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0 Lisl10O00000O0O0O0OO
1. 00000000
2. 000000000000000000

(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 JO00OO0O0ODOODO,000O0O0,00D00000O0O0£O
e JOO0OOODOOOLOOODOODOOOO

4000000000000

e 0, 000D00O0DO0ODODDODOODLDOODO

000000000000000000,000000000000000 (0000000000
ooooo)

LisOO00D0O0OO000O0O0000O0000DOO000DOO00O0ObO00bOO0OO0OoDO0OO,00D00
obooboooooo1000 220, 00000000000 200080,000000000000H0
goo,03000 1000000000, 000D00DOO0O0OO0ODODOOD4000 1N1OD0O0ODOODOO.

2 Jodooon

o000, Ls0000000,0000000000000. 000000 LinnxO00OOOO0OOOOOO
goo.

21 0O0O0OOOOd

LisOO0O0OOO0OO0OO cooooooooooo. oo, Fortran 00000000 OCCOOOOCO
Fortran 0O OO0, AMGOOOOCOOOOOCOOOQOO Fortran90000000000O0O0. OODO
O0000,O0penMPOOO MPI-1O0O0O0O0O. 05000000000000 (07000000O).

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] Rayleigh Quotient Iteration

GPBiCG GPBiCRJ3] Subspace Iteration

BiCGSafe[1] BiCRSafe[4] Lanczos Iteration

BiCGSTAB(l) | TFQMR Conjugate Gradient[15, 16]

Jacobi Orthomin(m) Conjugate Residual[17]

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 configure 00O OOO0O0O
gbooooooboob,0boobooboon.
e JOOOO0OODOODOOOODOO - >./configure
e IO0O0DOODOODOODODO : >./configure --prefix=<install-dir>

configure 0000000000000 6000. 070 TARGETOOOOODOOOODOOOOODO.

2.4 makeO OO

lis-($VERSION) DO OO OODOOODO
>make
Omake 0000000000000 0OO. meke (00D O0OO0OO0ODOO)0000O00O0OO0OOOO
0000, 1lis-($VERSION) OO OO ODOODOOO
>make check
0000, 1is-($VERSION) /test 0 DO 0ODODOODOODOOODOOOODOODOOOODOODO. O



usgbogooaboo

cooooo (oo) OS
Intel C/C++ Compiler 7.0, 8.0, 9.1, 10.1, 11.1 | Linux
IBM XL C/C++ V7.0, 9.0 AIX
Linux
Sun WorkShop 6, 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 0O OO0 (DOOOO) (O
Intel Fortran Compiler 8.1, 9.1, 10.1, 11.1 Linux
IBM XL Fortran V9.1, 11.1 AIX
Linux
Sun WorkShop 6, Sun ONE Studio 7, Solaris
Sun Studio 11, Sun Studio 12
PGI Fortran 6.0, 7.1, 10.5 Linux
g?77 3.3 Linux
gfortran 4.3, 4.4
295 0.91

1is-($VERSION)
F config
O makeOOOOOO
F include
O O0000o0ooooo
F src
0O O0oooooad
L test
ogooooooo

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




O 7 00 TARGETOOOOO (0DOO configureOOO)

<target>

00000 configured0 0 OO0

cray_xt3

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

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

fujitsu_pq

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

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

hitachi

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

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

ibm_bgl

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

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

nec_es

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

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

nec_sx9_cross

./configure CC=sxmpic++ FC=sxmpif90 AR=sxar RANLIB=true
ac_cv_sizeof_void_p=8 ax_vector_machine=yes cross_compiling=yes

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




00000, Matrix Market 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
O L 1lis.h 1lisf.h
L 1ib
L 1iblis.a

lis.h 0 CO, lisf.h0 Fortran 000000000000 CO0O0OOOO0OO0OO0OO, 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
OO0000.0000000000000 Matrix Market 000 0O . rhs_setting [

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



rhs_filename O00o0o0o00ooooo

O00000d. rhs_filenamed PLAINOO OO O Matrix Market OO0 OO O0O0OO. 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
OO0000D00 Matrix Market 00000 . etestlf.FO etestl.cd Fortran OO OO .

2.6.7 etest2

1lis-($VERSION) /test OO O OODOOOOO
>etest2 m n matrix_type solution_filename residual_filename [options]
O0000D0,200 HelmholtzODODO 50000000000000C0000meO 50000000
0000 Az = X x 0, matrix_type 000000000000, options 00000000000, 00
gbobooobobobooboobo.bo,00b0obobo0b0bobO00bOl 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 O OO OODOODODO

>etestb evalue_filename evector_filename

O00000,00000 Ax = Ax0O Subspace Iteration 00000, 000000000000 2000
00000 evalue filename 0, 00000000000 ODO evector_filename O O[O0 Matrix Market
OO0 (Appendix ADOD)00O00OO0. 00 AUOO 120300000

goo.

2.6.11 spmvtestl

1is-($VERSION)/test U0 OO OO OOOO

>spmvtestl n iter

ob0o0ooO0,100 Poisson 0000 3000000000000 00O000OO0n0O 30000000

ooooo(,...,)T'0000,000000000000000 iter0000000000O00, FLOPS

oooooo.
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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

1lis-($VERSION) /test OO OO O OOOO
>spmvtest4 matrix_filename_list iter [block]
000000, matrix filename 1list 0000000000000 0O0O0OOO0OOOOOOOOO,O00O
ooooo0o(L,...,)T0000000000000000000 iter00000000O0O00, FLOPS
O00000.0000 blockD BSR,BSCOOOOOOOODOOODOO.

2.6.15 spmvtestd

1lis-($VERSION) /test OO O OODOOOOO
>spmvtest5 matrix_filename matrix_type iter [block]
000000, matrixfilename 00 0000000000000 OOOO0OOOOO, 0000000
(1,...,)' 0000000000 matrixtype 0000 iter 00000 DODDOO0O0O, FLOPSOODOO
OO0.0000 vlockO BSR,BSCOOOOOOOOODOOOO.

11



27 0OOooO
gboooboobooboobooog.
e OO

— Jacobi, SSORODOOOOUOOOODODO,0000 A0 CRSOUODDOODOO,00O0O0OOO
CRSOOOOO ADODODOODO.
— BiCGOOOOOOOO,SA-AMGOOOOOODO.

— SA-AMGUOUOO0O OpenMPOOOOOO,SAINVOOOOOOODODODODODDDDDO.

e 400000

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

000000 Conjugate Gradient, Conjugate Residual 0 0 0O .
— HybridOOOODOOOOODOOOOO, Jacobi, Gauss-Seidel, SOR OO OO .
— I+S, SA-AMGOOO0OO000O0.

e JOODOOO

— MPIOOOOOOOOOOOOOOOOOOCDOOOOOO,CcRSOOOOCOOOOODOOON
O.000000000D00000, 1is_matrix_convert 00000 CRSOOOOOOODO.

12



3 Uogdg
gooo,0bdbobodbo0booboobobo. bbb booboUoboo.
e IOOODO
e IOOOO
e JODODOODO
e ]J000DUDDOOULUOODULODOUU (DDOODULDDODOULODO)DOOO
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. D000 v0Onprocs000000O0000O0O0O0COOOOO0C
00000000000 local nO00. global n nprocs 1000 O O0O0ODO local n = globaln /
nprocs J00. 000,000000 (3.1)0000020000000000000000, globaln0
localn 000040 2000.

0 PEO
1

v=|— 3.1
2 PE1 (3-1)
3

14



3.1)ooooooDwODOODODODOD,00,O0penMPOOODODODOD 00000, MPIOOOOOO
gbobooboboooooboobooobooboooobooooobooobooon.
oboboo.0000000000O00DOO0O0O0O0O0O00. o000, MPIODOOODOOOO2000.

(-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, 00000 pO00O0 00000000000
O.00, lis_vector_set_size(v,0,n) 000000000 p0O0O0 m,0000000000CDO. O
oo,m,00000000000000A0.

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)

goooO.MPIOOO,0000000;0000CQ00CCOCOO0OOD0000000. flagdd
LIS_INS_VALUE O 0O: v(i) = value

LIS ADD VALUE O O0O0O: v(i) = v(i) + value

goooooooon

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 ADDOO0O globaln x global n0O0. 00 A0 nprocs 0000000000 OOOODODO
UbOdbdgbobdibdl localnOO. globalnU nproecs U0 OUOOOOON localn = globaln
/nprocs U0D0. 000,00 A0 (32)000002000000000000000000, globaln
O localnOOO0OO 40 2000.

PEO

=N

(3.2)

=N e

PE1

— N~

1
2
gbooobOobooooobooooooboo3soooooon.

1. 00b0bo0oooobobobooboobooooboobo

2. 000000000000000O0000UC0O000 (FortranOOODO)
. 00000obooboooooooon

gbooOo 1. 0o0ooobooooboboooboobooooooboon
(3.2) 0000 AO CRSOOUOOOOOOO,TOO,OpenMPOOOOO ADDOOO,MPIODOOODO
gooooboobooooobobooooboooboobobooobooobon.

00 A0 CRSOQOOOOOOOOOOOOOOODOOOOOOO.OOO,MPIODODOOOOOO 20
oo.

17



(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/

18



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) 0 lis_matrix_set_size(A,0,n) D000 nxnOO0O00O00O0O0O
gooooo.

MPIOOO, lis_matrix_set_size(A,n,0) 0000, 00000 p0000000n,xNOOOODO
ooooo.ooo,NOO0OO0OO0OO0O0O0 n,000000.

00, lis_matrix_set_size(A,0,n) 000000000 p0O0OO0OO0O0O0 m,xnOOOOOOOOO
0.000,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 O: A(4,j) = value
LIS.ADD.VALUE O O0OO: A(i,j) = A(4,j) + value
gooobooogn
ubooaboodaod
gbooobooboobgooogon
o C int lis_matrix_set_type(LIS_MATRIX A, int matrix_type)
e Fortran subroutine lis_matrix_set_type(LIS_MATRIX A, int matrix_type, integer ierr)

Ubood.00b0o0dnD A0 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

e Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, integer ierr)

goog.

int lis_matrix_destroy(LIS_MATRIX A)

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

gboooboobooboobobooobboobooboobooobon.

00 A0 CRSOQOOOOOOOOOOOOOOOOOOOOOO.OOO,MPIDODOOOOOO 20

oo.

KC(DD,OpenMPD)

1: int i,k,n,nnz;

2: int *ptr,*index;

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

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

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

7: lis_matrix_create(0,&A);

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

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

11: {

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

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

16: }

17: ptr[0] = 0;

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

19: 1lis_matrix_assemble(A);

~
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(—(](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.mtxO0000000O0O0O0O0O0O0O. OO0 Matrix MarketOOQOGOGO.

%#hMatrixMarket matrix coordinate real general
441010
12 1.0e+00
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11 2.0e+00
2 3 1.0e+00
21 1.0e+00
2 2 2.0e+00
34 1.0e+00
3 2 1.0e+00
3 3 2.0e+00
4 4 2.0e+00
4 3 1.0e+00

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

gboogooooog.

~C (00, OpenMP, MPID)

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 OO WN

N

~

N

e Fortran (O O, OpenMP, MPI O )

LIS_MATRIX A
LIS_VECTOR b,x

N o o WN e

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

N

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)

J

gboboobobOOmatvec.mtx 0000000000 O0O0O0DOO.

(Appendix ADODO).

%%MatrixMarket matrix coordinate real general
41010

.0e+00

.0e+00

.0e+00

.0e+00

.0e+00

.0e+00

.0e+00

.0e+00

.0e+00

.0e+00

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

N
[

B WONEFE PR WWWNNNERE =D
WP WN PPN EE W
P NDNNR R NDR BN

gbooooobooog
obA0O0DOO0OOODOOOOOOOOODbOO

o C int lis_input_matrix(LIS_MATRIX A, char *filename)

23
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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 Matrix Market 0 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,

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

character filename, integer ierr)

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

e Matrix Market 00 (00O O0OOOOOOOOOOOOO)

e Harwell-Boeing O O

3.4

00000 Az=b6000000000000000000000000000.
~C (00, OpenMP, MPID))

N

© 00N O WN -

[y
o

gogbooogd

LIS_MATRIX A;
LIS_VECTOR b,x;
LIS_SOLVER solver;

/0000000000 */

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

N

N

e Fortran (O O, OpenMP, MPI O )

© 00 ~NO O WN -

[y
o

LIS_MATRIX A
LIS_VECTOR b,x
LIS_SOLVER solver

/0000000000 =/

call lis_solver_create(solver,ierr)

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

goooog
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000 (000000000 0o00DO000o0oDO)0Do00UoO0oOo0

o C int lis_solver_create(LIS_SOLVER *solver)

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

goooooooOooOoOoOOoOOoOOoOOO

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

e Fortran subroutine lis_solver_set_option(character text, LIS_SOLVER solver,

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

gOO00. 1is_solver_set_optionC O OO0 00000000 O0OOOOOODOOOODODODOOO
gbooooOooooooboon.

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

26



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
-storage [0] oooooo
-storage_block [2] BSR, BsCOOOOOOOO

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

4000 | -f {quad|1}

oo
Oo0000 Az=000000,00

o C int 1lis_solve(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x, LIS_SOLVER solver)

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

goog.

3.5 OOUgoooo

00000 Az=X000000000000000O0O00000O0OOCOO.
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e C (OO, OpenMP, MPIO) ~

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

/0000000000 */

lis_esolver_create(&esolver) ;

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

© 00 ~NO U WN -

= e
= O

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

LIS_MATRIX A
LIS_VECTOR x
LIS_REAL evalue
LIS_ESOLVER esolver

/0000000000 =/

call lis_esolver_create(esolver,ierr)

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

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

=
= O W o0 ~NO O WN =

[
o

goooog
000 (0000000000 0ooO0o0o)0oooooooo

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

gooo.

oooooooo
uboboobobooooboooood

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

e Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,

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

OO000. 1lis_esolver_set_optionC OO0 OOO0OO0O0O0O0O0OOOOOO0OODOOOOOOOODOOOON
gooobooooooobooo.

gooooood

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

e Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,

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

O0O000. lis_esolver_set_optionCO 00O 0OOO0O0OODOOODOOODOODOOODOOOOODOOO
oooodooooooooooo.

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

goooboob obgbO: -e pi

agooog ogoood goooooad

Power Iteration -e {pil1}

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

Approximate Inverse Iteration | -e {aiil3}

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

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

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

Conjugate Gradient -e {cgl7}

Conjugate Residual -e {crl8}
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googoo oogobogd: -p ilu

ggd goooo goooooo
OO0 -p {nonel|0}
Jacobi -p {jacobil|1}
ILU(k) -p {ilul2} -ilu_£ill [0] 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]
-etol [1.0e-12]
-eprint [0]

-ie [ii]

-shift [0.0]

-initx_ones [true]

—-omp_num_threads [t]

-estorage [0]
-estorage_block [2]

oooooo

oooooo

gogooooo

-eprint {none|0} oooono

-eprint {mem|1} goooooooooooo

-eprint {out|2} gooooooooooo

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

-ie {iil2} Inverse Iteration

-ie {aiil3} Approximate Inverse Iteration

-ie {rqil4} Rayleigh Quotient Iteration
oooooooo
ooz OO0

-initx_ones {false|0} oooooooog
-initx_ones {truel1} oo0ooooo1000
ooooooo

td0o0ooodo

oooooo

BSR,BSCOOOODOOOO

go0o0oo0dn0 bo000d: -ef double

oo oooono oooooon

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

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

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

gooo.

3.6 ODUOooboOOd

oo000 Az=0b00000000000,0000C000O0O0OODODODODODODDODODOOO.
OO0 A00O0O 120300000

oO00.000000 0000 :0000100000000000.
OO0000D00O0 1is-($VERSION) /test OO O OODODODO.
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(DDDDDDDD:tesM.C

1: #include <stdio.h>

2: #include "lis.h"

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

4: {

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

6: LIS_MATRIX A;

T: LIS_VECTOR b,x,u;

8: LIS_SOLVER solver;

9: n = 12;

10: lis_initialize(&argc,&argv);

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

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

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

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

16: {

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

23:

24 lis_vector_duplicate(A,&u);

25: lis_vector_duplicate(A,&b);

26: lis_vector_duplicate(A,&x);

27: lis_vector_set_all(1.0,u);

28: lis_matvec(A,u,b);

29:

30: lis_solver_create(&solver);

31: lis_solver_set_optionC(solver);

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

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

35: lis_vector_print(x);

36: lis_matrix_destroy(4);

37: lis_vector_destroy(u);

38: lis_vector_destroy(b);

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

}
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(DDDDDDDD:testZLf.F

1: implicit none

2:

3:#include "lisf.h"

4:

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

6: LIS_MATRIX A

T: LIS_VECTOR b,x,u

8: LIS_SOLVER solver

9: n =12

10: call lis_initialize(ierr)

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

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

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

15: do i=is,ie-1

16: if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,-1.0d0,
17: A,ierr)
18: if( i<gn ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,-1.0d0,
19: A,ierr)
20: call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)
21: enddo
22: call lis_matrix_set_type(A,LIS_MATRIX_CRS,ierr)
23: call lis_matrix_assemble(A,ierr)

24:

25: call lis_vector_duplicate(A,u,ierr)

26: call lis_vector_duplicate(A,b,ierr)

27: call lis_vector_duplicate(A,x,ierr)

28: call lis_vector_set_all(1.0d0,u,ierr)

29: call lis_matvec(A,u,b,ierr)

30:

31: call lis_solver_create(solver,ierr)

32: call lis_solver_set_optionC(solver,ierr)

33: call lis_solve(A,b,x,solver,ierr)

34: call lis_solver_get_iters(solver,iter,ierr)

35: write(*,*) ’iter = ’,iter

36: call lis_vector_print(x,ierr)

37: call lis_matrix_destroy(A,ierr)

38: call lis_vector_destroy(b,ierr)

39: call lis_vector_destroy(x,ierr)
40: call lis_vector_destroy(u,ierr)
41: call lis_solver_destroy(solver,ierr)
42: call lis_finalize(ierr)
43:
44: stop
45: end
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3.7 0bOOOoOOoOooDOO

test4.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-AMGOO0O0OO0OO0O0O00000 (--enable-saamg) 00000 Fortran90 00O OO OOOOOO,
0000 Fortran90 OO0 0000000 OoOooOoOoO. OO, MPIOODOOUSELMPIOOOOODODONO
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
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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) > |a.lo] (00 a.hi 000 alo000
O0000)000000, Dekker[20] 0 Knuth21)0OOOOOOOOOOO0OOODOOOOOOOOO
OO00004000000000000. double-doubleDOOOO0O0O0O Fortrand 400000000
0000 [22]0,Fortran 00000 [23)000000 11200000000000,00000000 2
goooooobodb,0boob iv4dbobobo,8bobobo.bo,boboooobobobon 11
gooooo.

gogooboooo,boooboboooboobo,goobb,oobbooobbbooobb.boobo
0000 4000000000000000,000000D004000000000000D0O0DO00O00O
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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goooooood
>./test4d 200 2.0 -f double
aooo
>./test4d 200 2.0
0o0o000oooooooooooooooo.

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

0004000000
>./test4 200 2.0 -f quad
oooooooooooboooooobooooo.

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 )

00 AD CRSUUOO0O0O0OOOOO3000. 00000 CRSOO0DOO0O0O0O0OO,00O00ggogog

goooooooo.

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)

2000000000 AOCRSOOOOOOOOOO4000.200000000000 CRSOOO
obooooo,obooocobooboooooon.

0 1 3 0 2 5 A.ptr
$

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

04 CRSOOODOO0O0O (MPIO)

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

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

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

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

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

17: else {

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

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

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

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

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

CRSO0O0O0O0OOO0OO0O0OOAOOODOOOOOOO

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

LIS_MATRIX A)

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

goog.
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5.2 Compressed Column Storage (CCS)

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 )

OO0 A0 CCSOOOO0DOoOUODOOo  sS000. 00DopoOo ccSsUopoopoooog,opoooooDo

gooobooog.

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);

43




5.2.2 000000 (MPIO)

2000000000 A0 cCCSOoOoOoOooOoOoOoOogoenQOoO. 200000000000 CcsOOonO
obooooo,obooocobooboooooon.

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

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

06 CCSOO0D000000 (MPIO)

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

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

14: ptr[0] = 0; ptr[1] = 3; ptr[2] = 5;

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

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

17: else {

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

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

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

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

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

cCSOdO0OoooboOoOoOooaAaoO0OoobOooOoon

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

LIS_MATRIX A)

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

oooo.
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5.3 Modified Compressed Sparse Row (MSR)

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 )

OO0 AOMSROOOOOOOOOOY0O0OO. 00000 MSROOOOO0OO0OO0OO0OO,0000000
oooooooog.

11
91 99 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)

2000000000 A0 MSROOOOOOOOoOoOo8sOOoOo.2000ooooooooOo MSROO
oboooooo,booocobooooobooobooon.

3 3] 4 0 A.index
11|22 21 A.value
PEO
08 MSROOOOOODOO (BﬁPI[])
(’-del O ‘\
1: int i,k,n,nnz,ndz,my_rank;
2: int *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; nnz = 3; ndz = 0;}
7: else {n = 2; nnz = 5; ndz = 0;}
8: index = (int *)malloc( (nnz+ndz+1)*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( (nnz+ndz+1)*sizeof (LIS_SCALAR) );
10: lis_matrix_create(MPI_COMM_WORLD,&A);
11: lis_matrix_set_size(A,n,0);
12: if( my_rank==0 ) {
13: index[0] = 3; index[1] = 3; index[2] = 4; index[3] = O0;
14: value[0] = 11; valuel[l] = 22; value[2] = 0; value[3] = 21;}
15: else {
16: index[0] = 3; index[1] = 4; index[2] = 6; index[3] = 1;
17: index[4] = O0; index[5] = 2;
18: value[0] = 33; valuel[l] = 44; value[2] = 0; value[3] = 32;
19: value[4] = 41; value[5] = 43;}
20: 1lis_matrix_set_msr(nnz,ndz,index,value,A);
\‘?1: lis_matrix_assemble(A); 4/
5.3.3 0O0OO0OOO
ooooooo
MSROOOOOOOOODOO ADDOOOOODOO
o C int lis_matrix_set_msr(int nnz, int ndz, int index[], LIS_SCALAR valuel[],

LIS_MATRIX A)

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

good.
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5.4 Diagonal (DIA)
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)

00 A0 DIAODODOOOOOOODOO90O0ODO. 00000 DIADODDDOODODOO,DDODODOO000
goooobooon.

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 )

2000000000 A0 DIAODOOOO0OOOOO 10000, 200000000000 DIACDO
oboooooo,booocobooooobooobooon.

-1 0 -3[-1 0 A.index
0211122 0/41]32/43|33/44] A.value

0 10: DIAODOOOOOOO (OpenMP O)

(—()penh4P O ~
1: int n,maxnnd,nprocs;
2: int *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; maxnnd = 3; nprocs = 2;
6: index = (int *)malloc( maxnnd*sizeof (int) );
7: value = (LIS_SCALAR *)malloc( n*maxnnd*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = -1; index[1] = O0; index[2] = O0; index[3] = -3; index[4] = -1; index[5] = O0;
12: value[0] = O0; value[l] = 21; value[2] = 11; value[3] = 22; valuel[4] = O0; valuel[5] = O0;
13: value[6] = O0; valuel[7] = 41; value[8] = 32; valuel[9] = 43; value[10]= 33; value[l11l]= 44;
14:
15: lis_matrix_set_dia(maxnnd,index,value,A);
\‘16: lis_matrix_assemble(A); l)
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54.3 000000 (MPIO)

2000000000 A0 DIAODOOOOOOOOO 11000, 200000000000 DIACO
oboooooo,b0booocoboooooobooon.

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

0 11: DIADODDOO00O00 (MPIO)

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

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

N J

5.4.4 000000

goooooo
DIADOO0OOOOOOO00ADODOOOOOOOOO

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

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

goog.
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5.5 Ellpack-Itpack generalized diagonal (ELL)

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 )

00 A0 ELLO0ODOOOO0O0ODODOO 12000. 00000 ELLO0ODOOOOODOO,DOD0000D0CO
goooboooog.

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)

2000000000 AO ELLO0O0OOOOOOOO 13000.200000000000 ELLOO
oboooooo,b0booocoboooooobooon.

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

PEO PE1

0 13: ELLO0O0OO0O0D000 (MPIO)

(’-thI O ~N

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 {
16: index[0] = 1; index[1]
17: index[5] = 3;
18: value[0] = 32; valuel[l] = 41; value[2] = 33; value[3] = 43; value[4]
19: value[5] 44;}
20: 1lis_matrix_set_ell(maxnzr,index,value,A);
21: 1lis_matrix_assemble(A);

N J

© 00N 0O WN -

e el
w N = O

0; index[2] = O0; index[3]
21; value[2] = O0; valuel3]

1;
22;}

o

IS
[}
[}

[
¢y

0; index[2] = 2; index[3] 2; index[4]

1]
N

1]
o

5.5.3 0OO0OO0OODO

ooooooo
ELLOO0OO0OO0OO0OO0OO0O0ODOO0O0ADODOOOOODOO

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

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

good.
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5.6 Jagged Diagonal (JDS)

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

e IO0nO0D000 permO000O0O00O0OOODOOO.

e 00 nnzOOUOUOODO valueOOODODOOODOOD AODDDOOODOOOODO. DOODOOOO
boboooobobobooooobO. ooooobobooboooooobooboboooo.oboo
oooooooo.

e U0 nnzUOOOD indexUOUOO value O OODOOODOODOOODOOODODO.
e U0 maznzr+ 100000 ptr 00000000 0OOO0O0O0ODOODO.

OpenMPODOOODOOODOOODOOODOOODO.

JDSO 40000 (perm, ptr, index, value) DO O00OD0. nprocs000000000. maznzr, 00
0 A0O00O000O00O0O0CO0OO00O0000O000000000000. mazmaznzr 000 maxnzry,
gooooooon.

e 10 nO0000permI 00 ADOOOOOOOOOOOODOOODODODOOODOODODODDOD.

e 00mnzOOOOOO valueOOOOOODODODOD ACDODDODODODODOODOOD.ODDODODODODODOO
googooboooboobooboobo. bobbooboobooboobooobobooboo. booon
gooobooo.

e U nnzUODOUOD indexUOUOUO valueU O OUOOOOOOOOOOOOODOODO.

e 00 nprocs x (maxmaznzr+1) 00000 ptr 000 ADDDOOUDOOOOODOOOOOOOO
ooooooooODoOOoOO.
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5,61 000000 (0ODO)

00 A0 JDSOOO0O0O00OO0OOO 4000.00000JDSOOOOOOOODO, 0000000
oooooooog.

1 3 11 2| O A.perm
21 22 0 4 7 8 A.ptr
A= l’ .--“~~A -
3233 of o] ] o[ 2] 1] 2[73]" A.index
4 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);
\¥21: lis_matrix_assemble(A); )
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5.6.2 0JO0OOOO0OO (OpenMP )

2000000000 A0 JDSOOOOO0OOOOOO 000, 200000000000 JDSCO
oboooooo,booocobooooobooobooon.

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

0 010 12 2 3 A.index
1

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

0 15 JDSO00000000 (OpenMP O)

s OpenMP O ~N
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+1)*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]l = 2; ptr[2] = 3; ptr[3] = 0;
15: ptr[4] = 3; ptr[6] = 5; ptrl6] = 7; ptrl7] = 8;
16: index[0] = O0; 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[l] = 11; value[2] = 22; value[3] = 41;
19: value[4] = 32; value[5] = 43; valuel[6] = 33; valuel7] = 44;
20:
21: lis_matrix_set_jds(nnz,maxmaxnzr,perm,ptr,index,value,A);
\»22 lis_matrix_assemble(A); )
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5.6.3 000000 (MPIO)

2000000000 A0 JDSOOOOOO0OOOO 6000, 200000000000 JDSCOO
oboooooo,booocobooooobooobooon.

1 O 3 2 A.perm
0| 2| 3 0| 2| 4| 5| A.ptr
Y NN N~

0 0] 1 ol 1 2 3 A.index
1

2111122 41(32|43|33|44 A.value
PEO PE1

N

N

0 16: JDSOOOOOOO0O (MPIO)

. MPIO ~

int i,n,nnz,maxnzr,my_rank;
int *perm, *ptr,*index;
LIS_SCALAR *value;
LIS_MATRIX A;
MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;
if ( my_rank==0 ) {n = 2; nnz = 3; maxnzr = 2;}
else {n = 2; nnz = 5; maxnzr = 3;}
perm = (int *)malloc( n*sizeof(int) );
ptr = (int *)malloc( (maxnzr+1)*sizeof(int) );
index = (int *)malloc( nnz*sizeof (int) );
: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
: lis_matrix_create(MPI_COMM_WORLD,&A);
: lis_matrix_set_size(A,n,0);
: if ( my_rank==0 ) {
perm[0] = 1; perm[1] = O;
ptr[0] 0; ptr[1] = 2; ptr[2] = 3;
index[0] = O0; index[1] = 0; index[2] = 1;
value[0] = 21; value[1] = 11; value[2] = 22;}
: else {
perm[0] = 3; perm[1] = 2;
21: ptr[0] = 0; ptr[1] = 2
22: index[0] = O0; index[1] 1; index[2] = 2; index[3] = 2; index[4] = 3;
23: value[0] 41; value[1] = 32; value[2] = 43; value[3] 33; value[4]
24: lis_matrix_set_jds(nnz,maxnzr,perm,ptr,index,value,A);
25: 1lis_matrix_assemble(A);

N J

© 00 ~NO O WN -

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

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

1]
S
>
o

5.6.4 OO0OOODO

goooooo
JDSOOOOOO0O0O0O0O0O AOODOODODODOOOO

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

good.

5.7 Block Sparse Row (BSR)

BSROOOOOrxc¢cOOODOOOODOO (DD0OOO0OD)00000O.BSRO CRSOOOOOODO
000000 (00000 100000000000)00000. nr=n/r,nnzbd ADOOOOOO
O000.BSRO 30000 (bptr, bindex, value) OO DO0O.

e U0 nnzbxrxcO00O0O0O0D0valueOODOOO0OO0OO0OODOOODOO.
e D0 nnzb0000O0 vindexOOOOOODDOOOODOOOODDOOO.

e U0 nr+ 100000 pptr000 bindexOOOOOOOODOOOOODOODO.

5,71 000000 (0O, OpenMP 0O)

OO0 A0 BSROOOOOOOOO0O0 17000.00000BSROOOOOOOOO,0000000
gooobooog.

11
21 22

Lo 1] 3] A bptr

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

A:

41

0 17 BSROOOOOOOO (OO, OpenMP O)

(DD,OpenMPD ~

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

int *bptr,*bindex;

LIS_SCALAR *value;

LIS_MATRIX A;

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

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

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

lis_matrix_set_size(A,0,n);

value

© 00 ~NO U WN -

o e
N = O

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

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

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

=
S W

= e
o o,

=
0

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

[y
©
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5.,7.2 000000 (MPIO)

2000000000 A0 BSROOOOOOOOOO18SOODO. 200000000000 BSROO
oboooooo,booocobooooobooobooon.

A.bptr

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

0 18 BSROODOOOODOO (MPIO)

(/-thI[] ‘\
1: int n,bnr,bnc,nr,nc,bnnz,my_rank;
2: int *bptr,*bindex;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;
6: if ( my_rank==0 ) {n = 2; bnr = 2; bnc = 2; bnnz = 1; nr = (n-1)/bnr+l; nc = (n-1)/bnc+1;}
7: else {n = 2; bnr = 2; bnc = 2; bnnz = 2; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;}
8: bptr = (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; valuel[3] = 22;}

17: else {

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

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

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

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

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

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

BSROOODODODODOOOOD AODDDOOOOOOO

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

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

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

goog.
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5.8 Block Sparse Column (BSC)

BSCOUOOOO rxc¢OOOOUOOOOO (DOOODOOO)O0O0OODO.BSCO CcCcsooOoooono
gooooo (DDDDD 1DDDDDDDDDDD)DDDDD.nc:n/c,nnzbl] AOODOOOOOO
O00.BSCO 30000 (bptr, bindex, value)J O OODO.

e 0 nnzbxrxcO00OD0O0O0D0 valueODODOODOOOOODOODOOODOO.
e 00 nnzb00000 bindexOOOOOODDOOOODOOOODDOOO.

e U0 nc+100000bptr000 bindexOOOOODOOOOOOODOOODO.

5.8.1 000000 (0O, OpenMP )

OO0 A0 BSCOOOOOOOOODO 19000.00000 BSCOOOOOOOOO,0000000
oooooboooog.

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)

2000000000 A0BSCOOOOOOOOOO20000. 200000000000 BSCOO
oboooooo,b0booocobooooooobooon.

n A.bptr
0l 1 1 A.bindex
11]21] 0]22] 0/41|32| 0] [33[43] 0/44] A.value
PEO PE1
0 20: BSCOOOOOOOO (MPID)
(/-thI[]
1: int n,bnr,bnc,nr,nc,bnnz,my_rank;
2: int *bptr,*bindex;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;
6: if ( my_rank==0 ) {n = 2; bnr = 2; bnc = 2; bnnz = 2; nr = (n-1)/bnr+l; nc = (n-1)/bnc+1;}
7: else {n = 2; bnr = 2; bnc = 2; bnnz = 1; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;}
8: bptr = (int *)malloc( (nr+1)*sizeof(int) );
9: bindex = (int *)malloc( bnnz*sizeof (int) );
10: value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );
11: lis_matrix_create (MPI_COMM_WORLD,&A);
12: lis_matrix_set_size(A,n,0);
13: if( my_rank==0 ) {
14: bptr[0] = 0; bptr[1] = 2;
15: bindex[0] = O0; bindex[1] = 1;
16: value[0] = 11; value[l] = 21; valuel[2] = 0; value[3] = 22;
17: value[4] = 0; value[5] = 41; valuel[6] = 32; value[7] = 0;}
18: else {
19: bptr[0] = 0; bptr[1] = 1;
20: bindex[0] = 1;
21: value[0] = 33; value[1] = 43; valuel[2] = 0; valuel[3] = 44;}
22: lis_matrix_set_bsc(bnr,bnc,bnnz,bptr,bindex,value,A);
\‘23: lis_matrix_assemble(A);

5.8.3 OO0OOODO

ugbooaooad
BSCOODODOOUOODOOOAOODODDOOODODOO

o C

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

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

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

goog.
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5.9 Variable Block Row (VBR)

VBROUOBSROOOOOOOUOOUDOUOOU. OOOOOOOOOOO (row, col)0DO0O0OOO. VBR
0OCRSOUDO0OO0DOODOOOODOOD (OUOOO 10000000000O0)00000. nr,ne0OODO
OO0000,0000000. 7200 ADDOQOOODOOO,mz000000000000000O. VBR

060000 (bptr, bindex, row, col, ptr, value) JO0ODOO.
e 0 nr+100000 rowDOODOOO0OOODODOOOOODOO.
e 0 nc+100000 colOOODDODDODOOOOODDDODOO.
e 00nnzbDDOODODObindexOODODODDODODOOOOODOOODOODO.
e U0nr+100000 pptr 00 bindexUODOODODOODODOOOOODOOO.

e 0 nnzO0ODOOOO valueOOOODOOOOODOODOOODOO.

e U0 nnzb+100000 ptr000 valueDODOOOODOOOODOOOOODO.

59.1 000000 (0O, OpenMP )

00 A0 VBROOOOOOOOOO 21000.00000 VvBROOOOOOOOO,00000

oooooooooog.

0 1 3/ 6
11 ol ol 1 o] 1] 2|
A | 2|22 0 1] 3 4
32 33 0 1 3 4
41 43 | 44 o/ 1| 3] 7| 8/10/11
U
111[21] 0[22]32] 0[33|41] 0/43[44

0 21: VBROOOOOOOO (OO, OpenMP O)
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A.bptr
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.bindex
.TOW
.col
.ptr

.value



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)

2000000000 A0 VBROOOOOOOOOO22000.200000000000 VBROO

oboooooo,booooboboooooobooon.

lﬂ A.bptr

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

ol 1 3 3 4 A.row

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

¢033\7 O134\A.ptr
\

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

PEO PE1

0 22: VBROOODOOOODO (00O, 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 =
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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 nnzUOODOODOOvalueODOOOOOOODOO

e U0 nnzO0ODOO rowdO00O0O0O0O0OOODOOO.

e U0 nnzUODOUOUOD colOOOODOOODOODOODO.

5.10.1 000000 (OO, OpenMP 0)

OO0 AQD cooUpoOoUopooOoOonD23000. 0ooo coopoopUooopooUoo,ooUUoDo

gooooooboooon.

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)

2000000000 AQDcCcooOoOoOoOoOoOoOoUoUoUu22000. 200000000000 coon
gbooooooo,ooooboooobobooooa.

0 1 1 3| 2] 2| 3] 3] A.row
0 O] 1 0 1 2| 2| 3] A.col
11|21|22 41\32/33|43|44| A.value
PEO PE1
DQ4:COODDDDDDDD(MPID)
(’-hdpl O ‘\

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

17: else {

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

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

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

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

N y

5.10.3 000000

goooooo
cootooopoooooobooaabooobboooo

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

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

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

e I0nxnUDO0O0OOvalueJODOODOOODOOODOO.

5.11.1 000000 (OO0, OpenMP 0)

OO0 AO0DNSOOODOOOOOODO2000. 00000 DNSOOODOOOOOO,0000000
gooobooog.

11
Ao | 2 11|21] 0J41| 0|22/32] 0] A Value
32 33 0| 0[33/43| 0] 0] 0j44
41 43 44
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)

2000000000 AU DNSOOODOOOOODOD26000.200000000000DNSOO
oboooooo,booocobooooobooobooon.

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

PEO PE1

0 26:: DNSOOOOOOOO (MPIO)

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

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

good.
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6 04

ocooo,boo0ogooooobogoooooboo0.0bogoocogooooooUOo.oog co
OoOdOdO0OO0,Fortran00 10000000.00,CO0000000O, FortranODO 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

O000v0000 global nO0O0O. 0000 vOnproes0000000O00O0O0O0OOOOCOODOO
000000000 localnO0ODO. global n U0 O0O00O0D0O0,localnJ000O0O0O0O00OODO.

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 ooooooooooooon
oo

vout goooogooo

ierr googood

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

oo

vec good

localn oooooooooogoo
global n oo0oobOoooonDoooo
oo

ierr ooooogoo

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, 00000 pO00n, 00000000000
0.00, lis_vector_set_size(v,0,n) 000000000 pO0O0 m, 0000000000OC0O0. O
00,m,000000000O000O0OCCO.
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6.1.5 lis_vector_get_size

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

integer global_n, integer ierr)

go
obooOo0000000.

00

v oooo

00

localn O00o0000oooobooao
global n O000000000o00ooa
ierr ooooooo

oo

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 gooood

oo

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

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 OO : v[i] = value

LIS ADD VALUE ODO0O0O: v[i] = v[i] + value

i oooood

value oooooooo

v oooooboooog
oo

v (0000000 valvee0OOOOOODOODO
ierr goooooo
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.

oo

i gooood

v gooobooogan
oo

value godad

ierr goooood
go

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.

od
flag LIS_INS_VALUE OO : v[index[i]] = value[i]
LIS ADD VALUE O0O0ODO: v[index[i]] = v[index[i]] + valuel[il
count o00o0oopooooooooooooon
index Oo0ooooooooooog
value oooooooooooogono
v ooooooogo
od
v index[tl] 0000000 value[kl] OOOOOODOOOO
ierr ooogooo
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 oooobooobooboooboooboo
oo

v ooooboooogon

ierr goooooo

6.1.12 lis_vector_gather

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

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

oo

v ooooooooon

oo

value 0ooooooboooboooooo
ierr ooooogoo
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6.1.13 lis_vector_copy

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

go
gbooobOobooogn. ye—=o

0o
X oooooooo
oo
y oooooooo
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.

oo

value gooooooo

v goooooooga

oo

v U000db0ddvvalueO4OQOoOQooOOO
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.

gd
v good
gd
ierr LIS.TRUE O OO0

LIS_FALSE 00O OO
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6.2 0OO0O0OUO

00 A0OOODO globalm X globalnOO0O. 00 A0 nprocs 000 0000000000000
000000000000 localnO0O0. global nO0OOO0O00OO0O00O,local n00O0O0O0OO0O0OO0
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.

oo

LIS_Comm MPIODOODOOOO
oo

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.

oo

A oooOooobooog
oo

ierr ooooogoo
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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.

go
flag LIS_.INS_VALUE OO : A(i,j) = value
LIS_ADD_VALUE OO 0O0O: A(i,j) = A(i,j) + value
i gooooo
j 0ooooo
value goooogooo
A gad
oo
A (0 j00goobbobooooa
ierr ooooood
gd

MPIODOO,00000 0700000000000 ::04j0000000.
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
gboooboooobobooooag.

oo

A oo

oo

A oooopbooogo
ierr ooooogoo
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6.2.7 lis_matrix_set_size

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

integer global_n, integer ierr)

go
ooooooboooog.

oad

A oad

localn o0 A0O0OoOoooog
global n 00 AOODODOOO0OO0O0o
Oogd

ierr ooooooo

Oogd

local nl global n OO DOODODOODOOOOOODOOODO.

O0,O0penMPOOD0O,0000000 localn=globalnO0O0O. 00000,
lis_matrix_set_size(A,n,0) 0 lis_matrix_set_size(A,0,n) D000 nxnO0O0O0DO0OOO0OOO
gooooo.

MPIO OO, lis_matrix_set_size(A,n,0) 000, 00000 pO00000O0n,xNOOODOO
oboooo. o000, NOOO0O0OO0O0B0n,000000.
00, lis_matrix_set_size(A,0,n) 000000000 pO0OO0O0O0O0O0 m,xnOOOOOO0OOO
O.000,n,00000000CCOCOOOOOOOOODODODODODO.
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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.

oad

A oad

oad

localn o0 A0O0OO0OO0o00ag
globaln 00 A0O0OoOoOooooao
ierr ooooooo

Oogd

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

oo

is 0000 A0DD0OO0DOOOO0OOO0OO
ie 0000 A0DO0ODODOOO0OOO+1
ierr ooooogoo

oo

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

81



6.2.10 lis_matrix_set_type

C int lis_matrix_set_type(LIS_MATRIX A, int matrix_type)

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

go

gooobooooooon.

go
A
matrix_type
go
ierr

go

000000 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 ooogooo

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.

00

A 0oOd

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

col vBROOOOOODOOO

od

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 gooood

oo

Aout googbooobooboooa
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 googoood
oo
Aout googoood
ierr goooooo
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6.2.15 lis_matrix_get_diagonal

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

go
00 A0D0DODOOOOOOOdOo0000O0.

0o

A oo

oo

d oooooooboobooo
ierr goooooo
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6.2.16 lis_matrix_set_crs

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

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

oo
OO0O0O00O0oO0o0oOooOcrRSOOOOOO0ODOOOOO0 ADbOoOooo.

oo

nnz googo

ptr, index, value CRSOOOODO

A oo
oo

A ooooboooog
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 ccsoooono

A oo

oo

A oooonboooog
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.

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

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 DIADDOOO

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 ELLOOOOO

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 ooooboooboobo
perm, ptr, index, value JDSOOQOono

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
bnc 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
bnc ooooooog
bnnz ooooood
bptr, bindex, value BSCOOODOO
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.

oo

nnz goooooooboon
nr gooood

nc gooood

bnnz goooooo

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

A uo

oo

A ugbooaoaood
oo

lis_matrix_set_vbr 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.

od

value DNSOODOOO

A od

od

A ooooooooo
od

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 good

X alpha OO OODOO

00

X O000000 alppha0000OOOO
ierr ooogooo

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

oo

X good

y good

oo

val agood
ierr googoood
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6.3.3 lis_vector_nrml

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

00
00000 100000000. val < |jz]);

oo

X good

oo

val goodo1goo
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 oood

oo

val ooooo22000
ierr googoood
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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 good

oo

val gooooooobooon
ierr goooooo
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6.3.6 lis_vector_axpy

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

integer ierr)

0O
y—oaxr+yO0ooono.

00

alpha good

X, y oood

oo

y axr+y00000 (D0D0D0 yODOOOOOOOO)
ierr ooooooo

6.3.7 lis_vector_xpay

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

integer ierr)

oo
y—z+ayOOO0O.

oo

alpha good

Xy good

oo

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

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

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

oo
z—or+yQdoooo.

oo

alpha good

Xy good

oo

z r+aoyQdO0QO0Q00O
ierr goooooo

6.3.9 lis_matrix_scaling

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

oo
gooobooooooboon.

0o

A 0ooooooooooo

b 000o00o0oo0ooooooo

action LIS_SCALE_JACOBI JacobiOOOOODO D 'Axz=D"'% 000 D
0A=(e;)00000

LIS_SCALE.SYMMDIAG 0DDOODOO D Y2AD~ 124 = D1/%

000 p~¥2000000 1/6; 0000000

ao

d D000 p~Y200000000000000

ierr ooOooooo
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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 oo

x oooo
oo

y oooo

6.3.11 lis_matvect

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

00
000000000 y«—ATz00D0.

oo

A 0o

x oooo
oo

y oooo
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6.4 0O0OUOOOOOO

6.4.1 lis_solver_create

¢ int lis_solver_create(LIS_SOLVER *solver)

Fortran subroutine lis_solver_create(LIS_SOLVER solver, integer ierr)

oo

000 (00ooO0o0U0oo0oOooooOoooo)oooog.
oo

oo
oo

solver goo

ierr goooooo

go
gbooobOoboooobooboooon.

6.4.2 lis_solver_destroy

C int lis_solver_destroy(LIS_SOLVER solver)

Fortran subroutine lis_solver_destroy(LIS_SOLVER solver, integer ierr)

go
obooobooooboobooooobooo.

oo

solver ooooboooboobo
oo

ierr oooooboo
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6.4.3 lis_solver_set_option

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

integer ierr)

go
obooobooooooobooooboooon.

oo

text gooonoooooogoo
oo

solver aog

ierr googood

oo

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

goooobb (ooobob 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] oopoooo
-tol [1.0e-12] oooooo
-print [0] oooooon
-print {none|0} ooooo
-print {mem|1} ooooooooobooooo
-print {out|2} gooooooooooo
-print {all|3} gogooobobbboooooooboboobo
-scale [0] 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%
D-'/2000ooo 1/ya; 0000000
-initx_zeros [true] ooooonozoOOQOd
-initx_zeros {false|0} oooooboogo
-initx_zeros {truel|1} gboooogoooboon
-omp_num_threads [t] | DO0OO0OOO
t0oooooon
-storage [0] oopoooo
-storage_block [2] BSR,BsCOOOOOOOO

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

C int lis_solver_set_optionC(LIS_SOLVER solver)

Fortran subroutine lis_solver_set_optionC(LIS_SOLVER solver, integer ierr)

go

gbobooooboooooooooooboooooooooobooboobOobOoboboobooooon
O.

oo
oo
oo
solver aog

ierr ooooooo
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6.4.5 lis_solve

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

go

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

oo

A good

b goooog

X gooood

solver agoo

oo

X agoo

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

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

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

oo
00000000000,00000000000000000000 Az=6000.00000000

U000 lis_solver_get_iters, lis_solver_get_time, lis_solver_get_residualnorm U000 0ODO.

oo

A oood

b gooood

X oooooo

solver aog

precon goo

oo

X ooo

solver oooo,o0boooooo
ierr ooooooo (o)
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6.4.7 lis_solver_get_status

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

integer ierr)

go
oboooooooooon.

oo
solver aog
oo
status oo
ierr googood
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6.4.8 lis_solver_get_iters

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

integer ierr)

go
obooooobooooooon.

oo

solver aog

oo

iters good
ierr googood

6.4.9 lis_solver_get_itersex

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

integer iters_double, integer iters_quad, integer ierr)

oo
gboabooaoooooan.

oo
solver ggd

oo
iters googono
iters_double googoooobgoo
iters_quad 40000000000
ierr googood
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6.4.10 lis_solver_get_time

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

integer ierr)

go
obooooobooooooon.

oo

solver aog

oo

times good
ierr googood

6.4.11 lis_solver_get_timeex

-

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

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

integer ierr)

N

uo
gooobooobooooooon.

oo

solver oo

oo

times itimes U ptimes U 0 0

itimes ooooboooboooa

ptimes gooooood

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

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

LIS_REAL residual, integer ierr)

go
gooOoOoOOoOOz0O00000bb-AzO020000D00D0O.

oo
solver aog

oo
residual b—Az 0 2000
ierr googood

6.4.13 lis_solver_get_rhistory

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

go
obooooobooooooboon.

0o

RN

oo

v oooooooboobooo
ierr goooooo

oo
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 aog

oo

nsol oooobooogn
ierr googood

oo

gbooobooobooobooboobon.

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

C int lis_get_solvername(int nsol, char *name)

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

go
gbooobOoboooobobooooooa.

0o

nsol ooooboooobgon
oo

name ooooooono
ierr goooooo
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6.5 UOOUogoooo

6.5.1 lis_esolver_create

¢ int lis_esolver_create(LIS_ESOLVER *esolver)

Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, integer ierr)

oo

000 (00oo0o0ooOoOoUooooOoo)ooooo.
oo

oo
oo

esolver goo

ierr goooooo

go
gbooobOoooooobooon.

6.5.2 lis_esolver_destroy

C int lis_esolver_destroy(LIS_ESOLVER esolver)

Fortran subroutine lis_esolver_destroy(LIS_ESOLVER esolver, integer ierr)

go
obooobooooboobooooobooo.

oo

esolver ooooboooboobo
oo

ierr oooooboo

113



6.5.3 lis_esolver_set_option

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

integer ierr)

go
oboocooOobooooboobooooooo.

oo

text gooonoooooogoo
oo

esolver aog

ierr googood

oo

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

oooo0oobO0o obooO00: -e pi

ooooo ooooo ooooood

Power Iteration -e {pil1}

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

Approximate Inverse Iteration | -e {aiil3}

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

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

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

Conjugate Gradient -e {cgl7}

Conjugate Residual -e {crl|8}
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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]
-etol [1.0e-12]
-eprint [0]

-ie [ii]

-shift [0.0]

-initx_ones [true]

—-omp_num_threads [t]

-estorage [0]
-estorage_block [2]

oooooo

oooooo

gogooooo

-eprint {none|0} oooono

-eprint {mem|1} goooooooooooo

-eprint {out|2} gooooooooooo

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

-ie {iil2} Inverse Iteration

-ie {aiil3} Approximate Inverse Iteration

-ie {rqil4} Rayleigh Quotient Iteration
oooooooo
ooz OO0

-initx_ones {false|0} oooooooog
-initx_ones {truel1} oo0ooooo1000
ooooooo

td0o0ooodo

oooooo

BSR,BSCOOOODOOOO

000 OD0O0000: -ef double

oo oooono oooooon

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

C int lis_esolver_set_optionC(LIS_ESOLVER esolver)

Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, integer ierr)

go
gboboobOobooboobobooooobooooboobooooboboooooboooooon.

0o

RN

oo

esolver goo

ierr goooooad
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6.5.5 lis_esolve

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

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

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

lis_esolver_get_residualnorm OO0 O 0ODO.

oo
A good
X goooog
esolver ggd
go
evalue -n[0] OOOOODOOOOODOOOOOOODOO
X gooobooobooboobobooo
esolver gooo,bboooogo
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.

oo
esolver ggd
go
status oo
ierr ooooogoo
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6.5.7 lis_esolver_get_iters

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

integer ierr)

go
obooooobooooooon.

oo
esolver aog
oo
iters good
ierr googood

6.5.8 lis_esolver_get_itersex

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

integer ierr)

go
obooooobooooooboon.

0o
esolver oog

oo
iters googno
iters_double goooboobobogod
iters_quad 40000000000
ierr goooooo
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6.5.9 lis_esolver_get_time

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

integer ierr)

go
obooooobooooooon.

oo
esolver aog
oo
times good
ierr googood

6.5.10 lis_esolver_get_timeex

-

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

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

integer ierr)

N

uo
gooobooobooooooon.

oo

esolver oog

oo

times O00oO0oo0ooooo

itimes O0o0o0oo0oooooooooooon
ptimes O00oOO0ooO0o0oo0oO0ooooooooobooooa
p-c-times o0oooooooooo

p-i_times O00o000O00oOO0oO0oobooono

ierr ooooooo
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6.5.11 lis_esolver_get_residualnorm

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

LIS_REAL residual, integer ierr)

go
0000000000000 22000000 (M—Ax)/A0200000000.

oo
esolver aog

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

6.5.12 lis_esolver_get_rhistory

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

go
obooooobooooooboon.

0o

RN

oo

v oooooooboobooo
ierr goooooo

oo
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 aog

oo

v gooooOOoooooOooDoooon
ierr googood

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.

oo

esolver agoo

oo

A ooooboobooooboobooonog
ierr ooooooo

oo

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 aog

oo

nsol goooogooo
ierr googood
oo

gboooboooobooobooboon.

g

Power Iteration

O

Inverse Iteration
Approximate Inverse Iteration
Rayleigh Quotient Iteration
Subspace Iteration

Lanczos Iteration

Conjugate Gradient

N N S S N e =

Conjugate Residual
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6.5.16 lis_get_esolvername

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

integer ierr)

go
oboooooboooooboooooa.

oo

nesol ooooooon
oo

name gooood
ierr googood
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6.6 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.

0o

filename ooooboooboobooo
0o

A ooooboooboobo

b gooooo

X googno

ierr goooooo

oo

gooooOoOoOoOoODODOOOOOOOOOOO.
e Matrix Market 00 (00000 D0O0O0O0OO0OOOOOO)
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.

0o

filename oooooooboobooo
oo

v good

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 gooooobooogoooo
oo

A gooonoooooogoo
ierr googood

oo

gooooooOoODOODODOOOOOOOOOOO.
e Matrix Market 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 Matrix Market 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

v

format

filename

oo

ierr

go

oood

gooooo
LIS_FMT_PLAIN PLAINODO
LIS_FMT_MM MMODO

gbooobooboobooo

gbooooood

gooOoOoOoOoOoOoOoOoOODOO AOOOOO.
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6.6.6 lis_output_matrix

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

integer ierr)

go
obooooooboooooboon.

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

130



6.7 00O

6.7.1 lis_initialize

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

Fortran subroutine lis_initialize(integer ierr)

oo
MPIDDOOO,00000000000000DOOO0O00ODOO.

oo

argc ocoooooooooo
argv oooobooooo
oo

ierr ooooooo

6.7.2 lis_finalize

C void lis_finalize()

Fortran subroutine lis_finalize(integer ierr)

go
ooooooo.

go

oo

go

ierr ooooooo
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6.7.3 lis_wtime

C double lis_wtime()

Fortran function lis_wtime()

uo
googooooog.
oo
go
oo

000000000000 double00O0O (DODOO)000OODO.

go
obob0o0ooooooboobO,0boboboob0o0ooooboobob0obOobOon lis_wtime OO OO
go,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 00O Matrix Market OO

Matrix Market 00 [32]0,00000000000000. 0000000000000 O0OOOOO
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 AQOUDOOD b DO000O000 Matrix Market 000000000 0OOOO.

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 (O OO)
P Pattern only (O O0O)
200 : S Symmetric
U Unsymmetric
H Hermitian (O O0O)
Z Skew symmetric (0D O0O)
R Rectangular (0 0O0O)
300: A Assembled
E Elemental matrices (JO0O)

4 -14 00
156 - 28 OO
29 - 42 00O
43 - 56 DUOOOO
57 - 70 0

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

1 oobooo
FOOOOOO
MmoOooooooo oo
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 Matrix Market 0 O

Matrix Market 00 [32]0 0000000000000 0O0O0OO0O0O0O0O. 00NOOOOO 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) <-+

(A1)ODOODDOO0OO0O b WO0OOO00OO Matrix Market OOOOOOOOOODOOO.
%%MatrixMarket 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 PLAINOOOOODOODODOODODODODODODOODOODOO. DONDODOO
b=(b;)0OO0O b =B(I)OI0O0. 000000000 OOO0ODODO.

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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