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Aztec

Parallel Iterative Methods for Solving
r =20
where A is an n X n matrix via iteration

) = 20 4 Gi(b — A

reconditioning

Replace with

AM _1y =b
where

x=M _1y

and M~y is relatively easy to compute.
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Brief Aztec/Trilinos History

e 1993 Aztec within Sandia

— 1 matrix format

e 1995 Aztec released externally

— 2 matrix formats

e 1997 Aztec 2.0 released externally

— matrix-free interface
e 1998 ML 1.0 within Sandia
e 1999 Aztec 2.1 released externally

e 2000 Trilinos within Sandia



Using Aztec

e processor information

e initialize matrix and right hand side

processor 1 1

processor O ‘

Stencil
MSRadd_row(loc, row, n) {
next_nonzero(row, 4, ...);
if ( row/n != n-1) next_nonzero(row+1l,-1,
if ( row)n !'= 0 ) next_nonzero(row-1,-1,

if ( row >=n ) next_nonzero(row-n,-1,
if ( row+n < n*n ) next_nonzero(row+n,-1,

}
next_nonzero(col, value, ...) {
if (col == row) alloc] = value;
else {
ijalijalloc+1l] ] = col;
alijalloc+1]++] = value;
}
}

e choose solver /preconditioner options

e solve
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ML Overview

e Smoothed Aggregation
Algebraic Multigrid: A

e Finite Element basis
domain decomposition:

FE evduator

e User Defined:

e Smoothers: Jacobi, Gauss-Seidel, block Gauss-Seidel,
symmetric Gauss-Seidel, any Aztec
solver or preconditioner ...

e Can use as preconditioner to Aztec solvers



Sample Program

Petra_Comm& Comm = *new Petra_Comm(MPI_COMM_WORLD) ;

Petra_Map& Map = *new Petra_Map(NumGlobalElements, 0, Comm);
Petra_RDP_Vector& q = *new Petra_RDP_Vector (Map) ;

Map.MyGlobalElements (MyGlobalElements) ;

// NumNz is used to build Petra Matrix. NumNz[i] is the
// Number of OFF-DIAGONAL terms for the ith global equation
// on this processor

// We are building a tridiagonal matrix where each row has
// (-1 2 -1) So we need 2 off-diagonal terms (except for
// the first and last equation)

for (i=0; i<NumMyElements; i++) {
if (MyGlobalElements[i] == 0 ||
MyGlobalElements[i] == NumGlobalElements-1)
NumNz[i] = 1;
else NumNz[i] = 2;
+



// Create Petra_Matrix
Petra_RDP_DCRS_Matrix& A= *new Petra_RDP_DCRS_Matrix(Map,NumNz);

// Add rows one-at-a-time
Values[0] = -1.0; Values[1] = -1.0;

for (i=0; i<NumMyElements; i++) {

if (MyGlobalElements[i]==0) {
Indices[0] = 1;
NumEntries = 1;

else if (MyGlobalElements[i] == NumGlobalElements-1) {
Indices[0] = NumGlobalElements-2;
NumEntries = 1;

}
else {
Indices[0] = MyGlobalElements[i]-1;
Indices[1] = MyGlobalElements[i]+1;
NumEntries = 2;
}
A.InsertGlobalValues(MyGlobalElements[i], NumEntries, Values,

Indices);
// Put in diagonal entry
A.InsertGlobalValues(MyGlobalElements[i], 1, &two,
MyGlobalElements+i) ;

}
A.FillComplete();
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Summary

o Aztec 2.1

— < http:/ /www.cs.sandia.gov/CRF /aztecl.html>
— double & complex
— several iterative solvers

— several (mostly algebraic) preconditioners

e ML within Sandia

— algebraic multigrid

e Trilinos/Petra within Sandia

— improved intertace
— several new features

* block 1terative solvers
x elgenvalues



