%W %m %; %C %5 4V %G !< %? 0M B8 4X 78 $r 4K OB $9 $k JB Ns %k !< %W 9= J8 for slice $N Ds 0F J? @. 8 G/ 2 7n 15 F| A0 ;3 9@ Fs 9b @- G= $J J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $N =P 8= $K $h $j !" Bg 5, LO 2J 3X 5; =Q 7W ;; $r JB Ns 7W ;; 5! >e $G <B 9T $9 $k ?t B? $/ $N ;n $_ $, $J $5 $l $F $$ $k !# $= $N Cf $N 0l J, Ln $H $7 $F ?t CM N. BN NO 3X $, $" $j !" $= $N N. BN $N <0 $O JP Hy J, J} Dx <0 $G 9= @. $5 $l $k !# N% ;6 2= $K $h $j <B 6u 4V $O 3J ;R 6u 4V $K JQ 49 $5 $l !" F1 ;~ $K JP Hy J, J} Dx <0 $O :9 J, J} Dx <0 $K JQ 49 $5 $l $k !# Dj >o >u BV $N 2r $r 5a $a $k >l 9g !" :9 J, J} Dx <0 $O AB 78 ?t 9T Ns $r ;} $D O" N) 0l <! J} Dx <0 $K $J $j !" <g $K H? I| K! $r MQ $$ $k !# H? I| K! $N $& $A SOR K! $N $h $& $J 4K OB K! $O 7W ;; $O <} B+ $N $? $a $K C‘ <! 2~ NI $r 9T $C $F $$ $k !# for J8 $K $h $j 1? HB $5 $l $k %U %m !< 0M B8 $, B8 :_ $9 $k $? $a !" $= $N $^ $^ JB Ns 2= $7 $? ;~ !" 0l 2s $N H? I| $O C‘ <! E* $K $7 $+ <B 9T $G $- $J $$ !# $= $3 $G !" JB Ns 2= 8z N( $r F@ $k $? $a !" <! $N H? I| =h M} $H =E $M $F %Q %$ %W %i %$ %s E* $K =h M} $r ?J $a $k I, MW $, $" $k !# $7 $+ $7 !" DL >o H? I| K! $O <} B+ H= Dj $, I, MW $G $" $j !" $3 $N =h M} $O Ia DL $K C‘ <! 8@ 8l $G 5- =R $9 $k $H F1 4| E* $J =h M} $H 8+ $J $5 $l $k $? $a !" JB Ns 2= %3 %s %Q %$ %i $G $O 9b B. 2= $7 $K $/ $$ !# $h $C $F !" JB Ns 2= 8z 2L $r F@ $k $? $a $K !" %W %m %0 %i %^ <+ $i $N <j $K $h $C $F %Q %$ %W %i %$ %s =h M} $r AK 32 $7 $J $$ $h $& $J <} B+ H= Dj $N =h M} $r <B Au $; $M $P $J $i $J $$ !# $= $3 $G !" %W %m %; %C %5 4V $G 8r 49 $5 $l $k %G !< %? $H $7 $F F1 0l $N 2~ NI $G $N 99 ?7 8e $N CM $r MQ $$ $k $N $G $O $J $/ $I $N $h $& $J >l 9g $G $b 99 ?7 A0 $N CM $r ;H MQ $9 $k J} K! $, 9M $( =P $5 $l $? !# $3 $N J} K! $G $O 3F %W %m %; %C %5 $, F1 0l ;~ 9o $K F0 :n $9 $k $? $a !" <} B+ H= Dj $, 4J C1 $K 9T $( !" 5/ F0 ;~ $d =* N; ;~ $N %Q %U %) !< %^ %s %9 $N Dc 2< $, $J $$ $? $a !" 9b B. $K <B 9T $G $- $k !# $3 $N J} K! $O %W %m %; %C %5 Fb $N 0M B8 $O $= $N $^ $^ $K !" %W %m %; %C %5 4V $N 0M B8 $r =| 5n $9 $k $3 $H $H 0l CW $9 $k !# 0l J} !" $3 $N JB Ns 2= <j K! $@ $H <} B+ 8z N( $N 0- 2= $, M= A[ $5 $l $k $, !" H? I| K! $O ES Cf $N 7W ;; 7k 2L $r Ld $o $J $$ $+ $i <} B+ $5 $( $9 $l $P $h $$ !# $= $7 $F !" 7W ;; B. EY $N 8~ >e $, <} B+ 8z N( $N 0- 2= J, $r >e 2s $l $P !" Mx MQ 2A CM $O $" $k $H $$ $( $k !# $7 $+ $7 !" 7g E@ $H $7 $F C‘ <! 8@ 8l $H JB Ns 2= %3 %s %Q %$ %i $r MQ $$ $F @8 @. $9 $k $3 $H $, $G $- $J $$ $3 $H $, $" $2 $i $l $k !# $= $3 $G !" K\ 8& 5f $G $O %W %m %; %C %5 4V %G !< %? 0M B8 4X 78 $r 4K OB $9 $k JB Ns %k !< %W 9= J8 for_slice $r Ds 0F $9 $k !# for_slice $O %G !< %? J, 3d $K => $$ !" 0M B8 $r %W %m %; %C %5 Fb $N $b $N !" %W %m %; %C %5 4V $N $b $N $H J, $1 $k !# %W %m %; %C %5 4V $N 0M B8 $O %G !< %? $N J, 3d <! 85 $N E: ;z <0 $H for_slice $N %k !< %W JQ ?t $, 4X 78 $7 $F $$ $k >l 9g =| 5n $5 $l !" %k !< %W 0J A0 $N %G !< %? $r ;H MQ $9 $k $h $& $K JQ 99 $5 $l $k !# $h $C $F !# 3F %W %m %; %C %5 $O F1 0l ;~ 9o $K 7W ;; $r 9T $( $k $h $& $K $J $j !" <} B+ H= Dj $O JB Ns 2= %3 %s %Q %$ %i $r MQ $$ $F $b B. EY $, Mn $A $J $$ $h $& $K $J $k !# $^ $? !" 9= J8 $O for J8 $K N‘ ;w $7 $F $* $j !" for J8 $r for_slice $K JQ 99 $9 $k $@ $1 $J $N $G !" %W %m %0 %i %^ $N Ii C4 $O 7Z 8: $9 $k !# $^ $? !" for_slice $r 2f !9 $, 3+ H/ $7 $F $$ $k JB Ns 2= %3 %s %Q %$ %i TINP AR $K <B Au $7 $? !# TINP AR $N Fb It =h M} $O JB Ns 2= It !" :G E, 2= It $J $I $+ $i 9= @. $5 $l $F $$ $k !# $= $3 $G !" for_slice $N =h M} $r JB Ns 2= It $G 9T $& $3 $H $K $7 $? !# M} M3 $O !" 1) DL ?. $N 0\ F0 >l =j $, L@ $i $+ $G $" $k 2) $= $N 8e $N :G E, 2= It $r == J, Mx MQ $G $- $k !" $G $" $k !# $^ $? !" for_slice $N $? $a $K !" NY @\ $9 $k Hs =j M- %G !< %? $N 0l It $r 3J G< $9 $k %* !< %P !< %i %C %W %( %j %" $r <B Au $7 $? !# for_slice $O <} B+ $K 4X $9 $k 9M ;! $r $7 $? 7k 2L !" SOR K! $G ;H MQ $9 $k Bg $- $J 4K OB 78 ?t $r MQ $$ $k $H <} B+ $7 $J $$ $J $k $3 $H $, $o $+ $C $? !# $7 $+ $7 !" <g $J MQ ES $H $7 $F 4K OB 78 ?t $, 1 $h $j >. $5 $$ IT B- 4K OB $r MQ $$ $k %J %S %( %9 %H !< %/ %9 J} Dx <0 $r 9M $( $F $* $j !" $= $N <B 83 7k 2L $G $O <} B+ 8z N( $N 0- 2= $O $= $l $[ $I 8+ $i $l $J $+ $C $? !# $^ $? !" A4 BN $N 7W ;; ;~ 4V $b M} A[ E* $J for J8 $N JB Ns 2= %W %m %0 %i %‘ $K BP $7 $F 10% $[ $I 8~ >e $7 $? !#

The Prop osal of parallel lo op construction \for slice" relaxing data dep endence relations b etw een pro cessors F ebruary 15, 1996 Ko ji MAEY AMA The large-scale science and technology calculations are to b e executed on a memory distributed parallel com- puter. One of �elds of large scale computing is computational uid dynamics, and expressions of the uid are constructed with partial di�erential equations. By discretisation, the real space b ecomes the lattice space and partial di�erential equations b ecome di�erence equations. When the solution of steady states is solved, di�erence equations b ecome coalition linear equations and we use iterativ e metho d chie y for the cost. Iterativ e metho ds like SOR metho d execute sequential improv emen t for the conv ergence and the parallelization of for construction orders the execution time of the pro cessors. The pro cessing can b e adv anced in the pip eline for the parallelized e�ect. How ev er, b ecause the con v ergence judgment is usually necessary and the judgmen t processing is a synchronous pro cessing, the parallelized e�ect is not achiev ed easily . In order to achiev e the e�ect of parallelization, it is necessary to implement a conv ergence judgment so that the pip eline pro cessing is not block ed, that gives the programmer a big lab ors. Then, the metho d of using data b efore renewal of data which is exchanged b etw een pro cessors, is prop osed. It is p ossible to execute calculations in high sp eed b ecause conv ergence judgment can b e easily done b ecause eac h processor w orks in this metho d at the same time and there is no decrease in the p erformance at the start and the end. The metho d is consistent with the metho d of the elimination of only data dep endence relations b etw een processors. Moreo v er, though the deterioration of the con v ergen t e�ciency is forecast, iterative metho d only has to just con v erge. And, it is useful if the calculation sp eed of the improv emen t of the solution ov ercomes the deterioration of the con v ergen t e�ciency . How ev er, it is not able to b e generated by using the sequential language and the parallelizing compiler. In this pap er, we prop ose parallel lo op construction \ for_slice " relaxing the data dep endence relations betw een pro cessors. The condition of the dep endence relations relaxed by for_slice sp eci�es the lo op v ariable. The solution by for_slice calculates each pro cessor at the same time. Therefore, the con v ergen t judgmen t can be describ ed by the sequential language and the parallelizing compiler. Moreov er, the for_slice construction resem bles for and reduces programmer’s load. And for_slice was implemented on parallelizing compiler TINP AR which we are developing. TINP AR is constructed with the parallelizing part, the optimizing part, and etc. The for_slice pro cessing is executed on the parallelizing part, b ecause the place on which communication co des are arranged is ob vious b efore optimization, and it e�ectively uses the optimizing part after parallelization. And for for_slice the ov erlap area is implemented on TINP AR , this area is the place on which a part of neighboring non owner data are put. The conv ergence e�ciency deteriorates b ecause the computation sequence is changed and is executed in parallel for for_slice . If the o v er relaxation co e�cient used by a usual SOR metho d is used for for_slice solution, this may not conv erge. How ev er, the main purp oses of for_slice is to solve the simultaneous partial di�erntial equations lik e the Navier-Stok es equation which used the under relaxation co e�cient which was more small than one. The deterioration of the conv ergence e�ciency was not seen to o muc h in the exp erimen t result, and the speed of the entire computing time improv es ab out 10% against for with high-degree conv ergence judgment whic h parallelizing complier cannot create.

1 $O $8 $a $K JB Ns 7W ;; 5! $, 4| BT $5 $l $F $$ $k Mx MQ J, Ln $H $7 $F ?t CM N. BN NO 3X $, $" $k !# $3 $N J, Ln $G $O JP Hy J, J} Dx <0 $r N% ;6 2= $9 $k $3 $H $K $h $j !" 6u 4V $r 3J ;R 2= $7 $F $$ $k !# BJ 1_ 7? JP Hy J, J} Dx <0 $O N% ;6 2= $K $h $j 5p Bg $J AB 78 ?t 9T Ns $N O" N) 0l <! J} Dx <0 $r 2r $/ $3 $H $H $J $k !# $3 $l $r %, %& %9 K! $J $I $N D> @\ K! $G 2r $/ $N $O %3 %9 %H $, $+ $+ $k !" $" $k $$ $O O" N) JP Hy J, J} Dx <0 $N >l 9g $K $O D> @\ K! $G 2r $/ $3 $H $, IT 2D G= $" $k $? $a !" B? $/ $N >l 9g H? I| K! $N %" %k %4 %j %: %‘ $r MQ $$ $F 2r $r 5a $a $F $$ $k !# H? I| K! $N C‘ <! %" %k %4 %j %: %‘ $G $O 2r $N <} B+ 8z N( 8~ >e $N $? $a !" 2r $N 2~ NI $N $? $a $N 0l 2s $N %$ %? %l !< %7 %g %s $K $* $$ $F !" 3J ;R E@ $N 2r $r =g HV $K 2~ NI $7 $F $$ $k !# $= $N 7k 2L !" NY @\ $9 $k 3J ;R E@ $K BP $9 $k %k !< %W 1? HB 0M B8 $, @8 $8 $k $h $& $K $J $C $F $$ $k !# $3 $l $r J# ?t $N %W %m %; %C %5 $K %G !< %? $r J, 3d $7 $F JB Ns 2= $9 $k $H !" %G !< %? 0M B8 $N $? $a $N %W %m %; %C %5 4V $N DL ?. $, @8 $8 $k !# $7 $? $, $C $F !" 0l 2s $N 2~ NI $G $O 3F %W %m %; %C %5 $, C‘ <! E* $K F0 :n $9 $k $? $a !" <} B+ H= Dj $r 9) IW $9 $k I, MW $, $" $k $J $I !" 9b B. 2= $N $? $a $K $O Hs >o $K B? $/ $N O+ NO $r MW $9 $k !# $= $3 $G !" JB Ns 7W ;; 5! $r MQ $$ $k $K Ev $? $C $F !" %W %m %; %C %5 4V $N DL ?. %? %$ %_ %s %0 $r $: $i $7 !" 3F %W %m %; %C %5 $, 2r $N 2~ NI $N %$ %? %l !< %7 %g %s $r F1 ;~ <B 9T $9 $k J} K! $, 9M $( =P $5 $l $F $$ $k [8] !# $3 $N J} K! $G $O !" JB Ns @- $r 9b $a $k $? $a $K %W %m %; %C %5 4V $K $^ $? $, $k 0M B8 4X 78 $r =| 5n $9 $k $, <} B+ 8z N( $N 0- 2= $r KI $0 $? $a $K %W %m %; %C %5 Fb $G $N 0M B8 4X 78 $O J] B8 $9 $k !# $3 $N J} K! $K $h $k Mx E@ $O !" %W %m %; %C %5 Fb $N 7W ;; $K $h $j DL ?. $N BT $A $, 1# JC $5 $l !" 0l 2s $N %$ %? %l !< %7 %g %s $, 9b B. $K $J $k !# $^ $? !" <} B+ H= Dj $N =h M} $, C1 =c $G :Q $‘ $? $a !" JB Ns <B 9T $K $h $k 9b B. 2= $, C# @. $7 $d $9 $$ !# 0l J} !" 7g E@ $H $7 $F 7W ;; =g =x $N JQ 99 $K $h $j <} B+ 8z N( $, 0- 2= $9 $k $H $$ $& 7g E@ $, $" $k !# $7 $+ $7 !" <} B+ 8z N( $N 0- 2= $h $j $b 0l 2s $N %$ %? %l !< %7 %g %s $N <B 9T ;~ 4V $, C; =L $, >e 2s $l $P !" A4 BN $N <B 9T ;~ 4V $O C; =L $G $- $k !# JL $N $h $j =E MW $J 7g E@ $O !" C‘ <! %W %m %0 %i %‘ $r Bg I} $K =q 49 $( !" <j :n 6H $G JB Ns 2= $r 9T $o $M $P $J $i $J $$ $3 $H $G $" $k !# $9 $J $o $A !" C‘ <! %W %m %0 %i %‘ $r JB Ns 2= %3 %s %Q %$ %i $G !" <+ F0 E* $K JB Ns 2= $9 $k $3 $H $O $G $- $J $$ !# $7 $? $, $C $F !" %W %m %0 %i %^ $N Ii C4 $, Bg $- $$ $@ $1 $G $J $/ !" JB Ns 2= %3 %s %Q %$ %i $, Hw $( $k 9b EY $J 9b B. 2= <j K! $b Mx MQ $9 $k $3 $H $, $G $- $J $$ !# $= $3 $G !" 2f !9 $O !" %W %m %; %C %5 4V $N 0M B8 $, 4K OB $5 $l $k JB Ns %k !< %W 9= J8 for_slice $r Ds 0F $9 $k !# for_slice $O %W %m %; %C %5 Fb 30 $N %k !< %W 0M B8 4X 78 $r 6h JL $7 $F <h 07 $& $3 $H $r ;X <( $9 $k $b $N $G !" JB Ns 2= %3 %s %Q %$ %i TINP AR[3] $K $h $C $F <+ F0 E* $K E, @Z $J %3 !< %I $K JQ 49 $5 $l $k !# $7 $? $, $C $F !" C‘ <! %W %m %0 %i %‘ $N for %k !< %W $r for_slice %k !< %W $K CV $- 49 $( $k $@ $1 $G !" H? I| K! $r 8z N( $h $/ JB Ns 2= $G $- $k !# K\ 9F $G $O !" $^ $: 2 >O $G $O %k !< %W $N JB Ns 2= $* $h $S JB Ns %k !< %W $K $D $$ $F $D $$ $F =R $Y $? 8e !" 3 >O $G $O for_slice $N Ds 0F $H $= $N <g $? $k L\ E* $G $" $k H? I| K! $K $D $$ $F !" 4 >O $G $O for_slice $N ;E MM $H TINP AR $X $N <B Au $K $D $$ $F !" 5 >O $G $O for_slice $r MQ $$ $? ;~ $N <} B+ 8z N( $N JQ 2= $K $D $$ $F !" $= $l $> $l =R $Y $k !# B3 $$ $F 6 >O $G $O !" H? I| K! $r MQ $$ $? for_slice $N M- 8z @- $K $D $$ $F =R $Y $k !# 7 >O $G for_slice $N 3H D% $K $D $$ $F =R $Y $? 8e !" 8 >O $G $^ $H $a $k !# 2 %k !< %W $N JB Ns 2= 2.1 C‘ <! %k !< %W $N JB Ns 2= J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $r MQ $$ $? %G !< %? JB Ns %W %m %0 %i %_ %s %0 $G $O !" G[ Ns 7? $N %G !< %? $r 3F %W %m %; %C %5 $K J, ;6 $7 $F G[ CV $9 $k $N $, 0l HL E* $G $" $k !# $3 $N $h $& $J >l 9g !" 3F !9 $N %W %m %; %C %5 $K 8G M- $N %G !< %? $N $_ $G 7W ;; $, 9T $o $l $k $J $i $P !" $G $- $k $J $i !" 40 A4 $K JB Ns $J F0 :n $, 2D G= $H $J $k !# $7 $+ $7 !" B> $N %W %m %; %C %5 $, =j M- $7 $F $$ $k %G !< %? $, I, MW $G $" $k $H !" %a %C %; !< %8 DL ?. $K $h $j B> $N %W %m %; %C %5 $+ $i Aw $i $l $? %G !< %? $r <u ?. $7 $J $1 $l $P =h M} $r ?J $a $k $3 $H $, $G $- $J $$ !# $3 $3 $G $O !" G[ Ns %G !< %? $r 07 $& 4p K\ E* $J 9= J8 $G $" $k for $r !" J, ;6 7? JB Ns 7W ;; 5! $G 07 $& ;~ $K $I $N $h $& $J N. $l $H $J $k $+ $r =R $Y $k !# K\ O@ J8 $G $O CG $j $N $J $$ 8B $j !" @b L@ $K ;H $o $l $k %W %m %0 %i %‘ $O TINP AR $, BP >] $H $9 $k %W %m %0 %i %_ %s %0 8@ 8l tiny language[1] $G 5- =R $5 $l $k !# $3 $3 $G !" <! $N $h $& $J 0l HL E* $J 9= B$ $G @b L@ $r 9T $& !# for i = 1, n do S 1 S 2 endfor $3 $3 $G !" %$ %? %l !< %7 %g %s i Fb It $N J8 S m $K BP $9 $k I= 8= $r S i m $G I= $9 !# C‘ <! 7W ;; 5! $G $O $I $N $h $& $J 0M B8 $, $" $m $& $H $b ?^ 1 $N $h $& $J =g HV $G <B 9T $5 $l $k !# $7 $+ $7 $3 $l $r JB Ns 2= S 1 1 � ! S 1 2 � ! S 2 1 � ! S 2 2 � ! S 3 1 � ! S 3 2 � ! S 4 1 � ! S 4 2 � ! . . . ?^ 1: C‘ <! 7W ;; 5! $K $* $1 $k <B 9T =g =x $9 $k $H !" 3F %W %m %; %C %5 $N =h M} $N 3+ ;O ;~ 9o $d =* N; ;~ 9o $O !" %G !< %? $N 0M B8 4X 78 $K $h $C $F 7h $^ $C $F $/ $k !# $^ $: !" <! $N >l 9g $r 9M $( $k !# S 1 : a ( i ) = b ( i ) � 1 S 2 : b ( i ) = c ( i ) + 1 $= $l $> $l $N S 1 !" S 2 $O %k !< %W $N 7+ $j JV $7 $r $^ $? $, $k $h $& $J 0M B8 ( %k !< %W 1? HB 0M B8 ) $, $J $$ !# $= $3 $G Nc $( $P !" G[ Ns a,b $r %V %m %C %/ J, 3d $9 $k $H !" 3F %W %m %; %C %5 $O 3d Ev $F $i $l $? %V %m %C %/ $N Bg $- $5 J, $@ $1 7+ $j JV $9 $h $& $J %k !< %W $r !" JB Ns $K <B 9T $9 $k $3 $H $, $G $- $k !# 0l J} !" F1 $8 %$ %? %l !< %7 %g %s Fb $G $O S 1 $H S 2 $N 4V $K 5U 0M B8 $, B8 :_ $9 $k $N $G =g =x $r JQ $( $k $3 $H $, $G $- $J $$ !# $7 $? $, $C $F !" %V %m %C %/ %5 %$ %: $, 1 $G $" $k >l 9g !" =h M} $N N. $l $O ?^ 2 $K <( $9 $b $N $H $J $k !# <! $K %k !< %W 1? HB $N %U %m !< 0M B8 $, $" $k >l 9g $r 9M $( $k !# S 1 : a ( i ) = b ( i � 1) � 1 S 2 : b ( i ) = c ( i ) + 1 $3 $N $h $& $K %k !< %W 1? HB 0M B8 $, $" $k >l 9g !" 0M B8 $N EA GE $, %W %m %; %C %5 4V $G $N %a %C %; !< %8 DL ?. $K JQ 49 $5 $l $k !# $= $N $? $a !" ?^ 3 $K <( $9 $h $& $K !" 3F %W %m %; %C %5 =h M} $, C‘ <! 2= $5 $l !" :G 0- $N >l 9g $K $O A4 BN $N <B 9T ;~ 4V $, C‘ <! 7W ;; ;~ 4V + DL ?. ;~ 4V $H $J $k !# <! $K 5U 0M B8 $N >l 9g $r 9M $( $k !# 1

?^ 2: %k !< %W 1? HB 0M B8 $, $J $$ >l 9g ?^ 3: %k !< %W 1? HB $N %U %m !< 0M B8 $, $" $k >l 9g ?^ 4: %k !< %W 1? HB $N 5U 0M B8 $, $" $k >l 9g S 1 : a ( i ) = b ( i + 1) � 1 S 2 : b ( i ) = c ( i ) + 1 $3 $N $h $& $J >l 9g !" ?^ 4 $G <( $9 $h $& $K !" @h $K DL ?. $r I, MW $H $9 $k $, 7W ;; It J, $O 40 A4 $K JB Ns 2= $G $- $k !# <! $K %k !< %W 1? HB 0M B8 $, $" $k %k !< %W $N 30 B& $K $5 $i $K %k !< %W $, $" $k >l 9g $r 9M $( $k !# for k = 1, m do for i = 1, n do S 1 S 2 endfor S 3 endfor $3 $3 $G !" S 1 ; S 2 ; S 3 $r $= $l $> $l <! $N $h $& $K $9 $k !# S 1 : a ( i ) = b ( i � 1) � 1 S 2 : b ( i ) = c ( i ) + 1 S 3 : $3 $N $H $- !" N. $l $O ?^ 5 $N $h $& $K $J $j !" %Q %$ %W %i %$ %s E* $J JB Ns =h M} $, 9T $o $l $k !# $J $o $A %k !< %W 1? HB 0M B8 $, $" $k >l 9g $G $b $& $^ $/ JB Ns 2= $r 9T $( $P !" 30 B& $N %k !< %W $G %Q %$ %W %i %$ %s 8z 2L $r 4| BT $G $- $k $3 $H $, $" $k !# $7 $+ $7 !" S 3 $, 6u $G $J $/ !" Nc $( $P !" Am OB 1i ;; $N $h $& $J %W %m %; %C %5 4V $N F1 4| $r I, MW $H $9 $k $h $& $J =h M} $, $" $C $? >l 9g !" ?^ 6 $K <( $9 $h $& $K !" %Q %$ %W %i %$ %s 8z 2L $O $= $3 $G ES @Z $l $F JB Ns 2= $N 8z 2L $O 8= $l $J $$ $3 $H $K $J $k !# $= $N $? $a !" %U %m !< 0M B8 $, $" $k %k !< %W $, O" B3 $7 $F <B 9T $5 $l $k >l 9g !" JB Ns 2= 8z 2L $r =P $9 $? $a $K F1 4| =h M} $r 4V 0z $/ $+ !" $& $^ $/ %Q %$ %W %i %$ %s $K E, 9g $9 $k $h $& $J =h M} $K JQ 7A $9 $k $3 $H $, I, MW $H $J $k !# 2.2 JB Ns %k !< %W 9= J8 DL >o $N %k !< %W 9= J8 $H $O 0c $$ !" %Y %/ %H %k / JB Ns =h M} $r A0 Ds $H $7 $? %k !< %W 9= J8 $, B8 :_ $7 $F $$ $k !# Be I= E* $J $b $N $H $7 $F HPF(High P erformance F ortran) $K $* $1 $k FORALL 9= J8 $, $" $k [2] !# FORALL $O for J8 $H F1 $8 9= B$ $r $7 $F $$ $k $, %k !< %W 1? HB 0M B8 $, B8 :_ $9 $k $H 0U L# $, A4 $/ 0[ $J $k !# Nc $( $P !" tiny Iw $K 5- =R $7 $? 0J 2< $N forall %k !< %W $r 9M $( $k !# 2

?^ 5: %Q %$ %W %i %$ %s =h M} $N N. $l forall i = 1, n do S 1 S 2 endfor >e 5- $N %k !< %W $, for $G $" $k $J $i $P !" %k !< %W 1? HB %U %m !< 0M B8 $, $" $l $P !" A0 $N %$ %? %l !< %7 %g %s $G 99 ?7 $5 $l $? CM $r ;H MQ $7 !" 5U 0M B8 $, $" $l $P !" 8e $N %$ %? %l !< %7 %g %s $N 99 ?7 $5 $l $k A0 $N CM $r ;H MQ $9 $k !# $= $N $? $a !" 7W ;; 7k 2L $r J] >Z $9 $k $? $a $K %$ %? %l !< %7 %g %s $N <B 9T =g =x $r JQ 99 $7 $F $O $J $i $J $$ $3 $H $K $J $k !# 0l J} forall $G $O !" S i � 1 2 ! S i 1 $d S i � 1 1 ! S i 1 $N $h $& $J %k !< %W 1? HB %U %m !< 0M B8 $, 8+ $+ $1 >e 0M B8 $7 $F $b !" S i 1 $N 7W ;; $K $O S i � 1 2 $d S i � 1 1 $, 99 ?7 $9 $k A0 $N CM $r ;H MQ $9 $k !# $? $@ $7 !" S i � 1 1 ! S i 2 $d S i 1 ! S i 2 $N $h $& $K !" J8 $N A0 8e 4X 78 $H %U %m !< 0M B8 4X 78 $, 0l CW $9 $k >l 9g $K $O !" S i 2 $N 7W ;; $K $O S i � 1 1 $d S i 1 $, 99 ?7 $7 $? CM $r ;H MQ $9 $k !# $9 $J $o $A >e 5- $N forall $O 0J 2< $N $b $N $H Ey 2A $G $" $k !# forall i = 1, n do S 1 endfor forall i = 1, n do S 2 endfor forall $r %V %m %C %/ %5 %$ %: 1 $G JB Ns 7W ;; 5! $G <B 9T $9 $k $H ?^ 7 $N N. $l $K $J $k !# $^ $? !" %V %m %C %/ %5 %$ %: 2 0J >e $N >l 9g !" 8+ $+ $1 >e $N %U %m !< 0M B8 $r =| 5n $9 $k $? $a $K !" G[ Ns $N 5l ?^ 6: %Q %$ %W %i %$ %s =h M} $, IT 2D G= $J >l 9g $N N. $l 3

?^ 7: forall $N N. $l CM $r %k !< %W $N <B 9T 3+ ;O A0 $K J] B8 $9 $k $3 $H $, $7 $P $7 $P I, MW $G $" $k !# $^ $? !" HPF $G $O INDEPENDENT %G %# %l %/ %F %# %V $r ;E MM $K @9 $j 9~ $s $G $$ $k !# INDEPEN - DENT %G %# %l %/ %F %# %V $O DO $d FORALL $K MQ $$ !" 3F %$ %? %l !< %7 %g %s $, B> $N %$ %? %l !< %7 %g %s $K BP $7 $F FH N) $G $" $k $3 $H $r @k 8@ $9 $k !# => $C $F !" ?^ 8 $K <( $9 $h $& $K %k !< %W $N <B 9T 3+ ;O 8e $O !" %W %m %; %C %5 4V $G $N %U %m !< 0M B8 $O B8 :_ $7 $J $$ !# $J $* !" INDEPENDENT %G %# %l %/ %F %# %V ?^ 8: INDEPENDENT %G %# %l %/ %F %# %V $r MQ $$ $? %k !< %W $N N. $l $O !" %3 %s %Q %$ %i $, 2r @O :$ Fq $J 0M B8 4X 78 $r <( $9 $? $a $K MQ $$ $i $l !" %k !< %W $N 0U L# $r JQ $( $k $b $N $G $O $J $$ !# $7 $? $, $C $F !" <B :] $K %k !< %W 1? HB 0M B8 $, B8 :_ $9 $k >l 9g $K $O !" INDEPENDENT %G %# %l %/ %F %# %V $r MQ $$ $F 0M B8 4X 78 $r =| 5n $9 $k $3 $H $O $G $- $J $$ !# 3 H? I| K! $H $= $N JB Ns 2= K\ 8& 5f $G Ds 0F $9 $k JB Ns %k !< %W 9= J8 for_slice $O !" 2 >O $G =R $Y $? for $H forall $N Cf 4V $K 0L CV $7 !" %W %m %; %C %5 Fb 30 $N %k !< %W 1? HB 0M B8 $r 6h JL $7 $F <h 07 $& $3 $H $, $G $- $k !# K\ >O $G $O !" for_slice $N 0U 5A $r <( $9 $? $a $K !" $= $N <g $J E, MQ Nc $G $" $k O" N) 0l <! J} Dx <0 $N H? I| 2r K! $N JB Ns 2= $K $D $$ $F =R $Y $k !# 3.1 H? I| K! for_slice $N <g $J E, MQ Nc $N 0l $D $K !" BJ 1_ 7? $N JP Hy J, J} Dx <0 $N 5a 2r $, $" $k !# ?t CM N. BN NO 3X $J $I $N J, Ln $G $O !" 6u 4V $r N% ;6 2= $7 !" 3F 3J ;R E@ >e $N J* M} NL $K 4X $9 $k ( O" N) ) :9 J, J} Dx <0 $r 2r $/ $3 $H $K $h $j !" JP Hy J, J} Dx <0 $N 6a ;w 2r $r 5a $a $k !# $3 $N :9 J, J} Dx <0 $N 5a 2r $O !" AB 78 ?t 9T Ns $r ;} $D 5p Bg $J O" N) 0l <! J} Dx <0 $r 2r $/ $3 $H $H 0l CW $9 $k !# $3 $N O" N) J} Dx <0 $r D> @\ K! $G 2r $/ $N $O 0l HL $K :$ Fq $G $" $k $? $a !" B? $/ $N >l 9g $K $O H? I| K! $, MQ $$ $i $l $k !# $^ $: !" BJ 1_ 7? JP Hy J, J} Dx <0 $N Nc $H $7 $F !" Fs <! 85 $N %i %W %i %9 J} Dx <0 !" @ 2 u @ x 2 + @ 2 u @ y 2 = 0 (1) $r MQ $$ $k !# $3 $l $r 7W ;; 5! $G 2r $/ >l 9g !" N% ;6 2= $r 9T $C $F 6a ;w CM $r 5a $a $k !# $3 $3 $G !" j; k $r 3J ;R $N xy :B I8 $H $9 $k ;~ !" Fs <! @: EY $N Cf ?4 :9 J, $r MQ $$ $k $H !" %i %W %i %9 J} Dx <0 $O !" u j +1 ;k � 2 u j;k + u j � 1 ;k ( � x ) 2 + u j;k +1 � 2 u j;k + u j;k � 1 ( � y ) 2 = 0 (2) $N $h $& $K I= $5 $l !" u j;k = 1 4 ( u j � 1 ;k + u j +1 ;k + u j;k � 1 + u j;k +1 ) (3) $H $J $k !# $3 $3 $G 3J ;R E@ $r <- =q =g $K JB $Y $k $H !" 0 B B B B B B B B B B B B B B B B B B B B @ � 4 1 1 1 . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . 1 1 1 � 4 1 C C C C C C C C C C C C C C C C C C C C A 0 B B B B B B B B B B B B B B B B B @ . . . u j � 1 ;k . . . u j;k � 1 u j;k u j;k +1 . . . u j +1 ;k . . . 1 C C C C C C C C C C C C C C C C C A = 0 (4) $H $J $j !" 78 ?t 9T Ns $, AB $N O" N) 0l <! J} Dx <0 $r 2r $/ $3 $H $H F1 $8 $G $" $k $3 $H $, J, $+ $k !# 3J ;R E@ $, >/ $J $$ >l 9g !" %, %& %9 >C 5n K! $J $I $N D> @\ K! $G 2r $+ $l $k >l 9g $b $" $k $, !" B? $/ >l 9g 5p Bg $J AB 9T Ns 78 ?t $N O" N) 0l <! J} Dx <0 $J $k $? $a !" H? I| K! $r MQ $$ $F 2r $+ $l $k $3 $H $H $J $k !# $^ $: JB Ns 2= <j K! $r @b L@ $9 $k A0 $K 4p K\ $H $J $k 4K OB %" %k %4 %j %: %‘ $r <h $j >e $2 $k !# %d %3 %S K! <0 (3) $N :8 JU $r 99 ?7 8e $N CM !" 1& JU $r 99 ?7 A0 $N CM $H 8+ $J $9 $H <! $N $h $& $J <0 $K $J $k !# u n +1 j;k = 1 4 ( u n j � 1 ;k + u n j +1 ;k + u n j;k � 1 + u n j;k +1 ) (5) $3 $3 $G !" n $O 2r $N 2~ NI $N H? I| 2s ?t $G $" $k !# $^ $? !" $3 $l $K 4K OB 78 ?t $r MQ $$ $k $H $3 $H $, $G $- !" 4K OB 78 ?t $r MQ $$ $k $H <! $N $h $& $K $J $k !# u n +1 j;k = (1 � ! ) u n j;k + 1 4 ! ( u n j � 1 ;k + u n j +1 ;k + u n j;k � 1 + u n j;k +1 ) = u n j;k + 1 4 ! ( u n j � 1 ;k + u n j +1 ;k � 4 u n j;k + u n j;k � 1 + u n j;k +1 ) (6) 4

?^ 9: @~ %" %k %4 %j %: %‘ $3 $N %" %k %4 %j %: %‘ $N FC D’ $H $7 $F !" %k !< %W 0M B8 $, $J $$ $? $a forall $r MQ $$ $F 4J C1 $K JB Ns 2= $G $- $k $3 $H !" $= $N H? LL <} B+ 8z N( $, Hs >o $K 0- $$ $3 $H $, 5s $2 $i $l $k !# %, %& %9 %6 %$ %G %k K! H? I| 2~ NI $K $h $C $F 99 ?7 $5 $l $? CM $O !" A0 2s $N CM $h $j @5 $7 $$ CM $K 6a IU $$ $F $$ $k $H 9M $( $i $l $k $N $G !" <} B+ 8z N( $r 2~ A1 $9 $k $? $a $K %d %3 %S K! $r u n +1 j;k = 1 4 ( u n +1 j � 1 ;k + u n j +1 ;k + u n +1 j;k � 1 + u n j;k +1 ) (7) $N $h $& $K JQ 99 $9 $k !# $3 $N %" %k %4 %j %: %‘ $O %d %3 %S K! $K Hf $Y !" Ls Fs G\ $N <} B+ B. EY $r ;} $D $, <B MQ E* $J B. $5 $H $O $$ $( $J $$ !# $^ $? !" u n +1 j � 1 ;k ! u n +1 j;k , u n +1 j;k � 1 ! u n +1 j;k $N %k !< %W 1? HB 0M B8 $, @8 $8 $k $? $a 4J C1 $K JB Ns 2= $9 $k $3 $H $O $G $- $J $$ !# SOR K! %, %& %9 %6 %$ %G %k K! $K $b !" %d %3 %S K! $H F1 MM $N 4K OB 78 ?t $r MQ $$ $k $3 $H $, $G $- $k !# $9 $J $o $A !" <0 (7) $K 4K OB 78 ?t $r 2C $( $F !" u n +1 j;k = u n j;k + 1 4 ! ( u n +1 j � 1 ;k + u n j +1 ;k � 4 u n j;k + u n +1 j;k � 1 + u n j;k +1 ) (8) $H $9 $k !# $3 $N J} K! $O C‘ <! 2a 4K OB K! (SOR:Succesive Over Relaxion) $H 8F $P $l $k !# 4K OB 78 ?t $O 0 < ! < 2 $, MQ $$ $i $l $k !# ! < 1 $N >l 9g $r IT B- 4K OB $H 8F $S !" 1 < ! $N >l 9g $r 2a 4K OB 4K OB $H 8F $V !# ;0 =E BP 3Q 9T Ns 2r K! $r MQ $$ $? H? I| K! SOR K! $J $I $G $O !" 0l E@ 0l E@ 2r $r 2~ NI $7 $F $$ $/ $? $a !" E@ %" %k %4 %j %: %‘ $H 8F $P $l $k $, <B :] $K $O 8z N( $, 0- $$ !# $= $3 $G !" <} B+ 8z N( $r $h $/ $9 $k $? $a $K !" ;0 =E BP 3Q $N O" N) 0l <! J} Dx <0 $r MQ $$ $k @~ %" %k %4 %j %: %‘ $H $$ $& J} K! $, $" $k !# $3 $3 $G ;0 =E BP 3Q $N O" N) 0l <! J} Dx <0 $O 0l HL $K <! $N <0 $G I= $5 $l $k !# a j T j = b j T j +1 + c j T i � 1 + d j (9) $3 $N J} Dx <0 $r D> @\ 2r $/ $N $, ;0 =E BP 3Q 9T Ns 2r K! (TDMA:T ri-Diagonal Matrix Algorithm) $G $" $k !# Fs <! 85 Ld Bj 0J >e $G $O $3 $N 2r K! $G $O D> @\ 2r $/ $3 $H $, IT 2D G= $J $? $a 3J ;R $r 0l <! 85 $N @~ NN 0h $K J, 3d $7 !" ?^ 9 $K <( $9 7W ;; $r 9T $& BP >] Ns $r 7W ;; $9 $k :] $K $= $N Ns $K NY @\ $9 $k Ns $r 0l ;~ E* $K Dj ?t $H $7 $F 07 $& !# $= $N $3 $H $O $D $^ $j !" <0 (3) $r Nc $H $7 $F 9M $( $k $H !" $" $k k = K $K BP $7 $F !" a j = 1 ; b j = c j = 1 4 ; d j = 1 4 ( u j;K � 1 + u j;K +1 ) ; T j = u j;K ; j = 1 ; . . . ; N (10) $G $" $k $3 $H $r <( $7 $F $$ $k !# $3 $N J} K! $r MQ $$ $F !" Fs <! 85 0J >e $N 6u 4V $N 2r $N 2~ NI $r !" %, %& %9 %6 %$ %G %k K! $H AH $_ 9g $o $; $? $j !" SOR K! $H AH $_ 9g $o $; $F 9T $C $F $$ $k !# $^ $? !" SOR K! $H AH $_ 9g $o $; $? $b $N $r SLOR K! (Succesive Line Over Relaxion) 8F $V !# 0l HL E* $K $3 $N <o $N %" %k %4 %j %: %‘ $G $O 0B Dj $7 $? 2r $r F@ $k $? $a !" 4K OB 78 ?t $r IT B- 4K OB ( ! < 1) $K $9 $k !# 3.2 H? I| K! $N JB Ns 2= <j K! $3 $3 $G $O !" 4p K\ E* $J %" %k %4 %j %: %‘ $G $" $k SOR K! $r Nc $H $7 $F !" JB Ns 2= $N <j K! $K $D $$ $F 35 @b $9 $k !# SOR K! $G $O <} B+ 8z N( $r A} $9 $? $a $K C‘ <! 7W ;; $r 9T $& $? $a !" %k !< %W 1? HB 0M B8 $, @8 $8 $k !# $7 $? $, $C $F !" JB Ns 2= $K $h $k 8z 2L $r =P $9 $K $O 0J 2< $K <( $9 $h $& $J 9) IW $, I, MW $G $" $k !# 3.2.1 %Q %$ %W %i %$ %s J} <0 $^ $: !" SOR K! $N H? I| 2~ NI $N 0l 2s $N %$ %? %l !< %7 %g %s $r JB Ns 2= $7 $? ;~ $N %W %m %; %C %5 $N =h M} $N N. $l $O ?^ 10 $N $h $& $K $J $k !# ?^ $+ $i L@ $i $+ $N $h $& $K !" 0l 2s $N %$ %? %l !< %7 %g %s $N $_ $@ $H JB Ns 2= $K $h $k 8z 2L $, A4 $/ 8+ $i $l $J $$ !# $^ $? !" DL >o $N SOR K! $N >l 9g !" %$ %? %l !< %7 %g %s Kh $K <} B+ H= Dj $r 9T $& $H !" 5

?^ 10: SOR K! $N 0l 2s $N %$ %? %l !< %7 %g %s $N N. $l 2.1 @a $G =R $Y $? $h $& $K A4 $/ JB Ns 2= $K $h $k 8z 2L $, 8= $l $J $$ $3 $H $K $J $k !# $= $3 $G !" <} B+ H= Dj $K 9) IW $r $7 $F !" ?^ 11 $N $h $& $K 0[ $J $k %$ %? %l !< %7 %g %s $r JB Ns $K <B 9T $9 $k $3 $H $, 9M $( $i $l $k !# $3 ?^ 11: SOR K! $N %Q %$ %W %i %$ %s JB Ns =h M} $N N. $l $N $h $& $K %Q %$ %W %i %$ %s E* $K =h M} $r 9T $& $3 $H $K $h $j !" =h M} $N :G =i $N It J, $H :G 8e $N It J, $r =| $$ $F $O !" $+ $J $j $N JB Ns 2= $K $h $k 8z 2L $, 4| BT $G $- $k !# $3 $N J} K! $K $h $k Mx E@ $O !" C‘ <! %W %m %0 %i %‘ $H F1 $8 %G !< %? $N N. $l $r J] >Z $7 $F $$ $k $N $G !" 4K OB 78 ?t $, F1 $8 $G $" $k $3 $H $, J] >Z $G $- $k !# $3 $3 $G !" $3 $N %Q %$ %W %i %$ %s 8z 2L $r F@ $k $? $a $K 9T $& <} B+ H= Dj $K 4X $7 $F =R $Y $k !# $= $N J} K! $H $7 $F !" <! $N Fs $D $N J} K! $, 9M $( $i $l $k !# 4V 0z $- J} <0 !! J8 ;z DL $j <} B+ H= Dj $r 4V 0z $/ $b $N $G $" $j !" 0l Dj 2s ?t $N H? I| $K 0l 2s <} B+ H= Dj $r 9T $& !# $3 $N J} K! $O !" ?? $N 2r $H $N 8m :9 $, H? I| K! $O C1 D4 $K 8: >/ $7 !" M> J, $K H? I| $7 $F $b 2r $O 2~ NI $5 $l $k $@ $1 $G $" $k $H $$ $& 9M $( $K 4p $E $$ $F $$ $k !# 0l Dj 2s ?t $N H? I| $N 4V %Q %$ %W %i %$ %s 8z 2L $, ;} B3 $9 $k $? $a $K !" $" $k Dx EY $N JB Ns 2= 8z N( $O 4| BT $G $- $k !# $3 $N J} K! $N Mx E@ $O !" C‘ <! 8@ 8l $K $h $k %W %m %0 %i %‘ $r $= $N $^ $^ JB Ns 2= %3 %s %Q %$ %i $h $j JB Ns %W %m %0 %i %‘ $K JQ 49 $G $- $k $3 $H $G $" $k !# 7g E@ $H $7 $F !" %Q %$ %W %i %$ %s 8z 2L $r F@ $h $& $H $9 $k $H M> J, $K <B 9T $9 $k 2s ?t $, B? $/ $J $j !" M> J, $K <B 9T $9 $k 2s ?t $r 8: $i $= $& $H $9 $k $H <} B+ H= Dj A0 8e $N Dc 2T F/ N( $N 1F 6A $, Bg $- $/ $J $k $3 $H $, $" $2 $i $l $k !# =* N; O" Mm J} <0 3F %W %m %; %C %5 $, <} B+ H= Dj $N $? $a $K F1 4| $r <h $i $J $1 $l $P !" M} A[ E* $J %Q %$ %W %i %$ %s 8z 2L $, F@ $i $l $k !# $= $3 $G !" <} B+ H= Dj $r %$ %? %l !< %7 %g %s $N Cf $G 0l HV :G 8e $K 7W ;; $r 9T $& %W %m %; %C %5 $K $^ $+ $; !" B> $N %W %m %; %C %5 $O $= $3 $+ $i $N =* N; $N O" Mm $r <u $1 Dd ;_ $9 $k J} K! $, 9M $( $i $l $k !# 6q BN E* $K $O <! $N J} K! $G <( $5 $l $k !# 1. P 0 $O =j M- NN 0h $N ;D :9 $N Am OB $r P 1 $X Aw ?. $9 $k !# 2. P 1 $+ $i P N � 2 $O $= $l 0J A0 $N %W %m %; %C %5 $, =j M- $9 $k NN 0h $N ;D :9 $N Am OB $r <u ?. 8e !" =j M- NN 0h $N ;D :9 $N Am OB $H <u $1 <h $C $? %G !< %? $N OB $r $H $j !" <! $N %W %m %; %C %5 $K Aw ?. $9 $k !# 3. P N � 1 $O Hs =j M- NN 0h $N ;D :9 $N Am OB $r <u ?. 8e !" =j M- NN 0h $N ;D :9 $N Am OB $H <u $1 <h $C $? %G !< %? $H $N OB $r $H $j !" <} B+ H= Dj $r <B 9T $9 $k !# <} B+ $7 $? $i P 0 $K <} B+ $7 $? $3 $H $r O" Mm $9 $k $, !" <} B+ $7 $F $$ $J $+ $C $? $i P 0 $K BP $7 $F 2? $b O" Mm $7 $J $$ !# 4. P 0 $O P N � 1 $+ $i $N <} B+ $N O" Mm $, Mh $? $i B> $N %W %m %; %C %5 $K <} B+ $7 $? $3 $H $r CN $i $; !" =h M} $r Cf CG $9 $k !# 0l Dj ;~ 4V <u ?. BT $A $7 $F P N � 1 $+ $i $N O" Mm $, Mh $J $$ $J $i <} B+ $7 $F $$ $J $$ $H $7 $F $= $N $3 $H $r B> $N %W %m %; %C %5 $K CN $i $; $k !# 5. 3F %W %m %; %C %5 $O P 0 $+ $i $N O" Mm $K => $$ !" <} B+ $7 $F $$ $J $+ $C $? $i DL >o DL $j =h M} $r 9T $& !# <} B+ $7 $? $J $i !" 3F %W %m %; %C %5 $O O" Mm $, P 0 $+ $i Mh $F $$ $k $? $a P 0 $H F1 $8 H? I| 2s ?t $G Dd ;_ $9 $k !# $3 $N J} K! $G $O !" <} B+ H= Dj $N $? $a $N 7W ;; %3 %9 %H $O Hy NL $G $[ $\ M} A[ E* $J <B 9T ;~ 4V $r F@ $i $l $k !# $? $@ $7 !" <B :] $K <} B+ $7 $F $+ $i $= $l $r P 0 $, $7 $k $^ $G $K ;~ 4V $r MW $9 $k $? $a !" C‘ <! E* $K <B 9T $9 $k >l 9g $K Hf $Y $F M> J, $J 7+ $j JV $7 $, 9T $o $l $k !# $^ $? !" $h $j =E Bg $J 7g E@ $H $7 $F 0J 2< $N $b $N $, $" $2 $i $l $k !# � C‘ <! %W %m %0 %i %‘ $G 5- =R $5 $l $? <} B+ H= Dj $r !" <+ F0 E* $K $3 $N J} <0 $K JQ 49 $9 $k $3 $H $O 6K $a $F :$ Fq $G $" $k !# � 7W ;; $N N. $l $, C1 =c $J $b $N $K 8B $i $l $k !# Nc $( $P !" SOR $r 0l 2s 2~ NI $7 $? 8e <! $K 5U =g $K $? $I $C $F 7W ;; $9 $k SSOR K! (Symmetric SOR) $d H? I| $N $? $S $K 8r 8_ $K BP >] Ns $, JQ $o $k @~ %" %k %4 %j %: %‘ $G $" $k ADI K! $N $h $& $K 7W ;; $N N. $l $, >o $K JQ 2= $9 $k $b $N $N >l 9g !" $3 $N J} <0 $O ;H $( $J $$ !# � 7W ;; $N =* N; ;~ 9o $, MM !9 $J MW 0x $K $h $j Hs 7h Dj E* $K $J $k !# $= $N $? $a !" $3 $N J} <0 $O 7W ;; $, C1 =c $G $" $k $3 $H !" JB Ns 2= %3 %s %Q %$ %i $r ;H $o $: <j F0 $G JB Ns 2= $r 9T $& $3 $H $, A0 Ds $H $J $k !# 3.2.2 %W %m %; %C %5 4V $N 0M B8 $r 4K OB $7 $? JB Ns 2= 5; K! $3 $l $^ $G $K =R $Y $F $- $? JB Ns 2= <j K! $G $O !" <} B+ 8z N( $O JQ 2= $7 $J $$ $, 0l HL E* $J $b $N $K E, 1~ $7 $K $/ $$ 7g E@ $, $" $C $? !# 6

?^ 12: for slice $G 07 $o $l $k NN 0h J, 3d K! $= $3 $G !" %W %m %; %C %5 Fb $O <} B+ 8z N( 8~ >e $N $? $a C‘ <! 2~ NI $r 9T $$ !" %W %m %; %C %5 4V 2~ NI A0 $N CM $r ;H MQ $9 $k J} K! $r 9M $( $k !# %W %m %; %C %5 4V $K =x Ns $, $J $$ $? $a !" <} B+ H= Dj $O C1 =c $J $b $N $H $9 $k $3 $H $, $G $- $k !# $3 $N J} K! $r 2> $K It J, C‘ <! 4K OB K! $H $9 $k !# It J, C‘ <! 4K OB K! $O !" ?t CM N. BN NO 3X $G MQ $$ $i $l $k NN 0h J, 3d K! $N 0l $D $N J} K! $H 8+ $J $9 $3 $H $, $G $- $k !# ?t CM N. BN NO 3X $G $O NN 0h J, 3d K! $r J* BN <~ $j $N 6u 4V $r 0l $D 3J ;R $G 9= @. $; $: !" $$ $/ $D $+ $N It J, NN 0h $K J, 3d $9 $k !# 7W ;; $O It J, NN 0h Fb $G $" $k Dx EY FH N) $7 $F 9T $& !# NY @\ $9 $k NN 0h $K BP $9 $k J* BN $N 0l 4S @- $r J] $D $? $a $K Ld Bj $K $h $C $F I, MW $H $5 $l $k $" $k %? %$ %_ %s %0 $G %G !< %? 8r 49 $r 9T $& !# $= $l $r 7+ $j JV $9 $3 $H $K $h $j A4 BN $N 2r $r 5a $a $k !# It J, C‘ <! 4K OB K! $G $O NN 0h J, 3d K! $N Fb !" ?^ 12 $N $h $& $K 3F NN 0h $K =E $J $j $, $J $/ 3J ;R $N Cf 4V $r @\ B3 6- 3& $H $9 $k $b $N $r 07 $& !# $= $7 $F !" It J, C‘ <! 4K OB K! $O NN 0h J, 3d K! $N DL ?. %? %$ %_ %s %0 $N $& $A !" F1 0l 2~ NI ;~ 4V $G $J $$ :G ?7 $N CM $r MQ $$ $k %? %$ %_ %s %0 $G DL ?. $r 9T $& !# $9 $J $o $A !" 99 ?7 Cf $N $b $N $O ;H $o $: !" $^ $? @N $N %G !< %? $O ;H MQ $7 $J $$ !# 4 JB Ns %k !< %W for slice 9= J8 @h $K =R $Y $? DL $j for_slice $O %W %m %; %C %5 4V $N 0M B8 4X 78 $r 4K OB $9 $k $? $a $K MQ $$ $k JB Ns %k !< %W $G $" $k !# $3 $N >O $G $O for_slice $N L\ E* $* $h $S for_slice $N ;E MM !" $= $7 $F 2f !9 $, 3+ H/ $7 $F $$ $k <+ F0 JB Ns 2= %3 %s %Q %$ %i TINP AR $X $N <B Au J} K! $r =R $Y $k !# 4.1 for slice $N L\ E* JB Ns 2= %3 %s %Q %$ %i $O !" C‘ <! 8@ 8l $G 5- =R $5 $l $? %W %m %0 %i %‘ $r MQ $$ $k $3 $H $K $h $j !" HK ;( $J :n 6H $r 7Z 8: $7 $D $D 9b $$ 8z 2L $r =P $9 $3 $H $r L\ E* $H $7 $F $$ $k !# $7 $+ $7 !" C‘ <! 8@ 8l $O K\ Mh C‘ <! E* $J %" %k %4 %j %: %‘ $r 5- =R $9 $k $? $a $N $b $N $G $" $j !" 9b EY $K JB Ns 2= $r ;\ $7 $? %W %m %0 %i %‘ $r 5- =R $9 $k $3 $H $O I, $: $7 $b MF 0W $G $O $J $$ !# $= $N Be I= E* $J Nc $H $7 $F !" %k !< %W 1? HB 0M B8 $K $h $C $F @8 $8 $k %W %m %; %C %5 4V $N DL ?. $, $" $2 $i $l $k !# SOR K! $N $h $& $K !" G[ Ns %G !< %? $N NY @\ $9 $k It J, $K 0M B8 $, $" $k $H !" $= $N 7k 2L !" %W %m %; %C %5 $N =h M} $N 3+ ;O ;~ 9o !" =* N; ;~ 9o $, 0M B8 $K $h $j =g =x IU $1 $5 $l $k !# 3F %W %m %; %C %5 $, F1 0l ;~ 9o $K =h M} $r 9T $( $: !" JB Ns 2= $N 8z 2L $r F@ $k $3 $H $, $G $- $J $/ $J $k !# $^ $? !" %Q %$ %W %i %$ %s $K $h $C $F JB Ns 8z 2L $r F@ $h $& $H $9 $k $H !" <} B+ H= Dj $N $h $& $J F1 4| =h M} $, %Q %$ %W %i %$ %s =h M} $r K8 $2 $J $$ $h $& $K $9 $k $? $a $K B? Bg $J 6l O+ $r I, MW $H $9 $k !# 0l J} !" NN 0h J, 3d K! $K $h $k JB Ns 2= $N $h $& $K %W %m %; %C %5 4V $N %k !< %W 1? HB 0M B8 $r =| 5n $9 $k $H !" 3F %W %m %; %C %5 $N !" 3+ ;O ;~ 9o $d =* N; ;~ 9o $r $[ $\ F1 $8 $K $9 $k $3 $H $, $G $- $k !# F1 4| =h M} $b 4J C1 $G $" $j !" JB Ns 2= 8z 2L $r == J, F@ $k $3 $H $, $G $- $k !# $7 $+ $7 !" $3 $N $h $& $J JB Ns =h M} $O !" for $G $b forall $G $b $@ $a $G $" $k !# $7 $? $, $C $F !" %W %m %; %C %5 4V $N $_ 0M B8 $r 4K OB $9 $k $h $& $J FC <l $J JB Ns =h M} $r 9T $$ $? $$ %f !< %6 $O !" <+ J, $G A4 $F $r 9T $o $J $/ $F $O $J $i $J $$ !# $= $3 $G !" C‘ <! 8@ 8l $G =q $+ $l $? %W %m %0 %i %‘ $K <c 43 $N JQ 99 $r ;\ $9 $@ $1 $G !" DI 2C $G 4J C1 $K %W %m %; %C %5 4V $N 0M B8 $r 4K OB $G $- $k $h $& $J 9= J8 $r 9M $( $k I, MW $, $" $k !# $= $l $, !" :# 2s Ds 0F $9 $k JB Ns %k !< %W for_slice $G $" $k !# for_slice $G $O %k !< %W Cf $N 8+ $+ $1 >e $N %k !< %W 1? HB 0M B8 $, Fs <o N‘ $N $b $N $K 6h JL $7 $F $$ $k !# $= $l $O %W %m %; %C %5 Fb 0M B8 $H %W %m %; %C %5 4V 0M B8 $G $" $k !# %W %m %; %C %5 Fb 0M B8 $N >l 9g 7

$O => Mh DL $j $N 8z N( $N $h $$ 7W ;; $r 9T $& $? $a 0M B8 $r $= $N $^ $^ $K $7 $F $$ $k !# 0l J} !" %W %m %; %C %5 4V 0M B8 $N >l 9g $O 3F %W %m %; %C %5 $, F1 0l ;~ 9o $K 7W ;; $r 9T $& $? $a !" 0M B8 $r =| 5n $9 $k !# $7 $+ $7 !" 7W ;; $K $O NY @\ $9 $k %W %m %; %C %5 $N %G !< %? $, I, MW $J $? $a !" K\ Mh 0M B8 $r @8 $8 $5 $; $k 99 ?7 8e $N %G !< %? $r ;H MQ $; $: !" 99 ?7 A0 $N %G !< %? $r ;H MQ $9 $k !# $3 $l $O !" %G !< %? J, 3d $K $h $C $F @8 $8 $k DL ?. $r %k !< %W $N A0 J} $K 0\ F0 $9 $k $3 $H $H 0l CW $9 $k !# 4.2 for slice $N ;E MM for_slice $N 9= J8 $r 0J 2< $K <( $9 !# for_slice %k !< %W JQ ?t = %k !< %W 3+ ;O CM , %k !< %W =* N; CM , %k !< %W %9 %F %C %W CM do %k !< %W K\ BN endfor >e 5- $N $h $& $K !" for J8 $, for_slice J8 $X $H JQ $o $C $? $@ $1 $G !" $= $N B> $N %k !< %W $N @) 8f CM $N 5- =R J} K! $K $O JQ 2= $, $J $$ !# <! $K !" for_slice $, $I $N $h $& $K $J F0 :n $9 $k $N $+ $r !" Ey 2A $J C‘ <! %W %m %0 %i %‘ $r MQ $$ $F <( $9 !# Nc $H $7 $F !" <! $N %W %m %0 %i %‘ $r MQ $$ $k !# Nc 1 !! const n = 8 processors 4 integer a(0:n - 1:2) integer b(0:n - 1:2) for_slice i = 1, n - 2 do a(i) = a(i) - a(i - 1) b(i) = a(i + 1) + a(i) endfor $3 $N %W %m %0 %i %‘ $G $O %W %m %; %C %5 Bf ?t $, 4 $H $J $C $F $* $j !" G[ Ns a !" b $O %V %m %C %/ %5 %$ %: 2 $G J, 3d $5 $l $k !# for_slice 9= J8 $G $O %W %m %; %C %5 4V $G $N a(i-1) ! a(i) $, =| 5n $5 $l $k !# Nc 1 $H Ey 2A $J C‘ <! %W %m %0 %i %‘ $r Nc 2 $K I= $9 !# Nc 2 !! const n = 8 integer a(0:n - 1) integer tmp_a(0:3, 0:n - 1) integer b(0:n - 1) for j = 0, 3 do for i = 0, n - 1 do tmp_a(j, i) = a(i) endfor endfor for j = 0, 3 do for i = max(j * 2, 1), \ min(j * 2 + 1, n - 2) do tmp_a(j, i) = tmp_a(j, i) \ - tmp_a(j, i - 1) b(i) = tmp_a(j, i + 1) \ + tmp_a(j, i) ?^ 13: %W %m %; %C %5 ?t 4 !" %V %m %C %/ %5 %$ %: 2 $N ;~ $N for slice $N =h M} endfor endfor for j = 0, 3 do for i = j * 2 , j * 2 + 1 do a(i) = tmp_a(j, i) endfor endfor $3 $N C‘ <! %W %m %0 %i %‘ $K $* $$ $F !" %k !< %W JQ ?t j $N 3F for J8 $, %W %m %; %C %5 Kh $N =h M} $r I= $7 $F $$ $k !# %k !< %W JQ ?t i $G 9T $o $l $k =h M} $O 3F %W %m %; %C %5 $K J, 3d $5 $l $? %$ %? %l !< %7 %g %s $r 9T $& $? $a $N %k !< %W $G $" $k !# $^ $: !" :G =i $N j %k !< %W $N Cf $G $O %W %m %; %C %5 4V $N 0M B8 $r 4K OB $9 $k $? $a $K A0 $b $C $F a(i) $N CM $r DL ?. $7 $F $* $/ $3 $H $H Ey 2A $J $3 $H $r <B 9T $7 $F $$ $k !# $3 $3 $G $O !" 3F %W %m %; %C %5 $K BP $7 $F A4 $F $N MW AG $r %3 %T !< $7 $F $$ $k !# <! $N j %k !< %W $N K\ BN $O <B :] $N 7W ;; $N It J, $r I= $7 $F $$ $k !# $3 $3 $G $O !" 7W ;; $K ;H $& $N $O 0l ;~ G[ Ns $G $" $k !# :G 8e $N j %k !< %W $G $O =j M- %G !< %? $K ?? $N CM $r =q $- La $7 $F $$ $k !# $3 $l $i $O $" $/ $^ $G Ey 2A $J F0 :n $r $9 $k C‘ <! %W %m %0 %i %‘ $N $? $a $N =h M} $G !" <B :] $N JB Ns %W %m %0 %i %‘ $G $O 3F %W %m %; %C %5 Kh $K a $r A4 $F =j M- $9 $k $3 $H $, $G $- $k $N $G !" tmp_a $r $o $6 $o $6 MQ 0U $7 $F 7W ;; It J, $K ;H MQ $7 $? $j !" =q $- La $7 $? $j $9 $k I, MW $O $J $$ !# J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $G $O %W %m %; %C %5 $, =j M- $7 $F $$ $J $$ %G !< %? $N <u EO $7 $O A4 $F DL ?. $G 9T $o $M $P $J $i $J $$ $? $a !" <B :] $K $O I, MW $J %G !< %? $7 $+ DL ?. $r 9T $C $F $$ $J $$ !# $7 $? $, $C $F !" =h M} $N N. $l $O ?^ 13 $K <( $9 $b $N $H $J $k !# $^ $? !" Nc $H $7 $F $O <( $5 $J $$ $, for_slice $N %k !< %W JQ ?t $H %G !< %? J, 3d $5 $l $? <! 85 $N E: ;z <0 $, 4X 78 $J $$ >l 9g !" for_slice $N 5! G= $O F/ $+ $J $$ !# 4.2.1 for slice 9= J8 $N F~ $l ;R @h $[ $I $N Nc $G $O 0l <! 85 G[ Ns $N $_ $N 07 $C $? $, !" Fs <! 85 G[ Ns $r Fs <! 85 J, 3d $7 $? ;~ $N 07 $$ $r 9M $( $F $_ $k !# $3 $3 $G <! $N Nc $r $" $2 $F $_ $k !# Nc 3 !! for i = 1, n - 2 do for j = 1, m - 2 do u(i, j) \ = (u(i - 1, j) + u(i, j - 1) \ 8

?^ 14: for slice $H for $N AH $_ 9g $o $; $K $h $k 7W ;; =g =x $N 0c $$ + u(i , j + 1) + u(i + 1, j) \ - g(i, j)) * (omega / 4) \ + u(i, j) * (1 - omega) endfor endfor $3 $l $O SOR K! $N 2~ NI $N K\ BN It J, $G $" $k !# 2> $K ;M $D $N %W %m %; %C %5 $K 6Q Ey $K Fs <! 85 J, 3d $r ;\ $7 $? $H 9M $( $k !# $= $3 $G <B :] $K $I $N $h $& $J N. $l $G =h M} $, 9T $o $l $F $$ $k $+ $r ?^ 14 $K <( $9 !# ?^ $K <( $5 $l $k DL $j !" for J8 $H for_slice J8 $N AH $_ 9g $o $; $K $h $j ;M <o N‘ $N =h M} J} <0 $, B8 :_ $9 $k $3 $H $K $J $k !# $3 $l $O Fs <! 85 J, 3d $r $7 $? >l 9g !" for_slice $K $h $k 0M B8 $N 4K OB $, $I $3 $K BP $7 $F 9T $o $l $k $+ $r I= $7 $F $$ $k !# $= $N $? $a !" Fs <! 85 J, 3d $r 9T $C $? >l 9g $K 0M B8 $r $I $& ;D $9 $+ !" A4 $F F1 ;~ <B 9T $9 $k $+ $r A* Br $G $- $k !# $3 $3 $G Fs <! 85 J, 3d $r 9T $C $? >l 9g !" <+ $i $, =j M- $9 $k %G !< %? NN 0h $K BP $7 $F for_slice $, $I $3 $N NN 0h $N Hs =j M- %G !< %? $H $N 0M B8 $r 4K OB $9 $k $+ $r ?^ 15 $K <( $7 $F $* $/ !# $3 $N $h $& $J 7A <0 $r $H $C $F $$ $k $? $a !" <+ J, $K BP $7 $F <P $a $N 3J ;R E@ $N 7W ;; $K ;H MQ $9 $k >l 9g !" JR J} $N for_slice $G $O for_slice $K $h $k JB Ns <B 9T $O $G $- $J $$ $? $a !" i $H j $N N> J} $N %k !< %W $r for_slice $K $7 $F $* $/ I, MW $, $" $k !# 0J >e $, for_slice J8 $, JB Ns 7W ;; 5! >e $G $I $N $h $& $J <B 8= $9 $k $3 $H $K $D $$ $F =R $Y $? !# for_slice $K $h $k JB Ns 2= $O HPF $N INDEPENDENT %G %# %l %/ %F %# %V $r ;H MQ $7 $F $N <B 8= $O $* $= $i $/ 2D G= $G $" $m $& !# $= $N ;~ $O !" %W %m %; %C %5 ?t !" %G !< %? J, 3d I} $J $I $N JB Ns 7W ;; 5! FC M- $N HQ $o $7 $$ =h M} $r <+ J, $G 9T $& $3 $H $K $J $k !# $3 $l $O JB Ns 2= %3 %s %Q %$ %i $N B8 :_ 0U 5A $K H? $9 $k $H ;W $o $l $k $N $G !" for_slice $N $h $& $J $b $N $O I, MW $G $" $k $H 9M $( $F $$ $k !# 4.3 for slice $N TINP AR $X $N <B Au 4.3.1 TINP AR $N 35 MW 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[1] $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 !# <! $K !" TINP AR $N 9= @. $r <( $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 9

?^ 15: for slice $N AH $_ 9g $o $; $K $h $k for slice =h M} $N M- 8z HO 0O 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 $& ( ?^ 16 ;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? $$ !# $= $3 $G K\ %b %8 %e !< %k $G $O !" J, 3d $5 $l $? %G !< %? $K BP $9 $k %a %b %j 3d $j Ev $F <j K! $N 2~ A1 $* $h $S $= $l $K H< $& %" %I %l %C %7 %s %0 $N =$ @5 $r 9T $& !# 6. %3 !< %I @8 @. It =h M} 7O $N Fb It I= 8= $+ $i C $K $h $k %* %V %8 %’ %/ %H %3 !< %I $r =P NO $9 $k !# 4.3.2 for slice $N <B Au TINP AR $N Fb It =h M} 9= B$ $O JB Ns 2= It !" :G E, 2= It !" %a %b %j :F G[ CV It $J $I $+ $i $J $C $F $$ $k $, !" :# 2s $N <B Au $G $O for_slice $N $? $a $N =h M} $O JB Ns 2= It $G 9T $& $3 $H $H $7 $? !# $3 $N CJ 3, $G $O !" :G E, 2= $r 9T $C $F $$ $J $$ $? $a !" $I $N %k !< %W $N $I $N 7W ;; <0 $, for slice $K E, MQ $5 $l $k $+ $, L@ Gr $G $" $k !# $^ 10 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 ?^ 16: JB Ns 2= $? !" JB Ns 2= It $K for_slice $N $? $a $N =h M} $r CV $/ $3 $H $K $h $j !" $= $N 8e $N :G E, 2= It $r $= $N $^ $^ Mx MQ $G $- $k $3 $H $K $J $k !# TINP AR $N JB Ns 2= It $O !" :8 JU CM $N %$ %s %G %C %/ %9 $H 1& JU $N JQ ?t $N 3F !9 $N %$ %s %G %C %/ %9 $r D4 $Y !" $= $l $i 8D JL $K Hs =j M- %G !< %? $+ $I $& $+ $r H= Dj $7 !" DL ?. $r A^ F~ $9 $k =h M} $r 9T $C $F $$ $k !# $= $N $? $a !" for_slice $G $b F1 MM $K Hs =j M- %G !< %? $N H= Dj $r N. MQ $9 $k $3 $H $, $G $- $k !# $9 $J $o $A !" $" $k Hs =j M- %G !< %? $N J, 3d $5 $l $? <! 85 $N %$ %s %G %C %/ %9 $K %k !< %W JQ ?t $, 4^ $^ $l $F $$ $k >l 9g !" $= $3 $G 5/ $3 $k DL ?. $r %k !< %W $N A0 J} $K 0\ F0 $9 $l $P $h $$ !# $J $* !" SEND J8 $N $_ $r A0 J} $K 0\ F0 $9 $k $H !" for_slice $K 4X $9 $k $b $N 0J 30 $N DL ?. $, 4V $K F~ $k 2D G= @- $, $" $k $? $a !" RECV J8 $N =g =x $, 68 $& 2D G= @- $, $" $k !# $= $3 $G !" for_slice $, E, MQ $5 $l $k DL ?. $K 4X $7 $F $O !" RECV J8 $b A0 J} $K 0\ F0 $7 $F DL ?. $N =g =x $r J] >Z $7 $F $$ $k !# JB Ns 2= It $N =h M} $N N. $l $O 1 %Q %9 $G =h M} $r 9T $C $F $$ $k $? $a !" for_slice $K $h $j A0 J} $K 0\ F0 $5 $; $i $l $k DL ?. $, H/ @8 $7 $? >l 9g !" $= $l $, E, @Z $J >l =j $X 0\ F0 $G $- $k $h $& $K 5- 21 $7 $F $* $/ I, MW $, $" $k !# $= $N $? $a !" for_slice $N %V %m %C %/ Fb $G 5- 21 $5 $l $k %G !< %? $O <! $N $h $& $K $J $k !# � for_slice $K $h $j 0\ F0 $5 $l $k DL ?. $N A^ F~ >l =j for_slice $O A0 J} $K <+ J, $H F1 $8 7A $N for J8 $r :n $C $F !" $= $3 $K DL ?. $r A^ F~ $7 $F $$ $k !# $3 $l $K $h $j I, MW $J %G !< %? $, 3N J] $G $- $k $N $@ $, $3 $l $O %k !< %W $N 9= B$ $K BP $7 $F @5 $7 $$ >l =j $K A^ F~ $G $- $k $h $& $K $9 $k $? $a $K !" 5- 21 $5 $l $F $$ $k !# � for_slice $N %k !< %W JQ ?t Hs =j M- %G !< %? $N J, 3d <! 85 $, for_slice $N %k !< %W JQ ?t $K 4X 78 $7 $F $$ $k $3 $H $r C5 $5 $M $P DL ?. =h M} $r JQ 99 $G $- $J $$ !# $= $N $? $a !" $" $i $+ $8 $a for_slice $N %k !< %W JQ ?t $r <h $j =P $7 $F $* $/ !# � for_slice $N F~ $l ;R $N $? $a $N %] %$ %s %? for_slice $N F~ $l ;R $r G’ $a $F $$ $k $? $a !" <! $N F~ $l ;R %l %Y %k $N for_slice $N A^ F~ %] %$ %s %H $r 5- 21 $7 $F $* $/ !# <! $K !" for_slice $r 4^ $a $? JB Ns 2= $N <j K! $r <( $9 !# for slice J8 !! � 30 B& $K for_slice J8 $, $J $$ >l 9g : ?^ 17(a) $+ $i (b) $K ;j $k 2a Dx $G <( $9 !# for_slice J8 $K $h $j DL ?. $r A0 J} $K 0\ F0 $9 $k $? $a $N for J8 $r for_slice J8 $N A0 J} $K A^ F~ $7 !" %k !< %W JQ ?t $r 5- 21 $9 $k !# DL ?. $N A^ F~ >l =j $O for J8 $N Cf $G $" $k !# � 30 B& $K for_slice J8 $, $" $k >l 9g : ?^ 17(b) $+ $i (c) $K ;j $k 2a Dx $G <( $9 !# 30 B& $N for_slice J8 $, A0 J} $K A^ F~ $7 $? DL ?. $N $? $a $N for J8 $K F1 $8 for J8 $N F~ $l ;R $H F1 $8 7A $K $J $k $h $& $K for J8 $r A^ F~ $9 $k !# 30 B& $N for_slice $N DL ?. $N A^ F~ >l =j $O ?7 $7 $/ A^ F~ $7 $? for J8 $N Cf $H $9 $k !# $" $H $O 30 B& $K for_slice $, $J $$ >l 9g $H F1 MM $J =h M} $r 9T $& !# $9 $J $o $A !" <+ J, $N A0 J} $K $b for J8 $r A^ F~ $9 $k !# for J8 !! � 30 B& $K for_slice J8 $, $J $$ >l 9g : 2? $b $7 $J $$ !# � 30 B& $K for_slice J8 $, $" $k >l 9g : 30 B& $N for_slice J8 $, A0 J} $K A^ F~ $7 $? DL ?. $N $? $a $N for J8 $K F1 $8 for J8 $N F~ $l ;R $H F1 $8 7A $K $J $k $h $& $K for J8 $r A^ F~ $9 $k !# 30 B& $N for_slice $N DL ?. $N A^ F~ >l =j $O ?7 $7 $/ A^ F~ $7 $? for J8 $N Cf $H $9 $k !# endfor J8 !! for J8 $H for_slice J8 $O F1 MM $K endfor J8 $r MQ $$ $F $$ $k $, !" Fb It $G $O 6h JL $5 $l $F $$ $k !# � 30 B& $K for_slice J8 $, $J $$ >l 9g : 2? $b $7 $J $$ !# � 30 B& $K for_slice J8 $, $" $k >l 9g : for_slice $N $? $a $N A^ F~ 5- 21 %j %9 %H $N A4 $F $N %N !< %I $N A^ F~ %] %$ %s %H $r <+ J, $N J, ?H $N endfor $N 8e $m $X $: $i $9 !# $^ $? !" %k !< %W %X %C %@ $, for_slice J8 $N >l 9g !" BP 1~ $9 $k for_slice J8 MQ $N A^ F~ 5- 21 %N !< %I $r 2r J| $9 $k !# Be F~ J8 !! � 30 B& $K for_slice J8 $, $J $$ >l 9g : Aw ?. %G !< %? !" <u ?. %G !< %? $N =j M- <T $r <( $9 >r 7o $r Be F~ J8 $N D> A0 $K A^ F~ $7 !" $= $N >r 7o J8 $N Cf $K DL ?. %3 !< %I $r A^ F~ $9 $k !# $3 $N ;~ !" Be F~ J8 $O <u ?. >r 7o $N $? $a $N if J8 $K A^ F~ $5 $l $k !# 11

?^ 17: for slice $K $h $k JQ 49 $N ?d 0\ 12

� 30 B& $K for_slice J8 $, $" $k >l 9g : Hs =j M- %G !< %? $H H= Dj $5 $l $? G[ Ns %G !< %? $N J, 3d <! 85 $K 4X $9 $k E: ;z <0 $H $N H= Dj $r 9T $& !# 0l HV 30 B& $N for_slice J8 $+ $i H= Dj $r 9T $$ !" A0 J} $K A^ F~ $7 $? for J8 $N A^ F~ %G !< %? $N <( $9 >l =j $K Aw ?. %G !< %? !" <u ?. %G !< %? $N =j M- <T $r <( $9 if J8 $r A^ F~ $7 !" $= $N if J8 $N Cf $K DL ?. %3 !< %I $r A^ F~ $9 $k !# $3 $N ;~ !" Be F~ J8 $r 0O $& $h $& $K <u ?. >r 7o $H F1 $8 7A $N if J8 $, A^ F~ $5 $l $k !# %k !< %W JQ ?t $H 4X 78 $N $J $$ >l 9g !" DL >o $N =h M} $r 9T $& !# $= $N B> !! while J8 $d if J8 $J $I $O >r 7o $K $h $C $F DL ?. $, JQ 2= $9 $k $, !" DL ?. $r A0 J} $K 0\ F0 $7 $F $7 $^ $& for_slice $N >l 9g !" %G !< %? $r ;H MQ $7 $J $/ $F $b @h $K DL ?. $r 9T $C $F $7 $^ $& $@ $1 $J $N $G !" FC JL $J =h M} $O 9T $C $F $$ $J $$ !# 4.3.3 %* !< %P !< %i %C %W %( %j %" $N <B Au 78 ?t 9T Ns $, AB $G $" $k O" N) 0l <! J} Dx <0 $r 2r $/ H? I| K! $N %" %k %4 %j %: %‘ $G $O !" ;2 >H $5 $l $k %G !< %? $, =j M- $7 $F $$ $k %G !< %? $N 6a K5 $K 8B $i $l $F $$ $k $? $a !" %* !< %P !< %i %C %W %( %j %" $H $$ $& Hs =j M- %G !< %? $N $? $a $K NN 0h $r 3N J] $9 $k J} K! $, Ds 0F $5 $l $F $$ $k [4] !# $3 $N %* !< %P !< %i %C %W %( %j %" $r MQ $$ $k $H !" DL ?. $N $? $a $K 0l ;~ JQ ?t $r =| 5n $G $- !" =j M- JQ ?t $N 0l ;~ JQ ?t $X $N Be F~ $d !" Hs =j M- JQ ?t $N $? $a $K 0l ;~ JQ ?t $r MQ $$ $k Nc 30 =h M} $N $? $a $N J, 4t $H $$ $C $? !" M> J, $J %3 !< %I $, IT MW $K $J $k !# $H $3 $m $G !" for_slice $O %W %m %; %C %5 4V $N 0M B8 $r 4K OB $9 $k $? $a $K Aw ?. $r A0 J} $K 0\ F0 $9 $k !# $7 $+ $7 !" for_slice $H 4X 78 $N $J $$ DL ?. $, 4V $K F~ $k 2D G= @- $, $" $j !" $= $N ;~ $K $O <u ?. =g =x $, J] $F $J $$ !# $= $N $? $a !" $= $l $> $l $N %G !< %? $r @5 $7 $$ >l =j $K 3J G< $9 $k $? $a $N >l =j $, I, MW $G $" $k !# $7 $? $, $C $F !" DL >o $H $O 0c $$ DL ?. $N $? $a $N 0l ;~ JQ ?t $O G[ Ns 7? $G $" $k I, MW $, $" $k !# TINP AR $N JB Ns 2= It $O %V %m %C %/ $, 0c $& $H I, MW $K 1~ $8 $F JL $N 0l ;~ JQ ?t $r :n $C $F $$ $k !# %* !< %Q !< %i %C %W %( %j %" $r Mx MQ $; $: !" $3 $N ;E MM $K => $& $H L5 BL $J 0l ;~ G[ Ns JQ ?t $r Bg NL $K :n $k 2D G= @- $, $" $k !# $h $C $F !" TINP AR $K $* $$ $F for_slice $N $? $a $K %* !< %P !< %i %C %W %( %j %" $r <B Au $9 $k $N $O %a %b %j Mx MQ 8z N( $N LL $G =E MW $G $" $k !# $= $3 $G !" %* !< %P !< %i %C %W %( %j %" $N %5 %$ %: $r ;X Dj $9 $k %G %# %l %/ %F %# %V $r DI 2C $7 !" TINP AR $K <B Au $7 $? !# real a(0:n - 1:3:1) /* a() $O %5 %$ %: 3 $G %V %m %C %/ J, 3d !" %* !< %P !< %i %C %W %( %j %" $N %5 %$ %: $O 1 */ for i = 2, n - 1 do a(i) = a(i - 2) endfor ?^ 18: %* !< %P !< %i %C %W %( %j %" $N DI 2C %G %# %l %/ %F %# %V ?^ 18 $O %* !< %P !< %i %C %W %( %j %" $N Nc $G $" $j $O %V %m %C %/ %5 %$ %: 3 $G J, 3d $5 $l $k G[ Ns a $K %5 %$ %: $, 1 $N %* !< %P !< %i %C %W %( %j %" $r IU 2C $7 $F $$ $k !# <! $K %* !< %P !< %i %C %W %( %j %" $, $" $k >l 9g $N J, 3d NN 0h $N %a %b %j :F G[ CV 8e $N %$ %s %G %C %/ %9 $r 5a $a J} $K $D $$ $F =R $Y $k !# $^ $: !" $9 $Y $F $N %W %m %; %C %5 $N %$ %s %G %C %/ %9 7W ;; $r F1 MM $K 07 $& $? $a !" DL >o $N J, 3d ;~ $H 0c $$ !" ?^ 19 $N 2< $N ?^ $K <( $9 $h $& $K N> C< $N %W %m %; %C %5 $K $b ;H MQ $5 $l $J $$ %* !< %P !< %i %C %W %( %j %" $r 3N J] $7 $F $* $/ !# <! $K =j M- <T $r OWNER() !" %* !< %P !< %i %C %W %( %j %" $r ;} $D %G !< %? $N J, 3d 8e $N E: ;z $r LOCAL INDEX OLA() $H $9 $k !# $3 $3 $G !" J, 3d $5 $l $? <! 85 $N E: ;z $r i k !" J, 3d 3+ ;O 0L CV $N %* %U %; %C %H CM $r O S !" %V %m %C %/ %5 %$ %: $r B S !" %W %m %; %C %5 ?t $r P N 7W ;; owner $H $N 0M B8 5w N% $r D !" %* !< %P !< %i %C %W %( %j %" %5 %$ %: $r O LA $N $= $l $> $l $N JQ ?t $G M? $( $k !# $3 $l $K $h $j !" OWNER() !" LOCAL INDEX OLA() $O 0J 2< $N <0 $G M? $( $i $l $k !# OWNER( i k ) = b i k � O S B S c mo d N LOCAL INDEX OLA( i k ) = b i k � D � O S B S � P N c � ( B S + O LA � 2) + ( i k � D � O S ) mo d B S + O LA + D 0l J} %G !< %? J, 3d $, ;\ $5 $l $? k <! 85 $a $K 4X $7 $F !" 3F %W %m %; %C %5 $, =j M- $9 $k G[ Ns MW AG ?t N LOCAL ELEMENTS $O J, 3d $5 $l $? <! 85 $N G[ Ns MW AG ?t $r JQ ?t N $H $9 $k $H !" <! $N <0 $G M? $( $i $l $k !# N LOCAL ELEMENTS = d N P N e +2 � O LA � d N P N e � B S $^ $? !" => Mh $N TINP AR $G $O %a %C %; !< %8 DL ?. $K $h $k <u ?. =h M} $r <u ?. MQ 0l ;~ JQ ?t $r MQ $$ $F 9T $C $F $$ $? !# $7 $+ $7 $= $3 $G !" JB Ns 2= It $G 0J 2< $N =h M} $r DI 2C $7 $? !# � 30 B& $K for_slice J8 $, $J $$ >l 9g : %* !< %P !< %i %C %W %( %j %" $, ;X Dj $5 $l $F $$ $l $P !" DL ?. BP >] %G !< %? $H :8 JU CM $H $N 0M B8 5w N% $r 7W ;; $9 $k !# $3 $N 5w N% $, %* !< %P !< %i %C %W %( %j %" %5 %$ %: $r 1[ $( $F $$ $J $$ $J $i !" 0l ;~ JQ ?t $r ;H MQ $; $: !" %* !< %P !< %i %C %W %( %j %" $r ;H MQ $9 $k $h $& $K JQ 99 $9 $k !# %G %# %l %/ %F %# %V $, L5 ;X Dj !" $" $k $$ $O 0M B8 5w N% $, %* !< %P !< %i %C %W %( %j %" %5 %$ %: $r 1[ $( $F $$ $l $P !" %* !< %P !< %i %C %W %( %j %" $N =h M} $r 9T $o $J $$ !# � 30 B& $K for_slice J8 $, $" $k >l 9g : $^ $: !" %* !< %P !< %i %C %W %( %j %" %5 %$ %: $N ;X Dj $N M- L5 $K 4X $o $i $: !" DL ?. $N $? $a $N 0l ;~ JQ ?t $r ;H MQ $7 $J $$ !# $= $7 $F !" %* !< %P !< %i %C %W %( %j %" $, ;X Dj $7 $F $" $k >l 9g !" DL ?. BP >] %G !< %? $H :8 JU CM $H $N 0M B8 5w N% $r 7W ;; $7 !" $3 $N 5w N% $, %* !< %P !< %i %C %W %( %j %" %5 %$ %: $r 1[ $( $F $$ $J $$ $J $i !" %* !< %P !< %i %C %W %( %j %" $r ;H MQ $9 $k $h $& $K %W %m %0 %i %‘ $N Fb MF $r JQ 99 $9 $k !# 0l J} !" %G %# %l %/ %F %# %V $, L5 ;X Dj !" $" $k $$ $O 0M B8 5w N% $, %* !< %P !< %i %C %W %( %j %" %5 %$ %: $r 1[ $( $F $$ $l $P !" %a %b %j :F 3d $j Ev $F It $K $* $1 $k =h M} $r 3: Ev $9 $k G[ Ns $K 4X $7 $F 6X ;_ $9 $k !# $3 $N 7k 2L !" for_slice $r ;H MQ $7 $F $$ $k >l 9g !" %* !< %P !< %i %C %W %( %j %" $N ;X Dj $, E, 3J $G $J $$ $J $i $P !" K\ Mh =j M- $7 $F $$ $J $$ A4 $F $N NN 0h $r 3N J] $9 $k $3 $H $K $J $k !# 13

?^ 19: %* !< %P !< %i %C %W %( %j %" $r MQ $$ $? ;~ $N %a %b %j :F 3d $j Ev $F J} <0 5 for slice ;H MQ $K $h $k <} B+ 8z N( $N JQ 2= $K BP $9 $k 9M ;! for_slice $r MQ $$ $F O" N) 0l <! J} Dx <0 $N H? I| 5a 2r $r 9T $& $H !" <} B+ 8z N( $, 0- 2= $9 $k $3 $H $, M= A[ $5 $l $k !# $7 $? $, $C $F !" <} B+ 8z N( $N 0- 2= $, $I $N Dx EY $N $b $N $+ $r <( $9 $3 $H $, $G $- $l $P !" for_slice $r E, @Z $K Mx MQ $9 $k $? $a $N ;X ?K $r F@ $k $3 $H $, $G $- $k !# $7 $+ $7 !" <} B+ 8z N( $r 2r @O E* $K 5a $a $k $N $O 6K $a $F :$ Fq $G $" $k !# $= $3 $G !" $3 $3 $G $O SOR K! $K $* $1 $k 4K OB 78 ?t $, <} B+ 8z N( $K M? $( $k 1F 6A $r Dj @- E* $K 5D O@ $7 !" $5 $i $K <B 83 $K $h $j $= $N 1F 6A $r L@ Gr $K $9 $k !# $^ $: !" Fs <! 85 Ld Bj $r 07 $& $H J# ;( $K $J $k $N $G 0l <! 85 $N >l 9g $r 9M $( $k !# 0l <! 85 $N %i %W %i %9 J} Dx <0 $r !" N% ;6 2= $7 $? 7k 2L $N O" N) 0l <! J} Dx <0 $O 3J ;R E@ ?t $r M $H $9 $k $H 0 B B B B B B B B B B B B B B B B B @ � 2 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 � 2 1 C C C C C C C C C C C C C C C C C A 0 B B B B B B B B B B B B B B B B B @ u 1 . . . . . . . . . . . . . . . u M 1 C C C C C C C C C C C C C C C C C A = 0 $H $J $k !# $3 $N J} Dx <0 $O $r 78 ?t 9T Ns $, ;0 =E BP 3Q $G $" $k $N $G !" D> @\ K! $G 2r $/ $3 $H $O 2D G= $G $" $k $, !" $" $( $F H? I| K! $r MQ $$ $F $G 2r $r 5a $a $k $3 $H $H $9 $k !# SOR K! $r MQ $$ $k $H !" n + 1 2s L\ $N H? I| $G F@ $i $l $k u j $N 6a ;w 2r $O u n +1 j = (1 � ! ) u n j + ! 2 ( u n +1 j � 1 + u n j +1 ) $H $J $k !# $? $@ $7 ! $O 4K OB 78 ?t $G $" $k !# $3 $N <0 $+ $i 0J 2< $N 4X 78 <0 $r F@ $k !# u n +1 1 = (1 � ! ) u n 1 + ! 2 u n 2 u n +1 2 = ! 2 (1 � ! ) u n 1 + ( ! 2 4 + (1 � ! )) u n 2 + ! 2 u n 3 u n +1 3 = ! 2 4 (1 � ! ) u n 1 + ( ! 3 8 + ! 2 (1 � ! )) u n 2 +( ! 2 4 + (1 � ! )) u n 3 + ! 2 u n 4 . . . $3 $3 $G !" H? I| K! $N 0l HL <0 $O 0J 2< $N $h $& $K I= $9 $3 $H $, $G $- $k !# u n +1 = Su n + b $3 $N JQ 49 9T Ns S $N :G Bg 8G M- CM $, SOR K! $N %9 %Z %/ %H %k H> 7B $H 8F $P $l !" 8m :9 %Y %/ %H %k $, 0 $K 6a IU $/ $? $a $K $O :G Bg 8G M- CM $, 1 $h $j >. $5 $$ I, MW $, $" $k !# $= $N $? $a !" $3 $N 9T Ns $N :G Bg 8G M- CM $O <} B+ $K 4X $o $j $N $" $k CM $H $J $k !# F1 MM $K $7 $F !" u j � 2 $H u j � 1 $K %G !< %? $N 6- 3& $, $" $j !" $= $N 4V $K @8 $8 $k %W %m %; %C %5 4V $N DL ?. $r for_slice $G 4K OB $7 $? $H 2> Dj $7 $? >l 9g !" 0J 2< $N $h $& $K I= $; $k !# 14 u n +1 1 = (1 � ! ) u n 1 + ! 2 u n 2 u n +1 2 = ! 2 (1 � ! ) u n 1 + ( ! 2 4 + (1 � ! )) u n 2 + ! 2 u n 3 u n +1 3 = ! 2 4 (1 � ! ) u n 1 + ( ! 3 8 + ! 2 (1 � ! )) u n 2 +( ! 2 4 + (1 � ! )) u n 3 + ! 2 u n 4 . . . u n +1 j � 1 = ! 2 u n j � 2 + (1 � ! ) u n j � 1 + ! 2 u n j u n +1 j = ! 2 4 u n j � 2 + ! 2 (1 � ! ) u n j � 1 +( ! 2 4 + (1 � ! )) u n j + ! 2 u n j +1 u n +1 j +1 = ! 3 8 u n j � 2 + ! 2 4 (1 � ! ) u n j � 1 + ( ! 3 8 + ! 2 (1 � ! )) u n j +( ! 2 4 + (1 � ! )) u n j +1 + ! 2 u n j +2 . . . $^ $? $3 $N 4X 78 <0 $+ $i F@ $i $l $k JQ 49 9T Ns S 0 $H $9 $k $H !" S $H S 0 $N :G Bg 8G M- CM $r Hf 3S $9 $k $3 $H $K $h $j !" <} B+ $N B. $5 !" ?t CM $N 0B Dj @- $r ?d B, $9 $k $3 $H $, $G $- $k !# $7 $+ $7 !" S $d S 0 $N :G Bg 8G M- CM $r 2r @O E* $K $O :$ Fq $G $" $k $N $G !" $= $N ;X I8 $H $7 $F %2 %k %7 %e %4 %j %s $N 1_ $N Dj M} $K 4p $E $/ 8G M- CM $N >e 8B $r Mx MQ $9 $k !# 9T Ns A $N 8G M- CM $N >e 8B $O j � � a ii j � N X j 6 = i j a ij j (11) $G M? $( $i $l $k !# $3 $N <0 $O !" Cf ?4 $, BP 3Q @. J, a ii $G !" H> 7B $, 3F 9T $N Hs BP 3Q @. J, $N @d BP CM $N OB $K $h $j M? $( $i $l $F $$ $k J# AG J? LL >e $K B8 :_ $9 $k 1_ $N Fb It $K A $N 8G M- CM $, B8 :_ $9 $k $3 $H $r <( $7 $F $$ $k !# $3 $N Dj M} $r MQ $$ !" JQ 49 9T Ns S $H S 0 $N 8G M- CM $N >e 8B $K $D $$ $F 9M ;! $r 9T $& !# $^ $: !" SOR K! $K 4X $9 $k JQ 49 9T Ns S $K $D $$ $F $O !" 4K OB 78 ?t $, 0 < ! < 2 $N HO 0O $G $" $k $N $G !" %2 %k %7 %e %4 %j %s $N 1_ $N H> 7B $O 0J 2< $N CM $H $J $k !# ! � 1 $N >l 9g r 1 = ! 2 r 2 = ! 2 (1 � ! ) + ! 2 = ! (1 � ! 2 ) r 3 = ! 2 4 (1 � ! ) + ( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � ! 4 � ! 2 8 ) r 4 = ! 3 8 (1 � ! ) + ( ! 4 16 + ! 2 4 (1 � ! )) +( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � ! 4 � ! 3 16 ) . . . ! > 1 $N >l 9g r 1 = ! 2 r 2 = ! 2 ( ! � 1) + ! 2 = ! 2 2 r 3 = ! 2 4 ( ! � 1) + ( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � 3 4 ! + 3 8 ! 2 ) r 4 = ! 3 8 ( ! � 1) + ( ! 4 16 + ! 2 4 (1 � ! )) +( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � ! 4 � ! 2 4 + 3 16 ! 3 ) . . . $= $l $> $l $N >l 9g !" r 2 ; r 3 ; r 4 ; . . . $r H> 7B $H $9 $k 1_ $O Cf ?4 $O A4 $F Ey $7 $/ ! 2 4 + (1 � ! ) $G $" $j !" 0 < ! < 2 $G $O @5 $N <B ?t $G $" $k !# ! � 1 $N >l 9g !" r 2 ; r 3 ; r 4 ; . . . $N 3F H> 7B $N :G Bg CM $O ! = 1 $N ;~ $G $= $N CM $O 3 4 $r 1[ $( $J $$ !# $^ $? !" Cf ?4 $H $N OB $r $H $C $F $b 1 $r 1[ $( $J $$ !# $9 $J $o $A !" @d BP $K 0B Dj $G $" $k !# 0l J} !" ! > 1 $N >l 9g !" ! $, Bg $- $/ $J $k $H Cf ?4 $H H> 7B $N @d BP CM $N OB $O 0B Dj CM 1 $r 1[ $( $k >l 9g $, $G $F $/ $k $3 $H $, J, $+ $k !# $7 $+ $7 !" $9 $0 $K $3 $l $, IT 0B Dj $J 2r $r @8 @. $9 $k $3 $H $r 0U L# $9 $k $o $1 $G $O $J $$ !# 2r @O E* $K $O !" SOR K! $N 8G M- CM $O <! $N <0 $G M? $( $i $l $F $$ $k !# � m = 1 4 � ! cos( m� M + 1 ) � r ! 2 cos( m� M + 1 ) 2 + 4(1 � ! ) � 2 $3 $N <0 $, M? $( $i $l $F $$ $k $3 $H $h $j SOR K! $O 0B Dj $G $" $k $3 $H $O $$ $( $k !# %2 %k %7 %e %4 %j %s $N 1_ $N Dj M} $O 1_ Fb $K 8G M- CM $, B8 :_ $7 $F $$ $k $@ $1 $G !" I, $: $7 $b 1_ <~ >e $N CM $r $H $k $o $1 $G $O $J $$ !# <! $K !" for_slice $N >l 9g $O 0J 2< $N $h $& $J 7k 2L $K $J $k !# 15

! � 1 $N >l 9g r 1 = ! 2 r 2 = ! 2 (1 � ! ) + ! 2 = ! (1 � ! 2 ) r 3 = ! 2 4 (1 � ! ) + ( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � ! 4 � ! 2 8 ) r 4 = ! 3 8 (1 � ! ) + ( ! 4 16 + ! 2 4 (1 � ! )) +( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � ! 4 � ! 3 16 ) . . . r j � 1 = ! 2 + ! 2 = ! r j = ! 2 4 + ! 2 (1 � ! ) + ! 2 = ! (1 � ! 4 ) r j +1 = ! 3 8 + ! 2 4 (1 � ! ) + ( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � ! 4 ) r j +2 = ! 4 16 + ! 3 8 (1 � ! ) + ( ! 4 16 + ! 2 4 (1 � ! )) +( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � ! 4 ) . . . ! > 1 $N >l 9g r 1 = ! 2 r 2 = ! 2 ( ! � 1) + ! 2 = ! 2 2 r 3 = ! 2 4 ( ! � 1) + ( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � 3 4 ! + 3 8 ! 2 ) r 4 = ! 3 8 ( ! � 1) + ( ! 4 16 + ! 2 4 (1 � ! )) +( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � ! 4 � ! 2 4 + 3 16 ! 3 ) . . . r j � 1 = ! 2 + ! 2 = ! r j = ! 2 4 + ! 2 ( ! � 1) + ! 2 = 3 4 ! 2 r j +1 = ! 3 8 + ! 2 4 ( ! � 1) + ( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � 3 4 ! + ! 2 2 ) r j +2 = ! 4 16 + ! 3 8 ( ! � 1) + ( ! 4 16 + ! 2 4 (1 � ! )) +( ! 3 8 + ! 2 (1 � ! )) + ! 2 = ! (1 � ! 4 � ! 2 4 + ! 3 4 ) . . . for_slice $N >l 9g $b ! � 1 $G $O SOR K! $N ;~ $H F1 MM $N 5D O@ $G @d BP 0B Dj $G $" $k $3 $H $, $o $+ $k !# $7 $+ $7 !" for_slice $G 0M B8 $, 4K OB $5 $l $? It J, $G $O 3N <B $K H> 7B $O Bg $- $/ $J $C $F $* $j :G Bg 8G M- CM $, <c 43 Bg $- $/ $J $C $F $$ $k $3 $H $, M= A[ $5 $l $k !# const n=12 const m=5 real u(0:n - 1:*:1, 0:m - 1) real g(0:n - 1:*, 0:m - 1) real omega for i = 0, n - 1 do for j = 0, m - 1 do u(i, j) = 0.0 g(i, j) = 0.0 endfor endfor g(5,3)=1.0 for k = 1, 34 do for_slice i = 1, n - 2 do for j = 1, m - 2 do u(i, j) \ = (u(i - 1, j) + u(i, j - 1) \ + u(i, j + 1) + u(i + 1, j) \ - g(i, j)) * (omega / 4) \ + u(i, j) * (1 - omega) endfor endfor endfor ?^ 20: <} B+ 8z N( $N 9M ;! $K MQ $$ $? SOR K! $N %W %m %0 %i %‘ 0l J} !" ! > 1 $N HO 0O $G $O for_slice $G 0M B8 $, 4K OB $5 $l $? It J, $G $O !" H> 7B $, 3N <B $K Bg $- $/ $J $C $F $$ $k J, !" DL >o $N SOR K! $h $j $b 0B Dj $J ! $N >r 7o $O 87 $7 $/ $J $C $F $$ $k $3 $H $, M= A[ $5 $l $k !# $^ $? !" %W %m %; %C %5 ?t $, B? $/ $J $k $H for_slice $G 0M B8 $, 4K OB $5 $l $k It J, $, B? $/ $J $k $N $G !" F1 H> 7B $N 1_ $N B? =E EY $, >e $, $k !# $3 $N $? $a !" 8G M- CM $, 1_ <~ $K 6a IU $- !" 0B Dj @- $, <: $o $l $k 2D G= @- $, $" $k !# Nc $H $7 $F !" %d %3 %S K! $G $O %2 %k %7 %e %4 %j %s $N 1_ $N Dj M} $G A4 $F Cf ?4 0 !" H> 7B 1 $G $" $j !" 2r @O E* $K 8G M- CM $, � = cos( m� M +1 ) $G $" $k !# 3J ;R E@ ?t $, A} $( $F $$ $/ $H :G Bg 8G M- CM $N CM $, 1 $K 6a IU $$ $F $$ $/ !# $9 $J $o $A !" 1_ $N B? =E EY $, >e $, $k $H 8G M- CM $, 1_ <~ $K 6a IU $/ $3 $H $, 9M $( $i $l $k !# $= $3 $G !" 0B Dj @- $K 4X $7 $F 4K OB 78 ?t $, $I $N $h $& $J Lr 3d $r <( $9 $+ D4 $Y $F $_ $k !# Nc $H $7 $F !" ?^ 20 $K <( $9 Fs <! 85 $N SOR K! $N %W %m %0 %i %‘ $r ;H MQ $9 $k !# $3 $N %W %m %0 %i %‘ $r MQ $$ $F 4K OB 78 ?t $H %W %m %; %C %5 ?t $r JQ 2= $5 $; $? ;~ $N MM ;R $r ?^ 21 $K <( $9 !# $J $* !" ! = 1 : 5 $N ;~ $O %W %m %; %C %5 ?t 12 !" ! = 1 : 7 $N ;~ $O %W %m %; %C %5 ?t 4 0J >e $G H/ ;6 $7 $? !# $3 $N ?^ $+ $i $o $+ $k $h $& $K $G $O IT B- 4K OB $N ;~ $O <} B+ 8z N( $O A4 BN E* $K NI $$ $H $O $$ $( $J $$ $, !" %W %m %; %C %5 ?t $N JQ 2= $K $h $k <} B+ 8z N( $N 0- 2= $O >/ $J $$ !# ! = 1 $G $O 0B Dj $G $" $k $N $G <} B+ $7 $F $$ $k $, !" %W %m %; %C %5 ?t $, A} $( $k $H %2 %k %7 %e %4 %j %s $N 1_ $N B? =E EY $, >e $, $k $? $a !" <} B+ 8z N( $, <c 43 0- 2= $9 $k !# $J $C $F $$ $k !# ! = 1 : 29 $H $J $j =y !9 $K CM $, Bg $- $/ $J $k $H <} B+ 2s ?t $N 0- 2= $, 7c $7 $/ $J $C $F $/ $k $, !" $3 $N Ld Bj $O Fs <! 85 $G $" $k $N $G 4K OB 78 ?t $, 1 $K 6a $$ >l 9g $J $i !" %d %3 %S K! $K 4K OB 78 ?t $r MQ $$ $? >l 9g $H 0c $$ 0l 1~ <} B+ $7 $F $$ $k !# $3 $3 $G %d %3 %S K! $K 4K OB 78 ?t $r MQ $$ $? >l 9g 4K OB 78 ?t $O 1 0J >e $G <} B+ $7 $J $/ $J $k !# $= $7 $F !" 4K OB 78 ?t $, 2 $K 6a IU $/ $K $D $l $F <} B+ 2s ?t $O $5 $i 16

?^ 21: for slice $H 4K OB 78 ?t $H $N 4X 78 $K A} 2C $N 0l ES $r $? $I $j !" $^ $? %W %m %; %C %5 ?t $, A} $( $k $H H/ ;6 $9 $k >l 9g $, $" $k !# 7k O@ $H $7 $F !" for_slice $r MQ $$ $k $H !" 4K OB 78 ?t $r Bg $- $/ $7 $? $H $- !" H/ ;6 $N J} 8~ $X 8~ $+ $& $3 $H $, J, $+ $C $? !# $= $N $? $a !" 2a 4K OB $K $h $j 7W ;; $r 9T $& >l 9g !" for_slice $K $h $k =h M} $r 9T $o $J $$ J} $, $h $$ !# 0l J} !" TMDA $N @~ %" %k %4 %j %: %‘ $N $h $& $K IT B- 4K OB $r MQ $$ $k >l 9g !" for_slice $r MQ $$ $k $3 $H $K $h $j <} B+ 8z N( $O 0- 2= $O >. $5 $$ $H 9M $( $i $l $k $N $G !" for_slice $r MQ $$ $? JB Ns 2= $N 8z 2L $K $h $j !" A4 BN $N 7W ;; B. EY $O Bg I} $K 8~ >e $9 $k $b $N $H M= A[ $5 $l $k !# 6 @- G= I> 2A for_slice 9= J8 $r ;H MQ $7 $? %W %m %0 %i %‘ $H DL >o $N for J8 $r JB Ns 2= $7 $? $b $N $N Hf 3S $r AP1000 $r MQ $$ $F I> 2A $9 $k !# 6.1 TINP AR $K $h $k I> 2A TINP AR $K $h $k <B B, I> 2A $H $7 $F <! $N %W %m %0 %i %‘ $r MQ $$ $? !# %G !< %? $N %5 %$ %: $r =D 2# 512 � 512 $H $7 $? SOR K! $N %W %m %0 %i %‘ $G $" $k !# K\ BN %k !< %W $N $_ $N <B B, $r 9T $$ !" <} B+ H= Dj $O 9T $o $J $$ !# K\ BN $N %k !< %W 2s ?t $r 200 2s $H $9 $k !# for_slice $r E, MQ $9 $k $N $O i %k !< %W $H $9 $k !# 7k 2L $r ?^ 23 $K <( $9 !# $3 $3 $G <} B+ H= Dj $b $7 $F $$ $J $$ >r 7o $G $3 $l $@ $1 $N :9 $, IU $/ $H $O M= A[ 30 $G $" $C $? $, !" AP1000 $N %Q %U %) !< %^ %s %9 %" %J %i %$ %6 $r D4 $Y $F $_ $? 7k 2L !" TINP AR $G $N DL >o $N for $N >l 9g !" ?^ 24 $K <( $9 F0 :n $r $9 $k $3 $H $, $o $+ $C $? !# TINP AR $G $O 0l 2s $N 2~ NI $N =* N; A0 $K $O 7h $7 $F <! $N 2~ NI $N $? $a $K I, MW $J %G !< %? $r Aw ?. $7 $J $$ !# $= $N $? $a !" const n=512 const m=512 real u(0:n - 1:*,0:m - 1) real g(0:n - 1:*,0:m - 1) real omega for k = 1, 200 do for i = 1, n - 2 do for j = 1, m - 2 do u(i, j) \ = (u(i + 1, j) + u(i, j - 1) \ + u(i, j + 1) + u(i - 1, j) - g(i, j)) \ * (omega / 4) + u(i, j) * (1 - omega) endfor endfor endfor ?^ 22: TINP AR $N <B B, I> 2A $K MQ $$ $? %W %m %0 %i %‘ 17

?^ 23: SOR K! $G $N for $H for slice $N <B 9T ;~ 4V $N Hf 3S ?^ 24: TINP AR $N for $N N. $l 18

?^ 25: %- %c %S %F %# N. $l $N 35 N, ?^ Fs 2s L\ 0J 9_ $N H? I| $G $O Bg $- $J DL ?. BT $A ;~ 4V $, @8 $8 !" A4 BN $N %9 %T !< %I 8~ >e $N K8 $2 $K $J $C $? $$ $k !# $3 $l $O TINP AR $K 8B $i $: !" B? $/ $N JB Ns 2= %3 %s %Q %$ %i $G $b F1 MM $G $" $m $& $, !" 2> $K <} B+ H= Dj $N $h $& $J Hs 7h Dj E* $K %k !< %W $r Ht $S =P $9 >l 9g !" <! $N 2~ NI $N $? $a $N %G !< %? $r @h 9T $7 $F Aw ?. $G $- $J $$ !# $= $N $? $a !" 7W ;; $N 3+ ;O =* N; $N 2T F/ ;~ 4V $, 9b $/ !" BT $A ;~ 4V $, >/ $J $$ for_slice $O C1 =c $J 7W ;; B. EY E* $K $O M- Mx $H $$ $( $k !# 6.2 %J %S %( %9 %H !< %/ %9 J} Dx <0 $K $h $k I> 2A $3 $3 $G $O !" Nc $H $7 $F %J %S %( %9 %H !< %/ %9 J} Dx <0 $r 2r $$ $? ;~ $N I> 2A $r 9T $& !# %J %S %( %9 %H !< %/ %9 J} Dx <0 $O J* M} NL � $K BP $7 $F <! $N J} Dx <0 $G I= $5 $l $k !# @ @ t ( � )+ @ @ x ( �u� )+ @ @ y ( �v � ) = @ @ x ( � @ � @ x )+ @ @ y ( � @ � @ y )+ S (12) $3 $3 $G !" � $O 3H ;6 78 ?t !" S $O @8 @. 9‘ $G $" $k !# $3 $N <0 $O Fs <! 85 Ld Bj $N ;~ !" <! $N ;0 $D $N <0 $K $h $j I= $5 $l $k !# @ @t ( �u ) + @ @ x ( �u 2 ) + @ @ y ( �uv ) = @ @ x ( � @ u @ x ) + @ @ y ( � @ u @ y ) � @ p @ x @ @t ( �v ) + @ @ x ( �uv ) + @ @ y ( �v 2 ) = @ @ x ( � @ v @ x ) + @ @ y ( � @ v @ y ) � @ p @ y @ @ t ( � ) + @ @ x ( �u ) + @ @ y ( �v ) = 0 (13) $3 $N J} Dx <0 $r N% ;6 2= $9 $k $H !" <! $N $h $& $J <0 $K $J $k !# A u ( u ; v ; p ) u = b u A v ( u ; v ; p ) v = b v A p ( u ; v ; p ) p = b p (14) $9 $J $o $A !" $" $k J* M} NL $r 7W ;; $9 $k $? $a $N J} Dx <0 $N 78 ?t 9T Ns $K B> $N J* M} NL $, F~ $j 9~ $s $G $- $F $$ $k $? $a !" $3 $N Ld Bj $O Hs @~ 7A Ld Bj $H $J $k !# $= $N $? $a !" D> @\ 2r $r 5a $a $k $3 $H $, $G $- $J $$ $? $a !" H? I| K! $r MQ $$ $k !# $^ $? ES Cf $N 2r $N 2~ NI $K $* $$ $F B> $N J* M} NL $O $" $/ $^ $G ?d Dj CM $G $7 $+ $J $$ $? $a !" $= $N ;~ E@ $G $N 3F !9 $N J} Dx <0 $r 87 L) $K 2r $/ I, MW $O $J $$ !# 0l J} !" J} Dx <0 $N 78 ?t 9T Ns $N @8 @. $O ;~ 4V $N 3] $+ $k :n 6H $G $" $k !# $h $C $F !" A4 BN $N 0l 2s $N 2~ NI $K 3F J* M} NL $O ?t 2s 7W ;; $5 $l $k !# @- G= I> 2A $O J8 8% [8] $N Bh ;0 >O %- %c %S %F %# N. $l $N 2r K! %W %m %0 %i %‘ $r MQ $$ $? !# %- %c %S %F %# N. $l $O 0\ F0 JI $K $h $j 12 $N N. $l $r $9 $k !# $= $l $r ?^ 25 $K <( $9 !# 2r $N 2~ NI $O @~ NN 0h $r TMDA $G 2r $- !" %, %& %9 %6 %$ %G %k K! $r AH $_ 9g $o $; $? $b $N $r ;H MQ $7 $F $$ $k !# $^ $? !" :G =* E* $K 4K OB 7W ;; $r 9T $& >l 9g !" IT B- 4K OB $r MQ $$ $F $$ $k !# $3 $3 $G !" TINP AR $N =P NO $= $N $^ $^ $G $O Bg 5, LO $J H? I| K! $N <B 83 $r $9 $k $? $a $K $O IT 40 A4 $J $N $G !" JB Ns 2= $* $h $S DL ?. $N :G E, 2= $O <+ J, $G 9T $C $? $b $N $r ;H MQ $7 $? !# $J $* !" %W %m %; %C %5 $N Bf ?t 8z 2L $r 8+ $k $? $a Ld Bj $N %5 %$ %: $r 100 � 100 $K JQ $( $? !# <B 9T ;~ 4V $N 7k 2L $r ?^ 26 $K <( $9 !# Hf 3S $N BP >] $H $7 $F !" for_slice $H 3 >O $G =R $Y $? =* N; O" Mm J} <0 $r <} B+ H= Dj $H $7 $? $b $N $r MQ $$ $? !# $^ $: !" for_slice $r MQ $$ $? >l 9g $N <} B+ $^ $G $N H? I| 2s ?t $r I= 1 $K <( $9 !# $3 $l $i $N 7k 2L $+ $i !" %W %m %; %C %5 Bf ?t $N A} 2C $K H< $& <} B+ 8z N( $N 0- 2= $O Hy NL $G $" $k $3 $H $, 3N $+ $a $i $l $? !# <B :] !" ?^ 26 $K <( $9 $h $& $K , 2r $N 2~ NI $N $N 9b B. 2= $K $h $k A4 BN $N 7W ;; ;~ 4V $N C; =L $, !" <} B+ 8z N( $N 0- 2= $K $h $k 7W ;; ;~ 4V $N A} J, $r >e 2s $j !" for J8 $K $h $k $b $N $H Hf $Y $F <B 9T ;~ 4V $, 10% Dx EY B. $/ $J $C $F $$ $k !# $^ $? !" for_slice $G MQ $$ $F $$ $k <} B+ H= Dj $N Am OB 1i ;; $O 3F %W %m %; %C %5 $, =j M- $9 $k It J, NN 0h $N Am OB 1i ;; $r 9T $$ !" :G =* E* $K %W %m %; %C %5 4V Am OB 1i ;; 4X ?t $r MQ $$ $F 7W ;; $7 $F $$ $k $@ $1 $J $N $G Hs >o $K 4J C1 $G $" $k !# 0l J} !" for $G M} A[ >u BV $N B. $5 $r J] $D $? $a $K !" <} B+ H= Dj $O 3 >O $G =R $Y $? =* N; O" Mm J} <0 $G 9T $o $l $M $P $J $i $J $$ !# $3 $l $O JB Ns 2= %3 %s %Q %$ %i $G $O @8 @. $G $- $: !" 9b EY $J %F %/ %K %C %/ $, I, MW $G $" $k !# $3 $l $i $r Am 9g $9 $k $H for_slice $O 4J C1 $K 5- =R $G $- !" $7 $+ $b 9b B. 2= $G $- $k Mx E@ $, $" $k $H $$ $( $k !# 19

?^ 26: %J %S %( %9 %H !< %/ %9 J} Dx <0 $G $N for $H for slice $N <B 9T ;~ 4V $N Hf 3S I= 1: for slice BP $9 $k <} B+ $N JQ 2= %W %m %; %C %5 ?t 1 5 10 20 25 50 <} B+ 2s ?t 3028 3030 3035 3058 3094 3139 <} B+ 8z N( (%) 100.0 99.9 99.8 99.0 97.9 96.5 20

?^ 27: JB Ns =h M} 8~ $- =g =x IU $1 $N 0l Nc ?^ 28: JB Ns =h M} 8~ $- =g =x IU $1 $r MQ $$ $? =h M} $N N. $l 7 JB Ns %k !< %W 9= J8 $N 3H D% K\ >O $G $O for_slice $K N‘ ;w $7 $? 3H D% JB Ns %k !< %W 9= J8 $N 3H D% $N 0l $D $N J} 8~ $H $7 $F !" 7W ;; =g =x $N JQ 99 $r ;X <( $9 $k 5! G= $r Ds 0F $9 $k !# K\ Mh !" H? I| K! $G $O %9 !< %Q !< %3 %s %T %e !< %? $G $N 9b B. <B 9T $N $? $a $K !" 7W ;; $9 $k 3J ;R E@ $N =g =x $r JQ 99 $9 $k $3 $H $r $7 $P $7 $P 9T $C $F $- $? [5] !# $= $N Be I= Nc $, Red-Black K! $" $k $$ $O Odd-Ev er K! $H 8F $P $l $k $b $N $G $" $k !# $3 $N J} K! $G $O %Y %/ %H %k =h M} $7 0W $$ $h $& $K 7W ;; =g =x $, JQ $( $i $l $F $$ $k !# $3 $3 $G !" %9 %+ %i %W %m %; %C %5 $r MQ $$ $? JB Ns 7W ;; 5! 8~ $- $N =g =x IU $1 $r ?^ 27 $K <( $9 !# 3F 3J ;R E@ $O 2r $r 2~ NI $9 $k $? $a $K It J, NN 0h $K J, $1 !" 0c $& It J, NN 0h $K B8 :_ $9 $k 3J ;R E@ $H O" B3 $7 $? HV 9f $K $J $i $J $$ $h $& $K !" $J $k $Y $/ N% $7 $F =g =x IU $1 $r 9T $C $F $$ $k !# $3 $l $r 3F %W %m %; %C %5 $K $& $^ $/ %^ %C %T %s %0 $9 $k $H 9b B. $J =h M} $, 9T $( $k $O $: $G $" $k !# $3 $3 $G Bg $^ $+ $J =h M} $N N. $l $r ?^ 28 $G <( $7 $F $* $/ !# $3 $3 $G !" S i $O 3J ;R Ns $N 2~ NI $r 9T $C $F $$ $k $b $N $H $9 $k !# S 3 !" S 5 !" S 7 $O 7W ;; $K 99 ?7 A0 $N NY @\ %G !< %? $r ;H MQ $9 $k $? $a !" 7W ;; A0 $K DL ?. $r 9T $& !# $^ $? !" S 2 !" S 4 !" S 6 $O 7W ;; $K 99 ?7 8e $N NY @\ %G !< %? $r ;H MQ $9 $k $? $a !" S 3 !" S 5 !" S 7 <B 9T 8e DL ?. $r 9T $C $F $$ $k !# $3 $N =g =x IU $1 $N 8z 2L $r D4 $Y $k $? $a $K !" 6.2 @a $G MQ $$ $? $b $N $H F1 $8 Ld Bj $r 2r $/ %W %m %0 %i %‘ $r :n @. $7 $? !# %W %m %0 %i %‘ $N <B 9T ;~ 4V $r ?^ 29 $K !" <} B+ 2s ?t $N JQ 2= $r I= 2 $K $= $l $> $l <( $7 $F $$ $k !# $3 $N Ld Bj $K 4X $7 $F $O !" <} B+ 8z N( $O %W %m %; %C %5 Bf ?t $, A} $( $k $K $D $l $F NI $/ $J $C $F $$ $k !# $= $N M} M3 $H $7 $F !" %- %c %S %F %# N. $l $N 0\ F0 JI $K ?b D> $J J} 8~ $G %G !< %? J, 3d $7 $F $$ $k $3 $H $, 9M $( $i $l $k !# 0\ F0 JI $O @8 @. 9‘ $G $" $k $? $a !" $= $3 $+ $i %G !< %? $, @8 @. $5 $l $F $$ $/ !# $= $l $K $h $j !" 3F %W %m %; %C %5 $N 7W ;; :G 8e Ns $O DL >o $G $" $k $H 8m :9 $N Bg $- $$ CM $r ;H MQ $; $M $P $J $i $J $$ $, !" =g =x $r JQ $( $k $H 3F %W %m %; %C %5 $N 7W ;; :G 8e Ns $O 8m :9 $N >. $5 $/ $J $C $F $$ $k CM $r ;H MQ $9 $k $3 $H $H $J $k !# $= $N $? $a !" %W %m %; %C %5 ?t $r B? $/ $9 $k $H <} B+ 8z N( $, NI $/ $J $k $3 $H $, @b L@ $G $- $k !# $^ $? !" 0l 2s $N 2~ NI ;~ 4V $O for_slice $K $h $k $b $N $H F1 Dx EY $G $" $k $? $a !" A4 BN $N B. EY $H $7 $F Aj Ev $J JB Ns 2= 8z 2L $, F@ $i $l $F $$ $k !# $3 $N J} <0 $G $O !" for_slice $K $h $k $b $N $H F1 MM $K !" %W %m %; %C %5 Fb It $N 2r $N 2~ NI =g =x $, C‘ <! E* $K $J $C $F $* $j !" %W %m %; %C %5 Fb It $K 4X $7 $F $O DL >o $N H? I| K! $G 5- =R $G $- $k !# $7 $? $, $C $F !" %W %m %; %C %5 4V $N 0M B8 4X 78 $K $h $k DL ?. $N $_ $r JQ 99 $9 $l $P $h $/ !" for_slice $K N‘ ;w $7 $? 9= J8 $r F3 F~ $9 $l $P !" 4J C1 $K $3 $N JB Ns 2= <j K! $r Mx MQ $G $- $k !# 8 $* $o $j $K JB Ns 7W ;; 5! $G $O 0M B8 $, B8 :_ $9 $k $H %W %m %; %C %5 4V $G $N DL ?. $, I, MW $G $" $k $? $a !" JB Ns 2= 8z N( $, $" $^ $j 4| BT $G $- $J $$ >l 9g $, 9M $( $i $l $k !# $= $3 $G !" 2f !9 $O %W %m %; %C %5 4V $N %G !< %? 0M B8 4X 78 $r 4K OB $9 $k JB Ns %k !< %W 9= J8 for_slice $r Ds 0F $7 $? !# for_slice $r MQ $$ $? =h M} $G $O 7W ;; 7k 2L $, %W %m %; %C %5 Bf ?t $K $h $C $F JQ 2= $9 $k $? $a !" D> @\ K! $G $O MQ $$ $k $3 $H $, $G $- $J $$ !# $7 $+ $7 !" H? I| K! $O ES Cf $N 7W ;; 7k 2L $O $I $& $G $b $h $/ !" <} B+ $7 $? ;~ $N :G =* 7k 2L $N $_ $, =E MW $G $" $k $N $G !" <} B+ @- $, J] >Z $5 $l $k HO 0O $G $" $l $P for_slice $r MQ $$ $F $b NI $$ !# $3 $l $O !" 4K OB 78 ?t $, IT B- 4K OB $G $" $k ;~ !" E, 3J $G $" $k $H 9M $( $i $l $k !# $^ $? !" for_slice $r JB Ns 2= %3 %s %Q %$ %i TINP AR $K <B Au $7 $F $_ $? !# $3 $N <B Au $G $O !" 0M B8 $N 4K OB $r %k !< %W $N 30 B& A0 J} $K DL ?. $r 0\ F0 $9 $k $3 $H $H 0l CW $7 $F $$ $k $3 $H $K 4p $E $$ $F $$ $k !# @- G= I> 2A $K $h $j for_slice $N =h M} $N B. $5 $O <} B+ $^ $G $N H? I| 2s ?t $, >/ $J $$ >l 9g 82 Cx $G $" $k !# $^ $? !" %J %S %( %9 %H !< %/ %9 J} Dx <0 $r MQ $$ $? I> 2A $G $O DL >o $N for J8 $r JB Ns 2= $7 $? >l 9g $N M} A[ >u BV $K BP $7 $F Am 7W ;; ;~ 4V $K $* $$ $F == J, $J B. $5 $r <( $7 $? !# $3 $l $O DL >o $N for J8 $, %W %m %; %C %5 4V $N 0M B8 $K $h $C $F @8 $8 $k DL ?. $N 4V $K DL ?. $H 4X 78 $N $J $$ 7W ;; $, =* $C $F $7 $^ $& $? $a !" BT $A ;~ 4V $, @8 $8 $F $$ $k $? $a $@ $H 9M $( $i $l $k !# $= $7 $F !" :# 8e $N 2] Bj $G =R $Y $? DL $j !" 7W ;; $N =g =x IU $1 $r JQ $( $k $3 $H $K $h $j !" Ld Bj $K $h $C $F $O DL >o $N for J8 $h $j B. $/ <} B+ $9 $k >l 9g $b $" $j F@ $k !# $= $l $O @8 @. 9‘ $H %G !< %? J, 3d LL $H $N 4X 78 $K $h $k !# $= $N $? $a !" %W %m %; %C %5 $4 $H $K 3d $j Ev $F $i $l $? It J, NN 0h $N @8 @. 9‘ $H $N 4X 78 $H 3F NN 0h $N %G !< %? 8r 49 %? %$ %_ %s %0 $K 4X $7 $F ?’ !9 D4 $Y !" M- 8z $J $b $N $K BP $7 $F C‘ <! 8@ 8l $N 3H D% $N 7A $G <B 8= $9 $k $3 $H $, =E MW $G $" $m $& !# 21

?^ 29: JB Ns MQ =g =x IU $1 $N <B 9T ;~ 4V I= 2: JB Ns =g =x IU $1 $K BP $9 $k <} B+ $N JQ 2= %W %m %; %C %5 ?t 1 5 10 20 25 50 <} B+ 2s ?t 3028 3019 3010 2996 2990 2968 <} B+ 8z N( (%) 100.0 100.3 100.6 101.1 101.3 102.0 22

<U <- K\ 8& 5f $N 5! 2q $r M? $( $F $/ $@ $5 $C $? IY ED bC <# 65 <x $K !$ ?< ?S $J <U 0U $r I= $7 $^ $9 !# $^ $? !" 5. =E $J $4 =u 8@ $r D: $$ $? Cf Eg 9@ =u 65 <x !" ?9 bC 0l O: =u 65 <x $K ?< $/ 46 <U CW $7 $^ $9 !# $^ $? , JB Ns 7W ;; 5! AP1000 $N <B 9T 4D 6- $r 8f Ds 6! D: $- $^ $7 $? ( 3t ) IY ;N DL 8& 5f =j $K 46 <U CW $7 $^ $9 !# $5 $i $K !$ 6& F1 8& 5f <T $G $" $k 7& ED >; ;K ;a $r $O $8 $a $H $7 $F !" F| :" 8f F$ O@ D: $$ $? IY ED 8& 5f << $N =t ;a $K 46 <U CW $7 $^ $9 !# ;2 9M J8 8% [1] M. W olfe: The Tiny Lo op Restructuring Research T ool, Pro c. of 1991 Int’l Conf. on Parallel Pro cessing v ol.II, pp.46{53, 1991. [2] High Performance F ortran F orum: High Perfor- mance F ortran Language Sp eci�cation V ersion 1.0, 1993. [3] ;0 5H 0j IW $[ $+ : %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $N $? $a $N JB Ns 2= %3 %s %Q %$ %i TINP AR , JB Ns =h M} %7 %s %] %8 %& %‘ JSPP’95,pp.51-58,1995. [4] Hans Zima, Barbara Chapman:COMPILING FOR DISTRIBUTED-MEMOR Y SYSTEM,Universit y of Vienna, 1994. [5] I.S.Du� and G.A.Meurant:The e�ect of ordering on preconditioned conjugate gradient, BIT,29:635- 657,1989. [6] C.A.J. %U %l %C %A %c !< Cx , _7 8+ 1Q CK Lu : %3 %s %T %e !< %? N. BN NO 3X , %7 %e %W %j %s %, !< %U %’ %" %i !< %/ El 5~ 3t <0 2q <R ,1993. [7] F# 0f 9’ i6 : N. BN NO 3X $N ?t CM 7W ;; K! , El Bg =P HG 2q ,1994. [8] 9S @n Ci 0l : ?t CM N. BN NO 3X , El Bg =P HG 2q ,1994. 23