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1 0000

Lis (Library of Iterative Solvers for linear systems, 000 [lis]) 0, 000000000000000O0O

gbooobooboobooo

gooobooooo

ooooo0ooUooUoO0oO0oUoOooDOooOooOoUO ). Do0DoooUOoUO0,0000D0OD0OD

Azx =D

Ax = \x

012, 000003000.000000000DO0O0O40000.

010000000

0200000

CGJ2, 3] CR[2] Power[24]

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

CGSJ6] CRS[7] Approximate Inverse[1]

BiCGSTABJS] BiCRSTAB[7] Rayleigh Quotient[26]

GPBICG[9] GPBICR[7] CG[27]

BiCGSafe[10] BiCRSafe[11] CR[28]

BiCGSTAB()[12] | TFQMR[13] Jacobi-Davidson[29]

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

Gauss-Seidel[16, 17] | GMRES(m)[18] Lanczos[31]

SOR(19, 20] FGMRES(m)[21]  Arnoldi[32]

IDR(s)[22] MINRES)[23]

g3 000 04 000000

Jacobi[33] Compressed Sparse Row (CSR)
SSOR|[33] Compressed Sparse Column (CSC)
ILU(k)[34, 35] Modified Compressed Sparse Row (MSR)
ILUTI36, 37 Diagonal (DIA)
Crout ILU[37, 38] Ellpack-Itpack Generalized Diagonal (ELL)
I4+S[39] Jagged Diagonal (JAD)
SA-AMGI40] Block Sparse Row (BSR)
Hybrid[41] Block Sparse Column (BSC)
SAINV[42] Variable Block Row (VBR)
Additive Schwarz[43, 44]  Coordinate (CO0)
ooooo Dense (DNS)




2 0o

oooo,00,000000000000.

2.1 000000

LsOODOO COO0ODO0OODDO0OO0. 00, Fortran0O00000O0O0O0DODOOODODO Fortran O
o000, AMGUOOOODOOODOOOOOO Fortran 90 0000000 DOOODO. OOOOOO
00, OpenMPOOOOO [86)]000 MPI-1 OOOODO [80)0 0000 [45,46). OOOOOOOOO,
Harwell-Boeing 0 O [72], Matrix Market 0O [76]00000000. 0 5000000000000 (O
7000000).

gsgbgoogoo

cooooo (@o) 0S
Intel C/C++ Compiler 7.0, 8.0, 9.1, 10.1, 11.1, 12.1, 14.0, 16.0 | Linux
Windows
IBM XL C/C++ V7.0, 9.0 AIX
Linux
Sun WorkShop 6, Sun ONE Studio 7, Solaris
Sun Studio 11, 12
PGI C++ 6.0, 7.1, 10.5 Linux
gee 3.3, 4.4, 5.3 Linux
Mac OS X
Windows
Microsoft Visual C++ 2008, 2010, 2012, 2013, 2015 Windows
Fortran 0O 00O (DODOOO) (ON]
Intel Fortran Compiler 8.1, 9.1, 10.1, 11.1, 12.1, 14.0, 16.0 Linux
Windows
IBM XL Fortran V9.1, 11.1 AIX
Linux
Sun WorkShop 6, Sun ONE Studio 7, Solaris
Sun Studio 11, 12
PGI Fortran 6.0, 7.1, 10.5 Linux
g77 3.3 Linux
gfortran 4.4, 5.3 Mac OS X
Windows

22 UNIXOOOOOOOODOODO
221 0O00000O0ODO

OO00000000D0,0000000000. ($VERSION) DOOOOOODOO.
> gunzip -c lis-($VERSION) .tar.gz | tar xvf -
OO0000,000000 14s-($VERSION) 0D 10000000 DOOOOODOOOO.



lis-($VERSION)

+ config

| DODOOOO

+ doc

| 00O

+ graphics

| DOOOODOOOOoOooO
+ include

| DOODOODOd

+ src

| DOOOOOO

+ test

| DOODOOOd

+ win

Windows OO OOOOODOODO

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

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

Ded000ODo0ODOOoOOODO. 00,070 TARGETOOODOODOOOOODOODOOODOOD.

223 0O0000O00OO0OOO

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

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

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



06000000000 (000 ./configure --helpO00)

--enable-omp

OpenMPOOOODOOOO

-—enable-mpi

MPIODOODOOOOO

—--enable-fortran

FORTRAN 7700000000 OOOO

—-enable-£90

Fortran 90 000 0O0O00OO0OOO0O

--enable-saamg

SA-AMGUOOO0O0O0O0

--enable-quad

double-double 0 400000000

--enable-longdouble

long double 0 400000000

--enable-longlong

64000000000

--enable-complex

gboooooboooooon

--enable-debug

gooooooooon

—--enable-shared

gbooooood

--enable-gprof

goooooobooo

--prefix=<install-dir>

googooo

TARGET=<target>

googoooon

CC=<c_compiler>

coooooood

CFLAGS=<c_flags>

cOooooopoooooooo

F77=<£f77_compiler>

FORTRAN 7700000000

F77FLAGS=<£77_flags>

FORTRAN 77000000000 OOOO

FC=<£f90_compiler>

Fortran 9000 0 000O0OO0O

FCFLAGS=<f90_flags>

Fortran 90 0 000000 OO0ODOOO

LDFLAGS=<1d_flags>

oboooooooboo




0 7: TARGETOD (D00 1is-($VERSION) /configure.ac 0O 0)

<target> googoogo

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

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

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

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

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

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

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

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

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

nec_sx9_cross ./configure CC=sxmpic++ FC=sxmpif90 AR=sxar RANLIB=true

ac_cv_sizeof_void_p=8 ax_vector_machine=yes cross_compiling=yes

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




. oo

N

matrix size =

initial vector x
precision
linear solver

preconditioner

convergence condition :
: CSR

: normal end

matrix storage format

linear solver status

BiCG: number of iterations = 15 (double = 15,
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

100 x 100 (460 nonzero entries)

: 0
: double
: BiCG

. none

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

* | |b-Ax_0||_2

quad = 0)

/———enable—omp

N

max number of threads
number of threads = 2

matrix size =

initial vector x
precision
linear solver

preconditioner

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

100 x 100

32

(460 nonzero entries)

: 0
: double
: BiCG

. none

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

: normal end

* | |b-Ax_0l|_2

quad = 0)




--enable-mpi
4 M
number of processes = 2

matrix size = 100 x 100 (460 nonzero entries)

initial vector x : 0

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) OOOOOOODODOCOCOOOO,0D000000000O0DOODODOO
go.

> make install
00000,000000 ($INSTALLDIR) ODOODOODOOODOOODOO.

($INSTALLDIR)

+bin

| +1lsolve esolve hpcg_kernel hpcg_spmvtest spmvtest*
+include

| +lis_config.h lis.h lisf.h

+1ib

| +liblis.a

+share

+doc/lis examples/lis man

lis config. hOOOODO0OOOOOO0O0DO,00 1is.hd C,lisf.h0 Fortran OO0 O OO00ODOOO
Jooooopoboboooooo. 1livlis.a0000000000O0O0O0O0O. D000 O0O0OoOoOoooboo
00000000000 00,000000D0 1is-($VERSION) DODOOODOODOOOOODOO,00000
O examples/lis 00000000 0ODOOOCOODOODOOODOO.

> make installcheck

examples/lis 0 testl, etest5, test3b, spmvtest3b, 1solve, esolve, hpcg kernel, hpcg spmvtest

10



OO0OD0OD0 ($INSTALLDIR) /bin0 00000 . examples/lis/spmvtest*l, 0 00O ($INSTALLDIR) /bin
oooooo.
($INSTALLDIR) 00000000000 0000O000O0O0O000O000000.
> make uninstall
lis-($VERSION) 00000000000, 00000000000000000000000000O0O.
> make clean
coooobooooobocooooboooooooOoOobOoOoOoOooooOon.

> make distclean

2.3 WindowsOQOQOQOoQoQoQonQo

00000000000 00O0oO0Ooo0oOon, Microsoft Build Engine 0 000 OO0D0O, ODOOO
00 lis-($VERSIOM\win 0000000000000, 000000 MakefileOOOODO (ODODO
configure --help 00 0).

> configure
Makefile O OO0 Makefile.inOOOOOO. 0O0O0O0OO0OOOOOOOO, 1is-($VERSION) \win O
Jooooobooooooo.

> nmake
gooobbobodooooubbbboooooob,bbdooobDbL, b0 oooUbo
gooooobooo.

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

> nmake install

1is-($VERSION)\1lib, 1is-($VERSIOM \bin 000000000000 OOOOODOOOOOOODOO

agono.
> nmake uninstall
lis-($VERSIOM\win 00000000 O0OO, 0000000000000 0COO0OOOOUOOO0OOOO
0.
> nmake clean
I I A Y
> nmake distclean
UNIXOOOOOOoOoODooooooooooooo.

24 00O

OO0O00D0O0D00O 1is-($VERSION) /test DO OO OO.
2.4.1 testl

OO0OO0O00D0 1is-($VERSION) /test DO OO

> testl matrix_filename rhs_setting solution_filename rhistory_filename [options]

11



OO00000, matrix filename 000000000000, 00000 Ar =00 optionsO0O00O0O0O
00O00oO00O. 00, 0000 Matrix Market 0 0 O solution filename 0, 00O 00O PLAINOOO
rhistory filename 0000 (D0 ADOUD). ODO0O0UO0OOO0OO0OO Matrix Market 00O, 00
Matrix Market 0 0 0 0 0. rhs_setting 00

0 00000000000 D000000D0DOODO0O0
1 b=(1,...,0)T'o0o000

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

rhs_filename 000000000000

000000000 00. rhsfilename O PLAIN OO, Matrix Market 000 OO0 O. testif.FO
testl.c U FortranO OO DO.

2.4.2 test2

000000 1is-($VERSION) /test OO OO
> test2 m n matrix_type solution_filename rhistory_filename [options]
O00000,200 LaplaceDO0 OO0 50000000000000000000 meO00 AODODODOO
000000 Az =560, matrix_type 000000000000, 0ptions000000000OCO. OO,
0000 Matrix Market 0 00 solution filename 0, 00000 PLAINO OO rhistory_filename [
ooo0O.0000o00bs000D00ODO 2000000 1000000OCC0O0D0. m,nO00000000O0O
OO0. test2f.FO0 O test2.c O Fortran 90000 O.

2.4.3 test2b

OO0OO0000 1is-($VERSION) /test DO OO
> test2b m n matrix_type solution_filename rhistory_filename [options]
O000000,200 Laplace000D0 9000000000000 D0O0O0O0O0O0O0 meO0OD0O ADOODOO
000000 Az =00, matrix_type U000 000000000, 0ptionsJ00000000C0O0O. OO,
0000 Matrix Market 0 00 solution filename 0, 00000 PLAINO OO rhistory_filename [
oooo.oooooos0O0O000 000000 100000DDO000. ,nO00O0O0DODOOO
goo.

2.4.4 test3

OO000D00O 1is-($VERSION) /test 0O OO
> test3 1 m n matrix_type solution_filename rhistory_filename [options]
O000000,300 Laplace0 00O 70000000000 OO0ODOO0OOO0OImmOOO0 ADDOOO
O000000 Az =00, matrix_type 000000000000, options000000O0O0OO0O. O
O,0000 Matrix Market 0 0 0 solution filename 0, 00000 PLAINO OO rhistory_filename
ooooo.oooooosODOOO0 x00000D01000000D0D0ODO. 1,n,n0000000O0
ooooo.
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2.4.5 test3b

000000 1is-($VERSION) /test OO OO
> test3b 1 m n matrix_type solution_filename rhistory_filename [options]
O00000,300 LaplaceJO0OO027000000000000000C0000mmO0O00 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 test4

00000 Az=0600000000000,00000000000.00 A00O0O 120300000

O000. 000000000000 2000000 10000000000 . testdf.FO testd.c O
FortranO O OO.

2.4.7 testd

OO000D0QO 1is-($VERSION) /test 0O OO
> testbs n gamma [options]
OO00O000,00000 Az=00000000C0C0C00.00 A0O00O nOd ToeplizOO

DO

0 2 1
¥ 2 1
A:
v 0 2 1
vy 0 2

oo0.00ooo00soooobo0 0000001000000 0O0DAO.

2.4.8 test6

test6.c test2.cO000O0OODO. OD0DOOO 1is-($VERSION) /test OO OO
> test6 m n
000000,200 LaplaceJ0O0O0O 5000000000000 00O0O0O0OO0 mmOO0O0 AODOQOO
0000000 Az=00000000.000000000000 x000000 100000000
O0. m,n000000000DO00O0O. test6f.FO90 O test6.cJ Fortran 9000 00 .

13



2.4.9 etestl

OO0OO0OO0O0DO 1is-($VERSION) /test DO OO
> etestl matrix_filename evector_filename rhistory_filename [options]
000000, matrix filename 00000000000, 00000 Az = Az 0 options 0000
oooooDboO0,00000000000D000DO0O00O. O0,0000D000000000 Matrix
Market 0 0 0O evector_filename 0, 00000 PLAINO OO rhistory filename DO O 0O0O. OO0O
OO0000D0O000DO Matrix Market 00O O 0. etestlf . FO etestl.cO FortranOOODO.

2.4.10 etest2

OO000D0QO 1is-($VERSION) /test 0O OO
> etest2 m n matrix_type evector_filename rhistory_filename [options]
O00000,200 Laplace 0000 50000000000000000000mnO000 ADOOO
00000 Az = Az 0, matrix_type 000 O0000O0000ODO, options00000O00O00O0O00O,O
gboboooboobooboobboo. o0,bo0bdo0obiodib0 evector_filename U, DO OO0
rhistory filename U UODO0. m,n 00000000 OODOO.

2.4.11 etest3

OO0OO0O00D0 1is-($VERSION) /test DO OO
> etest3 1 m n matrix_type evector_filename rhistory_filename [options]
O000000,300 Laplace000O0 7000000000000 QOO0O0ODOOOImnOOO AOO
0000000 Az = A0, matrix_type 000000000000, options00000000C0OO
O,000000D00000000000D0. ODO,D00D0000000000 Matrix Market 0 OO
evector filename 0, 00000 PLAINO OO rhistory filename 00000, 1, m, n 000000
goooaoo.

2.4.12 etestd

OO000D0DO 1is-($VERSION) /test DO OO
> etest4 n [options]
gooooOo,00000 Az=X00000000O0O0O0,0000000000000000CQCCO. O
0OAOODOn,O300000

O000. etestdf .FO etestd.c Fortran OO OO.
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2.4.13 etestd

O000OD00O0 1is-($VERSION) /test OO DO O
> etestb matrix_filename evalues_filename evectors_filename residuals_filename

iters_filename [options]

000000, matrix filename 00 0000000000,00000 Az = Ax0 optionsO 000000
ooooo,000db0b00o0b0bo0bo0o0b00. 00, 0000b000b00dnU evalues_filename
U, 000o0oobobo, 00dbdbob0bddn evectors_filename, residuals_filename [ [
iters_filename OO0 0O Matrix Market DO O OO0O0O0O. OO0OO0DOO0O0O0O0ODOO Matrix Market O
goood.

2.4.14 etest6

OO0OO0OO0O0DO 1is-($VERSION) /test DO OO

> etest6 1 m n matrix_type evalues_filename evectors_filename residuals_filename
iters_filename [options]
O000000,300 Laplace0 000 70000000000 O0O00OO0O00OO00mmO0O0O0 ADDOOO
00000 Az =Ax0,matrix_type D000 0000O0000O0,0ptions0 0000000000, 00
obooo0oooobOoboooobo. 00,000000000000 evalues_filenameO, 00000
ooob,0bb000udubbiOl evectors_filename, residuals_filename [ [ iters_filename
OO0 Matrix Market 0000000, 1, m,n00000000OC00O0OO.

2.4.15 etest7

etest7.c etest2.c00000O0. DOODOOO 1is-($VERSION) /test 1O OO
> etest7 m n
000000,200 LaplaceD0OO0O 5000000000000 O00ODOO0OOO mmOO0OO0 AOOCOO
00000 Az=Xx0 QROODUOOD. m,n0000000O0O0OO0OO.

2.4.16 spmvtestl

OO0O0000 1is-($VERSION) /test DO OO
> spmvtestl n iter [matrix_type]
OO00000,100 Laplace0D0O0 30000000000DOOO0O0ODOODOOnO0OO

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

15



0 gboooooobooboobooboobooobg
1-11 oooobooooo

gboogoooooo.

2.4.17 spmvtest2

O00O00OD 1is-($VERSION) /test DO OO
> spmvtest2 m n iter [matrix_typel
OOO00O00,200 Laplace0000 5000000000O0O0O0O0ODODDODODODO meO 50000000
000 (1,...,)T 0000 iter 00000000000, FLOPSOD00O000. 0000 matrix type
ooo,

0 obooobOoooooobooooobooooonoo
1-11 oooooooog

obooooOoboo0o0. m,nO0O00O0O0C0COOO0OO0OO.

2.4.18 spmvtest2b

OO0O0O00D0O 1is-($VERSION) /test DO OO
> spmvtest2b m n iter [matrix_typel
Oo0O0O00O0,200 Laplace0 000 90000O0O0O0O0O0O0O0O0ODODDDODODOD meDO 90000000
ooo (1,...,1)TDDD|] iter 000000 ODOOOO, FLOPSOODOOOO. OOOQO matrix_type
goo,

0 uboboobooooboobooboobooooono
1-11 oooobooooo

gboboobobotob0.m,nO00000C0OO0O0OO0OO0.

2.4.19 spmvtest3

OO0O0000 1is-($VERSION) /test DO OO
> spmvtest3 1 m n iter [matrix_type]
O00000,300 Laplace0 000 7000000000D0D00DOO00O00O0WmnO 7000000
0000 (1,...,)T0000 iter 00000000000, FLOPSO0000D. 0000 matrix_type
ooo,

0 obooobOoooooobooooobooooonoo
1-11 oooobooog

obooooOobooob. 1, n,nO000000000000.

16



2.4.20 spmvtest3b

OO0OO0OO0O0DO 1is-($VERSION) /test DO OO
> spmvtest3b 1 m n iter [matrix_type]
OO00D000,300 Laplace0 000 2700000000000 0O0000O00O0O00WmnO 27000000
o000 (1,...,)T0000 iter 00000000000, FLOPSO0000D. 0000 matrix_type
ooo,

0 gboooooobooboobooboobooobg
1-11 ooooboooo

gbooobooobot. 1, mad0o0ooooooooo.

2.4.21 spmvtestd

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

2.4.22 spmvtestb

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

25 0000
gboooboooobobooooag.
e 1 OODOOO

— VBROOOOOODOOOODODODOOOODOO.
— CSROODODODODODODODODO SA-AMGOOOODODODODODODODO.

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

e double-double 0 400000 (40000)

— 0000000000, Jacobi, Gauss-Seidel, SOR, IDR(s) 0000000 OO.

17



— 00oO0oogog, CG, CR, Jacobi-Davidson DO OO OO0 O0OO.
— HybridOOOODOOODOODOODOOO, Jacobi, Gauss-Seidel, SOROOOO0OOODOO.
— I4S, SA-AMGOO0O0ODOO0OO0OOO.

e long doubled 400000

— Fortran OO OOOOODOOOOODOO.
— SA-AMGUOOO0OO0O0O00O0O0O00.

e OO

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

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

gboooboobooooobooon.
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3 Uoggg

obooo,000b00b0o0cobo0bo0oobo0oboo0o.obooboooo,ocoboobooooooboooon.

e JDOOODO

oooono

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

oooono

e (1[I

e UDOOO

gbo,0bbooboobooboobooboobobbobobooboobon.

o C #include "lis.h"

e Fortran #include "lisf.h"

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

3.1 0ODOougdaobo

oboo,000b0boobooboocooobo. boboobooooooooooOo,00o0b0cooboooboooao

gooobooon.

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

oooobooooo,od

o C LIS_INT lis_initialize(LIS_INT* argc,

19
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e Fortran subroutine lis_initialize(LIS_INTEGER ierr)

oooo.0o0o0o0go,MPIO0OO0OO,0D00000DOOOO0ODOOOODOOOODO.

LISIINTUOUOUODO int 0, 0000000000 _LoNc__LoncUO OO OOO0OO000O long long int0, O
O LIS.INTEGERUO OO0 integer 0, 0000000 ODOO LONG__LONGU OO OO UODOODOO integerx*8
gooooooao.

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

oooo.

3.2 DOOOOooo

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

0 PEO
1

v=|— 3.1
2 PE1 (3-1)
3

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

o000 ooobodooooobL. oo, 00000 oooooboooooa
2000.

c(Ooooooooooog
Ol ) a

LIS_INT i,n;

LIS_VECTOR v;

n = 4;

lis_vector_create(0,&v);

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

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

{

© 00N O WN -

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

[
o

}
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~C(0000D0000) ~

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

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

lis_vector_create (MPI_COMM_WORLD,&v) ;

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

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

{

© 00 ~NO U WN -

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

[y
o

- y,

Fortran (DO 0O0OOOOOOOO
o Forman ( ) N

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 4/
(Fortran(DDDEIDDDDD) ~

©O© N O O d W N

[y
o

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

© 00N O WN -

-
N

goooooo
obobogo.00004a,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)
0do00.commOO MPIOOOOOOOOOOOO. OO0,00000000000 commOOO0O0O00OO
a

ooooo
gooobooo,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)
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OO000. localn O global.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 nO0OD0OODOODO.
00000000 D0OO00000, lis_vector_set_size(v,n,0) 0000000000 nOO0DOOOO
oo00000. 00, lis_vector_set_size(v,0,n) 000000 pOO00O0O m, 00000000000
0. m,0000000000000.

oood
ubobogdo00:000000C0000,00

e 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)

gbodgo. obgbgoooobdao,bgboobodb :000bd00ogbaooob 0a0o0o0ao.
flag O O

LIS_INS.VALUE O O: v[i] = value
LIS_ADD VALUE 000 O: v[i] = v[i] + value
googoooooag.
ooooood
00000000000000000000000000,00
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_MATRIXOOOOOOODOOOOOO. ODO0O0OOO0OO0OOOO
oboooOobooobo.ooooboboocoooboooon

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,

e 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 Ouggn

OO0 AO0D00OO globalon x global.n DO 0. 00 AOD nproes 000000 DODOOOODOOOOODOO
0000000000 local.n000. global.n O nprocs 000000000 local-n = global_n |/ nprocs
0O00.000,00 A0 (32)000002000000000000000000, global-nO local-n

ooooo402000.
PEO

— DN
— o =

1
2 1 PE1
1 2

obooooOoboooooboboooooboo3oooooon.

001: 0000000000000000000000000000

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

00 A0 CSROOOOOOOOOOOOOOOOONONONONONOO.000,000000000000
0ooOo2000.

~C(00D000000000) ~

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);

}

lis_matrix_set_type(A,LIS_MATRIX_CSR);

: lis_matrix_assemble(A);

e
N = O W0 ~NO O b WN -

[
-

(00O0O00ooo0) ~

~N
Q

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++) {
if( i>0 ) lis_matrix_set_value(LIS_INS_VALUE,i,i-1,1.0,4);

© 00N O WN -

10: if( i<gn-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,1.0,A);
11: lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);
12: }
13: lis_matrix_set_type(A,LIS_MATRIX_CSR);
\¥14: lis_matrix_assemble(A); ‘)
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Fortran (OO OO0O0OOOOOOO
o Foran { ) B

[y
[

N

© 00 ~NO U WN -

[y
o

: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
12:

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_assemble(A,ierr)

N

[
w

iR
IS

-

Fortran (OO OO0O0ODOO0O
- ( ) A

© 00 ~NO O WN -

o
= O

12:
: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
: call lis_matrix_assemble(A,ierr)

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)

enddo

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)

oboo00.commJ 0 MPIODOOOOOODOOOOO. OO0,00000000000,commO00000

go.

ooooo
ugboooabooad,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. local-n O globalon OO0 O0O0O0O00OODOOOOODOODOOO.
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.
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0000oO0oDoDo00Oo0oOooon, lis_matrix_set_size(A,n,0) DO O0OO0OO0OD0OO0OO0OOnx NOODOO
oooooOo. NOnOOOODOO.
00, lis_matrix_set_size(A,0,n) 000000 pOO0O0O0 m,xnOOOOO0O0O0O0O0O0. m,000
oooooooooo.

oood
00 A0OD0:00  j0000C0C0CO0OO0OO0O,O00

e 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)

oO000.000000D00D000,000D000400 jO0D0CO00O0O. flagOO
LIS_INS_VALUE O O: A[i,j] = value
LIS_ADD VALUE OO 0O0: Afi,j] = Ali, j] + value
gbooaooabood.
goooboooboo
gboooooobooooooono, 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)

OO000.000000 AQ matrix_typeO LIS_MATRIX_CSROOO. O0OOOODOODODODODODODOO.

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
gboooboooooboobooog,on
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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 OO0 0O0O0OOOOO0OOO0OOOO.

gbooan
gooobooboobgooboooboon,

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. 000000000000 b0o0oboobon

(3.2)0000 AO CSROOODOOOOOO,00,000000000O0O000 ADODDOOO,000O0
obocooOoobooooobooooooboooobobooobooboooooa.
00 A0 CSROUOO0OOOoOOooOoO0oOoOooOooOoOoooOooDOoOobD.Oooo,b0o00ooobbooOoooDo

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

© 00N O WN -

10: for(i=0;i<n;i++)
11: {

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

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

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

15: ptrli+1l] = k;
16: }
17: ptr[0] = 0;

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

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

1; k++;}

= 1; k++;}

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

19: lis_matrix_assemble(A);

~
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~C(0000D0000) ~

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

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

16: }

17: ptr[0] = 0;

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

19: lis_matrix_assemble(A);

N J

© 00 ~NO U WN -

= e
= O

1; k++5}

ooooooo
csROODOODOOODOOOOOOOOOOOO AODOOOO0OO0OO00,00

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)

gooo.0ooboobooooboosboooogon.
ub 3. buubgoboob,obuogbooboooabo

00000000 (3.2)0000 AOCSROOOODODOUOOOD,0D0000DO0OUOODO0OUOOO.
Cc(0ooUbDDOOoOoooOoOoUoooOooon) ~N

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

Fortran (00 0000000000000 OOOOO)

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)

~ o w e

Matrix Market 00000000000 matvec.mtx OO0 00O O0OO0O.

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

FC(DDDDDDDDDDDDDDDDDDDD)

N

1 2
3 1
11
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)0000O00 00O ODOOOOOODO
gooobooooboooog.

~N OO WN

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

/Fortran(DDDDDDDDDDDDDDDDDDDD)

N o o WN e

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 WNPENDEE W
P NN R 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

oboooooooooooon

go

Oo0o0oooo0 A0Dooooooooo,oo

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

O000. filename 0000000000 0OOO. 0O00O0O0ODOODOOOOOOOOOOOO (DDOOOO
00000000 AOOO).

e Matrix Market O O
e Harwell-Boeing O O
0000000000 ADOOOD 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 O0OO0O0OO0O0OUOOO. 000O0O0OOOOOOODOOOOOODOO (DDOOOO
O000o0O00oOoAOOO).

e [0 0O Matrix Market 0 O

e Harwell-Boeing O O

34 0O0O40OoooOooOO

00000 Az=00000000000000,00000000000DDODDODO.
c{Ooobooooobooooboooooooooo
ot ) p

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);

© 00N O WN -

[y
o

NS
/Fortran(DDDDDDDDDDDDDDDDDDDD) ~N

N

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)

N J

© 00 ~NO O WN -

[y
o

goooog
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000 (00D00o0o0ooO00o0oO0oUOO0oOO0)0DoooOoUD, 00

o C LIS_INT lis_solver_create(LIS_SOLVER *solver)

e Fortran subroutine lis_solver_create(LIS_SOLVER solver, LIS_INTEGER ierr)
oooo.
ooooooog

Oo0ooooooooooooooog, 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)

0O000. 1lis_solver_set_optionCO, 000000000 C0OO0O0O0O00O0O0OO0OOCOOCODOOODO
gbooooOooooooboon.

OO00000000D0ODO000ODOOO00D0oODO0. -1 {eglt¥d-i cgO00-i 100000,
-maxiter [1000] O, -maxiter JO OO0 10000000000000O0.
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00000000000 00Uo0O0 (DO00: -1 bicg)

goooboog (obooo googoood

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgsl3}

BiCGSTAB -i {bicgstabl|4}

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

GPBiCG -i {gpbicgl6}

TFQMR -i {tfqmr|7}

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

Gauss-Seidel -i {gsl11}

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

CR -i {crl14}

BiCR -i {bicrl|15}

CRS -i {crs|i6}

BiCRSTAB -i {bicrstab|17}

GPBiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafe|19}

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

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

Additive Schwarz

—adds true

-adds_iter [1]

oooo
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googoogog

gooono

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

-scale [0]

-initx_zeros [1]

-conv_cond [0]

—omp_num_threads [t]

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

oooooo

0o0oooo0 tol

000000 toly,

ooooooo

-print {none|0} gooooooooo

0000000000000

-print {out|2} 00000000000000

-print {alll3} 000000000D000,000000000

000000000.0000000,00000000000

0oooooooo

JacobiDOOOOO D 'Axr=D"1

(DO A=(a;;) D00O0ODO)

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

-print {mem|1}

-scale {nonel|0}

-scale {jacobi|1}

000000 x
-initx_zeros {falsel|0} ooooooooad
-initx_zeros {truel1} gooooboboogoogood
oooo

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

[|b — Az||1 < toly, * ||b|]1 + tol

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

-f {quad|1}

goo
4000

oo

00000 Az=000000,00

o C

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

LIS_SOLVER solver)

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

goog.
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3.5 0OOougoooo

00000 A= 0000000000000,0000000000000000.
c{OooooooboOooooboooooooooo
ot ) p

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

/0000000000 =/

lis_esolver_create(&esolver) ;

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

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

(—Ekntran,(D 0000000000000000oon) N

LIS_MATRIX A
LIS_VECTOR x
LIS_REAL evalue
LIS_ESOLVER esolver

/0000000000 =/

call lis_esolver_create(esolver,ierr)

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

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

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

gbooaod
000 (0000000o000o00DO0O000)0Do0o0ooO0oUoD, 0o

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

gooo.

oooooooo
gboooboooobooboooa,on

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

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

ooo
o C LIS_INT lis_esolver_set_optionC(LIS_ESOLVER esolver)

e Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, LIS_INTEGER ierr)

34




0O00. lis_esolver_set_optionC0, 0000000000000 0O0OO00O0COOO0OCOOODOO
ocoooooooooDoDOoOO.

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

000000000000 00 (Do0: -e pi)

googno googno googoood
Power -e {pil1}
Inverse -e {iil2} -i [bicg] ooooooo
Approximate Inverse | e {aiil3} -i [bicg] ooooooo
Rayleigh Quotient -e {rqil4} -i [bicg] ooooood
CG -e {cglb} -i [cgl ooooooo
CR -e {crl6} -i [bicg] ooooooo
Jacobi-Davidson -e {jdl7} -1 [cgl ooooooo
Subspace -e {si|8} -ss [1] oooooood
Lanczos -e {1i]|9} -ss [1] oooooogo
Arnoldi -e {ail10} -ss [1] gooooood
000000000000 (0O0O: -p iluw)
god googn goooogn
oo -p {nonel 0}
Jacobi -p {jacobil1}
ILU(k) -p {ilul2} -ilu_fill [0] oDooooooo k
SSOR -p {ssorl|3} -ssor_w [1.0] 0000 w(0<w<?2)
Hybrid -p {hybrid|4} -hybrid_i [sor] ooooooo
-hybrid_maxiter [25] oooooo
~hybrid_tol [1.0e-3] oooooo
-hybrid_w [1.5] SORODOOD0O0 w (0<w<2)
~hybrid_ell [2] BiCGSTAB()O OO !
~hybrid_restart [40] GMRES(m), Orthomin(m) O
goobooom
I+S -p {is|5} -is_alpha [1.0] I4+aS™ 000000 «
-is_m [3] I+aS™O00000m
SAINV -p {sainv|6} -sainv_drop [0.05] oooooo
SA-AMG -p {saamgl|7} -saamg_unsym [false] ooooooo
(00D0O00O0oo0oo)
-saamg_theta [0.05/0.12] 000000 af; < 62|ag|ay,)|
(0D 10o0)
crout ILU -p {ilucl|8} -iluc_drop [0.05] oooooo
-iluc_rate [5.0] ooooooooooon
ILUT -p {ilutl|9}
Additive Schwarz | -adds true -adds_iter [1] oooo

35



googoogog

ooooo

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

-ie [ii]

-shift [0.0]

-initx_ones [1]

-omp_num_threads [t]

-estorage [0]

-estorage_block [2]
-ef [0]

gooooo

gooooo

gogooooo

-eprint {none|0} obooooooooo

-eprint {mem|1} goooQooopopopoooo

-eprint {out|2} gooooooooooooag
-eprint {alll|3} gogoooobobobooo,ogobobobood
Subspace, Lanczos, Arnoldi0 00000000000 OOOOO
-ie {pil1} Power (Subspace 0 0)

-ie {iil|2} Inverse

-ie {aiil3} Approximate Inverse

-ie {rqil4} Rayleigh Quotient

-ie {cgl5b} CG (Lanczos 0 O)

-ie {crl6} CR (Lanczos, Arnoldi)

-ie {jdl7} Jacobi-Davidson (Lanczos 0 0)

oooooooon
000000 z

-initx_ones {false|0O} gooooooog
-initx_ones {truel1} oo0oOoooooo 1000
ooooooo

t00oooooo

oooooo

BSR,BSCOOOOOOOOOO
oooooooo

-ef {double|0} ogd
-ef {quad|1} 4000

go

O0000 Az=X00000,00

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

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

gooo.

3.6 UDOUooooDO

oo000 Az=0b00000000000,000C000O0O0OOOODOODODODODODOODOOOO.

36



OO0 A00O0O 120300000

ooo0.0o0ooo00swo 0000 100000000O00O0DO.
OO000000000OD0O00O 1is-($VERSION) /test OO DO .
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(DDDDDDD:tesM.C

1: #include <stdio.h>

2: #include "lis.h"

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

4: {

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

6: LIS_MATRIX A;

T: LIS_VECTOR b,x,u;

8: LIS_SOLVER solver;

9: n = 12;

10: lis_initialize(&argc,&argv);

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

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

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

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

16: {

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

23:

24 lis_vector_duplicate(A,&u);

25: lis_vector_duplicate(A,&b);

26: lis_vector_duplicate(A,&x);

27: lis_vector_set_all(1.0,u);

28: lis_matvec(A,u,b);

29:

30: lis_solver_create(&solver);

31: lis_solver_set_optionC(solver);

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

33: lis_solver_get_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 0O;
43: }

}
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(DDDDDDD:HESVH.F

1: implicit none

2:

3:#include "lisf.h"

4:

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

6: LIS_MATRIX A

T: LIS_VECTOR b,x,u

8: LIS_SOLVER solver

9: n =12

10: call lis_initialize(ierr)

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

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

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

15: do i=is,ie-1

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

24:

25: call lis_vector_duplicate(A,u,ierr)

26: call lis_vector_duplicate(A,b,ierr)

27: call lis_vector_duplicate(A,x,ierr)

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

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

30:

31: call lis_solver_create(solver,ierr)

32: call lis_solver_set_optionC(solver,ierr)

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

34: call lis_solver_get_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 0OOOoOoOobOOoOon

OO000,0000Ilssolved000O000O0DOO0OOODOCOOO.000DO,00D00000D0O0DO4,
oboooooooboooboobooboobooobooobooob,bo0oboobooboooboaoon
OO00D0O0OO000O000D0000. 00, Newton-Raphson OO O DOOO0D0OOOO0,000000000
obooobooboooboooobooboobobo.booboobobooooboobo,boocobo0obooooaon
oooo.

e lis matrix psdset_value: O OODOO0OOO0OOOO0O.

e lis_matrix psd_resetscale: 000000000000 DOOCOOOODOO.ODOOO,00000D0¢0,
booobooooboboooooboooon.

lis_vector_psd_reset_scale: 000000000 OOOOODOOOOOOO.

lissolver set_matrix: 00000000000 0OODOOO0O. O0OODOO lis_precon_psd_create [
Oooopooooooooooon.

e lis precon_psd_create: 100000000000 OD0OOOOOOODOO.

e lis_precon_psd_update: 000 O00O00O0O.
gooooooooooboooog.

e 1J00ODOUDODDOO CSROUOODDO.

e 10I0OODOODO GMRESODOODODO.

e J0IUDDDOOUD ILUKk) OO SA-AMGUOOOO.

OO00000000D0O0O00. 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 UpdatelLinearSystem(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.
1

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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58:
59:
60:
61:
62:
63:
64:
65:
66:
67:
68:
69:
70:
T1:
72:
73:
T4:
75:
76:
7T
78:
79:
80:
81:
82:
83:
84:
85:
86:
87:
88:
89:
90:
91:
92:
93:
94 :
95:
96:
97:
98:
99:
100:
101:
102:
103:

— ooooooooo

55:
56:
57:

DO

IF (UpdateLHS) THEN

DO i=is,ie-1
DO j=1,gn
IF (component (i,j) exists) THEN
CALL lis_matrix_psd_set_value(LIS_INS_VALUE,i,j,LHS(i,j),A,ierr)
END IF
END DO
END DO
CALL lis_matrix_psd_reset_scale(A,ierr)

END IF

update RHS every iteration

DO i=is,ie-1

CALL lis_vector_set_value(LIS_INS_VALUE,i,RHS(i),b,ierr)

END DO
CALL lis_vector_psd_reset_scale(A,ierr)

IF (UpdateLHS) THEN

CALL lis_precon_psd_update(solver,precon,ierr)

END IF

CALL lis_solve_kernel(A,b,x,solver,precon,ierr)
CALL lis_solver_get_iter(solver,iter,ierr)
write(*,*) ’number of iterations = ’,iter

CALL lis_vector_print(x,ierr)

update the solution

DO i=is,ie-1

CALL 1is_vector_get_va1ue(x,i,du,ierr)
u(i)=u(i)-du

END DO

CALL UpdateLinearSystem(RHS,LHS)

IF (termination criteria satisfied) EXIT

END DO

CALL
CALL
CALL
CALL
CALL

CALL

lis_matrix_destroy(A,ierr)
lis_vector_destroy(b,ierr)
lis_vector_destroy(x,ierr)
lis_vector_destroy(u,ierr)
lis_solver_destroy(solver,ierr)

lis_finalize(ierr)

END PROGRAM psd_driver
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3.8 OUOoobooOooOg

test4.c00000000DODOOCOCOOO0OODDOODO.ODODODODO 1is-($VERSION)/testO0O 0O
0000000 test4.c O SGI Altix 3700 O O Intel C Compiler (icc), Intel Fortran Compiler (ifort)
O000000000000000000. SA-AMGOOO000O Fortran90000000000000OC0O
00,SA-AMGOO0O000000000 Fortran900000000000000000O0CO. 00,00
OO0O0000ooOOOo0000ooDoOoOoOO0UusElMPIOOOODODOOOOOO0ODO. 64bit0O0DODOOOOO
000,CO0000000000C000000 _LONG__LONG, FortranOOO0O000O000O0O00O00O0OO
0 LoNG._LOoNGO O OOO0OO0OoOoooooo.

(/-[]D go N

ooooo
> icc -c¢ -I($INSTALLDIR)/include testéd.c
oog
> icc -o test4 test4.o -L($INSTALLDIR)/1lib -1lis
000 (--enable-saamg)
> ifort -nofor_main -o test4 test4.o -L($INSTALLDIR)/1lib -1lis

N J
(, gogoooboobo ™~
ooooo
> icc -c -openmp -I($INSTALLDIR)/include testéd.c
oo0o

> icc -openmp -o test4 test4.o -L($INSTALLDIR)/1ib -1lis
000 (--enable-saamg)
> ifort -nofor_main -openmp -o test4 test4.o -L($INSTALLDIR)/1ib -1llis

N J
(, goooooooo ™
oooog
> icc -c¢ -DUSE_MPI -I($INSTALLDIR)/include testéd.c
ooo
> icc -o test4d test4.o -L($INSTALLDIR)/1ib -1lis -lmpi
000 (--enable-saamg)
> ifort -nofor_main -o test4 test4.o -L($INSTALLDIR)/1lib -1lis -lmpi
N J
(/-E]D oddooooobooooood B

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

N J

O0,test4f . FOOOODOOOODOODOOODOOODOOODOO.ODOOOODO 1is-($VERSION) /test
0000000000 test4f.FO SGI Altix 3700 O O Intel Fortran Compiler (ifort) 0000000
00000000000, FortranOOOOD0ODO0OO0O0O0OO0OO0O0DOO0OO0O0O0O0O0O0OO0OO,000000
gbooboobouogbooboobobobobboob. ifertdbg,b00b00-fpp0 000,
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. oood ~

ooooDo
> ifort -c -fpp -I($INSTALLDIR)/include test4f.F
ggno
> ifort -o test4f test4f.o -L($INSTALLDIR)/1lib -1llis
N J
(f-D googoooo ™
ooooo
> ifort -c -fpp -openmp -I($INSTALLDIR)/include test4f.F
ooD
> ifort -openmp -o test4f test4f.o -L($INSTALLDIR)/1ib -1llis
N J
(, gogooobooobo ™
ooooo
> ifort -c -fpp -DUSE_MPI -I($INSTALLDIR)/include test4f.F
ooo
> ifort -o test4f test4f.o -L($INSTALLDIR)/1ib -1lis -lmpi
N J
(/-D oooobooboobobooon ™
ooooo
> ifort -c -fpp -openmp -DUSE_MPI -I($INSTALLDIR)/include test4f.F
ooDo
> ifort -openmp -o test4f test4f.o -L($INSTALLDIR)/1lib -1lis -1lmpi
N y
3.9 00O

000000 1is-($VERSION) /test OO OO0 OO OO0 test4 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
goooooooooooooooo

> mpirun -np 2 env OMP_NUM_THREADS=2 ./test4 -i bicgstab
ooooooooO0oO0,00000000Q0DOOOOOODODODODO.

initial vector x : 0

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 0> W NN = O

—_
o
e T L

[
[

3.10 UJOOoooobobooboooon

MPIODDOOOODOODOOOOOOO, global-n =0,localn>00000000. 0000,00000
O0oo0oooooooobobbODOOCOOOO0.0O00,000000D0DA0 globaln=0000 local-n
obooooooobooooooooon.
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4 400000

g0o0obOoO0oO0,bo00000booobbobOoOo00ooooo0Oo.ooboooOogg, long doubled
000000000000 200007double-double”’[47,48]00 400000000000000O, 00
0000000000000. double-double00000,0000 a0 a = a.hi+a.lo, sulp(a.hi) > |a.lo|
(00 ahiD0D aloD000D0000)000000, Dekker[49] 0 Knuth[50] 00000000000
O000000000000oooOo04000000OoOogg. double-doubleD 00 0OOOO Fortran
04000000000000 [Bl)0,Fortran00000 [52)000000 11200000000000,
oooobooob 20000000,0000 14000000,8000000.00,00D00DOO
oooobogo 11oooooo.

double-double 00000, 000000000000, 0000,0000000000000O0. 00O
000000400000 000000DO00O0,D0000000040000000000DO0O0O0O00O0O

O00000000.00,Intel0000000000O00O0O0 Streaming SIMD Extensions (SSE) 00 O
00o00ooooo [53].

double-double$5E

fE¥ED 53 ED
11E vk AR 52E vk +| | 11e 9k A 52E vk
|EEE#HLDAEREE
HE¥ER &
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=000000000000,0000000000000C0C0O0O0O0O0O tests.c

000. 0000000020000 10000000000. n000 ADODODOOO. tests 00
oo,
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oooooog
> ./testb 200 2.0 -f double
ooo
> ./testb5 200 2.0
oooooooooo,ocopoooooooo.

n = 200, gamma = 2.000000

initial vector x : 0

precision : double

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
oooooooooob,00o0b0000Dobo0o.

n = 200, gamma = 2.000000

initial vector x : 0

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
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5 oooon

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

5.1 Compressed Sparse Row (CSR)

CSROOOO,0000 30000 (ptr,index,value)0000O0O.

e 00 nnzO0OOOOOvalued, 00 ADODODOOOOOOOOOOOOOOOO.

e U0 nnzOUODOOO indexU,00 valueUOOOOOOOOOODOOOOODOODO.

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

51.1 00000 (DOOOOOO0OOOOOOo)

00 A0 CSROUO0O0O0O0O0OOO3000. 00000 CSROODOO0OUOOooO,0o0ogooog

goooooooo.

11
21 22
32 33

A=

41 43 44

0L 11 3/ 5 8
0 O 11 1 2 0 2] 3
11]21]22|32|33[41|43|44

A.ptr

A.index
A.value

0 3: CSROOUOOOUODO (oouoooooooon)

(r-D Ooo0ooooooon ~\
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] = 1; ptr[2] = 3; ptr[3] = 5; ptr[4] = 8;
13: index[0] = O0; index[1] = O0; index[2] = 1; index[3] = 1;
14: index[4] = 2; index[5] = O0; index[6] = 2; index[7] = 3;
15: value[0] = 11; value[l] = 21; value[2] = 22; valuel[3] = 32;
16: value[4] = 33; valuel[b] = 41; value[6] = 43; valuel[7] = 44;
17:
18: lis_matrix_set_csr(nnz,ptr,index,value,A);
\;19: lis_matrix_assemble(A); 4/
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5.1.2 00000 (DO0O0O0DO0OO0O0OO)

2000000000 A0 CSROOOOOOOOOO4000.200000000000 CSROOO
obooooo,obooocobooboooooon.

013 002 5 A.ptr
$

0] O 1 1 20 0] 2] 3 A.index
11]21|22 32(33|41|43/44 A.value
PEO PE1

04 CSROOOOOOOD (oooooooo)

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

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

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

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

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

17: else {

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

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

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

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

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

CSROODOOODOOODO AODOoOOoOooDoOoO,0on

o C LIS_INT lis_matrix_set_csr(LIS_INT nnz, LIS_INT 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.

49




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

e U0n+100000 ptr0,00 valuel indexOOOOOOO0ODOOOOO.

5.2.1 00000 (DODOOOOOOOOOO)

OO0 A0 CSCOOO0ODOoOOOOsS000. 00ooo cscoopopoopooog,opoooooo
gooobooog.

1 | o] 3] 5 7] g A ptr
Ao | 2 o v — _
o 32 33 Ol 1| 3| 1| 2| 2| 3| 3 A. i ndex

41 43 44 ) 11]21]41]22|32|33|43|44 A. val ue

05 CSCOO000OD0OO0O (OUDODOOODUOOOOn)

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

2000000000 A0CSCOOOOOOOOoOOoeQOO. 2000000000000 CScOOO
obooooo,obooocobooboooooon.

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

=\ -

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

06 CSCOODOO0OODOOD (oooooooo)

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

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

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

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

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

17: else {

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

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

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

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

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

csCcounoooooo ApDooooooo, oo

o C LIS_INT lis_matrix_set_csc(LIS_INT nnz, LIS_INT 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.
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5.3

Modified Compressed Sparse Row (MSR)

MSROOODO,0000 20000 (index,value)J00O00.nd2000000000000O0O.

5.3.1

OO0 nnz+ndz+ 1000000 valued, 0 n0000000 AQCOOODOOOOD.On+1
oooooO0o00.o0Or»+20000000 AQ0D0OOOOOOOOOOOOQOOOOODOOOOO
oo.

OO0 nnz+ndz+100000 indexU,0n+10000000 ADQCOOOOODOOOOOO
00000.0»+20000000 ADOOOOOO0O0Ovalue0O0O0O0O0OOO0OCOOOOOO
oooog.

00000 (OooO0oooooooon)

OO0 AOMSROOOOOOOOOOY0O0OO. 00000 MSROOOOO0OOO0OO0OO,0000000
gooooboooog.

11
. 91 929 A. i ndex
3233 A. val ue

41 43 44

O 7 MSROOOOOOUOODO (OOoUOooOooooon)

(, O0o0oOooooooon ~\
1: LIS_INT n,nnz,ndz;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n =4; nnz = 8; ndz = 0;
6: index = (LIS_INT *)malloc( (nnz+ndz+1)*sizeof(int) );
7: value = (LIS_SCALAR *)malloc( (nnz+ndz+1)*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = 5; index[1] = b5; index[2] = 6; index[3] = 7;
12: index[4] = 9; index[5] = O0; index[6] = 1; index[7] = 0; index[8] = 2;
13: value[0] = 11; value[1] = 22; value[2] = 33; value[3] = 44;
14: value[4] = O0; 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); J/
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5.3.2 00000 (DOO0ODOOOOO)

2000000000 AO0MSROOOOOOOOoOoOos8sooOo.20000OoOoooooO MSROO
oboooooo,booocobooooobooobooon.

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

08 MSROOOOOOOD (CooOoooooO)

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

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

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

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

15: else {

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

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

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

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

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

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

MSROOOODODOOO ADODODOOOOO,DOO

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

LIS_SCALAR value[], LIS_MATRIX A)

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

good.
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5.4 Diagonal (DIA)

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

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

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

e 00 maznnd xnOOOO000valued, 00 AODOOOOOOOOOOOODODOOOOOCOO
ooooooo.

e 00 nprocs xmaznnd 00000 indexd, 00000000000 OOCOOODODOCOOOODODO.

54.1 00000 (0OO0D0)

00 A0 DIAODOUOOODOOOOY9Y0O0O0O. 00000 DIAODOODODOOOO,00000DOO
gooooooao.

11
A 21 22 -3/-1| 0 A. i ndex
32 33 0| o] 0l41] 0/21/32/43[11]22]33]44] A. val ue
41 43 44
09 DIADOOOOODOO (D[I[I[I)
/- oood \
1: LIS_INT n,nnd;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnd = 3;
6: index = (LIS_INT *)malloc( nnd*sizeof (int) );
7: value = (LIS_SCALAR *)malloc( n*nnd*sizeof (LIS_SCALAR) );
8: lis_matrix_create(0,&A);
9: lis_matrix_set_size(A,0,n);
10:
11: index[0] = -3; index[1] = -1; index[2] = O0;
12: value[0] = O0; value[l] = 0; value[2] = 0; value[3] = 41;
13: value[4] = O0; value[5] = 21; value[6] = 32; valuel[7] = 43;
14: value([8] = 11; value[9] = 22; value[10]= 33; valuel[11]= 44;

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

2000000000 A0 DIAODOOOOOOOOO 10000, 200000000000 DIACO
oboooooo,booocobooooobooobooon.

oooobooooo
(

W N O O WN -

: index[0]
: value[0] 0; value[1] = 21; value[2]
: value[6]

-1 0 -31-11 0

A.index

0[21]11|22

0 10: DIAODODOUOOOOO (DODOOoOOooon)

041/32[43[33/44] 2.value

LIS_INT n,maxnnd,nprocs;

LIS_INT *index;

LIS_SCALAR *value;

LIS_MATRIX A;

n = 4; maxnnd = 3; nprocs = 2;

index = (LIS_INT *)malloc( maxnnd*sizeof (
value
lis_matrix_create(0,&A);
lis_matrix_set_size(A,0,n);

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

0; valuel[7] 41; value[8] =

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

int) );

0; index[3]

= 11; valuel[3]

32; valuel[9]

(LIS_SCALAR *)malloc( n*maxnnd*sizeof (LIS_SCALAR) );

= -3; index[4]

22; valuel[4]
43; value[10]

-1; index[5] =

0; valuel[5]
33; value[11]
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54.3 00000 (DOODOOOODO)

2000000000 A0 DIAOOOOOOOOOO 11000, 200000000000 bDIACO
oboooooo,b0booocoboooooobooon.

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

0 11: DIAODODOODDOUOD (D0D0O0OO0oooon)

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

54.4 000000

goooooo
DIAODOOOOOO0OO0 AQQOOOOOOO,O00

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

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

gooo.
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5.5 Ellpack-Itpack Generalized Diagonal (ELL)

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

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

e I maznezr xnUDOUOOD index U, 00 value DO OOOO0DOO0DOOD0OOO0DOODODO. OO
O,0:00000000nnz0000 index[nnzxn+¢ 0000000 :00000.

5.,5.1 00000 (DOOO0DOOOOOOOO)

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

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

2000000000 AODELLO0O0OOOOOOOO 13000.200000000000 ELLOO
oboooooo,booocobooooobooobooon.

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 (D000o0ooooo)

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

LIS_SCALAR value[], LIS_MATRIX A)

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

good.

58




5.6 Jagged Diagonal (JAD)

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

e 10 nU000D0permUI,000000O0O0O0C0ODO0O.

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

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

gdodbooodobooodoboooooboon.

000040000 (perm, ptr, index, value) 00000 . nprocs00000000O. maznzr, 00
0 A0O00O00O0O00O0O0CO0CO000000000000000000. mazmaznzr 000 maxnzry,
gooooodoon.

e 0000000 permO,00 AOOOOOOOOOOODOOOODODODODDDDDODOODOOO.

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

e 10 nnzU0000 indexU, U0 valueUODUOUOOUOOOOOOOOOOOOOO.

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

59



5.6l 00000 (0OODO)

00 A0 JADOOOOOOOOOO0 14000.00000JADOOOOOOOOO,0000000
oooooooog.

" 3 11 21 0O A.perm
ol 4| 7| 8 A.ptr
Ao | 2 o2 ] —— N
32 33 i
ol ol 1 ol 2| 1 2/ 3 A.index
41 4344/ 141]21[32[11]43]22[33]44] A.value

0 14: JADOOOOUO0OO0OO0OO0 (DDoOoo)

(/-E]D oad ~
1: LIS_INT n,nnz,maxnzr;
2: LIS_INT *perm,*ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8; maxnzr = 3;
6: perm = (LIS_INT *)malloc( n*sizeof (int) );
7: ptr = (LIS_INT *)malloc( (maxnzr+1)*sizeof (int) );
8: index = (LIS_INT *)malloc( nnz*sizeof (int) );
9: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
10: lis_matrix_create(0,&A);
11: lis_matrix_set_size(A,0,n);
12:
13: perm[0] = 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] = O;
16: index[4] = 2; index[5] = 1; index[6] = 2; index[7] = 3;
17: value[0] = 41; value[l] = 21; value[2] = 32; valuel[3] = 11;
18: value[4] = 43; value[5] = 22; value[6] = 33; value[7] = 44;
19:
20: lis_matrix_set_jad(nnz,maxnzr,perm,ptr,index,value,A);
\¥21: lis_matrix_assemble(A); )
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5.6.2 U0O0O0OO0 (DOODOOOODO)

2000000000 ADJADOOOOOODOOODO 15000. 200000000000 JADOO
oboooooo,booocobooooobooobooon.

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

0 O 11 0 11 2 2 3 A.index
1

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

0 15: JADOO0ODO0O0O0O0 (D00Dooooono)

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

2000000000 ADJADOOODOOOODOODO 16000, 200000000000 JADOO
oboooooo,booocobooooobooobooon.

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

0l 0] 1 0] 1 2| 3 A.index
1 1

2111|122 41(32|43|33]44 A.value
PEO PE1

D

N

0 16: JADOOODOOOOO (D000ooooon)

000000000
4 )

LIS_INT i,n,nnz,maxnzr,my_rank;

LIS_INT *perm,*ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;
if ( my_rank==0 ) {n = 2; nnz = 3; maxnzr = 2;}

else {n = 2; nnz = 5; maxnzr = 3;}

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

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

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

: lis_matrix_set_size(A,n,0);

: if ( my_rank==0 ) {

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

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

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

: else {

perm[0] = 3; perm[1] = 2;
ptrl[0] = 0; ptr[1] = 2; ptr[2] = 4; ptr[3] = 5;

index[0] = O0; index[1] 1; index[2] = 2; index[3] = 2; index[4]
value[0] = 41; value[l1] = 32; value[2] 43; value[3] 33; value[4]
: lis_matrix_set_jad(nnz,maxnzr,perm,ptr,index,value,A);

: lis_matrix_assemble(A);

N J

S I S I e e e e
NP, O OO0 ~NO O WNEFE O OWOWNOO D WN =
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N owe ~
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5.6.4 OO0OO0OOO

goooooo
JADOOOOOOOO Aoooooooo,oo

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,000rxc00000O0OO00OO (DO0OOOOO)0O0O0OO0OO.BSROOOO, CSRO
00000000000000 (00000 100000000000)00000. nr=n/r,bnnz0 A
O000000O0ODODODO.BSROOOO,000030000 (bptr, bindex, value) OO ODO.

e 0 bnnzxrxcOODOOODO valued, 0000000000 OO0OOCODO.
e 00 mnzOOODODO bindexO, 000000000 OCOOODDOOOODO.

e U0nr+ 100000 bpptr0,00 bindexOODOOOOODOODOOOOODOO.

5.1 00000 (DOOUDOOOOOOOO)

OO0 A0BSROOOOOOOOOO 17000.00000BSROOOOOOOOO,0000000
oooooboooog.

1 o] 1] 3] A. bptr
21 22
A= 22133 o of 1 A. bi ndex
" 43 a4 | 111]21] 0[22] 0/41]32] 0[33]43| 0[44| A value
0O 17 BSROOODODOOOO (DDDDDDDDDDDD)
(, oo0oooooooooo B

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

2: LIS_INT *bptr,*bindex;

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

5: n=4; bnr = 2; bnc = 2; bnnz = 3; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;

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

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

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

9: lis_matrix_create(0,&A);

10: lis_matrix_set_size(A,0,n);

11:

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

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

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

15: valuel[4] = O0; valuel[5] = 41; value[6] = 32; value[7] = O;

16: value[8] = 33; valuel[9] = 43; value[10]= O0; valuel[l1l]= 44;

17:

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

19: lis_matrix_assemble(A);

N J
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5.2 00000 (DOODOOOODO)

2000000000 A0BSROOOOOOOOOO18OODO. 200000000000 BSROO
oboooooo,booocobooooobooobooon.

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 (CooOooooog)

(/-[]D ooooooo B\
1: LIS_INT n,bnr,bnc,nr,nc,bnnz,my_rank;
2: LIS_INT *bptr,*bindex;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; bnr = 2; bnc = 2; bnnz = 1; nr = (n-1)/bnr+l; nc = (n-1)/bnc+1;3}
7: else {n = 2; bnr = 2; bnc = 2; bnnz = 2; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;}
8: bptr = (LIS_INT *)malloc( (nr+1)*sizeof(int) );
9: bindex = (LIS_INT *)malloc( bnnz*sizeof(int) );
10: value = (LIS_SCALAR *)malloc( bnr*bnc*bnnz*sizeof (LIS_SCALAR) );
11: lis_matrix_create (MPI_COMM_WORLD,&A);
12: lis_matrix_set_size(A,n,0);
13: if( my_rank==0 ) {
14: bptr[0] = 0; bptr[1] = 1;
15: bindex[0] = O0;
16: value[0] = 11; value[l] = 21; value[2] = O0; value[3] = 22;}
17: else {
18: bptr[0] = 0; bptr[1] = 2;
19: bindex[0] = O0; bindex[1] = 1;
20: value[0] = 0; value[l] = 41; value[2] = 32; value[3] = O0;
21: value[4] = 33; value[5] = 43; valuel[6] = 0; valuel[7] = 44;}
22: lis_matrix_set_bsr(bnr,bnc,bnnz,bptr,bindex,value,A) ;
\‘23: lis_matrix_assemble(A); 4/
5.73 0O00O0O0OO
ooooooo
BSROOOOOOOO ADOOOOOOO,DO0O
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.

65




5.8 Block Sparse Column (BSC)

BSCOOOO,000rxc00000000O0 (DOODOOO0OO)0OO0OO0OOO.BSCOOOO,CSCO
00000000000000 (00000 100000000000)00000. ne=n/e,bnnz0 A
O00000000000.BSCOO0OO,0000 30000 (bptr, bindex, value) OO DO,

e 0 bnnzxrxcOODOOODO valued,0000000O00O0O0OO0OOCODO.
e 00 mnzOOODODO bindexO, 000000000 OCOOODDOOOODO.

e U0 nc+100000bptrd, 00 bindexOOOOOOOOOODOOOOODO.

5.8.1 00000 (DODOUDOOOOOOOO)

00 A0 BSCOOOOOOOOOO 19000.00000 BSCOOOOOOOOO,0000000
oooooboooog.

1 o] 1] 3 A bptr
21 22
4= 32 | 33 01 1 A. bi ndex
41 43 a4 ) [12]21] 0]22] 0]41|32] 0|33|43] 0/44] A. value
0 19: BSCOOOoooooa (DDDDDDDDDDDD)
(, oo0oooooooooo B

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

2: LIS_INT *bptr,*bindex;

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

5: n=4; bnr = 2; bnc = 2; bnnz = 3; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;

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

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

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

9: lis_matrix_create(0,&A);

10: lis_matrix_set_size(A,0,n);

11:

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

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

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

15: valuel[4] = O0; valuel[5] = 41; value[6] = 32; value[7] = O;

16: value[8] = 33; valuel[9] = 43; value[10]= O0; valuel[l1l]= 44;

17:

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

19: lis_matrix_assemble(A);

N J
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5.8.2 00000 (DOODOOOODO)

2000000000 A0BSCOOOOOOOOOO20000. 200000000000 BSCOO
oboooooo,b0booocoboooooobooon.

m A.bptr

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

0 20: BSCOOODOOOOO (DOO0DOoooooo)

(’ O0o0ooooon «\
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_ra.nk) ;
6: if( my_rank==0 ) {n = 2; bnr = 2; bnc = 2; bnnz = 2; nr = (n-1)/bnr+l; nc = (n-1)/bnc+1;}
7: else {n = 2; bnr = 2; bnc = 2; bnnz = 1; nr = (n-1)/bnr+1; nc = (n-1)/bnc+1;}
8: bptr = (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] = 2;

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

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

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

18: else {

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

20: bindex[0] = 1;

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

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

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

BsCOOOOOOoOOODO AOOoOoDOoOooO,O00

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

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

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

oooo.
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5.9 Variable Block Row (VBR)

VBROUOBSROOOOUOOUOOUOUOO. OOOOOOOOOOO (row, col)0DO00OOO. VBR
O0000,CSRO0OO0O0OOO0O0UODO0OOOO0 (00000 100000000000)000O0a. nar,
nc0 0000000 DO,0000000.bmnz0 ADDOODOODO,nnzO0DOOODOOODOODOOO
O0.VBROOOO,00OO 60000 (bptr, bindex, row, col, ptr, value)JOO0ODO.

e 0 nr+100000 rowd, 000000000000 ODOODO.

U0 nc+100000 colO,0000000000000000.

e 10 mnzOODDOO bindexD,00000000C0000DOCOOODOODO.

U0nr+100000bptrd, 00 bindexOOOOOOOOOODOOOOODO.

e 10 nnzOOOODOO valued, 000000000 OO0OCODOODOO.

OO0 mnz+100000ptr0,00valueJ 00000000000 DOODOOO.
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59.1 00000 (DO0OODOOOOOOOO)

OO0 A0 VBROOOOODOOOOO21000. 00000 VBROOOOODOOO,0000O
ooooboooooag.

1 A.bptr

0

11 0
21 | 22 0
32 33 0
0

J

1

.bindex
.row
.col
.ptr

e i

41 43 | 44

Z/o>o>o>—a w

0
1
1
1
y

6
0
4
4
7
2

b

.value

o

121] 0[22|32] 0[33]41] 0[43[44

0 21: VBROOOOOOODO (ooOoooooooon)

000000000000
4 )

LIS_INT n,nnz,nr,nc,bnnz;

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

LIS_SCALAR *value;

LIS_MATRIX A;

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

bptr = (LIS_INT *)malloc( (nr+1)*sizeof(int) );
row (LIS_INT *)malloc( (nr+1)*sizeof(int) );
col (LIS_INT *)malloc( (nc+1)*sizeof(int) );
ptr (LIS_INT *)malloc( (bnnz+1)*sizeof(int) );
bindex (LIS_INT *)malloc( bnnz*sizeof (int) );
(LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
: lis_matrix_create(0,&A);

: lis_matrix_set_size(A,0,n);

© 00 ~NO 0O WN -

-
o
1]

=
[

: value

e el e
aobd W N

1]
I o O o

: bptr[0]
: row[0]
: col[0] =
: bindex[0]
: bindex[4]
: ptr[0]

1 ptr[4]

: value[O]
: value[4]
: value[8]

; bptr[1] = 1; bptr[2] = 3; bptr[3] = 6;

; rowl[1] 1; row[2] = 3; row[3] = 4;

; col[1] 1; coll[2] 3; col[3] 4,

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

0; ptrli] = 1; ptr[2] = 3; ptrl3]
8; ptr([5] 10; ptr([6] = 11;

11; value[1] 21; value[2] 0; value[3]
32; valuel[5] 0; valuel6] 33; valuel7]
0; value[9] 43; value[10] 44,

[y
[

-
q
1]
]
]

e
[}

0;

[y
©

N
o
]
]

7;

NN
N =

22;
41;

N
w
]
]
]
]

N NN
[N BN

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

N
J
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5.9.2 00000 (DOODOOOODO)

2000000000 A0 VBROOOOOOOOOO22000.200000000000 VBROO
oboooooo,booocobooooobooobooon.

E A.bptr
0| of 1 ol 1] 2| A.bindex
0 1 3 3 4 A.row
0l 1 3] 4 Ol 1 3| 4 A.col
O 1 3| 7 0 1| 3| 4 A.ptr
vy N N
11]21] 0]22[32] 0[33] 41] 0[43]44] 2.value
PEO PE1
D22:VBRDDDDDDDD(DDDDDDDDDDDD)
oooooOooon
4 A

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

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

3: LIS_SCALAR *value;

4: LIS_MATRIX A;

5: MPI_Comm_rank(MPI_COMM_WORLD,&my_rank) ;

6: if( my_rank==0 ) {n = 2; nnz = 7; bnnz = 3; nr = 2; nc = 3;}

7: else {n = 2; nnz = 4; bnnz = 3; nr = 1; nc = 3;}

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

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

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

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

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

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

15: lis_matrix_set_size(A,n,0);

16: if ( my_rank==0 )

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

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

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

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

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

24: else {

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

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

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

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

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

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

goooooo
VBROOOOOOOO ADDOoOoOoOOO,O0O

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

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

gooo.
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5.10 Coordinate (COO)

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

e U0 nnzUDOUOUODOvaluel,000000O00OO0DOO.

e U0 nnz0OODOOO rowd,00000O0O0O0O0O0OODO0O.

e I0nnzUODOOUOD colU,00000000000DOO0.

5.10.1 0O0O0OOO0O (DOOOUOOooOoooon)

OO0 AQD cooU0poOoOopooOoOUonD23000. 0opoo cooopUooopoOoOooD,ooUOoDo

gooooooboooon.

11
91 99 O 11 3] 1] 2] 2| 3 3] A.row
A= 39 33 0 O 11 11 2| 2| 3] A.col
11]21]41]22|32|33|43|44| A.value
41 43 44

023 COOU00000DOO0O (O0UUOoDOoUooOon)

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

2000000000 AODcCcooOoOoOoOoOoOoOoUoUoU22a000. 200000000000 coon
gbooooooo,ooooboooobobooooa.

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

024 COO0DOO0O00OOOO (bopoooboopooon)

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

5.10.3 000000

goooooo
cooooooooono Aoooooooo,oo

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

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

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

e I0nxnUDUO0OD0OOvalued, 0000000000000,

5.11.1 0000O0O (DOOOOoooooon)

OO0 AO0DNSOOODOODOOOODO2000.00000 DNSOOOOOOOOO,000000RO
gooobooog.

11
Ao | 2 11/21] 0]41| 0|22|32] 0] A Value
32 33 0] 0[33]43] O] 0] 0/44
41 43 44
0 25: DNSOOO0OO0O0OO0 (DDDDDDDDDDDD)
FDDDDDDDDDDDD \
1: LIS_INT n;
2: LIS_SCALAR *value;
3: LIS_MATRIX A;
4: n = 4;
5: value = (LIS_SCALAR *)malloc( n*n*sizeof (LIS_SCALAR) );
6: lis_matrix_create(0,&A);
7: lis_matrix_set_size(A,0,n);
8:
9: value[0] = 11; value[1] = 21; valuel[2] = 0; valuel3] = 41;
10: value[4] = O0; valuel[5] = 22; value[6] = 32; valuel[7] = 0O0;
11: value[8] = O0; value[9] = O0; value[10]= 33; valuel[11]= 43;
12: value[12]= 0; value[13]= 0; value[14]= 0; value[15]= 44;
13:
14: lis_matrix_set_dns(value,A);
15: lis_matrix_assemble(A);
N J
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5.11.2 00000 (D0OOO0O0OOoooO)

2000000000 AODNSOOODOOOODODODO26000. 200000000000 DNSOO
oboooooo,booocobooooobooobooon.

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

PEO PE1

0 26: DNSOOOUOOOOO (DOooOoOooon)

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

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

goog.
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6 04

ocooo,000booo00oooboogooooo0.00ooooboo copooooooo.ooooooo
O,cO0ob00,Fortran 00 10000000C0000O0. 0D0,000000000000DODO0O0OODO.

LIS_SUCCESS(0) o000

LIS_ILL OPTION(1) ooooooo

LIS _BREAKDOWN (2) 000000000o0oooo
LIS_OUT_OF_MEMORY (3) ooooo

LIS_MAXITER(4) oooooooo
LIS_NOT_IMPLEMENTED (5) ooo

LIS_ERR_FILE_IO(6) ooooroooo
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6.1 DOOUOOoooO

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

6.1.1 lis_vector_create

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

oo
uoooobooog.

oo

LIS_Comm MpPIODOOOODOO
oo

v oood

ierr ooooogoo
oo

go,00000000000,commd0000onOO.

6.1.2 lis_vector_destroy

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

go
gbooobOoboooobobooooooa.

oo

v gbooobooooboooon
oo

ierr goooooo

7



6.1.3 lis_vector_duplicate

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

go
gboboobOoboooobobooooobooooooboon.

oo

vin obooobooboobon
oo

vout ooooooono

ierr goooooo

oo

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

goooo.
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6.1.4 lis_vector_set_size

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

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

oo
gooobooooboooog.

oo

v ogooo

localn o0oooooooooo
global n O00oOooooooooao
oo

ierr gooooog

oo

localn O globaln OO0 O0O00ODOOO0ODOODOODOOODOO.

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

O0O0000D0O0DODO0O, 1is_vector_set_size(v,n,0) 000000 OO0OOO nOO0OODO0O
000000. 00, lis_vector_set_size(v,0,n) 000000 pOO000 m, 00000000000
0. m,000000000C0000.
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6.1.5 lis_vector_get_size

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

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

oo
gboodo0o00ogo.

oo

v oooo

oo

localn O000000O0o0oooa
global n 00000000o0oobooa
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)

go
obooobOd000bO000O0obO0obooooooobooon.

oo

v gooood

oo

is oo0ooOd«0000O0O00COoDoDbO
ie oooood«00O00O0obo0ooocoboobo+1
ierr googoood

oo

00,00000000000,00000000n000,C0O000 4s=20, ie=mn, FortranOd0O0O
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
ubobod«00:00000000000.

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

gboooboooboob,0obooboobs00booon.

81



6.1.8 lis_vector_get_value

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

oo
gbobodo00:00000000.

oo

i oooooo

v oooooooogon
oo

value good

ierr googood
oo

gboooboooboob,0obooboobs00bogn.
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6.1.9 lis_vector_set_values

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

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

go
O000 v00 indexd] DO0OO OO valuell] DOO0OO.

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

O0000000000,00000000 indexi]O00O0O0OO.
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6.1.10 lis_vector_get_values

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

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

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

0o

start oooooooobg

count gooobbbbogo

v ooooboobon

oo

value oboooooobooboooa
ierr gogooooo

oo

obooooOoboooo,00000000 stert4+:0000000.

84



6.1.11 lis_vector_scatter

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

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

oo

value oboooooobooboooa
oo

v ooooboooogon

ierr goooooo

6.1.12 lis_vector_gather

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

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

oo

v ooooooooon

oo

value 0oooooooooboood
ierr ooooogoo
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6.1.13 lis_vector_is_null

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

oo
gboodo000b00O0b0oOooboon.

oo
v good
oo
ierr LIS_-TRUE 0O OO

LIS FALSE 00O 00O
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6.2 0OUO0O0OO

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

6.2.1 lis_matrix_create

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

go
ooooogoo.

oo

LIS _Comm MpPIODOOOODOO
oo

A oo

ierr googood

oo
gbo,0b0o00b0o0bodb,commdooooooOn.

6.2.2 lis_matrix_destroy

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

oo
gboooboobooboobooog.

oo

A gooooooooon
oo

ierr goooooo

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
gbooobOoboooobobooooooa.

oo
Ain gooood
oo
Aout gooood
ierr goooooo
oo

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

6.2.4 lis_matrix_malloc

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

go
oooooobooooog.

oo

A oo

nnz_row googood

nnz oooOooobooog
oo

ierr oogooooo

oo

nnzorow 000 nnz OOO0ODODO0DO0O0O0O0O0O. OO0O0ODO, lis_matrix_set_value OO QOOOO
gooooOOobOoO0boOo,0b0oboooboOoboooooa.
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6.2.5 lis_matrix_set_value

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

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

oo
00 A0D<00 j00000000.

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

i oooooo

j 000ooo

value oooooooo

A 0o

oo

A 0:00, ;00000000000
ierr goooooo
oo

oooooooboob,0bo0bg«:0b0j0b00D0O0O.

00 lis_matrix_set_valuel OO O0OOOOOODOOOOOOOOOOOOO, 1is_matrix_set_value
000000000 lis_matrix_assemble 0000000 O0O0DOO0ODO.

00000000000, 00 lis_matrix_set_type 00000000 OOOOOODOOOOO
1lis-($VERSION) /test/test2.c OO lis-($VERSION)/test/test2f.FOO 0D OO ODO.
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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
gboooboooboooboobon.

oo

A oo

oo

A oooooooogoon
ierr googoood

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)

oo
ooooooobooon.

oo

A oo

localn 00 A0D0O0O0OoOooa
global n 00 A00O0O0O0Ooood
oo

ierr ooooogoo

oo

localn O global.n OO0 DO00D0O0D0D0OODOOODOOODOO.

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

0000oO0oD000o0oOooon, lis_matrix_set_size(A,n,0) DO O0OO0O0OD0OO0OO0OOnx NOODOO
oooooOo. NOnOOOODOO.
00, lis_matrix_set_size(A,0,n) 000000 pOO0O0O0 m,xnOOOOOO0O0O0O0O. m,000
oooooooooo.
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6.2.8 lis_matrix_get_size

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

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

oo
googooooboo.

oad

A oad

oad

localn o0 A0O0OoOoooodg
globaln 00 A0D0OO0O0O0oooo
ierr ooooooo

oad

00,00000000000,local-n 0 global n OO OO.

6.2.9 lis_matrix_get_range

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

go
oooo0 A0OoOoOoOoOOOOOOOOOOOOOOO.

oo

A good

oo

is 0000 A0D0OO0DOOOOO0OOO
ie 0000 A0DDO0ODODOOO0OO0OO+1
ierr goooooo

oo

00,00000000000,000000nxn000,C0O00 4s =0, ie =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 AQDQoOoOooOoooDoOoO.

oo

A oo

oo

nnz OO0 A0D0O0Oooo
ierr goooooo
oo

ogooooOoOooODOODO,0000 ADDDDODOODODOOO.
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6.2.11 lis_matrix_set_type

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

go
gooobooooooon.

oo

A oo
matrix_type gbooooood
go

ierr goooooo
oo

000000 A0 matrix_type 0 LIS_MATRIX_CSRO O 0. 000 matrix_type 000 O0O0O00ODO0O
oooo.

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

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

go
gooobooooooon.

oo

A oo

oo

matrix_type goooood
ierr 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 CSROOOODO

A 00

oo

A O0o0ooooooo
oo

lis_matrix_set_csrO000000O, lis_matrix_assemble 0000000 O0OOOO. OO, For-
tran 00000000 OC0ODOODOOOOOOODOO.

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
cscoooooooo A0OoOooog.

oo

nnz ooooo

ptr, index, value cscoooono

A 00

00

A Ooo0ooooooo
oo

lis_matrix_set_cscO0O0OO0O0O0O, lis_matrix_assemble 0000000 OOOODO. OO, For-
tran 00000000 OC0OD0OODOOOOOOODOO.
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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 ADOOOOO.

oo

nnz goooo

ndz goooooooo
index, value MSROOODOO

A 0o

od

A goooooooo
od

lis_matrix_set_msr 0000000, lis_matrix_assemble 00000000 0O0OODO. OO, For-
tran0 0000000 O0ODOO0ODOO0ODOOODODO.
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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 oo0oO0oooooo0o
index, value DIADDOOO

A oo

oo

A goooooooo
oo

lis_matrix_set_dia0 000000, lis_matrix_assemble 00000000 O00OOODO. OO, For-
tran0 0000000 O0ODOO0ODOO0ODOODODO.

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
ELLO0O0O00000D0 A0OODODD.

0od

maxnzr Oooooooooooo
index, value ELLOOOOO

A od

od

A ooooooooo

od

lis_matrix_set_ell OO0 OO00O0O, lis_matrix_assemble 00000000 O0ODOODO. OO, For-
tran0 0000000 O0ODOO0ODOO0ODOODODO.
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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
JADOOOOOOOODO AoDpooDo.

oo

nnz goooboo

maxnzr ooooboooboooa
perm, ptr, index, value JADOOOOO

A o

oo

A googoogoooa

oo

lis_matrix_set_jadO O 0OODOOO, lis_matrix_assemble 00000000 O0O0DOOO. OO, For-
tran00000000O0ODOO0DOOODOODOOD.
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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)

- )
oo
BSROOOOOODOO AODOODOO.

od

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

A 0o

od

A goooooooo
od

lis_matrix_set_bsr0 0000000, lis_matrix_assemble 0000000 0OOOODO. 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) )

go
BsCOOOOOOOO AODOOOOO.

od

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

A o0

oo

A ooooooogo
oo

lis_matrix_set_bscO0OO0O000O, lis_matrix_assemble 00000000 O00O0OODO. OO, For-
tran000000O0OC0OOOO0ODOO0ODOODOO.
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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 ADDDODODO.

oo

nnz oo0oooobooog
nr gooood

nc oooooo

bnnz ooooogoo

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

A oo

go

A oooobooooo
oo

lis_matrix_set_vbr 0O 00000, lis_matrix_assemble 000000000 0OO0ODO. OO, For-
tran000000O0O0OOO0O0ODOOODOODOO.
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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 Agoooog.

oo

nnz googo

row, col, value coonooooa
A 0o

0o

A ooooooogo
od

lis_matrix_set_cooUOODOOON, lis_matrix_assemble 00000000 OOODO. OO, For-
tran0 0000000 O0ODOO0ODOO0ODOODODO.

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 AOoOoOoood.

oo

value DNSOOODOO

A oo

RN

A goooooooo
oo

lis_matrix_set_dns 0000000, lis_matrix_assemble 00000000 O0ODOODO. OO, For-
tran0 0000000 O0ODOO0ODOO0ODOODODO.
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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
00000 ADDOooooooooo.

go

A gbooobogooog

go

A gbooobooooboooo
oo

lis_matrix_unset J OO O0O0OO, lis_matrix_destroy U0 OO0 OOOODOOODO.
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6.3 UOUUodoboobOoooon

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,y0000000O.

oo

X, ¥ oood

oo

X, y ooogoooo
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
ubbod00booboogyboabog.

oo
X oooooooo
oo
y oooooooo
ierr googoood

104



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=az+y00000.

oo

alpha good

X, ¥ good

go

y ar+y (0000 yO0000DO0O0OO)
ierr ooogoooo

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_VECTCR vy,
LIS_INTEGER ierr)

0o
00000 y=z+ay00000.

oo

alpha good

X, §y good

go

y r+ay (0000 yOOOOOOOODO)
ierr ooogoooo
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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
0oddbd z=ax+yOooogd.

oo

alpha good

X, y good

oo

z Ozl‘-f—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
obobod2z0000 «00ODO.

oo

alpha good

X oood

oo

X ar (0000 2x000000000)
ierr googoood
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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
ubobod00000000y0OO00DOOOOODOOO.

oo

X, §y good

oo

z obooobooboobon
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
oo 00000000 y000000DO00O00D0.

od

X, ¥ good

od

z ooooooooooobooo
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
gbobod00000000000D00.

oo

value ooooooDoo

X oood

oo

X goo0ooOobooogoooooood
ierr googoood

6.3.10 lis_vector_abs

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

oo
ubod0dbooaogooan.

oo

X oood

oo

X gooobOooooooooonod
ierr googoood
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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 oboooooobooboooa
ierr goooooo

6.3.12 lis_vector_shift

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

oo
ogbood0000000000.

oo

alpha good

X good

oo

X gboooboobooboobooboon
ierr goooooo
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6.3.13 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)

oo
oooooo2fy00000.

oo

X,y ooood

oo

value oo

ierr goooooo

6.3.14 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
obobode«0100000000.

oo

X good

oo

value goodo1goo
ierr goooooo
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6.3.15 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 good

oo

value gooobo 2000
ierr googoood

6.3.16 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
ubood000000000000.

oo

X oood

oo

value ooooooboooog
ierr googoood
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6.3.17 lis_vector_sum

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

oo
ogbood«0000000000.

oo

X good

oo

value goooobobooo
ierr googoood
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6.3.18 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.

0o

A oo

bnr BSR(BSC)OOOODOOOODOOO,000 VBROODOOOOO
o

bnc BSR(BSC)DOOoUooooOoOoOO,000 VBROOOOOOO
oo

row vBROOOOOOOOOOO

col vVBROOOOOODOOODOO

oo

ierr goooooo
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6.3.19 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 googbooobooboooa
ierr goooooo

oo

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

0000000000000 01is_matrix_set_blocksize DO OO A, 000000000

gooboooooooboobbooooboooooboooobooooooobOooboooDoobbooooooo
oooooooooooooooooOoO0ooooooooooooO0. DooooOoOogoOooocesr

obooooOoboooooboooobooooon.

OO0 | CSR | CSC | MSR | DIA | ELL | JAD | BSR | BSC | VBR | COO | DNS
CSR o o o o o o CSC o o o
CcOO o o o CSR | CSR | CSR | CSR | CSC | CSR CSR
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6.3.20 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
00 A,000000 A4,00000.

oo
Ain gooood
oo
Aout gooood
ierr goooooo

6.3.21 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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6.3.22 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+eB0O0O0O0OO.

oo

alpha good

A, B oo

oo

B A+oB (00 BOOODOOOOODO)
ierr googoood

oo

OO0 A, BODNSOOOODOOOODOOO

6.3.23 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 DNSOOOOOOOODOODODDO
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6.3.24 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 AO0D0DOOOOODOOCOOOODOODO.

ao

A oo

b oooag

action LIS_SCALE_JACOBI Jacobi0 OO OO0 D 'Az=D"1p
(DO A=(a;;) 00D00D0)

LIS_SCALE_SYMMDIAG 00000000 DY2AD 124 = D-1/2p

(D~Y200000000 1/6;0000000)

oo

A 0000o0o0o0o0ooooooooon

b 000000000000000000

d D-'000 p~Y200000000000000

ierr goooooad
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6.3.25 lis_matrix_get_diagonal

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

go
00 A0D0DOOOOOO0OOdOo0000O.

oo

A oo

oo

d oooooooboobooo
ierr goooooo

6.3.26 lis_matrix_shift_diagonal

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

oo
00 A00DOQOOoOoOooDooogo.

oo

alpha good

A oo

oo

A goooood
ierr goooooo
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6.3.27 lis_matvec

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

oo
Oo00O000y=Az00000.

oo

A oo

X oood

oo

y Ax

ierr googoood

6.3.28 lis_matvect

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

oo
0000000 y=AT200000.

oo

A oo

X oood

oo

y ATy

ierr googood
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6.4 0O0OUOOOOOO

6.4.1 lis_solver_create

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

oo

000 (00000000oo0ooooooOooo)oooog.
oo

RN
oo

solver ggd

ierr googood

oo
gboooboooobooobooboon.

6.4.2 lis_solver_destroy

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

uo
googboooboobooboobon.

oo

solver goooobobboooo
oo

ierr goooooad
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6.4.3 lis_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
gooooooboon.

oo

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
gbooobooboobooboobooobg.

od

precon goboooobooogooano
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.

oo

text ooooboooboooa
oo

solver goo

ierr goooooo

oo

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

goooboog (obooo googoood

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgsl3}

BiCGSTAB -i {bicgstabl|4}

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

GPBiCG -i {gpbicgl6}

TFQMR -i {tfqmr|7}

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

Gauss-Seidel -i {gsl11}

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

CR -i {crl14}

BiCR -i {bicrl|15}

CRS -i {crs|i6}

BiCRSTAB -i {bicrstab|17}

GPBiCR -i {gpbicr|18}

BiCRSafe -i {bicrsafe|19}

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

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

Additive Schwarz

—adds true

-adds_iter [1]

oooo
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googoogog

gooono

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

-scale [0]

-initx_zeros [1]

-conv_cond [0]

—omp_num_threads [t]

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

oooooo

0o0oooo0 tol

000000 toly,

ooooooo

-print {none|0} gooooooooo

0000000000000

-print {out|2} 00000000000000

-print {alll3} 000000000D000,000000000

000000000.0000000,00000000000

0oooooooo

JacobiDOOOOO D 'Axr=D"1

(DO A=(a;;) D00O0ODO)

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

-print {mem|1}

-scale {nonel|0}

-scale {jacobi|1}

000000 x
-initx_zeros {falsel|0} ooooooooad
-initx_zeros {truel1} gooooboboogoogood
oooo

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

[|b — Az||1 < toly, * ||b|]1 + tol

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

-f {quad|1}

goo
4000
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6.4.6 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
gboboooboobooobooooooooooooooooooboooooooooooboobOobOoboDbo
O.

oo

oo

oo

solver aog

ierr googood

6.4.7 lis_solve

C LIS_INT lis_solve(LIS_MATRIX A, LIS_VECTOR b, LIS_VECTOR x,
LIS_SOLVER solver)

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

oo
ooooOo0O0O0O0O0OD0D0D Az=0000.

oo

A oood

b gooood

X oooooo

solver aog

oo

X a

solver gooo,bboooogo
ierr ooooogoo
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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
oo0o0oo0O0O0OD0O0OD0,0000000000O0O0OODODODODODODOD Az=0000.

oo

A good

b gooood
X gooood
solver ooo
precon ggd

oo

X |

solver ogoogd,bgoooood
ierr ooooogoo
go

1lis-($VERSION) /src/esolver/lis esolver ii.cO00O000O000. OO0OOO0O0O00ODO, 1is_solve_kernel
Oo00o0oooooooooooooon.
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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.

oo
solver goo
oo
status oo
ierr goooooo

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
gbooobooobooooboon.

oo

solver ggd

oo

iter agood
ierr goooood
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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)

oo
goooboooboobooboobooobon.

oo
solver ggd

oo
iter goooo
iter_double ooooboooobgon
iter_quad 40000000000
ierr goooood

6.4.12 lis_solver_get_time

C 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
gboooooboooooboo.

oo

solver goo

oo

time good
ierr goooooo

129



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
gbooobooobooboobooboobon.

oo

solver oog

oo

time itime 0 ptime O 0O O

itime o0oooooooooo

ptime Ooo0oooooo

p-c-time o0oooooooooo
p-i_time O00o0oo0oooooooooono
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|ls/|b|. 0000000000,

oo

solver goo

oo

residual googoood
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
gboooobooboobooboo.

oo

solver goo

oo

v oooooobooooooo
ierr goooooo

oo

0000000000000 lis_vector_create0O0O0OO0OOODOOOOO. OO0OO0 o000
nO0000000000000000O00000000O00O0 nOO0O00O00O000.

131



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
gbooobOoboooobobooooooa.

oo

solver goo

oo

nsol ooooboooobgon
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.

go
solver goo

go
precon_type gooooo
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
gbooobOoboooobobooooooa.

oo

nsol ooooboooobgon
oo

name oooooooo
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)

go
ugbooboodaoogbogooogon.

oo

precon_type gogoooo
go

name good
ierr ooogooo
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6.5 UOOUgoooO

6.5.1 lis_esolver_create

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

oo

000 (000D00000oo0o0oooooOo)ooooao.
oo

RN
oo

esolver ggd

ierr googood

oo
gboooboooboobooog.

6.5.2 lis_esolver_destroy

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

uo
googboooboobooboobon.

oo

esolver goooobobboooo
oo

ierr goooooad
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6.5.3 lis_esolver_set_option

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

go
gbooobOoboooobobooooooa.

oo

text ooooboooboooa
oo

esolver goo

ierr goooooad

oo

O000D00DO000O0DO0O0O00OD0OODO0ODd. -e {pil1t}¥0-e pid00-e 1 0000O0O.
-emaxiter [1000] O -emaxiter 0O 000 10000000000000O.

000000000000 00 (Do0: -e pi)

ooooo ooooo ooooood

Power -e {pil1}

Inverse -e {iil2} -i [bicg] ooooooo
Approximate Inverse | —e {aiil3} -i [bicg] goooooo
Rayleigh Quotient -e {rqil4} -i [bicg] ooooood
CG -e {cglb} -i [cgl ooooooo
CR -e {crl6} -i [bicg] ooooooo
Jacobi-Davidson -e {jdl7} -1 [cgl ooooooo
Subspace -e {sil8} -ss [1] oooooood
Lanczos -e {1i|9%} -ss [1] gopooooood
Arnoldi -e {ail10} -ss [1] gooooood
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000000000000 (0O0O0: -p ilu)

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

ooooo

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

-ie [ii]

-shift [0.0]

-initx_ones [1]

-omp_num_threads [t]

-estorage [0]

-estorage_block [2]
-ef [0]

gooooo

gooooo

goooooad

-eprint {none|0} obooooooooo

-eprint {mem|1} goooQooopopopoooo

-eprint {out|2} gooooooooooooag
-eprint {alll|3} gogoooobobobooo,ogobobobood
Subspace, Lanczos, Arnoldi0 00000000000 OOOOO
-ie {pil1} Power (Subspace 0 0)

-ie {iil|2} Inverse

-ie {aiil3} Approximate Inverse

-ie {rqil4} Rayleigh Quotient

-ie {cgl5b} CG (Lanczos 0 O)

-ie {crl6} CR (Lanczos, Arnoldi)

-ie {jdl7} Jacobi-Davidson (Lanczos 0 0)

oooooooon
000000 z

-initx_ones {false|0O} gooooooog
-initx_ones {truel1} oo0oOoooooo 1000
ooooooo

t00oooooo

oooooo

BSR,BSCOOOOOOOO
oooooooo

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

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

go
gboboobOobooboobobooooobooooboobooooboboooooboooooon.

0o

RN

oo

esolver goo

ierr goooooad

6.5.5 lis_esolve

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

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

oo
000000000000 Az=Xx000.

oo

A good

X gooood

esolver ggd

oo

evalue gogoooonon

X oboooboooboobooo
esolver gooo,0ogoooog
ierr googoood
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6.5.6 lis_esolver_get_status

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

go
obooobOoboooooboooooooboon.

oo
esolver goo
oo
status oo
ierr goooooad

6.5.7 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
gboooboobooobooboobooboobon.

oo

esolver ggd

oo

iter agood
ierr goooood
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6.5.8 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
gbooobobooooboobooooboobooooobooooobon.

oo
esolver goo

oo
iter googno
iter_double goooboobobogod
iter_quad 40000000000
ierr goooooo

6.5.9 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
gboooboobooobooboobooboobon.

oo

esolver ggd

oo

time godad
ierr googoood
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6.5.10 lis_esolver_get_timeex

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

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

oo
gboooboobooboobobobobbooboobooboon.

oo

esolver oog

oo

time O00oO0oo0ooooo

itime O0o0o0oo0oooooooooooon
ptime O00oOO0ooO0o0oo0oO0ooooooooobooooa
p-c-time o0oooooooooo

p-i_time O00o0oo0oooooooooono

ierr ooooooo

6.5.11 lis_esolver_get_residualnorm

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

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

00
O0D00000000000000 ||Az— Az||e/||)|,0000000000.

0o
esolver goo

oo
residual ooooood
ierr goooood
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6.5.12 lis_esolver_get_rhistory

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

oo
gbobooboobooooboboooooboooog.

oo

esolver goo

oo

v oooooobooooooo
ierr goooooo

oo

U000 00000000 1is_vector_create 000000 OOOOOOOO. 0000000
nO000000000000O0O0O0O00O000O00O00bO000»0O00000000.

6.5.13 lis_esolver_get_evalues

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

oo
obooobOoboooobooooon.

0o

esolver oog

0o

v ooooboooboobon
ierr goooooo

oo

O000000000000 1is_vector_createJ 000 OO0OOOOOO0ONO.
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6.5.14 lis_esolver_get_evectors

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

oo
ooooooooooOboooooboboooo,00MOoOoooDO.

oo

esolver goo

oo

M coootopooooooooooood
ierr goooooo

oo

OO0 MOOOODDOOO 1lis_matrix_create 0000000000 OO0DOODO.

6.5.15 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
D00000000000000 ||Az— Az||o/||Az|; 0000000000,

oo

esolver agoo

oo

v gooobuoobooboooboooo
ierr goooood

go

0000000000000 1is_vector_created 00000000 OOOOONO.
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6.5.16 lis_esolver_get_iters

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

oo
gbooobooooboobooooboooonn.

oo

esolver goo

oo

iter good
ierr goooooo

6.5.17 lis_esolver_get_esolver

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

go
ugboabodgooobooobooog.

oo

esolver ggd

go

nsol ooooogooo
ierr googood
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6.5.18 lis_esolver_get_esolvername

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

go
gboooboooooooboooooaa.

oo

nesol oooooooo
oo

name gooood
ierr goooooo

145



6.6 UOUgoooOO

gbobogoobooboobooboboob,ooboobo.boobooobbobob,00boan
gooood

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,y00000000.

oo

n oo0oooaoa

X,y U0 00000 z,yUOO0O0OODO
00

X, y gooooa

ierr ooooooo

6.6.2 lis_array_copy

C LIS_INT lis_array_copy(LIS_INT n, LIS_SCALAR x[], LIS_SCALAR y[1)
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 «cO0b00Ob0OOn
go

y dooobooobybobobobooo
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)

oo
D0000 y=azx+y00000.

0O

n oooooog

alpha good

X,y Ubo00d z,y0000000O

0O

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 yI[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.

oo

n goooooo

alpha good

X, V¥ 0000 z,yO0O0ODOOO

oo

y r+ay (0000 y0OODODOOOOODO)
ierr googoood
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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[1)

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

oo
goodl z=cx+y00000.

0O

n oooooog

alpha good

X,y Ubo00d z,y0000000O
0O

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
obobod2z0000 «00ODO.

oo

n goooood

alpha good

X obood 0000000

oo

X ar (0000 2000000000)
ierr goooooo
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6.6.7 lis_array_pmul

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

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

oo
obboO0d00000000yO000D0OO0O0O0ODOOO.

go

n ooooooo

X, y Ubod z,y00O000O0O
oo

z gbooobooooboooo
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
b0 -00000000y0000000000.

oo

n oooooboo

X, ¥ 0000 z,yO0O00O0DOO0O
oo

z oooooooooogoo
ierr ooooogoo
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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
gbobodz0000o0Oobooooooo.

oo

n googoood

value gooooobooo

X gbood 0000000

oo

X gooobooobooboooaon
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)

go
obooO000000000000.

oo

n gooobooo

X ooboOd 0000000

oo

X oooopoOoboOooooboooo
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.

oo

n oooooboo

X 0o0o0d 0000000
oo

X ooooooboopooooo
ierr googoood

6.6.12 lis_array_shift

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

go
oboog000oooooon.

oo

n goooood

alpha good

X obood 0000000

oo

X gboooboooboobooboobooo
ierr goooooo
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6.6.13 lis_array_dot

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

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

0o
oooooo2fy00000.

0o

n ooooogoo

X, y odd z,y00ODOOOO
oo

value gooooo

ierr goooood

6.6.14 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)

go
obobode«0100000000.

0o

n ooooogoo

X godd 0000000
oo

value gogooboi1ooo
ierr goooood
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6.6.15 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.

oo

n goooood

X 0o0o0d 0000000
oo

value gooobo 2000
ierr googoood

6.6.16 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
ubobogd000000b0ooocon.

oo

n oooooboo

X 0o0odd 0000000
oo

value ooooooboooog
ierr googoood
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6.6.17 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.

oo

n goooood

X 0o0o0d 0000000
oo

value goooobobooo
ierr googoood
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6.6.18 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)

oo
OO0000o0oOg Az0D0O0OO.

oo

n goooo
a O0nxnO00 AQOOOOOO
X Udn00000 0000000
y 00 nO00000yOOOOOOO
op LIS_INS.VALUE 00O : y= Az

LIS SUBVALUE O0000: y=y— Ax

oo

y Y
ierr ooogooo
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6.6.19 lis_array matvect

C LIS_INT lis_array_matvect(LIS_INT n, LIS_SCALAR a[], LIS_SCALAR x[],
LIS_SCALAR y[l, LIS_INT op)

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

oo
ooooooo ATx00000.

od

n ooooo
a O0nxnpd0OO0 ACDODOODOO
X 0000000 0000000
y U0 n00000y0O0OO0OOOO
op LIS_INS.VALUE 00 : y= ATx

LISSUB.VALUE DD O0: y=y— ATz

gd

y )
ierr goooooo
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6.6.20 lis_array matvec_ns

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

/

oo
00 A00DOO0O0DOOOO0O0DOODOO0 AzDO0O0OO.

oo

m, n ooooo

a O0mxnO0O0 ADDODOOOOO

lda 00 A00O0O0O0O00OO0

X U0 00000 z0000000

y O0mO0O000y0OD0O00OD0OO

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

oo

y )

ierr ooooogoo
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6.6.21 lis_array_matmat

¢ LIS_INT lis_array_matmat(LIS_INT n, LIS_SCALAR a[], LIS_SCALAR Dbl[],
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)

oo
000 ABOODOOO.

oo

n ooooo

a O0nxnOd00 ADDQOODODOO

b OO0 nxnO0O0 BOOODOOODO

c O0nxnpOd00COO0OO0OOO
op LIS_INS.VALUE OO : C = AB

LISSUB.VALUE DO0O0O: C=C - AB

oo

c C

ierr googoood
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6.6.22 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 1dc, 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 ldc, LIS_INTEGER op, LIS_INTEGER ierr)

N v

gd

OO0 A, BOOOOOOOOOO ABOOOOO.

1db

1ldc

op

go

ierr

oooono

OO0lxmO0O0 ADQOOOODO

o0 ADDOOOOOOO

O0mxn000 BOOOOODOO

OO0 BOOOODOOO

O0IlxnO000COOODOOOO

o0 coooooooo

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

C

googoooo
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6.6.23 lis_array_ge

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

go
Gauss 10 O0OO0O0O0O0OODO ADDODDODOODO.

oo

n agooood

a O0nxnO0O0 AO0OOOODOO
oo

a At

ierr goooooad

6.6.24 lis_array_solve

C LIS_INT 1lis_array_solve(LIS_INT n, LIS_SCALAR a[], 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
oooOoOoOoOoOoOoOoD0OD Az=0000.

oo

n goooo

a OO0nxnO00O0000 AODOODOOOO
b 000000000 b000000O
W 00 nxnOOD0OO

oo

X Uz

ierr oooooboo
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6.6.25 lis_array_cgs

C 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.

0o

n gooono

a O0nxnOd00 ADODODOO

oo

q O0nxnOd00000QUOODOODOODOO
r O0nxnOd00000 ROOODOOOO
ierr goooooo

6.6.26 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=A00000O.

oo

n googo

a O0nrnxnO0O0 AQDQOOOOO

go

q O0nxnpO0000 Q@OOCOOODOO
r O0nxn000000 ROOODOOOO
ierr goooooo
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6.6.27 lis_array_qr

C 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)

oo
QrROOODOOOO AODDODOOODOOD.

oo

n goooo

a O0n»nxnOO00 AQ0DQOOCOOO

q 000 nxnDOO00O0O @

T O00»nxnOO000O00O R

gd

a oooooOooooooooooooooooooooooooo
AOQOOQOoOooo

qriter QrROOODODOO

qrerr 0000000100000 A(2,1)0 2000

ierr goooooo
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6.7 UDOODOOODO

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
gbooobooboobo,bcoboboooboobon.

oo

filename googo

oo

A oooooooooogoo
b oooood

X ooooo

ierr oogooooo

oo

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

e Harwell-Boeing 0 [

goooOoOoOoOoOoOoOoOoOOoOODO AODOOOO.
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6.7.2 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
gbooobOoboooobobooooooa.

oo

filename googno
oo

v good
ierr goooooo
oo

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

OO00oo0oo0o0ooooOoUoooo AgOooo.
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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
gboooboooooooboooooaa.

oo

filename googno

oo

A ooooboooboooa
ierr goooooo

oo

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

OO00oo0oo00ooooOoUoooo AgOooo.
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6.7.4 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,00000b0000000O0000000.

0o

A oo

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

LIS_FMT_MM Matrix Market O O

filename goooo

oo

ierr goooooo

RN

gooooOoOoOoOoOoOoOoOOO AODODOOO.
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6.7.5 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
obooobooooboobooooobon.

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

gooooOoOoOoOoOOOODOO ADDOOOO.
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6.7.6 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
goooboboooobooooo.

oo
A oo
format gogoooo
LIS_FMT_MM Matrix Market O O
filename googono
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
MpPIOOOO,000000000O00DOO0O0OODOODOOO.

oo

argc gboooboooobooon
argv ooooboooo
g

ierr goooooo

6.8.2 lis_finalize

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

oo
goooogo.

oo

go

oo

ierr ooOooonOoo
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6.8.3 lis_wtime

C double lis_wtime()

Fortran function lis_wtime()

uo
googooooog.

oo
go

oo
000000000000 double00O0O (DODOO)000OODO.

go
obooooOoboooooobO,00b00000000000 1is_wtimeOOOOOO,00000000O.

6.8.4 CHKERR

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

oo
ubooobooooboboooooooon

oo
ierr goooooo
oo
oo

uo
go0o00bo0o0bo0obddblis_finalize DU OOOOO0OOO0O0OOO0OOODOODOO.
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A 0O0OOOOO

ooo0o,00b000000o00o0oobo0oooboooboooboooboo. oo, 0o0o0b0oooboooboo,d
goooobooooooboobooooobooooo.

A.1 OO Matrix Market OO

Matrix Market 0 000 00000000000D0O0O0ODOO0O0O, OO Matrix Market 000000
00000000000 0000000000000. MxNDOOO A=(e;;) 0000000 LODODO.
a; =A(I,J)000.000000000000.

%hMatrixMarket matrix coordinate real gemeral <-- 000

% <—+

% |l oO0OOODoDOOOO

% <-+

MNLBX <-- 00O OO 000 (0 or 1) (0 or 1)

I1 J1 A(I1,J1) <-+

I2 J2 A(I2,J2) | 000 000 O
... | 0O0O0odo 1

IL JL A(IL,JL) <-+

I1 B(I1) <-+

I2 B(1I2) | B=1000000000
... | OO0 O

IM B(IM) <-+

I1 X(I1) <-+

I2 X(I2) | X=1040O000O0oooo
.. | OO0 O

IM X(IM) <-+

(A1)OOUOD AUODOOO0O 0000000 DOOOUODOOOOD.

2
1

—_ N
— N =
w N = O

1
2
%hMatrixMarket 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

WP WNPNR- W

D WONEFE PP WWWNNDNR -

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

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

010 (A72,A8)

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

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

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

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

1 oobogd
FOOOOOO
MOOoOoOOoooo @oo)
2 gooooooboooooob G
3 gooooobooon x
4 -14 00

156 - 28 OOOO
29 - 42 00000

(A1)OOUODOD AUOOO0OO0O 0000000 DOOOUODOOOOD.

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

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

1.000000000000000000E+00 1.000000000000000000E+00

1.000000000000000000E+00 2.000000000000000000E+00

A3 00O000O0O0O Matrix Market 0 O

OO00D0000 Matrix Market 0000, 0000000000D00000 Matrix Market 0000 0O
O000o0. 00 NOOOOObD=(h)OUOOO b, =B()0O0OO0O.0000000O0O0OOO.

%hMatrixMarket vector coordinate real general <--

I1 B(I1)
I2 B(I2)

IN B(IN)

ooo

oonobooOoOoooOod

oo

ooo o
gooogd 1

(A.l)DO0oUoO0oo 000000 DO0OODOOODOO.

%/%MatrixMarket vector coordinate real general

4
1
2
3
4

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

A4 00000 PLAINODO

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

B(1)
B(2)

B(N)

0.
1.
2.
3.

<

-+
| NO
I

-+

<

(A.l)DO0oUpoOoos0DOOO0OO0OUODOOODOO.

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