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BiCGSTAB[10] BiCRSTAB[9] CG[33]

GPBiCG|11] GPBiCR[9] CR[34]

BiCGSafe[12] BiCRSafe[13] Subspace[36]

BiCGSTAB(I)[14] | TFQMRJ[15] Lanczos[37]

Jacobi[16] Orthomin(m)[17] Arnoldi[38]

Gauss-Seidel[18, 19] | GMRES(m)[20]

SOR|21, 22] FGMRES(m)[23]

IDR(s)[24] MINRES)25]

COCG|26] COCRJ27]

GCRO-DR[28] FGCRO-DR[29]

03000 04 000000

Jacobi[39] Compressed Sparse Row (CSR)
SSOR([39] Compressed Sparse Column (CSC)
ILU(k)[40, 41] Modified Compressed Sparse Row (MSR)
ILUT[42, 43] Diagonal (DIA)
Crout ILU[43, 44] Ellpack-Ttpack Generalized Diagonal (ELL)
I4-S[45] Jagged Diagonal (JAD)
SA-AMGI46] Block Sparse Row (BSR)
MFAMG[47] Block Sparse Column (BSC)
Hybrid[48] Variable Block Row (VBR)
SAINV[49] Coordinate (CO0)
Additive Schwarz[50, 51] ~ Dense (DNS)

oooono




2 0d

oooo,00,000000000000.

2.1 000000

LsOODOO COO0ODO0OODDO0OO0. Od,Fortran 000000000 DODOOODODO Fortran O
o000, AMGUOOOOOODOODOOOOOO Fortran 900000 DOOODOOOO.
00, OpenMPOOOOO [93]000 MPI-1 OOOODO [87]00000O [52,53). OO0OOOOOOO,
Harwell-Boeing 0 O [79], Matrix Market 00 [83] 000 00000. 05000000000000 (O

7000000).

gs:gbgoogoo

goboooo

cooooo (oo) oS
Intel C/C++ Compiler 7.0, 8.0, 9.1, 10.1, 11.1, 12.1, 14.0, 16.0, 17.0, 18.0, 19.0, 2021.8.0 | Linux
Windows
IBM XL C/C++ V7.0, 9.0 AIX
Linux
Sun WorkShop 6, Sun ONE Studio 7, Sun Studio 11, 12 Solaris
PGI C++ 6.0, 7.1, 10.5, 16.10 Linux
gee 3.3, 4.4, 5.4, 6.4,8.2,9.3,10.2, 11.3 Linux
macOS
Windows
Clang 3.3, 3.4, 3.7, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.1, 12.0 macOS
FreeBSD
Microsoft Visual C++ 2008, 2010, 2012, 2013, 2015, 2017, 2019, 2022 Windows
Fortran OO OO0 (DOOOO) (O
Intel Fortran Compiler 8.1, 9.1, 10.1, 11.1, 12.1, 14.0, 16.0, 17.0, 18.0, 19.0, 2021.8.0 Linux
Windows
IBM XL Fortran V9.1, 11.1 AIX
Linux
Sun WorkShop 6, Sun ONE Studio 7, Sun Studio 11, 12 Solaris
PGI Fortran 6.0, 7.1, 10.5, 16.10 Linux
g77 3.3 Linux
gfortran 4.4, 5.4, 6.4, 8.2, 10.1, 11.3 macOS
Windows

22 UNIXOOOOOOOOoOOoood
221 0O0O00O0O0OO0OO0ODO

0000000000,0000000000. ($VERSION) OO0OOOOOODO.
> unzip 1lis-($VERSION) .zip

OO0000,000000 14s-($VERSION) 0D 100D0000O0DOOOODOOOO.



1is-($VERSION)

+ config

| ODOOOOO

+ doc

| OO0

+ graphics

| DoOoOOoOOoOoOooooo
+ include

| CoOOOOoOoOo

+ src

| ODOOOOOO

+ test

| CoOOOoOoOoo

+ win

Windows O OO0OO0O0O0OOO

O 1: 1is-($VERSION) .zipOO OO OOO

22,2 0O00O000O0OOO
OO0000D 1is-($VERSION) OO 0ODOOOODOOOOOO,0000000D0C0O0.
e JO0O00ODDOUOODDOO : > ./configure
e OODOODOOODOO : > ./configure --prefix=<install-dir>

Ded0O0OopoOobOoOoOODO. 00,070 TARGETOOODOODOOOOODOODOOODOOD.

223 0O0000O00OO0ODOO

O00O0D0OD 1is-($VERSION) OO O OOOOOOOOOOO,00000000000.

> make
oo0O000oo0O000000C0O0O0000000O0,000000 1is-($VERSION) OOODOOOO
O0OO0O0O000,000000 1is-($VERSION)/test 00000000 O0O0O0O0O0O0O0O0O0O0OOO.

> make check
00000000, Matrix Market DOO0O0O0O test/testmat.mtx OO0, 00000000000
0,BiCGOOO0O0OOOOO0O Az=0000000.000 SGIAix3r000000000000O. O
000000 --enable-omp U --enable-mpi U OO0OO0O00O0O0O000O0OO0OO.



06000000000 (D00 ./configure --helpO00)

--enable-omp

OpenMPOOOODOOOO

-—enable-mpi

MPIODOODOOOO

—--enable-fortran

FORTRAN 7700000000 OOOO

—-enable-f90

Fortran 90 000000000 ODO0O

--enable-saamg

SA-AMGUOOO0O0OO0

-—enable-quad

double-double 0 400000000

--enable-longdouble

long double 0 400000000

--enable-longlong

64000000000

--enable-complex

gboooooboooooon

--enable-debug

goooboooooon

—--enable-shared

gbooooood

--enable-gprof

gooooooboo

--disable-test

goooboooboobgn

--prefix=<install-dir>

googooo

TARGET=<target>

googobooon

CC=<c_compiler>

coooooood

CFLAGS=<c_flags>

cOooooopooooooo

F77=<£f77_compiler>

FORTRAN 7700000000

F77TFLAGS=<£77_flags>

FORTRAN 7700000000 OOOOO

FC=<£90_compiler>

Fortran 9000 00 00O0OO0O

FCFLAGS=<f90_flags>

Fortran 90 0 000000 OO0OODOOO

LDFLAGS=<1d_flags>

gboooooooobooo




O 7: TARGET OO (00O 1is-($VERSION)/configure.acO000)

<target> ooogoooon

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£90s"
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"

intel_mic_cross ./configure CC=icc F77=ifort FC=ifort

MPICC=mpiicc MPIF77=mpiifort MPIFC=mpiifort
CFLAGS="-mmic" FFLAGS="-mmic" FCFLAGS="-mmic"
LDFLAGS="-mmic" FCLDFLAGS="-mmic" cross_compiling=yes
host=x86_64-pc-linux-gnu host_alias=x86_64-1linux-gnu
host_cpu=x86_64 host_os=linux-gnu host_vendor=pc
target=klom-mpss-linux-gnu target_alias=klom-mpss-linux

target_cpu=klom target_os=linux-gnu target_vendor=mpss

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"




e oo

matrix size =

initial vector x
precision
linear solver

preconditioner

convergence condition :
: CSR

: normal end

matrix storage format

linear solver status

100 x 100 (460 nonzero entries)

: all components set to
: double
: BiCG

. none

[ [b-Ax|]|_2 <= 1.0e-12

* | |b-Ax_0||_2

convergence condition :
: CSR

matrix storage format

linear solver status

BiCG: number of iterations = 15 (double = 15,
BiCG: elapsed time = 8.960009e-03 sec.
BiCG:  preconditioner = 2.297878e-03 sec.
BiCG: matrix creation = 2.072096e-03 sec.
BiCG: linear solver = 6.662130e-03 sec.
BiCG: relative residual = 6.221213e-15

[ 1b-Ax||_2 <= 1.0e-12

: normal end

BiCG: number of iterations = 15 (double = 15, quad = 0)
BiCG: elapsed time = 5.178690e-03 sec.
BiCG: preconditioner = 1.277685e-03 sec.
BiCG: matrix creation = 1.254797e-03 sec.
BiCG: linear solver = 3.901005e-03 sec.
BiCG: relative residual = 6.327297e-15

~ --enable-omp
max number of threads 32
number of threads = 2
matrix size = 100 x 100 (460 nonzero entries)
initial vector x : all components set to O
precision : double
linear solver : BiCG
preconditioner : none

* | |b-Ax_0||_2

quad = 0)
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--enable-mpi
4 P R
number of processes = 2

matrix size = 100 x 100 (460 nonzero entries)

initial vector x : all components set to O

precision : double

linear solver : BiCG

preconditioner : none

convergence condition : ||b-Ax|[_2 <= 1.0e-12 * ||b-Ax_O||_2

matrix storage format : CSR

linear solver status : 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 0O0O

O0O0O0O0O0 1is-($VERSION) OOOOOOODOOCOOOOO,ODO000000000O0DDOOODOO
go.

> make install
O0000,000000 ($INSTALLDIR) OO ODDOODOOODOOODOO.

($INSTALLDIR)

+bin

| +1lsolve esolve esolver gesolve gesolver hpcg_kernel hpcg_spmvtest spmvtest*
+include

| +lis_config.h lis.h lisf.h

+1ib

| +liblis.a

+share

+doc/lis examples/lis man

lis config. hOOOODO0OOOOO0OO0ODO,00 1is.h0d C,lisf.h0 Fortran OO0 O0OO00ODO0ODO
O0000O0DbO0bO000OD0OO. 1ivlis.a0000000O0ODO0OOOODO. ODOOOODODODOO
000000000D0O000,000000 1is-($VERSION) DO DO OODOODOOOOODOO,00000
O examples/lis 00000000 0ODOOOCOODOODOOODOO.

> make installcheck
examples/lis 0 O testl, etestd, etestbb, getestb, getestbb, test3b, spmvtest3b [0, lsolve,

11



esolve, esolver, gesolve, gesolver, hpcg kernel, hpcg spmvtest 0 0O O O ($INSTALLDIR)/bin O
O0000. examples/lis/spmvtest*], 0000 ($INSTALLDIR)/bin 0O OO ODO.
($INSTALLDIR) DO DO OODOOODOOODOOODOOODOODOODODODOOD.
> make uninstall
lis-($VERSION) DO O D OODOO0ODOO,000000000000000O00O000O0O0O0OOOO0O.
> make clean
Joodoooobooooooobobbooooooobobbooooooo.

> make distclean

2.3 WindowsOOQOQOoooQonQ

0000000000000 O0O0O0O0O0oOon, Microsoft Build Engine 0 000 OO0D0O, ODO0OO
00 lis-($VERSIOM\win 0000000000000, 000000 MakefileOOOODO (ODOO
configure.bat --help 00O 0).

> configure.bat
Makefile O OO0 Makefile.inOOOOOO. 0000000 OOOOOO, 1is-($VERSION) \win O
Jooooobooooooo.

> nmake
gooobbobodoooooubbbboooooob, bbb bL,bOb0ooooobo
gooooobooo.

> nmake check
oooooooooo,o0ooobo,00o0oobo,boo0 pDFOOO,0000O0O0O0OO00O
($INSTALLDIR)\1lib, ($INSTALLDIR)\bin, ($INSTALLDIR)\include, 0 O ($INSTALLDIR)\doc 0D OO
gooooo.

> nmake install
($INSTALLDIR) DO D ODODOODOOODOODOODOODOODODODOOD.

> nmake uninstall
($INSTALLDIR)\win 0000000000, 00000000O0O0OO0OOO0O0OOOOOOOOOOOO
0.

> nmake clean
I I A I Y I

> nmake distclean
UNIXOOOOOOoOoOoOoooooooooooo.

24 00O

OO0O00D00D00O 1is-($VERSION) /test DO OO OO.
2.4.1 testl

OO0OO0O000 1is-($VERSION) /test DO OO

> testl matrix_filename rhs_setting solution_filename rhistory_filename [options]

12



OO00000, matrix filename 000000000000, 00000 Ar =00 optionsO0 0000
00O00O00O. 00, 0000 Matrix Market 0 0 O solution filename 0, 00O 00O PLAINOOO
rhistory filename 00 OO0 (DO AOOO). OO00OO00O0O0O0OOOOOO Matrix Market 00O,
Harwell-Boeing 0 0 00000000 . rhs_setting 00

0 000000000000 00000D0OO0DO0O0
1 b=(1,...,»)T'0o000

2 b=Ax(1,...,)T0000

rhs_filename 000000000000

00000000000, rhsfilename O PLAIN OO, Matrix Market 000000 O. testif.FO
testl.c U FortranO OO O.

2.4.2 test2

000000 1is-($VERSION) /test OO OO
> test2 m n matrix_type solution_filename rhistory_filename [options]
O00000,200 Laplace00 00 5000000000000000C0000 meO00 AODOOCDOO
000000 Az =560, matrix_type 000000000000, 0ptions0000000000CO. OO,
0000 Matrix Market 0 00 solution filename 0, 00000 PLAINO OO rhistory_filename [J
ooo0O.000000bs00000OD 000000 1000000DC00O0D0. m,n0OD00D0O000O0O
OO0. test2f.FO0 O test2.c O Fortran 90000 O .

2.4.3 test2b

OO0O0000 1is-($VERSION) /test DO OO
> test2b m n matrix_type solution_filename rhistory_filename [options]
O000000,200 Laplace000D0 9000000000000 DO0O0OO0O0O0 meOOD0O ADODODOO
000000 Az =00, matrix_type U000 000000000, 0ptions000000000C0O0O. OO,
0000 Matrix Market 000 solution filename 0, 00000 PLAINO OO rhistory_filename [
oooo.oooooosOOO000 000000 100000DDOO000. ,nO000O0DODOOO
goo.

2.4.4 test3

OO000D0QO 1is-($VERSION) /test 0O OO
> test3 1 m n matrix_type solution_filename rhistory_filename [options]
O00000,300 Laplace0 00O 70000000000 OO0ODOOOOO0OImmO0OO0 ADDOOO
0000000 Az =560, matrix_type 00000000000 DO, options00000O00OOOO. O
O,0000 Matrix Market 0 0 0 solution filename 0, 00000 PLAINO OO rhistory_filename
ooooo.oooooobs0O0OOOD x00000D01000000D0D0ODO. 1,n,n0000000O0
ooooo.

13



2.4.5 test3b

000000 1is-($VERSION) /test OO OO
> test3b 1 m n matrix_type solution_filename rhistory_filename [options]
O00000,300 LaplaceJO000 27000000000000D000C0O000 OO0 AODOOO
0000000 Az =560, matrix_type 000000000000, optionsO0000000O00O00O0. O
O,0000 Matrix Market 0 0 0 solution filename J, 00000 PLAINO OO rhistory_filename
oooO0.oo00000 2000000 000000 10000000000.1,m,n0000000
goooo.

2.4.6 test3c

OO0OO0O00D0 1is-($VERSION) /test DO OO
> test3c 1 m n step [options]
OO00000,300 Laplace0 000 70000000000 0O0O0O00O0O0OO0O OO0 ADOO
00000000 Az=00,0ptions 0100000000 stepO000O0O000. OOD0O0ODOOVDOOOO
00000000 10000000000.00000000000000C0O0O0O00000001,myn
goooooooooooD. O

2.4.7 test4

00000 Az=600000000000,00000000000.00 A000O 120300000

O000. 000000000000 000000 1000000000O0O. testdf.FO testd.cO
FortranO O OO.

2.4.8 testd

O000D0ODO 1is-($VERSION) /test DO OO
> test5 n gamma [options]
O00O000,00000 Az=0000000000C0OC0O.00 A000O0 nd ToeplizOO

[\

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

oo00.000000 soOooooOO0 000000 100000000DO.

14



2.4.9 test6

test6.c test2.cO0000OOODO. OD0D0OOO 1is-($VERSION) /test OO OO
> test6b m n
000000,200 Laplace0 000 5000000000000 000000O0 OO0 ADODO
0000000 Az=00000000. 000000000000 2000000 100000000
O0. m,n000000000O00O0O. test6f.FO0 O test6.cJ Fortran 9000 00 .

2.4.10 test7

O0O00D00 1is-($VERSION) /test OO DO O
> test7
000000, 00000000000. test7f.FO test7.c0 FortranOOOO.

2.4.11 test8f

OO0O0000 1is-($VERSION) /test DO OO
> mpiexec -n m test8f
OO00D000, Newton-Raphson 0000000000000 O0O0DOQO. Newton-Raphson 0O O OO, O
oooooobooooboboooogobosToooooooo.

2.4.12 etestl

OO000D00O 1is-($VERSION) /test 0O OO
> etestl matrix_filename evector_filename rhistory_filename [options]
000000, matrix filename 000000000000, 0000000 Az =Xz 0 optionsO00
ocooooooOdo,000ooo00oooo0oooo0.00,00000D000000D0OD Matrix
Market 0 0 O evector_filename 0, 00000 PLAINO OO rhistory filename DO O ODO. OODO
0000000000 Matrix Market 00, 0000 Harwell-BoeingOOOODOOOODOO. etestlf.F
O etestl.cO FortranOOODO. O0OO0OO00DOCOO0ODDOO etests00000O0O.

2.4.13 getestl

000000 1is-($VERSION) /test 0O 00
> getestl matrix_a_filename matrix_b_filename evector_filename rhistory_filename

[options]
000000, matrix_a filename [0 [ matrix b filename D00 00O 0O0O0ODOOO0O, OOOOOO
00 Az = ABz 0 options 000000000 OO0O, 00000D00D0ODOOOOOODOOODO. O
O0,0000000000000 Matrix Market 00 0 evector_filename 0, 0O 00O PLAINOO
O rhistory filename OO O O0. OOOOOOODOOOODO Matrix Market 00O, 00 OO Harwell-
BoeingOOOOOOODOOO.O0O00DCODOOO0ODOOOOO getests5000000O.
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2.4.14 etest2

000000 1is-($VERSION) /test OO OO
> etest2 m n matrix_type evector_filename rhistory_filename [options]
O00000,200 Laplace 0000 50000000000000000000mnO000 ADOOO
00000 Az = M0, matrix_type 000000000000, options0000000OOO0OO, O
Oo0o0O0oO0obOooooboooOoO0onO. 00,00000000000 evector_filenamed, 00000
rhistory filename U OO0 . m,n 000000000000,

2.4.15 etest3

OO000D00O 1is-($VERSION) /test DO OO
> etest3 1 m n matrix_type evector_filename rhistory_filename [options]
000000, 300 Laplace00O0O 70000000 QCO0O0O0OQOO0OOO0OCO OO0 AOO
0000000 Ar = Az 0, matrix_type 000000000000, options 0000000000
O,000000D00000000000D. ODO,D000D0000000000O0 Matrix Market 0 O O
evector filename 0, 00000 PLAINO OO rhistory filename 00000 . 1, m, n 000000
Ubooob0O0.00000000000000 etest6e00OOO0O.

2.4.16 etest4

OO0OO0O00D0O 1is-($VERSION) /test DO OO
> etest4 n [options]
O000ooo,00pb00o0 Az=X 00000000000, 000000DCO0OO00ODOODOOO. O
0OAQOOO,O0300000

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

2.4.17 etestb

000000 1is-($VERSION) /test 0O OO
> etestb matrix_filename evalues_filename evectors_filename residuals_filename
iters_filename [options]
000000, matrix filename 000000000000, 0000000 Az =Xx0 optionsO0000
OoooooOo.obD,d0bdbod -ss0000000D00O0D0O0ODO00O0 evalues_filenamel, 00000
00000, 000000000000 evectors_filename, residuals_filename [ [ iters_filename
000 Matrix Market 000 0000. O0OOOO0OO0O0OODODOOO Matrix Market 00, 000 O Harwell-
Boeing OO OQOOOQOOOO.
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2.4.18 etest5b

OO000DDO 1is-($VERSION) /test DO OO
> etestbb matrix_filename evalues_filename [options]
OO000D00,matrix filename 000000000000, 0000000 Az =MXzx0 optionsO000
O0000OD0O0O.O00,00000 -ssO00000DOO0O0 RitzOO evalues_filename OO0 Matrix
Market 0 O0O0O0OO. OD0OO0D0OOO0ODOOODOOO Matrix Market 00, 00O O Harwell-Boeing O O
gooooooo.

2.4.19 getestd

OO000D00O 1is-($VERSION) /test 0O OO
> getestd matrix_a_filename matrix_b_filename evalues_filename evectors_filename

residuals_filename iters_filename [options]
O0000dOd, matrix_a filename 0 matrix b filename 000000000000, 00O0OOOO
0O Az = ABz 0 options 00000000 OCO. OO,00000 -ssOO0OO0OO0ODODOO
000 evalues_filename U, 00O 0O0OODOO0OO, O00OUOOOOOOOOO evectors_filename,
residuals_filename 0 O iters_filename 0 O 0O Matrix Market 00O O0O0O0O. OOOOOOOOO
0000 Matrix Market 0 0O, 0000 Harwell-BoeingO OO QOOOOODOO.

2.4.20 getest5b

000000 1is-($VERSION) /test OO OO
> getestbb matrix_a_filename matrix_b_filename evalues_filename [options]
00000, matrix_a filename 0 matrix b filename DO O 0D OOOOODO,000000O0O
Ax=ABz 0 options 000000000 DODO. O00,00000 -ssO000000O00ODOQO RitzODO
evalues filename [0 0[O0 Matrix Market 00 0O 00O0. 0000000000 O0OO Matrix Market
00,0000 Harwell-BoeingOOOOOOOOOO.

2.4.21 etest6

OO0O0000 1is-($VERSION) /test DO OO

> etest6 1 m n matrix_type evalues_filename evectors_filename residuals_filename
iters_filename [options]
OO00000,300 Laplace0 000 70000000000 0O0DOO00O00O0DOO0O OO0 ADOO
000000 Az = Az 0, matrix_type 00000000000, options 0000000 O0DOOO.
Ub0,00000 -ssO0000000D0000000 evaluesfilenameO, 0000000000, O
00000000000 evectors_filename, residuals filename [J [ iters_filename U [ O Matrix
Market 00O0O0O0O0O. 1, m,n000000CO0O0ODODOO.
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2.4.22 etest7

etest7.c etest2.c0 000000 . DOODOOO 1is-($VERSION) /test 1O OO
> etest7 m n
000000,200 Laplace0 000 5000000000000 000000O0 OO0 ADODO
00000 Az=Xx0 QROODUOO. m,n000000C00O0O0O0OO.

2.4.23 spmvtestl

OO0OO0O00D0O 1is-($VERSION) /test DO OO
> spmvtestl n iter [matrix_type]
OO00000,100 Laplace000O0 30000000000DOODO0O0ODOOOOnOOO

00000 (1,...,1) 70000 iter00000000000,FLOPSO00000. 0000 matrix_type
ooo,

0 goooboooboobooboobooboooboag
1-11 gboooboooog

goooooobooo.

2.4.24 spmvtest2

OO0OO0O000 1is-($VERSION) /test DO OO
> spmvtest2 m n iter [matrix_typel
OOO0000,200 Laplace00O00 500000000C0O0O0O0O0ODODODODOODO meO 0000000
000 (1,...,0)T0000 iter 00000000000, FLOPSOOO0O000. 0000 matrix type
ooo,

0 obooobOobo0ooooboooboobooooonoo
1-11 oooooooono

uboobouodbud.n,n000000000000.

2.4.25 spmvtest2b

OO00O0D0ODO 1is-($VERSION) /test DO OO
> spmvtest2b m n iter [matrix_type]
O0O0O000,200 Laplace0 000 90000O0O0O0O0O0OODOODODDDODODOD meDO 90000000
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000 (1,...,1)7T 0000 iter 00000000000, FLOPSO000O00. 0000 matrix_type
ooo,

0 gboooboooobooboooobooooono
1-11 ooooobooog

gbooobOoboo0. mnOO00O0O0C0COOOOOO.

2.4.26 spmvtest3

OO0OO0OO0O0D0O 1is-($VERSION) /test DO OO
> spmvtest3 1 m n iter [matrix_typel
O00000,300 Laplace0 000 7000000000000 DO0000O00O0mnO 7000000
o000 (1,...,)T0000 iter 00000000000, FLOPSO0000D. 0000 matrix_type
ooo,

0 goooboooboobooboobooboooboag
1-11 obooobooooo

gbooobooobod. 1, mad0doooogoooooo.

2.4.27 spmvtest3b

O000D0ODO 1is-($VERSION) /test DO OO
> spmvtest3b 1 m n iter [matrix_typel
OO00OD00O0,300 Laplace000027000000000C0CDOOO0OOO0O0O0mnO 27000000
o000 (1,...,)T0000 iter 0000000D0DO00,FLOPSO0000D. 0000 matrix_type
ooo,

0 obooobOoboooooboooobooooonoo
1-11 oooooooog

obooobOobooob. 1, m,n000000000000.

2.4.28 spmvtest4

OO0OO0O00D0O 1is-($VERSION) /test DO OO
> spmvtest4 matrix_filename_list iter [block]
000000, matrix filename 1list 0000000000000 OCO0ODODOO0ODOOO0ODODOO,O00
ooooo0o(L,...,)'0000000000000000000 iter000000O00O0O0, FLOPS
OO00000. 0000000000000 Matrix Market 00, 0000 Harwell-BoeingO OO OOO
OO000.0000bpleckOOO,BSR,BSCOOOOOODOOOOODOOO.

19



2.4.29

spmvtestb

OO0OO0O0O0D0O 1is-($VERSION) /test DO OO
> spmvtest5 matrix_filename matrix_type iter [block]
000000, matrix filename 00000000000 0ODOO00OOCOODOODOOO, 0000000
(1,...,)T 0000000000 matrixtype 0000 iter 00000000000, FLOPSOODOO
O0.0000000000000 Matrix Market 00, 0000 Harwell-BoeingOOOOOOODODODO.
OO000 plockO0OO,BSR,BSCOOOODOOOOODOOOODO.

25 0000

gboooboooobobooooag.

e 1 OOOOO

vBROOOOOOODOOOOOODOooOOoOooO.
CSROOOOO0ODOOO SA-AMGOOOOOoOoOoooo.

ocooooooooooooooooooooOooboOooog,cSsRooooooooooo
O00.0000000D00000D00,0D lis_matrix_convert() DO DODOOODODODO.

e double-double 0 400000 (40000)

0000000000, Jacobi, Gauss-Seidel, SOR, IDR(s), COCG, COCROUOODODODO
ao.

ooooooooooooo.

Hybrid 00O 0OO00O0O0O0O0OOODO, Jacobi, Gauss-Seidel, SORO OO OOOOOO.
I+S, SA-AMGOO0O0O00DO00OO0OO.

double-double 0 400000000000 O0OOODOOODOO.

long-double 0 4000000000000 O0OODOO.

e OO

ILUkk)OO000O00O00000,0000000000000000O0O0 ILUODOO 41100
O0.000000000000D00000D00O0O0O0D0O000 JacobiDOOOODOOOO
goooo.

Jacobi, SSOROUOOOO0OOOOOO, 0000 ADCSROUDOODOO,00000O0O
CSROOOOO ADODODOODO.

gooOoOoOoOoOOO0O0OO0O BiICGOOOOOOOOO,SA-AMGOOOOOOOOOO.
SA-AMGOO0OO0OO000O0OO0O00ooogoooooooo.
SA-AMGUO0O000000000000000.
SAINVOOOOOOOOOOOOOoOOoOOoOoODODDDOD.
oboooooboooooboon.

20



o JODODOD

- 0o0obOoooobOoboboob,0bobobooboooboocbooobo. obo,00000000
oooooobooo,0o0o0b00boo0ooobooboooooDo.

21



3 Uoggg

obooo,000b00b0ocobo0boo0ooboobo0o.oboobooo,ocoboobooooooboooon.

e JOOODO

oooono

e JOOOOODO
e U0 (DOOULDOODUODDOO)OOO
e U0, 00000DODOOO

oooono

e (1[I

e OO0

gbo,0b0booboobooboobooboobobbobooboobon.

o C #include "lis.h"

e Fortran #include "lisf.h"

lis.h, 1lisf.h 0, 0000 ($INSTALLDIR)/include DO OO O OO.

3.1 ODOoodobo

ubb,ggbugoboobboobud. ggbuoabooobooboa,boobboooboaan

goooobooon.

¢ R
1: #include "lis.h"
2: LIS_INT main(LIS_INT argc, char* argv[])
3: {
4: lis_initialize(&argc, &argv);
5: R
6: lis_finalize();
7: }
N J
s Fortran ~
1: #include "lisf.h"
2: call lis_initialize(ierr)
3: R
4. call lis_finalize(ierr)
\ J
ooooo

oooobooooo,od

o C LIS_INT lis_initialize(LIS_INT* argc,

22

char** argv[])



e Fortran subroutine lis_initialize(LIS_INTEGER ierr)

oooo.0b0o0o0o,MPIO0OO0OO,0D00000DOOOO0ODOOOODOOOODO.

LISIINTUOUOUODO int 0, 0000000000 _LoNc__LoncUO OO OO0OO0OO000O long long int0, O
O LIS.INTEGERUO OO0 integer 0, 0000000 ODOO LONG__LONGU OO OO UODOODOO integerx*8
gooooooao.

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

oooo.

3.2 DOUOOoooo

000000000 global nO0O0. 0000 v0O nproes0000000000O0O0DOOODOOODOO
0000000000 localn000. global.n 0 nprocs 000000000 local-n = global_n /| nprocs
O00.000,0000w00 (3.1)0000020000000000000000, global-nO local-n
oo0ooo402000.

0 PEO
1

v=|— 3.1
2 PE1 (3.1)
3

(3.1)|]|:||:|[|[|[| vO0O000000,00,00000000000000000000,00000
gooooooooooooooooooboooooooooooboboooooooon.
o000 obooooooob. oo, 00000 ooooboboooooao
2000.
gooooooooooo
Ol ) N

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

O © 00 NO OB WN -

[

}

-
N

23



~C(00000000o) ~

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

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

lis_vector_create (MPI_COMM_WORLD,&vV) ;

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++)

{

© 00N 0O WN =

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

ey
o

}
- J

/—Ikntran,(D 00o0oooooooon) ~

LIS_INTEGER i,n

LIS_VECTOR v

n=4

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

do i=1,n

call lis_vector_set_value(LIS_INS_VALUE,i,DBLE(i),v,ierr)
: enddo
\ J
/—Ikntran.(D 0o0ooooog) ~

©O© N O O d W N

_
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

o )

© 00 ~NO U WN =

goooooo
obobogo.000040,00

o 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)
odo00.commOO MPIOOOOOOOOOOOO. OO0,00000000000 comOOO0O0O00OO
a

ooooo
ooooboo,oon

o 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)

24



OO000. localn O globel.n OO0 D0 000000 O0ODOOODOOODO.
O00,00000000000,local-nO global nO0O0O0O. 00000, lis_vector_set_size(v,n,0)
O lis_vector_set_size(v,0,n) 0, 000000 nO0OD0OODOODOO.
00000000 D0OO00000, lis_vector_set_size(v,n,0) 0000000000 nOO0DOOOO
oo00000. 00, lis_vector_set_size(v,0,n) 000000 pOO000O m, 00000000000
O.m,0000000000000.

oood
ubobogdo00:0000000000,00

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

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

gbodo. obgbgobooobdao,bgboobodb :000bd00ogbaooobn0a0o0o0ao.
flag OO

LIS_INS.VALUE O O: v[i] = value
LIS_ADD_VALUE 000 O: v[i] = v[i] + value
0oo0D0O0000O.
ooooooo
000000000D00000000000000000,00
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)

UO000.0 100 LIS_VECTOR vinU LIS_MATRIXUOOOOOOODOOODOOO. ODO0O0O0OO0OO0OOO0O
obooobOobooobo.oooobobooooobooooon

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)

goooo.

goooooo
gboooboooooboobooooboooonn,

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

gooo.
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3.3 Ougogn

OO0 AO0D00ODO global.n x globalnODO 0. 00 AOD nproes 000000 DODOOOODOOOODOO
0000000000 local.n00O0. global.n O nprocs 000000000 local-n = global_n |/ nprocs
000.000,00 A0 (32)000002000000000000000000, global-nO local-n

ooooo402000.
PEO

[
=N =

1
2 1 PE1
1 2

obooobOoboooooboboooooboo3oooooon.

001: 0000000000000000000000000000

(32)0000 A0 CSROOOO0O0O0000,00,0000000000000 ADDOOO,0000
0000000000000000000000000000000000000

00 A0 CSROOOOOOOOOOOOOOOOONONONONONOO.000,000000000000
0ooOo2000.

~C(0n00Doooononn) N

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);

[
O ©W 00N OB WN -

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

=
N =

N\
Q

(000O00ooo0) ~

LIS_INT i,n,gn,is,ie;

LIS_MATRIX A;

gn = 4; /* or n=2 %/
lis_matrix_create(MPI_COMM_WORLD,&A) ;

lis_matrix_set_size(A,0,gn); /* lis_matrix_set_size(A,n,0); */
lis_matrix_get_size(A,&n,&gn);

lis_matrix_get_range(A,&is,&ie);

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

9: if( i>0 ) lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0,4);
10: if( i<gn-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0,4);
11: lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);

12: }
13: lis_matrix_set_type(A,LIS_MATRIX_CSR);
14: lis_matrix_assemble(A);

W ~NO 0D WN -
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/-Fortran(DDDDDDDDDDDD) ~

LIS_INTEGER i,n

LIS_MATRIX A

n=4

call lis_matrix_create(0,A,ierr)

call lis_matrix_set_size(A,0,n,ierr)

do i=1,n
if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0d0,A,ierr)
if( i<n ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)

enddo

: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)

: call lis_matrix_assemble(A,ierr)

© 00 ~NO U WN -

=
= O

[y
N

-
N

KFortran(DDDDDDDDD) ~

LIS_INTEGER i,n,gn,is,ie

LIS_MATRIX A

gn = 4

call lis_matrix_create(MPI_COMM_WORLD,A,ierr)

call lis_matrix_set_size(A,0,gn,ierr)

call lis_matrix_get_size(A,n,gn,ierr)

call lis_matrix_get_range(A,is,ie,ierr)

do i=is,ie-1
if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0d0,A,ierr)
if( i<gn ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0d0,A,ierr)
call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)

12: enddo

: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)

: call lis_matrix_assemble(A,ierr)

- J

© 00 ~NO O WN =

o
= O

-
w

iR
IS

ooooo
o0 AQ0OOODO,00

o 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)

OO000. commO0O MPIODOOOOOOODOOOO.OO,00000000000,comd00000
go.
ooooo

ugboooaooad,od

o 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)

OO000. localn O globaln OO0 O0O0O0O00OO0ODOOOOODOODOOO.
00,00000000000,!local nO global nO0O000. 00000, lis_matrix_set_size(A,n,0)
0 lis_matrix_set_size(A,0,n) 0, 000000 nxnOOOOODOOO.

27



0000o0oDoDo00Oo0Oooon, lis_matrix_set_size(A,n,0) DO O0OO0O0OD0OO0OO0OOnx NOODOO
oooooOo. NOnOOOODOO.
00, lis_matrix_set_size(A,0,n) 000000 pOO000 m,xnOOOOO0O0O0O0O0O. m,d00
oooooooooo.

oood
00 A0OD0:00 j00000CC0COOOO,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)

oO000.000000D00D000,000D0004¢00 jO0D0QC0O0O0O. lagOO
LIS_INS_VALUE O O: A[i,j] = value
LIS_ADD VALUE OO 0O0: Afi,j] = Ali, j] + value
gbooaooaood.
gooobooooo
obooooobooooooon, oo
o 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)

O000.000000 A0 matrix_type O LIS_MATRIX_CSROOO. O0OOOODODODODDDODOOO.

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-Itpack 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}

goooooo
gbooobooooobooboooog,on

28



e C LIS_INT lis_matrix_assemble(LIS_MATRIX A)

e Fortran subroutine lis_matrix_assemble(LIS_MATRIX A, LIS_INTEGER ierr)

UO0O000. 1is_matrix_assemble [0 lis_matrix_set_type U0 U0 0O0O0OOOOO0OOO0OOOO.

gbooan
goooboobooobgoobooboon,

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

oooo.

gb 2. 000000000000b000bOoonon

(3.2)0 000 AOD CSROOODOOOOOO,00,000000000O0D0O00 ADODDOOO,000O0

obocooOobooooobobooooobooooboboooboobobooooa.

00 A0 CSROOODOOOoO0OooOoO0oOoOooOooO0oOoooOooOoOoD.Oooo,0bb000ooDbbooOooDo

goog2000.

~C(000000000000)

LIS_INT i,k,n,nnz;

LIS_INT *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

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

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

lis_matrix_create(0,&A);

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

W ~NO D WN -

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

11: {

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

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

16: }

17: ptr[0] = 0;

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

1; k++;}

1; k++;}

N
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~C(00000000o)

LIS_INT i,k,n,nnz,is,ie;

LIS_INT *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n=2; nmz = 5; k = 0;
lis_matrix_malloc_csr(n,nnz,&ptr,&index,&value);
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++)

: A{

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

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

16: }

17: ptr[0] = 0;

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

© 00 ~NO U WN -

=
= O

N

1; k++;}

1; k++;}

ooooooo

csROODODODODOODOOOOOOOOOOO0OO0 AODOOOO0O000,00

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

LIS_SCALAR value[], LIS_MATRIX A)

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

gbooo.boooobobooboobosbobooog.

o0 3 0D0ooooooboo,0o0cobooboobooboon
00000000 (3.2)0000 AOCSROOOODODOOUOOO,0D0000DO0OUOODO0OUOOO.

KC(DDDDDDDDDDDDDDDDDDDD)

LIS_MATRIX A;
lis_matrix_create(LIS_COMM_WORLD,&A) ;
lis_matrix_set_type(A,LIS_MATRIX_CSR);
lis_input_matrix(A,"matvec.mtx");

N O W

N

/—Ikntran,(D 00000000000000000on)

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)

~No W

N\

Matrix Market 00000000000 matvec.mtx OO0 0000 O0OO0O.

%hMatrixMarket matrix coordinate real general
441010
12 1.0e+00
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BB W W W NN

KC(DDDDDDDDDDDDDDDDDDDD)

N

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

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

00000000 (3.2)0000 A0 CSROOO, 00 (3.1)0D000O00 D00 ODOOOOOODO
googoooooooog.

~NOo O W -

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

N

N

KFortran(DDDDDDDDDDDDDDDDDDDD)

~N o o WN

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)

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

%hMatrixMarket matrix coordinate real general

4

W N DD WWWNDNNRE -

4 10

N
[

WP WP W
P NDNNR PR NDR PN

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

0e+00
0e+00

0.
1.
2.0e+00
3.

0e+00

obooooooooooon

go

00000000 ADDDODODODODODOOOO,o00

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

31



e Fortran subroutine lis_input_matrix(LIS_MATRIX A,
character filename, LIS_INTEGER ierr)

O000. filename 00 O0OO0O0O0O0OO0OOO. 0O00OO0O0ODOOOOOOOOOOOOOO (DDOOOO
00000000 AOOO).

e Matrix Market O O
e Harwell-Boeing O O
0000000000 ADODOOD b 200000000000, 00
o C LIS_INT 1lis_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)

O000. filename 00 O0OO0O0OO0OOUOOO. 0O0OO0OODOODOOOODOOOOOOOO (DOOOO
00000000 AOOO).

e 00O Matrix Market 0 O

e Harwell-Boeing 0 O

3.4 0O0OUOogooOooOO

00000 Az=b0000000000000,0000000000000000.
gddbooodooooooboooooa
~C ) N

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);

O ©W 00N OB WN -

[

-
N

KFortran(DDDDDDDDDDDDDDDDDDDD) ~

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)

O W 00 ~NO Ul WN -

[

/
-

goooog
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oog (E]E][ID gooooooooooon D) goooooo, oo
e C LIS_INT lis_solver_create(LIS_SOLVER *solver)
e Fortran subroutine lis_solver_create(LIS_SOLVER solver, LIS_INTEGER ierr)

oooo.

ooooooboooooon
goooooooooooooooooooooooooooooooDoooDOOOb0 coooooogo
gboogobooobooboobobbooboobooboo

LIS_INT lis_solver_set_monitor/(
LIS_SOLVER solver,
LIS_SOLVER_MONITOR_CALLBACK monitor,

void *user_data);
0000000000 bD00o0O0oo0ooonoooonon

LIS_INT lis_solver_set_convergence(
LIS_SOLVER solver,
LIS_SOLVER_CONVERGENCE_CALLBACK convergence,

void *user_data);

goboobooooooboooboobooboooooooooboobooooooboobooag
oooooooooooOoooo obOOO0OOOODOOODOOOO0 OODODOOOODDDDO nulOO
O00000D0000000O0Ouwser_ data000000O00O0O0O0OCODOOOOODOO

gooooooooobooboooooboobooooboo

LIS_SOLVER_RESIDUAL_RECURSIVE
LIS_SOLVER_RESIDUAL_PROJECTED
LIS_SOLVER_RESIDUAL_TRUE

LIS_SOLVER_RESIDUAL_PROJECTED U UUUOUODNODOOOOOOOOODDOOOOOUOULIS_SOLVER_RESIDUAL_TRUE
ooooooo0oooboooOooooboooO0ooDooO0bOb00oOo0DO GMRESOOOOODODOOO
ocoooooooooo0ooooooooooooooDooOoooDoooooooOoooooOooo

0000000 GMRESOOOOOODOOOOOOOOOOOODOOOOODOOOOOoODOO
ooooooooooooooooooooooooboboOoooobooOooOooooobOooOooooDooboooooo
ooooo400000000D00000DCOOODDOOOOO

goooooooooogoooooooOoooOoooOodboooooodboooooOooDooboOoooo
gopoooo0o0oooooooooOoO00oooooDoooooDoOooOOoOooOOoOoDOoDOoODOOdg
ooooo0o0oooobooooDbooo

00000000000 00D00OO000DO1is_s0lve OO0O0O0O0OOO0OODOOOOODOOOODO
O0O000O0opoOoo000oooOoOoOO0ONaND nfO00000DODODOO0O0O0ODODOOOO0OODODOO
oooooooooooooooooooooooobooooooooooobooOoOobO0o0ooobooooo
O0O0O1lis_solver_reset_sequence U OOODODOODOOO
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oooooooo
gboooboooboooooboooooa, 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)

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

OO000. 1lis_solver_set_optionCO, 000000000 O0O0O0O0O0O00O0OO0OCOOCODOOODO
gboooooboooooboon.

00000000 DODO00O0Do00oooOn. -1 {eglt¥d-i cgO00-i100000O.
-maxiter [1000] O, -maxiter JO OO0 10000000000000O0.
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00000000000 0o0oUoO0 (DO00: -1 bicg)

goooobog (obooboo googogan

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgs|3}

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] oo0ooo0 m

GMRES(m) -i {gmres|9} -restart [40] ooooogdm

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|16}

BiCRSTAB -i {bicrstab|17}

GPBiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafe|19}

FGMRES(m) -i {fgmres|20} -restart [40] 0oo0oodm

IDR(s) -i {idrs|21} -irestart [2] 000oo0 s

IDR(1) -i {idr1/22}

MINRES -i {minres|23}

COCG -i {cocgl24}

COCR -i {cocr|25}

GCRO-DR -i {gcrodr|26} -gcrodr_k [40] GCRO-DROOCOOODOOO
-gcrodr_keep [8] 00000000ooo0o
-gcrodr_keep_quality [0.9] oooobooog
-gcrodr_reject_quality [0.35] OOOOOOOOO

FGCRO-DR -i {fgcrodr|27}  -restart [40] oooooo m

-fgcrodr_k [8]
-fgcrodr_keep [0.90]
-fgcrodr_reject [0.10]
-fgcrodr_update [true]

gboooobgon
ooooogao
ooooooo
gbogobgoogan
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000000000000 (DO0O: -p none)

ooo ooooo ooooooo
oo -p {nonel|0}
Jacobi -p {jacobil|1}
ILU(k) -p {ilul2} -ilu_£ill [O] Oo0o0oOoooo k
-ilu_pivot_tol [0.0] oooobooogo
SSOR -p {ssor|3} -ssor_omega [1.0] 0000 w(0<w<2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] gooooo
~hybrid_omega [1.5] SORODOOD0O0 w (0<w<?2)
-hybrid_ell [2] BiCGSTAB() O OO !
~hybrid_restart [40] GMRES(m), Orthomin(m) O
gooooo m
I+S -p {is|5%} -is_alpha [1.0] I+aS™O000000 «
-is_m [3] I+aS™DO00000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0OO0ooooooo)
-saamg_theta [0.05(0.12] 000000 af; < 6|asla,l
(OD100o)
Crout ILU -p {ilucl|8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] ooooooooooo
-ilu_pivot_tol [0.0] oooooooooo
ILUT -p {ilut|9} -ilu_pivot_tol [0.0] oooooooooo
MFAMG -p {mfamg|12}
-mfamg_block_size [1] oooooooooooooooo
(.O00000O0 2--0000000)
Additive Schwarz | -adds true -adds_iter [1] oooo
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googoogoog

oooono

-maxiter [1000]

-maxiter_noimp [0]
-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]

ooooog

gooooQooooOoooOoOoOoOoOoOOOOOOOOOOOOODODOO

good bboooo:-oubbbbuoouooooboo

000000 ta

O00D0O00O toly,

ggoooon

-print {none|0} gooooooooo

goooooooooooo

-print {outl|2} gooooooooooooo

-print {alll3} ggodobobobobooo,guobbobbogo

gooooobobob.boboooog,bbbobbooooon

oooooooo

Jacobi0OOODODO D tAx= D1

(DO A=(a;)00000)

-scale {symm_diagl|2} 00000000 D Y2AD Y22 =D/
(D~Y200000000 1/6;0000000)

-print {mem|1}

-scale {nonel|0}

-scale {jacobi|1}

0oo0ood z
-initx_zeros {falsel|O} 00 1lis_solve() O OO xO0O0O
oooooooooogao
-initx_zeros {truel1l} goooobbooooood
gooo

-conv_cond {nrm2_r|0} [|b — Az||a < tol * ||b — Axgl|2
b= Azl < tol «|[b]]3

[|b — Azx||1 < toly, * ||b||1 + tol

-conv_cond {nrm2_b|1}
-conv_cond {nrmi_b|2}
goooood
(tDDDDDDDD)
gooooo
BSR,BSCOODOOOOODOOO
gooooooooaa
-f {double|0}

-f {quad|1}

ooad
double-double 0 40 00O

oo

00000 Az=000000,00

e 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)

gooo.
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3.5 0OOougoooo

0000000 Az= X 0000000000000, 0000000000000D000A0.
gddbooodooooooboooooa
~C ) N

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);

© 00N O WN -

o
= O

/—Ikntran,(D 0000000000000000o0on) ~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)

© 00N O WN =

[
o

[
[

[
o

gbooaod
000 (0000000o00o0o0DO000O0)0o0oooUoD, 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
gbooobooooboobooog,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_optionCO, 0000000000000 OO0O0OCOOOOCOOODOO

gboboobooobooooobooon.

00000000000 DO0O00CO0ODOODO0OnDgd. -e {pilt}0-e pid00O-e 1 00OO0OO.
-emaxiter [1000] O, -emaxiter DO OO0 10000000000000O.

000000000000 0O (Do0: -e cr)

goooo ooooo ooooooo

Power -e {pil1}

Inverse -e {ii|2} -i [bicg] ooooooo
Rayleigh Quotient -e {rqil3} -i [bicg] ooooooo
CG -e {cgl4} -i [cgl ooooooo
CR -e {crl|5} -1 [bicgl ooooooo
Subspace -e {sil6} -ss [1] ooooooon
Lanczos -e {1i|7%} -ss [1] ooooooog
Arnoldi -e {ail8} -ss [1] gooooooo
Generalized Power -e {gpil9} -i [bicg] goooogoo
Generalized Inverse -e {giil|10} -i [bicg]l goooooo
Generalized Rayleigh Quotient | e {giil11} -i [bicg] goooooo
Generalized CG -e {gcgl12} -i [cgl] ooooooo
Generalized CR -e {gcr|13} -i [bicg] goooooo
Generalized Subspace -e {gsil14} -ss [1] oooooooog
Generalized Lanczos -e {gli|156} -ss [1] gbooooood
Generalized Arnoldi -e {gail16} -ss [1] oooooooo
Native FEAST -e {feast|17} -ss [1] oooooooooo

-feast_emin
-feast_emax
-feast_ratio [0.30]
-feast_points [8]

-feast_solver [gmres]

gooobooobooo
gooooooooo
gbooooobooooono
gboboobooaobooaogadan
goooooooo
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000000000000 (DO0O: -p none)

ooo ooooo goooooo
oo -p {nonel|0}
Jacobi -p {jacobil|1}
ILU(k) -p {ilul2} -ilu_£ill [O] Oo0o0oOoooo k
-ilu_pivot_tol [0.0] oooobooogo
SSOR -p {ssor|3} -ssor_omega [1.0] 0000 w(0<w<2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] gooooo
~hybrid_omega [1.5] SORODOOD0O0 w (0<w<?2)
~hybrid_ell [2] BiCGSTAB() O OO !
~hybrid_restart [40] GMRES(m), Orthomin(m) O
gooooo m
I+S -p {is|5%} -is_alpha [1.0] I+aS™O000000 «
-is_m [3] I+aS™DO00000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0OO0ooooooo)
-saamg_theta [0.05(0.12] 000000 af; < 6|asla,l
(OD100o)
crout ILU -p {ilucl|8%} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] ooooooooooo
-ilu_pivot_tol [0.0] oooooooooo
ILUT -p {ilut|9} -ilu_pivot_tol [0.0] oooooooooo
MFAMG -p {mfamg|12}
-mfamg_block_size [1] oooooooooooooooo
(.O00000O0 2--0000000)
Additive Schwarz | -adds true -adds_iter [1] oooo
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googoogoog

ooooo
-emaxiter [1000] gooooo
-etol [1.0e-12] gogoooo
—eprint [0] 0oooooo
-eprint {none|0} ooooboobogoo
-eprint {mem|1} ooooooooooood
-eprint {out|2} o0oooOOooooooooo
-eprint {alll|3} gooboooooooboo,oooobooooda
-ie [ii] Subspace, Lanczos, Arnoldi0 000000000 OO0OOOOO
-ige [giil Generalized Subspace, Generalized Lanczos, Generalized Arnoldi 0 0 0 O
goooooooooog
-shift [0.0] A—-ocBUODOOODDODDODOO cODOO
-shift_im [0.0] o000 eOono
-initx_ones [1] OO00dono xg
-initx_ones {falsel|0} 00 lis_esolve() OO O xO 00
Oo0oooooooooo
-initx_ones {truel1} oooooooooi1oo0o

-omp_num_threads [t] | O0OOO0OOO
t00gooood

-estorage [0] ooooog

-estorage_block [2] BSR,BSCOOOOODOOOO

-ef [0] gogoooooboo
-ef {double|0} ooo
-ef {quadl|1} double-double 0 40 00O

-rval [0] Ritz O
-rval {falsel|O} RitzODOOOOGOOOGOOO
-rval {truel1} RitzOOOOODO

-nev [1] 00000000 (< ss)

-etransform [0] goooooogooboog
-etransform {auto|0} oooooogo
-etransform {shift-invert|1} 00000 T=(A-0B)"'B
-etransform {buckling|2} 00 T=(A-oB) A

oo

0000000 Az=X00000,00

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

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

gooo.

41



00000000 Az=2ABz00000,00

o C LIS_INT lis_gesolve(LIS_MATRIX A, LIS_MATRIX B,
LIS_VECTOR x, LIS_SCALAR evalue, LIS_ESOLVER esolver)

e Fortran subroutine lis_gesolve(LIS_MATRIX A, LIS_MATRIX B,
LIS_VECTOR x, LIS_SCALAR evalue, LIS_ESOLVER esolver, LIS_INTEGER ierr)

goog.

3.6 ODOUgoooO

ooo0o0 Az=000000000000,000CC0C00000O0OODOODODODODODODOOOOO.
00 A00OO0 120300000

oo0.00b0o000swWOO0OO00O1000000000DO.
000000000000 1is-($VERSION) /test 0O O DODO.
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/DDDDDDD:testZLC

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;

7: 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,A);
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(4A,&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_iter(solver,&iter);
34: printf ("number of iterations = %d\n",iter);
35: lis_vector_print(x);
36: lis_matrix_destroy(4);
37: lis_vector_destroy(u);
38: lis_vector_destroy(b);
39: lis_vector_destroy(x);
40: lis_solver_destroy(solver);
41: lis_finalize();
42: return O;
43: }
}
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/-DDDDDDD:testélf.F

1: implicit nome

2:

3:#include "lisf.h"

4:

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

6: LIS_MATRIX A

7: 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,-1.040,
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_iter(solver,iter,ierr)
35: write(*,*) ’number of iterations = ’,iter
36: call lis_vector_print(x,ierr)
37: call lis_matrix_destroy(A,ierr)
38: call lis_vector_destroy(b,ierr)
39: call lis_vector_destroy(x,ierr)
40: call lis_vector_destroy(u,ierr)
41: call lis_solver_destroy(solver,ierr)
42: call lis_finalize(ierr)
43:
44 : stop
45: end
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3.7 0OOoDOoOobOOoOoon

OO000,00000D0Ilssolved00CO00O0CO00OOOOODOO. ODOOO,000D0000DO
gbo,bo0o0o00oboboooooboobooboobooooobooboooobob,boboboobooboon
000000000 00D00O0000000. 00, Newton-Raphson 0000000000, 0000
obooobooboooboooobobobooboooobobo.bobooooboooboooooo,booooaoon
gooooooog.

e lis matrix_ psdset_value: O OOO0O0OO0OOOO0O.

e lis_matrix_psd_resetscale: 000000000000 DOOCOO0OODOO.ODOOO,00000D0¢0O,
ubooobooooboboooooboooon.

lis_vector_psd_reset_scale: 00000000 OOOOOODOOOOODOO.

lissolver set_matrix: 0000000000 0OODODOO0O. OO0ODOO lis_precon_psd_create (I
ooooooooooooooon.

e lis precon_psd_create: 100000000000 O0OD0OOOOCOOODOO.

e lis_precon_psd_update: OO0 O0O0D0O0O.
gooooooooooboooog.

e 1J00ODOUODDUOO CSROUOODDO.

e 10I0O0ODOODO GMRESODOODODO.

e J0IODODDDOOUD ILUKk OO SA-AMGUOOOO.

OO00000000D00O00. 00D test8fFO0O0O00ODDODO.
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PROGRAM psd_driver

implicit none

:#include "lisf.h"

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

LIS_VECTOR b,x

LIS_SOLVER solver

REAL :: u(:),du

CALL lis_initialize(ierr)

! initialization, only done once
!

CALL lis_matrix_create(LIS_COMM_WORLD,A,ierr)
CALL lis_matrix_set_size(A,0,n,ierr)

CALL lis_matrix_get_size(A,n,gn,ierr)

CALL lis_matrix_get_range(A,is,ie,ierr)

CALL UpdateLinearSystem(RHS,LHS)
DO i=is,ie-1
DO j=1,gn
IF (LHS(i,j) exists) THEN
CALL lis_matrix_set_value(LIS_INS_VALUE,i,j,LHS(i,j),A,ierr)
END IF
END DO
END DO
CALL lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
CALL lis_matrix_assemble(A,ierr)

CALL lis_vector_duplicate(A,b,ierr)
CALL lis_vector_duplicate(A,x,ierr)
DO i=is,ie-1
CALL lis_vector_set_value(LIS_INS_VALUE,i,RHS(i),b,ierr)
END DO
u = u_initial

CALL lis_solver_create(solver,ierr)
WRITE(UNIT=options,FMT="(a)’) "-p ilu -i gmres -print out -scale none"
CALL lis_solver_set_option(TRIM(options),solver,ierr)

! everything up to this point is more or less identical to the standard workflow.
! Now comes the preconditioner initialization, and the Newton-Raphson

! iteration.
]

CALL lis_solver_set_matrix(A,solver,ierr)

CALL lis_precon_psd_create(solver,precon,ierr)
! evaluate the preconditioner, at least once
CALL lis_precon_psd_update(solver,precon,ierr)
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e ooooooooo ~

b55: DO
56:
57: IF (UpdateLHS) THEN
B8: DO i=is,ie-1
59: DO j=1,gn
60: IF (component (i,j) exists) THEN
61: CALL lis_matrix_psd_set_value(LIS_INS_VALUE,i,j,LHS(i,j),A,ierr)
62: END IF
63: END DO
64: END DO
65: CALL lis_matrix_psd_reset_scale(A,ierr)
66: END IF
67:
68: ! update RHS every iteration
69: DO i=is,ie-1
70: CALL lis_vector_set_value(LIS_INS_VALUE,i,RHS(i),b,ierr)
T1: END DO
72: CALL lis_vector_psd_reset_scale(A,ierr)
73:
T4: IF (UpdateLHS) THEN
75: CALL lis_precon_psd_update(solver,precon,ierr)
76: END IF
T7: CALL lis_solve_kernel(A,b,x,solver,precon,ierr)
78: CALL lis_solver_get_iter(solver,iter,ierr)
79: write(*,*) ’number of iterations = ’,iter
80: CALL lis_vector_print(x,ierr)
81:
82: ! update the solution
83: DO i=is,ie-1
84: CALL lis_vector_get_value(x,i,du,ierr)
85: u(i)=u(i)-du
86: END DO
87:
88: CALL UpdatelLinearSystem(RHS,LHS)
89:
90: IF (termination criteria satisfied) EXIT
91:
92: END DO
93:
94:
95: CALL lis_matrix_destroy(A,ierr)
96: CALL lis_vector_destroy(b,ierr)
97: CALL lis_vector_destroy(x,ierr)
98: CALL lis_vector_destroy(u,ierr)
99: CALL lis_solver_destroy(solver,ierr)
100:
101: CALL lis_finalize(ierr)
102:
103: END PROGRAM psd_driver
- J
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3.8 OUuooobooooon

obo0o0o0b 21.13000Ls00000000000D0000O0O0OODO0ODO0O0OO0O LISMATRIX_USER
000 LISMATRIXOPERATOR OO ODOOO

3.8.1 U0O0OO0OO0OO0OOOOO (LIS.MATRIX_USER)

coobOoO0oooo0ooooooobooob0o0oooooooobobo0ooooooooooooooon
oooooboooobooooboooooboboooobooooooooOobooooO0ooooOOboooonoooonoa
O00000000000000000000000000LIS_INT lismatrix_set_user_diagonal (LIS_MATRIX
A, LIS_INT (*callback) (LIS_.MATRIX A, LIS_VECTOR d))

e A:LISMATRIXUSER OO OODOODOOODOOOO

e callback: U O UDUOOUDOODLOD 4aDbO0DO0ODOO0ODLOODOOODOO

3.8.2 0000D0OOO0O (LISMATRIX_OPERATOR)

O0000oopoOooooo0oOoooooooo2000000000 C=dA+ppBO0O0OOOODOO0O
gboboobobooooboooobobooooboobooooboan

diag(aA + BB) = « - diag(A) + S - diag(B)

3.8.3 ODUObOoOobOobobOOobbOOobOoOooboanbad

0000000000000 (A-oB)x=XAB20000000000000OGPIMUOOOOOOODO
OGIIUO0OO0O0O0O00OO0O0O00GCROODOODOOLIS.MATRIX.OPERATOR U O DOO0O A-oeB 0000
ooboooobOoobooooooooooooboooooobooooooboooobooooobooon
O0OODOOLISMATRIXUSERD OO ODOUODOUODOUODOODODOOOOO0O0O0O0O0O LISMATRIX.USER OO
Lanczos 00 O0O00DDOOO0O0ODOOO0ODOOOODDOOOODOOO

3.8.4 OU000OO0OO0DODOOODOOODOOOOOOO

00000 21.150000Ls000000000000000000000D0O00D00O0DOD LIS.MATRIX_USER[]
oobooooooboooboooboooboOooobooboobooOoooOoooboOooooooboOon
gboooboobooooboboboooboobooooboboooobooon

3.8.5 O0OO0OO0OOOOOOO

gooob 211edboboooobooboooboobooboooboooobobooboooboboboobooDo
oboooboooboooboooobooooobooboboooboooooboooobooboooobooooboaoon
OO00O0OFGMRESOOOOOOOOOOOOOOOOODOOOOOO 2000000000000000
ooooo
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3.8.6 MFAMGOOQO

MFAMGOOOOOOOOOOOOOOOOOOOOOOOO0OOoOOO0OoooODOOoDOooooooOoOon
100000000oo0o0doDo00ooOo00oD0o0oDO0oUoDOOD000DO0Oo0OMFAMGOO
OO0000D0 CSROOOOO LISMATRIXUSERO O OO OOODOOOMPIODDOOODOODOOODOOOO
CSROOUOODO0OO0O0OO0O0OOO0OOO-scale none0 00000000000 O0O0O -mfamg_block_size
goooooooooooOoOOoOoOooOogoooooboDOb0100000O0ODDODOOODOODOOOOO
ob200 60000000000 DOOO0OOO0OOOODOOOOODOOOOOODOOOOODOOODOOOn
oodoooooooo0oO0oooooooooooooooooOoO0ooooooOoooooooOoOooo
oooooooooobooooooooooooooooooooOobOoObO0oOoOooooobooOooOObODOoOo
000000oo0oo0o0doooooUUoooO0ooOOOo0OUooOOoOoOoOOoooOoOOOMEFAMG
0000000000000 000O0O0O0O00000D000ooOO0 MFAMGODOOODODODOOOOOO
ooooooooooooooooooooooooooooobooooooooOooooog

3.8.7 0O0O0OO0O FEASTOOODOO

00000 FEASTOOOOOODOOO -feast_emin J00 -feast_emax 1000000000000
0000000000000 000000000000000D0DODO0-feast_emin < -feast_emax OO
OO00000oDo0oDo0O00000 -ssO000000000D0DODO-feast_points JO0OO0OOOOO
O00O0O-feast_ratio 0000000000 DODOCOOCOOOO0OO0O0OODOOOOOOODOOOOOOO
O0-feast_solver U DO UODODOONO gmresU fgmresU gecrodr0 OO0 fgecrodr OO ODODOOONO
0000 GMRESOOOOOOOOOOOO FEASTOOOOOOOOOOOOOOODOOODODOOOO
coooo0oooooooooOoOooooO0oooooobooOooooo
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3.9 Ouooobood

test4.c000000D000D0OO0O0DOOOOOOODOOO.OD0O00ODODO 1is-($VERSION) /testd OO
0000000 test4.c O SGI Altix 3700 O O Intel C Compiler (icc), Intel Fortran Compiler (ifort)
0000000000 000Q0oOoOO0. SA-AMGOOOOO Fortran 900 0O OOQOOODOOOOOO
O0,SA-AMGUOO0O00O0Q000000O0 Fortran 9000000000000 OODOOOOO. 00,00
000000000000 0000000 USELMPIODOOODOODOOODOOO. 64bit0 0000000
oo0,CO000O0000000000000 _LONG__LONG, Fortran 000000000 OOOOOOO
O Lonc_ Lo O OOOOoooooooono.

KDDDD ~N

goooa
> icc -c -I($INSTALLDIR)/include testéd.c

ooog
> icc -0 test4 test4.o -L($INSTALLDIR)/1lib -1lis
000 (--enable-saamg)
> ifort -nofor_main -o test4 test4.o -L($INSTALLDIR)/1lib -1lis

- J
~000000000 ~

oo0ooo
> icc -c -openmp -I($INSTALLDIR)/include test4d.c
ooo
> icc -openmp -o test4 test4.o -L($INSTALLDIR)/1lib -1lis
000 (--enable-saamg)
> ifort -nofor_main -openmp -o test4 test4.o -L($INSTALLDIR)/1ib -1lis

- J
s goooooooo ~N
oooog
> icc -c¢ -DUSE_MPI -I($INSTALLDIR)/include testéd.c
ooo
> icc -o test4 test4d.o -L($INSTALLDIR)/1ib -1lis -lmpi
000 (--enable-saamg)
> ifort -nofor_main -o test4 test4.o -L($INSTALLDIR)/1lib -1lis -lmpi
. J
KDDDDDDDDDDDDDDDDD ~N

gooog
> icc -c -openmp -DUSE_MPI -I($INSTALLDIR)/include test4.c
ooo
> icc -openmp -o test4 test4.o -L($INSTALLDIR)/1ib -1lis -lmpi
000 (--enable-saamg)
> ifort -nofor_main -openmp -o test4 test4.o -L($INSTALLDIR)/1lib -1lis -lmpi

- J

O0,test4f . FOOOODOOOODOODOOODOOODOOODOO. ODODOOODO 1is-($VERSION) /test
0000000000 test4f.FO SGI Altix 3700 O O Intel Fortran Compiler (ifort) 0000000
00000000000, FortranOOOOD0ODO0OO0O0O0OO0OO0O0DOO0DOO0O0O00O0OOOOO,000000
gbogbgboboobogbooboboobobba. ifertdbg,0oood -fppdooog.
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e oood ~

ooooo
> ifort -c -fpp -I($INSTALLDIR)/include test4f.F
ggno
> ifort -o test4f test4f.o -L($INSTALLDIR)/1lib -1llis
o J
googooooog
4 N
ooooo
> ifort -c -fpp -openmp -I($INSTALLDIR)/include test4f.F
ooo
> ifort -openmp -o test4f test4f.o -L($INSTALLDIR)/1ib -1llis
N /
gooobooood
4 )
oo0ooo
> ifort -c -fpp -DUSE_MPI -I($INSTALLDIR)/include test4f.F
ooo
> ifort -o test4f test4f.o -L($INSTALLDIR)/1lib -1lis -Impi
- J
gooobooobooboobooo
4 N
ooooo
> ifort -c -fpp -openmp -DUSE_MPI -I($INSTALLDIR)/include test4f.F
ooo
> ifort -openmp -o test4f test4f.o -L($INSTALLDIR)/1lib -1lis -lmpi
N J
3.10 OO

000000 1is-($VERSION) /test OO0 OO OO0 OO0 testd DO O testdf O SGI Altix 3700 O

goooboobod
oooo

> ./test4 -i bicgstab
goooooooo

> env OMP_NUM_THREADS=2 ./test4 -i bicgstab
goooooooo

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

> mpirun -np 2 env OMP_NUM_THREADS=2 ./test4 -i bicgstab
goooooooOo0O,00000000O0DOOOOOODODOODO.

initial vector x : all components set to O

precision : double

linear solver : BiCGSTAB

preconditioner : none

convergence condition : ||b-Ax||_2 <= 1.0e-12 * ||b-Ax_O[[_2
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matrix storage format : CSR

linear solver status : normal end

.000000e-00
.000000e+00
.000000e-00
.000000e+00
.000000e-00
.000000e+00
.000000e+00
.000000e-00
.000000e+00
.000000e-00
.000000e+00
.000000e-00

© 00 N O O W NN = O

—_
o
e e

[
[

3.11 0O00Ooogobooboooon

MPIDDOOOOODOODOOOOOO, global.n=0,localn>00000000. 0000,00000
O0o0oooooooobobbODOOCOOOO0.0O00,00000D0D0DA0 globaln=0000 local-n
obooooooobooooooooon.

52



4 400000

g0o0ooo0oO0,000000ooobbobOOoo00ooooo0O0.ooboooOogg, long double O
000000000000 200007double-double’[54, 55|00 400000000000000,00
0000000000000, double-double00000,0000 a0 a = a.hi+a.lo, sulp(a.hi) > |a.lo|
(00 ahi00D aloD0000000)000000, Dekker[56] 0 Knuth[57] 00000000000
0000000000 0bO0O00b0O0O040000000000. double-doubleD 000 0OONO Fortran
04000000000000 B8O, Fortran0 0000 9000000 11200000000000,
oooobooob 20000000,0000 14000000,8000000.00,00D00DOO
oooobogo 1inoooooo.

double-double 00000, 000000000 O0DOO,0000,0000000000000O0. 00O
000000400000 000000DO00O0,0000000040000000000DO00O00O00O0O

O00000000.00,Intel0000000000O00O0O0 Streaming SIMD Extensions (SSE) 00O
00o00oooooo [60].

double-doublef&E

fE%ED 53 AR
11E vk AR 52E v +| | 11E9k REER 52E vk
|EEE#BLDAEREE
e 2
15E wh REE 112Evk

O 2: double-double DO OO OO

4.1 400000000

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

O0000000D0 Az=000000000000,00000000000000C0O0O0O00O tests.c

000. 0000000020000 10000000000. n000 ADODODOOO. tests 00
oo,
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oooood
> ./testb5 200 2.0 -f double
ooo
> ./testb5 200 2.0
oooooooooo,0copoooooooo.

n = 200, gamma = 2.000000

initial vector x : all components set to O

precision : double

linear solver : BiCG

preconditioner : none

convergence condition : ||b-Ax||_2 <= 1.0e-12 * ||b-Ax_0[[_2

matrix storage format : CSR

linear solver status : normal end

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.

BiCG: relative residual 8.917591e+01

4000000
> ./testb5 200 2.0 -f quad
oooooooooo,00o0b0000D0O0o.

n = 200, gamma = 2.000000

initial vector x : all components set to O

precision : quad

linear solver : BiCG

preconditioner : none

convergence condition : ||b-Ax||_2 <= 1.0e-12 * ||b-Ax_0[[_2

matrix storage format : CSR

linear solver status : normal end

230 (double = 230, quad = 0)
2.267408e-02 sec.

BiCG: number of iteratioms

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

54



5 oooon

0000,0000000000000000000O0DO00O0. 0000 (0)oooo0OUOoOoOO
0000.00nxn000 A=(a;) 0000000 nnz00D0.

5.1 Compressed Sparse Row (CSR)
CSROOOO,0000 30000 (ptr,index,value)0000O0O.
e 00 nnz0DOOODOOO value, 00 ADODODOODDODODOOOOODOOOODDOO.
e U0 nnzOODOOD indexO, 00 valueUOUOOOODODOODOOODOOODOOODO.

e I0n+100000 ptr0,00 value index OO OOOODODOOOOODO.

51.1 00000 (DOOOOOOOOOOO)

00 A0 CSROUUO0O0O0O0O0OOO3000. 00000 CSROODOO0OOOooO,0000ogogo
goooooooo.

1 ol 1] 3] 5] 8 A.ptr
21 22 Y

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

0 3: CSROOUOOOUOD (oouoooooooon)

KDDDDDDDDDDDD ~

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) );
9: lis_matrix_create(0,&A);

10: lis_matrix_set_size(A,0,n);

0 N O O WN -

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; valuel[1l] = 21; value[2] = 22; valuel[3] = 32;
16: value[4] = 33; valuel[5] = 41; value[6] = 43; valuel7] = 44;
17:
18: lis_matrix_set_csr(nnz,ptr,index,value,A);
19: lis_matrix_assemble(A);
N J
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5.1.2 00000 (DO0O0O0DO0OO0OO0OO)

2000000000 A0CSROOOOOOOOOO4000.200000000000 CSROOO
obooooo,obooocobooboooooon.

013 0] 2 5 A.ptr
$

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

04 CSROOOOOOOD (oooooooo)

(f-D oooooooo ~N
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; value[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);
NG J
5.1.3 0OO0O000O0
oooooon

CSROODOOODOOOO AODOoOOoOOooDoOoO,0o0

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

LIS_SCALAR value[], LIS_MATRIX A)

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

goog.
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5.2 Compressed Sparse Column (CSC)

CsCOO0O0OO0,0000 30000 (ptr,index,value) 00000,

e 00 nnzO0OOOOO valueD, 00 ADOOOODOOOOODOODOOOODDOO.

e U0 nnzOODOODO indexU,00 valueOOOOOOOOOOODOOOO0ODOODO.

e U0n+4+100000 ptr0,00 valuel indexOOOOOOO0ODOOO0OO.

5.2.1

00000 (Coooooooooon)

OO0 A0 CSCOOO0ODOoOOoOOsS000. 0ooo cscoopoopoooog,opoooooDo
gooobooog.

/, 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: valuel[0] = 11; value[1] = 21; value[2] = 41; value[3] = 22;
16: value[4] = 32; valuel[5] = 33; value[6] = 43; valuel[7] = 44;
17:
18: lis_matrix_set_csc(nnz,ptr,index,value,A);
19: lis_matrix_assemble(A);

- J

11
21 22
32 33

A:

41 43 44

Lo 35 7 g
¢ ‘\\\\\4 N

0 1

3

1

2

2

1121

41

22

32

33

43

44

A.ptr

A.index
A.value

05 CSCOO000D0OO0O (OUDODODOODUOODOOO)
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5.2.2 00000 (DO0O0ODO0OOOO)

2000000000 A0CSCOOOOOOOOOOeQOO. 200000000000 CScOOO
obooooo,obooocobooboooooon.

| 0] 3] 5| | 0] 2] 3| A.ptr

= -

0 1] 3/ 1] 2 2/ 31 3 A.index
11/21]|41|22|32 33|43|44 A.value
PEO PE1

06 CSCOODO0OODOOD (ooooooon)

(f-D oooooooo ~N
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: ptrl[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; value[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; value[l] = 43; value[2] = 44;}

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

22: lis_matrix_assemble(A);
NG J
5.2.3 0OO0O0OO0O
oooooon

csCcoupnooooo ApDooooooo, oo

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

LIS_SCALAR value[], LIS_MATRIX A)

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

oooo.

58




5.3 Modified Compressed Sparse Row (MSR)
MSROOODO,0000 20000 (index,value)J00O00.nd20000000000000O.

e 0 nnz+ndz+1000000valued, 0 n0O0000000 ADODOODOODOOD.On+1
oo0oooooo.0rn+20000000 AODOODODOOOOOODOOOOOODOOOOOOO
oo.

e U0 nnz+ndz2+100000 indexU,0n+10000000 ADQCOOOOODOOOOOOO
O0000.0»+20000000 ADOOOOOO0OO0Ovvalue0O0O0O0O0OOO0OCOODOOOO
gooog.

5.3.1 00000 (DOOO0DOOOOOOOO)

00 AOMSROOOOOOOOOOY0O0OO. 00000 MSROOOOOO0OO0OO0OO,0000000
oooooooog.

11
21 22
_A:
32 33
41 43 44
O 7 MSROOOOOUOD (OOoUOooOooooon)
/DDDDDDDDDDDD ~

LIS_INT n,nnz,ndz;

LIS_INT *index;

LIS_SCALAR *value;

LIS_MATRIX A;

n = 4; nnz = 8; ndz = 0;

index = (LIS_INT *)malloc( (nnz+ndz+1)*sizeof(int) );

value = (LIS_SCALAR *)malloc( (nnz+ndz+1)*sizeof (LIS_SCALAR) );
lis_matrix_create(0,&A);

9: lis_matrix_set_size(A,0,n);

0 N O O WN -

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: valuel[0] = 11; value[1] = 22; value[2] = 33; value[3] = 44;
14: value[4] = O0; value[5] = 21; value[6] = 32; value[7] = 41; value[8] = 43;
15:
16: lis_matrix_set_msr(nnz,ndz,index,value,A);
17: lis_matrix_assemble(A);
N J
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5.3.2 00000 (DOO0ODOOOOO)

2000000000 AO0MSROOOOOOOOoOoOos8soOo.2000oooooOooOo MSROO
oboooooo,booocobooooooobooon.

3 3] 4 0 A.index
11|22 21 A.value
PEO

08 MSROOOOOOOD (CooOoooooo)

(f-D oooooooo ~N
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] = O0;

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

15: else {

16: index[0] = 3; index[1] = 4; index[2] = 6; index[3] = 1;

17: index[4] = O0; index[5] = 2;

18: value[0] = 33; value[l] = 44; value[2] = O0; value[3] = 32;

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

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

21: lis_matrix_assemble(A);
\_ J
5.3.3 0O0OO0OOO
ooooooo

MSROOOODOOODO ADODOODOOOO,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) JO0OOO. nnd000 AODDOODOOOOOOOO
goo.

e D0nmdxnI00000valued, 00 AODDODOOOOOOOOOOOOO.
e 00nndO00O00O0 indexO,00000000D0COOODOOOODOOOOODO.

gboboobobooooboooooboooboon.
0000 20000 (index, value) 00000. nproes000000000O0. nnd, 000 AODODOODO
O00000000000000000000000. maznnd 0 nnd, 000000000,

e 00 maznnd xnOOO000 valued, 00 AODOOOOOO0O0OOOOODODOOOOCCOO
ooooooo.

e 00 nprocs xmaznnd 00000 indexJ, 00000000000 O0OOOODOOOOO0ODODO.

54.1 00000 (0O0O0D0)

00 A0 DIAODOO0OODOOOOY9YOOO. 00000 DIAODOODODOOOO,00000DOO
gooooooao.

11
s 21 22 3/-11 0 A.index
- 32 33 0| 0] 0[41] 0]21[32]43[11]22[33]44] A.value
41 43 44
09 DIADODOOOOOO (DDD[I)
/-IZIDD[I ~

LIS_INT n,nnd;

LIS_INT *index;

LIS_SCALAR *value;

LIS_MATRIX A;

n = 4; nnd = 3;

index = (LIS_INT *)malloc( nnd*sizeof(int) );

value = (LIS_SCALAR *)malloc( n*nnd*sizeof (LIS_SCALAR) );
lis_matrix_create(0,&A);

9: lis_matrix_set_size(A,0,n);

W ~NO O WN -

11: index[0] = -3; index[1] = -1; index[2] = O;

12: value[0] = O0; value[l] = O0; value[2] = 0; value[3] = 41;
13: value[4] = O0; valuel[5] = 21; value[6] = 32; valuel[7] = 43;
14: value([8] = 11; value[9] = 22; value[10]= 33; value[11]= 44;

16: lis_matrix_set_dia(nnd,index,value,A);
17: lis_matrix_assemble(A);
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54.2 00000 (DOODOOOODO)

2000000000 AO0DIAODOOOOOOOOO 10000, 200000000000 DIACO
oboooooo,booocobooooooobooon.

-1

-3| -1

0

A.index

0

0
21

11

22

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

0 10: DIAODODOOOOOO (DOOOoOoOooon)

KDDDDDDDDD

LIS_INT *index;

LIS_MATRIX A;

value

0 N O O WN -

11: index[0]
12: valuel[O]
13: valuel[6]

LIS_SCALAR *value;

LIS_INT n,maxnnd,nprocs;

-1; index[1] =
0; valuel[1]
0; valuel[7]

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

(LIS_SCALAR *)malloc( n*maxnnd*sizeof (LIS_SCALAR) );
lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);

0; index[2]
= 21; value[2] = 11; value[3] = 22; valuel[4]
41; value[8]

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

32; value[9] 43; value[10]=

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

-1; index[5]
0; value[5]
33; value[11]
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54.3 00000 (DOODOOOODO)

2000000000 AO0DIAOOOOOOOOOO 11000, 200000000000 DIACO
oboooooo,booocoobooooooobooon.

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

0 11: DIADODOODDOUOOD (DOD0O0OOooooo)

/DDDDDDDDD ~

LIS_INT i,n,nnd,my_rank;

LIS_INT *index;

LIS_SCALAR *value;

LIS_MATRIX A;

MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;

if( my_rank==0 ) {n = 2; nnd = 2;}

else {n = 2; nnd = 3;}

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 ) {

W ~NO 0D WN -

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

14: value[0] = O0; value[l] = 21; value[2] = 11; value[3] = 22;}

15: else {

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

17: value[0] = O0; valuel[l] = 41; value[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);

- J

54.4 000000

goooooo
DIADDOOOOOOO AOOOOOO0O0O0,00

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) DO0OOO. maznzr D00 AODDOOOOOOO
oooooooo.

5.5.1

00 maznzr xnOOOO0O0 valued, 00 AODOOOOOO0OO0O0O0O0O0O0OOOOOOOO.
gbooobooooobooboooooob.oobO,b00b0oo0ooobobooboooobOOoon.

U0 maxnzr xnOOOOO index U, U0 value DO O OOO0DOO00OOO0OO0DOOOO0O0O. OO
O,0:00000000nnz0000 index[nnzxn+¢1 0000000 :00000.

00000 (oooooooooon)

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

11
A:2122 0l O 1/ 0] O] 1] 2| 2| O] 1] 2| 3] A.index
32 33 11121|32|41| 0/22|33|43| 0| 0| 0/44| A.value

41 43 44

0 12: ELLO0O0O000O0 (Dooooooooooon)

(f-D oooboOoooooon
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] = 0; value[5] = 22;
14: value[6] = 33; valuel[7] = 43; value[8] = O0; valuel[9] = 0; value[10]= 0; valuel[l1l]= 44;
15:
16: lis_matrix_set_ell(maxnzr,index,value,A);
17: lis_matrix_assemble(A);
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5.5.2 00000 (DOODOOOODO)

2000000000 AOELLO0O0OOOOOOOO 13000.200000000000 ELLOO
oboooooo,booocobooooooobooon.

0l 0 O] 1 1 00 2] 2] 2| 3 A.index
11]21] 0]22] |[32(41|33|43| 0/44 A.value
PEO PE1

0 13: ELLO0O000O00O0 (D0D00o0oooono)

(f-D oooooooo ~N
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; value[l] = 41; value[2] = 33; value[3] = 43; value[4] = O0;
19: value[5] = 44;}
20: lis_matrix_set_ell (maxnzr,index,value,A);
21: lis_matrix_assemble(A);
\_ J
5.5.3 O0OO0OOO
ooooooo
ELLOOO0OO0O0OO0OO0 A0OOQOODOODOO,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)

goog.
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5.6 Jagged Diagonal (JAD)

JADOUODOO, 000000000000 D0Dou0ooooooDoouoo, Dgoooooooooon
0000O000.JADOOOO,0000 40000 (perm, ptr, index, value) OO O0O. maxnzr
000 A000O00O00O0O0OoOoOoOoOooOon.

e 10 nU000D0permUI,000000O000C0ODO0O.

e 00 nnzOOODOUOO valueD, 000000000 ADODOOODOOODOOODOO. DOO
uobooboobooobl1oooooooo. ocobooboobooobooo200000000.
ooooooooooon.

e U0 nnzUOOOUOD indexU, 00 value OO UODOOODOOODOOOOOODOOODO.
e 0 mazner+1 00000 ptrd,00000000O0O0O0C0OOOOOO.

gdodooodooooooboooooon.

000040000 (perm, ptr, index, value) 00000 . nprocs 00000000O0. maznzr, 00
0 A0O00O000O00O0O0C0O0COO000000000000000000. mazmaznzr 000 maxnzry,
gooooodoon.

e 00 n0O0000perm,00 ADDDODOOOOOOOOOOOOOOOOOOOOOOOO.

e 00 nnz00OUOUOOO valued, 000000000 ADDDODOODOOOUOOOOOODO. OOO
gbogbooobobobol1ooboboob.obobooboboboob 200000000,
ooooboooooboon.

e 10 nnzU0000 indexU, U0 valueUDOUOUOOUOOOUOOOOOOOOOOO.

e 00 nprocs x (mazmaznzr+1) 00000 ptr 0,00 ADDOOOOOOOOOOOOOOOO
ooooooooOOoOOoOOOO0.
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5,61 00000 (0O0ODO)

00 A0 JADOOOOOOOOOO0 14000.00000JADOOOOOOOOO,0000000
gooooooog.

1 31 2 0 A.perm
ol 4] 7| 8 A.ptr
e 21 22 l« --_____~~A N
32 33 .
O O 1 0| 2| 1 2| 3 A.index
41 43 44 ) 141]21|32[11]43[22[33]44]| 2.value
0 14: JADOOOO0OOoOogono (DDDD)
(, good ~N

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) );

9: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
10: lis_matrix_create(0,&A);

11: lis_matrix_set_size(A,0,n);

W ~NO O WN -

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

14: ptr[0] = 0; ptr[1] = 4; ptr[2] = 7; ptr[3] = 8;
15: index[0] = O0; index[1] = O0; index[2] = 1; index[3] = O0;
16: index[4] = 2; index[5] = 1; index[6] = 2; index[7] = 3;
17: value[0] = 41; valuel[1l] = 21; value[2] = 32; valuel[3] = 11;
18: value[4] = 43; value[5] = 22; value[6] = 33; valuel[7] = 44;
19:
20: lis_matrix_set_jad(nnz,maxnzr,perm,ptr,index,value,A);
21: lis_matrix_assemble(A);
\ J
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5.6.2 U0O0O0OO0O (DOODOOOODO)

2000000000 A0 JADOOODOOOOOODO 15000. 200000000000 JADOO
oboooooo,booocoobooooooobooon.

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

0 0l 110 11 2 2 3 A.index
1111]22]41]32|43|33|44 A.value

2

0 15: JADOO0OOD0O0O0OO0 (D0OD0Dooooono)

(/-[]D gboogooad ~

LIS_INT n,nnz,maxmaxnzr,nprocs;

LIS_INT *perm,*ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n = 4; nnz = 8; maxmaxnzr = 3; nprocs = 2;

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

ptr (LIS_INT #*)malloc( nprocs*(maxmaxnzr+1)*sizeof (int) );
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);

W ~NO O WN -
nwon

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] = 0;
17: index[4] = 1; index[5] = 2; index[6] = 2; index[7] = 3;
18: value[0] = 21; value[1] = 11; value[2] = 22; value[3] = 41;
19: value[4] = 32; valuel[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);

- J
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5.6.3 UJ0O0U0OO0O (DOODOOOODO)

2000000000 ADJADOOOOOOODOOD16O00. 200000000000 JADOO
oboooooo,booocobooooooobooon.

1 0 3| 2 A.perm
0| 2| 3 0| 2| 4] 5] A.ptr
Y NN NS~

0l 0] 1 0 1 2| 2| 3 A.index
21{11]22 41|32|143|33|44 A.value
PEO PE1

0 16: JADOOOOODOOO (000000000)
~000000000 ~

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+1)*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: ptrl0] = 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; value[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);
- J
5.6.4 O0O0O0O0OO
ogoooood

JADODOOODOOOO AoDOdOoooooog,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 perm(), 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,000 rxc00000O0O0O0OO (DO0OOOUODO)0OO0O0OOO.BSROOOO,CSRO
00000000000000 (00000 100000000000)00000. nr=n/r,bnnz0 A
O0000000000.BSROOOO,0000 30000 (bptr, bindex, value) DO OOO.

e 0 bmnzxrxcOODOOODO valued, 0000000000 ODO0OOCODO.
e U0 mnzOOUODOO bindex O, 00000000 ODOODOOOOODODO.

e U0nr+ 100000 pptr0,00 bindexOODOOOOOOODOOOOODOO.

57.1 00000 (DOOUDOOOOOOOO)

OO0 A0BSROOOOOOOOOO 17000.00000BSROOOOOOOOO,0000000
oooooboooog.

H lﬂ A.bptr
21 22
A= 32|33 0| O 1 A.bindex
11 43 44 ) 111]21] 0]22] 0[41]32] 0|33[43| 0/44] A.value
0O 17: BSROOOOOoOoOoOQ (DDDDDDDDDDDD)
KDDDDDDDDDDDD N

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+l; nc = (n-1)/bnc+i;
bptr = (LIS_INT #*)malloc( (nr+1)*sizeof(int) );

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

value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );

9: lis_matrix_create(0,&A);

10: lis_matrix_set_size(A,0,n);

W ~NO O WN -

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

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

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

]
o

18: lis_matrix_set_bsr(bnr,bnc,bnnz,bptr,bindex,value,A);
19: lis_matrix_assemble(A);
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5.2 00000 (DOODOOOODO)

2000000000 A0BSROOOOOOOOOO18SOODO. 200000000000 BSROO
oboooooo,booocoobooooooobooon.

A.bptr

0 0l 1 A.bindex
11]21] 0[22] | 0/41[32] 0[33]43] 0/44] 2.value

PEO PE1

-_—

0 18 BSROOOOOOODO (ooOooooog)

(/-[]D ooooonoo ~N
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;}
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);
\ J
5.73 0O00O0O0OO
goooooa

BSROOOOOOOO ADOOOOOOO,DO0

e 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)

BSCOUOOO,000rxc00000000O0 (DOUODOOOO)0OO0OO0OO.BSCOOOO,CSCO
00000000000000 (00000 100000000000)00000. ne=n/e,bnnz0 A
O00000000000.BSCOO0OO,0000 30000 (bptr, bindex, value) OO DO,

e 0 bmnzxrxcOODOOODO valued, 0000000000 ODO0OOCODO.
e U0 mnzOOUODOO bindex O, 00000000 ODOODOOOOODODO.

e U0 nec+100000bptrd, 00 bindexOOOOOOOOOODOOOOODO.

5.8.1 00000 (DOOOUDOOOOOOOO)

00 A0 BSCOOOOOOOOOO 19000.00000 BSCOOOOOOOOO,0000000
oooooboooog.

H ﬂ A.bptr
21 22
A= 32 | 33 of 1| 1 A.bindex
41 43 a4 ) 11]21] 0]22] 0]41]|32] 0|33(43] 0[44] A.value
0 19: BSCOOUOOOOD (0O0oOoUoooooooO)
KDDDDDDDDDDDD ~N

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+l; nc = (n-1)/bnc+i;
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) );

9: lis_matrix_create(0,&A);

10: lis_matrix_set_size(A,0,n);

W ~NO O WN -

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

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

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

]
o

18: lis_matrix_set_bsc(bnr,bnc,bnnz,bptr,bindex,value,A);
19: lis_matrix_assemble(A);
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5.8.2 00000 (DOODOOOODO)

2000000000 A0BSCOOOOOOOOOO20000. 200000000000 BSCOO

gboabooda,bgboaobodaoodaboaod.

L o] 1

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

A.bptr

A.bindex
A.value

0 20: BSCOOODOOOOO (DO0DOooooo)

KDDDDDDDDD

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; bnonz = 2; nr =
7: else {n = 2; bnr = 2; bnc = 2; bnnz = 1; nr =
8: bptr = (LIS_INT *)malloc( (nr+1)*sizeof(int) );

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

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

10: value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );

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

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

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

16: value[0] = 11; value[l] = 21; value[2] = O0; value[3] = 22;

17: value[4] = 0; value[5] = 41; 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,4);

23: lis_matrix_assemble(A);
. J
5.8.3 UOOOOO
ooooood

BsCOOOOOOoOOOD AOOoOoODoOoOooO,0on

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)0DOO00OOO. VBR
0000,CSRO0OO0O0OODO0O0UODO0OOOO (D0DDO00U 100000000000)000O00. nr,
nc0 0000000 DO,0000000.bmnz0 ADODOODOODO,nnzO0DOOODOODOODOOO
O0.VBROOOO,00O0O0 60000 (bptr, bindex, row, col, ptr, value) 0O O0ODO.

e UI0nr+ 100000 rowD,00000000000D000O0O0O.

U0 nc+100000 colO,0000000000000000.

e 0 mnzOODDOO bindexO,0000000C0O000DCOOODODO.

U0nr+100000bptrd, 00 bindexOOOOOOOOOODOOOOODO.

e 10 nnzOOOOOO value, 000000000 OO0OCODOODOO.

OO0 mnz+100000ptrd,00valueJ 00000000000 DODOOO.
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59.1 00000 (D0OODOOOOOOOO)

OO0 A0 VBROOOOODOOOOO21000. 00000 VBROOOOODODOO,0000O
ooooboooooag.

0 1 3| 6 A.bptr

11 o/ o] 1] o] 1] 2| A.bindex
Ao | 2|22 0 1 3 4 A.row
B 32 33 0 1 3 4 A.col
41 43 | 44 0 1 3 7 A.ptr

A.value

0 21: VBROOOOOOODO (ooOoooooooon)

(f-D oooboOoooooon ~N
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; col[3] = 4;
18: bindex[0] = O0; bindex[1] = O0; bindex[2] = 1; bindex[3] = O0;
19: bindex[4] = 1; bindex[5] = 2;
20: ptrl[o0] = 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; value[10] = 44;
25:
26: lis_matrix_set_vbr(anz,nr,nc,bnnz,row,col,ptr,bptr,bindex,value,A);
27: lis_matrix_assemble(A);
\_ J
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5.9.2 00000 (DOODOOOODO)

2000000000 A0 VBROOOOOOOOOO22000.200000000000 VBROO
oboooooo,booocobooooooobooon.

KR h-bpts
0/ 0] 1 ol 1] 2| A.bindex
0 1 3 3 4 A.row
0 1] 3| 4 0| 1 3| 4 A.col
0 1 3| 7 0 1 3| 4/ A.ptr
vy N N
11]21] 0[22]32] 0/33] 41] 0[43[44] A.value
PEO PE1
D22:VBRDDDDDDDD(DDDDDDDDDDDD)
(r-[]D ooooonoo ~

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+1l)*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; coll[1] = 1; col[2] = 3; coll3] = 4;

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

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

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

23: value[4] = 32; value[5] = O0; valuel[6] = 33;}

24: else {

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

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

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

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

29: ptr[0] = 0; ptr[1] = 1; ptr[2] = 3; ptrl3] = 4;

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

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

32: lis_matrix_assemble(A);

7




5.9.3 0O0O0O0OO0ODO

goooooo
VBROOOOOOODO ADDDOOOOOO,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)
cooUoOoo,00oO030000 (row, col, value)JOOODO.
e U0 nnzUDOUOUODOvaluel, 000000O0O0DOO.
e U0 nnzO0ODOOO rowd,00000O0O0O0O0O0ODO0O.

e U0 nnzUDOOUOD col U, 00000000000DO0O0.

5.10.1 0O0O0OOO0O (UOOOOooOoooon)

OO0 AQD cCcooU0pDoOoOopooOoOoD23000. 00opoo cooopUooopoUoOooD,ooUOoDo
goooooobooo.

11
91 99 o 1 3] 1 2| 3| 3| A.row
A= 39 33 0 O 1 1 2] 2| 3| A.col
11121]41]122|32(33|43|44| A.value
41 43 44
023 CO0O00000000 (0ODOO0ODODOO0O0D0O)
~D000000000000 ~

LIS_INT n,nnz;

LIS_INT *row,*col;

LIS_SCALAR x*value;

LIS_MATRIX A;

n = 4; nnz = 8;

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

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

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

10: lis_matrix_set_size(A,0,n);

W ~NO O WN -

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; valuell] = 21; value[2] = 41; valuel[3] = 22;
17: value[4] = 32; value[b] = 33; value[6] = 43; valuel[7] = 44;
18:
19: lis_matrix_set_coo(nnz,row,col,value,A);
20: lis_matrix_assemble(A);
\ J
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5.10.2 00000 (D0OOOOODOOO)

2000000000 A cCcooOoOoOoOoOoOoOoUoOoUu22000. 200000000000 coon
gbooooooo,ooooboooooboobooooa.

o 1] 1 3| 2| 2| 3] 3] A.row
0l 0] 1 0] 11 2] 2/ 3] A.col
11]21]22 41|132|33|43|44| A.value
PEO PE1

024 COO00OO0OOOOO (bopoboooon)

(f-D oooooooo ~N
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; col[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);

N J

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 I0nxnUDOO0O0OOvalued, 0000000000000,

5.11.1 00000 (DOO0OOOoooooon)

OO0 AO0DNSOOODOOOOOODO2000.00000 DNSOOOOOOOOO,0000000
goooboooog.

11
Ao 21 22 11[21] 0{41] 0/22|32] 0 A.Value
32 33 0| 0{33/43] 0] 0] 0/44
41 43 44
D25:DNSDDDDDDDD(DDDDDDDDDDDD)
/DDDDDDDDDDDD ~
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] =1 value[1] = 21; value[2] = O0; valuel[3] = 41;

10: value[4]
11: value[8]
12: value[12]

1;

0; valuel[5] 22; valuel[6] 32; valuel7] 0;
0; valuel[9] 0; value[10]= 33; value[11]= 43;
0; value[13]= O0; valuel[14]= O0; value[15]= 44;

14: lis_matrix_set_dns(value,A);
15: lis_matrix_assemble(A);
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5.11.2 00000 (D0OO0DO0O0OO0DOOO)

2000000000 AODNSOOODOOOODOODO26000. 200000000000 DNSOO
oboooooo,booocoboobooooobooon.

11121 0]22] | 0[41]32] O A.Value
0] 0] 0] 0] [33/43] 0/44

PEO PE1

0 26: DNSOOOOOOOO (DOooOoOooon)

KDDDDDDDDD ~N
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; value[2] = 0; value[3] = 22;

12: value[4] = O0; value[5] = O0; value[6] = 0; value[7] = 0;}

13: else {

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

15: value[4] = 33; value[5] = 43; value[6] = O0; valuel[7] = 44;}

16: lis_matrix_set_dns(value,A);

17: lis_matrix_assemble(A);
- J
5.11.3 000000
ooooood

DNSOOOOOOoOOOo ADooooooo, oo

e 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,000pooog0ooobooooooo0o.0goooo coopoooooo.ooooooo
O,cOo0o00,Fortran 00 10000000C0000O0. 0DO0,000000000000DODO0OOODO.

LIS_SUCCESS(0) o000

LIS_ILL OPTION(1) gooooooo

LIS _BREAKDOWN (2) 000000000o0o0ooo
LIS_OUT_OF_MEMORY (3) ooooo

LIS_MAXITER(4) oooooooo
LIS_NOT_IMPLEMENTED (5) ooo

LIS_ERR_FILE_I0(6) ooooroooo
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6.1 ODOUOOoooO

O00000000 global nOOO0. 0000 v0 nprees0000000O0ODOOCOOOOODOO
OO0000000 local-nOOO. global n 000000000, locel n0000000D000OO0.

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
gooobooog.

oo

comm MpPIODOOOODOO
oo

v oood

ierr ooooooo
oo

go,00000b000000,commdO0o0oo0oonOn.

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
gbooobOoboooobobooooobooooooboon.

0o

vin oooooooboobaon
oo

vout gooooogno

ierr goooooo

RN

vinO 0O LIS_VECOTRO OO LIS MATRIXUDOUOOOUODOODOOODOO. OO 1is_vector_duplicate
oooooooobo,00000ooooob. 0bobbobbo0o0o00b0ob000O0gd 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
goooboooboooog.

oo

v ogooo

localn o0ooooooooon
global n O00o0ooooooooao
oo

ierr ooooood

oo

local.n O global.n OO0 DO00D0OD0DOODOOODOOODOO.

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.

O00000ODO0ODODbOO00, 1is_vector_set_size(v,n,0) OO0O0O00OOO0OOO nOOO0ODO0O
OD00000. 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)

g
gboogdo000o00o.

oo

v oooo

oo

localn O00000000o0oooa
global n 00000000o0oooa
ierr ooooooo

00

O0,00000000000, local-n O global.n O O0ODO.

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
obooobOd.000bO0b000obOo0obooooooobooon.

oo

v gooood

oo

is o00ooOd«000000O00C0O0DO0oDbO
ie oo0o0obod»00O00OO0bo0oooooobo+1
ierr googood

oo

00,00000000000,00000000n000,C0O000 4s=20, ie=mn, Fortrand0O0O
is=1,ie=n+1000.
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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
ubobogd«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,0obgoboobs00booogon.
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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 oooooooogo
oo

value good

ierr googood
oo

gboooboooboob,0obgoboobs00booon.
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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] OO0 0O valuell] DO O0OO.

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 gogogobobobbooooobobooboobog
index gboooboooobooon
value gogoobbobbooooonon
v oood
oo
v O index[i] D000 D0 valuel) 0000000000
ierr ooooooo
oo

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,

oo

start oooooooog

count gooobbobbogo

v oooobooobgon
oo

value ooooooobooboooa
ierr goooooo
oo

obooooOoboooOo,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] 0000 D00O.

oo

value ooooooobooboooa
oo

v oooobooooon

ierr goooooo

oooobOobooog,0000 MPI_ScattervOOOOOOODO

6.1.12 lis_vector_gather

C LIS_INT 1lis_vector_gather(LIS_VECTOR v, LIS_SCALAR valuel[])
Fortran subroutine lis_vector_gather (LIS_VECTOR v, LIS_SCALAR value(),
LIS_INTEGER ierr)

gd
00000004000 (6=0,1,...,global-n — 1) O value[i] 00O ODO.

oo

v gooobooooon

oo

value oboogooobooboooa
ierr goooooo

obooobOobooog,0000 MPI_AllgathervOOOOOOODOO
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6.1.13 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
gboodo000b0oO0obooboon.

oo
v good
oo
ierr goooooo
LIS_TRUE good
LIS_FALSE good
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6.2 0OUO0O0OO

OO0 AO0D00ODO global.n x globalnODO 0. 00 AOD nproes 000000 DODOOOODOOOODOO
0000000000 localn000. global nO0O0O0000000,local.n0000000000OO.

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)

oo
ooooogoo.

oo

comm MpPIOOOOOOO
oo

A oo

ierr googood

oo
gbo,0b0b00b0o0bodb,commdbgoooooOon.

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
gbooobooobooboobooog.

oo

A goooooobooon
oo

ierr goooooo

oo

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
gboocobOoboooobobooooooa.

0o
Ain gooood
oo
Aout gooood
ierr goooooo
RN

OO0 lis_matrix_duplicate OO O0O0OOO0O0OCOOOCO,00000000000. O0ODOO0OODOO
Uboo0ob00b0oo0dn lis_matrix_copy DO OOO.

6.2.4 lis_matrix_malloc

¢ 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)

oo
oboooooboboooog.

oo

A oo

nnz_row gooobooobon

nnz gooooOOdboOooogooooon
oo

ierr goooooo

oo

nnzorow 000 nnz OOO0ODODO0D0O0O0O0O0O. OO0O0ODO, lis_matrix_set_valueJ OO QOODOO
goooogoo.
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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
OO0 A0D0+:00 j00000000.

oo
flag LIS_INS_VALUE OO : A[i,j] = value
LIS_ADD_VALUE 00 OO: Afi,j] = A[i, j] + value

i oooooo

j 00oooo

value oooooooo

A oo

oo

A 0:00, ;00000000000
ierr goooooo
oo

oooooooboob,0bgo0bg«:0b0j0b0000.

00 lis_matrix_set_value OO O0OOOOOODO0OOOOOOOOOOODO, 1is_matrix_set_value
000000000 lis_matrix_assemble 000000000 DOO0ODO.

000000D00000,00 lis_matrix_set_type 00000000 ODOOOOCODOODOO
1lis-($VERSION) /test/test2.c OO lis-($VERSION)/test/test2f.FOO 0O OO DOO.
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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)

oo
gbooobooooboooboobon.

oo

A go

oo

A gboooboooobon
ierr goooooo

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.

oo

A oo

localn 00 A0D0O0O0oooa
global n 00 A00O0O0OOoood
oo

ierr ooooooo

oo

localn O global.n 00D O00D0O00D0OODOOODOOODOO.

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

00000oD0Do000o0Oooon, lis_matrix_set_size(A,n,0) OO0 O0OO0O0OD0OO0OO0OOnx NOODOO
oooooOo. NOnOOOODOO.
00, lis_matrix_set_size(A,0,n) 000000 pOO0O0O0 m,xnOOOOO0O0O0O0O0O. m,d00
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)

g
gboogooooobooo.

oad

A oad

oad

localn o0 A0O0OooOooog
globaln 00 A0D0O0O0o0oooo
ierr ooooooo

oad

OO0,00000000000,!localn 0 global nOO0ODO.

6.2.9 lis_matrix_get_range

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

go
oooo0 A0OoOoOOOOoOOOOOOOOOOOO.

oo

A good

oo

is 0000 A0D0OO0DOOO0O0O0OO0OO
ie 0000 A0DDO0ODODOOO0OO0OO+1
ierr goooooo

oo

00,00000000000,000000nxn000,C0O00 4s =0, iec=mn, FortranO 00O
is=1,ie=n+1000.
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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 AQDQOOoOoOoOOoOoDoDoOO.

0o

A oo

oo

nnz OO0 A0D0O0OoOoo
ierr goooooo
RN

oooooOoOoOo0O0OD0O,000D0 ADDDDDODODOOOOO.
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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
oo

ierr goooooo
go

000000 A0 matrix_type 0 LIS_MATRIX_CSROOO. 000 matrix_type 00O OO0OODO0O
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) A{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 googoooad
ierr goooooo
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6.2.13 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 ptr(),
LIS_INTEGER index(), LIS_SCALAR value(), LIS_MATRIX A, LIS_INTEGER ierr)

go
CSROOOOOOOO ADODOOOO.

oo

nnz ooooo

ptr, index, value CSROOOOO

A 00

oo

A Ooo0ooooooo
oo

lis_matrix_set_csrO000000O, lis_matrix_assemble 0000000 OOOODO. OO, For-
tran 00000000 OCODOODOOOOOOODOO.

6.2.14 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 ptr(),
LIS_INTEGER index(), LIS_SCALAR value(), LIS_MATRIX A, LIS_INTEGER ierr)

oo
cscoOoOoooooo A0Oooooog.

oo

nnz ooooo

ptr, index, value cscoooono

A 00

00

A O0oooooooo
oo

lis_matrix_set_cscO0O0OO0OO0O, lis_matrix_assemble 0000000 OOOODO. OO, For-
tran 00000000 OCODOODOOOOOOODOO.
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6.2.15 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 AODOOOOO.

oo

nnz goooo

ndz goooooooo
index, value MSROOODOO

A 0o

od

A goooooooo
od

lis_matrix_set_msr 0000000, lis_matrix_assemble 00000000 OOODO. OO, For-
tran0 0000000 O0OD0O0ODOO0ODOOODODO.

103



6.2.16 lis_matrix_set_dia

C 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)

go
DIAODDOOOOOOO AODOOOOO.

oo

nnd oooooooooo
index, value DIADDOOO

A oo

oo

A goooooooo
oo

lis_matrix_set_dia0 000000, lis_matrix_assemble 00000000 O0ODOODO. OO, For-
tran0 0000000 O0OOO0ODOO0ODOOODODO.

6.2.17 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
ELLOO000000D0 AQOOODODD.

0od

maxnzr Oooooooooooo
index, value ELLOOOOO

A od

od

A ooooooooo

od

lis_matrix_set_ell OO0 O0O0O0O, lis_matrix_assemble 00000000 O0ODOODO. OO, For-
tran0 0000000 O0OOO0ODOO0ODOODODO.
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6.2.18 lis_matrix_set_jad

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

oo
JADOOOOOOQOODO AoDpoooo.

oo

nnz goooo

maxnzr ooooboogboooa
perm, ptr, index, value JADOOOOO

A go

oo

A goooogooog

oo

lis_matrix_set_jad 0O 0OUODOOO, lis_matrix_assemble 00000000 OO0DOOO. OO, For-
tran00000000O0ODOO0ODOOODOODOD.

105




6.2.19 lis_matrix_set_bsr
4 N
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)

- J
g
BSROOOOOODOO AODOODOO.

od

bnr gooooooo
bnc oooooood
bnnz goooood
bptr, bindex, value BSROOOOO

A 0o

od

A goooooooo
od

lis_matrix_set_bsr0 0000000, lis_matrix_assemble 00000000 OOODO. OO, For-
tran0 0000000 O0ODOO0ODOO0ODOOODODO.
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6.2.20 lis_matrix_set_bsc

C LIS_INT lis_matrix_set_bsc(LIS_INT bnr, LIS_INT bnc, LIS_INT bnnz, h
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) )

oo
BsCOOOOOOOO AODOOOOO.

od

bnr gooooooo
bnc oooooood
bnnz ooooooo
bptr, bindex, value BSCOOOOO

A 00

oo

A ooooooogo
oo

lis_matrix_set_bscO0 000000, lis_matrix_assemble 00000000 O0OOODO. OO, For-
tran000000O0OO0OODOO0ODOOODOODOO.
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6.2.21 lis_matrix_set_vbr
4 N
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)

N /
oo
VBROOOOOOOO ADDDDODO.

oo

nnz oo0oooobooog
nr gooood

nc oooooo

bnnz ooooogoo

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

A oo

go

A oooooooono
oo

lis_matrix_set_vbr 0O 00000, lis_matrix_assemble 00000000 O00ODOODO. OO, For-
tran0 0000000 O0ODOO0ODOO0ODOODODO.
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6.2.22 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 Aooooog.

od

nnz googo

row, col, value cooooonono
A 00

00

A ooooooogo
od

lis_matrix_set_cooUOUODOOONO, lis_matrix_assemble 0000000 0OOOODO. OO, For-
tran0 0000000 O0OD0O0ODOO0ODOOODODO.

6.2.23 lis_matrix_set_dns

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

oo
DNSOOOOOOOO A0OOooog.

oo

value DNSOOODOO

A oo

RN

A goooooooo
oo

lis_matrix_set_dns 0000000, lis_matrix_assemble 00000000 O0ODOODO. OO, For-
tran00 000000 O0OOO0ODOO0ODOOODODO.
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6.2.24 lis_matrix_unset

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

oo
ocoooooooooooooo,00bpDbo0 Aooboooooooog.

oo

A gboooboooog

oo

A gboooboooboooo
go

lis_matrix_unset J OO O0O0OO, lis_matrix_destroy U0 OO0 OOOODOOOO.
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6.3 UOUUOodobobOoooon

6.3.1 lis_vector_swap

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

oo
ubobodez,y0O00000O0O.

oo

X ¥ good

oo

X, ¥y googoogno
ierr goooooo

6.3.2 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)

oo
ubbod«00booboogyboabog.

oo
X goooogooo
oo
y goooogooo
ierr googood
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6.3.3 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_VECTOR vy,
LIS_INTEGER ierr)

0o
00000 y=azr+y00000.

oo

alpha good

X, §y good

oo

y ar+y (0000 yOO0OODOODODOODO)
ierr goooooo

6.3.4 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_VECTOR vy,
LIS_INTEGER ierr)

0o
00000 y=z+ay00000.

oo

alpha good

X, y good

oo

y r+ay (0000 yOOOOOOOODO)
ierr oooooboo
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6.3.5 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)

oo
00000 z=ax+yO0oooo.

oo

alpha good

X, y good

oo

z Oél‘+y

ierr goooooo

6.3.6 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)

go
obobodz0000 «00ODO.

oo

alpha good

X oood

oo

X ar (0000 2x000000000)
ierr googood
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6.3.7 lis_vector_pmul

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

go
ubbodz00000000y0O000DOO0O0OO0ODOOO.

0o

X, ¥y good

oo

z ooooooobooban
ierr goooooo

6.3.8 lis_vector_pdiv

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

oo
gbobod 00000000 y0O0000O00DO0O0D0.

od

X, ¥ good

od

z ooooooooooooo
ierr ooooood
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6.3.9 lis_vector_set_all

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

oo
gboogd00000000000D00.

oo

value oooooooo

b'e oood

oo

X goooooboooogoooooood
ierr googood

6.3.10 lis_vector_abs

C LIS_INT lis_vector_abs(LIS_VECTOR x)
Fortran subroutine lis_vector_abs(LIS_VECTOR x, LIS_INTEGER ierr)

oo
ubodz0d0booaoagooan.

oo

X good

oo

X goooboDOooooooooonod
ierr googood
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6.3.11 lis_vector_reciprocal

C LIS_INT lis_vector_reciprocal (LIS_VECTOR x)
Fortran subroutine lis_vector_reciprocal (LIS_VECTOR x, LIS_INTEGER ierr)

go
oboog000oooooon.

0o

X good

oo

X ooooooobooboooa
ierr goooooo

6.3.12 lis_vector_conjugate

C LIS_INT lis_vector_conjugate(LIS_VECTOR x)
Fortran subroutine lis_vector_conjugate(LIS_VECTOR x, LIS_INTEGER ierr)

oo
ugbood«0000000000000.

oo

X good

oo

X gboooboooboobooooboo
ierr goooooo
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6.3.13 lis_vector_shift

C LIS_INT lis_vector_shift(LIS_SCALAR sigma, LIS_VECTOR x)
Fortran subroutine lis_vector_shift(LIS_SCALAR sigma, LIS_VECTOR x,
LIS_INTEGER ierr)

oo
oboogez000000.

oo

sigma good

b'e oood

oo

X oooooboooobD 3, —c0O000D0O0O0OOO
ierr googood
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6.3.14 lis_vector_dot

C LIS_INT lis_vector_dot(LIS_VECTOR x, LIS_VECTOR y, LIS_SCALAR *value)
Fortran subroutine lis_vector_dot(LIS_VECTOR x, LIS_VECTOR y, LIS_SCALAR value,
LIS_INTEGER ierr)

0o
0000000 zHy000oo.

oo

X, ¥y oooo

oo

value googood
ierr goooooo

6.3.15 lis_vector_nhdot

C LIS_INT lis_vector_nhdot(LIS_VECTOR x, LIS_VECTOR y, LIS_SCALAR #*value)
Fortran subroutine lis_vector_nhdot(LIS_VECTOR x, LIS_VECTOR y, LIS_SCALAR value,
LIS_INTEGER ierr)

oo
oooooooo2Tyooooa.

oo

X, ¥y good

oo

value gooooobooo
ierr googoood
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6.3.16 lis_vector_nrml

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

oo
gbood«0100000000.

oo

X good

oo

value gogooboi1ooo
ierr googoood

6.3.17 lis_vector_nrm?2

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

oo
gbood«0200000000.

oo

X oood

oo

value goodo 2000
ierr googood
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6.3.18 lis_vector_nrmi

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

oo
ubod000000000000.

oo

X good

oo

value gbooobooooboon
ierr googoood

6.3.19 lis_vector_sum

C LIS_INT lis_vector_sum(LIS_VECTOR x, LIS_SCALAR *value)
Fortran subroutine lis_vector_sum(LIS_VECTOR x, LIS_SCALAR value, LIS_INTEGER ierr)

oo
ugbood0000000000.

oo

X good

oo

value gogoooboooo
ierr googood
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6.3.20 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[])

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

go
BSR, BSC, vBROOOOOOOOOO,0000000000O.

oo

A oo

bnr BSR(BSC)OOOOOOOODOOO,000 VBROODOOOOO
go

bnc BSR(BSC)DOOOooooOoOoOO,000 VBROOOOOOO
oo

row vVBROOOOOODOOOOO

col vVBROODOOOOOOODOO

oo

ierr goooooo
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6.3.21 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 gooood

oo

Aout gboogooobooboooa
ierr goooooo

oo

000000000000 lis_matrix_set_type OO0 A,,, 0000O0OOBSR, BSC, VBROO

0000000000D00001is_matrix_set_blocksize DO OO A, 0000000003
1is-($VERSION) /test/test2.c 00 1is-($VERSION) /test/test2f.FOO OO OO ODO.

gobooooooboobboooobooboboooboobooooooboobooboobobooooooag
oooooooboOoooOoOooboOoobo0oOoooOoooOOooDoOOobO. booboOoooOOoOoDocesr

gbooobooobooboobooboobon.

ooad 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
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6.3.22 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)

go
o0 A,000000 A4,00000.

0o
Ain gooood
oo
Aout gooood
ierr goooooo

6.3.23 lis_matrix_axpy

C LIS_INT lis_matrix_axpy(LIS_SCALAR alpha, LIS_MATRIX A, LIS_MATRIX B)
Fortran subroutine lis_matrix_axpy(LIS_SCALAR alpha, LIS_MATRIX A, LIS_MATRIX B,
LIS_INTEGER ierr)

oo
000 B=aA+BOOOODO.

oo

alpha good

A, B oo

oo

B A+ B (00 BOOOOOOOOO)
ierr goooooo

oo

OO0 A, BODNSOOOOOOOOOOOO
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6.3.24 lis_matrix_xpay

C LIS_INT lis_matrix_xpay(LIS_SCALAR alpha, LIS_MATRIX A, LIS_MATRIX B)
Fortran subroutine lis_matrix_xpay(LIS_SCALAR alpha, LIS_MATRIX A, LIS_MATRIX B,
LIS_INTEGER ierr)

go
000 B=A+eB0O0O0O0ODO.

o0

alpha good

A, B od

00

B A+eB (00 BOOODOOOOODO)
ierr ooooooo

0od

OO0 A, BODNSOODOODOODOODOODO

6.3.25 lis_matrix_axpyz

C LIS_INT lis_matrix_axpyz(LIS_SCALAR alpha, LIS_MATRIX A, LIS_MATRIX B,
LIS_MATRIX C)

Fortran subroutine lis_matrix_axpyz(LIS_SCALAR alpha, LIS_MATRIX A, LIS_MATRIX B,
LIS_MATRIX C, LIS_INTEGER ierr)

oo
000 C=aA+B00000.

oo

alpha good

A, B oo

oo

C aA+ B
ierr googood
oo

00 A,B,CO DNSOOOOOOOODODODDOO
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6.3.26 lis_matrix_scale

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

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

go
OO0 A0D0DODOOOOODOOOOOODODO.

ao

A ao

b oooo

action LIS_SCALE_JACOBI Jacobi 0O OOOO D 'Ax=D"'b
(DO A=(a;;) 00D00DO)

LIS_SCALE.SYMM DIAG 00O OOOOO D-Y2AD~ Y2z =D~ Y/?

(D~Y200000000 1/a;0000000)

ao

A 00ooo0ooooooooooon

b 000000000000000000

d D-'000 p~Y200000000000000

ierr ooooood

6.3.27 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)

oo
00 A0DO0DOO0OOOOOOdO0O0ODOO.

oo

A RN

oo

d ooooboooboobooo
ierr goooooo
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6.3.28 lis_matrix_shift_diagonal

C LIS_INT lis_matrix_shift_diagonal (LIS_MATRIX A, LIS_SCALAR sigma)
Fortran subroutine lis_matrix_shift_diagonal (LIS_MATRIX A, LIS_SCALAR sigma,
LIS_INTEGER ierr)

go
OO0 A0DODO0OOO.

o0

sigma good

A od

00

A O0o0oo0o00 A-oF
ierr ooooooo

6.3.29 lis_matrix_shift_matrix

C LIS_INT lis_matrix_shift_matrix(LIS_MATRIX A, LIS_MATRIX B,
LIS_SCALAR sigma)

Fortran subroutine lis_matrix_shift_matrix(LIS_MATRIX A, LIS_MATRIX B,
LIS_SCALAR sigma, LIS_INTEGER ierr)

oo
00 A0O0O0O0OOO.

od

sigma good

A od

B od

od

A 0000000 A—oB
ierr ooooood
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6.3.30 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
Oo000000y=Az00000.

oo

A oo

b'e oood

oo

y Ax

ierr googood

6.3.31 lis_matvech

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

oo
0000000 y=AH,00000.

oo

A oo

X good

oo

y AH g

ierr googood
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6.4 0O0OUOOOOOO

6.4.1 lis_solver_create

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

oo

000 (00000000oo0ooooooooo)oooog.
oo

RN
oo

solver ggd

ierr googood

oo
gboooboooboooboobgoon.

6.4.2 lis_solver_destroy

C LIS_INT lis_solver_destroy(LIS_SOLVER solver)
Fortran subroutine 1is_solver_destroy(LIS_SOLVER solver, LIS_INTEGER ierr)

uo
googbooobooboobooobon.

oo

solver goooobobobboogo
oo

ierr goooood
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6.4.3 lis_precon_create

C LIS_INT lis_precon_create(LIS_SOLVER solver, LIS_PRECON *precon)
Fortran subroutine lis_precon_create(LIS_SOLVER solver, LIS_PRECON precon,
LIS_INTEGER ierr)

go
oooooooboooon.

0o

RN

oo

precon googno
ierr goooooo

6.4.4 lis_precon_destroy

C LIS_INT lis_precon_destroy(LIS_PRECON precon)
Fortran subroutine lis_precon_destroy(LIS_PRECON precon, LIS_INTEGER ierr)

oo
gboooboobooobooboobooobg.

od

precon gobooooboooooan
od

ierr gbooooood
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6.4.5 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.

0o

text oooooooboooa
oo

solver goo

ierr goooooo

RN

O0000O0DbO0O0DOO0DOobooOoooDbooog. -1 {eglt}O -1 cgOOD0O -1 1 00000O.
-maxiter [1000] O, -maxiter 00000 10000000000000.
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00000000000 0o0oUoO0 (DO00: -1 bicg)

goooobog (obooboo googogan

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgs|3}

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] oo0ooo0 m

GMRES(m) -i {gmres|9} -restart [40] ooooogdm

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|16}

BiCRSTAB -i {bicrstab|17}

GPBiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafe|19}

FGMRES(m) -i {fgmres|20} -restart [40] 0oo0oodm

IDR(s) -i {idrs|21} -irestart [2] 000oo0 s

IDR(1) -i {idr1/22}

MINRES -i {minres|23}

COCG -i {cocgl24}

COCR -i {cocr|25}

GCRO-DR -i {gcrodr|26} -gcrodr_k [40] GCRO-DROOCOOODOOO
-gcrodr_keep [8] 00000000ooo0o
-gcrodr_keep_quality [0.9] oooobooog
-gcrodr_reject_quality [0.35] OOOOOOOOO

FGCRO-DR -i {fgcrodr|27}  -restart [40] oooooo m

-fgcrodr_k [8]
-fgcrodr_keep [0.90]
-fgcrodr_reject [0.10]
-fgcrodr_update [true]

gboooobgon
ooooogao
ooooooo
gbogobgoogan
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000000000000 (DO0O: -p none)

ooo ooooo ooooooo
oo -p {nonel|0}
Jacobi -p {jacobil|1}
ILU(k) -p {ilul2} -ilu_£ill [O] Oo0o0oOoooo k
-ilu_pivot_tol [0.0] oooobooogo
SSOR -p {ssor|3} -ssor_omega [1.0] 0000 w(0<w<2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] gooooo
~hybrid_omega [1.5] SORODOOD0O0 w (0<w<?2)
-hybrid_ell [2] BiCGSTAB() O OO !
~hybrid_restart [40] GMRES(m), Orthomin(m) O
gooooo m
I+S -p {is|5%} -is_alpha [1.0] I+aS™O000000 «
-is_m [3] I+aS™DO00000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0OO0ooooooo)
-saamg_theta [0.05(0.12] 000000 af; < 6|asla,l
(OD100o)
Crout ILU -p {ilucl|8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] ooooooooooo
-ilu_pivot_tol [0.0] oooooooooo
ILUT -p {ilut|9} -ilu_pivot_tol [0.0] oooooooooo
MFAMG -p {mfamg|12}
-mfamg_block_size [1] oooooooooooooooo
(.O00000O0 2--0000000)
Additive Schwarz | -adds true -adds_iter [1] oooo
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googoogoog

oooono

-maxiter [1000]

-maxiter_noimp [0]
-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]

ooooog

gooooQooooOoooOoOoOoOoOoOOOOOOOOOOOOODODOO

good bboooo:-oubbbbuoouooooboo

000000 ta

O00D0O00O toly,

ggoooon

-print {none|0} gooooooooo

goooooooooooo

-print {outl|2} gooooooooooooo

-print {alll3} ggodobobobobooo,guobbobbogo

gooooobobob.boboooog,bbbobbooooon

oooooooo

Jacobi0OOODODO D tAx= D1

(DO A=(a;)00000)

-scale {symm_diagl|2} 00000000 D Y2AD Y22 =D/
(D~Y200000000 1/6;0000000)

-print {mem|1}

-scale {nonel|0}

-scale {jacobi|1}

0oo0ood z
-initx_zeros {falsel|O} 00 1lis_solve() O OO xO0O0O
oooooooooogao
-initx_zeros {truel1l} goooobbooooood
gooo

-conv_cond {nrm2_r|0} [|b — Az||a < tol * ||b — Axgl|2
b= Azl < tol «|[b]]3

[|b — Azx||1 < toly, * ||b||1 + tol

-conv_cond {nrm2_b|1}
-conv_cond {nrmi_b|2}
goooood
t0ooooooad
gooooo
BSR,BSCOODOOOOODO
gooooooooaa
-f {double|0}

-f {quad|1}

ooad
double-double 0 40 00O
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6.4.6 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

gboboobooboooboobooooooooooooooooooooboooooboooobOobOobOoDbo
O.

oo
oo
oo
solver aog

ierr ooooood
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6.4.7 lis_solve

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)

go

oooooOoOoOoOoOoDODODO Az=0000.

go

A

b

X

solver

oo

X

solver

ierr

oo

oood
ooooog
goooog

goo

O
oooo,oboooood

ubooaoad

00000 -initx zeros {false|0} 00000000, 000000000x00000000.00O
ocoooooOooooooooooOooooogoooooooOoo.

O00000,000000 (solver->retcode) U LIS_BREAKDOWN U OO LISMAXITEROOOOO 00
O0. 00 lis_solver_get_status(O O OO OODO.
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6.4.8 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
ooo0oooO0O0OD0O0OD0,0000000000ODOOODODODDODDOD Az=0000.

oo

A good

b gooood
X gooood
solver goo
precon ggd

oo

X |

solver goog,bgbooobood
ierr goooooo
go

1lis-($VERSION) /src/esolver/lis esolver ii.cO00000000. OO0OOO0O0O00ODO, 1is_solve_kernel
Oo0oo0oooooooooooooon.

O00000,000000 (solver->retcode) O LIS_BREAKDOWN U OO LISMAXITEROOOOO 00
O0. 00 lis_solver_get_status(O O ODOOODO.
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6.4.9 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.

0o

solver goo
oo

status oo

ierr goooood
RN

O00000,000000 (solver->retcode) JODO.

6.4.10 lis_solver_get_iter

C LIS_INT lis_solver_get_iter (LIS_SOLVER solver, LIS_INT *iter)
Fortran subroutine lis_solver_get_iter(LIS_SOLVER solver, LIS_INTEGER iter,
LIS_INTEGER ierr)

oo
oooooobooooooon.

go

solver aog

go

iter good
ierr goooooo
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6.4.11 lis_solver_get_iterex

C LIS_INT lis_solver_get_iterex(LIS_SOLVER solver, LIS_INT *iter,
LIS_INT *iter_double, LIS_INT *iter_quad)

Fortran subroutine lis_solver_get_iterex(LIS_SOLVER solver, LIS_INTEGER iter,
LIS_INTEGER iter_double, LIS_INTEGER iter_quad, LIS_INTEGER ierr)

g
gbooobooobooboobooobooobon.

oo
solver ggd
oo
iter goooo
iter_double gooooooooo
iter_quad double-double 0 40000000000
ierr goooooo

6.4.12 lis_solver_get_time

¢ LIS_INT lis_solver_get_time(LIS_SOLVER solver, double *time)
Fortran subroutine lis_solver_get_time(LIS_SOLVER solver, real*8 time,
LIS_INTEGER ierr)

go
oboooooboooobon.

oo

solver goo

oo

time good
ierr goooooo
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6.4.13 lis_solver_get_timeex

C LIS_INT lis_solver_get_timeex(LIS_SOLVER solver, double *time,
double *itime, double *ptime, double *p_c_time, double *p_i_time)

Fortran subroutine lis_solver_get_timeex(LIS_SOLVER solver, real*8 time,
real*8 itime, real*8 ptime, real*8 p_c_time, real*8 p_i_time,
LIS_INTEGER ierr)

oo
gboooboooboobooboobooobon.

oo

solver oog

oo

time itime 0 ptime O 0O O

itime o0ooooooooon

ptime O0o0oooooo

p-c-time ooo0oooooooon
p-i_time O00o0o0oo0ooooooooono
ierr ooooooo

6.4.14 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
0000000 ||b— Az|lo/|b|. 0000000000,

oo

solver goo

oo

residual googood
ierr ooooooo
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6.4.15 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
obooooobooobooboo.

oo

solver goo

oo

v oooooobooooooo
ierr ooooooo

oo

U0000o00000000 lis_vector_create0 0000000 OODOOOOO. OO0OO0 o000
nO0000000000000000O00000000O00O0 nO0000000.
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6.4.16 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
gboocobOoboooobobooooooa.

0o

solver goo

oo

nsol ooooboooogon
ierr goooooo

6.4.17 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)

oo
gboooboooboooboobon.

oo
solver goo

oo
precon_type gooood
ierr goooooo
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6.4.18 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
gboocobOoboooobobooooooa.

0o

nsol ooooboooogon
oo

name gooooogno
ierr goooooo

6.4.19 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)

oo
ugboaboodaoogboooogon.

oo

precon_type gooooo
oo

name good
ierr googooboo
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6.5 UOOUooooO

6.5.1 lis_esolver_create

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

oo

000 (000D0000oo0ooooooOo)ooooo.
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
googbooobooboobooobon.

oo

esolver goooobobobboogo
oo

ierr goooood
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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
gboocobOoboooobobooooooa.

0o

text oooooooboooa
oo

esolver goo

ierr goooood

RN

00000000000 DO0000DO0ODO0ODd. -e {pilt}0-e pid00-e 1 000O00O0O.
-emaxiter [1000] O -emaxiter 00000 10000000000000O.
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00000000000 000 (DO00: -e cr)

ooooo ooooo ogoooooo

Power -e {pil1}

Inverse -e {ii|2} -i [bicg] ooooogoo
Rayleigh Quotient -e {rqil3} -i [bicg] ooooooo
CG -e {cgl4} -i [cg] ooooooo
CR -e {crl|5} -i [bicgl ooooooo
Subspace -e {sil6} -ss [1] oooooood
Lanczos -e {1i|7%} -ss [1] ooooooood
Arnoldi -e {ail8%} -ss [1] goooooog
Generalized Power -e {gpil9} -i [bicg] ooooogoo
Generalized Inverse -e {giil|10} -i [bicg] ooooogoo
Generalized Rayleigh Quotient | -e {giil11} -i [bicg] ooooooo
Generalized CG -e {gcgl12} -i [cg] ooooood
Generalized CR -e {gcr|13} -i [bicg] ooooood
Generalized Subspace -e {gsil14} -ss [1] gpooooood
Generalized Lanczos -e {glil|15} -ss [1] oooooooo
Generalized Arnoldi -e {gail16%} -ss [1] oooooood

-ss [1]

oobooboooao

-feast_emin
-feast_emax
-feast_ratio [0.30]
-feast_points [8]

-feast_solver [gmres]

gbooooooboooon
gooooooooon
gbooooboooboooo
gboooooobooooooboo
oboooooooo
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000000000000 (DO0O: -p none)

ooo ooooo ooooooo
oo -p {nonel|0}
Jacobi -p {jacobil|1}
ILU(k) -p {ilul2} -ilu_£ill [O] Oo0o0oOoooo k
-ilu_pivot_tol [0.0] oooobooogo
SSOR -p {ssor|3} -ssor_omega [1.0] 0000 w(0<w<2)
Hybrid -p {hybridl4} -hybrid_i [sor] ooooooo
~hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] gooooo
~hybrid_omega [1.5] SORODOOD0O0 w (0<w<?2)
-hybrid_ell [2] BiCGSTAB() O OO !
~hybrid_restart [40] GMRES(m), Orthomin(m) O
gooooo m
I+S -p {is|5%} -is_alpha [1.0] I+aS™O000000 «
-is_m [3] I+aS™DO00000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(0OO0ooooooo)
-saamg_theta [0.05(0.12] 000000 af; < 6|asla,l
(OD100o)
Crout ILU -p {ilucl|8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] ooooooooooo
-ilu_pivot_tol [0.0] oooooooooo
ILUT -p {ilut|9} -ilu_pivot_tol [0.0] oooooooooo
MFAMG -p {mfamg|12}
-mfamg_block_size [1] oooooooooooooooo
(.O00000O0 2--0000000)
Additive Schwarz | -adds true -adds_iter [1] oooo

146



googoogoog

gboooon

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

-ie [ii]

-ige [gii]
-shift [0.0]

-shift_im [0.0]

-initx_ones [1]

—-omp_num_threads [t]
-estorage [0]

-estorage_block [2]
-ef [0]

-rval [0]

-nev [1]

-etransform [0]

gooooo

gooooo

ooooooo

-eprint {none|0} ooooboobogoo

-eprint {mem|1} Oooobooooooooog

-eprint {out|2} o0oooOOooooooooo

-eprint {alll|3} gooopoooooooo,boo0gooooodg

Subspace, Lanczos, Arnoldi0 000000000 OO0OOOOO
Generalized Subspace, Generalized Lanczos, Generalized Arnoldi 0 0 0 O
goooooooooog

A—-ocBUODOOODDODDODOO cODOO

o000 eOono

000000 x

-initx_ones {false|0} 00 1lis_esolve() O OO xO OO
oooooooooogo

-initx_ones {trueli1} odoooooooi10od

ooooooo

t0dooooao

oooood

BSR,BSCOOOOODOOOO
oooooooo

-ef {double|0} odo

-ef {quadl|1} double-double 0 40 00O
Ritz O

-rval {false|O} RitzOODDODODODOGQOGOoQOooO
-rval {truel1} RitzOOOOGOO

00000000 (< ss)
00000000000

-etransform {auto|03} oooooooo
-etransform {shift-invert|1} 00000 T=(A-0B)"'B
-etransform {buckling|2} 00 T=(A-oB) A
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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
gboboobOoboooboobooooooboooobobooooboboooooboooooon.

0o

RN

oo

esolver goo

ierr goooood
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6.5.5 lis_esolve

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

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

go
OO00OO00O0O0O0O0O0O00000 Az=Xz000.

oo

A good

X gooood

esolver goo

oo

evalue gooood

X oooobogoobogon
esolver gooo,0boooooo
ierr goooood

oo

o00ooO0o0ooooo0oOOO0OO.00000O0,0000000000000000B0000O
gbooagooaood.

00000 -initxones {falsel0} 00000000, 000000000x00000000. 00
O0000o00000000000000O0000b0 o0O00O000O.

O0000,000000 (esolver->retcode) 0 LISMAXITERO OO OO 0OOOO. OO
lis_esolver_get_status(O 0O O0ODODO.
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6.5.6 lis_gesolve

C LIS_INT lis_gesolve(LIS_MATRIX A, LIS_MATRIX B,
LIS_VECTOR x, LIS_SCALAR evalue, LIS_ESOLVER esolver)
Fortran subroutine lis_gesolve(LIS_MATRIX A, LIS_MATRIX B,
LIS_VECTOR x, LIS_SCALAR evalue, LIS_ESOLVER esolver, LIS_INTEGER ierr)

oo
oooOoOoOoOoOOODDOODODOO Az=XABz0O0O0O.

oo

A good

B good

X goooogd
esolver ggd

oo

evalue gooooo

X goooooooa
esolver gooo,0ogoooog
ierr googood
oo

00000 -initxones {falsel0} 00000000, 000000000x00000000. 00
O00o0oo0o00ooO0o00boo0o0ooooo0obob0oOoOoOooO.

O0000,000000 (esolver->retcode) 0 LISMAXITERO OO OO 0OOOO. OO
lis_esolver_get_status() D0 O0O00O0O.
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6.5.7 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.

0o

esolver goo
oo

status oo

ierr goooood
RN

O00000,000000 (esolver->retcode) JO0O.

6.5.8 lis_esolver_get_iter

C LIS_INT lis_esolver_get_iter (LIS_ESOLVER esolver, LIS_INT *iter)
Fortran subroutine lis_esolver_get_iter (LIS_ESOLVER esolver, LIS_INTEGER iter,
LIS_INTEGER ierr)

oo
obooooOobooooobobooooooboon.

go

esolver aog

go

iter good
ierr goooooo
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6.5.9 lis_esolver_get_iterex

C LIS_INT lis_esolver_get_iterex(LIS_ESOLVER esolver, LIS_INT *iter)
Fortran subroutine lis_esolver_get_iterex(LIS_ESOLVER esolver, LIS_INTEGER iter,
LIS_INTEGER ierr)

go
gbooobOoboooobobooooobooooooboon.

oo
esolver goo
oo
iter oooono
iter_double gooobobobogoo
iter_quad double-double 0 40 00000OO0OO
ierr goooooo

6.5.10 lis_esolver_get_time

C LIS_INT lis_esolver_get_time(LIS_ESOLVER esolver, double *time)
Fortran subroutine lis_esolver_get_time(LIS_ESOLVER esolver, real*8 time,
LIS_INTEGER ierr)

oo
gboooboobooobooboobooobg.

oo

esolver ggd

oo

time good
ierr googood
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6.5.11 lis_esolver_get_timeex

C LIS_INT lis_esolver_get_timeex(LIS_ESOLVER esolver, double *time,
double *itime, double *ptime, double *p_c_time, double *p_i_time)

Fortran subroutine lis_esolver_get_timeex(LIS_ESOLVER esolver, real#*8 time,
real*8 itime, real*8 ptime, real*8 p_c_time, real*8 p_i_time,
LIS_INTEGER ierr)

oo
gbooobooboobooobobooobobooboobooog.

oo

esolver oog

oo

time O00o0o0oo0Oooono

itime Odo0o0oooooooooooooon
ptime O0o0oO0ooOo0oo0O0ooooooooooooa
p-c-time ooo0oooooooon

p-i_time O00o0o0oo0ooooooooono

ierr ooooooo

6.5.12 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
O0D000000000000 ||Az— (B~YAz|]y/|| x|, 0000000000,

0o
esolver goo

oo
residual googoooad
ierr goooood
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6.5.13 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
gbooobobooooobooooboooboon.

oo

esolver goo

oo

v oooooobooooooo
ierr ooooooo

oo

U000 00000000 1is_vector_create 0000000000 OOOOO. 0000000
nO000000000000O00O0O00O000000O00bO000»0O00000000.

6.5.14 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.

oo

esolver ooog

oo

v ooooboooboobon
ierr goooooo

oo

0000000000000 1is_vector_createJ 000 OO0OOOOOO0ONO.
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6.5.15 lis_esolver_get_evectors

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

oo
ocooooooooobooooobooooo,00MOO0oDO.

oo

esolver goo

oo

M cooooopooooooogoooood
ierr ooooooo

oo

OO0 MOODDOOODD lis_matrix_createJ00000D00OO0O00OOODO. O0:00000D0O
OO0 MOO:0000000. 1is-($VERSION) /test/etests.c0D000OO.

6.5.16 lis_esolver_get_residualnorms

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

00
000000000000000 ||Az— (B-Y)Az||y/||M2|;0000000000.

oo

esolver ooog

oo

v oooobooboobooboboo
ierr goooooo

oo

0000000000000 1is_vector_createJ 000 OO0OOOOOO0ONO.
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6.5.17 lis_esolver_get_iters

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

oo
gboboobooooboobooooboooonn.

oo

esolver goo

oo

v oooooobooooooo
ierr ooooooo

6.5.18 lis_esolver_get_specific_evalue

C LIS_INT lis_esolver_get_specific_evalue(LIS_ESOLVER esolver, LIS_INT mode,
LIS_SCALAR evalue)

Fortran subroutine lis_esolver_get_specific_evalue(LIS_ESOLVER esolver,
LIS_INT mode, LIS_SCALAR evalue, LIS_INTEGER ierr)

oo
ugbooboodaooobooobooog.

oo

esolver ggd

mode goooooooa
oo

evalue goo

ierr goooooo
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6.5.19 lis_esolver_get_specific_evector

C LIS_INT lis_esolver_get_specific_evector (LIS_ESOLVER esolver, LIS_INT mode,
LIS_VECTOR x)

Fortran subroutine lis_esolver_get_specific_evector (LIS_ESOLVER esolver,
LIS_INT mode, LIS_VECTOR x, LIS_INTEGER ierr)

oo
obooobOoboooooboooooooboon.

oo

esolver ooog

mode ooooooooooog
oo

X gooood

ierr oooooboo

6.5.20 lis_esolver_get_specific_residualnorm

C LIS_INT lis_esolver_get_specific_residualnorm(LIS_ESOLVER esolver,
LIS_INT mode, LIS_REAL *residual)

Fortran subroutine lis_esolver_get_specific_residualnorm(LIS_ESOLVER esolver,
LIS_INT mode, LIS_REAL residual, LIS_INTEGER ierr)

00
0000000000000000 ||Az— (B-Y)Az|]y/||Az|;0000000000.

oo

esolver ooog

mode oooooooog
oo

residual goooooo
ierr ooooooo
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6.5.21 lis_esolver_get_specific_iter

C LIS_INT lis_esolver_get_specific_iter (LIS_ESOLVER esolver, LIS_INT mode,
LIS_INT *iter)

Fortran subroutine lis_esolver_get_specific_iter (LIS_ESOLVER esolver,
LIS_INT mode, LIS_INT iter, LIS_INTEGER ierr)

oo
oboboooOoboooobooboooooboooon.

oo

esolver ooog

mode oooooooog
oo

iter good

ierr googoooad

6.5.22 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)

oo
gbooooooooooboooooa.

oo

esolver ooog

0o

nsol gooooogno
ierr goooooo

158



6.5.23 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
gboooboooboooooboooooa.

0o

nesol gooooogno
oo

name gooood
ierr goooooo
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6.6 UOUOoUooOO

goboooobuuooobooooob, o000, oo oo b,0bbUuoa
O000DO0O1lis-($VERSION) /test/test6.c O 0 1is-($VERSION) /test/test6f.FOO U OO OO DO.

6.6.1 lis_array_swap

C LIS_INT lis_array_swap(LIS_INT n, LIS_SCALAR x[], LIS_SCALAR y[])
Fortran subroutine lis_array_swap(LIS_INTEGER n, LIS_SCALAR x(), LIS_SCALAR y(),
LIS_INTEGER ierr)

oo
ubbodez,y0000O000OO.

oo

n Ooo0oooaoa

X,V U0 00000 z,yU0OO0O0OODO
00

X, ¥ ogooooa

ierr ooooood

6.6.2 lis_array_copy

C LIS_INT lis_array_copy(LIS_INT n, LIS_SCALAR x[], LIS_SCALAR y[])
Fortran subroutine lis_array_copy(LIS_INTEGER n, LIS_SCALAR x(), LIS_SCALAR y(Q),
LIS_INTEGER ierr)

oo
ubbodz00000000 yODOODOO.

oo

n googood

X doooboob «cO0b00Ob0bOOon
go

y dooobooobyboboboooda
ierr goooooo
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6.6.3 lis_array_axpy

C LIS_INT lis_array_axpy(LIS_INT n, LIS_SCALAR alpha, LIS_SCALAR xI[],
LIS_SCALAR y[1)

Fortran subroutine lis_array_axpy(LIS_INTEGER n, LIS_SCALAR alpha, LIS_SCALAR x(Q),
LIS_SCALAR y(), LIS_INTEGER ierr)

0o
D0000 y=azx+y00000.

0O

n ocooooog

alpha googd

X,y U000 z,y000000O

00

y ar+y (0000 yO0000DO0O0OO)
ierr ooooooo

6.6.4 lis_array_xpay

C LIS_INT lis_array_xpay(LIS_INT n, LIS_SCALAR x[], LIS_SCALAR alpha,
LIS_SCALAR y[1)

Fortran subroutine lis_array_xpay(LIS_INTEGER n, LIS_SCALAR x(), LIS_SCALAR alpha,
LIS_SCALAR y(), LIS_INTEGER ierr)

oo
00000 y=z+ay00000.

0O

n cooooog

alpha good

X,y U000 z,y00000D0O

00

y r+ay (0000 yOODODOOOOODO)
ierr ooooooo
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6.6.5 lis_array_axpyz

C LIS_INT lis_array_axpyz(LIS_INT n, LIS_SCALAR alpha, LIS_SCALAR x[],
LIS_SCALAR y[], LIS_SCALAR z[])

Fortran subroutine lis_array_axpyz(LIS_INTEGER n, LIS_SCALAR alpha, LIS_SCALAR x(),
LIS_SCALAR y(), LIS_SCALAR z(), LIS_INTEGER ierr)

oo
gboodl z=cx+y00000.

0O

n ocooooog

alpha googd

X,y U000 z,y000000O
00

z ar + vy

ierr ooooooo

6.6.6 lis_array_scale

C LIS_INT lis_array_scale(LIS_INT n, LIS_SCALAR alpha, LIS_SCALAR x[])
Fortran subroutine lis_array_scale(LIS_INTEGER n, LIS_SCALAR alpha, LIS_SCALAR x(),
LIS_INTEGER ierr)

go
obobodz0000 «00ODO.

oo

n googoooad

alpha good

X obood 0000000

oo

X ar (0000 2000000000)
ierr goooooo
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6.6.7 lis_array_pmul

¢ LIS_INT lis_array_pmul (LIS_INT n, LIS_SCALAR x[], LIS_SCALAR yI[],
LIS_SCALAR z[])

Fortran subroutine lis_array_pmul (LIS_INTEGER n, LIS_SCALAR x(), LIS_SCALAR y(),
LIS_SCALAR z(), LIS_INTEGER ierr)

oo
obo0Od-00000000yO000DOO0O0OO0ODOOO.

go

n ooooooo

X, y Ubod z,y00O000O0O
oo

z gbooobooobooog
ierr goooooo

6.6.8 lis_array_pdiv

C LIS_INT lis_array_pdiv(LIS_INT n, LIS_SCALAR x[], LIS_SCALAR yI[],
LIS_SCALAR z[])

Fortran subroutine lis_array_pdiv(LIS_INTEGER n, LIS_SCALAR x(), LIS_SCALAR y(),
LIS_SCALAR z(), LIS_INTEGER ierr)

oo
obboOd00000000y0000000000.

oo

n ooooobooo

X, ¥ 0000 2,y O0O00O0DOOO
oo

z oooooooooooo
ierr ooooooo
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6.6.9 lis_array_set_all

C LIS_INT lis_array_set_all(LIS_INT n, LIS_SCALAR value, LIS_SCALAR x[])
Fortran subroutine lis_array_set_all(LIS_INTEGER n, LIS_SCALAR value,
LIS_SCALAR x(), LIS_INTEGER ierr)

oo
ubobogde0b00ooobooooooo.

oo

n googood

value gooooobooo

X gbood 0000000

oo

X googbooobooboooan
ierr ooooogoo

6.6.10 lis_array_abs

C LIS_INT lis_array_abs(LIS_INT n, LIS_SCALAR x[])
Fortran subroutine lis_array_abs(LIS_INTEGER n, LIS_SCALAR x(), LIS_INTEGER ierr)

oo
obooOo00000000000.

oo

n goooooo

X ooboOd 0000000

oo

X ooooooboOoooooboooo
ierr ooooogoo
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6.6.11 lis_array_reciprocal

C LIS_INT lis_array_reciprocal (LIS_INT n, LIS_SCALAR x[])
Fortran subroutine lis_array_reciprocal (LIS_INTEGER n, LIS_SCALAR x(),
LIS_INTEGER ierr)

go
oboog000oooooon.

go

n goooooo

X gbod 0000000
oo

X gboooboooboobooo
ierr goooooo

6.6.12 lis_array_conjugate

C LIS_INT lis_array_conjugate(LIS_INT n, LIS_SCALAR x[])
Fortran subroutine lis_array_conjugate(LIS_INTEGER n, LIS_SCALAR xQ),
LIS_INTEGER ierr)

go
gbobogd0000000000000.

oo

n oooooboo

X 00o0d 0000000

oo

X o0o0oooooooooooooon
ierr googood
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6.6.13 lis_array_shift

C LIS_INT lis_array_shift(LIS_INT n, LIS_SCALAR sigma, LIS_SCALAR x[])
Fortran subroutine lis_array_shift(LIS_INTEGER n, LIS_SCALAR sigma, LIS_SCALAR x(),
LIS_INTEGER ierr)

go
obooge-00000O0.

0o

n googoooad

sigma good

X obood 0000000

oo

X goooooobod =, —c0obooonoon
ierr goooooo

6.6.14 lis_array_dot

C LIS_INT lis_array_dot(LIS_INT n, LIS_SCALAR x[], LIS_SCALAR y[],
LIS_SCALAR *value)

Fortran subroutine lis_array_dot(LIS_INTEGER n, LIS_SCALAR x(), LIS_SCALAR yQ),
LIS_SCALAR value, LIS_INTEGER ierr)

0o
ooooooo «fyooooo.

oo

n goooooo

X, ¥y U000 z,yO0OOODOOO
oo

value googoooad

ierr goooooo
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6.6.15 lis_array nhdot

¢ LIS_INT lis_array_nhdot(LIS_INT n, LIS_SCALAR x[], LIS_SCALAR y[],
LIS_SCALAR *value)

Fortran subroutine lis_array_nhdot(LIS_INTEGER n, LIS_SCALAR x(), LIS_SCALAR y(),
LIS_SCALAR value, LIS_INTEGER ierr)

oo
oooooooo«fyooooa.

oo

n ooooooo

X, y odd z,y00ODOOOOO
oo

value goooobooboo

ierr googoooad

6.6.16 lis_array nrml

C LIS_INT lis_array_nrml(LIS_INT n, LIS_SCALAR x[], LIS_REAL *value)
Fortran subroutine lis_array_nrml(LIS_INTEGER n, LIS_SCALAR x(), LIS_REAL value,
LIS_INTEGER ierr)

oo
oboo0dq«0100000000.

oo

n ooooooo

X oot 0000000
oo

value gogooboi1ooo
ierr googoooad
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6.6.17 lis_array_nrm?2

C LIS_INT lis_array_nrm2(LIS_INT n, LIS_SCALAR x[], LIS_REAL *value)
Fortran subroutine lis_array_nrm2(LIS_INTEGER n, LIS_SCALAR x(), LIS_REAL value,
LIS_INTEGER ierr)

go
oboodq«0200000000.

0o

n googoooad

X godd 0000000
oo

value gogooobo 2000
ierr googoood

6.6.18 lis_array nrmi

C LIS_INT lis_array_nrmi(LIS_INT n, LIS_SCALAR x[], LIS_REAL *value)
Fortran subroutine lis_array_nrmi(LIS_INTEGER n, LIS_SCALAR x(), LIS_REAL value,
LIS_INTEGER ierr)

go
obobogo000000000000.

oo

n oooooboo

X 00o0d 0000000
oo

value ooooooooood
ierr googood
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6.6.19 lis_array_sum

C LIS_INT lis_array_sum(LIS_INT n, LIS_SCALAR x[], LIS_SCALAR *value)
Fortran subroutine lis_array_sum(LIS_INTEGER n, LIS_SCALAR x(), LIS_SCALAR value,
LIS_INTEGER ierr)

go
oboog000oooooon.

0o

n googoooad

X godd 0000000
oo

value goooobobooo
ierr googoood
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6.6.20 lis_array matvec

C LIS_INT lis_array_matvec(LIS_INT n, LIS_SCALAR a[], LIS_SCALAR xI[],
LIS_SCALAR y[], LIS_INT op)

Fortran subroutine lis_array_matvec(LIS_INTEGER n, LIS_SCALAR a(), LIS_SCALAR xQ),
LIS_SCALAR y(), LIS_INTEGER op, LIS_INTEGER ierr)

g
0000000 Az0D0DOOO.

oo

n agoood
a O0nxnO00 AQOOOOOO
X Udn00000 0000000
y 00 nO00000yOODOOOOO
op LIS_INS.VALUE OO : y = Ax

LIS SUBVALUE O0000: y=y— Ax

oo

y Y
ierr googooboo
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6.6.21 lis_array _matvech

C LIS_INT lis_array_matvech(LIS_INT n, LIS_SCALAR a[], LIS_SCALAR x[],
LIS_SCALAR y[1, LIS_INT op)

Fortran subroutine lis_array_matvech(LIS_INTEGER n, LIS_SCALAR a(), LIS_SCALAR x(),
LIS_SCALAR y(), LIS_INTEGER op, LIS_INTEGER ierr)

00
Oooooo0 A%z;o00000.

od

n ooooo
a O0nxnpd0OO0 ADODOODOO
X 0000000 0000000
y O0n00000y0O0OO0OOOO
op LIS_INS.VALUE OO : y= Ay

LISSUB.VALUE OO 0O0: y=y— H'z

gd

y )
ierr goooooo
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6.6.22 lis_array _matvec_ns

C LIS_INT lis_array_matvec_ns(LIS_INT m, LIS_INT n, LIS_SCALAR al],
LIS_INT 1lda, LIS_SCALAR x[], LIS_SCALAR y[], LIS_INT op)

~

Fortran subroutine lis_array_matvec_ns(LIS_INTEGER m, LIS_INTEGER n, LIS_SCALAR a(),

LIS_INTEGER 1lda, LIS_SCALAR x(), LIS_SCALAR y(), LIS_INTEGER op,
LIS_INTEGER ierr)

/

oo
00 A00ODOO00D0ODOO000D00ODO0O0 AzDO0O0OO.

oo

m, n ooooo

a OO0mxnO00 ADDODOOOOO

lda 00 A0D0O0O0O0O00O0

X U0 000000000000

y O0mO0O000y0OD0O00ODOOO

op LIS_INS_VALUE 00O : y = Ax
LIS SUB.VALUE 00O0O0: y=y — Ax

oo

y )

ierr ooooogoo
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6.6.23 lis_array_matmat

C LIS_INT lis_array_matmat(LIS_INT n, LIS_SCALAR a[], LIS_SCALAR DbI[],
LIS_SCALAR c[], LIS_INT op)

Fortran subroutine lis_array_matmat(LIS_INTEGER n, LIS_SCALAR a(), LIS_SCALAR bQ),
LIS_SCALAR c(), LIS_INTEGER op, LIS_INTEGER ierr)

g
000 ABOODOOO.

oo

n ooooo

a O0nxnOd00 ADDQOOOOO

b OO0 nxn0O0O0 BOOODOOODO

c O0nxneOd00CO0OOO0OOO
op LIS_INS.VALUE OO : C = AB

LISSUB.LVALUE DO0OO: C=C - AB

oo

c C

ierr googood
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6.6.24 lis_array_matmat_ns

//C LIS_INT lis_array_matmat_ns(LIS_INT 1, LIS_INT m, LIS_INT n, h
LIS_SCALAR a[], LIS_INT 1lda, LIS_SCALAR b[], LIS_INT 1db, LIS_SCALAR c[],
LIS_INT 1ldc, LIS_INT op)

Fortran subroutine 1is_array_matmat_ns(LIS_INTEGER 1, LIS_INTEGER m, LIS_INTEGER n,

LIS_SCALAR a(), LIS_INTEGER lda, LIS_SCALAR b(), LIS_INTEGER 1ldb,
LIS_SCALAR c(), LIS_INTEGER 1ldc, LIS_INTEGER op, LIS_INTEGER ierr)

N )

gd

00 A, BOOOOOOOOOO ABOOOOO.

1db

1ldc

op

go

ierr

ooooo

OO0lxmO0O0 ADQOOOODO

o0 AD0DODOOOOOO

O0mxn000 BOOOOODOO

OO0 BOOOODOOO

OO0IlxnO00O00COOODOOOO

oo coooooooo

LIS_INS.VALUE 00O : C = AB
LISSUBWVALUE 00O0O0O: C=C—-AB

C

googooboo
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6.6.25 lis_array_ge

C LIS_INT lis_array_ge(LIS_INT n, LIS_SCALAR al]
Fortran subroutine lis_array_ge(LIS_INTEGER n, LIS_SCALAR a(), LIS_INTEGER ierr)

go
Gauss 10 O0O0O0O0O0OO0OODO ADDDDODDODO.

oo

n agooood

a O0nxnO0O0 AO0O0OOODOO
oo

a At

ierr goooooad

6.6.26 lis_array_solve

C LIS_INT lis_array_solve(LIS_INT n, LIS_SCALAR al[], LIS_SCALAR bl[],
LIS_SCALAR x[], LIS_SCALAR w[])

Fortran subroutine lis_array_solve(LIS_INTEGER n, LIS_SCALAR a(), LIS_SCALAR b(),
LIS_SCALAR x(), LIS_SCALAR w(), LIS_INTEGER ierr)

oo
ooooOoOoOoOoDoOoODOD Az=0000.

oo

n goooo

a OO0nxnO00O0000 AODOODOOO
b 000000000 b000000O
W 00 nxnOOD0OO

oo

X Uz

ierr oooooboo
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6.6.27 lis_array_cgs

¢ LIS_INT lis_array_cgs(LIS_INT n, LIS_SCALAR a[], LIS_SCALAR ql[],
LIS_SCALAR r[])

Fortran subroutine lis_array_cgs(LIS_INTEGER n, LIS_SCALAR a(), LIS_SCALAR qQ),
LIS_SCALAR r(), LIS_INTEGER ierr)

oo
00 Gram-Schmidt 00000 QROO QR=A00000.

oo

n googono

a O0nxnOd00 ADODODOO

oo

q O0nxnOd00000QUOODOODOODOO
r O0nxnO00000 ROOODOOOO
ierr goooooo

6.6.28 lis_array_mgs

C LIS_INT lis_array_mgs(LIS_INT n, LIS_SCALAR a[], LIS_SCALAR ql],
LIS_SCALAR r[])

Fortran subroutine lis_array_mgs(LIS_INTEGER n, LIS_SCALAR a(), LIS_SCALAR qQ),
LIS_SCALAR r(), LIS_INTEGER ierr)

uo
00 Gram-Schmidt 00000 QROO QR=A00000.

oo

n googo

a O0nxnOO0O0 AQDQOOOOO

go

q O0nxnO00000 Q@OOOOODOO
r O0nxnO000000 ROOODOOOO
ierr goooooo
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6.6.29 lis_array _qr

¢ LIS_INT lis_array_qr(LIS_INT n, LIS_SCALAR a[], LIS_SCALAR q[],
LIS_SCALAR r[], LIS_INT *qriter, LIS_REAL *qrerr)

Fortran subroutine lis_array_qr(LIS_INTEGER n, LIS_SCALAR a(), LIS_SCALAR qQ),
LIS_SCALAR r(), LIS_INTEGER qriter, LIS_REAL qrerr, LIS_INTEGER ierr)

g
QrROOODOOOO AODDODOOODOOD.

oo

n goooo

a O0nrnxnO00 AQ0DDOOOOO

q 000 nxnDOO00O0O @

T O00»nxnO000O00O R

gd

a ooooo0ooooooooooooooooooooOooooo
AOQOOQOQoOooo

qriter QrROOODODOO

qrerr 0000000100000 A(2,1)02000

ierr goooooo
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6.7 UDOOOOODO

6.7.1 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
gboooboobooobo,bocoboboobooboon.

oo

filename googo

oo

A oooooooooooo
b gooood

X ooooo

ierr gogooooo

oo

oboooboooobobooooobon.
e 00 Matrix Market 00 (0O OOOOOOOO)

e Harwell-Boeing 0 [

goooOoOoOoOoOoOoOoOoOOODO AQDOOOOO.
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6.7.2 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
gboocobOoboooobobooooooa.

0o

filename googno
oo

v good
ierr goooooo
RN

ooooooboooo
e PLAINOO
e 00 Matrix Market 00 (0O OOOOOOOO)

OO000oOoo0o0ooooOoOooooD AgOooooog.
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6.7.3 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
gboooboooboooooboooooa.

0o

filename googno

oo

A oooooooboooa
ierr goooooo

RN

Oo000oooooooooooooon.
e Matrix Market 0 O
e Harwell-Boeing 0 O

OO000oOoo0o0ooooOoOooooD AgOooooog.
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6.7.4 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,00000b0000000b0000000.

oo
A oo
b gooood
X googono
format gooooo
LIS_FMT_MM Matrix Market O O
filename goooo
oo
ierr goooooo
oo

gooooOoOoOoOoOoOOOOOOOODO AOOOOOO.
cooooOooo,0oo00ooOopo0UooooO0UoooOgNLLOCO0OODODOO0ODO.
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6.7.5 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
obooobooooboboooooboo.

oo
v oood
format gooooo
LIS_FMT_PLAIN PLAIN OO
LIS_FMT MM Matrix Market 0 O
filename googono
oo
ierr ooooooo
oo

goooooOoOoOoOoOOOOOOOODO ADOOOOOO.
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6.7.6 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
gbooobooboooobooooo.

oo
A oo
format gooooo
LIS_FMT_MM Matrix Market O O
filename googno
oo
ierr ooooogoo
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6.8 00U

6.8.1 lis_initialize

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

Fortran subroutine lis_initialize(LIS_INTEGER ierr)

oo
MPIODOOO,00000000000DOO00O0ODODOOO.

oo

argc gbooobooooboon
argv oooobooooo
go

ierr goooooo

6.8.2 lis_finalize

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

oo
goooogo.

oo

o

oo

ierr ooOooooo
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6.8.3 lis_wtime

C double lis_wtime()

Fortran real*8 lis_wtime()

uo
goooooooo.

oo
o

oo
000000000000 double00O0 (DODOO)000OODO.

oo
obooooOoboooooobO,00b00000000000 1is_wtimeOOOOOO,00000000O.

6.8.4 CHKERR

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

oo
uboooboooobobooboooboooon

oo
ierr goooooo
oo
oo

uo
goo00bo0boobddblis_finalize DU OODOOO0OOO0O0OOO0OOO0ODOODOO.
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6.8.5 lis_printf

[C LIS_INT lis_printf (LIS_Comm comm, const char *mess, ...) )

oo
gboooouobobooobooboooooobo.

oo

comm MpPIOOOOODOO
oo

mess goo

oo

00000000%D’0 LISINTO long long int 0000 0’%IUd’ D 0int 00000 %d’ 00000
goo.
gbO,00000000000,commd 0000000,
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A 0ODOOOOO

O000,0000000000D00O0C0000DOOO000DODO. 00 Harwell-BoeingOOOO, 00O
gooooboobooooobobooboooboobooobooboboooboooboo.

A.1 00O Matrix Market 00O

Matrix Market 0 000000000000 00D0O0O0ODOO0O00O, OO Matrix Market 00000
0000000000000 0000000000. MxNDOOO A=(e;;) 0000000 LODODO.
a; =A(I,J)000.00000000000O0.

%hMatrixMarket matrix coordinate real gemeral <-- 000

% <—+
% | oO0OOOoOoOOOnO
% <-+
MNLBX <-—- 00 00O 00000 (0 or 1) (0 or 1)
I1 J1 A(I1,J1) <-+
I2 J2 A(I2,J2) | 000 000 O
... | OO0O0odo 1
IL JL A(IL,JL) <-+
I1 B(I1) <-+
I2 B(I2) | 0000000B=1 0000000000
... | OO0 O
IM B(IM) <-+
I1 X(I1) <-+
I2 X(12) | OO0X=1 0000000000
... | OO0 O
IM X(IM) <-+

(A)OOUOD AUODOOO0O b O0U0ODOO0OODOOOUODOOOOD.

2
1

— N
— N
w NN = O

1
2
%%MatrixMarket matrix coordinate real general
441010
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

W WNPNR- W

B WONRE PP WWWNNDNRE -

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

Harwell-Boeing 0000, CSCOODOOO0DOOOODO. valueOOO AODDOODOOO, indexOODODO
OO0000,ptr0 valueD index 000000000 OOOO0ODOODOO. OO00ODOODOOOODODO.

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 00O0O0O0O0OOO
030 (A3,11X,4114)
1- 300000
o10:
R Real matrix
C Complex matrix
P Pattern only (O OO)
oa20:
S Symmetric (O O0O)
U Unsymmetric
H Hermitian (O O0O)
Z Skew symmetric (0 O0O)
R Rectangular (U 0O0O)
030:
A Assembled
E Elemental matrices (0 0O0O)

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

0 40 (2A16,2A20)
1 -16 ptrO00
17 - 32 index O 0O0O
33 - 52 value 00O 0O
53 - 7200000
0 50 (A3,11X,2I14) OOO0OOOOOOODOODOO
1 ogoooooooo
FOOOOOD
MOOOOOOO @oo)
2 oooooooooooa G
3 Ooo0o0o0ooooooo x
4 - 14 00
5 -2 00000000
9 -42 00000

(A)OOUOD AUODO0O0OO0O 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
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1 2 1 2 3 2 3 4 3 4
.000000000000000000E+00 1.000000000000000000E+00 1.000000000000000000E+00
.000000000000000000E+00 1.000000000000000000E+00 1.000000000000000000E+00
.000000000000000000E+00 1.000000000000000000E+00 1.000000000000000000E+00
.000000000000000000E+00
.000000000000000000E+00 1.000000000000000000E+00 2.000000000000000000E+00
.000000000000000000E+00

W O NNNDN

A3 0000000 Matrix Market 0 O

OO00D0000 Matrix Market 0O 00, 0000000000D00000 Matrix Market 0000 O
O000oo0. 00 NOOOOObD=(h)OOOO b, =B()OOO.0000000OOOOOO.

%hMatrixMarket vector coordinate real gemeral <-- 000

b <+
% | odbODOODODOO
% <—+
N <-- 0ad
I1 B(I1) <+
I2 B(I2) | OO0 O
L. | 0o0ooo 1
IN B(IN) <+

(Al)DO0oUoO0oo 00000 DO0OUODOOODOO.

%/%MatrixMarket vector coordinate real general

4

1 0.00e+00
2 1.00e+00
3 2.00e+00
4 3.00e+00

A4 00000 PLAINOD

00000 PLAINODOO,00000000 100000000ODOOO000O0O0. 00 NDODOOOO
b=(b)0000 K =B(I)ODDO0O.000000000DO0OO.

B(1) <—+
B(2) | NO
L. |
B(N) <—+

(Al)DO0o0Upo0oos0DOOOODO0O0UDOOODOO.

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