%a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i ;0 5H 0j IW , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# 5~ ET Bg 3X 9) 3X It ") 606- 01 5~ ET ;T :8 5~ 6h 5H ED K\ D. E-mail: f miyoshi, moris, nakasima, tomita g @kuis.kyoto-u.ac.jp Fb MF 9< 35 2f !9 $O %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i $r 3+ H/ $7 $F $$ $k !# K\ =h M} 7O $G $O owner comuptes rule $r MQ $$ $F JB Ns 2= $7 !" I, MW $J DL ?. %3 !< %I $N A^ F~ $d 8z N( $N NI $$ %m !< %+ %k %a %b %j $N 3d $j Ev $F $r 9T $& !# $3 $N $? $a %f !< %6 $O %0 %m !< %P %k %a %b %j 6u 4V $r A[ Dj $7 $F C‘ <! 7? %W %m %0 %i %‘ $r =q $/ $3 $H $, $G $- $k !# K\ 9F $G $O K\ =h M} 7O $N 9= @. !" JB Ns 2= $N :] $K MQ $$ $k :G E, 2= <j K! !" $* $h $S <B :] $K K\ =h M} 7O $K $h $C $F JB Ns 2= $5 $l $? %W %m %0 %i %‘ $N @- G= I> 2A $K $D $$ $F =R $Y $k !# K\ =h M} 7O $r MQ $$ $F Livermore F ortran Kernel No.1 $r JB Ns 2= $7 $? 7k 2L !" 64 %W %m %; %C %5 $G 42.6 G\ $N 2C B. N( $, C# @. $5 $l $? !# A P arallelizing Compiler for Message-P assing Multipro cessor Ikuo Miyoshi, Shin-ichiro Mori, Hiroshi Nak ashima, Shinji T omita F acult y of Engineering, Kyoto Universit y Y oshida-hon-mac hi, Sakyo-ku, Kyoto 606- 01 Japan E-mail: f miyoshi, moris, nakasima, tomita g @kuis.kyoto-u.ac.jp Abstract W e are implementing a parallelizing compiler for message-passing multiprocessors. This compiler can parallelize sequential programs with insertion of communication co des and e�cient allo cation of lo cal memory using o wner computes rule. It allows users to write sequential programs using virtual global memory space. In this pap er, we describ e the ov erview of the compiler, the used optimization tec hniques, and the ev aluation of the program parallelized with it. This compiler ac hiev ed 42.6 times sp eedup of Livermore F ortran Kernel No.1 with 64 pro cessors. 1

1 $O $8 $a $K 8= :_ JB Ns 7W ;; 5! $N 3+ H/ $, @9 $s $K 9T $o $l $F $$ $k $, !" $3 $l $i $N JB Ns 7W ;; 5! $O 6& M- %a %b %j 7? $H %a %C %; !< %8 8r 49 7? $K Bg $- $/ J, $1 $i $l $k !# 6& M- %a %b %j 7? JB Ns 7W ;; 5! $O 6& M- %a %b %j %W %m %0 %i %_ %s %0 %b %G %k $r Ds 6! $G $- $k E@ $G %a %C %; !< %8 8r 49 7? $K Hf $Y $F M- Mx $G $" $k !# $7 $+ $7 %9 %1 !< %i %S %j %F %# $N LL $G $O %a %C %; !< %8 8r 49 7? $, M- Mx $G $" $k $? $a !" $3 $N <o $N JB Ns 7W ;; 5! $G %0 %m !< %P %k %a %b %j 6u 4V $r 07 $( $k %W %m %0 %i %_ %s %0 %b %G %k $r %5 %] !< %H $9 $k $3 $H $, K> $^ $l $k !# $= $3 $G K\ 8& 5f $G $O !" %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! >e $G %0 %m !< %P %k %a %b %j 6u 4V $r Ds 6! $9 $k %W %m %0 %i %_ %s %0 %b %G %k $r <B 8= $9 $k $? $a $N JB Ns 2= %3 %s %Q %$ %i $r 3+ H/ $7 $F $$ $k !# K\ =h M} 7O $N MW 7o $O !" 6& M- %a %b %j 7? JB Ns 7W ;; 5! MQ $N %3 %s %Q %$ %i $H Hf 3S $9 $k $H 0J 2< $N $H $* $j $G $" $k !# � DL ?. %3 !< %I $N A^ F~ $H $= $N :G E, 2= %a %C %; !< %8 8r 49 7? $G $O B> $N %W %m %; %C %5 $N %a %b %j $K D> @\ %" %/ %; %9 $9 $k $3 $H $, $G $- $J $$ $? $a !" $= $N $h $& $J %" %/ %; %9 $K $O %a %C %; !< %8 DL ?. $r 9T $& DL ?. %3 !< %I $r A^ F~ $7 $J $1 $l $P $J $i $J $$ !# $^ $? %j %b !< %H %G !< %? $r %- %c %C %7 %s %0 $9 $k %O !< %I %& %’ %" $r ;} $? $J $$ $? $a !" %j %b !< %H %G !< %? $X $N %" %/ %; %9 $, 8: $k $h $& $K %= %U %H %& %’ %" $G :G E, 2= $7 $J $1 $l $P $J $i $J $$ !# � 8z N( $N NI $$ %a %b %j 3d $j Ev $F JB Ns 7W ;; 5! $N FC D’ $N 1 $D $K 9- Bg $J %a %b %j 6u 4V $r Mx MQ $G $- $k E@ $, $" $2 $i $l $k !# $7 $+ $7 %a %C %; !< %8 8r 49 7? $G $O %m !< %+ %k %a %b %j $, 40 A4 $K FH N) $7 $F $$ $k $? $a !" %G !< %? $N J, 3d $K BP $7 $F $= $l $> $l $N %W %m %; %C %5 $G 8z N( NI $/ %a %b %j 3d $j Ev $F $r 9T $o $M $P $J $i $J $$ !# K\ =h M} 7O $O $3 $l $i $r <B 8= $9 $k $? $a $K !" =h M} A4 BN $r A0 =h M} !" JB Ns 2= !" :G E, 2= $* $h $S %a %b %j 3d $j Ev $F $N 4 $D $K J, $1 !" $= $l $> $l $r FH N) $5 $; $F C1 =c $+ $D 0l HL E* $J <j K! $r MQ $$ $k !# $3 $l $K $h $C $F K\ =h M} 7O $G $O !" %" %k %4 %j %: %‘ $N JQ 99 $O JB Ns 2= A0 !" DL ?. $N :G E, 2= $O JB Ns 2= $N A0 8e N> J} !" JB Ns 2= $K L) Ce $7 $? :G E, 2= $O JB Ns 2= $N D> 8e !" %a %b %j $N 3d $j Ev $F $O %3 !< %I @8 @. $N D> A0 $H $$ $& $h $& $K !" E, @Z $J %? %$ %_ %s %0 $G $= $l $> $l $N =h M} $r 9T $& $3 $H $, 2D G= $H $J $C $F $$ $k !# 0J 2< K\ 9F $G $O !" =h M} 7O $N 35 MW !" MQ $$ $k :G E, 2= <j K! !" K\ =h M} 7O $G JB Ns 2= $5 $l $? %W %m %0 %i %‘ $N @- G= I> 2A $* $h $S $^ $H $a $H :# 8e $N 2] Bj $K $D $$ $F =R $Y $k !# 2 =h M} 7O $N 35 MW 2.1 %= !< %9 %W %m %0 %i %‘ $N 5- =R 8@ 8l 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? $$ !# $3 $N M} M3 $N 1 $D $K $O !" %f !< %6 $K BP $7 $F %W %m %0 %i %_ %s %0 8@ 8l $N O" B3 @- $r J] >Z $9 $k $3 $H $, $" $2 $i $l $k !# $7 $+ $7 $3 $N 8@ 8l ;E MM $b FOR TRAN77 $+ $i F ortran90[3] $= $7 $F High Performace F ortran[4] $X $H 8! F$ $, 2C $( $i $l !" ;H MQ $7 $J $$ $3 $H $, ?d >) $5 $l $F $$ $k 5! G= $b B8 :_ $9 $k !# 0l J} %3 %s %Q %$ %i $K $H $C $F $O !" F ortran $N 8@ 8l ;E MM $N 8G $5 $, <o !9 $N 2r @O $r 9T $& >e $G Mx E@ $H $J $C $F $$ $k !# $= $3 $G K\ =h M} 7O $G $O !" F ortran $N 8@ 8l ;E MM $K FH <+ $N 8! F$ $r 2C $( $? >e $G !" $3 $l $K N‘ ;w $7 $? 9= J8 $r ;} $D ?7 $? $J %= !< %9 %W %m %0 %i %‘ 5- =R 8@ 8l $r Dj 5A $9 $k !# $3 $l $K $h $C $F K\ =h M} 7O $O !" %f !< %6 $N %W %m %0 %i %_ %s %0 %9 %? %$ %k $N O" B3 @- $H =h M} 7O $K $h $k 9b $$ 2r @O G= NO $r N> N) $5 $; $k !# K\ =h M} 7O $G Dj 5A $9 $k %= !< %9 %W %m %0 %i %‘ 5- =R 8@ 8l $O !" %k !< %W :F 9= @. %D !< %k Tiny[5] $G MQ $$ $i $l $F $$ $k Tiny language $N 9= J8 5, B’ $r $b $H $K Dj 5A $7 $? $b $N $G $" $k !# $? $@ $7 =h M} 7O $N Fb It I= 8= $O FH <+ $N $b $N $G $" $k !# 35 MW $r 0J 2< $K <( $9 !# � 07 $( $k %G !< %? $O Dj ?t $H %9 %+ %i / G[ Ns JQ ?t $G $" $k !# � 07 $( $k %G !< %? 7? $O @0 ?t 7? $H Ib F0 >. ?t E@ 7? $G $" $k !# � @) 8f 9= J8 $K $O 0J 2< $N $b $N $, $" $k !# { if >r 7o <0 then � else � endif 9= J8 { for � endfor 9= J8 { while � endwhile 9= J8 � <B 9T J8 $K $O 0J 2< $N $b $N $, $" $k !# { Be F~ J8 { send J8 { recv J8 � %f !< %6 Dj 5A $K $h $k =c 4X ?t $r :# 8e %5 %] !< %H $9 $k M= Dj $G $" $k !# $^ $? %G !< %? J, 3d $r ;X Dj $9 $k $? $a $N %G %# %l %/ %F %# %V $b %5 %] !< %H $9 $k M= Dj $G $" $k $, !" 8= ;~ E@ $G $O $= $N ;E MM $, 3N Dj $7 $F $$ $J $$ $? $a !" =h M} 7O $N 5/ F0 ;~ %Q %i %a !< %? $H $7 $F M? $( $F $$ $k !# $J $* 8= :_ 2D G= $J %G !< %? J, 3d $O !" C1 0l <! 85 J} 8~ $K BP $9 $k %5 %$ %/ %j %C %/ $^ $? $O %V %m %C %/ J, 3d $G $" $k !# 2.2 %* %V %8 %’ %/ %H %W %m %0 %i %‘ $N 7A <0 K\ =h M} 7O $O owner computes rule[1] $r MQ $$ !" M? $( $i $l $? %G !< %? J, 3d $K $7 $? $, $C $F JB Ns 2= $5 $l $? !" SPMD 7A <0 $N %* %V %8 %’ %/ %H %W %m %0 %i %‘ $r =P NO $9 $k !# $3 $N %* %V %8 %’ %/ %H %W %m %0 %i %‘ $O C 8@ 8l $G 5- =R $5 $l $k $, !" $3 $l $K $O 0J 2< $N Mx E@ $, $" $k !# � BP >] $H $9 $k JB Ns 7W ;; 5! $N %W %m %; %C %5 $K 0M B8 $7 $? :G E, 2= $O C %3 %s %Q %$ %i $K G$ $; $k $3 $H $, $G $- $k !# $f $( $K =h M} 7O $O JB Ns 2= $K 4X $9 $k =h M} $K @l G0 $9 $l $P $h $$ !# � BP >] $H $9 $k JB Ns 7W ;; 5! $N JQ 99 $, Hf 3S E* MF 0W $G $" $k !# =P NO $5 $l $? %* %V %8 %’ %/ %H %W %m %0 %i %‘ $O !" BP >] $H $9 $k JB Ns 7W ;; 5! >e $N C %3 %s %Q %$ %i $G %3 %s %Q %$ %k $5 $l !" @l MQ DL ?. %i %$ %V %i %j $H %j %s %/ $5 $l $k !# $= $N $? $a BP >] 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 $h $$ !# @l MQ DL ?. %i %$ %V %i %j $N %$ %s %? !< %U %’ !< %9 $O =h M} 7O B& $G Dj $a $k $3 $H $K $h $j !" %* %V %8 %’ %/ %H %W %m %0 %i %‘ $G $N 8z N( $N NI 2

?^ 1: =h M} 7O $N 35 MW $$ DL ?. $r 2D G= $H $9 $k !# $J $* 8= ;~ E@ $N %$ %s %? !< %U %’ !< %9 $G $O 1 BP 1 DL ?. $H %P %j %" F1 4| $N $_ $r Dj $a $F $$ $k $, !" :# 8e $O %a %C %; !< %8 $N F0 E* %Y %/ %H %k 2= 5! G= $d J| Aw DL ?. 5! G= $b %5 %] !< %H $9 $k M= Dj $G $" $k !# 2.3 =h M} 7O $N 9= @. K\ =h M} 7O $O 0J 2< $N 6 $D $N %b %8 %e !< %k $+ $i 9= @. $5 $l $k ( ?^ 1 ;2 >H ) !# 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 %= !< %9 %W %m %0 %i %‘ Cf $K $= $N $^ $^ $G $O JB Ns 2= $K E, $5 $J $$ It J, $, B8 :_ $9 $k >l 9g $, $" $k !# $= $3 $G K\ %b %8 %e !< %k $G $O !" $3 $N $h $& $J It J, $K %W %m %0 %i %‘ JQ 49 $r 9T $C $F JB Ns 2= $K E, $7 $? 7A $K JQ 7A $9 $k !# 8= :_ 0J 2< $N JQ 49 $r M= Dj $7 $F $$ $k !# � %9 %+ %i %( %/ %9 %Q %s %8 %g %s %k !< %W Fb $G F1 0l $N JQ ?t $r 0l ;~ JQ ?t $H $7 $F MQ $$ $F $$ $k $3 $H $K $h $C $F %G !< %? $K 5U 0M B8 4X 78 $, @8 $8 !" JB Ns 2= $N K8 $2 $H $J $k >l 9g $, $" $k !# $7 $+ $7 $3 $N $h $& $J >l 9g $K $O !" $3 $N 0l ;~ JQ ?t $r G[ Ns 2= $7 $F 5U 0M B8 4X 78 $r =| 5n $9 $k $3 $H $K $h $j !" MF 0W $K JB Ns 2= $9 $k $3 $H $, 2D G= $H $J $k [6] !# � %$ %G %# %* %‘ JQ 49 Am OB 1i ;; $J $I $r 9T $& C‘ <! %W %m %0 %i %‘ $O !" 0l HL $K JB Ns 2= $K E, $5 $J $$ 7A $G =q $+ $l $k $3 $H $, B? $$ !# $7 $+ $7 $3 $l $i $N 1i ;; $b K\ <A E* $K $O JB Ns <B 9T $, 2D G= $G $" $k !# $= $3 $G $3 $l $i $N 1i ;; $r 9T $& %3 !< %I !" $9 $J $o $A %$ %G %# %* %‘ $r %= !< %9 %W %m %0 %i %‘ $+ $i Cj =P $7 !" JB Ns 2= $K E, $7 $? %" %k %4 %j %: %‘ $K JQ 49 $9 $k $3 $H $K $h $C $F 8z N( NI $/ JB Ns 2= $9 $k $3 $H $, 2D G= $G $" $k [2] !# 3. JB Ns 2= It o wner computes rule $r MQ $$ !" M? $( $i $l $? %G !< %? J, 3d $K $7 $? $, $C $F %= !< %9 %W %m %0 %i %‘ $r JB Ns 2= $9 $k !# 6q BN E* $K $O 0J 2< $N =h M} $r 9T $& !# (a) if J8 $N A^ F~ J, 3d $5 $l $F 3F %W %m %; %C %5 $K 3d $j IU $1 $i $l $? %G !< %? $K BP $9 $k Be F~ $O !" Ev 3: %G !< %? $N =j M- <T %W %m %; %C %5 $N $_ $, 9T $& !# $= $3 $G $3 $N $h $& $J %G !< %? $K BP $9 $k Be F~ J8 $K $O !" =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if $* $h $S endif J8 $r A0 8e $K A^ F~ $9 $k !# (b) send / recv J8 $N A^ F~ J, 3d $5 $l $F 3F %W %m %; %C %5 $K 3d $j IU $1 $i $l $? %G !< %? $K BP $9 $k ;2 >H $O !" Ev 3: %G !< %? $N =j M- <T %W %m %; %C %5 $H ;2 >H <T %W %m %; %C %5 $N 4V $N %a %C %; !< %8 DL ?. $G <B 8= $5 $l $k !# $= $3 $G $3 $N $h $& $J %G !< %? $K BP $9 $k ;2 >H $K $O !" =j M- <T %W %m %; %C %5 $K $h $k Aw ?. $N $? $a $N send J8 !" ;2 >H <T %W %m %; %C %5 $K $h $k <u ?. $N $? $a $N recv J8 !" $* $h $S N> <T $r H= Dj $9 $k $? $a $N if $* $h $S endif J8 $r A^ F~ $9 $k !# $^ $? J, 3d $5 $l $? %G !< %? $N %a %b %j 3d $j Ev $F $K $O !" 3F %W %m %; %C %5 $K L5 8B $N %m !< %+ %k %a %b %j $r 2> Dj $7 !" J, 3d A0 $N %G !< %? A4 BN $r 3J G< $G $- $k Bg $- $5 $N %a %b %j NN 0h $r 3N J] $9 $k !# $3 $l $K $h $C $F J, 3d $5 $l $? %G !< %? $K BP $9 $k %" %/ %; %9 $O J, 3d A0 $H F1 MM $N %" %I %l %C %7 %s %0 $G 2D G= $H $J $k $, !" <B :] $K ;H MQ $5 $l $k %a %b %j NN 0h $O 3F %W %m %; %C %5 $K 3d $j IU $1 $i $l $? %G !< %? $r 3J G< $9 $k It J, $N $_ $H $J $k !# 4. :G E, 2= It JB Ns 2= It $G MQ $$ $F $$ $k JB Ns 2= <j K! $O 6K $a $F C1 =c $G $" $j !" %3 !< %I E* $K L5 BL $, B? $/ 8z N( $b NI $/ $J $$ !# $= $3 $G K\ %b %8 %e !< %k $G $O 0J 2< $N $h $& $J :G E, 2= $r 9T $& !# (a) DL ?. %3 !< %I $N 0\ F0 %G !< %? E> Aw $K $h $k %l %$ %F %s %7 $r 1# JC $9 $k $? $a $K $O !" send J8 $N <B 9T $+ $i BP 1~ $9 $k recv J8 $N <B 9T $^ $G $N ;~ 4V E* 5w N% $r D9 $/ $H $k I, MW $, $" $k !# $= $N $? $a $K $O send J8 $r %W %m %0 %i %‘ $N >e N. $K !" recv J8 $r 2< N. $K 0\ F0 $9 $l $P $h $$ !# $3 $l $K 4X $9 $k 6q BN E* $J J} K! $K $D $$ $F $O <! >O $G =R $Y $k !# (b) L5 MQ $J %3 !< %I $N :o =| JB Ns 2= It $K $* $1 $k JB Ns 2= $N =h M} $O !" if J8 $J $I $r A^ F~ $9 $k $3 $H $K $h $j !" JB Ns 2= A0 $K Hf $Y $F 3 const n = 65536 real q, r, t real x(0:n - 1) real y(0:n - 1) real zx(0:n - 1) for k = 0, n - 12 do x(k) = q + y(k) * (r * zx(k + 10) + t * zx(k + 11)) endfor ?^ 2: Livermore F ortran Kernel No.1 %W %m %0 %i %‘ $N Am 1i ;; NL $r A} 2C $5 $; $F $$ $k !# $= $3 $G JB Ns 2= $K $h $k 9b $$ @- G= 8~ >e $r F@ $k $? $a $K $O !" $3 $N 1i ;; NL $N A} 2C $r :G >. 8B $K M^ $( $k $3 $H $b =E MW $G $" $k !# $3 $l $K 4X $9 $k 6q BN E* $J J} K! $K $D $$ $F $b <! >O $G =R $Y $k !# 5. %a %b %j :F 3d Ev It J, 3d $5 $l $? %G !< %? $K BP $9 $k JB Ns 2= It $N %a %b %j 3d $j Ev $F <j K! $O !" %" %I %l %9 JQ 49 $, IT MW $G 8z N( $b NI $$ H? LL !" 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 !" 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 $& !# 6. %3 !< %I @8 @. It JB Ns 2= $5 $l $? %W %m %0 %i %‘ $r =h M} 7O $N Fb It I= 8= $+ $i C 8@ 8l $K $h $k %* %V %8 %’ %/ %H %W %m %0 %i %‘ $K JQ 49 $7 =P NO $9 $k !# 3 :G E, 2= <j K! K\ >O $G $O Livermore F ortran Kernel No.1 $r Nc $K !" K\ =h M} 7O $N :G E, 2= <j K! $K $D $$ $F =R $Y $k !# 3.1 =‘ Hw MQ $$ $k %= !< %9 %W %m %0 %i %‘ $r ?^ 2 $K <( $9 !# $3 $N %W %m %0 %i %‘ $N %+ !< %M %k %k !< %W $K $O 0M B8 4X 78 $, B8 :_ $7 $J $$ $, !" %G !< %? J, 3d $r 9T $C $F JB Ns 2= $7 $? >l 9g $K $O B> $N %W %m %; %C %5 $N ;} $D %G !< %? $X $N %" %/ %; %9 $, I, MW $H $J $k !# $3 $l $K BP $7 $F 64 Bf $K $h $k JB Ns 2= $r 9T $C $? 7k 2L $, ?^ 3 $G $" $k !# $3 $N $H $- G[ Ns x(), y(), zx() $K MQ $$ $? %G !< %? J, 3d $O %V %m %C %/ J, 3d $G $" $k !# $3 $3 $G SEND() / RECV() $O DL ?. %i %$ %V %i %j $r MQ $$ $F %G !< %? $N Aw <u ?. $r 9T $& %^ %/ %m $G $" $j !" OWNER() $O J, 3d $5 $l $? %G !< %? $N =j M- <T %W %m %; %C %5 HV 9f $r JV $9 %^ %/ %m $G $" $k !# $J $* OWNER %^ %/ %m $O 0J 2< $N $h $& $K Dj 5A $5 $l $F $* $j !" G$ 0U %V %m %C %/ %5 %$ %: $G G$ 0U 0L CV $+ $i J, 3d $r 3+ ;O $9 $k !" C1 0l <! 85 J} 8~ $N %5 %$ %/ %j %C %/ J, 3d $r I= 8= $9 $k $3 $H $, $G $- $k !# $^ $? %V %m %C %/ J, 3d $O !" %V %m %C %/ %5 %$ %: $r d J, 3d $9 $k <! 85 $N G[ Ns MW AG ?t � %W %m %; %C %5 ?t e $H $7 $? >l 9g $K Aj Ev $9 $k !# #define OWNER(NCell, BlockSize, Offset, Index) \ ((((Index) - (Offset)) / (BlockSize)) % (NCell)) NCell: J, 3d $K MQ $$ $k %W %m %; %C %5 ?t BlockSize: J, 3d $N %V %m %C %/ %5 %$ %: MAIN() { #define n 65536 static REAL q; static REAL r; static REAL t; static REAL x[65536]; static REAL y[65536]; static REAL zx[65536]; static REAL tmp_zx_1; static REAL tmp_zx_2; { /* start of for block */ INTEGER k; for (k = 0; k <= n - 12; k ++) { if (OWNER(64, 1024, 0, k + 10) == GETCID()) { SEND(OWNER(64, 1024, 0, k), zx[k + 10], REAL); } /* endif */ if (OWNER(64, 1024, 0, k + 11) == GETCID()) { SEND(OWNER(64, 1024, 0, k), zx[k + 11], REAL); } /* endif */ if (OWNER(64, 1024, 0, k) == GETCID()) { RECV(OWNER(64, 1024, 0, k + 10), tmp_zx_1, REAL); RECV(OWNER(64, 1024, 0, k + 11), tmp_zx_2, REAL); x[k] = q + y[k] * (r * tmp_zx_1 + t * tmp_zx_2); } /* endif */ } /* endfor */ } /* end of for block */ } ?^ 3: JB Ns 2= $5 $l $? %W %m %0 %i %‘ Offset: J, 3d 3+ ;O 0L CV $N %* %U %; %C %H CM Index: J, 3d $5 $l $? <! 85 $N G[ Ns %$ %s %G %C %/ %9 ?^ 3 $G $O JB Ns 2= $N =h M} $K $h $j !" J, 3d $5 $l $? %G !< %? $N =j M- <T %W %m %; %C %5 $r H= Dj $9 $k $? $a $N if J8 $H !" $= $l $i $N ;2 >H $K BP 1~ $9 $k SEND / RECV %^ %/ %m $, A^ F~ $5 $l $F $$ $k !# 3.2 %m !< %+ %k %G !< %? $r ;2 >H $9 $k SEND / RECV %^ %/ %m $N CV $- 49 $( ?^ 3 $N %W %m %0 %i %‘ $G $O !" J, 3d $5 $l $? %G !< %? $N ;2 >H $O $9 $Y $F SEND/RECV %^ %/ %m $r MQ $$ $F 9T $o $l $k !# $7 $+ $7 =j M- <T %W %m %; %C %5 $, ;2 >H <T %W %m %; %C %5 $H F1 0l $N %W %m %; %C %5 $G $" $k >l 9g !" $9 $J $o $A %m !< %+ %k %G !< %? $r ;2 >H $9 $k >l 9g $K $O !" $3 $l $i $N %^ %/ %m $r MQ $$ $: $K D> @\ ;2 >H $7 $? J} $, $h $$ !# $= $3 $G SEND / RECV %^ %/ %m $N A0 8e $K =j M- <T %W %m %; %C %5 $H ;2 >H <T %W %m %; %C %5 $, 0[ $J $k %W %m %; %C %5 $G $" $k $+ $r H= Dj $9 $k if J8 $r A^ F~ $7 !" $5 $i $K RECV %^ %/ %m B& $G $O $= $l $i $, F1 0l %W %m %; %C %5 $G $" $k >l 9g $K C1 $J $k Be F~ A‘ :n $r 9T $& $h $& $K JQ 49 $9 $k !# ?^ 4 $K $3 $N :G E, 2= $N 7k 2L $r <( $9 !# 3.3 SEND / RECV %^ %/ %m $r $H $b $K 4^ $‘ %k !< %W $N %k !< %W J, G[ ?^ 4 $N %W %m %0 %i %‘ $G $O :G 30 B& $N for %k !< %W $N 3F %$ %? %l !< %7 %g %s $G SEND / RECV %^ %/ %m $, <B 9T $5 $l $k !# $3 $N $h $& $J >l 9g $K $O %G !< %? Aw ?. $N <B 9T $+ $i %G !< %? <u ?. $N <B 9T $^ $G $N ;~ 4V E* 5w N% $, C; $/ !" %G !< %? E> Aw BT $A $K $h $k %l %$ %F %s %7 $, @8 $8 $d $9 $$ !# $= $3 $G SEND / RECV %^ %/ %m $r $H $b $K 4^ $‘ %k !< %W $r :G 8e $N SEND %^ %/ %m $N D> 8e $G %k !< %W J, G[ $7 !" $3 $N $h $& $J %l %$ %F %s %7 $r M^ $( $k !# ?^ 5 $K $3 $N :G E, 2= $N 7k 2L $r <( $9 !# $J $* $3 $N :G E, 2= $G $O !" %k !< %W J, G[ $K $h $C $F %G !< %? $N %" %/ %; %9 =g =x $r JQ 99 $9 $k $? $a !" $3 $l $K $h $C $F %G !< %? $N 0M B8 4X 78 $, JQ 2= $7 $J $$ $3 $H $, :G E, 2= E, MQ $N >r 7o $H $J $k !# 4

{ /* start of for block */ INTEGER k; for (k = 0; k <= n - 12; k ++) { if (OWNER(64, 1024, 0, k + 10) == GETCID()) { if (OWNER(64, 1024, 0, k) != GETCID()) { SEND(OWNER(64, 1024, 0, k), zx[k + 10], REAL); } /* endif */ } /* endif */ if (OWNER(64, 1024, 0, k + 11) == GETCID()) { if (OWNER(64, 1024, 0, k) != GETCID()) { SEND(OWNER(64, 1024, 0, k), zx[k + 11], REAL); } /* endif */ } /* endif */ if (OWNER(64, 1024, 0, k) == GETCID()) { if (OWNER(64, 1024, 0, k + 10) != GETCID()) { RECV(OWNER(64, 1024, 0, k + 10), tmp_zx_1, REAL); } else { tmp_zx_1 = zx[k + 10]; } /* endif */ if (OWNER(64, 1024, 0, k + 11) != GETCID()) { RECV(OWNER(64, 1024, 0, k + 11), tmp_zx_2, REAL); } else { tmp_zx_2 = zx[k + 11]; } /* endif */ x[k] = q + y[k] * (r * tmp_zx_1 + t * tmp_zx_2); } /* endif */ } /* endfor */ } /* end of for block */ ?^ 4: SEND / RECV %^ %/ %m $N CV $- 49 $( { /* start of for block */ INTEGER k; for (k = 0; k <= n - 12; k ++) { if (OWNER(64, 1024, 0, k + 10) == GETCID()) { if (OWNER(64, 1024, 0, k) != GETCID()) { SEND(OWNER(64, 1024, 0, k), zx[k + 10], REAL); } /* endif */ } /* endif */ if (OWNER(64, 1024, 0, k + 11) == GETCID()) { if (OWNER(64, 1024, 0, k) != GETCID()) { SEND(OWNER(64, 1024, 0, k), zx[k + 11], REAL); } /* endif */ } /* endif */ } /* endfor */ } /* end of for block */ { /* start of for block */ INTEGER k; for (k = 0; k <= n - 12; k ++) { if (OWNER(64, 1024, 0, k) == GETCID()) { if (OWNER(64, 1024, 0, k + 10) != GETCID()) { RECV(OWNER(64, 1024, 0, k + 10), tmp_zx_1, REAL); } else { tmp_zx_1 = zx[k + 10]; } /* endif */ if (OWNER(64, 1024, 0, k + 11) != GETCID()) { RECV(OWNER(64, 1024, 0, k + 11), tmp_zx_2, REAL); } else { tmp_zx_2 = zx[k + 11]; } /* endif */ x[k] = q + y[k] * (r * tmp_zx_1 + t * tmp_zx_2); } /* endif */ } /* endfor */ } /* end of for block */ ?^ 5: SEND / RECV %^ %/ %m $r 4^ $‘ %k !< %W $N %k !< %W J, G[ 3.4 %k !< %W $N <B 9T HO 0O $N =L >. ?^ 5 $N %W %m %0 %i %‘ $N 2 $D $N for %k !< %W $G $O !" if J8 $K $h $k %, !< %I $N $? $a $K <B 9T J8 $r A4 $/ <B 9T $7 $J $$ %$ %? %l !< %7 %g %s $, B8 :_ $9 $k !# $3 $N $h $& $J >l 9g $K $O %k !< %W $N <B 9T HO 0O $r $" $i $+ $8 $a 69 $a !" 6u 2s $j $H $J $k %$ %? %l !< %7 %g %s $r :o =| $9 $k !# MQ $$ $k :G E, 2= %" %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 <B 9T J8 $N <B 9T >r 7o $r 5a $a $k !# <B 9T J8 $H $O !" Be F~ J8 $* $h $S SEND / RECV %^ %/ %m $r ;X $9 !# <B 9T J8 $N <B 9T >r 7o $H $O !" Ev 3: <B 9T J8 $, <B 9T $5 $l $k $? $a $N >r 7o $r ;X $7 !" $3 $N :G E, 2= $K $* $$ $F $O Ev 3: %k !< %W $N %k !< %W %$ %s %G %C %/ %9 CM $N HO 0O $G I= $9 !# 6q BN E* $J <j K! $H $7 $F $O !" OWNER(NCell, BlockSize, Offset, Ev 3: %k !< %W $N %k !< %W %$ %s %G %C %/ %9 $N 1 <! @~ 7A <0 ) [ =! ] = %; %k ID $N 7A $r $7 $? if J8 $N >r 7o <0 $r G’ <1 $7 !" Ey <0 $^ $? $O IT Ey <0 $, @. N) $7 $F then @a $, <B 9T $5 $l $k $H $- $N %k !< %W %$ %s %G %C %/ %9 CM $N HO 0O $r 5a $a $k !# $? $@ $7 NCell, BlockSize, Offset $O Dj ?t $H $9 $k !# 0J 2< $G $O Ey <0 $r 2r $/ >l 9g $K $D $$ $F =R $Y $k !# $3 $N Ey <0 $O %k !< %W %$ %s %G %C %/ %9 $N 1 <! @~ 7A <0 $r f index $G I= $7 $F OWNER %^ %/ %m $r E8 3+ $9 $k $H !" b ( f index � Offset ) � BlockSize c mo d NCell = %; %k I D $H $J $k !# $3 $N $H $- 0 � %; %k ID < NCell $J $i $P G$ 0U $N @0 ?t n $K BP $7 $F !" b ( f index � Offset ) � BlockSize c = %; %k ID + NCell � n $, @. $j N) $A !" G$ 0U $N ?t � (0 � � < BlockSize ) $K BP $7 $F !" f index � Offset = ( %; %k ID + NCell � n ) � BlockSize + � $, @. $j N) $D !# $3 $3 $G f index � Offset $b Ev 3: %k !< %W %$ %s %G %C %/ %9 $N 1 <! @~ 7A <0 $H $J $k $+ $i !" $3 $N Ey <0 $, @. $j N) $D $H $- $K Ev 3: %k !< %W %$ %s %G %C %/ %9 $, $H $j $& $k CM $N HO 0O $r 5a $a $k $3 $H $, $G $- $k !# $9 $J $o $A $3 $N Ey <0 $r K~ $? $9 %k !< %W %$ %s %G %C %/ %9 CM $K BP $7 $F !" ( %; %k ID + NCell � n ) � BlockSize + o�set1 f index $N 1 <! $N 78 ?t � Ey <0 $r K~ $? $9 %k !< %W %$ %s %G %C %/ %9 CM � ( %; %k ID + NCell � n ) � BlockSize + o�set2 f index $N 1 <! $N 78 ?t $r K~ $? $9 @0 ?t n $, I, $: B8 :_ $9 $k $h $& $J @0 ?t Dj ?t o�set1, o�set2 $r 5a $a $k $3 $H $, $G $- $k !# $? $@ $7 !" 0 � o�set1 � o�set2 � NCell � BlockSize � 1 $H $9 $k !# $3 $l $K $h $j Ev 3: %k !< %W $r D9 $5 NCell � BlockSize $G %9 %H %j %C %W %^ %$ %K %s %0 $7 $? >l 9g !" Ev 3: if J8 $K 4X $7 $F Fb B& %k !< %W $N <B 9T HO 0O $r o�set1 $+ $i o�set2 $N HO 0O $K =L >. $G $- $k $3 $H $, $o $+ $k !# $J $* !" IT Ey <0 $N >l 9g $b F1 MM $K 5a $a $k $3 $H $, $G $- $k !# 2. 5a $a $? <B 9T >r 7o $N OB =8 9g $r 5a $a $k !# %k !< %W Fb $N 3F <B 9T J8 $K $D $$ $F NCell !" BlockSize !" $* $h $S f index $N 1 <! $N 78 ?t $N CM $, $9 $Y $F Ey $7 $1 $l $P o�set1 $N :G >. CM o�set1 min $* $h $S o�set2 $N :G 5

Bg CM o�set2 max $r 5a $a !" $5 $b $J $/ $P =* N; $9 $k !# $3 $N 7k 2L F@ $i $l $? o�set1 min ; o�set2 max $K $h $j !" %k !< %W Fb $N >/ $J $/ $H $b 1 $D $N <B 9T J8 $, <B 9T $5 $l $k %k !< %W %$ %s %C %G %/ %9 CM $r $9 $Y $F 4^ $‘ :G >. $+ $D O" B3 $J %k !< %W $N <B 9T HO 0O $r I= $9 $3 $H $, $G $- $k !# 3. Ev 3: %k !< %W $r %9 %H %j %C %W %^ %$ %K %s %0 $9 $k !# Ev 3: %k !< %W $r D9 $5 stride = NCell � BlockSize $G %9 %H %j %C %W %^ %$ %K %s %0 $9 $k !# $3 $N $H $- 30 B& %k !< %W $N =i 4| CM !" =* N; CM $* $h $S A} J, CM $r 0J 2< $N $h $& $K =$ @5 $9 $k !# 30 B& %k !< %W $N =i 4| CM = b $b $H $N =i 4| CM � f index $N 1 <! $N 78 ?t stride � 1 c � stride + BlockSize � %; %k ID 30 B& %k !< %W $N =* N; CM = d $b $H $N =* N; CM � f index $N 1 <! $N 78 ?t stride e � stride � 1 30 B& %k !< %W $N A} J, CM = stride $3 $N =$ @5 $K $h $C $F 30 B& %k !< %W $N %k !< %W %$ %s %G %C %/ %9 $O !" stride $N G\ ?t $K BlockSize � %; %k ID $r 2C $( $? CM $r $H $j !" $+ $D $9 $Y $F $N %; %k ID $K BP $7 $F $b $H $N %k !< %W $N <B 9T HO 0O $r 4^ $‘ :G >. $N HO 0O $G JQ 2= $9 $k !# 4. Fb B& %k !< %W $N <B 9T HO 0O $r =$ @5 $9 $k !# Fb B& %k !< %W $N =i 4| CM $H =* N; CM $r 0J 2< $N $h $& $K =$ @5 $9 $k !# $? $@ $7 30 B& %k !< %W $N %k !< %W %$ %s %G %C %/ %9 $r INDEX $H $9 $k !# Fb B& %k !< %W $N =i 4| CM = max( $b $H $N =i 4| CM ; d INDEX + o�set1 min f index $N 1 <! $N 78 ?t e ) Fb B& %k !< %W $N =* N; CM = min( $b $H $N =* N; CM ; b INDEX + o�set2 max f index $N 1 <! $N 78 ?t c ) $3 $N =$ @5 $K $h $j !" %k !< %W $N <B 9T HO 0O $O 2. $G 5a $a $? HO 0O $H $J $k !# $J $* max() $* $h $S min() $O !" $b $H $N =i 4| CM $* $h $S =* N; CM $r $^ $? $0 30 B& %k !< %W $N %$ %? %l !< %7 %g %s $b E} 0l E* $K 07 $& $? $a $K MQ $$ $i $l $F $$ $k !# ?^ 6 $K $3 $N :G E, 2= $N 7k 2L $r <( $9 !# ?^ 5 $H Hf 3S $9 $k $H !" %k !< %W %$ %s %G %C %/ %9 k $N %k !< %W $, N> J} $H $b outer k $H k $N %k !< %W $K %9 %H %j %C %W %^ %$ %K %s %0 $5 $l $F $* $j !" Nc $( $P :G =i $N 2 =E %k !< %W $G $O !" NCell = 64 ; BlockSize = 1024 ; f index $N 1 <! $N 78 ?t = 1 ; stride = 65536 ; o�set1 min = 65525 ; o�set2 max = 65535 $G $" $k !# 3.5 91 ?? / 91 56 $H $J $k if J8 $N :o =| ?^ 6 $N %W %m %0 %i %‘ $G $O >r 7o <0 $N CM $, 91 ?? $^ $? $O 91 56 $G $" $k if J8 $, B8 :_ $9 $k !# $3 $N $h $& $J >l 9g $K $O @E E* $K >r 7o <0 $r I> 2A $7 $F $* $/ $3 $H $, $G $- $k !# $= $3 $G 3F if J8 $K $D $$ { /* start of for block */ INTEGER outer_k; for (outer_k = -65536 + 1024 * GETCID(); outer_k <= 65535; outer_k += 65536) { { /* start of for block */ INTEGER k; for (k = MAX(0, outer_k + 65525); k <= MIN(65524, outer_k + 65535); k ++) { if (OWNER(64, 1024, 0, k + 10) == GETCID()) { if (OWNER(64, 1024, 0, k) != GETCID()) { SEND(OWNER(64, 1024, 0, k), zx[k + 10], REAL); } /* endif */ } /* endif */ if (OWNER(64, 1024, 0, k + 11) == GETCID()) { if (OWNER(64, 1024, 0, k) != GETCID()) { SEND(OWNER(64, 1024, 0, k), zx[k + 11], REAL); } /* endif */ } /* endif */ } /* endfor */ } /* end of for block */ } /* endfor */ } /* end of for block */ { /* start of for block */ INTEGER outer_k; for (outer_k = -65536 + 1024 * GETCID(); outer_k <= 65535; outer_k += 65536) { { /* start of for block */ INTEGER k; for (k = MAX(0, outer_k); k <= MIN(65524, outer_k + 1023); k ++) { if (OWNER(64, 1024, 0, k) == GETCID()) { if (OWNER(64, 1024, 0, k + 10) != GETCID()) { RECV(OWNER(64, 1024, 0, k + 10), tmp_zx_1, REAL); } else { tmp_zx_1 = zx[k + 10]; } /* endif */ if (OWNER(64, 1024, 0, k + 11) != GETCID()) { RECV(OWNER(64, 1024, 0, k + 11), tmp_zx_2, REAL); } else { tmp_zx_2 = zx[k + 11]; } /* endif */ x[k] = q + y[k] * (r * tmp_zx_1 + t * tmp_zx_2); } /* endif */ } /* endfor */ } /* end of for block */ } /* endfor */ } /* end of for block */ ?^ 6: %k !< %W $N <B 9T HO 0O $N =L >. $F A0 @a $H F1 MM $K Ev 3: >r 7o <0 $, @. N) $9 $k %k !< %W %$ %s %G %C %/ %9 CM $N HO 0O $r 5a $a !" %k !< %W %$ %s %G %C %/ %9 $N $H $j $& $k CM $N HO 0O $H $3 $l $H $N @Q $* $h $S :9 =8 9g 1 $r 7W ;; $9 $k !# $3 $N $H $- @Q =8 9g $, 6u $G $" $l $P 91 56 $G $" $j !" :9 =8 9g $, 6u $G $" $l $P 91 ?? $G $" $k !# ?^ 7 $K $3 $N :G E, 2= $N 7k 2L $r <( $9 !# ?^ 6 $H Hf 3S $9 $k $H !" 2 !" 3 !" 4 !" 5 HV L\ $N if J8 $, :o =| $5 $l $F $$ $k !# 3.6 if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d ?^ 7 $N %W %m %0 %i %‘ $O %k !< %W $r E8 3+ $9 $k $3 $H $K $h $C $F $5 $i $K A0 @a $N :G E, 2= $r 9T $( $k !# $3 $N :G E, 2= $O %* %V %8 %’ %/ %H %W %m %0 %i %‘ %5 %$ %: $r Bg $- $/ $5 $; $k $b $N $N !" <B 9T ;~ $N if J8 $N >r 7o <0 H= Dj $r $5 $i $K 8: $i $9 $3 $H $, $G $- $k !# $3 $N :G E, 2= $G $O $^ $: !" Ev 3: %k !< %W Fb $N 3F if J8 $K $D $$ $F A0 !9 @a $H F1 MM $K >r 7o <0 $, @. N) $9 $k %k !< %W %$ %s %G %C %/ %9 CM $N HO 0O $r 5a $a $k !# $3 $N $H $- NCell, BlockSize, f index $N 1 <! $N 78 ?t $N CM $, $9 $Y $F Ey $7 $1 $l $P !" %k !< %W J, 3d $K $h $C $F if J8 $r :o =| $G $- $k !# 6q BN E* $K $O o�set1 $N CM $, $9 $Y $F Ey $7 $1 $l $P o�set1 $+ $i o�set2 $N :G >. CM $^ $G !" Ey $7 $/ $J $1 $l $P o�set1 $N :G >. CM $+ $i 2 HV L\ $K >. $5 $$ o�set1 � 1 $^ $G !" 1 =8 9g A $H B $K BP $7 !" A $K B0 $7 B $K B0 $5 $J $$ MW AG A4 BN $+ $i $J $k =8 9g $r A !" B $N :9 =8 9g $H $$ $& !# 6

{ /* start of for block */ INTEGER outer_k; for (outer_k = -65536 + 1024 * GETCID() * 1024; outer_k <= 65535; outer_k += 65536) { { /* start of for block */ INTEGER k; for (k = MAX(0, outer_k + 65525); k <= MIN(65524, outer_k + 65535)); k ++) { if (OWNER(64, 1024, 0, k + 10) == GETCID()) { SEND(OWNER(64, 1024, 0, k), zx[k + 10], REAL); } /* endif */ SEND(OWNER(64, 1024, 0, k), zx[k + 11], REAL); } /* endfor */ } /* end of for block */ } /* endfor */ } /* end of for block */ { /* start of for block */ INTEGER outer_k; for (outer_k = -65536 + 1024 * GETCID(); outer_k <= 65535; outer_k += 65536) { { /* start of for block */ INTEGER k; for (k = MAX(0, outer_k); k <= MIN(65524, outer_k + 1023); k ++) { if (OWNER(64, 1024, 0, k + 10) != GETCID()) { RECV(OWNER(64, 1024, 0, k + 10), tmp_zx_1, REAL); } else { tmp_zx_1 = zx[k + 10]; } /* endif */ if (OWNER(64, 1024, 0, k + 11) != GETCID()) { RECV(OWNER(64, 1024, 0, k + 11), tmp_zx_2, REAL); } else { tmp_zx_2 = zx[k + 11]; } /* endif */ x[k] = q + y[k] * (r * tmp_zx_1 + t * tmp_zx_2); } /* endfor */ } /* end of for block */ } /* endfor */ } /* end of for block */ ?^ 7: 91 ?? / 91 56 $H $J $k if J8 $N :o =| Ev 3: %k !< %W $r %k !< %W J, 3d $9 $k $3 $H $r 7+ $j JV $; $P $h $$ !# ?^ 8 $K $3 $N :G E, 2= $r 9T $C $? 8e $5 $i $K A0 @a $N :G E, 2= $r 9T $C $? 7k 2L $r <( $9 !# ?^ 7 $H Hf 3S $9 $k $H !" %k !< %W %$ %s %G %C %/ %9 k $N %k !< %W $, 1 $D L\ $O 1 2s !" 2 $D L\ $O 2 2s %k !< %W J, 3d $5 $l !" $+ $o $j $K $9 $Y $F $N if J8 $, :o =| $5 $l $F $$ $k !# 4 I> 2A K\ >O $G $O A0 >O $N :G E, 2= $N 8z 2L $r I> 2A $9 $k $? $a $K !" K\ =h M} 7O $G JB Ns 2= $7 $? %* %V %8 %’ %/ %H %W %m %0 %i %‘ $N <B 9T ;~ 4V $r JB Ns 7W ;; 5! AP1000[7] >e $G B, Dj $7 $? !# 4.1 Bf ?t 8z 2L $^ $: :G =i $K JB Ns 2= $K $h $k Bf ?t 8z 2L $r B, Dj $7 $? !# B, Dj >r 7o $O 0J 2< $N $H $* $j $G $" $k !# � B, Dj BP >] $K $O ?^ 2 $N %W %m %0 %i %‘ $r MQ $$ !" n = 16k !" 64k $* $h $S 256k $N 3 DL $j $N >l 9g $K $D $$ $F B, Dj $7 $? !# � G[ Ns x(), y(), zx() $N J, 3d $K $O %V %m %C %/ J, 3d $r ;X Dj $7 $? !# � JB Ns 2= $O K\ =h M} 7O $G <+ F0 E* $K 9T $$ !" A0 >O $G =R $Y $? $9 $Y $F $N :G E, 2= $b 9T $C $? !# � K\ =h M} 7O $N =P NO $7 $? %* %V %8 %’ %/ %H %W %m %0 %i %‘ $N C %3 %s %Q %$ %k $K $O AP1000 $G I8 =‘ $N cc.cc7 %9 %/ %j %W %H $r MQ $$ !" %3 %s %Q %$ %k %* %W %7 %g %s $K $O -O4 $* $h { /* start of for block */ INTEGER outer_k; for (outer_k = -65536 + 1024 * GETCID(); outer_k <= 65535; outer_k += 65536) { { /* start of for block */ INTEGER k; for (k = MAX(0, outer_k + 65525); k <= MIN(65524, outer_k + 65525); k ++) { SEND(OWNER(64, 1024, 0, k), zx[k + 11], REAL); } /* endfor */ } /* end of for block */ { /* start of for block */ INTEGER k; for (k = MAX(0, outer_k + 65526); k <= MIN(65524, outer_k + 65535); k ++) { SEND(OWNER(64, 1024, 0, k), zx[k + 10], REAL); SEND(OWNER(64, 1024, 0, k), zx[k + 11], REAL); } /* endfor */ } /* end of for block */ } /* endfor */ } /* end of for block */ { /* start of for block */ INTEGER outer_k; for (outer_k = -65536 + 1024 * GETCID(); outer_k <= 65535; outer_k += 65536) { { /* start of for block */ INTEGER k; for (k = MAX(0, outer_k); k <= MIN(65524, outer_k + 1012); k ++) { tmp_zx_1 = zx[k + 10]; tmp_zx_2 = zx[k + 11]; x[k] = q + y[k] * (r * tmp_zx_1 + t * tmp_zx_2); } /* endfor */ } /* end of for block */ { /* start of for block */ INTEGER k; for (k = MAX(0, outer_k + 1013); k <= MIN(65524, outer_k + 1013); k ++) { tmp_zx_1 = zx[k + 10]; RECV(OWNER(64, 1024, 0, k + 11), tmp_zx_2, REAL); x[k] = q + y[k] * (r * tmp_zx_1 + t * tmp_zx_2); } /* endfor */ } /* end of for block */ { /* start of for block */ INTEGER k; for (k = MAX(0, outer_k + 1014); k <= MIN(65524, outer_k + 1023); k ++) { RECV(OWNER(64, 1024, 0, k + 10), tmp_zx_1, REAL); RECV(OWNER(64, 1024, 0, k + 11), tmp_zx_2, REAL); x[k] = q + y[k] * (r * tmp_zx_1 + t * tmp_zx_2); } /* endfor */ } /* end of for block */ } /* endfor */ } /* end of for block */ ?^ 8: if J8 $r :o =| $9 $k $? $a $N %k !< %W J, 3d $S -CELLLIB lib.fast $r ;X Dj $7 $? !# � SEND / RECV %^ %/ %m $K $O AP1000 $N I8 =‘ DL ?. %i %$ %V %i %j %3 !< %k $r MQ $$ !" <B 9T ;~ %* %W %7 %g %s $K $O -R 0 -LSEND -RB 512 $r ;X Dj $7 $? !# � Bf ?t 8z 2L $O %; %k %W %m %; %C %5 $K $h $k C‘ <! HG $N <B 9T ;~ 4V = JB Ns HG $N <B 9T ;~ 4V $H $7 $F 5a $a $? !# ?^ 9 $K 7k 2L $r <( $9 !# 64 %W %m %; %C %5 $K $h $k JB Ns 2= $N >l 9g !" n = 256k $G :G 9b 42.6 G\ $N 2C B. N( $r C# @. $7 $F $$ $k !# $J $* ?^ 8 $N %W %m %0 %i %‘ $O n = 64k $H $7 $F 64 %W %m %; %C %5 $G JB Ns 2= $7 $? >l 9g $K Aj Ev $9 $k !# 4.2 3F :G E, 2= $N 8z 2L <! $K 3F :G E, 2= $N 8z 2L $K $D $$ $F B, Dj $7 $? !# B, Dj $K $O ?^ 2 $N %W %m %0 %i %‘ $r 64 %W %m %; %C %5 $G JB Ns 2= $7 $? $b $N $r MQ $$ !" :G E, 2= $N M- L5 $r =| $/ $H A0 @a $H F1 MM $N >r 7o $G 9T $C $? !# ?^ 10 $K 7

?^ 9: JB Ns 2= $K $h $k Bf ?t 8z 2L ?^ 10: 3F :G E, 2= $N 8z 2L 7k 2L $r <( $9 !# $3 $3 $G :G E, 2= %l %Y %k $O I= 1 $N $H $* $j $G $" $k !# :G E, 2= %l %Y %k $N $& $A 1. $+ $i 5. $^ $G $O A0 >O $G =R $Y $? $b $N $G $" $j !" K\ =h M} 7O $K <B Au :Q $_ $G $" $k !# 0l J} :G E, 2= %l %Y %k 6. $G 9T $o $l $k :G E, 2= $O :# 8e <B Au M= Dj $N $b $N $G $" $j !" Nc $( $P ?^ 8 $N %W %m %0 %i %‘ $K $* $$ $F 0l ;~ JQ ?t $G $" $k tmp_zx_1 $* $h $S tmp_zx_2 $X $N Be F~ A‘ :n $r :o =| $9 $k $b $N $G $" $k !# ?^ 10 $h $j 3. $N :G E, 2= $, FC $K 8z 2L $, $" $k $3 $H $, $o $+ $k !# $3 $l $O %k !< %W $N <B 9T HO 0O $r =L >. $7 !" <B 9T J8 $N <B 9T $, $J $/ 7k 2L E* $K 6u 2s $j $H $J $k %$ %? %l !< %7 %g %s $r ;v A0 $K <h $j =| $$ $? $3 $H $K $h $k 8z 2L $G $" $k !# $^ $? 4. $H 5. $N :G E, 2= $b 8z 2L E* $G $" $k $, !" $3 $l $i $O if J8 $N >r 7o <0 $r @E E* $K I> 2A $7 $? $3 $H $K $h $k 8z 2L $G $" $k !# FC $K 8e <T $O !" A0 =h M} $N %k !< %W J, 3d $K $h $C $F 0l ;~ E* $K %W %m %0 %i %‘ $N Am 1i ;; NL $r A} 2C $5 $; $k I= 1: :G E, 2= %l %Y %k $H :G E, 2= $N Fb MF 0. JB Ns 2= $N $_ $G A4 $/ :G E, 2= $r 9T $o $J $$ 1. %m !< %+ %k %G !< %? $r ;2 >H $9 $k SEND / RECV %^ %/ %m $r Be F~ J8 $K CV $- 49 $( $k 2. 1. $K 2C $( $F SEND / RECV %^ %/ %m $r $H $b $K 4^ $‘ %k !< %W $r %k !< %W J, G[ $9 $k 3. 2. $K 2C $( $F %k !< %W $N <B 9T HO 0O $r =L >. $9 $k 4. 3. $K 2C $( $F 91 ?? / 91 56 $H $J $k if J8 $r :o =| $9 $k 5. 4. $K 2C $( $F if J8 $r :o =| $G $- $k $h $& $K %k !< %W J, 3d $r 9T $C $? 8e !" 91 ?? / 91 56 $H $J $k if J8 $r :o =| $9 $k 6. 5. $K 2C $( $F 0l ;~ JQ ?t $X $N L5 BL $J Be F~ A‘ :n $r :o =| $9 $k $b $N $N !" 7k 2L E* $K $O NI $$ 8z 2L $, F@ $i $l $F $$ $k !# $5 $i $K 6. $N :G E, 2= $b 8z 2L $r $" $2 $F $$ $k $, !" $3 $l $O L5 BL $J Be F~ A‘ :n $r :o =| $7 $F %k !< %W Fb $N Am <B 9T L? Na ?t $r :o 8: $7 $? $3 $H $K $h $k 8z 2L $G $" $k !# $J $* n = 16k $* $h $S 256k $N >l 9g !" :G E, 2= %l %Y %k 6. $G $= $l $> $l 29.2 G\ $H 50.3 G\ $N 2C B. N( $, F@ $i $l $F $$ $k !# 5 $^ $H $a $H :# 8e $N 2] Bj A0 >O $N 7k 2L $h $j !" 8= :_ K\ =h M} 7O $G $O do all 7? %k !< %W $G $+ $D %j %b !< %H %G !< %? $X $N %" %/ %; %9 $, Am 1i ;; NL $K Hf $Y $F >/ $J $$ Ld Bj $r !" $" $k Dx EY 8z N( NI $/ JB Ns 2= $G $- $k $3 $H $, $o $+ $C $? !# :# 8e $O $3 $N <o $N Ld Bj $N 2C B. N( $N $5 $i $J $k 2~ A1 $H $H $b $K !" %j %b !< %H %G !< %? $X $N %" %/ %; %9 $, B? $$ Ld Bj $K BP $9 $k DL ?. $N :G E, 2= <j K! $d do serial 7? %k !< %W $r =| 5n $9 $k $? $a $N %$ %G %# %* %‘ JQ 49 <j K! $N 8! F$ !" %a %b %j :F 3d Ev It $N <B Au $* $h $S 3F <o %W %m %0 %i %‘ $G $N @- G= I> 2A $r M= Dj $7 $F $$ $k !# <U <- F| :" 8f F$ O@ D: $/ IY ED 8& 5f << $N =t ;a $K 46 <U CW $7 $^ $9 !# $^ $? !" 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 !# $J $* K\ 8& 5f $N 0l It $O !" J8 It >J 2J 3X 8& 5f Hq Jd =u 6b ( =E E@ NN 0h 8& 5f (1) 2] Bj HV 9f 04235103 !V D6 JB Ns %O !< %I %& %’ %" !& %" !< %- %F %/ %A %c $N 8& 5f !W ) $K $h $k !# ;2 9M J8 8% [1] Hiranandani, S., Kennedy , K. and Tseng, C.-W.: Com- piler Optimizations for F ortran D on MIMD Distributed- Memory Machines, Pro c. of Sup ercomputing ’91, 1991. [2] Hiranandani, S., Kennedy , K. and Tseng, C.-W.: Ev alu- ation of Compiler Optimizations for F ortran D on MIMD Distributed-Memory Machines, Pro c. of Sup ercomputing ’92, 1992. [3] Metcalf, M. and Reid, J. 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. [4] High Performance F ortran F orum: High Performance F or- tran Language Sp eci�cation V ersion 1.0, 1993. [5] W olfe, M.: Tiny: A Lo op Restructuring Research T ool, Oregon Graduate Institute of Science and T ec hnology , 1992. [6] 3^ 86 Gn FA : JB Ns =h M} 5; =Q , %3 %m %J <R , 1991. [7] @6 ?e =S 9, , KY 9> 7r ;V , @P H* 9( L@ : 9b B. %a %C %; !< %8 %O %s %I %j %s %0 5! 9= {AP100 $K $* $1 $k <B 8= {, JSPP’92 O@ J8 =8 , 1992. 8