Final Report of the Subcommittee on the
Identification of Modeling and Simulation
Capabilities by Acquisition Life Cycle Phase
(IMSCALCP)

NDIA Systems Engineering Division
M&S Committee
22 May 2014

Final Report of the IMSCALCP Subcommittee

Table of Contents
Executive Summary......................................................................................................................... 1
Genesis of the Topic........................................................................................................................ 4
NDIA M&S Committee Subcommittee on the Topic ...................................................................... 5
Subcommittee Charter................................................................................................................ 5
Subcommittee Participants......................................................................................................... 6
Subcommittee Process ............................................................................................................... 7
Some Sources of Information ......................................................................................................... 8
Selected References.................................................................................................................... 8
Data Collection Template ........................................................................................................... 9
Issues Encountered ....................................................................................................................... 10
Industry Inputs .............................................................................................................................. 12
Structure of the Information in an Excel Workbook .................................................................... 14
Structuring the Information for Use ......................................................................................... 14
Structure of the Excel Workbook .............................................................................................. 15
Results of the Study ...................................................................................................................... 16
M&S Capability Categories ....................................................................................................... 17
Some M&S Capability Definitions ............................................................................................. 18
Activities and M&S Capabilities for Materiel Solution Analysis ............................................... 20
Activities and M&S Capabilities for Technology Maturation and Risk Reduction .................... 21
Activities and M&S Capabilities for Engineering and Manufacturing Development ............... 22
Activities and M&S Capabilities for Production and Deployment ............................................ 23
Activities and M&S Capabilities for Operations and Support ................................................... 24
Example M&S Tools .................................................................................................................. 25
Summary ....................................................................................................................................... 27

22 May 2014

Page i

Final Report of the IMSCALCP Subcommittee

Executive Summary
Background
During the Fall of 2011, discussions were held among the NDIA Systems Engineering Division’s
Modeling and Simulation (M&S) Committee leadership and representatives of the Office of the
Deputy Assistant Secretary of Defense (Systems Engineering / Systems Analysis)
[ODASD(SE/SA)] concerning M&S topics of interest. What emerged was an interest in
identifying what M&S capabilities are needed/used in each phase of the Defense Acquisition
Life Cycle. Similar discussions took place among the M&S Committee’s leadership and the
leadership of the NDIA Systems Engineering Division, which resulted in the identification of an
interest in identifying prevalent M&S tools used in systems engineering activities during the
Acquisition Life Cycle. After discussions at the NDIA Systems Engineering (SE) Division’s
Strategic Planning Meeting in December 2011, the M&S Committee took the action to perform
a study on the Identification of Modeling and Simulation Capabilities by Acquisition Life Cycle
Phase.
Process
At its February 2012 meeting, the M&S Committee formed a subcommittee with a charter to
examine the Defense Acquisition Life Cycle, and identify in each phase of the life cycle the
systems engineering and acquisition functions that need to be performed that can be enabled
by the use of M&S; for each engineering/acquisition function, identify specific existing M&S
capabilities that can contribute to the performance of that function; and, for each M&S
capability, identify government and industry M&S tools that are prevalent in helping to provide
that capability. The subcommittee met bi‐weekly by telephone for about 15 months, and also
held face‐to‐face meetings as part of the M&S Committee meetings that occurred during the
term of the study. Over the course of the study, 30 professionals participated, performing
individual research and collecting data in a form that could be combined in a uniform fashion.
Issues Encountered
Very early during the subcommittee’s work, it became apparent that there was no accepted
taxonomy for describing M&S capabilities. In order to complete its work, the subcommittee
developed a preliminary set of M&S capability descriptions. It later became apparent that it
was difficult for the subcommittee to establish, in any authoritative way, which M&S tools were
“prevalent” in providing particular M&S capabilities. As a result, the subcommittee decided
that its final product would cite only “example” M&S tools, based on the personal knowledge of
the subcommittee members.

22 May 2014

Page 1

Final Report of the IMSCALCP Subcommittee
It also became evident that some M&S capabilities supported multiple acquisition activities,
and some M&S tools provided multiple M&S capabilities. Therefore, a single two‐dimensional
spreadsheet did not provide an efficient way of representing the relationships, since individual
M&S capabilities and, certainly, individual M&S tools, would appear in multiple, perhaps very
many, rows of the spreadsheet.
Structure of the Information
One of the principal goals of the study was to produce a final product that would be usable by
both program managers and systems engineers. The subcommittee considered a relational
database structure, or an even more complete ontology as a form of representation. An
ontology was felt to be overly complex. A database was felt to be appropriate in structuring the
information, but most database tools, even Microsoft Access, are not typically used on a day‐to‐
day basis by most program managers and engineers.
The subcommittee, did, however, want to avoid replication of data entries, which would have
made any subsequent updates prone to error if not all occurrences of a single data entry were
found and updated consistently. As a result, the subcommittee decided on a four‐worksheet
Excel workbook, with a single worksheet for each set of associations. Links between the
worksheets were used so that all unique data elements would be entered in only one cell in one
worksheet.
Acquisition activities (sometimes in multiple levels, depending on the life cycle phase) are
entered in the “Activities‐to‐Capabilities Map” spreadsheet. For each activity that is supported
by one or more M&S capabilities, there is a link to each of those capabilities (often at an
aggregated, or category, level), which are entered in the “M&S‐Capabilities‐to‐Tools Map”
spreadsheet. Most of the M&S capabilities listed in that spreadsheet belong to a larger
category of M&S capabilities, and are linked in the “M&S Capabilities Categories” spreadsheet.
Also, each M&S capability often has multiple links to example M&S tool entries in the “M&S
Tools List” spreadsheet. The primary entry for each M&S tool in that spreadsheet is its
acronym, if it has one, with the full name listed in the adjacent cell in the row.
Results of the Study
The subcommittee identified 103 M&S capabilities, most of which were included in 11 major
categories. A definition was developed for each capability, sometimes at just the category
level. Wherever possible, subcommittee members attempted to identify an authoritative
source for each definition, using it verbatim if possible, or adapting it, if necessary. In some
instances, an authoritative definition could not be found, in which case one was constructed for
the purposes of the study.
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Acquisition activities were identified for each of the five phases of the Acquisition Life Cycle. In
some cases, based on work done by other groups, the activities were able to be detailed into
two or three hierarchical levels. For each phase, a mapping of the lowest level of activites was
made to the M&S capabilities that can aid in performing those activities. A separate mapping
was made of M&S capabilities to 148 example M&S tools that can provide these capabilities.
There was no attempt, however, to provide an exhaustive list of example tools, as existing M&S
catalogs and repositories can be consulted for the capabilities of thousands of specific M&S
tools.
Recommended Future Activities
Unlike many studies, the primary product of this study is not simply a final text report, but the
initial version of an Excel workbook that can be updated, as desired by the systems engineering
M&S community of interest, so that it becomes a living document. The intent is to post this
spreadsheet along with this report on the M&S Committee’s web site, so that it can be
downloaded, utilized, and updated as needed. In order to provide configuration management,
the M&S Committee’s leadership will act as the focal point to receive suggested updates, and to
post appropriate updates periodically, perhaps on an annual basis.
Although the subcommittee developed what it believes to be a fairly level set of M&S capability
descriptions, it is believed that development of a complete taxonomy of M&S Capabilities
would be beneficial. However, to do so in an authoritative way that gives even treatment to all
the areas of modeling and simulation used in systems engineering is too large an effort for a
small number of volunteers. A larger DoD‐resourced effort with a well‐defined set of
requirements is felt to be needed to accomplish this.
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Genesis of the Topic
During the Fall of 2011, discussions were held among the NDIA Systems Engineering Division’s
Modeling and Simulation (M&S) Committee leadership and representatives of the Office of the
Deputy Assistant Secretary of Defense (Systems Engineering / Systems Analysis)
[ODASD(SE/SA)] concerning M&S topics of interest. What emerged was an interest in
identifying what M&S capabilities are needed/used in each phase of the Defense Acquisition
Life Cycle. Similar discussions took place among the M&S Committee’s leadership and the
leadership of the NDIA Systems Engineering Division, which resulted in the identification of an
interest in identifying prevalent M&S tools used in systems engineering activities during the
Acquisition Life Cycle.
The above dual tasking was proposed by the M&S Committee leadership at the NDIA Systems
Engineering (SE) Division’s Strategic Planning Meeting in December 2011. At that meeting, the
U.S. Air Force presentation cited an objective from the U.S. Air Force Systems Engineering
Strategic Plan regarding standard practices, tools, and metrics with a focus on M&S across the
life cycle. The net result was an action item from the meeting to proceed, with additional
guidance to consider reusable architectures, physics‐based modeling and support of
architectures with M&S.
22 May 2014
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NDIA M&S Committee Subcommittee on the Topic
Subcommittee Charter
During the February 2012 meeting of the M&S Committee, the formation of a subcommittee
was initiated to perform the effort, titled the Subcommittee on Identification of M&S
Capabilities by Acquisition Life Cycle Phase. The first activity for the subcommittee was to
develop a charter to specify the scope of the investigation and the information and
recommendations that would be developed by the subcommittee. The charter took the
guidance from the December 2011 SE Division meeting, and delineated a three‐step breakdown
for its activities:
 For each phase of the life cycle, identify systems engineering and acquisition functions
that need to be performed that can be enabled by the use of M&S;
 For each engineering/acquisition function, identify specific existing M&S capabilities
that can contribute to the performance of that function; and
 For each M&S capability, identify government and industry M&S tools that are prevalent
in helping to provide that capability.
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Subcommittee Participants
The names of all individuals who participated in subcommittee activitiess at any point in the
process are shown in the slide above. Each individual’s organizational affiliation is shown in
parentheses. A large majority of the above‐listed individuals contributed directly to what
eventually became a multi‐spreadsheet Excel workbook that contains an electronically
modifiable version of the “final” product of the subcommittee’s efforts, which can be
maintained and updated over time to the degree that individuals are motivated to do so, and as
their resources permit.
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Subcommittee Process
The kickoff meeting of the subcommittee was held on 21 February 2012. Thereafter, the
subcommittee began meeting telephonically on a bi‐weekly basis. A data collection
spreadsheet (shown later in this report) was designed and distributed to subcommittee
members. Several sources of information were identified (also shown later in this report).
Subcommittee members did research on different parts of the subject matter. In addition to
the bi‐weekly telephonic meetings, face‐to‐face meetings were conducted as part of the M&S
Committee meetings that occurred during the term of the study. To supplement the individual
research, a number of subcommittee members from private industry gave presentations on
M&S activities in systems engineering within their companies. Finally, starting in the Spring of
2013, the subcommittee constructed and iterated a multi‐worksheet Excel workbook (excerpts
shown later) that identified acquition activities, M&S capabilities, and example M&S tools, and
linked them with one another to show relationships among them.
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Some Sources of Information
Selected References
The subcommittee conducted a broad search for information, based on each member’s areas of
knowledge and expertise. The sources included DoD‐ and industry‐funded studies over the past
15 years, DoD‐funded catalogs and glossaries, official DoD publications, and technical papers
published in the open literature. The above is a partial, certainly not exhaustive, list of sources
of information. Additional sources of information, such as for adopting/constructing definitions
of M&S capabilities, may be found in the aforementioned Excel workbook. Finally, some
information, such as example M&S tools came simply from personal knowledge of the
subcommittee members.
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Data Collection Template
In order to gather information from multiple persons and sources in a form that could be
readily combined and synthesized, a data collection template was designed in Excel. The intent
was to capture system acquisition activities, with the source of those activities documented,
along with potentially multiple M&S capabilities that could be used to support those activities,
again with the source of the M&S capability to acquisition activity linkage documented. Finally,
the desire was to identify a few “prevalent” M&S tools that could be used to provide each M&S
capability. The intent was certainly not to duplicate more comprehensive sources of
information on M&S tools, such as the DoD M&S Catalog, which has entries numbering in the
thousands. Nor was the intent to endorse any particular M&S tool as the most appropriate for
a particular application.
From the design of the above data collection template, it is clear that the expectation was that
there would be a “one‐to‐many” relationship between acquisition activities and M&S
capabilities, and yet another one‐to‐many relationship between M&S capabilities and prevalent
M&S tools.
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Issues Encountered
As the subcommittee’s work progressed, several issues were encountered that needed to be
addressed. It became apparent very early in the committee’s work that there was no taxonomy
for describing M&S capabilities. Over the years, models and simulations have been created and
evolved within various communities of interest, have been described individually, and have
sometimes been binned into categories based on particular parameters. For example,
historically, military simulations have been categorized into four (or sometimes more) levels of
aggregation, typically referred to as engineering, engagement, mission and campaign. But such
categorizations have not been comprehensive or sufficiently well‐defined to be very useful for
informing systems engineers as to whether a particular category of M&S tools might be
appropriate for a particular application. In order to complete its work, the subcommittee
developed a preliminary taxonomy (described later), but believes that a more comprehensive
consensus‐based effort is needed to develop a more authoritative taxonomy.
Additionally, as the subcommittee continued its work, there was a realization that it was
difficult for the subcommittee to establish, in any authoritative way, which M&S tools were
“prevalent” in providing particular M&S capabilities. Usage data, particularly for commercially‐
developed M&S tools, is generally not published. As a result, the subcommittee decided that
its final product would cite only “example” M&S tools, based on the personal knowledge of the
subcommittee members.
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Issues Encountered (continued)
As mentioned earlier, the Data Collection Template spreadsheet anticipated a one‐to‐many
relationship between acquisition activities and M&S capabilities, and between M&S capabilities
and example M&S tools. As work progressed, it became evident that some M&S capabilities
supported multiple acquisition activities, and some M&S tools provided multiple M&S
capabilities. In mathematical terms, the relationships could not be expressed as a hierarchical
tree structure, but rather represented an acyclic directed graph.
As a result, a single two‐dimensional spreadsheet is not an efficient way of representing the
relationships, since individual M&S capabilities and, certainly, individual M&S tools, would
appear in multiple, perhaps very many, rows of the spreadsheet. This would also create
potential configuration management difficulties if, for example, the name of an M&S capability
were changed. The subcommittee considered a relational database structure, or an even more
complete ontology as a form of representation. In the end, however, a multi‐worksheet Excel
workbook was selected, as described later in this report.
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Industry Inputs
To supplement each subcommittee members’ individual research, a number of subcommittee
members from private industry gave presentations on M&S activities in systems engineering
within their companies. In general, industry participants fell into two groups: providers of
commercial‐off‐the‐shelf (COTS) M&S tools, and system developers who use M&S tools. It was
generally found that M&S capabilities are used throughout the acquisition life cycle, and that
individual M&S capabilities are usually used in more than one phase of the life cycle.
Furthermore, it was found that multiple models and simulations are often linked together to
produce the required M&S capability, with the outputs of one model/simulation manipulated
to form the input for another model/simulation, and sometimes with multiple simulations
linked together interactively at run‐time. Nevertheless, there remain a number of challenges
(as listed above) in more fully exploiting the value of M&S across the life cycle.
The following two charts, provided by Analytical Graphics, Inc., and Lockheed Martin,
respectively, illustrate perspectives of M&S tool developers and M&S tool users.
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Structure of the Information in an Excel Workbook
Structuring the Information for Use
One of the principal goals of the study was to produce a final product that would be usable by
both program managers and systems engineers. Although the subcommittee considered
developing one, an ontology was felt to be overly complex, something more within the
capabilities of information specialists, rather than program managers and systems engineers. A
database was felt to be appropriate in structuring the information, but most database tools,
even Microsoft Access, are not typically used on a day‐to‐day basis by most program managers
and engineers.
The subcommittee, did, however, want to avoid replication of data entries, which would have
made any subsequent updates prone to error if not all occurrences of a single data entry were
found and updated consistently. As a result, the subcommittee decided on a multi‐worksheet
Excel workbook, with a single worksheet for each set of associations. Links between the
worksheets were used so that all unique data elements would be entered in only one cell in one
worksheet.
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Structure of the Excel Workbook
The above figure shows the four worksheets in the Excel workbook, along with the links among
them. Acquisition activities (sometimes in multiple levels, depending on the life cycle phase)
are entered in the “Activities‐to‐Capabilities Map” spreadsheet. For each activity that is
supported by one or more M&S capabilities, there is a link to each of those capabilities (often at
an aggregated, or category, level), which are entered in the “M&S‐Capabilities‐to‐Tools Map”
spreadsheet. Most of the M&S capabilities listed in that spreadsheet belong to a larger
category of M&S capabilities, as explained in the following section. To indicate these
relationships, each of those M&S capabilities has a link to the appropriate M&S capability
category entry in the “M&S Capabilities Categories” spreadsheet. Also, each M&S capability
often has multiple links to example M&S tool entries in the “M&S Tools List” spreadsheet. The
primary entry for each M&S tool in that spreadsheet is its acronym, if it has one, with the full
name listed in the adjacent cell in the row.
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Results of the Study
The following subsections describe the results of the study. Included in the results are a listing
of the M&S capabilities, and selected categories thereof, that were identified during the study,
as well as definitions for selected M&S capability categories and individual M&S capabilities.
The complete listing and definitions may be found in the Excel workbook that was produced in
conjunction with the study.
The results also include excerpts from the Excel workbook that illustrate the acquisition
activities for each phase of the Acquisition Life Cycle and the M&S capabilities (or M&S
capability categories) that can be used as aids in those activities. Although not shown in the
results by phase, there were a few M&S capabilities that the subcommittee felt went across all
phases, which are listed in the Activities‐to‐Capabilities Map spreadsheet of the Excel workbook
as General M&S Capabilities. These include capabilities such as simulation interoperability
infrastructure and M&S catalogs and repositories
Finally, the results include excerpts from the Excel workbook that illustrate example M&S tools
that can be used in providing the identified M&S capabilities.
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M&S Capability Categories
As mentioned earlier, having found that there was no accepted taxonomy for M&S capabilities,
the subcommittee developed a preliminary taxonomy for the purpose of this study. Although
some capabilities could be rather readily described independently, it became apparent that
many capabilities fell into categories. For example, cost modeling is a category that can be
subdivided into separate cost modeling capabilities depending on what portion of the
acquisition life cycle is being addressed. Additionally, the levels of the traditional military
simulation “pyramid” can be considered as M&S capability categories, but these categories,
particularly at the lower three levels (mission, engagement, and engineering) may not have
sufficient meaning to be useful to a program manager or systems engineer for a specific
program. So, mission‐level modeling is better described by the specific mission area(s) being
addressed by a system, engagement‐level modeling by the type of system, and engineering‐
level modeling by the technologies employed in a system. Overall, the subcommittee identified
eleven major categories of M&S capabilities, although it would certainly be possible to define
others, depending on the organizing principle. These eleven categories are shown above, along
with explanations and/or examples of the M&S capabilities included in each category. These
same eleven categories populate the M&S Capabilities Categories spreadsheet in the Excel
workbook.
22 May 2014
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Some M&S Capability Definitions
As mentioned earlier, the subcommittee found that there was no accepted taxonomy for M&S
capabilities. Although creating a complete taxonomy was felt to be too large an effort for this
study, the subcommittee did attempt to find authoritative definitions wherever possible.
Although in many cases, definitions could be found at the individual capability level, sometimes
definitions were best left at the M&S capability category level, such as for the four levels of the
military simulation pyramid.
The above table shows some definitions extracted from the M&S‐Capabilities‐to‐Tools Map
spreadsheet in the Excel workbook. The first two rows in the table show entries for which
definitions could be found at the M&S capability level, in this case, for different types of cost
modeling. The last two rows show entries for which definitions were left at the M&S capability
category level, wherein the name of the specific M&S capability itself was considered as a
sufficient modifier to the M&S capability category to explain the nature of the capability. As
also evident from the above table, although it was sometimes possible to cite a definition
verbatim from an authoritative source, it was often necessary to slightly modify the wording. In
this case, the qualifiers “adapted from” or “derived from” were used to indicate that some
modifications were made.
22 May 2014
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Some M&S Capability Definitions (continued)
The above table shows some additional M&S capabilities from the M&S‐Capabilities‐to‐Tools
Map spreadsheet in the Excel workbook. Several of these entries show the same verbatim or
adapted uses of definitions from authoritative sources. However, somewhat surprisingly, there
were some M&S capabilities, the names of which appear in rather common usage, for which
subcommittee members could not find an authoritative source for their definitions. In these
cases, individual members of the subcommittee took the action to construct such a definition
for the purpose of this study. To maintain traceability of the definition, the phrase "defined
here” was placed in the source column, along with the initials of the subcommittee member
who constructed the definition.
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Activities and M&S Capabilities for Materiel Solution Analysis
For the Materiel Solution Analysis Phase, the subcommittee had the benefit of a detailed
breakdown of acquisition activities that was produced by the Development Planning Working
Group (DPWG). The DPWG’s work included the development of an Excel spreadsheet titled
“Materiel Solution Analysis Activities and Descriptions” produced by a team led by Mr. Bill Riski
in June 2012. The subcommittee has received permission to include the breakdown of activities
in that Excel spreadsheet in its work. This has permitted a three‐level hierarchical breakdown
of acquisition activities in the Materiel Solution Analysis phase.
The above excerpt from the Activities‐to‐Capabilities Map spreadsheet in the subcommittee’s
Excel workbook shows the breakdown of activities for conducting an Analysis of Alternatives
(AoA). In some cases, the activities are broken down only to the second level, but often are
broken down to the third level. In some cases, the subcommittee did not think that an activity
could be readily aided by any M&S capability, in which case the right‐most column was left
blank. The non‐blank entries are actually represented by links in the spreadsheet to specific
M&S capabilities or M&S capability categories in the M&S‐Capabilities‐to‐Tools Map
spreadsheet.
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Activities and M&S Capabilities for Technology Maturation and Risk Reduction
For the Technology Maturation and Risk Reduction (formerly, Technology Development) phase
(as well as most of the other phases of the Acquisition Life Cycle), the subcommittee did not
have a detailed breakdown of acquisition activities. Instead, it relied predominantly upon the
high‐level description of activities in this phase, as embodied in the Defense Acquisition
University (DAU) “wallchart” titled “Integrated Defense Acquisition, Technology, and Logistics
Life Cycle Management System” of June 2010. For one activity (Update AoA), the
subcommittee adapted the more detailed breakdown from the Materiel Solution Analysis
phase. For the remainder, all activities from the DAU wallchart were placed at the second level
of the breakdown, so that more detailed breakdowns might be added in the future.
The subcommittee considered it beyond the scope of its activities to construct a detailed
breakdown of acquisition activities in the Technology Maturation and Risk Reduction phase (or
succeeding phases). The subcommittee believes this would be a worthwhile activity for a
broader systems engineering study, rather than an M&S‐specific activity.
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Activities and M&S Capabilities for Engineering and Manufacturing
Development
For the Engineering and Manufacturing Development (EMD) phase, the subcommittee also
relied on the DAU wallchart for the breakdown of acquisition activities. So, for this phase, all
acquisition activities were listed at the second level of the breakdown in the subcommittee’s
Excel spreadsheet for this phase.
The subcommittee found that a large majority of the acquisition activities in the EMD phase can
be supported by M&S capabilities. Although some activities, such as cost estimation, also occur
in other phases, the EMD phase is characterized by more detailed engineering activities than
prior phases. Although the structure of the spreadsheet is not conducive to revealing it, the
fact engineering‐level simulation appears often as a supporting M&S capability category implies
that a significant number of M&S tools can be employed in this phase, because of the
significant number of technologies that might be involved in any specific system.
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Activities and M&S Capabilities for Production and Deployment
For the Production and Deployment phase, the subcommittee also relied on the DAU wallchart
for the breakdown of acquisition activities. So, for this phase, all acquisition activities were
listed at the second level of the breakdown in the subcommittee’s Excel spreadsheet for this
phase.
During this phase, activities that can be aided by M&S capabilities begin to get more focused on
test and evaluation (T&E) and planning for long‐term support of the system. Many testing
activities can be supported by real‐time simulations where it is too expensive or unsafe to
employ real assets. Sustainment‐related M&S capabilities also get more emphasis.
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Activities and M&S Capabilities for Operations and Support
For the Operations and Support phase, the subcommittee started with the DAU wallchart for
the breakdown of acquisition activities, listing those activities at the second level of the
breakdown in the subcommittee’s Excel spreadsheet for this phase. However, the
subcommittee was able to break down these activities to another level of detail, as shown in
the excerpt above.
In this phase, one sees the beginning of training activities, which are often considered to be
separate from the acquisition process itself, which are supported by some M&S capabilities that
receive less emphasis in earlier phases, such as games‐based simulations. Disposal cost
modeling also begins to have some emphasis during this phase.
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Example M&S Tools
As discussed earlier in this report, the subcommittee decided that its final product would cite
only “example” M&S tools, based on the personal knowledge of the subcommittee members,
because it was difficult to determine authoritatively what M&S tools are “prevalent” (the
terminology used in the subcommittee’s charter). The above table, which is an excerpt from
the M&S‐Capabilities‐to‐Tools Map spreadsheet, shows some example M&S tools for a number
of M&S capabilities. Definitions of acronyms are given in the M&S Tools List spreadsheet.
This table illustrates a number of M&S capabilities in the engagement‐level simulation and
engineering‐level simulation categories. Although there are occasional occurrences of the
same M&S tool for multiple capabilities, it is also evident that, at least in the capabilities shown,
different M&S tools are applicable to engagement‐level simulations for different types of
systems, and to engineering‐level simulations for different technologies. There was no attempt
to make the number of example M&S tools listed consistent across the various M&S
capabilities. There was also no attempt to list every M&S tool that applies to each M&S
capability. The M&S capability comprising catalogs and repositories, such as the DoD M&S
Catalog, can be accessed to obtain information on a much larger number of M&S tools (literally
in the thousands), and there was no intent to duplicate this capability in this study.
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Example M&S Tools (continued)
The above table provides some additional examples of M&S tools used for a different set of
M&S capabilities than shown in the previous table. In this case, for mission‐level simulation
within related mission areas within the purview of the same Service, one can see that often the
same example M&S tools were cited.
In this initial version of the Excel workbook, there are 103 M&S capabilities identified, and 148
example M&S tools.
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Summary
This report has presented the results of a study undertaken over the past two years by a
volunteer subcommittee of the M&S Committee of the NDIA Systems Engineering Division.
Unlike many studies, the primary product of the study is not simply a final text report, but the
initial version of an Excel workbook that can be updated, as desired by the systems engineering
M&S community of interest, so that it becomes a living document. The intent is to post this
spreadsheet along with this report on the M&S Committee’s web site, so that it can be
downloaded, utilized, and updated as needed. In order to provide configuration management,
the M&S Committee’s leadership will act as the focal point to receive suggested updates, and to
post appropriate updates periodically, perhaps on an annual basis.
Although the subcommittee developed what it believes to be a fairly level set of M&S capability
descriptions, it is believed that development of a complete taxonomy of M&S Capabilities
would be beneficial. However, to do so in an authoritative way that gives even treatment to all
the areas of modeling and simulation used in systems engineering is too large an effort for a
small number of volunteers. A larger DoD‐resourced effort with a well‐defined set of
requirements is felt to be needed to accomplish this.
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