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DO I=1,N_row
Y(1) = 0.DO
DO J=1,N_col
YD) = YD) + X(ID)*A(1,D)
END DO
END DO
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besser: Y = 0.DO

DO J=1,N_col

IF (X(J) -NE. 0.DO) THEN

DO I=1,N_row

END
END IF
END DO

DO

YD) = Y1) + X(ID)*A(L,D)

Meaning of prefixes
5 - REAL C
D - DOUBLE PRECISION Z - COMPLE
(this may not be supported
by all machines)

Faor the Level 2 B

5 a set of extended-precision routines with
the prefixes E: 2O, Ei

Z may also be available.

Level 1 BLAS
In addition to the listed routines the
extended-precision dot product rout

are two further
es DQDOTI and DQDOTA.

B - General Band

5B - Sym. Band 5P - Sum. Packed
HErmitian HB - Herm. Band HP - He Packed
TR - TRiangular TB - Triang. Band TP - Triang. Packed

Level 2 and Level 3 BL, Oiptions

Dummy optio are declared as CHARACTER*1
¢ be passed as character strings.

pose’, ‘Transpose’,

“Conjugate transpose’ (X, X7, x#)

UPLO
DIAG
SIDE = ‘Left”, ‘Rj,

. ght” (A or op{A) on the left,
or A or op(A) on the right)

TRANSx = “T" and TRANSx =

For real matric 7 have
the same me B
For Hermitian matrices, THRANS: Y1 is not allowed.
For complex svmmetric matrices, TRANSx = *H" is not

allowed.
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Obtaining the Software via netlib@ornl.gov

To receive a copy of the single-precision software,
type in a mail message:

send sblas from blas

send sblas2 from blas

send sblas3 from blas

To receive a copy of the double-precision software,
type in a mail message:

send dblas from blas

send dblas2 from blas

send dblas3 from blas

To receive a copy of the complex single-precision software,
type in a mail message:

send cblas from blas

send cblas2 from blas

send cblas3 from blas

To receive a copy of the complex double-precision software,
type in a mail message:

send zblas froa blas

send zblas? from blas

send zblas3 from blas

Send comments and questions o lapack@es.utk.edu .
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Level 1 BLAS

dim scalar vector

vector s

calars

G-element array

SUBROUTINE xROTG ( A, B, C,5) Generate plane rotation
SUBROUTINE xROTMG( D1, D2, A, B, PARAM ) Generate modified plane rotation
SUBROUTINE xROT ( N, 1, INCX, ¥, INCY, €, 5) Apply plane rotation
SUBROUTINE xROTM ( N, X, INCX, ¥, INCY, PARAM ) Apply modified plane rotation
SUBROUTINE xSWAP ( N, X, INCX, Y, INCY } Ty
SUBROUTINE xSCAL ( N, ALPHA, X, INCX ) T ar }
SUBROUTINE xCOPY ( N, X, INCX, ¥, INCY ) yix \
SUBROUTINE xAXPY ( N, ALPHA, X, INCK, Y, INCY ) Yy arty \
FUNCTION =xDOT ( N, X, INCX, Y, INCY } dot + =Ty
FUNCTION  xDOTU ( N, X, INCX, Y, INCY ) dot +— x"y
FUNCTION  xDOTC ( N, X, INCX, Y, INCY ) dot + xHy
FUNCTION  xxDOT ( N, X, INCX, ¥, INCY ) dot +— a + 2Ty
FUNCTION  xNRM2 ( N, X, INCX ) nrm2 e [|z]|2
FUNCTION  xASUM ( N, X, INCX ) asum + |[re{z)||y + |im(z]||y
FUNCTION  IxAMAX( N, X, INCX ) amaz + 1"k 3 Jre(zy )| + Jim(x)|
= max(|re(x;)| + lim(z:)|)
Level 2 BLAS
aptions dim  b-width scalar matrix vector scalar vector
XGEMV ( TRANS, M, W, ALPHA, A, LDA, X, INCX, BETA, ¥, INCY ) i adr+ By adTs+ 8y y+— aA¥z+ 3y, A—mxn 5 D,0C 7
*GEMV ( TRANS, M, N, KL, KU, ALPHA, A, LDA, X, INCX, BETA, ¥, INCY ) g adr+ fyy —aATs 4+ 8y p+—aAl¥zs 4+ Bp A —muxn 50,07
xHEMV ( UPLO, N, ALPHA, A, LDA, X, INCX, BETA, ¥, INCY ) y + adx + By C,Z
xHEMV ( UPLO, H, K, ALPHA, A, LDA, X, INCX, BETA, ¥, INCY ) y + adz + [y %
xHFMV ( UPLO, N, ALPHA, AP, X, INCX, BETA, ¥, INCY ) ¥+ adr+ By C,Z
xSYMV ( UPLO, N, ALPHA, &, LDA, X, INCX, BETA, ¥, INCY ) y + adz + By 5, D
xSEMV ( UPLO, u, K, ALPHA, A, LDA, X, INCX, BETA, ¥, INCY ) ¥+ adz+ fy S, D
xSPMV ( UPLO, N, ALPHA, AP, X, INCX, BETA, Y, INCY ) y = adx + By 8D
«TRMV ( UPLD, TRANS, DIAG, W, A, LDA, X, INCX ) r Ar,r i+ AT, r e AV e 5, D,
xTEMV ( UPLD, TRANS, DIAG, N, K, A, LDA, X, INCX ) s Arz+ ATz z e AHe 8, D,
xTPMV ( UPLD, TRANS, DIAG, N, WP, x, IMCK ) s, D,
xTRSV ( UPLD, TRANS, DIAG, N, A, LDA, X, INCX ) y s, D,
*TBSV ( UPLD, TRANS, DIAG, H, K, A, LDA, X, INCX ) 0+ ATz o A-H: 5, D,
*TPSV ( UPLD, TRANS, DIAG, N, AP, X, INCX ) i A"lr r e AT 2 AWy s, D,
options dim  scalar vector wvector matrix
xGER  ( M, N, ALPHA, X, INCX, ¥, INCY, A, LDA )} Aeory” + A A-mxn 5D
*xGERU ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA ) Acozy’ + A A-mxn O, 7
xGERC ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA ) Aozy? c A A-mxn (S
xHER ( UPLO, N, ALPHA, X, INCX, A, LDA ) A= axxfl 4 A C, 7
xHPR  ( UPLO, N, ALPHA, X, INCK, 1] A axc? + A o, 7
xHERZ ( UPLOD, N, ALPHA, X, INCX, Y, INCY, A, LDA ) A+ azy¥ +ylaz)¥ + A CZ
xHPR2 ( UPLD, N, ALPHA, X, INCX, ¥, INCY, AP ) A= axy" & ylax)¥ + A C, 2
xSYR  ( UPLO, N, ALPHA, X, INCX, A, LDA) A= ozxT & A s, D
x5PR  ( UPLD, W, ALPHA, X, INCX, AP ) A azzT 4 A 5D
x*8¥YR2 ( UPLOD, W, ALPHA, X, INCX, ¥, INCY, A, LDA ) A ary” +apeT + A 5D
x8PR2 ( UPLOD, W, ALPHA, X, INCX, ¥, INCY, AP ) A+ ary” +oayrT + A 5, D
Level 3 BLAS
options dim scalar matrix matrix scalar matrix
TGEMM ( TRANSA, TRANSE, M, N, K, ALPHA, A, LDA, B, LDB, BETA, C, LDC ) € + aap(A)op(B) + 3C,op(X) = X, XT X7 C—mxn
xSYMM ( SIDE, UPLO, M, N,  ALPHA, A, LDA, B, LDB, BETA, C, LDC ) € + adB 4+ 30C,C+ aBA4+FC,C-mxn,A=AT
*xHEMM ( SIDE, UPLO, M, N, ALPHA, A, LDA, B, LDB, BETA, C, LDC ) €+ adB+ 30,0+ aBA+ 80,0 —mxn, A= AN
xSYRK ( UPLO, TRANS, N, K, ALPHA, A, LDA, BETA, €, LDC) €« adA” 4 3C.C + adTA+ HC.C-nxn
*HERK ( UPLO, TRANS, N, K, ALPHA, A, LDA, BETA, €, LBC ) €+ add” VO oA A+ 80,0 —nxn
*SYRIK( UPLD, TRANS, N, K, ALPHA, A, LDA, B, LDB, BETA, €, LBC) C « adB” +aBA” + 30, C aATB+aBT A+ 4C,C—nxn 5D,
EHERZK( UPLD, TRANS, N, K, ALPHA, A, LDA, B, LDB, BETA, C, LDC ) € « adBY 4aBAY 430, C aA¥"B+aBY A4 80, C-nxn CZ
*xTRMM ( SIDE, UPLOD, TRANSA, DIAG, M, N,  ALPHA, A, LDA, B, LDB ) B+ aep(A)B. B « aBop(A),op(A) = A, AT AY B —mxn 5D, 27
xTRSM ( SIDE, UPLO, TRANSA, DIAG, M, N,  ALPHA, A, LDA, B, LDB ) 2 B 4 aop{AV)B, B « aBop(A~ ), op(A) = A, AT AT Bemxn §DCZ
LAPACK Quick
. Simple Drivers ) )
Re fere nce ‘ : ulde Simple Driver Routines for Linear Equations
Matrix Type Routine
Gieneral SAESV( LK WRES, A, LDA. TPIV. B. LDE. INFD )
COESYH L WRES, &, LDA. IPIV. B. LBB. INFD )
General Band GBSV M, EL, KU, NRES, 4B, LDAB, IPIV, B, LDE, INFO }
to the coesv{ W, KL, KU, WRES, %8, LDAB, IPIV, B, LEE, NFD Y
General Tridiagonal SETEN( LK NRES, DL, D, DU, B, LDB, INFD )
(=3 1104 L] WRES. BL. D BU. B, LBB. INFD )
Symmﬂti(fﬁellmilia“ SPOSY{ UPLO. W, WRES, &, LDA. B. LBB. INFD )
Fogitive Definite CPOSY{ UPLD. W, BRES, &, LPA. B, LPB. INFD )
. : Symmetric/Hermitian aPPSY{ UPLD, W, NRES, AP, B. LDE. INFD }
rlver Outlnes Fasitive Definite (Facked Storage) CPPSY{ UPLO. W, HRES, AP, B. LDE. INFD )
Symmetric/Hermitian SPESY( UPLO. W, ED, NRES. AB. LDAE, B. LDE. INFD )
Fositive Definite Band CPESY{ UPLO. W, ED, BRES. AB. LDAE, B. LDE. INFD )
Symmetric/Her 1 TSV Lh HRES, D, E, B, LbB, INFO }
Fasitive Definite Tridiaganal TSV LA HRES, D, E, B, LDE, INFD }
Symmetric/Hermitian SSYSY{ UPLO, N, NRES, &, LDA, IPIV. B, LDB, WORK, LWORK, INFO )
Release 3.0 Indefinite CSYSYL UPLO. N, NRES, &, LDA, IPIV, B, LDB. WORK, LWORK, INFD )
CHESY{ UPLD. . WRES, A, LDA. TPI¥. B, LDB. WORK, LWORE. INFD )
Symmetric/Hermitian SSFSY{ UPLD. W, BRES, AF. IPIV. B, LPB. INFOD )
Indefinite [Packed Storage) CEPSY{ UPLD, N, HRES, &P, 1PV, B, LbB, INFO }
CHPSY{ UPLD, W, NRES, AP, v, B, LDE, INFD }

Simple Driver Routines for Standard and Generalized Linear Least Squares Problems

Problem Type

Salve Using Orthegonal Factor,
Assuming Full Rank

Solve LSE Problem Using GRQ

Solve GLM Problem Using GQR

Routine

SGELS. TEANS., H. W, WRHS. k. LDA, B. LDE,

GOELS{ TRANS W, NRHS, k. LDA, 8. LDE,

S60LIEL BN P A, LDa, B, e, X,
CEOLIE( B oE P &, LDL, B, LDE, C, D, X,
SGOGLEC N H P & LDA, B, LDE, D, X, ¥,
COOGLE( R P 4. LDL, B, LDE, D, X, ¥,

LHORE,
LHORE,

LHORK,
LHORE,

LHORE,
LHWORK,

INFD }
THFD ¥

INFD b
INFD

INFO 3
INFD 3




Simple and Divide and Conguer Driver Routines for Standard Eigenvalue and Singular Value Problems

MatrixfProblem Type FRoutine
Symumetoie/ Hermmitian SEYEV( JoBZ, UPLG, w, &, LA, W, WORK . INFD
Eigenvalues/vectors CHEE¥{ JOBZ, UPLO, u, &, LD&, Lh WORK, RHCRE InFO
Divide and Conquer SSYEVD( JOBZ, UPLO. N, A&, LDA, o, WORK, . THORE, LINORK, INFO
CHEEVD( JOBZ, UPLO, N A&, LD&, o, WORK, . RYORK, LRWORK, IWORK, LIWORK, INFO
Symmetric/Hermitian SSPEV( JOBZ. UPLO. u. BF. 8, T. LDZ. WORE . THFD
(Packed Storage) CHPEV( JOBI, UPLO. LN AF. LR Z.LpZ. WORE . REDRE . INFO
Eigenvalues/vectors
Divide and Conguer SSPEVD( JOBZ, UPLO, u, AP, o, 2, L, WORK, IHORK, LINCRK, INFO
CEPEVD( JOBZ, UPLO. LB AR, . 2. Le2. HORK. LRORK. R®ORK, LRWORK, IHORE, LINORK. INFO
Symmetric /Hermitian Band SSEEV( JOEZ, UPLO, W. KD. B, LDaB, LR Z.LeZ. WORE ., InFD
Eigenvalues/vectors CHEEV( JOBZ, UPLO. M. KD. B, LDaB. LR Z.Lez. WORK . REDRE . o
Divide and Conquer SSEEVD( JOBI, UPLO. M. KD. B, LDaB. LR Z.LpZ. WORK. LWORK. THORE, LINDEK. INFO
CHBEVD( JOBZ, UPLO, M. KD, &B, LDaB, W, z, LpZ. WORK, LWORK. RWORK, LRWORK, IWORE, LIWORK, INFO
Symmetric Tridiagenal SSTEV( JOBZ, N, o, E, I, Lez, WORK, INFO
Eigenvalues/vectors
Divide and Conguer SSTEVD( JOBZ, N D, E, z, Lez, WORK, LWORK. IHORK, LINWORK, INFO
General SGEES{ JOBVS, SORT. SELECT. W. &. LDL. SDIN. WR. WI. V5. LDTS, HORK. LRIRE. EWORE, INFD
Schur Facterization COEES{ JOBVS, SORT. SELECT. WN. &. LDE. SDIW. ¥, VS, LDTE. WORK. LWORK. REORK, EWORE, INFD
General SGEEV( JOBVL, JOBVR u, Ao LDA, WR, WI, VL, LDYL, ¥R, LOVR, WORK. LWORI INFO
Eigenvalues/vectors CGEEV{ JOBYL, IOBVE, u, &, LD&, ", YL, LDYL, ¥R, LDVR, WORK, LWORK, RWORK, InFO
General SGESVD( JOBU, JOBNT, H. A&, LD&, g, U. LDV, ¥T. LDVT, WORK, LWORK. INFO
Singular Values/Vectors CGESYD( JOBU, IOBVT, H. & LDE, 5. U. LDV, ¥T, LD¥T, WORK. LWIRK. RWORK, INFO
Divide and Conquer SGESOD( JOBT. LE &, LDE, 3. U. LDU, ¥T. LD¥T, WORK. LWORK. THORE, INFO
CGESDD( JOBZ, H. &, LDA. g, U. LDU, ¥T. LDVT, WORK, LWORK. RWORK, IHORE, INFO

Simple and Divide and Conguer Driver Routines for

Generalized Eigenvalue and Singular Value Problems

Matrix /Problem Type Houtine
aylﬂlﬂel!l(-aeﬁnllk SEYGY[ ITYPE. JOBZ, UPLD, N. A, LD, B. LDB, LB WORE. LWIRE. INFD ¥
Eigenvalues/vectors CHEGY( ITYPE, JOBZ, UPLD, M. &, LDk, B, LDE, W, WORK, LWORK, RWORK, INFO }
Divide and Conguer SEYGYD( ITYPE, JOBZ, UPLD, M. A, LD, B, LDE, W, HORK, LWORK, IWORK, LINORK, INFO }
CHEGYD( ITYPE, JOBZ, UPLD, M. &, LDk, B, LDB, W, WORK, LWORK, RWORK, LEWORK, IWORK, LINORK, INFO }
Symmetric-definite SEPGVL  ITYPE. JOBZ. UPLD, WooRe. B, ¥, 2, Loz, HORK. IO }
(Packed Storage) CHPGV( ITYPE, JOBZ, UPLOD, . AP, BP, LN 2, Loz, HORK, REORK, INFOD }
igenvalucs/vectors
Divide and Cenquer SEPGVD( ITYPE. JOBZ, UPLD, L BP. LH Z, Loz, WORK, LWORE, INORE. LINORE. INFD }
CHPGYD( ITYPE. JOBZ, UPLOD, N, &P, BP, LN Z, Loz, WORK, LWORE, RWORK, LRWORE, IWORK, LINORK, INFO }
Symmetric-definite S5BGV( JOBZ. UPLD. WM. KA, KB, kB, LDAB, BE. LDEB. W, I, Loz, HORK, INFD }
(Band Storage) CHBGV( JOBZ. UFLOD. WM. Ei, KB, kB, LDAB, BB, LDEB, W, Z, Loz, WORK, REORE . INFO }
Eigenvalues/vectors
Divide and Conguer SLBGVDL JOBZ, UPLD, M, K&, KB, iB, LDAB, BB, LDEB, W, Z, Loz, HORE, LWORE, INORK, LINORK, INFO }
CHBGVD( JOBZ. UPLD. W. KL, KB, LB, LDAB, BB, LDEB, W, Z, Loz, WORE, LWORE, LRWORE, INORK. LINORK. INFD }
General SGOES( JOBYSL, JOBYSK, SORT, SELCTG, N, 4, LDA, B, LDE, SDIH, ALPHAR, ALPHAI, BETA, ¥SL, LDYSL, ¥SK, LDYSR, WORK, LMWORK, BRORK . INFD )
Schur Factorization COOES( JOBVEL, JOBYSK, SORT, SELCTG, N, 4, LDA, B, LDE, SDIH, ALPHA, BETA, ¥SL, LDYSL, ¥Sk, LDYSR, WORK, LWORE, RWORK. BRORK . INFO )
General SGUEV( JOBVL. JOBVE, W, &, LPA. B, LDB, ALPHAR, ALPHAI. BETA, VL, LDVL. VR, LDVR. HORE, LWORE, INFO }
Eigenvalues/vectors COGUEV(  JOBYL, JOBVE, W, &, LG, B, LDE, ALPHA, BETA, VL, LDVL. VR, LDVE. HORE, LWORE, RWORK, INFD ¥
Caneral scosved JCBU, JOBY, JOBQ, W, W, P, K, L. A, LD, B, LDE, ALPHE, BETL, U, LDU, ¥, LDY, §, LDG, WORK, TWORK, INFD }
Singular Values/Vectors COOSVD( JOBU, JOBV, JOBQ, H, N, P, K, L, &, LDi, B, LDE, ALPHR, BETA, U, LDU, ¥, LDY, Q. LDG, WORK, REORK IRORK, INFO }
.
Expert Drivers
Expert Driver Routines for Linear Equations
Matrix Type Routine
General SGESVE( FACT, TRANS, N, BRES, &, LDA. AF. LDAF. IPIY, EQUED. R. C. B. LDE, X, LDX. RCOND, FERR. BERR, WORK, IWORK, INFD
GOESVE( FACT, TRANS, N, BRES, A, LBA. AF. LDAF, IPIY, EQUED. R. G, B, LDE, X, LDX. RCOND, FERR. BERE, WORK, EWORK, INFO
General Band SGBSVE( PAST, TRANS, N, EL, KU, MRE3, AB, LODAB, A&PB, LDAFB, IPIT, EQUED, K, ¢, B, LDB, I, LDX, RCOND, FERR, BERR, WORK, IWORE, INFO
COBSVEL PAST, TRANS, M. EL. KU, WRHS, 4B, LDAB, AFE, LDAFE. IPIV, EGUED. B, ¢. 5. LDE, X, LDX, RCOND, FERR. DERR. WORK, EHORE, INFO
General Tridiagonal SGISVEC PACT, TRANS, N, BRES, DL, B, DU, DLF, DF, DUF, DUZ, IPIV, B, LDE, X, LDX, RCOND, FERR, BERR, WORK, IHORE, INFO
CGTSVE( FACT, TRINS, N, BRES, DL. D, DU, DLF. DF, DUF, DUZ, IPIV. B. LDE, X, LDX. RCOWD, FERR. BERR, WORK, RNORK, INFD
Symmetric/Hermitian SPOSVE( FACT, UPLO. N, BRES, A, LBA. AF. LBAF, EQUED. 5. B. LDB, X, LPX. RCOND, FERR. BERE. WORK, THORE, INFO
Fostive Definite CPOSVEC PACT, UPLD, N, WRES, A, LB, AF, LDAF, EQUED. 3. B, LDE, X, LDX, RCCND, FERR, BERR, WORK, EWORK, INFO
Symmetsic/ Hermitian SPRSVEL FAST, UPLO. . BRES, AP, are, EGUED. 5. B, LDE, X, LDX, RCOND, FERR. BERR, WORK, THORE, INFO
Fositive Definite [Packed Starage) CPPSVL( PACT, UPLO, N, BRES, AP, AFP, EQUED. S5, B, LDE, X, LDX, RCOND, FERR, BERR, WORK, EHORE, INFO
Symmetric/Hermitian SPESVI( FACT, UPLO. BRES, AB. LDAB. AFE, LDAFB. EQUED. 5. B. LDB, X, LDX. RCOND, FERR. BERR. WORK, THORK, INFD
Fositive Definite Band CPBSVE( FACT, UPLO, MRS, AB, LDAB, AFPB, LDAFB, EQUED. S, B, LDE, I, LDX, RCOND, FERR, BERR, WORK, EWORK, INFO
Symmetric/Hermitian SPTSVEL PactT, N, WRES, D, B, P, EF, B, LDE, X, LDX, RCCND, FERR, BERR, WORK, INFO
Fositive Definite Tridiagonal CPISVE( FACT, N, BRES, D, E. BF. EF, B. LDE, X, LDX, RCOND, FERR., BERR. WORK, EWORE, INFO
SymmetricfHermitian SEYSVE( PACT, UPLO, N, BRES, &, LDA, AF, LDAF, IPIV, B, LDE, I, LDX, RCOND, FERR, BERR, WORK, LWORK, INORK, INFO
Indefinite CSYSVE( FACT, UPLO. . BRES. A. LDA. AF. LDAF. IPIV, B. LDE, X, LDX, RCOWD, FERR. BERR, WORK, LWORK, RWORK, INFD
CHESVE( FACT, UPLO. W, BRES, A, LDA. AF. LDAF. IFIV, B. LDE, X, LDX. RCOWD, FERR. BERR, WORK, LWORK, RWORK, INFD
SymmetricfHermitian SEPIVE( PACT, UPLO, N, NRHS, AP, APP, IPIY, B, LDE, X, LDX, RCOND, FERR, BERR, WORK, INORE, INFO
Indefinite [Packed Storage) CIPSYAL PAcT, UPLOD. N, 5, AP, APF, II B, LOE, X, LDX, RCCHD, FERR, BERR, WORK, EWORK, INFO
CEPSVEL PAST, UPLO. W, BRES, AP, iFR. IPIV, B. LDE, X, LDX, RCOND, FERR. BERR, WORK, BHORK, INFO
Divide and Conquer and Expert Driver Routines for Linear Least Squares Problems
Problem Type Reutine
Solve Using Orthagenal Facter SOELEY( R, W, WRHS, &, LD, B, LDE, JPYT. RCOND, RANE. WORK, LWORK, INFD }
COELSY( H, N, NEHE, &, LDL, B, LDE, JPYT, RCOND, RANK, WORK, LWORK, EWORK, INFO }
Solve Using VD, SGELSS( H, N, WRHS, &, LDA, B, LDE, &, RCOND, RANE, WORK, LWORE, 1NFO )
Allowing for Rank-Dreficiency GOELSS( H, W, WRHS, &. LDA, B, LDE, 5. RCOWD, WORE, LWORK, EWORK. INFD }
Baolve Using D&EC EVD, SOELZD W, W, HE, &, LDA, B, LDE, 8, RCOED, WORE, LWORE, IWORE, INFO }
Allewing for Rank-Deficiency COELED W, W, HE. &, LD, B, LDE, S. RCDED, WORE, LWORK, RWORK. IWORK. INFO )




Expert and RRR Driver Routines for Standard and Generalized Symmetric Eigenvalue Problems

Matsix [Problem Type Reutine
Symmetric/lermitian ZSYEVNL JOBZ, RANGE, UPLD, W, 1, Lo, VL, W0, IL, IU, ABSTOL, W, W. 2. LDZ, WORK, LWORE, THORE, IFAIL, INFO §
Eigenvalues/vectors CHEEYL( JOBZ. BANGE. UPLD, 1. oA, VL. YU, IL, IU. BSTOL. W, W. I. LDZ. WORK. LWORK. RWORE, THORE, TFLIL. INFD §
SSYEVR( JOBZ, RAMGE, UPLOD, W, i, LDA, WL, YU, IL, IU, ABSTOL, W, . Z. LOZ, ISUPPZ, WORK, LWORK, IHORE, LINORK. INFO }
CHEEYR JOBZ, BAMGE, UPLD, &, LDA, ¥L, WU, IL, U, ABSTOL, W, W, Z, LOZ, ISUPPZ, WORK, LWORK, RWORK, LRWORK, IWORK, LIMORK, INFO )
SSYQYND ITYPE, JOBZ, RANGE. UPLD, &, LDA, B, LDE, WL, VU, IL, IU, 4BSTOL. W, W, 2, LDZ, HORK, LWORK, IHORE, IFAIL, INFD )
CHEGYR( ITPE, JOBZ, RANGE. UPLOD, N, &, LDA, B, LDB, WL, YU, IL, IU, 4BSTOL. W, W, Z, LDZ, WORK, LWORK, RWORK, IHORE, IFAIL, INFO )
Symmetric/Hermitian SSPETEC JOBZ. RANGE, UPLO, W iR, WL. U, IL. IV, ABSTOL. H. W. 2. LDZ. HORK, THORE, IFAIL. INFO !
(Packed Storage) CHPEYX( JOBZ, BANGE, UPLOD, P, WL, WU, IL, IU, ABSTOL, H, . 2. LDZ, HORK, EHORE, IHORE, IFAIL, INFO )
Eigenvalues/vectors
SSPOYEC ITYPE. JOBZ. RANGE. UFLD, iF. BF, L. YU, IL, TU, BSTOL. K, K. %, LOZ, WORK THORE, TFAIL, INFD )
CHPOYR( ITYPE, JOBZ. RANGE. UFLD, AP, BF, VL, ¥, IL, IV, BSTOL. W, K. 3, LOZ, HORK, RHORE, IHORE, IFAIL, INFO )
Eymmetric/Hermitian Band  SSBEVI( JOBZ. RANCE. UPLD, W. KD. 1B, LDAB. 0, LDO. VL. WU. IL. IU. LBSTOL. W. W. Z. LDZ. WORK ., THORE, TFAIL. INFD )
Eigenvalues/vectors CHBEYX( JOBZ. EANOE. UPLD. W. KD. 1B. LDAB. 0. LDD. VL. ¥U. IL. IU. IBSTOL. W, W. T. LDZ. WORK ., RHORE, THORK, TFAIL. INFD )
S5BOYK( JOBZ. BANGE. UPLD. W, Kk. NB. kB, DAB. BB. LDES, Q. LOQ, VL. ¥U. IL. IV. BSTOL, . W. 2. LOZ. HORK, THORE, TFAIL, INFD §
CHBOYL( JOBZ, BAMGE, UPLO, W, KA, NB. AB, LDAB, BB, LDES, O, LDO, VL, YU, IL, IV, ABSTOL, B, W, 2. LDZ. HORK, RHORE, IHORE, TPAIL, INFO )
Eymmetric Tridiaganal SSTETA( JOBZ. RANGE. n, 0. E. VL. TU. IL. IU. RBSTOL. H. W. 2. LDZ. WORK THORE, TFAIL. INFD )
Eigenvalues/vectors
SSTEVR( JOBZ, RAMGE, ", v E, WL, YU, IL, IV, ABSTOL, W, W, Z. LDZ, ISUPPZ, WORK, LY IHORE, LINORK, INFQ }

Expert Driver Routines for Standard and Generalized Nonsymmetric Eigenvalue Problems

Frablem Type  Routine

Schur SGEESK( JOBYS, SORT, SELECT, SENSE, N, &, LDX, SDIH, WR, WI, ¥S, LDY¥3, RCDNDE, RCONDY, WORK, LWORK, INCRE, LIWORK, BWORK, INFO )
Factorization COEESX( IDBYS. SORT, SELECT. SENSE, N, &, LDA, SDIH. W, us, LOYS, RCONDE, RCONDY, WORK, LY¥ORK. RWORK. BRORE. INFO )
SGGESK{ JOBYSL, JOBVSR, SORT. SELCTG, SENSE, W, A, LDA. B. LDB, SDIH, ALPHAR, ALPHAI, BETA. ¥SL. LDVSL. VSR, LDVSR, RCONDE, RCONDY, WORK, LWORK. IWORK, LINORK. BWORK, INFO )
GHOESK{ JOBVSL, JOBVSR. SORT. SELCTO. SENSE. W. A. LPA. B. LDE, SDIH. ALPEAE, ALPHAT. BETA. VSL. LEVSL. VSR, LDVSR. RCONDE. RCORDY, HORK, LEURE. RWORK. IHORK, LINORK. BHORE. INFO )
Eigenvaluesf SOEEVA{ BALAMC, JOBVL, JOBVR, SEMSE, N, &. LDA, WR. WI, VL, LDYL, VR, LDYR, ILO, IBI, SCALE. ABNRH, RCOMDE, RCONDY, HORE, LWORK. IR0RK, INFO )
vectars CGEEVE( BALAWC, JOEVL, JOBVE. SEWSE. W. A. LDA. u, WL. LDYL. VE. LOYR. ILD, ISI. SCALE. ABNRH. RCONDE. RCONDY, WORK, LWORE, EHORE. INFO )
SGUEVE( BALANC, JOBVL, IDBVR. SEWSE. W. k. LDA, B, LDB, ALPHAR, ALPHAT, BETA. WL, LOVL. VE, LOYR. ILO. IHI. LSCALE, RSCALE. ABNEW, BENRE. RCONDE. RCONDY. WORK, LWORE, INORK. BWORK. INFO )

CGGEVA{ BALANMC, JOBYL, JOBVE. SEMSE, M. &. LDA, B, LDB, ALPHAR, ALPHAI, BETA. ¥L. LDVL. VR, LDYR. ILO. IHI, LSCALE, RSCALE. ABNRH, BEWRE, RCONDE. RCOMDY, WORK, LWORK, EWORN, IWORK. BWORK. INFO )

Meaning of prefixes
Routines beginning with “5" are available in:

8 = REAL
DI - DOUBLE PRECISION
Routines beginning with *

are available in:

¢ - COMPLEX
2 = COMPLEX#18&
Note: COMPLEX#16 may not be supported by all machines
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Lineare Gleichungssysteme

typische Anwendungen: cubic spline:
(&, —a)s 1 +2(a,,—a_4)s; +(a —a_4)s

i+ i+1

=3f[a_,a](a.,,—a)+3f[a,a ,](a —a_) =Y,

o

O O o o o
w
|

e By Bgnq g : :
O 0 O 0 a. ., a S Y,

nn nn n

o O O O
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Lineare Gleichungssysteme

typische Anwendungen: Schrodingergleichung: (e =m,=h= 1)

(—§+V(x>jw(x)=i6tw<x) »—1("“—1 2, *‘”i“]w(xi Wi =+ 50 -9, (1)

2 AX?
-2 1 0 0 0 O O W,
1 -2 1 0 0 0 O :
1 0 0 Vi i1
| N -
4—m O 0 1 .—2 1 0 O |[+V(X )1} v =At(l//(t+At)—y/(t))
0 i 0 Wi+1
O 0 O o0 1 -2 1 :
o o o o o 1 -2 A

TECHNISCHE
UNIVERSITAT

WIEN

Vienna University of Technology

Wir erinnern uns ...

Ay Q4 Ay, X4 b1
AX 6 a:21 a?z a?n X, b:z

m1 m2 mn n m

1. m<n (oder m=n, det(A) = 0) > System unterbestimmt
(2. m = n, det(A) # 0 & eindeutige Losung existiert )

3. m>n > System uberbestimmt
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Losungsverfahren
direkte Verfahren Gausselimination
.exaktes“ Ergebnis in E——
B endlich vielen Schritten LU-Zerlegung
AX=Db

det(A)=0

Indirekte Verfahren _
exaktes“ Ergebnis in _ Jacobi-Methode

unendlich vielen Schritten OR-Methoden
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indirekte Verfahren

Jacobi-Methode:

_911 g --+ Qip _171 by
[0} ago -+ (o g bﬁ
Ax=b A= ,1 L ", x=| .1, b=
fIpy Qpz *+* Opp In bn
wﬂ“ 0 e 0 [ 0 a2 +++ Ain
0 ap --- 0 ap 0 - ap, . X
A=D+R mt D=|. |, RrR=|" _ " x%=plb-Rrx®)
| 0 0 SRR P _anl pa - 0
. 1 . .
.r,(-H” = (b,— — Za.,-j:r:;”) L i=12....n “lower”
aus: wikipedia Qii i#i

“upper’
|2
Verbesserung: Gauss-Seidel-Verfahren: R =L + U
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indirekte Verfahren

successive-over-relaxation (SOR) Methode:

aqq 0 ol 0 0 0 - 0 0 a2 -+ (i
0 apy --- 0 ay 0 - 0 0 0 - ay
A=D+L+U, D= |, fz . | L= ?l . U= 2
0 0 *rr lpn py Gpz - 0 0 0 e 0

(D LP)x £P (Y H{)- 1D
x*+1) — D-I@) @ +@ I)D]x“"

:L‘EH—U = (1 -w)z; N+ ( Z a;;T J Zﬂ-;‘j;!‘i—kﬂ)) s 1=1,2,..., n
a.“

Jj>i J<i

A =D + R - Jacobi over-relaxation (JOR) Methode
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direkte Verfahren

Gauss-Elimination:
Transformation der Matrix A auf Dreiecksform

u11 u12 u1n 1 C1
- O wu u C
AX _ b BN 22 ?n 2 — 2
o 0 - wu,/\X, C,
C n
X =—"; X C, - Z u, X, |; det(A):Hu"
u., K=i+1 i—1

ruckwarts einsetzen (backward substitution)
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A &y, b1 . 8.21 . N
Ay, ay - a,,|b, Zeile 2 - = Zeile 1
AR o
a, a, - a,lb, Zeile n - ' Zeile 1
a, .
- 22,
&g Ay o Ay 91 — a. !
0 &, &b, | Zeile 3-22 zeile 2
: : : N gzz
0 a, - a,lb, Zeile n - 2 Zeile 2
Ay, /
&y Qp o Ay, 91 Uy Uy oo Uy | Gy
0 a, i23 @y, tz)z 0 uy Uy |Gy
- |0 0 a,; - :|by| - - |0 0 ° E
0 0 a, a.b 0 0 0 u,lc,
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Problem: Pivot
Q. 812/ a,, | b,

0 (&) ~ &fb|  Zeile 3 - 22 Zeile 2
LT o2
0 a, - a,lb, Zeile n -@”22eile 2

Pivot darf nicht 0 sein!

-> Suche nach geeignetem Pivot-Element

- evil. Zeilenvertauschung (,Spalten-Pivotsuche®)
ublicherweise groldtes Element in der
ersten Spalte der Submatrix
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Einschub: Gleitkommazahlen Exponent
Gleitkomma-Darstellung von Zahlen: x = (-1) S*@@
Mantisse Basis

Darstellung: s, eee, ..., m;mm,m,m,m.m,...
Normierung: m, # 0

Addition: 1.) Angleichen der Exponenten
2.) Addition der Mantissen, danach Normierung

- Rundungs- oder Abschneidefehler (z.B. 3-stellige Mantisse):
 unterschiedliche Grolienordnung:

1.00e2 + 1.00e-2=1.00e2 + 0.00|O_1e2=1 .00e2
 fast gleich grol3e Zahlen:

7—3.14 = 3.14{159...€0 — 3.14e0 = 0.00e0
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Computer: Basis b =2 - m, = 1 muss nicht dargestellt werden
+ Einsparung des Vorzeichens des Exponenten (Bias)

Norm: IEEE 754-2008

single precision:
double precision:

t | €min | Emax | Di@s | &
e =|log, (| x1)] &
24 | -126 | 127 | 127 |6x10° SP
('“@ 2t 53 | -1022| 1023 1023 | 10 DP
“hidden bit”

z.B.:
x=4711.0815

—s=0; e=(12+127),,; m=1259686.912,, A
—s=0; e=10001011; m=100110011100010100110.11/101...,
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Pivotsuche auch fur verbesserte Genauigkeit:

0.005 10.5 e 0.502512...
1 1 1 1 0.497487...

3-stellige Mantisse, b = 10:

5.00e-3 1.00e0/5.00e-1 N 5.00e-3 1.00e0 | 5.00e-1 e 6.00e-1
1.00e0 1.00e0|1.00e0 0.00e0 -1.99e2/-9.90e1 1 4.97e1
1.00e0  1.00e0|1.00e0 N 1.00e0 1.00e0]1.00e0 e 5.00e-1

4.95e-1 ~ (5.00e-1

5.00e-3 1.00e0(5.00e-1 0.00e0 9.90e-1

neben Spaltenpivotsuche auch Totalpivotsuche (Spalten- und
Zeilenvertauschung): nicht viel besser (stabiler)
verbesserte Kriterien zur Pivotsuche - Eigenschaften der Restmatrix
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mehrere Ergebnisvektoren

LU-Faktorisierung:
Zerlegung der Matrix A in Dreiecksmatrizen

AX=b — LUX=Db

aus Gauss-Elimination:

1 o --. 0 Uy Uy oo oo Uy
j21 1 0 0 0 u22 u2n

- L = 2'31 ﬂ,‘;z 1 0 y U = 0 O :
ﬂ“m /Inz e ;Lnn—1 1 0 0 - 0 u”n
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mehrere Ergebnisvektoren

Losung des Gleichungssystems:
AX=b — L(UX)=Db
UX=y — Ly=b

\

vorwarts einsetzen (forward substitution)
i—1

y,=b; vy, :(bi _Zﬂikykj
k=1

rickwarts einsetzen (backward substitution)

Xy = 4 RN :i[yi - Z uikaJ

u U; k=i +1

nn L
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wichtige Anwendung: Berechnung der inversen Matrix

Losung der n Probleme

1 0 0
AnXo=b, mit b= kb, =| b, =
o) o :
Ay A, & (AT ) (9
L |8 B2 (A‘f)z. |3
adlila: %n(&m, 5,
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Spezialfall: tridiagonale Matrix

b, c, 0
a2 b2 CZ
AX = x = L(Ux)=Ly=f
an—1 bn—1 c:n—1
0 a, b, d, =b,
10 0 4@/01 0
A 1 0 0 d, c,
— L= Ay 1 ; U= Lo
.. 0 0 d_, c.,
0 A1 0 0 - 0 d
Vorwartsrekursion: Ruckwartsrekursion:

J J 1

y,=f, = vy =f-4y,

A =a/d,_; dj=b-4c_, [x,=y,/d = X =(y,—CX.,)/d,
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tridiagonale Matrix: Thomas-Algorithmus

b, c, 0 (X, f,
a‘2 b2 C2
AX = X | = |f
a‘n—1 bn—1 Cn—1 . :
0 a, b, J{x, f,
3 i . ! Ci . ' C1
Vorwartsrekursion: c/l=——"t—} c/=—
bl —C& b1
fil — fi — fi71al , f1 — f_1
bi —Ci & b1

Ruckwartsrekursion: |x, =f — x, =f'-c/x,
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Anwendung: zeitabhangige Schrodingergleichung
Diskretisierung in x und t; Randbedingung v, = v, =0

e

oy (x,t)={-A/2+V(X)} p(xt); e=h=m, =1

4 w (Xt ) =w(X,,t)=0

p (X, t) > w(X,t4)?

tig O

\ 4
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explizites Euler-Verfahren (konsistent, nur fir At < Ax?/2 stabil):

X 4, 2p (X, 1)+ w (Xt , Xt )—w(X,t
l//”(xi,tj): V/( i—1 ) l//( |2 ) l//( 1 ), l//(Xi,tj): W( j 1) l//( J)
AX At
0 0
Wi i 1 -1/2 0 Wi
-1/2 1 -1/2 :
iAt A S _ Vi
Vi | =19 A -1/2 -1 —j|/2 . —GIAV, ¢
. . . Vi,
-1/2 1 -1/2 :
Y-t 0 -1/2 -2 Wos,
0 0

w(x,t4)=(1-itA-ilAtV (X)) w(x,t;) = Matrix-Vektor-Multiplikation
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implizites Euler-Verfahren (konsistent, immer stabil):

" _ W(Xi_11 _ZW(XU +l//(Xi+1, .. . W(Xi’tj+1)_W(Xi’tj)
v(X,t) = = A2 ;o w(Xt) = o

Umformung:
(L+icA(x,t,,,) = —I1AtV (X, ) w(x,t.) > lin. Gleichungssystem

Crank-Nicolson-Verfahren (konsistent, immer stabil):

l//”(xi ’tj ) =

1 l//(xi_vtj)_ZI//(Xi’tj)_'_V/(XiH’tj) ‘//(Xi_1’tj+1)_2l//(xi1tj+1)+‘//(xi+11tj+1)
— +
2 AX? AX?

S DA () = (A - TAY () (X,

- Matrix-Vektor-Multiplikation + lin. Gleichungssystem
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explizites
Eulerverfahren

implizites
[ Eulerverfahren
e
tis L
ti

A 4

Crank-Nicolson-Verfahren




