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ture for reuse and interoperation of simulations. It is
based on the premise that no simulation can satisfy
all uses and users. An individual simulation or set of
simulations developed for one purpose can be applied
to another application under the HLA concept of the
federation: a composable set of interacting simula-
tions. The intent of the HLA is a structure which
will support reuse of capabilities available in differ-
ent simulations, ultimately reducing the cost and
time required to create a synthetic environment for a
new purpose, and the possibility of distributed col-
laborative development of complex simulation appli-
cations. The HLA is widely applicable across a full
range of simulation application areas. The widely
differing application areas indicate the variety of re-
quirements that have been considered in develop-
ment and evolution of the HLA. The HLA does not
prescribe a specific implementation, nor does it man-
date the use of any particular software or program-
ming language. Over time, as technology advances,
new and different implementations will be possible
within the HLA framework. This paper describes the
technical motivations for the HLA, the key elements
of the architecture and how they are minimum and
essential to the goal of reuse and interoperability.
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1. Introduction

Setting standards for simulation involves a delicate
balance between the need for clear definition and di-
rection, and the desire to allow flexibility and extensi-
bility. Determining what to standardize and what to
leave to the user is key to a successful standard.

The High Level Architecture (HLA) for simulation
interoperability is an example of minimal but sufficient
standards for general application. HLA is an architec-
ture for reuse and interoperation of simulations. It is
based on the premise that no simulation can satisfy all
uses and users. An individual simulation or set of sim-
ulations developed for one purpose can be applied to
another application under the HLA concept of the fed-
eration: a composable set of interacting simulations.
The intent of the HLA is a structure which will support
reuse of capabilities available in different simulations,
ultimately reducing the cost and time required to cre-
ate a synthetic environment for a new purpose, and the
possibility of distributed collaborative development
of complex simulation applications.

The HLA is widely applicable across a full range of
simulation application areas, including education and
training, analysis, engineering and even entertainment,
representing entities at many levels of resolution. These
widely differing application areas indicate the variety
of requirements that have been considered in devel-
opment and evolution of the HLA. The HLA does not
prescribe a specific implementation, nor does it man-
date the use of any particular software or programming
language. Over time, as technology advances, new
and different implementations will be possible within



the HLA framework. This paper describes the technical
motivations for the HLA, the key elements of the archi-
tecture and how they are minimum and essential to
the goal of reuse and interoperability.

2. The High Level Architecture (HLA) Defined

Basic terms are used throughout this article and in
other descriptions of the HLA:

A federation is a set of simulations, a common fed-
eration object model, and supporting runtime in-
frastructure that are used together to form a larger
model or simulation.

e A federate is a member of a federation, one point of
attachment to the infrastructure. A federate could
represent one platform, like a cockpit simulator. Or
a federate could represent an aggregate simulation,
like an entire national simulation of air traffic flow.

* A federation execution is a session of a federation
executing together.

The HLA standard has three parts:

¢ HLA Rules

e Object Model Template

¢ Interface Specification

HLA Rules

The HLA Rules are principles and conventions which
must be followed to achieve proper interaction of fed-
erates during a federation execution. These describe the
responsibilities of federates and federation designers.

Object Model Template (OMT)

The OMT is the prescribed common method for de-
scribing the entities to be simulated and interactions
between entities in a federation. The OMT is an example
of a meta-model, i.e., a way to describe models of
information. Each prospective federate has a Simula-
tion Object Model, or SOM, that describes the data the
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federate can produce or consume. A given federation
has a Federation Object Model, or FOM, that defines
what part of the union of all the federates” SOMs will
be used in the federation. The OMT is the meta-model
for both SOMs and FOMs.

Interface Specification

This is the specification of the interface between fed-
erates and the Runtime Infrastructure (RTI). The RTI is
software that allows a federation to execute together. It
is the interface between the RTI and federates that is
standardized; an implementation of the RTI could take
a variety of forms.

An HLA Federation Combines Rules, Object Model,
and Infrastructure

The three parts of the HLA standard are applied as
follows:

* An HLA-compliant federate has a Simulation Object
Model documented in accordance with the OMT. The
federate complies with the HLA Rules for federates.

* An HLA federation consists of: (a) a Federation
Object Model documented in accordance with the
OMT; (b) a set of compliant federates; and (c) a
compliant implementation of the RTL.

An HLA Federation Has Software Components: Fed-
erates and RTI

As the foregoing discussion shows, an HLA federa-
tion has several software components:

¢ Some number of federates (usually more than one)

¢ An implementation of the RTI

This is depicted in the “lollipop diagram” in Figure 1.
For the HLA, a federate is defined as having a single

point of attachment to the RTI. A federate might con-

sist of several processes, perhaps running on several
computers. A federate might model a single entity, like
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Figure 1. Software components of an HLA federation.
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a vehicle, or a federate might model many entities, like
all the components of an air traffic control system in a
region. From the perspective of the HLA, a federate is
defined by its single point of attachment to the RTL

As shown in Figure 1, a federate might model some
number of entities, or it might have a different purpose.
It might be a collector and/or viewer of data, passively
receiving data and generating none. Or a federate
might act as a surrogate for human participants in a
simulation. In this role, the federate might reflect the
state of the larger simulation to the participant via some
user interface, and might convey control inputs or de-
cisions from the participant to the rest of the federa-
tion.

The RTI used by a federation may be implemented
as many processes or as one. It may require many com-
puters to execute, but conceptually it is one RTL

The interface between each federate and its point of
attachment to the RTI is defined by the HLA Interface
Specification. The HLA Rules require that each federate
interact with other federates through the services of the
RTI, and not directly. The kinds of data to be exchanged
through the RTT in a given federation execution are de-
fined in the FOM for that federation execution.

3. The HLA Defines a Software Architecture

Goal of the HLA: Build Simulation Applications from
Component Simulations

The HLA defines a software architecture. To under-
stand that architecture, it’s helpful to know what the
HLA is intended to do. Its chief intent is to allow simu-
lation applications to be created by combining simula-
tions. In this way the HLA supports component-based
simulation development, where the components are
federates (not entities being simulated).

The design of the HLA is based on several premises
or assumptions:

e No single, monolithic simulation can satisfy the
needs of all users. Users differ in their interests and
requirements for fidelity and detail.

* Simulation developers vary in their knowledge of
domains to be simulated. No one set of developers
is expert across all details, even in one domain.

¢ No one can anticipate all the uses of simulation
and all the ways simulations could be usefully
combined. Even if we were able to satisfy a com-
prehensive set of requirements in a domain of ap-
plication (by building the monolithic simulation),
the project would fail at the outset in anticipating
the requirements for such a system. The world
changes continually; nobody knows all the future
uses for simulation, even in one domain.

¢ Future technology and tools must be incorporated.
Were we able to build the comprehensive simulation,
and our crystal ball functioned well enough for us
to anticipate requirements, computer technology
would change underneath us. If our crystal ball
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could show us the future of computer technology,
we’d still face the problem of incorporating it as our
customers demanded to benefit from its advances.

These observations led the HLA designers toward
the following goals:

¢ It should be possible to decompose a large simula-
tion problem into smaller parts. The smaller parts
are easier to define, build correctly, and verify.

¢ It should be possible to combine the resulting soft-
ware components into a larger simulation.

¢ It should be possible to combine those components
with other, perhaps unanticipated, components to
form a new simulation.

* Those functions that are generic to component-
based simulation should be separated from specific
simulations. The resulting generic infrastructure
should be reusable from one simulation to the next.

* The interface between components and generic in-
frastructure should insulate the components from
changes in the technology used to implement the
infrastructure.

In this way the HLA is fundamentally an architec-
ture to support component-based simulation, where,
as we said, the components are individual simulations.
The architecture also supports building simulations
that are distributed across multiple computers, but that
is a happy side effect of its support for components.
Nothing in the architecture assumes or requires a dis-
tributed implementation.

An Architecture Involves Elements, Interactions and
Patterns

Shaw and Garlan [1] define a software architecture
as follows: Abstractly, software architecture involves
the description of elements from which systems are
built, interactions among those elements, patterns that
guide their composition, and constraints on those pat-
terns.

The three parts of the HLA standard map to ele-
ments, interactions, and patterns as follows:

* Elements. The Rules and the Interface Specification
define the elements of an HLA federation to be the
federates, an RTI, and a common object model.

¢ Interactions. The Rules and the Interface Specifica-
tion define the interactions between federates and
the RTI, and between federates (always mediated
by the RTI). For a given federation, the federation’s
FOM defines the kinds of data carried by interac-
tions between federates and the RTI. The structure
of the Federation Object Model (the Object Model
Template as a meta-model) is assumed as part of
the Interface Specification.

» Patterns. The allowed patterns of composition of
federates in the HLA are constrained to some extent
by the Rules, and are defined in the Interface Speci-
fication, especially in the overview sections.



HLA Defines an Architecture, Not an Implementation

The HLA defines an architecture, not an implemen-
tation. In particular, the RTI is defined by its interface.
Many different implementations of the RTI could meet
the interface as specified. This is also true of federates.
The Interface Specification defines not just the interface
the RTI presents to federates, but also the interface
federates present to the RTI. Every federate is yet an-
other implementation of that interface.

The Interface Specification is abstract. The services
(in both directions) are defined as procedure calls that
take and return parameters, by pre- and post-conditions
on the calls, and by exceptions. The definitions of the
services make no reference to any programming lan-
guage. Only after the definitions of the services does
the Interface Specification define (in appendices) appli-
cation programmer’s interfaces to various program-
ming languages.

Why define things so abstractly? One goal of the
HLA is to standardize the approach to the persistent
problems in federating simulations, and to avoid de-
fining the HLA in terms of transitory technology. One
may say with confidence that the evolution of pro-
gramming languages will continue. And we haven’t
yet found the ultimate networking technology. The
HLA will keep pace with new technology by defining
APISs for new languages, and by incorporating new net-
working technology into implementations of the RTI.

Architecture Splits Functions Between Simulations
and Runtime Infrastructure

The software elements of an HLA federation are:
(1) an implementation of the RTI; and (2) some num-
ber of federates. The RTI is the software that allows a
federation to execute together. The HLA partitions

functionality in a federation into simulation-specific
functions and infrastructure functions. The intent is
that all behavior specific to a given model or simula-
tion is in the federate that implements it, and that the
infrastructure contains functions generic to coordina-
tion among simulations. Thus the same implementa-
tion of the RTI can be used to support many different
simulation applications. And federate developers are
freed from worrying about many infrastructure mat-
ters.

In Figure 2, you see the interface between the RTI
on the bottom and the various kinds of federates above.
Notice that the federates do not talk to each other di-
rectly. They are each connected to the RTI, and they
communicate with each other using only services pro-
vided by the RTL Notice also that the federates may
be of various kinds: some are simulations in the usual
sense; some may be merely passive viewers or loggers
of the federation’s progress; some may be surrogates
for external systems or live participants in an exercise;
some may be controllers and managers of the feder-
ated simulation and not simulations at all. Each feder-
ate uses those RTI services appropriate for its purpose;
the RTI does not otherwise distinguish federates. Fi-
nally, notice that each federate has a single point of
contact with the RTL The single point of contact is the
definition of a federate from the RTI’s perspective. The
federate might consist of multiple processes, perhaps
running on several computers, but it maintains one
connection to the RTI, and it communicates with other
federates only through the RTIL

In Figure 2, we've shown the names of the interfaces
between each federate and the RTI. The RTI offers to
each federate an interface called RTIambassador. The
federate invokes operations on that interface to request

Data Collector/ Simulations Simulation
Passive Viewer Surrogate
FederateAmbassador FederateAmbassador FederateAmbassador
RTlambassador RTlambassador RTlambassador

Runtime Infrastructure

Figure 2. The interface between the RTI and the various kinds of federates.
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Figure 3. Two of the ways an RTI might be implemented.

services of the RTI, e.g., a request to update the value
of an attribute of an object. (These are called federate-
initiated services.) Each federate also presents to the
RTI an interface called FederateAmbassador. The RTI
invokes operations on that FederateAmbassador when
it must call the federate, e.g., to pass to it a new value
of an attribute. (These are called RTI-initiated services.)
Thus some RTI services are defined as part of the RTI-
ambassador interface, and some are defined as part of
the FederateAmbassador interface.

These interfaces take slightly different forms in the
APIs defined in the Interface Specification in various
programming languages. In C++, RTlambassador is a
class with methods corresponding to the federate-ini-
tiated services. The FederateAmbassador is an abstract
class with abstract methods corresponding to the RTI-
initiated services. As part of an RTIl implementation, a
federate developer receives an implementation of
RTIambassador that would be linked into the federate
process. The developer also receives the abstract class
FederateAmbassador, and is responsible to implement
a concrete class derived from it. In the Java API, RTI-
ambassador and Federate Ambassador are Java inter-
faces. An implementation using CORBA defines the
interfaces as interfaces in the Object Management
Group’s Interface Definition Language {2]. An imple-
mentation using Ada 95 defines the interfaces as lim-
ited private types.

A Federation Has Several Federates But One RTI

A federation contains several federates, but only one
RTI. The RTI may take a variety of forms. It is impor-
tant to remember that the approach taken by one’s
favorite implementation of the RTI isn’t the only one
allowed by the definition of the HLA.

Figure 3 presents two (of several) ways in which an
RTI might be implemented. On the left, the RTI is a
single process, distinct from the processes that contain
the federates. Some form of inter-process communica-
tion is needed for federates to invoke services on the
* RTI, and the RTI on federates. At right, the RTI consists
partly of local components bound into each federate’s
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process, and partly of other processes or objects. Be-
cause each federate interacts with its local RTI compo-
nent, the shape of the rest of the RTI is irrelevant to it.
In addition to these options, one can envision a fed-
eration running on a shared-memory multi-processor
computer where communication between each feder-
ate and the RTI occurs through shared memory regions.

4. HLA'’s Information Model: the Object
Model Template

The Object Model Template prescribes the structure of
Simulation and Federation Object Models. Each HLA-
compliant simulation has an SOM that describes the
data that the prospective federate can produce or con-
sume in a federation. Each federation has an FOM that
is the vocabulary of that specific federation. Each ex-
ecution of a federation uses the federation’s FOM. The
FOM defines the names of things and occurrences that
federates speak to each other about. The FOM does not
describe things internal to a single federate, only things
that are shared with other federates. Recall that the HLA
requires that communication between federates must
go through the RTI; the FOM then is the vocabulary of
data exchanged through the RTI for an execution of the
federation.

The FOM is a parameter to the RTI, in the sense that
the FOM is supplied as data to the RTI at the begin-
ning of an execution. The RTI does not change when
the FOM is changed or the RT1 is applied to another
federation. This is a significant feature of the HLA:
the designers of each federation are free to adopt their
own model, without changes to the RTI or to the HLA
standard.

The main components of the Object Model Template
are the following:

* Object classes
* Interaction classes
* Routing spaces and their dimensions

Objects: Simulated Entities that Endure. Objects in
the HLA refer to simulated entities that:



e Are of interest to more than one federate and thus
handled by the RTI, and

Persist or endure for some interval of simulated
time.

The OMT defines classes of objects. Each class has a
name. Each class defines a (possibly empty) set of
named data called attributes. Federates create instances
of these classes, each of which possesses a separate
identity in the federation, and each of which has its dis-
tinct instances of its attributes. Federates evolve the
state of an object instance in simulation time by sup-
plying new values for its attributes.

Federates converse with the RTI in terms of objects,
and, since federates converse with each other through
the RTI, federates converse with each other in terms of
objects. Each federate must make some translation from
its internal notion of simulated entities (whether simu-
lated by that federate or another) to HLA objects as
specified in the FOM. If the federate was written with
the intention of HLA-compliance, the translation may
be very straightforward; if the federate is being adapted
to the HLA, the translation may be more involved.
The definition of the objects to be handled by the RTI
in a federation is (that part of) the federation object
model. The FOM represents the common, agreed vo-
cabulary between members of a federation.

Object Classes Form Inheritance Hierarchies

Object classes form a hierarchy. Each object class has
exactly one immediate ancestor or superclass. (Object
classes form a single-inheritance tree.) The root class
is called ObjectRoot. The fully qualified name of a class is
formed by concatenating the class names from the
root to the class, separating the names with periods.

The fully qualified name of each class must be unique
in the FOM.

Each class inherits all the attributes of its super-
classes. The set of attributes declared for a class and
those inherited from above is called the set of available
attributes. The root class, ObjectRoot, has one attribute,
called privilegeToDeleteObject. Consequently, every
class has at least one available attribute.

All of the foregoing are illustrated in Figure 4. This
figure uses the notation of the Unified Modeling Lan-

guage [3].

Class and Instance Attributes

When attributes are the subject of an RTI operation,
they are either the attributes of an object class, consid-
ered as a class, or they are the attributes of a specific
object instance:

¢ The attributes of an object class, considered as a
class, are called class attributes.

* The attributes of a specific object instance are
called instance attributes.

Here are some examples. A federate wishing to sub-
scribe to information regarding all instances of a certain
object class subscribes to class attributes. A federate
wishing to supply a new value for an attribute of a
specific instance will update the appropriate instance
attribute. The attributes that appear in the object class
diagram above are class attributes.

The distinction, with respect to the RTI interface, is
more conceptual (but important) than formal: class and
instance attributes are referred to by the same identifi-
ers (names or handles). However, RTI services that spec-
ify class attributes specify an object class and attribute
identifiers, but never identify an object instance; and

Obiject Root 1
—privilegeToDeleteObject: attribute
- b
A )
RTlprivate Manager
—x : attribute
B
) C
—y : attribute -z : attribute
D E A B
—w : attribute —v : attribute -1 : attribute
fully qualified name: fully qualified name:
ObjectRoot.A.C.A ObjectRoot.A.C.D
available attributes: available attributes:
privilegeToDeleteObject, x, z privilegeToDeleteObject, x, z, w

Figure 4. Inheritance hierarchies formed by object classes.
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services that take instance attributes always specify an
object class and instance and attribute identifiers.

HLA Objects Are Not Object-Oriented

The term “object” as it’s used in the HLA may be
confusing, because it means something somewhat dif-
ferent from “object” in the usual object-oriented sense.
The terms are the same in the following ways:

» HLA objects are instances of object classes, with
distinct identity.

* Object classes form a hierarchy, with defined at-
tributes inherited from superclasses.

The terms are different in these ways:

* HILA objects have no behaviors associated with
them.

* The “class attribute” notion does not correspond to
“class variable” (Smalltalk) or “static member”
(C++ and Java). In the HLA, a class attribute is an
attribute of a class considered as a class and not
with respect to an instance. There is no notion of a
value for a class attribute.

With respect to implementations, use of the term
“object” in the HLA:

* Does not imply that either the RTI or any of the fed-
erates must be implemented in an object-oriented
language.

¢ Does not imply that HLA objects exist as object con-
structs in any API for an object-oriented language.
In fact, HLA objects are not “language objects” in
the C++ or Java APlIs.

Interactions: Instantaneous Occurrences

Whereas objects represent simulated entities that
endure for some interval of simulated time, interac-
tions represent simulated occurrences. Interactions do
not persist in simulated time: they occur at a point in
simulated time. An FOM or SOM defines classes of
interactions; when a federate sends an interaction, it is
an interaction of a specific class. Some federates send
an interaction; other federates receive the interaction.
The interaction has no continued existence. Each inter-
action carries with it a set of parameters, named data
similar to attributes.

As with object classes, interaction classes form a
single-inheritance hierarchy. The root is called Inter-
actionRoot. Each interaction class defines parameters
that are sent with it. Each class inherits the param-
eters defined for all its superclasses. (InteractionRoot
defines no parameters by default.) The fully qualified
name of an interaction class is defined as for object
classes. Each fully qualified name in an FOM must be
unique.

Interactions Versus Objects

When to model with objects instead of interactions?
In a sense, objects and interactions are interchangeable.
Any federation model could be written entirely in
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terms of objects or entirely in terms of interactions.
The change of state of an attribute of an object is an
instantaneous occurrence (when the attribute’s value
is updated), so a designer could always achieve the
effect of an interaction by creating attributes whose
state changes are noticed and treated as interactions.
Similarly, the evolution of the state of an object could
be conveyed by a series of interactions that represent
changes in the values of attributes. We assert the fol-
lowing general rules:

¢ If an entity is to be modeled that has persistent
state, the entity should be represented as an object.

* If the modeling of an object gives rise to some
event or occurrence that is not easily interpreted as
a change of state of that object or of another, the oc-
currence should be modeled as an interaction.

Taken together, objects and interactions represent a
very general scheme that can be applied flexibly within
a federation design.

Spaces and Dimensions: Routing Data Efficiently

For our tour of the object model to be complete, we
must mention routing spaces and dimensions. They
are part of every FOM. They are part of a flexible
mechanism that allows a federation designer substan-
tial control over the routing of data from one federate
to other interested federates. This mechanism is de-
scribed further in the discussion of RTI data distribu-
tion management services.

5. HLA Rules

The HLA Rules are one of the three parts that constitute
the HLA standard. They express design goals and con-
straints on HLA-compliant federates and federations.
The benefit for the developer of considering the Rules
here is that they summarize the way the HLA is in-
tended to be used. The first five Rules deal with fed-
erations; the latter five with federates.

Federation Rules

Rule 1. Federations shall have an HLA federation object
model (FOM), documented in accordance with the HLA
Object Model Template (OMT).

As said before, the FOM is the agreed vocabulary
of a federation. It describes the objects and interactions
that one federate exposes to another in the federation.
Agreeing on the FOM is an important step in the de-
sign of the federation. The OMT requires more infor-
mation than the RTI needs to operate. The additional
information in the template aims to ensure semantic
consistency across the federation.

Rule 2. In a federation, all simulation-associated object in-
stance representation shall be in the federates, not in the
runtime infrastructure (RTI).

This expresses a crucial design goal of the HLA: the
RTI services are generic to component-based simula-



tion and can be used without modification across a
variety of domains of application. The same RTT ser-
vices will support cockpit simulators, manufacturing
scheduling simulations and urban traffic analysis tools.
This rule also gives rise to the following design con-
straint on the RTI: the RTI never stores the values of
any attributes, except perhaps transiently. The RTI
never functions as a database of present or previous
attribute values. This constraint is sometimes over-
simplified as “The RTI never keeps state.” Any RTI
implementation keeps a great deal of state associated
with its services, but it is always state related to its
services, and not values of instance attributes.

Rule 3. During a federation execution, all exchange of
FOM data among federates shall occur via the RTI.

The goal of this Rule is interoperable, reusable simu-
lation components. The infrastructure cannot be by-
passed by a compliant federate. This means that the
RTI services define completely the interactions be-
tween federates. And compliant federates avoid more
of the incompatibilities due to private interfaces.

Rule 4. During a federation execution, federates shall inter-
act with the RTI in accordance with the HLA interface
specification.

This Rule acknowledges the place of the Interface
Specification in the HLA. Not only shall federates in-
teract only through the RTI, their interactions shall
observe the Interface Specification. This protects fed-
erates from peculiarities in RTI implementations, and
makes it more likely that one RTI implementation can
be replaced successfully with another.

Rule 5. During a federation execution, an instance at-
tribute shall be owned by at most one federate at any time.

There is an important idea latent in this Rule: to own
an instance attribute is to be responsible for updating
it, and to be allowed to furnish new values. The Inter-
face Specification makes it clear that, if a federate does
not own an instance attribute, its attempt to update its
value will be rejected by the RTI. The RTI must also en-
force this Rule: at most one federate owns an instance
attribute. Rule 8 alludes to the RTI’s mechanisms that
allow federates to transfer ownership of instance at-
tributes from one federate to another.

Federate Rules

Rule 6. Federates shall have an HLA Simulation Object
Model (SOM), documented in accordance with the HLA
OMT.

For a federate, part of HLA compliance is that all its
simulation functionality be documented in HLA terms,
at least all the functionality that the federate might ex-
pose in any federation. That documentation is its SOM.
The OMT establishes a minimum set of syntactic and
semantic information needed to characterize a federate
during the design of a federation. Because a federate

is used in several federations, each FOM may include
different subsets of that federate’s SOM.

Rule 7. Federates shall be able to update and/or reflect any
attributes, and send and/or receive interactions, as specified
in their SOMs.

This Rule defines HLA compliance with respect to
data: attributes and interactions mentioned in the SOM
must be fully supported in RTI terms. A federate will
initiate the appropriate behavior with the RTI and will
respond to RTl-initiated services, with respect to each
attribute or interaction in its SOM. A federation de-
signer can expect correct behavior from the federate
with respect to any data it offers in its SOM.

Rule 8. Federates shall be able to transfer and/or accept
ownership of attributes dynamically during a federation
execttion, as specified in their SOMs.

Data in the SOM must be supported not only as to
production and consumption, but the federate must
also implement its part of the ownership transfer pro-
tocols defined in the Interface Specification. A feder-
ate may never be willing to transfer ownership of one
of its instance attributes; if so, the federate must indi-
cate that in its SOM and must respond correctly to re-
quests to transfer.

Rule 9. Federates shall be able to vary the conditions (e.g.,
thresholds) under which they provide updates of attributes,
as specified in their SOMs.

The SOM indicates the conditions (passage of time,
passage of a threshold in another variable) that cause
the federate to update a given attribute. The federate
should behave as advertised.

Rule 10. Federates shall be able to manage local time in a
way that will allow them to coordinate data exchange with
other members of a federation.

This Rule requires a federate to use some set of the
time management functions of the RTI to manage its
logical time coherently and to allow other federates to
manage theirs. The federate may decide not to use any
time management services. The RTI supports several
different time management schemes and it allows a fed-
eration to include federates that vary in their approaches.
However, each federate must operate coherently.

6. The RTI Offers Services in Six Areas

Our overview of the HLA concludes with a summary
of the functions of the interface, i.e., the services the RTI
offers to federates and vice versa. HLA services fall
into six groups that are defined by similarity of inter-
est. We'll indicate the interest or concern of each group.

How do federates join a federation?

The federation management services deal with the
existence of a federation in two broad categories: (1)
definition of a federation execution, as to existence and
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membership; and (2) federation-wide operations. Un-
der existence and management, we include services to
create a federation execution, and for a federate to
join the execution or resign from it. Every federate
must join a federation execution, so no federate can
completely ignore this group.

Federation-wide operations include the coordination
of federation saves (checkpoints) and restores. There
are also services to allow a federation to define a fed-
eration-wide synchronization point.

How does a federate declare its interest in simulation data?

The HLA is characterized by an implicit-invocation
style of data exchange. Federates don’t send data to
other federates by name; they make it available to the
federation, and the RTI ensures its delivery to interested
parties. The declaration management services are the
way federates declare their intent to produce (publish)
or consume (subscribe to) data. The RTI uses these dec-
larations for routing data, pruning data, and interest
management.

Regarding routing, the RTI uses subscriptions to de-
cide what federates should be informed of the creation
or update of entities. Other publish-and-subscribe
mechanisms, like the OMG Event Service, include an
administrative interface that allows producers and con-
sumers to indicate their intent. In the RTI, declaration
management services fulfill this role.

Declarations are used for pruning inapplicable data
when updates are delivered to a subscriber. This is part
of the mechanism for protecting federates from exten-
sions to the FOM. The RTI will deliver to a subscriber
only those attributes that are defined for the class to
which the federate subscribed, and will prune away
attributes defined only in a subclass of the class sub-
scribed to.

Finally, the RTI uses declarations to indicate inter-
est to publishing federates. The RTI can tell a federate
whether any other federate is subscribed to data it in-
tends to produce, so that it can cease producing when
no other federate is receiving.

How does a federate create and update simulation entities?

The object management services are those used for
the actual exchange of data. A federate uses services
from this group to register new instances of an object
class and to update its attributes. Other federates will
have services from this group invoked on them to dis-
cover new instances and to receive updates of instance
attributes. These services are used also to send and
receive interactions.

Other services of this group are used in connection
with routing spaces. If routing spaces are in use (data
distribution management, discussed later), a federate
might cease to receive updates regarding an object
either because the producer has stopped sending them
or because a change in the routing spaces prevents
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their delivery. There are services to allow the receiving
federate to interpret the silence.

How do federates share responsibility for simulating an en-
tity?

In HLA terms, “simulating an entity” means fur-
nishing values for instance attributes. The ownership
management services in the RTI implement the HLA’s
notion of responsibility for simulating an entity. They
allow that responsibility to be shared or transferred
among federates.

As we said above, HLA Rules 5 and 8 require a fed-
erate to own an instance attribute before it can update
its value. The RTI ensures that at most one federate at
a time owns a given instance attribute. The owning
federate is responsible for updating it. Responsibility
for simulating an entity can be shared between feder-
ates, in two ways.

First, the complete modeling of an entity may be
shared among federates. If the entity is represented by
an instance with several attributes, different federates
may own various attributes of that instance, and thus
be responsible for updating the attributes of that in-
stance that they own. Ownership management services
support the assumption of ownership to allow this.

Secondly, the modeling of entities may pass from
one federate to another in the course of a federation
execution. Ownership of an instance attribute may be
transferred from one federate to another. Transfers of
ownership may be initiated by the present owner or
the prospective owner.

Ownership management can be ignored if it is irrel-
evant to a federation (but see Rule 8). This group is an
example of the effort to make the service groups inde-
pendent: the default behavior regarding ownership of
the object management services is reasonable.

How are events ordered in a federation?

In a component-based simulation, where the compo-
nents may be executing in their own threads of control,
the proper ordering of events between federates is a
significant problem to be solved. In the HLA, ordering
of events is expressed in “logical time.” Logical time
is an abstract notion: it is not necessarily tied to any
representation or unit of time.

The RTI's time management services do two things:
(1) they allow each federate to advance its logical time
in coordination with other federates; and (2) they con-
trol the delivery of time-stamped events such that the
federate will never receive events from other federates
in its “past,” i.e., events with logical times less than its
logical time.

The RTI allows a federate to choose the degree to
which it participates in time management. A federate
may be time-constrained, in which case its advance of
logical time is constrained by other federates; or time-
regulating, in which case its advance of logical time
regulates other federates. A federate may be time-con-



strained and time-regulating, or neither. Federates will
make different choices depending on their purposes
and the requirements of the federation. The RTT allows
federation executions that mix the choices.

How can a federation control the distribution of data?

Simulations with a large number of simulated enti-
ties become constrained, as the number of entities
grows, by the computation needed to process state
updates and the network bandwidth needed to trans-
mit them. The services in this group, data distribution
management, form a general scheme for characterizing
the production and consumption of data. Their pur-
pose is to allow federates to assign their production of
and subscription to data to abstract regions of routing
spaces. These assignments allow the Runtime Infrastruc-
ture to route data only to interested federates, where
interest is defined both in terms of classes of objects
and values of attributes. This saves both network band-
width and receiver computation, and permits the con-
struction of federations with large numbers of
entities.

The groups of services are as independent as possible

It is a goal of the design of the HLA services that a
federate developer who does not need the functions
of a group of services can ignore them safely. The ser-
vices in one group can be used without reference to
another, and the default behavior is reasonable and
useful. This goal is realized in the case of ownership,
time, and data distribution management. The federa-
tion, declaration, and object management groups, how-
ever, are always required for the exchange of data.

7. Summary

This paper has described the HLA. Particular attention
has focused on the features of the HLA definition that
ensure that the HLA incorporates only the essential
standards for simulation reuse and interoperability
and allows flexibility and extensibility wherever pos-
sible. To summarize:

s The HLA standard contains three parts: the Rules,
the Object Model Template; and the Interface Speci-
fication for the Runtime Infrastructure.

¢ The goal of HLA is to allow simulation applications
to be built from components which themselves are
simulations.

* HILA is a software architecture in the common sense.
The HLA exhibits several architectural styles: layers,
abstract data types, implicit invocation, and support
for distribution.

¢ HILA is architecture, not implementation.

¢ HLA addresses the persistent problems of compo-
nent-based simulation; it avoids standardizing
transitory technology.

¢ The object model and standardized interfaces to the
RTI insulate federates from change.
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