%a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR ;0 5H 0j IW , A0 ;3 9@ Fs , 8e F# ?5 Li , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# 5~ ET Bg 3X 9) 3X It 35 MW 8= :_ 2f !9 $O %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR $r 3+ H/ Cf $G $" $k !# TINP AR $O 3H D% Tiny language $G 5- =R $5 $l $? C‘ <! %W %m %0 %i %‘ $r owner computes rule $K => $C $F JB Ns 2= $9 $k !# K\ 9F $G $O !" TINP AR $N 9= @. !" %* %V %8 %’ %/ %H %3 !< %I $G 8z N( $N $h $$ DL ?. =h M} $r <B 8= $9 $k $? $a $N @l MQ DL ?. %i %$ %V %i %j !" $* $h $S :G E, 2= $K MQ $$ $i $l $F $$ $k <o !9 $N <j K! $K $D $$ $F =R $Y $k $H $H $b $K !" 4J C1 $J ?t CM =h M} %W %m %0 %i %‘ $r JB Ns 2= $7 $? 7k 2L $r MQ $$ $F $= $N M- 8z @- $r <( $9 !# Abstract W e are developing TINP AR, a parallelizing compiler for message-passing multiprocessors. TINP AR parallelizes sequential programs written in an extended version of Tin y language following the owner computes rule. In this pap er, we describ e the ov erview of TINP AR, an e�cient communication library , and optimization tec hniques, and show p erformance ev aluation results for generated co des. 1 $O $8 $a $K <! @$ Be $N %9 !< %Q !< %3 %s %T %e !< %? $N 9= @. J} <0 $H $7 $F JB Ns 7W ;; 5! $, 4| BT $5 $l $F $$ $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 $$ !# $3 $N $3 $H $h $j !" 4J C1 $J %W %m %0 %i %_ %s %0 $K $h $C $F $" $k Dx EY $N @- G= $r 0z $- =P $; $k 8@ 8l =h M} 7O $, I, MW $G $" $k $H $$ $( $k !# 8= :_ 2f !9 $O %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR $r 3+ H/ Cf $G $" $k [1, 2] !# TINP AR $O 3H D% Tiny 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 <! $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 $/ $$ %W %m %0 %i %‘ $r !" 8z N( $h $/ JB Ns 2= $G $- $k $O $: $N %W %m %0 %i %‘ $K JQ 49 $9 $k !# $3 $N $h $& $J J} ?K $r $H $k $3 $H $K $h $C $F JB Ns 2= :n 6H A4 BN $N 8+ DL $7 $, $h $/ $J $k $? $a !" %W %m %0 %i %^ $@ $1 $G $J $/ !" ;Y 1g %= %U %H %& %’ %" $K $H $C $F $b M- 1W $G $" $k $H 9M $( $i $l $k !# $= $3 $G TINP AR $K $h $k JB Ns 2= =h M} $O !" 6q BN E* $K $O 0J 2< $N 3 %9 %F %C %W $+ $i 9= @. $5 $l $k !# TINP AR: A Parallelizing Compiler for Message-Passing Multiprocessors Ikuo Miyoshi, Ko ji Maeyama, Shin-ya Goto, Shin-ichiro Mori, Hiroshi Nak ashima, and Shinji T omita F acult y of Engineering, Kyoto Universit y 1. A0 =h M} !D JB Ns 2= $K E, $7 $? 7A $K %W %m %0 %i %‘ JQ 49 $9 $k !# 2. JB Ns 2= !D owner computes rule $K => $C $F C1 =c $J JB Ns 2= $r 9T $& !# 3. :G E, 2= !D IT MQ $J %3 !< %I $N :o =| $d DL ?. %3 !< %I $N 0\ F0 $r 9T $& !# $3 $N $h $& $J 9= @. $r $H $k $3 $H $K $h $C $F TINP AR Fb It $N =h M} $N FH N) @- $, 9b $^ $j !" 1) <B Au $, MF 0W $K $J $k !" 2) MQ $$ $? <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 !# K\ 9F $G $O !" $^ $: 2 >O $G TINP AR $N 35 MW $K $D $$ $F =R $Y $? 8e !" 3 >O $G $O %* %V %8 %’ %/ %H %3 !< %I $G 8z N( $N $h $$ DL ?. =h M} $r <B 8= $9 $k $? $a $N @l MQ DL ?. %i %$ %V %i %j $K $D $$ $F !" #4 >O $G $O :G E, 2= $N %9 %F %C %W $G MQ $$ $i $l $k <o !9 $N <j K! $K $D $$ $F !" $= $l $> $l =R $Y $k !# B3 $$ $F 5 >O $G $O !" 3F :G E, 2= <j K! $N 8z 2L !" 4J C1 $J ?t CM =h M} %W %m %0 %i %‘ $N JB Ns 2= $K BP $9 $k M- 8z @- !" $* $h $S %* %V %8 %’ %/ %H %3 !< %I $N <B 9T ;~ 4V $K BP $9 $k DL ?. =h M} $N 1F 6A $K $D $$ $F =R $Y $k !# $= $N 8e 6 >O $G 4X O" $9 $k 8& 5f $K $D $$ $F =R $Y !" 7 >O $G $^ $H $a $k !# 2 TINP AR $N 35 MW K\ >O $G $O !" <! >O 0J 9_ $N =‘ Hw $H $7 $F TINP AR $N F~ =P NO $* $h $S 9= @. $K $D $$ $F =R $Y $k !# 2.1 TINP AR $N F~ =P NO TINP AR $O 3H D% Tiny language $G 5- =R $5 $l $? C‘ <! %W %m %0 %i %‘ $r JB Ns 2= $9 $k !# Tin y language $H $O %k !< %W :F 9= @. %D !< %k Tin y[3] $N $? $a $K @_ 7W $5 $l $? 8@ 8l $G $" $j !" $3 $l $K 2f !9 $O %G !< %? J, 3d %G %# %l %/ %F %# %V !" while 9= J8 $* $h $S %9 %3 !< %W 5, B’ $r DI 2C $7 $? !# $J $* 8= :_ ;X Dj $G $- $k %G !< %? J, 3d $O !" C1 0l <! 85 J} 8~ $K BP $9 $k %V %m %C %/ !" %5 %$ %/ %j %C %/ $* $h $S %V %m %C %/ %5 %$ %/ %j %C %/ J, 3d $G $" $k !#

TINP AR $N %* %V %8 %’ %/ %H %3 !< %I $O C 8@ 8l $K $h $k SPMD %W %m %0 %i %‘ $G $" $k !# $3 $l $O $5 $i $K %3 %s %Q %$ %k $5 $l !" @l MQ DL ?. %i %$ %V %i %j $H %j %s %/ $5 $l $F <B 9T 7A <0 $H $J $k !# $3 $& $9 $k $3 $H $K $h $j !" 1) %W %m %; %C %5 $K 0M B8 $7 $? :G E, 2= $r C %3 %s %Q %$ %i $K G$ $; $k $3 $H $, $G $- $k !" 2) BP >] JB Ns 7W ;; 5! $N JQ 99 $, Hf 3S E* MF 0W $G $" $k !" $J $I $N Mx E@ $, @8 $8 $k !# 2.2 TINP AR $N 9= @. TINP AR $O 0J 2< $N 6 $D $N %b %8 %e !< %k $+ $i 9= @. $5 $l $k !# 1. 9= J8 2r @O It %= !< %9 %W %m %0 %i %‘ $r 9= J8 2r @O $7 !" =h M} 7O $N Fb It I= 8= $K E8 3+ $9 $k !# 2. A0 =h M} It C‘ <! %W %m %0 %i %‘ $K $O !" $= $N $^ $^ $G $O JB Ns 2= $K E, $5 $J $$ It J, $, B8 :_ $9 $k $3 $H $, $" $k !# $= $3 $G K\ %b %8 %e !< %k $G $O !" $3 $N $h $& $J It J, $K %W %m %0 %i %‘ JQ 49 $r 9T $C $F JB Ns 2= $K E, $7 $? 7A $K JQ 7A $9 $k !# $3 $N JQ 49 $N Nc $H $7 $F $O !" Am OB 1i ;; $N %$ %G %# %* %‘ JQ 49 !" %j %b !< %H %G !< %? $K BP $9 $k 0l ;~ E* $J %m !< %+ %k %3 %T !< $N :n @. / Mx MQ $J $I $, 5s $2 $i $l $k !# 3. JB Ns 2= It owner computes rule $K => $C $F %= !< %9 %W %m %0 %i %‘ $r JB Ns 2= $9 $k !# 6q BN E* $K $O 0J 2< $N =h M} $r 9T $& ( ?^ 1 ;2 >H ) !# (a) if J8 $N A^ F~ J, 3d $5 $l $? %G !< %? $K BP $9 $k Be F~ $O !" Ev 3: %G !< %? $N =j M- <T %W %m %; %C %5 $N $_ $, 9T $& !# $= $3 $G $3 $N $h $& $J %G !< %? $K BP $9 $k Be F~ J8 $K $O !" =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if $* $h $S endif J8 $r A0 8e $K A^ F~ $9 $k !# (b) SEND / RECV J8 $N A^ F~ J, 3d $5 $l $? %G !< %? $K BP $9 $k ;2 >H $O !" Ev 3: %G !< %? $N =j M- <T %W %m %; %C %5 $H ;2 >H <T %W %m %; %C %5 $N 4V $N %a %C %; !< %8 DL ?. $G <B 8= $5 $l $k !# $= $3 $G $3 $N $h $& $J %G !< %? $K BP $9 $k ;2 >H $K $O !" =j M- <T %W %m %; %C %5 $K $h $k Aw ?. $N $? $a $N SEND J8 !" ;2 >H <T %W %m %; %C %5 $K $h $k <u ?. $N $? $a $N RECV J8 !" $* $h $S N> <T $r H= Dj $9 $k $? $a $N if / endif J8 $r A^ F~ $9 $k !# $^ $? $3 $N ;~ E@ $G $O !" J, 3d $5 $l $? %G !< %? $K BP $7 $F J, 3d A0 $N %G !< %? A4 BN $r 3J G< $G $- $k Bg $- $5 $N %a %b %j NN 0h $r 3N J] $9 $k !# $3 $N 7k 2L !" J, 3d $5 $l $? %G !< %? $K BP $9 $k %" %/ %; %9 $O J, 3d A0 $H F1 MM $N %" %I %l %C %7 %s %0 $G 2D G= $H $J $k $, !" <B :] $K ;H MQ $5 $l $k %a %b %j NN 0h $O 3F %W %m %; %C %5 $K 3d $j IU $1 $i $l $? %G !< %? $r 3J G< $9 $k It J, $N $_ $H $J $k !# 4. :G E, 2= It JB Ns 2= It $G MQ $$ $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 $& !# 5. %a %b %j :F 3d Ev It J, 3d $5 $l $? %G !< %? $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 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) 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 ?^ 1: JB Ns 2= real a(0:n - 1:*) for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then a(i) = ... endif endfor + real a(0: d n � GET_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 ?^ 2: %a %b %j $N :F 3d $j Ev $F $G K\ %b %8 %e !< %k $G $O !" J, 3d $5 $l $? %G !< %? $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 $& ( ?^ 2 ;2 >H ) !# 6. %3 !< %I @8 @. It =h M} 7O $N Fb It I= 8= $+ $i C $K $h $k %* %V %8 %’ %/ %H %3 !< %I $r =P NO $9 $k !# 3 @l MQ DL ?. %i %$ %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= !" $* $h $S $= $l $r MQ $$ $? 8z N( $N $h $$ DL ?. =h M} $N <B 8= K! $K $D $$ $F =R $Y $k !# 3.1 F0 E* %Y %/ %H %k 2= 5! G= %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $G $O DL ?. =h M} $N 5/ F0 %3 %9 %H $, 0l HL $K Bg $- $$ $? $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 !# $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 5w N% Kh $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 [4] !# $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 $$ DL ?. =h M} $r <B 8= $9 $k $3 $H $, $G $- $k !# $5 $i $K !" @l MQ %O !< %I %& %’ %" $K $h $k D> @\ Aw ?. $, 2D G= $G $" $k >l 9g $r 8! =P $7 $F E, @Z $J %3 !< %I $r @8 @. $9 $k $3 $H $K $h $j !" AP J} $N D9 =j $r N> N) $5 $; $k $3 $H $b 2D G= $G $" $k !# 3.2 8z N( $N $h $$ 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 $$ !# $^ $? %W %m %; %C %5 $K $h $k %Q %C %- %s %0 / %" %s %Q %C %- %s %0 $r 9T $& >l 9g $K $O !" $= $l $i $N %3 !< %I $r %$ %s %i %$ %s E8 3+ $9 $k $3 $H $K $h $C $F 9b B. 2= $9 $k $3 $H $, =E MW $H $J $k !# for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then a(i) = ... endif endfor + for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do 1 if OWNER(a(i)) == GET_CELL_ID() then a(i) = ... endif endfor ?^ 3: %k !< %W $N <B 9T HO 0O $N =L >. 4 :G E, 2= <j K! TINP AR $O C $K $h $k %* %V %8 %’ %/ %H %3 !< %I $r @8 @. $9 $k !# $3 $N $? $a BP >] JB Ns 7W ;; 5! $K 0M B8 $7 $? Dc %l %Y %k $N :G E, 2= $O C %3 %s %Q %$ %i $K G$ $; $k $3 $H $, 2D G= $G $" $k !# $= $3 $G TINP AR $N :G E, 2= It $G $O !" JB Ns 2= $K L) @\ $7 $? :G E, 2= $N $_ $r 9T $& !# K\ >O $G $O !" TINP AR $G MQ $$ $i $l $F $$ $k <o !9 $N :G E, 2= <j K! $K $D $$ $F =R $Y $k !# $J $* %" %k %4 %j %: %‘ $N >\ :Y $K $D $$ $F $O J8 8% [2] $K =R $Y $i $l $F $$ $k !# 4.1 %i %s %? %$ %‘ %* !< %P !< %X %C %I $N :o 8: TINP AR $N JB Ns 2= @o N, $O !" owner 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 !" J, 3d $5 $l $? %G !< %? $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 $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 $$ $F =R $Y $k !# 4.1.1 %k !< %W $N <B 9T HO 0O $N =L >. JB Ns 2= It $N @8 @. $9 $k %3 !< %I $K $O ?^ 3 >e $N $h $& $J for %k !< %W $, B? ?t 8= $l $k !# $3 $N $h $& $J %k !< %W $G $O !" if J8 $N >r 7o <0 $, @. N) $7 $J $$ >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 $$ $k %W %m %; %C %5 ?t $K H? Hf Nc $7 $F Dc $/ $J $k !# $= $3 $G K\ :G E, 2= $G $O !" $= $N $h $& $J >r 7o <0 $, @. N) $9 $k HO 0O $K %k !< %W $N <B 9T HO 0O $r 69 $a $k $3 $H $K $h $C $F !" 6u 2s $j $H $J $k %$ %? %l !< %7 %g %s $r :o =| $9 $k !# 6q BN E* $K $O !" $^ $: %k !< %W Fb $N 3F J8 $, <B 9T $5 $l $k $Y $- %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $r 5a $a $k !# $= $N 8e Ev 3: %k !< %W $r %9 %H %j %C %W %^ %$ %K %s %0 $7 2 !" 5a $a $? >r 7o $K => $C $F Fb B& %k !< %W $N <B 9T HO 0O $r 2D G= $J 8B $j =L >. $9 $k !# $3 $l $K $h $j !" 6u 2s $j $H $J $k IT MQ $J %$ %? %l !< %7 %g %s $O <B 9T $5 $l $J $/ $J $k !# 4.1.2 91 ?? / 91 56 $H $J $k if J8 $N :o =| JB Ns 2= It $N @8 @. $9 $k %3 !< %I $K 4^ $^ $l $k !" J, 3d $5 $l $? %G !< %? $N =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if J8 $N >r 7o <0 $K $O !" =| ;; $d >j M> ;; $H $$ $C $? =E $$ 1i ;; $, 4^ $^ $l $k !# 0l J} %k !< %W $N <B 9T HO 0O $N =L >. $r 9T $C $? 7k 2L !" $= $N $h $& $J >r 7o <0 $, 91 ?? $^ $? $O 91 56 $H $J $k >l 9g $, $" $k ( ?^ 4 >e ;2 >H ) !# $= $3 $G K\ :G E, 2= $G $O !" %3 %s %Q %$ %k ;~ $K if J8 $N >r 7o <0 $r @E E* I> 2A $9 $k $3 $H $K $h $C $F !" $3 $N $h $& $J IT I, MW $J if J8 $r 1 <B :] $K $O !" %9 %H %j %C %W %^ %$ %K %s %0 $5 $l $? 2 =E %k !< %W $H $J $k !# 2 %V %m %C %/ $* $h $S %5 %$ %/ %j %C %/ J, 3d $O %V %m %C %/ %5 %$ %/ %j %C %/ J, 3d $N FC <l $J >l 9g $H $_ $J $; $k $? $a !" $3 $& $9 $k $3 $H $K $h $C $F $9 $Y $F $N J, 3d $r F1 MM $K 07 $( $k [2] !# for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do if OWNER(a(i)) == GET_CELL_ID() then a(i) = ... endif endfor + for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do a(i) = ... endfor ?^ 4: 91 ?? / 91 56 $H $J $k if J8 $N :o =| for i = 0, n - 1 do if OWNER(a(i)) == GET_CELL_ID() then a(i) = ... endif b(i) = ... endfor + for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do a(i) = ... b(i) = ... endfor for i 2 f i j OWNER(a( i )) != GET_CELL_ID() ; \ 0 � i � n - 1 g do b(i) = ... endfor ?^ 5: if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d :o =| $9 $k !# 6q BN E* $K $O !" if J8 $N >r 7o <0 $r @. N) $5 $; $k %k !< %W %$ %s %G %C %/ %9 CM $N >r 7o $H %k !< %W %$ %s %G %C %/ %9 $N $H $j $& $k CM $r Hf 3S $7 !" >r 7o <0 $, 91 ?? / 91 56 $G $" $k $+ $I $& $+ $r D4 $Y $k !# $3 $l $K $h $j !" <B 9T ;~ $N IT I, MW $J >r 7o H= Dj $r :o =| $9 $k $3 $H $, $G $- $k !# 4.1.3 if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d 91 ?? / 91 56 $H $J $k if J8 $N :o =| $O !" ?^ 5 >e $N $h $& $J >l 9g $K $O Ev A3 E, MQ $G $- $J $$ !# $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* $K $O !" %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 !" <B 9T $5 $l $k $Y $- J8 $, 6& DL $H $J $k %k !< %W %$ %s %G %C %/ %9 CM $N HO 0O Kh $K Ev 3: %k !< %W $r J, 3d $9 $k !# $3 $l $K $h $j !" JB Ns 2= It $G A^ F~ $5 $l $? $[ $H $s $I $N if J8 $r :o =| $9 $k $3 $H $, $G $- $k !# 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 ?^ 6 >e $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 $$ $k $3 $H $K $J $k !# $= $3 $G K\ :G E, 2= $G $O !" %G !< %? %U %m !< 2r @O $r 9T $& $3 $H $K $h $C $F !" IT MQ $J DL ?. %3 !< %I $r :o =| $9 $k !# 6q BN E* $K $O !" IT MQ $J Be F~ A‘ :n $H $J $k RECV J8 $r %G !< %? %U %m !< 2r @O $K $h $C $F 8! =P $7 !" BP 1~ $9 $k SEND $^ $? $O BROADCAST J8 $H $H $b $K for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do BROADCAST(a(i)) tmp_a = a(i) if tmp_a < 0 then a(i) = - tmp_a endif endfor for i 2 f i j OWNER(a( i )) != GET_CELL_ID() ; \ 0 � i � n - 1 g do RECV(OWNER(a(i)), tmp_a) endfor + for i 2 f i j OWNER(a( i )) == GET_CELL_ID() ; \ 0 � i � n - 1 g do tmp_a = a(i) if tmp_a < 0 then a(i) = - tmp_a endif endfor ?^ 6: IT MQ $J SEND / RECV J8 $N :o =| for i = 0, n - 1 do a(i) = ... if OWNER(b(i)) == GET_CELL_ID() then SEND(OWNER(c(i)), b(i)) endif if OWNER(c(i)) == GET_CELL_ID() then RECV(OWNER(b(i)), tmp_b) c(i) = tmp_b endif endfor + for i = 0, n - 1 do if OWNER(b(i)) == GET_CELL_ID() then SEND(OWNER(c(i)), b(i)) endif a(i) = ... if OWNER(c(i)) == GET_CELL_ID() then RECV(OWNER(b(i)), tmp_b) c(i) = tmp_b endif endfor ?^ 7: SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 :o =| $9 $k !# $3 $l $K $h $j !" IT MQ $J DL ?. $r :o =| $9 $k $3 $H $, $G $- $k !# 4.2 DL ?. %l %$ %F %s %7 $N Dc 8: DL ?. %l %$ %F %s %7 $O !" 1i ;; $K I, MW $J %G !< %? $r B> $N %W %m %; %C %5 $+ $i <u ?. $9 $k $? $a $N BT $A $K $h $C $F @8 $8 $k !# K\ @a $G $O !" $= $N $h $& $J %l %$ %F %s %7 $r Dc 8: $7 !" %W %m %; %C %5 $N Mx MQ N( $r 9b $a $k $? $a $N :G E, 2= <j K! $K $D $$ $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 ( ?^ 7 ;2 >H ) !# $3 $l $K $h $j !" DL ?. %l %$ %F %s %7 $r $" $k Dx EY M^ $( $k $3 $H $, $G $- $k !# 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 ?^ 8: SEND / RECV J8 $r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ 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 ?^ 9: MSG_BUFFER_FLUSH J8 $N A^ F~ 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 $$ !# Nc $( $P ?^ 8 >e $N $h $& $J >l 9g $K $O !" %G !< %? $N Aw ?. $+ $i <u ?. $^ $G $N ;~ 4V E* 5w N% $O Hs >o $K C; $/ !" DL ?. %l %$ %F %s %7 $, @8 $8 $k $H M= A[ $5 $l $k !# $7 $+ $7 $3 $N %3 !< %I $K ?^ 8 2< $N $h $& $J %k !< %W J, G[ $r 9T $& $H !" Aw ?. $+ $i <u ?. $^ $G $N ;~ 4V E* 5w N% $O A0 H> %k !< %W $N <B 9T ;~ 4V Dx EY $H $J $C $F == J, D9 $/ !" %l %$ %F %s %7 $O $[ $H $s $I 1# JC $5 $l $k !# $= $3 $G K\ :G E, 2= $G $O !" SEND $* $h $S RECV J8 $r $H $b $K 4^ $‘ %k !< %W $r SEND J8 $N $_ $r 4^ $‘ %k !< %W $H RECV J8 $N $_ $r 4^ $‘ %k !< %W $K J, G[ $9 $k $3 $H $K $h $C $F !" %G !< %? Aw <u ?. 4V $N ;~ 4V E* 5w N% $r 3H Bg $9 $k !# $3 $l $K $h $j !" DL ?. %l %$ %F %s %7 $r Bg I} $K :o 8: $9 $k $3 $H $, $G $- $k !# 4.2.3 MSG_BUFFER_FLUSH J8 $N A^ F~ %* %V %8 %’ %/ %H %3 !< %I $K %j %s %/ $5 $l $k @l MQ DL ?. %i %$ %V %i %j $O !" @h $K =R $Y $? $h $& $K F0 E* %Y %/ %H %k 2= 5! G= $r ;} $D !# $7 $+ $7 $3 $N $h $& $J %P %C %U %! %j %s %0 $r 9T $& >l 9g $K $O !" $= $N %P %C � I> 2A $K $O <+ F0 E* $K JB Ns 2= $5 $l $? %* %V %8 %’ %/ %H %3 !< %I $r MQ $$ $? !# $3 $3 $G :G E, 2= $N E, MQ =g =x $O 0J 2< $N $H $* $j $G $" $k !# 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~ � %* %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 $$ !" C %3 %s %Q %$ %i $K $O SP AR- Compiler C 2.0.1 !" :G E, 2= %* %W %7 %g %s $K $O -O4 !" %; %k %i %$ %V %i %j $K $O lib.fast $r ;X Dj $7 $? !# � @l MQ DL ?. %i %$ %V %i %j $N <B Au $K $O AP1000 $N I8 =‘ DL ?. %i %$ %V %i %j $r MQ $$ !" <B 9T ;~ %* %W %7 %g %s $K $O -R 0 -LSEND $r ;X Dj $7 $? 3 !# � 2C B. N( $O ( C‘ <! HG $N <B 9T ;~ 4V ) = ( JB Ns HG $N <B 9T ;~ 4V ) $H $7 $F 5a $a $? !# ?^ 10: @- G= I> 2A $N >r 7o const n = 512 real a(0:n - 1:*, 0:n - 1) real b(0:n - 1:*, 0:n - 1) /* a() !" b() $O 1 <! 85 $a $G %V %m %C %/ J, 3d */ 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 ?^ 11: :G E, 2= $N 8z 2L $N I> 2A $K MQ $$ $k %W %m %0 %i %‘ %U %! $r E, @Z $K %U %i %C %7 %e $7 $J $1 $l $P !" $= $N Mx E@ $r == J, $K @8 $+ $; $J $$ $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 ( ?^ 9 ;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 !# 5 @- G= I> 2A 0J >e $G =R $Y $? @l MQ DL ?. %i %$ %V %i %j $* $h $S :G E, 2= <j K! $O !" 4{ $K TINP AR $K <B Au $5 $l $F $$ $k !# $= $3 $G K\ >O $G $O !" 8D !9 $N :G E, 2= <j K! $N 8z 2L !" 4J C1 $J ?t CM =h M} %W %m %0 %i %‘ $N JB Ns 2= $K BP $9 $k M- 8z @- !" $* $h $S %* %V %8 %’ %/ %H %3 !< %I $N <B 9T ;~ 4V $K BP $9 $k DL ?. =h M} $N 1F 6A $K $D $$ $F =R $Y $k !# $J $* I> 2A $K $O AP1000[5] $r MQ $$ $? !# I> 2A $N >r 7o $r ?^ 10 $K <( $9 !# 5.1 3F :G E, 2= <j K! $N 8z 2L $^ $: :G =i $K 8D !9 $N :G E, 2= <j K! $N 8z 2L $r <( $9 !# I> 2A $K $O ?^ 11 $N %W %m %0 %i %‘ $r 64 %W %m %; %C %5 MQ $K JB Ns 2= $7 $? $b $N $r MQ $$ $? !# :G E, 2= %l %Y %k $H 2C B. N( $N 4X 78 $r ?^ 12 $K <( $9 !# $3 $3 $G :G E, 2= %l %Y %k $O ?^ 10 $N HV 9f $r MQ $$ $F <( $5 $l $F $$ $k !# $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 3 $? $@ $7 9T Ns @Q $K $D $$ $F $O %j %s %0 %P %C %U %! $, %* !< %P !< %U %m !< $7 $? $? $a !" -R 0 -NOLSEND $r ;X Dj $7 $? !#

?^ 12: 3F :G E, 2= <j K! $N 8z 2L $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 $^ $$ !" $? $H $( $= $N B> $9 $Y $F $N :G E, 2= $r 9T $C $F $b 2C B. N( $O 0.99 G\ $G $" $C $? !# $^ $? MSG_BUFFER_FLUSH J8 $N A^ F~ $r 9T $o $J $+ $C $? >l 9g $K $O !" Aw ?. %G !< %? $N %P %C %U %! %j %s %0 $, 0- 1F 6A $r 5Z $\ $7 !" B> $N :G E, 2= $N 8z 2L $r BG $A >C $7 $F $7 $^ $C $? !# Nc $( $P !" $9 $Y $F $N :G E, 2= $r 9T $C $? >l 9g $K $O 2C B. N( $O 57.1 G\ $G $" $C $? $, !" $3 $N :G E, 2= $r 30 $7 $? >l 9g $K $O 31.1 G\ $G $" $C $? !# $3 $N $H $- %W %m %; %C %5 $N J? 6Q 2T F/ N( $O 84.5% $+ $i 55.7% $X $H Dc 2< $7 $F $$ $? 4 !# $J $* !" I> 2A %W %m %0 %i %‘ $, C; $+ $C $? $? $a !" SEND J8 $N %j %9 %1 %8 %e !< %j %s %0 $K $h $k 8z 2L $O 8= $l $J $+ $C $? !# $^ $? !" :o =| $N BP >] $H $J $k $h $& $J IT MQ $J SEND / RECV J8 $b @8 @. $5 $l $J $+ $C $? !# 5.2 ?t CM =h M} %W %m %0 %i %‘ $K $h $k I> 2A <! $K TINP AR $K $h $k JB Ns 2= $N M- 8z @- $r <( $9 $? $a $K !" 9T Ns @Q !" %, %& %9 >C 5n K! $* $h $S SOR K! $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g $N Bf ?t 8z 2L $r B, Dj $7 $? !# $J $* $3 $l $i $N %W %m %0 %i %‘ $K $O !" %j %b !< %H %G !< %? $K BP $9 $k 0l ;~ E* $J %m !< %+ %k %3 %T !< $N :n @. / Mx MQ $J $I $N !" A0 =h M} It $G 9T $o $l $k $Y $- %W %m %0 %i %‘ JQ 49 $, ?M <j $G ;\ $5 $l $F $$ $k !# 5.2.1 9T Ns @Q I> 2A $K $O ?^ 13 $N %W %m %0 %i %‘ $r MQ $$ $? !# $3 $3 $G G[ Ns a() !" b() !" c() $O 1 <! 85 $a $G %V %m %C %/ J, 3d $5 $l $F $$ $k !# $^ $? !" G[ Ns local_b() $O %j %b !< %H %G !< %? b() $N 0l ;~ E* $J %m !< %+ %k %3 %T !< $r 3J G< $9 $k $? $a $N G[ Ns $G $" $j !" A4 %W %m %; %C %5 $, $= $N %3 %T !< $r ;} $D !# $3 $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g $N Bf ?t 8z 2L $r ?^ 14 $K <( $9 !# %W %m %; %C %5 ?t $r A} 2C $5 $; $k $H 1 %W %m %; %C %5 Ev $? $j 4 %H %l !< %9 >p Js $r MQ $$ $F 7W ;; $5 $l $k $? $a !" 2C B. N( $N Hf $H 40 A4 $K $O 0l CW $7 $F $$ $J $$ !# const n = 512 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 */ for i = 0, n - 1 do for j = 0, n - 1 do /* %j %b !< %H %G !< %? $N %m !< %+ %k %3 %T !< $r :n @. $9 $k !# */ local_b(i, j) = b(i, j) endfor endfor 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 ?^ 13: 9T Ns @Q $N %W %m %0 %i %‘ ?^ 14: 9T Ns @Q $N Bf ?t 8z 2L $N 1i ;; NL $, 8: >/ $7 $F JB Ns 2= 8z N( $, Dc 2< $9 $k $, !" $^ $: $^ $: $N @- G= $, F@ $i $l $F $$ $k $H $$ $( $k !# 5.2.2 %, %& %9 >C 5n K! I> 2A $K $O ?^ 15 $N %W %m %0 %i %‘ $r MQ $$ $? !# $3 $3 $G G[ Ns $O $9 $Y $F 1 <! 85 $a $G %5 %$ %/ %j %C %/ J, 3d $5 $l $F $$ $k 5 !# $^ $? G[ Ns local_idamax() $* $h $S local_dmax() $O !" J, 2r Ns $r C4 Ev $9 $k %W %m %; %C %5 $, %m !< %+ %k $K %T %\ %C %H A* Br $r 9T $& $? $a $K F3 F~ $7 $? G[ Ns $G $" $k !# 0l J} G[ Ns local_a() $O !" 3F %W %m %; %C %5 $G J, 2r Ns $N 0l ;~ E* $J %m !< %+ %k %3 %T !< $r 3J G< $9 $k $? $a $N G[ Ns $G $" $k !# $3 $N G[ Ns $K BP $9 $k Be F~ $O L@ <( E* $K %9 %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 $$ $k !# $3 $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g $N Bf ?t 8z 2L $r ?^ 16 $K <( $9 !# %W %m %; %C %5 ?t $r A} 2C $5 $; $k $H 1 %W %m %; %C %5 Ev $? $j $N 1i ;; NL $, 8: >/ $7 $F JB Ns 2= 8z N( $, Dc 2< $9 $k $, !" $^ $: $^ $: $N @- G= $, F@ $i $l $F $$ $k $H $$ $( $k !# 5.2.3 SOR K! I> 2A $K $O ?^ 17 $N %W %m %0 %i %‘ $r MQ $$ $? !# $3 $3 $G G[ Ns a() $O 1 <! 85 $a $G %V %m %C %/ J, 3d $5 $l $F $$ $k !# $^ $? outer_j $N %k !< %W $O !" %? %$ %j %s %0 $N 5; K! $r MQ $$ $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 !# 5 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 !# const n = 1024 real a(0:n - 1:1, 0:n - 1) integer ipvt(0:n - 1:1) integer info temporary integer local_idamax(0:GET_N_CELL() - 1:1) temporary real local_dmax(0:GET_N_CELL() - 1:1) temporary real local_a(0:GET_N_CELL() - 1:1, 0:n - 1) temporary integer l temporary real abs_a_k_i, dmax, pivot, t /* 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)), GET_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 ?^ 15: %, %& %9 >C 5n K! $N %W %m %0 %i %‘ 6 ?^ 16: %, %& %9 >C 5n K! $N Bf ?t 8z 2L 6 LINP A CK %Q %C %1 !< %8 $N dgefa %5 %V %k !< %A %s $H Ey 2A $G $" $k !# const n = 1024 const width = 6 real omega real a(0:n - 1:*, 0:n - 1) /* a() $O 1 <! 85 $a $G %V %m %C %/ J, 3d */ for outer_j = 0, n - 1, width do for i = 1, n - 2 do /* 2 <! 85 $a $K $O I} width $N %? %$ %j %s %0 $r ;\ $9 !# */ for j = MAX(1, outer_j), MIN(n - 2, outer_j + width - 1) do a(i, j) = a(i, j) * (1 - omega) \ + (a(i - 1, j) + a(i, j - 1) \ + a(i, j + 1) + a(i + 1, j)) \ * (omega / 4) endfor endfor endfor ?^ 17: SOR K! $N %W %m %0 %i %‘ ?^ 18: SOR K! $N Bf ?t 8z 2L $3 $N %W %m %0 %i %‘ $r JB Ns 2= $7 $? >l 9g $N Bf ?t 8z 2L $r ?^ 18 $K <( $9 !# %W %m %; %C %5 ?t $r A} 2C $5 $; $k $H 1 2s $N DL ?. Ev $? $j $N 1i ;; NL $, 8: >/ $7 $F JB Ns 2= 8z N( $, Dc 2< $9 $k $, !" $" $k Dx EY $N @- G= $, F@ $i $l $F $$ $k $H $$ $( $k !# 5.3 <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 $$ $k 1F 6A $r I> 2A $9 $k $? $a $K !" AP1000 $N DL ?. %i %$ %V %i %j $N <B 9T ;~ 4V !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $N <B 9T ;~ 4V !" $* $h $S DL ?. 0J 30 $N 1i ;; $N <B 9T ;~ 4V $, Am <B 9T ;~ 4V $K @j $a $k 3d 9g $r B, Dj $7 $? !# $3 $3 $G AP1000 $N DL ?. %i %$ %V %i %j $O <B :] $N %a %C %; !< %8 Aw <u ?. $r 9T $$ !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $O %G !< %? $N %Q %C %- %s %0 / %" %s %Q %C %- %s %0 $* $h $S Aw ?. %P %C %U %! $N %U %i %C %7 %e $r 9T $C $F $$ $k !# I> 2A $K $O A0 @a $N 3 $D $N %W %m %0 %i %‘ $r 64 %W %m %; %C %5 MQ $K JB Ns 2= $7 $? $b $N $r MQ $$ $? !# 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 ?^ 19 $K <( $9 !# $3 $N 7k 2L $h $j !" DL ?. 0J 30 $N 1i ;; $N <B 9T ;~ 4V $O $[ $\ 1 $H $J $C $F $* $j !" Hs >o $K 8z N( $, $h $$ $H $$ $( $k !# $3 $l $O :G E, 2= $K $h $C $F IT MQ $J %3 !< %I $, == J, :o =| $5 $l $F $$ $k $3 $H $r <( $7 $F $$ $k !# 0l J} DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $N <B 9T ;~ 4V $O 0.1 $+ $i 0.6 $G $" $j !" $" $^ $j 8z N( $, $h $/ $J $$ !# $7 $+ $7 %, %& %9 >C 5n K! $N >l 9g $O !" DL ?. $r %9 %1 %8 %e !< %j %s %0 $9 $k $? $a $K $" $( $F J| Aw DL ?. 5! G= $r MQ $$ $J $+ $C $? $3 $H $K $h $k !" Aw ?. %G !< %? %Q %C %- %s %0 $N %* !< %P !< %X %C %I $N A} Bg $, 86 0x $G $" $k !# $^ $? SOR K! $N >l 9g $O !" 1i ;; NL $H DL ?. $N N3 EY $N %P %i %s %9 $, $H $l $F $$

?^ 19: %* %V %8 %’ %/ %H %3 !< %I $N <B 9T ;~ 4V $N Fb Lu ?^ 20: AP1000 $N DL ?. %i %$ %V %i %j $N <B 9T ;~ 4V $N Fb Lu $J $$ $? $a $K !" DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ $N %* !< %P !< %X %C %I $, I= LL 2= $7 $F $$ $k $b $N $H 9M $( $i $l $k !# $3 $l $K BP $7 $F 9T Ns @Q $N >l 9g $O !" == J, 8z N( $, $h $$ $H $$ $( $k !# $^ $? AP1000 $N DL ?. %i %$ %V %i %j $N <B 9T ;~ 4V $O 0.2 $+ $i 0.6 $G $" $j !" 8z N( $, $h $$ $H $O $$ $( $J $$ !# $7 $+ $7 ?^ 20 $K <( $5 $l $F $$ $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 $$ $k 3d 9g $, >/ $J $/ $J $/ !" 2~ A1 $N M> CO $, $" $k !# $9 $J $o $A @h $K =R $Y $? $h $& $K !" Aw ?. $O %N %s %V %m %C %- %s %0 $G $+ $D OS NN 0h $X $N %3 %T !< $J $7 $G !" <u ?. $O DL ?. %i %s %? %$ %‘ %7 %9 %F %‘ Fb $X D> @\ $K 9T $& $3 $H $, $G $- $l $P !" $3 $l $i $N ;~ 4V $r $+ $J $j C; =L $G $- $k $H 9M $( $i $l $k !# 6 4X O" 8& 5f J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i $N 8& 5f $O B? ?t 9T $o $l $F $$ $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[6] $, 5s $2 $i $l $k !# F ortran D $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 $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 !# $^ $? J8 8% [8] $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 $, !" 2f !9 $N <j K! $H 0[ $J $j E, MQ HO 0O $K @) 8B $, $" $k [2] !# $5 $i $K J8 8% [7] $G $O K\ 9F $H F1 MM $J %, %& %9 >C 5n K! $N %W %m %0 %i %‘ $r 07 $C $F $$ $k $, !" %T %\ %C %H A* Br $r 8z N( $h $/ 9T $& $? $a $K %3 %s %Q %$ %i $, %j %@ %/ %7 %g %s 1i ;; $r G’ <1 $7 !" owner com- putes rule $r 4K OB $7 $F JB Ns 2= $r 9T $C $F $$ $k !# 0l J} TINP 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 !# 7 $^ $H $a K\ 9F $G $O !" 8= :_ 2f !9 $, 3+ H/ Cf $G $" $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 $$ $F =R $Y $? !# TINP AR $O 3H D% Tin y language $G 5- =R $5 $l $? C‘ <! %W %m %0 %i %‘ $r owner computes rule $K => $C $F JB Ns 2= $9 $k !# $3 $N $H $- TINP AR $O !" IT MQ $J %3 !< %I $N :o =| $d DL ?. %3 !< %I $N 0\ F0 $r 9T $& $3 $H $K $h $j !" 8z N( $N $h $$ %* %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 $& !# $^ $? K\ 9F $G $O !" TINP AR $K $h $k JB Ns 2= $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 $$ $F !" 9T Ns @Q $G 45.9 G\ !" %, %& %9 >C 5n K! $G 35.8 G\ !" SOR K! $G 28.1 G\ $N 2C B. N( $, C# @. $5 $l $? !# ;2 9M J8 8% [1] ;0 5H 0j IW , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# : %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i , >p =h 8& Js 94-PRG-18, pp.33{40, 1994. [2] ;0 5H 0j IW , A0 ;3 9@ Fs , 8e F# ?5 Li , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# : %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR | :G E, 2= <j K! $H @- G= I> 2A |, >p =h 8& Js 94-HPC-54, pp.45{52, 1994. [3] M. W olfe: The Tiny Lo op Restructuring Research T ool, Pro c. of 1991 Int’l Conf. on Parallel Pro cessing vol.II, pp.46{53, 1991. [4] EZ Hn <B 5W , NS 7{ 0l , ?J F# C# Li : %9 %H %i %$ %I %G !< %? E> Aw 5! 9= $r MQ $$ $? %3 !< %I @8 @. , >p =h 8& Js 94-HPC-52, pp.1{6, 1994. [5] @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) vol.J75-D-I no.8, pp.637{645, 1992. [6] S. Hiranandani, K. Kennedy , and C. Tseng: Compiler Op- timizations for F ortran D on MIMD Distributed-Memory Machines, Pro c. of Sup ercomputing ’91, pp.86{100, 1991. [7] S. Hiranandani, K. Kennedy , and C. Tseng: Preliminary Exp eriences with the F ortran D Compiler, Pro c. of 1993 Int’l Conf. on Sup ercomputing, pp.338{350, 1993. [8] S. Hiranandani, K. Kennedy , J. Mellor-Crummey , and A. Sethi: Compilation T ec hniques for Blo ck-Cyclic Distribu- tions, Pro c. of 1994 Int’l Conf. on Sup ercomputing, pp.392{ 403, 1994.