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Key Points

quickly follow

e Provide single interface from nonlinear ANAs to applications
e Provide single interface for applications to implement to access nonlinear ANAs
e Provides shared, uniform access to linear solver capabilities
e Once an application implements support for one ANA, support for other ANAs can
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}" Introducing Stratimikos

« Stratimikos created Greek words "stratigiki“ (strategy) and "grammikos* (linear)

» Based on the foundation of abstract interface layer Thyra
» Defines class Stratimikos::DefaultLinearSolverBuilder
 Provides common access to:
e Linear Solvers: Amesos, AztecOO, Belos, ...
» Preconditioners: Ifpack, ML, ...
» Reads in options through a parameter list (read from XML?)
» Accepts any linear system objects that provide

e Epetra_Operator / Epetra_RowMatrix view of the matrix

» SPMD vector views for the RHS and LHS (e.g. Epetra_[Multi]Vector objects)

» Provides uniform access to linear solver options that can be leveraged across multiple

applications and algorithms

» Future: TOPS-2 will add PETSc and other linear solvers and preconditioners!

Key Points

 Stratimikos is an important building block for creating
more sophisticated linear solver capabilities!
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Preconditioners and Preconditioner Factories

PreconditionerFactoryBase : Creates and initializes PrecondtionerBase objects

<<create>>

PreconditionerFactoryBase

createPrec() : PreconditionerBase
initializePrec( in fwdOp, inout prec )

_________

___________________________

PreconditionerBase

getLeftPrecOp() : LinearOpBase
getRightPrecOp() : LinearOpBase

getUnspecifiedPrecOp() : LinearOpBase

.| Create preconditioner pr ec with preconditioner
1 operators P and/or Pk such that P A, or APg, or
P APy is “easier” to solve than unpreconditioned A.

Allows unlimited creation/reuse of preconditioner objects
Supports reuse of factorization structures

Adapters currently available for Ifpack and ML

New Stratimikos package provides a singe parameter-driver wrapper for all of these

subclass!

Key Points

* You can create your own PreconditionerFactory
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;" Linear Operator With Solve and Factories

LinearOpWithSolveBase : Combines a linear operator and a linear solver

_ N>
Lmear/o\pBase Given B, find X such that:
, 1IAX () = Bepll
LinearOpWithSolveBase | .-~ 1B jll B

solve(in B, inout X, ...) ’
« Appropriate for both direct and iterative solvers Key Points
» Supports multiple simultaneous solutions as multi-vectors . You can create vour own
 Allows targeting of different solution criteria to different RHSs y

. N subclass!

e Supports a “default” solve

LinearOpWithSolveFactoryBase : Uses LinearOpBase objects to initialize LOWSB objects

LinearOpWithSolveFactoryBase

createOp() : LinearOpWithSolveBase <<create>>

initializeOp( in fwdOp, inoutoOp) | . .
initializePreconditionedOp( in fwdOp, in prec, g O iiiuEslvEase

inout Op)
Allows unlimited creation/reuse of LinearOpWithSolveBase objects

Supports reuse of factorizations/preconditioners

Supports client-created external preconditioners (which are ignored by direct solvers)
Appropriate for both direct and iterative solvers

Concrete adaptors for Amesos, AztecOO, and Belos are available @ Sandia

New Stratimikos package provides a single parameter-driven wrapper to all of thé L”fﬁ:,‘:g%,ies
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}" Simple Stratimikos Example

simple_stratimikos_example.cpp
 Demonstrates how to solve single-RHS linear systems expressed as Epetra objects

Typical steps for “using a solver that accepts Thyra objects”:

A) Setup the environment for the program

=> Read in command-line options

B) Create the input objects using your data structures (independent of Thyra)

=> Read in linear system objects in terms of Epetra objects

C) Wrap your objects as Thyra objects (The “glue”)

=> Use Epetra-to-Thyra wrapper functions

D) Call the solver through Thyra interfaces (Thyra-specific)

=> Create the LinearOpWithSolve[Factory]Base objects and solve ...

E) Post process the solution (if needed) using your objects (independent of Thyra)
=> Post process solution and check in terms of Epetra objects (Not Thyral!!!)
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}" A) Setup the environment for the program

11

/1 A) Program setup code

11

11

/'l Read options from commuand-|ine
11

std::string matrixFile = ""

Stratim kos: : Defaul t Li near Sol ver Bui | der | i near Sol verBui | der;
ConmandLi neProcessor clp(false); // Don't throw exceptions

/1 Set up command-line options for the linear solver that will be used!
I i near Sol ver Bui | der. set upCLP( &cl p) ;

clp.setOption( "matrix-file", &matrixFile
,"Defines the matrix and perhaps the RHS and LHS for a linear systemto be solved." );

ConmandLi nePr ocessor: : EPar seCommandLi neRet urn parse_return = cl p. parse(argc, argv);
i f( parse_return !'= CommandLi neProcessor:: PARSE SUCCESSFUL ) return parse_return;

See the file simple_stratimikos_example.cpp for more details ...
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}"I B) Create the input objects using your data structures

/1

/1 B) Epetra-specific code that sets up the linear systemto be sol ved
/1

/1 While the bel ow code reads in the Epetra objects froma file, you can
/1l setup the Epetra objects any way you would like. Note that this next

/1 set of code as nothing to do with Thyra at all, and it should not.
/1
*out << "\nReading linear systemin Epetra format fromthe file \'"<<matrixFile<<"\" ...\n";

#i f def HAVE_MPI
Epetra_Mi Comm com{ MPI _COVM WORLD) ;
#el se
Epetra_Seri al Conm comm
#endi f
RCP<Epetra_CrsMatri x> epetra_ A
RCP<Epetra_Vector> epetra_x, epetra_b;
EpetraExt: : readEpetrali near System( matrixFile, conm &epetra A NULL, &epetra x, &epetra_b );

if(!'epetra_bh.get()) {
*out << "\nThe RHS b was not read in so generate a new random vector ...\n";
epetra b = rcp(new Epetra_Vector (epetra_A->Operat or RangeMap()));
epetra_b->Randon();

}

if(!'epetra x.get()) {
*out << "\nThe LHS x was not read in so generate a new zero vector ...\n";
epetra_x = rcp(new Epetra_Vector (epetra_A->Operat or Domai nMap()));
epetra_x->Put Scalar(0.0); // Initial guess is critical!

}
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Create the Epetra objects any way that you would like ... @ Sandia
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}" C) Wrap your objects as Thyra objects (The “glue”)

/1

/1 C) The "d ue" code that takes Epetra objects and waps them as Thyra
/'l objects

/1

/1 This next set of code waps the Epetra objects that define the |inear
/1 systemto be solved as Thyra objects so that they can be passed to the
/1 linear solver.

/1

RCP<const Thyr a: : Li near OpBase<doubl e> >

A = Thyra::epetralLi nearOp( epetra A );
RCP<Thyr a: : Vect or Base<doubl e> >

X = Thyra::create_ Vector( epetra_x, A->domain() );
RCP<const Thyra: : Vect or Base<doubl e> >

b = Thyra::create Vector( epetra_b, A->range() );

Epetra-to-Thyra wrapper functions are found in Thyra EpetraThyraWrappers.hpp

Turning Epetra objects into Thyra objects is easy! @ Kol
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D) Call the solver through Thyra interfaces

/11

/1 D) Thyra-specific code for solving the |inear system

/11

/'l Note that this code has no nention of any concrete inplenentation and
/'l therefore can be used in any use case.

/11

/'l Reading in the solver paraneters fromthe paraneters file and/or from

/'l the command line. This was setup by the conmmand-1ine options
/'l set by the setupCLP(...) function above.
| i near Sol ver Bui | der. readPar anet ers(out. get ());

/'l Create a linear solver factory given infornation read fromthe
[l paraneter |ist.
RCP<Thyr a: : Li near QoW t hSol veFact or yBase<doubl e> >

| owsFactory = linearSol verBui |l der. createlLi near Sol veStrategy("");

/1l Setup output stream and the verbosity |eve
| owsFact ory->set OSt rean( out) ;
| owsFact ory- >set Ver bLevel ( Teuchos: : VERB LOW ;

/'l Create a linear solver based on the forward operator A
RCP<Thyr a: : Li near QoW t hSol veBase<doubl e> >
|l ows = Thyra::linearOpWthSol ve(*l owsFactory, A);

/'l Solve the linear system (note: the initial guess in 'x'" is critical)
Thyr a: : Sol veSt at us<doubl e>

status = Thyra::solve(*l ows, Thyra:: NOTRANS, *b, & x) ;
*out << "\nSolve status:\n" << status;

/1 Wite the linear solver paraneters after they were read
I i near Sol ver Bui | der. writeParansFil e(*l owsFactory);

» This part of the code has nothing to do with Epetra!
* This is really only a trivial interaction with Thyra!
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i" E) Post process the solution (if needed) using your objects

/11

/'l E) Post process the solution and check the error

/11

/'l Note that the below code is based only on the Epetra objects thensel ves
/1 and does not in any way depend or interact with any Thyra-based

/'l objects. The point is that nost users of Thyra can largely gl oss over
/'l the fact that Thyra is really being used for anything.

/11

/'l Wpe out the Thyra wrapper for x to guarantee that the solution will be
/'l witten back to epetra_x!
X = Teuchos::null;

*out
<< "\nSolution ||epetra_x||2 = " << epetraNorn2(*epetra_x) << "\n"
*out << "\nTesting the solution error ||b-A*x|]|/]||b|| conputed through the Epetra objects ...\n"

Il v =b - A*x

Epetra_Vector epetra r(*epetra_b);

{
Epetra_Vector epetra A x(epetra_A->Qperat or RangeMap());
epetra_A->Appl y(*epetra_x, epetra A Xx);
epetra r. Update(-1.0,epetra_A x,1.0);

}

const doubl e
nrmr = epetraNornR(epetra_r),
nrmb = epetraNornR2(*epetra_b),
rel _err = ( nrmr / nrmb );
const boo
passed = (rel _err <=tol);

*out
<< "||b-A*x||/]]|b]] =" << nrmr << "/" << nrmb << " =" << rel_err
<< " <tol =" << tol << " ? " << ( passed ? "passed" : "failed" ) << "\n"
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Stratimikos Parameter List and Sublists

<Par aneterLi st name=“Strati m kos” >

<Par anmet er name="
<Par anmet er name="

<Par anet er Li st

<Par anmet er name="Sol ver Type" type="string" val ue="Klu"/>
<Par amet er Li st nane="Anesos Settings">
<Par amet er name="Matri xProperty" type="string" val ue="general "/ >
<Par anet er Li st name="Minps"> ... </Paraneterlist>
<Par anet er Li st name="Superludist"> ... </ParaneterList> —
</ Par anet er Li st > 5
</ Par anmet er Li st > 0]
<Par anet er Li st nanme="Azt ecOO' > E
<Par anet er Li st name="Forward Sol ve"> wn
<Par amet er name="Max |terations" type="int" val ue="400"/> S
<Par anmet er name="Tol erance" type="double" val ue="1e-06"/> é
<Par amet er Li st nane="Azt ecOO Settings"> 7
<Par anmet er name="Aztec Sol ver" type="string" val ue="GVRES"/>
</ Par anet er Li st >
</ Par anmet er Li st >
</ Par anmet er Li st >
<Par anet er Li st nane="Bel 0s"> ... </ParaneterlList>
</ Par anmet er Li st >
<Par amet er Li st nane="Preconditioner Types">
<Paranet erLi st nane="Ifpack"> o
<Par amet er name="Prec Type" type="string" value="ILU"/> a
<Par anmet er name="Overl ap" type="int" val ue="0"/> o
<Par amet er Li st nane="1|fpack Settings"> g
<Parameter name="fact: level-of-fill" type="int" value="0"/> o
—
</ Par anmet er Li st > o
. >
</ Par anet er Li st > Fo)
<Par anet erLi st name="M"> ... </ParaneterlList> o
</ Par anmet er Li st >

</ Par amet er Li st >

Li near Sol ver Type" type="string" val ue="AztecOO'/>

Precondi tioner Type" type="string" val ue="Ifpack"/> Top level parameters
<Par amet er Li st nane="Li near Sol ver Types">

nane=" Anmesos" >

Sublists passed
on to package
code!

Every parameter
and sublist not in
red is handled by
Thyra code and is
fully validated!
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}" Automatically Generated Parameter List Documentation

“Human readable” automatically generated documentation for Stratimikos

Li near Solver Type : string = Aresos
# Determ nes the type of linear solver that will be used.
# The paraneters for each solver type are specified in the sublist "Linear Solver Types"
# Valid values: "Belos", "Amesos", "AztecQOO'
Preconditi oner Type : string = M.
# Determ nes the type of preconditioner that will be used.
# This option is only neaningful for linear solvers that accept preconditioner factory objects!
# The paraneters for each preconditioner are specified in the sublist "Preconditioner Types"

# Valid val ues: "None", "Ifpack", "M"
Li near Sol ver Types ->
Azt ecQO - >

Qut put Every RHS : bool =0
# Deternmines if output is created for each individual RHS (true or 1) or if output
# is just created for an entire set of RHSs (false or 0).
Forward Sol ve ->
Max lterations : int = 400
# The maxi num nunber of iterations the AztecOO solver is allowed to perform
Tol erance : double = l1le-06
# The tol erence used in the convergence check (see the convergence test
# in the sublist "AztecOO Settings")
Azt ecOO Settings ->
Aztec Sol ver : string = GVRES
# Type of linear solver algorithmto use.
# Valid values: "CG', "GWES', "CGS', "TFQW', "Bi CGCStab", "LU'
Convergence Test : string =710
# The convergence test to use for termnating the iterative sol ver
# Valid values: "r0", "rhs", "Anorm', "no scaling", "sol"

National
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See Doxygen documentation for Stratimikos::DefauItLinearSoIverBuilder@ Sandia



}u‘ Output of Default Parameter Values

Example input parameter (sub)list to Stratimikos (use simple_stratimikos_example.exe)

<Par anet erLi st name="Strati m kos" >
<Par anet er nane="Li near Sol ver Type" type="string" val ue="AztecOO' />
<Par anet er nane="Preconditioner Type" type="string" val ue="Ifpack" />
</ Par amet er Li st >

Output (augmented) parameter (sub)list

<Par anet er Li st >
<Par anet er nanme="Li near Sol ver Type" type="string" val ue="AztecQOO'/>
<Par anet er Li st nane="Li near Sol ver Types">
<Par anet er Li st nanme="Azt ecQO'>
<Par anet er Li st nane="Forward Sol ve">
<Par anet er Li st nane="AztecOO Settings">

<Paraneter isDefault="true" name="Aztec Sol ver" type="string" val ue="GVRES"/ >
<Paraneter isDefault="true" name="Convergence Test" type="string" value="r0"/>

</ Par anet er Li st >
<Par aneter isDefault="true" name="Max lterations" type="int" val ue="400"/>
<Par anet er isDefault="true" name="Tol erance" type="double" val ue="1e-06"/>
</ Par anet er Li st >
<Paraneter isDefaul t="true" name="Qutput Every RHS" type="bool" val ue="0"/>
</ Par amet er Li st >
</ Par amet er Li st >
<Par anet er nanme="Preconditioner Type" type="string" val ue="Ifpack"/>
<Par anet er Li st nane="Precondi ti oner Types">
<Par anet er Li st nane="If pack" >
<Paraneter isDefault="true" name="Overlap" type="int" val ue="0"/>
<Paraneter isDefault="true" nanme="Prec Type" type="string" value="ILU"/>
</ Par anet er Li st >
</ Par anet er Li st >

</ Par anet er Li st > I

=> Ifpack is not showing its default parameters!

Sandia
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Parameter List Validation
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}" Error Messages for Improper Parameters/Sublists

Example: User misspells “Aztec Solver” as “ztec Solver”

<Par anet er Li st >
<Par anet er nanme="Li near Sol ver Type" type="string" val ue="AztecOO'/>
<Par anet er Li st nanme="Li near Sol ver Types">
<Par anet er Li st nanme="Azt ecOO' >
<Par anet er Li st nane="Forward Sol ve">
<Par anet er Li st nanme="AztecQOO Settings">
<Par amet er nanme="ztec Solver" type="string" val ue="GWRES"/>
</ Par anet er Li st >
</ Par anet er Li st >
</ Par anet er Li st >
</ Par anet er Li st >
</ Par anet er Li st >

Error message generated from PL::validateParameters(...) with exception:

Error, the paranmeter {nane="ztec Sol ver",type="string", val ue="GVRES"}

in the parameter (sub)list "Real Li near Sol ver Bui | der->Li near Sol ver Types->Azt ecOO >For ward
Sol ve- >Azt ecOO Settings"

was not found in the list of valid paraneters!

The valid paraneters and types are:

{

"Aztec Preconditioner" : string =ilu
"Aztec Solver" : string = GVRES
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}" Error Messages for Improper Parameters/Sublists

Example: User specifies the wrong type for “Aztec Solver”

<Par anet er Li st >
<Par anet er name="Li near Solver Type" type="string" val ue="AztecQO'/>
<Par anet er nanme="Preconditioner Type" type="string" val ue="Ifpack"/>
<Par anet er Li st nanme="Li near Sol ver Types">
<Par anet er Li st nane="Azt ecOO' >
<Par anet er Li st nanme="Forward Sol ve">
<Par anet er Li st nane="AztecQO Settings">
<Par amet er nanme="Aztec Sol ver" type="int" val ue="GVRES"/ >
</ Par amet er Li st >
</ Par amet er Li st >
</ Par amet er Li st >
</ Par amet er Li st >
</ Par anet er Li st >

Error message generated from PL::validateParameters(...) with exception:

Error, the paranmeter {paranmNanme="Aztec Sol ver",type="int"}

in the sublist "DefaultReal Li near Sol ver Bui | der - >Li near Sol ver Types->Azt ecOO >Forward Sol ve-
>Azt ecOO Settings"

has the wong type. The correct type is "string"!
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}’j Error Messages for Improper Parameters/Sublists

Example: User specifies the wrong value for “Aztec Solver”

<Par anet er Li st >
<Par anet er nane="Li near Sol ver Type" type="string" value="AztecOO'/>
<Par anet er name="Preconditioner Type" type="string" val ue="Ifpack"/>
<Par anet er Li st nanme="Li near Sol ver Types">
<Par anet er Li st nane="Azt ecOO' >
<Par anet er Li st nane="Forward Sol ve">
<Par anet er Li st nane="AztecOO Settings">
<Par anet er nane="Aztec Sol ver" type=“string" val ue="GVRESS"/ >
</ Par anet er Li st >
</ Par amet er Li st >
</ Par anet er Li st >
</ Par amet er Li st >
</ Par amet er Li st >

Error message generated from PL::validateParameters(...) with exception:

Error, the value "GVRESS' is not recognized for the paraneter "Aztec Solver" in the sublist ""

Valid selections include: "CG', "GVWES', "CGS', "TFQW', "Bi CGStab", "LU".
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}" Future Plans for Stratimikos

e TOPS-2 PETSc/Trilinos Interoperability
e Fill PETSc matrices & vectors and use Trilinos preconditioners and linear solvers
e Access PETSc preconditioners and solvers through a parameter list in Stratimikos?

e Fortran 2003 interface through Stratimikos
e Built on Fotran/Epetra wrappers

e GUI to manipulate Parameter List XML files

e "Smart” linear solver & preconditioner builders?
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