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1 0000

Lis (a Library of Iterative Solvers for linear systems) 0, 00 0000000000000 000O0O0O

gbooobooobgon

gooobooooo

00oo0o0oooooo0ooUo0Oo 1. 00000000000, 0000000000 12,00

Ax =D

Ax = \x

ooob03000.0000b0b0b00obooboo 4000,

U1goooood 200000

CGJ[2, 3] CR[2] Power[24]

BiCG[4] BiCR[5] Inverse[25]

CGSI6] CRS[7] Approximate Inverse[1]

BiCGSTAB[] BiCRSTABI7] Rayleigh Quotient[26]

GPBiCG[9] GPBICR[7] Subspace[27]

BiCGSafe[10] BiCRSafe[11] Lanczos[28]

BiCGSTAB()[12] | TFQMR[13] CG[29]

Jacobi[14] Orthomin(m)[15]  CR[30]

Gauss-Seidel[16, 17] | GMRES(m)[18]

SOR([19, 20] FGMRES (m)(21]

IDR(s)[22] MINRES|23]

03000 04 000000

Jacobi[31] Compressed Sparse Row (CSR)
SSOR|[31] Compressed Sparse Column (CSC)
ILU(k)[32] Modified Compressed Sparse Row (MSR)
ILUTI33, 34] Diagonal (DIA)
Crout ILU[34, 35] Ellpack-Itpack Generalized Diagonal (ELL)
14-S(36] Jagged Diagonal (JAD)
SA-AMGI37] Block Sparse Row (BSR)
Hybrid[38] Block Sparse Column (BSC)
SAINV([39] Variable Block Row (VBR)
Additive Schwarz[40, 41]  Coordinate (CO0)
o00ooo Dense (DNS)




2 0o

ooooO,00,000000000000.000000 LinnxO0OOOO0O0O0OOOOOOOOOOOO
gbooobooooobobooog.

2.1 O0O0ObOOO

LsO00000 CO0000000000. 00, Fortran000000000000000 Fortran O
0000, AMGOOOOOODDOODOOOO00ODO Fortran 9000000000000. 000000
00, OpenMPODODODODO [82)000 MP-1 00O0D0O [77]00000 [42,43). 000000000
Harwell-Boeing 0 O [69], Matrix Market 00 [73]00000000. 0 5000000000000 (O
7O000000).

o5 000ooood

cooooo (oo) OS
Intel C/C++ Compiler 7.0, 8.0, 9.1, 10.1, 11.1, 12.1, 14.0 | Linux
Windows
IBM XL C/C++ V7.0, 9.0 AIX
Linux
Sun WorkShop 6, Sun ONE Studio 7, Solaris
Sun Studio 11, 12
PGI C++ 6.0, 7.1, 10.5 Linux
gee 3.3, 4.4 Linux
Mac OS X
Windows
Microsoft Visual C++ 2008, 2010, 2012 Windows
Fortran 00000 (COODOO) 0OS
Intel Fortran Compiler 8.1, 9.1, 10.1, 11.1, 12.1 Linux
Windows
IBM XL Fortran V9.1, 11.1 AIX
Linux
Sun WorkShop 6, Sun ONE Studio 7, Solaris
Sun Studio 11, 12
PGI Fortran 6.0, 7.1, 10.5 Linux
g7 3.3 Linux
gfortran 4.4 Mac OS X
Windows

2.2 UNIXOOOOOOOOOOOO
221 00000000

OO000000000,0000000000. ($VERSION) OODOOOODO.
> gunzip -c lis-($VERSION) .tar.gz | tar xvf -
OO0000,000000 14s-($VERSION) OO 100D0D0O00OODOOOODOOOO.



lis-($VERSION)

+ config

| DODOOOO

+ doc

| 00O

+ graphics

| DOOOODOOOOoOooO
+ include

| DOODOODOd

+ src

| DOOOOOO

+ test

| DOODOOOd

+ win

Windows OO OOOOODOODO

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

2,22 0O00O000O0OOO
OO0000D0 1is-($VERSION) OO ODOOOODOOOOOO,00D00000D0C0O0.
e JO00O0ODDOUOODDOO : > ./configure
e 1OIDOOODOOODO : > ./configure --prefix=<install-dir>

Ded000ODo0ODOOoOOODO. 00,070 TARGETOOODOODOOOOODOODOOODOOD.

223 0O0000O00OO0OOO

000000 1is-($VERSION) DO ODOOOODOOOOOO,00D00000D0000.

> make
oo0O000oOoO0O00000CO0O000000C0O0,000000 1is-($VERSION) DOODOOOO
OO0O0O0O000,000000 1is-($VERSION) /test 0000000000 O0O0O0O0O0O0O0O0OOO.

> make check
00000000, Matrix Market OOO0O0O0O test/testmat.mtx OO0, 00000000000
0,BiCGOOO0O0OOOOO0ODO Az=0000000.000 SGI Aix3ro000000O00000O. O
U00000--enable-omp [ --enable-mpi D0 O O0O000OO0OO0O0O0OO0O0O0OO.



06000000000 (D00 ./configure --helpO00)

—-—enable-omp

OpenMPOOOOODOOO

--enable-mpi

MPIOOODOOOOO

—-—-enable-fortran

FortranOOOOOOOOOO

—-—-enable-£90

Fortran0 DO OOOOODOODO

--enable-saamg

SA-AMGOOO0000O

--enable—-quad

double double 0 400000000

--enable-longdouble

long double 0 400000000

--enable-longlong

64000000000

--enable-debug

gboooobooo

-—-enable-shared

gboooood

--enable-gprof

gboooooao

--prefix=<install-dir>

googooo

TARGET=<target>

gobogooon

CC=<c_compiler>

copoppoooooo

CFLAGS=<c_flags>

coboooobooooooo

FC=<fortran_compiler>

Fortran OO DO OOOODO

FCFLAGS=<fc_flags>

FortranOOOOOOOOOOODOO

LDFLAGS=<1d_flags>

gboooooooboo




0 7: TARGETOD (D00 1is-($VERSION) /configure.in OO 0)

<target> googoogo

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

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

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

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

hitachi_sri6k ./configure CC=cc FC=£f90 CFLAGS="-0s -noparallel"
FCFLAGS="-0ss -noparallel" FCLDFLAGS="-1£f90s"
ac_cv_sizeof_void_p=8

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

ibm_bgl_cross ./configure CC=blrts_xlc FC=blrts_x1£90

CFLAGS="-03 -qarch=440d -qtune=440 -gstrict"
FCFLAGS="-03 -qarch=440d -qtune=440 -qsuffix=cpp=F90"
ac_cv_sizeof_void_p=4 cross_compiling=yes

ax_f77_mangling="lower case, no underscore, no 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"




. oo

initial vector x = 0

precision : double

BiCG: elapsed time =

BiCG: preconditioner =
BiCG: matrix creation =
BiCG: linear solver =

BiCG: relative residual =

N\

5.178690e-03
1.277685e-03
1.254797e-03
3.901005e-03
6.327297e-15

matrix size = 100 x 100 (460 nonzero entries)

solver : BiCG 2

precon : none

conv_cond : |Ib-Ax||_2 <= 1.0e-12 * ||b-Ax_0]||_2
storage : CSR

lis_solve : normal end

BiCG: number of iterations = 15 (double = 15, quad = 0)

sec.

sec.

sSecC.

sec.

N

--enable-omp

max number of threads = 32
number of threads = 2
matrix size = 100 x 100 (460
initial vector x = 0

precision : double

BiCG: elapsed time =

BiCG: preconditioner =
BiCG: matrix creation =
BiCG: linear solver =

BiCG: relative residual =

N\

nonzero entries)

8.960009e-03
2.297878e-03
2.072096e-03
6.662130e-03
6.221213e-15

solver : BiCG 2

precon : none

conv_cond : |Ib-Ax||_2 <= 1.0e-12 * ||b-Ax_O]||_2
storage : CSR

lis_solve : normal end

BiCG: number of iterations = 15 (double = 15, quad = 0)

sec.

sec.

sSecC.

sec.




--enable-mpi
4 N
number of processes = 2
matrix size = 100 x 100 (460 nonzero entries)
initial vector x = 0O

precision : double

solver : BiCG 2

precon : none

conv_cond : |Ib-Ax||_2 <= 1.0e-12 * ||b-Ax_0]||_2
storage : CSR

lis_solve : normal end

BiCG: number of iterations = 15 (double = 15, quad = 0)

BiCG: elapsed time = 2.911400e-03 sec.

BiCG: preconditioner = 1.560780e-04 sec.

BiCG: matrix creation = 1.459997e-04 sec.

BiCG: linear solver = 2.755322e-03 sec.

BiCG: relative residual = 6.221213e-15
\_ J
2.2.4 00O

000000 1is-($VERSION) DO DO ODOODOODOODOODO,000D00DO0O00DOODOODOODOOO
ao.
> make install
O00000,000000 ($INSTALLDIR) ODOODOOODOOODOOODOO.

($INSTALLDIR)
+bin
| +1lsolve esolve hpcg_kernel hpcg_spmvtest spmvtest*
+include
|  +lis_config.h lis.h lisf.h
+1ib
| +1liblis.a
+share

+doc/lis examples/lis man

lis config. hOO0OOO0OO0OO0OO00O0DO,00 1is.hd C,lisf.h0 Fortran O OO0 OO00ODOOO
gboooooboboooobg. 1ivlis.a00000O000O00DOOO0OO0OOOO. OO0OO0OODbOO0
O000000ooDOO0O0O00000o0DDO0O,000000 14s-($VERSION) OO OODODOCODOOOO
O0,000000 examples/lisO000000OC0O0O0O0OOOOODOOOOODO.

> make installcheck
examples/lis 0 testl, etest5, test3b, spmvtest3bl, 1solve, esolve, hpcg kernel, hpcg_spmvtest
OO000O ($INSTALLDIR) /bin 000000, examples/lis/spmvtest*d, 0O 00O ($INSTALLDIR)/bin
goooaoo.



2.3 WindowsUOOOQOQOOQOO4

O0000000000000D 1is-($VERSION) .zipO O O OO O, Microsoft Build Engine 0 00 O
O0000,000000 1is-($VERSIOM\win OO0 D O0O0UD0OOO0O0O0O0D0OO, 000000 MakefileO
0000 (D00 configure --helpO 0O0O).

> configure
Makefile DO OO0 Makefile.inOOOODOOOO. 0000000000000, 1is-($VERSION) \win
Joooobobobooooooo.

> nmake
gooboooooobooooobuooobobooo, bbb oooboo,oobbbooooon
goooooooon.

> nmake check
0000000000000 00000000000000,0000000000 1is-($VERSION)\1ib,
lis-($VERSIOM\bin 0O OO OODOOODO.

> nmake install
UNIXOODOODODOoOOoOoODoOoooooooooao.

2.4 00O
2.4.1 testl

OO0OO0000 1is-($VERSION) /test DO OO
> testl matrix_filename rhs_setting solution_filename residual_filename [options]
000000, matrix filename 000000000000, 00000 Az =00 options0 0000
O00000. 00,0000 Matrix Market 00 0 solution filename 0, 00000 PLAINO OO
residual filename 0000 (D0 AOOD). D000 O0O0OOO0OO0OO Matrix Market 00, 00
Matrix Market 0 0 0 0O 0O . rhs_setting O O

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

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

rhs_filename oooooooooooo

O0000000000. rhs_filename 0 PLAIN O 0O, Matrix Market 0 0000000 O. testlf.F
O testl.cO Fortran OO O O.

2.4.2 test2

OO0OO0000 1is-($VERSION) /test DO OO
> test2 m n matrix_type solution_filename residual_filename [options]
OO0O0D00,200 PoissonO0000 S00000000000000000mnO 5000000000
0000000 Ar=5b0,matrix_type 00000000000DO0, options0000000O00O0O. O
00,0000 Matrix Market 0 0 0 solution_filename O, 00000 PLAINO OO residual_filename
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00o000D.000,00000 Az=0000000000000 1000000000000 b000
O000.m,n000000D00O0OOC0ODO. test2f.F900 test2.c O Fortran90 000 O.

2.4.3 test2b

OO000D00O 1is-($VERSION) /test 0O OO
> test2b m n matrix_type solution_filename residual_filename [options]
OO0O0D00,200 PoissonO0000 9000000000000 O0O0000 menO 9000000000
0000000 Az =560, matrix_type 000000000000, options0 0000000000, O
00,0000 Matrix Market 0 0 0 solution_filename O, 00 000 PLAINO OO residual_filename
goQoQoQC.000,00000 Ae=0b0000000000001000000DODOOODOOGBOOO
O000.mn000000DDOOOODO.

2.4.4 test3

OO0OO0OO00ODO 1is-($VERSION) /test DO OO
> test3 1 m n matrix_type solution_filename residual_filename [options]
OO00O0OD0D0O,300 PoissonO0 00070000000 DOOOOOO0O0O0ImeO 7000000000
0000000 Az =50, matrix_type D000 O0O0000000O0, options00000O000OO0OO. O
O,0000 Matrix Market 0 0 0 solution_filenamed, 00000 PLAINODODO residual_filename
ogooQOO0.000,00000 Az=0b00000000000010000000O0ODODOOBOOO
gbood. 1, mn0000000000O00O.

2.4.5 test3b

OO000D0QO 1is-($VERSION) /test 0O OO
> test3b 1 m n matrix_type solution_filename residual_filename [options]
Oo0O0ODD0O,300 Poisson0O00O0O0O270000000D0DOO00O00O0O0O0OImnO 2700000000
00000000 Az =00, matrix_type J00000000000,options00000000O00OO. O
O,0000 Matrix Market 0 0 0 solution filename , 00000 PLAINO OO residual _filename
oooCoQo.000,00000 Ae=0b000000000000 1000000000000 bO0O0O
uboo0. 1,m,n000000000000.

2.4.6 test4

ooo000 Az=000000000000,000000.00 A000 120300000

O00.000000P00200001000000000000. test4f.FO testd.cU Fortran
goo.
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2.4.7 testh

000000 1is-($VERSION) /test OO OO
> testb5 n gamma [options]
000000,00000 Ax=000000000000,000000.00 A000 n0 ToeplizOO

[\

0o 2 1
0% 2 1
A:
v 0 2 1
v 0 2

oo0.00b0o00 s 000010000000 0O00DODO.

2.4.8 etestl

OO000DDO 1is-($VERSION) /test DO OO
> etestl matrix_filename solution_filename residual_filename [options]
000000, matrix filename 000000000000, 00000 Ax=Ax0 optionsO0 0000
000oo0oo,000d0b00o00oo0ooooo0. 00,0000000000000 Matrix Market
000 solution_filename 0, 00000 PLAINO OO residual filename 00O O0O. OODOODOO
0000000 Matrix Market 00O D0 O. etestlf.FO etestl.cO Fortran OO OO .

2.4.9 etest2

OO0O0O00D0O 1is-($VERSION) /test DO OO
> etest2 m n matrix_type solution_filename residual_filename [options]
O0000D0,200 HelmholtzODODO 500000000000D0O0O0OO0 meO 50000000
0000000 Az= X0, matrix_type DOOOO00O0O0O0D00ODO,options 00000000000,
oo0b000oo0o0oobO0oobO0o0obOo0.00,00000000000 solution filenameO, 00000
residual filename O UOODO. m,n 000000 OOOOO0O.

2.4.10 etest3

O0O00D00O0 1is-($VERSION) /test DO OO
> etest3 1 m n matrix_type solution_filename residual_filename [options]
OO00000,300 HelmholtzOOOO 70000000000 CO0OOO0OO0ImenO 7000000
00000000 Az = Az 0, matrix_type 000000000000, options0000O00OOO
obO,0000000b0b00o0bob00b0. O0,000b00000D0O000 Matrix Market 0 0O 0O
solution filename 0, 00000 PLAINO OO residual filename U0 O O0. 1, m,n 000000
oooooo.
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2.4.11 etest4

OO0OO0OO0O0DO 1is-($VERSION) /test DO OO
> etest4 n [options]
Oo0o0ooo,00po0 Az=X 00000000000, 000000DCDO0OO00ODOODOO.OO
AOOOn.O0300000

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

2.4.12 etestb

000000 1is-($VERSION) /test DO OO
> etestb matrix_filename eigenvalue_filename eigenvector_filename [options]
000000, matrix filename 000000000000, 00000 Az = Ax0 optionsO 000000
oooO0O0,00000000000000000.00,000000000000 eigenvalue_filename
O0,00000000000 eigenvector_filename J OO0 Matrix Market 000 0000. 00000
OooO0OO0000 Matrix Market OODODODO.

2.4.13 etest6

OO0OO0000 1is-($VERSION) /test DO OO
> etest6 1 m n matrix_type eigenvalue_filename eigenvector_filename [options]
OO00000,300 HelmhotzO OO O 700000000000 O0O0OOCOO0ImenO 7000000
00000000 Arx =X 0, matrix_type 000000000000, options 0000000000
O,00000000000000000.00,000000000000 eigenvalue_filename O,
O000DOO0O000OD eigenvector_ filename 0 0O 0O Matrix Market 00O OOODO. 1, m,n 00000
ocooooog.

2.4.14 spmvtestl

OO00O0D0OD 1is-($VERSION) /test DO OO
> spmvtestl n iter [matrix_type]
OO00000,100 Laplace0 D00 30000000000DO0O00O0ODOO 030000000
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0(,....,)T 0000 iter 00000000000, FLOPSO0O0O000. 0000 matrix_type O
oo,
0 00000000000000000000000
1-11 0oOoooo0ooo

ooooooboooon.

2.4.15 spmvtest2

OO0O0000 1is-($VERSION) /test DO OO
> spmvtest2 m n iter [matrix_typel
OOO0000,200 Laplace0 000 500000000C0O0O0O0O0ODODODODO meDO 000000000
000 (1,...,1)T0000 iter00000000O0DO,FLOPSOOOO0O00. 0000 matrix type
ooo,

0 uboboobooooboobooboobooooono
1-11 oooobooog

gboooboobod.n,n00000000000D0.

2.4.16 spmvtest2b

OO0OO0OO0O0ODO 1is-($VERSION) /test DO OO
> spmvtest2b m n iter [matrix_type]
OOoO0000,200 Laplace0O0O0O090000O0O0O0O0OOODOODODODOOO meD 9000000000
oo0g (1,...,»)T0000 iter 00000000000, FLOPSOOO0O000. 0000 matrix_type
ooo,

0 ubooobobooobooboooobooooono
1-11 oooobooog

gboooboboob0.m,nO00000C0OO0O0OOO0.

2.4.17 spmvtest3

OO0O0O00D0O 1is-($VERSION) /test DO OO
> spmvtest3 1 m n iter [matrix_typel
O000000,300 Laplace0 000 7000000000000 0OO0OOO Wm0 700000000
o000 (1,...,)T0000 iter 00000000000, FLOPSO000O0D. 0000 matrix_type
ooo,

0 obooobOoooooobooooobooooonoo
1-11 ooooboooo

oboooboooob. 1, m,n000000000000.
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2.4.18 spmvtest3b

OO0OO0OO0O0DO 1is-($VERSION) /test DO OO
> spmvtest3b 1 m n iter [matrix_type]
OO00D000,300 Laplace000027000000000000O000000ImnO 2700000000
o000 (1,...,)T0000 iter 00000000000, FLOPSO0000D. 0000 matrix_type
ooo,

0 gboooooobooboobooboobooobg
1-11 ooooboooo

gbooobooobot. 1, mad0o0ooooooooo.

2.4.19 spmvtestd

O00O00OD 1is-($VERSION) /test DO OO
> spmvtest4 matrix_filename_list iter [block]
000000, matrix filename 1list 000 000000000000 OCOO0O0OOOOOOO,000
ooooo0(1,...,)'000000000000000000D iter000000000DO, FLOPSO
OO0000.00000000D00000 Matrix Market 0O0OOO. 0000 block O OO, BSR, BSC
goooooooooDoDoOOO.

2.4.20 spmvtestb

OO0OO0O0O0DO 1is-($VERSION) /test DO OO
> spmvtestb matrix_filename matrix_type iter [block]
OO0D0000, matrix filename 0000000000 O0O0ODOO0OCOOOODOO, 0000000
(1,...,)T 0000000000 matrixtype 0000 iter 00000 DDO0O0OO, FLOPSOODOO
O0.0000000000000 Matrix Market 00000 . D000 blockOOO, BSR, BSCOOO
goooooooDoODoDO.

25 0000
gboooboooobobooooag.
e 1 OODOOO

— VBROOOOOODOOOODODODOOOODOO.
— CSROODODODODODODODODO SA-AMGOOOODODODODODODODO.

- 00o0ooOoOooooooooooOoboo0oooooooOooobo,cSsROUbDooooooooag
o00.00000o0ob0ob0oOobDOonD, DO 1is_matrix_convert() DO ODOOODOODO.

e double double 0 400000 (40000)

— 0000000000, Jacobi, Gauss-Seidel, SOR, IDR(s) 0000000 OO.
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— 0oooooog,CcG,CROopgooooon.
— HybridOOOODOOODOODOODOOO, Jacobi, Gauss-Seidel, SOROOOO0OOODOO.
— I4S, SA-AMGOO0O0ODOO0OO0OOO.

e long doubled 400000

— Fortran OO OOOOODOOOOODOO.
— SA-AMGUOOO0OO0O0O00O0O0O00.

e OO

Jacobi, SSORODOOCOUOOOOOO, 0000 A0 CSROODOOCOOO,00O0OOOO
CSROOOOO AODOOOO.

gooOoOoOoOODOOODODO BiICGOOOOOOOOO,SA-AMGOODOOOOOOOOO.
— SA-AMGUU0O0000000000000O0ogoooog.
— SAINVOOOOOOOOOOOOoOOOODDDDD.
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3 Uoggg

obooo,000b00b0o0cobo0bo0oobo0oboo0o.obooboooo,ocoboobooooooboooon.

e JDOOODO

oooono

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

oooono

e (1[I

e UDOOO

gbo,0bbooboobooboobooboobobbobobooboobon.

o C #include "lis.h"

e Fortran #include "lisf.h"

lis.h, 1isf.h 0, 0000 ($INSTALLDIR)/include JODODOOODO.

3.1 0ODOougdaobo

oboo,000b0boobooboocooobo. boboobooooooooooOo,00o0b0cooboooboooao

gooobooon.

C ™
1: #include "lis.h"
2: LIS_INT main(LIS_INT argc, char* argv[])
3: {
4: lis_initialize(&argc, &argv);
5: e
6: lis_finalize();
7: }
( Fortran ~
1: #include "lisf.h"
2: call lis_initialize(ierr)
3: R
\‘74: call lis_finalize(ierr) A/
ooooo

oooobooooo,od

o C LIS_INT lis_initialize(LIS_INT* argc,

17
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e Fortran subroutine lis_initialize(LIS_INTEGER ierr)

oooo.0o0o0o0go,MPIO0OO0OO,0D00000DOOOO0ODOOOODOOOODO.

LISIINTUOUODO int 0O, 0000000000 roncLoNcU OO DOUODOODOODO long long int U, O
O LIS.INTEGER U OO0 integer U, 000000 O0ODOO LONGLONG D OO D OUODOOD integerx*8
gooooooao.

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

oooo.

3.2 DOUOOOon

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

0 PEO
1

v=|— 3.1
2 PE1 (3-1)
3

(3.1)DDDDDD vO0O000000,00,000000000000000200000,00000
JdododoodoooooooooooooooooooooboooDooooooogooo.

o000 ooobodooooobL. oo, 00000 oooooboooooa
2000.

c(Ooooooooooog
Ol ) a

LIS_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++)

{

© 00N O WN -

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

[
o

}
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~C(0000D0000) ~

LIS_INT i,n,is,ie; /* or LIS_INT i,ln,is,ie; */
LIS_VECTOR v;

n = 4; /* 1n = 2; %/

lis_vector_create (MPI_COMM_WORLD,&v) ;

lis_vector_set_size(v,0,n); /* lis_vector_set_size(v,1n,0); */
lis_vector_get_range(v,&is,&ie);

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

{

© 00 ~NO U WN -

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

[y
o

- y,

KFortran(DDDDDDDDDDDD)

LIS_INTEGER i,n

LIS_VECTOR

n=4

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

do i=1,n

call lis_vector_set_value(LIS_INS_VALUE,i,DBLE(i),v,ierr)
\‘ : enddo 4/
(Fortran(DDDEIDDDDD) ~

©O© N O O d W N

[y
o

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

© 00N O WN -

-
N

good
200000
LIS_VECTOR v;
ooooo.

googood

ooodo0O0OOobooO,00

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

e Fortran subroutine lis_vector_create(LIS_Comm comm, LIS_VECTOR v, LIS_INTEGER ierr)
o000.commOJ0O MPIOODOOOODOOODOO.OO0,0D000000D0000 commDOOOOOOO

O.

goooo
ooooobooo, oo
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e C LIS_INTEGER lis_vector_set_size(LIS_VECTOR v, LIS_INT local_n,
LIS_INT global_n)

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

OO000. local-n O globalon OO0 O0OO0O00OODOOOOODOODOOO.
00,00000000000,!localnO global nO0O000. 00000, lis_vector_set_size(v,n,0)
0 lis_vector_set_size(v,0,n) 0, 000000 nOD0OOOOOOODODO.
O00000D0O0DODbOO00, 1is_vector_set_size(v,n,0) OO0O0O00OOO0OOO nOO0OODO0O
0D00000. 00, lis_vector_set_size(v,0,n) 000000 pOO000 m, 00000000000
0. m,0000000000000.

oood
obooo000:000000C0000,00

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

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

gooo. oboobooboooboobo,boboooboob 000000 b0O0ODbODObObO sbO0OOD.
flagO O

LIS_INS_VALUE O O: v[i] = value
LIS_ADD VALUE 000 O: v[i] = v[i] + value
0oooooooooag.
000o0oooo
00000000000000D000000000000, 00
o C LIS_INT lis_vector_duplicate(LIS_VECTOR vin, LIS_VECTOR *vout)

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

OO000.0 100 LIS_VECTOR vinU LIS MATRIXOOOODOOODOOODOOO. OOOO0OOOOOOO
gbooobooboo.boboboboobooboobon

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

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

goog.

3.3 0OOdg

0000 AO0OOO globaln x global OO 0O. OO AO nproes 00000000 OOOOOODOO
000000000000 localn0DO0O. global.n O nprocs 000000000 local n = global n /
nprocs 01O00. 000,00 AQ0 (3.2)000002000000000000000000, global-n O

localn 0000040 2000.
PEO

— N
[ I O

1
2 1 PE1
1 2

gboooboboooboobooooooboo3sooobogooon.

00 1: 0000000000000000000000000000
(32)0000 A0 CSROOOODOOO000,00,0000000000000 AD0OOO,0000
0000000000000000000000000000000000000.

00 A0 CSROODOO0D0O000000O0000000O00000.000,000000000000
0Oooo2000.
~C(000000000000) ~

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

© 00 ~NO O WN -

[y
o

}
: lis_matrix_set_type(A,LIS_MATRIX_CSR);
: lis_matrix_assemble(4);

[
[

[
N
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/—(]([]D o0ooooo ) «\
1: LIS_INT i,n,gn,is,ie;
2: LIS_MATRIX A;
3: gn = 4; /* or n=2 */
4: lis_matrix_create(MPI_COMM_WORLD,&A);
5: lis_matrix_set_size(A,0,gn); /* lis_matrix_set_size(A,n,0); */
6: lis_matrix_get_size(A,&n,&gn);
7: lis_matrix_get_range(A,&is,&ie);
8: for(i=is;i<ie;i++) {
9: if( i>0 ) lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0,A);
10: if( i<gn-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0,A);
11 lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);
12: }
13: lis_matrix_set_type(A,LIS_MATRIX_CSR);
\‘14: lis_matrix_assemble(A); 4/
(Fortran(DDDDDDDDDDDD) \
1: LIS_INTEGER i,n
2: LIS_MATRIX A
3: n=4
4: call lis_matrix_create(0,A,ierr)
5: call lis_matrix_set_size(A,0,n,ierr)
6: do i=1,n
7: if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0d0,A,ierr)
8: if( i<n ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
9: call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)
10: enddo
11: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
\‘12: call lis_matrix_assemble(A,ierr) 4/
/Fortran(DDDEIDDDDD) ~
1: LIS_INTEGER i,n,gn,is,ie
2: LIS_MATRIX A
3: gn =4
4: call lis_matrix_create(MPI_COMM_WORLD,A,ierr)
5: call lis_matrix_set_size(A,0,gn,ierr)
6: call lis_matrix_get_size(A,n,gn,ierr)
7: call lis_matrix_get_range(A,is,ie,ierr)
8: do i=is,ie-1
9: if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0d0,A,ierr)
10: if( i<gn ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
11: call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)
12: enddo
13: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
\;14: call lis_matrix_assemble(A,ierr) 4/
oood
0200000
LIS_MATRIX A;
goooao.
ooooa
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00 A0O0O0O00O,00

e C LIS_INT lis_matrix_create(LIS_Comm comm, LIS_MATRIX *A)

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

goooooo,od

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

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

O000. local.n O globalon OO0 O0OOO00OODOOOOODOODOOO.
O00,00000000000,localnO global nO0OO0O. 00000, lis_matrix_set_size(A,n,0)

0 lis_matrix_set_size(A,0,n) 0, 000000 nxnOOO0O0OO0OO.
0000oO0oDo00Oo0oOooon, lis_matrix_set_size(A,n,0) DO O0OO0O0OD0O0OO0OOnx NOODOO

oooooOd. NOnOOOODOO.

00, lis_matrix_set_size(A,0,n) 000000 pOO0O0O0 m,xnOOOOOO0O0O0O0O. m,d00

oooooooooo.

oood
00 A0OD0:00 j0000C0C0CO0OO0OO0O,O00

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

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

go00.00000bOo0o00obO,00bouob0 s0b 4 j000D000. flagdO
LIS_INS_VALUE O O: A[i,j] = value
LIS_ADD_VALUE OO 0O0O: Ali,j] = Al4, j] + value
0o000o0oooooo.
oooooooog
0000D000O0000o0oOo,00
e C LIS_INT lis_matrix_set_type(LIS_MATRIX A, LIS_INT matrix_type)

e Fortran subroutine lis_matrix_set_type(LIS_MATRIX A, LIS_INTEGER matrix_type,
LIS_INTEGER ierr)
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OO000.000000 AD matrix_typed LIS_MATRIX_ CSROODO. O0OOOOODOOCOOODOO.

googd matrix_type
Compressed Sparse Row (CSR) {LIS_MATRIX_CSR|1}
Compressed Sparse Column (CSC)  {LIS_MATRIX_CSC|2}
Modified Compressed Sparse Row (MSR) {LIS_MATRIX_MSR|3}
Diagonal (DIA) {LIS_MATRIX_DIA|4}
Ellpack-Ttpack Generalized Diagonal (ELL)  {LIS_MATRIX_ELL|5}
Jagged Diagonal (JAD) {LIS_MATRIX_JAD|6}
Block Sparse Row (BSR) {LIS_MATRIX_BSR|7}
Block Sparse Column (BSC) {LIS_MATRIX_BSC|8}
Variable Block Row (VBR) {LIS_MATRIX_VBR|9}
Coordinate (COO) {LIS_MATRIX_COO|10}
Dense (DNS) {LIS_MATRIX_DNS|11}

ooooooo
gbooobooobooboobob,on

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

UO0000. lis_matrix_assemble [0 lis_matrix_set_type U0 UOD0OOOOODOOODOOODOOO.

goooo
gbooobOooboooobobooooooa,

e C LIS_INT lis_matrix_destroy(LIS_MATRIX A)
e Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, LIS_INTEGER ierr)
gooo.
00 2. 0000000000000000000
(3.2)D|:|DD A0 CSROOU0OOODOUODO,O0D0,0000D000O00ODO0OD AODQODO,0000
goooooooooootoooobooooooooouoooooooboonooo.

o0 A0 CSROOOOOOOOOOOOOOOOOOOOO0O0O0.000,000000000000
gooo2000.
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~C(000000000000)

LIS_INT
LIS_INT
LIS_SCALAR
LIS_MATRIX
n = 4; nnz

i,k,n,nnz;
*ptr,*index;
*value;

A;

10; k = 0;

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

© 00 ~NO U WN -

[y
o

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

12:
13:
14:
15:
16:
17: ptr[0] = 0;

18: lis_matrix_set_csr(nnz,ptr,index,value,A)
: lis_matrix_assemble(A);

[y
[

if( i>0 ) {index[k] i-1; valuel[k]
index[k] = i; valuelk] = 2; k++;
if( i<n-1 ) {index[k] i+1; valuelk]

ptrli+i] = k;

}

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

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

1; k++5}

1; k++;}

3

Q

(00oOoooooo)

LIS_INT
LIS_INT
LIS_SCALAR *value;
LIS_MATRIX A;

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

i,k,n,nnz,is,ie;
*ptr,*index;

lis_matrix_create (MPI_COMM_WORLD,&A) ;
lis_matrix_set_size(A,n,0);
lis_matrix_get_range(A,&is,&ie);
for(i=is;i<ie;i++)

{

=
= O O 00 N O U b W N -

[
N

if( i>0 ) {index[k] i-1; valuelk]
index[k] = i; valuelk] = 2; k++;

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

[
w

=R e
o O D

: }

: ptr[0] = O;

: lis_matrix_set_csr(unz,ptr,index,value,A)
: lis_matrix_assemble(A);

= e
0 N

[
©

N

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

15 k++5}

1; k++5}

3

goooooo

csROOOOOOOOOOOOOOOOOOO AOOOOOO0O00,00

o C

LIS_INT lis_matrix_set_csr(LIS_INT nnz, LIS_INT row[], LIS_INT index[],

LIS_SCALAR value[], LIS_MATRIX A)

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

gbooo.0o0ooboobooocoboosboooon.
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o0 3: 00b0ooooboo,b0boobobooboboon
00000000 (3.2)0000 ADCSROUOUOOOOOUOO,00000000O0OOOoOooOoO.

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

LIS_MATRIX A

call lis_matrix_create(LIS_COMM_WORLD,A,ierr)
call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
call lis_input_matrix(A,’matvec.mtx’,ierr)

N J

Matrix Market 00000000000 matvec.mtx 0000000000,

~No w

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

N
[y

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

DDDDDDDD(S.Q)DDDD A0 CSROOO, 00 (3.1)DD|:|D[ID bOOooOoOoooooooa
gooooOooooooon.

c(0oO0ooooooobooooooooooo
O ) N

LIS_MATRIX A;

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

~N o O WN

N
rFortran(DDDDDDDDDDDDDDDDDDDD) ~

NS

LIS_MATRIX A

LIS_VECTOR b,x

call lis_matrix_create(LIS_COMM_WORLD,A,ierr)
call lis_vector_create(LIS_COMM_WORLD,b,ierr)
call lis_vector_create(LIS_COMM_WORLD,x,ierr)
call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
call lis_input(A,b,x,’matvec.mtx’,ierr)

N J

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

N o o WN e

26



%#iMatrixMarket matrix coordinate real general

4 10

N

B WONRE PP WWWNNDNRE P
W WNPNR- W

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

10
0e+00

0e+00

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

oboooboooobooboo
gooooOo0O0O0O0 AOODOOOOoOoOoOooo, oo

o C

LIS_INT lis_input_matrix(LIS_MATRIX A, char *filename)

e Fortran subroutine lis_input_matrix(LIS_MATRIX A,

character filename, LIS_INTEGER ierr)

O000. filename 00 O0O0O0O0O0O0O0OUOOO. 0O0O0O0O0OOODOOOODOOOOOOOO (DDOOOO
00000000 AOOO).

e Matrix Market 0 O

e Harwell-Boeing 00 [

Oo0o0O0O0O0000 A0O0O0OO0O0VbL, 00000000000, 00

e C

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

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

character filename, LIS_INTEGER ierr)

0000. filename 000000000000 0O. 0000000 OD0OOODOOO0OOOOO (DOOOO
O00o0ooooo AQOO).

e [0 [0 Matrix Market O O

e Harwell-Boeing O [

34 0O0OUOOOOOO

oo0o000 Az=00000000000000,0C00000000D000ODODDODO.
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c(ioOooooooogoooooooooo
ot : B

LIS_MATRIX A;
LIS_VECTOR b,x;
LIS_SOLVER solver;

/0000000000 =/

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

N J
~Fortran (00000000 00000000OO00) ~

© 00 ~NO U WN -

[y
o

LIS_MATRIX A
LIS_VECTOR b,x
LIS_SOLVER solver

/0000000000 */

call lis_solver_create(solver,ierr)

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

© 00 N O W N+

[
o

oooooo
000 (00oo000ooOo0oU0ooOoO0oooD)oooUooo,o00

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

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

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

O0O000. lis_solver_set_optionCO, 00000000 0O0OCODOOO0DOOOOOOOODOOODOOODO
oo0ooooooooooooon.

oO00O0oDOO0bOo0ooOobobobooooDbooog. -1 {eglt}O-1i cgDO0O-1i 1 0000OO.
-maxiter [1000] O, -maxiter OO0O0O0O 10000 000000000.
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000000000000 0000 (0O00: -1 bicg)
ooooboog (gbooo ooooood
CG -i {cgl1}
BiCG -i {bicgl2}
CGS -i {cgsl|3}
BiCGSTAB -i {bicgstabl4}
BiCGSTAB(l) | -i {bicgstabl|5} -ell [2] ool
GPBiCG -i {gpbicgl62}
TFQMR -i {tfqmr|7}
Orthomin(m) -i {orthomin|8}  -restart [40] OOOOOO m
GMRES(m) -i {gmres|9} -restart [40] O0OOOO0O m
Jacobi -i {jacobi|10}
Gauss-Seidel -i {gsl11}
SOR -i {sor|12} -omega [1.9] 0000 w(0<w<?2)
BiCGSafe -i {bicgsafe|13}
CR -i {crl14}
BiCR -i {bicrl15}
CRS -i {crs|16}
BiCRSTAB -i {bicrstab|17}
GPBiCR -i {gpbicr|18}
BiCRSafe -i {bicrsafel|19}
FGMRES(m) -i {fgmres|20} -restart [40] O0OOOO0O m
IDR(s) -i {idrs|21} -irestart [2] 000000 s
MINRES -i {minres|22}
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000000000000 (D0O: -p none)

god googono gpoogoogn
oo -p {nonel0}
Jacobi -p {jacobi|1}
ILU(K) -p {ilul2} ~ilu_fill [0] 00000000 &
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] gopoood
~hybrid_tol [1.0e-3] gpooood
-hybrid_w [1.5] SOROODODO w (0<w<2)
~hybrid_ell [2] BiCGSTAB() O OO I
~hybrid_restart [40] GMRES(m), Orthomin(m) O
gobogooog m
I+S -p {is|5} -is_alpha [1.0] I+aS"™ 000000 «
-is_m [3] I+aS™OO0O0O0o00m
SAINV -p {sainv|6} -sainv_drop [0.05] ooooog
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0DOO0UoDOooooo)
-saamg_theta [0.05/0.12] 000000 af; < 62|ag|ayy)
(0oloo0)
Crout ILU -p {iluc|8%} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] goboooboobooon
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] goboobobooon
Additive Schwarz | -adds true -adds_iter [1] oooooo
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googoogog

gooono

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

-scale [0]

-initx_zeros [1]

-conv_cond [0]

—omp_num_threads [t]

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

oooooo

0o0oooo0 tol

000000 toly,

ooooooo

-print {none|0} goooo

0000000000000

-print {out|2} 000000000000

-print {alll3} 0000000000D00,0000000

000000000.0000000,00000000000

0oooooooo

JacobiDOOOOO D 'Axr=D"1

(DO A=(a;;) D00O0ODO)

-scale {symm_diag|2} 00O 00000 D Y2AD~Y2z=D"%
(D~Y200000000 1/a;0000000)

-print {mem|1}

-scale {nonel|0}

-scale {jacobi|1}

goooond xg
-initx_zeros {falsel|0} ooooooooad
-initx_zeros {truel1} gooooboboogoogood
oooo

-conv_cond {nrm2_r|0} [|b — Az||2 < tol * ||b||2

[|b — Az||2 < tol x ||b — Axpl|2

[|b — Az||1 < toly, * ||b|]1 + tol

-conv_cond {nrm2_b|1}
-conv_cond {nrmi_b]|2}
goooooo
(+00000000)
gooooao
BSR,BSCOOOOOOODOOO
gooooooooao
-f {double|0}

-f {quad|1}

goo
4000

oo

00000 Az=000000,00

o C

LIS_INT lis_solve(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,

LIS_SOLVER solver)

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

goog.
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3.5 0OOougoooo

00000 Az=X00000000000,00000000000000000.
c{OooooooboOooooboooooooooo
ot ) p

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

/0000000000 =/

lis_esolver_create(&esolver) ;

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

= e
= O W 0 N O U W N -

(—Ekntran,(D 0000000000000000oon) N

LIS_MATRIX A
LIS_VECTOR x
LIS_REAL evalue
LIS_ESOLVER esolver

/0000000000 =/

call lis_esolver_create(esolver,ierr)

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

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

= e
= O W 00 N O UL W N -

gbooaod
000 (0000000o000o00DO0O000)0Do0o0ooO0oUoD, 0o

o C LIS_INT lis_esolver_create(LIS_ESOLVER *esolver)
e Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, LIS_INTEGER ierr)

gooo.

oooooooo
gboooboooobooboooa,on

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

e Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,
LIS_INTEGER ierr)

ooo
o C LIS_INT lis_esolver_set_optionC(LIS_ESOLVER esolver)

e Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, LIS_INTEGER ierr)
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0O00. lis_esolver_set_optionC0, 0000000000000 0O0OO00O0COOO0OCOOODOO
ocoooooooooDoDOoOO.

oooooOoOoOOOOOODODODOOODOOOOO0. -e {pil1}d-e pi000-e 1 O000O0ODO.
-emaxiter [1000] O, -emaxiter DO OO0 10000000000000O.

000000000000 00 (Do0: -e pi)

googno googno googoood
Power -e {pil1}
Inverse -e {iil2} -1 [cg] ooooooo
Approximate Inverse | e {aiil3} -i [cg] ooooooo
Rayleigh Quotient -e {rqil4} -i [cg] ooooood
Subspace -e {si|5} -ss [2] oooooood
-m [0] googno
Lanczos -e {lil6} -ss [2] goooooog
-m [0] gooon
CG -e {cgl7}
CR -e {cr|8}
000000000000 (0O0O: -p iluw)
god googn goooogn
oo -p {nonel 0}
Jacobi -p {jacobil1}
ILU(k) -p {ilul2} -ilu_fill [0] oDooooooo k
SSOR -p {ssorl|3} -ssor_w [1.0] 0000 w(0<w<?2)
Hybrid -p {hybrid|4} -hybrid_i [sor] ooooooo
-hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SORODOOD0O0 w (0<w<2)
~hybrid_ell [2] BiCGSTAB()O OO !
~hybrid_restart [40] GMRES(m), Orthomin(m) O
goobooom
I+S -p {is|5} -is_alpha [1.0] I4+aS™ 000000 «
-is_m [3] I+aS™O00000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(00D0O00O0oo0oo)
-saamg_theta [0.05/0.12] 000000 af; < 62|ag|ay,)|
(0D 10o0)
crout ILU -p {ilucl|8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] ooooooooooon
ILUT -p {ilut|9} -ilut_drop [0.05] goooog
-ilut_rate [5.0] goboooboobooon
Additive Schwarz | -adds true -adds_iter [1] oooooo
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goooogoogoo

goood
-emaxiter [1000] gooood
-etol [1.0e-12] gooooad
-eprint [0] ooooooo
-eprint {none|0} gpoooo
-eprint {mem|1} goooooooooood
-eprint {out|2} gooooobobobood
-eprint {alll3} goooooooooooO,000000o
-ie [ii] Lanczos, Subspace 00 0O DOOO0OO0OO0OODOOOOO
-ie {pil1} Power (Subspace 0 0)
-ie {iil|2} Inverse
-ie {aiil3} Approximate Inverse
-ie {rqil4} Rayleigh Quotient
-shift [0.0] gooooooo
-initx_ones [1] 000000 xg
-initx_ones {falsel|O} ooooooooo
-initx_ones {true|1} ooooooooo11o000d
—omp_num_threads [t] | OO0O0OO0OO
t000ooooo
-estorage [0] oooood
-estorage_block [2] BSR, BsCOOOOOOOOOO
-ef [0] gooooooo
-ef {double|0} oono
-ef {quad|1} 4000

oo
00000 Az=Xx00000,00

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

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

good.

3.6 UDOoUooooOoO

oooo00 Az=000000000000,00000000000000D0DDDDO.
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OO0 A00O0O 120300000

oo0.0o0ooo0 O 000010000000 O0ODODO.
OO000000000OD0O00O 1is-($VERSION) /test OO DO .
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(DDDDDDD:tesM.C

1: #include <stdio.h>

2: #include "lis.h"

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

4: {

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

6: LIS_MATRIX A;

T: LIS_VECTOR b,x,u;

8: LIS_SOLVER solver;

9: n = 12;

10: lis_initialize(&argc,&argv);

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

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

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

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

16: {

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

23:

24 lis_vector_duplicate(A,&u);

25: lis_vector_duplicate(A,&b);

26: lis_vector_duplicate(A,&x);

27: lis_vector_set_all(1.0,u);

28: lis_matvec(A,u,b);

29:

30: lis_solver_create(&solver);

31: lis_solver_set_optionC(solver);

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

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

35: lis_vector_print(x);

36: lis_matrix_destroy(4);

37: lis_vector_destroy(u);

38: lis_vector_destroy(b);

39: lis_vector_destroy(x);
40: lis_solver_destroy(solver);
41: lis_finalize();
42: return 0O;
43: }

}
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(‘DDDDDDD:HESVH.F

N

1: implicit none

2:

3:#include "lisf.h"

4:

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

6: LIS_MATRIX A

T: LIS_VECTOR b,x,u

8: LIS_SOLVER solver

9: n =12

10: call lis_initialize(ierr)

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

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

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

15: do i=is,ie-1

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

3.7 UOOOoOoOooOoO

test4.cO0 0000000000000 O00OODO0OO0O. OO0ODOOD 1is-($VERSION) /test OO
00000000 test4.cO SGI Altix 3700 O O Intel C/C++ Compiler (icc), Intel Fortran Compiler
(ifort) 000000000000 OOOOOO. SA-AMGUOOOO Fortran90 DO OOOOOOODO
000000,SA-AMGDO0D0O00D00O0ODO Fortran90 O DO 0ODOO0O0ODOOODODOOODOOO. O
O,00000D00000D00000D000000UUSEMPIOOODDOOOODDOOODO. 64bit00O0O0
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OO00O0oo,CcO0000poo0o00oDOoo0U0OoDoOOO_LoNGLONGO, 00 FortranOOOOOOO
oboboobOoboooboobo roNncLONGO O OOOODOOOOODOO.

/-[I[I[I[I ~N

ooooo

> icc -c¢ -I($INSTALLDIR)/include test4d.c
aoad

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

> ifort -nofor_main -o test4 testd4.o -1llis

N J
ogoooogoobo
4 M
oo0ooo
> icc -c -openmp -I($INSTALLDIR)/include testéd.c
goo

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

N J
KDDDDDDDDD ™
ooooo
> icc -c¢ -DUSE_MPI -I($INSTALLDIR)/include testéd.c
ooD
> icc -o test4 test4.o -1lis -1lmpi
000 (--enable-saamg)
> ifort -nofor_main -o test4 test4.o -1llis -lmpi
N J
(DDDDDDDDDDDDDDDDD ™
ooooo
> icc -c -openmp -DUSE_MPI -I($INSTALLDIR)/include testé4.c
ooo

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

N J
O0,test4f.FOODOOOOOOOODODOOOOOOODODDO.ODODDOODO 1is-($VERSION) /test
0000000000 test4f.FO SGI Altix 3700 0 O Intel Fortran Compiler (ifort) 00000000
0000000000, Fortran 00000000 DO0OO00O0O0DOODOOOOOOOODOOOOO,000
O0000000000000000000000000000. ifert000000000O0-fpp000.
oooo

ooooo

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

> ifort -o test4f testd4f.o -llis
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. oooobooooo ~N
oobooad
> ifort -c -fpp -openmp -I($INSTALLDIR)/include test4f.F
god
> ifort -openmp -o test4f test4f.o -1llis
N J
(r-D oooooooo N
oobod
> ifort -c -fpp -DUSE_MPI -I($INSTALLDIR)/include test4f.F
ooo
> ifort -o test4f test4f.o -1llis -lmpi
N J
(, gogooboobbooooobobobog ™
ooboo
> ifort -c -fpp -openmp -DUSE_MPI -I($INSTALLDIR)/include test4f.F
oo
> ifort -openmp -o test4f test4f.o -1llis -1lmpi
N J
3.8 0O

000000 1is-($VERSION) /test 0000000000 testd OO0 testdf O SGI Altix 3700 O
googoooood
good

> ./test4 -i bicgstab

ugbooaboodaod

> env OMP_NUM_THREADS=2 ./test4 -i bicgstab

gooobooooo

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

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

initial vector x = 0O

precision : double
solver : BiCGSTAB 4
precon : none

conv_cond :

storage

lis_solve :

iter

0

6

: CSR

normal end

1.000000e-00
1.000000e+00

[ l1b-Ax||_2 <= 1.0e-12 * ||b-Ax_0|]_2
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© 0 N O O bd W N

=
= O

L e

.000000e-00
.000000e+00
.000000e-00
.000000e+00
.000000e+00
.000000e-00
.000000e+00
.000000e-00
.000000e+00
.000000e-00
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4 400000

g0o0obOoO0oO0,bo00000booobbobOoOo00ooooo0Oo.ooboooOogg, long doubled
000000000000 200007double double’[44, 4500 400000000000000,00
0000000000000, doubledoubleD00O000,0000 a0 a = a.hi+a.lo, julp(a.hi) > |a.lo|
(00 a.hiD00 alo00000000) 000000, Dekker[46] 0 Knuth[47] 0000000000
0000000000000 00D0O0O004000000000000. doubledoubleDOOOODOOO
Fortran0 4000000000000 48]0, Fortran 00000 49000000 1120000000
gooOo,0o0000oboob 200b0oboOoO0oOOo,000b0 1400bO0ob0bo,8gboooo. oo, o

obooooOobooooobo 1nooooon.

doubledouble 00000, 000000000000, 0000,000000000000000. 00
goooooo4000o0o0boooobooooooo,boobobooboobo4b00bb0oboobooboobooo
O000000000.00,Intel000000000DO000O0O0O Streaming SIMD Extensions (SSE) O O

O000O0O00oOoooooo [b0).

double-double$s &

HEEE fE%ER
ek fraa s2E0k |+ | A0 R#E 528 vk
IEEEERDAEERE
HERER
15 R¥E 112E vk

4.1 400000000

Toepliz O O

O00000000 Az=000000000000,00000000000000 testb.cOODO. O
0000000 200001 000000000000.n000 ADOOOODO. tests 000,

O 2: double double OO OO DOO

[\

0 1
0% 2 1
v 0 2 1
v 0 2
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oooooog
> ./testb 200 2.0 -f double
ooo
> ./testb5 200 2.0
oooooooooo,ocopoooooooo.

n = 200, gamma = 2.000000
initial vector x = 0

precision : double

solver : BiCG 2

precon : none

conv_cond : ||b-Ax||_2 <= 1.0e-12 * ||b-Ax_0||_2
storage : CSR

lis_solve : LIS_MAXITER(code=4)

BiCG: number of iterations 1001 (double = 1001, quad = 0)

2.044368e-02 sec.

BiCG: elapsed time

BiCG: preconditioner = 4.768372e-06 sec.
BiCG: matrix creation = 4.768372e-06 sec.
BiCG: linear solver = 2.043891e-02 sec.

8.917591e+01

BiCG: relative residual

4000000
> ./testb 200 2.0 -f quad
gooobobbboo,gooobbbbuooag.

n = 200, gamma = 2.000000

initial vector x = 0

precision : quad

solver : BiCG 2

precon : none

conv_cond : ||b-Ax||_2 <= 1.0e-12 * ||b-Ax_0||_2
storage : CSR

lis_solve : normal end

BiCG: number of iterations 230 (double = 230, quad = 0)

2.267408e-02 sec.

BiCG: elapsed time

BiCG: preconditioner = 4.549026e-04 sec.
BiCG: matrix creation = 5.006790e-06 sec.
BiCG: linear solver = 2.221918e-02 sec.

BiCG: relative residual 6.499145e-11
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5 oooon

0000,0000000000000000000O00O00O00. 0000 (0)ooooOUoOoOO
0000.00nxn000 A=(a;) 0000000 nnz00D0.

5.1 Compressed Sparse Row (CSR)
CSROOOO,0000 30000 (ptr,index,value)0000O0O.
e 00 nnz0DOOOOO value, 00 ADODODOODDODODOOODOODOOODDOO.
e U0 nnzOOOOD indexO, 00 value OO UODOOODOOODOOOOOODOOODO.

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

51.1 00000 (DOOOOOO0OOOOOO)

OO0 AD CSROUUO0O0O0O0O0OODO3000. 00000 CSROODOO0OOoOooO,00ogooo
goooooooo.

11 ol 1| 3| 5] 8 A.ptr
21 22 —

A= 2 33 ol of 1 1] 2 0] 2] 3 &.index
u us ou | 121]22[32[33[41[43]44] 2.value

0 3: CSROOUOOOUODO (oouoooooooon)

000000000000
4 M

LIS_INT n,nnz;

LIS_INT *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n = 4; nnz = 8;

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

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

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

10: lis_matrix_set_size(A,0,n);

© 00 N O d W N+

12: ptr[0] = 0; ptr[1] = 1; ptr[2] = 3; ptr[3] = 5; ptr[4] = 8;
13: index[0] = O0; index[1] = O0; index[2] = 1; index[3] = 1;
14: index[4] = 2; index[5] = O0; index[6] = 2; index[7] = 3;
15: value[0] = 11; value[l] = 21; value[2] = 22; valuel[3] = 32;
16: value[4] = 33; valuel[b] = 41; value[6] = 43; valuel7] = 44;
17:

18: lis_matrix_set_csr(nnz,ptr,index,value,A);

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

2000000000 A0 CSROOOOOOOOOO4000.200000000000 CSROOO
obooooo,obooocobooboooooon.

0 113 0 2 5 A.ptr
9

0 0 1 1 2] 0 2] 3 A.index
11121]22 32|33|41|43|44 A.value
PEO PE1

04 CSROOOOOOOD (oooooooo)

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

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

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

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

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

17: else {

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

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

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

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

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

CSROODOOODOOODO AODOoOOoOooDoOoO,0on

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

LIS_SCALAR value[], LIS_MATRIX A)

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

goog.
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5.2 Compressed Sparse Column (CSC)
CSCOO0O00,000030000 (ptr,index,value)0J0000O.
e 10 nnzO0ODOOODO valueD, 00 ADODDOODOOOOOODOODOODOODO.
e 0 nnzOOOOD indexO, 00 value OO OOOODOOODOOOOOODOOODO.

e U0n+100000 ptr0,00 valuel indexOOOOOOO0ODOOOOO.

5.2.1 00000 (DODOOOOOOOOOO)

OO0 A0 CSCOOO0ODOoOOOOsS000. 00ooo cscoopopoopooog,opoooooo
gooobooog.

11 ' o] 3| 5| 7| 8§ A ptr
Ao | 2 o T — = N _
o 32 33 O 1 3| 1| 2/ 2| 3| 3 A. i ndex

41 43 44 ) 11]21141[22]32(33|43|44 A. val ue

05 CSCOO000OD0OO0O (OUDODOOODUOOOOn)

(, gooooooooooo ~\
1: LIS_INT n,nnz;
2: LIS_INT *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8;
6: ptr = (LIS_INT *)malloc( (n+1)*sizeof(int) );
7: index = (LIS_INT *)malloc( nnz*sizeof (int) );
8: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);
10: lis_matrix_set_size(A,0,n);
11:
12: ptr[0] = 0; ptr[1] = 3; ptr[2] = 5; ptr[3] = 7; ptr[4] = 8;
13: index[0] = O0; index[1] = 1; index[2] = 3; index[3] = 1;
14: index[4] = 2; index[5] = 2; index[6] = 3; index[7] = 3;
15: value[0] = 11; value[1] = 21; value[2] = 41; value[3] = 22;
16: value[4] = 32; value[5] = 33; valuel[6] = 43; valuel7] = 44;
17:
18: lis_matrix_set_csc(nnz,ptr,index,value,A);
\¥19: lis_matrix_assemble(A); 4)
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5.2.2 00000 (DO0O0ODOOOOO)

2000000000 A0CSCOOOOOOOOoOOoeQOO. 2000000000000 CScOOO
obooooo,obooocobooboooooon.

| 0] 3] 5] IPE A.ptr

ol 11 3| 1 2 2] 3| 3 A.index
11|121(41|22|32 33(43|44 A.value
PEO PE1

06 CSCOODOO0OODOOD (oooooooo)

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

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

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

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

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

17: else {

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

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

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

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

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

csCcounoooooo ApDooooooo, oo

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

LIS_SCALAR value[], LIS_MATRIX A)

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

oooo.
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5.3 Modified Compressed Sparse Row (MSR)
MSROOOO,0000 20000 (index,value)J0000.7nd20000000000000O.

e 0 nnz+ndz+1000000 valued, 0 nO0000000 ADODOODODOOD.On+1
0o0o0ooooo. 0 n+20000000 ADDOCOOOOOODODODOOOOOOOOODOO.

e 00 nnz+ndz+100000 indexU,0 n+10000000 AQDOODODOOOOOOOOOO
O0000.0n+20000000 A00DDOCOOO0O0valveddooooooooogooonO
goog.

5.3.1 00000 (DoOOOoOoOooooo)

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

11
01 99 | 5/ 5/ 6/ 71 90 1] o] 2] A index
A=
32 33 11/22(33]44] |21|32]41[43]" A value
41 43 44
O 7 MSROOOOOOOO (D ooooooooon D)
(/-D ooooOoooooon x\
1: LIS_INT n,nnz,ndz;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n=4; nnz = 8; ndz = 0;
6: index = (LIS_INT *)malloc( (nnz+ndz+1)*sizeof(int) );
7: value = (LIS_SCALAR *)malloc( (nnz+ndz+1)*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = 5; index[1] = 5; index[2] = 6; index[3] = 7;
12: index[4] = 9; index[5] = O0; index[6] = 1; index[7] = 0; index[8] = 2;
13: value[0] = 11; value[1] = 22; value[2] = 33; value[3] = 44;
14: value[4] = O0; valuel[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);
. J
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5.3.2 00000 (DOO0ODOOOOO)

2000000000 AO0MSROOOOOOOOoOoOos8sooOo.20000OoOoooooO MSROO
oboooooo,booocobooooobooobooon.

3 3] 4 O A.index
11(22 21 A.value
PEO

08 MSROOOOOOOD (CooOoooooO)

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

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

13: index[0] = 3; index[1] = 3; index[2] = 4; index[3] = 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; value[2] = 0; value[3] = 32;

19: value[4] = 41; value[5] = 43;}

20: lis_matrix_set_msr(nnz,ndz,index,value,A);

21: lis_matrix_assemble(A);
\ J
5.3.3 0O0OO0OOO0O
ooooooo

MSROOOODODOOO ADODODOOOOO,DOO

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

LIS_SCALAR value[], LIS_MATRIX A)

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

good.
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5.4 Diagonal (DIA)

DIAODOUDO,0000 20000 (index, value) JO0OUOO. nnd000 AODDOODOOOOOOOO
goo.

e D0nmndxnJ00000valued, 00 AODDODOOOOOOOOOOOOO.
e 00nndO00O00O0 index0,00000000D0CO0OODOOOODOOOOOO.

uboboobobooooobooooobooobooooooo.
0000 20000 (index, value) 00000 . nproes000000000O0. nnd, 000 AODODOODO
O000000000000000000000. maznnd0 nnd, 00000000O0O.

e 00 maznnd xnOOOO000valued, 00 AODOOOOOOOOOOOODODOOOOOCOO
ooooooo.

e 00 nprocs xmaznnd 00000 indexd, 00000000000 OOCOOODODOCOOOODODO.

54.1 00000 (0OO0D0)

00 A0 DIAODOUOOODOOOOY9Y0O0O0O. 00000 DIAODOODODOOOO,00000DOO
gooooooao.

11
A 21 22 -3[-1 0 A. i ndex
32 33 0| o] 0[41] 0[21/32[43]11]22|33[44] A val ue
41 43 44
09 DIADOOOOODOO (D[I[I[I)
/- oood \
1: LIS_INT n,nnd;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnd = 3;
6: index = (LIS_INT *)malloc( nnd*sizeof (int) );
7: value = (LIS_SCALAR *)malloc( n*nnd*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = -3; index[1] = -1; index[2] = O0;
12: value[0] = O0; value[l] = 0; value[2] = 0; value[3] = 41;
13: value[4] = O0; value[5] = 21; value[6] = 32; valuel[7] = 43;
14: value([8] = 11; value[9] = 22; value[10]= 33; valuel[11]= 44;

16: lis_matrix_set_dia(nnd,index,value,A);
17: lis_matrix_assemble(A);
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5.4.2 00000 (DO0OODOOOOO)

2000000000 A0 DIAODOOOOOOOOO 10000, 200000000000 DIACO
oboooooo,booocobooooobooobooon.

-11 0 -31-11. 0

A.index

0/121]11]22

0 10: DIAODODOUOOOOO (DODOOoOOooon)

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

(’ O0o0ooooon ﬂ\
1: LIS_INT n,maxnnd,nprocs;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; maxnnd = 3; nprocs = 2;
6: index = (LIS_INT *)malloc( maxnnd*sizeof (int) );
7: value = (LIS_SCALAR *)malloc( n*maxnnd*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = -1; index[1] = O0; index[2] = O0; index[3] = -3; index[4] = -1; index[5] = O0;
12: value[0] = O0; valuel[l] = 21; value[2] = 11; valuel[3] = 22; value[4] = O0; valuel[5] = O0;
13: value[6] = O0; valuel[7] = 41; value[8] = 32; valuel[9] = 43; value[10]= 33; value[1l1]= 44;
14:
15: lis_matrix_set_dia(maxnnd,index,value,A);
\‘16: lis_matrix_assemble(A); 4/
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54.3 00000 (DOODOOOODO)

2000000000 A0 DIAOOOOOOOOOO 11000, 200000000000 bDIACO
oboooooo,b0booocoboooooobooon.

-1 O -3|-11 0 A.index
0121]11[22] | 0[41[32[43|33|44] A.value
PEO PE1

0 11: DIAODODOODDOUOD (D0D0O0OO0oooon)

(/-D oooooooo ~\
1: LIS_INT i,n,nnd,my_rank;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; nnd = 2;}
7: else {n = 2; nnd = 3;}
8: index = (LIS_INT *)malloc( nnd*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( n*nnd*sizeof (LIS_SCALAR) );
10: lis_matrix_create(MPI_COMM_WORLD,&A);
11: lis_matrix_set_size(A,n,0);
12: if( my_rank==0 ) {
13: index[0] = -1; index[1] = O0;
14: value[0] = 0; valuel[l] = 21; valuel[2] = 11; value[3] = 22;}
15: else {
16: index[0] = -3; index[1] = -1; index[2] = O0;
17: value[0] = 0; valuel[l] = 41; valuel[2] = 32; value[3] = 43; value[4] = 33;
18: value[5] = 44;}
19: lis_matrix_set_dia(nnd,index,value,A);
\¥20: lis_matrix_assemble(A); 4)

54.4 000000

goooooo
DIAODOOOOOO0OO0 AQQOOOOOOO,O00

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

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

gooo.
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5.5 Ellpack-Itpack Generalized Diagonal (ELL)

ELLOO0O0OO0,0000 20000 (index, value) DO0OO0O. maznzr D00 ADDOOOOOOOO
oooooooo.

e 00 maznzr xnOOODODODO valued, 00 AOOOCOCOCOOOOOOOOOOOOOOOOO.
obooobOoooooobooocooob.oobO,00boooob0obooobooooboOooo.

e I maznezr xnUDOUOOD index U, 00 valueUDOOOOOO0DOO0DOOO0OOO0DOODODO. OO
O,0:00000000nnz0000 index[nnzxn+¢ 0000000 :00000.

5.,5.1 00000 (DOOO0DOOOOOOOO)

00 A0 ELLOOOOOOOOOO 12000. 00000 ELLOOOOOOOOO,000000O
oooooooog.

11
Ao | 2 2 0l 0 1/ 0 0] 1] 2[ 2| O] 1] 2| 3] A index
32 33 11/21/32|41| 0[22(33|43| 0| 0| 0/44| A. value
41 43 44
Dl?:ELLDDDDDDDD(DDDDDDDDDDDD)
oooooooooood
4 A
1: LIS_INT n,maxnzr;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; maxnzr = 3;
6: index = (LIS_INT *)malloc( n*maxnzr*sizeof (int) );
7: value = (LIS_SCALAR *)malloc( n*maxnzr*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = 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; value[1] = 21; value[2] = 32; value[3] = 41; valuel[4] = O0; value[5] = 22;
14: value[6] = 33; valuel[7] = 43; value[8] = O0; valuel[9] = O0; value[10]= O0; valuel[11]= 44;
15:
16: lis_matrix_set_ell(maxnzr,index,value,A);
17: lis_matrix_assemble(A);
. J
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5.,5.2 00000 (DOODOOOODO)

2000000000 AODELLO0O0OOOOOOOO 13000.200000000000 ELLOO
oboooooo,booocobooooobooobooon.

0/ 0 O 1 1 00 2] 2] 2] 3 A.index
11121] 0[22] [32]41|33|43| 0/44 A.value

PEO PE1

0 13: ELLO0O000O00O0 (D000o0ooooo)

(/-D oooooooo ‘\
1: LIS_INT i,n,maxnzr,my_rank;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; maxnzr = 2;}
7: else {n = 2; maxnzr = 3;}
8: index = (LIS_INT *)malloc( n*maxnzr*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( n*maxnzr*sizeof (LIS_SCALAR) );
10: lis_matrix_create(MPI_COMM_WORLD,&A);
11: lis_matrix_set_size(A,n,0);
12: if( my_rank==0 ) {
13: index[0] = O0; index[1] = O0; index[2] = O0; index[3] = 1;
14: value[0] = 11; value[l] = 21; value[2] = 0; value[3] = 22;}
15: else {
16: index[0] = 1; index[1] = O0; index[2] = 2; index[3] = 2; index[4] = 2;
17: index[5] = 3;
18: value[0] = 32; valuel[l] = 41; value[2] = 33; value[3] = 43; value[4] = O0;
19: value[5] = 44;}
20: lis_matrix_set_ell (maxnzr,index,value,A);
\‘?1: lis_matrix_assemble(A); 4/
5.5.3 0O0OO0OOO
ooooooo
ELLOODO0OO0OO0O0 A0OOODOODOO,O00
o C LIS_INT lis_matrix_set_ell(LIS_INT maxnzr, LIS_INT index[],

LIS_SCALAR value[], LIS_MATRIX A)

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

good.
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5.6 Jagged Diagonal (JAD)

JADOUODOO, 000000000000 D0ou0oooooouoouoo, Dgoooooooooon
0000O000.JADOOOO,0000 40000 (perm, ptr, index, value) OO O0O. maxnzr
000 A000O00O0O0O0O0OoOoOoOooOoon.

e 10 nU000D0permUI,000000O0O0O0C0ODO0O.

e 10 nnzOOOOODOvalued, 000000000 AODDDOOODOOODODOOOOOO. ODO
uobooboobooobl1oooooooo. ocoboobooboooboobo20b0000000.
oooobooooooon.

e 0 nnz00000 indexU, 00 valueUODUOODOODOOOOOOOODOOODO.
e 0 maznezr+1 00000 ptrd, 000000000000 O0O0O0OOO.

gdoboodouoboouobobooooooon.

000040000 (perm, ptr, index, value) 00000 . nprocs00000000O0. maznzr, 00
0 A0O00O00O0O00O0O0CO0CO000000000000000000. mazmaznzr 000 maxnzry,
gooooodoon.

e 0000000 permO,00 AOOOOOOOOOOODOOOODODODODDDDDODOODOOO.

e 00 nnz0OUOUOOO valued, 000000000 ADDDODOCODOOOUOOOOOODO. OOO
gboboobobobol1ooboboob.obobooboboboob 200000000,
ooooboooooon.

e 10 nnzU0000 indexU, U0 valueUODUOUOOUOOOOOOOOOOOOOO.

e 00 nprocs x (mazmaznzr+1) 00000 ptr 0,00 ADODOOOOOOOOOCOOOOOOO
ooooooooODoOOOOOO.
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5.6l 00000 (0OODO)

00 A0 JADOOOOOOOOOO0 14000.00000JADOOOOOOOOO,0000000
oooooooog.

A.perm
A.ptr

11

21 22 — .
3233 ol 1] o] 2] 1] 2| 3|7 A.index

41 4344/ 141]21]32]11]43]22[33]44] A.value

1 2] 0
4 7/ 8

A=

o€ lo|w

0 14: JADOOOOUO0OO0OO0OO0 (DDoOoo)

(/-[]D go ~

LIS_INT n,nnz,maxnzr;

LIS_INT *perm, *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

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

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

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

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

: lis_matrix_set_size(A,0,n);

© 00 ~NO U WN -

e el el
w N = O

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

=
o

|
o

[y
(o))
|
N
]
w

N
)
[}
S
-
I
[}
-
N

H
[e0)
1]
KN
w

-
©
[}
]
S
S

N
o

: lis_matrix_set_jad(nnz,maxnzr,perm,ptr,index,value,A);
: lis_matrix_assemble(4);

N
g
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5.6.2 U0O0O0OO0 (DOODOOOODO)

2000000000 ADJADOOOOOODOOODO 15000. 200000000000 JADOO
oboooooo,booocobooooobooobooon.

1 0 3| 2 A.perm
ol 2| 3 3l 5] 7] 8 A.ptr
T SN 1 S0

ol of 1] o] 1] 2] 2] 3 A.index
21]11]22]41|32[43]|33[44 A.value

0 15: JADOO0ODO0O0O0O0 (D00Dooooono)

(/-E]D ooooooo N
1: LIS_INT n,NNnz,maxmaxnzr,nprocs;
2: LIS_INT *perm, *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8; maxmaxnzr = 3; nprocs = 2;
6: perm = (LIS_INT *)malloc( n*sizeof (int) );
7: ptr = (LIS_INT *)malloc( nprocs*(maxmaxnzr+1)*sizeof (int) );
8: index = (LIS_INT *)malloc( nnz*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
10: lis_matrix_create(0,&A);
11: lis_matrix_set_size(A,0,n);
12:
13: perm[0] = 1; perm[1] = 0; perm[2] = 3; perm[3] = 2;
14: ptr[0] = 0; ptr[1] = 2; ptr[2] = 3; ptr[3] = 0;
15: ptr[4] = 3; ptr[5] = 5; ptr[6] = 7; ptr[7] = 8;
16: index[0] = O0; index[1] = O0; index[2] = 1; index[3] = O0;
17: index[4] = 1; index[5] = 2; index[6] = 2; index[7] = 3;
18: value[0] = 21; value[1l] = 11; value[2] = 22; value[3] = 41;
19: value[4] = 32; value[5] = 43; value[6] = 33; valuel7] = 44;
20:
21: lis_matrix_set_jad(nnz,maxmaxnzr,perm,ptr,index,value,A);
\‘22: lis_matrix_assemble(A); 4)
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5.6.3 U0O0OO0OO0 (DOODOOOODO)

2000000000 ADJADOOODOOOODOODO 16000, 200000000000 JADOO
oboooooo,booocobooooobooobooon.

1 0 3| 2 A.perm
0| 2| 3| 0| 2| 4| 5| A.ptr
Y NN I N
0l 0] 1 0 1 2| 2| 3 A.index
2111122 41132|43|33|44 A.value
PEO PE1
[I16:JAD|:||:|DDD[|[I[I(DDDDDDDDD)
(, gooooooon «\
1: LIS_INT i,n,nnz,maxnzr,my_rank;
2: LIS_INT *perm, *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;
6: if ( my_rank==0 ) {n = 2; nnz = 3; maxnzr = 2;}
7: else {n = 2; nnz = 5; maxnzr = 3;}
8: perm = (LIS_INT *)malloc( n*sizeof(int) );
9: ptr = (LIS_INT *)malloc( (maxnzr+l)*sizeof(int) );
10: index = (LIS_INT *)malloc( nnz*sizeof (int) );
11: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
12: lis_matrix_create (MPI_COMM_WORLD,&A);
13: lis_matrix_set_size(A,n,0);
14: if( my_rank==0 ) {
15: perm[0] = 1; perm[1] = O;
16: ptr[0] = 0; ptr[1] = 2; ptr[2] = 3;
17: index[0] = O0; index[1] = 0; index[2] = 1;
18: value[0] = 21; value[1] = 11; value[2] = 22;}
19: else {
20: perm[0] = 3; perm[1] = 2;
21: ptrl[0] = 0; ptr[1] = 2; ptr[2] = 4; ptr[3] = 5;
22: index[0] = O0; index[1] = 1; index[2] = 2; index[3] = 2; index[4] = 3;
23: value[0] = 41; valuel[l] = 32; value[2] = 43; value[3] = 33; valuel[4] = 44;}
24: lis_matrix_set_jad(nnz,maxnzr,perm,ptr,index,value,A);
25: lis_matrix_assemble(A);
N J
5.6.4 O0O0O0O0OO
goooood
JADODOOOOOOoODO ADOdOonooooog,od
o C LIS_INT lis_matrix_set_jad(LIS_INT nnz, LIS_INT maxnzr, LIS_INT perm[],

LIS_INT ptr[], LIS_INT index[], LIS_SCALAR value[], LIS_MATRIX A)
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e Fortran subroutine lis_matrix_set_jad(LIS_INTEGER nnz, LIS_INTEGER maxnzr,
LIS_INTEGER ptr(), LIS_INTEGER index(), LIS_SCALAR value(), LIS_MATRIX A,
LIS_INTEGER ierr)

goog.
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5.7 Block Sparse Row (BSR)

BSROUOOO,000rxc00000O0OO00OO (DO0OOOOO)0O0O0OO0OO.BSROOOO, CSRO
00000000000000 (00000 100000000000)00000. nr=n/r,nnzb0 A
O000000O0ODODODO.BSROOOO,000030000 (bptr, bindex, value) OO ODO.

e 0 nnzbxrxcO0ODOO0ODO valued, 0000000000 OOOOCODO.
e 00 nnzb0000O0O bindexO, 000000000 OC0OOODDOOOODO.

e U0nr+ 100000 bpptr0,00 bindexOODOOOOODOODOOOOODOO.

5.1 00000 (DOOUDOOOOOOOO)

OO0 A0BSROOOOOOOOOO 17000.00000BSROOOOOOOOO,0000000
oooooboooog.

11

21 22
32

41

Lo 1] 3 A bptr

33 0 0 1 A. bi ndex
43 a4 | 111]22] 0]22] 0]41]32] 0[33]43] 0]44] A value

A:

0 17: BSROOUOOOOOO (O0oDOoOoooooooo)

000000000000
4 A

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

LIS_INT *bptr, *bindex;

LIS_SCALAR *value;

LIS_MATRIX A;

n=4; bnr = 2; bnc = 2; bnnz = 3; nr = (n-1)/bnr+1l; nc = (n-1)/bnc+1;
bptr = (LIS_INT #*)malloc( (nr+l)*sizeof (int) );

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

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

lis_matrix_set_size(A,0,n);

© 00 ~NO U WN -

= e
N = O

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

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

: value[0] = 11; value[l] = 21; value[2] = 0; valuel[3] 22;
: value[4] 0; valuel[5] 41; value[6] = 32; valuel7] 0;
: value[8] 33; value[9] 43; value[10]= 0; valuel[l1l]l= 44;

=
S ow

[y
o

-
(o)}
1]
1]

=
0

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

[y
©
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5.2 00000 (DOODOOOODO)

2000000000 A0BSROOOOOOOOOO18OODO. 200000000000 BSROO

oboooooo,booocobooooobooobooon.

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

PEO PE1

-_—

0 18 BSROOOOOOODO (CooOooooog)

(/-[]D ooooooo B\
1: LIS_INT n,bnr,bnc,nr,nc,bnnz,my_rank;
2: LIS_INT *bptr,*bindex;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; bnr = 2; bnc = 2; bnnz = 1; nr = (n-1)/bnr+l; nc = (n-1)/bnc+1;3}
7: else {n = 2; bnr = 2; bnc = 2; bnnz = 2; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;}
8: bptr = (LIS_INT *)malloc( (nr+1)*sizeof(int) );
9: bindex = (LIS_INT *)malloc( bnnz*sizeof(int) );
10: value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );
11: lis_matrix_create (MPI_COMM_WORLD,&A);
12: lis_matrix_set_size(A,n,0);
13: if( my_rank==0 ) {
14: bptr[0] = 0; bptr[1] = 1;
15: bindex[0] = O0;
16: value[0] = 11; value[l] = 21; value[2] = 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); 4/
5.73 0O00O0O0OO
ooooooo
BSROOOOOOOO ADOOOOOOO,DO0O
o C LIS_INT lis_matrix_set_bsr(LIS_INT bnr, LIS_INT bnc, LIS_INT bnnz,

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

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

LIS_MATRIX A, LIS_INTEGER ierr)

gooo.
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5.8 Block Sparse Column (BSC)

BSCOOOO,000rxc00000000O0 (DOODOOO0OO)0OO0OO0OOO.BSCOOOO,CSCO
00000000000000 (00000 100000000000)00000. ne=n/e, nnzb0 A
O00000000000.BSCOO0OO,0000 30000 (bptr, bindex, value) OO DO,

e 0 nnzbxrxcO0ODOO0ODO valued, 0000000000 OO0OOCODO.
e 00 nnzb0000O0O bindexO, 000000000 OCOOODODOOOODO.

e U0 nc+100000bptrd, 00 bindexOOOOOOOOOODOOOOODO.

5.8.1 00000 (DODOUDOOOOOOOO)

00 A0 BSCOOOOOOOOOO 19000.00000 BSCOOOOOOOOO,0000000
oooooboooog.

11

21 22
32

41

| of 1] 3] A bptr

33 0 11 A. bi ndex
43 a4 ) 111]22] 0]22] 0[41]32] 0[33[43] 0]44] A value

A:

0 19: BSCOOUOOOOD (0O0oOoUoooooooO)

000000000000
4 A

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

LIS_INT *bptr, *bindex;

LIS_SCALAR *value;

LIS_MATRIX A;

n=4; bnr = 2; bnc = 2; bnnz = 3; nr = (n-1)/bnr+1l; nc = (n-1)/bnc+1;
bptr = (LIS_INT #*)malloc( (nc+l)*sizeof (int) );

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

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

lis_matrix_set_size(A,0,n);

© 00 ~NO U WN -

= e
N = O

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

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

: value[0] = 11; value[l] = 21; value[2] = 0; valuel[3] 22;
: value[4] 0; valuel[5] 41; value[6] = 32; valuel7] 0;
: value[8] 33; value[9] 43; value[10]= 0; valuel[l1l]l= 44;

=
S ow

[y
o

-
(o)}
1]
1]

=
0

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

[y
©
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5.8.2 00000 (DOODOOOODO)

2000000000 A0BSCOOOOOOOOOO20000. 200000000000 BSCOO
oboooooo,b0booocoboooooobooon.

LK
0 1 1

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

oooobooooo
(

LIS_INT
LIS_INT
LIS_SCALAR
LIS_MATRIX

else
bptr
bindex

© 00 N O W N+

A.bptr

A.bindex
A.value

0 20: BSCOOODOOOOO (DOO0DOoooooo)

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

A.

{n

MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;
if( my_rank==0 ) {n = 2; banr = 2; bnc =

= 2; bnr = 2; bnc =

2; bnnz =

2; bnnz

]

= N
8B B
R R
o

(LIS_INT *)malloc( (nr+1)*sizeof (int) );
(LIS_INT *)malloc( bnnz*sizeof (int) );
10: value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );
11: lis_matrix_create(MPI_COMM_WORLD,&A);
12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

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

(n-1) /bnc+1;}
(n-1) /bnc+1;3}

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

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

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

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

18: else {

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

20: bindex[0] = 1;

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

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

23: lis_matrix_assemble(4);
N J
5.8.3 O0O0O0O0OO
oooooon

BsCOOOOOOoOOODO AOOoOoDOoOooO,O00

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

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

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

oooo.
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5.9 Variable Block Row (VBR)

VBROUOBSROOOOUOOUOOUOUOO. OOOOOOOOOOO (row, col)0DO00OOO. VBR
O0000,CSRO0OO0O0OOO0O0UODO0OOOO0 (00000 100000000000)000O0a. nar,
nc0 0000000 D0,0000000. nnzb0 ADDOODOODO,nnzO0DOOODODOODOODOOO
O0.VBROOOO,00OO 60000 (bptr, bindex, row, col, ptr, value)JOO0ODO.

e 0 nr+100000 rowd, 000000000000 ODOODO.

ao

uo

ao

oo

ao

nc+100000 colO,0000000000000000.
nnzbOOO0ODO bindexO, 00000000D0COOODOCOOODO.
nr+100000 bptr0,00 bindexOOOOOOOOOOOOOODOO.
nnzO0O0O0O00O valued,00000000000O000O0COO.

nnzb+ 100000 ptr 0,00 valueOOOODOOOOODOOOODODO.
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(/-D ooooOoooooon x\

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

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

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

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

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

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

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

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

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

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

12: lis_matrix_create(0,&A);

13: lis_matrix_set_size(A,0,n);

14:

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

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

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

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

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

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

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

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

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

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

25:

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

59.1 00000 (DO0OODOOOOOOOO)

OO0 A0 VBROOOOODOOOOO21000. 00000 VBROOOOODOOO,0000O

ooooboooooag.

11
21|22

32 33
41 43 | 44

0 21: VBROOOOOOODO (ooOoooooooon)

A.bptr

i = i

e

.bindex
.row
.col
.ptr

.value
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5.9.2 00000 (DOODOOOODO)

2000000000 A0 VBROOOOOOOOOO22000.200000000000 VBROO
oboooooo,booocobooooobooobooon.

o 13 K A.bptr
0 0] 1 o 1] 2| A.bindex
ol 11 3 3 4 A.row
ol 1 3| 4 Ol 11 3| 4 A.col
ol 1] 3] 7 ol 1 3| 4 A.ptr

I N ~N

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

PEO PE1

0 22: VBROOUOOOOOD (DOODO0OOO0OO0OOOOO)

(/-E]D ooooooo B\
1: LIS_INT n,nnz,nr,nc,bnnz,my_rank;
2: LIS_INT *row,*col,*ptr,*bptr,*bindex;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; nnz = 7; bnnz = 3; nr = 2; nc = 3;}
7: else {n = 2; nnz = 4; bnnz = 3; nr = 1; nc = 3;}
8: bptr = (LIS_INT *)malloc( (nr+1)*sizeof(int) );
9: row = (LIS_INT *)malloc( (nr+1)*sizeof(int) );
10: col = (LIS_INT *)malloc( (nc+1)*sizeof(int) );
11: ptr = (LIS_INT *)malloc( (bnnz+l)*sizeof (int) );
12: bindex = (LIS_INT *)malloc( bnnz*sizeof(int) );

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

15: lis_matrix_set_size(A,n,0);

16: if ( my_rank==0 )

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

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

19: col[0] = 0; col[1] = 1; col[2] = 3; coll3] = 4;

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

21: ptr[0] = 0; ptr[1] = 1; ptr[2] = 3; ptrl3] = 7;
22: value[0] = 11; value[l] = 21; value[2] = O0; valuel[3] = 22;
23: value[4] = 32; value[5] = 0; valuel[6] = 33;}

24: else {

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

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

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

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

29: ptr[0] = 0; ptr[i] = 1; ptr[2] = 3; ptrl3] = 4;
30: value[0] = 41; value[l] = 0; value[2] = 43; valuel[3] = 44;}

31: lis_matrix_set_vbr(anz,nr,nc,bnnz,row,col,ptr,bptr,bindex,value,A);
32: lis_matrix_assemble(A);
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5.9.3 0O0OO0OO0OO0OO

goooooo
VBROOOOOOOO ADDOoOoOoOOO,O0O

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

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

gooo.
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5.10 Coordinate (COO)

cooOoO0oO0U,d0n0O030000 (row, col, value)JODOOO.

e U0 nnzUDOUOUODOvaluel,000000O00OO0DOO.

e U0 nnz0OODOOO rowd,00000O0O0O0O0O0OODO0O.

e I0nnzUODOOUOD colU,00000000000DOO0.

5.10.1 0O0O0OOO0O (DOOOUOOooOoooon)

OO0 AQD cooU0poOoOopooOoOUonD23000. 0opoo cooopUooopoOoOooD,ooUOoDo

gooooooboooon.

11
91 99 O 11 3| 1 2| 2] 3| 3] A.row
A= 39 33 0,0 O 1 12 2] 3| A.col
11121141]22|32|33|43|44] A.value
41 43 44

023 COOU00000DOO0O (O0UUOoDOoUooOon)

(, gooooooooooo ~\
1: LIS_INT n,nnz;
2: LIS_INT *row,*col;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8;
6: row = (LIS_INT *)malloc( nnz*sizeof (int) );
7: col = (LIS_INT *)malloc( nnz*sizeof(int) );
8: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);
10: lis_matrix_set_size(A,0,n);
11:
12: row[0] = 0; row[1] = 1; row[2] = 3; row[3] = 1;
13: row[4] = 2; row[5] = 2; row[6] = 3; row[7] = 3;
14: col[0] = 0; col[1] = 0; col[2] = 0; col[3] = 1;
15: col[4] = 1; col[5] = 2; coll[6] = 2; col[7] = 3;
16: value[0] = 11; value[l] = 21; value[2] = 41; valuel[3] = 22;
17: value[4] = 32; value[b] = 33; valuel[6] = 43; valuel[7] = 44;
18:
19: lis_matrix_set_coo(nnz,row,col,value,A);
\‘?O: lis_matrix_assemble(A); 4/
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5.10.2 00000 (D0OODOOOODOOO)

2000000000 AODcCcooOoOoOoOoOoOoOoUoUoU22a000. 200000000000 coon
gbooooooo,ooooboooobobooooa.

o 1 1 3| 2| 2| 3] 3] A.row
0l O] 1 ol 1 2| 2| 3| A.col
11|121|22 41(32|33|43|44| A.value
PEO PE1

024 COO0DOO0O00OOOO (bopoooboopooon)

(/-D oooooooo ~\
1: LIS_INT n,nnz,my_rank;
2: LIS_INT *row,*col;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; nnz = 3;}
7: else {n = 2; nnz = 5;}
8: row = (LIS_INT *)malloc( nnz*sizeof (int) );
9: col = (LIS_INT *)malloc( nnz*sizeof (int) );
10: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
11: lis_matrix_create (MPI_COMM_WORLD,&A);
12: lis_matrix_set_size(A,n,0);
13: if( my_rank==0 ) {
14: row[0] = 0; row[1] = 1; row[2] = 1;
15: col[0] = 0; col[1] = 0; col[2] = 1;
16: value[0] = 11; value[1] = 21; value[2] = 22;}
17: else {
18: row[0] = 3; row[1] = 2; row[2] = 2; row[3] = 3; row[4] = 3;
19: col[0] = 0; col[1] = 1; col[2] = 2; col[3] = 2; coll[4] = 3;
20: value[0] = 41; value[l] = 32; valuel[2] = 33; value[3] = 43; valuel[4] = 44;}
21: lis_matrix_set_coo(nnz,row,col,value,A);
\‘22: lis_matrix_assemble(A); l/

5.10.3 000000

goooooo
cooooooooono Aoooooooo,oo

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

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

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

e I0nxnUDUO0OD0OOvalued, 0000000000000,

5.11.1 0000O0O (DOOOOoooooon)

OO0 AO0DNSOOODOODOOOODO2000.00000 DNSOOOOOOOOO,000000RO
gooobooog.

11
A 21 22 11{21| 0]41| 0({22|32| O A. Val ue
32 33 0] 0[33]43] 0] O] 0[44
41 43 44
0 25: DNSOOO0OO0O0OO0 (DDDDDDDDDDDD)
FDDDDDDDDDDDD \
1: LIS_INT n;
2: LIS_SCALAR *value;
3: LIS_MATRIX A;
4: n = 4;
5: value = (LIS_SCALAR *)malloc( n*n*sizeof (LIS_SCALAR) );
6: lis_matrix_create(0,&A);
7: lis_matrix_set_size(A,0,n);
8:
9: value[0] = 11; value[1] = 21; valuel[2] = 0; valuel3] = 41;
10: value[4] = O0; valuel[5] = 22; value[6] = 32; valuel[7] = 0O0;
11: value[8] = O0; value[9] = O0; value[10]= 33; valuel[11]= 43;
12: value[12]= 0; value[13]= 0; value[14]= 0; value[15]= 44;
13:
14: lis_matrix_set_dns(value,A);
15: lis_matrix_assemble(A);
N J

69




5.11.2 00000 (D0OOO0O0OOoooO)

2000000000 AODNSOOODOOOODODODO26000. 200000000000 DNSOO
oboooooo,booocobooooobooobooon.

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

PEO PE1

0 26: DNSOOOUOOOOO (DOooOoOooon)

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

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

goog.
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6 04

ocooo,000booo00oooboogooooo0.o0ooooboo copooooooooo.ooooo
oogd,cogoboO,Fortran 00 10000000DCO. OO,0000000O00000DODDROO
goo.

LIS_SUCCESS (0) oooo
LIS_ILL_OPTION(1) ooooooo
LIS_BREAKDOWN (2) 0000000000000
LIS_OUT_OF MEMORY (3) ooooo

LIS_MAXITER (4) oooooooo
LIS_NOT_IMPLEMENTED(5) 000

LIS_ERR_FILE_I0(6) 000010000
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6.1 DUOOgodon

O00000000 global nOOO0. 0000 v0 nprees00000000O0DOOCOOOOODOO
OO0000000 local-nOOO. global n 000000000, loceln0000000D00OOO0.

6.1.1 lis_vector_create

C LIS_INT lis_vector_create(LIS_Comm comm, LIS_VECTOR *v)
Fortran subroutine lis_vector_create(LIS_Comm comm, LIS_VECTOR v,
LIS_INTEGER ierr)

oo
uoooobooog.

oo

LIS_Comm MpPIODOOOODOO
oo

v oood

ierr ooooogoo
oo

go,00000000000,commd0000onOO.

6.1.2 lis_vector_destroy

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

go
gbooobOoboooobobooooooa.

oo

v gbooobooooboooon
oo

ierr goooooo
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6.1.3 lis_vector_duplicate

C LIS_INT lis_vector_duplicate(void *vin, LIS_VECTOR *vout)
Fortran subroutine lis_vector_duplicate(LIS_VECTOR vin, LIS_VECTOR vout,
LIS_INTEGER ierr)

go
gboboobOoboooobobooooobooooooboon.

oo

vin obooobooboobon
oo

vout ooooooono

ierr goooooo

oo

vinO0 0O LIS_VECOTRO OO LIS MATRIXODOUOOOUODOODOOODOO. OO 1is_vector_duplicate
oooooooobo,00000ooooob. 0bobbobbo0o0o00b0ob000Ogyg 1is_vector_copy

goooo.
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6.1.4 lis_vector_set_size

C LIS_INT lis_vector_set_size(LIS_VECTOR v, LIS_INT local_n,
LIS_INT global_n)

Fortran subroutine lis_vector_set_size(LIS_VECTOR v, LIS_INTEGER local_n,
LIS_INTEGER global_n, LIS_INTEGER ierr)

oo
gooobooooboooog.

oo

v ogooo

localn o0oooooooooo
global n O00oOooooooooao
oo

ierr gooooog

oo

localn O globaln OO0 O0O00ODOOO0ODOODOODOOODOO.

00,00000000000,!local nO global nO0O000. 00000, lis_vector_set_size(v,n,0)
0 lis_vector_set_size(v,0,n) 0, 000000 nOD0OOOOOOODODO.

O00000D0O0DODO0O, 1is_vector_set_size(v,n,0) DO0O000OOO0OOO nOO0OODO0O
000000. 00, lis_vector_set_size(v,0,n) 000000 pOO000 m, 00000000000
0. m,000000000C0000.
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6.1.5 lis_vector_get_size

C LIS_INT lis_vector_get_size(LIS_VECTOR v, LIS_INT *local_n,
LIS_INT *global_n)

Fortran subroutine lis_vector_get_size(LIS_VECTOR v, LIS_INTEGER local_n,
LIS_INTEGER global_n, LIS_INTEGER ierr)

oo
gboodo0o00ogo.

oo

v googd

oo

localn gooooboboboooa
globaln obooobooboobon
ierr goooooo

oo

O0,00000000000,local-n 0 global n OO OO.

6.1.6 lis_vector_get_range

C LIS_INT lis_vector_get_range(LIS_VECTOR v, LIS_INT *is, LIS_INT xie)
Fortran subroutine lis_vector_get_range(LIS_VECTOR v, LIS_INTEGER is,
LIS_INTEGER ie, LIS_INTEGER ierr)

oo
obooobOo.0000000000O000O000O00bO0O00O00.

oo

v oooooo

oo

is gbooobOg.000000000000D00
ie gooobod»0000O0obo0oooobobo+1
ierr goooooo

oo

ub,00000000000,00000000n000,¢t=0,7e=n000.
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6.1.7 lis_vector_set_value

C LIS_INT lis_vector_set_value(LIS_INT flag, LIS_INT i, LIS_SCALAR value,
LIS_VECTOR v)

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

go
ubobod«00:00000000000.

00
flag LIS_INS_.VALUE OO : v[i] = value
LIS_ADD_VALUE 000 O: v[i] = v[i] + value
i oooooo
value 00000000
v oooo
00
v 0:0000000000000000
ierr goooooo
00

gboooboooboob,0obooboobs00booon.
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6.1.8 lis_vector_get_value

C LIS_INT lis_vector_get_value(LIS_VECTOR v, LIS_INT i, LIS_SCALAR *value)
Fortran subroutine lis_vector_get_value(LIS_VECTOR v, LIS_INTEGER i,
LIS_SCALAR value, LIS_INTEGER ierr)

oo
gbobodo00:00000000.

oo

i oooooo

v oooooooogon
oo

value good

ierr googood
oo

gboooboooboob,0obooboobs00bogn.
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6.1.9 lis_vector_set_values

C LIS_INT lis_vector_set_values(LIS_INT flag, LIS_INT count, LIS_INT index[],
LIS_SCALAR value[], LIS_VECTOR v)

Fortran subroutine lis_vector_set_values(LIS_INTEGER flag, LIS_INTEGER count,
LIS_INTEGER index(), LIS_SCALAR value(), LIS_VECTOR v, LIS_INTEGER ierr)

go
O000 v00 indexd] DO0OO OO valuell] DOO0OO.

gd
flag LIS_INS_.VALUE OO : v[indezx[i]] = valueli]
LIS_ADD_VALUE O O 0 O: v[index[i]] = v[index[i]] + value[i]
count ggogobobobboooooboboobooboog
index gboooboooobooon
value gogoobbobbuooooobon
v oood
oo
v 0 index[i] D000 D0 valuel) 0000000000
ierr ooooooo
go

O0000000000,00000000 indexi]O00O0O0OO.
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6.1.10 lis_vector_get_values

C LIS_INT lis_vector_get_values(LIS_VECTOR v, LIS_INT start, LIS_INT count,
LIS_SCALAR value[])

Fortran subroutine lis_vector_get_values(LIS_VECTOR v, LIS_INTEGER start,
LIS_INTEGER count, LIS_SCALAR value(), LIS_INTEGER ierr)

00
000000 start+i000 (i =0,1,...,count — 1) O value[i] 00000,

0o

start oooooooobg

count gooobbbbogo

v ooooboobon

oo

value oboooooobooboooa
ierr gogooooo

oo

obooooOoboooo,00000000 stert4+:0000000.
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6.1.11 lis_vector_scatter

C LIS_INT lis_vector_scatter (LIS_SCALAR value[], LIS_VECTOR v)
Fortran subroutine lis_vector_scatter (LIS_SCALAR value(), LIS_VECTOR v,
LIS_INTEGER ierr)

gd
O0000000:000 (6=0,1,...,global-n —1) 0 value[i] D000 DO.

oo

value oboooooobooboooa
oo

v ooooboooogon

ierr goooooo

6.1.12 lis_vector_gather

C LIS_INT lis_vector_gather(LIS_VECTOR v, LIS_SCALAR value[])
Fortran subroutine lis_vector_gather (LIS_VECTOR v, LIS_SCALAR value(),
LIS_INTEGER ierr)

o
O000w000:¢000 (i=0,1,...,9lobal.n —1) 0 value[d) 0000 O.

oo

v ooooooooon

oo

value 0oooooooooboood
ierr ooooogoo
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6.1.13 lis_vector_copy

C LIS_INT lis_vector_copy(LIS_VECTOR x, LIS_VECTOR y)
Fortran subroutine lis_vector_copy(LIS_VECTOR x, LIS_VECTOR y, LIS_INTEGER ierr)

go
gboooooboooooboo.

0o
X oooooooo
oo
y oooooooo
ierr goooooo

6.1.14 lis_vector_set_all

C LIS_INT lis_vector_set_all(LIS_SCALAR value, LIS_VECTOR v)
Fortran subroutine lis_vector_set_all(LIS_SCALAR value, LIS_VECTOR v,
LIS_INTEGER ierr)

oo
gboooboooobooobooboon.

oo

value gooooooo

v good

oo

v gooobuoobooboooboooo
ierr goooooo
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6.1.15 lis_vector_is_null

C LIS_INT lis_vector_is_null(LIS_VECTOR v)
Fortran subroutine lis_vector_is_null(LIS_VECTOR v,LIS_INTEGER ierr)

oo
gboodo000b00O0b0oOooboon.

oo
v good
oo
ierr LIS_-TRUE 0O OO

LIS FALSE 00O 00O
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6.2 0OO0O0OUO

OO0 AO0D00OO globalon x global.n DO 0. 00 AOD nproes 000000 DODOOOODOOOOODOO
0000000000 localn000. global nO0O0O0000000,localn0000000000OO.

6.2.1 lis_matrix_create

C LIS_INT lis_matrix_create(LIS_Comm comm, LIS_MATRIX *A)
Fortran subroutine lis_matrix_create(LIS_Comm comm, LIS_MATRIX A, LIS_INTEGER ierr)

go
ooooogoo.

oo

LIS _Comm MpPIODOOOODOO
oo

A oo

ierr googood

oo
gbo,0b0o00b0o0bodb,commdooooooOn.

6.2.2 lis_matrix_destroy

C LIS_INT lis_matrix_destroy(LIS_MATRIX A)
Fortran subroutine lis_matrix_destroy(LIS_MATRIX A, LIS_INTEGER ierr)

oo
gboooboobooboobooog.

oo

A gooooooooon
oo

ierr goooooo
Note

00 lis_matrix_destroy 000,00 ADOODOOOODOOOOODODOO.
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6.2.3 lis_matrix_duplicate

C LIS_INT lis_matrix_duplicate(LIS_MATRIX Ain, LIS_MATRIX *Aout)
Fortran subroutine lis_matrix_duplicate(LIS_MATRIX Ain, LIS_MATRIX Aout,
LIS_INTEGER ierr)

go
gbooobOoboooobobooooooa.

oo
Ain gooood
oo
Aout gooood
ierr goooooo
oo

OO0 lis_matrix_duplicate IO OO0O0OOO0O0OCOOOCO,00000000000. O00OO00ODOOC
Uboo0obO0booo0dn lis_matrix_copy DO ODOO.

6.2.4 lis_matrix_malloc

C LIS_INT lis_matrix_malloc(LIS_MATRIX A, LIS_INT nnz_row, LIS_INT nnz[])
Fortran subroutine lis_matrix_malloc(LIS_MATRIX A, LIS_INTEGER nnz_row,
LIS_INTEGER nnz[], LIS_INTEGER ierr)

go
oooooobooooog.

oo

A oo

nnz_row googood

nnz oooOooobooog
oo

ierr oogooooo

oo

nnzorow 000 nnz OOO0ODODO0DO0O0O0O0O0O. OO0O0ODO, lis_matrix_set_value OO QOOOO
gooooOOobOo0oboOo,0b0oboooboobooooooa.
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6.2.5 lis_matrix_set_value

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

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

oo
00 A0D<00 j00000000.

00
flag LIS_INS_.VALUE OO : A[i,j] = value
LIS ADD_VALUE O000OO: Ali,j] = Ali, j] + value

i oooooo

j oooooo

value 00000000

A 00

00

A 0D:00,;00000000000
ierr goooooo
00

gooooooboob,0oboobuo«gb jobOoooO.
00 lis_matrix_set_value 0O O0O0O0O0O0O0O0OO0OO0OOOOOOOOOONO, lis_matrix_set_value
ooobbDbO0O0O 1is_matrix_assemble OO UOOOOOOODOOO.

6.2.6 lis_matrix_assemble

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

uo
googoooobooooboooboon.

oo

A oo

oo

A oooooooooon
ierr ooooogoo
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6.2.7 lis_matrix_set_size

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

go
ooooooobooon.

oad

A oad

localn o0 A0O0OooOooodg
global n 00 AOODODOOO0OO0O0o
Oogd

ierr ooooooo

Oogd

localn O global.n 00D O000O0D0D0OODOOODOOODOO.

O00,00000000000,localnO globalnO0OO0O. 00000, lis_matrix_set_size(A,n,0)
0 lis_matrix_set_size(A,0,n) 0, 000000 nxnOOO0DOOO0OO.

0000oO0oDoDo00Oo0oOooon, lis_matrix_set_size(A,n,0) DO O0OO0O0OD0OO0OO0OOnx NOODOO
oooooOo. NOnOOOODO.
00, lis_matrix_set_size(A,0,n) 000000 pO0O0O00 m,xnOOO0O0O0000O0O0. m,000
oooooooooo.
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6.2.8 lis_matrix_get_size

C LIS_INT lis_matrix_get_size(LIS_MATRIX A, LIS_INT *local_n,
LIS_INT *global_n)

Fortran subroutine lis_matrix_get_size(LIS_MATRIX A, LIS_INTEGER local_n,
LIS_INTEGER global_n, LIS_INTEGER ierr)

oo
googooooboo.

oo

A 0o

oo

localn 00 A000O0O0O00O0
globaln 00 A00O0O0OOoood
ierr goooooo

oo

O0,00000000000,local-n 0 global n OO OO.

6.2.9 lis_matrix_get_range

C LIS_INT lis_matrix_get_range(LIS_MATRIX A, LIS_INT =is, LIS_INT x*ie)
Fortran subroutine lis_matrix_get_range(LIS_MATRIX A, LIS_INTEGER is,
LIS_INTEGER ie, LIS_INTEGER ierr)

oo
o000 A0DDOOOOOOOOOOOOOOOOOOOOn.

oo

A oood

oo

is o000 A0DDDOOOOOOOOOO
ie 0000 AODOOO0ODOOOO0ODOOO+1
ierr goooooo

oo

ub,00000000000,000000nxn000,¢ts=0,7e=n000.
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6.2.10 lis_matrix_get_nnz

C LIS_INT lis_matrix_get_nnz(LIS_MATRIX A, LIS_INT *nnz)
Fortran subroutine lis_matrix_get_nnz(LIS_MATRIX A, LIS_INTEGER nnz,
LIS_INTEGER ierr)

go
OO0 AQDQoOoOooOoooDoOoO.

oo

A oo

oo

nnz OO0 A0D0O0Oooo
ierr goooooo
oo

ogooooOoOooODOODO,0000 ADDDDODOODODOOO.
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6.2.11 lis_matrix_set_type

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

go
gooobooooooon.

oo

A oo
matrix_type gbooooood
go

ierr goooooo
oo

000000 A0 matrix_type 0 LIS_MATRIX_CSROOO. 000 matrix_type 00O OO0O0ODO0O
oooo.

good matrix_type
Compressed Sparse Row (CSR) {LIS_MATRIX_CSR|1}
Compressed Sparse Column (CSC)  {LIS_MATRIX_CSC|2}
Modified Compressed Sparse Row (MSR) {LIS_MATRIX_MSR|3}
Diagonal (DIA) {LIS_MATRIX_DIA|4}
Ellpack-Ttpack Generalized Diagonal (ELL)  {LIS_MATRIX_ELL|5}
Jagged Diagonal (JAD) {LIS_MATRIX_JAD|6}
Block Sparse Row (BSR) {LIS_MATRIX_BSR|7}
Block Sparse Column (BSC) {LIS_MATRIX_BSC|8}
Variable Block Row (VBR) {LIS_MATRIX_VBR|9}
Coordinate (COO) {LIS_MATRIX_COO|10}
Dense (DNS) {LIS_MATRIX_DNS|11}
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6.2.12 lis_matrix_get_type

C LIS_INT lis_matrix_get_type(LIS_MATRIX A, LIS_INT *matrix_type)
Fortran subroutine lis_matrix_get_type(LIS_MATRIX A, LIS_INTEGER matrix_type,

LIS_INTEGER ierr)

go

gooobooooooon.

oo
A oo
oo
matrix_type goooood
ierr oooooog
6.2.13 lis_matrix_set_blocksize
C LIS_INT lis_matrix_set_blocksize(LIS_MATRIX A, LIS_INT bnr, LIS_INT bnc,

LIS_INT row[], LIS_INT col[l)
Fortran subroutine lis_matrix_set_blocksize(LIS_MATRIX A, LIS_INTEGER bnr,
LIS_INTEGER bnc, LIS_INTEGER row[], LIS_INTEGER col[], LIS_INTEGER ierr)

oo

BSR, BSC, vBROOOOOOOOOO,00000000A0O.

go

A

bnr

bnc

row

col

go

ierr

go

BSR(BSC)ODOOUOoOooOoOOOO,000 VBROOOOOOO
oo

BSR(BSC)OOOOUDODOOOOOO,000 VBROODOOOOO
oo

vBROOOOOODOOOOO

vBRODODOOOODOOOOO

googoooo
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6.2.14 lis_matrix_convert

C LIS_INT lis_matrix_convert(LIS_MATRIX Ain, LIS_MATRIX Aout)
Fortran subroutine lis_matrix_convert(LIS_MATRIX Ain, LIS_MATRIX Aout,
LIS_INTEGER ierr)

oo
00 A4,0000000000000000 A,,00000.

oo

Ain oooood

oo

Aout gooooOOoboOoooOooDoooon
ierr googood

oo

000000000000 lis_matrix_set_type 1000 A,,.0000O0OOBSR, BSC, VBRODO
0000000000 00001lis_matrix_set_blocksize OO OO A,, 000000000

000000o0oU0o0o0oooUdoUooOdoUooUooUooO0oUOoDUOoOooDOooDOooDOooOooDO
0000000000000 0oo0oo0oODo0o00o00oOoU0oOoOD. CoDoOoooOoooOoo
ooCSRO0OD0D0O0DOO0DOoDOoODOoOoooooon.

OO0 | CSR | CSC | MSR | DIA | ELL | JAD | BSR | BSC | VBR | COO | DNS
CSR o o o o o o CSC o o o
COO o o o CSR | CSR | CSR | CSR | CSC | CSR CSR

6.2.15 lis_matrix_copy

C LIS_INT lis_matrix_copy(LIS_MATRIX Ain, LIS_MATRIX Aout)
Fortran subroutine lis_matrix_copy(LIS_MATRIX Ain, LIS_MATRIX Aout,
LIS_INTEGER ierr)

oo
gbooobooooboooog.

oo
Ain gooood
oo
Aout oooooo
ierr ooooogoo
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6.2.16 lis_matrix_get_diagonal

C LIS_INT lis_matrix_get_diagonal (LIS_MATRIX A, LIS_VECTOR d)
Fortran subroutine lis_matrix_get_diagonal (LIS_MATRIX A, LIS_VECTOR d,
LIS_INTEGER ierr)

go
00 A0D0DOOOOOO0OOdOo0000O.

oo

A oo

oo

d oooooooboobooo
ierr goooooo
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6.2.17 lis_matrix_set_csr

C LIS_INT lis_matrix_set_csr(LIS_INT nnz, LIS_INT ptr([], LIS_INT index[],
LIS_SCALAR value[], LIS_MATRIX A)

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

go
CSROOOOOOOO ADODOOOO.

oo

nnz goooo

ptr, index, value CSROOODOO

A od
RN

A ooooooogo
RN

lis_matrix_set_csr U UOUOOODO, lis_matrix_assemble U OO DOOOOOOOOO.

6.2.18 lis_matrix_set_csc

C LIS_INT lis_matrix_set_csc(LIS_INT nnz, LIS_INT ptr[], LIS_INT index[],
LIS_SCALAR value[], LIS_MATRIX A)

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

oo
cscoooooooo A0oooog.

oo

nnz goooboo

ptr, index, value cscoooono

A oo

oo

A oooonboooog
oo

lis_matrix_set_csc0OO0O0OODO, lis_matrix_assemble 00O 0OO0O0OOOOOOO.
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6.2.19 lis_matrix_set_msr

C LIS_INT lis_matrix_set_msr(LIS_INT nnz, LIS_INT ndz, LIS_INT index[],
LIS_SCALAR value[], LIS_MATRIX A)

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

go
MSROOOOOOOO ADOOOOO.

oo
nnz goooo
ndz oooooooog
index, value MSRODOOOO
A oo
oo
A oooooooog
oo

lis_matrix_set_msr OO U0O0OODO, lis_matrix_assemble U OO DOOOOOOOOO.

6.2.20 lis_matrix_set_dia

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

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

oo
DIAODDOOOOOOO AODOOOOO.

od

nnd oooooooooo
index, value DIAOODOOO

A 00
0od

A ooooooooo
od

lis_matrix_set_dia00O0O0O0OODO, lis_matrix_assemble 00O O0O0OOOOOOO.
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6.2.21 lis_matrix_set_ell

C LIS_INT lis_matrix_set_ell(LIS_INT maxnzr, LIS_INT index[],
LIS_SCALAR value[], LIS_MATRIX A)

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

go
ELLO0O000000D0 AQ0OODODD.

oo

maxnzr ooooboooboooa
index, value ELLOOODOO

A oo
oo

A oooobooooog
oo

lis_matrix_set_ell U UOUOOODO, lis_matrix_assemble OO ODOOOOOOOOO.
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6.2.22 lis_matrix_set_jad

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

oo
JADOOOOOOOODO AoDpooDo.

oo

nnz goooboo

maxnzr ooooboooboooa
perm, ptr, index, value JADOOOOO

A o

oo

A googoogoooa

oo

lis_matrix_set_jad 0O O0OODOO, 1lis_matrix_assemble DU OO0 O0O0OO0O0O0O0ONO.
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6.2.23 lis_matrix_set_bsr

-

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

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

N

oo
BSROOOOOODOO AODOODOO.

od

bnr gooooooo
bnc oooooogo
bnnz goooooad
bptr, bindex, value BSROOODOO

A 0o

od

A goooooooo
od

lis_matrix_set_bsr 00 0O0O0O0ODO, lis_matrix_assemble 00O O0OO0OOOOOO.
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6.2.24 lis_matrix_set_bsc

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

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

go
BsCOOOOOOOO AODOOOOO.

od

bnr ooooooog
bnc oooooood
bnnz goooooo
bptr, bindex, value BSCOOOOO

A o0

oo

A ooooooogo
oo

lis_matrix_set_bsc 0O UOUOOODO, lis_matrix_assemble JO0OODOOOOOOOOO.
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6.2.25 lis_matrix_set_vbr

-

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

-

oo
VBROOOOOOOO ADDDODODO.

oo

nnz oo0oooobooog
nr gooood

nc oooooo

bnnz ooooogoo

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

A oo

go

A oooobooooo
oo

lis_matrix_set_vbr 00O UO0OODO, lis_matrix_assemble OO DODO0OOOOOOOO.
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6.2.26 lis_matrix_set_coo

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

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

go
cooooooooono Agoooog.

oo

nnz goooo

row, col, value coooooon
A oo

oo

A oooobooooog
oo

lis_matrix_set_coo U U UOUOODO, lis_matrix_assemble U OO DOOOOOOOOO.

6.2.27 lis_matrix_set_dns

C LIS_INT lis_matrix_set_dns(LIS_SCALAR value[], LIS_MATRIX A)
Fortran subroutine lis_matrix_set_dns(LIS_SCALAR value(), LIS_MATRIX A,
LIS_INTEGER ierr)

uo
DNSOOOODOOOO ADDOOOoO.

od

value DNSOODOGOO

A od

od

A ooooooogo
od

lis_matrix_set_dns 0000000, lis_matrix_assemble IO O 0O0O0OO0OOOOOO0O.
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6.3 0OOUUOodoooog

6.3.1 lis_vector_scale

C LIS_INT lis_vector_scale(LIS_SCALAR alpha, LIS_VECTOR x)
Fortran subroutine lis_vector_scale(LIS_SCALAR alpha, LIS_VECTOR x,
LIS_INTEGER ierr)

oo
ubooobodo «0oo.

oo

alpha good

X oood

oo

X ar (0000 2000000000)
ierr googood

6.3.2 lis_vector_dot

C LIS_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,
LIS_INTEGER ierr)

oo
0000000 2fy00000.

oo

X good

y good

0o

val oo

ierr goooooo
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6.3.3 lis_vector_nrml

C LIS_INT lis_vector_nrml(LIS_VECTOR x, LIS_REAL *val)
Fortran subroutine lis_vector_nrml(LIS_VECTOR x, LIS_REAL val, LIS_INTEGER ierr)

oo
gbooobi1000000b00.

oo

X oood

oo

val ooodoo1o0oo
ierr googoood

6.3.4 lis_vector_nrm?2

C LIS_INT lis_vector_nrm2(LIS_VECTOR x, LIS_REAL *val)
Fortran subroutine lis_vector_nrm2(LIS_VECTOR x, LIS_REAL val, LIS_INTEGER ierr)

oo
gbooobo200000000.

oo

X oood

oo

val ooooo22000
ierr googoood
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6.3.5 lis_vector_nrmi

C LIS_INT lis_vector_nrmi(LIS_VECTOR x, LIS_REAL *val)
Fortran subroutine lis_vector_nrmi(LIS_VECTOR x, LIS_REAL val, LIS_INTEGER ierr)

oo
gboooboooboooboobon.

oo

X oood

oo

val gooooooooon
ierr googoood

6.3.6 lis_vector_axpy

C LIS_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_VECTCR vy,
LIS_INTEGER ierr)

0o
00000 y=azr+y00000.

oo

alpha good

X, §y good

go

y ar+y (0000 yOO0000OOO0OO)
ierr ooogoooo
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6.3.7 lis_vector_xpay

C LIS_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_VECTCR vy,
LIS_INTEGER ierr)

0o
00000 y=z+ay00000.

oo

alpha good

X, ¥ good

go

y r+ay (0000 yOODODOOOOODO)
ierr ooogoooo

6.3.8 lis_vector_axpyz

C LIS_INT lis_vector_axpyz(LIS_SCALAR alpha, LIS_VECTOR x, LIS_VECTOR y,
LIS_VECTOR z)

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

go
00000 z=ax+y0Qoooo.

oo

alpha good

X, ¥ good

go

z T+ ay

ierr goooooo
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6.3.9 lis_matrix_scaling

C LIS_INT lis_matrix_scaling(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR d,
LIS_INT action)

Fortran subroutine lis_matrix_scaling(LIS_MATRIX A, LIS_VECTOR b,
LIS_VECTOR d, LIS_INTEGER action, LIS_INTEGER ierr)

oo
ooooooooooon.

ao
A 0o
b oooog
action LIS_SCALE_JACOBI JacobiJO O OO0 D~ 'Axz=D"1
(DO A=(a;;) 00D00D0)
LIS_SCALE_SYMMDIAG 00000000 D Y2AD 125 = D-1/2p
(D~Y200000000 1/ya;0000000)
oo
d D-'000 p~Y200000000000000
ierr goooood
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6.3.10 lis_matvec

C LIS_INT lis_matvec(LIS_MATRIX A, LIS_VECTOR x, LIS_VECTOR y)
Fortran subroutine lis_matvec(LIS_MATRIX A, LIS_VECTOR x, LIS_VECTOR vy,
LIS_INTEGER ierr)

oo
Oo00O000y=Az00000.

oo

A oo

X oood

oo

y Ax

ierr googoood

6.3.11 lis_matvect

C LIS_INT lis_matvect(LIS_MATRIX A, LIS_VECTOR x, LIS_VECTOR y)
Fortran subroutine lis_matvect(LIS_MATRIX A, LIS_VECTOR x, LIS_VECTOR vy,
LIS_INTEGER ierr)

oo
00oooooooy=A4T:00000.

oo

A oo

X oood

oo

y ATy

ierr googood
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6.4 0O0OUOOOOOO

6.4.1 lis_solver_create

¢ LIS_INT lis_solver_create(LIS_SOLVER *solver)
Fortran subroutine lis_solver_create(LIS_SOLVER solver, LIS_INTEGER ierr)

oo

000 (00000000oo0ooooooOooo)oooog.
oo

RN
oo

solver ggd

ierr googood

oo
gboooboooobooobooboon.

6.4.2 lis_solver_destroy

C LIS_INT lis_solver_destroy(LIS_SOLVER solver)
Fortran subroutine lis_solver_destroy(LIS_SOLVER solver, LIS_INTEGER ierr)

uo
googboooboobooboobon.

oo

solver goooobobboooo
oo

ierr goooooad
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6.4.3 lis_solver_set_option

C LIS_INT lis_solver_set_option(char *text, LIS_SOLVER solver)
Fortran subroutine lis_solver_set_option(character text, LIS_SOLVER solver,
LIS_INTEGER ierr)

go
gbooobooooboobooooboooonn.

oo

text ooooboooboooa
oo

solver goo

ierr goooooo

oo

OO00000000ODO00O0DOoOO000ooODO0. -1 {eglt}d-i cgOO00-1i100000O.
-maxiter [1000] O, -maxiter 00000 10000000000000.
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00000000000 00Uo0O0 (DO00: -1 bicg)

goooboog (obooo googoood

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgsl3}

BiCGSTAB -i {bicgstabl|4}

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

GPBiCG -i {gpbicgl6}

TFQMR -i {tfqmr|7}

Orthomin(m) -i {orthomin|8} -restart [40] OOOOOO m
GMRES(m) -i {gmres|9} -restart [40] OO0OO0O0O0O m
Jacobi -i {jacobi|10}

Gauss-Seidel -i {gsl11}

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

CR -i {crl14}

BiCR -i {bicrl|15}

CRS -i {crs|i6}

BiCRSTAB -i {bicrstab|17}

GPBiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafe|19}

FGMRES(m) -i {fgmres|20} -restart [40] OOOO0OOO m
IDR(s) -i {idrs|21} -irestart [2] 000000 s
MINRES -i {minres|22}
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000000000000 (D0O: -p none)

god googono gpoogoogn
oo -p {nonel0}
Jacobi -p {jacobi|1}
ILU(K) -p {ilul2} ~ilu_fill [0] 00000000 &
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] gopoood
~hybrid_tol [1.0e-3] gpooood
-hybrid_w [1.5] SOROODODO w (0<w<2)
~hybrid_ell [2] BiCGSTAB() O OO I
~hybrid_restart [40] GMRES(m), Orthomin(m) O
gobogooog m
I+S -p {is|5} -is_alpha [1.0] I+aS"™ 000000 «
-is_m [3] I+aS™OO0O0O0o00m
SAINV -p {sainv|6} -sainv_drop [0.05] ooooog
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0DOO0UoDOooooo)
-saamg_theta [0.05/0.12] 000000 af; < 62|ag|ayy)
(0oloo0)
Crout ILU -p {iluc|8%} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] goboooboobooon
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] goboobobooon
Additive Schwarz | -adds true -adds_iter [1] oooooo
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googoogog

gooono

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

-scale [0]

-initx_zeros [1]

-conv_cond [0]

—omp_num_threads [t]

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

oooooo

0o0oooo0 tol

000000 toly,

ooooooo

-print {none|0} goooo

0000000000000

-print {out|2} 000000000000

-print {alll3} 0000000000D00,0000000

000000000.0000000,00000000000

0oooooooo

JacobiDOOOOO D 'Axr=D"1

(DO A=(a;;) D00O0ODO)

-scale {symm_diag|2} 00O 00000 D Y2AD~Y2z=D"%
(D~Y200000000 1/a;0000000)

-print {mem|1}

-scale {nonel|0}

-scale {jacobi|1}

goooond xg
-initx_zeros {falsel|0} ooooooooad
-initx_zeros {truel1} gooooboboogoogood
oooo

-conv_cond {nrm2_r|0} [|b — Az||2 < tol * ||b||2

[|b — Az||2 < tol x ||b — Axpl|2

[|b — Az||1 < toly, * ||b|]1 + tol

-conv_cond {nrm2_b|1}
-conv_cond {nrmi_b]|2}
goooooo
tddoooood
gooooao
BSR,BSCOOOOOOODO
gooooooooao
-f {double|0}

-f {quad|1}

goo
4000
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6.4.4 lis_solver_set_optionC

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

go

gboboooboobooobooooooooooooooooooboooooooooooboobOobOoboDbo
O.

oo

oo

oo

solver aog

ierr googood

6.4.5 lis_solve

C LIS_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, LIS_INTEGER ierr)

oo
0000000000000 Az =b000. ODOOO0OOODOOO0OOOQO lis_solver_get_iters,

lis_solver_get_time, 1is_solver_get_residualnorm 0 OO 0OO.

0o

A good

b gooooo

X goooog

solver ggd

oo

X |

solver ooog,bgoooobood
ierr goooooo
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6.4.6 lis_solve_kernel

C LIS_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, LIS_INTEGER ierr)

oo
00000000000,0000000000000000D0D000 Az=6000.00000000

U000 lis_solver_get_iters, lis_solver_get_time, lis_solver_get_residualnorm U000 0ODO.

oo

A good

b gooood
X googood
solver aog
precon goo

oo

X g

solver oooo,o0boooooo
ierr goooooo
oo

1lis-($VERSION) /src/esolver/lis esolver ii.cO00O0O00O0O0O0. OOOOODODOOO, 1is_solve_kernel
Oo0ooooooooooooooooon.
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6.4.7 lis_solver_get_status

C LIS_INT lis_solver_get_status(LIS_SOLVER solver, LIS_INT *status)
Fortran subroutine lis_solver_get_status(LIS_SOLVER solver, LIS_INTEGER status,
LIS_INTEGER ierr)

go
gooobooooooon.

oo
solver goo
oo
status oo
ierr goooooo

6.4.8 lis_solver_get_iters

C LIS_INT lis_solver_get_iters(LIS_SOLVER solver, LIS_INT *iters)
Fortran subroutine lis_solver_get_iters(LIS_SOLVER solver, LIS_INTEGER iters,
LIS_INTEGER ierr)

oo
gbooobooobooooboon.

oo

solver ggd

oo

iters good
ierr goooood
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6.4.9 lis_solver_get_itersex

C LIS_INT lis_solver_get_itersex(LIS_SOLVER solver, LIS_INT xiters,
LIS_INT *iters_double, LIS_INT *iters_quad)

Fortran subroutine lis_solver_get_itersex(LIS_SOLVER solver, LIS_INTEGER iters,
LIS_INTEGER iters_double, LIS_INTEGER iters_quad, LIS_INTEGER ierr)

oo
goooboooboobooboobooobon.

oo
solver ggd

oo
iters goooo
iters_double ooooboooobgon
iters_quad 40000000000
ierr goooood

6.4.10 lis_solver_get_time

C LIS_INT lis_solver_get_time(LIS_SOLVER solver, double *times)
Fortran subroutine lis_solver_get_time(LIS_SOLVER solver, real*8 times,
LIS_INTEGER ierr)

go
gboooooboooooboo.

oo

solver goo

oo

times good
ierr goooooad
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6.4.11 lis_solver_get_timeex

C LIS_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,
LIS_INTEGER ierr)

oo
gbooobooobooboobooboobon.

oo

solver ggd

oo

times itimes [0 ptimes 0 O O

itimes ooooboooboooa

ptimes gboooooon

p-c-times ooooboooboooa
p-i_times dooobooobooboooboooo
ierr googoood

6.4.12 lis_solver_get_residualnorm

C LIS_INT lis_solver_get_residualnorm(LIS_SOLVER solver, LIS_REAL *residual)
Fortran subroutine lis_solver_get_residualnorm(LIS_SOLVER solver,
LIS_REAL residual, LIS_INTEGER ierr)

00
000000 0000000000000 |b— Az|ls/|p|l00000.

od
solver goo

od
residual b—Az 0 2000
ierr ooooooo
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6.4.13 lis_solver_get_rhistory

C LIS_INT lis_solver_get_rhistory(LIS_SOLVER solver, LIS_VECTOR v)
Fortran subroutine lis_solver_get_rhistory(LIS_SOLVER solver,
LIS_VECTOR v, LIS_INTEGER ierr)

oo
gboooobooboobooboo.

oo

solver goo

oo

v oooooobooooooo
ierr goooooo

oo

0000000000000 lis_vector_create0O0O0OO0OOODOOOOO. OO0OO0 o000
nO0000000000000000O00000000O00O0 nOO0O00O00O000.
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6.4.14 lis_solver_get_solver

C LIS_INT lis_solver_get_solver(LIS_SOLVER solver, LIS_INT *nsol)
Fortran subroutine lis_solver_get_solver (LIS_SOLVER solver, LIS_INTEGER nsol,
LIS_INTEGER ierr)

go
gboboobOobooooboboooboobooooobooon.

oo

solver goo

oo

nsol ooooboooobgon
ierr goooooo
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6.4.15 lis_solver_get_precon

C LIS_INT lis_solver_get_precon(LIS_SOLVER solver, LIS_INT #*precon_type)
Fortran subroutine lis_solver_get_precon(LIS_SOLVER solver, LIS_INTEGER precon_type,
LIS_INTEGER ierr)

go
gboboooOoboooobobooooooboooog.

oo
solver goo

oo
precon_type gooood
ierr goooooo
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6.4.16 lis_solver_get_solvername

C LIS_INT lis_solver_get_solvername(LIS_INT nsol, char *name)
Fortran subroutine lis_solver_get_solvername (LIS_INTEGER nsol, character name,
LIS_INTEGER ierr)

go
gbooobOoboooobobooooooa.

oo

nsol ooooboooobgon
oo

name oooooooo
ierr goooooo

6.4.17 lis_solver_get_preconname

C LIS_INT lis_solver_get_preconname (LIS_INT precon_type, char *name)
Fortran subroutine lis_solver_get_preconname (LIS_INTEGER precon_type,

character name, LIS_INTEGER ierr)

go
ugbooboodaoogbogooogon.

oo

precon_type gogoooo
go

name good
ierr ooogooo
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6.5 UOOUgoooO

6.5.1 lis_esolver_create

¢ LIS_INT lis_esolver_create(LIS_ESOLVER *esolver)
Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, LIS_INTEGER ierr)

oo

000 (000D00000oo0o0oooooOo)ooooao.
oo

RN
oo

esolver ggd

ierr googood

oo
gboooboooboobooog.

6.5.2 lis_esolver_destroy

C LIS_INT lis_esolver_destroy(LIS_ESOLVER esolver)
Fortran subroutine lis_esolver_destroy(LIS_ESOLVER esolver, LIS_INTEGER ierr)

uo
googboooboobooboobon.

oo

esolver goooobobboooo
oo

ierr goooooad
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6.5.3 lis_esolver_set_option

C LIS_INT lis_esolver_set_option(char *text, LIS_ESOLVER esolver)
Fortran subroutine lis_esolver_set_option(character text, LIS_ESOLVER esolver,
LIS_INTEGER ierr)

go

gbooobOoboooobobooooooa.

oo

text ooooboooboooa
oo

esolver goo

ierr goooooad

oo

OO00000000ODO000DOOO000DO000. -e{pilt}d-epil00-e 100000,

-emaxiter [1000] O -emaxiter 0O 000 10000000000000O.

000000000000 00 (Do0: -e pi)

ooooo ooooo ooooooo

Power -e {pil1}

Inverse -e {iil2} -1 [cg] ooooooo

Approximate Inverse | —e {aiil3} -i [cg] goooooo

Rayleigh Quotient -e {rqil4} -i [cg]l ooooood

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

Lanczos -e {1il6} -ss [2] ooooooono
-m [0] ooooo

CG -e {cgl7}

CR -e {cr|8}
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000000000000 (0O0O0: -p ilu)

god googono gpoogoogn
oo -p {nonel0}
Jacobi -p {jacobi|1}
ILU(K) -p {ilul2} ~ilu_fill [0] 00000000 &
SSOR -p {ssor|3} -ssor_w [1.0] 0000 w(0<w<?2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] gopoood
~hybrid_tol [1.0e-3] gpooood
-hybrid_w [1.5] SOROODODO w (0<w<2)
~hybrid_ell [2] BiCGSTAB() O OO I
~hybrid_restart [40] GMRES(m), Orthomin(m) O
gobogooog m
I+S -p {is|5} -is_alpha [1.0] I+aS"™ 000000 «
-is_m [3] I+aS™OO0O0O0o00m
SAINV -p {sainv|6} -sainv_drop [0.05] ooooog
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0DOO0UoDOooooo)
-saamg_theta [0.05/0.12] 000000 af; < 62|ag|ayy)
(0oloo0)
Crout ILU -p {iluc|8%} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] goboooboobooon
ILUT -p {ilut|9} -ilut_drop [0.05] oooooo
-ilut_rate [5.0] goboobobooon
Additive Schwarz | -adds true -adds_iter [1] oooooo
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googoogog

ooooo

-emaxiter [1000]
-etol [1.0e-12]
-eprint [0]

-ie [ii]

-shift [0.0]

-initx_ones [1]

—-omp_num_threads [t]

-estorage [0]

-estorage_block [2]
-ef [0]

oooooo

oooooo

goooooad

-eprint {none|0} oooono

-eprint {mem|1} gooooobooboooo
-eprint {out|2} gooooooooooon
-eprint {all|3} gooooooooooo,oboobood
Lanczos, Subspace 000000000000 OOODO
-ie {pil1} Power (Subspace 0 O)

-ie {iil2} Inverse

-ie {aiil3} Approximate Inverse

-ie {rqil4} Rayleigh Quotient

oooooooo
gboooobon zo

-initx_ones {false|0O} ooooooooo
-initx_ones {truel1} ooooooooo 1000
ooooooo

td000o0oao

oooood

BSR,BSCOOOOOOOO
gooooodgo

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

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

go
gboboobOobooboobobooooobooooboobooooboboooooboooooon.

0o

RN

oo

esolver goo

ierr goooooad

6.5.5 lis_esolve

C LIS_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, LIS_INTEGER ierr)

oo
OO0D0000OD0O0O0000 Az=X000. OODOODOODOODOO lis_esolver_get_iters,
lis_esolver_get_time, lis_esolver_get_evalues, lis_esolver_get_evectors,

lis_esolver_get_residualnorm OO0 O 0ODO.

0o

A good

X gooood

esolver goo

oo

evalue -n[0] OO0ODOODOODOOOOODOODOOOO
X oooooooboobooo

esolver gooo,o0boooooo

ierr goooood

125



6.5.6 lis_esolver_get_status

C LIS_INT lis_esolver_get_status(LIS_ESOLVER esolver, LIS_INT *status)
Fortran subroutine lis_esolver_get_status(LIS_ESOLVER esolver, LIS_INTEGER status,
LIS_INTEGER ierr)

go
gooobooooooon.

oo
esolver goo
oo
status oo
ierr goooooad

6.5.7 lis_esolver_get_iters

C LIS_INT lis_esolver_get_iters(LIS_ESOLVER esolver, LIS_INT *iters)
Fortran subroutine lis_esolver_get_iters(LIS_ESOLVER esolver, LIS_INTEGER iters,
LIS_INTEGER ierr)

oo
gbooobooobooooboon.

oo
esolver ggd
oo
iters agood
ierr goooood
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6.5.8 lis_esolver_get_itersex

C LIS_INT lis_esolver_get_itersex(LIS_ESOLVER esolver, LIS_INT *iters)
Fortran subroutine lis_esolver_get_itersex(LIS_ESOLVER esolver, LIS_INTEGER iters,
LIS_INTEGER ierr)

go
gbooobooooboobooooboooonn.

oo
esolver goo

oo
iters googno
iters_double goooboobobogod
iters_quad 40000000000
ierr goooooo

6.5.9 lis_esolver_get_time

C LIS_INT lis_esolver_get_time(LIS_ESOLVER esolver, double *times)
Fortran subroutine lis_esolver_get_time(LIS_ESOLVER esolver, realx*8 times,
LIS_INTEGER ierr)

oo
gboooboooboooboon.

oo
esolver ggd
oo
times godad
ierr googoood
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6.5.10 lis_esolver_get_timeex

C LIS_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,
LIS_INTEGER ierr)

oo
gbooobooobooboobooboobon.

oo

esolver oog

oo

times O00oO0oo0ooooo

itimes O0o0o0oo0oooooooooooon
ptimes O00oOO0ooO0o0oo0oO0ooooooooobooooa
p-c-times o0oooooooooo

p-i_times O00o0oo0oooooooooono

ierr ooooooo

6.5.11 lis_esolver_get_residualnorm

C LIS_INT lis_esolver_get_residualnorm(LIS_ESOLVER esolver,
LIS_REAL #*residual)

Fortran subroutine lis_esolver_get_residualnorm(LIS_ESOLVER esolver,
LIS_REAL residual, LIS_INTEGER ierr)

00
00000000000 20000000000000 ||Az—Az|;/A00000.

oo
esolver goo

oo
residual (A —Az)/A0 2000
ierr goooooo
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6.5.12 lis_esolver_get_rhistory

C LIS_INT lis_esolver_get_rhistory(LIS_ESOLVER esolver, LIS_VECTOR v)
Fortran subroutine lis_esolver_get_rhistory(LIS_ESOLVER esolver,
LIS_VECTOR v, LIS_INTEGER ierr)

oo
gboooobooboobooboo.

oo

esolver goo

oo

v oooooobooooooo
ierr goooooo

oo

0000000000000 lis_vector_create0O0O0OO0OOODOOOOO. OO0OO0 o000
nO0000000000000000O00000000O00O0 nOO0O00O00O000.

6.5.13 lis_esolver_get_evalues

C LIS_INT lis_esolver_get_evalues(LIS_ESOLVER esolver, LIS_VECTOR v)
Fortran subroutine lis_esolver_get_evalues(LIS_ESOLVER esolver,
LIS_VECTOR v, LIS_INTEGER ierr)

oo
obooobOoboooobooooon.

0o

esolver oog

0o

v ooooboooboobon
ierr goooooo

oo

O000000000000 1is_vector_createJ 000 OO0OOOOOO0ONO.
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6.5.14 lis_esolver_get_evectors

C LIS_INT lis_esolver_get_evectors(LIS_ESOLVER esolver, LIS_MATRIX A)
Fortran subroutine lis_esolver_get_evectors(LIS_ESOLVER esolver,
LIS_MATRIX A, LIS_INTEGER ierr)

oo
gooooooOoOoOoOOOOOOOOO,00 AOCSRODODODDDOO.

oo

esolver goo

oo

A oooooobooooooo
ierr goooooo

oo

OO0 ADDODOOOOO lis_matrix_create 1000000000 DOCCOCODO.
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6.5.15 lis_esolver_get_esolver

C LIS_INT lis_esolver_get_esolver (LIS_ESOLVER esolver, LIS_INT #*nsol)
Fortran subroutine lis_esolver_get_esolver (LIS_ESOLVER esolver, LIS_INTEGER nsol,
LIS_INTEGER ierr)

go
obobooboooooobooooboooooboooo.

oo

esolver goo

oo

nsol ooooooono
ierr goooooo
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6.5.16 lis_esolver_get_esolvername

C LIS_INT lis_esolver_get_esolvername(LIS_INT esolver, char *name)
Fortran subroutine lis_esolver_get_esolvername(LIS_INTEGER esolver, character name,
LIS_INTEGER ierr)

go
gboooboooooooboooooaa.

oo

nesol oooooooo
oo

name gooood
ierr goooooo
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6.6 DUOUOonO

6.6.1 lis_input

C LIS_INT lis_input(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x, char *filename)
Fortran subroutine lis_input(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
character filename, LIS_INTEGER ierr)

oo
gbooobooboobo,bcoboboooboobon.

oo

filename googo

oo

A oooooooooogoo
b oooood

X ooooo

ierr oogooooo

oo

obooobooooboobooooobon.
e 00 Matrix Market 00 (0O OO O0OOOODNO)

e Harwell-Boeing 0 [

goooOoOoOoOoOoOoOoOoOOoOODO AODOOOO.
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6.6.2 lis_input_vector

C LIS_INT lis_input_vector(LIS_VECTOR v, char *filename)
Fortran subroutine lis_input_vector(LIS_VECTOR v, character filename,
LIS_INTEGER ierr)

go
gbooobOoboooobobooooooa.

oo

filename googno
oo

v good
ierr goooooo
oo

ooooooboooo
e PLAINOO
e 00 Matrix Market 00 (00 OO OOOOODNO)

OO00oo0oo0o0ooooOoUoooo AgOooo.

134



6.6.3 lis_input_matrix

C LIS_INT lis_input_matrix(LIS_MATRIX A, char *filename)
Fortran subroutine lis_input_matrix(LIS_MATRIX A, character filename,
LIS_INTEGER ierr)

go
gboooboooooooboooooaa.

oo

filename googno

oo

A ooooboooboooa
ierr goooooo

oo

goooooooOoOoDoDOOOOOOO.
e Matrix Market O O
e Harwell-Boeing 00 O

OO00oo0oo00ooooOoUoooo AgOooo.
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6.6.4 lis_output

C LIS_INT lis_output(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
LIS_INT format, char *filename)

Fortran subroutine lis_output(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
LIS_INTEGER format, character filename, LIS_INTEGER ierr)

oo
obO,00000b0000000O0000000.

0o

A oo

b 000000 (00000000 o0o0ooOoNLLOOO0O0)
X 00000 (D0O000C0O0o0oU0ooOoOooNLLOOOoOO0OO)
format gooooo

LIS_FMT_MM Matrix Market O O

filename goooo

oo

ierr goooooo

RN

gooooOoOoOoOoOoOoOoOOO AODODOOO.
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6.6.5 lis_output_vector

C LIS_INT lis_output_vector(LIS_VECTOR v, LIS_INT format, char *filename)
Fortran subroutine lis_output_vector (LIS_VECTOR v, LIS_INTEGER format,
character filename, LIS_INTEGER ierr)

oo
obooobooooboobooooobon.

oo
v good
format gogoooo
LIS_FMT_PLAIN PLAINODO
LIS_FMT MM Matrix Market 00 O
filename gooono
0o
ierr ooooogoo
0o

gooooOoOoOoOoOOOODOO ADDOOOO.
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6.6.6 lis_output_matrix

C LIS_INT lis_output_matrix(LIS_MATRIX A, LIS_INT format, char *filename)
Fortran subroutine lis_output_matrix(LIS_MATRIX A, LIS_INTEGER format,
character filename, LIS_INTEGER ierr)

oo
goooboboooobooooo.

oo
A oo
format gogoooo
LIS_FMT_MM Matrix Market O O
filename googono
oo
ierr ooooogoo

138



6.7 0O0OO

6.7.1 lis_initialize

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

Fortran subroutine lis_initialize(LIS_INTEGER ierr)

oo
MpPIOOOO,000000000O00DOO0O0OODOODOOO.

oo

argc gboooboooobooon
argv ooooboooo
g

ierr goooooo

6.7.2 lis_finalize

C LIS_INT lis_finalize()
Fortran subroutine lis_finalize(LIS_INTEGER ierr)

oo
goooogo.

oo

go

oo

ierr ooOooonOoo
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6.7.3 lis_wtime

C double lis_wtime()

Fortran function lis_wtime()

uo
googooooog.

oo
go

oo
000000000000 double00O0O (DODOO)000OODO.

go
obooooOoboooooobO,00b00000000000 1is_wtimeOOOOOO,00000000O.

6.7.4 CHKERR

C void CHKERR(LIS_INT ierr)
Fortran subroutine CHKERR(LIS_INTEGER ierr)

oo
ubooobooooboboooooooon

oo
ierr goooooo
oo
oo

uo
go0o00bo0o0bo0obddblis_finalize DU OOOOO0OOO0O0OOO0OOODOODOO.
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A 0O0OOOOO

obooo,000b0o0o0oooboobooooobooocooooboon.

A.1 00O Matrix Market OO

Matrix Market 000 0000000000000 O0OOCO0O0OO, 00 Matrix Market 000000
00000000000000000000000000. MxNODOO A=(a;;) 0000000 LDO

00.a;=A(,J)000.00000000000D0.

%hMatrixMarket matrix coordinate real general <-- 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) <-+

(A1)0D00D0 AQUDDOODKOOO0ODOOUOODOUODOOO.

2
1

=N =
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 P
WP WNPPNE W

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

Harwell-Boeing 0000, CSCOODOOO0DOOOODO. valueOOO AODDOODOOO, indexOODODO
OO0000,ptr0 valueD index 0000000000 OOO0ODODODOO. OO00ODOODOOODODODO.

010 (A72,A8)

1 - 72 Title
73 - 80 Key
020 (5I14)

1-14 000000000
16 - 28 ptr 0000
29 - 42 index U 0O0O
43 - 56 value 0 OO
57 - 70 00000
030 (A3,11X,4114)
1 - 300000
0O 10: R Real matrix
C Complex matrix (0 0O0O)
P Pattern only (0 O0O)
0 20: S Symmetric
U Unsymmetric
H Hermitian (OO 0O)
Z Skew symmetric (O O0O)
R Rectangular (O O0O)
0 30: A Assembled
E Elemental matrices (OO 0O)

4 - 14 00O
16 - 28 OO
29 - 42 OO
43 - 56 JOODOO
57 - 70 0

0 40 (2A16,2A20)
1 -16 ptrO000
17 - 32 index 00O
33 - 52 value OO0
53 - 7200000
0 50 (A3,11X,2I14) DODOOOCOOOO

1 oobogd
FOOOOOO
MOOoOoOOoooo @oo)
2 goboooooboobooooooo 6
3 goooooooboooooo x
4 -14 00

156 - 28 OOOO
29 - 42 00000

(A1)OOUODOD AUOOO0OO0O 0000000 DOOOUODOOOOD.

1-——— 10-———--——- 20- --30 ----40 ----50-- -60 ---70 ---80
Harwell-Boeing format sample Lis
8 1 1 4 2
RUA 4 4 10 4
(11i7) (131i6) (3e26.18) (3e26.18)
F 1 0
1 3 6 9
1 2 1 2 3 2 3 4 3 4

2.000000000000000000E+00  1.000000000000000000E+00 1.000000000000000000E+00
2.000000000000000000E+00  1.000000000000000000E+00 1.000000000000000000E+00
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2.000000000000000000E+00
2.000000000000000000E+00
0.000000000000000000E+00
3.000000000000000000E+00

1.000000000000000000E+00 1.000000000000000000E+00

1.000000000000000000E+00 2.000000000000000000E+00

A3 00O000O0O0O Matrix Market 0 O

OO00D0000 Matrix Market 0000, 0000000000D00000 Matrix Market 0000 0O
0000o0o0o0.00 NOOOOObLb=(,) 0000 ,p,=B(I)000.0000000000ODO.

%hMatrixMarket vector coordinate real general <--

I1 B(I1)
I2 B(I2)

IN B(IN)

ooo

oonobooOoOoooOod

oo

ooo o
0000000 1-base

(A.l)DO0oUoO0oo 000000 DO0OODOOODOO.

%/%MatrixMarket vector coordinate real general

4
1
2
3
4

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

A4 00000 PLAINODO

00000 PLAINODOO,00000000 1000000000000 00O0O0. 00 NOOOOO
b=(b;)00O0O0O b =B)ODDO0O.000000000DO0OO.

B(1)
B(2)

B(N)

0.
1.
2.
3.

<

-+
| NO
I

-+

<

(A.l)DO0oUpoOoos0DOOO0OO0OUODOOODOO.

00e+00
00e+00
00e+00
00e+00
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