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0 bbbt i11o00o00od
1. 00ooooog.
2.0000000000.
(a) lis_output_residual history(), lis_get residual history() OO0OOO

lis_solver_output_rhistory(), lis_solver_get_rhistory() OO O.

(b) FortranO OO OO0OO lis_vector_set_value(), lis vector_get value(O 0O O OO0 10
oo.

(¢) Fortran 0000000 lisvectorset size() JO0O0O0DO 1000.
(d) 000000000000 00000-precision00-£f000.
3. 000oooooan.
() COOODOOOUOOOOOLISINTOOO. LISINTOOOOOOOO int. DOO0OOOO
gbO0Og_roNnclong OO OODOOO0ODOODO, long long int OO0 OOOO.

(b) Fortran 00000000000 OO LISINTEGERO O O. LISINTEGEROOOOOOOO
integer. DD 0OUOO0OD0OOO LONGLONG U OO OODODODDODO, integerxs U ODODODO
go.



1 0000
Lis (a Library of Iterative Solvers for linear systems) 0, 0000000000000 0000O0
Az =b

oooooooog
Ax = \x

ooboooooooooooboooboo. obobooobooooooo,bo0obooo0ooon 12,0000
o30b00.0b00b00boobooboo4000.

U1goodgood 0200000

CG CR Power

BiCG BiCR[2] Inverse

CGS CRSJ[3] Approximate Inverse

BiCGSTAB BiCRSTAB3] Rayleigh Quotient

GPBiCG GPBiCRJ3] Subspace

BiCGSafe[1] BiCRSafe[4] Lanczos

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

Jacobi Orthomin(m) CRI17]

Gauss-Seidel | GMRES(m)

SOR FGMRES (m)][5]

IDR(s)[13] MINRES[14]

g3 000 040000

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 JOoooon

ooobo,000000,0000000000000. 000000 LinnxO0O0O0O0O0O0OO0O0OOOOO.

2.1 0OO0OO0OO0OO

LsOO0OOO0OO0ODOO COOOobDOoOooooOoD. 0O, Fortran OO O0OD0OOODOOOOOODO
Fortran 00000, AMGOOOOOOOOOOOOOOO Fortran 9000000000000, 00O
O00oo0O0,O0penMPOOOOOOOO MPI-1OO0O0OOOOOOO.O0S00000000000O0 (O
TO0o00ooon).

U5 000o0oood

cooooo (oo) 0S
Intel C/C++ Compiler 7.0, 8.0, 9.1, 10.1, 11.1, | Linux
Intel C4++ 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, 2012RC Windows
Fortran 0O OO0 (DDOOOO) (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 0OO0O0OOO0OOO

oooooOoOOO00,0000000000. (¢veRrsIONM O0O0O0O0O0O0O0OO.
>gunzip -c 1is-($VERSION).tar.gz | tar xvf -
O0000,000000 1is-($VERSION) 00 1 0000000000000 00O00OO.

23 UNIXOOOOOOOoOooooooooo
23.1 00O0OO0OO0ODOOO

gbooobOoboooobobooooobo,obooooobooog.



lis-($VERSION)
config
oooooao
include
goooooo
src
ogoooooo
test
gooooood
win32
Windows DO OO0 QOO0 QOGOGOGOOO

+

+— =+ — + —

O 1: 1is-($VERSION) .tar.gz 0000000

e JOOOOODOODOOOODOO -

e JOO0OOODOOOOODOODO -

Ded000ODoOobDOoOOODO.ObO,070 TARGETOOODOODOOOOODOODOOODOOD.

>./configure

>./configure --prefix=<install-dir>

06000000000 (00O ./configure --helpO00)

—--enable-omp

OpenMPODOOOODOOO

-—enable-mpi

MPIOOODOOOOO

—--enable-fortran

FortranOOOOOOOOOO

--enable-saamg

SA-AMGOOD0O0OOO

--enable-quad

400000000

-—-enable-longlong

6400000000

—--enable-shared

oboooooog

--enable-gprof

GNuoooooogooo

--prefix=<install-dir>

gboooooboooon

TARGET=<target>

gbooooogd

CC=<c_compiler>

cooooooono

CFLAGS=<c_flags>

cooooooooooooo

FC=<fortran_compiler>

FortranOOOOOOOO

FCFLAGS=<fc_flags>

FortranOOODOOOOOOOOOO

LDFLAGS=<1d_flags>

gobgoooobooon

23.2 0OO0O0O0OOOODOO

OO000D0D 1is-($VERSION) DO ODOOOODOOOOOO,00D00000DCOO0.

>make

O00oooooooobDooo0ooooooDoOb0o000,bbbDb0OD0 1is-($VERSION) DO ODOOOO
OOO0O0O0O00,000000 1is-($VERSION)/test 000000000 O0O0O0O0O0O0O0O0O0OOOO.




0 7 TARGET OO (OO0 1is-($VERSION)/configure.inO00)

<target> oooooooo

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

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

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

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

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

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

ibm_bgl_cross ./configure CC=blrts_xlc FC=blrts_x1f90

CFLAGS="-03 -qarch=440d -qtune=440 -gstrict
-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_cross ./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"




>make check

0000000, Matrix Market 0000000 test/testmat.mtx 0000, 000000000000,
00000 Az =0000 test/sol.txt 0, 0000000 test/res.txt00000. OODOOOOO

000100000000, SGI Altix3ro0ODOOoOOoooOoOoOoooO.

(z-D ooodo ~
matrix order = 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 = 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
\_ J
-—enable-omp
(/max number of threads = 32 A
number of threads = 2
matrix order = 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.
K\BiCG: relative residual 2-norm = 6.221213e-15 D




--enable-mpi
4 N
number of processes = 2
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 = 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

000000 1is-($VERSION) DO D ODOODOOODODOODO, 000000000000 O0O0O00O0O0O
gooooo.
>make install
O00000,000000¢$NSTALLDIR) OO ODOOOOOOOOODOO.

$ (INSTALLDIR)

+include

| +lis_config.h 1lis.h lisf.h
+1ib

| +liblis.a

+share

+doc/lis examples/lis

lisconfig. hO0O0OOOOOOOOOOO,O00 1is.h0 C,1lisf.h0 FortranO0ODODOOOOOOOO
ob0oO0oO0oobO0oboooOong. 1ivlis.a0000000O0O0O0DOOOOCOOODO. OOO0OO00OO00
OO000000ooDOOoOooO00ooooooooO0o0g,0o00DDO0 1is-($VERSION) ODOOODOOOO
OO00000,000000D examples/lis0O00000000000O0OO0DODOOODOODO.

>make installcheck

24 WindowsUOUOOOOOOooooOQ

000000 1is-($VERSION) /win32 O O O Microsoft Visual Studio 0 00000000 OOODOO
00000000000o0oOo, 0000000000, liswith_fortran.sln [0 Intel Visual Fortran
Compiler, lis_with fortranmpi.sln O Visual Fortran 0 0 MPICH20 OO 0OO0OCOOOOOCOOOO



0000000000000, O0DO0O0O0D0 OO00D0O0O00 1is-($VERSION)/include DO OO OO.
lis_configwin32.h 0000000000000, 00 1is.hd C,1lisf.h 0 FortranOOOOOOODO
OO000O000DO0O0000O0000O0. ObO0000O00b00O000DOO0O00 1is-($VERSION) /1ib
00000. 0000000000000 000D00000D0 1is-($VERSION) /test DO ODOODO.

2.5 00O
2.5.1 testl

000000 1is-($VERSION) /test OO OO
>testl matrix_filename rhs_setting solution_filename residual_filename [options]
000000, matrix filename 00 0000000000000 0C0O0O0O0O0DO0OO,00000 Az=5
OoptionsO0OOO0O0OOOO0ODO. OO, 00 resultfilename O, 00000 residual filename [
Oo0O0O0. 0000000000000 Matrix Market DO0O000O. rhs_setting 00

0 00000000000000000000000000
1 b=(1,....,0)T0000

2 b=Ax(1,....,0)'0000

rhs_filename 000000000000

00000000000 . rhs filename 0 PLAIN OO, Matrix Market 000000000 . testif.F
O testl.cO Fortran OO OO.

2.5.2 test2

OO0OO0O0O0DO 1is-($VERSION) /test DO OO
>test2 m n matrix_type solution_filename residual_filename [options]
Ob00o0oboO,200 Poisson 0000 5000000000000O00000 »0O 5000000000
00000000 Arx=5b0,matrix_type 000000000000, 0ptions00000000C000O.
00,00 result_filename 0 00O OO0 residual filename DO DO OO. OO0, 00000 Ax =1b
ocoooooooooooi10ooo00gooooooD OO0 000. mynDODOOOODOOOOOOO.

2.5.3 test3

OO000D0QO 1is-($VERSION) /test 0O OO
>test3 1 m n matrix_type solution_filename residual_filename [options]
O00000,300 Poisson 0000 700000000000 ODOOOOOmeO0 700000000
00000000 Az =00, matrix_type 000000000000, options 0000000 O0OONO.
00,00 result filename 0 00000 residual filename OO0 0. OO0, 00000 Az =5
ooooooooooobo1bo0o0ooO000ooOo0ooobosOOODOO0. I, m,nOO00DOOODDOO
oo.



2.5.4 test4

ooo000 Az=000000000000,000000.00A000 1203000000

OO00.000000000200001000000000000. test4f.FO test4d.cU Fortran
goo.

2.5.5 testh

000000 1is-($VERSION) /test OO OO
>testbs n gamma [options]
O000000,00000 Ax=000000000000,000000.00 A00O0O n0 ToeplizOO

2
0
v 0 2 1
A:
v 0 2 1
v 0 2

oo0.00ob0o00 O 0000 1000000O0000O0DO.

2.5.6 etestl

000000 1is-($VERSION) /test DO OO
>etestl matrix_filename solution_filename residual_filename [options]
O00000,matrix filename D000 0000000000000 D0OO0OO0OCOCOO,00000 Az =\
Ooptions 0000000 0ODOO0O,0000000D0O00OO0O0ODOO0OD. O0,00b0ObOOOOO
000000 result filename 0, DO OO0 residual filename OO OO . DOOOOOOOODOO
00 Matrix Market 000 0O 0O. etestif . FO etestl.cO FortranO O OO .

2.5.7 etest2

OO0OO0000 1is-($VERSION) /test DO OO
>etest2 m n matrix_type solution_filename residual_filename [options]
O0000D0,200 HelmholtzODODO 500000000000D0C00O0O0meO 50000000
0000000 Az =X 0,matrix_type 000000000000, options 00000000000,
O0ooooDoo0ooooDoOo0o00.00,0000000D00000000D0 result_filename O, OO
000 residual filename OO0 O0O0. mnO000000D0O00O0O0ODO.

10



2.5.8 etest3

OO0OO0OO0O0DO 1is-($VERSION) /test DO OO
>etest3 1 m n matrix_type solution_filename residual_filename [options]
O00000,300 HelmholtzOODOO 70000000000 ODODOOCOOOImenO 70000000
0000000 Az=Xr 0, matrix_type DO0OO0OO0000000DO,options 00000000000,
obobooooobOoobOooooobo. 0o0,000000000000000 result_filenameO, OO
000 residual filename OO OO. 1, m, n 00 0000O000OOO0O.

2.5.9 etestd

OO000D0QO 1is-($VERSION) /test 0O OO
>etest4 n [options]
oooooO0O,00000 Az=X000000000ODOO,00000000000000000. 00
AOOOn»0300000

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

2.5.10 etestd

O00O0D00O0 1is-($VERSION) /test OO OO
>etestb evalue_filename evector_filename
000000,00000 Az=Xx0 SubspaceJ 00000, 000000000000 2000000
evalue filename 0, 00000000000 evector_filename 000 Matrix Market 00 (D0 A D
00)00000.00 A00O0 120300000

goo.

2.5.11 spmvtestl

OO0OO0O0O0D0O 1is-($VERSION) /test DO OO

>spmvtestl n iter [matrix_typel

11



Oo00oo0oO0,100 Poisson 0000 300000000000DO0O0OOODOnO 30000000

0(,...,)T 0000 iter 00000000000, FLOPSO00O000. 0000 matrix_type O
oo,
0 00000000000000000000000
1-11 0oO0o000o0oo

gooooooboooon.

2.5.12 spmvtest2

OO0OO0OO0O0DO 1is-($VERSION) /test DO OO
>spmvtest2 m n iter [matrix_type]
OO0O0D00,200 PoissonO0000 S00000000000000000mnO 5000000000
oog (1,...,»)T0000 iter 00000000000, FLOPSOOO0O000. 0000 matrix_type
ooo,

0 gboooboooboobobobooboobooba
1-11 ooooboooo

gboooboobod.n,n0000000000O0D0.

2.5.13 spmvtest3

OO00O0D0OD 1is-($VERSION) /test DO OO
>spmvtest3 1 m n iter [matrix_type]
O00000,300 Poisson 0000 7O0000DO0OOCO0O0O0O0ODOOOOOmeO0 700000000
o000 (1,...,)T0000 iter 00000000000, FLOPSO0000D. 0000 matrix_type
ooo,

0 ubooobobooobooboooobooooono
1-11 oooobooog

oboooboooob. 1, m,n000000000000.
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2.5.14 spmvtest4

OO0OO0OO0O0DO 1is-($VERSION) /test DO OO
>spmvtest4 matrix_filename_list iter [block]
000000, matrix filename 1list 0000000000000 OCO0ODOOCOODOOOOOODO,O00O
oopoooo (1,...,)'0000000000000000000 iter0000000DOOO, FLOPS
OO00000.00000bplock0DO0O,BSR,BSCOODOOODODOOOODOOOOO.

2.5.15 spmvtestb

OO0OO0O00ODO 1is-($VERSION) /test DO OO
>spmvtestd matrix_filename matrix_type iter [block]
000000, matrixfilename 00 0000000000000 O0OCOO00O0OODO, 0000000
(1,...,)'000D0D000000 matrixtype 0000 iter 000000 ODOOO0O, FLOPSOODOO
OO0.00000plock000,BSR,BSCOOODOOOODOOOOODODO.

2.6 0000
googbooboog,oobooobooo.
e 10O

— Jacobi, SSORODOOO0OOOOOOO,0000 AOCRSOODODOOODO,0000000
CRSOOOOO0 ADODOOODO.

— 00O000OoOO0oO0O0o BiCGOOOOOOODOO,SA-AMGOOOOOOOOOO.

— SA-AMGDOOO0OO0O0DOOOOO0DooOoooooooo.

— SAINVOOOOOOOOOOOOODODODODDDDOD.

e 400000

0000000000, Jacobi, Gauss-Seidel, SOR, IDR(s) 000000000,
0oOoO0oo0oo0O00,CcG, CROOODOOOOOO.

HybridOOOOODOOOODOOO, Jacobi, Gauss-Seidel, SOROOOOOOODODO.
I+S, SA-AMGOOOO0OO0OO0OOoOoooo.

e JOODOOO

ooooooooooooooOoUooooooooooOoOgg,cRSsooooooooooo
OO00. 00D000000000000, 1is_matrix_convert JO OO0 CRSOODOOOO
oo.
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3 Uoggg
0000,00000000000000000.0000000,0000000000000
e 00DDODO

oooono

e JOOOOODO
e U0 (DOULDDOOUODDOO)OODO
e U0, 00000D00ODOO

oooono

o (1]
e IOOO
gog,0bbbbbd0oduub include 00000000 ODODOO.
o C #include "lis.h"
e Fortran #include "lisf.h"

lis.h,1lisf.h 0, 00000000$(INSTALLDIR) /include DO OO OOO.

3.1 ODOougdaobo

obOo,000b0b00obooooooob0. bobooboobooooooboooboOo,000b0coobo0obOoDbo
oooooooo.

C R

1: #include "lis.h"
2: LIS_INT main(LIS_INT argc, char* argv[])
3: {
4: lis_initialize(&argc, &argv);
5: e
6: lis_finalize();
7: }
( Fortran ~
1: #include "lisf.h"
2: call lis_initialize(ierr)
3: R
K 4. call lis_finalize(ierr) j
ooooo

oooobooooo,od

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

14



e Fortran subroutine lis_initialize(LIS_INTEGER ierr)

ocooo.0b0o0o0go,MPIOOOO,000000DOOO0O0O0ODOOOODOOOODO.

LIS INTOODODODOO int0, 0000000000 _LoNGLONGO OO ODODOOODODO long long int
O,00 LISINTEGERO DO OUOODDO integer 0, 0000000OOO0O LONGLONGO OO DO OODOODO
integerx8 0D UOODOODO.

oooo
ooooooooo,od
o C LIS_INT lis_finalize()
e Fortran subroutine lis_finalize(LIS_INTEGER ierr)

oooo.

3.2 DOUOOOoon

00000000 global nO0O0. 0000 v0O nproes0000000000O0O0DOOODOOODOO
0000000000 localn000. global n 0 nprocs 000000000 local-n = global_n /| nprocs
O00.000,0000w00 (3.1)0000020000000000000000, global-nO local-n
Oo0ooo40 2000.

0 PEO
1

v=|— 3.1
2 PE1 (3-1)
3

(3.1) 000000 vw0O00UCODOO,00,000000000000000w0000O,00000
gooooboooooboobooooboboooooboooobobobooooboon.

oot 0o0oboooboobooboobooobooobooo. oog,obooooboooobooog
2000.

KC(DDDDDDDDDDDD) B
1: LIS_INT i,n;
2: LIS_VECTOR v;
3: n=4;
4: lis_vector_create(0,&v);
5: lis_vector_set_size(v,0,n); /* or lis_vector_set_size(v,n,0); */
6:
7: for(i=0;i<n;i++)
8: {
9: lis_vector_set_value(LIS_INS_VALUE,i, (double)i,v);
10: }
- J

15



~C(0000D0000) ~

LIS_INT i,n,is,ie; /* or LIS_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++)

{

© 00N 0O WN -

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

. J
Fortran (DO O0OOOOOOOO
o Formen ( ) N

=
o
[}

LIS_INTEGER i,n

LIS_VECTOR

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 4/
(Fortran(DDDEIDDDDD) ~

© N O O d W N

[y
o

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

© 00N O WN -

-
N

good
200000
LIS_VECTOR v;
ooooo.

goooooo
oboogo.00000,00

e C LIS_INT lis_vector_create(LIS_Comm comm, LIS_VECTOR *vec)

e Fortran subroutine lis_vector_create(LIS_Comm comm, LIS_VECTOR vec, LIS_INTEGER ierr)
Odo00.commOO MPIODOOOOOOOOOOO. OO0,00000000000 comOOO0OO0O00O0O
O

goooo
ooooobooo, oo
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o C LIS_INTEGER lis_vector_set_size(LIS_VECTOR vec, LIS_INT local_n,
LIS_INT global_n)

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

OO000. local-n O globalon OO0 O00OO0O00OODOOOOODOODOOO.
00,00000000000,!localnO global nO0O000. 00000, lis_vector_set_size(v,n,0)
0 lis_vector_set_size(v,0,n) 0, 000000 nOD0OOOOOOODODO.
O00000OD0O0OO0OO0O0O00, 1is_vector_set_size(v,n,0) OO0O0O0O0OODOOO nOOOODOO
0D00000. 00, lis_vector_set_size(v,0,n) 000000 pOO000 m, 00000000000
0. m,0000000000000.

oood
obooo000:000000C0000,00

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

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

gooo. oboboobooobob,boboboboob 00000000 DODOODbO sbO0O0OD.
flagO O

LIS_INS_VALUE O 0O: v(i) = value
LISADD.VALUE OO DOO: v(2) = v(@) + value
goooooooon.
ooooooo
o0o000o0o0o0000000000000O0O0O0OOO,O00
o C LIS_INT lis_vector_duplicate(LIS_VECTOR vin, LIS_VECTOR *vout)

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

OO000.0 100 LIS_VECTOR vinU LIS MATRIXOOOOOOOOOODOOO. OOOOOOOOOO
gbooobooobgoo.bobbooboobooboobon

o C LIS_INT lis_vector_copy(LIS_VECTOR vsrc, LIS_VECTOR vdst)
e Fortran subroutine lis_vector_copy(LIS_VECTOR vsrc, LIS_VECTOR vdst, LIS_INTEGER ierr)
ogoooo.

goooooo
gboooboooooboobooooboooonn,

17



o C LIS_INT lis_vector_destroy(LIS_VECTOR v)
e Fortran subroutine lis_vector_destroy(LIS_VECTOR vec, LIS_INTEGER ierr)

goog.

3.3 0OOdg

0000 AO0O0O0OO globaln x global OO 0. OO0 AO nproes 00000000 OOOOOODOO
000000000000 localn0DO0O. global.n O nprocs 000000000 local n = global n /
nprocs 0JO00. 000,00 A0 (3.2)000002000000000000000000, global_.n O

localn 0000040 2000.
PEO

— N
[ I O

1
2 1 PE1
1 2

gboooboboooboobooooooboo3sooobogooon.

00 1: 0000000000000000000000000000
(32)0000 A0 CRSO0OO0ODOO000,00,0000000000000 A00000,0000
0000000000000000000000000000000000000.

00 A0 CRSO000D0D0000000D0000000D00000.000,000000000000
0Oooo2000.
~C(000000000000) ~

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

© 00 ~NO O WN -

}
lis_matrix_set_type(A,LIS_MATRIX_CRS);
12: 1lis_matrix_assemble(A);

= e
= O

18



/—(]([]D o0ooooo ) «\
1: LIS_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,A);
10: if( i<gn-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0,A);
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([IDDDDDDDDDDD) \
1: LIS_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) 4/
/Fortran(DDDEIDDDDD) ~
1: LIS_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) ‘/
oood
0200000
LIS_MATRIX A;
goooao.
ooooa
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00 A0D0OO00O,d00

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

e Fortran subroutine lis_matrix_create(LIS_Comm comm, LIS_MATRIX A, LIS_INTEGER ierr)
O000.commO0O MPIOOOOOOOODOOODO. OO,00000000000,commO00O000O0O0
aoo.
agooood

goooooo,od

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

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

OO000. local.n O globalon OO0 O0OOO00OODOOOOODOODOOO.
O00,00000000000,localnO global nO0OO0O. 00000, lis_matrix_set_size(A,n,0)

0 lis_matrix_set_size(A,0,n) 0, 000000 nxnOOO0DOOO0OO.
0000oO0oDo0o0Oo0OooOon, lis_matrix_set_size(A,n,0) DO O0OO0OO0OO0OO0OO0Onx NOODOO

oooooOd. NOnOOOODOO.

00, lis_matrix_set_size(A,0,n) 000000 pO0O00 m,xnOOOOO0O0O0O0O0O. m,000

oooooooooo.

oood
00 A0OD0:00 j0000C0C0CO0OO0OOO,O00

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

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

oO0o00.000000D00000,000D0004¢00 j0D00000. flagO0O
LIS_INS_VALUE 0O 0: A(3,5) = value
LIS_ADD VALUE 00 00: A(4,5) = A(4,5) + value
oooooooooo.
ooooooooo
oboooooboooooobon, oo
o C LIS_INT lis_matrix_set_type(LIS_MATRIX A, LIS_INT matrix_type)

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

20



OO000.000000 AQD matrix_typed LIS_MATRIX_ CRSOODO. O00OOOOODOOOOODOO.

googd matrix_type
(CRS) {LIS_MATRIX_CRS|1}
(CCS)  {LIS_MATRIX_CCS|2}
(MSR) {LIS_MATRIX_MSR|3}
(DIA)  {LIS_MATRIX_DIA|4}
Ellpack-Ttpack 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

) {LIS_MATRIX_BSR|7}
BSC) {LIS_MATRIX_BSC|8}
VBR) {LIS_MATRIX_VBR|9}
DNS) {LIS_MATRIX_DNS|10}
COO) {LIS_MATRIX_COO|11}

Block Sparse Row
Block Sparse Column
Variable Block Row
Dense

Coordinate

ooooooo
gbooobooobooboobob,on

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

UO0000. lis_matrix_assemble [0 lis_matrix_set_type U0 UOD0OOOOODOOODOOODOOO.

goooo
gbooobOooboooobobooooooa,

e C LIS_INT lis_matrix_destroy(LIS_MATRIX A)
e Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, LIS_INTEGER ierr)
gooo.
00 2. 0000000000000000000
(3.2)D|:|DD AOCRSOO0OOODOUODO,0D0,0000000Q00ODO0OD AODOQDODO,0000
goooooooooootoooobooooooooouoooooooboonooo.

OO0 AD0 CRSOOOOOOOOOOOOO0OOOOOOO0OO00.000,000000000000
gooo2000.

21



~C(000000000000)

LIS_INT i,k,n,nnz;
LIS_INT *ptr,*index;
LIS_SCALAR *value;
LIS_MATRIX A;

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

lis_matrix_create(0,&A);
lis_matrix_set_size(A,0,n);

© 00 ~NO U WN -

[y
o

for(i=0;i<n;i++)
: A{

12: if( i>0
13: index [k]

[y
[

15: ptrli+i] = k;
16: }
17: ptr[0] = 0;

19: 1lis_matrix_assemble(A);

) {index[k] = i-1;
= i; valuelk] = 2; k++;
14: if( i<n-1 ) {index[k] = i+1; valuel[k]

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

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

value [k] 1; k++;}

]
—

; k)

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

(00oOoooooo)

~
Q

LIS_INT i,k,n,nnz,is,ie;
LIS_INT *ptr,*index;
LIS_SCALAR *value;
LIS_MATRIX A;

n=2; nnz =5; k = 0;

lis_matrix_set_size(A,n,0);

© 00N O d W N -

[
o

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

: q{

=
N =

if( 1>0

=R e
g W

ptrli-is+1] = k;

[
[}

}
ptrl0] = 0;

= e
0 N

[
©

lis_matrix_assemble(A);

N

lis_matrix_get_range(A,&is,&ie);

) {index[k] = i-1; valuelk]
index[k] = i; valuelk] = 2; k++;
if( i<n-1 ) {index[k] = i+1; valuel[k]

lis_matrix_malloc_crs(n,nnz,&ptr,&index,&value) ;
lis_matrix_create (MPI_COMM_WORLD,&A) ;

1; k++5}

1; k++5}

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

goooooo

crRSOOOOOOOOOOOOOOOOOOO AOOOOO000,00

o C LIS_INT lis_matrix_set_crs(LIS_INT nnz, LIS_INT row[], LIS_INT index[],
LIS_SCALAR value[], LIS_MATRIX A)

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

obooO0o.b000oooboboooboobosobooog.
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o0 3: 00b0ooooboo,b0boobobooboboon
00000000 (3.2)0000 AOD CRSOUOUOOOOOUODO,00000000O0OOOOOOO.

C(DDDDDDDDDDDDDDDDDDDD)
4 A
1: LIS_MATRIX A;
3: lis_matrix_create(LIS_COMM_WORLD,&A);
6: lis_matrix_set_type(A,LIS_MATRIX_CRS);
7: lis_input_matrix(A,"matvec.mtx");
\_ J
(Fortran(DDDDDDDDDDDDDDDDDDDD) \

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)

N y

Matrix Market 00000000000 matvec.mtx 00 O0O0O00D00OOO.

~N o w

%hMatrixMarket matrix coordinate real general
41010
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00

N
e

B W W W NNNNRE =D
WP WNPPNNE, W
R NN R P NP RPN

DDDDDDDD(S.Q)DDDD AOCRSOOO,O00 (3.1)DDDDDD bOOoOoOoOOoOoOoOooooo
gooooOooooooon.

c(O0ofoooooooboobooooooooo
O ) 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 o O WN

N
rFortran(DDDDDDDDDDDDDDDDDDDD) ~

NS

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)

N J

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

N o o WN e
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%#iMatrixMarket matrix coordinate real general

4 10

N

B WONRE PP WWWNNDNRE P
W WNPNR- W

1.
2.0e+00
1.0e+00
1.0e+00
2.0e+00
1.
1
2
2
1

10
0e+00

0e+00

.0e+00
.0e+00
.0e+00
.0e+00
0.0e+00
1.0e+00
2.0e+00
3.0e+00

oboooboooobooboo
goooo0oO00O0O0 AODODOOODOoOoOoooo, oo

o C

LIS_INT lis_input_matrix(LIS_MATRIX A, char *filename)

e Fortran subroutine lis_input_matrix(LIS_MATRIX A,

character filename, LIS_INTEGER ierr)

O000. filename 00 O0OO0O0OO0O0OOOO. O0OOO0O0OOODOOOOOOOOOOOO (DOOOO
00000000 AOOO).

e Matrix Market 0 O

e Harwell-Boeing 0 O

Oo0o0O0O0O0000 A00O0OO0O0VbL, 00000000000, 00

o C

LIS_INT lis_input(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x, char *filename)

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

character filename, LIS_INTEGER ierr)

0000. filename 000000000000 O. 0O0O0O0O0OO0OOOD0OOODOOO0OOOOO (DOOOO
O00o0ooooo AQOO).

e 00 Matrix Market 00 (0O OOOOOOOO)

e Harwell-Boeing O O

34 0O0OUOOOOOO

ooo000 Az=00000000000000,0C00000000000DODDODO.

24



c(ioOooooooogoooooooooo
ol : B

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 J
~Fortran (00000000 00000000OO00) ~

© 00 ~NO U 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)

© 00 N O W N -

[
o

oooooo
000 (00oo000ooOo0oU0ooOoO0oooD)oooUooo,o00

e C LIS_INT 1lis_solver_create(LIS_SOLVER *solver)
e Fortran subroutine lis_solver_create(LIS_SOLVER solver, LIS_INTEGER ierr)
gooo.
oooooooo
gooobooboOoobooboobooogo,oo
o C LIS_INT lis_solver_set_option(char *text, LIS_SOLVER solver)

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

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

OO00O0. lis_solver_set_optionCU, 0000000000 0OOO0O0OOOO0OOOOO0ODOODOOO
ooooooooooooooon.

oO00O0oDOO0bOo0ooOobobobooooDbooog. -1 {eglt}O-1i cgDO0O-1i 1 0000OO.
-maxiter [1000] O, -maxiter OO0 0OOOD0OODO 1000000000000DO.
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000000000000 0000 (DOO0O0O00: -i bicg)

ooooboog (gbooo ooooood

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgsl|3}

BiCGSTAB -i {bicgstabl4}

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

GPBiCG -i {gpbicgl|62}

TFQMR -i {tfqmr|7}

Orthomin(m) -i {orthomin|8} -restart [40] OOOOOO m
GMRES(m) -i {gmres|9} -restart [40] O0OOOO0O0O 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 {bicrl15}

CRS -i {crsl|16}

BiCRSTAB -i {bicrstab|17}

GPBiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafel|19}

FGMRES(m) -i {fgmres|20} -restart [40] O0OOOO0O0O m
IDR(s) -i {idrs|21} -irestart [2] 000000 s
MINRES -i {minres|22}
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000000000000 (D0U000O: -p none)

goo googo googood
oo -p {nonel|0}
Jacobi -p {jacobil|1}
ILU(K) -p {ilul2} ~ilu_fill [0] 00000000 &
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] ooogooo
-hybrid_w [1.5] SORODOO0OO w (0<w<2)
-hybrid_ell [2] BiCGSTAB(l) D OO !
~hybrid_restart [40] GMRES(m), Orthomin(m) O
gooood m
I+S -p {is|5} -is_alpha [1.0] I+aS™O0D000000000 «
-is_m [3] I+aS™OOOOOOOOOOm
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0OOo0UoDOooooo)
-saamg_theta [0.05/0.12] 000000 af; < 6%|aylay,l
(001000)
Crout ILU -p {ilucl|8%} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] googobgoooooo
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] gooobogoobooo
Additive Schwarz | -adds true -adds_iter [1] oooooo
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googoogog

gooono

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

-scale [0]

-initx_zeros [true]

—-omp_num_threads [t]

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

ooooog

ooooog

ooooooo

-print {none|0} ooooo

-print {mem|1} oooooooooboooo

-print {out|2} goooooooooono

-print {alll3} oo0ooooooooogo,o0oooodg
gooopooooo.0ooooog,ooooooooooo
-scale {none|0} goooogod

-scale {jacobil|1} JacobiDOOOOO D 'Azx=D"1'
(DO A= (a;)00D000)
-scale {symm_diag|2} 00O 00000 D Y2ADY2z=D"1%
(D~Y200000000 1/6;0000000)
goooon zUbODOO

-initx_zeros {falsel|O} 0ooooooog
-initx_zeros {truel1l} goooobobooooood
opooooo

(tooooooon)

opoooog

BSR,BSCOODOOOOODOOO
gooooooooda

-f {doublel0} ooo
-f {quad|1} 4000

oo

ooo000 Az=000000,00

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

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

oooo.

3.5 0OOougoooo

00000 Az=X00000000000,00000000000000000.
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c(ioOooooooogoooooooooo
ol : B

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

/0000000000 */

lis_esolver_create(&esolver) ;

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

© 00 ~NO U WN -

= e
= O

Fortran (DO 0O0O0O0O0O0OO0OOCOOOOOOOOOO
( I( ) \

LIS_MATRIX A
LIS_VECTOR x
LIS_REAL evalue
LIS_ESOLVER esolver

/0000000000 =/

call lis_esolver_create(esolver,ierr)

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

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

=
= O W o0 ~NO O WN =

[
o

goooog
000 (0000O0000o0o0oU0ooooo)0ooooooo,oo

o C LIS_INT lis_esolver_create(LIS_ESOLVER *esolver)
e Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, LIS_INTEGER ierr)
oooag.
goooogood
go0oo0oooooooooooog,oon
o C LIS_INT lis_esolver_set_option(char *text, LIS_ESOLVER esolver)

e Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,

LIS_INTEGER ierr)
ooo
o C LIS_INT lis_esolver_set_optionC(LIS_ESOLVER esolver)
e Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, LIS_INTEGER ierr)

0o00. lis_esolver_set_optionCO, 000000000000 O0O0OO0DOCOOOOCOOOOOOOC
ocoooooooooDoDOoOO.
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OO00000O000DODO000DO0O0O00D0O000. e {pil1t}d-e pi000-e 100000,
-emaxiter [1000] O, -emaxiter OO0 O OOOO0O 1000000000O0DOOOO.

00000000000000 (D00000: -e pi)

goooo gooon gogooooo
Power -e {pil1}
Inverse -e {ii|2} -i [bicg] gooooao
Approximate Inverse | —e {aiil3}
Rayleigh Quotient -e {rqil4} -i [bicg] ooooooo
Subspace -e {si|5} -ss [2] oooooooo
-m [0] ooooo
Lanczos -e {lil6} -ss [2] oooooooo
-m [0] ooooo
CG -e {cgl7}
CR -e {crl8}
000000000000 (D00DO0O00: -p ilu)
ggd goooo goooooo
od -p {nonel|0}
Jacobi -p {jacobil1}
ILU(k) -p {ilul2} -ilu_£ill [O] Ooo0oOoooo k
SSOR -p {ssor|3} -ssor_w [1.0] 0000w (0<w<?2)
Hybrid -p {hybridl4} -hybrid_i [sor] oooooan
~hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SOROODO0O0O w (0<w<2)
-hybrid_ell [2] BiCGSTAB() O OO I
~hybrid_restart [40] GMRES(m), Orthomin(m) O
oooooOgm
I+S -p {is|5} -is_alpha [1.0] I+aS™ 0000000000 a
-is_m [3] I+aS™MO0D00000000 m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0ODOo0UoDooooo)
-saamg_theta [0.05/0.12] 000000 af; < 6|ayla,l
(0D 100D0)
crout ILU -p {ilucl|8%} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] oooooobooog
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] oooood
-etol [1.0e-12] gooood
—eprint [0] 0000000
-eprint {none|0} oooono
-eprint {mem|1} ooooooooooooon
-eprint {out|2} gooooooooooon
-eprint {all|3} gooooooooooo,oboobood
-ie [ii] Lanczos, Subspace 000000000000 OOODO
-ie {pil1} Power (Subspace 0 O)
-ie {iil2} Inverse
-ie {aiil3} Approximate Inverse
-ie {rqil4} Rayleigh Quotient
-shift [0.0] oooooogo
-initx_ones [true] ooooonozo0O0O0Od
-initx_ones {falsel|O} ooooooooo
-initx_ones {truel1} ooooooooo 11000
—omp_num_threads [t] | OO0O0O0OOO
tdoogooooo
-estorage [0] oooooo
-estorage_block [2] BSR,BSCOOOODOOOOODO
-ef [0] gooooooo
-ef {double|0} ooo
-ef {quad|1} 4000

oo
Oo0000 Az=X00000,00

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

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

oooo.

3.6 ODOoUogoooOO

00000 Az=000000000000,00000000000ODODODODODDODO.
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OO0 A00O0O 120300000

oo0.0o0ooo0 O 0000 1000000O0OO0ODODO.
OO000000000OD0O00O 1is-($VERSION) /test OO DO .
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(DDDDDDDD:tesM.C

1: #include <stdio.h>

2: #include "lis.h"

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

4: {

5: LIS_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: }

}

33



(DDDDDDDD:testF

1: implicit none

2:

3:#include "lisf.h"

4:

5: LIS_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

N

3.7 0UOOOOoOoObOOO

test4.cU0D00O0OO00OO0DOODOOD,00000D000D00000. 00D0O00D 1is-($VERSION) /test
00000000000 test4d.c O SGI Altix 3700 O O Intel C/C++ Compiler 8.1 (icc), Intel Fortran
Compiler 8.1 (ifort) 0000 ODO0O0OO0OOOOOOOODO. SA-AMGUOUOOOO Fortran90 D OO O
000000000000, SA-AMGUOOO0OD0ODODODOOO Fortran90 O OO OOODODOODOOO
gbooobO.o0,000b0bo0o0oboobooboobobooouseMPIODOOOODOODOOOO.
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(DDDD ~

ogoooo

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

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

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

N\
000000000
4 R

-

ooooo

>icc -c -openmp -I$(INSTALLDIR)/include testéd.c
ooo

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

>ifort -nofor_main -openmp -o test4 testd4.o -llis

N J
~000000000 ~

oobooo

>icc -c¢ -DUSE_MPI -I$(INSTALLDIR)/include testéd.c
ooo

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

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

N J
00000000000000000
4 )

goobooad

>icc -c -openmp -DUSE_MPI -I$(INSTALLDIR)/include testé4.c
ooo

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

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

\ J
OO0, test4f . FUOUOUOODODOOOOOOOOO, O0OO0OO0DOO0OO0OOO0OOOOO. ODODOOOO

1lis-($VERSION) /test 0O D DD OO O OO0 testd4f.F O SGI Altix 3700 O O Intel Fortran Com-

piler 8.1 (ifort) 0000000000000 OOOOO. FortranOOOOOODOOOODO includeO00O

00000000, 0dd000d0oo00dUo0oooU0U00oDooU0Uooogoon. ifort0ggd

O00O0O0O00-fpp00O0.

good

ooooo

>ifort -c¢ -fpp -I$(INSTALLDIR)/include test4f.F
ooo

>ifort -o test4 test4.o -llis
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000000000
4 )

oobooad
>ifort -c¢ -fpp -openmp -I$(INSTALLDIR)/include testé4f.F
god
>ifort -openmp -o test4 test4.o -llis
N J
(/-D oooooooo N
oobod
>ifort -c -fpp -DUSE_MPI -I$(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
N J
3.8 0O

OO0000DO 1is-($VERSION) /test OO DO OODODODOO test4 OO0 test4f O SGI Altix 3700

goooboooon
good

>./test4 -i bicgstab
ubooaboodaod

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

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

>mpirun -np 2 env OMP_NUM_THREADS=2 ./test4 -i bicgstab
booooobooo,oobooboooooa.

initial vector x = 0

precision : double

solver : BiCGSTAB 4
precon : none
storage : CRS

lis_solve : normal end

iter = 6
0 1.000000e-00
1 1.000000e+00
2 1.000000e-00

36



© 00 N O O+ W
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.000000e+00
.000000e-00
.000000e+00
.000000e+00
.000000e-00
.000000e+00
.000000e-00
.000000e+00
.000000e-00
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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,Intel000000000D000O0O0O Streaming SIMD Extensions (SSE) 00000
00O000000Ooo [24).

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

11Ewk 11Ewk
|[EEE#RDAEREE
a3 ER 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 nnz0DOOODOOO value, 00 ADODODOODDODODOOODOODOOODDOO.
e U0 nnzOODOOD indexU, 00 value OO ODOOODODOODOOOOOODOOODO.

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

51.1 00000 (DOOOOOO0OOOOOOo)

00 A0 CRSUUOO00OO0OOOOO3000. 00000 CRSOO0OO0O0O0O0OO,00O0Qggooog
goooooooo.

11 ol 1] 3| 5/ 8 A.ptr
21 22 _

A= 2 33 of o] 1] 1] 2[ 0] 2] 3] A.index
n s o ) 112122[32]33[41]43]44] A.value

0 3: CRSOUUO0O0O0UODO (oouoooooooon)

000000000000
4 M

LIS_INT n,nnz;

LIS_INT *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n = 4; nnz = 8;

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

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

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

10: lis_matrix_set_size(A,0,n);

© 00 N O d W N+

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] = 0; index[6] = 2; index[7] = 3;
15: value[0] = 11; value[l] = 21; value[2] = 22; value[3] = 32;
16: value[4] = 33; value[b] = 41; value[6] = 43; valuel[7] = 44;
17:

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

k19: lis_matrix_assemble(A); J
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5.1.2 00000 (DO0O0O0DO0OO0O0OO)

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

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

14: 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

CRSOOO0OODOOODO AODOOOoOODOO,00

o C LIS_INT lis_matrix_set_crs(LIS_INT nnz, LIS_INT row[], LIS_INT index[],

LIS_SCALAR value[], LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_crs(LIS_INTEGER nnz, LIS_INTEGER row(),
LIS_INTEGER index(), LIS_SCALAR value(), LIS_MATRIX A, LIS_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 00000 (DODOOOOOOOOOO)

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 CCSOO0OD0UDOO (OUDODOOOUOOoOn)

(, gooooooooooo ~\
1: LIS_INT n,nnz;
2: LIS_INT *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8;
6: ptr = (LIS_INT *)malloc( (n+1)*sizeof(int) );
7: index = (LIS_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[1] = 21; value[2] = 41; value[3] = 22;
16: value[4] = 32; value[5] = 33; valuel[6] = 43; valuel[7] = 44;
17:
18: 1lis_matrix_set_ccs(nnz,ptr,index,value,A);
\¥19: lis_matrix_assemble(A); 4)
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5.2.2 00000 (DO0O0DOOOOO)

2000000000 A0 CCSOOoOoOoOoOoOoOoOooenQOoO. 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: LIS_INT i,k,n,nnz,my_rank;
2: LIS_INT *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; nnz = 3;}
7: else {n = 2; nnz = 5;}
8: ptr = (LIS_INT *)malloc( (n+1)*sizeof(int) );
9: index = (LIS_INT *)malloc( nnz*sizeof (int) );

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

14: 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

cCSsounoooooo Apooooooo, oo

o C LIS_INT lis_matrix_set_ccs(LIS_INT nnz, LIS_INT rowl[], LIS_INT index[],

LIS_SCALAR value[], LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_ccs(LIS_INTEGER nnz, LIS_INTEGER row(),
LIS_INTEGER index(), LIS_SCALAR value(), LIS_MATRIX A, LIS_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 00000 (DoOOUOoOoOooooo)

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

11
21 22

A:

41 43 44

O7MSROOOOOOOD (CooOoooooooon)

000000000000
4 )

LIS_INT n,nnz,ndz;

LIS_INT *index;

LIS_SCALAR *value;

LIS_MATRIX A;

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

index = (LIS_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);

© 00N 0O WN -

11: index[0]
12: index[4]
13: value[O0]
14: value[4]

]
]

; index[1]
; index[5]
; value[1]
; value[5]

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

]
o

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

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

]
©
]
]
[
]
o
]
N

1]
-
-

1]
w
w

]
o
]
]
]

]
w
N

43;

16: lis_matrix_set_msr(nnz,ndz,index,value,A);
17: 1lis_matrix_assemble(A);
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5.3.2 00000 (DOODOOOODO)

2000000000 AO0MSROOOOOOOOoOoOo8sOOoOo.200ooooooooo MSROO
oboooooo,booocobooooobooobooon.

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

08 MSROOOOOOOD (CooOooooono)

(/-D oooooooo ~\
1: LIS_INT i,k,n,nnz,ndz,my_rank;
2: LIS_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 = (LIS_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

MSROOOODOOOO ADODOODOOOO,DOO

o C LIS_INT lis_matrix_set_msr(LIS_INT nnz, LIS_INT ndz, LIS_INT index[],

LIS_SCALAR value[], LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_msr(LIS_INTEGER nnz, LIS_INTEGER ndz,
LIS_INTEGER index(), LIS_SCALAR value(), LIS_MATRIX A, LIS_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 00000 (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: LIS_INT n,nnd;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnd = 3;
6: index = (LIS_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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5.4.2 00000 (DOOODOOOOO)

2000000000 A0 DIAODOOOO0OOOOO 10000, 200000000000 DIACDO
oboooooo,booocobooooobooobooon.

-1 0

-3[ -1

A.index

0[21]11

22

0 10: DIAODOODUOOOOO (DODOOoOOooon)

0/41/32/43|33|44| A.value

/’ O0o0ooooon ﬂ\
1: LIS_INT n,maxnnd,nprocs;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; maxnnd = 3; nprocs = 2;
6: index = (LIS_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 00000 (DOODOOOODO)

2000000000 AO0DIAOOOOOOOOOO 11000, 200000000000 DIACDDO
oboooooo,b0booocoboooooobooon.

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: LIS_INT i,n,nnd,my_rank;
2: LIS_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 = (LIS_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
DIAODOOOOOO0OO0 AQQOOOOOOO,O00

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

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

gooo.
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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 index[nnzxn+¢1 0000000 :00000.

5.,5.1 00000 (DOOO0DOOOOOOOO)

OO0 A0 ELLOOOOOOOOODO 12000. 00000 ELLOOOOOOOOO,000000O
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
012 ELLOOOOO0O0OOO (DDDDDDDDDDDD)
oooooooooood
4 A
1: LIS_INT n,maxnzr;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; maxnzr = 3;
6: index = (LIS_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] = O; 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; value[3] = 41; valuel[4] = O0; valuel[5] = 22;
14: value[6] = 33; valuel[7] = 43; value[8] = 0; value[9] = O0; value[10]= O0; valuel[l1l]l= 44;
15:
16: lis_matrix_set_ell(maxnzr,index,value,A);
17: 1lis_matrix_assemble(A);
. J
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5.,5.2 00000 (DOODOOOOO)

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: LIS_INT i,n,maxnzr,my_rank;
2: LIS_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 = (LIS_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
ELLODOOODOO0OO0OO0 A0OOODOODOO,O00
o C LIS_INT lis_matrix_set_ell(LIS_INT maxnzr, LIS_INT index[],

LIS_SCALAR value[], LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_ell(LIS_INTEGER maxnzr, LIS_INTEGER index(),
LIS_SCALAR value(), LIS_MATRIX A, LIS_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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5.6l 00000 (0OODO)

00 A0 JDSOOO0O0O00OO0OOO 4000.00000JDSOOOOOOOODO, 0000000
oooooooog.

A.perm
A.ptr

11
21 22

32 33
41 43 44 4

20
7 8
\‘\ $
0102 1 2 3 A.index
1132|11]43|22|33|44 A.value

1
4

“o|w

A=

Slo

2

0 14:JDSO00000000O (DDOoO)

(/-[]D go ~

LIS_INT n,nnz,maxnzr;

LIS_INT *perm, *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n = 4; nnz = 8; maxnzr = 3;

perm (LIS_INT *)malloc( n*sizeof(int) );

ptr (LIS_INT *)malloc( (maxnzr+1)*sizeof (int) );
index (LIS_INT *)malloc( nnz*sizeof (int) );

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

: lis_matrix_set_size(A,0,n);

= e
N O OWOWw~NOO WN =
o onon

[
w

: perm[0] = 3; perm[1] = 1; perm[2] = 2; perm[3] = 0;
: ptr[o] 0; ptrl1]l = 4; ptr[2] 7; ptr[3] = 8;
: index[0] 0; index[1] 0; index[2] = 1; index[3] =
: index[4] = ; index[5] = 1; index[6] = 2; index[7]
: value[0] ; value[1] 21; value[2] 32; valuel[3]
: value[4] ; value[5] 22; value[6] 33; valuel[7]

=
o

|
o

[y
(o))
|
N
1]
w

[
~

[}
IS
=

[}

[}

I
-
=

H
[e0)
]
KN
w
]
I

N e
o ©
1
KN
kS

lis_matrix_set_jds(nnz,maxnzr,perm,ptr,index,value,A);
21: lis_matrix_assemble(A);
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5.6.2 U0O0O0O0 (DOODOOOODO)

2000000000 A0 JDSOOOOO0OOOOOO 000, 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 ~\
1: LIS_INT n,NNnz,maxmaxnzr,nprocs;
2: LIS_INT *perm, *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8; maxmaxnzr = 3; nprocs = 2;
6: perm = (LIS_INT *)malloc( n*sizeof (int) );
7: ptr = (LIS_INT *)malloc( nprocs*(maxmaxnzr+1)*sizeof (int) );
8: index = (LIS_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 U0O0O0OO0O (DOODOOOODO)

2000000000 A0 JDSOOOO0OOOOOOO 6000, 200000000000 JDSCOO
oboooooo,booocobooooobooobooon.

1 0 3| 2 A.perm
ol 2 3| ol 2[ 4| 5 A.ptr
NN L N

0l O] 1 o 1 2| 3 A.index
21[11|22 41/32|43|33|44 A.value

PEO PE1

N

N

0 16: JDSO0000000 (D00O00OooOo0)

000000000
4 )

LIS_INT i,n,nnz,maxnzr,my_rank;
LIS_INT *perm, *ptr,*index;
LIS_SCALAR *value;
LIS_MATRIX A;
MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;
if ( my_rank==0 ) {n = 2; nnz = 3; maxnzr = 2
else {n = 2; nnz = 5; maxnzr = 3;
perm (LIS_INT *)malloc( n*sizeof (int) );
ptr (LIS_INT *)malloc( (maxnzr+1)*sizeof(int) );
index (LIS_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 ) {
perm[0] = 1; perm[1] = O;
ptr[0] 0; ptr[1] = 2; ptr[2] = 3;
index[0] = O0; index[1] = 0; index[2] = 1;
value[0] = 21; value[1] = 11; value[2] = 22;}
: else {

perm[0] = 3; perm[1] = 2;
21: ptr[0] = 0; ptr[1] = 2
22: index[0] = O0; index[1] 1; index[2] = 2; index[3] = 2; index[4] = 3;
23: value[0] 41; value[1] = 32; value[2] = 43; value[3] 33; value[4]
24: lis_matrix_set_jds(nnz,maxnzr,perm,ptr,index,value,A);
25: 1lis_matrix_assemble(A);

N J

s
}

© 00 ~NO O WN -
non

I I e S T ol
O OW 00 N UL WN - O
[}

ptr[2] = 4; ptr[3] =5;

1]
S
>
o

5.6.4 OO0OOODO

goooooo
JDSOOOoOoOoOooo Aoooooooo,oo

o C LIS_INT lis_matrix_set_jds(LIS_INT nnz, LIS_INT maxnzr, LIS_INT perm[],
LIS_INT ptr[], LIS_INT index[], LIS_SCALAR value[], LIS_MATRIX A)
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e Fortran subroutine lis_matrix_set_jds(LIS_INTEGER nnz, LIS_INTEGER maxnzr,
LIS_INTEGER ptr(), LIS_INTEGER index(), LIS_SCALAR value(), LIS_MATRIX A,
LIS_INTEGER ierr)

goog.
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5.7 Block Sparse Row (BSR)

BSROUOOO,000rxc00000O0O0OO (DODOOOOO)0O0O0OO0OO.BSROOOO,CRSO
00000000000000 (00000 100000000000)00000. nr=n/r,nnzb0 A
O000000O0ODODODO.BSROOOO,000030000 (bptr, bindex, value) OO ODO.

e 0 nnzbxrxcO0ODOO0ODO valued,0000000O00OO0OOOOCODO.
e 00 nnzb0000O0O bindexO, 000000000 OCOOODDOOOODO.

e U0nr+ 100000 pptr0,00 bindexOODOOOOOOODOOOOODOO.

57.1 00000 (DOOUDOOOOOOOO)

OO0 A0BSROOOOOOOOOO 17000.00000BSROOOOOOOOO,0000000
oooooboooog.

1 o 1] 3] A. bptr
e 21 22 ]
B 32 | 33 0 0] 1 A. bi ndex
" 43 a4 ) 11]21] 0[22] 0]41|32] 0[33(43] 0[44| A value
0O 17 BSROOODODOOOO (DDDDDDDDDDDD)
(, oo0oooooooooo B
1: LIS_INT n,bnr,bnc,nr,nc,bnnz;
2: LIS_INT *bptr, *bindex;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n=4; bnr = 2; bnc = 2; bnnz = 3; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;
6: bptr = (LIS_INT #*)malloc( (nr+1)*sizeof (int) );
7: bindex = (LIS_INT *)malloc( bnnz*sizeof (int) );
8: value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);
10: lis_matrix_set_size(A,0,n);
11:
12: bptr[0] = 0; bptr[1] = 1; bptr[2] = 3;
13: bindex[0] = O0; bindex[1] = O0; bindex[2] = 1;
14: value[0] = 11; valuel[l] = 21; value[2] = O0; valuel[3] = 22;
15: valuel[4] = O0; valuel[5] = 41; value[6] = 32; value[7] = O0;
16: value[8] = 33; valuel[9] = 43; value[10]= O0; value[11]= 44;
17:
18: 1lis_matrix_set_bsr(bnr,bnc,bnnz,bptr,bindex,value,A);
19: 1lis_matrix_assemble(A);
N J
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5.2 00000 (DOODOOOODO)

2000000000 A0BSROOOOOOOOOO18SOODO. 200000000000 BSROO
oboooooo,booocobooooobooobooon.

0

0 1

A.bptr

A.bindex

11

21| 0/22] | 0|4

-_—

32| 0[33]43] 0/44] A.value

PEO PE1

gboogoogooobo
/‘

O 18 BSROOOOODOOO

(000O0O0ooo0)

1: LIS_INT n,bnr,bnc,nr,nc,bnnz,my_rank;
2: LIS_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 = 1; nr = (n-1)/bnr+l; nc = (n-1)/bnc+1;}
7: else {n = 2; bnr = 2; bnc = 2; bnnz = 2; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;}
8: bptr = (LIS_INT *)malloc( (nr+1)*sizeof(int) );
9: bindex = (LIS_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] = 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: lis_matrix_assemble(A);

573 DOOOOODO

ooooooo
BSROOOOOOOD AODODODOOOOO,00

o C

LIS_INT bptr[], LIS_INT bindex[], LIS_SCALAR value[], LIS_MATRIX A)

LIS_INT lis_matrix_set_bsr(LIS_INT bnr, LIS_INT bnc, LIS_INT bnnz,

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

gooo.
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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 00000 (DOOUDOOOOOOOO)

00 A0 BSCOOOOOOOOODO 19000.00000 BSCOOOOOOOOO,0000000
oooooboooog.

1 NEE A bptr
e 21 22 .
B 32 | 33 o 1] 1 A. bi ndex
1 43 a4 ) 11121] 0]22] 0[41|32] 0|33|43] 0/44] A. value
0 19: BSCOOOoooooa (DDDDDDDDDDDD)
(, oo0oooooooooo B
1: LIS_INT n,bnr,bnc,nr,nc,bnnz;
2: LIS_INT *bptr, *bindex;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n=4; bnr = 2; bnc = 2; bnnz = 3; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;
6: bptr = (LIS_INT #*)malloc( (nc+1)*sizeof (int) );
7: bindex = (LIS_INT *)malloc( bnnz*sizeof (int) );
8: value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);
10: lis_matrix_set_size(A,0,n);
11:
12: bptr[0] = 0; bptr[1] = 1; bptr[2] = 3;
13: bindex[0] = O0; bindex[1] = 1; bindex[2] = 1;
14: value[0] = 11; valuel[l] = 21; value[2] = O0; valuel[3] = 22;
15: valuel[4] = O0; valuel[5] = 41; value[6] = 32; value[7] = O0;
16: value[8] = 33; valuel[9] = 43; value[10]= O0; value[11]= 44;
17:
18: 1lis_matrix_set_bsc(bnr,bnc,bnnz,bptr,bindex,value,A);
19: 1lis_matrix_assemble(A);
N J
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5.8.2 00000 (DOODOOOODO)

2000000000 A0BSCOOOOOOOOOO20000. 200000000000 BSCOO
oboooooo,b0booocoboooooobooon.

m A.bptr

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

0 20: BSCOOODOOOOO (OO0DOoooooo)

(’ O0o0ooooon «\
1: LIS_INT n,bnr,bnc,nr,nc,bnnz,my_rank;
2: LIS_INT *bptr,*bindex;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_ra.nk) ;
6: if( my_rank==0 ) {n = 2; bnr = 2; bnc = 2; bnnz = 2; nr = (n-1)/bnr+1; 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 = (LIS_INT #*)malloc( (nr+1)*sizeof (int) );
9: bindex = (LIS_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; value[2] = 0; value[3] = 22;

17: value[4] = 0; value[5] = 41; valuel[6] = 32; valuel[7] = 0;}

18: else {

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

20: bindex[0] = 1;

21: value[0] = 33; value[l] = 43; valuel[2] = 0; value[3] = 44;}

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

23: 1lis_matrix_assemble(A);
N J
5.8.3 0O0O0O0OOO
oooooon

BsCOOOOoOOOoOOODO AOOoOoODoOoOooO,O0on

o C LIS_INT lis_matrix_set_bsc(LIS_INT bnr, LIS_INT bnc, LIS_INT bnnz,

LIS_INT bptr[], LIS_INT bindex[], LIS_SCALAR value[], LIS_MATRIX A)

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

oooo.
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5.9 Variable Block Row (VBR)

VBROUOBSROOOOOOOUOOUDOUOOU. OOOOOOOOOOO (row, col)0DO0O0OOO. VBR
O0000,CRSO00O00O0OO0O0OOOOUOODO (DODDO0O0U10000000000O0)000O00. nr,
nc0 0000000 DO,0000000. nnzb0 ADDOODOOOD,npzO00ODOOODODODOOODOO
O0.VBROOOO,00OO 60000 (bptr, bindex, row, col, ptr, value)JOO0ODO.

e UI0nr+ 100000 rowD,00000000000D0O00O00O0O.

ao

uo

ao

oo

ao

nc+100000 colO,0000000000000000.
nnzbOOO0ODO bindexO,00000000D0COOODOCOOODO.
nr+100000 bptr0,00 bindexOOOOOOOOOOOOOODOO.
nnzO0O0O0O00O valued,00000000000O000C0OO.

nnzb+ 100000 ptr 0,00 valueOOOODOOOOODOOOODODO.
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59.1 00000 (DO0OODOOOOOOOO)

OO0 A0 VBROOOOODOOOOO21000. 00000 VBROOOOODOOO,0000O

ooooboooooag.

0] 1 3] 6

11 ol o] 1 o] 1] 2|
Ao | 2|22 0 1 3 4
32 33 0 1 3| 4
41 43 | 44 o 1 3| 7
J

111[21] 0[22]32] 0[33]41] 0/43[44

0 21: VBROOOOOOODO (ooOoooooooon)

A.bptr

i

b

.bindex
.TOW
.col
.ptr

.value

(/-D ooooOoooooon x\

1: LIS_INT n,nnz,nr,nc,bnnz;

2: LIS_INT *row,*col,*ptr,*bptr,*bindex;

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

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

6: bptr = (LIS_INT *)malloc( (nr+1)*sizeof(int) );

7: row = (LIS_INT *)malloc( (nr+1)*sizeof(int) );

8: col = (LIS_INT *)malloc( (nc+1)*sizeof(int) );

9: ptr = (LIS_INT *)malloc( (bnnz+l)*sizeof (int) );

10: bindex = (LIS_INT *)malloc( bnnz*sizeof (int) );

11: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );

12: lis_matrix_create(0,&A);

13: lis_matrix_set_size(A,0,n);

14:

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

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

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

18: bindex[0] = O0; bindex[1] = O0; bindex[2] = 1; bindex[3] = O0;

19: bindex[4] = 1; bindex[5] = 2;

20: ptr[0] = 0; ptrli] = 1; ptr[2] = 3; ptrl3] = 7;

21: ptrl4] = 8; ptr[5] = 10; ptrl[6] = 11;

22: value[0] = 11; value[1] = 21; value[2] = 0; valuel[3] = 22;

23: value[4] = 32; value[5] = 0; valuel[6] = 33; valuel[7] = 41;

24: value[8] = 0; value[9] = 43; valuel[10] = 44;

25:

26 lis_matrix_set_vbr(nnz,nr,nc,bnnz,row,col,ptr,bptr,bindex,value,4);
\‘27 lis_matrix_assemble(A); 4/
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5.9.2 00000 (DOODOOOODO)

2000000000 A0 VBROOOOOOOODOO22000.200000000000 VBROO
oboooooo,booocobooooobooobooon.

ﬂ A.bptr

0| 0] 1 o 1] 2| A.bindex
0 1 3 3 4 A.row
0| 1 3| 4 0| 1 3| 4/ A.col
¢033\7 0134\k1-\.ptr
11]21] 0[22[32] 0/33] 41] 0[43[44] A.value
PEO PE1
D22:VBRDDDDDDDD(DDDDDDDDDDDD)
(/-E]D ooooooo ‘\

1: LIS_INT n,nnz,nr,nc,bnnz,my_rank;

2: LIS_INT *row,*col,*ptr,*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; nnz = 7; bnnz = 3; nr = 2; nc = 3;}

7: else {n = 2; nnz = 4; bnnz = 3; nr = 1; nc = 3;}

8: bptr = (LIS_INT *)malloc( (nr+1)*sizeof(int) );

9: row = (LIS_INT *)malloc( (nr+1)*sizeof(int) );

10: col = (LIS_INT *)malloc( (nc+1)*sizeof(int) );

11: ptr = (LIS_INT *)malloc( (bnnz+l)*sizeof (int) );

12: bindex = (LIS_INT *)malloc( bnnz*sizeof(int) );

13: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );

14: lis_matrix_create (MPI_COMM_WORLD,&A);

15: lis_matrix_set_size(A,n,0);

16: if ( my_rank==0 )

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

18: row[0] = 0; row[1l] = 1; row[2] = 3;

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

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

21: ptr[0] = 0; ptr[1] = 1; ptr[2] = 3; ptrl3] = 7;

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

23: value[4] = 32; value[5] = 0; value[6] = 33;}

24: else {

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

26: row[0] = 3; row[l] = 4;

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

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

29: ptr[0] = 0; ptr[i] = 1; ptr[2] = 3; ptrl3] = 4;

30: value[0] = 41; value[l] = 0; value[2] = 43; valuel[3] = 44;}

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

32: 1lis_matrix_assemble(A);
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5.9.3 0O0OO0OODO

goooooo
VBROOOOOOOO ADDDoOoOoOOO,0O

e C LIS_INT lis_matrix_set_vbr(LIS_INT nnz, LIS_INT nr, LIS_INT nc,
LIS_INT bnnz, LIS_INT row[], LIS_INT col[], LIS_INT ptr[], LIS_INT bptr[],
LIS_INT bindex[], LIS_SCALAR value[], LIS_MATRIX A)

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

gooo.
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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

00000 (Coooooooooon)

OO0 AQD cooUpoOoUopooOoOonD 23000, boooo coopopUoUopooUooD,ooUUooDo

goo

(, gooooooooooo ~\
1: LIS_INT n,nnz;
2: LIS_INT *row,*col;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8;
6: row = (LIS_INT *)malloc( nnz*sizeof (int) );
7: col = (LIS_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[5] = 2; coll[6] = 2; coll[7] = 3;
16: value[0] = 11; value[l] = 21; value[2] = 41; value[3] = 22;
17: value[4] = 32; value[b] = 33; valuel[6] = 43; valuel[7] = 44;
18:
19: 1lis_matrix_set_coo(nnz,row,col,value,A);
K‘?O lis_matrix_assemble(A); 4/

ooooooo.
11
2 2 of 1 3[ 1] 2[ 2[ 3[ 3] A.row
A= 39 33 0l Ol O] 1| 1| 2| 2| 3] A.col
11(21|41|22|32|33|43|44| A.value
41 43 44

023 COOU0000DOO0O (O0DUOoDOUooOon)
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5.10.2 00000 (D0OOOOODOOO)

2000000000 AODcCcooOoOoOoOoOoOoOoUoUoU224a000. 200000000000 coon
gbooooooo,ooooboooobobooooa.

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)

(f-D oooooooo ‘\
1: LIS_INT n,nnz,my_rank;
2: LIS_INT *row,*col;
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: row = (LIS_INT *)malloc( nnz*sizeof (int) );
9: col = (LIS_INT *)malloc( nnz*sizeof (int) );
10: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
11: lis_matrix_create (MPI_COMM_WORLD,&A);
12: lis_matrix_set_size(A,n,0);
13: if( my_rank==0 ) {
14: row[0] = 0; row[1] = 1; row[2] = 1;
15: col[0] = 0; col[1] = 0; col[2] = 1;
16: value[0] = 11; value[1] = 21; value[2] = 22;}
17: else {
18: row[0] = 3; row[1] = 2; row[2] = 2; row[3] = 3; row[4] = 3;
19: col[0] = 0; col[1] = 1; col[2] = 2; col[3] = 2; coll[4] = 3;
20: value[0] = 41; value[l] = 32; valuel[2] = 33; valuel[3] = 43; valuel[4] = 44;}

21: 1lis_matrix_set_coo(nnz,row,col,value,A);
22: 1lis_matrix_assemble(A);

N y

5.10.3 000000

goooooo
cooooooooono Aoooooooo,oo

o C LIS_INT lis_matrix_set_coo(LIS_INT nnz, LIS_INT row[], LIS_INT col[],
LIS_SCALAR value[], LIS_MATRIX A)

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

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

e I0nxnUDOUO0OD0OOvalued, 0000000000000,

5.11.1 0000O0O (DOO0OOOoooooon)

OO0 AO0DNSOOODOOOOOODO2000. 00000 DNSOOODOOOOOO,0000000
gooobooog.

11
Ao | 2 11|21] 0J41| 0|22/32] 0] A Value
32 33 0| 0[33/43| 0] 0] 0j44
41 43 44
0 25: DNSOO0OO0OO0O0O0 (DDDDDDDDDDDD)
FDDDDDDDDDDDD \

1: LIS_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[1] = 21; value[2] = 0; value[3] = 41;
10: value[4] = O0; value[5] = 22; value[6] = 32; valuel[7] = O0;
11: value[8] =