owner computes rule $r MQ $$ $F C‘ <! %W %m %0 %i %‘ $r JB Ns 2= $9 $k !# $3 $l $K $h $j %f !< %6 5- =R $7 $? C1 0l %a %b %j 6u 4V $r A[ Dj $7 $? C‘ <! %W %m %0 %i %‘ $r JB Ns 7W ;; 5! >e $G <B 9T $9 $k $3 $H $, 2D G= $H $J $k !# 2.1.1 TINP AR $N F~ =P NO TINP AR $O 3H D% Tiny Language $K $h $C $F 5- =R $5 $l $? C‘ <! %W %m %0 %i %‘ $r JB Ns 2= $9 $k !# 3H D% Tiny Language $H $O !$ %k !< %W :F 9= @. %D !< %k Tiny[3] $N $? $a $N 8@ 8l Tiny Language $r 3H D% $7 $? %W %m %0 %i %‘ 5- =R 8@ 8l $G $" $k !# 8@ 8l 3H D% $H $7 $F $O while 9= J8 !$ %G !< %? J, 3d %G %# %l %/ %F %# %V !$ %9 %3 !< %W %k !< %k $J $I $N DI 2C $, $" $2 $i $l $k [2] !# 0l J} !$ TINP AR $N L\ E* %3 !< %I $O C 8@ 8l $G 5- =R $5 $l $? SPMD(Single Program Multiple Data stream) %W %m %0 %i %‘ $G $" $k !# $3 $N $? $a JB Ns 7W ;; 5! $G <B 9T $9 $k %W %m %0 %i %‘ $O !$ $3 $N %3 !< %I $r BP >] JB Ns 7W ;; 5! MQ $N C %3 %s %Q %$ %i $K $h $C $F %3 %s %Q %$ %k $7 @l MQ DL ?. %i %$ %V %i %j $H %j %s %/ $9 $k $3 $H $G F@ $i $l $k !# $3 $N $h $& $K TINP AR $r %W %j %3 %s %Q %$ %i $H $7 $F @_ 7W $9 $k $3 $H $G !$ BP >] JB Ns 7W ;; 5! $N %W %m %; %C %5 $K 0M B8 $7 $? :G E, 2= $O C %3 %s %Q %$ %i $K G$ $; $k $3 $H $, $G $- $k !# $^ $? !$ BP >] 7W ;; 5! $N JQ 99 $b Hf 3S E* MF 0W $H $J $k !# 2.1.2 TINP AR $N Fb It 9= @. TINP AR $O 0J 2< $N 6 $D $N %b %8 %e !< %k $+ $i 9= @. $5 $l $k !# 1. 9= J8 2r @O It | %= !< %9 %W %m %0 %i %‘ $N 9= J8 2r @O $r 9T $$ !$ =h M} 7O $N Fb It I= 8= $K E8 3+ $9 $k !# 2. A0 =h M} It | C‘ <! %W %m %0 %i %‘ $K $O $= $N $^ $^ $G $O JB Ns 2= $K E, $5 $J $$ It J, $, B8 :_ $9 $k $3 $H $, $" $k !# A0 =h M} It $G $O $3 $N $h $& $J It J, $K BP $7 $F %W %m %0 %i %‘ JQ 49 $r 9T $& $3 $H $K $h $j JB Ns 2= $K E, $7 $? 7A $K JQ 7A $9 $k !# Nc $H $7 $F Am OB 1i ;; $K BP $9 $k %$ %G %# %* %‘ JQ 49 $J $I $, $" $2 $i $l $k !# 3. JB Ns 2= It |owner computes rule $K => $C $F %= !< %9 %W %m %0 %i %‘ $r JB Ns 2= $9 $k !# 6q BN E* $K $O %G !< %? $r =j M- $9 $k %W %m %; %C %5 ( =j M- <T %W %m %; %C %5 ) $r H= Dj $9 $k $? $a $N if J8 $d !$ %W %m %; %C %5 4V $N %G !< %? ;2 >H $r 9T $& $? $a $N DL ?. %3 !< %I $N A^ F~ $r 9T $& !# $^ $? !$ $3 $N ;~ E@ $G $O J, 3d $5 $l $? %G !< %? $K BP $7 $F J, 3d A0 $N %G !< %? A4 BN $, 3J G< $G $- $k Bg $- $5 $N %a %b %j NN 0h $r 3N J] $9 $k !# $3 $N $? $a :G E, 2= ;~ $K $O J, 3d A0 $N C1 =c $J %" %I %l %C %7 %s %0 $r ;H MQ $9 $k $3 $H $, $G $- !$ %G !< %? 0M B8 4X 78 2r @O $, MF 0W $K $J $k !# $J $* !$ owner computes rule $* $h $S JB Ns 2= <j K! $N >\ :Y $K $D $$ $F $O 2.1.3 @a $G =R $Y $k !# 4. :G E, 2= It | JB Ns 2= It $G MQ $$ $i $l $k JB Ns 2= <j K! $O 6K $a $F C1 =c $J $? $a !$ @8 @. %3 !< %I $K $O L5 BL $, B? $/ 8z N( $, $h $/ $J $$ !# $= $3 $G :G E, 2= It $G $O !$ IT MW $J %3 !< %I $N :o =| !$ DL ?. %3 !< %I $N %j %9 %1 %8 %e !< %j %s %0 $H $$ $C $? :G E, 2= $r 9T $& !# $3 $l $i $N 6q BN E* $J Fb MF $K $D $$ $F $O 2.2 @a $G =R $Y $k !# 5. %a %b %j :F 3d Ev It | J, 3d $5 $l $? %G !< %? $K BP $7 $F !$ %W %m %; %C %5 $, =j M- $9 $k %G !< %? J, $@ $1 $N %a %b %j NN 0h $r 3N J] $9 $k $h $& $K !$ %a %b %j $N :F 3d $j Ev $F $H %" %I %l %C %7 %s %0 $N =$ @5 $r 9T $& !# 6. %3 !< %I @8 @. It | =h M} 7O $N Fb It I= 8= $+ $i C 8@ 8l $G 5- =R $5 $l $? L\ E* %3 !< %I $r =P NO $9 $k !# 2.1.3 JB Ns 2= <j K! TINP AR $K $h $k JB Ns 2= $O owner computes rule $r $= $N 4p K\ @o N, $H $7 $F $$ $k !# owner computes rule $H $O !$ !X 3F %W %m %; %C %5 $O $= $l $> $l $, =j M- $9 $k %G !< %? $N $? $a $N 1i ;; $r C4 Ev $9 $k !Y $H $$ $& 5, B’ $G $" $k !# $5 $i $K $3 $N $h $& $J 5, B’ $K => $C $F JB Ns 2= $r 9T $& >l 9g !$ %G !< %? $r J, 3d $7 !$ 3F %W %m %; %C %5 $K BP $7 $F J, G[ $9 $k $3 $H $, I, MW $H $J $k !# 8= :_ TINP AR $G $O !$ C1 0l <! 85 J} 8~ $K BP $9 $k G$ 0U %V %m %C %/ D9 $N %V %m %C %/ %5 %$ %/ %j %C %/ J, 3d $r 07 $& $3 $H $, $G $- $k ( ?^ 1) !# ?^ 1: %V %m %C %/ %5 %$ %/ %j %C %/ J, 3d ( %W %m %; %C %5 ?t 4 $N ;~ ) $3 $N $? $a TINP AR $K $h $C $F JB Ns 2= $5 $l $? %W %m %0 %i %‘ $G $O !$ 3F %W %m %; %C %5 $O <+ J, $N =j M- $9 $k %G !< %? $N $? $a $N 1i ;; $r 9T $& :] !$ <+ J, $, =j M- $7 $J $$ %G !< %? $K BP $9 $k ;2 >H $, 5/ $3 $k $H %G !< %? $N =j M- <T %W %m %; %C %5 $H $N 4V $G %a %C %; !< %8 DL ?. $r 9T $o $J $1 $l $P $J $i $J $$ !# $3 $3 $G ?^ 2 $N %W %m %0 %i %‘ $r MQ $$ $F $3 $N JB Ns 2= <j K! $r @b L@ $9 $k !# ?^ 2 $G $O G[ Ns a() , b() $K BP $7 $F 0[ $J $k %G !< %? J, 3d K! $, ;\ $5 $l $F $$ $k !# owner computes rule $K => $& $H !$ ?^ 2(a)5 9T L\ $N Be F~ J8 $O b(i) $N =j M- <T %W %m %; %C %5 $K $h $C $F <B 9T $5 $l $J $1 $l $P $J $i $J $$ !# $= $N $? $a $3 $N Be F~ J8 $N A0 8e $K $O !$ =j M- <T %W %m %; %C %5 $r 2

H= Dj $9 $k $? $a $N if J8 $* $h $S endif J8 $, A^ F~ $5 $l $k ( ?^ 2(b)9 $* $h $S 12 9T L\ ) !# 0l J} !$ 1& JU $N %G !< %? a(i) $N =j M- <T %W %m %; %C %5 $O !$ :8 JU $N %G !< %? b(i) $N =j M- <T %W %m %; %C %5 $H F1 0l $G $" $k $H $O 8B $i $J $$ !# $= $N $? $a b(i) $N =j M- <T %W %m %; %C %5 $, a(i) $N CM $r ;2 >H $9 $k $? $a $K $O !$ %a %C %; !< %8 DL ?. $K $h $C $F $= $N =j M- <T %W %m %; %C %5 $+ $i CM $r <u $1 <h $k I, MW $, $" $k !# $= $3 $G %a %C %; !< %8 <u ?. $N $? $a $N RECV J8 $, $3 $N Be F~ J8 $N D> A0 $K A^ F~ $5 $l $k ( ?^ 2(b)10 9T L\ ) !# $^ $? !$ a(i) $N =j M- <T %W %m %; %C %5 $O a(i) $N CM $r Aw ?. $7 $J $1 $l $P $J $i $J $$ $? $a !$ Aw ?. $r 9T $& SEND J8 $* $h $S a(i) $N =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if J8 $, A^ F~ $5 $l $k ( ?^ 2(b)5 � 7 9T L\ ) !# $3 $N $h $& $K $7 $F ?^ 2(b) $N $h $& $K JB Ns 2= $5 $l $? %W %m %0 %i %‘ $, F@ $i $l $k !# 0J >e $^ $H $a $k $H !$ JB Ns 2= It $G $O 6q BN E* $K <! $N $h $& $J =h M} $, 9T $o $l $k !# if J8 $N A^ F~ owner computes rule $K => $C $? JB Ns 2= $r 9T $& >l 9g !$ J, 3d $5 $l $? %G !< %? $K BP $9 $k Be F~ $O Ev 3: %G !< %? $N =j M- <T %W %m %; %C %5 $N $_ $, 9T $& !# $= $3 $G !$ $= $N $h $& $J %G !< %? $K BP $9 $k Be F~ J8 $N A0 8e $K $O !$ =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if J8 $* $h $S endif J8 $r A^ F~ $9 $k !# SEND / RECV J8 $N A^ F~ B> %W %m %; %C %5 $N =j M- $9 $k %G !< %? $K BP $9 $k ;2 >H $O !$ $= $N =j M- <T %W %m %; %C %5 $H $N %a %C %; !< %8 DL ?. $K $h $C $F 9T $o $l $k !# $= $3 $G $= $N $h $& $J %G !< %? $K BP $9 $k ;2 >H $K $O !$ =j M- <T %W %m %; %C %5 $K $h $k Aw ?. $N $? $a $N SEND J8 !$ ;2 >H <T %W %m %; %C %5 $K $h $k <u ?. $N $? $a $N RECV J8 $r A^ F~ $9 $k !# $5 $i $K SEND J8 $N A0 8e $K $O ;2 >H $5 $l $k %G !< %? $N =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if J8 $r A^ F~ $9 $k !# 2.2 :G E, 2= <j K! 2.1.3 @a $G =R $Y $? JB Ns 2= <j K! $K $h $C $F @8 @. $5 $l $k %3 !< %I $K $O L5 BL $, B? $/ @- G= $b $h $/ $J $$ !# $= $3 $G $3 $N $h $& $K JB Ns 2= $5 $l $? %3 !< %I $K BP $7 !$ <B 9T ;~ $N %* !< %P %X %C %I $N :o 8: !$ DL ?. $K $h $k %l %$ %F %s %7 $N Dc 8: $r ?^ $k :G E, 2= $r ;\ $9 !# $^ $? !$ K\ 8& 5f $G Ds 0F $9 $k %G !< %? %U %m !< 2r @O $K $b $H $E $$ $F IT MW $J DL ?. L? Na $r :o =| $9 $k :G E, 2= <j K! $K $D $$ $F $O Bh 3 >O $G =R $Y $k !# 2.2.1 %i %s %? %$ %‘ %* !< %P %X %C %I $N :o 8: JB Ns 2= It $N @8 @. $9 $k %3 !< %I $K $O !$ J, 3d $5 $l $? %G !< %? $N =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if J8 $J $I $N !$ %i %s %? %$ %‘ %* !< %P %X %C %I $r A} 2C $5 $; $k J8 $, B? ?t 4^ $^ $l $k !# $= $3 $G $3 $l $i $N $& $A $N IT MW $J $b $N $r :o =| $7 %i %s %? %$ %‘ %* !< %P %X %C %I $r :o 8: $9 $k !# 6q BN E* $K $O 0J 2< $N :G E, 2= $, 9T $o $l $k !# %k !< %W $N <B 9T HO 0O $N =L >. JB Ns 2= It $N @8 @. $9 $k %3 !< %I $K $O ?^ 3(a) $N $h $& $J %k !< %W $, B? ?t $" $i $o $l $k !# ?^ 3(a) $N %k !< %W $O Fb It $G =j M- <T %W %m %; %C %5 $N H= Dj $r 9T $C $F $* $j !$ $3 $N >r 7o $, @. N) $7 $J $$ ;~ $K $O L5 0U L# $J %$ %? %l !< %7 %g %s $r <B 9T $9 $k $3 $H $K $J $k !# $= $3 $G $3 $N >r 7o $, @. N) $9 $k HO 0O $K %k !< %W $N <B 9T HO 0O $r $" $i $+ $8 $a 69 $a $k $3 $H $K $h $C $F !$ 6u 2s $j $H $J $k %$ %? %l !< %7 %g %s $r :o =| $9 $k ( ?^ 3(b)) !# 91 ?? / 91 56 $H $J $k if J8 $N :o =| %k !< %W $N <B 9T HO 0O $N =L >. $K $h $j !$ %k !< %W $N A4 %$ %? %l !< %7 %g %s $K $* $$ $F >r 7o <0 $, >o $K ?? $^ $? $O 56 $H $J $k if J8 $, @8 $: $k $3 $H $, $" $k ( ?^ 4(a)) !# $= $3 $G %3 %s %Q %$ %k ;~ $K if J8 $N >r 7o <0 $r @E E* I> 2A $9 $k $3 $H $G !$ $3 $N $h $& $K 91 ?? / 91 56 $H $J $k L5 0U L# $J if J8 $N :o =| $r 9T $& ( ?^ 4(b)) !# if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d %k !< %W Cf $K @. N) >r 7o $N 0[ $J $k J# ?t $N if J8 $, B8 :_ $9 $k >l 9g !$ $= $N $^ $^ $G $O 91 ?? / 91 56 $H $J $k if J8 $N :o =| $r 9T $& $3 $H $O $G $- $J $$ ( ?^ 5(a)) !# $7 $+ $7 !$ %k !< %W %$ %s %G %C %/ %9 $N $H $j $& $k CM $N HO 0O $r J, 3d $9 $k $3 $H $G >r 7o <0 $r 91 ?? / 91 56 $K F3 $/ $3 $H $, $G $- $k !# $3 $l $K $h $j JB Ns 2= It $G A^ F~ $5 $l $? $[ $H $s $I $N if J8 $r :o =| $9 $k $3 $H $, $G $- $k ( ?^ 5(b)) !# 1 real a(0:n-1:*) /* a(i) $O %V %m %C %/ J, 3d */ 2 real b(0:n-1:1) /* b(i) $O %5 %$ %/ %j %C %/ J, 3d */ 3 !! 4 for i = 0, n-1 do 5 b(i) = a(i) 6 endfor (a) JB Ns 2= A0 1 real a(0:n-1:*) /* a(i) $O %V %m %C %/ J, 3d */ 2 real b(0:n-1:1) /* b(i) $O %5 %$ %/ %j %C %/ J, 3d */ 3 !! 4 for i = 0, n-1 do 5 if owner( a(i) ) == GET_CELL_ID() then /* if J8 $N A^ F~ */ 6 SEND( owner( b(i) ), a(i) ) /* SEND J8 $N A^ F~ */ 7 endif 8 !! 9 if owner( b(i) ) == GET_CELL_ID() then /* if J8 $N A^ F~ */ 10 RECV( owner( a(i) ), tmp_a ) /* RECV J8 $N A^ F~ */ 11 b(i) = tmp_a 12 endif 13 !! 14 endfor (b) JB Ns 2= 8e ?^ 2: TINP AR $K $h $k JB Ns 2= 1 for i = 0, n-1 do 2 if( owner( a(i) ) == GET_CELL_ID_() then 3 a(i) = ... 4 endif 5 endfor (a) :G E, 2= E, MQ A0 1 for i 2 f i j owner(a( i )) == GET_CELL_ID(), 0 � i � n-1 g do 2 if( owner( a(i) ) == GET_CELL_ID_() then 3 a(i) = ... 4 endif 5 endfor (b) :G E, 2= E, MQ 8e ?^ 3: %k !< %W $N <B 9T HO 0O $N =L >. 1 for i 2 f i j owner(a( i )) == GET_CELL_ID(), 0 � i � n-1 g do 2 if( owner( a(i) ) == GET_CELL_ID_() then 3 a(i) = ... 4 endif 5 endfor (a) :G E, 2= E, MQ A0 1 for i 2 f i j owner(a( i )) == GET_CELL_ID(), 0 � i � n-1 g do 2 a(i) = ... 3 endfor (b) :G E, 2= E, MQ 8e ?^ 4: 91 ?? / 91 56 $H $J $k if J8 $N :o =| 1 for i = 0, n-1 do 2 if( owner( a(i) ) == GET_CELL_ID_() then 3 a(i) = ... 4 endif 5 b(i) = ... 6 endfor (a) :G E, 2= E, MQ A0 1 for i 2 f i j owner(a( i )) == GET_CELL_ID(), 0 � i � n-1 g do 2 a(i) = ... 3 b(i) = ... 4 endfor 5 !! 6 for i 2 f i j owner(a( i )) != GET_CELL_ID(), 0 � i � n-1 g do 7 b(i) = ... 8 endfor (b) :G E, 2= E, MQ 8e ?^ 5: if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d 3

2.2.2 DL ?. %l %$ %F %s %7 $N Dc 8: DL ?. %l %$ %F %s %7 $O !$ 1i ;; $K I, MW $J %G !< %? $r <u ?. $9 $k $? $a $N BT $A $K $h $C $F @8 $: $k !# $3 $N $h $& $J %l %$ %F %s %7 $N Dc 8: $r ?^ $j !$ %W %m %; %C %5 $N Mx MQ N( $r 9b $a $k !# 6q BN E* $K $O 0J 2< $N :G E, 2= $, 9T $o $l $k !# SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 Aw ?. $5 $l $? %G !< %? $, ;H MQ $5 $l $k $^ $G <u ?. B& $G %P %C %U %! %j %s %0 $5 $l $k %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $G $O !$ Aw ?. B& $O ;H MQ $5 $l $k $h $j $b Aa $$ ;~ 4| $K %G !< %? $r Aw $k $3 $H $, $G $- $k !# $= $3 $G SEND J8 $r %j %9 %1 %8 %e !< %j %s %0 $7 !$ Aw ?. =h M} $r $G $- $k $@ $1 @h 9T $5 $; $3 $H $G !$ DL ?. %l %$ %F %s %7 $r Dc 8: $9 $k $3 $H $, $G $- $k !# SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N J, G[ SEND J8 $H RECV J8 $r F1 ;~ $K 4^ $‘ ?^ 6(a) $N $h $& $J %k !< %W $, F@ $i $l $? >l 9g !$ Aw ?. $+ $i <u ?. $^ $G $N ;~ 4V E* 5w N% $, Hs >o $K C; $/ !$ DL ?. %l %$ %F %s %7 $, @8 $: $k 2D G= @- $, 9b $$ $H M= A[ $5 $l $k !# $= $3 $G $3 $N $h $& $J %k !< %W $r Aw ?. $H <u ?. $N 2 $D $N %k !< %W $K J, G[ $9 $k $3 $H $K $h $j !$ Aw ?. $+ $i <u ?. $^ $G $N ;~ 4V E* 5w N% $r == J, D9 $/ $9 $k $3 $H $, $G $- DL ?. %l %$ %F %s %7 $r 1# JC $9 $k $3 $H $, $G $- $k ( ?^ 6(b)) !# MSG BUFFER FLUSH J8 $N A^ F~ TINP AR $N @l MQ DL ?. %i %$ %V %i %j $O F0 E* %Y %/ %H %k 2= 5! G= $r ;} $D [4] !# F0 E* %Y %/ %H %k 2= 5! G= $H $O !$ DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $K $h $C $F J# ?t $N Aw ?. %G !< %? $r %P %C %U %! %j %s %0 $7 !$ $^ $H $a $F 0l $D $N %a %C %; !< %8 $H $7 $F Aw ?. $9 $k 5! G= $G $" $k !# $3 $N 5! G= $r MQ $$ $k $H %a %C %; !< %8 Aw ?. $N 5/ F0 2s ?t $, 8: >/ $9 $k $? $a 8z N( $N $h $$ DL ?. $, 2D G= $H $J $k !# $7 $+ $7 Aw ?. %P %C %U %! $r E, @Z $K %U %i %C %7 %e $7 $J $1 $l $P !$ L$ Aw ?. $N %G !< %? $, %P %C %U %! $K ;D $C $? $^ $^ $H $J $j == J, $J 8z 2L $, F@ $i $l $J $$ >l 9g $, $" $k !# $= $3 $G Aw ?. %P %C %U %! $r %U %i %C %7 %e $9 $k $? $a $N MSG BUFFER FLUSH J8 $r E, @Z $J 0L CV $K A^ F~ $7 !$ %P %C %U %! $K L$ Aw ?. $N %G !< %? $, ;D $k $3 $H $K $h $k @- G= Dc 2< $r KI $0 !# 3 %G !< %? %U %m !< 2r @O $K $b $H $E $/ DL ?. :G E, 2= <j K! 3.1 35 MW TINP AR $O owner computes rule $K $b $H $E $$ $? JB Ns 2= @o N, $r $H $k !# $7 $+ $7 !$ $3 $N @o N, $O 2.1.3 @a $G =R $Y $i $l $F $$ $k $h $& $K C1 =c $J $b $N $G $" $k $? $a !$ 8z N( $h $/ DL ?. $r 9T $& %3 !< %I $, >o $K @8 @. $5 $l $k $H $O 8B $i $J $$ !# $3 $N $h $& $J Nc $H $7 $F $O %9 %+ %i JQ ?t $K BP $9 $k Be F~ J8 $, $" $2 $i $l $k !# TINP AR $K $h $k JB Ns 2= $G $O !$ %9 %+ %i JQ ?t $O A4 %W %m %; %C %5 $, =j M- <T $H $J $k $h $& $K G[ CV $5 $l $k !# $3 $N $? $a %G !< %? J, 3d $r ;\ $5 $l $? G[ Ns $+ $i %9 %+ %i JQ ?t $X $N Be F~ $K $O !$ A0 <T $N =j M- <T %W %m %; %C %5 $, A4 %W %m %; %C %5 $K BP $7 $F J| Aw $r 9T $& %3 !< %I $, A^ F~ $5 $l $k !# $H $3 $m $, !$ $3 $N $h $& $K A4 %W %m %; %C %5 $K CM $, J| Aw $5 $l $k $K $b $+ $+ $o $i $: !$ <B :] $K $O 0l It $N %W %m %; %C %5 >e $G $7 $+ $= $N CM $r I, MW $H $7 $J $$ >l 9g $, $" $k !# $= $N $h $& $J >l 9g $K $O !$ ;D $j $N %W %m %; %C %5 $X $N Aw ?. $O IT MW $G $" $k $? $a !$ $3 $N $h $& $J IT MW $J %G !< %? $N Aw <u ?. $r :o =| $9 $l $P @- G= $r 8~ >e $5 $; $k $3 $H $, 2D G= $G $" $k !# K\ :G E, 2= <j K! $O !$ 0l EY $b ;2 >H $5 $l $J $$ IT MW %G !< %? $N Aw <u ?. $r !$ %G !< %? %U %m !< 2r @O $K $h $j H/ 8+ $7 :o =| $9 $k $3 $H $K $h $C $F !$ %* %V %8 %’ %/ %H %3 !< %I $N :G E, 2= $r ?^ $k !# %G !< %? %U %m !< 2r @O $K $h $C $F IT MW $J %3 !< %I $r :o =| $9 $k :G E, 2= $O 4{ B8 $N %3 %s %Q %$ %i $G 9- $/ MQ $$ $i $l $F $$ $k <j K! $G $" $k [5, 6] !# $3 $l $O %W %m %0 %i %‘ Cf $N JQ ?t Dj 5A $N M- 8z @- $r <B 9T $N N. $l $K => $C $F 2r @O $9 $k $3 $H $K $h $C $F H= CG $7 !$ CM $, 0l EY $b ;2 >H $5 $l $J $$ $h $& $J Dj 5A $N >l 9g $K $O $= $l $r L5 8z $G $" $k $H $7 $F :o =| $9 $k <j K! $G $" $k !# $3 $N %G !< %? %U %m !< 2r @O $r TINP AR $N JB Ns 2= $7 $? %3 !< %I $K E, MQ $7 $? >l 9g !$ C1 $J $k IT MW $J Be F~ J8 $P $+ $j $G $J $/ IT MW $J %G !< %? Aw <u ?. $^ $G $b H/ 8+ $9 $k $3 $H $, $G $- $k !# $= $3 $G Be F~ J8 $H $H $b $K IT MW $J DL ?. J8 $b :o =| $9 $l $P !$ L5 BL $J DL ?. $N $J $$ 8z N( $N $h $$ %W %m %0 %i %‘ $, @8 @. $5 $l $k !# $9 $J $o $A K\ :G E, 2= <j K! $O !$ 0l HL $N %3 %s %Q %$ %i $G MQ $$ $i $l $k %G !< %? %U %m !< 2r @O $K $h $k L5 MQ J8 :o =| $N <j K! $r JB Ns 2= %3 %s %Q %$ %i $K 1~ MQ $9 $k $3 $H $K $h $C $F DL ?. $N :G E, 2= $r 9T $& $b $N $G $" $k $H $$ $( $k !# 3.2 E, MQ Nc K\ :G E, 2= <j K! $, E, MQ $G $- $k Nc $K $D $$ $F !$ 0J 2< $K 2 $D $N %W %m %0 %i %‘ $r <( $7 @b L@ $9 $k !# %F %s %] %i %j JQ ?t $N :o =| ?^ 7 $O G[ Ns a() $N A4 $F $N MW AG $N @d BP CM $r 5a $a $k %W %m %0 %i %‘ $G $" $k !# $^ $? !$ $3 $l $r TINP AR $K $h $C $F JB Ns 2= $9 $k $H ?^ 8 $N %W %m %0 %i %‘ $, F@ $i $l $k !# $? $@ $7 G[ Ns a() $O %5 %$ %/ %j %C %/ J, 3d $5 $l $F $$ $k $b $N $H $9 $k ( ?^ 9) !# $J $* !$ Bh 2 >O $G =R $Y $? :G E, 2= <j K! $O A4 $F E, MQ $5 $l $F $$ $k !# $^ $? !$ if J8 $N >r 7o @a Fb $G $N G[ Ns MW AG a(i) $N ;2 >H $O %F %s %] %i %j JQ ?t tmp $r 2p $7 $F 9T $o $l $k ( ?^ 8: 8, 16 9T L\ ) !# ?^ 8 $G $O !$ %k !< %W $N <B 9T HO 0O $N =L >. $d 91 ?? / 91 56 $H $J $k if J8 $N :o =| !$ if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d $H $$ $C $? :G E, 2= <j K! $N E, MQ $K $h $j !$ i $N %k !< %W $O a(i) $, =j M- $5 $l $F $$ $k $+ H] $+ $K $h $C $F 2 $D $N %k !< %W $K J, 3d $5 $l $F $$ $k !# $^ $? owner computes rule $K => $C $F JB Ns 2= $5 $l $F $$ $k $? $a !$ a(i) $K BP $9 $k Be F~ J8 $O a(i) $, =j M- $5 $l $F $$ $k >l 9g $K BP 1~ $9 $k A0 H> $N %k !< %W $K $N $_ B8 :_ $7 !$ 8e H> $N %k !< %W $+ $i $O :o =| $5 $l $F $$ $k !# $7 $+ $7 !$ if J8 $K $h $k >r 7o H= Dj $K ;H MQ $5 $l $k %F %s %] %i %j JQ ?t tmp $O %9 %+ %i JQ ?t $G $" $j !$ =j M- <T $O A4 %W %m %; %C %5 $G $" $k $? $a !$ tmp $K BP $9 $k a(i) $N CM $N <u ?. $O 8e H> It $K ;D $5 $l $? $^ $^ $G $" $k ( ?^ 8: 16 9T L\ ) !# $= $N $? $a A4 %W %m %; %C %5 $K BP $9 $k a(i) $N CM $N J| Aw $, 9T $o $l !$ ?^ 10(a) $N $h $& $K $[ $\ C‘ <! E* $K $7 $+ <B 9T $5 $l $: 8z N( $, 0- $$ !# $H $3 $m $, !$ JQ ?t tmp $K BP $7 $F %G !< %? %U %m !< 2r @O $r 9T $& $H !$ 16 9T L\ $G <u ?. $7 $? CM $O $N $A $K ;2 >H $5 $l $J $$ $3 $H $, $o $+ $k $? $a !$ RECV J8 $H $= $l $K BP 1~ $9 $k SEND J8 $O IT MW $G $" $k $H $7 $F :o =| $G $- $k !# $3 $l $K $h $j DL ?. $r A4 $/ I, MW $H $7 $J $$ ?^ 11 $N %W %m %0 %i %‘ $, F@ $i $l $k !# $3 $N %W %m %0 %i %‘ $G $O !$ ?^ 10(b) $K <( $5 $l $k $h $& $K 3F %W %m %; %C %5 $O 40 A4 $K JB Ns $K F0 :n $9 $k !# %9 %+ %i %( %/ %9 %Q %s %7 %g %s $N Be MQ ?^ 12 $K <( $9 %W %m %0 %i %‘ $O Livermore Kernel No.10[7, 8] $G $" $k !# $3 $l $O i = f 0 ; :::; n � 1 g !$ j = f 4 ; :::; 13 g $K $D $$ $F :9 J, M= B, ;R (di�erence predictor) P X ( i; j ) = 8 > < > : C X ( i; 4) ; j = 4 ; C X ( i; 4) � j � 1 X k =4 P X ( i; k ) ; j > 4 $r 5a $a $k %W %m %0 %i %‘ $G $" $k !# $3 $N %k !< %W $K $* $$ $F JQ ?t ar , br , cr $O F1 0l %$ %? %l !< %7 %g %s Fb $G $O %U %m !< 0M B8 ( %k !< %W FH N) %U %m !< 0M B8 ) !$ A0 8e $N %$ %? %l !< %7 %g %s $H $N 4V $G 5U 0M B8 ( %k !< %W 1? HB 5U 0M B8 ) $N 4X 78 $K $" $k !# $3 $N $? $a !$ ?^ 12 $r $3 $N $^ $^ JB Ns 2= $7 $? >l 9g !$ $3 $l $i $N JQ ?t $K BP $9 $k 0M B8 4X 78 $r <i $i $J $1 $l $P $J $i $J $$ $? $a !$ C‘ <! <B 9T $H F1 $8 =g =x $G <B 9T $7 $J $1 $l $P $J $i $J $$ !# $= $N $? $a $3 $N %k !< %W $O $[ $\ C‘ <! E* $K <B 9T $5 $l $k !# $3 $N $h $& $J %W %m %0 %i %‘ $r JB Ns 2= $9 $k $? $a $N => Mh $N :G E, 2= <j K! $H $7 $F $O %9 %+ %i %( %/ %9 %Q %s %7 %g %s $, $" $k [9, 10] !# $3 $l $O %$ %? %l !< %7 %g %s Fb $G 0l ;~ JQ ?t $H $7 $F ;H MQ $5 $l $k %9 %+ %i JQ ?t $r !$ H? I| 2s ?t J, $N MW AG ?t $r ;} $D G[ Ns $K 3H D% $7 !$ %$ %? %l !< %7 %g %s Kh $K JL !9 $N MW AG $r 0l ;~ JQ ?t $H $7 $F MQ $$ $k !# $3 $l $K $h $j %k !< %W 1? HB 5U 0M B8 4X 78 $, 2r >C $5 $l $k $? $a !$ 3F %$ %? %l !< %7 %g %s $, JB Ns $K F0 :n $G $- $k $h $& $K $J $k !# Nc $( $P ?^ 12 $K %9 %+ %i %( %/ %9 %Q %s %7 %g %s $r E, MQ $7 $? %W %m %0 %i %‘ $O ?^ 13 $N $h $& $K $J $k !# $7 $+ $7 !$ %9 %+ %i %( %/ %9 %Q %s %7 %g %s $r E, MQ $9 $k $? $a $K $O !$ A0 =h M} It $G %= !< %9 %W %m %0 %i %‘ $N 2r @O $r 9T $$ !$ $5 $i $K ?^ 13 $N $h $& $J %W %m %0 %i %‘ JQ 49 $r 9T $& I, MW $, $" $k !# $^ $? !$ %9 %+ %i JQ ?t $r %Y %/ %H %k JQ ?t $K 3H D% $9 $k $3 $H $K $h $k M> J, $J %a %b %j >C Hq $b Ld Bj $H $J $k !# $7 $+ $7 !$ K\ :G E, 2= <j K! $O $3 $N $h $& $J >l 9g $K $b 8z 2L E* $J :G E, 2= $r 9T $& $3 $H $, $G $- $k !# ?^ 14 $O ?^ 12 $r TINP AR $K $h $j JB Ns 4

1 for i = 0, n-1 do 2 if owner( a(i) ) == GET_CELL_ID() then 3 SEND( owner( b(i)), a(i)) 4 endif 5 if owner( b(i) ) == GET_CELL_ID() then 6 RECV( owner( a(i) ), tmp_a) 7 b(i) = tmp_a 8 endif 9 endfor (a) :G E, 2= E, MQ A0 1 /* Aw ?. $N $? $a $N %k !< %W */ 2 for i = 0, n-1 do 3 if owner( a(i) ) == GET_CELL_ID() then 4 SEND( owner( b(i)), a(i)) 5 endif 6 endfor 7 !! 8 /* <u ?. $N $? $a $N %k !< %W */ 9 for i = 0, n-1 do 10 if owner( b(i) ) == GET_CELL_ID() then 11 RECV( owner( a(i) ), tmp_a) 12 b(i) = tmp_a 13 endif 14 endfor (b) :G E, 2= E, MQ 8e ?^ 6: SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N J, G[ 1 const n=1048576 2 real a(0:n-1) /* G[ Ns A $N @k 8@ */ 3 for i=0, n-1 do 4 if( a(i) < 0.0) then /* >r 7o H= CG */ 5 a(i) = -1.0 * a(i) 6 endif 7 endfor ?^ 7: G[ Ns MW AG $N @d BP CM $r 5a $a $k %W %m %0 %i %‘ 1 for i_outer = ... do 2 !! 3 /* =j M- $9 $k a(i) $K BP $9 $k =h M} */ 4 for i 2 f i j owner(a( i ))==GET_CELL_ID(), 0 � i � n-1 g do 5 /* a(i) $r Aw ?. */ 6 BROADCAST_REAL(a(i)) 7 tmp = a(i); 8 if ( tmp < 0.0) then 9 a(i) = - 1.0 * a(i) 10 endif 11 endfor 12 !! 13 /* =j M- $7 $J $$ a(i) $K BP $9 $k =h M} */ 14 for i 2 f i j owner(a( i ))!=GET_CELL_ID(),0 � i � n-1 g do 15 /* a(i) $r <u ?. */ 16 RECV_REAL(owner( a(i)), tmp) 17 /* if � $O >C 5n $5 $l $? */ 18 endfor 19 endfor ?^ 8: %3 %s %Q %$ %i =P NO 7k 2L ( 35 N, ) ?^ 9: G[ Ns a() $N %G !< %? J, 3d J} K! ?^ 10: 7W ;; $N N. $l ( @d BP CM $r 5a $a $k %W %m %0 %i %‘ ) 1 for i_outer = ... do 2 !! 3 /* =j M- $9 $k a(i) $K BP $9 $k =h M} */ 4 for i 2 f i j owner(a( i ))==GET_CELL_ID(), 0 � i � n-1 g do 5 tmp = a(i) 6 if ((tmp < 0.0)) then 7 a(i) = - 1.0 * a(i) 8 endif 9 endfor 10 !! 11 /* =j M- $7 $J $$ a(i) $K BP $9 $k =h M} $O :o =| $5 $l $? */ 12 endfor ?^ 11: :G E, 2= $5 $l $? %3 !< %I 5

2= $7 $? =P NO $G $" $k !# %9 %+ %i JQ ?t ar , br , cr $N =j M- <T $O A4 %W %m %; %C %5 $G $" $k $? $a !$ $3 $l $i $N JQ ?t $K BP $9 $k CM $N Be F~ $O !$ G[ Ns MW AG $N =j M- <T %W %m %; %C %5 $+ $i A4 %W %m %; %C %5 $X $N J| Aw $K $h $j 9T $o $l $k (5 � 10 9T L\ ) !# $7 $+ $7 !$ $3 $l $i $N JQ ?t $K BP $7 %G !< %? %U %m !< 2r @O $r 9T $& $H !$ <u ?. B& $N %W %m %; %C %5 $O $3 $l $i $N JQ ?t $N CM $r ;2 >H $7 $F $* $i $: !$ Hs =j M- <T %W %m %; %C %5 $X $N ar , br , cr $N J| Aw $O :o =| $G $- $k $3 $H $, $o $+ $k !# $3 $N 7k 2L $3 $l $i $N DL ?. %3 !< %I $r :o =| $9 $k $H ?^ 15 $N $h $& $K DL ?. $, A4 $/ 9T $o $l $J $$ %W %m %0 %i %‘ $, F@ $i $l $k !# 3.3 :G E, 2= <j =g $N >\ :Y K\ :G E, 2= <j K! $O %G !< %? %U %m !< 2r @O !$ L5 MQ J8 $N :o =| $N 2 $D $N =h M} $+ $i 9= @. $5 $l $k !# %G !< %? %U %m !< 2r @O $G $O !$ Dj 5A J8 ( Be F~ J8 $d RECV J8 ) $K $h $C $F Dj 5A $5 $l $? CM $K BP $9 $k ;2 >H $N M- L5 $K $D $$ $F 2r @O $r 9T $$ !$ ;2 >H $, $J $$ >l 9g $K $O Ev 3: Dj 5A J8 $r :o =| $N 8u Jd $H $9 $k !# L5 MQ J8 $N :o =| $G $O !$ %G !< %? %U %m !< 2r @O $K $h $j :o =| $N 8u Jd $H $5 $l $? Dj 5A J8 $N :o =| $r 9T $& $, !$ Dj 5A J8 $, RECV J8 $N >l 9g $K $O Aw ?. / <u ?. $N BP 1~ 4X 78 $r Jx $5 $J $$ $h $& E, @Z $K :o =| $9 $k !# 0J 2< $K %G !< %? %U %m !< 2r @O !$ L5 MQ J8 $N :o =| $N >\ :Y $K $D $$ $F =R $Y $k !# 3.3.1 %G !< %? %U %m !< 2r @O Be F~ J8 $d RECV J8 $K $h $j Dj 5A $5 $l $? CM $K BP $7 !$ $= $N 8e $N <B 9T $G CM $, ;2 >H $5 $l $k $+ $I $& $+ $N 2r @O $r 9T $& !# $b $7 ;2 >H $, $J $$ >l 9g $K $O $= $N Dj 5A $O L5 8z $G $" $k $H $7 $F :o =| $N 8u Jd $H $9 $k !# 2r @O $N BP >] $H $9 $k %W %m %0 %i %‘ @) 8f %U %m !< $r C1 =c 2= $7 %G !< %? %U %m !< 2r @O $r MF 0W $K $9 $k $? $a !$ K\ %G !< %? %U %m !< 2r @O $G $O !$ Bh 2 >O $G =R $Y $? TINP AR $K $h $k :G E, 2= <j K! $, 4{ $K E, MQ $5 $l $? %3 !< %I $r A0 Ds $H $9 $k !# 2r @O $N BP >] $H $J $k JQ ?t K\ %G !< %? %U %m !< 2r @O $G $O !$ 8= :_ $N $H $3 $m %9 %+ %i JQ ?t $N $_ $r BP >] $H $7 !$ G[ Ns JQ ?t $K BP $7 $F $O 2r @O $N BP >] $H $7 $J $$ !# %9 %+ %i JQ ?t $O :G =* E* $J 7k 2L $r 3J G< $9 $k $b $N $H !$ %F %s %] %i %j JQ ?t $H $7 $F 0l ;~ E* $J CM $r 3J G< $9 $k $b $N $N 2 <o N‘ $K J, $1 $k $3 $H $, $G $- $k !# $3 $N $& $A !$ :G =* CM 3J G< MQ $N JQ ?t $K BP $9 $k Dj 5A $O :o =| $G $- $J $$ $? $a !$ %G !< %? %U %m !< 2r @O $N BP >] $H $O $7 $J $$ !# %G !< %? %U %m !< 2r @O $N 6q BN E* $J BP >] $O 0J 2< $K =R $Y $k JQ ?t $G $" $k !# 1. %3 %s %Q %$ %i $K $h $j A^ F~ $5 $l $? %9 %+ %i JQ ?t TINP AR $G $O JB Ns 2= $N CJ 3, $G 0l ;~ E* $J CM $r 3J G< $9 $k $? $a $$ $/ $D $+ $N JQ ?t $r A^ F~ $9 $k !# ?^ 2 $N Nc $G $O !$ B> %W %m %; %C %5 $+ $i $N Be F~ ;~ $K RECV J8 ( ?^ 2(b)10 9T L\ ) $H Be F~ J8 ( ?^ 2(b)11 9T L\ ) $N 4V $G 0l ;~ E* $K CM $r 3J G< $9 $k $? $a $K a tmp $, ;H MQ $5 $l $F $$ $k !# $3 $N $h $& $K %3 %s %Q %$ %i $, FH <+ $K A^ F~ $7 $? JQ ?t $O !$ %W %m %0 %i %‘ Fb $G 0l ;~ E* $K $7 $+ MQ $$ $i $l $: :G =* CM $r J] ;} $7 $F $* $/ I, MW $b $J $$ $? $a !$ :o =| $r 9T $C $F $b $+ $^ $o $J $$ !# $= $3 $G $3 $N $h $& $J JQ ?t $O A4 $F 2r @O $N BP >] $H $7 $F 07 $& !# 2. %9 %3 !< %W Fb $G @k 8@ $5 $l $? %m !< %+ %k $J %9 %+ %i JQ ?t 3H D% Tiny Language $O @E E* %9 %3 !< %W %k !< %k $K $b $H $E $$ $? %V %m %C %/ 9= B$ $r ;} $A !$ %9 %3 !< %W Fb $G @k 8@ $5 $l $? JQ ?t $O %m !< %+ %k JQ ?t $H $7 $F 07 $& !# $5 $i $K TINP AR $G $O !$ :G =* CM 3J G< MQ $N JQ ?t $O %0 %m !< %P %k JQ ?t $H $7 $F !$ 0l ;~ 3J G< MQ $N JQ ?t $O %m !< %+ %k JQ ?t $H $7 $F @k 8@ $5 $l $k $3 $H $r A0 Ds $H $7 $F $$ $k !# $3 $N $h $& $K @k 8@ J} K! $K $h $C $F JQ ?t $N ;H MQ L\ E* $r L@ 3N $K $9 $k $3 $H $O :G E, 2= $r 9T $& >e $G $b BE Ev $J $3 $H $G $" $k $H $$ $( $k !# %m !< %+ %k JQ ?t $N @8 B8 HO 0O $O JQ ?t $r @k 8@ $7 $? %9 %3 !< %W Fb $N $_ $G $" $j !$ %9 %3 !< %W 30 $+ $i ;2 >H $5 $l $k $3 $H $O $J $$ !# $7 $? $, $C $F !$ %9 %3 !< %W Fb $N 2r @O $K $h $j IT MW $G $" $k $H H= CG $5 $l $? %m !< %+ %k JQ ?t $O L5 >r 7o $+ $D 0B A4 $K :o =| $9 $k $3 $H $, $G $- $k !# $^ $? !$ 2r @O $O %9 %3 !< %W Fb $r BP >] $H $9 $k $@ $1 $G $h $/ !$ 2r @O ;~ 4V $r C; =L $9 $k $3 $H $b 2D G= $H $J $k !# $J $* !$ 1 $G =R $Y $? %F %s %] %i %j JQ ?t $H $7 $F $b %m !< %+ %k JQ ?t $, MQ $$ $i $l $k !# 1 /*px, cx $O 1 <! 85 L\ $r J, 3d */ 2 real cx(0:n - 1:*, 0:4),px(0:n - 1:*, 0:13) 3 real ar,br,cr /* %F %s %] %i %j JQ ?t $H $7 $F ;H MQ ( %9 %+ %i JQ ?t )*/ 4 for i = 0, n - 1 do 5 ar = cx(i, 4) 6 br = ar - px(i, 4) 7 px(i, 4) = ar 8 cr = br - px(i, 5) 9 px(i, 5) = br 10 ar = cr - px(i, 6) 11 px(i, 6) = cr 12 br = ar - px(i, 7) 13 px(i, 7) = ar 14 cr = br - px(i, 8) 15 px(i, 8) = br 16 ar = cr - px(i, 9) 17 px(i, 9) = cr 18 br = ar - px(i, 10) 19 px(i, 10) = ar 20 cr = br - px(i, 11) 21 px(i, 11) = br 22 px(i, 13) = cr - px(i, 12) 23 px(i, 12) = cr 24 endfor ?^ 12: Livermore Kernel No.10 1 /*px, cx $O 1 <! 85 L\ $r J, 3d */ 2 real cx(0:n - 1, 0:4),px(0:n - 1, 0:13) 3 /* %F %s %] %i %j JQ ?t $H $7 $F ;H MQ */ 4 /* %9 %+ %i %( %/ %9 %Q %s %7 %g %s E, MQ ( %F %s %] %i %j $N G[ Ns 2= )*/ 5 real ar(0:n-1),br(0:n-1),cr(0:n-1) 6 for i = 0, n - 1 do 7 ar(i) = cx(i, 4) 8 br(i) = ar(i) - px(i, 4) 9 px(i, 4) = ar(i) 10 cr(i) = br(i) - px(i, 5) 11 px(i, 5) = br(i) 12 ar(i) = cr(i) - px(i, 6) 13 px(i, 6) = cr(i) 14 br(i) = ar(i) - px(i, 7) 15 px(i, 7) = ar(i) 16 cr(i) = br(i) - px(i, 8) 17 px(i, 8) = br(i) 18 ar(i) = cr(i) - px(i, 9) 19 px(i, 9) = cr(i) 20 br(i) = ar(i) - px(i, 10) 21 px(i, 10) = ar(i) 22 cr(i) = br(i) - px(i, 11) 23 px(i, 11) = br(i) 24 px(i, 13) = cr(i) - px(i, 12) 25 px(i, 12) = cr(i) 26 endfor ?^ 13: %9 %+ %i %( %/ %9 %Q %s %7 %g %s (Livermore Kernel No.10) 6

1 for i_outer = ... do 2 !! 3 /* =j M- $9 $k cx(i,*), px(i,*) $K BP $9 $k =h M} */ 4 for i 2 f i j owner(cx( i ))==GET_CELL_ID(),0 � i � n-1 g do 5 BROADCAST_REAL( cx(i, 4) ) /* tmp_a $K Aw ?. */ 6 BROADCAST_REAL( px(i, 4) ) /* tmp_b $K Aw ?. */ 7 BROADCAST_REAL( px(i, 5) ) /* tmp_c $K Aw ?. */ 8 BROADCAST_REAL( px(i, 6) ) /* tmp_d $K Aw ?. */ 9 . . . 10 BROADCAST_REAL( px(i, 11) ) /* tmp_i $K Aw ?. */ 11 ar = cx(i, 4) 12 br = ar - px(i, 4) 13 px(i, 4) = ar 14 cr = br - px(i, 5) 15 . . . 16 px(i, 13) = cr - px(i, 12) 17 px(i, 12) = cr 18 endfor 19 !! 20 /* =j M- $7 $J $$ cx(i,*), px(i,*) $K BP $9 $k =h M} */ 21 for i 2 f i j owner(cx( i ))!=GET_CELL_ID(),0 � i � n-1 g do 22 RECV_REAL(owner(cx(i, 4)), tmp_a) 23 ar = tmp_a /* ar = cx(i, 4) */ 24 RECV_REAL(owner(px(i, 4)), tmp_b) 25 br = ar - tmp_b /* br = ar - px(i, 4) */ 26 RECV_REAL(owner(px(i, 5)), tmp_c) 27 cr = br - tmp_c /* cr = br - px(i, 5) */ 28 RECV_REAL(owner(px(i, 6)), tmp_d) 29 ar = cr - tmp_d /* ar = cr - px(i, 6) */ 30 . . . 31 RECV_REAL(owner(px(i, 11)), tmp_i) 32 cr = br - tmp_i /* cr = br - px(i, 11) */ 33 endofor 34 endfor ?^ 14: K\ :G E, 2= E, MQ A0 (Livermore Kernel No.10) 1 for i_outer = ... do 2 !! 3 /* =j M- $9 $k cx(i,*), px(i,*) $K BP $9 $k =h M} */ 4 for i 2 f i j owner(cx( i; � ))==GET_CELL_ID(), 0 � i � n-1 g do 5 ar = cx(i, 4) 6 br = ar - px(i, 4) 7 px(i, 4) = ar 8 cr = br - px(i, 5) 9 px(i, 5) = br 10 ar = cr - px(i, 6) 11 px(i, 6) = cr 12 br = ar - px(i, 7) 13 px(i, 7) = ar 14 cr = br - px(i, 8) 15 px(i, 8) = br 16 ar = cr - px(i, 9) 17 px(i, 9) = cr 18 br = ar - px(i, 10) 19 px(i, 10) = ar 20 cr = br - px(i, 11) 21 px(i, 11) = br 22 px(i, 13) = cr - px(i, 12) 23 px(i, 12) = cr 24 endfor 25 !! 26 /* =j M- $7 $J $$ cx(i,*), px(i,*) $K BP $9 $k =h M} */ 27 /* %k !< %W $b 4^ $a $F :o =| $5 $l $? */ 28 endfor ?^ 15: K\ :G E, 2= E, MQ 8e (Livermore Kernel No.10) 2r @O $N <j =g %G !< %? %U %m !< 2r @O $O !$ BP >] $H $J $k JQ ?t $N $= $l $> $l $K $D $$ $F <! $N $h $& $J <j =g $G <B 9T $5 $l $k !# 1. :o =| $N BP >] $H $J $k JQ ?t $K BP $9 $k Be F~ J8 ( a=b $J $I ) $d RECV J8 $r 8! :w $7 %j %9 %H $r :n @. $9 $k !# 2. 5a $a $i $l $? %j %9 %H $+ $i :G =i $N Dj 5A J8 $r <h $j =P $7 !$ :o =| BP >] $H $J $k JQ ?t $r 5a $a !$ 3 $N =h M} $r 9T $& !# 3. 8= :_ Cm L\ $7 $F $$ $k Dj 5A J8 0J 9_ $N J8 $K $D $$ $F !$ :o =| $N BP >] $H $J $k JQ ?t $K BP $7 $F ;2 >H $d Dj 5A $, 9T $o $l $F $$ $k $+ $r D4 $Y $k !# 6q BN E* $K $O Dj 5A J8 $N <! $N J8 $r 3+ ;O E@ $H $7 $F 0J 2< $N =h M} $r 9T $& !# (a) 2r @O Cf $N J8 $, Be F~ J8 $^ $? $O SEND / RECV J8 $G $" $C $? >l 9g $K $O !$ BP >] JQ ?t $K BP $9 $k Dj 5A / ;2 >H $N M- L5 $K $h $j 0J 2< $K =R $Y $k =h M} $r 9T $& !# � ;2 >H $^ $? $O Aw ?. $, $" $k >l 9g ( Nc : b[i] = a $d SEND(a ) ) 8= :_ Cm L\ $7 $F $$ $k Dj 5A $O M- 8z $G $" $k $H $7 $F !$ 8= :_ $N :o =| BP >] $G $" $k JQ ?t $K BP $9 $k 2r @O $r =* N; $9 $k !# � Dj 5A $^ $? $O <u ?. $, $" $k >l 9g ( Nc : a = 3 $d RECV(a ) ) 8= :_ Cm L\ $7 $F $$ $k Dj 5A $O L5 8z $G $" $k ( ;2 >H $5 $l $J $$ ) $H $7 $F !$ 8= :_ $N :o =| BP >] $G $" $k JQ ?t $K BP $9 $k 2r @O $r BG $A @Z $k !# � ;2 >H $H Dj 5A $N N> J} $, $" $k >l 9g ( Nc : a = a + 1 ) ;~ 4V E* $K $O ;2 >H $, @h $G $" $k $? $a !$ ;2 >H ;~ $H F1 MM $N =h M} $r 9T $& !# $D $^ $j !$ 8= :_ Cm L\ $7 $F $$ $k Dj 5A $O M- 8z $G $" $k $H $7 $F !$ 8= :_ $N :o =| BP >] $G $" $k JQ ?t $K BP $9 $k 2r @O $r =* N; $9 $k !# � ;2 >H $b Dj 5A $b $J $$ >l 9g : <! $K <B 9T $5 $l $k J8 $K $D $$ $F 3 $N =h M} $r 9T $& !# (b) 2r @O Cf $N J8 $, 0J 2< $N @) 8f J8 $G $" $k $J $i $P $= $l $> $l $N =h M} $r 9T $& !# � if J8 : if J8 $N >r 7o <0 $G 2r @O BP >] $N JQ ?t $K BP $9 $k ;2 >H $, 9T $o $l $F $$ $? >l 9g $K $O !$ Dj 5A $O M- 8z $G $" $k $H $7 $F 2r @O $r =* N; $9 $k !# if J8 $O >r 7o <0 $N CM $K $h $j then @a $^ $? $O else @a $r <B 9T $9 $k $, !$ K\ 2r @O $G $O >r 7o <0 $N CM $K $+ $+ $o $i $: then @a $H else @a $N N> J} $N Fb It $K $D $$ $F 2r @O $r 9T $& ( ?^ 16) !# 6q BN E* $K $O !$ then @a !$ else @a Fb $N @h F, $N J8 0J 9_ $K $D $$ $F 3 $N =h M} $r B3 $1 $k !# 2r @O $K $h $j N> @a $H $b $K L5 8z $G $" $C $? >l 9g $N $_ endif J8 $N <! $N J8 $+ $i 3 $N 2r @O $r B3 $1 $k !# � else J8 : then @a $N Fb It $+ $i 2r @O $r 3+ ;O $7 $? >l 9g $K $O else @a Fb $N 2r @O $O 9T $& I, MW $, $J $$ ( ?^ 17) !# $= $N $? $a $3 $N $h $& $J >u 67 $G else J8 $, 8= $l $? >l 9g $O endif J8 $N <! $N J8 $+ $i 3 $N =h M} $r B3 $1 $k !# � endif J8 : endif J8 $N <! $N J8 $+ $i 3 $N =h M} $r B3 $1 $k !# � for / while J8 : for / while J8 $N I> 2A <0 $K $* $$ $F !$ 2r @O $N BP >] $H $J $k JQ ?t $K BP $9 $k ;2 >H $, $" $k >l 9g $K $O !$ Dj 5A $O M- 8z $G $" $k $H $7 $F 2r @O $r =* N; $9 $k !# for / while %k !< %W $O I> 2A <0 $N CM $K $h $j !$ %k !< %W K\ BN $^ $? $O %k !< %W $N 8e B3 J8 $r <B 9T $9 $k !# K\ 2r @O $G $O I> 2A <0 $N CM $K $+ $+ $o $i $: N> J} $N 2r @O $r 9T $& ( ?^ 18) !# 6q BN E* $K $O !$ for / while J8 $N <! $N J8 $* $h $S endfor / endwhile J8 $N <! $N J8 $+ $i 3 $N =h M} $r B3 $1 $k !# 7

?^ 16: if J8 $N %G !< %? %U %m !< 2r @O ?^ 17: then @a Fb It $+ $i $N %G !< %? %U %m !< 2r @O ?^ 18: for ( while ) %k !< %W $N %G !< %? %U %m !< 2r @O � endfor / endwhile J8 : for / while %k !< %W Fb $+ $i 2r @O $r 3+ ;O $7 endfor / endwhile J8 $K C# $7 $? >l 9g !$ I> 2A <0 $N CM $K $h $j %k !< %W Fb $N :G =i $N J8 $^ $? $O %k !< %W $K 8e B3 $9 $k J8 $, <! $K <B 9T $5 $l $k !# K\ 2r @O $G $O I> 2A <0 $N CM $K $+ $+ $o $i $: N> J} $N 2r @O $r 9T $& ( ?^ 19) !# 6q BN E* $K $O !$ for / while J8 $N <! $N J8 $* $h $S endfor / endwhile $N <! $N J8 $+ $i 3 $N =h M} $r B3 $1 $k !# ?^ 19: for ( while ) %k !< %W Fb It $+ $i $N %G !< %? %U %m !< 2r @O 4. 2r @O $K $h $j !$ BP >] JQ ?t $K $D $$ $F <! $N >r 7o $N $I $A $i $+ $, @. N) $7 $? $J $i $P !$ $= $N JQ ?t $O :o =| 2D G= $H H= CG $7 $F :o =| $N 8u Jd $H $9 $k !# � Dj 5A J8 $N 4^ $^ $l $k %9 %3 !< %W Cf $G !$ $= $N 8e <B 9T $5 $l $& $k $9 $Y $F $N J8 $G $= $N Dj 5A $O L5 8z $G $" $k ( Dj 5A $, ;2 >H $b Aw ?. $b $5 $l $J $$ ) !# � Dj 5A J8 $N 4^ $^ $l $k %9 %3 !< %W Cf $G !$ $= $N 8e <B 9T $5 $l $& $k $9 $Y $F $N J8 $G L5 8z $J >u BV $G :F Dj 5A $5 $l $k !# 5. 1 $G 5a $a $? %j %9 %H $, 6u $G $" $l $P =h M} $r =* N; $9 $k !# $= $& $G $J $1 $l $P %j %9 %H $+ $i <! $N Dj 5A J8 $r <h $j =P $7 3 $N =h M} $r 9T $& !# 3.3.2 IT MW J8 $N :o =| K\ =h M} $G $O !$ %G !< %? %U %m !< 2r @O $K $h $j :o =| $N 8u Jd $H $5 $l $? Dj 5A J8 $N :o =| $r 9T $& !# $? $@ $7 RECV J8 $, :o =| 8u Jd $H $J $C $? >l 9g $K $O BP 1~ $9 $k SEND J8 $H $H $b $K :o =| $r 9T $& $, !$ $3 $N $H $- Aw ?. / <u ?. $N BP 1~ 4X 78 $, Jx $l $J $$ $h $& $K $7 $J $1 $l $P $J $i $J $$ !# :o =| $N J} ?K C1 =c $J Be F~ J8 $K $D $$ $F $O !$ 0l HL $N %3 %s %Q %$ %i $N >l 9g $H F1 MM $K L5 >r 7o $G :o =| $9 $k $3 $H $, $G $- $k !# $H $3 $m $, RECV J8 $N >l 9g $O %W %m %; %C %5 4V DL ?. $K $h $C $F CM $r F@ $F $$ $k $? $a !$ BP 1~ $9 $k SEND J8 $N :o =| $b F1 ;~ $K 9T $& I, MW $, $" $k !# $? $@ $7 SEND / RECV J8 $N BP 1~ 4X 78 $O %3 %s %Q %$ %i $, GD 0. $7 $F $$ $k $? $a !$ BP 1~ $9 $k SEND J8 $O 4J C1 $K 5a $a $k $3 $H $, $G $- $k !# $H $3 $m $, !$ C1 =c $K SEND / RECV J8 $r :o =| $7 $? $@ $1 $G $O Ld Bj $, @8 $: $k $3 $H $, $" $k !# Nc $( $P ?^ 20 $G $O !$ 1 $D $N BROADCAST J8 (5 9T L\ ) $K BP $7 $F 2 $D $N RECV J8 $, B8 :_ $7 $F $$ $k (13, 17 9T L\ ) !# 13 9T L\ $N RECV J8 $O 2r @O $K $h $j :o =| 2D G= $G $" $k $H H= CG $5 $l $k !# $7 $+ $7 !$ C1 =c $K 13 9T L\ $N $_ $r :o =| $7 $? $j !$ 13 9T L\ $H 5 9T L\ $r :o =| $9 $k $H !$ Aw <u ?. 4V $N BP 1~ $, Jx $l $F $7 $^ $& !# $9 $J $o $A $3 $N $h $& $K J# ?t $N SEND J8 $d RECV J8 $, B8 :_ $9 $k >l 9g $K $O C1 =c $J :o =| $r 9T $& $3 $H $O $G $- $J $$ !# $= $3 $G K\ <j K! $G $O $3 $N E@ $r 9M N8 $7 !$ BP 1~ 4X 78 $K $" $k SEND J8 $H RECV J8 $, J# ?t 8D B8 :_ $7 $? >l 9g $K $O !$ 8

A4 $F $N RECV J8 $, :o =| 2D G= $G $" $k ;~ $N $_ SEND / RECV J8 $N :o =| $r 9T $& !# $^ $? !$ :o =| $K $h $C $F 6u %k !< %W $d 6u $N if J8 $, @8 $8 $? >l 9g $K $O $3 $l $i $b F1 ;~ $K :o =| $9 $k !# $5 $i $K !$ IT MW $J Dj 5A J8 $N :o =| $K $h $j O" :? E* $K B> $N Dj 5A J8 $, IT MW $H $J $k >l 9g $, $" $k !# $9 $J $o $A !$ :o =| $5 $l $? Dj 5A J8 $K $* $$ $F ;2 >H $5 $l $F $$ $? JQ ?t $N CM $, !$ :o =| $K $h $C $F ;2 >H $5 $l $J $/ $J $C $? $? $a $K !$ $3 $N JQ ?t $N Dj 5A J8 $b IT MW $J $b $N $H $J $k $3 $H $, $" $k !# $= $3 $G $3 $N $h $& $J JQ ?t $b :o =| $5 $l $k $h $& $K !$ :o =| $5 $l $? J8 $G ;2 >H $5 $l $F $$ $? A4 $F $N JQ ?t $K BP $7 $F $5 $i $K %G !< %? %U %m !< 2r @O $r 9T $$ !$ IT MW $J $i $P :o =| $r 9T $& !# $3 $l $K $h $j IT MW $J Dj 5A $r A4 $F :o =| $9 $k $3 $H $, $G $- $k !# :o =| $N <j =g 0J 2< $K :o =| $N 6q BN E* <j =g $K $D $$ $F =R $Y $k !# $? $@ $7 !$ Ia DL $N Be F~ J8 $H RECV J8 $G $O =h M} $, 0[ $J $k $? $a !$ $= $l $> $l $N >l 9g $K $D $$ $F <j =g $r <( $9 !# � Dj 5A J8 $, Be F~ J8 $G $" $k >l 9g : Be F~ J8 $N >l 9g $O !$ %G !< %? $N =j M- <T %W %m %; %C %5 $N $_ $, 4X $o $k $? $a !$ :o =| $, B> $N %W %m %; %C %5 $K M? $( $k 1F 6A $O 9M $( $J $/ $F $h $$ !# $= $N $? $a $3 $N $h $& $J Dj 5A J8 $O L5 >r 7o $K :o =| $5 $l $k !# � Dj 5A J8 $, RECV J8 $G $" $k >l 9g : %W %m %; %C %5 4V $N %a %C %; !< %8 DL ?. $r 9M N8 $9 $k I, MW $, $" $k !# $^ $? !$ :o =| $K $h $C $F SEND / RECV J8 $N BP 1~ 4X 78 $r Jx $5 $J $$ $h $& $K $7 $J $1 $l $P $J $i $J $$ !# $= $3 $G 4X 78 $9 $k SEND / RECV J8 A4 $F $, :o =| $9 $k $3 $H $, $G $- $k >l 9g $N $_ SEND / RECV J8 $r :o =| $9 $k !# 6q BN E* $K $O 0J 2< $N =h M} $r 9T $& !# 1. :o =| 8u Jd $N RECV J8 $K BP 1~ $9 $k SEND J8 $N =8 9g S $r 5a $a $k !# 2. S $K BP 1~ $9 $k RECV J8 $N =8 9g R $r 5a $a $k !# 3. R Cf $N A4 $F $N RECV J8 $N $& $A IT MW $J J8 $N =8 9g X $r 5a $a $k !# 4. X = R $J $i $P S $* $h $S R $K 4^ $^ $l $k J8 $r :o =| $9 $k !# 4 @- G= I> 2A 4.1 I> 2A $N L\ E* K\ 8& 5f $G $O <B :] $K TINP AR $K BP $7 $F K\ :G E, 2= <j K! $N <B Au $r 9T $C $? !# $3 $N $? $a 8= :_ !$ TINP AR $O K\ <j K! $N E, MQ $r 9T $C $? L\ E* %W %m %0 %i %‘ $r <+ F0 E* $K @8 @. $9 $k $3 $H $, 2D G= $G $" $k !# $= $3 $G !$ K\ :G E, 2= <j K! $N E, MQ $r 9T $C $F JB Ns 2= $5 $l $? %W %m %0 %i %‘ $H !$ K\ <j K! $r E, MQ $7 $J $$ $G JB Ns 2= $5 $l $? %W %m %0 %i %‘ $N <B 9T @- G= $r Hf 3S $7 !$ K\ <j K! $K $h $k @- G= 8~ >e $, <B :] $K F@ $i $l $F $$ $k $+ I> 2A $r 9T $& !# I> 2A $O JB Ns 7W ;; 5! AP1000 $r ;H MQ $7 !$ $= $l $> $l $N %W %m %0 %i %‘ $N 2C B. N( $r B, Dj $9 $k $3 $H $K $h $C $F 9T $C $? !# 4.2 I> 2A MQ %W %m %0 %i %‘ 4.2.1 35 MW K\ I> 2A $K $O !$ It J, E* %T %\ %C %F %# %s %0 IU $- %, %& %9 >C 5n K! $r MQ $$ $F O" N) 0l <! J} Dx <0 Ax = b $N 2r $r 5a $a $k %W %m %0 %i %‘ $r ;H MQ $7 $? !# $J $* $3 $N %W %m %0 %i %‘ $O !$ @~ 7? Be ?t $d @5 J} 9T Ns $r 07 $& $? $a $N LINP A CK %Q %C %1 !< %8 [11] Cf $N %5 %V %k !< %A %s $r ;H MQ $7 $? $b $N $G $" $j !$ 0l HL E* $K $O LINP A CK %Y %s %A %^ !< %/ %W %m %0 %i %‘ [12] $H $7 $F CN $i $l $F $$ $k !# K\ I> 2A %W %m %0 %i %‘ $N 9= B$ $O ?^ 21 $K <( $9 $h $& $K 2 $D $N %5 %V %k !< %A %s dgefa , dgesl $+ $i $J $k !# dgefa It J, E* %T %\ %C %F %# %s %0 IU $- LU J, 2r $r 9T $& !# O ( n 3 ) $N Ib F0 >. ?t E@ 1i ;; $r I, MW $H $9 $k !# 1 for i_outer = ... do 2 !! 3 /* =j M- $9 $k a(i) $K BP $9 $k =h M} */ 4 for i 2 f i j owner(a( i ))==GET_CELL_ID(),0 � i � n-1 g do 5 BROADCAST_REAL( a(i) ) /* B> %W %m %; %C %5 $K J| Aw */ 6 endfor 7 !! 8 . . . 9 !! 10 /* =j M- $7 $J $$ a(i) $K BP $9 $k =h M} */ 11 if ... then 12 for i = ... do 13 RECV_REAL(owner(a(i)),t) /* <u ?. ( ;2 >H $J $7 )*/ 14 endfor 15 else 16 for i = ... do 17 RECV_REAL(owner(a(i)),t) /* <u ?. ( ;2 >H $" $j )*/ 18 b(i+1) = t 19 endfor 20 endif 21 endfor ?^ 20: DL ?. %3 !< %I :o =| IT 2D G= $J Nc ?^ 21: K\ I> 2A %W %m %0 %i %‘ $N 9= B$ 9 dgesl dgefa $G :n @. $7 $? >e ;0 3Q 9T Ns $N 8e B‘ Be F~ $K $h $C $F x $r 5a $a $k !# O ( n 2 ) $N Ib F0 >. ?t E@ 1i ;; $r I, MW $H $9 $k !# LINP A CK %Y %s %A %^ !< %/ %W %m %0 %i %‘ $O FOR TRAN 77 $G 5- =R $5 $l $F $$ $k $, !$ K\ I> 2A $K $O TINP AR $N F~ NO 8@ 8l $G $" $k 3H D% Tin y Language $K JQ 49 $7 $? %W %m %0 %i %‘ $r ;H MQ $7 $? !# 4.2.2 %G !< %? J, 3d <j K! o wner computes rule $K => $C $? JB Ns 2= @o N, $r $H $C $? >l 9g !$ :N MQ $7 $? %G !< %? J, 3d K! $, @- G= $K Bg $- $J 1F 6A $r 5Z $\ $9 $? $a !$ %W %m %0 %i %‘ $K BP $7 $F :G $b E, $7 $? %G !< %? J, 3d K! $r ;\ $9 $3 $H $, =E MW $G $" $k !# LU J, 2r $r 9T $& dgefa %k !< %A %s $G $O !$ 9T Ns A $K BP $7 $F %T %\ %C %H 9T $N A* Br $d %T %\ %C %H 9T $N 8r 49 $J $I Ns J} 8~ $N %" %/ %; %9 $, B? $$ !# $= $N $? $a F1 0l Ns $, F1 0l %W %m %; %C %5 $K G[ CV $5 $l $k $h $& $K A $O Ns J} 8~ J, 3d $r :N MQ $7 $? !# $^ $? !$ J, 2r ;~ $N Ii 2Y J, ;6 $r 9M N8 $7 $F %5 %$ %/ %j %C %/ J, 3d $r ;H MQ $9 $k !# %Y %/ %H %k b $b F1 MM $K %5 %$ %/ %j %C %/ J, 3d $r 9T $C $? ( ?^ 22) !# ?^ 22: dgefa $G ;H MQ $9 $k %G !< %? J, 3d J} K! ( %W %m %; %C %5 ?t 4 $N >l 9g ) ?^ 23: dgesl $G ;H MQ $9 $k %G !< %? J, 3d J} K! ( %W %m %; %C %5 ?t 4 $N >l 9g ) 0l J} !$ 8e B‘ Be F~ $r 9T $& dgesl %k !< %A %s $G $O !$ :F Fb B& $N %k !< %W $, 9T Ns A $K BP $7 $F 9T J} 8~ $N %" %/ %; %9 $r 9T $C $F $$ $k !# $3 $N $? $a F1 0l 9T $N Fb MF $O F1 0l %W %m %; %C %5 $K G[ CV $7 $? >l 9g $K $O DL ?. 2s ?t $r >/ $J $/ $9 $k $3 $H $, $G $- $k !# $= $3 $G dgesl $G $O 9T Ns A $O 9T J} 8~ $N %5 %$ %/ %j %C %/ J, 3d $r :N MQ $7 $? ( ?^ 23) !# $= $N $? $a !$ dgefa $H dgesl $N 4V $G A $N :F G[ CV (redistribution) $N $? $a $N %3 !< %I $r A^ F~ $7 $? !# $^ $? !$ %T %\ %C %H 9T $N %$ %s %G %C %/ %9 $r 3J G< $9 $k G[ Ns ipvt() !$ %T %\ %C %F %# %s %0 ;~ $K J, 2r Ns $G $N %F %s %] %i %j $H $7 $F MQ $$ $i $l $k G[ Ns local dmax() !$ local l() $K BP $7 $F $b %5 %$ %/ %j %C %/ J, 3d $r E, MQ $7 $? ( ?^ 22) !# G[ Ns JQ ?t local dmax() $O 3F J, 2r Ns $K $D $$ $F :G Bg @d BP CM $r 0l ;~ E* $K 3J G< $9 $k JQ ?t $G $" $j !$ Bh k Ns $N %T %\ %C %F %# %s %0 $G $O local dmax(k) $, ;H MQ $5 $l $k !# $3 $N 0l ;~ JQ ?t $r %9 %+ %i JQ ?t $H $7 $J $+ $C $? M} M3 $O !$ local dmax(k) $N =j M- <T $9 $J $o $A 9T Ns A $N J, 2r Ns $N =j M- <T %W %m %; %C %5 $N $_ $K %T %\ %C %F %# %s %0 $r 9T $o $; $k $? $a $G $" $k !# $^ $? F1 MM $N M} M3 $G !$ %T %\ %C %H 9T $N %$ %s %G %C %/ %9 $r 3J G< $9 $k 0l ;~ JQ ?t local l() $b G[ Ns JQ ?t $H $J $C $F $$ $k !# 4.2.3 K\ :G E, 2= <j K! $H $N ?F OB @- I> 2A %W %m %0 %i %‘ Cf $N %T %\ %C %F %# %s %0 $r 9T $& It J, $r ?^ 24 $K <( $9 !# $3 $3 $G $O !$ J, 2r Ns Cf $G CM $N @d BP CM $, :G Bg $H $J $k $h $& $J MW AG $r A* Br $9 $k =h M} $r 9T $C $F $$ $k !# @h $K =R $Y $? $H $* $j !$ dgefa %k !< %A %s $K $* $$ $F 9T Ns A $O Ns J} 8~ J, 3d $, $J $5 $l $F $$ $k !# $3 $N $? $a F1 0l Ns $N MW AG $O F1 0l %W %m %; %C %5 >e $K G[ CV $5 $l $F $* $j !$ <B :] $N %T %\ %C %F %# %s %0 $O J, 2r Ns ( Bh k Ns ) $N =j M- <T %W %m %; %C %5 $K $h $C $F %m !< %+ %k $K 9T $& $3 $H $, 2D G= $G $" $k !# <B :] !$ ?^ 24 $N 11 9T L\ $O local dmax(k) $K BP $9 $k 1i ;; $G $" $k $? $a !$ owner computes rule $K => $C $F J, 2r Ns $N MW AG $N =j M- <T %W %m %; %C %5 $K $h $C $F 9T $o $l $k !# $7 $+ $7 10 9T L\ $K $* $$ $F !$ %9 %+ %i JQ ?t candidate a $H dmax $, if J8 $G $N H= Dj $N $? $a $N %F %s %] %i %j JQ ?t $H $7 $F MQ $$ $i $l $F $$ $k !# %9 %+ %i JQ ?t $O =j M- <T $, A4 %W %m %; %C %5 $G $" $k $? $a !$ $3 $l $i $K BP $9 $k Be F~ (8,9 9T L\ ) $O A4 %W %m %; %C %5 $X $N J| Aw $K $h $C $F 9T $o $l $k $H 9M $( $i $l $k !# K\ Mh %T %\ %C %F %# %s %0 $O 1 %W %m %; %C %5 >e $G <B 9T 2D G= $G $" $k $+ $i !$ $3 $N $h $& $J J| Aw $O L@ $i $+ $K IT MW $G $" $k !# $3 $N IT MW $J DL ?. $r :o =| $9 $k $? $a $K !$ $3 $N It J, $K BP $7 $F K\ :G E, 2= <j K! $r E, MQ $9 $k $3 $H $, $G $- $k $H 9M $( $i $l $k !# 4.3 I> 2A $H 9M ;! ?^ 25 $K 9T Ns %5 %$ %: 1000 � 1000 $N ;~ $N K\ :G E, 2= <j K! E, MQ $" $j / $J $7 $N $= $l $> $l $N 2C B. N( $r <( $9 !# 2C B. N( $O ( C‘ <! <B 9T ;~ 4V / JB Ns <B 9T ;~ 4V ) $H $7 $F 5a $a $? !# ?^ 25 $h $j !$ K\ :G E, 2= <j K! $N E, MQ $N M- L5 $K $h $j <B 9T @- G= $K $+ $J $j $N :9 $, $" $k $3 $H $, $o $+ $k !# FC $K %W %m %; %C %5 ?t $, B? $$ >l 9g $K $O !$ K\ <j K! E, MQ $J $7 $N %W %m %0 %i %‘ $N <B 9T @- G= $O C‘ <! <B 9T $h $j $b Dc $$ $b $N $H $J $C $? !# 5U $K !$ K\ :G E, 2= $r E, MQ $7 $? $b $N $O NI $$ @- G= $, F@ $i $l $F $* $j !$ %W %m %; %C %5 $, 64 Bf $N ;~ $K $O <B $K 49.7 G\ $N @- G= 8~ >e $, F@ $i $l $? !# $= $3 $G !$ K\ :G E, 2= <j K! $N E, MQ $N M- L5 $K $h $j <B 9T @- G= $K Bg $- $J :9 $, @8 $8 $? 86 0x $K $D $$ $F 9M ;! $r 9T $& !# I> 2A $K ;H MQ $7 $? %W %m %0 %i %‘ $N Bg It J, $O dgefa %k !< %A %s !$ $D $^ $j It J, E* %T %\ %C %F %# %s %0 IU $- LU J, 2r $, @j $a $F $$ $k !# $3 $N %k !< %A %s $O ?^ 26 $N $h $& $J N. $l $r $7 $F $* $j !$ $= $l $> $l $N J, 2r Ns $K $D $$ $F %T %\ %C %F %# %s %0 $H >C 5n $r 9T $& !# K\ I> 2A $G $O 9T Ns A $r Ns J, 3d $7 $F $$ $k $? $a !$ J, 2r Ns $r ;} $D %W %m %; %C %5 $N $_ $, %T %\ %C %F %# %s %0 $K 4X $o $k $3 $H $H $J $k !# $7 $? $, $C $F $3 $N It J, $O J, 2r Ns $N =j M- <T %W %m %; %C %5 >e $G $N C‘ <! <B 9T $H $J $k !# $= $N $? $a !$ C‘ <! <B 9T It J, $H $J $k %T %\ %C %F %# %s %0 It J, ( ?^ 24) $O @- G= $K M? $( $k 1F 6A $, Bg $- $$ $H 9M $( $i $l $k !# $3 $N %T %\ %C %F %# %s %0 It J, $K BP $7 !$ K\ :G E, 2= <j K! $r E, MQ $7 $? $b $N $H $7 $J $$ $b $N $N %3 %s %Q %$ %k =P NO $r $= $l $> $l ?^ 27 !$ ?^ 28 $K <( $9 !# K\ :G E, 2= <j K! $r E, MQ $7 $J $$ >l 9g !$ 2 $D $N %F %s %] %i %j JQ ?t local dmax !$ candidate a $X $N Be F~ $N $? $a $K CM $, A4 %W %m %; %C %5 $K J| Aw $5 $l $k ( ?^ 29) !# $9 $J $o $A ;H MQ $5 $l $J $$ %G !< %? $N $? $a $N DL ?. $, B? ?t H/ @8 $9 $k !# 0l J} !$ K\ :G E, 2= <j K! $r E, MQ $7 $? >l 9g !$ 10

1 /* %T %\ %C %F %# %s %0 $r 9T $& It J, */ 2 /* a f ij g $O a(j,i) $K BP 1~ */ 3 for k=0,n-2 do 4 /* %T %\ %C %F %# %s %0 $r 9T $& */ 5 candidate_a = abs( a(k, k) ) 6 local_dmax(k) = candidate_a /* =i 4| CM @_ Dj */ 7 for i = k+1, n - 1 do 8 candidate_a = abs( a(k,i) ) 9 dmax=local_dmax( k ) 10 if (candidate_a >dmax) then /* Hf 3S */ 11 local_dmax(k) = candidate_a 12 endif 13 endfor 14 /* J, 2r 9T $N >C 5n */ 15 !! 16 . . . 17 !! 18 endfor ?^ 24: %T %\ %C %F %# %s %0 %k !< %A %s ?^ 25: K\ I> 2A %W %m %0 %i %‘ $K BP $9 $k K\ :G E, 2= <j K! $N 8z 2L %G !< %? %U %m !< 2r @O $K $h $j local dmax $H candidate a $N CM $O J, 2r Ns $r =j M- $9 $k %W %m %; %C %5 0J 30 $G $O ;H MQ $5 $l $J $$ $3 $H $, $o $+ $k !# $7 $? $, $C $F IT MW $J J| Aw $O :o =| $5 $l !$ DL ?. $r A4 $/ I, MW $H $; $: $K %T %\ %C %F %# %s %0 $r 9T $& $3 $H $, $G $- $k !# ( ?^ 30) !# $J $* !$ $3 $N It J, 0J 30 $G $O K\ :G E, 2= <j K! E, MQ $N M- L5 $K $h $k =P NO %3 !< %I $N :9 0[ $O $_ $i $l $J $+ $C $? !# $3 $N $3 $H $h $j !$ %T %\ %C %F %# %s %0 It J, $K A^ F~ $5 $l $? IT MW $J J| Aw $K $h $k %* !< %P %X %C %I $r K\ :G E, 2= <j K! $N E, MQ $K $h $j =| 5n $9 $k $3 $H $, $G $- !$ Bg I} $K @- G= $r 8~ >e $5 $; $k $3 $H $, $G $- $? !# ?^ 26: dgefa %k !< %A %s $K $* $1 $k =h M} $N N. $l 5 7k O@ K\ 8& 5f $G $O !$ %G !< %? %U %m !< 2r @O $K $b $H $E $$ $F IT MW $J DL ?. %3 !< %I $r :o =| $9 $k :G E, 2= <j K! $r Ds 0F $7 $? !# K\ :G E, 2= <j K! $G $O !$ %W %m %0 %i %‘ Cf $N JQ ?t Dj 5A $N M- 8z @- $K $D $$ $F <B 9T $N N. $l $K => $C $F 2r @O $7 !$ $= $N 7k 2L Dj 5A $5 $l $? CM $, ;2 >H $5 $l $J $$ $H H= L@ $7 $? >l 9g !$ $= $N Dj 5A J8 $r :o =| $9 $k !# $3 $N ;~ !$ :o =| $5 $l $? Dj 5A $, <u ?. J8 $G $" $C $? $J $i $P BP 1~ $9 $k Aw ?. J8 $b :o =| $9 $k !# $3 $l $K $h $j !$ L\ E* %W %m %0 %i %‘ $+ $i $O IT MW $J DL ?. $O :o =| $5 $l !$ 8z N( $N $h $$ %W %m %0 %i %‘ $N @8 @. $, 2D G= $H $J $k !# K\ :G E, 2= <j K! $O !$ 0l ;~ E* $K MQ $$ $i $l $k %9 %+ %i JQ ?t $X $N IT MW $J Be F~ $* $h $S DL ?. $r :o =| $9 $k $3 $H $, $G $- $k !# $5 $i $K K\ <j K! $O %k !< %W $r JB Ns 2= $9 $k $? $a $N :G E, 2= <j K! $N 0l $D $G $" $k %9 %+ %i %( %/ %9 %Q %s %7 %g %s $N Be MQ $H $7 $F $b E, MQ $9 $k $3 $H $, $G $- $k !# K\ 8& 5f $G $O $5 $i $K !$ Ds 0F $7 $? :G E, 2= <j K! $r TINP AR $K <B Au $7 !$ It J, E* %T %\ %C %F %# %s %0 IU $- %, %& %9 >C 5n K! $r 9T $& %W %m %0 %i %‘ $r MQ $$ $F @- G= I> 2A $r 9T $C $? !# K\ <j K! $r E, MQ $7 $J $$ $G JB Ns 2= $7 $? %W %m %0 %i %‘ $G $O IT MW $J J| Aw $, B? ?t A^ F~ $5 $l $k $? $a !$ %W %m %; %C %5 ?t 64 Bf $N ;~ $G $N <B 9T @- G= $O C‘ <! <B 9T $h $j $b Dc $$ $b $N $G $" $C $? !# $H $3 $m $, K\ :G E, 2= <j K! $r E, MQ $7 $? %W %m %0 %i %‘ $G $O $3 $N $h $& $J IT MW $J DL ?. $, A4 $F :o =| $5 $l $? $? $a !$ K\ <j K! $r E, MQ $7 $J $$ >l 9g $H Hf 3S $7 $F 49.7 G\ $N @- G= 8~ >e $, F@ $i $l $? !# <U <- K\ 8& 5f $N 5! 2q $r M? $( $F $/ $@ $5 $j !$ E, @Z $J 8f ;X F3 $r ;r $o $C $? IY ED bC <# 65 <x $K ?< ?S $J <U 0U $r I= $7 $^ $9 !# $^ $? !$ 5. =E $J $4 =u 8@ $r D: $$ $? Cf Eg 9@ =u 65 <x !$ ?9 bC 0l O: =u <j $K ?< $/ 46 <U CW $7 $^ $9 !# $^ $? !$ JB Ns 7W ;; 5! AP1000 $N <B 9T 4D 6- $r Ds 6! $7 $F D: $$ $? ( 3t ) IY ;N DL 8& 5f =j $K 46 <U CW $7 $^ $9 !# $5 $i $K !$ 6& F1 8& 5f <T $G $" $k ;0 5H 0j IW ;a !$ A0 ;3 9@ Fs ;a $r $O $8 $a $H $7 $F !$ F| :" $4 F$ O@ D: $$ $? 5~ ET Bg 3X 9) 3X It >p Js 9) 3X 2J IY ED 8& 5f << $N =t 7; $K 46 <U CW $7 $^ $9 !# 11

1 for k_outer = ... do 2 !! 3 /* =j M- $9 $k a(k,*) $K BP $9 $k =h M} */ 4 for k 2 f k j owner(a( k ))==GET_CELL_ID(),0 � i � n-2 g do 5 BROADCAST_REAL( a(k,k) ) /* to tmp_a */ 6 candidate_a = abs( a(k,k) ) 7 local_dmax(k) = candidate_a 8 for i = k+1, n-1 do 9 BROADCAST_REAL( a(k,i) ) /* to tmp_b */ 10 BROADCAST_REAL(local_dmax(k) ) /* to tmp_c */ 11 candidate_a = abs( a(k,i) ) 12 dmax = local_dmax( k ) 13 if ( candidate_a > dmax ) then 14 local_dmax(k) = candidate_a 15 endif 16 endfor 17 !! 18 /* J, 2r 9T $N >C 5n */ 19 !! 20 . . . 21 !! 22 endfor 23 !! 24 /* =j M- $7 $J $$ a(k,*) $K BP $9 $k =h M} */ 25 for k 2 f k j owner(a( k ))!=GET_CELL_ID(),0 � i � n-2 g do 26 RECV_REAL( owner( a(k,*) ), tmp_a) 27 candidate_a = abs( tmp_a ) 28 for i = k+1, n-1 do 29 RECV_REAL( owner( a(k,*) ), tmp_b) 30 candidate_a = abs( tmp_b ) 31 RECV_REAL( owner( a(k,*) ), tmp_c) 32 dmax = tmp_c 33 /*if J8 $O :o =| $5 $l $? */ 34 endfor 35 !! 36 /* J, 2r 9T $N >C 5n */ 37 !! 38 . . . 39 !! 40 endfor 41 endfor ?^ 27: %T %\ %C %F %# %s %0 %k !< %A %s ( K\ :G E, 2= E, MQ $J $7 ) 1 for k_outer = ... do 2 !! 3 /* =j M- $9 $k a(k,*) $K BP $9 $k =h M} */ 4 for k 2 f k j owner(a( k ))==GET_CELL_ID(),0 � i � n-2 g do 5 candidate_a = abs( a(k,k) ) 6 local_dmax(k) = candidate_a 7 for i = k+1, n-1 do 8 candidate_a = abs( a(k,i) ) 9 dmax=local_dmax( k ) 10 if( candidate_a > dmax) then 11 local_dmax(k) = candidate_a 12 endif 13 endfor 14 !! 15 /* J, 2r 9T $N >C 5n */ 16 !! 17 . . . 18 !! 19 endfor 20 endfor ?^ 28: %T %\ %C %F %# %s %0 %k !< %A %s ( K\ :G E, 2= E, MQ $J $7 ) ?^ 29: k Ns $G $N %T %\ %C %F %# %s %0 $N N. $l ( K\ <j K! E, MQ A0 ) ?^ 30: k Ns $G $N %T %\ %C %F %# %s %0 $N N. $l ( K\ <j K! E, MQ 8e ) 12

;2 9M J8 8% [1] ;0 5H 0j IW , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# : %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i , >p =h 8& Js 94-PRG-18, pp.33-40, 1994 [2] ;0 5H 0j IW , A0 ;3 9@ Fs , 8e F# ?5 Li , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# : %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR | :G E, 2= <j K! $H I> 2A |, >p =h 8& Js 94-HPC-54, pp.45-52, 1994 [3] W olfe, M: The Tiny L o op R estructuring R ese ar ch T o ol , Pro c. of 1991 Int’l Conf. on Parallel Pro cessing vol. I I, pp. 46-53, 1991 [4] A0 ;3 9@ Fs , 8e F# ?5 Li , ;0 5H 0j IW , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# : JB Ns 2= %3 %s %Q %$ %i TINP AR $K $* $1 $k @l MQ DL ?. %i %$ %V %i %j $N <B Au $H @- G= I> 2A , >p =h 3X 2q Bh 50 2s A4 9q Bg 2q O@ J8 =8 :N O? M= Dj , 1995 [5] %( %$ %[ , A.V, %; %7 %# , R, %& %k %^ %s , J.D 6& Cx ; 86 ED 8- 0l Lu : %3 %s %Q %$ %i I I( %5 %$ %( %s %9 <R , 1990), Bh 10 >O [6] Cf ED 0i CK : %3 %s %Q %$ %i ( ;: 6H ?^ =q , 1981), Bh 10 >O [7] McMahon, F: The Livermor e F ortr an Kernels: A Computer T est of the Numeric al Performanc e R ange , Lawrence Livermore National Lab oratory Rep ort UCRL-53745, 1986 [8] F eo, J.T: An analysis of the c omputational and p ar al lel c omplexity of the Livermor e L o ops , Parallel Computing vol. 7, pp.163-185, 1988 [9] 3^ 86 Gn FA : JB Ns =h M} 5; =Q ( %3 %m %J <R , 1991), pp.122-124 [10] D9 Eg =E IW , ED Cf 5A 0l : %9 !< %Q %3 %s %T %e !< %? ( %* !< %‘ <R , 1992), pp.136-140 [11] Dongarra, J. J, Bunch, J. R, Moler, C. B, Stewart, G. W: LINP A CK USERS’ GUIDE , SIAM Pub., 1976 [12] Dongarra, J. J: The LINP A CK Benchmark: An Ex- planation , Lecture Notes in Computer Science 297, pp.456-473, 1987 [13] Eg :j bC >< : ?t CM 7W ;; $K $* $1 $k %Y %s %A %^ !< %/ , >p Js =h M} V ol31 No.3, pp. 313-320, 1990 [14] DE ED 9’ IW : ?t CM =h M} %W %m %0 %i %_ %s %0 ( 4d GH =q E9 , 1988), Bh 3 >O [15] G_ ED 7{ : %G !< %? %Q %i %l %k %" %W %m !< %A $K 4p $E $$ $? J, ;6 %a %b %j 7? JB Ns 7W ;; 5! MQ <+ F0 JB Ns 2= %3 %s %Q %$ %i , 5~ ET Bg 3X Bg 3X 1! 9) 3X 8& 5f 2J >p Js 9) 3X @l 96 =$ ;N O@ J8 , 1994 [16] Dowd, K Cx ; 5W NI CN ?? ;R Lu : High Performance Com- puting( %* !< %‘ <R , 1994), Bh 10 >O 13