9TNs7W;;%Q%C%1!<%8 LAP A CK/VP $N>R2p EOIt A1N4 � F ortran $+ $i Mx MQ $G $- $k 9T Ns 7W ;; %Q%C %1!< %8 LAP A CK/VP ( @5 <0 L> >N :UXP/V LAP A CK/VP V10) $r%9!< %Q!<%3 %s%T%e!< %? VPP700/56 >e$G 8x3+ $7$^ $7$?!% K\9F $G$O LAP A CK/VP $NFC D’!"6q BNE*$JMxMQJ}K!!"%*%s%i%$%s%^%K%e%"%k$N;2>HJ}K!$J$I$K$D$$$F@bL@$7$^$9!# $J$*!" LAP A CK/VP $N;H MQJ}K!$N @bL@$G$O VPP700/56 $K$D $$$F$N4p ACE*$JCN <1$rA0Ds $H$7$F $$$^$9!# VPP700/56 $NMxMQJ}K!$N>\:Y$O [1] $r8fMw$/$@$5$$!# 1 LAP A CK/VP $N35MW 1.1 LAP A CK/VP LAP A CK/VP $O!$%9!<%Q!<%3%s%T%e!<%? VPP700/56 ( %[%9%HL> : kyu-vpp, IP %"%I%l%9 : 133.5.9.70) $NC10l PE >e$GF0:n$9$k9TNs7W;;%Q%C%1!<%8$G$9!%MxMQ<T$O F ortran %W%m%0%i%‘$+$i3F%k!<%A%s$r CALL J8$K$h$C$F8F$S=P$7$^$9!% 1.2 LAP A CK LAP A CK(Linear Algebra P A CKage) $O!$?t3X%=%U%H%&%’%"!$%9!<%Q!<%3%s%T%e!<%?$N@-G=I>2A%G!< %?$J $I $N>p Js $r Ds6! $9 $k netlib ( URL: http://www.netlib.org/ 1 ) $G 8x3+ $5 $l $F$$ $k @~ 7A 7W;; %i %$ %V %i%j$G$9!%3F%k!<%A%s$O F OR TRAN 77 $G5-=R$5$l$F$$$^$9 2 !% LAP A CK/VP $O LAP A CK 2.0 $r VPP700/56 $NC10l PE $G9bB.$K<B9T$5$l$k$h$&$K%Y%/%H%k%A%e!< %K%s%0$7$?$b$N$G$9!%;DG0$J$,$i!$%Y%/%H%k%A%e!<%K%s%08e$N%=!<%9%W%m%0%i%‘$OHs8x3+$G$9!% 1.3 <g$J5!G= LAP A CK/VP $K $O!$ Ls 300 <o N‘!$ 3F @: EY $r 9g 7W $9 $k $H Ls 1,100 K\ $N %k!< %A %s $, MQ 0U $5 $l $F $$ $^ $9!% <g$J5!G=$O0J2<$NDL$j$G$9 : � O"N) 1 <!J}Dx<0 ( 0lHLL)9TNs!$%P%s%I9TNs!$BP>N /Hermite 9TNs$J$I ) � @~7A:G>.Fs>hLdBj ( :G>.%N%k%‘2r!$0lHL2=@~7A%b%G%kLdBj$J$I ) � 8GM-CMLdBj ( BP>N / HsBP>N8GM-CMLdBj!$0lHL2=8GM-CMLdBj$J$I ) � FC0[CMJ,2r ( FC0[CM!$FC0[%Y%/%H%k$J$I ) � 6e=#Bg3XBg7?7W;;5!%;%s%?!<!&8&5f3+H/It ; E-mail: watanabe@cc.kyushu-u.ac.jp 1 M-L>$J LINP A CK %Y%s%A%^!<%/$K$h$k \T op500 Sup ercomputer Sites" $b!$$3$3$G8x3+$5$l$F$$$^$9!% 2 $b$A$m$s8=:_%;%s%?!<$G%5%]!< %H$7$F$$$k F ortran 90 $+$i8F$S=P$9$3$H$,$G $-$^$9!% F ortran 90 5,3J$O F OR TRAN 77 5,3J$r40A4$KJq4^$7$F$$$^$9!% 1

1.4 LAP A CK/VP $N9=@. LAP A CK/VP $O!$0lHL$KLdBj$r2r$/$?$a$N5!G=$rDs6!$9$k %I%i%$%P%k!<%A%s ( driver r outines ) !$8D!9 $N Ld Bj $r 2r $/ $? $a $N 5! G= $r Ds 6! $9 $k 7W ;; %k!< %A %s ( c omutational r outines ) !$ $* $h $S!$ Jd =u E* $J 7W ;; $d 6& DL $K ;H MQ $5 $l $k <j B3 $- $r Ds 6! $9 $k Jd =u %k!< %A %s ( auxiliary r outines ) $G 9= @. $5 $l $F $$ $^ $9!% %I %i %$ %P %k!<%A%s$H7W;;%k!<%A%s$N>\:Y$O 4 >O$r$4Mw$/$@$5$$!% LAP A CK/VP $O!$ %Y %/ %H %k 1i ;; $d 9T Ns 1i;; $J $I $N !X3K!Y $H $J $k It J, $G BLAS/VP( @5 <0 L> : UXP/V BLAS/VP V10) %i%$%V%i%j$r8F$S=P$7$^$9 3 !% BLAS/VP $b LAP A CK/VP $H F1 MM!$ netlib $G 8x 3+ $5 $l $F $$ $k %i %$ %V %i %j BLAS(Basic Linear Al- gebra Subprograms) $r%Y%/%H%k%A%e!<%K%s%0$7$?$b$N$G$9 4 !% 1.5 LINP A CK, EISP A CK $H$N4X78 LAP A CK $O 1970 G/ Be $K 3+ H/!$ Ds 6! $5 $l $? O" N) 1 <! J} Dx <0 $N 2r K! %Q%C %1!< %8 LINP A CK $H 8G M- CM Ld Bj$N2r K! %Q%C%1!< %8 EISP A CK $r E} 9g$7 $?$b $N $G$9!% LINP A CK, EISP A CK $+$i LAP A CK $X$N >\ $7 $$0\9TJ}K!$,%^%K%e%"%k [2], [3] $K5-=R$5$l$F$$$^$9!% 2 LAP A CK/VP $NMxMQJ}K! $3 $3 $G $O!$ K] Lu!& 7k 9g $K $h$C $F <B 9T 2D G= %U%! %$ %k $r :n @. $9 $k $^ $G $N <j =g $r @b L@ $7 $^ $9!% K] Lu!& 7k 9g $K $h$k <B 9T 2D G= %U%! %$ %k $N :n @.!$ <B 9T $O %P%C %A =h M} $G $b 9T $J $& $3 $H $, $G $- $^ $9!% %P%C %A =h M} $r 9T $J $& >l 9g $N %7%’ %k %9 %/ %j %W %H $N =q $- J}!$ %P%C %A %j %/ %( %9 %H $N Ej F~ J} K!!$ =h M} %3 %^ %s %I $N %* %W %7%g %s $N >\ :Y $O [1] $r8fMw$/$@$5$$!% !{<B9T2DG=%U%!%$%k$N:n$jJ} LAP A CK/VP $N%k!<%A%s$O!$MxMQ<T$N F ortran %W%m%0%i%‘$K CALL J8$G5-=R$7$^$9!% LAP A CK/VP $N%i%$%V%i%j$O frt(/usr/lang/bin/frt) %3%^%s%I$K%j%s%/%*%W%7%g%s -llapackvp $r;XDj$9$k$3$H $K$h$j7k9g$5$l$^$9 5 !% $^ $?!$ LAP A CK/VP $O BLAS/VP $r ;H MQ $7 $^ $9!% $= $N $? $a!$ %j %s %/ %* %W %7%g %s -lblasvp $b $" $o $;$F5-=R$7$^$9!% %j%s%/%*%W%7%g%s$O!$I,$:%=!<%9%W%m%0%i%‘%U%!%$%kL>$d%*%V%8%’%/%H%U%!%$%kL>$h$j$b8e$m$K -llapackvp -lblasvp $N =g HV $K 5- =R $7 $F $/ $@ $5 $$ 6 !% 0J 2< $O!$ %=!< %9 %W %m %0 %i %‘ sample.f90 $r K] Lu!& 7k 9g $7 $F <B 9T 2D G= %U%! %$%k$r:n@.$9$kNc$G$9 : kyu-vpp% frt sample.f90 -llapackvp -lblasvp � � � � � � <B9T2DG=%U%!%$%k$N:n@. 3 7W ;; $N 3K $N It J, $r 9= @. $9 $k BLAS $r!$ Ek :\ $9 $k 7W ;; 5! $K $" $o $; $F !V%. %s %. %s!W $K %A%e!< %K %s %0 $9 $k $3 $H $K $h$C $F!$ LA- P A CK %=!< %9$N 0\ ?" @-$r J]$C $? $^ $^9b B. 2= $,<B 8= $G $- $^$9!% $5 $i $K!$$9 $Y $F $N %=!<%9 $r 8x 3+$7 $? >e $G MxMQ <T $N 0U8+ $r ?? Yu $K<u $1 F~ $l $k ( 3J 9% $$ $$ ) ;Q @* $K $h$C $F!$ LAP A CK $O @$ 3& E* $J L> @< $r 3M F@ $7 $^ $7 $?!% 87 L) $K $O LAP A CK $H BLAS $O JL $N %i %$ %V %i%j$G$9!%$7$+$7 netlib $GF~<j$G$-$k LAP A CK $N%=!<%9$K$O BLAS $N%=!<%9%W%m%0%i%‘$,$D$$$F$-$^$9!% 4 $3$A$i$b;DG0$J$,$i%=!<%9%W%m%0%i%‘$OHs8x3+$G$9!% 5 \ -l " $O%j%s%/%*%W%7%g%s$r0UL#$7$^$9!% 6 =gHV$K LAP A CK/VP %i%$%V%i%j ( liblapackvp.a ) !$ BLAS/VP %i%$%V%i%j ( libblasvp.a ) $r8F$S=P$7$F$$$^$9!% 2

7k9g=hM}$,L5;v$K =*$o$k$H!$<B9T2D G=%U%!%$%k a.out $,:n@.$5 $l$^$9!%<B9T2DG=%U%! %$%kL>$rG$0U$N L> A0 $K JQ 99 $9 $k $K $O -o %* %W %7%g %s $K B3 $1 $F E, Ev $J %U%! %$ %k L> $r F~ NO $7 $^ $9!% 0J 2< $O <B 9T 2D G= %U%! %$ %k L>$r \ example.ex " $KJQ99$9$kNc$G$9!% kyu-vpp% frt -o example.ex sample.f90 -llapackvp -lblasvp � � � � � 3 %^%K%e%"%k $3$3$G$O!$ LAP A CK/VP %^%K%e%"%k$N;2>HJ}K!$K$D$$$F@bL@$7$^$9!% 3.1 =q@R 8x<0%^%K%e%"%k$H$7$F=q@R [2] $,HNGd$5$l$F$$$^$9!%F|K\8lLu [3] $b$"$j$^$9!% 3.2 man %3%^%s%I kyu-vpp $G$O man(/usr/uxp/man) %3%^%s%I$K$h$k8!:w$,2DG=$G$9!%$?$@$71Q8l$N$_$G$9!% LAP A CK $N35MW$O \ man lapack " $GD4$Y$k$3$H$,$G$-$^$9!% kyu-vpp% man lapack � � � � � � LAPACK $N35MW$r8+$k LAPACK(l) LAPACK FORTRAN LIBRARY ROUTINES LAPACK(l) WHAT IS LAPACK? LAPACK is a transportable library of Fortran 77 subroutines for solving the most common problems in numerical linear algebra: systems of linear equations, linear least squares problems, eigenvalue problems, and singular value problems. It has been designed to be efficient on a wide range of modern high- performance computers. LAPACK is intended to be the successor to LINPACK and EISPACK. It extends the functionality of these packages by including equilibration, iterative refinement, error bounds, and driver routines for linear systems, routines for computing and re- ordering the Schur factorization, and condition estimation rou- tines for eigenvalue problems. LAPACK improves on the accuracy of the standard algorithms in EISPACK by including high accu- racy algorithms for finding singular values and eigenvalues of bidiagonal and tridiagonal matrices respectively that arise in SVD and symmetric eigenvalue problems. The algorithms and software have been restructured to achieve high efficiency on vector processors, high-performance ‘‘superscalar’’ worksta- tions, and shared-memory multiprocessors. A comprehensive test- ing and timing suite is provided along with the LAPACK software. HOW TO GET LAPACK The entire LAPACK package is available via xnetlib and NAG, or specific routines can be obtained via netlib. To see a description of the contents of LAPACK, send email to netlib@ornl.gov and in the mail message type: send index from lapack. : 3 man $K B3 $1 $F 3F %k!< %A %s $N L> A0 $r ;X Dj $9 $k $3 $H $K $h $j!$ 5! G=!& 0z ?t $J $I $r D4 $Y $k $3 $H $, $G $- $^ $9!% $J $*!$%k!<%A%sL>$O >.J8;z $GF~NO$7$F$/$@$5$$!% kyu-vpp% man dgbsvx � DGBSVX $r8!:w DGBSVX(l) LAPACK driver routine (version 2.0) DGBSVX(l) DGBSVX(l) BLAS routine DGBSVX(l) NAME DGBSVX - use the LU factorization to compute the solution to a real system of linear equations A * X = B, A**T * X = B, or A**H * X = B, SYNOPSIS SUBROUTINE DGBSVX( FACT, TRANS, N, KL, KU, NRHS, AB, LDAB, AFB, LDAFB, IPIV, EQUED, R, C, B, LDB, X, LDX, RCOND, FERR, BERR, WORK, IWORK, INFO ) CHARACTER EQUED, FACT, TRANS n INTEGER INFO, KL, KU, LDAB, LDAFB, LDB, LDX, N, : 3.3 WWW %V%i%&%6$K$h$k8!:w netlib $N http://www.netlib.org/lapack/ $K LAP A CK $N8x<0%[!<%‘%Z!<%8$,$"$j$^$9!% $3 $3 $G $O %^ %K%e %" %k [2] $N HTML HG $r ;2 >H $9 $k $3 $H $, $G $- $^ $9 7 !% $^ $?!$ 8D JL $N %=!< %9 %W %m %0 %i %‘ $N %@ %& %s %m!< %I!$ %F %/ %K %+ %k!& %N!< %H!$ JB Ns HG!& C HG!& F ortran 90 HG LAP A CK $J $I!$ :G ?7 $N >p Js $r F~ <j$9$k$3$H$,$G$-$^$9!% LAP A CK %[!<%‘%Z!<%8 (1999 G/ 1 7n8=:_ ) 7 latex2h tml $G5!3#E*$KJQ49$7$?$b$N$G$9!% 4

4 %I%i%$%P%k!<%A%s!$7W;;%k!<%A%s0lMw LAP A CK/VP $GMxMQ$G$-$k%I%i%$%P%k!<%A%s!$7W;;%k!<%A%s$N0lMw$G$9!% 4.1 %I%i%$%P%k!<%A%s %I%i%$ %P%k!<%A %s (driv er routines) $O!$$=$l $>$l $, 1 $D $N40A4 $JLdBj $r2r $/%k!<%A %s$G$9!% 3F%I %i%$ %P%k!<%A%s$O!$$U$D$&0lO"$N7W;;%k!<%A%s$r8F$S=P$99=B$$K$J$C$F$$$^$9!% !|O"N) 1 <!J}Dx<0 O"N) 1 <!J}Dx<0$N%I%i%$%P%k!<%A%s$K$O!$DL>o$NC1=c%I%i%$%P (simple driv er) $K2C$($F!$4v$D$+$N5! G=$r DI 2C $7 $? %( %- %9 %Q!< %H!& %I %i %$ %P (exp ert driv e) $, $" $j $^ $9!% %( %- %9%Q!< %H!& %I %i %$ %P $O!$ >r 7o ?t $N ;; Dj!$ 9T Ns $N FC 0[ @- $N %A%’%C %/!$ 2r $N H? I| 2~ NI!$ 8m :9 2r @O $J $I $N 5! G= $r %5 %]!< %H $7 $^ $9!% $? $@ $7 %( %- %9%Q!<%H!&%I%i%$%P$r<B9T$9$k$?$a$K$O!$C1=c%I%i%$%P$NLs 2 G\$N5-21MFNL$,I,MW$G$9!% 9TNs$N7?$H3JG<7A<0 %I%i%$%P C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t 0lHL9TNs C1=c SGESV CGESV DGESV ZGESV %(%-%9%Q!<%H SGESVX CGESVX DGESVX ZGESVX 0lHL%P%s%I9TNs C1=c SGBSV CGBSV DGBSV ZGBSV %(%-%9%Q!<%H SGBSVX CGBSVX DGBSVX ZGBSVX 0lHL;0=EBP3Q9TNs C1=c SGTSV CGTSV DGTSV ZGTSV %(%-%9%Q!<%H SGTSVX CGTSVX DGTSVX ZGTSVX BP>N /Hermite @5DjCM9TNs C1=c SPOSV CPOSV DPOSV ZPOSV %(%-%9%Q!<%H SPOSVX CPOSVX DPOSVX ZPOSVX BP>N /Hermite @5DjCM9TNs ( 05=L7A<0 ) C1=c SPPSV CPPSV DPPSV ZPPSV %(%-%9%Q!<%H SPPSVX CPPSVX DPPSVX ZPPSVX BP>N /Hermite @5DjCM%P%s%I9TNs C1=c SPBSV CPBSV DPBSV ZPBSV %(%-%9%Q!<%H SPBSVX CPBSVX DPBSVX ZPBSVX BP>N /Hermite @5DjCM;0=EBP3Q9TNs C1=c SPTSV CPTSV DPTSV ZPTSV %(%-%9%Q!<%H SPTSVX CPTSVX DPTSVX ZPTSVX BP>N /Hermite Hs@5DjCM9TNs C1=c SSYSV CHESV DSYSV ZHESV %(%-%9%Q!<%H SSYSVX CHESVX DSYSVX ZHESVX J#AGBP>N9TNs C1=c CSYSV ZSYSV %(%-%9%Q!<%H CSYSVX ZSYSVX BP>N /Hermite Hs@5DjCM9TNs ( 05=L7A<0 ) C1=c SSPSV CHPSV DSPSV ZHPSV %(%-%9%Q!<%H SSPSVX CHPSVX DSPSVX ZHPSVX J#AGBP>N9TNs ( 05=L7A<0 ) C1=c CSPSV ZSPSV %(%-%9%Q!<%H CSPSVX ZSPSVX !|@~7A:G>.Fs>hLdBj 5!G= C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t QR J,2r!$ LQ J,2r$rMQ$$$F@~7A:G>.Fs>hLdBj$r2r$/ SGELS CGELS DGELS ZGELS 40A4D>8rJ,2r$rMQ$$$F@~7A:G>.Fs>hLdBj$r2r$/ SGELSX CGELSX DGELSX ZGELSX FC0[CMJ,2r$rMQ$$$F@~7A:G>.Fs>hLdBj$r2r$/ SGELSS CGELSS DGELSS ZGELSS 5

!|0lHL2=@~7A:G>.Fs>hLdBj 5!G= C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t 0lHL2= QR J,2r$rMQ$$$F@~7AEy<0@)Ls:G>.Fs>hLdBj$r2r$/ SGGLSE CGGLSE DGGLSE ZGGLSE 0lHL2= QR J,2r$rMQ$$$F0lHL@~7A%b%G%kLdBj$r2r$/ SGGGLM CGGGLM DGGGLM ZGGGLM !|I8=‘8GM-CMLdBj!$FC0[CMJ,2r BP >N 8G M- CM Ld Bj $N C1 =c %I %i %$ %P %k!< %A %s $O!$ 8G M- CM $9 $Y $F $H A* Br $5 $l $? 8G M- %Y %/ %H %k $r 7W ;; $7 $^ $9!% divide and conquer %I %i%$%P %k!<%A%s $O!$C1=c %I%i%$ %P$KHf $Y9bB. $JBe$o $j$K 5-21MF NL$rB? $/;HMQ $9$k <jK! $r MQ $$ $F $$ $^ $9!% %( %- %9 %Q!< %H!& %I %i %$ %P $O ;X Dj $7 $? HO 0O $N 8G M- CM $H BP 1~ $9 $k 8G M- %Y %/ %H %k $, 7W ;; $G$-$^$9!% Hs BP >N 8G M- CM Ld Bj $N %( %- %9 %Q!< %H!& %I %i %$ %P $O C1 =c %I %i %$ %P %k!< %A %s $K 9T Ns $N 6Q 9U 2=!$ >r 7o ?t $N 7W ;; $J$I$N5!G=$,DI2C$5$l$F$$$^$9!% 7? 5!G=$H3JG<7A<0 C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t BP>N C1=c%I%i%$%P SSYEV CHEEV DSYEV ZHEEV divide and conquer %I%i%$%P SSYEVD CHEEVD DSYEVD ZHEEVD %(%-%9%Q!<%H!&%I%i%$%P SSYEVX CHEEVX DSYEVX ZHEEVX C1=c%I%i%$%P ( 05=L7? ) SSPEV CHPEV DSPEV ZHPEV divide and conquer %I%i%$%P ( 05=L7? ) SSPEVD CHPEVD DSPEVD ZHPEVD %(%-%9%Q!<%H!&%I%i%$%P ( 05=L7? ) SSPEVX CHPEVX DSPEVX ZHPEVX C1=c%I%i%$%P ( %P%s%I9TNs ) SSBEV CHBEV DSBEV ZHBEV divide and conquer %I%i%$%P ( %P%s%I9TNs ) SSBEVD CHBEVD DSBEVD ZHBEVX %(%-%9%Q!<%H!&%I%i%$%P ( %P%s%I9TNs ) SSBEVX CHBEVX DSBEVX ZHBEVX C1=c%I%i%$%P ( ;0=EBP3Q9TNs ) SSTEV DSTEV divide and conquer %I%i%$%P ( ;0=EBP3Q9TNs ) SSTEVD DSTEVD %(%-%9%Q!<%H!&%I%i%$%P ( ;0=EBP3Q9TNs ) SSTEVX DSTEVX HsBP>N C1=c%I%i%$%P (Sc h ur J,2r ) SGEES CGEES DGEES ZGEES %(%-%9%Q!<%H!&%I%i%$%P (Sc h ur J,2r ) SGEESX CGEESX DGEESX ZGEESX C1=c%I%i%$%P ( 8GM-CM / 8GM-%Y%/%H%k ) SGEEV CGEEV DGEEV ZGEEV %(%-%9%Q!<%H!&%I%i%$%P ( 8GM-CM / 8GM-%Y%/%H%k ) SGEEVX CGEEVX DGEEVX ZGEEVX FC0[CM FC0[CMJ,2r$K$h$kFC0[CM / FC0[%Y%/%H%k SGESVD CGESVD DGESVD ZGESVD !|0lHL2=8GM-CMLdBj!$0lHL2=FC0[CMJ,2r BP>N$^$?$O Hermite 9TNs A $H@5DjCMBP>N9TNs B $KBP$7$F$O A x = �B x , AB x = �x , B A x = � x $r A*Br$G$-$^$9!% 5!G= C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t A : BP>N /Hermite 9TNs , B : @5DjCMBP>N9TNs$N0lHL2=8GM-CMLdBj SSYGV CHEGV DSYGV ZHEGV ( 05=L7A<0 ) SSPGV CHPGV DSPGV ZHPGV ( %P%s%I9TNs ) SSBGV CHBGV DSBGV ZHBGV HsBP>N9TNs$N0lHL2=8GM-CMLdBj (Sc h ur J,2r ) SGEGS CGEGS DGEGS ZGEGS HsBP>N9TNs$N0lHL2=8GM-CMLdBj ( 8GM-CM / 8GM-%Y%/%H%k ) SGEGV CGEGV DGEGV ZGEGV 0lHL2=FC0[CMJ,2r ( FC0[CM / FC0[%Y%/%H%k ) SGGSVD CGGSVD DGGSVD ZGGSVD 6

4.2 7W;;%k!<%A%s 7W ;; %k!< %A %s $O LU J, 2r!$ <B BP >N 9T Ns $N ;0 =E BP 3Q 2= $J $I!$ 8D!9 $N 7W ;; $r <B 9T $7 $^ $9!% %I %i %$ %P %k!< %A %s$O 0l O" $N 7W ;; %k!< %A %s $r 8F $S =P $9 9= @. $K $J$C $F $$ $^ $9!% Mx MQ <T $O $3 $l $i $N 7W ;; %k!< %A %s $r AH $_ 9g $o $; $F%I%i%$%P%k!<%A%s$G$O<B9T$G$-$J$$=hM}$r<B9T$9$k$3$H$,$G$-$^$9!% \ LD L " J,2r$H$O!$BP3Q9TNs D $*$h$S>e;03Q9TNs U $^$?$O2<;03Q9TNs L $rMQ$$$F9TNs$r LD L T , U D U T , LD L H , U D U H $N7A$KJ,2r$9$kAm>N$H$7$^$9!%$?$@$7 \ T " $O9TNs$NE>CV!$ \ H " $O9TNs$N6&LrE>CV$r$= $l$>$lI=$7$^$9!% !|O"N) 1 <!J}Dx<0 (1) 9TNs$N7?$H3JG<7A<0 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t 0lHL9TNs ItJ,%T%\%C%HA*BrIU$- LU J,2r SGETRF CGETRF DGETRF ZGETRF J,2r$r;H$C$F2r$r5a$a$k SGETRS CGETRS DGETRS ZGETRS >r7o?t$r?dDj$9$k SGECON CGECON DGECON ZGECON 2r$N8m:98B3&$r7W;;$9$k SGERFS CGERFS DGERFS ZGERFS J,2r$r;H$C$F5U9TNs$r5a$a$k SGETRI CGETRI DGETRI ZGETRI J}Dx<0$r6Q9U2=$9$k SGEEQU CGEEQU DGEEQU ZGEEQU 0lHL%P%s%I9TNs ItJ,%T%\%C%HA*BrIU$- LU J,2r SGBTRF CGBTRF DGBTRF ZGBTRF J,2r$r;H$C$F2r$r5a$a$k SGBTRS CGBTRS DGBTRS ZGBTRS >r7o?t$r?dDj$9$k SGBCON CGBCON DGBCON ZGBCON 2r$N8m:98B3&$r7W;;$9$k SGBRFS CGBRFS DGBRFS ZGBRFS J}Dx<0$r6Q9U2=$9$k SGBEQU CGBEQU DGBEQU ZGBEQU 0lHL;0=EBP3Q9TNs ItJ,%T%\%C%HA*BrIU$- LU J,2r SGTTRF CGTTRF DGTTRF ZGTTRF J,2r$r;H$C$F2r$r5a$a$k SGTTRS CGTTRS DGTTRS ZGTTRS >r7o?t$r?dDj$9$k SGTCON CGTCON DGTCON ZGTCON 2r$N8m:98B3&$r7W;;$9$k SGTRFS CGTRFS DGTRFS ZGTRFS BP>N /Hermite Cholesky J,2r SPOTRF CPOTRF DPOTRF ZPOTRF @5DjCM9TNs J,2r$r;H$C$F2r$r5a$a$k SPOTRS CPOTRS DPOTRS ZPOTRS >r7o?t$r?dDj$9$k SPOCON CPOCON DPOCON ZPOCON 2r$N8m:98B3&$r7W;;$9$k SPORFS CPORFS DPORFS ZPORFS J,2r$r;H$C$F5U9TNs$r5a$a$k SPOTRI CPOTRI DPOTRI ZPOTRI J}Dx<0$r6Q9U2=$9$k SPOEQU CPOEQU DPOEQU ZPOEQU BP>N /Hermite Cholesky J,2r SPPTRF CPPTRF DPPTRF ZPPTRF @5DjCM9TNs J,2r$r;H$C$F2r$r5a$a$k SPPTRS CPPTRS DPPTRS ZPPTRS ( 05=L7A<0 ) >r7o?t$r?dDj$9$k SPPCON CPPCON DPPCON ZPPCON 2r$N8m:98B3&$r7W;;$9$k SPPRFS CPPRFS DPPRFS ZPPRFS J,2r$r;H$C$F5U9TNs$r5a$a$k SPPTRI CPPTRI DPPTRI ZPPTRI J}Dx<0$r6Q9U2=$9$k SPPEQU CPPEQU DPPEQU ZPPEQU BP>N /Hermite Cholesky J,2r SPBTRF CPBTRF DPBTRF ZPBTRF @5DjCM%P%s%I9TNs J,2r$r;H$C$F2r$r5a$a$k SPBTRS CPBTRS DPBTRS ZPBTRS >r7o?t$r?dDj$9$k SPBCON CPBCON DPBCON ZPBCON 2r$N8m:98B3&$r7W;;$9$k SPBRFS CPBRFS DPBRFS ZPBRFS J}Dx<0$r6Q9U2=$9$k SPBEQU CPBEQU DPBEQU ZPBEQU BP>N /Hermite LD L J,2r SPTTRF CPTTRF DPTTRF ZPTTRF @5DjCM;0=EBP3Q9TNs J,2r$r;H$C$F2r$r5a$a$k SPTTRS CPTTRS DPTTRS ZPTTRS >r7o?t$r?dDj$9$k SPTCON CPTCON DPTCON ZPTCON 2r$N8m:98B3&$r7W;;$9$k SPTRFS CPTRFS DPTRFS ZPTRFS 7

!|O"N) 1 <!J}Dx<0 (2) 9TNs$N7?$H3JG<7A<0 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t BP>N /Hermite LD L J,2r SSYTRF CHETRF DSYTRF ZHETRF Hs@5DjCM9TNs J,2r$r;H$C$F2r$r5a$a$k SSYTRS CHETRS DSYTRS ZHETRS >r7o?t$r?dDj$9$k SSYCON CHECON DSYCON ZHECON 2r$N8m:98B3&$r7W;;$9$k SSYRFS CHERFS DSYRFS ZHERFS J,2r$r;H$C$F5U9TNs$r5a$a$k SSYTRI CHETRI DSYTRI ZHETRI J#AGBP>N9TNs LD L J,2r CSYTRF ZSYTRF J,2r$r;H$C$F2r$r5a$a$k CSYTRS ZSYTRS >r7o?t$r?dDj$9$k CSYCON ZSYCON 2r$N8m:98B3&$r7W;;$9$k CSYRFS ZSYRFS J,2r$r;H$C$F5U9TNs$r5a$a$k CSYTRI ZSYTRI BP>N /Hermite LD L J,2r SSPTRF CHPTRF DSPTRF ZHPTRF Hs@5DjCM9TNs J,2r$r;H$C$F2r$r5a$a$k SSPTRS CHPTRS DSPTRS ZHPTRS ( 05=L7A<0 ) >r7o?t$r?dDj$9$k SSPCON CHPCON DSPCON ZHPCON 2r$N8m:98B3&$r7W;;$9$k SSPRFS CHPRFS DSPRFS ZHPRFS J,2r$r;H$C$F5U9TNs$r5a$a$k SSPTRI CHPTRI DSPTRI ZHPTRI J#AGBP>N9TNs LD L J,2r CSPTRF ZSPTRF ( 05=L7A<0 ) J,2r$r;H$C$F2r$r5a$a$k CSPTRS ZSPTRS >r7o?t$r?dDj$9$k CSPCON ZSPCON 2r$N8m:98B3&$r7W;;$9$k CSPRFS ZSPRFS J,2r$r;H$C$F5U9TNs$r5a$a$k CSPTRI ZSPTRI ;03Q9TNs 2r$r5a$a$k STRTRS CTRTRS DTRTRS ZTRTRS >r7o?t$r?dDj$9$k STRCON CTRCON DTRCON ZTRCON 2r$N8m:98B3&$r7W;;$9$k STRRFS CTRRFS DTRRFS ZTRRFS 5U9TNs$r5a$a$k STRTRI CTRTRI DTRTRI ZTRTRI ;03Q9TNs 2r$r5a$a$k STPTRS CTPTRS DTPTRS ZTPTRS ( 05=L7A<0 ) >r7o?t$r?dDj$9$k STPCON CTPCON DTPCON ZTPCON 2r$N8m:98B3&$r7W;;$9$k STPRFS CTPRFS DTPRFS ZTPRFS 5U9TNs$r5a$a$k STPTRI CTPTRI DTPTRI ZTPTRI ;03Q%P%s%I9TNs 2r$r5a$a$k STBTRS CTBTRS DTBTRS ZTBTRS >r7o?t$r?dDj$9$k STBCON CTBCON DTBCON ZTBCON 2r$N8m:98B3&$r7W;;$9$k STBRFS CTBRFS DTBRFS ZTBRFS !|D>8rJ,2r$H@~7A:G>.Fs>hLdBj 9TNs$N7?$HJ,2r 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t QR J,2r , 0lHL9TNs %T%\%C%HA*BrIU$-J,2r SGEQPF CGEQPF DGEQPF ZGEQPF %T%\%C%HA*Br$J$7J,2r SGEQRF CGEQRF DGEQRF ZGEQRF Q $N:n@. SORGQR CUNGQR DORGQR ZUNGQR Q $K$h$k9TNs$N>h;; SORMQR CUNMQR DORMQR ZUNMQR LQ J,2r , 0lHL9TNs %T%\%C%HA*Br$J$7J,2r SGELQF CGELQF DGELQF ZGELQF Q $N:n@. SORGLQ CUNGLQ DORGLQ ZUNGLQ Q $K$h$k9TNs$N>h;; SORMLQ CUNMLQ DORMLQ ZUNMLQ QL J,2r , 0lHL9TNs %T%\%C%HA*Br$J$7J,2r SGEQLF CGEQLF DGEQLF ZGEQLF Q $N:n@. SORGQL CUNGQL DORGQL ZUNGQL Q $K$h$k9TNs$N>h;; SORMQL CUNMQL DORMQL ZUNMQL RQ J,2r , 0lHL9TNs %T%\%C%HA*Br$J$7J,2r SGERQF CGERQF DGERQF ZGERQF Q $N:n@. SORGRQ CUNGRQ DORGRQ ZUNGRQ Q $K$h$k9TNs$N>h;; SORMRQ CUNMRQ DORMRQ ZUNMRQ RQ J,2r , Bf7A9TNs %T%\%C%HA*Br$J$7J,2r STZRQF CTZRQF DTZRQF ZTZRQF 8

!|0lHL2=D>8rJ,2r$H@~7A:G>.Fs>hLdBj 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t 9TNs A $N QR J,2r!$9TNs B $N QT Z J,2r SGGQRF CGGQRF DGGQRF ZGGQRF 9TNs A $N R Q J,2r!$9TNs B $N Z T Q J,2r SGGRQF CGGRQF DGGRQF ZGGRQF !|BP>N8GM-CMLdBj 9TNs$N7?$H3JG<7A<0 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t L)BP>N /Hermite 9TNs ;0=EBP3Q2= SSYTRD CHETRD DSYTRD ZHETRD L)BP>N /Hermite 9TNs ( 05=L7A<0 ) ;0=EBP3Q2= SSPTRD CHPTRD DSPTRD ZHPTRD %P%s%IBP>N /Hermite 9TNs ;0=EBP3Q2= SSBTRD CHBTRD DSBTRD ZHBTRD D>8r / %f%K%?%j9TNs ;0=EBP3Q2=8e$N9TNs:n@. SORGTR CUNGTR DORGTR ZUNGTR ;0=EBP3Q2=8e$N9TNs$N>h;; SORMTR CUNMTR DORMTR ZUNMTR D>8r / %f%K%?%j9TNs ;0=EBP3Q2=8e$N9TNs:n@. SOPGTR CUPGTR DOPGTR ZUPGTR ( 05=L7A<0 ) ;0=EBP3Q2=8e$N9TNs$N>h;; SOPMTR CUPMTR DOPMTR ZUPMTR BP>N;0=EBP3Q9TNs 8GM-CM / 8GM-%Y%/%H%k ( QR K! ) SSTEQR CSTEQR DSTEQR ZSTEQR 8GM-CM (ro ot-free QR K! ) SSTERF DSTERF 8GM-CM / 8GM-%Y%/%H%k ( @-G=M%@h ) SSTEDC CSTEDC DSTEDC ZSTEDC 8GM-CM (bisection K! ) SSTEBZ DSTEBZ 8GM-%Y%/%H%k ( 5UH?I|K! ) SSTEIN CSTEIN DSTEIN ZSTEIN BP>N;0=EBP3Q@5DjCM9TNs 8GM-CM / 8GM-%Y%/%H%k ( =‘BP3Q QR K! ) SPTEQR CPTEQR DPTEQR ZPTEQR !|HsBP>N8GM-CMLdBj 9TNs$N7? 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t 0lHL9TNs Hessen b erg JQ49 SGEHRD CGEHRD DGEHRD ZGEHRD 9TNs$N6Q9U2= SGEBAL CGEBAL DGEBAL ZGEBAL 5UJQ49 SGEBAK CGEBAK DGEBAK ZGEBAK D>8r / %f%K%?%j9TNs Hessen b erg JQ498e$N9TNs:n@. SORGHR CUNGHR DORGHR ZUNGHR Hessen b erg JQ498e$N9TNs$N>h;; SORMHR CUNMHR DORMHR ZUNMHR Hessen b erg 9TNs Sc h ur J,2r SHSEQR CHSEQR DHSEQR ZHSEQR 8GM-%Y%/%H%k ( 5UH?I|K! ) SHSEIN CHSEIN DHSEIN ZHSEIN ( =‘ ) ;03Q9TNs 8GM-%Y%/%H%k STREVC CTREVC DTREVC ZTREVC Sc h ur J,2r$NJB$Y49$( STREXC CTREXC DTREXC ZTREXC Sylv ester 9TNsJ}Dx<0$r2r$/ STRSYL CTRSYL DTRSYL ZTRSYL 8GM-CM / 8GM-%Y%/%H%k$N>r7o?t$N7W;; STRSNA CTRSNA DTRSNA ZTRSNA 8GM-CM72 / 8GM-%Y%/%H%k72$N>r7o?t$N7W;; STRSEN CTRSEN DTRSEN ZTRSEN !|FC0[CMJ,2r 9TNs$N7? 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t 0lHL9TNs =‘BP3QJQ49 SGEBRD CGEBRD DGEBRD ZGEBRD 0lHL%P%s%I9TNs =‘BP3QJQ49 SGBBRD CGBBRD DGBBRD ZGBBRD D>8r / %f%K%?%j9TNs =‘BP3QJQ498e$N9TNs:n@. SORGBR CUNGBR DORGBR ZUNGBR =‘BP3QJQ498e$N9TNs$N>h;; SORMBR CUNMBR DORMBR ZUNMBR =‘BP3Q9TNs FC0[CM / FC0[%Y%/%H%k SBDSQR CBDSQR DBDSQR ZBDSQR 9

!|BP>N@5DjCM0lHL2=8GM-CMLdBj 9TNs$N7?$H3JG<7A<0 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t BP>N /Hermite 9TNs I8=‘8GM-CMLdBj$X$NJQ49 SSYGST CHEGST DSYGST ZHEGST BP>N /Hermite 9TNs ( 05=L7A<0 ) I8=‘8GM-CMLdBj$X$NJQ49 SSPGST CHPGST DSPGST ZHPGST BP>N /Hermite %P%s%I9TNs J,3d Cholesky J,2r SPBSTF CPBSTF DPBSTF ZPBSTF I8=‘8GM-CMLdBj$X$NJQ49 SSBGST CHBGST DSBGST ZHBGST !|0lHL2=8GM-CMLdBj 9TNs$N7?$H3JG<7A<0 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t 0lHL9TNs Hessen b erg JQ49 SGGHRD CGGHRD DGGHRD ZGGHRD 9TNs$N6Q9U2= SGGBAL CGGBAL DGGBAL ZGGBAL 5UJQ49 SGGBAK CGGBAK DGGBAK ZGGBAK Hessen b erg 9TNs Sc h ur J,2r SHGEQZ CHGEQZ DHGEQZ ZHGEQZ ( =‘ ) ;03Q9TNs 8GM-%Y%/%H%k STGEVC CTGEVC DTGEVC ZTGEVC !|0lHL2=FC0[CMJ,2r 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t 9TNs A $H B $N;03Q7A<0$X$NJQ49 SGGSVP CGGSVP DGGSVP ZGGSVP 2 $D$N;03Q7A<0$N0lHL2=FC0[CMJ,2r STGSJA CTGSJA DTGSJA ZTGSJA !|$=$NB> 1i;; C1@:EY <B?t J#AG?t G\@:EY <B?t J#AG?t <B BP >N /Hermite 9T Ns $N 8G M- CM $^ $? $O 0l HL 9T Ns $N :8!& 1& FC 0[ %Y %/ %H%k$K$D$$$F$N>r7o?t$r7W;; SDISNA DDISNA ;29MJ88% [1] VPP700/56 MxMQ$N<j0z ( Bh 2 HG ), 6e=#Bg3XBg7?7W;;5!%;%s%?!< , 1998. [2] Anderson, E., Bai, Z., Bisc hof, C., Demmel, J., Dongarra, J., Du Croz, J., Green baum, A., Hammarling, S., McKenney , A., Ostrouc ho v, S., and Sorensen, D.: LAP A CK Users’ Guide, Se c ond Edition , So ciet y for Industrial and Applied Mathematics, Philadelphia, ISBN 0-89871- 345-5 , 1995. ( http://www.netlib.org/lapack/ ) [3] Anderson, E., Bai, Z., Bisc hof, C., Demmel, J., Dongarra, J., Du Croz, J., Green baum, A., Hammarling, S., McKenney , A., Ostrouc ho v, S., and Sorensen, D., >. 9q NO Lu : 9T Ns 7W ;; %Q%C %1!<%8 LAP A CK MxMQ$N<j0z , 4]A1 , ISBN 4-621-04076-6 , 1995. 10