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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.
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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.

22 May 2014 Page 3



Final Report of the IMSCALCP Subcommittee

Genesis of the Topic

STREST T TR I TSEESTRY & TR Y

* Discussions between NDIA SE M&S Committee leadership and
ODASD(SE/SA) representatives, November 2011

- Interest in M&S Capabilities by Acquisition Life Cycle Phase
* Discussions with NDIA SE Division leadership, November 2011
- Interest in identifying M&S tools prevalent in systems engineering

* Proposed 2012 task included in NDIA SE M&S Committee report at
December NDIA SE Division Planning Meeting:
- “Assessment of M&S capabilities, and prevalence of specific M&S tools,
used in each phase of the Systems Acquisition process”
« U.S. Air Force (Col Ogawa) presentation at December NDIA SE
Division Planning Meeting:
- Citation of Objective 2.2 in U.S. Air Force SE Strategic Plan on

““Standard practices, tools, metrics ... Focus on modeling & simulation
across life cycle”

« Resulting action item from SE Division planning meeting:

- “(NDIA SED) Consider: state of the art in M&S, M&S across the life
cycle. Reusable architectures. Physics-based modeling, support
architectures w/ M&S.”

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&sS.
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s Subcommittee Charter

* Consider the state of the art and practice of modeling and
simulation (M&S) across the Defense Systems Acquisition Life
Cycle

« 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

* For each M&S capability, identify government and industry M&S
tools that are prevalent in helping to provide that capability

* In performing the above activities, keep in mind such things as
reusable architectures, support of architectures using M&S,
physics-based modeling, and similar activities that are enabled by
the use of M&S

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:
e 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;
e For each engineering/acquisition function, identify specific existing M&S capabilities
that can contribute to the performance of that function; and
e 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

« Jim Coolahan (JHU)

« Jeff Bergenthal (JHU/APL)

« David Allsop (Boeing)

« Bill Besch (Lockheed Martin)

« John Lohse (Raytheon)

« Margaret Loper (GTRI)

« Favio Lopez (Trideum)

» Tammy McNeley (Lockheed Martin)

» Chuck Burdick (Innovative Decisions) * Joe McDonnell (Dynamic Animation

» Chris Eastman (Lockheed Martin)
» Tim Ewart (US Air Force)

» Kevin Flood (AGI)

« George Harris (US Army)

« Allen Harvey (TASC)

» Greg Haun (AGI)

« George Hazelrigg (NSF)

« Michael Heaphy (Booz Allen

Hamilton)

» Ken (“Crash”) Konwin (Booz Allen
Hamilton)

« Robert Leach (Dynamic Animation
Systems)

Subcommittee Participants

Systems)
» Kirk Michealson (Lockheed Martin)
» Katherine L. Morse (JHU/APL)
» Dennis Pippy (SAF/AQ Ctr)
« Greg Pollari (Rockwell Collins)
« Hans Polzer

» Steve Reading (Cutlass Systems
Engineering)

« Anne Ricks (Cutlass Systems
Engineering)

» Frank Salvatore (DRC)

- James Trbovich (Cutlass Systems
Engineering)

- Jeff Wallace (Intelligent Integration)

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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« Initial subcommittee formation at 21 February 2012 NDIA SE M&S
Committee meeting

« Bi-weekly teleconferences scheduled
« Data collection spreadsheet designed and distributed
» Sources of information identified

+ Different sources and parts of the problem researched by
individual subcommittee members

» Face-to-face meetings at numerous NDIA SE M&S Committee
meetings

* Presentations by industry team members in bi-weekly
teleconferences, August — October 2012

» Construction and evolution of master Excel workbook, linking
acquisition activities, M&S capabilities, and example M&S tools -
Spring/Summer 2013

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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BEES 2™ Some Sources of Information

IR TE, TIPS FERTENS T

+ Integrated Defense Acquisition, Technology, and Logistics Life Cycle
Management System (the Defense Acquisition University “wall chart”), Jun
2010

« A Roadmap for Simulation Based Acquisition (Appendix C), Dec 1998

« NDIA SE M&S Committee report, “M&S Support to the New DoD
Acquisition Process,” Feb 2004

« Final Report, Study on Management Concepts for Broadly-Needed
Modeling and Simulation Tools, Jun 2010

- DoD M&S Catalog

« CBA Handbook — A Guide for Implementing Capabilities-Based Analysis
(CBA), Jun 2010

« "M&S Across the System Acquisition Life Cycle" (Campbell and Lashlee),
2010

« Materiel Solution Analysis Activities and Descriptions (Riski), Jun 2012
« Defense Acquisition Guidebook, https://dag.dau.mil/Pages/Default.aspx
» DOD Product Support Business Case Analysis Guidebook, 2011

» DoD M&S Glossary

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
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System Acquisition Activities Supporting M&S Capabilities Prevalent M&S Tools
Activity Source Document Capability Source Document Acronym Name

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 (1 of 2)

VIR R & TR TR

» There is no accepted taxonomy for describing “M&S
Capabilities”

- Need to have a “level” set of descriptors
+Not too high-level (e.g., “Constructive simulations”)
+Not too low-level (e.g., “EADSIM simulation”)

« As an adjunct to this study, needed to either develop a
taxonomy, or advocate for its creation

« It was too difficult for the subcommittee to determine
what M&S tools are “prevalent” (wording in charter)

- Decided to cite “example” M&S tools

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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MATESAL UEFENSE INPLSTRLL ASSOCILTIUNS

Issues Encountered (2 of 2)
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« Mapping of “system acquisition activities in a phase” to
*supporting M&S capabilities” to “example M&S tools” is not a
hierarchical tree structure

- Some supporting M&S capabilities could be applicable in
multiple system acquisition activities in multiple phases

- Some example M&S tools could be used in providing multiple
M&S capabilities

- A two-dimensional spreadsheet is not a good way of
representing the structure, since there will be many replications

+ Is a relational database a sufficient structure?
+ Is an ontology necessary?

| System Acquisition Activity |

.
| Supporting M&S Capability | ‘
¥

| Example M&S Tool |

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 Briefings to the Subcommittee

- Two distinct Industry groups:

- Providers of Commercial-Off-The-Shelf models and
simulations

- System developers who use M&S
* M&S capabilities are broadly used across all phases of
the acquisition life cycle
- Use of an M&S capability is generally not limited to a
single phase

- Models and simulations are often linked together to
achieve the desired capability

- Challenges remain to more fully exploiting the value of
M&S across the acquisition life cycle
- Data availability and interchange
- Confidence, trust, relevancy, ROI
- Etc.

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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RERMER Use of COTS M&S During Technology
SWEFENR Development Phase

Objective: Reduce technical risks

System integration &7 Survivability analysis
Design VUpdate AocA
& Prototyping & Affordability assessment
Military utility assessment Estimate manpower/cost
Model environment and a7 Model system to performance
demonstrate technology specifications
U’Irnt-erropua-ral:nilitﬁ.r & supportability V’Design.‘ Devslop Systam Concepts
analysis & System threat assessment
lﬂ"l:JIr.uar.-atmnnlal suitability * Environment, Safety, and
Assess manufacturing risks Occupational Health (ESOH) Models
* Industrial/Manufacturing capabilityV'Human System Integration
& readiness assessment T&E Planning

» Life-cycle sustainment planning

BEERER® Model & Simulation Usage Areas

STRER T THRUALS ISTEY 3 ke IR

*+ Business Support & Operations Analysis
+ Demo Centers —
*  Model-Based Systems Engineering (MBSE) Hier_.a_._,._-,hf,
»  Computer Aided Design (CAD) -
*  Product Data and Lifecycle Management
+  Manufacturing M&S

+  Training & Education

Requicmmis Frrlormanee

(L ==

£ seroa

M sEMazs

M osive Sainltairs

E Manuracturing Mes

Tirme Lirm:

M&S Deeply Engrained w/in ALL Lines of Business and Throughout Life-Cycle
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Structuring the Information for Use
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- Goal was to have a final product that could be readily
used by program managers (PMs) and systems
engineers (SEs)

- Ontology was felt to be overly complex (more in the domain of
information specialists)

- Database was felt to be appropriate, but tools (e.g., Access),
although readily available, are not typically used on a day-to-day
basis by most PMs and SEs

* Wanted to avoid replication of data entries, to avoid
inadvertent errors / inconsistencies during subsequent
updates

- Decided on a multi-worksheet Excel workbook

- One worksheet for each logical set of associations (e.qg.,
acquisition activities to M&S capabilities)

- Links between worksheets so that all unique data elements exist
in only one cell

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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WEFHES Structure of the Excel Workbook
Activities-to-
Capabilities Map
Spreadsheet
Links to M&S Capabilities
M&S-Capabilities-
to-Tools Map
Spreadsheet
Links to M&S Tools Links to M&S Capabilities Categories
M&S Tools List M&S Capabilities
Spreadsheet Categories
Spreadsheet

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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REERER M&S Capability Categories

« Campaign-level simulation « Cost modeling
« Engagement-level simulation - Disposal cost modeling
- Specific type dependent on system - Investment cost modeling
« Human Systems M&S - O&S cost modeling
- Human factors modeling » Engineering-level simulation
- Human-system integration - ASIC/FPGA modeling and design
simulation - Communications modeling
» Maintenance training simulation - Computational fluid dynamics
« Mission-level simulation HiEmlahen _
- Specific type dependent on system  ~ Eggté?r?;agnetlc propagation
» Mission training simulation - Mechanical design modeling
* RAM modeling / simulation - Structural mechanics modeling
- Fault tree modeling - Thermal analysis simulation
- Obsolescence modeling - ... (many more)
- Reliability modeling « Operator training simulation

- Supply chain modeling

+ Virtual system simulation
- ... (and more)

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.
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BEERE®.  Some M&S Capability Definitions (1 of 2)

Capability |M&S Capability definition/description =it
or defined here)

Life-cyde cost modeling Cost modeling The modeling of total Government cost for a program Adapted from:
over its full life, to indude the cost of research and -ART70-1, Ch 1-6.c.
development, investment in mission and support - DOD 5000.4-M, Para C33.7
equipment (hardware and software), initial ilventories,
training, data, fadlities, etc., and the operating, support,
and, where applicable, demilitarization, detoxification, or
long term waste storage.

Operations and support Cost modeling The modeling of materiel readiness and operational Adapted from the DAG, Ch.37,
{O&5) cost modeling support costs to operate, maintain and support a fielded Principles for Life-Cycle Cost
system (and its associated manpower and fadlities). Estimates; Para 3.7.1 3 Operating
and Support (0&S) Cost Element
Structure
Active protection system Engagement-level [Category-level definition) Simulation of a system in a Defense Systems Acquisition
simulation simulation limited scenario, such as one-on-one, few-on-few or Management College, Acquisition

sometimes many-on-many. Evaluates the effectiveness of Manager’s Guide for the Use of

an individual platform and its weapon systems againsta Models and Simulations, September
specific target or enemy threat system. Relies on system 1994,

performance, kinematics, and sensor performance from

engineering-level simulations. Provides measures of

system effectiveness for mission-level simulations.

Acoustic propagation Engineering-level (Category-level definition) Simulation of detailed Derived from Defense Systems
modeling simulation engineering characteristics, to estimate measures of Acqguisition Management College,
performance of components, subsystems, or systems; Acquisition Manager's Guide for the
provides the basis for design trades. Use of Models and Simulations,
September 1994

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.
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\irtual team training Mission training
simulation simulation

Air drop mission Mission-level
simulation (Air Force)  simulation

Level-of-repair modeling RAM modeling /
simulation

Supply chain modeling RAM modeling /
simulation

Live-Virtual-Constructive
({VC) simulation
Environments

Virtual simulations involve real people operating Adapted and expanded upon from
simulated systems. Virutal team training simulations the DoD ME&S Glossary

are virtual simulations that train two or more persons

to achieve a common goal.

(Category-level definition) Simulation of the ability of Defense Systems Acquisition

a multi-platform force package to accomplish a Management College, Acquisition
specific mission objective, which might span a period Manager's Guide for the Use of

of hours. Produce measures of effectiveness typically Models and Simulations, September
at the force package level rather than at the level of 1994,

the individual platform and its weapon system.

Level of repair identifies not only the repair location, Adapted from: Proceedings of the
but also determines the extent of maintenance to be IEEE 1988 National Aerospace and
performed at organic, intermediate, and depot levels Electronics Conference: NAECON
as well as the resources needed to support the repair 1988 [Cat. Mo .BBCH25596-5)
process.

Medeis to support the analysis and improvement of Defined here (11B)
the effectiveness of supply chain management and
related supply chain improvement activities.

An interacting set of simulations and supporting tools Defined here (JEC)
and resources, which includes live simulations, virtual
simulations, and constructive simulations.

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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REFMER Acquisition Activities and M&S

HATKAL DEFERSE INSTRIL A AT

% Capabilities (1 of 5)

STRER T TR (T NS TRY e TR S0y

« Ex

cerpt From Materiel Solution Analysis Phase

Develop CONOPS concepts of employment [Jsa-casa modeling
[Scanario definifion modaling
[dentify Intel, Logishics, Informabion Support
MNeeds/Consiraints
[dentify key operalional dependancies and inter- Mission-loval simulafion
relationships
‘orform operational effeciiveness analysis  [Develop appropriale scenarios and threals [Scanario definition modaling

Dietermine mission fasks
Detarmine MOEs and MOPs Tor mission fasks
Jetorming analysis metnooology

[Saleci models and dafa M&S calalogs and repositones
Dievelop databaso

[Conduct operalional effeciiveness analysis agansi [Campaign-Tevel simulafion
lsalacted MOEs and MOPs Mission-level simufafion

B EEE an
alidale with operalors, siakeholders, and users
orform initial cost anafysis Dievelop Tfe cycle cost models [ife-cycla cost modeling
[Conduct cost vs_ operational effectivenass analysis alue medeling

Poriorm sensitivity analysis
IPerform risk analysis for each candidate | dentify tochnical risks
matarial solution |dentify schedula risks
|dentify cost risks

|dentify operational nisks

Isynthasize operational, cost, and risk
lanalyses results and rank candidate materisl
solutions

IDavelop range of requirements to support
\development of initial KPPs

|Document results in AcA Final Repaort

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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REFMER Acquisition Activities and M&S
W Capabilities (2 of 5)

. Excerpt from Technology Maturatlon and Ftlsk Heduct;on Phase

STRERT T TR0 1 NLECSTRY & TRCIN

irfual systam surnnlatlon

ion-level simulation
stem infegrafion nginearing-level simulabion
ion-lavel simulation
Nirtual system simulation
BEign ngineering-level simulabion
Wirtual systam simulation
Mechanical design modaling

ara modaling
faciunng process
eling/simulation
alizhility modaling

Maintenance simulation
IBurvivability simulation
ife-cycle cosl modeling
fofyping ngineering-level simulafion
[Mission-Tavel simulafion
ifual systom simulation
Military ufility assessmant jon-lavel simulafion

Maodel emironment and demionstrata
lachnology ling of the natural ervironmant
nteroperability & supportability analysis jon-lavel simulafion

= chain modeli

upply chainmodeling |
Wssess manufactuning risks nvestmeant cost modali
Ming process
oling/simulaion

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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REFMER Acquisition Activities and M&S
W Capabilities (3 of 5)

« Excerpt From Engineering and Manufacturlng Development Phase

uisition Activity (Level 1) Acquisition Activity (Level 2) ity Si
Damlnp alfurdahleand axecutabla manufacturing Maru.rfactnagplmss
process modeling/simulation

operational supportabiliy ICperational availability modaling
[Supply chain modsling
lLogistics simulation
IReducs logistics footprimt ILogistics simulation

juman Sysiems Infegrafion [Opearator fraining simulafion

franing simulafion

Human factors modeling
Human-systam integration
simulation

ngagemeant-level simulation
Wiriual system simulation
IDasign for producibility Manufacturing
madeling/simulation
ngineering-level simulabon
onsiraie system infegrafion [Consiruciive balfle simulalion
Wirtual system simulation
IDemonstraie system interoperability IConstructive baltle simulation
Wiriual system simulation
iSystem fhreal assessment ngagemeant-level simulation
IConstructive battle simulation
Wirtual systam simulation
Material operational availability assessment [Dperational availability modaling
Tolofyping ngineering-level simulakion
IConsiruciive Daffle simulafion
Wirtual system simulation
ntograted TAE [Engineering-level simulation
r Wiriual system simulation

STRESE T THRTH I TS ESTRY & TRCNS0

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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AEFMER Acquisition Activities and M&S
EW Capabilities (4 of 5)

STRESE T TR (0 NESTRY & TRCISH 80

- Excerpt From Production and Deployment Phase

anufacturing development
|nterdependency & intaroperability summary
Risk management
[Technology maturity assessment ngagemeni-level simulafion
!nmstrial."mamﬂach.ﬂm readiness assessmeant
BRN survivability analysis
uman Systams Intagrafion [Operator fraining simulation
ssion fraining simulafion
uman factors modeling
uman-sysiem infagrafion
Eimulation
Wirtual system simulation
Military equip valuation
IComrosion provention & control
upport & costbasaline a-cycle cost moddling
IOpearations and support [D&S] cost
[modeling
mvestment cost modaling
upply chain management upply chain modeling
Eﬂgislic:s simulation
afine life-cycle susfainment plan upply chain modeling
LLogislics simulation
Production qualification testing
OT&E [Consiruciive bafile simi n
ngagemeni-level simulafion
[Enginearing Taval simulation
nierop! I afion/ iesting B EEL n
Wirtual system simulation
Modify HW/SW Specifications and configurations
Narifty and validate production configuration ngineering-level simulafion

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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AEFMER Acquisition Activities and M&S
HW Capabilities (5 of 5)

STRERGTH TR I NBCSTRT & TRCIS 0

« Excerpt From Operations and Support Phase

Post-production softwars support Boftware modaling
ISupply chain management Bupply chain modeling

ffor performanca & adjust product support Dperational availabifity modeling
Product support optimization
modeling
raining }Operaior fraining WMirtual system simulation
Eystemitange instrumentation

[T ask-oriented constructive
Eimulation

[Game-based simulation
[Mission Traming Live-Virtual Constructive [LVC)
Eimulation environmants

tructiva baffle simulafion
irfual foam fraining simulation

IGame-based simulation
lananca training Hardw are-in-the-loop simulation
Wirtual system simulation
Revalidats BCA
Hefine life-cycle susiainment plan & cost modeling
1Su) ‘assessments ILavel-of-rapair analysis Level of-repair modaling
Product suppori optimization
IBupport optimization modaling
I0bsolescence analysis [Dbsolescence modeling
Disposal planning [Environmental analysis
Hazardous maierial analysis
Recycling analysi
Business case/ business modal
gnalysis Disposal cost moedeling

Validale failures & determing root causes
Determine sysiem sk hazard sewvarity

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.

22 May 2014 Page 24



Final Report of the IMSCALCP Subcommittee

REFMER Excerpt From M&S-Capabilities-to-
E% Tools Map (1 of 2)

STRESE T IR G TSECSTRY & TEC1 S0

Disposal cost modeling ICost modeling ing GEER-MFG |[ProModel Suite
Life-cycle cost modeling  Cost modeling FroModel - - BEER-SEM [SEERAT MruePlanning  Price IPRICE
Fortfolio Simulator
|Dperations and support  [Cost modeling |OSCAM ICOHORT DSMIS [SEER-H BEER-SEM ISEER-IT [TruePlanning
0&S5) cost modeling
Investment cost modeling Cost modeling [SEER-H [TruePlanning SEER-MFG [ProModel Suite
Fixed wing aircraft system Engagement-level |Brawler [ESAMS RADGUNS [MOSAIC IRFNES
[simulation simulation
Land vehicular system Engagement-level |OneSAF JANUS
[simulation simulation
Missile defense system it-level |[EADSIM IWFMNES WILIMA
[simulation simulation
Missile system simulation it-level [ESAMS MOSAIC WILMA
simulation
Rotary wing aircraft nt-level |DneSAF IWTCOM
Isystem simulation simulation
Electrical printed circuit  Engineering-level |PSpice Fuken Lattice [Expedition
idesign simulation simulation
Electromagnetic Engineering-level [TEMPER CEPIC
|propagation modeling simulation
[Structural dynamics Engineering-level |DYNA-3D ILS-DYNA BolidWorks
lsimulation simulation
[Structural mechanics Engineering-level  |NASTRAMN FolidWorks MAPD
imodeling simulation
[Thermal analysis Engineering-level |FLOTHERM FLOPACK Gaber
[simulation simulation
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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. Excerpt From M&S-Capabilities-to-
& Tools Map (2 of 2)

i-surface warfare mission IMission-level simukation
imulation {Navy)

ICommand and control mission IMizsion-lovel simulation MM ISuUppressor EADSIM IWFNES

simulation (Air Force)

ICounterair mission simulation (Air [Mission-level simulation HIMM [Suppressor EADSIM BFNES

Forca)

Counterfand mission simulation  [Mission-level simulation MM [Suppressor BFNES

JAir Forca)

ICountersea mission simulation {ArfMission-level simulation  JIMM [Suppressor WFNES

Force)

Flectronic combat mission Mission-level simulation [IMM [Suppressor BFNES JMOM

Eimulation (Navy and Air Forca)

ires mission simulation (Ammy] ssion-level simulafion [FireSim IAFNES

Leveal-of-rapair modeling RAM modefing / ICOMPASS LORA 9.32
|samulation

|ogistics simulation RAM modeling / IOPUS10 [SIMLOX. ProModal Suite
lsamulation

[perational availability medeling  [RAM modeling / [TLCM-AT [OPUS10 BIMLOX ASOAR
Isimla]ion

ICampaign-lavel simulation ﬁ:meimlwal ISTORM HAS FEAS CTEM

amulation

The current version of the Excel workbook contains 103 M&S capabilities, most of which are
contained in 11 M&S capability categories, and 148 example M&S tools. Tool acronyms are

defined in the M&S Tools List spreadsheet.

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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5

Summary

- The associated Excel workbook will be maintained as a
“living document”

« Available on the NDIA SE M&S Committee web site

« Suggested changes and additions should be submitted to the
NDIA SE M&S Committee leadership

+ Updates will be posted periodically (most likely annually)
» The study developed a fairly “level” set of M&S

capability descriptions, but a complete taxonomy of
“M&S Capabilities” is remains a beneficial goal

- Too large an effort for a small number of volunteers
- A well-defined, resourced effort would be needed

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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