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Chapter 1

SPARK Build Process and Problem Driver API

This document describes the overall build process to produce an executable SPARK simulator. It also explains step by step how
to implement a driver function for a SPARK problem. For example, writing your own driver function will let you solve multiple
problems sequentially as well as re-solve the same problem(s) with different runtime control parameters and/or preference setting:
(e.g., to perform sensitivity analysis or to recover from a failed simulation with a new set of solution settings).

 Description of the SPARK Build Process

» Implementation of the SPARK Driver Function

* SPARK Problem Driver Application Programming Interface



SPARK Build Process and Problem Driver API

SPARK 2.01



Chapter 2

SPARK Build Process and Problem Driver API
Namespace Documentation

2.1 SPARK Namespace Reference

Definition of global functions and classes used in the SPARK simulation environment.

Classes

* classTRuntimeControls
Wrapper class for all the runtime control information required to initializ€ Rroblemobject in order to make a simulation run.

* classTGlobalSettings
Class acts as repository of global control settings defined at the problem level.

» classTComponentSettings
Class acts as repository of settings defined for each component.

« classTPreferenceSettings

Wrapper class to store and manipulate information required to initialize the settings for the solution methods for each component.

 classTProblem

Representation of a problem object in the SPARK solver.

» classTProblem::TState

Interface class defining the methods used to save and restore the state of the problem uSiRgobhem::Save(and TProb-
lem::Restore(methods.

* classTComponent
Class that solves the set of DAE equations generated by setupcpp.

* classXAssertion
Base class for all SPARK exceptions.

» classXDimension
Indicates that a runtime error occured due to mismatched dimension.
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* classXOutOfRange
Indicates that a runtime error occured due to an out of range access operation on a container.

* classXMemory
Indicates that a runtime error occured because memory could not be allocated.

 classXInitialization

Indicates that a runtime error occured while initializing an object.

* classXIO

Indicates that a runtime error occured while performing an 10 operation.

* classXTimeStep
Indicates that a runtime error occured while adapting the time step.

* classXStepper
Inidicates that stepping to the next step failed.

* classTObject
Class used to represent an instance of an inverse.

* classTInverse
Class that defines the callbacks for an inverse.

Functions to manage the SPARK solving environment

* void Start(const charsessionName, const chamunLogFilename, const chaerrorLogFilename, const chadebuglLog-
Filename, bool verbose=true) throw (SPARK::XInitialization)

Starts the SPARK solving environment.

* void End()
Terminates the SPARK solving environment.

« void ExitWithError (SPARK::ExitCodesc, const std::string &callingSub, const std::string &msg, c@BRK:: TProblem
xproblem=0)

Terminates program execution with exit code.

Utility functions

» charx GetFileNamgunsigned argc, chasargv[], const chakextension) throw (SPARK::XInitialization)
Returns the pointer to the first string in the argv([] that has the specified extension. If cannot find file with desired extension, returns O.

* void Log (std::ostream &os, const chasstrFileName, const chakstrSenderName, const chaistrMsg, const
SPARK::TProblemxproblem=0)

Writes a message to the specified log file.

* void Log (std::ostream &os, con&PARK:: TInversexsender, unsigned line, const chatrMsg)
Writes a message to the specified log file from a static callback file in a SPARK atomic class.
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* void Log (std::ostream &os, con&PARK::TObjecttsender, unsigned line, const chatrMsg)
Writes a message to the specified log file from a non-static callback file in a SPARK atomic class.

Access methods

const chax GetProgramNamg@
Returns the name of the program as specified during the c8IPBRK::Start()

» const chakx GetBaseNamé
Returns the base name of the program name (i.e., the program name witout path and without any extension).

« const chak GetVersion()
Returns the version of the solver library being used.

* std::ostream &GetRunLog()
Returns the output stream for the run log.

« std::ostream &etErrorLog()
Returns the output stream for the error log.

* const chak GetRunLogFilenamé
Returns the name of the run log file as specified during the c&P®BRK::Start()

« const chak GetErrorLogFilenamé)
Returns the name of the error log file as specified during the c8RARK::Start()

* const chak GetDebugLogFilenam@
Returns the name of the debug log file as specified during the caRARK::Start()

Enumerations

» enumExitCodes{
ExitCode_OK= 0,
ExitCode_ ERROR_IG: 100,
ExitCode_ ERROR_LEX_SCAN 101,
ExitCode_ ERROR_URE 102,
ExitCode_ERROR_OUT_OF_MEMOR¥ 120,
ExitCode_ERROR_NULL_POINTER 121,
ExitCode_ ERROR_COMMAND_LINE- 130,
ExitCode_ ERROR_INVALID_RUN_CONTROLS 131,
ExitCode_ ERROR_INVALID_PREFERENCES132,
ExitCode_ ERROR_INVALID_PROBLEM 133,
ExitCode_ ERROR_EXIT_SPARK_FACTORY¥ 140,
ExitCode_ ERROR_RUNTIME_ERROR 150,
ExitCode_ ERROR_INVALID_VARIABLE_NAME= 151,
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ExitCode_ ERROR_INVALID FEATURE 152,
ExitCode_ ERROR_NUMERICAI= 160 }
Exit codes returned by the SPARK solver.

enumCallbackTypeg

CallbackType EVALUATE= 0,
CallbackType_PREDICT

CallbackType CONSTRUCT

CallbackType DESTRUCT

CallbackType PREPARE_STEP
CallbackType ROLLBACK
CallbackType_COMMIT

CallbackType CHECK_INTEGRATION_STEP
CallbackType_STATIC_CONSTRUGCT
CallbackType_STATIC_DESTRUGCT
CallbackType_STATIC_PREPARE_STEP
CallbackType STATIC_ROLLBACK
CallbackType_STATIC_COMMIT
CallbackType_STATIC_CHECK_INTEGRATION_STEP
CALLBACKTYPES L,

CallbackType_NONE CALLBACKTYPES L}

Enum for callback types.

enumProtoTypeq
ProtoType_MODIFIER= 0,

ProtoType_ NON_MODIFIER
ProtoType_PREDICATE
ProtoType_STATIC_NON_MODIFIER
ProtoType_STATIC_PREDICATE
PROTOTYPES L

ProtoType_ NONE= PROTOTYPES L }

Enum for callback prototypes.

enumReturnTypeg

ReturnType_VALUE=0,

ReturnType_RESIDUAL

RETURNTYPES |,

ReturnType_ NONE RETURNTYPES_L }
Enum for return types from modifier callbacks.

enumVariableTypeq
VariableType_GLOBAL_TIME= 0,
VariableType_GLOBAL_TIME_STEP
VariableType  PARAMETER
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VariableType_ INPUT

VariableType_ UNKNOWN

VARIABLETYPES L,

VariableType_ NONE= VARIABLETYPES L}
Enum for the various variable types in the problem.

» enumRequestType§
RequestType_ABORE 0,
RequestType_STQP
RequestType_SET_STOP_TIME
RequestType_REPORT
RequestType_SNAPSHOQT
RequestType SET_MEETING_POINT
RequestType_ CLEAR_MEETING_POINTS
RequestType_RESTART
RequestType SET_TIME_STEP
RequestType SET_DYNAMIC_STEPPER
REQUESTTYPES_L
RequestType_ NONE REQUESTTYPES_L }

2.1.1 Detailed Description

Definition of global functions and classes used in the SPARK simulation environment.

2.1.2 Enumeration Type Documentation
2.1.2.1 enumSPARK::ExitCodes

Exit codes returned by the SPARK solver.

Enumeration values:
ExitCode_OK successful simulation

ExitCode_ERROR_IO error caused by writing to or reading from a file

ExitCode_ ERROR_LEX_SCANSsee exit(YY_EXIT_FAILURE) calls in lex_yy.c

ExitCode_ ERROR_URL error caused by URL engine

ExitCode_ ERROR_OUT_OF_MEMORYcannot allocate memory at run-time

ExitCode_ ERROR_NULL_POINTER null pointer accessed somewhere

ExitCode_ ERROR_COMMAND_LINE syntax problem
ExitCode_ERROR_INVALID_RUN_CONTROLSproblem in the *.run" file

ExitCode_ ERROR_INVALID PREFERENCES problem in the *.prf" file

ExitCode_ ERROR_INVALID _PROBLEM problem description is invalid

ExitCode_ ERROR_EXIT_SPARK_FACTORYgenerated by runtime loader

ExitCode_ ERROR_RUNTIME_ERRORGgeneric runtime error ususally caused by container, adpators, iterators
ExitCode_ ERROR_INVALID_VARIABLE_NAME accessing variable by invalid name

ExitCode_ ERROR_INVALID_FEATURE trying to use a not yet supported feature

ExitCode_ ERROR_NUMERICAL cannot converge after Maxlterations, singularity, division by zero...
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2.1.2.2 enunSPARK::CallbackTypes

Enum for callback types.

Enumeration values:
CallbackType_EVALUATE Specifies an EVALUATE callback.

CallbackType PREDICT Specifies a PREDICT callback.
CallbackType_ CONSTRUCTSpecifies a CONSTRUCT callback.
CallbackType_DESTRUCT Specifies a DESTRUCT callback.
CallbackType_PREPARE_STEPSpecifies a PREPARE_STEP callback.
CallbackType_ ROLLBACK Specifies a ROLLBACK callback.
CallbackType_ COMMIT Specifies a COMMIT callback.

CallbackType_ CHECK_INTEGRATION_STEPSpecifies a CHECK_INTEGRATION_STEP callback for
CLASSTYPE=INTEGRATOR only.

CallbackType_STATIC_CONSTRUCTSpecifies a STATIC_CONSTRUCT callback.
CallbackType_ STATIC_DESTRUCTSpecifies a STATIC_DESTRUCT callback.
CallbackType_STATIC_PREPARE_STERSpecifies a STATIC_PREPARE_STEP callback.
CallbackType_STATIC_ROLLBACK Specifies a STATIC_ROLLBACK callback.
CallbackType_STATIC_COMMIT Specifies a STATIC_COMMIT callback.

CallbackType_STATIC_CHECK_INTEGRATION_STEPSpecifies a STATIC_CHECK_INTEGRATION_STEP callback
for CLASSTYPE=INTEGRATOR only.

CALLBACKTYPES_ L Number of different callback types.
CallbackType_NONE Default value for non-initialized CallbackTypes variables.

2.1.2.3 enumSPARK::ProtoTypes

Enum for callback prototypes.

Enumeration values:
ProtoType_MODIFIER Prototype used by modifier callbacks (e.g., evaluate and predict).

ProtoType_ NON_MODIFIER Prototype used by non-modifier callbacks (e.g., construct, destruct, ...).
ProtoType_PREDICATE Prototype used by predicate callbacks (e.g., check_integration_step, ...).
ProtoType_STATIC_NON_MODIFIER Prototype used by static non-modifier callbacks (e.g., static_construct, ...).
ProtoType_STATIC_PREDICATE Prototype used by static predicate callbacks (e.g., static_check_integration_step, ...).
PROTOTYPES_L Number of different prototype types.

ProtoType_NONE Default value for non-initialized ProtoTypes variables.

2.1.2.4 enumSPARK:ReturnTypes

Enum for return types from modifier callbacks.

Enumeration values:
ReturnType_VALUE Indicates that scalar value written to the target TVariable object is the variable value.

ReturnType_RESIDUAL Indicates that scalar value written to the target TVariable object is the residual value of the function
matched with this variable.

RETURNTYPES_L Number of different return types.
ReturnType_NONE Default value for non-initialized ReturnTypes variables.
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2.1 SPARK Namespace Reference 9

2.1.2.5 enunSPARK::VariableTypes
Enum for the various variable types in the problem.

Enumeration values:
VariableType_GLOBAL_TIME Refers to the LINK tagged with the GLOBAL_TIME keyword.

VariableType_GLOBAL_TIME_STEP Refers to the LINK tagged with the GLOBAL_TIME_TIME keyword.
VariableType_ PARAMETER Refers to the LINKs specified with the PARAMETER keyword.
VariableType_ INPUT Refers to the LINKs specified with the INPUT keyword.

VariableType_ UNKNOWN Refers to the LINKs specified with none of the above keywords.
VARIABLETYPES L Number of different variable types.

VariableType_NONE Default value for non-initialized VariableTypes variables.

2.1.2.6 enumSPARK:RequestTypes

Enum for the various atomic class requests

The values are specified by the following bit masks that can be combined using the bitwide Of&(ator.

Enumeration values:
RequestType_ABORTRefers to a SPARK::TDispatcher::abort() request (see macro REQUEST__ABORT in spark.h).

RequestType_STOPRefers to a SPARK::TDispatcher::stop() request (see macro REQUEST__ STOP in spark.h).

RequestType SET_STOP_TIMBRefers to a SPARK::TDispatcher::set_stop_time() request (see macro REQUEST__ SET _-
STOP_TIME in spark.h).

RequestType REPORTRefers to a SPARK:: TDispatcher::report() request (see macro REQUEST__ REPORT in spark.h).

RequestType_ SNAPSHOTRefers to a SPARK::TDispatcher::snapshot() request (see macro REQUEST__ SNAPSHOT in
spark.h).

RequestType_SET_MEETING_POINTRefers to a SPARK::TDispatcher::set_meeting_point() request (see macro
REQUEST__ SET_MEETING_POINT in spark.h).

RequestType CLEAR_MEETING_POINTSRefers to a SPARK::TDispatcher::clear_meeting_points() request (see macro
REQUEST__ CLEAR_MEETING_POINTS in spark.h).

RequestType RESTARTRefers to a SPARK::TDispatcher::restart() request (see macro REQUEST __ RESTART in spark.h).

RequestType_SET_TIME_STEPRefers to a SPARK::TDispatcher::set_time_step() request (see macro REQUEST__ SET -
TIME_STEP in spark.h).

RequestType_SET_DYNAMIC_STEPPERRefers to a SPARK::TDispatcher::set_dynamic_stepper() request (see macro
REQUEST__ SET_DYNAMIC_STEPPER in spark.h).

REQUESTTYPES_L Number of different request types.
RequestType_NONEDefault value for an invalid request type.

2.1.3 Function Documentation

2.1.3.1 void Start (const char sessionNamgconst charx runLogFilename, const charx* errorLogFilename const charx
debuglLogFilenamebool verbose= true) throw (SPARK:: XlInitialization )

Starts the SPARK solving environment.

Parameters:
sessionNameName of the simulation session (used in various output files to identify run)
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runLogFilename Name of the run log file where diagnostics for each problem is sent to
errorLogFilename Name of the log file where runtime errors will be notified
debugLogFilenameName of the log file where debug informatiion is writterSRARK_DEBU@®ode

verboself true then generates session diagnostic to run log files; if false session remains silent

Examples:
multiproblem_examplel.cppndsparksolver.cpp

2.1.3.2 void End ()

Terminates the SPARK solving environment.

Closes all log files. Performs garbage collection for all problems loaded at runtime.

Postcondition:
TheSPARK::TProblenobjects that have been constructed at runtime using the SPARK::Problem::DynamicLoad() function will
be automatically destructed following the call$®ARK::End()

Warning:
Never explicitly destroy & Problemobject in your code!

Examples:
multiproblem_examplel.cppndsparksolver.cpp

2.1.3.3 void ExitWithError ( SPARK::ExitCodes e¢ const std::string & callingSub, const std::string & msg const
SPARK::TProblem x problem= 0)

Terminates program execution with exit code.

Writes out to the run log output stream the error message contaimssirrMsg  if not NULL.

Parameters:
ec is the exit code of typ&PARK::ExitCodes

callingSub contains the name of the caller / owner (e.g., problem, atomic class)
msg contains the description of the error message.

problem points to the problem object that is requesting to terminate the simulation (usually the currently active problem).

Postcondition:
The simulation is terminated properly with a call to the funct®PARK::End() therefore cleaning up log files and performing
garbage collection.

Note:
If ec == SPARK:ExitCode OK , then the function returns without doing anything.

Examples:
multiproblem_examplel.cppndsparksolver.cpp

SPARK 2.01
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2.1.3.4 chak GetFileName (unsignedargc, char x arg\{ ], const char x extensior) throw (SPARK::XInitialization )

Returns the pointer to the first string in the argv([] that has the specified extension. If cannot find file with desired extension, returns
0.

This function is more versatile than the SPARK::StaticBuild::ParseCommandLine() and SPARK::DynamicBuild::ParseCommand-

Line() functions as it lets you retrieve one file at a time for the specified extension.

Note:
The string comparison againt the specified extension is case insensitive.

Exceptions:
If the desired extension is invalid, throws tBBARK:: XlInitializationexception.

2.1.3.5 void Log (std::ostream &0s const charx strFileName const charx strSenderNamgconst charx* strMsg, const
SPARK::TProblem x problem= 0)

Writes a message to the specified log file.

Parameters:
strFileName name of the atomic class file. Use preprocessor mackdLE___  to pass file name automatically.

strSenderNamename of the sender object. E.g., pass C-string with inverse function name.
strMsg C-string message terminated by’ character to be displayed in error log file.
problem pointer to the target problem (if available)

2.1.3.6 void Log (std::ostream &os constSPARK::TInverse x sender unsignedline, const charx strMsg)
Writes a message to the specified log file from a static callback file in a SPARK atomic class.

Parameters:
sender pointer to the Inverse instance that sends the message

line indicates the line number in file where the message is sent from
strMsg C-string message terminated byn’ character to be displayed in error log file.

2.1.3.7 void Log (std::ostream &os constSPARK::TObject * sendey unsignedline, const charx strMsg)
Writes a message to the specified log file from a non-static callback file in a SPARK atomic class.

Parameters:
sender pointer to theTObjectinstance that sends the message

line indicates the line number in file where the message is sent from
strMsg C-string message terminated byn’ character to be displayed in error log file.

2.1.3.8 const char GetProgramName ()
Returns the name of the program as specified during the caPARK::Start()

Returns:
program name asonst char x

SPARK 2.01
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2.1.3.9 const char GetBaseName ()

Returns the base name of the program name (i.e., the program name witout path and without any extension).

Returns:
base name asonst char *

2.1.3.10 const char GetVersion ()

Returns the version of the solver library being used.

Returns:
full solver version agonst char *

2.1.3.11 std::ostream& GetRunLog ()

Returns the output stream for the run log.

Returns:
output stream astd::ostreamé&

2.1.3.12 std::ostream& GetErrorLog ()

Returns the output stream for the error log.

Returns:
output stream astd::ostreamé&

2.1.3.13 const chat GetRunLogFilename ()

Returns the name of the run log file as specified during the c8IP®BRK::Start()

Returns:
run log file name asonst char x

2.1.3.14 const char GetErrorLogFilename ()

Returns the name of the error log file as specified during the cSIPARK::Start()

Returns:
error log file name asonst char

2.1.3.15 const char GetDebuglLogFilename ()

Returns the name of the debug log file as specified during the caPARK::Start()

Returns:
debug log file name asonst char x
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2.2 SPARK::DefaultComponentSettings Namespace Reference

Defines the default values for the component settings.

Component solution method

« const unsigne€omponentSolvingMethod 0

Newton-Raphson method.

« const unsignetlaxiterations= 50

Default maximum number of iterations.

 const unsignetliniterations= 1

Default minimum number of iterations.

* const unsigne&calingMethod= 0

By default, no scaling is performed.

« const unsigne@€heckBadNumericsFlag 0

Do not check for bad numerics by default [new feature added in SPARK 2.01].

Step control method

« const unsigne&tepControlMethoé 1
Default step control method is basic halving backtracking strategy [changed in SPARK 2.01].

» const doubléviaxRelaxationCoefficierst 1.0e+0

Default maximum relaxation coefficient.

» const doubléMinRelaxationCoefficient 1.0e-6

Default minimum relaxatio coefficient.

Jacobian evaluation method

 const unsignedrueJacobianEvalStep0

Refresh Jacobian automatically.

« const doubléepsilon= 0.0

By default, use scaled perturbation.

» const doublelacobianRefreshRat®0.5

Jacobian refreshed if ResidualsNormJacobianRefreshRati®reviterationResidualsNorm by default.

SPARK 2.01
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Matrix solution method

« const unsignedlatrixSolvingMethod= 0
Gaussian elimination method for dense matrix.

* const unsigne@ivotingMethod= 1
Partial pivoting by default.

» const unsigne®RefinementMethod 0
No refinement iterations by default.

2.2.1 Detailed Description

Defines the default values for the component settings.

2.2.2 Variable Documentation
2.2.2.1 const unsigne@PARK::DefaultComponentSettings::ComponentSolvingMethod= 0

Newton-Raphson method.

2.2.2.2 const unsigne@PARK::DefaultComponentSettings::Maxlterations = 50

Default maximum number of iterations.

2.2.2.3 const unsigne@PARK::DefaultComponentSettings::Minlterations = 1

Default minimum number of iterations.

2.2.2.4 const unsigne@PARK::DefaultComponentSettings::ScalingMethod= 0

By default, no scaling is performed.

2.2.2.5 const unsigne®PARK::DefaultComponentSettings::CheckBadNumericsFlag= 0

Do not check for bad numerics by default [new feature added in SPARK 2.01].

2.2.2.6 const unsigne@PARK::DefaultComponentSettings::StepControlMethod= 1

Default step control method is basic halving backtracking strategy [changed in SPARK 2.01].

2.2.2.7 const doublsSPARK::DefaultComponentSettings::MaxRelaxationCoefficient= 1.0e+0

Default maximum relaxation coefficient.

2.2.2.8 const doublSPARK::DefaultComponentSettings::MinRelaxationCoefficient= 1.0e-6

Default minimum relaxatio coefficient.
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2.2.2.9 const unsigne@PARK::DefaultComponentSettings:: TrueJacobianEvalStep= 0

Refresh Jacobian automatically.

2.2.2.10 const doubl&PARK::DefaultComponentSettings::Epsilon= 0.0

By default, use scaled perturbation.

2.2.2.11 const doubl&PARK::DefaultComponentSettings::JacobianRefreshRatic= 0.5

Jacobian refreshed if ResidualsNormJacobianRefreshRatiBreviterationResidualsNorm by default.

2.2.2.12 const unsigne®PARK::DefaultComponentSettings::MatrixSolvingMethod = 0

Gaussian elimination method for dense matrix.

2.2.2.13 const unsigne®PARK::DefaultComponentSettings::PivotingMethod= 1

Partial pivoting by default.

2.2.2.14 const unsigne®&PARK::DefaultComponentSettings::RefinementMethod= 0

No refinement iterations by default.

SPARK 2.01
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2.3 SPARK::DefaultGlobalSettings Namespace Reference

Defines the default values for the global settings.

Tolerance settings

* const doubl&olerance= 1.0e-6
Relative tolerance used throughout the simulation.

* const doubléMaxTolerance= 1.0e-3
Looser relative tolerance used to recover if convergence cannot be achieved against Tolerance.

Safety factors

Safety factors are used to modify the convergence check depending on the context (i.e., check after prediction step or after ar
iteration) and on the type of the unknwon variable (i.e., a normal unknwon or a break unknown). A safety factor smaller than 1
makes the convergence check tougher to satisfy, with 0 making it impossible. A safety factory larger than 1 essentially corresponds
to a relaxation of the convergence check. E.dtdfationSafetyFactor=10 then the convergence check at each iteration

after the prediction will be made 10 times easier to satsify than the specified tolerence, because the convergence error must be samll
than< SafetyFactorTolerance. The default safety factors are equal to 1. therefore, they treat break and normal unknowns with the
same weight in the convergence check. For certain applications, it might be useful to only perform a convergence check on the breal
variables. This is achieved by setting the NormalUnknownSafetyFactor entry to a number larger than 1.

const doublé’redictionSafetyFacter 0.01
Safety factor used to check convergence after prediction [feature added in SPARK 2.0].

const doubldterationSafetyFactor 0.9
Safety factor used to check convergence after each iteration [feature added in SPARK 2.0].

const doubldreakUnknownSafetyFacter1.0
Safety factor used to check convergence for a break unknown [feature added in SPARK 2.0].

const doubléNormalUnknownSafetyFacter 1.0
Safety factor used to check convergence for a normal unknown (i.e., not a break variable) [feature added in SPARK 2.0].

2.3.1 Detailed Description

Defines the default values for the global settings.

2.3.2 Variable Documentation
2.3.2.1 const doublé&SPARK::DefaultGlobalSettings:: Tolerance= 1.0e-6

Relative tolerance used throughout the simulation.

2.3.2.2 const doubl&SPARK::DefaultGlobalSettings::MaxTolerance = 1.0e-3

Looser relative tolerance used to recover if convergence cannot be achieved against Tolerance.
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2.3.2.3 const doubleSPARK::DefaultGlobalSettings::PredictionSafetyFactor=0.01

Safety factor used to check convergence after prediction [feature added in SPARK 2.0].

2.3.2.4 const doublSPARK::DefaultGlobalSettings::IterationSafetyFactor = 0.9

Safety factor used to check convergence after each iteration [feature added in SPARK 2.0].

2.3.2.5 const doubleSPARK::DefaultGlobalSettings::BreakUnknownSafetyFactor= 1.0

Safety factor used to check convergence for a break unknown [feature added in SPARK 2.0].

2.3.2.6 const doublsSPARK::DefaultGlobalSettings::NormalUnknownSafetyFactor= 1.0

Safety factor used to check convergence for a normal unknown (i.e., not a break variable) [feature added in SPARK 2.0].
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2.4 SPARK::DefaultRuntimeControls Namespace Reference

Default controls are defined in this namespace. The default controls are used if no entry is foundrnnttiée for the control in
question.
Variables

» const doublénitialTime = 0.0

Default initial time.

» const doubldé=inalTime= 0.0

Default final time.

« const doublénitial TimeStep= 1.0

Default initial time step value.

« const doubléViinTimeStep= 1.0e-6
Default min time step value [feature added in SPARK 2.0].

 const doubléviaxTimeStep= 1.0e+6
Default max time step value [feature added in SPARK 2.0].

 const doubld&rkeportCycle= InitialTimeStep

Default report cycle is equal to initial time step.

« const doubld-irstReport= InitialTime

Default first report is at inital time.

* const unsignefariableTimeStep 0
Constant time step mode by default [feature added in SPARK 2.0].

« const unsigne€onsistentlnitialCalculatios 1

Consistent initalization calculation is required by default [feature added in SPARK 2.0].

« const unsigne@iagnosticLevek 0

Silent diagnostic mode by default.

2.4.1 Detailed Description

Default controls are defined in this namespace. The default controls are used if no entry is foundrinrttiée for the control in
question.

2.4.2 Variable Documentation
2.4.2.1 const doubl6SPARK::DefaultRuntimeControls::InitialTime = 0.0

Default initial time.
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2.4.2.2 const doublSPARK::DefaultRuntimeControls::FinalTime = 0.0

Default final time.

2.4.2.3 const doublSPARK::DefaultRuntimeControls::InitialTimeStep =1.0

Default initial time step value.

2.4.2.4 const doubleSPARK::DefaultRuntimeControls::MinTimeStep = 1.0e-6

Default min time step value [feature added in SPARK 2.0].

2.4.2.5 const doublsSPARK::DefaultRuntimeControls::MaxTimeStep = 1.0e+6

Default max time step value [feature added in SPARK 2.0].

2.4.2.6 const doublSPARK::DefaultRuntimeControls::ReportCycle = InitialTimeStep

Default report cycle is equal to initial time step.

2.4.2.7 const doubleSPARK::DefaultRuntimeControls::FirstReport = InitialTime

Default first report is at inital time.

2.4.2.8 const unsigne®PARK::DefaultRuntimeControls::VariableTimeStep =0

Constant time step mode by default [feature added in SPARK 2.0].

2.4.2.9 const unsigne@PARK::DefaultRuntimeControls::ConsistentlInitialCalculation =1

Consistent initalization calculation is required by default [feature added in SPARK 2.0].

2.4.2.10 const unsigne@PARK::DefaultRuntimeControls::DiagnosticLevel = 0

Silent diagnostic mode by default.
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2.5 SPARK::Problem Namespace Reference

Definition of the SPARK problem driver API library used to manageSRARK::TProblenobjects in the driver function.

Classes

« classsimulation_parameter
Class used to specify a simulation parameter.

Simulation methods

* typedefsimulation_parameter bool > TRestartFlag
Parameter type describing the restart flag.

* typedefsimulation_parameter double> TStopTime

Parameter type describing the stop time.

* typedefsimulation_parameter double> TTimeStep
Parameter type describing the time step.

e SPARK::TProblem::SimulationFlagsSimulate (SPARK::TProblem xinstance, const SPARK::Problem::TRestartFlag
&restartFlag, const SPARK::Problem:: TStopTime &stopTime, const SPARK::Problem::TTimeStep&initialTime-
Step-SPARK::Problem::TTimeStd}

Simulates thénstance  problem until the final time or the stopping time is reached, whichever occurs first.

» SPARK::TProblem::SimulationFlags$tep (SPARK::TProblem xinstance, constSPARK::Problem::TTimeStep&time-
Step-SPARK::Problem::TTimeStd}

Computes the next step of imstance  problem and returns the simulation flag.

* SPARK::TProblem::SimulationFlagataticSted SPARK:: TProblemxinstance)
Computes one static step for timstance  problem and returns the simulation flag.

Methods used to setup a problem for simulation

« bool RegisterStaticlnstandeonst chakpbName SPARK:: TProblemxinstance)
Registers statically-built problem by address with static repository.

bool Unload(const chaxpbName)

Unloads the problem instance named "pbName" from repository and frees memory.

void Writelnstancegstd::ostream &o0s, const std::string &before)

Writes out the list of loaded problem instances to the output stesamith leading stringbefore .

SPARK::TProblemx Get(const chakxpbName)
Access method to retrieve a previously loaded problem through its unique name from the problem repository.

void Initialize (SPARK::TProblemxinstance, cons$PARK:: TRuntimeControl&controls)
Initializes the problem with the specified runtime controls.
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« void LoadPreferenceSettingSPARK:: TProblemxinstance, conssPARK:: TPreferenceSettinggpreferences)

Loads the preference settings into the problem.

+ void Terminate(SPARK:: TProblemxinstance)

Terminates the problem.

State management methods

+ void Save(constSPARK:: TProblemkinstance SPARK:: TProblem:: T Stat&state)

Saves the state of the problem at the current time.

* void RestorgSPARK::TProblemxinstance, conssPARK:: TProblem::TStat&state)

Restores the problem to the specified state.

2.5.1 Detailed Description

Definition of the SPARK problem driver API library used to manageSRPARK::TProblenobjects in the driver function.

2.5.2 Typedef Documentation
2.5.2.1 typedekimulation_parameter<bool> SPARK::Problem::TRestartFlag

Parameter type describing the restart flag.

2.5.2.2 typedekimulation_parameter<double> SPARK::Problem::TStopTime

Parameter type describing the stop time.

2.5.2.3 typedekimulation_parameter<double> SPARK::Problem:: TTimeStep

Parameter type describing the time step.

2.5.3 Function Documentation
2.5.3.1 bool RegisterStaticlnstance (const charpbName SPARK:: TProblem x instance

Registers statically-built problem by address with static repository.

Parameters:
pbName unique problem name

instance address of th& PARK:: TProbleninstance

Returns:
Returns true if operation was successful, false otherwise

SPARK 2.01



22 SPARK Build Process and Problem Driver APl Namespace Documentation

Note:
Used in "problem.cpp" file for precompiled problem file.
The name of the problem instance must be unique for this simulation session, otherwise the SPARK solver will not be able to
load this problem at runtime. This will result in the SPARK problem loader throwiB8§&RK:: XInitializationexception with
the exit codeSPARK::ExitCode  ERROR_INVALID_PROBLEMhen calling the functiolsPARK::Start()

Warning:
Since this function is typically invoked in the "problem.cpp"” file, it is called at startup before entering the main function.
Therefore, no error message can be reported to a logSiARK:: Start(will throw a SPARK:: XlInitializationexception if any
such error occurred at startup.

2.5.3.2 bool Unload (const chax pbNam§
Unloads the problem instance named "pbName" from repository and frees memory.

Returns:
Returns true if instance successfully unloaded; false otherwise

Parameters:
pbName name of the problem to unload

Note:
If there is no problem instance named after "pbName", the function will return false.
This function unloads both statically-built problems and problems loaded at runtime , i.e. problem instances loaded:

« either with a call tcSPARK::Problem::StaticBuild::Loadfr
« with a call toSPARK::Problem::DynamicBuild::Load()

Warning:
An unloaded problem can no longer be:

« used in the driver function or
« retrieved with a call to the functioBPARK::Problem::Get()

2.5.3.3 void Writelnstances (std::ostream &0s const std::string & before
Writes out the list of loaded problem instances to the output stasamith leading stringoefore

Parameters:
os Output stream for write operation

before Prefix string written before the names of the instances

2.5.3.4 SPARK::TProblemx Get (const charx ppName
Access method to retrieve a previously loaded problem through its unique name from the problem repository.

Returns:
Address of thesPARK::TProbleninstance describing the problem named "pbName"

Parameters:
pbName name of the problem whose address is to be returned
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Note:
Returns NULL if problem name was not previouly loaded or if no problem with this name exists in global repository.

Examples:
multiproblem_examplel.cppndsparksolver.cpp

2.5.3.5 void Initialize (SPARK::TProblem x instance constSPARK:: TRuntimeControls & control9

Initializes the problem with the specified runtime controls.
Calls theSPARK::TProblem::Initialize(jnethod.

Parameters:
instance Address of theSPARK:: TProblenobject

controls Runtime controls as specified inkaun file

Examples:
multiproblem_examplel.cpp

2.5.3.6 void LoadPreferenceSettingsSPARK:: TProblem x instance constSPARK::TPreferenceSettings& preference}

Loads the preference settings into the problem.
Calls the SPARKK::TProblem::LoadPreferenceSettings() method.

Parameters:
instance Address of theSPARK:: TProblenobject

preferencesPreference settings as specified inprf file

Examples:
multiproblem_examplel.cpp

2.5.3.7 void Terminate SPARK::TProblem x instance

Terminates the problem.
Calls theSPARK::TProblem::Terminatefhethod.

Postcondition:
The problem must be re-initialized with a call$3?ARK::TProblem::Initialize(Jo allow for a new simulation.

Parameters:
instance Address of theSPARK::TProblenobject

Examples:
multiproblem_examplel.cpp
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2.5.3.8 void Save (consBPARK:: TProblem x instance SPARK:: TProblem::TState & state

Saves the state of the problem at the current time.
Calls theSPARK:: TProblem::Savefhethod.

Postcondition:
The state object will contain the new state. If it contained another state, it will be overriden. The problem object remains
unchanged.

Parameters:
instance Address of theSPARK:: TProblenobject

state SPARK::TProblem:: TStatebject containing the stored state

2.5.3.9 void Restore $PARK::TProblem x instance constSPARK:: TProblem::TState & statd

Restores the problem to the specified state.
Calls theSPARK::TProblem::Restore(hethod.

Precondition:
The state to restore must have been saved with a c&PARK::Problem::Save()

Postcondition:
The problem is restored to the state, in particular the global time, the current values of all variables as well as their history.

Parameters:
instance Address of theSPARK::TProblenobject

state SPARK::TProblem:: TStatebject containing the state to restore

2.5.3.10 SPARK:: TProblem::SimulationFlags Simulate (SPARK::TProblem x instance const
SPARK::Problem::TRestartFlag & restartFlag constSPARK::Problem::TStopTime & stopTime const
SPARK::Problem::TTimeStep & initialTimeStep= SPARK::Problem::TTimeStep())

Simulates thénstance  problem until the final time or the stopping time is reached, whichever occurs first.

This function calls th& ProblemSimulate()method after having sent the appropriate requests for the specified simulation parame-
ters. Uses the initial time step if specified. By default there is no initial time step parameter. Starts with a static step if the restart flag
is set to true.

Precondition:
The problem must have been initialized.

Returns:
Simulation flag

Parameters:
instance Address of theSPARK:: TProblenobject

restartFlag Boolean flag. If true, forces the simulation to (re-)start with a static step to ensure consistent initialization.

stopTime Value of the desired stopping time as a double parameter. If not specified, the simulation ends when the final time
specified in the runtime controls is reached.

initialTimeStep Value of the candidate initial time step as a double parameter.

Examples:
multiproblem_examplel.cpp

SPARK 2.01



2.5 SPARK::Problem Namespace Reference 25

2.5.3.11 SPARK::TProblem::SimulationFlags Step (SPARK::TProblem x instance constSPARK::Problem:: TTimeStep
& timeStep= SPARK::Problem::TTimeStep())

Computes the next step of thestance  problem and returns the simulation flag.

This function essentially sends a stop() request to the instance problem and calsab&em::Simulate()nethod. This forces the
finite-state machine to stop after the first step.

If the finite-state machine is set to perform a static step following a prior restart request, then the next step is a static step. Otherwise
it will perform the next dynamic step with the candidate time step if specified.

Note:
When calling this function make sure that the runtime controls do not request a final snapshot file as this would be generated eacl
time the problem steps forward, therefore being very resource intensive. When stepping the problem as opposed to simulating
it, prefer requesting a snapshot file using the snapshot request when needed.

Precondition:
The problem must have been initialized.

Parameters:
instance Address of theSPARK:: TProblenobject

timeStep Candidate time step

2.5.3.12 SPARK::TProblem::SimulationFlags StaticStep SPARK::TProblem x instance

Computes one static step for timstance  problem and returns the simulation flag.

This function essentially sends a stop() request to the instance problem and cafsabéem::Simulate(inethod. This forces the
finite-state machine to stop after the first step.

Precondition:
The problem must have been initialized.

Parameters:
instance Address of theSPARK::TProblenobject
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2.6 SPARK::Problem::DynamicBuild Namespace Reference

Definition of the functions used to load a SPARK problem at runtime.

Functions

+ void ParseCommandLin@insigned argc, charxargv, char«&runFileName, chax&prfFileName, char&xmlFileName)
throw (SPARK::XInitialization)

Parses up to argc command-line arguments in argv[] to produce the name of the files with extengion’ "x.prf* and "«.xml" as
needed to run a problem loaded at runtime.

* void ShowCommandLineUsagdstd::ostream &0s)

Writes command-line usage of stand-al@®ARKengine for a problem loaded at runtime to output strezsm

* boolLoad(const chaxpbName, const chaixmlIFileName)

Loads the problem named "pbName" at runtime and sets name of problem instance after unique identifier "pbName".

2.6.1 Detailed Description

Definition of the functions used to load a SPARK problem at runtime.

These API functions are used to implement the driver function of the stand-alone SPARK engine.

2.6.2 Function Documentation

2.6.2.1 void ParseCommandLine (unsignedrgc, char ** argv, char *& runFileName, char x& prfFileName, char &
xmlFileName) throw (SPARK::XlInitialization )

Parses up to argc command-line arguments in argv[] to produce the name of the files with extensiohs™.prf" and "“«.xml" as
needed to run a problem loaded at runtime.

Note:
No memory is allocated for the 3 strings passed in the argument list. Upon returning from this function, f8eazkayointing
to the entries in argv[] that contain the corresponding file names with the correct extensions.

Parameters:
argc first argument of the main() function declared in the "main.cpp" file

argv second argument of the main() function declared in the "main.cpp" file
runFileName points to argv[] with name of the file with extension.tun"
prfFileName points to argv[] with name of the file with extension.prf"

xmlFileName points to argv[] with name of the file with extension.xml"

Exceptions:
SPARK::XInitialization Thrown if more than one.run orx.prf or x.xml file is detected at the command-line.

Examples:
sparksolver.cpp
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2.6.2.2 void ShowCommandLineUsage (std::ostream &9

Writes command-line usage of stand-al@RARKengine for a problem loaded at runtime to output stream

Parameters:
os output stream where to write the command-line usage

2.6.2.3 bool Load (const chax pbName const charx xmlFileName)

Loads the problem named "pbName" at runtime and sets hame of problem instance after unique identifier "pbName".

Returns:
True if operation was successful, false otherwise.

Parameters:
pbName the unique name for this instance of the problem

xmlFileName name of the xml file with the problem description

Postcondition:
If the problem was loaded successfully, then 8#ARK:: TProbleninstance is stored in the global problem repository with its
name for later retrieval through a call 8PARK::Problem::Get()
Furthermore, if the problem was loaded successfully using the runtime loading mechanism, then the problem factory used to con-
struct the problem is stored in the factory repository to support garbage collection upon the call to the fsiR&&RI:End()

Examples:
multiproblem_examplel.cppndsparksolver.cpp
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2.7 SPARK::Problem::StaticBuild Namespace Reference

Definition of the functions used to load a statically-built SPARK problem.

Functions

e void ParseCommandLine(unsigned argc, charxxargv, char x&runFileName, char *&prfFileName) throw
(SPARK::XInitialization)

Parses up to argc command-line arguments in argv[] to produce the names of the files with extensiorisshd "«.prf" as needed to
run a statically-built problem.

+ void ShowCommandLineUsadstd::ostream &0s)

Writes command-line usage of stand-al@RARKengine for a statically-built problem to output streas.

* boolLoad(const charkpbName)
Loads the statically-built problem named "pbName".

2.7.1 Detailed Description

Definition of the functions used to load a statically-built SPARK problem.

These API functions are used to implement the driver function of the stand-alone SPARK engine.

2.7.2 Function Documentation

2.7.2.1 void ParseCommandLine (unsignedrgc, char xx argv, char x& runFileName, char x& prfFileName) throw
(SPARK::XInitialization )

Parses up to argc command-line arguments in argv[] to produce the names of the files with extensinharid %.prf* as needed
to run a statically-built problem.

This function is used to extract the names of ttrein andx.prf files at the command line as required by a statically-built simulator,
i.e. a simulator that does not need theml file to load the problem description as it is compiled and linked along the driver function.

Note:
No memory is allocated for the 2 strings passed in the argument list. Upon returning from this function, f#8easckayointing
to the entries in argv[] that contain the corresponding file names with the correct extensions.

Parameters:
argc first argument of the main() function declared in the "main.cpp" file

argv second argument of the main() function declared in the "main.cpp" file
runFileName points to argv[] with name of the file with extension.fun”
prfFileName points to argv[] with name of the file with extension.prf"

Exceptions:
SPARK::Xlnitialization Thrown if more than one.run orx.prf file is detected at the command-line.

Examples:
sparksolver.cpp
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2.7.2.2 void ShowCommandLineUsage (std::ostream &9

Writes command-line usage of stand-al@RARKengine for a statically-built problem to output stream

Parameters:
os output stream where to write the command-line usage

2.7.2.3 bool Load (const chax pbNameg

Loads the statically-built problem named "pbName".

By statically-built problem, we refer to a problem whose definition is compiled from the corresponding "problem.cpp" file and linked
along with the solver library and driver function.

Returns:
True if operation was successful, false otherwise.

Parameters:
pbName the unique name for this instance of the problem

Postcondition:
If the problem was loaded successfully, then 8R#ARK:: TProbleninstance is stored in the global problem repository with its
name for later retrieval through a call 8PARK::Problem::Get()

Examples:
sparksolver.cpp
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Chapter 3

SPARK Build Process and Problem Driver API
Class Documentation

3.1 SPARK::Problem::simulation_parameter< T > Class Template Reference

Class used to specify a simulation parameter.

#include  <sparkapi.h >

Public Types

* typedef Tvalue_type

template type for the parameter

Public Member Functions

 simulation_parametd)

Default constructor: empty parameter.

simulation_parametdi value)

Explicit constructor: stores value as parameter.

simulation_parametdconstsimulation_paramete&p)

Copy constructor: deep copy of parameter value.

boolempty() const

Returns true if parameter is empty, false otherwise.

value_typeaget() const

Returns a copy of the parameter value.

 operator value_typ@ const

Automatic conversion to parameter type.
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3.1.1 Detailed Description
template<typename T> class SPARK::Problem::simulation_parametex T >

Class used to specify a simulation parameter.

Wrapper class around a POD object of type T that keeps track of whether the parameter was initialized in the constructor. Used in
the various simulation methods that accept parameters as arguments.

Examples:
multiproblem_examplel.cpp

3.1.2 Member Typedef Documentation
3.1.2.1 templatectypename T> typedef T SPARK::Problem::simulation_parameter< T >::value_type

template type for the parameter

3.1.3 Constructor & Destructor Documentation
3.1.3.1 templatectypename T> SPARK::Problem::simulation_parameter< T >::simulation_parameter() [inline]

Default constructor: empty parameter.

3.1.3.2 templatectypename T> SPARK::Problem::simulation_parameter< T >::simulation_parameter (T value
[inline, explicit]

Explicit constructor: stores value as parameter.

3.1.3.3 templatectypename T> SPARK::Problem::simulation_parameter< T >::simulation_parameter (const
simulation_parameter< T > & p) [inline]

Copy constructor: deep copy of parameter value.

3.1.4 Member Function Documentation
3.1.4.1 templatectypename T> bool SPARK::Problem::simulation_parameter< T >::empty () const [inline]

Returns true if parameter is empty, false otherwise.

3.1.4.2 templatectypename T> value_type SPARK::Problem::simulation_parameter< T >::get () const [inline]

Returns a copy of the parameter value.

3.1.4.3 templatectypename T> SPARK::Problem::simulation_parameter< T >::operator value_type() const
[inline]

Automatic conversion to parameter type.

The documentation for this class was generated from the following file:
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* sparkapi.h
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3.2 SPARK::TComponent Class Reference

Class that solves the set of DAE equations generated by setupcpp.
#include  <component.h >

Collaboration diagram for SPARK:: TComponent:

SPARK:: TProblem

A

| Problem

SPARK::TComponent

- Handle

- Name

- Context

- Type

- Timer

- Problem

- Objects

- Settings

- EquationSystem
- Jacobian

- NonLinearSolver
- VariablesTracer

- ResidualsTracer
- IncrementsTracer
- JacobianTracer

- BacktrackingTracer

TComponent()
~TComponent()
Activate()

Reset()

Initialize()

Terminate()

Evaluate()

Commit()

Rollback()
ReportStatistics()
CreateVariablesTracer()
CreateResidualsTracer()
CreatelncrementsTracer()
CreateJacobianTracer()
CreateBacktrackingTracer()
SetupSolver()
SetSettings()
GetSettings()
GetSettings()
WriteSettings()
GetProblem()
GetProblem()
GetEquationSystem()
GetEquationSystem()
GetNonLinearSolver()
GetNonLinearSolver()
GetJacobian()
GetJacobian()
GetName()

GetHandle()

GetType()

GetContext()
GetNumObijects()
GetObject()

GetObject()
GetCallCount()
GetNumPredictors()
GetNumEvaluators()
GetGlobalTime()
GetGlobalTimeStep()
GetStepCount()
GetElaspedTime_Tracers()
GetElapsedTime_NonlinearSolver()
GetElapsedTime_LinearSolver()
IsStronglyConnected()
WriteStamp()
TComponent()
operator=()
IterativeSolution()
ForwardSubstitution()
UpdateSettings()
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Public Types

» enumComponentType§
ComponentType WEAK 0O,
ComponentType_STRONE1}

Type to indicate whether a component consists of a set of weakly- or strongly-connected equations.

Public Member Functions

» TComponenfunsigned handle, unsigned numNormalUnknowns, SPARK:: TUnknown normalUnknowns[], unsigned num-
BreakUnknowns, SPARK:TUnknown breakUnknowns[], unsigned numObjeSBARK:: TObject xobjects[]) throw
(SPARK::XMemory)

Constructor.

+ ~TComponen() throw ()

Destructor.

* void Evaluate()

Solves the set of differential-algebraic equations.

 const charx GetNamg) const

Returns the name of the component as consti«char

 unsignedGetHandlg) const

Returns the unique handle assigne to this component as an unsigned int.

* unsignedGetType() const

Returns the component type as unsigned (see enum TComponent::TType).

« unsignedsetNumObjectg) const

Returns the number of objects comprising this component.

» SPARK::TObjectt GetObject(unsigned i)

Returns a pointer to th&Objectobject evaluated in position i.

» constSPARK::TObject« GetObjectunsigned i) const

Returns a const pointer to tHéDbjectobject evaluated in position i.

* boolIsStronglyConnectef) const

Returns true if this component is a strongly-connected component.

3.2.1 Detailed Description

Class that solves the set of DAE equations generated by setupcpp.

A problem consists of a series ®Componenbbjects that are solved in a fixed order, from the first component (with index 0) to the
last component. The order in which the components need to be solved reflects the topological dependencies derived by setupcpp.
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3.2.2 Member Enumeration Documentation
3.2.2.1 enumSPARK:: TComponent::ComponentTypes

Type to indicate whether a component consists of a set of weakly- or strongly-connected equations.

Enumeration values:
ComponentType_WEAKIndicates a weakly-connected component that is solved using forward substitution.

ComponentType_STRONGndicates a strongly-connected component that requires iterative solution.

3.2.3 Constructor & Destructor Documentation

3.2.3.1 SPARK:TComponent::TComponent (unsignechandle unsignednumNormalUnknowns SPARK::TUnknown
normalUnknowng], unsigned numBreakUnknowns SPARK::TUnknown breakUnknown$§], unsigned numObjects
SPARK::TObject * object$]) throw ( SPARK::XMemory )

Constructor.

3.2.3.2 SPARK:TComponent:~TComponent () throw ()

Destructor.

3.2.4 Member Function Documentation
3.2.4.1 void SPARK:: TComponent::Evaluate ()

Solves the set of differential-algebraic equations.

Exceptions:
SPARK::XNoConvergenceThrown if convergence cannot be obtained.

SPARK::XBadNumerics Thrown if bad numerics detected.

3.2.4.2 const chax SPARK:: TComponent::GetName () const [inline]

Returns the name of the component as const:«char

3.2.4.3 unsigned SPARK:: TComponent::GetHandle () const[inline]

Returns the unique handle assigne to this component as an unsigned int.

3.2.4.4 unsigned SPARK:: TComponent::GetType () const][inline]

Returns the component type as unsigned (see enum TComponent::TType).

3.2.4.5 unsigned SPARK:: TComponent::GetNumObijects () const[inline]

Returns the number of objects comprising this component.
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3.2.4.6 SPARK::TObject+ SPARK:: TComponent::GetObject (unsignedi) [inline]
Returns a pointer to thEObjectobject evaluated in position i.

Note:
The first object evaluated in this component is stored in position 0.

3.2.4.7 consSPARK:: TObject x SPARK:: TComponent::GetObject (unsignedi) const [inline]
Returns a const pointer to tA®bjectobject evaluated in position i.

Note:
The first object evaluated in this component is stored in position 0.

3.2.4.8 bool SPARK::TComponent::IsStronglyConnected () const[inline]

Returns true if this component is a strongly-connected component.

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

e component.h
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3.3 SPARK::TComponentSettings Class Reference

Class acts as repository of settings defined for each component.

#include  <prefs.h >

Public Member Functions
Structors

¢ TComponentSettingd
Initialize all settings to compile-time default values.

« TComponentSetting&onstTComponentSetting&)
Copy constructor.

* TComponentSetting& operatorconstTComponentSetting&)
Assignement operator.

* ~TComponentSettingd throw ()
Trivial destructor.

Main operations

« void Reset()
Resets settings to default values.

* void Load (SPARK::TPrefList«prefList)
Loads all settings from prefList.

Access methods for nonlinear solver

« unsignedsetComponentSolvingMeth)l const
Returns the code for the component solving methatchagned .

« void SetComponentSolvingMethddnsigned method)
Sets the code for the component solving methadethod .

¢ unsignedsetMaxlIterationg) const
Returns the maximum number of iterations allowed in the nonlinear solvensigned .

« void SetMaxlIterationgunsigned maxliterations)
Sets the maximum number of iterations allowed in the nonlinear solveafdterations

* unsignedGetMinlterationy) const
Returns the minimum number of iterations allowed in the nonlinear solvensigned .

« void SetMinlterationgunsigned minlterations)
Sets the minimum number of iterations allowed in the nonlinear solveirttierations

* unsignedGetCheckBadNumericsFlgyconst

Returns the boolean flag (O=falgel=true) indicating whether or not the solver will check for bad numerics at each iteration as
unsigned .
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« void SetCheckBadNumericsFlggnsigned flag)
Sets the flag indicating whether or not the solver will check for bad numerics at each iteration.

Access methods for jacobian evaluation method

« unsignedGetTrueJacobianEvalStépconst
Returns the number of iterations until the Jacobian should be refreshedsigned .

void SetTrueJacobianEvalStémnsigned frequency)
Sets the number of iterations until the jacobian should be refreshigddaency

doubleGetJacobianRefreshRafjpconst
Returns the threshold value of the ratio of the residual norms over successive iterations that triggers a Jacobian rdtrableas

void SetJacobianRefreshRafidouble refreshRatio)

Sets the threshold value of the ratio of the residual norms over successive iterations that triggers a Jacobian neffesdhto
Ratio .

doubleGetEpsilon() const
Returns the perturbation value used to estimate the partial derivatives with finite-differerdestas .

void SetEpsilon(double epsilon)
Sets the perturbation value used to estimate the partial derivatives with finite-differerepesion

Access methods for step control method

 unsignedGetStepControlMethof) const
Returns the code for the step control methodiasigned .

void SetStepControlMethoflinsigned method)
Sets the code for the step control methodhethod .

doubleGetMaxRelaxationCoefficierf} const
Returns the maximum relaxation coefficient used by the step control metHodlae .

L]

void SetMaxRelaxationCoefficielftlouble maxRelaxation)
Sets the maximum relaxation coefficient used by the step control methmackRelaxation

doubleGetMinRelaxationCoefficier) const
Returns the minimum relaxation coefficient used by the step control methiodible .

void SetMinRelaxationCoefficierfiouble minRelaxation)
Sets the minimum relaxation coefficient used by the step control methddRelaxation

Access methods for linear solver

 unsignedGetMatrixSolvingMethod) const
Returns the code for the linear solution methodiasigned .

 void SetMatrixSolvingMethoqunsigned method)
Sets the code for the linear solution methodrtethod .

* unsignedGetScalingMethod) const
Returns the code for the scaling methoduiasigned .
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void SetScalingMetho@unsigned method)
Sets the code for the scaling methodhtethod .

« unsignedGetPivotingMethod) const
Returns the code for the pivoting method used in conjunction with the Gaussian elimination meathsijasd

L]

void SetPivotingMethodqunsigned method)
Sets the code for the pivoting method used in conjunction with the Gaussian elimination metieitiad .

 unsignedsetRefinementMethof) const
Returns the number of desired refinement iterationsresigned .

void SetRefinementMetho@nsigned method)
Sets the number of desired refinement iteratiomad¢shod .

Access methods for tracers

Note:
The tracer file names must be unique across all active components and problems being solved within the same process spact

const char GetVariablesTracerFilenanfeconst
Returns the name of the variables tracer filecasst char x .

« void SetVariablesTracerFilenaneonst chakfilename)
Sets the name of the variables tracer filditename

« const char GetincrementsTracerFilenarfjeconst
Returns the name of the increments tracer fileasst char = .

« void SetIncrementsTracerFilenart@nst chakfilename)
Sets the name of the increments tracer filélemame

« const char GetResidualsTracerFilenarfleconst
Returns the name of the residuals tracer filecagst char * .

« void SetResidualsTracerFilenar@nst chasfilename)
Sets the name of the residuals tracer filditename

« const chak GetJacobianTracerFilenarfleconst
Returns the name of the Jacobian tracer filecasst char * .

« void SetJacobianTracerFilenarteonst chakfilename)
Sets the name of the Jacobian tracer fildiename
I/O Operations

« void Write (std::ostream &0s, const std::string &before) const
Writes the list of component settingsas.
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3.3.1 Detailed Description
Class acts as repository of settings defined for each component.
Behavior:
» compile-time default values are initialized with the hard-coded values.
« then at runtime, values are overloaded with the ones specified ingHdile in the sectiorComponentSettings  for each

component.

See namespa@PARK::DefaultComponentSettingsr the list of hard-coded default settings.

Note:
By default, no tracer file names are specified.

3.3.2 Constructor & Destructor Documentation
3.3.2.1 SPARK:TComponentSettings::TComponentSettings ()

Initialize all settings to compile-time default values.

3.3.2.2 SPARK:TComponentSettings::TComponentSettings (con§tComponentSettings&)

Copy constructor.

3.3.2.3 SPARK:TComponentSettings:TComponentSettings() throw () [inline]

Trivial destructor.

3.3.3 Member Function Documentation
3.3.3.1 TComponentSetting® SPARK::TComponentSettings::operator= (const TComponentSettings&)

Assignement operator.

3.3.3.2 void SPARK:: TComponentSettings::Reset ()

Resets settings to default values.

3.3.3.3 void SPARK::TComponentSettings::Load (SPARK::TPrefList prefList)

Loads all settings from prefList.

3.3.3.4 unsigned SPARK:: TComponentSettings::GetComponentSolvingMethod () consfinline]

Returns the code for the component solving methoassgned

List of codes:

» Newton-Raphson method =0
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 Perturbed Newton-Raphson method =1
« Fixed-point iteration (aka forward substitution) = 2

» Secant method (Newton method with Broyden'’s update formula) = 4

3.3.3.5 void SPARK:: TComponentSettings::SetComponentSolvingMethod (unsignedethod [inline]

Sets the code for the component solving methoahéthod .

3.3.3.6 unsigned SPARK:: TComponentSettings::GetMaxIterations () const[inline]

Returns the maximum number of iterations allowed in the nonlinear solversagned

3.3.3.7 void SPARK::TComponentSettings::SetMaxlIterations (unsignethaxiterationg [inline]

Sets the maximum number of iterations allowed in the nonlinear solveatdterations

3.3.3.8 unsigned SPARK:: TComponentSettings::GetMinlterations () const [inline]

Returns the minimum number of iterations allowed in the nonlinear solvensigned

3.3.3.9 void SPARK:: TComponentSettings::SetMinlterations (unsignedniniterations) [inline]

Sets the minimum number of iterations allowed in the nonlinear solveinitterations

3.3.3.10 unsigned SPARK:: TComponentSettings::GetCheckBadNumericsFlag () condfinline]

Returns the boolean flag (O=falsd=true) indicating whether or not the solver will check for bad numerics at each iteration as
unsigned

3.3.3.11 void SPARK:: TComponentSettings::SetCheckBadNumericsFlag (unsigndéldg) [inline]

Sets the flag indicating whether or not the solver will check for bad numerics at each iteration.

3.3.3.12 unsigned SPARK:: TComponentSettings::GetTrueJacobianEvalStep () consfinline]

Returns the number of iterations until the Jacobian should be refreshiedigaed

Note:
If it is equal to O then it is automatically refreshed by the solver when the convergence process becomes to slow or diverging.

3.3.3.13 void SPARK:: TComponentSettings::SetTrueJacobianEvalStep (unsigndéaequency [inline]

Sets the number of iterations until the jacobian should be refresHesbioency

3.3.3.14 double SPARK:: TComponentSettings::GetJacobianRefreshRatio () consfinline]

Returns the threshold value of the ratio of the residual norms over successive iterations that triggers a Jacobiandefitdsh as
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3.3.3.15 void SPARK:: TComponentSettings::SetJacobianRefreshRatio (doubtefreshRatiq [inline]

Sets the threshold value of the ratio of the residual norms over successive iterations that triggers a Jacobianreffesdt to
Ratio .

3.3.3.16 double SPARK:: TComponentSettings::GetEpsilon () const[inline]
Returns the perturbation value used to estimate the partial derivatives with finite-differenicebbes .

Note:
If it is equal to O, then solver automatically computes a scaled perturbation value for each dependent variable

3.3.3.17 void SPARK:: TComponentSettings::SetEpsilon (doublepsilor) [inline]

Sets the perturbation value used to estimate the partial derivatives with finite-differe epsdon

3.3.3.18 unsigned SPARK:: TComponentSettings::GetStepControlMethod () cons{inline]

Returns the code for the step control methodmrsigned

List of codes:

* Fixed relaxation method =0
* Basic backtracking method based on halving strategy = 1
« Line search backtracking method = 2

« Affine invariant backtracking strategy = 3

3.3.3.19 void SPARK::TComponentSettings::SetStepControlMethod (unsigneahethod [inline]

Sets the code for the step control methodnethod .

3.3.3.20 double SPARK:: TComponentSettings::GetMaxRelaxationCoefficient () cons{inline]

Returns the maximum relaxation coefficient used by the step control metitmlibe .

3.3.3.21 void SPARK:: TComponentSettings::SetMaxRelaxationCoefficient (doublmaxRelaxatior) [inline]

Sets the maximum relaxation coefficient used by the step control methmaxBelaxation

3.3.3.22 double SPARK:: TComponentSettings::GetMinRelaxationCoefficient () constfinline]

Returns the minimum relaxation coefficient used by the step control metrdmlate .

3.3.3.23 void SPARK::TComponentSettings::SetMinRelaxationCoefficient (doublminRelaxation) [inline]

Sets the minimum relaxation coefficient used by the step control methathi®elaxation
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3.3.3.24 unsigned SPARK:: TComponentSettings::GetMatrixSolvingMethod () const[inline]

Returns the code for the linear solution methodiasigned .

List of codes:

» Dense Gaussian elimination =0
» Dense singular value decomposition (SVD) = 1
» Dense LU decomposition = 2

» Dense Gauss-Jordan elimination = 3

e Sparse LU decompositon = 4 (implemented with the UMFPACK 4.0 library.

http://www.cise.ufl.edu/research/sparse/umfpack/ )

3.3.3.25 void SPARK:: TComponentSettings::SetMatrixSolvingMethod (unsignedhethod [inline]

Sets the code for the linear solution methodrethod .

3.3.3.26 unsigned SPARK:: TComponentSettings::GetScalingMethod () consfinline]

Returns the code for the scaling methodiasigned .

List of codes:

* Noscaling=0

« Affine invariant scaling (in both variable and residual spaces) = 1

3.3.3.27 void SPARK:: TComponentSettings::SetScalingMethod (unsignedethod [inline]

Sets the code for the scaling methodrtethod .

3.3.3.28 unsigned SPARK:: TComponentSettings::GetPivotingMethod () constfinline]

Returns the code for the pivoting method used in conjunction with the Gaussian elimination metinsthasd .

List of codes:

» No pivoting method = 0
* Partial pivoting method = 1

« Total pivoting method = 2

Note:

See

The total pivoting method is implemented with the Gauss-Jordan method. TGemponentSettings::GetMatrixSolving-

Method()

3.3.3.29 void SPARK:: TComponentSettings::SetPivotingMethod (unsignechethod [inline]

Sets the code for the pivoting method used in conjunction with the Gaussian elimination metheithdal .
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3.3.3.30 unsigned SPARK:: TComponentSettings::GetRefinementMethod () consfinline]
Returns the number of desired refinement iterationsnagned

Note:
Typically, 2/3 iterations is sufficient to improve the accuracy of the solution of the linear system.

3.3.3.31 void SPARK:: TComponentSettings::SetRefinementMethod (unsignedethod [inline]

Sets the number of desired refinement iteratiomadthod .

3.3.3.32 const char SPARK::TComponentSettings::GetVariablesTracerFilename () const [inline]

Returns the name of the variables tracer fileasst char = .

3.3.3.33 void SPARK:: TComponentSettings::SetVariablesTracerFilename (const charfilename [inline]

Sets the name of the variables tracer fildilename

3.3.3.34 const char SPARK:: TComponentSettings::GetlncrementsTracerFilename () const [inline]

Returns the name of the increments tracer fileasst char x .

3.3.3.35 void SPARK:: TComponentSettings::SetincrementsTracerFilename (const charfilenamé [inline]

Sets the name of the increments tracer fil&lemame

3.3.3.36 const char SPARK::TComponentSettings::GetResidualsTracerFilename () const|[inline]

Returns the name of the residuals tracer file@sst char x .

3.3.3.37 void SPARK:: TComponentSettings::SetResidualsTracerFilename (const chaffilename [inline]

Sets the name of the residuals tracer filéilename

3.3.3.38 const char SPARK:: TComponentSettings::GetJacobianTracerFilename () const [inline]

Returns the name of the Jacobian tracer file@asst char x .

3.3.3.39 void SPARK:: TComponentSettings::SetJacobianTracerFilename (const charfilenameé [inline]

Sets the name of the Jacobian tracer fil&lemame

3.3.3.40 void SPARK::TComponentSettings::Write (std::ostream &0s const std::string & before const

Writes the list of component settingsas .

The documentation for this class was generated from the following file:
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* prefs.h
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3.4 SPARK:: TGlobalSettings Class Reference

Class acts as repository of global control settings defined at the problem level.

#include  <prefs.h >

Public Member Functions
Structors

* TGlobalSettingg)
Initialize all settings to compile-time default values.

« TGlobalSettinggconstTGlobalSettings)
Copy constructor.

* ~TGlobalSettingg) throw ()
Trivial destructor.

Main operations

 void Reset()
Resets settings to default values See namespace SPARK::DefaultSettings.

« void Load (SPARK:: TPrefList«prefList)
Performs shallow copy of prefList into member datum PrefList and loads hard-coded settings.

Access methods for hard-coded global settings

« doubleGetToleranc€) const
Returns the value of the relative tolerance specified with the key Tolerance in the GlobalSettings sectiempdffttee

« void SetTolerancédouble scalar)
Sets relative tolerance tecalar

» doubleGetMaxTolerancé) const
Returns the value of the max relative tolerance specified with the key MaxTolerance in the GlobalSettings sectioprbfithe

 void SetMaxTolerancédouble scalar)
Sets the max relative tolerancegoalar

« doubleGetPredictionSafetyFact¢y const
Returns the prediction safety factor (used in convergence tesiasle .

« void SetPredictionSafetyFact¢ouble factor)
Sets the prediction safety factorfector

« doubleGetlterationSafetyFactd) const
Returns the iteration safety factor (used in convergence tesipakle .

« void SetlterationSafetyFactgdouble factor)
Sets the iteration safety factor tactor

doubleGetBreakUnknownSafetyFactfrconst

SPARK 2.01



48 SPARK Build Process and Problem Driver API Class Documentation

Returns the safety factor for a break unknown (used in convergence tektjble .

 void SetBreakUnknownSafetyFact@ouble factor)
Sets the safety factor for a break unknowifector

¢ doubleGetNormalUnknownSafetyFact@rconst
Returns the safety factor for a normal unknown (used in convergence tekijibke .

« void SetNormalUnknownSafetyFact{double factor)
Sets the safety factor for a normal unknowrgotor

Access methods for customized global settings

Note:
The key can be specified either as a simple key with "Key" or a complex key with "Keyl:Key2"

« const char GetString(const std::string &key, const std::string &defaultString) const
Returns as const chatthe entry for the key in the GlobalSettings section ofstipef file.

» doubleGetScalafconst std::string &key, double defaultScalar) const
Returns as double the entry for the key in the GlobalSettings section eftidile.

¢ unsignedGetCount(const std::string &key, unsigned defaultCount) const
Returns as unsigned the entry for the key in the GlobalSettings sectionsopthéle.

I/O Operations

 void Write (std::ostream &0s, const std::string &before) const

3.4.1 Detailed Description

Class acts as repository of global control settings defined at the problem level.

Behavior:

» compile-time default values are initialized with the hard-coded values

« then at runtime, values are overloaded with the values specified ingHdile in the sectiorGlobalSettings

See namespa&PARK::DefaultGlobalSettingfer a list of the default hard-coded values.

3.4.2 Constructor & Destructor Documentation
3.4.2.1 SPARK:TGlobalSettings::TGlobalSettings ()

Initialize all settings to compile-time default values.

3.4.2.2 SPARK:TGlobalSettings::TGlobalSettings (consT GlobalSettings &)

Copy constructor.
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3.4.2.3 SPARK:TGlobalSettings:~TGlobalSettings() throw ()

Trivial destructor.

3.4.3 Member Function Documentation
3.4.3.1 void SPARK::TGlobalSettings::Reset ()

Resets settings to default values See nhamespace SPARK::DefaultSettings.

3.4.3.2 void SPARK:: TGlobalSettings::Load (SPARK:: TPrefList x prefList)

Performs shallow copy of prefList into member datum PrefList and loads hard-coded settings.

3.4.3.3 double SPARK::TGlobalSettings::GetTolerance () const[inline]

Returns the value of the relative tolerance specified with the key Tolerance in the GlobalSettings sectierpof fite

3.4.3.4 void SPARK:: TGlobalSettings::SetTolerance (doublscalan [inline]

Sets relative tolerance szalar

3.4.3.5 double SPARK::TGlobalSettings::GetMaxTolerance () const[inline]

Returns the value of the max relative tolerance specified with the key MaxTolerance in the GlobalSettings sectiepidfillee

3.4.3.6 void SPARK:: TGlobalSettings::SetMaxTolerance (doublscalar) [inline]

Sets the max relative tolerancesoalar

3.4.3.7 double SPARK::TGlobalSettings::GetPredictionSafetyFactor () const[inline]

Returns the prediction safety factor (used in convergence tedtjudse .

3.4.3.8 void SPARK:: TGlobalSettings::SetPredictionSafetyFactor (doubléactor) [inline]

Sets the prediction safety factorftactor

3.4.3.9 double SPARK::TGlobalSettings::GetlterationSafetyFactor () const [inline]

Returns the iteration safety factor (used in convergence teddse .

3.4.3.10 void SPARK:: TGlobalSettings::SetlterationSafetyFactor (doubldactor) [inline]

Sets the iteration safety factorfactor
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3.4.3.11 double SPARK::TGlobalSettings::GetBreakUnknownSafetyFactor () const[inline]

Returns the safety factor for a break unknown (used in convergence telsiylale .

3.4.3.12 void SPARK::TGlobalSettings::SetBreakUnknownSafetyFactor (doubl&ctor) [inline]

Sets the safety factor for a break unknowrfigotor

3.4.3.13 double SPARK::TGlobalSettings::GetNormalUnknownSafetyFactor () const[inline]

Returns the safety factor for a normal unknown (used in convergence telst)ilale .

3.4.3.14 void SPARK::TGlobalSettings::SetNormalUnknownSafetyFactor (doubléactor) [inline]

Sets the safety factor for a normal unknowrfaotor

3.4.3.15 const char SPARK:: TGlobalSettings::GetString (const std::string & key, const std::string & defaultString) const

Returns as const chathe entry for the key in the GlobalSettings section of ttpf file.

3.4.3.16 double SPARK::TGlobalSettings::GetScalar (const std::string &ey, double defaultScala) const

Returns as double the entry for the key in the GlobalSettings section efgtfdile.

3.4.3.17 unsigned SPARK:: TGlobalSettings::GetCount (const std::string &ey, unsigneddefaultCoun) const

Returns as unsigned the entry for the key in the GlobalSettings section-apitiéle.

3.4.3.18 void SPARK::TGlobalSettings::Write (std::ostream & os const std::string & before const
Writes the list of global settings to os

Note:
Only hard-coded global settings are printed since the other settings are not known a priori.

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

* prefs.h
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3.5 SPARK:: TInverse Class Reference

Class that defines the callbacks for an inverse.

#include <inverse.h >

Public Member Functions
Access methods

« unsignedsetHandlg) const
Returns unique inverse handle as specified in XML file.

 const chax GetName) const
Returns name of inverse as specified in XML file@sst char x* .

« const chax GetAtomicClassNam@ const
Returns class name as specified in XML fileasst char « .

« const chax GetFileNamg) const
Returns file name of atomic class where the inverse is declaredrast char * .

¢ SPARK::AtomicTypesGetAtomicTypeg() const
Returns the type of the inverse as SPARK::AtomicTypes.

« const chax GetActiveCallbackNamé const
Returns the name of the currently active callback, Returns "" if none active!

* unsignedsetNumObjectg) const
Returns the number @fObjectinstances of this inverse.

* SPARK::TObject« GetObject{unsigned idx)
Returns instance idx as@PARK:: TObjecpointer.

¢ constSPARK::TProblemx GetProblemn() const
Returns pointer t&PARK:: TProblenobject this inverse belongs to.

« doubleGetToleranc€) const
Returns value of relative tolerance currently used by solver.

Data methods

« void x GetStaticDatd)
Returns static private data a®id * .

« void SetStaticDatévoid xaddress)
Sets the static private data tmldress .

3.5.1 Detailed Description

Class that defines the callbacks for an inverse.

Also contains all instances & ARK:: TObjeciobjects of an inverse, as well as the vofbinter to the static data.
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3.5.2 Member Function Documentation
3.5.2.1 unsigned SPARK::TInverse::GetHandle () const

Returns unique inverse handle as specified in XML file.

3.5.2.2 const chax SPARK::TInverse::GetName () const

Returns name of inverse as specified in XML filecasst char x .

3.5.2.3 const chaxr SPARK::TInverse::GetAtomicClassName () const

Returns class name as specified in XML filecasst char x .

3.5.2.4 const chax SPARK::TInverse::GetFileName () const

Returns file name of atomic class where the inverse is declaremshas char = .

3.5.2.5 SPARK:AtomicTypes SPARK::TInverse::GetAtomicType () const

Returns the type of the inverse as SPARK::AtomicTypes.

3.5.2.6 const chax SPARK::TInverse::GetActiveCallbackName () const

Returns the name of the currently active callback, Returns " if none active!

3.5.2.7 unsigned SPARK::TInverse::GetNumObijects () const

Returns the number dfObjectinstances of this inverse.

3.5.2.8 SPARK:: TObject*x SPARK::TInverse::GetObject (unsignedidx)

Returns instance idx asSPARK::TObjectpointer.

3.5.2.9 consSPARK::TProblemx SPARK::TInverse::GetProblem () const

Returns pointer t&PARK:: TProblenobject this inverse belongs to.

3.5.2.10 double SPARK::TInverse::GetTolerance () const

Returns value of relative tolerance currently used by solver.

3.5.2.11 void SPARK::TInverse::GetStaticData () [inline]

Returns static private data asid = .
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3.5.2.12 void SPARK::TInverse::SetStaticData (voidk addres$ [inline]

Sets the static private dataaddress .

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

* inverse.h
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3.6 SPARK:: TObject Class Reference

Class used to represent an instance of an inverse.

#include  <objecth >

Public Member Functions

Access methods

¢ unsignedGetHandlg)) const
Returns unique handle as specified in XML file.

« unsignedGetinstanceHandl§ const
Returns unique inverse handle set3§ARK:: TInversebject for each instance.

« const chax GetNamg)) const
Returns name of object as specified in XML fileasst char =« .

« const chax GetActiveCallbackNamé const
Returns the name of the currently active callback, Returns " if none active!

* SPARK::TInverse: Getlnverse)
Returns name dPARK::TInvers¢his object is an instance of.

» constSPARK::TProblemx GetProblen() const
Returns pointer t&PARK::TProblenobject this object belongs to.

* constSPARK:: TComponent GetComponenf) const
Returns pointer t&PARK:: TComponembject this object belongs to.

« doubleGetToleranc€) const
Returns value of relative tolerance curently used by solver.

Data methods

* void x GetDat&()
Returns private data associated with this instanceaid * .

« void SetDatgvoid xaddress)
Sets the private data tddress .

3.6.1 Detailed Description

Class used to represent an instance of an inverse.

Note:
Static callbacks do not require argument lists

3.6.2 Member Function Documentation
3.6.2.1 unsigned SPARK:: TObject::GetHandle () const [inline]

Returns unique handle as specified in XML file.
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3.6.2.2 unsigned SPARK::TObject::GetInstanceHandle () const[inline]

Returns unique inverse handle set®ARK:: TInversebject for each instance.

3.6.2.3 const chax SPARK:: TObject::GetName () const

Returns name of object as specified in XML filecmst char =« .

3.6.2.4 const chax SPARK::TObject::GetActiveCallbackName () const

Returns the name of the currently active callback, Returns ™" if none active!

3.6.2.5 SPARK:TInversex SPARK:: TObject::Getlnverse ()

Returns name ddPARK::TInversehis object is an instance of.

3.6.2.6 consSPARK::TProblemx SPARK::TObject::GetProblem () const

Returns pointer t& PARK:: TProblenobject this object belongs to.

3.6.2.7 consSPARK:: TComponentx SPARK::TObject::GetComponent () const

Returns pointer t& PARK:: TComponentbject this object belongs to.

3.6.2.8 double SPARK::TObject::GetTolerance () const

Returns value of relative tolerance curently used by solver.

3.6.2.9 voidi SPARK::TObject::GetData () [inline]

Returns private data associated with this instanceab * .

3.6.2.10 void SPARK::TObject::SetData (void« addres$ [inline]

Sets the private data aaldress .

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

* object.h
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3.7 SPARK:: TPreferenceSettings Class Reference

Wrapper class to store and manipulate information required to initialize the settings for the solution methods for each component.
#include  <prefs.h >

Collaboration diagram for SPARK::TPreferenceSettings:

SPARK:: TComponentSettings
- ComponentSolvingMethod
- Maxlterations
- - Minlterations
SPARK::TGlobalSettings - CheckBadNumericsFlag
Tolerance - TrueJacobianEvalStep
MaxTolerance - JacobianRefreshRatio
PredictionSafetyFactor - Epsilon
IterationSafetyFactor - StepControlMethod
BreakUnknownSafetyFactor - MaxRelaxationCoefficient
NormalUnknownSafetyFactor - MinRelaxationCoefficient
PrefList - MatrixSolvingMethod
- operator=() - Sf:alingethod
- SetString() - Plvt_)tmgMethod
- SetScalar() - Ref!nementMelhqd
- SetCount() - VanablesTracerFlIe_name
1y - IncrementsTracerFilename
- ResidualsTracerFilename
\ - JacobianTracerFilename
\

\ A

\ GlobalSettings / DefaultSettings
\ /

SPARK::TPreferenceSettings

- PrfFileName

- LastTimeModified
- PrefList

- GlobalSettings

- DefaultSettings
- Repository

Public Member Functions
Structors

» TPreferenceSettingsonst chakprfFileName)
Loads preference settings froaprf file named "prfFileName".

« ~TPreferenceSetting$ throw ()
Trivial destructor.

Access methods

 const chax GetPrfFileName) const
Returns the name of theprf file used to construct this object asnst char * .

TGlobalSettings: GetGlobalSetting§)
Returns a reference to tieGlobalSetting®bject containing the global setting defined in thprf file.

constTGlobalSettings GetGlobalSetting§) const
Returns a const reference to th&lobalSetting®bject containing the global setting defined in thprf file.

TComponentSetting& GetComponentSettindsinsigned compHandle)

Returns a reference to the TCopmonentSettings object containing the component setting for the component with handle
comphandle defined in the:.prf file.

constTComponentSetting& GetComponentSettindansigned compHandle) const
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Returns a const reference to the TCopmonentSettings object containing the component setting for the component with handle
comphandle defined in thex.prf file.

I/O Operations

« void Write (std::ostream &0s, const std::string &before) const
Writes the global settings and all component settingssto

3.7.1 Detailed Description
Wrapper class to store and manipulate information required to initialize the settings for the solution methods for each component.

Examples:
multiproblem_examplel.cppndsparksolver.cpp

3.7.2 Constructor & Destructor Documentation
3.7.2.1 SPARK:: TPreferenceSettings::TPreferenceSettings (const champrfFileName)

Loads preference settings frofrprf file named "prfFileName".

3.7.2.2 SPARK::TPreferenceSettingsx TPreferenceSettingq) throw ()

Trivial destructor.

3.7.3 Member Function Documentation
3.7.3.1 const chax SPARK::TPreferenceSettings::GetPrfFileName () const [inline]

Returns the name of theprf file used to construct this object esnst char =« .

3.7.3.2 TGlobalSettings& SPARK::TPreferenceSettings::GetGlobalSettings ()

Returns a reference to ti&lobalSetting®bject containing the global setting defined in therf file.

3.7.3.3 consiTGlobalSettings& SPARK::TPreferenceSettings::GetGlobalSettings () const

Returns a const reference to thélobalSetting®bject containing the global setting defined in therf file.

3.7.3.4 TComponentSetting® SPARK::TPreferenceSettings::GetComponentSettings (unsignedompHandl|§

Returns a reference to the TCopmonentSettings object containing the component setting for the component with handle
comphandle defined in thex.prf file.

3.7.3.5 consfTComponentSetting® SPARK:: TPreferenceSettings::GetComponentSettings (unsignedompHandlg§ const

Returns a const reference to the TCopmonentSettings object containing the component setting for the component with handle
comphandle defined in thex.prf file.
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3.7.3.6 void SPARK::TPreferenceSettings::Write (std::ostream &o0s, const std::string & beforg const

Writes the global settings and all component settingssto

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

* prefs.h
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3.8 SPARK::TProbhlem Class Reference

Representation of a problem object in the SPARK solver.

#include  <problem.h >

Public Types

* typedef std::bitset DIAGNOSTICTYPES_L> TDiagnosticLevel
Bitset used to specify the diagnostic level with the different diagnostic types.

« enumDiagnosticType$
DiagnosticType_ CONVERGENGE
DiagnosticType_INPUTS
DiagnosticType_ REPORTS
DiagnosticType_ PREFERENCES
DiagnosticType STATISTICS
DiagnosticType_ REQUESTS
DIAGNOSTICTYPES_L}
Level of more or less detailed diagnostic to the run log output stream.

« enumSimulationFlagg
SimulationFlag_OK= 0,
SimulationFlag_BAD_NUMERICS
SimulationFlag NO_CONVERGENGE
SimulationFlag_SINGULAR_SYSTEM
SimulationFlag_ TIMESTEP_TOO_SMALL
SimulationFlag_FAILED_STEP
SimulationFlag_IDLE
SIMULATIONFLAGS L}

Simulation flags.

Public Member Functions
Structors

» TProblem(unsigned numinverseSPARK:: TInversexinverses[], unsigned numVariables, SPARK::TVariablariables[],
unsigned numComponentSPARK:: TComponentcomponents[]) throw (SPARK::XMemory)

Constructs @' Problemobject from the structure specified by the variable arrays and the solution sequence described by the compo-
nent array.

e ~TProblem() throw ()
Destructor that frees memory allocated for the various solvers.

Main methods invoked by driver function

« void Initialize (constSPARK:: TRuntimeControl&controls) throw (SPARK::XMemory)
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Performs run-time initialization.

« void LoadPreferenceSettingeonstSPARK:: TPreferenceSettinggpreferences) throw (SPARK::XMemory)
Loads preference settings (default and for each component).

» SimulationFlagsSimulate() throw (SPARK::XInitialization)
Computes solution from InitialTime to FinalTime.

 void Terminate()
Ends processing and writes statistics to run log file.

State management functions
These method let you save and restore the problem state in order to allow for a simulation restart from the saved state.

* void Save(SPARK:: TProblem::TStat&state) const throw (SPARK:: XlInitialization)
Saves problem state at current time.

« void RestorgconstSPARK:: TProblem:: T Stat&state)
Restores problem state at the time specified in the state structure.

Access functions

¢ const chak GetNamg() const
Returns the name of the problem as const ghar

void SetNameconst chakname)
Sets the problem name from name.

¢ unsigned longsetStepCoung) const
Returns the number of simulation steps performed so far.

SPARK::TGlobalSettings GetGlobalSetting§)
Returns pointer to global settings object.

constSPARK:: TGlobalSettinggs GetGlobalSetting§) const
Returns pointer to const global settings object.

Access operations for global problem variables

« const SPARK::TVariable &etGlobalTimg) const
Returns a const reference to the TVariable object that describes the global time link.

e const SPARK::TVariable &etGlobalTimeStef) const
Returns a const reference to the TVariable object that describes the global time step link.

Access operations for the problem variables

* SPARK::TVariable &GetVariable(unsigned handle) throw (SPARK::XAssertion)
» const SPARK::TVariable &etVariable(unsigned handle) const throw (SPARK::XAssertion)
* SPARK::TVariable &GetVariable(const chakname) throw (SPARK::XAssertion)
e const SPARK::TVariable &etVariable(const chakname) const throw (SPARK::XAssertion)

Access operations for the problem inverses
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¢ SPARK::TInverse: Getinversgunsigned handle)
Returns pointer td@ Inverseobject by handle.

¢ SPARK::TInversex Getlnversgconst charkname)
Returns pointer td Inverseobject by name.

Access operations for the problem objects

* SPARK::TObjectx GetObject{unsigned handle)
Returns pointer td Objectobject by handle.

¢ SPARK::TObject GetObject{const charname)
Returns pointer td Objectobject by name.

Predicate methods

L]

bool IsInitialTime () const
Returns true if global time is equal to initial time.

* boolIsFinalTime() const
Returns true if global time is equal to final time.

* bool Starting() const
 bool IsStaticSteff) const

Returns true if current step is a static step.

 boolIsTimeStepVariabl€) const
Returns true if key VariableTimeStep is set to 1 in runtime controls.

¢ boolIsReady() const
Returns true if problem is ready for simulation. False otherwise.

 boolIsDiagnostiq) const
Returns true if any diagnostic is set.

* boollsDiagnostiqDiagnosticTypesl) const
Returns true if diagnostic d is set.

IO functions

* bool WriteStamp(std::ostream &0s) const
Writes current step stamp to output stream os.

« void ReportStatisticgstd::ostream &0s, const std::string &before) const
Writes simulation statistics to output stream os.

« void GenerateSnapsh(tonst std::string &filename) const throw (SPARK::XlInitialization)
Generates the snapshot file named "filename".
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3.8.1 Detailed Description

Representation of a problem object in the SPARK solver.

Class methods implement :

« read values from input files
 generate snapshot files and write reported values to output or trace files

* solve system of equations for the unknown problem variabl€§ @tk = t;,,;;i0; Wheret,,;1ia1 = InitialTime as specified
in the runtime controls

* solve system of equations for the unknown problem variables;fo5.; + dt <=t <= tsina Wheredt = TimeStep and
trinal = FlinalTime as specified in the runtime controls file

* save current values of problem variables as history

Note:

The TProblemclass relies for all runtime information on SPARK:: TRuntimeControl®bject that is passed to thEProb-
lem::Initialize() method.

« Invoke theTProblem::Initialize(Jmethod to bind th&PARK:: TRuntimeControlsbject with aTProblemobject.

 Before re-invoking th& Problem::Initialize()method, make sure that you have invoked the mefffablem:: Terminate()
first to reset the various managers.

Examples:
multiproblem_examplel.cppndsparksolver.cpp

3.8.2 Member Typedef Documentation
3.8.2.1 typedef std::bitsek DIAGNOSTICTYPES_L > SPARK:: TProblem::TDiagnosticLevel

Bitset used to specify the diagnostic level with the different diagnostic types.

To make a run with convergence and preferences diagnostic, spg@igitiposticLevel( 9 () ) in the runtime controls file
whereby 9 = 1 DiagnosticType_ CONVERGENCE 8 (DiagnosticType_ PREFERENCES

3.8.3 Member Enumeration Documentation
3.8.3.1 enumSPARK::TProblem::DiagnosticTypes
Level of more or less detailed diagnostic to the run log output stream.

Enumeration values:
DiagnosticType_. CONVERGENCE(=1) show convergence behavior at each iteration

DiagnosticType_INPUTS (=2) show where the variables get their input from

DiagnosticType_ REPORTS(=4) show reported values at each report event

DiagnosticType_ PREFERENCES(=8) show preference settings as loadetddadPreferenceSettings()
DiagnosticType_STATISTICS(=16) show run statistics at the end of simulation

DiagnosticType_ REQUESTS(=32) show atomic class requests

DIAGNOSTICTYPES_L Number of diagnostic types.
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3.8.3.2 enumSPARK::TProblem::SimulationFlags
Simulation flags.

Enumeration values:
SimulationFlag_OK Step was computed successfully.

SimulationFlag_BAD_NUMERICS Bad numerics detected.

SimulationFlag_NO_CONVERGENCE Could not obtain convergence while solving nonlinear system(s).
SimulationFlag_SINGULAR_SYSTEM Detected a singular or "badly-conditioned" linear system.
SimulationFlag_TIMESTEP_TOO_SMALL Time step selection is limited by MinTimeStep from runtime controls file.
SimulationFlag_FAILED_STEP Step was rejected too many times in response to user’s requests.
SimulationFlag_IDLE Default step when starting the simulation.

SIMULATIONFLAGS_L Number of simulation flags.

3.8.4 Constructor & Destructor Documentation

3.8.4.1 SPARK::TProblem::TProblem (unsignednuminverses SPARK::TInverse x inverse$], unsigned numVariables
SPARK::TVariable x variableg], unsigned numComponentsSPARK:: TComponent x componentf]) throw
(SPARK::XMemory)

Constructs & Problemobject from the structure specified by the variable arrays and the solution sequence described by the compo-
nent array.

Parameters:
numinverses Number of inverses

inverses Array of pointers tol Inverseobjects

numVariables Number of problem variables

variables Array of pointers to TVariable objects
numComponentsNumber of components comprising the problem
componentsArray of pointers tof Componenbbjects

Exceptions:
Throws SPARK::XMemoryif out of memory when building the problem.

3.8.4.2 SPARK:: TProblem::~TProblem () throw ()

Destructor that frees memory allocated for the various solvers.
Note:

Destructor does not destroy any data that was passed to the constructor to describe the problem topology. The calling progran
is responsible for destroying these data structures explicitly if needed.

3.8.5 Member Function Documentation
3.8.5.1 void SPARK:: TProblem::Initialize (const SPARK:: TRuntimeControls & controls) throw (SPARK::XMemory )

Performs run-time initialization.
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Parameters:
controls runtime control parameters for the simulation

Postcondition:
Initializes clock manager
Allocates history and inner values
Prepares input and output managers
Loads initial values
Fires construct callbacks

Examples:
sparksolver.cpp

3.8.5.2 void SPARK::TProblem::LoadPreferenceSettings (conssPARK::TPreferenceSettings& preferenceythrow
(SPARK::XMemory)

Loads preference settings (default and for each component).

Parameters:
preferencesAn object of clasSPARK:: TPreferenceSettingisat contains data from theprf file

Postcondition:
The SPARK::TGlobalSettingsbject is loaded for this problem.
The SPARK::TComponentSettingshject are loaded for each component.

Examples:
sparksolver.cpp

3.8.5.3 SimulationFlags SPARK::TProblem::Simulate () throw ( SPARK::XInitialization )

Computes solution from Initial Time to FinalTime.

Returns:
Simulation flag as enum SimulationFlags

Precondition:
Problem must have initialized with a prior call Té&roblem::Initialize()

Postcondition:
Output and trace files are updated after each simulation step until end of simulation.
Initial snapshot file is generated after the first step if requested in the runtime controls file.
Final snapshot file is generated at the last step if requested in the runtime controls file.

Exceptions:
Throws a SPARK::Xlnitializationexception object if problem was not initialized or if it is in an inconsistent state.

Examples:
sparksolver.cpp
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3.8.5.4 void SPARK::TProblem::Terminate ()
Ends processing and writes statistics to run log file.
Postcondition:
Fires destruct callbacks
Deletes input and output managers
Resets internal counters to allow for a fresh simulation run with a new set of runtime controls specified with & Batitto
lem::Initialize().

Examples:
sparksolver.cpp

3.8.5.5 void SPARK:: TProblem::Save SPARK:: TProblem::TState & statg const throw (SPARK::Xlnitialization )

Saves problem state at current time.

This method populates the state object with the state of the problem at the current time.

Parameters:
state Object containing the problem state being saved.

Exceptions:
Throws a SPARK::Xlnitializationexception object if problem could not be saved

3.8.5.6 void SPARK:: TProblem::Restore (consSPARK::TProblem::TState & statg

Restores problem state at the time specified in the state structure.

The method initializes the variables with the trajectory values stored in the state object. For now there is no support for class data
persistency.

Parameters:
state Object containing the saved problem state to be restored.

3.8.5.7 const chax SPARK:: TProblem::GetName () const

Returns the name of the problem as const€har

3.8.5.8 void SPARK::TProblem::SetName (const chak name

Sets the problem name from name.

3.8.5.9 unsigned long SPARK::TProblem::GetStepCount () const

Returns the number of simulation steps performed so far.

3.8.5.10 SPARK::TGlobalSettingsx SPARK:: TProblem::GetGlobalSettings ()

Returns pointer to global settings object.
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3.8.5.11 consBPARK::TGlobalSettingsx SPARK::TProblem::GetGlobalSettings () const

Returns pointer to const global settings object.

3.8.5.12 const SPARK:: TVariable& SPARK:: TProblem::GetGlobalTime () const

Returns a const reference to the TVariable object that describes the global time link.

3.8.5.13 const SPARK::TVariable& SPARK::TProblem::GetGlobalTimeStep () const

Returns a const reference to the TVariable object that describes the global time step link.

3.8.5.14 SPARK::TVariable& SPARK::TProblem::GetVariable (unsigned handle) throw (SPARK::XAssertion)

Returns TVariable& object by handle

Parameters:
handle is the unsigned value that uniquely identifies this variable as specified in the XML file. See TVariable::Handle

Exceptions:
SPARK::XAssertion Could not find a variable for this handle

3.8.5.15 const SPARK::TVariable& SPARK::TProblem::GetVariable (unsigned handle) const throw
(SPARK::XAssertion)

Returns const TVariable& object by handle

Parameters:
handle is the unsigned value that uniquely identifies this variable as specified in the XML file. See TVariable::Handle

Exceptions:
SPARK::XAssertion Could not find a variable for this handle

3.8.5.16 SPARK::TVariable& SPARK::TProblem::GetVariable (const char x namé throw (SPARK::XAssertion)

Returns TVariable& object by name

Parameters:
name const char that stands for the name of the variable as specified in the XML file. See TVariable::Name

Note:
The variable name is case-sensitive.

Exceptions:
SPARK::XAssertion Could not find a variable with this name.
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3.8.5.17 const SPARK::TVariable& SPARK::TProblem::GetVariable (const char x namé const throw
(SPARK::XAssertion)

Returns const TVariable& object by name

Parameters:
name const char that stands for the name of the variable as specified in the XML file. See TVariable::Name

Note:
The variable name is case-sensitive.

Exceptions:
SPARK::XAssertion Could not find a variable with this name.

3.8.5.18 SPARK::TInversex SPARK::TProblem::Getinverse (unsignedhandle)

Returns pointer td Inverseobject by handle.

3.8.5.19 SPARK:: TInversex SPARK:: TProblem::Getlnverse (const charx name

Returns pointer td@Inverseobject by name.

3.8.5.20 SPARK::TObject * SPARK:: TProblem::GetObject (unsigned handle)

Returns pointer td Objectobject by handle.

3.8.5.21 SPARK::TObject « SPARK:: TProblem::GetObject (const char x name

Returns pointer td Objectobject by name.

3.8.5.22 bool SPARK::TProblem::IsInitialTime () const

Returns true if global time is equal to initial time.

3.8.5.23 bool SPARK::TProblem::IsFinalTime () const

Returns true if global time is equal to final time.

3.8.5.24 bool SPARK::TProblem::Starting () const

Returns true if first step of simulation.

Note:
True for first step computed when callifg’roblem::Simulate(This is different than checking fagetStepCountf=1 since
the StepCount counter is incremented at every step, possibly for multiple casdblem::Simulate()StepCount is reset to 0
only when callingTProblem::Initialize()
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3.8.5.25 bool SPARK::TProblem::IsStaticStep () const

Returns true if current step is a static step.

3.8.5.26 bool SPARK::TProblem::IsTimeStepVariable () const

Returns true if key VariableTimeStep is set to 1 in runtime controls.

3.8.5.27 bool SPARK::TProblem::IsReady () const

Returns true if problem is ready for simulation. False otherwise.

3.8.5.28 bool SPARK::TProblem::IsDiagnostic () const [inline]

Returns true if any diagnostic is set.

3.8.5.29 bool SPARK::TProblem::IsDiagnostic DiagnosticTypesd) const [inline]

Returns true if diagnostic d is set.

3.8.5.30 bool SPARK::TProblem::WriteStamp (std::ostream & 0s) const

Writes current step stamp to output stream os.

3.8.5.31 void SPARK:: TProblem::ReportStatistics (std::ostream &os const std::string & before const

Writes simulation statistics to output stream os.

3.8.5.32 void SPARK::TProblem::GenerateSnapshot (const std::string &ilenamé const throw (SPARK::XInitialization )

Generates the snapshot file named "filename".

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

* problem.h
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3.9 SPARK:TProblem::TState Class Reference

Interface class defining the methods used to save and restore the state of the problem uBPmlilen::Save(and TProb-
lem::Restore(jnethods.

#include  <problem.h >

Public Member Functions
Structors

« TState()
Default consrtuctor.

« TState(constTState&)
Copy constructor: deep copy of values and class states.

e ~TState() throw ()
Destructor.

Access functions for trajectory

¢ const chak GetContex{) const
Returns the character string that dscribes the context at the time the problem state was saved.

» doubleGetTime(unsigned idx) const
Returns the value of the global time variable for the past value.

« doubleGetTimeSteffunsigned idx) const
Returns the value of the global time step variable for the past vdiue

* unsignedGetNumVariableg) const
Returns the number of variables stored in Trajectory.

* unsignedsetNumPastValue§ const
Returns the number of past values stored in Trajectory for each variable.

« value_container &etPastValue@unsigned idx)
Returns container with desired past values corresponding to iitbex

e const value_container &etPastValuegunsigned idx) const
Returns container with desired past values corresponding to ittex

Main operations

 void Save(const std::string &context, const SPARK::TTrajectory &trajectory, const TTopology &topology)
Loads the problem state at the current time (values and class data).

« void RestorgTTrajectory &trajectory, TTopology &topology) const
Restores the problem state.
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3.9.1 Detailed Description

Interface class defining the methods used to save and restore the state of the problem uEPmlilen::Save(and TProb-
lem::Restore(jnethods.

The class defines methods used to save the values of all variables at the current global time. Then an instance of this class can |
used to restore the problem state by invoKirRyoblem::Restore(h order to restart a simulation.

Warning:
These methods do not try to store or load the private data associated with each inverse and/or object in the problem under study
This can potentially cause problems when restarting the simulation with saved solution values because the private data might be

in a different state. A later version of SPARK will provide support for full serialization of the problem state, i.e., including class
private data, through the addition of dedicated callbacks.

3.9.2 Constructor & Destructor Documentation
3.9.2.1 SPARK::TProblem::TState::TState ()

Default consrtuctor.

3.9.2.2 SPARK::TProblem::TState::TState (constT State &)

Copy constructor: deep copy of values and class states.

3.9.2.3 SPARK:TProblem::TState::~TState () throw ()

Destructor.

3.9.3 Member Function Documentation
3.9.3.1 const chat SPARK::TProblem::TState::GetContext () const

Returns the character string that dscribes the context at the time the problem state was saved.

3.9.3.2 double SPARK::TProblem::TState::GetTime (unsigneddx) const

Returns the value of the global time variable for the past vialxe.

Exceptions:
Throws SPARK::Xinitialization if operation failed

3.9.3.3 double SPARK::TProblem::TState::GetTimeStep (unsigneddx) const

Returns the value of the global time step variable for the past vdlue

Exceptions:
Throws SPARK::Xinitialization if operation failed
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3.9.3.4 unsigned SPARK::TProblem::TState::GetNumVariables () const

Returns the number of variables stored in Trajectory.

Returns:
Number of values defining the trajectory, including the values of the global time and the global time step.

3.9.3.5 unsigned SPARK::TProblem::TState::GetNumPastValues () const

Returns the number of past values stored in Trajectory for each variable.

Returns:
Number of past values

3.9.3.6 value_container& SPARK::TProblem::TState::GetPastValues (unsigneix)

Returns container with desired past values corresponding to idgex

Returns:
Reference to container of values

3.9.3.7 constvalue_container& SPARK::TProblem::TState::GetPastValues (unsigneidx) const

Returns container with desired past values corresponding to idgex

Returns:
Const reference to container of values

3.9.3.8 void SPARK::TProblem::TState::Save (const std::string &context const SPARK::TTrajectory & trajectory, const
TTopology & topology

Loads the problem state at the current time (values and class data).
If necessary, frees previously allocated memory.

Parameters:
context Description of the problem context

trajectory Trajectory tracker for the current problem
topology Problem topology to save

3.9.3.9 void SPARK:: TProblem::TState::Restore (TTrajectory & trajectory, TTopology & topology const

Restores the problem state.

Parameters:
trajectory Trajectory tracker for the current problem

topology Problem topology to restore
The documentation for this class was generated from the following file:

* problem.h
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3.10 SPARK:: TRuntimeControls Class Reference

Wrapper class for all the runtime control information required to initialiZé®aoblemobject in order to make a simulation run.

#include <ctrls.h >

Public Types

* typedef std::vector std::string> TInputFiles
Type used to describe the list of input files specified inithen file with the keynputFiles

Public Member Functions
Structors

¢ TRuntimeControlgconst charxname)
Loads default controls.

« TRuntimeControlgconst chaxname, const chairrunFileName) throw (SPARK:: XlInitialization)
Loads controls from file "runFileName".

¢ ~TRuntimeControlg) throw ()
Trivial destructor.

Access methods

¢ const char GetNamg) const
Returns name of runtime controls esnst char .

 const chax GetRunFileNamég) const
Returns name of therun file asconst char .

« const char GetlnitialSnapshotFileNam@ const
Returns the name of the initial snapshot filecasst char .

« void SetlnitialSnapshotFileNam(eonst chasstr)
Sets the name of the initial snapshot filesto .

« const char GetFinalSnapshotFileNanfeconst
Returns the name of the final snapshot fileagst char .

« void SetFinalSnapshotFileNanfeonst chakstr)
Sets the name of the final snapshot filstto .

e TInputFiles& GetlnputFiley)
Returns a reference to the TInputFiles object that contains the list of the input files specified .iuthiile.

» constTInputFiles& GetlnputFileq) const
Returns a const reference to the TInputFiles object that contains the list of the input files specified faritfide.

« const chak GetOutputFileNamé) const
Returns the name of the output fileamst char * where the variables tagged with tREPORTkeyword are reported.

SPARK 2.01



3.10 SPARK:: TRuntimeControls Class Reference

« void SetOutputFileNaméconst chakfilename)
Sets the name of the output filefilename  where the variables tagged with tREPORkeyword will be reported.

« const chak GetlnitialWallClock() const
Returns the string describing the initial wall clock esnst char .

« void SetlnitialWallClock(const chakstr)
Sets the string describing the initial wall clockstr .

 const chax GetTimeUnit() const
Returns the string describing the time unit used in the physical modwsiret char .

« void SetTimeUnit(const chastr)
Sets the string describing the time unit used in the physical mog#l to

¢ unsignedsetNumPastValue§ const
Returns the number of successive past values that the problem simulator keeps trachsifjasd .

 void SetNumPastValugginsigned numPastValues)
Sets the number of successive past values that the problem simulator keeps trakoPastValues .

 unsignedGetDiagnosticLeve() const
Returns the diagnostic level assigned .

« void SetDiagnosticLevelunsigned level)
Sets the diagnostic level tevel

« doubleGetlnitialTime() const
Returns the initial time value afouble .

« void SetlnitialTime(double initialTime)
Sets the initial time value timitialTime

¢ doubleGetFinalTime() const
Returns the final time value a@suble .

« void SetFinalTimgdouble finalTime)
Sets the final time value fmalTime

* void SetlInfiniteFinalTimg)
Sets the final time value to infinity.

« doubleGetlnitialTimeStef) const
Returns the value of the intial time stepduble .

« void SetlnitialTimeSteg{double initial TimeStep)
Sets the value of the initial time stepititial TimeStep

¢ doubleGetMinTimeStef) const
Returns the value for the minimum time step allowedasle .

 void SetMinTimeStegdouble minTimeStep)
Sets the value for the minimum time step allowenhitoTimeStep .

« doubleGetMaxTimeStef) const
Returns the value for the maximum time step allowedicagle .

 void SetMaxTimeStejdouble maxTimeStep)
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Sets the value for the maximum time step allowedasTimeStep .

« doubleGetFirstReporf) const
Returns the time for the first report to be generatedlasgble .

« void SetFirstReporfdouble firstReport)
Sets the time of the first report tiostReport

» doubleGetReportCyclg) const
Returns the time step used to generate the reportoable .

« void SetReportCyclédouble reportCycle)
Sets the time step used to generate the repontsgortCycle

¢ unsignedGetVariableTimeStef) const
Returns the flag that controls whether variable time stepping operation is on or offsigned .

« void SetVariableTimeStefunsigned flag)
Sets the flag taht controls whether variable time stepping operation is on orftdfto.

* unsignedGetConsistentinitialCalculatiof) const

Returns the flag that controls whether or not to perform an initial consistent calculation for the first step of the simulation as
unsigned .

« void SetConsistentlnitialCalculatigiunsigned flag)

I/O Operations

 void Write (std::ostream &0s, const std::string &before) const
Writes the runtime controls tos.

Misc operation

¢ unsignedvalidateControlgstd::ostream &0s) const
Checks specified controls and returns the number of invalid controls.

« void Reset()
Resets all controls to the default values.

3.10.1 Detailed Description
Wrapper class for all the runtime control information required to initialiZé>aoblemobject in order to make a simulation run.

Examples:
multiproblem_examplel.cppndsparksolver.cpp

3.10.2 Member Typedef Documentation
3.10.2.1 typedef std::vectokstd::string > SPARK:: TRuntimeControls:: TInputFiles

Type used to describe the list of input files specified intmen file with the keyinputFiles
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3.10.3 Constructor & Destructor Documentation
3.10.3.1 SPARK:TRuntimeControls:: TRuntimeControls (const charx name

Loads default controls.

3.10.3.2 SPARK:TRuntimeControls::TRuntimeControls (const charx name const charx runFileName) throw
(SPARK::XInitialization )

Loads controls from file "runFileName".

Exceptions:
SPARK::XlInitialization Thrown if the runtime controls could not be validated.

3.10.3.3 SPARK::TRuntimeControls::~TRuntimeControls () throw ()

Trivial destructor.

3.10.4 Member Function Documentation
3.10.4.1 const chat SPARK:: TRuntimeControls::GetName () const [inline]

Returns name of runtime controls@snst char .

3.10.4.2 const char SPARK:: TRuntimeControls::GetRunFileName () const [inline]

Returns name of the.run file asconst char .

3.10.4.3 const char SPARK:: TRuntimeControls::GetlnitialSnapshotFileName () const [inline]

Returns the name of the initial snapshot filecaast char .

Note:
By default, no initial snapshot file will be generated.

3.10.4.4 void SPARK::TRuntimeControls::SetlnitialSnapshotFileName (const chak str) [inline]

Sets the name of the initial snapshot filesto .

3.10.4.5 const char SPARK:: TRuntimeControls::GetFinalSnapshotFileName () const [inline]

Returns the name of the final snapshot fileasst char .

Note:
By default, no final snapshot file will be generated.
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3.10.4.6 void SPARK:: TRuntimeControls::SetFinalSnapshotFileName (const char str) [inline]

Sets the name of the final snapshot fileto .

3.10.4.7 TInputFiles& SPARK:: TRuntimeControls::GetlnputFiles () [inline]

Returns a reference to the TInputFiles object that contains the list of the input files specified.nuthide.

3.10.4.8 constInputFiles & SPARK:: TRuntimeControls::GetInputFiles () const [inline]

Returns a const reference to the TInputFiles object that contains the list of the input files specifiedrurtfiée.

3.10.4.9 const char SPARK:: TRuntimeControls::GetOutputFileName () const [inline]

Returns the name of the output fileamst char * where the variables tagged with tREPORkeyword are reported.

3.10.4.10 void SPARK:: TRuntimeControls::SetOutputFileName (const chak filename [inline]

Sets the name of the output filefiename  where the variables tagged with tREPORTkeyword will be reported.

3.10.4.11 const char SPARK::TRuntimeControls::GetlnitialwWallClock () const  [inline]

Returns the string describing the initial wall clock@sst char .

The format of the initial wall clock string follows: "mm/dd/yyyy hh:mm:ss"

Note:
The initial wall clock string is parsed by the URL engine and is used for synchronization with various weather files.

3.10.4.12 void SPARK:: TRuntimeControls::SetlnitialWallClock (const char * str) [inline]

Sets the string describing the initial wall clocksty .

3.10.4.13 const char SPARK:: TRuntimeControls::GetTimeUnit () const [inline]

Returns the string describing the time unit used in the physical modelret char .

* The time unit is used by the URL engine to initialize the weather file readers with the proper time unit used in the simulation
model.

* Also, this time unit will be used to override the unit strings in the global time and global time step variables in the physical
model for consistency reasons.

Note:
It should be a unit string reecognized by the URL engine.

3.10.4.14 void SPARK:: TRuntimeControls::SetTimeUnit (const chark str) [inline]

Sets the string describing the time unit used in the physical mod#t to
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3.10.4.15 unsigned SPARK:: TRuntimeControls::GetNumPastValues () constfinline]

Returns the number of successive past values that the problem simulator keeps traoksided

3.10.4.16 void SPARK:: TRuntimeControls::SetNumPastValues (unsignedumPastValue¥ [inline]

Sets the number of successive past values that the problem simulator keeps traukroPastValues

3.10.4.17 unsigned SPARK:: TRuntimeControls::GetDiagnosticLevel () const[inline]

Returns the diagnostic level assigned

The possible values for the diagnostic level are defineéidAroblem::DiagnosticTypes

Note:
The value 0 indicates that no diagnostic will be generated at runtime.
3.10.4.18 void SPARK::TRuntimeControls::SetDiagnosticLevel (unsigneteve) [inline]

Sets the diagnostic level tevel

3.10.4.19 double SPARK:: TRuntimeControls::GetlnitialTime () const [inline]

Returns the initial time value a®uble .

3.10.4.20 void SPARK::TRuntimeControls::SetlnitialTime (doubleinitialTime) [inline]

Sets the initial time value tmitialTime

3.10.4.21 double SPARK::TRuntimeControls::GetFinalTime () const [inline]

Returns the final time value asuble .

3.10.4.22 void SPARK:: TRuntimeControls::SetFinalTime (doublefinalTime) [inline]

Sets the final time value finalTime

3.10.4.23 void SPARK:: TRuntimeControls::SetInfiniteFinalTime ()

Sets the final time value to infinity.

The problem simulator will not stopped unless a stop request, abort request or a set stop time request is posted. This is equivalent t
specifyingFinalTime( x ()) inthesx.run file.

3.10.4.24 double SPARK:: TRuntimeControls::GetlnitialTimeStep () const [inline]

Returns the value of the intial time stepdsuble .

Note:
If the value is zero, then the clock will not be advanced and only one step will be calculated.
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3.10.4.25 void SPARK:: TRuntimeControls::SetlnitialTimeStep (doubleinitialTimeStep [inline]

Sets the value of the initial time stepitatialTimeStep

3.10.4.26 double SPARK::TRuntimeControls::GetMinTimeStep () const [inline]

Returns the value for the minimum time step allowedasble .

3.10.4.27 void SPARK:: TRuntimeControls::SetMinTimeStep (doubleminTimeStep [inline]

Sets the value for the minimum time step allowedrion TimeStep .

3.10.4.28 double SPARK:: TRuntimeControls::GetMaxTimeStep () const [inline]

Returns the value for the maximum time step allowed@sble .

3.10.4.29 void SPARK:: TRuntimeControls::SetMaxTimeStep (doublanaxTimeStep [inline]

Sets the value for the maximum time step allowedtxTimeStep .

3.10.4.30 double SPARK:: TRuntimeControls::GetFirstReport () const [inline]

Returns the time for the first report to be generatedasle .

3.10.4.31 void SPARK:: TRuntimeControls::SetFirstReport (doublefirstRepor) [inline]

Sets the time of the first report fwstReport

3.10.4.32 double SPARK:: TRuntimeControls::GetReportCycle () const [inline]

Returns the time step used to generate the repodsu#se .

This report time step is independent from the simulation time step. However, if the simulation supports variable time stepping, then
the simultation time step will be adapted to synchronize withi thikesired reporting times.cpor [1]: treport[i] = FirstReport +
1 * ReportCycle

Note:
If ReportCycle == 0, then reports are generate at each simulation step.

3.10.4.33 void SPARK::TRuntimeControls::SetReportCycle (doubleeportCyclg [inline]

Sets the time step used to generate the reporepiortCycle

3.10.4.34 unsigned SPARK:: TRuntimeControls::GetVariableTimeStep () const[inline]

Returns the flag that controls whether variable time stepping operation is on onuf§igned

« If VariableTimeStep== then the time step remains constant during the course of the simulation.
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« If VariableTimeStep==1 then the time step is adapted to satisfy the meeting points and the time step requests during the
course of the simulation.

3.10.4.35 void SPARK:: TRuntimeControls::SetVariableTimeStep (unsignedlag) [inline]

Sets the flag taht controls whether variable time stepping operation is on offlaff to.

3.10.4.36 unsigned SPARK::TRuntimeControls::GetConsistentlnitialCalculation () const [inline]

Returns the flag that controls whether or not to perform an initial consistent calculation for the first step of the simulation as
unsigned

« If ConsistentlnitialCalculation == 0 then no initial calculation is performed.
« If ConsistentlnitialCalculation == 1 then an initial calculation is performed in order to ensure a consistent of
initial values.

The initial consistent calculation consists in computing a static step to solve for the time-derivatives, the dynamic variables being set
to their user-specified initial values.

Note:
It is highly recommended to perform an initial consistent calculation for dynamic problems to make sure that the integrator

classes do rely on a consistent set of initial conditions. Otherwise, it is likely that the initial error will accumulate and is likely
to produce an inaccurate dynamic solution.

3.10.4.37 void SPARK::TRuntimeControls::SetConsistentlnitialCalculation (unsignedlag) [inline]

Sets the flag that controls whether or not to perform an initial consistent calculation for the first step of the simufkipn to

3.10.4.38 void SPARK::TRuntimeControls::Write (std::ostream & o0s, const std::string & before const

Writes the runtime controls tos.

3.10.4.39 unsigned SPARK::TRuntimeControls::ValidateControls (std::ostream &0s) const
Checks specified controls and returns the number of invalid controls.
Note:

This method is called imRuntimeControls(const charunFileName) If using the default constructdrRuntimeControls()
then you should call this method explicitly to make sure that the controls are valid.

3.10.4.40 void SPARK:: TRuntimeControls::Reset ()

Resets all controls to the default values.
See namespa&PARK::DefaultRuntimeControfer the list of the default controls.

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

e ctrls.h
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3.11 SPARK::XAssertion Class Reference

Base class for all SPARK exceptions.
#include  <exceptions.h >

Inheritance diagram for SPARK::XAssertion:

SPARK::XAssertion
- Code
- Type

- Message
- Where
+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()
+1ype()
+ message()
+ where()
+ code()
+ operator[]()
+ operator()()
- XAssertion()

- operator=()

% \
SPARK::XDimension SPARK::XInitialization SPARK::XIO SPARK:XMemory SPARK::XOutOfRange SPARK::XStepper SPARK::XTimeStep
+ XDimension() + Xlnitialization() + XI0() + XMemory() + XOutOfRange() + XStepper() + XTimeStep()

Public Types

* typedef enuniExitCodesTCode

Locally rename ExitCodes as TCode.

Public Member Functions

» XAssertion(const std::string &type, const std::string &where, const std::string &mes3&mecode)

Constructor with message specified as std::string.

» XAssertion(constXAssertion&x)
Copy constructor.

* virtual ~XAssertion() throw ()
Trivial destructor.

« virtual const chak what() const throw ()
Returns a description of the exception as a consthar

* const chak type() const throw ()

Returns type of the exception as const ehar

 const chax messag€) const throw ()
Returns message associated with the exception as const char

* const chak where() const throw ()
Returns where the exception was thrown from as constchar

» TCodecode() const throw ()

SPARK 2.01



3.11 SPARK::XAssertion Class Reference 81

Returns code of the exception as TCode.

» XAssertion& operator[ J(const std::string &where)

Appends sender’s information to Where string following-"".

» XAssertion& operator()const std::string &msg)

Appends msg to Message string on a new line.

3.11.1 Detailed Description
Base class for all SPARK exceptions.

Examples:
multiproblem_examplel.cpandsparksolver.cpp

3.11.2 Member Typedef Documentation
3.11.2.1 typedef enunkExitCodes SPARK::XAssertion::TCode

Locally rename ExitCodes as TCode.

3.11.3 Constructor & Destructor Documentation

3.11.3.1 SPARK:XAssertion::XAssertion (const std::string &type const std::string & where const std::string & message
TCodecodg [inline]

Constructor with message specified as std::string.

3.11.3.2 SPARK::XAssertion::XAssertion (consiXAssertion & x) [inline]

Copy constructor.

3.11.3.3 virtual SPARK::XAssertion::~XAssertion () throw () [inline, virtual]

Trivial destructor.

3.11.4 Member Function Documentation
3.11.4.1 virtual const chax SPARK::XAssertion::what () const throw () [virtual]

Returns a description of the exception as a const«char

3.11.4.2 const chat SPARK::XAssertion::type () const throw () [inline]

Returns type of the exception as const ehar
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3.11.4.3 const char SPARK::XAssertion::message () const throw () [inline]

Returns message associated with the exception as consgt char

3.11.4.4 const char SPARK::XAssertion::where () const throw () [inline]

Returns where the exception was thrown from as constchar

3.11.4.5 TCode SPARK::XAssertion::code () const throw () [inline]

Returns code of the exception as TCode.

3.11.4.6 |

XAssertior& SPARK::XAssertion::operator[] (const std::stringwhere

Appends sender’s information to Where string following-"".

3.11.4.7 XAssertion& SPARK::XAssertion::operator() (const std::string & msg

Appends msg to Message string on a new line.

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

» exceptions.h
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3.12 SPARK::XDimension Class Reference

Indicates that a runtime error occured due to mismatched dimension.
#include  <exceptions.h >

Inheritance diagram for SPARK::XDimension:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()
+type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XDimension

+ XDimension()

Collaboration diagram for SPARK::XDimension:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()
+type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XDimension

+ XDimension()

Public Member Functions

» XDimension(const std::string &where, const std::string &message)

Constructor.
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3.12.1 Detailed Description

Indicates that a runtime error occured due to mismatched dimension.

3.12.2 Constructor & Destructor Documentation

3.12.2.1 SPARK:XDimension::XDimension (const std::string &where const std::string & messagg [inline]

Constructor.

Parameters:
where string specified asonst std::string& indicating where in the source code this exception is thrown from
messagestring specified asonst std::string& documenting the reason for throwing this exception

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

» exceptions.h
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3.13 SPARK::XlInitialization Class Reference

Indicates that a runtime error occured while initializing an object.
#include  <exceptions.h >

Inheritance diagram for SPARK::Xlnitialization:

SPARK::XAssertion
- Code
- Type
- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()
+type()

+ message()
+ where()

+ code()

+ operator{]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XInitialization

+ Xinitialization()

Collaboration diagram for SPARK::Xlnitialization:

SPARK::XAssertion
- Code
- Type
- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()
+type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XInitialization

+ Xinitialization()

Public Member Functions

« Xlnitialization (const std::string &where, const std::string &messdgepdecode)

Constructor.
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3.13.1 Detailed Description

Indicates that a runtime error occured while initializing an object.

3.13.2 Constructor & Destructor Documentation

3.13.2.1 SPARK::XInitialization::XInitialization (const std::string & wherg const std::string & messageTCode code

[inline]
Constructor.
Parameters:
where string specified asonst std::string& indicating where in the source code this exception is thrown from
messagestring specified asonst std::string& documenting the reason for throwing this exception

code ExitCodes used to qualify the type of initilazation exception

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

» exceptions.h
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3.14 SPARK::XIO Class Reference

Indicates that a runtime error occured while performing an 10 operation.
#include  <exceptions.h >

Inheritance diagram for SPARK::X|O:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()

+ type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()
- operator=()

A
|

SPARK::XIO

Collaboration diagram for SPARK::XIO:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()

+ type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()

SPARK::XIO

+ XI0()

Public Member Functions

» XIO (const std::string &where, const std::string &message)

Constructor.
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3.14.1 Detailed Description

Indicates that a runtime error occured while performing an 10 operation.

3.14.2 Constructor & Destructor Documentation

3.14.2.1 SPARK::XIO::XIO (const std::string & where const std::string & messagg [inline]

Constructor.

Parameters:
where string specified asonst std::string& indicating where in the source code this exception is thrown from
messagestring specified asonst std::string& documenting the reason for throwing this exception

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

» exceptions.h
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3.15 SPARK:XMemory Class Reference

Indicates that a runtime error occured because memory could not be allocated.
#include  <exceptions.h >

Inheritance diagram for SPARK:: XMemory:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()

+ type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XMemory

+ XMemory()

Collaboration diagram for SPARK::XMemory:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()

+ type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XMemory

+ XMemory()

Public Member Functions

« XMemory (const std::string &where, const std::string &message)

Constructor.
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3.15.1 Detailed Description

Indicates that a runtime error occured because memory could not be allocated.

3.15.2 Constructor & Destructor Documentation

3.15.2.1 SPARK:XMemory::XMemory (const std::string & wherg const std::string & messagg [inline]

Constructor.

Parameters:
where string specified asonst std::string& indicating where in the source code this exception is thrown from
messagestring specified asonst std::string& documenting the reason for throwing this exception

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

» exceptions.h
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3.16 SPARK::XOutOfRange Class Reference

Indicates that a runtime error occured due to an out of range access operation on a container.
#include  <exceptions.h >
Inheritance diagram for SPARK::XOutOfRange:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()
+type()

+ message()
+ where()

+ code()

+ operatorf]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XOutOfRange
+ XOutOfRange()

Collaboration diagram for SPARK::XOutOfRange:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()
+type()

+ message()
+ where()

+ code()

+ operatorf]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XOutOfRange

+ XOutOfRange()

Public Member Functions

» XOutOfRangg(const std::string &where, const std::string &message)

Constructor.
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3.16.1 Detailed Description

Indicates that a runtime error occured due to an out of range access operation on a container.

3.16.2 Constructor & Destructor Documentation

3.16.2.1 SPARK::XOutOfRange::XOutOfRange (const std::string &where const std::string & messagg [inline]

Constructor.

Parameters:
where string specified asonst std::string& indicating where in the source code this exception is thrown from
messagestring specified asonst std::string& documenting the reason for throwing this exception

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

» exceptions.h
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3.17 SPARK::XStepper Class Reference

Inidicates that stepping to the next step failed.
#include  <exceptions.h >

Inheritance diagram for SPARK::XStepper:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()

+ type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XStepper

+ XStepper()

Collaboration diagram for SPARK::XStepper:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()

+ type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XStepper

+ XStepper()

Public Member Functions

» XStepper(const std::string &where, const std::string &message)

Constructor.
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3.17.1 Detailed Description

Inidicates that stepping to the next step failed.

3.17.2 Constructor & Destructor Documentation

3.17.2.1 SPARK::XStepper::XStepper (const std::string &where const std::string & messagg [inline]

Constructor.

Parameters:
where string specified asonst std::string& indicating where in the source code this exception is thrown from
messagestring specified asonst std::string& documenting the reason for throwing this exception

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

» exceptions.h
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3.18 SPARK:: XTimeStep Class Reference

Indicates that a runtime error occured while adapting the time step.
#include  <exceptions.h >

Inheritance diagram for SPARK::XTimeStep:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()

+ type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XTimeStep

+ XTimeStep()

Collaboration diagram for SPARK::XTimeStep:

SPARK::XAssertion

- Code

- Type

- Message
- Where

+ XAssertion()
+ XAssertion()
+ ~XAssertion()
+ what()

+ type()

+ message()
+ where()

+ code()

+ operator[]()
+ operator()()
- XAssertion()
- operator=()

SPARK::XTimeStep

+ XTimeStep()

Public Member Functions

» XTimeStep(const std::string &where, const std::string &message)

Constructor.
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3.18.1 Detailed Description

Indicates that a runtime error occured while adapting the time step.

3.18.2 Constructor & Destructor Documentation

3.18.2.1 SPARK:XTimeStep::XTimeStep (const std::string &where const std::string & messagg [inline]

Constructor.

Parameters:
where string specified asonst std::string& indicating where in the source code this exception is thrown from
messagestring specified asonst std::string& documenting the reason for throwing this exception

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

» exceptions.h
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Chapter 4

SPARK Build Process and Problem Driver API
File Documentation

4.1 component.h File Reference

Declaration of theSsPARK:: TComponentlass.
#include  <iosfwd >

#include  <string >

#include  <memory>

#include "container.h”

#include "compat.h"

#include "numeric.h"

#include "variable.h"

Include dependency graph for component.h:

iosfwd string memory container.h compat.h numeric.h variable.h

N

component.h

This graph shows which files directly or indirectly include this file:

Namespaces

* namespac&PARK
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4.1.1 Detailed Description

Declaration of thesPARK::TComponentlass.

Author:
Dimitri Curtil (LBNL/SRG)

Date:
September 9, 2002

Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL
BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.
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4.2 ctrls.h File Reference

Header file for the definition of thE PARK:: TRuntimeControlslass.
#include  <ctime >

#include  <cstdlib >

#include  <cmath >

#include  <iosfwd >

#include  <vector >

#include  <string >

#include "exceptions.h"

#include "compat.h"

Include dependency graph for ctrls.h:

string exception

stdexcept compat.h

ctime cstdlib cmath iosfwd vector

Namespaces

» namespac8PARK::DefaultRuntimeControls
* namespac8PARK

4.2.1 Detailed Description

Header file for the definition of th8PARK:: TRuntimeControlslass.

The SPARK:: TRuntimeControlslass is a wrapper class around all run-time control data needed to run a SPARK problem. It also
provides access and predicate methods for each runtime control.

Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL
BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.

Author:
Dimitri Curtil (LBNL/SRG)

Date:
January 15, 2003
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4.3 exceptions.h File Reference

Declaration of the generic exception classes used in the SPARK solver.
#include  <exception >

#include  <stdexcept >

#include  <string >

#include "compat.h"

#include "exitcode.h"

Include dependency graph for exceptions.h:

exception

stdexcept string compat.h

exceptions.h

This graph shows which files directly or indirectly include this file:

sparkapi.h

| problem.h | | ctrls.h | | prefs.h ‘

NV

Namespaces

¢ namespac&PARK

4.3.1 Detailed Description

Declaration of the generic exception classes used in the SPARK solver.

* classSPARK::XAssertion

* classSPARK::XDimension

* classSPARK::XOutOfRange
* classSPARK::XMemory

* classSPARK::XlInitialization
¢ classSPARK::XIO

* classSPARK::XTimeStep

* classSPARK::XStepper
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Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL

BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.

Author:
Dimitri Curtil (LBNL/SRG)

Date:
September 5, 2002
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4.4 exitcode.h File Reference

Definition of the exit codes returned by the SPARK solver.

This graph shows which files directly or indirectly include this file:

sparkapi.h

problem.h | | ctrls.h | | prefs.h ‘

Namespaces

¢ namespac&PARK

4.4.1 Detailed Description

Definition of the exit codes returned by the SPARK solver.

This header file defines tIi®PARK::ExitCode®num that the is returned by the SPARK solver in case of abnormal execution. The
main() driver function returns the val@ARK::ExitCode_OKf the simulation is successful.

Author:
Dimitri Curtil (LBNL/SRG)

Date:
June 28, 2002

Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL
BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.
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4.5 inverse.h File Reference

Declaration of theSPARK::TInverseclass.
#include  <memory>

#include "callback.h"

#include "types.h"

#include "compat.h"

Include dependency graph for inverse.h:

language.h

memory callback.h types.h compat.h

\M

This graph shows which files directly or indirectly include this file:

inverse.h

Namespaces

* namespac&PARK

4.5.1 Detailed Description
Declaration of the(SPARK:: TInverseclass.

Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL

BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.

Author:
Dimitri Curtil (LBNL/SRG)

Date:
January 10, 2003
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4.6 object.h File Reference

Declaration of theSPARK::TObjectclass.
#include  <memory>

#include "callback.h"

#include "compat.h"

Include dependency graph for object.h:

memory callback.h compat.h
object.h

This graph shows which files directly or indirectly include this file:

Namespaces

* namespac&PARK

4.6.1 Detailed Description

Declaration of thesPARK::TObjectclass.

Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL
BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.

Author:
Dimitri Curtil (LBNL/SRG)

Date:
January 12, 2003
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4.7 prefs.h File Reference

Header file for the definition of the class8PARK::TGlobalSettingsSPARK:: TComponentSettingsnd SPARK:: TPreference-
Settings

#include  <ctime >
#include  <cstdlib >
#include  <iosfwd >
#include  <string >
#include  <map>
#include "exceptions.h"
#include "compat.h"

Include dependency graph for prefs.h:

string exception stdexcept compat.h

ctime cstdlib iosfwd

‘\\\m

map

Namespaces

* namespac&PARK
* namespac8&PARK::DefaultGlobalSettings
* namespac8&PARK::DefaultComponentSettings

4.7.1 Detailed Description

Header file for the definition of the class8®ARK::TGlobalSettingsSPARK:: TComponentSettingsnd SPARK::TPreference-
Settings

The SPARK:: TPreferenceSettingtass is a wrapper class that manages the settings for all components, including the default settings
and the global settings.

The SPARK::TGlobalSettingslass is a wrapper class that contains the global solution method settings defined at the problem level
in the sectiorGlobalSettings of the x.prf file.

The SPARK:: TComponentSettingdass is a wrapper class that contains the solution method settings defined for each component
under the sectio@omponentSettings  of the x.prf file.

Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL
BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.

Author:
Dimitri Curtil (LBNL/SRG)

Date:
January 6, 2003
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4.8 problem.h File Reference

Declaration of the class&PARK::TProblemandSPARK::TProblem::TState
#include  <iosfwd >

#include  <bitset >

#include  <string >

#include  <memory>

#include  <vector >

#include "compat.h"

#include "exceptions.h"

Include dependency graph for problem.h:

string exception stdexcept compat.h

iosfwd bitset exceptions.h memory vector

/

problem.h

This graph shows which files directly or indirectly include this file:

sparkapi.h

Namespaces

* namespac8PARK
* namespac&PARK::Requests

Defines

* #define_ PROBLEM_H_

4.8.1 Detailed Description

Declaration of the class&3PARK::TProblemandSPARK:: TProblem:: T State
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4.8.2 Define Documentation

4.8.2.1 #define _PROBLEM_H__

Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL

BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.

Author:
Dimitri Curtil (LBNL/SRG)

Date:
April 20, 2001
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4.9 sparkapi.h File Reference

Header file defining the functions required to manage the SPARK problems in a driver function.
#include  <iosfwd >

#include  <string >

#include  <fstream >

#include "problem.h"

#include "exceptions.h"

#include "compat.h"

Include dependency graph for sparkapi.h:

exception stdexcept compat.h

string

bitset memory vector

fstream

sparkapi.h

This graph shows which files directly or indirectly include this file:

sparkapi.h

Namespaces

* namespac8PARK

* namespac8&PARK::Problem::StaticBuild

* namespac8PARK::Problem

* namespac8&PARK::Problem::DynamicBuild

4.9.1 Detailed Description

Header file defining the functions required to manage the SPARK problems in a driver function.
This file should be included in the C++ source file where the main driver function is implemented.

It defines functions to start, end and exit the simulation session :

» SPARK::Start()
* SPARK::End()

* SPARK::ExitWithError()
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Utility functions :

* SPARK::Log()
* SPARK::GetFileName()

Access functions :

* SPARK::GetProgramName()
* SPARK::GetBaseName()
» SPARK::GetVersion()

* SPARK::GetRunLog()
» SPARK::GetRunLogFilename()

* SPARK::GetErrorLog()
* SPARK::GetErrorLogFilename()

SPARK problem API functions used to manag@ARK:: TProblenobjects :

* SPARK::Problem::StaticBuild::ParseCommandLine()
* SPARK::Problem::StaticBuild::ShowCommandLineUsage()
» SPARK::Problem::StaticBuild::Load()

* SPARK::Problem::DynamicBuild::ParseCommandLine()
¢ SPARK::Problem::DynamicBuild::ShowCommandLineUsage()
* SPARK::Problem::DynamicBuild::Load()

* SPARK::Problem::Get()

* SPARK::Problem::Unload()

e SPARK::Problem::Initialize()

» SPARK::Problem::LoadPreferenceSettings()
* SPARK::Problem::Terminate()

* SPARK::Problem::Save()

» SPARK::Problem::Restore()

* SPARK::Problem::Simulate()

* SPARK::Problem::Step()

» SPARK::Problem::StaticStep()

Author:
Dimitri Curtil (LBNL/SRG)

Date:
May 21, 2002 Extended API in Sept, 2003

Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL
BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.
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4.10 sparkmacro.h File Reference

Header file defining the preprocessor macros required to build a static SPARK problem freropgdile describing the problem
topology.

#include "variable.h"

#include "callback.h"

#include "inverse.h"

#include "object.h"

#include "component.h"

#include "problem.h"

#include "sparkapi.h"

#include "spark.h"

Include dependency graph for sparkmacro.h:

variable.h callback.h

object sparkapih

spark.h

sparkmacro.h

Defines

 #define_ QUOTE_(X) #x
Causes the corresponding actual argument to be enclosed in double quotation marks.

#define NAMESPACE (name) _##name

Prefixes name with underscore to make it a valid qualifier for a namespace.

#defineSTART_ARRAY(size)
Defines a non-empty array for elements of the pre-defined type element_typd[3eARRAY

#defineEND_ARRAY };
Defines the end of a non-empty array. SSART_ARRAY

#defineEEMPTY_ARRAY
Defines an empty array of pre-defined type element_type.

#defineSTART _PROBLEMname)
Starts the definition of a TProblem object named name EB#e PROBLEM

#defineEND_PROBLEM

Ends the definition of a TProblem object. Also takes care of registering the compiled problem point8PARIKenvironment. See
START_PROBLEM

#defineSTART _INVERSES
Start the declaration of list of inverse functions. &¢D_INVERSES
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* #defineEND_INVERSES};

Terminates the declaration of the list of inverse functions. SB8RT INVERSES

4.10.1 Detailed Description

Header file defining the preprocessor macros required to build a static SPARK problem freropidile describing the problem
topology.

This file is included in the "problem.cpp” file by setupcpp. It defines the macros required to compile the problem. There is a one-to-
one matching between the XML DTD used in thaml file and the preprocessor macros for each section. See the file "spark2.dtd"
in the example section.

Author:
Dimitri Curtil (LBNL/SRG)

Date:
July 9, 2002

Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL
BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.

4.10.2 Define Documentation
4.10.2.1 #define _QUOTE_(x) #x

Causes the corresponding actual argument to be enclosed in double quotation marks.

4.10.2.2 #define _NAMESPACE_(name) _##name

Prefixes name with underscore to make it a valid qualifier for a namespace.

4.10.2.3 #define START_ARRAY(size)

Value:

const unsigned Size = size; \
element_type Array[] = { \

Defines a non-empty array for elements of the pre-defined type element_tydeNBeARRAY.

4.10.2.4 #define END_ARRAY };

Defines the end of a non-empty array. SSART_ARRAY.

SPARK 2.01



112 SPARK Build Process and Problem Driver API File Documentation

4.10.2.5 #define EMPTY_ARRAY
Value:

const unsigned Size = 0; \
element_type* Array = 0; \

Defines an empty array of pre-defined type element_type.

4.10.2.6 #define START_PROBLEM(name)
Value:

namespace Problem__##name { \
const char* Name = _QUOTE_(name); \

Starts the definition of a TProblem object named name .E5de@ PROBLEM

4.10.2.7 #define END_PROBLEM

Value:

SPARK::TProblem Element( \
Inverses::Size, Inverses::Array, \
Variables::Size, Variables::Array, \
Components::Size, Components::Array \
%\
bool IsRegistered = SPARK::Problem::RegisterStaticinstance( Name, &Element ); \
h

Ends the definition of a TProblem object. Also takes care of registering the compiled problem pointSPARIK environment.
SeeSTART_PROBLEM

4.10.2.8 #define START _INVERSES
Value:

namespace Inverses { \
typedef SPARK::TInverse* element_type; \

Start the declaration of list of inverse functions. &&¢D INVERSES

4.10.2.9 #define END_INVERSES };

Terminates the declaration of the list of inverse functions. SB8RT_INVERSES
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4.11 types.h File Reference

Declaration of the type enums describing the various entities in a SPARK problem.
#include "language.h”

Include dependency graph for types.h:

language.h

This graph shows which files directly or indirectly include this file:

sparkmacro.h

/
inverse.h

Namespaces

¢ namespac&PARK

4.11.1 Detailed Description

Declaration of the type enums describing the various entities in a SPARK problem.

Declaration of :

 atomic class types in SPARK::AtomicTypes

« function types in SPARK::FunTypes

callback types irBPARK::CallbackTypes

callback return types iBPARK::ReturnTypes

callback prototypes iBSPARK::ProtoTypes
* variable types ir5PARK::VariableTypes

* request types iBPARK::RequestTypes

Attention:
PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.
PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA . PENDING APPROVAL
BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.
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Author:
Dimitri Curtil (LBNL/SRG)

Date:
January 5, 2003
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Chapter 5

SPARK Build Process and Problem Driver API
Example Documentation

5.1 multiproblem_examplel.cpp

The following code snippet is an example of a customized driver function that solves two problems respectively defined in the
files spring.xml and room_fc.xml. These two simple problems are provided with the SPARK distribution and can be found in the
examples subdirectory of the SPARK installation directory.

The code snippet shows the variable declarations and the sequence of operations required to solve the two SPARK problems withil
the same simulation session.

To build the simulator, you first have to build the problems room_fc.pr and spring.pr in their respective directories. Then you can
use the multiproblem makefiMulti-problem command filéo generate the customized simulator.

oo
/I File nultiproblem_examplel.cpp

/I Definition of a SPARK driver function for multiple problems instantiated from the
/I descriptions contained in the files :

/I - spring.cpp

/I - room_fc

/I that you can find in the spark/examples/ subdirectory.

/I This driver function is not used by the VisualSPARK distribution. Its purpose is to
/I show how a multi-problem driver could be implemented.

/I Make sure that all *.prf, *.run and *.xml files used in this driver are provided in the
/I working directory.

/I All problems are loaded at runtime. Prepare the dynamic libraries with the atomic classes
/I required by each probem.

i

1

/I Author  Dimitri Curtil (LBNL/SRG)

/I Date March 30, 2003

1

i

/I PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.

/I PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA .
/I PENDING APPROVAL BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.
1

M T T T

/I The debugger can't handle symbols more than 255 characters long.
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/I STL often creates symbols longer than that.
/I ' When symbols are longer than 255 characters, the warning is disabled.
#pragma warning(disable:4786)

#ifdef MacVersion
# include <console>
#endif

#include <iostream>
using std::cout;
using std::ofstream;
using std::endl;

#include <sstream>
using std::ostringstream;
using std::ends;
#include <string>

using std::string;

M T T T

1

/I Required header files

1

#include "sparkapi.h" /I for various API functions needed to manage the SPARK problem
#include "problem.h" /I for TProblem definition

#include "ctrls.h" /I for TRuntimeControls definition

#include "prefs.h" /I for TPreferenceSettings definition

#include "exitcode.h" /I for SPARK::TExitCode and SPARK::ExitWithError()

#include "exceptions.h" // for SPARK exception classes
i

M T T T T ]

/I Function name : RunProblem

/I Description : Loads and solves problem for the specified instance name,
1 and the *.run, *.prf and *.xml files.

/I Return type : void

/I Argument : const string& instanceName

/I Argument : const string& runFileName

/I Argument . const string& prfFileName

/I Argument : const string& xmlFileName

void RunProblem(
const string& instanceName,
const string& runFileName,
const string& prfFileName,
const string& xmlFileName )

/I We assume that the needed names are valid!

/I Construct TProblem object with:

/I - unique problem name

/I - name of the xml file with the problem description

/I Check whether problem has been successfully loaded or not

if ( ISPARK::Problem::DynamicBuild::Load( instanceName.c_str(), xmlFileName.c_str() ) ) {
ostringstream ErrMsg;

ErrMsg << "Could not load the problem \"' << instanceName.c_str() << "\" " << ends;

SPARK::ExitWithError(
SPARK::ExitCode_ERROR_INVALID_PROBLEM,
"Generic Problem Driver",

ErrMsg.str()

}

/I Prepare run-time controls and preference settings
ostringstream ControlsName;
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ControlsName << "Default SPARK driver for problem (" << instanceName.c_str() << ")" << ends;

SPARK::TRuntimeControls RuntimeControls(
ControlsName.str().c_str(), /I controls name
runFileName.c_str() /I *.run file name

)
SPARK::TPreferenceSettings PreferenceSettings( prfFileName.c_str() );

/I Retrieve pointer to SPARK::TProblem instance
SPARK::TProblem* P = SPARK::Problem::Get( instanceName.c_str() );

/I Setup problem for simulation
SPARK::Problem::Initialize( P, RuntimeControls );
SPARK::Problem::LoadPreferenceSettings( P, PreferenceSettings );

/I Perform simulation
SPARK::TProblem::SimulationFlags SimulationFlag = SPARK::Problem::Simulate(
P,
SPARK::Problem::TRestartFlag(),
SPARK::Problem::TStopTime(),
SPARK::Problem:: TTimeStep()
)i

if ( SimulationFlag != SPARK::TProblem::SimulationFlag_OK ) {
ostringstream ErrMsg;
ErrMsg << "Cannot recover. Abort simulation." << ends;

SPARK::ExitWithError(
SPARK::ExitCode_ERROR_NUMERICAL,
"Generic Problem Driver",

ErrMsg.str(),
P

}

/I Cleanup problem object and write statistics out.
SPARK::Problem::Terminate( P );

}
M T T T T T

TR
Z Entry point for the SPARK simulation program
i/:n main(int argc, char *argv[ ])

{ try {

I T T T T
/I Start simulation environment and open global log files
SPARK::Start(

argv[0], /| session name

"run.log", /I run log file name

“error.log", /I error log filename

"debug.log" /I debug log filename (only used with debug libsolver)

T T
/I Load and solve problem 1 "spring"
/I We assume that the needed files are located in the current working directory
RunProblem(
"MySpring1”,
"spring.run”,
"spring.prf",
"spring.xml"
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I T
/I Re-load and re-solve problem 1 "spring"
/I We assume that the needed files are located in the current working directory
RunProblem(
"MySpring2",
"spring.run”,
"spring.prf",
"spring.xml"

T T T T
/I Load and solve problem 2 "room_fc"
/I We assume that the needed files are located in the current working directory
RunProblem(
"MyRoom_fc",
"room_fc.run",
"room_fc.prf",
"room_fc.xml"

T T T T T
/I Close global log files and perform garbage collection
SPARK::End();

yihwy §

I T T T
/I Catch unprocessed exceptions
catch (const SPARK::XAssertion& x1) { // SPARK specific exceptions
SPARK::ExitWithError(
x1.code(),
__FILE__,
x1.what()

)i
}
catch (const std::exception& x2) { // std exceptions
SPARK::ExitWithError(
SPARK::ExitCode_ ERROR_RUNTIME_ERROR,
__FILE__,
x2.what()

}
return SPARK::ExitCode_OK;

}
I T
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5.2 sparksolver.cpp

The following code snippet is an example of a driver function for a single problem. It is inspired from the sparksolver.cpp file that
comes with the SPARK distribution and that is used by default when building a simulator unless a customized driver function is
specified by the user.

The code snippet shows:

* The variable declarations; and

» The sequence of operations required to solve a single SPARK problem.

The sequence of operations required to load a problem changes depending on whether you are loading a statically-built problem o
you are loading a problem at runtime from its XML description. The preprocessor i88&BK_STATIC_BUILDcontrols which

branch is executed at runtime. For example compiling the driver function with the preprocessoiSRARE_STATIC_BUILD

defined produces a SPARK simulator that will rely on the static build loading scheme.

i

I/l sparksolver.cpp

1

/I Implementation of the default SPARK driver function. This is the entry point to the

/I simulator program. It supports both statically-built problems and problems loaded at

/I runtime through the definition of the preprocessor macro SPARK_STATIC_BUILD when
/I compiling this file.

1

i
1

/I Author  Dimitri Curtil (LBNL/SRG)

/I Date May 21, 2002

1
i

/I VisualSPARK version 2.0

/I Copyright (c) 1999-2003, The Regents of the University of California,

/I through the Lawrence Berkeley National Laboratory (subject to receipt of
/I any required approvals from the U.S. Department of Energy). All rights
/I reserved.

/I Portions of VisualSPARK version 2.0 were authored by Ayres Sowell
/I Associates and are protected by copyright and international treaties.

/I U.S. GOVERNMENT RIGHTS

/I Portions of VisualSPARK version 2.0 (the Software) was developed under
/I funding from the U.S. Department of Energy and the U.S. Government
/I consequently retains certain rights as follows: the U.S. Government has
/I been granted for itself and others acting on its behalf a paid-up,

/I nonexclusive, irrevocable, worldwide license in the Software to reproduce,
/I prepare derivative works, and perform publicly and display publicly.

/I Beginning five (5) years after the date permission to assert copyright is
/I obtained from the U.S. Department of Energy, and subject to any subsequent
/I five (5) year renewals, the U.S. Government is granted for itself and

/I others acting on its behalf a paid-up, nonexclusive, irrevocable, worldwide
/I license in the Software to reproduce, prepare derivative works, distribute
/I copies to the public, perform publicly and display publicly, and to permit
/I others to do so.

/I THIS SOFTWARE IS SUPPLIED "AS IS" WITHOUT WARRANTY OF ANY KIND. LAWRENCE

/I BERKELEY NATIONAL LABORATORY, ITS LICENSORS, THE UNITED STATES, THE UNITED

/I STATES DEPARTMENT OF ENERGY, AYRES SOWELL ASSOCIATES, AND THEIR EMPLOYEES:

/I (1) DISCLAIM ANY WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED

/I TO ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,

/I TITLE OR NON-INFRINGEMENT, (2) DO NOT ASSUME ANY LEGAL LIABILITY OR

/I RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, OR USEFULNESS OF THE SOFTWARE,

/I (3) DO NOT REPRESENT THAT USE OF THE SOFTWARE WOULD NOT INFRINGE PRIVATELY

/I OWNED RIGHTS, (4) DO NOT WARRANT THAT THE SOFTWARE WILL FUNCTION UNINTERRUPTED,
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/Il THAT IT IS ERROR-FREE OR THAT ANY ERRORS WILL BE CORRECTED.

i

M T

/I PORTIONS COPYRIGHT (C) 2003 AYRES SOWELL ASSOCIATES, INC.

/I PORTIONS COPYRIGHT (C) 2003 THE REGENTS OF THE UNIVERSITY OF CALIFORNIA .
/I PENDING APPROVAL BY THE US DEPARTMENT OF ENERGY. ALL RIGHTS RESERVED.
1

M T T

/I The debugger can't handle symbols more than 255 characters long.

/I STL often creates symbols longer than that.

/I When symbols are longer than 255 characters, the warning is disabled.
#pragma warning(disable:4786)

#ifdef MacVersion
# include <console>
#endif

#include <sstream>
using std::ostringstream;
using std::ends;
#include <string>

using std::string;

M T T

1

/I Required header files

1

#include "sparkapi.h” /I for various API functions needed to manage the SPARK problem
#include "problem.h" /I for SPARK::TProblem definition

#include “ctrls.h" /I for SPARK::TRuntimeControls definition

#include "prefs.h" /I for SPARK::TPreferenceSettings definition

#include "exitcode.h" /I for SPARK::ExitCodes and SPARK::ExitWithError()

#include "exceptions.h" // for SPARK exception classes
i

#include "spark.h"

T T T T
1
/I Entry point for the SPARK simulation program
I
int main(unsigned argc, char** argv)
{
/I To support Mac platform
#ifdef MacVersion
argc = ccommand(&argv);
#endif
SPARK::TProblem* P = 0;
char* RunFileName = 0;
char* PrfFileName = 0;
char* XmlFileName = 0;

try {

I T T

/I Start simulation environment and open global log files
I T
SPARK::Start(

argv[0], /I program name serves as session name

"run.log", /I run log file name

"error.log", /I error log file name

"debug.log" /I debug log file name (only used with debug libsolver)
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e
/I Load the problem under study
e

/I Note that if the driver is relying on a statically-built problem, then

/I there is no need to specify the *.xml file name at the command-line, hence
/I the two different calls controlled with the macro preprocessor

/I SPARK_STATIC_BUILD.

1

/I WARNING: Never explicitly delete the problem object because the garbage
I collection is performed internally upon calling the function

I SPARK::ENnd().

1

M T T ]

#if defined(SPARK_STATIC_BUILD)
HHTHHHHT T T T
/I Process the command line arguments and retrieve :

1 - the name of the "*.run" file

1 - the name of the "*.prf" file

1

/I Usage at the command line :

1 ProgramName prefFile.prf runFile.run <enter>
Il or

1 ProgramName runFile.run  prefFile.prf <enter>
1.

1

I T T
/I NOTE: This function will throw an exception if any of the required file names

1 cannot be found in argv[]
1
SPARK::Problem::StaticBuild::ParseCommandLine(
argc-1, /Il number of entries in argv[]
argv+1, /I we skip first entry which is full program name with path

RunFileName, // points to full name of "*.run" file in argv[]
PrfFileName  // points to full name of "*.prf" file in argv[]

T T T T T

/I Load the statically-built problem named after ProblemName

1

/I NOTE: We use the session name by default as unique problem name.
const string ProblemName( SPARK::GetBaseName() );

if ( !SPARK::Problem::StaticBuild::Load(ProblemName.c_str()) ) {
ostringstream ErrMsg;

ErrMsg << "Could not load the statically-built problem \"" << ProblemName.c_str() << "\"." << ends;

SPARK::ExitWithError(
SPARK::ExitCode_ ERROR_INVALID_PROBLEM,
__FILE__,
ErrMsg.str()

#else
i
/I Process the command line arguments and retrieve :

1 - the name of the "~.run" file

1 - the name of the ".prf" file

1 - the name of the "*.xml" file

1

/I Usage at the command line :

1 ProgramName prefFile.prf runFile.run xmlFile.xml <enter>
/I or
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1 ProgramName runFile.run  prefFile.prf xmlIFile.xml <enter>
Il or

1 ProgramName prefFile.prf xmlFile.xml runFile.run <enter>
.

1

I T T T
/I NOTE: This function will throw an exception if any of the required file names

I cannot be found in argv[]
1
SPARK::Problem::DynamicBuild::ParseCommandLine(
argc-1, /Il number of entries in argv[]
argv+1, /I we skip first entry which is program name with path

RunFileName, // points to full name of "*.run" file in argv[]
PrfFileName, // points to full name of ".prf* file in argv[]
XmlFileName  // points to full name of "*.xml" file in argv(]

I T
/I Derive "unique" problem name from name of the XML file (without extension)
string ProblemName;

string Temp( XmlFileName ); // XmlFileName is a correct file name with XML extension
string::size_type pos = Temp.find( "." );
if ( pos != string::npos ) {

ProblemName = Temp.substr(0, pos); // Truncate XML file name to form problem name

else {
ProblemName = "My Problem"; // Default problem name
}

s
/I Load the problem named ProblemName from the problem description defined in XML file

1
1 ProblemName : unique problem name, we use the base name of the XML file by default!
1 XmlFileName : name of the XML file containing the problem description

if ( !SPARK::Problem::DynamicBuild::Load( ProblemName.c_str(), XmlFileName ) ) {
ostringstream ErrMsg;

ErrMsg << "Could not load the problem \"' << ProblemName.c_str() << "\" at runtime from "
<< "the XML description in file \"* << XmlFileName << "\"' << ends;

SPARK::ExitWithError(
SPARK::ExitCode_ERROR_INVALID_PROBLEM,
__FILE_,

ErrMsg.str()

}

#endif // defined(SPARK_STATIC_BUILD)

o

/I Get address fo SPARK::TProblem instance

1

P = SPARK::Problem::Get( ProblemName.c_str() );

I T
/I Initialize problem with run-time controls
1
SPARK::TRuntimeControls RuntimeControls(
"Default SPARK driver", // name of controls set
RunFileName /I *.run file name
)

P->Initialize( RuntimeControls );
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I T T

/I Load preference settings

1

SPARK::TPreferenceSettings PreferenceSettings( PrfFileName );
P->LoadPreferenceSettings( PreferenceSettings );

I T T T
/I Perform simulation
1
if ( P->Simulate() '= SPARK:: TProblem::SimulationFlag_OK ) {
SPARK::ExitWithError(
SPARK::ExitCode_ ERROR_NUMERICAL,
__FILE__,
"Abort simulation.",
P /I Specifiy active problem to ensure proper diagnostic

}

T T T
/I Cleanup problem object and write statistics out.
P->Terminate();

T T T T T T T T

/I Close global log files and perform automatic garbage collection for all
/I problem instances

T LT

SPARK::End();

T T T ]
/I Catch unprocessed exceptions
catch (const SPARK::XAssertion& x1) { // SPARK specific exceptions
SPARK::ExitWithError(
x1.code(),
__FILE__,
x1.message(),
P /I Specifiy active problem to ensure proper diagnostic
)
}
catch (const std::exception& x2) { // std exceptions
SPARK::ExitWithError(
SPARK::ExitCode_ ERROR_RUNTIME_ERROR,
__FILE__,
x2.what(),
P /I Specifiy active problem to ensure proper diagnostic

}
return SPARK::ExitCode_OK;

}
M T T T T ]
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Chapter 6

SPARK Build Process and Problem Driver API
Page Documentation

6.1 Description of the SPARK Build Process

This section provides information on the SPARK build process, whereby the problem and class source files are converted to exe-
cutable simulation programs.

« Generate the solution sequence for a SPARK problem

Build a SPARK problem statically

Build a SPARK problem dynamically

Automate the build process

Build a SPARK problem simulator with a customized driver

For advanced usage of SPARK, it is recommended to use SPARK at the command line instead of using the GUI front end. This gives
you more control over the build operations, in particular the compilation and linkage steps.



126 SPARK Build Process and Problem Driver APl Page Documentation

6.2 Generate the solution sequence for a SPARK problem

Rather than solving a problem directly, SPARK builds a program that carries out the solution. This approach is taken in an effort
to maximize solution efficiency. The overall process of generating the solution sequence for a SPARK problem expressed using the
SPARK language is discussed in this section. The process of building a SPARK simulator for the generated solution sequence ant
of solving it is discussed in the following sections.

Several programs of the SPARK distribution are used in this process:

* the parser program, and

* the setupcpp program. The principal output of the build process are the problem.xml and problem.cpp files that describe the
problem topology and the solution sequence to be used by the SPARK solver.

6.2.1 Parser step
As the problem.pr file is parsed, various declarations of atorxic) classes and macro classesif) are found. The specified class

paths are searched for these classes. If a macro class is found, it is parsed, and if the macro refers to other macros, they are pars
This continues recursively to any depth.

The result is to resolve all macros to atomic objects so that, at run time, SPARK can operate entirely on atomic classes. This expose
individual equations and variables to the graph theoretic algorithms for organizing an efficient solution sequence. The principal
output of the parser is the setup file, problem.stp. This file is a different expression of the problem, with the principle difference
being that the macros have been resolved.

The parser command line is:

parser [options] filename <enter>

where filename gives the name of the file to be parsed, which can be either a problem, problem.pr or a class class.cm.

Parser options can include:

-p class_path
class_path is a list of directories separated by commas, e\gspark20Qhvactk, c\vspark20Q@myClasses These directories are
searched in the given order to find classes needed by the problem. If omitted, the environment S&viddike CLASSPATMill

be used in the same manner.

-e error_level

Sets level at which parser will report errors. E.g., el will result in report of errors only. Higher numbers give increased verbosity: 1
= errors 2 = warnings 3 = information 4 = more information. The default is -e2.

-s setup_file_verbosity
Sets level of verbosity in the created setup file. Lowest is 1, with increasing verbosity up to 6. The default is -s2.
-I logFileName

If -1 logFileName is specified, the diagnostic messages are sent to logFileName. If - is given without logFileName, the messages
are sent to the file parser.log.

-d debug_dump

Extensive debugging output will be generated.
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6.2.2 Setup step

The next step is carried out by the setupcpp program. The main function of setupcpp is to perform the graph theoretic analysis of the
problem, producing a compact, efficient solution procedure expressed either in C++ or in XML format. The C++ representation is
emitted in the problem.cpp file whereas the XML representation is emitted in the problem.xml file. Depending on the problem build
process selected at runtime either file will be needed by the simulator.

In addition to the problem.cpp and problem.xml files, setupcpp produces two other files. One is essential to final problem execution,
namely problem.prf. This file serves to transmit needed information from the setup process to the solution process. Default solution
settings can be specified in the default.prf file in the current working directory. If this file is not found, then setupcpp uses hard-
coded default solution settings to populate the problem.prf file. The other produced file is problem.egs. This file is a human readable
expression of the solution sequence. It is not used by SPARK, but is sometimes helpful in debugging when numerical difficulties are
encountered.

The setupcpp command line is:

setupcpp problem <enter>

The setupcpp program loads the setup file named problem.stp and performs the graph theoretic analysis to produce the problem.cy
and problem.xml files containing the solution sequence.

SeeDocument Type Definition filéor more information on the set of grammar rules used to generate the XML problem description.

6.2.3 Build step

The next step in the process is to build a SPARK simulator for the problem description obtained after the setup step. A simulator
consists of a driver function (i.e., the main program or entry point) and of the solver fixed library, referred to as libsolver.

The default driver in the SPARK distribution solves a single problem using:

« the run controls specified in therun file, and

* the solution settings specified in theprf file.
There are two ways of loading the problem description for the driver function to solve the set of equations:

 Build a SPARK problem statically

 Build a SPARK problem dynamically

The static build approach consists in compiling and linking the problem.cpp file with the solver library and the driver function in
order to produce a self-contained executable simulator. The atomic classes that appear in the solution sequence also need to |
compiled and linked along. This approach is referred to as static build because the solution sequence is "constructed" during the
compilation and linkage steps before runtime.

The dynamic build approach consists in loading the problem description at runtime from the problem.xml file. Then, the C++
funtions defined in the atomic classes appearing in the solution sequence are retrieved by solver using explicit linking of the dynamic
libraries. This approach is referred to as dynamic build because the solution sequence is "constructed" dynamically at runtime.
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6.3 Build a SPARK problem statically

The following diagram shows the static build process resulting in the executable simulator problem.exe. Red font is used to indicate
systems program like the C++ compiler and linker. Blue font is used to indicate the SPARK programs and files involved in the
build process. The bold arrows indicate file dependencies at runtime, whereas the normal arrows indicate build operations performet
before runtime.

» The file libsolver.a is the static library for the fixed part of the SPARK solver.

» The problem.cpp and problem.prf files are generated by the setup stepdbgestep
This mode of operation is accomplished by executing the SPARK makefile with the following flag at the command-line:
gmake SPARK_STATIC_BUILD=yes <some-target> <enter>

Note:
* On UNIX/Linux platforms, the resulting executable file is named problem without extension.

< On Windows platform, the static library for the fixed part of the solver is called libsolver.lib if you are using the Microsoft
VC++ compiler in place of the mingw compiler.

6.3.1 Execute the simulator

At runtime, the only files that are needed to run a statically-built problem with the default driver function are:

* the executable simulator, problem.exe
« the preference file, problem.prf

« the run control file, problem.run.
To simulate a statically-built problem, type at the command line:

problem problem.run problem.prf <enter>

Once the simulator is built, the C++ compiler and the linker are no longer needed. All needed atomic classes and the solver library
are statically linked along to produce the executable simulator, thus producing a self-contained simulator program that can be share
with and reused by different users on the same platform.

Note:
Itis also possible to build dynamic SPARK problems that are built at runtime from the problem.xml file and the dynamic libraries
containing the compiled atomic classes (Bedd a SPARK problem dynamical)y
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6.4 Build a SPARK problem dynamically

The following diagram shows the operations involved in the dynamic build process where the problem description contained in
the problem.xml file is loaded at runtime. The normal arrows indicate operations occurring before runtime whereas the bold arrows
indicate the file dependencies at runtime when executing the simulator. Red font is used with system programs like the C++ compiler
and linker. Blue font is used to indicate the SPARK programs and files used in the build process.

This is the default mode of operation accomplished when executing the SPARK makefile.

Note:
» The dynamic solver library is called libsolver.so on UNIX/Linux platforms.

» The dynamic libraries containing the compiled atomic classes have the extersian the UNIX/Linux platforms.
* The executable simulator is called sparksolver on the UNIX/Linux platforms.

6.4.1 Locate the dynamic libraries with the compiled atomic classes

Along with the problem.xml file, the SPARK solver needs to be able to access at runtime the dynamic libraries class0.dll, class1.dll,
... where the various callbacks in each atomic class are compiled.

The paths to the dynamic libraries are specified in the problem.stp file generated by the parser program. They are relative paths witl
respect to the current working directory where the parser program is invoked.

At runtime, the dynamic libraries are located by the problem loader in solver by using the respective relative paths prefixed by either
one of the following paths:

« the parser’s working directory, or
 any directory that is listed in the environment variaBRARK _LIBPATH or
« any directory that is listed in the environment variaBRARK_CLASSPATH
6.4.1.1 The SPARK_LIBPATH environment variable
The environment variablIBPARK_LIBPATHcontains a series of paths delimited with commas. E.g.,

SPARK_LIBPATH="c:\users\spark_projects\spring,c:\users\spark_projects\room_fc"

If an entry inSPARK_LIBPATHindicates a relative path, then it is expanded to an absolute path by prefixing it with the current
working directory of the simulator.

6.4.1.2 The SPARK_CLASSPATH environment variable
The environment variablIBPARK _CLASSPATEontains a series of paths delimited with commas. E.g.,

SPARK_CLASSPATH="c:\users\spark_projects\spring,c:\users\spark_projects\room_fc"

If an entry inSPARK_CLASSPATkhdicates a relative path, then it is expanded to an absolute path by prefixing it with the current
directory where the parser program was called.

6.4.2 Execute the simulator

A dynamically-built problem is solved using the executable driver sparksolver.exe. The program sparksolver.exe is obtained by
compiling the default driver function. It is relying on the dynamic solver library libsolver.dll which must be located in the system
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path. The SPARK distribution installs the dynamic solver library in the bin/ subdirectory and adds the path this directory to the
system path.

At runtime the following files are needed to make a simulation run:

the problem description file, problem.xml

« the dynamic libraries containing the compiled atomic classes

the preference file, problem.prf

* the run control file, problem.run.

The behavior of the default SPARK driver function assumes that only one problem is solved at each call of the simulator executable.
The names of the needed files are passed to the simulator at the command-line in any order. Each file type is identified by parsin
its extension. Remember that the names of the dynamic libraries containing the compiled atomic classes are obtained from the
problem.xml file and located at runtime using the previously-described loading schemeo(B¢e the dynamic libraries with the
compiled atomic classgs

To simulate a dynamically-built problem with the default driver function, type at the command line:
sparksolver problem.run problem.prf problem.xml <enter>
Note:

Itis also possible to build static SPARK problems that are essentially pre-compiled and do not need to be loaded at runtime (See
Build a SPARK problem statical)y
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6.5 Automate the build process

The SPARK build process described above is rather complex. As has been noted, the SPARK objects used in the problem are nc
known until the problem.pr file has been parsed. Moreover, the particular inverse functions from these objects that will actually be

used in the numerical solution process are not known until setupcpp has completed. Thus the files to be compiled and linked are
not knowable beforehand. Finally, when you make a change to the problem.pr file or any used class files, the build process shoulc
remake only the affected files.

To simplify matters, the process of building a SPARK solver is automated using facilities of the GNU make program, gmake, and a
makefile called makefile.prj, found in the SPARK/  directory.

From the usage standpoint, gmake is straightforward. It will build an executable program from the specified problem.pr source file
and then execute it with the command:

gmake run <enter>

This is the most common usage of gmake in the SPARK context. However, there are other command line targets to meet specia
needs.

run
To make a run using problem.inp as input and problem.run as run control file. If problem.run is missing, a default one is created.
(none)
After the first time, rebuilds makefile.inc and the solver executable as needed using the pa&AdRis CLASSPATH
PROJ=xxxx SPARK_CLASSPATH=../class
To create the file makefile.inc and the solver executable that has the same name as
SPARK_STATIC_BUILD=yes
To make the solver executable problem.exe for a statically-built problem.
SPARK_DEBUG=yes

To make the solver executable that uses the DEBUG version of the solver library. In DEBUG mode, the SPARK solver generates a
detailed log file called debug.log that describes the simulation process in great detail.

solver

To make the solver executable
stp

To make problem.stp file.
makefile.inc

To create makefile.inc file.

pkg
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To create an export package in ../problem_pkg directory where problem is the name of the problem under study.
prf
To make problem.prf file.
clean
To delete all intermediate files.
cleanALL
Same as clean, but also deletes all run subdirectories.
help

To show the help information about the list of targets.

SeeMakefilefor more information.
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6.6 Build a SPARK problem simulator with a customized driver

The following diagram shows the operations involved in building a multi-problem simulator with a customized driver function im-
plemented in the file mydriver.cpp. The resulting simulator mydriver.exe solves two different problems, described in the problem1.pr
and problem2.pr files, respectively. To make matters more interesting in this example, the problem 1 is statically built whereas the
problem 2 is dynamically built. Finally we note that the executable simulator relies on the dynamic solver library libsolver.dll at
runtime.

The normal arrows indicate operations occurring before runtime whereas the bold arrows indicate the file dependencies at runtime
when executing the simulator. Red font is used with system programs like the C++ compiler and linker. Blue font indicates the
SPARK programs and files used in the build process.

Note:
« The dynamic solver library is called libsolver.so on UNIX/Linux platforms.

» The dynamic libraries containing the compiled atomic classes have the extersian the UNIX/Linux platforms.
» The resulting executable simulator is called mydriver on the UNIX/Linux platforms.

6.6.1 Define a customized driver function
The overall build process essentially combines the static and dynamic build processes explained previuwisllyarSPARK
problem staticallyandBuild a SPARK problem dynamically

What's new concerns the process of explicitly specifying the driver function to be used by the executable simulator. First, the C++
source file mydriver.cpp where the driver function is implemented is compiled to produce the object file mydriver.o. Then the object
file is linked along with the other object files for the atomic classes to generate the executable simulator mydriver.exe

To solve multiple problems in the same driver function, each problem topology must be described through a corregmmpding
file or x.xml file, depending on how the problem is to be built. There are no limitations as to how many different problem topologies
(each defined in a differertcpp file or«.xml file) can be used in the same driver function.

Of course, itis possible to instantiate multiple instances of the same problem topology (e.g., defined in the spring.xml file ) as long as
each instance is assigned a unique name in the process space (e.g., one instance could be named "MySpringl" and the other insta
"MySpring2").

Also, for each problem instance being simulated, correspordimg and«.prf files must be specified.

Seelmplementation of the SPARK Driver Functidar more infomation on how to implement the driver function for a SPARK
simulator using the problem driver API.

6.6.2 Automate the build process

The multiproblem.makefile automates this process of building a SPARK simulator involving multiple problems and a customized
driver file. For example, in order to build the SPARK simulator from the driver function implemented in the file mydriver.cpp and
involving the two problems named problem1.pr and problem2.pr, defined respectively in the directories ../problem1 and ../problem2,
type at the command line:

gmake -f multiproblem.makefile PROJ=mydriver SUBPROBLEMS="../problem1 ../problem2" <enter>

This will generate an executable simulator mydriver.exe as well as the needed dynamic libraries containing the compiled atomic
classes. The makefile assumes that the problem files are located in directories with the same names.

SeeMulti-problem command filéor a more detailed explanation of the multiproblem makefile.

6.6.3 Execute the simulator

The command line operation of the resulting simulator depends on the way main function and the customized driver function have
been implemented in the source file mydriver.cpp.
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6.7 Implementation of the SPARK Driver Function

This section provides information on how to implement the SPARK driver function. The code snippets are inspired from the default
driver function implemented in the file sparksolver.cpp that comes with the SPARK distribution (See examples section). The default
driver solves a single SPARK problem with the preference settings specified in the preferenceffijednd for the run control
parameters specified in the run controls fileyn).

SeeDescription of the SPARK Build Procefs more details on how to build a SPARK simulator.

» Header files to include in the C++ file implementing the driver function
+ Start the simulation session

» Load a SPARK problem at runtime

» Load a statically-built SPARK problem

« Set up the runtime controls

« Set up the preference settings

» Solve the SPARK problem

» Re-solve the SPARK problem with different runtime controls

» End the simulation session

 Catch the runtime exceptions
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6.8 Header files to include in the C++ file implementing the driver function
The following header files need to be included in the file where you implement the SPARK driver function:

« sparkapi.tfor the various API driver functions needed to manage a SPARK problem;
 problem.hfor the definition of theSPARK:: TProblentlass;
« ctrls.hfor the definition of theSPARK:: TRuntimeControlslass;

« prefs.hfor the definition of theSPARK::TGlobalSettingsSPARK:: TComponentSettingand SPARK:: TPreferenceSettings
classes;

« exceptions.Hor the various SPARK exceptions classes derived from the 8BSKRK:: XAssertion

« exitcode.rfor the enumSPARK::ExitCodes
If you need to interact with th8& PARK::TInverseand SPARK:: TObjectinstances comprised in ea&PARK::TProbleninstance,
then you will also need to include the following header files:

« inverse.Hor the definition of theSPARK::TInverseype;

« object.hfor the definition of theSPARK:: TObjectype.
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6.9 Start the simulation session

To set up the SPARK simulation session, the funcBMRK:: Start(must be invoked prior to any other SPARK method or function
in the driver function.

This function identifies the simulation session with a name specifieccanst char x string argument. It also opens the global
run and error log files.

SPARK::Start(
"My session", // session name
"run.log", /I name of run log file
“error.log”, // name of error log file
"debug.log" // name of the debug log file (used only if SPARK _DEBUG is defined)

);

Note:
The error log file is only created if warning(s) and/or error(s) are generated during the simulation run.

In order to make a simulation run, it is first required to load the problem under studj.o8dea SPARK problem at runtime
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6.10 Load a SPARK problem at runtime

This section shows how to load a SPARK problem at runtime from the problem description defined xnthéle. SeeBuild a
SPARK problem dynamically

The instance of the cla&PARK::TProblenthat internally describes the problem under study is actually allocated at runtime from
the topology information contained in thexml file.

This loading scheme is also referred todgmamic build. It is the default loading scheme used in the SPARK stand-alone driver.
The API functions specific to this loading approach can be found in the nameSpA&K::Problem::DynamicBuild

Note:
Another loading approach consists in compiling the C++ file that defines the data structures representing the topology of the
problem and then linking the resulting object file(s) along with the driver’s object file to produce the stand-alone executable. This
loading approach is known agatic build. Problems built this way are loaded in a different manner.L.%eel a statically-built
SPARK problem

6.10.1 Retrieve the required command-line arguments

The utility function SPARK::Problem::DynamicBuild::ParseCommandLinegh be used to process the command-line arguments
in order to retrieve:

* the name of the.run file,
« the name of the.prf file, and

» the name of the.xml file.

For a program calledparksolver  (which would be calledparksolver.exe on a Windows platform), the SPARK usage at
the command line with the default driver program is:

sparksolver prefFile.prf runFile.run xmlFilexml <enter>

The API functionSPARK::Problem::DynamicBuild::ParseCommandLine@ntifies each file name by parsing its extension and
returns the name of each file matching the desired extension in the pointdiartgpassed as arguments.

char* RunFileName;
char* PrfFileName;
char* XmlFileName;

SPARK::Problem::DynamicBuild::ParseCommandLine(

argc-1, /Il number of entries in argv

argv+1, /I we skip the first entry which is the full program name
RunFileName, /I returns full name of *.run file

PrfFileName, /I returns full name of *.prf file

XmlFileName /I returns full name of *.xml file

If any of the three file names with the desired extensions cannot be detected in argv[], the function tBRAMRKa: XInitialization
exception.

If you write your own customized driver function, you could either specify these files at the command-line (like we do with the
default driver function) or have these names hard-coded in the body of the function.

See the example driver functimoid main()  implemented in the file multiproblem_examplel.cpp in the Examples section.
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6.10.2 Load the problem at runtime

A new SPARK problem object can be constructed using the API fun@ARK::Problem::DynamicBuild::Load()Each instan-
tiated problem must also be assigned a unique, case-sensitive string identifier. Many instances can be constructed from the san
description as long as they are each given a different and unique name.

If the API function fails to load the problem, then it returns false. It is good practice to test whether the loading operation failed or
not before proceeding. In the next example, we force to exit the simulation if this is the case.

const string XmlFileName("problem.xml"); /I name of the *.xml file with the problem description
const string ProblemName("My unique problem name"); // unique problem name

if ( ISPARK::Problem::DynamicBuild::Load(ProblemName.c_str(), XmlFileName.c_str()) ) {
ostringstream ErrMsg;

ErrMsg << "Could not load the problem \"' << ProblemName.c_str() << "\" at runtime from "
<< "the XML description in file \"* << XmlFileName << "\"' << ends;

SPARK::ExitWithError(
SPARK::ExitCode_ ERROR_INVALID_PROBLEM,
__FILE__,
ErrMsg.str()

One reason why the loading operation might fail is that the required dynamic libraries implementing the atomic classes used in the
problem under study cannot be located at runtime.EBélel a SPARK problem dynamically
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6.11 Load a statically-built SPARK problem

Another loading approach consists in compiling the C++ file that defines the data structures representing the topology of the problem
and then linking the resulting object file(s) along with the driver’s object file to produce a stand-alone executable. Problems built this
way are referred to astatically built problems. Se8uild a SPARK problem statically

A statically-built problem is loaded in a different manner than a problem loaded at runtimeq&ga SPARK problem at runtine
This section shows how to load a statically-built SPARK problem. The API functions specific to this loading approach can be found
in the namespac8PARK::Problem::StaticBuild

6.11.1 Retrieve the required command-line arguments

The utility function SPARK::Problem::StaticBuild::ParseCommandLinegh be used to process the command-line arguments in
order to retrieve:

» the name of the.run file, and

« the name of the.prf file.

For a program calledimulator ~ (which would be calledimulator.exe on a Windows platform), the SPARK usage at the
command line with the default driver program is:

simulator prefFile.prf runFile.run  <enter>

The API functionSPARK::Problem::StaticBuild::ParseCommandLirid@ntifies each file name by parsing its extension and returns
the name of each file matching the desired extension in the pointehsito passed as arguments.

char* RunFileName;
char* PrfFileName;

SPARK::Problem::StaticBuild::ParseCommandLine(

argc-1, /I number of entries in argv

argv+1, /I we skip the first entry which is the full program name
RunFileName, /I returns full name of *.run file

PrfFileName /I returns full name of *.prf file

If any of the two file names with the desired extensions cannot be detected in argv([], the function ti@B#RI4:: XInitialization
exception.

If you write your own customized driver function, you could either specify these files at the command-line (like we do with the
default driver function) or have these names hard-coded in the body of the function.

6.11.2 Load the statically-built problem

A previously-built SPARK problem object is registered using the API funcB®ARK::Problem::StaticBuild::Load()Each prob-

lem instance must be assigned a unique, case-sensitive string identifier in the problem.cpp file that is compiled and linked to the
executable simulator. Note that loading a statically-built problem at runtime does not actually instantiate any data structures as
the SPARK::TProbleminstance is instantiated from the declarations contained in the compiled problem.cpp file. This is the main
difference with the other loading approach called a dynamic build (8aed a SPARK problem at runtirhe

To declare many instances of the same problem description you must provide a separate problem.cpp file that defines ¢
SPARK::TProbleminstance with a different and unique name. Each problem.cpp file must then be compiled and linked along
with the other object files for the required atomic classes to produce the self-contained executable simulator program.

If the API function fails to load the problem, then it returns false. It is good practice to test whether the loading operation failed or
not before proceeding. In the next example, we force to exit the simulation if this is the case.
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/I Unique problem name as specified in the compiled problem.cpp file
const string ProblemName("My unique problem name");

if ( ISPARK::Problem::StaticBuild::Load(ProblemName.c_str()) ) {
ostringstream ErrMsg;

ErrMsg << "Could not load the statically-built problem \"' << ProblemName.c_str() << "\"" << ends;

SPARK::ExitWithError(
SPARK::ExitCode_ERROR_INVALID_PROBLEM,
__FILE__,

ErrMsg.str()

In the stand-alone driver function in SPARK, it is assumed that the name of the problem to load is derived from the name of the
simulator program. In the sparksolver.cpp file that implements the default SPARK driver, the prograrargaf@e is used to

identify the simulation session. Thus, calling the API funct8PARK::GetBaseName(g¢turns the name of the program that is also

the name of the previously-built problem. This contorted approach for identifying the unique name of problem to solve is necessary
in order to be able to use the same driver function for all statically-built problems. Also, it implies that the name of the simulator
program must be the name of the statically-built problem you want to solve.
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6.12 Set up the runtime controls

To set up the runtime controls, an instance of the cBE3SRK:: TRuntimeControlshould be instantiated with the name of theun
file passed to the constructor along with a name for the set of controls (used mostly for debugging purposes in case you use multiple
SPARK:: TRuntimeControlsbjects in the same run).

This class parses therun text file and generates an internal representation of the runtime control parameters that can then be queried
by the other SPARK classes.

SPARK::TRuntimeControls RuntimeControls(
"Default SPARK driver", // name of controls set
RunFileName /I *.run file name
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6.13 Set up the preference settings

To set up the preference settings, an instance of the SRBARK:: TPreferenceSettinghiould be instantiated with the name of the
«.prf file passed to the constructor.

This object parses theprf text file and generates an internal representation of the preference settings that can then be queried by
the other SPARK classes. Itis also possible to cre&BARK:: TPreferenceSettingdject without ax.prf file thanks to the method
interface provided in th8 PARK:: TPreferenceSettingSPARK:: TComponentSettingmdSPARK:: TGlobalSettingslasses.

In particular, the clasSPARK::TPreferenceSettinggll produce:

* an instance of the cla&PARK:: TGlobalSettingsand

« for each component comprised in the problem under study, an instance of th8RRRE:: TComponentSettings

SPARK::TPreferenceSettings PreferenceSettings( PrfFileName );
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6.14 Solve the SPARK problem

To solve a SPARK problem, you need to perform the following steps:

Retrieve the pointer to th8PARK::TProbleninstance that was previously loaded;

Initialize the problem with the previously construct8BARK:: TRuntimeControlsbject;

Load the previously contructeédPARK:: TPreferenceSettingdbject;

Simulate the problem frormitial Time toFinalTime (as specified in the.run file); and

Terminate the simulation run of the problem.

6.14.1 Retrieve the address of the SPARK::TProblem instance
The address of thEPARK:: TProbleminstance of a previously loaded problem ($&ad a SPARK problem at runtimés returned
by the the API functiorBPARK::Problem::Get(By passing the unique name of the problem instan@®mast char .

If no problem instance by this name can be found in the instance repository, then the function returns a NULL pointer. This will
happen:

« if you failed to first load the problem (using either loading approach describedad a SPARK problem at runtimand in
Load a statically-built SPARK problenor

- if the loading operation failed (i.e., the functiorBPARK::Problem::DynamicBuild::Load()or the function
SPARK::Problem::StaticBuild::Load(gturned false).

SPARK::TProblem* P = SPARK::Problem::Get( ProblemName.c_str() );

Warning:
Never explicitly delete th&PARK::TProblenobject returned bgPARK::Problem::Get(yith the C++ operator delete because
this might produce memory violation problems and memory leaks. The garbage collection is performed internally upon calling
the API functionSPARK::End() This is the only way that you can avoid memory leaks by ensuring that all memory allocated
from the heap at runtime for this simulation session will be properly freed.

6.14.2 |Initialize the problem

You initialize the problem with a previously construct8®ARK:: TRuntimeControl®bject (SeeSet up the runtime contrgldy
invoking theSPARK::TProblem::Initialize(jnethod:

P->Initialize( RuntimeControls );

This method prepares the simulator for the problem under study:

« it allocates various handlers for the specified runtime controls,
« it loads the initial values for all variables, and

« it fires the atomic class constructors (if any) to allocate the memory needed by each inverse and object.

Before re-initializing the sam&8PARK::TProblemobject with new runtime controls, i.e., a néSPARK:: TRuntimeControleb-
ject, you first have to call th&PARK::TProblem::Terminate(fnethod to release the memory allocated by the previous call to
SPARK::TProblem::Initialize()

Note:
The SPARK:: TRuntimeControlgbject is copied internally in thEPARK::TProblenobject, so that it can be destroyed (or go
out of scope) as soon as tBEARK::TProblem::Initialize(jnethod returns.
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6.14.3 Load the preference settings in the problem

The preference settings described by an instance of the SRSRBK:: TPreferenceSettingSeeSet up the preference settingse
loaded in the problem with th@PARK:: TProblem::LoadPreferenceSettingagthod:

P->LoadPreferenceSettings( PreferenceSettings );

It should be noted that you can call t&ARK::TProblem::LoadPreferenceSettingsi@thod without having to re-initialize the
SPARK:: TProblenmpbject. This feature can be useful to recover from non-converging simulations by loading a new set of "more
robust" solution settings through a call3®ARK:: TProblem::LoadPreferenceSettings()he catch statement.

Warning:
The SPARK:: TPreferenceSettingbject is only partially copied internally in tf@PARK::TProblenobject. In particular, the
global settings stored in th8PARK::TPreferenceSettingshject through an instance of the cl&8BARK::TGlobalSettings
might be accessed during the course of the simulation. Therefore, it is required tIERARK:: TPreferenceSettingbject
exists in memory until the simulation is over.

6.14.4 Simulate the problem

Starting frominitialTime , the solution is computed by advancing the global time until reachinglTime as specified in
the SPARK::TRuntimeControlsbject. At each time step, the values for the known variables are read from the input files, and the
computed values are reported to the output files.

It is good practice to test the value returned by 8RARK:: TProblem::Simulatefhethod against SPARK:: TProblem::Simulator-
State_OK to detect possible runtime errors.

In the following code snippet, we exit the simulator if the simulation encountered any problem.

if ( P->Simulate() != SPARK:: TProblem::SimulatorState_OK ) {
SPARK::ExitWithError(
SPARK::ExitCode_ERROR_NUMERICAL,
__FILE__,
"Abort simulation.",
P /I Specifiy active problem to ensure proper diagnostic

);

6.14.5 Terminate the problem simulator

After a call to theSPARK::TProblem::Simulatehethod, you should invoke tH&PARK:: TProblem::Terminatefhethod to:

Call the atomic class destructors (if any) to free the memory allocated in the constructors;

Write the simulation statistics to the global run log file (if such diagnostic is required);

 Free the control-specific memory allocated at runtime following the c&8RARK:: TProblem::Initialize()and

Reset the internal counters and handlers to allow for another run with a new set of runtime controls (i.e., a new instance of the
classSPARK:: TRuntimeContro)s

P->Terminate();
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6.15 Re-solve the SPARK problem with different runtime controls

After solving a problem with the runtime controls specified in tI®PARK: TRuntimeControlsobject passed to
SPARK::TProblem::Initialize() it is possible to re-use thBPARK:: TProbleminstance to solve the same problem with a differ-
ent set of runtime controls specified in a NBRARK:: TRuntimeControlsbject.

For example, assuming that the names for the rawn andx.prf files are specified in the variabl&unFileName2 and
RuntimeControls2 , the following code snippet shows how to re-solve the same problem object pointed to by P:

SPARK::TRuntimeControls RuntimeControls2(
"Runtime controls #2", /I name of controls set
RunFileName2 /I *.run file name

SPARK::TPreferenceSettings PreferenceSettings2( PrfFileName2 );

P->Initialize( RuntimeControls2 );
P->LoadPreferenceSettings( PreferenceSettings2 );

if ( P->Simulate() != SPARK::TProblem::SimulatorState_ OK ) {
SPARK::ExitWithError(
SPARK::ExitCode_ERROR_NUMERICAL,
__FILE__,
"Abort simulation.",
P /I Specifiy active problem to ensure proper diagnostic

}

P->Terminate();

Warning:
Before intializing the problem with the ne®PARK:: TRuntimeControl®bject, theSPARK:: TProblem::Terminate (hethod

must be invoked to ensure proper destruction of all control-specific handlers. If you fail to do this, you subject yourself to
possible memory leaks.
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6.16 End the simulation session

To terminate the SPARK simulation session, we need to calb®®&RK::End()function. This will close the log files and perform
proper destruction of the data stuctures allocated at runtime by the various solvers and problem factories.

SPARK::End();

Warning:
If you skip this step, then you subject yourself to potential memory leaks.
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6.17 Catch the runtime exceptions

SPARK objects such as tIf®PARK:: TProblenctlass and the various API functions rely on the C++ exception mechanism to deal
with errors occuring at runtime. Therefore, it is recommended that you execute any SPARK instructions tithfn.a }
statement and that you provide the requicatch () { ... } statements to process the exceptions.

There are essentially two types of exceptions that will be thrown by the SPARK solver:

« the exception classes derived from BIRARK::XAssertiorclass, and

« the exception classes derived from the C++ built-in std::exception class.

Note:
All SPARK specific exceptions are children classes of the (F35RK:: XAssertiopnwhereas the exceptions derived from the
class std::exception usually come from the C++ standard library and the Standard Template Library (STL).

The next code snippet shows the typical framework used to catch all exceptions arising during the course of the simulation.

SPARK::TProblem* P = 0;
try {

}

catch (const SPARK:XAssertion& x1) { // SPARK specific exceptions
SPARK::ExitWithError(
x1.code(),
__FILE__,
x1.message(),
P /I Specifiy active problem to ensure proper diagnostic

)i
}
catch (const std::exception& x2) { // std exceptions
SPARK::ExitWithError(
SPARK::ExitCode_ ERROR_RUNTIME_ERROR,
__FILE__,
x2.what(),
P /I Specifiy active problem to ensure proper diagnostic

}

return SPARK::ExitCode_OK;

Note that thecatch statements in the default driver exit the simulator by invoking the API fun@BARK::ExitWithError()
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6.18 SPARK Problem Driver Application Programming Interface

This document provides detailed information on the classes and functions used in the implementation of the driver function. We refer
to this set of preprocessor macros, classes, types and functions as the SPARK Problem Driver Application Programming Interface
(API).

6.18.1 List of classes

» the SPARK::TProblenctlass
» the SPARK::TComponentlass

the SPARK::TInverseclass

the SPARK::TObjecftclass

the SPARK:: TRuntimeControlslass

the SPARK:: TGlobalSettingslass

the SPARK::TComponentSettingdass

the SPARK:: TPreferenceSettingtass

6.18.2 List of typedefs and enums

* the enunSPARK::ExitCodeseturned by the driver function

6.18.3 List of functions
Functions used to manage the simulation session:

» SPARK::Start()
* SPARK::ENnd()
» SPARK::EXitWithError()

Utility functions :

» SPARK::Log()

» SPARK::GetFileName()
General access functions:

* SPARK::GetProgramName()
» SPARK::GetBaseName()

» SPARK::GetVersion()

SPARK::GetRunLog()

SPARK::GetRunLogFilename()
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* SPARK::GetErrorLog()
» SPARK::GetErrorLogFilename()

Functions used to manage t82ARK:: TProblenobjects:

* SPARK::Problem::StaticBuild::ParseCommandLine()
* SPARK::Problem::StaticBuild::ShowCommandLineUsage()
* SPARK::Problem::StaticBuild::Load()

» SPARK::Problem::DynamicBuild::ParseCommandLine()
* SPARK::Problem::DynamicBuild::ShowCommandLineUsage()
* SPARK::Problem::DynamicBuild::Load()

» SPARK::Problem::Unload()

* SPARK::Problem::Get()

* SPARK::Problem::Initialize()

» SPARK::Problem::LoadPreferenceSettings()
* SPARK::Problem::Terminate()

* SPARK::Problem::Save()

* SPARK::Problem::Restore()

* SPARK::Problem::Simulate()

* SPARK::Problem::Step()

» SPARK::Problem::StaticStep()
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6.19 Document Type Definition file

The following code snippet shows the Document Type Definition (DTD) file that describes the XML grammar used to represent the
problem topology. The DTD file contains the set of rules that specify which tags can be used and what they can contain. It is used
by the program setupcpp to generate the XML file corresponding to your SPARK problem.

<-- package (root element) -->
<IELEMENT package ( functions, problem ) >
<IATTLIST package

name CDATA #REQUIRED
filename CDATA  #REQUIRED
date CDATA #REQUIRED
version CDATA  #REQUIRED
cwd CDATA #REQUIRED

<-- functions -->
<IELEMENT functions ( function+ ) >
<IATTLIST functions
size CDATA #REQUIRED
>

<-- function -->
<IELEMENT function EMPTY >
<IATTLIST function
name (#PCDATA) #REQUIRED
type ( ProtoType_MODIFIER |
ProtoType_NON_MODIFIER |
ProtoType_STATIC
) #REQUIRED
library (#PCDATA) #REQUIRED

<-- problem -->
<IELEMENT problem ( inverses, variables, components ) >
<IATTLIST problem

name CDATA #REQUIRED
>

<-- inverses -->
<IELEMENT inverses ( inverse+ ) >
<IATTLIST inverses
size CDATA  #REQUIRED
>

<-- inverse -->
<IELEMENT inverse ( callbacks ) >
<IATTLIST inverse

handle ID #REQUIRED

name CDATA  #REQUIRED
classname CDATA  #REQUIRED
filename CDATA  #REQUIRED

type ( AtomicType_DEFAULT |

AtomicType_INTEGRATOR |
AtomicType_SINK
)  #REQUIRED

<-- callbacks -->
<IELEMENT callbacks ( callback* ) >
<IATTLIST callbacks
size CDATA  #REQUIRED
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<-- callback -->

<I[ELEMENT callback EMPTY >

<IATTLIST callback

type ( CallbackType_EVALUATE [
CallbackType_PREDICT |
CallbackType_CONSTRUCT |
CallbackType_DESTRUCT |
CallbackType_PREPARE_STEP |
CallbackType_CHECK_STEP |
CallbackType_ COMMIT |
CallbackType_ROLLBACK |
CallbackType_STATIC_CONSTRUCT |
CallbackType_STATIC_DESTRUCT |
CallbackType_STATIC_PREPARE_STEP |
CallbackType_STATIC_CHECK_STEP |
CallbackType_STATIC_COMMIT |
CallbackType_STATIC_ROLLBACK
)  #REQUIRED

function_name CDATA  #REQUIRED

return_type ( ReturnType_VALUE
ReturnType_RESIDUAL
)  #IMPLIED

<-- variables -->

<IELEMENT variables (variable+) >

<IATTLIST variables
size CDATA  #REQUIRED
num_past_values CDATA  #REQUIRED

<-- variable -->
<IELEMENT variable EMPTY >
<IATTLIST variable

handle ID #REQUIRED

name CDATA #REQUIRED

unit CDATA #REQUIRED

type ( VariableType_CLOCK |

VariableType_DT
VariableType_ PARAMETER |
VariableType_INPUT [
VariableType_ UNKNOWN

)  #REQUIRED

init CDATA #REQUIRED
min CDATA #REQUIRED
max CDATA #REQUIRED
atol CDATA #REQUIRED
from_link_id IDREF #IMPLIED

url_rd CDATA #MPLIED
url_wr CDATA #IMPLIED

<-- components -->
<IELEMENT components ( component+ ) >
<IATTLIST components
size CDATA  #REQURIED
>

<-- component -->
<IELEMENT component ( normal_unknowns, break_unknowns, objects ) >
<IATTLIST component
handle ID #REQUIRED
>
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<-- normal_unknowns -->
<IELEMENT normal_unknowns ( unknown* ) >
<IATTLIST normal_unknowns
size CDATA  #REQURIED
>

<-- break_unknowns -->
<IELEMENT break_unknowns ( unknown* ) >
<IATTLIST break_unknowns
size CDATA  #REQURIED
>

<-- unknown -->
<IELEMENT unknown EMPTY >
<IATTLIST unknown
var_id IDREF #REQUIRED
>

<-- objects -->
<IELEMENT objects (object+) >
<IATTLIST objects
size CDATA  #REQURIED
>

<-- object -->
<IELEMENT object ( targets, arglists ) >
<IATTLIST object

handle ID #REQUIRED
name CDATA  #REQUIRED
inverse_id IDREF #REQUIRED

<-- targets -->
<IELEMENT targets ( target* ) >
<IATTLIST targets
size CDATA  #REQUIRED
>

<-- target -->
<IELEMENT target EMPTY >
<IATTLIST target
var_id IDREF #REQUIRED
>

<-- arglists -->
<IELEMENT arglists ( arglist* ) >
<IATTLIST arglists
size CDATA #REQUIRED
>

<-- arglist -->
<IELEMENT arglist ( argument* ) >
<IATTLIST arglist
size CDATA  #REQUIRED
callback_type ( CallbackType_CONSTRUCT |
CallbackType_DESTRUCT |
CallbackType_EVALUATE |
CallbackType_PREDICT |
CallbackType_PREPARE_STEP |
CallbackType_CHECK_STEP |
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CallbackType_COMMIT
CallbackType_ROLLBACK
)  #REQUIRED

<-- argument -->
<IELEMENT argument EMPTY >
<IATTLIST argument
var_id IDREF  #REQUIRED
>
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6.20 Makefile

This makefile makefile.prj facilitates the process of building a SPARK simulator with the default single-problem driver function.
Usage:
gmake [PROJ=xxxx]
[SPARK_CLASSPATH=yyyy]
[PARSER_LOG=zzz7]
[clean or cleanALL or distclean or help or makefile.inc or pkg or prf or run or solver or stp]
[SPARK_STATIC_BUILD=yes]

[SPARK_DEBUG=yes]
<enter>

Where items in [] are optional.

Type
gmake help <enter>
to obtain the description of the various targets and environment variables.

ifndef SPARK_STATIC_BUILD
SPARK_STATIC_BUILD := no

endif

## Usage:

##  gmake [PROJ=xxxx] [SPARK_CLASSPATH=yyyy] [PARSER_LOG=zzzz] [clean or
#H cleanALL or distclean or help or makefile.inc or pkg or prf or

## run or solver or stp] [SPARK_STATIC_BUILD=yes] [SPARK_DEBUG=yes]
#H Where items in [] are optional .

#t

H# First time, type:

## gmake PROJ=xxxx SPARK_CLASSPATH=../class,...etc...

#it To create the file 'makefile.inc’ and the solver executable

#H that has the same name as PROJ .

#t

# If 'PROJ=xxxx" is not specified, the default PROJ name is the current
## directory name.

H# If 'SPARK_CLASSPATH=...” is not specified, the default for it is :

## 1) The value of the environment variable SPARK_CLASSPATH if that
## environment variable exists.

## or

#it 2) .,..Iclass,3(SPARK_DIR)/globalclass,$(SPARK_DIR)/hvactk/class

#t

# After the first time, type:

H## gmake

#it To rebuild the 'makefile.inc’ and the solver executable as

## needed using the previous SPARK_CLASSPATH.

#t

## If you want a build with Debug information, either set the environment

## variable SPARK_DEBUG=yes, or run gmake with "SPARK_DEBUG=yes" in command line. e.g.
#Ht gmake .... SPARK_DEBUG=yes

#t

## If you want a build that does not load the problem at run time,

## run gmake with "SPARK_STATIC_BUILD=yes" in command line. e.g.

#t gmake ..... SPARK_STATIC_BUILD=yes

it

#H Other targets are:

#it gmake clean # To delete all intermediate files.

# gmake cleanALL # clean + delete all run subdirectories.
#it gmake distclean # cleanALL + delete .bak .set files.

H# gmake help # To show this information.

## gmake makefile.inc # To create makefile.inc file.

## gmake pkg # To make ../PROJ_pkg directory.

#H# gmake proj_lib # To make PROJ.a file that contains a library
#t of compiled atomic classes.
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## gmake prf # To make PROJ.prf file.

# gmake run # To make a run using PROJ.inp as input and
## PROJ.run as run control file. If PROJ.run
H# is missing a default one is created.
#it gmake solver # To make the solver executable i.e. PROJ .
#it gmake stp # To make PROJ.stp file.

fizd

#it To change the parser log file name from ’'parser.log’ to xyz.log , run:

#H gmake PARSER_LOG=xyz.log

H##

H# Exit status values are put in file gmake.status :

#t

## 1 : Parser error. Caused by bad ...pr , ...cm , or ...cc file, or

## bad SPARK_CLASSPATH . Look at file parser.log .

#t 2 : Setupcpp error. Look at file setupcpp.log .

#H 3 : Compiler error while compiling class.cc file(s).

## 4 : Compiler error while compiling M_PROJ.cpp file.

#H 5 : Linker error while linkihg M_PROJ_.0 and <CLASS...>.0 files.

## 6 : Run error. Usually 'cant converge’. Look at file run.log .

#t

## makefile.inc looks like:

## M_PROJ= XXXX

#H M_DEPsCC= ../../globalclass/aaaa.cc ../class/bbbb.cc

#it M_DEPsCM= ../../globalclass/mmmm.cm

#t SPARK_CLASSPATH= ".$(SPARK_DIR)/globalclass"

H##

##

#t

it

include $(SPARK_DIR)/lib/make_compiler.inc

ifneq ("$(MAKECMDGOALS)","help")

ifndef PROJ
PROJ := $(notdir $(CURDIR))
endif

M_PROJ := $(PROJ)

ifndef SPARK_CLASSPATH

include $(SPARK_DIR)/classpath.env

endif

ifndef SPARK_CLASSPATH

SPARK_CLASSPATH := .,../class,$(SPARK_DIR)/globalclass,$(SPARK_DIR)/hvactk/class
endif

ifeq ($(wildcard gmake.status),gmake.status)

_TMP_COMMAND_ := $(shell rm -f gmake.status)

endif

include makefile.inc

endif

PARSER_LOG := parser.log

PARSER = $(SPARK_DIR)/bin/parser$(EXE)
PARSER_FLAGS = -e4 -s6 -p "$(SPARK_CLASSPATH)"
SETUP = $(SPARK_DIR)/bin/setupcpp$(EXE)

MKMAKINC := $(SPARK_DIR)/bin/mkmakinc$(EXE)
override CXXINCLUDES :=-I1$(SPARK_DIR)/inc

DEBUGPREFIX :=

ifdef SPARK_DEBUG

ifeq ($(SPARK_DEBUG),yes)
DEBUGPREFIX := DEBUG/
endif

endif

ifeq ($(SPARK_STATIC_BUILD),yes)
override CXXDEFINES :=$(CXXDEFINES) -DSPARK_STATIC_BUILD
LIBS := sparksolver_static. $(OBJ_EXT) *_static.$(LIB_EXT)

else
LIBS := *$(LIBDYN_EXT)
ifdef WINDIR
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ifeq ($(CXX),vcpp.sh)
LIBDYNLIBS := $(SPARK_DIR)/lib/$(DEBUGPREFIX)libsolver.$(LIB_EXT)
else
LIBDYNLIBS := $(SPARK_DIR)/bin/$(DEBUGPREFIX)*.$(LIBDYN_EXT)
endif

else
LIBDYNLIBS :=

endif

endif

ifdef WINDIR
SYSLIBS = -Im
else

SYSLIBS = -Im -ldI
endif

override LDXXLIBS := $(addprefix $(SPARK_DIR)/Iib/$(DEBUGPREFIX),$(LIBS)) $(SYSLIBS)

DEPSO  := $(M_DEPSCC:%.cc=%.$(OBJ_EXT))
DEPSODYN := $(M_DEPSCC:%.cc=%.$(LIBDYN_EXT))

%.$(OBJ_EXT) : %.cc
-m - $@
$(CXX) -c -0 $@ P(CXXFLAGS) $(CXXOPTIONS) $(CXXDEFINES) $(CXXINCLUDES) $< ;\
if [ $$? != 0] ; then echo 3 > gmake.status ; exit 3 ; fi

%.$(OBJ_EXT) : %.cpp
-m -f $@
$(CXX) -c -0 3@ $(CXXFLAGS) $(CXXOPTIONS) $(CXXDEFINES) $(CXXINCLUDES) $< ;\
if [ $$? != 0] ; then echo 3 > gmake.status ; exit 3 ; fi

%.$(LIBDYN_EXT) : %.$(OBJ_EXT)

-m -f $@

$(LIBDYN_COMMAND) -0 $@ $* $(LIBDYNLIBS) ;\

if [ $$? !I= 0] ; then echo 3 > gmake.status ; exit 3 ; fi
ifeq ($(CXX),vcpp.sh)

rm -f $*lib $*.exp
endif

ifeq ($(SPARK_STATIC_BUILD),yes)
TARGET := $(M_PROJ)$(EXE)
else

TARGET := $(M_PROJ).xml

endif

.PHONY : clean cleanALL distclean help pkg prf proj_lib run solver stp $(M_PROJ).out

solver : makefile.inc
$(MAKE) $(TARGET)

run :  makefile.inc
$(MAKE) $(M_PROJ).out

ifeq ($(SPARK_STATIC_BUILD),yes)

$(TARGET) : $(M_PROJ)_.$(OBJ_EXT) $(DEPsO)
-rm -f $@
$(LDXX) -0 $@ $(LDXXFLAGS) $(LDXXOPTIONS) $" $(LDXXLIBS) ;\
if [ $$? != 0] ; then echo 5 > gmake.status ; exit 5 ; fi

$(M_PROJ)_.$(OBJ_EXT) : $(M_PROJ).cpp
-rm -f $@
$(CXX) -¢c -0 $@ $B(CXXFLAGS) $(CXXOPTIONS) $(CXXDEFINES) $(CXXINCLUDES) $< ;\
if [ $$? != 0] ; then echo 4 > gmake.status ; exit 4 ; fi
else
$(TARGET) : $(DEPsODYN)
endif

.PRECIOUS : $(DEPsODYN)
proj_lib : $(DEPSODYN)
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##proj_lib 1 $(M_PROJ).$(LIB_EXT)
##$(M_PROJ).$(LIB_EXT) : $(DEPsODYN)
H# -m -f $@

##t $(LIB_FROM_OBJs)

PRECIOUS : $(M_PROJ).prf $(M_PROJ).cpp $(M_PROJ).xml
prf :  $(M_PROJ).prf
$(M_PROJ).prf :  $(M_PROJ).cpp
$(M_PROJ).cpp : $(M_PROJ).xml
$(M_PROJ).xml : $(M_PROJ).stp $(SETUP)
-rm -f $@ setupcpp.log
if [ -r $(M_PROJ).egs ] ; then \
m -f $(M_PROJ).egs.tmp ; tail +6 $(M_PROJ).eqs > $(M_PROJ).egs.tmp ;\
rm -f $(M_PROJ).prf.tmp ; cp -p $(M_PROJ).prf $(M_PROJ).prf.tmp ; fi
$(SETUP) $(M_PROJ) > setupcpp.log 2>&1 ;\
if [ $$? != 0] ; then echo 2 > gmake.status ; exit 2 ; fi
if [ -r $(M_PROJ).eqgs.tmp -a -r $(M_PROJ).eqs ] ; then \
tail +6 $(M_PROJ).eqs > $(M_PROJ).egsNew.tmp ; \
if cmp -s  $(M_PROJ).egs.tmp $(M_PROJ).eqsNew.tmp ; then \
cp -p $(M_PROJ).prf.tmp $(M_PROJ).prf ;\
fi ; rm -f $(M_PROJ).eqsNew.tmp ; fi
m -f  $(M_PROJ).egs.tmp $(M_PROJ).prf.tmp

stp :  $(M_PROJ).stp
$(M_PROJ).stp : $(M_PROJ).pr $(M_DEPSCM) $(M_DEPsSCC) $(PARSER)
-rm -f $(M_PROJ).stp $(M_PROJ).tmp $(PARSER_LOG)
$(PARSER) $(PARSER_FLAGS) $< 2>&1 | tee $(PARSER_LOG) ;\
if [ $$? != 0] ; then echo 1 > gmake.status ; exit 1 ; fi

$(M_PROJ).out : $(TARGET) $(M_PROJ).prf $(M_PROJ).run $(M_PROJ).xml
-rm -f $@ run.log
ifeq ($(SPARK_STATIC_BUILD),yes)
J$(TARGET) $(M_PROJ).prf $(M_PROJ).run > run.log ;\
X=$$? ; if [ $$X = 0 ]; then echo $$X > gmake.status; exit $$X ; fi
else
$(SPARK_DIR)/bin/$(DEBUGPREFIX)sparksolver $(M_PROJ).prf $(M_PROJ).run $(M_PROJ).xml > run.log ;\
X=$$? ; if [ $$X != 0 ]; then echo $$X > gmake.status; exit $$X ; fi
endif

$(M_PROJ).run :
@echo "Creating a default $(M_PROJ).run file"
-rm -f $@ ; cp $(SPARK_DIR)/lib/default.run  $@
if [ -r $(M_PROJ).inp ]; then repref $@ InputFiles = "$(M_PROJ).inp" ;\
else echo "WARNING: Input file $(M_PROJ).inp does not exist." ; fi
repref $@ OutputFile = "$(M_PROJ).out"

makefile.inc :  $(M_PROJ).pr $(M_DEPsCM) $(PARSER)
-rm -f $(M_PROJ).stp $(M_PROJ).tmp $(PARSER_LOG)
$(PARSER) $(PARSER_FLAGS) $< 2>&1 | tee $(PARSER_LOG) ;\
if [ -r $(M_PROJ).stp ] ; then \
Stp=$(M_PROJ).stp A\
elif [ -r $(M_PROJ).tmp | ; then \
Stp=$(M_PROJ).tmp A\
echo 1 > gmake.status N\
else \
echo 1 > gmake.status ; exit 1 ;\
fi \
rm -f  makefile.inc N\
$(MKMAKINC) $$Stp > makefile.inc \
echo "SPARK_CLASSPATH=" $(SPARK_CLASSPATH) >> makefile.inc

pkg : makefile.inc
-rm -rf $(M_PROJ)_pkg
mkdir  $(M_PROJ)_pkg
cp -p $(M_DEPsCC) $(M_DEPSCM) $(M_PROJ)_pkg
-cp -p *.set $(M_PROJ)_pkg
cp -p  $(M_PROJ).pr $(M_PROJ)_pkg/$(M_PROJ)_pkg.pr
cp -p  makefile.inc $(M_PROJ)_pkg/makefile.inc.old
if [ -r $M_PROJ).inp ]; then \
cp -p $(M_PROJ).inp $(M_PROJ)_pkg/$(M_PROJ)_pkg.inp )\
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fi
-cp -p *inp $(M_PROJ)_pkg
-cp -p *.prf  $(M_PROJ)_pkg
-cp -p *run  $(M_PROJ)_pkg
if [ -d ./$(M_PROJ)_pkg ] ; then rm -rf ./$(M_PROJ)_pkg ; fi
mv  $(M_PROJ)_pkg ..
clean :
m -f $(M_PROJ).stp $(PARSER_LOG) parser.log gmake.status
m -f $(M_PROJ).cpp $(M_PROJ).eqs setupcpp.log
rm -f $(TARGET) $(M_PROJ) .$(OBJ_EXT)
rm -f $(M_PROJ).$(LIB_EXT)
rm -f $(M_PROJ).out $(M_PROJ).xml solver.status
m -f $(DEPsO)
rm -f $(DEPsODYN)
rm -f *.factory.log
rm -f debug.log error.log run.log .m.log
-rm -f backtracking_$(M_PROJ)_*.log
-rm -f *template
-rm -f *tmp
-rm -f\#*
-rm -f *~
-rm -f *\%
-rm -f *.rsp
rm -f makestp.log symbolics.log sparksym.log matho.err tmp.txt
if [ -r makefile.inc ] ; then rm -f  makefile.inc.bak ; \
mv makefile.inc makefile.inc.bak ; fi
cleanALL : clean
if [ -r $(M_PROJ).prf ] ; then \
m -f  $(M_PROJ).prf.bak ; mv $(M_PROJ).prf $(M_PROJ).prf.bak ; fi
-rm -f default.prf

-rm -f *.init

-rm -f *.snap

if [ -r*set]; then\

for | in *set ; do rm -rf ‘basename $$I .set' ; done ; fi
-rm -f *.trc

distclean : cleanALL
-rm -f $(M_PROJ).*.bak
-rm -f makefile makefile.inc.bak
-rm -f  $(M_PROJ)_inp.set
help :
@head -70 $(SPARK_DIR)/lib/makefile.prj
@echo "SPARK_CLASSPATH=$(SPARK_CLASSPATH)"
@echo "PROJ=$(PROJ)"
@echo "SPARK_DEBUG=$(SPARK_DEBUG)"
@echo "SPARK_STATIC_BUILD=$(SPARK_STATIC_BUILD)"
@echo "(wildcard classpath.env)=$(wildcard classpath.env)"
@echo "(wildcard ../classpath.env)=$(wildcard ../classpath.env)"
@echo "(wildcard $(SPARK_DIR)/classpath.env)=$(SPARK_DIR)/classpath.env)"
@echo "CXXFLAGS=$(CXXFLAGS)"
@echo "CXXOPTIONS=$(CXXOPTIONS)"
@echo "CXXDEFINES=$(CXXDEFINES)"
@echo "CXXINCLUDES=$(CXXINCLUDES)"
@echo "LDXXFLAGS=$(LDXXFLAGS)"
@echo "LDXXOPTIONS=$(LDXXOPTIONS)"
@echo "LDXXLIBS=$(LDXXLIBS)"
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6.21 Multi-problem command file

The file build_multiproblem facilitates the process of building a SPARK simulator with a specialized driver function that makes use
of possibly multiple problem descriptions.

Usage:

build_multiproblem <mainName> <projectldir> <project2dir> ... <enter>

<mainName> is the name without extension of the file where the customized driver function is implemented. The drizerdite
Name>.cpp must be located in the current working directory. Alsprojectldic> refers to the path where the problem file called
<projectldic-.pr can be found. Similarlyproject2dit> refers to the path where the problem file callegroject2dic>.pr can be
found.

Type

build_multiproblem nultiproblem_examplel ../room_fc ../spring <enter>

to build the simulator for the driver nultiproblem_examplel.cpp that uses the problems room_fc.pr and spring.pr, located in the
directories ../room_fc and ../spring, respectively.

Warning:
It is the user’s responsibility to make sure that the required filgsf( x.run, x.inp) can be found in the directories indicated in
the driver function. The..map files for each problem must always be located in the current working directory, if needed. The
x.xXml files are copied by the command file to the current working directory from each problem directory.
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