Lis Z—Y 41 K

N—=Ta v 1.7.12

j.qh'-._i_

ﬂ} e .

The Scalable Software Infrastructure Project
http://www.ssisc.org/




Copyright (© 2005 The Scalable Software Infrastructure Project, supported by “Development of Software
Infrastructure for Large Scale Scientific Simulation” Team, CREST, JST.

Akira Nishida, Research Institute for Information Technology, Kyushu University, 6-10-1, Hakozaki, Higashi-ku,
Fukuoka 812-8581, Japan.

All rights reserved.

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

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

2. 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.

3. Neither the name of the University nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE SCALABLE SOFTWARE INFRASTRUCTURE PROJECT “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 SCALABLE SOFTWARE INFRASTRUCTURE PROJECT 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.

Fifk: BIGHE. #EFIEX. 1705 FE. RESEMAE.



B R
1 Lok

2 BA
21 VATLBE L
2.2 UNIX ROHMS AT LAANDEA ... . e
221 T=AATORER . ...
222 V=AYV U—DEE .
223 FATT T ANVDER ...
224 A L
2.3 Windows Y AT LANDEA . . . L
2.4 BREE ..
2.4. 1 testl . . oL e
2.4.2  test2 ..o
2.4.3 test2b . . .o e e
2.4.4  test3 . . .. e e e
2.4.5 test3b .. .o e e
2.4.6  testd . ...
2.4.7 testh . .o
2.4.8 testh . . . . . e e e e
2.4.9 etestl .. .o e
2.4.10 getestl . . . oL
2.4.11 etest2 . . . L e e e
2.4.12 etest3 . . . L e e
2.4.13 etestd . ..o
2.4.14 etesth . .. L e e
2.4.15 getesth . . . . L L
2.4.16 etestb . . . ... e
2407 etestT . o . L e
2.4.18 spmvtestl . . . .. Lo e
2.4.19 spmvtest2 . . . ...
2.4.20 spmvtest2b . . . Lo e
2.4.21 spmvtestd . . . ..o e
2.4.22 spmvtest3b . . ... L
2.4.23 spmvtestd . . . ...
2.4.24 spmvtestd . . ... e e
2.5 WIBRTEIH . . . .

3 EARERME
3.1 MIEAME - RRTRLER .
3.2 NI WNIVOEME
3.3 ATHIDERME .

N o o o O



34 MAEUARERONRME . ... 30
35 BEAMERIEDNRM . . . . 35
36 TUITITLDMER . . ... 39
3.7 RIUMEEE VIOLNOSBEE ... 42
3.8 FHTTZ T ANDER ... 45
3.9 FEAT o 46
310 7HEAETOHMBEIZDWNT oo 47
4 BRERE 48
4.1 ARREEEBEOME . . . 48
TGN 50
5.1 Compressed Sparse Row (CSR) . . . . . . . . . .. 50
5.1.1 FT5IOMERL (BIR - < VF ALy REBE) ... ... 50
5.1.2 ATHIOMERL (RVF T U ABREE) . ... 51
513 BETHEEE . ... 51
5.2 Compressed Sparse Column (CSC) . . . . . .. . ... 52
52.1 FTHIOMERL (BIR - < VF ALy REBE) .. ... 52
5.2.2 ATHIOMERR (RVF TR AEREE) . ... 53
5.2.3 BT RBEEC . ... 53
5.3 Modified Compressed Sparse Row (MSR) . . . . ... ... ... ... . ... . ..... 54
5.3.1 ATHIDMERL (BIR - <V F ALy REEE) ..o oo 54
5.3.2 fTHIOMER (FVFTURABRED) ... 55
5.3.3 BIETABAEC . . ... 55
5.4 Diagonal (DIA) . . . . . . . e 56
5.4.1 ATFIOMERL GERERBE) . . . . o o 56
5.4.2 ATHIOFEE (RVF ALy RERER) . . .. . o 57
543 ATHIOMER (RVF TRV AERE) . ... 58
5.4.4 BIETBBEEC . ... 58
5.5 Ellpack-Itpack Generalized Diagonal (ELL) . . . . . ... .. ... ... ... ....... 59
55.1 FFFIOMER (BX - < VF ALy REREE) . ... 59
5.5.2 ATHIOMERL (RIVF TR ABREE) . .. .. 60
5.5.3 BIETABEEC . ... .. 60
5.6 Jagged Diagonal (JAD) . . . . . . . 61
5.6.1 ATHIDMERL GERERER) . . . . o 62
5.6.2 ATHIOMERL (RIVF AL RERER) .. . .. 63
5.6.3 FTHIOMERL (RVF THEABR) .. .. 64
5.6.4 BETHEE . ... 64
5.7 Block Sparse Row (BSR) . . . . . . . . . 66
5.7.1 ATHIOMERL (BIR - <VF ALy RESR) .. ..o 66
5.7.2 FTHIOMERL (RVF THRABR) .. ..o 67
573 BLETAEEE . ... 67
5.8 Block Sparse Column (BSC) . . . . . . . . . . .. 68

ii



5.9

5.10

5.11

E5E

6.1

6.2

5.8.1 ATFIDMERL (BIR - <V F ALy REEE) ... ..o 68

5.8.2 ATHIDMER (WVFTORABRED) . .. 69
5.8.3 BIETABIE . ... 69
Variable Block Row (VBR) . . . . . . . ... . 70
5.9.1 ATFIDFERL (BIR - <V F ALy REEE) .. ..o o 71
5.9.2 fTHIOMERR (RVFTURABRED) ... 72
5.9.3 BEET BB . ... 73
Coordinate (COO) . . . . . . . . . 74
5.10.1 AR (K - < VF ALy REES) . .. 74
5.10.2 FFAIOMR (UF THRABED) . o o 75
5.10.3 BIETBBIE . . .. 75
Dense (DNS) . . . . . o 76
511.1 4TFIDFER (BIR - <V F ALy REEE) ..o oo 76
5.11.2 fTHIDMER (RVF TR AEREE) . . . . .. 77
5113 BIETBBIE . . ... 7

78
R NVOELE ..o 79
6.1.1 lis_vector_create . . . . . . . . . . . e e e e e e 79
6.1.2 lis_vector_destroy . . . . . . . . . L 79
6.1.3 lis_vector_duplicate . . . . . . . . . .. 80
6.1.4 lis_vector_set_sSize . . . . . . . . . .. e e e e e e 81
6.1.5 lis_vector_get_size . . . . . . . . . L 82
6.1.6 lis_vector_get_range . . . . . . . .. L Lo 82
6.1.7 lisvectorset_value . . . . . . . . . L 83
6.1.8 lis_vector_get_value . . . . . . . ... L 84
6.1.9 lis_vectorset_values . . . . . . . . . . L 85
6.1.10 lis_vector_get_values . . . . . . . . .. L L 86
6.1.11 lis_vector_scatter . . . . . . . . . . . 87
6.1.12 lis_vector_gather . . . . . . . . .. 87
6.1.13 lis_vectordsnull . . . . ..o 88
FIHIDEME o o 89
6.2.1 lisomatrix_create . . . . . . . . ... e e e e e e 89
6.2.2 lismatrix_destroy . . . . . . . ... oL 89
6.2.3 lismatrix_duplicate . . . . . . .. L 90
6.2.4 lismatrix malloc . . . . . . . . oL 90
6.2.5 lismatrix_set_value . . . . . . . ... L 91
6.2.6 lis_matrix_assemble . . . . . .. Lo 92
6.2.7 lismatrixsetsize . . . . . . . . oL L 92
6.2.8 lismatrix_getsize . . . . . . . . ... e 93
6.2.9 lismatrix_get_range . . . . . . . ... L e 93
6.2.10 lismatrix_getnnz . . . . . ..o L L 94
6.2.11 lisomatrix_set_type . . . . . . . . . L 95

iii



6.3

6.2.12 lisomatrix_get_type . . . . . . . oL L 96
6.2.13 lisomatrix_set_csr . . . . . . .. L e e e e 97
6.2.14 lismatrix_Set_CSC . . . . . . . . e e e e e e e 97
6.2.15 lisomatrix_Set_msSr . . . . . . . .. e e e e e e e e e 98
6.2.16 lismatrix_set_dia . . . . . . . . . .. L e e e e 99
6.2.17 lismatrixsetell . . . . . . . . e 99
6.2.18 lismatrixset_jad . . . . . . . . Lo 100
6.2.19 lisomatrix_set_bsr . . . . . . . . L e e e e e 101
6.2.20 lisomatrix_set_bsc . . . . . . .. L e 102
6.2.21 lisomatrix_set_vbr . . . . . . .. L e e 103
6.2.22 lismatrix_Set_coo . . . . . . ... e e e e e e e 104
6.2.23 lismatrix_set_.dns . . . . . . . ... e e e e 104
6.2.24 lisomatrix_unset . . . . . ... e e e 105
R MVEFTFRIZRWIZEIR . e 106
6.3.1 lisovector.swap . . . . . . ... 106
6.3.2 lis_vector_copy . . . . . . ... 106
6.3.3 lis_vector-axpy . . . . . ... e e 107
6.3.4 liscvectorxpay . . . . . . ... 107
6.3.5  liscvector_axpyz . . . . . . ... e 108
6.3.6 lis_vector_scale . . . . . . . . . . 108
6.3.7 lis_vectorpmul . . . . ..o 109
6.3.8 lisvector pdiv . . . . .. 109
6.3.9 lis_vectorsset_all. . . . . . . . . . 110
6.3.10 lis_vector_abs . . . . . . . . e e 110
6.3.11 lis_vector_reciprocal . . . . . . . . .. L L 111
6.3.12 lis_vector_conjugate . . . . . . . . ... L L 111
6.3.13 lis_vector_shift . . . . . . . . . . . e 112
6.3.14 lis_vector_dot . . . . . . . . e e 113
6.3.15 lis_vectormhdot . . . . . . . .. L 113
6.3.16 lis_vectornrml . . . . . . . .. L e e e e 114
6.3.17 lis_vector nrm2 . . . . . . .. e e e e e e e e e 114
6.3.18 lis_vectornrmi . . . . . . . ... e e e 115
6.3.19 lis_vector_sum . . . . . . . . .. L e e e e e 115
6.3.20 lis_matrix_set_blocksize . . . . . . . . . ... 116
6.3.21 lisomatrix_convert . . . . . . . . . . e e e e e 117
6.3.22 lismatrix_copy . . . . . . ... oL e 118
6.3.23 lismatrix_axpy . . . . .« ... e e 118
6.3.24 lismatrix Xpay . . . . .« .o e e e e e 119
6.3.25 lismatrix_axpyz . . . . . . o .o e e e e e e 119
6.3.26 lisomatrix_scale . . . . . . . .. e 120
6.3.27 lis.matrix_get_diagonal . . . . . . . ... oo 121
6.3.28 lis_matrix_shift diagonal . . . . . . .. . ... Lo o 121

iv



6.4

6.5

6.3.29 lismatvec . . . . . . . L 122
6.3.30 lismatvect . . . . . . L L 122
MALARERDRME . . . 123
6.4.1 lissolver_create . . . . . . . . . . . L 123
6.4.2 lissolver_destroy . . . . . . . . . L 123
6.4.3 lis_precon_create . . . . . . . . . L e 124
6.4.4 lisprecon_destroy . . . . . . . . . ... 124
6.4.5 lissolversetoption. . . . . . . . . ... 125
6.4.6 lissolver_set_optionC . . . . . . . . . ... 129
6.4.7 lisssolve . . . . .. e 129
6.4.8 lissolve kernmel . . . . . . . .. 130
6.4.9 lissolver_get_status . . . . . . . . . . . . L 131
6.4.10 lis_solver_get_iter . . . . . . . . . . L 131
6.4.11 lissolver_get_iterex . . . . . . . . . . . L 132
6.4.12 lissolver_get_time . . . . . . . . . L 132
6.4.13 lis_solver_get_timeex . . . . . . . . . . L 133
6.4.14 lis_solver_get_residualnorm . . . . . . . . . . .. L oL L L 133
6.4.15 lissolver_get_rhistory . . . . . . . . . . L L 134
6.4.16 lissolver_get_solver . . . . . . . . . .. L 135
6.4.17 lis_solver_get_precon . . . . . . . . . . 135
6.4.18 lis_solver_get_solvername . . . . . . . . . . ... L L L 136
6.4.19 lis_solver_get_preconname . . . . . . . . . ... 136
BEAMRBEORM . . ... 137
6.5.1 lis_esolver_create . . . . . . . . .. L 137
6.5.2 lis_esolver_destroy . . . . . . . . . . 137
6.5.3 lisesolversetoption . . . . . . . . ... 138
6.5.4 lis_esolver_set_optionC . . . . . . . . . ... 141
6.5.5 liscesolve. . . . . . L 142
6.5.6 lis.gesolve . . . . . . . L 143
6.5.7 lis_esolver_get_status . . . . . . . . ... 144
6.5.8 lis_esolver_get_iter . . . . . . . .. L 144
6.5.9 lis_esolver_get_iterex . . . . . . . . L 145
6.5.10 lis_esolver_get_time . . . . . . . . . . .. 145
6.5.11 lis_esolver_get_timeex . . . . . . . . . . . ... e 146
6.5.12 lis_esolver_get_residualnorm . . . . . . . . . . ... Lo 146
6.5.13 lis_esolver_get_rhistory . . . . . . . . . ... L L 147
6.5.14 lis_esolver_get_evalues . . . . . . . . . . ... .. 147
6.5.15 lis_esolver_get_evectors . . . . . . . . . . ... 148
6.5.16 lis_esolver_get_residualnorms . . . . . . . . . . . .. Lo 148
6.5.17 lis_esolver_get_iters . . . . . . . . . L 149
6.5.18 lis_esolver_get_esolver . . . . . . . . . . . ... 149
6.5.19 lis_esolver_get_esolvername . . . . . . . . . . .. ... 150



6.6 BCAIZ MR 151

6.7

6.8

6.6.1 lisarray swap . . . . . . .. ..o o e e 151
6.6.2 lis_array Copy . . . . . . o oo e e 151
6.6.3  lis_array_axpy . . . . .. oot e e e e e e 152
6.6.4 lisarray Xpay . . . . . o ..o e 152
6.6.5 lisarray axpyz . . . . . . oo i o e e e e 153
6.6.6 lisarrayscale . . . . . . . ... e 153
6.6.7 lisarray_pmul . . . . ..o 154
6.6.8 lis_array_pdiv . . . . . . . L e 154
6.6.9 lisarrayset-all . . . . . . ..o 155
6.6.10 lisarray_abs. . . . . . . L 155
6.6.11 lis_array_reciprocal . . . . . . . . ... e e 156
6.6.12 lis_array_conjugate . . . . . . . .. L Lo e 156
6.6.13 lis.array shift . . . . . . . . ..o L 157
6.6.14 lisarray_dot . . . . . . . . L. e 157
6.6.15 lis.arraynhdot . . . . . . ... Lo 158
6.6.16 lis_array nrml . . . . .. L oL L e 158
6.6.17 lisarray nrm2 . . . ... e e e 159
6.6.18 lisarraynrmi . . . . . . . ... e e 159
6.6.19 lisarray sum . . . . . . . ... oL L e e 160
6.6.20 lis_.array matvec . . . . . ... oL L e 161
6.6.21 lis_array_matvect . . . . . . . ... L e 162
6.6.22 lisarray matvecns . . . . . . ..o .o e e e e e 163
6.6.23 lis_.array_matmat . . . . . . . . L L L e 164
6.6.24 lis.array matmat ns . . . . .. oL Lo 165
6.6.25 lisarray_ge . . . . . . .o e e e e e 166
6.6.26 lis_arraysolve . . . . . . ... 166
6.6.27 lisarray Cgs . . . . . . . . .. 167
6.6.28 lisarray mgs . . . . . . ..o 167
6.6.29 lisarray_qr . . . . . . ..o e e e e 168
TrANVDELE L 169
6.7.1 lisdnput . . . . ..o e 169
6.7.2 lisidnput_vector . . . . . . . .. L L 170
6.7.3 lisdnputmatrix . . . . . . ... 171
6.7.4 lisoutput . . . . . .. L 172
6.7.5 lisoutput_vector . . . . . . . . . 173
6.7.6 lisoutputmatrix . . . . . . ... L 174
DM 175
6.8.1 lisdinitialize . . . . . . . . Lo 175
6.8.2 lisfinalize . . . . . . . . L 175
6.8.3 lisowtime . . . . . . . 176
6.8.4 CHKERR . . . . . . . e 176

vi



ZE XM 177

A T771ILFER 183
A1 HERE Matrix Market JE2X . . . . o o 183
A.2 Harwell-Boeing TEZX . . . . . . . . . e 184
A3 X7 MVAHESE Matrix Market JE2N . . . . . . . .o 185

A4 N7 FVHPLAIN JEX



N=23V 1.0 HhS5DEER
1. double-double B 4 £EHE R BT ).
2. Fortran I > /34 JIZxt)S.
3. Autotools (Z X .

4. (a) VIV DG %ZZH.
(b) BA%#X 1is matrix_create(), lis_vector_create() D 5[# % £ F.

(c) ARV RIA VAT a v Dilika L5,

N—23V 11 HHDEER
1. A A R .
2. 64 ¥y MEERLZWIG.
3. (a) B lis_output_residual history(), lis_get _residual history() D&% FNhE N
lis_solver_output_rhistory(), lis_solver_get_rhistory() IZZH.
(b) Fortran 1 »& 7 = — 2 lis_vector_set_value(), lis_vector_get value() DEFIER % 112
Z5 e
(c) Fortran 1 > X 7 = — A lis_vector_set_size() DEHIEER % 1 ITZHH,
(d) HEEREZICET A 7Y a v DO/ % -precision 72 H-f I[TAH,
4. B 1is_solve kernel () DfIkk% lis_solve execute() TRIH I N/FRAZIKT L 5 AH.
5. BRI DOHMRZEZTHE.
(a) C BT I MIHIT B % LIS_INT IZ48. LIS INT OREEMEIL int. 7V Toky <o
T _LONGLONG 2SEHE S N728A 121, long long int ICESHI 5N 5.
(b) Fortran 7’0 7' J MZH 1) 2 HE % LIS_INTEGER (ZZ°F. LIS_INTEGER O E/E(H L integer.

7V 7ut v <71 LONGLONG HEHR I N2 A IZ1E, integer*8 ICE SR 5N 5.

6. 175X CRS (Compressed Row Storage), CCS (Compressed Column Storage) D £ Fi% Z 41
Z# CSR (Compressed Sparse Row), CSC (Compressed Sparse Column) 12255,

7. BA% 1is_get_solvername (), lis_get_preconname(), lis_get_esolvername() D&% N E N

lis_solver_get_solvername(), lis_solver_get_preconname(), lis_esolver_get_esolvername ()

IZZ8 5.



N—3 2 1.2 D5DERS

1.

2.

nmake 12X .
7 74 )V lis_config win32.h D4 Fi% lis_config win.h ([ZZ5HH.
THIRARIE A JDS (Jagged Diagonal Storage) D ##5% JAD (Jagged Diagonal) (2255,

. A% 1is_fscan_double(), 1is_bswap_double () DHHZE ZN L 1is_fscan_scalar(),

lis_bswap_scalar() IZZ& .

N—32 1.3 DALDERS

1

2.

10.

. long double %! 4 £54E FE BT X .

Fortran TORA v ZEAEIZHIE.

)% A LIS_SOLVER, LIS_ESOLVER D A > /N residual D4 #% rhistory (A H.

158 A LIS_SOLVER, LIS_ESOLVER D X '\ iters, iters2 D&M Z TN F N iter, iter2 IZZH.

BH# 1is_solver get_iters(), lis_solver_get_itersex(), lis_esolver_get_iters(),
lis_esolver get_itersex() DM Z FNEI 1lis_solver get_iter(), lis_solver_get_iterex(),

lis_esolver get_iter(), lis esolver get_iterex() |ZZHH.

&K LIS_SOLVER, LIS_ESOLVER D A > /\xtimes D FF % TN E Nxtime [TAH.

&K LIS_VECTOR (2 A /N intvalue % B,

BE%( 1is_output_vector*(), lis_output_mm_vec () DfLkkZ I 2 KM TE 2 L 5 £ H.
B 1is matrix scaling*() DFZ ZNE 4 1is matrix scalex() IZZ8H.

B 1is_array dot2(), lis_array_invGauss () D#HFE TNZ 4 1is_array_dot (), lis_array_ge ()
IZEH.

N—32 14 DODERS

1.

2.

ARSI
B & YV LS D B 5.
% 1is_array qr ) OfHBkE QR EOKERBK O~ KT & 5 £ H

BE#X 1is_array matvec2(), lis_array matmat2() DEF% FNE 1 1lis_array matvec ns(),

lis_array matmat ns() (24 F.

7'V 7o+ v ¥ < 0 _LONGLONG, LONGLONG D441 % % #1 41_LONG__LONG, LONG__LONG (ZZ 5.



N—232V 1.5 ALDEES
1. EEBUHE IS,

N—32 1.6 DODERS
1. —RALE A ER I ]G,
2. BEEMWHEMBEDY 7 NEOKHS ZIEHIZEHLETER.

3. lis_matrix_shift_diagonal(), lis_vector_shift(), lis_array_shift() O ¥ 7 NEDFE% %
NENZH.



1 ([EL®IC

Lis (Library of Iterative Solvers for linear systems, F& & [lis]) 1%, {87 HFENOBUEFTEIZ BN 5 B

1791 % R L 9 B iR

B O A fiE ]

ZELS 72D DWMFIKAEIEY 7 v 02T 5477 TH5 [1). Wind 28 HFRAME, EAMERLEDO %%

Ax =D

Az = \Bx

F1-2, BB 2 K 31", ERA7IBIERDO—BE £ 418,

#* 1 BT RE AR

* 2: A EE

CGJ2, 3] CR[2] Power[26)

BiCG[4] BiCR/[5] Inverse[27]

CGSJ6] CRS[7] Rayleigh Quotient[28]

BiCGSTABIS] BiCRSTAB[7] CG[29]

GPBiCG[9] GPBiCR[7] CRJ30]

BiCGSafe[10] BiCRSafe[11] Jacobi-Davidson[31]

BiCGSTAB(1)[12] | TFQMR[13] Subspace[32]

Jacobi[14] Orthomin(m)[15] Lanczos[33]

Gauss-Seidel[16, 17] | GMRES(m)[18] Arnoldi[34]

SOR([19, 20] FGMRES (m)|[21]

IDR(s)[22] MINRES)[23]

COCGI[24] COCRJ25]

# 3 BiALER X 4: 175IRIIE A

Jacobi[35] Compressed Sparse Row (CSR)
SSOR|[35] Compressed Sparse Column (CSC)
ILU(k)[36, 37 Modified Compressed Sparse Row (MSR)
ILUT[38, 39 Diagonal (DIA)
Crout ILU[39, 40] Ellpack-Itpack Generalized Diagonal (ELL)
I+S[41] Jagged Diagonal (JAD)
SA-AMGI42] Block Sparse Row (BSR)
Hybrid[43] Block Sparse Column (BSC)
SAINV[44] Variable Block Row (VBR)
Additive Schwarz[45, 46]  Coordinate (CO0)
a—PEH Dense (DNS)




2 FA

AETIE, A, RIFOFIEIZDOWTIHRAR S,

2.1 YRTLEH

Lis DEAIIZIZC AV NA IWPBETHS. 72, Fortran 1 VR 7 = — A% i3 5354 1% Fortran 3

VXA T, AMG iV —F v & T 55461 Fortran 90 I V81 IR ETH B, NiFl

A

TlX, OpenMP Z 1 7F Y [88] £7z1& MPI-1 71 75V [82] 2T % [47, 48]. T — X D AHIITIE,
Harwell-Boeing JE2 [74], Matrix Market JE= [78] DR HFBETH 5. £ 5 12 ELEMEHERRE 2R (R

THBEDZ ).

#* 5 EREEMERRERET

CavnNA 7 (mH) oS
Intel C/C++ Compiler 7.0, 8.0, 9.1, 10.1, 11.1, 12.1, 14.0, 16.0 | Linux
Windows
IBM XL C/C++ V7.0, 9.0 AIX
Linux
Sun WorkShop 6, Sun ONE Studio 7, Solaris
Sun Studio 11, 12
PGI C++ 6.0, 7.1, 10.5 Linux
gee 3.3, 4.4, 54 Linux
Mac OS X
Windows
Microsoft Visual C++ 2008, 2010, 2012, 2013, 2015 Windows
Fortran I > /81 5 (A T a V) 0S
Intel Fortran Compiler 8.1, 9.1, 10.1, 11.1, 12.1, 14.0, 16.0 Linux
Windows
IBM XL Fortran V9.1, 11.1 AIX
Linux
Sun WorkShop 6, Sun ONE Studio 7, Solaris
Sun Studio 11, 12
PGI Fortran 6.0, 7.1, 10.5 Linux
g77 3.3 Linux
gfortran 4.4, 5.4 Mac OS X
Windows

2.2 UNIX RUB#ES AT LANDEA

2.2.1 T—H4ATOEM

WDAX Y REANL, T—h41 7%EMT 5. ($VERSION) F/N\N—Y a V& RT.

> gunzip -c¢ lis-($VERSION) .tar.gz | tar xvf -

ZZED, T4 L2 MY 1is-($VERSION) (X 1 IZRTHTF 1 L2 M UDMER I NS,



lis-($VERSION)

+ config

| BEZ 7NV
+ doc

| i

+ graphics

| fEHY Y TV T 7 AL
+ include

| A AT 74N
+ src

| VY—=RAT774)

+ test

| BGEE7 w25 L

+ win
Windows Y AT LFHFE 7 71 )V

X 1: 1is-($VERSION) .tar.gz O 7 7 1 IV KERL

2.2.2 V—RV—DRE
T4 L2 MY 1is-($VERSION) IZEWTIRD A Y REFETFL, V—AV Y —2RET 5.
o MEDKEZRMHT 2546 : > ./configure
o WALZIEET 256G ¢ > ./configure --prefix=<install-dir>

FOIZERBREA T avERT. £/, X TITTARGET & U THETE 3 LR RHEERE 2R T

2.2.3 FETI77MILDERK

T4 L2 Y 1is-($VERSION) IZBWVWTRD AR Y REANL, FI77 7 A V&2 ERT 5.

> make
FATT7 7 ANDIEFITERI N E S PeiRT 5121%, 74 L2 MY 1is-($VERSION) (ZEWTIRD 3
Y REAHNL, T4 L2 MY 1is-($VERSION) /test IZERINAEIT 7 7 A V2 HOVTHRIEZT1TS .

> make check
Z@a~ Yy KT, Matrix Market JTERD 7 7 1 )L test/testmat.mtx B S{T75, X7 MLV T — X & HFAA
A, BiCG iE&2 AW TR GFEN Ax = b D% KD 5. BLFIZ SGI Altix 3700 L TOEITHERZRT. 7
B4 7 3 v--enable-omp & --enable-mpi [FMAHZOETHMAT LI LN TES.



L,

£ 6: ERFEX TV a v (—HEIL . /configure --help %S R)

N

--enable-omp

OpenMP 71 72V %{#fH

-—enable-mpi

MPI 51 75V %{#fH

—--enable-fortran

FORTRAN 77 Hffaf > X 7 = — A% i

——-enable-£90

Fortran 90 A#iA VX 7 = — A% ffifH

--enable-saamg

SA-AMG HiALEE % {51

--enable-quad

double-double T 4 £ & i 5 & {5 FH

--enable-longdouble

long double B 4 fE¥5 & 2 A

--enable-longlong

64 &y bEH 2 i

--enable-complex

AJ 7 e U THERBI % ]

--enable-debug

73y JE= F &

—--enable-shared

Y o &l

--enable-gprof

VA X 2

--prefix=<install-dir>

HASe % faE

TARGET=<target>

FHRBRER ST & fE Al

CC=<c_compiler>

CavA I %4EE

CFLAGS=<c_flags>

CavnAS5ATvavrigE

F77=<£f77_compiler>

FORTRAN 77 2 V81 5 %355

F77FLAGS=<£77_flags>

FORTRAN 77 2281 S ¥ a v ai8E

FC=<£90_compiler>

Fortran 90 I > /N1 J 2 {57E

FCFLAGS=<f90_flags>

Fortran 90 2 V841 54 T a V&2 IgE

LDFLAGS=<1d_flags>

VYo ATy avEiBE




# 7: TARGET DO#i (##lll% 1is- ($VERSION) /configure.ac & Z)

<target> Effiz A 7Y a v

cray_xt3_cross ./configure CC=cc FC=ftn CFLAGS="-03 -B -fastsse -tp k8-64"
FCFLAGS="-03 -fastsse -tp k8-64 -Mpreprocess" FCLDFLAGS="-Mnomain"
ac_cv_sizeof_void_p=8 cross_compiling=yes

ax_f77_mangling="lower case, no underscore, extra underscore"

fujitsu_fx10_cross | ./configure CC=fccpx FC=frtpx CFLAGS="-Kfast,ocl,preex"
FCFLAGS="-Kfast,ocl,preex -Cpp -fs" FCLDFLAGS="-mlcmain=main"
ac_cv_sizeof_void_p=8 cross_compiling=yes

ax_f77_mangling="lower case, underscore, no extra underscore"

hitachi_sri6k ./configure CC=cc FC=£f90 CFLAGS="-0s -noparallel"
FCFLAGS="-0ss —noparallel" FCLDFLAGS="-1£90s"
ac_cv_sizeof_void_p=8

ax_f77_mangling="lower case, underscore, no extra underscore"

ibm_bgl_cross ./configure CC=blrts_xlc FC=blrts_x1£90

CFLAGS="-03 -qarch=440d -qtune=440 -gstrict"
FCFLAGS="-03 -qarch=440d -qtune=440 -qsuffix=cpp=F90"
ac_cv_sizeof_void_p=4 cross_compiling=yes

ax_f77_mangling="lower case, no underscore, no extra underscore"

nec_sx9_cross ./configure CC=sxmpic++ FC=sxmpif90 AR=sxar RANLIB=true

ac_cv_sizeof_void_p=8 ax_vector_machine=yes cross_compiling=yes

ax_f77_mangling="lower case, no underscore, extra underscore"




/—E%ﬁi

matrix size =

initial vector x
precision
linear solver

preconditioner

convergence condition :
: CSR

: normal end

matrix storage format

linear solver status

100 x 100 (460 nonzero entries)

: 0
: double
: BiCG

. none

[ [b-Ax|]|_2 <= 1.0e-12

BiCG: number of iterations = 15 (double = 15,
BiCG: elapsed time = 5.178690e-03 sec.
BiCG: preconditioner = 1.277685e-03 sec.
BiCG: matrix creation = 1.254797e-03 sec.
BiCG: linear solver = 3.901005e-03 sec.
BiCG: relative residual = 6.327297e-15

* | |b-Ax_0||_2

quad = 0)

/———enable—omp

max number of threads = 32

number of threads = 2

matrix size = 100 x 100 (460 nonzero entries)
initial vector x : 0

precision : double

linear solver : BiCG

preconditioner : none

convergence condition :
: CSR

matrix storage format

linear solver status

BiCG: number of iterations = 15 (double = 15,
BiCG: elapsed time = 8.960009e-03 sec.
BiCG:  preconditioner = 2.297878e-03 sec.
BiCG: matrix creation = 2.072096e-03 sec.
BiCG: linear solver = 6.662130e-03 sec.
BiCG: relative residual = 6.221213e-15

[ 1b-Ax||_2 <= 1.0e-12

: normal end

* | |b-Ax_0||_2

quad = 0)
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--enable-mpi
4 P R
number of processes = 2

matrix size = 100 x 100 (460 nonzero entries)

initial vector x : 0

precision : double

linear solver : BiCG

preconditioner : none

convergence condition : ||b-Ax|[_2 <= 1.0e-12 * ||b-Ax_O||_2

matrix storage format : CSR

linear solver status : normal end

BiCG: number of iterations = 15 (double = 15, quad = 0)

BiCG: elapsed time = 2.911400e-03 sec.

BiCG: preconditioner = 1.560780e-04 sec.

BiCG: matrix creation = 1.459997e-04 sec.

BiCG: linear solver = 2.7556322e-03 sec.

BiCG: relative residual = 6.221213e-15
- J
224 JA

T4 L2 bV 1is-($VERSION) IZEWVWTIRD AR VY REAHL, BALDT 4 L2 N)IZT 71 )L %2 1EH
T5.

> make install

ZHZEY, T4 L2 bY ($INSTALLDIR) IZBARD 7 7 A L EH N5,

($INSTALLDIR)

+bin

| +1lsolve esolve gesolve hpcg_kernel hpcg_spmvtest spmvtest*
+include

| +lis_config.h lis.h lisf.h

+1ib

| +liblis.a

+share

+doc/lis examples/lis man

lis_config.h X714 77V ZEKT BB, £72 1is.h X C, 1isf.h ik Fortran TZ7 1 77V 2{#ifd %
BRUZMBEIRA~AY X T 74V TH 5. liblis.a FERINZFTA T IV THS. 714 77 UDNEFIZEAX
NP E D PEMERT 21T, T4 L2 MY 1is—($VERSION) IZBEWTIRODIAY Y KEAHL, T4 L2 b
Y examples/lis IZHEM I N/ZETT 7 A )V FHWVTHEEETT S .

> make installcheck

examples/lis N testl, etest5, getestd, test3b, spmvtest3b (&, 1solve, esolve, gesolve
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hpcg kernel, hpcg_spmvtest D% T ($INSTALLDIR) /bin IZHM XN 5. examples/lis/spmvtest* b,
ZNE 1 ($INSTALLDIR) /bin IZHB I D.
($INSTALLDIR) (B SN2 7 7 A VEHIRS 5121F, IROAX Y REANT 5.
> make uninstall
1is-($VERSION) TSI N=T A4 T 5V, ROETT7 7 A VEHIRS 2121%, ROax Y FE2 AT 5.
> make clean
BRI NRET 7 ANV EEDLETHIRT 5121, ROaxv Y FEANTS.

> make distclean

2.3 Windows Y AT LNDEA

W7 =V EHAWTT —Hh 1 7 %ER L 72, Microsoft Build Engine #3285 &1%, 1L 2
~ Y 1is-($VERSION) \win (ZHBWVWTIRD AT Y R& AT L, BE 7 7 1 )V Makefile ZEMT 5 (Gl
configure.bat --help ZZ&R).

> configure.bat
Makefile DEEEMA L Makefile.in TEFEIND. FIT77 7 1 V& LT 5121F, 1is- ($VERSION) \win (2
PVWTIROIATY REANTS.

> nmake
FA1TT7 7 ANVDPIEREITERI NP ED DR T HI21E, ROaAv RE AL, BRI NEETT 7 A
NEHWTHREEZTTS .

> nmake check
EREINTZTA TV, ETF T 740, ~Nv X7 74), RPDF XEIX, MTFOIT Y RIzLD
($INSTALLDIR)\1ib, ($INSTALLDIR)\bin, ($INSTALLDIR)\include, &' ($INSTALLDIR)\doc IZZNE
NI NS,

> nmake install
($INSTALLDIR) IZHB I N7 7 AV ZHIFRS 5121%, ROAY Y RE AT 5.

> nmake uninstall
($INSTALLDIR) \win IZAEM I N2 F 4 7T ), ROETT7 7 AV EHIRS 2121, ROaAX Y FEANT
5.

> nmake clean
HEREINTZRET 7 ANV e GDLETHIRT 2121, ROIXY K2 ANT 5.

> nmake distclean

UNIX HE#REZF AT 258022 R0 Z L.

2.4 MR:E
MEE 71 275 A% 1is- ($VERSION) /test TR E N 5.

2.4.1 testl

54 L2 bV 1is-($VERSION) /test IZHWT

> testl matrix_filename rhs_setting solution_filename rhistory_filename [options]
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EANT 2L, matrix filename B SATHIT — R % G iA A, f L SiFERN Ar = b % options THRHEI N
T fREE TR <. F 7z, % HL9R Matrix Market J& 3\ C solution_filename 2, 2 /EE % PLAIN JEAT
rhistory filename (23 & 9 ((J#k A 2 2M). ANATREZATH T — X BN IF IR Matrix Market JE=,
Harwell-Boeing TG XD W TH 5. rhs_setting (21

0 T =R T 7 ANVICEENDHLNRT MV EHND
1 b=(1,...., )T Z2HW3

2 b=Ax(1,..., )T ZHw3%

rhs_filename HHARZ MLVD T 71V

DWTNhEIEETE S, rhs_filename i PLAIN B, Matrix Market JTERIZH ST 5. testif.F iE
testl.c ® Fortran fx TH 5.

2.4.2 test2

74 L2 Y 1is-($VERSION) /test (ZHWT
> test2 m n matrix_type solution_filename rhistory_filename [options]
AT % &, 21kt Laplace fEFI#E % 5 sHULAED T X 0 BEBUL L TR S NS IR mn D178 A 258 e 4
SRR Az = b %, matrix_type THE I N7ATHIRMIL A, options THRE I N/MHETH . 7z,
fift % HLEE Matrix Market G2\ T solution_filename I2, 72 JEME % PLAIN 6 T rhistory_filename IZ
HEHT. ALY MV IRENRT SV x DIENRTRT 1 &2 L IREINS. m, n IFERICDORE T X
TdH 5. test2f.F0 IF test2.c @ Fortran 90 fRTH 5.

2.4.3 test2b

74 L2~V 1is-($VERSION) /test (BT
> test2b m n matrix_type solution_filename rhistory_filename [options]
EAJIT B &, 21R5C Laplace fEHZE % 9 il DA & D EERAL L TR SN2 mn D175 A ZREE T
LFREIFEA Ar = b %, matrix_type THRE X N2 fTHIMMNIE X, options THRE I N/ HETHL . £7z,
fi# % HLak Matrix Market 2T solution filename iZ, 7@ % PLAIN JEA T rhistory_filename |2
HEHT, HGAXRT PV IIRERT MV o DIENTRT 1 L2 LB EI NS, m, n IFFIRITOE T REK
TH5.

2.4.4 test3

74 L2 bV 1is-($VERSION) /test (ZHWT
> test3 1 m n matrix_type solution_filename rhistory_filename [options]
&A1 % &, 3Rt Laplace fEZ#E % 7 sl DD & 0 UL L TR S AU Imn D175 A ZREL
T HMILSFEN Ax = b %, matrix_type THHE I N/ITHIMMNIE X, options THE I N/fRIETHL . £
7=, fi# % YE5E Matrix Market JE3\ T solution_filename |2, 557 /EE % PLAIN JE:\ T rhistory_filename
ICEESHT. GURT MV IEERT MV g DERT AT 225 LR EINS. 1, m, n FERTTDIET
RBTH 5.
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2.4.5 test3b

74 L2 bV 1is-($VERSION) /test (ZHEWVT
> test3b 1 m n matrix_type solution_filename rhistory_filename [options]
E AT B &, 3T Laplace fEfIE % 27 sl 2E012 & 0 BERUL U TE S B IRE Imn D175 A 243588
I A AREN Ar = b %, matrix_type TIRE I NITHIMMIE R, options THE I N/ZMIETHL . £
7=, fi# % Lok Matrix Market JE A\ T solution_filename 2, 5=/EE % PLAIN JEA\ T rhistory_filename
ICEHESHT. AEART PV IFENT MV DIEPTARTL LB LR EINS. 1, m, n FERTTOME T
HETH5.

2.4.6 test4

MRELGRER Ar = b 2 FRE SN MR TS, M2 REHINCEH S HT. 1751 A 3R 12 © 3 X175

THD. GUART DIV IFERT ML o DIEDPITRT 1 225 55BEEIND. testdf.F I testd.c D
Fortran Ik CT#H 5.

2.4.7 testd

T4 L2 MV 1is-($VERSION) /test IZHWVT
> testbs n gamma [options]

EATIT B L, MBI N Ax = b 2HEE I N/ METHE S . 1751 A 1ZIRE n O Toepliz 1741

2
0 2 1
¥ 2 1
A: D
v 0 2 1
vy 0 2

THD. FHLART DIV IFRRT ML g DENRTRT 1L b k5FEIND.

2.4.8 test6

test6.c % test2.c DEFIETHS. T4 L2 MV 1is-($VERSION) /test (ZH T
> test6b m n
EATIT B L, 2¥RIC Laplace fEFHZE % 5 sl DI & D EESUL L THE S N A IRE mn D175 A 2 5RE L
J AR GRER Ax = b 2 EEIETHL . AXRT MV IZHRT MLz DERTRT 1L RD EIHBEX
N5, mnlZBIRTCOMTRETH 5. test6f.F0 I test6.c D Fortran 90 IR TH 5.
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2.4.9 etestl

74 L2 bV 1is-($VERSION) /test (ZHEWVT
> etestl matrix_filename evector_filename rhistory_filename [options]
EAJ1T B L, matrix filename N HATHT — X & GiAid A, BEHEEAEME Ar = Az % options THRE
SNTMRETIRNT, ?'a‘?‘ﬁ’é%ﬁlﬁm’ﬂ WHONZEH ST, 72, WIS T SEANZ LV ZHLR Matrix
Market FE3X T evector_filename |2, 5% /EE % PLAIN £\ T rhistory_filename (ZEFEH9. AJIH]
e 17515 — 2% Matrix Market &=, £ U < 1% Harwell-Boeing X XD WIFNHTH 5. etestlif.F
IF etestl.c @ Fortran JRCH 5. HHEOEAN ZHIFT 55513 etests 22D &,

2.4.10 getestl

74 L2 bV 1is-($VERSION) /test IZHWT
> getestl matrix_a_filename matrix_b_filename evector_filename rhistory_filename

[options]
AT B L, matrix_a_filename & U matrix_b_filename 7 5175 T — X & FH AR A, —MRILEAE
Ml Ax = ABz % options THE I NAMIETHNT, BEINEHMEEZEEL ICEESHT. £
7z, Mg HEHERZ b }Lé#éﬁ Matrix Market 2\ T evector_filename (2, &% /E /K % PLAIN £ =X
T rhistory filename (Z& E 19, AN FRERTHT — XN Matrix Market X2, ® U < % Harwell-
Boeing ﬁ/f@b“ﬂ'ﬂﬁxf%é BB OEE N Z G T 555613 getests ZSHD Z L.

2.4.11 etest2

74 L2 b 1is-($VERSION) /test (ZHWVT
> etest2 m n matrix_type evector_filename rhistory_filename [options]
E AT B &, 2Rt Laplace fEH#E & 5 slHL AT & D EEEE U TR S N B IR mn D175 A IZBId %
FEEMHEME Az = \z %, matrix_type CTHEE X N2 1THIHEME X, options ’C“?E%é‘ﬂf:ﬁﬁif“ﬁﬁ% i}
EFEIN-EAMEZERENICEESHT. £72, JInT2EHE R ML % evector_filename 127, FAJERE%
rhistory filename IZZFZHT. m, n FEIRICOR T RBMTH 5.

2.4.12 etest3

74 L7 bV 1is-($VERSION) /test (ZHEWVT
> etest3 1 m n matrix_type evector_filename rhistory_filename [options]
E AT B E, 3R Laplace fEF#E % 7 stz & 0 #EiEb L TR S B RE Imn D175 A 1IZH
THEEMME Az = Az %, matrix_type T E I N7-/THIENIL X, options THEE & N7z fif ik TR
E BEINZEEMEEZEENINICES BT, F72, T H5EE T bV &L Matrix Market JZ AT
evector_filename |7, 7 JEE % PLAIN Jo A T rhistory filename (ZHFZ Y. 1, m, n IZHRITDIE
TRETHS. HROEANZIIFT 55513 etest6 22D Z &,
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2.4.13 etest4

74 L2 1V 1is-($VERSION) /test (ZHEWT
> etest4 n [options]
EAIT B L, FEAMHME Ax = \x ZHRE I NMHETH S B I W BAEZEREHICES TS, 17
H A FIRE n D 3 B AT

ThH5. etestdf.F (L etestd.c D Fortran iR TH 5.

2.4.14 etestb

74 L2 MV 1is-($VERSION) /test IZHE W T
> etestb matrix_filename evalues_filename evectors_filename residuals_filename

iters_filename [options]
E AT B Y, matrix filename M HATHT — X G A A, FEHEE G EE Ar = \r % options T
FRESINMETHR T, BESINZEAMEZEELDICE ST, £z, BESIN[EEOEFAHE%
evalues_filename |2, XS89 BEHANT ML, 5 VA KO KERE % evectors_filename,
residuals_filename &%} iters_filename (ZHL3R Matrix Market FE X CE & 3. AN AREAR (TS T —
2R Matrix Market X2, £ U < 1% Harwell-Boeing X XD WIF N1 TH 5.

2.4.15 getest)

74 L2 1 1is-($VERSION) /test (ZHEWT

> getestd matrix_a_filename matrix_b_filename evalues_filename evectors_filename
residuals_filename iters_filename [options]
EANTBL, matrix_a filename X Uf matrix_b_filename 7* 51757 — X & FiAaid A, —MLEEHE
i Ax = ABxz % options THEINLMIETHWT, EEIN-EAE ML EEL jicEE2HT. £
7=, BEIN-HEOEEEZ evalues_filename (2, XMIGT AEERT ML, 5K/ VA RO KB RIEZ
evectors_filename, residuals_filename M O} iters_filename (ZfE3E Matrix Market JERR CE & HF.
ATATREZR AT T — 2 R id Matrix Market FZ2 2, ® U < i Harwell-Boeing TE XD WIT NP TH 5.

2.4.16 etest6

74 L2 MV 1is-($VERSION) /test IZHEWNT
> etest6 1 m n matrix_type evalues_filename evectors_filename residuals_filename
iters_filename [options]
EAJ19 % &, 3IRIE Laplace fEHZE % 7 sl DA & 0 BEBUL L TR o 1 5 B Imn D175 A 12T %
FEEMEME Az = A\ %, matrix_type CTIHE I N7z {THIMANE A, options THRE I NZL T E, f5E
IN-EEEEZEEHEICESHT. £/, BEINZERDEGEIE% evalues_filename (2, X3 5 [
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BRI MV, B VLR ORI % evectors_filename, residuals_filename M () iters_filename
WZHEER Matrix Market B R CEHEHT. 1, m, n ZBRGTOR TR TH 5.

2.4.17 etest7

etest7.c ld etest2.c DESIKTHS. T4 L2 bV 1lis-($VERSION) /test IZH W T
> etest7 m n
E AT B, 2K5T Laplace fEfIZE % 5 siHUDEMIT & D BEBUL L THE S A RE mn D175 A 2T %
EEMERME Ax = Az % QRIETHELS . m, n IZBZRTOK TS TH 5.

2.4.18 spmvtestl

74 L2 MY 1is-($VERSION) /test IZHWT
> spmvtestl n iter [matrix_type]

EAJ19 % &, 1IRIG Laplace fEFI#E % 3 fidDAEDIT & 0 EEEL L TR S N 5 IR n DT5

ERZ PV, )T L OR%E iter THEINEEEELTL, FLOPS 2B AT 5. 4% 5 matrix_type
zk D,

0 FATHRER T R TOFFIREIME R OWTHIET 5
1-11 AN A D &S
DWFNPEIRET 5.

2.4.19 spmvtest2

74 L2 bV 1is-($VERSION) /test (ZHWVT
> spmvtest2 m n iter [matrix_typel
E AT B &, 210t Laplace fEF#E % 5 sl & D EEREL L TR S N B IRE mn O 5 X 175 &~
7 bV (1., )T LOF% iter TREI N/FEKIFITL, FLOPS iz H i3 5. HE/R S natrix_type
IZ&0,

0 EAFRER T R CTDITHREME R DOWTHIES 5
1-11 IR DF =
DWEFNHZIEETS. m,n BBFRTOKTEHRTH 5.
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2.4.20 spmvtest2b

74 L2 1V 1is-($VERSION) /test (ZHEWT
> spmvtest2b m n iter [matrix_typel

E AN B &, 29k5G Laplace fEFZE % 9 firFULAEIZ & DEEBUL L TR O NS E mn D 9 X 175 & X
MV, )T D% iter THREINZEEFITL, FLOPS 2 H 9 5. HE7A 5 matrix_type
IZ&0,

0 FATH 7R T RN TOIFFIEIIE RNIZ DO W THIE S S

1-11 AR A DS
DWTNPEEET S, m, 0 ZEIRTCOE T ABTH 5.

2.4.21 spmvtest3

74 L2 MV 1is-($VERSION) /test IZHEWVT
> spmvtest3 1 m n iter [matrix_typel
EANT B L, 3IRIT Laplace fEFZEZ 7 s ZESIZ & DL U TR SN B IRE Imn © 7 X AT &
N7 PV (1., )T O %E iter THE I NI L, FLOPS 2 H S 5. 427425 natrix_type
12X,

0 TR TR TOITHMMERCODWTHlIET S
1-11 FHIMIIE R DF S
OWITNDZEIEET 5. 1, m, n I ZRIRTCOBF R TH 5.

2.4.22 spmvtest3b

74 L2 bV 1is-($VERSION) /test (ZHWVT
> spmvtest3b 1 m n iter [matrix_typel

EAJIT B &, 31T Laplace fEZE % 27 smiHuDE5312 & D HEBL L TR S D IRE Imn @ 27 X175 &
RZ MV, )T L OFE%E iter THRE I NZEIEET L, FLOPS 2 HH$ 5. 4% 5 matrix_type
&,

0 FAT 7R T N T DATAIRGIIE R DO W THIE T %

1-11 FTFIRENIE A D F S
DWITNH%2IBET S, 1, m, n FZFRTLOK TR THS.

2.4.23 spmvtest4

74 L2 bV 1is-($VERSION) /test (ZHWT
> spmvtest4 matrix_filename_list iter [block]
E AT B L, matrix_filename list DRITITH T —R 7 7 AN A NP SITH]T — R E2FHAAAR, K17
Fle Ry MV (1,...,1)T & OR%EFATARERITFIREHIIERIZ DWW T iter THRE I N2 REIEGE T L, FLOPS
BAEFEHT 5. ANARERTHIT — X AL Matrix Market JER, $ U < & Harwell-Boeing JTERD W1
MTHD. BERS block (2L D, BSR, BSCEAD Ty 7% 4 X%IFET 5.
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2.4.24

spmvtestb

74 L2 1V 1is-($VERSION) /test (ZHEWT
> spmvtest5 matrix_filename matrix_type iter [block]
AT B L, matrix_filename DRTITHT — X 7 7 1D ST F — X & FAIAA, 1758 X7 ML
(1,..., )T L O ETHIEAMNE N natrix_type (2 DWT iter THRE S N7z [BEE T L, FLOPS % &1
5. ANARERTTH T — 2 R Matrix Market JE2, £ U < 1% Harwell-Boeing IEROWFNHTH 5.
WL S block (2L D, BSR, BSCERD 7oy 749 A X&EET 5.

2.5 HHIPREIE
BN—2 3 VIZIFLATFORIELD 5.

o TFHIRGINIE A

VBRERIZYIVF Fa v ABECIIHEHTE 2.
CSR B R DA ORI R 1E SA-AMG BB ClIfHH T E 722\,

RIVF T O ABRBEICE W THERES 2 EEERT 25461F, CSRIERZHH L 2T IR
570, MO R Z FHT 285481, B 1is_matrix_convert () Z W TEHZITS.

e double-double 4 4 7 H5RE A (4 Hi % S

S SR RIRED 5 5, Jacobi, Gauss-Seidel, SOR, TDR(s) ¥ T M T X 210,
EAEfRED 5 5, CG, CR, Jacobi-Davidson & TIEHH T S22\,

Hybrid AL T O AR KEMIED 5 5, Jacobi, Gauss-Seidel, SOR JE T T E .
I+S, SA-AMG HiALEETIMHH T E .

e long double 4 4 {55 H#HE

Fortran 1 X 7 = — ATIIfEHTE 2\,
SA-AMG RiLEETIXHH T E 72\,

o HTULHE

Jacobi, SSOR LMD HTMLELAGER S 4, 2221551 A &% CSR ER TR WG &, BITALBLERIF I
CSR ERDITH A BMER I 1 5.

FERFFRARIL G RE R IE & U T BiCG IEANEIRE Wiz 58, SA-AMG RiLER XA T & 2.
SA-AMG RIEIZ <V F ALy REHEIZIERIGE L TWhRL.,

SAINV R JLEE D ATILERATFIE R 1E B IREI TS B

2 —YERRTHEIIHEH T E 0.
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3 EAREE
ARETIE, 71077V OHEALEZDOWTRRS. T07J AT, LFORIZFTS BENRDH 5.
o HIHIALALER
o 175 DR
o NI MVOER
o VLN (fRIEDIEIRZ &N T D HEEER) DIERL
o 1751, X7 FLADEDIA
o fRIRDIBE
o Kfi#
o AT HLEE
E7, TR T LADEIITIZA RO 3 281 FHREGR LR TR S W,
o C #include "lis.h"
e Fortran #include "lisf.h"

lis.h, lisf.h &, 3 AFRFIZ ($INSTALLDIR) /include FIZHAH I N5,

3.1 #HAME - T 0E

AL, #TIBZAT DO & 5 I1250d 5. MBI 70 27T LA DRI, #& 7B IZREIZETL
ANV SIS N ANNY

€ ~

1: #include "lis.h"

2: LIS_INT main(LIS_INT argc, char* argv[])

3: {

4: lis_initialize(&argc, &argv);

5: R

6: lis_finalize();

7: }
N J
s Fortran ~

1: #include "lisf.h"

2: call lis_initialize(ierr)

3: R

4. call lis_finalize(ierr)
\ J
WER g

AIEAMEALER 2 17 51213, BIEK

e C LIS_INT lis_initialize(LIS_INT* argc, char** argv[])

20



e Fortran subroutine lis_initialize(LIS_INTEGER ierr)

ZHWS. 2B, MPL O, a< > RS54 v al OSSO HILLER % 17 5

LIS_INT OIEEME int 1, 7V Bt v~ 0 LONG_LONG ASEHRI N7-HE (21X long long int T, £
7= LIS_INTEGER DREE(H integer 1, 7'V 710+t v ¥ <2 1 LONG__LONG 2 EF X N7z 5 A7 integer*s
ICEEHmAOoND.

& TR
TR 21T 5121, B
o C LIS_INT lis_finalize()
e Fortran subroutine lis_finalize(LIS_INTEGER ierr)

ZHWS.

3.2 R KNILDEF

N7 Ml v OIRE%E global.n £ T 5. XT ML v % nprocs O 7Taw ATF7my 7 5HT 58550%
R MIVDITEE local n &3 5. global_n H* nprocs TEID Y12 BE 1% local n = global_n | nprocs
b WAL, X7 Mo % (3.1) XD kST 2 THY AT 70y 7 53ES 554, global-n & local-n
XENZEN4 L2845,

0 PEO
1

v=|— 3.1
2 PE1 (3.1)
3

(3.1) RDORZ "V v ELT 28586, IR, YIVFAL Y REETIERZ Mo ZDH0D%, Y )ILF 71
Y 2ABRBETIESE T o AT a v AT ey 7 EI LR MVEERT 5.

RTMVy ZERT B 707 T LEUTOLIIZHRTS. 72770, v IVF ok ABRED 7o A8
2% 5.
(EWK - Y VF ALy RERHE) ~

~
Q

LIS_INT i,n;

LIS_VECTOR v;

n = 4;

lis_vector_create(0,&v);

lis_vector_set_size(v,0,n); /* or lis_vector_set_size(v,n,0); */

for(i=0;i<n;i++)
{
lis_vector_set_value(LIS_INS_VALUE,i, (double)i,v);

O © 00 NO OB WN -

[

}

-
N

21



o~ C (VM F 71 A5 ~

LIS_INT i,n,is,ie; /* or LIS_INT i,ln,is,ie; */
LIS_VECTOR v;

n = 4; /* 1n = 2; *x/

lis_vector_create (MPI_COMM_WORLD,&vV) ;

lis_vector_set_size(v,0,n); /* lis_vector_set_size(v,1n,0); */
lis_vector_get_range(v,&is,&ie);

for(i=is;i<ie;i++)

{

© 00N 0O WN =

lis_vector_set_value(LIS_INS_VALUE,i, (double)i,v);

ey
o

}
- J

B T LF ALy R
rFortran (BIR - X NVF AL v NERBE) ~

LIS_INTEGER i,n

LIS_VECTOR v

n=4

call lis_vector_create(0,v,ierr)
call lis_vector_set_size(v,0,n,ierr)

do i=1,n
call lis_vector_set_value(LIS_INS_VALUE,i,DBLE(i),v,ierr)
: enddo
\ J
~ Fortran (¥ )V F 7’0 & ABEEY) ~

©O© N O O d W N

_
o

LIS_INTEGER i,n,is,ie
LIS_VECTOR v
n=4
call lis_vector_create(MPI_COMM_WORLD,v,ierr)
call lis_vector_set_size(v,0,n,ierr)
call lis_vector_get_range(v,is,ie,ierr)
do i=is,ie-1
call lis_vector_set_value(LIS_INS_VALUE,i,DBLE(i),v,ierr);
enddo

o )

© 00 ~NO U WN =

NI NLDOVERK
N7 Mo OFERIZI, B

o C LIS_INT lis_vector_create(LIS_Comm comm, LIS_VECTOR *v)
e Fortran subroutine lis_vector_create(LIS_Comm comm, LIS_VECTOR v, LIS_INTEGER ierr)

VWS, comZIFMPI 3 a7 —X%2EETS. FIX, X)IVFAL Y FEETIE comn OfEIZHEHR X
5.

REDEEE
D EEN I, BAEK
o C LIS_INTEGER lis_vector_set_size(LIS_VECTOR v, LIS_INT local_n,

LIS_INT global_n)

e Fortran subroutine lis_vector_set_size(LIS_VECTIR v, LIS_INTEGER local_n,
LIS_INTEGER global_n, LIS_INTEGER ierr)

22



WS, local_n B global_n D X5 5 h—F% 5 2R NIER 570,

BIR, X IF ALy REIETIE, local_n 1% global n iIZFE L\, U72D3-> T, 1is_vector_set_size(v,n,0)
¥ lis_vector_set_size(v,0,n) I, WIFNHIXEn DRI ML EEHRT 5.

SOVF Ta ARIBIZE\WTI, lis_vector_set_size(v,n,0) 3% 7Rt A LIZIRE n DIH T b
WEAEKS 5. —1, lis_vector_set_size(v,0,n) & 70 X p LIZIREUm, DEIT N2 MV EET
5. mylx710 77V HICIRETND.

EDRA
N7 PV DFATIEZRAT 2121, B

o C LIS_INT lis_vector_set_value(LIS_INT flag, LIS_INT i, LIS_SCALAR value,
LIS_VECTOR v)

e Fortran subroutine lis_vector_set_value(LIS_INTEGER flag, LIS_INTEGER i,
LIS_SCALAR value, LIS_VECTOR v, LIS_INTEGER ierr)

WS, ILF 7O ABETIE, MORZ MLVOE i 7 TIRRL, 2ERZ MLVOE i fTR2IEET S
flag IZ1&

LIS_INS_VALUE ffA: v[i] = value
LIS_ADD_VALUE HISRARA: v[i] = v[i] + value
DELLMEIRET S.
Ry MLDOER
WEFEDANZ MV e Ui &R DR 7 MV EERT 2121, B
o C LIS_INT lis_vector_duplicate(LIS_VECTOR vin, LIS_VECTOR *vout)

e Fortran subroutine lis_vector_duplicate(LIS_VECTOR vin, LIS_VECTOR vout,
LIS_INTEGER ierr)

ZHWS. 15[ LIS_VECTOR vin | LIS_MATRIX 2 EETAZ L HARETH S. ZOBEEIIRZ ML D
FEOMITEH L 2v. BHEIET 25461, ZoEKORKIC

e C LIS_INT lis_vector_copy(LIS_VECTOR vsrc, LIS_VECTOR vdst)
e Fortran subroutine lis_vector_copy(LIS_VECTOR vsrc, LIS_VECTOR vdst, LIS_INTEGER ierr)
ZIFOHIS.
SVAWIOLE
RENZ7R 572 R MV EAEY PSHET I121,
e C LIS_INT lis_vector_destroy(LIS_VECTOR v)
e Fortran subroutine lis_vector_destroy(LIS_VECTOR v, LIS_INTEGER ierr)

ZHWS.
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3.3 1THIDEE

1151 A DIRE%E global_n x globaln &3 5. 175 A % nprocs D 70w ATir 70y 7 43#9 5556
DET a7 DFEE local n &3 5. global_n D nprocs THI D YIN 2 5E1% local -n = global_n | nprocs
t@é.Miﬁﬁﬁhyé@@ﬁ@iﬁﬂ2@@7UﬁZ?ﬁjUVﬁﬁ%?é%éﬂh@hﬂﬂmﬂm
XENEN4 L2845,

PEO

[
=N =

1
2 1 | PE1
1 2
HI DAL ADITH 2 EK S DIZIXEATD 3 2D HiENH 5.

FiElL 475 )BEBEAVTENOBRMERDES % EET 258
(3.2) XAD17%] A %2 CSR IEATIER T 556, Bk, S VF ALy NEETII T AZDHED%, < VF T
O ARE TS o Rz Tav ATl T ey 2 9E LT R ERT 5.

751 A% CSRIEARTER TS 707 5 LU TO LS 2@k §5. 270, vV F 7ok 28D 7 n
2Bz 29 5.
(BIR - X )VF AL v NEHE) ~

~N
Q

LIS_INT i,n;
LIS_MATRIX A;
n = 4;
lis_matrix_create(0,&A);
lis_matrix_set_size(A,0,n); /* or lis_matrix_set_size(A,n,0); */
for(i=0;i<n;i++) {
if( i>0 ) lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0,A);
if( i<n-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0,A);
lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);

[
O ©W 00N OB WN -

}
: lis_matrix_set_type(A,LIS_MATRIX_CSR);
: lis_matrix_assemble(A);

=
N =

C (¥ V7 7ux ABEE) ~

N\ 7

LIS_INT i,n,gn,is,ie;

LIS_MATRIX A;

gn = 4; /* or n=2 %/
lis_matrix_create(MPI_COMM_WORLD,&A) ;

lis_matrix_set_size(A,0,gn); /* lis_matrix_set_size(A,n,0); */
lis_matrix_get_size(A,&n,&gn);

lis_matrix_get_range(A,&is,&ie);

for(i=is;i<ie;i++) {

9: if( i>0 ) lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0,4);
10: if( i<gn-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0,4);
11: lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);

12: }
13: lis_matrix_set_type(A,LIS_MATRIX_CSR);
14: lis_matrix_assemble(A);

W ~NO 0D WN -
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RIK - v KRB
~ Fortran (ZiX + Y IVF AL v NEH) ~

LIS_INTEGER i,n

LIS_MATRIX A

n=4

call lis_matrix_create(0,A,ierr)

call lis_matrix_set_size(A,0,n,ierr)

do i=1,n
if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0d0,A,ierr)
if( i<n ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)

enddo

: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)

: call lis_matrix_assemble(A,ierr)

© 00 ~NO U WN -

e
N =~ O

-
N

RIVFT bE=317)
/Fortran( VF T H L AB) ~

LIS_INTEGER i,n,gn,is,ie

LIS_MATRIX A

gn = 4

call lis_matrix_create(MPI_COMM_WORLD,A,ierr)

call lis_matrix_set_size(A,0,gn,ierr)

call lis_matrix_get_size(A,n,gn,ierr)

call lis_matrix_get_range(A,is,ie,ierr)

do i=is,ie-1
if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0d0,A,ierr)
if( i<gn ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)

12: enddo

: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)

: call lis_matrix_assemble(A,ierr)

- J

© 00 ~NO O WN =

o
= O

= e
BSow

TR DR
1751 A DAERUZ I, BIEL

o C LIS_INT lis_matrix_create(LIS_Comm comm, LIS_MATRIX *A)

e Fortran subroutine lis_matrix_create(LIS_Comm comm, LIS_MATRIX A, LIS_INTEGER ierr)
ZHWVWS. conm (ZIZMPI 33 2= —XZ2BETS. FIR, YIVF AL v NEREETIX, comm Offf IR X
Nnb.

REDERTE
T DEFENTIE, BIEL
o C LIS_INT lis_matrix_set_size(LIS_MATRIX A, LIS_INT local_n, LIS_INT global_n)

e Fortran subroutine lis_matrix_set_size(LIS_MATRIX A, LIS_INTEGER local_n,
LIS_INTEGER global_n, LIS_INTEGER ierr)

EHWS. local_n 7» global_n D EH 50— %5 22T NI S 0.
BIR, X NVF ALy REETI, local_n 1% global n iZFE L\, L7235 7C, 1is_matrix_set_size(A,n,0)
¢ lis_matrix_set_size(4,0,n) I, WINHIXRE n x n DITHIZIERT 5.
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SIVF Tk RAEBEIZE W T, 1is_matrix_set_size(A,n,0) & 70X X EIZIREIn x N DERS4T
FIZEKS 5. Nidn OHNITH 5.
—7}, lis_matrix_set_size(4,0,n) & 70 X p RIZIRE m, x n DEHITHIEAEHRT B, my 1E7 1
T VIVMTRETIND.

EDRA
1791 A DF i A7 j SN Z RS 2121, B

o C LIS_INT lis_matrix_set_value(LIS_INT flag, LIS_INT i, LIS_INT j,
LIS_SCALAR value, LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_value(LIS_INTEGER flag, LIS_INTEGER i,
LIS_INTEGER j, LIS_SCALAR value, LIS_MATRIX A, LIS_INTEGER ierr)

ERAWS. v VF T AT, 2RITFIOH i 175 j FlE2EET 5. flag Tl
LIS_INS_VALUE ffA: A[4,j] = value
LIS_ADD_VALUE fNEMA: Al4,j] = Ali, j] + value
DELOLDPEIRET S.
TN R DERTE
1TH DIGFNIE A 2 303 %1213, B
e C LIS_INT lis_matrix_set_type(LIS_MATRIX A, LIS_INT matrix_type)

e Fortran subroutine lis_matrix_set_type(LIS_MATRIX A, LIS_INTEGER matrix_type,
LIS_INTEGER ierr)

EHWS. fTH/ERIFD A @ matrix_type £ LIS_MATRIX_CSR TH 5. L NIZHIGT B8 X% R 7.

MAIE A matrix_type
Compressed Sparse Row (CSR) {LIS_MATRIX_CSR|1}
Compressed Sparse Column (CSC)  {LIS_MATRIX_CSC|2}
Modified Compressed Sparse Row (MSR) {LIS_MATRIX_MSR|3}
Diagonal (DIA) {LIS_MATRIX_DIA|4}
Ellpack-Itpack Generalized Diagonal (ELL)  {LIS_MATRIX_ELL|5}
Jagged Diagonal (JAD) {LIS_MATRIX_JAD|6}
Block Sparse Row (BSR) {LIS_MATRIX_BSR|7}
Block Sparse Column (BSC) {LIS_MATRIX_BSC|8}
Variable Block Row (VBR) {LIS_MATRIX_VBR|9}
Coordinate (COO) {LIS_MATRIX_COO|10}
Dense (DNS)  {LIS_MATRIX_DNS|11}

TP DHAILT
TP DB & ML X 2 3E U 7 1&, %K
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o C LIS_INT lis_matrix_assemble(LIS_MATRIX A)
e Fortran subroutine lis_matrix_assemble(LIS_MATRIX A, LIS_INTEGER ierr)

ZIFOH Y. 1is_matrix_assemble | 1is_matrix_set_type THRHE I N7 &ME RN ITHALTHNS.

1T DEEE
RENZ IR o 7275 % A Y D OEEET 5121,

o C LIS_INT lis_matrix_destroy(LIS_MATRIX A)
e Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, LIS_INTEGER ierr)

ZHWS.

Bk 2: BMORMER DRI %= BEEERT 2158
(3.2) XD1FH] A % CSR R TIERT 254, BIK, Y IVF ALy NEETIHTH AZDOLD%, < VF T
Ok ZABETEK a2z 7o 28T 7 ey 2508 U EEOTH R EK T 5.

751 A% CSRIERTERT A 707 7 LU TO LIk T 5. 72720, vV F7akw ARED S0
v AKIZ 22T 5.
(BIR - X VF ALy NE)

~N
Q

~N
LIS_INT i,k,n,nnz;

LIS_INT *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n =4; nnz = 10; k = 0;

lis_matrix_malloc_csr(n,nnz,&ptr,&index,&value);

lis_matrix_create(0,&A);

lis_matrix_set_size(A,0,n); /* or lis_matrix_set_size(A,n,0); */

W ~NO D WN -

10: for(i=0;i<n;i++)

11: {

12: if( i>0 ) {index[k] = i-1; valuelk]
13: index[k] = i; valuel[k] = 2; k++;

14: if( i<n-1 ) {index[k] = i+1; valuel[k]
15: ptrli+1] = k;

16: }

17: ptr[0] = 0;

18: lis_matrix_set_csr(nnz,ptr,index,value,A);
19: lis_matrix_assemble(A);

1; k++;}

1; k++;}
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/{uvw%fn&x%%)

LIS_INT i,k,n,nnz,is,ie;

LIS_INT *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n=2; nmz = 5; k = 0;
lis_matrix_malloc_csr(n,nnz,&ptr,&index,&value);
lis_matrix_create (MPI_COMM_WORLD,&A) ;
lis_matrix_set_size(A,n,0);
lis_matrix_get_range(A,&is,&ie);
for(i=is;i<ie;i++)

: A{

12: if( i>0 ) {index[k] = i-1; valuelk]
13: index[k] = i; valuelk] = 2; k++;

14: if( i<n-1 ) {index[k] = i+1; valuel[k]
15: ptrli-is+1] = k;

16: }

17: ptr[0] = 0;

18: lis_matrix_set_csr(nnz,ptr,index,value,A);
19: lis_matrix_assemble(A);

© 00 ~NO U WN -

=
= O

1; k++;}

1; k++;}

N

Be 5l D REEAS 13
CSRIERDELS % T 1 75 ) MR A S & 5175 A BN 1T 51213, B

o C LIS_INT lis_matrix_set_csr(LIS_INT nnz, LIS_INT ptr[], LIS_INT index[],

LIS_SCALAR value[], LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_csr(LIS_INTEGER nnz, LIS_INTEGER ptr(),

LIS_INTEGER index(), LIS_SCALAR value(), LIS_MATRIX A, LIS_INTEGER ierr)

ERAWS. FOMOKMHERIZOVWTIES fiz SBE X

FiE3: AT 7 AILHSTH, RY MLT—9 EHmHMALHE

W7 7 A Vir 5 (3.2) ADITH] A & CSR B THiARLEE, 7077 LMIBATD LS 125k 5.

({Mﬁm-vw%vaF-vwifmﬂx%ﬁ)

LIS_MATRIX A;
lis_matrix_create(LIS_COMM_WORLD,&A) ;
lis_matrix_set_type(A,LIS_MATRIX_CSR);
lis_input_matrix(A,"matvec.mtx");

N O W

N

(,%mmu%m~7»%XVvP~vw%fmﬂz%ﬁ)

LIS_MATRIX A

call lis_matrix_create(LIS_COMM_WORLD,A,ierr)
call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
call lis_input_matrix(A,’matvec.mtx’,ierr)

~No W

N\

Matrix Market JTERIZ & B 7MEE 7 7 1 )V matvec.mtx DLl % DA RIZRT.

%hMatrixMarket matrix coordinate real general
441010
12 1.0e+00
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BB W W W NN

KC (IR - XNVF AL R - I)VF 70 ALK

1 2
3 1
1 1
2 2
4 1
2 1
3 2
4 2
3 1

.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00

AT 7 A Uh 5 (3.2) ADFFH] A % CSRIEAT, £72 (3.1) RORZ ML b 25 ADEEO TR TS
INFSP M NO PR R b N -8

~NOo O W -

N

LIS_MATRIX A;

LIS_VECTOR b,x;
lis_matrix_create(LIS_COMM_WORLD,&A) ;
lis_vector_create(LIS_COMM_WORLD,&b) ;
lis_vector_create(LIS_COMM_WORLD,&x) ;
lis_matrix_set_type(A,LIS_MATRIX_CSR);
lis_input(A,b,x, "matvec.mtx");

N

N

N

~N o o WN

LIS_MATRIX A
LIS_VECTOR b,x

call lis_matrix_create(LIS_COMM_WORLD,A,ierr)
call lis_vector_create(LIS_COMM_WORLD,b,ierr)
call lis_vector_create(LIS_COMM_WORLD,x,ierr)
call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)

call lis_input(A,b,x,’matvec.mtx’,ierr)

(/%mmﬂﬁm'VW?ZVvF'7%?7Dkl%%)

PE5R Matrix Market JE U2 & 247 7 1 )L matvec.mtx DFLRH % LIRS ((IFk A 2 51R).

%hMatrixMarket matrix coordinate real general

4

W N DD WWWNDNNRE -

4 10

N
[

WP WP W
P NDNNR PR NDR PN

10
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00

0e+00
0e+00

0.
1.
2.0e+00
3.

0e+00

HERT 7 1 IV DS DERAHIAH

T 7 AN OATH] A DT — R ZEAATITIE, BIEK

o C

LIS_INT lis_input_matrix(LIS_MATRIX A, char *filename)

29
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e Fortran subroutine lis_input_matrix(LIS_MATRIX A,
character filename, LIS_INTEGER ierr)

ZH\W5. filename (217 7 AV NAZIFET . MIET 27 7 A VBRI TO@ED TH D (771 1VIE
RIZDOWTIIAHER A 25).

e Matrix Market JE =X
e Harwell-Boeing &3\
MERT 7 A NDS4TH A R ML b, & DT — R % FAMADITIE, B
o C LIS_INT 1lis_input(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x, char *filename)

e Fortran subroutine lis_input(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
character filename, LIS_INTEGER ierr)

ZH\W5. filename (217 7 AV ANAZIFET . WMIET 27 7 A VBRI TO@ED TH S (771 IVIE
ROV TIEEAHER A 22 1).

o #iE Matrix Market £\

e Harwell-Boeing /£

3.4 REAEIXDKE

M GRER Ar = b ZHRE S NMHETHR GG, 70277 A3TO LSRR 5.
(BIK - <VF ALy F - X)VF 70w ABEL)

~N
Q

LIS_MATRIX A;
LIS_VECTOR b,x;
LIS_SOLVER solver;

/x ATHE RT FILDIERL */

lis_solver_create(&solver);
lis_solver_set_option("-i bicg -p none",solver);
lis_solver_set_option("-tol 1.0e-12",solver);
lis_solve(A,b,x,solver);

© 00N O WN -

=
o

-
KFortran (BIK - <IVF ALY R - IVF 70 B ~

N

LIS_MATRIX A
LIS_VECTOR b,x
LIS_SOLVER solver

Jx THIERD VDMK */

call lis_solver_create(solver,ierr)

call lis_solver_set_option(’-i bicg -p none’,solver,ierr)
call lis_solver_set_option(’-tol 1.0e-12’,solver,ierr)
call lis_solve(A,b,x,solver,ierr)

- J

© 00 ~NO O WN -

—
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YV ILINDVERR
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VLS (KRB R AR BRE DGR & M3 2 fdik) 2 MERd 21213, BIEK

o C LIS_INT lis_solver_create(LIS_SOLVER *solver)

e Fortran subroutine lis_solver_create(LIS_SOLVER solver, LIS_INTEGER ierr)
W5,
A7 avDRE

AR A VOV NI ERET BT, B

o C LIS_INT lis_solver_set_option(char *text, LIS_SOLVER solver)

e Fortran subroutine lis_solver_set_option(character text, LIS_SOLVER solver,
LIS_INTEGER ierr)

F721%
o C LIS_INT lis_solver_set_optionC(LIS_SOLVER solver)
e Fortran subroutine lis_solver_set_optionC(LIS_SOLVER solver, LIS_INTEGER ierr)

ZHWA. lis_solver_set_optionC i%, 2—H¥ 707 I LAFEFRHZI ISV NI A VU TRESINZA TV 2
YV NVNICRES HEBTHS.

DRIZHREMRLR IR Y RIA AT a v a2 mRd. -i {cgltHd-i cg £7/21d-1 1 2EKT 5.
-maxiter [1000] IX, -maxiter DREEMEAY 1000 TH B Z & #EKT 5.
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BREARAEICET A S a Yy (BEEMHE: -1 bicg)

AR GRERAME | ATV a v A 7 a v

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgsl3}

BiCGSTAB -i {bicgstabl|4}

BiCGSTAB(l) | -i {bicgstabl|5} -ell [2] REL

GPBiCG -i {gpbicgl6}

TFQMR -i {tfqur|7}

Orthomin(m) -i {orthomin|8} -restart [40] YA X—IEm
GMRES (m) -i {gmres|9} -restart [40] Y AX—NMHEm
Jacobi -i {jacobil10}

Gauss-Seidel -i {gsl11}

SOR -i {sor|12} -omega [1.9] BRRE w (0 <w < 2)
BiCGSafe -i {bicgsafe|13}

CR -i {crl14}

BiCR -i {bicrl|15}

CRS -i {crs|i6}

BiCRSTAB -i {bicrstab|17}

GPBiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafe|19}

FGMRES(m) -i {fgmres|20} -restart [40] VY AX—LhNim
IDR(s) -i {idrs|21} -irestart [2] VUAX—DMiEs
IDR(1) -i {idr1l22}

MINRES -i {minres|23}

COCG -i {cocgl24}

COCR -i {cocr|25}
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AILERICRE S 24 72 3 > (BEEMH: -p none)

HALHE AT av A 7> a v
AV -p {nonel0}
Jacobi -p {jacobi|1}
ILU (k) -p {ilul2} -ilu_fill [0] TANA LRk
SSOR -p {ssorl|3} -ssor_w [1.0] BRRE w (0 <w < 2)
Hybrid -p {hybrid|4} -hybrid_i [sor] Y R AR
-hybrid_maxiter [25] B A SR
~hybrid_tol [1.0e-3] LS PR e L
-hybrid_w [1.5] SOR DFEFFRE w (0 < w < 2)
-hybrid_ell [2] BiCGSTAB(1) D¥R¥ 1
~hybrid_restart [40] GMRES(m), Orthomin(m) ®
YZX— Ml m
I+S -p {is|5} -is_alpha [1.0] I+aS™ DRI A=K o
-is_m [3] I+aS" ORFX—=&m
SAINV -p {sainv|6}  -sainv_drop [0.05] Ry 7HHE
SA-AMG -p {saamg|7} -saamg_unsym [false] FEXIHRAR D 2R
(ITHIREE TR e 5)
-saamg_theta [0.05/0.12] Fu v JHIE o2 < 02|ay||ayy)|
(W FR | FEXIFR)
Crout ILU -p {ilucl|8%} -iluc_drop [0.05] Ry 7 HHE
-iluc_rate [5.0] S ONAE 12 GV (Y 13 3
ILUT -p {ilut|9}

Additive Schwarz

—adds true

-adds_iter [1]

IAENRTEL

33



ZToMoA T ay

b A=V

-maxiter [1000]
-tol [1.0e-12]
-tol_w [1.0]
-print [0]

-scale [0]

-initx_zeros [1]

-conv_cond [0]

-omp_num_threads [t]

-storage [0]
-storage_block [2]
-f [0]

5 FNEATIE
A E FEHE Lol
WO 2 ZEHE ol

A EIED

-print {none|0} Bz ML zawn

-print {mem|1} BaEEE AT VIRGET

-print {outl|2} B I e BRI &S T

-print {alll3} BEBEE ATV ICREFL, B¥dINcE ST
A=)V 7 OER. FERIZTOTH, X7 MLVIZ EEEIND

-scale {nonel0} A=V TU

-scale {jacobil1}  Jacobi A7 —Y ¥ D 1Az =D"1b
(D 1% A = (a;j) DX
-scale {symm_diag|2} MR —V 2 D-YV2AD2¢x = D"1/?
(D2 IR EEDMHED 1/ Jaz; TdH B xHF1751)
FIHAR 2 NV xg

-initx_zeros {false|0} Gz on/-fE% fiH
-initx_zeros {truel1} TRTOEFZEDEZ 0I12F 5
e S s

-conv_cond {nrm2_r|0} [|b — Az||a < tol * ||b — Axgl|2
-conv_cond {nrm2_b|1} [|b — Azx||2 < tol  ||b]|2
-conv_cond {nrml_b|2} [|b — Az||1 < toly, * ||b||1 + tol
FITAL Y N

(tIFmARAL Y FE)

rdlis ihZEe

BSR, BSCIEAD 7oy 744 X
AR SRR R ARTE D KSR

-f {double|0} kS
-f {quad|1} 4 FERSEE

RER

IR Ax = b 2R <1213, BI%K

o C LIS_INT lis_solve(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
LIS_SOLVER solver)

e Fortran subroutine lis_solve(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
LIS_SOLVER solver, LIS_INTEGER ierr)

ZHWS.
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3.5 EHEMBED KR

BHEEAERE A = Ao 2IRE S NMRIETHRGA, 707 7 LU TFTO L5127l s 5.
(BIK - X VF ALY R - LT 70t 2B

~N
Q

LIS_MATRIX A;
LIS_VECTOR x;
LIS_REAL evalue;
LIS_ESOLVER esolver;

/* F5 e R N IVDER */

lis_esolver_create(&esolver);

lis_esolver_set_option("-e ii -i bicg -p none",esolver);
lis_esolver_set_option("-etol 1.0e-12 -tol 1.0e-12",esolver);
: lis_esolve(A,x,evalue,esolver);

© 00N O WN -

o
= O

(,RMWM%W~7»%XVvP~vw%fuﬂ2%ﬁ)

LIS_MATRIX A
LIS_VECTOR x
LIS_REAL evalue
LIS_ESOLVER esolver

/x ATHE X7 NIVDIERL */

call lis_esolver_create(esolver,ierr)

call lis_esolver_set_option(’-e ii -i bicg -p none’,esolver,ierr)

call lis_esolver_set_option(’-etol 1.0e-12 -tol 1.0e-12’,esolver,ierr)
: call lis_esolve(A,x,evalue,esolver,ierr)

© 00N O WN =

[
o

[
[

[
o

VILISDIERK
VOVoN (EAERRR DM 2 RS 2 ER) 2 FEmRd 5121, B

o C LIS_INT lis_esolver_create(LIS_ESOLVER *esolver)
e Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, LIS_INTEGER ierr)
W5,
A7 av0RE
[ (B AR 2 Y OV NIZ3E S 5120, BEEK
o C LIS_INT lis_esolver_set_option(char *text, LIS_ESOLVER esolver)

e Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,
LIS_INTEGER ierr)

F721%
o C LIS_INT lis_esolver_set_optionC(LIS_ESOLVER esolver)

e Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, LIS_INTEGER ierr)
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ZF\W5. lis_esolver_set_optionC (&, 1—¥ 7177 LAFEFHRHZaA~Y Y NI U THREI WA TV 2
YEYNNCEET ZHBMTH D,

DRIZHEMRR I Y RIA v AT arvERY. —e {pili}id-e pi £/zld-e 1 ZEKT 5.
-emaxiter [1000] I, -emaxiter DREEMEAS 1000 TH B I L 2 HIET 5.

BEEERECEAT AT 3y (MEME: -e pi)

[EREE (NS AT av WA 7> a

Power -e {pil1}

Inverse -e {iil2} -i [bicg] L R A R
Rayleigh Quotient -e {rqil3} -i [bicg] Y R AR
CG -e {cgl4} -i [cg] A R A A
CR -e {crl5} -i [bicg] A R A A
Jacobi-Davidson -e {jdl6} -i [cg] I 5 e A A
Subspace -e {sil7%} -ss [1] HomEfoXE X
Lanczos -e {li|8} -ss [1] HaEMoxsx
Arnoldi -e {ail9} -ss [1] HaEHORE X
Generalized Power -e {gpil10} -i [bicg] FR IR AR
Generalized Inverse -e {giil11} -i [bicg] Y R A R
Generalized Rayleigh Quotient | -e {giil12} -i [bicg] FR A R A A
Generalized CG -e {gcgl13} -i [cg] oI 5 A A
Generalized CR -e {gcrl14} -i [bicg] RT3 R AR
Generalized Subspace -e {gsil15} -ss [1] HWaEMoxsx
Generalized Lanczos -e {glil16} -ss [1] DO K E X
Generalized Arnoldi -e {gail17} -ss [1] o EE DR E X
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AILBICET 24T 3y (BEEME: -p ilu)

HALHE AT av WA 7 a v
AV -p {nonel0}
Jacobi -p {jacobi|1}
ILU(k) -p {ilul2} -ilu_fill [0] TAIVL LRk
SSOR -p {ssorl|3} -ssor_w [1.0] BRRE w (0 <w < 2)
Hybrid -p {hybrid|4} -hybrid_i [sor] Y R AR
-hybrid_maxiter [25] B A SR
~hybrid_tol [1.0e-3] LS PR e L
-hybrid_w [1.5] SOR DFEFFRE w (0 < w < 2)
-hybrid_ell [2] BiCGSTAB(1) D¥R¥ 1
~hybrid_restart [40] GMRES(m), Orthomin(m) ®
YZX— Ml m
I+S -p {is|5} -is_alpha [1.0] I+aS™ DRI A=K o
-is_m [3] I+aS" ORFX—=&m
SAINV -p {sainv|6}  -sainv_drop [0.05] Ry 7HHE
SA-AMG -p {saamg|7} -saamg_unsym [false] FEXIHRAR D 2R
(ITHIREE TR e 5)
-saamg_theta [0.05/0.12] Fu v JHIE o2 < 02|ay||ayy)|
(X FR | FEXIFR)
crout ILU -p {ilucl|8} -iluc_drop [0.05] Ry 7 HHE
-iluc_rate [5.0] S ONAE 12 GV (Y 13 3
ILUT -p {ilut|9}

Additive Schwarz

—adds true

-adds_iter [1]

IAENRTEL
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ZToMoA T ay

F T ayv

-emaxiter [1000]
-etol [1.0e-12]
-eprint [0]

-ie [ii]

-ige [gii]

-shift [0.0]

-initx_ones [1]

IS INIT LB

S R e e v
B IE D
-eprint {nonel0} A% L swn
BAEEEE ATV ITRFT D

-eprint {out|2} PR g I 2 e I H & T

-eprint {all|3} Bl E e A€ ) ICRIFEL, BEEGDICEH ST
Subspace, Lanczos, Arnoldi ® NEE Cfi f 9 2 [E A ERIED IR E
Generalized Subspace, Generalized Lanczos, Generalized Arnoldi ® NERT
i3 % [E A ER RO E

EAEDY 7 hE o

#FHARZ ML 2

-initx_ones {falsel|0}

-eprint {mem|1}

Bz onr- iz

-initx_ones {truel1} FTARTOEEDEE 12T 5

-omp_num_threads [t] | SEf7TAL v FEK
tIFBRARAL Y NE

-estorage [0] TTHIREHIE X

-estorage_block [2] | BSR,BSCEAXD 7wy ¥4 X

-ef [0] & A5 (IR DG T
-ef {double|0} fEka
-ef {quad|1} 4 R

KEE
FEHEE G MM E Ax = M 2R < 121%, B
o C LIS_INT lis_esolve(LIS_MATRIX A, LIS_VECTOR x,

LIS_REAL evalue, LIS_ESOLVER esolver)

e Fortran subroutine lis_esolve(LIS_MATRIX A, LIS_VECTOR x,
LIS_ESOLVER esolver, LIS_INTEGER ierr)

ZHWS.

— A E A ERE Az = ABx %2 fif <I1Z1E, B

o C LIS_INT lis_gesolve(LIS_MATRIX A, LIS_MATRIX B,
LIS_VECTOR x, LIS_REAL evalue, LIS_ESOLVER esolver)

e Fortran subroutine lis_gesolve(LIS_MATRIX A, LIS_MATRIX B,
LIS_VECTOR x, LIS_ESOLVER esolver, LIS_INTEGER ierr)

ZHWS.
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3.6 JOUZLDER

ML ARER Ar = b ZHE SN RETHE, TOMEBMERICESHT 077 L2 L FITRT.
175 A ZRE 12 D 3 EN AT

THD. AARZ IV IFR e PTRT1ERDZISIFESIND.
Zo7ar I LT+ L2 MY 1is-($VERSION) /test I2H 5.
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I A O SRS 3

DO DD WWWWWWWWWWNNMNNNMNNNMNMNMNOMNRERRPRPRRPRRRERRRPR R
WNFPE, O OWONOOO P WNE O OWWONOOO P WNERE O WOWOWNOU P WNERO

[}

SETT T A testd.c

#include <stdio.h>
#include "lis.h"
main(LIS_INT argc, char x*argv[])
{
LIS_INT i,n,gn,is,ie,iter;
LIS_MATRIX A;
LIS_VECTOR b,x,u;
LIS_SOLVER solver;
n = 12;
lis_initialize(&argc,&argv);
lis_matrix_create(LIS_COMM_WORLD,&A) ;
lis_matrix_set_size(A,0,n);
lis_matrix_get_size(A,&n,&gn)
lis_matrix_get_range(A,&is,&ie)
for(i=is;i<ie;i++)
{
if( i>0 ) lis_matrix_set_value(LIS_INS_VALUE,i,i-1,-1.0,A);
if ( i<gn-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,-1.0,4);
lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);
}
lis_matrix_set_type(A,LIS_MATRIX_CSR);
lis_matrix_assemble(A);

lis_vector_duplicate(A,&u);
lis_vector_duplicate(A,&b);
lis_vector_duplicate(4A,&x);
lis_vector_set_all(1.0,u);
lis_matvec(A,u,b);

lis_solver_create(&solver);
lis_solver_set_optionC(solver);
lis_solve(A,b,x,solver);
lis_solver_get_iter(solver,&iter);
printf ("number of iterations = %d\n",iter);
lis_vector_print(x);
lis_matrix_destroy(4);
lis_vector_destroy(u);
lis_vector_destroy(b);
lis_vector_destroy(x);
lis_solver_destroy(solver);
lis_finalize();

return O;

()
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- WEET T 275 I testdf.F

1: implicit nome

2:

3:#include "lisf.h"

4:

5: LIS_INTEGER i,n,gn,is,ie,iter,ierr

6: LIS_MATRIX A

7: LIS_VECTOR b,x,u

8: LIS_SOLVER solver

9: n =12

10: call lis_initialize(ierr)

11: call lis_matrix_create(LIS_COMM_WORLD,A,ierr)
12: call lis_matrix_set_size(A,0,n,ierr)

13: call lis_matrix_get_size(A,n,gn,ierr)

14: call lis_matrix_get_range(A,is,ie,ierr)

15: do i=is,ie-1

16: if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,-1.040,
17: A,ierr)
18: if( i<gn ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,-1.0d0,
19: A,ierr)
20: call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)
21: enddo
22: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
23: call lis_matrix_assemble(A,ierr)
24:
25: call lis_vector_duplicate(A,u,ierr)
26: call lis_vector_duplicate(A,b,ierr)
27: call lis_vector_duplicate(A,x,ierr)
28: call lis_vector_set_all(1.0d0,u,ierr)
29: call lis_matvec(A,u,b,ierr)
30:
31: call lis_solver_create(solver,ierr)
32: call lis_solver_set_optionC(solver,ierr)
33: call lis_solve(A,b,x,solver,ierr)
34: call lis_solver_get_iter(solver,iter,ierr)
35: write(*,*) ’number of iterations = ’,iter
36: call lis_vector_print(x,ierr)
37: call lis_matrix_destroy(A,ierr)
38: call lis_vector_destroy(b,ierr)
39: call lis_vector_destroy(x,ierr)
40: call lis_vector_destroy(u,ierr)
41: call lis_solver_destroy(solver,ierr)
42: call lis_finalize(ierr)
43:
44 : stop
45: end
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3.7 BIMIBE YV ILANDHBE

BT CIE, AL lis_solve DIIP OV EI N B 7= NIZEFH TN T Wz, REITIE, BILER S Y LN 58 L
BIALERZ Y VNG0B U CHEFH T 2 HIEICDOWTRERS., ZOAEKE, RSS2 E50H 5/
DORMFEIZR U TS THENTH 5. EB, Newton-Raphson ¥ TIIKEED W S, & X1E TORRIL L
ROfRZEE L ITIER T FURBRINIZIKRD SN D, 2 ORREZR EHT 5720121, AT OB E FEE T 50
EhH 5.

e lis_matrix_psd_set_value: {THIERZDHZFEHKRT 5.

e lis_matrix_psd_reset_scale: f74D A —V VI T A 1ERZ FH T 5. Z OB, KLOROBEEIL,
HIFTRWAT =) V7 & {T5GEIZOARANVS.

e lis_vector_psd_reset_scale: X7 MLD AT —1) V7 IZHT A ERE2FHT 5.

e lis_solver_set_matrix: 52 6N 7175 & VIV N ZEEAT T 5. Z OB lis_precon_psd_create & 0
BRZRE OV H X 22 1T 7 & 7,

o lis_precon_psd_create: EIR X N/ DD D F— X fEEZE ERT 5.

e lis_precon_psd_update: BILEE% FEAfid 5.
ZDHFIIZBELL T OHIEY D 5.

o FIFHFREZRATHIMEHIE NI CSR DATH 5.

o FIHAIREZ Y LN GMRES DATH 5.

o FIFHTHEZA BT ILU(K) U SA-AMG DA TH 5.

EEH 2L I — N2 L RT. FMIT test8L.FI0 22D Z &,
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PROGRAM psd_driver

implicit none

:#include "lisf.h"

LIS_INTEGER i,n,gn,is,ie,iter,ierr
LIS_MATRIX A

LIS_VECTOR b,x

LIS_SOLVER solver

REAL :: u(:),du

CALL lis_initialize(ierr)

! initialization, only done once
[

CALL lis_matrix_create(LIS_COMM_WORLD,A,ierr)
CALL lis_matrix_set_size(A,0,n,ierr)

CALL lis_matrix_get_size(A,n,gn,ierr)

CALL lis_matrix_get_range(A,is,ie,ierr)

CALL UpdatelLinearSystem(RHS,LHS)
DO i=is,ie-1
DO j=1,gn
IF (LHS(i,j) exists) THEN
CALL lis_matrix_set_value(LIS_INS_VALUE,i,j,LHS(i,j),A,ierr)
END IF
END DO
END DO
CALL lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
CALL lis_matrix_assemble(A,ierr)

CALL lis_vector_duplicate(A,b,ierr)
CALL lis_vector_duplicate(A,x,ierr)
DO i=is,ie-1
CALL lis_vector_set_value(LIS_INS_VALUE,i,RHS(i),b,ierr)
END DO
u = u_initial

CALL lis_solver_create(solver,ierr)
WRITE(UNIT=options,FMT=’(a)’) "-p ilu -i gmres -print out -scale none"
CALL lis_solver_set_option(TRIM(options),solver,ierr)

! everything up to this point is more or less identical to the standard workflow.
! Now comes the preconditioner initialization, and the Newton-Raphson

! iteration.
[

CALL lis_solver_set_matrix(A,solver,ierr)

CALL lis_precon_psd_create(solver,precon,ierr)
! evaluate the preconditioner, at least once
CALL lis_precon_psd_update(solver,precon,ierr)
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58:
59:
60:
61:
62:
63:
64 :
65:
66:
67:
68:
69:
70:
T1:
72:
73:
T4:
75:
76:
77
78:
79:
80:
81:
82:
83:
84:
85:
86:
87:
88:
89:
90:
91:
92:
93:
94 :
95:
96:
97:
98:
99:
100:
101:
102:
103:

— BEBla—F (HE)

55:
56:
57:

DO

IF (UpdateLHS) THEN

DO i=is,ie-1
DO j=1,gn
IF (component (i,j) exists) THEN
CALL lis_matrix_psd_set_value(LIS_INS_VALUE,i,j,LHS(i,j),A,ierr)
END IF
END DO
END DO
CALL lis_matrix_psd_reset_scale(A,ierr)

END IF

update RHS every iteration

DO i=is,ie-1

CALL lis_vector_set_value(LIS_INS_VALUE,i,RHS(i),b,ierr)

END DO
CALL lis_vector_psd_reset_scale(A,ierr)

IF (UpdateLHS) THEN

CALL lis_precon_psd_update(solver,precon,ierr)

END IF

CALL lis_solve_kernel(A,b,x,solver,precon,ierr)
CALL lis_solver_get_iter(solver,iter,ierr)
write(*,*) ’number of iterations = ’,iter

CALL lis_vector_print(x,ierr)

update the solution

DO i=is,ie-1

CALL lis_vector_get_value(x,i,du,ierr)
u(i)=u(i)-du

END DO

CALL UpdateLinearSystem(RHS,LHS)

IF (termination criteria satisfied) EXIT

END DO

CALL
CALL
CALL
CALL
CALL

CALL

lis_matrix_destroy(A,ierr)
lis_vector_destroy(b,ierr)
lis_vector_destroy(x,ierr)
lis_vector_destroy(u,ierr)
lis_solver_destroy(solver,ierr)

lis_finalize(ierr)

END PROGRAM psd_driver
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3.8 ETI774ILDERK

testd.c POEFTTI 7 A NVEERTEHEICDVWTIERS. T4 L2 bV 1is-($VERSION) /test IZH D
WREE 71 2" F I testd.c % SGI Altix 3700 @ Intel C Compiler (icc), Intel Fortran Compiler (ifort)
TaAVNRAINTBIGEOH % ANFIZRT. SA-AMG BT IZ 1 Fortran 90 Cilid E/za— KB EEh 3
728, SA-AMG BiALEE % (3 254 121F Fortran 90 I >34 S TY V7 LT s, £72, v
Fruw ABRETIZ YY) Fat vy ¥~ 20 USE_MPI AE R S N7 1T 072 5 70\, 64bit BRI 2 i 4 %
BEX, CT7urILTiE7Y Fuky ¥ <20 _LONG__LONG, Fortran 7R 27 S AT 7Y 7aky ¥~
O LONG__LONG HEZE I N NILA 5420,
~ BRI TE ~N

avRAIb
> icc -c -I($INSTALLDIR)/include testéd.c
>y
> icc -0 test4 test4.o -L($INSTALLDIR)/1lib -1lis
') > %Y (--enable-saamg)
> ifort -nofor_main -o test4 test4.o -L($INSTALLDIR)/1lib -1lis

N J
<) v NEEE
/, WF ALy REiE ™~
aAviRAIL
> icc -c -openmp -I($INSTALLDIR)/include test4d.c
>y

> icc -openmp -o test4 test4.o -L($INSTALLDIR)/1lib -1lis
1) 27 (--enable-saamg)
> ifort -nofor_main -openmp -o test4 test4.o -L($INSTALLDIR)/1ib -1lis

\ J
<)l ‘O ABRIE
(, F7 Lo Lt ~N
aAVRAI
> icc -c -DUSE_MPI -I($INSTALLDIR)/include test4.c
27

> icc -o test4 test4d.o -L($INSTALLDIR)/1ib -1lis -lmpi
') >4 (--enable-saamg)
> ifort -nofor_main -o test4 test4.o -L($INSTALLDIR)/1lib -1lis -lmpi

_ J
~ TILFALY R - <I)LF ot AR

aAviRAIL
> icc -c -openmp -DUSE_MPI -I($INSTALLDIR)/include test4.c
V9
> icc -openmp -o test4 test4.o -L($INSTALLDIR)/1ib -1lis -lmpi
') > %Y (--enable-saamg)
> ifort -nofor_main -openmp -o test4 test4.o -L($INSTALLDIR)/1lib -1lis -lmpi

- J

RIZ, testdf FROEITT7 7 ANV EERT 2 HIEIZOWTHERS. 71 L2 MY lis-($VERSION) /test
2 BMGEET T 27T L testdf . F % SGI Altix 3700 L@ Intel Fortran Compiler (ifort) T3 /31 )L§
556 0617% LFIZR Y. Fortran DX —HF 7075 JMZIEa VAL FHERXDEEND -0, 7V Tutky
VEMBHTEED 300 FITHERLRTNER SRV, ifort DEEIE, A 7Y a V-fpp WURETH S.
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/’iﬁ%ﬁﬁ%ﬁ% ~

AN
> ifort -c -fpp -I($INSTALLDIR)/include test4f.F
I
> ifort -o test4f test4f.o -L($INSTALLDIR)/1lib -1lis
- J
RIVF ALy FEE
r F v NEREL N
aAviRAIL
> ifort -c -fpp -openmp -I($INSTALLDIR)/include test4f.F
7
> ifort -openmp -o test4f test4f.o -L($INSTALLDIR)/1ib -1llis
. J
<IVF T H Y AR
s F7 Z) ™~
A P12
> ifort -c -fpp -DUSE_MPI -I($INSTALLDIR)/include test4f.F
>y
> ifort -o test4f test4f.o -L($INSTALLDIR)/1lib -1lis -Impi
- J
RNVFALY KN -V F T O AEREE
e N
aAViRAIL
> ifort -c -fpp -openmp -DUSE_MPI -I($INSTALLDIR)/include test4f.F
7
> ifort -openmp -o test4f test4f.o -L($INSTALLDIR)/1lib -1lis -lmpi
N J
3.9 T
T4 L2 MV 1is-($VERSION) /test IZH DMAL 710 T T L testd £ 721F testdf % SGI Altix 3700 E
DENTNDERET
BRERE

> ./test4 -i bicgstab
TILFRAL Y NRE

> env OMP_NUM_THREADS=2 ./test4 -i bicgstab
TILF IOt RERE

> mpirun -np 2 ./test4 -i bicgstab
TILFRALY R - RILFTOERERE

> mpirun -np 2 env OMP_NUM_THREADS=2 ./test4 -i bicgstab
EANUTEITTHE, LR XS ITMPEHREL JIcE SR IN5.

initial vector x : 0

precision : double

linear solver : BiCGSTAB

preconditioner : none

convergence condition : ||b-Ax||_2 <= 1.0e-12 * ||b-Ax_O[[_2
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matrix storage format : CSR

linear solver status : normal end

.000000e-00
.000000e+00
.000000e-00
.000000e+00
.000000e-00
.000000e+00
.000000e+00
.000000e-00
.000000e+00
.000000e-00
.000000e+00
.000000e-00

© 00 N O O W NN = O

—_
o
e e

[
[

3.10 7OtEALETOBERBEICDOWT

MPI 70 2 2 EREHT 25E121%, global.n = 0, local. n >0 TH-oTH LW, ThbE, —DOHUED
TR AIZBWCHHEZ 0 TAZENTES. 72720, TDHEITBWTSH global_n = 072 51X local -n
OREFNE 0 KD KRELBRIFNIER S0,
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4 A1EHBEEHE

NAGEDEHR T, FOFRAED

FIWCEEAL 217> [55).

WEBIZ LS TIPURBERT 2 2 hH 5. AT 4 75V T, long double £
T OVEHG B v Bl NS U 2 {8l 727 double-double” [49, 50] BI0D 4 FAFE A 2 FVW2 Z 212 & b UK
2UET 52 EHARETH S, double-double BHHEL T, IFHI/INK a % a = a.hi+ a.lo, Julp(a.hi) > |a.lo|
(EAL a.hi & FAL a.lo (ZAHREEIZE/NE) 12K DEFE L, Dekker[51] & Knuth[52] O 7 )L T X LIZED W
TR ORI R OM A GO & D 4 KRR Z EB Y 5. double-double B D IZ—#%IZ Fortran
D AREEHEA X D SHTH B [53] A%, Fortran DRBE R [54] TIHRKEH A 112 €y hTHEDITH LT,
FEREE IR E/ NS Z 2 BT 5720, IREGEBAY 104 € b &b 8By MR, 7z, fEIZATREETR
F/NEEFU 1L EY FTHB.

double-double BUHFE TlX, A& UL TEHEZ SN 5175, X2 ML, ROHIOMEIIMEREETHS. 12—
T T LF A REAR R BRI 23, ATV a v UTARSKERBEZHHAT 27 E 5 aiE
ETBZITTEV. 228, Intel RDT —F 7 27 F ¥ 125 U Tl Streaming SIMD Extensions (SSE) 4y %

double-double$5E

tE%ED 53 AR
1B vk AR 52E vk +| | 1129k AR 52E vk
|EEE#HLDAEREE
HE#ER p
15E wh REE 112Evk

4.1 AEREREEDEFEH

Toepliz 1741

ZXT BRI Ar = b 2 HRES NI E TS A BYER)ICE S HIMEL 702 7 L testb.c
Thod. AU PV RRE e PITARTLLRDEIREINDS. n 375 A DIRETH 5. tests T8

WT

)

2: double-double 1D v MK

O N

=2

v
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BEEOHE
> ./testb5 200 2.0 -f double
EQAd =
> ./testb5 200 2.0
CANLUTEITFTR L, LTOMEIMESND.

n = 200, gamma = 2.000000

initial vector x : 0

precision : double

linear solver : BiCG

preconditioner : none

convergence condition : ||b-Ax||_2 <= 1.0e-12 * ||b-Ax_0[[_2

matrix storage format : CSR

linear solver status : normal end

BiCG: number of iterations = 1001 (double = 1001, quad = 0)
2.044368e-02 sec.

BiCG: elapsed time

BiCG:  preconditioner = 4.768372e-06 sec.
BiCG: matrix creation = 4.768372e-06 sec.
BiCG: linear solver = 2.043891e-02 sec.

8.917591e+01

BiCG: relative residual

4 BREDZE
> ./testb5 200 2.0 -f quad
EANUTHEITT L, LNOREBFSNS.

n = 200, gamma = 2.000000

initial vector x : 0

precision : quad

linear solver : BiCG

preconditioner : none

convergence condition : ||b-Ax||_2 <= 1.0e-12 * ||b-Ax_0[[_2

matrix storage format : CSR

linear solver status : normal end

230 (double = 230, quad = 0)
2.267408e-02 sec.

BiCG: number of iteratioms

BiCG: elapsed time

BiCG: preconditioner = 4.549026e-04 sec.
BiCG: matrix creation = 5.006790e-06 sec.
BiCG: linear solver = 2.221918e-02 sec.

6.499145e-11

BiCG: relative residual
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5 1T MER

AEITIE, 7477V CHHATE 750N OVWTERS. 175017 (F]) BSIX 0P SHED S
DEFTDH. KRB n xn DITH A= (a;;) DIFFEEEZE nnz £ 5.

5.1 Compressed Sparse Row (CSR)
CSREA T, 7— % % 3 DD (ptr,index,value) IZI&HNT 5.
o B nnz ORMEERLY] value X, 175 A DIEEFEROMEIT AR > THENT 5.
o EX nnz OIS index X, BLF value IZHEMH S N7z IEFHRDFIHFES 2 HKNT 5.

o X nt 1 OBEES ptr 1, ALF value & index DHATDRAMEALIE % MM T 5.

5.1.1 fT5IDEMR (BR - ILF AL v RRIR)

751 A D CSR A TORMEIEZK 3 I1ZRT. 20175 % CSRIEATHERT 556, 7u 7 LI
TO XS IR T 5.

1 ol 1] 3] 5/ 8 A.ptr
21 22 —

A= 2 33 ol o 1] 1] 2[ 0] 2] 3] A.index
u us o ) 112122[32[33[41]43[44] A.value

3: CSR LD F — 2 M (B - YV F AL v FEED)

(i?_‘(ﬁ - IVF ALy REREE ~

LIS_INT n,nnz;

LIS_INT *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n =4; nnz = 8;

ptr = (LIS_INT *)malloc( (n+1)*sizeof(int) );

index = (LIS_INT *)malloc( nnz*sizeof(int) );

value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);

10: lis_matrix_set_size(A,0,n);

0 N O O WN -

12: ptr[0] = 0; ptr[1] = 1; ptr[2] = 3; ptr[3] = 5; ptr[4] = 8;
13: index[0] = O0; index[1] = O0; index[2] = 1; index[3] = 1;
14: index[4] = 2; index[5] = O0; index[6] = 2; index[7] = 3;
15: value[0] = 11; valuel[1l] = 21; value[2] = 22; valuel[3] = 32;
16: value[4] = 33; valuel[5] = 41; value[6] = 43; valuel7] = 44;
17:
18: lis_matrix_set_csr(nnz,ptr,index,value,A);
19: lis_matrix_assemble(A);
\_ J
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5.1.2 {T5IDEMR (ZILF 7O RIRER)

2 70v A EADFFS] A D CSR R TOMMAEZK 41ZRT. 2 70w A EIZZ D175 % CSRIEAT
TER S 2354, 70275 03T LS 1I2idbd 5.

013 02 5 A.ptr
$

0] O 1 1 2, 0] 2] 3 A.index
11]21|22 32(33|41|43|44 A.value
PEO PE1

4: CSR BRD 7 — X HiE (v )VF 70 A5EE)

/,-<7}b€Ff7ﬁj4zilf$i% ~
1: LIS_INT i,k,n,nnz,my_rank;
2: LIS_INT *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; nnz = 3;}
7: else {n = 2; nnz = 5;}
8: ptr = (LIS_INT *)malloc( (n+1)*sizeof(int) );
9: index = (LIS_INT *)malloc( nnz*sizeof(int) );

10: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
11: lis_matrix_create (MPI_COMM_WORLD,&A) ;

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

14: ptrl[0] = 0; ptr[1] = 1; ptr[2] = 3;

15: index[0] = O0; index[1] = 0; index[2] = 1;

16: value[0] = 11; value[1] = 21; value[2] = 22;}

17: else {

18: ptr[0] = 0; ptr[1] = 2; ptr[2] = 5;

19: index[0] = 1; index[1] = 2; index[2] = O0; index[3] = 2; index[4] = 3;

20: value[0] = 32; value[l] = 33; valuel[2] = 41; value[3] = 43; valuel[4] = 44;}

21: lis_matrix_set_csr(nnz,ptr,index,value,A);

22: lis_matrix_assemble(A);
NG J
5.1.3 BEETEHN
E2 %1 oD BEE AT |

CSR A DEF % 4751 A (2 BhHEAT I 2121, Ak

o C LIS_INT lis_matrix_set_csr(LIS_INT nnz, LIS_INT ptr([], LIS_INT index[],

LIS_SCALAR value[], LIS_MATRIX 