SSL I I $N F ortran 90 %$%s%?!<%U%’%$%9$N3+H/ EOIt A1N4 ( 6e=#Bg3XBg7?7W;;5!%;%s%?!< ) F ortran 90 $+ $i ?7 $? $K F3 F~ $5 $l $? 5! G= $r MQ $$!$ O" N) 1 <! J} Dx <0 $N 2r!& 8G M- CM!& F ourier 78 ?t $J $I $r AH 9~ $_ 4X ?t $H F1 MM $N <j 7Z $5 $G 5a $a $k $3 $H $N $G $- $k 4X ?t I{ %W %m %0 %i %‘ $r :n @. $7!$ %9!< %Q!< %3 %s %T%e!< %? VPP700/56 >e$G8x3+$7$?!%4X?tI{%W%m%0%i%‘$OFbIt$G?tCM7W;;%5%V%k!<%A%s%i%$%V%i%j SSL I I $r8F$S=P $9 $? $a!$@: EY!& B.EY $H $b $K== J, $J@- G= $,F@ $i $l $k$3 $H $,4| BT $5$l $k!% MxMQ <T $O %=!<%9 %W %m%0 %i %‘$r %3 %T!< $7!$ L\ E* $K 1~ $8 $F =$ @5 $9 $k $3 $H $, $G $- $k!% $^ $?!$ SSL I I 0J 30 $N %5 %V %k!< %A %s %i %$ %V %i %j $X $N :9 $7 BX $(!$ 6&B8$b2DG=$G$"$j!$B>$N7W;;5!%7%9%F%‘$X$N0\?"$N?w7?$H$7$F$bMxMQ$G$-$k!% K\ 9F $G $O SSL I I $N F ortran 90 %$ %s %?!< %U%’ %$ %9 $N 35 MW $H $3 $l $^ $G $K :n @. $7 $? 4X ?t I{ %W %m %0 %i %‘ $r >R 2p$7!$%$%s%?!<%U%’%$%9ItJ,$KMW$9$k%*!<%P!<%X%C%I$N<BB,CM$r<($9!% 1 F ortran 90 $H SSL I I 1.1 F ortran 90 F ortran(F orm ula T ranslation) $O 1950 G/ Be $K John. W. Bac kus $i $K $h$C $F 3+ H/ $5 $l $? %W %m %0 %i %‘ 8@ 8l $G $" $j!$2J3X5;=Q7W;;$K$*$$$F8=:_9-$/;H$o$l$F$$$k!% 1991 G/$K ISO( 9q:]I8=‘2=5,3J ) $N9q:]5,3J$H$7$F@)Dj$5$l$? F ortran 90 $G $O!$ $= $l $^ $G $N F OR TRAN 77 5, 3J $r 40 A4$KJq4^$7$J$,$i!$B>$N%W%m%0%i%‘8@8l (C, C++, P as- cal $J$I ) $G$N7P83$K$b$H$E$$$?5!G=$rB??t:N$jF~$l$F$$ $k!%DI2C$5$l $?$* $b$J?7 5!G= $O!$G[Ns 1i;;!& MxMQ <T%G!< %?7?Dj5A!&%]%$%s%?!&F0E*5-213dIU$1$J$I$G$"$k ([3]) !% F|K\$G$O 1994 G/ 1 7n 1 F| $K JIS( F| K\9) 6H5, 3J )F ortran 90([1]) $, @) Dj $5 $l $?!% 8= :_ $N JIS F ortran 5, 3J $O 1998 G/ 10 7n 20 F|IU$1$G@)Dj$5$l$? F ortran 95([2]) $G$"$k!% 6e =# Bg 3X Bg 7? 7W ;; 5! %; %s %?!< $G $O 1999 G/ 8 7n 8= :_!$ %9!< %Q!< %3 %s %T%e!< %? VPP700/56 !$ HF MQ %3 %s %T%e!< %? M-1800/20U !$%i%$%V%i%j%5!<%P!< S-4/1000E >e$G F or- tran 90 $, Mx MQ $G $- $k!% $^ $?!$ <! 4| HF MQ %3 %s %T%e!< %? %7 %9%F%‘$G$O F ortran 95 $N8x3+$rM=Dj$7$F$$$k!% 1.2 SSL I I SSL I I(Scien ti�c Subroutine Libraly I I) $OIY ;NDL3t <02q<RDs6!$N ?tCM 7W;;%i %$%V%i %j$G$" $j!$@~ 7AJ}Dx <0$d HyJ,J}Dx<0$J$I$NLdBj$r2r$/Ls 230 <oN‘$N%5%V%k!<%A%s $+$i9=@.$5$l$k ([4], [5], [6], [7]) !%3F%5%V%k!<%A%s$O F or- tran $G 5- =R $5 $l $F $* $j!$ Mx MQ <T %W %m %0 %i %‘ $+ $i CALL J8 $G;HMQ$9$k!% N.BN NO3X!&9= B$2r @O!&J,;R 2=3X!& 3KM; 9g$J $I$NJ,Ln$G9T$J$o$l $kBg5,LO ?tCM7W;; $G$O!$O"N) 1 <!J} Dx<0!&8G M- CM 7W ;;!& F ourier JQ 49 $J$I $N 7W ;; $K MW$9 $k %3 %9%H$,%W%m%0 %i%‘ A4BN$N $+$J$j $NItJ, $r@j $a$k$? $a!$$3 $l$i $N It J, $r SSL I I $r MQ $$ $F 9b B. 2= $9 $k $3 $H $K $h $j 3J CJ$N@-G=8~>e$,4|BT$G$-$k!% SSL I I $N Ld Bj E@ $H $7 $F!$ %=!< %9 %W %m %0 %i %‘ $, Hs 8x 3+ $G $"$k$3 $H$HJB $S!$Mx MQ$K$* $1$k !VI_5o!W$N 9b$5 $r5s$2 $k$3 $H$,$G $-$k!% SSL I I $O F OR TRAN 77 %W%m%0%i %‘ $+$i $NMx MQ$rA[ Dj$7$F @_7W$5 $l$F $$$k!%$= $N$?$a MxMQ<T $O 9TNs$N @09g@# K!!&<! ?t!&<}B+ H=Dj %Q%i%a!< %?$J $I$NB? $/$N0z?t$r%5%V%k!<%A%s$KM?$($J$1$l$P$J$i$J$$!%$^$?!$ I,MW $K1~ $8$F%5 %V%k!<%A %s$KEO $9:n 6HNN0h $r<+?H $G$"$i $+$8$a3NJ]$9$k$3$H$bMW5a$5$l$k!%$?$H$($P<B9TNs A , %Y %/%H %k b $KBP$9$kO" N) 1 <!J}Dx<0 Ax = b $N2r x $N ?tCM 2r$r SSL I I $N%5%V %k!<%A%s DVLAX ([5]) $rMQ $$$FG\@:EY $G5a$a$k>l9g!$8F$S=P$7Nc$O CALL DVLAX(A,K,N,B,EPSZ,ISW,IS,VW,IP,ICON) $H$J $k!%MxMQ <T$O9T Ns A !$%Y%/%H %k b $NB>$K $b:n6HMQ G[ Ns IP , VW $r 3NJ] $7$? $j!$%Q %i%a!< %? EPSZ , ISW $K E, Ev $J CM $r @_ Dj $7 $? $N $A 10 8D $N 0z ?t $r 4V 0c $$ $J $/ =g HV $K F~NO$9$kI,MW$,$"$k!% 0l J}!$ Mathematic a , Maple V, MA TLAB $J $I$N E} 9g?t 3X%=%U%H%&%’ %"$K$O:G Dc8B$N0z ?t$GO"N) 1 <!J} Dx<0 $N 2r$r5a $a$k4X ?t$, %5%]!<%H $5$l$F $$$k!% $?$H$( $PO"N) 1 <! J} Dx<0 Ax = b $N ?tCM 2r $O Mathematic a ([10]) $N AH $_ 9~$_ %* %V%8%’ %/ %H LinearSolve $rMQ $$ $k$H 0J 2<$N 5- =R$G5a$a$k$3$H$,$G$-$k!% x=LinearSolve(A,b) 6aG/!$@~ 7A7W;;%i%$%V%i %j LAP A CK([8]) $N%$ %s%?!< %U%’ %$ %9 $r 2~ NI $7 $? LAP A CK 90([9]) $, 8x 3+ $5 $l $?!% LAP A CK 90 $O CALL J8$GMxMQ$9$k%5%V%k!<%A%s72$G$" $j!$ F ortran 90 $N ?7 5! G= $r MQ $$ $F 0z ?t $r 8: $i $9 $3 $H $K @.8y$7 $F$$$k!%$=$3$G!$ LAP A CK 0J>e$NK-IY $J5!G=$r M-$9$k SSL I I $KBP$7$F$b Mathematic a $J$I$NAH$_9~$_ %*%V %8%’%/ %H$HF1 $8$/4J C1$KMx MQ$G $-$k4X ?tI{%W %m%0%i %‘ $r Ds 6! $7!$ SSL I I $N Mx MQ $K $* $1 $k !VI_ 5o!W $r Dc $/ $9 1

$k$3$H$rL\E*$H$7$F:#2s$N3+H/$r9T$J$C$?!% 2 F ortran 90 $N?75!G= $3$3$G$O!$ SSL I I $N F ortran 90 %$%s%?%U%’!<%9$KMx MQ$7$? F ortran 90 $N5!G=$r4JC1$K>R2p$9$k!% 2.1 G[Ns4X?t F ortran 90 $N?75!G=$H$7$F!$4J7i$J5-K!$rMQ$$$FG[Ns $rA‘:n$9$k $?$a$N AH9~$_ 4X?t $,B??t Hw$o$C$?!% $*$b $J4X ?t$rI= 1 $K5s$2$k!% I= 1: G[Ns$K4X$9$kAH9~$_4X?t 4X?tL> 5!G= MATMUL 9TNs@Q DOT_PRODUCT %Y%/%H%k$NFb@Q TRANSPOSE 9TNs$NE>CV MAXVAL G[NsMWAG$N:GBgCM$r5a$a$k MINVAL G[NsMWAG$N:G>.CM$r5a$a$k PRODUCT A4G[NsMWAG$N@Q SUM A4G[NsMWAG$NOB SIZE G[NsMWAG$NAm?t$r5a$a$k VPP700/56 $G B, Dj $7 $? MATMUL , DOT_PRODUCT $N =h M}@-G=$O [11] $r;2>H$5$l$?$$!% 2.2 F0E*G[Ns3d$jEv$F %W%m%0%i%‘$N <B9T Cf$KG[ Ns$NBg $-$5$r 7h$a$k F0E* G[Ns 3d$jEv $F5! G= $,$" $k!% G[ Ns$O ALLOCATABLE B0 @- $r;H$C $F@k8@$7!$ ALLOCATE J8$K$h$jG[Ns$NBg$-$5$r7hDj$9$k!% ITMW$K$J$C$?G[Ns$O DEALLOCATE J8$K$h$C$F2rJ|$9$k!% $3$N 5! G= $r MQ $$ $k $3 $H $K $h $j!$ SSL I I $G MQ $$ $k :n 6H MQ G[Ns$rMxMQ<T $,<+?H $G@k8@ $9$k<j 4V$r $J$/$9 $3$H$, $G$- $k!%0J 2< $O!$ F0 E* G[ Ns vw , ip $r @k 8@ $7!$ 2? $i $+ $N J} K! $G7hDj$5$l$? n $K$h$C$FG[Ns$NBg$-$5$r3d$jEv$F!$ SSL I I $N %5 %V %k!< %A %s DLAXR $K :n 6H MQ G[ Ns $H $7 $F EO $9 %W %m %0%i%‘Nc$G$"$k!% real(kind=8),dimension(:),allocatable :: vw integer(kind=4),dimension(:),allocatable :: ip : ! ",G[Ns$N@k8@ allocate(vw(n),ip(n)) ! Bg$-$5$N7hDj : call DLAXR(x,A,k1,n,Z,b,ip,vw ,icon) ! :n6HMQG[Ns : deallocate(vw,ip) ! G[Ns$N2rJ| 2.3 >JN,2DG=0z?t 0z?t$,>JN,2DG=$G$"$k$b$N$r OPTIONAL B0@-$K$h$C$F @k8@$9$k$3$H$G!$ SSL I I $K>JN,CM$rEO$9$3$H$,$G$-$k!% MxMQ<T$O<+?H $G%Q %i%a!<%? $^$?$O <jK!$r A*Br $9$kI, MW$N $"$k>l9g$K $N$_0z ?t$r ;XDj$9 $l$P $h$$!%$= $N>l 9g!$%-!< %o!< %I$rMQ $$$?0z ?t$r =q$/$3 $H$,$G $-$k!% MxMQ<T $,0z?t $r ;X Dj $7 $? $+ $I $& $+ $N H= CG $O AH 9~ $_ 4X ?t PRESENT $G CN $k$3$H$,$G$-$k!% function linear_solve_s(A,b,eps,refine ) result(x) : real(kind=4),intent(in),optional :: eps character(len=1),intent(in),optional :: refine real(kind=4) :: epsz=0.0 : if(present(eps)) epsz=eps : if(present(refine).and.refine==’Y’ ) then call LAXR(x,A,k1,n,Z,b,ip,vw,icon) end if $3 $NNc$G $O!$4X ?t linear_solve_s $N 0z?t eps $*$h $S refine $O>JN,2D G=$G$"$k!%MxMQ <T$,0z?t$r;X Dj$9$k >l9g$K$O%-!<%o!<%I0z?t$H$7$F x=linear_solve_s(A,b,eps=1.0E-5) x=linear_solve_s(A,b,refine=’Y’) x=linear_solve_s(A,b,refine=’Y’,eps=1.0E-2) $J$I$H;XDj$9$k!% 2.4 Am>NL> AH9~$_<jB3$-$N?t3X4X?t$H$7$FMxMQ$G$-$k ABS , MATMUL $J$I $O0z ?t$N7? $d@:EY $K$h$i $:F10l $NL>A0 $G5-=R $9$k$3 $H$,$G$-$k!%MxMQ<T:n@.$N<jB3$-$KBP$7$F$b!$ INTERFACE J8$r MQ$$ $k$3$H $K$h$j J#?t$N 4X?t$r F1$8Am >NL>$H $7$F8F $S=P$;$k$h$&$K$G$-$k!% interface eigenvalues ! Am>NL>$N;XDj function eigenvalues_s(A) result(x) real(kind=4),dimension(:,:),intent(in) :: A complex(kind=4),dimension(size(A,2)) :: x end function eigenvalues_s function eigenvalues_d(A) result(x) real(kind=8),dimension(:,:),intent(in) :: A complex(kind=8),dimension(size(A,2)) :: x end function eigenvalues_d function eigenvalues_sc(A) result(x) complex(kind=4),dimension(:,:),intent(in):: A complex(kind=4),dimension(size(A,2)) :: x end function eigenvalues_sc function eigenvalues_dc(A) result(x) complex(kind=8),dimension(:,:),intent(in):: A complex(kind=8),dimension(size(A,2)) :: x end function eigenvalues_dc end interface >e $N Nc$G $O!$ Am>N L> EIGENVALUES $K$h $j!$ C1@: EY <B ?t 7?!&G\@: EY<B?t 7?!&C1 @:EYJ# AG?t 7?!&G\@: EYJ# AG?t7? $N4X ?t$r 7?$H@: EY$K1~ $8$F$= $l$>$l 8F$S=P $;$k$h $&$K;X Dj $7$F$$ $k!%8DJL $N4X ?tI{%W %m%0%i %‘It J,$K$O!$ 0z?t$H 7k2L$N@k8@$r5-=R$9$k!% 2

2.5 %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$F5-=R$9$k$3$H$K$h$j!$ B>$N%W%m%0%i%‘C10L$+$i;2>H$9$k$3$H$,$G$-$k!% module SSL2_90 interface linear_solve ! Am>NL>$N;XDj : ! ( O"N) 1 <!J}Dx<0 ) end interface : interface inverse ! Am>NL>$N;XDj : ! ( 5U9TNs ) end interface end module SSL2_90 %b%8%e!<%k$K5- =R$7$? 4X?t I{%W%m %0%i %‘$rMx MQ$9 $k$K $O!$ USE J8$rMQ$$$k!% 3 4X?tI{%W%m%0%i%‘$N35MW $3$3$G$O!$ SSL I I $N F ortran 90 %$%s%?!<%U%’%$%9$H $7$F:n@.$7$? 4X?t I{%W%m %0%i%‘ $r>R2p $9$k!% @:EY$O C1@: EY!&G\@:EY$,MxMQ$G$-$k!%I= 2 $K5!G=$N0lMw$r5s$2$k!% I= 2: 5!G=0lMw 4X?tL> 5!G= LINEAR_SOLVE O"N) 1 <!J}Dx<0$N2r INVERSE 5U9TNs LEAST_SQUARES :G>.Fs>h2r!$:G>.Fs>h:G>.%N%k%‘2r MATRIX_POWER 9TNs$N>h;; DET 9TNs<0 EIGENVALUES 8GM-CM FOURIER F ourier JQ49!$ F ourier 5UJQ49 INTEGRATE 1 <!85<B4X?t$N?tCM@QJ, !| LINEAR SOLVE =q<0 LINEAR_SOLVE(A,B[,EPS= eps ][,REFINE=’Y’]) 5!G= O"N) 1 <!J} Dx<0 Ax = b $r ItJ,%T %\%C%H A*BrK! $K$h $k Gauss $N>C5nK!$G2r$/!% 0z?t A . . . 9T Ns A !% <B ?t 7? $^ $? $O J# AG ?t 7? 2 <! 85 G[ Ns!% 9T $* $h$SNs$NBg$-$5$, B $NBg$-$50J>e$G$"$k$3$H!% B . . . %Y %/ %H%k b !% <B ?t 7? $^ $? $O J# AG ?t 7? 1 <! 85 G[Ns!% B $NBg$-$5$,J}Dx<0$N<!?t$H$J$k!% EPS= eps . . . 9TNs$NHs@5B’@-H=DjDj?t!%A*Br$5$l$?%T%\%C %H$N @dBPCM$H A $N MWAG$N@d BPCM:GBg$H $NAjBPHf $, eps 0J2<$K$J$C$?>l9g!$9TNs$O?tCME*$KHs@5B’$HH= CG $7 =h M} $r BG $A @Z $k!% >J N, $7 $? >l 9g!$ I8 =‘ CM $, :N MQ$5$l$k!%>\:Y$O SSL I I $N%^%K%e%"%k$r;2>H!% REFINE=’Y’ . . . 2r$NH?I|2~NI$r9T$J$&$3$H$r;XDj!%>J N, 2D G=!% G\ @: EY $N >l 9g!$ <B 9T ;~ 4V $, Bg I} $K A} 2C $9 $k$3$H$,$"$k$N$GCm0U$,I,MW!% La$jCM x $N 6a ;w 2r!% B $H F1 $8 Bg $- $5 $N <B ?t 7? $^ $? $O J# AG ?t 7? 1 <!85G[Ns!% SSL I I VLAX , LAXR , DVLAX , DLAXR , LCX , LCXR , DLCX , DLCXR !| INVERSE =q<0 INVERSE(A,[,EPS= eps ]) 5!G= 9T Ns A $r It J, %T %\%C %H A* Br K! $K $h $k Gauss $N >C 5n K! $rMQ$$$F LU J,2r$7!$5U9TNs A � 1 $r5a$a$k!% 0z?t A . . . 9T Ns A !% <B ?t 7? $^ $? $O J# AG ?t 7? 2 <! 85 G[ Ns!% Ns $N Bg $- $5 $r <! ?t $H $9 $k!% 9T $N Bg $- $5 $O Ns $N Bg $- $5 0J >e$G$"$k$3$H!% EPS= eps . . . 9TNs$NHs@5B’@-H=DjDj?t!%A*Br$5$l$?%T%\%C %H$N@dBP CM$H A $NMWAG $N@dBPCM:G Bg$H$NAj BPHf$, eps 0J2<$K$J$C$?>l9g!$9TNs$O?tCME*$KHs@5B’$HH= CG $7 =h M} $r BG $A @Z $k!% >J N, $7 $? >l 9g!$ I8 =‘ CM $, :N MQ$5$l$k!%>\:Y$O SSL I I $N%^%K%e%"%k$r;2>H!% La$jCM 5U9TNs A � 1 !% A $HF1$8Bg $-$5$N<B?t 7?$^$?$OJ#AG ?t7? 2 <!85G[Ns!% SSL I I VALU , VLUIV , DVALU , DVLUIV , CLU , CLUIV , DCLU , DCLUIV !| LEAST SQUARES =q<0 LEAST_SQUARES(A,B[,EPS= eps ][,REFINE=’Y’] & [,MINIMAL_NORM=’Y’]) 5!G= m � n $N<B9TNs A $r78?t$H$9$kO"N) 1 <!J}Dx<0 Ax = b $KBP$7!$ Householder JQ 49$K$h$k:G>.Fs>h2r $^$?$OFC 0[CMJ,2rK!$K$h$k:G>.Fs>h:G>.%N%k%‘2r$r5a$a$k!% 0z?t A . . . m � n $N<B9TNs A !%<B?t7? 2 <!85G[Ns!% m � n � 1 $+$D MINIMAL_NORM=’Y’ $N;XDj$,$J$$>l9g$O:G 3

>. Fs>h 2r $r!$ m < n $^$? $O MINIMAL_NORM=’Y’ $, ;X Dj $5 $l $? >l 9g $O :G >. Fs >h :G >. %N %k %‘ 2r $r 5a $a $k!% B . . . %Y%/%H%k b !%Bg$-$5 m $N<B?t7? 1 <!85G[Ns!% EPS= eps . . . :G>.Fs>h:G>.%N%k%‘2r$r5a$a$k>l9g$NFC0[ CM $N Aj BP Nm H= Dj CM!% >J N, 2D G=!% :G >. Fs >h 2r $r 5a $a $k>l9g$K;XDj$7$F$bL5;k$5$l$k!%>\:Y$O SSL I I $N %^%K%e%"%k$r;2>H!% REFINE=’Y’ . . . :G>.Fs>h2r$NH?I|2~NI$r9T$J$&$3$H$r ;X Dj!% >J N, 2D G=!% G\ @: EY $N >l 9g!$ <B 9T ;~ 4V $, Bg I} $K A} 2C $9 $k $3 $H $, $" $k $N $G Cm 0U $, I, MW!% :G >. Fs >h :G>.%N%k%‘2r$r5a$a$k>l9g$OL5;k$5$l$k!% MINIMAL NORM=’Y’ . . . :G>.Fs>h:G>.%N%k%‘2r$r5a$a$k $3 $H $r ;X Dj!% m � n � 1 $G $"$C $F $b 3, ?t Mn $A (rank( A ) < min f m; n g ) $,$"$k>l9g$K;XDj$9$k!% La$jCM :G>.Fs>h6a ;w2r$^ $?$O:G >.Fs >h:G>. %N%k%‘ 6a;w 2r!%Bg $-$5 n $N<B?t7? 1 <!85G[Ns!% SSL I I LAXL , LAXLR , LAXLM , DLAXL , DLAXLR , DLAXLM !| MATRIX POWER =q<0 MATRIX_POWER(A,K) 5!G= 9TNs A $N k >h A k $r5a$a$k!% 0z?t A . . . @5J}9TNs A !%<B?t7?$^$?$OJ#AG?t7? 2 <!85G[Ns!% K . . . >h?t k !%@0?t7?!% La$jCM 9TNs A k !% A $H F1 $8 Bg $- $5 $N <B ?t 7? $^ $? $O J# AG ?t 7? 2 <!85G[Ns!% AH9~$_4X?t MATMUL !| DET =q<0 DET(A[,EPS= eps ]) 5!G= @5J}9TNs A $N9TNs<0$rItJ,%T%\%C%HA*BrK!$K$h$k LU J,2r$K$h$j7W;;$9$k!% 0z?t A . . . @5J}9TNs A !%<B?t7?$^$?$OJ#AG?t7? 2 <!85G[Ns!% EPS= eps . . . 9TNs$NHs@5B’@-H=DjDj?t!%>JN,$7$?>l9g!$ I8=‘CM$,:NMQ$5$l$k!%>\:Y$O SSL I I $N%^%K%e%"%k $r;2>H!% La$jCM 9TNs<0$NCM!%<B?t7?$^$?$OJ#AG?t7?!% SSL I I VALU , DVALU , CLU , DCLU !| EIGENVALUES =q<0 EIGENVALUES(A) 5!G= m � m $N9TNs A $N8GM-CM$r<B9TNs$N>l9g Householder JQ49$*$h$S 2 CJ QR K!!$J#AG9TNs$N>l9g0BDj2=4pK\Aj;w JQ49$*$h$S QR K!$K$h$j5a$a$k!% 0z?t A . . . 9T Ns A !% <B ?t 7? $^ $? $O J# AG ?t 7? 2 <! 85 G[ Ns!% Ns $N Bg $- $5 $r <! ?t $H $9 $k!% 9T $N Bg $- $5 $O Ns $N Bg $- $5 0J >e$G$"$k$3$H!% La$jCM 6a ;w 8G M- CM!% A $H Ns $H F1 $8 Bg $- $5 $N J# AG ?t 7? 1 <! 85 G[ Ns!% SSL I I BLNC , HES1 , HSQR , DBLNC , DHES1 , DHSQR , CBLNC , CHES2 , CHSQR , DCBLNC , DCHES2 , DCHSQR , !| FOURIER =q<0 FOURIER(X[,INVERSE==’Y’]) 5!G= 9‘ ?t n = 2 l ( l $O <+ A3 ?t ) $N 1 <! 85 J# AG ;~ 7O Ns %G!< %? f x j g $,M?$($i$l$?$H$-!$N%;67?J#AG F ourier JQ49!$$^$? $O5UJQ49$r7W;;$9$k!% 0z?t X . . . Bg$-$5 n $NJ#AG?t7? 1 <!85G[Ns!% INVERSE==’Y’ . . . F ourier 5UJQ49$r9T$J$&$3$H$r;XDj!% >JN,2DG=!% 4

La$jCM 9‘?t n = 2 l ( l $O<+ A3?t ) $N 1 <!85J# AG;~7O Ns%G!<%?!% F~NO$5$l$? f x j g $+$i n� k = n � 1 X j =0 x j ! � j k ; k = 0 ; 1 ; : : : ; n � 1 $r7W;;$7!$ f n� j g $,JV5Q$5$l$k!% INVERSE==’Y’ $,;XDj $5$l$?>l9g!$F~NO$5$l$? f � j g $+$i x j = n � 1 X k =0 � k ! j k ; j = 0 ; 1 ; : : : ; n � 1 $r7W;;$7!$ f x j g $,JV5Q$5$l$k!%$3$3$G ! = exp(2 � i=n ) !% SSL I I VCFT2 , DVCFT2 !| INTEGRATE =q<0 INTEGRATE(F[,A= a ][,B= b ][,EPS= eps ]) 5!G= 1 <!85<B4X?t f ( x ) $N@QJ,$N6a;wCM$r9b66!&?9$NFs=E;X ?t4X?t7?@QJ,8x<0$K$h$j5a$a$k!% 0z?t F . . . Ho@QJ,4X?t f ( x ) $r7W;;$9$k4X?tI{%W%m%0%i%‘L>!% I,$: INTEGRATE $r8F$S=P$9%W%m%0%i%‘$K$*$$$F EXTERNAL J8$K$h$k@k8@$r$9$k$3$H!% A= a . . . @QJ,6h4V$N2<8B!% B= b . . . @QJ,6h4V$N>e8B!% !ZCm0U![ H>L58B6h4V@QJ,$r7W;;$9$k>l9g$O A=0.0 ( C1@: EY ) $^ $? $O A=0.0D0 ( G\ @: EY ) $r ;X Dj $7!$ B $O >J N, $9 $k$3 $H!%A4 L58B 6h4V @QJ, $r7W ;;$9$k >l9g $O A , B $N;XDj$r>JN,$9$k$3$H!% EPS= eps . . . @QJ,$N6a;wCM S $KBP$9$kAjBP8m:9$N>e8B$r ;XDj$9$k!% INTEGRATE $O � � � � � S � Z b a f ( x ) dx � � � � � = � � � � � Z b a f ( x ) dx � � � � � � eps $r K~ $?$9 S $r 5a$a $k!% >JN, $7$? >l 9g!$%^ %7 %s%( %W %7%m%s$,:NMQ$5$l$k!% La$jCM @QJ,$N6a;wCM!%<B?t7?!% SSL I I AQE , AQEH , AQEI DAQE , DAQEH , DAQEI 4 MxMQJ}K! $3 $3$G$O!$ 6qBNE* $J4X ?tI{%W %m%0%i %‘$N MxMQJ} K!$J$I $K $D$$$F =R$Y $k!%$J$*!$ %3%^ %s%I!&%* %W%7%g %s$O =hM}7O $K0MB8$9$k!% 4.1 VPP700/56 $G$NMxMQJ}K! VPP700/56( %[%9%HL> kyu-vpp) $N /usr/local/lib $K Am >NL> $r 5-=R $7 $?%b %8%e!< %k ssl2_90.mod $H 4X?t I{ %W%m%0%i%‘$rK]Lu$7$?%*%V%8%’%/%H%U%!%$%k$r=8$a$?%"!< %+%$%V%i%$%V%i%j libssl2_90.a $,$"$k!% %b%8%e!<%k$N@k8@$O PROGRAM J8$KB3$1$F5-=R$9$k!% PROGRAM TEST USE SSL2_90 ! %b%8%e!<%k$N0zMQ IMPLICIT NONE INTEGER,PARAMETER :: N=8 : 0J 2< $K O" N) 1 <! J} Dx <0 $r LINEAR_SOLVE $K $h $j 2r $/ %5%s%W%k%W%m%0%i%‘$r5s$2$k!% program Linear_solver_test use ssl2_90 implicit none real(kind=8),dimension(:,:),allocatable :: A real(kind=8),dimension(:),allocatable :: x,b integer(kind=4) :: n,i,j external linear_solve read(5,*) n allocate(A(n,n),x(n),b(n)) do i=1,N do j=1,N if( i <= j ) then a(i,j)=i else ! %F%9%HMQ9TNs$N:n@. a(i,j)=j end if end do end do b=0 do i=1,n do j=1,n b(i)=b(i)+a(i,j) ! %F%9%HMQ%Y%/%H%k$N:n@. end do end do x=linear_solve(A,b,refine=’Y’) write(6,*) ’maximum error=’,maxval(abs(x-1.0D0)) deallocate(A,x,b) end program Linear_solver_test <B 9T%U%!%$ %k$N :n@. $N$?$a $K$O!$ %b%8%e!< %k$N 0zMQ$r ;XDj$9$kK] Lu;~%*%W%7%g%s -Am !$%b%8%e!<%k$NB8:_ $9$k %G%#%l%/%H%j$r;XDj$9$kK]Lu;~%*%W%7%g%s -I !$$*$h$S!$ %"!< %+ %$ %V %i %$ %V %i %j libssl2_90.a $N >l =j $r ;X Dj $9 5

$k%j%s%/;~%*%W%7%g%s -L $KB3$1$F4X?tI{%W%m%0%i%‘L>!$ SSL I I/VP $N%i%$%V%i%jL>$r;XDj$9$k!% kyu-vpp% frt -Am -I/usr/local/lib program.f90 n � � � � � ? -L/usr/local/lib -lssl2_90 -lssl2vp � � � � � 4D6-JQ?t FORT90C !$ LD_LIBRARY_PATH $K$"$i$+$8$a %*%W%7%g%s!$%G%# %l%/%H %jL> $r;XDj $9$k $HF~NO $N<j 4V$r >J$/$3$H$,$G$-$k!% kyu-vpp% setenv FORT90C ’-Am -I/usr/local/lib’ � � � � � kyu-vpp% setenv LD_LIBRARY_PATH /usr/local/lib � � � � � $3$N >l 9g!$ 0J 9_ $O %j %s %/ ;~ %* %W %7%g %s -l $N $_ $r ;X Dj $9$k!% kyu-vpp% frt program.f90 -lssl2_90 -lssl2vp � � � � � kyu-vpp% a.out � � � � � 4.2 %W%m%0%i%‘$N%+%9%?%^%$%: kyu-vpp $N /usr/local/qlib/src $K 4X ?t I{ %W %m %0 %i%‘$H%b%8%e!< %k$N %=!<%9$r 8x3+ $9$k!%Mx MQ<T $OC/ $G$b %W%m%0%i%‘ $r%3%T!< $7!$MQES $K9g $o$;$F JQ99$9 $k$3 $H$, $G$- $k!% $^ $?!$ SSL I I $N 8F $S =P $7 It J, $r =$ @5 $9 $k $3 $H $K$h$C$F!$B>$N 7W;; 5!%7%9 %F%‘!$ %5%V%k!< %A%s %i%$ %V%i %j$KBP1~$7$?4X?tI{%W%m%0%i%‘$KJQ99$9$k$3$H$b$G$-$k!% 5 %*!<%P!<%X%C%I$N<BB,CM $3$3$G$O!$%$ %s%?!< %U%’%$ %9ItJ, $N=h M}$K MW$9 $k%*!< %P!<%X%C%I$N<BB,7k2L$K$D$$$F=R$Y$k!% 5.1 %*!<%P!<%X%C%I 4X?tI{%W%m %0%i%‘ $G$O!$;H $$>! <j$r8~ >e$9$k L\E* $G:n 6HNN0h$r4X?t $,8F $S=P$5 $l$kET EYF0E* $K@k 8@$7$F $$$k!% $^$?!$ DL >o SSL I I $N %5 %V %k!< %A %s $K 0z ?t $H $7 $F EO $5 $l $k9TNs$O$=$N 7k2L $,J]B8 $5$l$J $$!%4X?t I{%W %m%0%i %‘$G $O9TNs%G!<%? $rJ] B8$9$k $?$a!$ 9TNs$N %3%T!< $r9T $J$C$F $$$k!%$3$l$i $NIt J,$K MW$9$k %*!<%P!< %X%C%I $r!$4X ?tI{ %W%m %0 %i %‘ $r MQ $$ $J $$ SSL I I $N %5 %V %k!< %A %s $H Hf 3S $9 $k$3$H$K$h$j7WB,$7$?!% Hf3S5!<o$O FUJITSU VPP700/56(1PE; <g5-21 2GB, :GBg=hM}@-G= 2.2GFLOPS, OS: UXP/V) $N F ujitsu F or- tran90/VP Compiler Driv er L98121 TX01393 !$ Sun UL TRA2( <g 5- 21 256MB, UL TRA SP AR C 200MHz, SunOS 5.5.1) $N F ujitsu F ortran Compiler Driv er V er- sion 4.0 !$ FUJITSU FMV-6500TX2( <g 5- 21 384MB, In tel P en tium I I I %W %m%;%C %5 500MHz, Windo ws 98) $N F ortran & C Academic P ac k age V2.0L10 $r MQ $$ $?!%;~4V$O VPP700/56, Sun UL TRA2 $O F ortran %3%s %Q%$%i$N CLOCK %5!<%S%9%5%V%k!<%A%s$rMQ$$$? CPU ;~ 4V$r!$ FMV-6500TX2 $O TIMER %5!<%S%9%5%V%k!<%A%s $rMQ$$$?7P2a;~4V$r 10 2sB,$C$?J?6QCM$G$"$k!% 5.2 ?tCMNc 1 4.1 @a $N %5 %s %W %k %W %m %0 %i %‘ $N 9T Ns A , %Y %/ %H %k b $K BP$9$k n <!O"N) 1 <!J}Dx<0$N2r$r5a$a$k$^$G$N;~4V$r LINEAR_SOLVE $H SSL I I $N DVLAX $H$GHf3S$7$?!% ?t ;z $O I= <( 7e 0J 2< $r @Z <N $F $F $$ $k!% Hf N( $O SSL I I $N %5%V %k!<%A %s$N<B 9T;~4V $r4X?t I{%W %m%0%i %‘$N=h M}$KMW $9$k;~4V$G3d$j!$ % I=<($7$F$$$k!% I= 3: O"N) 1 <!J}Dx<0 n = 1000 $N<B9T;~4V ( C10L : IC ) 7W;;5!L> LINEAR_SOLVE SSL I I HfN( VPP700/56 0.472 0.470 99% Sun UL TRA2 7.392 7.200 97% FMV-6500TX2 5.372 4.803 89% I= 4: O"N) 1 <!J}Dx<0 n = 2000 $N<B9T;~4V ( C10L : IC ) 7W;;5!L> LINEAR_SOLVE SSL I I HfN( VPP700/56 3.43 3.40 99% Sun UL TRA2 56.57 54.57 96% FMV-6500TX2 38.56 37.32 96% <! 85 ?t $, Bg $- $$ >l 9g!$ SSL I I $N 1i ;; $K MW $9 $k %3 %9 %H $,BgItJ,$r@j$a$F$$$k!% 5.3 ?tCMNc 2 2 <! 85 $N F1 <! 6- 3& >r 7o $r ;} $D P oisson J} Dx <0 $r M- 8B MW AGK!$K$h$jN%;66a;w$7$F5a$^$k9TNs$N8GM-CM$N7W;;$r EIGENVALUES $H SSL I I $N DBLNC + DHES1 + DHSQR $H$G Hf3S$7$?!% I= 5: 8GM-CMLdBj$N<B9T;~4V : 361 <!85 ( C10L : IC ) 7W;;5!L> EIGENVALUES SSL I I HfN( VPP700/56 0.891 0.873 97% Sun UL TRA2 8.907 8.822 99% FMV-6500TX2 4.738 3.961 83% I= 6: 8GM-CMLdBj$N<B9T;~4V : 841 <!85 ( C10L : IC ) 7W;;5!L> EIGENVALUES SSL I I HfN( VPP700/56 6.88 6.80 98% Sun UL TRA2 182.53 182.47 99% FMV-6500TX2 68.88 66.26 96% <! 85$,Bg $-$/ $J$k$H!$ :n6H NN0h$N 3d$j Ev$F!& 2rJ|!$9T Ns $N%3%T!< $J$I$K MW$9 $k%$%s %?!<%U%’ %$%9It J,$N %3%9%H $O $o$:$+ $G$"$k $3$H $,$o$+ $k!%$7$+ $7!$F1 $8<jB3 $-$r2? EY$b 8F$S =P$9$3 $H$,B? $$H?I| 7W;; $K$*$$ $F$O!$F1 MM$J:n 6H NN0h$r 2?EY$b 3d$j Ev$F!&2r J|$9$k $3$H $O8zN( $,0-$$!% $^ $?!$ SSL I I $N %5 %V %k!< %A %s $K $O!$ 0J A0 $N =h M} 7k 2L $r 6

MxMQ$7$?$j8GM-CM!&8GM-%Y%/%H%k$rF1;~$KJV5Q$9$k$J$I!$ 4X?tI{%W%m%0 %i%‘$G $O<B8= $G$-$J $$B? :L$J5! G=$rHw $($F $$$k!%$7$?$,$C $F!$$h $j@-G=!& 5!G= $rDI5a $9$k >l9g $K$O D>@\ SSL I I $rMxMQ$9$k$Y$-$G$"$k!% 6 $*$o$j$K K\9F $G $O!$ $h $j <j 7Z $K SSL I I $r Mx MQ $9 $k $? $a $K 3+ H/ $7 $? F ortran 90 %$ %s %?!< %U%’ %$ %9 $r >R 2p $7 $?!% :# 8e $N 2]Bj$O%^%K%e %"%k!& %5%s%W %k%W %m%0%i %‘$N @0Hw!$ %V%i%C %/%\%C%/%9$H$7 $F$N %i%$%V %i%j$N ;HMQ$K Dq93 $,$"$k MxMQ <T$N$?$a$N BeBX$H $J$k %=!<%9%W %m%0 %i%‘$N :n@.!& 8x3+!$ 1i;;;R:FDj 5A5!G= $rMQ$$ $?M- M}?t!&6h 4V1i;;!& G$0U 7e1i ;;$X$N3HD%!$7W;;7k2L$N8m:98B3&$NI>2A$J$I$G$"$k!% ;29MJ88% [1] JIS X 3001(1994) %W %m %0 %i %‘ 8@ 8l F ortran[ISO/IEC 1539-91], JIS %O%s%I%V%C%/ >pJs=hM} %W%m%0%i%‘8@8lJT , pp.17{346, F|K\5,3J6(2q (1994). [2] JIS X 3001-1(1998) %W%m %0%i%‘8@8l F ortran| Bh 1 It : 4pDl8@8l [ISO/IEC 1539-1], F|K\5,3J6(2q (1998). [3] M. Metcalf, J. Reid ( @>B< =zI’ , OBED 1QJf , @>B< OBIW , 9b ED @5G7 Lu ): >\2r F ortran 90, bit JL:} , 6&N)=PHG (1993). [4] IY ;NDL SSL I I ;H MQ <j 0z =q ( 2J 3X MQ %5 %V %k!< %A %s%i %$ %V %i %j ), 99SP-4020, IY;NDL3t<02q<R (1987). [5] FIJITSU SSL I I 3HD%5!G=;HMQ<j0z=q ( 2J3XMQ%5%V%k!<%A %s%i%$%V%i%j ), 99SP-4070, IY;NDL3t<02q<R (1991) !% [6] FUJITSU SSL I I 3H D% 5! G= ;H MQ <j 0z =q I I( 2J 3X MQ %5 %V %k!< %A %s %i %$ %V %i %j ), J2X0-1360, IY ;N DL 3t <0 2q <R (1995) !% [7] FUJITSU SSL I I/VPP ;H MQ <j 0z =q ( 2J 3X MQ %5 %V %k!< %A %s %i %$ %V %i %j )V12 MQ , J2X0-1371, IY ;N DL 3t <0 2q <R (1997) !% [8] http://www.netlib.org/lapack/ [9] http://www.netlib.org/lapack90/ [10] Stephen W olfram( %9%F%#!< %V %s!& %&%k %U %i %‘ ): Math- ematica %V%C%/ Bh 3 HG , %H%C%Q%s (1998). [11] EO It A1 N4 : JB Ns %9!< %Q!< %3 %s %T%e!< %? $N 1i ;; @- G= !A F or- tran %W %m %0 %i %‘ $G $N <B B, %G!< %? !A , A4 9q 6& F1 Mx MQ Bg 7? 7W ;; 5! %; %s %?!< 8& 5f 3+ H/ O@ J8 =8 , No.19 (1997) pp.100- 108. 7