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ABSTRACT: The Live Virtual Constructive (LVC) Architecture Roadmap (LVCAR) report, sponsored by the Modeling
and Simulation (M&S) Steering Committee, recommended several actions to promote the reuse of common M&S
capabilities and to foster common formats and policy goals to promote LVC interoperability. One of these
recommended actions pertained to the development of common gateway capabilities. The first phase of this effort
reviewed the gateway needs of users and developers to develop strategies to support more effective LVC integration
using gateways. The current LVCAR phase is focused on the implementation of the selected "Enhance" strategy, which
emphasizes improvements to the native methodologies and practices LVC engineers follow to select and configure
gateways for their specific applications. Two of the products support the selection of a gateway and two of the products
support the use of gateways.
The three products supporting gateway selection are the Gateway Capabilities List, the Gateway Performance
Benchmarks (GPB) and the Gateway Description Language (GDL). The Gateway Capabilities List is the information
that describes the required capabilities of a gateway from a user perspective, and documents the gateway capabilities
from a gateway developer perspective. The GPB provides a structured approach to identify and collect gateway
performance parameters. The GDL is intended to document gateway operational and functional capabilities as well as
GPB-based performance metrics. The users may use the GDL to document their gateway needs for a particular multiarchitecture event. The gateway developers may use the GDL to document the capabilities and performance details of
their gateway solution. Having the providers and users adopt GDL as common specification enables more efficient and
quantifiable gateway selection.
This paper describes how the three products support the efficient selection of the most appropriate gateway, how those
products address gateway selection issues, and how they will facilitate effective application of these products in future
LVC environments.

1. Introduction
In 2007, the Department of Defense (DoD) sponsored an
initiative to examine the differences among the major

simulation architectures from a technical, business, and
standards perspective, and to develop a time-phased set of
actions to improve interoperability within multiarchitecture simulation environments in the future. This

initiative is called the Live-Virtual-Constructive
Architecture Roadmap (LVCAR). The development of
the Roadmap began in the spring of 2007 and continued
for approximately sixteen months. The result of this
activity was a final report [1] and supporting
documentation that collectively totaled over a thousand
pages. The implementation of LVCAR recommendations
began in the spring of 2009, and is currently in progress.
The core purpose of the LVCAR implementation effort is
to improve the technical quality of multi-architecture
simulation environments in the future while reducing
costs and development time. Gateways are a key enabler
of multi-architecture simulation environments; thus the
LVCAR Common Gateways and Bridges Task was
designed to provide the LVC user community with
enhanced technologies and processes for gateway
discovery, selection, configuration, and employment.
These enhancements to the methodologies and practices
that LVC engineers follow can be grouped into two
primary categories: gateway selection and gateway use
enhancements.
This paper presents the proposed enhancements to select
an appropriate gateway that meet distributed multiarchitecture event requirements. This paper presents the
findings in 5 major sections: a) gateway selection problem
statement; b) gateway selection technologies; c) gateway
selection process; d) gateway selection future efforts and
e) Summary
For additional information regarding the Common
Gateways and Bridges Task, the reader is encouraged to
read
the
following
Spring
2011
Simulation
Interoperability Workshop (SIW) papers
“Gateway
Concepts for Enhanced LVC Interoperability” (11S-SIW024) and “LVCAR Enhancements for Using Gateways”
(11S-SIW-025).

2. Problem Statement
The integration of Live, Virtual, and Constructive (LVC)
Modeling and Simulation (M&S) assets into a unified
distributed simulation environment is commonplace
today. The need for such environments is widespread
within the DoD, as applications like joint training
exercises, joint experimentation, and distributed Test and
Evaluation (T&E) events all require the ability to quickly
compose new simulation environments from existing
LVC assets. These environments can be very resource
intensive to establish, and the time needed to design,
develop, and test these environments can be excessive
with respect to the schedules of operational users. Based
on past experiences of integrating large-scale distributed

simulation environments, it is generally preferable to
adopt a single common simulation architecture when
distributed simulation environments are designed.
A multi-architecture LVC simulation environment can be
defined as an environment that is configured using
simulations whose external interfaces are aligned with
more than one simulation architecture.
Common
examples of these architectures include Distributed
Interactive Simulation (DIS), High Level Architecture
(HLA) and Test and Training Enabling Architecture
(TENA). When more than one simulation architecture is
used in the same environment, interoperability problems
are compounded by the architectural differences. For
instance, middleware incompatibilities, dissimilar
metamodels for data exchange, and differences in the
nature of the services that are provided by the
architectures must all be reconciled for such environments
to operate properly.
When distributed LVC simulation requirements dictate
the use of multiple architectures, specialized applications
called gateways are commonly used to enable
interoperability between the systems using the disparate
simulation architectures. A partial listing of requirements
that event managers face that dictate the need for multiarchitecture distributed simulations include:
legacy
simulations that cannot migrate to a common architecture,
an enclave of simulations that are already interoperable
using a common but different architecture than other
simulations in the environment, and the desire to integrate
common infrastructure resources like loggers, viewers,
and test tools that utilize a different architecture. As a
general rule, gateways are standalone applications that
translate data from one simulation architecture to another.
If adopting a common LVC simulation architecture and a
common Simulation Data Exchange Models (SDEM)
across the simulation environment is not possible, the
second recommended approach is to utilize a gateway to
convert the simulation data from the various simulation
architectures to a single common architecture for
distribution across the environment. Having a common
architecture for data distribution allows common tools
and processes to be used at each node. This provides
enormous benefits to the Event Manager by optimizing
the verification of data transmission though the use of
common test/visualization applications at each site, using
common event management tools across the environment,
enabling consistent logging capabilities and practices,
elimination of logging discrepancies due to duplicative
and inconsistent logging resources, elimination of
duplicative data being sent over the wire when multiple
architectures are used concurrently, and a host of other
interoperability benefits.

As event managers are faced with the reality of
integrating disparate architectures, it becomes a design
challenge that necessitates the selection and use of
appropriate gateways. The design challenges can be
complex as the gateways must be selected and configured
to provide specific functionality, capabilities and
performance specifications that meet the interoperability
requirements. The current process of identifying and
selecting appropriate gateways can be considered ad-hoc
at best. The Common Gateways and Bridges Task team
addressed these design challenges by providing a
structured systems engineering-based approach that
define common technologies, processes, and tools. When
combined, the processes and tools enhance the gateway
selection process thereby reducing the risk associated
with developing a multi-architecture environment.
The Common Gateways and Bridges Task team defined
several technologies and processes to efficiently and
effectively select an appropriate gateway(s) that meet the
event requirements. The Common Gateways and Bridges
Task technologies include the Gateway Performance
Benchmark, the Gateway Capabilities List and the
Gateway Description Language. These technologies,
along with the processes and associated tool sets that
employ them, will be further discussed in the sections
below.

3. Gateway Selection Technologies
The Gateway Capabilities List, Gateway Performance
Benchmark (GPB) and the Gateway Description
Language (GDL) were developed to provide a common
technology base to enhance the selection and use of
gateways to help solve interoperability needs of multiarchitecture simulation environments.
The Gateway Capabilities List
The Gateways Capabilities List is the core technology that
defines a set of capabilities that a gateway might
implement. This document describes the capabilities of a
gateway from a user perspective, and documents the
gateway capabilities from a gateway developer
perspective. The list is grouped to support understanding
of the capabilities. There are two main categories,
Functional and Operational. The Functional capabilities
tend to be concrete and testable. The Operational
capabilities tend to be more descriptive of the gateway.
These main categories are sub-divided into several more
detailed subcategories. Each subcategory provides a
definition for its associated capability.
Each capability has three elements: Capability Definition,
Examples, and Levels of Implementation. The Capability

Definition provides a concise definition of the capability.
The Examples provide context using a real-world
example with which most readers would be familiar.
Many of the capabilities can be implemented to different
levels. The Levels of Implementation provide a defined
set of possible implementations. The number of levels
varies based on the capability. Generally a level of 0
means that the capability is not implemented, and
conversely, a level of 5 generally means that the
capability is fully implemented. Generally a level of 3
represents a partial implementation. Some of the levels do
not have defined definitions. These may be selected to
represent implementation between the defined levels.
Some capabilities are either implemented or not. For
these, the levels are a binary “yes” or “no.”
Functional capabilities represent actions required by the
gateway to meet SDEM, architecture, or exercise
management needs. These are considered the core
capabilities of a gateway. The functional capabilities
usually determine if the gateway meets the user functional
needs when interfacing between multi-architecture LVC
resources [2,3]. There are six formal areas of gateway
capabilities that are associated with “functional”
translations. They are SDEM translations, SDEM
behaviors, architectural translations, architectural
behaviors, exercise management behaviors, and fault
tolerance behaviors.
This definitive list of gateway capabilities will provide the
necessary
foundation
for
detailed
side-by-side
comparisons of candidate gateways. This product will
support an informed selection decision as conducted by
user programs in the future.
The Gateway Performance Benchmarks (GPB)
Distributed simulation is a strategy for combining
multiple, interoperable LVC resources to model larger,
more complex systems. In such composed systems,
interoperability and performance have always been “holy
grails.”
Both interoperability and performance are
dependent on the distributed simulation system
components and gateways are a critical component of the
overall LVC multi-architecture environment. However, a
standard set of performance metrics for gateways does not
currently exist. Thus, the GPB are intended to address
this gap. This paper provides a brief overview of the
GPB. Additional details of the product and processes will
be made available to the community as the artifacts
mature.
The purpose of the GPB is to better define measurable
performance characteristics for distributed simulation
gateways and to provide a set of test cases through which
gateways can be evaluated against these characteristics.

A further-reaching goal for the GPB is that the developers
will have the details of the performance metrics that are
sought-after by the end-users, which will in turn drive the
priority of improvements of future gateways and their
upgrades.
The GPB is the formalization of performance benchmark
metrics and processes that are specific to gateways. The
GPB is defined so that developers, testers, and consumers
of gateways have a consistent set of metrics to determine
which gateway or gateways will best suit the needs of the
end-user. The GPB defines a structured set of use cases
that collectively define a range of "typical" application
types (e.g., large virtual training event, small faster-thanreal-time constructive event, or hardware-in-the-loop
event) to which the benchmarks can be applied. Table 1
lists the proposed performance metric elements and
means of measuring.

Table 2 Scenario Parameters

Table 1 Performance Metrics
Before a set of gateway-related use cases can be fully
described, scenario and operational parameters must be
defined. Scenario parameters describe characteristics of
the simulation, while operational parameters describe the
operating environment for the simulation hardware and
software. Table 2 and Table 3 depict the scenario and
operational parameters.

Table 3 Operation Parameters

The benchmarking parameters described above capture
the significant differences in the structure and demands of
distributed simulation scenarios in which gateways are
employed. Table 4 lists a set of five use cases meant to
capture a broad range of gateway employment scenarios
is proposed using these parameters. Each use case has
been given a short descriptive name for easy reference.

implemented capabilities for a particular gateway. Each
capability entry has four components: capability
identifier, capability description, implementation level,
and priority level.

Table 4 Use Case Summary

The Gateway Description Language (GDL)
The Gateway Description Language (GDL) provides a
mechanism to document user gateway requirements and
capabilities of gateways provided by the developer. The
GDL is based on the Gateways Capabilities List and
Gateway Performance Benchmarks. The purpose of
GDL is to communicate user needs and developer
capabilities to support the selection of gateways.

The final component of GDL is performance. Each
performance entry is associated with a use case. This
component includes a use case identifier and the values of
the performance metrics. The performance metrics for a
user created GDL represent the user’s desired
performance for each parameter. In a developer-created
GDL, these values are the results from executing the
Performance Benchmarks..
Figure 1.0 provides an example of what GDL may look
like. The final GDL will likely have additional elements,
but this example provides an initial draft for discussion.

GDL is implemented in XML to be both human and
machine-readable. GDL contains the capabilities from
the Gateway Capabilities List and levels of
implementation as defined in the same document. GDL
specifies the level of implementation for each capability.
GDL can be used two ways; to specify user requirements
and to define gateway capabilities. The same format
addresses the needs for both types of use.
GDL has three major components: description,
capabilities, and performance. Each GDL file has exactly
one description. A GDL has one or more capabilities and
zero or more performances. The following paragraphs
describe the purpose of each component.
The description component defines who created the GDL
file and for what purpose. A user would create a GDL
file to document the requirements for a specific
federation. This includes the name of the user (generally
an organization) and the name of the federation. Some
federations have requirements for more than one gateway.
If this is the case there is an option to specify the use in
the federation, then a gateway developer would create a
GDL file to document the capabilities of their gateway. A
developer generated GDL file includes the name of the
gateway and version.
The next component of GDL is the capability. A user
generated GDL file would capture the required
capabilities for the gateway in a particular event. A
gateway developer generated GDL file would identify the

Figure 1 Draft GDL Schema

4. Gateway Selection Process
Typically, LVC simulation environments have stringent
system-level performance requirements.
In multiarchitecture LVC simulation environments, gateways are
frequently part of the overall system architecture.
Therefore, an effective and sufficient process to select an
appropriate gateway should be viewed as critical to
support the requirements defined for the LVC
environment. This section describes the process that
utilizes the aforementioned technologies to enhance the
gateway selection process
The event manager has two major gateway issues: 1) how
to select a gateway; and 2) how to use the gateway [4].

The event manager may decide to use an existing
gateway, modfiy an existing gateway, or decide to build a
new gateway. Currently, the event manager has no tools
to assist with the gateway selection.
The only
documentation available is provided by the gateway
developers. Some gateways have almost no easily
obtainable documentation. Even when documentation
does exist, the lack of standard capability definitions
makes it difficult to compare gateways. The lack of welldefined terminology makes even direct conversations with
gateway developers difficult. Harder still is determining
the performance of the gateway.
The required
performance characteristics of gateways depend on the
event. Until the effort by the Common Gateways and
Bridges Task team, there was no existing benchmark
standards for measuring and reporting gateway
performance.
The Gateway Capabilities List is an integral product in
the overall effort to improve selection and understanding
of available gateway products. This product provides a
common foundation for documenting the ability of a
gateway to fulfill a particular set of requirements. It
provides a means of completing standard functional
testing on gateway applications, while the performance
benchmarks report establishes a standard for performance
testing. Taken together, these complementary products
constitute a common framework enabling evaluation of
gateways against both expected behaviors and desired
performance levels.
As such, the Gateway Capabilities List and the GPB are
the foundation for establishing gateway selection process
based on a community standard for gateway description
and assessment. The Gateway Capabilities List and GPB
are the basis for the more formal GDL, which provides a
standard way of describing gateway functionality in a
human and machine-readable format. Once described by
the GDL, each gateway can be assessed against the
Gateway Capabilities List based on user requirements.
Without the GDL, an equitable and efficient gateway
analysis would not be possible [2,3].
The GDL allows the event support team to define the
gateway capabilities and implementation level required
for his event. Without GDL the event manager does not
have structured way to document his requirements. The
well-defined language removes misunderstandings from
this process by providing a common set of definitions.
Once the user requirements have been documented in
GDL, the event support personnel would acquire the GDL
files from a repository populated with GDL files from the
gateway vendors. Because the developer GDL files are in
the same format as the user requirements, it becomes
more efficient to determine the best match or matches.

After comparing the requirements to existing gateway
implementations, the user may determine more than one
gateway is required.
Not only does the event manager have to translate
between architecture pairs, the event may also require
some advanced gateway features such as specialized
filtering. Using the GDL, the event manager is able to
efficiently select gateway(s) that meet all of the events
needs. It also allows for the selection of multiple
gateways that collectively fulfill all of the event
requirements.
Figure 2 illustrates how the Common Gateways and
Bridges Task products enhance the user experience for
selecting and using a gateway when requirements dictate
the need for multi-architecture interoperability in an LVC
simulation environment. The left-hand side of this figure
shows the “to be” view of the process of gateway
selection. As users define their gateway requirements, a
tool will capture these requirements and generate a GDL
file. This tool is postulated to employ an interview
process much like modern tax software, with the resulting
requirements being based on Gateway Capabilities List
and GPB content.
The ability to capture and document interoperability
requirements is not only critical in supporting the gateway
selection process, but also enhances the LVC simulation
event design process.
The interoperability and
performance requirements for gateways are sometimes
poorly documented which pushes simulation integration
issues further in the event lifecycle. Oftentimes, this
results in poor gateway performance that gets identified
very late in the integration cycle.
This creates
unnecessary risk and increases the integration burdens at a
time that has the least schedule and resource flexibility.
Gateway developers can use GDL to document the
capabilities and performance of their gateway solutions.
This would contribute significantly to the gateway
community as it would allow gateway vendors to describe
the various features of their gateway in a common format
that is accessible to users. Having this information, and
the documented event requirements in a common format
would enable efficient gateway selection.
A repository or registry is envisioned which would
archive GDL files from participating gateway developers,
each describing the capabilities that their commercial or
government-developed gateway product has to offer. An
envisioned tool would then compare the user-defined
gateway requirements with the capabilities offered by the
various gateways, and would return “best matches.”

Users would then review the tool’s mapping results of
requirements to gateway capabilities and select among the
best matches. Another option is for the user to reevaluate
how their requirements were described, generate a new
GDL file, and produce a new set of matches to choose
from. The output of this part of the process is the

gateway that best meets the needs of their immediate
application.
The right-side of Figure 2 shows the “to be” view of
gateway setup/employment. This process is presented in
detail in the Spring 2011 SIW paper entitled “LVCAR
Enhancements for Using Gateways” (11S-SIW-025).

Figure 2 Gateway Selection, Setup, and Employment

5. Gateways – Future Efforts
The value of any tool or technology is in its use, and not
in its design or development. If unused, the selfdescribed “best tool ever developed”, is of no use. It is
for this reason that community involvement is critical in
the success or failure of the gateway selection
technologies and process. This paper is an initial effort to
describe the activities and products to enhance the
gateway selection process.
There will be other
opportunities for the community to provide feedback in
the direction and implementation of these efforts. If the
reader wishes to provide feedback outside these
opportunities, the reader is requested to contact the author
so that the feedback may be sufficiently documented.

6. Summary
The purpose of this paper has been to introduce emerging
concepts for how gateway selection may be improved in

the future. The tasks needed to implement these concepts
are currently being worked under the LVCAR
Implementation program managed by the Modeling and
Simulation Coordination Office (M&S CO). Additional
detail into how these concepts are being implemented by
the LVCAR Implementation team can be found in related
papers being presented at the Spring 2011 SIW.
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