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000000000 [Journal of Chemical Physics,
114, 8282-8292 (2001)]

E = min E v’y’ + E iz iz
y,LeN-rep. Jljz Jij2
i1i2j1J2

00O 0O 00O O ; positive SemiDefinite Programming
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« BLAS/LAPACKO D OO DODOODOO
GMP(C++)0 000000

e SDPA-GMP, SDPA-DD, QDO 0O O
e Journal of Chemical Physics 128, 16, 164113 (2008).
e http://sdpa.indsys.chuo-u.ac.jp/sdpa/download.html
e SDPA-GMPO O ODODODODO: Wakietal (90000 0),
Mittelmann et al., De Klerk et al.
e J0J0DO0ODOOODO:GNU General Public License
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BLAS[ [0 ?

o The BLAS (Basic Linear Algebra
Subprograms) are routines that provide
standard building blocks for performing basic
vector and matrix operations.

e The Level 1 BLAS perform scalar, vector and
vector-vector operations, the Level 2 BLAS
perform matrix-vector operations, and the
Level 3 BLAS perform matrix-matrix
operations. [1]

e Level1:'x-x,'x -y, etc.
e Level2: Ax = b,"Ax = b, etc.
e Level 3: aAB + BC etc.

http://www.netlib.org/blas/faqg.html [1]
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e LAPACK provides routines for solving systems of
simultaneous linear equations, least-squares solutions
of linear systems of equations, eigenvalue problems,
and singular value problems. The associated matrix
factorizations (LU, Cholesky, QR, SVD, Schur,
generalized Schur) are also provided, as are related
computations such as reordering of the Schur
factorizations and estimating condition numbers.
Dense and banded matrices are handled, but not
general sparse matrices. In all areas, similar
functionality is provided for real and complex matrices,
in both single and double precision.

(http://www.netlib.org/lapack/fag.html [ [ )
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[0 O ; GNU Lesser General Public Licenseld
000000 ; SourceForge.netd O O O
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Prefix O O O float, double — “R”eal, complex,
double complex — “C”’complex.

 daxpy, zaxpy = Raxpy, Caxpy

e dgemm, zgemm — Rgemm, Cgemm
« dsterf, dsyev — Rsterf, Rsyev

e dzabs1, dzasum — RCabs1, RCasum
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0 OO call by value or call by reference
MBLAS/MLAPACK

n__mn n__n

Rgenm("n", "n", n, n, n, alpha, A, n, B, n, beta, C, n);
Rgetrf(n, n, A, n, ipiv, &info);

Rgetri(n, A, n, ipiv, work, lwork, &info);

Rsyev("V", "U", n, A, n, w, work, &lwork, &info);

BLAS/LAPACK

dgemm_£77("N", "N", &, &n, &n, &One, A, &n, A, &, &Zero, C, &n
dgetri_f£f77(&, A, &n, ipiv, work, &lwork, &info);

(C++/C 00 BLAS/LAPACK O O OO lapack.h, blas.h O O 0O1)
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void
Caxpy (INTEGER n, COMPLEX ca, COMPLEX * cx, INTEGER incx, COMPLEX * cy, INTEGER i
{
REAL Zero = 0.0;
if (n <= ©)
return;
if (RCabsl(ca) == Zero)
return;
INTEGER ix = 0;
INTEGER iy = O;
if (incx < 0)
ix = (-n + 1) * incx;
if (incy < 0)
iy = (-n + 1) * incy;
for (INTEGER i = 0; i < n; i++) {
cyl[iy] = cy[iy] + ca * cx[ix];
ix = ix + incx;



MLAPACKLD OO OOOOOOO
Rsyev; 00000000000

Rlascl(uplo, 0, ®, One, sigma, n, n, A, lda, info);

}
//Call DSYTRD to reduce symmetric matrix to tridiagonal form.
inde = 1;

indtau = inde + n;
indwrk = indtau + n;
1lwork = *lwork - indwrk + 1;
Rsytrd(uplo, n, &A[0], lda, &w[0], &work[inde - 1], &work[indtau - 1],
&work[indwrk - 1], llwork, &iinfo);
//For eigenvalues only, call DSTERF. For eigenvectors, first call
//DORGTR to generate the orthogonal matrix, then call DSTEQR.
if (!wantz) {
Rsterf(n, &w[0], &work[inde - 1], info);
} else {
Rorgtr(uplo, n, A, lda, &work[indtau - 1], &work[indwrk - 1], llwork,
&iinfo);
Rsteqr(jobz, n, w, &work[inde - 1], A, lda, &work[indtau - 1], info);
}
//1f matrix was scaled, then rescale eigenvalues appropriately.
if (iscale == 1) {
if (*info == 0) {



MBLAS 0 0 [

SDPA-GMP 7.1.2 0 sdpa_linear.cpp U U

if (scalar==NULL) {
scalar = &MONE;
// scalar is local variable
}
// The Point is the first argument is "Transpose".
Rgemm("Transpose", "NoTranspose",retMat.nRow,retMat.nCol,aMat.nCol,
*scalar,aMat.de_ele,aMat.nCol,bMat.de_ele,bMat.nRow,
0.0,retMat.de_ele,retMat.nRow);
break;
case DenseMatrix::COMPLETION:
rError("no support for COMPLETION");
break;

}

return _SUCCESS;
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SDPA-GMP 7.1.2 0 sdpa_linear.cpp U U

case DenseMatrix::DENSE:
LWORK = 3*N-1;
// "N" means that we need not eigen vectors
// "L" means that we refer only lower triangular.
Rsyev("NonVectors", "Lower",N,aMat.de_ele,N, eigenVec.ele,workVec.ele,&LWORK,
if (info!=0) {
if (info < 0) {

rMessage("getMinEigenValue:: info is mistaken " << info);
} else {
rMessage("getMinEigenValue:: cannot decomposition");
}
exit(0);
return 0.0;

}
return eigenVec.ele[0];
// Eigen values are sorted by ascending order.
break;
case DenseMatrix::COMPLETION:
rError("DenseMatrix:: no support for COMPLETION");
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for (int k = MIN_K; k < MAX_K; k++) {

for (int n = MIN_N; n < MAX_N; n++) {
for (int m = MIN_M; m < MAX_M; m++) {

for (int lda = minlda; lda < MAX_LDA; lda++) {
for (int 1db = minldb; 1db < MAX_LDB; 1ldb++) {
for (int ldc = max(1l, m); ldc < MAX_LDC; ldc++) {

Rgemm(transa, transb, m, n, k, alpha, A, lda, B, 1db, beta, C, 1ldc);
dgemm_f£77 (transa, transb, &m, &n, &k, &alphad, Ad, &lda,
Bd, &ldb, &betad, Cd, &ldc);

diff = vec_diff(C, Cd, MAT_A(ldc, n), 1);
if (fabs(diff) > EPSILON) {
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00000 INTEGER, REAL, COMPLEX,
LOGICALO 4000000

typedef 0 REAL — mpf_class, qd_real,

ddreal 0O OO0

0000 (log, sinetc) 0 0 0O ; OO double U
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e J0D0ODOODODODOODOODOOODOO
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e C++00000DOO0OOdouble” 000 00O
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GMP(GNU Multiple Precision Arithmetic Library)
“the fastest bignum library on the planet!”
C++000D0D0000000000000 (double)DOOOODODO

IEEE754 00 000000O0ONaN, InfO00 exceptionO O OO0
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agq = (a1, a3, a3,a4), a4 = (a1, az)

QD (Double-Double and Quad-Double Arithmetic)
http://www.cs.berkeley.edu/~yozo/

PowerPC, Sparc64 0 0 O 0O O O double-double O O 0O O
C+000000000D000DODOO0OO (double)O OO
APID0O0OQboOOOoODOoOoOoOooOn

exponent OO O0OOOOOOOIEEE7S40 000000000
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NaN, InfO OO0 exceptionD OO OOOOOODOOO
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c++00000000000
760000000000000000O
00000000000 BLASOOOO
GMP/QD/DDO O OO0 OO
OpenMPO O COO0C0O0D0O0OOOOOOO
BLASwrapper0 0 00000000000
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LAPACK 3.1.1 0000
e 0O ODODO 0.6.0 (2009/11/24)
e (DODO)e680 I UIDIDODOONODO;2009/11/24
(CVS)
e 5690 000D 0O0ODODOO;2009/11/7
e 461000 DOOODODO;2009/10/9
e 355000000000 ;2009/2/24
e 50000 DOOO
« GMP/QD/DDO DO OOMO
o SDPA-GMP/-QD/-DD 0 MPACKO O O O
e Rsyev.cpp, Rsterf.cpp: 0 0O O
e Ritrtri.cpp: U O O
e Rpotrf.cpp: DO O ODODOMO
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NetibO OO OOOOOOOOoOooOooOoo
dsyev.f O

facO0 00 FORTRANO O cCOOOOOOO
OO00O0D00oOooooOCC++)0DOOO

sedJ000O0DO0OO0OODDODOOODOOO
oooon

oooobboooooon

e JOOOODDOOOOOODOO

e JOODOOODO 52000 00O /day

« JOODOOO DODOO 0.3-200 00 /day

e 2009/11/24 MPACK 0.6.00 00000 66810
FORTRAN-C++0 00O ODOOOO

(DooooooooooooOo|




MLAPACKD OO O O;sedd 0 00O

sed -i bak -e ’1,11d’
-e ‘‘s/d\([a-2z0-9][a-2z0-9] [a-2z0-9] [a-2z0-9] [a-2z0-9] [a-2z0-9] [a-2z0-9I\)_(/R\1(/g"’ \
-e ‘‘s/d\([a-z0-9][a-z0-9][a-z0-9] [a-z0-9] [a-2z0-9][a-z0-9]1\)_(/R\1(/g’’ \
-e ‘‘s/d\([a-z0-9][a-z0-9][a-z0-9][a-z0-9] [a-z0-9]I\)_(/R\1(/g’’ \
-e ‘‘s/d\([a-z0-9][a-z0-9][a-z0-9][a-z0-9]\)_(/R\1(/g’" \
-e ‘‘s/d\([a-z0-9][a-z0-9][a-z0-9]1\)_(/R\1(/g’’ \
-e “*s/d\([a-z0-9][a-z0-9]1\)_(/R\1(/g’’ \
-e “*s/d\([a-z0-9]\)_(/R\1(/g’’ \
-e ‘‘s/z\([a-z0-9][a-z0-9][a-z0-9][a-z0-9] [a-z0-9][a-z0-9][a-z0-9]\)_(/C\1(/g’’ \
-e ‘‘s/z\([a-z0-9][a-z0-9][a-z0-9][a-z0-9][a-z0-9][a-z0-9]\)_(/C\1(/g’’ \
-e ‘‘s/z\([a-z0-9][a-z0-9][a-z0-9][a-20-9][a-z0-9]\)_(/C\1(/g’’ \
-e ‘‘s/z\([a-z0-9][a-z0-9][a-z0-9][a-2z0-9]\)_(/C\1(/g’’ \
-e ‘‘s/z\([a-2z0-9][a-2z0-9][a-z0-9]1\)_(/A\1(/g"’ \
-e ‘‘s/z\([a-20-9][a-z0-9]1\)_(/QA\1(/g’’ \
-e “*s/z\([a-z0-9]\)_(/QO\1(/g’ " \
-e ’s/lsame_/Mlsame/g’ \
-e ’s/integer/int/g’ \
-e ’s/return 0/return/g’ \
-e ’s/doublereal/mpf_class/g’ \
-e ’s/doublecomplex/mpc_class/g’ \
-e ’s/extern double dlamch_(char \*, ftnlen)//g’ \
-e ‘‘s/, ftnlen [a-z]*_len//g’’ \
-e ’s/, (ftnlen) [0-9]//9’ \
-e 's/, (ftnlen) [0-9][0-91//9g’ \
-e 's/, ftnlen//g’ \
-e 's/d_sign/Msign/g’ \



MLAPACK [ OO 0O O ; “dsteqr.f + hacked f2c
+ sed = dsteqr.c”

il =1;

for (i =mml; i >= il; i--) {
f=s*el[il;
b =c* e[il;

Rlartg(&g, &f, &c, &s, &r);
if A!l=m-1) {
efi +1] =r;

=d[i + 1] - p;

= (d[i] - @ * s + ¢ * Two * b;
=s *r;

[i+1] =g9g+p;

=c*r-b;

Vad If eigenvectors are desired, then save rotations. */
if (icompz > 0) {

work[i] = c;
work[n - 1 + i] = -s;

/* If eigenvectors are desired, then apply saved rotations. */

if (icompz > ) {
mm=m-1+1;
Rlasr("R", "V", "B", n, &mm, &work[1l], &work[n - 1 + 1], &z[1l * 1ldz + 1], 1dz);
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TSPbays29.dat-s (0000000000000 SDPOO)double 00000 OODOO
SDPA-GMP

64 1.1e-24 2.9e-35 3.3e-59 +2.00e+03 +2.00e+03 7.1e-01 6.6e-01 1.00e-01
65 4.5e-25 2.9e-35 2.5e-59 +2.00e+03 +2.00e+03 7.1le-01 6.6e-01 1.00e-01

phase.value = pdOPT
Iteration 65
mu = 4.4571618160501371e-25

relative gap = 3.4548724778912391e-80
gap = 6.1785177094087001e-21
digits = 2.6329067911852388e+02
objValPrimal = 1.9997655161769048e+03
objValDual = 1.9997655161769048e+03
p.feas.error = 2.9085455051075594e-31
d.feas.error = 4.9280060832703393e-55
relative eps = 8.6361685550944446e-78
total time = 525688.570

(146 00 =6 0)



MPACK [0 0 O SDPA-GMP, -QD, -DD (1 [ [

00ooooooog (N=8,L=8,5=0,U/t =100000.0, POGT1T2’) double 0 0O OO
0000 SDPA-GMP

63 1.0e-27 4.6e-35 3.7e-50 -2.27e-04 -2.27e-04 9.2e-01 9.5e-01 1.00e-01
64 1.4e-28 4.6e-35 1.7e-51 -2.27e-04 -2.27e-04 1.8e-01 1.8e-01 1.00e-01
65 1.2e-28 4.6e-35 1.4e-51 -2.27e-04 -2.27e-04 1.8e-01 1.8e-01 1.00e-01

phase.value = pdOPT
Iteration = 65
mu = 1.2108885349899566e-28
relative gap = 1.6873603761771795e-60
gap = 3.8482037641980820e-25
digits = 5.6128358347722269e+01
objValPrimal = -2.2675986731298406e-04
objvalDual = -2.2675986731298406e-04
p.feas.error = 4.6325094686566161e-31
d.feas.error = 2.3771386665899760e-46
relative eps = 1.2154326714572501e-63
total time = 754492.670

(8.7 0) double O O

objValPrimal = -1.9739677666062296e-02
objValDual = -1.9493709034577478e-02
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