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Lis DEAIIZIZC AV NA IWPBETHS. 72, Fortran 1 VR 7 = — A% i3 5354 1% Fortran 3
VXM T, AMG IV —F > 2T 535413 Fortran 90 I V81 SRR ETH 5. WS
Ti%, OpenMP 54 75V [90] %7213 MPL1 54 75V [84] &4 2 [49, 50 7 — X D AT,
Harwell-Boeing JE2 [76], Matrix Market JE= [80] DR HFBETH 5. £ 5 12 ELEMEHERRE 2R (R

THBEDZ ).

#* 5 EREEMERRERET

A

CavnNA 7 (mH) oS
Intel C/C++ Compiler 7.0, 8.0, 9.1, 10.1, 11.1, 12.1, 14.0, 16.0, 17.0, 18.0, 19.0 | 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, 16.10 Linux
gec 3.3, 4.4, 5.4, 6.4, 8.2 Linux
Mac OS X
Windows
Microsoft Visual C++ 2008, 2010, 2012, 2013, 2015, 2017, 2019 Windows
Fortran I > /81 5 (A T a V) 0S
Intel Fortran Compiler 8.1, 9.1, 10.1, 11.1, 12.1, 14.0, 16.0, 17.0, 18.0, 19.0 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, 16.10 Linux
gr7 3.3 Linux
gfortran 4.4, 5.4, 6.4, 8.2 Mac OS X
Windows

2.2 UNIX RUEB#YRXTFLNDEAN
2.2.1 T—H4ATOEM

WDAX Y REANL, T—h41 7%EMT 5. ($VERSION) F/N\N—Y a V& RT.
> unzip lis-($VERSION).zip

ZZED, T4 L2 MY 1is-($VERSION) (X 1 IZRTHTF 1 L2 M UDMER I NS,



lis-($VERSION)

+ config

| BEZ 7NV
+ doc

| i

+ graphics

| fEHY Y TV T 7 AL
+ include

| A AT 74N
+ src

| VY—=RAT774)

+ test

| BGEE7 w25 L

+ win
Windows Y AT LFHFE 7 71 )V

1: 1is-($VERSION) .zip D 7 7 1 IV

2.22 V—RV—DRE
T4 L2 MY 1is-($VERSION) IZEWTIRD A Y REFETFL, V—AV Y —2RET 5.
o MEDKEZRMHT 2546 : > ./configure
o WALZIEET 256G ¢ > ./configure --prefix=<install-dir>

FOIZERBREA T avERT. £/, X TITTARGET & U THETE 3 LR RHEERE 2R T

2.2.3 FETI77MILDERK

T4 L2 Y 1is-($VERSION) IZBWVWTRD AR Y REANL, FI77 7 A V&2 ERT 5.

> make
FATT7 7 ANDIEFITERI N E S PeiRT 5121%, 74 L2 MY 1is-($VERSION) (ZEWTIRD 3
XY REAHNL, T4 L2 MY 1is-($VERSION) /test IZERINAEIT 7 7 A V2 HOVTHRIEZT1TS .

> make check
Z@a~ Yy KT, Matrix Market JTERD 7 7 1 )L test/testmat.mtx B S{T75, X7 MLV T — X & HFAA
A, BiCG iE&2 AW TR GFEN Az = b D% KD 5. BLFIZ SGI Altix 3700 ETOEITHERZRT. 7
B4 72 3 --enable-omp & --enable-mpi (FMAAOLETHMAT LI LN TES.



L,

£ 6: ERFEX TV a v (—HEIL . /configure --help %S R)

N

--enable-omp

OpenMP 71 72V %{#fH

-—enable-mpi

MPI 51 75V %{#fH

—--enable-fortran

FORTRAN 77 Hffaf > X 7 = — A% i

——-enable-£90

Fortran 90 A#iA VX 7 = — A% ffifH

--enable-saamg

SA-AMG HiALEE % {51

--enable-quad

double-double T 4 £ & i 5 & {5 FH

--enable-longdouble

long double B 4 fE¥5 & 2 A

--enable-longlong

64 &y bEH 2 i

--enable-complex

AJ 7 e U THERBI % ]

--enable-debug

73y JE= F &

—--enable-shared

Y o &l

--enable-gprof

VA X 2

--prefix=<install-dir>

HASe % faE

TARGET=<target>

FHRBRER ST & fE Al

CC=<c_compiler>

CavA I %4EE

CFLAGS=<c_flags>

CavnAS5ATvavrigE

F77=<£f77_compiler>

FORTRAN 77 2 V81 5 %355

F77FLAGS=<£77_flags>

FORTRAN 77 2281 S ¥ a v ai8E

FC=<£90_compiler>

Fortran 90 I > /N1 J 2 {57E

FCFLAGS=<f90_flags>

Fortran 90 2 V841 54 T a V&2 IgE

LDFLAGS=<1d_flags>

VYo ATy avEiBE




# 7: TARGET D#i (##l% 1is- ($VERSION) /configure.ac & Z)

<target> Effize A 7> a v

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

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

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

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

hitachi_sri6k ./configure CC=cc FC=f90 CFLAGS="-0s -noparallel"
FCFLAGS="-0ss —noparallel" FCLDFLAGS="-1£90s"
ac_cv_sizeof_void_p=8

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

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

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

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

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

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

target_cpu=klom target_os=linux-gnu target_vendor=mpss

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

ac_cv_sizeof_void_p=8 ax_vector_machine=yes cross_compiling=yes

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




(—E%ﬁi

N

matrix size = 100 x 100 (460 nonzero entries)

initial vector x
precision
linear solver

preconditioner

convergence condition :
: CSR

: normal end

matrix storage format

linear solver status

: all components set to
: double
: BiCG

. none

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

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

BiCG: elapsed time

BiCG: preconditioner

BiCG: linear solver

BiCG: relative residual

= 5.178690e-03 sec.
= 1.277685e-03 sec.
BiCG: matrix creation = 1.254797e-03 sec.
= 3.901005e-03 sec.

= 6.327297e-15

* | |b-Ax_0||_2

quad = 0)

(f --enable-omp

max number of threads

number of threads = 2

matrix size = 100 x 100

initial vector x
precision
linear solver

preconditioner

convergence condition :
: CSR

matrix storage format

linear solver status

BiCG: number of iteratioms

BiCG: elapsed time

BiCG: preconditioner

BiCG: linear solver

BiCG: relative residual

32

(460 nonzero entries)

: all components set to
: double
: BiCG

. none

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

: normal end

15 (double = 15,

= 8.960009e-03 sec.
= 2.297878e-03 sec.
BiCG: matrix creation = 2.072096e-03 sec.
= 6.662130e-03 sec.

= 6.221213e-15

* | |b-Ax_0||_2

quad = 0)

J

10



--enable-mpi
4 P )
number of processes = 2

matrix size = 100 x 100 (460 nonzero entries)

initial vector x : all components set to O

precision : double

linear solver : BiCG

preconditioner : none

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

matrix storage format : CSR

linear solver status : normal end

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

BiCG: elapsed time = 2.911400e-03 sec.

BiCG: preconditioner = 1.560780e-04 sec.

BiCG: matrix creation = 1.459997e-04 sec.

BiCG: linear solver = 2.7556322e-03 sec.

BiCG: relative residual = 6.221213e-15
N J
224 JA

T4 L2 bV 1is-($VERSION) IZEWVWTIRD AR VY REAHL, BALDT 4 L2 N)IZT 71 )L %2 1EH
T5.

> make install

ZHZEY, T4 L2 bY ($INSTALLDIR) IZBARD 7 7 A L EH N5,

($INSTALLDIR)

+bin

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

| +lis_config.h lis.h lisf.h

+1ib

| +liblis.a

+share

+doc/lis examples/lis man

lis_config.h X714 77V ZEKT BB, £72 1is.h X C, 1isf.h ik Fortran TZ7 1 77V 2{#ifd %
BUZBRE RNy X7 7 A )V ThHD. liblis.a FERINZTA T TV THS. 71477 VHREFITEAL
NP E D PEMERT 21T, T4 L2 MY 1is—($VERSION) IZBEWTIRODIAY Y KEAHL, T4 L2 b
Y examples/lis IZHEM I N/ZETT 7 A )V FHWVTHEEETT S .

> make installcheck
examples/lis N @ testl, etestb, etestbb, getest5, getest5b, test3b, spmvtest3b &, lsolve,

11



esolve, esolver, gesolve, gesolver, hpcg kernel, hpcg_spmvtest D Jll44 T ($INSTALLDIR) /bin IZ
BRI N5, examples/lis/spmvtest*H, TN L4 ($INSTALLDIR) /bin (2B I N 5.
($INSTALLDIR) IZEH I N/ T 7 ANV ZHIBRT 5121%, ROIAXYY P2 AT S.
> make uninstall
1is=($VERSION) 2K I N2 T4 75 ), RUOET 7 7 AV EHIRT 5121, kOaAx Y RE AT 5.
> make clean
ERINTZRET 7 A Ve GDOETHIRT 21213, ROIXY FEANT 5.

> make distclean

2.3 Windows Y AT LNDEA

W72 =V EHAWTT —Hh 1 7% BB L 721, Microsoft Build Engine #3285 &1%, 1L 2
kY 1is-($VERSION) \win (ZHBWVWTIRD AT Y R& AT L, BE 7 7 1 )V Makefile &M T 5 (Gl
configure.bat —-help ZZ&R).

> configure.bat
Makefile MEEEME X Makefile.in TEFEIND. F1T77 7 1 V& LT 5121F, 1is- ($VERSION) \win (2
PVWTIROIATY REANTS.

> nmake
FATT7 7 ANVDPIEREITERI NP ED DR T HI21E, ROaAxv Yy FE AL, ERINLETT 7 A
NEHWTHREEZITS .

> nmake check
EREINTZTATIY, EF T 740, ~Nv X7 74), RPDF XEIX, MTFOIT Y RIzLD
($INSTALLDIR)\1ib, ($INSTALLDIR)\bin, ($INSTALLDIR)\include, &' ($INSTALLDIR)\doc IZZNE
NI NS,

> nmake install
($INSTALLDIR) IZHBM I N7 7 A IV ZHIFRS 5121%, RDAY Y K& AT 5.

> nmake uninstall
($INSTALLDIR) \win IZAEM I N2 F 4 7T ), ROETT7 7 AV EHIRS 2121, ROaAX Y FEANT
5.

> nmake clean
HEREINTZRET 7 A Ve GDLETHIRT 2121, ROIXTY K2 ANT 5.

> nmake distclean

UNIX HE#REZF AT 258022 R0 Z L.

2.4 IR:E
MEE 71 275 A% 1is- ($VERSION) /test 12/ E N 5.

2.4.1 testl

T4 L2 bV 1is-($VERSION) /test IZHWT

> testl matrix_filename rhs_setting solution_filename rhistory_filename [options]

12



EANT 2L, matrix filename B SATHIT — R % G iA A, f L SiFERN Ar = b % options THRHEI N
T fREE TR <. F 7z, % HL9R Matrix Market J& 3\ C solution_filename 2, 2 /EE % PLAIN JEAT
rhistory filename (23 & 9 ((J#k A 2 2M). ANATREZATH T — X BN IF IR Matrix Market JE=,
Harwell-Boeing TG XD W TH 5. rhs_setting (21

0 T =R T 7 ANVICEENDHLNRT MV EHND
1 b=(1,...., )T Z2HW3

2 b=Ax(1,..., )T ZHw3%

rhs_filename HHARZ MLVD T 71V

DWTNhEIEETE S, rhs_filename i PLAIN B, Matrix Market JTERIZH ST 5. testif.F iE
testl.c ® Fortran fx TH 5.

2.4.2 test2

74 L2 Y 1is-($VERSION) /test (ZHWT
> test2 m n matrix_type solution_filename rhistory_filename [options]
AT % &, 21kt Laplace fEFI#E % 5 sHULAED T X 0 BEBUL L TR S NS IR mn D178 A 258 e 4
SRR Az = b %, matrix_type THE I N7ATHIRMIL A, options THRE I N/MHETH . 7z,
fift % HLEE Matrix Market G2\ T solution_filename I2, 72 JEME % PLAIN 6 T rhistory_filename IZ
HEHT. ALY MV IRENRT SV x DIENRTRT 1 &2 L IREINS. m, n IFERICDORE T X
TdH 5. test2f.F0 IF test2.c @ Fortran 90 fRTH 5.

2.4.3 test2b

74 L2~V 1is-($VERSION) /test (BT
> test2b m n matrix_type solution_filename rhistory_filename [options]
EAJIT B &, 21R5C Laplace fEHZE % 9 il DA & D EERAL L TR SN2 mn D175 A ZREE T
LFREIFEA Ar = b %, matrix_type THRE X N2 fTHIMMNIE X, options THRE I N/ HETHL . £7z,
fi# % HLak Matrix Market 2T solution filename iZ, 7@ % PLAIN JEA T rhistory_filename |2
HEHT, HGAXRT PV IIRERT MV o DIENTRT 1 L2 LB EI NS, m, n IFFIRITOE T REK
TH5.

2.4.4 test3

74 L2 bV 1is-($VERSION) /test (ZHWT
> test3 1 m n matrix_type solution_filename rhistory_filename [options]
&A1 % &, 3Rt Laplace fEZ#E % 7 sl DD & 0 UL L TR S AU Imn D175 A ZREL
T HMILSFEN Ax = b %, matrix_type THHE I N/ITHIMMNIE X, options THE I N/fRIETHL . £
7=, fi# % YE5E Matrix Market JE3\ T solution_filename |2, 557 /EE % PLAIN JE:\ T rhistory_filename
ICEESHT. GURT MV IEERT MV g DERT AT 225 LR EINS. 1, m, n FERTTDIET
RBTH 5.

13



2.4.5 test3b

74 L2 bV 1is-($VERSION) /test (ZHEWVT
> test3b 1 m n matrix_type solution_filename rhistory_filename [options]
E AT B &, 3T Laplace fEfIE % 27 sl 2E012 & 0 BERUL U TE S B IRE Imn D175 A 243588
I A AREN Ar = b %, matrix_type TIRE I NITHIMMIE R, options THE I N/ZMIETHL . £
7=, fi# % Lok Matrix Market JE A\ T solution_filename 2, 5=/EE % PLAIN JEA\ T rhistory_filename
ICEHESHT. AEART PV IFENT MV DIEPTARTL LB LR EINS. 1, m, n FERTTOME T
HETH5.

2.4.6 test3c

T4 L2 b 1is-($VERSION) /test (ZH VT
> test3c 1 m n step [options]
E AT B L, 3R Laplace fEFZE % 7 SAHDZEDIZ & 0L L THE S A IRE Imn D178 A % RE
&3 B SFEA Ar = b %, options THRE I N/ZRIET step AT v TR . HART MV b IFfER S
Ml DMENRTRTL ERBEIIFEINS. 175, FAXRTZ MVOMEIXAT Yy THICEHINS. 1,mn
FERITCDIEFRIMTH 5.

2.4.7 test4

FRELGRER Ar = b 2 FRE SN MHA TR S, M2 REHNICH ST, 1750 A IJRE12 © 3 BN 175

ThD. ALART NIVHIIRERT MLz DIENTART 1 &5 LKIFBEIND. testdf.F Id testd.c D
Fortran IR C&H 5.

2.4.8 testd

74 L2 b 1is-($VERSION) /test (ZHWVT
> test5 n gamma [options]

EATIT B L, BN Ar = b 2HEE I N/ ME TS . 1751 A 1ZIRE n O Toepliz 1751

2
0 2 1
0% 2 1
A= )
v 0 2 1
v 0 2

THD. FHLART PV IFRERT M)V g DENRTRT 1L &b k5[ EIND.

14



2.4.9 test6

test6.c |3 test2.c DELHIKTH 5. 7+ L2 b Y 1is-($VERSION) /test IZHWVT
> test6b m n
EANIT B L, 2IR5T Laplace fEHZE % 5 b2 D1 & D BEERIL L THE S WA IRE mn D175 A 2R E
THMEARER Ax = 0 ZEBIETH L. AR MV IFERT MV x DERTRT1 ERB EIFES
N5, mnlEBIRTCOMTRETH 5. test6f.F0 I test6.c D Fortran 90 KR TH 5.

2.4.10 test7

T4 L2 Y 1is-($VERSION) /test (ZH T
> test7
EANT B e, EEHEAOMAR %KY . test7f.F L test7.c @ Fortran iR CTH 5.

2.4.11 test8f

T4 L2 MV 1is-($VERSION) /test IZH W T
> mpiexec -n m test8f
& AJ19 % &, Newton-Raphson 7% % F\W TIERAIEAR TN HFE A % fi# <. Newton-Raphson £ 5 W T, B
IUEEATHNE Y LN YD L THia s B7HizSRD I L) .

2.4.12 etestl

74 L2 b 1is-($VERSION) /test (ZHWT
> etestl matrix_filename evector_filename rhistory_filename [options]
EANT B L, matrix_filename 7 5175 T — X & G A, FEHEEGEME Ax = \r % options THRE
INMETIHENT, BEIN-EEMEEEEH IZEESHT. £/, ST 2EE XY bV EIKEE Matrix
Market JE3\ T evector_filename |2, %7 /EE % PLAIN JE:X T rhistory_filename (ZEH EH 9. AJ1H]
e 4747 — Z AL Matrix Market 2, $ U < 1% Harwell-Boeing X XD W NN TH 5. etestlf.F
i3 etestl.c @ Fortran fRCTH 5. HEDEAN ZHIF T 55513 etests 22D T L.

2.4.13 getestl

74 L2 1V 1is-($VERSION) /test (ZHEWVT
> getestl matrix_a_filename matrix_b_filename evector_filename rhistory_filename

[options]
EANTBL, matrix_a filename & Uf matrix b_filename 7* 5175 T — X & GiAair A, — M LEHEHE
i Az = ABz % options THEIN/LMIETHNWT, fEEIN-EE ML EEL jicEE2HT. £
7z, Mg BEHE T bV EPLIE Matrix Market TN T evector_filename (2, 7 /E/E % PLAIN B
T rhistory filename (ZFH 9. AN AEERITHT — X R Matrix Market JE2, $ U < & Harwell-
Boeing ERDWT NN TH 5. HHOEEN 2GS 25541 getests 2SO L.
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2.4.14 etest2

74 L2~ Y 1is-($VERSION) /test IZHWT
> etest2 m n matrix_type evector_filename rhistory_filename [options]
EASIT B L, 27k5C Laplace fEFAFE % 5 SRADZE DT & 0 BESUE U TR/ 5 B IRE mn D175 A IZE89 5
EAEME Az = \r %, matrix_type THHE I N/ {THIEMIE X, options THEI N/-fRETHE, 15
EINEAEMEZEENDICEEHT. £72, HIinTHEHE Y FL % evector_filename 12, FEEE%
rhistory filename (ZFH E T . m, n IFERITOMK TR TH 5.

2.4.15 etest3

T4 L2 MV 1is-($VERSION) /test IZHWVT
> etest3 1 m n matrix_type evector_filename rhistory_filename [options]
EANT B E, 3IRST Laplace fEAZE % 7 PO DT & D EERAL L THE S B IRE Imn D175 A 1IZH
T HEGMUEE Ar = Mz %, matrix_type T T I NZITHIKME X, options THRE X N7k THE
&, MEINZEAEEZBELNIZES T, 72, MIiGT 2EAE T L EHLR Matrix Market JE R T
evector_filename |27, 7@ % PLAIN JEA T rhistory filename (ZEHEHT. 1, m, n IZZIRIT DI
TRETH L. BROEANZIET 55513 etest6 22D Z &,

2.4.16 etest4

74 L2 1V 1is-($VERSION) /test (ZHEWT
> etest4 n [options]
EAIT B L, FEAMHME Ax = \x ZHE I NMHETH S B I N BAEZEEHICES TS, 17
H A TIRE n D 3 EX 175

ThHb. etestdf.F (L etestd.c ® Fortran il TH 5.

2.4.17 etestb

T4 L2 bV 1is-($VERSION) /test IZHE W T
> etestb matrix_filename evalues_filename evectors_filename residuals_filename

iters_filename [options]

EAJIT 5L matrix_filename H 5174 T — X & GiAiA A, EEHEEAERTE Ar = Az % options TIRE X
NIETIRL . £/, ATV a2y -ss ITL D IREINEROE A H%E evalues_filename |2, X)Hd B [HE
BRI PV, B VA RO KGRI % evectors_filename, residuals_filename & iters_filename
(ZHEER Matrix Market JE A TE & 9. AJIATREZR1THT — XA UE Matrix Market 22X, % U < & Harwell-
Boeing ERDWINNTH 5.
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2.4.18 etest5b

T4 L2~V 1is-($VERSION) /test IZHEWNT
> etestbb matrix_filename evalues_filename [options]
EAF1T B L, matrix_filename H 5175 T — X % GiArii A, EHEE A ERTE Ar = \x % options TIRE X
NTRETHREL . £/, ATV ay -ss IZX DIEEI N/ D Ritz % evalues_filename (ZFEFR Matrix
Market N TEEHI. ANWEERITS] T — X AL Matrix Market 23X, © U < I& Harwell-Boeing 3\

DVITNNTH 5.

2.4.19 getestb

74 L2 b 1is-($VERSION) /test (ZHWT
> getestd matrix_a_filename matrix_b_filename evalues_filename evectors_filename
residuals_filename iters_filename [options]
AN 9B L, matrix_a filename & matrix_b_filename % H175]T — X & HiAA A, — MR bLE A ER
@ Ar = Bz % options CTIREIN/MIETHL. F7z, A7V a v -ss 2L D EEI N D
ffli% evalues_filename |2, MIST BEA R M, ik VL ROKERE % evectors_filename,
residuals_filename & U} iters_filename (Zf3k Matrix Market XN CEE HT. A BERITHI T —

2R Matrix Market X2, £ U < 1% Harwell-Boeing X XOWIT N1 TH 5.

2.4.20 getest5b

74 L2 b 1is-($VERSION) /test (ZHWT
> getestbb matrix_a_filename matrix_b_filename evalues_filename [options]

E A1 B L, matrix_a filename & U matrix b_filename % H474T — X &G A, — M AbE A iEE
Ax = \Bz % options TIREIN/MIETHL . /2, ATV a v —ss ICE W EEEINMEED Ritz A%
evalues_filename (ZfL5E Matrix Market JTE A TH EH T . AN AHERITH]T — XX Matrix Market
B, £ U < IX Harwell-Boeing TERDWIT N1 TH 5.

2.4.21 etest6

T4 L2 b 1is-($VERSION) /test (ZH VT
> etest6 1 m n matrix_type evalues_filename evectors_filename residuals_filename

iters_filename [options]

E AT B &, 3IRIT Laplace fEfEZE 7 AL ESIZ & DHEBUL L TE S 1B IRE Imn D751 A BT
AEAMEME Az = M\v %, matrix_type TIE I N721T5IMEME X, options THHE I N2k THE< .
¥z, ATV 3y -ss KK DIREIN/MEBDOEGE% evalues_filename |2, XI5 BEHF T L,
72 VL RO EEE % evectors_filename, residuals_filename & U iters_filename (Z iR Matrix
Market ERTEEHT. 1, m, n ZHRITOKFHETH 5.
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2.4.22 etest7

etest7.c i¥ etest2.c DESIRTHS. T4 L2 bV 1is-($VERSION) /test IZH W T
> etest7 m n

EANIT B L, 2IR5T Laplace fEFHZE % 5 sidLZESIZ & D #E(L L TR SN IXE mn D175 A 12T 5
EAMEAE Az = Az 2 QRIETHE <. m, n FERTDORFRETH 5.

2.4.23 spmvtestl

74 V27 bV 1is-($VERSION) /test (ZHEWVT
> spmvtestl n iter [matrix_type]

¥ AJ1E B ¥, 1 Laplace /%% 3 SR ENIT & 0 BERAL L T3 5 105 08 n D171

ERZ V(L. )T L OR%E iter TREINZFEFEITL, FLOPS & B HI$ 5. 4% 75 matrix_type
IZ&0,

0 LT RER T R TDITIREME R OWTHIETS %
1-11 AL A D=
OWTFNhEIEET 5.

2.4.24 spmvtest2

74 L2 bV 1is-($VERSION) /test IZHWT
> spmvtest2 m n iter [matrix_typel
EANT B &, 29k Laplace fEHZFE % 5 fiHD AT & DR L TR S NS IR mn D 5 X ATT5] &~
MV, )T LDOME%E iter THREINZEEFATL, FLOPSfiZ2H T 5. HEL 5 matrix_type
IZ&0,

0 FAT R T RN TOFHRNE R OWTHIES %
1-11 TP A DE S
DWITNDEIEET . m, n FEIRTCOKE T B TH 5.

2.4.25 spmvtest2b

74 L2 bV 1is-($VERSION) /test (ZHWT
> spmvtest2b m n iter [matrix_type]

EANT B &, 29kt Laplace fEHI#E & 9 siFFLEDIZ X DEEBUL L TR O NS IRE mn D 9 X A1T5] & N

18



7V (1,..., )T L O% iter THE I NZEIEEST L, FLOPS % BT 5. KRS matrix_type
&0,

0 FITATBE R T R TOTHIEMIERICOWTHIET S
1-11 AL A DF S
DODWITNDZIEETS. m, n IZRIRTCOKF M TH 5.

2.4.26 spmvtest3

T4 L2 ;Y 1is-($VERSION) /test IZHEWNT
> spmvtest3 1 m n iter [matrix_typel
EAFIT B L, 3R Laplace fEFZE % 7 AL ZESIZ X D EEFL L TR ONBIRE Imn O 7 X ATHI &
RZ MV (1,..., )T LOF% iter THRE I N/ EHFESTL, FLOPS %2 BT 5. MHEAR S matrix_type
IZ&D,

0 FAT AR T R TOITFRENE R DOV THIES 5
1-11 1THIREIIE A DE S
DWTNPEIFET L. 1, m, n IFHRTCOK TR TH 5.

2.4.27 spmvtest3b

74 L2 bV 1is-($VERSION) /test IZHWT
> spmvtest3b 1 m n iter [matrix_typel
AT % &, 3IRIE Laplace fEHF#E % 27 fiHUDAENT & 0 B U TR 5 VS IR Imn D 27 X MA175] &
RZ BV (1., )T L OR%E iter THE I NREIHEITL, FLOPS 2 H 3 5. #2725 natrix_type
&0,

0 FITABE R T R TOTFIEIERICOWTHIET S
1-11 I AR DF =
DWEFNH»ZEIEETS. 1, m, n FKRITCOKTFEBTH 5.

2.4.28 spmvtest4

74 L2 bV 1is-($VERSION) /test (ZHEWVT
> spmvtest4 matrix_filename_list iter [block]
EANT B L, matrix filename list DRTITHT —X 7 7 4 U A N S1TH T — R &G AAr A, £1T
Fle Rz MV (1., )T & DR % FATRIRERATAIRHIIE R IZ DWW T iter THRE S N2 REIEEGEA T L, FLOPS
Ex2HEET 5. ANAEER 757 — X RNk Matrix Market JE 2, $ U < 1% Harwell-Boeing JE AD W31
MNTHS. B S block 2L D, BSR, BSCERDTuy 731 X% ET 5.
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2.4.29

spmvtestb

74 L2 1V 1is-($VERSION) /test (ZHEWT
> spmvtest5 matrix_filename matrix_type iter [block]
Y AJ19 % &, matrix_filename DR TITHT — X 7 7 A4 A SFHT — R B HMAAKR, [TH] & X7 ML
(1,..., )T L O ETHIEAMNE N natrix_type (2 DWT iter THRE S N7z [BEE T L, FLOPS % &1
5. ANARERTTH T — 2 R Matrix Market JE2, £ U < 1% Harwell-Boeing IEROWFNHTH 5.
WL S block (2L D, BSR, BSCERD 7oy 749 A X&EET 5.

2.5 HHIPREIE
BN—2 3 VIZIFLATFORIELD 5.

o TFHIRGINIE A

VBRERIZYIVF Fa v ABECIIHEHTE 2.
CSR B R DA ORI R 1E SA-AMG BB ClIfHH T E 722\,

RIVF T O ABRBEICE W THERES 2 EEERT 25461F, CSRIERZHH L 2T IR
570, MO R Z FHT 285481, B 1is_matrix_convert () Z W TEHZITS.

e double-double 4 4 7 H5RE A (4 Hi % S

FREL SRR RMFEIED 5 B Jacobi, Gauss-Seidel, SOR, IDR(s), COCG, COCR Tl T &
AN

&G EfARE TIEEH T E R0,

Hybrid HiLEE T DWNEREMED 5 5, Jacobi, Gauss-Seidel, SOR % TIXfHH T E 22\,
I+S, SA-AMG HiALEECIXHH T E .

double-double I 4 RSB IFE R B I IR L TV,

long-double B 4 FAEEHBE L MFHT 5 Z LI TE R,

o HULH

ILU(k) BPLEED 7L T XL, 78y 7 W ERZ2 N3 f# S 2 fHAT ILU AR [39] (2 5
DL ALy REE -7 8 & 2B INT 212 2N TR DY Jacobi BIALER 12T D < I
FEEOZ L.

Jacobi, SSOR A D ETLELAGER X 4, 22 D175 A 8 CSR LA TRV A, HiALERAE B 12
CSR IR D174 A BMERRE N 5.

A FRAREL G RE ML & U T BiCG EANEIR S 17254, SA-AMG RITALHEIL B T E 0.
SA-AMG RIIRIZ YV F ALy REFEIZIZHIR LTV,

SA-AMG BB IFAE SR BRI (3G U T e,

SAINV HiALEE D AL T FIAE B 42 1 B IR FEAT E N 5.

2 —YEHALIRIEHEHTE R,
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o [E A fEARIL
- BEREAMEZRETH5AI1CE, BREREEZANCTILELDHS.
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3 EAREE
ARETIE, 71077V OHEALEZDOWTRRS. T07J AT, LFORIZFTS BENRDH 5.
o HIHIALALER
o 175 DR
o NI MVOER
o VLN (fRIEDIEIRZ &N T D HEEER) DIERL
o 1751, X7 FLADEDIA
o fRIRDIBE
o Kfi#
o AT HLEE
E7, TR T LADEIITIZA RO 3 281 FHREGR LR TR S W,
o C #include "lis.h"
e Fortran #include "lisf.h"

lis.h, lisf.h &, 3 AFRFIZ ($INSTALLDIR) /include FIZHAH I N5,

3.1 #HAME - T 0E

AL, #TIBZAT DO & 5 I1250d 5. MBI 70 27T LA DRI, #& 7B IZREIZETL
ANV SIS N ANNY

C ~

1: #include "lis.h"

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

3: {

4: lis_initialize(&argc, &argv);

5: R

6: lis_finalize();

7: }
N J
e Fortran ~

1: #include "lisf.h"

2: call lis_initialize(ierr)

3: R

4. call lis_finalize(ierr)
N J
WER g

AIEAMEALER 2 17 51213, BIEK

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

22



e Fortran subroutine lis_initialize(LIS_INTEGER ierr)

ZHWS. 2B, MPL O, a< > RS54 v al OSSO HILLER % 17 5

LIS_INT OIEEME int 1, 7V Bt v~ 0 LONG_LONG ASEHRI N7-HE (21X long long int T, £
7= LIS_INTEGER DREE(H integer 1, 7'V 710+t v ¥ <2 1 LONG__LONG 2 EF X N7z 5 A7 integer*s
ICEEHmAOoND.

& TR
TR 21T 5121, B
o C LIS_INT lis_finalize()
e Fortran subroutine lis_finalize(LIS_INTEGER ierr)

ZHWS.

3.2 R KNILDEF

N7 Ml v OIRE%E global.n £ T 5. XT ML v % nprocs O 7Taw ATF7my 7 5HT 58550%
R MIVDITEE local n &3 5. global_n H* nprocs TEID Y12 BE 1% local n = global_n | nprocs
b WAL, X7 Mo % (3.1) XD kST 2 THY AT 70y 7 53ES 554, global-n & local-n
XENZEN4 L2845,

0 PEO
1

v=|— 3.1
2 PE1 (3.1)
3

(3.1) RORZ v v KT 525G, BIR, INVFAL Y REETIIRZ MLy Z0ED%, Y )VF 71
EABRETES TR T a2 Ty 2B USRS MIVEERT 5.

RZ Mo 2ERT2 7077 LFUTOESIZERT S, 72720, v IVF 7o ZABREID 70 A5
2% 5.
KC (EWK - Y VF ALy RERHE) ~
LIS_INT i,n;
LIS_VECTOR v;
n = 4;

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

for(i=0;i<n;i++)
{
lis_vector_set_value(LIS_INS_VALUE,i, (double)i,v);

O © 00 NO OB WN -

[

}

-~
NG
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- C (VI F 71t ABE)

N

© 00N 0O WN =

ey
o

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

LIS_VECTOR v;

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

lis_vector_create (MPI_COMM_WORLD,&vV) ;

lis_vector_set_size(v,0,n);

lis_vector_get_range(v,&is,&ie);

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

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

}

/* lis_vector_set_size(v,1n,0); */

-

\

-~ Fortran (BIK - ¥ I)ILF AL v RE)

©O© N O O d W N

_
o

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

-

-~ Fortran (¥ )VF 7 0 & AEH)

© 00 ~NO U WN =

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

NI NLDOVERK
N7 Mo OFERIZI, B

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)

VWS, comZIFMPI 3 a7 —X%2EETS. FIX, X)IVFAL Y FEETIE comn OfEIZHEHR X

5.

REDRE
UL D EBENT L, BIEL

o C

e Fortran subroutine lis_vector_set_size(LIS_VECTIR v, LIS_INTEGER local_n,

LIS_INT global_n)

LIS_INTEGER global_n, LIS_INTEGER ierr)

24
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WS, local_n B global_n D X5 5 h—F% 5 2R NIER 570,

BIR, X IF ALy REIETIE, local_n 1% global n iIZFE L\, U72D3-> T, 1is_vector_set_size(v,n,0)
¥ lis_vector_set_size(v,0,n) I, WIFNHIXEn DRI ML EEHRT 5.

SOVF Ta ARIBIZE\WTI, lis_vector_set_size(v,n,0) 3% 7Rt A LIZIRE n DIH T b
WEAEKS 5. —1, lis_vector_set_size(v,0,n) & 70 X p LIZIREUm, DEIT N2 MV EET
5. mylx710 77V HICIRETND.

EDRA
N7 PV DFATIEZRAT 2121, B

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

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

WS, ILF 7O ABETIE, MORZ MLVOE i 7 TIRRL, 2ERZ MLVOE i fTR2IEET S
flag IZ1&

LIS_INS_VALUE ffA: v[i] = value
LIS_ADD_VALUE HISRARA: v[i] = v[i] + value
DELLMEIRET S.
Ry MLDOER
WEFEDANZ MV e Ui &R DR 7 MV EERT 2121, B
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)

ZHWS. 15[ LIS_VECTOR vin | LIS_MATRIX 2 EETAZ L HARETH S. ZOBEEIIRZ ML D
FEOMITEH L 2v. BHEIET 25461, ZoEKORKIC

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)
ZIFOHIS.
SVAWIOLE
RENZ7R 572 R MV EAEY PSHET I121,
e C LIS_INT lis_vector_destroy(LIS_VECTOR v)
e Fortran subroutine lis_vector_destroy(LIS_VECTOR v, LIS_INTEGER ierr)

ZHWS.
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3.3 1THIDEE

1151 A DIRE%E global_n x globaln &3 5. 175 A % nprocs D 70w ATir 70y 7 43#9 5556
DET a7 DFEE local n &3 5. global_n D nprocs THI D YIN 2 5E1% local -n = global_n | nprocs
t@é.Miﬁﬁﬁhyé@@ﬁ@iﬁﬂ2@@7UﬁZ?ﬁjUVﬁﬁ%?é%éﬂh@hﬂﬂmﬂm
XENEN4 L2845,

PEO

[
=N =

1
2 1 [ PE1
1 2
HI DAL ADITH 2 EK S DIZIXEATD 3 2D HiENH 5.

FiElL 475 )BEBEAVTENOBRMERDES % EET 258

(3.2) XAD17%] A %2 CSR IEATIER T 556, Bk, S VF ALy NEETII T AZDHED%, < VF T
O ARE TS o Rz Tav ATl T ey 2 9E LT R ERT 5.

751 A% CSRIEARTER TS 707 5 LU TO LS 2@k §5. 270, vV F 7ok 28D 7 n
2Bz 29 5.

KC (B - < IVF ALy REREE) ~

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);

0 N O O WN -

©

10: }
11: lis_matrix_set_type(A,LIS_MATRIX_CSR);
12: lis_matrix_assemble(A);

KC (VIVF Ta & AERER) ~

1: LIS_INT i,n,gn,is,ie;

2: LIS_MATRIX A;

3: gn = 4; /* or n=2 */

4: lis_matrix_create(MPI_COMM_WORLD,&A) ;

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

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

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

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

12: }
13: lis_matrix_set_type(A,LIS_MATRIX_CSR);
14: lis_matrix_assemble(A);
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FIK - <L F ALy REE
(-Fortran (FIR - X NVF ALy RERBE) ~

LIS_INTEGER i,n

LIS_MATRIX A

n=4

call lis_matrix_create(0,A,ierr)

call lis_matrix_set_size(A,0,n,ierr)

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

enddo

: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)

12: call lis_matrix_assemble(A,ierr)

- J
-~ Fortran (¥ )V 7 7'0 & AEEE)

© 00 ~NO U WN -

=
= O

J

LIS_INTEGER i,n,gn,is,ie

LIS_MATRIX A

gn = 4

call lis_matrix_create(MPI_COMM_WORLD,A,ierr)

call lis_matrix_set_size(A,0,gn,ierr)

call lis_matrix_get_size(A,n,gn,ierr)

call lis_matrix_get_range(A,is,ie,ierr)

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

12: enddo

: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)

: call lis_matrix_assemble(A,ierr)

N J

© 00 ~NO O WN =

o
= O

= e
BSow

TR DR
1751 A DAERUZ I, BIEL

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)
ZHWVWS. conm (ZIZMPI 33 2= —XZ2BETS. FIR, YIVF AL v NEREETIX, comm Offf IR X
Nnb.

REDERTE
T DEFENTIE, BIEL
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)

EHWS. local_n 7» global_n D EH 50— %5 22T NI S 0.
BIR, X NVF ALy REETI, local_n 1% global n iZFE L\, L7235 7C, 1is_matrix_set_size(A,n,0)
¢ lis_matrix_set_size(4,0,n) I, WINHIXRE n x n DITHIZIERT 5.
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SIVF Tk RAEBEIZE W T, 1is_matrix_set_size(A,n,0) & 70X X EIZIREIn x N DERS4T
FIZEKS 5. Nidn OHNITH 5.
—7}, lis_matrix_set_size(4,0,n) & 70 X p RIZIRE m, x n DEHITHIEAEHRT B, my 1E7 1
T VIVMTRETIND.

EDRA
1791 A DF i A7 j SN Z RS 2121, B

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

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

ERAWS. v VF T AT, 2RITFIOH i 175 j FlE2EET 5. flag Tl
LIS_INS_VALUE ffA: A[4,j] = value
LIS_ADD_VALUE fNEMA: Al4,j] = Ali, j] + value
DELOLDPEIRET S.
TN R DERTE
1TH DIGFNIE A 2 303 %1213, B
e C LIS_INT lis_matrix_set_type(LIS_MATRIX A, LIS_INT matrix_type)

e Fortran subroutine lis_matrix_set_type(LIS_MATRIX A, LIS_INTEGER matrix_type,
LIS_INTEGER ierr)

EHWS. fTH/ERIFD A @ matrix_type £ LIS_MATRIX_CSR TH 5. L NIZHIGT B8 X% R 7.

MAIE A 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}

TP DHAILT
TP DB & ML X 2 3E U 7 1&, %K
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o C LIS_INT lis_matrix_assemble(LIS_MATRIX A)
e Fortran subroutine lis_matrix_assemble(LIS_MATRIX A, LIS_INTEGER ierr)

ZIFOH Y. 1is_matrix_assemble | 1is_matrix_set_type THRHE I N7 &ME RN ITHALTHNS.

1T DEEE
RENZ IR o 7275 % A Y D OEEET 5121,

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

ZHWS.

Bk 2: BMORMER DRI %= BEEERT 2158
(3.2) XD1FH] A % CSR R TIERT 254, BIK, Y IVF ALy NEETIHTH AZDOLD%, < VF T
Ok ZABETEK a2z 7o 28T 7 ey 2508 U EEOTH R EK T 5.

751 A% CSRIERTERT A 707 7 LU TO LIk T 5. 72720, vV F7akw ARED S0
v AKIZ 22T 5.
(C (BIR - X )VF AL v NEHE) ~

LIS_INT i,k,n,nnz;

LIS_INT *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

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

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

lis_matrix_create(0,&A);

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

W ~NO D WN -

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

11: {

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

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

16: }

17: ptr[0] = 0;

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

1; k++;}

1; k++;}
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° IE i:k
-~ C (VT 7 ae A5 ~

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

LIS_INT *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n=2; nmz = 5; k = 0;
lis_matrix_malloc_csr(n,nnz,&ptr,&index,&value);
lis_matrix_create (MPI_COMM_WORLD,&A) ;
lis_matrix_set_size(A,n,0);
lis_matrix_get_range(A,&is,&ie);
for(i=is;i<ie;i++)

: A{

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

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

16: }

17: ptr[0] = 0;

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

N J

© 00 ~NO U WN -

=
= O

1; k++;}

1; k++;}

Be 5l D REEAS 13
CSRIERDELS % T 1 75 ) MR A S & 5175 A BN 1T 51213, B

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)

ZHWS. TOMOEMHIERIZOWTIX s Hiz22 RO &,

FiE3: AT 7 AILHSTH, RY MNLT—Y EHmHMHALHE
T 7 A5 (3.2) RDITH] A %2 CSRIEATHitAA LG, 7077 LEM RO & 5125k 9 5.

({uﬁm-v»%vaF-v»%fmhx%ﬁ) ~
1: LIS_MATRIX A;
3: lis_matrix_create(LIS_COMM_WORLD,&A);
6: lis_matrix_set_type(A,LIS_MATRIX_CSR);
7: lis_input_matrix(A,"matvec.mtx");
N J
-~ Fortran (B - Y )VF ALy K - ¥)LF 70 & AL ~

LIS_MATRIX A

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

N J

Matrix Market JTERIZ & B 7MEE 7 7 1 )V matvec.mtx DLl % DA RIZRT.

~No W

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

(C (IR - XNVF AL R - I)VF 70 ALK

N

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

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

AT 7 A Uh 5 (3.2) ADFFH] A % CSRIEAT, £72 (3.1) RORZ ML b 25 ADEEO TR TS
INFSP M NO PR R b N -8

~NOo O W -

LIS_MATRIX A;

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

\

N

~N o o WN

LIS_MATRIX A
LIS_VECTOR b,x

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

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

(JMHw(ﬁW'VW?ZVvF'7%?7Dkl%%)

PE5R Matrix Market JE U2 & 247 7 1 )L matvec.mtx DFLRH % LIRS ((IFk A 2 51R).

%hMatrixMarket matrix coordinate real general

4

W N DD WWWNDNNRE -

4 10

N
[

WP WP W
P NDNNR PR NDR PN

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

0e+00
0e+00

0.
1.
2.0e+00
3.

0e+00

HERT 7 1 IV DS DERAHIAH

T 7 AN OATH] A DT — R ZEAATITIE, BIEK

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)

ZH\W5. filename (217 7 AV NAZIFET . MIET 27 7 A VBRI TO@ED TH D (771 1VIE
RIZDOWTIIAHER A 25).

e Matrix Market JE =X
e Harwell-Boeing &3\
MERT 7 A NDS4TH A R ML b, & DT — R % FAMADITIE, B
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)

ZH\W5. filename (217 7 AV ANAZIFET . WMIET 27 7 A VBRI TO@ED TH S (771 IVIE
ROV TIEEAHER A 22 1).

o #iE Matrix Market £\

e Harwell-Boeing /£

3.4 REAEIXDKE

ML ARER Az = b 2IBE I NME TGS, 707 7 LIATO L 5 125k 5.
(4M%m-v»%XVvF-vw%7mt1%ﬁ) N

LIS_MATRIX A;
LIS_VECTOR b,x;
LIS_SOLVER solver;

/x ATHE RT FILDIERL */

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);

- J
/Fortran (BIK - <IVF ALY R - IVF 70 B ~

© 00N O WN -

=
o

LIS_MATRIX A
LIS_VECTOR b,x
LIS_SOLVER solver

Jx THIERD VDMK */

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 -

—
o

YV ILINDVERR
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VLS (KRB R AR BRE DGR & M3 2 fdik) 2 MERd 21213, BIEK

o C LIS_INT lis_solver_create(LIS_SOLVER *solver)

e Fortran subroutine lis_solver_create(LIS_SOLVER solver, LIS_INTEGER ierr)
W5,
A7 avDRE

AR A VOV NI ERET BT, B

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)

F721%
o C LIS_INT lis_solver_set_optionC(LIS_SOLVER solver)
e Fortran subroutine lis_solver_set_optionC(LIS_SOLVER solver, LIS_INTEGER ierr)

ZHWA. lis_solver_set_optionC i%, 2—H¥ 707 I LAFEFRHZI ISV NI A VU TRESINZA TV 2
YV NVNICRES HEBTHS.

DRIZHREMRLR IR Y RIA AT a v a2 mRd. -i {cgltHd-i cg £7/21d-1 1 2EKT 5.
-maxiter [1000] IX, -maxiter DREEMEAY 1000 TH B Z & #EKT 5.
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BREARAEICET A S a Yy (BEEMHE: -1 bicg)

AR GRERAME | ATV a v A 7 a v

CG -i {cgl1}

BiCG -i {bicgl2}

CGS -i {cgsl3}

BiCGSTAB -i {bicgstabl|4}

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

GPBiCG -i {gpbicgl6}

TFQMR -i {tfqur|7}

Orthomin(m) -i {orthomin|8} -restart [40] YA X—IEm
GMRES (m) -i {gmres|9} -restart [40] Y AX—NMHEm
Jacobi -i {jacobil10}

Gauss-Seidel -i {gsl11}

SOR -i {sor|12} -omega [1.9] BRRE 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] VY AX—LhNim
IDR(s) -i {idrs|21} -irestart [2] VUAX—DMiEs
IDR(1) -i {idr1l22}

MINRES -i {minres|23}

COCG -i {cocgl24}

COCR -i {cocr|25}

34



AILERICRE S 24 72 3 > (BEEMH: -p none)

HALHE AT av A 7> a v
AV -p {nonel0}
Jacobi -p {jacobi|1}
ILU (k) -p {ilul2} -ilu_fill [0] TANA LRk
SSOR -p {ssor|3} -ssor_omega [1.0] BRRE w (0 <w < 2)
Hybrid -p {hybrid|4} -hybrid_i [sor] Y R AR
-hybrid_maxiter [25] B A SR
~hybrid_tol [1.0e-3] LS PR e L
-hybrid_omega [1.5] SOR DFEFFRE w (0 < w < 2)
-hybrid_ell [2] BiCGSTAB(1) D¥R¥ 1
~hybrid_restart [40] GMRES(m), Orthomin(m) ®
YZX— Ml m
I+S -p {is|5} -is_alpha [1.0] I+aS™ DRI A=K o
-is_m [3] I+aS" ORFX—=&m
SAINV -p {sainv|6}  -sainv_drop [0.05] Ry 7HHE
SA-AMG -p {saamg|7} -saamg_unsym [false] FEXIHRAR D 2R
(ITHIREE TR e 5)
-saamg_theta [0.05/0.12] Fu v JHIE o2 < 02|ay||ayy)|
(W FR | FEXIFR)
Crout ILU -p {ilucl|8%} -iluc_drop [0.05] Ry 7 HHE
-iluc_rate [5.0] S ONAE 12 GV (Y 13 3
ILUT -p {ilut|9}

Additive Schwarz

—adds true

-adds_iter [1]

IAENRTEL
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ZTOMHDA T a Y

b A=V

-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]

B K AR R

S SR E FEYE Lol

IS SR E FLYE toll,,

PRAZIEIED H

-print {none|0} Bz ML zawn

B A EVIZHRET S

-print {outl|2} B I e BRI &S T

-print {alll3} BEBEE ATV ICREFL, B¥dINcE ST

A =1 v 7 OER. FERIZTDOITH, X7 MLz EEE I NS

A=) TRl

Jacobi 27—V v 7 D 'Axr =D~

(D 1% A = (a;j) DX

-scale {symm_diag|2} MR —V 2 D-YV2AD2¢x = D"1/?
(D2 IR EEDMHED 1/ Jaz; TdH B xHF1751)

-print {mem|1}

-scale {nonel|0}

-scale {jacobi|1}

FIHAR 2 NV xg
-initx_zeros {false|0} B 1is_solve () DH[E x 12k D
HFZoN5ERDMEEHH
-initx_zeros {truel1} FTRTOEEDEE 0127 5
IR S

-conv_cond {nrm2_r|0} [|b — Az||2 < tol x ||b — Axpl|2
|[b— Az[|2 < tol  |[b]|2

[|b — Az||1 < toly, = ||b]]1 + tol

-conv_cond {nrm2_b|1}
-conv_cond {nrmi_b|2}
FITAL v R

(t TR ALV Y FE)
TTHIREIIE X

BSR, BSCERXD 7oy 741 X
FREL G R AR D NG
-f {double|0}

-f {quad|1}

R ¥
double-double #! 4 fE¥5E

RE

IR Av = b 2R <21, B

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)

ZHWS.
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3.5 EHEMBED KR

PEHEE G ERE Ar = \r Z2HE I NE TGS, 7a 7 70U TFO LS5 125k d 5.
(4M%W-v»%vaF-vw%7mtX%ﬁ) N

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

/* F5 e R N IVDER */

lis_esolver_create(&esolver);

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

© 00N O WN -

=
o

-

(/%Mmﬂﬁm'Vw?XVVP'VW?fﬁﬂZ%ﬁ) ~

LIS_MATRIX A
LIS_VECTOR x
LIS_REAL evalue
LIS_ESOLVER esolver

/x ATHE X7 NIVDIERL */

call lis_esolver_create(esolver,ierr)

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

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

© 00N O WN =

[
o

[
[

VILISDIERK
VOVoN (EAERRR DM 2 RS 2 ER) 2 FEmRd 5121, B

o C LIS_INT lis_esolver_create(LIS_ESOLVER *esolver)
e Fortran subroutine lis_esolver_create(LIS_ESOLVER esolver, LIS_INTEGER ierr)
W5,
A7 av0RE
[ (B AR 2 Y OV NIZ3E S 5120, BEEK
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)

F721%
o C LIS_INT lis_esolver_set_optionC(LIS_ESOLVER esolver)

e Fortran subroutine lis_esolver_set_optionC(LIS_ESOLVER esolver, LIS_INTEGER ierr)
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ZF\W5. lis_esolver_set_optionC (&, 1—¥ 7177 LAFEFHRHZaA~Y Y NI U THREI WA TV 2
YEYNNCEET ZHBMTH D,

DRIZHEMRR I Y RIA v AT arvERY. —e {pili}id-e pi £/zld-e 1 ZEKT 5.
-emaxiter [1000] I, -emaxiter DREEMEAS 1000 TH B I L 2 HIET 5.

EEEFEICEAT 24 7Y a3y (BEMHE: -e cr)

[EREE (NS AT av WA 7> a

Power -e {pil1}

Inverse -e {iil2} -i [bicg] L R A R
Rayleigh Quotient -e {rqil3} -i [bicg] Y R AR
CG -e {cgl4} -i [cg] A R A A
CR -e {crl5} -i [bicg] A R A A
Subspace -e {sil6} -ss [1] R ZEM O K & X
Lanczos -e {117} -ss [1] WaEMoxEsx
Arnoldi -e {ail8} -ss [1] HaEMoxsx
Generalized Power -e {gpil9} -i [bicg] I 5 e A A
Generalized Inverse -e {giil10} -i [bicg] RT3 R AR
Generalized Rayleigh Quotient | -e {giil11} -i [bicg] A R A A
Generalized CG -e {gcgl12} -i [cgl FR A R A A
Generalized CR -e {gcrl13} -i [bicg] oI 5 A A
Generalized Subspace -e {gsil14} -ss [1] Mook E X
Generalized Lanczos -e {glil15} -ss [1] HWaEMoxsx
Generalized Arnoldi -e {gail16} -ss [1] DO K E X
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AILERICRE S 24 72 3 > (BEEMH: -p none)

HALHE AT av WA 7 a v
AV -p {nonel0}
Jacobi -p {jacobi|1}
ILU(k) -p {ilul2} -ilu_fill [0] TAIVL LRk
SSOR -p {ssor|3} -ssor_omega [1.0] BRRE w (0 <w < 2)
Hybrid -p {hybrid|4} -hybrid_i [sor] Y R AR
-hybrid_maxiter [25] B A SR
~hybrid_tol [1.0e-3] LS PR e L
-hybrid_omega [1.5] SOR DFEFFRE w (0 < w < 2)
-hybrid_ell [2] BiCGSTAB(1) D¥R¥ 1
~hybrid_restart [40] GMRES(m), Orthomin(m) ®
YZX— Ml m
I+S -p {is|5} -is_alpha [1.0] I+aS™ DRI A=K o
-is_m [3] I+aS" ORFX—=&m
SAINV -p {sainv|6}  -sainv_drop [0.05] Ry 7HHE
SA-AMG -p {saamg|7} -saamg_unsym [false] FEXIHRAR D 2R
(ITHIREE TR e 5)
-saamg_theta [0.05/0.12] Fu v JHIE o2 < 02|ay||ayy)|
(W FR | FEXIFR)
crout ILU -p {ilucl|8} -iluc_drop [0.05] Ry 7 HHE
-iluc_rate [5.0] S ONAE 12 GV (Y 13 3
ILUT -p {ilut|9}

Additive Schwarz

—adds true

-adds_iter [1]

IAENRTEL
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ZToMoA T ay

FTav
-emaxiter [1000] R AR
-etol [1.0e-12] IR S A
-eprint [0] P2 EIED )
-eprint {nonel0} A% L swn
-eprint {mem|1} BerlgE e A€V IZRFT S
-eprint {out|2} PR g I 2 e I H & T
-eprint {alll3} BeAEEE AT VITRFL, BHERIcHEES BT
-ie [ii] Subspace, Lanczos, Arnoldi ® NEE Cfi f 9 2 [E A ERIED IR E
-ige [giil Generalized Subspace, Generalized Lanczos, Generalized Arnoldi ® NERT
9 2 [E A EME D E
-shift [0.0] A—oB % BET 520DV 7 N& o DELR
-shift_im [0.0] ¥7 Mo DER
-initx_ones [1] #FHARZ MV 2
-initx_ones {false|0} B 1is_esolve() DBIF x 12 &b
B2 6025 BHEOME % HH
-initx_ones {truel1} FTRTOEFEDEEZ 112T 5
-omp_num_threads [t] | E{TAL v N
tIERARAL Y R
-estorage [0] FTHIAEHIE
-estorage_block [2] BSR, BSCEXD 7oy 744 X
-ef [0] (i i AR DG
-ef {double|0} TSRS
-ef {quadl1} double-double £ 4 f5FEE
-rval [0] Ritz
-rval {false|O} Ritz i % H & IZ[E AN % FHE
-rval {truel1} Ritz D A% FHHE
KR

FEHEE A EE Az = Ao 2 <12, BEEK

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)

ZHWS.
— AL E A ERIE Ar = ABx % fif <1ZiE, B

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

40



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

ZRHAWS.
3.6 70O75LDER

AR Ax = b 2R I NMHETIHRE, ZTOM2 L IICHE ST IO I L2 UTITRT.
1750 A IFIRE 12 D 3 X A1T5

ThHd. HARIZ IV IZR e PITRT1ERBEIIBESIND.
T I 5T 42 bV 1is-($VERSION) /test IZEHEND.
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I A O SRS 3

DO DD WWWWWWWWWWNNMNNNMNNNMNMNMNOMNRERRPRPRRPRRRERRRPR R
WNFPE, O OWONOOO P WNE O OWWONOOO P WNERE O WOWOWNOU P WNERO

[}

SETT T A testd.c

#include <stdio.h>
#include "lis.h"
main(LIS_INT argc, char x*argv[])
{
LIS_INT i,n,gn,is,ie,iter;
LIS_MATRIX A;
LIS_VECTOR b,x,u;
LIS_SOLVER solver;
n = 12;
lis_initialize(&argc,&argv);
lis_matrix_create(LIS_COMM_WORLD,&A) ;
lis_matrix_set_size(A,0,n);
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,A);
if ( i<gn-1 ) lis_matrix_set_value(LIS_INS_VALUE,i,i+1,-1.0,4);
lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0,A);
}
lis_matrix_set_type(A,LIS_MATRIX_CSR);
lis_matrix_assemble(A);

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

lis_solver_create(&solver);
lis_solver_set_optionC(solver);
lis_solve(A,b,x,solver);
lis_solver_get_iter(solver,&iter);
printf ("number of iterations = %d\n",iter);
lis_vector_print(x);
lis_matrix_destroy(4);
lis_vector_destroy(u);
lis_vector_destroy(b);
lis_vector_destroy(x);
lis_solver_destroy(solver);
lis_finalize();

return O;

()
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e WEET T 275 I testdf.F

1: implicit nome

2:

3:#include "lisf.h"

4:

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

6: LIS_MATRIX A

7: LIS_VECTOR b,x,u

8: LIS_SOLVER solver

9: n =12

10: call lis_initialize(ierr)

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

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

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

15: do i=is,ie-1

16: if( i>1 ) call lis_matrix_set_value(LIS_INS_VALUE,i,i-1,-1.040,
17: A,ierr)
18: if( i<gn ) call lis_matrix_set_value(LIS_INS_VALUE,i,i+1,-1.0d0,
19: A,ierr)
20: call lis_matrix_set_value(LIS_INS_VALUE,i,i,2.0d0,A,ierr)
21: enddo
22: call lis_matrix_set_type(A,LIS_MATRIX_CSR,ierr)
23: call lis_matrix_assemble(A,ierr)
24:
25: call lis_vector_duplicate(A,u,ierr)
26: call lis_vector_duplicate(A,b,ierr)
27: call lis_vector_duplicate(A,x,ierr)
28: call lis_vector_set_all(1.0d0,u,ierr)
29: call lis_matvec(A,u,b,ierr)
30:
31: call lis_solver_create(solver,ierr)
32: call lis_solver_set_optionC(solver,ierr)
33: call lis_solve(A,b,x,solver,ierr)
34: call lis_solver_get_iter(solver,iter,ierr)
35: write(*,*) ’number of iterations = ’,iter
36: call lis_vector_print(x,ierr)
37: call lis_matrix_destroy(A,ierr)
38: call lis_vector_destroy(b,ierr)
39: call lis_vector_destroy(x,ierr)
40: call lis_vector_destroy(u,ierr)
41: call lis_solver_destroy(solver,ierr)
42: call lis_finalize(ierr)
43:
44 : stop
45: end

43



3.7 BIMIBE YV ILANDHBE

AT, BTLERFTSIZ lis_solve DSPF OV I N B = ONZHEH I N T W -, AREITIX, AilEL L VLN % 5
L, BTALHEITSZ Y VNI DL THHT 2 HIEIZOWTIR S, ZDHER, GRS HRERX %
EUCHHEORMBEIZN L THO THELITH 5. EBE, Newton-Raphson IETIEXKEENH WO, BXKET
ORISR DfRZE £ LT MVBFEIRINZRD 5D, Z OREZ FEBT 5720121, AN OB %
FIT ENEDDH 5.

e lis_matrix_psd_set_value: {THIEZDHZFEHKRT 5.

e lis_matrix_psd_reset_scale: f74D A —V VI T A 1ERZ FH T 5. Z OB, KLOROBEEIL,
HIFTRWAT =) V7 & {T5GEIZOARANVS.

lis_vector_psd_reset_scale: X2 NIVDAr—V v 7IZHET HEREEHRT 5.

lis_solver_set_matrix: 5-Z 6N 72475 & VIV N ZEEA T 5. Z OBIEUL lis_precon_psd_create & 0
BRZRE OV H X 22 1T 7 & 7,

o lis_precon_psd_create: EIR X N/ DD D F— X fEEZE ERT 5.

e lis_precon_psd_update: BILEE% FEAfid 5.
ZDHFIIZBELL T OHIEY D 5.

o FIFHFREZRATHIMEHIE NI CSR DATH 5.

o FIHAIREZ Y LN GMRES DATH 5.

o FIFHTHEZA BT ILU(K) U SA-AMG DA TH 5.

EEH 2L I — N2 L RT. FMIT test8L.FI0 22D Z &,
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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.
[

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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59:
60:
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103:
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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 lis_vector_get_value(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 ETI774ILDERK

testd.c POEFTTI 7 A NVEERTEHEICDVWTIERS. T4 L2 bV 1is-($VERSION) /test IZH D
WREE 71 2" F I testd.c % SGI Altix 3700 @ Intel C Compiler (icc), Intel Fortran Compiler (ifort)
TaAVNRAINTBIGEOH % ANFIZRT. SA-AMG BT IZ 1 Fortran 90 Cilid E/za— KB EEh 3
728, SA-AMG BiALEE % (3 254 121F Fortran 90 I >34 S TY V7 LT s, £72, v
Fruw ABRETIZ YY) Fat vy ¥~ 20 USE_MPI AE R S N7 1T 072 5 70\, 64bit BRI 2 i 4 %
BEX, CT7urILTiE7Y Fuky ¥ <20 _LONG__LONG, Fortran 7R 27 S AT 7Y 7aky ¥~
O LONG__LONG HEZE I N NILA 5420,

-~ BIRERITE ~

avRAIb
> icc -c -I($INSTALLDIR)/include testéd.c
>y
> icc -0 test4 test4.o -L($INSTALLDIR)/1lib -1lis
') > %Y (--enable-saamg)
> ifort -nofor_main -o test4 test4.o -L($INSTALLDIR)/1lib -1lis

N J

/7)b5¢7\1/‘y R BR ~
aAviRAIL
> icc -c -openmp -I($INSTALLDIR)/include test4d.c
>y

> icc -openmp -o test4 test4.o -L($INSTALLDIR)/1lib -1lis
1) 27 (--enable-saamg)
> ifort -nofor_main -openmp -o test4 test4.o -L($INSTALLDIR)/1ib -1lis

N J

e SVF Tt AR ~
AVRAIL
> icc -c -DUSE_MPI -I($INSTALLDIR)/include testéd.c
7
> icc -o test4 test4d.o -L($INSTALLDIR)/1ib -1lis -lmpi
1)~ ¥ (--enable-saamg)
> ifort -nofor_main -o test4 test4.o -L($INSTALLDIR)/1lib -1lis -lmpi
N J
-~ SUVFALY R - RIVF SOk A ~
AP %
> icc -c -openmp -DUSE_MPI -I($INSTALLDIR)/include test4.c
>y

> icc -openmp -o test4 test4.o -L($INSTALLDIR)/1ib -1lis -lmpi
') > %Y (--enable-saamg)
> ifort -nofor_main -openmp -o test4 test4.o -L($INSTALLDIR)/1lib -1lis -lmpi

N J

RIZ, testdf FROEITT7 7 ANV EERT 2 HIEIZOWTHERS. 71 L2 MY lis-($VERSION) /test
2 BMGEET T 27T L testdf . F % SGI Altix 3700 L@ Intel Fortran Compiler (ifort) T3 /31 )L§
556 0617% LFIZR Y. Fortran DX —HF 7075 JMZIEa VAL FHERXDEEND -0, 7V Tutky
YEMHTD LD 300 ZITHRURITNIER SR\, ifort DEAIE, A7V 3y ~fpp WRETH S.
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('izzkﬁﬁﬁ% ~

JvRAI

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

> ifort -o test4f test4f.o -L($INSTALLDIR)/1lib -1lis

N J

rvﬂﬁ“ll/\y 22 ~
aAviRAIL
> ifort -c -fpp -openmp -I($INSTALLDIR)/include test4f.F
7
> ifort -openmp -o test4f test4f.o -L($INSTALLDIR)/1ib -1llis
N J
Kv»%fﬁﬂl%ﬁ ~
A P12
> ifort -c -fpp -DUSE_MPI -I($INSTALLDIR)/include test4f.F
V>

> ifort -o test4f test4f.o -L($INSTALLDIR)/1lib -1lis -Impi

N J

/‘7)1/7‘7\1/‘7 R - <)VF 7 o& ABE ~
aAViRAIL
> ifort -c -fpp -openmp -DUSE_MPI -I($INSTALLDIR)/include test4f.F
7
> ifort -openmp -o test4f test4f.o -L($INSTALLDIR)/1lib -1lis -lmpi
N J
3.9 T
4 L2 bV 1is-($VERSION) /test (ZH BMRGFE 7T 27 T L testd F 721 testaf % SGI Altix 3700 L
DENTNDERET
BRERE

> ./test4 -i bicgstab
TILFRAL Y NRE

> env OMP_NUM_THREADS=2 ./test4 -i bicgstab
TILF IOt RERE

> mpirun -np 2 ./test4 -i bicgstab
TILFRALY R - RILFTOERERE

> mpirun -np 2 env OMP_NUM_THREADS=2 ./test4 -i bicgstab
EANUTEITTHE, LR XS ITMPEHREL JIcE SR IN5.

initial vector x : all components set to O

precision : double

linear solver : BiCGSTAB

preconditioner : none

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

linear solver status : normal end

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

© 00 N O O W NN = O

—_
o
e e

[
[

3.10 7OtEALETOBERBEICDOWT

MPI 70 2 2 EREHT 25E121%, global.n = 0, local. n >0 TH-oTH LW, ThbE, —DOHUED
TR AIZBWCHHEZ 0 TAZENTES. 72720, TDHEITBWTSH global_n = 072 51X local -n
OREFNE 0 KD KRELBRIFNIER S0,
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4 A1EHBEEHE

NAGEDEHR T, FOFRAED

LT EEAL 217> [57).

WEBIZ LS TIPURBERT 2 2 hH 5. AT 4 75V T, long double £
T OVEAG BT Bl INBUR U 2 IO 727 double-double” [51, 52] BI0D 4 RS HA 2 VW2 Z 212 & b, UK
2UET 52 EHARETH S, double-double BHHEL T, IFHI/INK a % a = a.hi+ a.lo, Julp(a.hi) > |a.lo|
(EAL a.hi & FAL a.lo (ZAHKEEIZE/NE) 12K D EFE L, Dekker[53] & Knuth[54] O 7 )L T X LIZED W
TR ORI R OM A GO & D 4 KRR Z EB Y 5. double-double B D IZ—#%IZ Fortran
D AREEHEA X D SHTH B [55] A%, Fortran DRBE X [56] TIHRKEHA 112 €y b THL2DIZHH LT,
FEREE IR E/ NS Z 2 BT 5720, IREGEBAY 104 € b &b 8By MR, 7z, fEIZATREETR
F/NEEFU 1L EY FTHB.

double-double BUHFE TlX, A& UL TEHEZ SN 5175, X2 ML, ROHIOMEIIMEREETHS. 12—
T T LF A REAR R BRI 23, ATV a v UTARSKERBEZHHAT 27 E 5 aiE
ETBZITTEV. 228, Intel RDT —F 7 27 F ¥ 125 U Tl Streaming SIMD Extensions (SSE) 4y %

double-doublef&E

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

4.1 AEREREEDEFEH

Toepliz 1741

ZXT BRI Ar = b 2 HRES NI E TS A BYER)ICE S HIMEL 702 7 L testb.c
Thod. AU PV RRE e PITARTLLRDEIREINDS. n 375 A DIRETH 5. tests T8

WT

)

2: double-double 1D v MK

O N

=2

v
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BEEOHE
> ./testb5 200 2.0 -f double
EQAd =
> ./testb5 200 2.0
CANLUTEITFTR L, LTOMEIMESND.

n = 200, gamma = 2.000000

initial vector x : all components set to O

precision : double

linear solver : BiCG

preconditioner : none

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

matrix storage format : CSR

linear solver status : normal end

BiCG: number of iterations = 1001 (double = 1001, quad = 0)
2.044368e-02 sec.

BiCG: elapsed time

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

8.917591e+01

BiCG: relative residual

4 BREDZE
> ./testb5 200 2.0 -f quad
EANUTHEITT L, LNOREBFSNS.

n = 200, gamma = 2.000000

initial vector x : all components set to O

precision : quad

linear solver : BiCG

preconditioner : none

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

matrix storage format : CSR

linear solver status : normal end

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

BiCG: number of iteratioms

BiCG: elapsed time

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

6.499145e-11

BiCG: relative residual
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5 1T MER

AEITIE, 7477V CHHATE 750N OVWTERS. 175017 (F]) BSIX 0P SHED S
DEFTDH. KRB n xn DITH A= (a;;) DIFFEEEZE nnz £ 5.

5.1 Compressed Sparse Row (CSR)
CSREA T, 7— % % 3 DD (ptr,index,value) IZI&HNT 5.
o B nnz ORMEERLY] value X, 175 A DIEEFEROMEIT AR > THENT 5.
o EX nnz OIS index X, BLF value IZHEMH S N7z IEFHRDFIHFES 2 HKNT 5.

o X nt 1 OBEES ptr 1, ALF value & index DHATDRAMEALIE % MM T 5.

5.1.1 fT5IDEMR (BR - ILF AL v RRIR)

751 A D CSR A TORMEIEZK 3 I1ZRT. 20175 % CSRIEATHERT 556, 7u 7 LI
TO XS IR T 5.

1 ol 1] 3] 5] 8 A.ptr
21 22 —

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

3: CSR LD F — 2 M (B - YV F AL v FEED)

/%_(ﬁ - WILF ALy REEEE ~

LIS_INT n,nnz;

LIS_INT *ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

n =4; nnz = 8;

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

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

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

10: lis_matrix_set_size(A,0,n);

0 N O O WN -

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

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

K¥19: lis_matrix_assemble(A); y
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5.1.2 {T5IDEMR (ZILF 7O RIRER)

2 70v A EADFFS] A D CSR R TOMMAEZK 41ZRT. 2 70w A EIZZ D175 % CSRIEAT
TER S 2354, 70275 03T LS 1I2idbd 5.

013 0] 2 5 A.ptr
$

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

4: CSR BRD 7 — X HiE (v )VF 70 A5EE)

(,-<7}b€Fi7W34z;lf%i% ~
1: LIS_INT i,k,n,nnz,my_rank;
2: LIS_INT *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; nnz = 3;}
7: else {n = 2; nnz = 5;}
8: ptr = (LIS_INT *)malloc( (n+1)*sizeof(int) );
9: index = (LIS_INT *)malloc( nnz*sizeof(int) );

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

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

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

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

17: else {

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

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

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

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

22: lis_matrix_assemble(A);
N J
5.1.3 BEETEHN
E2 %1 oD BEE AT |

CSR A DEF % 4751 A (2 BhHEAT I 2121, Ak

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)

ZHWS.

53




5.2 Compressed Sparse Column (CSC)

CSCIEATIE, 77— %% 3 DDEHI (ptr,index,value) (ZHEHNT 5.

o B nnz ORHEERLY] value X, 175 A DIEFEROME %G| IR > THENT 5.

o EX nnz OEFHEY] index 13X, AL value TN S N/1-IEBERDOITHR S 2 KMNT 5.

o BEX n+ 1 DEBEELS ptr &, figsl value & index DEHDBIIEALE % #&HNT 5.

5.2.1

THIDIER (B

R RILVFRL Y NRIER)

175 A D CSC LR TOMMGIEEK 5 1TRT. 20175 % CSC LR THERT 354, 7025 AFE
T XS IZERT 5.

(i?_‘(k -V F ALy NEREE ~
1: LIS_INT n,nnz;
2: LIS_INT *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: n = 4; nnz = 8;
6: ptr = (LIS_INT *)malloc( (n+1)*sizeof(int) );
7: index = (LIS_INT *)malloc( nnz*sizeof (int) );
8: value = (LIS_SCALAR *)malloc( nnz*sizeof (LIS_SCALAR) );
9: lis_matrix_create(0,&A);
10: lis_matrix_set_size(A,0,n);
11:
12: ptr[0] = 0; ptr[1] = 3; ptr[2] = 5; ptr[3] = 7; ptr[4] = 8;
13: index[0] = O0; index[1] = 1; index[2] = 3; index[3] = 1;
14: index[4] = 2; index[5] = 2; index[6] = 3; index[7] = 3;
15: valuel[0] = 11; value[1] = 21; value[2] = 41; value[3] = 22;
16: value[4] = 32; valuel[5] = 33; value[6] = 43; valuel[7] = 44;
17:
18: lis_matrix_set_csc(nnz,ptr,index,value,A);
&‘19: lis_matrix_assemble(A); )

2 2| 3] 3

1 Lo[ 357 8
e 21 22 v —
o 32 33 o] 1| 3| 1
41 43 44 11(21(41

22|32|33|43|44

A.ptr

A.index
A.value

5: CSCIERD T — X MG (FIR - < IV F AL v FEE)
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5.2.2 fT5IDEMR (ZILF 7O RIRER)

2 70 A EADITH] A D CSCHRATOKMAEZK 6 12K, 2 7k B2 ZDf75% CSC AT
TER S 2354, 70275 LT LS 1I2dbd 5.

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

= -

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

6: CSC RO 7 — 2 M (V)L F 70+ A B

(/-<7}b€Ff7ﬁj4zilf$i% ~
1: LIS_INT i,k,n,nnz,my_rank;
2: LIS_INT *ptr,*index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;
6: if( my_rank==0 ) {n = 2; nnz = 3;}
7: else {n = 2; nnz = 5;}
8: ptr = (LIS_INT *)malloc( (n+1)*sizeof(int) );
9: index = (LIS_INT *)malloc( nnz*sizeof(int) );

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

12: lis_matrix_set_size(A,n,0);

13: if( my_rank==0 ) {

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

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

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

17: else {

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

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

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

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

22: lis_matrix_assemble(A);
N J
5.2.3 BEETEHN
B3 DEEST F

CSC A DEH| % 175 A ZBEHHEAT I 51218, B

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)

ZHWS.

55




5.3 Modified Compressed Sparse Row (MSR)
MSR R TIX, 7— % % 2 DDS] (index,value) IZIMNT 5. ndz Z XA DOEHERZHL T 5.

o BEX nnz+ndz+ 1 OFEREENS value 1%, 2 n BEFE TIHTH A DXL 2EMNTE. o+l
FRIIHA U2, B on + 2 BED S 1375 A DR AERS A DIEZEZOE % 1T H IR > THEIN
5.

o X nnz+ndz+ 1 DLW index X, FHn + 1 BEF TIIITH A DIERFAERD DXATDFIMEALE
ZIEIWS D, B n+ 2 B 513475 A DI ATD DRG] value (TN E N2 B ERDIIHR S %
HAnd 5.

5.3.1 1TFIDMERR (FER - YILF AL v NERIE)

751 A © MSR R TOMM A EEE 712573, 20174 % MSR R CIERT 2154, 7025 LIELL
TO LS IZRT 5.

11
91 929 A.index
A =
32 33 A.value
41 43 44
7: MSR LD 7 — X il (FIR - ¥V F AL v NEEET)
/ﬁﬁ\’ - WIVF ALy REREE ~

LIS_INT n,nnz,ndz;

LIS_INT *index;

LIS_SCALAR *value;

LIS_MATRIX A;

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

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

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

9: lis_matrix_set_size(A,0,n);

0 N O O WN -

11: index[0] = 5; index[1] = 5; index[2] = 6; index[3] = 7;
12: index[4] = 9; index[5] = O0; index[6] = 1; index[7] = 0; index[8] = 2;
13: valuel[0] = 11; value[1] = 22; value[2] = 33; value[3] = 44;
14: value[4] = O0; value[5] = 21; value[6] = 32; value[7] = 41; value[8] = 43;
15:
16: lis_matrix_set_msr(nnz,ndz,index,value,A);
K\17: lis_matrix_assemble(A); y
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5.3.2 1T5IDEMR (VILF 7O ERIRIER)

2 7aX A EADTH A D MSR B TORKMAEZK 8 IZ/RT. 2 7uv A LIZZDf74]% MSR EX
TERT 254, 70275 LI3ATO LS iCid s 5.

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

8: MSRERD 7 — & i (v VF 71« AEiH)

(,-<7}b€Fi7W34z;<E%i% ~
1: LIS_INT i,k,n,nnz,ndz,my_rank;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;
6: if( my_rank==0 ) {n = 2; nnz = 3; ndz = 0;}
7: else {n = 2; nnz = 5; ndz = 0;}
8: index = (LIS_INT *)malloc( (nnz+ndz+1)*sizeof(int) );

9: value = (LIS_SCALAR *)malloc( (nnz+ndz+1)*sizeof (LIS_SCALAR) );
10: lis_matrix_create (MPI_COMM_WORLD,&A) ;

11: lis_matrix_set_size(A,n,0);

12: if( my_rank==0 ) {

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

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

15: else {

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

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

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

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

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

21: lis_matrix_assemble(A);
N J
5.3.3 EEY 2R
B DEEEST F

MSR JEADEF % 175 A (2B 5 121%, %

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)

ZHWS.
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5.4 Diagonal (DIA)

DIAJEATIX, 7—& % 2 DOMLY (index, value) (ZH&HIT 5. nnd 2175 A DIEZ IR A ER DAL
9%,

o K& nnd x n DKL value 13, 1751 A DIEFE LN A ERDIEZIENT 5.
o R nnd DREBLS index ¥, EXNAERN S RN MERANDA Ty b 2IKINT 5.

JVF ALY FEEETIEMTO LS I 5.
T — X% 2 DDORLH (index, value) IZHHHT 5. nprocs B ALy N9 5. nnd, 2174 A i1 70y
2 RENU TR DT H DIRZF RN D DA E § 5. maznnd % nnd, DIEDORKEEL T 5.

o & maznnd x n DIEKEERH] value &, 775 A 21770y 7 58 U 7 880175 D IEZ 7o it A4 B3
Dz &S 5.

o FX nprocs x maznnd DFEHAES index 1, FRNABREI S ZWNHAERADA Ty M ZKEINT 5.

5.4.1 1TAIDER (BRIRIE)

1751 A D DIA JTE R TOMMGEZR 9125 3. 20174 % DIA A TR T 554, 70275 LFBTF
D& IR T 5.

11
s 21 22 3/-11 0 A.index
- 32 33 0| 0] 0[41] 0]21[32]43[11]22[33]44] A.value
41 43 44
X 9: DIA JERAD 7 — X & (FIRERER)
- BUE ~

LIS_INT n,nnd;

LIS_INT *index;

LIS_SCALAR *value;

LIS_MATRIX A;

n = 4; nnd = 3;

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

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

9: lis_matrix_set_size(A,0,n);

W ~NO O WN -

11: index[0] = -3; index[1] = -1; index[2] = O;
12: value[0] = O0; value[l] = O0; value[2] = 0; value[3] = 41;
13: value[4] = O0; valuel[5] = 21; value[6] = 32; valuel[7] = 43;
14: value([8] = 11; value[9] = 22; value[10]= 33; value[11]= 44;
15:
16: lis_matrix_set_dia(nnd,index,value,A);
K‘17: lis_matrix_assemble(A); )
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5.4.2 fT5IDEMR (RILF AL v RERIER)

2 ALY R EADFS A D DIA R TOKIMNAEZK 10 12253, 2 ALy R EIZZD175]% DIA 3%
TR 354, 775 L 3 TFTDO &S Izl d 5.

-1

-3

-1

0

A.index

0
0[21]11

22

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

B 10: DIA XD T — XMl (WL F AL v REHR)

/vw%XVvF%ﬁ

LIS_INT n,maxnnd,nprocs;
LIS_INT *index;
LIS_SCALAR *value;
LIS_MATRIX A;

0 N O O WN -

lis_matrix_create(0,&A);

11: index[0] -1; index[1]
12: value[0] 0; valuel1]
13: value[6] = 0; valuel7]

16: lis_matrix_assemble(A);

15: lis_matrix_set_dia(maxnnd

9: lis_matrix_set_size(A,0,n);

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

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

0; index[3] = -3; index[4] -1; index[5]
0; valuel[5]

43; value[10]= 33; value[l1l]l= 44;

]
o

1]
o

32; valuel[9]

,index,value,A);
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5.4.3 1T5IDEMR (VILFTOERIRER)

2 70 2 EADITH] A D DIA EATOMKMAEEZM 111R7. 2 7ok X R Z D174 % DIA X
TR T 256, 70275 LI3ATO L5 iICid s 5.

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

11: DIA ERD 7 — & Hid (v F 70 & ZEE)

rvw%7mk1$ﬁ ~

LIS_INT i,n,nnd,my_rank;

LIS_INT *index;

LIS_SCALAR *value;

LIS_MATRIX A;

MPI_Comm_rank (MPI_COMM_WORLD,&my_rank) ;

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

else {n = 2; nnd = 3;}

index = (LIS_INT *)malloc( nnd*sizeof(int) );
9: value = (LIS_SCALAR *)malloc( n*nnd*sizeof (LIS_SCALAR) );
10: lis_matrix_create (MPI_COMM_WORLD,&A) ;

11: lis_matrix_set_size(A,n,0);

12: if( my_rank==0 ) {

W ~NO 0D WN -

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

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

15: else {

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

17: value[0] = O0; valuel[l] = 41; value[2] = 32; value[3] = 43; value[4] = 33;
18: value[5] = 44;}

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

N J

5.4.4 BEEY HEH

Be 5| DREERS 1)
DIA JEAXDELH 2175 A ZBHAT 1 2121, BIEK

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)

ZHWS.
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5.5 Ellpack-Itpack Generalized Diagonal (ELL)

ELL AT, 7—%% 2 DONH (index, value) IZKAHT 5. maxnzr 2175 A DEITTOIEEEFE
BOBRKMEL T 5.

o X mazrnzr x n DEKEERS] value X, 75 A ODFATOIEFEEROMEZ2F] HENIZIH > THEINT 5.
B DINIEATDOBRADIEEBER NS DL, 12170, MNT 2 ERERNZWIEEIL 0 20T 5.

o EX maxnzr x n DEEHHEIF] index X, BiFl value IZKIMN I N IEE TR DINE S Z2IE&MNT 5. 7272
U, 8B i fTOIBEELE nnz £ 95 L index[nnz x n+14] IZIXZFDITES i 2HEHNT 5.

5.5.1 1TFIDIER (BR - YILF AL v NIERIR)

115 A ® ELL B X COMMAEE K 12 125779, 20154 % ELL BRTERT 354, 70275 AIFE
To k>IR3,

11
A | 2 22 0l 011 00 11 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
12: ELL RO 7 — X #i (BIR - <V F AL v NEH)
/@k RV F ALY REREE ~

LIS_INT n,maxnzr;

LIS_INT *index;

LIS_SCALAR *value;

LIS_MATRIX A;

n = 4; maxnzr = 3;

index = (LIS_INT *)malloc( n*maxnzr*sizeof(int) );

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

9: lis_matrix_set_size(A,0,n);

W ~NO 0D WN -

11: index[0] = O0; index[1] = O0; index[2] = 1; index[3] = O0; index[4] = O0; index[5] = 1;
12: index[6] = 2; index[7] = 2; index[8] = O0; index[9] = 1; index[10]= 2; index[11]= 3;
13: value[0] = 11; value[1] = 21; value[2] = 32; value[3] = 41; valuel[4] = 0; value[5] = 22;
14: value[6] = 33; valuel[7] = 43; value[8] = O0; valuel[9] = 0; value[10]= 0; valuel[l1l]= 44;
15:
16: lis_matrix_set_ell(maxnzr,index,value,A);

&‘17: lis_matrix_assemble(A); )
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5.5.2 {T5IDEMR (VILFTOERIRER)

2 70X A EADITH A D ELL B TOMMAGEEZX 1312R7. 2 7a 2 EIZZ0f75]% ELL EX
TERT 254, 70275 LI3ATO LS iCid s 5.

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

13: ELL XD T — XM (v )V F 70 AET)

(/-T?}bef7ﬁj4Z;lf%i% ~
1: LIS_INT i,n,maxnzr,my_rank;
2: LIS_INT *index;
3: LIS_SCALAR *value;
4: LIS_MATRIX A;
5: MPI_Comm_rank (MPI_COMM_WORLD, &my_rank) ;
6: if ( my_rank==0 ) {n = 2; maxnzr = 2;}
7: else {n = 2; maxnzr = 3;}
8: index = (LIS_INT *)malloc( n*maxnzr*sizeof (int) );

9: value = (LIS_SCALAR *)malloc( n*maxnzr*sizeof (LIS_SCALAR) );
10: lis_matrix_create (MPI_COMM_WORLD,&A) ;

11: lis_matrix_set_size(A,n,0);

12: if( my_rank==0 ) {

13: index[0] = O0; index[1] = O0; index[2] = O0; index[3] = 1;
14: value[0] = 11; value[l] = 21; value[2] = 0; value[3] = 22;}
15: else {
16: index[0] = 1; index[1] = O0; index[2] = 2; index[3] = 2; index[4] = 2;
17: index[5] = 3;
18: value[0] = 32; value[l] = 41; value[2] = 33; value[3] = 43; value[4] = O0;
19: value[5] = 44;}
20: lis_matrix_set_ell (maxnzr,index,value,A);
21: lis_matrix_assemble(A);
N J
5.5.3 BEEY 2EHK
B 5 DEEST 5
ELL JE:RDHLF % 175] A \ZBEAF 1) 512 1%, B
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)

ZHWS.

62




5.6 Jagged Diagonal (JAD)

JAD A TIE, BHICETOIFERBDO KR E WIFIZITOWM OFZ 21T\, ZATOIEFEHR % H HANIC
BTN 5. JAD IEATIX, T— X% 4 DOFH] (perm, ptr, index, value) 24T 5. maxnzr
%175 A DEATTOHREFERBMORKIEL T5.

o X n OIS perm 1, VX -17HEE2MMNT 5.

o B nnz DTHEERLY value 1&, WO Z 51721751 A OFEERN AZEROMELIEMNT 5. HIID
PEo RN A R I RATOR 1 EFLEREDP 570 5. IROIEHERN A ERIZBTOH 2 EFEE» S5,
CNZNMRE DKL TWL.

o EX nnz OEENF index 13X, BLF value TS N/-IEFERZDFIHF S 2 KN 5.
o EX maznzr + 1 OEEEES ptr &, HHEERN A ESE DO RIGALE % N T 5.

RUVFAL Y REBETIEUTO & S5 I2&NT 5.

T —X % 4 DD (perm, ptr, index, value) (ZI&HIT 5. nprocs AL v NE& 5. maxnzr, %17
B AxGF70y 738U EBATHOFATTOIRBFERBORKME L T 5. marmaznzr (RS maznzr,
DIEDHRKETH 5.

o R n OB perm X, 175] A 24770y 2 BEIL 7283175 % M OB R 7T R/ S 2 &S 5.

o EX nnz OIFKEERS value 1, WO X S 7-475] A OFPEERNS AEROMEEKINT 5. HID
SRR A ERIIBITOE 1 FEBEZN S5, IROFEHRRGAERIIZTOE 2IEBERZNSRS.
INZEMEXED KL TWL.

o & nnz OEHBEIS index X, ALY value IZHM S N EZEZDHES KNG 5.

o EX nprocs x (maxmaznzr + 1) OBEELS] ptr %, 1751 A 24770 v 7 R 75801751 D &8tk
RN 5 ZER DB ALIE & 40 5 .
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5.6.1 fT5IDIER (BRITRE)

751 A D JAD R TOMM A EE M 14 125737, 20175 % JAD BRTHERT 254, 7025 LIEL
To k> IZ3Rd 5.

11 3 1 2/ 0 A.perm
ol 4 7] 8 A.ptr
a=| 2 — >
32 33 :
0l O 1 O] 2] 1 2| 3 A.index
41 4344/ 141]21[32[11[43]22[33[44] A.value
14: JAD RO 7 — 2 (FXEBE)
(f-EEZKﬁ%ﬁ% N\

LIS_INT n,nnz,maxnzr;

LIS_INT *perm,*ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

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

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

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

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

11: lis_matrix_set_size(A,0,n);

W ~NO O WN -

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

14: ptr[0] = 0; ptr[1] = 4; ptr[2] = 7; ptr[3] = 8;
15: index[0] = O0; index[1] = O0; index[2] = 1; index[3] = O0;
16: index[4] = 2; index[5] = 1; index[6] = 2; index[7] = 3;
17: value[0] = 41; valuel[1l] = 21; value[2] = 32; valuel[3] = 11;
18: value[4] = 43; value[5] = 22; value[6] = 33; valuel[7] = 44;
19:
20: lis_matrix_set_jad(nnz,maxnzr,perm,ptr,index,value,A);
\‘21: lis_matrix_assemble(4); )
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5.6.2 1T5IDMEMR (RILF AL v RIRIR)

2 ALY READITH A D JAD AR TOMM GEEK 151257, 2 ALy R EIZZD1F5% JAD X
THERT 354, 775 L0 3 TFTO &S Iz3lkd 5.

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

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

2

15: JAD EAD 7 — X H§iE (vIVF AL v NEE)

rv»%xlwy N EREE ~

LIS_INT n,nnz,maxmaxnzr,nprocs;

LIS_INT *perm,*ptr,*index;

LIS_SCALAR *value;

LIS_MATRIX A;

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

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

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

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

11: lis_matrix_set_size(A,0,n);

W ~NO O WN -
nwon

12:

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

14: ptr[0] = 0; pt