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Abstract

Thispaper describesthe potential application of a USDepartment of Defense-devel oped simulation
architecture to the domain of economic and financial simulation. This approach, known as the High Level
Architecture (HLA) for Smulation Interoperability, provides the ability to link disparate smulations. This
approach supports simulation interoperability and re-use, allowing for the devel opment of composable sets
of interacting simulations. The HLA approach has proven to be extremely successful in the military
simulation arena, a domain that has a number of strong anal ogies to the economic and financial simulation
domain. This paper provides an overview of the tenets of the HLA approach and proposes an extension of
the tools and capabilities to the economic simulation domain.

1 Background

Currently, there appear to be strong anal ogies between the approaches used by the macroeconomic
community in their modeling of national economies to those used by the military modeling and simulation
(M&S) community in their representation of theater-level warfare. Both approaches can be characterized
by smplified, low-resolution, aggregate representations of complex processes. Both domains have many
different models purporting to address the same questions and phenomena, al with varying degrees of
success. Thevaidity of modelsin both domainsis often open to question, and there is little agreement
other than “ something better is needed.”

In the military M& Sworld, entity-level representation (where each battlefield system such asatank or
planeis represented individually) has been implemented to introduce a much higher level of fiddity in
training simulations. The technologies associated with this technical approach have generaly been referred
to asthe domain of advanced distributed simulation, or ADS. In select areas, these techniques and tools
have been applied to the analytical domain. Standardized protocols (e.g., Distributed Interactive
Simulation (DIS)) and technological innovations like the High Level Architecture (HLA) have steadily
improved the efficacy of distributed simulation in the training and analysis domains. This approach has
allowed aradical scaling upwards of the number of entities involved in the smulation. Such scaling,
combined with constant advances in computational horsepower, have opened up the promise of
representing the interactions of hundreds of thousands (perhaps millions) of highly complex entities.

We postul ate that the principles of ADS in general, and in particular the HLA paradigm, may be
transferable to the realm of macroeconomics. The similarities between the domains are rather striking. In
both cases, the entitiesin question are all acting in accordance with fairly well-defined and relatively well
understood rules of behavior. In both the military and economic domains, there are hierarchies of entities
acting in concert, sometimes in opposition to each other, with each subject to random events and
fluctuations. Entities act and react in an environment that is dynamic (sometimes highly so), and which has
adirect impact on the decisions and behaviors being made. Anaysts are typicaly interested in the
aggregated results of the interactions of these entities over time; on the military side, such metricsinclude
force exchange ratios, losses over time, and Forward Line of Own Troops (FLOT) movement, whilein the
macroeconomic arena these measures would typically include gross domestic product (GDP),
unemployment rates, inflation rates, and productivity growth, and balance of international payments.



The overal objective of this paper isto describe the novel features of the HLA and how its capabilities
might be extended to the economic simulation domain, particularly the branch associated with agent-based
computational economics. By developing aframework for the use of HLA concepts, it is anticipated that
the computationa economics community will recognize the benefits of such an approach and will embrace
and extend the framework devel oped in the defense sector, resulting in atextbook case of true technology
transfer.

This paper is organized into three distinct sections. The first explains the underlying requirements and
motivation that prompted the development of a capability like the HLA. The next section explicitly defines
the components that comprise the HLA, while the last section addresses the potential extension of ADS and
HLA principlesinto the computational economics domain.

2. Motivationsfor a High Level Architecture

From amilitary standpoint, simulations of al sorts can provide powerful toolsto help maintain military
readiness, plan operational missions, make optimal investment decisions, analyze force structure
alternatives, and augment live-fire testing and training. Simulations (a general term including both pure-
software, or “constructive,” simulations and human-in-the-loop, or “virtual,” simulators) are by definition
abstractions of thereal world.! Different user needs dictate different abstractions, while different entities,
attributes and interactions must be represented at different levels of resolution and fidelity. These
representationswill, of necessity, be implemented in different computing environments and run on
hardware platforms that range from personal computersto massively-paralldl, high performance computers.

The genesis of the High Level Architecture can be traced back to the mid 1990s, when the Department of
Defense surveyed the tremendous amount of resources that were being poured into different simulation
initiatives within the Department. In an era of declining government resources devoted to defense, there
was a strong motivation to seek across-the-board improvements in productivity and efficiency within DoD.
The defense M& S domain was perceived to be particularly amenable to such actions.

Desires for improved efficiency did not change the fact that the DoD was faced with the need for many
different simulations to support many different requirements. If the Department was indeed to use
simulations cost-effectively, it needed the flexibility to reuse simulations to the maximum possible extent,
building new representations only when existing simulations cannot provide the needed capabilities. In
order to get the greatest return on investment for the smulationsit did build and maintain, DoD needed to
be able to team these representati ons together in different combinations (“federations’) to satisfy adiverse
and ever-evolving set of user needs. To alow maximum utility and flexibility, these simulation
environments would be constructed from affordable, reusable componentsinteroperating through an open
systems architecture. From this set of regquirements the concept of the HLA was born.

A number of generalizeable observations were made concerning these requirements and other relevant
issues associated with military M& S, observations that were critical in guiding the development of the
underlying rationale for the HLA. It isinteresting to note the degree to which many (if not al) of these are
also directly extensible or applicable to the computationa economics domain, thereby clearly illustrating
the domain-independent nature of the HLA requirements:

No single, monolithic simulation can satisfy the needs of al users. Usersdiffer intheir interestsand
requirements for fidelity and detail.

! In order to promote a clearer understanding of the scope of this requirement, it is necessary to understand
the difference between model and simulation. A model is*aphysical, mathematical, or otherwise logical
representation of a system, entity, phenomenon, or process;” whereas, asimulation is“amethod for
implementing amodel over time” (Dahmann 1998). Models do not interoperatein parallel in atime-
coordinated manner (except asinternal components of simulations). It should be made clear that theHLA
islargely applicable to smulations, rather than models such as spreadsheets or linear programs (athough
such models may in fact benefit from HLA interoperability, depending on the individual application and
requirement).




Simulation developersvary in their knowledge of domainsto be simulated. No one set of developers
is expert across al details even in one domain.

No one can anticipate all the uses of simulation, and all the ways simulations can be usefully
combined. Even if we were able to satisfy a comprehensive set of requirementsin adomain of
application (by building a“monolithic smulation”), the effort would fail at the outset in anticipating
the requirements for such a system.

The ability to include and incorporate future tools and technology must be allowed. Werethereto bea
set of perfect requirements for a given problem or domain, and had a perfect implementation been
developed to address those requirements, information technology and associated capabilities would
il advance. Moore's Law has held for the past 30 years and the continuing growth of computational
power shows no end in sight.

These observations led key decisionmakers within the defense M& S community to conclude that a
common framework for simulation was necessary and that the time was ripe for the devel opment of an
overarching architecture. Further study and analysis of the underlying requirements for such aframework
led to the following conclusions:

It should be possible to decompose alarge simulation problem into smaller parts. The smaller parts
will likely be easier to define, build correctly, and verify.

It should be possible to combine the resulting piecesinto alarger, correct, and useful simulation.

It should be possible to combine those components with othersto form a completely new simulation.
Functions that are common to simulations should be separated from the source code of specific
simulations and made available as services. A resulting generic infrastructure should be reusable from
one simulation to the next.

Theinterfaces between components and the generic infrastructure should insulate the components from
changesin the underlying technology or approach used to construct the infrastructure.

In 1994, the DoD put together a Program Evaluation Team (PET) of computer scientists and engineers with
abroad range of M& S experience. The PET studied the pros and cons of different architectures proposed
by a set of contractor and academic groups. Asno single proposal was satisfactory, the PET recommended
that an Architecture Management Group (AMG) be formed to blend the best elements from the proposals
and draft the definition and specifications for the HLA. In March 1995, theinitial draft of the HLA was
completed. The AMG initiated adiverse set of experimenta prototypes to test the utility and compl eteness
of the HLA. Thelessonslearned from the prototypes were used to refinethe HLA specifications. In
August 1996, the baseline definition of the HLA was established by the AMG.

In September 1996 the Undersecretary of Defense for Acquisition & Technology, Dr. Paul Kaminski,
mandated that the HLA was to be the standard technical architecture for all DoD simulations. This policy
decision essentialy directed that all simulations currently planned or in use be modified to comply with the
HLA requirements. The god of this directive was to migrate all ssimulationsto an HLA-compliant status
by early 2001. Although the requirement to modify simulation code to meet HLA standards was viewed as
onerous by some developers or sponsors, it has by and large been accepted and integrated into normal
business processes within the defense M& S community. The downstream payoffs of composability,
interoperability, and reusability serve as significant motivation for the conversion.

3. Description of the High Level Architecture

This section describes the HLA components, the supporting tools and services available, and the DoD
effortsto standardize the HLA. The authors also include a brief discussion of known non-DoD uses of the
HLA.

Before addressing the constituent elements that comprise the HLA, there are anumber of terms that must
be better defined. Nomenclatureisasimportant in the simulation world as in other domains, and there are
anumber of key terms used repeatedly that readers must be familiar with to better understand the HLA
approach. An enumeration of some of the more common and important termsis given below:



° Federation: aset of simulations, acommon federation object model, and supporting RTI, that are used together to form a
larger model or simulation

° Federate: amember of afederation; one simulation
- Could represent one platform, like a cockpit simulator

- Could represent an aggregate, like an entire national simulation of air traffic flow
Federation Execution: asession of afederation executing together

° Object: An entity in the domain being simulated by afederation that

- Isof interest to more than one federate

- Is handled by the Runtime Infrastructure
° Interaction: anon-persistent, time-tagged event generated by one federate and received by others (through RTI)
®  Attribute: A named datum (defined in Federation Object Model) associated with each instance of aclass of objects
° Parameter: A named datum (defined in Federation Object Model) associated with each instance of aclass of interactions
° Simulation Object Model (SOM):

- Describes objects, attributes and interactions in a particular simulation which can be used externally in afederation
° Federation Object Model (FOM):

- A description of al shared information (objects, attributes, and interactions) essential to a particular federation

Figure 1 isadepiction of an archetypical federation. The three circlesindicate the three broad categories of
federates which can be instantiated in myriad ways for a specific federation. A federation will typically use
asubset of the RTI Services shown in the box.
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Figurel. Archetypical Federation

31 HLA Components
The HLA asit existstoday is essentially composed of three distinct elements:

Ten Rules which define relationships among federation components

An Object Model Template which specifies the form in which simulation elements are
described

An Interface Specification for a Runtime Infrastructure (RTI) which describes the way
simulations interact during operation



These three elements map to the definition of a software architecture from Shaw and Garlan [cite] as
follows. Abstractly, software architecture involves the description of elements from which systemsare
built, interactions among those elements, patterns that guide their composition, and constraints on those

patterns.

HLA Rules

The HLA Rules are principles and conventions which must be followed to achieve proper interaction of
federates during afederation execution. These describe the responsibilities of federates and federation
designers. The HLA rulesare divided into two groups consisting of 5 rulesfor HLA federationsand 5

rulesfor HLA federates, as shown in Table 1.

Federation Rules

Federate Rules

Rule 1. Federations shall have a Federation Object
Mode (FOM), documented in accordance with the
HLA Object Moddl Template (OMT).

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

Rule 2. In afederation, al simulation-associated
object instance representation shall bein the
federates, not in the runtime infrastructure.

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

Rule 3. During afederation execution, al exchange
of FOM data among federates shall occur viathe
RTI.

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

Rule 4. During afederation execution, federates
shall interact with the RTI in accordance with the
HLA interface specification.

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

Rule 5. During afederation execution, an instance
attribute shall be owned by at most one federate at
any time.

Rule 10. Federates shall be able to manage loca
timein away that will allow them to coordinate
data exchange with other members of afederation.

Tablel. HLA Rules

Object Modd Template

The OMT isthe prescribed common method for describing the entities to be simulated and interactions
between entitiesin afederation. The OMT isan example of ameta-model, i.e., away to describe models

of information.

Within the HLA paradigm, object models can take one of two forms. A Federation Object Model (FOM)
provides a specification of the exchange of public dataamong all of the participantsin aHLA federation.
AnHLA Simulation Object Model (SOM), in contrast, provides a specification of the intrinsic capabilities
that an individual simulation offersto federations. The HLA object model is key to achieving the stated
goals of interoperability and reuse, and represents one of the fundamental tenets upon which the HLA has

been defined.

Interface Specification

Thisisthe specification of the interface between federates and the Runtime Infrastructure (RTI). The RTI
is software that allows afederation to execute together. It isthe interface between the RTI and federates
that is standardized; an implementation of the RTI could take a variety of forms.

The RTI is software that conformsto the specification but is not itself part of the specification. It provides
the software services, which are necessary to support an HLA compliant ssimulation. These servicesfall
into six categories. federation management, declaration management, object management, ownership
management, time management, and data distribution management.




Federation Management: Servicesto support the creation and deletion of federation executions, the
membership of federation executions (i.e., federate join and federate resign), and federation-wide
functions such as saves (checkpoints) and restores.

Declaration Management: Servicesto allow afederate to declare itsintent to produce (publish) and
consume (subscribe to) data.

Object Management: Servicesto support the actual exchange of data between producing and
consuming federates.

Ownership Management: Servicesto alow federatesto transfer responsibility for selected attributes of
objectsto another federate.

Time Management: Servicesto support the ordering of federation eventsin logical time between
federates.

Data Distribution Management: Servicesto allow federatesto apply advanced techniques of data
filtering to further refine the delivery of datato other federates.

3.2 Supporting Toolsand Processes
Tools

Itiscritical to keep in mind that the HLA is an architecture, not software. However, to facilitate cost-
effective implementation of the HLA, the Defense Modeling & Simulation Office has developed an initial
suite of supporting software and is distributing it in the public domain. This software suite includesthe
following:

HLA Runtime Infrastructure (RTI) software
Object Model Devel opment Tool

Data Collector Tool

Federation Management Tool

Federation Verification Tool

Federation Execution Planner’ s Workbook

The software and documentation is available from an on-line Software Distribution Center, accessible
through the DM SO web site at http://hla.dmso.mil.

To foster the development of commercia software, all HLA specifications have been made public viathe
Internet, and HL A-based tools and devel opment environments are already emerging in the commercial
marketplace.

Processes

In addition to actual software, DM SO has developed arecommended practice for federation development,
called the Federation Development and Execution Process (FEDEP). The FEDEP is ageneralized process
for building HLA federations; it is based on classic systems engineering practices. The FEDEP isauseful
point of departure for project teamsinitiating an HLA federation project.

User Services

DM SO provides anumber of servicesto the HLA user community including arobust up-to-date web site, a
genera on-line HLA Help Desk, an RTI Help Desk, and an HL A integrated training program. The training



program consists to two types of training: lecture-style course modules offered in one and ahalf day
packages caled Regional Training Events and hands-on software development training with the RTI called
theHLA Hands-On course. Information about the training events, the schedules, and the registration
procedure is available through at the web address given above.

3.3 Standardization Efforts

The DoD has taken steps to gain recognition of the HLA as a standard by international and commercia
standards organizations. In particular, the Object Management Group (OMG) has adopted the HLA
Interface Specification asthe OMG “Facility for Distributed Simulation Systems.” OMG isaconsortium
of software vendors, users, government, and academia, that works to establish standards in distributed
object computing.

Further, the Standards Activity of the Institute of Electrical and Electronics Engineers (IEEE) is currently
reviewing and balloting the HLA Rules, OMT, and Interface Specification as the standard architecture for
distributed simulation. Approva by the Standards Activity is expected by March 2000.

The extent to which the HLA has been embraced by these standards-making bodiesis oneindication of its
genera-purpose use. The HLA isnot a DoD-specific technology.

4, Extensibility of the HL A Paradigm to Computational Economics

We believe that technical approaches and applications currently in use by the DoD M& S community can be
transferred to the macroeconomic community to extend the state-of -the-practice in economic modeling.
For example,

The use of the HLA allows a macroeconomist to build up acomplex simulation tool by joining
together individua simulationsthat represent individual aspects of the overall economy. In other
words, you ho longer need one big monolithic simulation, built in asingle programming language by a
single devel opment team.

Asthe domain of computational economics grows and advances, a significant population of disparate
models and simulations will develop. Many of these will actually be complementary, examining
different aspects of alarger macroeconomic system. If the HLA were to become a de facto standard
within the computational economics community, then thelinking of “best of breed” simulations would
become areality, enabling significant capabilities.

The use of entity-level modeling allows an economist to study the aggregate behavior of groups,
communities, industry sectors, and nations by varying the behavior of the individual s that make up
those units.

The use of distributed simulation techniques allows an economist to achieve scalability by adding host
computers to the hardware base, rather than moving to alarger, more expensive computer. [Itis
interesting to note that most economic modeling focuses on running simple agents on massively
parallel processors. The DoD community has spent years pursuing asimilar approach with little
success.)

We base these premises on anumber of assumptions, including

1. Economic systems can be modeled as the aggregation of a set of individua entities and their
interactions.

2. Theexpertise on specific sectors of the economy and specific entities within the economy is dispersed
among many organizations. These organizations do not normally work together to address larger,
Macroeconomic issues.



3. Different facets of the national economy have been simulated to some degree of fidelity by individual
organizations, such asthe Federal Reserve Board, the Council of Economic Advisers (CEA), or the
National Bureau of Economic Research (NBER) .

4. There are many real-world results or circumstances that cannot be predicted easily or assessed using
the state-of -the-practice modeling techniques.

5. The sheer size of thereal world “ system” compels the macroeconomic community to use models and
computer-based simulations rather than live experiments.

6. The nature of the world economy is becoming more complex, thus putting an even greater burden on
the equations and simple models that macroeconomists use to do their work.

Itisworth noting that HLA compliance satisfies the most important condition for interoperability and
reuse: a common, efficient technical meansto join simulations together in federations, optionally including
live players, and exchange information in a coherent manner. However, the HLA isnot an interoperability
“magic wand,” that is, it will not automatically make every simulation suitable for federating with every
other simulation nor guarantee avalid, meaningful exchange of information across the federation. For
example, it would likely make little sense to federate a high-resolution agent-based financial market
simulation with an individual consumer simulation; whilein fact such afederation would be technically
feasible, it would fail the relevancy test. Prudent, common sense planning is still required, but the HLA
does provide the critical technical foundation for the required, a capability which represents amajor
advance in simulation technology.

HLA compliance delivers new functional capabilities and alows different organizationsto
produce/maintain a diverse set of products (e.g., simulations, live system interfaces, utilities, runtime
infrastructures) which can be wisely used together in different combinations as user needs dictate. This
yields reuse of individual products and allows simulationsto bring in new capabilities without having to
build them. Thisin turn equatesto reductionsin time, expense, and risk that justify the modest near-term
costs of transitioning legacy systemsto the HLA.

4.1 Current Approachesto Economic M odelirg

We have undertaken an Internet survey of macroeconomic models and model research to see which might
benefit from federation. Models are created for various purposes, forecasting, training through simulation,
impact analysis, research on economic behavior, trade and balance of payments analysis, banking analysis,
to name afew. Somethat may have potential for federation benefits are bulleted bel ow:

Theoretical conceptual models - Most of the agent-based or object-oriented models seem to bein this
category or the next. Clearly such models are afederation of agents or classes. Where a broader system
isrequired for analysis, federation at the same or a higher level may be beneficial.

Simulation models for training - For helping students understand how an economy works through
hands on testing of policy instruments. For training purposes, it might be advantageous to begin with
local or partial subsystems, and then progressto integrated or global models.

Planning/forecasting models (dataintensive) - In usein some devel oping countries, though traditional
investment/sectora planning is now giving way to creating an environment conducive to private sector
growth through policy analysis and reform. Countries with highly open trade-oriented economies may
require modelsthat depend on the inclusion of other countries and regions. Devel opment in small
countries depends on the growth of export markets and tourism demand in larger countries. Large
countries depend on each other and on the availability of primary products from small countries.
Impact analysis models (also dataintensive) — The impact of oil prices, military activity, aid flows, and
economic reforms. Asinvestigation of impacts focuses on subsystems, existing or new models could
be added or deleted.

National vs. Sub-National Models - Federating several national models may be useful, although there
are also regiona and global models out there. What may be more important is the potential for reuse
and adaptation of existing modelsif acommon operating environment is available.



Federating national subsystem models— Banking system models, trade system models, etc. Banks,
governmental agencies, and corporations have developed subsystem maodels. Creating links between
them would have advantages anal ogous to trade and information links in real world systems.

4.2 Potential Benefitsof HL A to Economic M odeling

Quantitative macroeconomic simulation models are designed to answer specific questions about the state of
the economy to achieve particular goals of a sponsoring organization or research team. There are no
standardized economic databases, sources of data, or data export features that are common to all models
used today. Assuming that some workable strategy can be devised to federate existing models together
into asingle integrated network of models, what would the benefits be?

The authors believe that a number of important benefits can be achieved by federating severa “asis’
macroeconomic simulation models using the HLA approach. The primary benefit of federating severa
macroeconomic models isto provide a cross cutting view through an interacting network of models, which
can broaden the view permitted by a single model and provide opportunities for modelersto gain new
insightsinto economic phenomena. Other benefits arise from the implementation itself, namely, sharing a
common set of data, creating meta-data that characterizes this broader view, and responding more rapidly
to changing situations.

Broadening the view permitted by asingle model - No matter how all-encompassing, asingle
economic model that is developed and/or operated by a single organization or research group will have
aparticular focusthat reflects the stated mission or purpose. Federating several models make it
possible for the participating organizations to interact with each other, in away that will enhance
research perspectives through unprecedented opportunities for sharing data about the economy in “real
time” from many sources. This can be accomplished in away that preserves the distinctive character
of each participating model federate.

Gain new insightsinto economic phenomena - Federated model s provide the capability to simulate
interactions of greater complexity than previously possible. The simulation tool set enabled by HLA
technology will increase the visibility into the dynamics of the economy at the macro level, and lead to
avenues of enquiry that were previoudly not possible.

Sharing acommon set of data- When several different models use a common set of input data, there
will be greater consistency in the results of computations; fewer dataitemsto gather, track, and update;
awider consensus about the input values and assumptions; and a common understanding of what the
inputs mean.

Creating meta-data that characterizes this broader view - Summary level data describing the overall
operationa state, status of the inputs, status of the outputs, and other high level parameters can be
extracted and tracked over time. Thisinformation is essential to understanding how well the federated
system of modelsisworking, particularly when simulating rapidly changing situations.

Responding more rapidly to changing situations - The HLA infrastructure enables arobust simulation
environment. It permitstherapid anaysis of “what-if” questions, and can be used to explore
sensitivity to changes when a number of federated models are simultaneoudly impacted by variations
input data or outputs from other models.

Providing common operating environment for future economic model development — Future sub-
system modeling can be done with an awareness of the HLA infrastructure availability. Thisislikely
to impact the design of future models. Existing models will have to be encapsulated or require a special
interface, but new ones could be designed to plug into the common infrastructure.

4.3 Possible Strategy for Adopting the HL A Paradigm



Virtually none of the economic simulation modelsin use today were designed to be “federated” into an
over-arching distributed simulation architecture. Despite the heterogeneous modeling approaches found
among current economic models, arobust experience base and infrastructure already exists for applying
HLA, and the current state-of -the-art makes it possible to integrate existing stand-al one computational
economic models into adistributed network. If thiswere to be done, the candidate group of modelsto be
federated must be carefully selected, so that the combined simulation environment produces distinct
benefits that are greater that the sum of the individual models.

An dternative to federating whole models would be to use essentialy the same data but trandate or
redesign the model to be more compatible with the HLA. If the models to be federated are relatively small,
this may be easier than encapsulating or interfacing with an existing model. In other words, there may be
alternative ways of migrating to afederation of smulations.

Itisvery important to establish the appropriate eligibility criteriafor selecting candidate models before
federation devel opment takes place. These criteria should be based on the overall purpose of the
distributed simulation task: What new questions will be answered or what specia problems will be solved,
by combining several economic modelsinto an extended simulation environment? What advantage would
federation have over creating an entirely new model (possibly using existing data) at a higher level?

After the purpose is established, it becomes necessary to identify the kind of datathat must be passed
between models. For each model to be federated, answers are needed to questions such as: What are the
inputs, what are the outputs, and what dataitems must be shared?

Since al modelsin use today were not designed to be federated together using the HLA, it will be
necessary to plan, design, and devel op the appropriate modifications needed to interface each to the
common infrastructure. Other implementation steps include federation planning, configuration of
hardware, integration testing, and finally federation execution.

In the future, macroeconomic models can be designed and implemented with the HLA approach in mind.
The design-to-HL A strategy can be achieved by incorporating standardized interfacesto the HLA and
common data elements, and shared database designs, as common features of new macroeconomic
simulation models.

5. Summary

This paper has addressed the High Level Architecture, the motivation behind its devel opment, its basic
precepts, and the potential for application in the computational economics community. As stated, the HLA
isasimulation- and domain-independent approach that should work equally well in the economics domain
asit hasin the military domain. The HLA isalso both technologically and procedurally mature, and is
ready to be applied and adapted within simulation domains outside the strict confines of the military M&S
community. Given the significant anal ogies between the economics and the combat simulation domains, it
would seem that the field of computational economicsisancther logical candidate for the transition of the
HLA to non-military applications.

We believethat it isfeasible to select agroup of existing macroeconomic models and create a federation of
interacting models. By developing aframework for the use of ADS concepts, it is anticipated that the
agent-based economics community will have the means to assess the benefits of such an approach. A first
step would be to develop a prototype using existing or adapted subsystem models and test the potential
benefits of thisfederation.

Asthe number of simulations achieving HLA compliance grows, the greater the opportunity for meaningful
and productive interoperation. The adoption of the HLA as an | EEE specification isindicative of the
acceptance of the approach within the broader simulation community; the computational economics
community should leverage the experience and knowledge devel oped to date within the Department of
Defense to extend and improve its own growing capabilities. Proponents or developers of simulationsin
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this domain interested in learning more about the HLA are strongly encouraged to contact the authors or the
Defense Modeling & Simulation Office.
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