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> SHAFTLE Qs = |[A]s] ™

> SOR HijflLE A = L+D+U/\7)<-—5? 0<w<?2,
Q=(Z+U) " 5E2D(Z + L)~

> TERDRE, ILU BiLEE

> multigrid AiULEE / K%L multigrid : = HYPRE, gamg in PETSc

> H D DD D E AWz R T OEEIKIC X 2 NiER Schwarz
HTALEEGenEO + 2 EfE{% = HPDDM



A5EL LU 72HRIC & B R0
JEFEAE—Y NZ(A) :={(4,7); aij # 0}
731 Z 4 (ILU(0))
doi=2,--- ,N
dok=1---,i—1; (i,k) € NZ(A)
ik = Qik [ QK
doj=k+1,---,N; (i,j) € NZ(A)
A5 = Q45 — aik/akj

intel Math Kernel Library (MKL) ©# 7LV —5 >~

int nrow, ierr;
double *coefs, *ilu; // non-zero values

int xia, =*ja; // CSR non-zero indexes
int ipar[128]; // ipar[30]1=1 to conitnue for 0 diagonal
double dpar[128]; // dpar[30]=1.0e-16, dpar[31]=1.0e-10

dcsrilu0 (&nrow, coefs, ia, ja, ilu, ipar, dpar, é&ierr);



Schwarz |Z & 2 FiLIE
R X BITHOERD DB BN =, Ap, AyN Ay #0
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ASM gL p
MA781M = Z RZ(RPARZ;)ilRP
p=1
ASM IZAENSMEE LTIERIGR L7V, L Lo, MA*;M 1IFC CG ¥
DORTLIRY U THRES 3.
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HEFl - 2/3
FEIRSRME : < 107'2 ZAERRAE
Navier 123 : P2 BIREZIC & D BEEUL & M7= 58 AR
N = 750,141, nnz = 31,214,610 : S /TRDRGE X v & 2 (323 Hi)
Navier3D.32.P2
B FORIERS (RD)
EHhOIE KEDE 2K LU KEHS AR
1 59 81.397 44749 36.647 4.41361e-12

2 41 87.871  55.339 32.532  1.70397e-12
3 33 106.13  72.975 33.158  1.45462e-12
ILU(O) 186 58.347 16.146 42.201 4.66513e-11

N = 677,163, nnz = 28,853,844 : HEMMIC X 2IFEEX v > a

Navier3DmeshP2
MBI ()
HiOIE KREEHR 2K LU REHE e

1 88 77978 29.413 48.565  4.23959%e-12
2 58 87.975 45.055 42.920 4.62264e-12
3 46 111.68 69.063 47.112  8.12039%e-12
ILU(0) 500 209.91  30.791 179.12 1.12751e-2

ILU(O) RFALEIZIEREIE X v & 2 ORI L Tld 4 Tidizn
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BITHEREY I bz TN =2
AV EYS A FI B HEGER 7T 2EH SR BE

UMFPACK — multi-frontal stafic yes no
SuperLU_MT shared super-nodal dynamic yes no
Pardiso shared/dist.  super-nodal dynamic yes + 1/e-p. no
SuperLU_DIST distributed  super-nodal static no, v/z-p. no
MUMP S dist./shared  multi-frontal dynamic yes yes
Dissection shared multi-frontal static yes yes
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X. S. Li, J. W. Demmel. SuperLU_DIST : A scalable distributed-memory sparse
direct solver for unsymmetric linear systems,

ACM Trans. Math. Software, 29 (2003), 110—-140.

P. R. Amestoy, |. S. Duff, J.-Y. LExecellent. Mutlifrontal parallel distributed
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H L DITH reverse Cuthill-McKee nested-dissection
HITH BREE WHEHE




75 7498I1C & % nested dissection &

aTb e 7 f

8 4 9

1 dense solver
/\
/2\ /3\ dense solver
4 5 6 7 dense solver
8/\9 a/\b c/\d e f sparse solver

A. George. Numerical experiments using dissection methods to solve n by n grid
problems. SIAM J. Num. Anal. 14 (1977),161-179.

software package:

METIS : V. Kumar, G. Karypis, A fast and high quality multilevel scheme for
partitioning irregular graphs. SIAM J. Sci. Comput. 20 (1998) 359-392.

SCOTCH : F. Pellegrini J. Roman J, P. Amestoy, Hybridizing nested dissection
and halo approximate minimum degree for efficient sparse matrix ordering.
Concurrency: Pract. Exper. 12 (2000) 69-84.
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ELPESTN

full pivoting : A =TI LUTIR partial pivoting : A = IILU
find maxe<i j<n|A(%, )] find maxg<i<n|A(, k)|
k k

symmetric pivoting : A = IITLDUIL 2 x 2 pivoting: A =117 L DUIL

find maxy<i<n| A(k, k)| find maxk<i,j§ndet’ﬁ8’ 3 jgg%'
k k

sym. pivoting is mathematically not always possible



rank-1 B3#flC & 3 LDU R
an BT _| 1 0] lain 7
a1 A22 alafll 12 0 522
o 1 0] a1 0 1 a11 ,31
- oelafll I 0 S22 |0

Schur #{F51l Sz — Asz — ara; BT 1 rank-1 F#i 12 & > CEHHIT %, BLAS
74721 =D dger EHWS

SHAEINEIRIC X 2 LDU-fE 71020 X A

dok=1,---,N
find max|A(l Dwithk <1<n,
exchange rows and columns : A(
dscal A(k,j)/=A(k,k) k<j
dger A(i,j)-=A(i, k) Ak, j) &
dscal A(i,k)/=A(k,k) k<i N

k,x) & A(l, %), A(x, k) < A(x,1).
< N
2 <N,
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J. R. Bunch, L. Kaufman. Some stable methods for calculating inertia and
solving symmetric linear systems, Math. Comput, 31 (1977) 163—179.
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C/C++ h* 5D Paridso OF|A

MKL_INT #*ptrow = new MKL_INT[n + 1]; // CSR data
MKL_INT *indcol = new MKL_INT[nnz];
double xcoef = new double[nnz];

double *x = new double[n]; // solution
double xy = new double[n]; // RHS
void *pt[64]; // to keep internal pointers
for (int 1 = 0; i < 64; i++)
pt[i] = (void *)0; // zero clear

MKL_INT *iparm = new MKL_INT[64]; // parameters!
MKL_INT mtype = 11; // structurally symmetric
MKL_INT nrhs = 1;

MKL_INT phase;

MKL_INT maxfct = 1, mnum = 1, msglvl = 1, error;

MKL_INT idum; // dummy pointer instaed of user
// providing permutation

phase = 11; // symbolic factorization

pardiso (pt, &maxfct, &mnum, &mtype, &phase, &n,
(void «)coef, ptrow, indcol, &idum, &nrhs,
iparm, &msglvl, (void x)y, (void x)x,
&error);

phase = 22; // numeric factorization

phase = 33; // Fw/Bw substitution

phase = -1; // free working data



C/C++ H*5®D MUMPS DOFIF

MUMPS_INT xirow = new MUMPS_INT[nnz];

MUMPS_INT *jcol = new MUMPS_INT[nnz];

double xcoef = new double[nnz];

double *x = new double[n]; // solution&RHS

DMUMPS_STRUC_C id;

id.job = (-1); // job init

id.par = 1;

id.sym = isSym ? 2 : 0;

id.comm_fortran = USE_COMM_WORLD; // dummy MPI communicator
dmumps_c (&1id) ;

id.job = 1; // symbolic facotrization
id.n = n; id.nz = nnz; id.irn = irow; id.Jjcn = jcol;
// id.icntl[] set parameters

dmumps_c (&1id) ;

id.job = 2; // numeric factorization
id.a = coef;

dmumps_c (&1d) ;

id.job = 3; // Fw/Bw substitution
id.nrhs = 1;

id.rhs = x;

dmumps_c (&1id) ;

id.job = -2; // free working data



