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1 Introduction

This document describes the design of the Disteth@pace Exploration Simulation (DSES) federate
multiphase initialization process. The main gdahaltiphase initialization is to allow for data
interdependencies during the federate initializapoocess.

DSES uses the High Level Architecture (HLA) IEEEL&91] to provide the communication and
coordination between the distributed parts of theukation. They are implemented using the Runtime
Infrastructure (RTI) from Pitch Technologies ABhi$ document assumes a basic understanding of IEEE
1516 HLA, and C++ programming. In addition, thare several subtle points in working with IEEE

1516 and the Pitch RTI that need to be understobith are covered in Appendix A

2 Requirements

DSES multiphase initialization has the followingjue@ements:

1. DSES multiphase initialization shall support ifization data interdependencies among
federates.

2. The data and optional synchronization point assediaith each initialization phase shall be
predetermined and known by all federates aheaiinef t

3 Overview

The DSES multiphase initialization consists of éhnegh-level stages, namely federation creation,
simulation configuration, and federate initialipati Where the simulation configuration stage also
depends on whether the federate is the “mastendor Figure 1 below shows the relationship of éhes
stages, which is a high-level representation oOB&S multiphase initialization process flowchart
shown in Appendix B.

The DSES multiphase initialization process willdmeumented using the following outline:

1. Federation Creation
2. Simulation Configuration

a. Master Federate Specific Configuration

b. Non-Master Federate Specific Configuration
3. Federate Initialization

Federation Creation

Is the
Federate the
Master?

Yes

Master Federate Simulation Non-Master Federate
Configuration Simulation Configuration

[ Federate Initialization]

Figure 1 DSES Multiphase Initialization High-Level Represatation
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4 Federation Creation

The following steps comprise the “Federation Cogdtstage of the multiphase initialization process
shown in Figure 1, which corresponds to the topi@eof the multiphase initialization flowchart sk
in Appendix B.

4.1 Create the Federation

4.2 Join the Federation

4.3 Enable Asynchronous Delivery

4.4 Reserve “SimConfig” Object Instance Name

4.5 Wait for “SimConfig” Object Instance Name ResergatCallback

4.1 Create the Federation
This section involves creating and initializing fleeleration.

rtiAmbassador = RTI::createFederateAmbassador( args ) /I host, port

The RTI Ambassador is the object through whichRéderate requests serviéeam the RTI. The
Federate Ambassador is the object through whiclRilesends communications the Federate.

rtiAmbassador->createFederationExecution( federatio n_name, FDD_file_name ); |

Standard HLA practice is that all federates shatifempt to create the federation. The first oreukh
succeed, and the other attempts should gener&tederation already exists” exception. This shdeld
accepted as equivalent to a successful creation.

4.2 Join the Federation

Attempts to join the federation are performed Inap with multiple tries and a timeout failure, bese
sometimes the attempt to join failed. More recamsions of the Pitch RTI have not been checkestéo
if this problem still occurs.

rtiAmbassador->joinFederationExecution( federate_na me, federation_name,
federate_ambassador, time_factory, interval_facto ry);

4.3 Enable Asynchronous Delivery

Asynchronous delivery will need to be enabled st Receive Order (RO) data reflections and certain
other calls from the RTI arrive when the federataat in time advancement mode. This is critioal f
receipt of data when the federate is paused ongline multiphase initialization process.

rtiAmbassador->enableAsynchronousDelivery(); |

4.4 Reserve “SimConfig” Object Instance Name

The “SimConfig” name will be reserved for tBemulation Configuratiombject instance. For the
reserved name to be valid, it must be (1) uniqubénFederation, and (8pt start with “HLA”. Since
the “SimConfig” object instance name can only lgstered once for the federation, the success or
failure to reserve the name will be used to deteentine “master” federate.

wstring instance_name = L"SimConfig”;

rtiAmbassador->reserveObjectinstanceName( instance_ name );
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4.5 Wait for “SimConfig” Object Instance Name Reservaton Callback

The federate must wait for the name reservationessgcor failure to be acknowledged with an
asynchronous callback to the federate ambassdiitre “SimConfig” name registration succeeded then
the federate is the “master” federate. If the “Sonfig” name registration failed then it is becattse
name is already reserved by another federate aniederate is not the master. For all other name
registration failures the federate is probablynrireconsistent state because of a naming conflitt w
another federate and should exit gracefully.

void MyFedAmbassador::objectinstanceNameReservation Succeeded(instance_name) {
if (instance_name.compare( L’SimConfig” ) ==0) {
federate->set_master( true );
federate->set_name_reserved( instance_name );
}
void MyFedAmbassador::objectinstanceNameReservation Failed( instance_name ) {
if (instance_name.compare( L"SimConfig” ) ==0) {
federate->set_master( false );
federate->set_name_reserved( instance_name );
}else {
fatalError(L"“Failed to register object instan ce name”, instance_name);
}

Meanwhile the federate uses a spin-lock to waittier*SimConfig” name reservation success/failed
callback from the RTI.

/I Waiting for the set_name_reserved( L"SimConfig” ) callback
while (! simconfig_name_reserved ) {
usleep( 100 );

5 Master Federate Simulation Configuration

The following steps comprise the master federammttion Configuration” stage of the multiphase
initialization process shown in Figure 1, whichresponds to the left branch of the multiphase
initialization flowchart shown in Appendix B.

5.1 Publish and Subscribe

5.2 Reserve Object Instance Names

5.3 Wait for All Object Instance Name Reservations
5.4 Register Object Instances

5.5 Wait for All Objects to be Registered

5.6 Wait for All “Required” Federates to Join

5.7 Register Synchronization Points

5.8 Wait for Synchronization Point Registration Confations
5.9 Achieve “sim_config” Synchronization Point
5.10Wait for “sim_config” Federation Synchronization
5.11UpdateSimulation Configuratio®bject Attributes
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5.1 Publish and Subscribe

The master federate mymiblish the Simulation Configuratiombject as well as publish and subscribe to
all relevant HLA objects and interactions. Pubihghmeans “announcing to the RTI a federate’s
intention to create and update object instancesrdadhctions,” not actually sending data.

object_id = rtiAmbassador->getObjectClassHandle( o bject_name );

attribute_id= rtiAmbassador->getAttributeHandle( o bject id, attribute_name );
interaction_id = rtiAmbassador->getinteractionClass Handle( interaction_name );
parameter_id= rtiAmbassador->getParameterhandle(in teraction_id, parameter_name);

In order to work with the RTI, the federate needgjue identifiers for all objects, object attribsite
interactions, and interaction parameters. The alstatements are used to gain these identifiers.

rtiAmbassador->publishObjectClassAttributes( object _id, map );
rtiAmbassador->subscribeObjectClassAttributes( obje ct_id, map, true );
rtiAmbassador->publishinteractionClass( interaction _id);
rtiAmbassador->subscribelnteractionClass( interacti on_id );

The calls for publishing and subscribing objectpuree maps that contain the identifiers of all fué t
object attributes that will be published or suldsedi to. Since interactions don’t persist andraériaction
parameters are sent with any interaction creatpuidte, such maps are not needed for interaction
publishing and subscribing.

5.2 Reserve Object Instance Names

The master federate next reserves all the relegatt instance namesxcluding the previously
registered “SimConfig” name, following the proceesioutlined in section 4.4 above. The names to be
used in a federation should be agreed upon in agvan

5.3 Wait for All Object Instance Name Reservations

The master federate next waits for all the objestance name reservation callbacks following the
procedure outlined in section 4.5 above, but witbserved status flag specific to each object intgta
name.

5.4 Register Object Instances

Now that the master federate has published allctd)jé needs to create instances of the objecipdate
including the Simulation Configuratiombject. This is not necessary for object instarthat are not
present at startup, and is not even necessarpgtarices that are not used during initializatiBnt,
since it is required for instances used duringali#ation, it is probably best to do all of thesiance
creation at this point.

It is possible, even probable, that multiple fetessan a given simulation will create object instes for
the same object (remember, in HLA terminology, ebjéct” is a like a Java/C++ type or class, and an
instance is a specific instantiation of that tyfsss). This means that a given federate that sblescto
that object could discover multiple object instamand it will need to be able to distinguish betwe
them.

If multiple instances of a given object will be iggred in a federation (either by a single fedewtby
multiple federates), then the discovering federatisieed some mechanism to distinguish between th
separate instances. HLA provides a mechanismrémigely this circumstance by allowing federates to
reserve unigue object instance names.
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The federate can register an instance of the obgog a reserved instance name with the folloveig
to the RTI.

/I The array object[] contains information about th e objects used by the
/l federate. For this example it contains the objec t instance name and
/l a flag indicating if the object has been registe red with the RTI.
wstring instance_name = object[n].get_instance_name 0;
instance_id = rtiAmbassador->registerObjectinstance

object_type_id, instance_name ); // registering w ith a uniqgue name
instance_id = rtiAmbassador->registerObjectinstance (

object_type_id ); // registering without a unique name

The federate should also keep track of which objestances it has registered so that the check for
registered object instances that occurs in seétidmelow will pass for this object.

object[n].set_registered( true ); |

When a publishing federate makes the above cétiegdRTl, the RTI will respond with a subsequent cal
to all subscribing federates through the Federatba@ssador as follows:

void MyFedAmbassador::discoverObjectinstance(instan ce_id, object_id, instance_name)
/I Save the instance ID and mark the object as reg istered.
savelnstance( object_id, instance_id, instance_nam e);

}

The discovered object instance with given instaramee should likewise be marked as being registered
so that the check for registered object instantéisa next section will pass for this object. hié t
registering federate reserved and used a uniq@etdbgtance name when registering the objectnosta
then theinstance_name parameter will contain that reserved name. Otlsenvthe Pitch RTI will
assign a generated unique name that starts witiA"HL

5.5 Wait for All Objects to be Registered

Next the federate waits for all the object instanicavill be using during the course of the simiaatto
be registered with the RTI. This step ensureslibtt the object instances the federate will beatipd
as well as the object instances it will receivéeed attribute changes for exist before initeiian
continues. Any mistake in the list of object imstes or object instance names the federate exjoecse
can be detected in this step. The federate will weefinitely for all the object instances to tegistered
as a result of the RTI callback to thigFedAmbassador::discoverObjectinstance() function,
which in turn should mark the object for the spedifstance as registered.

bool any_unregistered_obj;
do {
any_unregistered_obj = false;

Il All registered objects should have a non-zero o bject instance handle.
for (int n = 0; n < obj_count; n++) {

if (! object[n].is_registered() ) {
any_unregistered_obj = true;

/I Optionally, display a message about the unreg istered object.
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}
}

usleep( 100 );

} while (‘any_unregistered_obj );

5.6 Wait for All “Required” Federates to Join

Now that the master federate has successfully gaine federation, has successfully published and
subscribed to all necessary objects and interasteamd has created all object instances (espethaly
Simulation Configuratiombject and those needed for exchange of initiainadata), the next step is to
ensure that all other required federates are alsed to the federation. All federates could perfahe
necessary check, but to speed up the initializgirocess, only the master federate performs thekche

The master federate uses the Management Objectlfd@) interface to check for the existence of
all required federates. Itis assumed that eaddréte has access to a list of required federanesthat

the required federates have unique names.

/I Get the ID for the MOM federate object
federate_type_id = rtiAmbassador->getObjectClassHan
L"HLAobjectRoot.HLAmanager.HLAfederate" );

/I Get the ID for the name attribute of the federat
federate_name_type_id = rtiAmbassador->getAttribute
federate_type_id, L"HLAfederateType" );

/I Create a map with the desired attribute
fedAttributes.insert( federate_name_type_id );

/I Subscribe to the federate object and the name at
rtiAmbassador->subscribeObjectClassAttributes( fede
fedAttributes, true );

/I This code forces the RTI to send an immediate da
/I subscribed to object. This is sometimes necessar
/I to force an immediate data update.
try {
attributes.insert( federate_name_type_id );
rtiAmbassador->requestAttributeValueUpdate( federa
UserSuppliedTag( 0, 0));
} catch( RTl::exception & e ) {
cerr << "Update request failed!” << endl;
return;

}

all_federates_joined = false;
while (! all_federates_joined ) {

/I This loop causes the main federate thread to pe
[/ until it has determined that all required feder

I the federation.

usleep( 100 );

all_federates_joined = true;

bool found _it;
map< ObjectinstanceHandle, wstring >::iterator fed

for (inti=0;i<timeout_count; i++) {
found_it = false;
for ( fed_iter = federate_instances.begin();

dle(

e object
Handle(

tribute
rate_type_id,

ta update for the

y with the Pitch RTI

te_type_id, attributes,

riodically check
ates are joined to

_iter;
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fed_iter |= federate_instances.end(); fed_iter+ +
if ( fed_iter->second.compare( requiredFederates [M)==0){
found_it = true;

}

if (! found_it) {
all_federates_joined = false;

}

}

rtiAmbassador->unsubscribeObjectClass( federate_typ e_id),

As a result of subscribing to the Federate attebabove we will get asynchronous calls to
MyFedAmbassador::discoverObjectinstance() to provide the object instance handles for other
MOM federate objects, arddyFedAmbassador::reflectAttributeValues() to reflect the federate
name values.

A Standard Template Library (STL) mapgp< ObjectinstanceHandle, wstring > ) of federates
will be maintained to keep track of the federatgeobinstance handles and associated names. As
federates are discovered they are added to the map.

void MyFedAmbassador::discoverObjectinstance (
ObjectinstanceHandle const & theObject,
ObjectClassHandle const & theObjectClass,
wstring const & theObjectinstanceName)

throw (
RTI::CouldNotDiscover,
RTI::ObjectClassNotKnown,
RTI::FederatelnternalError )

{ if ( myfederate && (theObjectClass == myfederate-> federate_type_id) ) {
myfederate->add_federate_instance_id( theObject ) ;
) el?/eh{andle discovery of other object instances
} }
Theadd_federate_instance_id() function is used to maintain the list of federates

void MyFederate::add_federate_instance_id(
ObjectinstanceHandle instance_id )

// Default to an empty string for the federate nam e. We will store the
/I actual name when it is reflected.
federate_instances[ instance_id | = L"™;

The federate names are reflected back to the fedanabassador. Once it is determined the attribute
values are for a federate by checking againstbfecbinstance handle, the federate name is set.

void MyFedAmbassador::reflectAttributeValues (
ObjectinstanceHandle const & theObject,
std::auto_ptr< AttributeHandleValueMap > theAttrib uteValues,
UserSuppliedTag const & theUserSuppliedTag,
OrderType const & sentOrder,
TransportationType const & theType )
throw (
ObjectinstanceNotKnown,
AttributeNotRecognized,

10
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AttributeNotSubscribed,
FederatelnternalError)

if ( myfederate && myfederate->is_federate_instanc e_id( theObject ) ) {
myfederate->set_federate_instance_name(theObject, theAttributeValues);
}else {
/I handle the other object attributes
}

}

The federate name is found in the map of attribatedle values by using the attribute handle
federate_name_type_id, which corresponds to thél AfederateType  attribute that was subscribed
to. The federate name, in tHeAunicodeString format, is decoded using the following code which
uses the technique described in Appendix A, sec@i8rbelow.

void MyFederate::set_federate_instance_name(
ObjectinstanceHandle id,
auto_ptr< AttributeHandleValueMap > values )

map< ObjectinstanceHandle, wstring >::iterator fed erate_iter,;
AttributeHandleValueMap::iterator attr_iter;

// Find the federate for the given ID.
federate_iter = federate_instances.find(id );

// Find the attribute handle value for the given a ttribute name type ID.
attr_iter = values->find( federate_name_type_i d);

if ( (federate_iter |= federate_instances.end() )
&& (attr_iter I= values->end() ) ) {

wstring wname(L™);
int size = attr_iter->second.size();
char * data = (char *) attr_iter->second.data();

/I The first four bytes represent the number of t wo-byte characters

/[ that are in the string. For example, a federat e name of "CEV" would
/I have the following ASCII decimal values in the array:

// 00030670690 86

Il | ]

for (inti=5;i<size;i+=2){
wname.append( data+i, data+i+1 );

federate_instances| id ] = wname;

}

}

5.7 Register Synchronization Points

The master federate is responsible for registdtiagsim_config”, “initialize”, and “startup”
synchronization points as well as all the multighistialization synchronization points if any exisThe
following calls create the synchronization poinggded for the federate multiphase initializatioocpss.

rtiAmbassador->registerFederationSynchronizationPoi nt( L"sim_config",
UserSuppliedTag( 0, 0));

rtiAmbassador->registerFederationSynchronizationPoi nt( L"initialize",

11
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UserSuppliedTag(0,0));

rtiAmbassador->registerFederationSynchronizationPoi nt( L"startup”,
UserSuppliedTag( 0, 0));
/I Register all the Multiphase Initialization Sync- Points if we have any.
for (inti=0;i<num_multiphase_sp; i++) {
rtiAmbassador->registerFederationSynchronizationPo int( multiphase_spl[i],

UserSuppliedTag(0,0));

}

The Federate Ambassador receives callbacks frorRTié¢o indicate synchronization point registration
success or failure. For each successful synchabarzpoint registration, a flag is set to indictitat the
synchronization point exists. Nothing is donetfee successful registration of synchronization {in
that are not recognized by the federate.

MyFedAmbassador::synchronizationPointRegistrationSu cceeded(
wstring sp_label )

if ( sp_label.compare( L"sim_config") ==0) {
federate->set_sim_config_sp_exists( true );

else if ( sp_label.compare( L"initialize" ) == 0) {
federate->set_initialize_sp_exists( true );

else if ( sp_label.compare( L"startup™ ) ==0) {
federate->set_startup_sp_exists( true );

else if ( federate->is_multiphase_sp( sp_label ) ) {
federate->set_multiphase_sp_exists( sp_label, tru e);

}
}

Only the master federate is creating all the syorlzation points so any registration failure shdogd
handled as an error and gracefully exit the sinarat

MyFedAmbassdor::synchronizationPointRegistrationFai led(
wstring sp_label,
SynchronizationFailureReason reason )

fatalError( L“Failed to register synchronization p oint”, sp_label );

5.8 Wait for Synchronization Point Registration Confirmations

Next the master federate waits for confirmatiort #iethe synchronization points have successfully
registered.

while (! all_sp_exist() ) {
usleep( 100 );

Theall_sp_exist() function returns true once the “sim_config”, “iaitze”, “startup”, and
multiphase synchronization points all exist.

bool MyFederate::all_sp_exist()

if (! sim_config_sp_exists ||

12
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I'initialize_sp_exists ||
I startup_sp_exists ) {
return false;

for (inti=0;i<num_multiphase_sp; i++) {

if (! multiphase_sp_existsJi] ) {
return false;
}

return true;

}

5.9 Achieve “sim_config” Synchronization Point

At the end of the check for all federates, the erafgtderate is guaranteed that all required fedgrate
joined. Since the master federate will not advandéis step until then, it is guaranteed thafealerates
will achieve the “sim_config” synchronization poionly after all required federates are joined, alhd
object instances required for initialization haeeb created.

rtiAmbassador->synchronizationPointAchieved( L"sim_ config” ); |

5.10Wait for “sim_config” Federation Synchronization

Meanwhile, the following code in the Federate Ansaa®r is called by the RTI when all federates have
achieved a particular synchronization point:

void MyFederateAmbassador::federationSynchronized (
wstring const & sp_label)
throw ( RTI::FederatelnternalError )

if ( sp_label.compare( L"sim_config") ==0) {
federate->set_sim_config_sp_synchronized( true );

else if ( sp_label.compare( L"initialize" ) == 0) {
federate->set_initialize_sp_synchronized( true );

else if ( sp_label.compare( L"startup™ ) ==0) {
federate->set_startup_sp_synchronized( true );

else if (federate->is_multiphase_sp( sp_label ) )
federate->set_multiphase_sp_synchronized( sp_labe l, true);

}

}

The federate will wait in a loop until the “sim_dagi synchronization point has been synchronized fo
the federation.

while (! sim_config_sp_synchronized ) {
usleep( 100 );

5.11 Update Simulation Configuration Object Attributes

This step causes a federate to send data f@ithelation Configuratiombject instance to subscribing
federates.

/I sim_config_instance is a pointer to a user-defin ed class for managing
/I an instance of a Simulation-Configuration object
AttributeHandleValueMap * map = sim_config_instance ->get_attribute_map();

13
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/I No timestamp is used, so the data will be in Rec eive Order (RO).
rtiAmbassador->updateAttributeValues(

sim_config_instance->get_id(),

map,

UserDefinedTag( 0, 0));

If the Simulation Configuratiormbject instance is not going to be used agagarntnow be deleted.

rtiAmbassador->deleteObjectinstance( sim_config_ins tance->get_id(),
UserDefinedTag( 0, 0));

If no instances of th8imulation Configuratiombject are going to be published any more, theatlgan
now be unpublished.

rtiAmbassador->unpublishObjectClass( sim_config_ins tance->get_object_id() ); |

6 Non-Master Federate Simulation Configuration

The following steps comprise the non-master fe@ei@imulation Configuration” stage of the multipkas
initialization process shown in Figure 1, whichresponds to the right branch of the multiphase
initialization flowchart shown in Appendix B.

6.1 Publish and Subscribe

6.2 Reserve Object Instance Names

6.3 Wait for All Object Instance Name Reservations
6.4 Register Object Instances

6.5 Wait for All Objects to be Registered

6.6 Wait for Announcement of Synchronization Points
6.7 Achieve “sim_config” Synchronization Point

6.8 Wait for “sim_config” Federation Synchronization
6.9 Wait for Simulation ConfiguratiorObject Reflections

6.1 Publish and Subscribe

The non-master federate mgsibscribeto theSimulation Configuratiombject as well as publish and
subscribe to all relevant HLA objects and inte@t$i. The procedures outlined in section 5.1 are
followed with the exception that tf®&mulation Configuratiombject is only subscribed to and not
published.

6.2 Reserve Object Instance Names

The non-master federate next reserves all theaetenbject instance namexcluding the already
registered “SimConfig” name, following the proceesioutlined in section 4.4 above. The names to be
used in a federation should be agreed upon in agvan

6.3 Wait for All Object Instance Name Reservations

The non-master federate next waits for all the a@bjestance name reservation callbacks followirgy th
procedure outlined in section 4.5 above, but witbserved status flag specific to each object intsta
name.
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6.4 Register Object Instances

Now that the non-master federate has publisheob@kts, it needs to create instances of the abject
updateexcluding the Simulation Configuratiombject. The procedures in section 5.4 abovedi@ed
with the exception that an instance for 8imulation Configuratiombject is not created.

6.5 Wait for All Objects to be Registered

Now that the non-master federate has created fleetabstances it will be updating, it needs totviai
all the object instances it will be using to beistgred by following procedures in section 5.5 abovhe
object instances the non-master federate usedmdhose it will update, ti@imulation Configuration
and those it will receive RTI reflections for frafme other federates.

6.6 Wait for Announcement of Synchronization Points

The Federate Ambassador receives callbacks froRTh@nnouncing the existence of a synchronization
point that applies to the federate. Nothing isedfor announced synchronization points that are not
recognized by the federate.

void MyFedAmbassador::announceSynchronizationPoint (
wstring const & sp_label,
UserSuppliedTag const & theUserSuppliedTag)

throw ( RTI::FederatelnternalError )

if ( sp_label.compare( L"sim_config") ==0) {
federate->set_sim_config_sp_exists( true );

else if ( sp_label.compare( L"initialize" ) == 0) {
federate->set_initialize_sp_exists( true );

else if ( sp_label.compare( L"startup™ ) ==0) {
federate->set_startup_sp_exists( true );

else if ( federate->is_multiphase_sp( sp_label ) ) {
federate->set_multiphase_sp_exists( sp_label, tru e);

}
}

Next the non-master federate waits for all the bymigization points to be announced indicating thay
exist.

while (! all_sp_exist() ) {
usleep( 100 );

6.7 Achieve “sim_config” Synchronization Point
Next the non-master federate achieves the “simigbsynchronization point.

rtiAmbassador->synchronizationPointAchieved( L"sim_ config”); |

6.8 Wait for “sim_config” Federation Synchronization

The non-master federate follows the same procedwtige in section 5.10 above to wait for the
“sim_config” federation synchronization.
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6.9 Wait for Simulation Configuration Object Reflections

In this step, the non-master federate executestdos@ until it receives an update of tBemulation
Configurationobject from the master federate.

while (! sim_config_instance->is_initialized() ) {
usleep( 100 );

If the non-master federate doesn’t care about dditianal updates for instances of tBenulation
Configurationobject, it can now unsubscribe to it.

rtiAmbassador->unsubscribeObjectClass( sim_config_t ype_id );

In the Federate Ambassador, something like thevatlg code will store the reflecté&@imulation
Configurationand initialization values from the other federates

void MyFedAmbassador::reflectAttributeValues (
ObjectinstanceHandle const & theObject,

auto_ptr< AttributeHandleValueMap > theAttributeVa lues,
UserSuppliedTag const & theUserSupplie dTag,
OrderType const & sentOrder,
TransportationType const & theType )
throw (
ObjectinstanceNotKnown,
AttributeNotRecognized,
AttributeNotSubscribed,

InvalidLogicalTime,
FederatelnternalError)

if ( sim_config_instance &&
( theObject == sim_config_instance->get_ins tance_id() ) ) {
sim_config_instance->reflect_data( *theAttributeV alues );
sim_config_instance->set_initialized( true );

else if (instance_a && (theObject == instance_ a->get_instance_id() ) ) {
instance_a->reflect_data( *theAttributeValues );
instance_a->set_initialized( true );

else if (instance_b && (theObject == instance_b- >get_instance_id() ) ) {
instance_b->reflect_data( *theAttributeValues );
instance_b->set_initialized( true );

else if (instance_c && ( theObject == instance_c- >get_instance_id() ) ) {
instance_c->reflect_data( *theAttributeValues );
instance_c->set_initialized( true );
}
}

7 Federate Initialization

The following steps comprise the “Federate Initiation” stage of the multiphase initialization pees
shown in Figure 1, which corresponds to the lagepa the multiphase initialization flowchart shown
Appendix B.

7.1 Achieve “initialize” Synchronization Point

7.2 Wait for “initialize” Federation Synchronization
7.3 Send Initialization Data for the Current Phase
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7.4 Receive Initialization Data for the Current Phase

7.5 Process Synchronization Point for the Current Phase
7.6 Determine if Additional Initialization Phases Exist

7.7 Setup Time Management

7.8 Achieve “startup” Synchronization Point

7.9 Wait for “startup” Federation Synchronization

7.1 Achieve “initialize” Synchronization Point
The federate achieves the “initialize” synchrori@afpoint.

rtiAmbassador->synchronizationPointAchieved( L"init ialize™); |

7.2 Wait for “initialize” Federation Synchronization

The federate will wait in a loop until the “initiaé” synchronization point has been synchronizedtfe
federation. See section 5.10 for the Federate Asdubor federation synchronized callback.

while (! sim_config_sp_synchronized ) {
usleep( 100 );

7.3 Send Initialization Data for the Current Phase

The federate sends the initialization data to theseribing federates only if it needs to for therent
phase.

/[ init_instances is a pointer to an array of user- defined classes for
/l managing instances of initialization objects for a specific phase
int init_instances_cnt = get_init_instances_count_f or( phase );
init_instances = get_init_instances_for( ph ase);

for (inti=0;i<init_instances_cnt; i++ ) {

if (init_instancesJi].is_send_needed_for_phase() ) {
AttributeHandleValueMap * map = init_instances]i] .get_attribute_map();
/I No timestamp is used, so the data will be in R eceive Order (RO).

rtiAmbassador->updateAttributeValues(
init_instancesJi].get_id(),
map,
UserDefinedTag( 0, 0));

}

}

7.4 Receive Initialization Data for the Current Phase

The federate executes a wait loop until it recearesipdate of the initialization data from the othe
federates and only if it needs to for the currdrage.

/[ init_instances is a pointer to an array of user- defined classes for
/l managing instances of initialization objects for a specific phase
int init_instances_cnt = get_init_instances_count_f or( phase );
init_instances = get_init_instances_for( ph ase);

for (inti=0;i<init_instances_cnt; i++ ) {

if (init_instances]i].is_receive_needed_for_phase 0){
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while (! init_instances]i].is_initialized() ) {
usleep( 100 );

}

}

7.5 Process Synchronization Point for the Current Phase

Next the federate achieves the “sim_config” synofeation point and waits for federation
synchronization if it needs to for the current ghas

/[ init_instances is a pointer to an array of user- defined classes for
/l managing instances of initialization objects for a specific phase
int init_instances_cnt = get_init_instances_count_f or( phase );
init_instances = get_init_instances_for( ph ase);

for (inti=0;i<init_instances_cnt; i++ ) {

if (init_instancesJi].is_sync_pt_needed_for_phase 0 &&
I'init_instances]i].is_sync_pt_synchronized() ) {

rtiAmbassador->synchronizationPointAchieved(
init_instances]i].get_sync_pt_label() );

while (! init_instances]i].is_sync_pt_synchroniz ed()){
usleep( 100 );

}
}

7.6 Determine if Additional Initialization Phases Exist

The federate shall keep looping through the stégermding (section 7.3), receiving (section 7.4y a
processing synchronization points (section 7.5}Herinitialization data for each phase until thare no
more initialization phases left. When there areme initialization phases remaining the fedevatke
proceed to the “setup time management” (sectionpsiep.

int phase = 0;
do {
send_init_data_for_phase();

receive_init_data_for_phase();

process_sync_pt_for_phase();
} while ( ( ++phase ) < num_phases );

7.7 Setup Time Management

7.7.1 TimeFrames

Time management defines how the RTI synchronizdselates the time for various federates. It is
important to keep in mind the distinction betweer Bne, real time, and simulation time.

Most simulations of time propagated dynamical syst@ave natural simulation time scales. However,
this is typically not the case for either distriéditor real-time simulations. In fact, a typical Alfederate
must operate in several distinct time frames siamgously:

e Real Timas the computer’s concept of time in the physicatid (i.e., wall clock time).
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e Simulation Timas the time for which the federation is calculgtsimulated data.
e RTI Timeis the time for which the federate receives dagmfother federates.

e Update Timas the earliest time for which the federate camds#ata to other federates.

7.7.2 Real Time

The first of these time frames is referred toes time Real time is the computer’s concept of time
passage in the physical world. This most oftes titeregisters in the computer’s hardware thaestor
values incremented in conjunction with an oscillatbknown frequency and fidelity. These values ca
then be translated into a current time. In sonsegaexternal interrupts or external clock regssaee
used. This time frame is often referred to as I'staick time”.

This time frame is important when a simulatiomiterfacing with time critical hardware or softwane
has elements that provide or require human interact

7.7.3 Simulation Time

The second of these time frames is simulation tifft@s is the natural time scale for the dynamic
systems being simulated. From the simulation’sl therefore a federate’s) point of view, this & it
“real” time -- the time that it is currently simtilag.

Simulation time advancement is determined by tlegls®f the dynamic system being simulated. For
instance, Trick based orbital dynamics simulatiaresoften propagated in 0.01-second time steps (100
Hz). However, Trick based robotic simulations @iten propagated at 0.001-second time steps (1000
Hz).

A simulationcan only run real time if it can advance its simulatiome at a rate greater than or equal to
real time. A simulatiomvill only run real time if simulation time is held feetsame rate as real time.

7.74 RTI Time

The third of these time frames is tR&l time This is the time that the RTI thinks the federatat, and
therefore the time for which the RTI sends datkecéibns. Since the RTI time advances at a differe
rate (1Hz for all federates in the DIS federatithgn the simulation time and the RTI time advances
involve asynchronous callbacks from the RTI, thd ®fie and simulation time are only loosely coupled

7.7.5 Update Time

The fourth time frame is thepdate time- the earliest time for which the federate i®wakd to publish.
This time is identical to the federate’s Greateldbwed Logical Time, olGALT. This is related to the
RTI time as follows: if the federate is notTime Advancingnode, the update time is equal to the
federate’s current RTI time plus its lookahead tinterval. If the federate is in Time Advancing deo
then the update time is equal to the RTI time thatfederate is advancing to plus its lookaheaé tim
interval. A federate is in Time Advancing modeeaft has made a Time Advance Request or Time
Advance Request Available, but before the corredipgnTime Advance Grant has been received.

7.7.6 Time Management
The following calls initialize the time managemémta simulation that follows the DSES standard:

rtiAmbassador->enableTimeConstrained();
rtiAmbassador->enableTimeRegulation( lookahead_inte rval );
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The default mode of operation is to have all fetdsrde both time regulating and time constrairEuae
time regulation uses a lookahead interval equtidaate of data sending, e.g., 4 Hz sending witBGx
millisecond lookahead. Keeping these two valuesstime eliminates the need for federates to have to
gueue up incoming value updates.

7.8 Achieve “startup” Synchronization Point
Next the federate achieves the “startup” synchadron point.

rtiAmbassador->synchronizationPointAchieved( L star tup” ); |

7.9 Wait for “startup” Federation Synchronization

The federate will wait in a loop until the “startugynchronization point has been synchronizedlier t
federation. See section 5.10 for the Federate Asdubor federation synchronized callback.

while (! startup_sp_synchronized ) {
usleep( 100 );

Once the federation has been synchronized on tagup” synchronization point the multiphase
initialization is complete and the simulation cagim running.
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A Subtle Points in Working with IEEE 1516

There are several subtle points in working with EEE516 and the Pitch RTI that need to be understood

A.1 Calling the RTI and Threads

All calls to the RTI are done through the RTI Ambassador.callsfrom the RTI come to the Federate
Ambassador. The calls to the Federate Ambassaga@nathreads that are created and managed by the
RTI, and are independent of the main executiorathrdt isnot allowedto make a call back to the RTI
through the RTI Ambassador on one of these threBaang so will result in undefined behavior. Hiet
federate gets a call to its Federate Ambassadbsiioald result in a call through the RTI Ambassado
back to the RTI, the federate must do one of tHeviing:

a. Create a brand new thread that performs theactie RTI Ambassador.

b. Set a flag that is monitored by the main executhread, and will cause the main thread to
perform the call to the RTI Ambassador.

A.2 Wide Strings

The RTI is written in Java and uses Unicode widags for all test representation. If a federate i
written in C++ and uses the C++ RTI bindings, il @imost certainly have to convert between wide
strings and normal C++ “char *” strings. The folimg code is a quick and efficient method for doing
this without having to explicitly allocate and mgeamemory. (This and all subsequent code examples
are written in C++ code fragments and use the C¥Hdihdings. Equivalent functionality in Java or
Ada should be fairly straightforward to implement.)

char * to wstring:

Il c_str is of type “char *”

string str( c_str);

wstring wstr;

wstr.assign( str.begin(), str.end() );

wstring to char *:

string str;
str.assign( wstr.begin(), wstr.end() );
strepy( c_str, str.c_str() );

A.3 HLAunicodeString

TheHLAunicodeString  type is used for the strings in the ManagemeneQbylodel (MOM) interface,
and can be used for federation-specific data.

TheHLAunicodeString is defined in IEEE Standard 1516.2-2000, sectid@.4 as being encoded as
HLAvariableArray and contains elements that &ateAunicodeChar . TheHLAunicodeChar is
represented adLAoctetPairBE  of a Unicode UTF-16 character in Big Endian [2].

TheHLAvariableArray is defined in IEEE Standard 1516.2-2000, sectid@2.2.4 as an encoding for

arrays of variable length and consists of the nurobencoded elements H&Ainteger32BE  followed
by the encoding of each element in sequence [2].
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Byte

0 1 2 3 4 5

HLAinteger32BE HLAoctetPairBE

Figure 2 HLAunicodeString Format

To make things a little clearer, here is an exampkefederate name of “CEV” in the
HLAunicodeString  format.

Byte 0 1 2 3 4 5 6 7 8 9
Decimal Value 0 0 0 3 0 67 0 69 0 86

| length = 3 | C E \Vi

Figure 3 “CEV” in the HLAunicodeString Format

The following code shows a quick way to extractrang from theHLAunicodeString ~ format held
within anAttributeHandleValue . Characters for the string are extracted stadirigdex 5 which
will skip over the size encoding and start with fiingt decodable character. Also, every other attar is
used for the string to decode the UTF-16 values.

int size = attr_handle_value.size();
char * data = (char *) attr_handle_value.data();

for (inti=5;i<size;i+=2){
name.append( data+i, 1 );

This assumes that the string stored inHh&unicodeString  only contains characters that are
represented in the ASCII character set. If an edpd character set (e.g., Cyrillic or Kanji chaeeg} is
stored, this decoding will not work.

A.4 Time Objects

The HLA uses two abstract object classexjicalTime, andLogicalTimelnterval , to manage time. The
Pitch RTI includes two subclasses that can be idiime encoded as doublésgicalTimeDouble and
LogicalTimelntervalDouble. The DSES project has created their own classores, called

DoubleTime andDoublelnterval that use the same encoding as the Pitch RTI abjeat add more
programmer friendly access, such as overloaded ansgm functions and access to the time as either a
floating-point time in seconds or as an integeetimmicroseconds.
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B Multiphase Initialization Process Flowchart

Create Federation
(ignore creation failure)

v

[ Join Federation ]

v

[ Enable Asynchronous DeIiveﬂy

v

Reserve “SimConfig”
Object Instance Name

v

Wait for “SimConfig” Object Instance
ack

Name Reservation Success/Failure Call

Successfully
Registered “SimConfig
Object Instance Name?

Yes: “Master” No

Publish and Subscribe Object Clags
Attributes and Interaction Classe
(publish Simulation Configuration

v

Reserve Object Instance Name
(excluding “SimConfig”)

v

Wait for All Object Instance Nam
Reservation Success/Failure Callb

v

Register Object Instances
(including Simulation Configuration

v

Wait for All Objects
to be Registered

v

Wait for All “Required”
Federates to Join

v

4 N\
Register Synchronization Points

“sim_config”, “initialize”, “startup”, and

Multiphase Initialization Sync-Points]

v

Wait for Sync-Point Registration
Confirmation Callback for “sim_config],
“initialize”, “startup”, and Multiphase
Initialization Sync-Points

v

Achieve “sim_config” Sync-Point]

v

Wait for Federation Synchronize
Callback for “sim_config” Sync-Point

v

UpdateSimulation Configuration
Object Attributes (RO)

—0 (n/

—n J

Q @ )

cks

.

‘
—

s N\
| S

J/

Publish and Subscribe Object Clags
Attributes and Interaction Classe
(subscribe Simulation Configuration

(excluding “SimConfig”)

v

Wait for All Object Instance Nam
Reservation Success/Failure Callbgcks

Reserve Object Instance Names]

\

) v
Register Object Instances
(excluding Simulation Configuratioj
Wait for All Objects
to be Registered
\ 4

Point Callback for “sim_config”,
“initialize”, “startup”, and Multiphas
Initialization Sync-Points

v

Achieve “sim_config” Sync-Point

v

Wait for Federation Synchronize
Callback for “sim_config” Sync-Point

v

Wait for Simulation Configuration
Object Reflection Callback (RO)

[ Wait for Announce Synchronizatio

24



Multiphase Initialization Design

Distributed Spdeeploration Simulation

¢

[ Achieve “initialize” Sync-Poinq

v

Wait for Federation
Synchronized Callback for
“initialize” Sync-Point

»

Y

Need to send
initialization data
for this phase?

Yes

Attributes for this phase (R
|

Send/Update Object 4)
)

Need to receive
any initialization data
for this phase?

Yes

Wait for All initialization
data reflection callbacks fo
this phase (RO)

|

Synchronization
point exists for
this phase?

Yes

Achieve Synchronizatio
Point for this Phase

v

Wait for Federation
Synchronized Callback fqr
this Phase

]

Anymore
initialization phases?

Setup Time Management:
Enable Time Constraine
Enable Time Regulation|

v

Achieve “startup”
Sync-Point

v

~
Wait for Federation
Synchronized Callback fqr
“startup” Sync-Point |

v

Simulation can begin
Running

25



