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Abstract:

 

 The processes and procedures that should be followed by users of the High Level Archi-
tecture (HLA) to develop and execute federations are defined in this recommended practice. This
recommended practice is not intended to replace low-level management and systems engineering
practices native to HLA user organizations, but is rather intended as a higher-level framework into
which such practices can be integrated and tailored for specific uses.
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IEEE Standards

 

 documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained
in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “

 

AS IS

 

.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for revi-
sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to conclude
that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned to check
to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-
eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration. 

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Note: Attention is called to the possibility that implementation of this standard may require use of subject mat-
ter covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents
for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity or
scope of those patents that are brought to its attention.
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Introduction

 

[This introduction is not part of IEEE Std 1516.3-2003, IEEE Recommended Practice for High Level Architecture
(HLA) Federation Development and Execution Process (FEDEP).]

 

The High Level Architecture (HLA) has been designed to facilitate interoperability among simulations and
to promote reuse of simulations and their components. The HLA is composed of three major components:

—

 

HLA rules:

 

 A set of ten basic rules that together describe the general principles defining the HLA.

—

 

HLA interface specification:

 

 A description of the functional interface between simulations (feder-
ates) and the HLA runtime infrastructure (RTI).

—

 

HLA Object Model Template (OMT):

 

 A specification of the common format and structure for docu-
menting HLA object models.

In an HLA application, any number of physically distributed simulation systems can be brought together
into a unified simulation environment to address the needs of new applications. These types of environments
are known as HLA federations. The HLA specifications together define an overarching framework for the
construction and execution of federations. 

Within the various government and commercial organizations that comprise the HLA community, many dif-
ferent approaches to project management and systems engineering are being used. Such practices, proce-
dures, and methodologies have evolved over time based on how well they serve the different functional areas
and user communities for which they are intended. Many of these approaches currently use modeling and
simulation (M&S) as a key enabler of certain functions, such as concept evaluation, testing, and training.
However, a significant number of organizations adopting the HLA have not yet determined how to tailor
their native management and engineering processes to take advantage of the HLA. For instance, while many
in the analysis community have established procedures for non-runtime exchange of data from one simula-
tion to another, the opportunities provided by the HLA for more dynamic exchange of data at runtime
require that existing engineering processes be modified or augmented in order to take advantage of such
opportunities. Even in communities in which distributed simulation is more commonplace (e.g., training),
migration to the HLA generally requires some modification to existing management and engineering pro-
cesses to capture the benefits offered by the HLA. As simulation users perform this migration, it is critical
that guidance be available to orient new users to the specific set of tasks and activities necessary to develop
and execute HLA federations. 

This recommended practice describes the HLA FEDEP. The purpose of this recommended practice is to
describe a generalized process for building and executing HLA federations. It is not intended to replace the
existing management and systems design/development methodologies of HLA user organizations, but rather
to provide a high-level framework for HLA federation construction and execution into which other systems
engineering practices native to each individual application area can be easily integrated. In addition, the
HLA FEDEP is not intended to be prescriptive, in that it does not specify a “one size fits all” process for all
HLA users. Rather, the FEDEP defines a generic, common sense systems engineering methodology for HLA
federations that can and should be tailored to meet the needs of user applications.

Although every HLA application requires a basic agreement among all federates as to the systems engineer-
ing approach that will be used to develop and execute the federation, there can be significant variability in
the degree of formality defined in the chosen process. The primary driver for how much formality is required
is typically the size and complexity of the application. For example, in large complex federations, require-
ments and associated schedules for delivery of federation products are generally very explicit, as is the con-
tent and format for documentation of these products. In smaller or less complex applications, a less
structured process with fewer constraints on the types, formats, and content of federation products may be
perfectly reasonable and may have certain efficiency advantages as compared to a more formalized process. 
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Other secondary factors may also influence how the FEDEP is tailored (or adapted) for a specific
application. For instance, some communities may have documentation requirements that are unique to their
application area. In this case, the activities required to produce these products must be accounted for in the
overall process. The reuse potential of these and other required federation products may also influence the
nature and formality of the activities that produce them. Another factor is the availability of reusable federa-
tion products and persistent federation development teams as opportunities for shortcuts, whereby it may be
possible to identify and take advantage of a more streamlined, efficient development process. Finally, practi-
cal resource constraints (i.e., cost, schedule) may dictate how certain activities are performed and how the
associated federation products are produced and documented.

In summary, it is recognized that the needs and requirements of the distributed simulation community are
quite diverse. The HLA provides a generalized architecture for simulation interoperability; however, strict
adherence to the HLA specifications is not, by itself, sufficient to ensure a fully consistent, interoperable
distributed simulation environment. For instance, issues such as the need for consistent environmental data-
bases and for consistent behavior representations of objects modeled by more than one federate are critical
to achieving interoperability; however, these types of issues cannot be fully addressed solely through adher-
ence to the HLA specifications. Although some technical or managerial issues may be unique to a given
application, many other issues associated with building and executing a fully interoperable HLA federation
are more general in nature. The HLA FEDEP is offered to the HLA community as a starting framework for
identifying and addressing these more general issues, as discussed within the context of a full end-to-end
process model for the development and execution of distributed simulation environments (federations) that
fully conform with the HLA specifications. This framework can and should be tailored as appropriate to
address the unique issues, requirements, and practical constraints of each individual application. It is
expected that this framework will provide a viable foundation for all HLA applications and will assist the
users in defining the specific tasks and activities necessary to support their particular needs.
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IEEE Recommended Practice for 
High Level Architecture (HLA) 
Federation Development and 
Execution Process (FEDEP)

 

1. Overview

 

1.1 Scope

 

This recommended practice defines the processes and procedures that should be followed by users of the
High Level Architecture (HLA) to develop and execute federations. It is not intended to replace low-level
management and systems engineering practices native to HLA user organizations, but is rather intended as a
higher-level framework into which such practices can be integrated and tailored for specific uses.

 

1.2 Purpose

 

The HLA has been designed to be applicable across a wide range of functional applications. The purpose of
this architecture is to facilitate interoperability among simulations and promote reuse of simulations and
their components.

A named set of applications (e.g., simulations, loggers, viewers) interacting via the services of the HLA
runtime infrastructure (RTI) in accordance with a common rule set and a common HLA Object Model (OM)
is known as an HLA 

 

federation

 

. The purpose of this recommended practice is to describe a high-level pro-
cess by which HLA federations can be developed and executed to meet the needs of a federation user or
sponsor. It is expected that the guidelines provided in this recommended practice are generally relevant to
and can facilitate the development of most HLA federations.

 

2. References

 

The three specifications that together compose the HLA provide the technical foundation for designing and
developing all HLA federations. These specifications are described in the following documents:

 

HLA IEEE 1516 version

 

IEEE Std 1516™-2000, IEEE Standard for Modeling and Simulation (M&S) High Level Architecture
(HLA)—Framework and Rules.

 

1,

 

 

 

2

 

IEEE Std 1516.1™-2000, IEEE Standard for Modeling and Simulation (M&S) High Level Architecture
(HLA)—Federate Interface Specification.

 

1

 

The IEEE products referred to in this clause are trademarks belonging to the Institute of Electrical and Electronics Engineers, Inc.

 

2

 

IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).
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IEEE Std 1516.2™-2000, IEEE Standard for Modeling and Simulation (M&S) High Level Architecture
(HLA)—Object Model Template (OMT) Specification.

 

HLA Version 1.3

 

3

 

High-Level Architecture Rules, Version 1.3, U. S. Department of Defense, Apr. 1998.

 

A set of ten basic rules that together describe the general principles defining the HLA.

 

High Level Architecture Interface Specification, Version 1.3, U. S. Department of Defense, Apr. 1998.

 

A description of the functional interface between simulations (federates) and the HLA RTI.

 

High-Level Architecture Object Model Template (OMT) Specification, Version 1.3, U. S. Department of
Defense, Apr. 1998.

 

A specification of the common format and structure for documenting HLA OMs.

 

3. Definitions, abbreviations, and acronyms

 

3.1 Definitions

 

The following terms and definitions, as drawn from the IEEE 1516 series of HLA specifications and other
relevant sources (see Annex A—Bibliography), shall apply throughout this recommended practice.

 

3.1.1 conceptual model:

 

 An abstraction of the real world that serves as a frame of reference for federation
development by documenting simulation-neutral views of important entities and their key actions and inter-
actions. The federation conceptual model describes what the federation will represent, the assumptions lim-
iting those representations, and other capabilities needed to satisfy the user’s requirements. Federation
conceptual models are bridges between the real world, requirements, and design.

 

3.1.2 federate:

 

 An application that may be or is currently coupled with other software applications under a
Federation Object Model Document Data/Federation Execution Data (FDD/FED) and a runtime infrastruc-
ture (RTI). This may include federation managers, data collectors, real world (“live”) systems (e.g., C4I sys-
tems, instrumented ranges, sensors), simulations, passive viewers, and other utilities.

 

3.1.3 federation:

 

 A named set of federate applications and a common Federation Object Model (FOM) that
are used as a whole to achieve some specific objective.

 

3.1.4 Federation Object Model (FOM):

 

 A specification defining the information exchanged at runtime to
achieve a given set of federation objectives. This includes object classes, object class attributes, interaction
classes, interaction parameters, and other relevant information.

 

3.1.5 Federation Object Model (FOM) Document Data (FDD):

 

 The data and information in a FOM doc-
ument that is used by the Create Federation Execution service to initialize a newly created federation execu-
tion. Also called “Federation Execution Data,” or “FED,” in HLA Version 1.3 specifications.

 

3.1.6 runtime infrastructure (RTI):

 

 The software that provides common interface services during a High
Level Architecture (HLA) federation execution for synchronization and data exchange.

 

3

 

HLA Version 1.3 specifications are available at http://www.dmso.mil.

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:05:38 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1516.3-2003

http://www.avadocuments.com/doc/ieee-1516-3-2003
http://www.avadocuments.com/doc/ieee-1516-3-2003


 
IEEE

FEDERATION DEVELOPMENT AND EXECUTION PROCESS (FEDEP) Std 1516.3-2003

Copyright © 2003 IEEE. All rights reserved.

 

3

 

3.1.7 scenario:

 

 

 

(A)

 

 Description of an exercise. It is part of the session database that configures the units and
platforms and places them in specific locations with specific missions (see IST-SP-96-01 [B3]

 

4

 

). 

 

(B)

 

 An ini-
tial set of conditions and time line of significant events imposed on trainees or systems to achieve exercise
objectives (see 

 

The Authoritative Dictionary of IEEE Standards Terms

 

, Seventh Edition [B2]).

 

3.1.8 Simulation Object Model (SOM):

 

 A specification of the types of information that an individual fed-
erate could provide to High Level Architecture (HLA) federations as well as the information that an individ-
ual federate can receive from other federates in HLA federations. The standard format in which SOMs are
expressed facilitates determination of the suitability of federates for participation in a federation.

 

3.2 Abbreviations and acronyms

 

The following abbreviations and acronyms pertain to this recommended practice.

BOM Base Object Model
CASE Computer-Aided Software Engineering
COTS commercial off-the-shelf
CPU Central Processing Unit
FDD FOM Document Data
FED Federation Execution Data
FEDEP Federation Development and Execution Process
FOM Federation Object Model
GOTS government off-the-shelf
HLA High Level Architecture
IEEE Institute of Electrical and Electronics Engineers, Inc.
LAN Local Area Network
M&S modeling and simulation
MOM Management Object Model
OM Object Model
OMT Object Model Template
RTI runtime infrastructure
SOM Simulation Object Model
VV&A verification, validation, and accreditation
WAN Wide Area Network

 

4. FEDEP model: top-level view

 

One of the design goals identified early in the development of the HLA was the need for a high degree of
flexibility in the process by which HLA applications could be composed and executed to achieve the objec-
tives of particular applications. Because of this basic desire to avoid mandating unnecessary constraints on
how HLA applications are constructed and executed, it was recognized that the actual process used to
develop and execute HLA federations could vary significantly within or across different user applications.
For instance, the types and sequence of low-level activities required to develop and execute analysis-oriented
federations is likely to be quite different from those required to develop and execute distributed training
exercises. However, at a more abstract level, it is possible to identify a sequence of seven very basic steps
that all HLA federations should follow to develop and execute their federations. Figure 1 illustrates each of
these steps and is summarized as follows:

 

4

 

The numbers in brackets correspond to those of the bibliography in Annex A.
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—

 

Step 1: Define federation objectives.

 

 The federation user, the sponsor, and the federation develop-
ment team define and agree on a set of objectives and document what must be accomplished to
achieve those objectives.

—

 

Step 2: Perform conceptual analysis.

 

 Based on the characteristics of the problem space, an appropri-
ate representation of the real world domain is developed.

—

 

Step 3: Design federation.

 

 Existing federates that are suitable for reuse are identified, design activi-
ties for federate modifications and/or new federates are performed, required functionalities are allo-
cated to the federates, and a plan is developed for federation development and implementation.

—

 

Step 4: Develop federation.

 

 The Federation Object Model (FOM) is developed, federate agreements
are established, and new federates and/or modifications to existing federates are implemented.

—

 

Step 5: Plan, integrate, and test federation.

 

 All necessary federation integration activities are per-
formed, and testing is conducted to ensure that interoperability requirements are being met.

—

 

Step 6: Execute federation and prepare outputs.

 

 The federation is executed and the output data from
the federation execution is pre-processed.

—

 

Step 7: Analyze data and evaluate results.

 

 The output data from the federation execution is analyzed
and evaluated, and results are reported back to the user/sponsor.

Since this seven-step process can be implemented in many different ways depending on the nature of the
application, it follows that the time and effort required to build and execute an HLA federation can also vary
significantly. For instance, it may take a federation development team several weeks to fully define the real
world domain of interest for very large, complex applications. In smaller, relatively simple applications, the
same activity could potentially be conducted in a day or less. Differences in the degree of formality desired
in the process can also lead to varying requirements for federation resources.

Personnel requirements can also vary greatly depending on the scope of the federation application. In some
situations, highly integrated teams composed of several individuals may be needed to perform a single role
in a large, complex federation, while a single individual may perform multiple roles in smaller applications.
Examples of the types of roles individuals can assume in HLA federations include the federation user/spon-
sor; the federation manager; technologists; security analysts; verification, validation, and accreditation
(VV&A) agents; functional area experts; federation designers; execution planners; federation integrators;
federation operators; federate representatives; and data analysts. Some roles (e.g., operators) are unique to a
single activity in the process, while others are more pervasive throughout the process (e.g., federation man-
ager). Since the applicability of a given role (as well as the set of activities it spans) varies from application
to application, the activities described in this recommended practice specify the roles of individuals only in
generic terms.

A major source of variation in how the seven-step process is implemented relates to the degree of reuse of
existing federation products. In some cases, no previous work may exist, therefore a thoroughly original fed-
eration may need to be developed using a newly defined set of requirements to identify an appropriate set of
federates and to build the full set of federation products needed to support an execution. In other cases, users
of federations with established long-standing requirements will receive additional requirements. In this cir-
cumstance, the federation users can choose to reuse previous work, either in part or whole, along with the
products of new developmental activities. In these situations, federation developers can often meet new user
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Figure 1—Federation development and execution process (FEDEP), top-level view
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