O"N) 1 <!J}Dx<0$N F ortran %=%k%P!< GECP EOIt A1N4 � 0lHL<B9TNs$KBP$9$kO"N) 1 <!J}Dx<0$N?tCM2r$r40A4%T%\%C%HA*BrIU$- Gauss $N >C5nK!$K$h$j5a$a$k F ortran %W%m%0%i%‘ GECP (Gaussian Elimination with Com- plete Piv oting) $r 8x 3+$7 $^ $9!%%W %m%0 %i %‘$O F ortran 90 5,3J $* $h$S 4 G\ @:EY JQ ?t $K BP 1~ $7 $F $$ $k F ortran %3 %s %Q %$ %i $G K] Lu 2D G= $G $9!% C1 @: EY!& G\ @: EY!& 4 G\ @: EY $N%5%V%k!<%A%s%W%m%0%i%‘$H$H$b$K!$>/$J$$0z?t$G<j7Z$KMxMQ$G$-$k%$%s%?!<%U%’ %$%9 LINEAR SOLVE $bMxMQ$G$-$^$9!% 1 GECP $N35MW GECP $O \Gaussian Elimination with Complete Piv oting" $NN,$G!$0lHL<B9TNs$KBP$9$kO" N) 1 <!J}Dx<0 A x = b $N?tCM2r$r40A4%T%\%C%HA*BrIU$- Gauss $N>C5nK!$K$h$j5a$a$k F ortran %W %m %0 %i %‘ $G $9!% %W %m %0 %i %‘ $O 1995 G/ $K <9 I. $7 $? O" N) 1 <! J} Dx <0 $K 4X $9 $k 9- Js 5- ;v [3] $K 7G :\$7$?%=!<%9$r0J9_$N F ortran 5,3J$K$"$o$;$FJQ99$7$?$b$N$G$9!% 0J2<$K GECP $NFCD’$r$"$2$^$9!% � F ortran 90 0J9_$N5,3J$K=‘5r$7$? F ortran %3%s%Q%$%i$GF0:n$7$^$9!% � C1@:EYHG!&G\@:EYHG!& 4 G\@:EYHG 1 $,MxMQ$G$-$^$9!% � %"%k %4%j %:%‘ $H$7 $F?tCM E*$K 0BDj $7$? <jK! $G$" $k40 A4%T %\%C%H A*Br IU$- Gauss $N>C 5nK! $r:NMQ$7$F$$$k$?$a!$B>$NO"N) 1 <!J}Dx<0$N2rK!$H$NHf3S$K$bMQ$$$k$3$H$,$G$-$^$9!% � %*%W%7%g%s$N;XDj$K$h$j5UH?I|K!$K$h$k A $N:G>.FC0[CM$N6a;w7W;;$r9T$J$$$^$9!%:G>. FC0[CM$rMQ$$$F6a;w2r$N8m:9I>2A$r9T$J$&$3$H$,$G$-$^$9!% � %*%W%7%g%s$N;XDj$K$h$j A T x = b $N7A$NJ}Dx<0$r2r$/$3$H$,$G$-$^$9!% � 8DJL$N @:EY ( C1@: EY!&G\@: EY!& 4 G\@:EY ) $N %5%V%k!< %A%s$r 8F$S=P $9B>$K!$ AH9~$_ 4X?t$N $h$& $K Am >N L> $H $7$F ;H MQ $G $- $k %$%s %?!< %U%’ %$ %9 LINEAR SOLVE $r Mx MQ $9$k $3 $H $, $G $- $^$9!% � LINEAR SOLVE $N %=!< %9 %W %m %0 %i %‘ $O 4{ B8 $N %5 %V %k!< %A %s %i %$ %V %i %j $N %$ %s %?!< %U%’ %$ %9$r:n@.$9$k?w7?$H$7$F$b;H$($^$9!% � 6e=#Bg3X>pJs4pHW%;%s%?!<8&5fIt E-mail: watanabe@cc.kyushu-u.ac.jp 1 4 G\@:EY$O@5<0$J F ortran 5,3J$G$O$"$j$^$;$s!%$7$+$7!$B?$/$N F ortran %3%s%Q%$%i$,%5%]!<%H$7$F$$$^$9!% 1

2 GECP $NMxMQJ}K! 2.1 %@%&%s%m!<%I http://www.cc.kyushu-u.ac.jp/RD/watanabe/ $+$i%=!<%9%W%m%0%i %‘$rF~ <j$9$k$3 $H$,$G$- $^$9!%5-:\ $5$l$?Cm 0U;v9‘$K F10U$7$? >e$G%@%& %s %m!<%I$r$*4j$$$7$^$9!% 2.2 %U%!%$%k$N9=@. GECP %W %m %0 %i %‘ $O C1 @: EY HG!& G\ @: EY HG!& 4 G\ @: EY HG $N %5 %V %k!< %A %s %W %m %0 %i %‘ $H 3F %5 %V %k!<%A%s$r<j7Z$KMxMQ$9$k$3$H$N$G$-$k%$%s%?!<%U%’%$%9$G9=@.$5$l$F$$$^$9!% 0J2<$N<j =g$G$O $9$Y$F$N %W%m%0%i %‘$,5-=R $5$l$?%U%! %$%k \ GECP.f90 " $rMxMQ $9$k$b $N$H$7 $^$9!%$J$*8DJL$N%W%m%0%i%‘$r%@%&%s%m!<%I$9$k$3$H$b$G$-$^$9!% 2.3 3HD%;R %@ %& %s %m!< %I $7 $? %=!< %9 %W %m %0 %i %‘ $N 3H D% ;R $O \ .f90 " $G $9!% F ortran %3 %s %Q %$ %i $K $h$C $F $O \ .f95 " $d \ .f " $J$I$X$N=$@5$,I,MW$K$J$k>l9g$,$"$j$^$9!% 2.4 %b%8%e!<%k$N@k8@ %b%8%e!<%k$N@k8@$O PR OGRAM J8$KB3$1$F \ USE GECP " $H5-=R$7$^$9!%BgJ8;z!?>.J8;z$I $A$i$G$b9=$$$^$;$s!% PROGRAM TEST USE GECP ! %b%8%e!<%k$N0zMQ IMPLICIT NONE INTEGER,PARAMETER :: N=8 : 2.5 <B9T2DG=%U%!%$%k$N:n@.J}K! GECP %W %m %0 %i %‘ $+ $i K] Lu =h M} $K $h$C $F %* %V %8%’ %/ %H %U%! %$ %k $r :n @. $7 <g %W %m %0 %i %‘ $H 7k 9g$5$;$kNc$r>R2p $7$^$9!% DL>o$NI{ %W%m%0%i %‘$N;HMQ J}K!$HF1 MM$K<g%W %m%0%i%‘ $HF1$8%U%! %$ %k$K$^$H$a$?$j%"!<%+%$%V%U%!%$%k$r:n@.$7$F4IM}$9$k$3$H$b2DG=$G$9!% 0J2<$N<B9T2DG=%U%!%$%k$N:n@.<j=g$O GECP %W%m%0%i%‘ \ GECP.f90 " $H<g%W%m%0%i%‘ \ main.f90 " $,F1$8%G%#%l%/%H%j / %U%)%k%@$K$"$k>l9g$G$9 2 !% 2 <B 9T 2DG= %U%! %$ %k$N :n @.J} K! $O B>$K $b 4v $D$+ 9M $($i $l $^ $9!%Nc $( $P!$ <g%W %m %0%i %‘ $H GECP %=!< %9$r $^ $H $a $FK] Lu $9 $k J} K! $J $I $G $9!% $3 $3 $G $O!$ 0l EY \ GECP.f90 " $r K] Lu $7 %* %V %8%’ %/ %H %U%! %$ %k $r :n @. $7 $F $* $/ $3 $H $K $h $j!$<g%W%m %0 %i%‘ $r =$@5 $7$? $H $7$F $b GECP $N%=!< %9 $r:F K]Lu $9 $kI, MW$, $J $$$H $$$& 4Q E@$+ $i$N Mx MQNc $r>R 2p $7 $^$7$?!% 2

!| UNIX %7%9%F%‘$G$NMxMQNc HP , Sun, Compaq $N F ortran %3%s%Q%$%i$NB?$/$OFCJL$J%*%W%7%g%s$rI,MW$H$7$^$;$s!% % f90 -c GECP.f90 "+ GECP %W%m%0%i%‘$NK]Lu % f90 main.f90 GECP.o "+<B9T2DG=%U%!%$%k$N:n@. :n@.$5$l$k%*%V%8%’%/%H%U%!%$%kL>$O \ GECP.o " !$%b%8%e!<%kL>$O \ gecp.mod " $^$?$O \ GECP.mod " $H$J$j$^$9!% IY;NDL$N %3%s%Q %$%i$G%$ %s%?!<%U%’%$ %9 LINEAR SOLVE $rMxMQ$9 $k>l9g$K $O!$%b%8%e!< %k$r K]Lu$9$kK]Lu;~%*%W%7%g%s -Am $,I,MW$G$9!% % frt -c -Am GECP.f90 "+ GECP %W%m%0%i%‘$NK]Lu % frt -Am main.f90 GECP.o "+<B9T2DG=%U%!%$%k$N:n@. :n@.$5$l$k%*%V%8%’%/%H%U%!%$%kL>$O \ GECP.o " !$%b%8%e!<%kL>$O \ gecp.mod " $H$J$j$^$9!% !| Windo ws HG F ortran $NMxMQNc <j 85 $K $" $k IY ;N DL $N Windo ws HG F ortran & C Academic P ac k age V3.0 $G $N <B 9T 2D G= %U%! %$%k$N:n@.Nc$O<!$N$h$&$K$J$j$^$9!% % frt /c /Am GECP.f90 "+ GECP %W%m%0%i%‘$NK]Lu % frt /Am main.f90 GECP.o "+<B9T2DG=%U%!%$%k$N:n@. /c $O %* %V %8%’ %/ %H %U%! %$ %k $r :n @. $9 $k $^ $G $N =h M} $r 9T $J $& %* %W %7%g %s!$ /Am $O %b %8%e!< %k $rK]Lu$9$k$3$H$r;XDj$9$k%*%W%7%g%s$G$9!%:n@.$5$l$k%*%V%8%’%/%H%U%!%$%kL>$O \ GECP.obj " !$ %b%8%e!<%kL>$O \ gecp.mod " $H$J$j$^$9!% 2.6 LINEAR SOLVE LINEAR SOLVE $O GECP $r<j7Z$KMxMQ$9$k$?$a$N4X?t$G$9!% "!5!G= O"N) 1 <!J}Dx<0 A x = b $N6a;w2r$r5a$a$k!% "!=q<0 LINEAR SOLVE(A,B, [ ,EPS=eps ][ ,SV=sv ][ ,DELTA=delta ] ) 3

"!0z?t A 9TNs A !%<B?t7? 2 <!85G[Ns!%9T$*$h$SNs$NBg$-$5$, B $NBg$-$50J>e$G$"$k $3$H!% B %Y%/%H%k b !%<B?t7? 1 <!85G[Ns!% B $NBg$-$5$,J}Dx<0$N<!?t$H$J$k!% EPS= eps 9TNs$NHs@5B’@-H=DjDj?t!%>JN,2DG=!%A*Br$5$l$?%T%\%C%H$N@dBPCM$H A $N MW AG$N @dBPCM :GBg $H$N AjBP Hf$, eps 0J2< $K$J$C $?>l 9g!$9T Ns$O?t CME* $KHs @5 B’ $H H= CG $7 =h M} $r BG $A @Z $k!% >J N, $7 $? >l 9g!$ %^ %7 %s %( %W %7 %m %s $, :N MQ $5 $l$k!% SV= sv A $N:G>.FC0[CM$r7W;;$7 sv $KJV5Q$9$k!%>JN,2DG=!% DELTA= delta SV= sv $, ;X Dj $5 $l $? >l 9g $N 5U H? I| K! $N <} B+ H= Dj >r 7o $r ;X Dj!% >J N, 2D G=!% >J N, $7 $? >l 9g!$ C1 @: EY $G 1.0E-5 !$ G\ @: EY $G 1.0E-10 !$ 4 G\ @: EY $G 1.0E-20 $,@_Dj$5$l$k!% "!La$jCM x $N6a;w2r!% B $HF1$8Bg$-$5$N<B?t7? 1 <!85G[Ns!% "!Cm0U 0z ?t $N @: EY $O F1 $8 $G $J $1 $l $P $J $i $J $$!% Nc $( $P A , B $, G\ @: EY $G eps $, C1 @: EY $N >l 9g $K $O <g %W%m%0%i%‘K]Lu;~$K%(%i!<$H$J$k!% !| LINEAR SOLVE $N;HMQNc 1 10 � 10 $N C1 @:EY <B 9TNs A $H %Y %/%H %k b $r F ortran $N AH9~ $_ 4X?t RANDOM_NUMBER $G:n @. $7!$O"N) 1 <!J}Dx<0$N2r$r x $K3JG<$7$^$9!% program test ! %W%m%0%i%‘J8 use gecp ! %b%8%e!<%k$N@k8@ real,dimension(10,10) :: A ! A $N@k8@ real,dimension(10) :: b,x ! b,x $N@k8@ call random_number(A) ! A $N@8@. call random_number(b) ! b $N@8@. x=linear_solve(A,b) ! Ax=b $r2r$/ write(*,*) x ! x $N=PNO end program test ! %W%m%0%i%‘$N=*N; %]%$%s%H$O 2 9TL\$N%b%8%e!<%k$N@k8@ \ use gecp " $H 6 9TL\$N LINEAR SOLVE $N8F$S=P$7$G $9!% F ortran $OBgJ8;z!?>.J8;z$r6hJL$7$J$$$?$a!$%=!<%9$OBgJ8;z$G5-=R$7$F$b9=$$$^$;$s!% !| LINEAR SOLVE $N;HMQNc 2 <!$N%W%m%0%i%‘$O http://www.cc.kyushu-u.ac.jp/RD/watanabe/ $+$i%@%&%s%m!<%I2DG= $JG\@:EY$N%F%9%H%W%m%0%i%‘$r0lIt=$@5$7$?$b$N$G$9!% 4

%F%9%H9TNs$O A � 1 = A $H$J$j$^$9 3 !%%Y%/%H%k b $O F ortran $NAH9~$_4X?t RANDOM_NUMBER $G:n@.$7!$ A � 1 b = A b $r??$N2r$H$7$F sol $K3JG<$7$F$$$^$9!% %W %m %0 %i %‘ J8 $N D> 8e $K %b %8%e!< %k \ GECP " $r ;H MQ $9 $k $3 $H $r @k 8@ $7 $^ $9!% LINEAR SOLVE $O !z 1, !z 2 $G8F$S=P$7$F$$$^$9!% !z 1 $O O"N) 1 <!J} Dx<0$r 2r$-7k 2L$r x1 $KJV5Q $9$k=h M}$G$9!% !z 2 $O O"N) 1 <!J} Dx<0$r2r $-7k 2L$r x2 $K JV 5Q $9 $k =h M} $H $H $b $K :G >. FC 0[ CM $r JQ ?t s $K JV 5Q $7 $^ $9!% :G >. 8G M- CM $r 7W ;; $9 $k %* %W%7%g%s$r;XDj$9$k>l9g \ sv= " $^$?$O \ SV= " $N5-=R$,I,MW$G$9!%CM$rJV5Q$9$kJQ?tL> ( Nc$G$O s ) $OG$0U$G$9!% LINEAR SOLVE $G$O A $H b $NCM$OJ]B8$5$l!$=q$-49$($i$l$k$3$H$O$"$j$^$;$s!% program linear_solve_test use GECP ! %b%8%e!<%k$N@k8@ implicit none integer :: n real(kind(1D0)),dimension(:,:),allocatable :: A real(kind(1D0)),dimension(:),allocatable :: x1,x2,b,sol integer :: i,j real(kind(1D0)) :: Pi,s n=1000 ! <!?t$N7hDj ( D4@02D ) allocate(A(n,n),x1(n),x2(n),b(n),sol(n)) ! G[Ns$N@k8@ Pi=4*atan(1.0D0) !--+ A=0 ! | do j=1,n ! | do i=1,n ! +-- 9TNs A $N@8@. A(i,j)=sqrt(2.0D0/(n+1))*sin((i*j*Pi)/(n+1)) ! | end do ! | end do !--+ call random_number(b) ! 1&JU b $N@8@. sol=matmul(A,b) ! ??$N2r$N@_Dj x1=linear_solve(A,b) ! Ax=b $r2r$/ !z 1 x2=linear_solve(A,b,sv=s) ! Ax=b $r2r$/ !z 2 ! :G>.FC0[CM$b7W;; write(6,*) ! 8m:9!$FC0[CM$N=PNO write(6,*) ’dimension=’,N write(6,*) ’ maximum of the solution=’,maxval(x1) write(6,*) ’ relative error of linear solve=’,& maxval(abs(x1-sol))/maxval(abs(sol)) write(6,*) ’ singular value=’,s deallocate(A,x1,x2,b,sol) end program linear_solve_test 3 IbF0>.?tE@1i;;?t$,<B?t$NM-8B7e$N6a;w$K$J$k$3$H$+$i!$!T87L)$J 0UL#$G$O!U0lCW$7$^$;$s!%$b$A$m$s!$==J, $h$$6a;w$G$9!% 5

2.7 GECP S, GECP D, GECP Q "!5!G= O"N) 1 <!J}Dx<0 A x = b $N6a;w2r$r5a$a$k!% "!=q<0 GECP S(A,NX,N,B,EPS,ISW,P,Q,VP,VS,VW,ICON) GECP D(A,NX,N,B,EPS,ISW,P,Q,VP,VS,VW,ICON) GECP Q(A,NX,N,B,EPS,ISW,P,Q,VP,VS,VW,ICON) ( $?$@$7 A , B , EPS , VP , VS , VW $OBP1~$9$k<B?t7?$G@k8@$9$k$3$H ) "!0z?t A 78?t9TNs A !%Bg$-$5 NX � NX $N<B?t7? 2 <!85G[Ns!% LU J,2r$5$l$?2<;03Q9TNs L $H>e;03Q9TNs U $,JV5Q$5$l$k ( Cm0U;v9‘;2>H ) !% NX A $N@09g@#K!!%@0?t7?!% N 0J>e!% N J}Dx<0$N<!?t!%@0?t7?!% B %Y%/%H%k b !%Bg$-$5 N $N<B?t7? 1 <!85G[Ns!%6a;w2r x $,JV5Q$5$l$k!% EPS 9T Ns $N Hs @5 B’ @- H= Dj Dj ?t!% <B ?t 7?!% @5 5, 2= 8e $N %T %\%C %H A* Br $N :]!$ 7h Dj $5 $l $? %T %\%C %H $N @d BP CM $, EPS 0J 2< $N >l 9g!$ 9T Ns $O ?t CM E* $K FC 0[ $@ $H 8+ $J $7 =h M} $r BG $A@Z$k!% 0 0J2<$,;XDj$5$l$?>l9g$O%^%7%s%(%W%7%m%s$,:NMQ$5$l$k!% ISW =hM}J}K!$r;XDj$9$k!%@0?t7?!% 0 ... LU J,2r$N$_$r9T$J$&!% 1 ... A x = b $r2r$/!% 2 ... LU J,2r$r>JN,$7$F A x = b $r2r$/!% 3 ... A T x = b $r2r$/!% 4 ... LU J,2r$r>JN,$7$F A T x = b $r2r$/!% $=$NB> ... 1 $,;XDj$5$l$?$H$_$J$9!% P 9T$K4X$9$k%T%\%C%HA*Br>pJs$,J]B8$5$l$k!%Bg$-$5 N $N@0?t7? 1 <!85G[Ns!% Q Ns$K4X$9$k%T%\%C%HA*Br>pJs$,J]B8$5$l$k!%Bg$-$5 N $N@0?t7? 1 <!85G[Ns!% VP JQ?t$N@55,2=$K4X$9$k>pJs$,J]B8$5$l$k!%Bg$-$5 N $N<B?t7? 1 <!85G[Ns!% VS J}Dx<0$N@55,2=$K4X$9$k>pJs$,J]B8$5$l$k!%Bg$-$5 N $N<B?t7? 1 <!85G[Ns!% VW :n6HMQ%Y%/%H%k!%Bg$-$5 N $N<B?t7? 1 <!85G[Ns!% ICON 7W;;$,@5>o$K9T$J$o$l$?$+$I$&$+$rH=Dj$9$k!%@0?t7?!% 0 ... @5>o=*N;!% 2000 ... A $N $" $k 9T $^$? $O Ns $N MW AG $,$9 $Y $F Nm $G $"$C $?$+ $^ $? $O %T %\%C%H $N@dBPCM$, EPS 0J2<$K$J$C$?!%78?t9TNs$OHs@5B’$N2DG=@-$,6/$$!% 3000 ... %Q%i%a!<%?$NF~NO%_%9!% 6

"!Cm0U;v9‘ 1. ISW $NCM$, 2, 4 0J30$N>l9g!$F~NO$5$l$?78?t9TNs A $NCM$OJ]B8$5$l$: LU J,2r8e$N9TNs $KCV$-49$o$k!% 2. LU J,2r$5$l$FJV5Q$5$l$k78?t9TNs A $K$O!$ � >e;03Q@.J,$K U $NMWAG � BP3Q@.J,$O U $NBP3Q@.J,$N5U?t � 2<;03Q@.J,$K L $NMWAG $, 3J G< $5 $l $F $$ $k!% 2< ;0 3Q 9T Ns L $N BP 3Q @. J, $O $9 $Y $F 1 $G $" $j!$ $3 $l $i $O 4{ CN $N CM $H $7 $F J] B8 $5 $l $J $$!% LU J, 2r $5 $l $? 9T Ns $r GECP %W %m %0 %i %‘ 0J 30 $G Mx MQ $9 $k >l 9g $K $O >e5-3JG<J}K!$KCm0U$9$kI,MW$,$"$k!% 3. 0z?t$N<B?t7?$O%5%V%k!<%A%s$K9g$o$;$F@k8@$9$k$3$H!%Nc$($P A , B $,G\@:EY$G 4 G\@:EY $N GECP Q $r8F$S=P$7$?>l9g$K$O7k2L$OJ]>Z$5$l$J$$ 4 !% !|;HMQNc 10 � 10 $N G\ @:EY <B 9TNs A $H %Y %/%H %k b $r F ortran $N AH9~ $_ 4X?t RANDOM_NUMBER $G:n @. $7!$O"N) 1 <!J}Dx<0$N2r$r GECP D $K$h$j5a$a$^$9!%%b%8%e!<%k$N@k8@$OITMW$G$9!% PROGRAM TEST2 ! %W%m%0%i%‘J8 IMPLICIT NONE ! 0EL[$N7?@k8@$NM^;_ INTEGER,PARAMETER :: N=10 ! %Q%i%a!<%?$N@_Dj REAL(KIND(1D0)),DIMENSION(N,N) :: A ! A $N@k8@ REAL(KIND(1D0)),DIMENSION(N) :: B,VP,VS,VW ! %Y%/%H%k$N@k8@ REAL(KIND(1D0)) :: EPS ! FC0[@-H=Dj?t$N@k8@ INTEGER,DIMENSION(N) :: P,Q ! @0?t7?%Y%/%H%k$N@k8@ INTEGER :: ISW,ICON ! @0?t7?JQ?t$N@k8@ CALL RANDOM_NUMBER(A) ! A $N@8@. CALL RANDOM_NUMBER(B) ! B $N@8@. EPS=0 ! FC0[@-H=Dj?t$N@_Dj ISW=1 ! =hM}<oJL$r@_Dj CALL GECP_D(A,N,N,B,EPS,ISW,P,Q,VP,VS,VW,ICON) ! GECP_D $N8F$S=P$7 WRITE(*,*) ICON ! =hM}>u67$N3NG’ WRITE(*,*) B ! 2r$N=PNO END PROGRAM TEST2 ! %W%m%0%i%‘$N=*N; 4 K]Lu;~$K%(%i!<$H$J$i$:!$:G0-$N>l9g$O!V$=$l$i$7$$7k2L!W$,JV$C$F$/ $k$3$H$b$"$j$^$9!%%5%V%k!<%A%s$N0z ?t$N7?$N5-=R$N3NG’$O%G%P%C%/$N4pK\$G$9!% 7

3 GECP $GMQ$$$F$$$k F ortran $N5!G= $3$3$G$O LINEAR SOLVE $K;HMQ$7$F$$$k F ortran $N5!G=$r4JC1$K>R2p$7$^$9!% 3.1 F0E*G[Ns3d$jEv$F LINEAR SOLVE $G $O%W %m %0 %i %‘ $N <B 9T Cf $K G[Ns $N Bg $- $5 $r 7h $a $k F0 E* G[Ns 3d $j Ev $F 5! G= $r MQ $$ $F $$ $^ $9!% G[ Ns $O ALLOCATABLE B0 @- $r ;H$C $F @k 8@ $7!$ ALLOCATE J8 $K $h $j G[ Ns $N Bg $- $5 $r 7h Dj $7 $^ $9!% IT MW $K $J$C $? G[ Ns $O DEALLOCATE J8 $K $h$C $F 2r J| $7 $^ $9!% $3 $N 5! G= $r MQ $$ $k $3 $H$K$h$j!$ GECP S , GECP D , GECP Q $G$N:n6HMQG[Ns$r@k8@$9$k<j4V$r>J$$$F$$$^$9!% 0J2<$OF0 E*G[Ns vp , vs , vw , ip , iq $r@k8@$7!$ 2?$i$+$N J}K!$G7h Dj$5$l$? n $K$h$C $FG[Ns$N Bg$-$5$r3d$jEv$F!$%5%V%k!<%A%s GECP_D $K:n6HMQG[Ns$H$7$FEO$9%W%m%0%i%‘$NH4?h$G$9!% real(kind(1D0)),dimension(:),allocatable :: vp,vs,vw ! G[Ns$N@k8@ integer,dimension(:),allocatable :: ip,iq : allocate(vp(n),vs(n),vw(n),ip(n),iq(n)) ! Bg$-$5$N7hDj : call GECP_D(Z,k1,n,x,epsz,isw,ip,iq,vp,vs,vw,icon) ! :n6HMQG[Ns$N0z$-EO$7 : deallocate(vp,vs,vw,ip,iq) ! G[Ns$N2rJ| : 3.2 >JN,2DG=0z?t 0z?t$,>JN,2DG= $G$"$k$b$N$r OPTIONAL B0@- $K$h$C$F@k8@$9$k$3 $H$G!$%5%V%k!<%A%s$K>J N, CM$rEO$9$3$H$,$G $-$^$9!% MxMQ<T$O <+?H$G%Q %i%a!<%?$^ $?$O<jK! $rA*Br$9 $kI,MW$N $"$k>l9g $K $N$_0z?t$r;XDj $7$^$9!%$= $N>l9g%-!< %o!<%I$r MQ$$$?0z ?t$r=q$/ $3$H$, $G$-$^$9!% MxMQ<T$, 0z ?t$r;XDj$7$?$+$I$&$+$NH=CG$OAH9~$_4X?t PRESENT $GCN$k$3$H$,$G$-$^$9!% function linear_solve_s(A,b,eps,sv,delta ) result(x) : real(kind(1E0)),intent(in),optional :: eps real(kind(1E0)),intent(out),optional :: sv real(kind(1E0)),intent(in),optional :: delta real(kind(1E0)) :: epsz=0.0E0,deltaz=1.0E-5 : if(present(eps)) epsz=eps if(present(delta)) deltaz=delta : call GECP_S(Z,k1,n,x,epsz,isw,ip,iq,vp,vs,vw,icon) : if(present(sv)) then allocate(y(n),u(n)) : 8

$3$N Nc$G $O4X ?t linear_solve_s $N0z ?t eps , sv $*$h $S delta $,>J N,2D G= $G$9!% MxMQ <T$, 0z?t$r;XDj$9$k>l9g$K$O%-!<%o!<%I0z?t$H$7$F0J2<$N 3 $D$NNc$N$h$&$K;XDj$7$^$9!% x=linear_solve_s(A,b,eps=1.0E-5 ) x=linear_solve_s(A,b,sv=t ) x=linear_solve_s(A,b,sv=t,delta=1.0E-3,eps=1.0E-2 ) $?$@$7 LINEAR SOLVE $G$O!$<!@a$NAm>NL>$rMQ$$$k$3$H$G7?$K0MB8$7$J$$%$%s%?!<%U%’%$%9 $K$7$F$$$^$9!% 3.3 Am>NL> AH 9~ $_ <j B3 $- $N ?t 3X 4X ?t $H $7 $F Mx MQ $G $- $k ABS , MATMUL $J $I $O 0z ?t $N 7? $K $h $i $: F1 0l $N L> A0 ( Am >N L> ) $G 5- =R $9 $k $3 $H $, $G $- $^ $9!% Mx MQ <T :n @. $N <j B3 $- $K BP $7 $F $b!$ INTERFACE J8 $r MQ $$$k$3$H$K$h$jJ#?t$N4X?t$rF1$8Am>NL>$H$7$F8F$S=P$9$3$H$,$G$-$^$9!% <! $N Nc $G $O Am >N L> LINEAR_SOLVE $K $h $j C1 @: EY 7?!& G\ @: EY 7?!& 4 G\ @: EY 7? $N 4X ?t $r 7? $H @: EY$K1~$8$F$=$l$> $l8F$S=P $9$h$&$K ;XDj$7$F $$$^$9!%8D JL$N4X?t I{%W%m%0 %i%‘ItJ, $K$O0z?t $H 7k2L$N@k8@$r5-=R$7$^$9!% interface linear_solve ! Am>NL>$N;XDj function linear_solve_s(A,b,eps,sv,delta) result(x) ! C1@:EY<B?t7? real(kind(1E0)),dimension(:,:),intent(in) :: A real(kind(1E0)),dimension(:),intent(in) :: b real(kind(1E0)),intent(in),optional :: eps real(kind(1E0)),intent(out),optional :: sv real(kind(1E0)),intent(in),optional :: delta real(kind(1E0)),dimension(size(b)) :: x end function linear_solve_s function linear_solve_d(A,b,eps,sv,delta) result(x) ! G\@:EY<B?t7? real(kind(1D0)),dimension(:,:),intent(in) :: A real(kind(1D0)),dimension(:),intent(in) :: b real(kind(1D0)),intent(in),optional :: eps real(kind(1D0)),intent(out),optional :: sv real(kind(1D0)),intent(in),optional :: delta real(kind(1D0)),dimension(size(b)) :: x end function linear_solve_d function linear_solve_q(A,b,eps,sv,delta) result(x) ! 4 G\@:EY<B?t7? real(kind(1Q0)),dimension(:,:),intent(in) :: A real(kind(1Q0)),dimension(:),intent(in) :: b real(kind(1Q0)),intent(in),optional :: eps real(kind(1Q0)),intent(out),optional :: sv real(kind(1Q0)),intent(in),optional :: delta real(kind(1Q0)),dimension(size(b)) :: x end function linear_solve_q end interface 9

3.4 %b%8%e!<%k Am>NL>$H $7$F5- =R$7$?4X ?tI{%W%m %0%i%‘ $O!$%b%8%e!<%k $H8F$P$l $kI{%W %m%0%i%‘ $K$^$H$a $F 5-=R$9$k$3$H$K$h$jB>$N%W%m%0%i%‘C10L$+$i;2>H$9$k$3$H$,$G$-$^$9!% module GECP ! %b%8%e!<%k$N@k8@ interface linear_solve ! Am>NL>$N;XDj : end interface end module GECP %b%8%e!<%k$K5-=R$7$?4X?tI{%W%m%0%i%‘$rMxMQ$9$k$K$O!$ USE J8$rMQ$$$^$9!% 4 GECP $N%"%k%4%j%:%‘ $3$3$G$O GECP $GMQ$$$i$l$F$$$k7W;;<jK!$r>R2p$7$^$9!% 4.1 @55,2= GECP $G $O LU J, 2r $N 7W ;; $N A0 $K @5 5, 2= ( 9T Ns $N 6Q Ey 2= ) $H 8F $P $l $k A‘ :n $r 9T $J $$ $^ $9!% $^ $:O"N) 1 <!J}Dx<0 A x = b $N78 ?t 9T Ns A = [ a ij ] $K BP $7!$ i 9T $N @d BP CM :G Bg $N 5U ?t $r BP 3Q @. J, $K ;} $D 9T Ns V $r :n @. $7 $^ $9!% V = diag f max 1 � j � n j a 1 j j ; : : : ; max 1 � j � n j a nj jg � 1 $=$7$FJ}Dx<0$NN>JU$N:8$+$i V $r:nMQ$5$;$^$9!% V A x = V b : <!$K78?t9TNs V A = [ c ij ] $KBP$7!$ i Ns$N@dBPCM:GBg$N5U?t$rBP3Q@.J,$K;}$D9TNs W $r:n@.$7 $^$9!% W = diag f max 1 � i � n j c i 1 j ; : : : ; max 1 � i � n j c in jg � 1 : $=$7$F x = W y $HJQ49$9$k$3$H$GJ}Dx<0$rF1CMJQ7A$7$^$9!% V AW y = V b ; x = W y : 78?t9T Ns V AW $O$I $N MW AG $b @d BP CM$, 1 0J 2< $G $"$C $F!$$I $N 9T $K $b!$ $I $N Ns $K$b >/ $J $/ $H $b 0l$D$N@dBPCM 1 $NMWAG$,4^$^$l$^$9!% 4.2 40A4%T%\%C%HA*BrIU$- LU J,2r @55,2=$K$h$C$F:n$i$l$?9TNs V AW $r!$2<;03Q9TNs L $H>e;03Q9TNs U $KJ,2r$7$^$9!% P V AW Q = LU: 10

$3$3 $G P $H Q $O CV 49 9T Ns $G $9!% CV 49 9T Ns $H $O MW AG $, $9 $Y $F 1 $+ 0 $N $I $A $i $+ $G!$ 1 $N MW AG $, $I $N 9T $b!$ $I $N Ns $b!$ $A$g $& $I 1 2U =j $" $k 9T Ns $N $3 $H $G $9!% 9T Ns A $K BP $7 $F CV 49 9T Ns $r :8 $+ $i:n MQ $5 $; $k $H $$ $& $3 $H $O!$ A $N 9T $N =g =x $r JB $Y $+ $( $k $3 $H $K!$ F1 MM $K CV 49 9T Ns $r 1& $+ $i :n MQ$5$;$k$H$$$&$3$H$ONs$N=g=x$rJB$Y$+$($k$3$H$KAjEv$7$^$9!% 4.2.1 Gauss $N>C5nK!$K$h$k LU J,2r LU J, 2r $N J} K! $O ?t 3X E* $K F1 CM $J $$ $/ $D $+ $N <j K! $, $" $j $^ $9!% GECP $G $O Gauss $N >C 5n K! $N%"%k%4%j%:%‘$K$h$k LU J,2r$r9T$J$C$F$$$^$9!%0l HL$N<B9TNs A = [ a ij ] $r LU J,2r$9$k%" %k%4%j%:%‘$O0J2<$NDL$j$G$9!% Gauss $N>C5nK!$K$h$k LU J,2r 1 � k � n � 1, i � k + 1, j � k + 1 $KBP$7<!$r7W;; . m ( k ) i = a ( k � 1) ik =a ( k � 1) k k ; a ( k ) ij = a ( k � 1) ij � m ( k ) i a ( k � 1) k j ; L = 0 B B B B B B B B @ 1 m (1) 2 1 0 m (1) 3 m (2) 3 1 . . . . . . . . . m (1) n m (2) n � � � m ( n � 1) n 1 1 C C C C C C C C A ; U = 0 B B B B B @ a 11 a 12 � � � a 1 n a (1) 22 � � � a (1) 2 n : : : . . . 0 a ( n � 1) nn 1 C C C C C A : 4.2.2 %T%\%C%HA*Br LU J,2r$N2aDx : m ( k ) i = a ( k � 1) ik =a ( k � 1) k k $K$*$1$kMWAG a ( k � 1) k k $r%T%\%C%H$H8F$S$^$9!%4]$a8m:9$N:.F~$rKI$00BDj$7$?7W ;;$N$?$a$K$O!$ E,@Z$J%T%\%C%H$rA*Br$9$kI,MW$,$"$j$^$9!%$h$/9T$J$o$l$k%T%\%C%H$NA*$SJ}$O!$ k 2sL\$N>C 5n 2a Dx $G Ns @. J, $N @d BP CM :G Bg $r C5 $7 $F!$ 9T $r F~ $l 49 $( $k ( P $r :8 $+ $i :n MQ $5 $; $k ) $H $$ $& A‘ :n $G$9!%$3$NA‘:n$OItJ,%T%\%C%HA*Br$H8F$P$l$^$9!% !~ ItJ,%T%\%C%HA*Br : max k � i � n j a ( k � 1) ik j 0 B B B B B @ a 11 a 12 � � � a 1 n 0 a (1) 22 � � � a (1) 2 n . . . . . . : : : . . . 0 a (1) n 2 � � � a (1) nn 1 C C C C C A � BP>]$H$J$k@.J, ( k = 2) GECP $G :N MQ $7 $F $$ $k 40 A4 %T %\%C %H A* Br $O!$ %T %\%C %H $r >C 5n $N BP >] $H $J $k 9T $H Ns $9 $Y $F $N MWAG $+ $i A* Br $9 $k J} K! $G $9!% $3 $N >l 9g!$ 9T $H Ns $N F~ $l 49 $( $, I, MW $K $J $k $? $a!$ CV 49 9T Ns Q $r 1&$+$i:nMQ$5$;$kI,MW$,$"$j$^$9!% 11

!~ 40A4%T%\%C%HA*Br : max k � i;j � n j a ( k � 1) ij j 0 B B B B B @ a 11 a 12 � � � a 1 n 0 a (1) 22 � � � a (1) 2 n . . . . . . : : : . . . 0 a (1) n 2 � � � a (1) nn 1 C C C C C A � BP>]$H$J$k@.J, ( k = 2) 4.3 A0?J!?8eB‘BeF~ 78?t9TNs$, LU J,2r$5$l$?J}Dx <0$O!$9TNs$NJ,2r $KHf$Y$4$/$o$: $+$J<j4V$G2r$/ $3$H$,$G$- $^$9!% 4J C1 $N $? $a @5 5, 2= $H %T %\%C %H A* Br $N 2a Dx $O >J N, $7 $F!$ 9T Ns A $, 2< ;0 3Q 9T Ns L $H >e ;0 3Q 9T Ns U $K $h$C $F 4{ $K A = LU $H J, 2r $5 $l $F $$ $k $H $7 $? A x = b $N 5a $a J} $K $D $$ $F @b L@ $7 $^ $9!% A = LU $HJ,2r$5$l$F$$$k$3$H$+$i$^$: L z = b $H$J$k z = [ z i ] $r5a$a!$$=$l$+$i U x = z $r 2r $- $^ $9!% A0 <T $r A0 ?J Be F~!$ 8e <T $r 8e B‘ Be F~ $H 8F $S $^ $9!% 6q BN E* $J 7W ;; J} K! $O <! $N DL $j $G $9!# A0?JBeF~7W;; i = 1 ; � � � ; n $N=g$K<!$r7W;;!% z i = b i � i � 1 X k =1 l ik z k : 8eB‘BeF~7W;; i = n; � � � ; 1 $N=g$K<!$r7W;;!% x i = 0 @ z i � n X k = i +1 u ik x k 1 A =u ii : F1MM$N9M$(J}$G A $N LU J,2r$,40N;$7$F$$$k$J$i$P!$J}Dx<0 A T x = b $b!$$^$: U T z = b $r2r$-!$<!$K L T x = z $r2r$/$3$H$G5a$a$k$3$H$,$G$-$^$9!% A T x = b $O <!@a$N:G>.FC0[CM$N7W;;$G;HMQ$7$^$9!% 12

4.4 :G>.FC0[CM$N7W;; 4.4.1 FC0[CMJ,2r G$0U$N n � n <B9TNs A $OD>8r9TNs C 1 , C 2 ( C 1 C T 1 = C 2 C T 2 = I ; I $OC10L9TNs ) $K$h$C$F A = C 1 D C T 2 $N7A$KJ,2r$9$k$3$H$,$G$-$^$9 5 [2] !%$3$3$G D $OBP3Q9TNs D = diag f � 1 ; : : : ; � n g $G$9!%$3$NJ,2r$rFC0[ CMJ,2r$H8F $S$^$9!% � i (1 � i � n ) $r A $N FC0[CM$H8F $S$^$9!% A $,@5 B’$J$i$P$9$Y$F$N i $K$*$$$F � i > 0 $H$J$j$^$9!% 4.4.2 O"N) 1 <!J}Dx<0$N8m:9I>2A $b$7 A $NFC 0[CM J,2r $,F@$i $l$k $J$i $P!$O" N) 1 <!J}Dx <0 A x = b $N6a ;w2r $N@53N $J8m :9I> 2A$,F@$i$l$^$9!% A x = b $N6a;w2r$r ^ x !$;D:9$r r := A ^ x � b !$ C 1 $r9=@.$9$kNs%Y%/%H%k$r C 1 = [ u 1 ; u 2 ; : : : ; u n ] $H$9$l$P!$ k x � ^ x k 2 = v u u t n X i =1 1 � 2 i ( u i ; r ) 2 $H$$ $& I> 2A $, @. $j N) $D $+ $i $G $9 6 !% $3 $3 $G k � k 2 $O Euclid %N %k %‘!$ ( � ; � ) $O %Y %/ %H %k $N Fb @Q $G $9!% DL>o!$9TNs $NFC0[CMJ, 2r$OO"N) 1 <!J} Dx<0$r2r$/ 0J>e$K%3%9 %H$,$+$+$j $^$9!%$7$? $,$C$FO" N) 1 <! J}Dx <0 8m :9 I> 2A $N $? $a $@$1 $K D $H C 1 $r5a $a $k $3 $H $O $" $^ $j 8=<B E* $G $O $" $j $^ $; $s!% $7$+$7$J$,$i!$@5B’$J A $N:G>.FC0[CM � min > 0 $,J,$+$k$J$i$P!$ITEy<0I>2A k x � ^ x k 2 � 1 � min k r k 2 $rF3 $/ $3 $H $, $G $- $^ $9 7 !% GECP $G $O LINEAR SOLVE $N %* %W %7%g %s $H $7 $F A $N :G >. FC 0[ CM $N 6a;w2r$r7W;;$7$^ $9!%$b$A$m $s?tCME* $J6a;w2r $G$9$N$G 87L)$J8m :9I>2A$, F@$i$l$k Lu$G$O$" $j $^$;$s!%$7$+$7!$ � ;D :9 %N %k %‘ k r k 2 $r 7W ;; $9 $k $3 $H $K $h$C $F O" N) 1 <! J} Dx <0 $N ?t CM 2r $N 8m :9 $r $" $k Dx EY 8+ @Q$b$k$3$H$,$G$-$k � A $N FC 0[ @- ( � min $, Nm $K 6a $$ >l 9g!$ FC 0[ @- $, 9b $$ $H H= CG $G $- $^ $9 ) $r D4 $Y $k $3 $H $, $G $- $k $J$I$NMxE@$,$"$j$^$9!% 5 0lHL$N m � n 9TNs$G$b2DG=$G$9!% 6 x � ^ x = A � 1 r $H$7$F A $NFC0[CMJ,2r$rMQ$$$^$9!% 7 8m:9I>2A<0$r:G>.FC0[CM$G3g$j=P$7$F C 1 $ND>8r@-$rMQ$$$^$9!% 13

4.4.3 5UH?I|K! :G>.FC0[ CM$N7W;; $OBP>N9T Ns$N:G>. 8GM-CM$N 7W;;$K$h $/;H$o$l $k5UH?I| K!$N%"%k %4%j%:%‘ $r :NMQ$7$^$7$?!% 5UH?I|K!$K$h$k:G>.FC0[CM7W;; set an initial guess x suc h that k x k 2 = 1 rep eat solv e A y = x solv e A T z = y � = z = k z k 2 if k � � x k 1 = k � k 1 � " = 1 = q k z k 2 and quit end if x = � end %"%k %4 %j%: %‘ Cf $N k � k 1 $O :G BgCM %N %k%‘ ( MW AG $N@d BP CM:G Bg ) $G $9!% B>$N %N %k%‘ $r :NMQ $9 $k $3$H$b2DG=$G$9!% " > 0 $O5UH?I|K!$N<}B+H=Dj$r9T$J$&%Q%i%a!<%?$G$9!% LINEAR SOLVE $G$O %*%W %7%g %s DELTA $G JQ 99 $9 $k $3 $H $, $G $- $^ $9!% 5U H? I| K! $N :G Bg H? I| 2s ?t $O 100 2s $G $9!% $3 $l 0J>e $N H? I| $r 9T $J $$ $? $$ >l 9g $O!$ %=!< %9 %W %m %0 %i %‘ $N @0 ?t 7? JQ ?t KMAX $N CM $r JQ 99 $7 $F $/ $@ $5 $$!% 5 @-G=I>2A $3$3$G$O GECP $N<B9T@-G=$K$D$$$FJs9p$7$^$9!% 5.1 @55,2=!&%T%\%C%F%#%s%0$N@:EYHf3S GECP $H @5 5, 2= $* $h $S %T %\%C %F%# %s %0 $r 9T $J $o $J $$ $^ $? $O 0l It $7 $+ 9T $J $o $J $$ >l 9g $H $N 7W ;;@:EY$rHf3S$7$^$7$?!%Hf3S$KMQ$$$?<jK!$O0J2<$NI=$NDL$j$G$9!% \|" $O@55,2=$^$?$O%T%\%C %F%# %s %0 $r 9T $J $o $J $+$C $? >l 9g $r!$ A $K 9T Ns $N :n MQ $, $" $k $b $N $O BP 1~ $9 $k A‘ :n $r 9T $J$C $? $3 $H$r$=$l$>$l0UL#$7$^$9!% <jK! @55,2= %T%\%C%F%#%s%0 GECP01 | | GECP02 A � W | GECP03 V � A | GECP04 V � A � W | GECP05 | P � A GECP06 A � W P � A GECP07 V � A P � A GECP08 V � A � W P � A GECP09 | P � A � Q GECP10 A � W P � A � Q GECP11 V � A P � A � Q GECP V � A � W P � A � Q 14

5.1.1 D>8r9TNs n = 1000 $H$7$F!$ A , b $r A ij = q 2 = ( n + 1) sin( ij � ) = ( n + 1) ; b i = n X j =1 A ij (1) $G:n @. $7 $^ $7 $?!% 2r $O b :n @. ;~ $N 4] $a 8m :9 $r L5 ;k $9 $l $P b = 1 $K $J $j $^ $9!% @: EY $N Hf 3S $O 7W ;;7k2L x $KBP$9$k:GBgCM%N%k%‘$N8m:9 : k x � 1 k 1 = k x � 1 k 1 = k 1 k 1 (2) $GM?$($F$$$^$9!%?t;z$O:G8e$NI=<(7e$r@Z<N$F$F$$$^$9!% 7W ;;$O HF MQ UNIX %5!< %P GP7000F $G 9T $J $$ $^$7 $?!% \SSL I I" $O IY ;N DL Ds 6! $N %5%V %k!< %A %s%i%$%V%i%j SSL I I [7] $N VLAX( C1@:EY ) $*$h$S D VLAX( G\@:EY ) $rMQ$$$^$7$?!% SSL I I $O 4 G\@:EY$,L$%5%]!<%H$N$?$a 4 G\@:EYItJ,$O \|" $GI=<($7$F$$$^$9!% <jK! C1@:EY G\@:EY 4 G\@:EY GECP01 � � 1 : 31 � 10 8 GECP02 � 4 : 31 � 10 9 1 : 46 � 10 9 GECP03 � 6 : 85 � 10 7 4 : 51 � 10 7 GECP04 27 : 4 4 : 08 � 10 7 6 : 22 � 10 7 GECP05 1 : 80 � 10 � 5 2 : 69 � 10 � 14 2 : 73 � 10 � 32 GECP06 3 : 07 � 10 � 5 4 : 80 � 10 � 14 2 : 88 � 10 � 32 GECP07 2 : 42 � 10 � 5 3 : 74 � 10 � 14 2 : 99 � 10 � 32 GECP08 1 : 04 � 10 � 4 1 : 35 � 10 � 12 1 : 49 � 10 � 30 GECP09 5 : 43 � 10 � 5 1 : 19 � 10 � 13 6 : 80 � 10 � 32 GECP10 3 : 50 � 10 � 5 5 : 75 � 10 � 14 4 : 33 � 10 � 32 GECP11 3 : 45 � 10 � 5 6 : 03 � 10 � 14 4 : 68 � 10 � 32 GECP 5 : 35 � 10 � 5 5 : 06 � 10 � 14 3 : 94 � 10 � 32 SSL I I 1 : 45 � 10 � 5 3 : 13 � 10 � 14 | I=Cf$N \ � " $O!$>C5n$N2aDx$G%T%\%C%H$,?tCME*$K%<%m$HH=Dj$5$l$F=hM}$,BG$A@Z$i$l$?$3$H $r0UL#$7$^$9!%$3$l $i$N7k 2L$+$i0l HL$N9TNs $KBP$7$F $O%T%\%C%H A*Br$,IT 2D7g$G$" $k$3$H$, $o $+$j$^$9!% 5.1.2 0lMMMp?t n = 100 $H $7 $F!$ [ � 1 ; 1] $N 0l MM Mp ?t $r @8 @. $9 $k AH 9~ $_ 4X ?t RANDOM_NUMBER $K $h $j 9T Ns A $r:n @. $7 $^ $7 $?!$ 1& JU $O (1) <0 $G!$ 8m :9 $O (2) <0 $G I> 2A $7 $^ $9!% O" N) 1 <! J} Dx <0 $N 8m :9 $O 100 2sJ,$NJ?6Q$r<h$C$F$$$^$9!% 15

<jK! C1@:EY G\@:EY 4 G\@:EY GECP01 1 : 92 � 10 � 2 5 : 16 � 10 � 11 1 : 44 � 10 � 29 GECP02 1 : 67 � 10 � 2 4 : 14 � 10 � 11 9 : 56 � 10 � 30 GECP03 7 : 18 � 10 � 3 5 : 42 � 10 � 11 9 : 49 � 10 � 30 GECP04 8 : 86 � 10 � 3 1 : 00 � 10 � 10 1 : 14 � 10 � 29 GECP05 6 : 66 � 10 � 5 1 : 49 � 10 � 13 9 : 02 � 10 � 32 GECP06 6 : 72 � 10 � 5 7 : 39 � 10 � 13 8 : 69 � 10 � 32 GECP07 5 : 59 � 10 � 5 7 : 63 � 10 � 13 1 : 04 � 10 � 31 GECP08 7 : 03 � 10 � 5 7 : 09 � 10 � 13 8 : 83 � 10 � 32 GECP09 4 : 40 � 10 � 5 5 : 69 � 10 � 13 7 : 83 � 10 � 32 GECP10 5 : 60 � 10 � 5 2 : 52 � 10 � 13 5 : 78 � 10 � 32 GECP11 4 : 71 � 10 � 5 3 : 43 � 10 � 13 6 : 25 � 10 � 32 GECP 3 : 88 � 10 � 5 9 : 32 � 10 � 13 8 : 11 � 10 � 32 SSL I I 5 : 98 � 10 � 5 2 : 11 � 10 � 12 | $3$N>l9g$b%T%\%C%HA*Br$r9T$J$o$J$$>l9g$K$O@:EY$,0-$/$J$k$3$H$,$o$+$j$^$9!% 5.1.3 F oster $N9TNs :G8e$K F oster $5 $s$, 1994 G/$K Js9p$7 $?!$@QJ, J}Dx<0 $N:9J, 6a;w $+$iF3 $+$l$k O"N) 1 <!J} Dx <0$KBP$7$FItJ,%T%\%C%HA*Br$,<:GT$9$kNc [1] $G<B83$7$^$7$?!% n = 500 $G$9!% <jK! C1@:EY G\@:EY 4 G\@:EY GECP01 2 : 17 � 10 6 5 : 23 5 : 55 � 10 � 18 GECP02 1 : 11 � 10 9 3 : 06 4 : 24 � 10 � 18 GECP03 1 : 11 � 10 9 3 : 07 1 : 93 � 10 � 18 GECP04 5 : 44 � 10 5 1 : 00 2 : 32 � 10 � 18 GECP05 2 : 17 � 10 6 5 : 23 5 : 55 � 10 � 18 GECP06 1 : 11 � 10 9 3 : 06 4 : 24 � 10 � 18 GECP07 1 : 11 � 10 9 3 : 07 1 : 93 � 10 � 18 GECP08 3 : 39 � 10 � 6 8 : 32 � 10 � 15 6 : 74 � 10 � 33 GECP09 3 : 33 � 10 � 6 3 : 44 � 10 � 15 3 : 65 � 10 � 33 GECP10 4 : 05 � 10 � 6 4 : 44 � 10 � 15 4 : 81 � 10 � 33 GECP11 3 : 57 � 10 � 6 6 : 21 � 10 � 15 6 : 74 � 10 � 33 GECP 2 : 98 � 10 � 6 6 : 21 � 10 � 15 5 : 20 � 10 � 33 SSL I I 2 : 14 � 10 9 5 : 00 | %T%\%C%H A*Br$r9T $J$o$J $$>l9g!$$* $h$SIt J,%T%\%C%H A*Br$N >l9g$O!$C1 @:EY!&G\ @:EY$G$O $[ $H$s$I0UL#$N$J$$2r$r =PNO$7$F$$ $^$9!% 4 G\@:EY$G $b6KC<$K@: EY$,Mn$A$F $$$^$9!%$?$@ $7ItJ, %T%\%C %H A* Br $G $b!$ $" $i $+ $8 $a V $r :8 $+ $i W $r 1& $+ $i :n MQ $5 $; $k @5 5, 2= $r 9T $J$C $? >l 9g $K $O GECP $H F1 Ey $N @: EY $, F@ $i $l $F $$ $^ $9!% $3 $N Nc $K $h$C $F @5 5, 2= $N =E MW @- $, $* J, $+ $j $K $J $k $+$H;W$$$^$9!% 16

5.2 3F%9%F%C%WKh$N<B9T;~4V GECP $N 3F =h M} Kh $N CPU ;~ 4V $r B, Dj $7 $F $_ $^ $7 $?!% 7W ;; 5! $O FUJITSU VPP5000/64 $N 1PE !$9TNs A $H%Y%/%H %k b $O RANDOM NUMBER $G@8 @.$7$^$7 $?!% 2002 G/ 6 7n 6 F| $NB,Dj!$K] Lu;~%*%W%7%g%s$O -Kfast !$@:EY$OG\@:EY$G$9!%Hf3S$N$?$a SSL I I [6] $N%5%V%k!<%A%s DASVD1 $K$h$k A $NFC0[CMJ,2r$N;~4V$b<($7$^$9!% <!?t 2500 � 2500 5000 � 5000 J}Dx<0$N@55,2= 0.05 IC (0.72%) 0.37 IC (0.69%) L$CN?t$N@55,2= 0.01 IC (0.14%) 0.03 IC (0.05%) LU J,2r 6.82 IC (98.69%) 52.54 IC (98.96%) A x = b $r2r$/ 0.02 IC (0.28%) 0.13 IC (0.24%) A T x = b $r2r$/ 0.01 IC (0.14%) 0.02 IC (0.03%) FC0[CMJ,2r 25.04 IC 448.87 IC $3$N7k 2L$+$i GECP $N<B 9T;~4V $N$[$H$s $I$O LU J,2r $K=8Cf $9$k$3$H!$ 5U$K LU J,2r$, =* N;$7$?9TNs$r;}$C$F$$$l$P!$$o$:$+$J;~4V$G2r$,5a$^$k$3$H$,$o$+$j$^$9!% 5.3 %$%s%?!<%U%’%$%9$N%*!<%P!<%X%C%I AH9~$_4X?tE*$JMxMQ$N$G$-$k%$%s%?!<%U%’%$%9 LINEAR SOLVE $O!$FbIt$G:n6HMQ$N9TNs$rF0 E*$K3d$jEv$F!$ G[Ns$N %3%T!<$J$I $r9T$J$C $F$$$^ $9!%$3$N ItJ,$N %*!<%P!<%X%C%I $,!$%5%V %k!< %A%s%i%$%V%i%j$r$=$N$^$^MxMQ$9$k>l9g$HHf3S$7$F$I$l$/$i$$$+$+$k$N$+$rB,Dj$7$^$7$?!% 7W;;5!$OHFMQ UNIX %5!<%P GP7000F/900, %9%+%i!<JBNs%5!<%P GS320, %9!<%Q!<%3%s%T%e!< %? VPP5000/64 $G$9!%C10L$OIC , B,DjF|$O 2002 G/ 6 7n 11 F|$G$9!%9TNs$O 5.1.1 @a$ND>8r9TNs $rMQ$$$^$7$?!% n = 2000 $G$9!%K]Lu;~%*%W%7%g%s$O GP7000F/900, VPP5000/64 $, -Kfast !$ GS320 $, -fast $G$9!% 7? <jK! GP7000F/900 GS320 VPP5000/64 C1@:EY LINEAR SOLVE 105.02 90.54 3.34 DECP S 104.93 90.42 3.34 G\@:EY LINEAR SOLVE 237.00 158.20 3.48 DECP D 234.47 158.01 3.50 4 G\@:EY LINEAR SOLVE 3550.83 631.53 183.92 DECP Q 3545.20 630.71 183.83 $3$N7k2L$+$i LINEAR SOLVE $rMQ$$$k>l9g$N%*!<%P%X%C%I$OL5;k$G$-$k$3$H$,$o$+$j$^$9!% $b$A $m $s!$ 0l EY LU J, 2r $7 $? 9T Ns $r :F Mx MQ $9 $k >l 9g $d >. $5 $J <! 85 $N J} Dx <0 $r 2? 2s $b 7+ $j JV $7 $F2r$/>l9g$J$I$K$O!$3F%5%V%k!<%A%s$r8DJL$KMQ$$$kJ}$,8zN($,$h$$$3$H$,$"$j$^$9!% 5.4 B.EYHf3S :G8e$K!$ B>$N%5%V %k!<%A%s%i %$%V%i %j$H$NB. EYHf3S $N%G!<%?$r >R2p$7$^ $9!%Hf3S $KMQ$$$? %5 %V%k!<%A%s$O<!$NDL$j$G$9!% 17

C1@:EY G\@:EY 4 G\@:EY ;29MJ88% SSL I I VLAX DVLAX | [7] NUMP A C LEQLUS LEQLUD LEQLUQ [4] LAP A CK SGESV DGESV | [5] A , b $O RANDOM NUMBER $G@8 @.$7!$<!?t n = 1000, n = 2000 $K BP$7$F?tCM 2r$,F@$i$l $k$^ $G$N CPU ;~4V $r F ortran AH 9~ $_ %5%V %k!< %A %s CPU TIME $G B,Dj $7 $^ $7 $?!% K]Lu ;~ %* %W %7%g %s $O -Kfast !$ 2002 G/ 6 7n 12 F|$KB,Dj$7$^$7$?!%I=Cf$NC10L$OIC$G$9!% NUMP A C, LAP A CK $NMs$N?tCM$O!$%=!<%9%W%m%0%i%‘$rK]Lu$7$FF@$i$l$?B,DjCM!$ \built- in" $O!$%a!<%+!<Ds6!$N%i%$%V%i%j$rMxMQ$7$?$b$N$G$9!% <jK! C1@:EY G\@:EY 4 G\@:EY GECP 8.22 11.34 423.22 SSL I I 1.27 1.67 | NUMP A C 20.52 59.28 441.56 [built-in] 20.25 58.23 438.16 LAP A CK 3.11 4.34 | [built-in] 1.24 1.64 | <jK! C1@:EY G\@:EY 4 G\@:EY GECP 104.54 235.65 3521.06 SSL I I 9.75 13.34 | NUMP A C 541.63 670.67 3837.23 [built-in] 542.11 662.55 3811.85 LAP A CK 26.47 36.52 | [built-in] 9.68 13.06 | GP7000F/900 ( <!?t 1000) GP7000F/900 ( <!?t 2000) <jK! C1@:EY G\@:EY 4 G\@:EY GECP 0.55 0.56 23.44 SSL I I 0.07 0.10 | NUMP A C 1.18 1.48 45.15 [built-in] 7.45 15.33 507.25 LAP A CK 0.48 0.50 | [built-in] 0.09 0.11 | <jK! C1@:EY G\@:EY 4 G\@:EY GECP 3.34 3.42 184.94 SSL I I 0.64 0.70 | NUMP A C 10.47 17.18 345.22 [built-in] 69.87 141.46 4023.06 LAP A CK 2.22 2.25 | [built-in] 0.74 0.85 | VPP5000/64 ( <!?t 1000) VPP5000/64 ( <!?t 2000) GECP $O$5$9$,$K7W;;5!$K$"$o$;$F:GE,2=$5$l$?%i%$%V%i%j$K$OB.EY$NLL$G$ONt$k$b$N$N!$ FC$K VPP5000/64 $N%=!<%9%l%Y%k$G$O NUMP A C $d LAP A CK $HB=?’$J$$7k2L$H$J$C$F$$$^ $9!% 6 $*$o$j$K GECP $NM-8z$JMxMQJ}K!$H$7$F$O!$ � $I$N7W;;5!$G$bF0:n$9$k4JJX$J%$%s%?!<%U%’!<%9$r;}$D%=%k%P!<$H$7$FMQ$$$k � 4 G\@:EY7?$d?tCME*$J0BDj@-$r=E;k$7$?$$>l9g$KMxMQ$9$k � B>$NO"N) 1 <!J}Dx<0%=%k%P!<$H$N@-G=Hf3S$K;HMQ$9$k $J$I$,9M$($i$l$^$9!% $b$A$m$s!$ %W%m%0 %i%‘$N%G %P%C%0$,40 N;$7$?;~ E@$G$=$N 7W;;5! $K1~$8$F :GE,2=$5 $l$?%i%$ %V %i%j$,$"$j!$7W;; @:EY$bLd Bj$J$$>l 9g$K$O!$@Q 6KE*$K$= $l$i$N %5%V%k!<%A %s$H:9$7 BX$($k$3 $H $b!$@-G=8~>e$N4QE@$+$i$OBg@Z$J$3$H$G$9!% 18

;29MJ88% [1] F oster, Leslie V.: Gaussian Elimination with P artial Piv oting Can F ail in Practice, SIAM Journal on Matrix A nalysis and Applic ations , V ol.15, No.4, pp.1354{1362 (1994). [2] 0KM} @5IW : @~7ABe?t I I, 4dGH9V:B 1~MQ?t3X [ 4pAC 1], 4dGH=qE9 , 1994. [3] EOIt A1N4 : O"N) 1 <!J}Dx <0$N4pACCN<1!A $*$h$S Gauss $N>C5nK!$N0B Dj@-$K$D$$$F!A , 6e=# Bg3XBg7?7W;;5!%;%s%?!<9-Js , V ol.28, No.4 (1995), pp.291{349. http://www.cc.kyushu-u.ac.jp/RD/watanabe/RESERCH/MANUSCRIPT/KOHO/GEPP/intro.html [4] NUMP A C MxMQ<j0z=q , IY;NDL3t<02q<R , 1994 !% http://netnumpac.fuis.fukui-u.ac.jp/ [5] BLAS, LAP A CK, ScaLAP A CK ;HMQ<j 0z=q , IY;N DL3t<0 2q<R , 1999. (PDF 7A<0 ; 33 %Z!< %8 ; 133KB) http://www.netlib.org/lapack/ [6] IY;NDL SSL I I ;HMQ<j0z=q ( 2J3XMQ%5%V%k!<%A%s%i%$%V%i%j ), IY;NDL3t<02q<R , 99SP-4020, 1987. [7] FUJITSU SSL I I 3HD%5!G=;HMQ<j0z=q ( 2J3XMQ%5%V%k!<%A%s%i%$%V%i%j ), IY;NDL3t<02q<R , 99SP-4070, 1991 !% 19