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ABSTRACT

The Marine Corps Systems Command (MCSC) and Training and Education Command (TECOM) recognized the need
to develop a detailed analytic methodology to justify fiscal decisions for procuring and fielding live-virtual-
constructive training environment (LVC-TE) capabilities. The analytic challenge was a unique endeavor for a
complexsystemofsystems with no prioranalog identified, and external guidance demanded more concrete analysis
and return on investmentmetrics. The Marine Corps LVC-TE Analysis of Alternatives (AoA) began with a training
and readiness (T&R) based requirements analysis and the definition of a measures of effectiveness hierarchy. This
paper will summarize lessons learned fromthe LVC-TE AoA and theassociated methodologies thatwere developed.
The AoA’sanalytic methodology traced capability requirements to the T&R training basis, and the metrics hierarchy
captured currenttraining requirements, future training requirements, institutionalization of enterprise capabilities, and
compliance with external requirements. Theanalysis coveredall fourelements ofthe Marine Air-Ground Task Force
for both home station training and service level training, linking mission essential tasks with T&R events across
collective training audiences. The analysis used workshops, interviews, and briefings for primary stakeholders to
gather data. Distinctive, strategic technical alternatives were determined, refined, and assessed against the measures
of effectiveness and costto complete the analytical framework. The technical alternatives spanned a wide range
including connecting currentMarine Corps systems, usingexisting LVC solutions across the DoD, and developinga
new fully customized solution. Lessons learned from this comprehensive effort have applicability to broader
requirements andacquisitionaudiences requiring analysis of similar training capabilities, and should be applicable to
ensuringadaptability oftraining systems to meet evolving technology capabilities. The draft AoA final results have
been briefed and accepted by the milestone decision authority and TECOM, and MCSC is pursuing procurement
actions consistent with the Ao A analytic methodology and metrics hierarchy.
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BACKGROUND

Although certain fundamental properties of state and non-state conflicts are constant, their expression through
technology and tactics continues to change across the range of military operations. United States Marines must be able
to conduct operations on a dispersed battlefield under decentralized command and control (C2), performing
coordinated tasks across multiple mission areas. They will only be successful if training keeps pace with the dermands
of future operating environments. While live training for units can never be replaced, training opportunities can be
optimized using the full range of virtual and constructive training tools—before, during (integrated with), and after
live training events. The objective of the live-virtual-constructive training environment (LVC-TE) is enhanced
planning, preparation, execution, and assessment capabilities for the Marine Air Ground Task Force (MAGTF),
leading to greater combatreadiness (Trainingand Education Capabilities Division, TECOM 2015).

The Marine Corps recognized theneed for LVC-TE in 2008 througha capabilities based assessment, which infonred
an initial capabilities document (ICD). The ICD was approved by the Marine Requirements Oversight Council in 2010
(Headquarters, USMC 2010). Subsequently, Training and Education Command (TECOM) formed a Working
Integrated Planning Team (WIPT) together with the Marine Corps Systems Command’s (MCSC) ProgramManager
for Training Systems (PM-TRASYS) and representatives fromthe operating forces. In 2014, the Marine Corps’ annual
Large Scale Exercise—a traditionally live Marine Expeditionary Brigade training event—was used to demonstrate
and test LVC interoperability using the simulation systems available at that time. Although it showed the technical
feasibility of an integrated training environment, it also highlighted several challenges with providing a long-term
solution with repeatable processes, including the lack of programmed resources, the need to base integration
investments upon prioritized training objectives, and the constraints and restraints of cybersecurity (including multi-
level security for simulations with different classification levels). The WIPT produced a Concept of Operations
(CONOPS, most recently signed by Commanding General, TECOM in 2015), a set of Department of Defense
Architecture Framework operational and systemviews, and a draft capabilities developmentdocument, but the effort
stoppedshortof moving forward as anacquisition program, stymied by a constrained resource environmentand debate
about whether LVC-TE should even exist as a separate and distinct program—the alternative being a set of
interoperability standards and requirements levied across several already-existing simulator programs.

Despite programmatic challenges, demand for LVC-TE continued to grow. Local simulation centers invested their
own limited resources to create “linked training events” where possible; for example, Marine Aviation Weapons
Training Squadron 1took its Supporting Arms Virtual Trainer out of programmatic configuration managementcontrol
to integrate it with local flight simulators. But cybersecurity continued to be a nearly insurmountable hurdle without
enterprise-level support, and solutions were not resourced wellenoughto be maintained and shared across sitesin a
consistent way. Meanwhile, the other services were establishing their own LVC programs and networks: the U.S.
Army’s Live Virtual Constructive Integrating Architecture, the U.S. Navy Continuous Training Environment, and the
Air Force Distributed Mission Operations Network. In 2015, a Front End Assessment by the Deputy Commandant for
Programs & Resources recommended that a separate Marine Corps Program Code (i.e. a tracked funding line) be
established for LVC-TE (Program Analysis and Evaluation Division, Headquarters, USMC 2015). The Deputy
Commandant for Combat Development & Integration conducted a three-phase LVC-TE Network Study, drawing
lessons learned fromthe other services and recommending governance and network approaches for the Marine Corps.
Strategic documents, such as the 2015 Commandant’s Planning Guidance and the 2016 Marine Corps Operating
Concept, continued to callfor LVC-TE. In 2017, TECOM and MCSCagreed to conduct an Analysis of Alternatives
(AoA)for LVC-TE to informa decisionon transitioning the effort into the Defense Acquisition System.
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One of the challenges with an LVCintegration programis the expectation that it will be “all things forall people.” To
help clarify the scope of the analysis—and the program—TECOM defined the Marine Corps Synthetic Training
Enterprise (MCSTE) as the entire set of capabilities (across multiple programs) for training the MAGTF, including
ranges, simulators, services, and data. Within the framework of the MCSTE, it defined LVC-TE as an enabling
program for the MCSTE, focused on interoperability solutions, shared tools, and common services. Even with this
scope clarification, the LVC-TE Network Study had shown that the number of possible combinations of training
audience types, training objectives, command and control systems, and training systems were intractable (in the
millions) foran exhaustiveanalysis (JHU/APL 2017b). One of the first decisions thatthe AoA teammade was to limit
the study to a representative set of training scenarios for user communities with approved Training and Readiness
(T&R) Manuals (or mature drafts, where necessary, at thestudy director’s discretion). Given the general organization
of training needs into individual, collective, and staff categories, the teamfurther constrained the study to collective
and staffrequirements, since thosewere more likely to be addressed by LVC interoperability (JHU/APL 2019).

The AoA team organized into four working groups (WGs) to address different aspects of the analysis: Operational
Concepts and Scenarios (OCSWG), Effectiveness (EWG), Technical Alternatives (TAWG), and Cost (CWG). The
remainder of this paper discusses how the working groups analyzed training requirements; defined technical
alternatives to meet those requirements; determined measures of effectiveness for the alternatives; compared the
alternatives with respect to effectiveness, schedule, cost, and risk; and presented the results of the analysis to senior
leadershipfordecision. We conclude with asummary of lessons learned fromthe effort. The remainder ofthis paper
contains information cited from the Johns Hopkins University / Applied Physics Laboratory (JHU/APL) 2019 AoA
final report listed in the references.

REQUIREMENTS ANALYSIS

The first phase of the analysis involved the definition of training scenarios, i.e. use cases. The OCSWG had two
sources to draw from: the 2015 CONOPS and the 2017 Network Study Phase Il Report. The teamrationalized the two
different descriptiveapproaches of both documents and merged overlapping scenarios. It should be noted that scenario
is an overloaded term; in the world of training delivery organizations such as a battle simulation center, a scenario is
a very specific and detailed product built or tailored fora specific unit’s training event. Forthe AoA,ascenario s a
more generic artifact comprised of the following:

The set of Mission Essential Tasks (METS) to be trained

The set oftraining audiences thatneedto work together for collective MAGTF tasks

The list of community specific T&R Events relevant to the scenario foreach training audience

Aspects of the operational environment that must be represented to each training audience to set the
conditions for effective training

Equipment, such as weapon systems or command and control systems, that the training audiences need to
operate effectively in orderto meet training objectives

e Response cellrequirements: descriptions of the entities thatthe training audiences must interact with but will
not be represented by othertrainingaudiences, and therefore must be “played” by the training support staff

The study teamended up with seven total scenarios, ranging in unit size from a reinforced infantry company to a
Marine Expeditionary Force (three-star command) staff. The OCSWG developed each scenario using the process
depicted in Figure 1, documenting structured output (METs and T&R Events) in scenario spreadsheets and less
structured output in word processor files. Due to time constraints, some scenarios were developed in parallel. This
required asurge in AoA personnel support, both for military subject matter expertiseand for datacollection. The bulk
of the work was done over the course of a two-week workshop, with some detail gap-filling and refinement in the
following weeks.
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METRICS

The EWG conducted a series of technical exchange meetings with members from the TAWGto understand the
technical variations thatmay be usefulin comparing onealternativeagainstanother. In addition, the OCSW G output
artifacts helped to frame the hierarchy of metrics for comparing alternatives. The metrics were grouped into four
major aggregations thatwere usefulin the final comparison:

Today’sdocumented requirement. These metrics directly related tothe OCSWGscenarios developmentand
the percentage of T&R events enabled by the alternative for each scenario grouped by three echelons of
training audiences (Marine BExpeditionary Brigade and Marine BExpeditionary Force level; Marine
Bxpeditionary Unit level, small collective unit level). They also addressed the time to achieve a training
standard and the ability to easily modify the software—challenges thattoday’s trainers face.

Tomorrow’s undocumented / unknown training requirement. These metrics focused on being prepared to
add new or replace outdated capabilities to accommodate new training requirements that currently do not
have avalidatedtrainingbasis, suchasa T&Rmanual. Alternativeswere scored ontheir compatibility with
modular open systems approach (MOSA), ability to connect multiple classification enclaves in a single
training environment, and scalability with respect to geographically distributed training audiences.
Enterprise requirement to plan, prepare, execute, and assess. These metrics measure the ability to have
common and automated enterprise management services to conduct design, control, and after action review
and analysis activities across the entire Marine Corps. In addition, they measure the numbers of weighted
automated services that enable LVC-TE and have a large impact on the types of environments that can be
represented andthe quality of “fair fight” between participating simulations.

External constraints. These metrics measure the alternative’s compliance with several constraints that are
levied on the Marine Corpsand other DoD components, such as lower infrastructure footprints and reducing
the number of supporting staff required to operate the training capabilities.

Each metric was weighted in a pairwise comparison at various echelons within a nested hierarchy (see Figure 2)
by key stakeholders fromacross the Marine Corps and then reviewed by the EWGfor inconsistencies. Each
alternative was measured for each metric, and effectiveness value scores were calculated per utility curves that
the EWG defined. The score foreach alternative was theweighted sumof its effectiveness valuescores.
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Figure 2. Final MetricsHierarchy
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ALTERNATIVE DEFINITIONS

The TAWG identified and assessed alternatives with respect to supporting the training environment (see Figure 3).
The dimensions ofan alternative included:

e Training devices, simulators, simulations, and C2 systems, collectively called leafnodes

e Architecture toconnectthe leaf nodes

e Governance'to provideeffective management

e Enterprise services and capabilities, such as exercise design, exercise control, and after actionreview

Figure 3. Alternatives Development Methodology

The AoA study guidancespecified a set of existing and future service training environments to consider as an initial
list of potential alternatives. The study teamdeveloped additional alternatives through a brainstorming workshop. The
TAWGthen screened the range of potential alternatives, using criteria developed fromthe ground rules, assumptions,
and constraints listed in the study guidance. Examples of such criteria include the ability to operate on the Marine
Corps Enterprise Network and theability to preserve interoperability with live operational platforms and C2 systerrs.
Alternatives that did notmeet all of the criteria were screened out, resulting in the following list?:

e Alternative1-Joint (J7). Integrate selective United States Marine Corps (USMC) training solutions with the
Joint Staff (JS) J7’s LVC solution. Adapt JS J7’s enterprise capabilities to include USMC requirerrents.
Conformto the JSJ7’s roadmap for cyber security and cloud implementation plans.

e Alternative2-Joint (J7) plus Army Future Synthetic Training Environment. Build on Alternative 1. Monitor
Army future research and development for improving training capabilities, integrate viable virtual training
solutions and enterprise capabilities, and retire some of the USMC legacy virtual ground trainers.

e Alternative 3— New Development. Plan to discard all legacy USMC training solutions and build a custom

integrated L\VC MAGTF training capability. Developall new simulations, links to virtual/live platforms, and

! The study teamanalysis showed that the governance dimension is identical across all alternatives considered.
2 The numbering of the alternatives is for informational purposes only and the figuresin this paper are not intended
to be ordered thesame.
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enterprise capabilities to be cyber compliant and fielded in the cloud where appropriate. All of the
corresponding legacy solutions will be retired at full operating capability (FOC).

e Alternative4 — Army Legacy Integrating Architecture while New Development. Build on Alternative 3.
Procure the current Army LVC Integrating Architecture and integrate four USMC legacy training devices
for limited training improvement overthe status quo, while waiting for the new development to be fielded.
The temporary Army LVC Integrating Architecture will be retired when the new developmentis at FOC. Of
note, the option of including the Army LVC Integrating Architecture could also be applied to other
alternatives.

o Alternative 5 — New Development Using Contractor Owned Contractor Operated Concept. A special
implementation of Alternative 3. In this alternative, the Marine Corps contracts out LVC-TE training as a
service. The government will own and operate the live training ranges and simulation facilities. The
contractor will own and operate all of the training devices, integrating architecture, and enterprise
capabilities.

e Alternative 6° — Army Legacy Integrating Architecture while New Development Using Contractor Owned
Contractor Operated (COCO) Concept. A special implementationof Alternative 5. Procure the current Ammy
LVC Integrating Architecture and integrate four USMC legacy training devices for limited training
improvement over thestatus quo, while waiting for the new developmentof allnew simulations, live/virtual
platformlinks, and enterprise capabilities to be contractedand delivered.

COMPARISON
Assessment metrics scores

The purpose of the Ao Awas toassess potential material solutions thataddressthe validated capability gaps identified
in the LVC-TE ICD. In developing the set of viable alternatives, the study team determined that each alternative
addressed those capability gaps. Subsequently, the study team developed a more detailed approach to analyzing the
effectiveness of thealternatives, employing the previously described metrics. Minimumstandards were also identified
for the LVVC-TE alternatives fromthe study guidance. Forexample, the afteraction capabilities mandated the ability
to allow real-time query during event execution. All alternatives would be required to have that capability and
therefore it would notbe a useful discriminator across thealternatives. Since it was required that each alternative will
meet the minimum standards identified during the metrics development process, measures of effectiveness were not
identified to assess those capabilities within the effectiveness methodology.

The effectiveness results were determined by scoring how the status quo and each alternative were expected to perform
at FOC against each metric. The final effectiveness
analysis results are displayed, by alternative, in Figure
4. The final scores are displayed as a summation of
each ofthescores at theleaf node level, the architecture
: level, the enterprise level, and the suitability level Two
of the alternatives scored the highest, followed closely

by a third, then the remaining two alternatives, and
finally the status quo. This paper does not attribute the
numbered alternatives to the final scores; the ordering
T2.o% in Figure 4 is arbitrary.

Node Level Architecture Level Enterprise Leve Suitability Leve

Figure 4. Total Effectiveness Scores by Alternative

% This alternativewas a product of the study out briefto the Milestone Decision Authority. As such, the LCCE was
not performed since the AoAwas complete. A follow on studywill determine the returnon investment of
Alternative6.
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Costevaluation summary

The cost analysis was based on an in-depth understanding of each system within each alternative. The study team
relied on the integrated productteammembers, SMEs, and other stakeholders to identify the individual systems that
together comprise each alternative. Thenthe cost teamdetermined relevantdata requirements neededto create a cost
element structure foreach alternative. The study teamused, to the maximum extent possible, results of existing cost
analyses and other relevant data setsto develop each alternative’s life-cycle cost estimate (LCCE). When necessary,
the team developed independent cost estimates using bottom-up, parametric, or analogous cost estimating
methodologies commensurate with the current state of technical understanding of the alternatives, available data, and
otherrelevantconstraints.

The life cycle costmethodology was applied to analyze theavailable cost data. Three of thealternatives have relatively
comparable life-cycle costs that are significantly greater than the remaining two alternatives. Within the top three, one
alternative fields an interimcapability, which accounts for a large portion of the difference fromthe others across all
life-cycle phases. Anotheralternative’s costis moderately greater as it includes a time phasing profile unique fromall
other alternatives, based on estimates of the cost differences between a government-owned, contractor-operated
(GOCO) operatingstrategy anda COCO operating strategy.

The life-cycle cost—effectiveness comparison of the @
alternatives is shown in Figure 5. Starting on the left |, !
hand side, one alternative provides slightly greater R ‘
effectiveness at a lower cost than its neighboring : s i
alternative. Looking to the right hand side, the |* El
remaining three alternatives provide much greater

effectiveness than the previous two alternatives, butat |- @
significantly greater cost. Within that triplet, two 4
alternatives provide a moderately greater level of |, i 74
effectiveness than the third, but at slightly different [il
cost. Froma life-cycle cost—effectiveness perspective,

therefore, preferences between the two alternatives on TR
the left hand side and between the three alternatives on
the right hand side are seen. But with the large
difference in both life-cycle cost and effectiveness  Figure 5. Relative Cost (x-axis) vs. Effectiveness (y-axis)
between the alternatives, additional factors were taken

into account to identify the preferred alternative, including risk and schedule. Point estimates are indicated by the
colored shapes and the corresponding cost uncertainty is indicated by the horizontal line. The “stop light” matrix is
representative ofthe number ofrisks that corresponded to an alternative with the colors equating to lowrisk = green;
medium risk = yellow; and high risk=red.

Risks

Risk for each alternative was assessed for acquisition, operational (including safety), and security categories. The
methodology followed the Marine Corps Risk Management Order and the DoD Risk, Issue, and Opportunity
Management Guide for Defense Acquisition Programs. The study teamassessed the likelihood of occurrence and
level of consequence on a5x5 pointscale for each risk (see Figure 6 for an example matrix). The TAWGmembers
provided thetechnical assessments and mitigation actions fora final risk assessment. Nineteen risks were identified
across the alternatives with individual alternatives having differencesin 7 to 10 areas. Figure 6 includes color-coded
relative risk comparisons.
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Likelihood

Consequence

Figure 6. Example Risk 5x5 Scoring Matrix.

A safety risk workshop evaluated 43 potential safety risks for connecting and operating LVC-TE and developed
mitigation for 16 of the risks that are valid for each alternative. The safety risks did not contribute to the selection of
the alternative beyond contrast with the status quo, which does not have these risks. Ten risks were identified for
further analysis, which involved human systems interface, ground and aviation range training policy, and potential
post-traumatic stress events triggered by increased training realism.

LESSONS LEARNED
Requirements Analysis Lessons
Steps 0-4from Figure 1 proceededas expected, butthe following steps involved “devils in the details.”

Step 5: Although subject matter experts (SMEs) could name all of the operational equipmenttheywould use to cany
out the scenario in real world operations or live training, further analysis was needed to determine whether each
systemwas worth the investment to integrate into the training environment.

Step 6: The SMEs were able to identify all of the people, units, and organizations that would needto be
represented—either by a training audience or by the training environmentand its support staff—to enable training in
the scenarios. However, identifyingall of the key attributes tobe represented in the trainingenvironment would
have required a step-by-stepanalysis of each T&R Event’s conditions, standards, and performance evaluation
checklist. Due to time constraints, TECOM modeling and simulation officers fromthe OCSW Gworked with the
TAWGto developa list ofimportant modeling attributes in each of the seven warfighting functions (maneuver,
intelligence, fires, command and control, sustainment, force protection, andinformation) based on a general
understanding of the training requirements for each scenario.

Step 7: The studyteamdetermined that there were multiple training systems available to provide to thetraining
audiences of each scenario, with potentially different levels of effectiveness, support requirements, costs, and likely
number ofannual uses—live instrumentation versus virtual simulation being the mostbasic example. The team
decided to separate thechoice of training systemsuite fromthe definition of the scenario, definingthe formeras the
operational modes for the scenario. Each training systemwas mapped to the specified trainingaudience(s), and this
ended up beinga key organizational decision for the study with implications across all subsequent phases.

Step 8: PPEA requirementsandtiming. The main contributionofthe Plan, Prepare, Execute, and Assess analysis
was arough idea of the amount of time required fora single iteration of each scenario frombirth to completion.
However, since thebulk of the time is spent in planning and preparing, theteamhad to follow up with training
provider organizations through a data call. Most of the workshop participants came fromthe training audience
population and did not have the experience to answer this question.

Step 9: Annualscenario utilization, as it turns out, is highly dependent onthe operational mode—not just the
scenario. Since the operational modes were not clearly defined until after the scenario developmentworkshop,
annual utilization estimates had to be gathered througha subsequentdatacall, and proved tobe extremely
challenging. The milestone decision authority directed thata follow-on study continue torefine utilization
requirements in parallel with systemdevelopment to ensure operational capacity would be right-sized.
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Step 10: The most important input to thescenario narrative that came fromthe workshop was a coherent sequence of
eventsthat walked the notional training audiences throughall of the training objectives. This was importantto
ensure that each scenario could stand onits own; if broken into different events, the utilization of each of the smaller
events might be different, affecting the results of the subsequent analysis. Of course, more writing was needed after
the workshop to complete each narrative.

Metrics Lessons

The analytical hierarchy process was useful in comparing different alternatives along a unifying value scale, butitis
critical to compare each alternative at the lowest quantifiable metric to fully understand what is “missing” from an
alternative that is notat 100% ofthe final value.

Afterdetermining theutility curves and the maximum value for each metric, no alternative evaluated scored 100% of
value, which means that there are significantgaps in the currentstate of the art and the desired value state.

Technical Alternatives Lessons
Analysis oftechnology development andfielding indicated that there is no rapid pathto fully implement LVC-TE.

However, LVC-TE is a complexbut scalable capability. Schedule and costconstraints could be addressed by
prioritizing scenarios and collective tasks addressed, deferringsome operational modes, and deferring some services
and models to provide initial training capability more rapidly.

LVC-TE capability can only be met through a well-integrated combination of non-material (e.g., governance) and
material solutions.

LVC-TE operationalmodes needed to be broken-down by the expected proficiency of the training audience (“craw,
walk, run” analogy) to balance the lower cost “sets and reps” senior leaders desire and the higher-cost live-fire and
force-on-forceevents.

Cost Lessons

Cost analysis was greatly facilitated by closeand continuing interaction between cost analysts, technology analysts,
and operations and training analysts.

Costdataare limited. The cost teamused, to the maximum extent possible, results of existing cost analysesand
otherrelevantdata sets to develop each alternative’s life-cycle cost estimate (LCCE). When notavailable, the team
developed independent cost estimates using bottom-up, parametric, and/or analogous cost estimating methodologies
that are commensurate with the current state of technical understanding of the alternatives.

The limited cost datadid notindicate significant point estimate differences between Government Owned-
Government Operated versus Contractor Owned-Contractor Operated.

A0A Lessons and Conclusion

LVC-TE is a newinitiative that is not a cost saving venture but rather an investment for increased readiness.

An AoA for a highly complexsystem of systems requires significant data and estimates from elements across the
entire Marine Corps. The impacts of aligning schedules with a large and diverse group of stakeholders needed to
gather datasupportingthe AoA increased initial schedule estimates of completing the AoA by 25%.

Given that technology evolves at such a rapid pace, requirements and effectiveness measures must include some

measure of adaptability to accountfor future training requirements that are emerging but not yetwell-formed enough
to documentprecisely.
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This AoA methodology and full engagement of stakeholders across the Marine Corps helped the institution understand
the requirements basis much betterthan past efforts and canserve as amodel for other AoAs of training capabilities
acrossthe DoD.
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