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(a) lis_output_residual history(), lis_get_residual_history() O O 0O O O lis_solver_output_rhistory(),
lis_solver_get_rhistory() O O O

(b) Fortran 0 00 00O lis_vector_set_value(), lis_vector_get_value() DOOO0O0 0O 1000



1 0000

Lis (a Library of Iterative Solvers for linear systems) 00 0 0000000000000 00O0O
Az =b

oooooooog
Ax = \x

OO000o0o000ooObo0oooDoog. Cd FortranOOOOOODOO,000,O0penMPOOODOOOO
oooooo,MPIOO,000 MPL, OpenMPOODOOOOOOOOOODOOOODOOOODO.
LsOOO0O00O0O0oo.

e IO00O0OO0OODOODO,0D0O0O0O0,0000D0O
e JOO0OOODOODOOODOO

400000000

e 0, 000D00O0DO0ODODDODOODLDOODO

obooobOoobooooobooboooo,b0oooob0obooooobo0oboboboobobooonoog
oooooo

LisOO00D0O0OO000O0O0000O0000DOO000DOO00O0ObO00bOO0OO0OoDO0OO,00D00
ooboooboob11000220,00000000000 20000,0000000000000¢0O
goO,03000 1000000000.000000DOO00OO0ODODOO4000 1NO0OO0ODOOODOO.

2 Jodooon

o000, Ls0000000,0000000000000. 000000 LinnxO00OOOO0OOOOOO
goo.

21 0O0O0OOOOd

LisOO0O0OOO0OO0OO cooooooooooo. oo, Fortran 00000000 OCCOOOOCO
Fortran 0O OO0, AMGOOOOCOOOOOCOOOQOO Fortran90000000000O0O0. OODO
Ooooo,O0penMPOOO MPI-1OOOOCO. O0S00000000C0000D0COY0ODOOOODO.

22 0O0O0OO0OOO

O0000000000,000000000. ($VERSION) OODOOOODDO.
>gunzip -c 1lis-($VERSION) .tar.gz | tar xvf -
OO0000,000000 14s-($VERSION) OO0 100000O0ODOOOOODOOODOO.



010000000 0200000

CG CR Power Iteration

BiCG BiCR/[2] Inverse Iteration

CGS CRS[3] Approximate Inverse Iteration

BiCGSTAB | BiCRSTAB[3] Conjugate Gradient[15, 16]

GPBIiCG GPBICR|3] Lanczos Iteration

BiCGSafe[1] BiCRSafe[4] Subspace Iteration

BiCGSTAB(l) | TFQMR Conjugate Residual[17]

Jacobi Orthomin(m)

Gauss-Seidel | GMRES(m)

SOR FGMRES(m)[5]

IDR(s)[13] MINRES|14]

g3 40od 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)
ooood Coordinate (CO0)
2.3 configureJDO O UOOOODO
uboooobooboooo,obooboooooa.
e JOOOO0OODOODOOOODOO - >./configure
e IO0O0DOODOODOODODO : >./configure --prefix=<install-dir>

configure 0000000000000 6000. 070 TARGETOOOOODOOOODOOOOODO.

2.4 makeO OO

lis-($VERSION) DO OO OODOOODO
>make
Omake 00 OD0000O0O0OO0DO0O0O0O0OO. makeDl 000D 0O0O00O0OODODO0O0ODODOOOOODOOOOO
0000, 1lis-($VERSION) OO OO ODOODOOO
>make check
0000, 1is-($VERSION) /test 0 DO 0ODODOODOODOOODOOOODOODOOOODOODO. O



usgbogooaboo

cooooooood oS
Intel C/C++ Compiler 7.0, 8.0, 9.0, 9.1, 10.1, 11.0 O | Linux
IBM XL C/C++ V7.0, 9.0 AIX
Linux
Sun WorkShop 6 update 2, Sun ONE Studio 7, Solaris
Sun Studio 11, Sun Studio 12
PGI C++ 6.0, 7.1, 10.5 Linux
gee 3.3, 4.3 Linux
Fortran OOOOOOOOOOOO 0S
Intel Fortran Compiler 8.1, 9.0, 9.1, 10.1, 11.0 Linux
IBM XL Fortran V9.1, 11.1 AIX
Linux
Sun WorkShop 6 update 2, Sun ONE Studio 7, Solaris
Sun Studio 11, Sun Studio 12
PGI Fortran 6.0, 7.1, 10.5 Linux
g77 3.3 Linux
gfortran 4.3, 4.4
£95 0.91
1is-($VERSION)
F config
OO0 make 0OOODODO
F include
oooooooooood
F src
gooooooon
L test

ooooooooboo

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

O 6: configure 00 OO0

--enable-omp

OpenMP O OO

--enable-mpi

MPIO OO

--enable-fortran

Fortran APIO OO

--enable-saamg

SA-AMGUOOD0OO0OO0OO

--enable—quad

400000000

-—-enable-gprof

gprof 0 O O

—--prefix=<install-dir>

gobgooabood

TARGET=<target>

gobogooan

CC=<c_compiler>

cobobpoooooo

CFLAGS=<c_flags>

cobooOooDboboooooo

FC=<fortran_compiler>

FortranOOOOOOOO

FCFLAGS=<fc_flags>

FortranOOOOOOOOOOODOO

LDFLAGS=<1d_flags>

gboooooooboo




07 00 TARGETOOOOOOOOO configure JO OO

<target>

00000 configure0 O 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"




00000, MatrixMarket 0000000 1is-($VERSION) /test/testmat.mtx 0000, 000000
O00000,00000 Az=0500000000 1is-($VERSION)/test/sol.txt0 0 0O0OOOOO
1lis-($VERSION) /test/res.txt 0O 0O0D. O0O0D0O0ODO 10000000000O0O. SGI Altix 3700
goo00ooOdo0o0ooO0oDOOo. 0bodbooooo400000000D000000O.

(/-D oood ~N

100 x 100 matrix 460 entries

Initial vector x = 0O
PRECISION : DOUBLE

SOLVER : BiCG 2
PRECON : None
STORAGE : CRS

lis_solve : normal end

BiCG: iter
BiCG: times

15 iter_double = 15 iter_quad = 0

5.178690e-03

BiCG: p_times 1.277685e-03 (p_c = 1.254797e-03 p_i = 2.288818e-05 )
BiCG: i_times = 3.901005e-03

BiCG: Residual 6.327297e-15

N J
--enable-omp

4 A
Max Procs = 32
Max Threads 2
100 x 100 matrix 460 entries

Initial vector x = 0
PRECISION : DOUBLE

SOLVER : BiCG 2
PRECON : None
STORAGE : CRS

lis_solve : normal end

BiCG: iter
BiCG: times

15 iter_double = 15 iter_quad = O
8.960009e-03
2.297878e-03 (p_c = 2.072096e-03 p_i = 2.257824e-04 )

BiCG: p_times
BiCG: i_times 6.662130e-03
BiCG: Residual = 6.221213e-15

- J




--enable-mpi
4 N
100 x 100 matrix 460 entries
Initial vector x = 0
PRECISION : DOUBLE

SOLVER : BiCG 2
PRECON : None
STORAGE : CRS

lis_solve : normal end

BiCG: iter
BiCG: times

15 iter_double = 15 iter_quad = O

2.911400e-03

1.560780e-04 (p_c = 1.459997e-04 p_i = 1.007831e-05 )
BiCG: i_times 2.755322e-03

BiCG: Residual = 6.221213e-15

N J

BiCG: p_times

25 UO0OO0OO0OOO

1lis-($VERSION) OO OOOODOOOO
>make install
oo, 0joooobooooooobooooa.

$ (INSTALLDIR)

| include

OO0 Ll 1is.h lisf.h
L 1ib

OO0 L 1iblis.a

lis.h 0 CO, lisf.h0 Fortran 000000000000 CO0O0OOO0O0OOOO0OO, 1iblis.ad0O
ooooooboooog.

26 0O0OO0OOOOO0O
2.6.1 testl

1is-($VERSION) /test 00O OO0 OO0 O0OO
>testl matrix_filename rhs_setting solution_filename residual_filename [options]
000000, matrix_filename 000 0000000000000 O0O0COO0OOO,00000 Az=0
Ooptions0000O0O0O0O0OOO. OO,0000 result filename , 00000 residual filename
Oo00o00.0000000000000 MatrixMarket 00O 0O0OO. rhs_setting

0 00000000000000000000000000
1 b=(1,...,)7 0000
2 b=Ax(1,...,)T 0000



rhs_filename O00o0o0o00ooooo

O0O0000. rhs_filenamed PLAINOO OO O MatrixMarket OO OOO0O0ODO0O. testlf.FO testl.c
O Fortran OO OO.

2.6.2 test2

1lis-($VERSION) /test OO O OODOOOOO
>test2 m n matrix_type solution_filename residual_filename [options]
OO00000,200 Poisson 0000 500000000000000000me0O 500000000
00000000 Az =b0, matrix_type 000000000000, options0 000000000
U. 00,0000 result_filename U U U OO residual filename JUOOOO. OODO, 00000
Az =06000000000000 1000000000000 0000000. m,n00000C0C0C0O
gooo.

2.6.3 test3

1lis-($VERSION) /test OO O OODOOOOO
>test3 1 m n matrix_type solution_filename residual_filename [options]
oboOoboOoD,300 PoissonDOOO 7000000000 O0ODOODODOO IO 70000000
000000000 Az =0b0,matrix_type 100000000000, optionsO0 000000000
O. 00,0000 result filename OO OO residual filename OO OOO. OOO, 00000
Arx=00000000000CO0100000D0O0O0O0OOOGMOOO0OOOD. 1,m,nOOOOODO
goooo.

2.6.4 test4

ooo00 Az=000000000000,00000000.00 A0O0O0 120300000

oo0. 0000000000 20000 10000000DO0O0ODO. test4f.FO testd.cU Fortran
gooo.

2.6.5 testh

1lis-($VERSION)/test OO OO OOOOO

>testbs n gamma [options]



OO00000,00000 Az=5600000000000,00000000.00 AQO ToeplizODO

=2 O N
N
—

v 0 2

oo0.00000ds0O00O0 220000 100000000000.n000 AOOO, gammal 0O
oo.

2.6.6 etestl

1lis-($VERSION) /test OO O OODOOOOO
>etestl matrix_filename solution_filename residual_filename [options]
000000, matrix filename 0000000000000 00CODOOO00O0O0ODO,00000 Az=Xx
Ooptions DO OODOOOOODOO,00000000O0O00D0O0O0ODO0ODOO.OO,0Db0OO0OOOO
00000000000 result filename [, 00000 residual filename DO OO O. DO OOOO
OO000000 MatrixMarket 00000, etestlf.FO etestl.cO FortranOOOO.

2.6.7 etest2

1lis-($VERSION) /test OO O OODOOOOO
>etest2 m n matrix_type solution_filename residual_filename [options]
O0000D0,200 HelmholtzODODO 500000000000D00C000O0meO 50000000
0000 Az = X x 0, matrix_type 000000000000, options 00000000000, 00
gbooboobobobooboobo.bo,00b0obob0o0b0bobO00bOl result_filename
0,00000 residual filename U UOUO0O. m,nU0000000O0OODODOO.

2.6.8 etest3

1lis-($VERSION)/test DO OO OO OOOO
>etest3 1 m n matrix_type solution_filename residual_filename [options]
OO00000,300 HelmholtzOOOO 70000000000 C0O0OOOO0OImenO 7000000
00000 Az =Xz 0, matrix_type 000000000000, 0ptions 00000000000, 00
oboobOobobOooboooooo.0oo0,b0o0b0o0bo0ob0o0ob0o0b0000 result_filename
0,00000 residual filename DO UOOO. 1, m,n000000O0O0OOO0O.

2.6.9 etest4

1lis-($VERSION) /test OO O OODOOOOO
>etest4 n [options]



OO00000,00000 Az=X00000000000,000D0000DOCO00DODO0O0ODOOO.
OO0 AODOOn,0300000

O00. etestdf .FO etestd.c FortranO O OO.

2.6.10 etestd

lis-($VERSION) /test DO OO OODOOODO
>etestd evalue_filename evector_filename
O00000,00000 Ax = Ax0O Subspace Iteration 00000, 000000000000 2000
00000 evalue filename 0, 0000000000000 evector_filename OO0 0O MatrixMarket
O00Appendix ADOOOODOOODO. 0D AO0O 120300000

goo.

2.6.11 spmvtestl

1lis-($VERSION) /test DO O OODODOOOO
>spmvtestl n iter
obooo00,100 Poisson 0000 30000000000000000O0n0O 30000000

ooooo(,...,)T0000,000000000000000 iter0000000000O00, FLOPS
gooooao.
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2.6.12 spmvtest2

1is-($VERSION)/test 00O OO OOOOO
>spmvtest2 m n iter
O000ooO,200 Poisson 0 0O0O0O 500000000000 0O0O00O0O0O »nDO 500000000
oooo (1,...,)T0000,000000000000000 iter00000D0O0O0D0OO, FLOPSO
oboo00.m,n00000000CODO0.

2.6.13 spmvtest3

1lis-($VERSION)/test 00O OO OOOOO
>spmvtest3 1 m n iter
O00000,300 PoissonOD OO0 70 000000D0O0O0DODOOO0O0O0ImeO0 70000000
ooooo(,...,)T0000,000000000000000 iter0000000000O00, FLOPS
oooooo. 1, n,n00000000O00OO.

2.6.14 spmvtest4

1is-($VERSION)/test 0O OO OO OOOO
>spmvtest4 matrix_filename_list iter
00000, matrix filename 1list 000000000000 OO0O0OO0OO0OO0OCOOOOO,O00
ooooo0o(L,...,)T0000000000000000000 iter00000000O0O00, FLOPS
goooaoo.

2.6.15 spmvtestd

1lis-($VERSION) /test OO O OODOOOOO
>spmvtestd matrix_filename matrix_type iter
000000, matrixfilename 000000000000 O0O0O0ODOOOCOODOOO, 0000000
(1,...,)' 0000000000 matrixtype 0000 iter 00000 DODDOO0O0O, FLOPSOODOO
go.

11



27 0OOooO
gboooboobooobooboobooobg.
e OO

— Jacobi, SSORODOOOOOOOODODO,0000 A0 CRSOUODDOODOO,00O0ODOOO
CRSOOO0OO0O0 AOOOOO
— BiCGOODOOOOOO,SA-AMGOOOOOOO

— OpenMPOODODO SA-AMGUDOOOOOO,SAINVOOOOQOOOOOOOOOODOOO

e 400000

00000000 Jacobi, Gauss-Seidel, SOR, IDR(s) 00 0O O

OO00000D0 Conjugate Gradient, Conjugate Residual 0 0 0O O
— HybridOOOOOOOOOODODOOOODOO, Jacobi, Gauss-Seidel, SOR O OO O
— I+S, SA-AMGOOO00000

e JOODOOO

— MPIOOOO,00000000000000OCO0OO0O0OOOQCOOO,CRSODOOOOOO
0.0000000D0000000 1is_matrix_convertO0 0000 CRSODOOOOOOOO
ooooooo.
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3 Uogdg
gooo,0bdbobodbo0booboobobo. bbb booboUoboo.
e IOOODO
e IOOOO
e JODODOODO
e JO0D00OD0ODODUUODUODUODUOUODUOODUOODDUDbDUODbOODOOO
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.

13



3.1 0ODO0ogdoooo

gobo,00boobooboobbobo. oobooboobbooboo,boobbobboon
goooooobooo.

¢ ™
1: #include "lis.h"

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

3: {

4: lis_initialize(&argc, &argv);

5 .

6

7

lis_finalize();

: }

o

\_
/- Fortran

_/

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

4. call lis_finalize(ierr)

N J

goooo
obooooooboooogn

o C lis_initialize(int* argc, char**x argv[])

e Fortran subroutine lis_initialize(integer ierr)
gooo.ooooo,MPIODOOO,00000000D00O000O00O0DOOOODO.
oooo

ugbooaboooogoono

o C int lis_finalize()

e Fortran subroutine lis_finalize(integer ierr)

gooo.

3.2 0000

000000000 global nO0O0O. O00O0v0Onprocs000000O0000O0O0O0COOO0OO0C
Ubodbobobobdl localnJOO. global nl nprocs U O UDOOOON local.n = globaln
/nprocs 000. OO0, 000090 (31)00000 200000000000000000O00,
globalnll local n O OO0 40 2000.

0 PEO
1

v=|— 3.1
2 PE1 (3-1)
3

14



3.1)ooooooDwODOODODODOD,00,O0penMPOOODODODOD 00000, MPIOOOOOO
gboboobooboooobooobooboobooooboooobooboooooa.
oobOoOoo00000000000DO000O0O000DO000. 000, MPIOODOOOOOOOO02000.

(-C(DD,OpenMPD) ~

1: 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: } 4)
/—(j(BJPI[]) ‘\

1: int i,n,is,ie; /*or int i,ln,is,ie; /*

2: LIS_VECTOR v;

3: n=4; /* 1n = 2; */

4: lis_vector_create(MPI_COMM_WORLD,&v);

5: lis_vector_set_size(v,0,n); /% lis_vector_set_size(v,1n,0); */

6: lis_vector_get_range(v,&is,&ie);

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

8: {

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

10: } 4/
e Fortran (O O, OpenMP O) ~

1: integer i,n

2: LIS_VECTOR v

3: n=4

4: call lis_vector_create(0,v,ierr)

5: call lis_vector_set_size(v,0,n,ierr)

6:

7: do i=1,n

9: call lis_vector_set_value(LIS_INS_VALUE,i,DBLE(i),v,ierr)
\‘10: enddo ,/
e Fortran (MPI O ) ~

1: integer i,n,is,ie

2: LIS_VECTOR v

3: n=4

4: call lis_vector_create(MPI_COMM_WORLD,v,ierr)

5: call lis_vector_set_size(v,0,n,ierr)

6: call lis_vector_get_range(v,is,ie,ierr)

7: do i=is,ie-1

8: call lis_vector_set_value(LIS_INS_VALUE,i,DBLE(i),v,ierr);
\‘ 9: enddo 4/

15



good

2000000
LIS_VECTOR v;

goooano.

Ooo0oooaoa

0000 vOOoooao

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 MPIOOOOOODOOODOOD. OO,O0penMPOO0O commOO0O0O0O0O00O0O.
O000000oooon

0000000000000

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)

O00O0. local n O global n OO0 OODOODOOOOODOOOODOO.

O0,OpenMPO0OD, 00000000 localm=global nO0O00. 00000,
lis_vector_set_size(v,n,0) O lis_vector_set_size(v,0,n) DO00O0O0000 nOO0OOOOOOO
oooooooo.

MPIOODO, lis_vector_set_size(v,n,0) D000, 000000 pO00 nO00D0OOO0DOODOO
O00. 00, lis_vector_set_size(v,0,n) DO00000O00O00 pO0O0O0 m,0000000O00COO
O.000,n,000000000C0COCOCOO.

ooooo
gboodvO:000000000000O00

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)

O000.MPIOOO,0000000:0000000000000:0000000O. flagOO
LIS_INS_VALUE 00O Ov(i) = value
LIS_ADD VALUE OO 000 v(i) = v(i) + value

goooboooon

ooooooo
gbooobooboobobbobooboobooboon
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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
gbooobOoboo.00boooobobooooobooonoo

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)
goog.
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 00O

0000 ADO0ODO globaln x global n JOO. OO0 A0 nprocs 0000000 OOOOOOO
uobbbOoodbiooddDl localn OO, global n U nprocs UUODODOOOUOON localn =
globaln /nprocs JO0. 000,00 AQ (3.2)00000200000000000000000O

O,globalnl localn OO OODO 40 2000.
2 PEO
1

(3.2)

[ I N

PE1

[ R

1
2
gboooboobooboobooboob3sgoboobon.

l. 00ooobOoboooboobooobooboooobooon
2.000000000000000DOO0DOO0OO0ODOOFortran000OQOO
. 00ooobobooooobooon

o001 00000b00o0oob0oboooboobobooboooobon
(32)0000 AO CRSUOOOOOUOOD,00,0penMPOOOOO ADODUODOO,MPIODOOODO
gboboobobooobooboboooooboooobobooobooboobooon.

00 A0 CRSOOQOOOOODOOOOOO0OOOUOUOOODOCOO.UOO,MPIDODOODODOOOO
2000.
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(0O, OpenMP 0O)

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); )
(r-C}(BJFq:D ) ~\

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/
e Fortran (O O, OpenMP O) ~

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) 1/
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e Fortran (MPIO) ~

integer i,n,gn,is,ie
LIS_MATRIX A
gn =4
call lis_matrix_create(MPI_COMM_WORLD,A,ierr)
call lis_matrix_set_size(A,0,gn,ierr)
call lis_matrix_get_size(A,n,gn,ierr)
call lis_matrix_get_range(A,is,ie,ierr)
do i=is,ie-1
if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0d0,A,ierr)
if( i<gn ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)
enddo
call lis_matrix_set_type(A,LIS_MATRIX_CRS,ierr)
call lis_matrix_assemble(A,ierr)

N J

© 00 ~NO U WN -

e el el
w N = O

iR
IS

good

2000000
LIS_MATRIX A;

goooo.

ooooo
gbaAbDOoo0oboon

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)

oo000. commO0O MPIOOOOOOOOODOOD. OO,O0penMPOO0, commO000O0O0O0O.

gbooaboodan
gbAbDOo0oboooogon

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)

OO000O0.localnl global_ n OOO0OO0D0OOOOODOOCOOODOODO.

O0,OpenMPO0OD0, 0000000 localn=global nO00O0O. 00000,
lis_matrix_set_size(A,n,0) O lis_matrix_set_size(A,0,n) 0000 n x n00000000O00O0O
gooooo.

MPIOODO, lis_matrix_set_size(A,n,0) 0000, 000000 pO0OO0O00O0O0n,xNOOODO
oooooo.0ooo,NOOOOOO0OO0OO0 n,000000O.

00, lis_matrix_set_size(A,0,n) DOO0O0O00O0000 pOO0O0O0O0O0O0 m,xnOOO0O0O000O0O0O
0O.000,m,00000000000000000000O0O0O00OA0O.

goooo
b A0d:0;00000000000000
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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)

oooo.MPIDOO,00000+0 jO0000000000D0¢DO  jO0000D000. flagdd
LIS_INS.VALUE O 00O A(L,)) = value
LIS.ADD.VALUE O 0O0O0OOA(,)) = A(i,j) + value
gooobooogon
ugbooaboodaod
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)

Uboo0.00b000dn AQ matrix_type U LIS_MATRIX_CRSUOOODOO. OO0 matrix_type OO
ocoooooooooo.

gogd 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_COO|11}

Block Sparse Column
Variable Block Row
Dense

Coordinate

goooooo
gboooboooooboobooo,oo0an

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

OO0000. lis_matrix_assemble [0 lis_matrix_set_type U0 UOO0OODODOODOOOOOODOOO.

goooo
ubooobooooboboooooboooon
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o C int lis_matrix_destroy(LIS_MATRIX A)
e Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, integer ierr)

goog.

obooO0o2000000000000000O00O00O000O000
(3.2) 0000 AO CRSOUOOOOOOO,dO,OpenMPOOOOO ADDOOO,MPIOOOODO
gooobbobbdooooobbobboooooobbbbooooooboboboo.

00 A0 CRSOOQOOOOOOOOOOOOOOOOOOOOO.OO0O,MPIDOOOODOOOOO
2000.
KC(DD,OpenMPD) ~

int i,k,n,nnz;

int *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n =4; nnz = 10; k = 0;
lis_matrix_malloc_crs(n,nnz,&ptr,&index,&value);
lis_matrix_create(0,&A);

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

© 00 ~NO O WN =

_
o

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

: {

=
N =

if( i>0 ) {index[k] = i-1; valuel[k]
index[k] = i; valuelk] = 2; k++;
if( i<n-1 ) {index[k] = i+1; valuel[k]
ptrli+1] = k;
}
ptr[0] = 0;
lis_matrix_set_crs(nnz,ptr,index,value,A);
lis_matrix_assemble(A);

1; k++5}

=
S W
[}

1; k++;}

e
O 00 N O O;
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(—(](hdplfj) «\
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); 4)

ooooooo
ooooopooooo crRSOO0ODOOO0OOO0ODOOOOO0OO0ODODOO0OOADDOOOOODOD

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.
ugbood 3 gbgoboob,obuogbooboooabo

(3.2)0000 AOCRSOOODOUODOOOODOOOODODOOOOOOOOODOOOOOOOOD.
C (0O, OpenMP, MPIO)

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 (O O, OpenMP, MPI O ) ~N
1: LIS_MATRIX A

3: call lis_matrix_create(LIS_COMM_WORLD,A,ierr)

6: call lis_matrix_set_type(A,LIS_MATRIX_CRS,ierr)

7: call lis_input_matrix(A,’matvec.mtx’,ierr) 4}

O0000000 matvec.mtx 00000000 0O0O0O0O0OOO. OO0 MatrixMarket OO QO OQO.

%#hMatrixMarket matrix coordinate real general
441010
12 1.0e+00
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BB W W WD NN
WD WD N R W
P NDNNR,R PR NDR PN

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

(3.2) 0000 A0 CRSOUO,O00 (3.1)00000dO0 0000000 DOOOOOOOOOOOODO

goo

Ot

~N OO WN

N

ooooooo.
00, OpenMP, MPIO)

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 o o WN e

N

e Fortran (O O, OpenMP, MPI O )

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)

J

00000000 matvec.mtx 0000000000 OOD0OOO. O000ODO MatrixMarket 0000 O
OAppendix ADODOO.

Y%/Matr
4 10

N
[

B WONEFE PR WWWNNNERE =D
WP WNPPNNEE, W
P NDNNR R NR RN

goo

ob0A00DOO0OOODOOOOOOOOODbOO

o C

ixMarket matrix coordinate real general
10
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00
.0e+00

0.0e+00
1.0e+00
2.0e+00
3.0e+00

gooooooo

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

character filename, integer ierr)

ob0O00. filename U0 00000000 DOOOOOCOO. OOOOODOOOOOOOOODOODOOO
O000000. 00000000000 Appendix ADDODO.

e MatrixMarket O O

e Harwell-Boeing 0 O

b Aaboobdy,xbOOOO0OOOOOOOOOOOOOOOO

o C

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

character filename, integer ierr)

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

gbooO0g. filename 0000000000000 O0OO0O0O0. ODOOOOOODOODOODOODOO
OO0O0000. 00000000000 Appendix ADDODO.

e MatrixMarket 0 0000000000 DOOOOOOOOOO

e Harwell-Boeing O O

3.4

00000 Az=b000000000000000000000000000.
~C (00, OpenMP, MPID))

N

© 00N O WN -

[y
o

gogbooogd

LIS_MATRIX A;

LIS_VECTOR b,x;

LIS_SOLVER solver;

0

/* 0000000000 =/

O

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

e Fortran (O O, OpenMP, MPI O )

© 00 ~NO O WN -

[y
o

LIS_MATRIX A

LIS_VECTOR b,x

LIS_SOLVER solver

a

/* 00000000040 */

|

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
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O000000O0D0OD0OD0000000000000000000000

o C int lis_solver_create(LIS_SOLVER *solver)

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

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)

UOO00. 1is_solver_set_optionCO OO0 O00O0OOO0OOO0OO0OOOOOODOOOODOODODOOO
gbooooOooooooboon.

OO00000O000D0ODO00O0DOOO000DoODO0. -1 {egl1}d-i cgO00-i 100000,
-maxiter [1000] 0-maxiter OO0 OO0OD0OOO 10000000000000.
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gooobooobog oobg0: -i bicg

goooobb (ooobob goooooo

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgs|3}

BiCGSTAB -1 {bicgstabl4}

BiCGSTAB(l) | -i {bicgstabl|5} =-ell [2] 100

GPBiCG -i {gpbicgl6}

TFQMR -i {tfqur|7}

Orthomin(m) -i {orthomin|8} -restart [40] 00000 m0OO
GMRES(m) -i {gmres|9} -restart [40] OO0OO0OO0O0O mOO
Jacobi -i {jacobi|10}

Gauss-Seidel -i {gsl11}

SOR -i {sor|12} -omega [1.9] 0000 w0 0<w<?2)
BiCGSafe -i {bicgsafe|13}

CR -i {crl14}

BiCR -i {bicr|15}

CRS -i {crs|16}

BiCRSTAB -i {bicrstab|17}

GPBIiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafe|19}

FGMRES(m) -i {fgmres|20} -restart [40] 00000 mO0O
IDR(s) -i {idrs|21} -irestart [2] 00000 sOO
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] 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] SORODOOU0OOD w (0 <w<2)
~hybrid_ell [2] BiCGSTAB() OO 100
~hybrid_restart [40] GMRES,Orthomin 0 000000
I+S -p {is|5} -is_alpha [1.0] I+aS™ 0000000000 «
-is_m [3] I+aSMO000000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooo0ooo0o
(00O0ooOoooon)
-saamg_theta [0.05(0.12] 000000 af; < 6|asla,l
(Dolooo)
Crout ILU -p {ilucl8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] gooobogoobooo
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

goooo
-maxiter [1000] ooooDoOo
-tol [1.0e-12] oooooo
-print [0] oooooon
-print {none|0} opoooo
-print {mem|1} ooooooooooooo
-print {out]|2} gooooooooooon
-print {all|3} ggooobobboboooooooboobo
-scale [0] Oooooooooo.ooboooo,0000000o0o0oo
-scale {none|0} gpboooood

-scale {jacobil|1} JacobiDOOOOO D 'Azx=D"1
DO A=(a;)00000
-scale {symm_diag|2} 00000000 D Y2ADY2z=D"?
D-'2000000 1/ye; 0000000
-initx_zeros [true] ooooonozo0OOOd
-initx_zeros {false|0} oooooboogo
-initx_zeros {truel1} gooooooobon
-omp_num_threads [t] | D0OO00OOO
t0oooooon

OO000O000 OOO00O0: -precision double
0O ooooo ooooooog
oono -precision {double|0}

4000 | -precision {quadl|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 0OOUogoooo

00000 Az=X0000000000000000000000OCOO.
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e C (OO, OpenMP, MPIO) ~

1: LIS_MATRIX A;

2: LIS_VECTOR x;

3: LIS_REAL evalue;

4: LIS_ESOLVER esolver;

5: O

6: /+ J00ODOOOODOOO %/

7: 0

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/
e Fortran (O O, OpenMP, MPI O ) ~

1: LIS_MATRIX A

2: LIS_VECTOR x

3: LIS_REAL evalue

4: LIS_ESOLVER esolver

5: O

6: /+ OO0ODOOOODODOO */

7: 0

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

cooooooooooOoooobocOooOooOobcOoooobcOoooon
e C int lis_esolver_create(LIS_ESOLVER *esolver)
e Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, integer ierr)

gooo.

oooooooo
ubobooboobooooboooood

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_optionCO OO O0OO0OOO0O0O0O0OOOOOO0OOOOOOOOOODOOOON
gooobooooooobooo.

gooooood

gbooobOoboooobooooog
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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}

Conjugate Gradient -e {cgl4}

Lanczos Iteration -e {1i|5} -ss [2] goooooono
-m [0] ooooo

Subspace Iteration -e {sil|6} -ss [2] ooooooono
-m [0] ogoooog

Conjugate Residual -e {crl|7}
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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] 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] SORODOOU0OOD w (0 <w<2)
~hybrid_ell [2] BiCGSTAB() OO 100
~hybrid_restart [40] GMRES,Orthomin 0 000000
I+S -p {is|5} -is_alpha [1.0] I+aS™ 0000000000 «
-is_m [3] I+aSMO000000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooo0ooo0o
(00O0ooOoooon)
-saamg_theta [0.05(0.12] 000000 af; < 6|asla,l
(Dolooo)
crout ILU -p {ilucl8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] gooobogoobooo
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] oooooOo
-etol [1.0e-12] oooooo
—eprint [0] 0000000
-eprint {none|0} oooono
-eprint {mem|1} oo0ooooooooogo
-eprint {out|2} gooooooooooo
-eprint {all|3} gobooooooobooooooobooo
-ie [ii] Lanczos Iteration, Subspace Iteration 000000000000 OCO0OO
-ie {pil1} Power Iteration (Subspace Iteration O O )
-ie {ii|2} Inverse Iteration
-ie {aiil3} Approximate Inverse Iteration
-shift [0.0] ooooooood
-initx_ones [true] oodoooo0ozo0OOOad
-initx_ones {falsel|O0} gooooooog
-initx_ones {truel1} oooooooi1o0o
-omp_num_threads [t] | OO0OOOODO
t000000o0o0

UO00O0O000 DOO0O0O0: -eprecision double
o0 ooooo ooooooo
oono -eprecision {double|0}

4000 | -eprecision {quadl|1}

oo
00000 Az=Xz0000000

e 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)

good.

3.6 DUoooooOooOdg

oooo00 Az=000000000000,00000000000000DDDDDOOO.
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OO0 A00O0O 120300000

oO0o0.000o000sooobD 0000 10000000D0O0O0.
OO0OO0O0OO0O0OD0D 1is-($VERSION) /test 0O OO OOOO.
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(DDDDDDDD:tesM.C

#include <stdio.h>

#include "lis.h"

main(int argc, char *argv[])

{

U0 int i,n,gn,is,ie,iter;

00 LIS_MATRIX A;

00O LIS_VECTOR b,x,u;

OO LIS_SOLVER solver;

OO0 n = 12;

00 lis_initialize(&argc,&argv);

00 lis_matrix_create(LIS_COMM_WORLD,&A) ;

00 lis_matrix_set_size(A,0,n);

00 lis_matrix_get_size(A,&n,&gn)

00 lis_matrix_get_range(A,&is,&ie)

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

ooq{

0000 if( i>0 ) lis_matrix_set_value(LIS_INS_VALUE,i,i-1,-1.0,A);
0000 if( i<gn-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,-1.0,4A);
0000 lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);
ooy

00 lis_matrix_set_type(A,LIS_MATRIX_CRS);

00 lis_matrix_assemble(A);

© 00 ~NO O WN =

[ I S I S S e e e e i e e e
B WNEFE, O OWO0WNO O P WwWNE- O

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

W NN NDNDDN
O O 0N o o

00 lis_solver_create(&solver);

00 lis_solver_set_optionC(solver);
OO0 1lis_solve(A,b,x,solver);

00 lis_solver_get_iters(solver,&iter);
OO0 printf("iter = %d\n",iter);

00 lis_vector_print(x);

00 lis_matrix_destroy(A);

00 lis_vector_destroy(u);

00 lis_vector_destroy(b);

00 lis_vector_destroy(x);

00 lis_solver_destroy(solver);

00 lis_finalize();

00 return 0;

: )

DD W W WwWwWw W W ww
= O © 00 N O O WN =

NN
w o

)
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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.cO00D000000ODOOO00OOO0O,00000000000000O. 1is-($VERSION) /test 00
O00000000000000 testd.c O SGI Altix 3700 0 O Intel C/C++ Compiler 8.1 (ice), Intel
Fortran Compiler 8.1 (ifort) D000 O0O0O00O0O0OOO0O0OO. LisOODOOOODOOOOOOOO
SA-AMGUUOUO0O0O0O0O00O0ODODO --enable-saamgd 00000 Fortran90 0 00O O0OOOOO0O,
0000 Fortran90 DO 00000000 OoOoOoOoOoO. OO, MPIOODOO USELMPIOOOOODODONO
ooooooo.

og
4 )
opoooog

>icc -c¢ -I$(INSTALLDIR)/include testd.c
ooad
>icc -o test4 testd.o -1llis

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

N J
/‘ OpenMP \
gooog
>icc -c -openmp -I$(INSTALLDIR)/include testéd.c
oono

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

N J
(‘ MPI ™~
ufufufsfs
>icc -c -DUSE_MPI -I$(INSTALLDIR)/include test4.c
000

>icc -o testd4 test4.o -1lis -1lmpi
000 (--enable-saamg)
>ifort -nofor_main -o test4 test4.o -1llis -lmpi

J
e OpenMP + MPI ~
ooboo
>icc -c -openmp -DUSE_MPI -I$(INSTALLDIR)/include testéd.c
oo
>icc -openmp -o testd4 test4.o -1lis -1lmpi
000 (--enable-saamg)
k >ifort -nofor_main -openmp -o test4 test4.o -1llis -lmpi J
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O0,test4f . FOOOOOOOOOOODODDDODDDOOOOOOOOOOO. 1is-($VERSION) /test
O00000000000000000 test4f.FO SGI Altix 3700 O O Intel Fortran Compiler 8.1 (ifort)
O0000000000D00000000. FortranOOOOOODOOOO#include 00 O0O0O0OODODO
oO0,0000000000DOCO0000OOOOO0000O0oDODOOOOoOoOooD. fort0DOO0OOO
O000-fpp00O0O.

Hr A
oobooo
>ifort -c -fpp -I$(INSTALLDIR)/include test4f.F
ooo
>ifort -o test4 testé4.o -llis
r OpenMP ~
oobooo
>ifort -c¢ -fpp -openmp -I$(INSTALLDIR)/include testé4f.F
ooo
>ifort -openmp -o test4 test4.o -llis
( MPI ™~
oobooo
>ifort -c -fpp -DUSE_MPI -I$(INSTALLDIR)/include test4f.F
ooo
>ifort -o test4 test4.o -1llis -lmpi
e OpenMP + MPI ~
oobooo
>ifort -c¢ -fpp -openmp -DUSE_MPI -I$(INSTALLDIR)/include test4f.F
ooo
>ifort -openmp -o test4 test4.o -1llis -lmpi

37



3.8 00

1lis-($VERSION) /test DO OO OOODOOOOOOOODOD test4 00O testdf O SGI Altix 3700
go
go
>./test4 -i bicgstab
OpenMP
>env OMP_NUM_THREADS=2 ./test4 -i bicgstab
MPI
>mpirun -np 2 ./test4 -i bicgstab
OpenMP + MPI
>mpirun -np 2 env OMP_NUM_THREADS=2 ./test4 -i bicgstab
obooobOoooooobobooooooboon.

Initial vector x = 0
PRECISION : DOUBLE

SOLVER : BiCGSTAB 4
PRECON : None
STORAGE : CRS
lis_solve is normal end
iter = 6

0 1.000000e-00

1 1.000000e+00

2 1.000000e-00

3 1.000000e+00

4 1.000000e-00

5 1.000000e+00

6 1.000000e+00

7 1.000000e-00

8 1.000000e+00

9 1.000000e-00

10 1.000000e+00

11 1.000000e-00
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4 400000

gobooboo,b0oobobooboobooboob0oobDbOL0. bobooobo,obooo
00000 200007double-double”’[18,19]00 400000000, 000000000000000.
double-double 00000, 0000 a0 a = a.hi+ a.lo, sulp(a.hi) > |alo| 000 a.hi 000 a.lo0O
0000000000000, Dekker[20] 0 Knuth21)|0OOOOOOOODOOOOOODOOOOOOOO
000000 4000000000000. double-doubleDOOODOOOO FortranO 40000000
00000 [22]0,Fortran 00000 [23)]000000 11200000000000,00000000
200000000b0O0O,b000D0 140000O00DL,800bOO0DL. 00,000 bOO0ODLDOODLOObLOO
110000og.

gogobooooo,booobbooobobo,goobb,oobbooobbbooobb.boobo
0000 4000000000000000,000000D004000000000000D00DO00O00O
O0000000.00,x8600 CPUODOOOO SSE2000000000000000 [24].

double-double$5E

BHE | pwe sopor | 4| | FEB | pmm sk

11Ewk 11E vk
IEEE# LD A{EFEE
IR 1
15E wh REE 112E vk

O 2: double-double OO OOOOO

4.1 400000000

Toepliz O O
2
0 2 1
0% 2 1
A:
v 0 2 1
vy 0 2

000000000 Az=500000000000,00000000000000000 test4.cO0O
0.0000000000 20000 100000000000.2000 AUOOO,gammal ~000O.
test4.c O SGI Altix 37000 O
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coooooogo
>./test4 200 2.0 -precision double
ooo
>./test4 200 2.0
oooooooooooboooooobooooo.

n=200 gamma=2.000000
Initial vector x = 0
PRECISION : DOUBLE

SOLVER : BiCG 2

PRECON : None

STORAGE : CRS

lis_solve is LIS_MAXITER(code=4)

BiCG: iter = 1001 iter_double = 1001 iter_quad = O
BiCG: times = 2.044368e-02

BiCG: p_times 4.768372e-06 (p_c = 4.768372e-06 p_i = 0.000000e+00 )
BiCG: i_times = 2.043891e-02
BiCG: Residual 8.917591e+01

oo04000000
>./test4 200 2.0 -precision quad
goooooooOoOoODOOOOOOOOO.

n=200 gamma=2.000000
Initial vector x = 0
PRECISION : QUAD

SOLVER : BiCG 2

PRECON : None

STORAGE : CRS

lis_solve is normal end

BiCG: iter = 230 iter_double = 0 iter_quad = 230
BiCG: times = 2.267408e-02

BiCG: p_times 4.549026e-04 (p_c = 5.006790e-06 p_i = 4.498959e-04 )
BiCG: i_times = 2.221918e-02
BiCG: Residual 6.499145e-11
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5 oooon

0000,00000000000000000000000O00. 0000 (0)ooooOUOoOoOO
0000.nxn00 A=(a;;) 0000000 nnz000.

5.1 Compressed Row Storage (CRS)

CRSOODO 30000 (ptr,index,value) 00 00DO0.

e 00 nmnzO0OOOOOvalueJ OO0 AODODOOOOOOODOODDODODODODODODOO.

e U0 nnz0OODOOO indexUOUOO valueOJOOOOOOODOOOOODOOOOODO.

e I0n+4+100000 ptrO000 valued indexOODOOOOOOODOOODO.

5.1.1 000000 (0O, OpenMP )

03000 A0 CRSOOOOODODOODO3000O0O0OOOOO. 00000 CRSOOOOOOOOO
gooobooobooobooobgoon.

11
21 22
32 33

A=

41 43 44

O 1 35 8
0 O 111 2 0 2 3
11]21|22|32|33|41|43|44

A.ptr

A.index
A.value

0 3: CRSOUOOOOOO (OO, OpenMP O)

s 00, OpenMP O ~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+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 (MPIO)

03000 A0 20000000 CcCRSOCOOOOOOOO4000000. 000002000000
O CRSOOOOO0ODOOOOOOOOOODOOOODOOOOD.

01 3 0 2] 5 A.ptr

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

04: CRSOO0O0O0O0000 (MPIO)

(, MPIO ~\
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+l1)*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] = O0; index[2] = 1;

16: value[0] = 11; valuel[l] = 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; value[2] = 41; value[3] = 43; value[4] = 44;}

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

22: 1lis_matrix_assemble(A);
. J
5.1.3 000000
goooood

CRSOO0O0OO0OODOOOO0OO0O0AOOOOODODOOOO

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)

good.
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5.2 Compressed Column Storage (CCS)

CCSOO0O0O 30000 (ptr,index,value) 00000,

e 00 nnz0DOOOUOOvalueO OO AODODODOOOOODODOOOODODOOODO.

e U0 nnzOODOOO indexUOUOO valueOJOOOOOOODOOO0OOODOODOOODO.

e I0n+100000 ptr000 value index OO DO OOO0OOOOOOO.

521 000000 (0O, OpenMP )

Os5000 A0 CCSOO0U0O0DOOUOOsROUiDOODOUOO. 00gOD ccsopoooooooDo

gboboobOoboooobooboooo.

1 [ o] 3] 5] 7] 8 A ptr
e 21 22 v N .
o 32 33 0Ol 1| 3| 1| 2| 2| 3] 3 A. i ndex
0 a3 u ) [11[21]41[22]32[3343[44] A val ue
05 CCSOb0O0Ooooon ([II:I,OpenMPD)
s 00, OpenMP O
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: 1lis_matrix_assemble(A);
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5.2.2 000000 (MPIO)

O5000 A0 20000000 CcCcSooOoOoOoOoOoO00edopoOoO.00OOoD2000000
OccsOopoboooopooooooooooooooopooon.

[0/ 35 [0/ 2/3 A.ptr

ol 13 1 2 [2] 3 3 A.index
1121]a122/32]  [3343]44 A.value
PEO PE1

06: CCSOO0O00000 (MPID)

(, MPIO ~\
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+l1)*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; value[2] = 44;}

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

22: 1lis_matrix_assemble(A);
. J
5.2.3 000000
goooood

cCSOdOoOoooooooUoAdOoOoOonoooooag

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)

gooo.
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5.3 Modified Compressed Sparse Row (MSR)

MSROOO CRSOOOOOOOOOOOO.O0DOOO0OO0OOOO0O0DOOOODOOOODOOOOOD.
MSROOO 20000 (index,value) 10 0O00.ndz0000000000000O.

e D0 nnz+ndz+1000000valued nO0O000000 AODOOOOOCOOODO. n+1000
ooooo0o00.»+20000000 AOODOOOOOOOOOOOOOOOOOOOOOO.

e 00 nnz+ndz+100000 indexO n+ 10000000 AODODOOODOOOODOOOOO
0000.n+20000000 A00000O0O0O0OvalvedO0O0O0O0O0OOOOOODOOOOO
oo.

5.3.1 000000 (0O, OpenMP )

O7000 A0MSROOOOOOOOO7O0O0O0OO0O0O0O0.O0000 MSROOOOOOOOO
goooobooboooobooooo.

11
91 929 A. i ndex
A=
3233 A val ue
41 43 44
O 7 MSROOOOOOOO (OO, OpenMP O)
s 00, OpenMP O ~
1: int n,nnz,ndz;
2: int *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n=4; nnz = 8; ndz = 0;
6: index = (int *)malloc( (nnz+ndz+1)*sizeof (int) );
7: value = (LIS_SCALAR *)malloc( (nnz+ndz+1)*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = b5; index[1] = 5; index[2] = 6; index[3] = 7;
12: index[4] = 9; index[5] = O0; index[6] = 1; index[7] = O0; index[8] = 2;
13: value[0] = 11; value[l] = 22; value[2] = 33; valuel[3] = 44;
14: value[4] = O0; value[5] = 21; value[6] = 32; value[7] = 41; value[8] = 43;
15:
16: lis_matrix_set_msr(nnz,ndz,index,value,A);
\17: lis_matrix_assemble(A); )
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5.3.2 000000 (MPIO)

07000 A020000000 MSROOOOOOOOOSOOOOOO.OOOOO 200000
OO0 MSROOOODOOOOOOOOOOOOOOOODODOOOOO.

3 3] 4 0 A.index
11]22 21 A.value
PEO
08 MSROOOODODOOO (RIPI[])
(, MPIO «\
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] = 0;
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; value[1] = 44; value[2] = O0; value[3] = 32;
19: value[4] = 41; value[5] = 43;}
20 lis_matrix_set_msr(nnz,ndz,index,value,A);
\‘21: lis_matrix_assemble(A); l}
5.3.3 0O0O0O0OO0O
ooooooo
MSROOOOOOOOOOO AOODOOOOOOOO
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)

oooo.
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5.4 Diagonal (DIA)
DIAO 20000 (index, value)00OUOO. nnd 000 AODOOOODOOOOODOO.
e I0nndxnO0O0000valueDOD AODDODOOOOOODO.
e 10nndO0OD0O0ODO indexOOODOODOOOOODOODOODOODODOO.

OpenMPOOOOOOOOODODDODDD.
DIAD 20000 (index, value) DO0O00. nprocs 000000000. nnd, 000 ADODOODO
O00000000000000000000. mazrnndO nnd, 000000000.

e 00 maznnd xn 000000 valueO0O0O AODDOOOODODOOOOODOOOODOOOOO
oo.

e 00 nprocs x maznnd OO0 000 index OO ODOO0OO0ODOOOOODOODOOOODO.

54.1 000000 (DOD0)

09000 A0 DIADODOO0O0O0O0OO9Y0O0O0O0OCODO0ODOO. 0000 DIADODOOOOOOO
gooobooobooobooobgoon.

11
A 21 22 3-11 0 A. i ndex
32 33 o/ o 0l41] 0[21|32]43[11|22|33[44| A val ue
41 43 44
09 DIAODOOUOOOOO (DOO)
(r-D o0 ™
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] = O0; value[2] = 0; valuel[3] = 41;
13: value[4] = O0; value[b] = 21; value[6] = 32; valuel[7] = 43;
14: value[8] = 11; value[9] = 22; value[10]= 33; value[11]= 44;
15:
16: 1lis_matrix_set_dia(nnd,index,value,A);
17: 1lis_matrix_assemble(A);
N J
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5.4.2 000000 (OpenMP )

090000 A0 200000 DIADOOOOOOOO 100D0OO0ODO. 00000 200000 DIA
obooooOoboooobooboooooboobooooon.

s OpenMP O

W N O O WN -

15:

-1 0

-3

1

0

A.index

0[21]11

22

0[41/32/43[33[44] A.value

0 10: DIADODODOOO0O0O (OpenMP O)

int n,maxnnd,nprocs;

int *index;
LIS_SCALAR *value;
LIS_MATRIX A;

n = 4; maxnnd = 3; nprocs = 2;
index = (int *)malloc( maxnnd*sizeof (int) );

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

: index[0] = -1; index[1]
: value[O]
: value[6] = 0; valuel[7]

0; value[1]

n);

(LIS_SCALAR *)malloc( n*maxnnd*sizeof (LIS_SCALAR) );

= 21; value[2] = 11; valuel[3] = 22; value[4] = 0; valuel[5]

41; valuel[8]

32; valuel[9] 43; value[10]= 33; valuel[11]

lis_matrix_set_dia(maxnnd,index,value,A);

lis_matrix_assemble(A);

0; index[2] = O0; index[3] = -3; index[4] = -1; index[5] =
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54.3 000000 (MPIO)

0o000 A0 20000000 DIAODO0OOOOOOONIO00CCODO. ODOCO0OD 200000
OO0 DlIA0D00O0000O00O0OOOOO0O00000O0OOOODDD.

-1 0 -3/-1 0 A.index
0[21[11]22] | 0[41]32/43]33|44| A.value
PEO PE1

0 11: DIADDDDOOOOO (MPIO)

(, MPIO ~\
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; value[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; value[4] = 33;
18: value[5] = 44;}
19: 1lis_matrix_set_dia(nnd,index,value,A);
\‘20. lis_matrix_assemble(A); 4/

5.4.4 000000

ooooooo
DIAODOODODOOOODOOADOODODODOOOOD

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)

oooo.
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5.5 Ellpack-Itpack generalized diagonal (ELL)

ELLO 20000 (index, value)JOOOO. maznzr U000 ADODOOOOOOOOOOOOOODO.

e 00 maznzr xnOJODODOO0O valueODOO0 ACOODDOOODOOOOOOOODOOOODO. OO
boooboobooobooboooooboo.ooo,oboboooobobooboooobOonoo.

e U maxnzr xnUOUOOO indexUOUOO value DO OOUOOOO0OOOOOOOOOOO. OO
,0:00000000ad nnziDDDDindex[nnzi*n—l—i]DDD[l[IDDiDDDDD.

5.5.1

000000 (00, OpenMP )

012000 AQO ELLOOO0OOOOOO0 12000000000. 00000 ELLOOOOOODOO
gboooboooooooboooooa.

11
A | 2t 22 0l O 1 0 1] 2| 2| 0] 1] 2| 3] A index
32 33 11|21|32|41| 0/22/|33|43| 0| 0| 0/44| A. value
41 43 44
0 12: ELLOOOOO0O0OO (DD,OpenMPD)
s 00, OpenMP O 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] = 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] = O0; value[9] = O0; value[10]= O0; valuel[l11l]= 44;
15:
16: lis_matrix_set_ell(maxnzr,index,value,A);
17: 1lis_matrix_assemble(Ad);

J

50



5,52 000000 (MPIO)

012000 A0 20000000 ELLOOOOOOOOO 13000000. 00000200000
U0 ELLO0O0cO0OO0O00O00O0O0obO0bOocoooobooobooooon.

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

0 13: ELLOOO0OO0O0O0O00 (MPIO)

. MPIO ~

int i,n,maxnzr,my_rank;
int *index;
LIS_SCALAR *value;
LIS_MATRIX A;
MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
if ( my_rank==0 ) {n = 2; maxnzr = 2;}
else {n = 2; maxnzr = 3;}
index = (int *)malloc( n*maxnzr*sizeof(int) );
value = (LIS_SCALAR *)malloc( n*maxnzr*sizeof (LIS_SCALAR) );
lis_matrix_create (MPI_COMM_WORLD,&A) ;
: lis_matrix_set_size(A,n,0);
: if ( my_rank==0 ) {
index[0] = O0; index[1]
value[0] = 11; value[1]
: else {
index[0] = 1; index[1]
index[5] = 3;
value[0] 32; value[1]
value[5] = 44;}
lis_matrix_set_ell (maxnzr,index,value,A);
21: 1lis_matrix_assemble(A);

N y

© 00 ~NO O WN -

e ol el
W N = O

0; index[2] = O0; index[3] =
21; value[2] = 0; valuel[3]

-
S
|
-

22;}

= e
o o,

0; index[2] = 2; index[3]

2; index[4] = 2;

=
0 ~

41; value[2] = 33; valuel[3] 43; value[4]

N =

o ©
1]
o

5.5.3 0O0OOOO0OO

goooooo
ELLOOOO0OOO0OO0O0DOO0O0AOODOOOOODOOO0

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)

oooo.
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5.6 Jagged Diagonal (JDS)

JDSOO0DODO0OO0O00O00DO0DOO0DOO00O00OO0ODOO0DOO00,000b0bO00oDOoo0ooobDOoooon
00.JDSO 40000 (perm, ptr, index, value) OO OO. maznzr 000 ADODODODOOOO
ogooooooao.

e IO0nO0D000 permO000O0O00O0OOODOOO.

e 00 nnzOOUOUOODO valueOOODODOOODOOD ADDDOOODOOOODOD. OODDOOOO
boboooobobooboooooboob. oooboboboooooobooobobooooooo. o
ooooboooooog.

e U0 nnzUOOOD indexUOUOUO value O OODOOODOODOOODOOODODO.
e U0 maznzr+ 100000 per 0000000000 O0O0OODOOOO.

OpenMPODOOODOOODOOODOOODOOODO.

JDSO 40000 (perm, ptr, index, value) DO O00OD0. nproes000000000. maznzr, 00
0 A0O00O000O00O0O0CO0OO00O0000O000000000000. mazmaznzr 000 maxnzry,
gooooooon.

e 10 nO0000permI 00 ADOOOOOOOOOOOODOOODODODOOODOODODODDOD.

e 00mnzOOOOOO valueOOOOOODODODOD ACDODODODOOODOOOO.DODLODODODOO
googooboooboboobooboob. oboobooboobooboobbooboob. b
ooooboooooag.

e U nnzUODOUOD indexUOUOUO valueU O OUOOOOOOOOOOOOODOODO.

e 00 nprocs x (maxmaznzr+1) 00000 ptr 000 ADDDOOUODOOOOODOOOOOOOO
oooooooDoOOOOOO.
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5.6.1

000000 (0o0)

014000 A0 JDSOOO0O0O0O0O00O0 4000000000, 00000 JDSOO0O0O0OOOO
oboooooboooooboooooa.

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(DDD)
(/-E]D O
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);
\k21: lis_matrix_assemble(A);
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5.6.2 0JO0OOOO0OO (OpenMP )

014000 A0 200000JDSOO0O0OOOCCOO 1000000.00000 200000 JDS
obooooOobooooboobooooobobooooon.

1 0] 3| 2 A.perm
ol 2/ 3] |3 5 7 8 A.ptr
¥y NN VNN

00 10 12 2 3 A.index
1

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

0 15:JDSO00000000 (OpenMP O)

(f()penth O ~
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); 4)
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5.6.3 000000 (MPIO)

014000 A020000000JDSCOOO00O0OO0OOO 1l6e000000. 00000200000
ooJbSoogoooooooooooooooooooooooDo.

0

3| 2

3

0 2

N

5

1
0 2
y

NN

LN~

1

0 1

N

2

3

0 O
2111

22

41|32

43|33

44

PEO

0 16: JDSOOOOO0OOO (MPIO)

PE1

A.perm
A.ptr

A.index
A.value

MPIO
/

LIS_MATRIX A;

© 00 N O W N -

ptr

14: if( my_rank==0 ) {

19: else {

N

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

= 2; ptr[2]
0; index[2]

15: perm[0] = 1; perm[1] = O;
16: ptr[0] = 0; ptr[i]
17: index[0] = O0; index[1] =
18: value[0] = 21; value[1]

int i,n,nnz,maxnzr,my_rank;
int *perm, *ptr,*index;
LIS_SCALAR *value;

MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;
if( my_rank==0 ) {n = 2; nnz = 3; maxnzr =
else {n = 2; nnz =
perm = (int *)malloc( n*sizeof (int) );
(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);

5; maxnzr =

= 3;

= 11; value[2]

2;

2; ptrl2]
1; index[2]

= 4;

= 32; value[2]

2;%
3%}

= 1;
= 22;}

ptr[3] = 5;

= 2; index[3] =

= 43; value[3]

2; index[4] = 3;
33; valuel[4]

[}
I
S
()

5.6.4 0O0OOOO0OO

goooooo

JDSOOOO0O00DO0OO0O00 AODOOOOODOODOO

o C int lis_matrix_set_jds(int nnz, int maxnzr, int perm[], int ptr[],
int index[], LIS_SCALAR valuel[], LIS_MATRIX A)

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

5.7 Block Sparse Row (BSR)

BSROOOOO rxcOODODOOOODOOOODOOOOODODOOODODOO. BSRO CRSOOOOOOO
000000000000 100000000000000000. nr=n/r,nnzb0 ADOOOOOO
O000.BSRO 30000 (bptr, bindex, value) OO DO0O.

e U0 nnzbxrxcO00O0O0O0D0valueOOOOO0OOOO0OOOOOODOO.

e 00 nnzb0000O0 bindexOOOOOODODOOOODOOOODOOO.

e U0 nr+ 100000 pptrO000 bindexOOOOOOOODOOOOOOODO.

5,71 000000 (0O, OpenMP )

017000 AOBSROOOOOOOOO 17000000000.00000 BSROOOOOOOO
oboooooboooooboooooa.

11

21
A:

2 K

41

s 00, OpenMP O

int
int
LIS_SCALAR
LIS_MATRIX

© 00 ~NO O WN -

e el
w N = O

: bindex[0] =
: value[0] =
: value[4]
: value[8]

=
SIS

=R e
[ N Ie))
]

[y
[Ye]

: bptr[0] = 0;

lis_matrix_
lis_matrix_

32| 33 00 1

0O 17: BSROOOOOOOO (00, OpenMP O)

A bptr
A. bi ndex

43 a4 ) 11]21] 0[22] 0]41|32] 0[33(43| 0[44| A value

n,bnr,bnc,nr,nc,bnnz;
*bptr,*bindex;
*value;

A;

n=4; 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) );

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

lis_matrix_set_size(A,0,n);

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

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

11; valuel[1] 21; value[2] = O0; valuel3]
0; value[5] = 41; value[6] ; valuel[7]
33; value[9] 43; value[10]= O0; value[11]

22;
0;
44,

]
w
N

set_bsr(bnr,bnc,bnnz,bptr,bindex,value, ) ;
assemble(A);

56




5.,7.2 000000 (MPIO)

017000 A0 20000000 BSROOOODOOOOOO 1I8O000Q0O0.0000O0 200000
OO BSROOOOOOOOOOODOOOOODOOOOODOOOO.

A.bptr

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

PEO PE1

-

018 BSROOOOOOOO (MPIO)

(f'hﬁPI O «\
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; bonz = 1; nr = (n-1)/bnr+1l; 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 = (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] = 1;

15: bindex[0] = O0;

16: value[0] = 11; value[l] = 21; value[2] = 0; value[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);
\_ J
5.7.3 0O00O0O0OO
ooooooo

BSROOOOOOOOOOO AOODOOOOOOOO

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)

oooo.
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5.8 Block Sparse Column (BSC)

BSCOOOOOrxcOOOOOOOOOOOOOOODOOOOOOOO. BSCO cCcsoOoOoOooaoa
gooooooooooo IDDDDDDDDDDDDDDDDD.nC:n/c,nnsz AODOOOOOO
O000.BSCO 30000 (bptr, bindex, value) JOOOO.

e 0 nnzbxrxcO00O0O0O0D0 valueO0ODOODOOOOODOODOOODOO.
e 00 nnzb00000 bindexOOOOOODODOOOODOOOODOOO.

e U0 nc+100000bptrd000 bindexOOOOOOOOOOOODOOODO.

5,81 000000 (0O, OpenMP )

019000 AO0BSCOOOOOOOODO 19000000000. 00000 BSCOOOOOOOO
gboooooboooooboooooo.

1 o[ 1] 3 A bptr
22

21
33 o[ 1] 1 A. bi ndex

32
4 |43 a4 ) [11121] 0[22] 0[41]32] 0[33]43] 0[44] A value

A:

0 19: BSCOOUOOOOO (00O, OpenMP O)

KDD,OpenMPD N

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 (MPIO)

019000 A0 20000000 BSCOOOOOOOOO20000000. 00000200000
OO0 BSCOODOOOOODOOOOOOOOOOOOOOOODOOOO.

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

0 20: BSCOOOOOOOO (MPIO)

(f'hﬁPI O «\
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; bnonz = 2; nr = (n-1)/bnr+1l; nc = (n-1)/bnc+1;}
7: else {n = 2; bnr = 2; bnc = 2; bnnz = 1; nr = (n-1)/bnr+1; nc = (n-1)/bnec+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; value[2] = 0; value[3] = 22;

17: value[4] = 0; value[5] = 41; value[6] = 32; valuel[7] = O0;}

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: lis_matrix_assemble(A);
\_ J
5.8.3 0OO0O0OOO
ooooooo

BSCOOOOOOOOOOO AOOODOOOOOOO

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

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

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)

oooo.
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5.9 Variable Block Row (VBR)

VBROUOBSROOOOOOOUOOUDOUOOU. OOOOOOOOOOO (row, col)0DO0O0OOO. VBR
OCRSOODDOODODODOOODOODOODOODODO1D0D00D000DO0D00O0ODOO0O0D00O0. nr,ncdOO
000000, 0000000d. nnzb0 ADODOOODOO,nez0000OOO0OD0OO0DOODOODOO. VBR
060000 (bptr, bindex, row, col, ptr, value) JO0ODOO.

e I0nr+ 100000 rowO00O0D00DOO0OOODOODOOODO.

e U0 nc+100000 codOO0ODOODOOOOODOOOODOO.

e 00 nnzb0000O0 vindexOOOOOODODOOOODOOOODOOO.

e U0 nr+100000 pptr000 bindexOOOOOOOODOOOOODOODO.
e 0 nnzO0ODOOOO valueOOOODOOOOODOODOOODOO.

e U0 nnzb+100000 ptr000 valueDODOOOODOOOODOOOOODO.

59.1 000000 (0O, OpenMP )

021000 A0 VBROOOOOOOOD 21000000000. 00000 vBROOOOOO
obooooOobooooobooboocooooo.

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

0 21: VBROOOOOOOO (OO, OpenMP O)
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s 00, OpenMP O

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;

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 (MPIO)

021000 A0 20000000 VBROOOOOOOOO22000000.00000 200000

OO0 vBROOOOOOOOOOOOOOOOOOOOODOOODO.

lﬂ A.bptr

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

o 1 3 3 4 A.row

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

¢o¢13\7 0134\A.ptr
\

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

PEO PE1

0 22: VBROOOOOOOO (OO, OpenMP O)
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(/-thﬂﬁD ~

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; bnnz 3; nr
else {n = 2; nnz = 4; bnnz = 3; nr
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);

- Y,

2; nc = 3;
1; nc 3

© 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
IS

w
N

5.9.3 0O0OOO0OO0ODO

goooooo
vBROOOOOOOOOOO AODOOOOOODOOO

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)
CcoOoO0 30000 (row, col, value)OJOOTODO.

e U0 nnzUDOUOUODUOvalueJOOOODOOODOO.

e U0 nnzO0ODOO rowdO00O0O0O0O0OOODOOO.

e U0 nnzUODOUOUOD colOOOODOOODOODOODO.

5.10.1 000000 (OO, OpenMP 0)

023000 A0 coOOO00O0DOOOOO 23000000000, 00000 coopoopooOO

gboooboooooooboooooa.

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 CcCoOO00O0O0UoonO (0O, OpenMP O)

s 00, OpenMP O 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/
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5.10.2 000000 (MPIO)

023000 A0 20000000
ooocoooooopoooooonDo

cooOoopopopoooobo2000000. O00ogO 20000

oooobooooooooon.

0 1 1 3| 2| 2| 3| 3] A.row
0l 0 1 Ol 1 2| 2| 3| A.col
1112122 41(32|33|43|44| A.value
PEO PE1

0 24: COOOOOOOOOO (MPIO)

(, MPIO
1: int n,nnz,my_rank;
2: 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 = (int *)malloc( nnz*sizeof(int) );
9: col = (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; valuel[l] = 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; value[2] = 33; value[3] = 43; valuel[4] = 44;}
21: 1lis_matrix_set_coo(nnz,row,col,value,A);
\¥22: lis_matrix_assemble(A);

5.10.3 0OOOODOO

gbooobood

coooooooooooooaAaoooOoOooooon

o C
LIS_MATRIX A)

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

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

LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

gooo.
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5.11 Dense (DNS)
DNSO 10000 (value) 0DO0OO.

e I0nxnUDO0O0OOvalueJODOODOOODOOODOO.

5.11.1 000000 (OO0, OpenMP 0)

02000 A0DNSOOOOOOODCO 2000000000.00000DNSOCOOOODOOO
gboooboooooooboooooa.

11
Ao | 2 11|21] 0J41| 0|22/32] 0] A Value
32 33 0| 0[33/43| 0] 0] 0j44
41 43 44
O 25: DNSOO0OO0OO0DOOO0O (DD,OpenMPD)
s 00, OpenMP O N
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 (MPIO)

02000 A020000000DNSOOOO0OOCOOOO2000000. 00000200000
OO0 DNSOOOOOODOOOOoOooOoOoooooooooooo.

11121 0|22] | 0[41|32] O A.Value
0] O] 0] O] 3343 0/44

PEO PE1

0 2: DNSOOOOOOOO (MPIO)

(/-hdpl[] N
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[l] = 21; value[2] = 0; value[3] = 22;
12: value[4] = 0; value[5] = 0; value[6] = O0; valuel[7] = 0;}
13: else {
14: value[0] = O0; valuel[l] = 41; valuel[2] = 32; value[3] = O;
15: value[4] = 33; value[5] = 43; value[6] = O0; valuel[7] = 44;}
16: 1lis_matrix_set_dns(value,A);
17: 1lis_matrix_assemble(A);
- J
5.11.3 000000
goooood
DNSOOOOOODODOOOOAOOOOOODOOOO
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)

oooo.
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6 04

ocooo,boo0ogooooobogoooooboo0.0bogoocogooooooUOo.oog co
Oo0O0O0O0,Fortran 00 10000000. 00,CO00000000, FortranOO ierr00000O0
gooobooog.

ooog
LIS_SUCCESS(0) oooo
LIS_ILL_OPTION(1) oooooooo
LIS_BREAKDOWN (2) ooooooo
LIS_OUT_OF_MEMORY (3) ooooo
LIS_MAXITER(4) 00000O00oOoooooooo
LIS_NOT_IMPLEMENTED(5) Ooooooooon
LIS_ERR_FILE_I0(6) 0000 1/0000

6.1 ODOOOOO

O0O0000000 global nO0O0O. 0000 vOnproes0000000O0O0O0O0OOOOCOODOO
0000000000 localnU0OO. global n 0O O00O0OO0O00O,leocal nO00OOO0OOO0OOOO.

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
gboodo000od.

oo

LIS_Comm MPIODOOOOOO
oo

vec good

ierr goooood
oo

O00,O0penMPO0OD0D,commO00000O00O0O0.
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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 oooobooooobobo
go

vout oooooooo

ierr ooogooo

oo

vinO 0O LIS_VECOTRO OO LIS_MATRIXOUOODOOOOOOODOOO. 1is_vector_duplicate 000
ooooodoo, 000000000, odobodoooo0ooo0oo0o00000 lis_vector_copy U0
oooo.
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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
obooobooooooooon

00

vec ogooo

local.n O000000O0o0oobooa
global_n 00000000o0oobooa
oo

ierr oo0oooaoa

oo

local n 0 global n OO OOOODOOO0OCOODOODOODOO. ODOODOODOOOODODO,

O0,O0penMPOODO,00000000O0 localn=global n0OO.O000DO0O,
lis_vector_set_size(v,n,0) O lis_vector_set_size(v,0,n) 0000000 nO0O00O0ODODODOOO
odooooooo.

MPIO OO, lis_vector_set_size(v,n,0) 0000, 000000 p000 n, 0000000000
00. 00, lis_vector_set_size(v,0,n) DO0O0000O00O00 pO0OO0 m, 00000000000
0.000,m,0000000C0000C0O0O00O.
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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.

oo

v oood

go

local_n oboooooboooogon
global_n uboooboooobooon
ierr ooooooo

oo

OO0, OpenMP OO0, local_n = global_ n 000

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 ooooood

go

is oboobOd«000000000000D00
ie boboobod-o0000000000D0000+1
ierr ooooooo

oo

O0,OpenMPO0OD0O, 0000000 is = 0,ie =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
obo0O0vDO 0000000 valueOOOOO.

oo
flag LIS_INS_VALUE OO0 00O v[i] = value
LIS_ADD_VALUE 00000 v[i] = v[i] + value

i oooooo

value oooooooo

v ooooooooo
oo

4 10000000 valueOOOOOOODOODO
ierr gbooooood
oo

MPIOOO,0000000:0000000000000:00D00000.

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
obooO0vDO 00000 valueOOOOO.

0o

i oooooo

v oo0oO0oooooo0o
oo

value oood

ierr ooooooo

oo

MPIODOO,0000000,0000000000000:00D00000.
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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 v0O index[] 000000 valueltd] OODODOO.

gd
flag LIS_INS_VALUE O O 0 O O v[index]i]] = value[i]
LIS_ADD_VALUE 00 0O O O v[index[i]] = v[index[i]] + valueli]
count gooobobobbooooobooooboog
index goooooooooooo
value gooobobobbooooooo
v ooooooooo
gd
v index[x] 0000000 valuex] OOOOOOOOOO
ierr goooooo
od

MPIOOO,0000000 index[x] O0O0D0OOO0O0D0COOOO index(z] DO0DOOOOO.
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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
0000 vO start+¢0000 (¢6=0,1,...,count — 1) 0 value[x] OO0 O OO.

oo

start gboogoogooog

count gbooooobooog

v gboooboobon

go

value gbooobooboobgoooooboo
ierr goooooo

uo

MPIODDOO,0000000 start+:0000000000DD00 start+:0000000O.
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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)

go
O000vO¢0000 (i=0,1,...,globaln—1)0 valuelx] OO O OOO.

oo

value o000ooO0obOo0ooOoooboooon
oo

v oooobooogo

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
O0000vO0+«0000 (i=0,1,...,globaln—1)0 valuel] 0O OODO.

oo

v gooobooobgon

oo

value gbooobooboobgooogoboo
ierr ooooooo
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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
gbooobOobooogn. ye—=o

oo
X ooooooDoo
oo
y ooooooDoo
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
gboooboobooboobob value0goo.

od

value oooooooo

v ooooooogo

RN

v 0000000 valuedO0OOOOOOOO
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
uboogoo.00000b00o0o0goao.

oo
v oood
oo
ierr LIS.TRUE O OO0

LIS_FALSE 00O OO
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6.2 0OO0O0OUO

00 AO00O0OO globaln x global nOO0O. OO0 AOnprocs 0000000000 OOOOOOO
000000000000 localnO0OO. global nO0OOO0O00OO0O0O,local n00O0O0O0O0O0OO0
oo.

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)

go
o0 A0O0O0OO.

gd

LIS_Comm MpPIOOOOOQOO
gd

A oo

ierr goooooo
oo

00, OpenMPOODO, coomO0O000000.

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
obooooooboooooboooooa.

go

A obooooobooog
go

ierr ooooooo
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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

go

Aout

ierr

oo

ooooood

ooooood

ooogooo

lis_matrix_duplicate DO 000000 DO0O0ODOO0ODOOO,000000000.0000000O
00000 lis_matrix_copy U DO OODO.

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
goooooobooon.

g

A

nnz_row

nnz

uo

ierr

uo

oo

gbooooood

gbooooobooog

ooogoooo

nnzrow JUO0O nnz 00000000000, ODODODODO, 1is_matrix_set_value JO OO DODONO
gbooooooboo,booboobooboon.
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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
gbAbD:0;0000000000.

oo
flag LIS_.INS_VALUE OO 000 A(i,j) = value
LIS_ADD_VALUE OO 0O 0A(L,j) = A(i,j) + value
i googod
j 000ooo
value googoogno
A 0o
oo
A i0 ;0000000000000
ierr googoood
oo

MPIOODODO,00000 0 4000000000000 700000000.
lis_matrix_set_value0 OO OO0O0O0O0OO0OOOOOOOOOOOOOOO, 1is_matrix_set_value
000000000 lis_matrix_assemble O O000O0O0OOOOOOOONO.

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
gboooboooboooooboooooag.

oo

A go

oo

A uboooboooooogn
ierr ooooooo
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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
ooooooboooog.

oo

A oo

local_n o0 A0O0OoOoooog
global_n 00 A0DOO0OO0D0O0oDo
Oogd

ierr ooooooo

Oogd

local nl global n OO DOODODOODOOOOOODOOODO.

O0,O0penMPOOD0O,0000000 localn=globalnO0O0O. 00000,
lis_matrix_set_size(A,n,0) O lis_matrix_set_size(A,0,n) 0000 n x nO00000O0OOO0
gooooo.

MPIO OO, lis_matrix_set_size(A,n,0) OO0, 000000 p0000000 n,xNOODOO
oooooo.o0o00,NOODOOOOO0O0n,000000.
00, lis_matrix_set_size(A,0,n) 000000000 pOO0O0O0O0O0O0 m,xnOO000O000O0OO
O.000,n,00000000CCOCOOOOOOOOOODODDDO.
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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
ooooooboooog.

oo

A oo

go

local_n OO0 A0DDODoOoOoooOo
global_n OO0 A0DODOOOOO0OO0
ierr ooooooo

oo

OO0, OpenMP OO0, local_n = global_ n 000

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

go

is 0000 A0DO0OOOOOOOoOoOoo
ie o000 ADDOOOOOOOOOO0O0+1
ierr ooooooo

oo

O0,O0penMPOO0O,nxn0O000 is = 0,ie = n0O0O.
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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.

oo
A
matrix_type
oo
ierr

go

000000 AQ matrix_type O LIS_MATRIX_CRSOUOOOOO. ODOD matrix_type UOODOOO

gooooboog.

oo

gbooooood

gbooooood

gognf

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.

00

A 0oOd

00

matrix_type ooooogoo
ierr oooooog

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, vBROOOOOOOO,0DO00000D0C00O0.

go

A oo

bnr BSR(BSC)OOODOOUOOO,000 VBROOODOOOO
bnc BSR(BSC)OOOOOOUOOO,000 VBROOOOOOO
row vVBROOOOOOOOO

col vBROOOOOODOOO

oo

ierr ooooooo
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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 AmO00000000000000 AowtODODODOO.

oo

Ain oooooo

oo

Aout ooooboOobOoooooboooo
ierr goooooo

oo

OO00000000D000 lis_matrix_set_type OO0 Aout O0O0ODO0O. BSR, BSC, VBR OO
000000000000 000 lis_matrix_set_blocksize U OO Aout OO OO D.

0000000000000 odoodoDdoDd0dedDODO0DOD0DODOODO,0000nDOon
00o0000o0ooooD0o0oo0oo0oUooooO. 0o,0b00000oooooono CRSO
Jogooobooboooooooooboog.

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
gooooobooog.

oo
Ain ooogoooo
oo
Aout ooogoooo
ierr ugbooaoad
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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 A0D0DODOOOOOOOdOo0000O0.

oo

A oo

oo

d oooooobooogoooo
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
OO0O0O00O0oO0o0oOooOcrRSOOOOOO0ODOOOOO0 ADbOoOooo.

od

nnz googo

ptr, index, value CRSOOODOO

A od
od

A ooooooogo
oo

lis_matrix_set_crs U0 O0OO0OO0O0O lis_matrix_assemble J 0000000 OOOOO.

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
OO00O0opoOoOobobD ccsuoopoooooooog Aopooono.

oo

nnz goooo

ptr, index, value ccsooood
A oo

oo

A ooooooooag
oo

lis_matrix_set_ccs O O0OO0OO0O0O lis_matrix_assemble I 0000000 O0OO0OONO.
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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
go0ooooOooOOOMSROOOOOOOOOOO ADOOOOO.

od

nnz agooog

ndz ooooooogo
index, value MSROOODOO
A od

0o

A ooooooogo
0o

lis_matrix_set_msr 00000000 lis_matrix_assemble I 0000000 O0OOONO.

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
oooO0o0O0O0O0O0O0ODIAOOO0O0O00ODOODODOD ADDDODDO.

oo

nnd gooooooo
index, value DIAOODOOO

A oo

oo

A Ooooooooo
oo

lis_matrix_set_dia() 000000000 lis_matrix_assemble() OO0 O0O0O0O0O0OOOOOO.
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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
000000000 ELLODOOOO0O0OOOO0 Aooogooo.

od

maxnzr Oooopoooooooo
index, value ELLOOODOO

A od

od

A ooooooooo

00

lis_matrix_set_ell 0O 0000000 lis_matrix_assemble 0 O00OO00OO0OOOO.

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
goooooooOoO JDSOOOOOODOOOODO AODOOOOO.

oo

nnz googno

maxnzr ooooooboboooo
perm, ptr, index, value JDSOOOoOd

A oo

oo

A oooobooooog

oo

lis_matrix_set_jds 00O OO0OODODOO lis_matrix_assemble OO 0OOO0OOOOOOO.
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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
oooooO0O0O000 BSROOOOOOOOOOO AODOOOOO.

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

lis_matrix_set_bsr 00000000 lis_matrix_assemble O O00OO00OO0OOOO.
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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
ooooOoOo0O000 BSCOOOOOOOOOOO Apooooo.

od
bnr oooooood
bne ooooooog
bnnz ooooood
bptr, bindex, value BSCOOOOO
A Ood
od
A ooooooooo
od

lis_matrix_set_bscUO0OOOOOOO lis_matrix_assemble O O00OO00OO0OOOO.
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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
oooOoOoOoOo0OO00O VBROOOOOOOOOOO AOOOOOO.

0od

nnz Oo0ooooooooo
nr oooooo

nc oooooo

bnnz goooooo

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

A uo

oo

A ugbooaoaood
oo

lis_matrix_set_vbr U0 O 0OO0OO0O0O0O lis_matrix_assemble D 000000000 OONO.
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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
oooooooooobo cootooopoOoUoOoDboOo Aoooooo.

od

nnz agooog

row, col, value coooooono
A 0o

od

A goooooooo
od

lis_matrix_set_coo O O0OOO0OO0O0O lis_matrix_assemble I 000000000 OONO.

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
OOo0o0O0O0O0O0O0OODNSOOOOO0O0O0OOODOD ADDDDODD.

go

value DNSOOODO
A go

oo

A gboogoogooog
go

lis_matrix_set_dns O 0000000 lis_matrix_assemble O O00O00OO0OOOO.
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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)

0O
U000b000b0dl alphaDO0O. 2 «— ax

0od

alpha gooad

X alpha OO OODOO

00

X O000000 alppha0000OOOO
ierr oooooog

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)

od
0000000. val — 2Ty

0o

X oooo

y oooo

oo

val oooo

ierr ooooooo
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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)

00
00000 100000000. val < |jz]);

oo

X oood

oo

val oooobD1o00o
ierr goooooo

6.3.4 lis_vector_nrm2

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

oo
00000200000000. val < ||z

oo

X good

oo

val oooob 22000
ierr ooogoooo
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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)

00
0000000000000000. val — [|#]|e

oo

X oood

oo

val oo0oooobooog
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)

0O
y—oaxr+yO0ooono.

0o

alpha oooo

X, y oooO

oo

v ar+y0000000000y000D0000000O
ferr 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
y—z+ayOOO0O.

oo

alpha oooad

X,y oood

oo

y r+oy00000D00000y0O0O0OO0OODOODOOO
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
z—or+yQdoooo.

oo

alpha oooad

Xy oood

oo

v/ 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 O0o0O00oOoooon

b 0000000000000

action LIS_.SCALE_JACOBI JacobiOOOOOO D 'Az = D ', D
0A=(a;) 00000

LIS SCALE SYMM DIAG 00000000 D-Y24AD~Y22 =

D~Y?, D~Y2000000 1//a; 0000000

0o

d D-'00D0 D~Y?200000000000000

ferr Ooooooo
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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
0000000 y«— Az000.

oo
A 0o

x oooo
0o

y o000

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)

00
000000000 y«—ATz00D0.

0o
A 0o

x oooo
0o

v 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)

0od
OO00o00oo0dUooooOoUooooOooooooooooon.
00

oo

od

solver ooo

ierr ooooood

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 obooooooooogn
oo

ierr goooooo
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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.

od

text gooonoooooogoo
od

solver oono

ierr ooooood

od

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

goooobb (ooobob goooooo

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgs|3}

BiCGSTAB -1 {bicgstabl4}

BiCGSTAB(l) | -i {bicgstabl|5} =-ell [2] 100

GPBiCG -i {gpbicgl6}

TFQMR -i {tfqur|7}

Orthomin(m) -i {orthomin|8} -restart [40] 00000 m0OO
GMRES(m) -i {gmres|9} -restart [40] OO0OO0OO0O0O mOO
Jacobi -i {jacobi|10}

Gauss-Seidel -i {gsl11}

SOR -i {sor|12} -omega [1.9] 0000 w0 0<w<?2)
BiCGSafe -i {bicgsafe|13}

CR -i {crl14}

BiCR -i {bicr|15}

CRS -i {crs|16}

BiCRSTAB -i {bicrstab|17}

GPBIiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafe|19}

FGMRES(m) -i {fgmres|20} -restart [40] 00000 mO0O
IDR(s) -i {idrs|21} -irestart [2] 00000 sOO
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] 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] SORODOOU0OOD w (0 <w<2)
~hybrid_ell [2] BiCGSTAB() OO 100
~hybrid_restart [40] GMRES,Orthomin 0 000000
I+S -p {is|5} -is_alpha [1.0] I+aS™ 0000000000 «
-is_m [3] I+aSMO000000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooo0ooo0o
(00O0ooOoooon)
-saamg_theta [0.05(0.12] 000000 af; < 6|asla,l
(Dolooo)
Crout ILU -p {ilucl8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] gooobogoobooo
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]

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;)00000
-scale {symm_diag|2} 00000000 D Y2AD Y2z =D"1%
pD~Y?2ppOo000 1/e; 0000000
gooobbzoOOod

-initx_zeros {falsel|O} Ooo0oboOooooo
-initx_zeros {truell} ooooooooOood
ooooooo

tdoogoogn

U000 O0OO00O0: -precision double

oo ooooo ooooooo

oono -precision {double|0}
4000 | -precision {quadl|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.

od
oo
od
solver oono

ierr ooogooo
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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.

od

A oooo

b oooooo

X oooooo

solver oono
00

X ood

solver gooo,0o00ooood
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 oono

precon ggd

oo

X goo

solver oooo,b0bobooobooa
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 ood
oo
status oo
ierr ooooooo
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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.

od

solver ood

od

iters good

ierr ooooood

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.

od
solver ooog

od
iters googono
iters_double oooopbooogo
iters_quad 40000000000
ierr ooooood
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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.

od

solver ood

od

times good

ierr ooooood

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 ooo

oo

times itimes U ptimes U 0 0

itimes ooooooboooogoo

ptimes gooooooo

p-c_times ooooooboooogoo
p-i_times 00o0dooDoooopooooooon
ierr oooooboo
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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)

go
gooOoOoOOoOOz0O00000bb-AzO020000D00D0O.

oo
solver ood

oo
residual b—Az 0 2000
ierr ooooooo

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.

oo

oo

oo

v oooooobooogoooo
ierr goooooo

oo
U000 vODOODOD 1is_vector_create U0 00O 0O0O0ODOOOOOODOO0OO. ODO0OO vOODO
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 ood

oo

nsol ooooooooon
ierr ooooooo

oo

gbooobooobooobooboobon.

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

oo

nsol oooobooogo
oo

name ooooooono
ierr goooooad
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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)

0od
Oo000ooo0ooDoooooooooooooooo.
00

oo

od

esolver ooo

ierr ooooood

go
gboooboooooobooon.

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.

od

esolver ooooboooooogoo
0od

ierr ooooood
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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.

od

text gooonoooooogoo
od

esolver oono

ierr ooooood

od

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}

Conjugate Gradient -e {cgl4}

Lanczos Iteration -e {1i|5%} -ss [2] gooooood
-m [0] ogoooo

Subspace Iteration -e {sil6} -ss [2] gobogobooon
-m [0] ooooo

Conjugate Residual -e {cr|7}
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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] 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] SORODOOU0OOD w (0 <w<2)
~hybrid_ell [2] BiCGSTAB() OO 100
~hybrid_restart [40] GMRES,Orthomin 0 000000
I+S -p {is|5} -is_alpha [1.0] I+aS™ 0000000000 «
-is_m [3] I+aSMO000000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooo0ooo0o
(00O0ooOoooon)
-saamg_theta [0.05(0.12] 000000 af; < 6|asla,l
(Dolooo)
Crout ILU -p {ilucl8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] gooobogoobooo
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] oooooOo
-etol [1.0e-12] oooooo
—eprint [0] 0000000
-eprint {none|0} oooono
-eprint {mem|1} oo0ooooooooogo
-eprint {out|2} gooooooooooo
-eprint {all|3} gobooooooobooooooobooo
-ie [ii] Lanczos Iteration, Subspace Iteration 000000000000 OCO0OO
-ie {pil1} Power Iteration (Subspace Iteration O O )
-ie {ii|2} Inverse Iteration
-ie {aiil3} Approximate Inverse Iteration
-shift [0.0] ooooooood
-initx_ones [true] oodoooo0ozo0OOOad
-initx_ones {falsel|O0} gooooooog
-initx_ones {truel1} oooooooi1o0o
-omp_num_threads [t] | OO0OOOODO
t000000o0o0

U000 ODOO0D0O0O: -eprecision double
o0 ooooo ooooooo
oono -eprecision {double|0}
4000 | -eprecision {quadl|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.

oo

oo

oo

esolver oono

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.

0o

A oooo

X oooooo

esolver ooog

od

evalue -n[0] 0000000 O0O0OO0OOO0OOOOOO0O0
X gooboooooobooooooog

esolver oooo,00oooood

ierr Ooooooo (0)

6.5.6 lis_esolver_get_status

C 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.

od
esolver ooog
od
status oo
ierr ooooood
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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.

od
esolver ood
od
iters good
ierr ooooood

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.

oo
esolver oono

0o
iters googno
iters_double oooooooogoon
iters_quad 40000000000
ierr goooooad
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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.

od
esolver ood
od
times good
ierr ooooood

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.

oad

esolver oono

oad

times 0000000000

itimes oooooobOoboOoooooooooog
ptimes 00000000000 000000000o00n
p-c_times oooooooboooooo

p-i_times 00000000000 0000o00

ierr oogooooo
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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)

go
0000000000000 22000000 (M—Ax)/A0200000000.

oo
esolver ooo

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

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.

oo

oo

oo

v oooooobooogoooo
ierr goooooo

oo
U000 vODOODOD 1is_vector_create U0 00O 0O0O0ODOOOOOODOO0OO. ODO0OO vOODO
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
obooobOooooboobooooooon.

oo

esolver ood

oo

v oo0oo0ooooooOoooo0oo00
ierr ooooooo

oo

0000 vOOOOOO 1lis_vector_create 1O 00O O0O0O0OO0OOOOOOONO.

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
goooooooOoOOOOOOOOODOOO,00 ADCRSODODODODOOO.

00

esolver oono

od

A OO00oooooooooooooo
ierr oooooogd

od

U0 AD0ODOO0OD lis_matrix_create 000000000 ODOOOOODO.
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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 ood

oo

nsol ooooooog
ierr ooooooo
oo

gboooboooobooobooboon.

g

Power Iteration

O

Inverse Iteration
Approximate Inverse Iteration
Conjugate Gradient

Lanczos Iteration

Subspace Iteration

N TS S B SR O

Conjugate Residual

123



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 oooooooo
go

name ooooood
ierr ooogooo

124



6.6 OUUUOUOO

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
obooobOooo,0o0o0obooocooon.

oo

filename oboooooboooooon
oo

A obooooooooogn

b oooooo

X goooo

ierr goooooo

go

gooooOoOoOoOoODODOOOOOOOOOOO.
e MatrixMarket 00000000000 OOOOOOOOOO
e Harwell-Boeing 0 O

gooooOooOoOoOoOO0ADDOOOO.
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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
gboooboooooooboooooaa.

oo

filename oooooobooogoooo
oo

v oood

ierr goooooo

oo

obooobooooooooon

e PLAINOO

e MM OO

OO00O0oooooDoo AOODoo.
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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
oboooboooooooboooog.

oo

filename oboooooboooooon
go

A oboooooboooogon
ierr ooogooo

oo

gooooooOoODOODODOOOOOOOOOOO.
o MatrixMarket O O
e Harwell-Boeing O O

oooOoOoOooOoOoOoOoOO0 ADDOOOO.
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6.6.4 lis_output

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.

oo

A

b

format

filename

uo

ierr

uo

go

obooobo.000bo0oo0obobooon NuLL

gbooob.o0boobobbobodn NULL

goooog

LIS_.FMT_MM MatrixMarket O O

goooooboooooan

ooogoooo

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

A\

format

filename

oo

ierr

go

oood

gooooo
LIS _.FMT_PLAIN PLAINOO
LIS . FMT_MM MM OO

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.

oo
A oo
format oooooo
LIS FMT_MM MatrixMarket O O
filename O0o000oo0o0oOD0ODOODOODOO0OO
oo
ierr goooood
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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 gbooooobooog
argv oooobooooo
go

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

OO000D00CO000D0OO dowbleDOOODOOOOODOOOO.

go
obobo0ooooooboobO,0boboboob0o0ooooboobobOobOobOon lis_wtime OO OO
oo,0000000.

6.7.4 CHKERR

C void CHKERR(int err)

Fortran subroutine CHKERR(integer err)

oo
gboooboobooboobooog.

oo
err oooooog

go

go

oo
Ub0o0000 1is_finalizeJOOOOOOOOO0OOOO0ODOOODOO.
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A 0O0OOOOO

obooo,000b0o0o0oooboobooooobooocooooboon.

A.1 00 MatrixMarket O O

MatrixMarket 00 [32]0, 0 0000000000000, 000000000000 ODOOOOOO
0000000.MxNOOO A=(ae;) 0000000L0O0O0O. a3 =A1,7)000. 0000000
gooooooo.

%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)D00D AQUDOOD 000000 MatrixMarket 0000000000 DOOO.

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 WP W=

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

Harwell-BoeingO OO CCSOOO00O0O0O0O0OO. valueOODO ADOODOOOO, indexO00 OO0
0000, ptrd valued indexOOOOOOO0OO0ODODOOOOO0OD. OOOOOOODDOODODOO
oo.

100 (A72,A8)

1 - 72 Title
73 - 80 Key
200 (5I14)

1 -14 000000000
15 - 28 ptr OO O
29 - 42 index 000
43 - 56 value 0 OO
57 - 70 0JOO0OO
300 (A3,11X,4I14)
1 - 300000
1 00: R Real matrix
C Complex matrix (0O OODO)
P Pattern only (DO ODO0O)
200 : S Symmetric
U Unsymmetric
H Hermitian (DO OOO)
Z Skew symmetric (O0O0OO00O)
R Rectangular (DODO0O0O)
300: A Assembled
E Elemental matrices (0O O O0O)

4 -14 00
156 - 28 OO
29 - 42 00O
43 - 656 OUOOOO
57 - 70 0

400 (2A16,2A20)
1 -16 ptr 000
17 - 32 index 00O
33 - 52 value 00O 0O
53 - 72 00000
500 (A3,11X,2I14) 0D O00O0OOODOODO

1 oobooo
FOOOOOO
MmOooooooo (coooo)
2 goooooobooooooon 6
3 gobooooboooooo x
4 -14 00

16 - 28 O00OOO
29 - 42 00000

(A.1)D00UD AOUDOO 0000 Harwell-Boeing OO ODOOOODOOOOO.

1-—— 10-——————- 20- --30 ----40 ----50-- -60 ---70 ---80
Harwell-Boeing format sample Lis
8 1 1 4 2
RUA 4 4 10 4
(1147) (1316) (3e26.18) (3e26.18)
F 1 0
1 3 6 9
1 2 1 2 3 2 3 4 3 4
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.000000000000000000E+00 1.000000000000000000E+00 1.000000000000000000E+00
.000000000000000000E+00 1.000000000000000000E+00 1.000000000000000000E+00
.000000000000000000E+00  1.000000000000000000E+00 1.000000000000000000E+00
.000000000000000000E+00
.000000000000000000E+00 1.000000000000000000E+00 2.000000000000000000E+00
.000000000000000000E+00

W O N NDNDN

A3 0000000 MatrixMarket OO

MatrixMarket 00 [32)0000000000000000OOOOOO0OO. 00ONOOOOO b= (k)
o000 =) 000.0000000000D0O0000.

%#hMatrixMarket vector coordinate real general <-- 000

% <—+
% lo00OOOoOoOOOnO
% <-+
N <—— 00
I1 B(I1) <-+
I2 B(I2) | OO0 O
L. | 0000000 1-base
IN B(IN) <-+

(A)ODOODDOD0OO0O b WOOODODOO MatrixMarket 0000000 OOOOOO.
%hMatrixMarket vector coordinate real general
4
1 0.00e+00
2 1.00e+00
3
4

2.00e+00
3.00e+00

A4 00000 PLAINODO

0000 PLAINOOOOODODODOODODODODODODOODOODOO. DONDODOO
b=(b;)0O0O0O b =B(I)I0O0. 000000000 OOOOODO.

B(1) <-+
B(2) | OOND
.. I
B(N) <+

(A)OOUODOOO b WOOOO PLAINODOOODODOOOOODOOO.

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