LsOOOoooooo
00000 1.2.78

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

20120 70 100



Copyright (C) 2002-2012 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.

oo.:o0o000,0000.



0 o

0 00000 11000000000

1 0d40oo

2 000000

2.1
2.2
2.3

24
2.5

2.6

I 0
O00O00000 . .0 e e e e e e e e e s s
UNIXOOOOOOOODOOO .. .. e e e e e e e e e e e e e e e s e
231 O0O0O0000O0O00 .. e e e e e s s e e e
232 000000000 . .. e e e e e e e e e e e e
233 O0ODOODOO .. e e e e s s
Windows OO OO OO0 . . .. 0 o e e e e e e e e e e e e e e e
I 0
2.5.1 testl . . . . e
2.5.2 test2 ..o e
2.5.3 testd . . oo
2.5.4  testd . ... e e
2.5.9 testd . . ..
2.5.6 etestl . ..o e
2.5.7 etest2 ..o e
2.5.8 etestd ... e
2.5.9 etestd . .. L e e e
2.5.10 etesth . . . Lo
2.5.11 spmvtestl . . . . .
2.5.12 spmvtest2 . . ..o
2.5.13 spmvtestd . . . .o e
2.5.14 spmvtestd . . . L.
2.5.15 spmvtestd . . . ...
OOO0 . . e e e e e e e e e e e e

3 0Odaagno

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

UO0O0O000000 .. e e e
OO0O0O000000 .. e e s
OO e

400000

41 400000000 . .0 e

© © © © 0 0 W O ~J O W W W W N

el e e e i e e e
W N = = = =0 O O O

14
15
15
18
25
29
34
37
39

40



5 0DOO0bOO 42

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

Compressed Row Storage (CRS) . . . . . . .. .. .. . 42
511 000000 (OO,000000000) @@ v v vt 42
512 000000 (OO00O00000). + .« o v v oo e e e e e e e 43
5.1.3 OODODODODO . . e e e e e s 43
Compressed Column Storage (CCS) . . . . . .. . ... . . 44
52,1 000000 (OO,000000000) @@ v v vt 44
522 000000 (OOOO0D0O0OOO0O0O). « . o o e e e e 45
5.23 ODOOODOO .. s e 45
Modified Compressed Sparse Row (MSR) . . .. ... ... ... ... ... ..., 46
53.1 000000 (OO,000000000) @@ v v v i 46
53.2 000000 (OOOO0D00O0OO00). « . o o e e e e e 47
933 OOO0OODO0O0 ... e 47
Diagonal (DIA) . . . . . . . . e 48
541 000000 (DOOD0) . o o oo et 48
54.2 000000 (OOOO00O0O0OO00). « v o o e e e e e e e 49
543 000000 (QOOOOO0OO0OO). ittt e 50
544 O0O0O0OD0O0 ... e e 50
Ellpack-Ttpack Generalized Diagonal (ELL) . . . . . ... ... ... ... ... ...... 51
55,1 DOUOO0OO0O0O (OO,000000000) « @ v vt et e e 51
552 000000 (OOOOOO0OOOO). . v v vt et e e e e 52
5.53 OOOODOO ... e 52
Jagged Diagonal (JDS) . . . . . . . . oL 53
56,1 DO0O000 (QOODO) .+ o v v v e e e e e e e e e e e s 54
5.6.2 000000 (OOOOOO0OOOO). « v v v it 55
5.6.3 000000 (OO0OOOO0O0O0OO). + o v v v vt e et e e e e 56
5.6.4 O0OO0ODOO .. e e e e e 56
Block Sparse Row (BSR) . . . . . . . ... 57
571 000000 (OO,000000000) @@ v v v v 57
572 000000 (OOOOOOOOO). « .« v v et e e e e e e e 58
5.73 OOOODOO . . o e e e e e s s s 58
Block Sparse Column (BSC) . . . . . . .. ... . 59
581 000000 (OO,000000000) @ v v v v vt 59
582 000000 (OOOOOOOOO). « « v v v et e e e e e e e e 60
5.8.3 TODOODODO . . e e e s s 60
Variable Block Row (VBR) . . . . . . ... .. 61
59.1 000000 (OO,000000000) @@ v v vt 61
59.2 000000 (OOOO0DO0O0OO0). « o o e e e e 62
5.93 OOOODOO ... s 63
Coordinate (COO) . . . . . . .. 64
5101 000000 (OO,000000000) « .« v v v v et 64
5.10.2 DO00O000 (OOOO000O0O00) .+« o ot e e e e e e 65

ii



5.11

oo
6.1

6.2

5.10.3 ODOOODOO . ..o e 65

Dense (DNS) . . . . . 66
5111 000000 (OO0,000000000) « .« v v v v e e e i e e 66
511.2 000000 (OO0000000O) .+« v v v et e e e e e e e e 67
511.3 OOOODOO .. oot e e e e e e e e e e e e e e e 67

68
OOO0O0O0 . . e e e e e e e e e e s e e 68
6.1.1 lis_vector_create . . . . . . . . . . L e e 68
6.1.2 lis_vector_destroy . . . . . . . . .. 69
6.1.3 lis_vector_duplicate . . . . . . . . . .. 69
6.1.4 lis_vector_set_size . . . . . . . . . e 70
6.1.5 lisvector_get_size . . . . . . . . .. e 71
6.1.6 lis_vector_get_range . . . . . . . . ... L 71
6.1.7 lis_vectorset_value . . . . . . . . .. L 72
6.1.8 lis_vector_get_value . . . . . . . .. .. L 72
6.1.9 lis_vector_set_values . . . . . . . . . . . . e 73
6.1.10 lis_vector_get_values . . . . . . . . . . e 74
6.1.11 lis_vector_scatter . . . . . . . . . . . . . e e e 75
6.1.12 lis_vector_gather . . . . . . . . . . . .. 75
6.1.13 lis.vector_COpY . . . . o v v i e 76
6.1.14 lis_vectorset_all . . . . . . . . . . e 76
6.1.15 lis_vectoriisnull . . . . . . .. 7
OOO0 .« o e e e e e 78
6.2.1 lisomatrix_create . . . . . . . . .. 78
6.2.2 lismatrix_destroy . . . . . . . . L 78
6.2.3 lismatrix_duplicate . . . . . . .. oL 79
6.2.4 lismatrix-malloc . . . . . . . . L e 79
6.2.5 lismatrix set_value . . . . . . . .. L 80
6.2.6 liscmatrix_assemble . . . . . . . .. L 80
6.2.7 lismatrix_set_size . . . . . . .. L 81
6.2.8 lismatrix_getsize . . . . . . . . e 82
6.2.9 lismatrix_get_range . . . . . . . ... L e 82
6.2.10 lisomatrix_set_type . . . . . . . .. L 83
6.2.11 lisomatrix_get_type . . . . . . . L L 84
6.2.12 lis_matrix_set_blocksize . . . . . . . . . . ... e 84
6.2.13 lis_matrix_convert . . . . . . . . ... e e e 85
6.2.14 lisomatrix_COPY . . « « o« v o e e e e e e 85
6.2.15 lis.matrix_get_diagonal . . . . . . . ... L Lo 86
6.2.16 lismatrix_set_crs . . . . . . . . L L 87
6.2.17 lisomatrix_Set_CCS . . . . . . . . e e e e e e e e e 87
6.2.18 lis_matrix_set_msr . . . . . . .. L e e 88
6.2.19 lismatrixset_dia . . . . . . . . . .. e 88

iii



6.3

6.4

6.5

6.2.20 liscmatrix_set_ell . . . . . . . .. 89
6.2.21 lismatrixset_jds . . . . . . . . oL Lo 89
6.2.22 lismatrix_set bsr . . . . . . ..o 90
6.2.23 lisomatrix_set_bsc . . . . . . .. e e 91
6.2.24 lismatrix_set_vbr . . . . . . .. L 92
6.2.25 lisomatrix_set_coo . . . . . . ... 93
6.2.26 lismatrix set.dns . . . . . . . ... 93
0000000000 ... e e s e e 94
6.3.1 lis_vectorscale . . . . . . ... e 94
6.3.2 liscvector-dot . . . . . ... 94
6.3.3 lisvectornrml . . . . . ..o Lo 95
6.3.4 lis_vectornrm?2 . . . . .. L L e e e e e 95
6.3.5 lisovectornrmi . . . ... e 96
6.3.6 lis_vector-axpy . . . . . ..o e 97
6.3.7 lis_vector xpay . . . . . ... e e 97
6.3.8 liscvector-axpyz . . . . . . ... e 98
6.3.9 lismatrix.scaling . . . . . . . . .. L e 98
6.3.10 lismatvec . . . . . . . oL e 99
6.3.11 liscmatvect . . . . . . . . . e e e e 99
OO0000000 . .. 0 e e e e e e e e e e e e e 100
6.4.1 lissolver_create . . . . . . . . . .. L L 100
6.4.2 lissolver_destroy . . . . . . . . . . e 100
6.4.3 lissolversetoption. . . . . . . . . . .. 101
6.4.4 lissolverset_optionC . . . . . . . . . . . 105
6.4.5 lisssolve . . . . ..o 106
6.4.6 lisssolve kernmel . . . . . . . .. L 107
6.4.7 lissolver_get_status . . . . . . . . . . . . 108
6.4.8 lissolver_get_iters. . . . . . . . . . . L 109
6.4.9 lis_solver_get_itersex . . . . . . . . .. L 109
6.4.10 lissolver_get_time . . . . . . . . ... L 110
6.4.11 lis_solver_get_timeex . . . . . . . . . . .. 110
6.4.12 lis_solver_get_residualnorm . . . . . . . . .. ... L L oo 111
6.4.13 lissolver_get_rhistory . . . . . . . . . . Lo 111
6.4.14 lissolver_get_solver . . . . . . . . . .. e 112
6.4.15 lis_get_solvername . . . . . . . . . . .. 113
OO0O000000 . .0 e e e e e e e e e s s 114
6.5.1 lis_esolver_create . . . . . . . . . . e 114
6.5.2 lis_esolver_destroy . . . . . . . . ... 114
6.5.3 lis_esolver_set_option . . . . . . . . . . .. L 115
6.5.4 lis_esolver_set_optionC . . . . . . . . . .. 118
6.5.5 liscesolve. . . . . . oL 119
6.5.6 lis_esolver_get_status . . . . . . . . . ... 119

v



6.5.7 lis_esolver_get_.iters . . . . . . . .. L 120

6.5.8 lis_esolver_get_itersex . . . . . . . . ... L Lo 120
6.5.9 lis_esolver_get_time . . . . . . . . ... L 121
6.5.10 lis_esolver_get_timeex . . . . . . . . . . ... e 121
6.5.11 lis_esolver_get_residualnorm . . . . . . . . . . . .. L e 122
6.5.12 lis_esolver_get_rhistory . . . . . . . . . . . L 122
6.5.13 lis_esolver_get_evalues . . . . . . . . . . . ... e 123
6.5.14 lis_esolver_get_evectors . . . . . . . . . . . .. 123
6.5.15 lis_esolver_get_esolver . . . . . . . . . . . L 124
6.5.16 lis_get_esolvername . . . . . . . . . ... L e 125

6.6 OOOOODO . . . e e s 126
6.6.1 lisdnput . . . . . ... e 126
6.6.2 lisiinput_vector . . . . . . . .. L L e 127
6.6.3 lisiinputomatrix . . . . . .. oL oL L 128
6.6.4 lisoutput . . . . . . . L 129
6.6.5 lis_output_vector . . . . . . . . . .. e 130
6.6.6 lisoutput-matrix . . . . . ... L L 131

6.7 OO0 . . e 132
6.7.1 lisdnitialize . . . . . . . . .. 132
6.7.2 lisfinalize . . . . . . . . .. e 132
6.7.3 liscwtime . . . . . oL e 133
6.74 CHKERR . . . . . . e 133
oooo 134
A 0ODOO0OODO 136
Al OO0 Matrix Market OO . . . . o0 0 o e e 136
A2 Harwell-Boeing OO . . . . . . . . 137
A3 0000000 Matrix Market OO . . . . . . . . o 0 e e 138
A4 OOOODO PLAINDODO ..o e s e e e s e s e e e 138



0 bttt 11 b00o0uooogo
1. 00000onogn
2.0000000000
(a) lis_output_residual history(), lis_get residual history() OO0OOO

lis_solver_output_rhistory(), lis_solver_get_rhistory() OO0

(b) Fortran 00O 0000 lis_vector_set_value(), lis_vector_get_value() O
ooooo 1000

(¢) Fortran 0000000 lisvectorset size() U0 0000 1000
(d) 000000000000 00000-precision00-f000



1 0000

Lis (a Library of Iterative Solvers for linear systems) 0, 0000000000000 0000O0

gooobooboo

ooboooooooooooboooboo. obobooobooooooo,bo0obooo0ooon 12,0000

Az =D

Ax = \x

o30b00.0b00b00boobooboo4000.

g1 0000000

0200000

CG CR Power Iteration

BiCG BiCR/[2] Inverse Iteration

CGS CRSJ[3] Approximate Inverse Iteration

BiCGSTAB BiCRSTAB3] Rayleigh Quotient Iteration

GPBiCG GPBiCRJ3] Subspace Iteration

BiCGSafe[1] BiCRSafe[4] Lanczos Iteration

BiCGSTAB(l) | TFQMR CG[15, 16]

Jacobi Orthomin(m) CR[17]

Gauss-Seidel | GMRES(m)

SOR FGMRES (m)][5]

IDR(s)[13] MINRES[14]

g3 000 0 4. 0000

Jacobi Compressed Row Storage (CRS)
SSOR Compressed Column Storage (CCS)
ILU(k) Modified Compressed Sparse Row (MSR)
ILUTI6, 7] Diagonal (DIA)
Crout ILUJ[8, 7] Ellpack-Itpack Generalized Diagonal (ELL)
I+S]9] Jagged Diagonal (JDS)
SA-AMGI10] Block Sparse Row (BSR)
Hybrid[11] Block Sparse Column (BSC)
SAINV[12] Variable Block Row (VBR)
Additive Schwarz Dense (DNS)
oooon Coordinate (CO0)

2 Jodooon

ooobo,000000,000000000000D.DD0000 LinuxO0O00OO0O0OO0OO0O0ODODOOOO.



21 000000

LisOO0OOO0OOD0OO cOOOoooOoooogD. 0O, Fortran 000000 ODOODOOCOODO
Fortran 0O OO0, AMGOOOOOOCOOOCOOCOOOO Fortran9000000000000O0. 00O
oo0O0oo,OpenMPOOO MPI-L1OOOOO. 0 5000000000000 (Qr0o00OOQOO).

g5 0b00ooood

cooooo (oo) 0S
Intel C/C++ Compiler 7.0, 8.0, 9.1, 10.1, 11.1, | Linux
Intel C++ Composer XE 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, 4.3 Linux
Mac OS X
Windows
Microsoft Visual C++ 2008, 2010 Windows
Fortran 0O OO0 (DO0OOO) (O
Intel Fortran Compiler 8.1, 9.1, 10.1, 11.1, Linux
Intel Fortran Composer XE 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 4.3, 4.4 Mac OS X
295 0.91 Windows

22 00000000

OO0000O00000O0,00000D00000. ($VvERSION) ODOOCOOODODOO.
>gunzip -c 1lis-($VERSION) .tar.gz | tar xvf -
OO0000,000000 1is-($VERSION) OO0 100000000 OO0OOOO0ODOO.

23 UNIXOOOOODOOooOooo

23.1 0O000O0ODOODOO
ocooooooooobooooooooooo,0o0bbo0oooboog.
e JO0OOO0OODOODOOOODOO - >./configure
e JI0ODODOODOODODO - >./configure --prefix=<install-dir>

obooooOobooooboen0On. O 70 TARGETOOOOODOOOOOOODOOOO.



lis-($VERSION)
|- config
0 000000
} include
0 0000000
|— Src
0 0000000
F test
0 0000D0O0O0O
L win32
Windows 0000000 D0DODODODO

O 1: 1is-($VERSION) .tar.gz OO 00O OO0

0 6: 00 configure 00000 (DOO ./configure --help 00 0)

—--enable-omp OpenMP OO0
--enable-mpi MpPIOOO
—--enable-fortran FortranOOOOOOOOOO
--enable-saamg SA-AMGOOO00O00O
—--enable-quad 400000000
--enable-gprof gprof 0 0 O
—--enable-shared gboooobooo
—--prefix=<install-dir> | OO0O0OO0OOOOO
TARGET=<target> googooon
CC=<c_compiler> copoppoooooo
CFLAGS=<c_flags> copbooooobooooooo
FC=<fortran_compiler> Fortran OO O OOOODO
FCFLAGS=<fc_flags> FortranOOOOOOOOOOOOO
LDFLAGS=<1d_flags> ooopoooooooo




0 7: TARGET OO (000 configure 00 0)

<target>

00000 configured0 0 OO0

cray_xt3

./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 -—-enable-mpi

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

fujitsu_pq

./configure CC=fcc FC=frt ac_cv_sizeof_void_p=8
CFLAGS="-03 -Kfast,ocl,preex" FFLAGS="-03 -Kfast,ocl,preex -Cpp"
FCFLAGS="-03 -Kfast,ocl,preex -Cpp -Am"

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

hitachi

./configure CC=cc FC=f90 FCLDFLAGS="-1f90s" ac_cv_sizeof_void_p=8
CFLAGS="-0s -noparallel" FCFLAGS="-Oss -noparallel"

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

ibm_bgl

./configure CC=blrts_xlc FC=blrts_x1f90
CFLAGS="-03 -qarch=440d -qtune=440 -gstrict
-I/bgl/Bluelight/ppcfloor/bglsys/include"
FFFLAGS="-03 -qarch=440d -qtune=440 -qsuffix=cpp=F -qfixed=72 -w
-I/bgl/Bluelight/ppcfloor/bglsys/include"
FCFLAGS="-03 -qarch=440d -qtune=440 -qsuffix=cpp=F90 -w
-I/bgl/Bluelight/ppcfloor/bglsys/include"
ac_cv_sizeof_void_p=4 cross_compiling=yes --enable-mpi

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

nec_es

./configure CC=esmpic++ FC=esmpif90 AR=esar RANLIB=true
ac_cv_sizeof_void_p=8 ax_vector_machine=yes cross_compiling=yes
--enable-mpi --enable-omp

ax_f77_mangling="lower case, no underscore, 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"




23.2 DOO0ODOOODOOO

lis-($VERSION) OO DOO0ODOODOODOODOODOOOOOO,OO0D0ODOOODOODO.
>make
000000000000 0000000bO000000, 1is-($VERSION) DO ODOODOODOODOO
0000000, 1is-($VERSION) /test O OO OODOODOOODOODODOOODOODOODOODOD.
>make check
0000000, Matrix Market 0000000 test/testmat.mtx 0000, 000000000000,
00000 Az=0000 test/sol.txt 0, 0000000 test/res.txt00000. OOOODOOO
000100000000, SGI Atix37000 0000000 O000O00OO.

. gooano ~N

matrix order = 100 x 100 (460 nonzero entries)

initial vector x = 0O

precision : double

solver : BiCG 2
precon : none
storage : CRS

lis_solve : normal end

BiCG: number of iterations = 15 (double = 15, quad = 0)
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 2-norm = 6.327297e-15 y




(———enable—omp

matrix order =

_

max number of threads = 32

number of threads = 2

100 x 100 (460 nonzero entries)

initial vector x = 0

precision : double

solver : BiCG 2
precon : none
storage : CRS

lis_solve : normal end

BiCG: number of iterations = 15 (double = 15, quad = 0)
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 2-norm = 6.221213e-15

N

--enable-mpi

number of proce

matrix order =

N

sses = 2
100 x 100 (460 nonzero entries)

initial vector x = 0

precision : double

solver : BiCG 2
precon : none
storage : CRS

lis_solve : 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 = 2.755322e-03 sec.

BiCG: relative residual 2-norm = 6.221213e-15

23.3 000000

lis-($VERSION) DO ODOO0OOODOOOOOOOODOOODO,bD00bO0bO00oboOoooOobooOoDo

gooooao.

>make insta

$ (INSTALLDIR)

11



|—include
O L lis_config.h lis.h lisf.h
L 1ib
L 1iblis.a
lis config. hOOOODO0ODOOO0OD0ODO,00 1is.hd C,lisf.h0 Fortran OO0 D0 OO000ODO0ODO
000000000000000. 1iklis.a000000000000O0O00O000OO.

24 WindowsOUOOGOOO

1is-($VERSION) /win32 00O OO0 0O 0O OO Microsoft Visual Studio 0 0 000D D0OOOOOOOO
0000000000000, 0000000000, liswith_fortran.sln [0 Intel Visual Fortran
Compiler, lis_with fortranmpi.sln O Visual Fortran 00 MPICH20O0O0OO0OCOOO0OOCOOOO
00000O0O0O0DOODOODO. O0OOD0O0ODO O 1is-($VERSION) /include DO O OO ODOODOODOO.
lis configwin32.hOOO0OO000000CDOO,00 1is.h0 C,lisf.h0 Fortran OO OODO0O0ODO
00000000000 000000D0. D0000000000 1is-($VERSION)/1ibO00O00ODOOO
O000D0. 0000000000000 0D0O0O 1is-($VERSION) /test 00O ODOOODOODODO.

25 0O000O0O0O0O0O0O
2.5.1 testl

1lis-($VERSION)/test DO OO OO OOOO
>testl matrix_filename rhs_setting solution_filename residual_filename [options]
000000, matrix_filename 00 0000000000000 000O000O000,00000 Az=5
Uoptions 00O O0OO0OODOO0OO. OO0, 00 result_filename U, 000D residual filename [l
OOO0O0. 0000000000000 Matrix Market 00000 . rhs_setting O

0 goooOoOoOoOoOOODODOODODOOOOOOOOOOO
1 b=(1,...,)'o0o000

2 b=Ax(1,...,0)T000D0

rhs_filename oooooooooooo

O00000. rhs_filenamed PLAINO O OO O Matrix Market 00O O O0O0OO. testlf.FO testl.c
O Fortran OO OO.

2.5.2 test2

1is-($VERSION)/test 1O O OO OO OOO
>test2 m n matrix_type solution_filename residual_filename [options]
OO00000,200 Poisson 0000 50000000000000000O0meO 500000000
00000000 Az=0b0,matrix_type 00000000000, 0ptions0000000000DO.
00,00 result_filename D OO0 00O 0 residual filename DO O ODO. 000, 00000 Az =50
oooooOoO0o0ooo0100000000D0000 )0000000.m,nO0D0O0O00O0O0ODOOOO.



2.5.3 test3

1lis-($VERSION) /test OO O OODODOOOO
>test3 1 m n matrix_type solution_filename residual_filename [options]
O00000,300 PoissonO000070000D0COO0O0O00O0OODOCOOOOImeO0 700000000
00000000 Az=0b0,matrix_type 00000000000, 0ptionsO000000O00C000DO.
00, 00 result filename 00 O OO0 residual filename OO0 0. OO0, 00000 Az =19

ocoooooOoooooo1goooogoooooosboobDOoD. L, m,e00D0OO0OODDOO
go.

2.5.4 test4

ooo000 Az=000000000000,000000.00A000 1203000000

O00.000000P00200001000000000000. test4f.FO testd.c U Fortran O
goo.

2.5.5 testh

1lis-($VERSION) /test OO OO OOOOO
>testbs n gamma [options]

O00000,00000 Az=0b000000C00000,0D000C00.00 A0D00O n0O ToeplizOO

DO

0 2 1
¥ 2 1
A:
v 0 2 1
v 0 2

oo0.0o0ooo00 O 0000 100000O0DODOO0OODO.

2.5.6 etestl

lis-($VERSION) /test O OO OODOODODO
>etestl matrix_filename solution_filename residual_filename [options]
D00000,matrix filename D000 0000000000000 DOO0O0OOCOCOO,00000 Az =\
Ooptions 00000000 DOOCOO0,0000D0O0000DOOOODOO.OO,ODDO000DOOO
000000 result filename 0, DO OO0 residual filename OO 0O0O. DOOOOOOOODOO
00 Matrix Market 00O 0O 0O. etestif . FO etestl.cO FortranO O OO .



2.5.7 etest2

1is-($VERSION)/test 00O OO OOOOO
>etest2 m n matrix_type solution_filename residual_filename [options]
O000dO0on0,200 HelmholtzOOODO 50000000000 0OO0ODOOO O 50000000
0000000 Ar =X 0, matrix_type 000000000000, 0ptions000000O0O0O0OO,
obobooooobOoobOooooobo. o0,000000000000000 result_filenameO, OO
00 residual filename O OO O. m,nU0000000O0OOODONO.

2.5.8 etest3

1is-($VERSION)/test 00O OO OOOOO
>etest3 1 m n matrix_type solution_filename residual_filename [options]
O00000,300 HelmholtzODODO 70000000000 ODDOOOOOIImeO 70000000
0000000 Az =X 0, matrix_type 000000000000, 0ptions00000O0O0OOOO,
uboobodabogobobooboab. ob,0oboboobobiodbobd result filename OO, OO
000 residual filename OO 0OO. [, m,n000000000OOO0O.

2.5.9 etest4

1is-($VERSION)/test 0 OO0 OO0 O OO0
>etest4 n [options]
oooooO0O,00000 Az=X0000000O0O0DOO,00000000000000000.00O
AOOOn»0300000

O000. etestdf .FO etestd.c Fortran OO OO.

2.5.10 etestd

1lis-($VERSION) /test DO O OODODOOOO
>etestb5 evalue_filename evector_filename
000000,00000 Az =X z0 Subspace Iteration 00000, 000000000000 2000
000 evaluefilename 0, 00000000000 evector_filename 0 0 O Matrix Market O O (O
0A0OD0O0)0000D0.00 AD0D0 120300000

10



goo.

2.5.11 spmvtestl

1is-($VERSION)/test 1O OO OO OOOO
>spmvtestl n iter
ob0oO0o00,100 PoissonO0000 30000000000000000O0n0O 30000000

ooooo(,...,)T0000,000000000000000 iter00000000000, FLOPS
gooooao.

2.5.12 spmvtest2

1lis-($VERSION)/test 00O OO OOOOO
>spmvtest2 m n iter
O000ooO,200 Poisson 0000 500000000000 0O0O00O0O0O WO 500000000
oooo (1,...,)T0000,000000000000000 iter00000D0O0O0D0OO,FLOPSO
ooooo.m,nO00000O0OO0O0O0OODO.

2.5.13 spmvtest3

1is-($VERSION)/test 0O OO OO OOOO
>spmvtest3 1 m n iter
O00000,300 PoissonOD OO0 70000000D0O0O0DODOOO0O00O0IImeO0 70000000
ooooo(,...,)T0000,000000000000000 iter00000000000, FLOPS
ocooooo.,m,nO0000000D0COOO.

2.5.14 spmvtest4

1lis-($VERSION) /test OO O OODOOOOO
>spmvtest4 matrix_filename_list iter [block]
000000, matrixfilename list 1000 0000000000000 O0O0O0OOOOOOO,OO
oooooo(1,...,)'0000000000000000000 diter00000000O00O0, FLOPS
OO0000D0.0000bockd BSR,BSCOODOOOOODOOOOODDOO.

11



2.5.15 spmvtestb

1is-($VERSION)/test 00O OO OOOOO
>spmvtestd matrix_filename matrix_type iter [block]
000000, matrix filename 00000000000 ODOOODOOOOOOCOO, 0000000
(1,...,)' 0000000000 matrixtype 0000 iter 000000000 D0DO, FLOPSOODODO
OO0.0000bockd BSR,BSCOODOODOOOOOOOOODOO.

12



2.6 0OOO
gboooboobooboobooog.
e OO

— Jacobi, SSORODOOOOUOOOODODO,0000 A0 CRSOUODDOODOO,00O0O0OOO
CRSOOOOO ADODODOODO.

— 00O000OoO0oO0O0oo BiCGOOOOOOODOO,SA-AMGOOOOOOOOOO.

— SA-AMGUOU0O0000000000000000000.

— SAINVOOOOOOOOOOOOOODODODDDDO.

e 400000

0000000000, Jacobi, Gauss-Seidel, SOR, IDR(s) DO O0OO0OO0OO.
- 0oOooooog,cGg,crObDOp0oooOD.
— HybridOOOOOOOOOOOOOO, Jacobi, Gauss-Seidel, SORO OO OOOOOO.

I+S, SA-AMGOOO0OO0O0O0OOoOooo0.
e JOODOOO

— JOoO0oooOoCooOoO0O0ooooooOoCooOOoOoooooo,cRSOUOOOOoOooDoOOOO
OO00. 00000000000000, 1is_matrix_convert JO0 OO0 CRSOODODOOO
oo.

13



3 Uogdg
gooo,0bdbobodbo0booboobobo. bbb booboUoboo.
e IOOODO
e IOOOO
e JODODOODO
e U0 (DOULDODOOUODDOO)OOO
o 0, 0000O0O0OODDODO
e OOOO
o (1]
e IOOO
gog,0bbbbbd0odubb include0 00000000 ODOOOO.
o C #include "lis.h"
e Fortran #include "lisf.h"

lis.h O lisf.h O $(INSTALLDIR)/include DO DO ODO.

14



3.1 0ODO0ogdoooo

god,gooooboboooboobbboddo. bbb bbbboddd0, UL L O
goooboon.
¢ ™
1: #include "lis.h"
2: int main(int argc, char* argv([])
3: {
4: lis_initialize(&argc, &argv);
5.
6
7

lis_finalize();

: }
\_
/- Fortran

o

_/

1: #include "lisf.h"
2: call lis_initialize(ierr)
3: .

4. call lis_finalize(ierr)

N J

goooo
obooooooboooogn

e C lis_initialize(int* argc, char** argv[])
e Fortran subroutine lis_initialize(integer ierr)

gooo.ooooo,MPIODOOO,00000000D00O000O00O0DOOOODO.

oooa
ooooooooooo
o C int lis_finalize()

e Fortran subroutine lis_finalize(integer ierr)

gooo.

3.2 000000

00000000 globael nO00O0. 0000 w0 nproes000000000O0O0OODOOOOOOO
0000000000 localn000. global.n O nprocs 000000000 local_-n = global_n / nprocs
O00.000,0000900(3.1)0000020000000000000000, global-nO local-n
O0O00ooO402000.

0 PEO
1

v=|— 3.1
2 PE1 (3-1)
3

15



3.)00o0000»00D0D0DODOD,00,0000000000000D0D000000,00000
ododo0oodooooooboooooooooooobooooobooooooboon.

Jod0bd«000D00000000O0O0000000DO0O0. 000, 0000000 oDobo0ooooo
2000.

cC({Do,0D0o0ocooooa
ol ) R

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++)

{

© 00 ~NO U WN -

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

=
o
[u-}

[
\—

c(0ooooooon) N

~

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

n = 4; /¥ 1n = 2; */
lis_vector_create (MPI_COMM_WORLD,&v) ;

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++)

{

© 00 N O d W N -

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

[ure
o
[}

NS

Fortran (00O, 00000O00OODO
o Forman { ) a

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/
KFortran([IDDDDDDDD) ~

O© N O O W N -

e
o

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

© 00 N O W N -

r
-
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good

200000
LIS_VECTOR v;

goooano.

goooooad
Ogoooo0o0ooooaao

o C int lis_vector_create(LIS_Comm comm, LIS_VECTOR *vec)

e Fortran subroutine lis_vector_create(LIS_Comm comm, LIS_VECTOR vec, integer ierr)
0000. commO0O MPIDODOODOOOODODO. OD,00000000000 commOOOO0OOO
0.
agooood

goooooooo
o C int lis_vector_set_size(LIS_VECTOR vec, int local_n, int global_n)

e Fortran subroutine lis_vector_set_size(LIS_VECTIR vec, integer local_n,

integer global_n, integer ierr)

O000. localn O globel.n OO0 D0 O0O00O0OD0OODOOODOODO.
00,00000000000 localnO global nO0D0O0O. 00000, lis_vector_set_size(v,n,0)
0 lis_vector_set_size(v,0,n) 0, 000000 nOD0OOOOOOODODO.
00000000000000, lis_vector_set_size(v,n,0) 0000000000 nOODO0OOO
0D00000. 00, lis_vector_set_size(v,0,n) 000000 pOO000 m, 00000000000
0. m,0000000000000.

agoood
000000 ::000000000000
o C int lis_vector_set_value(int flag, int i, LIS_SCALAR value, LIS_VECTOR v)

e Fortran subroutine lis_vector_set_value(int flag, int i, LIS_SCALAR value,

LIS_VECTOR v, integer ierr)

oooo. ooooooooobooo,bc0obobo0oobooo0o«0o0oo0obo0oooOo0oooobobo:000000.
flag O O

LIS_INS_VALUE O 0O: v(i) = wvalue
LISADD.VALUE O00O0O0: v(@) = v(@) + value
oooooooooag.

goooooo
gbboobOoboooooboooobooboooooboooo
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o C int lis_vector_duplicate(LIS_VECTOR vin, LIS_VECTOR *vout)

e Fortran subroutine lis_vector_duplicate(LIS_VECTOR vin, LIS_VECTOR vout,

integer ierr)

U000. 0100 LIS_VECTOR vinU LIS_MATRIXUOOOOOOOOOODOOO.0OO0O0OOO0OOOOOO
obooobOobooobo.ooooboboocoooboooon

o C int 1lis_vector_copy(LIS_VECTOR vsrc, LIS_VECTOR vdst)
e Fortran subroutine lis_vector_copy(LIS_VECTOR vsrc, LIS_VECTOR vdst, integer ierr)
goooo.
ooooooo
uboobuooboooobooboboaboan
o C int lis_vector_destroy(LIS_VECTOR v)
e Fortran subroutine lis_vector_destroy(LIS_VECTOR vec, integer ierr)

gooo.

3.3 0000

0000 AO0OOO globaln x globaln OO 0. OO0 AOQ nproes 00000000 OOOOOODOO
000000000000 localn0DO0O. global.n O nprocs 000000000 local.n = global n /
nprocs000. 000,00 AO (3.2)000002000000000000000000, global_n0O

localn 0000040 2000.
PEO

N

(3.2)

[ I N

1
2 1 PE1
1 2

gboooboboooobooboooobooboo3soooooon.

b1 00000o0oobo0oboooooboboboooboboooogoDo
(3.2)0 000 AO CRSOOOOOOOOO,00,0000000000000 AODODDOOO,000O0
gboboobOoboooooboooobooboooobobooobooboooooa.

00 AQ CRSOO0OO0OO0OO0O0O0OO0O0O0O0OO0OOOOOOOOOO. OO0, 000000000OOO00
oooo22000.
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(00,000000000)

C R
1: int i,n;
2: LIS_MATRIX A;
3: n = 4;
4: lis_matrix_create(0,&A);
5: lis_matrix_set_size(A,0,n); /* or lis_matrix_set_size(A,n,0); */
6: for(i=0;i<n;i++) {
7: if( i>0 ) lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0,4);
8: if( i<n-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0,A);
9: lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);
10: }
11: 1lis_matrix_set_type(A,LIS_MATRIX_CRS);
\¥12: lis_matrix_assemble(A); )
(/'C}(D oooooooo ) ~\
1: int i,n,gn,is,ie;
2: LIS_MATRIX A;
3: gn = 4; /* or n=2 */
4: lis_matrix_create(MPI_COMM_WORLD,&A);
5: lis_matrix_set_size(A,0,gn); /* lis_matrix_set_size(A,n,0); */
6: lis_matrix_get_size(A,&n,&gn);
7: lis_matrix_get_range(A,&is,&ie);
8: 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: 1lis_matrix_set_type(A,LIS_MATRIX_CRS);
\‘14: lis_matrix_assemble(A); 4/
/Fortran(DD7DDDD[ID[I[ID) ~
1: integer i,n
2: LIS_MATRIX A
3: n=4
4: call lis_matrix_create(0,A,ierr)
5: call lis_matrix_set_size(A,0,n,ierr)
6: do i=1,n
7: if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0d0,A,ierr)
8: if( i<n ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
9: call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)
10: enddo
11: call lis_matrix_set_type(A,LIS_MATRIX_CRS,ierr)
\»12: call lis_matrix_assemble(A,ierr) y
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Fortran (OO OOO0OOOO
Foran { : B

1: integer i,n,gn,is,ie
2: LIS_MATRIX A
3: gn =4
4: call lis_matrix_create(MPI_COMM_WORLD,A,ierr)
5: call lis_matrix_set_size(A,0,gn,ierr)
6: call lis_matrix_get_size(A,n,gn,ierr)
7: call lis_matrix_get_range(A,is,ie,ierr)
8: do i=is,ie-1
9: if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0d0,A,ierr)
10: if( i<gn ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
11: call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)
12: enddo
13: call lis_matrix_set_type(A,LIS_MATRIX_CRS,ierr)
\‘14: call lis_matrix_assemble(A,ierr) 4/
ooood
0200000
LIS_MATRIX A;
gooOooa.
ooooa

OO0 A0DO0O0ooag
o C int lis_matrix_create(LIS_Comm comm, LIS_MATRIX *A)

e Fortran subroutine lis_matrix_create(LIS_Comm comm, LIS_MATRIX A, integer ierr)

O000. commO0 MPIODOOOOOOOOOOO.O00,00000000000,commd00000
oo.

ooooo
oooobooooo

o C int lis_matrix_set_size(LIS_MATRIX A, int local_n, int global_n)

e Fortran subroutine lis_matrix_set_size(LIS_MATRIX A, integer local_n,

integer global_n, integer ierr)

0000. localon O globalon 00000000000 OCODOOOOO.

O00,00000000000 local-n O globalnO00O000O. 00000, lis_matrix_set_size(A,n,0)
0 lis_matrix_set_size(A,0,n) 0, 000000 nxnDOOO0D0OODOO.

0000000000 0000, lis_matrix_set_size(A,n,0) 000000000 nx NODOODO
oooooo. NOpOODOODO.
00, lis_matrix_set_size(A,0,n) 000000 pOO0O0OO0 m,xnDOOOOOO0O0O0OO. m,d00
dooooooooa.

good
00 A0D 00 j00000Q0Q0QCOCOOO
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o C int lis_matrix_set_value(int flag, int i, int j, LIS_SCALAR value,
LIS_MATRIX A)

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

OO000.00000000000,0000004¢00 jO0D00000. flagOO
LIS_INS VALUE O 0O: A(i,7) = value
LIS_ADD VALUE O0000: A(i,5) = A(4,5) + value
gooooooboooo.
ubooaboodaod
gbooobooboobgooogon
o C int lis_matrix_set_type(LIS_MATRIX A, int matrix_type)
e Fortran subroutine lis_matrix_set_type(LIS_MATRIX A, int matrix_type, integer ierr)

O0OC0D0. 000000 A0 matrix_type 0 LIS_MATRIX_CRSOOOOOO. O0O0OO0OOOOOO
goo.

googd matrix_type
(CRS) {LIS_MATRIX_CRS|1}
(CCS) {LIS_MATRIX_CCS|2}
(MSR) {LIS_MATRIX_MSR|3}
(DIA)  {LIS_MATRIX_DIA|4}
Ellpack-Itpack Generalized Diagonal (ELL)  {LIS_MATRIX_ELL|5}
Jagged Diagonal (JDS)  {LIS_MATRIX_JDS|6}

(

(

(

(

(

Compressed Row Storage
Compressed Column Storage
Modified Compressed Sparse Row

Diagonal

Block Sparse Row ) {LIS_MATRIX_BSR|7}
BSC) {LIS_MATRIX_BSC|8}
VBR) {LIS_MATRIX_VBR|9}
DNS) {LIS_MATRIX_DNS|10}
COO) {LIS_MATRIX_C00|11}

Block Sparse Column
Variable Block Row
Dense

Coordinate

goooooo
gboboobooooboobooooa,ob

e C int lis_matrix_assemble (LIS_MATRIX A)
e Fortran subroutine lis_matrix_assemble(LIS_MATRIX A, integer ierr)

OO00O00. lis_matrix_assemble [0 lis_matrix_set_type U0 UOO0OODODOODOOOOOODOOO.

goooo
ubooobooooboboooooboooon
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o C

e Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, integer ierr)

goog.

int lis_matrix_destroy(LIS_MATRIX A)

ob2: 0000000000000000000
(3.2) 0000 A0 CRSOOODOOOUODO,00,0000000000000 ADUOOOO,0000

gbooobooboobooboooobbooboobooboobuooboon.

OO0 A0 CRSOO0O0OO0OOOOOOOOOOOOOOOOOOO. OO0, 000000000000
oooo2000.

~C(00,000000000)

1: int i,k,n,nnz;

2: int *ptr,*index;

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

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

6: lis_matrix_malloc_crs(n,nnz,&ptr,&index,&value) ;

7: lis_matrix_create(0,&A);

8: lis_matrix_set_size(A,0,n); /* or lis_matrix_set_size(A,n,0); */
9:

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

11: {

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

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

16: }

17: ptr[0] = 0;

18: 1lis_matrix_set_crs(unz,ptr,index,value,A);

19: 1lis_matrix_assemble(A);

~
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~C(0000D0000) ~

1: int i,k,n,nnz,is,ie;
2: int *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n=2; nnz = 5; k = 0;
6: lis_matrix_malloc_crs(n,nnz,&ptr,&index,&value) ;
7: lis_matrix_create(MPI_COMM_WORLD,&A);
8: lis_matrix_set_size(A,n,0);
9: lis_matrix_get_range(A,&is,&ie);
10: for(i=is;i<ie;i++)
11: {
12: if( i>0 ) {index[k] = i-1; valuelk] = 1; k++;}
13: index[k] = i; valuelk] = 2; k++;
14: if( i<n-1 ) {index[k] = i+1; valuelk] = 1; k++;}
15: ptrli-is+1] = k;
16: }
17: ptrl0] = 0;
18: 1lis_matrix_set_crs(nnz,ptr,index,value,A);
\‘19: lis_matrix_assemble(A); l)

ooooooo
cCRSO0O0O0ODOOODOOOOOOOOOOO0OO AODOOOO0OO000,00

o C int lis_matrix_set_crs(int nnz, int row[], int index[], LIS_SCALAR valuel[],
LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_crs(integer nnz, integer row(), integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

gbooo.booooboboooboobosobooog.
ugb 3. buubogoboob,obuogboobgooabo

00000000 (3.2)0000 AO CRSOOUO0DDOUOODODOUOODOUODODOODOODDOOOO.
c(OOo,000b0poO0o0,00oooOooon)

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

~N o W

Fortran (00, 0000000,000000000)

LIS_MATRIX A

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

~ o w e

Matrix Market OO 0O0O0O00O0DO0O matvec.mtxOOOO0OOOOOO.

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

(C(DD,DDDDDDD,DDDDDDDDD)

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

00000000 (3.2)0000 A0 CRSO0OO,00 (3.1)0D00UoO0s00OOOOOOOOOO
googobooooboooog.

~N OO WN

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_CRS);
lis_input(A,b,x,"matvec.mtx");

~

N

N

/Fortran(DD,DDDDDDD,DDDDDDDDD)

N o o WN e

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

00 Matrix Market 00000000000 matvec.mtx D 000000000 (DD AOOO).

%#hMatrixMarket matrix coordinate real general

4

W N DD WWWNDNNRE -

4 10

N
[y

WP WNPENDEE 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

oboooooooooooon

go

o C

oo0o0oooo0 A0Dooooooooo,oo

24

int lis_input_matrix(LIS_MATRIX A, char *filename)



e Fortran subroutine lis_input_matrix(LIS_MATRIX A,

character filename, integer ierr)

O000. filename 00 O0O0O0O0O0O0O0OOOO. 0O0OO0OUOOOOOOODOOOOOOOO (DOOOO
00000000 AOO0OD).

e Matrix Market 0 O

e Harwell-Boeing 0 O

00o00000o0oO0nD A0oOdoOOd s, x000000D0O0DOOO,O00
o C

e Fortran subroutine lis_input(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,

int 1is_input(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x, char *filename)

character filename, integer ierr)

O000. filename 00000000000 0O0. DO0D0DO0O0O0OODOUOOUOODOODODOO (DODODO
00000000 AOODO).

e 00 Matrix Market 00 (0O OOOOOOOO)

e Harwell-Boeing O O

3.4

ooo000 Az=000000000000000000O0DODODDODOOOOO.
(C(DD,DDDDDDD,DDDDDDDDD)

N

© 00N O WN -

[y
o

gogbooogd

LIS_MATRIX A;
LIS_VECTOR b,x;
LIS_SOLVER solver;

/0000000000 */

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);

N

N

/Fortran(DD,DDDDDDD,DDDDDDDDD)

© 00 ~NO O WN -

[y
o

LIS_MATRIX A
LIS_VECTOR b,x
LIS_SOLVER solver

/0000000000 =/

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)

goooog

25



000 (000000000 0o00DO000o0oDO)0Do00UoO0oOo0

o C int lis_solver_create(LIS_SOLVER *solver)

e Fortran subroutine lis_solver_create(LIS_SOLVER solver, integer ierr)
oooo.
oooooooo

goooooooOooOoOoOOoOOoOOoOOO

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

e Fortran subroutine lis_solver_set_option(character text, LIS_SOLVER solver,

integer ierr)
ooo
o C int lis_solver_set_optionC(LIS_SOLVER solver)
e Fortran subroutine lis_solver_set_optionC(LIS_SOLVER solver, integer ierr)

gOO00. 1is_solver_set_optionC O OO0 00000000 O0OOOOOODOOOODODODOOO
gbooooOooooooboon.

OO00000O000D0ODO00O0DOOO000DoODO0. -1 {egl1}d-i cgO00-i 100000,
-maxiter [1000] 0-maxiter OO OOO0OD0OOO 10000000000000.

26



gooobooobog oobg0: -i bicg

goooobb (ooobob gogooooo

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgs|3}

BiCGSTAB -1 {bicgstabl|4}

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

GPBiCG -i {gpbicgl6}

TFQMR -i {tfqur|7}

Orthomin(m) -i {orthomin|8} -restart [40] OOOOOO m
GMRES(m) -i {gmres|9} -restart [40] OOOOOO m
Jacobi -i {jacobi|10}

Gauss-Seidel -i {gsl11}

SOR -i {sor|12} -omega [1.9] 0000 w(0<w<?2)
BiCGSafe -i {bicgsafe|13}

CR -i {crl14}

BiCR -i {bicr|15}

CRS -i {crs|16}

BiCRSTAB -i {bicrstab|17}

GPBiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafe|19}

FGMRES(m) -i {fgmres|20} -restart [40] 000000 m
IDR(s) -i {idrs|21} -irestart [2] OOOOOO s
MINRES -i {minres|22}

27



go0o0000 obdoO: -p none

ggd goooo goooooo
OO0 -p {nonel|0}
Jacobi -p {jacobil|1}
ILU(k) -p {ilul2} -ilu_£ill [0] O00ooo0gd k
SSOR -p {ssor|3} -ssor_w [1.0] 0000w (0<w<?2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SORODOOO0O0D w (0<w<?2)
-hybrid_ell [2] BiCGSTAB() O OO I
-hybrid_restart [40] GMRES(m), Orthomin(m) O
O00oogm
I+S -p {is|5} -is_alpha [1.0] I+aS™ 0000000000 «
-is_m [3] I+aS™MOO00O0000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0000D000000)
-saamg_theta [0.05/0.12] 000000 af; < 6|aslay,l
(0D 100D0)
Crout ILU -p {ilucl|8%} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] Ooooooooooo
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] ooooooooooo
Additive Schwarz | -adds true -adds_iter [1] oooooo

28



googoogog

goooo
-maxiter [1000] gopooog
-tol [1.0e-12] ooooog
-print [0] ooooooo
-print {none|0} ooooo
-print {mem|1} oooooooooboooo
-print {out|2} goooooooooono
-print {all|3} gogogoobobbboooooooboboobo
-scale [0] gooopooooo.0ooooog,ooooooooooo
-scale {none|0} goooogod

-scale {jacobil|1} JacobiDOOOOO D 'Azx=D"1'
(DO A=(a;;) D0D0OD)
-scale {symm_diag|2} 00O 00000 D Y2ADY2z=D"1%
(D~Y200000000 1/ya; 000D00O0D0)
-initx_zeros [true] goooono zO0O0OO
-initx_zeros {false|0} oooooboogo
-initx_zeros {truel1} goooogoobgoobooa
-omp_num_threads [t] | OO0O0O0OOO
(tooooooon)
-storage [0] opbooog
-storage_block [2] BSR,BsCOOOOOOOOOO

0000000 0OoO0odd: -f double
oo gooon goooooad
ooQd -f {double]|0}

4000 | -f {quad|1}

oo
Oo0000 Az=000000,00

o C int 1lis_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, integer ierr)

goog.

3.5 OOUgoooo

00000 Az=X000000000000000O0O00000O0OOCOO.
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c{Oo,oopoopoooO,0oooooooo
ol : B

1: LIS_MATRIX A;

2: LIS_VECTOR x;

3: LIS_REAL evalue;

4: LIS_ESOLVER esolver;

5:

6: /+ J00ODOOOODOOO %/

T:

8: lis_esolver_create(&esolver);

9: lis_esolver_set_option("-e ii -i bicg -p none",esolver);

10: lis_esolver_set_option("—etol 1.0e-12 -tol 1.0e-12",esolver);

11: lis_esolve(A,x,evalue,esolver); 4/
(Fortran(DD,DDDDDDD,DDDDDDDDD) ~

1: LIS_MATRIX A

2: LIS_VECTOR x

3: LIS_REAL evalue

4: LIS_ESOLVER esolver

5:

6: /+ OO0ODOOOODODOO */

T:

8: call lis_esolver_create(esolver,ierr)

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

10: call lis_esolver_set_option(’—etol 1.0e-12 -tol 1.0e-12’,esolver,ierr)
\¥11: call lis_esolve(A,x,evalue,esolver,ierr) 4)
gooooa

000 (000o0o0o0o0o0ooo0o0)0Doooooooo
e C int lis_esolver_create(LIS_ESOLVER *esolver)
e Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, integer ierr)

gooo.

oooooooo
uboboobobooooboooood

o C int lis_esolver_set_option(char *text, LIS_ESOLVER esolver)

e Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,

integer ierr)
oono
o C int lis_esolver_set_optionC(LIS_ESOLVER esolver)
e Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, integer ierr)

OO000. 1lis_esolver_set_optionC OO0 OOO0OO0O0O0O0O0OOOOOO0OODOOOOOOOODOOOON
gooobooooooobooo.

gooooood

gobooobOobooooboboooog
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e C int lis_esolver_set_option(char *text, LIS_ESOLVER esolver)

e Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,

integer ierr)
goo
o C int lis_esolver_set_optionC(LIS_ESOLVER esolver)
e Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, integer ierr)

O0O000. lis_esolver_set_optionCO 00O 0OOO0O0OODOOODOOODOODOOODOOOOODOOO
oooodooooooooooo.

O0000O0Db000O0bD0bOboOooOoDOoOonog. -e {pilt}0d-e pid00-e 1 00ODOODO.
-emaxiter [1000] O-emaxiter 00O 0O0OO0ODO 10000000000000.

goooboob obgbO: -e pi

agooog ogoood goooooad

Power Iteration -e {pil1}

Inverse Iteration -e {iil2} -i [bicgl gooooao

Approximate Inverse Iteration | -e {aiil3}

Rayleigh Quotient Iteration -e {rqil4} -i [bicg] goooogo

Subspace Iteration -e {sil5} -ss [2] oooooooo
-m [0] ooooo

Lanczos Iteration -e {1il|6%} -ss [2] ooooooog
-m [0] ogoooog

CG -e {cgl7}

CR -e {cr|8%

31



googoo oogobogd: -p ilu

ggd goooo goooooo
OO0 -p {nonel|0}
Jacobi -p {jacobil|1}
ILU(k) -p {ilul2} -ilu_£ill [0] Oooooooo k
SSOR -p {ssor|3} -ssor_w [1.0] 0000w (0<w<?2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SORODOOO0O0D w (0<w<?2)
-hybrid_ell [2] BiCGSTAB() O OO I
-hybrid_restart [40] GMRES(m), Orthomin(m) O
ooooogm
I+S -p {is|5} -is_alpha [1.0] I+aS™ 0000000000 «
-is_m [3] I+aS™MOO00O0000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0000D000000)
-saamg_theta [0.05/0.12] 000000 af; < 6|aslay,l
(0D 100D0)
crout ILU -p {ilucl|8%} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] Ooooooooooo
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] ooooooooooo
Additive Schwarz | -adds true -adds_iter [1] oooooo
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googoogog

ooooo

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

-ie [ii]

-shift [0.0]

-initx_ones [true]

—-omp_num_threads [t]

-estorage [0]
-estorage_block [2]

oooooo

oooooo

gogooooo

-eprint {none|0} oooono

-eprint {mem|1} goooooooooooo

-eprint {out|2} gooooooooooo

-eprint {all|3} goooobobbbuoooooobooboo
Lanczos Iteration, Subspace Iteration 000000000000 OCO0OO
-ie {pil1} Power Iteration (Subspace Iteration O O )

-ie {iil2} Inverse Iteration

-ie {aiil3} Approximate Inverse Iteration

-ie {rqil4} Rayleigh Quotient Iteration
oooooooo
ooz OO0

-initx_ones {false|0} oooooooog
-initx_ones {truel1} oooooooooi1oo0a
ooooooo

td0o0ooodo

oooooo

BSR,BSCOOOODOOOOOO

go0o0oo0dn0 bo000d: -ef double

oo oooono oooooon

ooo -ef {double|0}
4000 | -ef {quad|1}
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oo
00000 Az=X0000000

o C 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, integer ierr)

gooo.

3.6 ODUOooboOOd

oo0000 Az=0b00000000000,000C00C00O0ODOODOODODODODODODOO.
OO0 A00O0O 120300000

oo0.0o0ooo00 O O00D00100000000O000ODO.
OO0000D00O0 14s-($VERSION) /test OO O OODODODO.
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(DDDDDDDD:tesM.C

1: #include <stdio.h>

2: #include "lis.h"

3: main(int argc, char *argv[])

4: {

5: int i,n,gn,is,ie,iter;

6: LIS_MATRIX A;

T: LIS_VECTOR b,x,u;

8: LIS_SOLVER solver;

9: n = 12;

10: lis_initialize(&argc,&argv);

11: lis_matrix_create(LIS_COMM_WORLD,&A) ;
12: lis_matrix_set_size(A,0,n);

13: lis_matrix_get_size(A,&n,&gn)

14: lis_matrix_get_range(A,&is,&ie)

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

16: {

17: if( i>0 ) lis_matrix_set_value(LIS_INS_VALUE,i,i-1,-1.0,4);
18: if ( i<gn-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,-1.0,4);
19: lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);
20: }
21: lis_matrix_set_type(A,LIS_MATRIX_CRS);
22: lis_matrix_assemble(A);

23:

24 lis_vector_duplicate(A,&u);

25: lis_vector_duplicate(A,&b);

26: lis_vector_duplicate(A,&x);

27: lis_vector_set_all(1.0,u);

28: lis_matvec(A,u,b);

29:

30: lis_solver_create(&solver);

31: lis_solver_set_optionC(solver);

32: lis_solve(A,b,x,solver);

33: lis_solver_get_iters(solver,&iter);
34: printf("iter = d\n",iter);

35: lis_vector_print(x);

36: lis_matrix_destroy(4);

37: lis_vector_destroy(u);

38: lis_vector_destroy(b);

39: lis_vector_destroy(x);
40: lis_solver_destroy(solver);
41: lis_finalize();
42: return O;
43: }

}
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(DDDDDDDD:testZLf.F

1: implicit none

2:

3:#include "lisf.h"

4:

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

6: LIS_MATRIX A

T: 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,-1.0d0,
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_CRS,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_iters(solver,iter,ierr)

35: write(*,*) ’iter = ’,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 0bOOOoOOoOooDOO

test4.cO000000O00DOOOOODOO,0DD0000000000000O. 1is-($VERSION) /testO O
O00000000000000 testd.c O SGI Altix 3700 0 O Intel C/C++ Compiler 8.1 (ice), Intel
Fortran Compiler 8.1 (ifort) 00 0000000000000 DO000O. SA-AMGOOOODO Fortran90 O
00000000 000OUUOg, SA-AMGUDUOOO0OO0OO0OO0OO0O00O0d Fortran90 00O OOOOoogQd
gbooobooob.oo,0o0booboobobuseMPI00O0D0OODOO0ODOOO0ODO0ODO.

([I[I[I[I ~

ooooo

>icc -c -I$(INSTALLDIR)/include testd.c
agoad

>icc -o testéd testd.o -1llis
000 (--enable-saamg)

>ifort -nofor_main -o test4 test4.o -1llis

N J
ogoooogoobo
4 M
ooooo
>icc -c -openmp -I$(INSTALLDIR)/include testéd.c
ggno

>icc -openmp -o test4 test4.o -1llis
000 (--enable-saamg)
>ifort -nofor_main -openmp -o test4 test4.o -llis

\_ J
O0o0ooooon
4 N
opoooo
>icc -c -DUSE_MPI -I$(INSTALLDIR)/include testéd.c
oood

>icc -o test4 test4.o -1lis -1lmpi
000 (--enable-saamg)
>ifort -nofor_main -o test4 test4.o -1llis -lmpi

N J
KDDDDDDDDDDDDDDDDD ™~
ooooo
>icc -c -openmp -DUSE_MPI -I$(INSTALLDIR)/include testéd.c
goo

>icc -openmp -o test4 test4.o -1llis -1lmpi
000 (--enable-saamg)
>ifort -nofor_main -openmp -o test4 test4.o -1llis -lmpi

N J
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O0,test4f . FOOOODODODOOOOOOOOOD,0000D0D0000000O. 1is-($VERSION) /test
O00000000000000000 test4f.FO SGI Altix 3700 O O Intel Fortran Compiler 8.1 (ifort)
O0000000000D00000000. FortranOOOOOODOOOO#include 00 O00O0OODODO
OoO0,0000000000DOCO00000OOOOO0000OoDODOOOOoOoOooOD. fort0OO0OOO
O000-fpp00O0O.

(DDDD N
gbooood
>ifort -c -fpp -I$(INSTALLDIR)/include test4f.F
ooo
>ifort -o test4 testé4.o -llis
N J
(DDDDDDDDD ~N
oobooad
>ifort -c¢ -fpp -openmp -I$(INSTALLDIR)/include testé4f.F
god
>ifort -openmp -o test4 test4.o -llis
N J
/DDDDDDDDD N
oobod
>ifort -c -fpp -DUSE_MPI -I$(INSTALLDIR)/include test4f.F
ooo
>ifort -o test4 test4.o -1llis -1lmpi
N J
gogooboobbooooobobobog ™
ooboo
>ifort -c -fpp -openmp -DUSE_MPI -I$(INSTALLDIR)/include test4f.F
oo
>ifort -openmp -o test4 test4.o -1llis -1lmpi
J
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3.8 00

1lis-($VERSION) /test DO OO OOODOOOOOOOODOD test4 00O testdf O SGI Altix 3700

gooobooogon
oood

>./test4 -i bicgstab
gbooooooodg

>env OMP_NUM_THREADS=2 ./test4 -i bicgstab
ooooooooo

>mpirun -np 2 ./test4 -i bicgstab
gbooobooboobgooogooboo

>mpirun -np 2 env OMP_NUM_THREADS=2 ./test4 -i bicgstab
obooooobooo,0oooboooooa.

initial vector x = 0

precision : double

solver : BiCGSTAB 4
precon : none
storage : CRS

lis_solve : normal end

iter = 6

o

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

© 0 N O O > W N -

—
o
e T

[y
[

39



4 400000

obooooooo,bo0obooocooobooboooooooooobo. Obobobooo,00000
00000 200007double-double”[18, 1900 400000000000000O, 000000000
00O0000. double-double 00000, 0000 a0 a= a.hi+ a.lo, 3ulp(a.hi) > |a.lo| (OO0 a.hiO
00 «lo00000000)000000O, Dekker[20]0 Knuth[21]0OOOOOOOOOOOOOOOO
000000000000 40000000000D00. double-doubleJO0O0D0OOOO Fortran O 40
00000000000 [22]0,Fortran00000 [23]000000 11200000000000,00
gboooboz200b0000000,0000 104000000,8000000.00,0000000¢0
oooooo11ooooon.

gogooboooo,boooboboooboobo,goobb,oobbooobbbooobb.boobo
0000 4000000000000000,000000D004000000000000D0O0DO00O00O
O00000. 00,Intel00000000D000O00O0 Streaming SIMD Extensions (SSE) 0 0O, IBM
000000000000 00 Fused Multiply-Add (FMA)OOOOOOOO0OOOOOOOO [24].

double-doublefs &
BHE | e sopor | 4| | FEE L pwe s

11Ewk 11Ewk
|[EEE#RDAEREE
fa¥ED n

O 2: double-double OO0 OO0 ODOO

4.1 400000000

Toepliz O O
2
0 1
0% 2 1
A =
v 0 2 1
v 0 2

000000000 Az=0500000000000,000000000000000 testb.cOODO.
00000000 200001 000000000000.n000 ADDDODODODO. tests0 000,
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gooood
>./testb5 200 2.0 -f double
aooo
>./test5 200 2.0
oo0o0o0oooooo,00ooooooog.

n = 200, gamma = 2.000000
initial vector x = 0

precision : double

solver : BiCG 2
precon : none
storage : CRS

lis_solve : LIS_MAXITER(code=4)

BiCG: number of iterations = 1001 (double = 1001, quad = 0)
BiCG: elapsed time = 2.044368e-02 sec.
BiCG: preconditioner = 4.768372e-06 sec.
BiCG: matrix creation = 4.768372e-06 sec.
BiCG: linear solver = 2.043891e-02 sec.

BiCG: relative residual 2-norm = 8.917591e+01

4000000
>./test5 200 2.0 -f quad
obooooooooo,ocoboooocooon.

n = 200, gamma = 2.000000
initial vector x = 0

precision : quad

solver : BiCG 2
precon : none
storage : CRS

lis_solve : normal end

BiCG: number of iterations 230 (double = 230, quad = 0)

2.267408e-02 sec.

BiCG: elapsed time

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

BiCG: relative residual 2-norm 6.499145e-11
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5 oooon

0000,00000000000000000000000O00. 0000 (0)ooooOUOoOoOO
0000.00nxn000 A=(a;) 0000000 nnz00D0.

5.1 Compressed Row Storage (CRS)

CRSOUOOO,0000 30000 (ptr,index,value)0000O0O.

e 00 nmnzO0OOOOOvalued, 00 ADODODOOOOOOOOOOOOOOOO.

e U0 nnzOODOOO indexU, 00 valueUOOODOOOOOOODOOOOODOOO.

e I0n+4+100000 ptr0,00 valuel index OO OO0OODODOOOOODO.

51.1 0O0OO0OOOO0O (Do,000000000

)

00 A0 CRSUUOO00OO0OOOOO3000. 00000 CRSOO0OO0O0O0O0OO,00O0Qggooog

goooooooo.

11 ol 1] 3| 5/ 8

21 22

A= 32 33 0 O 1

1

2 0 2 3

A1 43 44 ) [11[21]22

32|33|41|43/44

A.ptr

A.index
A.value

0 3: CRSOUOO0O0O0OOO0OO (O,000000000)

(, oo,00000000og ~\
1: int n,nnz;
2: int *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8;
6: ptr = (int *)malloc( (n+1)*sizeof (int) );
7: index = (int *)malloc( nnz*sizeof (int) );
8: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);
10: lis_matrix_set_size(A,0,n);
11:
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; value[l] = 21; value[2] = 22; value[3] = 32;
16: value[4] = 33; value[5] = 41; value[6] = 43; valuel[7] = 44;
17:
18: 1lis_matrix_set_crs(nnz,ptr,index,value,A);
\¥19: lis_matrix_assemble(A); ‘)
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5.1.2 000000 (DOoODOoOooooo)

2000000000 AOCRSOOOOOOOOOO4000.200000000000 CRSOOO
obooooo,obooocobooboooooon.

0 1 3 0 2 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

04 CRSOOOOOOOD (oooooooo)

(/-D oooooooo ~\
1: int i,k,n,nnz,my_rank;
2: 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 = (int *)malloc( (n+1)*sizeof (int) );
9: index = (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: ptr[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; valuel[l] = 33; valuel[2] = 41; value[3] = 43; valuel[4] = 44;}

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

22: 1lis_matrix_assemble(A);
N J
5.1.3 0OO0O000O0
ooooooo

CRSOOO0OOOOOO ADOOOooooooag

e C int lis_matrix_set_crs(int nnz, int row[], int index[], LIS_SCALAR valuel[],

LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_crs(integer nnz, integer row(), integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

goog.
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5.2 Compressed Column Storage (CCS)
cCSOO0O00,000030000 (ptr,index,value)0J0000O.
e 10 nnzO0ODOOODO valueD, 00 ADODDOODODOOOOODOODOODOODO.
e 0 nnzOOOOD indexO, 00 value OO OOOODOOODOOOOOODOOODO.

e U0n+4+100000 ptr0,00 valuel indexOOOOOOO0ODOOOOO.

5.2.1 0000O0O0O (DO0,000000000)

OO0 A0 CCSOOOO0DOoO0ODOO sS000. 00opoOo ccSsOopopooooog,ooooooo
gooobooog.

1 [ o] 3] 5] 7] g A ptr
| 22 ] ——— _
N 32 33 ol 1| 3| 1| 2| 2| 3| 3 A. i ndex

41 43 44 ) 11121141]22|32|33|43(44 A. val ue

05 CCSOUODO0D0DODDODO (0O,000000000)

(/-[]D, gooooooog N
1: int n,nnz;
2: int *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8;
6: ptr = (int *)malloc( (n+l1)*sizeof(int) );
7: index = (int *)malloc( nnz*sizeof (int) );
8: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);
10: lis_matrix_set_size(A,0,n);
11:
12: ptr[0] = 0; ptr[1] = 3; ptr[2] = 5; ptr[3] = 7; ptr[4] = 8;
13: index[0] = O0; index[1] = 1; index[2] = 3; index[3] = 1;
14: index[4] = 2; index[5] = 2; index[6] = 3; index[7] = 3;
15: value[0] = 11; value[l] = 21; value[2] = 41; value[3] = 22;
16: value[4] = 32; value[5] = 33; value[6] = 43; value[7] = 44;
17:
18: 1lis_matrix_set_ccs(nnz,ptr,index,value,A);
\\19: lis_matrix_assemble(A); l/
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5.2.2 000000 (DOoODOoOoOooo)

2000000000 A0 CCSOOoOoOoOoOoOoOoOoOoenQOoO. 200000000000 CcsOOnO
obooooo,obooocobooboooooon.

[0/ 3[5 [0/ 2[3 A.ptr

ol 131 2 [23 3 A.index
11211212232  [3343]44 A.value
PEO PE1

06 CCSOOODO0OODOOD (ooooooon)

(/-D oooooooo ~\
1: int i,k,n,nnz,my_rank;
2: 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 = (int *)malloc( (n+1)*sizeof (int) );
9: index = (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: ptr[0] = 0; ptr[1] = 3; ptr[2] = 5;

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

16: value[0] = 11; valuel[l] = 21; valuel[2] = 41; value[3] = 22; valuel[4] = 32}

17: else {

18: ptr[0] = 0; ptr[1] = 2; ptr[2] = 3;

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

20: value[0] = 33; valuel[l] = 43; valuel[2] = 44;}

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

22: 1lis_matrix_assemble(A);
N J
5.2.3 0OO0O0OO0O
ooooooo

cCsooOoooooo Aoooooooooo

o C int lis_matrix_set_ccs(int nnz, int row[], int index[], LIS_SCALAR valuel[],

LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_ccs(integer nnz, integer row(), integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

oooo.
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5.3 Modified Compressed Sparse Row (MSR)
MSROOOO,0000 20000 (index,value)J0000.7nd20000000000000O.

e 0 nnz+ndz+1000000 valued, 0 n0O0000000 ADODOODODOODOD.On+1
0o0o0oooooon. 0 n+20000000 ADDOCOOOOOOODDOOOOOOOOOOODO.

e 00 nnz+ndz+100000 indexU,0 n+10000000 AQDOOODOOOOOOOOO
O0000.0n+20000000 A00DOCOO00O0valveddoooooooogoooonO
goog.

5.3.1 000000 (0O0,000000000)

o0 A0 MSROOOOOOOOOOv'OOO. 00000 MSROOOOO0OO0OO0OO0O0,0000000
oooooooog.

O 7 MSROODOOOOOO (OO,000000000)

00,000000000
4 )

int n,nnz,ndz;

int *index;

LIS_SCALAR *value;

LIS_MATRIX A;

n = 4; nnz = 8; ndz = 0;

index = (int *)malloc( (nnz+ndz+1)*sizeof(int) );

value = (LIS_SCALAR *)malloc( (nnz+ndz+1)*sizeof (LIS_SCALAR) );
lis_matrix_create(0,&A);

lis_matrix_set_size(A,0,n);

© 00 N O W N -

= e
= O

; index[3]
; index[7]
; value[3]
; valuel[7]

: index[0] 5; index[1]
: index[4] 9; index[5]
: value[0] 11; value[1]
: value[4] 0; valuel[5]

5; index[2]
0; index[6]
22; value[2] =
21; valuel[6]

1]
[©]

7;
; index[8]
44,
41; valuel[8]

[
N
]
]
]
[y
]
o
]
N

e
w

|
w
w

N
S
[}
[}
[}
w
N
[}
[}

43;

= e
o ;

lis_matrix_set_msr(nnz,ndz,index,value,A);
lis_matrix_assemble(A);

-
~
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5.3.2 000000 (DOoOoOoOooooo)

2000000000 AO0MSROOOOOOOOoOoOos8sOOoOo.200ooooooooo MsROO
oboooooo,booocobooooobooobooon.

3| 3| 4 0 A.index
11|22 21 A.value
PEQ

08 MSROOOOOOOD (CooOooooono)

(/-D oooooooo ~\
1: int i,k,n,nnz,ndz,my_rank;
2: int *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; ndz = 0;}
7: else {n = 2; nnz = 5; ndz = 0;}
8: index = (int *)malloc( (nnz+ndz+1)*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( (nnz+ndz+1)*sizeof (LIS_SCALAR) );

10: lis_matrix_create(MPI_COMM_WORLD,&A);
11: lis_matrix_set_size(A,n,0);
12: if( my_rank==0 ) {

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

14: value[0] = 11; valuel[l] = 22; value[2] = 0; value[3] = 21;}

15: else {

16: index[0] = 3; index[1] = 4; index[2] = 6; index[3] = 1;

17: index[4] = O0; index[5] = 2;

18: value[0] = 33; valuel[l] = 44; value[2] = 0; value[3] = 32;

19: value[4] = 41; value[5] = 43;}

20: 1lis_matrix_set_msr(nnz,ndz,index,value,A);

21: 1lis_matrix_assemble(A);
\ J
5.3.3 0O0OO0OOO
ooooooo

MSROOOOOOOO AODOOOOODOOOOd

o C int lis_matrix_set_msr(int nnz, int ndz, int index[], LIS_SCALAR valuel[],

LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_msr(integer nnz, integer ndz, integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

good.
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5.4 Diagonal (DIA)

DIAODOUDO,0000 20000 (index, value) JO0OODO. nnd000 AODDOODOOOOOOOO
goo.

e D0nmndxnJ00000valued, 00 AODDODOOOOOOOOOOOOO.
e 00 nndO0O00O0 index0,00000000DOCO0OODOOOODOOOOOO.

uboboobobooooobooooobooobooooooo.
0000 20000 (index, value) 00O000. nproes000000000O0. nnd, 000 AODODOODO
O00000000000000000000. mazrnnd0d nnd, 00000000O0O.

e 00 maznnd xnOO0000 valued, 00 ADOOOOOOOOOOOOOOOCCOOOOO
ooooooo.

e 00 nprocs xmaznnd 00000 indexd, 0000000000 DOOCOOODODOCOOOODODOO.

54.1 000000 (0OO0D0)

00 A0 DIAODOUO0OODOOOOO0Y9YO0O0O. 00000 DIAODODODODOOOO,00000DOO
gooooooao.

11
A 21 22 -3/-11 0 A. i ndex
32 33 0| 0| 0/41] 0[21|32/43[11][22/33]44] A val ue
41 43 44
09 DIADOOODODODOO (DD[I[I)
/- oood \
1: int n,nnd;
2: int *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnd = 3;
6: index = (int *)malloc( nnd*sizeof (int) );
7: value = (LIS_SCALAR *)malloc( n*nnd*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = -3; index[1] = -1; index[2] = O0;
12: value[0] = O0; value[l] = 0; value[2] = 0; value[3] = 41;
13: value[4] = O0; value[5] = 21; value[6] = 32; valuel[7] = 43;
14: value([8] = 11; value[9] = 22; value[10]= 33; value[l1]l= 44;

16: 1lis_matrix_set_dia(nnd,index,value,A);
17: 1lis_matrix_assemble(A);
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54.2 000000 (DOODOOOOOO)

2000000000 A0 DIAODOOOOOOOOO 10000, 200000000000 DIACDO
oboooooo,booocobooooobooobooon.

-1 0

-3[ -1

A.index

0[21]11

0
22 041/32/43[33/44] A.value

0 10: DIAODOODUOOOOO (DODOOoOOooon)

/’ O0o0ooooon ﬂ\
1: int n,maxnnd,nprocs;
2: int *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; maxnnd = 3; nprocs = 2;
6: index = (int *)malloc( maxnnd*sizeof (int) );
7: value = (LIS_SCALAR *)malloc( n*maxnnd*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = -1; index[1] = O0; index[2] = O0; index[3] = -3; index[4] = -1; index[5] = O0;
12: value[0] = O0; valuel[l] = 21; value[2] = 11; valuel[3] = 22; value[4] = O0; value[5] = O0;
13: value[6] = O0; valuel[7] = 41; value[8] = 32; value[9] = 43; value[10]= 33; value[l1l]l= 44;
14:
15: 1lis_matrix_set_dia(maxnnd,index,value,A);
\‘16: lis_matrix_assemble(A); 4/
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54.3 000000 (DOODOOOOOO)

2000000000 AO0DIAODOOOOOOOOO 11000, 200000000000 DIACO
oboooooo,booocobooooobooobooon.

10 3/-11 0 A.index
0[21]11[22] | 0/41[32]43|33]44| A.value
PEO PE1

0 11: DIAODODOODDOUOOD (DOD0O0OO0oooon)

(/-D oooooooo ‘\
1: int i,n,nnd,my_rank;
2: int *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; nnd = 2;}
7: else {n = 2; nnd = 3;}
8: index = (int *)malloc( nnd*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( n*nnd*sizeof (LIS_SCALAR) );
10: lis_matrix_create(MPI_COMM_WORLD,&A);
11: lis_matrix_set_size(A,n,0);
12: if( my_rank==0 ) {
13: index[0] = -1; index[1] = O0;
14: value[0] = 0; valuel[l] = 21; valuel[2] = 11; value[3] = 22;}
15: else {
16: index[0] = -3; index[1] = -1; index[2] = O0;
17: value[0] = 0; valuel[l] = 41; valuel[2] = 32; value[3] = 43; valuel[4] = 33;
18: value[5] = 44;}

19: 1lis_matrix_set_dia(nnd,index,value,A);
20: 1lis_matrix_assemble(A);

N J

5.4.4 000000

goooooo
DIADOO0OO0OOO AODOOOOOODODOO

o C int lis_matrix_set_dia(int nnd, int index[], LIS_SCALAR value[], LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_dia(integer nnd, integer index(), LIS_SCALAR value(),
LIS_MATRIX A, integer ierr)

goog.
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5.5 Ellpack-Itpack Generalized Diagonal (ELL)

ELLOO0O0OO0,0000 20000 (index, value) DO0OO0O. maznzr D00 ADDOOOOOOO
oooooooo.

e 00 maznzr xnOOODODODO valued, 00 AOOOCOCOOCOOOOOOOOOOOOOOOO.
obooobOoooooobooocooob.oobO,00boooob0obooobooooboOooo.

e I maznezr xnUDOUOODO index U, 00 value DO O0OOO0OOODOOO0OOO0ODOODOO. OO
O,0:00000000nnz0000 indexnnzx 10000000 :00000.

5.,5.1 0OOOO0OO0OO (OO0O,000000000)

OO0 A0 ELLOOOOOOOOODO 12000. 00000 ELLOOOOOOOOO,0000000
oooooooog.

11
A | 2t 22 0 0] 10/ O 1] 2| 2] O] 1] 2] 3] A index
32 33 11121(32|41| 0[22|33(43| O 0/44| A value
41 43 44
0 12: ELLOOOOOOOO (DD,DDDDDDDDD)
oo,000oooood
4 N
1: int n,maxnzr;
2: int *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; maxnzr = 3;
6: index = (int *)malloc( n*maxnzr*sizeof (int) );
7: value = (LIS_SCALAR *)malloc( n*maxnzr*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = O0; index[1] = O0; index[2] = 1; index[3] = O0; index[4] = O0; index[5] = 1;
12: index[6] = 2; index[7] = 2; index[8] = O0; index[9] = 1; index[10]= 2; index[11]= 3;
13: value[0] = 11; value[1] = 21; value[2] = 32; valuel[3] = 41; value[4] = O0; value[5] = 22;
14: value[6] = 33; value[7] = 43; value[8] = O0; value[9] = O0; valuel[10]= O0; valuel[11]l= 44;
15:
16: lis_matrix_set_ell(maxnzr,index,value,A);
17: 1lis_matrix_assemble(A);
N J
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5.,5.2 000000 (DOODOOOOOoO)

2000000000 AO ELLO0O0OOOOOOOO 13000.200000000000 ELLOO
oboooooo,booocobooooobooobooon.

0l 0] O] 1 1 0| 2| 2| 2| 3 A.index
11|121| 0|22 32|41(33|43| 0/|44 A.value

PEO PE1

0 13: ELLO0O000O00O0 (D000o0ooooo)

(/-D oooooooo ‘\
1: int i,n,maxnzr,my_rank;
2: int *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; maxnzr = 2;}
7: else {n = 2; maxnzr = 3;}
8: index = (int *)malloc( n*maxnzr*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( n*maxnzr*sizeof (LIS_SCALAR) );
10: lis_matrix_create(MPI_COMM_WORLD,&A);
11: lis_matrix_set_size(A,n,0);
12: if( my_rank==0 ) {
13: index[0] = O0; index[1] = O0; index[2] = 0; index[3] = 1;
14: value[0] = 11; value[l] = 21; value[2] = O0; value[3] = 22;}
15: else {
16: index[0] = 1; index[1] = O0; index[2] = 2; index[3] = 2; index[4] = 2;
17: index[5] = 3;
18: value[0] = 32; valuel[l] = 41; value[2] = 33; value[3] = 43; valuel[4] = O0;
19: value[5] = 44;}
20: 1lis_matrix_set_ell(maxnzr,index,value,A);
\‘?1: lis_matrix_assemble(A); 4/
5.5.3 0O0OO0OOO
ooooooo
ELLODOO0OO0O0O0O0OO0 A0DDDOOOOOODO
o C int lis_matrix_set_ell(int maxnzr, int index[], LIS_SCALAR valuel],

LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_ell(integer maxnzr, integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

good.
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5.6 Jagged Diagonal (JDS)

JDSOOOO0O,000000000000O00000D00DO0O00000,000000D00DO0O0O00O0O00
00000.JDSO00O0,0000 40000 (perm, ptr, index, value) DO O O0O. maxnzr 00
0 A000OO0O0O0OO0OO0O0OO0O0OOOOOO.

e IO0nO0OD0O0O0 permO,0000000000O00OO.

e 00 nnzOUOODOOO valueD, 000000000 ADODOOODOODOOOODD. DOO
oboobooobooobol1ooooobooboobo. ocobooboooooooob 200000000,
oooobooooooon.

e U0 nnzUOOOOD indexD, 00 value OO UODOOODOOODOOOOOODOOODO.
e U0 maznzr+ 100000 ptr0,00000000000000000OA0O.

gdoboodouoboouobobooouooon.

000040000 (perm, ptr, index, value) 00000 . nprocs 000000000 . maznzr, 00
0 A0O00O000O00O0O0CO0OO00O0000O000000000000. mazmaznzr 000 maxnzry,
gooooooon.

e 00 n0O0000perm,00 ADDDDOOOOOOOOOOOOOOOOOOOOOOOOO.

e 00 nnz0OOODOO valueD,00000COCDOD0 AODUOODODODDODOOCODOOOOO. ODOO
gboboooboboboo1l1ooboboob.oboboobobobooob 200000000,
ooooboooooon.

e U nnzUOOUOD indexO, 00 valueUOUOOOOOOOOOOOOOOOOO.

e 00 nprocs x (mazmaznzr+1) 00000 ptr 0,00 ADDOOOOOOOOOOOOOOODO
ooooooooODOOOOOOO.
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5.6.1 UO0OOOO0OO (OOO)

00 A0 JDSOOO0O0O00OO0OOO 4000.00000JDSOOOOOOOODO, 0000000
oooooooog.

1 3 11 2| O A.perm
21 22 0 4 7 8 A.ptr
A= l’ .--“~~A -
3233 of o] ] o[ 2] 1] 2[73]" A.index
4l 4344/ [41]21]32[11]43[22[33]44] A.value
D14:JDSDDDDDDDD(DDDD)
(/-E]D oad ~
1: int n,nnz,maxnzr;
2: int *perm, *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8; maxnzr = 3;
6: perm = (int *)malloc( n*sizeof (int) );
7: ptr = (int *)malloc( (maxnzr+l)*sizeof (int) );
8: index = (int *)malloc( nnz*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
10: lis_matrix_create(0,&A);
11: lis_matrix_set_size(A,0,n);
12:
13: perm[0] = 3; perm[1] = 1; perm[2] = 2; perm[3] = 0;
14: ptr[0] = 0; ptr[1] = 4; ptr[2] = 7; ptr[3] = §;
15: index[0] = O0; index[1] = O0; index[2] = 1; index[3] = O0;
16: index[4] = 2; index[5] = 1; index[6] = 2; index[7] = 3;
17: value[0] = 41; value[l] = 21; value[2] = 32; value[3] = 11;
18: value[4] = 43; value[5] = 22; value[6] = 33; value[7] = 44;
19:
20 lis_matrix_set_jds(nnz,maxnzr,perm,ptr,index,value,A);
\¥21: lis_matrix_assemble(A); )
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5.6.2 U0O0OO0OO0OO0 (DOODOOOOOO)

2000000000 A0 JDSOOOOO0OOOOOO 1000, 200000000000 JDSCO
oboooooo,booocobooooobooobooon.

1 0] 3| 2 A.perm
ol 2| 3] |35 7 8 A.ptr
¥y NN VNN

0 010 12 2 3 A.index
1

21[11]22/41|32|43|33|44 A.value

0 15:JDSO0O000000 (D0OO0DDOO0UoOoo)

(/-[]D ooooooo B
1: int n,Nnz,maxmaxnzr ,nprocs;
2: int *perm, *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8; maxmaxnzr = 3; nprocs = 2;
6: perm = (int *)malloc( n*sizeof (int) );
7: ptr = (int *)malloc( nprocs*(maxmaxnzr+l)*sizeof (int) );
8: index = (int *)malloc( nnz*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
10: lis_matrix_create(0,&A);
11: lis_matrix_set_size(A,0,n);
12:
13: perm[0] = 1; perm[1] = 0; perm[2] = 3; perm[3] = 2;
14: ptr[0] = 0; ptr[1] = 2; ptr[2] = 3; ptr[3] = 0;
15: ptr[4] = 3; ptr[56] = 5; ptr[6] = 7; ptr[7] = 8;
16: index[0] = O; index[1] = O0; index[2] = 1; index[3] = O0;
17: index[4] = 1; index[5] = 2; index[6] = 2; index[7] = 3;
18: value[0] = 21; value[1l] = 11; value[2] = 22; value[3] = 41;
19: value[4] = 32; value[5] = 43; value[6] = 33; valuel[7] = 44;
20:
21: lis_matrix_set_jds(nnz,maxmaxnzr,perm,ptr,index,value,A);
\‘22 lis_matrix_assemble(A); l)
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5.6.3 U0OOOO0OO0 (DOoODOOOOOoO)

2000000000 A0 JDSOOOOOOOOOO 6000, 200000000000 JDSCOO
oboooooo,booocobooooobooobooon.

1 0 3| 2 A.perm
0| 2| 3| 0 2| 4] 5 A.ptr
Y NN I N
0l O] 1 0 1 2 2| 3 A.index
21111(22 41\32/43|33|44 A.value
PEO PE1
0 16: JDSOO0OO0OO0ODOO0O0O ([}[][]D oood D)
(, gooooooon «\
1: int i,n,nnz,maxnzr,my_rank;
2: int *perm, *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; maxnzr = 2;}
7: else {n = 2; nnz = 5; maxnzr = 3;}
8: perm = (int *)malloc( n*sizeof(int) );
9: ptr = (int *)malloc( (maxnzr+1)*sizeof (int) );
10: index = (int *)malloc( nnz*sizeof (int) );
11: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
12: lis_matrix_create(MPI_COMM_WORLD,&A);
13: lis_matrix_set_size(A,n,0);
14: if( my_rank==0 ) {
15: perm[0] = 1; perm[1] = 0;
16: ptr[0] = 0; ptr[1] = 2; ptr[2] = 3;
17: index[0] = O0; index[1] = 0; index[2] = 1;
18: value[0] = 21; value[1] = 11; value[2] = 22;}
19: else {
20 perm[0] = 3; perm[1] = 2;
21: ptrl[0] = 0; ptr[1] = 2; ptr[2] = 4; ptr[3] = 5;
22: index[0] = O0; index[1] = 1; index[2] = 2; index[3] = 2; index[4] = 3;
23: value[0] = 41; value[l] = 32; value[2] = 43; value[3] = 33; value[4] = 44;}
24: lis_matrix_set_jds(nnz,maxnzr,perm,ptr,index,value,A);
25: 1lis_matrix_assemble(A);
N J
5.6.4 O0O0O0O0OO
goooood
JDSOO0O0O0OO0OOO0O0 Adooooooooo
o C int lis_matrix_set_jds(int nnz, int maxnzr, int perm[], int ptr[],

int index[], LIS_SCALAR value[], LIS_MATRIX A)
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e Fortran subroutine lis_matrix_set_jds(integer nnz, integer maxnzr, integer ptr(),
integer index(), LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

good.

5.7 Block Sparse Row (BSR)

BSROOOO,000 rxc¢c0000O0OD0O0O0 (DOOODDOO)0D00O0O0.BSROOOO, CRSO
0000000000 0000 (0000 10000000000 D0)00000. nr=n/r,nnzb0 A
O0000000000.BSROOOO,0000 30000 (bptr, bindex, value) DO OOO.

e U0 nnzbxrxcO00O0O0O0DvalueD,00000000000O00O00O00O.
e U0 nnzb000DO0O bindexD, 000000000 OC0OOODDOOOODO.

e U0 nr+ 100000 pptr0,00 bindexOODOOOOODOOOOOOODOO.

571 000000 (DO,000000000)

00 A0 BSROOOOOOOOO0O0 17000.00000 BSROOOOOOOOO,0000000
gooobooog.

11

21 22
32

41

Lo 1] 3] A bptr

33 0 O] 1 A. bi ndex
43 a4 ) 111[21] 0[22] 0[41]32] 0[33]43| 0]44] A val ue

A:

O 17 BSROOOOOOOO (DO,000000000)

00,000000000
o )

int n,bnr,bnc,nr,nc,bnnz;

int *bptr,*bindex;

LIS_SCALAR *value;

LIS_MATRIX A;

n=24; bnr = 2; bnc = 2; bnnz = 3; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;
bptr = (int *)malloc( (nr+1)*sizeof (int) );

bindex = (int *)malloc( bnnz*sizeof (int) );

(LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );
lis_matrix_create(0,&A);

lis_matrix_set_size(A,0,n);

value

© 00 ~NO U WN -

o e
N = O

: bptr[0] = 0; bptr[1] = 1; bptr[2] = 3;

: bindex[0] = O0; bindex[1] = O0; bindex[2] = 1;

: value[0] 11; value[1] = 21; value[2] = O0; valuel[3] 22;
: value[4] 0; valuel[5] 41; value[6] = 32; valuel7] 0;
: value[8] 33; valuel[9] 43; value[10]= 0; value[11]= 44;

=
S W

= e
o o,

=
0

lis_matrix_set_bsr(bnr,bnc,bnnz,bptr,bindex,value,A) ;
lis_matrix_assemble(A);

[y
©
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57.2 000000 (DOODOOoOOoO)

2000000000 A0BSROOOOOOOOOO18SOODO. 200000000000 BSROO
oboooooo,booocobooooobooobooon.

0 0 1 A.bindex
11[21] 0[22] [ 0[41]32] 0[33/43] 0[44] A.value
PEO PE1

gboogoogooobo
(

int
int
LIS_SCALAR
LIS_MATRIX

else
bptr
bindex

© 00 ~NO 0O WN -

0 18 BSROOOOOOOO (DO0UDDOOOOOO)

n,bnr,bnc,nr,nc,bnnz,my_rank;

*bptr, *bindex;

*value;
A;

MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
if ( my_rank==0 ) {n = 2; bnr = 2; bnc = 2; bnnz =
{n = 2; bnr = 2; bnc = 2; bnnz =
(int *)malloc( (nr+1)*sizeof(int) );
(int *)malloc( bnnz*sizeof (int) );
10: value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );
11: lis_matrix_create (MPI_COMM_WORLD,&A);
12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

(n-1) /bnr+1; nc
(n-1) /bnr+1; nc

(n-1) /bnc+1;}
(n-1) /bnc+1;}

1; nr
2; nr

14: bptr[0] = 0; bptr[1] = 1;

15: bindex[0] = O0;

16: value[0] = 11; value[l] = 21; value[2] = 0; valuel[3] = 22;}

17: else {

18: bptr[0] = 0; bptr[1] = 2;

19: bindex[0] = O0; bindex[1] = 1;

20: value[0] = 0; value[l] = 41; value[2] = 32; value[3] = O0;

21: value[4] = 33; value[5] = 43; valuel[6] = 0; valuel[7] = 44;}

22: lis_matrix_set_bsr(bnr,bnc,bnnz,bptr,bindex,value,A);

23: 1lis_matrix_assemble(A);
- J
5.73 0O0O0O0OOO
goooood

BSROOODODODOOO ADDOOOOOODOO

o C int lis_matrix_set_bsr(int bnr, int bnc, int bnnz, int bptrl[],

int bindex[], LIS_SCALAR value[], LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_bsr(integer bnr, integer bnc, integer bnnz,
integer bptr(), integer bindex(), LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

goog.
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5.8 Block Sparse Column (BSC)

BSCOUOOO,000rxc00000000O0 (DOUODOOOO)0O0OO00OO.BSCOOOO,CCSO
00000000000000 (00000 100000000000)00000. ne=n/e,nnzb0 A
O00000000000.BSCOO0OO,0000 30000 (bptr, bindex, value) OO DO,

e 0 nnzbxrxcO0ODOO0ODO valued, 0000000000 OO0OOCODO.
e 00 nnzb0000O0O bindexO, 000000000 OCOOODODOOOODO.

e U0 nec+100000bptrd, 00 bindexOOOOOOOOOODOOOOODO.

5.8.1 0U0O0O0OO0OO0O (UO,000000000)

00 A0 BSCOOOOOOOOODO 19000.00000 BSCOOOOOOOOO,0000000
oooooboooog.

11

21 22
32

41

L o 1] 3] A bptr

33 o 1] 1 A. bi ndex
43 a4 ) 11121] 0]22] 0[41|32] 0|33|43] 0/44] A. value

A:

0 19: BSCOOOOOOODO (00,000000000)

00,000000000
4 )

int n,bnr,bnc,nr,nc,bnnz;

int *bptr,*bindex;

LIS_SCALAR *value;

LIS_MATRIX A;

n =4; bnr = 2; bnc = 2; bnnz = 3; nr = (n-1)/bnr+1l; nc = (n-1)/bnc+1;
bptr = (int *)malloc( (nc+l)*sizeof (int) );

bindex = (int *)malloc( bnnz*sizeof (int) );

value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );
lis_matrix_create(0,&A);

lis_matrix_set_size(A,0,n);

© 00N O WN -

=R e
N = O

: bptr[0] = 0; bptr[i] = 1; bptr[2] = 3;

: bindex[0] 0; bindex[1] = 1; bindex[2] = 1;

: value[0] = 11; value[l] = 21; valuel[2] = 0; valuel[3] 22;
: value[4] 0; value[5] = 41; value[6] = 32; valuel[7] 0;
: value[8] 33; valuel[9] 43; value[10]= O0; value[11]= 44;

[y
w

N
S
]

=
o ;0

= e
0 N

lis_matrix_set_bsc(bnr,bnc,bnnz,bptr,bindex,value,A) ;
lis_matrix_assemble(A);

[y
[Ye]
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5.8.2 000000 (COODOOOOOO)

2000000000 A0BSCOOOOOOOOOO20000. 200000000000 BSCOO

oboooooo,b0booocoboooooobooon.

gboogoogooobo
(

LK
0| 1 1

11|21| 0[22] 0[41|32] 0| [33|43| 0|44
PEO PE1

A.bptr

A.bindex
A.value

0 20: BSCOOUOOOOO (OoooUoooon)

1: int n,bnr,bnc,nr,nc,bnnz,my_rank;
2: int *bptr,*bindex;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;
6: if ( my_rank==0 ) {n = 2; bnr = 2; bnc = 2; bnnz = 2; nr = (n-1)/bnr+l; nc = (n-1)/bnc+1;}
7: else {n = 2; bnr = 2; bnc = 2; bnnz = 1; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;}
8: bptr = (int *)malloc( (nr+1)*sizeof(int) );
9: bindex = (int *)malloc( bnnz*sizeof (int) );
10: value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*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: bptr[0] = 0; bptr[1] = 2;
15: bindex[0] = O0; bindex[1] = 1;
16: value[0] = 11; value[l] = 21; valuel[2] = 0; value[3] = 22;
17: value[4] = 0; value[5] = 41; valuel[6] = 32; value[7] = 0;}
18: else {
19: bptr[0] = 0; bptr[1] = 1;
20: bindex[0] = 1;
21: value[0] = 33; value[1] = 43; valuel[2] = 0; valuel[3] = 44;}
22: lis_matrix_set_bsc(bnr,bnc,bnnz,bptr,bindex,value,A);
\‘23: lis_matrix_assemble(A);

5.8.3 OO0OOODO

ugbooaooad

BSCOODODOOUOOD AQOOOODOOOODO

o C

int bindex[], LIS_SCALAR value[], LIS_MATRIX A)

int lis_matrix_set_bsc(int bnr, int bnc, int bnnz, int bptrl[],

e Fortran subroutine lis_matrix_set_bsc(integer bnr, integer bnc, integer bnnz,
integer bptr(), integer bindex(), LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

goog.
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5.9

Variable Block Row (VBR)

VBROUOBSROOOOOOOUOOUDOUOOU. OOOOOOOOOOO (row, col)0DO0O0OOO. VBR
O0000,CRSO00O00O0OO0O0OOOOUOODO (DODDO0O0U10000000000O0)000O00. nr,
nc0 00000000, 0000000.nzx0 A000CO0OO,nnz000000D0O00O0O0DOOCO

go.

VBROOOO,0000 60000 (bptr, bindex, row, col, ptr, value) DOOOO.
O0nr+100000 rowd,000000000O0O0ODOOO0O.

OO0 nc+100000 col U, 000000DO0O0O0O0O0OODODODO.

OO0 nnzb00000 bindexO, 000000000 O0O0OODOOODOODO.

U0 nr4+100000 bptr0, 00 bindexOOOOODODOOOOODOOODOO.
O0nnzO000O0O0O0Ovalved, 0000000 0O0OOOOODODOOO.

OO0 nnzb+100000 ptrd,00 valueJOO0OOOO0O00OO0OO0DOODOOO.

59.1 0O0O0OUOOO (D0O,000000000)

00 A0 VBROOOOOOOOOO 21000.00000 VBROOOOOOOOO,00000
oooooooooog.

O 1] 3] 6 A.bptr
11 ol ol 1 o] 1] 2| A.bindex
A | 2|22 0 1 3| 4 A.row
32 33 0 1 3| 4 A.col
41 43 | 44 o/ 1] 3| 7| 8/10/11 A.ptr
U
111[21] 0[22]32] 0[33|41] 0/43[44 A.value

0O 21: VBROOOOOOOO (DoO,000000000)
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oO,000000000
(

int n,nnz,nr,nc,bnnz;

int *row, *col,*ptr,*bptr,*bindex;
LIS_SCALAR *value;

LIS_MATRIX A;

n =4; nnz = 11; bnnz = 6; nr = 3; nc = 3;

bptr = (int *)malloc( (nr+1)*sizeof (int) );
row = (int *)malloc( (nr+1)*sizeof(int) );
col (int *)malloc( (nc+1)*sizeof(int) );
ptr (int *)malloc( (bnnz+1)*sizeof (int) );
bindex = (int *)malloc( bnnz*sizeof (int) );

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

: lis_matrix_set_size(A,0,n);

e e el e
B W NEFR, O OO0 NO U WN -
1] non

[
[é3]

: bptr[0] = 0; bptr[1] = 1; bptr[2] = 3; bptr[3] = 6;

: row[0] = 0; row[1] = 1; row[2] 3; rowl[3] = 4;

: col[0] = 0; col[1] 1; col[2] = 3; coll[3] 4;

: bindex[0] = O0; bindex[1] = O0; bindex[2] = 1; bindex[3]
: bindex[4] = 1; bindex[5] = 2;

: ptr([o] 0; ptrli] 1; ptr[2] = 3; ptrl3]

: ptrl4] 8; ptrl5] = 10; ptr[6] 11;

: value[0] 11; value[1] = 21; value[2] 0; valuel[3]
: value[4] = 32; value[5] 0; value[6] = 33; valuel[7]
: value[8] 0; valuel[9] 43; value[10] 44 ;

=
~N O

-
o)

0;

[y
©

N
o
]
]
]

7;

N
g

N
N
]
]
]

22;
41;

N
w

N NN
o 01

lis_matrix_set_vbr(nnz,nr,nc,bnnz,row,col,ptr,bptr,bindex,value,4);
lis_matrix_assemble(A);

N
~

N

5.9.2 000000 (DoOoOOooooo)

2000000000 A0 VBROOOOOOOOOO22000.200000000000 VBROO

oboooooo,booooboboooooobooon.

lﬂ A.bptr

0| 0] 1 o 1] 2| A.bindex

ol 1 3 3 4 A.row

o 1 3| 4 ol 1 3] 4] A.col

¢033\7 O134\A.ptr
\

11[21] 0/22|32| 0[33] 41] 0]43][44] A.value

PEO PE1

022 VBROOOOOOOO (DO,000000000)
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oooobooooo
(

int n,nnz,nr,nc,bnnz,my_rank;
int *row, *col,*ptr,*bptr,*bindex;
LIS_SCALAR *value;
LIS_MATRIX A;
MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;
if( my_rank==0 ) {n = 2; nnz = 7; bonz = 3; nr = 2; nc = 3;
else {n = 2; nnz = 4; bnnz = 3; nr 1; nc 3
bptr = (int *)malloc( (nr+1)*sizeof (int) );
row = (int *)malloc( (nr+1)*sizeof(int) );
col = (int *)malloc( (nc+1)*sizeof(int) );
: ptr = (int *)malloc( (bnnz+1)*sizeof (int) );
: bindex (int *)malloc( bnnz*sizeof (int) );
: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
: lis_matrix_create (MPI_COMM_WORLD,&A) ;
: lis_matrix_set_size(A,n,0);
: if ( my_rank==0 )
bptr[0] = 0; bptr[1] = 1; bptr[2] = 3;
row[0] = 0; row[1] 1; rowl[2] 3;
col[0] = 0; col[1] = 1; col[2] = 3; col[3] = 4;
bindex [0] 0; bindex[1] = O0; bindex[2] = 1;
ptr[0] 0; ptr[1] = 1; ptr[2] = 3; ptr[3] = 7;
value[0] = 11; value[l] = 21; value[2] = O0; value[3] = 22;
value[4] = 32; value[5] = 0; valuel[6] 33;%}
: else {
bptr[0] = 0; bptr[1]
row[0] = 3; row[1] ;
col[0] = 0; coll1] 1; col[2] = 3; coll[3] = 4;
bindex[0] = O0; bindex[1] = 1; bindex[2] = 2;
ptr[0] = 0; ptrl1] = 1; ptr([2] = 3; ptrl3] = 4;
value[0] = 41; value[l] = 0; value[2] = 43; valuel[3] = 44;}
lis_matrix_set_vbr(nnz,nr,nc,bnnz,row,col,ptr,bptr,bindex,value,4);
lis_matrix_assemble(A);

© 00 ~NO O WN =

e e e e
0 ~NOoO Uk WN = O
[}

NN NDNDNDDND -
O W NP O ©
nmnmn o oo
1]

N
[}

3;

W W N NN
= O © 00
nwon
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w
N

N

5.9.3 0O0OOO0OO0ODO

goooooo
VBROOOOOOOD AODOOOOOOOOO

o C int lis_matrix_set_vbr(int nnz, int nr, int nc, int bnnz, int rowl[],

int col[], int ptr([], int bptr[], int bindex[], LIS_SCALAR value[], LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_vbr(integer nnz, integer nr, integer nc,
integer bnnz, integer row(), integer col(), integer ptr(), integer bptr(),
integer bindex(), LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

goog.
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5.10 Coordinate (COO)

cooOoO0oO0U,d0n0O030000 (row, col, value)JODOOO.

e U0nnzUDOOUODOvaluel, 000000O00O0DOO.

e U0 nnz0OODOOO rowd,00000O0O0OO0OODO0O.

e 0 nnzUODOOUOD colU,00000000000DOO0.

5.10.1

000000 (oo,000000000)

OO0 AQD cooUpoOoUopooOoOonD 23000, boooo coopopUoUopooUooD,ooUUooDo
gooooooboooon.

A:

11
21 22

41

32 33

43 44

O 1 31 1 2 2] 3] 3| A.row
0 0 O 1 1] 2] 2/ 3] A.col
11121|41]|22|32|33|43|44] A.value

023 COO0000000O0 (0DO,000000000)

(/-[]D, gooooooog N
1: int n,nnz;
2: int *row,*col;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8;
6: row = (int *)malloc( nnz*sizeof(int) );
7: col = (int *)malloc( nnz*sizeof (int) );
8: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);
10: lis_matrix_set_size(A,0,n);
11:
12: row[0] = 0; row[1] = 1; row[2] = 3; row[3] = 1;
13: row([4] = 2; row[5] = 2; row[6] = 3; row[7] = 3;
14: col[0] = 0; col[1] = 0; col[2] = 0; col[3] = 1;
15: col[4] = 1; col[B] = 2; col[6] = 2; col[7] = 3;
16: value[0] = 11; value[1] = 21; value[2] = 41; value[3] = 22;
17: value[4] = 32; value[5] = 33; valuel[6] = 43; valuel[7] = 44;
18:
19: 1lis_matrix_set_coo(nnz,row,col,value,A);
\‘20 lis_matrix_assemble(A); 4/

64



5.10.2 000000 (DODOOOOOOO)

2000000000 ADcCcooboOoOoooOoOoUoono24a004d.
gbooooooo,ooooboooobobooooa.

200000000000 coonO

0 1 1 3| 2| 2| 3| 3] A.row
0 0] 1 Ol 1 2| 2| 3] A.col
11|21|22 41(32|33|43|44| A.value
PEO PE1

024 COO0D0O0O0OOOO (bopoUobooon)

ooooboooo
K

int n,nnz,my_rank;

int *row,*col;

LIS_SCALAR *value;

LIS_MATRIX A;

MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;

if( my_rank==0 ) {n = 2; nnz = 3;}

else {n = 2; nnz = 5;}

row (int *)malloc( nnz*sizeof (int) );

col (int *)malloc( nnz*sizeof (int) );

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

: lis_matrix_set_size(A,n,0);

: if ( my_rank==0 ) {

row[0] 0; rowl[1] 1; row[2] = 1;

col[0] = 0; col[1] 0; col[2] 1;

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

: else {

18: row[0] = 3; row[1] = 2; row[2] = 2; row[3]
19: col[0] = 0; col[1] = 1; col[2] = 2; coll[3]
20: value[0] = 41; valuel[l] = 32; value[2] = 33; value[3]
21: 1lis_matrix_set_coo(nnz,row,col,value,A);

22: 1lis_matrix_assemble(A);

© 00 ~NO 0O WN -

R el el el
W= O

e
~N o o

N

3; rowl[4]
2; coll[4] = 3;

= 3;

= 43; valuel[4] = 44;}

5.10.3 000000

goooooo
coooioooouono Aoooooooooo

o C int lis_matrix_set_coo(int nnz, int row[], int col[], LIS_SCALAR valuel],

LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_coo(integer nnz, integer row(), integer col(),

LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

oooo.
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5.11 Dense (DNS)
DNSOOOO,0000 10000 (value)DOOOO.

e I0nxnUDOUO0OD0OOvalued, 0000000000000,

5.11.1 0000O0OO0O (C0O,000000000)

OO0 AO0DNSOOODOOOOOODO2000. 00000 DNSOOODOOOOOO,0000000
gooobooog.

11
Ao | 2 11|21] 0/41]| 0[22/|32| 0| A Value
32 33 0| 0[33/43| 0] 0] 0j44
41 43 44
O 25: DNSOO0OO0OO0ODOO0O0 (DD,DDDDDDDDD)
go,b0o0ooogooog
4 A

1: int n;
2: LIS_SCALAR *value;
3: LIS_MATRIX A;
4: n = 4;
5: value = (LIS_SCALAR *)malloc( n*n*sizeof (LIS_SCALAR) );
6: lis_matrix_create(0,&A);
7: lis_matrix_set_size(A,0,n);
8:
9: value[0] = 11; value[l] = 21; value[2] = O0; value[3] = 41;
10: value[4] = O0; value[5] = 22; value[6] = 32; valuel[7] = O0;
11: value[8] = 0; value[9] = O0; value[10]= 33; value[l1]= 43;
12: value[12]= O0; value[13]= O0; value[14]= 0; value[15]= 44;
13:
14: 1lis_matrix_set_dns(value,A);
15: 1lis_matrix_assemble(A);
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5.11.2 000000 (OOO0OO0OOOOO)

2000000000 A0 DNSOOODOOOOODOD26000.200000000000DNSOO
oboooooo,booocobooooobooobooon.

11]21] 0[22] | 0]41|32| O A.Value
O] O] O] O] [33]43] 0/44

PEO PE1

0 26: DNSOOOOOOOO (DOooOoOooon)

(’-D oooooooo «\
1: int n,my_rank;
2: LIS_SCALAR *value;
3: LIS_MATRIX A;
4: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank);
5: if( my_rank==0 ) {n = 2;}
6: else {n = 2;}
7: value = (LIS_SCALAR *)malloc( n*n*sizeof (LIS_SCALAR) );
8: lis_matrix_create(MPI_COMM_WORLD,&A);
9: lis_matrix_set_size(A,n,0);
10: if( my_rank==0 ) {
11: value[0] = 11; value[1] = 21; valuel[2] = 0; value[3] = 22;
12: value[4] = O0; value[5] = O0; value[6] = 0; valuel[7] = 0;}
13: else {
14: value[0] = 0; valuel[l] = 41; valuel[2] = 32; value[3] = O0;
15: value[4] = 33; value[5] = 43; valuel[6] = 0; valuel[7] = 44;}
16: 1lis_matrix_set_dns(value,A);
17: 1lis_matrix_assemble(A);
N J
5.11.3 000000
oooooon
DNSOOOOOOOO AOODODOOOOoOooa
o C int lis_matrix_set_dns(LIS_SCALAR value[], LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_dns(LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

good.
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6 04

ocooo,000ooo0gooooo0ooooboboo0O0.o0ooooo copooooooooo.ooooo
oOoO0,cododd,Fortran 00 10000000C00DO. OO, COO0D0O0O0ODOOO, FortranO O
ierr0000000OO00O0O0OOO.

ooog
LIS_SUCCESS(0) oooo
LIS_ILL_OPTION(1) oooooon
LIS_BREAKDOWN (2) ooooooo
LIS_OUT_OF_MEMORY (3) ooooo
LIS_MAXITER(4) oooooooo
LIS_NOT_IMPLEMENTED(5) ooo
LIS_ERR_FILE_I0(6) 0000 1/0000

6.1 ODOOOOO

00000000 global nO0O0. 0000 vO nproes0 000000000 OODOOODOOODOO
OO0000000 localnOO0O. global n 000000000, localn000000D0COOO.

6.1.1 lis_vector_create

¢ int lis_vector_create(LIS_Comm comm, LIS_VECTOR *vec)

Fortran subroutine lis_vector_create(LIS_Comm comm, LIS_VECTOR vec, integer ierr)

oo
gbooooooog.

oo

LIS_Comm MPIODOOOOOO
oo

vec good

ierr goooood
oo

go,00000b000000,commdOoooonon.
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6.1.2 lis_vector_destroy

C int lis_vector_destroy(LIS_VECTOR vec)

Fortran subroutine lis_vector_destroy(LIS_VECTOR vec, integer ierr)

go
gbooobOoboooobobooooooa.

oo

vec gbooobooooboooon
oo

ierr goooooo

6.1.3 lis_vector_duplicate

C int lis_vector_duplicate(void *vin, LIS_VECTOR *vout)
Fortran subroutine lis_vector_duplicate(LIS_VECTOR vin, LIS_VECTOR vout,

integer ierr)

go
ugbooboobooobooobooboooboobooobooog.

oo

vin ooooooooooooon
oo

vout goooogooo

ierr googood

oo

vinO 0O LIS_VECOTRO OO LIS_MATRIXUDOUOOOOODOODOODOO. OO 1is_vector_duplicate [l
udoooooobo,0oo00oooooobo. obobbobobofbo0o00b0o00000gy 1is_vector_copy

goooo.
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6.1.4 lis_vector_set_size

C int lis_vector_set_size(LIS_VECTOR vec, int local_n, int global_n)
Fortran subroutine lis_vector_set_size(LIS_VECTOR vec, integer local_n,

integer global_n, integer ierr)

go
ooooooooooon.

oo

vec good

localn oooooooooogoo
global n oo0oobOoooonDoooo
oo

ierr ooooogoo

oo

localn O global.n OO0 DO00D0O0D0D0OODOOODOOODOO.

O00,00000000000 localon O global nOO000O. OOO0OO, lis_vector_set_size(v,n,0)
0 lis_vector_set_size(v,0,n) 0, 000000 nO00OD0OODOOODOO.

O0O00oooOooODoo0oO0oOgOg, lis_vector_set_size(v,n,0) 0000000000 nO0OOODOO
0DO00000. 00, lis_vector_set_size(v,0,n) 000000 pOO0O00 m, 00000000000
0. m,0000000000000.
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6.1.5 lis_vector_get_size

C int lis_vector_get_size(LIS_VECTOR v, int *local_n, int *global_n)
Fortran subroutine lis_vector_get_size(LIS_VECTOR v, integer local_n,

integer global_n, integer ierr)

go
oboooo0000000.

00

v oooo

00

localn O00o0000oooobooao
global n O000000000o00ooa
ierr ooooooo

oo

O0,00000000000, local-n O global.n O O0ODO.

6.1.6 lis_vector_get_range

C int lis_vector_get_range(LIS_VECTOR v, int *is, int *ie)
Fortran subroutine lis_vector_get_range(LIS_VECTOR v, integer is, integer ie,

integer ierr)

go
obooobOo0000000000bO00bO00O0OobOoobooon.

oo

v gooood

oo

is 0000000000000 00O0DO0ODOO
ie oooood»00OobOOobo0ooooboobo+1
ierr ooooogoo

oo

gbo,00000000000,0b0000000n000,t=0,7e=n000.
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6.1.7 lis_vector_set_value

C int lis_vector_set_value(int flag, int i, LIS_SCALAR value, LIS_VECTOR v)
Fortran subroutine lis_vector_set_value(integer flag, integer i, LIS_SCALAR value,
LIS_VECTOR v, integer ierr)

go
O000000:000000 valuedOODO0O.

od

flag LIS_INS_VALUE O 0O : v[i] = value

LIS_.ADD.VALUE O00O0O0: v[i]l = v[i] + value

i oooooo

value oooooood

v goooooooo
od

v 0:000000wdue0000O00ODOOOO
ierr goooooo
od

gboooboooboob,0obooboobs00obooon.

6.1.8 lis_vector_get_value

C int lis_vector_get_value(LIS_VECTOR v, int i, LIS_SCALAR *value)
Fortran subroutine lis_vector_get_value(LIS_VECTOR v, integer i, LIS_SCALAR value,

integer ierr)

go
O000000+:0000 valweOOO0ODO.

oo

i gooood

v gooobooogan
oo

value godad

ierr goooood
go

gboooboooooo,oboooobo<:000000.
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6.1.9 lis_vector_set_values

C int lis_vector_set_values(int flag, int count, int index[],
LIS_SCALAR value[], LIS_VECTOR v)
Fortran subroutine lis_vector_set_values(integer flag, integer count,

integer index(), LIS_SCALAR value(), LIS_VECTOR v, integer ierr)

oo
D000 000 index[Z] 000000 valuelkl] DODODOO.

od
flag LIS_INS_VALUE OO : v[index[i]] = valuel[:]
LIS ADD VALUE O0O0ODO: v[index[:]] = v([index[i]] + value[:]
count oo0o0oopooooooooooooon
index goooooooooooo
value oooooooooooogono
v ooooooogo
od
v O index[l] 000000 valuel] OO OOODOOOOO
ierr googood
od

OO000000000OD0,0000000D0 indexl<]ODO0OODODO.
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6.1.10 lis_vector_get_values

C int lis_vector_get_values(LIS_VECTOR v, int start, int count,
LIS_SCALAR value[])
Fortran subroutine lis_vector_get_values(LIS_VECTOR v, integer start,

integer count, LIS_SCALAR value(), integer ierr)

od
0000000 start+:¢000 (i =0,1,...,count — 1) 0 value[x] OO0 O OO,

oo

start gboogoogooog

count gbooooobooog

v gboooboobon

go

value gbooobooboobgoooooboo
ierr goooooo

uo

uboooboboooo,0b00b0000 stert+¢000000.
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6.1.11 lis_vector_scatter

C int lis_vector_scatter(LIS_SCALAR value[], LIS_VECTOR v)
Fortran subroutine lis_vector_scatter (LIS_SCALAR value(), LIS_VECTOR v, integer ierr)

0o
0000000000 (i=0,1,...,global-n — 1) 0 value[d1 00O OO0,

oo

value oooobooobooboooboooboo
oo

v ooooboooogon

ierr goooooo

6.1.12 lis_vector_gather

C int lis_vector_gather (LIS_VECTOR v, LIS_SCALAR valuel[])
Fortran subroutine lis_vector_gather (LIS_VECTOR v, LIS_SCALAR value(), integer ierr)

RN
O000vOO0:000 (i=0,1,..,9lobal n—1)0 valuek] OO0 O OO,

oo

v ooooooooon

oo

value 0ooooooboooboooooo
ierr ooooogoo
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6.1.13 lis_vector_copy

C int lis_vector_copy(LIS_VECTOR x, LIS_VECTOR y)
Fortran subroutine lis_vector_copy(LIS_VECTOR x, LIS_VECTOR y, integer ierr)

go
gboooooboooooboo.

0o
X goooood
oo
y goooood
ierr goooooo

6.1.14 lis_vector_set_all

C int lis_vector_set_all(LIS_SCALAR value, LIS_VECTOR x)
Fortran subroutine lis_vector_set_all(LIS_SCALAR value, LIS_VECTOR x, integer ierr)

oo
OO00000000D0ODO00000 valueOOOOO.

oo

value gooooooo

v goooooooga

oo

v O000D000wdweOOOOOODOOOO
ierr goooooo
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6.1.15 lis_vector_is_null

C int lis_vector_is_null(LIS_VECTOR v)

Fortran subroutine lis_vector_is_null(LIS_VECTOR v,integer ierr)

go
gbobooo000o0oooooooon.

gd
v good
gd
ierr LIS.TRUE OO0

LIS_FALSE 00O OO
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6.2 0OO0O0OUO

OO0 A0D00OO global.n x globaln DO 0. 00 AOD nproes 000000 DOOOOODOOOOODOO
0000000000 localn000. global nO0O0O0000000,localn0000000000OO.

6.2.1 lis_matrix_create

C int lis_matrix_create(LIS_Comm comm, LIS_MATRIX *A)

Fortran subroutine lis_matrix_create(LIS_Comm comm, LIS_MATRIX A, integer ierr)

oo

ooooooo.

oo

LIS_Comm MpPIODOOOODOO
oo

A oo

ierr ooooogoo

oo
go,00000b000000,commdO000o0ogonOO.

6.2.2 lis_matrix_destroy

C int lis_matrix_destroy(LIS_MATRIX A)

Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, integer ierr)

go
gbooooooooooboooooaa.

oo

A gbooooobooog
oo

ierr goooooo
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6.2.3 lis_matrix_duplicate

C int lis_matrix_duplicate(LIS_MATRIX Ain, LIS_MATRIX *Aout)
Fortran subroutine lis_matrix_duplicate(LIS_MATRIX Ain, LIS_MATRIX Aout,

integer ierr)

go
oboocooOobooooboobooooooo.

oo
Ain gooood
oo
Aout gooood
ierr googood
oo

00 lis_matrix_duplicate 000000000 0OO0ODO,00000000000. 000DODO
Uo0o00boo0b0o0bd lis_matrix_copyU OO n.

6.2.4 lis_matrix_malloc

C int lis_matrix_malloc(LIS_MATRIX A, int nnz_row, int nnz[])
Fortran subroutine lis_matrix_malloc(LIS_MATRIX A, integer nnz_row, integer nnz[],

integer ierr)

go
obooooobooooog.

oo

A oo

nnz_row goooooo

nnz goooooooboon
oo

ierr googoood

oo

nnzorow OO0 nnzUOODDODOOO0O0ODODODO. DDO0O0OO, 1is_matrix_set_value O OOODODO
goooboooboob,oboobuoobuoobooobg.
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6.2.5 lis_matrix_set_value

C int lis_matrix_set_value(int flag, int i, int j, LIS_SCALAR value,
LIS_MATRIX 4)

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

oo
OO0 A0D000 j00000000.

gd
flag LIS_INS VALUE OO : A(4,5) = value
LIS_ADD VALUE OO 0O0: A(i,5) = A(i,7) + value
i gogoooo
j oooooo
value gooooooo
A oo
gd
A 0:00 ;00000000000
ierr goooooo
oo

oo0ooooobooob,0b0o0bg <00 4j000000.
00 lis_matrix_set_value0 OO O0OOO0O0O0OO0OO0OO0OO0OO0OOOOONO, 1is_matrix_set_value
000000000 lis_matrix_assemble O O0O0OOOOOOOOO.

6.2.6 lis_matrix_assemble

C int lis_matrix_assemble(LIS_MATRIX A)

Fortran subroutine lis_matrix_assemble(LIS_MATRIX A, integer ierr)

oo
gboooboooobobooooag.

oo

A oo

oo

A oooopbooogo
ierr ooooogoo
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6.2.7 lis_matrix_set_size

int lis_matrix_set_size(LIS_MATRIX A, int local_n, int global_n)
Fortran subroutine lis_matrix_set_size(LIS_MATRIX A, integer local_n,

integer global_n, integer ierr)

go
ooooooobooon.

oad

A oad

localn o0 A0O0OoOoooog
global n 00 AOODODOOO0OO0O0o
Oogd

ierr ooooooo

Oogd

localn O global.n OO0 DO00D0O0D0D0OODOOODOOODOO.

O00,00000000000 local.n O global nO0O000O. OOO0O0O, lis_matrix_set_size(A,n,0)
0 lis_matrix_set_size(A,0,n) 0, 000000 nxnOOO0DOOO0OO.

0000oO0oDo0o0OoO0OonoOon, lis_matrix_set_size(A,n,0) DO O0OO0O0OO0OO0OO0OOnx NOODOO
oooooOo. NOnOOOODO.
00, lis_matrix_set_size(A,0,n) 000000 pOO0O00 m,xnODOO0O0O000O0O0O0. m,000
oooooooooo.
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6.2.8 lis_matrix_get_size

C int lis_matrix_get_size(LIS_MATRIX A, int *local_n, int *global_n)
Fortran subroutine lis_matrix_get_size(LIS_MATRIX A, integer local_n,

integer global_n, integer ierr)

go
ooooooobooon.

oad

A oad

oad

localn o0 A0O0OO0OO0o00ag
globaln 00 A0O0OoOoOooooao
ierr ooooooo

Oogd

O0,00000000000, local-n O global.n O O0ODO.

6.2.9 lis_matrix_get_range

C int lis_matrix_get_range(LIS_MATRIX A, int *is, int *ie)
Fortran subroutine lis_matrix_get_range(LIS_MATRIX A, integer is, integer ie,

integer ierr)

go
o000 A00OOOOOOOOOOOOOOOOOOoOOn.

oo

A oood

oo

is 0000 A0DD0OO0DOOOO0OOO0OO
ie 0000 A0DO0ODODOOO0OOO+1
ierr ooooogoo

oo

gb,00000000000,000000nxn000,ts=0,7e=n000.
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6.2.10 lis_matrix_set_type

C int lis_matrix_set_type(LIS_MATRIX A, int matrix_type)

Fortran subroutine lis_matrix_set_type(LIS_MATRIX A, int matrix_type, integer ierr)

go

gooobooooooon.

go
A
matrix_type
go
ierr

go

000000 A0 matrix_type O LIS_MATRIX_CRSOOOODODO. 000 matrix_type 000000

gooooboog.

oo

gbooooood

gbooooood

goog

matrix_type

Compressed Row Storage
Compressed Column Storage
Modified Compressed Sparse Row
Diagonal

Ellpack-Itpack Generalized Diagonal
Jagged Diagonal

Block Sparse Row

Block Sparse Column

Variable Block Row

Dense

Coordinate

LIS_MATRIX_CRS
LIS_MATRIX_CCS
LIS_MATRIX_MSR
LIS_MATRIX_DIA
LIS_MATRIX_ELL
LIS_MATRIX_JDS
LIS_MATRIX_BSR
LIS_MATRIX_BSC
LIS_MATRIX_VBR
LIS_MATRIX_DNS
LIS_MATRIX_COO
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6.2.11 lis_matrix_get_type

C int lis_matrix_get_type(LIS_MATRIX A, int *matrix_type)

Fortran subroutine lis_matrix_get_type(LIS_MATRIX A, integer matrix_type,

integer ierr)

go
oboooooooooon.

oad
A oad
oad
matrix_type ooooogoo
ierr goooooad
6.2.12 lis_matrix_set_blocksize
C int lis_matrix_set_blocksize(LIS_MATRIX A, int bnr, int bnc, int row[],

int coll[])

Fortran subroutine lis_matrix_set_blocksize(LIS_MATRIX A, integer bnr, integer bnc,

integer row[], integer col[], integer ierr)

go

BSR, BSC, vBROOOOOOOOOO,00000000A0O.

go

A

bnr

bnc

Irow

col

oo

ierr

oo

BSR(BSC) OO OUOOOOOOO,000 VBROODOOOOO
oo

BSR(BSC)OOOOUDOOOOOOO,000 VBROOOOOOO
go

vBROOOOOOOOOOO

vBRODODOOOODOOOO

gboogoood
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6.2.13 lis_matrix_convert

C int lis_matrix_convert(LIS_MATRIX Ain, LIS_MATRIX Aout)
Fortran subroutine lis_matrix_convert(LIS_MATRIX Ain, LIS_MATRIX Aout, integer ierr)

go
00 A4,0000000000000000 A,.00000.

oo

Ain gooood

oo

Aout googbooobooboooa
ierr goooooo

oo

000000000000 lis_matrix_set_type 1000 A,,,0000OOOOBSR, BSC, VBROO
J000D000000000DO11is_matrix_set_blocksize O OO A,,, 000000000

ddd0oooOoooooooooooooobobobOobooooo0ooo0doooooooooooon
goobooobobooobbooobboooboobbooobbUooo. bbbooobboooo
OoOCRSOODOOO0ODOODOODOODOODOOODOOO.

OO0 | CRS | CCS | MSR | DIA | ELL | JDS | BSR | BSC | VBR | DNS | COO
CRS o o o o o o) CCS o) o o
COO o o o CRS | CRS | CRS| CRS | CCS | CRS | CRS

6.2.14 lis_matrix_copy

C int lis_matrix_copy(LIS_MATRIX Ain, LIS_MATRIX Aout)
Fortran subroutine lis_matrix_copy(LIS_MATRIX Ain, LIS_MATRIX Aout, integer ierr)

oo
gooobooooooon.

oo
Ain googod
oo
Aout googod
ierr goooooo
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6.2.15 lis_matrix_get_diagonal

C int lis_matrix_get_diagonal (LIS_MATRIX A, LIS_VECTOR d)
Fortran subroutine lis_matrix_get_diagonal (LIS_MATRIX A, LIS_VECTOR d, integer ierr)

go
00 A0D0DOOOOOOOOd0o0000.

0o

A oo

oo

d oooooooboobooo
ierr goooooo
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6.2.16 lis_matrix_set_crs

C int lis_matrix_set_crs(int nnz, int ptr[], int index[], LIS_SCALAR valuel[],
LIS_MATRIX A)

Fortran subroutine lis_matrix_set_crs(integer nnz, integer row(), integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

oo
CRSOODODOOOOD AQDOODODOD.

oo

nnz googo

ptr, index, value CRSOOOODO

A oo
oo

A ooooboooog
oo

lis_matrix_set_crs U0 O 0OOODO lis_matrix_assemble 0O 0OO0O0O0O0OOOONO.

6.2.17 lis_matrix_set_ccs

¢ int lis_matrix_set_ccs(int nnz, int ptr[]l, int index[], LIS_SCALAR valuel[],
LIS_MATRIX A)

Fortran subroutine lis_matrix_set_ccs(integer nnz, integer row(), integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

uo
ccsOoooopoouono Aopoouoono.

oo

nnz goooo

ptr, index, value ccsoooono

A oo

oo

A oooonboooog
oo

lis_matrix_set_ccs O O0OOODO lis_matrix_assemble 0O 0OO00O0O0OOOONO.
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6.2.18 lis_matrix_set_msr

C int lis_matrix_set_msr(int nnz, int ndz, int index[], LIS_SCALAR valuel[],
LIS_MATRIX 4)

Fortran subroutine lis_matrix_set_msr(integer nnz, integer ndz, integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

oo
MSROOOOODOO AOODOOO.

oo
nnz agooog
ndz oooobooooog
index, value MSRODOOOO
A oo
oo
A oooobooooog
oo

lis_matrix_set_msr 0O 0000 lis_matrix_assemble 0O OO0OO0O0OO0OOOONO.

6.2.19 lis_matrix_set_dia

C int lis_matrix_set_dia(int nnd, int index[], LIS_SCALAR value[],
LIS_MATRIX A)

Fortran subroutine lis_matrix_set_dia(integer nnd, integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

go
DIAODOOOOOOO AODOOOOO.

oo

nnd oooooooooo
index, value DIADDOOO

A oo
oo

A ooooooooo
oo

lis_matrix_set_dia() 0000000 lis_matrix_assemble() 00O O0O0O0OO0OOO0O.
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6.2.20 lis_matrix_set_ell

C int lis_matrix_set_ell(int maxnzr, int index[], LIS_SCALAR valuel[],
LIS_MATRIX A)

Fortran subroutine lis_matrix_set_ell(integer maxnzr, integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

oo
ELLOO0OO0O0O000OD ADDDDDD.

od

maxnzr Oooopoooooooo
index, value ELLOOOOO

A od

od

A ooooooooo

00

lis_matrix_set_ell O 0OOOOO lis_matrix_assemble OO0 0OO00OO0OOOO.

6.2.21 lis_matrix_set_jds

¢ int lis_matrix_set_jds(int nnz, int maxnzr, int perm[], int ptr[],
int index[], LIS_SCALAR value([], LIS_MATRIX A)

Fortran subroutine lis_matrix_set_jds(integer nnz, integer maxnzr, integer ptr(),
integer index(), LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

oo
JDSOOOOOOOO AoDoDOoDOD.

oo

nnz googno

maxnzr ooooboooboobo
perm, ptr, index, value JDSOOQOono

A oo

oo

A oooobooooog

oo

lis_matrix_set_jds 00O ODOD0OODO lis_matrix_assemble OO OOOOOOODOO0O.
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6.2.22 lis_matrix_set_bsr

-

C int lis_matrix_set_bsr(int bnr, int bnc, int bnnz, int bptr[], int bindex[],
LIS_SCALAR value[], LIS_MATRIX A)

Fortran subroutine lis_matrix_set_bsr(integer bnr, integer bnc, integer bnnz,
integer bptr(), integer bindex(), LIS_SCALAR value(), LIS_MATRIX A,

integer ierr)

\_ /
oo
BSROOOOOOOO ADDODOOO.

od
bnr oooooood
bnc ooooooog
bnnz ooooood
bptr, bindex, value BSROOOOO
A od
od
A ooooooooo
od

lis_matrix_set_bsr O 0O0OOO0OO lis_matrix_assemble OO0 0OO0O0O0OOOOO.
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6.2.23 lis_matrix_set_bsc

-

C int lis_matrix_set_bsc(int bnr, int bnc, int bnnz, int bptr[], int bindex[],
LIS_SCALAR value[], LIS_MATRIX A)

Fortran subroutine lis_matrix_set_bsc(integer bnr, integer bnc, integer bnnz,
integer bptr(), integer bindex(), LIS_SCALAR value(), LIS_MATRIX A,

integer ierr)

\_ /
oo
BSsCOOOOOOOO AODOOOOO.

od
bnr oooooood
bnc ooooooog
bnnz ooooood
bptr, bindex, value BSCOOODOO
A od
od
A ooooooooo
od

lis_matrix_set_bsc O 0OOOOO lis_matrix_assemble OO0 0OO0OO0O0OOOOO.

91




6.2.24 lis_matrix_set_vbr
4 N
C int lis_matrix_set_vbr(int nnz, int nr, int nc, int bnnz, int rowl[],
int col[], int ptr[], int bptr[], int bindex[], LIS_SCALAR valuel],
LIS_MATRIX A)

Fortran subroutine lis_matrix_set_vbr(integer nnz, integer nr, integer nc,

integer bnnz, integer row(), integer col(), integer ptr(), integer bptr(),
integer bindex(), LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

\_ /
go
VBROOOOOOOO ADDDDDO.

oo

nnz goooooooboon
nr gooood

nc gooood

bnnz goooooo

row, col, ptr, bptr, bindex, value VBROODOOO

A uo

oo

A ugbooaoaood
oo

lis_matrix_set_vbr OO O 0OOO0O lis_matrix_assemble 0O 0OO00O0O0OOOONO.
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6.2.25 lis_matrix_set_coo

C int lis_matrix_set_coo(int nnz, int row([], int col[], LIS_SCALAR valuel[],
LIS_MATRIX A)

Fortran subroutine lis_matrix_set_coo(integer nnz, integer row(), integer col(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

oo
coogoopooono Apooooo.

od

nnz agooog

row, col, value coooooono
A 0o

od

A goooooooo
od

lis_matrix_set_coo OO 00000 lis_matrix_assemble 0O 0OO00O0O0OOOONO.

6.2.26 lis_matrix_set_dns

C int lis_matrix_set_dns(LIS_SCALAR value[], LIS_MATRIX A)
Fortran subroutine lis_matrix_set_dns(LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

oo
DNSOOOOOOOO AOoOoOoood.

od

value DNSOODOOO

A od

od

A ooooooooo
od

lis_matrix_set_dns O 00000 lis_matrix_assemble OO0 0OO0O0O0OOOOO.
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6.3 OOUUOOodoooog

6.3.1 lis_vector_scale

C int lis_vector_scale(LIS_SCALAR alpha, LIS_VECTOR x)
Fortran subroutine lis_vector_scale(LIS_SCALAR alpha, LIS_VECTOR x, integer ierr)

oo
ubooobOobooodg «0on.

0d
alpha U000 o
X 0000000
00
X 000000000 «00O0O0O0O0DO
ierr googood

6.3.2 lis_vector_dot

C int lis_vector_dot(LIS_VECTOR x, LIS_VECTOR y, LIS_SCALAR *val)
Fortran subroutine lis_vector_dot(LIS_VECTOR x, LIS_VECTOR y, LIS_SCALAR val,

integer ierr)

0o
0000000 2fy0000o.

oo
X good
y good
oo
val agood
ierr googoood
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6.3.3 lis_vector_nrml

C int lis_vector_nrml (LIS_VECTOR x, LIS_REAL *val)
Fortran subroutine lis_vector_nrml(LIS_VECTOR x, LIS_REAL val, integer ierr)

go
gbooobol1ooboooon.

oo

X good

oo

val goodo1goo
ierr goooooo

6.3.4 lis_vector_nrm?2

¢ int lis_vector_nrm2(LIS_VECTOR x, LIS_REAL *val)
Fortran subroutine lis_vector_nrm2(LIS_VECTOR x, LIS_REAL val, integer ierr)

oo
ooooboz200000000.

oo

X oood

oo

val ooooo22000
ierr googoood

95



6.3.5 lis_vector_nrmi

C int lis_vector_nrmi(LIS_VECTOR x, LIS_REAL *val)
Fortran subroutine lis_vector_nrmi(LIS_VECTOR x, LIS_REAL val, integer ierr)

go
gboooboooobobooooa.

oo

X good

oo

val gooooooobooon
ierr goooooo
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6.3.6 lis_vector_axpy

C int lis_vector_axpy(LIS_SCALAR alpha, LIS_VECTOR x, LIS_VECTOR y)
Fortran subroutine lis_vector_axpy(LIS_SCALAR alpha, LIS_VECTOR x, LIS_VECTOR y,

integer ierr)

oo
00000 y=azr+y00000.

00

alpha good

X, y oood

oo

y ar+yO00000 (D0D0D0 yODOOOOODOOO)
ierr ooooooo

6.3.7 lis_vector_xpay

C int lis_vector_xpay(LIS_VECTOR x, LIS_SCALAR alpha, LIS_VECTOR y)
Fortran subroutine lis_vector_xpay(LIS_VECTOR x, LIS_SCALAR alpha, LIS_VECTOR vy,

integer ierr)

oo
00000 y=z+ay00000.

oo

alpha good

Xy good

oo

y r+aoy00000 (0OOD0yOOOOOOOOO)
ierr goooooo
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6.3.8 lis_vector_axpyz

C int lis_vector_axpyz(LIS_SCALAR alpha, LIS_VECTOR x, LIS_VECTCR vy,
LIS_VECTOR z)

Fortran subroutine lis_vector_axpyz(LIS_SCALAR alpha, LIS_VECTOR x, LIS_VECTOR vy,
LIS_VECTOR z, integer ierr)

oo
goodl z=cx+y00000.

oo

alpha good

Xy good

oo

z r+aoyQdO0QO0Q00O
ierr goooooo

6.3.9 lis_matrix_scaling

C int lis_matrix_scaling(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR d, int actiomn)
Fortran subroutine 1is_matrix_scaling(LIS_MATRIX A, LIS_VECTOR b,
LIS_VECTOR d, integer action, integer ierr)

oo
gooobooooooboon.

0o
A 0ooooooooooo
b 000o00o0oo0ooooooo
action LIS_SCALE_JACOBI Jacobi0 OO O OO D 'Ax=D"1b
(DO A=(a;;) 00D00DO)
LIS_SCALE_SYMMDIAG 00000000 D-Y2AD 124 = D-1/?p
(D~Y200000000 1/6; 0000000)
ao
d D-'000 p~Y?200000000000000
ierr ooOooonOoo
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6.3.10 lis_matvec

C void lis_matvec(LIS_MATRIX A, LIS_VECTOR x, LIS_VECTOR y)
Fortran subroutine lis_matvec(LIS_MATRIX A, LIS_VECTOR x, LIS_VECTOR y)

go
Ooo00O000y=Az00000.

oo

A oo

x oooo
oo

y oooo

6.3.11 lis_matvect

C void lis_matvect(LIS_MATRIX A, LIS_VECTOR x, LIS_VECTOR y)
Fortran subroutine lis_matvect(LIS_MATRIX A, LIS_VECTOR x, LIS_VECTOR y)

oo
0ooooooooy=A4Tz00000.

oo

A 0o

x oooo
oo

y oooo
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6.4 0O0OUOOOOOO

6.4.1 lis_solver_create

¢ int lis_solver_create(LIS_SOLVER *solver)

Fortran subroutine lis_solver_create(LIS_SOLVER solver, integer ierr)

oo

000 (00ooO0o0U0oo0oOooooOoooo)oooog.
oo

oo
oo

solver goo

ierr goooooo

go
gbooobOoboooobooboooon.

6.4.2 lis_solver_destroy

C int lis_solver_destroy(LIS_SOLVER solver)

Fortran subroutine lis_solver_destroy(LIS_SOLVER solver, integer ierr)

go
obooobooooboobooooobooo.

oo

solver ooooboooboobo
oo

ierr oooooboo
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6.4.3 lis_solver_set_option

C int lis_solver_set_option(char *text, LIS_SOLVER solver)
Fortran subroutine lis_solver_set_option(character text, LIS_SOLVER solver,

integer ierr)

go
obooobooooooobooooboooon.

oo

text gooonoooooogoo
oo

solver aog

ierr googood

oo

OO00000O000DODO000ODOOO00D0DODO0O0. -1 {egl1}d-i cgO00-i100000O.
-maxiter [1000] 0 -maxiter OO OOO0OD0OOO 10000000000000.
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gooobooobog oobg0: -i bicg

goooobb (ooobob gogooooo

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgs|3}

BiCGSTAB -1 {bicgstabl|4}

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

GPBiCG -i {gpbicgl6}

TFQMR -i {tfqur|7}

Orthomin(m) -i {orthomin|8} -restart [40] OOOOOO m
GMRES(m) -i {gmres|9} -restart [40] OOOOOO m
Jacobi -i {jacobi|10}

Gauss-Seidel -i {gsl11}

SOR -i {sor|12} -omega [1.9] 0000 w(0<w<?2)
BiCGSafe -i {bicgsafe|13}

CR -i {crl14}

BiCR -i {bicr|15}

CRS -i {crs|16}

BiCRSTAB -i {bicrstab|17}

GPBiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafe|19}

FGMRES(m) -i {fgmres|20} -restart [40] 000000 m
IDR(s) -i {idrs|21} -irestart [2] OOOOOO s
MINRES -i {minres|22}
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go0o0000 obdoO: -p none

ggd goooo goooooo
OO0 -p {nonel|0}
Jacobi -p {jacobil|1}
ILU(k) -p {ilul2} -ilu_£ill [0] O00ooo0gd k
SSOR -p {ssor|3} -ssor_w [1.0] 0000w (0<w<?2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SORODOOO0O0D w (0<w<?2)
-hybrid_ell [2] BiCGSTAB() O OO I
-hybrid_restart [40] GMRES(m), Orthomin(m) O
O00oogm
I+S -p {is|5} -is_alpha [1.0] I+aS™ 0000000000 «
-is_m [3] I+aS™MOO00O0000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0000D000000)
-saamg_theta [0.05/0.12] 000000 af; < 6|aslay,l
(0D 100D0)
Crout ILU -p {ilucl|8%} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] Ooooooooooo
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] ooooooooooo
Additive Schwarz | -adds true -adds_iter [1] oooooo
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googoogog

oooono

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

-scale [0]

-initx_zeros [true]

—-omp_num_threads [t]

-storage [0]
-storage_block [2]

oooooo

oooooo

ooooooo

-print {none|0} ooooo

-print {mem|1} ooooooooobooooo

-print {out|2} gooooooooooo

-print {alll3} go0ooooooooooooboooooo
gooooOoOoOO.000000o0ooooooo,000ooooooooo
-scale {none|0} goooogogd

-scale {jacobil|1} JacobiDOOOOO D 'Azx=D"1
(DO A=(a;) D0000)
-scale {symm_diag|2} 00000000 D Y2AD Y2z =D"1%
(D~Y200000000 1/6; 0000000)
gooobbzoOOod

-initx_zeros {falsel|O} oooooooog
-initx_zeros {truel1l} goooobbooogood
ooooooo

td0o0ooodo

oooooo

BSR,BSCOOOODOOOO

0000 O0OOodgd: -f double
oo gooon goooooad
ooQd -f {double]|0}
4000 | -f {quad|1}
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6.4.4 lis_solver_set_optionC

C int lis_solver_set_optionC(LIS_SOLVER solver)

Fortran subroutine lis_solver_set_optionC(LIS_SOLVER solver, integer ierr)

go

gbobooooboooooooooooboooooooooobooboobOobOoboboobooooon
O.

oo
oo
oo
solver aog

ierr ooooooo
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6.4.5 lis_solve

C int lis_solve(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x, LIS_SOLVER solver)
Fortran subroutine lis_solve(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
LIS_SOLVER solver, integer ierr)

go

0000000000000 Az =6000. O00ODODOOOD0OODODOO 1is_solver_get_iters,
lis_solver_get_time, 1lis_solver_get_residualnorm 0 OO0 0.

oo

A good
b goooog
X gooood
solver agoo
oo

X g
solver gooo,0ogoooog
ierr ooooooo (0)
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6.4.6 lis_solve_kernel

C int lis_solve_kernel (LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
LIS_SOLVER solver, LIS_PRECON precon)

Fortran subroutine lis_solve_kernel (LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
LIS_SOLVER solver, LIS_PRECON precon, integer ierr)

oo
00000000000,00000000000000000000 Az=6000.00000000

U000 lis_solver_get_iters, lis_solver_get_time, lis_solver_get_residualnorm U000 0ODO.

oo

A good

b gooood

X googood

solver aog

precon goo

oo

X g

solver oooo,o0boooooo
ierr ooooooo (o)
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6.4.7 lis_solver_get_status

C int lis_solver_get_status(LIS_SOLVER solver, int *status)
Fortran subroutine lis_solver_get_status(LIS_SOLVER solver, integer status,

integer ierr)

go
oboooooooooon.

oo
solver aog
oo
status oo
ierr googood
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6.4.8 lis_solver_get_iters

C int lis_solver_get_iters(LIS_SOLVER solver, int *iters)
Fortran subroutine lis_solver_get_iters(LIS_SOLVER solver, integer iters,

integer ierr)

go
obooooobooooooon.

oo

solver aog

oo

iters good
ierr googood

6.4.9 lis_solver_get_itersex

C int lis_solver_get_itersex(LIS_SOLVER solver, int *iters,
int *iters_double, int *iters_quad)
Fortran subroutine lis_solver_get_itersex(LIS_SOLVER solver, integer iters,

integer iters_double, integer iters_quad, integer ierr)

oo
gboabooaoooooan.

oo
solver ggd

oo
iters googono
iters_double googoooobgoo
iters_quad 40000000000
ierr googood
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6.4.10 lis_solver_get_time

C int lis_solver_get_time(LIS_SOLVER solver, double *times)
Fortran subroutine lis_solver_get_time(LIS_SOLVER solver, real*8 times,

integer ierr)

go
obooooobooooooon.

oo

solver aog

oo

times good
ierr googood

6.4.11 lis_solver_get_timeex

-

C int lis_solver_get_timeex (LIS_SOLVER solver, double *times,
double *itimes, double *ptimes, double *p_c_times, double *p_i_times)
Fortran subroutine lis_solver_get_timeex(LIS_SOLVER solver, real*8 times,

real*8 itimes, real*8 ptimes, real*8 p_c_times, real*8 p_i_times,

integer ierr)

N

uo
gooobooobooooooon.

oo

solver oo

oo

times itimes U ptimes U 0 0

itimes ooooboooboooa

ptimes gooooood

p-c-times ooooboooboooa
p-i_times gooobooobooboooooo
ierr googoood
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6.4.12 lis_solver_get_residualnorm

C int lis_solver_get_residualnorm(LIS_SOLVER solver, LIS_REAL *residual)
Fortran subroutine lis_solver_get_residualnorm(LIS_SOLVER solver,

LIS_REAL residual, integer ierr)

00
000000 20000000000000 ||b— Az|ls/|bll:00000.

oo
solver aog

oo
residual b—Az 0 2000
ierr googoood

6.4.13 lis_solver_get_rhistory

C int lis_solver_get_rhistory(LIS_SOLVER solver, LIS_VECTOR v)
Fortran subroutine lis_solver_get_rhistory(LIS_SOLVER solver,
LIS_VECTOR v, integer ierr)

go
obooooobooooooboon.

0o

RN

oo

v oooooooboobooo
ierr goooooo

oo
O00O0o000D00D00ODO 1is_vector_create U0 U00OOO0OOOOOOOOO. ODO0OO v0OOO
n00000000000O000O0000O0000b0000b0000O nO0OOO0OODO.
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6.4.14 lis_solver_get_solver

C int lis_solver_get_solver (LIS_SOLVER solver, int *nsol)
Fortran subroutine lis_solver_get_solver(LIS_SOLVER solver, integer nsol,

integer ierr)

go
oboooOooboooooboboooboobooooooboooon.

oo

solver aog

oo

nsol oooobooogn
ierr googood

oo

gbooobooobooobooboobon.

o 0o 0o oo
CG 1 SOR 12
BiCG 2 BiCGSafe 13
CGS 3 CR 14
BiCGSTAB 4 BiCR 15
BiCGSTAB() | 5 CRS 16
GPBiCG 6 BiCRSTAB 17
TFQMR 7 GPBiCR 18
Orthomin(m) | 8 BiCRSafe 19
GMRES(m) 9 FGMRES(m) | 20
Jacobi 10 IDR(s) 21
Gauss-Seidel 11 MINRES 22
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6.4.15 lis_get_solvername

C int lis_get_solvername(int nsol, char *name)

Fortran subroutine lis_get_solvername(integer nsol, character name, integer ierr)

go
gbooobOoboooobobooooooa.

0o

nsol ooooboooobgon
oo

name ooooooono
ierr goooooo
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6.5 UOOUogoooo

6.5.1 lis_esolver_create

¢ int lis_esolver_create(LIS_ESOLVER *esolver)

Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, integer ierr)

oo

000 (00oo0o0ooOoOoUooooOoo)ooooo.
oo

oo
oo

esolver goo

ierr goooooo

go
gbooobOoooooobooon.

6.5.2 lis_esolver_destroy

C int lis_esolver_destroy(LIS_ESOLVER esolver)

Fortran subroutine lis_esolver_destroy(LIS_ESOLVER esolver, integer ierr)

go
obooobooooboobooooobooo.

oo

esolver ooooboooboobo
oo

ierr oooooboo
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6.5.3 lis_esolver_set_option

C int lis_esolver_set_option(char *text, LIS_ESOLVER esolver)
Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,

integer ierr)

go
oboocooOobooooboobooooooo.

oo

text gooonoooooogoo
oo

esolver aog

ierr googood

oo

0000000000000 00000DO0000d. -e {pilt}0-e pi000-e 1 00000O.
-emaxiter [1000] O-emaxiter OO O0O0O0O0ODO 10000000000000O.

oooo0oobO0o obooO00: -e pi

ooooo ooooo ooooood

Power Iteration -e {pil1}

Inverse Iteration -e {iil2} -i [bicg] ooooooo

Approximate Inverse Iteration | -e {aiil3}

Rayleigh Quotient Iteration -e {rqil4} -i [bicg] ooooood

Subspace Iteration -e {sil|5} -ss [2] ooooooono
-m [0] ogoooo

Lanczos Iteration -e {1lil|6} -ss [2] gobogobooon
-m [0] opooon

CG -e {cgl7}

CR -e {crl8}
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googoo oogobogd: -p ilu

ggd goooo goooooo
OO0 -p {nonel|0}
Jacobi -p {jacobil|1}
ILU(k) -p {ilul2} -ilu_£ill [0] O00ooo0gd k
SSOR -p {ssor|3} -ssor_w [1.0] 0000w (0<w<?2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SORODOOO0O0D w (0<w<?2)
-hybrid_ell [2] BiCGSTAB() O OO I
-hybrid_restart [40] GMRES(m), Orthomin(m) O
O00oogm
I+S -p {is|5} -is_alpha [1.0] I+aS™ 0000000000 «
-is_m [3] I+aS™MOO00O0000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0000D000000)
-saamg_theta [0.05/0.12] 000000 af; < 6|aslay,l
(0D 100D0)
Crout ILU -p {ilucl|8%} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] Ooooooooooo
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] ooooooooooo
Additive Schwarz | -adds true -adds_iter [1] oooooo

116



googoogog

ooooo

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

-ie [ii]

-shift [0.0]

-initx_ones [true]

—-omp_num_threads [t]

-estorage [0]
-estorage_block [2]

oooooo

oooooo

gogooooo

-eprint {none|0} oooono

-eprint {mem|1} goooooooooooo

-eprint {out|2} gooooooooooo

-eprint {all|3} goooobobbbuoooooobooboo
Lanczos Iteration, Subspace Iteration 000000000000 OCO0OO
-ie {pil1} Power Iteration (Subspace Iteration O O )

-ie {iil2} Inverse Iteration

-ie {aiil3} Approximate Inverse Iteration

-ie {rqil4} Rayleigh Quotient Iteration
oooooooo
ooz OO0

-initx_ones {false|0} oooooooog
-initx_ones {truel1} oooooooooi1oo0a
ooooooo

td0o0ooodo

oooooo

BSR,BSCOOOODOOOO

000 OD0O0000: -ef double

oo oooono oooooon

ooo -ef {double|0}
4000 | -ef {quad|1}
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6.5.4 lis_esolver_set_optionC

C int lis_esolver_set_optionC(LIS_ESOLVER esolver)

Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, integer ierr)

go
gboboobOobooboobobooooobooooboobooooboboooooboooooon.

0o

RN

oo

esolver goo

ierr goooooad
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6.5.5 lis_esolve

C int lis_esolve(LIS_MATRIX A, LIS_VECTOR x,
LIS_REAL evalue, LIS_ESOLVER esolver)

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

oo
OO0D000CO0D0OD0O0000 Az=X000. OODOOOODOOODOO lis_esolver_get_iters,
lis_esolver_get_time, lis_esolver_get_evalues, lis_esolver_get_evectors

lis_esolver_get_residualnorm OO0 O 0ODO.

oo
A good
X goooog
esolver ggd
go
evalue -n[0] OO0ODOODOODOOOOODOOOOOO
X ooooboooboobooo
esolver gooo,bboooogo
ierr Ooooooo (0)

6.5.6 lis_esolver_get_status

¢ int lis_esolver_get_status(LIS_ESOLVER esolver, int *status)
Fortran subroutine lis_esolver_get_status(LIS_ESOLVER esolver, integer status,

integer ierr)

oo
gooobooooooon.

oo
esolver ggd
go
status oo
ierr ooooogoo
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6.5.7 lis_esolver_get_iters

C int lis_esolver_get_iters(LIS_ESOLVER esolver, int *iters)
Fortran subroutine lis_esolver_get_iters(LIS_ESOLVER esolver, integer iters,

integer ierr)

go
obooooobooooooon.

oo
esolver aog
oo
iters good
ierr googood

6.5.8 lis_esolver_get_itersex

C int lis_esolver_get_itersex(LIS_ESOLVER esolver, int *iters)
Fortran subroutine lis_esolver_get_itersex(LIS_ESOLVER esolver, integer iters,

integer ierr)

go
obooooobooooooboon.

0o
esolver oog

oo
iters googno
iters_double goooboobobogod
iters_quad 40000000000
ierr goooooo
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6.5.9 lis_esolver_get_time

C int lis_esolver_get_time(LIS_ESOLVER esolver, double *times)
Fortran subroutine lis_esolver_get_time(LIS_ESOLVER esolver, real*8 times,

integer ierr)

go
obooooobooooooon.

oo
esolver aog
oo
times good
ierr googood

6.5.10 lis_esolver_get_timeex

-

C int lis_esolver_get_timeex(LIS_ESOLVER esolver, double *times,
double *itimes, double *ptimes, double *p_c_times, double *p_i_times)
Fortran subroutine lis_esolver_get_timeex(LIS_ESOLVER esolver, real*8 times,

real*8 itimes, real*8 ptimes, real*8 p_c_times, real*8 p_i_times,

integer ierr)

N

uo
gooobooobooooooon.

oo

esolver oog

oo

times O00oO0oo0ooooo

itimes O0o0o0oo0oooooooooooon
ptimes O00oOO0ooO0o0oo0oO0ooooooooobooooa
p-c-times o0oooooooooo

p-i_times O00o000O00oOO0oO0oobooono

ierr ooooooo
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6.5.11 lis_esolver_get_residualnorm

C int lis_esolver_get_residualnorm(LIS_ESOLVER esolver, LIS_REAL *residual)
Fortran subroutine lis_esolver_get_residualnorm(LIS_ESOLVER esolver,

LIS_REAL residual, integer ierr)

00
00000000000 2:0000000000000 |Az—Az|;/A00000.

oo
esolver aog

oo
residual (A —Az)/A0 2000
ierr ooogooo

6.5.12 lis_esolver_get_rhistory

C int lis_esolver_get_rhistory(LIS_ESOLVER esolver, LIS_VECTOR v)
Fortran subroutine lis_esolver_get_rhistory(LIS_ESOLVER esolver,
LIS_VECTOR v, integer ierr)

go
obooooobooooooboon.

0o

RN

oo

v oooooooboobooo
ierr goooooo

oo
O00O0o000D00D00ODO 1is_vector_create U0 U00OOO0OOOOOOOOO. ODO0OO v0OOO
n00000000000O000O0000O0000b0000b0000O nO0OOO0OODO.
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6.5.13 lis_esolver_get_evalues

C int lis_esolver_get_evalues(LIS_ESOLVER esolver, LIS_VECTOR v)
Fortran subroutine lis_esolver_get_evalues(LIS_ESOLVER esolver,
LIS_VECTOR v, integer ierr)

go
oooooOoboooobooooon.

oo

esolver aog

oo

v oooobDOoooooooo
ierr googood

oo

O000000000000 1is_vector_create0 0 O000OOOO0OOOOOO0ONO.

6.5.14 lis_esolver_get_evectors

C int lis_esolver_get_evectors(LIS_ESOLVER esolver, LIS_MATRIX A)
Fortran subroutine lis_esolver_get_evectors(LIS_ESOLVER esolver,
LIS_MATRIX A, integer ierr)

oo
goooooooOoOoOOO0OOOOOO,00 AOCRSODOODDDO.

oo

esolver goo

oo

A oooooobooooooo
ierr goooooo

oo

00 ADDDOOO0OO lis_matrix_create 1000000000 DOCCOCODO.
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6.5.15 lis_esolver_get_esolver

C int lis_esolver_get_esolver (LIS_ESOLVER esolver, int *nsol)
Fortran subroutine lis_esolver_get_esolver (LIS_ESOLVER esolver, integer nsol,

integer ierr)

go
obooooOoooooobobooobooooooboooo.

oo

esolver aog

oo

nsol goooogooo
ierr googood
oo

gboooboooobooobooboon.

g

Power Iteration

O

Inverse Iteration
Approximate Inverse Iteration
Rayleigh Quotient Iteration
Subspace Iteration

Lanczos Iteration

CG

CR

N N S S N e =
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6.5.16 lis_get_esolvername

C int lis_get_esolvername(int esolver, char *name)
Fortran subroutine lis_get_esolvername(integer esolver, character name,

integer ierr)

go
oboooooboooooboooooa.

oo

nesol ooooooon
oo

name gooood
ierr googood
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6.6 DUU4oon

6.6.1 lis_input

C int lis_input(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x, char *filename)
Fortran subroutine lis_input(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,

character filename, integer ierr)

oo
obooobOooooo,ocoboboooooboon.

0o

filename gooono

0o

A ooooboooboobo
b gooood

X googno

ierr goooooo

oo

goooooooOoOoDoDoOOOOOOO.
e Matrix Market 00 (00000 D0O0O0O0OO0OOOOOO)
e Harwell-Boeing 0 O

oooooooOoOoOoOOOOO0OOADDOOOO.
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6.6.2 lis_input_vector

C int lis_input_vector(LIS_VECTOR v, char *filename)

Fortran subroutine lis_input_vector(LIS_VECTOR v, character filename, integer ierr)

go
gbooobOoboooobobooooooa.

0o

filename googno
oo

v good
ierr goooooo
oo

ooooooboooo

e PLAINOO

e Matrix Market 0 O

OO00oOooo0o0ooooOoUoooo AgOooo.
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6.6.3 lis_input_matrix

C int lis_input_matrix(LIS_MATRIX A, char *filename)
Fortran subroutine lis_input_matrix(LIS_MATRIX A, character filename,

integer ierr)

go
oboooooboooooboooooa.

oo

filename googono

oo

A gooonoooooogoo
ierr googood

oo

gooooooODODODODODOOOOOOOO.
e Matrix Market O O
e Harwell-Boeing O O

goooooOoOoOoOoOOOOOOADDOOOO.
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6.6.4 lis_output

C int lis_output(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x, int format,
char *filename)
Fortran subroutine lis_output(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,

integer format, character filename, integer ierr)

oo
go,0b0boobooboobooboon.

od
A od
b 000000 (D000O0o0O0oUooOoOoooNLLOOOoOn)
bq 00000 (0000o0D0o0oDoOoOoNLLOOOOO)
format oooooo

LIS_FMT MM Matrix Market 0 O
filename oo0ooooooooooon
00
ierr googoood
00

oO00o0ooooooDoooOoOoo Aooooo.
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6.6.5 lis_output_vector

C

int lis_output_vector(LIS_VECTOR v, int format, char *filename)

Fortran subroutine lis_output_vector (LIS_VECTOR v, integer format,

character filename, integer ierr)

go

oooooOoboooobooooon.

oo

v

format

filename

oo

ierr

go

good

googood
LIS_FMT_PLAIN PLAINODO
LIS_FMT_MM Matrix Market O O

gbooobooboobooo

gbooooood

gooOoOoOoOoOoOoOoOoOODOO AOOOOO.
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6.6.6 lis_output_matrix

C int lis_output(LIS_MATRIX A, int format, char *filename)
Fortran subroutine lis_output(LIS_MATRIX A, integer format, character filename,

integer ierr)

go
obooooooboooooboon.

RN
A oo
format googood
LIS_FMT_MM Matrix Market 00 O
filename googooooboobooo
oo
ierr goooooo
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6.7 00O

6.7.1 lis_initialize

C int lis_initialize(int* argc, charx* argv[])

Fortran subroutine lis_initialize(integer ierr)

oo
MPIDDOOO,00000000000000DOOO0O00ODOO.

oo

argc ocoooooooooo
argv oooobooooo
oo

ierr ooooooo

6.7.2 lis_finalize

C void lis_finalize()

Fortran subroutine lis_finalize(integer ierr)

go
ooooooo.

go

oo

go

ierr ooooooo
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6.7.3 lis_wtime

C double lis_wtime()

Fortran function lis_wtime()

uo
googooooog.

oo
go

oo
000000000000 double00O0O (DODOO)000OODO.

go
ob0oooOoboooooobO,00b00000000000 1is_wtimeOOOOOO,00000000O.

6.7.4 CHKERR

C void CHKERR(int err)

Fortran subroutine CHKERR(integer err)

go
oboooboooooboobooooooon

00
err ooooooo

go

g

oo
UO00000b0000000O014is_finalizeOOOOOOOOOOOOOOOOOOO.
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A 0O0OOOOO

obooo,000b0o0o0oooboobooooobooocooooboon.

A.1 00O Matrix Market OO

Matrix Market 00 [32]0,00000000000000. 0000000000000 O0OOOOO
000o0000. MxNOOO A=(e;;) 0000000 LOOO. a5 =A(I,J)000. 000000
gooooo.

%hMatrixMarket matrix coordinate real gemeral <-- 000

% <-+

% | od00O0OOOoOOD

% <+

MNLBX <-- 00 OO OO0 (0 or 1) (0 or 1)

I1 J1 A(I1,J1) <+

I2 J2 A(I2,J2) | 000 ooo o
.. | 0000000 1-base

IL JL A(IL,JL) <-+

I1 B(I1) <-+

I2 B(I2) | B=1000000000
L. | 000 O

IM B(IM) <-+

I1 X(I1) <-+

I2 X(I2) | X=1 000000000
... | OO0 d

IM X(IM) <-+

(A.1)D00D0 AQUDOODKOOO0ODOOUOODOUODOOO.

2
1

—_ N =
— N
NI

w NN = O

%hMatrixMarket matrix coordinate real general
41010

1.00e+00

2.00e+00
1.00e+00
1.00e+00
2.00e+00
1.00e+00
1
2
2
1

N

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

O, PP WWWNNDNRE D
WP WNPPNE W

w N = O
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A.2 Harwell-Boeing [ [

Harwell-Boeing 0000, CCSOO0DOO0OOOODO. valueOOO AODDOODOO, indexOODODO
OO0000,ptr0 valueD index 0000000000 OOO0ODODODOO. OO00ODOODOOODODODO.

010 (A72,A8)

1 - 72 Title
73 - 80 Key
020 (5I14)

1-14 000000000
16 - 28 ptr 0000
29 - 42 index U 0O0O
43 - 56 value 0 OO
57 - 70 00000
030 (A3,11X,4114)
1 - 300000
0 10: R Real matrix
C Complex matrix (0 O0O)
P Pattern only (0 O0O)
0 20: S Symmetric
U Unsymmetric
H Hermitian (OO 0O)
Z Skew symmetric (O O0O)
R Rectangular (O O0O)
0 30: A Assembled
E Elemental matrices (OO 0O)

4 - 14 00O
16 - 28 OO
29 - 42 OO
43 - 56 JOODOO
57 - 70 0

0 40 (2A16,2A20)
1 -16 ptrO000
17 - 32 index O 0O0O
33 - 52 value 00O 0O
53 - 7200000
0 50 (A3,11X,2I14) DODOOOCOOOO

1 oobogd
FOOOOOO
MOOoOoOOoooo @oo)
2 goboooooboobooooooo 6
3 goooooooboooooo x
4 -14 00

156 - 28 0OOO
29 - 42 00000

(A1)OOUODOD AUODOOO0O 0000000 DOOOUDOOOOD.

1-——— 10-———--——- 20- --30 ----40 ----50-- -60 ---70 ---80
Harwell-Boeing format sample Lis
8 1 1 4 2
RUA 4 4 10 4
(11i7) (131i6) (3e26.18) (3e26.18)
F 1 0
1 3 6 9
1 2 1 2 3 2 3 4 3 4

2.000000000000000000E+00  1.000000000000000000E+00 1.000000000000000000E+00
2.000000000000000000E+00  1.000000000000000000E+00 1.000000000000000000E+00
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2.000000000000000000E+00 1.000000000000000000E+00 1.000000000000000000E+00
2.000000000000000000E+00
0.000000000000000000E+00  1.000000000000000000E+00  2.000000000000000000E+00
3.000000000000000000E+00

A3 00O000O0O0O Matrix Market 0 O

Matrix Market 00 [32)|000000000000000O00O0O0O0O0O0OO. 00 NOOOOO b= (k)
0000 y=B()000.0000000000OO.

%hMatrixMarket vector coordinate real gemeral <-- 000

% <-+
A | oO0OOOoOoDOOOnO
% <-+
N <-- 00
I1 B(I1) <-+
I2 B(I2) | OO0 O
L. | 0000000 1-base
IN B(IN) <+

(A.l)D0oUpoOoos0DOOOOOO0OUODOOOODOO.

%/%MatrixMarket vector coordinate real general

4

1 0.00e+00
2 1.00e+00
3 2.00e+00
4 3.00e+00

A4 00000 PLAINODO

00000 PLAINODOOUOODODOUOUODODOUOOOODOOODODOODOODOODOD. Do NODOOO
b=(b)00O0O0O b =B)0DDO0O.000000000D00OO.

B(1) <+
B(2) | NO
.. I
B(N) <—+

(A.l))DO0oUoOoo 00000 O0OODOOOODOO.

0.00e+00
1.00e+00
2.00e+00
3.00e+00
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