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Overview of Nonlinear Solver and Analysis Capabilities
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� Nonlinear Problems:

� Nonlinear equations:

� Stability analysis:

� Transient Nonlinear Problems:

� DAEs/ODEs

� ODE/DAE Sensitivities …

� Optimization Problems:

� Unconstrained:

� Constrained:

Trilinos Packages

NOX

LOCA

MOOCHO

Trilinos Nonlinear Solver and Analysis Packages

Rythmos
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ModelEvaluator Overview
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Nonlinear Algorithms and Applications : Everyone for Themselves?

NOX / LOCA Rythmos MOOCHO

Xyce Charon AriaTramonto Aleph

�

�

Trilinos and non-Trilinos 
Preconditioner and Linear 

Solver Capability
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Overview of Nonlinear Model Evaluator Interface

Motivation: An interface for nonlinear problems is needed that will support a variety of different 
types of problems

• Nonlinear equations (and senstitivities)
• Stability analysis and continuation
• Explicit ODEs (and sensitivities)
• DAEs and implicit ODEs (and sensitivities)
• Unconstrained optimization
• Constrained optimization
• Uncertainty quantification
• …
as well as different combinations of problem types such as:
• Uncertainty in transient simulations
• Stability of an optimum under uncertainty of a transient problem
Approach: Develop a single, scalable interface to address all of these problems
• (Some) Input arguments:

• State and differential state:

• Parameter sub-vectors:

• Time (differential): 

• (Some) Output functions:
• State function:

• Auxiliary response functions:

• State/state derivative operator 
(LinearOpWithSolve):
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Some Nonlinear Problems Supported by the ModelEvaluator
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Nonlinear Algorithms and Applications : Everyone for Themselves?

NOX / LOCA Rythmos MOOCHO

Xyce Charon AriaTramonto Aleph

�

�

Trilinos and non-Trilinos 
Preconditioner and Linear 

Solver Capability
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Nonlinear Algorithms and Applications : Thyra & Model Evaluator!

Trilinos and non-Trilinos 
Preconditioner and Linear 

Solver Capability

NOX / LOCA MOOCHO

Xyce Charon AriaTramonto Aleph
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Model Evaluator : Thyra and EpetraExt Versions

Thyra::ModelEvaluator

create_W_op() : LinearOpBase
create_W() : LinearOpWithSolveBase
createInArgs() : InArgs
createOutArgs() : OutArgs
…
evalModel( in InArgs, out OutArgs )

EpetraExt::ModelEvaluator

createInArgs() : InArgs
createOutArgs() : OutArgs
create_W() : Epetra_Operator
…
evalModel( in InArgs, out OutArgs )

Thyra::EpetraModelEvaluator

createInArgs() : InArgs
createOutArgs() : OutArgs
create_W() : LinearOpWithSolveBase
…
evalModel( in InArgs, out OutArgs )

Thyra::LinearOpWithSolveFactoryBase

Nonlinear 
ANA

Concrete 
Application

Thyra-based interoperability 
interface layer

Epetra-based application-
friendly implementation 
support interface
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Simple Example EpetraExt::ModelEvaluator Subclass
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Example EpetraExt::ModelEvaluator Application Implementation

/** \brief Simple example ModelEvaluator subclass for a 2x2 set of
* parameterized nonlinear equations.
*
* The equations modeled are:
\verbatim

f[0] =       x[0]      + x[1]*x[1] - p[0];
f[1] = d * ( x[0]*x[0] - x[1]      - p[1] );

\endverbatim
*/

class EpetraModelEval2DSim : public EpetraExt::ModelEvaluator {
public:

EpetraModelEval2DSim(...);
/** \name Overridden from EpetraExt::ModelEvaluator . */
//@{
RCP<const Epetra_Map>      get_x_map() const;
RCP<const Epetra_Map>      get_f_map() const;
RCP<const Epetra_Vector>   get_x_init() const;
RCP<Epetra_Operator>       create_W() const;
InArgs createInArgs() const;
OutArgs createOutArgs() const;
void evalModel( const InArgs& inArgs, const OutArgs& outArgs ) const;
//@}

private:
...

};
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Example EpetraExt::ModelEvaluator Application Implementation

EpetraExt::ModelEvaluator::InArgs EpetraModelEval2DSim::createInArgs() const
{

InArgsSetup inArgs;
inArgs.setModelEvalDescription(this->description());
inArgs.setSupports(IN_ARG_x,true);
return inArgs;

}

EpetraExt::ModelEvaluator::OutArgs EpetraModelEval2DSim::createOutArgs() const
{

OutArgsSetup outArgs;
outArgs.setModelEvalDescription(this->description());
outArgs.setSupports(OUT_ARG_f,true);
outArgs.setSupports(OUT_ARG_W,true);
outArgs.set_W_properties(

DerivativeProperties(DERIV_LINEARITY_NONCONST,DERIV_RANK_FULL,true)
);

return outArgs;
}

void EpetraModelEval2DSim::evalModel( const InArgs& inArgs, const OutArgs& outArgs ) const
{

const Epetra_Vector &x = *inArgs.get_x();
RCP<Epetra_Vector> f_out = outArgs.get_f();
RCP<Epetra_Operator> W_out = outArgs.get_W();
if (!is_null(f_out)) {

...
}
if (!is_null(W_out)) {

...
}

}
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Vertical Integration Milestone:

ModelEvaluator in Action!
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Summary of Trilinos Vertical Integration Project (Milestone)

• Goal: Vertically integrate Trilinos solver algorithms in Trilinos to build new 
predictive embedded analysis capabilities

• Impact: Vertically integrated 10+ Trilinos algorithm packages

• Goal: Demonstrate on relevant production applications
• Impact: Solved steady-state parameter estimation problems and transient 
sensitivities on semiconductor devices in Charon

• Impact: Solved Eigen problems on MHD problem in Charon

• Added Goal: Explore refined models of collaboration between production 
application developers and algorithm researchers.

• Impact: Closer collaboration between application and algorithm developers 
yielding better algo and app R&D
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Si interstitial (I) (+2,+1,0,–1,–2)

Vacancy (V) (+2,+1,0,–1,–2)

VV (+1,0,–1,–2)

BI (+,0,–)

CI (+,0,-)

VP (0,–)

VB (+,0)

VO (0,–)

BIB (0,–)

BIO (+,0)

BIC

Annihilation

Annihilation

Defect reactions

QASPR 
Qualification of electronic devices in hostile environments

PDE semiconductor 
device simulation

Stockpile BJT
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Vertical Integrations of Trilinos Capabilities: Example 1

Nonlinear Solver
Time Integration

Optimization

Continuation

Constrained Solves

Sensitivity Analysis
Stability Analysis

Analysis Tools
(embedded)

Data Structures

Direct Solvers

Linear Algebra

Preconditioners

Iterative Solvers

Eigen Solver

Matrix Partitioning

Derivatives

Derivative Tools

Sensitivities
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Parameter 1 (0) absolu te sensitivi ties
Integrated vs. f in ite d iff (1e-2)

-5.0E-11

0.0E+00

5.0E-11

1.0E-10

1.5E-10

2.0E-10

2.5E-10

3.0E-10

3.5E-10

1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00
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Vertical Integrations of Trilinos Capabilities: Example 2

Nonlinear Solver
Time Integration

Optimization

Continuation

Constrained Solves

Sensitivity Analysis
Stability Analysis

Analysis Tools
(embedded)

Data Structures

Direct Solvers

Linear Algebra

Preconditioners

Iterative Solvers

Eigen Solver

Matrix Partitioning

Derivatives

Derivative Tools

Sensitivities
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Vertical Integrations of Trilinos Capabilities: Example 3

Nonlinear Solver
Time Integration

Optimization

Continuation

Constrained Solves

Sensitivity Analysis
Stability Analysis

Analysis Tools
(embedded)

Data Structures

Direct Solvers

Linear Algebra

Preconditioners

Iterative Solvers

Eigen Solver

Matrix Partitioning

Derivatives

Derivative Tools

Sensitivities
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Derivative Support and Sensitivity Analysis
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Model Derivatives
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Forward/Direct and Adjoint Sensitivities
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Transient Sensitivities: State Equations with Responses
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Transient Sensitivities: Forward Sensitivity Method
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Forward Transient Sensitivities with Charon/Rythmos
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ModelEvaluator Software Summary


