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int nrow, nnz;

int xadjlnrow]; // connectivity of the sparse matrix
int adjcy[nnz - nrow]; // excluding diagonal from CSR

int part[nrow];

int ncon = 1, obijval;

idx_t options[METIS_NOPTIONS] = {0} ;
METIS_SetDefaultOptions (options);

options [METIS_OPTION_NUMBERING] = 0;
options[METIS_OPTION_DBGLVL] = METIS_DBG_INFO;

METIS_PartGraphRecursive (&nrow, &ncon, xadj, adjcy,
NULL, NULL, NULL,
&nparts,
NULL, NULL,
options, &objval, part);
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structure CSRformat acsr;
std::vector<std::vector<int> > mask[nparts];

for (int n = 0; n < nparts; n++) mask[n].resize(nrow, 0);
for (int 1 = 0; i1 < nrow; i++)
mask [part[i]][i] = 1; // masking domain n == partl[i]
for (int n = 0; n < nparts; n++) {
for (int 11 = 0; 11 < noverlap; 11l++) {
std::vector<int> itmp (mask[n]); // copy mask[n] to itmp
for (int 1 = 0; 1 < nrow; i++) {
if (itmp[i] == 1) {

for (int k = acsr.ptrow[i]; k < acsr.ptrow[i + 1]; k++)
mask[n] [acsr.indcol[k]] = 1;
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std::vector<std::vector<int> > local2global (nparts);
std: :vector<double> weightPTU (nrow, 0.0);

for (int n = 0; n < nparts; n++) {
for (int 1 = 0; 1 < nrow; i++) {
if (mask[n][i] == 1) {

local2globall[n] .push_back (i) ;
welghtPTU[i] += 1.0;
}
}
}
for (int 1 = 0; 1 < nrow; i++) {
weightPTU[1i] = 1.0 / weightPTUI[i];
}
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MPI_Allreduce (Zp, §, nrow, MPI_DOUBLE, MPI_SUM,
MPI_COMM_WORLD) ;
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std::vector<std::vector<int> > localI2global (nparts);
std::vector<std::vector<int> > localB2global (nparts);

// n fixed
for (std::vector<int>::iterator it = local2global[n].begin();
it != local2global[n].end(); ++it) {
if (weightPTU((*it) == 1.0)
localI2global[n].push_back ((xit));
else

localB2global[n] .push_back ((*it));
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MPI_TIsend( &senddata[0], nsenddata, MPI_DOUBLE, destrank, O,
MPI_COMM_WORLD, &requests([0]);

MPI_Irecv( &recvdata[0], nsenddata, MPI_DOUBLE, srcrank, O,
MPI_COMM_WORLD, &requests([l]);

MPI_Waitall( 2, &requests[0], &statuses[0]);
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MPI_Allreduce(local global, 1, MPI_DOUBLE, MPI_SUM,

MPI_COMM_WORLD) ;
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IML++, https://math.nist.gov/iml++/gmres.h.txt TiX GMRES
X c++ TiodbEIh T3
Operator, Vector ¥ Matrix 7/ 7 REfH LD THEEMMZ 5
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> Real (X double
» Vector (X std: :vector<double>
» Operator ¥ structure CSRformat
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std::vector<std::voctor<double> > HH(max_iter + 1);
for (int n = 0; n < max_iter +1; n++) HH[1].reszie(max_iter + 1);
#define H(i, J) HH[(1)]1[(J)]

BRAENRZ ML r = b - A * x; & C++ OIEEFTIHRIATWERINE
BfTHD GEMV L —F > TR X2 %

std::vector<double> r(b);
SparseGEMV (A, (-1.0), x, 1.0, r);

FaFnEEIz1E MPI @ Allreduce %R FIV 5.

int mpi_id, mpi_procs;

MPI_Init (&argc, &argv);

MPI_Comm_rank (MPI_COMM_WORLD, &mpi_id);
MPI_Comm_size (MPI_COMM_WORLD, &mpi_procs);

MPI_Allreduce (&tmps[0], &rhs[0], nrow, MPI_DOUBLE, MPI_SUM,
MPI_COMM_WORLD) ;
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#include <petscksp.h>

int main(int argc, char xxargs)

{

Vec x, b, u; /* approx solution, RHS, exact solution =/
Mat A; /x linear system matrix x/

KSP ksp; /+ linear solver context =/

PC pc; /* preconditioner context */

PetscInt i, n =10, col[3], its;

PetscMPIInt size;
PetscScalar value[3];

PetscInitialize (&argc, &args, (char %)0, help);
MPI_Comm_size (PETSC_COMM_WORLD, é&size);

PetscOptionsGetInt (NULL, NULL, "-n", &n, NULL);
// set up for vectors

MatCreate (PETSC_COMM_SELF, &A);

MatSetSizes (A, PETSC_DECIDE, PETSC_DECIDE, n, n);
MatSetFromOptions (A) ;

MatSetUp (A);
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value[0] = -1.0;

value[l] = 2.0;

value[2] = -1.0;

for (1 = 1; 1 < n - 1; i++) {
col[0] =1 - 1;
col[l] = i;
col[2] =i + 1;

MatSetValues (A, 1, &i, 3, col, value, INSERT_VALUES);
}
// two column data for i = 0 and 1 = n
MatSetValues (A, 1, &i, 2, col, value, INSERT_VALUES);
MatAssemblyBegin (A, MAT_FINAL_ASSEMBLY);
MatAssemblyEnd (A, MAT_FINAL_ASSEMBLY) ;

VecSet (u, 1.0);
MatMult (A, u, b);

KSPCreate (PETSC_COMM_SELF, &ksp);

KSPSetOperators (ksp, A, A);

KSPGetPC (ksp, é&pc);

PCSetType (pc, PCJACOBI);

KSPSetTolerances (ksp, l.e-5, PETSC_DEFAULT,
PETSC_DEFAULT, PETSC_DEFAULT);

KSPSetFromOptions (ksp) ;

KSPSolve (ksp, b, x);
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> PCSetType IZ& D ¥ ORI pCcType ZFIHT 2 0f6ET %

> FILEEPCType 1 EW L D DFEE RS 2
PCJACOBI, PCILU, PCSOR, PCGAMG, PCASM

» KSPSetFromOptions & Kyrlov #7322 MiEY WN—D A T a VR t8ET
LRI NUTAY R IA4 UL BIEETES

—-ksp_type gmres -pc_type ilu —-ksp_monitor -ksp_rtol 1l.e-6
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#include <petscksp.h>

int main(int argc, char xxargs)

{

Vec x, b, u; /* approx solution, RHS, exact solution */

Mat A; /* linear system matrix =/

KSP ksp; /* linear solver context =*/

PC pc; /* PC context */

IS «is, =*is_local; //

PetscInt overlap = 1; /% width of subdomain overlap x/

PetscInt Nsub; /* number of subdomains */

PetscInt m = 15, n = 17; /» mesh dimensions in x—- and y- directions
PetscInt M = 2, N = 1; /* number of subdomains in x- and y- direct

PetscInt i, j, Ii, J, Istart, Iend;
PetscMPIInt size;

PetscInitialize(&argc, &args, (char )0, help);
MPI_Comm_size (PETSC_COMM_WORLD, &size);

MatCreate (PETSC_COMM_WORLD, &A);
MatSetSizes (A, PETSC_DECIDE, PETSC_DECIDE, m = n, m * n);
MatSetFromOptions (A);
MatSetUp (A);
MatGetOwnershipRange (A, &Istart, &Iend);
for (Ii = Istart; Ii < Iend; Ii++) {
// MatSetValues(A, 1, &Ii, 1, &J, &v, INSERT_VALUES);
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MatAssemblyBegin (A, MAT_FINAL_ASSEMBLY) ;
MatAssemblyEnd (A, MAT_FINAL_ASSEMBLY) ;

KSPCreate (PETSC_COMM_WORLD, &ksp);
KSPSetOperators (ksp, A, A);
KSPGetPC (ksp, é&pc);

PCSetType (pc, PCASM);
PCASMSetOverlap (pc, overlap);
KSPSetFromOptions (ksp) ;

KSPSolve (ksp, b, x);

1T D I DAEETT %
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PCASMCreateSubdomains2D (m, n, M, N, 1, overlap, &Nsub,
&is, &is_local);
PCASMSetLocalSubdomains (pc, Nsub, is, is_local);

> I —F—EROFTEZEHT 512X
PCASMSetLocalSubdomains (pc, Nsub, is, is_local);
B Nsub : FATTHI DRI

BA R — IS »is:ERD @Aﬁéﬁﬁﬁfﬁﬁio)ﬁﬁ?%é .
KA Y R— 1S *is_local : ETHIOWNEDO HHEDRFES



PETSc 175U —0FH
CSR ¥ —&%—fE LT PETSc IZIE .
» CSRERDTFT—RIZHOHNUDEHT S

struct csr_matrix {
PetscInt nrow, nnz;
std::vector<PetscInt> ia, ja;
std::vector<PetscReal> coefs;
}i
> MatCreateSegAIJWithArrays ZFWT csr_matrix A — Mat A

MatCreateSegAIJWithArrays (PETSC_COMM_SELF,
nrow, nrow,
&a.ial0], &a.jal[0], &a.coefs[0], &A);

MatAssemblyBegin (A, MAT_FINAL_ASSEMBLY) ;

MatAssemblyEnd (A, MAT_FINAL_ASSEMBLY) ;

KSPCreate (PETSC_COMM_WORLD, &ksp);

KSPSetOperators (ksp, A, A);

KSPGetPC (ksp, &pc);

PCSetType (pc, PCJACOBI) ;

KSPSetFromOptions (ksp) ;

KSPSolve (ksp, b, x);

PETSc ® 713V X 4 Di#ERIZ KSPSetFromOptions Ik ha<w>r Fo 4~
H B HE
-ksp_type gmres -pc_type asm —-ksp_monitor -ksp_rtol 1l.e-12

-ksp_type gmres -pc_type gamg —-ksp_monitor -ksp_rtol 1l.e-12



