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BLAS Quick Reference

Level 1 BLAS

dim scalar vector  vector scalars b-element array prefixes
SUBROUTINE xROTG ( A, B, C, §) Generate plane rotation S, D
SUBROUTINE xROTMG( D1, D2, A, B, PARAM ) Generate modified plane rotation S, D
SUBROUTINE xROT ( N, X, INCX, Y, INCY, c, S$) Apply plane rotation S, D
SUBROUTINE xROTM ( N, X, INCX, Y, INCY, PARAM ) Apply modified plane rotation S, D
SUBROUTINE xSWAP ( N, X, INCX, Y, INCY ) Ty S,D,C, Z
SUBROUTINE xSCAL ( N, ALPHA, X, INCX ) x4+ ox S, D, C, 7, CS, ZD
SUBROUTINE xCOPY ( N, X, INCX, Y, INCY ) Yy S,D,C,7Z
SUBROUTINE xAXPY ( N, ALPHA, X, INCX, Y, INCY ) Yy axr+y S,D,C, Z
FUNCTION xDOT ( N, X, INCX, Y, INCY ) dot + zTy S, D, DS
FUNCTION  xDOTU ( N, X, INCX, Y, INCY ) dot + zTy C,Z
FUNCTION  xDOTC ( N, X, INCX, Y, INCY ) dot + xfy C,Z
FUNCTION  xxDOT ( N, X, INCX, Y, INCY ) dot + a+ 2Ty SDS
FUNCTION  xNRM2 ( N, X, INCX ) nrm?2 « ||z||2 S, D, SC, DZ
FUNCTION  xASUM ( N, X, INCX ) asum <« ||re(z)|]1 + ||tm(2)||1 S, D, SC, DZ
FUNCTION  IxAMAX( N, X, INCX ) amaz + 15tk > |re(zy)| + |im(zy)] S,D,C, Z
= maa(jre(z;)| + [im(z:)])

Level 2 BLAS

options dim  b-width scalar matrix vector scalar vector
xGEMV ( TRANS, M, N, ALPHA, A, LDA, X, INCX, BETA, Y, INCY ) Yy aAz + By,y +— aATx + By, y +— aAHx | By, A —m xn S,D,C, Z
xGBMV ( TRANS, M, N, KL, KU, ALPHA, A, LDA, X, INCX, BETA, Y, INCY ) y — aAzx + By,y +— aATx + By, y +— aAHx + By, A —m xn S,D,C, Z
xHEMV ( UPLO, N, ALPHA, A, LDA, X, INCX, BETA, Y, INCY ) Yy +— aAx + By C,Z
xHBMV ( UPLO, N, K, ALPHA, A, LDA, X, INCX, BETA, Y, INCY ) Yy +— aAx + By C,Z
xHPMV ( UPLO, N, ALPHA, AP, X, INCX, BETA, Y, INCY ) Yy — oAz + By C,Z
xSYMV ( UPLO, N, ALPHA, A, LDA, X, INCX, BETA, Y, INCY ) Yy — aAx + By S, D
xSBMV ( UPLO, N, K, ALPHA, A, LDA, X, INCX, BETA, Y, INCY ) Yy +— aAx + By S, D
xSPMV ( UPLO, N, ALPHA, AP, X, INCX, BETA, Y, INCY ) Yy + aAx + By S, D
¥TRMV ( UPLO, TRANS, DIAG, N, A, LDA, X, INCX ) x4 Az x — ATz x — AHy S,D,C,7Z
xTBMV ( UPLO, TRANS, DIAG, N, X, A, LDA, X, INCX ) z 4+ Az, z — ATz, z + Ay S,D,C, Z
xTPMV ( UPLO, TRANS, DIAG, N, AP, X, INCX ) x4 Az z — ATz, x — Ay S,D,C,7Z
xTRSY ( UPLO, TRANS, DIAG, N, A, LDA, X, INCX ) A lz,x— A T,z A Hy S,D,C,7Z
xTBSV ( UPLO, TRANS, DIAG, N, K, A, LDA, X, INCX ) x4+ ATl x AT, 2« A= Hy S,D,C,7Z
xTPSV ( UPLO, TRANS, DIAG, N, AP, X, INCX ) z+— Al x — A T, 2+ A Hy S,D,C,Z

options dim  scalar vector vector matrix
xGER  ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA ) Ac—aryT + A A-—mxn S, D
xGERU ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA ) A+ axy” +AA-mxn C,Z
%xGERC ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA ) A—azyl + A, A—mxn C,Z
x¥HER ( UPLO, N, ALPHA, X, INCX, A, LDA ) A+ axzf + A C,Z
xHPR ( UPLO, N, ALPHA, X, INCX, AP ) A+ axzt + A C,Z
xHER2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, A, LDA ) A+ azy® 4 ylax)d + A C,Z
xHPR2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, AP ) A+ oxy™ 4 ylax)f + A C, Z
xSYR ( UPLO, N, ALPHA, X, INCX, A, LDA ) A+ axzT + A S, D
xSPR ( UPLO, N, ALPHA, X, INCX, AP ) A+ azxzT + A S, D
xSYR2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, A, LDA ) A+ azy” +ayx’ + A S, D
xSPR2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, AP ) A+ axy” +ayx” + A S, D
Level 3 BLAS

options dim scalar matrix matrix scalar matrix
XGEMM ( TRANSA, TRANSB, M, N, K, ALPHA, A, LDA, B, LDB, BETA, C, LDC ) C « aop(A)op(B)+ BC,op(X)=X,XT,XH C—mxn S,D,C, Z
xSYMM ( SIDE, UPLO, M, N, ALPHA, A, LDA, B, LDB, BETA, C, LDC ) C + aAB+B3C,C + aBA+B8C,C—mxn,A=AT S,D,C, Z
xHEMM ( SIDE, UPLO, M, N, ALPHA, A, LDA, B, LDB, BETA, C, LDC) C + aAB+B8C,C <+ aBA+8C,C—mxn,A=AH C, 7
xSYRK ( UPLO, TRANS, N, K, ALPHA, A, LDA, BETA, C, LDC ) C + aAAT +3C,C +— aATA+B8C,C—nxn S,D,C, Z
xHERK ( UPLO, TRANS, N, K, ALPHA, A, LDA, BETA, C, LDC ) C + adAA” +B8C,C — aAHA+BC,C—nxn C,7Z
xSYR2K( UPLO, TRANS, N, K, ALPHA, A, LDA, B, LDB, BETA, C, LDC ) C + aABT +aBAT +8C,C + aATB+aBTA+p3C,C—nxn S,D,C,Z
xHER2K ( UPLO, TRANS, N, K, ALPHA, A, LDA, B, LDB, BETA, C, LDC ) C + aABH +aBA" +38C,C + aA"B+aBHA+3C,C—nxn C,Z
xTRMM ( SIDE, UPLO, TRANSA, DIAG, M, N, ALPHA, A, LDA, B, LDB ) B + aop(A)B, B + aBop(A),op(A) = A, AT A B-mxn S,D,C,Z
xTRSM ( SIDE, UPLO, TRANSA, DIAG, M, N, ALPHA, A, LDA, B, LDB ) B« aop(A~1)B, B < aBop(A~1),0p(A) = A, AT, A", B—-mxn S,D,C,Z

2
https://www.netlib.org/lapack/lug/node145.html (4: 1D



BLAS Quick Reference

Meaning of prefixes
S - REAL C - COMPLEX
D - DOUBLE PRECISION Z - COMPLEX*16
(this may not be supported
by all machines)

For the Level 2 BLAS a set of extended-precision routines with
the prefixes ES, ED, EC, EZ may also be available.

Level 1 BLAS
In addition to the listed routines there are two further

extended-precision dot product routines DQDOTT and DQDOTA.

Level 2 and Level 3 BLAS

Matrix types:
GE - GEneral GB - General Band
SY - SYmmetric SB - Sym. Band SP - Sum. Packed
HE - HErmitian HB - Herm. Band HP - Herm. Packed
TR - TRiangular TB - Triang. Band TP - Triang. Packed

Level 2 and Level 3 BLAS Options
Dummy options arguments are declared as CHARACTER*1
and may be passed as character strings.

TRANx = ‘No transpose’, ‘Transpose’,
‘Conjugate transpose’ (X, XT X H)

UPLO = ‘Upper triangular’, ‘Lower triangular’

DIAG = ‘Non-unit triangular’, ‘Unit triangular’

SIDE

‘Left’, ‘Right’ (A or op(A) on the left,
or A or op(A) on the right)

For real matrices, TRANSx = ‘T’ and TRANSx = ‘C’ have
the same meaning.

For Hermitian matrices, TRANSx = ‘I’ is not allowed.

For complex symmetric matrices, TRANSx = ‘H’ is not
allowed.

References

C. Lawson, R. Hanson, D. Kincaid, and F. Krogh, “Basic
Linear Algebra Subprograms for Fortran Usage,” ACM Trans.
on Math. Soft. 5 (1979) 308-325

J.J. Dongarra, J. DuCroz, S. Hammarling, and R. Hanson,
“An Extended Set of Fortran Basic Linear Algebra Subprograms,
ACM Trans. on Math. Sofi. 14,1 (1988) 1-32

»

J.J. Dongarra, I. Duff, J. DuCroz, and S. Hammarling, “A Set
of Level 3 Basic Linear Algebra Subprograms,” ACM Trans.
on Math. Soft. (1989)

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 from blas

send zblas2 from blas

send zblas3 from blas

Send comments and questions to lapack@cs.utk.edu .

Basic

Linear

Algebra

Subprograms

A Quick Reference Guide

University of Tennessee
Oak Ridge National Laboratory
Numerical Algorithms Group Ltd.

May 11, 1997

https://www.netlib.org/lapack/lug/node145.html



L APACK & (&7

« LAPACK(Linear Algebra PACKage) : &R E/Ny Ir—>

«BLASZEITA>77Av7EULTEWVWDD, LDEELGHEETH HEIL—RT
B, RINFEEFIERE. EEERE. FEEREZES I ENTES.

e FETIL—F BB IEMET S THOFBE(LULEE, O L AX—57, QR 5£
(E5 B8, Schurs g, —fiR{bSchura ). REHDHEEIL—F >, ETHEHER &,

 mBEFRIELHIFREICHED ORFBEN T, EELEITS,
Y AVYPB A== 21 —F TTHRABGCPU, OSETH<<,

« Fortran 90 &b, 3.8.0lF 1900 EDIL—F 5% >TWB,
cwebt 1 MNMIGAERTE70005EY NTHS
. github TRFEIHELT LS https://github.com/Reference-LAPACK

http://www.netlib.org/lapack
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« http://www.netlib.org/lapack/lug/ : A —%—H-A
s

. http://www.netlib.org/lapack/faqg.html : FAQ

. http://www.netlib.org/lapack/lawns/index.html
LAWN: LAPACK Working Notes : E2&x0&F#l. 7JL
AVXL, WITA=YVADLLERL &,



http://www.netlib.org/lapack/lug/
http://www.netlib.org/lapack/faq.html
http://www.netlib.org/lapack/lawns/index.html
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fFR(EME M = UZV*

MR, BE. TIDT1 7. BEHFICSHRBILAD B S




LAPACK®D )L —F> DiE$E

« Driver routines : &£iEH T EEE. EiI—XAERXZHHEL<

« Simple driver:

« Expert driver: Simple driverlClbRNT. FEHIHEE. BORE. T 57—
NV R, THOFEGEETS

. Computational routines

o LRI RIBEDIBHITTSLUNRO=ATIO Y YT Y 3 v &7 5 H
BLAS& b 3B/ IEE (TS

« Auxiliary routines

o blockZILdAVXLDYTHRAY., 750 /ILL. RT—V yﬁ‘@&‘BLAS@-:r.’
REFTZIIBLASICANTIESHDWVWWIL—F UG EE L ANILLTE

4, 15
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Simple Drivers

IV —RAELZF

Simple Driver Routines for Linear Equations

N

Matrix Type Routine
General SGESY( H, HRHS, A, LDA, IPIY, B, LDB, INFO
CGESY( H, HRHS, A, LDa, IPIY, B, LDB, IRFO
General Band SGBSY( H, KL, KU, HRHS, AB, LDiB, IPIY, B, LDB, INFO
CGBSY( H, KL, KU, HRHS, AB, LDAB, IPIY¥, B, LDB, IRFO
General Tridiagonal SGTSY( N, HRHS, DL, D, DU, B, LDB, INFO
CGTS¥( H, HRHS, DL, D, DU, B, LDB, IHFO
Symmetric/Hermitian SPOsSY( UPLO, W, HRHS, A, LDA, B, LDB, IRFO
Positive Definite CPOSY( UPLO, H, HRHS, A, LDA, B, LDB, IHFO
Symmetric/Hermitian SPPSY( UPLO, H, HRHS, AP, B, LDB, IRFO
Positive Definite (Packed Storage) CPPSY( UPLO, W, HRHS, AP, B, LDB, INFO
Symmetric/Hermitian SPBSY( UPLO, H, KD, HRHS, AB, LDAB, B, LDB, INFO
Positive Definite Band CPBSY( UPLO, H, KD, HRHS, AB, LDAB, B, LDB, IRFO
Symmetric/Hermitian SPTSY( H, HRHS, D, E, B, LDB, INFO
Positive Definite Tridiagonal CPTSY¥( H, HRHS, D, E, B, LDB, IKFO
Symmetric/Hermitian Ssysv( UPLO, W, HRHS, A, LDA, IPIY, B, LDB, WORK, L®WORK, INFO
Indefinite CsSyYs¥( UPLO, H, HRHS, A, LDA, IPIY, B, LDB, RORK, L®ORK, IKFO
CHESY( UPLO, W, HRHS, A, LDA, IPIV, B, LDB, WORK, L®WORK, INFO
Symmetric/Hermitian SSpPsY( UPLO, W, HRHS, AP, IPIY, B, LDB, IRFO
Indefinite (Packed Storage) CsPsvY( UPLO, W, HRHS, AP, IPIV, B, LDB, INFO
CHPSY( UPLO, H, HRHS, AP IPIY, B, LDB IHFO

http://www.netlib.org/lapack/lapackqgref.ps
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Simple Driver Routines for Standard and Generalized Linear Least Squares Problems

Problem Type Routine

Solve Using Orthogonal Factor, SGELS( TRANS, H, H, HRHES, A, LDiA, B, LDB, ®WORK, L®WORK, INFO )

Assuming Full Rank CGELS( TRAHNS, H, H, HRHS, A, LDi, B, LDB, HORK, LRORK, IHFO )

Solve LSE Problem Using GRQ SGGLSE( H, H, P, A, LDA, B, LDB, C, D, X, WORK, LYWORK, INFO )
CGGLSE( H, H, P, A, LDA, B, LDB, C, D, X, WORK, LYWORK, IHFO )

Solve GLM Problem Using GQR SGGGLH( H, H, P, A, LDA, B, LDB, D, X, Y, HORK, LRORK, IHNFO )
CGGGLH( H, H, P, A, LDA, B, LDB, D, X, Y, WORK, LWORK, INFO )

http://www.netlib.org/lapack/lapackgref.ps
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SEFRE. —RILSFEERBEZ <

Simple and Divide and Conquer Driver Routines for Generalized Eigenvalue and Singular Value Problems

Matrix/Problem Type Routine
Symmetric-definite SSYGY( ITYPE, JOBZ, UPLO, H, A, LDiA, B, LDB, ", HORK, LWORK, IHFO )
Eigenvalues/vectors CHEGY( ITYPE, JOBZ, UPLO, H, A, LDA, B, LDB, ", WORK, LWORK, RWORK, INFO )
Divide and Conquer SSYGYD( ITYPE, JOBZ, UPLO, H, A, LDA, B, LDB, ", WORK, LWORK, IWORK, LIWORK, INFO )
CHEGYD( ITYPE, JOBZ, UPLO, H, A, LDiA, B, LDB, ", WORK, LWORK, RWORK, LRRORK, IRORK, LIRORK, IHFO )
Symmetric-definite SSPGY( ITYPE, JOBZ, UPLO, H, AP, BP, ", Z, LDZ, HORK, IKFO )
(Packed Storage) CHPGY( ITYPE, JOBZ, UPLO, H, AP, BP, ", Z, LDZ, HWORK, RWORK, IHFO )
Eigenvalues/vectors
Divide and Conquer SSPGYD( ITYPE, JOBZ, UPLO, H, AP, BP, ", Z, LDZ, WORK, LWORK, IRORK, LIRWORK, IHFO )
CHPGYD( ITYPE, JOBZ, UPLO, H, AP, BP, ", Z, LDZ, WORK, LWORK, RWORK, LRRORK, IWORK, LIRWORK, IHFO )
Symmetric-definite SSBGY ( JOBZ, UPLO, H, KA, KB, AB, LDAB, BB, LDBB, W, Z, LDZ, HWORK, INFO )
(Band Storage) CHBGY( JOBZ, UPLO, H, Ki, KB, AB, LDAB, BB, LDBB, W, Z, LDZ, WORK, RWORK , IKFO )
Eigenvalues/vectors
Divide and Conquer SSBGYD( JOBZ, UPLO, H, KA, KB, AB, LDAB, BB, LDBB, W, Z, LDZ, WORK, LWORK, IWORK, LIWORK, INFO )
CHBGYD( JOBZ, UPLO, H, Ki, KB, AB, LDAB, BB, LDBB, W, Z, LDZ, WORK, LWORK, RWORK, LRWORK, IWORK, LIWORK, IHFO )
General SGGES( JOBYSL, JOBVSR, SORT, SELCTG, W, A, LDA, B, LDB, SDIH, ALPHAR, ALPHAI, BETA, VYSL, LDVSL, VSR, LDVSR, RWORK, LRWORK, BWORK , INFO )
Schur Factorization CGGES( JOBYSL, JOBYSR, SORT, SELCTG, H, A, LDA, B, LDB, SDIH, ALPHA, BETA, ¥YSL, LDYSL, VSR, LDYSR, WORK, LWORK, RRWORK, BHORK, INFO )
General SGGEY( JOBYL, JOBVR, H, A, LDA, B, LDB, ALPHAR, ALPHAI, BETA, YL, LDVL, VR, LDVR, WORK, LWORK, IHFO )
Eigenvalues/vectors CGGEY( JOBYL, JOBVR, H, A, LDA, B, LDB, ALPHA, BETA, YL, LDVL, VR, LDVR, WORK, LWORK, RWORK, IKFO )
General SGGS¥YD( JoBU, JOBY, JOBQ, H, H, P, K, L, &, LDiA, B, LDB, ALPHA, BETA, U, LDU, ¥, LDY, Q, LDQ, WORK, IRORK, IKFO )
Singular Values/Vectors CGGsYD( JOBU, JOBY, JOBQ, H, W, P, K, L, &, LDA, B, LDB, ALPHA, BETA, U, LDU, V¥, LDY, Q, LDQ, ¥ORK, RWORK, IRORK, INFO )

http://www.netlib.org/lapack/lapackqgref.ps
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Simple and Divide and Conquer Driver Routines for Standard Eigenvalue and Singular Value Problems

Matrix/Problem Type

Symmetric/Hermitian
Eigenvalues/vectors
Divide and Conquer

Symmetric/Hermitian
(Packed Storage)
Eigenvalues/vectors
Divide and Conquer

Symmetric/Hermitian Band
Eigenvalues/vectors
Divide and Conquer

Symmetric Tridiagonal
Eigenvalues/vectors
Divide and Conquer

General
Schur Factorization

General
Eigenvalues/vectors

General
Singular Values/Vectors
Divide and Conquer

Routine

SSYEY( JOBZ, UPLO, N, A, LDA,
CHEEY( JOBZ, UPLO, H, A, LDA,
SSYEYD( JOBZ, UPLO, N, A, LDA,
CHEEYD( JOBZ, UPLO, H, A, LDA,
SSPEY( JOBZ, UPLO, N, AP,
CHPEY( JOBZ, UPLO, H, AP,
SSPEYD( JOBZ, UPLO, N, AP,
CHPEYD( JOBZ, UPLO, N, AP,

SSBEY( JOBZ, UPLO, H, KD, AB, LDAB,
CHBEV( JOBZ, UPLO, H, KD, AB, LDAB,
SSBEYD( JOBZ, UPLO, H, KD, AB, LDAB,
CHBEYD( JOBZ, UPLO, H, KD, AB, LDAB,

SSTE¥( JOBZ, H, D, E,
SSTEVYD( JOBZ, H, D, E,

SGEES( JOBYS, SORT, SELECT, N,
CGEES( JOBYS, SORT, SELECT, H,

A, LDA, SDIH,
A, LDA, SDIH,

SGEEV( JOBYL, JOBVR, H, A, LDA,
CGEEY( JOBYL, JOBVR, H, A, LDa&,
SGESYD( JOBU, JOBVT, H, H, A, LDA,
CGESYD( JOBU, JOBVT, H, H, A, LDA,
SGESDD( JOBZ, H, H, A, LDa,
CGESDD( JOBZ, H, H, A, LDA,

, V5,
vs,

YL,
YL,

ccCccCccac

LDZ,
LDZ,

LDZ,
LDZ,

LDZ,
LDZ,
LDZ,
LDZ,

LDZ,

LDZ,

LDVS,
LDVS,

LDVL,
LDYL,

LDU,
LDU,
LDU,
LDU,

VR,
¥R,

VT,
VT,
¥T,
VT,

HORK,
HORK,
HORK,
HORK,

HORK,
HWORK,

WORK,
HWORK,

HORK,
WORK,
HWORK,
HORK,

HORK,

HWORK,

WORK,
HORK,

LDVR, WORK,
LDVYR, HORK,

LDVT, WORK,
LDVT, WORK,
LDVT, WORK,
LDVT, WORK,

LWORK,
LRORK,
LYORK,
LYORK,

LYORK,
LYWORK,

LRORK,
LYWORK,

LWORK,

LYORK,
LYORK,

LWORK,
LRORK,

LRORK,
LWORK,
LRORK,
LYORK,

RHORK,

RWORK,

RRORK ,

RRORK,

RWORK ,

RRORK,

RRORK,

RHORK,

RWORK,

RYORK,

LRYORK,

LRYORK,

LRRORK,

http://www.netlib.org/lapack/lapackqgref.ps

IRWORK,
IRWORK,

IRWORK,
IRORK,

IRORK,
IRORK,

IRORK,

IRORK,
IRORK,

LIRORK,
LIRORK,

LIYORK,
LIYORK,

LIRORK,
LIRORK,

LIRORK,

BRORK,
BRORK,

INFO
INFO
INFO
INFO

INFO
IHFO

INFO
INFO

INFO
INFO
IHFO
INFO

IHFO

INFO

INFO
IHFO

INFO
INFO

INFO
INFO
IHFO
INFO

S
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« ERWEHETOU ZLINY T—IITKIEBLAS, LAPACK
ZFIHUTWS.

. Y. {tEFETIEGaussian, Gamess, ADF, VASP

o R ETERREDCPLEX, NUOPT, GLPKZ: &..
- BREENSBFIRFHEE

- Ruby, Python (numpy), Perl, Java, C,
Mathematica, Maple, Matlab, R, octave, ScilLab



FEE:mEEGBLAS, LAPACKDEEICDOWT

« Reference BLAS/LAPACKIZH2EHKREREZDEEFLHD T, FEREICEETH B,
XEVDREBEBELGRERIEEICEHE U TENO MMTWSH, CPUICEHEILIZ. 4D
52&lchkd,

o 2000 F£TlE. EW=WSUN/IBM/DEC/Intel/Fujitsu/Hitachi/NECZ: & CPU.
OS,VATLTEIRNRIHA—DRELHD., BiCIRFTEESNTW:, FlEvIV%2E
S2&EDWTEED LT,

« ATLAS:R. Clint WhaleyKIlc &%, A—hFa—Z Y J/REBTEEILUBLAS, %
NETD2001FELDZL DAV E 21— DBLASKHEIEZBINICHEL ., N1 A=
MEE. N\ RF21—=VJ UFBLASK D F#H%D SHT10%BEEEE(A—T> Y —
A)

« GotoBLAS/GotoBLAS2 : #EfIXEKH. 7Y 7T THRAGCPUICHIL U T
BLASDY —XAJ—RZ2R. VYV DHEEEDIRFRIES FTHEZERFEA—T>Y —
Ao

2000F 2 3H 5 EHRGBLAS/LAPACKDIRIEHNRER S E>TE T

[¢:2F



HIR: BEGBLAS, LAPACKDEERICDOWT

« OpenBLAS: Zhang XianyiEkh'GotoBLAS2DFZ 5| Z i\, BARIE7ZIVT17
TSandyBridgelllg@ 70t v Y, OSICHMILLTWS, ARMET#E. AMD. Power,
ICT Loongson-3A, 3BICc® Xt A—7 > Y —X https://www.openblas.net/

. Intel Math Kernel Library: IntelbfFE U TWaiIE SN cBLASE & U'LAPACK,
201 2D SEEEDINtellCBEULUTF 2 —=2T7 LTVWBADTIntel R TIIREL B
hd, FFTRHREHBIEZW>TWS, https://software.intel.com/en-us/mkl “Free to
use for personal and commercial applications.”

« GPURITBLAS, LAPACK

« MAGMA7ZOY 17 FECUDA, Xeon Phi OpenCLE&Z EGPUY 7Vt L —9M
[7BLAS, LAPACKZFE UL TW5, NVIDIAOcuBLAS & D &%,

« https://icl.cs.utk.edu/magma/


https://software.intel.com/en-us/mkl

Top500: AV E 2 —FYDREZVF VD

. Top 500t T—&HFEEELEIAVYE 11— —%ZRDSBTop 500T
[&,LINPACKZfE>T, EI—RAFEAZHS AE—RZ#HD

Ax=b>b

« DGEMMODARE—KHEE LD,
=#(2018/11)DZ > 7

USH 1,2 REIH 3,44, SAUD AL A, THIHERS

Rank Site

1

United States

United States

China

China

Switzerland

System

IBM

IBM / NVIDIA / Mellanox

NRCPC

NUDT

Rmax

ABCI, 7331811

Rpeak Power
Cores (TFlop/s) (TFlop/s) (kW)

2,397,824 143,500.0 200,794.9 9,783

1,572,480 94,640.0

10,649,600 93,014.6

4,981,760 61,4445

387,872 21,230.0

125,712.0 7,438

125,435.9 15,371

100,678.7 18,482

27,154.3 2,384
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« Ubuntu 16.04 X7 bv 7hRTERRICBLAS,
LAPACKZSEPEICE>TH B,

C++H'56
o 1TH-1THIFE

o XFTRITHIDITAE

Z1T20 Bofc & DREHDIME
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« Ubuntu 16.04 TXRD&ESIcTBE. BLAS., LAPACKOREIRIEHNES,

$ sudo apt-get install gfortran g++ libblas-dev liblapack-dev liblapacke-dev

NV T—I VAP ZRHPAATWET..ET
KERRY ) —ZERULTWET
RRERRZHFHAN>TVWET ... ET

e RIHLES Z_EIHDRERITT

$ sudo apt-get instll gfortran g++ libblas-dev liblapack-dev liblapacke-dev

g++ [E I TICEM/IN—I 3> TT,

gfortran [¥9 TICRFI/I\—Y 3 > TY,

libblas-dev I3 TICR#FH/N—I 3> TT,

liblapack-dev 39 TICEHI/\—Y 32T,

7v7IL—R:0 &, A1 >X+—JL: 0 A, HIBF: O f&. {RE: 172 &,
. CABRUTHNIFOK



175-1751D1%E DGEMMZ{E>TH S

e 1T5-1T5IEDGEMMZfE>TH B, T I Tl

(1 8

A=12 10 8 | B=

9 -5 -1,

3 ) (9 8 3

3 11 23

-8 6 1
a=3p=-2
C — aAB + fC

« 2t EIBHTOT I LEBVWTHS.

« FEARUTDELSICES

(21 336 70.8)
—64 514 95
(210 31 47.5)

(3 3 1.2)
8 4 8
6 1 -2

L& 3p



1T5-1751 DF/:DGEMMD i

C <« aAB+ pC
« SMElECBLASH S, BLASZIEATH S,

« BLASIZFORTRANTENMNTWBH, CHESRUOHI I EHHAGE, 7TAM YA TESRBUTDLSICES

void cblas_dgemm(CBLAS _LAYOUT layout, CBLAS TRANSPOSE TransA,

CBLAS _TRANSPOSE TransB, const int M, const int N, const int K, const double alpha, const
double *A, const int Ida, const double *B, const int Idb, const double beta, double *C, const
int Idc);

layout : Column major or Row major

. “transa”, “transb”, “transc” TITHlZHREYS 2 EDZIEE, - >
. m, n, k RIFFIORT. EESHE C—aAB+8C B

. alpha, betald FFIWICKHT 28I 23R N5— K 5

. A, B, Cl&dRow majorfeRX TR L e 1TIINDR1 > 5 A

. Ida, Idb, Idc & 1751A, B, CAQleading dimensionf=5 ml A C

. I EONSHEZINTIS FUXRDL \ - _

ZZS%?’J‘DLZ( W& b, &&ETERHA
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#include <stdio.h>
#include <cblas.h>

void printmat(int N, int M, double *A, int LDA) ({
double mtmp;
print£("[ "),
for (int 1 = 0; i < N; i++) {
printf£("[ "),
for (int j = 0; jJ < M; j++) {
mtmp = A[i + j * LDA];
printf ("%5.2e", mtmp) ;
if (J <M - 1) printf(", "),
} if (i < N - 1) printf("]; "),
else printf ("] "),
} printf("1");
}
int main()

{
int n = 3; double alpha, beta;

double *A = new double[n*n];
double *B = new double[n*n];
double *C = new double[n*n];

A[0+0*n]=1; A[0+1*n]= 8; A[042*n]= 3;
A[140*n]=2; A[1+1*n]=10; A[1+2*n]= 8;
A[240%*n]=9; A[2+1*n]=-5; A[242%*n]=-1;

B[0+0*n]= 9; B[0O+1*n]= 8; B[0+2*n]=3;
B[140*n]= 3; B[l+1*n]=11; B[1+2*n]=2.3;
B[2+0*n]=-8; B[2+1*n]= 6; B[2+2*n]=1;

C[0+0*n]=3; C[0+1*n]=3; C[0+2*n]=1.2;
C[140*n]=8; C[l+1*n]=4; C[1+2*n]=8;
C[240*n]=6; C[2+1*n]=1; C[2+42*n]=-2;
printf ("# dgemm demo...\n");
printf ("A

=") ;printmat(n,n,A,n) ;printf ("\n");
printf ("B

=") ;printmat(n,n,B,n) ;printf ("\n");
printf (“C

=") ;printmat(n,n,C,n) ;printf ("\n");
alpha = 3.0; beta = -2.0;

cblas dgemm(CblasColMajor,CblasNoTrans,Cbl
asNoTrans, n, n, n, alpha, A, n, B, n,
beta, C, n);
printf ("alpha = %5.3e\n", alpha);
printf ("beta = %5.3e\n", beta);
printf ("ans="); printmat(n,n,C,n);
printf ("\n") ;
printf ("#check by Matlab/Octave by:\n");
printf("alpha * A * B + beta * C =\n");
delete[]C; delete[]B; deletel]A;
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e BIFEDYRAMZ"dgemm demo.cpp" ik & ERTFT B,

$ g++ dgemm demo.cpp -o dgemm demo -lblas -lapack

e CAYVINAILDTZES. AHEAYE—IDHEBEWES, AVINTIVIEERIITH 5. E1T
LT &S ICE>TWhIEL VW, OctaveMatlablcCDiERZFDFEFIAE—&
R=RAETNEEFZZFTVvITEDRELSICLUTHS

alpha = 3.000e+00

beta = -2.000e+00

ans=[ [ 2.10e+01, 3.36e+02, 7.08e+01]; [ -6.40e+01, 5.14e+02, 9.50e+01];
[ 2.10e+02, 3.10e+01, 4.75e+01] ]

#check by Matlab/Octave by:

alpha * A * B + beta * C



1751% Column major ¢XE Y ICIBiNT 5

o ITHF2RFTIED. AVE LI —FTDAEIIFTRTHNTH S RDKXD/RIT
5%
(1 23
A= (4 5 6>

EZDLEE, EDLSICATEVICKRINT 2H? column major®X Tl

PRELADINESWIEDS

e b

D& SICIEINT B,

FORTRANY. Matlab, octaveldcolumn major<d %,



1751%ZRow major TXE Y ICBiINT S
AC&SIc. T5IA
(3

e ICDWT, row majorTld. fTAMIC

456

e DLSICIEIMT S, C/C++TlEEErow major Tigil, B
A ICcolumn majoric LIE S5 HR LY

. 1,2,3,4,56  ,_

« BLAS, LAPACKZIEO'H I & Z . 1THRINAEICER!
L%:3§



Leading dimension (l)

e THNZESSICINSWVTINCAITTEZS LD H S,

IS5 ZXa3T5. IMTH. TRy 7175 E & K5

FcEZIFE UTDLSIE. A,B,C,DEVWSTTIIZEZRT

2 -1 5 -3 6
A=-1 4 1), B=1 3), C=(-4 2 6), D=0 1)
8§ 1 =2 4 1

- TNSZHATDOETEIDKRERITIZES LD TE
Do

(2 -1 5 -3 6

A BY_[-1 4 1 1 3

C D § 1 -2 4 1
9

—4 2 6 1,




Block{T5IHMEF (75 S A

. [THDEEEZS
C=AB.Cj= ) AyB,

. FHIBOESIE. ERCEICBEESTHNENBED. K

HMTFchbITH. Z0OFF ™ OESICHEEEL-TE

L (A Ay - Alq\ (B,, B, - B
A= Ayi Ay e A2q B B'21 3.22 B'Zr
\Apl Ap o qu) \Bq1 B, - qu)
(C)) Cp -~ ()
AB — C:21 C:22 C;2r C, = i AuB,
Gt G2 Gy .




Leading dimension (lll)

. FIIADRAFIIAI P I AT BIcidE 1THAE %1\7) X5 1THIA’
SLESEVWH? ADH L XIENn xm & PR
L (p, )EFRET D, ThICFPIVERT
%Icl3 “leading dimension”Z{£> & = n
fEF o § > M
Q@ m
. A'[1,11 D7 RLAD S, ; /

y I % S
A’'[PQlIZFA’[T1,1]+P" m+Q / A FIA
-t“‘j:’a: < T\ 1,1g§ PQEE
A’[1,1]+P*LDA+Q& 7

Do



B0 T EESMh ST SH?

. FORTRANTIZEAIIETIMNS R Y — KT BH, C, C++TId,
OSSR Y—hT 5. HIZAIL

. LT DEETAN—BMICIFTIHNSENZE T(FORTRAN)DY, O
M SnNEKFEH(C,C++).

. N7 NILDXEBERAND 7T X IFFORTRANTIEX()ZAY,
CTix[i-1]& 74 5%.

. TTHDAERAND 7T EXIEZFORTRANTIZA(LJ)EHY, C
Tldcolumn major& ULTALI-1+ (j-1)*ldal]& 95 & KW



LAPACKEE:1THDEBANY M. EFEEZXKHS:DSYEV

e 3Ix3 DERMIMTIDEBTAY ML, BBEZKRDHELES. TN5IEE=D28HD,

A=1|2 5 4

EWSBERIARD IZID,

. BB, 4 43 1

—0.40973,1.57715,10.83258

« T, EBEBAXY NI,

g NS

vl =(—0.914357,0.216411,0.342225)
v2 = (0.040122, — 0.792606,0.608413)
v3 = (0.402916,0.570037,0.716042)

(42 4



THIDOEEANY ML, EBIEZXKHSDSYEV

«C/C++D5LAPACKZ J—ILT BICIEILAPACKEZRAWS, ZAM YA 7IXLLTDED

® lapack int LAPACKE dsyev( int matrix layout, char jobz, char uplo,
lapack int n, double* a, lapack int lda, double* w );

« matrix_layout : LAPACK_COL_MAJOR: column majorh*row major?)®

. jobz:EHE. EENRY NILHBED, BEFERITTEUVWHIIEE,

cuplo: 73l E=A. T=AZES D

. A, Ida:1T5A & #Dleading dimension

- W:EEEZ R I BT (FIE)

GEE) U TIZFORTRANZ EEENEIIZTIIMEE >T=h. LAPACKETIEEL o1
. work, lwork: 77— fBBADEIEIERA VY. EFDOYAX

o info: =0 IEE# 7T, <0: INFO=-iTIFiEH DI HHFEH, >0: INFO=i IURE T,



XFHRTTI DXTA{cdsyevafil

int main ()

#include <iostream>
#include <stdio.h>
#include <lapacke.h>

{

void printmat(int N, int M,

double *A, int LDA) {
double mtmp;
printf("[ ")’
for (int 1 = 0; 1 < N; i++) {
printf("[ ");
for (int j = 0; jJ < M; j++) {

mtmp = A[i + j * LDA];
printf ("%5.2e", mtmp) ;
if (J <M - 1) printf(",
} if (i < N - 1) printf("];
else printf ("] ");
} printf("]1");
}

");
");

printf ("#Check Matlab/Octave by:

int n = 3;
double *A
double *w =

new double[n*n];
new double[n];

A[040*n]=1;A[0+1*n]=2;A[0+2*n]=3;
A[14+0*n]=2;A[1+1*n]=5;A[1+2*n]=4;
A[240*n]=3;A[2+1*n]=4;A[2+2*n]=6;

printf ("A ="); printmat(n, n, A, n);
printf ("\n");

LAPACKE dsyev (LAPACK COL MAJOR, 'V', 'U'
printf ("#eigenvalues
printmat(n, 1, w, 1), printf("\n");
printf ("#eigenvecs "), printf("U =");
printmat(n, n, A, n); printf("\n");

")

")

")

printf ("eig(A)
printf ("U'*A*U
delete[]w;
delete[]A;

"), printf("w =");

n



X THI DXIA{Ldsyev DAl

e BIFEDY R N%E"eigenvalue_demo.cpp"i & ERET .

®g++ dsyev _demo.cpp -o dsyev demo -llapacke -lblas -llapack
TAVIMILDTE D, AHAYE—IDHELBWES, OAVINLILIFZERIIT®H %,

o ETIRUTOELSICIH>TWhIEL W, E#RICOctave®Matlablcc DERZZFDFEFIAE—&R—AMT
NIFZEZZFIVvITESRLS5ICLTH B,

$ ./dsyev _demo
A=[1] ’ ’ 1: 1 ’ ’ 17 1 ’
/ 11

#eigenvalues

w=[1- 1; [ 1 1 11

#eigenvecs

U=[[_ ’ ’ ]; [ r ’ ]; [ ’
' 11

#Check Matlab/Octave by:

eig(A)

U'*A*U



F E&HERETF=H

ERRBEEEURT > EAER P >TETWS, EETHAOENEY, IVE1—9HT
= THEZLSTAFRBABELD DTH TV, AVE 1— I BEELEDHES

 MICRBERGE IV E 1 - THRIEFHREZITIICIR A1 77 U ZAWEIESHRL
« BLAS, LAPACKIZRERBEE S 177U TEE, RELRESHH S,

« BLAS, LAPACKIZCDWTiTF-1T3IX. HLTHIRITIOMNAILZEITSIESDFIZRULU T,
column/row major/ leading dimension/ E2510,1 EWSFER3DZHAL 1=,

REIFE

e AVE 11— DEGHEGZU < o

« BEZDI— FREE/MEEICEIK DD

« BLAS, LAPACKZERICOMSITIFES LIS LW,
« GPUTBLASZ{#E>S

o ERERFE DAY




IN— K2 (GPU#R)

. http://nakatamaho.riken.jp/blas_lapack_tutorial_part1.pdf

o http://nakatamaho.riken.jp/blas_lapack_tutorial_part2.pdf

2226)

SERE

BLAS, LAPACKFa—hkYU7IL IN\—K1 (&

LAPACK/BLASAM =&/ (https://www.morikita.co.jp/books/book/

Matrix Computations, Gene H. Golub and Charles F. Van Loan

hiefe) BLAS, LAPACKFa2—bMU 7L

. http://web.mit.edu/ehliu/Public/sclark/Golub%20G.H.,%20Van%20Loan%20C.F.-%20Matrix%20Computations.pdf

e http://www.netlib.or

. BIERTREDEH, FIE

LAPACK Working NOTE : &2

2 1

-k, BREF

kLD

It

3

Accuracy and Stablity of Numerical Algorithms, Nicholas J. Higham

il /—NlcBDhH D

lapack/lawns/index.html

-
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http://nakatamaho.riken.jp/blas_lapack_tutorial_part2.pdf
http://www.netlib.org/lapack/lawns/index.html

