IT 5, B’ Ld Bj $K BP $9 $k JB Ns 2= %3 %s %Q %$ %k <j K! 7& ED >; ;K !$ ?9 bC 0l O: !$ Cf Eg 9@ !$ IY ED bC <# 5~ ET Bg 3X 9) 3X It >p Js 9) 3X 65 << ") 606-01 5~ ET ;T :8 5~ 6h 5H ED K\ D. email: f kub ota, moris, nak asima, tomita g @kuis.kyoto-u.ac.jp 2f !9 $O !$ %a %C %; !< %8 8r 49 7? $N J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i $r 3+ H/ $7 $F $$ $k !% %$ %s %G %C %/ %9 G[ Ns $K $h $k 4V @\ ;2 >H $, 9T $o $l $k %k !< %W $r JB Ns 2= $9 $k $H !$ IT 5, B’ $J %" %/ %; %9 %Q %? !< %s $r @8 $: $k !% $3 $N $h $& $J %3 !< %I $K BP $9 $k %3 %s %Q %$ %k 5; K! $H $7 $F !$ Insp ector/Executor $H $$ $& %3 !< %I @8 @. $N @o N, $, Ds 0F $5 $l $F $$ $k !% 2f !9 $, Ds 0F $7 $F $$ $k 5U %$ %s %G %C %/ %9 G[ Ns $r MQ $$ $? <j K! $K $h $j !$ %k !< %W $N %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $, 2D G= $H $J $j !$ DL ?. $N DL ?. $N %l %$ %F %s %7 $, 1# JC $5 $l <B 9T $N 9b B. 2= $, C# @. $G $- $k !% IT 5, B’ %a %C %7 %e $N H? I| 7W ;; $K K\ <j K! $r E, MQ $9 $k $H !$ => Mh $N <j K! $K Hf $Y :G Bg $G 2.16 G\ $N 9b B. 2= $5 $l $? !% A Compilation T ec hnique for P arallelizing Irregular Problems A tsushi KUBOT A, Shin-ic hiro MORI, Hiroshi NAKASHIMA and Shinji TOMIT A Department of Information Science F acult y of Engineering, Kyoto Universit y Y oshida-hon-mac hi, Sakyo-ku, Kyoto 606{01 Japan W e hav e b een constructing a parallelizing compiler for message passing distributed memory com- puters. Parallelization of lo ops with indirect access with index arra ys causes irregular access pattern. F or suc h co des, a technique to generate insp ector/executor co de has b een prop osed. The inv erted index metho d w e hav e prop osed enables iteration reordering for such co des, while hiding latency of communi- cation. W e ac hiev ed 2.16 times sp eep up for unstructured mesh sweep by applying iteration reordering. 1

1 $O $8 $a $K 8= :_ 2f !9 $O !$ 2J 3X 5; =Q 7W ;; $r BP >] $H $7 $F !$ J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $X $N %W %m %0 %i %‘ $N <+ F0 JB Ns 2= !$ JB Ns 2= ;Y 1g $N 8& 5f $r 9T $C $F $$ $k !% 2J 3X 5; =Q 7W ;; $G $O !$ <B 9T ;~ 4V $N Bg It J, $, %k !< %W Fb $G $N 9T Ns $K BP $9 $k A‘ :n $d 1i ;; $K Hq $d $5 $l $k !% %k !< %W It J, $O !$ :Y N3 EY $G 5, B’ @- $r $b $D JB Ns @- $r Fb :_ $7 $F $$ $k $? $a !$ A4 $F $N %W %m %; %C %5 $, F1 0l $N %W %m %0 %i %‘ $r <B 9T $7 !$ %k !< %W It J, $r SIMD E* $K 3F %W %m %; %C %5 $K 3d $j Ev $F $k SPMD(Single Program Multiple Data Stream) %b %G %k $K $h $k %W %m %0 %i %‘ $N JB Ns 2= $, M- 8z $G $" $k !% SPMD $N %b %G %k $K 4p $E $/ JB Ns 8@ 8l $d JB Ns 2= %3 %s %Q %$ %i $N 8& 5f $O ?t B? $/ 9T $o $l $F $$ $k !% $7 $+ $7 !$ IT 5, B’ Ld Bj $H 8F $P $l $k !$ IT 5, B’ %a %C %7 %e >e $N N. BN NO 3X !$ J, ;R F0 NO 3X !$ B? BN Ld Bj $J $I $G $O !$ %G !< %? $N %" %/ %; %9 !& %Q %? !< %s !$ 7W ;; ;~ 4V $, <B 9T ;~ $K $J $i $J $1 $l $P 3N Dj $5 $l $J $$ $? $a !$ <B 9T ;~ 2r @O $r MQ $$ $? JB Ns 2= $, I, MW $G $" $k !% $3 $N <B 9T ;~ 2r @O $N <j K! $H $7 $F !$ Insp ector/ Executor @o N, $, Ds 0F $5 $l [1] !$ CHAOS [2] $H $$ $C $? <B 9T ;~ %i %$ %V %i %j $, 3+ H/ $5 $l $F $$ $k !% $7 $+ $7 !$ => Mh $N <j K! $G $O !$ � Be F~ J8 $N :8 JU $K %$ %s %G %C %/ %9 G[ Ns $, B8 :_ $9 $k >l 9g !$ %$ %s %G %C %/ %9 G[ Ns $r 4p =‘ $H $7 $F owner computes rule $r E, MQ $7 $F $= $N Be F~ J8 $N <B 9T $r 3F %W %m %; %C %5 $K 3d IU $1 $J $1 $l $P $J $i $J $$ !% $= $N $? $a !$ Be F~ J8 $N <B 9T 8e !$ %$ %s %G %C %/ %9 G[ Ns $K $h $C $F 4V @\ ;2 >H $5 $l $F $$ $k %G !< %? $N owner %W %m %; %C %5 $X Be F~ 8e $N CM $r Aw ?. $7 $J $1 $l $P $J $i $J $$ !% � %k !< %W $N %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $K $h $k !$ DL ?. $H 7W ;; $N %* !< %P !< %i %C %W $K $h $k DL ?. %l %$ %F %s %7 $N 1# JC [1] $, $G $- $J $$ !% $J $I $N Ld Bj $, $" $k !% $= $N $? $a !$ <B 9T ;~ 4V A4 BN $K @j $a $k DL ?. $N 3d 9g $, Bg $- $/ !$ JB Ns 2= $K $h $k <B 9T $N 9b B. 2= $, IT == J, $G $" $k !% $= $3 $G 2f !9 $O !$ 5U %$ %s %G %C %/ %9 K! $H $$ $& !$ %$ %s %G %C %/ %9 G[ Ns $N 5U 4X ?t $r 5a $a $k $3 $H $G !$ Insp ec- tor/Executor @o N, $K 4p $E $$ $F @8 @. $5 $l $k %3 !< %I $N <B 9T $r 9b B. 2= $9 $k <j K! $r Ds 0F $7 $F $- $? [3] !% K\ 9F $G $O !$ CHAOS %i %$ %V %i %j $r 3H D% $7 5U %$ %s %G %C %/ %9 K! $K BP 1~ $5 $; !$ => Mh K! $H $N <B 9T ;~ 4V $N 9b B. $, C# @. $G $- $? $3 $H $r Js 9p $9 $k !% 1 do n=1,n_steps 2 do i=1,n_edges 3 y(edge1(i)) = y(edge1(i)) + 4 f( x(edge1(i)), x(edge2(i)) ) 5 y(edge2(i)) = y(edge2(i)) + 6 g( x(edge2(i)), x(edge2(i)) ) 7 enddo 8 do i=1,n_nodes 9 x(i) = y(i) 10 enddo 11 check_convergence 12 enddo ?^ 1: IT 5, B’ %a %C %7 %e $N J, 2r 2 >O $G $O !$ 5U %$ %s %G %C %/ %9 K! $r MQ $$ $k $3 $H $K $h $j !$ %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 !$ Executor $K $* $1 $k DL ?. $N :o 8: $, 2D G= $G $" $k $3 $H $r <( $9 !% 3 >O $G $O !$ IT 5, B’ %a %C %7 %e $N H? I| 7W ;; Ld Bj $K 5U %$ %s %G %C %/ %9 K! $r MQ $$ $? $3 $H $K $h $k @- G= 8~ >e $K $D $$ $F =R $Y $k !% 4 >O $G Am 3g $r 9T $$ !$ :# 8e !$ 2] Bj $K $D $$ $F =R $Y $k !% 2 Insp ector/Executor @o N, $K $h $k %3 !< %I $N @8 @. 2.1 IT 5, B’ Ld Bj G[ Ns $N E: ;z Fb $N @0 ?t 7? G[ Ns $K $h $k %$ %s %G %C %/ %9 ;2 >H $, B8 :_ $9 $k >l 9g !$ %" %/ %; %9 $9 $Y $- %G !< %? $N 0L CV $, <B 9T ;~ $K 7h Dj $5 $l $k $? $a !$ %3 %s %Q %$ %k ;~ $K %W %m %; %C %5 4V $N %a %C %; !< %8 DL ?. $N MW !? IT MW $r 7h Dj $G $- $J $$ !% $" $k $$ $O !$ %G !< %? $N IT 5, B’ J, 3d $9 $k >l 9g !$ G[ Ns %G !< %? $N J, 3d K! $O %W %m %0 %i %‘ $N F~ NO $H $7 $F M? $( $i $l $k $+ !$ $" $k $$ $O <B 9T ;~ $K F0 E* $K 7h Dj $5 $l $k $? $a !$ F1 MM $K %W %m %; %C %5 4V $N %a %C %; !< %8 DL ?. $N MW !? IT MW !$ Aw ?. 85 $H Aw ?. @h $O %W %m %0 %i %‘ $N <B 9T ;~ $K 7h Dj $5 $l $k !% $3 $N $h $& $J %G !< %? %" %/ %; %9 $r H< $& Ld Bj $O !$ IT 5, B’ Ld Bj (irregular problem) $H 8F $P $l $k !% Nc $( $P !$ ?^ 1 $N %3 !< %I $O !$ IT 5, B’ Ld Bj $N 0l Nc $G $" $k !% $3 $N Nc $G $O !$ 7W ;; BP >] $H $J $k %N !< %I $H %( %C %8 $= $l $> $l $K HV 9f $E $1 $r $7 $F $* $/ !% $" $k %( %C %8 $N N> C< $N %N !< %I $N HV 9f $O edge1 $H !$ edge2 $K 3J G< $7 $F $* $/ !% $9 $Y $F $N %( %C %8 $K BP $7 !$ N> C< $N %N !< %I x $N Aj 8_ :n MQ $r 7W ;; $7 !$ 0l ;~ E* $K y $K 3J G< $9 $k !% y 2

$N CM $r x $K =q $- La $9 $3 $H $G !$ 1 2s $N %a %C %7 %e >e $N %N !< %I $N CM $r 99 ?7 $9 $k !% x(edge1(i)) !$ x(edge2(i)) $r J] ;} $9 $k %W %m %; %C %5 $, %3 %s %Q %$ %k ;~ $K $J $i $J $1 $l $P 7h Dj $G $- $J $$ $? $a !$ owner computes rule $K 4p $E $$ $F !$ $I $N %$ %? %l !< %7 %g %s $r $I $N %W %m %; %C %5 $G <B 9T $9 $Y $- $+ !$ 1& JU $N %G !< %? !$ y(edge1(i)) !$ y(edge2(i)) $O !$ $I $N %W %m %; %C %5 $+ $i $I $N %W %m %; %C %5 $X Aw ?. $9 $l $P $$ $$ $+ $O %3 %s %Q %$ %k ;~ $K $J $i $J $1 $l $P 3N Dj $7 $J $$ !% 2.2 Insp ector/Executor @o N, <B 9T ;~ $N %G !< %? %" %/ %; %9 $N EY $K Aw <u ?. %W %m %; %C %5 $r 3N Dj $9 $k $H %* !< %P !< %X %C %I $, Bg $- $$ !% $= $N $? $a !$ DOALL 7? %k !< %W $K BP $7 $F !$ @h $K %W %m %; %C %5 4V DL ?. $r H< $& %G !< %? ;2 >H $r 8! :: $9 $k insp ector $r <B 9T $7 !$ 0z $- B3 $$ $F 1i ;; $= $N $b $N $r 9T $& executor $r <B 9T $9 $k $H $$ $& Insp ector/Executor %3 !< %I @8 @. K! $, Ds 0F $5 $l $F $$ $k [1] !% 0J 2< $K %W %m %; %C %5 p $K $* $1 $k %3 !< %I $N 35 MW $r <( $9 !% $J $* !$ $3 $N Cf $G %W %m %; %C %5 q $O p 6 = q $H $J $k A4 $F $N %W %m %; %C %5 $G $" $k !% 1. insp ector $G $O !$ 0J 2< $N %j %9 %H $, :n @. $5 $l $k !% (a) %W %m %; %C %5 4V DL ?. $N $? $a $N %G !< %? ;2 >H 4X 78 $r <( $9 %j %9 %H $N :n @. � p $, ;2 >H $7 !$ $+ $D !$ q $, =j M- $7 $F $$ $k G[ Ns %G !< %? $N JQ ?t L> $H $= $N E: ;z $N %j %9 %H recv list(p,q) � p $, =j M- $7 $F $* $j !$ $+ $D !$ q $, ;2 >H $9 $k G[ Ns %G !< %? $N JQ ?t L> $H $= $N E: ;z $N %j %9 %H send list(p,q) 2. executor $G $O !$ %G !< %? $N Aw <u ?. $* $h $S %k !< %W $N <B 9T $, 0J 2< $N =g $G 9T $o $l $k !% (a) send list(p,q) $K 4p $E $$ $F !$ q $X %G !< %? $r Aw ?. $9 $k !% (b) r e cv list(p,q) $N %G !< %? $r q $+ $i <u ?. $9 $k !% (c) %k !< %W $r <B 9T $9 $k !% 2.3 => Mh $N <j K! ?^ 1 $N $h $& $K !$ Be F~ J8 $N :8 JU $K 4V @\ ;2 >H $, $" $k >l 9g !$ %$ %s %G %C %/ %9 G[ Ns $r 4p =‘ $H $7 $F owner com- putes rule $r E, MQ $9 $k <j K! $, :N MQ $5 $l $F $- $? !% $D $^ $j !$ G[ Ns $N MW AG edge1(i) !$ edge2(i) $r J] ;} $9 $k %W %m %; %C %5 $K $* $$ $F !$ $= $l $> $l ?^ 1 $N 3,4 9T L\ !$ 5,6 9T L\ $N Be F~ J8 $, <B 9T $5 $l $k !% ?^ 1 $N 3,4 9T L\ $r <B 9T $9 $k $K $O !$ 1. y(edge1(i)) !$ y(edge2(i)) $r J] ;} $9 $k %W %m %; %C %5 $O !$ edge1(i) $r J] ;} $9 $k %W %m %; %C %5 $X $= $l $> $l y(edge1(i)) !$ y(edge2(i)) $r Aw ?. $9 $k !% 2. edge1(i) $r J] ;} $9 $k %W %m %; %C %5 $K $* $$ $F !$ 3,4 9T L\ $N Be F~ J8 $, <B 9T $5 $l !$ 0l ;~ JQ ?t tmp $K $= $N CM $, Be F~ $5 $l $k !% 3. edge1(i) $r J] ;} $9 $k %W %m %; %C %5 $, !$ tmp $N CM $r !$ x(edge1(i)) $r J] ;} $9 $k %W %m %; %C %5 $X Aw ?. $9 $k !% 4. x(edge1(i)) $r J] ;} $9 $k %W %m %; %C %5 $O !$ tmp $r <u ?. $7 !$ x(edge1(i)) $r 99 ?7 $9 $k !% $H $$ $& <j =g $r $H $k !% 5.6 9T L\ $N Be F~ J8 $K $D $$ $F $b F1 MM $G $" $k !% $9 $k $H !$ ?^ 1 $r !$ Insp ector/Executor @o N, $K 4p $E $$ $F JB Ns 2= $7 $? 5? ;w %3 !< %I $O ?^ 2 $N $h $& $J $k !% $3 $N J} K! $G $O !$ %k !< %W $N A0 8e $G x , y $N A4 BP A4 $N DL ?. $, @8 $8 $k $? $a !$ DL ?. $N 5/ F0 2s ?t $, B? $/ !$ JB Ns 2= $K $h $k 9b B. 2= $, IT == J, $H $J $k !% 1 make_recv_list 2 comm_recv_list 3 do n=1,n_steps 4 gather_off_proc(x) 5 do i=1,n_edges 6 y(edge1(i)) = y(edge1(i)) + 7 f( x(edge1(i)), x(edge2(i)) ) 8 y(edge2(i)) = y(edge2(i)) + 9 g( x(edge2(i)), x(edge2(i)) ) 10 enddo 11 scatter_off_proc(y) 12 do i=1,n_nodes 13 x(i) = y(i) 14 enddo 15 check_convergence 16 enddo ?^ 2: Insp ector/Executor %3 !< %I !J %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $J $7 !K 2.4 5U %$ %s %G %C %/ %9 G[ Ns $r MQ $$ $? %3 !< %I $N @8 @. 2f !9 $O !$ 5U %$ %s %G %C %/ %9 G[ Ns $r MQ $$ $? Insp ector/ Executor $r Ds 0F $7 $F $$ $k !% 3

?^ 3: 5U %$ %s %G %C %/ %9 G[ Ns 5U %$ %s %G %C %/ %9 G[ Ns $H $O !$ %$ %s %G %C %/ %9 G[ Ns $r 4X ?t $H $_ $J $7 $? $H $- $N 5U 4X ?t $G $" $k !% G[ Ns $, $" $k %k !< %W $G =g <! !$ ;2 >H $5 $l $k >l 9g $N 5U %$ %s %G %C %/ %9 $O !$ G[ Ns $N $" $k MW AG $, !$ %k !< %W $N 2? HV L\ $N %$ %? %l !< %7 %g %s $G ;2 >H $5 $l $k $+ $r <( $9 !% ?^ 3 $O !$ MW AG ?t 15 $N %$ %s %G %C %/ %9 G[ Ns edge1 !$ edge2 $H $= $N 5U %$ %s %G %C %/ %9 G[ Ns $N Nc $G $" $k !% $3 $N Nc $G $o $+ $k DL $j !$ 5U %$ %s %G %C %/ %9 G[ Ns $O 0l HL $K $O %j %9 %H $N 7A <0 $r MQ $$ $F I= $5 $l $k !% Nc $( $P !$ edge1(1)=7 $G $" $k $, !$ inv1(7)=1 $G $" $j !$ x(7) , y(7) $O !$ 1 HV L\ $N %$ %? %l !< %7 %g %s $G ;2 >H $5 $l $k $3 $H $, $o $+ $k !% $3 $N 5U %$ %s %G %C %/ %9 G[ Ns $r MQ $$ $k $H !$ %$ %s %G %C %/ %9 G[ Ns edge1 $G $O $J $/ !$ 99 ?7 $5 $l $k G[ Ns y $r 4p =‘ $H $7 $F o wner computes rule $r E, MQ $9 $k $3 $H $, $G $- $k !% Nc $( $P !$ %W %m %; %C %5 1 $, G[ Ns $N MW AG y(1) . . . y(5) $r J] ;} $7 $F $$ $? $H $9 $k $H !$ edge1 !$ edge2 $N 5U %$ %s %G %C %/ %9 G[ Ns $r ;2 >H $9 $k $3 $H $G !$ %W %m %; %C %5 1 $G <B 9T $9 $Y $- %$ %? %l !< %7 %g %s $, 5a $a $i $l $k !% Nc $( $P !$ ?^ 1 $N %3 !< %I $N 3,4 9T L\ $N Be F~ J8 $K $D $$ $F $O !$ %$ %? %l !< %7 %g %s HV 9f 10, 11, 2, 8, 13, 4, 6, 14, 3, 5, 9, 15, 7, 12 $r <B 9T $7 !$ 5,6 9T L\ $N Be F~ J8 $K $D $$ $F $O !$ %$ %? %l !< %7 %g %s HV 9f 2, 4, 12, 14, 18, 1, 6, 13, 11, 15 $r <B 9T $9 $k !% $^ $? !$ 1& JU $G ;2 >H $5 $l $k %G !< %? $K BP $7 $F $b !$ x(1) . . . x(5) $r J] ;} $9 $k %W %m %; %C %5 $O !$ 5U %$ %s %G %C %/ %9 G[ Ns $r ;2 >H $9 $k $3 $H $G !$ $= $l $i $N %G !< %? $, ;2 >H $5 $l $k %$ %? %l !< %7 %g %s $, 5a $a $i $l $k !% $5 $i $K !$ !J =g !K %$ %s %G %C %/ %9 G[ Ns edge1 !$ edge2 $r ;2 >H $7 !$ 3F %$ %? %l !< %7 %g %s $G 99 ?7 $5 $l $k Be F~ J8 $N :8 JU $K 8= $l $k G[ Ns MW AG $, 5a $a $i $l $k !% G[ Ns MW AG $r J] ;} $9 $k %W %m %; %C %5 $O !$ 5, B’ J, 3d $, 9T $o $l $F $$ $l $P 4J C1 $K 5a $a $i $l $k !% $f $( $K !$ x(1) . . . x(5) $N Aw ?. @h $, 5a $a $i $l $? $3 $H $K $J $k !% 5U %$ %s %G %C %/ %9 G[ Ns $r 5a $a $k $3 $H $G !$ $" $k %W %m %; %C %5 $K $* $$ $F <B 9T $9 $Y $- %$ %? %l !< %7 %g %s HV 9f $, 5a $a $i $l $? $i !$ $= $l $i $N %$ %? %l !< %7 %g %s $G I, MW $H $9 $k %G !< %? $N ;2 >H $, DL ?. $r H< $& $b $N $+ $I $& $+ $, H= Dj $G $- $k !% DL ?. $r H< $& %G !< %? %" %/ %; %9 $N M- L5 $G !$ %$ %? %l !< %7 %g %s $r local $H nonlocal $N =8 9g $K J, $1 $F $* $/ !% local $N =8 9g $K 4^ $^ $l $k %$ %? %l !< %7 %g %s $O !$ DL ?. $H %* !< %P !< %i %C %W $7 $F <B 9T $G $- $k $? $a !$ DL ?. $r H< $& %G !< %? %" %/ %; %9 $N %l %$ %F %s %7 $r 1# JC $9 $k $3 $H $, $G $- $k !% $3 $N $h $& $K $7 $F JB Ns 2= $7 $? %3 !< %I $r ?^ 4 $K <( $9 !% $? $@ $7 !$ 5U %$ %s %G %C %/ %9 G[ Ns $r MQ $$ $? %3 !< %I $r @8 @. $9 $k $K $O !$ %$ %s %G %C %/ %9 G[ Ns $N A4 $F $N MW AG $r A4 %W %m %; %C %5 $G =E J# $7 $F J] ;} $9 $k I, MW $, $" $k !% 3 @- G= I> 2A I> 2A $K $O !$ A0 >O $G <h $j >e $2 $? IT 5, B’ %a %C %7 %e $N H? I| 7W ;; $r TINP AR[4] $K $h $C $F JB Ns 2= $7 $? %3 !< %I $K !$ :# 2s :n @. $7 $? <B 9T ;~ %i %$ %V %i %j $N %3 !< %k $r <j F0 $G A^ F~ $7 $? !% I> 2A %W %m %0 %i %‘ $N <B 9T $K $O !$ 64 Bf 9= @. $N IY ;N DL AP1000 $r MQ $$ $? !% IT 5, B’ %a %C %7 %e $N #2 <o N‘ $N %G !< %? !$ 1) %a %C %7 %e ?t 2800 !$ %( %C %8 ?t 17377 !$ 2) %a %C %7 %e ?t 545 !$ %( %C %8 ?t 3136 $r F~ NO $H $7 !$ H? I| $r 100 2s 9T $$ !$ $= $N <B 9T ;~ 4V $r 7W B, $7 $? !% %$ %? %l !< %7 %g %s $N <B 9T =g =x $r JQ 99 $9 $k J} K! $G $O !$ 3F %W %m %; %C %5 >e $G $N <B 9T ;~ 4V !$ Insp ector !$ Executor $K Hq $d $7 $? ;~ 4V !$ %$ %? %l !< %7 %g %s $N <B 9T =g =x $r JQ 99 $7 $J $$ J} K! $G $O !$ 3F %W %m %; %C %5 >e $G $N <B 9T ;~ 4V !$ Insp ector, Executor $K Hq $d $7 $? ;~ 4V $K 2C $( !$ Executor Fb $G $N %G !< %? $N J, ;6 (Scatter) <} =8 (Gather) $K MQ $$ $? ;~ 4V $r 7W B, $7 $? !% I= 1 !$ 2 $K 7W B, $7 $? <B 9T ;~ 4V $r <( $9 !% T otal, In- 4

1 make_inv_list 2 make_send_recv_local_nonlocal_lists 3 do n=1,n_steps 4 gather_send_off_proc(x) 5 do i 2 local iter () 6 y(edge1(i)) = y(edge1(i)) + 7 f( x(edge1(i)), x(edge2(i)) ) 8 y(edge2(i)) = y(edge2(i)) + 9 g( x(edge2(i)), x(edge2(i)) ) 10 enddo 11 gather_recv_off_proc(x) 12 do i 2 nonl ocal iter () 13 y(edge1(i)) = y(edge1(i)) + 14 f( x(edge1(i)), x(edge2(i)) ) 15 y(edge2(i)) = y(edge2(i)) + 16 g( x(edge2(i)), x(edge2(i)) ) 17 enddo 18 do i=1,n_nodes 19 x(i) = y(i) 20 enddo 21 check_convergence 22 enddo ?^ 4: Insp ector/Executor %3 !< %I !J %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $" $j !K sp ector, Executor $N 9T $O !$ $= $l $> $l A4 BN $N <B 9T ;~ 4V $H $= $N $& $A Insep ctor, Executor $K Hq $5 $l $? ;~ 4V $r <( $9 !% $^ $? !$ $= $l $i $N <B 9T ;~ 4V $N %0 %i %U $r ?^ 5 !$ 6 $K <( $9 !% %0 %i %U Cf !$ inv.total, inv.ins, in v.exec, conv.total, conv.ins, conv.exec $N @~ $O !$ $= $l $> $l %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $r 9T $C $? >l 9g $N A4 BN $N <B 9T ;~ 4V !$ Insp ector, Executor $N <B 9T ;~ 4V !$ JQ 99 $7 $J $$ >l 9g $N A4 BN $N <B 9T ;~ 4V !$ Insep ctor, Ex- ecutor $N <B 9T ;~ 4V $r I= $9 !% $5 $i $K !$ %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $J $7 $N >l 9g $N DL ?. $, Executor $K @j $a $k 3d 9g !$ $D $^ $j (Gather + Scatter / Executor) $r I= 1, 2 $N (G+S/E) $N 9T $K <( $9 !% $^ $? !$ I= $N :G 8e $N #3 9T $O !$ %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $r $9 $k >l 9g $N !$ $7 $J $$ >l 9g $K BP $9 $k B. EY $N 8~ >e N( $r <B 9T ;~ 4V A4 BN !$ Insp ector, Executor $K $D $$ $F 5a $a $? $b $N $G $" $k !% Executor $N <B 9T ;~ 4V $, %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $K $h $j 8: >/ $7 $F $* $j !$ A4 BN $N <B 9T ;~ 4V $b F1 MM $K 8: >/ $7 $F $$ $k !% %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 A0 $O !$ i $N %k !< %W $N A0 8e $N %G !< %? $N <} =8 !$ J, ;6 $K !$ Executor $N <B 9T ;~ 4V $N $[ $H $s $I $, Hq $d $5 $l $F $$ $k !% FC $K !$ %W %m %; %C %5 Bf ?t $, A} 2C $9 $k $K $D $l !$ $3 $l $i $N DL ?. $K @j $a $k 3d 9g $, Bg $- $/ $J $k !% %N !< %I ?t 545 $N >l 9g !$ 4 %W %m %; %C %5 ;~ $N 35.6% $+ $i !$ 64 %W %m %; %C %5 ;~ $K $O 78.8% $K !$ %N !< %I ?t 2800 $N >l 9g !$ 16 %W %m %; %C %5 ;~ $N 64.1% $+ $i !$ 64 %W %m %; %C %5 ;~ $N 80.5% $K $b C# $9 $k !% $3 $l $K BP $7 !$ %$ %? %l !< %7 %g %s $N <B 9T =g =x $r JQ 99 $9 $k $H !$ Executor $G $N <B 9T ;~ 4V $, 8: >/ $7 $F $* $j !$ Executor $K $* $1 $k DL ?. $N 5/ F0 2s ?t $N :o 8: $H !$ DL ?. $H %m !< %+ %k $J %G !< %? $N $_ $r %" %/ %; %9 $9 $k %$ %? %l !< %7 %g %s $H $N %* !< %P !< %i %C %W $N 8z 2L $, 8= $l $F $$ $k $H $$ $( $k !% ?^ 5: <B 9T ;~ 4V !J %N !< %I ?t 2800 !$ %( %C %8 ?t 17377 !K ?^ 6: <B 9T ;~ 4V !J %N !< %I ?t 545 !$ %( %C %8 ?t 3136 !K 5

4 $* $o $j $K K\ 9F $G $O !$ IT 5, B’ $J %" %/ %; %9 $r H< $& %k !< %W $N JB Ns 2= $K $* $$ $F !$ 2f !9 $N Ds 0F $9 $k 5U %$ %s %G %C %/ %9 G[ Ns $r MQ $$ $k $3 $H $G !$ %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $K BP 1~ $G $- !$ <B 9T $, 9b B. 2= $G $- $k $3 $H $r <( $7 $? !% :# 2s :n @. $7 $? <B 9T ;~ %i %$ %V %i %j $O !$ 3F <o %j %9 %H $r :n @. $9 $k $? $a $N :n 6H NN 0h $r Bg NL $K I, MW $H $9 $k $? $a !$ %a %b %j 8z N( !$ <B 9T B. EY $N E@ $G Ld Bj $, $" $k $? $a !$ :# 8e $O $= $N 2~ NI $r 9T $$ $? $$ !% $^ $? !$ IT 5, B’ $J %G !< %? J, 3d $K $h $k IT 5, B’ %" %/ %; %9 $r @8 $8 $k Ld Bj !$ %$ %s %G %C %/ %9 G[ Ns $, <B 9T ;~ $K IQ HK $K JQ 99 $5 $l $k Ld Bj $J $I $K $b I> 2A $N BP >] $r 9- $2 !$ M- 8z @- $N 3N G’ !$ 2~ NI E@ $N 8! F$ $r 9T $$ $? $$ !% <U <- %W %m %0 %i %‘ $N <B 9T $K $" $? $j !$ 9b JB Ns 7W ;; 5! AP1000 $N <B 9T 4D 6- $r 8f Ds 6! $$ $? $@ $- $^ $7 $? !J 3t !K IY ;N DL 8& 5f =j $K 46 <U $N 0U $r I= $7 $^ $9 !% $^ $? !$ F| :" $h $j M- 1W $J 8f 0U 8+ $r $$ $? $@ $/ IY ED 8& 5f << $N =t ;a $K 46 <U CW $7 $^ $9 !% ;2 9M J8 8% [1] Charles Ko elb el and Piyush Mehrotra. Com- piling global name-space parallel lo ops for distributed execution. IEEE T r ans. Par al lel and Distribute d Syst. , V ol. 2, No. 4, pp. 440{ 451, Octob er 1991. [2] Ravi Ponn usam y , Jo el Saltz, Alok Choud- hary , Y uan-Shin Hwang, and Geo�rey F o x. Run time supp ort and compilation metho ds for user-sp eci�ed irregular data distributions. IEEE T r ans. Par al lel and Distribute d Syst. , V ol. 6, No. 8, pp. 815{831, August 1995. [3] 7& ED >; ;K , ;0 5H 0j IW , Bg Ln OB I’ , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# . IT 5, B’ %" %/ %; %9 $r H< $& %k !< %W $N JB Ns 2= %3 %s %Q %$ %k 5; K! {insp ector/executor %" %k %4 %j %: %‘ $N 9b B. 2= {. >p Js =h M} 3X 2q O@ J8 ;o , V ol. 35, No. 4, pp. 532{541, April 1994. [4] ;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 tinpar. JB Ns =h M} %7 %s %] %8 %& %‘ JSPP , pp. 51{58, May 1995. I= 1: <B 9T ;~ 4V !J %N !< %I ?t 2800 !$ %( %C %8 ?t 17377 !K 16 32 64 %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $" $j !J C1 0L !’ IC !K T otal 2.427 2.071 3.186 Insptctor 0.324 0.250 0.212 Executor 2.085 1.803 2.925 %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $J $7 !J C1 0L !’ IC !K T otal 4.018 3.441 5.591 Insp ector 0.199 0.165 0.218 Executor 3.818 3.275 5.372 Gather 1.208 1.210 2.578 Scatter 1.214 0.939 1.746 (G+S)/E 0.641 0.656 0.805 @- G= 8~ >e Hf T otal 1.66 1.66 1.75 Insp ector 0.614 0.660 1.028 Executor 1.83 1.82 1.84 I= 2: <B 9T ;~ 4V !J %N !< %I ?t 545 !$ %( %C %8 ?t 3136 !K 4 8 16 32 64 %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $" $j !J C1 0L !’ IC !K T otal 1.091 0.753 0.703 0.838 1.823 Insptctor 0.113 0.070 0.050 0.041 0.048 Executor 0.952 0.650 0.649 0.760 1.771 %$ %? %l !< %7 %g %s $N <B 9T =g =x $N JQ 99 $J $7 !J C1 0L !’ IC !K T otal 1.229 1.104 1.226 1.810 3.610 Insp ector 0.044 0.047 0.061 0.080 0.181 Executor 1.183 1.056 1.164 1.802 3.395 Gather 0.193 0.283 0.419 0.738 1.927 Scatter 0.228 0.380 0.381 0.422 0.749 (G+S)/E 0.356 0.628 0.687 0.644 0.788 @- G= 8~ >e Hf T otal 1.13 1.47 1.74 2.16 1.98 Insp ector 0.389 0.671 1.22 1.95 3.77 Exececutor 1.24 1.62 1.79 2.37 1.92 6