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1.1 EigenExa& Z DEAFRE

EigenExa(/aigen-¢kso/)EmMREEHIEY IL/NTH 5. EigenExaDFESE, 20024 IC 1t
Rk Ltk I 2L —49 ETRESINAEgenES(EX&A TR A I—RR—
L)[1]% TH# 2. EigenESOMRIFSC006TDT— Ry ~LEIC/ I 53— hEh, ZOM%
RIFEAPCHS 29 LTOEBEY N A—E LTHIEENT W3] EigenExaDERT
DZ4 735 ")RETH BEigenK[3, 4] DEFEH2008FLRICHIA S N, R[5, 6|DERRKE
MD2013F8A ICHFFx EigenExa il el & L — AR BB S 7z, EigenExaldf$kEHT 2
THDIRRAIRY R —VEIEMY R T L(FREB T oY) (= 109)FkE TZIR b
J)—L] YRATL)TRT—ZTIVICEMEST 2EHEES M 775 )RR % BIZICHAREI MG
INTWVWS. 20M4FENSEBFICKYRARI AEESINTWEZR——OvFE1—% [E&E]
[7] T, RIREG T ES BRI F— L EFS20207AY 20 N7 —FF UV F v FH
F—LEDEET EE] ICMI}7EigenExafA & & BN ESH 51, EigenExald E&E]
LOBEHES A TS D—EE LTEFEIND.

1.1.1 B‘EHIIDOWT

INETDYY—R (IN=23223c, 24b, 26, 2.7 BETITAKY ) —R/N—=2 3
v2.8)TiE, BEEFEEEELE —RLCEAFEBBEOVT NI L TEL2TOERY ( A
BiEl & TRHIST2EBEANY ML) Off) 25 ET2EWIRE YV TILEHEEEZRHtS
%. £7z, XHR[2, 3, 4 THESI N TWVWB & 1T, EigenKE#kEigenExad £ 7= H#M AT IL
TV ZXLERENLGTIVTY ZLOWEEZRAL THALICEY SEHEREZBIKRLTWY
3. [EE] LTORERMBEO—2IF, R UEORAAQVTRERTOEY HHED
MEICRLT, ®y N7 HBEDBRUDIHILT DI EICLBN—RDZTDT VN
2 THB. B EFEONREZR/AAT Y TE THEF] BICSWTRENRAKDR ML
Fy o ERR->THY, TEE] HEDORT—ILTIHERTEAWT EARAELIIN SR
IhTWE.



HIE LI

AYY—R(N—=Y a3 v209)TH, NIRRT —ZERAILICBERREMEHRT 3
EEBIC[LD], PEFEEDOO— RN Y AREBIEFREZ o F LW OERAT Y EY
TAREZRALTWVWS. ShoRiMiE, BUTREICS T 2HERBICKECERT 2.

EigenExa (Z B H 4 » 5, MPI, OpenMP, &= 1 8BLAS, | ICSIMDXR 7 kL
{bFortran90d ¥ /XA SEMAEKRARIEN OIS IV IERBEZA TV EHAVWTH
ExnhTWwa. IR zhiliE TEE] IKBVWTH, RICEIT2IEE N EHRERICHERE
LT, BMEEEE2RET 2 AN S.

1. MPUC L 298XV BID / — NS

2. OpenMPIC & ZHBEA T Y BBIEFE#KS LLRE<IILFIA7 7Oty Y TOHEIIMN
3. RUFICK Y BEICRBEEEINABLASZ AW EEWIEFIM

4, Ry FTREOFMRED Y /X4 ZHFAWESIMDS L < (FERALE LTI

APl Fortran77IC & 2RESA TNV LW BLERTHY, EVa2a—IA V9 —T 24 R®
ARRTRESIBICEI Y I—F—T LY R —RAVI—T (A AN RSN, T -9 98
WE2RFTHA V) vy VREUCRESI NS A, 7Oy ¥y TRIZFEEERRIEETE,
ScalAPACKDMR#t T 27—/ BOMBEHEZF AT NIEBFORESES 1 75 ) £ O
M - BEMBRIESNLTWS. BIC, RITHEEZEETZ 70y IS X -89 &R REE
AN SIEETEZ(BREAEE) AL, MERALDLOHDI VY I—T 1 AERHBLTVS.

ZA4ATZ) BEOHEFIEREDBERN SR TH S &, EigenKDBEF —/"~Ny REHIRT
2Z2&TRVERERLEZELTEY, < DIFHEICEigenExaldEigenK*¥ScaLAPACK 7 &
DEEKEDBBIHES A TS5 & UBRETHS 2 & ARBSLTLB[].

IRTE, EigenExald 1] dvEa—%, 2—R—avFEa1—% [BEE] 2#idLHE LT,
Z DERA#TH % Fujitsu PRIMEHPC FX> ) — X Intel x86% 70Ot v HAMD647° 0
Ty EEETEEEI TRAY P XT L, IBM Blue/Gene Q¥ 27 s, NECOXR Y ML O
YE1—49SXV ) =X E, L DHPCTZ v M7+ —LTEMET S. 7z, EigenExall
Ay 2ZRBEEFSHICLES[S, 9, 10, 11, 12, 13, 14, 15, 16, 17]. NERERE, 7)ITY X
L, MERERTE I HIR A D DA E M EICH L TSRI .

A R ¥ 2 X MZLEigenExa version 2901 —H X - X Za 7L TH5 *1. BARHK
LEBOFERAFEFTOATERLTWS. FIC, A, AV, 94y 0 Fa— YT,
APIY Z b, EigenK, EigenExa version 2. 3L T & OB M DEEABIRMICEEH I TV
%. EigenExafiR IV —T DL TOBEKREIE, ARF 1AV IS OFAZFICH L THE
FoXal—avaRIKESERLODFEFICRZIEEHEFLTWNS.

MR- —HA RERBREBENICEHLCH Y, BRBROBFEEITER TH Y, HKEREIR
LTWR-ORRABI THRWAREMEL H 5. ZREBEREEHLETERLTWAELITZEEVWTHD



1.2 FJFHEFEE/Copyright

1.2 FIFEF/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.




1.2 FJFHEFEE/Copyright

-~ [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 LAF&, IntelMPI*>FujitsuMPI, MP1/SX%& DR Y 4 —MPI
aY/814 5 FortranQ0LAE+Ca > /31 5

2.2 EigenExaD AFH%
EigenExallBd 2 2 TORBHRIGRDOURLN S AFHARETH . :

https://www.r-ccs.riken. jp/labs/lpnctrt/projects/eigenexa/index.
html

tarball DEEHH LEH 1 RS INTWS. EigenExallBd 2 ZDMDIFERHIBMHES
NTWSFETHS. AR TIE, N—T 3 2. 90Dtarball(IE5RF & tgzd L < [dtar.gz) TH
%EigenExa-2.9.tgz% ¥ 7Y O— KL THLDEEICODVTUTTHRRTLL.
23 ARSI EA YA M= FIE

EigenExaZ 4 72U DAV IVICIFE OV DFIENBETHSD. ROA VA ML —2


https://www.r-ccs.riken.jp/labs/lpnctrt/projects/eigenexa/index.html
https://www.r-ccs.riken.jp/labs/lpnctrt/projects/eigenexa/index.html
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$B2EF  FIFHDAIIC

3 VFBIEICE->TIELL.

WRREBR £7, tarball(ERFidtgzd L < ldtargz) 27 —F 574 LI M) LT
BRI S. 2L T, 71417 bYEigenExa-2.9ICBENT 5.

% tar zxvf EigenExa-2.9.tar.gz

% cd EigenExa-2.9

WIRIERTE RIC, bootstrapA ¥ ) 7 M, configureX 7Y 7 hDIRICETL, YR T
LRBICADE /-MakefileEZ BEEMR T 5.

% ./bootstrap

% ./configure

BLAS, LAPACK, ScaLAPACKIZY AT LICE 2 TERD T4 LI MY IS TS Y
BEOZATS)HoBENREDOEBRLAELS TRBRSBWEGELHY D 5. ZDHAIC
i, LTORBER ZEICEET 52 & TRBT 5. configureX 7 ) 7 hDF T 3
VId./configure ——help CHERT DI ENTES.

» FC MPIMAfortrana > /X4 5 3< Y K (mpif907R E%AIEET )

» CC MPIHCaI YA 53TV R (mpiccREEIBET D)

» LAPACK_PATH LAPACKREHIEZA TS DKMT1L 7MY
LAPACK_LIBS LAPACKAREBIEZ A T7ZUDY) >V VBEDIBEARE

JORAVNAIIVDF T 3 Vid--host=(hostname) %iET T & TFRHATZ 2, [F&E]
TARM64v8.2aD /N1 F 1) ZEJ R LEWHEIE. O 4~/ — K ET--host=login (i
ZRBEER)EFIFNIEE V. 228, configureX 7Y 7 M HNBEEIICEIE L AR WS I
27V T rABTHEASNDZY TRV I TRV IVDBVICLZIEREZAONS. K
D& DIC, cleanupR ¥V ') 7 b &bootstrapR ¥ ') 7 b % EfT LconfigureX V) 7 b D
BAERA SIRDTIEL L.

% ./cleanup

% ./bootstrap
WXA7 3%FBIC, makeZEITT 3. TORRRAYIT 1YY - 5477 ")1libEigenExa.a/k
STz 7—R54 77 1ibEigenExa.soMER I N 3.

% make
B2 M—JL JEIC, 475 YBHTHDlibEigenExa.a (YT 7— K547

Z 1) DB EIF1ibEigenExa.so0) & ¥ D Dfortran® F 21 —JU( eigen_libs_mod.mod,

eigen_libsO_mod.mod, eigen_blacs_mod.mod, comm_mod.mod, dc_£fs_mod.mod,



23 AvNRAILEA VR MN=IFIE

15

fs2eigen.mod, fs_const_mod.mod, fs_dividing mod.mod, fs_edc_mod.mod,
fs_libs_mod.mod, and fs_prof_mod.mod) #4 YA h—JLF 4 LU MY ICOAE—L#
TThH?.

% make prefix=(4 YA M—JLF BtopT 4 L2 b)) install

FETA VA M—ILTBFEE, BlZIE /usr/local/liblicA VA M—ILT B & EE, RO
EDICTB(ITRONY I RZy 2 a('\")IF#KITEEKRT 25D T, EEDAARICIE
TE).

% cp cp libEigenExa.a libEigenExa.so eigen_libs_mod.mod eigen_libsO_mod.mod \
eigen_blacs_mod.mod comm_mod.mod dc_fs_mod.mod \
fs2eigen.mod fs_const_mod.mod fs_dividing_mod.mod fs_edc_mod.mod \

fs_libs_mod.mod fs_prof_mod.mod /usr/local/lib/

B—REEEEAE RS A /N)L—F > |[HhRversion 24X T, —RIELBEEE RS> A
/NJ)L—F VKMATH_EIGEN GEVABIMEIC I VXA I T B HELH > /=1, version 2.6
53 EigenExallEXWIAEFNTWS. maked 2 & —RIELBEBERDRKSANE 2 —)L
KMATH_EIGEN_GEV.o#A'1ibEigenExa.a’# 5 U'C1libEigenExa.soll s s Y, 7
AJSL) Y IRIC—BRIEEREGELNAREE R > TWS.






HBIF

IJAY0Fa—r)TI

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.
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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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—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

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 prior) ~

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

use eigen_libs

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 T VYN ZR7OE R
Yy RAVTFHFAMEREZRBINE L. mat_set OB Dntype=2DF 2 1R Ll
THB(RTOT S A, THIASDOEREBE Z1THAICHEHNT ZPDTRANOQ U H L OES T
H3).

- pdtran ~N
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 )

' A« AS°T
CALL PDTRAN( n, n, 1DO, as, 1, 1, DESCA, 1DO, a, 1, 1, DESCA )

J

35 AVNRAILEDOEE

OV XA JVEFICIEMPIAfortrand >~ /X 1 Z(fl Z (Empif0) &2 FAH T2 & & £ (T,
eigen_libs_mod.mod"R EEYV a—IADT I ELADNMBBELERDZZHNADEEE LT
BAMELNH D (ZLLDBFEIF-I4T>3 v TH5) . £/, EigenExaZ1 73 %Y
v 7§ %I21E, MPI, OpenMP, ScaLAPACK(/XA—2 3 v A’ 1. 8LARIDHZEIFBLACS® ) &
ZRFICY VT 20ENHS. GNUO YV /XL FR—=XDMPIDFZEIFUTDO LD ICT
% (ScaLAPACK®BLASE bW 4 72 ) ZAIRBRIBICL > TEA D).

% mpif90 -c a.f -fopenmp -I/usr/local/include -I/usr/local/lib
% mpif90 -o exe a.o -fopenmp -L/usr/local/lib -1EigenExa -lscalapack \
-llapack -1lblas



BAE

API

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.

EigenExald AL v RE—7TlEi\Ww. LA > T, LTFICRIERTIILFRL Y RF
AICRHT ZEBEEEHRVEDICDOWVTIE OpenMP @ OMP 1) —¥ 3 VDA TD A&
AL TER S,

4.1 eigen_init

EigenExaD#EEA ML T 2. 70XV Yy Ry EY J%B|# ‘comm’ ¥ ‘order’
ZEUTEETRIENTEZS. AFHmEIIEFANTH 270, EigenExaDEEICSINT
2270 AR AEREZRFICHFUOHS AL TRBSAV. i, AEHTY 7332 =
JT—8%mAREDERT 278, KEELEINETORICIZZ < OREX T & NEFRFED
HENRAENG. S5IC, ERLAEY 7327 — 9 TOBEMEDY YT V%
EWET B0, HUDA ==~y RAHB I EEFTEINLL.

ABEHAEMEOH LZRIE RIEOD eigen_free() ICL 2R TFHE A2 FEHLEB TR
i, BE eigen_init() ZMUH L TEWFARW. A, EBRII2=-/—% comm
HEHETDHEEIL, eigen_free() a—HMUH L, BE eigen_init() TIAIa =4/ —
Y EEBELRL T RS,

comdETOCRTIN—TTEILERRZELZEBETE, ER270ERTL—TH
BEFIC RS A4 "B (eigen_sx() B L < IF eigen_sO)EMUTHE LAEBRICIEK, RSA4 N
MBI THFHEET . comm A MPI_COMM_NULL DIHE, /N RS eigen_sx()
eigen_s() DFENLERICEABTALITHLTIESLIC) Y-S A v¥—23a1=
Ty EATERL,

23
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EigenExaldWEE TOpenMPIC L 27 ILF AL v RLEBATS A, £TOTAEATAL
Y REA—BL TWAKTRALSAW. REBIETH LIS, ALy REFRALZ 0Ot
ADHFEEVRESINABICE OIS LD T7HR— N$ % (MPI_Abort BHUHIN D).

subroutine eigen_init( comm, order )

1.

integer, optional, intent(IN) :: comm = MPI_COMM_WORLD
ERe23332=5—9%.

comm B2LRFTH—FT T UDHBERFTOERT )y Ry EV I HEMICARS.
SR . ABEEFIX MPI_COMM_WORLD

character*(*), optional, intent(IN) :: order = ’C’

'R’ (Row) B L <& °C’ (Column)

FR AR CELTHRbNS. Yy KAy —HDH—FT V7T Y commD
BELFET 2 & EEY Rmajor M EHEI NS,

4.2 eigen_free

EigenExaD#eEZ I T 9 5.

subsroutine eigen_free( flag )

1.

integer, optional, intent(IN) :: flag = 0
§AR=T)5DI737
ZOBIBIFERAZEDI-HODEDTH Y BEFIEE LAV, BIREFE0OTHS.

4.3 eigen_get blacs_context

EigenExaTRES N2 7O LR T v RIERICHITT 5ScaLAPACK(BLACS)Da > 7
2 M%3RY. EigenExa& ScalAPACKFEITT —9 DP WY 2§ 2BICHE LS.

integer function eigen_get_blacs_context( )

44 eigen sx

EigenExaDF72 RZA NI —F U TH2. AERATIANOEREZRTCEER=5E
T35 ARTANIERREETHY, BFUHL AT 7OR VIV —TICET 2L2TDT
OEXAMUHLICSMLARL TER SR,



45 eigen_s

25

4.5

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

10

m_forward, m_backward, mode )
integer, intent(IN) :: n
1790 - RT MILDIRTT
integer, intent(IN) :: nvec
SFEILIEEE - WIS 2EENY ML([EBE— R)DFEK
FEDHZEIE, NN SEESNEROBEEE—N25ET 3.
—7, RIEDBEIE, RANSEESNEAHROEEE—F25ET 3
(BIEFERIEEA—Y 3 TR,
real(8), intent(INOUT) :: a(l:1da,*)
SIS N2 REMTH (L= ATNERDHEM)
HTIN—F VR TRICIERBIOABRIIKESINS.
=720, a(1, 1) IiEflopsH v MABIIS N S.
integer, intent(IN) :: lda
BEHaDBETE (V—FT14 ¥ IT4 XY 3aY)
real(8), intent(OUT) :: w(l:n)
FIEDOEEE
real(8), intent(0OUT) :: z(1:1dz,*)
THaDBEXEENY M
integer, intent(IN) :: 1dz
BzDBETE (V—T4 v IT4XxvTaY)
integer, optional, intent(IN) :: m_forward = 48
NDRRIVE —EBRDT Oy 7R (BHETRITNIEWT AR 0) AEREIZ48.
integer, optional, intent(IN) :: m_backward = 128
NIRRT —HEBOT Oy 7178 AI8EI3128.
character*(*), optional, intent(IN) :: mode = ’A’
‘A 2TOEEEERBT Z2EERY b (default)
‘N’ EHEDH
‘X E-FAICIATCEBEOEEREZ1TD

eigen_s

EigenExa® RS54 NIL—F U TH 5.
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subroutine eigen_s( n, nvec, a, lda, w, z, ldz, \
m_forward, m_backward, mode )

1. integer, intent(IN) :: n
17590 - R MILDIRTT

2. integer, intent(IN) :: nvec
SHETZEEE - HETEEERY MU EBE— R)ORK
FEDHZEI, RIADSEESNEROBEEE—RE25ETS.
—7A, BEDOHBEIR RAILEESNALEROEEE-—N25ETS
(BIEFERIEEA—Y 22 TRIE).

3. real(8), intent(INOUT) :: a(l:1da,*)
LS N BRI (L= ATHNERDHEM)
BTN —F R TRICIZRINOARIZRIESNS.
=721, a(1, DICiEflopshy ¥ DR IHI N S.

4.  integer, intent(IN) :: 1lda
BHaDBEETE (V—FavIT4Xx0¥aY)

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

6. real(8), intent(0OUT) :: z(1l:1dz,*)
THaDEREENY b

7. integer, intent(IN) :: 1ldz
EHzDBETE (V—FT4vIT4AvYaY)

8. integer, optional, intent(IN) :: m_forward = 48
NIRRT —EHBOTOY 7R

9. integer, optional, intent(IN) :: m_backward = 128
NI RARIEG —HERDT Oy 7 FRE

10. character*(*), optional, intent(IN) :: mode = ’A’
‘A ETOEREENIET Z2EAENY bl(default)
‘N EREDH

‘X E-RAICMATCEBEOBEREZITD

4.6 eigen_get_version

EigenExadD/A—2 3 ViEHR %R .

AYTN—FR3O—AIEETHS. (Bl fortranDRA Vo ELTHB7H)A L
v RE—D7 & IFEARVWE, BIEOBURFMEEEATORTWHIETILFRL v R0E
RICEUH T I ENTES.
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subroutine eigen_get_version( version, data, vcode )
1. integer, intent(OUT) :: version
D= 3 VES.

EHrld _ERIH Smajor version, minor version, patch level#& .

2. character*x(*), intent(0OUT) :: date
1)) —RH.
3. character*(*), intent(0OUT) :: vcode

EN—=UaVII/iETEHO—RKx—A4.

47 eigen show_version
EigenExaD/\—2 3 VIEHRZFEHNT 5.

subroutine eigen_show_version( )

48 eigen_get matdims

EigenExa THR T 2RINY 1 X%2RY. 21— —FFAFAHTNMEF L BRI
Fhx,apb LR ENMUELORBEZFERBLTO-AINLEINZEBNICERY
BZENEE LW, FH244IE(CYCLICCYCLIOAE E h T W, moded 7 % 3
VICEVBANY A ZOFERAXEYV YA XICHTZ2EENTES (AEVHEE
i&Minimal<LineAligned<Optimal DJ&). &Z 7' 3 > (3 Version 2.6 LA THRD.

AYTI—F3O—HVEETHSZ. (BIEH fortranDRA Y FELTHBH)A L
Y RE=T LREALVDY, SIBOBEYLHMFEI M TONTVWNIETILF L v FLE
FICFUPHET I ENTES.

subroutine eigen_get_matdims( n, nx, ny, mode )
1. integer, intent(IN) :: n
T DRTT
2. integer, intent(OUT) :: nx
a5 NICzDEAETE (V—T4 V074X aYy) OTFRE
3. integer, intent(OUT) :: ny
B/ s M ICzDEZA VT v ¥ ADTFRIE
4. character*(x), optional, intent(IN) :: mode = ’0’
TODTEDI/ESREICNT A T a v,
‘M’ : Minimal, /MR D Fi% % R
‘L’ : LineAligned, ¥+ v > 254 VICT 74 AV NEINF~TEEIRA
‘0’ : Optimal, REBCH v v 22127 v >V J %O %1% RE(default)
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49 eigen_memory_internal

A7) —F VILEigenExa O HEI N TWSREICHE TEMICHEERINE X E) Y
4 X %RY. MAEEABRORMEEZMY, XEYRRBICHBOABAVWKDICTRETH 2.
N—=23223ck Y8/ MEEEL (integer(8)) ZRYEEL THMHEKRERN RSN,

BYEN-1 (BfE) D& ZIEFTHNY A INKEY ECEigenExaWEBTHERT 2 EH
{E(integer () )N F—NT7O—FTE2BENDHZIIEZEELTEY, FREIVETH
3.

AYTN—FR3O—DIEETHS. (Bl fortranDRA V9 ELTHB7H)A L
v RE—7 EREZ AV, SIROBYLHMHE A TTOLTVWIIETILF L v NLE
RISV ZENTES.

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

1. integer, intent(IN) :: n
1T DRTT
2. integer, intent(IN) :: 1lda

RlaDBEETE (V=T IFT14 AT aY)
3. integer, intent(IN) :: 1ldz

BHzDBETE (V—FT14YIT4x0PaY)
4. integer, intent(IN) :: mil

NI RFIIE—EBRO T Oy JFREB(BRTRITRIEN TR
5. integer, intent(IN) :: m2

NI ARG —HEBDT Oy 7 FE

410 eigen get comm

eigen_initOICE > TEMSNAMPIOI 2= —9%RY. AT IL—FidOo—

ANEBETHS. (Bl fortranDRA VZELTHBHD)AL Yy RE—T7 &R@FEZRL
D, BB OE A EIEA TN TWNIETILFRAL vy RUEBAICIENHET Z &N TE
5.

subroutine eigen_get_comm( comm, x_comm, y_comm )

1. integer, intent(OUT) :: comm
EfgeH2332=5—%

2. integer, intent(OUT) :: x_comm
TA32=5—%. FdP'—BI2L7TOERFMET .

3. integer, intent(OUT) :: y_comm

FAZIaz=ls—4. Fidh—HT2L2T7OAHLFET 3.
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4.11 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
commf D 7 Ot 2%

2. integer, intent(OUT) :: x_procs
x_commA D 7 O+ A

3. integer, intent(OUT) :: y_procs

y_commAR D 7 Ot X%

412 eigen get_id

eigen_initOICL > TERINATII2aZ/r—9ICATZ 70 RIDIEHRERT.
ZZT7OLRIDIEMPIZ Y 7 EIFERYINSHART 2EHET, MPIZY =70+
ZID — 1DBRICH Z. KUY TV —F U IFO—HIVIRETH 5. (5l b fortranDRA > &
BLTHDO)AL Y RE—T7 LREAAWVS, BIBOBEUIRBHEFIEIATThhTLIIE
RIVFRAL Y RUEBRIZFETHET I ENTES.

subroutine eigen_get_id( id, x_id, y_id )

1. integer, intent(OUT) :: id
commTEHIN7OERID

2. integer, intent(0UT) :: x_id
x_commCEZEIN/Z7OERID

3. integer, intent(0UT) :: y_id
y_commTEZHI N/ TAEXID

4.13 eigen loop_start

BESINEZI7O—NILIL—TRIBEICHIET 20— ALRIL—TEBEICE T 2IL—
THIBEEZRT. FRELT, F7O0—NULIL—TRBERILETARL TEAR S AW,
1<inod<nnod(pdir{§EDHEIEZFDIAI 1=/ —94DEMTOE AR THL TERDS
2. pdir DNEYIRIEE THRWERIE, 0ZIRY .

REBIBHBRA VI —T A RERBALTEY, BIHUCIE U TEI A TAEEATY
HIns.
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AEHIIO—DIVBRETH S, (Bl D fortranDRA VFELTHBH)AL Yy KE—
7 EFEARWY, BIBOBEG LHMEEATONTONERILF AL y RLEHICITY
HIZENTES.

integer function eigen_loop_start( istart, nnod, inod )

1.

integer, intent(IN) :: istart
J'O—/\VI— TRtk E

integer, intent(IN) :: nnod
PARE

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

integer function eigen_loop_start( istart, pdir, inod )

1.

integer, intent(IN) :: istart
70—V — TRtA{E
character*(*), intent(IN) :: pdir

YATLTERYLERE -5 - TOAI1 =/ — Y EEITXFEEE
W’ or ’T’ : comm

’X? or ’R’ : x_comm

’Y’ or ’C’ : y_comm

integer, intent(IN), optional :: inod

7O+ RID, ANKIEFUHL 7O Dpdirlic {ISY 31D

BIZIE, ROELDBRFERINV—T %I 2= —Fx_coom®DATHFIELT 2 & ZIC, O—7H
WIL—TDOUIEEFH % eigen_loop_start’@ HUileigen_loop_end THS T 5. Bk
DI—TATHRVEINT WS HEAHMeigen_translate_12gldA—HIIIL—THo v E M
RIA—HANAVTY I RBICRIET 20—V Ty IV REERTEDTHS.

do i=J,K

enddo

AL

i_start=eigen_loop_start(J, ’X’)
i_end =eigen_loop_end (K, ’X’)

do i_local=i_start, i_end

i=eigen_translate_12g(i_local, ’X’)

enddo
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4.14 eigen loop_end

BESNAL7O—NILIL—TRIGEICHIET 20 —ANBIL—TEBEICE T2 IL—
TRIBEERT. FREELT, F7O0—"NLIIL—THRIBEIFILETARLS TER SR,
1<inod<nnod(pdir{§ENHABIEZDII 2=/ —4DSM7TOELRF) TR TEARS
2. pdirNEY)RIEE THRWERIE, —1%RT.

AEBUSHIREZEA V9 —T A RZHALTEY, BIEICIH C GEY A TR/ Y
HIhs.

ABEBIIO—DIVIRIETH S, (Bl D fortranDRA Y FELTHDHD)AL Y RE—
T EWREZBWY, BIHMOBENABHMEEEN Thh TUWhIETIILF R L v R ICIFY
B eNTES.

integer function eigen_loop_end( iend, nnod, inod )

1. integer, intent(IN) :: istart
7 0—)LJb— T E

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

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

integer function eigen_loop_end( iend, pdir, inod )

1. integer, intent(IN) :: iend
7 0—)b)— TiRinkE
2. character*(*), intent(IN) :: pdir

VATLTEERYZERE -7 - TOAI 2=/ — 92T XFEEE
W’ or ’T’ : comm
’X? or ’R’ : x_comm
’Y’ or ’C’ : y_comm
3. integer, intent(IN), optional :: inod

7Ot RID, ANRRFFUH L 7O R Dpdiri Wi d 51D

4.15 eigen loop_info

fA%eigen_loop_start&eigen_loop_end% &I HY T —F > THY), FHAE
- FRIRE & AR Y. ERISEEROE DICHS .



F4E  API

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

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

2. integer, intent(IN) :: iend
70—\ — TRk IE

3. integer, intent(OUT) :: lstart

0—hLIL— THakE
4. integer, intent(0OUT) :: lend
H— A IL— Tk E

5. integer, intent(IN) :: nnod
PAERPS -

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

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

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

2. integer, intent(IN) :: iend
7 A=) — TG E

3. integer, intent(OUT) :: lstart

O—HJ)LL— THaE

4. integer, intent(OUT) :: lend
A—AJLIb— THim{E

5. character*(*), intent(IN) :: pdir
YATLTERYSERE -5 - TOAI1 =/ — Y EBIXFEEE
W’ or ’T’ : comm
’X? or ’R’ : x_comm
’Y’ or ’C’ : y_comm

6. integer, intent(IN), optional :: inod

7Ot XD, ENRRFUHEL 7O Dpdiric WiEd 31D

4.16 eigen translate_12g

A—ANADVINRTO—AIA YTy I RE(IULDE)ICHET 27 0—/NLA
V7 v Y A%IRY. 1<inod<nnod(pdiriEEDHZEIFZDII 2=/ —9DSM7OER
) TR TSRV, pdirNEY)RIBETHWESIE, —1%2RT.

AEBITHRITEA VY —T A REFEALTH Y, 518UCIE L TEY A TR REAHLI EY
HEhs.
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AEHIEO—DIVRETH S, (Bl fortranDRA VI ELTHBH)AL Y RE—
T EREARBVY, FIBOBEAHEIEATORTONIETILFIL v FLEHICIEY
HIZENTES.

integer function eigen_translate_12g( ictr, nnod, inod )

1. integer, intent(IN) :: ictr
B—AIAovE

2. integer, intent(IN) :: nnod
PARRPY

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

integer function eigen_translate_12g( ictr, pdir, inod )

1. integer, intent(IN) :: ictr
A—Alhor%
2. characterx(*), intent(IN) :: pdir

YATLTEEYRZER -5 -T0OI 1= -9 E2EIXFEEE
’W? or T’ : comm
’X? or R’ : x_comm
’Y’ or ’°C’ : y_comm
3. integer, intent(IN), optional :: inod

7O+ XD, ANKEFUEHL 7O Dpdirlil {IG$ 31D

4.17 eigen_translate_g21

Ja—NIVATVEINRTIOA—NILA YTy IV ZE(AULEDOE)ICHET 20
—HANAVTYIRERT(FEL, 4% TOEANFT—F—TH2EEROAV).
1<inod<nnod(pdir{EEDHEIEZDNDIAI 2= —4DOSM7OEAF) T TEAS
BN, pdirNEIRIBE TR WSS, —1%IRT.

AEBIIBHEA VI —T7 A REFEA LTS Y, 3IBUCIS U TED A TAEERA TV
HEh3.

AEBIIO—DIVRIETH S, (BlED fortranDRA V¥ ELTHZDH)AL Y RE—
7 ERBARBVY, BIBDBEAHEIEATOATONIETILFIL v NLER(ICEY
HIZENTES.
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integer function eigen_translate_g21( ictr, nnod, inod )

1.

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

integer, intent(IN) :: nnod
PARRS '

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

integer function eigen_translate_g2l( ictr, pdir, inod )

1.

4.18

integer, intent(IN) :: ictr
Jga—nNILhovy
character*(x*), intent(IN) :: pdir

VATLATEETLER -F - TOAI2=— 9 %2BINFEEE
W’ or ’T’ : comm

’X? or ’R’ : x_comm

’Y? or ’C’ : y_comm

integer, intent(IN), optional :: inod

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

eigen_owner_node

BESNITA—NIA YTy ) ZE(LULEDOE)ICHBT 24 —F—FOE2DID%
B9, 1<inod<nnod(pdirifEDHZEEFZDAIa=—r—40SM7OERH) TR T
37 5730, pdir NEY)RIEE TRWEEIE, —1%RT

AEBERITRA VY —T A REFA LTS Y, BIBUCIE L TEY A TAREEA Y

HEhs.

ABEHIO—DIVIBEETHS. (Bl h fortranDRA V §ELTHDH)AL Y KE—
7 EREA BV, BIBOBE AHHEIEATOATONIETILFRL v RLEHR(CIFY
HEZENTES.

integer function eigen_owner_node( ictr, nnod, inod )

1.

integer, intent(IN) :: ictr
Ja—nNIAT Y

integer, intent(IN) :: nnod
PASR S

integer, intent(IN) :: inod

7Ot XID
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integer function eigen_owner_node( ictr, pdir, inod )

1. integer, intent(IN) :: ictr
sa—nNIav s

2. character*(*), intent(IN) :: pdir
VATLTEEBILERE - - TOII 1= — Y52 RBINFEEE
’W? or T’ : comm
’X? or ’R’ : x_comm
’Y? or ’C’ : y_comm

3. integer, intent(IN), optional :: inod
7O+t XD, EAREMUH L 7O X Dpdiric e 51D

4.19 eigen owner_index

LR TOEAMEEESNA/O—NILLI YTy V 2E(IULDOE) DA —F—D5
BIC, RBET20—AIAVTYIRERT. A—F—THRWVWBEIF -1 2RT.
1<inod<nnod(pdir{§ EDHFEIEZTDIAI 2=/ —9OSM7OLRF)THRL T
RHRV. pdirMEYIBIBE THRWERIE, —1%RT.

AEBUIHRIRGA V9 —T A REZHALTHY, BIFUCIE C CEYA TAESHI Y
HENns.

AEBIIO—AVIRETH B, (BIE D fortranDRA V9 ELTHBH)AL Y KE—
T EIRFABW, SIHOBURBHEEEAITOR TUONIETILF AL v RAERIZIFEY
HEZENTES.

integer function eigen_index_node( ictr, nnod, inod )

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

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

3. integer, intent(IN) :: inod

7O+ ZID
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integer function eigen_index_node( ictr, pdir, inod )
1. integer, intent(IN) :: ictr
sa—nNIvav s
2. character*(*), intent(IN) :: pdir
YATALATEERYZER -5 - TOAI 1= Y EETXFERE
W’ or T’ : comm
’X? or ’R’ : x_comm
’Y? or ’C’ : y_comm
3. integer, intent(IN), optional :: inod

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

420 eigen_convert_ID_xy2w

2RFTTOERAIDE, Uy KAy —ICGLTEBIIa=/r—9 L0702 RIDIC
T AAINETOERXIDPEYED 7O RAIDIEEARNTH 2 M DREIXTHA
L.

ABEIIO—HIVIRIETH S, (BlIED fortranDRA V¥ ELTHZ7=H)AL Y RE—
7 ERE RV, BIBOBEUAHEEIMTObh TOWhIETILF L v NOERICIFEDT
HeZENTES.

integer function eigen_convert_ID_xy2w( xinod, yinod )

1. integer, intent(IN) :: xinod
x_commlZ$H 737 AERID
2. integer, intent(IN) :: yinod

y_commilH 75T AEXID

421 eigen convert_ ID_ w2xy

ERI1Ia=-45—4t070€RID%E, Yy KXY v—IZIGLT2RTTOERIDIC
BT S AAINATOLRIDPRYED 7O EZXIDAEERTH 2 M OBREIFITHA
Ly,

AYTN—FR3O—DIEETHS. (Bl fortranDRA V& ELTHB7H)A L
v RE—7 LI@REABWVWE, BIBOBETDRFBEIENMTOhTUONIETILFIL vy RuE
RICHEUTHT I ENTES.
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subroutine eigen_convert_ID_w2xy( inod, xinod, yinod )

1. integer, intent(IN) :: inod
EfO3I2=4/—4%CH17570EZID

2. integer, intent(OUT) :: xinod
x_commlC #1737 AERID

3. integer, intent(OUT) :: yinod

y_commilH 7% FOERID

422 KMATH EIGEN_GEV

EigenExazZ BB EHET VY V& LTHAT S —MKILEBHER A NI —F U TH
%. version2.6LABE DN 5 EigenExalC IS LT W 5 (Z NLART Dversion TR BI&/ Ny o —
ZTmake BEDNDH D), ARZANORBTCHENATIAOERZRTEBEN Z5tHE
¥ Deigen_sxEUTHT. AR T A NFeigen_sx & RHRDOHINEZ T 5.
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subroutine kmath_eigen_gev( n, nvec, a, lda, b, 1ldb, w, z, 1dz )

1. integer, intent(IN) :: n
750 - R7 ML DRTT
2. integer, intent(IN) :: nvec

HETZEGME - HET2EENS MUEEE— K)OAR
FEDHZE, RIMDLOIEEINEHROEEE— R258ET 3.
—7, BEDIHZEIR, RANSEESNLBEROBEABTE—F25ET5
(BEFERIFR/A— 3 ¥ TREM).

3. real(8), intent(INOUT) :: a(l:1da,*)
HEHRORYVIV(A - AB)DITIA (E=ATHNEROH»ER)
Y ITN—F VR TEICIIBIOARIIRESIND

4. integer, intent(IN) :: 1lda
o a DEATE (V=T I7440Y3Y)

5. real(8), intent(INOUT) :: b(1l:1db,*)
FERRORYVIVL(A - AB)DFTAB (E=ATHNERDA»ER)
YT —FURTEICIIREEFERENDERTIIMEBMHEIND.

6. integer, intent(IN) :: 1db
5 b DBETE (V—FT14vIT4XvTaY)

7. real(8), intent(OUT) :: w(l:n)

FIEOEFE

8. real(8), intent(0OUT) :: z(1:1dz,*)
—RILEFEREOBERERNY ML

9. integer, intent(IN) :: 1ldz
oz DEATE (V—FT4vI74X093Y)
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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
IS—2MHWTIATZ)RERT INZHENHD. NTHRROBERIZZA TS D&
BRALICERDT ZENTERVWEDTHS. NTHRREICIE, 54735 RFAHPICED
NTWBRERREDAMIT KL X({\EigenExa}0ml.riken.jp)XF T—HL TIE L L.

39



40

BSE ZDMDIERER

54 N—I3vixicBi1d>z7—R -S4 75 YDHFW

BNA=Y 3 VIxTREYZT7—R - 477V aHR—FLTWRWL. X"—=T 3 V1xH
RLUR, Y T7— R - SA4T7 7Y FRARICEBROBANER L ERICTES 2%k
EECERMN DL THD (gccDHB/N—2 3V TRETHICARZOMANTETE
BRT 2G5’ Ho1) . "=V avixaEVzT7—R-S473) & LTHBT 3546
WEHETHEHNABEOEFEDOTEITLTERLLV. 25, EigenExaD/X\—2 3 2,00 51,
BlEMEAMFTERNEMEEEOSEN AT — LRTARITF— L) —4 (20155 Z8F) 5
DOEMBAEZIFS T —R - FATITVEDRBEL, N—T 3 V24BN LRI T«
VY TATINEVIT—R - SATIZ)OmEBEEEI KT B48ICR o 7. ERITEFIC
B RIRIBE(LD_LIBRARY _PATHR E)DBREZE TN T ICITARE, BYRS 475 pNE
RENEMET ZIETTHS.

5.5 BIFIDRIRE A & #EEEDOETR
5.5.1 Intel3 /34 S+Intel MPIFIBEROHEBIRMEICDWT

WS ODDMPIRERTIE, BIEMEEBE LT 27-OEMEE L ICBEHEEE ST
o oavEICRLT BEEEZFRIELAVWTZILIY AL EREATZ2E5ONEFEET 3.
Intel MPID R#F 2 X MIOJIIE, Ry h7—2 b ROV —2BH LTIV ITY ZLER
ALTWREHIC, RBDYF I avIitBWT(MPI_SUNARE)E Y ML RV OFTEHIR
MRS NARWEBRREINTWS. EigenExaTIERETLW L DA D F7OER T IL—TIC
DITMRAHEEZTOIWBAFEFELELTVWS. Tho ORI IL—THETE, GFERBRD
EYy MURIVTO—BDNBEL DD, SHEBRMENHKIET % & EigenExaDEIEZD
DHRBREERDFARELHD. TDD, NEBERRICEVWTTZEZRY ZOL S KR%E
BFZTIVT) XLICPYVEZTVWED, BEOT7ILIT) ALERHLIEEOREED % f#
RLTWB DI TIEAL.

Intel MPITIEZD & D 7%, BIRMODFRES%ZfHET 5701, RIEZII_MPI_CBWRA
HAEINTW3. EigenExald, AEMICEREZEHAIEELBE SR UKELAZERT
LI, A2 =S ICETREMHENSTMEEZLTWS. LALAds, 1—H—
ABIBEET7ILT) ALAEBELLGBEIC, AKENZR2ICE EEEVTInARV. L
A>T, Intel MPI%2ER T 215EE, RIEZHI_MPI_CBWRA2ICIEET 2 2 & A HEET
5.

% export I_MPI_CBWR=2 (Bash’®&)
% setenv I_MPI_CBWR 2 (C¥ /L&)

e, AVNASDRBIELANNICE B2FEEZE T H7-8, Intel compilerzEfHY 2
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mald, configureR 7 ) 7 N DIRIEEI A 7' 3 » (CFLAGS¥FFLAGS) IC-fp-model=strictd
TOSBEREICHEEER2ATYavERELAVWI EEHET 5. 1, configureX

2 7 kJintel compilerd’" RS N5 EICIE, BA 72 3 (-fp-model=strict)% B
BRICIEES 570, MAENBIEREMBEEY 5 BEIZL.
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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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AZE 7T TLDHE

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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B&E

Release notes

INETODNY)—ADEREIZCDWTIX ReleaseNotes.txtICHRINTWS.

B.1

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).
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B.4

B.5

B.6

B.7

B.8

B.9

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.

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, 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.

Version 2.4pl (May 25, 2017)

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

Major change with Autoconf -and- Automake framework.

Version 2.4 (April 18, 2017)

[Upgrade] Major change with Autoconf -and- Automake framework
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B.10 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.11 Version 2.3d (July 07, 2015)

Tuned up the parameters according to target architectures.

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.12 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.13 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.14 Version 2.3a (April 14, 2015)

Minor change on thread parallelization of eigen_s.

Minor change of the API’s for timer routines.
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= Fix the unexpected optimization of rounding errors in eigen_dcx ().

B.15 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.16 Version 2.2d (March 20, 2015)

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

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

B.17 Version 2.2c (March 10, 2015)

= Bug fix on the benchmark program.

= Add the make_inc file for an NEC SX platform.

B.18 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.19 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().
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B.20 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 MPI_COMM_NULL.
= Fix bug on eigen_s with splitted communicator.

» Update machine depended configuration files.

= Experimental support of building a shared library

B.21 Version 2.1a (Feb 23, 2014)

= Fix bug on the benchmark program.

B.22 Version 2.1 (Feb 10, 2014)

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

= Modify the bisect2 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.23 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.24 Version 1.3a (Sep 21, 2013)

= Fix bug on synchronization mechanism of eigen_trbakwyx ().
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B.25 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.26 Version 1.2 (Sep 17, 2013)

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

= Modify to support upto 64-thread running.

B.27 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.28 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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