%a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR J? @. 7 G/ 2 7n 15 F| ;0 5H 0j IW <! @$ Be $N %9 !< %Q !< %3 %s %T %e !< %? $N 9= @. J} <0 $H $7 $F JB Ns 7W ;; 5! $, 4| BT $5 $l $F $$ $k !# FC $K %a %C %; !< %8 8r 49 7? $N JB Ns 7W ;; 5! $O !" DL ?. $r 9T $& %3 !< %I $r M[ $K 5- =R $9 $k $3 $H $K $h $C $F %W %m %0 %i %‘ $r 9b EY $K :G E, 2= $9 $k $3 $H $, $G $- $k $? $a !" 9b $$ <B 8z @- G= $r C# @. $9 $k $3 $H $, 4| BT $G $- $k !# $7 $+ $7 8= <B $K $O !" :G E, $J %W %m %0 %i %‘ $r :n @. $9 $k $? $a $K $O 9b EY $J 5; =Q $, I, MW $H $5 $l $k $@ $1 $G $J $/ !" 4p K\ E* $J %W %m %0 %i %_ %s %0 <+ BN $b MF 0W $G $" $k $H $O $$ $( $J $$ !# $3 $N $3 $H $h $j !" 4J C1 $J %W %m %0 %i %_ %s %0 $K $h $C $F $" $k Dx EY $N @- G= $r 0z $- =P $; $k 8@ 8l =h M} 7O $, I, ?\ $G $" $k $H $$ $( $k !# $= $3 $G K\ 8& 5f $G $O !" %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR $N 3+ H/ $r 9T $C $? !# TINP AR $O 3H D% Tin y language $G 5- =R $5 $l $? C‘ <! %W %m %0 %i %‘ $r o wner computes rule $K => $C $F JB Ns 2= $9 $k !# $3 $l $K $h $C $F %f !< %6 $O !" %0 %m !< %P %k %a %b %j 6u 4V $r A[ Dj $7 $F C‘ <! %W %m %0 %i %‘ $r =q $/ $3 $H $, $G $- $k !# TINP AR $K $h $k JB Ns 2= $O !" C1 =c $J JB Ns 2= <j K! !" 9b EY $J :G E, 2= <j K! !" $* $h $S @l MQ $N DL ?. %i %$ %V %i %j $K $h $C $F FC D’ $E $1 $i $l $k !# $9 $J $o $A TINP AR $O !" o wner computes rule $K => $C $? C1 =c $J JB Ns 2= $r 9T $C $? 8e !" IT MQ $J %3 !< %I $N :o =| $d DL ?. %3 !< %I $N 0\ F0 $r 9T $& $3 $H $K $h $C $F 8z N( $N $h $$ %* %V %8 %’ %/ %H %3 !< %I $r @8 @. $9 $k !# $5 $i $K !" F0 E* %Y %/ %H %k 2= 5! G= $r ;} $D @l MQ DL ?. %i %$ %V %i %j $r %j %s %/ $9 $k $3 $H $K $h $C $F !" $3 $N %* %V %8 %’ %/ %H %3 !< %I $G $O 8z N( $N $h $$ DL ?. =h M} $, <B 8= $5 $l $k !# TINP AR $O $^ $: !" %= !< %9 %W %m %0 %i %‘ $r 8z N( $h $/ JB Ns 2= $G $- $k $h $& $K !" MM !9 $J %W %m %0 %i %‘ JQ 49 $K $h $k A0 =h M} $r 9T $& !# <! $K TINP AR $O o wner computes rule $K => $C $F JB Ns 2= $r 9T $& $, !" $= $N 7k 2L @8 @. $5 $l $? %3 !< %I $K $O >i D9 $J if J8 $, ?t B? $/ 4^ $^ $l $F $* $j !" DL ?. $K $h $k %l %$ %F %s %7 $N 1# JC $b 9T $o $l $F $$ $J $$ !# $= $3 $G B3 $$ $F TINP AR $O !" $3 $l $i $N Ld Bj E@ $r 2~ A1 $9 $k $? $a $N :G E, 2= $r 9T $& !# $^ $: %i %s %? %$ %‘ %* !< %P !< %X %C %I $r :o 8: $9 $k $? $a $K !" 1) %k !< %W $N <B 9T HO 0O $N =L >. !" 2) 91 ?? / 91 56 $H $J $k if J8 $N :o =| !" 3) if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d $, 9T $o $l $k !# $3 $l $i $O JB Ns 2= $N :] $K A^ F~ $5 $l $? IT MQ $J %3 !< %I $r :o =| $9 $k $? $a $N :G E, 2= <j K! $G $" $j !" FC $K 1) $H 3) $, 8z 2L E* $G $" $k !# 0l J} SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ $O !" DL ?. %l %$ %F %s %7 $r 1# JC $9 $k $? $a $N :G E, 2= <j K! $G $" $j !" DL ?. $N :G E, 2= $K I, MW IT 2D 7g $G $" $k !# $^ $? TINP AR $N @l MQ DL ?. %i %$ %V %i %j $O !" F0 E* %Y %/ %H %k 2= 5! G= $r Ds 6! $9 $k !# $3 $N 5! G= $O !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $, Aw ?. %G !< %? $r %P %C %U %! %j %s %0 $7 !" D9 $$ %a %C %; !< %8 $H $7 $F Aw ?. $9 $k $b $N $G $" $j !" %a %C %; !< %8 Aw ?. $N 2s ?t $r Bg I} $K :o 8: $9 $k !# $5 $i $K $3 $N 5! G= $r == J, $K 3h MQ $9 $k $? $a $N :G E, 2= $H $7 $F !" MSG_BUFFER_FLUSH J8 $N A^ F~ $b 9T $o $l $k !# $3 $l $i $N <j K! $N M- 8z @- $r <( $9 $? $a $K !" 4J C1 $J ?t CM =h M} %W %m %0 %i %‘ $r JB Ns 2= $7 $F @- G= $r I> 2A $7 $? !# $3 $N 7k 2L 64 %W %m %; %C %5 $N AP1000 $r MQ $$ $F !" 9T Ns @Q $G 48.2 G\ !" %, %& %9 >C 5n K! $G 37.1 G\ !" %d %3 %S K! $G 79.8 G\ !" SOR K! $G 28.8 G\ !" FFT $G 33.6 G\ $N 2C B. N( $, C# @. $5 $l $? !#

TINP AR: A P arallelizing Compiler for Message-P assing Multipro cessors F ebruary 15, 1995 Ikuo MIYOSHI P arallel mac hines will b e the next generation sup ercomputers. In particular, message-passing m ultipro cessors are exp ected to ac hiev e high p erformance, b ecause programs can b e optimized with explicitly co ded comm u- nication. Ho w ev er, not only writing w ell-tuned programs but also basic programming are not alw a ys easy nor practical. Therefore, a parallel language or a parallelizing compiler is strongly required to ac hiev e high p erfor- mance without complicated programming. In this researc h, w e ha v e dev elop ed TINP AR, a parallelizing compiler for message-passing m ultipro cessors. TINP AR parallelizes programs written in an extended v ersion of Tin y language, allo wing users to write sequen tial programs with global address space. The ma jor features of TINP AR are simple parallelization p olicy , p o w erful optimization tec hniques, and the sp ecial comm unication library for the compiler. TINP AR parallelizes sequen tial programs follo wing the o wner computes rule, then it eliminates unnecessary co des and resc hedules comm unication co des to deriv e e�cien t ob ject co des. The comm unication library , whic h has a capabilit y of dynamic message ve ctorization , is link ed with the ob ject co des and handles message passing e�cien tly . The �rst step of TINP AR is program transformation with v arious tec hniques to mak e a program e�cien tly parallelized. Then, a parallelized co de is obtained applying the o wner computes rule. The co de, ho w ev er, has man y redundan t testing statemen ts and to o tigh t comm unication ones with long latency . These ine�cien t statemen ts are remo v ed or mo di�ed b y the next optimization step. Narr owing lo op b ounds , eliminating unne c essary if statements , and lo op splitting for mor e elimination of if statements eliminate redun- dan t co des generated during the parallelization. Among them, the �rst and the third one pla y imp ortan t roles. On the other hand, distribution of lo ops having SEND / RECV statements is indisp ensable for hiding comm unication latency . The comm unication library has a capabilit y of dynamic message v ectorization. With this tec hnique, the run- time comm unication system bu�ers short messages and com bines them in to a long message to hide startup cost of message passing. Insertion of MSG_BUFFER_FLUSH statements is imp ortan t optimization to utilize this capabilit y . W e ev aluated p erformance of v arious scien ti�c programs to sho w the e�ectiv eness of these optimization and comm unication tec hniques. As a result, TINP AR ac hiev ed 48.2 times sp eedup for 512 � 512 matrix m ultiplication, 37.1 times for 1024 � 1024 matrix Gaussian elimination, 79.8 times for 512 � 512 Jacobi metho d, 28.8 times for 512 � 512 SOR metho d, and 33.6 times for 64k FFT on AP1000 using 64 PEs.

1 $O $8 $a $K <! @$ Be $N %9 !< %Q !< %3 %s %T %e !< %? $N 9= @. J} <0 $H $7 $F JB Ns 7W ;; 5! $, 4| BT $5 $l $F $$ $k !# FC $K %a %C %; !< %8 8r 49 7? $N JB Ns 7W ;; 5! $O !" DL ?. $r 9T $& %3 !< %I $r M[ $K 5- =R $9 $k $3 $H $K $h $C $F %W %m %0 %i %‘ $r 9b EY $K :G E, 2= $9 $k $3 $H $, $G $- $k $? $a !" 9b $$ <B 8z @- G= $r C# @. $9 $k $3 $H $, 4| BT $G $- $k !# $7 $+ $7 8= <B $K $O !" :G E, $J %W %m %0 %i %‘ $r :n @. $9 $k $? $a $K $O 9b EY $J 5; =Q $, I, MW $H $5 $l $k $@ $1 $G $J $/ !" 4p K\ E* $J %W %m %0 %i %_ %s %0 <+ BN $b MF 0W $G $" $k $H $O $$ $( $J $$ !# $3 $l $i $N 6q BN E* $J M} M3 $H $7 $F $O !" 0J 2< $N E@ $, $" $2 $i $l $k !# � %W %m %; %C %5 4V $N %G !< %? $N <u EO $7 $O $9 $Y $F %a %C %; !< %8 DL ?. $G <B 8= $7 $J $1 $l $P $J $i $J $$ !# $9 $J $o $A C1 $J $k %G !< %? $N ;2 >H $G $5 $( !" %m !< %+ %k / %j %b !< %H $N $I $A $i $K BP $9 $k $b $N $G $" $k $+ $K $h $C $F =h M} $, Bg $- $/ 0[ $J $k !# � %a %C %; !< %8 DL ?. $N $? $a $K MQ $$ $i $l $k %i %$ %V %i %j $G $O B? <o B? MM $J DL ?. 5! G= $, Ds 6! $5 $l $F $$ $k [8] !# $7 $+ $7 $3 $l $i $N 5! G= $r 3h MQ $9 $k $? $a $K $O $" $k Dx EY $N CN <1 $* $h $S 5; =Q $, I, MW $H $5 $l $k !# $3 $l $i $O $$ $: $l $b %W %m %0 %i %_ %s %0 $N K\ <A !" $9 $J $o $A $$ $+ $K 7W ;; $9 $k $+ $H $$ $& Ld Bj $H $O JL $N Ld Bj $G $" $k $? $a !" 0l HL $N %f !< %6 $, $3 $N $h $& $J 7W ;; 5! $r 7I 1s $9 $k Bg $- $J MW 0x $H $J $k !# $= $l $f $( $3 $N $h $& $J 7W ;; 5! $, Ia 5Z $9 $k $? $a $K $O !" $3 $l $i $N E@ $K G[ N8 $9 $k I, MW $, $J $/ !" 4J C1 $J %W %m %0 %i %_ %s %0 $K $h $C $F $" $k Dx EY $N @- G= $r 0z $- =P $; $k 8@ 8l =h M} 7O $, I, ?\ $G $" $k $H $$ $( $k !# $= $3 $G K\ 8& 5f $G $O !" %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR $N 3+ H/ $r 9T $C $? !# TINP AR $O 3H D% Tin y language $G 5- =R $5 $l $? C‘ <! %W %m %0 %i %‘ $r o wner computes rule $K => $C $F JB Ns 2= $9 $k !# $3 $l $K $h $C $F %f !< %6 $O !" %0 %m !< %P %k %a %b %j 6u 4V $r A[ Dj $7 $F C‘ <! %W %m %0 %i %‘ $r =q $/ $3 $H $, $G $- $k !# TINP AR $K $h $k JB Ns 2= $O !" C1 =c $J JB Ns 2= <j K! !" 9b EY $J :G E, 2= <j K! !" $* $h $S @l MQ $N DL ?. %i %$ %V %i %j $K $h $C $F FC D’ $E $1 $i $l $k !# $9 $J $o $A TINP AR $O !" o wner computes rule $K => $C $? C1 =c $J JB Ns 2= $r 9T $C $? 8e !" IT MQ $J %3 !< %I $N :o =| $d DL ?. %3 !< %I $N 0\ F0 $r 9T $& $3 $H $K $h $C $F 8z N( $N $h $$ %* %V %8 %’ %/ %H %3 !< %I $r @8 @. $9 $k !# $5 $i $K !" F0 E* %Y %/ %H %k 2= 5! G= $r ;} $D @l MQ DL ?. %i %$ %V %i %j $r %j %s %/ $9 $k $3 $H $K $h $C $F !" $3 $N %* %V %8 %’ %/ %H %3 !< %I $G $O 8z N( $N $h $$ DL ?. =h M} $, <B 8= $5 $l $k !# K\ 9F $G $O !" $^ $: 2 >O $G TINP AR $N 35 MW $K $D $$ $F =R $Y $? 8e !" 3 >O $G $O 4p K\ $H $J $k JB Ns 2= $N <j K! $K $D $$ $F !" 4 >O $G $O :G E, 2= $N $? $a $K MQ $$ $i $l $k <o !9 $N <j K! $K $D $$ $F !" 5 >O $G $O %* %V %8 %’ %/ %H %3 !< %I $G 8z N( $N $h $$ DL ?. =h M} $r <B 8= $9 $k $? $a $N @l MQ DL ?. %i %$ %V %i %j $K $D $$ $F !" $= $l $> $l =R $Y $k !# B3 $$ $F 6 >O $G $O !" 4J C1 $J ?t CM =h M} %W %m %0 %i %‘ $N JB Ns 2= $K BP $9 $k M- 8z @- !" 3F :G E, 2= <j K! $N 8z 2L !" $* $h $S %* %V %8 %’ %/ %H %3 !< %I $N <B 9T ;~ 4V $K BP $9 $k DL ?. =h M} $N 1F 6A $K $D $$ $F =R $Y $k !# $= $N 8e 7 >O $G 4X O" $9 $k 8& 5f $K $D $$ $F =R $Y !" 8 >O $G $^ $H $a $k !# 2 TINP AR $N 35 MW TINP AR(TINy P ARallelizer) $O !" 8= :_ 2f !9 $, 3+ H/ $7 $F $$ $k %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i $G $" $k !# K\ >O $G $O !" TINP AR $N @_ 7W J} ?K !" TINP AR $N BP >] 8@ 8l $G $" $k 3H D% Tin y language $N 35 MW !" @8 @. $5 $l $k %* %V %8 %’ %/ %H %3 !< %I $N 7A <0 !" $* $h $S TINP AR $N Fb It 9= @. $K $D $$ $F =R $Y $k !# 2.1 @_ 7W J} ?K TINP AR $O !" JB Ns 2= %3 %s %Q %$ %i $N $? $a $N 3F <o 5; K! $N 8& 5f %W %i %C %H %U %) !< %‘ $H $7 $F 0L CV $E $1 $i $l $k !# $3 $N $? $a TINP AR $N @_ 7W J} ?K $N A* Br $K $O !" :Y ?4 $N Cm 0U $, I, MW $H $J $k !# K\ @a $G $O !" TINP AR $N @_ 7W $K 4X $9 $k 4p K\ E* $J J} ?K $K $D $$ $F =R $Y $k !# JB Ns 2= $N J} ?K %a %C %; !< %8 8r 49 7? $N JB Ns %W %m %0 %i %‘ $r :n @. $9 $k >l 9g $K $O !" 8z N( $N $h $$ DL ?. =h M} $r 9T $& $3 $H $K $h $C $F !" DL ?. $K $h $k %l %$ %F %s %7 $r 2D G= $J 8B $j Dc 8: $9 $k $3 $H $, =E MW $G $" $k !# 0l J} C‘ <! %W %m %0 %i %‘ $r JB Ns 2= $9 $k >l 9g $K $O !" I, $: $7 $b $= $N %" %k %4 %j %: %‘ $, JB Ns %W %m %0 %i %‘ $N $b $N $H $7 $F :G E, $G $" $k $H $O 8B $i $J $$ $? $a !" %" %k %4 %j %: %‘ LL $G $N 8+ D> $7 $, I, MW $H $J $k $3 $H $b $" $k !# $= $3 $G $3 $l $i $N Ld Bj $r 8D JL $K 07 $& $? $a $K !" TINP AR $K $h $k JB Ns 2= $O <! $N $h $& $J 4p K\ J} ?K $r $H $k !# � 8z N( $h $/ JB Ns 2= $G $- $k $O $: $N %W %m %0 %i %‘ $r !" 8z N( $h $/ JB Ns 2= $9 $k !# � JB Ns 2= $7 $K $/ $$ %W %m %0 %i %‘ $r !" 8z N( $h $/ JB Ns 2= $G $- $k $O $: $N %W %m %0 %i %‘ $K JQ 49 $9 $k !# $3 $l $i $O $= $l $> $l !" 6/ NO $J :G E, 2= <j K! !" $* $h $S =@ Fp $J %W %m %0 %i %‘ JQ 49 <j K! $K $h $C $F <B 8= $G $- $k !# $^ $? $3 $l $i $r N> N) $5 $; $k $? $a $K $O !" !V 8z N( $h $/ JB Ns 2= $G $- $k $O $: $N %W %m %0 %i %‘ !W $N >r 7o $r L@ 3N $K $9 $k $3 $H $, I, MW $G $" $k !# $= $3 $G TINP AR $G $O !" JB Ns 2= $N 4p K\ @o N, $d :G E, 2= <j K! $N E, MQ >r 7o $r 6K NO 4J 7i L@ NF 2= $9 $k $3 $H $r L\ ;X $9 !# JB Ns 2= $N 4p K\ @o N, TINP AR $O ?t CM =h M} %W %m %0 %i %‘ $r JB Ns 2= $N BP >] $H $9 $k !# 0l HL $K ?t CM =h M} %W %m %0 %i %‘ $N JB Ns 2= $G $O !" %G !< %? JB Ns @- !" $9 $J $o $A B? ?t $N %G !< %? $K BP $7 $F F1 MM $+ $D FH N) $J =h M} $r 9T $& >l 9g $K @8 $8 $k JB Ns @- $r Mx MQ $7 $d $9 $$ !# $= $3 $G TINP AR $G $O !" JB Ns 2= $N 4p K\ @o N, $H $7 $F o wner computes rule $r MQ $$ $k $3 $H $K $h $j !" %= !< %9 %W %m %0 %i %‘ $+ $i %G !< %? JB Ns @- $r Cj =P $9 $k !# o wner computes rule 3F %W %m %; %C %5 $O !" $= $l $> $l $, =j M- $9 $k %G !< %? $N $? $a $N 1i ;; $r C4 Ev $9 $k !# o wner computes rule $r JB Ns 2= $N 4p K\ @o N, $H $7 $F MQ $$ $k >l 9g $K $O !" %G !< %? $r 3F %W %m %; %C %5 $K 3d $j IU $1 $k $3 $H $, I, MW $G $" $j !" $3 $l $O %G !< %? $N J, ;6 $H 8F $P $l $k !# $3 $N $H $- 3F %G !< %? $r 3d $j IU $1 $i $l $? %W %m %; %C %5 $O !" $= $l $> $l $N %G !< %? $N =j M- <T %W %m %; %C %5 $H 8F $P $l $k !# $^ $? G[ Ns %G !< %? $r 3F %W %m %; %C %5 $K 3d $j IU $1 $k C1 0L $K J, 2r $9 $k $3 $H $O !" %G !< %? $N J, 3d $H 8F $P $l $k !# o wner computes rule $K => $C $F JB Ns 2= $5 $l $? %W %m %0 %i %‘ $G $O !" 3F %W %m %; %C %5 $O $= $l $> $l $K 3d $j IU $1 $i $l $? %G !< %? $K BP $9 $k Be F~ J8 $r <B 9T $9 $k !# $3 $N $? $a !" %W %m %0 %i %‘ $K JB Ns @- $, B8 :_ $7 !" $+ $D 3F %W %m %; %C %5 $X $N %G !< %? $N J, ;6 >u BV $K BP $7 $F ;2 >H $N 6u 4V E* 6I =j @- $, B8 :_ $9 $k >l 9g $K $O !" o wner 1 computes rule $O 8z N( $N $h $$ JB Ns 2= @o N, $H $J $k !# $^ $? C‘ <! %W %m %0 %i %‘ $r JB Ns 2= $9 $k >l 9g $K $O !" %W %m %0 %i %‘ Cf $N %G !< %? $N J, ;6 K! $r ;X Dj $9 $k $@ $1 $G JB Ns 2= @o N, $r ;X <( $G $- $k $? $a !" %f !< %6 $K $H $C $F $O D> 4Q E* $G J, $+ $j $d $9 $$ $H $$ $( $k !# BP >] $H $9 $k JB Ns 7W ;; 5! TINP AR $, %* %V %8 %’ %/ %H %3 !< %I @8 @. $N BP >] $H $9 $k JB Ns 7W ;; 5! $N %b %G %k $O !" 0l HL $K %a %C %; !< %8 8r 49 7? $H 8F $P $l $k $b $N $G $" $j !" 0J 2< $N $h $& $J FC D’ $r ;} $D !# � MIMD 7? $N JB Ns 7W ;; 5! $G $" $k !# � 3F %W %m %; %C %5 $N %a %b %j 6u 4V $O 8_ $$ $K FH N) $7 $F $* $j !" %W %m %; %C %5 4V $N %G !< %? $N <u EO $7 $O %a %C %; !< %8 $N Aw <u ?. $K $h $C $F <B 8= $5 $l $k !# � Aw ?. B& %W %m %; %C %5 $+ $i Aw $i $l $? %a %C %; !< %8 $O !" L@ <( E* $J <u ?. F0 :n $, 9T $o $l $k $^ $G <u ?. B& $G %P %C %U %! %j %s %0 $5 $l $k !# $^ $? $3 $N %P %C %U %! %j %s %0 MF NL $O == J, Bg $- $$ $b $N $H $9 $k !# $3 $N $? $a TINP AR $N %* %V %8 %’ %/ %H %3 !< %I $O !" L5 8B D9 %P %C %U %! $r ;} $D DL ?. O) $, 3F %W %m %; %C %5 4V $K B8 :_ $9 $k $3 $H $r 2> Dj $7 $F F0 :n $9 $k !# 2.2 3H D% Tin y language TINP AR $N %= !< %9 %W %m %0 %i %‘ $O 3H D% Tin y language $K $h $C $F 5- =R $5 $l $k !# K\ @a $G $O !" 3H D% Tin y language $N 8@ 8l ;E MM $N 35 MW !" $* $h $S JB Ns 2= $K 4X 78 $9 $k 5! G= $K $D $$ $F =R $Y $k !# 2.2.1 8@ 8l ;E MM $N 35 MW 8= :_ 8& 5f $5 $l $F $$ $k JB Ns 2= %3 %s %Q %$ %i $K $O !" F ortran $r BP >] 8@ 8l $H $7 $F $$ $k $b $N $, B? $$ !# $3 $N M} M3 $N 1 $D $K $O !" %f !< %6 $K BP $7 $F %W %m %0 %i %_ %s %0 8@ 8l $N O" B3 @- $r J] >Z $9 $k $3 $H $, $" $2 $i $l $k !# $7 $+ $7 $3 $N 8@ 8l ;E MM $b F OR TRAN77 $+ $i F ortran90[6] $= $7 $F HPF(High P erformace F ortran)[7] $X $H 8! F$ $, 2C $( $i $l !" ;H MQ $7 $J $$ $3 $H $, ?d >) $5 $l $F $$ $k 5! G= $b B8 :_ $9 $k !# $^ $? JB Ns 2= %3 %s %Q %$ %i $N $? $a $N 5; K! $r 8& 5f $9 $k $K $" $? $C $F $O !" $3 $N 8@ 8l ;E MM $K BP $7 $F 40 A4 $K =‘ 5r $9 $k I, MW $b $J $$ !# $3 $l $i $N E@ $r F’ $^ $( !" TINP AR $N BP >] 8@ 8l $K $O 3H D% Tin y language $, :N MQ $5 $l $F $$ $k !# 3H D% Tin y language $O !" %k !< %W :F 9= @. %D !< %k Tin y[14] $N $? $a $K @_ 7W $5 $l $? C‘ <! 7? 8@ 8l Tin y language $r 3H D% $7 $? $b $N $G $" $j !" F ortran $K N‘ ;w $7 $? 4J 7i $J 9= J8 5, B’ $r ;} $D !# $J $* 2f !9 $, 9T $C $? 3H D% $H $7 $F $O !" %G !< %? J, 3d %G %# %l %/ %F %# %V !" while 9= J8 !" %9 %3 !< %W 5, B’ $N F3 F~ $J $I $, $" $k !# 3H D% Tin y language $N 8@ 8l ;E MM $N 35 MW $r 0J 2< $K <( $9 !# � 07 $( $k %G !< %? $O !" Dj ?t $* $h $S %9 %+ %i / G[ Ns JQ ?t $G $" $k !# � 07 $( $k %G !< %? 7? $O !" @0 ?t 7? $* $h $S Ib F0 >. ?t E@ 7? $G $" $k !# � JQ ?t $K $O !" F~ $l ;R 7? @E E* %9 %3 !< %W 5, B’ $, E, MQ $5 $l $k !# � G[ Ns JQ ?t $N %G !< %? J, 3d K! $O !" $= $N @k 8@ ;~ $K @E E* $K ;X Dj $9 $k !# � <B 9T J8 $H $7 $F 0J 2< $N $b $N $r $b $D !# { Be F~ J8 { if � then � else � endif 9= J8 { for � endfor 9= J8 { while � endwhile 9= J8 � B? ?t $N ;; =Q 4X ?t $, AH $_ 9~ $_ 4X ?t $H $7 $F 07 $o $l $k !# $3 $3 $K <( $5 $l $F $$ $k $h $& $K 3H D% Tin y language $N 8@ 8l ;E MM $O :G Dc 8B $+ $D I, MW == J, $J $b $N $G $" $j !" %3 %s %Q %$ %i $K $h $k 2r @O $K $H $C $F M- Mx $H $J $k $h $& $K G[ N8 $5 $l $F $$ $k !# Nc $( $P 3H D% Tin y language $N for %k !< %W $O !" %k !< %W $N <B 9T 3+ ;O ;~ $K %k !< %W 2s ?t $, 3N Dj $7 $J $1 $l $P $J $i $J $$ !# $9 $J $o $A %k !< %W Fb $+ $i $N Ht $S =P $7 $d !" %k !< %W Cf $G $N %k !< %W 2s ?t $N JQ 99 $r G’ $a $J $$ !# $3 $N $h $& $J @) Ls $O !" => Mh $h $j %Y %/ %H %k 2= %3 %s %Q %$ %i $K $h $k :G E, 2= $K BP $7 $F @_ $1 $i $l $F $* $j !" TINP AR $K $h $k JB Ns 2= $K $* $$ $F $b :G E, 2= $r MF 0W $K $9 $k !# $J $* $3 $l $i $N @) Ls $K $h $C $F for J8 $G <B 8= IT 2D G= $G $" $k %k !< %W !" Nc $( $P IT Dj 2s ?t %k !< %W $J $I $O !" while J8 $r MQ $$ $F 5- =R $G $- $k !# $^ $? %= !< %9 %W %m %0 %i %‘ Cf $K %f !< %6 Dj 5A 4X ?t / <j B3 $- $N 8F $S =P $7 $, B8 :_ $9 $k $H !" %3 %s %Q %$ %i $K $h $k 2r @O $O 0l HL $K J# ;( $J $b $N $H $J $j !" :G E, 2= $, :$ Fq $H $J $k !# Nc $( $P $3 $N $h $& $J 4X ?t $N 0z ?t Cf $K G[ Ns JQ ?t $, 4^ $^ $l $F $$ $k >l 9g $K $O !" $= $N G[ Ns JQ ?t $N %G !< %? J, ;6 $N >u BV $O 8F =P $7 ;~ $N <B 0z ?t $K 0M B8 $7 !" 0l 0U $K 5a $^ $k $H $O 8B $i $J $$ !# $3 $N $? $a %G !< %? $N J, ;6 >u BV $K 6/ $/ 0M B8 $9 $k $h $& $J :G E, 2= $O !" $3 $N $h $& $J >l 9g $K E, MQ $, :$ Fq $H $J $k !# $3 $N $h $& $J >l 9g $K BP $9 $k => Mh $N <j K! $H $7 $F $O !" 4X ?t / <j B3 $- 4V $K 8Y $k %G !< %? %U %m !< 2r @O $K $h $C $F <B 0z ?t $H $J $j $& $k JQ ?t $N AH $r %3 %s %Q %$ %k ;~ $K 5a $a !" E, @Z $K :G E, 2= $5 $l $? 4X ?t / <j B3 $- $r J# ?t MQ 0U $9 $k <j K! $, $" $k [11] !# $7 $+ $7 $3 $N $h $& $J <j K! $G $O !" Hs >o $K J# ;( $J 2r @O $, I, MW $H $5 $l $k !# $= $3 $G 3H D% Tin y language $G $O %f !< %6 Dj 5A $K $h $k 4X ?t / <j B3 $- $N 8F $S =P $7 5! 9= $r @_ $1 $: !" $3 $N $h $& $J 5! G= $O 4X ?t / <j B3 $- $N %$ %s %i %$ %s E8 3+ $K $h $C $F <B 8= $9 $k !# $3 $& $9 $k $3 $H $K $h $C $F !" %3 %s %Q %$ %i $K $h $k 2r @O $N Ii C4 $r Bg I} $K 7Z 8: $9 $k $3 $H $, $G $- $k !# $J $* 4X ?t / <j B3 $- $N %$ %s %i %$ %s E8 3+ $r 9T $& $? $a $K $O JQ ?t $K BP $9 $k F~ $l ;R 7? $N @E E* %9 %3 !< %W 5, B’ $, I, MW $H $J $k $? $a !" 3H D% Tin y language $O $3 $l $r :N MQ $7 $F $$ $k !# $^ $? $3 $N $h $& $J %$ %s %i %$ %s E8 3+ $K $h $k %* %V %8 %’ %/ %H %3 !< %I NL $N A} 2C $O !" %= !< %9 %W %m %0 %i %‘ Cf $G @- G= $K M? $( $k 1F 6A $N Bg $- $$ It J, $r BP >] $H $9 $k >l 9g $K $O !" Ld Bj $K $J $i $J $$ !# $? $@ $7 4X ?t / <j B3 $- $N :F 5" 8F $S =P $7 $r 4^ $‘ %W %m %0 %i %‘ $O !" JB Ns 2= $N BP >] 30 $H $9 $k !# 2.2.2 JB Ns 2= $K 4X 78 $9 $k 5! G= Tin y language $K BP $7 $F 2f !9 $, 9T $C $? :G $b =E MW $J 8@ 8l 3H D% $H $7 $F !" JB Ns 2= $K 4X 78 $9 $k <! $N $h $& $J %G %# %l %/ %F %# %V $N DI 2C $, $" $k !# � processors %G %# %l %/ %F %# %V JB Ns EY !" $9 $J $o $A %* %V %8 %’ %/ %H %3 !< %I $N <B 9T $K MQ $$ $k %W %m %; %C %5 ?t $r ;X Dj $9 $k !# � %G !< %? J, 3d %G %# %l %/ %F %# %V 3F %W %m %; %C %5 $K BP $9 $k G[ Ns JQ ?t $N J, ;6 K! $r ;X Dj $9 $k !# TINP AR $O o wner computes rule $K => $C $F JB Ns 2= $r 9T $& $? $a !" $3 $l $i $N %G %# %l %/ %F %# %V $r MQ $$ $k $@ $1 $G %= !< %9 %W %m %0 %i %‘ $N JB Ns 2= @o N, $r ;X <( $9 $k $3 $H $, $G $- $k !# $3 $N 2

%V %m %C %/ %5 %$ %: :1 ( %5 %$ %/ %j %C %/ J, 3d ) %V %m %C %/ %5 %$ %: :2 %V %m %C %/ %5 %$ %: :4 ( %V %m %C %/ J, 3d ) %V %m %C %/ %5 %$ %: :4 � %@ %_ !< $N G[ Ns MW AG $r @k 8@ $7 J, 3d $N 6- 3& $r $: $i $7 $? Nc � ?^ 1: TINP AR $G 07 $( $k %G !< %? J, 3d K! ( MW AG ?t :16 !" %W %m %; %C %5 ?t :4) $H $- $3 $l $i $N %G %# %l %/ %F %# %V $, ;X Dj $5 $l $? %= !< %9 %W %m %0 %i %‘ $H %* %V %8 %’ %/ %H %3 !< %I $N ?6 Iq $$ $H $N 4V $K $O <! $N $h $& $J 4X 78 $, J] >Z $5 $l $k !# � %G !< %? J, 3d $, ;\ $5 $l $F $$ $k G[ Ns JQ ?t $N 3F MW AG $K BP $9 $k Be F~ J8 $O !" $= $N MW AG $N =j M- <T %W %m %; %C %5 $@ $1 $G <B 9T $5 $l $k !# � JB Ns 2= $5 $l $? %* %V %8 %’ %/ %H %3 !< %I $N <B 9T 7k 2L $O !" %= !< %9 %W %m %0 %i %‘ $r C‘ <! %W %m %0 %i %‘ $H $7 $F <B 9T $7 $F F@ $i $l $k 7k 2L $H Ey $7 $$ !# $3 $N $? $a E, @Z $K %G !< %? $r J, ;6 $9 $k $3 $H $K $h $C $F !" 8z N( $N $h $$ %* %V %8 %’ %/ %H %3 !< %I $r @8 @. $5 $; $k $3 $H $, 2D G= $G $" $k !# 8= :_ TINP AR $G 07 $( $k %G !< %? J, 3d K! 1 $O !" C1 0l <! 85 J} 8~ $K BP $9 $k !" G$ 0U %V %m %C %/ %5 %$ %: $N %V %m %C %/ %5 %$ %/ %j %C %/ J, 3d $G $" $k ( ?^ 1 ;2 >H ) !# %V %m %C %/ %5 %$ %/ %j %C %/ J, 3d $O !" %V %m %C %/ %5 %$ %: $r 1 $H $7 $? >l 9g $K $O %5 %$ %/ %j %C %/ J, 3d $K Aj Ev $7 !" d J, 3d $5 $l $? <! 85 $N G[ Ns MW AG ?t = %W %m %; %C %5 ?t e $H $7 $? >l 9g $K $O %V %m %C %/ J, 3d $K Aj Ev $9 $k $? $a !" $3 $l $i $r 1 @5 3N $K $O %G !< %? J, 3d $* $h $S %G !< %? J, ;6 $N N> J} $r 9g $o $; $? $b $N $G $" $k $, !" K\ 9F $G $O 47 MQ $K => $C $F %G !< %? J, 3d K! $H 8F $V !# 0l HL 2= $7 $? $b $N $G $" $k $H $$ $( $k !# $^ $? %@ %_ !< $N G[ Ns MW AG $r @k 8@ $9 $k $3 $H $K $h $j !" J, 3d $N 6- 3& $r A0 8e $K $: $i $9 $3 $H $b 2D G= $G $" $k !# J, 3d $N J} 8~ $, C1 0l <! 85 $K 8B $i $l $F $$ $k E@ $r =| $1 $P !" $3 $l $i $O HPF $G 5, Dj $5 $l $F $$ $k %G !< %? J, 3d K! $r <B 8= $9 $k $N $K == J, $G $" $k !# $J $* %9 %+ %i JQ ?t $K BP $7 $F $O !" 3F %W %m %; %C %5 $, $= $N %3 %T !< $r ;} $A !" $= $l $i $9 $Y $F $, =j M- <T %W %m %; %C %5 $G $" $k $H $_ $J $5 $l $k !# 0l J} %G !< %? $N :F J, ;6 5! G= $O !" 3H D% Tin y language $G $O Ds 6! $5 $l $J $$ !# %G !< %? $N :F J, ;6 $H $O G[ Ns JQ ?t $N %G !< %? J, ;6 $N >u BV $r F0 E* $K JQ 99 $9 $k $3 $H $G $" $k $, !" A0 9‘ $N 4X ?t / <j B3 $- 8F $S =P $7 $N Ld Bj $H F1 MM $K !" $3 $l $b %3 %s %Q %$ %i $K $h $k :G E, 2= $K $H $C $F >c 32 $H $J $k !# %G !< %? $N :F J, ;6 5! G= $N Mx E@ $O %W %m %0 %i %^ $N Ii C4 $N 7Z 8: !" $* $h $S %G !< %? $N 3J G< NN 0h $N 8z N( 2= $G $" $k $, !" $3 $l $i $K $D $$ $F $O %W %m %0 %i %‘ JQ 49 !" $* $h $S F0 E* %a %b %j 4I M} $N $? $a $N 8@ 8l 3H D% $K $h $C $F C# @. 2D G= $G $" $k !# 2.3 %* %V %8 %’ %/ %H %3 !< %I $N 7A <0 TINP AR $N %* %V %8 %’ %/ %H %3 !< %I $O C 8@ 8l $K $h $k SPMD %W %m %0 %i %‘ $G $" $k !# SPMD %W %m %0 %i %‘ $H $O !" JB Ns 7W ;; 5! $N $? $a $N %W %m %0 %i %‘ 7A <0 $N 1 $D $G $" $j !" $9 $Y $F $N %W %m %; %C %5 >e $G F1 0l $N %W %m %0 %i %‘ $, <B 9T $5 $l $k $3 $H $r A0 Ds $K =q $+ $l $? $b $N $G $" $k !# $3 $N $h $& $J %W %m %0 %i %‘ $G $O !" <B 9T $9 $k %W %m %; %C %5 $N %W %m %; %C %5 HV 9f $K $h $C $F $= $N ?6 Iq $$ $, JQ 2= $9 $k !# TINP AR $N $h $& $K ?t CM =h M} %W %m %0 %i %‘ $r o wner computes rule $K => $C $F JB Ns 2= $9 $k >l 9g !" $9 $J $o $A %G !< %? JB Ns @- $r Cj =P $9 $k >l 9g $K $O !" 3F %W %m %; %C %5 $N =h M} Fb MF $K K\ <A E* $J :9 $, @8 $8 $k $3 $H $O >/ $J $$ $? $a !" SPMD 7A <0 $N %* %V %8 %’ %/ %H %3 !< %I $r @8 @. $9 $k $N $, BE Ev $G $" $k !# 0l J} C 8@ 8l $K $h $k %* %V %8 %’ %/ %H %3 !< %I $r @8 @. $9 $k $3 $H $K $O !" <! $N $h $& $J Mx E@ $, $" $k !# � BP >] JB Ns 7W ;; 5! $N %W %m %; %C %5 $K 0M B8 $7 $? :G E, 2= $r C %3 %s %Q %$ %i $K G$ $; $k $3 $H $, $G $- $k !# BP >] JB Ns 7W ;; 5! $N %W %m %; %C %5 %" !< %- %F %/ %A %c $K 6/ $/ 0M B8 $9 $k $h $& $J Dc %l %Y %k $N :G E, 2= !" Nc $( $P 5! 3# L? Na $N %j %9 %1 %8 %e !< %j %s %0 $d %l %8 %9 %? %" %m %1 !< %7 %g %s $J $I $O !" $9 $Y $F C %3 %s %Q %$ %i $K G$ $; $k $3 $H $, $G $- $k [17] !# $3 $N $? $a TINP AR $O !" DL ?. $N %j %9 %1 %8 %e !< %j %s %0 $d IT MQ $J DL ?. $N :o =| $J $I $N !" JB Ns 2= $K L) @\ $7 $? !" $h $j >e 0L $N :G E, 2= $K @l G0 $9 $k $3 $H $, $G $- $k !# � BP >] JB Ns 7W ;; 5! $N JQ 99 $, Hf 3S E* MF 0W $G $" $k !# C 8@ 8l $K $h $k %W %m %0 %i %‘ $O 0l HL $K 0\ ?" @- $, 9b $$ !# $^ $? TINP AR $G $O @l MQ $N DL ?. %i %$ %V %i %j $N ;E MM $r Dj $a $F $* $j !" %* %V %8 %’ %/ %H %3 !< %I Cf $N DL ?. =h M} $O $3 $l $K $h $C $F <B 8= $5 $l $k !# $3 $N $? $a BP >] JB Ns 7W ;; 5! $r JQ 99 $9 $k >l 9g $K $b !" @l MQ DL ?. %i %$ %V %i %j $r MQ 0U $9 $k $@ $1 $G BP 1~ $G $- $k !# $J $* %* %V %8 %’ %/ %H %3 !< %I $K %j %s %/ $5 $l $F $9 $Y $F $N DL ?. =h M} $r 9T $& TINP AR $N @l MQ DL ?. %i %$ %V %i %j $K $D $$ $F $O !" 5 >O $G >\ $7 $/ =R $Y $k !# 2.4 Fb It 9= @. TINP AR $O $= $N @_ 7W J} ?K $K $b $H $E $- !" 0J 2< $N $h $& $K FH N) $7 $? 6 $D $N %b %8 %e !< %k $+ $i 9= @. $5 $l $k !# 3 processors n_cell real sum real a(0:n - 1:*) /* a() $O %V %m %C %/ J, 3d */ sum = 0.0 for i = 0, n - 1 do sum = sum + a(i) endfor + processors n_cell real sum real a(0:n - 1:*) real local_sum(0:n_cell - 1:1) /* local_sum() $O %5 %$ %/ %j %C %/ J, 3d */ /* It J, OB $r 3J G< $9 $k G[ Ns local_sum() $r =i 4| 2= $9 $k !# */ for cell_id = 0, n_cell - 1 do local_sum(cell_id) = 0.0 endfor /* It J, OB $r 5a $a $k !# */ for i = 0, n - 1 do local_sum(OWNER(a(i))) \ = local_sum(OWNER(a(i))) + a(i) endfor sum = 0.0 /* Am OB $r 5a $a $k !# */ for cell_id = 0, n_cell - 1 do sum = sum + local_sum(cell_id) endfor ?^ 2: A0 =h M} 1: Am OB 1i ;; $N %$ %G %# %* %‘ JQ 49 real a(0:n - 1:*) real b(0:n - 1:*) real x(0:n - 1, 0:n - 1:*) /* a() !" b() $O 1 <! 85 $a !" c() $O 2 <! 85 $a $G %V %m %C %/ J, 3d */ for i = 0, n - 1 do for j = 0, n - 1 do x(i, j) = a(i) * b(j) endfor endfor + real a(0:n - 1:*) real b(0:n - 1:*) real x(0:n - 1, 0:n - 1:*) real local_a for i = 0, n - 1 do /* JQ ?t local_a $K %m !< %+ %k %3 %T !< $r :n @. $9 $k !# */ local_a = a(i) /* %m !< %+ %k %3 %T !< $r MQ $$ $F 7W ;; $r 9T $& !# */ for j = 0, n - 1 do x(i, j) = local_a * b(j) endfor endfor ?^ 3: A0 =h M} 2: %j %b !< %H %G !< %? $K BP $9 $k %m !< %+ %k %3 %T !< $N :n @. / Mx MQ 1. 9= J8 2r @O It %= !< %9 %W %m %0 %i %‘ $r 9= J8 2r @O $7 !" =h M} 7O $N Fb It I= 8= $K E8 3+ $9 $k !# 2. A0 =h M} It @h $K =R $Y $? $h $& $K !" C‘ <! %W %m %0 %i %‘ $K $O $= $N $^ $^ $G $O JB Ns 2= $K E, $5 $J $$ It J, $, B8 :_ $9 $k $3 $H $, $" $k !# $= $3 $G K\ %b %8 %e !< %k $G $O !" $3 $N $h $& $J It J, $K BP $7 $F %W %m %0 %i %‘ JQ 49 $r 9T $C $F !" JB Ns 2= $K E, $7 $? 7A $K JQ 7A $9 $k !# $3 $N JQ 49 $N Nc $H $7 $F $O !" Am OB 1i ;; $N %$ %G %# %* %‘ JQ 49 !" %j %b !< %H %G !< %? $K BP $9 $k 0l ;~ E* $J %m !< %+ %k %3 %T !< $N :n @. / Mx MQ $J $I $, $" $2 $i $l $k ( ?^ real a(0:n - 1:*) real b(0:n - 1:1) /* a() $O %V %m %C %/ J, 3d !" b() $O %5 %$ %/ %j %C %/ J, 3d */ for i = 0, n - 1 do b(i) = a(i) endfor + real a(0:n - 1:*) real b(0:n - 1:1) real tmp_a for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then SEND(OWNER(b(i)), a(i)) endif if OWNER(b(i)) == GET_CELL_ID() then RECV(OWNER(a(i)), tmp_a) b(i) = tmp_a endif endfor ?^ 4: JB Ns 2= 2 !" 3 ;2 >H ) !# 3. JB Ns 2= It K\ %b %8 %e !< %k $G $O !" o wner computes rule $K => $C $F %= !< %9 %W %m %0 %i %‘ $r JB Ns 2= $9 $k !# 6q BN E* $K $O !" =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if J8 !" $* $h $S %j %b !< %H %G !< %? %" %/ %; %9 $N $? $a $N SEND / RECV J8 $, A^ F~ $5 $l $k ( ?^ 4 ;2 >H ) !# $J $* $3 $N ;~ E@ $G $O !" %G !< %? J, 3d $, ;\ $5 $l $? G[ Ns $K BP $7 $F $b G[ Ns A4 BN $r 3J G< $G $- $k Bg $- $5 $N %a %b %j NN 0h $r 3F %W %m %; %C %5 $G 3N J] $9 $k !# $3 $N 7k 2L !" $3 $N $h $& $J G[ Ns $K BP $9 $k %" %/ %; %9 $O J, 3d A0 $H F1 MM $N %" %I %l %C %7 %s %0 $G 2D G= $H $J $k $, !" <B :] $K ;H MQ $5 $l $k %a %b %j NN 0h $O 3F %W %m %; %C %5 $K 3d $j IU $1 $i $l $? %G !< %? $r 3J G< $9 $k It J, $N $_ $H $J $k !# $3 $l $i $N 6q BN E* $J =h M} Fb MF $K $D $$ $F $O 3 >O $G =R $Y $k !# 4. :G E, 2= It JB Ns 2= It $G MQ $$ $F $$ $k JB Ns 2= <j K! $O 6K $a $F C1 =c $G $" $j !" %3 !< %I E* $K L5 BL $, B? $/ 8z N( $b $h $/ $J $$ !# $= $3 $G K\ %b %8 %e !< %k $G $O !" IT MQ $J if J8 $N :o =| $d SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 $J $I $N :G E, 2= $r 9T $& !# $J $* $3 $l $i $N :G E, 2= $O !" $= $l $> $l FH N) $7 $? %5 %V %b %8 %e !< %k $K $h $C $F 8D JL $K <B 8= $5 $l $k !# $3 $l $i $N 6q BN E* $J =h M} Fb MF $K $D $$ $F $O 4 >O $G =R $Y $k !# 5. %a %b %j :F 3d $j Ev $F It %G !< %? J, 3d $, ;\ $5 $l $? G[ Ns $K BP $9 $k JB Ns 2= It $N %a %b %j 3d $j Ev $F <j K! $O !" :G E, 2= It $K $h $k %G !< %? 0M B8 4X 78 2r @O $r MF 0W $K $9 $k $, !" 3N J] $5 $l $k $b $N $N A4 $/ ;H MQ $5 $l $J $$ %a %b %j NN 0h $, B8 :_ $9 $k $3 $H $K $J $C $F L5 BL $b B? $$ !# $= $3 $G K\ %b %8 %e !< %k $G $O !" $3 $N $h $& $J G[ Ns $K BP $9 $k %a %b %j 3d $j Ev $F <j K! $N 2~ A1 $* $h $S $= $l $K H< $& %" %I %l %C %7 %s %0 $N =$ @5 $r 9T $& ( ?^ 5 ;2 >H ) !# $3 $l $i $N 6q BN E* $J =h M} Fb MF $K $D $$ $F $O 3 >O $G =R $Y $k !# 4 processros n_cell real a(0:n - 1:*) for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then a(i) = ... endif endfor + processros n_cell real a(0: d n = n_cell e - 1) for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then a(LOCAL_INDEX(a(i))) = ... endif endfor ?^ 5: %a %b %j $N :F 3d $j Ev $F 6. %3 !< %I @8 @. It =h M} 7O $N Fb It I= 8= $+ $i C 8@ 8l $K $h $k %* %V %8 %’ %/ %H %3 !< %I $r @8 @. $9 $k !# $3 $N $h $& $J 9= @. $r $H $k $3 $H $K $h $C $F TINP AR Fb It $N =h M} $N FH N) @- $, 9b $^ $j !" 1) <B Au $, MF 0W $K $J $k !" 2) MQ $$ $? <j K! $N I> 2A $, 9T $( $k !" 3) 0l HL E* $+ $D Jq 3g E* $J <j K! $N :N MQ $* $h $S I> 2A $, $G $- $k !" $J $I $N Mx E@ $, @8 $8 $k !# 3 JB Ns 2= <j K! 6/ NO $J :G E, 2= <j K! $N E, MQ $r A0 Ds $K !" TINP AR $G $O o wner computes rule $K $b $H $E $/ C1 =c $J JB Ns 2= <j K! $r :N MQ $7 $F $$ $k !# K\ >O $G $O !" JB Ns 2= It $* $h $S %a %b %j :F 3d $j Ev $F It $G MQ $$ $i $l $k JB Ns 2= / %a %b %j 3d $j Ev $F $N <j K! $K $D $$ $F =R $Y $k !# 3.1 %G !< %? $N J, ;6 o wner computes rule $K => $C $F C‘ <! %W %m %0 %i %‘ $r JB Ns 2= $9 $k >l 9g $K $O !" 3F %W %m %; %C %5 $K BP $7 $F %G !< %? $, J, ;6 $5 $l $F $$ $k $3 $H $, A0 Ds $H $J $k !# 8= :_ TINP AR $G $O !" C1 0l <! 85 J} 8~ $K BP $9 $k !" G$ 0U %V %m %C %/ %5 %$ %: $N %V %m %C %/ %5 %$ %/ %j %C %/ J, 3d $r 07 $& $3 $H $, $G $- $k !# TINP AR $K $h $k JB Ns 2= $G $O !" %G !< %? J, 3d $, ;\ $5 $l $? G[ Ns $K BP $9 $k %a %b %j 3d $j Ev $F $r 2 CJ 3, $K J, $1 $F 9T $& ( ?^ 6 !" 7 ;2 >H ) !# $9 $J $o $A J, 3d $5 $l $? <! 85 $N i k HV $a $N G[ Ns MW AG $O !" JB Ns 2= It $K $h $C $F 0l C6 O WNER( i k ) HV %W %m %; %C %5 $N i k HV MW AG $K 3d $j Ev $F $i $l !" $= $N 8e %a %b %j :F 3d $j Ev $F It $K $h $C $F LOCAL INDEX( i k ) HV MW AG $K 3d $j Ev $F D> $5 $l $k !# $3 $3 $G Ev 3: G[ Ns $O k <! 85 $a $K %V %m %C %/ %5 %$ %/ %j %C %/ J, 3d $, ;\ $5 $l $F $* $j !" Ev 3: G[ Ns MW AG $N =j M- <T %W %m %; %C %5 HV 9f !" $* $h $S =j M- <T %W %m %; %C %5 >e $G $N %m !< %+ %k $J G[ Ns MW AG HV 9f $O !" 0J 2< $N 4X ?t O WNER() !" LOCAL INDEX() $G M? $( $i $l $k !# O WNER( J, 3d $5 $l $? <! 85 $N E: ;z $N CM i k ) = b ( J, 3d $5 $l $? <! 85 $N E: ;z $N CM i k � J, 3d 3+ ;O 0L CV $N %* %U %; %C %H CM ) � %V %m %C %/ %5 %$ %: c ?^ 6: JB Ns 2= It $K $h $k %a %b %j 3d $j Ev $F ?^ 7: %a %b %j :F 3d $j Ev $F It $K $h $k %a %b %j 3d $j Ev $F mo d %W %m %; %C %5 ?t LOCAL INDEX( J, 3d $5 $l $? <! 85 $N E: ;z $N CM i k ) = b ( J, 3d $5 $l $? <! 85 $N E: ;z $N CM i k � J, 3d 3+ ;O 0L CV $N %* %U %; %C %H CM ) � ( %V %m %C %/ %5 %$ %: � %W %m %; %C %5 ?t ) c � %V %m %C %/ %5 %$ %: + ( J, 3d $5 $l $? <! 85 $N E: ;z $N CM i k � J, 3d 3+ ;O 0L CV $N %* %U %; %C %H CM ) mo d %V %m %C %/ %5 %$ %: 0l J} %G !< %? J, 3d $, ;\ $5 $l $? k <! 85 $a $K 4X $7 $F !" 3F %W %m %; %C %5 $, =j M- $9 $k G[ Ns MW AG ?t N LOCAL ELEMENTS $O <! $N <0 $G M? $( $i $l $k !# N LOCAL ELEMENTS = d J, 3d $5 $l $? <! 85 $N G[ Ns MW AG ?t � %W %m %; %C %5 ?t e $? $@ $7 J, 3d 3+ ;O 0L CV $N %* %U %; %C %H CM $O J, 3d $5 $l $? <! 85 $N @h F, G[ Ns MW AG HV 9f $H Ey 2A $G $" $k !# $^ $? 0 � %W %m %; %C %5 HV 9f < %W %m %; %C %5 ?t $H $9 $k !# $3 $N $h $& $K %a %b %j 3d $j Ev $F $r 2 CJ 3, $G 9T $& $3 $H $K $h $j !" JB Ns 2= It $N @8 @. $9 $k %3 !< %I $O !" 1) :G E, 2= It $K $h $k %G !< %? 0M B8 4X 78 2r @O $, MF 0W $G $" $k !" 2) %a %b %j $N Mx MQ 8z N( $, 0- $$ !" $H $$ $& @- 3J $N $b $N $H $J $k !# $J $* 6q BN E* $J =h M} $H $7 $F $O !" JB Ns 2= It $G $O %G !< %? J, 3d $, ;\ $5 $l $? G[ Ns $N MW AG $K BP $9 $k %" %I %l %C %7 %s %0 $r <B <A >e =$ @5 $9 $k I, MW $, $J $/ !" $3 $N =h M} $O $9 $Y $F %a %b %j :F 3d $j Ev $F It $G 9T $o $l $k !# 3.2 1i ;; $N J, 3d $H %W %m %; %C %5 $X $N 3d $j IU $1 %G !< %? $N J, ;6 $, 9T $o $l $k $H !" o wner computes rule $K => $C $F %= !< %9 %W %m %0 %i %‘ Cf $N 1i ;; $r J, 3d $7 !" 3F %W %m %; %C %5 $K 3d $j IU $1 $k $3 $H $, 2D G= $H $J $k !# $3 $l $i $N =h M} $O 3F J8 $r C1 0L $H $7 $F 9T $& $3 $H $, $G $- $k !# 6q BN E* $J =h M} Fb MF $O 0J 2< $N $H $* $j $G $" $k ( ?^ 8 ;2 >H ) !# 5 real a(0:n - 1:*) /* a() $O %V %m %C %/ J, 3d */ for i = 0, n - 1 do a(i) = 0.0 endfor + real a(0:n - 1:*) for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then a(i) = 0.0 endif endfor ?^ 8: 1i ;; $N J, 3d $H %W %m %; %C %5 $X $N 3d $j IU $1 � JQ ?t @k 8@ J8 JB Ns 2= It $G $O !" %G !< %? J, 3d $, ;\ $5 $l $? G[ Ns $N MW AG $K BP $9 $k %" %I %l %C %7 %s %0 $r JQ 99 $7 $J $$ $? $a !" G[ Ns $N Bg $- $5 $N @k 8@ <+ BN $b JQ 99 $7 $J $$ !# $3 $N 7k 2L %a %b %j :F 3d $j Ev $F It $G $O !" $= $N $h $& $J G[ Ns $N J, 3d $5 $l $? <! 85 $N MW AG ?t $r N LOCAL ELEMENTS $K =L >. $9 $k I, MW $, $" $k !# � Be F~ J8 :8 JU CM $9 $J $o $A Be F~ @h $N JQ ?t $, !" %G !< %? J, 3d $, ;\ $5 $l $? G[ Ns $N MW AG $G $" $k >l 9g $K $O !" $= $N Be F~ J8 $O Ev 3: %G !< %? $N =j M- <T %W %m %; %C %5 $N $_ $K $h $C $F <B 9T $5 $l $J $1 $l $P $J $i $J $$ !# $= $3 $G $3 $N $h $& $J Be F~ J8 $K $O !" <! $N $h $& $J >r 7o <0 $r ;} $D if / endif J8 $r A0 8e $K A^ F~ $9 $k !# OWNER( :8 JU CM ) == GET_CELL_ID() $3 $3 $G ONWER() 4X ?t $O ;X Dj $5 $l $? %G !< %? $N =j M- <T %W %m %; %C %5 HV 9f $r JV $7 !" GET_CELL_ID() 4X ?t $O <+ J, $N %W %m %; %C %5 HV 9f $r JV $9 !# $J $* 1& JU $K %G !< %? J, 3d $r ;\ $5 $l $? G[ Ns $N MW AG $, 8= $l $k >l 9g $K $O %a %C %; !< %8 DL ?. $N $? $a $N %3 !< %I $r A^ F~ $9 $k I, MW $, $" $k $, !" $3 $l $K $D $$ $F $O <! @a $G =R $Y $k !# � for !" if !" $* $h $S while 9= J8 A4 %W %m %; %C %5 $G <B 9T $5 $l $k $? $a !" JQ 99 $r <u $1 $J $$ !# 3.3 DL ?. %3 !< %I $N A^ F~ TINP AR $K $h $k JB Ns 2= $G $O !" %j %b !< %H %G !< %? %" %/ %; %9 !" $9 $J $o $A B> $N %W %m %; %C %5 $K 3d $j IU $1 $i $l $F $$ $k %G !< %? $N ;2 >H $O !" %a %C %; !< %8 DL ?. $K $h $C $F <B 8= $5 $l $k !# $3 $N $? $a %G !< %? J, 3d $r ;\ $5 $l $? G[ Ns $N MW AG $r Be F~ J8 $N 1& JU $G ;2 >H $7 $F $$ $k >l 9g $K $O !" 0J 2< $N $h $& $J =h M} $, 9T $o $l $k ( ?^ 9 ;2 >H ) !# 1. ?7 $? $J %9 %+ %i JQ ?t $r @k 8@ $9 $k !# ;2 >H <T %W %m %; %C %5 $K $h $C $F <u ?. $5 $l $k Ev 3: %G !< %? $N CM $O !" 0l ;~ E* $K $3 $N %9 %+ %i JQ ?t $K 3J G< $5 $l $k !# processors n_cell real a(0:n - 1:*) real b(0:n - 1) /* a() $O %V %m %C %/ J, 3d !" b() $O J, 3d $J $7 */ for i = 0, n - 1 do b(i) = a(i) endfor + processors n_cell real a(0:n - 1:*) real b(0:n - 1) real tmp_a for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then for cell_id = 0, %W %m %; %C %5 ?t - 1 do SEND(cell_id, a(i)) enddo endif RECV(OWNER(a(i)), tmp_a) b(i) = tmp_a endfor ?^ 9: DL ?. %3 !< %I $N A^ F~ 2. SEND J8 $* $h $S if / endif J8 $r A^ F~ $9 $k !# Ev 3: %G !< %? $r Aw ?. $9 $k $? $a $N SEND J8 !" $* $h $S $= $N =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if / endif J8 $r Ev 3: Be F~ J8 $N A0 $K A^ F~ $9 $k !# � Be F~ J8 $, FC Dj $N %W %m %; %C %5 $G <B 9T $5 $l $k >l 9g if OWNER( Ev 3: %G !< %? ) == GET_CELL_ID() then SEND(OWNER( :8 JU CM ), Ev 3: %G !< %? ) endif � Be F~ J8 $, A4 %W %m %; %C %5 $G <B 9T $5 $l $k >l 9g if OWNER( Ev 3: %G !< %? ) == GET_CELL_ID() then for cell_id = 0, %W %m %; %C %5 ?t - 1 do SEND(cell_id, Ev 3: %G !< %? ) endfor endif 3. RECV J8 $r A^ F~ $9 $k !# Ev 3: %G !< %? $r <u ?. $9 $k $? $a $K !" Ev 3: Be F~ J8 $N D> A0 $K <! $N $h $& $J RECV J8 $r A^ F~ $9 $k !# RECV(OWNER( Ev 3: %G !< %? ), 1. $G @k 8@ $7 $? %9 %+ %i JQ ?t ) $J $* Ev 3: Be F~ J8 $, FC Dj $N %W %m %; %C %5 $G <B 9T $5 $l $k >l 9g $K A^ F~ $5 $l $k !" :8 JU CM $N =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if J8 $O !" $3 $N RECV J8 $N D> A0 $K A^ F~ $5 $l $k (3.2 @a ;2 >H ) !# 4. Ev 3: Be F~ J8 $N 1& JU Cf $N ;2 >H $r CV $- 49 $( $k !# Ev 3: %G !< %? $N ;2 >H $r 1. $G @k 8@ $7 $? %9 %+ %i JQ ?t $X $N ;2 >H $K CV $- 49 $( $k !# $J $* %G !< %? J, 3d $, ;\ $5 $l $F $$ $k G[ Ns $N MW AG $N ;2 >H $O !" $" $i $+ $8 $a %W %m %0 %i %‘ JQ 49 $r ;\ $9 $3 $H $K $h $j !" Be F~ J8 $N 1& JU $K $N $_ 8= $l $k $b $N $H $9 $k !# 6

4 :G E, 2= <j K! TINP AR $O C 8@ 8l $K $h $k %* %V %8 %’ %/ %H %3 !< %I $r @8 @. $9 $k !# $3 $N $? $a BP >] JB Ns 7W ;; 5! $K 0M B8 $7 $? Dc %l %Y %k $N :G E, 2= $O C %3 %s %Q %$ %i $K G$ $; $k $3 $H $, 2D G= $G $" $k !# $= $3 $G TINP AR $N :G E, 2= It $G $O !" JB Ns 2= $K L) @\ $7 $? :G E, 2= $N $_ $r 9T $& !# K\ >O $G $O !" TINP AR $G MQ $$ $i $l $F $$ $k <o !9 $N :G E, 2= <j K! !" $* $h $S $= $l $i $N E, MQ =g =x $K $D $$ $F =R $Y $k !# 4.1 %i %s %? %$ %‘ %* !< %P !< %X %C %I $N :o 8: TINP AR $N JB Ns 2= @o N, $O !" o wner computes rule $K => $C $? C1 =c $J $b $N $G $" $k !# $3 $N $? $a JB Ns 2= It $N @8 @. $9 $k %3 !< %I $K $O !" %G !< %? J, 3d $, ;\ $5 $l $? G[ Ns $N MW AG $N =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if J8 $N $h $& $J !" %i %s %? %$ %‘ %* !< %P !< %X %C %I $r A} 2C $5 $; $k J8 $, B? ?t A^ F~ $5 $l $F $$ $k !# K\ @a $G $O !" $3 $l $i $N $& $A $N IT I, MW $J $b $N $r :o =| $7 !" %i %s %? %$ %‘ %* !< %P !< %X %C %I $r :o 8: $9 $k $? $a $N :G E, 2= <j K! $K $D $$ $F =R $Y $k !# 4.1.1 %k !< %W $N <B 9T HO 0O $N =L >. JB Ns 2= It $N @8 @. $9 $k %3 !< %I $K $O ?^ 10 >e $N $h $& $J for %k !< %W $, B? ?t 8= $l $k !# $3 $N $h $& $J %k !< %W $G $O !" if J8 $N >r 7o <0 $, @. N) $7 $J $$ >l 9g $K L5 0U L# $J %$ %? %l !< %7 %g %s $r <B 9T $9 $k $3 $H $K $J $k !# $= $N $& $( B? $/ $N >l 9g $K $O !" $3 $N >r 7o <0 $N @. N) $9 $k 3N N( $O MQ $$ $k %W %m %; %C %5 ?t $K H? Hf Nc $7 $F Dc $/ $J $k !# $= $3 $G K\ :G E, 2= $G $O !" $= $N $h $& $J >r 7o <0 $, @. N) $9 $k HO 0O $K %k !< %W $N <B 9T HO 0O $r 69 $a $k $3 $H $K $h $C $F !" 6u 2s $j $H $J $k %$ %? %l !< %7 %g %s $r :o =| $9 $k !# 6q BN E* $J %" %k %4 %j %: %‘ $O 0J 2< $N $H $* $j $G $" $k !# $J $* BP >] %k !< %W $N A} J, CM $O 1 $H $9 $k !# 1. %k !< %W Fb $N 3F J8 $, <B 9T $5 $l $k $Y $- %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r 5a $a $k !# %k !< %W Fb $N 3F J8 $K $D $$ $F !" $= $N J8 $r 0O $‘ if J8 $N >r 7o <0 $r 2r @O $7 !" $= $N J8 $, <B 9T $5 $l $k $Y $- %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r 5a $a $k !# 6q BN E* $K $O <! $N $h $& $J Ey <0 $^ $? $O IT Ey <0 $r BP >] $H $7 $F !" 2r $H $J $k %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r <0 JQ 7A $K $h $C $F 5a $a $k !# OWNER(x(..., index * a + b , ...)) \ f == j != g GET_CELL_ID() $? $@ $7 G[ Ns x() $O C1 0l <! 85 J} 8~ $K %V %m %C %/ %5 %$ %/ %j %C %/ J, 3d $5 $l $F $* $j !" Ev 3: %k !< %W $N %k !< %W %$ %s %G %C %/ %9 $r index $H $9 $k $H !" $= $N <! 85 $N E: ;z $, index � a + b $G I= $5 $l $k $b $N $H $9 $k !# $^ $? !" a !" b $N CM $* $h $S G[ Ns x() $N J, 3d $O %k !< %W Fb $G IT JQ $G $" $j !" a 6 = 0 $G $" $k $H $9 $k !# 0J 2< $G $O Ey <0 $r 2r $/ >l 9g $K $D $$ $F =R $Y $k !# G[ Ns x() $K BP $9 $k J, 3d $N %Q %i %a !< %? $r !" %W %m %; %C %5 ?t NCel l !" %V %m %C %/ %5 %$ %: Blo ckSize !" J, 3d 3+ ;O 0L CV $N %* %U %; %C %H CM O�set $G I= $7 !" GET_CELL_ID() 4X ?t $N JV $j CM $r Cel lID $G I= $9 $H !" <! $N Ey <0 $, F@ $i $l $k !# b ( index � a + b ) � O�set Blo ckSize c mo d NCel l = Cel lID for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then a(i) = ... endif endfor + for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do if OWNER(a(i)) == GET_CELL_ID() then a(i) = ... endif endfor ?^ 10: %k !< %W $N <B 9T HO 0O $N =L >. $3 $N $H $- 0 � Cel lID < NCel l $G $" $k $+ $i !" @0 ?t n $K BP $7 $F !" b ( index � a + b ) � O�set Blo ckSize c = Cel lID + NCel l � n $, @. $j N) $A !" <B ?t � (0 � � < Blo ckSize ) $K BP $7 $F !" ( index � a + b ) � O�set = ( Cel lID + NCel l � n ) � Blo ckSize + � (1) $, @. $j N) $D !# $3 $N 7k 2L !" Ev 3: %k !< %W $N %k !< %W %$ %s %G %C %/ %9 $K 4X $9 $k <! $N Ey <0 $, F@ $i $l $k !# index = ( Cel lID + NCel l � n ) � Blo ckSize a + � + O�set � b a $5 $i $K !" Stride = NCel l � Blo ckSize O�set1 = ( O�set � b ) mo d Stride O�set2 = O�set1 + Blo ckSize $H $9 $k $H !" $3 $N Ey <0 $r K~ $? $9 index $O !" index = Blo ckSize � Cel lID + Stride � n + � 0 a 0 � � 0 < O�set2 � Stride $^ $? $O O�set1 � � 0 < min( Stride ; O�set2 ) $G M? $( $i $l $k !# $3 $3 $G 0 � � 0 < Stride $G $" $k $+ $i !" n $H � 0 $N CM $N AH $O index $N CM $H 1 BP 1 BP 1~ $9 $k !# => $C $F !" Stride !" Blo ckSize !" O�set1 !" O�set2 $* $h $S a $r MQ $$ $F !" 3F J8 $, <B 9T $5 $l $k $Y $- %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r 0l 0U $K I= $9 $3 $H $, 2D G= $G $" $k !# 0l J} IT Ey <0 $N >l 9g $K $O !" <0 (1) $G Blo ckSize � � < Stride $G $" $k $+ $i !" O�set1 = ( O�set � b + Blo ckSize ) mo d Stride O�set2 = O�set1 + Stride � Blo ckSize $H $9 $k $3 $H $K $h $C $F F1 MM $K I= $9 $3 $H $, $G $- $k !# 7

2. 5a $a $? %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $N OB =8 9g $r 5a $a $k !# %k !< %W Fb $N $9 $Y $F $N J8 $K $D $$ $F !" Stride !" Blo ckSize $* $h $S a $N CM $, 6& DL $G $" $l $P !" %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $N OB =8 9g $r 5a $a $k $3 $H $, $G $- !" K\ :G E, 2= $, E, MQ 2D G= $G $" $k !# E, MQ $G $- $k >l 9g $K $O !" 3F !9 $N O�set1 $H O�set2 $N AH $+ $i Dj $^ $k � 0 $N HO 0O $N OB =8 9g $r 5a $a !" O�set1 0 � � 0 < O�set2 0 $H $J $k O�set1 0 $H O�set2 0 $N AH $N >: =g %j %9 %H $G I= $9 !# 3. Ev 3: %k !< %W $r %9 %H %j %C %W %^ %$ %K %s %0 $9 $k !# 5a $a $? index $N >r 7o $O !" index = index 0 + � 0 a index 0 = Blo ckSize � Cel lID + Stride � n $G M? $( $i $l $k !# $= $3 $G Ev 3: %k !< %W $r %9 %H %j %C %W %^ %$ %K %s %0 $7 !" 30 B& %k !< %W $N %k !< %W %$ %s %G %C %/ %9 $G index 0 $r M? $( $k !# $3 $N $H $- 30 B& %k !< %W $N =i 4| CM !" =* N; CM $* $h $S A} J, CM $O 0J 2< $N $h $& $K $J $k !# =i 4| CM = Blo ckSize � Cel lID + Stride � b $b $H $N =i 4| CM � a Stride � 1 c =* N; CM = $b $H $N =* N; CM � a A} J, CM = Stride 4. Fb B& %k !< %W $N <B 9T HO 0O $r =L >. $9 $k !# 5a $a $? >: =g %j %9 %H $N MW AG ?t $@ $1 Fb B& %k !< %W $r %3 %T !< $9 $k !# $3 $N $H $- 3F !9 $N =i 4| CM !" =* N; CM $* $h $S A} J, CM $O !" %j %9 %H $N =g $K O�set1 0 $H O�set2 0 $r MQ $$ $F 0J 2< $N $h $& $K $J $k !# =i 4| CM = max( $b $H $N =i 4| CM ; d index 0 + O�set1 0 a e ) =* N; CM = min( $b $H $N =* N; CM ; d index 0 + O�set2 0 a e � 1) A} J, CM = 1 $3 $l $K $h $j !" 6u 2s $j $H $J $k IT MQ $J %$ %? %l !< %7 %g %s $O <B 9T $5 $l $J $/ $J $k !# 4.1.2 91 ?? / 91 56 $H $J $k if J8 $N :o =| JB Ns 2= It $N @8 @. $9 $k %3 !< %I $K 4^ $^ $l $k !" %G !< %? J, 3d $, ;\ $5 $l $? G[ Ns $N MW AG $N =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if J8 $N >r 7o <0 $K $O !" =| ;; $d >j M> ;; $H $$ $C $? =E $$ 1i ;; $, 4^ $^ $l $k !# 0l J} %k !< %W $N <B 9T HO 0O $N =L >. $r 9T $C $? 7k 2L !" $= $N $h $& $J >r 7o <0 $, 91 ?? $^ $? $O 91 56 $H $J $k >l 9g $, $" $k ( ?^ 11 >e ;2 >H ) !# $= $3 $G K\ :G E, 2= $G $O !" %3 %s %Q %$ %k ;~ $K if J8 $N >r 7o <0 $r @E E* I> 2A $9 $k $3 $H $K $h $C $F !" $3 $N $h $& $J IT I, MW $J if J8 $r :o =| $9 $k !# 6q BN E* $J %" %k %4 %j %: %‘ $O 0J 2< $N $H $* $j $G $" $k !# 1. if J8 $N >r 7o <0 $r @. N) $5 $; $k %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r 5a $a $k !# A0 9‘ $H F1 MM $K $7 $F %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r 5a $a $k !# for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do if OWNER(a(i)) == GET_CELL_ID() then a(i) = ... endif endfor + for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do a(i) = ... endfor ?^ 11: 91 ?? / 91 56 $H $J $k if J8 $N :o =| 2. %k !< %W %$ %s %G %C %/ %9 $N $H $j $& $k CM $N HO 0O $r 5a $a $k !# %k !< %W %$ %s %G %C %/ %9 $N $H $j $& $k CM $N HO 0O $r BP 1~ $9 $k for J8 $h $j 5a $a $k !# 3. 8e <T $H A0 <T $N @Q $* $h $S :9 =8 9g $r 5a $a $k !# N> <T $K $D $$ $F !" Stride !" Blo ckSize $* $h $S a $N CM $, 6& DL $G $" $l $P !" $3 $l $i $N @Q $* $h $S :9 =8 9g $r 5a $a $k $3 $H $, $G $- !" K\ :G E, 2= $, E, MQ 2D G= $G $" $k !# $? $@ $7 A !" B $N :9 =8 9g $H $O !" =8 9g A $H B $K BP $7 !" A $K B0 $7 B $K B0 $5 $J $$ MW AG A4 BN $+ $i $J $k =8 9g $r ;X $9 !# 4. @Q =8 9g $, 6u $G $" $l $P !" else @a $r ;D $7 $F if J8 $r :o =| $9 $k !# @Q =8 9g $, 6u $G $" $l $P Ev 3: >r 7o <0 $O 91 56 $G $" $k !# 5. :9 =8 9g $, 6u $G $" $l $P !" then @a $r ;D $7 $F if J8 $r :o =| $9 $k !# :9 =8 9g $, 6u $G $" $l $P Ev 3: >r 7o <0 $O 91 ?? $G $" $k !# $3 $l $K $h $j !" <B 9T ;~ $N IT I, MW $J >r 7o H= Dj $r :o =| $9 $k $3 $H $, $G $- $k !# 4.1.3 if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d 91 ?? / 91 56 $H $J $k if J8 $N :o =| $O !" ?^ 12 >e $N $h $& $J >l 9g $K $O Ev A3 E, MQ $G $- $J $$ !# $7 $+ $7 $3 $N $h $& $J >l 9g $K $b !" %k !< %W %$ %s %G %C %/ %9 $N $H $j $& $k CM $N HO 0O $r J, 3d $9 $k $3 $H $K $h $C $F !" if J8 $N >r 7o <0 $r 91 ?? $^ $? $O 91 56 $H $9 $k $3 $H $, $G $- $k !# $= $3 $G K\ :G E, 2= $G $O !" if J8 $N >r 7o <0 $, 91 ?? $^ $? $O 91 56 $H $J $k $h $& $K %k !< %W J, 3d $r ;\ $9 $3 $H $K $h $C $F !" if J8 $N :o =| $N :G E, 2= $N E, MQ $r 2D G= $K $9 $k !# 6q BN E* $J %" %k %4 %j %: %‘ $O 0J 2< $N $H $* $j $G $" $k !# 1. %k !< %W Fb $N 3F J8 $, <B 9T $5 $l $k $Y $- %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r 5a $a $k !# A0 !9 9‘ $H F1 MM $K $7 $F %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r 5a $a $k !# 2. 5a $a $? %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r >: =g $K %= !< %H $9 $k !# %k !< %W Fb $N $9 $Y $F $N J8 $K $D $$ $F !" Stride !" Blo ckSize $* $h $S a $N CM $, 6& DL $G $" $l $P !" %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r %= !< %H $9 $k $3 $H $, $G $- !" K\ :G E, 2= $, E, MQ 2D G= $G $" $k !# E, MQ $G $- $k >l 9g $K $O !" 3F !9 $N O�set1 $H O�set2 $N AH $+ $i Dj $^ $k � 0 $N HO 0O $r >: =g $K %= !< %H 8 for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then a(i) = ... endif b(i) = ... endfor + for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do a(i) = ... b(i) = ... endfor for i 2 f i j OWNER(a( i )) != GET_CELL_ID() ; \ 0 � i � n - 1 g do b(i) = ... endfor ?^ 12: if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d ( O�set1 00 ; O�set2 00 ) $N %j %9 %H $, !" � f (0 ; 2) ; (0 ; 4) ; (0 ; 8) g $N >l 9g 2 $r 6- 3& $H $7 $F %k !< %W J, 3d $9 $k !# � f (0 ; 2) ; (0 ; 4) ; (4 ; 8) g $N >l 9g 2 $r 6- 3& $H $7 $F %k !< %W J, 3d $9 $k !# � f (0 ; 2) ; (0 ; 4) ; (1 ; 8) g $N >l 9g 1 $r 6- 3& $H $7 $F %k !< %W J, 3d $9 $k !# ?^ 13: if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d $N Nc $7 !" O�set1 00 � � 0 < O�set2 00 $H $J $k O�set1 00 $H O�set2 00 $N AH $N >: =g %j %9 %H $G I= $9 !# 3. Ev 3: %k !< %W $r J, 3d $9 $k !# 5a $a $? >: =g %j %9 %H $N MW AG $, J# ?t $" $l $P !" Ev 3: %k !< %W $r 2 $D $N %k !< %W $K J, 3d $9 $k !# $3 $N $H $- J, 3d $N 6- 3& $H $J $k %k !< %W %$ %s %G %C %/ %9 CM $O !" %j %9 %H Cf $N O�set1 00 $N CM $, $9 $Y $F Ey $7 $$ >l 9g $K $O 1 HV >. $5 $$ O�set2 00 !" $= $l 0J 30 $N >l 9g $K $O 2 HV $a $K >. $5 $$ O�set1 00 $H 1 HV >. $5 $$ O�set2 00 $N $& $A $G >. $5 $$ J} $H $9 $k ( ?^ 13 ;2 >H ) !# 4. J, 3d $5 $l $F $G $- $? 8e H> $N %k !< %W $K BP $7 !" 0J >e $N <j =g $r 7+ $j JV $9 !# $3 $l $K $h $j !" JB Ns 2= It $G A^ F~ $5 $l $? $[ $H $s $I $N if J8 $r :o =| $9 $k $3 $H $, $G $- $k !# 4.1.4 IT MQ $J SEND / RECV J8 $N :o =| %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $G $O DL ?. =h M} $K $+ $+ $k %3 %9 %H $, 0l HL $K Bg $- $$ $? $a !" IT MQ $J DL ?. $O 2D G= $J 8B $j :o =| $7 $J $1 $l $P $J $i $J $$ !# Nc $( $P ?^ 14 >e 2 $N $h $& $J >l 9g $K $O !" $b $7 JQ ?t tmp_a $N CM $, A0 H> $N %k !< %W 0J 30 $G ;2 >H $5 $l $J $1 $l $P !" BROADCAST / RECV J8 $O IT MQ $J DL ?. $r 9T $C $F $$ $k $3 $H $K $J $k !# $= $3 $G K\ :G E, 2= $G $O !" %G !< %? %U %m !< 2r @O $r 9T $& $3 $H $K $h $C $F !" IT MQ $J DL ?. %3 !< %I $r :o =| $9 $k !# 6q BN E* $K $O !" IT MQ $J Be F~ A‘ :n $H $J $k RECV J8 $r %G !< %? %U %m !< 2r @O $K $h $C $F 2 G[ Ns a() $N 3F MW AG $K BP $7 $F $= $N @d BP CM $r 5a $a $k %W %m %0 %i %‘ $r JB Ns 2= $7 $? $b $N !# for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do BROADCAST(a(i)) tmp_a = a(i) if tmp_a < 0 then a(i) = - tmp_a endif endfor for i 2 f i j OWNER(a( i )) != GET_CELL_ID() ; \ 0 � i � n - 1 g do RECV(OWNER(a(i)), tmp_a) endfor + for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do tmp_a = a(i) if tmp_a < 0 then a(i) = - tmp_a endif endfor ?^ 14: IT MQ $J SEND / RECV J8 $N :o =| 8! =P $7 !" BP 1~ $9 $k SEND / BROADCAST J8 $H $H $b $K :o =| $9 $k !# $3 $l $K $h $j !" IT MQ $J DL ?. $r :o =| $9 $k $3 $H $, $G $- $k !# $J $* 6q BN E* $J %" %k %4 %j %: %‘ $K $D $$ $F $O !" J8 8% [4] $K =R $Y $i $l $F $$ $k !# 4.2 DL ?. %l %$ %F %s %7 $N Dc 8: DL ?. %l %$ %F %s %7 $O !" 1i ;; $K I, MW $J %G !< %? $r B> $N %W %m %; %C %5 $+ $i <u ?. $9 $k $? $a $N BT $A $K $h $C $F @8 $8 $k !# K\ @a $G $O !" $= $N $h $& $J %l %$ %F %s %7 $r Dc 8: $7 !" %W %m %; %C %5 $N Mx MQ N( $r 9b $a $k $? $a $N :G E, 2= <j K! $K $D $$ $F =R $Y $k !# 4.2.1 SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $G $O !" Aw ?. B& %W %m %; %C %5 $+ $i Aw $i $l $? %G !< %? $O !" <B :] $K ;H MQ $5 $l $k $^ $G <u ?. B& $G %P %C %U %! %j %s %0 $5 $l $k !# $3 $N $? $a Aw ?. B& %W %m %; %C %5 $O !" ;H MQ $5 $l $k $h $j $b Aa $$ ;~ 4| $K $" $i $+ $8 $a %G !< %? $r Aw $C $F $* $/ $3 $H $, $G $- $k !# $= $3 $G K\ :G E, 2= $G $O !" SEND J8 $r %j %9 %1 %8 %e !< %j %s %0 $9 $k $3 $H $K $h $C $F !" %G !< %? Aw ?. $r 2D G= $J 8B $j @h 9T $5 $; $k !# 6q BN E* $K $O !" SEND J8 !" $* $h $S SEND J8 $r 4^ $‘ $, RECV J8 $r 4^ $^ $J $$ if / for / while %V %m %C %/ $r !" %W %m %0 %i %‘ $N >e N. J} 8~ $K 0\ F0 $9 $k ( ?^ 15 ;2 >H ) !# $3 $l $K $h $j !" DL ?. %l %$ %F %s %7 $r $" $k Dx EY M^ $( $k $3 $H $, $G $- $k !# 4.2.2 SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 $O !" @) 8f $* $h $S %G !< %? 0M B8 4X 78 $K $h $k @) Ls $r <u $1 $k $? $a !" DL ?. %l %$ %F %s %7 $r 40 A4 $K 1# JC $9 $k $K $O == J, $G $J $$ !# Nc $( $P ?^ 16 >e $N $h $& $J >l 9g $K $O !" %G !< %? $N Aw ?. $+ $i <u ?. $^ $G $N ;~ 4V E* 5w N% $O Hs >o $K C; $/ !" DL ?. %l %$ %F %s %7 $, @8 $8 $k $H M= A[ $5 $l $k !# $7 $+ $7 $3 $N %3 !< %I $K ?^ 16 2< $N $h $& $J %k !< %W J, G[ $r 9T $& $H !" Aw ?. $+ $i <u ?. $^ $G $N ;~ 4V E* 5w N% $O A0 H> %k !< %W $N <B 9T ;~ 4V Dx EY $H $J $C $F == J, D9 $/ !" %l %$ %F %s %7 $O $[ $H $s $I 1# JC $5 $l $k !# 9 for i = 0, n - 1 do a(i) = ... if OWNER(b(i)) == GET_CELL_ID() then SEND(OWNER(c(i)), b(i)) endif if OWNER(c(i)) == GET_CELL_ID() then RECV(OWNER(b(i)), tmp_b) c(i) = tmp_b endif endfor + for i = 0, n - 1 do if OWNER(b(i)) == GET_CELL_ID() then SEND(OWNER(c(i)), b(i)) endif a(i) = ... if OWNER(c(i)) == GET_CELL_ID() then RECV(OWNER(b(i)), tmp_b) c(i) = tmp_b endif endfor ?^ 15: SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then SEND(OWNER(b(i)), a(i)) endif if OWNER(b(i)) == GET_CELL_ID() then RECV(OWNER(a(i)), tmp_a) b(i) = tmp_a endif endfor + for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then SEND(OWNER(b(i)), a(i)) endif endfor for i = 0, n - 1 do if OWNER(b(i)) == GET_CELL_ID() then RECV(OWNER(a(i)), tmp_a) b(i) = tmp_a endif endfor ?^ 16: SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ $= $3 $G K\ :G E, 2= $G $O !" SEND $* $h $S RECV J8 $r $H $b $K 4^ $‘ %k !< %W $r SEND J8 $N $_ $r 4^ $‘ %k !< %W $H RECV J8 $N $_ $r 4^ $‘ %k !< %W $K J, G[ $9 $k $3 $H $K $h $C $F !" %G !< %? Aw <u ?. 4V $N ;~ 4V E* 5w N% $r 3H Bg $9 $k !# $3 $l $K $h $j !" DL ?. %l %$ %F %s %7 $r Bg I} $K :o 8: $9 $k $3 $H $, $G $- $k !# 4.2.3 MSG_BUFFER_FLUSH J8 $N A^ F~ %* %V %8 %’ %/ %H %3 !< %I $K %j %s %/ $5 $l $k @l MQ DL ?. %i %$ %V %i %j $O !" F0 E* %Y %/ %H %k 2= 5! G= $r ;} $D !# $3 $N 5! G= $O !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $, Aw ?. %G !< %? $r %P %C %U %! %j %s %0 $7 !" D9 $$ %a %C %; !< %8 $H $7 $F Aw ?. $9 $k $b $N $G $" $k !# $3 $l $K $h $j !" for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then SEND(OWNER(b(i)), a(i)) endif endfor for i = 0, n - 1 do if OWNER(b(i)) == GET_CELL_ID() then RECV(OWNER(a(i)), tmp_a) b(i) = tmp_a endif endfor + for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then SEND(OWNER(b(i)), a(i)) endif endfor ALL_MSG_BUFFER_FLUSH() for i = 0, n - 1 do if OWNER(b(i)) == GET_CELL_ID() then RECV(OWNER(a(i)), tmp_a) b(i) = tmp_a endif endfor ?^ 17: MSG_BUFFER_FLUSH J8 $N A^ F~ %* %V %8 %’ %/ %H %3 !< %I $N DL ?. =h M} $O =@ Fp $+ $D 8z N( $h $/ <B 8= $5 $l $k ( >\ :Y $O 5 >O ;2 >H ) !# $7 $+ $7 $3 $N $h $& $J %P %C %U %! %j %s %0 $r 9T $& >l 9g $K $O !" $= $N %P %C %U %! $r E, @Z $K %U %i %C %7 %e $7 $J $1 $l $P !" $= $N Mx E@ $r == J, $K @8 $+ $; $J $$ $3 $H $, $" $k !# $= $3 $G K\ :G E, 2= $G $O !" O" B3 $9 $k SEND J8 $N D> 8e $K MSG_ BUFFER_FLUSH J8 $r A^ F~ $9 $k $3 $H $K $h $C $F !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $N Aw ?. %P %C %U %! $r E, @Z $K %U %i %C %7 %e $5 $; $k ( ?^ 17 ;2 >H ) !# $3 $l $K $h $j !" Aw ?. %P %C %U %! $K L$ Aw ?. $N %G !< %? $, ;D $k $3 $H $K $h $k @- G= Dc 2< $r KI $0 $3 $H $, $G $- $k !# 4.3 :G E, 2= $N E, MQ =g =x 0l HL $K :G E, 2= $N E, MQ =g =x $O $= $N 8z 2L $r :8 1& $9 $k !# TIN- P AR $G $O !" K\ >O $G =R $Y $? :G E, 2= $r ?^ 18 $N =g =x $G E, MQ $9 $k !# $3 $N E, MQ =g =x $O !" 0J 2< $N E@ $r 9M N8 $9 $k $3 $H $K $h $C $F Dj $a $i $l $F $$ $k !# � %k !< %W $N <B 9T HO 0O $N =L >. %k !< %W %\ %G %# Fb $N J8 $N ?t $, >/ $J $$ $[ $I E, MQ $7 $d $9 $$ $? $a !" %k !< %W J, G[ $r 9T $C $? 8e $N J} $, E, MQ $G $- $k 2D G= @- $, Bg $- $$ !# � 91 ?? / 91 56 $H $J $k if J8 $N :o =| $3 $l $K @h $@ $C $F %k !< %W $N <B 9T HO 0O $N =L >. $d if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d $r 9T $o $J $1 $l $P $J $i $J $$ !# � IT MQ $J SEND / RECV J8 $N :o =| %G !< %? %U %m !< 2r @O $r I, MW $H $9 $k $? $a !" if J8 $N :o =| $K $h $C $F @) 8f %U %m !< $, C1 =c $K $J $C $? 8e $N J} $, E, MQ $G $- $k 2D G= @- $, Bg $- $$ !# � SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 10

1. SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 2. SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ 3. %k !< %W $N <B 9T HO 0O $N =L >. 4. 91 ?? / 91 56 $H $J $k if J8 $N :o =| 5. if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d 6. 91 ?? / 91 56 $H $J $k if J8 $N :o =| 7. IT MQ $J SEND / RECV J8 $N :o =| 8. SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 9. MSG_BUFFER_FLUSH J8 $N A^ F~ ?^ 18: :G E, 2= $N E, MQ =g =x %k !< %W J, G[ $d if J8 $N :o =| $K $h $C $F @) 8f / %G !< %? 0M B8 4X 78 $K $h $k @) Ls $, <e $^ $C $? 8e $K 9T $& $H !" 8z 2L $, Bg $- $/ $J $k >l 9g $, $" $k !# � SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ SEND J8 $N $_ $r 4^ $‘ %k !< %W $H RECV J8 $N $_ $r 4^ $‘ %k !< %W $K J, G[ $9 $k $? $a !" SEND J8 $r %j %9 %1 %8 %e !< %j %s %0 $7 $? 8e $N J} $, E, MQ $G $- $k 2D G= @- $, Bg $- $$ !# � MSG_BUFFER_FLUSH J8 $N A^ F~ O" B3 $7 $? SEND J8 $N D> 8e $K MSG_BUFFER_FLUSH J8 $r A^ F~ $9 $k $? $a !" SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 $d SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ $N 8e $G 9T $& J} $, L5 BL $J A^ F~ $r Hr $1 $i $l $k !# 5 @l MQ DL ?. %i %$ %V %i %j %* %V %8 %’ %/ %H %3 !< %I Cf $N DL ?. =h M} $O !" @l MQ $N DL ?. %i %$ %V %i %j $K $h $C $F 8z N( $h $/ <B 8= $5 $l $k !# K\ >O $G $O !" $3 $N @l MQ DL ?. %i %$ %V %i %j $N FC D’ $G $" $k F0 E* %Y %/ %H %k 2= 5! G= !" $3 $N 5! G= $r %Y !< %9 $H $7 $? 8z N( $N $h $$ DL ?. =h M} $N <B 8= K! !" $* $h $S 9b JB Ns 7W ;; 5! AP1000 $K BP $9 $k <B Au $N 35 MW $K $D $$ $F =R $Y $k !# 5.1 F0 E* %Y %/ %H %k 2= 5! G= %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $G $O DL ?. =h M} $N 5/ F0 %3 %9 %H $, 0l HL $K Bg $- $$ $? $a !" $= $N 5/ F0 2s ?t $r 8: $i $9 $3 $H $, =E MW $H $J $k !# $3 $N $? $a !" %a %C %; !< %8 $N %Y %/ %H %k 2= $H 8F $P $l $k :G E, 2= <j K! $, => Mh $h $j MQ $$ $i $l $F $$ $k [10] !# $3 $l $O Aw ?. %G !< %? $r $^ $H $a $F 1 $D $N D9 $$ %a %C %; !< %8 $H $7 $F Aw ?. $9 $k $3 $H $K $h $j !" DL ?. =h M} $N 5/ F0 2s ?t $r 8: $i $9 <j K! $G $" $k !# %a %C %; !< %8 $N %Y %/ %H %k 2= $r 9T $& >l 9g !" $b $7 Aw ?. %G !< %? $, O" B3 NN 0h $K $" $k $+ !" $^ $? $O 0l Dj 4V 3V $K $" $k $J $i $P !" @l MQ %O !< %I %& %’ %" $K $h $k %G !< %? NN 0h $+ $i $N D> @\ Aw ?. $, 2D G= $H $J $j !" 9b B. $J =h M} $, 2D G= $G $" $k [22] !# $7 $+ $7 !" Aw ?. %G !< %? $N G[ CV $, I, $: $7 $b $3 $N $h $& $J >r 7o $r K~ $? $9 $H $O 8B $i $: !" K~ $? $5 $J $$ >l 9g $K $O Aw ?. %G !< %? $r %Q %C %- %s %0 $9 $k =h M} $, I, MW $H $J $k !# $5 $i $K !" $3 $N $h $& $J %Q %C %- %s %0 $r 9T $& $? $a $K $O 0l ;~ :n 6H NN 0h $, I, MW $H $J $j !" $= $N $? $a $N %a %b %j 4I M} $K $D $$ $F $b 9M N8 $9 $k I, MW $, $" $k !# $= $3 $G TINP AR $G $O !" @l MQ DL ?. %i %$ %V %i %j $K $h $C $F Ds 6! $5 $l $k DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $K $h $C $F %a %C %; !< %8 $N %Y %/ %H %k 2= $r F0 E* $K 9T $& !# $9 $J $o $A !" TINP AR $N %* %V %8 %’ %/ %H %3 !< %I Cf $G $O 1 $D $N SEND / RECV J8 $, 1 %G !< %? $N %Q %C %- %s %0 / %" %s %Q %C %- %s %0 $K BP 1~ $7 !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $, $= $l $r E, @Z $J D9 $5 $N %a %C %; !< %8 $H $7 $F Aw <u ?. $9 $k !# $3 $l $K $h $j !" %3 %s %Q %$ %k ;~ $K $O %a %C %; !< %8 $N %Y %/ %H %k 2= $d $= $N $? $a $N %a %b %j 4I M} $K $D $$ $F G[ N8 $9 $k I, MW $, $J $$ $K $b 4X $o $i $: !" 8z N( $N $h $$ DL ?. =h M} $r <B 8= $9 $k $3 $H $, $G $- $k !# $5 $i $K !" @l MQ %O !< %I %& %’ %" $K $h $k D> @\ Aw ?. $, 2D G= $G $" $k >l 9g $r 8! =P $7 $F E, @Z $J %3 !< %I $r @8 @. $9 $k $3 $H $K $h $j !" AP J} $N D9 =j $r N> N) $5 $; $k $3 $H $b 2D G= $G $" $k !# $? $@ $7 $3 $N $h $& $J %P %C %U %! %j %s %0 $r 9T $& >l 9g $K $O !" $= $N %P %C %U %! $r E, @Z $K %U %i %C %7 %e $7 $J $1 $l $P !" Aw ?. %P %C %U %! $K L$ Aw ?. $N %G !< %? $, ;D $k $3 $H $K $h $C $F @- G= $, Dc 2< $9 $k $3 $H $, $" $k !# $= $3 $G @l MQ DL ?. %i %$ %V %i %j $G $O !" %3 %s %Q %$ %i $K $h $k :G E, 2= $N <j CJ $H $7 $F !" Aw ?. %P %C %U %! $N 6/ @) %U %i %C %7 %e 5! G= $r Ds 6! $9 $k (4.2.3 9‘ ;2 >H ) !# 5.2 8z N( $N $h $$ DL ?. =h M} $N <B 8= DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $K $h $k F0 E* %Y %/ %H %k 2= 5! G= $r %Y !< %9 $H $7 $? DL ?. =h M} $O !" 6q BN E* $K $O 0J 2< $N $h $& $K <B 8= $G $- $k !# 1. Aw ?. %G !< %? $N %Q %C %- %s %0 %W %m %; %C %5 $, %Q %C %- %s %0 $r 9T $& !# $? $@ $7 !" @l MQ %O !< %I %& %’ %" $K $h $k D> @\ Aw ?. $r 9T $& >l 9g $K $O IT MQ $G $" $k !# 2. %a %C %; !< %8 $N Aw ?. %Q %C %- %s %0 $5 $l $? %G !< %? $r Aw ?. $9 $k >l 9g $K $O !" %Q %C %- %s %0 $K ;H MQ $7 $? %a %b %j NN 0h $O Aw ?. 8e $K GK 4~ $5 $l $F $b $h $$ $? $a !" %N %s %V %m %C %- %s %0 Aw ?. $, Mx MQ 2D G= $G $" $k !# 0l J} @l MQ %O !< %I %& %’ %" $K $h $k D> @\ Aw ?. $N >l 9g $K $O !" Aw ?. 40 N; %U %i %0 $r MQ $$ $? %N %s %V %m %C %- %s %0 Aw ?. $, Mx MQ 2D G= $G $" $k !# 3. %a %C %; !< %8 $N <u ?. %a %C %; !< %8 E~ Ce $N 3d $j 9~ $_ =h M} $K $h $C $F !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ 4I M} 2< $N %a %b %j NN 0h $K D> @\ <u ?. $9 $k !# 4. <u ?. %G !< %? $N %" %s %Q %C %- %s %0 DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ 4I M} 2< $N <u ?. NN 0h $+ $i %W %m %; %C %5 $, D> @\ %" %s %Q %C %- %s %0 $7 $F ;2 >H $9 $k !# $? $@ $7 %* %V %8 %’ %/ %H %3 !< %I 4I M} 2< $N %a %b %j NN 0h $K %3 %T !< $9 $k >l 9g $K $O !" @l MQ %O !< %I %& %’ %" $K $h $C $F %V %m %C %/ E> Aw $r 9T $C $? J} $, 9b B. $G $" $k !# $h $C $F M} A[ E* $J >l 9g !" $9 $J $o $A @l MQ %O !< %I %& %’ %" $K $h $k D> @\ Aw ?. / %W %m %; %C %5 $K $h $k %" %s %Q %C %- %s %0 $N >l 9g $K $O !" 1) %N %s %V %m %C %- %s %0 Aw ?. $N 5/ F0 !" 2) %a %C %; !< %8 E~ Ce 3d $j 9~ $_ $N =h M} !" 3) <u ?. NN 0h $N 3N J] !" 4) <u ?. =h M} $N 5/ F0 !" 5) ;2 >H ;~ $N %l %8 %9 %? $X $N %m !< %I !" $K $h $C $F %j %b !< %H %G !< %? $r ;2 >H $G $- $k !# $3 $N $h $& $J >l 9g $K $O !" %a %C %; !< %8 D9 $K Hf Nc $9 $k =h M} $O !" 5) $r =| $/ $H $9 $Y $F @l MQ %O !< %I %& %’ %" $G 9T $( $k $? $a !" DL ?. 0J 30 $N 1i ;; $H %* !< %P !< %i %C %W $G $- $k 3d 9g $, 9b $/ 8z N( $, $h $$ !# $^ $? %W %m %; %C %5 $K $h $k %Q %C %- %s %0 / %" %s %Q %C %- %s %0 $r 9T $& >l 9g $K $O !" $= $l $i $N %3 !< %I $r %$ %s %i %$ %s E8 3+ $9 $k $3 $H $K $h $C $F 9b B. 2= $9 $k $3 $H $, =E MW $H $J $k !# 5.3 AP1000 $K BP $9 $k <B Au 0J >e $G =R $Y $? @l MQ DL ?. %i %$ %V %i %j $O !" 9b JB Ns 7W ;; 5! AP1000[21] $K BP $7 $F 4{ $K <B Au $5 $l $F $$ $k !# K\ @a $G $O !" $3 $N <B Au $N 35 MW $K $D $$ $F =R $Y $k !# 11

?^ 19: Aw <u ?. %P %C %U %! $N 9= @. I8 =‘ DL ?. %i %$ %V %i %j AP1000 $N I8 =‘ DL ?. %i %$ %V %i %j $G $O !" 9b B. %M %C %H %o !< %/ $r MQ $$ $? Hs F1 4| 1 BP 1 DL ?. 5! G= $, Ds 6! $5 $l $F $$ $k !# $3 $l $K $h $C $F O" B3 NN 0h >e $N %G !< %? $K BP $9 $k %V %m %C %- %s %0 Aw <u ?. $r 9T $( $k $? $a !" %Q %C %- %s %0 / %" %s %Q %C %- %s %0 $* $h $S Aw <u ?. %P %C %U %! 4I M} $N 5! G= $r IU 2C $9 $k $3 $H $K $h $C $F !" @l MQ DL ?. %i %$ %V %i %j $r <B Au $9 $k $3 $H $, $G $- $k !# 0l J} J| Aw DL ?. 5! G= $H $7 $F $O !" 1) 9b B. %M %C %H %o !< %/ $K $h $k F1 4| J| Aw !" 2) Dc B. %M %C %H %o !< %/ $K $h $k Hs F1 4| J| Aw !" $N 2 $D $, Ds 6! $5 $l $F $$ $k !" $7 $+ $7 @l MQ DL ?. %i %$ %V %i %j $G Mx MQ $9 $k $b $N $H $7 $F $O !" 9b B. $+ $D Hs F1 4| $N $b $N $, K> $^ $7 $$ !# $3 $N $? $a 8= :_ $N $H $3 $m !" @l MQ DL ?. %i %$ %V %i %j $N J| Aw DL ?. 5! G= $O 9b B. %M %C %H %o !< %/ $r MQ $$ $? 1 BP 1 DL ?. $K $h $C $F %( %_ %e %l !< %H $7 $F $$ $k !# $J $* I8 =‘ DL ?. %i %$ %V %i %j $G $O Ds 6! $5 $l $F $$ $J $$ $, !" 1) @l MQ %O !< %I %& %’ %" $K $h $k 0l Dj 4V 3V %G !< %? $N %N %s %V %m %C %- %s %0 Aw ?. !" 2) %a %C %; !< %8 E~ Ce $N 3d $j 9~ $_ =h M} $K $h $k %f !< %6 NN 0h $X $N D> @\ <u ?. !" $, %O !< %I %& %’ %" E* $K 2D G= $G $" $k [22, 23, 24] !# Aw <u ?. %P %C %U %! $N 4I M} 8= :_ @l MQ DL ?. %i %$ %V %i %j $G $O !" 1 BP 1 DL ?. $* $h $S J| Aw DL ?. $N $? $a $N 2 <o N‘ $N Aw ?. 5! G= $, Ds 6! $5 $l $F $$ $k !# $3 $N $? $a $K 3F %W %m %; %C %5 $O !" %W %m %; %C %5 ?t J, $N Aw <u ?. %P %C %U %! $* $h $S 1 K\ $N J| Aw MQ %P %C %U %! $r ;} $D ( ?^ 19 ;2 >H ) !# $3 $3 $G <u ?. %a %C %; !< %8 $O !" 1 BP 1 DL ?. $* $h $S J| Aw DL ?. $N $I $A $i $K $h $C $F Aw ?. $5 $l $? $+ $K 4X $o $i $: !" F1 0l $N <u ?. %P %C %U %! $K 3J G< $5 $l $k !# $5 $i $K !" F0 E* %Y %/ %H %k 2= 5! G= $K $h $C $F 1 $D $N %a %C %; !< %8 $O J# ?t $N %G !< %? $+ $i 9= @. $5 $l $F $$ $k $? $a !" 1 BP 1 DL ?. $H J| Aw DL ?. $r J; MQ $9 $k >l 9g $K $O %G !< %? $N <u ?. =g =x $r J] >Z $9 $k 9) IW $, I, MW $G $" $k !# $= $3 $G @l MQ DL ?. %i %$ %V %i %j $N Aw ?. 4X ?t $G $O !" Aw ?. %P %C %U %! $* $h $S J| Aw MQ %P %C %U %! $N $I $A $i $+ $, I, $: 6u $H $J $k $h $& $K 4I M} $9 $k $3 $H $K $h $C $F !" %G !< %? $N DI $$ 1[ $7 $r KI $$ $G $$ $k ( ?^ 20 ;2 >H ) !# $^ $? @l MQ DL ?. %i %$ %V %i %j $N <u ?. 4X ?t $G $O !" 3: Ev $9 $k %a %C %; !< %8 $, L$ E~ Ce $N >l 9g $K $O $9 $Y $F $N Aw ?. %P %C %U %! $* $h $S J| Aw MQ %P %C %U %! $r 6/ @) E* $K %U %i %C %7 %e $7 $F $+ $i BT $A >u BV Aw ?. () f if ( Aw ?. %P %C %U %! $, 6u ) J| Aw MQ %P %C %U %! $r %U %i %C %7 %e ; Aw ?. %P %C %U %! $K %G !< %? $r %Q %C %- %s %0 ; if ( Aw ?. %P %C %U %! $, K~ GU ) Aw ?. %P %C %U %! $r %U %i %C %7 %e ; g J| Aw () f if ( J| Aw MQ %P %C %U %! $, 6u ) Aw ?. %P %C %U %! $r %U %i %C %7 %e ; J| Aw MQ %P %C %U %! $K %G !< %? $r %Q %C %- %s %0 ; if ( J| Aw MQ %P %C %U %! $, K~ GU ) J| Aw MQ %P %C %U %! $r %U %i %C %7 %e ; g <u ?. () f if ( <u ?. %P %C %U %! $, 6u ) f if ( 3: Ev $9 $k %a %C %; !< %8 $, L$ E~ Ce ) Aw ?. %P %C %U %! $* $h $S J| Aw MQ %P %C %U %! $r %U %i %C %7 %e ; %a %C %; !< %8 $r <u ?. %P %C %U %! $K <u ?. ; g <u ?. %P %C %U %! $+ $i %G !< %? $r %" %s %Q %C %- %s %0 ; g ?^ 20: @l MQ DL ?. %i %$ %V %i %j $N Aw <u ?. 4X ?t $N 35 MW $K F~ $k $3 $H $K $h $j !" $3 $l $i $N %P %C %U %! %j %s %0 $, 86 0x $G %G %C %I %m %C %/ $K 4Y $k $3 $H $r KI $$ $G $$ $k ( ?^ 20 ;2 >H ) !# %Q %C %- %s %0 $H %G !< %? 7? 8= :_ 3H D% Tin y language $G $O !" @0 ?t 7? $H Ib F0 >. ?t E@ 7? $N 2 <o N‘ $N %G !< %? $r 07 $( $k !# $3 $N $? $a @l MQ DL ?. %i %$ %V %i %j $G $O !" %G !< %? D9 $N 0[ $J $k 2 <o N‘ $N %G !< %? $r Aw <u ?. $G $- $J $1 $l $P $J $i $J $$ !# Aw <u ?. %P %C %U %! $N Mx MQ 8z N( $d %a %C %; !< %8 $N Mx MQ L) EY $N LL $+ $i $O $3 $l $i $r 7d 4V $J $/ JB $Y $k $3 $H $, K> $^ $7 $$ $, !" $3 $N $h $& $J =h M} $O @- G= Dc 2< $N 86 0x $H $J $k !# $= $3 $G @l MQ DL ?. %i %$ %V %i %j $N Fb It $G $O !" 6& MQ BN $r MQ $$ $k $3 $H $K $h $C $F $3 $l $i $N %G !< %? $r 8G Dj D9 $H $7 $F 07 $& !# $3 $& $9 $k $3 $H $K $h $C $F %Q %C %- %s %0 / %" %s %Q %C %- %s %0 =h M} $r 9b B. 2= $9 $k $3 $H $, 2D G= $H $J $k !# $? $@ $7 @0 ?t 7? $N %G !< %? $r Aw <u ?. $9 $k >l 9g $K $O 8z N( $, Dc 2< $9 $k $, !" ?t CM =h M} %W %m %0 %i %‘ $G 07 $& %G !< %? $O Ib F0 >. ?t E@ 7? $N $b $N $, ;Y G[ E* $G $" $k $? $a !" $3 $l $O Ld Bj $K $J $i $J $$ !# 6 @- G= I> 2A 0J >e $G =R $Y $? JB Ns 2= <j K! $* $h $S :G E, 2= <j K! $O !" 4{ $K TINP AR $K <B Au $5 $l $F $$ $k !# $= $3 $G K\ >O $G $O !" 4J C1 $J ?t CM =h M} %W %m %0 %i %‘ $N JB Ns 2= $K BP $9 $k M- 8z @- !" 8D !9 $N :G E, 2= <j K! $N 8z 2L !" $* $h $S %* %V %8 %’ %/ %H %3 !< %I $N <B 9T ;~ 4V $K BP $9 $k DL ?. =h M} $N 1F 6A $K $D $$ $F =R $Y $k !# $J $* I> 2A $K $O AP1000 $r MQ $$ $? !# I> 2A $N >r 7o $r ?^ 21 $K <( $9 !# 6.1 4J C1 $J ?t CM =h M} %W %m %0 %i %‘ $K $h $k I> 2A $^ $: :G =i $K TINP AR $K $h $k JB Ns 2= $N M- 8z @- $r <( $9 $? $a $K !" 9T Ns @Q !" %, %& %9 >C 5n K! !" JP Hy J, J} Dx <0 $N H? I| 2r K! !" $* $h $S FFT $N %W %m %0 %i %‘ $r JB Ns 2= $7 $F Bf ?t 8z 2L $r B, Dj $7 $? !# 12

� I> 2A $K $O <+ F0 E* $K JB Ns 2= $5 $l $? %* %V %8 %’ %/ %H %3 !< %I $r MQ $$ $? !# � %* %V %8 %’ %/ %H %3 !< %I $N %3 %s %Q %$ %k $K $O AP1000 $G I8 =‘ $N cc. [ hc ] c 7 %9 %/ %j %W %H $r MQ $$ !" C %3 %s %Q %$ %i $K $O SP AR Compiler C 2.0.1 !" :G E, 2= %* %W %7 %g %s $K $O -fast -cg87 -O4 !" %; %k %i %$ %V %i %j $K $O lib.fast $r ;X Dj $7 $? !# � @l MQ DL ?. %i %$ %V %i %j $N <B Au $K $O AP1000 $N I8 =‘ DL ?. %i %$ %V %i %j $r MQ $$ !" <B 9T ;~ %* %W %7 %g %s $K $O -R 0 -FPE 2 f -LSEND -RB 512 $r ;X Dj $7 $? !# $? $@ $7 9T Ns @Q 1 $K $D $$ $F $O %j %s %0 %P %C %U %! $, %* !< %P !< %U %m !< $7 $? $? $a !" -R 0 -FPE 2 f -NOLSEND $r ;X Dj $7 $? !# � 2C B. N( $O ( C‘ <! HG $N <B 9T ;~ 4V ) = ( JB Ns HG $N <B 9T ;~ 4V ) $H $7 $F 5a $a $? !# ?^ 21: @- G= I> 2A $N >r 7o const n = 512 const n_cell = 64 processors n_cell real a(0:n - 1:*, 0:n - 1) real b(0:n - 1:*, 0:n - 1) real c(0:n - 1:*, 0:n - 1) real local_b(0:n - 1, 0:n - 1) /* a() !" b() !" c() $O 1 <! 85 $a $G %V %m %C %/ J, 3d */ /* %j %b !< %H %G !< %? $N %m !< %+ %k %3 %T !< $r :n @. $9 $k !# */ for i = 0, n - 1 do for j = 0, n - 1 do local_b(i, j) = b(i, j) endfor endfor /* %m !< %+ %k $K 7W ;; $9 $k !# */ for i = 0, n - 1 do for j = 0, n - 1 do c(i, j) = 0.0 for k = 0, n - 1 do c(i, j) = c(i, j) + a(i, k) * local_b(k, j) endfor endfor endfor ?^ 22: 9T Ns @Q 1 $N %W %m %0 %i %‘ 6.1.1 9T Ns @Q I> 2A $K $O !" C1 =c $J %" %k %4 %j %: %‘ $* $h $S JB Ns 2= $K E, $7 $? %" %k %4 %j %: %‘ $K $h $k 2 $D $N %W %m %0 %i %‘ $r MQ $$ $? !# %W %m %0 %i %‘ $N 35 MW $r 0J 2< $K =R $Y $k !# 9T Ns @Q 1 ijk 7? $N Fb @Q K! $K $h $C $F 9T Ns @Q $r 5a $a $k %W %m %0 %i %‘ $G $" $k ( ?^ 22 ;2 >H ) !# $3 $3 $G G[ Ns a() !" b() !" c() $O 1 <! 85 $a $G %V %m %C %/ J, 3d $5 $l $F $$ $k !# 0l J} G[ Ns local_b() $O G[ Ns b() $N %m !< %+ %k %3 %T !< $r 0l ;~ E* $K 3J G< $9 $k $? $a $N G[ Ns $G $" $j !" A4 %W %m %; %C %5 $, $= $N %3 %T !< $r ;} $D !# $3 $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g !" 3F %W %m %; %C %5 $O $^ $: G[ Ns b() $N %m !< %+ %k %3 %T !< $r :n @. $7 !" $3 $l $r MQ $$ $F 7W ;; $r ?J $a $k !# $3 $& $9 $k $3 $H $K $h $j !" F1 0l $N %j %b !< %H %G !< %? $r J# ?t 2s ;2 >H $9 $k $3 $H $K $h $C $F @8 $8 $k >i D9 $J DL ?. $r :o =| $9 $k $3 $H $, $G $- $k !# $J $* $3 $N $h $& $J :G E, 2= $O !" >- Mh E* $K $O A0 =h M} It $K $h $C const n_cell = 64 const block_size = 8 processors n_cell real a(0:n_cell - 1:1, 0:block_size - 1, \ 0:n_cell - 1, 0:block_size - 1) real b(0:n_cell - 1 + 1:1, 0:block_size - 1, \ 0:n_cell - 1, 0:block_size - 1) real c(0:n_cell - 1:1, 0:block_size - 1, \ 0:n_cell - 1, 0:block_size - 1) /* G[ Ns $O $9 $Y $F 1 <! 85 $a $G %5 %$ %/ %j %C %/ J, 3d */ for i1 = 0, n_cell - 1 do for i2 = 0, block_size - 1 do for j1 = 0, n_cell - 1 do for j2 = 0, block_size - 1 do c(i1, i2, j1, j2) = 0.0 endfor endfor endfor endfor for phase = 0, n_cell - 1 do /* %m !< %+ %k $K $b $D a() !" b() $N MW AG $r ;H $C $F BP 1~ $9 $k c() $N MW AG $r 7W ;; $9 $k !# */ for i1 = 0, n_cell - 1 - phase do for i2 = 0, block_size - 1 do for j2 = 0, block_size - 1 do for k1 = 0, n_cell - 1 do for k2 = 0, block_size - 1 do c(i1, i2, i1 + phase, j2) \ = c(i1, i2, i1 + phase, j2) \ + a(i1, i2, k1, k2) * b(i1, j2, k1, k2) endfor endfor endfor endfor endfor for i1 = n_cell - phase, n_cell - 1 do for i2 = 0, block_size - 1 do for j2 = 0, block_size - 1 do for k1 = 0, n_cell - 1 do for k2 = 0, block_size - 1 do c(i1, i2, i1 + phase - n_cell, j2) \ = c(i1, i2, i1 + phase - n_cell, j2) \ + a(i1, i2, k1, k2) * b(i1, j2, k1, k2) endfor endfor endfor endfor endfor for i2 = 0, block_size - 1 do for j1 = 0, n_cell - 1 do for j2 = 0, block_size - 1 do b(n_cell - 1 + 1, i2, j1, j2) = b(0, i2, j1, j2) endfor endfor endfor /* %m !< %+ %k $K $b $D b() $N MW AG $r NY @\ %W %m %; %C %5 4V $G 8r 49 $9 $k !# */ for i1 = 0, n_cell - 1 do for i2 = 0, block_size - 1 do for j1 = 0, n_cell - 1 do for j2 = 0, block_size - 1 do b(i1, i2, j1, j2) = b(i1 + 1, i2, j1, j2) endfor endfor endfor endfor endfor ?^ 23: 9T Ns @Q 2 $N %W %m %0 %i %‘ $F <+ F0 2= $9 $k M= Dj $G $" $k !# 9T Ns @Q 2 => Mh $h $j JB Ns 8~ $- $G $" $k $H $5 $l $F $$ $k %" %k %4 %j %: %‘ $K $h $C $F 9T Ns @Q $r 5a $a $k %W %m %0 %i %‘ $G $" $k ( ?^ 23 ;2 >H ) !# $3 $3 $G G[ Ns a() !" b() !" c() $O 1 <! 85 $a $G %5 %$ %/ %j %C %/ J, 3d $5 $l $F $$ $k !# $? $@ $7 $3 $l $i $N G[ Ns $O !" 3F MW AG $N %" %I %l %C %7 %s %0 $r 4J 7i $K $9 $k $? $a $K !" 4 <! 85 G[ Ns $H $7 $F @k 8@ $5 $l $F $$ $k !# $^ $? G[ Ns b() $O !" 1 <! 85 $a $H 3 <! 85 $a !" $* $h $S 2 <! 85 $a $H 4 <! 85 $a $, E> CV $5 $l $? >u BV $G 3J G< $5 $l $k !# $3 $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g !" 3F %W %m %; %C %5 $O %m !< %+ %k $K ;} $D G[ Ns a() !" b() $N MW AG $r ;H $C $F BP 1~ $9 $k G[ Ns c() $N MW AG $N 7W ;; $r 9T $C $? 8e !" NY @\ %W %m %; %C %5 4V $G G[ Ns b() $N Fb MF $r 8r 49 $9 $k ( ?^ 24 ;2 13

?^ 24: 9T Ns @Q 2 $N 7W ;; J} K! >H !# $3 $l $r 7+ $j JV $9 $3 $H $K $h $C $F !" %a %b %j $* $h $S %M %C %H %o !< %/ $r 8z N( $h $/ ;H $$ $J $, $i 7W ;; $r ?J $a $k $3 $H $, $G $- $k !# $3 $l $i $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g $N Bf ?t 8z 2L $r ?^ 25 !" 26 $K <( $9 3 !# %W %m %; %C %5 ?t $r A} $d $9 $H JB Ns 2= 8z N( 4 $, Dc 2< $9 $k $, !" $I $A $i $b NI 9% $J 7k 2L $, F@ $i $l $F $$ $k $H $$ $( $k !# $3 $3 $G %W %m %; %C %5 ?t $r A} $d $7 $? $H $- $N 8z N( $N Dc 2< $O !" Am DL ?. NL $N A} 2C $, 86 0x $G $" $k !# $9 $J $o $A Ld Bj $N %5 %$ %: $r n !" %W %m %; %C %5 ?t $r p $H $9 $k $H !" Am 1i ;; NL $O O ( n 3 ) $G 0l Dj $G $" $k $N $K BP $7 $F Am DL ?. NL $O O ( n 2 p ) $G $" $k $? $a $K !" %W %m %; %C %5 ?t $, A} $( $k $K $7 $? $, $C $F 1i ;; NL $K BP $9 $k DL ?. NL $N Hf N( $, A} 2C $7 !" 8z N( $, Dc 2< $7 $F $$ $k !# $= $N $& $( 9T Ns @Q 1 $G $O !" %W %m %0 %i %‘ $N A0 H> $G A4 %W %m %; %C %5 $, 0l @F $K G[ Ns b() $N Fb MF $r J| Aw $9 $k !# $3 $N $? $a Ld Bj $N %5 %$ %: $, Bg $- $/ $J $k $H !" 3F %W %m %; %C %5 $O 0l ;~ 4| $K Bg NL $N %a %C %; !< %8 $r <u ?. $9 $k $3 $H $K $J $k !# $3 $N 7k 2L Ld Bj $N %5 %$ %: $r $" $k Dx EY Bg $- $/ $9 $k $H !" 1i ;; BP >] $N G[ Ns <+ BN $O 3J G< $G $- $k $K $b 4X $o $i $: !" OS $N %a %C %; !< %8 <u ?. %P %C %U %! $, %* !< %P !< %U %m !< $7 $F $7 $^ $$ !" <B 9T $, IT 2D G= $H $J $C $? !# $3 $l $K BP $7 $F 9T Ns @Q 2 $G $O !" 1i ;; $H 8r 8_ $+ $D J# ?t 2s $K $o $? $C $F DL ?. $r 9T $& $? $a $K !" 1 2s Ev $? $j $N DL ?. NL $, >/ $J $/ $F $9 $_ !" Ld Bj $N %5 %$ %: $r $" $k Dx EY Bg $- $/ $7 $F $b <B 9T $, 2D G= $G $" $C $? !# $7 $+ $7 $3 $N H? LL !" %W %m %; %C %5 ?t $r A} $d $9 $H !" 3F %W %m %; %C %5 $, %m !< %+ %k $K $b $D %G !< %? NL $, 8: >/ $7 !" DL ?. $, 9T $o $l $k 4V 3V $, C; $/ $J $k !# 64 %W %m %; %C %5 $N $H $- $N 5^ 7c $J 8z N( $N Dc 2< $O !" $3 $l $K $h $k %a %C %; !< %8 <u ?. BT $A $N %l %$ %F %s %7 $N A} 2C $, 86 0x $H 9M $( $i $l $k !# 3 9T Ns @Q 2 $G $O !" 8 %W %m %; %C %5 0J >e $N >l 9g $K LSEND %b !< %I $K $h $k 9b B. $J DL ?. $r MQ $$ $k $3 $H $, $G $- $? $? $a !" $= $N 7k 2L $N $_ $r <( $7 $F $$ $k !# $J $* 9T Ns @Q 1 $G $O !" %j %s %0 %P %C %U %! $, %* !< %P !< %U %m !< $9 $k $? $a !" LSEND %b !< %I $K $h $k DL ?. $r A4 $/ MQ $$ $k $3 $H $, $G $- $J $+ $C $? !# 4 JB Ns 2= 8z N( = 2C B. N( = %W %m %; %C %5 ?t $G $" $k !# ?^ 25: 9T Ns @Q 1 $N Bf ?t 8z 2L ?^ 26: 9T Ns @Q 2 $N Bf ?t 8z 2L $J $* 9T Ns @Q 2 $G $O !" 16 %W %m %; %C %5 $N $H $- $K %9 !< %Q !< %j %K %" $N @- G= 5 $, =P $F $$ $k $, !" $3 $l $O %7 %9 %F %‘ A4 BN $N Am %- %c %C %7 %e MF NL $N A} 2C $K $h $k 8z 2L $G $" $k !# 6.1.2 %, %& %9 >C 5n K! I> 2A $K $O !" LINP A CK %Q %C %1 !< %8 [18] $N dgefa %5 %V %k !< %A %s $H Ey 2A $J %W %m %0 %i %‘ $r MQ $$ $? !# %W %m %0 %i %‘ $N 35 MW $r 0J 2< $K =R $Y $k !# %, %& %9 >C 5n K! It J, E* %T %\ %C %F %# %s %0 IU $- %, %& %9 >C 5n K! $N %W %m %0 %i %‘ $G $" $k ( ?^ 27 ;2 >H ) !# $3 $3 $G G[ Ns $O $9 $Y $F 1 <! 85 $a $G %5 %$ %/ %j %C %/ J, 3d $5 $l $F $$ $k !# $? $@ $7 G[ Ns a() $O E> CV $5 $l $? >u BV $G 3J G< $5 $l $k $? $a !" <B :] $K $O Ns J} 8~ $N J, 3d $H $J $k !# 5 2C B. N( $, %W %m %; %C %5 ?t $r 1[ $( $k $3 $H !# 14 const n = 1024 const n_cell = 64 processors n_cell real a(0:n - 1:1, 0:n - 1) real local_dmax(0:n_cell - 1:1) real local_a(0:n_cell - 1:1, 0:n - 1) integer ipvt(0:n - 1:1) integer local_idamax(0:n_cell - 1:1) real abs_a_k_i, dmax, pivot, t integer info, l /* G[ Ns $O $9 $Y $F 1 <! 85 $a $G %5 %$ %/ %j %C %/ J, 3d */ info = 0 for k = 0, n - 2 do /* J, 2r Ns $r C4 Ev $9 $k %W %m %; %C %5 $, %T %\ %C %H A* Br $r 9T $& !# */ local_idamax(OWNER(a(k, k))) = k local_dmax(OWNER(a(k, k))) = abs(a(k, k)) for i = k + 1, n - 1 do abs_a_k_i = abs(a(k, i)) dmax = local_dmax(OWNER(a(k, k))) if (abs_a_k_i > dmax) then local_idamax(OWNER(a(k, k))) = i local_dmax(OWNER(a(k, k))) = abs(a(k, i)) endif endfor l = local_idamax(OWNER(a(k, k))) ipvt(k) = l pivot = a(k, l) if (pivot != 0) then if (l != k) then t = a(k, l) a(k, l) = a(k, k) a(k, k) = t endif t = -1.0 / a(k, k) for i = k + 1, n - 1 do a(k, i) = t * a(k, i) endfor /* J, 2r Ns $N CM $r A4 %W %m %; %C %5 $K EO $9 !# $? $@ $7 <! $N J, 2r Ns $r C4 Ev $9 $k %W %m %; %C %5 $r M% @h $9 $k !# */ for cid = OWNER(a(k + 1, i)), n_cell - 1 do for i = k + 1, n - 1 do local_a(cid, i) = a(k, i) endfor endfor for cid = 0, OWNER(a(k + 1, i)) - 1 do for i = k + 1, n - 1 do local_a(cid, i) = a(k, i) endfor endfor for j = k + 1, n - 1 do t = a(j, l) if (l != k) then a(j, l) = a(j, k) a(j, k) = t endif for i = k + 1, n - 1 do a(j, i) \ = a(j, i) + t * local_a(OWNER(a(j, i)), i) endfor endfor else info = k + 1 endif endfor ?^ 27: %, %& %9 >C 5n K! $N %W %m %0 %i %‘ $3 $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g !" JQ ?t abs_a_k_i !" dmax $* $h $S t $K BP $9 $k Be F~ J8 $+ $i @8 @. $5 $l $k DL ?. %3 !< %I $O !" IT MQ $J SEND / RECV J8 $H $7 $F :o =| $5 $l $k !# $3 $N $? $a !" JQ ?t t $K BP $9 $k %9 %+ %i %( %/ %9 %Q %s %8 %g %s 6 $, IT MQ $H $J $k $@ $1 $G $J $/ !" G[ Ns local_idamax() $* $h $S local_dmax() $r F3 F~ $9 $k $3 $H $K $h $j !" J, 2r Ns $r C4 Ev $9 $k %W %m %; %C %5 $, %m !< %+ %k $K %T %\ %C %H A* Br $r 9T $& $3 $H $b 2D G= $H $J $C $F $$ $k !# $J $* $3 $N E@ $r 9M N8 $7 $? G[ Ns local_idamax() $* $h $S local_dmax() $N F3 F~ $O !" >- Mh E* $K $O A0 =h M} It $K $h $C $F <+ F0 2= $9 $k M= Dj $G $" $k !# 0l J} G[ Ns local_a() $O !" 3F %W %m %; %C %5 $G J, 2r Ns $N %m !< %+ %k %3 %T !< $r 0l ;~ E* $K 3J G< $9 $k $? $a $N G[ Ns $G $" $k !# $5 $i $K $3 $N G[ Ns $K BP $9 $k Be F~ $O L@ <( E* $K %9 6 %9 %+ %i JQ ?t $K BP $9 $k 5U 0M B8 4X 78 $r =| 5n $9 $k $? $a $K !" Ev 3: JQ ?t $r G[ Ns 2= $9 $k $3 $H [16] !# ?^ 28: %, %& %9 >C 5n K! $N Bf ?t 8z 2L %1 %8 %e !< %j %s %0 $5 $l $F $* $j !" <! $N J, 2r Ns $r C4 Ev $9 $k %W %m %; %C %5 $N %l %$ %F %s %7 $, >. $5 $/ $J $k $h $& $K G[ N8 $5 $l $F $$ $k !# $? $@ $7 $3 $N Ld Bj $O !" @l MQ DL ?. %i %$ %V %i %j $N J| Aw DL ?. 5! G= $, $" $^ $j 9b B. $G $O $J $$ $3 $H $K 5/ 0x $7 $F $* $j !" $3 $N E@ $, 2~ A1 $5 $l $l $P <+ A3 $K 2r >C $5 $l $k (5 >O ;2 >H ) !# $3 $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g $N Bf ?t 8z 2L $r ?^ 28 $K <( $9 !# %W %m %; %C %5 ?t $r A} $d $9 $H JB Ns 2= 8z N( $, Dc 2< $9 $k $, !" $^ $: $^ $: $N 7k 2L $, F@ $i $l $F $$ $k $H $$ $( $k !# $3 $3 $G %W %m %; %C %5 ?t $r A} $d $7 $? $H $- $N 8z N( $N Dc 2< $O !" Am DL ?. NL $N A} 2C $, 86 0x $G $" $k !# $9 $J $o $A !" Am 1i ;; NL $O O ( n 3 ) $G 0l Dj $G $" $k $N $K BP $7 $F Am DL ?. NL $O O ( n 2 p ) $G $" $k $? $a $K !" %W %m %; %C %5 ?t $, A} $( $k $K $7 $? $, $C $F 1i ;; NL $K BP $9 $k DL ?. NL $N Hf N( $, A} 2C $7 !" 8z N( $, Dc 2< $7 $F $$ $k !# 0l J} %W %m %; %C %5 ?t $, >/ $J $$ >l 9g $G $b 8z N( $, $h $$ $H $O $$ $( $J $$ $, !" $3 $l $O %T %\ %C %H A* Br $N =h M} $, JB Ns 2= $5 $l $: !" J, 2r Ns $r =j M- $7 $F $$ $k %W %m %; %C %5 $K $h $C $F C‘ <! E* $K <B 9T $5 $l $F $$ $k $3 $H $, 86 0x $G $" $k !# 6.1.3 JP Hy J, J} Dx <0 $N H? I| 2r K! I> 2A $K $O !" %d %3 %S K! $* $h $S SOR K! $N %W %m %0 %i %‘ $r MQ $$ $? !# %W %m %0 %i %‘ $N 35 MW $r 0J 2< $K =R $Y $k !# %d %3 %S K! %d %3 %S K! $K $h $k BJ 1_ 7? JP Hy J, J} Dx <0 $N 5a 2r %W %m %0 %i %‘ $G $" $k ( ?^ 29 ;2 >H ) !# $3 $3 $G G[ Ns a() !" b() $O 1 <! 85 $a $G %V %m %C %/ J, 3d $5 $l $F $$ $k !# $3 $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g !" G[ Ns a() $N MW AG $N $& $A $G J, 3d $N 6- 3& $K @\ $9 $k $b $N $N 7W ;; $K $O DL ?. $, H/ @8 $9 $k $, !" $= $l $i $N 7W ;; <+ BN $O 40 A4 $K JB Ns 2= $5 $l $k !# SOR K! 1 SOR(Successiv e Ov er-Relaxation) K! $K $h $k BJ 1_ 7? JP Hy J, J} Dx <0 $N 5a 2r %W %m %0 %i %‘ $G $" $k ( ?^ 30 ;2 >H ) !# $3 $3 $G G[ Ns a() $O 2 <! 85 $a $G %V %m %C %/ J, 3d $5 $l $F $$ $k !# 15 const n = 512 const n_cell = 64 const n_time = 10 processors n_cell real a(0:n - 1:*, 0:n - 1) real b(0:n - 1:*, 0:n - 1) /* a() !" b() $O $H $b $K 1 <! 85 $a $G %V %m %C %/ J, 3d */ for time = 0, n_time - 1 do for i = 1, n - 2 do for j = 1, n - 2 do a(i, j) = (b(i - 1, j) + b(i, j - 1) \ + b(i, j + 1) + b(i + 1, j)) / 4 endfor endfor for i = 1, n - 2 do for j = 1, n - 2 do b(i, j) = a(i, j) endfor endfor endfor ?^ 29: %d %3 %S K! $N %W %m %0 %i %‘ const n = 512 const n_cell = 64 const n_time = 10 processors n_cell real omega real a(0:n - 1, 0:n - 1:*) /* a() $O 2 <! 85 $a $G %V %m %C %/ J, 3d */ for time = 0, n_time - 1 do for i = 1, n - 2 do for j = 1, n - 2 do a(i, j) \ = (a(i - 1, j) + a(i, j - 1) \ + a(i, j + 1) + a(i + 1, j)) * (omega / 4) \ + a(i, j) * (1 - omega) endfor endfor endfor ?^ 30: SOR K! 1 $N %W %m %0 %i %‘ ?^ 31: SOR K! 1 $N 7W ;; J} K! const n = 512 const n_cell = 64 const n_time = 10 const tile_width = 16 processors n_cell real omega real a(0:n - 1:*, 0:n - 1) /* a() $O 1 <! 85 $a $G %V %m %C %/ J, 3d */ for time = 0, n_time - 1 do for outer_i = 0, n - 2, tile_width do for i = 1, n - 2 do /* 2 <! 85 $a $K $O I} tile_width $N %? %$ %j %s %0 $r ;\ $9 !# */ for j = MAX(1, outer_i), \ MIN(n - 2, outer_i + tile_width - 1) do a(i, j) \ = (a(i - 1, j) + a(i, j - 1) \ + a(i, j + 1) + a(i + 1, j)) * (omega / 4) \ + a(i, j) * (1 - omega) endfor endfor endfor endfor ?^ 32: SOR K! 2 $N %W %m %0 %i %‘ ?^ 33: SOR K! 2 $N 7W ;; J} K! SOR K! $G $O !" %d %3 %S K! $H 0[ $J $j !" G[ Ns $N 3F MW AG $r 7W ;; $9 $k 2 =E %k !< %W $N N> J} $K %k !< %W 1? HB $N %G !< %? 0M B8 4X 78 $, @8 $8 $k !# $= $N $? $a $3 $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g !" $3 $l $i $N %k !< %W $O %Q %$ %W %i %$ %s E* $K <B 9T $5 $l $k $3 $H $K $J $k ( ?^ 31 ;2 >H ) !# SOR K! 2 SOR K! 1 $K BP $7 $F %? %$ %j %s %0 5; K! [15] $r MQ $$ $? %W %m %0 %i %‘ $G $" $k ( ?^ 32 ;2 >H ) !# $? $@ $7 G[ Ns a() $O 1 <! 85 $a $G %V %m %C %/ J, 3d $5 $l $F $$ $k !# 16

?^ 34: %d %3 %S K! $N Bf ?t 8z 2L %? %$ %j %s %0 5; K! $H $O !" @h $K =R $Y $? $h $& $J %k !< %W 1? HB $N %G !< %? 0M B8 4X 78 $N 7k 2L $H $7 $F IQ H/ $9 $k DL ?. $N 1 2s Ev $? $j $N 1i ;; NL $r Bg $- $/ $9 $k $? $a $K !" %$ %? %l !< %7 %g %s $N <B 9T $r %9 %1 %8 %e !< %j %s %0 $9 $k :G E, 2= 5; K! $G $" $k ( ?^ 33 ;2 >H ) !# 6q BN E* $K $O outer_j $N %k !< %W $, !" $3 $N 5; K! $r MQ $$ $k $? $a $K j $N %k !< %W $r %9 %H %j %C %W %^ %$ %K %s %0 $7 $F F@ $i $l $? 30 B& %k !< %W $G $" $k !# $3 $l $i $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g $N Bf ?t 8z 2L $r ?^ 34 !" 35 !" 36 $K <( $9 !# %d %3 %S K! $G $O 0l It $G %9 !< %Q !< %j %K %" $N @- G= $, =P $F $$ $k $, !" %W %m %; %C %5 ?t $r A} $d $9 $H $$ $: $l $N >l 9g $b JB Ns 2= 8z N( $, Dc 2< $7 $F $$ $k !# $3 $3 $G %W %m %; %C %5 ?t $r A} $d $7 $? $H $- $N 8z N( $N Dc 2< $O !" Am DL ?. NL $N A} 2C $, 86 0x $N 1 $D $H $J $C $F $$ $k !# $9 $J $o $A !" Am 1i ;; NL $O O ( n 2 ) $G 0l Dj $G $" $k $N $K BP $7 $F Am DL ?. NL $O O ( np ) $G $" $k $? $a $K !" %W %m %; %C %5 ?t $, A} $( $k $K $7 $? $, $C $F 1i ;; NL $K BP $9 $k DL ?. NL $N Hf N( $, A} 2C $7 !" 8z N( $, Dc 2< $7 $F $$ $k !# 0l J} 3 <T 4V $N @- G= $N 0c $$ $O !" DL ?. $N N3 EY $N :9 $, 86 0x $G $" $k !# %d %3 %S K! $G $O %k !< %W $N %$ %? %l !< %7 %g %s 4V $K %G !< %? 0M B8 4X 78 $, $J $$ $? $a !" I, MW $H $J $k %G !< %? $r $" $i $+ $8 $a Aw ?. $7 $F $* $/ $3 $H $, 2D G= $G $" $j !" DL ?. $N N3 EY $r Bg $- $/ $9 $k $3 $H $, $G $- $k !# $7 $+ $7 SOR K! 1 $* $h $S SOR K! 2 $G $O %k !< %W 1? HB $N %G !< %? 0M B8 4X 78 $, B8 :_ $9 $k $? $a !" 99 ?7 $5 $l $? :G ?7 $N %G !< %? $r %k !< %W Fb $G Aw ?. $7 $J $1 $l $P $J $i $: !" DL ?. $N N3 EY $r Bg $- $/ $9 $k $3 $H $, $G $- $J $$ !# $7 $+ $b 8e <T $N >l 9g $K $O !" %W %m %; %C %5 ?t $, A} $( $k $K $7 $? $, $C $F 1 2s $N DL ?. Ev $? $j $N 1i ;; NL $, 8: >/ $7 !" 8z N( $, 5^ 7c $K Dc 2< $7 $F $$ $k !# $? $@ $7 SOR K! 2 $r SOR K! 1 $H Hf 3S $9 $k $H !" %? %$ %j %s %0 5; K! $r MQ $$ $k $3 $H $K $h $j !" 8z N( $N Dc 2< $, $" $k Dx EY M^ $( $i $l $F $$ $k $3 $H $, $o $+ $k !# $J $* %d %3 %S K! $G $O !" 32 $* $h $S 64 %W %m %; %C %5 $N $H $- $K %9 !< %Q !< %j %K %" $N @- G= $, =P $F $$ $k $, !" $3 $l $O %7 %9 %F %‘ A4 BN $N Am %- %c %C %7 %e MF NL $N A} 2C $K $h $k 8z 2L $G $" $k !# 6.1.4 FFT I> 2A $K $O !" <~ GH ?t 4V 0z $- 7? FFT $N %W %m %0 %i %‘ $r MQ $$ $? !# %W %m %0 %i %‘ $N 35 MW $r 0J 2< $K =R $Y $k !# ?^ 35: SOR K! 1 $N Bf ?t 8z 2L ?^ 36: SOR K! 2 $N Bf ?t 8z 2L FFT 4p ?t 2 $N <~ GH ?t 4V 0z $- 7? FFT(F ast F ourier T rans- form) $r 9T $& %W %m %0 %i %‘ $G $" $k ( ?^ 37 ;2 >H ) !# $3 $3 $G G[ Ns a1() $O 3 <! 85 $a !" G[ Ns a2() !" tmp() $O 1 <! 85 $a $G %V %m %C %/ J, 3d $5 $l $F $$ $k !# $? $@ $7 G[ Ns a1() !" a2() $O !" 3F MW AG $N %" %I %l %C %7 %s %0 $r 4J 7i $K $9 $k $? $a $K !" 4 <! 85 G[ Ns $H $7 $F @k 8@ $5 $l $F $$ $k !# :G =i $N 3 <! 85 $O $= $l $> $l !" 2 log n cell !" 2 log block size !" 2 log n cell $N Bg $- $5 $r ;} $A !" $3 $l $i $r 9g $o $; $F 1 <! 85 2 log n cell � 2+ log block size E@ FFT $H $_ $J $9 $3 $H $, $G $- $k !# 0l J} :G 8e $N <! 85 $O !" J# AG ?t $N <B It $H 5u It $r 3J G< $9 $k $? $a $K MQ $$ $i $l $F $$ $k !# $J $* %P %? %U %i %$ 1i ;; $G MQ $$ $i $l $k 2s E> 0x ;R $N G[ Ns w() $O !" $" $i $+ $8 $a 7W ;; $5 $l $F $$ $k $b $N $H $9 $k !# 0l HL $K 4p ?t 2 $N FFT $G $O !" 2 k ( k = 1 ; 2 ; . . .) $@ $1 5w N% $N N% $l $? 2 MW AG 4V $N %P %? %U %i %$ 1i ;; $r 7+ $j JV $9 !# 17 const log_n_cell = 6 const log_block_size = 4 processors n_cell real a1(0:2 ** log_n_cell - 1, 0:2 ** log_block_size - 1, 0:2 ** log_n_cell - 1:1, 0:1) real a2(0:2 ** log_n_cell - 1:1, 0:2 ** log_block_size - 1, 0:2 ** log_n_cell - 1, 0:1) real w(0:2 ** log_n_cell - 1, 0:2 ** log_block_size - 1, 0:2 ** log_n_cell - 1, 0:1) real tmp(0:2 ** log_n_cell - 1:1, 0:1) integer distance /* a1() $O 3 <! 85 $a !" a2() $* $h $S tmp() $O 1 <! 85 $a $G %5 %$ %/ %j %C %/ J, 3d */ /* >e 0L log_n_cell %S %C %H $N FFT $r %m !< %+ %k $K 7W ;; $9 $k !# */ for phase = 0, log_n_cell - 1 do distance = 2 ** (log_n_cell - phase - 1) for outer_i = 0, n_cell - 1, distance * 2 do for i = outer_i, outer_i + distance - 1 do for j = 0, block_size - 1 do for k = 0, n_cell - 1 do tmp(k, 0) = a1(i, j, k, 0) - a1(i + distance, j, k, 0) tmp(k, 1) = a1(i, j, k, 1) - a1(i + distance, j, k, 1) a1(i, j, k, 0) = a1(i, j, k, 0) + a1(i + distance, j, k, 0) a1(i, j, k, 1) = a1(i, j, k, 1) + a1(i + distance, j, k, 1) a1(i + distance, j, k, 0) \ = w(i - outer_i + distance, j, k, 0) * tmp(k, 0) - w(i - outer_i + distance, j, k, 1) * tmp(k, 1) a1(i + distance, j, k, 1) \ = w(i - outer_i + distance, j, k, 0) * tmp(k, 1) + w(i - outer_i + distance, j, k, 1) * tmp(k, 0) endfor endfor endfor endfor endfor /* ?? $s Cf log_block_size %S %C %H $N FFT $r %m !< %+ %k $K 7W ;; $9 $k !# */ for phase = log_n_cell, log_n_cell + log_block_size - 1 do distance = 2 ** (log_n_cell + log_block_size - phase - 1) for i = 0, n_cell - 1 do for outer_j = 0, block_size - 1, distance * 2 do for j = outer_j, outer_j + distance - 1 do for k = 0, n_cell - 1 do tmp(k, 0) = a1(i, j, k, 0) - a1(i, j + distance, k, 0) tmp(k, 1) = a1(i, j, k, 1) - a1(i, j + distance, k, 1) a1(i, j, k, 0) = a1(i, j, k, 0) + a1(i, j + distance, k, 0) a1(i, j, k, 1) = a1(i, j, k, 1) + a1(i, j + distance, k, 1) a1(i, j + distance, k, 0) \ = w(0, j - outer_j + distance, k, 0) * tmp(k, 0) - w(0, j - outer_j + distance, k, 1) * tmp(k, 1) a1(i, j + distance, k, 1) \ = w(0, j - outer_j + distance, k, 0) * tmp(k, 1) + w(0, j - outer_j + distance, k, 1) * tmp(k, 0) endfor endfor endfor endfor endfor /* %G !< %? $r :F J, ;6 $9 $k !# */ for i = 0, n_cell - 1 do for j = 0, block_size - 1 do for k = 0, n_cell - 1 do a2(i, j, k, 0) = a1(i, j, k, 0) a2(i, j, k, 1) = a1(i, j, k, 1) endfor endfor endfor /* 2< 0L log_n_cell %S %C %H $N FFT $r %m !< %+ %k $K 7W ;; $9 $k !# */ for phase = log_n_cell + log_block_size, log_n_cell + log_block_size + log_n_cell - 1 do distance = 2 ** (log_n_cell + log_block_size + log_n_cell - phase - 1) for i = 0, n_cell - 1 do for j = 0, block_size - 1 do for outer_k = 0, n_cell - 1, distance * 2 do for k = outer_k, outer_k + distance - 1 do tmp(i, 0) = a2(i, j, k, 0) - a2(i, j, k + distance, 0) tmp(i, 1) = a2(i, j, k, 1) - a2(i, j, k + distance, 1) a2(i, j, k, 0) = a2(i, j, k, 0) + a2(i, j, k + distance, 0) a2(i, j, k, 1) = a2(i, j, k, 1) + a2(i, j, k + distance, 1) a2(i, j, k + distance, 0) \ = w(0, 0, k - outer_k + distance, 0) * tmp(i, 0) - w(0, 0, k - outer_k + distance, 1) * tmp(i, 1) a2(i, j, k + distance, 1) \ = w(0, 0, k - outer_k + distance, 0) * tmp(i, 1) + w(0, 0, k - outer_k + distance, 1) * tmp(i, 0) endfor endfor endfor endfor endfor ?^ 37: FFT $N %W %m %0 %i %‘ 18

?^ 38: FFT $N 7W ;; J} K! ( log_n_cell = 2 !" log_block_size = 1) $3 $3 $G 1i ;; BP >] $N G[ Ns $r 2 log n cell %W %m %; %C %5 $K BP $7 $F %5 %$ %/ %j %C %/ J, 3d $7 $? >l 9g $K $O !" 3F %W %m %; %C %5 >e $K 2 log n cell $* $- $N MW AG $, 3d $j IU $1 $i $l $k $3 $H $K $h $j !" 5w N% 2 k ( k � log_n_celL ) $N %P %? %U %i %$ 1i ;; $r 3F %W %m %; %C %5 $G %m !< %+ %k $K 9T $& $3 $H $, $G $- $k !# 0l J} 1i ;; BP >] $N MW AG ?t $, 2 log n cell � 2 0J >e $G $" $l $P !" %V %m %C %/ J, 3d $r ;\ $9 $3 $H $K $h $j !" 5w N% 2 k ( k < log_n_celL ) $N %P %? %U %i %$ 1i ;; $r 3F %W %m %; %C %5 $G %m !< %+ %k $K 9T $& $3 $H $, $G $- $k !# $f $( $K MW AG ?t 2 log n cell � 2+ log block size ( log_block_size � 0) $N FFT $O !" %G !< %? $N :F J, ;6 $r E, @Z $K 9T $& $3 $H $K $h $C $F 8z N( $h $/ JB Ns 2= $G $- $k ( ?^ 38 ;2 >H ) !# $= $3 $G $3 $N %W %m %0 %i %‘ $G $O !" $3 $N J} K! $K $b $H $E $$ $F :G =i $N 2 $D $N %k !< %W $G $O %5 %$ %/ %j %C %/ J, 3d !" :G 8e $N %k !< %W $G $O %V %m %C %/ J, 3d $r 1i ;; BP >] $N G[ Ns $K ;\ $7 $F $$ $k !# $3 $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g $N Bf ?t 8z 2L $r ?^ 39 $K <( $9 !# %W %m %; %C %5 ?t $K 4X $o $i $: !" $^ $: $^ $: $N 7k 2L $, F@ $i $l $F $$ $k $H $$ $( $k !# $3 $l $O !" I, MW $H $J $k DL ?. $, 1 2s $N %G !< %? :F J, ;6 $@ $1 $G $" $j !" %W %m %; %C %5 ?t $r A} $d $7 $F $b Am DL ?. NL $, JQ 2= $7 $J $$ $? $a $G $" $k !# $? $@ $7 Am 1i ;; NL $, O ( n log n ) !" Am DL ?. NL $, O ( n ) $G $" $k $? $a $K !" %W %m %; %C %5 ?t $, >/ $J $$ >l 9g $K $O !" B> $N %W %m %0 %i %‘ $h $j $b JB Ns 2= 8z N( $, Dc $/ $J $C $F $$ $k !# 6.2 3F :G E, 2= <j K! $N 8z 2L <! $K 8D !9 $N :G E, 2= <j K! $N 8z 2L $r <( $9 !# I> 2A $K $O %d %3 %S K! $N %W %m %0 %i %‘ $r 64 %W %m %; %C %5 MQ $K JB Ns 2= $7 $? $b $N $r MQ $$ $? !# :G E, 2= %l %Y %k $H 2C B. N( $N 4X 78 $r ?^ 40 $K <( $9 !# $3 $3 $G :G E, 2= %l %Y %k $O ?^ 18 $N HV 9f $r MQ $$ $F <( $5 $l $F $$ $k !# ?^ 39: FFT $N Bf ?t 8z 2L ?^ 40: 3F :G E, 2= <j K! $N 8z 2L $3 $N 7k 2L $h $j !" %k !< %W $N <B 9T HO 0O $N =L >. $, Hs >o $K 8z 2L E* $G $" $k $3 $H $, $o $+ $k !# $3 $l $O 6u 2s $j $H $J $k IT MQ $J %$ %? %l !< %7 %g %s $r :o =| $7 $? $3 $H $K $h $k 8z 2L $G $" $k !# $^ $? if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d $b 8z 2L E* $G $" $k $, !" $3 $l $O %k !< %W J, 3d $r 9T $& $3 $H $K $h $C $F !" JB Ns 2= $N :] $K A^ F~ $5 $l $? if J8 $r $9 $Y $F :o =| $7 $? $3 $H $K $h $k 8z 2L $G $" $k !# 0l J} SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ $r 9T $o $J $+ $C $? >l 9g $K $O !" DL ?. $K $h $k 0E L[ $N F1 4| $K $h $C $F <B 9T $, C‘ <! 2= $5 $l $F $7 $^ $$ !" $? $H $( $= $N B> $9 $Y $F $N :G E, 2= $r 9T $C $F $b 2C B. N( $O 12.2 G\ $G $" $C $? !# $^ $? MSG_BUFFER_ FLUSH J8 $N A^ F~ $r 9T $o $J $+ $C $? >l 9g $K $O !" Aw ?. %G !< %? $N %P %C %U %! %j %s %0 $, 0- 1F 6A $r 5Z $\ $7 !" B> $N :G E, 2= $N 8z 2L $r BG $A >C $7 $F $7 $^ $C $? !# Nc $( $P !" $9 $Y $F $N :G E, 2= $r 9T $C $? >l 9g $K $O 2C B. N( $O 79.8 G\ $G $" $C $? $, !" $3 $N :G E, 2= $r 30 $7 $? >l 9g $K $O 41.5 G\ $G $" $C $? !# $3 $N $H $- %W %m %; %C %5 $N J? 6Q 2T F/ N( $O 86.1% $+ $i 45.8% $X $H Dc 2< $7 $F $$ $? !# $J $* SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 $O !" SEND / RECV J8 19

$r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ $r FFT $K E, MQ $9 $k $? $a $K I, MW $H $J $C $? $, !" $= $l 0J 30 $N %W %m %0 %i %‘ $G $O 8z 2L $, 8= $l $J $+ $C $? !# $? $@ $7 8z 2L $, 8= $l $J $+ $C $? %W %m %0 %i %‘ $N $& $A $G %, %& %9 >C 5n K! 0J 30 $N $b $N $O !" %= !< %9 %W %m %0 %i %‘ $, C; $+ $C $? $? $a $K %j %9 %1 %8 %e !< %j %s %0 $, A4 $/ 9T $o $l $F $$ $J $+ $C $? !# $^ $? IT MQ $J SEND / RECV J8 $N :o =| $N 8z 2L $K $D $$ $F $O !" J8 8% [4] $K =R $Y $i $l $F $$ $k !# 6.3 <B 9T ;~ 4V $K BP $9 $k DL ?. =h M} $N 1F 6A :G 8e $K !" DL ?. =h M} $N %* !< %P !< %X %C %I $, %* %V %8 %’ %/ %H %3 !< %I $N <B 9T ;~ 4V $K M? $( $F $$ $k 1F 6A $r I> 2A $9 $k $? $a $K !" AP1000 $N I8 =‘ DL ?. %i %$ %V %i %j $N <B 9T ;~ 4V !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $N <B 9T ;~ 4V !" $* $h $S DL ?. 0J 30 $N 1i ;; $N <B 9T ;~ 4V $, Am <B 9T ;~ 4V $K @j $a $k 3d 9g $r B, Dj $7 $? !# $3 $3 $G AP1000 $N I8 =‘ DL ?. %i %$ %V %i %j $O <B :] $N %a %C %; !< %8 Aw <u ?. $r 9T $$ !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $O %G !< %? $N %Q %C %- %s %0 / %" %s %Q %C %- %s %0 $* $h $S Aw ?. / J| Aw MQ %P %C %U %! $N %U %i %C %7 %e $r 9T $C $F $$ $k (5 >O ;2 >H ) !# I> 2A $K $O SOR K! 1 $r =| $/ $9 $Y $F $N %W %m %0 %i %‘ $r 64 %W %m %; %C %5 MQ $K JB Ns 2= $7 $? $b $N $r MQ $$ $? 7 !# M} A[ E* $J <B 9T ;~ 4V !" $9 $J $o $A ( C‘ <! HG $N <B 9T ;~ 4V ) = 64 $r 1 $H $7 $F @5 5, 2= $7 $? 7k 2L $r ?^ 41 $K <( $9 !# $^ $: DL ?. 0J 30 $N 1i ;; $N <B 9T ;~ 4V $O :G >. $G 0.57 !" :G Bg $G 1.06 $H $J $C $F $* $j !" JB Ns 2= $K $h $k %* !< %P !< %X %C %I $O == J, >. $5 $$ $H $$ $( $k !# $3 $l $O :G E, 2= $K $h $C $F IT MQ $J %3 !< %I $, == J, $K :o =| $5 $l $? $3 $H $K $h $k 8z 2L $G $" $k !# 0l J} DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $N <B 9T ;~ 4V $O :G >. $G 0.06 !" :G Bg $G 0.61 $H $J $C $F $* $j !" $" $^ $j 8z N( $, $h $/ $J $$ !# $3 $l $O F0 E* %Y %/ %H %k 2= 5! G= $K $h $k %* !< %P !< %X %C %I $, L5 ;k $G $- $J $$ $3 $H $r <( $7 $F $$ $k !# $7 $+ $7 %, %& %9 >C 5n K! $N >l 9g $O !" J, 2r Ns $N <u EO $7 $r 8z N( $h $/ %9 %1 %8 %e !< %j %s %0 $9 $k $? $a $K $" $( $F J| Aw DL ?. 5! G= $r MQ $$ $J $+ $C $? $? $a $K !" Aw ?. %G !< %? $N %Q %C %- %s %0 $N %* !< %P !< %X %C %I $, A} 2C $7 $? $3 $H $, 86 0x $G $" $k !# 0l J} SOR K! 2 $N >l 9g $O !" %k !< %W 1? HB $N %G !< %? 0M B8 4X 78 $, B8 :_ $9 $k $3 $H $K $h $C $F Cf N3 EY $N DL ?. $, 9T $o $l $? $? $a $K !" Aw ?. %P %C %U %! $N %U %i %C %7 %e $N %* !< %P !< %X %C %I $, I= LL 2= $7 $F $$ $k $b $N $H 9M $( $i $l $k !# $^ $? FFT $N >l 9g $O !" 1i ;; NL $K BP $9 $k DL ?. NL $N Hf N( $, B> $N %W %m %0 %i %‘ $K Hf $Y $F Bg $- $$ $? $a $K !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $N %* !< %P !< %X %C %I $b Bg $- $/ 8= $l $F $$ $k $b $N $H 9M $( $i $l $k !# $J $* 9T Ns @Q 1 $O 9T Ns @Q 2 $K Hf $Y $F 8z N( $, $h $$ $, !" $3 $l $O J| Aw DL ?. 5! G= $r 3h MQ $7 $? $3 $H $K $h $k 8z 2L $G $" $k !# $^ $? AP1000 $N I8 =‘ DL ?. %i %$ %V %i %j $N <B 9T ;~ 4V $O :G >. $G 0.08 !" :G Bg $G 0.59 $H $J $C $F $* $j !" 2~ A1 $N M> CO $, $_ $i $l $k !# $9 $J $o $A ?^ 42 $K <( $5 $l $F $$ $k $h $& $K !" %V %m %C %- %s %0 Aw ?. $r 9T $& 4X ?t l_asend() !" $* $h $S OS NN 0h $+ $i DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ Fb $K <u ?. %a %C %; !< %8 $r %3 %T !< $9 $k 4X ?t readmsg() $, $3 $N $& $A $K @j $a $F $$ $k 3d 9g $, >/ $J $/ $J $$ 8 !# $3 $l $i $K 4X $7 $F $O !" @h $K =R $Y $? $h $& $K !" Aw ?. $O %N %s %V %m %C %- %s %0 $G $+ $D OS NN 0h $X $N %3 %T !< $J $7 $G 9 !" <u ?. $O DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ Fb $X D> @\ 9T $& $3 $H $K $h $j !" $+ $J $j $N ;~ 4V $r C; =L $G $- $k $H 9M $( $i $l $k !# $5 $i $K !" @l MQ %O !< %I %& %’ %" $K $h $k %G !< %? NN 0h $+ $i $N D> @\ Aw ?. $r 9T $( $P !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $N <B 9T ;~ 4V $r $b Bg I} $K C; =L $G $- $k $O $: $G $" $k !# 7 SOR K! 1 $K $D $$ $F $O ?. Mj $G $- $k %G !< %? $, <} =8 $G $- $J $+ $C $? !# 8 l_arecv() 4X ?t $N <B 9T ;~ 4V $K $O DL ?. %l %$ %F %s %7 $b ;; F~ $5 $l $F $$ $k $? $a !" %, %& %9 >C 5n K! $* $h $S SOR K! 2 $G $O $3 $N 3d 9g $, 9b $/ $J $C $F $$ $k !# 9 9T Ns @Q 1 $G MQ $$ $? NOLSEND %b !< %I $N DL ?. $G $O !" Aw ?. %a %C %; !< %8 $O 0l C6 OS NN 0h $K %3 %T !< $5 $l $F $+ $i Aw ?. $5 $l $k !# ?^ 41: %* %V %8 %’ %/ %H %3 !< %I $N <B 9T ;~ 4V $N Fb Lu ?^ 42: AP1000 $N DL ?. %i %$ %V %i %j $N <B 9T ;~ 4V $N Fb Lu 7 4X O" 8& 5f J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i $N 8& 5f $O B? ?t 9T $o $l $F $$ $k !# $3 $l $i $N $& $A $G TINP AR $H F1 MM $K o wner computes rule $K $b $H $E $/ $b $N $H $7 $F F ortran D %3 %s %Q %$ %i [10] $, $" $2 $i $l $k !# F ortran D %3 %s %Q %$ %i $K $h $k 8& 5f $O $3 $l $i $N 8& 5f $N Cf $G $b :G $b ?J $s $G $$ $k $b $N $N 1 $D $G $" $j !" HPF $N 8@ 8l ;E MM $b F ortran D $N 8@ 8l ;E MM [9] $, %Y !< %9 $H $J $C $F $$ $k !# F ortran D %3 %s %Q %$ %i $G $O !" iteration/index set $N 35 G0 $r MQ $$ $F 1i ;; $N J, 3d $H DL ?. %3 !< %I $N @8 @. $r 9T $C $F $$ $k !# F ortran D %3 %s %Q %$ %i $N DL ?. %3 !< %I @8 @. <j K! $O !" %3 %s %Q %$ %k ;~ $N 2r @O $K $b $H $E $/ %a %C %; !< %8 $N %Y %/ %H %k 2= $r 4p K\ $H $7 $F $$ $k !# 0l J} 2f !9 $O F0 E* %Y %/ %H %k 2= 5! G= $r MQ $$ $k $3 $H $K $h $C $F !" =@ Fp $G $+ $D 8z N( $N $h $$ DL ?. =h M} $r <B 8= $7 $F $$ $k !# 20

$^ $? J8 8% [13] $G $O !" %V %m %C %/ %5 %$ %/ %j %C %/ J, 3d $5 $l $? G[ Ns $K BP $9 $k 1i ;; $N J, 3d $d DL ?. %3 !< %I $N @8 @. $K $D $$ $F =R $Y $i $l $F $$ $k !# $3 $3 $G =R $Y $i $l $F $$ $k <j K! $O !" %k !< %W $N <B 9T HO 0O $N =L >. $N $? $a $N 2r @O $H $= $l $K $b $H $E $/ %3 !< %I @8 @. $r 4^ $s $G $$ $k $, !" J, 3d $5 $l $? <! 85 $N E: ;z <0 $N %k !< %W %$ %s %G %C %/ %9 $K BP $9 $k 78 ?t a $, 1 $G $J $$ >l 9g $N 07 $$ $, 2f !9 $N <j K! $H 0[ $J $j !" E, MQ HO 0O $K $b @) 8B $, $" $k !# $7 $+ $7 F ortran D %3 %s %Q %$ %i $H TINP AR $N :G Bg $N 0c $$ $O !" $= $N @_ 7W J} ?K $K $" $k !# $9 $J $o $A F ortran D %3 %s %Q %$ %i $G $O 40 A4 $J <+ F0 JB Ns 2= $r L\ ;X $7 !" o wner computes rule $N 4K OB !" %? %$ %j %s %0 5; K! E, MQ $N <+ F0 2= !" %j %@ %/ %7 %g %s 1i ;; $N %" %k %4 %j %: %‘ JQ 49 $J $I $r 9T $C $F $$ $k !# 0l J} TINP AR $G $O !" $3 $l $i $N =h M} $r JB Ns 2= $K BP $9 $k A0 =h M} $H $7 $F 0L CV $E $1 !" <+ F0 $^ $? $O H> <+ F0 $N %W %m %0 %i %‘ JQ 49 $K $h $C $F 9T $& !# $3 $& $9 $k $3 $H $K $h $j !" =c ?h $J %3 !< %I :G E, 2= $H %" %k %4 %j %: %‘ $N 8+ D> $7 $r J, N% $G $- $k $? $a !" =@ Fp $J BP 1~ $, 2D G= $H $J $k !# $? $H $( $P J8 8% [12] $G $O K\ 9F $H F1 MM $J %, %& %9 >C 5n K! $N %W %m %0 %i %‘ $r 07 $C $F $$ $k $, !" %T %\ %C %H A* Br $r 8z N( $h $/ 9T $& $? $a $K %3 %s %Q %$ %i $, %j %@ %/ %7 %g %s 1i ;; $r G’ <1 $7 !" o wner computes rule $r 4K OB $7 $F JB Ns 2= $r 9T $C $F $$ $k !# 0l J} TIN- P AR $G $O !" K\ 9F $K <( $7 $? %W %m %0 %i %‘ $r M? $( $k $H !" K\ 9F $G =R $Y $? 0l HL E* $+ $D Jq 3g E* $J :G E, 2= <j K! $N $_ $r MQ $$ $F 8z N( $h $/ JB Ns 2= $9 $k !# $3 $l $O 2f !9 $N <j K! $N E, MQ HO 0O $N 9- $5 $d =@ Fp @- $r <( $7 $F $$ $k $H $$ $( $k !# 8 $* $o $j $K K\ 9F $G $O !" 8= :_ 2f !9 $, 3+ H/ $7 $F $$ $k %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR $K $D $$ $F =R $Y $? !# TINP AR $O 3H D% Tin y language $G 5- =R $5 $l $? C‘ <! %W %m %0 %i %‘ $r o wner computes rule $K => $C $F JB Ns 2= $9 $k !# $3 $N $H $- TINP AR $O !" IT MQ $J %3 !< %I $N :o =| $d DL ?. %3 !< %I $N 0\ F0 $r 9T $& $3 $H $K $h $j !" 8z N( $N $h $$ %* %V %8 %’ %/ %H %3 !< %I $r @8 @. $9 $k !# $5 $i $K $3 $N %* %V %8 %’ %/ %H %3 !< %I $O !" F0 E* %Y %/ %H %k 2= 5! G= $r ;} $D @l MQ DL ?. %i %$ %V %i %j $r MQ $$ $k $3 $H $K $h $j !" 8z N( $N $h $$ DL ?. =h M} $r 9T $& !# TINP AR $N JB Ns 2= <j K! $O !" 6/ NO $J :G E, 2= <j K! $N E, MQ $r A0 Ds $H $7 $? !" o wner computes rule $K $b $H $E $/ C1 =c $J $b $N $G $" $k !# $3 $N $? $a !" =@ Fp $J %W %m %0 %i %‘ JQ 49 <j K! $K $h $k A0 =h M} $r 9T $& $3 $H $K $h $C $F !" %* %V %8 %’ %/ %H %3 !< %I $N ?6 Iq $$ $r E, @Z $K @) 8f $9 $k $3 $H $, 2D G= $H $J $k !# TINP AR $N :G E, 2= <j K! $O !" C1 =c $K JB Ns 2= $5 $l $? %W %m %0 %i %‘ $r 9b EY $K :G E, 2= $9 $k !# %k !< %W $N <B 9T HO 0O $N =L >. !" 91 ?? / 91 56 $H $J $k if J8 $N :o =| $* $h $S if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d $O !" JB Ns 2= $N :] $K A^ F~ $5 $l $? IT MQ $J %3 !< %I $r :o =| $9 $k $? $a $N :G E, 2= <j K! $G $" $j !" FC $K 1 $D $a $H 3 $D $a $, 8z 2L E* $G $" $k $3 $H $, <B B, $K $h $j <( $5 $l $? !# 0l J} SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ $O !" DL ?. %l %$ %F %s %7 $r 1# JC $9 $k $? $a $N :G E, 2= <j K! $G $" $j !" DL ?. $N :G E, 2= $K I, MW IT 2D 7g $G $" $k $3 $H $, <( $5 $l $? !# $^ $? MSG_BUFFER_FLUSH J8 $N A^ F~ $O !" @l MQ DL ?. %i %$ %V %i %j $N ;} $D F0 E* %Y %/ %H %k 2= 5! G= $r == J, $K 3h MQ $9 $k $? $a $K =E MW $G $" $k $3 $H $b <( $5 $l $? !# 0l J} TINP AR $N @l MQ DL ?. %i %$ %V %i %j $O !" F0 E* %Y %/ %H %k 2= 5! G= $r Ds 6! $9 $k !# $3 $N 5! G= $O !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $, Aw ?. %G !< %? $r %P %C %U %! %j %s %0 $7 !" D9 $$ %a %C %; !< %8 $H $7 $F Aw ?. $9 $k $3 $H $K $h $C $F !" =@ Fp $+ $D 8z N( $N $h $$ DL ?. =h M} $r <B 8= $9 $k !# $5 $i $K K\ 9F $G $O !" $3 $l $i $N <j K! $N M- 8z @- $r <( $9 $? $a $K !" 4J C1 $J ?t CM =h M} %W %m %0 %i %‘ $r JB Ns 2= $7 $F @- G= $r I> 2A $7 $? !# $3 $N 7k 2L 64 %W %m %; %C %5 $N AP1000 $r MQ $$ $F !" 9T Ns @Q $G 48.2 G\ !" %, %& %9 >C 5n K! $G 37.1 G\ !" %d %3 %S K! $G 79.8 G\ !" SOR K! $G 28.8 G\ !" FFT $G 33.6 G\ $N 2C B. N( $, C# @. $5 $l $? !# $7 $+ $7 $3 $l $i $N <B 9T ;~ 4V $N Fb Lu $r D4 $Y $F $_ $k $H !" DL ?. =h M} $N @j $a $k 3d 9g $, >/ $J $/ $J $+ $C $? !# $9 $J $o $A !" DL ?. 0J 30 $N 1i ;; $K $D $$ $F $O == J, $K :G E, 2= $5 $l $F $$ $? $? $a $K !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $N %* !< %P !< %X %C %I $, L5 ;k $G $- $J $/ $J $C $F $$ $? !# $7 $+ $7 $3 $N %* !< %P !< %X %C %I $O !" @l MQ DL ?. %i %$ %V %i %j $N 2~ NI $* $h $S 5! G= 3H D% $K $h $C $F :o 8: $, 2D G= $G $" $k !# $^ $? %3 %s %Q %$ %i K\ BN $b Hs >o $K 3H D% @- $, 9b $$ $? $a !" $3 $N $h $& $J @l MQ DL ?. %i %$ %V %i %j $N 5! G= 3H D% $K BP $7 $F $b MF 0W $K BP 1~ 2D G= $G $" $k !# :# 8e $N 2] Bj $H $7 $F $O !" A0 =h M} $H $7 $F $N %W %m %0 %i %‘ JQ 49 <j K! $N 8! F$ $, $" $2 $i $l $k !# K\ 9F $G $O 2 $D $N 6q BN Nc $r $" $2 $? $, !" $3 $N B> $K $b @- G= 8~ >e $K D> 7k $9 $k $b $N $, $" $k $H 4| BT $G $- $k !# $5 $i $K 8= :_ K\ 8& 5f $H JB 9T $7 $F LINP A CK Benc hmark[19] $r MQ $$ $? @- G= I> 2A $, 9T $o $l $F $$ $k $, !" 0z B3 $- NAS P ar- allel Benc hmarks[20] $K $h $k @- G= I> 2A $b M= Dj $5 $l $F $$ $k !# $3 $l $i $N @- G= I> 2A $N :n 6H $O !" %1 !< %9 %9 %? %G %# $H $7 $F :# 8e $N TINP AR $N 5! G= 6/ 2= $K H? 1G $5 $l $k M= Dj $G $" $k !# <U <- :G 8e $K !" K\ 8& 5f $N 5! 2q $r M? $( $F 2< $5 $C $? IY ED bC <# 65 <x !" E, @Z $J 8f ;X F3 $r ;r $o $C $? Cf Eg 9@ =u 65 <x !" ?t B? $/ $N Aj CL $K 1~ $8 $F D: $$ $? ?9 bC 0l O: =u <j $K ?< $/ 46 <U CW $7 $^ $9 !# $^ $? !" 9b JB Ns 7W ;; 5! AP1000 $N <B 9T 4D 6- $r 8f Ds 6! D: $- $^ $7 $? ( 3t ) IY ;N DL 8& 5f =j $K 46 <U CW $7 $^ $9 !# $5 $i $K !" 6& F1 8& 5f <T $G $" $k A0 ;3 9@ Fs !" 8e F# ?5 Li N> ;a $r $O $8 $a !" F| :" 8f F$ O@ D: $$ $? IY ED 8& 5f << $N =t ;a $K 46 <U CW $7 $^ $9 !# ;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-PR G-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 @- G= I> 2A |, >p =h 8& Js 94-HPC-54, pp.45{52, 1994. [3] I. Miy oshi, S. Mori, H. Nak ashima, and S. T omita: TINP AR: A P arallelizing Compiler for Message- P assing Multipro cessors, Pro c. of the Third P ar- allel Computing W orkshop, F ujitsu Lab oratories, pp.P1-H-1{P1-H-9, 1994. [4] 8e F# ?5 Li : %G !< %? %U %m !< 2r @O $K $b $H $E $/ JB Ns 2= %3 %s %Q %$ %i $N DL ?. :G E, 2= <j K! , FC JL 8& 5f Js 9p =q , 5~ ET Bg 3X 9) 3X It >p Js 9) 3X 2J , 1995. [5] A0 ;3 9@ Fs , 8e F# ?5 Li , ;0 5H 0j IW , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# : JB Ns 2= %3 %s %Q %$ %i TINP AR $K $* $1 $k @l MQ DL ?. %i %$ %V %i %j $N <B Au $H @- G= I> 2A , >p Js =h M} 3X 2q Bh 50 2s A4 9q Bg 2q 9V 1i O@ J8 =8 :N O? M= Dj , 1995. [6] M. Metcalf, and J. Reid Cx , @> B< =z I’ , OB ED 1Q Jf , @> B< OB IW , 9b ED @5 G7 Lu : >\ 2r F ortran90, bit JL :} , 6& N) =P HG , 1993. 21

[7] High P erformance F ortran F orum: High P erfor- mance F ortran Language Sp eci�cation V ersion 1.0, 1993. [8] Message P assing In terface F orum: MPI: A Message-P assing In terface Standard, 1994. [9] G. F o x, S. Hiranandani, K. Kennedy , C. Ko elb el, U. Kremer, C. Tseng, and M. W u: F ortran D Lan- guage Sp eci�cation, T ec hnical Rep ort TR90-141, Dept. of Computer Science, Rice Univ ersit y , 1990. [10] S. Hiranandani, K. Kennedy , and C. Tseng: Com- piler Optimizations for F ortran D on MIMD Distributed-Memory Mac hines, Pro c. of Sup er- computing ’91, pp.86{100, 1991. [11] M. W. Hall, S. Hiranandani, K. Kennedy , and C. Tseng: In terpro cedural Compilation of F ortran D for MIMD Distributed-Memory Mac hines, Pro c. of Sup ercomputing ’92, pp.522{534, 1992. [12] S. Hiranandani, K. Kennedy , and C. Tseng: Pre- liminary Exp eriences with the F ortran D Com- piler, Pro c. of 1993 In t’l Conf. on Sup ercomputing, pp.338{350, 1993. [13] S. Hiranandani, K. Kennedy , J. Mellor-Crummey , and A. Sethi: Compilation T ec hniques for Blo c k- Cyclic Distributions, Pro c. of 1994 In t’l Conf. on Sup ercomputing, pp.392{403, 1994. [14] M. W olfe: The Tin y Lo op Restructuring Researc h T o ol, Pro c. of 1991 In t’l Conf. on P arallel Pro cess- ing v ol.I I, pp.46{53, 1991. [15] M. W olfe: More Iteration Space Tiling, Pro c. of Sup ercomputing ’89, pp.655{664, 1989. [16] 3^ 86 Gn FA : JB Ns =h M} 5; =Q , %3 %m %J <R , 1991. [17] K. Do wd Cx ; 5W NI CN ?? ;R Lu : High P erformance Computing, %* !< %‘ <R , 1994. [18] J. Dongarra, J. Bunc h, C. Moler, and G. Stew art: LINP A CK User’s Guide, SIAM Publications, 1979. [19] J. Dongarra: The LINP A CK Benc hmark: An Ex- planation, Sup ercomputing 1st In ternational Con- ference Pro ceedings, pp.456{474, 1987. [20] D. Bailey , J. Barton, T. Lasinski, and H. Simon: The NAS P arallel Benc hmarks, T ec hnical Rep ort RNR-91-002 Revision 2, NASA Ames Researc h Cen ter, 1991. [21] @P H* 9( L@ , 0p Ln Ao , KY 9> 7r ;V , @6 ?e =S 9, , CS :d <i IW : 9b JB Ns 7W ;; 5! AP1000 $N %" !< %- %F %/ %A %c , ?. 3X O@ (D-I) v ol.J75-D-I no.8, pp.637{645, 1992. [22] EZ Hn <B 5W , NS 7{ 0l , ?J F# C# Li : %9 %H %i %$ %I %G !< %? E> Aw 5! 9= $r MQ $$ $? %3 !< %I @8 @. , >p =h 8& Js 94-HPC-52, pp.1{6, 1994. [23] IY ;N DL 3t <0 2q <R %7 %9 %F %‘ 8& 5f It Bh 2 8& 5f << : AP1000 F0 :n @b L@ =q Bh 02 HG , 1991. [24] IY ;N DL 3t <0 2q <R %" !< %- %F %/ %A %c 8& 5f It Bh 2 8& 5f << : AP1000 %; %k %W %m %; %C %5 O@ M} ;E MM =q Bh 04 HG , 1992. 22