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1.1 EigenExa ¥ ¥ DREZEE

EigenExa (3@ HREEIEE Y L NTH 5. EigenExa DFEHIX, 2002 IR —(7 &2 508k L /-1
Ry I 2L —% ETHFESI N EigenES(IERXA T3 2 — Fx—24)[1] £ Tl 5. EigenES D
BRI SC2006 TOa— K U~VEIZ/ 2 32— b 3N, ZDBRKHBR PC 7 7 A% ETOREEE
VN = LT E N T WS [2]. EigenExa DERID Z 4 75 U FEHETH % EigenK|[3, 4] DFH
FEH 2008 LELHICHHLAE X A, 5[5, 6] DEARIATR D 2013 4 8 A% EigenExa 1224 L —fi%
NEAD B X N7z, BigenExa I3FRESG T2 TH A 5 KA MREX AT — L GHEHS 27 4 (FiRg
(2279 F723F 222N =L AT L) TRT—F 7VICEEST BEHMES 4 75 V) EBR
Z HIBICBHFEDP SN T VS, ZRETOV Y =R (ON= a ¥ 2.3c, 2.4b) T, FEHERE (AR
Yy —BLEEEREOWFIICH LT 2 ToEEN ( TEEMHE) © ST 2EHE~X2 bl
Offl) ZFHE T2 WVWIRD Y INREBRERREET 5. 72, R [2, 3, 4] THEINTWVWS &
512, EigenK [A#k EigenExa & £ 72572 7L 3 ) X4 L el 713 X A Ol %23 H
U OMAICE T 25t R 2 IR L T\ 5.

2014 FEH SHIC X VRS FEINTWEZA——a vy ¥ a—& [EF [7] Ti&, KB
HIBEE BT SEF — 202 FS2020 70227 b7 —F F 7 F v F— L L OEET TEE)
IZ[6)1F 7= EigenExa Bi%E ¥ %finsitt o 54, EigenExa 13 (B LOBHEAES 4 75V 0—
LTRSS, BFICBT 2HEMiED—DX, "5 MO R RayTid 7ty HHRED
M EICKLT, 2y b7 =2 HRBOMOIDHTE2I L2 NA—FY2T7DT7 o NF V2T
5. EE EEO/NMUEZR ca Tt TEIL AICBWTEENRRKDR MLy 7878 oT
BY, TEE) HEORF — L TIRERTERWI EDERMEI» SFEBEhTVE. A Y —2
(=2 3 ¥ 2.6) TlE, NURRNVE — =B IBE RS 2 S H 3 % & & B2 [15], 74
TIREO R — RN Y AWEBCFER o LT at 2~y BV 7 ARAERHALTWS. Zh
LEANE, 5 ay¥a— 4B IYIREICE T 2 HBEEBEICKESEBRL TV 5.

EigenExa [3BFEE2> 5, MPI, OpenMP, & EHE BLAS, B2 SIMD X2 h LAk Fortran90 2
VA SENR kA R T 0 75 I Y IERBE 94 77V RRHVWTHESIATWS. 1) %
ke TEE) BV TH, KICHET 2 THEPERIFRICHEEEL C, &Rt A2 EB T 52 L
PN S,

1. MPLIC X 25X £V Bl /7 — R REAAIE

2. OpenMP 12 X 23H X £ VRIHEIREED L ld~1F a7 ety ol
3. RU AT XY EECHR#EL S N7z BLAS & vz @izt

4. Ry ZEREOEMEREa > o84 F % ATz SIMD 3 U < 3BRRLE G5
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EigenExa 121% Fortran90 DI D X WIS FBMEAVICEL D ;AE N TW 5. EigenExa @ API X
Fortran77 12 X 2EES A4 77V XD DJFMTH D, T a2 — A VR —T = 4 AHMEATHES [$X
WEDZ—HF—TL YRR VR —T 2 A AN Z. F—2o8E 2 K0eH A 27V v 2
FENREZND D, Tty ¥ <y AININEEREBIRDIEE T E, ScaLAPACK 234845 27—
X HEEE RS WEFEORMEFE S 4 77V L 0B - BEHSHFIEIhTWws. &
W, EITHREE AL T2 70y V85 X=X 2RHE N> SIETZ 2 (BIES AIEE) 72 2, MEREM
LoD v E—T 24 AHRHL TN S,

5475 ) BAKDOAHIERED B 0 & R TA S 2, BigenK DIEEF — Ay REHIRT 2 Z &
TEWEREM EZZE L TED, £ DEEIC EigenExa & EigenK %° ScaLAPACK 72 & O 7K HE
DBUEFIHREZ 4 77V KD EHRETH 5 Z L MRS ATV [4]. BITE, EigenExa ld 5] a ¥
Pa—&, ZA—NX—aYVFa—X EFE 2L LT, ZOEAKTD % Fujitsu PRIMEHPC
FX >V —X Intel x86 R0t v Z# T 287 7 A X2 X7 L4, IBM Blue/Gene Q > &
T, NECORZ haybPa—&RSX ) =Xy, ZL{DHPC 77y b 7 x— L TEIET 3.
%72, EigenExa BT 222 MEEIZHC LS [8, 9, 10, 11, 12, 13, 14, 15, 16, 17]. NEFEE,
7Y X L HERERHIIC ELIE DS B 2 58 1 F MBS U TSR 0.

AR F 2 XY M EigenExa version 2.6 DL —H X - <=2 7/ TH 5. BAHD 5 FEEEOMHH
FTONBELLTWS. FHUZ, BA, a4, 74 v 27 Fa—b VY71, API VX b, Eigenk,
EigenExa2.3 LIFT & O HEEDEREIBIR XN T WS, EigenExa BiFE 7L — 7D TORERE L,
ARF 22X IDBZLORMHBECHLTHEINS I 2L —2 a VEHRILESEZDOTFTHIT
Wik b Z e LTV S.



1.2.  FIHFEF4E/Copyright 7

1.2 FAEFFEE/Copyright

EigenExa 1% 2 570 BSD 7 A 2 >~ & (The BSD 2-Clause License) 2D X FHZFF#T % (7
472 VN D LICENCE.txt {ZFC#).

~ LICENCE.txt ~

Copyright (C) 2012- 2020 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.

Copyright notice is from here

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 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 SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

- J

2B, —#a— i LAPACK-3.4.2 and ScaLAPACK-2.0.2 ® “X{EHITH 2728, TTD
VI7bh0 2774V RINES.
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~ [LAPACK 3.4.)

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
$HEADER$

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.

~




1.2.

~ [ScaLAPACK 2.0.2]

FIHFF&h /Copyright

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
$HEADER$

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 EigenExaDA VX L=IDHICHERY T +b0T

EigenExa 74 77 V&2 a2 84 LT 572DI2FROPDY 7 b0 = 7%y =D R L RIS
UL 5720, BLAS, LAPACK, ScaLAPACK 2 MPI iX EigenExa @ 2 ¥ 284 )L DRI S A
FTLIZA VAP =L ENTWARL TEESRW. BED L 25, EigenExa I FITRT 74 75
VTaAV A NVTEDZEPHEREINTVS.

BLAS Intel MKL, GotoBLAS, OpenBLAS, ATLAS
Fujitsu SSL II, IBM ESSL, NEC MathKeisan
LAPACK Version 3.4.0 LU
ScaLAPACK  Version 1.8.0 DI
MPI MPICH2 version 1.5 LU, MPICH version 3.0.2 DI
OpenMPIT version 1.6.4 DU, IntelMPI % FujitsuMPI, MPI/SX 72 £ DX > X — MPI

2.2 EigenExa D AFHE

EigenExa ICB 3 2 2 TOEHRIZKD URL 205 AFARETH 5. -
https://www.r-ccs.riken. jp/labs/lpnctrt/projects/eigenexa/index_ja.html

tarball DEC S _EFEEV A M6 XN TWA. EigenExa IZE$ 2 Z 0Bl b XN T WL
FTETH2. AFRTIX, N—=T 3> 2.6 D tarball TH S eigenexa-2.6.tgz #X V>0 —F LT
25 DIEEIZOWTLL R TR T WL .

2.3 AUNAILEA X M—=ILFIE

EigenExa 74 77V Da Y XA MZIEROPDOFIEBBETH L. RDA YA L —>a vF
FlEIE->TIEL.

RCEBE 73, tarbalzV—F> 2774127 MY LTCERMTS. 2L T, 7417 MV EigenExa-
2.6 IZHENT 5.

% tar zxvf eigenexa-2.6.tgz
% cd EigenExa-2.6
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WRIERTE R, configure A7 VT M 2FATL, ¥ R T LABRKICE DR Makefile F% HENIE

% ./configure

BLAS, LAPACK, ScaLAPACK 33 2T A X o TRESE T4 L 27 PV IKHEIATB Y, HHD
AT 7V LTS DEFERLZL TIRLBRWEEDHD 5 5. 2OHEIE, U TOREE
BEBEINEHET S Z e THET 5. configure A7 Y T DA T aid./configure --help
THERT 2 LN TES.

e FC MPI A fortran 2> %4 5 a~< > F (mpif90 R ¥ 2I5ET %)
e CC MPIFICay X4 Z5a<Y K (mpicc REEIEET D)
e LAPACK_PATH LAPACK REBUEZ A 77 VDMMHT 4L 27 ™Y
e LAPACK_LIBS LAPACK R¥#UlZ 4 77V DV > ZREDIEESTE
73, configure A7V 7 s BSEUNCEIEL L WIGEIE. X2V S PAFICHEAEhEY 7 by s

TN=YaryDENILEIEHEZOLNE. RDXSIZ, cleanup A7 Y 7'} & bootstrap A
7V MEEITL configure A7V 7 M OFAERD HHRDTIF L.

% ./cleanup
% ./bootstrap

XY 3FHIZ, make 2FITT 5. ZOMBAXT 1v 2 + 74751V libEigenExa.a RO U
2= 7—F74 77 libEigenExa.so DE I N 5.

% make

1A=L FfRIZ, 9477 VHETH S libEigenExa.a (=7 — K534 77V DHE
|Z 1ibEigenExa.s0) & eigen_libs_mod.mod , eigen_blacs_mod.mod, comm_mod.mod % 4 > &
F=AT4 L7 bVIaA—LKTTH 5.

% make prefix=(f YA b+—=L T2 topT 4L 2 V) install

FETA YR =T 354, HlZ1E /usr/local/lib iIZ4 Y A b= T2 L EX, KD X SI1TF
% (TRONY 725 w2 a('\V) 3T 2 EKT 2 DT, EREDOATRFIIIAE).

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

comm_mod.mod /usr/local/lib/

—RILEEMEHE R S /NIL—F> [HIR version 2.4 £ T, —RILBEIEMER L L —F >
KMATH_EIGEN_GEV % J{EIC 2 > A V§ 2 B D3 - 7253, version 2.6 7 513 EigenExa IZHX
DAENTWVS. make 325 & —MRICEFMEHD K 7 4 NEY 2—)L KMATH_EIGEN_GEV.o 2%
libEigenExa.a 7% 6 (NZ 1ibEigenExa.so I Z N TE D, 705 4V ¥ VI —RALIE
BEFEDAREL o TV 5.
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B3IFE IJ4vIFa—rUTIL

3.1 EBFRIFUHLBE

V—%27F 417 FVIZED, ‘make benchmark’ ZFEITT % LIEER Y Fv—7 a— K&
5B, V—R2— FHD ‘main2.F’ ¥ ‘Makefile’ 133 — FAERICRILDIZTTH 3.
main2.f O EWOH LD DBRRD X ST 3.

-~ main2.f ~N
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(anm,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

N J

Loa—FIEREDTEZRLDOATH D EREOFEI LW, 9 — TSR —
MEAEHE) - TRTFRE) ORI TI2bDTHS.

3.2 AZazZH5—A4X

AETDF] (main2.F) T HIHLBEIEL eigen_init () Z 5B RH L THEITL TV S.
eigen_init O WXEHEHEZEMT 2 71— %232I 2=/ —%2 ¢ LT comm=XXX DL THE
ETES. D 7N — 7 TRIRNCEAEFE 2 WHFIT L 720w & Z121d MPI_Comm_split () 5§
TR ENzaIa=r—2%2E3T e TCliFEHERREL 72 5. eigen_init () XEHRETH
2DT, comm BT 2270 RICFARHICHENH IR TERLRVE WSl H 5. Hx
DTAEAT IR 2= —XEEETE 20T, BEMEFEICSML VW vt 21k
MPI_COMM_NULL % eigen_init() IZH&E LT, BEHMEFHE K 7 4 N eigen_sx() HEDOMUIH L
ERAXy TEBBIENTES. DFED, eigen_sx() OUHLIINT eigen_sx () & ELekk & 72 iH
HEeRFFEITT2 BT 3.
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//-MPI,Comm,spllt & MPI_COMM_NULL ~N

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 (DR . AT eigen_sx ZFFUCH L THESIZ return 3 5)

endif

J

EigenExa Tl¥ eigen_init ) TIHESIN/ZIAI 2 =F —XIET 270 R%Z2 2T 0n€ X
70y FREELTHEHT 2. TE3XTEEEIHIRTE 2 X5 IXIEHIGAWED kX7
Uy RERAT2 XOEFENTW3. £72, EigenExa IFHEOFEEZED 2 LW B DL,
MPI THHINTWR 2RICH —T ¥ 7 V% comm IZHEET A Z e TEL LS INTVS.
JRERANZIE A — 7 > 7 Y DIBIRD 2 XL T HAUIERE D 71 £ AELE 2N L T EigenExa ZFEO0
HUTHRET 2 eNTE DT, Lo BEHEIEEHD 2 I 2=/ — X L DHABEDOEIC L D EHR
WAHIEZSEITTZ e B TES. B, h—7 7 VIFEARW T ot X7 v K5 Row-major
W57, order="C’ fEE L FET DL ERX I —T 7V 2BRL TR 2o TW0W3. 71
B, EigenExa \ZELIREN ST 7 4L D 7Rt 27V v R Column-Major #EHALTW3.

eigen_sx() DM L OBERTNIFEIH LTV mat_set () IZBWTITHIT =X DEKZIT-
TW3. [THF—RIIEEINZ 20701 227 ) » F R 2KIEH A 27V v 2 5ED AR A L
THMENTED, B—HLEF L LTHE IR RAIRMEI N TWS. &7t 23T D —ED
T —RDAEEINT 27, [THBEREDO 7 7 A% T 3GEEIE 70—, Ty 7 2na—7
NA YTy 7 AR DEHRN —NHRETH .

3.3 AO>RAVTvIADEDFKL

Ro7Tvar 7 Llidmat_set ) HDEMTH D, o — L h v > R K 50— THEKD Frank
FAVER TR 7T nea—Nh o v RIS K BN —F AU BEE L LTURLTWS.
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-~ 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

L

~ matset(after parallelization)

! 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’ )

do i 1 =1i_2, i_3
i = eigen_translate_12g( i_1, Y’ )
do j_1 = 3.2, j_3
j = eigen_translate_12g( j_1, ’X’ )
a(j_1, i_1) = DBLE(n+1-Max(nt+1-i,n+1-3j))
end do

end do
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-~ matset(after parallelization using 2.4 prior) ~

! 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 )
3 = eigen_loop_end ( n, x_nnod, x_inod )
= eigen_loop_start( 1, y_nnod, y_inod )

i_3 = eigen_loop_end ( n, y_nnod, y_inod )

do i_1 =1i_2, i_3
i = eigen_translate_12g( i_1, y_nnod, y_inod )
do j_1 = j_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+1-3j))
end do
end do

J

N— THIPHDZH UL eigen_loop_start() d L % eigen_loop_end() ZfEH T 223, 22T
W R [FRFICE 3 2 BI% eigen_loop_info () 2o THIRL TWA. HE=, HrU5 XS
0= LAy v 2 E, BHGIBICE BT MR RS X FRIEET 5. (IHRTOFITIE, =, =
FIBEAEAMZ RS aAI 2= =& bRESNS T2 e Tuat X ID 2 ET 5). &K
FFaXYbCRERE T E ATy I2R)) =>7x7, BIE ATy I7R)) =7y” Xt
JEICHR o TWS (BT 2 2hDa I 2 =r—ROEHEE, "x” 7y " OIS EHELTIIL
TW3. 22T, ERAZEFEYL LT EigenExa TIZ 7Bt 21D % 1 22 56RE 2BHTEHEL TV
5] . ZDD, MEEHEE eigen_get_id( ) WX > THELZ 722 A IDIEIMPIOZ Y7 ¥
12T TS MPIDZ ¥ 7 BREZEEIZT a2 ID 225 1L 2 REDD 5.

LT a o 0%, a—hNRV—=Th Y Y ZEIOMIET E 70— NV h Y v REICERL
THHT2—fITdH2E. ZDEHUTIL eigen_translate_12g() 2T 2. H, H=51%Z
eigen_loop_start() REL[ARRICHRET 2 & X\, W, ZFa— LA v Y EaZza—hLh v
Y REICEHET 51213 eigen_translate_g21 () 23 %. 7272 L, eigen_translate_g21()
B — NN hY Y REEN—TH TR LTREZE &2, Y7 VX EOI —F— T a2
(Z2D7B—=rLAh Y Y ZEMIET 20—V h o Y ZEEL—THICEL Tt R) e kb S
Ot 2 LTINS 20 —ANAY U 2ERRT I T3 (BBENOH L7 A0 —F—
Tat 2 TH 20 e IFBGRR S FE—EZIRT).

BELLZB =NV —=ThY RO F —F—Fnt X %K 51213 eigen_owner_node() X
eigen_owner_index() 2T 5. RDOT 177 ATHIRT 5 X 51T, FPEDITHIESR (Z ZTld
(j,i) DEZR) 2B LD 78— FF ¥ X T 2BRCHAT 2 & L.
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-~ Broadcast R
a(j,i) Z7H—FF ¥R}
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_0, i_0 )
call MPI_Bcast( v, 1, MPI_DOUBLE_PRECISION, root, TRD_COMM_WORLD, ijrr )

o

3.4 ScaLAPACK tDEH

B2, ScaLAPACK r ##E L7 EMHFMIOFFEZED 2V 21%, BB
eigen_get_blacs_context() IZ & D EigenExa THH$T2 7mnt A7 Yy Fary 7 A 2N
FFAUT LV, mat_set O BIELD ntype=2 DERDDBRWHITH 5 (K717 F 41, 1751 AS Dl
B & 175 A KGR % PDTRANQ) FECH L O TH %),

/pdtran ~
! Cooperation with ScaLAPACK

NPROW = x_nnod; NPCOL = y_nnod

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

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

.

2 284 JURHZIE MPT A fortran 2 2284 Z (I 21X mpif90) 2T 2 & & BT, eigen_libs_mod.mod
REET 2—NANDT I RADPRBEL 22T D RADRER L TELABEN DS (L DHEIF-I
7> arTH3B) . ¥z, EigenExa 74 77 V%V F 5i2lE, MPI, OpenMP, ScaLA-
PACK(N—=% a2 ¥ 1.8 LT O EE BLACS &) REZRIFHCY ¥ 7§ 268D H 5. GNU 2
VA4 T R=ZD MPL DEEIFLLTD X 5125 % (ScaLAPACK R BLAS £ D 74 75 1) £l
RIICK o THRR2).

% 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
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F4EF API

ARFTIX fortran €Y 22— )L ‘eigen_libs_mod.mod’ H°C public BHZ 5 2 o B8z Y X b
T TF B MDDV —F VIEAAL Y FITAN—THY, ZOfMd2—7 4 VT4 BERTHS. &
BREY 22— (BRI 2 —F —DHE eigen_libs_mod.mod) % USE X THIE T4UX, #FR
#BAE L Optional BHED DW= 5B OKREZ HHTZ 5. Optional JEEDDW518 (BHATEL
ML TW2S) I, AlEHTE 2 L, Fortran ® 7 + —~ v MERTH % TERM=‘variable’ or ‘constant
value’ THIGERIRETDH 5.

EigenExa 3 AL v RE—7TlERW. LdoT, M FIORTEKTILF AL vy FRFICHN
TRIFEBEESHRVHDIZOWVTIE OpenMP O OMP V — 3 Y OAMAITO AR L < Tl
5720,

4.1 eigen_init

EigenExa OfSREZ WL T 5. ot X7V vy R BV 7 %2518 ‘comm’ X ‘order’ i U
THRET 2D TES. AFHXIIELEFNTD 5729, EigenExa DEIHEICSNT 2270t R
EARBIECR FIRFICIE O X 2 TER SRV, 7, ABTY 723 2= — X2 RK 5 DK
T 5720, KEBFIEITOBICIEZ K ONEIX £V LU OHEENRAENS. X512, 1
ML7eH 7 a3 2a=r—XTOBEUROY > T VI RFEMT 570, HADF — =~y FH
HdZerFEINIZV.

ARBAEZ WO U 721213, IHD eigen_free() ICX A2 TFMZF ZHF B TRINUL, H
£ eigen_init ) ZFFFH L TRWITZRW. fIZIE, B2 I 2= —& commn 2ZLHET 5 & X3,
eigen_free() Z—HM-UH L, FE eigen_init() TAI 2=/ —XZ2EH LR TUIRSRW.

comm [3FE T HLAIN—T T ICRRBEEIEETE, B2 Tut ATV —THPRAKICE
A NBIEY (eigen_sx() & L <X eigen_sO)) ZIFH LBRITIE, F J A4 ~BIREHALCARZIEIE
3 %. comm A MPI_COMM_NULL D¥5&, N K J eigen_sx() % eigen_s() DI NBRITIEA
HTMBITOTEBICYZ—VF5. A r&x—aIa=r—X3HEHATERL.

EigenExa (T OpenMP IZ X 2L F AL vy FAULEEITS 25, 2ETOT B2 RATAL v R
BO—H L T0RLTUIR SRV, REHFECH LEFIC, ALy REDERR 2 70t XDFEIM
HEhBETa 7S 2087 K— b3 2% (MPI_Abort MEUH XN 5).
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subroutine eigen_init( comm, order )

1. integer, optional, intent(IN) :: comm = MPI_COMM_WORLD
Egriktaza=r—4
comm B 2RILH—T 7 VDEFE TR 7Yy Ry BV IR EMCKRS.
R . AWSEEIE MPT_COMM_WORLD

2. character*(*), optional, intent(IN) :: order = ’C’
'R’ (Row) ® L <& ’C’ (Column)
R AR C e LTbhd. 7V y RXT Y= h =727 > comm D
TELFIES 5 & Z13EY)L major BERA SN 3.

4.2 eigen free
EigenExa DXREZ L T3 5.

subsroutine eigen free( flag )
1. integer, optional, intent(IN) :: flag = 0
RA=R—=TNV I RDT T
ZOGIBEFFEMRD D Db O TH DIBEHIIEE L. HHERHIZ0 TH 2.

4.3 eigen get blacs_context

EigenExa THEX N2 70X 7Y v FIEHRICHIET % ScaLAPACK(BLACS) ® 2 ¥ 7 % &
b %3RF. EigenExa ¥ ScaLAPACK [l TT7 — X DL h WD 23 3B EHr 8 5.

integer function eigen_get_blacs_context( )

4.4 eigen sx
EigenExa DF7%2% K7 A N)L—F > ThH 5. HEMNATIHIANOEE L ECEAENZFIHET 5.

AR IANZEMRETH D, FFCHLEITS 702 AL — BT 3 E2THO T at AU H
LIZSI L7 Tidk s,



4.5.

4.5

eigen_s 21

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

10.

m_forward, m_backward, mode )
integer, intent(IN) :: n
175+ X7 FILDRIL
integer, intent(IN) :: nvec
FET BEEM - ST EEARY ML (FHE— ) ORK
EEDOSGER, mhhr offE SNl oEEE— 2R T 5.
—77, BEOH AR, BR» SEE SN EROEEE— F2iHET 3
(BERERIZE S — ¥ 2 > TRIE).
real(8), intent(INOUT) :: a(l:1da,*)
WA 2 MFMTA (E=ATHIER D AER))
BN —F VR TRICEESONEIIER I .
72720, a(l, 1) i flops AV ¥ PRI NS,
integer, intent(IN) :: 1lda
Bl a OBEE (V=T 1 Y7 T4 AP ay)
real(8), intent(0OUT) :: w(l:n)
SHIE oD [ A E
real(8), intent(OUT) :: z(1:1dz,*)
175 a DIEREH XY F v
integer, intent(IN) :: 1ldz
BeHl z OBETE (V=T 42774 X0 ay)
integer, optional, intent(IN) :: m_forward = 48
NG ZARNE —ZHD 71y 7R (BT UV IT 720) FHIERHZ 48.
integer, optional, intent(IN) :: m_backward = 128
NG ZAFRNR —PEARD 70y 7 FEL AR 128.
character*(*), optional, intent(IN) :: mode = ’A’
‘A RTOREFEEMIET 2EH X7 B L (default)
‘N [EHED A
‘X0 E— F A MR CTEBEORESREZ1T5

eigen_s

EigenExa D K 7 A N)L—F U TH 5.
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subroutine eigen s( n, nvec, a, lda, w, z, 1ldz, \

m_forward, m_backward, mode )

1.  integer, intent(IN) :: n
731 - RZ PV DKIT
2. integer, intent(IN) :: nvec

SHET BEGE - ST BEAAZ P L (BEE— F) 04K
EEDOSGE, s/ o SNl OEEE— N2 RE T 5.
—%, BHEOHEX, BR»OHES N EROEAEE— F2FHE T2
(EUBEERIEE S — 2 2 > TAHIE),
3. real(8), intent(INOUT) :: a(l:1da,*)
ML X2 T (L =ATHEZDAARD)
P IN—F VR TRICEES ONF IR N .
72720, a(l, 1) Wi flops AU ¥ PRI NS,
4.  integer, intent(IN) :: 1lda
Bl a OBEE (V=T 1 V7 T4 AP ay)
d. real(8), intent(0UT) :: w(l:n)
SHIE oD [ E
6. real(8), intent(OUT) :: z(1:1dz,*)
175 a DIEREH XY F v
7. integer, intent(IN) :: 1ldz
feHl z OBEE (V=T 42774 XY a)
8.  integer, optional, intent(IN) :: m_forward = 48
NG ZARNE—ZED 71 v 73R8

9. integer, optional, intent(IN) :: m_backward = 128
N ZFNNE =MD 71y 7R
10. characterx(*), optional, intent(IN) :: mode = ’A’

‘A BTOREFEEMIET 2EH X7 ML (default)
‘N EHED A
‘X0 E— F A MR CEAEORESEZ1TS

4.6 eigen get version

EigenExa O N—3 a VIEREZIRT.

KY TN —F 3 —HINETH 5. (518D fortran DRA Y XELTHS70H) ALy R
t— 7 LIFE RV, 5B OBEY P E TR TWIUIT L F ALy AN S
ZEMTES.
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subroutine eigen get_version( version, data, vcode )
1. integer, intent(OUT) :: version
SHTDAN—Y a3 UHS.
BH1E _EAID S major version, minor version, patch level 2% 7.
2. character*(*), intent(OUT) :: date
yvy—2H.
3. character*(*), intent(OUT) :: vcode
BN=T a VBT B a— F1— 4.

4.7 eigen show_version

EigenExa O N— a Y ERZEEH 15 5.

subroutine eigen_show_version( )

4.8 eigen get matdims

EigenExa THESE T 2 B0 4 X 2R T . 2 —H — 3R TS L 7287 ~% (nx,ny) L
RIFZEINU LOBHEZER L Tr — 2 A RES ZEINCHERS 2 2 eAEF LW, 175
(CYCLIC,CYCLIC) 581X TV 3. mode 7 3 12 & DEHIY 4 X DM A E Y H 4 R12
T RIEENTES (XEVHEEEIX Minimal<LineAligned<Optimal DIH). KA 7> 3 i
Version 2.6 DI THLD.

KYTN—F L Iu—hINVBIETH 2. (518D fortran DR A Y XFELTHS720) ALy ¥
=7 LIFE ARV, 51 O@EY RHHEHIEI TOh Twiud~ v F ALy FILEEAICIE N3
N TES.

subroutine eigen get matdims( n, nx, ny, mode )

1. integer, intent(IN) :: n
T8N DRIT
2. integer, intent(0UT) :: nx

¥l a ez DBEE (V=T 1 774 XrYay) OTRHA
3. integer, intent(0UT) :: ny
Fi¥la 26T z DEFEZA > F v 7 2D FHR{AE
4. characterx(*), optional, intent(IN) :: mode = ’0’
ITANDNEDIEEHFEIINT B AT a .
‘M’ : Minimal, /MR D~k % &KH]
‘L’ : LineAligned, ¥ ¥v > 2754 VIT7 74 X b E3NTEEIRA
‘0’ : Optimal, N¥iCTF vv ¥ 2 X5 v ¥ ¥ 72 [ELET 5 ~FiEZIRH] (default)

4.9 eigen memory_internal

Y 7 )L—F 2% EigenExa 25FF O H X TV B IS TEIMNICHER X2 X BV A4 &R
T, MAZBIARBEBOEIEZND, XV ARRIHOLRVEIICTTRETHS. N—Y 3> 23c
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£ D 884 MER (integer(8)) ZIRDHYE 2 A EA LR SN,

R DED -1 (AfiE) @& Z3THIH A XHIK Z 5 X T EigenExa WEFCEH 3 2 %5l (integer (4))
ME—-NTO—FTE3BFNDRDHZ e 2BELTED, FELLETH .

KY TN —F 2 EZu—hNBETH 5. (5IED fortran DRA Y XELTH 5728H) ALy K
=7 LI3E RS, FIBOEYIRHHEFIEA T O THAIE I LS ALy FUEHI IO S
ZEMTES.

integer(8) function eigen memory_internal( n, lda, 1ldz, ml, mO )
1. integer, intent(IN) :: n

DT
2. integer, intent(IN) :: lda

FE8l o OEAHE (V—F 4 Y IF 4 AV T ay)
3. integer, intent(IN) :: 1ldz

Az DGR (V=T 4T TF4 XY ay)
4. integer, intent(IN) :: ml

N RFNK—TRD T Ty 2R (BT U )
5. integer, intent(IN) :: m2

NG ZFNE — IR D 71y 7 RE

4.10 eigen_get_comm

eigen_init ) WX o> TAEMENA MPI a3 2 =r —X%ZIRT. KY 7L—F vidu—h L
ECTH 5. (518D fortran DKRA Y RPEELTHS70) ALy FE—=T7 LIEE RV, 518DHE
s getiilEsTbh Tl L F ALy RO T Z 223 TE 3.

subroutine eigen get_comm( comm, x_comm, y_comm )

1. integer, intent(OUT) :: comm
HEgprisa3a=r—X
2. 1integer, intent(OUT) :: x_comm
Taila=r—2 TdP—HT2LT70LAFET .
3. integer, intent(0UT) :: y_comm

Flaa=r—& Flidh—RIT 270t 2ALFHET .

4.11 eigen_get_procs

eigen_init ) WX ko THERI NI 2 =7 — XT3 e 2FEREZIRT. A 71—
FLIa—INVBRETH S, (518 fortran DKRA Y XPELTHZ7D) ALy KL= LIFE X
2D, 5 OB R PHEEIE A T bR T WA A F AL v IR OHT Z e A TE 3.
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subroutine eigen get_procs( procs, x_procs, y_procs )
1. integer, intent(OUT) :: procs
comm 10D 7 11t 2%
2. 1integer, intent(OUT) :: x_procs
x_comm 1D 7 1t 2
3. integer, intent(0UT) :: y_procs
y_comm HH D 71t 2%

4.12 eigen get_id

eigen_init O W KXo TEMEINzaI2a=r—XIHT 2 0t X IDIEREERT. 22T
0t X IDIEMPI 7> 27 L3RR 1066863 2 8BEUET, MPI 7 > 27=710+t X ID — 1 DB
RICHZ. KYTN—F3a—INWRETH 5. (518D fortran DR A Y XELTH 57:80) A
Ly Fe—7 33 A2V, 5 BO@EZIHMGIEsThh ThiuI< L5 ALy NI
UH3T e TE 3.

subroutine eigen get_id( id, x-id, y-id )

1. integer, intent(OUT) :: id
comm TEFI N7 1L ZID
2. integer, intent(OUT) :: x_id

x_comm C/EFEI N7 B 1ID
3. integer, intent(OUT) :: y_id
y_comm TEFEI N7 vL X ID

4.13 eigen loop_start

fRE SNz 7 a— UL — TRIBEC ST % 1 — Vi — TR B 30— THltRfE %
R R LT, Zu—obb— ZBAEIZ 1 A ETR S TER 5. 1<inod<nnod(pdir &
EDOHBERFZDAI 2= —XOBIMNT 0t 2E) TR TIR SR, pdir 2@ YR FEE TR
WISER, 0 2K T

ARBEUIFGA X =T 2 A REFHHALTE D, 5180206 U CHEYIR BSOS .
AEEI T — ANRETH 5. (BIBDS fortran DFEA Y ZELTH B720) ALy Fe—7 i
S 27200, 5B OET L HHMEFE S ThbA TR L F ALy FIBEANZE T Z e 28T
x5,

integer function eigen_loop_start( istart, nnod, inod )

1. integer, intent(IN) :: istart
7'a— L)L — FHbAE

2. 1integer, intent(IN) :: nnod
PAEES

3. integer, intent(IN) :: inod

7ut X 1D
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integer function eigen_loop_start( istart, pdir, inod )
1. integer, intent(IN) :: istart
7 —rOb— 7 RikAE
2. character*(*), intent(IN) :: pdir
SATLTEMT R - - AT 2 =F —RBET T RIEE
W’ or ’T’ : comm
’X? or R’ : x_comm
’Y? or ’C’ : y_comm
3. integer, intent(IN), optional :: inod
7ut 2 ID, EHREMOHL 7t 20 pdir (BT % ID

BZE, RO X I BRFERNL—THAI 2 =4 —& x_comm DFTHFMLT B L =12, 2 —hLl—
T DI % eigen_loop_start 72 5 NIC eigen_loop_end THUR T 5. E¥iftD N — T HNT
MEUOH XN TO S B eigen_translate_12g \ER — AL —FH T Y RARTO—H)NA ¥ F v
7 2GS 2 70— g YTy 7 AERBETODTH 5.

do i=J,K

enddo

L

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

4.14 eigen loop_end

BRI N7 a — L — THREIGEICNIE S 5 v — h VL — TREEIC BT 50— T HnfE %
R R LT, Z/u—obb— FiafEiE 1 DA ETR < TIER 570, 1<inod<nnod(pdir &
EOBEEZDAI 2= —ROBMTut 2E) TR TIR SR, pdir 25EYIRFEE TR
WA, -1 IR T

ARBIEUIFGA VR =T 2 A REFHALTE D, 5180206 U CHEYR PRI N 3.

REEEZE — D VREETH 2. (51802 fortran DRA Y RELTH S720) ALy FE—7 X
F ARV, 5IBOBEY R PHSIEII Thbh T~ L F ALy MLUBEAFIZIERHE S Z 2 23T
x3.
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integer function eigen_loop_end( iend, nnod, inod )
1. integer, intent(IN) :: istart
7a— 0L — R E
2. 1integer, intent(IN) :: nnod
VAR S
3. integer, intent(IN) :: inod
7ut X 1D

integer function eigen_loop_end( iend, pdir, inod )

1. integer, intent(IN) :: iend
20— L)L — TR
2. character*(x*), intent(IN) :: pdir

AT LATEMTZEME -F - fT0aI 2 =27 — X BRI LTFRIEE
W’ or ’T’ : comm
’X? or ’R’ : x_comm
’Y’ or ’C’ : y_comm
3. integer, intent(IN), optional :: inod
Zut X D, ENREMOHL 7 at 20 pdir (BT % ID

4.15 eigen_loop_info

BE%1 eigen_loop_start ¥ eigen_loop_end &G X ¥ /Y7L —F > TH D, FAGHHE - ¥
Il % FEIRFIZIR S, (R IETBEE D b DITHES .

subroutine eigen,loop,info( istart, iend, lstart, lend, nnod, inod )

1. integer, intent(IN) :: istart
7'\ — VL — T BRAE

2. integer, intent(IN) :: iend
7a— b — TR E

3. integer, intent(0UT) :: lstart
1 — 7y L)L — FRihRE

4. integer, intent(0UT) :: lend
1 — J L)L — FHEE

5. 1integer, intent(IN) :: nnod
PA=E S

6. integer, intent(IN) :: inod

7at X 1D
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subroutine eigen loop_info( istart, iend, lstart, lend, pdir, inod )

1. integer, intent(IN) :: istart
7a =W — 7 RafE

2. integer, intent(IN) :: iend
0 — N )Ll — TR

3. integer, intent(OUT) :: lstart

0 — L)L — TR A
4. integer, intent(OUT) :: lend
0 — F L)L — FREIE
5. character*(*), intent(IN) :: pdir
VAT LATEMTAEE -F - TOaI 2 =Fr—X2ETXFEERIEE
W’ or ’T’ : comm
’X? or R’ : x_comm
’Y’ or ’C’ : y_comm
6. integer, intent(IN), optional :: inod
7ut 2 ID, ENRHEMECH L 7at 20 pdir (ZXE3 % 1D

4.16 eigen translate_12g

D—ANAY Y EHPRT A=A VT y 7 ZfH (1 LEOE) IG5 7 —nNLg 7y
7 ZA%iRF. 1<inod<nnod(pdir fEEDHHIFZEDAI 2 = —X DB u L RAE) TR T
ER SRV, pdir PHEYIRIEETRVWEEIE, —1 2K

RBIFNIFFI A 2 =T 2 4 AL TE D, 518UCIE L Tt TR X h 3.

ARBEBUEIT = I NARETH 5. (518D fortran DKRA Y RELTHE7:0) ALy KE—7 2
AW, BB P E AT bR TWAUE LT R Ly FILEAFIZE T 2 2 3T
x5,

integer function eigen translate_12g( ictr, nnod, inod )

1. 1integer, intent(IN) :: ictr
Q—ANHhv R

2. integer, intent(IN) :: nnod
PARE S

3. integer, intent(IN):: inod
7ua+t 2 1D
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integer function eigen_translate_12g( ictr, pdir, inod )
1. integer, intent(IN) :: ictr
a—HNHT R
2. character*(x*), intent(IN) :: pdir
SATLTERTEM - F - fT0a3 2= — XTI NFREE
W’ or ’T’ : comm
’X? or R’ : x_comm
’Y? or ’C’ : y_comm
3. integer, intent(IN), optional :: inod
7ut 2 ID, BHREMOHL 7t 20 pdir (BT % ID

4.17 eigen_translate g2l

Ta—=rNVHY Y RPIRT T A=A Ty 7 ZE (1 A EDE) IS s a - Ty
JABRT (T2, YT e AN F —F—TH 3 LIFR57%0). 1<inod<nnod(pdir f&& D
BEIRZEDAI 2= —2OSM 7 at 25) TR TR SR, pdir SEYIRIEE TR WS
B, -1 ®iET.

ABBUIRIHA > 2 —T =4 R L TH D, 51800 T TEYR MBSO S 5.

ARRII O — I NARETDH 5. (518D fortran DRA Y RXFELTH2720) ALy FE—7 X
B ARV, I OB RS ATTOA TV L F ALy RIS Z e 23T
EREP

integer function eigen_translate_g2l( ictr, nnod, inod )

1. integer, intent(IN) :: ictr
Ja—Lhv &R

2. integer, intent(IN) :: nnod
7t 2

3. integer, intent(IN) :: inod
Z7at 2 1D

integer function eigen_translate_g2l( ictr, pdir, inod )

1. integer, intent(IN) :: ictr
Ta—rN)Vh R
2. character*(*), intent(IN) :: pdir

AT LATEMTSEM -5 - TOaI 2=/ —XERITUFRIEE
W’ or ’T’ : comm
’X? or R’ : x_comm
’Y? or ’C’ : y_comm
3. integer, intent(IN), optional :: inod
Zut 2 1D, EHREMOCH L Fat 20 pdir (BT 3 ID
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4.18 eigen owner _node

BEINTa—r g Ty 7 2l (1 Y LEOME) 1T 24 —F—7rt22D ID 2R,
1<inod<nnod(pdir fEEDHHIEZ DA I 2 =r —XDBM7ut 2 ) TR TEELRL
pdir SEYIRIEE TR WESE, -1 2R

AEABUIFIAA 2 —T7 24 2B L TH D, 518020 U TEYZR TR O 5.

AREE T — D ARETH 2. (BB fortran DEA Y XELTHB70D) ALy Fe—T7 Lk
FARWVA, 5O R PHMuSIEA TR TR L F ALy RILEFIZFECE S Z 22T
x5,

integer function eigen owner node( ictr, nnod, inod )

1. integer, intent(IN) :: ictr
Ja—N\)LhyrAR

2. integer, intent(IN) :: nnod
7t 28

3. integer, intent(IN) :: inod
A=E S S

integer function eigen owner node( ictr, pdir, inod )

1. integer, intent(IN) :: ictr
Ja—nN)Lhv R
2. character*(*), intent(IN) :: pdir

SATLATEHTZHM - - T0a I 2= F — R EETNFEEE
W’ or ’T’ : comm
’X’ or R’ : x_comm
’Y’ or ’C’ : y_comm
3. integer, intent(IN), optional :: inod
7t 2 1D, EHRHIFFERH L 722 20 pdir 055 % ID

4.19 eigen owner_index

YT APEE SNz —r A Ty 7 2l (1 BLEOE) DA —F—D5FEI, MnT
ZR—ANA YTy 7 ARRT. A—F—TRHEWEEIE -1 21K . 1<inod<nnod(pdir f&ED
BARRZDAI 2= —X0BM7ut 25) T TR SR, pdir PSEYIZIEE TR WS
B, -1 iR,

AREIRIIMA > =T 2 A RZRALTE D, 510 C TEYR AR 5.

REEI e — HRETH B, (5180 fortran DEA Y RELTH B720) ALy FE—7 X
AWV, BB P E AT bR TWAUE LT R Ly FILEAFIZE T 2 2 53T
x5,
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integer function eigen_index_node( ictr, nnod, inod )
1. integer, intent(IN) :: ictr
Ja—nN\)Lhvo R
2. 1integer, intent(IN) :: nnod
7t 25
3. integer, intent(IN) :: inod
“ua+t 2 1D

integer function eigen_index node( ictr, pdir, inod )

1. integer, intent(IN) :: ictr
Ja—N)Lhy R
2. character*(*), intent(IN) :: pdir

AT LATEMTZEME -F - T0aI 2 =27 — X BRI LTFRIEE
W’ or ’T’ : comm
’X? or ’R’ : x_comm
’Y’ or ’C’ : y_comm
3. integer, intent(IN), optional :: inod
7ut X ID, ENREMOHL 7 at 20 pdir (BT % ID

4.20 eigen_convert_ID xy2w

2XILT L RAID %, 7V y APy =1L THEHEaI 2= —X Lo 70t A ID ICEHT
5. ANENEToE X IDREYED Fut X 1D BEFHKNTH 3 0 OBREIXTHR .

AREBE O — A RETH 2. (515D fortran DRA Y RELTHS7H) ALy KE—7 21X
F ARV, 5IBOEY R PHHIES Thbh T~ L F XLy RLUBEAFIZIERHE S Z 2 23T
x5,

integer function eigen_convert_ID xy2w( xinod, yinod )
1. integer, intent(IN) :: xinod

x_comm I} % 7t ID
2. integer, intent(IN) :: yinod

y_comm {ZFF % St X ID

4.21 eigen convert_ID w2xy

Hgoasa—r—2to7ot2ID%, 7y XYy —ZELT 2070+t 2 ID &
T2, AhEn=7atXIDRREHED Fat 2 ID HHEFENTH 2 0 OREIXITH .

AF TN —FiZa—hNEETH . (515D fortran DRA Y RELTH270) AL v K
=7 LIEE ARV, I OBEYI R HHHEIES T b TniuE e L F ALy RILEHCRE NS
N TES.
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subroutine eigen convert_ID w2xy( inod, xinod, yinod )
1. integer, intent(IN) :: inod
a3 2=/ —RCBII27mtXID
2. 1integer, intent(OUT) :: xinod
x_comm IZFBF % 7t X ID
3. integer, intent(OUT) :: yinod
y_comm B} % 7t X 1D

4.22 KMATH_EIGEN_GEV

EigenExa Z[EHEFARE LY e LTHHT 2 —MILEREHE N Z A L —F 2 TH 5. ver-
sion2.6 DAKED 5 EigenExa IZIHHZ LTV 5 (ZALLETOD version TIEHliE Sy 7 — 2% make 3
LREDDH D)o AE T ANDODNERTHEXNHITINOZEZETEENZFHET 5 eigen_sx &
FEOCH S R KT 4 N\F eigen_sx & AERDHINEZIT 5.

subroutine kmath,eigen,gev( n, nvec, a, lda, b, 1ldb, w, z, 1ldz )
1. integer, intent(IN) :: n
175 « X7 P ILDRITT
2. integer, intent(IN) :: nvec
IR B EHME - XS T 2EHEXZ b (EHE—F) DA
IHMEDGEX, fhh biEE SN EROEEE— F2iHET 5.
—77, BfEOSE X, mR» HIEE SN EROEEE— F2itH T 2
(BEMERNZIRAN— 2  TARRMIE).
3. real(8), intent(INOUT) :: a(l1:1da,*)
FHEMRD R TV (A — AB) OITH] A (E=AITHIERDOAER)
Y7 N —F VTR ONERIBIRE NS
4. integer, intent(IN) :: lda
BeHl a ORETER (V=T 4 T4 X2Tar)
5. real(8), intent(INOUT) :: b(1:1db,*)
FHERFDRY L (A - AB) D175 B (E=MA1THIEREDOAER))
P TN —F R T IRIIIEEEE A ERE AN O ZHATHI AN S L 5.
6. integer, intent(IN) :: 1db
feol b DEEESE (V=T 4 7 T4 x0T ay)
7. real(8), intent(0OUT) :: w(l:n)
FNE D & A fiE
8. real(8), intent(OUT) :: z(1l:1dz,*)
— A EE EME © B EXEBNRZ v
9. integer, intent(IN) :: ldz
HeH) z DBETE (V=T 4 VI T 4 AT aYy)
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EH5E EOMDIEFE

5.1 HEEMEDZE

EigenExa (& EigenK OB TZ  OREZ AL T3, LA LR HHEDMICIZTERR
AR RAEL TWWw., ZRIENIEZ DM RZR 2 Z L ITER L TEB D, FICBEBZER
OmBAl, 2 VHEBROERAGEOENCLZDDTHS. £z, [FAROHEIC XD EigenExa &
EigenK ZFIFHCY) ¥ 2732 Z 2 281DV,

EigenExa DN—=2a ¥ 230056 24127 v 77— bT 2R8I, €Y 2 — VOB FESCmA L —
ADPEBEXNTWS. Lo T, XN—=Ta Y23 DFEIOFHES EMAA—Y a 27y 75—t
FTHX, AT T VDARLTED 2=V ERAAATNWE 7 ) r— a YAlOEREY — R
aA—RFHHIA VA ADPREL RS,

5.2 MHOEFELDESE

Fortran90 LIS 22 & @ EigenExa O H LA EEFFIAZE ORISR ELMKEFT 2. a4 5
~=a27W%5| %, [FEEHE (language bindings) | ° M Tn 75 IV EiEL DV ¥ 7]
2L TIELV. 43, Python SiE5 6 DFEUH L ZAJAEL 3 %7 Python binding of EigenExa”
Tayr 18 DMRBFEET 5. ZNoZ2SEITLTELL.

5.3 Io—HEROIREL

EigenExa [ZFHHERHCHETI RGO S & TRITINTWE0DF =y 7 21T 5 03, FATRAICIE
I —MHZEToTWARWY. U2 L/ BLAS ® LAPACK RE TN D T4 75 VML T — %t
WTIA 77 VEHIRTINEG5E808H 2. NTRAOERIEZZ A 77 ) OER EIER»T
ZEDBTERNVWDDTHS. NTHEERICIK, 74 77 VR HP IZHEDINTVWAHEED AL L
7 FL A (EigenExa@ml.riken.jp) ¥ T—WL TIZL L.

54 N—2a>y1xicblId3>x7—K - S1473JDHFW

HA=Yay1xTEYz7 =K 7475V R=-PLTVARV. N=Ya ¥ lx HHEY
Ri, =7 —F - 74 77 VERARICEEES OMRRDEZLR  SERICTEX 2 Z L ZIRAET E 1D >
72 THD (gee DBHBN—T a Y TIIETRICEHBE OBIRN TETEER T T25608H-
72) AN=ParlxE¥z7—F 53477V LTHHATZEEEHL T THHHEOETD
TEERITLUTHR LW, 7238, EigenExa D N— 3 > 2.0 22 51X, BLEH AT ERIE 7R 0 &
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R T — 28THEBITF — 2V — & (2015 S 41F) S5 OB 22 I =27 =K - 7475
ELDEBRL, N=Y a3 ¥ 24 ENPBEIRART 497 - 5475V 27—F 7477V DM
FEr L N5 o 7. EATRHSEBYI A ERIRER (LD_LIBRARY_PATH 2 &) OREZ TN
ICATRNR, BT 4 72 USRS NWEIET 5133 TH 5.

5.5 BRRIODORIZEES LR E

WL O0D MPI RERTE, @EMEEZN LT 2 -0EMEE L Q ICHNEEEZ SV X 7> a
VBB LT, BEREMEEEIEL WL ) XARRAT 25 DOPBFET 5. Intel MPID R ¥ 2
XYM, py P2 bR Y =2 EHR LT AT XA ZERAL TV 37012, EHO
VR a ZBWT (MPI_SUM & Y) By b LV OFHEEEERIE X v e R S hTw
% . EigenExa TIENEETWL DD Tt 27— FAIZh 3 TIERIEZITIWMIBEFEEL TV
3. Zno a2 7 — T, SHEHEROE Yy F LRV TO—HBRBEL 579, iHHEFH
HAMEDWEHES % & EigenExa OBIfEZ Db ODBERE L R ZA[REENH 5. 2D, NEBEIEICE
WTTESZRDZDI S BIRMERITZ 7L TY) ZLIYIDBEZTWED, BEDO 7 L) X155
LD HEDOARE TR & R L T W5 DI T,

Intel MPI T ZD X 5 7%, BHMOTESZBIHT 27012, BRIEZ I_MPI_CBWR 23 HE X
NTW5. EigenExa l&, NHICABERRARZTE LA A UKL ER T 2 L5118, 232
= — RICETREE 25T 202 LTWa. LELAELS, 2—F —FI@E7 13V X
LBRIEE LGEZ, FIEED 2@ LIS wiihizw. Lzd - T, Intel MPI ZfEHT 3
BA, BIETHI_MPI_CBWR % 2 ICIEET A 2RI 3.

% export I_MPI_CBWR=2 (Bash 72&)
% setenv I_MPI_CBWR 2 (C > =z /)L7ZY)

F7z, VA TOERMELL N X B FEE T 5729, Intel compiler ZERAT 355
I, configure A7) 7 FDRIBEHA T2 3 > (CFLAGS X FFLAGS) IC-fp-model=strict AT
D BREICEEEZEZZA T a3 EEELBWVWI L Z#ETS. 1B, configure X7 Y 7 b
'J intel compiler 23 X N7 HEICIE, FA 7Y a ¥ (-fp-model=strict) % HEIHICHRE T %
72, B DRIREIIEE S 2 L EIZ720.
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T #A 7IdVILOBE

Al ELC®IC

AFTIE, EigenExa THRHINTWAEHMEFAE 7 LITY X LDOME %2R S. EigenExa T
X, ERBETHOETOBEEELEERY M RETZGE2MELTED, TheFEET
52DD KT A4L—F > (eigens & eigensx) ZHEMET 5. KBTI, FITZIDZODNL—F
YOEWICTEREBNT, METHRHAIATWSE 7 LI RL2MBIT 5. kB, BTHETE
AREFTE 7 L) X 50— fRINZNEZ [20, 21, 22, 23, 24, 25, 26, 27, 28] R ¥ BB X 7=\,

A2 BRAR7IO-FeEEIOSTI

ScaLAPACK, EigenExa (eigen_s)

eigenpairs eigenpairs
of T of 4
\\\/ DPLASMA, ELPA

banded (B)

real symmetric (4)  tridiagonal (T)

EigenExa (eigen_sx)

A1 FERFREITHIEN EE T RO A 7 7o —F.

BONZ, ERZTHANT FEEEFTEOFIEIC O WTIIEEICHEN T 5. —RINRITHIEED
FRFICRHBE N TV EDIE, AJTHo=ExtAticES 7 7a—F (KA1 DREDIR)
T»HDH, ScaLAPACK[29] (% LAPACK) THHZXATWS. LHIL, 2077 a—F T, &
WIDZAT v 7 (ZEXAL) BXEYAAY FIgICEEI N, EEOFHERKS 27 4 ETE&EVE
REDHARFCER VW L MEE o TV 3.

ZOMEE R F 2T, ELPA[30]  DPLASMA[31] X FEEN 2 7 r Y =27 b T, W75 % EH
T3 B =EMAIcEO 7 Tr—F (HA1DOFBDR) PERHAZA TS, O
Fo=EAicBY 2 FEHa R ME—BREE O TILOE D TH D, ZDETDER byte/flop
EAEE=EMNALT G LD BN kDD, EhEiEom L/ cEs. =721, [
BRZ FILOMERS “BREMNE (25 513a X MBI ) 1<k, Zo—BEH (T 2
5 B AODMZEH) OEMREFENNEE Y o T3, 2070, RDBEHRZ FLOAKNZ
KRB e WEHOIR MR R TLEIREZHZITWS.
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CDRNZHE R T, EigeExa TIEIERD (—KRED) =#0AicEo5< 7 7e—F (KA.l
DFREDR) ZERA LV —F > (eigens) &, WATHIDEGME - AT b ZEHEHES
2770 —F (KA1DOFRBDIR) ZEALZAL—F > (eigensx) D _DO%BHFE - I#LL TV
L, I o7 Fa—FIZo0nTiE, KEMETH S D ULEHELLLBNS.

A.3 eigens

EigenExa TIRMXNE RIA \L—F Y D—DTH 5 eigens i&, LiRD X 512 ScaLAPACK
FTHRHSIN TV AIERD (—KRED) —HEMNAICEIS 7 e —F2RHLTWS. BRI
WX, UTo=20R7 v Fickb, EHHENE Az, = \jz; (i=1,...,N) ZfE<.

L NYRFRNZ =L X 5 AJIHTHO =B - QTAQ —» T
2. DEHATEIC X 2 ZENATHIOEGME - EEXZ PLOFE Ty, = Ny,
3. EBENZ MDA Qy, — x;
BRIID AT v 7T, "NV RARVE—EHETmf» 5
HY o H AHy---Hy_» —» T, H;=I-u;Bu; (A1)

CEREET, AT =5 (—17) S =ZEMATINCEE LTV (KA2() . b,
BRERAA T —TH 2N, BRBDODAEL OXIGZ AT 272012, XTPDOMUEZAEL T\, &
HIEIZ T 208, —DDNY RAFINK—ZHUT X 2 ETR ORI,

(I—ufu")TAT —upu’)=A-—uv’ —vu', v=(w-— %uﬁ—r(w—ru))ﬁ, w = Au (A.2)

ELTADOMMMEZRIFL TITbh s 2 e B—fEiI L 72 o T3, %7, Dongarra DFEZ W
52T, EEEDANY ZFRNLE—ZEHIC X B ADEFZLT D XS ITHREOET—EIZITS
ZEeMA[RER 2 B,

(- uKﬁKuKT)—r e (I= ulﬂlulT)TA(I — ulﬁlulT) e (I—uKBKuKT) =A-UV' —-VUT.

(A.3)
Lo L, fIHIRZ PRI ZD T FRD ((THV OFIED=8) , ZOEDB AT Y N FiEHE
Wb, BHRELORRICKERR M LAY 725,

ZHRHDRT v 7 TIE, Cuppen I X WIRE I N HEFIAIE [32) Ik b, =FEXATHIDME
BHEEEBNZ MLEFET 2. ZOFEZ, KA2Db) RT3 C=ZENATHZ 70 v 75t
AITAe 5> 7 1 OBENCHRL, 7uy ZRATH0& 7T ey 7 OEEESREREFIH LT
LD (7> 7 1 OEEDIND - 72) (THOEIEESEENBEINCEHET S, VS FREICHE SN
TW53.

ZHZHDORT v T, ROIDRT v T THOLNINAY RAFRNKX —EHE WO IEFRI/EH X &
THEBRZ ML OWERRZITS. EBIE, EEED Y 2R X —ZE s,

Hy- Hg =T -wpru) ) (I —ugfguy) =1 -USU", U=[u; - ug] (A.4)
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eAhlnazxt (S OEHEDA) T EM o - RBEICEKTE % (compact-WY RIH) Zr %
W,
Hy---Hy oY = (I U SU ) (I =UpSuUy)Y = X (A.5)

¥ U TITHIRE (Level-3 BLAS) TalIET 570, @M lifFcEs. kb, 22T

Y=y yyl, X=[z1 - zN] (A.6)

TH5.

-

(a) ZExifalL (b) S EIFEHIE

A.2: eigen_s DEIHEFTEOMBIEX.

eigen s TIX, —HFHEL =FHORA T v B OFEELHFHALTE D, @YRAL v FilFk
LRT e TEMELEN>TWS., —F, “H/HDZXAT v FITOWTIE, ScaLAPACK @ a—
FER-ZAE LAFEER-oTWVWS.

A.4 eigen_sx

EigenExa TRt XN 2 H 5 —DD K 74 NL—F ¥ eigen_sx [$HATHI DEEE - FEH N b L
ZEEHET 27 7o —F2ERALTWS. B, BADHEIC X b T8 e L THENMATTH
PRALTVS. BRI, UTO=2025 v A2k b EEEMEZ#EL.

L 78y ZIROAY ZFRNK—ZHUC & 5 ATTHIO HEM A QTAQ — B
2. HERRIEIC X 5 HEM AT OEE - A2 LD By, = Ay,
3. EHNRZ FAOMLE  Qy, — @;
BOIDRAT v T, 78y ZRDOANY RRNVE—=ZHETHlD» S
Hijy y---HAHy---Hypooy — P, Hy=1—w;Ba, (A7)
EREET, ANTHE 5] (24T) Ze i =ERATINCER LTV (KA3(a). =L,
@ = ful ul’), i - ( i Ei) (A3)
21 22

Ths. brix, X (A2) 2 HUEXTHEERITS 222 TX, Dongarra OFIED [ARRICH
HDAREL 725 T W5, ZOMERE LT, BEINCKR MLAy 7127501, Au OFI k5.

ZHRHDORT v I TIE, KA3(Db) IR XS KHBEMNAITYIE 70 v Z7XWA8{75e 7> 27 20
BENCHR L, ZEATINCNS 2 HEIEIE L AROFEEZ#EDIRT (07 2 0f8#%
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ODT Y7 1 OEEE LTS 2) Zrickh, AEMNATHIOEHEME - BHENZ ML EGE
55 [33].

BREBEDRAT v 7 TX, BROIDAT v TTHWET B Y ZHANY ZFRLE = WETER X
B2 T, EAERY MLOWEREHET 2. 70y ZROANT ZAFRLE—BHUBELTD, X
(A.4) L FAREDIETITH R # o 72 RBUCEK T 2 Z E BAIRETH 5 720, FEOFHHEFIHIC L H1T
HIFEDFI FH AT RE CEtERE IR T X 3.

-

(a) AL

A.3: eigen_sx DEHHEIE DOHHEX.

eigensx T, —H/HE ZFRHOAT v IIMEOHEEEZHRHA L TED, HEUILIL v RifiF]
tE2 s Z e TEMEREILER>TWS., —f, “HHDRXAT v FIZ2OWTIE, ScaLAPACK @
= RER=X¥E LT, AENATHIRNHCHNER L EE 2T TV 5.

A.5 eigen_s & eigen_sx MEL)

LD ODEI DN S, eigens & eigen sx AL X5 BR=ZDD AT v S THEINTED,
FHCEBARZ PV OMERD A7 v 7B LT, IZIEFRROFHRENE L 42 h W& ORIk E &
X, AETIE, TOTODRT Y BT IMEOEEIRRS,

=E (RE) #Aft

ZDART v FIZBT 5BV, eigens TIE—ARDNY MLEHIE L TUHEZ ST 2D LT,
eigen sx TIXZARDNY bLVEHAE L TUEE T 282 TH 5. BEERIVICIE,

w = Au (in eigen.s) — [w; wa] = AJug us] (in eigen_sx) (A.9)

YWVWo#laTHB, £F, ATy ek LTOEEEICE LTI, (DR L IRERDIHEIC
BL T MHEEFAREY 5. 24U, —E%72DEERX cigens DD GUFED) 23,
AR ENE =5 (Z4T) T 2D 3 cigensx DIV FIED) »o5THS. FMRIC, 7
BOGHIGHERNCGEE T2 7T — X OREICEL TS, MERFARELZ2. ZOMHSHEERDE
ArFAULT, —EYbDF—2E L EFOBERICH 3.

MHEDEITAEL 2 —DHDZE, FEVNIGEE (FRCTHIRY b)) OEGMETDH 5. Au
ZEETIHEICN LT Aluy uo) 23R T 2548, 174 A 07— 2 0FFANSM ET 2. OF
D, B3R byte/flop IR T 2 21k D. ZHUTE D, XEBIUANY FIRICEE XN 280
X CHERINICIIAESY) 2, HEOEMMREOR LRI TE 3.

ZOHODER, BERBOEVILEL S, BEDLATYIDETHS. eigensx F—FHD
WBE T — ZEDNZ WA, BEREIE eigens XD d DL (WD) 5. bE BEDOLALTY
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SHRKELRE L IR->TWB 78, ZOHEEEEDDZ W (Communication-Avoidance) &5
X, FRCABNZ S B o255 ICIFBICRERA Y RS,

ZDEIIZ, eigen sx IF eigen s ITLAT, HEMRELBEOLA 7> OHEHTEATH D, if
IR U TRIEY £ X33 Ic KRE W (HERE2I XA R) SEE3RE ORI EL, ¥
WA D % BB N ZR) BEFBREOMENRELRZ e THEEINS.

AEBRE

FEBIRIETIE, eigens BEEZ > 7 1 OBEIZ T 2 DI LT, eigensx TIET7 > 7 2
DIEFZ UM T 2 0ED D 570, ZOHOHARLBEFEIX FPHEDEZL LTELS. 56
12, AENAITINCT 2 0EIRIETIE, Fv 27 2088E% o077 1 0E#Er L TUUE
T50, ZHHEHDOZ 7 1 OoBEFZUH T 25512, THOMEZRHT 2 Z e AHRRKRD
(—EHIEZ7ay 7Rt nws #EZ2EH L THEEZHIBTE 2) , ZofRe LT, HEED
“fEREErRoTLES.

772L, TEIMIGETIE, 7710 —Yary eMHINSEGEIC KD, HERZ KIEICHIRT 2 2
EHRREE R BGEDRDH S, T 71— a vy OFREBEIIMEKREFETH D, =ZHENAITHIZFEH
L7%a e REMNATHZEH L5 E T, RCANTAITS, 770 —2ayoil2ZhhI
ZDEL D, 2D, MEDIRX MOEZHERIVICHEED 2 2 L IZAEZ TIE RV,

A6 BDHDOIC

RETIX, EigenExa TIRMEXNTWVWSE DDV —F ¥ ecigen_s ¥ eigen_sx D 71T 1) X LD
B Z0EVWEHALL. —RICEHT 2HETIOREZRELS T2, RIIOZEWTE2AT v
TTRAEMCRD, “FRHOSERIGEDRT v T TEAFNCLZ VWS FL—FAT7HH D, Bl
KT, HENBITYNZYTHZ L DHWD S, cigensx TIEAEMNALERALTWS. &
‘RO 27 LDHRER D EIFTATEORE DR ERE (BUIRD ScaLAPACK N— 2 ®D 2 — K DHE
o EEVEG) T, X RERFETH (BRI EENATI) AL RIS D 5.
Wz, ko =\ENMAt (eigens) ZHFHIEEICREBLRE T —ADKRAXETIIEDEZ A
bird. €0, KAEONEZHE L2 LT, 2—92EYRL—F U 2BERLTHH R 5 EFEWN
TH5.
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B EE

EigenExa ¥ 7V — 7 2B O EZIZED flA, KRGS, &4 H DR, Fic, BILEmTE
et BREM ST > 2 — (IH GHREBEHZTHEN) S ORISH L TE#$ 5. /2, 2 0FH
BEDONATERPHEN D7D D T 4 — RNy ZZTANTWS. BRLEZ L DX Y AA—D%T)
72 LICiE EigenExa 20N 3 % Z 2 i3Mbiro72TH A 5. HIKRIT, EigenExa BIFIZIZKE O
DOHNFESZ O NI T =7 PO ZZ T TS, AL TOHEY THS. T
ICHEZR LWL,

1.

R IRESERS IS ANEISEHEEE S CREST TR 2 b R& 27 — VARG RICE
THYATLY 7 by = 7EMOAI) (FRK 23 4R ~27 4R

XEREE RERE M) (BIAE) - BURETSE (B) 3REES 21300013 (VK 24 ),
SRS (A) BERS 23240005 (CFAK 23 fEFE~25 ), BT (B) SFEER S 15H02709
(PR 27 R ~20 FREE), BMRISE (B) BREZRS 19H04127 (PR 31, BRITTAE~3 )

HPCI M HWFFERE, 5 —fFIH:
~25 - E)

M) B LRI AR S 1a000005 (FAL 25 FEE~31, HHITTERE)

FS2020 KA b ) BH¥T v = 7 b (2014 FE~2020 FE)

iy

AR hpl140069 (CERK 26 £EFE), hpl120170(CEAK 24

FX10 A=R—a YV a—&T X7 4 TREHE HPC Fv L >y, BERAERERE >
& — (2013 )

¥ 72, EigenExa L ET® EigenK ORI T OAERE B2 5 DX % 21 Tz, HFESEEHE
TdH 5 ELHFEBFIEN AR T AT S X 7 25tHER A v X —DHRICZ ZICED
BTHEZRT.

7.

BIEAHMIR R EIRITBLEAHEES S CREST IR FR Ty —L A F T4 T
ZHROHEY I 2L —> a3 v (CEK 18 FEE~24 FE)
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