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1 Introduction

The MLD2P4 library provides ....

1.1 Programming model

The MLD2P4 librarary is based on the Single Program Multiple Data (SPMD)
programming model: each process participating in the computation performs
the same actions on a chunk of data. Parallelism is thus data-driven.

Because of this structure, many subroutines coordinate their action across
the various processes, thus providing an implicit synchronization point, and
therefore must be called simultaneously by all processes participating in the
computation. However there are many cases where no synchronization, and
indeed no communication among processes, is implied.

Throughout this user’s guide each subroutine will be clearly indicated as:

Synchronous: must be called simultaneously by all the processes in the rele-
vant communication context;

Asynchronous: may be called in a totally independent manner.



2 Preconditioner routines

The MLD2P4 library contains the implementation of many preconditioning
techniques. The preconditioners may be applied as normal “base” precondi-
tioners; alternatively multiple “base” preconditioners may be combined in a
multilevel framework.

The base (one-level) preconditioners include:

e Diagonal Scaling
e Block Jacobi

e Additive Schwarz, Restricted Additive Schwarz and Additive Schwarz with
Harmonic extensions;

The Jacobi and Additive Schwarz preconditioners can make use of the following
solvers:

e Level-p Incomplete LU factorization (ILU(p));
e Threshold Incomplete LU factorization (ILU(7,p));

e Complete LU factorization by means of the following optional external
packages:

— UMFPACK;
— SuperLU;
— SuperLU_Dist.

The supporting data type and subroutine interfaces are defined in the mod-
ule m1d_prec_mod; the module also overrides the variables and tyep definitions
of psb_prec_mod so as to function as a drop-in replacement for the PSBLAS
methods. Thus if the user does not wish to employ the additional MLD2P4 ca-
pabitlities, it is possible to migrate an existing PSBLAS program without any
source code modifications, only a recompilation is needed.



mld_precinit—Initialize a preconditioner

Syntax
call mld_precinit (prec, ptype, info)
call mld_precinit (prec, ptype, info, nlev)

Type: Asynchronous.
On Entry

ptype the type of preconditioner. Scope: global
Type: required
Intent: in.
Specified as: a character string, see usage notes.

nlev Number of levels in a multilevel precondtioner. Scope: global
Type: optional
Specified as: an integer value, see usage notes.

On Exit

prec Scope: local
Type: required
Intent: inout.
Specified as: a preconditioner data structure mld_prec_type.

info Scope: global
Type: required
Intent: out.
Error code: if no error, 0 is returned.

Usage Notes

Legal inputs to this subroutine are interpreted depending on the ptype string as

follows?:

NONE No preconditioning, i.e. the preconditioner is just a copy operator.

DIAG Diagonal scaling; each entry of the input vector is multiplied by the
reciprocal of the sum of the absolute values of the coefficients in the cor-

responding row of matrix A;

BJAC Precondition by a factorization of the block-diagonal of matrix A, where
block boundaries are determined by the data allocation boundaries for

each process; requires no communication.

1The string is case-insensitive



AS Additive Schwarz; default is to apply the Restricted Additive Schwarz vari-
ant, with an ILU(0) factorization

ML Multilevel preconditioner.



mld_precset—Set preconditioner features

Syntax

call mld_precset (prec, what, val, info, ilev)

Type: Asynchronous.
On Entry

prec the preconditioner.
Scope: local
Type: required
Intent: inout.
Specified as: an already initialized precondtioner data structure mld_prec_type

what The feature to be set.
Scope: local
Type: required
Intent: in.
Specified as: an integer constants. Symbolic names are available in the
library module, see usage notes for legal values.

val The value to set the chosen feature to.
Scope: local
Type: required
Intent: in.
Specified as: an integer, double precision or character variable. Symbolic
names for some choices are available in the library module, see usage notes
for legal values.

ilev The level of a multilevel preconditioner to which the feature choice should
apply.
Scope: global
Type: optional
Specified as: an integer value, see usage notes.

On Return

prec the preconditioner.
Scope: local
Type: required
Intent: inout.
Specified as: a precondtioner data structure mld_prec_type

info Error code.
Scope: local



Type: required
Intent: out.
An integer value; 0 means no error has been detected.

Usage Notes

Legal inputs to this subroutine are interpreted depending on the value of what
input as follows

mld_coarse_mat_



mld_precbld—Builds a preconditioner

Syntax

call mld_precbld (a, desc-a, prec, info)

Type: Synchronous.
On Entry

a the system sparse matrix. Scope: local
Type: required
Intent: in, target.
Specified as: a sparse matrix data structure psb_spmat_type.

prec the preconditioner.
Scope: local
Type: required
Intent: inout.
Specified as: an already initialized precondtioner data structure mld_prec_type

desc_a the problem communication descriptor. Scope: local
Type: required
Intent: in, target.
Specified as: a communication descriptor data structure psb_desc_type.

On Return

prec the preconditioner.
Scope: local
Type: required
Intent: inout.
Specified as: a precondtioner data structure mld_prec_type

info Error code.
Scope: local
Type: required
Intent: out.
An integer value; 0 means no error has been detected.



mld_precaply—Preconditioner application
routine

Syntax

call mld_precaply (prec,z,y,desc_a,info,trans,work)
call mld_precaply (prec,z,desc_a,info,trans)

Type: Synchronous.
On Entry

prec the preconditioner. Scope: local
Type: required
Intent: in.
Specified as: a preconditioner data structure mld_prec_type.

X the source vector. Scope: local
Type: required
Intent: inout.
Specified as: a double precision array.

desc_a the problem communication descriptor. Scope: local
Type: required
Intent: in.
Specified as: a communication data structure psb_desc_type.

trans Scope:
Type: optional
Intent: in.
Specified as: a character.

work an optional work space Scope: local
Type: optional
Intent: inout.
Specified as: a double precision array.

On Return

y the destination vector. Scope: local
Type: required
Intent: inout.
Specified as: a double precision array.

info Error code.
Scope: local
Type: required
Intent: out.
An integer value; 0 means no error has been detected.



mld_prec_descr—Prints a description of current
preconditioner

Syntax

call mld_prec_descr (prec)

Type: Asynchronous.
On Entry

prec the preconditioner. Scope: local
Type: required
Intent: in.
Specified as: a preconditioner data structure mld_prec_type.



3 Iterative Methods

In this chapter we provide routines for preconditioners and iterative meth-
ods. The interfaces for Krylov subspace methods are available in the module
mld_krylov_mod. The installation process of MLD2P4 ensures that these may
be used as a drop-in replacement for the PSBLAS methods; they are accessible
under the PSBLAS names (see the PSBLAS documentation),
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mld_krylov —Krylov Methods Driver Routine

This subroutine is a driver that provides a general interface for all the Krylov-
Subspace family methods.

The stopping criterion is the normwise backward error, in the infinity norm,
i.e. the iteration is stopped when

err = —HTZH < eps
(1A 2] + 111
or the 2-norm residual reduction
Il
err = ——— < eps
(0|2

according to the value passed through the istop argument (see later). In the
above formulae, x; is the tentative solution and r; = b — Ax; the corresponding
residual at the ¢-th iteration.

Syntax

call psb_krylov
(method,a,prec,b,z,eps,desc_a,info,itmaz, iter, err,itrace,irst,istop)

Type: Synchronous.
On Entry

method a string that defines the iterative method to be used. Supported values
are:

CG : the Conjugate Gradient method;

CGS :the Conjugate Gradient Stabilized method;

BICG : the Bi-Conjugate Gradient method;

BICGSTAB : the Bi-Conjugate Gradient Stabilized method;

BICGSTABL : the Bi-Conjugate Gradient Stabilized method with restart-
ing;

RGMRES : the Generalized Minimal Residual method with restarting.

a the local portion of global sparse matrix A.
Scope: local
Type: required
Intent: in.
Specified as: a structured data of type psb_spmat_type.

prec The data structure containing the preconditioner.
Scope: local
Type: required
Intent: in.
Specified as: a structured data of type mld_prec_type.
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b The RHS vector.
Scope: local
Type: required
Intent: in.
Specified as: a rank one array.

x The initial guess.
Scope: local
Type: required
Intent: inout.
Specified as: a rank one array.

eps The stopping tolerance.
Scope: global
Type: required
Intent: in.
Specified as: a real number.

desc_a contains data structures for communications.
Scope: local
Type: required
Intent: in.
Specified as: a structured data of type psb_desc_type.

itmax The maximum number of iterations to perform.
Scope: global
Type: optional
Intent: in.
Default: itmaxz = 1000.
Specified as: an integer variable itmaz > 1.

itrace If > 0 print out an informational message about convergence every itrace
iterations.
Scope: global
Type: optional
Intent: in.

irst An integer specifying the restart parameter.
Scope: global
Type: optional.
Intent: in.

Values: irst > 0. This is employed for the BICGSTABL or RGMRES
methods, otherwise it is ignored.

istop An integer specifying the stopping criterion.
Scope: global
Type: optional.
Intent: in.
Values: 1: use the normwise backward error, 2: use the scaled 2-norm of
the residual. Default: 1.

On Return
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x The computed solution.
Scope: local
Type: required
Intent: inout.
Specified as: a rank one array.

iter The number of iterations performed.
Scope: global
Type: optional
Intent: out.
Returned as: an integer variable.

err The convergence estimate on exit.
Scope: global
Type: optional
Intent: out.
Returned as: a real number.

info Error code.
Scope: local
Type: required
Intent: out.
An integer value; 0 means no error has been detected.
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