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Abstract

The DAKOTA (Design Analysis Kit for Optimization and Terascale Applications) toolkit provides a flexible and
extensible interface between simulation codes and iterative analysis methods. DAKOTA contains algorithms for
optimization with gradient and nongradient-based methods; uncertainty quantification with sampling, reliabil-
ity, and stochastic expansion methods; parameter estimation with nonlinear least squares methods; and sensitiv-
ity/variance analysis with design of experiments and parameter study methods. These capabilities may be used
on their own or as components within advanced strategies such as surrogate-based optimization, mixed integer
nonlinear programming, or optimization under uncertainty. By employing object-oriented design to implement
abstractions of the key components required for iterative systems analyses, the DAKOTA toolkit provides a flex-
ible and extensible problem-solving environment for design and performance analysis of computational models
on high performance computers.

This report serves as a developers manual for the DAKOTA software and describes the DAKOTA class hierarchies
and their interrelationships. It derives directly from annotation of the source code and provides detailed class
documentation, including all member functions and attributes.
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Chapter 1

DAKOTA Developers Manual

Author:

Brian M. Adams, William J. Bohnhoff, Keith R. Dalbey, John P. Eddy, Michael S. Eldred, Patricia D. Hough,
Sophia Lefantzi, Laura P. Swiler, Dena M. Vigil

1.1 Introduction

The DAKOTA (Design Analysis Kit for Optimization and Terascale Applications) toolkit provides a flexible,
extensible interface between analysis codes and iteration methods. DAKOTA contains algorithms for optimiza-
tion with gradient and nongradient-based methods, uncertainty quantification with sampling, reliability, stochastic
expansion, and interval estimation methods, parameter estimation with nonlinear least squares methods, and sen-
sitivity/variance analysis with design of experiments and parameter study capabilities. (Solution verification and
Bayesian approaches are also in development.) These capabilities may be used on their own or as components
within advanced algorithms such as surrogate-based optimization, mixed integer nonlinear programming, mixed
aleatory-epistemic uncertainty quantification, or optimization under uncertainty. By employing object-oriented
design to implement abstractions of the key components required for iterative systems analyses, the DAKOTA
toolkit provides a flexible problem-solving environment for design and performance analysis of computational
models on high performance computers.

The Developers Manual focuses on documentation of DAKOTA design principles and class structures; it derives
principally from annotated source code. For information on input command syntax, refer to the Reference
Manual, and for more details on DAKOTA features and capabilities, refer to the Users Manual.

1.2 Overview of DAKOTA

In DAKOTA, the strategy creates and manages iterators and models. In the simplest case, the strategy creates
a single iterator and a single model and executes the iterator on the model to perform a single study. In a more
advanced case, a hybrid optimization strategy might manage a global optimizer operating on a low-fidelity model
in coordination with a local optimizer operating on a high-fidelity model. And on the high end, a surrogate-
based optimization under uncertainty strategy would employ an uncertainty quantification iterator nested within
an optimization iterator and would employ truth models layered within surrogate models. Thus, iterators and
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models provide both stand-alone capabilities as well as building blocks for more sophisticated studies.

A model contains a set of variables, an interface, and a set of responses, and the iterator operates on the model to
map the variables into responses using the interface. Each of these components is a flexible abstraction with a vari-
ety of specializations for supporting different types of iterative studies. In a DAKOTA input file, the user specifies
these components through strategy, method, model, variables, interface, and responses keyword specifications.

The use of class hierarchies provides a mechanism for extensibility in DAKOTA components. In each of the
various class hierarchies, adding a new capability typically involves deriving a new class and providing a set of
virtual function redefinitions. These redefinitions define the coding portions specific to the new derived class,
with the common portions already defined at the base class. Thus, with a small amount of new code, the existing
facilities can be extended, reused, and leveraged for new purposes. The following sections tour DAKOTA’s class
organization.

1.2.1 Strategies

Class hierarchy: Strategy.

Strategies provide a control layer for creation and management of iterators and models. Specific strategies include:

e SingleMethodStrategy: the simplest strategy. A single iterator is run on a single model to perform a single
study.

e HybridStrategy: hybrid minimization using a set of iterators employing a corresponding set of models
of varying fidelity. Coordination approaches among the iterators include collaborative, embedded, and
sequential approaches, as embodied in the CollaborativeHybridStrategy, EmbeddedHybridStrategy, and
SequentialHybridStrategy derived classes.

e ConcurrentStrategy: two similar algorithms are available: (1) multi-start iteration from several different
starting points, and (2) pareto set optimization for several different multiobjective weightings. Employs
a single iterator with a single model, but runs multiple instances of the iterator concurrently for different
settings within the model.

1.2.2 Iterators

Class hierarchy: Iterator. Iterator implementations may choose to split operations up into run-time phases as
described in Understanding Iterator Flow.

The iterator hierarchy contains a variety of iterative algorithms for optimization, uncertainty quantification, non-
linear least squares, design of experiments, and parameter studies. The hierarchy is divided into Minimizer and
Analyzer branches. The Minimizer classes address optimization and deterministic calibration and are grouped
into:

e Optimization: Optimizer provides a base class for the DOTOptimizer, CONMINOptimizer, NPSOLOpti-
mizer, NLPQLPOptimizer, and SNLLOptimizer gradient-based optimization libraries and the APPSOpti-
mizer, COLINOptimizer, JEGAOptimizer, and NCSUOptimizer nongradient-based optimization methods
and libraries.

e Parameter estimation: LeastSq provides a base class for NL2SOLLeastSq, a least-squares solver based
on NL2SOL, SNLLLeastSq, a Gauss-Newton least-squares solver, and NLSSOLLeastSq, an SQP-based
least-squares solver.
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e Surrogate-based minimization (both optimization and nonlinear least squares): SurrBasedMinimizer pro-
vides a base class for SurrBasedLocalMinimizer, SurrBasedGlobalMinimizer, and EffGlobalMinimizer.
The surrogate-based local and global methods employ a single iterator with any of the available Surro-
gateModel capabilities (local, multipoint, or global data fits or hierarchical approximations) and perform
a sequence of approximate optimizations, each involving build, optimize, and verify steps. The efficient
global method, on the other hand, hard-wires a recursion involving Gaussian process surrogate models
coupled with the DIRECT global optimizer to maximize an expected improvement function.

The Analyzer classes are grouped into:

e Uncertainty quantification: NonD provides a base class for non-deterministic methods NonDSampling,
NonDReliability (reliability analysis), NonDExpansion (stochastic expansion methods), and NonDInterval
(interval-based epistemic methods). Bayesian calibration methods are prototyped in NonDBayesCalibra-
tion.

— NonDSampling is further specialized with the NonDLHSSampling class for Latin hypercube and
Monte Carlo sampling, the NonDIncremLHSSampling class for incremental Latin hypercube sam-
pling, and NonDAdaptImpSampling for multimodal adaptive importance sampling.

— NonDReliability is further specialized with local and global methods (NonDLocalReliability and
NonDGlobalReliability).

— NonDExpansion includes specializations for generalized polynomial chaos (NonDPolynomialChaos)
and stochastic collocation (NonDStochCollocation) and is supported by the NonDIntegration helper
class, which supplies cubature, tensor-product quadrature and Smolyak sparse grid methods (NonD-
Cubature, NonDQuadrature, and NonDSparseGrid).

— NonDInterval provides a base class for epistemic interval-based UQ methods. Three interval anal-
ysis approaches are provided: LHS (NonDLHSInterval), efficient global optimization (NonDGlob-
allnterval), and local optimization (NonDLocallnterval). Each of these three has specializations for
single interval (NonDLHSSinglelnterval, NonDGlobalSingleInterval, NonDLocalSingleInterval) and
Dempster-Shafer Theory of Evidence (NonDLHSEvidence, NonDGlobalEvidence, NonDLocalEvi-
dence) approaches.

e Parameter studies and design of experiments: PStudyDACE provides a base class for ParamStudy, which
provides capabilities for directed parameter space interrogation, PSUADEDesignCompExp, which provides
access to the Morris One-At-a-Time (MOAT) method for parameter screening, and DDACEDesignComp-
Exp and FSUDesignCompExp, which provide for parameter space exploration through design and analysis
of computer experiments. NonDLHSSampling from the uncertainty quantification branch also supports
design of experiments whenin all_variables mode.

e Solution verification studies: Verification provides a base class for RichExtrap Verification (verification via
Richardson extrapolation) and other solution verification methods in development.

1.2.3 Models

Class hierarchy: Model.

The model classes are responsible for mapping variables into responses when an iterator makes a function eval-
uation request. There are several types of models, some supporting sub-iterators and sub-models for enabling
layered and nested relationships. When sub-models are used, they may be of arbitrary type so that a variety of
recursions are supported.
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e SingleModel: variables are mapped into responses using a single Interface object. No sub-iterators or
sub-models are used.

e SurrogateModel: variables are mapped into responses using an approximation. The approximation is built
and/or corrected using data from a sub-model (the truth model) and the data may be obtained using a sub-
iterator (a design of experiments iterator). SurrogateModel has two derived classes: DataFitSurrModel
for data fit surrogates and HierarchSurrModel for hierarchical models of varying fidelity. The relationship
of the sub-iterators and sub-models is considered to be "layered" since they are not used as part of every
response evaluation on the top level model, but rather used periodically in surrogate update and verification
steps.

e NestedModel: variables are mapped into responses using a combination of an optional Interface and a sub-
iterator/sub-model pair. The relationship of the sub-iterators and sub-models is considered to be "nested"
since they are used to perform a complete iterative study as part of every response evaluation on the top
level model.

e RecastModel: recasts the inputs and outputs of a sub-model for the purposes of variable transformations
(e.g., variable scaling, transformations to standardized random variables) and problem reformulation (e.g.,
multiobjective optimization, response scaling, augmented Lagrangian merit functions, expected improve-
ment).

1.2.4 Variables

Class hierarchy: Variables.

The Variables class hierarchy manages design, aleatory uncertain, epistemic uncertain, and state variable types
for continuous, discrete integer, and discrete real domain types. This hierarchy is specialized according to how
the domain types are managed:

e MixedVariables: domain type distinctions are retained, such that separate continuous, discrete integer, and
discrete real domain types are managed. This is the default Variable perspective, and draws its name from
"mixed continuous-discrete” optimization.

e MergedVariables: domain types are combined through relaxation of discrete constraints; i.e., continuous
and discrete variables are merged into continuous arrays through relaxation of integrality (for discrete in-
teger ranges) or set membership (for discrete integer or discrete real sets) requirements. The branch and
bound minimizer is the only method using this approach at present.

Whereas domain types are controlled through the derived class selection, selection of active variable types are
handled within each of these derived classes using variable views. These permit different algorithms to work on
different subsets of variables. For details, see Working with Variable Containers and Views.

The Constraints hierarchy manages bound, linear, and nonlinear constraints and utilizes the same specializations
for managing bounds on the variables (see MixedConstraints and MergedConstraints).

1.2.5 Interfaces

Class hierarchy: Interface.
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Interfaces provide access to simulation codes or, conversely, approximations based on simulation code data. In the
simulation case, an ApplicationInterface is used. ApplicationInterface is specialized according to the simulation
invocation mechanism, for which the following nonintrusive approaches

e SysCallAppliclnterface: the simulation is invoked using a system call (the C function system () ). Asyn-
chronous invocation utilizes a background system call. Utilizes the SysCallAnalysisCode class to define
syntax for input filter, analysis code, output filter, or combined spawning, which in turn utilize the Com-
mandShell utility.

e ForkApplicInterface: the simulation is invoked using a fork (the fork/exec/wait family of functions).
Asynchronous invocation utilizes a nonblocking fork. Utilizes the ForkAnalysisCode class for lower level
fork operations.

and the following semi-intrusive approach

e DirectAppliclnterface: the simulation is linked into the DAKOTA executable and is invoked using a proce-
dure call. Asynchronous invocations will utilize nonblocking threads (capability not yet available).

are supported. Scheduling of jobs for asynchronous local, message passing, and hybrid parallelism approaches
is performed in the ApplicationInterface class, with job initiation and job capture specifics implemented in the
derived classes.

In the approximation case, global, multipoint, or local data fit approximations to simulation code response data can
be built and used as surrogates for the actual, expensive simulation. The interface class providing this capability
is

e Approximationlnterface: builds an approximation using data from a truth model and then employs the ap-
proximation for mapping variables to responses. This class contains an array of Approximation objects, one
per response function, which support a variety of approximation types using the different Approximation
derived classes. These include SurfpackApproximation (provides kriging, MARS, moving least squares,
neural network, polynomial regression, and radial basis functions), GaussProcApproximation (Gaussian
process models), PecosApproximation (multivariate orthogonal and Lagrange interpolation polynomials
from Pecos), TANA3Approximation (two-point adaptive nonlinearity approximation), and TaylorApproxi-
mation (local Taylor series).

which is an essential component within the DataFitSurrModel capability described above in Models.

1.2.6 Responses

Class: Response.

The Response class provides an abstract data representation of response functions and their first and second
derivatives (gradient vectors and Hessian matrices). These response functions can be interpreted as objective
functions and constraints (optimization data set), residual functions and constraints (least squares data set), or
generic response functions (uncertainty quantification data set). This class is not currently part of a class hierarchy,
since the abstraction has been sufficiently general and has not required specialization.
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1.3 Services

A variety of services are provided in DAKOTA for parallel computing, failure capturing, restart, graphics, etc. An
overview of the classes and member functions involved in performing these services is included below.

e Multilevel parallel computing: DAKOTA supports multiple levels of nested parallelism. A strategy can
manage concurrent iterators, each of which manages concurrent function evaluations, each of which man-
ages concurrent analyses executing on multiple processors. Partitioning of these levels with MPI commu-
nicators is managed in ParallelLibrary and scheduling routines for the levels are part of Strategy, Applica-
tionInterface, and ForkApplicInterface.

e Parsing: DAKOTA employs the NIDR parser (New Input Deck Reader) to retrieve information from
user input files. Parsing options are processed in CommandLineHandler and parsing occurs in
ProblemDescDB::manage_inputs() called from main.C. NIDR uses the keyword handlers in the NIDR-
ProblemDescDB derived class to populate data within the ProblemDescDB base class, which maintains a
DataStrategy specification and lists of DataMethod, DataModel, DataVariables, Datalnterface, and DataRe-
sponses specifications. Procedures for modifying the parsing subsystem are described in Instructions for
Modifying DAKOTA’s Input Specification.

o Failure capturing: Simulation failures can be trapped and managed using exception handling in Applica-
tionInterface and its derived classes.

e Restart: DAKOTA maintains a record of all function evaluations both in memory (for capturing any
duplication) and on the file system (for restarting runs). Restart options are processed in Command-
LineHandler and retrieved in ParallelLibrary::specify_outputs_restart(), restart file management occurs in
ParallelLibrary::manage_outputs_restart(), and restart file insertions occur in ApplicationInterface. The
dakota_restart_util executable, built from restart_util.C, provides a variety of services for interro-
gating, converting, repairing, concatenating, and post-processing restart files.

e Memory management: DAKOTA employs the techniques of reference counting and representation sharing
through the use of letter-envelope and handle-body idioms (Coplien, "Advanced C++"). The former idiom
provides for memory efficiency and enhanced polymorphism in the following class hierarchies: Strategy,
Iterator, Model, Variables, Constraints, Interface, ProblemDescDB, and Approximation. The latter idiom
provides for memory efficiency in data-intensive classes which do not involve a class hierarchy. The Re-
sponse and parser data (DataStrategy, DataMethod, DataModel, DataVariables, Datalnterface, and DataRe-
sponses) classes use this idiom. When managing reference-counted data containers (e.g., Variables or
Response objects), it is important to properly manage shallow and deep copies, to allow for both efficiency
and data independence as needed in a particular context.

o Graphics: DAKOTA provides 2D iteration history graphics using Motif widgets. Graphics data can also be
cataloged in a tabular data file for post-processing with 3rd party tools such as Matlab, Tecplot, etc. These
capabilities are encapsulated within the Graphics class.

1.4 Development Practices and Guidance
The following links provide guidance for core software components or specific development activities:

e Coding Style Guidelines and Conventions - coding practices used by the DAKOTA development team.
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o Instructions for Modifying DAKOTA'’s Input Specification - how to interact with NIDR and the associated
DAKOTA classes.

e Interfacing with DAKOTA as a Library - embed DAKOTA as a service within your application.
e Understanding Iterator Flow - explanation of the full granularity of steps in Iterator execution.

e Performing Function Evaluations - an overview of the classes and member functions involved in performing
function evaluations synchronously or asynchronously.

e Working with Variable Containers and Views - discussion of data storage for variables and explanation of
active and inactive views of this data.

1.5 Additional Resources

Additional development resources include:
e The DAKOTA Developer Portal linked from http://dakota.sandia.gov/developer/ includes
information on getting started as a developer and links to project management resources.

e Project web pages are maintained at http://dakota.sandia.gov/ including links to frequently
asked questions, documentation, publications, mailing lists, and other resources.
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Coding Style Guidelines and Conventions
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Chapter 3

Introduction

Common code development practices can be extremely useful in multiple developer environments. Particular
styles for code components lead to improved readability of the code and can provide important visual cues to
other developers. Much of this recommended practices document is borrowed from the CUBIT mesh generation
project, which in turn borrows its recommended practices from other projects, yielding some consistency across
Sandia projects. While not strict requirements, these guidelines suggest a best-practices starting point for coding
in DAKOTA.
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Chapter 4

C++/c Style Guidelines

Style guidelines involve the ability to discern at a glance the type and scope of a variable or function.

4.1 Class and variable styles

Class names should be composed of two or more descriptive words, with the first character of each word capital-
ized, e.g.:

class ClassName;

Class member variables should be composed of two or more descriptive words, with the first character of the
second and succeeding words capitalized, e.g.:

double classMemberVariable;

Temporary (i.e. local) variables are lower case, with underscores separating words in a multiple word temporary
variable, e.g.:

int temporary_variable;
Constants (i.e. parameters) and enumeration values are upper case, with underscores separating words, e.g.:

const double CONSTANT_VALUE;

4.2 Function styles

Function names are lower case, with underscores separating words, e.g.:
int function_name () ;

There is no need to distinguish between member and non-member functions by style, as this distinction is usu-
ally clear by context. This style convention allows member function names which set and return the value of a
similarly-named private member variable, e.g.:
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int memberVariable;

void member_variable (int a) { // set
memberVariable = a;

}

int member_variable () const { // get

return memberVariable;

}

In cases where the data to be set or returned is more than a few bytes, it is highly desirable to employ const
references to avoid unnecessary copying, €.g.:

void continuous_variables (const RealVector& c_vars) { // set
continuousVariables = c_vars;

}

const RealVector& continuous_variables () const { // get

return continuousVariables;

}

Note that it is not necessary to always accept the returned data as a const reference. If it is desired to be able
change this data, then accepting the result as a new variable will generate a copy, e.g.:

// reference to continuousVariables cannot be changed
const RealVectoré& c_vars = model.continuous_variables();
// local copy of continuousVariables can be changed
RealVector c_vars = model.continuous_variables();

4.3 Miscellaneous

Appearance of typedefs to redefine or alias basic types is isolated to a few header files (data_types.h,
template_defs.h), so that issues like program precision can be changed by changing a few lines of type-
defs rather than many lines of code, e.g.:

typedef double Real;

xemacs is the preferred source code editor, as it has C++ modes for enhancing readability through color (turn
on "Syntax highlighting"). Other helpful features include "Paren highlighting" for matching parentheses and the
"New Frame" utility to have more than one window operating on the same set of files (note that this is still the
same edit session, so all windows are synchronized with each other). Window width should be set to 80 internal
columns, which can be accomplished by manual resizing, or preferably, using the following alias in your shell
resource file (e.g., .cshrc):

alias xemacs "xemacs -g 81x63"

where an external width of 81 gives 80 columns internal to the window and the desired height of the window
will vary depending on monitor size. This window width imposes a coding standard since you should avoid line
wrapping by continuing anything over 80 columns onto the next line.

Indenting increments are 2 spaces per indent and comments are aligned with the code they describe, e.g.:

void abort_handler (int code)
{
int initialized = 0;
MPI_Initialized(&initialized);
if (initialized) {
// comment aligned to block it describes
int size;
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MPI_Comm_size (MPI_COMM_WORLD, &size);
if (size>1)

MPI_Abort (MPI_COMM_WORLD, code);
else

exit (code);

}
else
exit (code) ;

Also, the continuation of a long command is indented 2 spaces, e.g.:

const String& iterator_scheduling
= problem_db.get_string("strategy.iterator_scheduling");

and similar lines are aligned for readability, e.g.:

cout << "Numerical gradients using " << finiteDiffStepSizex100. <<
<< finiteDiffType << " differences\nto be calculated by the "
<< methodSource << " finite difference routine." << endl;

Lastly, #ifdef’s are not indented (to make use of syntax highlighting in xemacs).

nomn
S
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Chapter 5

File Naming Conventions

In addition to the style outlined above, the following file naming conventions have been established for the
DAKOTA project.

File names for C++ classes should, in general, use the same name as the class defined by the file. Exceptions
include:

e with the introduction of the Dakota namespace, base classes which previously utilized prepended Dakota
identifiers can now safely omit the identifiers. However, since file names do not have namespace protec-
tion from name collisions, they retain the prepended Dakota identifier. For example, a class previously
named DakotaModel which resided in DakotaModel.[CH], is now Dakota::Model (class Model in names-
pace Dakota) residing in the same filenames. The retention of the previous filenames reduces the possibility
of multiple instances of a Model.H causing problems. Derived classes (e.g., NestedModel) do not require a
prepended Dakota identifier for either the class or file names.

e in afew cases, it is convenient to maintain several closely related classes in a single file, in which case the file
name may reflect the top level class or some generalization of the set of classes (e.g., DakotaResponse.[CH]
files contain Dakota::Response and Dakota::ResponseRep classes, and DakotaBinStream.[CH] files contain
the Dakota::BiStream and Dakota::BoStream classes).

The type of file is determined by one of the four file name extensions listed below:

e .H A class header file ends in the suffix .H. The header file provides the class declaration. This file does not
contain code for implementing the methods, except for the case of inline functions. Inline functions are to
be placed at the bottom of the file with the keyword inline preceding the function name.

e .C A class implementation file ends in the suffix .C. An implementation file contains the definitions of the
members of the class.

e .h A header file ends in the suffix .h. The header file contains information usually associated with proce-
dures. Defined constants, data structures and function prototypes are typical elements of this file.

e .c A procedure file ends in the suffix .c. The procedure file contains the actual procedures.
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Class Documentation Conventions

Class documentation uses the doxygen tool available from http://www.doxygen.org and employs the
JAVA-doc comment style. Brief comments appear in header files next to the attribute or function declaration.
Detailed descriptions for functions should appear alongside their implementations (i.e., in the .C files for non-
inlined, or in the headers next to the function definition for inlined). Detailed comments for a class or a class
attribute must go in the header file as this is the only option.

NOTE: Previous class documentation utilities (class2frame and class2html) used the "//-" comment style and
comment blocks such as this:

//—- Class: Model

//- Description: The model to be iterated by the Iterator.

/ /= Contains Variables, Interface, and Response objects.
//- Owner: Mike Eldred

//— Version: $Id: Dev_Recomm_Pract.dox 4549 2007-09-20 18:25:03Z mseldre $

These tools are no longer used, so remaining comment blocks of this type are informational only and will not
appear in the documentation generated by doxygen.


http://www.doxygen.org
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CMake Style Guidelines

DAKOTA conventions for CMake files, such as CMakeLists.txt, FooConfig.cmake, etc., follow. Our goal is ease
of reading, maintenance, and support, similar to the C++ code itself. Current CMake versions and build hints are
maintained at the Developer Portal http://dakota.sandia.gov/developer/.

7.1 CMake Code Formatting

Indentation is 2 spaces, consistent with DAKOTA C++ style.

Lines should be kept to less than 80 chars per line where possible.

Wrapped lines may be indented two spaces or aligned with prior lines.

e For ease of viewing and correctness checking in Emacs, a customization file is available:
http://www.cmake.org/CMakeDocs/cmake-mode.el

7.2 CMake Variable Naming Conventions

These variable naming conventions are especially important for those that ultimately become preprocessor defines
and affect compilation of source files.
e Classic/core elements of the CMake language are set in lower_case, e.g., option, set, if, find_library.

e Static arguments to CMake functions and macros are set in UPPER_CASE, e.g. REQUIRED, NO_-
MODULE, QUIET.

e Minimize "global" variables, i.e., don’t use 2 variables with the same meaning when one will do the job.

e Feature toggling: when possible, use the "HAVE_<pkg/feature>" convention already in use by many
CMake-enabled TPLs, e.g.,

$ grep HAVE_SYSTEM Dakota/src/CMakelists.txt

check_function_exists (system HAVE_SYSTEM)


http://dakota.sandia.gov/developer/.
http://www.cmake.org/CMakeDocs/cmake-mode.el
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if (HAVE_SYSTEM)
add_definitions ("-DHAVE_SYSTEM")
endif (HAVE_SYSTEM)

$ grep HAVE_CONMIN Dakota/src/CMakelists.txt Dakota/packages/CMakeLists.txt
Dakota/src/CMakeLists.txt:if (HAVE_CONMIN)

Dakota/src/CMakeLists.txt:endif (HAVE_CONMIN)
Dakota/packages/CMakelLists.txt:option (HAVE_CONMIN "Build the CONMIN package." ON)

Dakota/packages/CMakeLists.txt:if (HAVE_CONMIN)
Dakota/packages/CMakelLists.txt:endif (HAVE_CONMIN)

When a variable/preprocessor macro could result in name clashes beyond DAKOTA scope, e.g., for
library_mode users, consider prefixing the "HAVE_<pkg>" name with DAKOTA_, e.g. DAKOTA_-
HAVE_MPI. Currently, MPI is the only use case for such a variable in DAKOTA, but many examples
can be found in the CMake Modules source, e.g.

grep _HAVE_ <cmake_prefix_dir>/share/cmake-2.8/Modules/*
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Instructions for Modifying DAKOTA’s
Input Specification

To modify DAKOTA’s input specification (for maintenance or addition of new input syntax), specification main-
tenance mode must be enabled at DAKOTA configure time with the ——enable-spec-maint option, e.g.,

./configure --enable-spec-maint

This will enable regeneration of NIDR and DAKOTA components which must be updated following a spec
change.
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Chapter 9

Modify dakota.input.nspec

The master input specification dakota.input.nspec in Dakota/src is the primary file to update when making a
specification change. It uses the following syntactic elements:

e () for required group specifications

e [] for optional specifications

e | for alternatives

e {} for functions to process keywords to express logical relationships. These syntactic elements can be used
to express various dependency relationships in the input specification. It is recommended that you review
the existing specification and have an understanding of the constructs in use before attempting to add new
ones.

Warning:

Do not skip this step. Attempts to modify the NIDR_keywds.H file in Dakota/src without using the
NIDR table generator are very error-prone. Moreover, the input specification provides a reference to the
allowable inputs of a particular executable and should be kept in synch with the parser files; modifying
the parser files independent of the input specification creates, at a minimum, undocumented features.

All keywords in dakota.input.nspec are lower case by convention. All user inputs are converted to lower
case by the parser prior to keyword match testing, resulting in case insensitive parsing.

Since the NIDR parser allows abbreviation of keywords, you must avoid adding a keyword that could
be misinterpreted as an abbreviation for a different keyword within the same top-level keyword, such as
"strategy" and "method". For example, adding the keyword "expansion" within the method specification
would be a mistake if the keyword "expansion_factor" already was being used in this specification.

The NIDR input is somewhat order-dependent, allowing the same keyword to be reused multiple times
in the specification. This often happens with aliases, such as lower_bounds, upper_bounds
and initial_point. Ambiguities are resolved by attaching a keyword to the most recently seen
context in which it could appear, if such exists, or to the first relevant context that subsequently comes
along in the input file. With the earlier IDR parser, non-exclusive specifications (those not in mutually
exclusive blocks) were required to be unique. That is why there are such aliases for initial_point
ascdv_initial_point and ddv_initial_point: so older input files can be used with no or
fewer changes.
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Chapter 10

Rebuild generated files

As of DAKOTA 5.1, a separate make command in packages/nidr is no longer necessary. When con-
figured with ——enable-spec-maint, performing a make in Dakota/src will regenerate all files which
derive from dakota.input.nspec, including NIDR_keywds.H, dakota.input.summary, NIDR_guikywds.H, and
dakota.input.desc. If you commit changes to a source repository, be sure to commit any automatically generated
files in addition to any modified in the following steps. It is not strictly necessary to run make at this point in the
sequence, and in fact may generate errors if necessary handlers aren’t yet available. One may optionally

cd Dakota/src
make nidr-files

to only rebuild generated dependencies of dakota.input.nspec.
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Update NIDRProblemDescDB.C in
Dakota/src

Many keywords have data associated with them: an integer, a floating-point number, a string, or arrays of such
entities. Data requirements are specified in dakota.input.nspec by the tokens INTEGER, REAL, STRING, INTE-
GERLIST, REALLIST, STRINGLIST. (Some keywords have no associated data and hence no such token.) After
each keyword and data token, the dakota.input.nspec file specifies functions that the NIDR parser should call to
record the appearance of the keyword and deal with any associated data. The general form of this specification is

{ startfcn, startdata, stopfcn, stopdata }

i.e., a brace-enclosed list of one to four functions and data pointers, with trailing entities taken to be zero if
not present; zero for a function means no function will be called. The startfcn must deal with any associated
data. Otherwise, the distinction between startfcn and stopfcn is relevant only to keywords that begin a group of
keywords (enclosed in parentheses or square brackets). The startfcn is called before other entities in the group are
processed, and the stop function is called after they are processed. Top-level keywords often have both startfcn and
stopfcn; stopfcn is uncommon but possible for lower-level keywords. The startdata and (if needed) stopdata values
are usually pointers to little structures that provide keyword-specific details to generic functions for startfcn and
stopfcn. Some keywords that begin groups (such as "approx_problem" within the top-level "strategy" keyword)
have no need of either a startfcn or a stopfcn; this is indicated by "{0}".

Most of the things within braces in dakota.input.nspec are invocations of macros defined in NIDRProblemDe-
scDB.C. The macros simplify writing dakota.input.nspec and make it more readable. Most macro invocations refer
to little structures defined in NIDRProblemDescDB.C, usually with the help of other macros, some of which have
different definitions in different parts of NIDRProblemDescDB.C. When adding a keyword to dakota.input.nspec,
you may need to add a structure definition or even introduce a new data type. NIDRProblemDescDB.C has sec-
tions corresponding to each top-level keyword. The top-level keywords are in alphabetical order, and most entities
in the section for a top-level keyword are also in alphabetical order. While not required, it is probably good prac-
tice to maintain this structure, as it makes things easier to find.

Any integer, real, or string data associated with a keyword are provided to the keyword’s startfcn, whose second
argument is a pointer to a Values structure, defined in header file nidr.h.

Example 1: if you added the specification:

[method_setting REAL {method_setting_start, &method_setting_details} ]
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you would provide a function

void NIDRProblemDescDB::
method_setting_start (const char xkeyname, Values =*val, void *=*g, void =xv)

{ ...}

in NIDRProblemDescDB.C. In this example, argument smethod_setting_details would be passed as v,
val->n (the number of values) would be 1 and *val->r would be the REAL value given for the method_-
setting keyword. The method_setting_start function would suitably store this value with the help of
method_setting_details.

For some top-level keywords, g (the third argument to the startfcn and stopfcn) provides access to a relevant
context. For example, method_start (the startfcn for the top-level method keyword) executes

DataMethod xdm = new DataMethod;
*g = (voidx)dm;

(and supplies a couple of default values to dm). The start functions for lower-level keywords within the method
keyword get access to dm through their g arguments. Here is an example:

void NIDRProblemDescDB: :
method_str (const char xkeyname, Values xval, void #*xg, void *v)

{
(* (DataMethodx*+)g) =>x* (String DataMethod::*x)v = xval->s;
}

In this example, v points to a pointer-to-member, and an assignment is made to one of the components of the
DataMethod object pointed to by xg. The corresponding stopfcn for the top-level met hod keyword is

void NIDRProblemDescDB::
method_stop (const char xkeyname, Values xval, void xxg, void =v)
{
DataMethod *p = *(DataMethodxx)g;
pDDBInstance->dataMethodList.insert (*p);
delete p;
}

which copies the now populated DataMethod object to the right place and cleans up.
Example 2: if you added the specification

[method_setting REALLIST {{N_mdm(ReallL,methodCoeffs)}

then method_RealLL (defined in NIDRProblemDescDB.C) would be called as the startfcn, and methodCoeffs
would be the name of a (currently nonexistent) component of DataMethod. The N_mdm macro is defined
in NIDRProblemDescDB.C; among other things, it turns RealL into NIDRProblemDescDB: :method_-
RealL. This function is used to process lists of REAL values for several keywords. By looking at the source, you
can see that the list values are val->r[i] for 0 <= 1 < val->n.
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Update ProblemDescDB.C in Dakota/src

12.1 Augment/update get_<data_type>() functions

The next update step involves extending the database retrieval functions in ProblemDescDB.C. These retrieval
functions accept an identifier string and return a database attribute of a particular type, e.g., a Real Vector:

const RealVectoré& get_rdv(const String& entry_name);

The implementation of each of these functions contains tables of possible entry_name values and associated
pointer-to-member values. There is one table for each relevant top-level keyword, with the top-level keyword
omitted from the names in the table. Since binary search is used to look for names in these tables, each table must
be kept in alphabetical order of its entry names. For example,

else if ((L = Begins(entry_name, "model."))) {
if (dbRep->methodDBLocked)
Locked_db () ;

#define P &DataModelRep::

static KW<RealVector, DataModelRep> RVdmo[] = { // must be sorted
{"nested.primary_response_mapping", P primaryRespCoeffs},
{"nested.secondary_response_mapping", P secondaryRespCoeffs},
{"surrogate.kriging_conmin_seed", P krigingConminSeed},
{"surrogate.kriging_correlations", P krigingCorrelations},
{"surrogate.kriging_max_correlations", P krigingMaxCorrelations},
{"surrogate.kriging_min_correlations", P krigingMinCorrelations}};

#undef P

KW<RealVector, DataModelRep> x*kw;
if ((kw = (KW<RealVector, DataModelRep>«*)Binsearch (RVdmo, L)))
return dbRep->dataModellIter—->dataModelRep—->xkw—>p;

is the "model" portion of ProblemDescDB::get_rdv(). Based on entry_name, it returns the relevant attribute from a
DataModel object. Since there may be multiple model specifications, the dataModelIter listiterator identifies
which node in the list of DataModel objects is used. In particular, dataModelList contains a list of all of the
data_model objects, one for each time a top-level model keyword was seen by the parser. The particular
model object used for the data retrieval is managed by dataModelIter, whichis setina set_db_list_-
nodes () operation that will not be described here.
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There may be multiple DataMethod, DataModel, DataVariables, Datalnterface, and/or DataResponses objects.
However, only one strategy specification is currently allowed so a list of DataStrategy objects is not needed.
Rather, ProblemDescDB::strategySpec is the lone DataStrategy object.

To augment the get_<data_type>() functions, add table entries with new identifier strings and pointer-to-member
values that address the appropriate data attributes from the Data class object. The style for the identifier
strings is a top-down hierarchical description, with specification levels separated by periods and words separated
with underscores, e.g., "keyword.group_specification.individual_specification". Use the

dbRep->listIter—->attribute syntax for variables, interface, responses, and method specifications. For
example, the method_setting example attribute would be added to get_drv () as:

{"method_name.method_setting", P methodSetting},

inserted at the beginning of the RvVdmo array shown above (since the name in the existing first entry, i.e.,
"nested.primary_response_mapping", comes alphabetically after "method_name.method_setting").
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Update Corresponding Data Classes

In this step, we extend the Data class definitions (DataStrategy, DataMethod, DataModel, DataVariables, Dataln-
terface, and/or DataResponses) to include the new attributes referenced in Update NIDRProblemDescDB.C in
Dakota/src and Augment/update get_<data_type>() functions.

13.1 Update the Data class header file

Add a new attribute to the public data for each of the new specifications. Follow the style guide for class attribute
naming conventions (or mimic the existing code).

13.2 Update the .C file

Define defaults for the new attributes in the constructor initialization list. Add the new attributes to the
assign() function for use by the copy constructor and assignment operator. Add the new attributes to the
write(MPIPackBuffer&), read(MPIUnpackBuffer&), and write(ostreamé&) functions, paying careful attention to
the use of a consistent ordering.
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Use get_<data_type>() Functions

At this point, the new specifications have been mapped through all of the database classes. The only remaining
step is to retrieve the new data within the constructors of the classes that need it. This is done by invoking the get_-
<data_type>() function on the ProblemDescDB object using the identifier string you selected in Augment/update
get_<data_type>() functions. For example:

const String& interface_type = problem_db.get_string("interface.type");

passes the "interface.type™" identifier string to the ProblemDescDB::get_string() retrieval function, which
returns the desired attribute from the active Datalnterface object.

Warning:

Use of the get_<data_type>() functions is restricted to class constructors, since only in class construc-
tors are the data list iterators (i.e., dataMethodIter, dataModelIter, dataVariablesIter,
dataInterfacelter, and dataResponsesIter) guaranteed to be set correctly. Outside of the con-
structors, the database list nodes will correspond to the last set operation, and may not return data from the
desired list node.
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Update the Documentation

Doxygen comments should be added to the Data class headers for the new attributes, and the reference manual
sections describing the portions of dakota.input.nspec that have been modified should be updated. In particular,
the reference manual tables summarizing keywords provide help data to the Jaguar user interface so need to be
kept updated.
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Understanding Iterator Flow

This page explains the various phases comprising Iterator::run_iterator(). Prior to Iterator construction, when
command-line options are parsed, Boolean run mode flags corresponding to PRERUN, RUN, and POSTRUN are
set in ParallelLibrary. If the user didn’t specify any specific run modes, the default is for all three to be true (all
phases will execute).

Iterator is constructed.

When called, run_iterator () sequences:

e initialize_run (): unconditionally called, virtual. Performs common initialization such as allocating
workspaces, setting communicators and evaluation counts. When re-implementing this virtual, a derived
class must call its nearest parent’s initialize_run(), typically before performing its own implementation
steps.

e Not implemented: pre-run input

e [F PRERUN, invoke pre_run () : virtual function; default no-op. Purpose: derived classes should imple-
ment pre_run () if they are able to generate all parameter sets (variables) at once, separate from run ().
Derived implementations should call their nearest parent’s pre_run(), typically before performing their own
steps.

e [F PRERUN, invoke pre_output () : non-virtual function; if user requested, output variables to file.

e Not implemented: run input

e [F RUN, invoke virtual function run () . Purpose: at a minimum, evaluate parameter sets through comput-
ing responses; for iterators without pre/post capability, their entire implementation is in run () and this is
a reasonable default for new Iterators.

e Not implemented: run output

e [F POSTRUN, invoke post_input (): virtual function, default only print helpful message on mode.
Purpose: derived iterators supporting post-run input from file must implement to read file and populate

variables/responses (and possibly best points) appropriately. Implementations must check if the user re-
quested file input.
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e [F POSTRUN, invoke post_run (): virtual function. Purpose: generate statistics / final results. Any
analysis that can be done solely on tabular data read by post_input () can be done here. Derived
re-implementations should call their nearest parent’s post-run(), typically after performing their specific
post-run activities.

e Not implemented: post-run output

e finalize_run (): unconditionally called, virtual. Purpose: free workspaces. Default base class behav-
ior is no-op, however, derived implementations should call their nearest parent’s finalize_run after perform-
ing their specialized portions.

Iterator is destructed.
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Interfacing with DAKOTA as a Library
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Introduction

It is possible to link the DAKOTA toolkit into another application for use as an algorithm library. This section
describes facilities which permit this type of integration.

As part of the normal DAKOTA build process, where Dakota/configure ——prefix=PREFIX has been
run prior to make and make install, a libdakota. ais created and a copy of it is placed in PREFIX/1ib
(PREFIX defaults to /usr/local/Dakota). This library contains all source files from Dakota/src excepting the
main.C, restart_util.C, and library_mode.C main programs. This library may be linked with another application
through inclusion of —~1dakota on the link line. Library and header paths may also be specified using the
—-L and —I compiler options (using PREFIX/1ib and PREFIX/include, respectively). Depending on the
configuration used when building this library, other libraries for the vendor optimizers and vendor packages will
also be needed to resolve DAKOTA symbols for DOT, NPSOL, OPT++, NCSUOpt, LHS, Teuchos, etc. Copies
of these libraries are also placed in Dakota/1lib. Refer to Linking against the DAKOTA library for additional
information.

Warning:

Users may interface to DAKOTA as a library within other software applications provided
that they abide by the terms of the GNU Lesser General Public License (LGPL). Refer to
http://www.gnu.org/licenses/lgpl.html or contact the DAKOTA team for additional infor-
mation.

Attention:

The use of DAKOTA as an algorithm library should be distinguished from the linking of simulations within
DAKOTA using the direct application interface (see DirectAppliclnterface). In the former, DAKOTA is
providing algorithm services to another software application, and in the latter, a linked simulation is providing
analysis services to DAKOTA. It is not uncommon for these two capabilities to be used in combination, where
a simulation framework provides both the "front end" and the "back end" for DAKOTA.


http://www.gnu.org/licenses/lgpl.html
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Quick start: examples and test code

To learn by  example, refer to the files PluginSerialDirectApplicInterface.[CH]  and
PluginParallelDirectApplicInterface.[CH] in Dakota/src for simple examples of serial and parallel plug-in
interfaces. The file library_mode.C in Dakota/src provides example usage of these plug-ins within a mock
simulator program that demonstrates the required object instantiation syntax in combination with the three
problem database population approaches (input file parsing, data node insertion, and mixed mode). All of this
code may be compiled and tested by configuring DAKOTA using the ——with-plugin option.
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Comparison to main.C

The procedure for utilizing DAKOTA as a library within another application involves a number of steps that
are similar to those used in the stand-alone DAKOTA application. The stand-alone procedure can be viewed
in the file main.C, and the differences for the library approach are most easily explained with reference to that
file. The basic steps of executing DAKOTA include instantiating the ParallelLibrary, CommandLineHandler,
and ProblemDescDB objects; managing the DAKOTA input file (ProblemDescDB::manage_inputs()); specify-
ing restart files and output streams (ParallelLibrary::specify_outputs_restart()); and instantiating the Strategy and
running it (Strategy::run_strategy()). When using DAKOTA as an algorithm library, the operations are quite sim-
ilar, although command line information (argc, argv, and therefore CommandLineHandler) will not in general
be accessible. In particular, main.C can pass argc and argv into the ParallelLibrary and CommandLineHan-
dler constructors and then pass the CommandLineHandler object into ProblemDescDB::manage_inputs() and
ParallelLibrary::specify_outputs_restart(). In an algorithm library approach, a CommandLineHandler object is
not instantiated and overloaded forms of the ParallelLibrary constructor, ProblemDescDB::manage_inputs(), and
ParallelLibrary::specify_outputs_restart() are used.

The overloaded forms of these functions are as follows. For instantiation of the ParallelLibrary object, the default
constructor may be used. This constructor assumes that MPI is administered by the parent application such that

the MPI configuration will be detected rather than explicitly created (i.e., DAKOTA will not call MPI_Init or
MPI_Finalize). In code, the instantiation

Parallellibrary parallel_lib(argc, argv);
is replaced with
Parallellibrary parallel_lib;
In the case of specifying restart files and output streams, the call to
parallel_lib.specify_outputs_restart (cmd_line_handler) ;
should be replaced with its overloaded form in order to pass the required information through the parameter list

parallel_lib.specify_outputs_restart (std_output_filename, std_error_filename,
read_restart_filename, write_restart_filename, stop_restart_evals);

where file names for standard output and error and restart read and write as well as the integer number of restart
evaluations are passed through the parameter list rather than read from the command line of the main DAKOTA
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program. The definition of these attributes is performed elsewhere in the parent application (e.g., specified in the
parent application input file or GUI). In this function call, specify NULL for any files not in use, which will elicit
the desired subset of the following defaults: standard output and standard error are directed to the terminal, no
restart input, and restart output to file dakota.rst. The stop_restart_evals specification is an optional
parameter with a default of 0, which indicates that restart processing should process all records. If no overrides of
these defaults are intended, the call to specify_outputs_restart () may be omitted entirely.

With respect to alternate forms of ProblemDescDB::manage_inputs(), the following section describes different
approaches to populating data within DAKOTA'’s problem description database. It is this database from which all
DAKOTA objects draw data upon instantiation.
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Problem database population

Now that the ProblemDescDB object has been instantiated, we must populate it with data, either via parsing an
input file, direct data insertion, or a mixed approach, as described in the following sections.

21.1 Input file parsing

The simplest approach to linking an application with the DAKOTA library is to rely on DAKOTA'’s normal parsing
system to populate DAKOTA’s problem database (ProblemDescDB) through the reading of an input file. The
disadvantage to this approach is the requirement for an additional input file beyond those already required by the
parent application.

In this approach, the main.C call to
problem_db.manage_inputs (cmd_line_handler);
would be replaced with its overloaded form

problem_db.manage_inputs (dakota_input_file);

where the file name for the DAKOTA input is passed through the parameter list rather than read from the command
line of the main DAKOTA program. Again, the definition of the DAKOTA input file name is performed elsewhere
in the parent application (e.g., specified in the parent application input file or GUI). Refer to run_dakota_parse()
in library_mode.C for a complete example listing.

ProblemDescDB::manage_inputs() invokes ProblemDescDB::parse_inputs() (which in turn invokes
ProblemDescDB::check_input()), ProblemDescDB::broadcast(), and ProblemDescDB::post_process(), which
are lower level functions that will be important in the following two sections. Thus, the input file parsing
approach may employ a single coarse grain function to coordinate all aspects of problem database population,
whereas the two approaches to follow will use lower level functions to accomplish a finer grain of control.

21.2 Data node insertion

This approach is more involved than the previous approach, but it allows the application to publish all needed data
to DAKOTA’s database directly, thereby eliminating the need for the parsing of a separate DAKOTA input file.
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In this case, ProblemDescDB::manage_inputs() is not called. Rather, DataStrategy, DataMethod, DataModel,
DataVariables, Datalnterface, and DataResponses objects are instantiated and populated with the desired problem
data. These objects are then published to the problem database using ProblemDescDB::insert_node(), e.g.:

// instantiate the data object
DataMethod data_method;

// set the attributes within the data object
data_method.methodName = "nond_sampling";

// publish the data object to the ProblemDescDB
problem_db.insert_node (data_method);

The data objects are populated with their default values upon instantiation, so only the non-default values need
to be specified. Refer to the DataStrategy, DataMethod, DataModel, DataVariables, Datalnterface, and DataRe-
sponses class documentation and source code for lists of attributes and their defaults.

The default strategy is single_method, which runs a single iterator on a single model, and the default model is
single, so it is not necessary to instantiate and publish a DataStrategy or DataModel object if advanced multi-
component capabilities are not required. Rather, instantiation and insertion of a single DataMethod, DataVari-
ables, Datalnterface, and DataResponses object is sufficient for basic DAKOTA capabilities.

Once the data objects have been published to the ProblemDescDB object, calls to

problem_db.check_input () ;
problem_db.broadcast () ;
problem_db.post_process();

will perform basic database error checking, broadcast a packed MPI buffer of the specification data to other
processors, and post-process specification data to fill in vector defaults (scalar defaults are handled in the Data
class constructors), respectively. For parallel applications, processor rank 0 should be responsible for Data node
population and insertion and the call to ProblemDescDB::check_input(), and all processors should participate
in ProblemDescDB::broadcast() and ProblemDescDB::post_process(). Moreover, preserving the order shown
assures that large default vectors are not transmitted by MPI. Refer to run_dakota_data() in library_mode.C for a
complete example listing.

21.3 Mixed mode

In this case, we will combine the parsing of a DAKOTA input file with some direct database updates. The
motivation for this approach arises in large-scale applications where large vectors can be awkward to specify in a
DAKOTA input file. The first step is to parse the input file, but rather than using

problem_db.manage_inputs (dakota_input_file);
as described in Input file parsing, we will use the lower level function
problem_db.parse_inputs (dakota_input_file);

to provide a finer grain of control. The passed input file dakota_input_file must contain all required
inputs. Since vector data like variable values/bounds/tags, linear/nonlinear constraint coefficients/bounds, etc. are
optional, these potentially large vector specifications can be omitted from the input file. Only the variable/response
counts, e.g.:
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method
linear_inequality_constraints = 500
variables
continuous_design = 1000
responses
objective_functions =1
nonlinear_inequality_constraints = 100000

are required in this case. To update the data omissions from their defaults, one uses the ProblemDescDB::set()
family of overloaded functions, e.g.

Dakota::RealVector drv (1000, 1.); // vector of length 1000, values initialized
to 1.
problem_db.set ("variables.continuous_design.initial_point", drv);

where the string identifiers are the same identifiers used when pulling information from the database using one
of the get_<datatype>() functions (refer to the source code of ProblemDescDB.C for a full list). However, the
supported ProblemDescDB::set() options are a restricted subset of the database attributes, focused on vector inputs
that can be large scale.

If performing these updates within the constructor of a DirectAppliclnterface extension/derivation (see Defining
the direct application interface), then this code is sufficient since the database is unlocked, the active list nodes of
the ProblemDescDB have been set for you, and the correct strategy/method/model/variables/interface/responses
specification instance will get updated. The difficulty in this case stems from the order of instantiation. Since
the Variables and Response instances are constructed in the base Model class, prior to construction of Interface
instances in derived Model classes, database information related to Variables and Response objects will have
already been extracted by the time the Interface constructor is invoked and the database update will not propagate.
Therefore, it is preferred to perform these operations at a higher level (e.g., within your main program), prior
to Strategy instantiation and execution, such that instantiation order is not an issue. However, in this case, it is

necessary to explicitly manage the list nodes of the ProblemDescDB using a specification instance identifier that
corresponds to an identifier from the input file, e.g.:

problem_db.set_db_variables_node ("MY_VARIABLES_ID");

Dakota::RealVector drv (1000, 1.); // vector of length 1000, values initialized
to 1.
problem_db.set ("variables.continuous_design.initial_point", drv);

Alternatively, rather than setting just a single data node, all data nodes may be set using a method specification
identifier:

problem_db.set_db_list_nodes ("MY_METHOD_ID");

since the method specification is responsible for identifying a model specification, which in turn identifies vari-
ables, interface, and responses specifications. If hardwiring specification identifiers is undesirable, then

problem_db.resolve_top_method() ;

can also be used to deduce the active method specification and set all list nodes based on it. This is most appro-
priate in the case where only single specifications exist for method/model/variables/interface/responses. In each
of these cases, setting list nodes unlocks the corresponding portions of the database, allowing set/get operations.

Once all direct database updates have been performed in this manner, calls to ProblemDescDB::broadcast() and
ProblemDescDB::post_process() should be used on all processors. The former will broadcast a packed MPI
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buffer with the aggregated set of specification data from rank O to other processors, and the latter will post-
process specification data to fill in any vector defaults that have not yet been provided through either file parsing
or direct updates (Note: scalar defaults are handled in the Data class constructors). Refer to run_dakota_mixed()
in library_mode.C for a complete example listing.
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Instantiating the strategy

With the ProblemDescDB object populated with problem data, we may now instantiate the strategy.

// instantiate the strategy
Strategy selected_strategy (problem_db);

Following strategy construction, all MPI communicator partitioning has been performed and the ParallelLibrary
instance may be interrogated for parallel configuration data. For example, the lowest level communicators in
DAKOTA’s multilevel parallel partitioning are the analysis communicators, which can be retrieved using:

// retrieve the set of analysis communicators for simulation initialization:
// one analysis comm per ParallelConfiguration (PC), one PC per Model.
Array<MPI_Comm> analysis_comms = parallel_lib.analysis_intra_communicators();

These communicators can then be used for initializing parallel simulation instances, where the number of MPI
communicators in the array corresponds to one communicator per ParallelConfiguration instance.
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Defining the direct application interface

When employing a library interface to DAKOTA, it is frequently desirable to also use a direct interface between
DAKOTA and the simulation. There are two approaches to defining this direct interface.

23.1 Extension

The first approach involves extending the existing DirectApplicInterface class to support additional di-
rect simulation interfaces. In this case, a new simulation interface function can be added to
Dakota/src/DirectApplicInterface.[CH] for the simulation of interest. If the new function will not be a member
function, then the following prototype should be used in order to pass the required data:

int sim(const Dakota::Variables& vars, const Dakota::ActiveSets& set,
Dakota: :Response& response);

If the new function will be a member function, then this can be simplified to

int sim();

since the data access can be performed through the DirectApplicInterface class attributes.

This simulation can then be added to the logic blocks in DirectApplicInterface::derived_map_ac(). In addition,
DirectApplicInterface::derived_map_if() and DirectApplicInterface::derived_map_of() can be extended to per-
form pre- and post-processing tasks if desired, but this is not required.

While this approach is the simplest, it has the disadvantage that the DAKOTA library may need to be recompiled
when the simulation or its direct interface is modified. If it is desirable to maintain the independence of the
DAKOTA library from the host application, then the following derivation approach should be employed.

23.2 Derivation

The second approach is to derive a new interface from DirectApplicInterface in order to redefine several virtual
functions. A typical derived class declaration might be

namespace SIM {
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class SerialDirectApplicInterface: public Dakota::DirectApplicInterface
{
public:

// Constructor and destructor

SerialDirectApplicInterface (const Dakota::ProblemDescDB& problem_db);
~SerialDirectApplicInterface();

protected:
// Virtual function redefinitions
int derived_map_if (const Dakota::Stringé& if_name);
int derived_map_ac (const Dakota::Stringé& ac_name);
int derived_map_of (const Dakota::String& of_name);

private:

// Data

} // namespace SIM

where the new derived class resides in the simulation’s namespace. Similar to the case of Ex-
tension, the DirectApplicInterface::derived_map_ac() function is the required redefinition, and
DirectApplicInterface::derived_map_if() and DirectApplicInterface::derived_map_of() are optional.

The new derived interface object (from namespace SIM) must now be plugged into the strategy. In the simplest
case of a single model and interface, one could use

// retrieve the interface of interest

ModelList& all_models = problem _db.model_list();
Models first_model = xall_models.begin();
Interface& interface = first_model.interface();

// plug in the new direct interface instance (DB does not need to be set)
interface.assign_rep (new SIM::SerialDirectApplicInterface (problem_db), false);

from within the Dakota namespace. In a more advanced case of multiple models and multiple interface plug-ins,
one might use

// retrieve the list of Models from the Strategy
ModelList& models = problem_db.model_list();
// iterate over the Model list

for (ModelLIter ml_iter = models.begin(); ml_iter != models.end(); ml_iter++) {
Interface& interface = ml_iter->interface();
if (interface.interface_type() == "direct" &&
interface.analysis_drivers () .contains ("SIM") ) {
// set the correct list nodes within the DB prior to new instantiations
problem_db.set_db_model_nodes (ml_iter->model_id());
// plug in the new direct interface instance
interface.assign_rep (new SIM::SerialDirectApplicInterface (problem_db), fals
e);

In the case where the simulation interface instance should manage parallel simulations within the context of an
MPI communicator, one should pass in the relevant analysis communicator(s) to the derived constructor. For the
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latter case of looping over a set of models, the simplest approach of passing a single analysis communicator would
use code similar to

const Parallellevel& ea_level =
ml_iter->parallel_configuration_iterator()->ea_parallel_level();

const MPI_Comm& analysis_comm = ea_level.server_intra_communicator();
interface.assign_rep (new SIM::ParallelDirectApplicInterface(problem_db, analysi
s_comm) ,
false);

Since Models may be used in multiple parallel contexts and may therefore have a set of parallel configurations, a
more general approach would extract and pass an array of analysis communicators to allow initialization for each
of the parallel configurations.

New derived direct interface instances inherit various attributes of use in configuring the simulation. In particu-
lar, the ApplicationInterface::parallelLib reference provides access to MPI communicator data (e.g., the analysis
communicators discussed in Instantiating the strategy), DirectApplicInterface::analysisDrivers provides the anal-
ysis driver names specified by the user in the input file, and DirectApplicInterface::analysisComponents provides
additional analysis component identifiers (such as mesh file names) provided by the user which can be used to
distinguish different instances of the same simulation interface. It is worth noting that inherited attributes that
are set as part of the parallel configuration (instead of being extracted from the ProblemDescDB) will be set to
their defaults following construction of the base class instance for the derived class plug-in. It is not until run-
time (i.e., within derived_map_if/derived_map_ac/derived_map_of) that the parallel configuration settings are
re-propagated to the plug-in instance. This is the reason that the analysis communicator should be passed in to
the constructor of a parallel plug-in, if the constructor will be responsible for parallel application initialization.
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Additional updates

As part of strategy instantiation, all problem specification data is extracted from ProblemDescDB as various ob-
jects are constructed. Therefore, any updates that need to be performed following strategy instantiation must be
performed through direct set operations on the constructed objects. In the previous section, the process for updat-
ing the Interface object used within a Model was shown. To update other data such as variable values/bounds/tags
or response bounds/targets/tags, refer to the set functions documented in Iterator and Model. As an example,
the following code updates the active continuous variable values, which will be employed as the initial guess for
certain classes of Iterators:

ModelList& all_models = problem_db.model_list();

Modelé& first_model = xall_models.begin();

Dakota::RealVector drv (1000, 1.); // vector of length 1000, values initialized
to 1.

first_model.continuous_variables (drv);
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Executing the strategy

Finally, with simulation configuration and plug-ins completed, we execute the strategy:

// run the strategy
selected_strategy.run_strategy();
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Retrieving data after a run

After executing the strategy, final results can be obtained through the use of Strategy::variables_results() and
Strategy::response_results(), e.g.:

// retrieve the final parameter values
const Variablesé& vars = selected_strategy.variables_results();

// retrieve the final response values
const Response& resp = selected_strategy.response_results();

In the case of optimization, the final design is returned, and in the case of uncertainty quantification, the final
statistics are returned.
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Linking against the DAKOTA library

This section presumes DAKOTA has been compiled with configure/make and installed to PREFIX using 'make
install’. While the DAKOTA build system offers the most up-to-date guidance for what libraries are needed to
link against a particular version of DAKOTA, a typical case is presented here. Note that depending on how you
configured DAKOTA, some of the following libraries may not be available (for example NPSOL, DOT, NLPQL)
-- check which appear in SPREFIX/1ib.

As of DAKOTA 5.0, —levidence is no longer required and —1gs1 is optional (discouraged due to GPL),
depending on how DAKOTA was configured.

Post DAKOTA 5.0, ~1quadrature has been renamed to ~1sparsegrid. Also the DFFTPACK library
should be integrated into libpecos, so —1df ftpack should not be needed and NKM should be integrated into
libsurfpack, so —1nkm should not be needed.

Note that as of DAKOTA 5.2, —~1newmat is no longer required but additional Boost libraries are needed
(-1lboost_regex -lboost_filesystem —-lboost_system) as a result of migration from legacy
DAKOTA utilities to more modern Boost components. It should also be noted that DAKOTA relies on VER-
SION 2 of Boost.Filesystem which is provided in the source distribution under packages/boost (Boost.Filesystem
VERSION 3 is NOT supported at this time).

DAKOTA_LIBS = -L${PREFIX}/lib -ldakota -lteuchos -lpecos -1llhs \
—lsparsegrid -lsurfpack -lconmin -lddace -ldot -lfsudace \
-ljega -lcport -lnlpgl -lnpsol -loptpp —lpsuade \

—lncsuopt -lcolin -linterfaces -lmomh -lscolib -1lpebbl \
-ltinyxml -lutilib -13po -lhopspack -lnidr -lamplsolver \
—lboost_signals -lboost_regex -lboost_filesystem \
—lboost_system -llapack -lblas

You may also need funcadd0.o,-1f1, —~lexpat, and, if linking with system-provided GSL, -1gslcblas.
The AMPL solver library may require —1d1. System compiler and math libraries may also need to be included.
If configuring with graphics, you will need to add ~1DGraphics and system X libraries (partial list here):

-1Xpm -1Xm -1Xt -1Xmu -1Xp —-1Xext -1X11 -1SM -1ICE

CMake support for library users is experimental. At present library names and inclusion requirements differ
slightly when using CMake, e.g, libpecos_src and libdakota_src instead of libpecos and libdakota, respectively. A
representative (non-authoritative) set of necessary link libraries is shown here for illustration purposes only:

—ldakota_src —-lteuchos —-lnidr -lpecos -lpecos_src -1llhs -lmods -1lmod
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-ldfftpack -lsparsegrid —-lsurfpack —-lsurfpack —-lutilib -lcolin -linterfaces
—1lscolib -13po -lpebbl -ltinyxml -lconmin -ldace -lanalyzer -lrandom
-lsampling -1lbose -ldot -lfsudace -lhopspack -ljega -ljega_fe -lmoga

—lsoga -leutils -lutilities -lncsuopt -1lnlpgl —-lcport -lnpsol -loptpp
-lpsuade -1DGraphics -lamplsolver -lboost_regex -lboost_signals
—lboost_filesystem -lboost_system —-1SM —-1ICE -1X11 -1Xext —-1Xm —-1Xpm

—1Xmu -lpthread -llapack -lcurl -1dl -lutilib -ltinyxml -1lm -lboost_regex
—lboost_filesystem -lboost_system —-lexpat -lboost_signals -ljega -lteuchos
—1lblas -llapack

We have experienced problems with the creation of libamplsolver.a on some platforms. Please use the
DAKOTA mailing lists for help with any problems.

Finally, it is important to use the same C++ compiler (possibly an MPI wrapper) for compiling DAKOTA and your
application and declare the compiler define ~-DHAVE_CONF IG_H when including header files from DAKOTA.
This ensures that the platform configuration settings are properly propagated.
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Summary

To utilize the DAKOTA library within a parent software application, the basic steps of main.C and the order of
invocation of these steps should be mimicked from within the parent application. Of these steps, ParallelLibrary
instantiation, ProblemDescDB::manage_inputs() and ParallelLibrary::specify_outputs_restart() require the use of
overloaded forms in order to function in an environment without direct command line access and, potentially,
without file parsing. Additional optional steps not performed in main.C include the extension/derivation of the
direct interface and the retrieval of strategy results after a run.

DAKOTA’s library mode is now in production use within several Sandia and external simulation
codes/frameworks.
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Performing Function Evaluations

Performing function evaluations is one of the most critical functions of the DAKOTA software. It can also be
one of the most complicated, as a variety of scheduling approaches and parallelism levels are supported. This
complexity manifests itself in the code through a series of cascaded member functions, from the top level model
evaluation functions, through various scheduling routines, to the low level details of performing a system call,
fork, or direct function invocation. This section provides an overview of the primary classes and member functions
involved.
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Synchronous function evaluations

For a synchronous (i.e., blocking) mapping of parameters to responses, an iterator invokes Model::compute_-
response() to perform a function evaluation. This function is all that is seen from the iterator level, as underlying
complexities are isolated. The binding of this top level function with lower level functions is as follows:

e Model::compute_response() utilizes Model::derived_compute_response() for portions of the response com-
putation specific to derived model classes.

e Model::derived_compute_response() directly or indirectly invokes Interface::map().

o Interface::map() utilizes ApplicationlInterface::derived_map() for portions of the mapping specific to de-
rived application interface classes.
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Asynchronous function evaluations

For an asynchronous (i.e., nonblocking) mapping of parameters to responses, an iterator invokes Model::asynch_-
compute_response() multiple times to queue asynchronous jobs and then invokes either Model::synchronize()
or Model::synchronize_nowait() to schedule the queued jobs in blocking or nonblocking fashion. Again, these
functions are all that is seen from the iterator level, as underlying complexities are isolated. The binding of these
top level functions with lower level functions is as follows:

e Model::asynch_compute_response() utilizes Model::derived_asynch_compute_response() for portions of
the response computation specific to derived model classes.

This derived model class function directly or indirectly invokes Interface::map() in asynchronous mode,
which adds the job to a scheduling queue.

e Model::synchronize() or Model::synchronize_nowait() utilize Model::derived_synchronize() or
Model::derived_synchronize_nowait() for portions of the scheduling process specific to derived model
classes.

These derived model class functions directly or indirectly invoke Interface::synch() or Interface::synch_-
nowait().

For application interfaces, these interface synchronization functions are responsible for performing evalua-
tion scheduling in one of the following modes:

— asynchronous local mode (using ApplicationInterface::asynchronous_local_evaluations() or
ApplicationInterface::asynchronous_local_evaluations_nowait())

— message passing mode (using Applicationlnterface::self_schedule_evaluations()
or  ApplicationInterface::static_schedule_evaluations() on the iterator ~ master and
ApplicationInterface::serve_evaluations_synch() or ApplicationInterface::serve_evaluations_peer()
on the servers)

— hybrid mode (using ApplicationInterface::self_schedule_evaluations() or
ApplicationInterface::static_schedule_evaluations() on the iterator master and
ApplicationInterface::serve_evaluations_asynch() on the servers)

e These scheduling functions utilize ApplicationInterface::derived_map() and
Applicationlnterface::derived_map_asynch() for portions of asynchronous job launching spe-
cific to derived application interface classes, as well as Applicationlnterface::derived_synch() and
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ApplicationInterface::derived_synch_nowait() for portions of job capturing specific to derived application
interface classes.
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Analyses within each function evaluation

The discussion above covers the parallelism level of concurrent function evaluations serving an iter-
ator.  For the parallelism level of concurrent analyses serving a function evaluation, similar sched-
ulers are involved (ForkApplicInterface::synchronous_local_analyses(), ForkApplicInterface::asynchronous_-
local_analyses(), ApplicationInterface::self_schedule_analyses(), ApplicationInterface::serve_analyses_synch(),
ForkApplicInterface::serve_analyses_asynch()) to support synchronous local, asynchronous local, message pass-
ing, and hybrid modes. Not all of the schedulers are elevated to the ApplicationInterface level since the system call
and direct function interfaces do not yet support nonblocking local analyses (and therefore support synchronous
local and message passing modes, but not asynchronous local or hybrid modes). Fork interfaces, however, support
all modes of analysis parallelism.
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Working with Variable Containers and
Views

Variable views control the subset of variable types that are active and inactive within a particular iterative study.
For design optimization and uncertainty quantification (UQ), for example, the active variables view consists of
design or uncertain types, respectively, and any other variable types are carried along invisible to the iterative
algorithm being employed. For parameter studies and design of experiments, however, a variable subset view is
not imposed and all variables are active. Selected UQ methods can also be toggled into an "All" view using the
all_variables input specification. When not in an All view, finer gradations within the uncertain variable
sets are also relevant: probabilistic methods (reliability, stochastic expansion) view aleatory uncertain variables as
active, nonprobabilistic methods (interval, evidence) view epistemic uncertain variables as active, and a few UQ
methods (sampling) view both as active. In a more advanced NestedModel use case such as optimization under
uncertainty, design variables are active in the outer optimization context and the uncertain variables are active in
the inner UQ context, with an additional requirement on the inner UQ level to return derivatives with respect to
its "inactive" variables (i.e., the design variables) for use in the outer optimization loop.

For efficiency, contiguous arrays of data store variable information for each of the domain types (continuous,
discrete integer, and discrete real), but active and inactive views into them permit selecting subsets in a given
context. This management is encapsulated into the Variables and Shared VariablesData classes. This page clarifies
concepts of merged vs. mixed, fine-grained vs. aggregated types, domain types, and views into contiguous arrays.

We begin with an overview of the storage and management concept, for which the following two sections describe
the storage of variable values and meta-data about their organization, used in part to manage views. They are
intended to communicate rationale to maintainers of Variables and SharedVariablesData classes. The final section
provides a discussion of active and inactive views.
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Storage in Variables

As described in the Main Page Variables, a Variables object manages variable types (design, aleatory uncertain,
epistemic uncertain, and state) and domain types (continuous, discrete integer, and discrete real) and supports
different approaches to either distinguishing among these types or aggregating them. Two techniques are used in
cooperation to accomplish this management: (1) class specialization (MergedVariables or MixedVariables) and
(2) views into contiguous variable arrays. The latter technique is used whenever it can satisfy the requirement,
with fallback to class specialization when it cannot. In particular, aggregation or separation of variable types
can be accomplished with views, but for aggregation or separation of variable domains, we must resort to class
specialization in order to relax discrete domain types. In this class specialization, a MergedVariables object
combines continuous and discrete types (relaxing integers to reals) whereas a MixedVariables object maintains
the integer/real distinction throughout.

The core data for a Variables instance is stored in a set of three continguous arrays, corresponding to the domain
types: allContinuousVars, allDiscreteIntVars, and allDiscreteReal Vars, unique to each Variables instance.

Within the core variable data arrays, data corresponding to different aggregated variable types are stored in se-
quence for each domain type:

e continuous: [design, aleatory uncertain, epistemic uncertain, state]
o discrete integer: [design, aleatory uncertain, (epistemic uncertain), state]

e discrete real: [design, aleatory uncertain, (epistemic uncertain), state]

Note there are currently no epistemic discrete variables. This domain type ordering (continuous, discrete integer,
discrete real) and aggregated variable type ordering (design, aleatory uncertain, epistemic uncertain, state) is
preserved whenever distinct types are flattened into single contiguous arrays. Note that the aleatory and epistemic
uncertain variables contain sub-types for different distributions (e.g., normal, uniform, histogram, poisson), and
discrete integer types include both integer ranges and integer set sub-types. All sub-types are ordered according
to their order of appearance in dakota.input.nspec.

When relaxing in MixedVariables, the allContinuousVars will also aggregate the discrete types, such that they
contain ALL design, then ALL uncertain, then ALL state variables, each in aggregated type order; the allDis-
cretelntVars and allDiscreteReal Vars arrays are empty.
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Storage in Shared VariablesData

Each Variables instance contains a reference-counted SharedVariablesData object that stores information on the
variables configuration. This configuration data includes counts, types, IDs, and labels, which are often the
same across many Variables instances. Thus, SharedVariablesData is intended to reduce the memory footprint by
allowing the sharing of a single copy of redundant information among different Variables instances.

One of the purposes of this shared information is to support mappings between variable types, IDs, and indices
into the storage arrays. Variable "types" refer to the fine-grained variable types a user would specify in an input
file, as enumerated in DataVariables.H, e.g, CONTINUOUS_DESIGN, WEIBULL_UNCERTAIN, DISCRETE_-
STATE_RANGE, etc. variablesComponents is a map from these variable types to counts of how many are present.

In contrast, the variablesCompsTotals array stores total counts of each "aggregated type" (design, aleatory uncer-
tain, epistemic uncertain, state) which might be selected to be active in a given view. Thus this array has length 12
to track the combinations of three domain type storage arrays with four possible aggregated variable types: {con-
tinuous, discrete integer, discrete real} x {design, aleatory uncertain, epistemic uncertain, state}. For example,
the first entry of this array stores the number of continuous design variables, the second the number of discrete
integer design (including both discrete design range and discrete design set integer types), and the last the number
of discrete real state variables.

The arrays allContinuousTypes, allDiscreteIntTypes, and allDiscreteReal Types are sized to match the correspond-
ing core domain type storage arrays. They track the fine-grained variable type stored in that entry of the data array
(since when relaxed, the continuous array may be storing data corresponding to discrete data).

Finally allContinuouslds stores the 1-based IDs of the variables stored in the allContinuousVars array, i.e., the
variable number of all the problem variables considered as a single contiguous set, in aggregate type order. For
merged (relaxed) views, mergedDiscretelds stores the 1-based IDs of the variables which have been relaxed into
the continuous array.

These counts, types, and IDs are most commonly used within the Model classes for mappings between variables
objects at different levels of a model recursion. See, for example, the variable mappings in the NestedModel
constructor.
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Active and inactive views

The pair SharedVariablesDataRep::variablesView tracks the active and inactive views of the data, with values
taken from the enum in DataVariables.H. The valid values include EMPTY and the combinations {merged, mixed}
x {all, design, aleatory uncertain, epistemic uncertain, uncertain, state}. The ALL cases indicate aggregation of
the design, aleatory uncertain, epistemic uncertain, and state types, whereas the DISTINCT cases indicate either
no aggregation (design, aleatory uncertain, epistemic uncertain, state) or reduced aggregation (aleatory-+epistemic
uncertain). The active view is determined by the algorithm in use, managed in Variables::get_view(). Any inactive
view is set based on higher level iteration within a model recursion (e.g., a NestedModel), which enables lower
level iteration to return derivatives with respect to variables that are active at the higher level. In the case where
there is no higher level iteration, then the inactive view will remain EMPTY. It is important to stress that "inactive"
at one level corresponds to active at another, and therefore the inactive set of variables should not be interpreted as
the strict complement of the active set of variables; rather, active and inactive are both subsets whose union may
still be a subset of the total container (more precise terminology might involve "primary" active and "secondary"
active or similar). An active complement view could potentially be supported in the future, should the need arise,
although this view would require management of non-contiguous portions of the aggregated arrays.

Given these groupings (views), the active and inactive subsets of the allContinuousVars, allDiscreteIntVars, and
allDiscreteReal Vars arrays are always contiguous, permitting vector views of the underlying data using either
Teuchos::View (for numerical vectors) or Boost.MultiArray (for book-keeping arrays) views.

When a Variables envelope is constructed, its letter is initialized to either a MergedVariables or MixedVariables
object depending on the active view. The derived classes size the contiguous storage arrays to accomodate all
the problem variables, and then initialize active views into them, which could involve either subsets (DISTINCT
active views) or views of the full arrays (ALL active views). Inactive views, on the other hand, are initialized
during construction of a model recursion (e.g., a call to Model::inactive_view() in the NestedModel constructor).
Thus, active variable subsets are always available but inactive variable subsets will be EMPTY prior to them being
initialized within a Model recursion.

Accessors for continuous variables include:

e continuous_variables(): returns the active view which might return all (ALL views) or a subset (DISTINCT
views) such as design, uncertain, only aleatory uncertain, etc.

e inactive_continuous_variables(): returns the inactive view which which is either a subset or empty

e all_continuous_variables(): returns the full vector allContinuousVars
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and this pattern is followed for active/inactive/all access to discrete_int_variables() and discrete_real_variables()
as well as for labels, IDs, and types in SharedVariablesData and variable bounds in Constraints.
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Todo List
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Namespace Index

38.1 Namespace List

Here is a list of all documented namespaces with brief descriptions:

Dakota (The primary namespace for DAKOTA ) . . . . . . . . . . ... . .. 107
SIM (A sample namespace for derived classes that use assign_rep() to plug facilities into DAKOTA ) . . 263
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Class Index

39.1 Class Hierarchy

This inheritance list is sorted roughly, but not completely, alphabetically:

ActiveSet . . . L e e e e e e e 265
AnalysisCode . . . . . . ... e e e e e e 269
ForkAnalysisCode . . . . . . . . . . . e e e e e 467
SysCallAnalysisCode . . . . . . . . . . . e e e e e e 907
APProXimation . . . . . . . . i e e e e e e e e e e e e e e e e 294
GaussProcApproximation . . . . . . . ... L e e e e 478
PecosApproximation . . . . . . ... L e e e e e e 779
SurfpackApproximation . . . . . . . . . ... e e e e e e e e 881
TANA3ADPProxXimation . . . . . . . . . v v v vttt e e e e e e e e 912
TaylorApproxXimation . . . . . . . . .o v vt i e e e e e e e 915
APPSEvaIMEr . . . . . . L e 309
BaseConstructor . . . . . . . . . . e e e e e e e e e e e 316
BiStream . . . . . . L e e 317
BoStream . . . . . . L e e 320
COLINApplication . . . . . . . . . e e e e e e e e 323
CommandShell . . . . . . . . . e e e e 336
ConsStraints . . . . . . . e e e e e e e e e e e e e e e e e e 349
MergedConstraints . . . . . . . ..o e e e e e e e e e e e e 541
MixedConstraintS . . . . . . . . . . . e e e e e e e e e e e e e e e e e e e 555
Datalnterface . . . . . . . . . . e e e e e 375
DataMethod . . . . . . . . . . e e e e e e e e 377
DataMethodRep . . . . . . . . . L e e e e 379
DataModel . . . . . . . . e e e e e e e e e e e 394
DataModelRep . . . . . . . . e e e e e 396
DataResponses . . . . . . . . . e e 401
DataResponsesRep . . . . . . . . L e e e 403
DataStrategy . . . . . . . . L e e e e e e 408

DataStrategyRep . . . . . . . oL e e 410
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DataVariables . . . . . . . . .. e 413
DataVariablesRep . . . . . . . . . . e e e 415
DiscrepancyCorrection . . . . . . . . ..o e e e e e e e e e e e 441
Driver . . . . . e e e e e e e e e e e e 451
Evaluator . . . . . . . e e e e e 458
EvaluatorCreator . . . . . . . . . . . i e e e e e e e e e e e e e 465
GetLongOpt . . . . . . e e 485
CommandLineHandler . . . . . . ... .. .. 334
Graphics . . . . . . . o e 489
Interface . . . . . . . L e e 503
ApplicationInterface . . . . . . . .. 280
DirectApplicInterface . . . . . . . . . . . e 431
ParallelDirectApplicInterface . . . . . . . . . . . ... L 749
SerialDirectApplicInterface . . . . . . . . . ... 838
ForkApplicInterface . . . . . . . . . . . e e 469
GridApplicInterface . . . . . . . . . L e e 493
SysCallApplicInterface . . . . . . . . . . . . e 909
ApproximationInterface . . . . . . .. ..o 303
Tterator . . . . . . . e 513
Analyzer . . . .. e e e 274
NonD . . . . e e 630
NonDCalibration . . . . . . . . .. ... 646
NonDBayesCalibration . . . . . . . . . . . .. . . e 644
NonDGPMSABayesCalibration . . . . . . ... ... ... ... .. ....... 671
NonDQUESOBayesCalibration . . . . . . . ... ... ... ... .. ....... 716

NonDEXpansion . . . . . . . . . . . e e e e e e 653
NonDPolynomialChaos . . . . . . . . . . . . . e 708
NonDStochCollocation . . . . . . . . . . . . . . e e e e 735
NonDlIntegration . . . . . . . . . . . ... e 677
NonDCubature . . . . . . . . . ... 649
NonDQuadrature . . . . . . . . . . . . . e e e e 711
NonDSparseGrid . . . . . . . . . . e 731
NonDlInterval . . . . . . . . . . . e e e 680
NonDGloballnterval . . . . . . . . . . . . . e 662
NonDGlobalEvidence . . . . . . . . . .. ... .. ... .. .. 660
NonDGlobalSingleInterval . . . . . .. ... .. ... ... L o 669
NonDLHSInterval . . . . . . . . . . . . . e e 685
NonDLHSEvidence . . . . . . . . . . . . . . . . . e 683
NonDLHSSinglelnterval . . . . . . ... ... ... ... .. .. 690
NonDLocallnterval . . . . . . . . . . . . . . e 694
NonDLocalEvidence . . . . ... ... .. ... .. .. .. ... 692
NonDLocalSinglelnterval . . . . . . .. .. ... ... ... 706

NonDReliability . . . . . . . . . . 719
NonDGlobalReliability . . . . . . ... . ... 666
NonDLocalReliability . . . . . . .. ... ... 697
NonDSampling . . . . . . . . . 724
NonDAdaptImpSampling . . . . . . . . . . . . 640
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NonDIncremLHSSampling . . . . . . . .. ... .. . 674
NonDLHSSampling . . . . . . . . . . . . e 687
PStudyDACE . . . . . e e e e 797
DDACEDesignCompEXp . . . . . . . . . o e e 426
FSUDesignCompExp . . . . . . . . .. . . . e 473
ParamStudy . . . . . .. 772
PSUADEDesignCompEXp . . . . . . . . . o e 800
Verification . . . . . . . L. 933
RichExtrapVerification . . . . . . . . . . . . e 828
MInimizer . . . . . . . . o e e e e 545
LeastSq . . . . . o o 536
NL2SOLLeastSq . . . . v v v o e e e e e e e e e e e 618
NLSSOLLEastSq . . . . o o v o e e e e e e e e e e e e e e 627
SNLLLeastSq . . . . . o o o o e e e e e 853
OPUMIZET . . . . . ot it e e e e e e e e e e e e e 741
APPSOptimizer . . . . . . . . . 312
COLINOPHMIZEr . . . . . . . o oottt et e e e 327
CONMINODPHMIZET . . . . . . o o it e e e e e e e e e e e e 341
DOTOPtIMIZer . . . . . . . oot 446
JEGAODPUMIZET . . . . . . o o ot e e e e e e e e e e e e e 527
NCSUOPHMIZEL . . . . . o v v o o e e e e e e e e e e e e e e e e e e 598
NLPQLPOptimizer . . . . . . . . . . . . . e 621
NPSOLOptimizer . . . . . . . . . . oot e e e e e e e 737
SNLLOPHMIZEr . . . . . . oot e e e e e e e e e e e e 858
SurrBasedMinimizer . . . . . . . . . . .. e e e e e e e e e 896
EffGlobalMinimizer . . . . . . . . . . o o e e e e e e e e e e e 453
SurrBasedGlobalMinimizer . . . . . . . . . . .. e 885
SurrBasedLocalMinimizer . . . . . . . . . . . . e 887

Model . . . . . e 559
NestedModel . . . . . . . . . e e e e e e 602
RecastModel . . . . . . . . . 805
SingleModel . . . . . . . . L e e e e 847
SurrogateModel . . . . .. L e e e e e 902
DataFitSurrModel . . . . . . . . . . 362
HierarchSurrModel . . . . . . . . . . o e 496
MPIPackBuffer . . . . . . . . e 592
MPIUnpackBuffer. . . . . . . . .. e 595
NL2ReS . . . . o 617
NoDBBaseCOnStrucCtor . . . . . . . . v v ot e e e e e e e e e e e e e e e e e e e e e 629
ParallelConfiguration . . . . . . . . . . . . . e e e 747
ParallelLevel . . . . . . . . . e 750
ParallelLibrary . . . . . . . . e e e e e 754
ParamResponsePair . . . . . . . .. oL e 768
partial_prp_equality . . . . . . . . L e 777
partial_prp_hash . . . . . . . .o 778
ProblemDescDB . . . . . ... e 786
NIDRProblemDescDB . . . . . . . . . . . e 612
RecastBaseConstructor . . . . . . . . . . . . e e e e e e e 804
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Response . . . . . . L e e 814
ResponseRep . . . . . . o L e e 820
SensAnalysisGlobal . . . . . . . .o 831
SharedVariablesData . . . . . . . . . . ... 839
SharedVariablesDataRep . . . . . . . . . . . . e 842
SNLLBaASe . . . . . . o o e e e e 850
SNLLLEaStSq . - .« ¢ o o o o e e e e s e e e 853
SNLLOPHMIZET . . . . . v o v v o e e e e e e e e e e e e e e e e e e e e e e e 858
SOLBASE . . . . o o e e 866
NLSSOLLeastSq . . . . v v v o e e e e e e e e e e e e e 627
NPSOLOPHtMIZEr . . . . . . . o ot o e e e e e e e e e e e e e e e e e e e e 737
Srategy . . . . o e e e 869
ConcurrentStrate@y . . . . . . . oo e e e e e e e e e e e e e 338
HybridStrategy . . . . . . . . e e e e e e e 501
CollaborativeHybridStrategy . . . . . . . . . . . . . e 332
EmbeddedHybridStrategy . . . . . . . . . .. e e e 456
SequentialHybridStrategy . . . . . . . . . ... 833
SingleMethodStrategy . . . . . . . . . . L. 845
SN . . . o e e e e e 878
TrackerHTTP . . . . . . o e e 917
Variables . . . . . . . oL e 920
MergedVariables . . . . . . . . L 543
MixedVariables . . . . . . . .. 557
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Class Index

40.1 Class List

Here are the classes, structs, unions and interfaces with brief descriptions:

ActiveSet (Container class for active set tracking information. Contains the active set request vector and
the derivative variables vector ) . . . . . . . . . . . e
AnalysisCode (Base class providing common functionality for derived classes (SysCallAnalysisCode
and ForkAnalysisCode) which spawn separate processes for managing simulations ) . . . . . .
Analyzer (Base class for NonD, DACE, and ParamStudy branches of the iterator hierarchy ) . . . . ..
ApplicationInterface (Derived class within the interface class hierarchy for supporting interfaces to
simulationcodes ) . . . . . . . e e e e e
Approximation (Base class for the approximation class hierarchy ) . . . . .. .. ... ... ... ...
ApproximationInterface (Derived class within the interface class hierarchy for supporting approxima-
tions to simulation-based results ) . . . . . . . .. e
APPSEvalMgr (Evaluation manager class for APPSPACK ) . . . . . ... .. ... ... ........
APPSOptimizer (Wrapper class for APPSPACK ) . . . . . . ... ... . .. . ..
BaseConstructor (Dummy struct for overloading letter-envelope constructors ) . . . . . . . . . ... ..
BiStream (The binary input stream class. Overloads the >> operator for all datatypes ) . . . . . . . ..
BoStream (The binary output stream class. Overloads the << operator for all datatypes ) . . . . . . . .
COLINApplication . . . . . . . . . i e e e e e e e e e e e e e e e
COLINOptimizer (Wrapper class for optimizers defined using COLIN ) . . . . .. ... .. ... ...
CollaborativeHybridStrategy (Strategy for hybrid minimization using multiple collaborating optimiza-
tion and nonlinear least squares methods ) . . . . . . . . .. ... Lo Lo
CommandLineHandler (Utility class for managing command line inputs to DAKOTA) . ... ... ..
CommandShell (Utility class which defines convenience operators for spawning processes with system
calls ) . . . e e e
ConcurrentStrategy (Strategy for multi-start iteration or pareto set optimization ) . . . . . . . .. .. ..
CONMINOptimizer (Wrapper class for the CONMIN optimization library ) . . . . . .. ... ... ..
Constraints (Base class for the variable constraints class hierarchy ) . . . . . . .. ... ... ... ...
DataFitSurrModel (Derived model class within the surrogate model branch for managing data fit surro-
gates (globaland local) ) . . . . . . . .. L
Datalnterface (Handle class for interface specificationdata) . . . . . ... ... ... ... ......
DataMethod (Handle class for method specificationdata) . . . . . . . .. ... .. ... ... .....
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DataMethodRep (Body class for method specificationdata) . . . . . ... ... ... ... ...... 379
DataModel (Handle class for model specificationdata) . . . . . . . .. ... ... ... .. ...... 394
DataModelRep (Body class for model specificationdata) . . . . . . ... ... .. ... .. ...... 396
DataResponses (Handle class for responses specificationdata) . . . . . ... ... ... ... ..... 401
DataResponsesRep (Body class for responses specificationdata) . . . . . ... ... .. ... ..... 403
DataStrategy (Handle class for strategy specificationdata) . . . . . . ... ... ... ... ...... 408
DataStrategyRep (Body class for strategy specificationdata) . . . . . . ... ... ... ... ..... 410
DataVariables (Handle class for variables specificationdata) . . . . . ... ... ... ... ...... 413
DataVariablesRep (Body class for variables specificationdata) . . . . . . . ... ... ... ...... 415
DDACEDesignCompExp (Wrapper class for the DDACE design of experiments library ) . . . . . . .. 426
DirectApplicInterface (Derived application interface class which spawns simulation codes and testers

using direct procedurecalls ) . . . . . . . ... 431
DiscrepancyCorrection (Base class for discrepancy corrections ) . . . . . . . . ... ... ... ... 441
DOTOptimizer (Wrapper class for the DOT optimization library ) . . . . .. .. ... ... ... ... 446
Driver (A subclass of the JEGA front end driver that exposes the individual protected methods to execute

the algorithm ) . . . . . . . . . . . L 451
EffGlobalMinimizer (Implementation of Efficient Global Optimization/Least Squares algorithms ) . . . 453
EmbeddedHybridStrategy (Strategy for closely-coupled hybrid minimization, typically involving the

embedding of local search methods within global search methods ) . . . . . . ... ... ... 456
Evaluator (An evaluator specialization that knows how to interact with Dakota) . . . . ... ... ... 458
EvaluatorCreator (A specialization of the JEGA::FrontEnd::EvaluatorCreator that creates a new in-

stance of a Evaluator) . . . . . . . . . .. e 465
ForkAnalysisCode (Derived class in the AnalysisCode class hierarchy which spawns simulations using

forks ) . . . . e e e e 467
ForkApplicInterface (Derived application interface class which spawns simulation codes using forks ) . 469
FSUDesignCompExp (Wrapper class for the FSUDace QMC/CVT library ) . . . . ... ... ... .. 473
GaussProcApproximation (Derived approximation class for Gaussian Process implementation ) . . . . . 478
GetLongOpt (GetLongOpt is a general command line utility from S. Manoharan (Advanced Computer

Research Institute, Lyon, France) ) . . . . . . . . . .. ... ... . 485
Graphics (Single interface to 2D (motif) and 3D (PLPLOT) graphics as well as tabular cataloguing of

data for post-processing with Matlab, Tecplot,etc) . . . . . .. ... ... ... ... .... 489
GridApplicInterface (Derived application interface class which spawns simulation codes using grid ser-

vicessuchas CondororGlobus ) . . . . . . . . . . . .. .. .. 493
HierarchSurrModel (Derived model class within the surrogate model branch for managing hierarchical

surrogates (models of varying fidelity) ) . . . . . . . .. .. . 496
HybridStrategy (Base class for hybrid minimization strategies ) . . . . . . . . . . ... ... ... ... 501
Interface (Base class for the interface class hierarchy ) . . . . . . . . ... ... ... ... ... 503
Iterator (Base class for the iterator class hierarchy ) . . . . . . ... ... . ... ... ... ..... 513
JEGAOptimizer (A version of Dakota::Optimizer for instantiation of John Eddy’s Genetic Algorithms

UEGA) ) . . o 527
LeastSq (Base class for the nonlinear least squares branch of the iterator hierarchy ) . . . . . . ... .. 536

MergedConstraints (Derived class within the Constraints hierarchy which employs the merged data view )541
MergedVariables (Derived class within the Variables hierarchy which employs the merged data view ) . 543

Minimizer (Base class for the optimizer and least squares branches of the iterator hierarchy ) . . . . . . 545
MixedConstraints (Derived class within the Constraints hierarchy which employs the default data view
(no variable or domain type array merging) ) . . . . . ... ..o 555
MixedVariables (Derived class within the Variables hierarchy which employs the default data view (no
variable or domain type array merging) ) . . . . . . . ... oo i e i e e e 557
Model (Base class for the model class hierarchy ) . . . . . . ... . ... ... ... ......... 559
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MPIPackBuffer (Class for packing MPI message buffers ) . . . . . . ... ... ... ... ... .... 592
MPIUnpackBuffer (Class for unpacking MPI message buffers ) . . . . . . ... ... ... ... .... 595
NCSUOptimizer (Wrapper class for the NCSU DIRECT optimization library ) . . . . . . ... .. ... 598
NestedModel (Derived model class which performs a complete sub-iterator execution within every eval-
vationof themodel ) . . . . . . . . . e 602
NIDRProblemDescDB (The derived input file database utilizing the new IDR parser) . . . . . . . . .. 612
NL2Res (Auxiliary information passed to calcr and calcj viaur) . . . . . ... ... .. ... ..... 617
NL2SOLLeastSq (Wrapper class for the NL2SOL nonlinear least squares library ) . . . . . . . ... .. 618
NLPQLPOptimizer (Wrapper class for the NLPQLP optimization library, Version2.0) . . . ... . .. 621
NLSSOLLeastSq (Wrapper class for the NLSSOL nonlinear least squares library ) . . . . .. ... .. 627
NoDBBaseConstructor (Dummy struct for overloading constructors used in on-the-fly instantiations ) . 629
NonD (Base class for all nondetermistic iterators (the DAKOTA/UQbranch) ) . . . . . ... ... ... 630

NonDAdaptImpSampling (Class for the Adaptive Importance Sampling methods within DAKOTA ) . . 640
NonDBayesCalibration (Base class for Bayesian inference: generates posterior distribution on model

parameters given experimental data ) . . . . . . ... ... Lo 644
NonDCalibration . . . . . . . . . . . e e e 646
NonDCubature (Derived nondeterministic class that generates N-dimensional numerical cubature points

for evaluation of expectation integrals ) . . . . . . . . ... ... Lo 649

NonDExpansion (Base class for polynomial chaos expansions (PCE) and stochastic collocation (SC) ) . 653
NonDGlobalEvidence (Class for the Dempster-Shafer Evidence Theory methods within DAKOTA/UQ ) 660
NonDGloballnterval (Class for using global nongradient-based optimization approaches to calculate

interval bounds for epistemic uncertainty quantification) . . . . . . ... ... ... ... .. 662
NonDGlobalReliability (Class for global reliability methods within DAKOTA/UQ) . . . . .. ... .. 666
NonDGlobalSinglelnterval (Class for using global nongradient-based optimization approaches to cal-

culate interval bounds for epistemic uncertainty quantification ) . . . . . . . .. ... ... .. 669
NonDGPMSABayesCalibration (Generates posterior distribution on model parameters given experi-

mentdata) . . ... e e e e 671
NonDIncremLHSSampling (Performs icremental LHS sampling for uncertainty quantification) . . . . 674
NonDIntegration (Derived nondeterministic class that generates N-dimensional numerical integration

points for evaluation of expectationintegrals ) . . . . . . . . . ... ..o, 677
NonDlInterval (Base class for interval-based methods within DAKOTA/UQ ) . . . . .. ... ... ... 680
NonDLHSEvidence (Class for the Dempster-Shafer Evidence Theory methods within DAKOTA/UQ ) . 683
NonDLHSInterval (Class for the LHS-based interval methods within DAKOTA/UQ ) . . . .. ... .. 685
NonDLHSSampling (Performs LHS and Monte Carlo sampling for uncertainty quantification ) . . . . . 687
NonDLHSSinglelnterval (Class for pure interval propagationusing LHS) . . . . ... ... ... ... 690

NonDLocalEvidence (Class for the Dempster-Shafer Evidence Theory methods within DAKOTA/UQ ) 692
NonDLocalInterval (Class for using local gradient-based optimization approaches to calculate interval

bounds for epistemic uncertainty quantification) . . . . .. .. ... ..o L. 694
NonDLocalReliability (Class for the reliability methods within DAKOTA/UQ ) . . . . ... ... ... 697
NonDLocalSinglelnterval (Class for using local gradient-based optimization approaches to calculate

interval bounds for epistemic uncertainty quantification ) . . . . . . . ... ... ... 706
NonDPolynomialChaos (Nonintrusive polynomial chaos expansion approaches to uncertainty quantifi-

CAtiON ) . . . . . e e 708

NonDQuadrature (Derived nondeterministic class that generates N-dimensional numerical quadra-
ture points for evaluation of expectation integrals over uncorrelated standard nor-

mals/uniforms/exponentials/betas/gammas ) . . . . . . ... ... oL 711
NonDQUESOBayesCalibration (Bayesian inference using the QUESO library from UT Austin) . . . . 716
NonDReliability (Base class for the reliability methods within DAKOTA/UQ ) . . . . . ... ... ... 719
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NonDSampling (Base class for common code between NonDLHSSampling, NonDIncremLHSSam-
pling, and NonDAdaptImpSampling ) . . . . . . ... ... ... ... ... 724
NonDSparseGrid (Derived nondeterministic class that generates N-dimensional Smolyak sparse grids
for numerical evaluation of expectation integrals over independent standard random variables ) 731
NonDStochCollocation (Nonintrusive stochastic collocation approaches to uncertainty quantification ) . 735

NPSOLOptimizer (Wrapper class for the NPSOL optimization library ) . . . . . ... ... ... ... 737
Optimizer (Base class for the optimizer branch of the iterator hierarchy ) . . . . . ... ... ... ... 741
ParallelConfiguration (Container class for a set of ParallelLevel list iterators that collectively identify a
particular multilevel parallel configuration ) . . . . .. ... ... ... ... ... 747
ParallelDirectApplicInterface (Sample derived interface class for testing parallel simulator plug-ins us-
NG assign_reP() ) « -« o v v e e e e e e e e e e e e e e e e e e 749

ParallelLevel (Container class for the data associated with a single level of communicator partitioning ) 750
ParallelLibrary (Class for partitioning multiple levels of parallelism and managing message passing

withinthese levels ) . . . . . . . . . . e e 754
ParamResponsePair (Container class for a variables object, a response object, and an evaluationid) . . 768
ParamStudy (Class for vector, list, centered, and multidimensional parameter studies ) . . . . . . . . .. 772
partial_prp_equality (Predicate for comparing ONLY the interfaceld and Vars attributes of PRPair ) . . . 777
partial_prp_hash (Wrapper to delegate to the ParamResponsePair hash_value function) . . . . . . . .. 778
PecosApproximation (Derived approximation class for global basis polynomials ) . . . . . . ... ... 779
ProblemDescDB (The database containing information parsed from the DAKOTA input file) . . . . . . 786
PStudyDACE (Base class for managing common aspects of parameter studies and design of experiments

methods ) . . . . . . e e e e 797
PSUADEDesignCompExp (Wrapper class for the PSUADE library ) . . . . . . ... ... ... .... 800
RecastBaseConstructor (Dummy struct for overloading constructors used in on-the-fly Model instanti-

AtiONS ) . . . . L e e e 804
RecastModel (Derived model class which provides a thin wrapper around a sub-model in order to recast

the form of its inputs and/oroutputs ) . . . . . . .. ..o 805
Response (Container class for response functions and their derivatives. Response provides the handle

class ) . .o e e e e e 814
ResponseRep (Container class for response functions and their derivatives. ResponseRep provides the

bodyclass) . . . . . . 820
RichExtrap Verification (Class for Richardson extrapolation for code and solution verification ) . . . . . 828
SensAnalysisGlobal (Class for a utility class containing correlation calculations and variance-based

decomposition ) . . . . . ... e e e e e e e 831
SequentialHybridStrategy (Strategy for sequential hybrid minimization using multiple optimization and

nonlinear least squares methods on multiple models of varying fidelity ) . . . . ... ... .. 833
SerialDirectApplicInterface (Sample derived interface class for testing serial simulator plug-ins using

asSiN_TEP() ) .« v v o e e e e e e e e e e e e e e e 838
SharedVariablesData (Container class encapsulating variables data that can be shared among a set of

Variables INStances ) . . . . . . . . . e e e e e e e e 839
SharedVariablesDataRep (The representation of a SharedVariablesData instance. This representation,

or body, may be shared by multiple SharedVariablesData handle instances ) . . . . ... ... 842
SingleMethodStrategy (Simple fall-through strategy for running a single iterator on a single model ) . . 845
SingleModel (Derived model class which utilizes a single interface to map variables into responses ) . . 847
SNLLBase (Base class for OPT++ optimization and least squares methods ) . . . . . .. ... ... .. 850
SNLLLeastSq (Wrapper class for the OPT++ optimization library ) . . . . . . . . ... ... ... ... 853
SNLLOptimizer (Wrapper class for the OPT++ optimization library ) . . . . . .. .. ... ... ... 858
SOLBase (Base class for Stanford SOL software ) . . . . . . .. .. .. .. ... ... ......... 866
Strategy (Base class for the strategy class hierarchy ) . . . . . . ... ... ... ... ... ..., 869
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String (Dakota::String class, used as main string class for Dakota) . . . . ... .. ... ... ... ..
SurfpackApproximation (Derived approximation class for Surfpack approximation classes. Interface
between Surfpack and Dakota ) . . . . . . . . ... L oL
SurrBasedGlobalMinimizer (The global surrogate-based minimizer which sequentially minimizes and
updates a global surrogate model without trust regioncontrols ) . . . . . . . . . ... ... ..
SurrBasedLocalMinimizer (Class for provably-convergent local surrogate-based optimization and non-
linear least SQUATeS ) . . . . . . . . L. e e e e e e e e e e e
SurrBasedMinimizer (Base class for local/global surrogate-based optimization/least squares ) . . . . . .
SurrogateModel (Base class for surrogate models (DataFitSurrModel and HierarchSurrModel) )
SysCallAnalysisCode (Derived class in the AnalysisCode class hierarchy which spawns simulations
using systemcalls ) . . . . ... e
SysCallApplicInterface (Derived application interface class which spawns simulation codes using sys-
temcalls) . . . . . e e e e
TANA3Approximation (Derived approximation class for TANA-3 two-point exponential approximation
(a multipoint approximation) ) . . . . . . . . ... L.
TaylorApproximation (Derived approximation class for first- or second-order Taylor series (a local ap-
ProxXimation) ) . . . . . . . . e e e e e e e e e e e e e e e e e e
TrackerHTTP (TrackerHTTP: a usage tracking module that uses HTTP/HTTPS via the curl library ) . .
Variables (Base class for the variables class hierarchy ) . . . . ... ... ... ... .. .. ......
Verification (Base class for managing common aspects of verification studies ) . . . . . . ... ... ..
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File Index

41.1 File List

Here is a list of all documented files with brief descriptions:

dll_api.C (This file contains a DakotaRunner class, which launches DAKOTA) . . ... ... ... .. 935
dll_api.h (API for DLL INteractions ) . . . . . . . . v v v v v e i e e e e e e e e e e e e e 937
JEGAOptimizer.C (Contains the implementation of the JEGAOptimizerclass ). . . . . . ... ... .. 939
JEGAOptimizer.H (Contains the definition of the JEGAOptimizerclass) . . . . . . .. ... ... ... 940
library_mode.C (File containing a mock simulator main for testing DAKOTA in library mode ) . . . . . 941
library_split.C (File containing a mock simulator main for testing DAKOTA in library mode on a split
COMMUNICALOT ) . . . . . v i i e i e e e e e e e e e e e e e e e e e e e e e 943
main.C (File containing the main program for DAKOTA ) . . . . . . .. ... .. ... .. ... ... 944

restart_util.C (File containing the DAKOTA restart utility main program ) . . . . ... ... ... ... 945
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Namespace Documentation

42.1 Dakota Namespace Reference

The primary namespace for DAKOTA.

Classes

e class AnalysisCode

Base class providing common functionality for derived classes (SysCallAnalysisCode and ForkAnalysisCode) which
spawn separate processes for managing simulations.

o class ApplicationInterface

Derived class within the interface class hierarchy for supporting interfaces to simulation codes.

e class ApproximationInterface

Derived class within the interface class hierarchy for supporting approximations to simulation-based results.

e class APPSEvalMgr
Evaluation manager class for APPSPACK.

o class APPSOptimizer
Wrapper class for APPSPACK.

e class COLINApplication
e class COLINOptimizer

Wrapper class for optimizers defined using COLIN.

e class CollaborativeHybridStrategy

Strategy for hybrid minimization using multiple collaborating optimization and nonlinear least squares methods.

e class GetLongOpt
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GetLongOpt is a general command line utility from S. Manoharan (Advanced Computer Research Institute, Lyon,
France).

class CommandLineHandler

Utility class for managing command line inputs to DAKOTA.

class CommandShell

Utility class which defines convenience operators for spawning processes with system calls.

class ConcurrentStrategy

Strategy for multi-start iteration or pareto set optimization.

class CONMINOptimizer
Wrapper class for the CONMIN optimization library.

class ActiveSet

Container class for active set tracking information. Contains the active set request vector and the derivative vari-
ables vector.

class Analyzer
Base class for NonD, DACE, and ParamStudy branches of the iterator hierarchy.

class Approximation

Base class for the approximation class hierarchy.

class BiStream

The binary input stream class. Overloads the >> operator for all data types.

class BoStream

The binary output stream class. Overloads the << operator for all data types.

class Constraints

Base class for the variable constraints class hierarchy.

class Graphics

The Graphics class provides a single interface to 2D (motif) and 3D (PLPLOT) graphics as well as tabular cata-
loguing of data for post-processing with Matlab, Tecplot, etc.

class Interface

Base class for the interface class hierarchy.

class Iterator

Base class for the iterator class hierarchy.

class LeastSq

Base class for the nonlinear least squares branch of the iterator hierarchy.
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class Minimizer

Base class for the optimizer and least squares branches of the iterator hierarchy.

class Model

Base class for the model class hierarchy.

class NonD
Base class for all nondetermistic iterators (the DAKOTA/UQ branch).

class Optimizer

Base class for the optimizer branch of the iterator hierarchy.

class PStudyDACE

Base class for managing common aspects of parameter studies and design of experiments methods.

class ResponseRep

Container class for response functions and their derivatives. ResponseRep provides the body class.

class Response

Container class for response functions and their derivatives. Response provides the handle class.

class Strategy

Base class for the strategy class hierarchy.

class String

Dakota::String class, used as main string class for Dakota.

class Variables

Base class for the variables class hierarchy.

class Verification

Base class for managing common aspects of verification studies.

class DataFitSurrModel

Derived model class within the surrogate model branch for managing data fit surrogates (global and local).

class Datalnterface

Handle class for interface specification data.

class DataMethodRep

Body class for method specification data.

class DataMethod

Handle class for method specification data.

class DataModelRep
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Body class for model specification data.

class DataModel

Handle class for model specification data.

class DataResponsesRep

Body class for responses specification data.

class DataResponses

Handle class for responses specification data.

class DataStrategyRep

Body class for strategy specification data.

class DataStrategy

Handle class for strategy specification data.

class DataVariablesRep

Body class for variables specification data.

class DataVariables

Handle class for variables specification data.

class DDACEDesignCompExp
Wrapper class for the DDACE design of experiments library.

class DirectApplicInterface

Derived application interface class which spawns simulation codes and testers using direct procedure calls.

class DiscrepancyCorrection

Base class for discrepancy corrections.

class DOTOptimizer
Wrapper class for the DOT optimization library.

class EffGlobalMinimizer

Implementation of Efficient Global Optimization/Least Squares algorithms.

class EmbeddedHybridStrategy

Strategy for closely-coupled hybrid minimization, typically involving the embedding of local search methods within
global search methods.

class ForkAnalysisCode

Derived class in the AnalysisCode class hierarchy which spawns simulations using forks.

class ForkAppliclnterface
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Derived application interface class which spawns simulation codes using forks.

e class FSUDesignCompExp
Wrapper class for the FSUDace QMC/CVT library.

o class GaussProcApproximation

Derived approximation class for Gaussian Process implementation.

e struct BaseConstructor

Dummy struct for overloading letter-envelope constructors.

e struct NoDBBaseConstructor

Dummy struct for overloading constructors used in on-the-fly instantiations.

e struct RecastBaseConstructor

Dummy struct for overloading constructors used in on-the-fly Model instantiations.

e class GridAppliclnterface

Derived application interface class which spawns simulation codes using grid services such as Condor or Globus.

e class HierarchSurrModel

Derived model class within the surrogate model branch for managing hierarchical surrogates (models of varying
fidelity).

e class HybridStrategy

Base class for hybrid minimization strategies.

e class JEGAOptimizer
A version of Dakota::Optimizer for instantiation of John Eddy’s Genetic Algorithms (JEGA).

o class MergedConstraints

Derived class within the Constraints hierarchy which employs the merged data view.

e class MergedVariables

Derived class within the Variables hierarchy which employs the merged data view.

e class MixedConstraints

Derived class within the Constraints hierarchy which employs the default data view (no variable or domain type
array merging).

e class MixedVariables
Derived class within the Variables hierarchy which employs the default data view (no variable or domain type array
merging).

e class MPIPackBuffer
Class for packing MPI message buffers.
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class MPIUnpackBuffer
Class for unpacking MPI message buffers.

class NCSUOptimizer
Wrapper class for the NCSU DIRECT optimization library.

class NestedModel

Derived model class which performs a complete sub-iterator execution within every evaluation of the model.

class NIDRProblemDescDB
The derived input file database utilizing the new IDR parser.

struct NL2Res

Auxiliary information passed to calcr and calcj via ur.

class NL2SOLLeastSq
Wrapper class for the NL2SOL nonlinear least squares library.

class NLPQLPOptimizer
Wrapper class for the NLPQLP optimization library, Version 2.0.

class NLSSOLLeastSq
Wrapper class for the NLSSOL nonlinear least squares library.

class NonDAdaptImpSampling
Class for the Adaptive Importance Sampling methods within DAKOTA.

class NonDBayesCalibration

Base class for Bayesian inference: generates posterior distribution on model parameters given experimental data.

class NonDCalibration
class NonDCubature

Derived nondeterministic class that generates N-dimensional numerical cubature points for evaluation of expecta-
tion integrals.

class NonDExpansion

Base class for polynomial chaos expansions (PCE) and stochastic collocation (SC).

class NonDGlobalEvidence
Class for the Dempster-Shafer Evidence Theory methods within DAKOTA/UQ.

class NonDGloballnterval

Class for using global nongradient-based optimization approaches to calculate interval bounds for epistemic un-
certainty quantification.

class NonDGlobalReliability
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Class for global reliability methods within DAKOTA/UQ.

e class NonDGlobalSingleInterval

Class for using global nongradient-based optimization approaches to calculate interval bounds for epistemic un-
certainty quantification.

e class NonDGPMSABayesCalibration

Generates posterior distribution on model parameters given experiment data.

e class NonDIncremLHSSampling

Performs icremental LHS sampling for uncertainty quantification.

e class NonDlIntegration

Derived nondeterministic class that generates N-dimensional numerical integration points for evaluation of expec-
tation integrals.

e class NonDlInterval
Base class for interval-based methods within DAKOTA/UQ.

e class NonDLHSEvidence
Class for the Dempster-Shafer Evidence Theory methods within DAKOTA/UQ.

e class NonDLHSInterval
Class for the LHS-based interval methods within DAKOTA/UQ.

e class NonDLHSSampling

Performs LHS and Monte Carlo sampling for uncertainty quantification.

e class NonDLHSSinglelnterval
Class for pure interval propagation using LHS.

e class NonDLocalEvidence
Class for the Dempster-Shafer Evidence Theory methods within DAKOTA/UQ.

e class NonDLocallnterval

Class for using local gradient-based optimization approaches to calculate interval bounds for epistemic uncertainty
quantification.

e class NonDLocalReliability
Class for the reliability methods within DAKOTA/UQ.

e class NonDLocalSingleInterval

Class for using local gradient-based optimization approaches to calculate interval bounds for epistemic uncertainty
quantification.

e class NonDPolynomialChaos

Nonintrusive polynomial chaos expansion approaches to uncertainty quantification.

DAKOTA Version 5.2 Developers Manual generated on November 30, 2011



120

Namespace Documentation

class NonDQuadrature

Derived nondeterministic class that generates N-dimensional numerical quadrature points for evaluation of expec-
tation integrals over uncorrelated standard normals/uniforms/exponentials/betas/gammas.

class NonDQUESOBayesCalibration
Bayesian inference using the QUESO library from UT Austin.

class NonDReliability
Base class for the reliability methods within DAKOTA/UQ.

class NonDSampling
Base class for common code between NonDLHSSampling, NonDIncremLHSSampling, and NonDAdaptImpSam-
pling.

class NonDSparseGrid

Derived nondeterministic class that generates N-dimensional Smolyak sparse grids for numerical evaluation of
expectation integrals over independent standard random variables.

class NonDStochCollocation

Nonintrusive stochastic collocation approaches to uncertainty quantification.

class NPSOLOptimizer
Wrapper class for the NPSOL optimization library.

class ParallelLevel

Container class for the data associated with a single level of communicator partitioning.

class ParallelConfiguration

Container class for a set of ParallelLevel list iterators that collectively identify a particular multilevel parallel
configuration.

class ParallelLibrary

Class for partitioning multiple levels of parallelism and managing message passing within these levels.

class ParamResponsePair

Container class for a variables object, a response object, and an evaluation id.

class ParamStudy

Class for vector, list, centered, and multidimensional parameter studies.

class PecosApproximation

Derived approximation class for global basis polynomials.

class ProblemDescDB
The database containing information parsed from the DAKOTA input file.
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struct partial_prp_hash

wrapper to delegate to the ParamResponsePair hash_value function

struct partial_prp_equality
predicate for comparing ONLY the interfaceld and Vars attributes of PRPair

class PSUADEDesignCompExp
Wrapper class for the PSUADE library.

class RecastModel

Derived model class which provides a thin wrapper around a sub-model in order to recast the form of its inputs
and/or outputs.

class RichExtrap Verification

Class for Richardson extrapolation for code and solution verification.

class SensAnalysisGlobal

Class for a utility class containing correlation calculations and variance-based decomposition.

class SequentialHybridStrategy

Strategy for sequential hybrid minimization using multiple optimization and nonlinear least squares methods on
multiple models of varying fidelity.

class SharedVariablesDataRep

The representation of a SharedVariablesData instance. This representation, or body, may be shared by multiple
SharedVariablesData handle instances.

class SharedVariablesData

Container class encapsulating variables data that can be shared among a set of Variables instances.

class SingleMethodStrategy

Simple fall-through strategy for running a single iterator on a single model.

class SingleModel

Derived model class which utilizes a single interface to map variables into responses.

class SNLLBase

Base class for OPT++ optimization and least squares methods.

class SNLLLeastSq
Wrapper class for the OPT++ optimization library.

class SNLLOptimizer
Wrapper class for the OPT++ optimization library.

class SOLBase
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Base class for Stanford SOL software.

o class SurfpackApproximation
Derived approximation class for Surfpack approximation classes. Interface between Surfpack and Dakota.
e class SurrBasedGlobalMinimizer
The global surrogate-based minimizer which sequentially minimizes and updates a global surrogate model without
trust region controls.
e class SurrBasedLocalMinimizer
Class for provably-convergent local surrogate-based optimization and nonlinear least squares.
e class SurrBasedMinimizer
Base class for local/global surrogate-based optimization/least squares.
e class SurrogateModel
Base class for surrogate models (DataFitSurrModel and HierarchSurrModel).
e class SysCallAnalysisCode
Derived class in the AnalysisCode class hierarchy which spawns simulations using system calls.
e class SysCallAppliclnterface
Derived application interface class which spawns simulation codes using system calls.
o class TANA3Approximation
Derived approximation class for TANA-3 two-point exponential approximation (a multipoint approximation).
o class TaylorApproximation
Derived approximation class for first- or second-order Taylor series (a local approximation).
e class TrackerHTTP
TrackerHTTP: a usage tracking module that uses HTTP/HTTPS via the curl library.
Typedefs
o typedef double Real
o typedef Teuchos::SerialDenseVector< int, Real > RealVector
o typedef Teuchos::SerialDense Vector< int, int > IntVector
o typedef Teuchos::SerialDenseMatrix< int, Real > RealMatrix
o typedef Teuchos::SerialSymDenseMatrix< int, Real > RealSymMatrix
o typedef std::deque< bool > BoolDeque
e typedef std::vector< BoolDeque > BoolDequeArray
o typedef std::vector< Real > RealArray
o typedef std::vector< RealArray > Real2DArray
o typedef std::vector< int > IntArray
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typedef std::vector< IntArray > Int2DArray

typedef std::vector< short > ShortArray

typedef std::vector< unsigned short > UShortArray

typedef std::vector< UShortArray > UShort2DArray

typedef std::vector< UShort2DArray > UShort3DArray

typedef std::vector< size_t > SizetArray

typedef std::vector< SizetArray > Sizet2DArray

typedef std::vector< String > StringArray

typedef std::vector< StringArray > String2DArray

typedef boost::multi_array_types::index_range idx_range

typedef boost::multi_array< String, 1 > StringMultiArray

typedef StringMultiArray::array_view< 1 >::type StringMultiArrayView
typedef StringMultiArray::const_array_view< 1 >::type StringMultiArrayConstView
typedef boost::multi_array< unsigned short, 1 > UShortMultiArray
typedef UShortMultiArray::array_view< 1 >::type UShortMultiArrayView

typedef boost::multi_array< size_t, 1 > SizetMultiArray
typedef SizetMultiArray::array_view< 1 >::type SizetMultiArrayView
typedef SizetMultiArray::const_array_view< 1 >::type SizetMultiArrayConstView
typedef std::vector< RealVector > RealVectorArray

typedef std::vector< RealVectorArray > RealVector2DArray
typedef std::vector< RealMatrix > RealMatrixArray

typedef std::vector< RealSymMatrix > RealSymMatrixArray
typedef std::vector< IntVector > IntVectorArray

typedef std::vector< Variables > VariablesArray

typedef std::vector< Response > ResponseArray

typedef std::vector< ParamResponsePair > PRPArray
typedef std::vector< PRPArray > PRP2DArray

typedef std::vector< Model > ModelArray

typedef std::vector< Iterator > IteratorArray

typedef std::list< bool > BoolList

typedef std::list< int > IntList

typedef std::list< size_t > SizetList

typedef std::list< Real > RealList

typedef std::list< String > StringList

typedef std::list< Variables > VariablesList

typedef std::list< Interface > InterfaceList

typedef std::list< Response > ResponseList

typedef std::list< Model > ModelList

typedef std::list< Iterator > IteratorList

typedef std::pair< int, String > IntStringPair

typedef std::pair< Real, Real > RealRealPair

typedef std::pair< int, Response > IntResponsePair

typedef std::set< Real > RealSet

typedef std::set< int > IntSet

typedef std::set< size_t > SizetSet

typedef UShortMultiArray::const_array_view< 1 >::type UShortMultiArrayConstView
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typedef std::vector< RealSet > RealSetArray

typedef std::vector< IntSet > IntSetArray

typedef std::map< int, int > IntIntMap

typedef std::map< int, short > IntShortMap

typedef std::map< int, RealVector > IntReal VectorMap

typedef std::map< int, ActiveSet > IntActiveSetMap

typedef std::map< int, Variables > IntVariablesMap

typedef std::map< int, Response > IntResponseMap

typedef std::map< IntArray, size_t > IntArraySizetMap

typedef std::multimap< RealRealPair, ParamResponsePair > RealPairPRPMultiMap
typedef IntList::iterator ILIter

typedef IntList::const_iterator ILCIter

typedef SizetList::iterator StLIter

typedef SizetList::const_iterator StL.CIter

typedef RealList::iterator RLIter

typedef RealList::const_iterator RLCIter

typedef StringList::iterator StringLIter

typedef StringList::const_iterator StringL.CIter

typedef VariablesList::iterator VarsLIter

typedef InterfaceList::iterator InterfLIter

typedef ResponseList::iterator RespLIter

typedef ModelList::iterator ModelLIter

typedef IteratorList::iterator IterLIter

typedef std::list< ParallelLevel >::iterator ParLevLIter

typedef std::list< ParallelConfiguration >::iterator ParConfigLIter
typedef IntSet::iterator ISIter

typedef IntSet::const_iterator ISCIter

typedef IntIntMap::iterator IntIntMIter

typedef IntIntMap::const_iterator IntIntMCIter

typedef IntShortMap::iterator IntShMIter

typedef IntReal VectorMap::iterator IntRDVMIter

typedef IntReal VectorMap::const_iterator IntRDVMClter
typedef IntActiveSetMap::iterator IntASMIter

typedef IntVariablesMap::iterator IntVarsMIter

typedef IntVariablesMap::const_iterator IntVarsMClter

typedef IntResponseMap::iterator IntRespMIter

typedef IntResponseMap::const_iterator IntRespMClter

typedef void(x dl_find_optimum_t )(void *, Optimizerl *, char )
typedef void(x dl_destructor_t )(void xx)

typedef int(x ftw_fn )(const char xfile, const struct stat *, int ftype, int depth, void *v)
typedef struct dirent dirent

typedef struct Dakota::Cbuf Cbuf

typedef struct Dakota::Buf Buf

typedef struct Dakota::Finfo Finfo

typedef Teuchos::SerialDenseSolver< int, Real > RealSolver
typedef Teuchos::SerialSpdDenseSolver< int, Real > RealSpdSolver
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o typedef int(x start_grid_computing_t )(char xanalysis_driver_script, char xparams_file, char *results_file)

definition of start grid computing type (function pointer)

o typedef int(x perform_analysis_t )(char xiteration_num)

definition of perform analysis type (function pointer)

o typedef int x(x get_jobs_completed_t )()
definition of get completed jobs type (function pointer)

o typedef int(x stop_grid_computing_t )()
definition of stop grid computing type (function pointer)

typedef unsigned char u_char

typedef unsigned short u_short

typedef unsigned int u_int

typedef unsigned long u_long

typedef long long long_long

typedef unsigned long UL

typedef void(x Calerj )(int *n, int *p, Real «x, int *nf, Real *r, int *ui, void sur, Vf vf)

typedef void(x VI )()

typedef int MPI_Comm

typedef void * MPI_Request

typedef bmi::multi_index_container< Dakota::ParamResponsePair, bmi::indexed_by< bmi::ordered_-
unique< bmi::tag< ordered >, bmi::const_mem_fun< Dakota::ParamResponsePair, const IntStringPair
&,&Dakota::ParamResponsePair::eval_interface_ids > >, bmi::hashed_non_unique< bmi::tag< hashed
>, bmi::identity < Dakota::ParamResponsePair >, partial_prp_hash, partial_prp_equality > > > PRPMul-
tilndexCache

Boost Multi-Index Container for globally caching ParamResponsePairs.

typedef PRPMultilndexCache PRPCache

typedef PRPCache::index_iterator< ordered >::type PRPCacheOlter

typedef PRPCache::index_const_iterator< ordered >::type PRPCacheOClter

typedef PRPCache::index_iterator< hashed >::type PRPCacheHIter

typedef PRPCache::index_const_iterator< hashed >::type PRPCacheHClter

typedef PRPCacheOlter PRPCachelter

typedef PRPCacheOClIter PRPCacheClter

typedef bmi::multi_index_container< Dakota::ParamResponsePair, bmi::indexed_by<
bmi::ordered_unique< bmi::tag< ordered >, bmi::const_mem_fun< Dakota::ParamResponsePair,
int,&Dakota::ParamResponsePair::eval_id > >, bmi::hashed_non_unique< bmi::tag< hashed >,
bmi::identity< Dakota::ParamResponsePair >, partial_prp_hash, partial_prp_equality > > > PRPMulti-
IndexQueue

Boost Multi-Index Container for locally queueing ParamResponsePairs.

typedef PRPMultilndexQueue PRPQueue

typedef PRPQueue::index_iterator< ordered >::type PRPQueueOlter
typedef PRPQueue::index_const_iterator< ordered >::type PRPQueueOClter
typedef PRPQueue::index_iterator< hashed >::type PRPQueueHIter
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typedef PRPQueue::index_const_iterator< hashed >::type PRPQueueHClIter
typedef PRPQueueOlter PRPQueuelter
typedef PRPQueueOClIter PRPQueueClter

Enumerations

enum {
COBYLA, DIRECT, EA, MS,

PS, SW }
enum { OBJECTIVE, INEQUALITY_CONSTRAINT, EQUALITY_CONSTRAINT }

define algebraic function types

enum {
SILENT_OUTPUT, QUIET_OUTPUT, NORMAL_OUTPUT, VERBOSE_OUTPUT,

DEBUG_OUTPUT }

enum { STD_NORMAL_U, STD_UNIFORM_U, ASKEY_U, EXTENDED_U }
enum { NODAL_INTERPOLANT, HIERARCHICAL_INTERPOLANT }
enum { NO_INT_REFINE, IS, AIS, MMAIS }

enum { PROBABILITIES, RELIABILITIES, GEN_RELIABILITIES }

enum {

NO_EMULATOR, POLYNOMIAL_CHAOS, STOCHASTIC_COLLOCATION, GAUSSIAN._-
PROCESS,

KRIGING }
enum { IGNORE_RANKS, SET_RANKS, GET_RANKS, SET_GET_RANKS }
enum {

UNCERTAIN, UNCERTAIN_UNIFORM, ACTIVE, ACTIVE_UNIFORM,

ALL, ALL_UNIFORM }
enum {

MV, AMV_X, AMV_U, AMV_PLUS_X,

AMV_PLUS_U, TANA_X, TANA_U, NO_APPROX }

enum { BREITUNG, HOHENRACK, HONG }

enum { EGRA_X, EGRA_U }

enum { ORIGINAL_PRIMARY, SINGLE_OBJECTIVE, LAGRANGIAN_OBJECTIVE,
AUGMENTED_LAGRANGIAN_OBJECTIVE }

enum { NO_CONSTRAINTS, LINEARIZED_CONSTRAINTS, ORIGINAL_CONSTRAINTS }
enum { NO_RELAX, HOMOTOPY, COMPOSITE_STEP }

enum { PENALTY_MERIT, ADAPTIVE_PENALTY_MERIT, LAGRANGIAN_MERIT,
AUGMENTED_LAGRANGIAN_MERIT }

enum { FILTER, TR_RATIO }

enum { SCALE_NONE, SCALE_VALUE, SCALE_LOG }

enum { CDV, LINEAR, NONLIN, FN_LSQ }

enum { DISALLOW, TARGET, BOUNDS }

enum { DEFAULT_POINTS, MINIMUM_POINTS, RECOMMENDED_POINTS, TOTAL_POINTS
1
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define special values for pointsManagement

enum {

NO_SURROGATE = 0, UNCORRECTED_SURROGATE, AUTO_CORRECTED_SURROGATE,
BYPASS_SURROGATE,

MODEL_DISCREPANCY }

define special values for SurrogateModel.::responseMode

enum { NO_CORRECTION = 0, ADDITIVE_ CORRECTION, MULTIPLICATIVE_-
CORRECTION, COMBINED_CORRECTION }

define special values for approxCorrectionType

enum {
EMPTY, MERGED_ALL, MIXED_ALL, MERGED_DISTINCT_DESIGN,

MERGED_DISTINCT_UNCERTAIN, MERGED_DISTINCT_ALEATORY_UNCERTAIN,
MERGED_DISTINCT_EPISTEMIC_UNCERTAIN, MERGED_DISTINCT_STATE,

MIXED_DISTINCT_DESIGN, MIXED_DISTINCT_UNCERTAIN, MIXED_DISTINCT_-
ALEATORY_UNCERTAIN, MIXED_DISTINCT_EPISTEMIC_UNCERTAIN,

MIXED_DISTINCT_STATE }
enum {

CONTINUOUS_DESIGN, DISCRETE_DESIGN_RANGE, DISCRETE_DESIGN_SET_INT,
DISCRETE_DESIGN_SET_REAL,

NORMAL_UNCERTAIN, LOGNORMAL_UNCERTAIN, UNIFORM_UNCERTAIN,
LOGUNIFORM_UNCERTAIN,

TRIANGULAR_UNCERTAIN, EXPONENTIAL_UNCERTAIN, BETA_UNCERTAIN, GAMMA _-
UNCERTAIN,

GUMBEL_UNCERTAIN, FRECHET_UNCERTAIN, WEIBULL_UNCERTAIN, HISTOGRAM _-
BIN_UNCERTAIN,

POISSON_UNCERTAIN, BINOMIAL_UNCERTAIN, NEGATIVE_BINOMIAL_UNCERTAIN,
GEOMETRIC_UNCERTAIN,

HYPERGEOMETRIC_UNCERTAIN, HISTOGRAM_POINT_UNCERTAIN, INTERVAL -
UNCERTAIN, CONTINUOUS_STATE,

DISCRETE_STATE_RANGE, DISCRETE_STATE_SET_INT, DISCRETE_STATE_SET_REAL }
enum var_t {

VAR_x1, VAR _x2, VAR _x3, VAR_b,
VAR _h, VAR _P, VAR_M, VAR Y,
VAR_w, VAR_t, VAR_R, VAR _E,
VAR_X, VAR _Fs, VAR_P1, VAR_P2,
VAR _P3, VAR _B, VAR D, VAR H,
VAR _F0, VAR _d }

enumeration of possible variable types (to index to names)
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enum driver_t {
NO_DRIVER =0, CANTILEVER_BEAM, MOD_CANTILEVER_BEAM, CYLINDER_HEAD,

EXTENDED_ROSENBROCK, GENERALIZED_ROSENBROCK, LF_ROSENBROCK, ROSEN-
BROCK,

GERSTNER, SCALABLE_GERSTNER, LOGNORMAL_RATIO, MULTIMODAL,
PLUGIN_ROSENBROCK, PLUGIN_TEXT_BOOK, SHORT_COLUMN, LF_SHORT_COLUMN,
SOBOL_RATIONAL, SOBOL_G_FUNCTION, SOBOL_ISHIGAMI, STEEL_COLUMN_COST,
STEEL_COLUMN_PERFORMANCE, TEXT_BOOK, TEXT_BOOKI1, TEXT_BOOK?2,
TEXT_BOOK3, TEXT_BOOK_OUU, SCALABLE_TEXT_BOOK, HERBIE,
SMOOTH_HERBIE, SHUBERT, SALINAS, MODELCENTER,

MATLAB, PYTHON }

enumeration of possible driver types (to index to names)

enum local_data_t { VARIABLES_MAP = |, VARIABLES_VECTOR =2 }

enumeration for how local variables are stored (values must employ a bit representation)

enum {

sFTW_F, sFTW_SL, sFTW_D, sFTW_DP,

sFTW_DNR, sFTW_O, sFTW_NS }

enum {

sFTWret_OK, sFTWret_quit, sSFTWret_skipdir, sSFTWret_Follow,

sFTWret_mallocfailure }

enum { SETUP_MODEL, SETUP_USERFUNC }

enum {

CAUVar_normal = 0, CAUVar_lognormal = 1, CAUVar_uniform = 2, CAUVar_loguniform = 3,
CAUVar_triangular = 4, CAUVar_exponential = 5, CAUVar_beta = 6, CAUVar_gamma = 7,
CAUVar_gumbel = 8, CAUVar_frechet =9, CAUVar_weibull = 10, CAUVar_histogram_bin = 11,
CAUVar_NKinds = 12 }

enum {

DAUIVar_poisson = 0, DAUIVar_binomial = 1, DAUIVar_negative_binomial = 2, DAUIVar._-
geometric = 3,

DAUIVar_hypergeometric = 4, DAUIVar_Nkinds =5 }

enum { DAURVar_histogram_point = 0, DAURVar_Nkinds =1 }

enum { CEUVar_interval = 0, CEUVar_NKinds = 1 }

enum {

DiscSetVar_design_set_int = 0, DiscSetVar_design_set_real = 1, DiscSetVar_state_set_int = 2,
DiscSetVar_state_set_real = 3,

DiscSetVar_NKinds =4 }

enum { N_VLS =4}
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e enum CG_UPDATETYPE {

CG_STEEPEST, CG_FLETCHER_REEVES, CG_POLAK_RIBIERE, CG_POLAK_RIBIERE_-
PLUS,

CG_HESTENES_STIEFEL }

NonlinearCG update options.

e enum CG_LINESEARCHTYPE { CG_FIXED_STEP, CG_LS_SIMPLE, CG_LS_BRENT, CG_LS._-
WOLFE }

NonlinearCG linesearch options.

e enum {
LIST = 1, VECTOR_SV, VECTOR_FP, CENTERED,

MULTIDIM }
e enum { ESTIMATE_ORDER = I, CONVERGE_ORDER, CONVERGE_QOI }
e enum EvalType { NLFEvaluator, CONEvaluator }

enumeration for the type of evaluator function

e enum {

TH_SILENT_OUTPUT, TH_QUIET_OUTPUT, TH_NORMAL_OUTPUT, TH_VERBOSE_-
OUTPUT,

TH_DEBUG_OUTPUT }

Functions

e static const char * basename (const char *s)

return name of s, stripped of any leading path information

e static void cleanup_and_abort (const std::string &resname)

output error message about results file and call abort

e CommandShell & flush (CommandShell &shell)

convenient shell manipulator function to "flush" the shell

e bool operator== (const ActiveSet &setl, const ActiveSet &set2)

equality operator for ActiveSet

e std::istream & operator>> (std::istream &s, ActiveSet &set)

std::istream extraction operator for ActiveSet. Calls read(std::istream&).

e std::ostream & operator<< (std::ostream &s, const ActiveSet &set)

std::ostream insertion operator for ActiveSet. Calls write(std::istream&).

e BiStream & operator>> (BiStream &s, ActiveSet &set)

BiStream extraction operator for ActiveSet. Calls read(BiStream&).
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BoStream & operator<< (BoStream &s, const ActiveSet &set)

BoStream insertion operator for ActiveSet. Calls write(BoStreamd&).

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, ActiveSet &set)
MPIUnpackBuffer extraction operator for ActiveSet. Calls read(MPIUnpackBuffer&).

MPIPackBuffer & operator< < (MPIPackBuffer &s, const ActiveSet &set)
MPIPackBuffer insertion operator for ActiveSet. Calls write(MPIPackBuffer&).

bool operator!= (const ActiveSet &setl, const ActiveSet &set2)

inequality operator for ActiveSet

template<class ArrayT >
void array_read (ArrayT &v, BiStream &s)

Read an array from BiStream, s.

template<class ArrayT >
void array_write (const ArrayT &v, BoStream &s)

Write an array to BoStream, s.

template<class ArrayT >
BiStream & operator>> (BiStream &s, ArrayT &data)

global BiStream extraction operator for generic "array” container

template<class ArrayT >
BoStream & operator<< (BoStream &s, const ArrayT &data)

global BoStream insertion operator for generic "array" container

std::istream & operator>> (std::istream &s, Constraints &con)

std: :istream extraction operator for Constraints

std::ostream & operator<< (std::ostream &s, const Constraints &con)

std::ostream insertion operator for Constraints

bool interface_id_compare (const Interface &interface, const void *id)

global comparison function for Interface

bool method_id_compare (const Iterator &iterator, const void *id)

global comparison function for Iterator

bool model_id_compare (const Model &model, const void *id)

global comparison function for Model

bool operator== (const ResponseRep &repl, const ResponseRep &rep2)

equality operator for ResponseRep
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bool responses_id_compare (const Response &resp, const void *id)

global comparison function for Response

e std::istream & operator>> (std::istream &s, Response &response)

std::istream extraction operator for Response. Calls read(std::istream&).

o std::ostream & operator<< (std::ostream &s, const Response &response)

std: :ostream insertion operator for Response. Calls write(std::ostream&).

e BiStream & operator>> (BiStream &s, Response &response)

BiStream extraction operator for Response. Calls read(BiStream&).

e BoStream & operator<< (BoStream &s, const Response &response)

BoStream insertion operator for Response. Calls write(BoStream&).

e MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Response &response)
MPIUnpackBuffer extraction operator for Response. Calls read(MPIUnpackBuffer&).

e MPIPackBuffer & operator< < (MPIPackBuffer &s, const Response &response)
MPIPackBuffer insertion operator for Response. Calls write(MPIPackBuffer&).

e bool operator== (const Response &resp1, const Response &resp2)

equality operator for Response

e bool operator!= (const Response &respl, const Response &resp2)

inequality operator for Response

e std::string re_match (const std::string &token, const boost::regex &re)

Global utility function to ease migration from CtelRegExp to Boost.Regex.

e MPIPackBuffer & operator< < (MPIPackBuffer &s, const String &data)
Reads String from buffer.

o MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, String &data)
Writes String to buffer.

e String operator+ (const String &s1, const String &s2)

Concatenate two Strings and return the resulting String.

e String operator+ (const char *s1, const String &s2)

Append a String to a charx and return the resulting String.

e String operator+ (const String &s1, const char *s2)

Append a charx to a String and return the resulting String.
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e String operator+ (const std::string &s1, const String &s2)

Append a String to a std::string and return the resulting String.

e String operator+ (const String &s1, const std::string &s2)

Append a std::string to a String and return the resulting String.

e String toUpper (const String &str)

Returns a String converted to upper case. Calls String::upper().

o String toLower (const String &str)

Returns a String converted to lower case. Calls String::lower().

e bool operator== (const Variables &varsl, const Variables &vars2)

equality operator for Variables

e bool binary_equal_to (const Variables &vars1, const Variables &vars2)

binary_equal_to (since "operator=="is not suitable for boost/hashed lookup)

e std::size_t hash_value (const Variables &vars)

hash_value for Variables - required by the new BMI hash_set of PRPairs

e bool variables_id_compare (const Variables &vars, const void *id)

global comparison function for Variables

e std::istream & operator>> (std::istream &s, Variables &vars)

std: :istream extraction operator for Variables.

e std::ostream & operator<<< (std::ostream &s, const Variables &vars)

std::ostream insertion operator for Variables.

e BiStream & operator>> (BiStream &s, Variables &vars)

BiStream extraction operator for Variables.

e BoStream & operator<< (BoStream &s, const Variables &vars)

BoStream insertion operator for Variables.

o MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Variables &vars)
MPIUnpackBuffer extraction operator for Variables.

o MPIPackBuffer & operator< < (MPIPackBuffer &s, const Variables &vars)
MPIPackBuffer insertion operator for Variables.

e bool operator!= (const Variables &vars1, const Variables &vars2)

inequality operator for Variables
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® template<class T >
std::ostream & operator<< (std::ostream &s, const std::set< T > &data)

global std::ostream insertion operator for std::set

e template<class T >
MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, std::set< T > &data)

global MPIUnpackBuffer extraction operator for std::set

e template<class T >
MPIPackBuffer & operator< < (MPIPackBuffer &s, const std::set< T > &data)

global MPIPackBuffer insertion operator for std::set

e template<typename OrdinalType , typename ScalarType >
MPIPackBuffer & operator<< (MPIPackBuffer &s, const Teuchos::SerialDenseVector< OrdinalType,

ScalarType > &data)

global MPIPackBuffer insertion operator for Teuchos::SerialDenseVector

e template<typename OrdinalType , typename ScalarType >
MPIPackBuffer & operator<< (MPIPackBuffer &s, const Teuchos::SerialDenseMatrix< OrdinalType,

ScalarType > &data)

global MPIPackBuffer insertion operator for Teuchos::SerialDenseMatrix

e template<typename OrdinalType , typename ScalarType >
MPIPackBuffer & operator<< (MPIPackBuffer &s, const Teuchos::SerialSymDenseMatrix< Ordinal-
Type, ScalarType > &data)

global MPIPackBuffer insertion operator for Teuchos::SerialSymDenseMatrix

® template<typename OrdinalType , typename ScalarType >
MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Teuchos::SerialDenseVector< OrdinalType,
ScalarType > &data)

global MPIUnpackBuffer extraction operator for Teuchos::SerialDenseVector

® template<typename OrdinalType , typename ScalarType >
MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Teuchos::SerialDenseMatrix< OrdinalType,
ScalarType > &data)

global MP1UnpackBuffer extraction operator for Teuchos::SerialDenseMatrix

® template<typename OrdinalType , typename ScalarType >
MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Teuchos::SerialSymDenseMatrix< Ordinal-
Type, ScalarType > &data)

global MP1UnpackBuffer extraction operator for Teuchos::SerialSymDenseMatrix

o template<<typename OrdinalType , typename ScalarType >
void read_data (std::istream &s, Teuchos::SerialDense Vector< OrdinalType, ScalarType > &v)

standard istream extraction operator for full SerialDenseVector
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template<typename OrdinalType , typename ScalarType >
void read_data (std::istream &s, Teuchos::SerialDense Vector< OrdinalType, ScalarType > &v, StringMul-
tiArray &label_array)

standard istream extraction operator for full SerialDenseVector with labels

template<typename OrdinalType , typename ScalarType >
void read_data (std::istream &s, Teuchos::SerialDense Vector< OrdinalType, ScalarType > &v, StringMul-
tiArray View label_array)

standard istream extraction operator for full SerialDenseVector with labels

template <typename OrdinalType , typename ScalarType >
void read_data_partial (std::istream &s, size t start_index, size_t num_items,
Teuchos::SerialDense Vector< OrdinalType, ScalarType > &v)

standard istream extraction operator for partial SerialDenseVector

template<typename OrdinalType , typename ScalarType >
void read_data_partial (std::istream &s, size_t start_index, size_t num_items,
Teuchos::SerialDense Vector< OrdinalType, ScalarType > &v, StringMultiArray &label_array)

standard istream extraction operator for partial SerialDenseVector with labels

template<typename OrdinalType , typename ScalarType >
void read_data_partial (std::istream &s, size_t start_index, size_t num_items,
Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v, StringMultiArrayView label_array)

standard istream extraction operator for partial SerialDenseVector with labels

template<typename OrdinalType , typename ScalarType >
void read_data_tabular (std::istream &s, Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v)

tabular istream extraction operator for full SerialDenseVector

template <typename OrdinalType , typename ScalarType >
void read_data_partial_tabular  (std::istream  &s, size_t  start_index, size_t num_items,
Teuchos::SerialDense Vector< OrdinalType, ScalarType > &v)

tabular istream extraction operator for partial SerialDenseVector

template<typename OrdinalType , typename ScalarType >
void read_data_annotated (std::istream &s, Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v,
StringMultiArray &label_array)

annotated istream extraction operator for full SerialDenseVector with labels

template<typename OrdinalType , typename ScalarType >
void read_data_annotated (std::istream &s, Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v,
StringMultiArray View label_array)

annotated istream extraction operator for full SerialDenseVector with labels

template<typename OrdinalType , typename ScalarType >
void write_data (std::ostream &s, const ScalarType *v, OrdinalType len)
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standard ostream insertion operator for full SerialDenseVector

® template<<typename OrdinalType , typename ScalarType >
void write_data (std::ostream &s, const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v)

standard ostream insertion operator for full SerialDenseVector

o template<typename OrdinalType , typename ScalarType >
void write_data (std::ostream &s, const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v,
const StringMultiArray &label array)

standard ostream insertion operator for full SerialDenseVector with labels

® template<typename OrdinalType , typename ScalarType >
void write_data (std::ostream &s, const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v,
StringMultiArrayConstView label_array)

standard ostream insertion operator for full SerialDenseVector with labels

® template<typename OrdinalType , typename ScalarType >
void write_data (std::ostream &s, const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v,
const StringArray &label_array)

standard ostream insertion operator for full SerialDenseVector with alternate labels

® template<typename OrdinalType , typename ScalarType >
void write_data_aprepro (std::ostream &s, const Teuchos::SerialDense Vector< OrdinalType, ScalarType >
&v, const StringMultiArray &label_array)

aprepro ostream insertion operator for full SerialDenseVector with labels

® template<typename OrdinalType , typename ScalarType >
void  write_data_partial ~ (std::ostream &s, size_t start_index, size_t num_items, const
Teuchos::SerialDense Vector< OrdinalType, ScalarType > &v)

standard ostream insertion operator for partial SerialDenseVector

® template<<typename Ordinal Type , typename ScalarType >
void write_data_partial  (std::ostream &s, size_t start_index, size_t num_items, const
Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v, const StringMultiArray &label_array)

standard ostream insertion operator for partial SerialDenseVector with labels

e template<typename OrdinalType , typename ScalarType >
void write_data_partial_aprepro (std::ostream &s, size_t start_index, size_t num_items, const
Teuchos::SerialDense Vector< OrdinalType, ScalarType > &v, const StringMultiArray &label_array)

aprepro ostream insertion operator for partial SerialDenseVector with labels

® template<typename OrdinalType , typename ScalarType >
void write_data_annotated (std::ostream &s, const Teuchos::SerialDense Vector< OrdinalType, ScalarType
> &v, const StringMultiArray &label_array)

annotated ostream insertion operator for full SerialDenseVector with labels
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template<typename OrdinalType , typename ScalarType >
void write_data_tabular (std::ostream &s, const Teuchos::SerialDense Vector< OrdinalType, ScalarType >
&v)

tabular ostream insertion operator for full SerialDenseVector

template <typename OrdinalType , typename ScalarType >
void write_data_tabular (std::ostream &s, const ScalarType *ptr, Ordinal Type num_items)

tabular ostream insertion operator for full SerialDenseVector

template <typename OrdinalType , typename ScalarType >
void write_data_partial_tabular (std::ostream &s, size_t start_index, size_t num_items, const
Teuchos::SerialDense Vector< OrdinalType, ScalarType > &v)

tabular ostream insertion operator for partial SerialDenseVector

void write_data_tabular (std::ostream &s, const StringArray &sa)

tabular ostream insertion operator for vector of strings

void write_data_tabular (std::ostream &s, StringMultiArrayConstView ma)

tabular ostream insertion operator for view of StringMultiArray

template<typename OrdinalType , typename ScalarType >
std::istream & operator>> (std::istream &s, Teuchos::SerialDenseVector< OrdinalType, ScalarType >
&data)

global std::istream extraction operator for SerialDenseVector

template <typename OrdinalType , typename ScalarType >
std::ostream & operator<< (std::ostream &s, const Teuchos::SerialDenseVector< OrdinalType, Scalar-
Type > &data)

global std::ostream insertion operator for SerialDenseVector

template<typename OrdinalType , typename ScalarType >
void read_data (BiStream &s, Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v, StringMulti-
Array &label_array)

standard binary stream extraction operator for full SerialDenseVector with labels

template<typename OrdinalType , typename ScalarType >
void read_data (BiStream &s, Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v, StringMulti-
ArrayView label_array)

standard binary stream extraction operator for full SerialDenseVector with labels

template<typename OrdinalType , typename ScalarType >
void write_data (BoStream &s, const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v, const
StringMultiArray &label_array)

standard binary stream insertion operator for full SerialDenseVector with labels

template<typename OrdinalType , typename ScalarType >
void read_data (MPIUnpackBuffer &s, Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v,
StringMultiArray &label_array)
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standard MPI buffer extraction operator for full SerialDenseVector with labels

o template<typename OrdinalType , typename ScalarType >
void read_data (MPIUnpackBuffer &s, Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v,
StringMultiArray View label_array)

standard MPI buffer extraction operator for full SerialDenseVector with labels

e template<typename OrdinalType , typename ScalarType >
void write_data (MPIPackBuffer &s, const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &v,
const StringMultiArray &label_array)

standard MPI buffer insertion operator for full SerialDenseVector with labels

® template<typename OrdinalType , typename ScalarType >
void read_data (std::istream &s, std::vector< Teuchos::SerialDenseVector< OrdinalType, ScalarType > >
&va)

standard istream extraction operator for std::vector of SerialDenseVectors

e template<typename OrdinalType , typename ScalarType >
void read_data (std::istream &s, Teuchos::SerialSymDenseMatrix< OrdinalType, ScalarType > &m)

standard istream extraction operator for SerialSymDenseMatrix

® template<typename OrdinalType , typename ScalarType >
void read_data (BiStream &s, Teuchos::SerialSymDenseMatrix< OrdinalType, ScalarType > &m)

standard binary stream extraction operator for SerialSymDenseMatrix

o template<<typename OrdinalType , typename ScalarType >
void read_data (MPIUnpackBuffer &s, Teuchos::SerialSymDenseMatrix< OrdinalType, ScalarType >
&m)

standard MPI buffer extraction operator for SerialSymDenseMatrix

® template<<typename OrdinalType , typename ScalarType >
void write_data (std::ostream &s, const Teuchos::SerialSymDenseMatrix< OrdinalType, ScalarType >
&m, bool brackets, bool row_rtn, bool final_rtn)

formatted ostream insertion operator for SerialSymDenseMatrix

® template<typename OrdinalType , typename ScalarType >
void write_data (BoStream &s, const Teuchos::SerialSymDenseMatrix< Ordinal Type, ScalarType > &m)

standard binary stream insertion operator for SerialSymDenseMatrix

o template<typename OrdinalType , typename ScalarType >
void write_data (MPIPackBuffer &s, const Teuchos::SerialSymDenseMatrix< OrdinalType, ScalarType >
&m)

standard MPI buffer insertion operator for SerialSymDenseMatrix

® template<typename OrdinalType , typename ScalarType >
void write_data (std::ostream &s, const Teuchos::SerialDenseMatrix< OrdinalType, ScalarType > &m,
bool brackets, bool row_rtn, bool final_rtn)
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formatted ostream insertion operator for SerialDenseMatrix

template<typename OrdinalType , typename ScalarType >
void write_data (std::ostream &s, const Teuchos::SerialDenseMatrix< OrdinalType, ScalarType > &m,
const StringArray &row_labels, const StringArray &col_labels)

ostream insertion operator for SerialDenseMatrix with row/col labels

template <typename OrdinalType , typename ScalarType >
void write_col_vector_trans (std::ostream &s, OrdinalType col, OrdinalType num_items, bool brackets,
bool break_line, bool final_rtn, const Teuchos::SerialDenseMatrix< OrdinalType, ScalarType > &sdm)

ostream insertion operator for a column vector from a SerialDenseMatrix

template<typename OrdinalType , typename ScalarType >
void write_col_vector_trans (std::ostream &s, OrdinalType col, bool brackets, bool break_line, bool final_-
rtn, const Teuchos::SerialDenseMatrix < OrdinalType, ScalarType > &sdm)

ostream insertion operator for a column vector from a SerialDenseMatrix

template <typename OStreamType , typename OrdinalType , typename ScalarType >
void write_col_vector_trans (OStreamType &s, OrdinalType col, OrdinalType num_items, const
Teuchos::SerialDenseMatrix < OrdinalType, ScalarType > &sdm)

ostream insertion operator for a column vector from a SerialDenseMatrix

template <typename OStreamType , typename Ordinal Type , typename ScalarType >
void write_col_vector_trans (OStreamType &s, OrdinalType col, const Teuchos::SerialDenseMatrix< Or-
dinalType, ScalarType > &sdm)

ostream insertion operator for a column vector from a SerialDenseMatrix

template<typename IStreamType , typename OrdinalType , typename ScalarType >
void read_col_vector_trans (IStreamType &s, OrdinalType col, Teuchos::SerialDenseMatrix< Ordinal-
Type, ScalarType > &sdm)

istream extraction operator for a column vector from a SerialDenseMatrix

template<class ArrayT >
void array_read (ArrayT &v, std::istream &s)

read array from std::istream

template<class ArrayT >
void array_write (const ArrayT &v, std::ostream &s)

write array to std::ostream

template<class ListT >
void list_write (const ListT &I, std::ostream &s)

write list to std::ostream

template<class T >
std::istream & operator>> (std::istream &s, std::vector< T > &data)

global std::istream extraction operator for std::vector
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® template<class T >
std::ostream & operator<< (std::ostream &s, const std::vector< T > &data)

global std::ostream insertion operator for std::vector

e template<class T >
std::ostream & operator<< (std::ostream &s, const std::list< T > &data)

global std::ostream insertion operator for std::list

® template<class ArrayT >
void array_write (std::ostream &s, const ArrayT &v, const std::vector< String > &label_array)

write array to std::ostream with labels

® template<class ArrayT >
void array_write_aprepro (std::ostream &s, const ArrayT &v, const std::vector< String > &label_array)

write array to std::ostream (APREPRO format)

e template<class ArrayT >
void array_write_annotated (const ArrayT &v, std::ostream &s, bool write_len)

Write array to ostream as a row vector; precede with length if write_len = true.

e bool operator== (const ShortArray &dsal, const ShortArray &dsa2)
equality operator for ShortArray

e bool operator== (const StringArray &dsal, const StringArray &dsa2)

equality operator for StringArray

e bool operator== (const SizetArray &sa, SizetMultiArrayConstView smav)

equality operator for SizetArray and SizetMultiArrayConstView

e bool operator== (const IntArray &dial, const IntArray &dia2)

equality operator for IntArray

e bool operator!= (const IntArray &dial, const IntArray &dia2)

inequality operator for IntArray

e bool operator!= (const ShortArray &dsal, const ShortArray &dsa2)

inequality operator for ShortArray

e bool operator!= (const StringArray &dsal, const StringArray &dsa2)

inequality operator for StringArray

e bool operator!= (const SizetArray &sa, SizetMultiArrayConstView smav)

inequality operator for StringArray

e void build_label (String &label, const String &root_label, size_t tag)
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create a label by appending a numerical tag to the root_label

void build_labels (StringArray &label_array, const String &root_label)

create an array of labels by tagging root_label for each entry in label_array. Uses build_label().

void build_labels (StringMultiArray &label_array, const String &root_label)

create an array of labels by tagging root_label for each entry in label_array. Uses build_label().

void build_labels_partial (StringArray &label_array, const String &root_label, size_t start_index, size_t
num_items)

create a partial array of labels by tagging root_label for a subset of entries in label_array. Uses build_label().

void copy_row_vector (const RealMatrix &m, RealMatrix::ordinalType i, std::vector< Real > &row)

Copies a row of a Teuchos_SerialDenseMatrix<int,Real> to std::vector<Real>.

template<class T >
void copy_data (const std::vector< T > &dbv, T *ptr, const int ptr_len)

copy Array<T> to Tx

template <typename OrdinalType , typename ScalarType >
void copy_data (const std::vector< Teuchos::SerialDenseVector< OrdinalType, ScalarType > > &sdva,
ScalarType *ptr, const Ordinal Type ptr_len, const String &ptr_type)

copy Array<Teuchos::SerialDenseVector<OT,ST> > to ST*

template <typename OrdinalType , typename ScalarType >
void copy_data (const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &sdv,
Teuchos::SerialDenseMatrix< OrdinalType, ScalarType > &sdm, OrdinalType nr, OrdinalType nc)

copy Teuchos::SerialDenseVector<OT,ST> to Teuchos::SerialDenseMatrix<OT,ST>

template<class T >
void copy_data (const std::list< T > &dl, std::vector< T > &da)

copy std::list<T> to std::vector<T>

template<class T >
void copy_data (const std::list< T > &dl, std::vector< std::vector< T > > &d2a, size_t num_a, size_t
a_len)

copy std::list<T> to std::vector<std::vector<T> >

template<class T >
void copy_data (const std::vector< std::vector< T > > &d2a, std::vector< T > &da)

copy std::vector<vector<T> > to std::vector<T>(unroll vecOfvecs into vector)

template<class T >
void copy_data (const std::map< int, T > &im, std::vector< T > &da)

copy map<int, T> to std::vector<T> (discard integer keys)
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o template<typename OrdinalType , typename ScalarType >
void copy_data (const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &sdvl,
Teuchos::SerialDenseVector< OrdinalType, ScalarType > &sdv2)

copy Teuchos::SerialDenseVector<OrdinalType, ScalarType> to same (used in place of operator= when a deep
copy of a vector view is needed)

® template<typename OrdinalType , typename ScalarType >
void copy_data (const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &sdv, std::vector<
ScalarType > &da)

copy Teuchos::SerialDenseVector<OrdinalType, ScalarType> to std::vector<ScalarType>

® template<typename OrdinalType , typename ScalarType >
void copy_data (const std::vector< ScalarType > &da, Teuchos::SerialDenseVector< OrdinalType, Scalar-
Type > &sdv)

copy Array<ScalarType> to Teuchos::SerialDenseVector<OrdinalType, ScalarType>

e template<typename OrdinalType , typename ScalarType >
void copy_data (const ScalarType *ptr, const OrdinalType ptr_len, Teuchos::SerialDense Vector< Ordinal-
Type, ScalarType > &sdv)

copy ScalarTypex to Teuchos::SerialDenseVector<OrdinalType, ScalarType>

® template<typename OrdinalType , typename ScalarType >
void copy_data (const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &sdv, ScalarType #ptr,
const OrdinalType ptr_len)

copy ScalarTypex to Teuchos::SerialDenseVector<OrdinalType, ScalarType>

® template<typename OrdinalType , typename ScalarType >
void copy_data (const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &sdv, std::vector<
Teuchos::SerialDenseVector< OrdinalType, ScalarType > > &sdva, OrdinalType num_vec, OrdinalType
vec_len)

copy SerialDenseVector<> to Array<SerialDenseVector<> >

® template<typename OrdinalType , typename ScalarType >
void copy_data_partial (const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &sdvl1, Ordinal-
Type start_index1, OrdinalType num_items, Teuchos::SerialDenseVector< OrdinalType, ScalarType >
&sdv2)

copy portion of first SerialDenseVector to all of second SerialDenseVector

® template<typename OrdinalType , typename ScalarType >
void copy_data_partial (const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &sdvl,
Teuchos::SerialDense Vector< OrdinalType, ScalarType > &sdv2, OrdinalType start_index2)

copy all of first SerialDenseVector to portion of second SerialDenseVector

e template<typename OrdinalType , typename ScalarType >
void copy_data_partial (const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &sdvl1, Ordinal-
Type start_index1, OrdinalType num_items, Teuchos::SerialDenseVector< OrdinalType, ScalarType >
&sdv2, Ordinal Type start_index?2)

copy portion of first SerialDenseVector to portion of second SerialDenseVector
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® template<class T >
void copy_data_partial (const std::vector< T > &dal, size_t start_index1, size_t num_items, std::vector<
T > &da2)

copy portion of first Array<T> to all of second Array<T>

e template<class T >
void copy_data_partial (const std::vector< T > &dal, std::vector< T > &da2, size_t start_index2)

copy all of first Array<T> to portion of second Array<T>

e template<class T >
void copy_data_partial (const std::vector< T > &da, boost::multi_array< T, 1 > &bma, size_t start_-
index_bma)

copy all of first Array<T> to portion of boost::multi_array<T, 1>

® template<class T >
void copy_data_partial (const std::vector< T > &dal, size_t start_index1, size_t num_items, std::vector<
T > &da2, size_t start_index2)

copy portion of first Array<T> to portion of second Array<T>

e void merge_data_partial (const IntVector &d_array, RealVector &m_array, size_t start_index_ma)

aggregate continuous and discrete arrays into a single merged array

® template<<typename OrdinalType , typename ScalarType >
const ScalarType & set_index_to_value (OrdinalType index, const std::set< ScalarType > &values)

retrieve the set value corresponding to the passed index

e template<typename ScalarType >
size_t set_value_to_index (const ScalarType &value, const std::set< ScalarType > &values)

calculate the set index corresponding to the passed value

o template<typename OrdinalType , typename ScalarType >
void x_y_pairs_to_x_set (const Teuchos::SerialDenseVector< OrdinalType, ScalarType > &xy_pairs,
std::set< ScalarType > &x_set)

convert a SerialDenseVector of head-to-tail (x,y) pairs into a std::set of (x), discarding the y values

® template<typename MultiArrayType , typename DataType >
size_t find_index (const MultiArrayType &a, const DataType &search_data)

generic find_index (inactive)

® template<typename MultiArrayType , typename DakArrayType >
void copy_data (const MultiArrayType &ma, DakArrayType &da)

generic copy (inactive)

e template<class T >
size_t find_index (const boost::multi_array< T, 1 > &bma, const T &search_data)

compute the index of an entry within a boost: :multi_array
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e size_t find_index (SizetMultiArrayConstView bmacyv, size_t search_data)

compute the index of an entry within a boost: :multi_array view

e size_t find_index (StringMultiArrayConstView bmacv, const String &search_data)

compute the index of an entry within a boost::multi_array view

e template<class ListT >
ListT::size_type find_index (const ListT &I, const typename ListT::value_type &val)

compute the index of an entry within a std::list

e void copy_data (SizetMultiArrayConstView ma, SizetArray &da)

copy boost::multi_array view to Array

e void copy_data (StringMultiArrayConstView ma, StringArray &da)

copy boost::multi_array view to Array

e template<typename DakContainerType >
bool contains (const DakContainerType &v, const typename DakContainerType::value_type &val)

return true if the item val appears in container v

o template<class ListT >
ListT::size_type count_if (const ListT &I, bool(xtest_fn)(const typename ListT::value_type &, const
std::string &), const std::string &test_fn_data)

count the number of elements in the list satisfying the predicate test_fn w.r.t. the passed test_fn_data

e template<class ListT >
ListT::const_iterator find_if (const ListT &c, bool(xtest_fn)(const typename ListT::value_type &, const
std::string &), const std::string &test_fn_data)

return an iterator to the first list element satisfying the predicate test_fn w.r.t. the passed test_fn_data; end if not
found

e Real rel_change_rv (const RealVector &curr_rv, const RealVector &prev_rv)

Computes relative change between successive RealVectors using Euclidean norm.

e MPIPackBuffer & operator< < (MPIPackBuffer &s, const Datalnterface &data)

MPIPackBuffer insertion operator for Datalnterface.

o MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Datalnterface &data)
MPIUnpackBuffer extraction operator for Datalnterface.

e std::ostream & operator<< (std::ostream &s, const Datalnterface &data)

std::ostream insertion operator for Datalnterface

o MPIPackBuffer & operator< < (MPIPackBuffer &s, const DataMethod &data)
MPIPackBuffer insertion operator for DataMethod.
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MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, DataMethod &data)
MPIUnpackBuffer extraction operator for DataMethod.

std::ostream & operator< < (std::ostream &s, const DataMethod &data)

std: :ostream insertion operator for DataMethod

MPIPackBuffer & operator< < (MPIPackBuffer &s, const DataModel &data)
MPIPackBuffer insertion operator for DataModel.

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, DataModel &data)
MPIUnpackBuffer extraction operator for DataModel.

std::ostream & operator<< (std::ostream &s, const DataModel &data)

std: :ostream insertion operator for DataModel

MPIPackBuffer & operator<< (MPIPackBuffer &s, const DataResponses &data)

MPIPackBuffer insertion operator for DataResponses.

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, DataResponses &data)
MPIUnpackBuffer extraction operator for DataResponses.

std::ostream & operator<< (std::ostream &s, const DataResponses &data)

std::ostream insertion operator for DataResponses

MPIPackBuffer & operator<< (MPIPackBuffer &s, const DataStrategy &data)
MPIPackBuffer insertion operator for DataStrategy.

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, DataStrategy &data)

MPIUnpackBuffer extraction operator for DataStrategy.

std::ostream & operator< < (std::ostream &s, const DataStrategy &data)

std::ostream insertion operator for DataStrategy

MPIPackBuffer & operator<< (MPIPackBuffer &s, const DataVariables &data)
MPIPackBuffer insertion operator for DataVariables.

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, DataVariables &data)
MPIUnpackBuffer extraction operator for DataVariables.

std::ostream & operator< < (std::ostream &s, const DataVariables &data)

std::ostream insertion operator for DataVariables

int salinas_main (int argc, char sargv[ ], MPI_Comm %comm)

subroutine interface to SALINAS simulation code

int dlsolver_option (Opt_Info %)
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e void abort_handler (int code)

global function which handles serial or parallel aborts

RealVector const * continuous_lower_bounds (Optimizerl o)

RealVector const * continuous_upper_bounds (Optimizerl o)

RealVector const * nonlinear_ineq_constraint_lower_bounds (Optimizer]l *o)
RealVector const * nonlinear_ineq_constraint_upper_bounds (Optimizer]l o)
RealVector const * nonlinear_eq_constraint_targets (Optimizer]1 o)

RealVector const * linear_ineq_constraint_lower_bounds (Optimizerl o)
RealVector const * linear_ineq_constraint_upper_bounds (Optimizerl o)
RealVector const * linear_eq_constraint_targets (Optimizerl *0)

RealMatrix const  linear_ineq_constraint_coeffs (Optimizerl o)

RealMatrix const * linear_eq_constraint_coeffs (Optimizerl o)

void ComputeResponses (Optimizer] *o, int mode, int n, double *x)

void GetFuncs (Optimizer] *o, int m0, int m1, double *f)

void GetGrads (Optimizerl o, int m0, int m1, int n, int is, int js, double *g)

void GetContVars (Optimizerl o, int n, double *x)

void SetBestContVars (Optimizerl %o, int n, double *x)

void SetBestRespFns (Optimizer] o, int n, double *x)

void * dl_constructor (Optimizer] *, Dakota_funcs *, dl_find_optimum_t *, dI_destructor_t )
static Real Vector const * continuous_lower_bounds1 (Optimizerl o)

static Real Vector const * continuous_upper_bounds1 (Optimizer] *o)

static Real Vector const * nonlinear_ineq_constraint_lower_bounds1 (Optimizer1 *o)
static Real Vector const * nonlinear_ineq_constraint_upper_bounds1 (Optimizer] *o)
static RealVector const * nonlinear_eq_constraint_targets1 (Optimizerl *o)

static Real Vector const « linear_ineq_constraint_lower_bounds1 (Optimizerl o)
static Real Vector const * linear_ineq_constraint_upper_bounds1 (Optimizerl o)
static Real Vector const * linear_eq_constraint_targets1 (Optimizerl *0)

static RealMatrix const * linear_eq_constraint_coeffs1 (Optimizer] *o)

static RealMatrix const * linear_ineq_constraint_coeffs1 (Optimizerl *o)

static void ComputeResponses]1 (Optimizer] o, int mode, int n, double *x)

static void GetFuncs1 (Optimizer] %o, int m0, int m1, double *f)

static void GetGrads1 (Optimizerl *o, int m0, int m1, int n, int is, int js, double *g)
static void GetContVarsl (Optimizerl o, int n, double *x)

static void SetBestContVars1 (Optimizer] *o, int n, double *x)

static void SetBestDiscVars1 (Optimizer] %o, int n, int *Xx)

static void SetBestRespFns1 (Optimizerl o, int n, double *x)

static double Get_Reall (Optimizer] *o, const char xname)

static int Get_Int1 (Optimizer] *o, const char xname)

static bool Get_Booll (Optimizer] *o, const char xname)

DOTOptimizer * new_DOTOptimizer (Model &model)

DOTOptimizer * new_DOTOptimizer (NoDBBaseConstructor, Model &model)
void dak_sigcatch (int sig)

void start_dakota_heartbeat (int seconds)

int sftw (const char *name, int(xfn)(const char xfile, const struct stat *, int ftype, int depth, void *v), void
*V)
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static int ftw1l (char *name, size_t namelen, size_t namemaxlen, ftw_fn fn, int, void *v)
static int compar (const void *a, const void xb)

static int dodir (DIR x*dir, char *name, size_t namelen, size_t namemaxlen, ftw_fn fn, int depth, void *v,
struct stat *sb)

int sftw (const char xname, ftw_fn fn, void *v)

static int Symlink (const char xfrom, const char *to)

static int my_recrm (const char xfile, const struct stat *sb, int ftype, int depth, void *v)
int rec_rmdir (const char xname)

static void buf_incr (Buf xb, size_t Lt)

int my_cp (const char xfile, const struct stat xsb, int ftype, int depth, void *v)

int rec_cp (const char *from, const char *todir, int copy, int flatten, int replace)

static char * pathsimp (char *t0)

void get_npath (int appdrive, std::string *pnpath)

void workdir_adjust (const std::string &workdir)

std::string get_cwd ()

Portability adapter for getcwd.

void putenv_impl (const char xname_and_value)
Utility function from boost/test, not available in the DAKOTA snapshot.

static HANDLE * wait_setup (std::map< pid_t, int > *M, size_t *pn)

static int wait_for_one (size_t n, HANDLE xh, int reql, size_t *pi)

static void pid_botch ()

template<class ListT >

void removeAt (ListT &I, typename ListT::size_type index)

Real getdist (const RealVector &x1, const RealVector &x2)

Real mindist (const Real Vector &x, const RealMatrix &xset, int except)

Real mindistindx (const RealVector &x, const RealMatrix &xset, const IntArray &indx)
Real getRmax (const RealMatrix &xset)

ParallelLibrary dummy_lib ("dummy")

dummy ParallelLibrary object used for < mandatory reference initialization when < a real ParallelLibrary instance
is < unavailable

template<typename T >

T abort_handler_t (int code)

int start_grid_computing (char *analysis_driver_script, char xparams_file, char *results_file)
int stop_grid_computing ()

int perform_analysis (char xiteration_num)

template<typename T >

string asstring (const T &val)

Creates a string from the argument val using an ostringstream.

void run_dakota_data ()

Function to encapsulate the DAKOTA object instantiations for mode 2: direct Data class instantiation.

e PACKBUF (int, MPI_INT)

UNPACKBUF (int, MPI_INT)
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e PACKSIZE (int, MPI_INT)
e MPIPackBuffer & operator< < (MPIPackBuffer &buff, const int &data)

insert an int

e MPIPackBuffer & operator< < (MPIPackBuffer &buff, const u_int &data)

insert a u_int

o MPIPackBuffer & operator<< (MPIPackBuffer &buff, const long &data)

insert a long

e MPIPackBuffer & operator< < (MPIPackBuffer &buff, const u_long &data)

insert a u_long

e MPIPackBuffer & operator< < (MPIPackBuffer &buff, const short &data)

insert a short

e MPIPackBuffer & operator< < (MPIPackBuffer &buff, const u_short &data)

insert a u_short

o MPIPackBuffer & operator< < (MPIPackBuffer &buff, const char &data)

insert a char

e MPIPackBuffer & operator< < (MPIPackBuffer &buff, const u_char &data)

insert a u_char

e MPIPackBuffer & operator< < (MPIPackBuffer &buff, const double &data)

insert a double

e MPIPackBuffer & operator< < (MPIPackBuffer &buff, const float &data)

insert a float

e MPIPackBuffer & operator< < (MPIPackBuffer &buff, const bool &data)

insert a bool

o MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, int &data)

extract an int

e MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, u_int &data)

extract a u_int

e MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, long &data)

extract a long

e MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, u_long &data)

extract a u_long
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MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, short &data)

extract a short

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, u_short &data)

extract a u_short

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, char &data)

extract a char

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, u_char &data)

extract a u_char

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, double &data)

extract a double

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, float &data)

extract a float

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, bool &data)

extract a bool

template<class ContainerT >

void container_read (ContainerT &c, MPIUnpackBuffer &s)
Read a generic container (vector<T>, list<T>) from MPIUnpackBuffer, s.

template<class ContainerT >
void container_write (const ContainerT &c, MPIPackBuffer &s)

Write a generic container to MPIPackBuffer, s.

template<class ContainerT >

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, ContainerT &data)

global MPIUnpackBuffer extraction operator for generic container

template<class ContainerT >

MPIPackBuffer & operator< < (MPIPackBuffer &s, const ContainerT &data)

global MPIPackBuffer insertion operator for generic container

int MPIPackSize (const int &data, const int num=1)

return packed size of an int

int MPIPackSize (const u_int &data, const int num=1)

return packed size of a u_int

int MPIPackSize (const long &data, const int num=1)

return packed size of a long
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e int MPIPackSize (const u_long &data, const int num=1)

return packed size of a u_long

e int MPIPackSize (const short &data, const int num=1)

return packed size of a short

e int MPIPackSize (const u_short &data, const int num=1)

return packed size of a u_short

e int MPIPackSize (const char &data, const int num=1)

return packed size of a char

e int MPIPackSize (const u_char &data, const int num=1)

return packed size of a u_char

e int MPIPackSize (const double &data, const int num=1)

return packed size of a double

e int MPIPackSize (const float &data, const int num=1)

return packed size of a float

e int MPIPackSize (const bool &data, const int num=1)

return packed size of a bool

int nidr_parse (const char *, FILE x)

int not_executable (const char xdriver_name, const char *tdir)

static void scale_chk (StringArray &ST, RealVector &S, const char *what, const char **univ)
static void BuildLabels (StringArray *sa, size_t nsa, size_t nl, size_t n2, const char *stub)
static int flist_check (IntList L, int n, IntArray *iv, const char xwhat)

static void flist_check2 (size_t n, IntArray *iv, const char xwhat)

static int wronglen (size_t n, RealVector *V, const char «what)

static int wronglen2 (size_t n, IntVector *V, const char xwhat)

static void Vcopyup (RealVector *V, RealVector M, size_t i, size_t n)

static void Set_rdv (RealVector %V, double d, size_t n)

static void Vadj_Normal (DataVariablesRep *dv, size_t i0, Var_Info *vi)
static void Vbgen_normalUnc (DataVariablesRep *dv, size_t i0)

static void Vadj_Lognormal (DataVariablesRep *dv, size_t i0, Var_Info *vi)
static void Vbgen_lognormalUnc (DataVariablesRep *dv, size_t i0)

static void Vadj_Uniform (DataVariablesRep *dv, size_t i0, Var_Info *vi)
static void Vbgen_uniformUnc (DataVariablesRep *dv, size_t i0)

static void Vadj_Loguniform (DataVariablesRep *dv, size_t i0, Var_Info *vi)
static void Vbgen_loguniformUnc (DataVariablesRep *dv, size_t i0)

static void Vadj_Triangular (DataVariablesRep xdv, size_t i0, Var_Info *vi)
static void Vbgen_triangularUnc (DataVariablesRep *dv, size_t i0)

static void Vadj_Exponential (DataVariablesRep *dv, size_t i0, Var_Info *vi)
static void Vbgen_Exponential (DataVariablesRep xdv, size_t i0)
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static void Vadj_Beta (DataVariablesRep *dv, size_t i0, Var_Info *vi)

static void Vbgen_betaUnc (DataVariablesRep *dv, size_t i0)

static void Vadj_Gamma (DataVariablesRep *dv, size_t 10, Var_Info xvi)

static void Vbgen_Gamma (DataVariablesRep *dv, size_t i0)

static void Vadj_Gumbel (DataVariablesRep *dv, size_t i0, Var_Info xvi)

static void Vbgen_Gumbel (DataVariablesRep *dv, size_t i0)

static void Vadj_Frechet (DataVariablesRep *dv, size_t i0, Var_Info *vi)

static void Vbgen_Frechet (DataVariablesRep *dv, size_t i0)

static void Vadj_Weibull (DataVariablesRep *dv, size_t i0, Var_Info *vi)

static void Vbgen_Weibull (DataVariablesRep *dv, size_t i0)

static void Vadj_HistogramBin (DataVariablesRep *dv, size_t i0, Var_Info *vi)
static void Vadj_Poisson (DataVariablesRep *dv, size_t i0, Var_Info *vi)

static void Vadj_Binomial (DataVariablesRep *dv, size_t i0, Var_Info *vi)

static void Vadj_NegBinomial (DataVariablesRep *dv, size_t i0, Var_Info *vi)
static void Vadj_Geometric (DataVariablesRep *dv, size_t i0, Var_Info *vi)

static void Vadj_HyperGeom (DataVariablesRep *dv, size_t 10, Var_Info *vi)

static void Vadj_HistogramPt (DataVariablesRep *dv, size_t i0, Var_Info *vi)

static void Vbgen_HistogramBin (DataVariablesRep *dv, size_t i0)

static void Vbgen_HistogramPt (DataVariablesRep *dv, size_t i0)

static void Vadj_Interval (DataVariablesRep *dv, size_t i0, Var_Info *vi)

static void Vbgen_Interval (DataVariablesRep *dv, size_t 10)

static void Vbgen_Poisson (DataVariablesRep *dv, size_t i0)

static void Vbgen_Binomial (DataVariablesRep *dv, size_t i0)

static void Vbgen_NegBinomial (DataVariablesRep *dv, size_t i0)

static void Vbgen_Geometric (DataVariablesRep *dv, size_t i0)

static void Vbgen_HyperGeom (DataVariablesRep *dv, size_t i0)

static void DIset (size_t n, IntSetArray *a, IntVector xL, IntVector U, IntVector xV)
static void DRset (size_t n, RealSetArray *a, Real Vector L, RealVector +U, Real Vector V)
static void Vbgen_DDSI (DataVariablesRep *dv, size_t n)

static void Vbgen_DDSR (DataVariablesRep *dv, size_t n)

static void Vbgen_DSSI (DataVariablesRep *dv, size_t n)

static void Vbgen_DSSR (DataVariablesRep *dv, size_t n)

static void not_div (const char *xkind, size_t nsv, size_t m)

static void wrong_number (const char xwhat, const char *kind, size_t nsv, size_t m)
static void too_small (const char xkind)

static void suppressed (const char xkind, int ndup, int *ip, Real *rp)

static void bad_initial_ivalue (const char xkind, int val)

static void bad_initial_rvalue (const char xkind, Real val)

static void Vadj_DiscreteDesSetReal (DataVariablesRep *dv, size_t i0, Var_Info xvi)
static void Vadj_DiscreteDesSetInt (DataVariablesRep *dv, size_t i0, Var_Info *vi)
static void Vadj_DiscreteStateSetReal (DataVariablesRep *dv, size_t i0, Var_Info xvi)
static void Vadj_DiscreteStateSetInt (DataVariablesRep *dv, size_t i0, Var_Info *vi)
static void Rdv_copy (RealVector sxprdv, RealVectorArray *rdva)

static void var_iulbl (const char xkeyname, Values *val, VarLabel *vl)

static Iface_mp_RIit MP3 (failAction, recoveryFnVals, recover)

static Iface_mp_ilit MP3 (failAction, retryLimit, retry)
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static Iface_mp_lit MP2 (analysisScheduling, self)
static Iface_mp_lit MP2 (analysisScheduling, static)
static Iface_mp_lit MP2 (evalScheduling, self)
static Iface_mp_lit MP2 (evalScheduling, static)
static Iface_mp_lit MP2 (failAction, abort)

static Iface_mp_lit MP2 (failAction, continuation)
static Iface_mp_lit MP2 (interfaceSynchronization, asynchronous)
static Iface_mp_lit MP2 (interfaceType, direct)
static Iface_mp_lit MP2 (interfaceType, fork)

static Iface_mp_lit MP2 (interfaceType, grid)

static Iface_mp_lit MP2 (interfaceType, system)
static Iface_mp_lit MP2 (asynchLocalEvalScheduling, self)
static Iface_mp_lit MP2 (asynchLocalEvalScheduling, static)
static String MP__ (idInterface)

static String MP__ (inputFilter)

static String MP_ (outputFilter)

static String MP_ (parametersFile)

static String MP_ (resultsFile)

static String MP_ (templateDir)

static String MP_ (workDir)

static String2DArray MP_ (analysisComponents)
static StringArray MP_ (analysisDrivers)

static StringArray MP_ (templateFiles)

static bool MP_ (activeSetVectorFlag)

static bool MP_ (allowExistingResultsFlag)

static bool MP_ (apreproFlag)

static bool MP_ (dirSave)

static bool MP_ (dirTag)

static bool MP_ (evalCacheFlag)

static bool MP_ (fileSaveFlag)

static bool MP_ (fileTagFlag)

static bool MP_ (restartFileFlag)

static bool MP_ (templateCopy)

static bool MP_ (templateReplace)

static bool MP_ (useWorkdir)

static bool MP_ (verbatimFlag)

static int MP_ (analysisServers)

static int MP_ (asynchLocalAnalysisConcurrency)
static int MP_ (asynchLocalEvalConcurrency)

static int MP_ (evalServers)

static int MP_ (procsPerAnalysis)

static IntVector MP_ (primeBase)

static IntVector MP_ (sequenceLeap)

static IntVector MP_ (sequenceStart)

static IntVector MP_ (stepsPerVariable)

static Method_mp_ilit2 MP3 (replacementType, numberRetained, chc)
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static Method_mp_ilit2 MP3 (replacementType, numberRetained, elitist)
static Method_mp_ilit2 MP3 (replacementType, numberRetained, random)
static Method_mp_ilit2z MP3 (crossoverType, numCrossPoints, multi_point_binary)
static Method_mp_ilit2z MP3 (crossoverType, numCrossPoints, multi_point_parameterized_binary)
static Method_mp_ilit2z MP3 (crossoverType, numCrossPoints, multi_point_real)
static Method_mp_lit MP2 (boxDivision, all_dimensions)

static Method_mp_lit MP2 (boxDivision, major_dimension)

static Method_mp_lit MP2 (collocPtReuse, all)

static Method_mp_lit MP2 (convergenceType, average_fitness_tracker)
static Method_mp_lit MP2 (convergenceType, best_fitness_tracker)
static Method_mp_lit MP2 (convergenceType, metric_tracker)

static Method_mp_lit MP2 (crossoverType, blend)

static Method_mp_lit MP2 (crossoverType, two_point)

static Method_mp_lit MP2 (crossoverType, uniform)

static Method_mp_lit MP2 (distributionType, complementary)

static Method_mp_lit MP2 (distributionType, cumulative)

static Method_mp_lit MP2 (evalSynchronization, blocking)

static Method_mp_lit MP2 (evalSynchronization, nonblocking)

static Method_mp_lit MP2 (evalSynchronize, blocking)

static Method_mp_lit MP2 (evalSynchronize, nonblocking)

static Method_mp_lit MP2 (expansionSampleType, incremental_lhs)
static Method_mp_lit MP2 (exploratoryMoves, adaptive)

static Method_mp_lit MP2 (exploratoryMoves, multi_step)

static Method_mp_lit MP2 (exploratoryMoves, simple)

static Method_mp_lit MP2 (fitnessType, domination_count)

static Method_mp_lit MP2 (fitnessType, layer_rank)

static Method_mp_lit MP2 (fitnessType, linear_rank)

static Method_mp_lit MP2 (fitnessType, merit_function)

static Method_mp_lit MP2 (fitnessType, proportional)

static Method_mp_lit MP2 (initializationType, random)

static Method_mp_lit MP2 (initializationType, unique_random)

static Method_mp_lit MP2 (integrationRefine, ais)

static Method_mp_lit MP2 (integrationRefine, is)

static Method_mp_lit MP2 (integrationRefine, mmais)

static Method_mp_lit MP2 (meritFunction, merit_max)

static Method_mp_lit MP2 (meritFunction, merit_max_smooth)

static Method_mp_lit MP2 (meritFunction, merit1)

static Method_mp_lit MP2 (meritFunction, merit1_smooth)

static Method_mp_lit MP2 (meritFunction, merit2)

static Method_mp_lit MP2 (meritFunction, merit2_smooth)

static Method_mp_lit MP2 (meritFunction, merit2_squared)

static Method_mp_lit MP2 (methodName, asynch_pattern_search)

static Method_mp_lit MP2 (methodName, coliny_cobyla)

static Method_mp_lit MP2 (methodName, coliny_direct)

static Method_mp_lit MP2 (methodName, coliny_pattern_search)

static Method_mp_lit MP2 (methodName, coliny_solis_wets)
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static Method_mp_lit MP2 (methodName, conmin_frcg)

static Method_mp_lit MP2 (methodName, conmin_mfd)

static Method_mp_lit MP2 (methodName, dace)

static Method_mp_lit MP2 (methodName, dot_bfgs)

static Method_mp_lit MP2 (methodName, dot_frcg)

static Method_mp_lit MP2 (methodName, dot_mmfd)

static Method_mp_lit MP2 (methodName, dot_slp)

static Method_mp_lit MP2 (methodName, dot_sqp)

static Method_mp_lit MP2 (methodName, efficient_global)

static Method_mp_lit MP2 (methodName, fsu_cvt)

static Method_mp_lit MP2 (methodName, fsu_halton)

static Method_mp_lit MP2 (methodName, fsu_hammersley)

static Method_mp_lit MP2 (methodName, ncsu_direct)

static Method_mp_lit MP2 (methodName, nl2sol)

static Method_mp_lit MP2 (methodName, nlpql_sqp)

static Method_mp_lit MP2 (methodName, nlssol_sqp)

static Method_mp_lit MP2 (methodName, nond_bayes_calibration)
static Method_mp_lit MP2 (methodName, nond_global_evidence)
static Method_mp_lit MP2 (methodName, nond_global_interval_est)
static Method_mp_lit MP2 (methodName, nond_global_reliability)
static Method_mp_lit MP2 (methodName, nond_importance_sampling)
static Method_mp_lit MP2 (methodName, nond_local_evidence)
static Method_mp_lit MP2 (methodName, nond_local_interval_est)
static Method_mp_lit MP2 (methodName, nond_polynomial_chaos)
static Method_mp_lit MP2 (methodName, nond_sampling)

static Method_mp_lit MP2 (methodName, nond_stoch_collocation)
static Method_mp_lit MP2 (methodName, nonlinear_cg)

static Method_mp_lit MP2 (methodName, npsol_sqp)

static Method_mp_lit MP2 (methodName, optpp_cg)

static Method_mp_lit MP2 (methodName, optpp_fd_newton)

static Method_mp_lit MP2 (methodName, optpp_g_newton)

static Method_mp_lit MP2 (methodName, optpp_newton)

static Method_mp_lit MP2 (methodName, optpp_pds)

static Method_mp_lit MP2 (methodName, optpp_q_newton)

static Method_mp_lit MP2 (methodName, psuade_moat)

static Method_mp_lit MP2 (methodName, richardson_extrap)

static Method_mp_lit MP2 (methodName, surrogate_based_global)
static Method_mp_lit MP2 (methodName, surrogate_based_local)
static Method_mp_lit MP2 (methodName, vector_parameter_study)
static Method_mp_lit MP2 (methodName, list_parameter_study)
static Method_mp_lit MP2 (methodName, centered_parameter_study)
static Method_mp_lit MP2 (methodName, multidim_parameter_study)
static Method_mp_lit MP2 (metropolisType, adaptive)

static Method_mp_lit MP2 (metropolisType, hastings)

static Method_mp_lit MP2 (minMaxType, maximize)

static Method_mp_lit MP2 (minMaxType, minimize)
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static Method_mp_lit MP2 (mutationType, bit_random)

static Method_mp_lit MP2 (mutationType, offset_cauchy)

static Method_mp_lit MP2 (mutationType, offset_normal)

static Method_mp_lit MP2 (mutationType, offset_uniform)

static Method_mp_lit MP2 (mutationType, replace_uniform)

static Method_mp_lit MP2 (nondOptAlgorithm, nip)

static Method_mp_lit MP2 (nondOptAlgorithm, sqp)

static Method_mp_lit MP2 (nondOptAlgorithm, lhs)

static Method_mp_lit MP2 (nondOptAlgorithm, ego)

static Method_mp_lit MP2 (patternBasis, coordinate)

static Method_mp_lit MP2 (patternBasis, simplex)

static Method_mp_lit MP2 (rejectionType, standard)

static Method_mp_lit MP2 (rejectionType, delayed)

static Method_mp_lit MP2 (reliabilityIntegration, first_order)

static Method_mp_lit MP2 (reliabilityIntegration, second_order)
static Method_mp_lit MP2 (reliabilitySearchType, amv_plus_u)

static Method_mp_lit MP2 (reliabilitySearchType, amv_plus_x)
static Method_mp_lit MP2 (reliabilitySearchType, amv_u)

static Method_mp_lit MP2 (reliabilitySearchType, amv_x)

static Method_mp_lit MP2 (reliabilitySearchType, egra_u)

static Method_mp_lit MP2 (reliabilitySearchType, egra_x)

static Method_mp_lit MP2 (reliabilitySearchType, no_approx)

static Method_mp_lit MP2 (reliabilitySearchType, tana_u)

static Method_mp_lit MP2 (reliabilitySearchType, tana_x)

static Method_mp_lit MP2 (replacementType, elitist)

static Method_mp_lit MP2 (replacementType, favor_feasible)

static Method_mp_lit MP2 (replacementType, roulette_wheel)

static Method_mp_lit MP2 (replacementType, unique_roulette_wheel)
static Method_mp_lit MP2 (responseLevelMappingType, gen_reliabilities)
static Method_mp_lit MP2 (responseLevelMappingType, probabilities)
static Method_mp_lit MP2 (responseLevelMappingType, reliabilities)
static Method_mp_lit MP2 (rngName, mt19937)

static Method_mp_lit MP2 (rngName, rnum?2)

static Method_mp_lit MP2 (sampleType, incremental_lhs)

static Method_mp_lit MP2 (sampleType, incremental_random)

static Method_mp_lit MP2 (sampleType, lhs)

static Method_mp_lit MP2 (sampleType, random)

static Method_mp_lit MP2 (searchMethod, gradient_based_line_search)
static Method_mp_lit MP2 (searchMethod, tr_pds)

static Method_mp_lit MP2 (searchMethod, trust_region)

static Method_mp_lit MP2 (searchMethod, value_based_line_search)
static Method_mp_lit MP2 (subMethodName, box_behnken)

static Method_mp_lit MP2 (subMethodName, central_composite)
static Method_mp_lit MP2 (subMethodName, gpmsa)

static Method_mp_lit MP2 (subMethodName, grid)

static Method_mp_lit MP2 (subMethodName, lhs)
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static Method_mp_lit MP2 (subMethodName, oa_lhs)

static Method_mp_lit MP2 (subMethodName, oas)

static Method_mp_lit MP2 (subMethodName, queso)

static Method_mp_lit MP2 (subMethodName, random)

static Method_mp_lit MP2 (subMethodName, converge_order)

static Method_mp_lit MP2 (subMethodName, converge_qoi)

static Method_mp_lit MP2 (subMethodName, estimate_order)

static Method_mp_lit MP2 (trial Type, grid)

static Method_mp_lit MP2 (trial Type, halton)

static Method_mp_lit MP2 (trial Type, random)

static Method_mp_lit2 MP4 (methodName, reliabilitySearchType, nond_local_reliability,"mv")
static Method_mp_litc MP3 (crossoverType, crossoverRate, shuffle_random)
static Method_mp_litc MP3 (crossoverType, crossoverRate, null_crossover)
static Method_mp_litc MP3 (mutationType, mutationRate, null_mutation)
static Method_mp_litc MP3 (mutationType, mutationRate, offset_cauchy)
static Method_mp_litc MP3 (mutationType, mutationRate, offset_normal)
static Method_mp_litc MP3 (mutationType, mutationRate, offset_uniform)
static Method_mp_litc MP3 (replacementType, fitnessLimit, below_limit)
static Method_mp_litrv MP3 (nichingType, niche Vector, distance)

static Method_mp_litrv MP3 (nichingType, niche Vector, radial)

static Method_mp_litrv MP3 (postProcessorType, distanceVector, distance_postprocessor)
static Method_mp_slit2 MP3 (initializationType, flatFile, flat_file)

static Method_mp_slit2 MP3 (methodName, dlDetails, dl_solver)

static Real MP_ (absConvTol)

static Real MP_ (centeringParam)

static Real MP_ (collocationRatio)

static Real MP_ (collocRatioTermsOrder)

static Real MP_ (constraintPenalty)

static Real MP_ (constrPenalty)

static Real MP_ (constraintTolerance)

static Real MP__ (contractFactor)

static Real MP_ (contractStepLength)

static Real MP_ (convergenceTolerance)

static Real MP_ (crossoverRate)

static Real MP__ (falseConvTol)

static Real MP_ (functionPr