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1 0000
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 IO0O0O0ODOODOOODOODOOOODOODOO

uooobooogobooon

400000000

gbooboobobbobooboobooobon

ooboooooboooboooobooobooboooboobooboooboooboobooooon
oooooo

LisOO0O000DOOOO0O00ooOO0oO0ooooboo0ooooobooooooboobooooooboooDoD
oobobOooooo1000220000000000000 2000 v00000O0O0O0O0OO0OO000
oooos3bobobowboooooooobooobooobooboooobo 4000 1O0O0DOOOOOO

2 Jodooon

U0000LsO00000000000000000D000D00000000 LinxODOOODOOOOO
googo

21 0O0O0OO0OOd

LisO0O0000O0OO0OO0 cCcOoOoUOooooooouooooQFortran 00000000 COOODOOO
Fortran 0O 0OOO0O0AMGUUODOOODODOOOOOOOO Fortran900000000CO0O0ODODOOOO
OO0O0O00O0O0OpenMPOOO MPIL1OOOODODOO 0000000 00O0DODOOOTOOOODODOO

22 0O0O0OO0OOO

0000000000000 0D00O00000O0($VERSION) ODODOOODODOODO
>gunzip -c 1lis-($VERSION) .tar.gz | tar xvf -
OO00000D0OO0O00D 1is-($VERSION) OO0 10000D0COO0ODOOOODOOOO



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, 11.0 O | Linux
IBM XL C/C++ V7.0, 9.0 AIX 5.3
Linux
Sun WorkShop 6 update 2, Sun ONE Studio 7 Solaris 9
Sun Studio 11, Sun Studio 12 Solaris 10
PGI C++ 6.0, 7.1, 10.5 Linux
gee 3.3, 4.1 Linux
FortranOOOOOOOOOODOO (O
Intel Fortran Compiler 8.1, 9.0, 9.1, 10.1, 11.0 Linux
IBM XL Fortran V9.1, 11.1 AIX 5.3
Linux
Sun WorkShop 6 update 2, Sun ONE Studio 7 Solaris 9
Sun Studio 11, Sun Studio 12 Solaris 10
PGI Fortran 6.0, 7.1, 10.5 Linux
g77 3.3 Linux
gfortran 4.3
295 0.91
1lis-($VERSION)
F 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 O OO

--enable-mpi

MPIOOO

--enable-fortran

Fortran APIO OO

--enable-saamg

SA-AMGOOO0000O

--enable-quad

400000000

--prefix=<install-dir>

gbooooboooo

TARGET=<target>

googooon

CC=<c_compiler>

copoppoooooo

CFLAGS=<c_flags>

copbooooooooooo

FC=<fortran_compiler>

FortranOOOOOOOO

FCFLAGS=<fc_flags>

Fortran OO OODOOOOOOODOO

LDFLAGS=<1d_flags>

oboooooooooo




07 00 TARGETOOOOOOOOO configure JO OO

<target>

00000 configure0 O OO0

cray_xt3

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

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

fujitsu_pq

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

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

hitachi

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

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

ibm_bgl

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

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

nec_es

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

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

nec_sx9_cross

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

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




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 oood N

100 x 100 matrix 460 entries

Initial vector x = 0O
PRECISION : DOUBLE

SOLVER . BiCG 2
PRECON : None
STORAGE : CRS

lis_solve : normal end

BiCG: iter = 15 iter_double = 15 iter_quad = 0

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

N J
(———enable—omp ~N

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

Initial vector x = 0
PRECISION : DOUBLE

SOLVER : BiCG 2
PRECON : None
STORAGE : CRS

lis_solve : normal end

BiCG: iter
BiCG: times

15 iter_double = 15 iter_quad = 0O
8.960009e-03
2.297878e-03 (p_c = 2.072096e-03 p_i = 2.257824e-04 )

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

N J




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

SOLVER : BiCG 2
PRECON : None
STORAGE : CRS

lis_solve : normal end

BiCG: iter
BiCG: times

15 iter_double = 15 iter_quad = O

2.911400e-03

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

BiCG: Residual = 6.221213e-15

N J

BiCG: p_times

2.6 U0OOOOO

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

$ (INSTALLDIR)

| include

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

OO0 L 1iblis.a

lis.h 0 COD0O1lisf.h 0 Fortran OO O OO0O0OOOOOCOCOOOOOOOCOCOOCOCOOOOiblis.alOd
obooobOoooooooon

27 O0OOOO0OOOO
2.7.1 testl

1is-($VERSION) /test 00O OO0 OO0 O0OO
>testl matrix_filename rhs_setting solution_filename residual_filename [options]
000000 Onatrixfilename 0000000000000 0O00O00CO0OO0O0OO0O0OO0O Az=0
OoptionsOO0O0OO0O0O0DODOOOO0OOOOON result filename OO OOODO residual filename
Uo0ooobo00ooboboooobOobooOn MatrixMarket 0000000 OODOrhs_setting [

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



rhs_filename O00o0o0o00ooooo

O00O00DO0Ocrhs filename 0 PLAINOOOOOOOOO MatrixMarket OO0 OO OO0OO0OO0OOOOOO
testlf.f 0 testl.c Fortran OO OO O

2.7.2 test2

1lis-($VERSION) /test OO O OODOOOOO
>test2 m n matrix_type solution_filename residual_filename [options]
O00000D0200 PoissonO00OO00 5000000000000 0O0000meO0 500000000
O0O0OO00ODO0OD0 Az=b00matrix_type 000000000000 Ooptions 0000000000
00000000 result_filename 000000 residual filename 0 OO O0OOOOOOOONO
0 Az=0000000000000 1000000000000 b00000000m0n000000
oboooooboooooobooon

2.7.3 test3

oo0o000 Az=000000000000000D0D0O0O0O00000O0 AOOO 120300000

O000000oDO0oD 0000 20000 1000000000000test3f.£0 test3.cO Fortran
goooo

2.7.4 testd

1lis-($VERSION) /test OO OO OOOOO
>test4 n gamma [options]
OoooOO0O0O0OD0O00D Az=0b00000000000000000000000 AQ Toeplizd O

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

0000000000 00000000 1000000000000n000O0 ADDODOO gamma O v
oood



2.7.5 etestl

1lis-($VERSION) /test OO O OODODOOOO
>etestl matrix_filename solution_filename residual_filename [options]
O00000Onatrix filename D0 0000000000000 O00O0OO0O0ODOO0OO0DO0OO Az= Xz
Ooptions 0000000000 DOO0O0CODOO0OOOOOOOOOODOOOOOOOOOOOODOOO
OO00000000D000 resultfilename OO OO OO residual filename DO OOOOOOOO
0000000000000 MatrixMarket 0000000000 Oetestlf.f0 etestl.c O Fortran OO
goo

2.7.6 etest2

1is-($VERSION)/test U0 OO OO OOOO
>etest2 m n matrix_type solution_filename residual_filename [options]
O000000200 HelmholtzODO OO 50000000000 CO0O00O0O0menDO 50000000
0000 Az =Xz 0O0matrix_type 000000000000 Oo0ptions000000000000O0O
oooooOooooOoOOOO0O0O000000000000000000000000 result_filename
OO0D0D0ODODO residual filename OO0 O000O0OnO n 000000000000 OODOOOOOOOO

2.7.7 etest3

1lis-($VERSION)/test D0 OO OO OOOO
>etest3 n [options]
00000d0ooo0odgd Az=Xx000000C0CO0O00O0OOOOO0O0O0O0OOODODDOOCODOOOO
OO0 AODOOn,0300000

O000Oetest3f.f0 etest3.cd FortranOOO0OO

2.7.8 etest4

1is-($VERSION) /test 0 OO0 OO0 O OO0
>etest4 matrix_filename tol [optiomns]
O000000Omatrix filename 100 0000000000000 00OCCCOCOCOOODOOO options
0000000 telOODODODODODODO



2.7.9 spmvtestl

1is-($VERSION)/test 00O OO OOOOO
>spmvtestl n iter
O00000DbD100 Poisson 0000 3000000000000 0O0ODO0OOnDO 30000000

00000 (1,...,)'00000000000000000000 iter0000000000OOOMFLOPS
ooooooo

2.7.10 spmvtest2

1lis-($VERSION)/test 00O OO OOOOO
>spmvtest2 m n iter
O0bo0ooboOd200 Poisson DO OO 0000000 0OO0OOOODOOOmObS0000000€0
oooo(1,...,)T00000000000000000000 iter00000000O0OO0OOMFLOPS
00000 OmOn0000O0O0O0O0O0O0OODOOOOOOODOOOO

2.7.11 spmvtest3

1is-($VERSION)/test 00O OO OOOOO
>spmvtest3 matrix_filename_list iter
U00000Omatrix_filename 1list D0 0000000000000 O0O0O0COO0OOOO0O0OOOOOO
ooooo(,...,)'0000000000000000000 iter000000000ODOOOMFLOPS
goooooo

2.7.12 spmvtest4

1is-($VERSION)/test 00 OO OO OOOO
>spmvtest4 matrix_filename matrix_type iter
OO00000Omatrixfilename 00000000000 O0O0O0O0O0O0O0O0O0O0O0O0O0OOCOOO0DOCO
(1,...,)T 0000000000 matrix type 0000 iter 000000000 O00O0MFLOPSOOO
good
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2.8 0OOOO
gboooboobooboobobbooboon
e OO

— JacobiDSSOROOOOOOOOODOOOOOOO ADCRSOOOOODOOOOOOOOOO
CRSOOO0OO0O0 AOOOOO
— BiCGOOOOODOOOSA-AMGOODOOOOO

— OpenMPOODODO SA-AMGUUOOOOOOOSAINVOOOOOOOOOOOOOOOO

e 400000

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

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

e JOODOOO

— MPIOOOOOOOOOOOOOOOOOODOCOOOODOOOOOOOOOCRSOOOOOO
OO00000O0O00000000DDO 1is_matrix_convert 00000 CRSOOOOO0OOO
ooooooooo
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3 Uoggg

Ofdo0o0oo0oooboooooboobooooOoooonoon
Ax =1b

ooogoooo
Ax = \x

dooobodoobooboobuoboboboooboooboobon
e IOOODO
e IOOOO
e JODODOODO
e JO0D00OD0ODODUUODUODUODOUOUODUOODUODDbDUDbDUODOODOOO
e JUDDODOOUOOODDO
e JOODOOODODO
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

12



3.1 0ODO0ogdoooo

gboobbooboboooobooboboobbobobobobpoooooobobobobobobab
gbooooobooog

¢ ™
1: #include "lis.h"
2: int main(int argc, char* argv([])
3: {

4: lis_initialize(&argc, &argv);

5 .

6

7

lis_finalize();

: }

o

\_
/- Fortran

_/

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

4. call lis_finalize(ierr)

N J

goooo
obooooooboooogn

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

e Fortran subroutine lis_initialize(integer ierr)
gooobooboooooMPIODODODOOOODOODOOOODODOOOODOOOOO
oooo

ugbooaboooogoono

o C int lis_finalize()

e Fortran subroutine lis_finalize(integer ierr)

goooo

3.2 0000

D000 0000 glebal n 00000000 vOnprocs00000000O00O0O0O0OO0O0O0COO
UbdbdbOobddod localnOUOOOglobal nl nprocsUOUOUOOOON local n = global.n
/nprocs 000D UO0OODO0OODDO O (31)000002000000000000000000OO
globalnl[l local n OO OO 40 20000

0 PEO
1

v=|— 3.1
2 PE1 (3-1)
3

13



3.)0DD0D0O0O0OD0»O000OO0ODOODODODOODOCPpenMPOOOODOOO »0D0O0O0OOMPIOOOOO
gboboobobooobooboooobobooooobooooboboooboOoboooon
odob.000000bo0o000ooboboo0oooboobooooooMPIOOOODOOOODOO 20000

r C(0 O O OpenMP)

N

© 00 ~NO O WN =

_
o

int i,n;
LIS_VECTOR v;

n=4;
lis_vector_create(0,&v);

lis_vector_set_size(v,0,n); /* or lis_vector_set_size(v,n,0); */

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

{

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

~

N

~ C(MPT)

© 00N U WN -

[y
o

int i,n,is,ie;

LIS_VECTOR v;

n = 4;

lis_vector_create (MPI_COMM_WORLD,&v) ;
lis_vector_set_size(v,0,n);
lis_vector_get_range(v,&is,&ie);
for(i=is;i<ie;i++)

{

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

/*

/*

lis_vector_set_size(v,1n,0)

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

>

*/

*/

N

/—Eeran(E]D 0 OpenMP)

©O© N O O d W N -

[y
o

integer i,n

LIS_VECTOR v

n=4

call lis_vector_create(0,v,ierr)
call lis_vector_set_size(v,0,n,ierr)

do i=1,n

call lis_vector_set_value(LIS_INS_VALUE,i,DBLE(i),v,ierr)

enddo

[

e Fortran(MPT)

© 00 ~NO U WN -

integer i,n,is,ie
LIS_VECTOR v
n=4

call lis_vector_create(MPI_COMM_WORLD,v,ierr)

call lis_vector_set_size(v,0,n,ierr)
call lis_vector_get_range(v,is,ie,ierr)
do i=is,ie-1

call lis_vector_set_value(LIS_INS_VALUE,i,DBLE(i),v,ierr);

enddo

14



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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e 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-1,1.0,4);

8: if( i<n-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0,A);

9: lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);

10: }

11: 1lis_matrix_set_type(A,LIS_MATRIX_CRS);
\¥12: lis_matrix_assemble(A); )
(,-C(thI) a\

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: lis_matrix_assemble(A); )
e 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

T: 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) l/

17



e 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)
if( i<gn ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)
enddo
call lis_matrix_set_type(A,LIS_MATRIX_CRS,ierr)
call lis_matrix_assemble(A,ierr)

N J

© 00N O WN =

e ol el
w N = O

i
IS

oood

2000000
LIS_MATRIX A;

oooood

ooooo
gbA0O0ODODOO

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)

OCO0000comm OO0 MPIDOOOOOOODOOOOOOOOOpenMPOOOOcomOOOO0OOOO0O

oooooooo
gbAbDgobogooan

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 O00OO0O0O0O0DOOCOOODOOOOO

O00OpenMPOOOO0O0O0O0O0O00O localn=global nODO0O00O00O0OOO
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

19



o C

e Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, integer ierr)

googo

int lis_matrix_destroy(LIS_MATRIX A)

obooOo2:0000000000000000O000O00000A0
(3.2) 0000 A0 CRSUUUODOOOOODOOUOOOOpenMPOOOODO ADDOOODOOMPIOOODO

gbooobooboobooboboboobooboobooboobobobooboo

OO0 A0 cCRSOOOOCOCOOOOOOOOOOOOOOOOOOOOOOOMPIOOOOOOOOO
g20000

r C(0 O O OpenMP)

1: int i,k,n,nnz;

2: int *ptr,*index;

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

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

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

7: lis_matrix_create(0,&A);

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

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

11: {

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

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

16: }

17: ptr[0] = 0;

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

19: 1lis_matrix_assemble(A);

~
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(/-C(B4PI) «\
1: int i,k,n,nnz,is,ie;

2: int *ptr,*index;

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

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

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

7: lis_matrix_create(MPI_COMM_WORLD,&A);

8: lis_matrix_set_size(A,n,0);

9: lis_matrix_get_range(A,&is,&ie);

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

11: {

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

13: index[k] = i; valuelk] = 2; k++;

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

15: ptrli-is+1] = k;

16: }

17: ptr[0] = 0;

18: 1lis_matrix_set_crs(unz,ptr,index,value,A);
\¥é9: lis_matrix_assemble(A); 4/
ooOooooo

Oo000000OoOocrRSOOOO0OO00OOOOOOOOOOOO0O0OOOO0O0AODODOODODODOOOO

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)

gbbooboobooboobooooboobosobooooan
obooOo 300000000000 000oo0obo0ooooonoo

(3.2) 0000 AD CRSUDOODODOOODUODOOOUOOOOODOOOUODOOOODOOOOO
C(0 O O OpenMPO MPT)

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"); 4)
Fortran(O O O OpenMPO MPI) N
1: LIS_MATRIX A

3: call lis_matrix_create(LIS_COMM_WORLD,A,ierr)

6: call lis_matrix_set_type(A,LIS_MATRIX_CRS,ierr)

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

OO0000000 matvec.mtx OO 00000000 OO0OCODOOOO MatrixMarket 0O0O0ODOOO
ooo

%hMatrixMarket matrix coordinate real general
441010
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DWW W NN R

e C(0 O O OpenMPO MPT)

N

2 1
1 2
3 1
1 1
2 2
4 1
2 1
3 2
4 2
3 1

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

(3.2)0000 AO CRSOOOUOOUDO (3.1)DD0OO0UO0OKUDOODOOOUDOOUOOUOOOODOOO
oboooooboooo

~N o o WN e

LIS_MATRIX A;

LIS_VECTOR b,x;

lis_matrix_create (LIS_COMM_WORLD,&A) ;
lis_vector_create (LIS_COMM_WORLD,&b) ;
lis_vector_create (LIS_COMM_WORLD, &x) ;
lis_matrix_set_type(A,LIS_MATRIX_CRS) ;
lis_input(A,b,x,"matvec.mtx") ;

~

N

~N o O WN -

e 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)

J

gbobdb0O0matvec.mtxU0 000000000000 00O0O0OO0DOOO

O000Appendix AODOO M

%%MatrixMarket matrix coordinate real general

4

W N PR WWWNDNNRE -

4 10

N
[y

WP WONPPND-E W
P NDNNR PR NDR PN

10

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

0e+00
0e+00

0.
1.
2.0e+00
3.

0e+00

gboooboooaogoon
gboAbDOoO0obOOobDbOOobDOOobOOO0ObOoOonDd

o C

int lis_input_matrix(LIS_MATRIX A, char *filename)

22
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e Fortran subroutine lis_input_matrix(LIS_MATRIX A,

character filename, integer ierr)

U000D0filename 0000000000000 OCODOO0ODOOOOOOOODOOOCODOOODOOOO
O00000O0O0OD0O0OD0ODOD0ODO0O0O0O0O0O0O0O0O0ODODODOO Appendix ADDDODO

e MatrixMarket 00O DO OO
e Harwell-Boeing OO O OO0
O0A000D0D0BPOxOODODDODOODODDDODOODODOOOODO
o C int 1is_input(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x, char *filename)

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

character filename, integer ierr)

Ub0000filename U0 000000 ODOO0O00OOOO0ODOOO0ODOODOODOOODOODLOODODO
ooOoOOoOOOOO0O0O0OOOO0OOODOOODODODODOD Appendix ADDOODO

e MatrixMarket 000000000000 OO0OO0ODOOOOODOOOO

e Harwell-Boeing 00000

34 0O0OUOOoOooOoOO

00000 Az=000000000000000000000O0DO0OOO0OO0
C(O0 00 OpenMPO MPI
( ( p ) \

LIS_MATRIX A;

LIS_VECTOR b,x;

LIS_SOLVER solver;

0

/* 0000000000 =/

O

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

© 00N O WN -

[y
o

NS
e Fortran(O O O OpenMPO MPI) ~

N

LIS_MATRIX A

LIS_VECTOR b,x

LIS_SOLVER solver

a

/* 00000000040 */

|

call lis_solver_create(solver,ierr)

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

N J

© 00 ~NO O WN -

[y
o

goooog
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O000000O0D0OD0OD0000000000000000000000

o C int lis_solver_create(LIS_SOLVER *solver)

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

goooooooOooOoOoOOoOOoOOoOOO

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

e Fortran subroutine lis_solver_set_option(character text, LIS_SOLVER solver,

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

OO0000O1lis_solver_set_optionCUOUODOOOOOOOOOOOOOOOOOOOOOOOOOOO
obooooOobooooobooog

0000000000000 0D0O00000D0000-1 {cegl1¥d-i cgO0O0-i 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}

25



go0o0000 obdoO: -p none

ggd gooon ggoooon
OO0 -p {nonel|03}
Jacobi -p {jacobi|1}
ILU(k) -p {ilul2} -ilu_£fill [0] ooooooook
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
hybrid -p {hybrid|4} -hybrid_i [sor] ooooooo
-hybrid_maxiter [25] ooooog
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SOROOUOODN w (0<w<2)
~hybrid_ell [2] BiCGSTAB() OO 100
~hybrid_restart [40] GMRES,Orthomin 0 000000
I+S -p {is|5} -is_alpha [1.0] I4+aS™ 0000000000 «
-is_m [3] I+aSMODO00000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamg|7} -saamg_unsym [false] ooooooo
(00DoDoooooon)
-saamg_theta [0.05/0.12] 000000 af; < 62|as|lay,]
(Colooo)
Crout ILU -p {iluc|8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] gobobobooooono
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] ooooooooooo
additive Schwarz | -adds true -adds_iter [1] oooooo

26



googoogog

goooo
-maxiter [1000] ooooDoOo
-tol [1.0e-12] oooooo
-print [0] oooooon
-print {none|0} opoooo
-print {mem|1} ooooooooooooo
-print {out]|2} gooooooooooon
-print {all|3} ggooobobboboooooooboobo
-scale [0] ooooboooooooooooo0oooooooooboobooo
-scale {none|0} gpboooood

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

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

4000 | -precision {quadl|1}

oo
Oo000 Az=000000000

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

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

gbooan

3.5 0OOUogoooo

00000 Az=X00000000000000000000000000
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e 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: /+ J00ODOOOODOOO %/

7: 0

8: lis_esolver_create(&esolver);

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

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

11: lis_esolve(A,x,evalue,esolver); 4/
e Fortran(O O O OpenMPO MPT) ~

1: LIS_MATRIX A

2: LIS_VECTOR x

3: LIS_REAL evalue

4: LIS_ESOLVER esolver

5: O

6: /+ OO0ODOOOODODOO */

7: 0

8: call lis_esolver_create(esolver,ierr)

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

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

O0d0ooOoOO0O0O00o0o0oooOoOobOo0o0oooooooooooa
o C int lis_esolver_create(LIS_ESOLVER *esolver)

e Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, integer ierr)

goooo

oooooooo
ubobooboobooooboooood

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

e Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,

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

O0000O1lis_esolver_set_optionCOOO0OOOOOOOOOOOOODOOOOOOOOOOOOOO
goooboobooooobooog

gooooood

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

e Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,

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

O00D000O1lis_esolver_set_optionCOO0000OOOOOOOOODOOODOOODODOOOOODOOODOO
ooo0o0o0ooooooooog

0000000000 0D00O0O0DO0bD0O0b0O0O0-e {pilt}0-epid00-e 1 00D0OODO
-emaxiter [10000] O-emaxiter OO0 OO OODOO 1000000000000000O

goooboob obgbO: -e pi

agooog ogoood goooooad

Power Iteration -e {pil1}

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

Conjugate Gradient -e {cgl4}

Lanczos Iteration -e {1i|5} -ss [10] goooooono
Lanczos Iteration -e {1i|5%} -m [0] oooono
Subspace Iteration -e {sil|6} -ss [10] ooooooono
Subspace Iteration -e {sil6} -m [0] ooooo
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] ooooooook
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
hybrid -p {hybrid|4} -hybrid_i [sor] ooooooo
-hybrid_maxiter [25] ooooog
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SOROOUOODN w (0<w<2)
~hybrid_ell [2] BiCGSTAB() OO 100
~hybrid_restart [40] GMRES,Orthomin 0 000000
I+S -p {is|5} -is_alpha [1.0] I4+aS™ 0000000000 «
-is_m [3] I+aSMODO00000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamg|7} -saamg_unsym [false] ooooooo
(00DoDoooooon)
-saamg_theta [0.05/0.12] 000000 af; < 62|as|lay,]
(Colooo)
crout ILU -p {iluc|8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] gobobobooooono
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] ooooooooooo
additive Schwarz | -adds true -adds_iter [1] oooooo
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googoogog

ooooo
-emaxiter [10000] oooooOo
-etol [1.0e-5] gooood
—eprint [0] 0000000
-eprint {none|0} oooono
-eprint {mem|1} oo0ooooooooogo
-eprint {out|2} gooooooooooo
-eprint {all|3} gobooooooobooooooobooo
-ie [ii] Lanczos Iteration, Subspace Iteration 000000000000 OCO0OO
-ie {pil1} Power Iteration (Subspace Iteration O O )
-ie {ii|2} Inverse Iteration
-ie {aiil3} Approximate Inverse Iteration
-shift [0.0] ooooooood
-initx_ones [true] oodoooo0ozo0OOOad
-initx_ones {falsel|O0} gooooooog
-initx_ones {truel1} oooooooi1o0o
-omp_num_threads [t] | OO0OOOODO
t000000o0o0

oo
00000 Az=Xz 0000000

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)

gooan

3.6 DUUOooooOooOd

ooo000 Az=000000000000000000O0DOODODOOOOOOOOOOOOO
00 A00O0 120300000

ooooooooooDbsOOOO 0000 100000D0O0O0O0ODO
OO000D0D00O0 1is-($VERSION) /test DO DO OOODODODO
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(DDDDDDDD:testS.C

#include <stdio.h>

#include "lis.h"

main(int argc, char *argv[])

{

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

00 LIS_MATRIX A;

00O LIS_VECTOR b,x,u;

OO LIS_SOLVER solver;

OO0 n = 12;

00 lis_initialize(&argc,&argv);

00 lis_matrix_create(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++)

ooq{

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

00 lis_matrix_set_type(A,LIS_MATRIX_CRS);

00 lis_matrix_assemble(A);

© 00 ~NO O WN =

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

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

W NN NDNDDN
O O 0N o o

00 lis_solver_create(&solver);

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

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

00 lis_vector_print(x);

00 lis_matrix_destroy(A);

00 lis_vector_destroy(u);

00 lis_vector_destroy(b);

00 lis_vector_destroy(x);

00 lis_solver_destroy(solver);

00 lis_finalize();

00 return 0;

: )

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

NN
w o

)
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(DDDDDDDD:testSf.f

1: implicit none

2:

3:#include "lisf.h"

4:

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

6: LIS_MATRIX A

T: LIS_VECTOR b,x,u

8: LIS_SOLVER solver

9: n =12

10: call lis_initialize(ierr)

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

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

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

15: do i=is,ie-1

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

24:

25: call lis_vector_duplicate(A,u,ierr)

26: call lis_vector_duplicate(A,b,ierr)

27: call lis_vector_duplicate(A,x,ierr)

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

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

30:

31: call lis_solver_create(solver,ierr)

32: call lis_solver_set_optionC(solver,ierr)

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

34: call lis_solver_get_iters(solver,iter,ierr)

35: write(*,*) ’iter = ’,iter

36: call lis_vector_print(x,ierr)

37: call lis_matrix_destroy(A,ierr)

38: call lis_vector_destroy(b,ierr)

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

test3.c00 000000000000 DOO0O0O0OOO0O00O0O0OOOO000ODO1is-($VERSION) /testO
O00000000000000 test3.cO SGI Altix 3700 U O Intel C/C++ Compiler 8.1 (icc)O Intel
Fortran Compiler 8.1 (ifort) 0000 0000000000000 O0OLsO0O0OOOOOOOOOOO
SA-AMGUUOO0OOO0O0OO0O0000O0O0O --enable-saamgd 00000 Fortran90 00 OO0 O0O0OOOOOO
0000 FortranOO O OO OOOOOODODODOOOOOOOOOMPIODOOUSEMPIOOOOOODOO
odooooooo
og
4 )
opoooog
>icc -c¢ -I$(INSTALLDIR)/include test3.c
ooad
>icc -o test3 test3.o -1llis

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

N J
/‘ OpenMP \
gooog
>icc -c -openmp -I$(INSTALLDIR)/include test3.c
oono

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

N J
(‘ MPI ™~
ufufufsfs
>icc -c -DUSE_MPI -I$(INSTALLDIR)/include test3.c
000

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

J
e OpenMP + MPI ~
ooboo
>icc -c -openmp -DUSE_MPI -I$(INSTALLDIR)/include test3.c
oo
>icc -openmp -o test3 test3.o -1llis -1lmpi
000 (--enable-saamg)
k >ifort -nofor_main -openmp -o test3 test3.o -1llis -lmpi J
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O0Otest3f.f00000000O00O0O0ODODOOOOODODODOOOO0O0OOODODOLis-($VERSION) /test
O00000000000000000 test3f.£ 0 SGI Altix 3700 0 O Intel Fortran Compiler 8.1 (ifort)
O00000000000000000O0Fortran 0000000000 O#include 000000000
oo00oooo00ooOoo00oDOooOooooo0oooOo0OoDoOoOoDooOOoDDifort 0DOOO
O000O0-fpp 0000

Hr A
gbooood
>ifort -c -fpp -I$(INSTALLDIR)/include test3f.f
ooo
>ifort -o test3 test3.o -llis
r OpenMP ~
gbooood
>ifort -c¢ -fpp -openmp -I$(INSTALLDIR)/include test3f.f
ooo
>ifort -openmp -o test3 test3.o -llis
e MPI ~
oobooo
>ifort -c -fpp -DUSE_MPI -I$(INSTALLDIR)/include test3f.f
ooo
>ifort -o test3 test3.o -1llis -lmpi
e OpenMP + MPI ~
oobooo
>ifort -c -fpp -openmp -DUSE_MPI -I$(INSTALLDIR)/include test3f.f
ooo
>ifort -openmp -o test3 test3.o -1llis -lmpi
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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

oobooobooooobooobooobooooboboooobooobooooooooboooobooooooboOon
00000 200007double-double”[18,19] 00 4000000000000000O0O0OOO0OOO
0 O double-double 0000000000 a0 a= a.hi+ a.lo, fulp(a.hi) > |a.lo] 000 a.hi 000 a.lo
0000000000000 000ODekker[20)0 Knuth(21)OOOOOOOOOOODOOOOOOOOO
000000000 40000000000000O0double-double0000O00O0 FortranO 40000
00000000 [22]00Fortran 00000 (23000000 11200000000000000000O
gobO200000000000000 104000000080000000DLO0O00O00OO0O0OOOOCOOO
obooOo11oooocooa

0000000000000 00D00000000 ADDDO WIDO0O0 2z OODOD0ODOO00OOO0O0ODOO
00o0o0oboooob0o 4000000000000 00000O000O000DO0400000000D00
0000000000000 000000x86 00 CPUDDOOODO SSE200000000000O00O00OO
O [24]0

double-double$5E

BHE | e sopor | 4| | FEE L pwe s

11Ewk 11Ewk
|[EEE#RDAEREE
a3 ER n

0 2: double-double DO OO OO0O.

4.1 400000000

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

000000000 Az=00000000000000000000O0O0O0O0OODODOOO test4.cUO
gooooOoO0O0O0O 000020000 100000000 ODOOOnOODO0 ADOO0Ogammal 0O
000 test4.c O SGI Altix 3700(CPU: Itanium?2) O O
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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 nnzO0OUOOOOvalueJO0O0 ADODOOOOOOO0O0O0O00OO00OOOOOO

e U0 nnz0OODOODO indexO U0 value OO OOODOOO0OO0ODOOOOOOODOO

e I0n+4+100000 ptrO000 valued indexOODOOOOODOOOOODOO

5.1.1 000000 (000OpenMP)

03000 A0 CRSOUUOOODOCOOOO 3000000000000 O0O0DO CRSOODOOOOOOO
gbooobooboobooobooboo

11

o 1] 3] 5] 8 A.ptr
e 21 22 -
- 32 33 Ol O 1 1 2| 0] 2| 3 A.index
a as wu ) [1121]22[32[33[41]43[44] A.value
0 3: Data structure of CRS.

KD[I[IOpenMP

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; ptrl1] = 1; ptr[2] = 3; ptr[3] = 5; ptr[4] = 8;

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

14: index[4] = 2; index[5] = O0; index[6] = 2; index[7] = 3;

15: value[0] = 11; value[l] = 21; value[2] = 22; value[3] = 32;

16: value[4] = 33; value[5] = 41; valuel[6] = 43; valuel7] = 44;

17:

18: 1lis_matrix_set_crs(nnz,ptr,index,value,A);
\»19: lis_matrix_assemble(A);
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5.1.2 000000 (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 structure of CRS.

("BEPI «\
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;}

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] = O0; index[2] = 1;

value[0] = 11; valuel[l1] = 21; value[2] 22;%}

: else {

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

19: index[0] = 1; index[1] = 2; index[2] = O0; index[3] = 2; index[4] = 3;
20: value[0] = 32; value[1] = 33; value[2] = 41; value[3] = 43; value[4]
21: lis_matrix_set_crs(nnz,ptr,index,value,A);

22: 1lis_matrix_assemble(A);
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5.1.3 0OO0OO0OO0O

ooooooo
CRSOODODOO0OODOOOO0AOODODOOODOD

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)

ooooo
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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 Lol 3] 5[ 7] g A ptr
e 21 22 v N .
N 32 33 o 1] 3] 1] 2| 2| 3| 3 A. i ndex
a 43w ) 11]21[41[22[32]33[43[44] A val ue
O 5: Data structure of CCS.
(DDDOpenMP ~
1: int n,nnz;
2: int *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8;
6: ptr = (int *)malloc( (n+l1)*sizeof (int) );
7: index = (int *)malloc( nnz*sizeof(int) );
8: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);
10: lis_matrix_set_size(A,0,n);
11:
12: ptr[0] = 0; ptr[1] = 3; ptr[2] = 5; ptr[3] = 7; ptr[4] = 8;
13: index[0] = O0; index[1] = 1; index[2] = 3; index[3] = 1;
14: index[4] = 2; index[5] = 2; index[6] = 3; index[7] = 3;
15: value[0] = 11; value[l] = 21; value[2] = 41; valuel[3] = 22;
16: value[4] = 32; value[b] = 33; valuel[6] = 43; valuel[7] = 44;
17:
18: 1lis_matrix_set_ccs(unz,ptr,index,value,A);
19: 1lis_matrix_assemble(A);
\_ J
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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 structure of CCS.

("REPI «\
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;}

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] = 3; index[3] = 1; index[4] = 2;

value[0] = 11; valuel[l1] = 21; value[2] 41; valuel[3] 22; value[4] = 32}

: else {

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

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

20: value[0] = 33; value[1] = 43; value[2]
21: lis_matrix_set_ccs(nnz,ptr,index,value,A);
22: 1lis_matrix_assemble(A);
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cCSsOoopoopoUoUopboooaAagdOopoboogoooDo

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

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

gooan
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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 structure of MSR.
s 000 OpenMP N
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] = b5; 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[1] = 22; value[2] = 33; value[3] = 44;
14: value[4] = O0; value[5] = 21; valuel[6] = 32; valuel[7] = 41; value[8] = 43;
15:
16: lis_matrix_set_msr(nnz,ndz,index,value,A);
\\17: lis_matrix_assemble(A); 4/
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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
0 8: Data structure of MSR.
("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( (nanz+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; valuel[l] = 44; valuel[2] = 0; value[3] = 32;
19: value[4] = 41; value[5] = 43;}
20: 1lis_matrix_set_msr(nnz,ndz,index,value,A);
\¥21: lis_matrix_assemble(A); 4)
5.3.3 0O00O0O0O0O
ooOooooo
MSROOOOOODODOOOO AOODOOOOODOO
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)

goooo
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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 structure of DIA.
o D
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; valuel[l] = 0; value[2] = O0; valuel[3] = 41;
13: value[4] = O0; value[5] = 21; value[6] = 32; valuel[7] = 43;
14: value([8] = 11; value[9] = 22; value[10]= 33; value[l1]= 44;
15:
16: 1lis_matrix_set_dia(nnd,index,value,A);
\‘17: lis_matrix_assemble(A); 4/
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5.4.2 000000 (OpenMP)

09000 A0 200000DIAOD0DOOOOOOOI00000O0O0O0COOOODO 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 structure of DIA.

r OpenMP N
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[1l] = 21; value[2] = 11; value[3] = 22; value[4] = O0; value[5] = O0;
13: value[6] = O0; valuel[7] = 41; value[8] = 32; value[9] = 43; value[10]= 33; valuel[11]l= 44;
14:

15: 1lis_matrix_set_dia(maxnnd,index,value,A);
lis_matrix_assemble(A);
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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

0 11: Data structure of DIA.

("REPI «\
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_ra.nk) ;
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] = O;
17: value[0] = 0; value[1] = 41; value[2] = 32; value[3] = 43; value[4] = 33;
18: value[5] = 44;}
19: 1lis_matrix_set_dia(nnd,index,value,A);
\‘20: lis_matrix_assemble(A); l/

54.4 000000

goooooo
DIA0DODOOOOOOOOOAQOCOOOOODOODOO

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

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

LIS_MATRIX A, integer ierr)

goooo
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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 11121(32|41| 0[22|33(43| O 0/44| A value
41 43 44
O 12: Data structure of ELL.
(-D[IDOpenMP ~
1: int n,maxnzr;
2: int *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; maxnzr = 3;
6: index = (int *)malloc( n*maxnzr*sizeof(int) );
7: value = (LIS_SCALAR *)malloc( n*maxnzr*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = O0; index[1] = O0; index[2] = 1; index[3] = O0; index[4] = O0; index[5] = 1;
12: index[6] = 2; index[7] = 2; index[8] = O0; index[9] = 1; index[10]= 2; index[11]= 3;
13: value[0] = 11; valuel[1l] = 21; value[2] = 32; valuel[3] = 41; value[4] = O0; value[5] = 22;
14: value([6] = 33; valuel[7] = 43; value[8] = O0; value[9] = O0; value[10]= 0; value[11]l= 44;
15:
16: lis_matrix_set_ell(maxnzr,index,value,A);
K‘é7: lis_matrix_assemble(A); 4/
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5.5.2

012000 A0 20000000 ELLOOOOOOOOO BO0OO0OOOOOOOOO 200000

000000 (MPI)

U0 ELLO0OO0CO0OO0O00O00000O000000b000000000

KMP

1:

© 00 ~NO O W N

T e el e
o Ok WO

17:
18:
19:
20:
21:

N

value

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

0 13: Data structure of ELL.

I

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) );

(LIS_SCALAR *)malloc( n*maxnzr*sizeof (LIS_SCALAR) );
lis_matrix_create (MPI_COMM_WORLD,&A) ;

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

index[0] = O0; index[1] = O0; index[2] = O0; index[3] = 1;
value[0] = 11; value[1] 21; value[2] = 0; valuel[3] 22;%}

: else {

index[0] = 1; index[1]
index[5] = 3;
value[0] = 32; valuel[l] = 41; value[2] = 33; valuel[3] = 43; valuel[4]
value[5] = 44;}

lis_matrix_set_ell (maxnzr,index,value,A);

lis_matrix_assemble(A);

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

5.5.3

oooooo

googoood

ELL

o C

booooOobooogoAbOoOooobogoboo

int lis_matrix_set_ell(int maxnzr, int index[], LIS_SCALAR value[],

LIS_MATRIX A)

e Fortran subroutine lis_matrix_set_ell(integer maxnzr, integer index(),

LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

goooo
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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
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5,61 000000 (00O)

014000 A0 JDSOOOOOOOOO 40000000000000O0O0JbSOO0OOOOOO
obooooOobooooobooooooon

" 3l 1 2|1 0 A.perm
o 4 7] 8 A.ptr
Ao | 2 o2 ] —— N
32 33 i
ol ol 1 o]l 2/ 1 2| 3 A.index
A 43 4/ 141]21]32[11]43[22|33]44]  A.value

0O 14: Data structure of JDS.

o A
1: int n,nnz,maxnzr;
2: int *perm, *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8; maxnzr = 3;
6: perm = (int *)malloc( n*sizeof(int) );
7: ptr = (int *)malloc( (maxnzr+l)*sizeof(int) );
8: index = (int *)malloc( nnz*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
10: lis_matrix_create(0,&A);
11: lis_matrix_set_size(A,0,n);
12:
13: perm[0] = 3; perm[1] = 1; perm[2] = 2; perm[3] = 0;
14: ptr[0] = 0; ptr[1] = 4; ptr[2] = 7; ptr[3] = 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[1] = 21; value[2] = 32; value[3] = 11;
18: value[4] = 43; value[5] = 22; value[6] = 33; valuel[7] = 44;
19:
20: lis_matrix_set_jds(nnz,maxnzr,perm,ptr,index,value,A);
\‘21: lis_matrix_assemble(A); 4/
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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 structure of JDS.

OpenMP
P N
1: int n,nnz,maxmaxnzr ,nprocs;
2: int *perm, *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8; maxmaxnzr = 3; nprocs = 2;
6: perm = (int *)malloc( n*sizeof (int) );
7: ptr = (int *)malloc( nprocs*(maxmaxnzr+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);

13: perm[0] = 1; perm[1] = 0; perm[2] = 3; perm[3] = 2;

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

15: ptr[4] = 3; ptr[5] = 5; ptrl6] = 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[l] = 11; value[2] = 22; valuel[3] = 41;
19: value([4] = 32; value[5] = 43; value[6] = 33; valuel[7] = 44;
20:

21: lis_matrix_set_jds(nnz,maxmaxnzr,perm,ptr,index,value,A);

\‘22: lis_matrix_assemble(A); 4/
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5.6.3 000000 (MPI)

014000 A0 20000000 JDSOC0O0OO0O000 1e0000O0OOOOOOO200000

oOoJbSOOoOoOoooOoooDoDo0ooooooOooDobooOoooDon

. MPI
1:

e e
B W N -

[
©

N

© 00 ~NO O W N

[
o

o
o ~N o o

N
o

21:
22:
23:
24:
25:

1] 0 3| 2

0| 2| 3 0| 2| 4] 5

J NN N
0| o] 1 ol 1 2| 2| 3
21/11[22 41|32/43|33|44
PEO PE1

O 16: Data structure of JDS.

A.perm
A.ptr

A.index
A.value

int
int
LIS_
LIS_

i,n,nnz,maxnzr,my_rank;
*perm, *ptr, *index;
SCALAR *value;
MATRIX A;

MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;

if( my_rank==0 ) {n = 2; nnz = 3; maxnzr
{n = 2; nnz = 5; maxnzr

else
perm
ptr

inde

¢ valu
: lis_
: lis_
: if(

. else

lis

(int *)malloc( n*sizeof (int) )

x = (int *)malloc( nnz*sizeof (int)

>

)

2;%
3;%}

(int *)malloc( (maxnzr+1)*sizeof(int) );

e = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );

matrix_create (MPI_COMM_WORLD,&A) ;
matrix_set_size(A,n,0);
my_rank==0 ) {

perm[0] = 1; perm[1] = O;

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

= 3;

index[0] = O0; index[1] = 0; index[2]
value[0] = 21; valuel[l] = 11; value[2]

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

]
[\

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

= 4;

value[0] = 41; value[1] = 32; value[2]
lis_matrix_set_jds(nnz,maxnzr,perm,ptr,index,value,A);

_matrix_assemble(A);

= 1;
= 22;}

ptr[3] = 5;

= 43; value[3]

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

2; index[4] = 3;

[
I
S
(-]

5.6.4 0OOOOODO

ooooooo
JDSOOOO0OO0D0O0OO0O00 AODOODOOO0ODOODOO

o C

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

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

11 o] 1] 3 A bptr
22

21
A= 32 | 33 0 0] 1 A. bi ndex
" 43 a4 ) 11]21] 0[22] 0]41|32] 0[33(43| 0[44| A value
0 17: Data structure of BSR.
s O 0O O OpenMP ~N
1: int n,bnr,bnc,nr,nc,bnnz;
2: int *bptr, *bindex;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n=4; bnr = 2; bnc = 2; bnnz = 3; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;
6: bptr = (int *)malloc( (nr+1)*sizeof(int) );
7: bindex = (int *)malloc( bnnz*sizeof (int) );
8: value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);
10: lis_matrix_set_size(A,0,n);
11:
12: bptr[0] = 0; bptr[1] = 1; bptr[2] = 3;
13: bindex[0] = O0; bindex[1] = O0; bindex[2] = 1;
14: valuel[0] = 11; valuel[1] = 21; value[2] = 0; value[3] = 22;
15: value[4] = 0; valuel[5] = 41; value[6] = 32; valuel[7] = O0;
16: value[8] = 33; valuel[9] = 43; value[10]= O0; value[11]= 44;
17:
18: 1lis_matrix_set_bsr(bnr,bnc,bnnz,bptr,bindex,value,A);
\‘19: lis_matrix_assemble(A); 4/
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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 structure of BSR.

(/-hdpl 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+1; 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[1] = 21; value[2] = O0; valuel[3] = 22;}
17: else {
18: bptr[0] = 0; bptr[1] = 2;
19: bindex[0] = O0; bindex[1] = 1;
20: value[0] = 0; value[l] = 41; value[2] = 32; value[3] = O0;
21: value[4] = 33; value[5] = 43; valuel[6] = 0; valuel[7] = 44;}
22 lis_matrix_set_bsr(bnr,bnc,bnnz,bptr,bindex,value,A);
\‘23: lis_matrix_assemble(A); J/
5.7.3 0O0O0O0OO0OO
oooooon
BSROOOOOOOOOOO AOOOOOOOOOO
o C int lis_matrix_set_bsr(int bnr, int bnc, int bnnz, int bptr([],

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)

goooo
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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

5.8.1

000000 (000 OpenMP)

019000 A0 BSCOOOOOOOODO 190ooOo0O0O0ODOOOOOoOoOoOg BSCcoooooooo
gbooobooboooooboboooooo

s O O 0O OpenMP

e e e
~N o O WN

18:
19:

© 00 ~NO O WN -

—
o

A:

11
21

2 NI

int
int

41

LIS_SCALAR
LIS_MATRIX

n =4; bnr =

bptr =
bindex =
value

: value[4]
: value[8]

32| 33 0] 1] 1

O 19: Data structure of BSC.

A bptr
A. bi ndex

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

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

*bptr,*bindex;

*value;

A;

2; bnc = 2; bnnz = 3; nr = (n-1)/bnr+l; nc = (n-1)/bnc+i;

(int *)malloc( (nc+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);

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

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

= 11; value[1] = 21; value[2] = O0; value[3] = 22;

0; value[5]
33; valuel[9]

41; valuel[6] = 32; valuel[7] 0;
43; value[10]= 0; value[l11]= 44;

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

019000 A0 20000000 BSCOOOO0OO0OOO 2000000000000 200000
OO0 BSCODODOOOOODOOOOODOOOOODOOOODOOOOOO

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

O 20: Data structure of BSC.

(/-hﬁpl x\
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+1; nc = (n-1)/bnc+1;}
7: else {n =2; bnr = 2; bnc = 2; bnnz = 1; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;}
8: bptr = (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[1] = 21; value[2] = 0; value[3] = 22;
17: value[4] = 0; value[5] = 41; valuel[6] = 32; value[7] = O0;}
18: else {
19: bptr[0] = 0; bptr[1] = 1;
20: bindex[0] = 1;
21: value[0] = 33; value[l] = 43; valuel[2] = 0; value[3] = 44;}
22 lis_matrix_set_bsc(bnr,bnc,bnnz,bptr,bindex,value,A);
\‘23: lis_matrix_assemble(A); J/

5.8.3 LOUOOOOO

goooooo
BSCOOOOOOOOOOO AQOOOOOOOOO

o C int lis_matrix_set_bsc(int bnr, int bnc, int bnnz, int bptr([],
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)

goooo
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5.9 Variable Block Row (VBR)

VBROOO BSROOOOOOOUOOOOOODUOOOOOOOOOODO (row, col)00OOOOO
VBRO CRSO0O0OODOOOOODOOOODOODODOOODOO1000000000000000000nr, nc
0000000000000 00000nnzb0 ADOOODOOO0OOnezO0OODOOOODOOOOOOO
OO0OVBRO 60000 (bptr, bindex, row, col, ptr, value) IO O0OOO

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 structure of VBR.
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.value



s 0 00O OpenMP ~

B e
w N =

NNNNR B B B
W NP, O WOWOoWw~NO”OM

NN
[ 6]

N

© 00 ~NO O WN -

[y
o

¢ value
: lis_matrix_create(0,&A);
: lis_matrix_set_size(A,0,n);

-
S

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

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

: ptr([o] = 0; ptr[1] = 1; ptr[2] = 3; ptrl3] = 7;
: ptrl4] = 8; ptr[5] = 10; ptr[6] = 11;

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

[\
=

N
~

int n,nnz,nr,nc,bnnz;

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

LIS_MATRIX A;

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

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

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

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

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

5.9.2 000000 (MPI)

021000 A020000000 VBROODOOOOOOO 2000000000000 20000
OO0 VBROOOODOOOODOOOODOOOOODOOOODOO

lﬂ A.bptr

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

o 1 3 3 4 A.row

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

¢o¢13\7 0134\A.ptr
\

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

PEO PE1

O 22: Data structure of VBR.
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e e e
DO WN

NN NN
w N = O

N NN
~N o o

w W
N =

N

MPI
(
1:

© 00 ~NO O WN

[y
o

: bindex

= e
© 00 N

[\
=

w NN
O ©

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

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

LIS_SCALAR *value;
LIS_MATRIX A;
MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;

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

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

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

: if ( my_rank==0 )

bptr
row
col

I o o o

bptr [0]
row[0] =
col[0] =
bindex [0]
ptr[0]

; bptr[1]
; rowl[1]
; col[1]

1; bptr([2]
1; rowl[2]
1; coll2]

bptr [0]
row [0]

0; bptrl[i]
3; rowl[1]

3;

>

|
S

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

3; nr = 2; nc = 3;
1; nc 3

e

3;
3;
3; coll[3] = 4;

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

0; ptr[1] = 1; ptr[2] = 3; ptr[3] = 7;
value[0] = 11; value[1] = 21; value[2]
value[4] = 32; value[5] = 0; valuel[6]
: else {

0; valuel[3] = 22;
33;}

3; coll[3] = 4;

bindex[0] = O0; bindex[1] = 1; bindex[2] = 2;
ptr[0] = 0; ptr[i] = 1; ptr[2] = 3; ptr[3] = 4;

value[0] = 41; value[l] = 0; value[2] = 43; value[3]

44;%}

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

lis_matrix_assemble(A);

5.9.3 0O0O0OO0OOO

ooooooo
VBROOOOOOODOOOOADOODOOOODOO

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)

googo
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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

goooboooboo

gbooooogoboo

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
0 23: Data structure of COO.
(DDDOpenMP
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; value[3] = 22;
17: value[4] = 32; value[5] = 33; value[6] = 43; value[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
0l 0 1 Ol 1 2| 2| 3| A.col
1112122 41(32|33|43|44| A.value

PEO PE1

O 24: Data structure of COO.

("BEPI
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; coll2] = 1;
16: value[0] = 11; valuel[l] = 21; value[2] = 22;}
17: else {
18: row[0] = 3; row[l] = 2; row[2] = 2; row[3] = 3; row[4] = 3;
19: col[0] = 0; col[1] = 1; col[2] = 2; col[3] = 2; col[4] = 3;
20: value[0] = 41; value[1] = 32; value[2] = 33; valuel[3] = 43; valuel[4] = 44;}
21: 1lis_matrix_set_coo(nnz,row,col,value,A);
22: 1lis_matrix_assemble(A);

N

5.10.3 0OOOODOO

ooooooo
cootfjopoooopoooaabooobboooo

o C

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

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

LIS_MATRIX A)

LIS_SCALAR value(), LIS_MATRIX A, integer ierr)

googan
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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 structure of DNS.
0 O O OpenMP
4 P M
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: valuel[0] = 11; value[l] = 21; value[2] = 0; valuel[3] = 41;
10: value[4] = O0; value[b] = 22; value[6] = 32; value[7] = O0;
11: value[8] = O0; value[9] = 0; value[10]= 33; value[11]= 43;
12: value[12]= O0; value[13]= O0; value[14]= O0; value[15]= 44;

14: 1lis_matrix_set_dns(value,A);
15: 1lis_matrix_assemble(Ad);
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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

0 26: Data structure of DNS.

(r-hdpl ~
1: int n,my_rank;
2: LIS_SCALAR *value;
3: LIS_MATRIX A;
4: MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
5: if( my_rank==0 ) {n = 2;}
6: else {n = 2;%}
7: value = (LIS_SCALAR *)malloc( n*n*sizeof (LIS_SCALAR) );
8: lis_matrix_create(MPI_COMM_WORLD,&A);
9: lis_matrix_set_size(A,n,0);
10: if( my_rank==0 ) {
11: value[0] = 11; value[1] = 21; value[2] = 0; value[3] = 22;
12: value[4] = O0; value[5] = O0; value[6] = O0; valuel[7] = 0;}
13: else {
14: value[0] = 0; value[1] = 41; value[2] = 32; value[3] = O;
15: value[4] = 33; value[5] = 43; value[6] = O0; valuel[7] = 44;}
16: 1lis_matrix_set_dns(value,A);
17: lis_matrix_assemble(A);
\_ J
5.11.3 000000
ooooooo
DNSOOOOOOOOOO0OO0OAOOOOOOOOOO
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)

goooo
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6 Functions

ocoooooOooooooobooooobo0ooboOo0oobOoO0 coooooooooooooDoc
OCOo00OO0OOFortran00 1000000000CO0OCOOOOCOOO0DCOFortranO0 jferr000
obooobooboooogn

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

¢ int lis_vector_create(LIS_Comm comm, LIS_VECTOR *vec)

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

oo
gboogdo000000

oo

LIS_Comm MPIODOOODOOO
oo

vec good

ierr goooood
oo

O00OpenMPOOOOcommOOOOOOOOO
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6.1.2 lis_vector_destroy

C int lis_vector_destroy(LIS_VECTOR vec)

Fortran subroutine lis_vector_destroy(LIS_VECTOR vec, integer ierr)

go
gboboobOobooooboboooogooboo

oo

vec gbooobooooboooon
oo

ierr goooooo

6.1.3 lis_vector_duplicate

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

integer ierr)

go
gboobuooboobobbobooboaboobooban

oo

vin oooobooooobobo
go

vout oooooooo

ierr ooogooo

oo

vin OO LIS_VECOTRO OO LIS_MATRIXUDOOUOODOOODOOOODOlis_vector_duplicate OO
gbobooooooobooboobooboobooobooboobo0ob000d lis_vector_copy U

goooog
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6.1.4 lis_vector_set_size

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

integer global_n, integer ierr)

go
obooobooooooooon

00

vec ogooo

local.n O000000O0o0oobooa
global_n 00000000o0oobooa
oo

ierr oo0oooaoa

oo

local n 0 global n OO OODOODOO0OCOODOODOODOODOOOOODOODOODOODODO

O0O0OpenMPOODOOODOODOODOO localn=global n0O0OOOOOOODO
lis_vector_set_size(v,n,0) O lis_vector_set_size(v,0,n) 0000000 nO0O00O0ODODODOOO
ooooooood

MPIOOOO1is_vector_set_size(v,n,0) 00000000000 pOO0O0 n, 000000000
0D0000001is_vector_set_size(v,0,n) 0000000000 pO0O0 m, 0000000000
0000o0o00m,000000000000O0000
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6.1.5 lis_vector_get_size

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

integer global_n, integer ierr)

go
oboogo00000000

oo

v oood

go

local_n oboooooboooogon
global_n uboooboooobooon
ierr ooooooo

oo

O00OpenMPO0O0OOLlocal_n = global_n 000

6.1.6 lis_vector_get_range

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

integer ierr)

go
obooobOd.0000000000b00b000b00b00b0b00o0Oa

oo

v ooooood

go

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

oo

O00OpenMPOOOOnO000000DO is = 00ie=n0000
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6.1.7 lis_vector_set_value

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

go
ob0b0O0vDO:0000000 valueOOOOOO

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

i oooooo

value oooooooo

v ooooooooo
oo

4 10000000 valueOOOOOOODOODO
ierr gbooooood
oo

MPIODOOOODODOOOOO ;000000Db0bO0OO0bOO0:bO0000D000

6.1.8 lis_vector_get_value

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

integer ierr)

go
gboo0O0vDO:00000valueOOO0OOOO

0o

i oooooo

v oo0oO0oooooo0o
oo

value oood

ierr ooooooo

oo

MPIODOOOODOOOOOD:O00000DOO0O00DOODO 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)

oo

0000 v0O index[t] 0O0D0OO00O0O0O valuelzl] OOOOOO

go

flag

count
index
value
v

oo
v
ierr

oo

LIS_INS_VALUE 0O 00O O v[index]i]] = valueli]

LIS_ADD_VALUE 00 0O O O v[index[i]] = v[index[i]] + valueli]
000000000000 0000000
o00D00O00oooooo
0000000000000 0OO0

oooobooooo

index[tl] 0000000 value[kl] OOOOOODOOOO

ooogooo

MPIODOOOOOUOODODOD indexx] OOOODDOOOODODOOO index[t] OO0DOOOOODO
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6.1.10 lis_vector_get_values

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

integer count, LIS_SCALAR value(), integer ierr)

od
0000 vO start+¢0000 (:=0,1,...,count — 1) 0 value[s] OO0 D000

oo

start gboogoogooog

count gbooooobooog

v gboooboobon

go

value gbooobooboobgoooooboo
ierr goooooo

uo

MPIODOODOOOOOOOD start+¢ 0000000000000 start+¢00000D000
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6.1.11 lis_vector_scatter

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

go
O000vO¢0000 (6=0,1,...,globaln—1)0 valuelx] 00O OOOO

oo

value o0o00ooO0obOoooOooooooon
oo

v oooobooogo

ierr goooooo

6.1.12 lis_vector_gather

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

RN
O000vO0+0000 (i=0,1,...,globaln—1)0 valuex] 000000

oo

v gooobooobgon

oo

value gbooobooboobgooogoboo
ierr ooooooo
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6.1.13 lis_vector_copy

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

go
UbooobOobo0o0odbD0y <«

oo
X ooooooDoo
oo
y ooooooDoo
ierr goooooo

6.1.14 lis_vector_set_all

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

oo
gbooobooboobobbob valueO OO0 oOd

od

value oooooooo

v ooooooogo

RN

v 0000000 valuedO0OOOOOOOO
ierr goooooo
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6.1.15 lis_vector_is_null

C int lis_vector_is_null(LIS_VECTOR v)

Fortran subroutine lis_vector_is_null(LIS_VECTOR v,integer ierr)

go
obobogdo.0000000000000

oo
v oood
oo
ierr LIS.TRUE OO0

LIS_FALSE 00O OO

74



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

C int lis_matrix_create(LIS_Comm comm, LIS_MATRIX *A)

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

go
o0 A0DOOOOO

gd

LIS_Comm MpPIOOOOOQOO
gd

A oo

ierr goooooo
oo

OO00OpenMPOO0OOcommOOO0OO0O0O0OO

6.2.2 lis_matrix_destroy

C int lis_matrix_destroy(LIS_MATRIX A)

Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, integer ierr)

go
obooobOoboooooboooooon

go

A obooooobooog
go

ierr ooooooo
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6.2.3 lis_matrix_duplicate

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

integer ierr)

go

gboooooboooooooboooogooboon

oo

Ain

go

Aout

ierr

oo

ooooood

ooooood

ooogooo

lis_matrix_duplicate 0000000000 DO0O0OO0DOOO0ODOOOOODOOOODOOODOOODOO
000000 lis_matrix_copy QU OO OOO

6.2.4 lis_matrix_malloc

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

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

integer ierr)

go
obooooobooog

g

A

nnz_row

nnz

uo

ierr

uo

oo

gbooooood

gbooooobooog

ooogoooo

nnzyrow DO0 nnz OO0 OO0O0O0O000O000OO00O000OO00OOLlis_matrix_set_valueOOOOOOO
odoo0oodooooooboooooooooo
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6.2.5 lis_matrix_set_value

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

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

oo
gbAbD:07j00000000000

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

MPIODDOODOODOO (000000000000 ¢«0 4700000000
lis_matrix_set_valueOOOOOO0O00O0OO0O0000O0O0O000O0O0O0O00Olis_matrix_set_value
000000000 1lis_matrix_assemble 00000000 OO0OOOO0O0OO

6.2.6 lis_matrix_assemble

C int lis_matrix_assemble(LIS_MATRIX A)

Fortran subroutine lis_matrix_assemble(LIS_MATRIX A, integer ierr)

oo
gboooboobooobooboooooao

oo

A go

oo

A uboooboooooogn
ierr ooooooo
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6.2.7 lis_matrix_set_size

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

integer global_n, integer ierr)

go
obooooooooogon

oo

A oo

local_n o0 A0O0OoOoooog
global_n 00 A0DOO0OO0D0O0oDo
Oogd

ierr ooooooo

Oogd

local n U global n OO OODOOOOOODOOODOOOOO

O00OpenMPOODOOOOODOODODO localn=global n0O0OOOO0OODOO
lis_matrix_set_size(A,n,0) O lis_matrix_set_size(A,0,n) 0000 n x nO00000O0OOO0
ooooooo

MPIOOODO1lis_matrix_set_size(A,n,0) DO O0O0O00O0O000 pO000O00O0n,xNDOOO
O0o0ooo0o0oooOoNOOOO0OOOO0O0Rn, 0000000
O0001is_matrix_set_size(A,0,n) 0000000000 pO0O0O0000O0 m,xnOO0OO0OOOO
ooooooonm,0000000000000000O0O0O0OOOOOOO
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6.2.8 lis_matrix_get_size

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

integer global_n, integer ierr)

go
obooooooooogon

oo

A oo

go

local_n OO0 A0DDODoOoOoooOo
global_n OO0 A0DODOOOOO0OO0
ierr ooooooo

oo

O00OpenMPO0O0OOLlocal_n = global_n 000

6.2.9 lis_matrix_get_range

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

integer ierr)

go
0000 A0O0DO0OO0OO0OO0OO0OO0O0OO0OO0DOODOOOoOoOoOoOO™

oo

A oood

go

is 0000 A0DO0OOOOOOOoOoOoo
ie o000 ADDOOOOOOOOOO0O0+1
ierr ooooooo

oo

O0O0OpenMPOOOOnxnO0O0O0O 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)

go
gbooobooooboooon

oo

A oo
matrix_type goooooo
oo

ierr goooooo
oo

OO000O0O0O A0 matrix_type O LIS_MATRIX_ CRSUODOUOUODUOUODODOO matrix_type DO OOO

gbooobooooon

gognf

matrix_type

Compressed Row Storage
Compressed Column Storage
Modified Compressed Sparse Row
Diagonal

Ellpack-Itpack generalized diagonal
Jagged Diagonal

Block Sparse Row

Block Sparse Column

Variable Block Row

Dense

Coordinate

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

C int lis_matrix_get_type(LIS_MATRIX A, int *matrix_type)
Fortran subroutine lis_matrix_get_type(LIS_MATRIX A, integer matrix_type,

integer ierr)

go
obooobooooooooon

00

A 0oOd

00

matrix_type ooooogoo
ierr oooooog

6.2.12 lis_matrix_set_blocksize

C int lis_matrix_set_blocksize(LIS_MATRIX A, int bnr, int bnc, int row[],
int coll[])
Fortran subroutine lis_matrix_set_blocksize(LIS_MATRIX A, integer bnr, integer bnc,

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

go
BSROBSCOVBROOOOOOOOOOOOODODOOOOD

go

A oo

bnr BSR(BSC)UOOOOUOOOODDOO VBROODOOOOO
bnc BSR(BSC)DOUUOOOUOOOOOUOO VBROOOOOOO
row vVBROOOOOOOOO

col vBROOOOOODOOO

oo

ierr ooooooo
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6.2.13 lis_matrix_convert

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

go
00 Am000000000000000 AowtO0OOOOO

oo

Ain oooooo

oo

Aout ooooboOobOoooooboooo
ierr goooooo

oo

O0000D0DO0OO0000 lis_matrix_set_type DO OO Aocut OO0 OOOOBSROBSCOVBRODO
0000000000 00d0dn lis_matrix_set_blocksize U OO Aout UO OO OO

000000000000 oooDoooobOb0Ob0e 0000000000000 0O0OOoOODODOO
0000000000000 0o0o00o0o0o0oo0o0Do0ooooooooooooog CRS
Jooooobbooooooobooood

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

6.2.14 lis_matrix_copy

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

oo
oboooboooboooogn

oo
Ain ooogoooo
oo
Aout ooogoooo
ierr ugbooaoad
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6.2.15 lis_matrix_get_diagonal

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

go
OO0 AQ0DDODOOOOOOOOdOOCOCOOO

oo

A oo

oo

d oooooobooogoooo
ierr goooooo
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6.2.16 lis_matrix_set_crs

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

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

oo
OO00oO0oooo0oO0bD cRSOODOOOOODOOO AODDooooo

od

nnz googo

ptr, index, value CRSOOOOO

A od
od

A ooooooogo
oo

lis_matrix_set_crs U0 O 0OO0OO00O0O lis_matrix_assemble 1000000000 OOOO

6.2.17 lis_matrix_set_ccs

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

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

uo
gO00oO0oopoOoOobooO ccsuopooooooooo Aopoooooo

oo

nnz goooo

ptr, index, value ccsooooa
A oo

oo

A ooooooooag
oo

lis_matrix_set_ccs O O0OO0OO0O0O0O lis_matrix_assemble 0000000000 OOOO
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6.2.18 lis_matrix_set_msr

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

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

oo
O0o0ooooOoO0OD0OOMSROOOOOOOOOODO AODOOOOOO

od

nnz agooog

ndz ooooooogo
index, value MSROOODOO
A od

0o

A ooooooogo
0o

lis_matrix_set_msr 00000000 lis_matrix_assemble 1000000000 OOOO

6.2.19 lis_matrix_set_dia

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

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

go
goooOoOoOo0O0O0ODIAODO00O0O0O0O0O0O0O0OO0 AQDDODOODODOO

oo

nnd gooooooo
index, value DIAOODOOO

A oo

oo

A Ooooooooo
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)

oo
0000000000 ELLODOCOO0O0D0OOO0O0 ADDOOOODO

od

maxnzr Oooopoooooooo
index, value ELLOOODOO

A od

od

A ooooooooo

00

lis_matrix_set_ell 0O 0000000 lis_matrix_assemble 0 O00OO0O0OOOOOO

6.2.21 lis_matrix_set_jds

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

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

oo
oooooooooOo JbSOOoOoOoOoOoOoOOODO A0OO0OOO00O0

oo

nnz googno

maxnzr ooooooboboooo
perm, ptr, index, value JDSOOOoOd

A oo

oo

A oooobooooog

oo

lis_matrix_set_jds U0 0O0OD0O0ODOO lis_matrix_assemble DO O0OO0O0OOOOODOOO
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6.2.22 lis_matrix_set_bsr

-

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

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

integer ierr)

\_ /
oo
ooooOoO0O0O000BSROOOOOOOOOOO AOOOOOO0O

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

lis_matrix_set_bsr U0 00000000 lis_matrix_assemble 0O 00O00OOO0OOOO
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6.2.23 lis_matrix_set_bsc

-

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

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

integer ierr)

\_ /
oo
oooOoOo0O0O0O00 BSCOOOOOOOOOOO ADDOOODOO

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

lis_matrix_set_bscUO0OOOO0OO0OOO lis_matrix_assemble O O00O00OOOO0OOOO
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6.2.24 lis_matrix_set_vbr
4 N
C int lis_matrix_set_vbr(int nnz, int nr, int nc, int bnnz, int rowl[],
int col[], int ptr[], int bptr[], int bindex[], LIS_SCALAR valuel],
LIS_MATRIX A)

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

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

\_ /
go
ooooOo0O0O0O00O VBROOOOOOOOOOO ADQOOOOOO

0od

nnz Oo0ooooooooo
nr oooooo

nc oooooo

bnnz goooooo

row, col, ptr, bptr, bindex, value VBROOOOO

A uo

oo

A ugbooaoaoodg
oo

lis_matrix_set_vbr OO 0OO0OO00O0O lis_matrix_assemble 0000000000 OOOO
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6.2.25 lis_matrix_set_coo

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

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

oo
oooooogoobob coodooooOoobooOo Aopooooo

od

nnz agooog

row, col, value coooooono
A 0o

od

A goooooooo
od

lis_matrix_set_coo 0O 000000 lis_matrix_assemble 0000000000 OOOO

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
OoOoOOoOoOO0OODNSOOOOOOOOO0O0OOo Aooooooo

go

value DNSOOODO
A go

oo

A gboogoogooog
go

lis_matrix_set_dns O 0000000 lis_matrix_assemble OO 00O0O0OOO0OOOO
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6.3 OOUUOOodoooog

6.3.1 lis_vector_scale

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

0O
0000000000 alpha OO0 2+ ax

0od

alpha gooad

X alpha OO OODOO

00

X O000000 alppha0000OOOO
ierr oooooog

6.3.2 lis_vector_dot

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

integer ierr)

od
00000000 val — 27y

0o

X oooo

y oooo

oo

val oooo

ierr ooooooo
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6.3.3 lis_vector_nrm?2

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

00
000002000000000 val « ||zl

oo

X oood

oo

val oooooD 22000
ierr goooooo

6.3.4 lis_vector_nrml

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

oo
000001000000000 val < ||z|)

oo

X good

oo

val uboodaoil1gaoo
ierr ooogoooo

92



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 y,

integer ierr)

oo
y—oar+yO0O0O0O00O0

0o

alpha oooo

X, y oooO

oo

v ar+y0000000000y000D0000000O
ferr ooooooo

6.3.6 lis_vector_xpay

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

integer ierr)

oo
y—z+ayOOOOODO

oo

alpha oooad

X,y oood

oo

y r+oy00000D00000y0O0O0OO0OODOODOOO
ierr goooooo
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6.3.7 lis_vector_axpyz

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

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

oo
z—oar+yU0oO0oooog

oo

alpha oooad

Xy oood

oo

v/ r+aoyQdO0QO0Q00O
ierr goooooo

6.3.8 lis_matrix_scaling

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

oo
ubooobooboooooo

0o

A O0o0O00oOoooon

b 0000000000000

action LIS_.SCALE_JACOBI JacobiO0OOOOO D 1Az =D~%0D
0A=(a;) 00000

LIS SCALE SYMM DIAG 00000000 D-Y24AD~Y22 =

D~Y%0 p~Y2000000 1//a; 0000000

0o

d D-'00D0 D~Y200000000000000

ferr Ooooooo
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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«—Az0000

oo
A 0o

x oooo
0o

y o000

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)

00
000000000 y«—ATz0000

0o
A 0o

x oooo
oo

v oooo

95



6.4 0O0OUOOOOOO

6.4.1 lis_solver_create

¢ int lis_solver_create(LIS_SOLVER *solver)

Fortran subroutine lis_solver_create(LIS_SOLVER solver, integer ierr)

0od
OO000ooo00oDooooooooO0oooooooDooogo
00

oo

od

solver ooo

ierr ooooood

go
gbooobOoboooobooooog

6.4.2 lis_solver_destroy

C int lis_solver_destroy(LIS_SOLVER solver)

Fortran subroutine lis_solver_destroy(LIS_SOLVER solver, integer ierr)

go
ubooobooooboboooooooon

oo

solver obooooooooogn
oo

ierr goooooo
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6.4.3 lis_solver_set_option

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

integer ierr)

go
obooobOoboooooboooooboooooonoo

od

text gooonoooooogoo
od

solver oono

ierr ooooood

od

0000000000000 0D0O00000D0000-1 {cgl1}0-i cgO0O0-1i 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

ggd gooon ggoooon
OO0 -p {nonel|03}
Jacobi -p {jacobi|1}
ILU(k) -p {ilul2} -ilu_£fill [0] ooooooook
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
hybrid -p {hybrid|4} -hybrid_i [sor] ooooooo
-hybrid_maxiter [25] ooooog
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SOROOUOODN w (0<w<2)
~hybrid_ell [2] BiCGSTAB() OO 100
~hybrid_restart [40] GMRES,Orthomin 0 000000
I+S -p {is|5} -is_alpha [1.0] I4+aS™ 0000000000 «
-is_m [3] I+aSMODO00000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamg|7} -saamg_unsym [false] ooooooo
(00DoDoooooon)
-saamg_theta [0.05/0.12] 000000 af; < 62|as|lay,]
(Colooo)
Crout ILU -p {iluc|8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] gobobobooooono
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] ooooooooooo
additive Schwarz | -adds true -adds_iter [1] oooooo
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googoogog

oooono

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

-scale [0]

-initx_zeros [true]

—-omp_num_threads [t]

oooooo

oooooo

ooooooo

-print {none|0} ooooo

-print {mem|1} ooooooooobooooo

-print {out|2} gooooooooooo

-print {alll3} go0ooooooooooooboooooo
oo0o0oO00O0OOOOOOOOOO0O000000000000000000d
-scale {none|0} goooogogd

-scale {jacobil|1} JacobiDOOOOO D 'Azx=D"1
DO A=(a;)00000
-scale {symm_diag|2} 00000000 D Y2AD Y2z =D"1%
pD~Y?2ppOo000 1/e; 0000000
gooobbzoOOod

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

tdoogoogn

U000 O0OO00O0: -precision double

oo ooooo ooooooo

oono -precision {double|0}

4000 | -precision {quadl|1}
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6.4.4 lis_solver_set_optionC

C int lis_solver_set_optionC(LIS_SOLVER solver)

Fortran subroutine lis_solver_set_optionC(LIS_SOLVER solver, integer ierr)

go

gbobooooboooooooooooboooooooooobooboobOobOoboboobooooon
oo

od

oo

od

solver oono

ierr ooooood
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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 =0000000000000000O0 1lis_solver_get_itersO

lis_solver_get_timel] lis_solver_get_residualnorm U000 OO0

od

A oooo

b oooooo

X oooooo

solver oono

00

X ood

solver ooooooooooooon
ierr ooooooo (0)
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6.4.6 lis_solve_kernel

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

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

oo
Oo0000ooOoOoo000ooooooo0o0oooDoOooO0O0oDoDD Az=000000000000

UO00O00 lis_solver_get_iters[]lis_solver_get_timel] lis_solver_get_residualnorm [ 000
0O

oo

A oood

b gooood

X oooooo

solver oood

precon ggd

oo

X oono

solver ooooooooooooo
ierr ooooooo (0)
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6.4.7 lis_solver_get_status

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

integer ierr)

go
obooobooooooooon

oo
solver ood
oo
status oo
ierr ooooooo
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6.4.8 lis_solver_get_iters

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

integer ierr)

go
oboooooboooooobooon

od

solver ood

od

iters good

ierr ooooood

6.4.9 lis_solver_get_itersex

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

integer iters_double, integer iters_quad, integer ierr)

oo
ugboaboaooooboood

od
solver ooog

od
iters googono
iters_double oooopbooogo
iters_quad 40000000000
ierr ooooood
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6.4.10 lis_solver_get_time

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

integer ierr)

go
oboooooboooooobooon

od

solver ood

od

times good

ierr ooooood

6.4.11 lis_solver_get_timeex

-

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

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

integer ierr)

N

uo
gboogoooobooboood

oo

solver ooo

oo

times itimes U ptimes U 0 0

itimes ooooooboooogoo

ptimes gooooooo

p-c_times ooooooboooogoo
p-i_times 00o0dooDoooopooooooon
ierr oooooboo
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6.4.12 lis_solver_get_residualnorm

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

LIS_REAL residual, integer ierr)

go
Oo0o0O0O0O0OD0 z000000b-Az02000000000

oo
solver ood

oo
residual b—Az 0 2000
ierr ooooooo

6.4.13 lis_solver_get_rhistory

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

go
obooooOoooooobooon

oo

oo

oo

v oooooobooogoooo
ierr goooooo

oo
U000 vOODOOODO 1lis_vector_create U000 0OO0ODOO0OO0OODODODOODOOODO vOO
Unrn000000000DOO00DOOO0DOODOODOOODOO0 nDOOODODODOD
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6.4.14 lis_solver_get_solver

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

integer ierr)

go
oboooOoboooboobobooobooboooooboooo

oo

solver ood

oo

nsol ooooooooon
ierr ooooooo

oo

gbooboobooboooboboobo

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

C int lis_get_solvername(int nsol, char *name)

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

go
gboboobOobooooboboooogooboo

oo

nsol oooobooogo
oo

name ooooooono
ierr goooooad
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6.5 UOOUogoooo

6.5.1 lis_esolver_create

¢ int lis_esolver_create(LIS_ESOLVER *esolver)

Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, integer ierr)

0od
O0000oo000ooooooooooooooooooo
00

oo

od

esolver ooo

ierr ooooood

go
obooobobooooobooog

6.5.2 lis_esolver_destroy

C int lis_esolver_destroy(LIS_ESOLVER esolver)

Fortran subroutine lis_esolver_destroy(LIS_ESOLVER esolver, integer ierr)

go
ubooobooooboboooooooon

od

esolver ooooboooooogoo
0od

ierr ooooood

110



6.5.3 lis_esolver_set_option

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

integer ierr)

go
gboooooboooooooboooogooboon

od

text gooonoooooogoo
od

esolver oono

ierr ooooood

od

OO000000000ODO000D0O00000D0000-e {pil1}d-epi000-e 1000000
—emaxiter [10000] O -emaxiter 0O OOOODODO 100000000000000D0

oooo0oobO0o obooOg0: -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%} -m [0] gpoooo
Subspace Iteration -e {sil6} -ss [10] oooooooo
Subspace Iteration -e {sil6} -m [0] googn
Conjugate Residual -e {crl|73}
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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] ooooooook
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
hybrid -p {hybrid|4} -hybrid_i [sor] ooooooo
-hybrid_maxiter [25] ooooog
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SOROOUOODN w (0<w<2)
~hybrid_ell [2] BiCGSTAB() OO 100
~hybrid_restart [40] GMRES,Orthomin 0 000000
I+S -p {is|5} -is_alpha [1.0] I4+aS™ 0000000000 «
-is_m [3] I+aSMODO00000000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamg|7} -saamg_unsym [false] ooooooo
(00DoDoooooon)
-saamg_theta [0.05/0.12] 000000 af; < 62|as|lay,]
(Colooo)
Crout ILU -p {iluc|8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] gobobobooooono
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] ooooooooooo
additive Schwarz | -adds true -adds_iter [1] oooooo
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googoogog

ooooo

-emaxiter [10000]
-etol [1.0e-5]
-eprint [0]

-ie [ii]

-shift [0.0]

-initx_ones [true]

-omp_num_threads [t]

oooooo

oooooo

gogooooo

-eprint {none|0} oooono

-eprint {mem|1} goooooooooooo

-eprint {out|2} gooooooooooo

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

-ie {iil2} Inverse Iteration

-ie {aiil3} Approximate Inverse Iteration

oooobooon
oo00obO zoOODOO

-initx_ones {false|0} O0o0oOooooo
-initx_ones {truel1} 00000001000
ooooooo

t0o0oooooon
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6.5.4 lis_esolver_set_optionC

C int lis_esolver_set_optionC(LIS_ESOLVER esolver)

Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, integer ierr)

go
gboboobOobooooboboooooboooobobooobooboboooboOoboOoooOobobn

oo

oo

oo

esolver oono

ierr goooooad
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6.5.5 lis_esolve

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

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

oo
0000000000000 Az=X0000000000000000O lis_esolver_get_itersO
lis_esolver_get_timel] lis_esolver_get_evaluesl] 1lis_esolver_get_evectors[]

lis_esolver_get_residualnorm 0O 0O OO0

oo

A oood

X oooood

esolver ooog

oo

evalue -n[0] OOOOODOOOOODOOOOOOODOO
X goo0ooOoboooogoooooood

esolver gooobobobooogon

ierr Ooooooo (0)

6.5.6 lis_esolver_get_status

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

integer ierr)

oo
uboooboooobooon

od
esolver ooog
od
status oo
ierr ooooood

115



6.5.7 lis_esolver_get_iters

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

integer ierr)

go
oboooooboooooobooon

od
esolver ood
od
iters good
ierr ooooood

6.5.8 lis_esolver_get_itersex

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

integer ierr)

go
obooooOoooooobooon

oo
esolver oono

0o
iters googno
iters_double oooooooogoon
iters_quad 40000000000
ierr goooooad
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6.5.9 lis_esolver_get_time

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

integer ierr)

go
oboooooboooooobooon

od
esolver ood
od
times good
ierr ooooood

6.5.10 lis_esolver_get_timeex

-

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

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

integer ierr)

N

uo
gboogoooobooboood

oad

esolver oono

oad

times 0000000000

itimes oooooobOoboOoooooooooog
ptimes 00000000000 000000000o00n
p-c_times oooooooboooooo

p-i_times 00000000000 0000o00

ierr oogooooo
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6.5.11 lis_esolver_get_residualnorm

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

LIS_REAL residual, integer ierr)

go
0000000000000 2000000 (M—Ax)/A02000000000

oo
esolver ooo

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

6.5.12 lis_esolver_get_rhistory

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

go
obooooOoooooobooon

oo

oo

oo

v oooooobooogoooo
ierr goooooo

oo
U000 vOODOOODO 1lis_vector_create U000 0OO0ODOO0OO0OODODODOODOOODO vOO
Unrn000000000DOO00DOOO0DOODOODOOODOO0 nDOOODODODOD
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6.5.13 lis_esolver_get_evalues

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

go
oboooboooooboobooooooon

oo

esolver ood

oo

v oo0oo0ooooooOoooo0oo00
ierr ooooooo

oo

U000 vOODOOO0DO 1lis_vector_create 0O 0O0O0OO0DOO0D0OO0OO0O0DOO0O0DOO0ODO vODO
Un0db0000000O0O0O0CODOOOOOOODOOOODO nOOOODOOOOO

6.5.14 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)

go
obooobOoboooooboooobooooonoo

oo

esolver oono

oo

v oooobOoboooboobooonog
ierr goooooad

oo

O0xwOOOOOOOOOOOOO0OO0OOOobOOo0o00
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6.5.15 lis_esolver_get_esolver

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

integer ierr)

go
oboooooboboooboobooooobooboooogon

oo

esolver ood

oo

nsol ooooooog
ierr ooooooo
oo

gboooboooboobooobooboo

g

Power Iteration

O

Inverse Iteration
Approximate Inverse Iteration
Conjugate Gradient

Lanczos Iteration

Subspace Iteration

N TS S B SR O

Conjugate Residual
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6.5.16 lis_get_esolvername

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

integer ierr)

go
obooobOoboooooboooooon

oo

nesol oooooooo
go

name ooooood
ierr ooogooo
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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
obooooOoboooooobooon

oo

filename oboooooboooooon
oo

A obooooooooogn
ierr oooooboo

go

J0od0o0ooo0ODbO0o00ooooooobooooooooooon
e MatrixMarket 000 00O O
e Harwell-Boeing 00000

oooooOo0O0O0O0O0D0 AOOOOOO
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6.6.2 lis_input_vector

C int lis_input_vector(LIS_VECTOR v, char *filename)

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

go
gboooboboooooboooooao

oo

filename oooooobooogoooo
oo

v oood

ierr goooooo

oo

oboooooboooooooboooon

e PLAINODOODODOD

e MMOODOOODO

OO00o0ooo0o0ooooo Aoooood
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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)

go
obooooOobooooobobooooooboooon

oo

filename oboooooboooooon
go

A oboooooboooogon

b gooooo

X oooono

ierr oooooboo

oo

gooooOoOoOOOODOODODOOOOOOOOOOOOO
e MatrixMarket 00000000000 OCOOOOOOOOOOOOOO
e Harwell-Boeing 00000

oooooOo0O0O0OO0O0OD0 AOOOOOO
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6.6.4 lis_output_vector

C int lis_output_vector(LIS_VECTOR v, int format, char *filename)
Fortran subroutine lis_output_vector (LIS_VECTOR v, integer format,

character filename, integer ierr)

go
obooooOoboooobobooonog

oo
v oooo
format cooooooooo

LIS FMT_PLAIN PLAINODOOOOO
LIS FMT_MM MMOOOOOO

filename goooooooobooooao

oo

ierr goooooad

oo

gooOoOoO0OODOOODODODODODOOODO AOOOOOO
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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)

oo
gbooobooboobgooooboooboo

od
A 0o
b O00000O000DoOo0oO00ooooOoooon NULL
X 0o0o0odooobbbododobbUddd NULL
format oooooooooo
LIS_ FMT_MM MatrixMarket 0 00 00O
filename oooooooboobooo
RN
ierr ooooood
RN

OO000oOo00oooO0oUooooOoooD 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)

oo
gboooboooboooboobooboobooo

oo

solver ooog

filename oooooooboobooo
oo

ierr oooooboo

6.6.7 lis_esolver_output_rhistory

C int lis_esolver_output_rhistory(LIS_ESOLVER esolver, char *filename)
Fortran subroutine lis_esolver_output_rhistory(LIS_ESOLVER esolver,

character filename)

oo
gboooboobooboobooboobn

oo

esolver ooog

filename oooooooboobooo
oo

ierr oooooboo
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6.7 00O

6.7.1 lis_initialize

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

Fortran subroutine lis_initialize(integer ierr)

oo
MPIDDOOOODODOOOODOOOODOOOODOOOOOooDoOO

oo

argc gbooooobooog
argv oooobooooo
go

ierr ooooooo

6.7.2 lis_finalize

C void lis_finalize()

Fortran subroutine lis_finalize(integer ierr)

go
oooooooo

go

oo

go

ierr ooooooo
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6.7.3 lis_wtime

C double lis_wtime()

Fortran function lis_wtime()

uo
goooboooobgon
oo
go
oo

OO00000O000D0OD00O dowbleDOODOOOOODOOOODO

go
oboobooooboboboobooobOobooobO0oboobO0obo0oobO0b00O 1is_wtimeOO OO
oooooobooog

6.7.4 CHKERR

C void CHKERR(int err)

Fortran subroutine CHKERR(integer err)

oo
gbooobooboobooboboon

oo
err oooooog

go

go

oo
000000 1is_finalize OO OODOOODOOO0ODOOO0DOODOOODO
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A 0OOOOObOOOOO

oboboooOoboooooboboooboobooooobooooboboobooonog

A.1 00 MatrixMarketOO O OQOO

MatrixMarket 000000 [32]00 0000000000000 O0O0OO0OO0OO0OO0OOOOOOOO
000000000000MxNOOO A=(a;;) 0000000 L0O0O0Oa; =A(T,) 0000000
obooobOoooooooon

%hMatrixMarket matrix coordinate real gemeral <-- 000

% <-+

% | od00O0OOOoOOD

% <+

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

I1 J1 A(I1,J1) <+

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

IL JL A(IL,JL) <-+

I1 B(I1) <-+

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

IM B(IM) <-+

I1 X(I1) <-+

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

IM X(IM) <-+

(A.1)D00D 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 000000000
15 - 28 ptr OO O
29 - 42 index 000
43 - 56 value 0 OO
57 - 70 0JOO0OO
300 (A3,11X,4I14)
1 - 300000
1 00: R Real matrix
C Complex matrix (0O OODO)
P Pattern only (DO ODO0O)
200 : S Symmetric
U Unsymmetric
H Hermitian (DO OOO)
Z Skew symmetric (O0O0OO00O)
R Rectangular (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 [32]0 000000000000 0OO0OO0OOOOOOOOONOOOOO
b=(b;)00O0O0 b =B(I)0000000000O00ODO0OO0OODOOO

%#hMatrixMarket vector coordinate real general <-- 000

% <—+
% 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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