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1.3 #IFEFEE/Copyright

1.3 FIAFFEE/Copyright

EigenExald25IEBSDZ 1 2 X (The BSD 2-Clause License)ICEDZFIA %% T 5
(7414 75 WOLICENCE. txtIZEEH).

s LICENCE.txt ~

Copyright (C) 2012- 2021 RIKEN.
Copyright (C) 2011- 2012 Toshiyuki Imamura

Graduate School of Informatics and Engineering,

The University of Electro-Communications.
Copyright (C) 2011- 2014 Japan Atomic Energy Agency.

Redistribution and wuse in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of source code must retain the above copyright
notice, this 1list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
HOLDERS OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTIWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

A, —EO— RIZLAPACK-3.4.2 and ScaLAPACK-2.0.2% S TNCFN S D ZRVERK
MAEGBRTS. Z07H, TNOI—RIZDWTIETOY I NIz PRy —I THREX
NTWBY IR TT7S5M4 Y RIZHED.
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~ [LAPACK 3.4.2] N

Copyright (c) 1992-2011 The University of Tennessee and The University
of Tennessee Research Foundation. All rights
reserved.

Copyright (c) 2000-2011 The University of California Berkeley. All
rights reserved.

Copyright (c) 2006-2012 The University of Colorado Denver. All rights

reserved.
$COPYRIGHT$
Additional copyrights may follow
$HEADERS

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are

met:

- Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

- Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer listed
in this license in the documentation and/or other materials

provided with the distribution.

- Neither the name of the copyright holders nor the names of its
contributors may be used to endorse or promote products derived from

this software without specific prior written permission.

The copyright holders provide no reassurances that the source code
provided does not infringe any patent, copyright, or any other
intellectual property rights of third parties. The copyright holders
disclaim any liability to any recipient for claims brought against
recipient by any third party for infringement of that parties

intellectual property rights.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; L0OSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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-~ [ScaLAPACK 2.0.2]

Copyright (c) 1992-2011 The University of Tennessee and The University
of Tennessee Research Foundation. All rights
reserved.

Copyright (c) 2000-2011 The University of California Berkeley. All
rights reserved.

Copyright (c) 2006-2011 The University of Colorado Denver. All rights

reserved.
$COPYRIGHT$
Additional copyrights may follow
$HEADERS

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are

met:

- Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

- Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer listed
in this license in the documentation and/or other materials

provided with the distribution.

- Neither the name of the copyright holders nor the names of its
contributors may be used to endorse or promote products derived from

this software without specific prior written permission.

The copyright holders provide no reassurances that the source code
provided does not infringe any patent, copyright, or any other
intellectual property rights of third parties. The copyright holders
disclaim any liability to any recipient for claims brought against
recipient by any third party for infringement of that parties

intellectual property rights.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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2.1 EigenExa®A YA M—ILDEHIZHERY T MU T

EigenExaZ 4 75V &V NAIT BHDICIEEDDIDY I RN T Ry r—I %%
ELAFNIERSA0. BLAS, LAPACK, ScaLAPACK®EICMPlEEigenExad® 3> /84 Jb
DENCY AT LICA VA M—=LENTWRL TR ALV, IWEDE Z 5, EigenExald L
TICRTZATZ)TAVIRAILTES I EPERSINTVS.

BLAS Intel MKL, GotoBLAS, OpenBLAS, ATLAS
Fujitsu SSL II, IBM ESSL, NEC MathKeisan

LAPACK Version 3.4.0 LAR%

ScaLAPACK  Version 1.8.0 LAR%

MPI MPICH?2 version 1.5 LAFE, MPICH version 3.0.2 LABE
OpenMPI version 1.6.4 LAFZ, IntelMPIX>FujitsuMPI, MPI/SX
BEDRYH—MPI

a1 Fortran2003% L < (2008 E#2 3> /84 5 (Fortran 95LARE DAL
& Fortran 2003D#x kiR %= FIFA L TWB 8. 46, 2.6hRELRT
(&Fortran 90/95 Z#2E. )& C/C++a /814 5
GNU compiler 9.0 or later for x86,

Intel compiler 19, or openAPI compiler,
Fujitsu software Technical Computing Suite V4.0,
ZOMAV S —RFEDIAV (S

2.2 EigenExa®D AFH%
EigenExalcBId 2 2 TORBHRIGRDURLN S AFHEETH . :
https://www.r-ccs.riken. jp/labs/lpnctrt/projects/eigenexa/

tarball(#55RFidtgz® L < [dtar.gz) DB LY M DS I T W3, EigenExallB

13
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$B2EF  FIFHDAIIC

TEZOMDBFRERBESIN TV FETH 2. AT TIE, /A—2 3 V2. 11Dtarball(#E5E
Fid tgz L < Idtar.gz) THDEigenExa-2.11.tar.gz% ¥ Vv O— R L TH L DIEZIC
DWTLTFTHRRTWL.

23 aAvNNAILEA VR MN—ILFIE

EigenExaZ 1 TS DAVNRANWIIEE DI DFIENVETHD. ROA VA ML—Y
A VFBEICHE-TIEFLL.

WEFEREEREA F7, tarball(ILERF Idtgzd L < Idtargz) & 7 —F 74 L UV M) LT
BRT%. Z2LT, 714 L2 bYEigenExa-2.11ICBENT 5.

% tar zxvf EigenExa-2.11.tar.gz
% cd EigenExa-2.11

BMERIERE RIC, bootstrapRX ¥ ') 7 b, configureX 7Y 7 hDIBICETL, YR T
LBEICADbHE -MakefileZ 4 HEEKT 5.

% ./bootstrap

% ./configure

BLAS, LAPACK, ScaLAPACKIZY AT LICK > TEARZ T4 LI M) IZKEshTHY
BEOZATZ)DOBIREDERBRLAL TRASHRWEGEEHY DB, TDHEIC
i, LTORBEZER ZEICEET 22 & TRIBT 5. configureR 7 ) 7 hDF T 3
VId./configure --help CHERTHIEHNTZES.

= FC MPIffortrana /34 527> R (mpif907R EAIEET )

» CC MPIHCIYNRAZaXY R (mpiccREAEIRET D)

» LAPACK_PATH LAPACKAREHIES A TS DT 1L KY

» LAPACK_LIBS LAPACKAREHIEZATZ)D) Y IEDIBERE

JOXRAVNRAINDF T2 3 vid--host=hostname%ET Z & THRATE 3, [E&E]
TARM64v8.2aD /A + Y = EJL R LIWEEIE AJ A Y/ — K ET--host=login(Z
Z T, (‘hostname' FEEBEXFITE W) EFIFNIE LW, B, configureX 7Y 7 b
BEICEFLRWEEIE. 22 T FRBTHEASNZ Y 7 b0z 7A=Y 3 v DEWIC
£B2EH5EZLND. RDELDIC, cleanupR Y ) 7 b &bootstrapR ¥ ) 7' M & E4T
LconfigureX ¥ ) 7 N DBAERRM SIRH TIZ L L.

% ./cleanup
% ./bootstrap



23 ARSI EA VR M—ILFIE 15

BAA7 3FBEIC, make®ET9 5. TOHRAYIT1v Y - 54775 1ibEigenExa.a%s
STz T7—RZ54 75 Y1ibEigenExa.soMER I N 3.

% make

B2 M—J REIC, 4T F5YVBEHTHS1libEigenExa.a (YT 7—RKF4 7
S 1) DB & IF1ibEigenExa.so) & & D D Dfortran® 7 1 —JU( eigen_libs_mod.mod,
eigen_1ibsO_mod.mod, eigen_blacs_mod.mod, comm_mod.mod, and fs_libs_mod.mod)

HAYVAM=ILT4LYM)ICOAE—LTTHS.
% make prefix=(4 YA M—JLF BtopT 4 L7 b)) install

FETA VA M=ITB5HE, BIZIE /usr/local/1iblilA YA M—IL T B EZ L, RD
EICTB(FTFRONY IS5y v a('\)EETERKT 26D T EEOAARICIE
TE).

% cp cp libEigenExa.a libEigenExa.so eigen_libs_mod.mod \
eigen_1ibs0_mod.mod \

eigen_blacs_mod.mod comm_mod.mod fs_libs_mod.mod /usr/local/lib/

B—REEEFEGFERN A /N)L—F > [HiRversion 24F TlX, —{EEBERKZ 41
/NJ)U—F KMATH_EIGEN GEVABMEIC IV /XA LT B HEHLDH o 7=, version 2.6H
5 (& EigenExalCHXWIAF N TWS. maked 5 & —RILEBEBAHADO RS A NED 21 —)b
KMATH_EIGEN_GEV.oh'1ibEigenExa.a’t & UMIC1ibEigenExa.solliUfishTH Y, 7
O34 Y IRIC—RICERESELIAREE L >TWS.
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3.1 EAXMUH LBE

D—%V 074 L7 MNJIZFEY, ‘make benchmark' #FR1T9 2 EEHERYFT—4- 0
—RKAELNS. V—RO—KRHO main2.F & ‘Makefile'lFI— REMRICHRIIDIET
TH5.

main2. fOKEDZRMY B LZEDNRDELDICRS.

~ main2.f ~

use MPI

use eigen_libs_mod

call MPI_Init_thread( MPI_THREAD MULTIPLE, i, ierr )

call eigen_init( )
N=10000; mtype=0

call eigen_get_matdims( N, nm, ny )

allocate ( A(nm,ny), Z(am,ny), w(N) )

call mat_set( N, a, nm, mtype )

call eigen_sx( N, N, a, nm, w, z, nm, m_forward=32, m_backward=128 )
deallocate ( A, Z, w )

call eigen_free( )
call MPI_Finalize( ierr )

end

. )

EDI-RFEIBEHBDERLELDOATHY REOEFIE LAV, T4l — [E3Y
Rl — TEEEFE] - RTFHEE] ORNERTICETDREDTHS.




18

B3E JAvIFa—bMITI

32 AZIaz=4H5—%4

A E D Bl(main2.F)TlE W HA L B #eigen_init O = BI AR BEIFOE L TETL
TW3. eigen_initOIKIIEBEHEEZEET 2 /I —T%223Ia=4s—4%&L
Tcomm=XXXDH TRETZ 2. EHO /I —TCRAKICEGEFELZHLIIETLEWL
& ZITIEMPI_Comm_split OF CEMEINADIa =/ —49%ET Z & THHFTETRE
7%. eigen_init O IIEHBRIETH 2D T, comnilBT 227 OERICEARICHEUES
N TIREBRLRVWEWVWIEHINIHZ. B4D ORI EICERZ I 12y —49 %15
ETZ20DT, BEEFEICSMLAWVWT O X IEMPI_COMM_NULL%eigen_init () ICf8
ELT BEEGERZ M /Neigen_ sxOBFOFUHLAERFY TIHZIENTES
D&Y, eigen_sx () DUWIBLU ICeigen_sx O ZBUKRAWMERZRARERITISHIENT
z5.

~MPT_Comm_split&MPI_COMM_NULL ~

color = 0; key = my_rank / 4
call MPI_Comm_split( MPI_COMM_WORLD, color, key, comm_new, ierr )
if ( my_rank < 16 ) then

comm = comm_new

else if ( my_rank < 32 ) then

comm = MPI_COMM_SELF
else

comm = MPI_COMM_NULL
endif

call eigen_init( comm )

if ( comm /= MPI_COMM_NULL ) then
call eigen_sx( .... )

else

o (RDMIE . R TlEeigen_sxZMUHE L THESICreturnd %)

endif

J

EigenExaTldeigen_init O CIREINAII 2=/ —FICET 27O R %22k
AEXJ)y NICBELTERYT 2. TEARETBEENHIRTE S LD ICEAIEVE
OFOERT) Y RERATZ LIRS TWS. £7, EigenExaldFIHBEDEEES
HBEVWHEELIS, MPICRASNTWE 2R THh—F V7V acomlliEET D2 &N
TEBLDICHARSINTWVWS. RENICRA—T 7V ORRN 2R TTHhITERD T
Ot XEEEICKH L TEigenExaZ PO L TEHET 52 &N TEHDT, LIROEREED
A2 — 9 DA EDLEICIVEMHRLEINIEEZERTTEIENTES. 4d, B
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19

—TYTFVIREARAMICTOER S v KHRow-majoril i 5728, order="C’IEE & FE
T2EEEH—FTIOT7VEBELTRI ZEICR>T WS, 10$, EigenExaldERRE
NoT7AIbOTOERSTY v KidColumn-Major 2R L TW5.

eigen_sx() DMUH LDERNICHTH L TWanat_set O ICEWVWTITIT—F DERK
HToTWa. Tl7—4idgES N2 70 7Yy NEIC2 R 12 ) v
DEDRYAITHBHEINTSY, O—AIERIE LTETOERICBHSIhTWS. &
TOERFTHO—EBOT—9 DHERINT 278, THERDT7 /R %5T BHEICIE
A=AV Ty IREA—ANA VT Y I ABOEHIL—ILHBBRETH .

33 A998 EAYTYIROEY KW

ROTOY T Lldmat_set OO SDIR¥THY, 7 O—NILAD U IICKBIL—THEK
DOFrankfTHER IOV S L2 O—AI ATV FICELBIL—FICEBLI-EEENLE L
TrRLTWS,

-~ matset(before parallelization) ~

! Global loop program to compute a Frank matrix
doi=1,n
do j=1, n
a(j, i) = DBLE(n+1-Max(n+1-i,n+1-j))
end do
end do

IR
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matset (after parallelization

/ ( p ) ~N
I Translated local loop program to compute a Frank matrix
use MPI

use eigen_libs_mod

call eigen_loop_info( j_2, j_3, 1, n, X’ )
call eigen_loop_info( i_2, i_3, 1, n, Y’ )

doi1l=1i2, i3
i = eigen_translate_12g( i_1, Y’ )
do j_1 =132, j 3
j = eigen_translate_12g( j_1, ’X’ )
a(j_1, i_1) = DBLE(n+1-Max(n+1-i,n+1-3))

end do
end do
_J
~ matset (after parallelization using 2.4 or prior) ~

I Translated local loop program to compute a Frank matrix
use MPI

use eigen_libs_mod

call eigen_get_procs( nnod, x_nnod, y_nnod )

call eigen_get_id ( inod, x_inod, y_inod )

j_2 = eigen_loop_start( 1, x_nnod, x_inod )
j_3 = eigen_loop_end ( n, x_nnod, x_inod )
i_2 = eigen_loop_start( 1, y_nnod, y_inod )

2
i_3 = eigen_loop_end ( n, y_nnod, y_inod )

doil=1i2, i3
i = eigen_translate_12g( i_1, y_nnod, y_inod )
do j_1=3j_2, j_3
j = eigen_translate_12g( j_1, x_nnod, x_inod )
a(j_1, i_1) = DBLE(n+1-Max(n+1-i,n+1-j))
end do

end do
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W—TEHEDOE# (Feigen_loop_start () H L < Ideigen_loop_end ) AT 2 1,
ZZTIREEEZRRICHERY 2B%eigen_loop_infoO&E > THIRLTWS. =,
BrsIEICEIO—NIAT Y SE FRBIBUICEIBAAERT XFEIEET 5. (IH
IRTOFITIE, B, =5 AAEZRTII2=r—9roiRkESN3 70t
2BETOERAIDEERET D). ARFaAXYINTREREIC T(E—1YFTyIR) =7
X', T(EZAVTYIR) ="y OFBICBR>TWR(BM7OERL£E0aI2
ZH=890%mEIE 7 X Ry OMAEEXFICLTWS. 2IT, EXAFREL
T lEigenExaTIE 7O RIDEIN LB F2BHTEELTWVWS] . 207D, BEE
F#eigen_get_id( )ICL > TEEBLATOERIDIEMPIOZ V7 £1EFThTWS.
MPIDZ Y I WU BRIFEIETOEXIDNSLR L 2RENH .

ERTOTILE, O—ANBIL—T ATV EDSHIETH IV A—/NILAY VS EIC
ML THERTS—HITEHS. TOEH#ICILeigen_translate_12g O = EHT 2. HB
Z, #B=5|#ldeigen_loop_start OMRE L AMKICIEET 2 & LW, #HIZ, yO—/NL A
VUSEEO—AIVAY Y SEICE#T B ICIdeigen_translate_g2l O ZFEAT 2. 1
2L, eigen_translate_g21lOE 7 O0—/NILAD YV FEEIN—THho V9 & LTREE
ZIC, BRAVVIEOA—F—TRER(ZDOI/A—N\IAD VY EICHRT 20—A)L
AV VHEELN-TRICELTOER)EAZTOCRLETRET20-AILAT VY E
HERTZEETZ(EHEFCELATOERDN A —F—TOERTH 20 & IFBEFRMRL<
E—fE%RY).

BELEZZO—"NVIV—ThOV9DA—F—TO R %HMBICIdeigen_owner_node ()

¥ eigen_owner_index()%{EMAT 2. ROTOTFLTHERTZLDIC, HEDITIE
R(ZZTRGHDPDER)EZBLAYIO—RF+ A MNTBBRICFIET S & &L,

~ Broadcast ~
''a(j,i) #270—RKRFv¥ b
i_l=eigen_owner_index( i, ’Y’ )
j_l=eigen_owner_index( j, ’X’ )
if (i1 >0 .and . j_1 > 0 ) then
v =a(j_1, i_1)
endif
i_O=eigen_owner_node( i, ’Y’ )
j_O=eigen_owner_node( j, ’X’ )

root=eigen_convert_ID_xy2w( j_O, i_0 )

- J

3.4 ScalAPACK & DE#E

B IC, ScalAPACKE E#¥ L7 ELHFEBRITOFEAZED - WVWE T, HEHER

call MPI_Bcast( v, 1, MPI_DOUBLE_PRECISION, root, TRD_COMM_WORLD, ierr )
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eigen_get_blacs_context()IC & Y EigenExa &ScalAPACKE TE#MA 7O R 7 )
Yy RAVFERRAMEREMEITNIEL V. nat_set ) B Dntype=20 2N E WFITH
B(R7TOYT S LI, T5IASDERE ZT5IAICIEHN S SPDTRAN O U L ORER D TH B).

~ pdtran ~
I Cooperation with ScaLAPACK

NPROW = x_nnod; NPCOL = y_nnod

ICTXT = eigen_get_blacs_context( )
CALL DESCINIT( DESCA, n, n, 1, 1, 0, O, ICTXT, nm, INFO )

I A« AS°T
CALL PDTRAN( n, n, 1DO, as, 1, 1, DESCA, 1DO, a, 1, 1, DESCA )

J

35 VN ILEFDEE

3 VXA JVBFICIEMPIAfortrana v /X A S (fl Z 1dmpif90) & EA T 2% & & B I,
eigen_libs_mod.modREET 2 —IADT IV EADNRBEELRDZH/INADEEE LT
BAMELDH D (B DHAEIF-I4T> a3V TH5B) . £/, EigenExaZ 173V %Y
v 99 3%I21E, MPI, OpenMP, ScaLAPACK(/X—< 3 v A 1.8LARIDIHE IFBLACS )7 &
ERBFICY VT BHENHS. GNUO Y /1 SR—Z2DOSS MPIDZEIZULTD &L S
129 % (ScaLAPACK®BLASE D W DT 4 TZ )RRV ARNIRIBICK > TER D).

% mpif90 -c a.f -fopenmp -I/usr/local/include -I/usr/local/lib
% mpif90 -o exe a.o —-fopenmp -L/usr/local/lib -1lEigenExa \
-lscalapack -llapack -lblas
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AETIE fortran EY 2 —JL ‘eigen_libs_mod.mod' H T public BE%E5 X 5N 7=F
BEYRANTYTITB. BDDZIIN—FVIEXAA Y RSANRN—=THY, O —FT«
D71 BE8THD. WEREY 12— IL(EANRLI—YF—DIFEIE eigen_libs_mod.mod
)EUSEX THRET NI, MIFAEE & Optional BED D W5 DOMEEEFERTE 3.
Optional BHEDDWBIE(FRATER L TWB)Id, EBEETE S L, Fortran D7+ —<
v MR T#H % TERM='variable’ or ‘constant value' THIEEAEETH 5.

FENNERBOERIZ, BERECEREZRXRT 57-HICreal(8)DEEEZFEALTWVWS
D(IRFRHE AR), BREHLRAE LTREY MERXTH Y, integer(8) DBARMRIER
DR FNIE, integer=integer(4) 2 8ET 5.

EigenExald R L v RE—7TlEi\w. LA > T, LTFICRIBEHRTIILFRL Y R
BICRT 2FREZARVEDICDOVTIE OpenMP @ OMP 1) =Y 3 VDA RITDHE
LA TER 54,

4.1 eigen_init

EigenExaDHEEA ML T 2. 70XV Yy Ry EYJ%B|# ‘comm’ ¥ ‘order’
ZEULTEETRIENTEZS. AFHEIIEFANTH 27-0, EigenExaDEEICSINT
2270 ARAERERBICHFUCH S A TRBSHRW. i, AR TY 7232 =
T—8%RRSDEKRT 278, KEELINETORICIZZ K DRE X T & LERFE D
HENRAIND. S5IC, ERLAEY T3 27— 9 TOBEMEDY YT V%
EHET D=0, HYDA—N—A~Ay REH B EEFEINTL.

ABEHAEMROHE LZRIE RIEOD eigen_free() ICL 2R TFHREAFETHLEB TR
i, BE eigen_init() ZMUH L TEWIFAW. Iz IE, EB-II2=/—% comn
HEETDHE XL, eigen_free() Z—HNUH L, BE eigen_init() TIIa =4/ —
FEER LR TERSARL,

comiEETOCRITN—TTEILELZEEZEETE, L2570V —TH
EBFIC K54 /% (eigen_sx() B L<IF eigen_sO)EMOHE LAEICIEZ, RFTA4N

23
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BB CHFHIEET %, comm A MPI_COMM_NULL DIBE, /N> K5 eigen_sx() *
eigen_s() NMEENAEBEICERBTAETHLIEBICYY—VTE. A9 —T3a1=
Ty AT ER,

EigenExaldMWEE TOpenMPIC L B2 ILF AL v RALEBATS A, £TOTAEATAL
v RS —B L TOAR TRALSRV., NERFUHLEIC, ALy REFELRZ 70Ot
ADFEEI’RES NI TOT S LD T R— T 5 (MPI_Abort () AHUHEIND).
F7z, eigen_init O ZBEIL/ZEZDT I A MDRAL Y RBITORL v REiFIAHE—
DOHRFABAFETHY, AR omp_set_num_threads() ICK DR AL v REEFEI(IZ
EigenExaRERICEBRE %A RIFTAIREELH 5.

subroutine eigen_init( comm, order )

1. integer, optional, intent(IN) :: comm = MPI_COMM_WORLD
EfgeR303I2=/—%4.
comm HB2RFTA—T TV DBARZTOAER T v Ry EV IR BEMICAS.
EE - AB8EF & MPI_COMM_WORLD

2. character(*), optional, intent(IN) :: order = ’C’
'R’ (Row) L <F ’C’ (Column)
FE AREE CELTHRDND. Yy RASvy—Dh—FT> V7 Y comn®D
BEEFET 2 & ZIFE RmajordMiEHI N 3.

4.2 eigen free

EigenExaDIBE% T 4 5.

subsroutine eigen_free( flag )

1. integer, optional, intent(IN) :: flag = 0
GAR—=T)V9DI37
AEIBIIFARMARDOIHDOEDTHY BEFEFEL V. ABEFIEOTHS.

4.3 eigen_get blacs_context

EigenExaTHRES NS 7O LR J ) v MERICHIST %ScaLAPACK(BLACS)ma > 7
2 M%3RY. EigenExa & ScalAPACKREITT —9 DY WEY 2§ 2BICHE LS.
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integer function eigen_get_blacs_context( )

44 eigen sx

EigenExaDF7i 2 R4 NI —F U TH 2. AERATIANDEREZR TCEER25E
2. ARSANEERRETHY, FOHELETI ORI IL—FICBT 3L2TDS
O ZAAMUE LICSIL AL TER 574,

subroutine eigen_sx( n, nvec, a, lda, w, z, 1ldz, \

m_forward, m_backward, mode )

1. integer, intent(IN) :: n
1750 - XY MILDIRTT
2. integer, intent(IN) :: nvec

BT ZEEME - HHTBEENY ML(EBE— K)ORK
FEEDHZEIE, RIMDOEESNBROBETE—N25ET 3.
0DIHEIE, EEHEZRIRICETET 2.

—7, BEDIHZEE, SANSEESNEABRDOEEE—RZ5tET S
(BIERERIEIRA—Y 3 ¥ TRIE).

3. real(8), intent(INOUT) :: a(l:1da,*)

LS N B HEMTII( LS ATHEROHES) T, ¥4 XUk
eigen_get_matdims ZIFUH L THROSNELUETRITNIER S0
YT —F R TRICERBIOABTIKEIND.

=720, a(1, 1) ICiEflopsh ™o v MH IS NS,

4. integer, intent(IN) :: 1lda
BEHaDBETE (V—T14VIT74 XY aY)
eigen_get matdims ZMUH L TH/LONBLUETRITNIE RS,

5. real(8), intent(0UT) :: w(l:n)

FIEOEHE

6. real(8), intent(0OUT) :: z(1:1dz,*)
THhaDBEXREENY M

7. integer, intent(IN) :: 1ldz
BEHzDBETE (V—T14vIT74 X0V 3aY)
eigen_get matdims ZMUH L TH/LONBLUETRITNIE RS,

8. integer, optional, intent(IN) :: m_forward = 48
YRRV —EBRO T Oy 7 FREB(IBHRTRITIENT20) HBREFIE48.

9. integer, optional, intent(IN) :: m_backward = 128
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NIRRT —HEBROT Oy 7R LIEEFIE128.
10. character(*), optional, intent(IN) :: mode = ’A’
A 2ETOEBEENIET 2EENY bl(default)
N BHEDH
X E— FAICMACEREBEORBEREZITD

45 eigen_s
EigenExa® RS A4 /\I—F > TH 2. EHARAETHY, WUOHLALTOERTIL—TIC
B33 _XTOTOCRNETE LICSMLAFHhIERS AW,

subroutine eigen_s( n, nvec, a, lda, w, z, ldz, \

m_forward, m_backward, mode )

1. integer, intent(IN) :: n
750 - X7 ML DRTT
2. integer, intent(IN) :: nvec

HEILEEE - WIST2EENY ML(EBE— R)DFEK
FEDHZER, RIDLIEESNBAHROEEE—RE25ET 5.
0DGEEIF, EEEEEZFIRICGHESS.
—7, REDOHER, FERIVLEESNEAROEREE—F25tET 3
(BEFERIFIR/N—Y 3 VY TRIEB).
3. real(8), intent(INOUT) :: a(l:1da,*)
WAL SN2 WHMTI (L=ATIEROAEM), 14 XiF
eigen_get_matdims ZMFUH L TR/ ONBULETRITNER LA
YT —F VR TRICIIENORNTIIHES LS.
=72 L, a(l, 1) ICiEflopsh Y MH RIS N .
4. integer, intent(IN) :: lda
BHaDEETE (V—FTavITaXxrTay)
eigen_get matdims ZMFUH L TH/LNBULETRITNIE RS,
5. real(8), intent(0UT) :: w(l:n)
FIEOEHE
6. real(8), intent(0OUT) :: z(1:1dz,*)
ThaDEREENY M
7. integer, intent(IN) :: 1ldz
BIzDBEETE (V—FavIT4Xxv¥aY)
eigen_get_matdims ZMUHE L TR/ ONEULTRIFNIER SR,



4.6

eigen_h 27

10.

4.6

integer, optional, intent(IN) :: m_forward = 48
NIRRT —EROT Oy T HE

integer, optional, intent(IN) :: m_backward = 128
NDRRIEG —HEID T Oy 77

character(*), optional, intent(IN) :: mode = ’A’
A BETOEREERGT 2EENRY bl(default)

N EREDH

X E— FAICMACEREOREREZITD

eigen_h

INI—  NEEEREEZETET 57-DDEigenExa® R4 NI —F > TH 5. EEIRE
THY, FUCHBLATOECRTIL—TICBT 2 ITRTOTAOCZAL’HUTHE LICSIML AT
NIER SR/, KRSANIL—FVEN—=U 3 2110 0FHICHR— IR TWS.

subroutine eigen_h( n, nvec, a, lda, w, z, ldz, \

m_forward, m_backward, mode )

integer, intent(IN) :: n
1750 - XY MILDIRTT
integer, intent(IN) :: nvec

SHET B EAME - JIET2EERY ML(EEE— K)ORMK
FEDHZEE RIMDLEESIN-EAHROEEE— R25tET 3.
0DHZEIR, 2EEEEZFIRICEETS.

—7, BEDOHBER, FROLEESNEARDOEREE— F25tET 3
(BMEERIEE N~ 3 ¥ TRA).

complex(8), intent(INOUT) :: a(l:1da,*)

WEEIND IV — MO (E=ATANEROAEM), 114 &
eigen_get matdims ZMUH L TH/LONEBUETRITNIE RS,
YIN—FURTEICIRIORBTIIREZNS.

7=72L, DBLE(a(1, 1)) ICl&flopsH™ v MAEIMS N 5.

integer, intent(IN) :: 1lda

BHaDEETE (V—TFTavITaXxvTay)
eigen_get_matdims ZMUH L TR/ ONLEULTRIFNITR SR,
real(8), intent(OUT) :: w(l:n)

FIEDOEHE

complex(8), intent(OUT) :: z(1:1dz,*)
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10.

4.7

T5aDEREENRYT ML

integer, intent(IN) :: 1dz
BIzDBEETE (V—T4 v ITa4xvTaY)
eigen_get_matdims ZMUH L THELNEMUETRIFNIEAR S0
integer, optional, intent(IN) :: m_forward = 48

ND ARG —ERDT Oy 7 HRE

integer, optional, intent(IN) :: m_backward = 128
NIRRT —HEBDO T Oy 7 1FRE

character(*), optional, intent(IN) :: mode = ’A’
A ETOEBEENIET 2EENY bl(default)
N EBEDH

X E— FAICIMA CEBEOBEREZ1TD

eigen_get _version

EigenExaD/N—2 3 VIE#HR%ZIR Y. Bl¥version®ER Hversion 2.110 5, IHTF DD

=08

RN

DM T DDORIBAERICEREINTWS.

AYTN—F3O—AIEETHS. (Bl fortranDRA V9 ELTHBH)A L
v RE—7 LIR@REA BV, BIBOBEDRFMEIENMITONhTUONIETILFRL v ROE
RICIHETHT &N TES.

subroutine eigen_get_version( version, data, vcode )

1.

4.8

integer, intent(OUT) :: version

OHTD/IN—2 3 VBB,

LEAIH 52478 ICmajor version, minor version, patch level %K.
character(*), optional, intent(OUT) :: date

1)) —XH.

character(*), optional, intent(0OUT) :: vcode

EBNRN—=Uavilwicdda—RKx—A.

eigen_show_version

EigenExaD/N\—< 3 VIR & RHEH S (stdout) T 3.
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subroutine eigen_show_version( )

49 eigen_get matdims

EigenExa THBE T 2RIV 41 XA2RY. 21— —EAXBEHTNE L 5T
Fox,a)Bb LR ZNRULOBEZFERL TR —ALREREINZEHHICHEERT
ZZENEE LW 52 HIE(CYCLIC,CYCLIO)AE E T W3, moded 7 =
VICK VBN A ZOFERAXEY YA IICHTZEENTES (AT HESE
i&Minimal<LineAligned<Optimal DJg). &7 7' 3 (3 Version 2.6LAETHR.

AYTN—F3O—AIERETHS. (Bl fortranDRA V9 EL THB7=HD)A L
v RE—T7 EREARWY, SIBOBETLHFMEEATORTONETILF AL v RLE
FICFEPHET I ENTES.

subroutine eigen_get_matdims( n, nx, ny, mode )
1. integer, intent(IN) :: n
THDRTT
2. integer, intent(QUT) :: nx
2RFTE A, ), b, )RSz, )DEETER (V—TFT14 VT4 AP av) OFRIE
3. integer, intent(OUT) :: ny
2RITEAaC:,:), b, ) ROULICz L, ) DEZA VT v I ADTRE
4. character(x), optional, intent(IN) :: mode = ’0’
BIDTEDI/EREICNT 24 T ay.
'M? : Minimal, &/NR D 1% % R #H]
'L : LineAligned, ¥+ v > 254 VICT 4 AV NI ~TiE%IRA
’0’ : Optimal, REBCTHF v v 22127 v >V J %O 5 ~1iE%RE(default)

4.10 eigen_memory_internal

AY T —F VIdEigenExa UV HIN TV B BEICHE TEINICERSNE A E) Y
1 X%RY. FARAEIAEHRORMEZMY, AEVRRICHBOBRVWEIICTNETH 3.
N—23223ck VY881 MEE (integer(8)) ZRWEEL THMEKFEEN LI N,

RYENBIE(Z L DIFE-1) D& ZRFTIY A IHNKES E TEigenExaRETHEAT
ZHEHE(integer (W) )N F—NTO—FTE2BEND’HBIEZ2EELTEY, FEI D
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E2THs.

AYTN—FR3O—AIEETHS. (Bl fortranDRA V9 ELTHB7H)A L
v RE—7 &I@REA LW, BIBOBETRFHIENMTOhTUOWNIETILFRL v ROE
FICHUET I ENTES.

integer(8) function eigen_memory_internal( n, lda, 1ldz, ml, mO )

1.

4.11

integer, intent(IN) :: n

T DRTT

integer, intent(IN) :: 1lda
BHaDBEETE (V—FT1vIT4AvTaY)
integer, intent(IN) :: ldz
BHzDBETE (V—FT4¥IT4x0YaY)
integer, intent(IN) :: ml

NG RFINE—EBROT Oy 7 FRB(IBHRTRTREWNT AN
integer, intent(IN) :: m2
NI RFIEG —HEBDT Oy JFE

eigen_get_comm

eigen_initOICE > TERSINAMPIOI 2=/ — 9 %RT. AH T IL—FvidOo—
ANEETHS. (Bl fortranDRA VI ELTHZHD)AL Yy RE—T LRFEZ QL
B, B OB ABHEEIESTONTWAIETILFRL Y RLEBHRICFTHY &N TE

%.

subroutine eigen_get_comm( comm, x_comm, y_comm )

1.

integer, intent(OUT) :: comm
ERen233132=47—%

integer, intent(OUT) :: x_comm
TAIa=47—%. FTidD—HT2L2T7OCLAMET 3.
integer, intent(0UT) :: y_comm

FAZIazls—4. Fidh—HT2L2T7OZAHLFET 5.
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412 eigen_get procs

eigen_initOICE > TERINAZIIa=—r—4ICET 270 RMERERT. K
HITIN—FVEO—HIEETH . (BlEdfortranDRA V¥ ELTHBH)AL Y R
-7 LREEZARVD, BIBOBEYLGHHEFHEA A ITONTUONIERILF AL Y MLEARIC
MOHTIENTES.

subroutine eigen_get_procs( procs, x_procs, y_procs )

1. integer, intent(QUT) :: procs
commA D 7Ot 2%

2. integer, intent(OUT) :: x_procs
x_commAI D 7 Ot A%

3. integer, intent(OUT) :: y_procs

y_commAR D 7 Ot X%

413 eigen get id

eigen_initOICk > TERSINATIIa=/r—%ICAT 270 RIDIEHREZRT.
ZITTOERIDIIMPIZ Y 7 EIBERBRYVINSRKY 2BHET MPISY/=70%
ZID — 1DBERICH D, KUY T —F U IidO—HIVIRETH 5. (BlEbfortranDRA > &
BLTHBO)ZAL Y RE—T7 LR@REAARWVS, BIBOBUILBHEFEIEAThhTLNIE
JILFRLY RUBRIZFUHET I ENTES.

subroutine eigen_get_id( id, x_id, y_id )

1. integer, intent(OUT) :: id
commTEHRINZFOERID

2. integer, intent(0UT) :: x_id
x_commTEZEIN/AZ7OERID

3. integer, intent(OUT) :: y_id
y_commTEZHI N/ TAEXID
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4.14 eigen_get _errinfo

AT —REBERZIRT. & Linfol0THNIE, TT—FRI > TWAWL. FFEOD
BEIE, RSB TIRIENTVWREEBEYIMN—IL—F U TE LIS —REARLTWS (A
ZIWE, DEREERE). ABEBII2 1R, SHATREICA>7EDTH Y, 518 RAE
DEERAEICDVWTSRAEREENRSINZ I EDHD. AU T —F v IidO—HIVIRE
TH2. (BlEHfortranDRA Y FELTHZ7H)AL Y RE—T EIFEA AWV, BI#
DB R EIITHONRTOVNIETILF AL vy RABRICFVHET I &N TE S,

subroutine eigen_get_errinfo( info )
1. integer, intent(OUT) :: info
RE T S —REER

4.15 eigen loop_start

BESNA7O0—NLIL—THBREICHIET20—ALBIIL—THEEICE IF2IL—
THIBEEZRT. FRELT, 70— —TBEBERILETRL TR SR,
1<inod<nnod(pdirfEEDHZAIEZTDIAI 2 =r—9DSM7OAF) TR TREAS
BN, pdirMETIRIEETRWESE, 0ZIRT.

REABSHRTEA V9 —T7 214 A RAL TS Y, BIBUCIE U CELD A TR A O
HEhs.

AEBEO—ANBIETH 2. (Bl D fortranDRA Y IELTHB=0)AL v RE—
7 ERE RV, BIBOBEUAMEEITObh TOWIETILF L v NOERICIFEDT
HI I ENTE 3.

integer function eigen_loop_start( istart, nnod, inod )

1. integer, intent(IN) :: istart
7 a—\vv— TEATE

2. integer, intent(IN) :: nnod
PARRPS -

3. integer, intent(IN) :: inod
7O+ ZID

integer function eigen_loop_start( istart, pdir, inod )



4.16 eigen_loop_end

1. integer, intent(IN) :: istart
JO—\ILL— JEAfE
2. character(*), intent(IN) :: pdir

YATLATEEYSER - F - TOII 1T S EEIXNFEEE
’W? or T’ : comm
’X? or ’R’ : x_comm
’Y? or ’C’ : y_comm
3. integer, intent(IN), optional :: inod
7O0tEXID, EAREEUH L 7O EXDpdiril e 51D

BIZIE, RDEDBEBERIIN—T%2AI 12247 —49x_commDHPATHEIELT B EZIC, O—H
WIL—T DOUIEEFH % eigen_loop_start’@ HUileigen_loop_end THUS T 5. Bk
DIV—TAHATHUPEIN T WS HEHeigen_translate_12gidA—HIIL—ThDo v s H
RNIO—AA YTy I AEICRBTZ70—"NILI YTy I AEERTEDTHS.

do i=J,K

enddo

AL

i_start=eigen_loop_start(J, ’X’)
i_end =eigen_loop_end (XK, ’X’)
do i_local=i_start, i_end

i=eigen_translate_12g(i_local, ’X’)

enddo

416 eigen loop_end

EESNL/ A=/ —TRIBEICHIST 2A—A)L BRI —TEEICE T —
THRIGEEZERT. FRELT, /70— —TRIGEFIU LTRSS TRERES AW
1<inod<nnod(pdir{§ENHAIEZDII 2=/ —4OSMTOELR) TR TEARS
2V, pdirNEY)RIEE TRWERIE, —1%RT.

AERIIHMTEA VI —T A RZ2HAL TS Y, 5I8ICIE C TEY AT RAHRIEY
HEh 3.

AEHIEO—DIVRETH S, (Bl fortranDRA VI ELTHBLH)A Ly RE—
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T EEFEZARVD, BIOBEYAHHMBHEIEIATOATONIETILF AL v RAOEBG (Y
HIZENTES.

integer function eigen_loop_end( iend, nnod, inod )

1. integer, intent(IN) :: istart
70—\ — THRikE

2. integer, intent(IN) :: nnod
PARR S '

3. integer, intent(IN) :: inod
7O+ XID

integer function eigen_loop_end( iend, pdir, inod )

1. integer, intent(IN) :: iend
70—\ — TRk E
2. character(*), intent(IN) :: pdir

YATLTEERYZEE -5 - TOII2 Y= RIXFEE
W’ or T’ : comm
’X? or ’R’ : x_comm
’Y? or ’C’ : y_comm
3. integer, intent(IN), optional :: inod
7O0€ZID, EARFEFEUTH L 7O 2 Dpdiril&iGd 51D

4.17 eigen loop_info

fA%eigen_loop_start&eigen_loop_end%#EEI LY TIL—F > ThH'Y, FHAE
- ARIRE = RIS ISR . ARRITEEBDE DITHKD .

subroutine eigen_loop_info( istart, iend, lstart, lend, nnod, inod )

1. integer, intent(IN) :: istart
7=\ — TERE

2. integer, intent(IN) :: iend
I A—)LIb— TG E

3. integer, intent(OUT) :: lstart

0—hLL— THak1E
4. integer, intent(0UT) :: lend
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O— AL — TiRigE

5. integer, intent(IN) :: nnod
PAER Y-

6. integer, intent(IN) :: inod
7O+ ZID

subroutine eigen_loop_info( istart, iend, lstart, lend, pdir, inod )

1. integer, intent(IN) :: istart
Ja—\LIL— JEk{E

2. integer, intent(IN) :: iend
70—V — THRIRE

3. integer, intent(OUT) :: lstart
0—AIL— TBAE

4. integer, intent(OUT) :: lend

O— ALV — FikimE
5. character(*), intent(IN) :: pdir
VATLTEEITZERE -5 -TOII1=7—92EINFEERE
W’ or °T’ : comm
X’ or ’R’ : x_comm
’Y? or ’C’ : y_comm
6. integer, intent(IN), optional :: inod
7O+ XID, EAREMUH L 7O X Dpdiric e 51D

4.18 eigen_translate_12g

A—ANADVINRTOA—AIA YTy I RE(IULDE)ICHBT 27 0—/301
VY7 v I A%RY. 1<inod<nnod(pdiriEEDHZEIFZDIIa=sr—9DSM7OER
)T TSR, pdirNBEYRIEETRWVGEI, —1%ZIRY.

AEBITHBIFEA V9 —T A REHAL TS Y, BIEICE L TEU AR TAEELSFED
HEhs.

ABEHIIO—DIVEETH S, (BlIED fortranDRA V FELTHZDHD)AL Y RE—
7 ERFE ARV, BIMOBENBHMEIEATON TONIETILFR L v RLERICIFED
HIZENTES.
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integer function eigen_translate_12g( ictr, nnod, inod )

1. integer, intent(IN) :: ictr
A—Alhovd

2. integer, intent(IN) :: nnod
PARRS '

3. integer, intent(IN):: inod
70+ ZID

integer function eigen_translate_12g( ictr, pdir, inod )
1. integer, intent(IN) :: ictr
O—Alhor%
2. character(*), intent(IN) :: pdir
YATLTERYZER - - TOAI 25— 9 BT XFERE
W’ or T’ : comm
X’ or ’R’ : x_comm
’Y? or ’C’ : y_comm
3. integer, intent(IN), optional :: inod

7O+ XRID, EARIEMUH L 7O X Dpdiricid 51D

4.19 eigen_translate_g21

JR—NIVATVEINRTITO—NILA YTy I RAE(LULLOE)ICHET 30
—HANAVTYIRERT(LEL, YR TOEADN LT —F—TH D EERSAL).
1<inod<nnod(pdir{§ EDIHFEIFZNDIAI 2=/ —4DSMTOELZAH) TR TEARS
2. pdirNEYIRIEE TRWERIE, —1%RT.

RERIHRMEI V9 —T A RERAL TS Y, BIFICIE U TEY R TREHA S
HEh 3.

AR O—HIVRIETH S, (BIE D fortranDRA V¥ ELTHZ7=H)AL Y RE—
7 EREABWVWD, BIEOBELHMEIEATORTONIETILFRAL v FLEH(CIFD
HIZENTES.

integer function eigen_translate_g2l1( ictr, nnod, inod )
1. integer, intent(IN) :: ictr

sa—nIvav s
2. integer, intent(IN) :: nnod
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PAERPS
3. integer, intent(IN) :: inod
7O+ XID

integer function eigen_translate_g21( ictr, pdir, inod )

1. integer, intent(IN) :: ictr
so—nNivAT VS
2. character(*), intent(IN) :: pdir

YATLTEEYZER - - TOAI 27— 9 %EIXFeRE
"W’ or T’ : comm
’X? or ’R’ : x_comm
’Y? or ’C’ : y_comm
3. integer, intent(IN), optional :: inod
70t ZID, ANRFEFFEUH L 7O X Dpdiri W id 51D

4.20 eigen_owner_node

BESN/O—NILA YTy ) ZE(IULDOE)ICHBT 24 —F—OE2DID%E
RY. 1<inod<nnod(pdir¥i§EDHZBEFZDII 2=/ —90SMT7OLRH) TR T
IR SRV, pdirNELIRIBETRWGEIE, —1%iRT .

AEBIIHHEA VI —T7 A REFRAL TS Y, 3IHUCIE U TE A TAEERA TV
HEhs.

ABEHIIO—DIVEETH S, (BlIBD fortranDRA Y FELTHZDH)A Ly RE—
7 EREABVD, BIBDOBEABHEEIEATOATUONIETILFRL v NLER(ICIEY
HIZENTES.

integer function eigen_owner_node( ictr, nnod, inod )

1. integer, intent(IN) :: ictr
ga—nNhovy

2. integer, intent(IN) :: nnod
PARRPS -

3. integer, intent(IN) :: inod

7O+ ZID
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integer function eigen_owner_node( ictr, pdir, inod )

1.

4.21

integer, intent(IN) :: ictr

Jga—nNivhovE

character(*), intent(IN) :: pdir

VRATLTEEITZERE - - T0OAI 1=/ Y EEITNFEERE
W’ or T’ : comm

’X? or ’R’ : x_comm

’Y? or ’C’ : y_comm

integer, intent(IN), optional :: inod

70+t XRID, EAREMUH L 7O XDpdiric e 51D

eigen_owner_index

LEZTOELRAMBESNAIO—NILAI YTy I RE(IULDE) DA —F— D5
BIC, HEd20—ANA YTy I RERY. 7—F—TRWIEHEAIE -1 ZiRY.
1<inod<nnod(pdirff ENHBAEE TN AI 2=/ —4DSM7T O AT TIE
BBV, pdir MEYIRIBE TR WEEIE, —1%21RY.

AERITHTEA VI —T A RZ2HFEAL TS Y, 518ICIE C TEY AT RAHRIEY
Hahs.

AEHIIO—DIVEETH S, (BlE D fortranDRA V FELTHBH)A Ly KE—
7 EREABWY, BIBOBEUABHMEEEN TORTOWNIETILF L v RILERCIFEY
HIZENTES.

integer function eigen_index_node( ictr, nnod, inod )

1.

integer, intent(IN) :: ictr
sa—nNIvav vy

integer, intent(IN) :: nnod
PARRS '

integer, intent(IN) :: inod
70+ ZID

integer function eigen_index_node( ictr, pdir, inod )

1.

2

integer, intent(IN) :: ictr
Jga—nNibhovs
character(*), intent(IN) :: pdir
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VATLATERTLER-F - TOII 1=/ —9 %28 XFL2EE
W’ or T’ : comm
’X? or ’R’ : x_comm
’Y? or ’C’ : y_comm
3. integer, intent(IN), optional :: inod

7O+ XID, EARIEMUH L 7O X Dpdiric e 351D

422 eigen convert_ ID_ xy2w

2RTITAERIDE, V)Y KXYy — L TERIIa=r—4 OO ERIDIC
Z#T 3. AAINETOERIDPREYED 7O RIDASEEATH % OREIXTHA
Ly,

AEHIEO—DIVRETH S, (Bl fortranDRA VI ELTHBH)A Ly RE—
7 EREARWVW, SIROBURBHEEIEANAITONTUVNIETILFRL v RAERIZIFY
HeZeEnTES.

integer function eigen_convert_ID_xy2w( xinod, yinod )

1. integer, intent(IN) :: xinod
x_commlC$ 173 7O RID
2. integer, intent(IN) :: yinod

y_commiC$HF % TOEZID

4.23 eigen convert_ID_ w2xy

ERI1Ia2=-45—49L07O0ERID%E, 7Yy RAZv—IZIELT2RTIOEZRIDIC
E#d 5. AANSINTOZAIDPREYEOC 7O XIDHSEERNTH 2 HDOREIFTHA
LN,

AYTI—F3O—ANEETHZ. (BIEH fortranDRA Y FELTHBH)A L
v RE=7 C@EAGVA, BIBOBENGHHEFHE A TOhTONETIILF AL v RLE
FICEUTHT I ENTE 3.

subroutine eigen_convert_ID_w2xy( inod, xinod, yinod )

1. integer, intent(IN) :: inod
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ERO32=4—-%I1C8F370EZID
2. integer, intent(0UT) :: xinod
x_commlC 173 7O RID
3. integer, intent(OUT) :: yinod
y_commiC$H 7% FOE RID

4.24 KMATH EIGEN GEV

EigenExazZ B HESRE T VO v e LTHRAYT 2 —RIEEWHEBAER 1 /80—
F > TH 3. version2.6LLFED 5 EigenExa IC UV & 11T L 5 (Z N LLRT Dversion T & Blli&
Ny lr—T %maked 2UENHZ). ARTANOABTHENABTHNANDEHRERT
BENZEHET deigen_sxZ RD & D REFEBRETHUHET: Cy = \y, where B =
XpApXE =Yg = XBA,13/2 = C = YB_IAYB_T,y =Yhz. ARZ A N\[Feigen_sx&
EHROENEZ T 5.

subroutine kmath_eigen_gev( n, nvec, a, lda, b, 1ldb, w, z, 1dz )

1. integer, intent(IN) :: n
75 - XT MILVDRTT
2. integer, intent(IN) :: nvec

HETZEEME - HET2EENS MLEEE— K)OAK
FEDHZER, RIMDLOIEBESINEHROEEE— R25tET 3.
—7, BEDZEIF, RANSEESNEROEEE—N25tET 2
(BEFEAIZIRA—Y 3 v TRNEIE).

3. real(8), intent(INOUT) :: a(l:1da,*)
FERRORYVIV(A - AB)DITIA (E=ATHNEROAEM), 11 X
eigen_get_matdims ZMUH L TR/ ONEULETRITNITR SR,
BTN —F VR TRICIIENORNTIIBEIND

4. integer, intent(IN) :: 1lda
ol a DBEYE (V—T4 v IT4XxvTaY)
eigen_get_matdims A U'H L THLNEMUETRIFNIE RS,

5. real(8), intent(INOUT) :: b(1:1db,*)
HERRORYVIV(A - AB)DITAB (L=ATNEROHEM), ¥4 &
eigen_get_matdims ZMUH L TR ONEULETRIFNITR SR,
BTN —F R TEICIIREEFERENDERTIIBMHEIND.

6. integer, intent(IN) :: 1ldb
B b DBEYE (V—T4vIT4XxvTaY)
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eigen_get_matdims ZFUH L TR/ OSNBLUETRITFNE RS

real(8), intent(0OUT) :: w(l:n)
RIEDOEEE

real(8), intent(OUT) :: z(1:1dz,x*)
—RILEEEEREDOBEREB NV M, 4 X

eigen_get_matdims ZMUHE L TH/ONEULTRITNIER SR,

integer, intent(IN) :: ldz
Bz DBETE (V—FT4¥IT42x09aY)

eigen_get matdims ZMUH L THELNEULETRITNIE RS,






51 EHRMDERE

EigenExaldEigenKD &t TE < DHEEZ AL TWS. LA LA SEEDOREICIETES
BEHBMZRIEL TVLWAL., ZRIEHRHRROFMEI/ELZ I EICEBELTEY, EICHE
HOEHOHELR, JEVEBOEEAZDEVWCLZ2EDOTHS. £z, BHOEHICE
") EigenExa & EigenK&RIBFICY) V095 & 5 EDHR .

EigenExaD/N—2 3 V23052417 v TT7—M§BBIC, EV1—ILOEBAEPH
ZIN—ILHEEINTWS. LEA>T, A= a V2 3LRORBEN LRIN—Ya viC
Ty TT—REBBICIE, AT VDOHROLTEYV 21— ILEHHARATWETT) r—
avAlOREBEY —AI—RNEBEAVNSMIDNBEERD.

5.2 fhDFFEEDHESE

Fortran90LAS+ 1 5 DEigenExaDE U L AR FIAEDRIRICKE K EKET 2. AU
153 =a7)%B|E, TE5E#EE(language bindings)] ¥ TEH O/ >V /' E5E
DY)V URE] #BRLTIFILWVL. 28, PythonSEN S DEUH L = TEE & § % "Python
binding of EigenExa” 7AY =¥ MIS|ORREFET 2. ThHESEICLTELL.

5.3 I o —RAEFOIREL

EigenExald #HALRFICEYIRRZHEDEH E TEITSINTVWEDIDF v 7 517D, EIT
BRICIET S —RHEEZT>TWARW. )Y I LAEBLASYLAPACKAR ETFRDS A 75 U D
IZ—%2HWTSATZVRHERT SN0 H 2. DFY, TNSDOI 5 —REEF, A
1AVORVELIL—F U EBRATIOTREL, AV TOTSLERTIEDZIDTER
NMUHETHS.

FEEHTICNITHROBERIZZA 7 OREBALICIERAT I ENTEAVEDT
HD. NTRERIEFICIE FATS)VREHPYPEARF 2 A Y MIEHMNTULWIHEREED A A

43
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BSE ZDMDIERER

L7 R L X(EigenExa@ml.riken.jp) X CT—FH L TIF L L.

54 N—I3vixicBi3d>z7—R -S4 75 DFWV

HA=Y a3 VIxTREYzT7—RK - ZA47Z)EaFR—MLTWRW N—U 3 V1 .xFH
RUEF, S T7— R -S4 T 5 FERARKFICEARBORANERRERICTED I L 2F
EECERDN NS THD (gecDH B /N—T 3V TIRHEETHICEBBOBRANTETR

BIRT$ 2560 Ho7) . N—=Yavixa>zT7—R-S473 Y& LTHATSH
BRHETHEIAHEOEFEDTET L TERL L.

EigenExadD/N\—2 3 22,005 13, BAEEMARAAEREZMRERBOSEFN AT —L
AIEBITF— LY —5(2015FLE) S ORMBNEZIFS 27— K - 54T Z VIEHERR
L, N"=Y 3 24EHISIERITAVY - Z4T5)EVT7—RK-S473)OEE
EEIRT BERRICA o7z, RITRHICEYRIRIZZEH(LD_LIBRARY_PATHA &)DRE %
BNTICTAE, BURSA TS YDNBRSNEET ZIETTHS.

5.5 BIRDRIRE R & HELZOETR
5.5.1 Intel3 /%4 S+Intel MPIFI BB OHEBIRMEICDWT

WS DOONDMPIEERRTI, BfEMgEZzRALT 2-HOEABEELCICEMEEZSLY
FooavgEIcR LT BREEERIELLWVWTZILITY XL ERBT 250D EFET 5.
Intel MPID RF a2 X > MIOJIZIE, Ry RO =2 ROV —%2BH LTIV TY L%
ALTWREHIC, REBDYF I avICBWT(MPI_SUNARE)E Y LRIV OFTEBIR
MRS N WEBAREINTWS. EigenExaTIFAZTLL 2HhDTOERTIL—TIC
DIMRAHEATOIWMAONPELELTVWS. Tho ORIV —THETIE, GERKRD
EY MURIVTO—HDIUBEERZD, SHEBIRMENBHIET 2 & EigenExaDEIEFEDE
DODNEREERDARELHD. TDD, NEERICEWVWTTZZRY ZOL S KR %E
EFBZTILT) ZLICPVEBAZTWSED, BEOTIN I ALERENEBEOEREE D % 7
RLTWBDHIF TR,

Intel MPITIZZD & 5%, BIERMEDOFREESEZMEET 272010, RIEZHI_MPI_CBWRA
FARINTW3. EigenExald, REBHICERREN ZIEELBEER UHEZERT S
KO, A2 =S ICETRHEMANEST20EBE L TWS. LALANS, 2—H—
ARBICRETILTYY XLEZIBELLBEIC, ABEIZERICE SFEVWTIhaw. Lk
N> 7T, Intel MPIZERT 256, IRIEZHI_MPI_CBWRZ2ICIEET 2 I & =#HETS
5. "

% export I_MPI_CBWR=2 (Bash7&)

L, CONKRARICY Y7 LTWABOBESES A 75 ) P1—H—DY—REJ AV hTOE
v N OZERHEBREERILT 25D TIEARL
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% setenv I_MPI_CBWR 2 (C¥ xT)L7AY)

e, AV SORBEIELNIVICK BDFEEZEIT 578, Intel compilerzfEAT 5
HBEL, configureR 7 ) 7' N DIREBEZEH A 7' 3~ (CFLAGS¥PFFLAGS) IC-fp-model=strictLd
TOHEREICKEERSZA A TVavaEBELAVWI EA2#ET 5. 15, configureR
1) 7" Mintel compilerd’RE I N7=IFEICIE, AF 72 3 v (-fp-model=strict)% B
BRICIEES 570, MAENBIEREMBEEY 2 BEITLW.
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AZ

7ZIL3d) ZLDBE

Al FU®HIC

AETIE, EigenExaTHRAINTLW2EBEHETZINITY ILOBEE BN S,
EigenExa T3, EXNMETIOLTOEABEEEEBNY MLZEET 215628 EL
TEY, ThERBEIZZODRFT A NIL—F > (eigen_s&eigen_sx) %I T 3.
KETI, FICZOZO2DIL—FVDEWICERABWVWT, METHEAINATWSE7T
WOV XLEBEBT 2. b, BTHNRACGEEEFEZILIY A LO—BHBAR
1&[20, 21, 22, 23, 24, 25, 26, 27, 28] EE BRI N7z,

A2 a7 O—Fe¢EE OV b

real symmetric (4) tridiagonal (7) ScalAPACK, EigenExa (eigen_s)

banded (B)

EigenExa (eigen_sx)

MA1 ENHETIEERESE KL LT IO—F.

RIS, ENHBETIAGEESEFEOFIEICOVWTIEBEICBNT 5. —H&HAL
TG EOHBEICEHINTVIDE, ANTIO=ERALICEDIKT7IO0—F
(A 1D#BBED/SR) THY, ScalAPACK[29] (®LAPACK) THIHREZIhTWLW3. LA
L, 2O770—FTld, RMORTvy T (ZEWAL) BAEY /Y RREICERS h,
EFEDEEH Y AT LALTIEEVEENMEFTERVWI EA’BEE R >TWS.



AZE 7T TLDHE

ZOREABE 2T, ELPA[B0]®DPLASMA[31|EMiENn 3 FOY =¥ hTlE, &5
ERHATEZ_BEO=ZENALICEDIC77O0—F (HAIOFTED/R) NMEAINT
W3, ZOZEEO=ZSENALICSIIZ2EEIR MEI—EBEBEOHTIMEDOEHSTH Y,
ZDESDEXKbyte/floplENEE=ERAILT ZHELY LN RDB0, EMiEEE
BLENFETES. L, BARY MLOBERE ZEELE (25502 MHYEH
ICZRE) ISRV, ZO—BER (THS5BADOUEHR) OEMREREIR#E > TWS,
ZDH, ROZEERNI MNLOFEN S R EHEROIR M BARELR>TLED
MEZEATW5.

ZORREBE AT, EigeExaTIEREED (—EED) =ZERALICEDIKT7O0—F
(HA1DBBD/IRR) #HFALEIL—F > (eigen_s) &, BITHOEEE - BEXY b
WEEEFETZ2770—F (RA1OKRBD/AR) ZFALEIL—F > (eigen_sx) D
TOABRE-RELTWSE. INSZODOFTTA—FICDOWVTIE, REUBETEI DL
L<iRR 3.

A.3 eigen_s

EigenExa TIREINBZ R A NIV —F D —D T beigen_sik, ERD & >
ICSCaLAPACKE THREIN TV XD (—EBED) ZERAILICEDILK TS
O—FZHEALTWVS. EHEMWICE, UTO=Z20RFy FiIC&Y, BHEERM
BAx;, = \jxz; (i1 =1,... NUEEL,

L NIRRT —ERIC L ZANTHO=ER/AL : QTAQ » T
2. DEMDREICL 2=ZEXNATIOERIE - BENY MVOEE : Ty, = Ny,
3. BBENY MLOWER : Qy, — x;

RANDAT Y T T, NIARIVY —BREBAUH S
HY o---HIAHy---Hy 5 — T, H;=1I—-ufiu/ (A1)

SEREET, ANTNE—F (—17) JEIKSERATIICERLTULL (”A2(a)).
BRE, BIBRAT—THZH, BROABTEDOWEZREICT H/-HI1C, RPDAE B
BLTW2., F#MIZETTEH, —DDNIRKRIVY—ZTIC L BEFDOEE,

(I—ufu ) TAI-ufu’)=A—uwv' —vu', v=(w- 1'u,ﬁT(wT'u,))B, w = Au

2
(A2)
ELTADOHMMEZFIBAL TITONM B Z &N —RBE AR >TWS, 7, Dongarra®Fi%x
AW ET, BREOND ARG —EHBICLZ2ADEFHFEZLUTOL D ICTIIEOR
T—EITI N E RS,

(I—uKBKuKT)—r e (I—ulﬁlulT)TA(I—ulﬂlulT) e (I—uKﬁKuKT) —A-UVT-VU".
(A.3)
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LDL, 79X MVRIEZDOXFHY ((THVOREDLD), ZOMINAE) RV
NigEEE Y, BMBEIEDBRICKERRMLRY 7 &7 3.

ZHZEBHDRT Y I TIE, Cuppenic EWIRESINADEEZEB2ICLY, =ZERATI
DEEEEEBRY MVEFET 2. ZOFEIE, HA2DbL)ICRT LD ICZENATIZ
70y odAITNES Y VI0EEICHRL, Oy I/RATHNOETOY I DEEES
BEREFBAL IO (T I7108EIMbo7) THOEREN R ENERNICETET
%, EVWHREBIZEDWVWTWS.

=SBEORTY I T, RMORATY TTHEOLNND ARV —EHREHDIERIC/F
ASETEERY MLOHEBRETY. REICE, ERED/NY RFRIVT—ZHD,

Hy- - Hg = (I —uifpru])--- (I—ugfguy) - I-USU", U=[u;---ug| (A.4)

EDRBRWVWIRDN (SOEEDH) THNZFESLRBICEKTZ 5 (compact-WYFKIR)
ZEERAWT,

Hy---Hy_2Y = -USU") - (I -UySyUL)Y = X (A.5)

& LTITHIFE (Level-3 BLAS) TEtET 5720, SN EEFTE2. 4, 22T

Y=[y, - ynl, X=[z1 - zN] (A.6)
TH5.
st (b) HEIFEEE

HA.2 eigen_sDEFEETHE OISR,

eigen_sTlE, —BEHE=ZFBHOR T v TIIHBEOREARBALTSY, BEULRAL Y
Rt EART & TatRELEER>TWS., —A, ZHFEBDRFT v FICDWVWTI,
ScaLAPACKOO— R&AR—R & LAERELLR>TWS.

A.4  eigen_sx

EigenExaCIREEINZE I —DD R Z A4 /N)L—F Veigen_sxidHTHOEEE - BB
N MVEBEEFETZ770—FE2RALTVWS. R, BROEBHRICLYFTIIEL
THRERABTNEHRALTWS. BEMICE, UTO=20R Ty FICLVERERE.
g <.

1. 70v ZRONI ZRLT —ERICE BZANTHORENAL : QTAQ — B
2. DEIBCBEICL DEENATIOERE - BENY MLOEE : Byi = )\iyi
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AZ T7LTYXLOBE

3. BERY NLOBZER : Qy, —
BADRAT Y TTI, 70Y ZBRD/ND AKRILY —ZEHRAETE S

EERSET, ANTHNZEZS (Z17) TEI=ZEXATIICER LTV (HA3(a)).

=L,
o W@ g (B B
= wll, Gi= (0 PR (A8)
21 22

THd. Held, X(AQEL<KALEATHEZITO ZENTE, DongarradFEL
BARRICEBANAREE M>TW2., ZORRELT, HEMIZKAMLRY 71222501,
AuDED &1 5.

ZBBEORTYITIE, RA3D)IIKTRT LI ICHEENATIETOY IRATIES
VO20EEICHEL, ZENATIICHT 2AEHEELARORELRYIRYT (TV
V208BEEZDOZ V10BN E L TUET Z) Z&it&Y, AERATIOBERE -
BB~ MLESET 3[33).

RBORATY T T, REMORATy FTTRAWETOY VNI ARV —E#R%EZHIBT
EASE2ZET, BERNI NMLOFEEHREEET S, 7OV JRONTRAFILEY —FK
BICEAL TS, R(A4)ERBOWTINEBSLERBICART 2 ENARETH D0
ERRDOEFEFIRICE W ITHEN R AR CEMEREI G TE 2.

N

) AEXAIL (b) PEIRAE
HA.3 eigen_sxDEHEETEOMIKER.

M =

eigen_sxTH, —BEE=ZFBBHOR Ty JIIMBEOREARBALTHEY, BBULRAL
v REFEE AT & TatiEtER>TWS., —A, ZBBDRATvY FICDWVWTIE,
ScaLAPACKDO— K AR— & LT, AENATIMEIGICHER L AAREEZTo>TWS.

A5 eigen_s&eigen_sxMiE WL

FHDZDODEDERBAN S, eigen_s&eigen_sxidE L LI BR=ZDDATY T THERIN
THY, HICABRY MLOBEZTHBOR Ty FICEL TR, FERKOAERBTEAYME
EZDOBICKEREITRVN. KETIE, TOZDODDRATY FICHIFT2EEDEA RS,

=8 (RE) dAfk
ZDRATY FIZHBITHE WL, eigen_sTIE—ADRY MLEBE L TREEZTZOD
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ICX LT, eigen_sxTIEZADNRY ML ZzBEf[E L TUBZT I8 THS. EEHEBIC

i,
w = Au (in eigen_s) — [w; wa] = A[u; us] (in eigen  sx) (A.9)

EVWSEEATHD, £7, ATy T2AELTOREEICELTE, (DR Rm
ROBICEL TIE) MEREREE RS, Zhik, —EHYEEELeigen_sDAHD
W () B, REBOOHEIEZI (Z417) 2D eigen_sxD AN DR (K
D) HEHTHD. ERRIC, DEUFEERIGEET ST —YOREICELTH, BHEIEE
BELMZ. COBALEEEDHEEALT, —OHEYDTFT—9 2L OHOERICH
2.

MEDETEL S —DHDEIR, FENIRER (FRICITINYT MVIR) OEMHERET
Hd. AuzFETIHRICHL TAu, w2518 T 254, THADT—9Y OBFIAMK
AmEdT 3. DFY, EXbyte/floplEMEDT B &ICRB. InICkY, XEYNRUR
IBICERRESINZHEN NS (BRIICIFTHNED) &Y, BFEOEMEREOALIEEFT
z5.

“DOBOER, BEOBDEVHILELD, BEOLATVYDETHS. eigen_sxid
—EOBET—YEHNZ VD, BEOHIdeigen_s& W HD < (D) 0B, EF, B
BOLATYINRELRBBEA>TWSZD, ZOREEHEHN DL (Communication-
Avoidance) & WD HREEIE, $FFICHIIBA S K B LIBRICHBICKREREE LS.

ZD&IIT, eigen_sxldeigen_sICHERT, BEMREEBEOLA TV OETHEFT
HY, WHHICH L TEBEY A P+ 2ICKEV CRERBRBIXENL) BEITFIE D
RNKREL, HICHHNEL LW RERBIZENDR) BEIEEREOURIAREIRBZ
ENFEINS.

DEIREE

DERRAETIE, eigen_sH'BOZ V10BN ZNET DI L T, eigen_sxTEZ
VI0EHENIBT EZMNENHDBD, TODOREELBEFEIRA M EEDEZE L
THL%. 512, AEMATNICHT 20EMEETE, V720882207V
V10EEE LTUET 2D, ZEEDOZ Y 710EHENIET 25512, THOEE%F
A2 ERHEERLSARY (—EBIR7AOYITAEVWIEBEEEHAL CEEE5HIET
&%), TOHERELT, REEN=F[BRELL>TLED.

2L, DEWSRETIE, TIL—2avEMENBECRICKY, BEEE KIBICHIR
THIENTAREERZFANHD. TIL—2avOREBERIBEKRETHY, =EX
AT ERALLGES S AENATIARALLBETIE, RCAATIATS, 77L—
2avOBIVAICENMELS. DD, MEDIRMNOELZERNICEREE 22 &1
BHTIERR.
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A6 BbHYIC

ARETIL, EigenExaTREINTWVWBZDODIL—F Veigen_s&eigen_sxDF7 I TY X
LOBEEZDEWVWEGBALL., —RICEHT 2FTIOTREARES TS E, RINDOE
MIB2Ty TTRENICRY, ZBBODEREEDRT Yy TTERFICHEB WS b
L—RZF78HY, BRIKTIE, AERNATINZETH S EDOHIEN S, eigen_sxTRHER
ENALEREALTVWS. SEOYRATLAOMEPAEFAEZDOEREZDORERE (BR
DScalAPACKR—2Z2 D O— RDHEEIF T2 & IFFEVEW) T, LY RELFTH (B
ECERATI) IPEEERITEEEHD. W, ERO=ZFWAIL (eigen_s) %fE
IGBICREERDZT—ABRRARETEHEYVR/Z2 BN, H0, FAEOREZIEE
LZLT, 22— BEUBRL—FVEERLTELADEEVTHS.
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Release notes

INETODNY)—ADEREIZCDWTIX ReleaseNotes.txtICHRINTWS.

B.1

B.2

Version 2.11 (December 1, 2021)

[Upgrade] Experimental support for Hermite solver, namely, eigen_h.

[Serious] Fix the numerical error happened to be included in v2.10, where the
tall-skinny QR coded in eigen_prd_t4x.F of eigen_sx was too sensitive to treat
tiny values and forced-double truncation. But, it might depend on the compiler
version and the code generator.

Modify pointer attribution to ‘allocatable’ to avoid automatic deallocation on the
exit of callee routines.

Some code modifications are applied to pass strong debugging tools with respect
to Fortran 95 and some of Fortran 2003 extensions.

Fix some bugs, for exmaple, missing private attribution to some variables for
OpenMP.

Version 2.10 (Octorber 17, 2021)

[Serious] Bug fix for violation of the result of allreduce in DC. It happened very
rarely when data to be transferred was shorter than the number of processes par-
ticipating.

[Serious] Bug fix for inconsistent APl interpretation of DLAED4, when K is less
than or equal to 2. This bug happened when a lot of deflations are carried out,
and sub-matrices are shrunk tiny as 1 or 2. So, it is infrequent to see.

[Serious] Bug fix for non-deterministic behavior of the DC branch, which happened
if an uninitialized variable referred in the brach condition, and is affected by the

side-effects of other modules, etc. It was fixed when 2.9 was released but noted in
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B.6

B.7

the release.
Reduce the internal data capacity in the TRD and DC routines.

Fix the installation of Fortran modules.

Version 2.9 (September 24, 2021)

Modify the flops count precise in DC kernels.
Modify trbak not to multiply D! and TRSM.
Add enable/disable-switch for building the shared library.

Modify to detect the memory allocation fault.

Version 2.8 (August 20, 2021)

[Minor] Modify the DC kernel to reduce intermediate buffer storage.
Bug fix on a tl loop structure
Updated the error check routine

Fixed on Makefile to add the missing fortran module.

Version 2.7 (April 1, 2021)

[Minor] Modify the compilation rules corresponding to static/shared libraries de-
fined in src/Makefile.am.

Performance tweak with a modification of the compilation options not to use -fPIC
when build a static library.

License document is packed as an independent file (the license notice was stated

in User's manual for version 2.6).

Version 2.6 (November 1, 2020)

[Upgrade] This version applies a communication avoidance technique to the house-
holder tridiagonalization together with, new process mapping for the load balance

of the divide and conquer method.

Version 2.5 (August 1, 2019)

[Internal] Refine the data distribution in the divide and conquer algorithm routine.
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B.8

B.9

This version is only internal management version and not published.

Version 2.4b (August 20, 2018)

[Serious] Bug fix for incorrect data redistribution, which might violate allocated
memory. The bug might have happened in the case that the number of processes,
P =P, x Py, is large, and P, and P, are not equal but nearly equal.

This version is for only bug fix for the serious one.

Version 2.3m (August 20, 2018)

[Serious] Bug fix for incorrect data redistribution, which might violate allocated
memory. The bug might have happened in the case that the number of processes,
P = P, x Py, is large, and P, and P, are not equal but nearly equal.

This version is for only bug fix for the serious one.

B.10 Version 2.4pl (May 25, 2017)

[Serious] Bug fix for incorrect data redistribution in eigen_s.

= Major change with Autoconf -and- Automake framework.

B.11 Version 2.4 (April 18, 2017)

[Upgrade] Major change with Autoconf -and- Automake framework

B.12 Version 2.3k2 (April 12, 2017)

= Communication Avoiding algorithms to the eigen_s driver.

= The optional argument nvec is available, which specifies the number of eigenvectors

to be computed from the smallest. This version does not employ the special
algorithm to reduce the computational cost. It only drops off the unnecessary

eigenmodes in the backtransformation.

B.13 Version 2.3d (July 07, 2015)

= Tuned up the parameters according to target architectures.
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= Introduce a sort routine in bisect.F and bisect2.F for eigenvalues.

= Modify the algorithm to create reflector vectors in eigen_prd_t4x.F

= Modify the matrix setting routine to load the mtx (Matrix Market) format file via
both *A.mtx’ and ’B.mtx’.

= Re-format the source code by the fortran-mode of emacs and extra rules.

B.14 Version 2.3c (April 23, 2015)

= Fix bug on flops count of eigen_s which returned incorrect value due to missing
initialization in dc2.F.

= This bug is found in version 2.3a and version 2.3b.

= Minor change on timer routines.

= Minor change on broadcast algorithm in comm.F.

B.15 Version 2.3b (April 15, 2015)

= Minor change to manage the real constants.
= Minor change to use Level 1 and 2 BLAS routines.
= Minor change to preserve invalid or oversized matrices.

= Minor change of Makefile to allow '-j’ option.

B.16 Version 2.3a (April 14, 2015)

= Minor change on thread parallelization of eigen_s.
= Minor change of the API's for timer routines.

= Fix the unexpected optimization of rounding errors in eigen_dcx().

B.17 Version 2.3 (April 12, 2015)

= Bug fix on the benchmark program.
= Refine the race condition in the backtransformation routine.

= Introduce Communication Avoiding algorithms to the eigen_s driver.

B.18 Version 2.2d (March 20, 2015)

= Bug fix on the timer print part in trbakwy4.F not to do zero division.
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= Modify the synchronization point in eigen_s.

= Modify thread parallelization in eigen_dc2() and eigen_dcx().

B.19 Version 2.2c (March 10, 2015)

= Bug fix on the benchmark program.
» Add the make_inc file for an NEC SX platform.

B.20 Version 2.2b (October 30, 2014)

= Introduce new API to query the current version.

= Introduce the constant eigen_NB=64, which refers to the block size for cooperative
work with the ScaLAPACK routines.

= Correct the requred array size in eigen_mat_dims().

= Improve the performance of test matrix generator routine mat_set ().

= Add the listing option of test matrices in eigenexa_benchmark/.

B.21 Version 2.2a (June 20, 2014)

= Fix minor bug of Makefile, miscC.c and etc for BG/Q.
= Modify the initialization process not to use invalid communicators.

= Comment out the calling BLACS_EXIT() in eigen_free().

B.22  Version 2.2 (April 10, 2014)

= Arrange the structure of source directory.

= Reversion of the DC routines back to version 1.3a to avoid bug.

= Hack miscC.c to be called from IBM BG/Q.

= Fix bug on the benchmark program for exceptional case of MPT_COMM_NULL.
» Fix bug on eigen_s with splitted communicator.

= Update machine depended configuration files.

= Experimental support of building a shared library

B.23 Version 2.1a (Feb 23, 2014)

= Fix bug on the benchmark program.
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B.24 Version 2.1 (Feb 10, 2014)

= Fix bug on eigen_sx: it gave wrong results when N=3.

= Modify the bisect? by a pivoting algorithm.

= Update the test program 'eigenexa_benchmark’ in order to check accuracy with
several test matrices and computing modes.

= Tune performance for K computer and Fujitsu FX10 platforms.

= Add make_inc file for a BlueGeneQ platform, but it is not official support, just an

experimental.

B.25 Version 2.0 (Dec 13, 2013)

= [Upgrade] Add eigen_s, which adopts the conventional 1-stage algorithm.

= Add optional modes to compute only eigenvalues and to improve the accuracy of
eigenvalues.

= Modify to support a thread mode with any number of threads.

= Tune performance for K computer and Fujitsu FX10 platforms.

B.26 Version 1.3a (Sep 21, 2013)

= Fix bug on synchronization mechanism of eigen_trbakwyx ().

B.27 Version 1.3 (Sep 20, 2013)

= Fix bug on eigen_init () in initialization with MPI_Cart's or MPI_COMM_NULL's.

= Add test programs to check several process patterns.

B.28 Version 1.2 (Sep 17, 2013)

= Fix bug on benchmark code in making a random seed.

= Modify to support upto 64-thread running.
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B.29 Version 1.1 (Aug 30, 2013)

= Fix bug on data-redistribution row vector to column vector when P =p =« q and p
and ¢ have common divisor except themselves.

= Optimize data redistribution algorithm in dc_redist[12] .F.

B.30 Version 1.0 (Aug 1, 2013)

= [Release] This is the first release
= Standard eigenvalue problem for a dense symmetric matrix by a novel one-stage

algorithm
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