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n BEHERIE DL (Eigenvalue algorithm)
» BEEREZELOOTIVTY XA

m EH{EY IL/\ (Eigensolver, Eigenvalue problem solver)
» EREBREDERE

m EHEYIL/NZ A TS (Eigensolver Library)
» BEBEYIVAOHEELSATSY

m RFETE S 1 75 1) (Linear Algebra Library)
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n BT 0EENAL
» Jacobi %
BT O=ZENAIL
» Householder ;%
m BRITAOEENAIL
> NIXHEE MIRIFE LAY —REREE, Jacobi-Davidson &,
LOBPCG, Krylov-Schur 3%
m BITAO=ERAIL
» Lanczos j%, Arnoldi i, ') 29 — MM X Lanczos % (Restart
Lanczos), Thick-restart Lanczos &

n TOMDAHE
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m EigenExa: 175V LN

» Householder (3 Exff1t, 5 ExXtAIL)+2EHEE+QR
m ELPA

> Householder+ £ &I#t58%54+QR
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http://www.aics.riken.jp/labs/lpnctrt/EigenExa.html
http://elpa.rzg.mpg.de
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m Anasazi: RIEEY IL/NFID
» Krylov-Schur, Jacobi-Davidson, XXX-Davidson, LOBPCG,
Implicit Riemannian Trust Region Method
m ARPACK
» Implicit Restarted Lanczos
m BLOPEX
» Locally Optimal Block Preconditioned Conjugate Gradient
Method (LOBPCG)
SLEPc: RIEEY IL/NHID, EIL REFIZERD MPI 35 H % %
NHEHY
» Krylov-Schur, Generalized Davidson, Jacobi-Davidson,
Rayleigh Quotient Conjugate Gradient, Contour integral
Sakurai-Sugiura, Power method, Subspace ltertation, Arnoldi
(explicit restart), Lanczos (explicit restart)
m [ETL: ALPS ICEEN B REZEVILN

» Lanczos, ftt
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http://trilinos.org/packages/anasazi/
http://www.caam.rice.edu/software/ARPACK/
https://code.google.com/p/blopex/
http://www.grycap.upv.es/slepc/
http://www.comp-phys.org/software/ietl/
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m LAPACK, ScaLAPACK DR 4'5R%
Apple Accelerate Framework(BLAS /vecLib): LAPACK
Fujitsu SSLII: LAPACK, ScaLAPACK(®D—%&R), ftt
Intel MKL: LAPACK, ScaLAPACK
ACML(AMD Core Math Library): LAPACK
OpenBLAS: BLAS+—E8M LAPACK (GotoBLAS D1&it)
m Netlib LAPACK: LAPACK @) 7 7 L v AE%
» Householder+QR, Householder+4ZI#i34%5+QR,
Householder+—43%, Householder+MR3
m Netlib ScaLAPACK: ScaLAPACK @) 7 7 L > A%
» Householder+QR, Householder+4EI#45%+QR,
Householder+=43i%, Householder+MR3
m Eigen3 (GZXRhR. 1751 - 175D AH X L v Rik5I4E)
» Householder+QR
m Elemental : EF N 3EAEMEY /S MRRR (2. 7Ot AHHE
FEDIGEDHHERICEN<
» Householder+MR3

vV vy vVvYy

v
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https://developer.apple.com/library/mac/documentation/Accelerate/Reference/AccelerateFWRef/index.html
https://software.intel.com/en-us/mkl_11.1_ref
http://developer.amd.com/tools-and-sdks/cpu-development/amd-core-math-library-acml/
http://www.openblas.net
http://www.netlib.org/lapack/
http://www.netlib.org/scalapack/
http://eigen.tuxfamily.org/
http://libelemental.org
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http://trilinos.org
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» EigenExa > ELPA > ScaLAPACK (DR #%£%) > Elemental
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» Anasazi > SLEPc
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» ALPS (fulldiag / sparsediag): LAPACK, IETL % %IFg
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» SPINPACK: LAPACK %
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http://alps.comp-phys.org/static/software/applications/diag/fulldiag/doc/
http://alps.comp-phys.org/mediawiki/index.php/Documentation:sparsediag
http://quattro.phys.sci.kobe-u.ac.jp/Kobe_Pack/Kobe_Pack.html
http://www-e.uni-magdeburg.de/jschulen/spin/
http://www.noc.titech.ac.jp/~phys0016_nishimori/titpack2_new/index-e.html
http://ma.cms-initiative.jp/listapps/hphi
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» EHERREE YV I/ https://github. com/t-sakashita/
rokko/wiki/EigenvalueAlgorithms

m RS VT4 7EER!
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https://github.com/t-sakashita/rokko/wiki/EigenvalueAlgorithms
https://github.com/t-sakashita/rokko/wiki/EigenvalueAlgorithms

Rokko Fa— K1) 7L
L_Rokko M#Z & pyspiizs

Rokko D2 & RERIEIE



Rokko Fa— K1) 7L
L_Rokko M#Z & pyspiizs

Rokko DIE & NEREIE

n BEDOSA 73 OFER
m Rokko DI E
m WAV ILANDOEXRES

m Rokko D RERIEE

21/80



Rokko Fa— K1) 7L
L_Rokko M#Z & pyspiizs

BEODZ473) ORER

" VLNBILRBETHA Y
n A VR N—LEEESA TSV BIRRD
s KF2X Y MARHHBIBAE S

B AVEL—9YDT7—FFIFvEICERZOVINMIL- YV
7T avhnE

m C++/C/Fortran #HE ") » U OREE
n 54 T35 EOKFRERNEH
n ERICH TRNCKE AR B AR L L

22 /80



Rokko Fa— k1Y 7L
L_Rokko M#Z & pyspiizs

5475 ) EOKEER (BTG

EigenExa
ScaLAPACK ELPA Elemental
PBLAS LAPACK Eigen3
7
»
BLACS BLAS

MPI

23 /80



Rokko Fa— K1) 7L
L_Rokko M#Z & pyspiizs

Rokko MDFFE

m R TFER, (BRATI) tatsuya.sakashita@apchem.nagoya-u.ac.jp
m A+E = (RABEL) rigarash@cc.u-tokyo.ac.jp

m RIU#B— (RAMMER) y-motoyama@issp.u-tokyo.ac.jp

n KRR % (RARWMHEM) t-okuboQissp.u-tokyo.ac.jp

m REER (RARE/MMM) wistaria@phys.s.u-tokyo.ac.jp
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mailto:tatsuya.sakashita@apchem.nagoya-u.ac.jp
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» GitHub TAMR
https://github.com/t-sakashita/rokko/

25 /80


https://github.com/t-sakashita/rokko/
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Rokko M &K {R

m BEEYVIVWN/BHEESA TS VDA VA N=ILZAI Y Tk
n HEEAY SR (DBUTH, TOERT) v Rts)

m BBEEYVIVINT Y= (C+4)

n BEHEEVIVN-T70 MY (C+4)

m C/Fortran 5 v /{—

BTN -HYTINTOTS A

B RVFI—=DVRY) Tk
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HB—RKNN—F7 1 —DEFEYIN/BGRAEZATZ)D
A1 2VRAM=I

m Eigen3 (N7 ML, 17510 2 A= WERTHIA), LAPACKE
(LAPACK @ C £ ¥4 —7 £—2) iZ, Rokko ICE#IE T

w3

B A YVAM=JVRY ") Tk 3rd-party/install
» 54 735 Anasazi, EigenExa, Elemental, ELPA, PETSc,

ScalLAPACK, SLEPc
» WIK7—F 77 Fv: T®/FX10, x86 X/3a + V524 (Intel
3 /84 3 /GCC), Mac OS X (GCQ), s
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https://github.com/t-sakashita/rokko/tree/master/3rd-party/install
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Rokko 1 >~ A h—Jb

m F#{# (reedbush-u.cc.u-tokyo.ac.jp DHAE)

"export LUSTRE=/lustre/gt00/t002XX" >> $HOME/.bash_profile
"module load boost/1.61" >> $HOME/.bash_profile
"module unload intel-mpi && module load mpt" >> $HOME/.bash_profile
"PREFIX_ROKKO=/lustre/gt00/t002XX/rokko" >> $HOME/.rokkoinstaller
" BUILD_DIR=/lustre/gt00/t002XX/build" >> $HOME/.rokkoinstaller
" SOURCE_DIR=/lustre/gt00/share/source" >> $HOME/.rokkoinstaller
. $HOME/.bash_profile

B V—ROA—KD¥orvO0—K - EHA

$LUSTRE && mkdir rokko && mkdir build
mkdir src && src
git clone https://github.com/t-sakashita/rokko.git

m CMake DETT ()

mkdir rokko-build && rokko-build && . /lustre/gt00/share/rokko/trillinos-11.14.2-2/

trillinosvars.sh
cmake $LUSTRE/src/rokko -DCMAKE_CXX_COMILER=icpc -DCMAKE_C_COMPILER=icc \
-DCMAKE_Fortran_COMPILER=ifort -DCMAKE_INSTALL_PREFIX=$LUSTRE/rokko \
-DBoost_INCLUDE_DIR=/lustre/app/boost/1.61/include
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Rokko D14 Y R M=)l (#HxX)

m Make, 7 X

imake -j 4

| make test
‘make install
L
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A VAN=ILDOKE DFEER

Rokko CEATZ 2EAEEIL—F >~ —EDRKRR tool /rokko_
solvers.cpp

rokko/tool
./rokko_solvers

H DR

[serial dense solvers]
eigen3
lapack

[parallel dense solvers]
scalapack

[parallel sparse solvers]
anasazi
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https://github.com/t-sakashita/rokko/tree/master/tool/rokko_solvers.cpp
https://github.com/t-sakashita/rokko/tree/master/tool/rokko_solvers.cpp

Rokko F 21— N1 7L
L Rokko @4 ¥ 2 h—JL

Rokko @7 1 L 7 b ) #&E

| _example ---
| CXX

| C

| fortran

|  tutorial ---

L titpack --

tdense cee
sparse ---
tdense
sparse ---
tdense s
sparse ---

| rokko --- Rokko &K{E (N HF T 7AI Y= T7AI)

Yoo vs A

BRI A GRXRAR. MPI hR)
BR175E (MPI hR)

#1755 A GRXRAR. MPI hR)
175 A (MPI hR)

BITHE GEXRAR. MPI AR)
B175A (MPI AR)
Fa—-—MYTIL

- BREBNAESy - DEXZ
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https://github.com/t-sakashita/rokko/tree/master/rokko
https://github.com/t-sakashita/rokko/tree/master/example
https://github.com/t-sakashita/rokko/tree/master/cxx
https://github.com/t-sakashita/rokko/tree/develop/example/cxx/dense
https://github.com/t-sakashita/rokko/tree/develop/example/cxx/sparse
https://github.com/t-sakashita/rokko/tree/develop/example/c
https://github.com/t-sakashita/rokko/tree/develop/example/c/dense
https://github.com/t-sakashita/rokko/tree/develop/example/c/sparse
https://github.com/t-sakashita/rokko/tree/develop/example/fortran
https://github.com/t-sakashita/rokko/tree/develop/example/fortran/dense
https://github.com/t-sakashita/rokko/tree/develop/example/fortran/sparse
https://github.com/t-sakashita/rokko/tree/develop/tutorial
https://github.com/t-sakashita/rokko/tree/develop/tutorial/titpack
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rokko::localized_matrix 7 2 X5~

m rokko/localized_matrix.hpp

rokko {
< ity MATRIX_MAJOR = rokko
localized_matrix {
MATRIX_MAJOR major_type;
localized_matrix();

localized_matrix( rows, cols);
< u>
localized_matrix (U & other);
< U>
matrix_type& =(U & other);
¢ i, 3 H
& [1¢ i, 3)s

get_m_global() H
get_n_global () H
get_m_local() H
get_n_local() H

is_gindex_myrow( & global_i) H

JL—b

::imatrix_col_major>

35

80


https://github.com/t-sakashita/rokko/tree/master/rokko/localized_matrix.hpp
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rokko::localized_vector & rokko::localized_matrix M A

m test/localized_matrix.cpp

dim = 3;
rokko: :localized_matrix< > M(dim,dim) ;
M << 1,2,3,4,5,6,7,8,9;

a =5.0;

rokko::localized_vector u(dim);
u << 1,2,3;
rokko: :localized_vector v(dim);
v << 4,5,6;
rokko::localized_vector w = a*xu+M*v;
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https://github.com/t-sakashita/rokko/tree/master/test/localized_matrix.cpp

Rokko F 21— N1 7L
L w4550/
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rokko::serial_dense_solver 7 5 A

m VILNDERL

rokko: :serial_dense_solver solver (name);
solver.initialize(argc, argv);

m VILINDKT

solver.finalize();

m AL (ITHRBIERIND)
rokko::localized_matrix< , matrix_col_major> mat(dim, dim);
rokko: :localized_vector evals(dim);

rokko: :localized_matrix< , matrix_col_major> evecs(dim, dim);
solver.diagonalize(mat, eigval, eigvec, params);
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S SO o

SREEDHT Y TIL

m LAPACK dsyev % B#f# > example/cxx/dense/dsyev.cpp

[ 1
| ./example/cxx/dense/dsyev
k ]

BREITINV IIVNEES
m C++HhR example/cxx/dense/frank.cpp

| ./example/cxx/dense/frank lapack 5

m C kR example/c/dense/frank.c

| ./example/c/dense/frank lapack 5

m Fortran hR example/fortran/dense/frank.f90

| ./example/fortran/dense/frank lapack 5
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https://github.com/t-sakashita/rokko/tree/master/example/cxx/dense/dsyev.cpp
https://github.com/t-sakashita/rokko/tree/master/example/cxx/dense/frank.cpp
https://github.com/t-sakashita/rokko/tree/master/example/c/dense/frank.c
https://github.com/t-sakashita/rokko/tree/master/example/fortran/dense/frank.f90
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S SO o

BEBEY IL/IAAN

DINSA—FDELA

m /NS A —% %9 5 X rokko/parameters.hpp Z FIFH
» example/cxx/dense/frank.cpp D :

rokko::
params.
params.
params.
params.
params.

parameters params;
set("routine", "tri");
set ("upper_value", 1.2);

set("lower_value", 0.1);
set("uplow", "lower");
set ("verbose", )8

39
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https://github.com/t-sakashita/rokko/tree/master/rokko/parameters.hpp
https://github.com/t-sakashita/rokko/tree/master/example/cxx/dense/frank.cpp
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BITHERY IVINITETINS XA —4

Eigen3
[Rokko W=F V& | JOM—F>& | BBE [ANNSA=F (AT>a>Y) [HARSX—5] &E |
‘ eigen3:qr | SelfAdjointEigensolver [ QR | 2l [ il [774IL1]
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BITHIZERY JIVINIETINS X —4

Rokko L—F ¥ & | TON—F v | AARTA=T Ty isx—g wz
#Fvav)
::g:zt;gfy“ dsyev QR % uplow B ABRLOFT 4
- ack_'ds " o 255% Upper & Tower O, o abstol > 0 DE X, 250F,
pacicdsy Y QR 3% abstol, uplow : abstol <0 D& %, QR:k
lapack:bisection dsyevx 249k upper E Tower O, m, fail dsyevx % abstol > 0 CEF
abstol, uplow
lapack:dsyevr dsyevr MR3 sk | upper & Tower O, m, isuppz | EVEMEREIEESY OF T AL b
lapack:mr3 abstol, uplow
lapack:dsyevd dsyevd SEIRE uplow ®L
lapack:dc
o —
LAPACK AIFAA/NZ X —%4
Rokko @ ScaLAPACK @ ) 2= &
NSA—5% | 52-5% = i - — ﬁ;}
T BN0—XF CHW,
matrix_part uplow std::string /(tlz\g;‘f:ﬁ;;gﬂﬁ |uo’3/\‘7:rr((l_u))' AXF. MNXFEOELLETH,
— — F2AN Y
abstol abstol double EBEOIRAEICANS
upper_index iu int KO VWEFEDESD LR ESIRIBICOWIBENS
upper_value vu double kO WEHEOHED LR
lower_index il int KOEVEFEDOESD TR ESIERBEICDOIISND
lower_value vl double skeb e WEHEDHIE D TR
Rokko THELEZ 37,
verbose L bool VILNICERELEANINS X — F 7 4 )L b false
Y, TS5—DFMfERT.
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Rokko F 21— N1 7L
L350/ MPI 331y )L/3
L gaxma

27O ARATY v R

» MPI 7Ot 2® 2 RTEUTT = 18E
m Row-major & column-major O Zf&%H
m 4 7Ot XDH (Z:row-major, F:column-major)

(0,0) | (1,0) (0,0) | (1,0)
0 1 0 2

(0,1) | (1,1) 0,1) | (1,1)
2 3 1 3

B 2ETCOYVILNIZEADEREE Y R— b
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L gaxma

27Oy Y - %47 1) v 4751 (distributed_matrix)

B IFEAEDHFIEEBEY LNICEWT, BTG 1285T7
Ay Y -4 7Yy IFK] TT—928IhD
B4 7O0ERTOHR (£ O—AIE1— F JO—N)bEa—)

process 0

m ScalAPACK & ELPA iEEED7OY 44 X%HR—
m EigenExa & Elemental I& 1 x 1 D& &Y R— b
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rokko::grid 7 2 X

m rokko/grid.hpp

rokko {
grid_row_major_t {} grid_row_major;
grid_col_major_t {} grid_col_major;

grid {
grid(MPI_Comm comm_in = MPI_COMM_WORLD) ;
< GRID_MAJOR>
grid(MPI_Comm comm_in, GRID_MAJOR & grid_major);
MPI_Comm get_comm() { comm; }

get_nprocs () H
get_nprow() H
get_npcol() 8
get_myrank () H
get_myrow() H
get_mycol() 8
is_row_major () H
is_col_major() 8
calculate_grid_row( proc_rank) 8
calculate_grid_col( proc_rank) g
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Rokko F 21— N1 7L
L4550/ MPI 50 )
L Rokko 1 ¥4 —7 = — 2 D it#k

rokko::distributed_matrix 2 S A7~ L — K

m rokko/distributed_matrix.hpp

rokko {
< T MATRIX_MAJOR = rokko::matrix_col_major>

s
distributed_matrix {

< SOLVER>
distributed_matrix(mapping_bc<MATRIX_MAJOR> & map_in) ;
< SOLVER>
is_gindex_myrow( global_i) s // 7RIy RS> 5. B7OADTAENES
iRy
is_gindex_mycol( global_j) 3 /) TEERTYY RO 5 B7O0EADNARAOES
ZiRY
is_gindex( global_i, global_j) 3 // B0t (global_i, global_j)%&#F
S2TWBMN7?
set_local( local_i, local_j, value); // BF7HO+EZDlocal storage M (
local_i, local_j)I(l{Bvalue %4&##
get_local( local_i, local_j) ; // B7AERDlocal storage D(
local_i, local_j)DfE%iRY
update_local( local_i, local_j, value); // B7O&2X®Dlocal
storage M (local_i, local_j)ilfEvalue % & LAL
set_global( global_i, global_j, value); // B7Ot 2R (global_i,
global_j) &I > TV S, fEvalue %1&HA
get_global( global_i, global_j) ; // B0t (global_i, global_j)

ERFROTVEL. TDEEZERT

o
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https://github.com/t-sakashita/rokko/tree/master/rokko/distributed_matrix.hpp

Rokko F 21— N1 7L
L350/ MPI 331y )L/3
L Rokko 1 ¥4 —7 = — 2 D it#k

distributed_matrix M

n THOEIFE C=aAB+5C

rokko: :mapping_bc<matrix_major> map(dim, g, solver); // EAfIAEEZLNT
grid & solver ICEHARTAY I ¥4 X%&RY,

rokko::distributed_matrix< , rokko::matrix_col_major> matA(map);
rokko::distributed_matrix< , rokko::matrix_col_major> matB(map);
rokko::distributed_matrix< , rokko::matrix_col_major> matC(map);

rokko: :product (alpha, matA, transA, matB, transB, beta, matC);

m distributed_matrix @ scatter & gather

rokko::localized_matrix< , LOC_MAT_MAJOR> lmat(dim, dim);
rokko::distributed_matrix< , DIST_MAT_MAJOR> mat (map) ;
rokko::scatter(lmat, mat, root);

rokko: :gather(mat, lmat, root);
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distributed_matrix D4

n ERBICAA (global 27RTF)

( global_i=0; global_i < mat.get_m_global(); ++global_i) {
( global_j=0; global_j < mat.get_n_global(); ++global_j) {
mat.set_global(global_i, global_j, f(global_i, global_j));
¥
3

n ERBICKA (local BRF)

( local_i = 0; local_i < mat.get_m_local(); ++local_i) {
( local_j = 0; local_j < mat.get_n_local(); ++local_j) {

global_i = mat.translate_12g_row(local_i);
global_j = mat.translate_12g_col(local_j);
mat.set_local(local_i, local_j, f(global_i, global_j));
}
&

n EHDOETITIZED S

mat.generate(f) ;
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rokko::parallel_dense_solver 7 2 X

m VILXDERE

rokko: :parallel_dense_solver solver(name);
solver.initialize(argc, argv);

m VILINDIRT

solver.finalize();

n WAL (FIRRES N D)

rokko: :mapping_bc< , matrix_major> map(dim, g, solver);
rokko: :distributed_matrix< , matrix_col_major> mat(map);

rokko: :localized_vector evals(dim);

rokko: :distributed_matrix< , matrix_col_major> evecs(map);
solver.diagonalize(mat, evals, evecs, params);
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S SO o

SREEDHT Y TIL

m C++ example/cxx/dense/frank_mpi.cpp

T 1
|mpirun -np 4 ./example/cxx/dense/frank mpi eigen_exa 5
L |

m C R example/c/dense/frank_mpi.cpp

T 1
|mpirun -np 4 ./example/c/dense/frank mpi eigen_exa 5
L |

m Fortran hR example/fortran/dense/frank_mpi.cpp

T 1
‘mpirun -np 4 ./example/fortran/dense/frank_mpi eigen_exa 5
| i
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https://github.com/t-sakashita/rokko/tree/master/example/cxx/dense/frank_mpi.cpp
https://github.com/t-sakashita/rokko/tree/master/example/c/dense/frank_mpi.cpp
https://github.com/t-sakashita/rokko/tree/master/example/fortran/dense/frank_mpi.cpp

Rokko F 21— N1 7L
L350/ MPI 331y )L/3
Loy Zro%im

F X 7% : Frank 173 (E&

]
EFH

[aj]i j=0,....n—1 = [n — max(i, j)]

Example (n =5)

[aijlij=0,..a =

R N WS~ o
=N WP P
N W Www
H N DNDDNDDND
e
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F A MTF : Frank 7% (&)

HmERE

1
Ak =

. 2k+1
2 (1 cos 2n+17r>

Frank matrix has an eigenvalue 1
2k+1 _ 1

2n+1 _ 3 )
<= n—1is a multiple of 3.
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BITH MP| W5V ILINISET IS X —4

ScaLAPACK @ )L—F ~

Rokko L—F V& |RON—F V8| RE ABRFTEA=T 55 x—8 e
FFvav)
ZE:::EEEE:Z?SYEV pdsyev QR & uplow #L BIRLDOFT 74 b
scalapack-pdsyevx doyevx 25% upper & lower D7, m. ifail abstol >0 DE X, 25%,
pack:pdsy pdsy QR % abstol, uplow ! abstol <0 D& X, QRE
scalapack:bisection pdsyevx 249K ;L)Eteorl i;?:"wer R m, ifail pdsyevx % abstol > 0 & L CfER
scalapack:pdsyevr pdsyevr MR3 % |UPPer & lower D, m, nz, ifail, EAEREEEHY D77 £
sca:apact:mdﬁ . abstol, uplow, orfac iclustr, gap
scalapack:pdsyev s =
scalapackide pdsyevd AEIMEE uplow 2 L
O =
ScaLAPACK M7 AN/ A —%
Rokko @ Scal APACK @ ) = &
KSA=5% |K5x=5% - o f s
T B0~ X .
matrix_part uplow std::string /(t/:\g“/'isj’g;gﬂﬁ :JOT:}I'((LL;) AXFE. INXFOELSET,
- - FTIANBE U
abstol abstol double EGEDIRYIEICHWN S

upper_index iu int ROIWEFEDOESD LR ESIIRIEICDIFSN 3

upper_value vu double | k7zWEEEDOFEHED LR

lower_index il int KDEVWEHEDESD TR ESFRIBIIODHSN D

lower_value vl double | k&7 WEIHEDEHED TR

Rokko THELE737.
verbose ®L bool |VIL/NIZERE LI AS/IRT X — 77 %)L b false
Y. T5—DFMlERT.
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BITH MPI X5V ILNIET /NS X —4

EigenExa
Rokko L —F V& |TTDI—F V& 55
eigen_exa:tri

eigen_exa:eigen_s
eigen_exa:penta

eigen_exa:eigen_sx

AARZ x=%
(FFvav)
eigen_s HEAE (SEXRAILEZREHA) |m_forward, m_backward 2L

HANRTX—=%|  fFHE

eigen_sx DEIAE (5 ERALERH) |m_forward, m_backward 7L F7#I b
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Rokko Fa— K1) 7L
L g5 250 /%
L zxma

CRS(Compressed Row Storage) A=

BITTEIEEARD E TDINRFEB/INT 2 HE
51

CRS ARICL B5RIR :
m BT EOIFELORD DEE num_nonzero_cols = [2,1,2,1]
m FEEOXRDICHT BFURF nonzero_cols = [1,2,4,1,4, 3]
m EE 0TS values = [7.1,5.2,6.4,0.2,4.3,0.5]

MPI it 5U4E 1317 B4z
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rokko::distributed_crs_matrix 2 S AF > 7L — K

rokko {
distributed_crs_matrix {

< SOLVER>
distributed_crs_matrix( row_dim, col_dim, SOLVER& solver_in)
insert( row, std::vector<int> & cols, std::vector< > & values);
insert( row, col_size, * cols, * values);
complete();
get_dim() H

num_local_rows () H
start_row() H
end_row() H

print () H
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rokko::distributed_crs_matrix ¥ 5 X ({EF)

rokko: :parallel_sparse_solver solver("anasazi");
dim = 4;
rokko: :distributed_crs_matrix mat(dim, dim, solver);

num_nonzero_cols[] = {2, p LIg
nonzero_cols[] = {0, 1, 3, 0
values[] = {7.1, 5.2, 6.4, 0.2, 4.3, 0.5};

current = 0;
( row = 0; row < dim; ++row) {
mat.insert(row, num_nonzero_cols[row], &nonzero_cols[current], &values[current]);
current += num_nonzero_cols[row];
¥
mat.complete();
mat.print();

YU TILDET
m Anasazi DIB&

T
|mpirun -np 4 ./exmple/sparse/cxx/distributed_crs_matrix anasazi
|

m SLEPc O3B &

T
|mpirun -np 4 ./example/sparse/cxx/distributed_crs_matrix slepc ‘58 80
L |



https://github.com/t-sakashita/rokko/tree/master/sample/sparse/distributed_crs_matrix.cpp

Rokko Fa— K1) 7L
L g5 250 /%
L Rokko 1 ¥4 —7 = — 2 D it#k

Matrix free A=

EWTWOBITIREIGEEEY LTI, TZ0EDTIERL,
BEEEDBETIRETHNERY MLEEITOIL—F UV DOHDBE
THhs,

EY A
m rokko::distributed_mfree &L 7=V S XA EAET %,
mTDYTADHET,

» void multiply(const double* x, double* y) E8%1
» void diagonal(double* x) B8%t (SLEPc D35&

EWSAYNEBERET %,
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Matrix free A=

heisenberg_op : rokko: :distributed_mfree {

heisenberg_op( L, std: :vector<std::pair< ) > >& lattice) : L_(L), lattice_(
lattice) {
comm_ = MPI_COMM_WORLD;
nproc;
MPI_Comm_size(comm_, &nproc);
n = nproc;
p=-1
{
n /= 2;
++p;
¥ @ > 0);
local N = 1 << (L-p);
buffer_.assign(local_N, 0);
dim_ = 1 << L;

}
multiply( * X, * y) {
rokko: :heisenberg_hamiltonian::multiply(comm_, L_, lattice_, x, y, &(buffer_[0]));
¥
get_dim(Q) {
dim_;
}
get_num_local_rows() {
local N;
}
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Matrix free 5% (FID#EZ)

MPI_Comm comm_;

std::vector< > buffer_;
L_;
local_N;
std::vector<std::pair< . > > lattice_;
dim_;

8
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rokko::parallel_sparse_solver ¥ 2 X

m VIL/NXDOAERE

rokko: :parallel_sparse_solver solver(name);
solver.initialize(argc, argv);

m VILINDIRT

solver.finalize();

m XA (CRS 75 DIHE

rokko: :distributed_crs_matrix mat(dim, dim, solver);
/X A — 4% params DFHRE

solver.diagonalize(mat, params);

m A (Matrix Free ®FE&

heisenberg_op mat(L, lattice);
/X5 A — 4% params DFHRE
solver.diagonalize(mat, params);
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L Rokko 1 ¥4 —7 = — 2 D it#k

rokko::parallel_sparse_solver 7 5 2 (#%)

m NS A=Y DFREE

rokko::
params
params.
params.
params.

parameters params;

.set("Block Size", block_size); // @

set("Maximum Iterations", max_iters);
set ("Convergence Tolerance", tol); //
set("num_eigenvalues", nev); // W

/! ERBUADRS XA =9 ZIE. VILINS A TS 1) (Anasazi/SLEPc) &@LU,

params.
params.

set ("Which", "LM");
set("routine", "lanczos");

m BEAEE-BEXRY MLORYHL

i;

solver.eigenvalue(i);
std::vector< > eigvec;
solver.eigenvector(i, eigvec);
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TAMTE : TS5 T 475 (Frank 1751 D#4751)

T

T -1 0 0 0 O O 0 0 07
-1 2 -1 0 0 O O O 0 O
o -1 2 -1 0 0 O O O O
o 0 -1 2 -1 0 0 O 0 O
o o 0 -1 2 -1 0 O 0 O
o o o0 0 -1 2 -1 0 0 O
o o o0 O O -1 2 -1 0 O
o o o o0 o 0 -1 2 -1 0
o o o O O O O -1 2 -1
Lo 0 o o O o0 0 0 -1 2]
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TAMTE : TS5 T7 475 (Frank 1751 D#4751

EmE S E

Me=2(1-cos3r) (K

0,...,n—1)

Frank matrix has an eigenvalue 1
2k+1 _ 1

2n+1 "~ 3 .
<= n—1is a multiple of 3.
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CRS 175 Dxd A1k

m C++ example/cxx/sparse/laplacian_crs_mpi.cpp

T 1
|mpirun -np 4 ./example/cxx/sparse/laplacian_crs_mpi eigen_exa 5
L |

m C kR example/c/sparse/laplacian_crs_mpi.cpp

T 1
|mpirun -np 4 ./example/c/sparse/laplacian_crs_mpi eigen_exa 5
L |

m Fortran hR example/fortran/sparse/laplacian_crs_mpi.cpp

T 1
‘mpirun -np 4 ./example/fortran/sparse/laplacian_crs_mpi eigen_exa 5
L |
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Rokko F 21— N1 7L
L g5 250 /%
Loy Zro%im

MatFree O A1t

m C++ example/cxx/sparse/laplacian_mfree_mpi.cpp

T 1
|mpirun -np 4 ./example/cxx/sparse/laplacian_mfree_mpi eigen_exa 5
L |

m C kR example/c/sparse/laplacian_mfree_mpi.cpp

T 1
|mpirun -np 4 ./example/c/sparse/laplacian_mfree mpi eigen_exa 5 |
L |

m Fortran hR example/fortran/sparse/laplacian_mfree_mpi.cpp

T 1
‘mpirun -np 4 ./example/fortran/sparse/laplacian_mfree _mpi eigen_exa 5 ‘
| |
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Rokko Fa— K1) 7L
Legrzeynonsit

H EFAE 200k
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Lerzeyronfait

=F XYZ =8

Hi= 5 (i Sy Srt dy S-S + 4 7 - 5F)
(i)

HIE. BFAINIILANZT7UOMTRE S:

H= E ,Hon
(i)

here H = —
where - Ho =74 h+d, —J,
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EFRAEVROWAL (FiTH. ZFR - MPI hR)

m Heisenberg 188 (ZFRhR)
example/cxx/sparse/heisenberg.cpp

T
| ./example/cxx/dense/heisenberg lapack
L

m Heisenberg #8%4 (MPI k) example/cxx/dense/heisenberg._
mpi.cpp

i
|mpirun -np 4 ./example/cxx/dense/heisenberg mpi eigen_exa
|

m XYZ B8 (FERAR) example/cxx/dense/xyz.cpp

T
| ./example/cxx/dense/xyz_dense lapack $HOME/rokko-0.3/test/input_data/xyz_lhexagon.ip
L

m XYZ £ (MPI hix) example/cxx/dense/xyz_mpi.cpp

T
|mpirun -np 4 ./example/cxx/dense/xyz_mpi eigen_exa $HOME/rokko-0.3/test/input_data/
‘ xyz_lhexagon.ip
L
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https://github.com/t-sakashita/rokko/tree/master/example/cxx/sparse/heisenberg.cpp
https://github.com/t-sakashita/rokko/tree/master/example/cxx/dense/heisenberg_mpi.cpp
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Rokko Fa— K1) 7L
Lerzeyronfait

BEFAEVROWAIL (BR1TH). MPI AR, C4++)

m Heisenberg #&%! (CRS) example/cxx/sparse/heisenberg crs_
mpi.cpp

‘mpirun -np 4 ./example/cxx/sparse/heisenberg_crs_mpi ‘
| i

m Heisenberg #£%! (MatFree) example/cxx/sparse/heisenberg_
mfree_mpi.cpp

T
|mpirun -np 4 ./example/cxx/sparse/heisenberg mfree_mpi
L

m XYZ & (CRS) example/cxx/sparse/xyz_crs_mpi.cpp

T 1
|mpirun -np 4 ./example/cxx/sparse/xyz_crs_mpi |
|

m XYZ 28! (Matfree) example/cxx/sparse/xyz_mfree_mpi.cpp

; 1
‘mpirun -np 4 ./exmple/cxx/sparse/xyz_mfree_mpi ‘
L
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https://github.com/t-sakashita/rokko/tree/master/example/cxx/sparse/heisenberg_crs_mpi.cpp
https://github.com/t-sakashita/rokko/tree/master/example/cxx/sparse/heisenberg_mfree_mpi.cpp
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https://github.com/t-sakashita/rokko/tree/master/example/cxx/sparse/xyz_crs_mpi.cpp
https://github.com/t-sakashita/rokko/tree/master/example/cxx/sparse/xyz_mfree_mpi.cpp

Rokko Fa— K1) 7L
Lerzeyronfait

AAT7 741

test/input_data/heisenberg.ip

8 8 <—number of sites, number of bonds

<— bonds (i,j) (pairs of site numbers)

No oS W RO
ON® U WN R

— J7, Jy7, Jy) for each bond (i, j)

[N IR
cooooooo
[T
cooooooo
OO0 O OO0 OO Oo
cooooooo
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Rokko F 21— N1 7L
L 77y 5 —> 2550 Rokko MFIF

CMake IC& % Rokko 5414 735 1) OEY AR FiL

UFaSEILI—H 70T 5 LHD CMakeLists.txt &<,
% ® CMakelLists.txt IZ. Rokko @4 ¥ X k—JLFK&®D
share/rokko/UseRokko.cmake 1 > 7 IL— R 9 %,

m C++
» example/cxx/dense/CMakeLists.txt
» example/cxx/sparse/CMakeLists. txt

m C

» example/c/dense/CMakelLists.txt
» example/c/sparse/CMakelLists.txt

m Fortran

» example/fortran/dense/CMakelLists.txt
» example/fortran/sparse/CMakeLists.txt
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https://github.com/t-sakashita/rokko/tree/develop/example/cxx/dense/CMakeLists.txt
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https://github.com/t-sakashita/rokko/tree/develop/example/c/dense/CMakeLists.txt
https://github.com/t-sakashita/rokko/tree/develop/example/c/sparse/CMakeLists.txt
https://github.com/t-sakashita/rokko/tree/develop/example/fortran/dense/CMakeLists.txt
https://github.com/t-sakashita/rokko/tree/develop/example/fortran/sparse/CMakeLists.txt
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—IRICE R ERE = R EE A ERE 2 @I oM L TR

—MALEEERIE Ax = ABx  (where A: 33#547%1, B > 0)
WIS, B2 AEN ST B,

B~Y2A(BY/2BY/?)x = ABY/?x (1)
A = B712AB~12 ¥/ .= BY/2x &< &,
A'x' =\ (2)
NIMEAEBEREICIRET 5,

FI&
BxEHESEL. B Y2 25t8T3, TDEX, 0IEVE
BEIIEH A ENBZVOT, ZOHEIZ0 &T 5,
A =B Y2AB~ 12 % 5tET 3,
EAEEERE A X =\ &<,
— L EEERE Ax = \Bx OEEEIE N\, BEXRY MLiE
x = B2y & 13,

77 /80



Rokko Fa— K1) 7L
L —@tE5EME (OpenMX ~DEMAR)

Yo7 aT5 LDET

m C++

T 1
‘mpirun -np 4 ./example/cxx/dense/gev_fixedB_mpi eigen_exa
L |

m C

T 1
‘ mpirun -np 4 ./example/c/dense/gev_fixedB_mpi eigen_exa
| |
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example/cxx/dense/gev_fixedB_mpi.cpp

< W MATRIX_MAJOR>
function_matrix(rokko::localized_vector< > & eigval_tmp, rokko::
distributed_matrix<T, MATRIX_MAJOR> & eigvec, rokko::distributed_matrix<T,

MATRIX_MAJOR>& result, rokko::distributed_matrix<T, MATRIX_MAJOR>& tmp) {
( local_j=0; local_j<eigvec.get_n_local(); ++local_j) {
global_j = eigvec.translate_12g_col(local_j);
coeff = eigval_tmp(global_j);
( local_i=0; local_i<eigvec.get_m_local(); ++local_i) {
value = eigvec.get_local(local_i, local_j);
tmp.set_local(local_i, local_j, coeff * value) ;
s
}
product (1, tmp, , eigvec, , 0, result);

i
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Y—23—F

< g MATRIX_MAJOR>
diagonalize_fixedB(rokko: :parallel_dense_solver& solver, rokko::distributed_matrix<T,
MATRIX_MAJOR>& A, rokko::distributed_matrix<T, MATRIX_MAJOR>& B, rokko::localized_vector<
>& eigval, rokko::distributed_matrix<T, MATRIX_MAJOR>& eigvec, T tol = 0) {
rokko: :distributed_matrix< , matrix_major> tmp(A.get_mapping()), Binvroot(A.get_mapping
(), mat(A.get_mapping());
rokko: :parameters params;
myrank = A.get_myrank();
params.set ("routine", "");
solver.diagonalize(B, eigval, eigvec, params);
// computation of B~{-1/2}
( i=0; i<eigval.size(); ++i)
eigval(i) = (eigval(i) > tol) ? sqrt(1/eigval(i)) : 0;
function_matrix(eigval, eigvec, Binvroot, tmp);

// computation of B~{-1/2} A B~{-1/2}

product (1, Binvroot, , A, , 0, tmp);
product (1, tmp, , Binvroot, , 0, mat);
// diagonalization of B~{-1/2} A B~{-1/2}
solver.diagonalize(mat, eigval, tmp, params);

// computation of {eigvec of Ax=lambda Bx} = B"{-1/2} {eigvec of B~{-1/2} A B~{-1/2}}
product (1, Binvroot, , tmp, , 0, eigvec);
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