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

ooooooad
Ax = \x

00000000000 00DO0O000CO FortranODOOOOODOODOOOOpenrMPOODOOOO
oO0oooooOoMPIODOOODDO MPIOOpenMPOOODOOOOODOOOOODOOOODODODOOOO
LsOO0O00oo0oooooon

e 220000000O00O0O07YOODLOOLOOODOIOCODOOOODOOO

nooooobooooooo

400000000

gbooboobobobobooboobooobon

oobOoooobooobooooboooboooboooboooOoOoboooboooboobooooon
oooooo
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oboooboooboooob11000220000000000000 2000 700000000000
obooooooboob 3boob woooobooboboooooobooboobobooooob 4000 11000
oooooo

2 Joooon

O0000LsO00bO0ooooboooooooboobo0b0o0oo00D LinxOOOoOoooooo
goooo

21 0O0O0O0OOd

LsOO0O0OO0O0O0OO00 CcObOOoODOoU0DOo0O0dbDOFertran 000000 ODOOOOOOO
FortranOOOOOOAMGOOOO0OODOOOCOOOO0ODO Fortran 90000000000 ODOCDOODO
OO0O0000OpenMPOOO MPI-1OOOOOOOSS00OOOOOOOOOOO0O0000O0O0OO

22 0000000

0000000000000000000000($VERSION) 0000000000
>gunzip -c¢ 1is-($VERSION).tar.gz | tar xvf -
000000000000 1is-($VERSION) 00D 100000000000 000DO0O0OO



010000000 0200000

CG CR Power Iteration

BiCG BiCR/[2] Inverse Iteration

CGS CRS[3] Approximate Inverse Iteration

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

GPBIiCG GPBICR|3] Lanczos Iteration

BiCGSafe[1] BiCRSafe[4] Subspace Iteration

BiCGSTAB(l) | TFQMR Conjugate Residual[17]

Jacobi Orthomin(m)

Gauss-Seidel | GMRES(m)

SOR FGMRES(m)[5]

IDR(s)[13] MINRES|14]

g3 40od 040000
Jacobi Compressed Row Storage (CRS)
SSOR Compressed Column Storage (CCS)
ILU(k) Modified Compressed Sparse Row  (MSR)
ILUTI6, 7] Diagonal (DIA)
Crout ILU[8, 7] Ellpack-Itpack generalized diagonal (ELL)
I4+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)
ooooo Coordinate (CO0)
2.3 configureJDO O UOOOOO
ubobooboboooboobooboobooooong
e JOOOOODOODOOOODOO: >./configure
e 0D ODODOODOODOODO: >./configure --prefix=<install-dir>

configure 00000000 OCO0O0O0 600000 70 TARGETOOOOODOOOODODOOODOO

2.4 makeO OO

1lis-($VERSION) OO OOOOOOOO
>make
Omake OO0 O0O0O0O0OO0OOOOOOOOO



gs5 000o0oood

cooooooooo (ON]
Intel C/C++ Compiler 7.0, 8.0, 9.0, 9.1, 10.1 U | Linux
IBM XL C/C++ V7.0 AIX 5.3
Linux
Sun WorkShop 6 update 2, Sun ONE Studio 7 Solaris 9
Sun Studio 11, Sun Studio 12 Solaris 10
PGI 6.0, 7.1 Linux
GCC 3.3, 4.1 Linux
FortranOOOOOOOOOODOO OS
Intel Fortran Compiler 8.1, 9.0, 9.1, 10.1 O Linux
IBM XL Fortran V9.1 AIX 5.3
Linux
Sun WorkShop 6 update 2, Sun ONE Studio 7 Solaris 9
Sun Studio 11, Sun Studio 12 Solaris 10
PGI 6.0, 7.1 Linux
g77 3.3 Linux
gfortran 4.3
g95 0.91
1lis-($VERSION)
|> config
OO0 make 0OOODODO
|— include
oooooooooood
|- src
goooooooo
L test

oooooooobooo

O 1: 1is-($VERSION) .tar.gz 00O 0OOOO

O 6: configure 00000

—-—enable-omp OpenMP 00O 0O
--enable-mpi MPIDOO
--enable-fortran Fortran API 00O
--enable-saamg SA-AMGOOO0000O
—--enable-quad 400000000
—--prefix=<install-dir> | OO0O0OO0OOOOO
TARGET=<target> googooon
CC=<c_compiler> copoppoooooo
CFLAGS=<c_flags> copbooooooooooo
FC=<fortran_compiler> Fortran OO O OOOODO
FCFLAGS=<fc_flags> FortranOOOOOOOOOOOOO
LDFLAGS=<1d_flags> oboooooooooo




O 7 00 TARGETOOOOO

<target> 00000 configure0 O OO0

cray_xt3 ./configure CC=cc FC=ftn CFLAGS="-03 -B -fastsse -tp k8-64"
FCFLAGS="-03 -fastsse -tp k8-64 -Mpreprocess" FCLDFLAGS="-Mnomain"
ac_cv_sizeof_void_p=8 cross_compiling=yes --enable-mpi

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

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

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

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




25 000

O0000Omake0 00 O0D00OO00D0O00O0DOOODOOOODOODODOOODOOLis-($VERSION) OODO

ooooood
>make check

0000 1is-($VERSION) /test OO 0D O OODODOOOODDOODOOOODODOOOODODOOOOOO
000000 MatrixMarket 000 O 1is-($VERSION) /test/testmat.mtx 00 OO0 00O DOOOOO
00000000000 Az =0600000000 1is-($VERSION) /test/sol.txt 00000 OO0
1lis-($VERSION) /test/res.txt 00U DO0UODOO0ODOO 100000000D0O0OO0O0OSGI Altix 3700
doo0dooodooobOooooooooooo4000000000000000
//'D oooao ~

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 = 15 iter_double = 15 iter_quad = 0O

BiCG: times = 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

\_ J

//-——enable—omp ~

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 = 15 iter_double = 15 iter_quad = 0O

8.960009e-03

BiCG: p_times 2.297878e-03 (p_c = 2.072096e-03 p_i = 2.257824e-04 )
BiCG: i_times 6.662130e-03

BiCG: Residual = 6.221213e-15

\_ J

BiCG: times




//-——enable—mpi ~
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
BiCG: p_times
BiCG: i_times 2.755322e-03
BiCG: Residual 6.221213e-15

. J

15 iter_double = 15 iter_quad = 0
2.911400e-03
1.560780e-04 (p_c = 1.459997e-04 p_i = 1.007831e-05 )

2.6 U0O0OOOO

1is-($VERSION) OO OOOODOOOO
>make install
odoo0oodooooooboooooooooo

$ (INSTALLDIR)

F include

00 L 1is.h lisf.h
L 1ib

OO0l 1iblis.a

lis.h 0 COO1lisf.h0 Fortran OO0 000000000 OO0O0OCOCOOOO0O0O0O0O0OOL4iblis.a
ooooooboooooon

2.7 OOOOO0OOO0O
2.7.1 testl

1lis-($VERSION) /test DO OO ODOOOO
>testl matrix_filename rhs_setting solution_filename residual_filename [options]
000000 Onmatrix filename 000 0000000000000 O000O00OQCOOOOO0O0OO Az=0b
Ooptions0UOD0O0OO00000O00000O00O00O resultfilenameU OO OO U residual_filename
0000000000000 000D00000D0 MatrixMarket 000O0O0O0ODDOOrhs_setting

0 00000000000000000000000000
1 b=(1,...,)T0000O
2 b=Ax(1,....,0)T'0000



rhs_filename O00o0o0o00ooooo

O000000Ocrhs filename O PLAINOOODOOODOO MatrixMarket OO 00000000 OOO
testlf.f 0 testl.cO Fortran O OO OO

2.7.2 test2

1lis-($VERSION)/test DO OO OO OOOO
>test2 m n matrix_type solution_filename residual_filename [options]
oo000ooD2000000000050000000D0000C0DOO0OCODOOOODOOOO Az=00
matrix_type OO 0O0O0O00O00O0OOoptionsHUOOODOODOOOOOO0DOOOOONO result_filename
000000 residual filename 0 0000000000000 Az=6000000000000O 1
ocoooooooooooL)wOooooOOoOUOOmDnOOOOOOOOOOODDOOOODOOOODO

2.7.3 test3

00000 Az=000000000000000000000000 A0 12x120000000

ooooooooooDobsOOOO.0D000100O00O00DOOOODO

2.7.4 test4

lis-($VERSION) /test OO O OODOOOOO
>test4 n gamma [options]
OOo0oO0O0O0O0O0O0000 Az=0b00000000000000000000000 AO ToeplizOdO

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

0000000000 W0OD0O0O0 0000 1000000000000 nOO0O0 ADDDOO gamma O
good

2.7.5 etestl

1is-($VERSION)/test U0 O OO OO OOO

>etestl matrix_filename solution_filename residual_filename [options]



O00000Omatrix filename DO OO0 000000000000 000O0ODOOO00O000O0O0O0 Az = Az
OoptionsDOOOUOOOOOODOOODOOOOODOOOOODOOODOODOODOODO result_filename
0000000 residual filename O OO OODODDOOOO0ODODOOO0O0ODOOOOODODO MatrixMarketOOO
OO000000etest1f.f0 etestl.c Fortran OO O OO

2.7.6 etest2

1lis-($VERSION) /test OO O OODOOOOO
>etest2 m n matrix_type solution_filename residual_filename [options]
OO00000020000000000500000000000000000D0O0C00O0ODO0OO Az=Ax
U matrix_type UOO0O0000O00O0OOoptionsd 00000000000 OOOOOOOODOOO
00000000000 result_filename 0 00O O OO0 residual filename U0 OO 0O0OmO n
gbobooboobooooobooooooboooo

2.7.7 etest3

1is-($VERSION)/test U0 O OO OO OOO
>etest3 n [options]
000000000000 Az=X:000000000000000000DCODODODO0OO0 AOOONO
oooooo

O000Oetest3f.f 0 etest3.cl FortranO OO OO

2.7.8 etest4

lis-($VERSION) /test 00000 OO0OOO
>etest4 matrix_filename tol [options]
O0000000Omatrixfilename D00 000000000000 00D0000O0O00D0OOO options
0000000 tel 00000000



2.8 0OOOO
gboooboobooboobobbooboon
e JOOOOODOODO

— JacobiDSSOROOOOOOOOODOOOOOOO ADCRSOOOOODOOOOOOOOOO
CRSOOO0OO0O0 AOOOOO
— BiCGOOOOODOOOSA-AMGOODOOOOO

— OpenMPOODODO SA-AMGUUOOOOOOOSAINVOOOOOOOOOOOOOOOO

e 40000 OODOODOOO

00000000 Jacobill Gauss-Seideld SOROIDR(s) 00 00O

ooooooooo
— hybrid000000D00O0O00O00OCO00ODODO Jacobill Gauss-Seideld SORO OO DO
— I+SO0SA-AMGOOOQOOOO

e NO0ODODODODDOODO

— MPIOOOOCOOOOOOOOOOOOOODOCOOOODOOOOOOOOOOCRSOOOOO
OO000000O00000000DO0O0 1is_matrix_convert 00000 CRSOOOOOOO
gooooooooon
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3 Uoggg

Ofdo0o0oo0oooboooooboobooooOoooonoon
Ax =1b

ooogoooo
Ax = \x

dooobodoobooboobuoboboboooboooboobon
e IOOODO
e IOOOO
e JODODOODO
e JO0D00OD0ODODOUUODUODUODOUODOODUODDUOUDObOUODOODOODO
e JUDDODOOUOOODDO
e JOODOODODODO
o (1]
e IOOO
JooobbbbooooubDb include 0000 O0OooobobObOOOOOg
o C #include "lis.h"
e Fortran #include "lisf.h"

lis.h O lisf.h 0 $(INSTALLDIR)/include DO DO OODO
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3.1 0ODO0ogdoooo

gboobbooboboooobooboboobbobobobobpoooooobobobobobobab
gbooooobooog

e N
1: #include "lis.h"

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

3: {

4: lis_initialize(&argc, &argv);

5 .

6

7

lis_finalize(Q);

: }
_ Y,
/ Fortran ~

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

2
3: .
4 call lis_finalize(ierr)

\_ J

ooooo
gbooobooooboooo

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

e Fortran subroutine lis_initialize(integer ierr)
O0000o00000o0oO0OMPIOOOOOOOO0OOOO0O0COOOO0OOOOO0BOOO0O0O0O0
good

goooooooboon

o C int lis_finalize()

e Fortran subroutine lis_finalize(integer ierr)

ooooo

3.2 0OO0O0OO

U000 0000 globalnOOOOOO0O0O vOnprocs0000O0OO0OOOOOOOOOOOOO
00000000000 localnOUO0OOglobal nl nproecsJOUOOOOOON local.n = global.n
/nprocs 0 O0O00O0OOOOODOw»O (3.1)000002000000000000O000OO0OOOO
global n local n OO OO0 40 20000

0 PEO
1

v=|— 3.1
2 PE1 (3-1)
3
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3.)0DD0D0O0O0OD0»O000OO0ODOODODODOODOCPpenMPOOOODOOO »0D0O0O0OOMPIOOOOO
gboboobobooobooboooobobooooobooooboboooboOoboooon
odob.000000bo0o000ooboboo0oooboobooooooMPIOOOODOOOODOO 20000

F C(D oo OpenMP) ™

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: }
- /)
//-C(hﬁPI) ~

1: int i,n,is,ie; /*or int 1i,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: }
- /)
s Fortran(O O O OpenMP) ~

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
- /)
s Fortran(MPI) ~

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
- Y,
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good

2000000
LIS_VECTOR v;

gbooaod

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)
O0000comm OO0 MPIDOOOOOODOODOOODOOOOOpenMPOODO commOOO0O00OOOO
O00o00o0oooon

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)

O000ODO1local n global n OO0 O O0OO0OODOOO0ODOODOODOOODOO
O00OpenMPOOOO0O0O0O0O0O0O0O0O localn=global nOOOOOOOOOO
lis_vector_set_size(v,n,0) O lis_vector_set_size(v,0,n) DO00O0O0000 nOO0OOOOOOO
oooooooog
MPIOOODO1Llis_vector_set_size(v,n,0) 00 OO0OOO0OD0OO0OO0 pOOO0OnO0O00O0DO0OO0OOO
O0000001lis_vector_set_size(v,0,n) 0000000000 pOB00O m, 00000000000
oooooom,0000000000000000

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)

O0000OMPIODOOOOOOOOOD::0000D000OO0DOO000000000f1lag0OO
LIS_INS_VALUE 00O Ov(i) = value
LIS_ADD VALUE OO 000 v(i) = v(i) + value

goooboooon

ooooooo
gbooobooboobobbobooboobooboon
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o C int lis_vector_duplicate(LIS_VECTOR vin, LIS_VECTOR *vout)

e Fortran subroutine lis_vector_duplicate(LIS_VECTOR vin, LIS_VECTOR vout,

integer ierr)

U0O0000 100 LIS_VECTOR vin[ LIS MATRIXUOOOOOOOOOOOOOOOOOOOODOOO
oboobOobooooobobooooobooooooboonoo

o C int lis_vector_copy(LIS_VECTOR vsrc, LIS_VECTOR vdst)
e Fortran subroutine lis_vector_copy(LIS_VECTOR vsrc, LIS_VECTOR vdst, integer ierr)
gooan
ooooooo
uboobuogboooobooboboaboan
o C int lis_vector_destroy(LIS_VECTOR v)
e Fortran subroutine lis_vector_destroy(LIS_VECTOR vec, integer ierr)

goooo

3.3 00O

0000 AD0O00ODO globaln X global n 000000 AO nprocs OO0 OOO0OOODOOOODOO
UuobbO0ooo0obuddil localnOOOOglobal n U nprocs UUOODOOUOON localn =
globaln /nprocs 0000000000 AO (3.2) 00000 200000000000000000OO
O0Oglobalnl local n OO OODO 40 20000

2 PEO
1

[ I N

PEL (3.2)

[ R

1
2
gbooobooobooboobooboo3ooboon:

l. 00ooobOoboooboobooobooboooobooon
2.00000000D00000DO0ODO0OO00DO0OO0Fortrand0 OO0
. 00ooobobooooobooon

oboo0o 1000000000000 00O00DO0DbOOO00O0DbO0bOO0
(32) 0000 A0 CRSOUOUOODDOUOOODODOOOpenMPOODOOOD ADOODDOOMPIOOODO
gboboobobooooobooooboobooooboooobooboooooboon

OO0 A0 CRSOOOCOOOOOOOOOOUOOUOUOOUOUOUOUOUOOOOOOMPIOOOOOOOOO
20000
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r C(0 OO OpenMP) ~
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,A);
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: 1lis_matrix_assemble(A);
\ Y
//-C(BJPI) ~
1: int i,n,gn,is,ie;
2: LIS_MATRIX A;
3: gn = 4; /* or n=2 x/
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-1,1.0,4A);
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: 1lis_matrix_assemble(A);
- /)
r Fortran(O O O OpenMP) ~
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)
J
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s Fortran(MPT) ~

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)
10: if( i<gn ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
11: call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)
12: enddo
13: call lis_matrix_set_type(A,LIS_MATRIX_CRS,ierr)
14: call lis_matrix_assemble(A,ierr)

\§ J

© 00 ~NO O WN -

oood
2000000
LIS_MATRIX A;
gooood

ooooo
gboAabDOoO0obogon

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)

O0000commOO MPIOOOOOOOOO0O0O0O0O0O000OpenMPOOOO0commOO0O00000O0O0O

oooooooo
ubAO0O0ODOOOODOO

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)

OO000ODOlocal.n global n DO O00OO0O0O0O0DOOCOOOODOOOOO

O00OpenMPOOOO0O0O00O0O00O localn=global nO0O0O00000OOCODO
lis_matrix_set_size(A,n,0) O lis_matrix_set_size(A,0,n) 0000 n x n00000000O00O0O
ooooooao

MPIODOODOlis_matrix_set_size(A,n,0) 00000000000 pO0O0000B00n,xNDOODO
oooooooooOOoOONDOOOOOOOO n, 0000000
OD001lis_matrix_set_size(A,0,n) 0000000000 pOO0O00000 m,xnOOOOOOOO
ooooooOm,00000000000O0000C0O0O00O0O0O00O0O00O0

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)

ocooooMPIOOOOOOODOO:0jO0000000000040 j000000001flag0O0O
LIS_INS.VALUE O 00O A(L,)) = value
LIS.ADD.VALUE O 0O0O0OOA(,)) = A(i,j) + value
gooobooogon
ugbooaboodaod
gbooobooboobgooogon
o C int lis_matrix_set_type(LIS_MATRIX A, int matrix_type)
e Fortran subroutine lis_matrix_set_type(LIS_MATRIX A, int matrix_type, integer ierr)

Uo0bOOodboO0oDbDd AQD matrix_type O LIS_MATRIX_CRSUOUODODOUOODOODN matrix_type U
ooooooooooboooD

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
gboooboobooobooboooooao

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

OO000O0O0Olis_matrix_assemble [0 lis_matrix_set_type U O ODOOODOOODOOODOOODOOO

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

googo

obooOo2:0000000000000000O000O00000A0
(3.2) 0000 A0 CRSUUUODOOOOODOOUOOOOpenMPOOOODO ADDOOODOOMPIOOODO
goooboboobooooobobbobbodoooubobo bbb oboobog

OO0 A0 cCRSOOOOCOCOOOOOOOOOOOOOOOOOOOOOOOMPIOOOOOOOOO
g20000
/C(DDDOpenMP) ~

int i,k,n,nnz;

int *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

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

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

© 00N U WN -

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

11: {

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

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

16: }

17: ptr[0] = 0;

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

19: 1lis_matrix_assemble(A);

1; k++;}

19



~ C(MPT) ~

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; 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-is+1] = k;
16: }
17: ptr[0] = 0;
18: 1lis_matrix_set_crs(unz,ptr,index,value,A);
\‘19: lis_matrix_assemble(A);
J

ooooooo
oOo0oOopooOoOooOo cRSOO0OOOOOoOOOOOOOoOOOOOOOOOADDODODODbOO
go

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)

gboboobOobooboobooooboobosobooooan

gooo bbb bboouoouobbobobooa
(3.2)0000 A0 CRSODOOODOOOOOUDOOOOODOOOOODOOOUODOOOOOOOOOO
FC(DDDOpenMPD MPTI) ~

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");
- /)
r Fortran(O O O OpenMPO MPT) ~

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)

. J

O00000D00 matvec.mtxO0O000O00O000O00D0OCODOOOO MatrixMarket 00O0ODDOO
oono

%%MatrixMarket matrix coordinate real general
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10

[y

BOE W W wNDNDN R P
WP WN PR, WE N
P NDNNRFE P NRE PN

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

(32) 0000 A0 CRSOUOOUOO (3.1) 000000 PO0DUOOUOODOODOUOUOUOUOO

ooo

s C(0 O O OpenMPO MPT)

N o O WN e

N

oooooooDo

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

s Fortran(O O O OpenMPO MPI)

LIS_MATRIX A
LIS_VECTOR b,x

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

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

4

Uboob0db0d0matvec.mtx 0000000000000 O0O0O00O0ODOOO

oono

O Appendix A 000 ™

%%MatrixMarket matrix coordinate real general

4 10

N
[y

B W NP, B WWWNNNDRE R~
WP WN PPN RPL, W
R NN R PR NP PN

goo

ubA00ODOO0OOODOOOOOOODbOODbOO

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

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

googoogoo
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o C

e Fortran subroutine lis_input_matrix(LIS_MATRIX A,

int lis_input_matrix(LIS_MATRIX A, char *filename)

character filename, integer ierr)

Ubddlfilename U0 0O OO0O0OOOOOO0OOOOOOOOOO0OOOOOOOOOOOOODOONO

0000000000 000D00O000DO0O000DDO0O Appendix ADOOO

e MatrixMarket 00000 O

e Harwell-Boeing OO O OO0

O0A000O00vbOx0O0O00O000OO0O0OO0OO0O0OO0O0
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)

Ubddbfilename U0 0O 0OO0O0OO0OOO0OOOOOOOOOO0ODOOOOOOOOOOOOODOONO

000000000000 0D0O0O000DO0O000DD0O0 Appendix ADOOO

e MatrixMarket 000000000000 OCOOODOOOOODOOOOO

e Harwell-Boeing OO OO OO

3.4

00000 Az=b0000000000000000000000000000
/~ C(000OpenMPO MPI)

© 00 N O O W N -

[
o

ggbooood

LIS_MATRIX A;

LIS_VECTOR b,x;

LIS_SOLVER solver;

a

/ 0000000000 */

O

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

N

s Fortran(O O O OpenMPO MPI)

© 00 ~NO O WN =

—
o

LIS_MATRIX A

LIS_VECTOR b,x

LIS_SOLVER solver

a

/ 00000000040 =/

O

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)

22



ooooooo
gbobooboboooboobobooooobobooobooboooooboan

e C int lis_solver_create(LIS_SOLVER *solver)
e Fortran subroutine lis_solver_create(LIS_SOLVER solver, integer ierr)
goooo
oooooooo
goo0ooOOobOoooOobobbooogoboo
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)
goo
o C int lis_solver_set_optionC(LIS_SOLVER solver)
e Fortran subroutine lis_solver_set_optionC(LIS_SOLVER solver, integer ierr)

OO0000O1lis_solver_set_optionCOOOOO0OOOOOOOOO0OOOOOOOOOODOOOOODOOO
ooooooboooooooboon

0000000000000 00000000000-1 {cgl1}0-1 cgO0OO0-1 1000000
-maxiter [1000] 0 -maxiter OO 000000 10000000000000O
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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} -restart [40] 0UO0OOO0O sOO
MINRES -i {minres|22}
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go0o0000 obdoO: -p none

goo googo gobogooood

OO0 -p {nonel|03}

Jacobi -p {jacobi|1}

ILU(k) -p {ilul2} -ilu_£fill [0] oo00oo0oooo k
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
hybrid -p {hybrid|4} -hybrid_i [sor] ooooooo

-hybrid_maxiter [25] OOOOOO
-hybrid_tol [1.0e-3] 000000

-hybrid_w [1.5] SOROOOO0O0 w (0<w<2)
~hybrid_ell [2] BiCGSTAB() OO 10O
-hybrid_restart [40] GMRES,Orthomin 0000000
I+S -p {is|5} -is_alpha [1.0] I4+aS™ 0000000000 «
-is_m [3] I+aS™MO000000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamg|7} -saamg_unsym [false] OOOO0OO0O0O (D0OOOOOOOOO)
Crout ILU -p {iluc|8} -iluc_drop [0.05] gooooo
-iluc_rate [5.0] ooooooooboo
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] gooooooooon
additive Schwarz | -adds true -adds_iter [1] oooooo

goooogoogoo

gooon

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

-scale [0]

-initx_zeros [true]

—omp_num_threads [t]

gooogo

oooooo

ooooooo

-print {none|0} gpoooo

-print {mem|1} gooooooooboood

-print {out|2} ooopooooooood

-print {all|3} goooooooooooooooooon
0do0dDbOoU0o0DO0ooU0ooDOooDOoUOoOoDOoooooOoon
-scale {none|0} oopoooooo

-scale {jacobil1} JacobiOOOOOO D 'Ar=D"1'
DO A=(a;;) 00000
-scale {symm_diagl|2} 00000000 D-Y2AD~Y2¢=D"1/?
Dp~Y?QpOo0ooo l/ye; 0000000
00000020000

-initx_zeros {false|0} O0o0o0oOooooo
-initx_zeros {truell} OoooooooOoono
ooooooo

tdooooooon
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goo000d0 bO0000d: -precision double
oo ooooo oo0ooooo
ooo -precision {double|0}
4000 | -precision {quad|1}

go
ooo000 Az=000000000

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

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

goooo

3.5 00000000

O0000 A= 0000000000000O0O0O0O0O0OO0O0OOO00O0O00

solver)

s C(0 O O OpenMPO MPT) ~
1: LIS_MATRIX A;
2: LIS_VECTOR x;
3: LIS_REAL evalue;
4: LIS_ESOLVER esolver;
5: O
6: /+ D00ODOOOODOOO %/
7: 0
8: lis_esolver_create(&esolver);
9: lis_esolver_set_option("-e ii -i bicg -p none",esolver);
10: lis_esolver_set_option("—etol 1.0e-12 -tol 1.0e-12",esolver);
11: lis_esolve(A,x,evalue,esolver);
\ Y
s Fortran(O O O OpenMPO MPTI) ~
1: LIS_MATRIX A
2: LIS_VECTOR x
3: LIS_REAL evalue
4: LIS_ESOLVER esolver
5: O
6: /x J00ODOOOODOO %/
7: 0O
8: call lis_esolver_create(esolver,ierr)
9: call lis_esolver_set_option(’—e ii -i bicg -p none’ ,esolver,ierr)
10: call lis_esolver_set_option(’-etol 1.0e-12 -tol 1.0e-12’,esolver,ierr)
11: call lis_esolve(A,x,evalue,esolver,ierr)
- Y,
ooooooo

oboboooOoboooobobobooboobooooobobooooboon

o C int lis_esolver_create(LIS_ESOLVER *esolver)
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e Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, integer ierr)
ooooo
gooooood
ooooooooooooooooooo
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)
ooo
o C int lis_esolver_set_optionC(LIS_ESOLVER esolver)
e Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, integer ierr)

OO0O0O00O1lis_esolver_set_optionCOUOOOO0OOODOOOOOOOOOOOOOODOOOOOO
obooooOobooooobooooooon

gooooooo

gbooobooboooooboooooao

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

OO0O0O00O1lis_esolver_set_optionCOUOOOO0OOODOOOOOOOOOOOOOOOOOOOO
obooooOobooooobooooooon

OO000000000ODO000D0O00000D0000-e {pil1}d0-e pi000-e 1000000
—emaxiter [10000] O-emaxiter 0O OOO0ODODO 1000000000000000

ubodaboudab obodibid: -e pi

ooooo ooooo ooooood

Power Iteration -e {pil1}

Inverse Iteration -e {iil2} -i [bicg] ooooooo
Approximate Inverse Iteration | -e {aiil3}

Conjugate Gradient -e {cgl4}

Lanczos Iteration -e {1i|5%} -ss [10] gooooood
Subspace Iteration -e {sil6} -ss [10] oooooooo
Conjugate Residual -e {crl|7}
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googoo oogobogd: -p ilu

ggd gooon ggoooon
OO0 -p {nonel|03}
Jacobi -p {jacobi|1}
ILU(k) -p {ilul2} -ilu_fill [0] oooooooo ok
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
hybrid -p {hybrid|4} -hybrid_i [sor] ooooooo
-hybrid_maxiter [25] OOOOOO
-hybrid_tol [1.0e-3] 000000
-hybrid_w [1.5] SOROOOO0O0 w (0<w<2)
~hybrid_ell [2] BiCGSTAB() OO 10O
-hybrid_restart [40] GMRES,Orthomin 0000000
I+S -p {is|5} -is_alpha [1.0] I4+aS™ 0000000000 «
-is_m [3] I+aS™MO000000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] O0OOO0O0O0O (D0OOOOOOOOO)
Crout ILU -p {iluc|8} -iluc_drop [0.05] gooooo
-iluc_rate [5.0] ooooooooboo
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] goooooooooo
additive Schwarz | -adds true -adds_iter [1] oooooo

goooogoogoo

googan

-emaxiter [10000]

-etol [1.0e-5]
-eprint [0]

-ie [ii]

-shift [0.0]

-initx_ones [true]

—-omp_num_threads [t]

-eprint {mem|1}
-eprint {out|2}
-eprint {alll3}

-initx_ones {truel1}
ooooooo
t0000ooono

oooooo
oooooo
gooooao

-eprint {none|0}

ooooo

gdoboodoooooo
ocooooooooood
odo0ooduooooouooooooo
Lanczos Iteration, Subspace Iteration 000000000 OOOCOO0OO
-ie {pil1}

-ie {iil2}

-ie {aiil3}
ogooooooao
Ooo0o0oo xoUOoooog

-initx_ones {false|O}

Inverse Iteration

Power Iteration (Subspace Iteration O 0)

Approximate Inverse Iteration

goooooooo
oooooobo1000

go
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00000 Az=Xz0000000

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

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

googo

3.6 DUUOOOoOoOOd

ooo00 Az=000000000000000000O0DODODOOOOOOOOOOOOOO
OO0 AD 12x 120000000

oooooooooDbsOOOO.0D000100000D0O0O00O0ODO
OO000D0D00O0 1is-($VERSION) /test O DO OO OODOODO
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/DDDDDDDD:testS.C

#include <stdio.h>

#include "lis.h"

main(int argc, char *argv[])

{

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

00O LIS_MATRIX A;

00 LIS_VECTOR b,x,u;

00O LIS_SOLVER solver;

OO0 n = 12;

00 lis_initialize(&argc,&argv) ;

00 lis_matrix_create (MPI_COMM_WORLD,&A) ;

00 lis_matrix_set_size(A,0,n);

00 lis_matrix_get_size(A,&n,&gn)

00 lis_matrix_get_range(A,&is,&ie)

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

ood{

o000 if( i>0 ) lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0,4);
0000 if( i<gn-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0,A);
0000 lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);
oo}

00 lis_matrix_set_type(A,LIS_MATRIX_CRS);

00 lis_matrix_assemble(A);

© 00 ~NO U WN -

NNNNNDNR PR R PB B R R R
B WNEFE, O OO0 NOOd WwNDE~ O

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

W N NDNDNDDN
O ©W 0w N o u»

00 lis_solver_create(&solver);

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

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

00 lis_vector_print(x);

00 lis_matrix_destroy(A);

00 lis_vector_destroy(u);

00 lis_vector_destroy(b);

00 lis_vector_destroy(x);

00 lis_solver_destroy(solver) ;

00 lis_finalize();

00 return 0;

: 3

OB DWW W W WWw W W W
W NP O OO0 NOO P WN -

(o)
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r OO0O000000: test3f.f ~

=
N =

NN
w N

NN N
~N o o,

w w
w N

w w w
~N o O

NN
w NN - O

:#include "lisf.h"

© 00 ~NO U WN -

[y
o

I I e e e
= O O 00 N O O b Ww

N
=

W W NN
= O O

w
=~

w w
©

IS
(SIS

implicit none

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

LIS_VECTOR b,x,u

LIS_SOLVER solver

n =12

call lis_initialize(ierr)
call lis_matrix_create(LIS_COMM_WORLD,A,ierr)
call lis_matrix_set_size(A,0,n,ierr)
call lis_matrix_get_size(A,n,gn,ierr)
call lis_matrix_get_range(A,is,ie,ierr)
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)

call lis_vector_duplicate(A,u,ierr)
call lis_vector_duplicate(A,b,ierr)
call lis_vector_duplicate(A,x,ierr)
call lis_vector_set_all(1.0d0,u,ierr)
call lis_matvec(A,u,b,ierr)

call lis_solver_create(solver,ierr)

call lis_solver_set_optionC(solver,ierr)
call lis_solve(A,b,x,solver,ierr)

call lis_solver_get_iters(solver,iter,ierr)
write(*,*) ’iter = ’,iter

call lis_vector_print(x,ierr)

call lis_matrix_destroy(A,ierr)

call lis_vector_destroy(b,ierr)

call lis_vector_destroy(x,ierr)

call lis_vector_destroy(u,ierr)

call lis_solver_destroy(solver,ierr)
call lis_finalize(ierr)

stop
end
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3.7 0bOOOoOOoOooDOO

test3.c0000000OCOOODOOOOOOO0O0O0O00O0O0O0O0OCDOOOOO1L1is-($VERSION) /test

O00000000000000000 test3.cO SGI Altix 3700 O O Intel C/C++ Compiler 8.1 (icc)O
Intel Fortran Compiler 8.1 (ifort) 00 0000000000000 0000LsO00D00OO0O00OODOOO
000 SA-AMGOOO0O0000000000 --enable-saamgd 00000 Fortran90 00000000
00000000 Fortran90 OO0 O00000O0O0O0O0O0COOOOOOMPIODODODO USELMPIOOOO
oooooooooooo
r un ~
gbooood

>icc -c¢ -I$(INSTALLDIR)/include test3.c
ooo

>icc -o test3 test3.o -llis

000 (--enable-saamg)
>ifort -nofor_main -o test3 test3.o0 -1llis

N y
s OpenMP ~
gooog
>icc -c -openmp -I$(INSTALLDIR)/include test3.c
ooo

>icc -openmp -o test3 test3.o -llis
000 (--enable-saamg)
>ifort -nofor_main -openmp -o test3 test3.o -llis

\ /)
KMPI ~
opoooog
>icc -c -DUSE_MPI -I$(INSTALLDIR)/include test3.c
ooad

>icc -o test3 test3.0 -1llis -1mpi
000 (--enable-saamg)
>ifort -nofor_main -o test3 test3.o -1llis -lmpi

J
OpenMP + MPI ~
gobod
>icc -c -openmp -DUSE_MPI -I$(INSTALLDIR)/include test3.c
ooo
>icc -openmp -o test3 test3.o -1lis -1lmpi
000 (--enable-saamg)
>ifort -nofor_main -openmp -o test3 test3.o0 -1llis -lmpi
J

32



OO0Otest3f . f0000000O00DOOO0OO0OO0OOOO0ODODOOO0O0O0OODODO1is-($VERSION) /test
O00000000000000000 test3f.£ 0 SGI Altix 3700 0 O Intel Fortran Compiler 8.1 (ifort)
O000000000000000000Fortran0000000000O0O#incluide00000000O
oo0ooooO00oooOo0o00oDOoo0ooooo00oooOOo0oDoOoOOoDoOoOOoDOgifort DO0OO
O000O00-fpp 0000

s go ~N
ooooo
>ifort -c -fpp -I$(INSTALLDIR)/include test3f.f
ooo
>ifort -o test3 test3.o -llis
N y
r OpenMP ~
gooog
>ifort -c -fpp -openmp -I$(INSTALLDIR)/include test3f.f
ooOo
>ifort -openmp -o test3 test3.o -llis
N J
' MPI ~
ooooDo
>ifort -c -fpp -DUSE_MPI -I$(INSTALLDIR)/include test3f.f
ggno
>ifort -o test3 test3.o0 -1llis -lmpi
N y
r OpenMP + MPI ~
ooooo
>ifort -c -fpp -openmp -DUSE_MPI -I$(INSTALLDIR)/include test3f.f
ooDo
>ifort -openmp -o test3 test3.o -1llis -lmpi
N y
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3.8 00

1lis-($VERSION) /test U0 O O OO0 OODOOOOOODOO test3.c OO test3f.f O SGI Altix
370000
0O
>./test3 -i bicgstab
OpenMP
>env OMP_NUM_THREADS=2 ./test3 -i bicgstab
MPI
>mpirun -np 2 ./test3 -i bicgstab
OpenMP + MPI
>mpirun -np 2 env OMP_NUM_THREADS=2 ./test3 -i bicgstab
oooooooobooOooooooooooo

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

000000000000 0000000000000000000D [WUOOUoOoOooooooo
0000000 200007double-double”[19, 2000 40000000000000000O0OO0OOO
00 00 double-double 0000000000 a0 a=a.hi+ alo, tulp(a.hi) > |a.lo] 000 a.hi 000
alo00000000000000O0ODekker[21]0 Knuth[22)0OOOOODOOO0OOOODOOOOOO
00000000000 40000000000000Odouble-double0 0000000 FortranDO 400
0000000000 [23)00Fortran 00000 [24)000000 112000000000000000
0000 200000000000000 14000000080 DO00O0O000DOOODOODOOOO
oooooo 1nnogooooog

0000000000000 00D00000000 ADDDO WIDO0O0 2z O0O0DD0OD0ODOO00OOOODOO
00o0o0obooooob0o 4000000000000 00000O000O000DO0400000000D00
0000000000000 000000x86 00 CPUDDOOOO SSE20000000000O00O00OO

O [25]0
double-double¥&FE
ﬁfzﬁ R 5269k |+ ﬁflﬁ RHE 526 vk
IEEEEHDAERE
fgiﬁjf‘h REE 128 9k

4.1 400000000

Toepliz O O

000000000 Az=00000000000000000000O0O0O0O0OODODOOO test4.cUO
gooooOoO0O0O0O 000020000 100000000 ODOOOnOODO0 ADOO0Ogammal 0O
000 test4.c O SGI Altix 3700(CPU: Itanium?2) O O

0 2: double-double DO OO OO0O.

O N

=2

v
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oooooo
>./test4 200 2.0 -precision double
ooo
>./test4 200 2.0
oooooooooobooooooooooo

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

ooo4000
>./test4 200 2.0 -precision quad
gooooooooOoOoOOOOOOODOOO

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

0000000000000 00000000000O0U0o0o00oUOooOO00 (D)ooooooOoOO
000000nxnO0 A=(a;;) 0000000 nnz0000

5.1 Compressed Row Storage (CRS)
CRSOODO 30000 (ptr,index,value) 000000
e 00 nnz0DODODOOOvalueO0OD ADDDODOOOODOOOODDODOOOODOD
e U0 nnzUOOUOOD indexUOUOUO valueUDOUOODOOODOOODOOODOODOOODOO

e I0n+4+100000 ptrO000 valued indexOODOOOOODOOOOODOO

5.1.1 000000 (000OpenMP)

03000 A0 CRSOUUOOODOCOOOO 3000000000000 O0O0DO CRSOODOOOOOOO
gbooobooboobooobooboo

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

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

O 3: Data structures of CRS.

- 0 00O OpenMP ~
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] = 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[b] = 41; value[6] = 43; valuel[7] = 44;
17:
18: 1lis_matrix_set_crs(unz,ptr,index,value,A);
\‘19: lis_matrix_assemble(A);
J
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5.1.2 000000 (MPI)

03000 A0 20000000 CRSO0O0O0OOOOODO400000000000O0O0 200000
OO0 cRSOO0OOOOOOO0OoOOoO0OobOOOoOoOoooOooOoOooon

01 3 0 2] 5 A.ptr

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

O 4: Data structures of CRS.

(f'hdpl ~
1: int i,k,n,nnz,my_rank;

int *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;

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

else {n = 2; nnz = 5;}

ptr (int *)malloc( (n+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 ) {

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

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

value[0] = 11; valuel[l] = 21; value[2]

: else {

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

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

20: value[0] = 32; valuel[l] = 33; value[2]

21: 1lis_matrix_set_crs(nnz,ptr,index,value,A);

22: 1lis_matrix_assemble(A);

. J

© 00 ~NO O WN

R el el
W= O

[
[é2]

1;
22;}

[y
(o))

[y
~

0; index[3]
41; valuel[3]

2; index[4]
43; valuel[4]

]
w

1]
S
S
[}

5.1.3 000000

goooooo
CRSOODODOOOODOOOAOODOOOODOD

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)

goooo
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5.2 Compressed Column Storage (CCS)

CCSOO0O0O 30000 (ptr,index,value) 100000

e 00 nnzO0ODOOUOOvalueO OO0 AODODOOOOOOOOOODODOOODODOO

e U0 nnz0OODOODO indexOUOO value OO OOODOOO0OOODOOOOOOODOOO

e I0n+100000 ptr 000 valueD index OO DO OO0OOOOOOOOOO0

5.2.1 000000 (000OpenMP)

Os5000 A0 CCSOUOO0DDOOOO0ODOSGOUOUDODOOOODODODODOOO CCSOooOoooDOon
gbobooboboooobooboooog

1 [ o] 3] 5] 7] 8 A ptr
e 21 22 v — .
o 32 33 0Ol 1| 3| 1| 2| 2| 3] 3 A. i ndex
n a3 u ) 11]21[41[22]32[33[43[44] A val ue
O 5: Data structures of CCS.
FDDDOpenMP
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; ptrl[1] = 3; ptr[2] = 5; ptr[3] = 7; ptr[4] = 8;
13: index[0] = O0; index[1] = 1; index[2] = 3; index[3] = 1;
14: index[4] = 2; index[5] = 2; index[6] = 3; index[7] = 3;
15: value[0] = 11; value[1] = 21; value[2] = 41; value[3] = 22;
16: value[4] = 32; value[5] = 33; valuel[6] = 43; valuel[7] = 44;
17:
18: 1lis_matrix_set_ccs(nnz,ptr,index,value,A);
\‘19: lis_matrix_assemble(A);
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5.2.2 000000 (MPI)

05000 A020000000 CcCSOOdOOOOOOedddOOOOOOOODO 200000
pcoccsooooooboooooooooooooooooboooon

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

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

O 6: Data structures of CCS.

(f'hdpl ~
1: int i,k,n,nnz,my_rank;

int *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;

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

else {n = 2; nnz = 5;}

ptr (int *)malloc( (n+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 ) {

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

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

value[0] = 11; valuel[l] = 21; value[2]

: else {

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

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

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

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

22: 1lis_matrix_assemble(A);

. J

© 00 ~NO O WN

R el el
W= O

[
[é2]

3; index[3]
41; valuel[3]

1; index[4]
22; valuel[4]

[y
(o))
]
N

32}

[y
~
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oW
o

5.23 0O00O0OO0ODO

goooooo
ccsooooooopboooaA0OdOoboboOoooDo

e 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)

ooooo
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5.3 Modified Compressed Sparse Row (MSR)

MSRODOO CRSOOOO0ODOOOOOO0OOOOOOOOOOOODODOOOOOOODODOOOOOOOO
MSROOO 20000 (index,value) 0 0000Ondz000000000O0O00OOO

e 00 nnz+ndz+1000000 valued nO0 000000 AQODODOOOOOOOOR+1000
ooooO0o0000On+20000000 ADODOQOOOOOOOOOOOOOOODODOOOOOO

e 00 nnz+ndz2+100000 indexO n+ 10000000 AODODDOOODOOOODOOOOO
O00000n+20000000 ADOOOOOO0O0O0value0D0O0OO0OO0O0OO0OOOOOODOODOOO
oono

5.3.1 000000 (O00OOpenMP)

07000 ADMSROOOOOOOOO700000000DOOO0OOOOCMSROOODOOOOOO
ooooboobooooboboooog

11
91 929 A. i ndex
A=
3233 A val ue
41 43 44
O 7: Data structures of MSR.
e 000 OpenMP ~
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] = 5; 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; value[3] = 44;
14: value[4] = O0; value[5] = 21; value[6] = 32; value[7] = 41; value[8] = 43;
15:
16: 1lis_matrix_set_msr(nnz,ndz,index,value,A);
\‘17: lis_matrix_assemble(A);
J
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5.3.2 000000 (MPI)

Or7000 A020000000 MSROOOOOOOOO8OOOOOOOOOOOD 200000
OO0 MSROOOODOOOOOOOOOOOOOOODODOOOOOO

3 3] 4 0 A.index
11]22 21 A.value
PEO
O &: Data structures of MSR.
(f'BEPI ~
1: int i,k,n,nnz,ndz,my_rank;
2: int *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;
6: if ( my_rank==0 ) {n = 2; nnz = 3; ndz = 0;}
7: else {n = 2; nnz = 5; ndz = 0;}
8: index = (int *)malloc( (nnz+ndz+1)*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( (nnz+ndz+1)*sizeof (LIS_SCALAR) );
10: lis_matrix_create(MPI_COMM_WORLD,&A);
11: lis_matrix_set_size(A,n,0);
12: if( my_rank==0 ) {
13: index[0] = 3; index[1] = 3; index[2] = 4; index[3] = 0;
14: value[0] = 11; valuel[l] = 22; value[2] = 0; value[3] = 21;}
15: else {
16: index[0] = 3; index[1] = 4; index[2] = 6; index[3] = 1;
17: index[4] = O0; index[5] = 2;
18: value[0] = 33; value[1] = 44; value[2] = O0; value[3] = 32;
19: value[4] = 41; value[5] = 43;}
20: 1lis_matrix_set_msr(nnz,ndz,index,value,A);
21: 1lis_matrix_assemble(A);
- /)
5.3.3 0O0OO0O0OO
ooooooo
MSROOOOOOOOODO ADDOOOODODOO
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)

gooan
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5.4 Diagonal (DIA)
DIAO 20000 (index, value) 000OO0O0Onnd 000 AUDOOOODOOOOOODOO
e I0nndxnO0O0000valueDOD0 AODDODOOOOOODOO
e 10nndO0O0O0OD indexOOODOODOOOOODOODOOODOODODODOO

OpenMPOOOOOOOOOOOOOODOO
DIAD 20000 (index, value) DO OUO0OOnprocs 0000000000 NNd, D00 AODDOOOO
O0000000000000000000008maznndd nnd, 0000000000

e 00 maznnd xn 000000 valueO0O0O AODDOOOODODOOOOODOOOODOOOOO
ooo

e 00 nprocs x maznnd OO0 000 indexOOODOO0OO0OODOOOOODOODOOOOODOO

5.4.1 000000 (00O)

09000 A0 DIAODOOOOOOOOD9YODOODODODOODODODODODODODODO DIAODOOOOOOOO
gbooobooboobooobooboo

11
A | 2t 22 -3-1] 0 A. i ndex
32 33 o/ o 0l41] 0[21|32]43[11|22|33[44| A val ue
41 43 44
O 9: Data structures of DIA.

/, oo ~
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; value[3] = 41;
13: value[4] = O0; value[5] = 21; value[6] = 32; value[7] = 43;
14: value([8] = 11; value[9] = 22; value[10]= 33; value[l1l]l= 44;
15:
16: lis_matrix_set_dia(nnd,index,value,A);

\‘17: lis_matrix_assemble(A);

J
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5.4.2 000000 (OpenMP)

09000 A0 200000DIAOD0DOOOOOOOI000O0O0O0O0O0COOODO 200000 DIA
obooobOoboooooboobooooobooooooonn

-1 0 3/-1 0 A.index
0/21[11/22 0/41/32|43]33(44| A.value
O 10: Data structures of DIA.
KOpenMP ~
1: int n,maxnnd,nprocs;
2: int *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; maxnnd = 3; nprocs = 2;
6: index = (int *)malloc( maxnnd*sizeof (int) );
7: value = (LIS_SCALAR *)malloc( n*maxnnd*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = -1; index[1] = O0; index[2] = O0; index[3] = -3; index[4] = -1; index[5] = O0;
12: value[0] = O0; valuel[l] = 21; value[2] = 11; valuel[3] = 22; value[4] = O0; value[5] = O0;
13: value[6] = O0; valuel[7] = 41; value[8] = 32; value[9] = 43; value[10]= 33; value[l11]l= 44;
14:
15: 1lis_matrix_set_dia(maxnnd,index,value,A);
\‘16: lis_matrix_assemble(A);
J
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5.4.3 000000 (MPI)

0o000 A0 20000000DIAOO0O0OOOOOONII0000000OOOOOO 200000
OO0 DIAD0000O00O0O0OOOOOOOOOOOOOoOoOooood

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

O 11: Data structures of DIA.

(f'BEPI ~
1: int i,n,nnd,my_rank;
2: int *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; nnd = 2;}
7: else {n = 2; nnd = 3;}
8: index = (int *)malloc( nnd*sizeof(int) );
9: value = (LIS_SCALAR *)malloc( n*nnd*sizeof (LIS_SCALAR) );

10: lis_matrix_create (MPI_COMM_WORLD,&A);
11: lis_matrix_set_size(A,n,0);

12: if( my_rank==0 ) {

13: index[0] = -1; index[1] = O0;

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

15: else {

16: index[0] = -3; index[1] = -1; index[2] = O0;

17: value[0] = 0; valuel[l] = 41; valuel[2] = 32; value[3] = 43; value[4] = 33;
18: value[5] = 44;}

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

\§ Y,

54.4 000000

ooooooo
DIADIOOOOOOOOOADODOOOOOOOOO

e 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)

googo
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5.5 Ellpack-Itpack generalized diagonal (ELL)

ELLO 20000 (index, value) J0O00O0O0Omaznzr 000 AODOOOOOOOODODOOOOO
ooo

e 00 maznzr xnO0O0O000 valueOOO ADDOOCOOOOOODOOOQOODOODODOODRODODOO
oboooboooobooboooooboooobooboooobooboboooobooobboOonoOon

e [0 mazxnzr xnUOUODOUODO indexUUO0 value DO OOODOOO0OOO0OOOO0DOOO0ODOODOOO
000000000000 nnz; 0000 index[nnz*n +i 0000000 ;000000

5,51 000000 (00OOpenMP)

012000 AOELLOOOOOOOODO 12000000000000000 ELLOOOOOOOO
obooooOobooooobooooooon

11
A | 2t 22 0 0] 10/ O 1] 2| 2] O] 1] 2] 3] A index
32 33 11(21|32|41| 0|22|33(43| O 0/44| A. val ue
41 43 44
0 12: Data structures of ELL.
r 0 00O OpenMP ~
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; valuel[9] = O0; value[10]= O0; valuel[l1l]= 44;
15:
16: lis_matrix_set_ell(maxnzr,index,value,A);
17: 1lis_matrix_assemble(Ad);
\ J
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5.,5.2 000000 (MPI)

012000 A0 20000000 ELLOOOOOOOOO BO0OO0OOOOOOOOO 200000

U0 ELLO0OO0CO0OO0O00O00000O000000b000000000

0l 0] O] 1 1 00 2] 2] 2| 3
11121] 0]22] [32]/41|33|43| 0|44

PEO PE1

0 13: Data structures of ELL.

A.index
A.value

r MPI

1: 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) );

© 00 ~NO O WN

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

13: index[0] = O0; index[1]
14: value[0] 11; value[1]
15: else {

16: index[0] = 1; index[1] = O0; index[2] = 2; index[3]
17: index[5] 3;

18: value[0] 32; value[1]
19: value[5] = 44;}

20: 1lis_matrix_set_ell(maxnzr,index,value,A);
21: 1lis_matrix_assemble(A);

N

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

41; value[2] = 33; value[3]

value = (LIS_SCALAR *)malloc( n*maxnzr*sizeof (LIS_SCALAR) );

22;}
2; index[4] = 2;

43; value[4]

]
o

5.5.3 0OO0OO0OODO

ooooooo
ELLO0O0O0OO00O0O0DO0O0ADODOOOOODOO

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)

gooan
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5.6 Jagged Diagonal (JDS)

JDSOO0O00000000O0000O0O0O0000O0O0000O0o0O0 0000 o0OOoOoOooOoboOoOoOoon
0000JDSO 40000 (perm, ptr, index, value) 00O OO0 maxnzr D00 ADDOOOOODO
Oo00ooooooooo

e IO0nO0OD00O0 permO0O00O0O0O0O0OOOOOODO

e 00 nnzOOODOUOOvalueJOOOOOODOOOD AODODODOOOODOOOOODDOOOO
obooooboobooooobooobboobooboobooboooboooboooobooboonon
oooobooooboon

e U0 nnzUODOUOUOD indexUOUOUO valueUDOOODOODOODOODODOODOOODOO
e U0 maznzr+ 100000 ptr 0000000000 0OOO0O0O0ODOOO

OpenMPODOOOOOOOOODOOODOOODOO

JDSO 40000 (perm, ptr, index, value) D000 O0Onprocs 000000000 0Omaznzr, 00
0 A000O000O00O00O0O0O0O0OO0O000000000000008mazmaznzr000 maxnzry,
gooooooooa

e 10 n00000permI 00 ADDODOOOOOOOOOOOOOOOOODOOOOOODODOO

e 00 nnO0UOOO0O0OvalueeJ 000000000 ADODDOOOOOOOOOOOOOOOOOO
gobobooobgoobobuoooobooboooboboooboobooooboboboboobobo
oooobooooboon

e U nnzUDOUOUOD indexUOUOUO valueUOUOUOOUOOOOOOUOOOOoOOOOO

e 00 nprocs x (maxmaznzr+1) 00000 ptr 000 ADDDOOUODOOOOODOOOOOOOO
oooooooooOooooOooo

48



5.6.1

000000 (00)

014000 A0 JDSOOOOOOOOO 40000000000000O0O0JbSOO0OOOOOO
obooooOobooooobooooooon

ol 4 7| 8
. 21 22 l« «.____-~.A N
3233 ol ofl 1] o[ 2 1] 2[ 3
4l 4344/ 141]21]32[11]43]22|33(44

O 14: Data structures of JDS.

A.perm
A.ptr

A.index
A.value

[, OO
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]l = 4; ptr[2] = 7; ptr[3] = 8;
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[1l] = 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 000000 (OpenMP)

014000 A0 200000 JDSO000OO0OC0OOO 1000000000000 200000 JDS
obooobOoboooooboobooooobooooooonn

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

00 10 12 2 3 A.index
1

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

O 15: Data structures of JDS.

r OpenMP ~
1: int n,nnz,maxmaxnzr ,nprocs;
2: int *perm, *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8; maxmaxnzr = 3; nprocs = 2;
6: perm = (int *)malloc( n*sizeof (int) );
7: ptr = (int *)malloc( nprocs*(maxmaxnzr+l)*sizeof (int) );
8: index = (int *)malloc( nnz*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
10: lis_matrix_create(0,&A);
11: lis_matrix_set_size(A,0,n);
12:
13: perm[0] = 1; perm[1] = 0; perm[2] = 3; perm[3] = 2;
14: ptr[0] = 0; ptr[1]l = 2; ptr[2] = 3; ptr[3] = 0;
15: ptr[4] = 3; ptr[6] = 5; ptrl[6] = 7; ptr[7] = 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[1l] = 11; value[2] = 22; value[3] = 41;
19: value[4] = 32; value[5] = 43; value[6] = 33; valuel[7] = 44;
20:
21: lis_matrix_set_jds(nnz,maxmaxnzr,perm,ptr,index,value,A);
\‘22 lis_matrix_assemble(A);
J
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5.6.3 000000 (MPI)

014000 A0 20000000 JDSOC0O0OO0O000 1e0000O0OOOOOOO200000

oOoJbSOOoOoOoooOoooDoDo0ooooooOooDobooOoooDon

0

3| 2

2| 3|

0 2

N

5

1
0
J NN

1

N~

0] 1

N

0 1 2

3

0
2111|122

41

32|43|33

44

PEO

PE1

O 16: Data structures of JDS.

A.perm
A.ptr

A.index
A.value

(f'hTPI

1: int
int
LIS_SCALAR
LIS_MATRIX

*value;
A;

if( my_rank==0 ) {n =
else
perm
ptr

index
: value =

(int
(int
(int

© 00 ~NO O WwN

=R e
N = O
[}

[y
w

: lis_matrix_set_size(A,n,0);
: if ( my_rank==0 ) {

perm[0] = 1; perm[1] 0;
ptr[0] 0; ptr[1] = 2;
index[0] 0; index[1] =
value[0] 21; valuell] =
: else {

perm[0] = 3; perm[1] 2;
ptr[0] = 0; ptrl[1] =2
index[0] = O0; index[1]
value[0] = 41; value[1]

=
o

=
~N o

-
o
1]

|

N =
o ©

21:
22:
23:
24:
25:

lis_matrix_assemble(A);

N

2; nnz = 3; maxnzr
{n = 2; nnz = 5; maxnzr
*)malloc( n*sizeof (int) );
*)malloc( (maxnzr+1)*sizeof (int) );
*)malloc( nnz*sizeof (int) );
(LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR)
: lis_matrix_create(MPI_COMM_WORLD,&A);

i,n,nnz,maxnzr,my_rank;
*perm, *ptr,*index;

MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;

ptr[2] = 3;

0; index[2] =

11; valuel[2]

ptr[2] = 4;
1; index[2]

= 32; value[2]
lis_matrix_set_jds(nnz,maxnzr,perm,ptr,index,value,A);

)

2;}
3;}

= 22;}

ptr[3] = 5;
= 2; index[3]
= 43; valuel[3]

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

[}
I
S
()

5.6.4 OO0OOOO

gbooobood

JDSOOOOOO0O0O0OODO AOOOODODODODOOO

o C

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

int lis_matrix_set_jds(int nnz, int maxnzr, int perm[], int ptr[],

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

5.7 Block Sparse Row (BSR)

BSROOOOO rxcOOOOOOOOOOOOOOODOOOOOOCOOOBSRO CRSOOOOOO
0000000000000 1000000000000000000nr =n/rOnnzb0 ADDOOOO
O000O00OBSRO 30000 (bptr, bindex, value) OO OO0

e U0 nnzbxrxcO000O0OO00OvalueO00OO0OO0O0O0OO0OO0OOOOOODO
e 00 nnzb00000 bindexOOOOOODODOOOODOOOOODODOOOO

e U0 nr+ 100000 pptr000 bindexOOOOOOOODOOOOOOODOO

5,71 000000 (00OOpenMP)

017000 A0 BSROOOOOOOODO iyOoOoOOO0OO0ODOOOOOOOOBSROOOOOOOO
obooooOobooooobooooboooon

. N A bptr
21

4= 32 |33 0 O] 1 A. bi ndex
A 43 a4 ) 11]21] 0[22] 0]41|32] 0[33(43| 0[44| A value

0O 17: Data structures of BSR.

e O 0O O OpenMP

int
int
LIS_SCALAR
LIS_MATRIX
4;
bptr =
bindex =

n =

value =

© 00 ~NO U WN -

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

bnr = 2; bnc = 2; bnnz = 3; nr =
(int *)malloc( (nr+1)*sizeof (int) );
(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);

0;

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

A;

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

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

11; value[1] = 21; value[2] = O0; valuel[3]
0; valuel[5] 41; value[6] = 32; valuel[7]
33; value[9] = 43; value[10]= O0; value[11]

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

(n-1)/bnr+1; nc

= (n-1)/bnc+1;

22;
0;
44,
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5.7.2 000000 (MPI)

017000 A0 20000000 BSROCOOOOOOO I8OO00OO0O0O0OOOOOO 200000
OO0 BSROOOOODOOOODOOOOOOOOOOOODOOOOD

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: Data structures of BSR.

(f'RTPI ~N
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+1l; nc = (n-1)/bnc+1;}
7: else {n = 2; bnr = 2; bnc = 2; bnnz = 2; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;}
8: bptr = (int *)malloc( (nr+1)*sizeof(int) );
9: bindex = (int *)malloc( bnnz*sizeof (int) );

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

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

15: bindex[0] = O0;

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

17: else {

18: bptr[0] = 0; bptr[1]l = 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; value[6] = O0; valuel[7] = 44;}

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

23: 1lis_matrix_assemble(A);
- /)
5.7.3 0O0O0O0O0OO
goooood

BSROOOOOOOOOOO AOOOOOOODOOO

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)

googo
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5.8 Block Sparse Column (BSC)

BSCOOOOOrxcOOOOOOOOOOOOOOOOOOOOOOOOBSCO ccsoooooaoa
goooooboouoon IDDDDDDDDDDDDDDDDDDTLCZH/CDTLTLZI)D AODODOOOOO
O000O0OBSCO 30000 (bptr, bindex, value) 0O 0O0OOO

e D0 nnzbxrxcO00OOOOOvalueO00OO0OO0O0O0OO0OO0OOOOOODO

e 00 nnzb00000 bindexOOOOOODODOOOODOOOOODODOOOO

e U0 nc+100000bptr000 bindexOOOOOOOOOOOODOOOOO

5,81 000000 (00OOpenMP)

019000 A0 BSCOOOOOOOODO 190ooOo0O0O0ODOOOOOoOoOoOg BSCcoooooooo

gboaboobouogbgoobooboab

A bptr
A. bi ndex

1 o[ 1] 3
21

A= 32 | 33 0 1] 1
1 43 44 ) 111211 O

22| 0(41[32] 0[3343] 0[44] A value

O 19: Data structures of BSC.

e O O 0O OpenMP
int n,bnr,bnc,nr,nc,bnnz;
*bptr,*bindex;

*value;

A;

bnr = 2; bnc = 2; bnnz = 3; nr

int
LIS_SCALAR
LIS_MATRIX
n 4,
bptr
bindex =
value
lis_matrix_create(0,&A);
lis_matrix_set_size(A,0,n);

© 00N U WN -

=R e
N = O

: bptr[0] = 0; bptr[1] = 1; bptr[2] = 3;
: bindex[0] 0; bindex[1] =
: value[0] 11; value[1]
: value[4] 0; valuel[5]
: value[8] 33; valuel[9]

[
w

o
IS

21; value[2]
41; valuel[6]

[y
[y

=
~N O
[}

-
[}

[y
©

lis_matrix_assemble(A);

1; bindex[2]

43; value[10]

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

= (int *)malloc( (nc+1)*sizeof (int) );
(int *)malloc( bnnz*sizeof (int) );
(LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );

1;

; value[3]
; valuel[7]
; value[11]

22;
0;
44,

lis_matrix_set_bsc(bnr,bnc,bnnz,bptr,bindex,value,A);
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5.8.2 000000 (MPI)

019000 A0 20000000 BSCOOOO0OO0OOO 2000000000000 200000
OO0 BSCODODOOOOODOOOOODOOOOODOOOODOOOOOO

(f'RTPI ~N
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+1l; 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; value[2] = O0; value[3] = 22;
17: value[4] = 0; value[5] = 41; value[6] = 32; valuel[7] = O0;}
18: else {
19: bptr[0] = 0; bptr[1] = 1;
20: bindex[0] = 1;
21: value[0] = 33; value[l] = 43; value[2] = O0; value[3] = 44;}
22 lis_matrix_set_bsc(bnr,bnc,bnnz,bptr,bindex,value,A) ;
\¥23: lis_matrix_assemble(A);
_/

0] 1 1
11|21| 0[22] 0[41]32] 0| [33|43| 0|44
PEO PE1

O 20: Data structures of BSC.

A.bptr

A.bindex
A.value

5.8.3 0O0O0OOODO

goooooo
BSsCOOOOOOOOOOO AOOOOODOODODOO

o C

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

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

googo
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5.9 Variable Block Row (VBR)

VBROOO BSROOOOOOOUOOOOOODUOOOOOOOOOODO (row, col)00OOOOO
VBRO CRSO0O0OODOOOOODOOOODOODODOOODOO1000000000000000000nr, nc
0000000000000 00000nnzb0 ADOOODOOO0OOnezO0OODOOOODOOOOOOO
OO0OBSRO 60000 (bptr, bindex, row, col, ptr, value) JOOO0OOO

e I0nr+ 100000 rowO00000O0O0O0O0ODOODOODOO

e U0 nc+100000 codOOODOOOOOOODOOOOODOOO

e U0 nnzb000D00 bindexOOOOOODOOOODODODOOOODODOOOO

e U0 nr+ 100000 pptr000 bindexOOOOOOOODOOOOODOODOO

e 0 nnzO0ODOOOOvalueOOOOOOOOOOOOOODOODO

e U0 nnzb+ 100000 ptr000 valueDOODOO0ODOOOODOOOODO

5.9.1 000000 (000OpenMP)

021000 A0 vBROOOOOOOOO21000000000000000 VBROOOOOO
gbooobOoobooooobooboooooobon

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

O 21: Data structures of VBR.
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A.bptr

>y o

.bindex
.TOW
.col
.ptr

.value



r 0 00O OpenMP ~

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

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

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

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

6: bptr = (int *)malloc( (nr+1)*sizeof(int) );
7: row = (int *)malloc( (nr+1)*sizeof(int) );
8: col = (int *)malloc( (nc+1)*sizeof(int) );
9: ptr = (int *)malloc( (bnnz+1)*sizeof(int) );
10: bindex = (int *)malloc( bnnz*sizeof (int) );

11: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
12: lis_matrix_create(0,&A);
13: lis_matrix_set_size(A,0,n);

15: bptr[0] = 0; bptr[i]
16: row[0] = 0; row[1]
17: col[0] = 0; coll1]

1; bptr[2] 3; bptr[3] = 6;
1; row[2] = 3; rowl[3] = 4;
1; coll[2] 3; col[3] 4;

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

20: ptr[0] = 0; ptr[1] = 1; ptr[2] = 3; ptr[3] = 7;
21: ptrl4] = 8; ptr[5] = 10; ptrl[6] = 11;

22: value[0] = 11; value[1] = 21; value[2] = 0; valuel[3] = 22;
23: value[4] = 32; value[5] = 0; valuel6] = 33; valuel[7] = 41;
24: value[8] = 0; value[9] = 43; valuel[10] = 44;

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

\§ Y,

5.9.2 000000 (MPI)

021000 A0 20000000 VvBROOODOOOOOO 2000000000000 20000
000 VBROOOODOOOODOOOODODOOOODOOOODOO

ﬂ A.bptr

0/ 0] 1 ol 1] 2| A.bindex

ol 1 3 3] 4 A.row

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

¢o¢13\7 0134\A.ptr
\

11{21] 0/22|32| 0[33] 41] 0[43[44] 2A.value

PEO PE1

0 22: Data structures of VBR.
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(f'hdl)l ~

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

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

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

5: MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;

6: if( my_rank==0 ) {n = 2; nnz = 7; bnnz = 3; nr = 2; nc = 3;}
7: else {n = 2; nnz = 4; bnnz = 3; nr = 1; nc = 3;}
8: bptr = (int *)malloc( (nr+1)*sizeof(int) );

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

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

11: ptr = (int *)malloc( (bnnz+1)*sizeof (int) );

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

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

14: lis_matrix_create (MPI_COMM_WORLD,&A);

15: lis_matrix_set_size(A,n,0);

16: if( my_rank==0 )

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

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

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

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

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

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

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

24: else {

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

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

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

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

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

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

31 lis_matrix_set_vbr(anz,nr,nc,bnnz,row,col,ptr,bptr,bindex,value,A);
\‘32: lis_matrix_assemble(A);

J

5.9.3 0OU0OO0OO0OO

goooooo
VBROOOOOODODOOOO AODOODOOODOOOO

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)

gbooan
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5.10 Coordinate (COO)

CcoOO0 30000 (row, col, value)JOOOOO

e U0 nnzUOOUODOOvalueODOOOOOOODOOO

e U0 nnzO0ODOOO rowd00O000O0O0O0O0ODOOOO

e U0 nnzUDOUOUOD colUDOOODOODOODOOODODOO

5.10.1 000000 (000 OpenMP)

023000 AQD coOOO0OO0OOoOoOoOO230000pooooopoooooo coooooUooonDo
gbooobooooboboobooboooon

11
o1 99 O 1 3| 1 2] 2 3] 3] A.row
A= 3 33 0L 0 O 1] 1] 21 2] 3] A.col
11121|41|22|32|33|43|44| A.value
41 43 44
O 23: Data structures of COO.
FDDDOpenMP
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[5] = 2; coll[6] = 2; coll[7] = 3;
16: value[0] = 11; value[l] = 21; value[2] = 41; valuel[3] = 22;
17: value[4] = 32; value[b] = 33; valuel[6] = 43; valuel[7] = 44;
18:
19: 1lis_matrix_set_coo(nnz,row,col,value,A);
\¥20: lis_matrix_assemble(A);
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5.10.2 000000 (MPI)

023000 A0 20000000 cooO0dddOdOdOdOO 4000000000000 20000
ocoocooopooooooOooooooooobOoOooboOooooDo

0 1 1 3| 2] 2| 3] 3] A.row
0 O 1 Ol 1 2| 2| 3] A.col
11(21]22 41|32|33|43|44| A.value
PEO PE1
O 24: Data structures of COO.
(f'REPI ~
1: int n,nnz,my_rank;
2: int *row,*col;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; nnz = 3;}
7: else {n = 2; nnz = 5;}
8: row = (int *)malloc( nnz*sizeof(int) );
9: col = (int *)malloc( nnz*sizeof (int) );

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

12: lis_matrix_set_size(A,n,0);

13: if ( my_rank==0 ) {

14: row[0] = 0; row[1] = 1; row[2] = 1;

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

16: value[0] = 11; valuel[l] = 21; valuel[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; valuel[l] = 32; value[2] = 33; value[3] = 43; valuel[4] = 44;}

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

22: 1lis_matrix_assemble(A);
N J
5.10.3 0OO0O0OO0O
ooooooo

cooooobonbooooonoaAa0Oonoooooon

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)

ooooo
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5.11 Dense (DNS)
DNSO 10000 (value) 000000

e I0nxnUDO0ODOvalueUODOOOOOO0ODOODODOO

5.11.1 000000 (000 OpenMP)

025000 A0DNSOOQOOOOOODCO 20000000000000C00DNSOOOOODOO
gboooboboooooboooooao

11
Ao | 2 11|21] 0J41| 0|22/32] 0] A Value
32 33 0| 0[33/43| 0] 0] 0j44
41 43 44
0 25: Data structures of DNS.
e O O O OpenMP ~
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[1] = 21; valuel[2] = 0; valuel3] = 41;
10: value[4] = O0; value[5] = 22; value[6] = 32; valuel[7] = O0;
11: value[8] = O0; value[9] = O0; value[10]= 33; value[11]= 43;
12: value[12]= 0; value[13]= 0; value[14]= 0; value[15]= 44;
13:
14: 1lis_matrix_set_dns(value,A);
156: 1lis_matrix_assemble(A);
- /)
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5.11.2 000000 (MPI)

025000 A020000000DNSOOOOOOOOO 2000000000000 20000
OO0 DNSOOOOOODOOOOOoDOoOOoOooooooooDooboooo

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

PEO PE1

0O 26: Data structures of DNS.

//'del ~
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 = 253}
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; value[2] = 0; value[3] = 22;
12: value[4] = 0; value[5] = 0; value[6] = O0; 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; value[6] = O0; valuel7] = 44;}
16: 1lis_matrix_set_dns(value,A);
17: 1lis_matrix_assemble(A);
\ Y
5.11.3 0OO0O000O0
oooooon
DNSOOOOOOOOOODO AOOODODOODOOooOoo
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)

gooan
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6 Functions

ocoooooooooooobooooobooooDbooooDbDboo cgoooooooboooooDo
cOOoU00ODCOOFortran0O0 100000000D0COCOOOOOOOODOOFortranO O jerr 00
gboooboooobooobo

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) 0000ooooon
LIS_ERR_FILE_I0(6) 0000 1/0000

6.1 ODOOOOO

U000 0000 globalnOOOO0OO0O0O00O vOnprocs00000O000O00O0O0O0O0O0OOOOO
0000000000 localnO000Ogloval nJOUOOOO0O0OODOIecal nOOOOOOOOOOOO

6.1.1 lis_vector_create

~

C int lis_vector_create(LIS_Comm comm, LIS_VECTOR *vec)

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

oo
oboogo.0000ao

RN

LIS_Comm MPIODOOOOOO
RN

vec good

ierr goooood
od

OO00OpenMPOO0OO0commOOO0O00O0O0OO
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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)

oo
ugboabooboogbogoooboabod

oo

vec ubodaboaooooobgan
oo

ierr ugbooaoad

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
gboboobOoboooobobooooobooooobooboonoo

oo

vin oo0oobOooooDoooo
oo

vout oooooooo

ierr goooooo

oo

vin OO LIS_VECOTRO OO LIS MATRIXODOOOODOOOODOOOODOlis_vector_duplicate 0O
gobooooobooooobooboob0ooboo0ob0o0b0o0oD0o0DOO000Og 1is_vector_copy

gooood

64



6.1.4 lis_vector_set_size

¢ 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) )

oo
gboooboooboobon

oo

vec googd

local_.n ooooboooboooa
global_n gogooboobbooooon
oo

ierr goooooo

oo

local n global_ n OO0 OO0O0OOOO0O0OOOO0OODOOODOODOOODOOOOODOODOOO

O00OpenMPOOO0O0000O0O0O0O0O localn=global nOOOOOOOOOO
lis_vector_set_size(v,n,0) O lis_vector_set_size(v,0,n) D00O0O0000 nOO0O0OOODOOO
oooooooog

MPIDOOOO1lis_vector_set_size(v,n,0) OO00O0O0O0000O00 pO000n, 000000000
OO0000001lis_vector_set_size(v,0,n) 0000000000 p0O00 m, 0000000000
ocoooooom,0000000000000000
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6.1.5 lis_vector_get_size

‘\
¢ 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)
J
uo
gboogd 0000000040
oo
v good
oo
local_n gboooboooboooo
global_n oboooboooooooon
ierr gbooooood
go
O00OpenMP O0O0O0OLlocal_n = global_n 000
6.1.6 lis_vector_get_range
1 i e N
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)
J

go
gboboobOd-0000000000DO00000O00O00O000O0D0O0d0

oo

v gooooo

oo

is ubooobo«.000oboooobooooboon
ie obooobo0»0000000000DO0DO00DO00+1
ierr ooogoooo

oo

OOOOpenMPOOOOnOO0O0OODO is = 00ie =n0000O
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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)

/)
oad
0000 vO:00000000 valueOOOOOO
oad
flag LIS_INS_VALUE 00000 v[i] = value
LIS_ADD_VALUE 00000 v[i] = v[i] + value
i gooooo
value ooooooooo
v ooooooooo
oad
v (00000000 valuedOODOODOOOO0O
ierr ooooooo
oad
MPIOOOOOOOOOO0OO+000000000000D0 00000000
6.1.8 lis_vector_get_value
o . N
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)
/)

oo
ob0o0O0vDO 00000 valueOOOOOO

oo

i oooooo

v oooooooooo
oo

value goooo

ierr goooood

oo

MPIDOOOODOOOOOD:00000DO0O0O00DOODO 00000000
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6.1.9

lis_vector_set_values

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)

go

O000 v0O index[:]] O0D0OOOO00O0 valuelk] OOOOOD

uo

flag

count
index
value
v

oad
v
ierr

g

LIS_INS_VALUE O O 0 O O v[index[i]] = value[i]
LIS_ADD_VALUE O U 0O 0 O v[index[i]] = v[index[i]] + valueli]

obooobooooboobooooobooon
ooooboooooooo
obooobOoooooobooog

gboogoogooog

index[(] 00000000 valuek] OOOODOOOOODO

goooooo

MPIODDOOOOODOOOOD index(Z1 00000000 O00D000O indexlz:] OOOODDOOO
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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)

oo
0000 vO start+:¢0000 (:=0,1,...,start —1)0 valuex1 DOO0OOO

oo

start oooobooooo

count oboooooboooogoo

v oooobooogn

oo

value oboooboboobooboooood
ierr ooooooo

go

MPIODDOOODOOOOOODO start++:00000000000D00C start+:00000000
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6.1.11 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)

oo
gbobooboodobodibildy <«

oo
X ugbooaooaan
oo
y ugbooaooaan
ierr ooogooo

6.1.12 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
ob0o0obO0b0o0oobOOobooboOobDvalueOdOoOooOonO

go

value oooobooooo

v gboogoogooog

oo

v Ub0o0dbddvvalueJOOOOOOOODO
ierr goooooo
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6.1.13 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
obooOo.0000000000000

oo
v oood
go
ierr LIS.TRUE OOOO

LIS FALSE 0O0O0O
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6.2 0OO0O0OUO

00 A0O00D0DO globaln x global n D0 0000 A0 nprocs 000000000000 0OOOOO
000000000000 localnOO0OOglobal nODOOO0O0O000OOlocal nOOOODO0OOOO
ood

6.2.1 lis_matrix_create

¢ int lis_matrix_create(LIS_Comm comm, LIS_MATRIX *A)

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

oo
OO0 A0DOoooOo

od

LIS_Comm MPIOOOODOOO
od

A o0

ierr ooooood
od

OO00OpenMPOO0OOcommOOOOO0OOOO

6.2.2 lis_matrix_destroy

C int lis_matrix_destroy(LIS_MATRIX A)

Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, integer ierr)

oo
gbooobooboooooboooooao

oo

A gbooooobooog
oo

ierr ooogoooo
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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)
)

uo
gbooobooboobgooooboooboo

oo
Ain gooood
oo
Aout gooood
ierr ooooooo
g

lis_matrix_duplicate 0000000000000 00O0O00O00000O0O0O0O0ODODDOOOOOO
000000 lis_matrix_copy O QOO QOOO

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)
)

uo
goooooooboon

oo

A oo

nnz_row ooooogoo

nnz oooooooooog
oo

ierr ooooooo

oo

nnzyow JO0O nnz OO OO0OO0O00O000O00O000OO0OOlis_matrix_set_valueOOOOOOO
O00o0O00O0000000o0b00o0oo0ooooo
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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 A)

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

oo
UbAD:0;00000000000

RN
flag LIS_.INS_VALUE 0O 000 A(i,j) = value
LIS_ADD_VALUE 0000 0A(,j) = A(i,j) + value
i gooooo
j gooooo
value oooooooog
A 0o
oo
A (0 j000oobboboogoa
ierr goooooo
oo

MPIODODOODOOOO+:0 000000000000 400000000
lis_matrix_set_valueOOOOOO0O0O0O0OO0O000O0O0O0O00O00O0O0OO0Olis_matrix_set_value
000000000 lis_matrix_assemble OO0 UOO00OO0OOOOOOOO

6.2.6 lis_matrix_assemble

¢ int lis_matrix_assemble(LIS_MATRIX A)

Fortran subroutine lis_matrix_assemble(LIS_MATRIX A, integer ierr)

oo
gboooboobooobooboooooao

oo

A oo

oo

A oboooboooooogn
ierr ooooooo
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6.2.7 lis_matrix_set_size

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

oo
gooobooobooog

oad

A Oogd

local_n o0 A0O0DODOoOoOooag
global_n 00 ADO0O0OOOoOooo
oad

ierr oooooog

oad

local n U global n OO OOO0OOOOO0OOOOOOODOODO

O00OpenMPOOO0O0O0O00O0O00O00 localn=global nO0O0O0000O0OCODO
lis_matrix_set_size(A,n,0) O lis_matrix_set_size(A,0,n) 0000 n x n0000000O00O00O0O
ooooooao

MPIDOODOlis_matrix_set_size(A,n,0) 00000000000 pO0O0000O0O0n,xNOODO
O00ooo0o0o0b0oOo00ONOOOOCOOO0OORn, 0000000
OO00O1lis_matrix_set_size(A,0,n) DO OO0O0O0O0O00O0 p0000000 m,xnOOO0O0O0O00O
ooooooOm,0000000000O0O0000C0C0O00O0O0O0000O0
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6.2.8 lis_matrix_get_size

‘\
¢ 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_nm,
integer global_n, integer ierr)
J
uo
gooobooobooog
oo
A go
oo
local_n 00 A0D00OOOOooo
global_n 00 Ad0DO0OO0OoOoooon
ierr gbooooood
go
O00OpenMP O0O0O0OLlocal_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)
J

go
o000 ADDOOOOOOOOOOOOOOOoOoOoOoOd

oo

A oood

oo

is 0000 ADDOOOOOOOOOOOOOO
ie 0000 A0DDO0DDOOOO0OOOOO0O0O4+1
ierr ooogoooo

oo

O00OpenMPOOOOnxnO0O0O0 is = 00ie =n0000O
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6.2.10 lis_matrix_set_type

C int lis_matrix_set_type(LIS_MATRIX A, int matrix_type)

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

oo
ubodaoaogoooogan

oo

A oo
matrix_type goooooo
oo

ierr ooooooo
oo

o000 A0 matrix_type U LIS_MATRIX_CRS OO UOOOOOOOO matrix_type UOODOO
ooooooood

goon matrix_type

CRS) LIS_MATRIX_CRS
CCS) LIS_MATRIX_CCS
MSR) LIS_MATRIX_MSR
DIA)  LIS_MATRIX_DIA
ELL) LIS_MATRIX_ELL

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_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)
)
oo
0o0oooooboooboon
oo
A 0o
oo
matrix_type goooooo
ierr ooooogoo
6.2.12 lis_matrix_set_blocksize
C int lis_matrix_set_blocksize(LIS_MATRIX A, int bnr, int bnc, int rowl[],
int col[])
Fortran subroutine lis_matrix_set_blocksize(LIS_MATRIX A, integer bnr, integer bnc,
integer row[], integer col[], integer ierr) ).

oo
BSROBSCOVBROOOOOOOOOOOOOOODOOOOO

oo

A oo

bnr BSR(BSC)DOUOODOOOUOOOOOOOO VBROOOOOOO
bnc BSR(BSC)OOOOOOOOOOOOO VBROOOOOOO
row vBROOOOOODOOO

col vBROOOOOOOOO

oo

ierr ooogooo
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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 Aim000000000000000 Aowt0O0O0OOOO

oo

Ain ooooood

go

Aout obooooOobooooooboooon
ierr ooogooo

oo

000000000000 lis_matrix_set_type DO OO Aout 00O O0O0OBSROBSCOVBROO
DO00000000000000 lis_matrix_set_blocksize OO0 Acut OO OOODO

00000000000 0o0ooooooo0000o 00000000000 O0DODO0OD0O0OO0OO
ocoooooooOOOODOOOOO0OO0O00O0O0000000000000000000000000 CRS
0000000000000 0000o0o000

OO0 | CRS | CCS | MSR | DIA | ELL | JDS | BSR | BSC | VBR | DNS | COO
CRS o o o o o o CCSs o o o
CcOO 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
gooobooobooog

oo
Ain gboogoood
go
Aout gbooooood
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)

oo
OO0 AQDDDOOOOOOOOdJdOOOOoDoOoO

oo

A uo

oo

d uboaboooooooaoo
ierr ooogooo
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6.2.16 lis_matrix_set_crs

¢ 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
00dO00OoO0O0000 CRSOOO0O0OOooODbOOoOoOo Aooooooo
oo
nnz ooooa
ptr, index, value CRSOODOOO
A oo
oo
A Oo0ooooooo
oo
lis_matrix_set_crs UO0OOOO0OO0OO0O lis_matrix_assemble 0 O00OO00OOOOOOO
6.2.17 lis_matrix_set_ccs
¢ int lis_matrix_set_ccs(int nnz, int ptr[], int index[], LIS_SCALAR value[],
LIS_MATRIX A)
Fortran subroutine lis_matrix_set_ccs(integer nnz, integer row(), integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr) J

go
gooOoOoOoOoOoOoO0O CcCSO00O0OoOoooooono Aooogoood

od

nnz agoood

ptr, index, value ccsooooa
A od

od

A ooooooogo
od

lis_matrix_set_ccs OO O0OO0OO0O0O0O lis_matrix_assemble 0000000000 OOOO
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6.2.18 lis_matrix_set_msr

¢ int lis_matrix_set_msr(int nnz, int ndz, int index[], LIS_SCALAR valuel],
LIS_MATRIX A)

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

)
oo
00000000000 MSROOOOOOOODOOO ADOoOoOoooo
oo
nnz ooooo
ndz Ooo0ooooooo
index, value MSROODOO
A oo
oo
A oooboooooo
oo
lis_matrix_set_msr U0 0000000 lis_matrix_assemble 0 O00O0O0OOO0OOOO
6.2.19 lis_matrix_set_dia
¢ int lis_matrix_set_dia(int nnd, int index[], LIS_SCALAR valuel[],
LIS_MATRIX A)
Fortran subroutine lis_matrix_set_dia(integer nnd, integer index(),
LIS_SCALAR value(), LIS_MATRIX A, integer ierr) )

oo
OO000oooo0o0oDoOo DlIADO0ODOOOO0ODODOD AOODDODOOO

oo

nnd oooooooo
index, value DIAODOODDO

A 0o

oo

A oooooooo0
oo

lis_matrix_set_dia() 000000000 lis_matrix_assemble) OO0 O0O0O0O00OOO0O0OOO
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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)
)
oad
00000000000 ELLOD0O000000ODO AoDOoOooooon
oad
maxnzr odoooooooood
index, value ELLODOOOO
A oad
oad
A ooooooooo
oad
lis_matrix_set_ell 0O UOOOOOO lis_matrix_assemble 1O O0O0O0OOOOOOONO
6.2.21 lis_matrix_set_jds
C 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
OO0oooooooooJbsOoooooooOooD Aoooooodg

od

nnz goooo

maxnzr ooooooboboooo
perm, ptr, index, value JDSsOooood

A od

od

A goooooooo

od

lis_matrix_set_jds U0 0O0OD0O0O0OO lis_matrix_assemble DO O0OO0O0OOOOODOOO
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6.2.22 lis_matrix_set_bsr

-

¢ 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)

N J

oo
oooOoOOO0OO0O00O0BSROOOOOOOOOOO AOOOOOOO

od

bnr oooooood
bnc oooooood
bnnz ooooood
bptr, bindex, value BSROOOOO

A od

0od

A ooooooogo
00

lis_matrix_set_bsr 00000000 lis_matrix_assemble 1000000000 OOONO
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6.2.23 lis_matrix_set_bsc

-

¢ 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)

N J

oo
gooOoOoOOoO0OO0O0O0 BSCOOOOOOOOOOO ADOOoOoOoOO

od

bnr oooooood
bnc oooooood
bnnz ooooood
bptr, bindex, value BSCOOODOO

A od

0od

A ooooooogo
00

lis_matrix_set_bscOO0OO0OO0O0O lis_matrix_assemble 1000000000 OOONO
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6.2.24 lis_matrix_set_vbr
e N
¢ 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)

N J
oo
g00oO0O0O0O0O0O0O0O0 VBROOOOOOOOOOO AOOOOOOO

oo

nnz ugbooboooogaoo
nr gooooo

nc ugbooaod

bnnz googoooo

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

A go

oo

A oooobooog
oo

lis_matrix_set_vbr UO0OOOO0OO0OO0O lis_matrix_assemble 0 O00O0O0OOOOOO
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6.2.25 lis_matrix_set_coo

¢ 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)

/
0o
OO00ooooooOooo coouoopooooopooo Aopoogoo
oo
nnz googo
row, col, value cooooood
A o
oo
A gooooooog
oo
lis_matrix_set_coo U U UOUOODODOD lis_matrix_assemble J OO0 OOO0O0OOODODOOO
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
OooOoOo0OO0O0O0OO0DNSOOOOOO0O0O0000 AQoOOODOOO

gd

value DNSOOOOO
A oo

oo

A o0ooooooo
oo

lis_matrix_set_dns 000000000 lis_matrix_assemble 0000000000 OO0OOO
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6.3 OOUUOOodoooog

6.3.1 lis_vector_scale

‘\
C int lis_vector_scale(LIS_SCALAR alpha, LIS_VECTOR x)
Fortran subroutine lis_vector_scale(LIS_SCALAR alpha, LIS_VECTOR x, integer ierr)
oo
O0000000000 alpha0DO0O0O 2+ ax
oo
alpha ooooo
X alphaODOOO0ODO0O
oo
X 000000 alpha0googononO
ierr ooooooo
6.3.2 lis_vector_dot
. R
C int lis_vector_dot(LIS_VECTOR x, LIS_VECTOR y, LIS_SCALAR *val)
Fortran subroutine lis_vector_dot(LIS_VECTOR x, LIS_VECTOR y, LIS_SCALAR val,
integer ierr)
)

0o
00000000 val — 27y

oo

x oooQ

v oooo

oo

val oooo

ierr ooooooo
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6.3.3 lis_vector_nrm?2

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

oo
000002000000000 val « ||z

oo

x oood

go

val oooooz2000
ierr ooogooo

6.3.4 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 1000000000 val « ||z

oo

X oood

oo

val oooobD1o00o
ierr goooooo
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6.3.5 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 vy,
integer ierr)
J
uo
y—ar+yO000000O
oo
alpha goooo
X, y googd
go
y cx+y00000000D00yO0O00O0O00O0COOO
ierr gbooooood
6.3.6 lis_vector_xpay
1 N
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)
J

oo
y—z+ayOODODOODO

od

alpha goooo

X,y oood

od

y r+oy0000000000y0O000OOO0ODOOO
ierr ooooood
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6.3.7 lis_vector_axpyz

‘\
C int lis_vector_axpyz(LIS_SCALAR alpha, LIS_VECTOR x, LIS_VECTCR y,
LIS_VECTOR z)
Fortran subroutine lis_vector_axpyz(LIS_SCALAR alpha, LIS_VECTOR x, LIS_VECTOR y,
LIS_VECTOR z, integer ierr)
)
oo
z—oar+yddooogn
oo
alpha ooooo
X,y godad
oo
z r+ayaoog
ierr goooood
6.3.8 lis_matrix_scaling
C int lis_matrix_scaling(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR d, int action)
Fortran subroutine lis_matrix_scaling(LIS_MATRIX A, LIS_VECTOR b,
LIS_VECTOR d, integer action, integer ierr)
/)
oo
Oo0o00o0o0oooooooo
oo
A O0o00000oooon
b goooooooooooa
action LIS_.SCALE_JACOBI Jacobi 00O OO0 D *Az =D~ '%0D
0A=(a;;) 00000
LIS_.SCALE_ SYMM_DIAG 00000000 D™Y2AD~ 12z =
D-V/20p-Y?000000 1/\a; 0000000
oo
d D000 D Y200000000000000
ierr goooooad

91



6.3.9 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«— A:0000

0o
A oo

x oooO
oo

v oooO

6.3.10 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)

go
000000000 y«—ATz0000

oo
A oo

x oooo
0o

y oooo
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6.4 0O0OUOOOOOO

6.4.1 lis_solver_create

‘\
C int lis_solver_create(LIS_SOLVER *solver)
Fortran subroutine lis_solver_create(LIS_SOLVER solver, integer ierr)
J
oo
ooooboobo0oboboboboboobooobooboobon
gd
RN
gd
solver oood
ierr goooooo
oo
gogogobobobboooooboboboobog
6.4.2 lis_solver_destroy
o N
C int lis_solver_destroy(LIS_SOLVER solver)
Fortran subroutine lis_solver_destroy(LIS_SOLVER solver, integer ierr) )

oo
gbobooboobooooboboooogooboo

oo

solver uboooboooobooon
oo

ierr ooogooo
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6.4.3 lis_solver_set_option

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

integer ierr)

uo
gboogbooboobgoooboboobooboo

od

text oooooooooogoo
od

solver oood

ierr ooooood

0od

0000000000000 00000000000-1 {cgl1}0-1 cgO0O0-1 1000000

-maxiter [1000] O -maxiter OO0 000000 10000000000000O
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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} -restart [40] 0UO0OOO0O sOO
MINRES -i {minres|22}
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go0o0000 obdoO: -p none

ggd gooon ggoooon
OO0 -p {nonel|03}
Jacobi -p {jacobi|1}
ILU(k) -p {ilul2} -ilu_fill [0] oooooooo ok
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
hybrid -p {hybrid|4} -hybrid_i [sor] ooooooo
-hybrid_maxiter [25] OOOOOO
-hybrid_tol [1.0e-3] 000000
-hybrid_w [1.5] SOROOOO0O0 w (0<w<2)
~hybrid_ell [2] BiCGSTAB() OO 10O
-hybrid_restart [40] GMRES,Orthomin 0000000
I+S -p {is|5} -is_alpha [1.0] I4+aS™ 0000000000 «
-is_m [3] I+aS™MO000000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] O0OOO0O0O0O (D0OOOOOOOOO)
Crout ILU -p {iluc|8} -iluc_drop [0.05] gooooo
-iluc_rate [5.0] ooooooooboo
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] goooooooooo
additive Schwarz | -adds true -adds_iter [1] oooooo

goooogoogoo

googno

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

-scale [0]

-initx_zeros [true]

—omp_num_threads [t]

-print {mem|1}
-print {out|2}
-print {alll3}

-scale {nonel|0}

-scale {jacobi|1}

-initx_zeros {truell}
ooooooo
t0000gooono

gogoooo

oooooo

ooooooo

-print {none|0} goooo
gooooboboboooogo
gooooooooooo
poooooooooooooooooo
g0000O000ODOOOOOO0OO0000000000000O0OoOOOOO™
ggoooooboo

JacobiOOOOOO D 'Axr=D"1

DO A= (a;)00000

-scale {symm_diagl|2} 00000000 D-Y2AD~Y2¢=D"/?

Dp-'/2000000 1/e; 0000000

ooboobdzoOODOO

-initx_zeros {falsel|0}

oooobooooo
ooooooobobOon
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U000 00000: -precision double
oo ooooo oo0ooooo
ooo -precision {double|0}
4000 | -precision {quad|1}

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

oboboooobooboooooboooooboooooooooobooOoobOoobOOobOOobooboooo0oon
oood

oo

oo

oo

solver oooo

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)

)

oo
0000000000000 Az =600000000000000000 lis_solver_get_itersO

lis_solver_get_timell lis_solver_get_residualnorm U000 OO0

00

A oooo

b gooood

X oooooo

solver oood

od

X ood

solver ooooooooooogod
ierr ooooood
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6.4.6 lis_solver_get_iters

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

integer ierr)

uo
gbooobooboobgooogon

oo

solver oood

oo

iters googd

ierr oooooboo

6.4.7 lis_solver_get_itersex

C int lis_solver_get_itersex(LIS_SOLVER solver, int *iters,
int *iters_double, int *iters_quad)
Fortran subroutine 1is_solver_get_itersex(LIS_SOLVER solver, integer iters,

integer iters_double, integer iters_quad, integer ierr)

go
obooobobooooobooog

0o

solver oood

0o

iters googno
iters_double oooooooogoon
iters_quad 40000000000
ierr goooood
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6.4.8 lis_solver_get_time

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

integer ierr)

uo
gbooobooboobgooogon

oo

solver oood

oo

times googd

ierr oooooboo

6.4.9 lis_solver_get_timeex

. I

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 1is_solver_get_timeex(LIS_SOLVER solver, realx8 times,

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

integer ierr)
N J
oo
gooooooooooooooo

oo

solver ooono

oo

times itimes O ptimes 0 O O

itimes oooooooooogoo

ptimes oooooooo

p-c_times gboooboooboooo
p-i_times o0o00ooOOobOooooooboooon
ierr ooooooo
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6.4.10 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)
J
uo
000000000 z:0000000b-Az02000000000O
oo
solver oooo
oo
residual b—Az 0 2000
ierr ooooooo
6.4.11 lis_solver_get_rhistory
. . N
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) )

oo

ubooobooooobooboood

oo

go

oo

v gboooboobooooooo
ierr ooooooo

oo
U000 vODOOOOO lis_vector_create U0 0000000 0OO0ODOODOOOOOCOOO vOO
Un00000000O0O0O0OCODOO0O0O0OOODOOOOO nOOO0OODOOOOO
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6.4.12 lis_solver_get_solver

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

integer ierr)

uo
gooobooobooboboboboobooboobooobo

od

solver oood

od

nsol oooooooooon
ierr ooooood

0od

gboooboooobobooboobooon

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

¢ int lis_get_solvername(int nsol, char *name)

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

oo
ugboabooboogbogoooboabod

oo

nsol ubooaboooogn
oo

name ubooaooagno
ierr ooogooo
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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)
J
00
00000000000 0000O0b0000O0O0o0oooaoo
oo
o0
oo
esolver oooo
ierr oo0ooooag
oo
00000000000 00oooo
6.5.2 lis_esolver_destroy
\

C int lis_esolver_destroy(LIS_ESOLVER esolver)

Fortran subroutine lis_esolver_destroy(LIS_ESOLVER esolver, integer ierr)

oo
gbobooboobooooboboooogooboo

oo

esolver uboooboooobooon
oo

ierr ooogooo
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6.5.3 lis_esolver_set_option

¢ int lis_esolver_set_option(char *text, LIS_ESOLVER esolver)

Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,

integer ierr)

uo

gbooobooboobooobobooboon

od

text oooooooooogoo
od

esolver oood

ierr ooooood

0od

00000000000 DO0O0OO0O0ODO0OD0O0O0O0OO0-e {pilt}0-e pid0O0O-e 1 00D0O0OO
-emaxiter [10000] O-emaxiter DO 000000 1000000000000000

goooboob obgbOd: -e pi

agooog ogoood goooooad

Power Iteration -e {pil1}

Inverse Iteration -e {iil2} -i [bicgl ooooogoo
Approximate Inverse Iteration | -e {aiil3}

Conjugate Gradient -e {cgl4}

Lanczos Iteration -e {1i|5} -ss [10] goooooono
Subspace Iteration -e {sil|6} -ss [10] ooooooono
Conjugate Residual -e {cr|7}
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googoo oogobogd: -p ilu

ggd gooon ggoooon
OO0 -p {nonel|03}
Jacobi -p {jacobi|1}
ILU(k) -p {ilul2} -ilu_fill [0] oooooooo ok
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
hybrid -p {hybrid|4} -hybrid_i [sor] ooooooo
-hybrid_maxiter [25] OOOOOO
-hybrid_tol [1.0e-3] 000000
-hybrid_w [1.5] SOROOOO0O0 w (0<w<2)
~hybrid_ell [2] BiCGSTAB() OO 10O
-hybrid_restart [40] GMRES,Orthomin 0000000
I+S -p {is|5} -is_alpha [1.0] I4+aS™ 0000000000 «
-is_m [3] I+aS™MO000000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] O0OOO0O0O0O (D0OOOOOOOOO)
Crout ILU -p {iluc|8} -iluc_drop [0.05] gooooo
-iluc_rate [5.0] ooooooooboo
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] goooooooooo
additive Schwarz | -adds true -adds_iter [1] oooooo

goooogoogoo

oooooooooooobo
gboooooboooogn
gbooobOoboooooboooooao

Lanczos Iteration, Subspace Iteration 000000000 OOOCOO0OO

Power Iteration (Subspace Iteration O 0)

Approximate Inverse Iteration

goooooooo
oooooobo1000

ogoooa
-emaxiter [10000] oooooo
-etol [1.0e-5] oooooo
-eprint [0] ooooooo
-eprint {none|0} goooo
-eprint {mem|1}
-eprint {out|2}
-eprint {alll3}
-ie [ii]
-ie {pil1}
-ie {iil|2} Inverse Iteration
-ie {aiil3}
-shift [0.0] ogooooooao
-initx_ones [true] 0ooodd zeOOood
-initx_ones {false|0}
-initx_ones {truel1}
-omp_num_threads [t] | 0000000
t00oooooon
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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)

)

oo

ubboobboooboobbooboobboobboobooboboobooboboooboabo
go

od

oo

od

esolver oood

ierr ooooood
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6.5.5 lis_esolve

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

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

go
0000000000000 Az=X:00000000000000000O 1is_esolver_get_iters(
lis_esolver_get_timel] lis_esolver_get_evaluesl lis_esolver_get_evectors[]

lis_esolver_get_residualnorm U0 0O OO0

oo

A agood

X oooooo

esolver oooo

oo

evalue goooo

X oooooooo

esolver ooooooooooooo0
ierr ooooooo
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6.5.6 lis_esolver_get_iters

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

integer ierr)

uo
gbooobooboobgooogon

oo

esolver oood

oo

iters googd

ierr oooooboo

6.5.7 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)

oo
ubooobooooobooboood

oo
esolver oood

oo
iters googo
iters_double oooobooogon
iters_quad 40000000000
ierr oooooboo

109



6.5.8 lis_esolver_get_time

¢ int lis_esolver_get_time(LIS_ESOLVER esolver, double *times)
Fortran subroutine lis_esolver_get_time(LIS_ESOLVER esolver, real*8 times,
integer ierr)
)
o
gdodoooooooooonboon
oo
esolver oooad
oo
times good
ierr goooooad
6.5.9 lis_esolver_get_timeex
e N
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 /)

go
obooooOoboooooboonog

00

esolver oooo

00

times oooooooooo

itimes ooooooooooooooooooon
ptimes oooooooooooOooooboOoooooo
p-c_times gboooboooboooo

p-i-times Oooo0oooOOoooDooooooon

ierr oooooog
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6.5.10 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)

J
oo
O00000000000000 2000000 (M—Az)/A02000000000
oo
esolver oooo
oo
residual (A —Az)/A 02000
ierr ooooooo
6.5.11 lis_esolver_get_rhistory
o . N
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) )

oo

gboooooboooooboon

oo

go

oo

v gboooboobooooooo
ierr ooooooo

oo
U000 vODOOOOO lis_vector_create U0 0000000 0OO0ODOODOOOOOCOOO vOO
Un00000000O0O0O0OCODOO0O0O0OOODOOOOO nOOO0OODOOOOO
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6.5.12 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) )

uo
gbooobooboobgooooboooboo

od

esolver oood

od

v ooooooooooooooon
ierr ooooood

0od

U000 vODOOOOO lis_vector_create U0 0000000 0OO0ODOODOOOOOOOO vOO
Un00000000O0O0O0OCO0DOO0O0O0OOO0DOOOOOO nOOO0OO0OO0OOOO

6.5.13 lis_esolver_get_evectors

C int lis_esolver_get_evectors(LIS_ESOLVER esolver, LIS_VECTOR *v)
Fortran subroutine lis_esolver_get_evectors(LIS_ESOLVER esolver,
LIS_VECTOR v, integer ierr) /

oo
gboboobobooooboboooooboooon

od

esolver oood

od

v OO00oooooooooooooo
ierr ooooood

od

UO0xOOOOOOOOODbOOoOooOooOobooog
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6.5.14 lis_esolver_get_esolver

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

integer ierr)

uo
gbooobooobooboobobooboobooobon

oo

esolver oooo

oo

nsol oooooooo
ierr ooooood
0o

ubobooboobooooboooood

go

Power Iteration

O

Inverse Iteration
Approximate Inverse Iteration
Conjugate Gradient

Lanczos Iteration

Subspace Iteration

N o g e w0

Conjugate Residual

6.5.15 lis_esolver_get_esolvername

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

integer ierr)

oo
gboooboobooobooboooooao

oo

nesol oooooooo
oo

name gooood
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ierr gboogoood
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6.6 OUUUOUOO

6.6.1 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)

oo
gbooobooboobooobooboo

go

filename gboooboooboobooo
go

A gbooobooooboooo
ierr ooogoooo

uo

g00o0ooo0o0o0ooooooooogoooooooDooo
e MatrixMarket 000000
e Harwell-Boeing DO O OO0

oooOooOoOoOoOoOo0OD0 AOOOOOO
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6.6.2 lis_input_vector

¢ int lis_input_vector(LIS_VECTOR v, char *filename)

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

oo
gboabuoobooobgoooboab

oo

filename uboaboooooooaoo
oo

v good

ierr ooogooo

oo

gbooobooboobooobooboo

e PLAINODODOODODO

e MMOODOOODO

oooOoOoOoOoOoOoO0OD0 AOOOOOO
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6.6.3 lis_input

C int 1lis_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)

uo
gbooobooboobooobobooboon

oo

filename gbooobooboobooo
oo

A gboooboooboooo

b oooooo

X googno

ierr goooooo

g

oO00o0oo0o0oooDoOoooDooogoooooooDooo
e MatrixMarket 0 00000000 0ODOOOOODOODOOOOODOODOO
e Harwell-Boeing OO O QOO0

goooOoOoOoODOO0OD AOOOOOO
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6.6.4 lis_output_vector

¢ 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)

uo
gboooboooboobgooogoboo

oo
v good
format oooobooogon

LIS_.FMT_PLAIN PLAINODODOOOO
LIS_ FMT_MM MMOOODOOO

filename oooooooboobooo

oo

ierr oooooboo

oo

OO000oOo00oooO0oUooooOoooD Aoogoooo
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6.6.5 lis_output

‘\
C int lis_output(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x, int format,
char *filename)
Fortran subroutine lis_output(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
integer format, character filename, integer ierr)
J
oo
odoo0oo0ooooboooooboooood
oo
A oo
b O00O0000000000b00o0o0oo0O0oon NuLL
X O000000000bo0oo0o0oo0boO0oo0oOO NULL
format O0o0oOooooono
LIS_.FMT_MM MatrixMarket OO0 OO OO
filename Ofd0o0oo0ooooooooon
oo
ierr ooooooo
oo

goooOoOoOoOoOOOODOOODOOODO AOOOOOO
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6.6.6 lis_solver_output_rhistory

C int lis_solver_output_rhistory(LIS_SOLVER solver, char *filename)
Fortran subroutine lis_solver_output_rhistory(LIS_SOLVER solver,
character filename)
J
go
gbobooboboooobooooooboooo
uo
solver oooo
filename uboaboooooooaoo
oo
ierr ooooooo
6.6.7 lis_esolver_output_rhistory
1 . . N
C int lis_esolver_output_rhistory(LIS_ESOLVER esolver, char *filename)
Fortran subroutine lis_esolver_output_rhistory(LIS_ESOLVER esolver,
character filename)
J

go
gboocobOobooooobooooboooon

od

esolver oood

filename oooooooooooooo
od

ierr ooooooo
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6.7 00O

6.7.1 lis_initialize

C int lis_initialize(int* argc, char** argvl[])

Fortran subroutine lis_initialize(integer ierr)

oo
MPIOOOOOOOOOOOOOOODOOOOOOOOOO0O00O0

oo

argc oboooooboooog
argv gboogoogooog
oo

ierr gboogoood

6.7.2 lis_finalize

C void lis_finalize()

Fortran subroutine lis_finalize(integer ierr)

oo
gooooooo

g

oo

uo

ierr ooogoooo
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6.7.3 lis_wtime

C double lis_wtime()

Fortran function lis_wtime()

go
goooboooogn

g
oo
g

O00000000000 doubleDO0O0DOOOOODOOOODO

oo
googbooboobooboobobooboobobooboobobibOn 1is_wtime DO OO
gbooooobooog

6.7.4 CHKERR

C void CHKERR(int err)

Fortran subroutine CHKERR(integer err)

oo
obooobOooooooboooooon

go
err ooooooo

go

g

oo
000000 1is_finalizeUOOOOOO0OO0OOO0OODOOOOODOOO
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A 0OOOOObOOOOO

oboboooOoboooooboboooboobooooobooooboboobooonog

A.1 00 MatrixMarketOO O OQOO

MatrixMarket 000000 [33)|00 0000000000000 O0OOO0O0OO0OOOOOOOOOO
000000000000MxNOOO A=(a;;) 0000000 L0O0O0Oa; =A(T,) 0000000
obooobOoooooooon

%hMatrixMarket matrix coordinate real general <-- 0000

% <-+

% | 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 AQUDOD b DOU00OO0O0O MatrixMarket 0000000000000

2
1

[STE R

(A1)

— N
w NN = O

1
2
%hMatrixMarket matrix coordinate real general
41010
1.00e+00

.00e+00

.00e+00

.00e+00

2

1

1
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 0O O OO0

Harwell-Boeing 0000000 CCSOODO0ODOO0OOOOOvalued0 00 ADOODOODOO index
OO00000000D0ptrd valued index OO0 OO0 0O0D0O0OO0O0OODOOOODODOOOODOOO
oooooood

100 (A72,A8)

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

1-14 0000000000
15 - 28 ptr OO O
29 - 42 index 000
43 - 56 value 0 OO
57 - 70 0JOO0OO
300 (A3,11X,4I14)
1 - 300000
1 00: R Real matrix
C Complex matrix (0O OODO)
P Pattern only (DO ODO0O)
200 : S Symmetric
U Unsymmetric
H Hermitian (DO OOO)
Z Skew symmetric (O0O0OO00O)
R Rectangular (DO DO0O0O)
300: A Assembled
E Elemental matrices (0O O O0O)

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

400 (2A16,2A20)
1 -16ptr 0000000
17 - 32 index 0O QOO OO0O
33 - 52 valueOJOOOOOO
53 - 72 000000000

500 (A3,11X,2114) 0D O00O0OOODOODO

1 oob0oo
FOOOOOO
MmOooooooooooo (coooo)
2 gooooooooooooon 6
3 gobooooboooooo x
4 -14 00

16 - 28 O00OOO
29 - 42 00000

(A.1)D00D AOUDOO 0000 Harwell-Boeing OO OO OOO0OOO0OODOOO

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

A.3 00 MatrixMarket DO DO OQ0OO0O0OO0OO0OO0OOO

MatrixMarket 000000 [33]0 000000000000 O0OO0OO0OOOOOOOOONOOOOO
b=(b;)00O0O0 b =B(I)0000000000O00ODO0OO0OODOOO

%#hMatrixMarket vector coordinate real general <-- OOO0O

% <—+
% lo0O0OOOoOoOOOnO
% <-+
N <—— 00
I1 B(I1) <-+
I2 B(I2) | OO0 O
L. | 0000000 1-base
IN B(IN) <-+

(A1) 0DO0DD00O0 b WO0OOO0OD0OO MatrixMarket 0000000000 OOOO
%%MatrixMarket vector coordinate real general
4
1 0.00e+00
2 1.00e+00
3
4

2.00e+00
3.00e+00

A4 PLAINOODOOODOODOODOODO

PLAINODUOOOOOOODOOODOOODOOOOUOD0OO0O0OD0OO0O0O0D0ONDOOOD b= (b)
o000 sg=(I)0000000D00000DO0O0O0O0DOO0OO0

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

(A)OOODOOO b LOOOO PLAINODOODOOOOODDOOOOOO

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