SAND2006-4056
Unlimited Release
October 2006
Updated September 2007

DAKOTA, A Multilevel Parallel Object-Oriented Framework for
Design Optimization, Parameter Estimation, Uncertainty
Quantification, and Sensitivity Analysis

Version 4.1 Developers Manual

Michael S. Eldred, Brian M. Adams, David M. Gay, Laura P. Swiler
Optimization and Uncertainty Estimation Department

Karen Haskell
Scientific Applications and User Support Department

William J. Bohnhoff
Radiation Transport Department

John P. Eddy
System Sustainment and Readiness Technologies Department

William E. Hart, Jean-Paul Watson
Discrete Algorithms and Math Department

Sandia National Laboratories
P.O. Box 5800
Albuquerque, New Mexico 87185

Josh D. Griffin, Patty D. Hough, Tammy G. Kolda, Pamela J. Williams
Mathematics, Informatics and Decision Sciences Department

Monica L. Martinez-Canales
Advanced Software Research and Development Department

Sandia National Laboratories
P.O. Box 969
Livermore, CA 94551



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, reliability,
and stochastic finite element 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 actual source code and provides detailed
class documentation, including all member functions and attributes.
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Chapter 1

DAKOTA Developers Manual

Author:

Michael S. Eldred, Brian M. Adams, Karen Haskell, William J. Bohnhoff, John P. Eddy, David M. Gay, Josh
D. Griffin, William E. Hart, Patty D. Hough, Tamara G. Kolda, Monica L. Martinez-Canales, Laura P. Swiler,
Jean-Paul Watson, Pamela J. Williams

1.1 Introduction

The DAKOTA (Design Analysis Kit for Optimization and Terascale Applications) toolkit provides a flexible, ex-
tensible interface between analysis codes and iteration methods. DAKOTA contains algorithms for optimization
with gradient and nongradient-based methods, uncertainty quantification with sampling, reliability, and stochastic
finite element methods, parameter estimation with nonlinear least squares methods, and sensitivity/variance analy-
sis with design of experiments and parameter study capabilities. These capabilities may be used on their own or as
components within advanced strategies such as surrogate-based optimization, mixed integer nonlinear program-
ming, 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 as well as a platform for rapid prototyping of new solution approaches.

The Developers Manual focuses on documentation of the class structures used by the DAKOTA system. It de-
rives directly from annotation of the actual source code. For information on input command syntax, refer to the
Ref er ence Manual , and for a tour of DAKOTA features and capabilities, refer to the Users Manual.

1.2 Overview of DAKOTA

In the DAKOTA system, 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
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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
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 small
number 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 software components are presented in the following sections using a top-down order.

1.2.1 Strategies

Class hierarchy: Strategy.

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

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

e MultilevelOptStrategy: hybrid optimization using a succession of iterators employing a succession of mod-
els of varying fidelity. The best results obtained are passed from one iterator to the next.

e SurrBasedOptStrategy: surrogate-based optimization. Employs a single iterator with a SurrogateModel
(either data fit or hierarchical). A sequence of approximate optimizations is performed, each of which
involves build, optimize, and verify steps.

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 lterators

Class hierarchy: Iterator.

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 include:

e Optimization:  Optimizer provides a base class for the DOTOptimizer, CONMINOptimizer,
NPSOLOptimizer, NLPQLPOptimizer, and SNLLOptimizer gradient-based optimization libraries and the
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1.2 Overview of DAKOTA 13

COLINOptimizer, JEGAOptimizer, NCSUOptimizer, and EffGlobalOptimizer nongradient-based opti-
mization 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.

and the Analyzer classes include:

e Uncertainty quantification: NonD provides a base class for NonDReliability (reliability analysis),
NonDEvidence (Dempster-Shafer Theory of Evidence), NonDPolynomialChaos (generalized polynomial
chaos expansions), NonDSampling, and NonDIntegration. NonDReliability is further specialized with local
and global methods (NonDLocalReliability and NonDGlobalReliability), NonDIntegration is further spe-
cialized with quadrature and cubature methods (NonDQuadrature and NonDCubature), and NonDSampling
is further specialized with the NonDLHSSampling class for Latin hypercube and Monte Carlo sampling, the
NonDIncremLHSSampling class for incremental Latin hypercube sampling, and NonDAdaptImpSampling
for multimodal adaptive importance sampling.

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
DDACEDesignCompExp and FSUDesignCompExp, which provide for parameter space exploration
through design and analysis of computer experiments. NonDLHSSampling from the uncertainty quan-
tification branch also supports a design of experiments mode.

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.

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.
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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, uncertain, and state variable types for continuous and discrete
domain types. This hierarchy is specialized according to various views of the data.

e DistinctVariables: both variable and domain type distinctions are retained, i.e. separate arrays for design,
uncertain, and state variables types and for continuous and discrete domains.

e AllVariables: variable types are combined and domain type distinction is retained, i.e. design, uncertain,
and state variable types combined into a single continuous variables array and a single discrete variables
array.

e MergedVariables: variable type distinction is retained and domain types are combined, i.e. continuous
and discrete variables merged into continuous arrays (integrality is relaxed) for design, uncertain, and state
variable types.

The variables view that is chosen depends on the type of iterative study. For design optimization and uncertainty
quantification, for example, variable and domain type distinctions are important and a DistinctVariables view is
used. For parameter studies and design of experiments, however, the variable type distinctions can be ignored and
an AllVariables view is used.

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

1.2.5 Interfaces

Class hierarchy: Interface.

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 SysCallApplicInterface: the simulation is invoked using a system call (the C function syst em( ) ). Asyn-
chronous invocation utilizes a background system call. Utilizes the SysCallAnalysisCode class to de-
fine syntax for input filter, analysis code, output filter, or combined spawning, which in turn utilize the
CommandShell utility.

e ForkApplicInterface: the simulation is invoked using a fork (the f or k/ exec/ wai t family of functions).
Asynchronous invocation utilizes a nonblocking fork. Utilizes the ForkAnalysisCode class for lower level
fork operations.
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1.3 Services 15

e GridApplicInterface: the simulation is invoked using distributed resource facilities. This capability is ex-
perimental and still under development. The design is evolving into the use of Condor and/or Globus tools.

and the following semi-intrusive approach

e DirectFnApplicInterface: the simulation is linked into the DAKOTA executable and is invoked using a
procedure 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 data fit approximation case, global, multipoint, or local 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 ApproximationInterface: 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 permits the mixing of approximation types (using the Approximation
derived classes: SurfpackApproximation (provides kriging, neural network, MARS, polynomial regres-
sion, and radial basis functions), GaussProcApproximation, OrthogPoly Approximation (utilizes an array of
OrthogonalPolynomial instances to manage multivariate orthogonal polynomials from the Wiener-Askey
scheme), TANA3Approximation, and TaylorApproximation).

Note: in the data fit approximation case, DataFitSurrModel provides the bulk of the surrogate management logic.
It contains an Approximationlnterface object which provides the approximate parameter to response mappings.
In the hierarchical approximation case, an ApproximationInterface object is not used since HierarchSurrModel
uses low and high fidelity models to manage surrogate construction/usage.

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 an objective
function 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.

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 communi-
cators is managed in ParallelLibrary and scheduling routines for the levels are part of ConcurrentStrategy,
Applicationlnterface, and Fork ApplicInterface.
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e Parsing: DAKOTA employs the Input Deck Reader (IDR) parser to retrieve information from
user input files. Parsing options are processed in CommandLineHandler and parsing occurs in
ProblemDescDB::manage_inputs() called from main.C. IDR uses the keyword handlers in the
IDRProblemDescDB derived class to populate data within the ProblemDescDB base class, which main-
tains a DataStrategy specification and lists of DataMethod, DataModel, DataVariables, Datalnterface,
and DataResponses specifications. Procedures for modifying the parsing subsystem are described in
Instructions for Modifying DAKOTA’s Input Specification.

e Failure capturing: Simulation failures can be trapped and managed using exception handling in
ApplicationInterface and its derived classes.

e Restart: DAKOTA maintains a record of all function evaluations both in memory (for captur-
ing any duplication) and on the file system (for restarting runs).  Restart options are pro-
cessed in CommandLineHandler 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 interrogating, converting, repairing, concatenating, and post-processing restart files.

e Memory management: DAKOTA employs the techniques of reference counting and representation shar-
ing through the use of letter-envelope and handle-body idioms (Coplien, "Advanced C++"). The for-
mer idiom provides for memory efficiency and enhanced polymorphism in the following class hierar-
chies: Strategy, Iterator, Model, Variables, Constraints, Interface, ProblemDescDB, Approximation, and
OrthogonalPolynomial. The latter idiom provides for memory efficiency in data-intensive classes which do
not involve a class hierarchy. Currently, only the Response class uses 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.

e Graphics: DAKOTA provides 2D iteration history graphics using Motif widgets and 3D surface plotting
graphics from the PLPLOT package. Graphics data can also be catalogued in a tabular data file for post-
processing with 3rd party tools such as Matlab, Tecplot, etc. All of these capabilities are encapsulated
within the Graphics class.

1.4 Additional Resources

Additional development resources include:

e Recommended Practices for DAKOTA Development
e Software Tools for DAKOTA Development
o Instructions for Modifying DAKOTA’s Input Specification

o In addition to its normal usage as a stand-alone application, DAKOTA may be interfaced as an algorithm
library as described in Interfacing with DAKOTA as a Library.

e The execution of function evaluations is a core component of DAKOTA involving several class hierarchies.
An overview of the classes and member functions involved in performing these evaluations is provided in
Performing Function Evaluations.
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e Project ~web  pages are  maintained  at http://ww. cs. sandi a. gov/ DAKOTA
with software specifics and documentation pointers provided at
http://ww. cs. sandi a. gov/ DAKOTA/ sof t war e. ht m , and a list of publications provided at
http://ww. cs. sandi a. gov/ DAKOTA/ r ef erences. ht i
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Chapter 2

DAKOTA Namespace I ndex

2.1 DAKOQOTA NamespaceList

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

Dakota (The primary namespace for DAKOTA ) . . . . . . . . . . . . ...
SIM (Plug facilities into DAKOTA ) . . . . . . . . . e



20
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Chapter 3

DAKOTA Hierarchical | ndex

3.1 DAKOTA ClassHierarchy

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

ACHIVESEt . . . L e e e
AnalysisCode . . . . . . ..

ForkAnalysisCode . . . . . . . . . . e
SysCallAnalysisCode . . . . . . . . .

APProxXimation . . . . . . . ..o e e e e e e e e e e e e e e e e e

GaussProcApproximation . . . . . . . . . ... e
OrthogPolyApproximation . . . . . . . . . . . . . . e
SurfpackApproximation. . . . . . . . . ... e
TANA3Approximation . . . . . . . . . . . . .. e
TaylorApproximation . . . . . . . . . . ... e e e
ATTAY . . L o e e e e
BaseConstructor . . . . . . . .. L e e e
BaseVector . . . . . . e

MatriX . . . . o o e e e e e e
VECIOT . . o o o e e e e

BaseVector< Dakota::BaseVector< T > > . . . . . . . . . ... . ... .. e
BiStream . . . . . . L e e e e
BoStream . . . . . .. e e
COLINApplication . . . . . . . . et e e e e e e
ColinPoint . . . . . . . . e e
CommandShell . . . . . . . . . . e e e e
Constraints . . . . . . . . e e e e e e e e e

ANICOoNStraints . . . . . . . . . e e e e e e e e e

DistinctConstraints . . . . . . . . . .. e e e e e e e e e e e e

MergedConstraints . . . . . . . . .. L e e
CtelRegexp . . . . . o o o e
Datalnterface . . . . . . . . . . . e e e e
DataMethod . . . . . . . . . . . e e e e
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DataModel . . . . . . . . 177
DataResponses . . . . . . . . . e e 180
DataStrategy . . . . . . . . . L e 184
DataVariables . . . . . . . . L 188
ErrorTable . . . . . . . . e 226
FunctionCompare . . . . . . . . . . e e e 236
GetLongOpt . . . . . . . e 245
CommandLineHandler . . . . . ... ... ... e 128
Graphics . . . . . . . o 249
Interface . . . . . . . L e 265
ApplicationInterface . . . . . . . ... 82
DirectFnApplicInterface . . . . . . . . . ... 201
DirectFnApplicInterface . . . . . . . . . ... oL 199
ForkApplicInterface . . . . . . . . . . ... 229
GridApplicInterface . . . . . . . . . ... 253
SysCallApplicInterface . . . . . . . . . . . . . e 577
ApproximationInterface . . . . . . . . ... 100
Iterator . . . . . . L 275
Analyzer . . . . .. e 78
NonD . . . . 388
NonDEvidence . . . . . . . . . . . . . e 407
NonDIntegration . . . . . . . . . . o e e e 419
NonDCubature . . . . . . . .. .. 404
NonDQuadrature . . . . . . . . . . . . . e e e e 433
NonDPolynomialChaos . . . . . . . .. .. ... . 431
NonDReliability . . . . . . . . . . . 436
NonDGlobalReliability . . . . . .. . ... ... 413
NonDLocalReliability . . . . . . . . .. .. .. . 424
NonDSampling . . . . . . . . . e 441
NonDAdaptImpSampling . . . . . . . . .. ... 400
NonDIncremLHSSampling . . . . . . .. ... .. ... ... 416
NonDLHSSampling . . . . . . . . . . .. ... e 421
PStudyDACE . . . . . 496
DDACEDesignCompEXp . . . . . . . . . . ... e 195
FSUDesignCompEXxp . . . . . . . . . . . e 232
ParamStudy . . . . . . .. 485
PSUADEDesignCompEXp . . . . . . . . . .. e 499
MINImizZer . . . . . . . o o e e e e e e e e e 322
LeastSq . . . . . . o e 303
NL2SOLLeastSq . . . . . o o ottt e e e e e 377
NLSSOLLeastSq . . . . . o v vt e e e e e e e e e 385
SNLLLeastSq . . . . . o oo e e e e e e e e e 528
OpHMIZEr . . . . . . o o o ot s e e e 450
COLINOPHMIZET . . . . v v v v v e et it e e e e e e e e e e e e 123
CONMINODPHMIZETr . . . . v v v e e et e e e e e e e e e e e e e e e e 135
DOTOptimizer . . . . . . . . . . e e e e 216
EffGlobalOptimizer . . . . . . . . . . . . . e e 221
JEGAODPHMIZEr . . . . . . . o o oo e e 288
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NCSUOPHMIZer . . . . . o oo e e e e e e e e e e e 367
NLPQLPOpPtimizer . . . . . . . . o oottt et e e e e 380
NPSOLOPHtMIZEr . . . . . o o oo o et e e e e e e e e e e e 447
SNLLOPHMIZEr . . . . . . oottt it e e e e e e e e e e e e e e e 532
JEGAOptimizer:Driver . . . . . . . . . . e 296
JEGAOptimizer::EvaluatorCreator . . . . . . . . . . . . . . e 299
List . . o e 308
Model . . . . 329
NestedModel . . . . . . . . . 370
RecastModel . . . . . . . . e 503
SingleModel . . . . . . . . 522
SurrogateModel . . . . . . L 569
DataFitSurtModel . . . . . . . . . e 154
HierarchSurrModel . . . . . . . . . . o e 258
MPIPackBuffer . . . . . . . . e 358
MPIUnpackBuffer. . . . . . . . . o 361
NIZMISC . . . o o o e e e 376
NoDBBaseConstructor . . . . . . . . vttt e e e e e e e e e e e e e e 387
OrthogonalPolynomial . . . . . . . . . . . . . e 454
GenLaguerreOrthogPolynomial . . . . . . . . . . ... ... 243
HermiteOrthogPolynomial . . . . . . . . .. ... . ... 256
JacobiOrthogPolynomial . . . . . . . . . . .. . e 286
LaguerreOrthogPolynomial . . . . . . . . . . .. . . 301
LegendreOrthogPolynomial . . . . . . . . . . .. . .. 306
ParallelConfiguration . . . . . . . . . . . L e e e e 465
ParallelLevel . . . . . . . . . e 467
ParallelLibrary . . . . . . . . . e 470
ParamResponsePair . . . . . . . .o 481
ProblemDescDB . . . . . . .. e 488
IDRProblemDescDB . . . . . . . . 262
RecastBaseConstructor . . . . . . . . . . ... e e 502
Response . . . . . . e 509
ResponseRep . . . . . . . . L 514
SNLLBASE . . . . o o vt e e e e e e e e e e e e 525
SNLLLEastSq . . . . . o o oo e e e e e e e e 528
SNLLOPHMIZEr . . . . . o o oottt e e e e e e e e e e e e e e e e e e e e e e 532
SOLBAase . . . . . . o 539
NLSSOLLeastSq . . . . o v v ot e e e e e e e e e e e e e 385
NPSOLOPtmMIzZer . . . . . . . . oo s e e e e e e e 447
Srategy . . . . o o e e e e e e e e 542
ConcurrentStrategy . . . . . . v . e e e e e e e e e e e e e e 132
MultilevelOptStrategy . . . . . . . . o o o e e e e e e e 364
SingleMethodStrategy . . . . . . . . . . L e 520
SurrBasedOptStrategy . . . . . . . . . . 554
SING . . o o e e 547
SurrogateDataPoint . . . . . . . ... 565
SurrogateDataPointRep . . . . . . . . .. L 567
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VariableS . . . . . . .. e e e e e 585
AllVariables . . . . . . . . .. e e e 70
DistinctVariables . . . . . . . . . L e e e e 211
MergedVariables . . . . . . .. 318

VariablesUtil . . . . . . . . e e e e e 594
AllCoNStraints . . . . . . . . . .. e e e e e e e e e 66
AllVariables . . . . . . . . e e 70
DistinctConstraints . . . . . . . . ... e e e e e e e e e e e 207
DistinctVariables . . . . . . . . . L e e e e e 211
MergedConstraints . . . . . . . ..o e e e e e e e e 315
MergedVariables . . . . . ... e 318
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Chapter 4

DAKOTA Class I ndex

4.1 DAKOTA ClassList

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

ActiveSet (Active set request vector and the derivative variables vector ) . . . . . . ... ... ... .. 63
AllConstraints (Employsthe alldataview ) . . . . . . ... ... ... ... ... 66
AllVariables (Alldata view ) . . . . . . . . . . . e e e e 70
AnalysisCode (Processes for managing simulations ) . . . . . . . . .. ... ... ... ... .. 74
Analyzer (Hierarchy ) . . . . . . . . . . . e 78
ApplicationInterface (Interfaces to simulationcodes ) . . . . . . . . .. ... .. .. 82
Approximation (Base class for the approximation class hierarchy ) . . . . . ... . ... ... ... .. 93
ApproximationInterface (Approximations to simulation-basedresults ) . . . . . . .. ... ... .. .. 100
Array (Template class for the Dakota bookkeepingarray ) . . . . . . . .. . ... ... ... .. .... 104
BaseConstructor (Dummy struct for overloading letter-envelope constructors ) . . . . . . . . .. .. .. 108
BaseVector (Base class for the Dakota::Matrix and Dakota::Vectorclasses ) . . . ... ... ... ... 109
BiStream (Datatypes ) . . . . . . . oo e e e e e e 113
BoStream (Datatypes ) . . . . . . . . . . e 117
COLINApplication . . . . . . . o i i e e e e e 120
COLINOptimizer (Wrapper class for optimizers defined using COLIN ) . . . .. . ... ... ... .. 123
ColinPoint . . . . . . . e e e 127
CommandLineHandler (Utility class for managing command line inputs to DAKOTA) . ... ... .. 128
CommandShell (Processes with systemcalls) . . . . . . .. .. ... . L 130
ConcurrentStrategy (Strategy for multi-start iteration or pareto set optimization) . . . . . . . . . .. .. 132
CONMINOptimizer (Wrapper class for the CONMIN optimization library ) . . . . . . ... .. .. .. 135
Constraints (Base class for the variable constraints class hierarchy ) . . . . . . ... ... ... ... .. 143
CtelRegeXDP . . . ¢ o 152
DataFitSurrModel (Data fit surrogates (globalandlocal) ) . . . . . . . ... ... ... ... ... ... 154
Datalnterface (Container class for interface specificationdata) . . . . . . . ... ... .. ... .... 162
DataMethod (Container class for method specificationdata) . . . . . ... ... ... ... ...... 166
DataModel (Container class for model specificationdata) . . . . . . ... .. .. ... ... ...... 177
DataResponses (Container class for responses specificationdata ) . . . . . . . .. ... .. ... .. .. 180
DataStrategy (Container class for strategy specificationdata) . . . . . . . .. .. ... ... .. .... 184

DataVariables (Container class for variables specificationdata) . . . . . . . ... .. ... ... .... 188
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DDACEDesignCompExp (Wrapper class for the DDACE design of experiments library ) . . . . . . .. 195
DirectFnApplicInterface (Sample derived interface class for testing plug-ins using assign_rep()) . . . . 199
DirectFnApplicInterface (And testers using direct procedurecalls) . . . . . ... .. ... ... .. .. 201
DistinctConstraints (Default data view (no variable or domain type array merging) ) . . . . . . . . . . . 207
DistinctVariables (Default data view (no variable or domain type array merging) ) . . . . . . . . . . .. 211
DOTOptimizer (Wrapper class for the DOT optimization library ) . . . . . ... ... .. ... ... 216
EffGlobalOptimizer (Implementation of Efficient Global Optimization algorithm ) . . . . . . .. . . .. 221
ErrorTable (Data structure toholderrors ) . . . . . . . . . . . . . . . . .. 226
ForkAnalysisCode (Simulations using forks ) . . . . . . . . . . .. .. oo 227
ForkApplicInterface (Using forks ) . . . . . . . . . . . . o 229
FSUDesignCompExp (Wrapper class for the FSUDace QMC/CVT library ) . . . ... ... ... ... 232
FunctionCompare . . . . . . . . .. .. e 236
GaussProcApproximation (Derived approximation class for Gaussian Process implementation ) . . . . . 237
GenLaguerreOrthogPolynomial (Derived orthogonal polynomial class for generalized Laguerre poly-
nomialS ) . . . ... L e e e 243
GetLongOpt ((Advanced Computer Research Institute, Lyon, France) ) . . . . . . . ... ... ... .. 245
Graphics (For post-processing with Matlab, Tecplot,etc) . . . . . . . ... ... ... ... ... ... 249
GridAppliclnterface (Using grid services such as CondororGlobus ) . . . . . .. ... ... .. .... 253
HermiteOrthogPolynomial (Derived orthogonal polynomial class for Hermite polynomials) . . . . . . 256
HierarchSurrModel (Hierarchical surrogates (models of varying fidelity) ) . . . . ... .. ... .. .. 258
IDRProblemDescDB (The derived input file database utilizing the IDR parser) . . . . . . ... .. .. 262
Interface (Base class for the interface class hierarchy ) . . . . . . . . .. ... ... ... ... ... 265
Iterator (Base class for the iterator class hierarchy ) . . . . . . ... .. ... ... ... ... 275
JacobiOrthogPolynomial (Derived orthogonal polynomial class for Jacobi polynomials) . . . . .. .. 286
JEGAOptimizer (A version of Dakota::Optimizer for instantiation of John Eddy’s Genetic Algorithms
EGA) ) . o o 288
JEGAOptimizer::Driver (A subclass of the JEGA front end driver that exposes the individual protected
methods to execute the algorithm ) . . . . . . . . ... ... L L 296
JEGAOptimizer::EvaluatorCreator (A specialization of the JEGA::FrontEnd::EvaluatorCreator that cre-
ates anew instance of aEvaluator) . . . . . . . .. ... ... ... 299
LaguerreOrthogPolynomial (Derived orthogonal polynomial class for Laguerre polynomials ) . . . . . . 301
LeastSq (Base class for the nonlinear least squares branch of the iterator hierarchy ) . . . . . . . .. .. 303
LegendreOrthogPolynomial (Derived orthogonal polynomial class for Legendre polynomials ) . . . . . 306
List (Template class for the Dakota bookkeeping list) . . . . . . .. ... ... ... .. ........ 308
Matrix (Template class for the Dakota numerical matrix ) . . . . . . .. .. ... ... ... .. .... 312
MergedConstraints (Merged data view ) . . . . . . . . ... Lo 315
MergedVariables (Merged data view ) . . . . . . . . ... 318
Minimizer (Iterator hierarchy ) . . . . . . . . . . . 322
Model (Base class for the model class hierarchy ) . . . . .. .. ... ... ... ... ... ... 329
MPIPackBuffer (Class for packing MPI message buffers ) . . . . .. . ... ... ... .. ....... 358
MPIUnpackBuffer (Class for unpacking MPI message buffers) . . . . . . .. .. ... ... ...... 361
MultilevelOptStrategy (Multiple models of varying fidelity ) . . . . ... ... ... ... ... .... 364
NCSUOptimizer (Wrapper class for the NCSU DIRECT optimization library ) . . . . . . .. ... ... 367
NestedModel (Execution within every evaluationof themodel ) . . . . . . . ... ... .. .. .. .. 370
NI2Misc (Auxiliary information passed to calcrand calcjviaur) . . . . . .. .. ... ... ... .. 376
NL2SOLLeastSq (Wrapper class for the NL2SOL nonlinear least squares library ) . . . . . . . . .. .. 377
NLPQLPOptimizer (Wrapper class for the NLPQLP optimization library, Version2.0) . . . . . .. .. 380
NLSSOLLeastSq (Wrapper class for the NLSSOL nonlinear least squares library ) . . . . ... .. .. 385

NoDBBaseConstructor (Dummy struct for overloading constructors used in on-the-fly instantiations ) . 387
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NonD (Base class for all nondetermistic iterators (the DAKOTA/UQbranch)) . . . .. ... ... ... 388
NonDAdaptImpSampling (Class for the Adaptive Importance Sampling methods within DAKOTA ) 400
NonDCubature (Integrals over uncorrelated uniforms ) . . . . . .. . ... ... ... ... ... . 404
NonDEvidence (Class for the Dempster-Shafer Evidence Theory methods within DAKOTA/UQ ). . . . 407
NonDGlobalReliability (Class for global reliability methods within DAKOTA/UQ) . . . . ... .. .. 413
NonDIncremLHSSampling (Performs icremental LHS sampling for uncertainty quantification ) 416
NonDlIntegration (Numerical integration points for evaluation of expectation integrals) . . . . . . . . . 419
NonDLHSSampling (Performs LHS and Monte Carlo sampling for uncertainty quantification) . . . . . 421
NonDLocalReliability (Class for the reliability methods within DAKOTA/UQ) . . . .. ... ... .. 424
NonDPolynomialChaos (Quantification ) . . . . . . . . . . . .. 431
NonDQuadrature (Normals/uniforms/exponentials/betas/gammas) . . . . . . . . . ... ... ... .. 433
NonDReliability (Base class for the reliability methods within DAKOTA/UQ) . . . . . .. ... .. .. 436
NonDSampling (NonDIncremL.HSSampling, and NonDAdaptImpSampling) . . . ... ... ... .. 441
NPSOLOptimizer (Wrapper class for the NPSOL optimization library ) . . . . . .. ... ... .. .. 447
Optimizer (Base class for the optimizer branch of the iterator hierarchy ) . . . . . . ... ... ... .. 450
OrthogonalPolynomial (Base class for the orthogonal polynomial class hierarchy ) . . . . . . .. .. .. 454
OrthogPoly Approximation (Approximation) ) . . . . . . . . . . . o v v v v v v v bt 459
ParallelConfiguration (Collectively identify a particular multilevel parallel configuration) . . . . . . . . 465
ParallelLevel (Communicator partitioning ) . . . . . . . . . . . . . .. i 467
ParallelLibrary (Message passing within theselevels ) . . . . . . .. . ... ... ... .. ....... 470
ParamResponsePair (Evaluationid ) . . . . . . . .. ... 481
ParamStudy (Class for vector, list, centered, and multidimensional parameter studies ) . . . . . . . . . . 485
ProblemDescDB (The database containing information parsed from the DAKOTA inputfile) . . . . . . 488
PStudyDACE (Design of experimentsmethods ) . . . . . . . . ... ... ... o L. 496
PSUADEDesignCompExp (Wrapper class for the PSUADE library ) . . . . . . . ... ... ... ... 499
RecastBaseConstructor (Instantiations ) . . . . . . . . . . . . . v i i e 502
RecastModel (In order to recast the form of its inputs and/oroutputs ) . . . . . . .. ... ... .... 503
Response (Response provides the handleclass ) . . . . . . . .. .. .. ... .. ... 509
ResponseRep (ResponseRep providesthe bodyclass ) . . . . . ... ... ... .. ... ... . 514
SingleMethodStrategy (Singlemodel ) . . . . . . . . ... ... o L 520
SingleModel (Variables into TeSPONSES ) . . . . . v v v v vttt e e e e e e e e 522
SNLLBase (Base class for OPT++ optimization and least squares methods ) . . . . . .. ... ... .. 525
SNLLLeastSq (Wrapper class for the OPT++ optimization library ) . . . . . . .. ... ... ... ... 528
SNLLOptimizer (Wrapper class for the OPT++ optimization library ) . . . . . ... .. ... ... .. 532
SOLBase (Base class for Stanford SOL software ) . . . . . . . . . . . ... .. ... .. .. ...... 539
Strategy (Base class for the strategy class hierarchy ) . . . ... ... ... ... ... 0oL, 542
String (Dakota::String class, used as main string class for Dakota) . . . . . ... ... ... ... ... 547
SurfpackApproximation (Interface between Surfpack and Dakota) . . . . . . .. .. .. ... ... .. 550
SurrBasedOptStrategy (Strategy for provably-convergent surrogate-based optimization ) . . . . . . . . . 554
SurrogateDataPoint (For defining a "truth" datapoint) . . . . . .. ... ... ... ... ....... 565
SurrogateDataPointRep (Or body, may be shared by multiple SurrogateDataPoint handle instances ) 567
SurrogateModel (Base class for surrogate models (DataFitSurrModel and HierarchSurrModel) ) .. 569
SysCallAnalysisCode (Simulations using systemcalls ) . . . . . .. ... .. ... ... ... .... 575
SysCallApplicInterface (Using systemcalls ) . . . . . . . ... ... . ... 577
TANA3Approximation (Approximation (a multipoint approximation) ) . . . . . . . . . . .. .. .. .. 580
TaylorApproximation (Series (a local approximation) ) . . . . . . . . ... ... . ... . ... ... 583
Variables (Base class for the variables class hierarchy ) . . . . . ... ... ... ... .. ....... 585
VariablesUtil (Continuous and discrete variabledomains ) . . . . . . . . .. .. .. ... ........ 594
Vector (Template class for the Dakota numerical vector ) . . . . . . . ... ... .. ... ... .... 596
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Chapter 5

DAKOTA FilelIndex

5.1 DAKOTA FileList

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

JEGAOptimizer.C (Contains the implementation of the JEGAOptimizerclass ). . . . . . . ... .. .. 601
JEGAOptimizer.H (Contains the definition of the JEGAOptimizerclass) . . . . . . . ... ... .. .. 603
keywordtable.C (File containing keywords for the strategy, method, model, variables, interface, and
responses input specifications from dakota.input.spec )
main.C (File containing the main program for DAKOTA ) . . . . . . ... .. ... ... .. ...... 605
restart_util.C (File containing the DAKOTA restart utility main program )
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Chapter 6

DAKOTA Page I ndex

6.1 DAKOTA Related Pages

Here is a list of all related documentation pages:

Recommended Practices for DAKOTA Development . . . . . . ... ... ... ... . ....... 609
Instructions for Modifying DAKOTA’s Input Specification . . . . . . .. ... ... ... ....... 615
Interfacing with DAKOTA asaLibrary . . . . . . . . . . ... oo 623
Performing Function Evaluations . . . . . . . . . . . ... ... L 631
Software Tools for DAKOTA Development . . . . . . . ... ... ... . ... ... . ....... 633

Todo List . . . . . . e e e e 635
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DAKOTA Namespace Documentation

7.1 Dakota Namespace Reference

The primary namespace for DAKOTA.

Classes

e class AllConstraints

employs the all data view.

e class AllVariables

the all data view.

e class AnalysisCode

processes for managing simulations.

e class Applicationlnterface

interfaces to simulation codes.

e class ApproximationInterface

approximations to simulation-based results.

o class COLINApplication
o class COLINOptimizer

Wrapper class for optimizers defined using COLIN.

e class GetLongOpt

(Advanced Computer Research Institute, Lyon, France).



34 DAKOTA Namespace Documentation

e class CommandLineHandler

Utility class for managing command line inputs to DAKOTA.

e class CommandShell

processes with system calls.

o class ConcurrentStrategy

Strategy for multi-start iteration or pareto set optimization.

o class CONMINOptimizer
Wrapper class for the CONMIN optimization library.

e class ActiveSet

active set request vector and the derivative variables vector.

e class Analyzer
hierarchy.

o class SurrogateDataPoint

for defining a "truth" data point.

o class SurrogateDataPointRep

or body, may be shared by multiple SurrogateDataPoint handle instances.

e class Approximation
Base class for the approximation class hierarchy.

e class Array
Template class for the Dakota bookkeeping array.

e class BaseVector

Base class for the Dakota::Matrix and Dakota::Vector classes.

e class BiStream

data types

e class BoStream
data types

e class Constraints

Base class for the variable constraints class hierarchy.

e class Graphics
for post-processing with Matlab, Tecplot, etc.
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class Interface

Base class for the interface class hierarchy.

e class Iterator

Base class for the iterator class hierarchy.

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

e class List

Template class for the Dakota bookkeeping list.

e class FunctionCompare
e class Matrix

Template class for the Dakota numerical matrix.

e class Minimizer

iterator hierarchy.

e class Model
Base class for the model class hierarchy.

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

e class Optimizer
Base class for the optimizer branch of the iterator hierarchy.

e class PStudyDACE
design of experiments methods.

e class Response

Response provides the handle class.

e class ResponseRep

ResponseRep provides the body class.

e class Strategy
Base class for the strategy class hierarchy.

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

e class Variables

Base class for the variables class hierarchy.
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class Vector

Template class for the Dakota numerical vector.

class DataFitSurrModel

data fit surrogates (global and local)

class Datalnterface

Container class for interface specification data.

class DataMethod
Container class for method specification data.

class DataModel
Container class for model specification data.

class DataResponses
Container class for responses specification data.

class DataStrategy
Container class for strategy specification data.

class DataVariables

Container class for variables specification data.

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

class DirectFnAppliclnterface
and testers using direct procedure calls.

class DistinctConstraints

the default data view (no variable or domain type array merging).

class DistinctVariables

the default data view (no variable or domain type array merging).

class DOTOptimizer
Wrapper class for the DOT optimization library.

class EffGlobalOptimizer
Implementation of Efficient Global Optimization algorithm.

class ForkAnalysisCode
simulations using forks.

class ForkAppliclnterface
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using forks.

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

e class GaussProcApproximation
Derived approximation class for Gaussian Process implementation.

e class GenLaguerreOrthogPolynomial
Derived orthogonal polynomial class for generalized Laguerre polynomials.

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
instantiations.

e class GridApplicInterface
using grid services such as Condor or Globus.

e class HermiteOrthogPolynomial
Derived orthogonal polynomial class for Hermite polynomials.

e class HierarchSurrModel

hierarchical surrogates (models of varying fidelity).

e class IDRProblemDescDB
The derived input file database utilizing the IDR parser.

e class JacobiOrthogPolynomial
Derived orthogonal polynomial class for Jacobi polynomials.

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

o class LaguerreOrthogPolynomial

Derived orthogonal polynomial class for Laguerre polynomials.

o class LegendreOrthogPolynomial
Derived orthogonal polynomial class for Legendre polynomials.

e class MergedConstraints
the merged data view.
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class MergedVariables
merged data view.

class MPIPackBuffer

Class for packing MPI message buffers.

class MPIUnpackBuffer
Class for unpacking MPI message buffers.

class MultilevelOptStrategy
multiple models of varying fidelity.

class NCSUOptimizer
Wrapper class for the NCSU DIRECT optimization library.

class NestedModel

execution within every evaluation of the model.

struct N12Misc
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 NonDCubature

integrals over uncorrelated uniforms.

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

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

class NonDIncremLHSSampling
Performs icremental LHS sampling for uncertainty quantification.
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class NonDIntegration
numerical integration points for evaluation of expectation integrals

e class NonDLHSSampling
Performs LHS and Monte Carlo sampling for uncertainty quantification.

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

e class NonDPolynomialChaos

quantification

e class NonDQuadrature
normals/uniforms/exponentials/betas/gammas.

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

e class NonDSampling
NonDIncremLHSSampling, and NonDAdaptimpSampling.

e class NPSOLOptimizer
Wrapper class for the NPSOL optimization library.

e class OrthogonalPolynomial

Base class for the orthogonal polynomial class hierarchy.

e class OrthogPoly Approximation
approximation).

e class ParallelLevel

communicator partitioning.

o class ParallelConfiguration

collectively identify a particular multilevel parallel configuration.

e class ParallelLibrary

message passing within these levels.

e class ParamResponsePair
evaluation id.

e class ParamStudy
Class for vector, list, centered, and multidimensional parameter studies.

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

o class PSUADEDesignCompExp
Wrapper class for the PSUADE library.

e class RecastModel

in order to recast the form of its inputs and/or outputs.

e class SingleMethodStrategy
single model.

o class SingleModel
variables into responses.

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

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

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

e class SOLBase
Base class for Stanford SOL software.

o class SurfpackApproximation

Interface between Surfpack and Dakota.

o class SurrBasedOptStrategy
Strategy for provably-convergent surrogate-based optimization.

e class SurrogateModel
Base class for surrogate models (DataFitSurrModel and HierarchSurrModel).

e class SysCallAnalysisCode
simulations using system calls.

e class SysCallApplicInterface
using system calls.

o class TANA3Approximation
approximation (a multipoint approximation).

e class TaylorApproximation
series (a local approximation).
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e class VariablesUTtil

continuous and discrete variable domains.

Typedefs

typedef double Real

typedef Vector< Real > RealVector

typedef Vector< int > IntVector

typedef BaseVector< Real > RealBaseVector
typedef Matrix< Real > RealMatrix

typedef Matrix< int > IntMatrix

typedef std::deque< bool > BoolDeque

typedef Array< BoolDeque > BoolDequeArray
typedef Array< Real > RealArray

typedef Array< int > IntArray

typedef Array< short > ShortArray

typedef Array< size_t > SizetArray

typedef Array< SizetArray > Sizet2DArray
typedef Array< String > StringArray

typedef Array< StringArray > String2DArray
typedef Array< RealVector > RealVectorArray
typedef Array< RealVectorArray > RealVector2DArray
typedef Array< RealBaseVector > RealBaseVectorArray
typedef Array< RealMatrix > RealMatrixArray
typedef Array< Variables > VariablesArray
typedef Array< Response > ResponseArray
typedef Array< Model > ModelArray

typedef Array< Iterator > IteratorArray
typedef Array< ParamResponsePair > PRPArray
typedef List< bool > BoolList

typedef List< int > IntList

typedef List< size_t > SizetList

typedef List< Real > ReallList

typedef List< String > StringList

typedef List< RealVector > RealVectorList
typedef List< Variables > VariablesList

typedef List< Interface > InterfaceL.ist

typedef List< Response > ResponseL.ist

typedef List< Model > ModelL.ist

typedef List< Iterator > IteratorL.ist

typedef List< ParamResponsePair > PRPList
typedef std::set< int > IntSet

typedef std::set< Real > RealSet

typedef std::map< int, short > IntShortMap
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typedef std::map< int, int > IntIntMap

typedef std::map< int, RealVector > IntRealVectorMap
typedef std::map< int, ActiveSet > IntActiveSetMap
typedef std::map< int, Variables > IntVariablesMap
typedef std::map< int, Response > IntResponseMap
typedef IntList::iterator ILIter

typedef IntList::const_iterator ILClter

typedef SizetList::iterator StLIter

typedef SizetList::const_iterator StLClter

typedef RealList::iterator RLIter

typedef RealList::const_iterator RLClter

typedef StringList::iterator StringLIter

typedef StringList::const_iterator StringLClter

typedef Real VectorList::iterator RVLIter

typedef Real VectorList::const_iterator RVLClter
typedef VariablesList::iterator VarsLIter

typedef InterfaceList::iterator InterfLIter

typedef ResponseList::iterator RespLIter

typedef ModelList::iterator ModelL Iter

typedef IteratorList::iterator IterLIter

typedef PRPList::iterator PRPLIter

typedef List< ParallelLevel >::iterator ParLevLIter
typedef List< ParallelConfiguration >::iterator ParConfigLIter
typedef IntSet::iterator I1SIter

typedef IntSet::const_iterator ISClter

typedef IntShortMap::iterator IntShMlter

typedef IntIntMap::iterator IntintMIter

typedef IntIntMap::const_iterator IntintMClter

typedef IntReal VectorMap::iterator INtRVM Iter

typedef IntActiveSetMap::iterator INtASMIter

typedef IntVariablesMap::iterator IntVarsMlter

typedef IntVariablesMap::const_iterator IntVarsMClter
typedef IntResponseMap::iterator IntRespMlter

typedef IntResponseMap::const_iterator IntRespMClter
typedef void(x) dl_find_optimum_t (void %, Optimizer] *, char %)
typedef void(x) dl_destructor_t (void s:x)

typedef double Real

typedef int(x) start_grid_computing_t (char *analysis_driver_script, char xparams_file, char xresults_-
file)

typedef int(x) perform_analysis_t (char xiteration_num)
typedef int x(x) get_jobs_completed_t ()

typedef int(x) stop_grid_computing_t ()

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 void(x) Calcrj (int *n, int *p, Real *x, int *nf, Real x*r, int *ui, void *ur, Vf vf)
typedef void(x) VT ()
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Enumerations

e enum { OBJECTIVE, INEQUALITY_CONSTRAINT, EQUALITY_CONSTRAINT }
define algebraic function types

enum { SCALE_NONE =0, SCALE_VALUE =1,SCALE_LOG =2}
enum { CDV, LINEAR, NONLIN, FN_LSQ }

enum { DISALLOW, TARGET, BOUNDS }

enum {

DESIGN, NORMAL, LOGNORMAL, UNIFORM,

LOGUNIFORM, TRIANGULAR, EXPONENTIAL, BETA,
GAMMA, GUMBEL, FRECHET, WEIBULL,

STATE }

e enum { NO_REFINE, IS, AIS, MMAIS }

e enum { PROBABILITIES, RELIABILITIES, GEN_RELIABILITIES }

e enum { ORIGINAL_OBJECTIVE, LAGRANGIAN_OBJECTIVE, AUGMENTED _-
LAGRANGIAN_OBJECTIVE }

e enum { NO_CONSTRAINTS, LINEARIZED _CONSTRAINTS, ORIGINAL_CONSTRAINTS }

e enum { NO_RELAX, HOMOTOPY, COMPOSITE_STEP }

e enum { PENALTY_MERIT, ADAPTIVE_PENALTY_MERIT, LAGRANGIAN_MERIT,
AUGMENTED_LAGRANGIAN_MERIT }

e enum { FILTER, TR_RATIO }

e enum LHSNames {
LHS_NORMAL, LHS_LOGNORMAL, LHS_UNIFORM, LHS_LOGUNIFORM,

LHS WEIBULL, LHS CONSTANT, LHS_USERDEFINED }
e enum {

N_MEAN, N_STD_DEV, N_LWR_BND, N_UPR_BND,
LN_MEAN, LN_STD_DEV, LN_ERR_FACT, LN_LWR_BND,
LN_UPR_BND, U_LWR_BND, U_UPR_BND, LU_LWR_BND,
LU_UPR_BND, T_MODE, T_LWR_BND, T_UPR_BND,
E_BETA, B_ALPHA, B_BETA, B_LWR_BND,

B_UPR_BND, GA_ALPHA, GA_BETA, GU_ALPHA,
GU_BETA, F_ALPHA, F_BETA, W_ALPHA,

W_BETA }
e enum { PENALTY, AUG_LAG, LAG }
e enum { EGRA _X,EGRA U}
e enum {
MV, AMV_X, AMV_U, AMV_PLUS_X,

AMV_PLUS_U, TANA_X, TANA_U, NO_APPROX}
e enum { BREITUNG, HOHENRACK, HONG }
e enum {

UNCERTAIN, UNCERTAIN_UNIFORM, ACTIVE, ACTIVE_UNIFORM,
ALL, ALL_UNIFORM }
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e enum { IGNORE_RANKS, SET_RANKS, GET_RANKS, SET_GET_RANKS }
e enum {

HERMITE, LEGENDRE, LAGUERRE, JACOBI,
GENERALIZED_LAGUERRE }
variable spec order of normal, uniform, exponential, beta, gamma)

e enum { QUADRATURE, CUBATURE, POINT_COLLOCATION, SAMPLING }
solution approaches for calculating the polynomial chaos coefficients

e enum EvalType { NLFEvaluator, CONEvaluator }
enumeration for the type of evaluator function

e enum {
EMPTY, MERGED_ALL, MIXED_ALL, MERGED_DISTINCT_DESIGN,

MERGED_DISTINCT_UNCERTAIN, MERGED_DISTINCT_STATE, MIXED_DISTINCT_-
DESIGN, MIXED_DISTINCT_UNCERTAIN,

MIXED_DISTINCT_STATE }

Functions

e bool operator== (const AllVariables &varsl, const AllVariables &vars2)
equality operator

e CommandShell & flush (CommandShell &shell)
convenient shell manipulator function to "flush™ the shell

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

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

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

e ostream & operator< < (ostream &s, const ActiveSet &set)
ostream insertion operator for ActiveSet. Calls write(istream&).

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

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

e MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, ActiveSet &set)
Calls read(MP1UnpackBuffer&).

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

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

inequality operator

o template<class T> istream & operator>> (istream &s, Array< T > &data)
global istream extraction operator for Vector

o template<class T> ostream & operator<< (ostream &s, const Array< T > &data)
global ostream insertion operator for Array

e template<class T> BiStream & operator>> (BiStream &s, Array< T > &data)
global BiStream extraction operator for Array

e template<class T> BoStream & operator<< (BoStream &s, const Array< T > &data)
global BoStream insertion operator for Array

o template<class T> MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Array< T > &data)
global MP1UnpackBuffer extraction operator for Array

o template<class T> MPIPackBuffer & operator< < (MPIPackBuffer &s, const Array< T > &data)
global MPIPackBuffer insertion operator for Array

e istream & operator>> (istream &s, Constraints &con)
istream extraction operator for Constraints

e ostream & operator<< (ostream &s, const Constraints &con)

ostream insertion operator for Constraints

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

global comparison function for Interface

e bool method_id_compare (const Iterator &iterator, const void *id)
global comparison function for Iterator

o template<class T> ostream & operator<< (ostream &s, const List< T > &data)
global ostream insertion operator for List

o template<class T> MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, List< T > &data)
global MPI1UnpackBuffer extraction operator for List

o template<class T> MPIPackBuffer & operator< < (MPIPackBuffer &s, const List< T > &data)
global MPIPackBuffer insertion operator for List

o template<class T> istream & operator>>> (istream &s, Matrix< T > &data)
global istream extraction operator for Matrix
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template<class T> ostream & operator< < (ostream &s, const Matrix< T > &data)
global ostream insertion operator for Matrix

template <class T> MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Matrix< T > &data)
global MP1UnpackBuffer extraction operator for Matrix

template <class T> MPIPackBuffer & operator<< (MPIPackBuffer &s, const Matrix< T > &data)
global MPIPackBuffer insertion operator for Matrix

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

bool responses_id_compare (const Response &resp, const void *id)
global comparison function for Response

istream & operator>> (istream &s, Response &response)

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

ostream & operator<< (ostream &s, const Response &response)

ostream insertion operator for Response. Calls write(istream&).

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

BoStream & operator<< (BoStream &s, const Response &response)
BoStream insertion operator for Response. Calls write(BoStreamé&).

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Response &response)
read(MPlUnpackBuffer&).

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

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

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

MPIPackBuffer & operator< < (MPIPackBuffer &s, const String &data)
Reads String from buffer.
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MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, String &data)
Writes String to buffer.

String operator+ (const String &s1, const String &s2)
Concatenate two Strings and return the resulting String.

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

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

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

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

String operator+ (const DAKOTA_BASE_STRING &sl, const String &s2)
Append a String to a DAKOTA_BASE_STRING and return the resulting String.

String operator+ (const String &s1, const DAKOTA_BASE_STRING &s2)
Append a DAKOTA_BASE_STRING to a String and return the resulting String.

String toUpper (const String &str)
Returns a String converted to upper case. Calls String::upper().

String toLower (const String &str)
Returns a String converted to lower case. Calls String::lower().

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

equality operator

bool variables_id_compare (const Variables &vars, const void *id)
global comparison function for Variables

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

ostream & operator<< (ostream &s, const Variables &vars)

ostream insertion operator for Variables.

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

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

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Variables &vars)
MPI1UnpackBuffer extraction operator for Variables.

MPIPackBuffer & operator<< (MPIPackBuffer &s, const Variables &vars)

DAKOTA Version 4.1 Developers Manual generated on October 11, 2007



48

DAKOTA Namespace Documentation

MPIPackBuffer insertion operator for Variables.

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

inequality operator

template<class T> istream & operator>>> (istream &s, Vector< T > &data)
global istream extraction operator for Vector

template<class T> ostream & operator< < (ostream &s, const Vector< T > &data)
global ostream insertion operator for Vector

template <class T> MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, Vector< T > &data)
global MPI1UnpackBuffer extraction operator for Vector

template <class T> MPIPackBuffer & operator<< (MPIPackBuffer &s, const Vector< T > &data)
global MPIPackBuffer insertion operator for Vector

bool operator== (const Real Vector &drv1, const RealVector &drv2)
equality operator for RealVector

bool operator== (const IntVector &div1, const IntVector &div2)
equality operator for IntVector

bool operator== (const IntArray &dial, const IntArray &dia2)
equality operator for IntArray

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

bool operator== (const RealMatrix &drm1, const RealMatrix &drm?2)
equality operator for RealMatrix

bool operator== (const RealMatrixArray &drmal, const RealMatrixArray &drma2)
equality operator for RealMatrixArray

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

void copy_data (const NEWMAT::ColumnVector &cv, RealBaseVector &drbv)
copy NEWMAT::ColumnVector to RealBaseVector

void copy_data (const RealBaseVector &drbv, NEWMAT::ColumnVector &cv)
copy RealBaseVector to NEWMAT::ColumnVector

void copy_data (const RealArray &dra, NEWMAT::ColumnVector &cv)
copy RealArray to NEWMAT::ColumnVector
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e void copy_data (const RealMatrix &drm, NEWMAT::SymmetricMatrix &sm)
copy RealMatrix to NEWMAT::SymmetricMatrix

e void copy_data (const RealMatrix &drm, NEWMAT::Matrix &m)
copy RealMatrix to NEWMAT::Matrix

e void copy_data (const Epetra_SerialDenseVector &psdv, Real Vector &drv)
copy Epetra_SerialDenseVector to RealVector

e void copy_data (const Epetra_SerialDenseVector &psdv, RealBaseVector &drbv)
copy Epetra_SerialDenseVector to RealBaseVector

e void copy_data (const Epetra_SerialDenseMatrix &psdm, RealMatrix &drm)
copy Epetra_SerialDenseMatrix to RealMatrix

e void copy_data (const Epetra_SerialSymDenseMatrix &pssdm, RealMatrix &drm)
copy Epetra_SerialSymDenseMatrix to RealMatrix

e void copy_data (const RealVector &drv, Epetra_SerialDense Vector &psdv)
copy RealVector to Epetra_SerialDenseVector

e void copy_data (const RealArray &dra, Epetra_SerialDenseVector &psdv)
copy RealArray to Epetra_SerialDenseVector

e void copy_data (const RealBaseVector &drbv, Epetra_SerialDense Vector &psdv)
copy RealBaseVector to Epetra_SerialDenseVector

e void copy_data (const Real «ptr, const int ptr_len, Epetra_SerialDenseVector &psdv)
copy Realx to Epetra_SerialDenseVector

e void copy_data (const RealMatrix &drm, Epetra_SerialDenseMatrix &psdm)
copy RealMatrix to Epetra_SerialDenseMatrix

e void copy_data (const RealMatrix &drm, Epetra_SerialSymDenseMatrix &pssdm)
copy RealMatrix to Epetra_SerialSymDenseMatrix

e void copy_data (const RealMatrixArray &drma, Array < Epetra_SerialSymDenseMatrix > &pssdma)
copy RealMatrixArray to Array<Epetra_SerialSymDenseMatrix>

e void copy_data (const NEWMAT::ColumnVector &cv, Epetra_SerialDenseVector &psdv)
copy NEWMAT::ColumnVector to Epetra_SerialDenseVector

e void copy_data (const DDaceSamplePoint &dsp, Real Vector &drva)
copy DDACE point to RealVector
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void copy_data (const std::vector< DDaceSamplePoint > &dspa, RealVectorArray &drva)
copy DDACE point array to RealVectorArray

void copy_data (const std::vector< DDaceSamplePoint > &dspa, Real *ptr, const int ptr_len)
copy DDACE point array to Realx

bool operator!= (const RealVector &drv1, const RealVector &drv2)
inequality operator for RealVector

bool operator!= (const IntVector &div1, const IntVector &div2)

inequality operator for IntVector

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

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

bool operator!= (const RealMatrix &drm1, const RealMatrix &drm?2)
inequality operator for RealMatrix

bool operator!= (const RealMatrixArray &drmal, const RealMatrixArray &drma2)
inequality operator for RealMatrixArray

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

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

void build_labels (StringArray &label_array, const String &root_label)
label_array. Uses build_label().

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

of entries in label_array. Uses build_label().

template<class T> ostream & operator< < (ostream &s, const std::set< T > &data)
global ostream insertion operator for std::set

template <class T> MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, std::set< T > &data)
global MPI1UnpackBuffer extraction operator for std::set

template <class T> MPIPackBuffer & operator< < (MPIPackBuffer &s, const std::set< T > &data)
global MPIPackBuffer insertion operator for std::set
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template<class T> void copy_data (const T xptr, const int ptr_len, Vector< T > &dv)
copy Tx to Vector<T>

template<class T> void copy_data (const T xptr, const int ptr_len, BaseVector< T > &dbv)
copy T to BaseVector<T>

template<class T> void copy_data (const T #ptr, const int ptr_len, const String &ptr_type, Matrix< T >
&dm, size_t nr, size_t nc)

copy T to Matrix<T>

template<class T> void copy_data (const T *ptr, const int ptr_len, const String &ptr_type, Array<
Vector< T > > &dva, size_t num_vec, size_t vec_len)

copy Tx to Array<Vector<T> >

template<class T> void copy_data (const Vector< T > &dv, T xptr, const int ptr_len)
copy Vector<T> to Tx

template<class T> void copy_data (const BaseVector< T > &dbyv, T *ptr, const int ptr_len)
copy BaseVector<T> to T

template<class T> void copy_data (const Matrix< T > &dm, T *ptr, const int ptr_len, const String &ptr_-
type)
copy Matrix<T> to Tsx

template<class T> void copy_data (const Array< Vector< T > > &dva, T *ptr, const int ptr_len, const
String &ptr_type)
copy Array<Vector<T> > to Tx

template<class T> void copy_data (const Vector< T > &dv, Matrix< T > &dm, size_t nr, size_t nc)
copy Vector<T> to Matrix<T>

template<class T> void copy_data (const Vector< T > &dv, Array< Vector< T > > &dva, size_t num_-
vec, size_t vec_len)

copy Vector<T> to Array<\Vector<T> >

template<class T> void copy_data (const Array< T > &da, Vector< T > &dv)
copy Array<T> to Vector<T>

template<class T> void copy_data (const BaseVector< T > &dbv, Vector< T > &dv)
copy BaseVector<T> to Vector<T>

template<class T> void copy_data (const List< T > &dl, Array< T > &da)
copy List<T> to Array<T>

template<class T> void copy_data (const List< T > &dl, Array< Array< T > > &d2a, size_t num_a,
size_t a_len)
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copy List<T> to Array<Array<T> >

template<class T> void copy_data (const Array< Array< T > > &d2a, Array< T > &da)
copy Array<Array<T> > to Array<T> (unroll 2D array into 1D array)

template<class T> void copy_data_partial (const Vector< T > &dvl, size_t start_index, size_t num_-
items, Vector< T > &dv2)

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

template<class T> void copy_data_partial (const Vector< T > &dvl, Vector< T > &dv2, size_t start_-
index)

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

template<class T> void copy_data_partial (const Vector< T > &dvl, size_t start_index1, size_t num_-
items, Vector< T > &dv2, size_t start_index2)

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

template<class T> void copy_data_partial (const Array< T > &dal, size_t start_index, size_t num_items,
Array< T > &da2)

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

template<class T> void copy_data_partial (const Array< T > &dal, Array< T > &da2, size_t start_-
index)

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

template<class T> void copy_data_partial (const Array< T > &dal, size_t start_index1, size_t num_-
items, Array< T > &da2, size_t start_index?2)

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

template<class T> void copy_data (const utilib::NumArray< T > &na, Vector< T > &dv)
copy utilib::NumArray<T> to Vector<T>

template<class T> void copy_data (const Vector< T > &dv, utilib::NumArray< T > &na)
copy Vector<T> to utilib::NumArray<T>

template<class T> void copy_data (const utilib::NumArray< T > &na, Array< T > &da)
copy utilib::NumArray<T> to Array<T>

template <class T> void copy_data (const List< T > &dl, utilib::NumArray< T > &na)
copy List<T> to utilib::NumArray<T>

template<class T> void copy_data (const TNT::Vector< T > &tntv, Vector< T > &dv)
copy TNT::Vector<T> to Vector<T>

template<class T> void copy_data (const Vector< T > &dv, TNT::Vector< T > &tntv)
copy Vector<T> to TNT::Vector<T>
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template<class T> void copy_data (const T xptr, const int ptr_len, TNT::Vector< T > &tntv)
copy Tx to TNT::Vector<T>

o template<class T> void copy_data (const Matrix< T > &dm, TNT::Matrix< T > &tntm)
copy Matrix<T> to TNT::Matrix<T>

e bool data_interface_id_compare (const Datalnterface &di, const void *id)

global comparison function for Datalnterface

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

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

e ostream & operator< < (ostream &s, const Datalnterface &data)
ostream insertion operator for Datalnterface

e bool data_method_id_compare (const DataMethod &dm, const void *id)
global comparison function for DataMethod

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

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

e ostream & operator< < (ostream &s, const DataMethod &data)
ostream insertion operator for DataMethod

e bool data_model_id_compare (const DataModel &dm, const void *id)
global comparison function for DataModel

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

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

e ostream & operator< < (ostream &s, const DataModel &data)
ostream insertion operator for DataModel

e bool data_responses_id_compare (const DataResponses &dr, const void *id)
global comparison function for DataResponses

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

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, DataResponses &data)
MPI1UnpackBuffer extraction operator for DataResponses.

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

ostream insertion operator for DataResponses

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

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, DataStrategy &data)
MPI1UnpackBuffer extraction operator for DataStrategy.

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

bool data_variables_id_compare (const DataVariables &dv, const void *id)

global comparison function for DataVariables

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

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, DataVariables &data)
MPI1UnpackBuffer extraction operator for DataVariables.

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

ostream insertion operator for DataVariables

int salinas_main (int argc, char xargv[ ], MPI_Comm *comm)

subroutine interface to SALINAS simulation code

bool operator== (const DistinctVariables &vars1, const DistinctVariables &vars2)

equality operator

int disolver_option (Opt_Info *)
void abort_handler (int code)

global function which handles serial or parallel aborts

RealVector const * continuous_lower_bounds (Optimizerl *o)

RealVector const x continuous_upper_bounds (Optimizerl o)

RealVector const * nonlinear_ineq_constraint_lower_bounds (Optimizerl *o)
RealVector const * nonlinear_ineq_constraint_upper_bounds (Optimizer1 *o)
RealVector const x nonlinear_eq_constraint_targets (Optimizerl xo)
RealVector const * linear_ineq_constraint_lower_bounds (Optimizerl *o0)
RealVector const x linear_ineq_constraint_upper_bounds (Optimizerl xo)
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RealVector const * linear_eq_constraint_targets (Optimizer1 *o)

RealMatrix const * linear_ineq_constraint_coeffs (Optimizerl o)

RealMatrix const x linear_eq_constraint_coeffs (Optimizerl o)

RealVector x bestFunctions (Optimizer] xo)

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

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

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

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

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

void # dl_constructor (Optimizer] *, Dakota_funcs *, d1_find_optimum_t *, d1_destructor_t )
static Real Vector const x continuous_lower_boundsl (Optimizer] *o)

static Real Vector const x continuous_upper_boundsl (Optimizer] xo)

static Real Vector const x nonlinear_ineq_constraint_lower_boundsl (Optimizerl xo)
static Real Vector const x nonlinear_ineq_constraint_upper_boundsl (Optimizer] xo)
static Real Vector const x nonlinear_eq_constraint_targets1 (Optimizer] xo)

static RealVector const * linear_ineq_constraint_lower_bounds1 (Optimizer]1 xo)
static RealVector const * linear_ineq_constraint_upper_boundsl (Optimizer1 *o)
static Real Vector const * linear_eq_constraint_targetsl (Optimizer] *o)

static RealMatrix const * linear_eq_constraint_coeffsl (Optimizerl *o0)

static RealMatrix const x linear_ineq_constraint_coeffsl (Optimizerl o)

static Real Vector x bestFunctionsl (Optimizerl x0)

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

static void GetFuncsl (Optimizerl *o, int m0, int m1, double *f)

static void GetGradsl (Optimizer] xo, int m0, int m1, int n, int is, int js, double xg)
static void GetContVarsl (Optimizer] o, int n, double xx)

static void SetBestContVarsl (Optimizer] o, int n, double xx)

Real getdist (RealVector &x1, RealVector &x2)

Real mindist (RealVector &x, RealMatrix &xset, int except)

Real mindistindx (Real Vector &x, RealMatrix &xset, IntVector &indx)

Real getRmax (RealMatrix &xset)

int Isfinite (const Real &x)

template<typename T> T abort_handler_t (int code)

int start_grid_computing (char xanalysis_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.

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

equality operator

PACKBUF (int, MPI_INT)

UNPACKBUF (int, MPI_INT)

PACKSIZE (int, MPI_INT)

MPIPackBuffer & operator<< (MPIPackBuffer &buff, const int &data)

insert an int
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MPIPackBuffer & operator< < (MPIPackBuffer &buff, const u_int &data)
inserta u_int

MPIPackBuffer & operator< < (MPIPackBuffer &buff, const long &data)
insert a long

MPIPackBuffer & operator< < (MPIPackBuffer &buff, const u_long &data)
insert a u_long

MPIPackBuffer & operator<< (MPIPackBuffer &buff, const short &data)
insert a short

MPIPackBuffer & operator< < (MPIPackBuffer &buff, const u_short &data)
insert a u_short

MPIPackBuffer & operator< < (MPIPackBuffer &buff, const char &data)
insert a char

MPIPackBuffer & operator<< (MPIPackBuffer &buff, const u_char &data)
insert a u_char

MPIPackBuffer & operator<< (MPIPackBuffer &buff, const double &data)
insert a double

MPIPackBuffer & operator< < (MPIPackBuffer &buff, const float &data)
insert a float

MPIPackBuffer & operator< < (MPIPackBuffer &buff, const bool &data)
insert a bool

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, int &data)
extract an int

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

extracta u_int

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, long &data)
extract a long

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

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

e MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, char &data)
extract a char

e MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, u_char &data)
extract a u_char

e MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, double &data)
extract a double

e MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, float &data)
extract a float

e MPIUnpackBuffer & operator>> (MPIUnpackBuffer &buff, bool &data)
extract a bool

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

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

return packed size of a u_int

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

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)
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return packed size of a float

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

return packed size of a bool

void dn2f_ (int n, int *p, Real *x, Calcrj, int *iv, int xliv, int xlv, Real v, int *ui, void *ur, Vf)

void dn2fb_ (int xn, int *p, Real xx, Real xb, Calcrj, int *iv, int xliv, int xlv, Real *v, int *ui, void *ur, Vf)
void dn2g_ (int #n, int xp, Real xx, Calcrj, Calcrj, int xiv, int *liv, int xlv, Real v, int *ui, void *ur, Vf)
void dn2gb_ (int *n, int *p, Real *x, Real *b, Calcrj, Calcrj, int xiv, int *liv, int xlv, Real v, int xui, void
sur, Vf)

void divset_ (int x, int *, int x, int *, Real x)

double dr7mdc_ (int *)

double rnum1 (void)

double rnum2 (void)

bool operator== (const ParamResponsePair &pairl, const ParamResponsePair &pair2)

equality operator

bool vars_set_compare (const ParamResponsePair &database_pr, const void *search_pr)

search function for a particular ParamResponsePair within a List

bool eval_id_compare (const ParamResponsePair &pair, const void *id)
search function for a particular ParamResponsePair within a List

bool eval_id_sort_fn (const ParamResponsePair &prl, const ParamResponsePair &pr2)

sort function for ParamResponsePair

istream & operator>> (istream &s, ParamResponsePair &pair)
istream extraction operator for ParamResponsePair

ostream & operator<< (ostream &s, const ParamResponsePair &pair)

ostream insertion operator for ParamResponsePair

BiStream & operator>> (BiStream &s, ParamResponsePair &pair)
BiStream extraction operator for ParamResponsePair.

BoStream & operator<< (BoStream &s, const ParamResponsePair &pair)

BoStream insertion operator for ParamResponsePair.

MPIUnpackBuffer & operator>> (MPIUnpackBuffer &s, ParamResponsePair &pair)
MPI1UnpackBuffer extraction operator for ParamResponsePair.

MPIPackBuffer & operator< < (MPIPackBuffer &s, const ParamResponsePair &pair)
MPIPackBuffer insertion operator for ParamResponsePair.

bool operator!= (const ParamResponsePair &pairl, const ParamResponsePair &pair2)
inequality operator
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e void print_restart (int argc, char **argv, String print_dest)

print a restart file

e void print_restart_tabular (int argc, char *xargv, String print_dest)

print a restart file (tabular format)

e void read_neutral (int argc, char **argv)

read a restart file (neutral file format)

e void repair_restart (int argc, char #xargv, String identifier_type)

repair a restart file by removing corrupted evaluations

e void concatenate_restart (int argc, char sxargv)

concatenate multiple restart files

Variables

e ProblemDescDB dummy_db

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

e ParallelLibrary dummy_lib

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

e ProblemDescDB dummy_db

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

e Graphics dakota_graphics

the global Dakota::Graphics object used by strategies, models, and approximations

e Interface dummy_interface

dummy Interface object used for mandatory reference initialization or default virtual function return by reference
when a real Interface instance is unavailable

e Model dummy_model

dummy Model object used for mandatory reference initialization or default virtual function return by reference
when a real Model instance is unavailable

e [terator dummy_iterator

dummy lIterator object used for mandatory reference initialization or default virtual function return by reference
when a real Iterator instance is unavailable
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ProblemDescDB dummy_db

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

ParallelLibrary dummy_lib

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

Dakota_funcs * DF
Dakota_funcs DakFuncsO
ostream * dakota_cout = &cout

DAKOTA stdout initially points to cout, but may be redirected to a tagged ofstream if there are concurrent iterators.

ostream * dakota_cerr = &cerr

DAKOTA stderr initially points to cerr, but may be redirected to a tagged ofstream if there are concurrent iterators.

PRPList data_pairs
list of all parameter/response pairs.

BoStream write_restart

the restart binary output stream (doesn’t really need to be global anymore except for abort_handler()).

Graphics dakota_graphics
the global Dakota::Graphics object used by strategies, models, and approximations

int write_precision = 10

used in ostream data output functions (restart_util.C overrides this default value)

ParallelLibrary dummy_lib (0)

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

ProblemDescDB dummy_db

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

int mc_ptr_int=0

global pointer for ModelCenter API

ostream * dakota_cout

DAKOTA stdout initially points to cout, but may be redirected to a tagged ofstream if there are concurrent iterators.

ostream * dakota_cerr

DAKOTA stderr initially points to cerr, but may be redirected to a tagged ofstream if there are concurrent iterators.

int write_precision
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used in ostream data output functions (restart_util.C overrides this default value)

e int mc_ptr_int

global pointer for ModelCenter API

e FILE x yyin

e constint LHS_NONRANDOM =0
e constint LHS_RANDOM =1

e Dakota::GSL_Singleton GSL_RNG
e ParallelLibrary dummy_lib

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

e constint LARGE_SCALE =100
e const size_t _NPOS = ~(size_t)0

special value returned by index() when entry not found

7.1.1 Detailed Description

The primary namespace for DAKOTA.

The Dakota namespace encapsulates the core classes of the DAKOTA framework and prevents name clashes
with third-party libraries from methods and packages. The C++ source files defining these core classes reside in
Dakota/src as *.[CH].

7.1.2 Function Documentation

7.1.2.1 CommandShell & flush (CommandShell & shell)

convenient shell manipulator function to "flush" the shell

global convenience function for manipulating the shell; invokes the class member flush function.

7.1.2.2 bool Dakota::operator== (const DistinctVariables & vars1, const DistinctVariables & vars2)

equality operator

Checks each array using operator== from data_types.C. Labels are ignored.

7.1.2.3 Real Dakota::getdist (RealVector & x1, RealVector & x2)

Gets the Euclidean distance between x1 and x2
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7.1.2.4 Real Dakota::mindist (RealVector & x, RealMatrix & xset, int except)

Returns the minimum distance between the point x and the points in the set xset (compares against all points in
xset except point "except"): if except is not needed, pass 0.

7.1.2.5 Real Dakota::mindistindx (RealVector & x, RealMatrix & xset, IntVector & indx)

Gets the min distance between x and points in the set xset defined by the nindx values in indx.

7.1.2.6 Real Dakota::getRmax (RealMatrix & xset)

Gets the maximum of the min distance between each point and the rest of the set.

7.1.2.7 string Dakota::asstring (const T & val)

Creates a string from the argument val using an ostringstream.

This only gets used in this file and is only ever called with ints so no error checking is in place.

Parameters:

val The value of type T to convert to a string.

Returns:

The string representation of val created using an ostringstream.

7.1.2.8 bool Dakota::vars_set_compare (const ParamResponsePair & database_pr, const void
search_pr) [inline]

search function for a particular ParamResponsePair within a List

a global function to compare the parameter values, ASV, & interface id of a particular database_pr (presumed to
be in the global history list) with a passed in set of parameters, ASV, & interface id provided by search_pr.

7.1.2.9 bool Dakota::eval_id_compare (const ParamResponsePair & pair, const void x id) [i nl i ne]

search function for a particular ParamResponsePair within a List

a global function to compare the evalld of a particular ParamResponsePair (from a List) with a passed in evaluation
id. *((intx)id) construct casts void* to intx and then dereferences.

7.1.2.10 bool Dakota::eval_id_sort_fn (const ParamResponsePair & prl, const ParamResponsePair &
pr2) [inline]

sort function for ParamResponsePair
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a global function used to sort a PRPList by evalld’s.

7.1.2.11 void print_restart (int argc, char xx argv, String print_dest)

print a restart file
Usage: "dakota_restart_util print dakota.rst"
"dakota_restart_util to_neutral dakota.rst dakota.neu"

Prints all evals. in full precision to either stdout or a neutral file. The former is useful for ensuring that duplicate
detection is successful in a restarted run (e.g., starting a new method from the previous best), and the latter is used
for translating binary files between platforms.

7.1.2.12 void print_restart_tabular (int argc, char =x argv, String print_dest)

print a restart file (tabular format)
Usage: "dakota_restart_util to_pdb dakota.rst dakota.pdb"”
"dakota_restart_util to_tabular dakota.rst dakota.txt"

Unrolls all data associated with a particular tag for all evaluations and then writes this data in a tabular format
(e.g., to a PDB database or MATLAB/TECPLOT data file).

7.1.2.13 void read_neutral (int argc, char *x argv)

read a restart file (neutral file format)
Usage: "dakota_restart_util from_neutral dakota.neu dakota.rst"

Reads evaluations from a neutral file. This is used for translating binary files between platforms.

7.1.2.14 void repair_restart (int argc, char xx argv, String identifier_type)

repair a restart file by removing corrupted evaluations
Usage: "dakota_restart_util remove 0.0 dakota_old.rst dakota_new.rst"
"dakota_restart_util remove_ids 2 7 13 dakota_old.rst dakota_new.rst"

Repairs a restart file by removing corrupted evaluations. The identifier for evaluation removal can be either a
double precision number (all evaluations having a matching response function value are removed) or a list of
integers (all evaluations with matching evaluation ids are removed).

7.1.2.15 void concatenate_restart (int argc, char xx argv)

concatenate multiple restart files
Usage: "dakota_restart_util cat dakota_1l.rst ... dakota_n.rst dakota_new.rst"

Combines multiple restart files into a single restart database.

DAKOTA Version 4.1 Developers Manual generated on October 11, 2007



64 DAKOTA Namespace Documentation

7.1.3 Variable Documentation

7.1.3.1 Dakota_funcs DakFuncsQ

Initial value:

fprintf,

abort _handl er,

dl sol ver _opti on,

conti nuous_| ower _bounds1,

conti nuous_upper _bounds1,

nonl i near _i neg_constraint _| ower _bounds1,
nonl i near _i neg_constrai nt _upper_bounds1,
nonl i near _eq_constrai nt_targetsl,

|'i near _i neq_constraint_| ower_bounds1,

| i near _i neq_constraint_upper_bounds1,

|l inear _eq_constraint_targetsl,

l'i near _i neq_constraint_coeffsil,

li near _eq_constraint_coeffsl,

best Functi ons1,

Conput eResponsesl,

Cet Funcs1,

Get Grads1,

Cet Cont Var s1,

Set Best Cont Var s1

}
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7.2 SIM Namespace Reference

plug facilities into DAKOTA.

Classes

e class DirectFnApplicInterface
Sample derived interface class for testing plug-ins using assign_rep().

7.2.1 Detailed Description

plug facilities into DAKOTA.

A typical use of plug-ins with assign_rep() is to publish a simulation interface for use in library mode See
Interfacing with DAKOTA as a Library for more information.
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8.1 ActiveSet Class Reference

active set request vector and the derivative variables vector.

Public Member Functions

e ActiveSet ()
default constructor

e ActiveSet (size_t num_fns, size_t num_deriv_vars)
standard constructor

e ActiveSet (const ActiveSet &set)
copy constructor

e ~ActiveSet ()
destructor

e ActiveSet & operator= (const ActiveSet &set)

assignment operator

e void reshape (size_t num_fns, size_t num_deriv_vars)

reshape requestVector and derivVarsVector

e const ShortArray & request_vector () const

return the request vector
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e void request_vector (const ShortArray &rv)
set the request vector

e void request_values (const int rv_val)
set all request vector values

e void request_value (const size_t index, const int rv_val)
set the value of an entry in the request vector

e const IntArray & derivative_vector () const
return the derivative variables vector

e void derivative_vector (const IntArray &dvv)
set the derivative variables vector

e void derivative_start_value (const int dvv_start_val)
set the derivative variables vector values

e void read (istream &s)
read an active set object from an istream

e void write (ostream &s) const
write an active set object to an ostream

e void write_annotated (ostream &s) const
write an active set object to an ostream in annotated format

e void read (BiStream &s)
read an active set object from the binary restart stream

e void write (BoStream &s) const
write an active set object to the binary restart stream

e void read (MPIUnpackBuffer &s)
read an active set object from a packed MPI buffer

e void write (MPIPackBuffer &s) const
write an active set object to a packed MPI buffer

Private Attributes

e ShortArray requestVector
the vector of response requests

e IntArray derivVarsVector
the vector of variable ids used for computing derivatives
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Friends

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

equality operator

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

inequality operator

8.1.1 Detailed Description

active set request vector and the derivative variables vector.

The ActiveSet class is a small class whose initial design function is to avoid having to pass the ASV and DVV
separately. It is not part of a class hierarchy and does not employ reference-counting/ representation-sharing
idioms (e.g., handle-body).

8.1.2 Member Data Documentation

8.1.2.1 ShortArray requestVector [ pri vat e]

the vector of response requests

It uses a 0 value for inactive functions and sums 1 (value), 2 (gradient), and 4 (Hessian) for active functions.
8.1.2.2 IntArray derivVarsVector [ pri vate]

the vector of variable ids used for computing derivatives
These ids will generally identify either the active continuous variables or the inactive continuous variables.

The documentation for this class was generated from the following files:

e DakotaActiveSet.H
e DakotaActiveSet.C
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8.2 AllConstraints Class Reference

employs the all data view.

Inheritance diagram for AllConstraints::

| Constraints | | VariablesUtil |
t )

AllConstraints

Public Member Functions

e AllConstraints ()
default constructor

o AllConstraints (const ProblemDescDB &problem_db, const pair< short, short > &view)
standard constructor

e ~AllConstraints ()
destructor

e const RealVector & continuous_lower_bounds () const
return the active continuous variable lower bounds

e void continuous_lower_bounds (const RealVector &c_I_bnds)

set the active continuous variable lower bounds

e const RealVector & continuous_upper_bounds () const
return the active continuous variable upper bounds

e void continuous_upper_bounds (const Real Vector &c_u_bnds)

set the active continuous variable upper bounds

e const IntVector & discrete_lower_bounds () const
return the active discrete variable lower bounds

e void discrete_lower_bounds (const IntVector &d_1_bnds)

set the active discrete variable lower bounds

e const IntVector & discrete_upper_bounds () const
return the active discrete variable upper bounds
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e void discrete_upper_bounds (const IntVector &d_u_bnds)

set the active discrete variable upper bounds

e RealVector all_continuous_lower_bounds () const

returns a single array with all continuous lower bounds

e void all_continuous_lower_bounds (const RealVector &a_c_1_bnds)

sets all continuous lower bounds using a single array

e RealVector all_continuous_upper_bounds () const

returns a single array with all continuous upper bounds

e void all_continuous_upper_bounds (const RealVector &a_c_u_bnds)

sets all continuous upper bounds using a single array

e IntVector all_discrete_lower_bounds () const

returns a single array with all discrete lower bounds

e void all_discrete_lower_bounds (const IntVector &a_d_1_bnds)

sets all discrete lower bounds using a single array

e IntVector all_discrete_upper_bounds () const

returns a single array with all discrete upper bounds

e void all_discrete_upper_bounds (const IntVector &a_d_u_bnds)

sets all discrete upper bounds using a single array

e void write (ostream &s) const

write a variable constraints object to an ostream

e void read (istream &s)

read a variable constraints object from an istream

Protected Member Functions

e void copy_rep (const Constraints *con_rep)

Used by copy() to copy the contents of a letter class.

e void reshape_rep (const Sizet2DArray &vars_comps)

Used by reshape(Sizet2DArray&) to rehape the contents of a letter class.
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Private Attributes

e RealVector allContinuousLowerBnds

uncertain, and continuous state variable types (all view).

e RealVector allContinuousUpperBnds
uncertain, and continuous state variable types (all view).

e IntVector allDiscreteLowerBnds

discrete state variable types (all view).

e IntVector allDiscreteUpperBnds

discrete state variable types (all view).

e size_t numCDV

number of continuous design variables

e size_t numDDV

number of discrete design variables

8.2.1 Detailed Description

employs the all data view.

Derived variable constraints classes take different views of the design, uncertain, and state variable types and
the continuous and discrete domain types. The AllConstraints derived class combines design, uncertain, and
state variable types but separates continuous and discrete domain types. The result is combined continuous
bounds arrays (allContinuousLowerBnds, allContinuousUpperBnds) and combined discrete bounds arrays (all-
DiscreteLowerBnds, allDiscreteUpperBnds). Parameter and DACE studies currently use this approach (see
Variables::get_variables(problem_db) for variables view selection; variables view is passed to the Constraints
constructor in Model).

8.2.2 Constructor & Destructor Documentation

8.2.2.1 AllConstraints (const ProblemDescDB & problem_db, const pair< short, short > & view)

standard constructor

In this class, the all data approach (design, uncertain, and state types are combined) is used. Iterators/strategies
which use this class include: parameter studies, dace, and nond_sampling in all_variables mode. Extract fun-
damental lower and upper bounds and combine them into allContinuousLowerBnds, allContinuousUpperBnds,
allDiscreteLowerBnds, and allDiscreteUpperBnds using utilities from VariablesUtil.

The documentation for this class was generated from the following files:
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e AllConstraints.H
e AllConstraints.C
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8.3 AllVariables Class Reference

the all data view.

Inheritance diagram for AllVariables::

| Variables ||Variab|e£UtiI|

AllVariables

Public Member Functions

e AllVariables ()
default constructor

AllVariables (const ProblemDescDB &problem_db, const pair< short, short > &view)
standard constructor

e ~AllVariables ()
destructor

e size_t tv () const
Returns total number of vars.

e const RealVector & continuous_variables () const

return the active continuous variables

e void continuous_variables (const Real Vector &c_vars)
set the active continuous variables

e const IntVector & discrete_variables () const

return the active discrete variables

e void discrete_variables (const IntVector &d_vars)
set the active discrete variables

e const StringArray & continuous_variable_labels () const

return the active continuous variable labels

e void continuous_variable_labels (const StringArray &cv_labels)
set the active continuous variable labels
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e const StringArray & discrete_variable_labels () const
return the active discrete variable labels

e void discrete_variable_labels (const StringArray &dv_labels)
set the active discrete variable labels

e size_tacv () const

returns total number of continuous vars

e size_tadv () const

returns total number of discrete vars

e RealVector all_continuous_variables () const
returns a single array with all continuous variables

e void all_continuous_variables (const Real Vector &a_c_vars)
sets all continuous variables using a single array

e IntVector all_discrete_variables () const

returns a single array with all discrete variables

e void all_discrete_variables (const IntVector &a_d_vars)

sets all discrete variables using a single array

e StringArray all_continuous_variable_labels () const
returns a single array with all continuous variable labels

e void all_continuous_variable_labels (const StringArray &a_c_v_labels)
sets all continuous variable labels using a single array

e StringArray all_discrete_variable_labels () const

returns a single array with all discrete variable labels

e void all_discrete_variable_labels (const StringArray &a_d_v_labels)

sets all discrete variable labels using a single array

e StringArray all_variable_labels () const
returns a single array with all variable labels

e void read (istream &s)
read a variables object from an istream

e void write (ostream &s) const
write a variables object to an ostream
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e void write_aprepro (ostream &s) const
write a variables object to an ostream in aprepro format

e void read_annotated (istream &s)

read a variables object in annotated format from an istream

e void write_annotated (ostream &s) const
write a variables object in annotated format to an ostream

e void write_tabular (ostream &s) const

write a variables object in tabular format to an ostream

e void read (BiStream &s)

read a variables object from the binary restart stream

e void write (BoStream &s) const

write a variables object to the binary restart stream

e void read (MPIUnpackBuffer &s)
read a variables object from a packed MPI buffer

e void write (MPIPackBuffer &s) const
write a variables object to a packed MPI buffer

Protected Member Functions

e void copy_rep (const Variables *vars_rep)
Used by copy() to copy the contents of a letter class.

e void reshape_rep (const Sizet2DArray &vars_comps)
Used by reshape() to reshape the contents of a letter class.

Private Member Functions

e void build_types_ids ()
construct VarTypes and Varlds arrays using variablesComponents

Private Attributes

e RealVector allContinuous Vars

(design, uncertain, and state).
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e IntVector allDiscreteVars
(design and state).

e StringArray allContinuousLabels

(design, uncertain, and state).

e StringArray allDiscreteLabels
(design and state).

Friends

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

equality operator

8.3.1 Detailed Description

the all data view.

Derived variables classes take different views of the design, uncertain, and state variable types and the continuous
and discrete domain types. The AllVariables derived class combines design, uncertain, and state variable types
but separates continuous and discrete domain types. The result is a single array of continuous variables (all-
ContinuousVars) and a single array of discrete variables (allDiscreteVars). Parameter and DACE studies currently
use this approach (see Variables::get_variables(problem_db)).

8.3.2 Constructor & Destructor Documentation

8.3.2.1 AllVariables (const ProblemDescDB & problem_db, const pair< short, short > & view)

standard constructor

In this class, the all data approach (design, uncertain, and state types are combined) is used. Iterators/strategies
which use this class include: parameter studies, DACE, and the all_variables mode of nond_sampling. Extract
fundamental variable types and labels and combine them into allContinuousVars, allDiscreteVars, allContinuous-
Labels, and allDiscreteLabels using utilities from VariablesUtil.

The documentation for this class was generated from the following files:

e AllVariables.H
e AllVariables.C
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8.4 AnalysisCode Class Reference

processes for managing simulations.

Inheritance diagram for AnalysisCode::

| AnalysisCode |
I i
ForkAnalysisCode | |SysCalIAnaIysisCode

Public Member Functions

e void define_filenames (const int id)

file and tagging options

e void write_parameters_files (const Variables &vars, const ActiveSet &set, const int id)
write_parameters_file()) in either standard or aprepro format

e void read_results_files (Response &response, const int id)

read the response object from one or more results files

e const StringArray & program_names () const
return programNames

e const String & input_filter_name () const

return iFilterName

e const String & output_filter_name () const
return oFilterName

e const String & parameters_filename () const

return paramsFileName

e const String & results_filename () const
return resultsFileName

e const String & results_filename (const int id)

return the results filename entry in fileNameMap corresponding to id

e void suppress_output_flag (const bool flag)
set suppressOutputFlag
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e bool suppress_output_flag () const
return suppressOutputFlag

e bool multiple_parameters_filenames () const

return multipleParamsFiles

Protected Member Functions

e AnalysisCode (const ProblemDescDB &problem_db)
constructor

e virtual ~AnalysisCode ()
destructor

Protected Attributes

e bool suppressOutputFlag
flag set by master processor to suppress output from slave processors

e bool verboseFlag

flag for additional analysis code output if method verbosity is set

e bool fileTagFlag
flags tagging of parameter/results files

e bool fileSaveFlag
flags retention of parameter/results files

e bool apreproFlag
format for parameter files

e bool multipleParamsFiles

analysis drivers

e String iFilterName

the name of the input filter (input_filter user specification)

e String oFilterName

the name of the output filter (output_filter user specification)

StringArray programNames
specification)
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e size_t numPrograms

the number of analysis code programs (length of programNames)

e String specifiedParamsFileName
the name of the parameters file from user specification

e String paramsFileName

temp files)

e String specifiedResultsFileName
the name of the results file from user specification

e String resultsFileName

the results file name actually used (modified with tagging or temp files)

e map< int, pair< String, String > > fileNameMap
evaluations. Map key is the function evaluation identifier.

Private Member Functions

e void write_parameters_file (const Variables &vars, const ActiveSet &set, const StringArray &an_comps,
const String &params_fname)

standard or aprepro format

Private Attributes

e ParallelLibrary & parallelLib
reference to the ParallelLibrary object. Used in define_filenames().

e String2DArray analysisComponents

(from the analysis_components interface specification)

8.4.1 Detailed Description

processes for managing simulations.

The AnalysisCode class hierarchy provides simulation spawning services for ApplicationInterface derived classes
and alleviates these classes of some of the specifics of simulation code management. The hierarchy does not
employ the letter-envelope technique since the ApplicationInterface derived classes instantiate the appropriate
derived AnalysisCode class directly.

The documentation for this class was generated from the following files:
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e AnalysisCode.H
e AnalysisCode.C
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8.5 Analyzer Class Reference

hierarchy.

Inheritance diagram for Analyzer::

| Iterator |

| Analyzer |

\ \
NonD | | PStudyDACE |

4| NonDEvidence | 4| DDA CEDesignCompEXxp |
4| NonDlIntegration J 4| FSUDesignCompEXxp |
4| NonDPolynomial Chaos | 4| ParamStudy |
4| NonDReliahility J 4| PSUADEDesignCompExp |
4| NonDSampling J

Public Member Functions

e const VariablesArray & all_variables () const

return the complete set of evaluated variables

e const ResponseArray & all_responses () const

return the complete set of computed responses

e const VariablesArray & variables_array_results () const

return multiple final iterator solutions (variables)

e const ResponseArray & response_array_results () const

return multiple final iterator solutions (response)

Protected Member Functions

e Analyzer ()

default constructor
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e Analyzer (Model &model)
standard constructor

e Analyzer (NoDBBaseConstructor, Model &model)
alternate constructor for instantiations "on the fly" with a Model

e Analyzer (NoDBBaseConstructor)

alternate constructor for instantiations "on the fly" without a Model

e ~Analyzer ()
destructor

e virtual void update_best (const RealVector &vars, const Response &response, const int eval_num)

compares current evaluation to best evaluation and updates best

e virtual void vary_pattern (bool pattern_flag)

sets varyPattern in derived classes that support it

e virtual void get_parameter_sets (const Model &model)

Returns one block of samples (ndim * num_samples).

e void evaluate_parameter_sets (Model &model, bool log_resp_flag, bool log_best_flag)
into response sets (allResponses)

e void var_based_decomp (const int ndim, const int num_samples)
e void volumetric_quality (int ndim, int num_samples, double *sample_points)

Calculation of volumetric quality measures.

e void print_vbd (ostream &s, const RealVectorArray &S, const RealVectorArray &T) const
Printing of VBD results.

Protected Attributes

e VariablesArray all Variables

array of all variables evaluated

e ResponseArray allResponses

array of all responses computed

e StringArray allHeaders

array of headers to insert into output while evaluating allVariables

e bool qualityFlag
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flag to indicated if quality metrics were calculated

double chiMeas

quality measure

double dMeas

quality measure

double hMeas

quality measure

double tauMeas

quality measure

8.5.1 Detailed Description

hierarchy.

The Analyzer class provides common data and functionality for various types of systems analysis, including
nondeterministic analysis, design of experiments, and parameter studies.

8.5.2 Member Function Documentation

8.5.2.1 void evaluate_parameter_sets (Model & model, bool log_resp_flag, bool log_best_flag)
[ protected]

into response sets (allResponses)

Convenience function for derived classes with sets of function evaluations to perform (e.g., NonDSampling,
DDACEDesignCompExp, FSUDesignCompExp, ParamStudy).

8.5.2.2 void var_based_decomp (const int ndim, const int num_samples) [ pr ot ect ed]
Calculation of sensitivity indices obtained by variance based decomposition. These indices are obtained by the

Saltelli version of the Sobol VBD which uses (K+2)*N function evaluations, where K is the number of dimensions
(uncertain vars) and N is the number of samples.

8.5.2.3 void volumetric_quality (int ndim, int num_samples, double x sample_points) [ pr ot ect ed]

Calculation of volumetric quality measures.

Calculation of volumetric quality measures developed by FSU.
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8.5.2.4 void print_vbd (ostream & s, const RealVectorArray & S, const RealVectorArray & T) const
[ protected]

Printing of VBD results.

printing of variance based decomposition indices.

The documentation for this class was generated from the following files:

e DakotaAnalyzer.H
e DakotaAnalyzer.C
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8.6 Applicationlnterface Class Reference

interfaces to simulation codes.

Inheritance diagram for ApplicationInterface::

| Interface |

T

| Applicationinterface |

f
[ [

[ |
|DirectFnAppIicInterface| | ForkAppliclnterface | | GridAppliclnterface | | SysCallAppliclnterface

| DirectFnAppliclnterface |

Public Member Functions

e ApplicationInterface (const ProblemDescDB &problem_db)
constructor

e ~ApplicationInterface ()
destructor

Protected Member Functions

e void init_communicators (const IntArray &message_lengths, const int &max_iterator_concurrency)
iterator and concurrent multiprocessor analyses within an evaluation.

void set_communicators (const IntArray &message_lengths)

(the partitions are already allocated in ParallelLibrary).

void free_communicators ()

iterator and concurrent multiprocessor analyses within an evaluation.

void init_serial ()
int asynch_local_evaluation_concurrency () const

return asynchLocalEvalConcurrency

e String interface_synchronization () const

return interfaceSynchronization
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void map (const Variables &vars, const ActiveSet &set, Response &response, const bool asynch_-
flag=false)

Protected due to Interface letter-envelope idiom.

void manage_failure (const Variables &vars, const ActiveSet &set, Response &response, int failed_eval_-
id)

manages a simulation failure using abort/retry/recover/continuation

const ResponseArray & synch ()

the beforeSynchCorePRPList queue and returns all jobs

const IntResponseMap & synch_nowait ()

beforeSynchCorePRPList queue and returns a partial list of completed jobs

void serve_evaluations ()

run on evaluation servers to serve the iterator master

void stop_evaluation_servers ()

used by the iterator master to terminate evaluation servers

virtual void derived_map (const Variables &vars, const ActiveSet &set, Response &response, int fn_eval_-
id)

that is specific to a derived class.

virtual void derived_map_asynch (const ParamResponsePair &pair)

asynchronous evaluation that is specific to a derived class.

virtual void derived_synch (PRPList &prp_list)

classes. This version waits for at least one completion.

virtual void derived_synch_nowait (PRPList &prp_list)

any completions if none are immediately available.

void self_schedule_analyses ()

evaluation using message passing

void serve_analyses_synch ()

analysis job at a time

virtual int derived_synchronous_local_analysis (const int &analysis_id)

Applicationinterface::serve_analyses_synch().
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Protected Attributes

e ParallelLibrary & parallelLib
the concurrent evaluations and concurrent analyses parallelism levels

e bool suppressOutput
flag for suppressing output on slave processors

e int evalCommSize
size of evalComm

e int evalCommRank

processor rank within evalComm

e int evalServerld
evaluation server identifier

e bool eaDedMasterFlag
flag for dedicated master partitioning at ea level

e int analysisCommSize

size of analysisComm

e int analysisCommRank
processor rank within analysisComm

e int analysisServerld

analysis server identifier

e int numAnalysisServers
number of analysis servers

e bool multiProcAnalysisFlag
flag for multiprocessor analysis partitions

e bool asynchLocalAnalysisFlag
flag for asynchronous local parallelism of analyses

e int asynchLocalAnalysisConcurrency

scheduling and specifies hybrid concurrency when message passing

e int numAnalysisDrivers
(from the analysis_drivers interface specification)

o IntSet completionSet

and derived_synch_nowait()
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Private Member Functions

e bool duplication_detect (const Variables &vars, Response &response, const bool asynch_flag)

evaluation request has already been performed or queued

e void self_schedule_evaluations ()
using message passing; executes on iteratorComm master

e void static_schedule_evaluations ()

using message passing; executes on iteratorComm master

e void asynchronous_local_evaluations (PRPList &prp_list)

the local processor

e void synchronous_local_evaluations (PRPList &prp_list)
the local processor

e void asynchronous_local_evaluations_nowait (PRPList &prp_list)

process any completed jobs

e void serve_evaluations_synch ()
one synchronous evaluation at a time

e void serve_evaluations_asynch ()

multiple asynchronous evaluations

e void serve_evaluations_peer ()
one synchronous evaluation at a time as part of the 1st peer

e void set_evaluation_communicators (const IntArray &message_lengths)

following ParallelLibrary::init_evaluation_communicators().

e void set_analysis_communicators ()
following ParallelLibrary::init_analysis_communicators().

e void check_configuration (const int &max_iterator_concurrency)
perform some error checks on the parallel configuration

e const ParamResponsePair & get_source_pair (const Variables &target_vars)

evaluation to the failed "target"

e void continuation (const Variables &target_vars, const ActiveSet &set, Response &response, const
ParamResponsePair &source_pair, int failed_eval_id)

Invoked by manage_failure() for failAction == "continuation".

e void common_input_filtering (const Variables &vars)
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common input filtering operations, e.g. mesh movement

e void common_output_filtering (Response &response)

common output filtering operations, e.g. data filtering

Private Attributes

int worldSize
size of MPI_COMM_WORLD

int worldRank
processor rank within MP1_COMM_WORLD

int iteratorCommSize

size of iteratorComm

int iteratorCommRank

processor rank within iteratorComm

bool ieMessagePass

flag for message passing at ie scheduling level

int numEvalServers
number of evaluation servers

bool eaMessagePass
flag for message passing at ea scheduling level

int procsPerAnalysis

processors per analysis servers

int lenVarsMessage

computed in Model::init_communicators()

int lenVarsActSetMessage

ActiveSet object; computed in Model::init_communicators().

int lenResponseMessage
computed in Model::init_communicators()

int lenPRPairMessage
computed in Model::init_communicators()

String evalScheduling
auto-configure logic in ParallelLibrary::resolve_inputs().
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e String analysisScheduling
auto-configure logic in ParallelLibrary::resolve_inputs().

e int asynchLocalEvalConcurrency
scheduling and specifies hybrid concurrency when message passing

e String interfaceSynchronization

or asynchronous

e bool headerFlag
function may be called many times prior to any completions)

e bool asvControlFlag
on each evaluation.

e bool evalCacheFlag
cache (i.e., queries and insertions using the data_pairs list).

e bool restartFileFlag
insertions into write_restart).

e ShortArray defaultASV
the static ASV values used when the user has selected asvControl = off

e String failAction
retry, recover, or continuation

e int failRetryLimit
limit on the number of retries for the retry failAction

e RealVector failRecoveryFnVals
the dummy function values used for the recover failAction

o IntList beforeSynchlIdList
bookkeeps fnEvalld’s of _all_ asynchronous evaluations (new & duplicate)

e IntResponseMap historyDuplicateMap
evaluations. Map key is fnEvalld, mad data is corresponding response.

e std::map< int, pair< PRPLIter, Response > > beforeSynchDuplicateMap
beforeSynchCorePRPList evaluations

e PRPList beforeSynchCorePRPList
that is later scheduled in synch() or synch_nowait().
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e PRPList beforeSynchAlgPRPList

that is later evaluated in synch() or synch_nowait().

e ResponseList beforeSynchTotalRespList

asynchronous map() and later used in synch() or synch_nowait().

e IntSet runningSet

used by asynchronous_local_nowait to bookkeep which jobs are running

8.6.1 Detailed Description

interfaces to simulation codes.

Applicationlnterface provides an interface class for performing parameter to response mappings using simulation
code(s). It provides common functionality for a number of derived classes and contains the majority of all of
the scheduling algorithms in DAKOTA. The derived classes provide the specifics for managing code invocations
using system calls, forks, direct procedure calls, or distributed resource facilities.

8.6.2 Member Function Documentation

8.6.2.1 voidinit_serial () [inline, protected, virtual]

Datalnterface.C defaults of O servers are needed to distinguish an explicit user request for 1 server (se-
rialization of a parallelism level) from no user request (use parallel auto-config). This default causes
problems when init_communicators() is not called for an interface object (e.g., static scheduling fails in
DirectFnApplicInterface::derived_map() for NestedModel::optionallnterface). This is the reason for this func-
tion: to reset certain defaults for interface objects that are used serially.

Reimplemented from Interface.

8.6.2.2 void map (const Variables & vars, const ActiveSet & set, Response & response, const bool
asynch_flag=fal se) [protected, virtual]

Protected due to Interface letter-envelope idiom.

The function evaluator for application interfaces. Called from derived_compute_response() and derived_asynch_-
compute_response() in derived Model classes. If asynch_flag is not set, perform a blocking evaluation (us-
ing derived_map()). If asynch_flag is set, add the job to the beforeSynchCorePRPList queue for execution by
one of the scheduler routines in synch() or synch_nowait(). Duplicate function evaluations are detected with
duplication_detect().

Reimplemented from Interface.

DAKOTA Version 4.1 Developers Manual generated on October 11, 2007



8.6 ApplicationlInterface Class Reference 93

8.6.2.3 const ResponseArray & synch () [ protected, virtual]

the beforeSynchCorePRPList queue and returns all jobs

This function provides blocking synchronization for all cases of asynchronous evaluations, including the local
asynchronous case (background system call, nonblocking fork, & multithreads), the message passing case, and
the hybrid case. Called from derived_synchronize() in derived Model classes.

Reimplemented from Interface.

8.6.2.4 const IntResponseMap & synch_nowait () [ protected, virtual]

beforeSynchCorePRPList queue and returns a partial list of completed jobs

This function will eventually provide nonblocking synchronization for all cases of asynchronous evaluations,
however it currently supports only the local asynchronous case since nonblocking message passing schedulers
have not yet been implemented. Called from derived_synchronize_nowait() in derived Model classes.

Reimplemented from Interface.

8.6.2.5 void serve_evaluations () [protected, virtual]

run on evaluation servers to serve the iterator master

Invoked by the serve() function in derived Model classes. Passes control to serve_evaluations_asynch(),
serve_evaluations_peer(), or serve_evaluations_synch() according to specified concurrency and self/static sched-
uler configuration.

Reimplemented from Interface.

8.6.2.6 void stop_evaluation_servers() [protected, virtual]

used by the iterator master to terminate evaluation servers

This code is executed on the iteratorComm rank 0 processor when iteration on a particular model is complete. It
sends a termination signal (tag = 0 instead of a valid fn_eval_id) to each of the slave analysis servers. NOTE: This
function is called from the Strategy layer even when in serial mode. Therefore, use iteratorCommSize to provide
appropriate fall through behavior.

Reimplemented from Interface.

8.6.2.7 void self_schedule_analyses () [ prot ect ed]

evaluation using message passing

This code is called from derived classes to provide the master portion of a master-slave algorithm for the dynamic
self-scheduling of analyses among slave servers. It is patterned after self_schedule_evaluations(). It performs
no analyses locally and matches either serve_analyses_synch() or serve_analyses_asynch() on the slave servers,
depending on the value of asynchLocalAnalysisConcurrency. Self-scheduling approach assigns jobs in 2 passes.
The 1st pass gives each server the same number of jobs (equal to asynchLocalAnalysisConcurrency). The 2nd
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pass assigns the remaining jobs to slave servers as previous jobs are completed. Single- and multilevel par-
allel use intra- and inter-communicators, respectively, for send/receive. Specific syntax is encapsulated within
ParallelLibrary.

8.6.2.8 void serve_analyses synch () [ protected]

analysis job at a time

This code is called from derived classes to run synchronous analyses on slave processors. The slaves receive
requests (blocking receive), do local derived_map_ac’s, and return codes. This is done continuously until a
termination signal is received from the master. It is patterned after serve_evaluations_synch().

8.6.2.9 bool duplication_detect (const Variables & vars, Response & response, const bool asynch_flag)
[private]

evaluation request has already been performed or queued

Called from map() to check incoming evaluation request for duplication with content of data_pairs and before-
SynchCorePRPList. If duplication is detected, return true, else return false. Manage bookkeeping with history-
DuplicateMap and beforeSynchDuplicateMap. Note that the list searches can get very expensive if a long list is
searched on every new function evaluation (either from a large number of previous jobs, a large number of pending
jobs, or both). For this reason, a user request for deactivation of the evaluation cache results in a complete bypass
of duplication_detect(), even though a beforeSynchCorePRPList search would still be meaningful. Since the
intent of this request is to streamline operations, both list searches are bypassed.

8.6.2.10 void self_schedule_evaluations () [ pri vat e]

using message passing; executes on iteratorComm master

This code is called from synch() to provide the master portion of a master-slave algorithm for the dynamic
self-scheduling of evaluations among slave servers. It performs no evaluations locally and matches either
serve_evaluations_synch() or serve_evaluations_asynch() on the slave servers, depending on the value of asynch-
LocalEvalConcurrency. Self-scheduling approach assigns jobs in 2 passes. The 1st pass gives each server the same
number of jobs (equal to asynchLocalEvalConcurrency). The 2nd pass assigns the remaining jobs to slave servers
as previous jobs are completed. Single- and multilevel parallel use intra- and inter-communicators, respectively,
for send/receive. Specific syntax is encapsulated within ParallelLibrary.

8.6.2.11 void static_schedule_evaluations () [ pri vat e]

using message passing; executes on iteratorComm master

This code runs on the iteratorCommRank O processor (the iterator) and is called from synch() in order to as-
sign a static schedule. It matches serve_evaluations_peer() for any other processors within the 1st evaluation
partition and serve_evaluations_synch()/serve_evaluations_asynch() for all other evaluation partitions (depending
on asynchLocalEvalConcurrency). It performs function evaluations locally for its portion of the static schedule
using either asynchronous_local_evaluations() or synchronous_local_evaluations(). Single-level and multilevel
parallel use intra- and inter-communicators, respectively, for send/receive. Specific syntax is encapsulated within
ParallelLibrary. The iteratorCommRank O processor assigns the static schedule since it is the only processor with
access to beforeSynchCorePRPList (it runs the iterator and calls synchronize). The alternate design of each peer
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selecting its own jobs using the modulus operator would be applicable if execution of this function (and therefore
the job list) were distributed.

8.6.2.12 void asynchronous_local_evaluations (PRPList & prp_list) [ pri vat e]

the local processor

This function provides blocking synchronization for the local asynch case (background system call, non-
blocking fork, or threads). It can be called from synch() for a complete local scheduling of all asyn-
chronous jobs or from static_schedule_evaluations() to perform a local portion of the total job set. It uses the
derived_map_asynch() to initiate asynchronous evaluations and derived_synch() to capture completed jobs, and
mirrors the self_schedule_evaluations() message passing scheduler as much as possible (derived_synch() is mod-
eled after MPI_Waitsome()).

8.6.2.13 void synchronous_local_evaluations (PRPList & prp_list) [ pri vat €]

the local processor

This function provides blocking synchronization for the local synchronous case (foreground system call, blocking
fork, or procedure call from derived_map()). It is called from static_schedule_evaluations() to perform a local
portion of the total job set.

8.6.2.14 void asynchronous_local_evaluations_nowait (PRPList & prp_list) [ pri vat e]

process any completed jobs

This function provides nonblocking synchronization for the local asynch case (background system call, non-
blocking fork, or threads). It is called from synch_nowait() and passed the complete set of all asyn-
chronous jobs (beforeSynchCorePRPList). It uses derived_map_asynch() to initiate asynchronous evaluations
and derived_synch_nowait() to capture completed jobs in nonblocking mode. It mirrors a nonblocking message
passing scheduler as much as possible (derived_synch_nowait() modeled after MPI_Testsome()). The result of
this function is rawResponseMap, which uses fn_eval_id as a key. It is assumed that the incoming prp_list contains
only active and new jobs - i.e., all completed jobs are cleared by synch_nowait().

8.6.2.15 void serve_evaluations_synch () [ pri vat e]

one synchronous evaluation at a time

This code is invoked by serve_evaluations() to perform one synchronous job at a time on each slave/peer server.
The servers receive requests (blocking receive), do local synchronous maps, and return results. This is done
continuously until a termination signal is received from the master (sent via stop_evaluation_servers()).

8.6.2.16 void serve_evaluations_asynch () [ pri vat e]

multiple asynchronous evaluations

This code is invoked by serve_evaluations() to perform multiple asynchronous jobs on each slave/peer server. The
servers test for any incoming jobs, launch any new jobs, process any completed jobs, and return any results. Each
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of these components is nonblocking, although the server loop continues until a termination signal is received from
the master (sent via stop_evaluation_servers()). In the master-slave case, the master maintains the correct number
of jobs on each slave. In the static scheduling case, each server is responsible for limiting concurrency (since the
entire static schedule is sent to the peers at start up).

8.6.2.17 void serve_evaluations_peer () [pri vate]

one synchronous evaluation at a time as part of the 1st peer

This code is invoked by serve_evaluations() to perform a synchronous evaluation in coordination with the
iteratorCommRank 0 processor (the iterator) for static schedules. The bcast() matches either the bcast() in
synchronous_local_evaluations(), which is invoked by static_schedule_evaluations()), or the bcast() in map().

The documentation for this class was generated from the following files:

e ApplicationInterface.H
e Applicationlnterface.C
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8.7 Approximation Class Reference

Base class for the approximation class hierarchy.

Inheritance diagram for Approximation::

| Approximation |

f
I | I |

I
GaussProcApproximation | |OrthogPonApproximation| | SurfpackApproximation | | TANAS3Approximation | | TaylorApproximation

Public Member Functions

Approximation ()

default constructor

e Approximation (ProblemDescDB &problem_db, const size_t &num_vars)

standard constructor for envelope

e Approximation (const String &approx_type, short approx_order, const size_t &num_vars)
alternate constructor

e Approximation (const Approximation &approx)
copy constructor

virtual ~Approximation ()
destructor

e Approximation operator= (const Approximation &approx)

assignment operator

e virtual const Real & get_value (const Real Vector &x)

retrieve the approximate function value for a given parameter vector

e virtual const RealBaseVector & get_gradient (const RealVector &x)

retrieve the approximate function gradient for a given parameter vector

e virtual const RealMatrix & get_hessian (const Real Vector &x)
retrieve the approximate function Hessian for a given parameter vector

e virtual const Real & get_variance (const RealVector &x)
retrieve the variance of the predicted value for a given parameter vector
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e virtual const RealVector & approximation_coefficients () const
return the coefficient array computed by find_coefficients()

e virtual void approximation_coefficients (const Real Vector &approx_coeffs)
computing with find_coefficients()

e virtual void print_coefficients (ostream &s) const

print the coefficient array computed in find_coefficients()

e virtual int num_ coefficients () const

derived class approximation type in numVars dimensions

e virtual int num_constraints () const
return the number of constraints to be enforced via anchorPoint

virtual void clear_current ()
clear current build data in preparation for next build

e int required_samples (bool constraint_flag) const

type in numVars dimensions. Uses num_coefficients() and num_constraints().

e int num_variables () const

return the number of variables used in the approximation

e const List< SurrogateDataPoint > & current_points () const
return currentPoints

e const SurrogateDataPoint & anchor_point () const
return anchorPoint

e void update (const Variables &vars, const Response &response, const int &fn_index)

populates/replaces anchorPoint

e void update (const RealVector &c_vars, const Real &fn_val, const RealBaseVector &fn_grad, const
RealMatrix &fn_hess)

populates/replaces anchorPoint

e void update (const VariablesArray &vars_array, const ResponseArray &resp_array, const int &fn_index)
populates/replaces currentPoints

e void append (const Variables &vars, const Response &response, const int &fn_index)
appends one additional entry to currentPoints

e void append (const RealVector &c_vars, const Real &fn_val, const RealBaseVector &fn_grad, const

RealMatrix &fn_hess)
appends one additional entry to currentPoints
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e void append (const VariablesArray &vars_array, const ResponseArray &resp_array, const int &fn_index)
appends multiple additional entries to currentPoints
e void build ()
builds the approximation by invoking find_coefficients()
e bool anchor () const
queries the status of anchorPoint
e void clear_all ()
clear all build data (current and history) to restore original state
e void set_bounds (const Real Vector &lower, const Real Vector &upper)
set approximation lower and upper bounds (currently only used by graphics)
e void draw_surface ()
problems only)
e Approximation * approx_rep () const

that are not mapped to the top Approximation level

Protected Member Functions

e Approximation (BaseConstructor, ProblemDescDB &problem_db, const size_t &num_vars)
derived class constructors - Coplien, p. 139)

e virtual void find_coefficients ()

calculate the data fit coefficients using currentPoints and anchorPoint

Protected Attributes

e bool useGradsFlag
trust region), but not require gradient evaluations at every point.

e bool verboseFlag
flag for verbose approximation output

e int numVars

number of variables in the approximation

e String approxType
approximation type identifier
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e short approxOrder

orthogonal polynomials, and Taylor series)

e Real approxValue

value of the approximation returned by get_value()

e RealBaseVector approxGradient

gradient of the approximation returned by get_gradient()

e RealMatrix approxHessian

Hessian of the approximation returned by get_hessian().

e Real approxVariance

value of the approximation returned by get_variance()

e List< SurrogateDataPoint > currentPoints

are fit approximately (e.g., using least squares regression).

e SurrogateDataPoint anchorPoint

least squares regression).

Private Member Functions

e Approximation * get_approx (ProblemDescDB &problem_db, const size_t &num_vars)

approxRep to the appropriate derived type.

e Approximation * get_approx (const String &approx_type, short approx_order, const size_t &num_vars)

approxRep to the appropriate derived type.

void add (const Variables &vars, const Response &response, const int &fn_index, bool anchor_flag)

add_anchor().

e void add_point (const RealVector &x, const Real &fn_val, const RealBaseVector &fn_grad, const
RealMatrix &fn_hess)

add a new data point by appending to currentPoints

void add_anchor (const RealVector &x, const Real &fn_val, const RealBaseVector &fn_grad, const
RealMatrix &fn_hess)

add a new data point by assigning to anchorPoint
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Private Attributes

e RealVector approxLowerBounds

approximation lower bounds (used only by 3D graphics)

e RealVector approxUpperBounds

approximation upper bounds (used only by 3D graphics)

e Approximation * approxRep

pointer to the letter (initialized only for the envelope)

e int referenceCount

number of objects sharing approxRep

8.7.1 Detailed Description

Base class for the approximation class hierarchy.

The Approximation class is the base class for the response data fit approximation class hierarchy in DAKOTA. One
instance of an Approximation must be created for each function to be approximated (a vector of Approximations
is contained in ApproximationInterface). For memory efficiency and enhanced polymorphism, the approxima-
tion hierarchy employs the "letter/envelope idiom" (see Coplien "Advanced C++", p. 133), for which the base
class (Approximation) serves as the envelope and one of the derived classes (selected in Approximation::get_-
approximation()) serves as the letter.

8.7.2 Constructor & Destructor Documentation

8.7.2.1 Approximation ()

default constructor

The default constructor is used in Array <Approximation> instantiations and by the alternate envelope construc-
tor. approxRep is NULL in this case (problem_db is needed to build a meaningful Approximation object). This
makes it necessary to check for NULL in the copy constructor, assignment operator, and destructor.

8.7.2.2 Approximation (ProblemDescDB & problem_db, const size_t & num_vars)

standard constructor for envelope

Envelope constructor only needs to extract enough data to properly execute get_approx, since
Approximation(BaseConstructor, problem_db) builds the actual base class data for the derived approximations.
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8.7.2.3 Approximation (const String & approx_type, short approx_order, const size_t & num_vars)

alternate constructor

This is the alternate envelope constructor for instantiations on the fly. Since it does not have access to problem_-
db, the letter class is not fully populated. This constructor executes get_approx(type), which invokes the default
constructor of the derived letter class, which in turn invokes the default constructor of the base class.

8.7.2.4 Approximation (const Approximation & approx)

copy constructor

Copy constructor manages sharing of approxRep and incrementing of referenceCount.

8.7.25 ~Approximation() [virtual]

destructor

Destructor decrements referenceCount and only deletes approxRep when referenceCount reaches zero.

8.7.2.6 Approximation (BaseConstructor, ProblemDescDB & problem_db, const size_t & num_vars)
[ protected]
derived class constructors - Coplien, p. 139)

This constructor is the one which must build the base class data for all derived classes. get_approx() instantiates a
derived class letter and the derived constructor selects this base class constructor in its initialization list (to avoid
recursion in the base class constructor calling get_approx() again). Since the letter IS the representation, its rep
pointer is set to NULL (an uninitialized pointer causes problems in ~Approximation).

8.7.3 Member Function Documentation

8.7.3.1 Approximation operator= (const Approximation & approx)

assignment operator

Assignment operator decrements referenceCount for old approxRep, assigns new approxRep, and increments
referenceCount for new approxRep.

8.7.3.2 voidclear_current() [inline, virtual]

clear current build data in preparation for next build
Redefined by TANA3Approximation to clear current data but preserve history.

Reimplemented in TANA3Approximation.
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8.7.3.3 voidclear_all() [inline]

clear all build data (current and history) to restore original state

Clears out any history (e.g., TANA3Approximation use for a different response function in NonDReliability).

8.7.3.4 Approximation x get_approx (ProblemDescDB & problem_db, const size_t & num_vars)
[ private]
approxRep to the appropriate derived type.

Used only by the envelope constructor to initialize approxRep to the appropriate derived type.

8.7.3.5 Approximation x get_approx (const String & approx_type, short approx_order, const size_t &
num_vars) [ private]

approxRep to the appropriate derived type.

Used only by the envelope constructor to initialize approxRep to the appropriate derived type.

The documentation for this class was generated from the following files:

e DakotaApproximation.H
e DakotaApproximation.C
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8.8 Approximationlnterface Class Reference

approximations to simulation-based results.

Inheritance diagram for ApproximationInterface::

| Interface |

T

| Approximationlnterface |

Public Member Functions

e ApproximationInterface (ProblemDescDB &problem_db, const Variables &actual_model_vars, const
size_t &num_fns)

primary constructor

e ApproximationInterface (const String &approx_type, const short &approx_order, const Variables
&actual_model_vars, const size_t &num_fns)

alternate constructor for instantiations on the fly

e ~ApproximationInterface ()

destructor

Protected Member Functions

e void map (const Variables &vars, const ActiveSet &set, Response &response, const bool asynch_-
flag=false)

the variables to the responses using functionSurfaces

e int minimum_samples (bool constraint_flag) const
functionSurfaces

void approximation_function_indices (const IntSet &approx_fn_indices)

set the (currently active) approximation function index set

void update_approximation (const Variables &vars, const Response &response)

void update_approximation (const VariablesArray &vars_array, const ResponseArray &resp_array)
void append_approximation (const Variables &vars, const Response &response)

void append_approximation (const VariablesArray &vars_array, const ResponseArray &resp_array)
void build_approximation (const RealVector &lower_bnds, const RealVector &upper_bnds)
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e void clear_current ()
clears current data from an approximation interface

e void clear_all ()

clears all data from an approximation interface

e bool anchor () const

queries the presence of an anchorPoint within an approximation interface

e Array< Approximation > & approximations ()
retrieve the Approximations within an Approximationinterface

e const RealVectorArray & approximation_coefficients ()
within an Approximationinterface

e void approximation_coefficients (const Real VectorArray &approx_coeffs)
within an Approximationinterface

e void print_coefficients (ostream &s, size_t index) const

Approximation instance within an Approximationinterface.

e const RealVector & approximation_variances (const Real Vector &c_vars)

within an Approximationinterface

e const List< SurrogateDataPoint > & approximation_data (size_t index)
within an Approximationinterface

e const ResponseArray & synch ()
recovers data from a series of asynchronous evaluations (blocking)

e const IntResponseMap & synch_nowait ()

recovers data from a series of asynchronous evaluations (nonblocking)

Private Attributes

e IntSet approxFnlndices
response function subset that is approximated

e Array< Approximation > functionSurfaces

list of approximations, one per response function

e RealVectorArray functionSurfaceCoeffs

response function

e RealVector functionSurfaceVariances
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vector of approximation variances, one value per response function

List< SurrogateDataPoint > functionSurfaceDataPoints
for a particular response function

bool graphicsFlag
controls 3D graphics of approximation surfaces

Variables actualModel Vars
among differing variable views

IntResponseMap beforeSynchResponseMap
but asynchronous virtual functions are supported through bookkeeping).

8.8.1 Detailed Description

approximations to simulation-based results.

ApproximationInterface provides an interface class for building a set of global/local/multipoint approximations
and performing approximate function evaluations using them. It contains a list of Approximation objects, one for
each response function.

8.8.2 Member Function Documentation

8.8.2.1 void update_approximation (const Variables & vars, const Response & response) [ pr o