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Executive Summary
The “Planning Guidelines for Simulation and Modeling for Acquisition Requirements and Training” replaces the “Simulation Support Plan Guidelines” and is intended as a living document to be updated as new lessons are learned and as meaningful changes are recommended for the document. The “Planning Guidelines for Simulation and Modeling for Acquisition, Requirements and Training” were developed to address the growing robustness of SMART as it became the new paradigm for conducting acquisition and addressing a system’s M&S needs throughout the life cycle of the system.

It is vital for the Army to understand the importance of SMART.  With declining budgets and resources a more efficient and cost efficient way of doing business is required.  The Army can no longer afford to conduct acquisition as usual by having separate communities working independently to identify requirements, engineer solutions, develop hardware prototypes, test the prototypes, manufacture the systems, support the systems, and then finally train on and operate the systems.  Nor can the Army afford for each of these communities to build and use their own M&S to come to independent solutions.  The SMART concept brings all of the stakeholder communities together in a distributed collaborative environment to develop virtual prototypes with the use of M&S.  This collaborative environment allows all stakeholders to identify shortfalls and make recommendations and tradeoffs in a more timely and efficient environment.

A virtual design in a collaborative environment allows the proposed system to be evaluated for combat effectiveness, manprint, supportability, and customer needs before building a hardware prototype.  Discovering required design changes early in the design phase allows timely and efficient engineering changes.  This concept can preclude large cost expenditures by identifying and making required design changes early in the system’s life cycle so that the actual hardware system will not have to be redesigned after the system is in production.  Additionally, by incorporating all stakeholders in the design process early, life cycle costs can be reduced by resolving testing, logistics, training and operational shortfalls before they are incurred in fielded hardware systems.

The intent of this publication is to assist TRADOC Integrated Concept Teams (ICTs), testers and evaluators, acquisition program managers (PMs) and other stakeholders in understanding the Army's Simulation and Modeling for Acquisition, Requirements, and Training (SMART) initiative.  The goal of these guidelines is to provide insights, lessons learned, and suggestions for achieving benefits of modeling and simulation (M&S) as a way for the Army to field affordable, highly capable materiel systems in a timely manner.

Readers can expect to find guidance on addressing some – but not all -- issues associated with SMART.  There is no “one size fits all” plan for how to execute SMART within a program, nor is there a single template for utilizing M&S tools and technologies to support requirement identification, system acquisition, and training. What these guidelines will provide is a collection of questions that, when considered within the context of a specific program, will provide the framework needed to develop a value-added simulation support plan (SSP). 

SMART involves rapid prototyping using M&S media to facilitate systems engineering so that materiel systems meet users' needs in an affordable and timely manner while minimizing risk. Furthermore, SMART enables collaborative environments across organizational and functional barriers and comprises coordination that must take place between user, developer, tester, sustainer, and trainer. This coordination implies the need to cut across all M&S domains and include requirements development, acquisition, training, and sustainment.

Application of  M&S tools throughout the process offers the potential for significant benefits. As shown in Figure 1, about 70% of a system's eventual life cycle total ownership cost (TOC) is predetermined by Milestone I. M&S tools permit developers to consider and test a wider range of materiel solutions in virtual environments before actually building costly physical prototypes.  In this way, M&S applications can facilitate more optimal decisions with regard to tradeoffs involving cost, schedule, risk, performance, and supportability.  The analysis of alternatives (AoA) and cost as an independent variable (CAIV) are two of the analyses that support the decision process early in the life cycle.
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Figure 1:  Total Ownership Costs

As with the deployment of all tools, planning is essential in order to achieve desired benefits. M&S applications represent significant capital investments; therefore, SMART planning processes are necessary not only to achieve cost avoidance, but also to maximize potential for M&S interoperability, credibility, commonality, and reuse. 

Employing a SMART planning strategy is seldom easy. The sheer complexity of the concepts the Army evaluates and the systems it acquires make planning difficult.  Materiel systems do not function independently, but rather operate as part of and in conjunction with other systems.  M&S allow stakeholders to evaluate materiel systems along with other systems.  Thus, the robust use of M&S may be the only way to effectively support development and fielding of technologically complex systems envisioned for the Army of the future.  A simulation support plan is a "roadmap" that lays out how M&S tools support overall development of a concept or a system.  The SSP depicts the how and when M&S tools are integrated, utilized and transitioned in the course of concept exploration and system development.  Planning is necessary to answer the "How do I get there?  How do I do it?  When do I do it?  How much will it cost me?" questions.  No single path exists for a successful strategy and plan.  The SSP documents SMART planning strategies as part of the overall acquisition strategy of a system.  A program's SSP is a living document that begins once a materiel need is contemplated in concept exploration and is continually developed and updated throughout the acquisition cycle. 


There is no short cut to generating an SSP.  Successful plans are the result of combat and materiel developers working together with subject matter experts operating within an ICT/integrated product team (IPT) process.  The process must include thinking through the appropriate issues and concerns and identifying the unique combination of M&S that will facilitate decision-making for a specific program. 

The Army Model and Simulation Executive Council (AMSEC, see AR 5-11), has ownership responsibility for the “SMART Guidelines”.  The guidelines offer insight and addresses issues germane to planning for the use of M&S in system modernization. The guidelines are not a primer on the fundamentals of M&S, nor do they provide a detailed understanding of the technological implications of architectures, simulation interoperability, and data formats, etc. These Guidelines are also not an instructional text for systems engineering, integrated product and process development (IPPD), or cost as an independent variable (CAIV), although each of these concepts can be enabled by the use of M&S.

The Guidelines address those issues that will enable system developers to formulate appropriate strategies for executing their programs via the SMART concept.  Identified references provide a detailed treatment of the other processes and methodologies discussed above.

These guidelines are organized in the following manner: Chapters 1 (Overview and Strategic Intent: SMART) and 2 (Fundamental Elements of M&S and SMART) describe the “big idea” of SMART.  Succeeding chapters address details of planning methods (Chapter 3-SMART Planning and Implementation), how M&S is applied to functional areas (Chapter 4- SMART Applied to M&S Functions), and special considerations that apply to the digital media of M&S (Chapter 5-Special M&S Considerations).  Chapter 6 addresses validation, verification and accreditation and configuration management.  Guideline appendices address various types of analysis supported by M&S (Appendix A), authoritative references (Appendix B), a suggested format and procedures for the review of SSPs (Appendix C), a glossary of terms (Appendix D), and some useful web sites (Appendix E).
If you are new to M&S you may want to read this entire document.  Program managers should be familiar with chapters 2, 3, 4, 5, and 6.  The Training community should, as a minimum, read chapters 3 and 4.  The logistics community should read chapter 4.  Depending on your area of interest you may only want to select specific topics in the table of contents and appendices.

These Guidelines intentionally omit a specific discussion of M&S as it relates to each of the individual phases and milestones of the acquisition process because the SMART concept requires a degree of collaboration among all stakeholders that transcends traditional methods of linear development and organizational stovepipes. The intent of SMART is to promote a holistic approach to incorporating M&S as an integral part of the Army's system acquisition process.
This page intentionally left blank 

Chapter 1:  Overview and Strategic Intent:

1.1 Vision

The essence of Simulation and Modeling for Acquisition, Requirements and Training (SMART) is encapsulated in the vision that the Army:

“Be a world leader in M&S to continuously improve Army effectiveness through a disciplined, collaborative environment in partnership with industry, government and academia.”  (SMART Strategic Planning Workshop, August 30, 1999) 
SMART is the Army's initiative to use M&S to improve effectiveness and efficiency in determining requirements; evaluating technology and concepts; designing forces; developing tactics, techniques and procedures (TTPs); developing and designing systems; testing and evaluating systems; evaluating supportability and affordability; training; and planning/preparing for military operations.  Implementing M&S in a collaborative environment will facilitate decision-making regarding systems development, deployment, training, operations, sustainment, and total life cycle cost. 
SMART envisions using M&S tools and technologies to analyze a wide range of alternatives.  Harnessing M&S to adapt to changing circumstances and emerging technologies will provide leap-ahead combat effectiveness.  Employing M&S as the prototyping media for depicting concepts and designs provides a blueprint which can be visualized, exercised, analyzed, discussed, and changed so that viable solutions become apparent to all stakeholders. 
SMART also provides the medium for dialog between user and developer that must take place to assess proposed solutions in the context of force structure, doctrine, tactics, deployability, operational tempo, logistics, and soldier/machine interface.  Because of the characteristics of digital media, prototype iterations can be saved, altered, deleted, expanded, modified, and re-used as the occasion demands; that allows for maximum flexibility to explore alternatives in support of decision processes to modernize the Army.

1.2 Executing SMART Requires Planning

Achieving the benefits of a SMART approach to modernization can only be accomplished through the deliberate, reasoned application of M&S tools and technologies. This must be a holistic approach to using M&S in systems concept and development--one that begins with need identification and extends through system retirement. The deliberate planning must cut across functional areas and address complex issues related to performance, interoperability, and affordability.
Planning for SMART involves developing an M&S strategy that is an interconnected part of the overall acquisition strategy for a system.  Documenting this strategy in a SSP continuity as the system matures through its life cycle. The Army acquires systems intended to be in the field over multiple decades, during which the state of the Nation's security will change, the operations requested of the Army will change, and technology available worldwide will change.

Initial responsibility for coordinating the development and maintenance of a new system's SSP belongs to the ICT organized by agencies and offices such as TRADOC Battle Lab or Combat Development Directorate.  After concept exploration or in the case of a legacy system, the SSP belongs to the PM.  The PM coordinates the collaborative efforts of an IPT which involves a team of relevant stakeholder representatives and subject matter experts.  Combat developers, materiel developers, testers, sustainers, and trainers all need to be included throughout all phases of development as part of the system developer's team. 

Developing an M&S strategy and documenting it in the SSP as part of the overall acquisition strategy serves two purposes. First, it ensures that TRADOC combat developers and PM staffs have thought through the benefits, costs, opportunities, and schedule considerations associated with the use of M&S.  Second, it allows other activities to see what M&S is being executed around them.  This visibility enables the leveraging of one program’s strengths into another, ultimately saving Army dollars. 

Amplifying guidance to combat and materiel developers may be provided by the appropriate authority (i.e., ASA (ALT)), Commander, AMC or Commander, TRADOC), but system developer is the ultimate approving authority of a program's SSP.  For coordination purposes, recommend the system developer circulate the plan for Army wide-review and comment at the following times:

· Six months before a major program decision.

· Whenever there is a significant change in the program.

An additional discussion on SMART planning is in Chapter 3.  An example format and distribution list for SSPs is in Appendix C.

Chapter 2:  Fundamental Elements of M&S and SMART

2.1 Modeling and Simulation (M&S) Basics

While this document is not intended to be a primer in M&S, understanding some of the basic concepts is critical to understanding the SMART initiative. The terms model and simulation may mean different things to different people.  These guidelines use the definitions found in Department of Defense Instruction (DODI) 5000.61.  See glossary (Appendix D) for additional definitions.

Model - a physical, mathematical, or otherwise logical representation of a system, entity, phenomenon, or process.

Simulation - a method for implementing a model over time. Also techniques for testing, analysis, or training in which real-world systems are used, or where a model reproduces real-world and conceptual systems. 

M&S are often referred to in three different variants: live, virtual, and constructive. 

2.2 M&S Examples by Classification

Live M&S, as depicted in Figure 2, refer to field training exercises involving troops and actual equipment (i.e. real people operating real equipment).  Live simulations allow soldiers to use organizational equipment under actual environmental conditions which simulate combat.  The live simulation provides ground test data on actual hardware and software performance in an operational or development environment.  In addition, the data can also be used to validate the M&S used in the acquisition program.  Live simulations provide the stress and decision-making that is associated with human-in-the-loop simulations; in addition, the introduction of multiple types of platforms allows for evaluation of actual interaction and interoperability. Test data collection must support the model-test-model concept by calibrating M&S output.
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Figure 2:  Live Simulation
Figure 3 shows a representation of a virtual simulation.  Virtual M&S are digital representations of environments, organizations, systems, other entities, and processes with players operating virtual prototypes in a synthetic environment (i.e. real people operating simulated systems).  Virtual M&S put the human-in-the-loop (HITL) in a central role by exercising motor control skills (e.g., flying an airplane), decision skills (e.g., committing fire control resources to action), or communication skills (e.g., as members of a C4I team).  Current state-of-the-art virtual M&S bring the system (or subsystem) and its operator together in a synthetic or simulated environment.  Because players are immersed in synthetic environments in simulators, virtual M&S run in real time.
Virtual M&S may include actual hardware, which is driven (stimulated) by the output of computer simulations.  A computer environment is then displayed on a screen in front of the crew and reflected in the crew compartment instrumentation and displays.  The simulation may replicate the system’s motion and sounds.  The operators are thereby immersed in an environment that to them looks, feels, and behaves like the real thing.  The crew must operate the equipment, receive commands, and control weapons just as in a real system.

Virtual M&S provide understanding of human reactions and decision processes and human-machine interfaces.  Output supports initial and early user evaluation.  Virtual M&S provide a platform for crew training prior to live exercises and tests, or realistic mission rehearsal in preparation for actual combat operations.  Linked to other simulators, the interaction of multiple weapon systems can be examined, leading to changes in tactics or engagement rules.

Programs now have the ability to represent their systems in the form of a virtual prototype (PM Abrams, PM Bradley).  A virtual prototype is a three-dimensional, electronic, virtual mockup of a system or subsystem, which allows an individual to interface with a realistic computer simulation within a synthetic environment.  The representation may be applied in early prototyping work to evaluate concepts; human-machine-interfaces; or to allow designer, logistic engineer and manufacturing engineers to interface with the same design.  Such an approach support Integrated Product and Process Development (IPPD) or concurrent engineering by providing a common platform from which all functional disciplines can work. This concept of the designer, operator, maintainer and manufacturer all interacting with the same realistic three-dimensional representation of the system will become more prevalent in future acquisition.
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Figure 3:  Virtual Simulation

Constructive M&S, as depicted in Figure 4, are digital representations of environments, organizations, systems, other entities, and processes that can be run with [e.g., JANUS] or without [e.g. CASTFOREM] players.  Player interactions are limited to controlling units (i.e. stimulating the simulation).  Constructive M&S with player controls are generally referred to as war games. 
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Figure 4:  Constructive Simulation

Constructive M&S consist of computer models, war games and analytical tools that are used across a range of activities.  They may be used for detailed engineering design and cost or subsystem and system performance calculations to support development of technical specifications.  Higher level M&S provide information on the outcomes of battles or major campaigns involving joint or combined forces; identify mission needs; and support operational effectiveness analyses measures of effectiveness, loss exchange ratios, force exchange ratio, and measures of performance, (MOE, LER, FER, and MOP).  Other uses of constructive M&S are developing life-cycle cost estimates, performing CAIV analyses, supportability analyses, and force costing. 

An increasing number of virtual and constructive M&S allow dynamic hardware or software changes to support tests.  These reconfigurable simulations hold open significant future possibilities for developers to test new design concepts with real soldiers without having to build costly physical prototypes.

Simulations are either stochastic or deterministic.  In stochastic simulations, events and their outcomes are influenced by statistical and probabilistic mathematics (such as Monte Carlo algorithms).  One hundred runs of the simulation may result in as many as one hundred different outcomes.  Deterministic simulations, on the other hand, are rule based; events and outcomes happen as a result of rule sets applied during the course of the simulation.  One hundred runs result in the same one outcome.

Constructive M&S may be performed either with or without human-in-the-loop (HITL) interaction. Without human interaction, they might be run in multiple iterations to provide statistical confidence in the outcomes of the simulation.  HITL M&S are often used for battle staff training or tactics development.  Outcome supports combat developer’s TTP development and evaluation. 

Constructive and virtual M&S may be used prior to live simulations to plan the test or exercises, identify critical issues, rehearse the mission, or train the participants.  Additionally, constructive and virtual M&S may be used to analyze results after the test, or augment tests to address scenarios that may not be feasible due to safety or environmental reasons.  If the PM desires to perform additional analyses using M&S or to further validate M&S, the PM must ensure appropriate test instrumentation and data collection activities are exercised during the live simulation, which provide “ground truth” data.

Figure 5 shows the classifications of M&S:  Constructive, Virtual and Live, along with a description of each class and examples of how they are typically used.  Not every model or simulation will fit perfectly into one of the classifications, but rather are hybrids formed from two or more classes lined together.
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Figure 5:  Classification of M&S

2.3 Hierarchy of M&S and Associated Fidelity

M&S range over a vast spectrum of types, resolutions, and purposes, from highly detailed engineering representations to aggregated representations of force-on-force engagements. This range of M&S is characterized as a hierarchy in which the scope progresses from narrowly focused to the broad spectrum encompassed by a theater level view.  Figure 6 is a depiction of the M&S hierarchy.  The lowest level in the hierarchy begins with the engineering level, progresses to engagement, then to mission/battle level, and finally to the theater/campaign level. Often, outcomes of M&S in lower levels of the hierarchy provide data and information into the next levels. 
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Figure 6:  Hierarchy of Modeling and Simulation

Engineering - M&S can be used for design analysis, risk mitigation in component performance and tradeoff, specification requirements, and performance analysis.  Engineering M&S are very detailed, concentrating on individual components and their interaction.

Engagement - M&S can be used for analysis of alternatives (AoA), requirements evaluation, system effectiveness, TTP development and assessments, tradeoff analysis, and test support.  Engagement M&S usually depict one/few friendly on one/few enemy engagements. They usually provide some type of system effectiveness outcome. Virtual prototypes can be developed to run as a simulation at the engagement level and above.

Mission/Battle - M&S can be used for AoA and requirements evaluation, deployment weapons integration, TTP development and assessments, training, and war gaming.  Mission/Battle level M&S depict multi-platform, multi-task force packages and usually provide some type of mission effectiveness outcome.

Theater/Campaign - M&S can be used for AoA and requirements evaluation, TTP development and assessment, war gaming, and battle staff training.  These M&S are highly aggregated.

At any point in the M&S hierarchy, M&S fidelity can vary.  The concept of fidelity refers to the degree to which real world aspects are faithfully represented in M&S.  Level of fidelity follows the level of the hierarchy in reverse, e.g. M&S at the engineering level have high fidelity, whereas M&S at the campaign level have lower fidelity.  High fidelity in M&S is expensive and requires a lot of computing capacity. 

2.4 Fundamental Elements of SMART

To understand how to execute a SMART program, it is necessary to understand the basic elements underlying the SMART concept.  Many of them are evolving as the technology supporting simulation-based acquisition improves; however, much of the architecture supporting these concepts is in place now and available for exploitation by developers.  The three key elements underpinning the SMART initiative are:

· Collaborative Environments (CE)

· Distributed Product Descriptions (DPD) 

· Modeling and Simulation Standards and Reuse

2.4.1 Collaborative Environments

Within the context of SMART, a collaborative environment (CE) is an enduring collection of subject matter experts (SMEs) supported by interoperable tools and data bases, authoritative information resources, and product/process models that are focused on a common domain or set of problems.  It is an environment in which system development stakeholders work together to negotiate the tradeoffs necessary to develop an affordable, sustainable system that meets user needs.  Figure 7 is a representation of a prospective collaborative environment.

The National Research Council (NRC) on behalf of NASA published “Advanced Engineering Environments”.  This document defines a concept that is essentially NASA’s version of he Army’s SMART, to include collaborative environments that they call advanced engineering environments.  This document can be reviewed at http://books.nap.edu/html/adv_eng_env/index.html.

CEs involve 1) computational tools to support multidisciplinary analysis and optimization; 2) tools, data, and models that are interoperable; 3) an ability to conduct collaboration in a geographically and temporally distributed manner; 4) virtual environments; and 5) the computing systems and networks that enable digital data transfer.  As part of the SMART planning process, each program must strive to establish these elements in a way that meets the needs of the system program.
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Figure 7:  Representation of a Collaborative Environment

CEs do not have to be limited to a single system, but can be established across a larger scope to include multiple platform programs.  In planning how to execute a SMART program (be it a concept evaluation or system development effort), PMs must consider the appropriate scope of the CE - what infrastructure is needed, and what stakeholders need to be involved. Key questions the PM must address include:

1. Who are the participants and SMEs in the CE?

2. Do the participants include all stakeholders in the system being developed?

3. How will proprietary information be addressed in the CE?

4. What tools are currently being used to support the CE?

5. What M&S tools will be needed in the future?

6. What databases are currently being used?

7. What databases will be needed in the future?

8. What product or process models are being used?

9. What product or process models will be needed in the future?

10. How will digital system designs be translated between design domain tools (computer-aided design (CAD), computer aided engineering (CAE), and computer aided manufacturing (CAM)) and performance-based tools (analytic M&S)?

11. What hardware infrastructure (computer platforms, T2 line, etc.) is necessary to participate? 

12. What process will be used to iterate designs with subsystem, system, and force simulation events?

13. How will contractors' tools and designs be incorporated into the tool suite contained in the CE?

14. How will system characterizations developed in the CE be provided for AoA?

15. What process will be used to allocate program issues into simulation events so that the right data can be generated to support robust decision-making?

16. How will information technology (IT) issues be addressed?

2.4.2 Distributed Product Descriptions

A distributed product description (DPD), as represented in Figure 8, is a distributed collection of product-centric information that is interconnected, often via web technology, into what the user views as a single, logically unified product representation. The DPD is in essence the prototype around which all collaborations must take place in addressing relevant system development or concept evaluation issues.
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Figure 8:  Representation of a Distributed Product Description

DPDs are composed primarily of three types of information: product data, product models, and process models.  Product data specifies the characteristics of a product at any point in its development cycle, including requirements, program management data, cost data, engineering data, manufacturing data, and test data.  Product models are authoritative representations of a product's behavior or performance.  Process models are used to define the business operations necessary to define, develop, manufacture, deploy, and dispose of the product throughout its life cycle. DPDs may also contain other relevant product-related information, such as functional descriptions of product behavior and various categories of applicable higher-level aggregations of data.

The Defense Advanced Research Projects Agency (DARPA) working with other DoD activities, has developed an approach to the development of a DPD, known as the Smart Enterprise Model (SEM).  DARPA has been able to demonstrate a level of interoperability such that multiple analyses can be conducted using the SEM.  Notably, SEM can track system development costs associated with proposed design modifications.  Such an attribute provides developers with an understanding of how proposed system design alternatives will impact funding.

DPD is a notional concept and varies from one system development to another, both in its attributes as well as its level of functionality.  New start programs are the best positioned to develop DPDs with a high degree of form and functionality representation.  Programs already well into the acquisition cycle may decide to develop DPDs that are limited in terms of form and functionality.  Key questions to be addressed in considering how to leverage DPDs are: 

1. What products and information do you envision being part of your DPD?

2. Will all stakeholders contribute to the DPD?

3. Do all stakeholders have access to the DPD?

4. Do contractors have access to the DPD (and is access limited in any way)?

5. How will proprietary information be addressed in the DPD? 

6. Are there security issues that must be resolved?

7. Will your DPD contain a virtual prototype of your system?

8. How will M&S be used in the flow down of user requirements into system and subsystem specifications?

9. For which key subsystems will high fidelity models be developed?

10. How will high fidelity models roll up in performance to the system characterizations being used in aggregated system simulations?

11. How will simulations operate with other simulations in support of C4I, force effectiveness, and other analysis needs?

2.4.3 Modeling and Simulation Standards and Reuse

Like any investment from which long-term benefit is expected, M&S requires an initial expenditure.  Efforts to minimize M&S costs should be pursued through the reuse of existing M&S standards, which will help, ensure compatibility with other simulations.

Reuse should be practiced across the whole spectrum of M&S development. This includes knowledge acquisition (KA), knowledge engineering (KE) [conceptual model/algorithms], and code. Reuse promotes efficiency by minimizing costs associated with KA and KE and possibly coding.

M&S standards help ensure consistency among simulations and ensure interoperability in federations.  The Army develops standards by achieving consensus to build technical M&S algorithms, heuristics, and procedures.  The goal is commonality, reuse, sharing, and interoperability.

Several repositories exist to facilitate the reuse and standardization of M&S.  Three key ones are: 

· The Defense Intelligence Modeling and Simulation Resource Repository (DIMSRR) is an electronic repository identifying validated threat M&S products that currently exist and could potentially be reused in a proposed application.  You can access the DIMSRR at http://diamsrr.dmso.mil or through the SIPRNET at http://206.36.142.198 

· Army Standards Repository System (ASTARS).  ASTARS is an electronic storage application used to store approved Army standard algorithms and models, standards nominations with standards requirements documents (SRDs), and supporting documents in a central and secure location.  ASTARS assists in the standards approval process by allowing users to access SRDs and their supporting documentation and to track the voting process.  ASTARS is the first place to start to look for standards (http://www.msrr.army.mil/astars/).  In addition, de facto standards exist and are in use (e.g. CASTFOREM physical representations), even though they are not yet in ASTARS.

· The Army Model and Simulation Resource Repository (MSRR).  The Army MSRR, a collection of M&S resources, is part of a larger DoD effort.  MSRR resources include models, simulations, object models, conceptual models of the mission space (CMMS), algorithms, instance databases, data sets, data standardization and administration products, documents, tools and utilities.  The MSRR is accessible through the internet or through Secret Internet Protocol Routing Network (SIPRNET).  The MSRR provides a layer of services that includes the registration of resources and users, description and quality information of resources, and specialized search capabilities. The Army MSRR is a place to look for M&S candidates for reuse. (http://www.msrr.army.mil/)

Additionally, the U.S. Army Materiel Systems Analysis Activity (AMSAA) is the Army’s center for item-level performance analysis and certified data.  AMSAA is also responsible for the publication of Joint Munitions Effectiveness Manuals (JMEM), single source documents for modelers, materiel developers and strategic and operational planners at all levels.  (http://amsaa-www.arl.army.mil/index.html)

ASTARS and the MSRR are only as good as the data they contain; therefore, to ensure maximum value added, ICTs and PMs are encouraged to submit their M&S for inclusion. 

Questions:

1. Has the Army MSRR and ASTARS been queried for existing M&S that can be used as-is to satisfy the requirement?

2. Can an existing M&S be modified to support the requirement?

3. Has the Army Standards Category Coordinator (SCC) been queried for information/assistance?
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Chapter 3:  SMART Planning and Implementation

3.1 SMART Strategies

SSP should not be undertaken as a rote program requirement (i.e. a check the box exercise), or as a mere listing of all the M&S work associated with a program. It is instead, the vehicle by which (1) an ICT ensures materiel developers can leverage the analysis conducted during mission need and concept exploration or (2) a PM office develops a SMART acquisition strategy that sets events and efforts in motion to derive the expected benefits associated with the SMART concept. 

Development of an SSP should start by defining the issues, questions, decisions, and information that could be supported by use of M&S. Candidate M&S should be identified and assessed for adequacy to address issues, answer questions, support decisions, and generate information. Based upon the assessment of existing M&S modifications, and development requirements and costs can be determined.

Both new starts and legacy programs can benefit from an effective SMART program.  Thinking through how to utilize M&S in a SMART manner is, upon first consideration, a daunting task.  To help place things in perspective, it may be beneficial to grapple with the issue by determining how, if possible, the program can be executed in a more conventional manner, and still achieve cost, schedule, performance goals, and supportability.

Given (1) the level of complexity associated with technologies being inserted into Army systems, (2) the fact that those systems must perform in a system of systems (i.e. brigade sets, joint and coalition operations), and (3) that those systems must be affordably operated within a changing environment and doctrine -- employing M&S often becomes the only means to successfully navigate the issues surrounding Army modernization efforts.

3.2 Mission Need and Concept Exploration

Mission need and concept exploration are arguably the most critical endeavors associated with modernization.  The analysis and decisions rendered during mission need and concept exploration have repercussions that resonate throughout a system's life cycle, through its retirement.  Decisions made during requirement development drive the ultimate life cycle costs of a system. 

To ensure that requirements developed during mission need and concept exploration result in a system that performs in accordance with the user's needs and is affordable and sustainable, the combat developer and materiel developer must together assess potential impacts of identified requirements.  During this collaborative effort, the trade space (as defined by requirements) for the system will be shaped and bounded.

The trade space should be as large as possible to allow maximum flexibility. This flexibility is needed to address those inevitable times when it becomes evident that articulated requirements fall short of the actual needs of the user, or when the materiel developer cannot possibly meet the requirements due to lack of technological capability, insufficient funding, or other unavoidable circumstance.  Flexibility also allows the combat and materiel developers to adapt to changing circumstances such as technological advancements, changing operational attributes, changing threat, and other influences that typically impact how the Army conducts its business.

ICTs consider various concepts and how to meet mission needs.  A rapid, virtual prototyping approach is an excellent means of enabling collaboration between combat and materiel developers.  Because it is scenario-driven, the virtual prototype allows examination of force structure, doctrine, and potential materiel concepts. 

Two issues are vital in considering a SMART strategy for mission need and concept exploration: 1) how to employ M&S so that combat developers and materiel developers can collaborate; and 2) how to ensure the M&S can be leveraged when a concept proceeds to acquisition.  The SMART strategy developed and employed by ICTs lays the foundation for how a new-start acquisition program will proceed with a SMART acquisition strategy.

Key to successful simulation support planning during concept exploration is the recognition that  M&S applications employed during this stage can be leveraged throughout successive phases of the acquisition cycle.  The ICT must consider the appropriate materiel developer SMEs as part of the simulation support planning.  Although the primary purpose of the ICT is concept exploration, those determining the simulation support should set the hooks that will facilitate needed developmental and operational testing; analysis of doctrine implications resulting from the chosen materiel concept; assessment of appropriate individual, crew, and collective training; and supportability assessments.  Ideally, the same simulations and scenarios exercised in executing concept exploration will be reused in support of the analysis needed during system development and acquisition.  The planning efforts of the ICT will significantly impact how effectively and efficiently M&S will be transitioned into the system development.

3.3 New Start Program

A SMART acquisition strategy for a new-start program is more straightforward than for systems already in process. The overall strategy is essentially one of conducting concept evaluations by depicting proposed concepts, promising technologies, doctrine, possible TTPs in a synthetic combined arms environment, and exercising them in appropriate scenarios.

As the system matures, the DPD starts to include a virtual prototype that encompasses a variety of M&S tools and technologies (e.g. computer-aided design (CAD), computer aided engineering (CAE), and computer aided manufacturing (CAM)). Typically when a program is mature enough to start employing these tools, the program contractors accomplish this work with support from various Army laboratories and engineering centers.  The fielding of reconfiguable virtual prototype simulators to the TRADOC Battle Labs provides the opportunity to use virtual prototypes in concept exploration, prior to MS 0.  From here, engineering level models are developed to aid in robust analysis to assess system performance, manufacturability, and supportability.  Herein lies one of the largest payoffs in the SMART concept: because the prototypes are digital, they can be exercised in a variety of scenarios, environments, force structures, doctrine, and using different TTPs.  Outcomes of the various combinations of these attributes can be analyzed to determine what aspects of the system contribute to maximum combat effectiveness, subject to cost constraints.  More importantly, soldiers become an integral part of aiding the decision-making process for system development even when physical hardware prototypes do not yet exist.

Another aspect to the SMART concept for new start programs is the ability to develop the training simulation simultaneously with the system being fielded.  The same digital models used to assess system performance by soldiers during system design, can be leveraged to provide training simulations, preferably embedded in the system itself along with desk top variants that can provide distributed training for system operation at individual and crew levels. The same models used to assess a system design for maintenance and supportability can be leveraged to provide training tools for mechanics and other system maintenance personnel.

Because the actual hardware system can first be built digitally, by the time the first hardware rolls off the assembly line, soldiers will have had experience with the system.  Training simulations based on the system digital prototype can be delivered to the field ahead of hardware.

A final benefit of the SMART concept for new-start programs is the leave-behind DPD. The Army acquires systems that are intended to be in the field for decades, knowing that those systems will require upgrade and modernization.  An existing DPD provides a significant level of efficiency in conducting the analysis, design, engineering, and testing required accomplishing a system upgrade.

3.4 Existing Acquisition Programs

For programs already well into the acquisition cycle, or systems already fielded, adopting a SMART can still be highly beneficial.  PMs must determine the most effective way to pursue a SMART strategy.  The question becomes one of evaluating how much of the system will need to be represented digitally to achieve the desired upgrade.  The answer must be determined by each program and will sit somewhere along a spectrum bounded at one end by a full virtual prototype of the entire functioning system and at the other end by digital representations of only modified or upgraded components integrated into the existing platform. 

For those programs that are well into the life cycle based on a traditional hardware prototype approach, the question becomes one of evaluating how much of the system will need to be represented digitally to achieve the desired upgrade. The answer must be determined by each program and will sit somewhere along a spectrum bounded at one end by a full virtual prototype of the entire functioning system and at the other end by digital representations of only modified or upgraded components integrated into the existing platform.

Migrating to a SMART acquisition strategy will be unique for each acquisition program and can only be reached by careful consideration of the options available and their associated costs in terms of funding and schedule.  In some cases, the answer may be to continue to pursue a more conventional acquisition strategy.  In other cases, migration to a SMART strategy may simply mean building the hooks to develop a virtual collaborative prototyping approach in the future.  In still other cases, the complexity and future roles of a system will drive it to leverage a rapid virtual prototyping approach immediately.

3.5   Advanced Technology Demonstration (ATDs)/ Advanced Concept Technology Demonstration ACTDs

Advanced technology demonstrations (ATDs) and advanced concept technology demonstrations (ACTDs) also benefit from a SMART approach.  The primary advantage to these types of endeavors in employing a SMART strategy lies in an increased likelihood of technology transition.  Technology can be applied to one or more platforms, developed in different variants for different applications.  In addition, the same M&S used in the development and demonstration of the technology can be leveraged into an existing platform or into a new acquisition program.

M&S used during the execution of the ACT or ACTD can become the common thread that runs throughout the life cycle of the technology demonstration into system application and beyond, to system supportability and training.  Combat developers can use M&S of the technology to anticipate training issues as well as identify requirements for employing the new technology to meet future capability needs.  Those same tools can be used to address the systems engineering required to successfully incorporate the technology into a sustainable, supported, integrated platform whole.  Platform design modifications can be addressed virtually instead of relying on iterating through expensive hardware prototypes.

3.6 Simulation Support Planning via Integrated Concept Teams (ICT) and  Integrated Product Teams (IPT)

Developing M&S strategies and SSPs is more successful and valuable if accomplished with the assistance of appropriate SMEs.  This means a team of both system stakeholders (users, engineers, sustainers, contractors, intelligence experts, trainers, and testers) and M&S builders.  Such a constituency will ensure that the full potential of M&S applications is considered.  Stakeholders must form an ICT/IPT to ensure that all organizations and resources are allocated, budgeted, and reserved for use.  SSPs are only useful when they are the primary reference for budgeting and executing the M&S effort to answer program issues and exit criteria.

Planning for M&S in support of both mission need/concept exploration and system acquisition should begin with a breakdown of identified program issues into criteria, measures of performance, data requirements, ultimately data elements, and a mapping of those data elements into the planned program activities.  For acquisition programs, it is critical that mapping the data elements into program activities take into account both the M&S and the test domains.  In this way, the SSP and the test and evaluation master plan (TEMP) are coordinated.  Complementary tools exist for providing the complete picture of where all data will be generated in support of design and engineering, performance assessment, supportability assessment, training assessment, and the associated programmatic decisions.

Whether the SSP is begun early in the system life cycle or incorporated into existing programs, planning should focus the most detailed information into the current acquisition stage, with emphasis on answering the next upcoming exit criteria.  Short range planning must be detailed enough to define fidelity and accreditation issues, while long range planning must only be sufficient for continued leverage of M&S tools and efficient transition of products. 

3.7 Mapping M&S Applications to Program Needs

An SSP is a "roadmap" that lays out how M&S tools support the overall development of a concept or a system. The roadmap or plan depicts the how and when M&S tools are integrated, utilized and transitioned in the course of concept exploration and system development.  Planning is necessary to answer the "How do I get there? How do I do it? When do I do it? How much will it cost me?" questions.  There is no single path to arriving at a successful strategy and plan.  Examples of two SSPs can be found at http://www.amso.army.mil/smart/documents.

 Several organizational approaches can be employed to harness the creativity and expertise of stakeholders involved in the concept exploration or system development.  Regardless of the method employed, all ICT/IPTs engaged in developing SMART strategies and planning should systematically trace the exit criteria for proceeding to the next milestone back to: 

· The means of demonstrating those exit criteria (usually testing or analysis)

· The decisions made in assessing the efficacy of those demonstrations

· The analysis needed to support the decision making

· The data needed to support the analysis

· The means of generating the data for the analysis (potentially M&S)

Once the ICT/IPT determines that M&S is a potential tool for generating data or analysis as identified above, further questions must be addressed:

1. Will M&S used to generate data or analysis be defensible (see Chapter 6 for discussion on verification, validation, accreditation and configuration management of M&S)?

2. Can the M&S be leveraged later in the succeeding phases of the program?

3. Can existing M&S be used or must they be constructed?

4. How can the M&S be used to mitigate program risk?

5. Is there sufficient funding available to construct new M&S or modify existing M&S?

6. Will the necessary M&S (and input data) be available when needed in the program?

7. How will data generated in one simulation be used to support other simulations?

8. Can the M&S be matured sufficiently with available funds to provide the data and/or analysis when it is needed?

9. By what means do the M&S tools and digital transfer enable data collection of user stakeholder requirements?
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Chapter 4:  SMART Applied to M&S Functions

4.1 Introduction

Successful implementation of the SMART concept recognizes that the functions of combat development, design and engineering, logistics and support, test and evaluation, and training must be executed continuously and in an integrated manner throughout the life cycle of a system. This is the essence of the collaboration that must take place among the advanced concepts and requirements (ACR); research, development and acquisition (RDA); and training exercise & military operations (TEMO) communities. 

As a developing system matures from concept exploration to design development to fielding, certain functions will take on a greater significance than at particular points along the life cycle. The function of combat development by definition is dominant at the beginning of the system life cycle, and continues to be an important function even after the system is fielded.  Conversely, training typically takes on its greatest significance after the system is fielded.  Training must be considered as an integral part of the concept exploration activity early in the system program development.  The training community should be involved early in the process to ensure training requirements are identified and resources programmed along with the system.  

Historically, consideration of logistics and support, test and evaluation, and training occurs relatively late in the acquisition life cycle.  Results of this approach have been systems fielded without training systems, burdensome logistics support, and problem-plagued test and evaluation. By addressing all functions simultaneously and continuously throughout a system’s development, the trades among cost, performance, supportability, and training will result in greater combat effectiveness and suitability at a more affordable total ownership cost.  This chapter discusses the applications of M&S independent of the typical milestones and phases of the acquisition life cycle.

4.2 Combat Development

The process of combat developments begins with the identification of needed future operational capabilities and the exploration of concepts.  It is during concept exploration that the identification and documentation of requirements begin.  In concept exploration, an SSP increases a program's ability to successfully balance costs and schedule while still meeting the user's requirements.  The aim of the SSP is to produce a simulation roadmap that can be overlaid on the acquisition strategy to link required simulation support to each phase of the program, predicting requirements, driving development of test plans, and identifying training resources and devices (TRADOC PAM (TP) 71-9, Chapter 12.1, Models and Simulations (M&S) Requirements Integration and Approval Process, dated 5 November 1999.  (http://www.tradoc.army.mil/pubs/pams/).

The mechanism to develop a SSP during concept exploration is the ICT.  Designed to be multi-disciplined, the ICT seeks doctrine, training, leader development, organization, and soldier alternatives to meet the new requirement.  If none are available, then the ICT seeks new materiel alternatives (TP 71-9, Chapters 2, 10).  M&S can assist the ICT in streamlining the concept, examining each requirement for realism and value added to the total force rather than optimized individual systems.

Total life cycle costs of the concepts should be explored as requirements are defined.  Standard cost models in Army’s standards database, the Army Standards Repository System, are Equipment Designers Cost Analysis System (EDCAS), Automated Cost Estimating Integrated Tools (ACEIT), Force and Organization Cost Estimating System (FORCES) and Army Military-Civilian Cost System (AMCOS).  Other models, not yet validated by the Army Cost & Economic Analysis Center, are Program Review of Information for Costing & Evaluation (PRICE), System Evaluations and Estimation of Resources (SEER), and Logistic Analysis Model (LOGAM). 

The ICT, in its analytical process, will also determine how and where M&S will assist in reducing cost and schedule, managing risk, improving system performance, developing training aids, devices, simulators and simulations (TADSS), assisting the manufacturing process, and developing system supportability.  One of the ICT’s end products is an initial SSP providing the M&S foundation to the PM, who will refine the SSP as the concept becomes more definitive. 

Including personnel knowledgeable of M&S from both the requirement and materiel developer communities is key to developing an effective SSP foundation.  Membership of an ICT is outlined in TP 71-9, Chapter 4, Integrated Concept Teams (ICTs), and Appendix B, Integrated Concept Team (ICT) Guidelines. 

There are four M&S ways to develop an effective SSP foundation.  First, the ICT can look at the feasibility of reuse of M&S throughout the life cycle.  Reuse of particular M&S or portions of code will probably decrease developmental times and cost; however, more likely is the possibility of reuse of data.  M&S data fall into three categories: performance (e.g. reliability, survivability, speed, lethality, size), behavioral (individual and organizational TTPs), and environment (scenarios, terrain, force structure, weather, culture).  The reuse of data will help promulgate a common view as the materiel solution continues towards maturity.

A second option is for the ICT to examine other current Army, OSD, and sister Services programs, as well as industry, to determine if an existing M&S will meet the concept's M&S requirements.  M&S is a tool used by the Army's requirements, testing, and material development communities, other DoD communities, academia, and industry.  The Army, DoD, and Joint community have developed M&S resource repositories to aid in locating acceptable models, simulations, data sets, code, and algorithms. 

A third, cost-effective solution for the program would be to upgrade existing M&S while verifying and validating the M&S for its new use.  In some cases it may be possible to find existing M&S that will satisfy requirements if the M&S is updated or modified.

Finally, there is the alternative of developing new M&S.  If new M&S need to be developed, they should be developed to support the system throughout not only the acquisition process but also throughout the life cycle of the system.  Requirements for new M&S should be documented in accordance with the requirements determination process, and coordinated with the requirements integration working group (TP 71-9, Chapter 12) to help preclude unnecessary duplication.

Models below support combat development:

· Combined Arms and Support Task Force Evaluation Model (CASTFOREM)

Description and Purpose of Application:  High resolution, two-sided, stochastic, force-on-force, systemic model.  Used in requirements definition and analysis.  

Acquisition Phases Supported:  0, I, II, III

· GWARS (GROUNDWARS) 

Description and Purpose of Application:  Evaluates weapon systems effectiveness.  Used for requirements definition/analysis of direct force survivability requirements and identify potential system tradeoffs.

Acquisition Phases Supported:  0

· JANUS 

Description and Purpose of Application:  Interactive, near real time, force-on-force analysis and training model used to evaluate the effectiveness of new weapon systems and warfare concepts.  Used to explore the relationships of combat tactical process down to an individual system.

Acquisition Phases Supported:  0, I, II, III

· Battlefield Environment Weapon System Simulation (BEWSS) 

Description and Purpose of Application:  Weapon system level performance tradeoffs.

Acquisition Phases Supported:  0,I, II

· ALWSIM 

Description and Purpose of Application:  High-resolution brigade level force-on-force ground battle simulation.  Primary focus is on Directed Energy (DE) weapons.  Used for parametric evaluations of weapon systems effectiveness and ground vehicle survivability.

Acquisition Phases Supported:  0

· Generic Smart Indirect Fire Simulation (GENESIS)

Description and Purpose of Application:  Survivability analysis tool for effectiveness against Smart Munitions.

Acquisition Phases Supported:  0, I, II, III

· Advanced Concept Research Tool (ACRT)

Description and Purpose of Application: Human-in-the-loop reconfigurable virtual simulator.  Ground, air, and dismounted versions capable of reconfigurable hardware and software to simulate current or new concepts

Acquisition Phases Supported: 0,I, II,III

Questions:

1.
Could the concept be expanded or enhanced by including M&S as an integral part of the system?

2.
If M&S were used prior to Milestone 0 to develop mission needs statement(s), can they be reused or further expanded upon?

3.
What types of M&S will the concept need (i.e. live, virtual, constructive)?

4.
What other systems will the M&S need to interact with (system of systems interaction, C4I systems, HLA federations, collaborative environments, other M&S)?

5.
What type of training will the concept need to support operations, sustainment, and maintenance of the system (embedded, individual, collective, crew)?

6.
Will a separate simulator be needed?  If so, what other live, virtual, and constructive M&S need to be considered?

7.
Can any of the M&S being used for CE be used during another phase of acquisition?

8.
Can the M&S be reused or expanded on for testing, training, MANPRINT?

9.
If reuse is not a feasible option, are there other developed M&S that may meet the M&S requirements?

10.
Can the M&S used for the Analysis of Alternatives (AoA) be modified to meet a future M&S requirement for the program?

11.
What was the standard scenario used in the AoA?

12.
 Can the process used to develop terrain for the program also be used to develop terrain for its M&S?

13.
What M&S methods were used to determine cost trade-off?

14. What processes will be used to capture data from initial M&S and how can it be reused by other M&S?

15. What is the means for user stakeholder participation in Concept Development/ Collaborative Environment and throughout the life cycle?  

4.3 Design and Engineering

M&S used as part of the collaborative environment (CE) by ICTs or IPTs should be able to support detailed design and reduce design risk by allowing all functional disciplines to work from the same design database.  A reduced number of engineering change proposals (ECP) is an important result of this CE.  Employment of hardware- or software-in-the-loop (HW/SWIL) M&S is also part of this CE results in significant risk reduction in test and evaluation through planning, hardware checkout, and mission rehearsal.  Finally, this concept of a SMART CE allows transition to production to take place with reduced risk by the electronic transfer of digital design data directly to the manufacturing floor.  Engineering level M&S of proposed systems and subsystems should be used for detailed design and assembly of subsystems, components and piece parts. Performance requirements need to be verified using a combination of testing and simulation.

HW/SWIL M&S should be used in a model-test-model process for pre-test planning, test execution, and post-test analysis.  For that reason, it is important to have Army Test and Evaluation Command (ATEC) representation on the ICT or IPT.  Hardware-in-the-loop M&S can be used as a credible test.  Such M&S are able to identify problems in actual test hardware before conducting live tests (i.e. live simulations) on the range.  They also provide for parameter variation studies, and augment the matrix of test conditions.  Performance estimates from M&S along with live simulation (test) data provide input for M&S simulations at other levels or of other classes.

A variety of M&S tools are needed to examine such factors as reliability, availability, maintainability, transportability, provisioning (spares, support equipment, manpower), cost implications, and human-machine interface design considerations and should be part of the DPD. CAD/CAM models, such as ProE and CATIA (also in the DPD), produce designs that can be electronically transmitted to the shop floor, resulting in fewer manufacturing errors.  Include factory M&S in the SSP to plan facilities and equipment and define production flows to meet planned production rates in support of both design and production planning.  If not already accomplished, the program office should require factory M&S to substantiate achievement of rate production and identify required facilitation.  Cost M&S incorporates cost data from engineering M&S and actual low rate initial production (LRIP) hardware for the program cost estimates and cost/performance analysis updates.  Human interactive M&S will examine tactics, doctrine, training, and continued refinement of human-machine interfaces.

Use mission/battle M&S -- ideally the same used during concept exploration – to evaluate combined arms force effectiveness.  Theater or campaign M&S are used to evaluate force designs and to assess sustainment requirements.  Such tools also enable the assessment of system-of-systems issues, such as the appropriate doctrine for employing the system in a variety of operations and missions.

Use virtual M&S to evaluate systems performance and effectiveness.  Use a virtual prototype to support development efforts including design, support (e.g. maintenance walk-through), manufacturing, and training.  Members from every functional discipline share the same electronic representation of the system, facilitating integrated product and process development.  The same M&S used in developing the system should be used to develop weapon system trainers.  As these trainers are developed and made available, they may be used for training test crews and actual end users before the first system roles off the production line.

Live simulations may take the form of live exercises, or instrumented prototype tests, including initial operational test and evaluation (IOT&E).  PMs should insist that data obtained in these tests be used to further validate the M&S.

Design and engineering activities will result in a detailed design of the system, including definition of production and support processes.  Beginning in the concept exploration phase, the program office should be prepared to maintain those M&S that will be needed for continued support of the weapon system during its life cycle.  The PM also needs to consider how to make representations (models) of the system available to others outside the program office that may have a need to use them.

Finite Element Analysis (FEA) M&S is used as part of vehicle dynamic and mobility analyses as well as strength and response analyses and fracture mechanics analyses.  Specifically, FEA M&S embraces many engineering disciplines including stress analysis, structural dynamics, mass properties, structural design materials, fatigue, loads, shock isolation and acoustics.  

Examples of FEA M&S are:

· PATRAN

PATRAN is an open-ended general purpose, 3D, integrated Computer Aided Engineering environment that links engineering design, analysis and results evaluation functions.  PATRAN's six basic modules share a common integrated database to provide a comprehensive range of engineering capabilities including: geometry construction using parametric cubic representation of primitives, Boolean operations and freeform lines, surfaces, and solids; finite element modeling including node and element generation throughtout the surface and solid model; graphic display of analysis results; imaging including hidden-line plots and light source shading; and a gateway module to interface with other software packages and analysis codes.

Acquisition Phases Supported:  I, II

· NASTRAN

Nastran is a general purpose finite element analysis tool based on NASA's popular NASTRAN finite element analysis software.  It can handle large complex structural analysis problems on a Pentium personal computers without large amounts of resources.  NASTRAN is written specifically for personal computers in fast 32-bit Fortran 95 and C/C++ and uses the latest methods in finite element analysis.

Acquisition Phases Supported:  I, II

· ABAQUS

ABAQUS is a production-oriented finite element programs for mechanical, structural, and civil engineering applications.

Acquisition Phases Supported:  I, II

Design M&S are used to define system geometries.  Early in the acquisition cycle, they are used to provide initial system data to high-level M&S.  During Program Definition and Risk Reduction (PDRR) and Engineering and Manufacturing Development (EMD), their use becomes increasingly more detailed.  During PDRR, computer-aided deign (CAD) M&S support planning.  During EMD, use CAD M&S in conjunction with computer-aided manufacturing (CAM).  M&S can be used electronically to transmit designs to the shop floor, resulting in fewer manufacturing errors. 

Examples of M&S used to support design and engineering are:

· BRL-CAD

BRL-CAD is a Constructive Solid Geometry (CSG) based solid modeling system. BRL-CAD includes an interactive geometry editor, a ray tracing library, two ray-tracing based lighting models, a generic frame buffer library, a network-distributed image-processing and signal-processing capability, and a large collection of related tools and utilities.

Acquisition Phases Supported:  I, II, III

· Auto-CAD

AutoCAD is software optimized for 2D mechanical design, drafting, production, and engineering.

Acquisition Phases Supported:  I, II, III

· Pro-Engineer

Pro/Engineer is a parametric, solid-modeling system that uses a feature-base, linking format between its files.

Acquisition Phases Supported:  I, II, III

Other model examples: 

Six Degree of Freedom (6-DOF) Flight M&S are used extensively in the design of missile and other flight systems.  A variety of these M&S exist, many designed specifically for individual systems but with some potential for re-use. 

Interactive Distributed Engineering Evaluation and Assessment Simulation (IDEEAS) - This simulation was developed by AMCOM in stand-alone Monte-Carlo and interactive modes to represent high-fidelity system representations in force effectiveness studies in support of design tradeoffs and performance assessments.  The model is currently in use by TRADOC in support of Army After Next at Fort Monroe and at the Mounted Maneuver Battle Lab at Ft Knox.  It is also used within AMCOM and in distributed experiments among the AMC RDECs. 

Virtual Prototypes – PMs have developed virtual prototypes of various fidelities to refine and evaluate system designs, including the CCAWS simulators for Bradley and HMMWV TOW, UGV, UAV, Bradley Linebacker, LOSAT, Comanche, and Javelin.  These prototypes may reside within a supporting RDEC, a TRADOC Battle Lab, a contractor facility, or a dedicated facility operated by the PM. 

Examples of Contractor/RDEC Collaboration are when Northrop Grumman and AMRDEC recently collaborated on the development of a virtual simulation of a ground-based radar system.  In support of the RFPI ACTD Field Experiment in 1998, AMRDEC supported the integration of contractor-developed and -operated virtual prototypes of the Integrated Acoustic Sensor by TSI and the Enhanced Fiber-Optic Guided Missile (EFOGM) by Raytheon into the simulation architecture. 

Role of Simulation Federations - Due to the specialized nature of the various AMC RDECs, often the best solution for an integrated M&S approach is a federation of simulations across multiple agencies.  This approach allows experts in technical fields to interoperate with their specialized simulations for the representation of subset technologies or additional system representations in a force effectiveness study.  For example, the design of a new combat vehicle may require a chassis representation at TACOM interoperating dynamically with a missile representation at AMCOM, while CECOM represents the digital C2 traffic and behavior of the communications system.  These geographically distributed architectures may be demanding to execute, but can offer the best opportunity for the IPT process to bring valid and re-usable simulations to bear.

Questions:

1.
Are there design and engineering proponents of an ICT/IPT collaborative environment that are defining and contributing to the system digital product description?

2.
Have HW/SWIL been identified?

3.
Are design and engineering M&S being coordinated with the test representative of the ICT/IPT, so than M&S can be used to support testing?

4.
Does the SSP define a digital product description that contains models for:

· Reliability

· Availability

· Maintainability

· Transportability

· Provisioning

· Costs

· Man-machine interface

· Computer-aided design

· Computer-aided manufacturing

· Factory simulations

5.
Have engagement and mission/battle M&S been identified to evaluate the system MOEs?

6.
Have theater/campaign level M&S been identified to assess the system in a combined arms environment?

7.
Does the SSP plan to use M&S to evaluate the product role and interface in a system-of-systems environment?

8.
Is there a plan to transition virtual prototypes in the digital product description to system trainers?

9.
Is there a plan to use live simulations and operational tests to validate M&S used in developing virtual prototypes in the digital product description?

10.
Have the M&S developed and used in the digital product description been developed with a system-of-system architecture that will allow the M&S to be used by other users outside of the program?

11.
How will your digital system designs be translated between design domain tools (CAD/CAM) and performance-based tools (M&S) to enable spiral development? 

12.
What process will you put into place to iterate designs with subsystem, system, and force M&S events? 

13.
How will you incorporate the prime contractor's tools and designs into 
your M&S tool suite? 

14.
How will you use your collaborative design environment to provide the system characterizations in the AoA? 

15.
How will AoA results feed back into the design process? 

16.
How will you use M&S in the flow-down of user requirements into system and subsystem specifications? 

17.
For which key subsystems will you be developing high fidelity M&S? 

18.
How will your high fidelity M&S roll up in performance to the system characterizations you are using in your aggregated system M&S? 

19.
How will your simulations interoperate with other simulations in support of C4I, force effectiveness, and other issues? 

20.
What risk will your M&S approach reduce? 

21.
What process will you use to allocate program issues into M&S events so that you will collect the right data to make decisions? 

22. How will funds be allocated for M&S throughout the development/testing profile?

23. By what means is M&S (SMART) enabling concurrent development of the system(s), training and TADSS?

4.4 Logistics and Support

M&S addressing the supportability of Army equipment, ranging from weapon systems to support equipment, should be continuous.  Models like the Army’s Cost and Economic Analysis Center's (CEAC, http://www.ceac.army.mil/) Automated Cost Estimating - Integrated Tools (ACE-IT) can be used to develop initial life cycle cost estimates within standard Army cost analysis guidelines. The supportability concept for equipment can be evaluated by using the Computerized Optimization Model for Predicting and Analyzing Support Structures (COMPASS).  This model, available through the Logistics Support Activity (LOGSA), requires inputs such as support structure restrictions, order and ship times, inventory costs, density, unit price, equipment breakdown, and reliability to identify the combination of maintenance and supply policies that provide the highest readiness at the lowest cost.  In this context, maintenance policies refer to who repairs a component, where it is repaired, and if it is discarded instead of repaired.  Supply policies refer to the breadth, depth, and location of spare parts for each component and its sub-components.  COMPASS can also provide initial estimates of the costs of training, test equipment, storage, and transportation, as well as other important logistics costs.  During the early stage of development, much of the data needed to run such models is either unavailable or not necessarily accurate.  The solution is to obtain data from similar systems already in the field from the types of databases described later in this chapter, or to conduct sensitivity analyses on some of the key input parameters mentioned above.  This can help identify those aspects of logistics that are driving the resources (people or money) and help to prioritize them, so that design changes can be considered.

Transportability of the equipment can be addressed using M&S.  The Military Traffic Management Command – Transportation Engineering Agency (MTMCTEA) provides M&S support throughout the materiel acquisition process through a suite of commercial software products for three-dimensional modeling, kinematics analysis, dynamic analysis, and finite element analysis.  This simulation support is referred to as the Virtual Proving Ground for Transportability (VPG-T).  The goal of VPG-T, which performs virtual transportability testing, is to facilitate the design of equipment using CAD/CAE.  Avoiding live test costs, PMs can use VPG-T to prove that a developmental item can fit into or on a transporter or that it can survive its transport.

Physics of Failure (PoF) M&S, a science-based approach to reliability engineering based on understanding the processes and mechanisms that lead to failure, can be used to assess the proposed system design for reliability.  Weak areas of the design are highlighted and life cycle predictions of expected time to failure are made.  Additional information on PoF is available at http://amsaa-web.arl.mil/rad/pofpage.htm.  Decisions on the method of transporting spare and repair parts can be addressed by using models like the Premium Service Cost Comparison (PSCC) model, available through the Army Materiel Analysis Activity (AMSAA).  This model compares the cost of organic transportation with expedited transportation.  Required inputs are weight and cube of a candidate component, expected requisitions per year, processing and shipping rates, and a thorough understanding of transportation networks.  The output can also feed the COMPASS model so that decisions can be made on a component-by-component basis, taking into account the impact on readiness as well as cost.

As the developing system approaches maturity, the initial provisioning package can be identified using the Selected Essential-Item Stock for Availability Method (SESAME) model, available through the Communications-Electronics Command (CECOM).  This Army-approved model uses inputs such as repair and maintenance task distribution (from COMPASS), component reliability, OPTEMPO, and repair cycle times to identify the least-cost mix of stocks that will provide a required readiness (referred to as an Operational Availability in SESAME).  The model can also be used to identify the least expensive way to plus-up an already identified package that does not meet the readiness requirement, to attain the required readiness.

Prior to fielding, the above-identified models should once again be run with the latest data from testing to fine-tune the results.  While the maintenance concept identified by COMPASS should not change significantly, there may be components whose maintenance/repair task distribution changes, or whose repair-versus-discard decision reverses.  The set of spares originally identified should be re-checked using SESAME to ensure that sparing is based on up-to-date reliability estimates.  After systems are fielded, a version of SESAME, known as the Optimum Stock Requirements Analysis Program (OSRAP), available through AMSAA, can be used to identify the Class I, II, III, IV and IX requirements to support a deployment or contingency operation.  These requirements can be optimized on readiness, cost, weight, or cube, depending on the deploying unit's situation.

Once systems are fielded, activities such as Modernization Through Spares (MTS) and Technology Insertion (TI) play an important role in keeping down operating and support (O&S) costs.  There are a number of Army databases/sources available to the analyst to help identify and prioritize MTS/Tl candidates.  Some frequently used databases/sources are shown below:

Automated Cost Database (ACDB)

Army Master Data File (AMDF)

Army Total Asset Visibility (ATAV)

Central Demand Data Base (CDDB)

Logistics Integrated Data Base (LIDB)

Operating and Support Mgt. Information System (OSMIS)

Executive Management Information System (EMIS)

Provisioning Master Record (PMR)

Field Exercise Data Collection (FEDC)

Sample Data Collection (SDC)

Integrated Logistics Analysis Program (ILAP)

Stratification Reports (STRAT)

Logistics Intelligence File (LIF)

Technical Manuals (TM)

These databases can be used to identify, for each of the system's national stock numbers (NSNs), the frequency of demands from the field, both at the retail and wholesale levels; the frequency of demands for components on the system that are also common to other Army systems; the number of demands that are for consumable (i.e. non-reparable) and reparable components; the degree to which components are experiencing increasing failure rates; those components being repaired at a cost higher than replacement cost; those components being consumed that are otherwise reparable.  This type of information is essential to identify those components that are driving the system's O&S costs so that these costs can be quantified and components prioritized for MTS/TI improvements and subsequent cost reduction.

An important area of M&S that has a significant impact on logistics is reliability growth.  Reliability growth is the improvement in a reliability parameter over a period of time due to changes in product design or the manufacturing process.  It occurs by surfacing failure modes and implementing effective corrective actions.  Reliability growth management is the systematic planning for reliability achievement as a function of time and other resources, and controlling the ongoing rate of achievement by reallocation of these resources based on comparisons between planned and assessed reliability values.  To help manage these reliability activities throughout the development life cycle, a number of models (available through AMSAA) have been developed to address reliability growth methods for all phases of the acquisition process. 

The Reliability Growth Planning Model addresses program schedules, amount of testing, resources available, and the realism of the test program.  Planning is quantified and reflected in the construction of a reliability growth planning curve.  As test data become available, the Reliability Growth Tracking Model is used to obtain an estimate of reliability.  This reliability assessment is then compared to the planned reliability growth value.  These assessments provide visibility of achievements and focus on deficiencies that need correction. 

Finally, the Reliability Growth Projection Model is used to estimate the reliability for a future milestone.  It is based on failure mode information and an engineering assessment of planned corrective actions, “fixes,” to the surfaced failure modes.  Management can control the growth process and increase the likelihood of developing and fielding sound, reliable Army systems by making appropriate decisions with regard to the timely incorporation of effective fixes.

These are examples of M&S you may use for logistics and support:

· Logistics Planning and Requirements System (LOGPARS)

Description and Purpose of Application:  Used to prepare ILS documentation.  

Acquisition Phases Supported:  0, I, II, III

· Computerized Optimization Model for Predicting and Analyzing Support Structures (COMPASS)

Description and Purpose of Application:  Used for level of repair analysis.

Acquisition Phases Supported:  0. I, II, III

· Combat Vehicle RAM Simulation (COVERS)

Description and Purpose of Application:  Used in determining reliability, availability, and maintainability (RAM) requirements for new vehicles and for RAM Analysis.

Acquisition Phases Supported:  I, II

· Systems Logistics Integration Capability (SLIC)

Description and Purpose of Application:  Used to maintain and generate LSAR reports IAW MIL-STD 1388-2.

Acquisition Phases Supported:  I, II, III

· Equipment Designers Cost Analysis System (EDCAS)

Description and Purpose of Application:  Used for life cycle cost and level of repair model.

Acquisition Phases Supported:  II, III

· Selected Essential-Item Stock for Availability Method (SESAME)

Description and Purpose of Application:  Selected essential items stockage for availability method – used to determine optimal range and depth of spare, LRU’s and non-LRU’s at allocations in order to meet budgetary constraints or specified weapon system performance.  This model is used for budget forecast application.

Acquisition Phases Supported:  I, II, III

Questions:

1 Has total cost of ownership, including sustainment, has been POM’d through the life cycle? 

2 What types of M&S will provide insight into logistics and support (i.e. live, virtual, constructive)?

3 What other systems and M&S will logistics M&S need to interact with?

4 What type of M&S can be used to train operators on sustainment and maintenance of the system?

5 Will embedded M&S support logistics, sustainment, and maintenance of the system?

6 Does the M&S provide insight into life cycle costs?

7 Are there proponents for logistics and support that are part of an ICT/IPT collaborative environment that are defining and contributing to the system digital product description?

8 Have physics of failure models been incorporated into the digital product description?

4.5 Test and Evaluation

The Army Test and Evaluation Command (ATEC) supports system acquisition, force development and experimentation processes through overall management of the Army's Test and Evaluation (T&E) programs by implementing the Simulation Test and Evaluation Process (STEP). To ensure optimum integration of M&S into a comprehensive T&E program, ATEC representation should be included as early as possible on the TRADOC-sponsored ICT and the PM's IPT.  This will facilitate the formation of an ATEC System Team (AST) as the primary ATEC vehicle for SMART T&E planning and execution.  This will also help to ensure maximum correlation and consistency between the SSP and the TEMP.

STEP is the DoD initiative to integrate M&S with T&E to improve the acquisition process.  STEP uses M&S to provide predictions of system performance and effectiveness and, based on those predictions, uses tests to provide empirical data to refine and validate those M&S and simulations.  This iterative process is referred to as the model-test-model process.  Tests also support assessment of system maturity and conformance with performance specifications, and determine system operational effectiveness, suitability, and survivability.  M&S can be a cost-effective method for overcoming limitations and constraints upon T&E.  M&S may be used to enable a sufficiently comprehensive evaluation, to achieve adequate test realism, and to support economical, timely, and controlled test execution.  The goal of testing is to learn about the system.  Evaluation is the means to understand its military utility.

With proper planning, simulation-based testing techniques can be applied to digital product descriptions, system M&S, and hardware components, to predict system performance in support of early feasibility tests and design trade-off analyses.  Test results provide data for validation of system M&S and DPDs.  Virtual Proving Ground and other M&S capabilities provide synthetic environments and stimuli for controllable, repeatable testing of system M&S and hardware consistently throughout the acquisition cycle.

Computer-generated test scenarios and forces, as well as synthetic stimulation of the system, can support T&E by creating and enhancing realistic live test environments.  HITL simulators enable soldiers to interact with early system M&S.  M&S can identify and help resolve issues of high technical risk, which require more focused testing.  T&E uses M&S as tools to provide mechanisms for planning, rehearsing, optimizing, and executing complex tests.  Integrated simulation and testing also provide a means for examining why results of a physical test might deviate from pre-test predictions.  Evaluators use M&S to predict performance in areas that are impractical or impossible to test.  All M&S used in the test and evaluation must be accredited, which is accomplished through a verification, validation and accreditation (VV&A) process. Accreditation, required for each specific use of the M&S, is a management responsibility of the application sponsor.  

The iterative use of M&S and T&E supports the overall spiral design and development of a system.  In the SMART context, tests help to validate system M&S, which may be then immersed into synthetic environments to support the decision-making process.  Integrating M&S with testing generates significantly more understanding of the interaction of the system with its environment than either M&S or testing alone.  System M&S that are tested should be the same as, or traceable to, the M&S used for concept development, analysis of alternatives, system design, and production.  Synthetic test environments may also be reused for training, operations planning and rehearsal, and subsequent concept developments.  This will allow testers to know what M&S is required and provides input and recommendations for existing M&S already used by the testing community.  Additionally, the ATEC ICT/IPT representation may also see opportunity to reuse M&S developed by a program by accrediting the M&S for testing purposes.

Some examples of M&S used to support the T&E function are included below:

· TACOM Thermal Image Model (TTIM)

Description and Purpose of Application:  Signature reduction used during Developmental Testing (DT).

Acquisition Phases Supported:  I

· TVM

Description and Purpose of Application:  Signature reduction used during DT.

Acquisition Phases Supported:  II

· VSAT

Description and Purpose of Application:  Signature reduction used during DT.

Acquisition Phases Supported:  I, II

· NATO Reference Mobility Model (NRMM)

Description and Purpose of Application:  Mobility effectiveness used during DT.

Acquisition Phases Supported:  0, I, II, III

· Battlefield Environment Weapon System Simulation

Description and Purpose of Application:  Environmental performance effectiveness used during DT.

Acquisition Phases Supported:  I, II

· VAMP

Description and Purpose of Application:  Vulnerability assessment used during DT.

Acquisition Phases Supported:  0, I, II

· Stochastic Quantitative Analysis of System Hierarchies (SQUASH)

Description and Purpose of Application:  Live fire effectiveness during Operational Testing (OT) assessment.

Acquisition Phases Supported:  0, I, II

· JANUS

Description and Purpose of Application:  Force-on-force assessment during OT

Acquisition Phases Supported:  0, I, II, III

· CASTFOREM

Description and Purpose of Application:  Force-on-force assessment during DT  

Acquisition Phases Supported:  0, I, II, III

Questions:

1
Has ATEC been notified to provide:

a. A representative to join the ICT/IPT?

b. An AST for this system?

c. Data requirements for the contract request for proposal (RFP)?

2.
Will a DPD be available for early testing?

3.
Can prior system M&S support early concept/system testing?

4.
Are synthetic environments available in which to immerse system M&S, component M&S or early prototypes?

5.
Are V&V plans, and accreditation plans in place for all M&S?

a. Are existing M&S (system and environment) documented to support V&V?

b. What is the plan to obtain the required data necessary to support validation of M&S algorithms? 

c. How can test data help in validation?

d. Who will V&V the M&S used in T&E?

e. Who is the accreditation authority for each M&S use?

f. What are acceptability criteria for M&S used in T&E?

g. Have sensitivity analyses been planned to support validation?

h. Have you checked out http://www.dmso.mil/documents/index.phtml for the Defense M&S Office VV&A Recommended Practices Guide?

i. Have you checked out http://vpg.dtc.army.mil/vva/index.html for the DTC VV&A Methodology, DTC (TECOM) Pamphlet 73-4?

j. Have you checked out OTC (TEXCOM) Test Operating Procedure and Methodology 5-291? 

6
Is the program working to apply standards and leverage existing M&S (e.g., High Level Architecture [HLA], ASTARS, Master Environmental Library [MEL], MSRR, Joint Technical Architecture [JTA], etc)?

7.
How are M&S testability issues addressed in the RFP?

8.
How are you applying standards to ensure interoperability with testers and others using M&S to support your program?

9.
Where can M&S be applied to give the best return on investment (ROI)?

a. Can M&S be used to plan, design, and execute better T&E events?

b. Can M&S be used to reduce testing costs?

c. Are there test events that can only be accomplished using M&S because they are too dangerous, costly or impossible to do physically?

d. Can M&S be used to provide more realistic and robust battlefield environments during tests?

e. Can use of M&S help to mitigate risks and make live T&E more successful?

f. How will M&S results complement live data for evaluation?

10.
Is the use of M&S documented in the SSP also addressed in the TEMP?

a. Does the TEMP address VV&A activities, criteria and responsibilities?

b. Does the TEMP discuss contingency plans if M&S are not used?

11.  Do the M&S tools (SMART) enable user participation in T&E from home station?

4.6
Training

The SMART strategy calls for early and continuous collaboration between user, builder and trainer.  Training developers must play an integral role in the development of the SSP.  This allows parallel development between systems and supporting training concepts and systems/TADSS. 

When producing the SSP, the transition of current and developed M&S to future TADSS must be considered.  Existing M&S tools, such as the Close Combat Tactical Trainer (CCTT) and JANUS, are currently used during new system analysis and the development process.  M&S tools used or developed to support concept exploration, engineering, testing and the virtual prototypes, all of which should be in the digital product descriptions, should be leveraged and transitioned into the TADSS to support the new system.  Training concepts and systems are developed in conjunction with the weapon acquisition, resulting in products being fielded to soldiers who are already trained to use them.  This path will lead to more cost effective and efficient training at the individual, crew and system level.

Traditional training M&S and TADSS have been separate from systems.  The Army is in the process of developing and demonstrating the technology to incorporate embedded training and embedded simulation into ground combat vehicle under the Inter-Vehicle Embedded Simulation Technology (INVEST) Science & Technology Objective (STO).  Embedded training is the application of the weapon system as a trainer.  This allows soldiers in garrison to use their “go to war” equipment as a simulator linked to other M&S and operational systems using existing C4I.  Embedded training allows soldiers and crews to maintain system proficiency while in-vehicle and on-station, using an advanced distributed simulation capability with common reusable components, interfaces, and tutoring systems.  This concept embraces warfighter training from standalone single crew training, to fully interactive vehicle on the move, combining live, virtual and constructive forces.  Eliminating a parallel program for the production of trainers will significantly reduce life cycle costs; therefore, you must plan for embedded training in the early concept and design of the system.

Trainers must be involved throughout the entire system development, providing feedback on how a particular M&S aspect could be enhanced to provide useful and effective training. 

The training involvement in SMART does not end with the fielding of systems and TADSS.  PMs must recognize and consider the importance of post-deployment system changes and their impact to training within the Army.  System changes must be considered as part of a total package.  It is critical that M&S keep pace with systems as they are changed and improved. Outdated M&S can have negative impacts on training programs.  PMs must consider how the new physical M&S of the system will be upgraded to operate in existing Army M&S systems.

Examples of training M&S used in the acquisition cycle are:

· JANUS

Description and Purpose of Application:  Interactive, near real-time, force-on-force analysis and training model used to evaluate the effectiveness of new weapon systems and warfare concepts.  Used to explore the relationships of combat tactical process down to an individual system.

Acquisition Phases Supported:  0, I, II, III

· Close Combat Tactical Trainer (CCTT)

Description and Purpose of Application: The CCTT-system is the first fully Distributed Interactive Simulation (DIS) compliant training system and consists of networked vehicle simulator manned-modules, which is combined with Semi-Automated Forces (SAF), Combat Support workstations, computer networks and protocols, and After-Action Review (AAR) systems.  The components of this system combine to create a highly complex synthetic battlefield on which soldiers can conduct training in a combined arms environment.

Acquisition Phases Supported:  0, I, II, III

Questions:

1. Are the right personnel from training materiel community involved in M&S and training system development?

2. Are there established/validated M&S tools in the ACR, RDA or TEMO domains that could be used in support of the development of the program?

3. Are there established and valid databases that are useful and familiar to the TEMO domain for use in the SSP?

4. Is there an existing training system with the capability to support program development?

5. Can the M&S be used for planning training exercises (i.e. can it be used for long range, near term, and short range planning and to develop training scenarios)?

6. Can the M&S support mission planning and mission rehearsal?

7. Can the M&S support preparations for training exercises (i.e., can it be used for training land management, scenario preparation, and rehearsal)?

8. Can the M&S support training exercise execution (i.e., can it be used for individual training support, collective combat training support, combat area simulation, weapon simulation, weapon effect simulation, target presentation, exercise control, and data collection of requirements)?

9. Can the M&S support a training feedback process (i.e., can it be used for AAR preparation and representation, or, can it be used in distributed training feedback products)?

10. Do the M&S requirements include documentation necessary to enable re-engineering and re-hosting the applications?

11. Can the M&S operate, be compatible with, or interoperate with an existing or planned training system (e.g. Combat Training Center Instrumentation, WARSIM, or other TADSS)?

12. Embedded training (operator, maintainer, crew, and collective) is desirable for most new systems.  Is this part of the planned system development?

13. Can the M&S be reused to provide initial and sustainment training throughout the life cycle of the weapon system?

14. Can the M&S be used to enhance situational training exercises (STX), command field exercises (CFX), field training exercises (FTX), weapon simulation exercises, and live fire exercises (LFX)?

15. What type of data will be needed for input/output of the program (i.e. C4I, databases, etc.)?

16. Does the concept for the M&S indicate potential for providing the behavioral and cognitive stimuli needed to train soldiers, units, and commanders?  What requirements will assure that this potential training application is available concurrent with system fielding?

17. Are funds programmed to update M&S with each new or improvement to the system?

18. Will weapon system objects developed during system acquisition be transferred to training M&S, e.g. WARSIM?  

19. By what means does the program’s SMART strategy enable early continuous collaboration between user, builder and trainer?

4.7 Life Cycle Management

The focus of life cycle management is to develop, field and sustain high quality war-fighting systems at the lowest total cost.  Both Defense and Army leadership have stressed the importance of life cycle management and the need to reduce the sustainment burden and cost.  Program Managers (PMs) must address sustainment issues early in the system life cycle to reduce the long-term costs.  They must base their program decisions on readiness considerations, business processes, and the optimization of total life cycle costs.  Models and simulations can be used to reduce life-cycle costs, identify cost drives, develop efficient and realistic schedules, reduce infrastructure, perform force structure analysis and perform environmental analyses.

PMs must use modeling and simulation to reduce the time, resources, and risk associated with the entire acquisition process; increase the quality, military worth and supportability of fielded systems; and reduce total ownership costs throughout the system life cycle.  PMs must be able to identify the total cost of ownership, as well as the major drivers of total ownership costs.  DoD’s definition of total ownership cost is:

…”The sum of all financial resources necessary to organize, equip, train, sustain, and operate military forces sufficient to meet national goals in compliance with all laws, all policies applicable to DoD, all standards in effect for readiness, safety, and quality of life, and all other official measures of performance for DoD and its Components.  DoD TOC is comprised of costs to research, develop, acquire, own, operate, and dispose of weapon and support systems, other equipment and real property, the costs to recruit, train, retain, separate and otherwise support military and civilian personnel, and all other costs of business operations of the DoD.”  (The Under Secretary of Defense memo, 13 November, 1998)

The following Army standard tools are available to perform cost analysis:  Automated Cost Estimating Integrated Tools (ACEIT), Force and Organization Cost Estimating System (FORCES), Army Military-Civilian Cost System (AMCOS), Operating and Support Management Information System (OSMIS), and Automated Cost Data Base (ACDB).  More information on these tools can be found at the U.S. Army Cost and Economic Analysis Center web site (hppt://www.ceac.army.mil).

Questions:

1.  Have life cycle costs been examined prior to milestone I”

2. What are the drivers for sustainment and have those factors been optimized?

3. Has sufficient reliability been incorporated into the system to help reduce maintenance costs?

4. Have logisticians been incor0orated into the PM’s IPT early to address long term logistics support issues? 

5. Has the U.S. Army Cost and Economic analysis Center been incorporated into the PM’s IPT early to help identify cost drivers for the system?

Chapter 5:  Special M&S Considerations

5.1 High Level Architecture (HLA)

DoD use of M&S has increased dramatically due to the increasing complexity of the operating environment, coupled with the demanding types of training and analysis support needed.  M&S offer a cost-effective and affordable solution to addressing the demands of this new environment, a timely development, given DoD's ever-shrinking resources.

Although M&S offer a way to meet the challenges of this constrained environment, DoD recognizes that M&S must be able to interoperate.  To facilitate M&S interoperability, DoD established reusable software architecture for the development and execution of distributed simulations.  This architecture is the High Level Architecture (HLA).

Required to be used in all DoD simulations and simulators, HLA consists of rules, an interface specification, and an object model template.  It is widely accepted, having been adopted by NATO in 1998; the Object Management Group (OMG) in 1998; the DoD Joint Technical Architecture (JTA) in 1999; and the Institute of Electronics and Electrical Engineers (IEEE), which began its standardization process of the HLA in 1998 as IEEE Standard 1516.

The HLA offers a number of benefits to simulation and simulator developers. The use of the HLA will:

· Expand the potential market for simulation and simulator applications by enabling an organization to develop applications that can be used by other organizations, military and commercial.

· Enable organizations to avoid the cost of developing new applications by using applicable pre-existing simulations and simulators.

· Expand the application user's options by allowing the linking of the application to other applications.

More information about the HLA, HLA development tools, and HLA certification is available at the Defense Modeling and Simulation Office (DMSO) web site (http://hla.dmso.mil/).

Questions:

1. Has the developer identified all simulations that need to be HLA compliant?  If not, has the developer planned actions to ensure the simulations are compliant?

2. Is the PM ensuring that HLA-compliant simulations are required in support contracts?

3. Does the PM have a plan to migrate legacy simulations to be HLA-compliant?

5.2 Using M&S to Stimulate C4I Systems

C4I systems are given special considerations in the JTA and are discussed in a separate section as they have special considerations when interfaced to M&S systems.  Due to digital and communication technology advances, battle/mission simulations are frequently being required to stimulate C4I systems – for training, testing and concept development.  Up-front planning on the interface methods to M&S is essential to avoid paying significant costs of playing catch-up in later phases of development.  Using C4I systems in simulated exercises is critical to the Army's goal to "train as you fight" and also significantly impacts OPTEMPO in a contingency operation.  The Army M&S C4I Integration Standards Category has identified standards and common components and procedures that should be used when interfacing to simulations.  Special consideration must be given to building in M&S constructs into the data/object model utilized; for example, one must distinguish between "ground truth" and "perceived truth."

There are several critical functional areas that must be addressed in C4I system design and development to ensure the capability to test the system and to use it in training exercises.  These functional areas are: exercise control; data collection; special M&S messages or data requirements; how M&S interactions are passed; M&S communications requirements; how M&S systems will treat free-text data or multi-media data (images and sounds); terrain alignment; and how data is published/subscribed to for initialization of C4I databases.  At the software development phase, there may be M&S interfaces built into the DII COE modules used to develop C4I systems.  Such interfaces should be utilized in the system design to enable simulation functionality within the C4I system, making interoperability with M&S available early in the product life cycle and also integral to the C4I system.

Questions:

1. How will your C4I system interact with simulations and how much exercise control functionality is needed?

2. How will you obtain your data for testing or after-action review? 

3. How will you ensure that your C4I data is aligned with the simulation data?

4. Are the data models/object models ready with the simulation constructs needed to interoperate with simulations?

5. Do available simulations have the necessary fidelity of C4I representations?

6. To what extent can I use DII COE Components for exercise control and data collection?

7. To what extent can I use DII COE Component M&S API for simulation interoperability?

8. What is the functionality of existing interfaces to similar C4I systems?

9. Has terrain interoperability been considered in the testing phase and is terrain available in the proper format for simulations?

10. If there is a need to develop new simulation-to-C4I interface functionality?  Have I contacted the C4I Standards Category Coordinator to ensure my effort is available to other Army customers?

11. Is it necessary to provide separate physical interfaces or networks for simulations?

12. Does a simulation need to be "embedded" to meet system requirements?

5.3 Synthetic Natural Environment (SNE)

Common representation of the physical environment is critical.  The environment forms the “sandbox” for the interaction of systems and soldiers in realistic terms.  Without realistic terrain, the effects of the soldier's response and interaction with the dynamics of the system will not be meaningful.  

The Army's vision is to develop reusable, dynamic terrain databases that can be used for both the M&S and C4ISR community.  The TRADOC Program Integration Office for Terrain Data (TPIO-TD) (http://www.wood.army.mil/TPIO-TD/) is the entry point for terrain data requirements.  TPIO-TD communicates with the U.S. National Imagery and Mapping Agency (NIMA) to ensure the production of the raw source data needed for combat developments and training.  TPIO-TD works with RDECs to determine appropriate standards and tools to manipulate data into interoperable, reusable common terrain databases. 

One of the most important standards for the acquisition community is the Synthetic Environment Data Representation and Interchange Specification (SEDRIS), developed and maintained by STRICOM for the Defense Modeling and Simulation Office (DMSO).  SEDRIS provides a complete (terrain, ocean, atmosphere, and space) data model of the physical environment, methods to access the data model, and a method to exchange the data between simulation and C4ISR systems.  SEDRIS will support the following applications: training, analysis, and system acquisition with visual (2-D/3-D), computer-generated forces, and sensor perspectives for both simulation and operational use.  The SSP should include a plan for the interoperability of terrain databases in M&S as well as C4ISR.

New requirements for terrain-related data discovered during the acquisition process must be documented and catalogued in the Feature and Attribute Coding Catalogue (FACC).  The U.S. National Imagery and Mapping Agency (NIMA) specifies use of the FACC.  The FACC is the international standard for coding and attribution within the Digital Geographic Information Exchange Standard (DIGEST).  DIGEST is NATO STANAG 7074.  New requirements will undergo an extensive review and approval process to incorporate them into the FACC.  To ensure the efficient investment in and use of SNE aspects of M&S, consider the following: 

1. What terrain data does each of the associated M&S systems (throughout the life cycle) use?

2. Is there a standard scenario that will require a common terrain representation?

3. Is the current terrain data sufficiently detailed and accurate?  If not, what are the data source alternatives?

4. Has the Army Terrain Standards in ASTARS been utilized to the maximum extent possible?

5. Are there any new terrain data requirements that need to be identified to the TPIO-TD?

6. Can geospecific terrain data and environments be used to investigate a variety of terrain and climatic options?

7. Are there new algorithms that require new terrain data?  Are other environmental data required? 

8. Can new algorithms be successfully transformed into formats usable for training and operations at a later date?

9. Is data that is normally not included in a typical terrain data set (e.g. room interiors, utility shut-offs, etc.) required?

10. Are alternative sources of data able to become certified co-producers of the data?

11. Will new algorithms be developed to define a vehicle's interaction with the terrain for mobility, visibility, etc.?

12. Can the terrain database be sufficient to enable testing and evaluation with computer generated models in lieu of field testing?

13. Has the system developer developed new tools for the generation or optimization of the terrain data sets?

5.4 Threat Representations

Failure to properly consider threat capabilities could significantly affect the development of U.S. warfighting capabilities.  Consideration of threat is a command responsibility.  Commanders, PEOs/PMs, and other materiel/combat developers, to include TRADOC system managers (TSMs), and study directors at all levels must ensure that approved threat is applied and integrated into their force, combat, materiel, and training development programs.  The relationship between a U.S. combat/material development and the threat is dynamic and should reflect changes in tactics and doctrine, as well as scientific and technological advancements.

Material developers must ensure that threat issues are fully considered when preparing their SSP.  Valid representation of the threat is critical to the successful development of the program, beginning at initial concept exploration, continuing through engineering, manufacturing, and development (EMD), and into final production, fielding and support.  The type and complexity of threat M&S needed to support the program can range from extremely high fidelity engineering level models of specific threat systems/subsystems, to aggregated force-on-force analysis models depicting threat forces, doctrine, tactics and behaviors.

Threat M&S should be based on authoritative scientific and technical intelligence (system performance, characteristics, and signature data) as well as general military intelligence (organization, doctrine, force structure, and tactics of threat forces).  Threat M&S representations must be based on intelligence data and analysis that have been validated by the appropriate DoD intelligence component (Defense Intelligence Agency [DIA] or Service component intelligence production centers [IPC]).

The Director of Foreign Intelligence (DAMI-FI) is the HQDA DCSINT staff agency with overall responsibility for threat support provided to Army force, combat, and materiel developers.  Official Army policy and guidelines for threat support is contained in AR 381-11.  The threat support activity located at each major command level is responsible for providing and coordinating threat support to combat and materiel developers, and for the application of the threat in support of programs and studies conducted within the command.  AMC/material developers receive threat support from their supporting foreign intelligence office (FIO).  The FIO is the principal foreign intelligence and threat staff advisor to PEOs and PMs associated with their command (e.g., Army missile and helicopter program PMs are associated with Aviation and Missile Command [AMCOM]).  TRADOC/combat developers receive threat support from their supporting Threat Manager (TM).

At the HQDA staff level, Threat Integration Staff Officers (TISO) provide threat support for designated mission areas, programs and materiel systems.  The TISO represents the DCSINT on all aspects of threat support throughout the life cycle or study process.  The DCSINT is the approving authority for either establishing or ending TISO monitoring of systems.  Generally, all programs designated as ACAT I or II systems will be assigned TISOs.  Other systems and programs will be assigned TISO monitoring responsibility on an "as required" basis with DA DCSINT approval.

The TISO system complements the ODCSOPS system integrator, ASA(ALT) staff officer, and the PEO representative, and is designed to foster close coordination among the Intelligence Community (IC) and MACOMs, PEOs, and ARSTAF agencies to ensure the timely integration of threat into the materiel development and acquisition process.  The TISO system supplements existing management procedures but does not relieve ARSTAF agencies, PEO/PMs and MACOMs of established responsibilities.

The IC must play an early, integral role in the validation process to ensure that DIA-validated threat models are produced.  Early coordination with the IC is important to ensure that the appropriate threat or array of threats is specified in the model requirements.

Early support ensures that the impact of the threat is considered and applied during the process, which may lead to the identification of a materiel requirement or a change in organization, doctrine, or training.  At the start of a study or project, the proponent will identify threat support requirements.  These requirements are usually expressed to the IC in the form of production requirements (PR).  The next section briefly explains how the IC is organized to respond.

Department of Defense Intelligence Production Program (DoDIPP).  DIA established the DoDIPP to satisfy the full range of foreign military and military-related intelligence requirements of customers of military intelligence in support of defense acquisition and defense policymaking.  The IC operates on the principle of shared production responsibilities that allow specific intelligence requirements to be assigned to a primary intelligence production center (IPC) that will coordinate for the customer with other production centers as necessary.  The production centers have been assigned “lanes in the road”, i.e., specific primary responsibilities for intelligence production.  The Missile and Space Intelligence Center (MSIC) is responsible for missile threat systems.  The National Ground Intelligence Center (NGIC) is responsible for ground threat.  The National Air Intelligence Center (NAIC) is responsible for air and space threat.  The National Maritime Intelligence Center (NMIC) is responsible for sea (naval) threat.  The Maritime Corps Intelligence Activity (MCIA) is responsible for amphibious and littoral threat.  DIA provides oversight and ensures customer satisfaction.

Each of the production centers is subordinate to a military Service (except for MSIC, which is part of DIA).  Therefore, Army customers will obtain initial support from NGIC.  If the Army customer’s requirements involve threats other than those from ground forces (for example, threat air forces or threat naval forces), NGIC will coordinate with the other IPCs to ensure they respond to the Army customer’s requirements.

Army Threat Data and Model Development and Validation Process.  As part of its overall M&S management program, the Army has developed a process which ensures that threat data and model requirements are identified early across all domains and that the IC plays a leading role in the validation of threat models.  As PMs develop weapons systems, they must ensure that any threat models developed as part of their system acquisition conform to this process.

Figure 9 below depicts the threat data and model development and validation process.  A concept of operation (CONOP) that fully describes this process is posted on the Headquarters, DA DCSINT home page, at http://www.dami.army.pentagon.mil/offices/dami_pa/threat.html.

Threat data and model requirements are identified early in the Army’s requirements determination process (see TRADOC Pamphlet 71-9, Chapter 4).  [Refer to Steps 1 & 2 in figure 9 for the following discussion].  Threat model requirements from each domain – RDA, ACR, TEMO -- are identified in a requirements document (e.g., SSP, MNS, ORD, MSRD) and reviewed by IPTs with appropriate membership from each domain.   One such IPT in the RDA domain is the Threat Simulator/Simulation Program Plan (TSPP) IPT (see subparagraph d. below).  The DA DCSINT, working closely with these IPTs and the NGIC, ensures that the threat data and model requirements are appropriate based on intelligence assessments.  The DCSINT also helps to identify cross-domain threat model requirements to avoid duplication and promotes multi-use of 
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Figure 9:  Threat Data & Model Development and Validation Process

models.  A key aspect of this phase of requirements identification involves checking the MSRR for existing threat models that can satisfy a requirement.  At this stage, the PM should ask these questions to ensure threat requirements have been properly considered:

· Are threat model requirements identified in the SSP?

· Has the intelligence community (IC) been involved at an early stage in defining and planning the threat model requirements for the program?

· Have specific threats and countermeasures against the system been identified?

· Has the IC coordinated across domains to identify cross-domain threat model requirements?

Has the MSRR been checked for existing threat models? [Refer to Step 3 in figure 9]  After threat M&S requirements are identified and integrated, they are reviewed by their respective domain agent and domain manager.  They are then forwarded, as appropriate, for continuation within the requirements integration and approval (RIA) process IAW TRADOC Pamphlet 71-9.

[Refer to Steps 4-6 in figure 9]  Before development can begin on the threat model, a verification and validation (V & V) plan must be in place.  Per AR 5-11, V & V are an integral part of the life-cycle management process for all M&S.  Programming of V & V resources is also part of the acquisition strategy.  The V & V plan ensures that the model developer and the DCSINT (or his designated representative), as the threat validation agent, have a clear understanding of what is required and what the time schedule is.  The V & V plan may state approved sources of threat information to be used in the development or execution of a model; recommended algorithms; schedules; coordination points, etc.  Although other organizations such as AMSAA and TEMA play an important role in V & V of certain specific M&S, the DCSINT is responsible to ensure the threat is represented correctly in M&S.

[Refer to Steps 6 through 8 in figure 9 for the rest of this discussion]  Once the V & V plan is in place, model development begins.  V & V occurs throughout the development process, i.e., in parallel with development.  The following questions represent only a few of the considerations that go into verification and validation of threat models:

· Has the IC participated from its inception in the V&V process?

· Are model assumptions and algorithms suitable for the intended use?

· Are assessments of the completeness, adequacy and accuracy of threat representations documented?

· Are model results feasible based on model inputs?

· Has model output been compared to intelligence information and assessments?

After the model has been developed, verified and validated, it is stored in the MSRR for potential reuse and provided to customers who accredit it for their specific use.

The process described above ensures the following benefits:

· Requirements for threat data and models are identified, documented, and satisfied;

· An efficient threat data and model development process is used that minimizes duplication, maximizes reuse, and provides timely and cost-effective satisfaction of the customer’s requirements;

· Authoritative threat data and models are used;

· Early and frequent communication between the acquisition community and the intelligence community.

Threat Simulators/Simulation Program Plan (TSPP).  The U.S. Army Simulation, Training and Instrumentation Command (STRICOM), a major subordinate command of the U.S. Army Materiel Command (AMC), has the mission of providing the Army with training devices, simulations, simulators and instrumentation for both training and testing.  Its Threat Simulator Management Office (TSMO), under the Program Manager, Instrumentation, Targets and Threat Simulators (PM, ITTS), plans, organizes, directs and manages the materiel development aspects of the US Army Threat Simulator Program in order to produce hardware simulators and software simulations of threat weapons systems required for Army testing and training.  AMC has assigned TSMO the responsibility to manage the TSPP, a process to identify and compile total Army requirements for threat materiel solutions, clearly articulate those needs, and champion those solutions through the Program Objective Memorandum process.  TSMO discharges this responsibility through the TSPP IPT.  Membership of the IPT includes PEOs, DA DCSINT, TRADOC, AMC subordinate commands and agencies, and others with vested interests in threat simulator and simulation support.  For more information, contact Mr. Jeff Langhout, IPT Executive Secretary, Jeff_Langhout@stricom.army.mil, (256) 876-9656, ext. 206.

Questions:

1.
Has the intelligence community been involved wit the PM’s IPT at an early stage of defining and planning the threat model requirements for the program?

2. Have intelligence requirements for the system been coordinated with NGIC to insure that validated intelligence models are being used?

3. Are there other M&S domains or other programs that have similar threat requirements so that leveraging or cost sharing can be coordinated?

4.
Has the DIMSRR been searched for intel M&S that can be reused or modified at a cost savings?

5.
If a new threat model is required, who will build it?

6.
Can the intelligence community provide the required model at a cost and time frame to meet the PM’s cost and delivery schedule?

7.
If a new threat model will be built, will the development process include the requisite intelligence production centers so that the model can be verified and validated while it is being built?

8.
If a new threat model is being built by a contractor, will that contractor agree to make the model available in the DIMSRR for future use?

5.5 Contracting Implications

In addressing contract issues, it is important for the PM to ensure that communication occurs between the contracting officials and the PM's group of M&S subject matter experts.  M&S SMEs can help the contracting officials think through all of the relevant M&S issues.  Several examples follow.

a.  Issues of government versus private ownership of M&S applications that are embedded in government systems or are produced incidental to design and engineering processes of government versus private ownership.

For many acquisition programs the development of new M&S applications may be a by-product or an item developed to support the main developmental effort.  Additionally, a contractor as an incidental part of the design and manufacturing process may accomplish M&S development.  A typical example might be the contractor developing a DPD to facilitate design trade-off considerations.  Another example may be developing new algorithms or computer code to incorporate the characteristics of a newly developed system into some re-configurable training simulator.

In each of these cases the M&S application, although essentially being developed incidental to production, has a potential future value to the Army.  The DPD may prove useful to the Army in making modifications to the system after its delivered to the field.  The newly developed algorithm may prove valuable for other users or to M&S developers and should be harvested as an M&S Standard.  In cases where the development of these software applications has been accomplished at government expense, the developer should take care in the contracting process to ensure that the government retains appropriate proprietary rights.  In some cases, that means identifying the underlying M&S application as a deliverable within the scope of the government contract.  The PM should utilize his group of M&S experts to work closely with the contracting activity to ensure that the government maintains its associated ownership rights when the M&S development is directly related to government funding.

When the M&S software development is done completely at private expense, the government is prohibited under DFARS Paragraph 227.703-1c from requiring the owner to give up proprietary rights as a condition of a contract award.  Because of this prohibition, proprietary M&S software applications present a major concern when they are incorporated into any government system.  In these cases, the PM must consider all life-cycle management costs for the duration of the contract, which may include a licensing fee for the software application, operational, and/or maintenance costs, and fees for upgrades of changes.  Life cycle maintenance factor costs should be considered.  Again, the developer should rely upon the M&S team to provide insights as to the proper trade-off considerations.

b.  Issues of how to harvest the M&S work that has already been accomplished and promoting the interoperability with existing M&S applications. 

A key benefit that the PM's group of M&S experts can provide is insight into which government owned M&S applications can be useful to cost estimating, design engineering, developmental testing, integrated logistics support etc.

Besides their basic knowledge of and background in M&S, this team can be useful in researching applicable M&S applications through the DoD MSRR and other M&S information centers.

Doing this work up front may afford the PM the opportunity to prescribe the use of particular government M&S applications as part of the contract process and avoid the government having to pay for the development of new software.

The M&S team can also be useful in identifying contract specifications that will promote new M&S applications being compatible with existing system.  One that must be included in any contract specification is the DoD mandate that all simulations be compliant with the HLA standard. 

TADSS is another key area.  As the Army moves towards increased use of simulators embedded in weapon systems, M&S experts can ensure that issues of compatibility are addressed.  Planning for the use of training simulators early in the developmental process may allow leveraging of M&S work accomplished in engineering design into the trainer part of the application.  Working closely with M&S experts ensures that the contracting function promotes an M&S strategy that is part of a training strategy that is part of an acquisition strategy.

c.  Issues of prescribing the use of M&S as part the government's evaluation and selection process.

One key aspect of M&S is that it provides users an ability to analyze alternatives, to include materiel alternatives.  Program managers may want to consider analytical tools as part the evaluation process.  M&S SMEs can assist the PM in identifying the proper analytical tools.

Contracting officials must work closely with M&S experts in prescribing within a RFP which specific analytical tools will be used as part of the government's evaluation process.  To simply ask industry to provide proposals and then offer no guidance as to what M&S applications will be used in evaluation is to leave it up to each contractor to determine what M&S will be used.  The result is that the government will be making "apples to oranges" comparisons in using different models provided by different contractors.

When prescribing which government-owned M&S are to be used in evaluation, the PM should make reasonable efforts to ensure that these applications are available to all contractors.  The PM should have M&S experts meet with technical personnel from industry to address any concern contractors may have about how government M&S will be used in evaluation.

Questions: 

1. Are contracting officials and M&S experts collaborating to ensure relevant M&S issues are addressed in the contracting process?

2. Are government ownership rights of M&S properly maintained when the development is directly related to government funding?

3. When M&S is developed entirely at private expense, are life-cycle maintenance factors being considered when incorporating commercial M&S as some component of a system?

4. Has the program used its M&S experts to identify existing government M&S applications that can be provided to the contractor instead of having the contractor develop a new application from scratch?

5. Are specific M&S applications that will be used as part of the evaluation process prescribed in the RFP?

6. Is the evaluation process clear to facilitate fair and open competition?

Chapter 6:  VV&A, and CM

6.1 General

Verification, Validation and Accreditation (VV&A) and Configuration Management (CM) are ongoing processes throughout the life cycle of M&S and the data they use.  As M&S are developed and mature, quality assurance demands that they be subjected to rigorous scrutiny throughout the life cycle process. 

Verification is the process of determining if the M&S accurately represent the developer's conceptual description and specifications and meet the needs stated in the requirements document.  The verification process evaluates the extent to which the M&S has been developed using sound and established software engineering techniques, and establishes whether the M&S logic and code correctly perform the intended functions.  M&S verification includes appropriate data verification and M&S documentation (e.g., programmer's manual, installation guide, user's guide, analyst's manual, and trainer's manual). 

Validation is the process of determining the extent to which the M&S adequately represent the real world from the perspective of its intended use.  The validation process ranges from single modules to the entire system.  The ultimate purpose is to validate the entire system of M&S, including data.  Validation methods will incorporate documentation of procedures and results of all validation efforts to assist in the accreditation of M&S.

Accreditation is the official determination that a model, simulation, or federation of M&S is acceptable for use for a specific purpose.  Accreditation procedures are the formal process to recognize the extent to which the M&S can be used to aid in the decision-making process.  The V&V activities performed on that M&S support the accreditation of the M&S.  A separate accreditation is required for each different use of the M&S.

VV&A ensure that M&S and data are suitable for intended applications.  V&V activities for both M&S and data are complementary and interdependent upon each other.  VV&A emphasis and methods used will vary depending on the particular phase and the maturity of the M&S.  There is no single step-by-step checklist of tasks or events.  Although the M&S developer or proponent requires a high initial investment, considerable manpower savings can result from increased V&V in lieu of necessary rework from errors found later in the life cycle.

VV&A are required for all Army M&S in accordance with DoD Directive 5000.59 and AR 5-11.  DA PAM 5-11 provides detailed guidance on processes and methodology.

Configuration management (CM) is the meticulous control of the code that makes up the M&S, its associated documentation, change history, and usage.  The components of CM are applied throughout the life cycle of all M&S to ensure continuing operational consistency among M&S versions.  CM provides a continuous iterative process that M&S undergo to ensure that they continue to function correctly, improve the consistency and reliability of the M&S, adjust to changes in technology (as required), and are responsive to the user community's requirements (Reference e.g. MIL STD 973 and DA PAM 5-11, etc). 

6.2 Levels of VV&A

VV&A requirements may vary for different M&S.  Procedures may be tailored as appropriate to satisfy an intended need consistent with common sense, sound business management practice, applicable DoD level regulations, and the time-sensitive nature of the requirements themselves. In addition, tailoring may be applied differently to the various phases of the M&S development process.  The depth of analysis involved with the V&V of an established legacy or commercial off-the-shelf (COTS) M&S would be different from the development of a new M&S.  Likewise, the available information for the accreditation of legacy and COTS M&S might be based more on historical performance than on results from the step-by-step V&V processes.

6.3 V&V Responsibilities

The M&S proponent is the organization responsible for initiating the development and directing control of the baseline version of a model or simulation.  The proponent will develop and execute a viable strategy for development and maintenance throughout the life cycle of the M&S and for directing the investment of available resources in it.  The M&S proponent serves as the advocate and final authority on their M&S.  AR 5-11 directs that the M&S proponent is responsible for V&V. Execution responsibility of M&S V&V may be delegated to a verification agent and a validation agent separately, or to one V&V agent serving both verification and validation functions. 

6.4 M&S Application Sponsor Accreditation Responsibilities

The application sponsor is the organization that utilizes the results or products from a specific application of a model or simulation.  The M&S application sponsor is responsible for the accreditation of the M&S with help from the M&S proponent or designated V&V agent. 

6.5 Developer Responsibilities

The M&S developer is the organization responsible for developing, managing, or overseeing M&S developed by a DoD component, contractor, or federally funded research and development center (FFRDC).  The developer may be the same agency as the proponent agency.  Often the M&S developer performs the duties of the verification agent of the M&S and assists the validation agent or the M&S proponent during validation. 

6.6 CM Responsibility

The objective of configuration management (CM) is to improve the consistency and reliability of M&S.  CM needs to be applied throughout the life cycle of any M&S.  The M&S proponent is responsible for CM, but may delegate the responsibility to the M&S developer.  The process for CM requires the proponent to define the baseline configuration of the M&S which may not be altered without a formal change control request.  Specific guidance for CM may be found in      AR 5-11.

Consider the following questions to assist in defining M&S requirements and associated VV&A (and data) and CM throughout the complete system life cycle:

1. Have all repositories been checked to see if an M&S is available for use as is?  Can an existing M&S be modified or is the creation of a new M&S required?

2. Who executes VV&A (Verification Agent, Validation Agent, Accreditation Agent) for the M&S?

3. What M&S resources are available to support the PMO?

4. What are the M&S policies and regulations that the PMO must comply with?

5.  Has the M&S accreditation authority for the various M&S been determined?

6. What has the accreditation authority identified as acceptability criteria for accreditation of the M&S?

7. How will the PM establish and manage the CM of selected M&S?

8. How will VV&A of contractor M&S be funded and monitored?

9. If a federation of M&S will be utilized, how will VV&A of the federation be accomplished?

10. Have the appropriate resources (e.g. DA Pam 5-11, DMSO VV&A Recommended Practice Guide) been consulted?
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Appendix A:  Additional Analysis Supported by M&S

A.1
Survivability / Lethality

General Overview:  Survivability and lethality (S/L) analyses are two sides of the same coin.  In survivability, one is concerned with how well a system can survive and complete its mission.  In lethality, one is concerned with how well a system can prevent the other side's systems from surviving and completing their missions.  The basic physics of a threat interacting with a target are the same whether one is trying to make a system survive or is trying to kill or damage it.  The typical range of threats includes conventional ballistic munitions, NBC (Nuclear, Biological, and Chemical) weapons, electronic jammers, and computer viruses.  Examples of targets are military vehicles, fixed installations, and command and control (C2) systems.  Many survivability measures include both design and operational considerations; thus, situational awareness is a critical component of survivability-lethality that must be integrated into analyses.

Most of the M&S used to evaluate survivability of a system when attacked with a certain threat can be turned around and looked at from the other side to evaluate the effectiveness (lethality) of that type of threat system when attacking the given target type.  The systems for which lethality is evaluated include conventional ballistic munitions, NBC weapons, electronic jammers, laser blinders, and computer viruses.  In some respects, however, lethality is a more narrow concern that survivability.  All systems need to survive but not all systems have a lethality requirement. Target acquisition systems, communication systems, and battlefield computers all must survive against a variety of threats, but they do not have any performance requirement to achieve a certain lethality against targets.

The US Army Research Laboratory's (ARL’s) Survivability/Lethality Analysis Directorate (SLAD) (ARL-SLAD) was established in 1992 as a “one-stop shop” for S/L analysis in the Army (http://web.arl.mil).

S/L M&S enter the combat development phase of a system by generating data for the force level modelers evaluating the concept.  It makes the best estimate of system survivability and lethality given the limited information available on the proposed system.  Of course, the force level modelers may simultaneously play some mature, fielded systems in their analysis scenarios, and more accurate S/L data are typically available or can be generated for those.  The main S/L issue is defining the requirements for the new system under consideration.  Early use of S/L M&S can help eliminate unrealistic requirements.

S/L analysis supports the combat development process in two major areas: 

1. Review of Requirements documents.  The draft Operational Requirements Document (ORDs) is circulated to various Army agencies for comment.  ARL-SLAD and appropriate threat/intelligence agencies are typically among those organizations commenting on the S/L requirements in the document.  Comments should address whether those requirements appear reasonable based on expertise, past experience, and projected threat. 

2. Analysis of Alternatives.  TRADOC elements conduct combat simulations and war games to estimate the contribution that a new system having given characteristics (including those affecting S/L) will make to the outcome of a scenario.  These studies require survivability data and other relevant performance data on the systems modeled. 

AMSAA serves as a data distribution source for most performance data on Army systems. SLAD is one source supplying AMSAA much of the survivability and lethality data.  SLAD can conduct S/L analyses on proposed systems in the early stages of design and produce estimates of probability of kill given a hit for various weapon/target combinations.  Likewise, estimates for NBC effects, counter measure (CM), and counter-counter measure (CCM) effectiveness can be generated using SLAD models. 

ARL-SLAD can perform S/L analyses at several points during the engineering development process but does not actually design systems.  S/L analyses determine whether systems meet their requirements with respect to ballistic threats, NBC threats, CM and CCM susceptibility, and information protection (i.e., information survivability).  Early designs can be analyzed by ARL-SLAD to help with technology down-select and with design trade-off decisions by the PMs and RDECs.  ARL-SLAD has the expertise to suggest vulnerability reduction measures and lethality enhancement options, whether developed by industry or government technology.

A thrust of SMART is to reduce the amount of required testing in favor of increased use of M&S, but, at present, many S/L models are dependent on at least some test results for their input data. Though tests are not the major concern of the SSP guidelines, it should be noted that law mandates Live Fire Testing (LFT) for certain classes of systems.  Even in LFT, however, S/L models can be used to help select the shots of subsystems/components of interest, to supplement shots, and possibly to eliminate some shots completely.  The number of LFT shots that can be afforded is necessarily quite limited, so supplementation with model runs gives a more complete understanding of the system's survivability fitness and can avoid wasting shots in cases where the model shows clear overmatch or undermatch.

In addition to LFT, other tests such as controlled damage (selectively removing or turning off components or subsystems to see what effect their loss would have on performance) and test shots against components and subsystems are used to generate data required by the models. Testing done at the component and subsystem level or that is non-destructive can be part of the overall Live-Fire strategy and help reduce the overall cost of the Live-Fire program.

The T&E program must determine whether survivability requirements are met when the system is attacked by other types of threats which may include NBC weapons, jammers, computer viruses, and others.  The T&E program must also determine whether lethality requirements are met for other offensive systems.  Some of these determinations can be made using constructive M&S, whereas others can be made using stimulators (e.g., injecting a signal into the system equivalent to what would be caused by jamming.)

The S/L M&S effort helps identify the S/L issues for the System Evaluation Plan (SEP) and System Evaluation Report (SER).  It identifies areas for further design improvements and S/L enhancement plans or product improvement plans.

Key Objectives:

Develop and conduct vulnerability and lethality assessments of Army technologies and systems and provides recommendations and technical expertise to reduce or eliminate vulnerabilities and to improve effectiveness. 

Conduct survivability and lethality analysis early and throughout the product life cycle to support both the combat and material developers. 

Key Resources:

ORCA - Operational Requirements - Based Casualty Assessment

MUVES - Modular Unix-based Vulnerability Estimation Suite

BRL-CAD - Ballistic Vulnerability

CADARS - Chemical Agent Deposition Analysis for Rotorcraft Surfaces

CABIN - Cellular Automata Based Infiltration

VLSTRACK - Vapor, Liquid and Solid Tracking (VLSTRACK) model

Key Questions:
1. Have AMSAA and ARL-SLAD been contacted to determine what data exist already, what must be generated, and what can be surrogated for the threat-target pairings to be played in combat simulations and war games? 

2. Have the conceptual system's survivability requirements been reviewed by ARL-SLAD, the appropriate AMC RDEC(s), AMSAA, and representatives of the threat/intelligence community? (This should be part of the requirements review process.) 

3. Have the specific combinations of survivability measures (both operational procedures and design characteristics) that will be played for each alternative analyzed been identified and the required data generated and collected?  Has the matrix of cases to be run been given a “sanity check”? 

4. What existing S/L analyses are relevant?  What new analyses are required? 

5. Are specific survivability concerns (information protection, ballistic protection, NBC survivability, electronic CM and CCM, vulnerability reduction) considered in the analysis of alternatives and included in appropriate documents? (e.g., TEMP, TSP)

6. Are specific lethality concerns (information operations, ballistic weapon effects, NBC weapon effects, electronic CM and CCM, lethality enhancement) to be considered? 

7. Are the M&S to answer these questions now in place, or must new M&S be developed? 

8. Has ARL-SLAD been contacted for assistance in S/L analysis for design trade-off and technology-down select? 

9. Has ARL-SLAD assisted in preparing a VV&A plan for the M&S to be used in the S/L analysis? 

10. Does S/L analysis identify areas where survivability and/or lethality improvements are likely to affect system performance?  (E.g., Don't waste effort looking at counters to inappropriate threats.) 

11. What risks can be mitigated using S/L analyses and M&S in particular? 

12. Do the Combat Development, Engineering Development and T&E budgets include S/L analysis, required input data generation and any related M&S development/modification? 

13. Is S/L analysis used to help identify effects of design decisions on TOC? 

A.2
Analysis of Alternative (AoA)

General Overview: The AoA is an independent analysis which provides information to support the Milestone (MS) decision authority (MDA) by determining which study alternative is most cost and operationally effective (the preferred alternative).  If the combat developer, training developer, and materiel developer are on track in developing the correct program to provide the materiel solution, AoA findings will provide analytic underpinning to support a recommendation to continue further development of the programmed system.  However, the AoA is not done to specifically support the programmed system described in the ORD.  If the results are unfavorable, a decision on how to proceed will be made.  The analysis results assist the MDA in deciding whether the programmed system should continue in determining program definition and risk reduction.  If conditions warrant, the MDA may direct updates to the AoA for subsequent acquisition decisions.  Usually AoA updates are required only when there are significant developments, such as a changed threat, new technology development, a test issue, or program cutback. 

Key Objectives: 

Determine operational effectiveness and costs for all alternatives.

Look at the relative contribution each alternative makes to force effectiveness based on the measures of performance (MOP) and effectiveness (MOE

Generate cost estimates that quantify the resource impacts expected if the alternative materiel systems and forces gamed in effectiveness analysis are acquired, operated, and maintained for the comparison period (usually 20 years).  The cost analyst uses validated life cycle cost estimates (LCCE) from the materiel developer.  The cost analyst uses validated life cycle cost estimates (LCCE) from the materiel developer if no current Army cost position is available.

Key Resources: 
CASTFOREM – Combined Arms and Support Task force Evaluation Model

JANUS – Wargaming simulation used to train platoon and company commanders, battalion and brigades staffs

COMBAT XXI – Will replace JANUS 

VIC – Vector in Command

ModSAF – Modular Semi-Automated Forces

OneSAF – One Semi-Automated Force.  Will replace ModSAF

JWARS – Joint Warfare System

JSIMS – Joint Simulation System

Key Questions:
1. What M&S and data were used, if any, as part of the AoA to to compare alternatives? 

2. Was the M&S used verified, validated and accredited? 

3. Can M&S be used to show traceability from the ORD through to MOEs/MOPs? 

4. How can M&S demonstrate the combat effectiveness and meeting ORD requirements in each AoA? 

5. Are resources allocated to support AoA? 

A.3
Cost as an Independent Variable (CAIV)

General Overview: Cost as an Independent Variable (CAIV) is a strategy that entails setting aggressive yet realistic cost objectives when defining operational requirements, acquiring defense systems, and managing achievement of these objectives.  Cost objectives must balance mission need with projected out-year resources, taking into account existing technology, maturation of new technologies and anticipated process improvements in both DoD and industry. 

The intent of CAIV is to provide the customer/warfighter with highly capable systems that are affordable over the system's life cycle.  The CAIV process is twofold.  First, CAIV is essentially a planning activity establishing and adjusting program cost objectives through the use of cost-performance analyses and trade-offs.  A Cost Performance Integrated Product Team (CPIPT) facilitates this during all phases of the acquisition program.  Organization and activities of the CPIPT are described in DoD 5000.2-R for ACAT I programs (the principles may apply to ACAT II & III programs as well).

CAIV also involves execution of the program in a way to meet or reduce stated cost objectives. RFPs and contracts should communicate cost objectives and provide incentives to industry. These cost objectives, much like performance requirements, will likely flow down/allocated to the lower levels of implementation/design.  It will be up to the contractor, as part of the design process, to conduct necessary cost-performance trades as appropriate to produce a system that meets overall contractual requirements.  Contractual implementation of CAIV can be facilitated by a Design to Cost (DTC) program.  DTC is a methodology that can be used to realize, and even reduce, the CAIV cost targets utilizing systems engineering cost control process in designing the system.  It is important that a contractor's DTC type activities are consistent with approved program CAIV objectives.  If DTC activities identify potential changes to cost objectives, the alternatives should be presented to the CPIPT for consideration.  Appropriate metrics should be devised for tracking progress in achieving cost objectives.  CAIV principles are applicable throughout a system's life cycle.

Key Objectives: 
Requirements are stated in terms of capabilities and may be exchanged, substituted, or adjusted for the sake of another.  Capabilities are established at the system level and not at lower levels.

Promote early and continuous customer/warfighter participation in setting and adjusting program goals throughout the program. 

Encourage trading space (i.e., cost gradient with respect to performance) around the cost objective. 

Realistic but aggressive cost objectives are set early and updated for each phase of an acquisition program. 

Key Resources:
Life Cycle Management Model

Life Cycle Cost Model

Key Questions: 

1. Does the funding profile support the robust use of M&S throughout the system’s life cycle? (e.g. front-loaded?) 

2. Does use of M&S make the program more affordable?  If so, in what way? 

3. Consider cost avoidance, cost savings, schedule savings.  How can M&S be used to estimate Total Ownership costs (TOC)? 

4. How can M&S be used to reduce cost (e.g. T&E)? 

A.4
System of Systems Analysis

General Overview: The need to conduct more and better analyses at a system of systems level has become evident as the DoD and Services shift future military vision, warfighting concepts, and doctrine development away from a forward-deployed, Cold War oriented paradigm to a power projection, capabilities-based paradigm which envisions rapidly constituting tailored force packages capable of supporting a broad range of missions over the war-fighting spectrum.  The new emerging vision of the Army’s Objective Force emphasizes rapidly deployable, high technology equipped force structures that are capable of being quickly integrated and synchronized as part of an increasingly complex and dynamic combined arms, joint, and coalition warfare environment.  Emphasis is on employment of highly dispersed forces that rely on sharing fused data and a consistent operational picture, that are capable of massed synchronized fires, that can sustain high tempo operations, and that rely on distribution-based sustainment, with an emphasis on split-based operations in order to minimize the forward deployed force's footprint.  Effective and efficient design and implementation of new warfighting concepts and force structures require a high level emphasis on operations research, analysis, and systems engineering at a system of systems level to ensure optimal selection, integration, and operation of sensor, weapon, command and control and support systems in a distributed networked environment.

Therefore, the use of SMART-related M&S is as pertinent to the successful conduct of effective system of systems analysis as it is to supporting individual weapons systems research, development and acquisition programs.  Many of the same M&S tools and procedures are relevant.  However, emphasis on system of systems analysis does shift from a more inwardly oriented “platform centric” focus to a higher level, more holistic and synergistic “network centric” perspective which focuses on force level design and integration and on interoperability and systems optimization efforts.  System of systems level analyses address both horizontal and vertical integration, and are conducted across a broad range of echelons and mission areas. 

Detailed M&S needed to support system of systems analysis in the concept exploration, force implementation, fielding, training and operational phases will differ to a degree, but in most cases the analytical tools used in preceding phases and different analytical efforts should be capable of being leveraged, reused and upgraded.  In the early phases of combat exploration and mission area analyses, there will be a heavy emphasis on the use of lower fidelity constructive models at both the campaign/battle and mission/engage level depending on the level of analysis.  Emphasis is typically on defining and evaluating fairly broad alternative force structure concepts, systems and their associated DTLOMS and operational architectures in multiple scenarios across the warfighting spectrum.  In the design and development phase, emphasis will shift to the use of M&S tools and capabilities which support more detailed design and analysis, and validation of force structure alternatives and their associated systems and technical architectures, interface specifications, concepts of operation and TTPs.  Virtual and performance-level M&S tools will be needed in these phases to analyze and validate system interoperability, human-machine interfaces, and C4 loading and traffic analysis under a broad range of scenarios and alternative DTLOMS.  Finally, system of system M&S tools should be capable of being embedded into deployed C4I systems to support training and operational mission planning, course of action evaluation, rehearsal, and execution monitoring. 

Key Objective: 
Ensure that Army systems are developed so that they are interoperable and work synergistically together.

Key Resources:
CECOM’s System of Systems Integration (SOSI)

TARDEC’s Simulation Through the Life Cycle (SIMTLC)

Key Questions: 

1. What are the objectives and scope of the system of system analysis?  Balancing study requirements with schedule and the availability of funding and other critical resources will drive fidelity and breadth of M&S tools selected. 

2. Have DoD and service M&S repositories been thoroughly surveyed to capitalize on existing analytical tools, representations of systems and their interoperability that are applicable to system of system analysis and engineering?  Use of previously approved tools and models will expedite overall analysis schedule, reduce required VV&A activities, and minimize funding requirements. 

3. Can other functional and product oriented collaborative environments be connected in a federated manner to better address a system of systems related analysis? 

4. Has system of systems requirements analysis addressed the need to comply with existing and emerging architecture and interface standards (e.g. JTA)? 

5. What strategy and plans are there to define, reuse, upgrade, and transition system of systems analysis related M&S procedures within and across service boundaries to support cross-functional, mission area integration and joint warfighting analyses needs?

A.5
Risk Management

General Overview:  Risk may be defined as a measure of the inability to achieve overall program objectives within defined costs, schedule and technical constraints.  Risk has two components: 1) the probability of and 2) the consequences of failing to achieve a particular outcome.  The risk management process is a systematic approach to identifying, analyzing, prioritizing and controlling areas or events with a potential for causing unwanted change within a program. 

Effective risk management requires corporate acceptance of risk as a major consideration for program management, commitment of program resources and formal methods for identifying, monitoring and managing risks.

Key Objectives:  A comprehensive risk management program for each system that includes the management strategy for the use and implementation of M&S (the SSP) to identify and control performance, cost and schedule risks. 

Analyze the risks associated with the SSP, to include the specific M&S programs and tools. 

Risks are evaluated and updated regularly. 

Key Resources:
TBD

Key Questions: 

1. Does the SSP include M&S to support the entire life cycle?  (Identify the risks associated with any lack of coverage.) 

2. Have all risks been identified for the projected M&S programs and tools?  (Consider at least: cost, schedule, technical, staffing, external dependencies, supportability, sustainability, political.) 

3. Have the identified risks been evaluated to estimate the likelihood of occurrence, impact if they occur, mitigation and contingency plans and measurement methods? 

4. What are risks from the use of COTS products (i.e. proprietary information, future costs for replacement, modifications or integration)? 

A.6
Human Systems Integration

General Overview:  A comprehensive management and technical strategy for human systems integration (HSI) shall be initiated early in the acquisition process to ensure that human performance, the burden the design imposes on manpower, personnel, and training (MPT), and safety and health aspects are considered throughout the system design and development processes.  Human factors engineering requirements shall be established to develop effective human-machine interfaces, and minimize or eliminate system characteristics that require extensive cognitive, physical, or sensory skills; require excessive training or workload for intensive tasks; or result in frequent or critical errors or safety/health hazards.  The capabilities and limitations of the operator, maintainer, trainer, and other support personnel shall be identified prior to program initiation (usually Milestone I), and refined during the development process. Human-machine interfaces shall comply with the mandatory guidelines for all C4I systems, automated information systems, and weapons systems that must interface with C4I systems or automated information systems. 

HSI M&S can support the ICT during the Mission Need and Concept Exploration phases of the acquisition effort through analysis of 1) identification of the capabilities and limitations of the operator, maintainer, trainer, and other support personnel; 2) requirements analysis (define or predict performance-based requirements); and 3) add definition to the new materiel concept.  HSI M&S tools can provide data to assist the ICT in understanding the feasibility of the concept early enough to make smart decisions that will impact total life cycle cost characteristics. 

The HSI M&S strategy continues into the Engineering Development stage of acquisition and can result in reductions in time, resources, and risk.  Adding definition to the SSP will allow for early HSI (MANPRINT Tool models) analysis of design suitability, provide HSI information for decisions or trade-offs, support training device development and feed the HSI portion of the system test and evaluation process. 

The use of M&S focused on HSI can ensure that reports, plans, and program decisions made by the HSI communities outside the acquisition infrastructure (e.g., manning documents and personnel occupational specialty decisions) are reflected in program design decisions, trade-offs, risk assessments, and test results. 

Figure 10 illustrates the HSI link to various M&S capabilities and their impact possibilities during the acquisition cycle. These HSI M&S tools can be used to support decisions or trade-offs in the areas of Combat Development (as stated above), Engineering Development (analyze design suitability and predict its effect on system effectiveness), Test and Evaluation (to focus efforts in areas where human performance is likely to affect system performance.  TADSS can be directly derived from these M&S tools), and Production Development (manufacturing techniques).
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Figure 10:  HSI M&S
Risk-reducing HSI information is obtained from various M&S sources. These include standard design modeling tools (CAD, 3-Dimensional Design Models), interactive simulation studies, as well as HSI-specific modeling tools (i.e., human figure modeling tools which represent user capabilities and task-based operation and maintenance modeling tools which can be used to predict war-fighter-in-the-loop, system-level operator and maintainer performance). The use of HSI M&S tools to support the HSI effort is an excellent implementation strategy and a good way to ensure that HSI impacts on system suitability and effectiveness are considered throughout the system design and development process. 

ARL’s Human Research and Engineering Directorate (ARL-HRED) is an excellent resource for assisting with the development of a sound HSI strategy as well as for assisting with HSI M&S planning. 

Key Objectives: The SSP outlines and supports an identified and complete HSI M&S strategy. 

Key Resources:
Improved Performance Research Integration Tool (IMPRINT) 

Integrated Performance Modeling Environment (IPME) 

Key Questions:

1. Does the overarching M&S strategic plan included in the acquisition strategy include HIS M&S activities? 

2. What are the sources of HSI M&S support and was the ARL-HRED involved in these efforts? 
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Appendix B:  Reference and Sources of Support

B.1
OSD Level

DoD 5000.1, Defense Acquisition

This Directive describes broad management principles that are applicable to all DoD acquisition programs. 

DoD 5000.2, Mandatory Procedures for Major Defense Acquisition Programs (MDAPs) and Major Automated Information Systems (MAIS)

This Regulation establishes a simplified and flexible management framework for translating mission needs into stable, affordable, and well-managed MDAPs and MAIS Acquisition Programs; sets forth mandatory procedures for MDAPs and MAISs and, specifically where stated, for other than MDAPs or MAISs; serves as a general model for other than MDAPs or MAISs; and, consistent with statutory requirements, authorizes MDAs to tailor the procedures as they see fit. 

DoD 5000.59, DoD Modeling and Simulation Management

Established DoD policy, assigns responsibilities, and prescribes procedures for the management of M&S.  Establishes the DoD Executive Council for Modeling and Simulations (EXCIMS). Established the DMSO.

DoD 5000.59-P, DoD Model and Simulation Master Plan

This plan is the DoD's first step in directing, organizing, and concentrating its M&S capabilities and efforts on resolving commonly shared problems.  This plan is intended to be dynamic and flexible, a living document that will evolve as technologies matures and consensus develops on policy and programmatic issues.

DoD 5001.61, DoD Modeling and Simulation Verification, Validation, and Accreditation

This Instruction implements policy, assigns responsibilities, and, prescribes procedures under DoD Directive 5000.59 for the VV&A of DoD M&S.

DoD VV&A, A Recommended Practices Guide

This guide provides background and information on principles, processes, and techniques that are recommended for use in DoD VV&A efforts, which support program initiatives in the analysis, acquisition, and training communities.  These guidelines reflect a yearlong study of Service directives and VV&A techniques from government, industry and academia.  An integrated team of DoD-recognized VV&A experts authored the Guide and obtained informal coordination throughout its development from contributors across DoD.

USD(A&T) Memorandum, "DoD High Level Architecture (HLA) for Simulations"

This memorandum designated the DoD HLA as the standard technical architecture for all DoD simulations, established the timeline for compliance by DoD Components and directed the DMSO to develop a mechanism to certify compliance.

B.2
Army Level

AR 5-11, "Management of Army Models and Simulations"

This regulation has been extensively revised to describe the expanded organizational roles in the management of Army M&S or to take into account emerging DoD initiatives concerning the management of M&S.  It prescribes policies and responsibilities for the management of M&S used for all purposes within the Army.  It also provides a management structure and serves as an index to other DoD and Army regulatory guidance governing the development, acquisition, and use of M&S.  The regulation introduces the Army Model and Simulation General Officer Steering Committee (AMS GOSC), the AMSEC and the Army Model and Simulation Office (AMSO). 

DA Pam 5-11, “Verification, Validation and Accreditation of Army Models and Simulations”

This is a Department of the Army pamphlet that updates procedures for the Army Model and Simulation Program.  It also provides new guidance for compliance with the High Level Architecture (HLA) and revised instructions for the development, execution, and reporting of all verification, validation and accreditation activities.

AR 70-1,” Army Acquisition Policy”

This regulation prescribes policy and guidance and assigns responsibilities for the management of Army M&S.  This regulation is designed to provide guidance to supplement other existing regulations, which govern the design, development, application, and disposition of software and dedicated hardware, including M&S.  This supplementary guidance addresses the unique characteristics of M&S that distinguish them from other computer software applications.  The management requirements in this regulation apply to all agencies involved in the development, execution, management, or maintenance of Army M&S.  The Army's philosophy is that M&S, to include simulators, are not an end unto themselves, but a critical set of closely related tools, which contribute to the accomplishment of Army missions.  No single authority exists to centrally manage all applications of these tools.  What is described in this regulation is the management structure that exists, to include roles in corporate management of M&S. 

AR 350-38, "Training Device Policies and Management"

This regulation establishes Army policy and responsibilities for life cycle management of the following areas, only as they pertain to TADSS, including tactical engagement simulations (TES), targets, targetry, combat training center (CTC) and range instrumentation, and training-unique ammunition.  In addition, this regulation sets forth the policies and procedures for the identification, approval, prioritization, development, and fielding of graphic training aids (GTAs) to support Army wide requirements. 

DA PAM 70-3, "Army Acquisition Procedures"

This pamphlet provides advisory guidance on the materiel acquisition life cycle.  It is companion to Department of Defense Directive 5000.1, Department of Defense Instruction 5000.2, and Department of Defense 5000.2-M, and Army Regulation 70-1.  It is aligned with Department of Defense Instruction 5000.2 for easy cross-reference. 

TRADOC Pamphlet 71-9, Requirement Determination
This pamphlet describes the processes for determining, documenting, and approving warfighting requirements in DTLOMS. 

B.3
Others

"Advanced Engineering Environments," National Research Council, ISBN 0-309-06541-0, National Academy Press, Washington, D.C., 48 pages.

"Simulation Made Easy: A Manager's Guide," Harrel, Charles, and Tumay, Kerim, ISBN 0-89806-136-9, 1995, Institute of Electrical Engineers, Norcross, Georgia, 311 pages.

Jerry Bands Bood

"Visionary Manufacturing Challenges for 2020,” National Research Council, ISBN 0-309-06182-2, 1998, National Academy Press, Washington, D.C., 156 pages.

B.4
Internet Sites

Defense Modeling and Simulation Office (DMSO):  The Undersecretary of Defense for Acquisition, Mr. Don Yockey, to serve as the executive secretariat for the EXCIMS and to provide a full-time focal point for information concerning U.S. Department of Defense M&S activities, established DMSO on June 21, 1991.  The DMSO is a staff activity reporting to the Director, Defense Research and Engineering (DDR&E), in the office of the Undersecretary of Defense for Acquisition and Technology (USD(A&T)).  DMSO is a technology transition and support organization charged with maximizing efficiency and effectiveness of M&S efforts across the Department and fostering interoperability and reuse among the DoD's models and simulations. http://www.dmso.mil/
DoD Glossary of M&S Terms: The glossary prescribes uniform M&S terminology throughout the DoD.  Besides the main glossary of terms, it includes a list of M&S-related abbreviations, acronyms and initials commonly used within the DoD.
ftp://ftp.dmso.mil/docslib/policy/glossary.pdf
SBA Roadmap: This report was produced by the Joint SBA Task Force chartered by the Acquisition Council of the Department of Defense (DoD) EXCIMS. http://www.msiac.dmso.mil/sba/documents.asp 

Assistant Secretary of the Army (Acquisition, Logistics and Technology) ASA (AL&T):  ASA (ALT) serves, when delegated, as the Army Acquisition Executive, the Senior Procurement Executive, the Science Advisor to the Secretary, and serves as the senior research and development official for the Department of the Army.  The ASA (ALT) also has the principal responsibility for all Department of the Army matters related to logistics. http://www.sarda.army.mil 

Simulation and Modeling for Acquisition, Requirements and Training (SMART): SMART is the Army's initiative that promotes the robust use of M&S integrated across acquisition programs and phases to reduce TOC, provide quicker delivery of products to the field, while simultaneously increasing military utility and worth.  The Army Model and Simulation Executive Council 9AMSEC) is the proponent for SMART and the Army Model and Simulation Office is the Executive Agent.  The concept of SMART is to more closely integrate the efforts of the requirements, acquisition, and training communities through the use of modeling and simulation.  SMART fosters collaboration among the three modeling and simulation communities by integrating modeling and simulation starting early in the acquisition process, creating a large trade space among performance, cost, design, manufacturing, supportability, and training, with the ultimate result of providing systems with greater utility, lower cost, and less burden on the operations and sustainment budget. http://www.amso.army.mil/smart/
Army Model and Simulation Office (AMSO):  AMSO is the operational activity of the Assistant Deputy Chief of Staff for Operations and Plans, which validates and prioritizes requirements for Army M&S; the Deputy Under Secretary of the Army (Operations Research) oversees policies and standards for Army M&S.  AMSO provides the vision, strategy, oversight, and management of M&S across all M&S domains and is the executive agent for SMART on behalf of the Army Model and Simulation Executive Council. http://www.amso.army.mil 

Standards Nomination and Approval Process (SNAP):  SNAP is a web-based tool used to track, discuss, and vote on standards nominations from the model and simulation community.  Any individual may identify a new M&S standard requirement by submitting a SRD for consideration. http://www.msrr.army.mil/snap/
Army Standards Repository (ASTARS):  ASTARS is a user-friendly web-based tool that houses all approved Army M&S standards.  The system has been online since June 1998.  ASTARS allows one to search with relative ease for a standard within a given M&S standards category. http://www.msrr.army.mil/astars/
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Purpose

The purpose of this document is to provide guidance to simulation support planners on correct format and content for simulation support plans for SMART implementation at various stages in the system lifecycle.  This document includes proper procedures, content and coordination.   This document replaces “Appendix C: Recommended Format for SSPs” in the “Planning Guidelines for SMART.”

References:

a.   “Modeling and Simulation in Support of the Army Acquisition Process,” Department of the Army Memorandum, 20 Sep 1996

b.  AR 5-11, Management of Army Models and Simulation, 10 Jul 1997

c.  DRAFT TRADOC PAM 71-9, Requirements Determination, Nov 2001

d.  TRADOC Guide for Developing Army Operational Requirements Documents, 16 Nov 2001

e.  DA PAM 70-3, Army Acquisition Procedures, 15 Jul 1999

f.   DoD 5000.2R, Mandatory Procedures for Major Defense Acquisition Programs (MDAPs) and Major Automated Information Systems (MAIS) Acquisition Programs, Apr 2002. 
g.  DoD 5000.2, Operation of the Defense Acquisition System, 4 Jan 2001.
Section 1:  SSP Management

1.1 Simulation Support Plan Definition

The Simulation Support Plan (SSP) is the plan identifying utilization of M&S over the lifecycle of an acquisition program from concept and technology development to system disposal.  It is a document that evolves as the system matures.  Because SMART is an enabler to meeting Army Transformation objectives, the SSP will discuss how SMART is implemented in the program.

1.2 SSP Responsibility

If ATDs/ACTDs include significant modeling and simulation support, an SSP must be developed IAW reference e.  In a like manner, experiments should also have SSPs.  For new systems, the Integrated Concept Team (ICT) develops the SSP IAW reference c.  The ICT will provide the SSP to the Program Manager when one is appointed, at which time the PM becomes the proponent.  PM’s are required to have SSPs IAW references a, b and f.  

Regardless of who is responsible for the SSP, the intent is that the combat developer and the materiel developer closely coordinate SSP development and management throughout the life cycle of the system.   The SMART planning process implements effective use of modeling and simulation to reduce the time, resources and risk associated with the entire acquisition process; reduce total ownership costs throughout the system lifecycle; and increase the quality, military worth and supportability of fielded systems to the warfighter.  To fully implement and attain the benefits of SMART, this planning process must begin early in the lifecycle of a system with the combat developer.
1.3 Pre-ORD approval SSP Process

The SSP is required in the ORD Approval Package (reference d).    As part of the draft ORD staffing process, the SSP should be coordinated through HQ TRADOC, DCSSA.  This action should be no less than 30 days prior to formal ORD submission to HQ TRADOC.  The combat developer should coordinate the SSP with the materiel development community.    SSP development and staffing must occur prior to ORD submission to HQDA.  To obtain HQDA approval, an ORD undergoing review in the Army requirements validation and approval process shall contain an SSP in accordance with the TRADOC SSP process, available from the TRADOC DCSSA website: http://tradoc.monroe.army.mil/dcssa    

POC:  ATAN-SSP@monroe.army.mil, 757-788-5803

1.4  SSP Process for MS B and Beyond

Upon program initiation, the PM is the proponent for the SSP.  According to reference g, PM designation is made no later than program initiation, generally at or before MS B.  The SSP included in the ORD forms the basis for the PM’s SSP.

A Modeling and Simulation Integrated Product Team (IPT) comprised of representatives from relevant Army agencies should be used to facilitate a coordinated simulation support planning approach.   At a minimum, the program SSP shall be coordinated through Army organizations indicated in Section 3.

The PM’s current SSP should be included in the ORD when it undergoes system review.  The PM shall coordinate the SSP with the Program Acquisition Strategy, Test and Evaluation Master Plan (TEMP), and System Training Plan (STRAP).

1.5  Peer review process

Combat Developers or PM’s who have drafted  simulation support plans and are at least six months from ORD reviews, system reviews,or milestone decision reviews are encouraged to participate in the Army SSP peer review process.  This process allows the SSP proponent to gain valuable insights through a peer review, value-added process.  SSP proponents who wish to participate in a peer review process should contact their domain manager or AMSO to coordinate informal peer reviews. 

POC:  AMSO-SMART@hqda.army.mil, 703-601-0013x24, 

Section 2:  SSP Format and Content

At a minimum, a simulation support plan accurately records M&S activities undertaken in support of materiel requirements determination or program acquisition.  The SSP should also discuss coordination with other organizations and planned future M&S activities.  Simulation support planners must provide rationale for decisions to employ M&S.   This rationale could be discussed as a part of the crosswalk that links program requirements and/or issues with planned use of specific models and simulations.

The SSP is a living document.  This means that the nature of its content will change as a system develops.  The initial SSP provides information about M&S used in support of the requirements determination process as well as the early simulation support concept for the proposed program.  The SSP for MS B and beyond provides information about ongoing program simulation support efforts as well as the roadmap for future M&S activities and how they support program issues.   A good simulation support plan captures past, present and future M&S efforts and ties them to program needs.

The simulation support plan should include a record of M&S used in the following:

· development of requirements

· analysis of alternatives 

· lifecycle cost estimation 

· other studies

In addition, the combat developer uses the SSP to discuss and define authoritative representations(e.g. OneSAF or COMBAT XXI representations of a given system) for the proposed materiel development.  The combat developer should coordinate with the materiel developer in identifying the preliminary M&S concept and approach for the research, development and acquisition of a future program. 

The SSP is the "roadmap" that lays out how M&S tools support overall development of the system.  The SSP depicts the how and when M&S tools are integrated, utilized and transitioned over the lifecycle of the system.  Different kinds of systems may use different kinds of M&S tools and resources.  For example, training systems or modeling and simulation programs may utilize M&S to address lifecyle cost modeling and interoperability with other systems while materiel acquisitions may use M&S to address engineering design, manufacturability, etc.  M&S tools should be applied as necessary.
There is no page requirement or limit for SSPs.  An SSP need not be an expansive document.  It should provide insight into what M&S activities have already occurred as well as what activities are being planned.   Use of a database may be an appropriate means to plan and implement M&S activities.   Simulation support planners are encouraged to implement innovative solutions, such as embedding the SSP in the program advanced collaborative environment and providing access via a website, that meet the intent of the SSP.

Army SSP Format

Title Page

Approval and Coordination Summary

I.  Purpose

II.  Executive Summary

III.  System Description and Authoritative Representations

IV.  Program History (for ICT) or Program Acquisition Summary (for PM)

V.  Simulation Support Approach, Strategy & Rationale

1.  M&S Strategy

2.  ORD or Program Issues Mapping/Crosswalk with M&S

3.  Specific M&S Focus Areas 

4.  Data Support

5.  Management

6.  Resources and Facilities

7.  Verification, Validation and Accreditation (VV&A)

.
Appendices:

1.Acronyms

2.References

3.Definitions

4.Descriptions of Models, Simulations & Other Simulation Support Tools 

The selected M&S must include:

· Model name(s) 

· Model description(s)
· Model proponent/owner

· Model characteristic(s) (i.e., live, virtual, constructive, etc.) 

· Model applications to this SSP 

· Level of fidelity (as appropriate)
· High Level Architecture (HLA) compliance 

· VV&A status and prior activities

· Related M&S activities

· Data Support (requirements, sources and certification)

5.Distribution

Title Page

The title page shall include the name of the program, ACAT level, milestone status,  name of the organization, address, date and distribution statement.

Approval and Coordination Summary

The approval and coordination page must include “prepared by” POC, contact information and appropriate Approval Authority signature.  This page must also include a coordination summary including the names of organizations with which the SSP has been coordinated.  A list of core coordinating organizations is provided in Section 3.  Signature block and date block should be included for each organization.

An example format is as follows:

__________________________                                        ________________

Name of individual                                                        Date

Name of organization

Address of organization

I.  Purpose

The Purpose is intended to provide a concise statement of the purpose of the plan, specifically as to its scope (combat development or materiel development issues to be discussed) and objectives.  

Recommended length:  One paragraph.
II.  Executive Summary

The executive summary is intended to provide a synopsis of Section V of the plan.  

Recommended length:  No more than 2 pages
III.  System Description and Authoritative Representations
The system description provides a concise, top-level description of the materiel system either being recommended or actually being developed as a program. The program’s milestone status, acquisition phase and ACAT level are included here.   This section adequately describes required capabilities and information about the system in a standard way that supports export into M&S.  The system description discusses and defines authoritative representations.. 
IV.  Program History (for ICT) or Program Acquisition Summary (for PM)

This section provides a description of the program history or materiel system acquisition strategy.  A timeline schedule showing current phase and next milestone decision and special events are included.    Where applicable, draw a link between related development systems or current systems in the Army inventory (systems in the same PEO or systems that will operationally link through a common deployment). 
V.  Simulation Support Approach, Strategy & Rationale

1. M&S strategy

The M&S Strategy section is the heart of the SSP.  The SSP proponent describes how modeling and simulation are and will be used in support of the current acquisition phase and future phases of the program.   An M&S schedule is included showing its relationship to the Acquisition Program schedule.  A history of the use of M&S in past phases of the program is included in this subsection. 

2.  ORD or Program Issue Crosswalk and Mapping to M&S

An ORD crosswalk with M&S applications is the foundation of a good SSP.
   The examples in Table 1 are provided for illustrative purposes. Such a crosswalk should track the requirements at a level of detail sufficient to indicate that there is a workable plan, with known M&S (or with M&S that must be developed) that can be applied to address key program requirements and issues. Appendix 4 to the SSP provides the details on the listed M&S, showing origin, VV&A status, availability, prior applications, and points of contact.

Table 1:  Sample ORD-SSP Crosswalk

	Statement of Requirement or Program Issue
	Reference

(ORD/MNS)
	Model & Simulation to be Applied

	Lethality Requirement: System XYZ will provide a level of anti-personnel effectiveness expressed as the expected fraction of casualties achieved against personnel deployed in a specific area, e.g. 100m x 100m, prone posture.
	ORD Para.2.1.1.2
	CASRED (or ICEM)

(Casualty Reduction Model) or (Integrated Casualty Estimation Model)

	System XYZ will provide an Operational Availability (Ao) of 90%, when operating in hot, dry climatic conditions, in accord with the mission profile and operational mode summary.
	ORD

Para. 3.4.5

And

OMS/MP
	OSRAP/SESAME

(Optimum Stock Requirements Analysis Program) or (Selected Essential Item Stock for Availability Method)

	System XYZ will exhibit a 99% probability of achieving and maintaining a command and control link between the Tactical Operations Center and Firing Battery under combat conditions.
	ORD 

Para. 7.8.9
	CES or TIM

(Communications Effects Server) or (Tactical Internet Model)

	Warhead target detection sensor will demonstrate a probability of correct target detection of 95%, under ambient conditions, on a clear day.
	ORD 

Para. 9.8.7.
	Aimpoint/WAMPk

	The system will demonstrate at least a 20% increase in combat effectiveness as compared with the system which it is replacing.
	ORD

Para. 4.4.5
	CASTFOREM

(Combined Arms and Support Task Force Evaluation Model)


The combat developer must identify how M&S will be applied in answering questions about and supporting development of proposed requirements.  The materiel developer must identify how M&S answers questions about and supports solutions to approved program requirements. The M&S Strategy describes how selected M&S will be applied and the rationale for their use.  The name, description, characteristics, and applications for each selected M&S should be provided.  A number of programs have effectively used referenced tables with this information in their SSPs.

3.  Specific M&S Focus Areas
Focus areas are common issues pertaining to M&S application.  Many of the areas are addressed in early versions of the SSP.  Others are addressed when more information is available.  The specific focus areas addressed are tailored to individual programs.  There are no “right” answers when it comes to simulation support planning, but based on the Army’s experience in developing SSPs, some of the appropriate questions to ask in common M&S focus areas are shown in Table 2. 

Table 2:  M&S Focus Areas (as applicable)

	Category
	Discussion/Checklist

	a. Combat Developments
	· What M&S is being performed by battle labs?

· What live, virtual and constructive simulations are being used to support combat development?

· How can design and engineering M&S efforts for a current and future program provide authoritative representations of a system for combat development M&S efforts?

	b. Analysis/AoA
	· What were the assumptions for representations used in the AoA?

· What Army M&S analytical tools were used in support of the analysis?

· Who has the data and results for these efforts?

· What representations of the system are required for future analysis or combat development purposes?  Are these requirements in the system ORD?

	c. Threat
	· Has the SSP been crosswalked with the System Threat Assessment Report (STAR)?

· How are threat systems represented?

· What are the assumptions for future threat representations?

· Were threat representations appropriately verified and validated by the appropriate Army and DoD agencies?

	d. Advanced Collaborative Environment/IDE
	The Advanced Collaborative Environment (ACE) is a basic tenet of SMART.  The ACE allows M&S users to exchange and use information pertaining to concept or system development through an Integrated Data Environment supported by effective processes and management to ensure collaboration between the many stakeholders.

· How will the different M&S efforts be integrated to support the ACE?

· Does the ACE utilize suitable collaborative technologies such as “Windchill?”

· Which M&S tools are integrated in the ACE?

· What management processes exist to facilitate trade-off analysis and stakeholder feedback?

	e. Design and Engineering
	The program should take full advantage of M&S technologies to assist in the design and engineering of the system.

· What CAD/CAM tools are being employed and how are the virtual designs linked to M&S tools addressing system effectiveness, cost estimates, supportability requirements and operational effectiveness?

· How are CAD/CAM tools integrated with other M&S tools to allow trade-off analysis?

· How are digital representations of the CAD/CAM system designs used to provide system representations for use in Army M&S such as OneSAF, COMBAT XXI, WARSIM, etc?

	f. Manufacturability
	The program should take full advantage of M&S technologies to assist in the manufacturing of the system.

· Are there design changes that would improve the manufacturing process?

· Is the production line designed with M&S so as to optimize the manufacturing process?

· Is the developer required to model manufacturability?

· Which manufacturing decisions do M&S support?

	g. Reliability, Availability and Maintainability
	Reliability is the probability that a device or system will perform its prescribed duty without failure for a given time when operated correctly in a specified environment.  Availability is an index of effectiveness that allows answering:  Is equipment available in working condition when needed?  Maintainability is defined as an inherent characteristic of a finished design that determines the type and amount of maintenance required to retain that design in, or restore it to, a specified condition. 

· Is the use of M&S to assess/enhance system reliability, availability and maintainability addressed?

· How is M&S used to identify methods to minimize maintenance efforts?

· Are decisions that are supported by M&S identified?

	h. Lifecycle Cost/Operation & Support
	The objective is to create a cost culture by participation in a collaborative environment of cost, acquisition, requirements, and training.  Cost tools must interface with engineering & requirements tools to implement Cost As An Independent Variable (CAIV) concept.

· What M&S cost tools are being used to  estimate the lifecycle cost of a system?
· Automated Cost Estimating Integrated Tool (ACEIT) is the standard Army cost model.  Is it being used?

· Are the cost M&S tools linked with engineering design tools?

· What design trade-off analysis M&S tools are being used?

· What software cost estimating M&S tools are being used? 

· 
· 
· What M&S tools are being used for Operation & Support cost estimating?

	i. Survivability & Lethality
	Survivability is defined as the capability of a system to avoid or withstand man-made hostile environments without suffering an abortive impairment of its ability to accomplish its designated mission.  Lethality is defined as the ability of a weapon system to inflict damage that will cause the loss or degradation in the ability of a target system to complete its designated mission(s).

· How is M&S used to address issues related to system survivability in each functional area and acquisition phase?

· How is M&S used to enhance survivability of the weapon system in each functional area and acquisition phase? 

· How is M&S used to enhance the lethality of the weapon system or its ability to perform efficiently its mission? 

· Which lethality models are used?

	j. Interoperability
	Selected M&S should be interoperable not only with other programs’ M&S but also with appropriate C4ISR systems of systems.  This maximizes re-usability and reduces costs due to economies of scale and the ability to re-use M&S developed and funded by other programs.

· How is M&S used to achieve interoperability with other systems of systems?

	k. Test and Evaluation
	“Test and Evaluation” provides the approach for use of M&S in the key areas of system test and evaluation.     

· Has a “model-test-model” process been set up or defined?

· Has the SSP been crosswalked with the TEMP?

· How does M&S assist in carrying out the system's test and evaluation program in each functional area and phase?

· Is M&S used to facilitate developmental testing?

· Is M&S used to facilitate operational testing?
· How is M&S used to facilitate live fire test and evaluation?

· Is the use of M&S in test and evaluation cost and time effective?

· If appropriate, is the Software Test and Evaluation Panel process used in developing the strategy for test and evaluation?

	l. Training (embedded, stand-alone, and system of systems trainers)
	Trainability is the ability to improve the level of learning and performance transfer required to perform the responsibilities assigned to the function, and accomplish the mission assigned to the system.

· Has the SSP been crosswalked with the STRAP?

· Are training capabilities embedded in the system?

· Are simulations and simulators incorporated for individual, unit, collective, battle staff, Joint, Interagency, and Multinational (JIM), and Special Operations Forces (SOF) training?

· Can system capabilities be incorporated into constructive M&S for training?

· Can live, virtual, and constructive M&S be integrated and networked for training? 

· Are synthetic environments used to support training?

· What efficiencies can M&S give in the training functional area?

· Are training devices re-usable in other functional areas or  non-system-specific training devices?

· The use of M&S for training through system lifecycle should be addressed.  What M&S tools are being used for training?




4.  Data Support

Data Support” identifies what M&S-related data will be required to meet program objectives.

· What are the sources of the data, algorithms, and object representations?  Are they credible? Are they authoritative?  Are they validated?  Are they certified?

· Is data re-use appropriate?

· How will data be used?

· Do the data meet DoD and Army standards?
· 
· Are the environmental data in the format needed for the selected simulation?

· Who will use the data generated by M&S tools?

5.  Reusability and Interoperability
Reuse involves the use of the same and/or modified M&S (or components thereof) throughout a system’s lifecycle and in other programs.  It is a key component of the SMART initiative.

· Was a search conducted to identify existing M&S resources?

· Was an authoritative representation set up?

· Does the SSP address reusability of M&S to maximize use throughout the entire program and by other organizations?

· If the M&S is owned, provided or deliverable by contractor, how will it interoperate with government M&S?

· If this is a new development effort, is the M&S designed to be HLA compliant?

· How can the M&S serve other uses?

· Is interoperability of M&S achieved within the system, Service, and other DoD components?                                   

· If this is a new development effort, is the M&S designed to be HLA compliant?

· Are M&S compatible with other existing M&S? with C4ISR systems of systems?

6.  Management

This section provides information and wiring diagram(s) to identify key personnel by areas of responsibility and circumstances that may impact the management of the program’s M&S activities.

· Are key personnel identified?

· Are M&S areas in which contractors will work identified?

· Is an Integrated Concept Team (ICT) or Integrated Product Team (IPT) with representation from each functional area identified?

· Are circumstances that may impact M&S management included?

7.  Resources and Facilities

“Resources” identifies M&S-related resource requirements and responsibilities to include  funding required for development and management of M&S, facilities, equipment, and services and schedule.  

· What models are used to estimate lifecycle costs?  to track costs?

· What analysis models are used to identify cost effective alternatives for requirements? 

· Are cost estimates validated by an independent agency?

· What models are used to estimate schedule?  to manage each M&S application?

· Are M&S resources, such as equipment, services, facilities, etc., identified? 

· Which engineering economics tools are used to manage M&S software developments? 

8.  Verification, Validation  and Accreditation (VV&A)

Identifies how VV&A will be conducted for each selected M&S.  VV&A will  comply with DA PAM 5-11 provisions. 

· Has a VV&A plan been prepared?        

· Have technical experts reviewed and approved the plan? 

· Does the plan identify all stakeholders, and has it been staffed through them?

.
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The selected M&S must include:

· Model name(s) 

· Model description(s)
· Model proponent/owner

· Model characteristic(s) (i.e., live, virtual, constructive, etc.) 

· Model applications to this SSP 
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5.Distribution

Section 3:  SSP Coordination

A key activity of the simulation support planning process is coordination with organizations that provide or use inputs or outputs of M&S.  The SSP proponent should coordinate the SSP with organizations depending on the type of system and period in its lifecycle in addition to any associated organizations involved in the development and use of the program.  The SSP proponent must staff the draft SSP with Core Staffing organizations identified below.

· Army G-3, Army Model and Simulation Office (AMSO will coordinate with the three M&S Domains)
· HQ TRADOC (Office of the Deputy Chief of Staff for Simulation and Analysis will coordinate within TRADOC)

· 
· Army Materiel Command Research, Development and Engineering Command

· Army Materiel Systems Analysis Activity

· Army Test and Evaluation Command

· Army G2 (Intelligence)

· US Army Cost and Economic Analysis Center

· Relevant Program Executive Officer
Appendix D:  Glossary and List of Acronyms

D.1
Abbreviations used in this document

AAR – After Action Review

ABAQUS  - Commercial multi-purpose finite element model used to determine/evaluate the structural integrity of physical object/

ACAT – Acquisition Category

ACEIT – Automatic Cost Estimating Integrated Tools

ACE-IT – Automated Cost Estimating – Integrated Tools 

ACR – Advanced Concepts and Requirements

ACTD – Advanced Concept Technology Demonstrations

ALWSIM - Army Laser Weapon Simulation Model

AMC – Army Materiel Command

AMCOM – Aviation and Missile Command

AMCOS – Army Military-Civilian Cost System

AMDF – Army Master Data File

AMRDEC – Aviation and Missile Research Development and Engineering Center

AMS GOSC – Army Model and Simulation General Officer Steering Committee

AMSAA – Army Materiel Analysis Activity

AMSEC – Army Model and Simulation Executive Council

AMSO – Army Model and Simulation Office

AoA – Analysis of Alternatives

API – Application Program Interface

AR – Army Regulation

ARL – Army Research Laboratory

ARL-HRED – ARL-Human Research and Engineering Directorate 

ARL – SLAD - ARL – Survivability/Lethality Analysis Directorate

ARNG – Army National Guard

ASA(ALT) – Assistant Secretary of the Army for Acquisition, Logistics and Technology

AST – ATEC System Test

ASTARS – Army Standards Repository System

ATAV – Army Total Asset Visibility

ATEC – Army Test and Evaluation Command

AUSA – Association of the United States Army

ATD – Advanced Technology Demonstration

BEWSS – Battlefield Environment Weapon System Simulation

BFVS COFT – Bradley Fighting Vehicle System Conduct of Fire Trainer

BRL – Ballistic Research Lab

CABIN – Cellular Automata Based Infiltration

CAE – Computer-Aided Engineering

CAD – Computer-Aided Design

CADARS – Chemical Agent Deposition Analysis for Rotorcraft Surfaces

CAIV – Cost as an Independent Variable

CAM – Computer-Aided Manufacturing

CASA – Cost Analysis Strategy Model

CASTFOREM – Combined Arms and Support Task Force Evaluation Model

CATIA – Computer Aided Three-dimensional Interactive Application

CCAWS – Close Combat Anti-Armor Weapon System

CCTT – Close Combat Tactical Trainer

CDDB – Central Demand Data Base

CE – Collaborative Environments

CEAC – Cost and Economic Analysis Center 

CECOM –Communications-Electronics Command

CM – Configuration Management

CM – Countermeasure

CMM – Counter-Countermeasure

CMTC – Combat Maneuver Training Center 

COMBAT XXI – Replaces CASTFOREM

CTC – Combat Training Center

COMPASS – Computerized Optimization Model for Predicting and Analyzing Support Structures

COTS – Commercial off-the-shelf

COVERS – Combat Vehicle RAM (Reliability, Availability, and Maintainability) Simulation

CPIPT – Cost Performance Integrated Product Team

C2 – Command and Control 

C4I – Command, Control, Communications, Computers, and Intelligence

C4ISR – Command and Control, Communication, and Computers (C4) Intelligence Surveillance and Reconnaissance

DA – Department of the Army

DARPA – Defense Advanced Research Projects Agency

DE – Directed Energy

DEM/VAL – Demonstration/Validation

DDR&E – Director, Defense Research and Engineering

DFARS – Defense Federal Acquisition Regulation 

DIGEST – Digital Geographic Information Exchange Standard

DII COE – Defense Information Infrastructure Common Operating Environment

DIS – Distributed Interactive Simulation

DMSO – Defense Modeling and Simulation Office

DoDI – Department of Defense Instruction

DOF – Degree of Freedom

DPD – Distributed Product Descriptions

DT – Developmental Test

DTC – Design to Cost

DTC – Developmental Test Command

DTIC – Defense Technical Information Center

EDCAS –  Equipment Designers Cost Analysis System

EFOGM –  Enhanced Fiber Optic Missile

EMD – Engineering and Manufacturing Development

EMIS – Executive Management Information System

EXCIMS – Executive Council for Modeling and Simulation

FACC – Feature and Attribute Coding Catalogue

FEA – Finite Element Analysis

FEDC – Field Exercise Data Collection

FER – Force Exchange Ratio

FFRDEC – Federally Funded Research and Development Center

FORCEM – Force Evaluation Model 

FRED – Faceted Regional Editor Description

FTX – Field Training Exercises

FORCES – Force and Organization Cost Estimating System

GENESIS - Generic Smart Indirect Fire Simulation

GWARS (GROUNDWARS) –  Two-sided ground combat simulation

GTA – Graphic Training Aids

HITL – Human-in-the-loop

HLA – High Level Architecture (HLA)

HMMWV – High Mobility Multi-purpose Wheeled Vehicle

HIS – Human System Integration

IAW – In Accordance With

ICT – Integrated Concept Team

IDEEAS – Interactive Distributed Engineering Evaluation and Assessment Simulation

IDEEE – Institute of Electronics and Electrical Engineers

ILAP – Integrated Logistics Analysis Program

IMPRINT – Improved Performance Research Integration Tool

IOT&E – Initial Operational Test and Evaluation

IPME – Integrated Performance Modeling Environment

IPPD – Integrated Product and Process Development

IPT – Integrated Product Team

INVEST – Inter-Vehicle Embedded Simulation Technology

JANUS – Wargaming simulation used to train platoon and company commanders, battalion and brigade staffs

JMASS – Joint Modeling and Simulation System

JRTC – Joint Readiness Training Center

JSIMS – Joint Simulation System

JTA – Joint Technical Architecture

JWARS – Joint Warfare System

KA – Knowledge Acquisition

KE – Knowledge Engineering

LCCE – Life Cycle Cost Estimates

LER – Loss Exchange Ratio

LIDB – Logistics Integrated Data Base

LIF – Logistics Intelligence

LFT – Live Fire Testing

LFX – Live Fire Exercises

LOGAM –  Logistics Analysis Mode

LOGPARS – Logistics Planning and Requirements System

LOGSA – Logistics Support Activity

LRIP – Low-Rate Initial Production

LOSAT – Line of Sight – Anti- Tank

LSAR – Logistics Support Analysis Record

LRU – Line Replaceable Unit

MAIS – Major Automated Information Systems

MANPRINT – Manpower and Personnel Integration

MDA – Milestone Decision Authority

MDAPs – Major Defense Acquisition Programs

MIL-STD – Military Standard

ModSAF – Modular Semi-Automated Forces

MOE – Measures of Effectiveness

MOP – Measures of Performance

MPT – Manpower, Personnel, and training (MPT)

MSIAC - Modeling and Simulation Information Analysis Center

MSRR – Model and Simulation Resource Repository

MUVES – Modular Unix-based Vulnerability Estimation Suite

M&S – Modeling and Simulation

MTMCTEA – Military Traffic Management Command – Transportation Engineering Agency

MTS – Modernization Through Spares

NASTRAN –Commercial model, finite element analysis program for use in CAD/CAM

NATO - North Atlantic Treaty Organization

NATO STANAG – NATO Standardization Agreement

NBC – nuclear, Biological, and Chemical

NIMA – National Imagery and Mapping

NLOS – Non Line of Sight

NRMM – NATO (North Atlantic Treaty Organization) Reference Mobility Model

NSC – National Simulation Center

NSN – National Stock Numbers

NTC – National Training Center

OMG – Object Management Group 

OneSAF – One Semi-Automated Force. Replaces ModSAF

OPTEMPO – Operational Tempo

ORCA – Operational Requirements – Based Casualty Assessment

ORD – Operational Requirements Document

OSMIS – Operating and Support Management Information System (OSMIS)

OSRAP – Optimum Stock Requirements Analysis Program

OT – Operational Testing

OTC – Operational Test Command

O&S – Operating and Support

PATRAN – Commercial model, used for constructive simulation.  Serves as a front end to finite element analysis codes.

PM – Program Manger/Project Manager

PMR – Provisioning Master Record

PoF – Physics of Failure

ProE – Pro/Engineer 


PSCC – Premium Service Cost Comparison

RAM – Reliability, Availability, and Maintenance

RDA – Research, Development, and Acquisition

RDECs – Research, Development and Engineering Centers

RFP – Request for Proposal

RFPI – Rapid Force Projection Initiative

SDC – Sample Data Collection

SCC – Standards Category Coordinator

SEM – Smart Enterprise Model

SEP – System Evaluation Plan

SER – System Evaluation Report

SESAME – Selected Essential-Item Stock for Availability Method

SIMNET – Simulation Network

SIPRN – Secret Internet Protocol Routing Network

SLIC – Systems Logistics Integration Capability

SMART – Simulation and Modeling for Acquisition, Requirements and Training

SME – Subject Matter Experts

SNAP – Standards Nomination and Approval Process

SPMN – Software Program Manager’s Network

SQUASH – Stochastic Quantitative Analysis of System Hierarchies

SRD – Standards Requirements Documents

SSP – Simulation Support Plan

STEP – Simulation Test and Evaluation Program

STO – Science and Technology Objectives

STRAT – Stratification Reports

STRICOM – Simulation, Training and Instrumentation Command

STX – Situational Training Exercises

S/L – Survivability and Lethality

TACOM – Tank-automotive and Armaments Command

TADSS – Training Aids, Devices, Simulators and Simulations

TEC – Topographic Engineering Center

TEMO – Training, Exercises, and Military Operations

TEMP – Test and Evaluation Master Plan

TM – Technical Manuals

TMPO – Terrain Modeling Project Office

TEXCOM – Test and Experimentation Command (now OTC)

TI – Technology Insertion

TOC – Total Ownership Cost

TOW - Tube-launched, Optically Tracked, Wire Command-link

TP – TRADOC Pam

TPIO-TD – TRADOC Program Integration Office for Terrain Data

TRADOC – Training and Doctrine Command

TTIM – TACOM Thermal Image Model

TTP – Tactics, Techniques and Procedures

TVM – TARDEC Visual model

T&E – Test Evaluation

T3FG – Technology Tracking & Transfer Facilitation Group

UAV - Unmanned Aerial Vehicle

UGV – Unmanned Ground Vehicle

USD(A&T) – Undersecretary of Defense for Acquisition and Technology

VAMP – Vulnerability Analysis Methodology Program (Successor MUVES-COMPART)

VIC – Vector in Command

VLSTRACK – Vapor, Liquid and Solid Tracking

VPG-T – Virtual Proving Ground for Transportability

VSAT – Vehicle Survivability Analysis Tool

V&V – Verification and Validation

VV&A – Verification, Validation and Accreditation

WARSIM – Warfighters’ Simulation
WWW – World Wide Web

D.2
Terms

Accreditation.  The official certification that a model or simulation is acceptable for use for a specific purpose.  (AR 5-11 and DA Pam 5-11)    (Pages:  3, 20, 35, 36, 51, 52, 65, 66)

Advanced Concepts and Requirements (ACR) Domain. One of the three domains for Army M&S Applications, ACR includes experiments with new concepts and advanced technologies to develop requirements in doctrine, training, leader development, organizations, materiel and soldiers that will better prepare the Army (AR 5-11)    (Pages:  23, 38, 45, 71) 

Analysis of Alternatives (AoA). A study conducted to provide support for acquisition decisions in the acquisition cycle.  The AoA illuminates the relative advantages and disadvantages of the alternatives being considered showing the sensitivity of each alternative to possible changes in key assumptions (e.g., threat) or variables (e.g., performance capabilities).  There shall be a clear linkage between the AoA, system requirements, and system evaluation measures of effectiveness. (AR 5-11)    (Pages:  2, 11, 13, 26, 30, 35, 55, 57, 58, 71)
Collaborative Environments (CE). Within the context of SBA, a collaborative environment (CE) is an enduring collection of subject matter experts (SMEs) supported by interoperable tools and data bases, authoritative information resources, and product/process models that are focused on a common domain or set of problems. (SBA Roadmap)                                                        (Pages:  1, 5, 11, 12, 13, 25, 26, 29, 30, 34, 61, 71)

Distributed Product Descriptions (DPDs). A distributed collection of product-centric information that is interconnected via web technology into what appears (to the user) to be a single, logically unified product representation.  DPDs are composed primarily of three types of information: product data, product models, and process models.  Product data specifies the characteristics of a product at any point in its development cycle, including requirements, program management data, cost data, engineering data, manufacturing data, and test data.  Product models are authoritative representations of a product's behavior and/or performance.  Process models are used to define the business operations necessary to define, develop, manufacture, deploy, and dispose of the product throughout its life cycle.  DPDs may also contain other relevant product-related information, such as functional descriptions of product behavior and various categories of applicable metadata (e.g., VV&A status). (SBA Roadmap)                                                    (Pages:  11, 13, 14, 18, 19, 26, 34, 36, 48, 72)

Emulator. A physical M&S, which duplicates the behavior, properties, or performance of another system. Emulators are frequently used to generate inputs for other M&S. (AR 5-11)         

Federations Element. Term applied to an individual M&S that is part of a federation of models and simulations. Federation elements may be distributed. (AR 5-11) 

Federation of Models and Simulation. A system of interacting M&S with supporting infrastructure, based on a common understanding of the objects portrayed in the system. (AR 5-11) 

High Level Architecture (HLA). Major functional elements, interfaces, and design rules, pertaining, as feasible, to all DoD simulation applications, and providing a common framework within which specific system architectures can be defined. (AR 5-11)                                                       (Pages:  24, 37, 41, 49, 65, 66, 69, 70, 73)

Integrated Concept Team (ICT). An integrated team made up of people from multiple disciplines formed for the purposes of developing operational concepts, developing materiel requirements documents, developing other DTLOMS requirements documents, when desired, and resolving other requirements. (TP 71-9)                                                                                                (Pages:  1, 3, 5, 15, 17, 18, 20, 23, 24, 26, 29, 30, 34, 35, 36, 62, 73)

Integrated Product Team (IPT). A working level team of representatives from all appropriate functional disciplines working together to build successful and balanced programs, identify and resolve issues provide recommendations to facilitate sound and timely decisions.  IPTs may include members from both Government and industry, including program contractors and sub-contractors.  Mandatory procedures for IPTs in the oversight and review process are describe in DoD Regulation 5000.2R. (TP 71-9)                                                                                      (Pages:  3, 5, 20, 26, 29, 34, 35, 36, 40, 45, 47, 56, 58, 59, 70, 72, 73)

Live, Virtual, and Constructive Simulation. The categorization of simulation into live, virtual, and constructive is problematic, because there is no clear division between these categories.  The degree of human participation in the simulation is infinitely variable, as is the degree of equipment realism.  This categorization of simulations also suffers by excluding a category for simulated people working real equipment (e.g., smart vehicles). 

a. Live Simulation. A simulation involving real people operating real systems.             (Pages:  7, 8, 10, 18, 25, 26, 27, 30, 31, 34, 36, 37, 38, 39, 56, 67, 69)

b. Virtual Simulation. A simulation involving real people operating simulated systems. Virtual simulations inject human-in-the-loop in a central role by exercising motor control skills (e.g., flying an airplane), decision skills (e.g., committing fire control resources to action), or communication skills (e.g., as members of a C4I team).                                       (Pages:  1, 2, 7, 8, 9, 10, 11, 12, 14, 17, 18, 19, 25, 27, 28, 29, 30, 31, 34, 37, 38, 60, 69)

c. Constructive Model or Simulation. Models and simulations that involve simulated people operating simulated systems. Real people stimulate (make inputs) to such simulations, but are not involved in determining the outcomes.                                                    (Pages:  7, 9, 10, 25, 28, 34, 56, 60, 69, 74) 

Modeling and Simulation. The development and use of live, virtual, and constructive models including simulators, stimulators, emulators, and prototypes to investigate, understand, or provide experiential stimulus to either (1) conceptual systems that do not exist or (2) real life systems which cannot accept experimentation or observation because of resource, range, security, or safety limitations. This investigation and understanding in a synthetic environment will support decisions in the domains of research, development, and acquisition (RDA) and advanced concepts and requirements (ACR), or transfer necessary experiential effects in the training, exercises, and military operations (TEMO) domain. (AR 5-11)                                              (Pages:  1, 7, 11, 14, 15, 40, 41, 43, 63, 65, 67, 72)

Modeling and Simulation Resource Repository (MSRR). The MSRR is a collection of M&S resources. MSRR resources include models, simulations, object models, Conceptual Models of the Mission Space (CMMS), algorithms, instance databases, data sets, data standardization and administration products, documents, tools and utilities. The MSRR concept calls for a collection of resources hosted on a distributed system of resource servers. These servers are interconnected through the World Wide Web (WWW) using the INTERNET for the unclassified MSRR or through Secret Internet Protocol Routing Network (SIPRNET) for the classified MSRR. The MSRR provides a layer of services that includes the registration of resources and users, description and quality information of resources, and specialized search capabilities. (AMSO web page)     (Pages:  15, 37, 46, 47, 48, 49, 68, 73) 

Process Models. A depiction of the processes and activities relevant to operating an enterprise. For instance, the specification of design processes is necessary to fully define the systems engineering approach to be used to iterate and mature the product design over multiple cycles. The specification of manufacturing processes is necessary to define the low-level procedures needed to fabricate and assemble a product and also to enable the identification of appropriate aggregations of these low-level sub-processes that together specify the overall flow of control on the factory floor.  Process models for test and evaluation (e.g., STEP), operational support, VV&A, and standard business practices are also necessary to fully define an enterprise.  A wide range of tools may apply these process models for the purpose of optimization and implementation. (SBA Roadmap)    (Pages:  12, 13, 14)

Product Data. Any information that describes the current state of a product specification at any point in the systems acquisition process.  This would include requirements data, engineering data, cost data, manufacturing data, logistics data, and whatever other types of data are required to fully define the product.  This information is captured and made globally and instantly accessible to all members of distributed IPTs via DPDs. (SBA Roadmap)   (Pages:  13, 76)

Product Models. Authoritative representations of product behavior and performance.  Each product model identified in a DPD can reference an actual software implementation of the product (data and methods) that has been developed to operate in a specific static analysis tool or dynamic virtual environment.  For instance, a single DPD for a radar system might reference several different product models, each of which is intended for use in different simulation systems (JWARS, JSIMS, JMASS).  Alternatively, product behavior may also be represented via appropriate algorithms, which have not been implemented in software.  Each product model is based on a common functional and operational description (included in the DPD) that provides the basis for verification and validation of the model.  The results of V&V testing and the level of sponsor accreditation currently associated with the model are additional categories of product data included in a DPD. (Pages:  13, 14, 76)

Research, Development, and Acquisition (RDA) Domain. One of the three domains for Army M&S applications, the RDA includes all M&S used for design, development, and acquisition of weapons systems and equipment.  M&S in the RDA domain are used for scientific inquiry to discover or revise facts and theories of phenomena, followed by transformation of these discoveries into physical representations.  RDA also includes test and evaluation (T&E) where M&S are used to augment and possibly reduce the scope of real world T&E. (AR 5-11)      (Pages:  23, 38, 45, 60, 74)

Simulation. A method for implementing a model(s) over time. (AR 5-11)

Simulator. 

A device, computer program, or system that performs a simulation.

For training, a device that duplicates the essential features of a task situation and provides for direct practice. 

For Distributed Simulation, a physical model or simulation of a weapons system, set of weapons systems, or piece of equipment that represents some major aspects of the equipment's operation. (AR 5-11)

Stimulator.

A hardware device that injects or radiates signals into the sensor system(s) of operational equipment to imitate the effects of platforms, munitions, and environment that is not physically present.

A battlefield entity consisting of hardware and/or software modules, which injects signals directly into the sensor systems of an actual battlefield entity to simulate other battlefield entities in the virtual battlefield. (AR 5-11)

Synthetic Environment. Internet simulations that represent activities at a high level of realism from simulations of theaters of war to factories and manufacturing processes.  These environments may be created within a single computer or a vast distributed network connected by local and wide area networks and augmented by super-realistic special effects and accurate behavioral models.  They allow visualization of and immersion into the environment being simulated. (DoD 5000.59-P; CJSI 8510.01) (AR 5-11) (Pages:  8, 34, 35, 36, 43, 77)

Technical Architecture. A minimal set of rules governing the arrangement, interaction, and interdependence of the parts or elements that together may be used to form an information system, and whose purpose is to insure that a conformant system satisfies a specified set of requirements. (AR 5-11) (Pages:  37, 41, 71)

Training, Exercises, and Military Operations (TEMO) Domain. One of the three domains for Army M&S applications, TEMO includes most forms of training at echelons from individual simulation trainers through collective, combined arms, joint, and/or combined exercises.  TEMO includes mission rehearsals and evaluations of all phases of war plans.  Analysis conducted during the rehearsal or evaluation validates the plan as best as the simulation environment will allow. (AR 5-11) (Pages:  23, 38, 45, 75)

Validation. The process of determining the extent to which an M&S is an accurate representation of the real world from the perspective of the intended use of the M&S. (DA PAM 5-11)        (Pages:  3, 20, 34, 35, 36, 45, 46, 47, 51, 52, 60, 65, 66, 75)

Verification The process of determining that an M&S implementation accurately represents the developer's conceptual description and specifications.  Verification evaluates the extent to which the M&S have been developed using sound and established software engineering techniques. (DA PAM 5-11) (Pages:  3, 20, 35, 46, 47, 51, 52, 65, 66, 75)
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Appendix E:  Web Sites

E.1
Applicable M&S Regulations:

AMSO – http://www.amso.army.mil/ in the library

DMSO – http://www.dmso.mil/ in the document library

TRADOC – http://www.tradoc.army.mil/publica.htm
ASA(ALT) – http://www.sarda.army.mil/library.htm
E.2
M&S Agencies:

Modeling and Simulation Information Analysis Center (MSIAC) –http://www.msiac.dmso.mil/default.htm 

Software Program Manager's Network (SPMN) – http://www.spmn.com/
Defense Technical Information Center (DTIC)(http://www.dtic.mil/); ModSAF/OneSAF (http://www.onesaf.org/)

Terrain Modeling Project Office (TMPO) (http://www.tmpo.nima.mil/)

U.S. Army Corps of Engineers Topographic Engineering Center (TEC) (http://www.tec.army.mil/)

Technology Tracking & Transfer Facilitation Group (T3FG) (http://www.stricom.army.mil/STRICOM/DRSTRICOM/T3FG/SOFTWARE_LIBRARY/)

Information Technology Service Center (http://www.sc.ist.ucf.edu/)

Institute for Simulation and Training, University of Central Florida (http://www.ist.ucf.edu/)

National Center for Simulation (http://www.simcentral.org/).

E.3
Current "Best Practices”:

ASTARS – http://www.msrr.army.mil/astars
SPMN – http://www.spmn.com
CECOM SEC – http://www.sed.monmouth.army.mil/asi/
DSMC – http://www.dsmc.dsm.mil/leslrnd/best.htm
STRICOM – http://www.stricom.army.mil/STRIAM/PMBP/home.html
Navy World Class Practices – http://www.acq-ref.navy.mil/thrust_wcp.html
Project Management for Mission Critical Systems – http://itrb.gov/
E.4
M&S repositories for existing M&S and data:

Defense Model and Simulation Office (DMSO) MSRR (http://www.msrr.dmso.mil/)

Army Modeling & Simulations Office (AMSO)(http://www.amso.army.mil/)

Air Force Modeling and Simulation Resource Repository (AFMSRR) (http://afmsrr.afams.af.mil/)

Navy Test and Evaluation Repository for Models and Simulations (http://nterms.mugu.navy.mil/). 

Army MSRR – http://www.msrr.army.mil/
Air Force MSRR - http://afmsrr.afams.af.mil/
Navy M&S Catalog - (http://navmsmo.hq.navy.mil/nmsiscat/
Ballistic Missile Defense Simulation Support Center – http://www.jntf.osd.mil/bmdssc/
ADS Library – http://ads.msrr.dmso.mil/
MEL - http://mel.dmso.mil
EMAC - http://www.emac.colsa.com/topframeset.html
STRICOM – http://www.stricom.army.mil/STRICOM/DRSTRICOM/
SIPRNet – http://cmsrr.dia.smil.mil or http://206.36.142.198 (Unclassified: http://199.75.73.39)

E.5
Applicable M&S Standards:

ASTARS – http://www.msrr.army.mil/astars
JTA – Army – http://arch-odisc4.army.mil/aes/aea/jta-a/jtaa55/html/jtaa55.htm
JTA – DoD – http://www-jta.itsi.disa.mil//
HLA – http://hla.dmso.mil/
SEDRIS – http://www.sedris.org/
E.6
Potential performance measures:

SPMN – http://www.spmn.com
SEI – http://www.sei.cmu.edu/managing/managing.html
Sources to assist in program risk management:

SPMN – (http://www.spmn.com/focus_areas.html) 

CECOM SEC - http://www.sed.monmouth.army.mil/asi/
Defense Acquisition Deskbook – (http://www.deskbook.osd.mil/)

Regulations - (DoD 5000.2-R, DA PAM 70-3)

Carnegie Mellon's Software Engineering Institute (SEI) -(http://www.sei.cmu.edu/arm/index.html)

Project Management for Mission Critical Systems Handbook - http://itrb.gov/
E.7
M&S Education:

DMSO offers several opportunities in M&S education - http://www.dmso.mil/SOC/
DMSO HLA training program - http://hla.dmso.mil/
Additional M&S opportunities within academia may be found on DMSO's WWW Resource Links (http://www.dmso.mil/, under "M&S Community").

E.8
M&S Agencies:

DoD Executive Agent for Air and Space

Air & Space Natural Environment M&S Executive Agent
DOD ASNE MSEA

151 Patton Ave, Rm. 120

Asheville, NC 28801-5002

(http://msea.afccc.af.mil/)

DoD Executive Agent for Oceans:

The Ocean Executive Agent Office

Naval Research Laboratory

NRL Code 7306

Washington, DC 20375-5320

(http://rsd-www.nrl.navy.mil/OceanEA/)

DoD Executive Agent for Terrain:

Terrain Modeling Project Office
NIMA TRT MS P-23
12310 Sunrise Valley Drive
Reston, Virginia 20191-3449
Phone: (703) 262-4570
Fax: (703) 262-4599

(http://www.tmpo.nima.mil/)

DoD Executive Agent for Intelligence:

The Defense Intelligence Agency 
DI-FSM 
Bolling Air Force Base 
Washington, DC 20310 
Phone: 202-231-8370
POC: Mr. George Thompson
Email: afthoga@dia.osis.gov
or DIVITRP@dia.ic.gov (Secure) 

AMSO

Army Model and Simulation Office

ODCSOPS, ATTN: DAMO-ZS
400 Army Pentagon
Washington, DC 20310-0400 
FAX: DSN 329-0018, 
COM 703/601-0010 

(http://www.amso.army.mil/)

DMSO

Defense Modeling and Simulation Office 

1901 N. Beauregard St., Suite 500
Alexandria, VA 22311
(703) 998-0660
(http://www.dmso.mil/)

E.9
U.S. Army M&S Domain Managers/Agents:

ACR Domain Manager

(Technical Advisor to Army DCSOPS)

Deputy Chief of Staff for Operations and Plans

Attn: DAMO-ZD 

RM 3A538/PNT

Washington, DC 20310

(703) 697-4113

(http://www.amso.army.mil/mgmt/index.htm)

ACR Domain Agent

Deputy Chief of Staff for Combat Development

Attn: DCS-CD 

U.S. Army Training and Doctrine Command

Fort Monroe, VA 23651-5389

(757) 727-3712

(http://www.amso.army.mil/mgmt/index.htm)

RDA Domain Manager

Assistant Chief of Staff of the Army (Acquisition, Logistics & Technology) (AL&T) 

Analysis Division (SAAL-DO)
2511 Jefferson Davis Highway, Arlington, VA 22202-3911
Presidential Towers, 10th Floor, Suite 10100
(703) 604-7006

(http://www.sarda.army.mil/zd/rdadomain.htm)

RDA Domain Agent

Deputy Chief of Staff for Research, Development, and Acquisition

Attn: DCSRDA

Army Materiel command

5001 Eisenhower Avenue

Alexandria, VA 22333-0001

(703) 617-5426

(http://www.amso.army.mil/mgmt/index.htm)

TEMO Domain Manager

Deputy Chief of Staff for Operations and Plans

Attn: DAMO-TR 

RM 1E542/PNT

Washington, DC 20310

(703) 614-8189

(http://www.amso.army.mil/mgmt/index.htm)

TEMO Domain Agent

Deputy Chief of Staff for Training

Attn: ATTG-ZA

US Army Training and Doctrine Command

Fort Monroe, VA 23651-5000

POC: LTC Vaden (757) 727-5756

(http://www-leav.army.mil/temo/)

E.10
Other Agencies that utilize M&S:

AMSAA

Director, US Army Material Systems Analysis Agency, ATTN: AMXSY-D, 392 Hopkins Road Aberdeen Proving Ground, MD 21005-5071 (http://www.amsaa.army.mil/)

ARL 

Director US Army Research Laboratory ATTN: AMSRL-D 2800 Powder Mill Road Aberdeen Proving Ground, MD 20783-1145 (http://www.arl.mil/)

ARO 

Director U.S. Army Research Office, 4300 S. Miami Blvd, P.O Box 12211, Research Triangle Park, NC 27709-2211 (http://www.aro.ncren.net/)

CAA

Director Center for Army Analysis, ATTN: CSCA-ZA, 6001 Geothals Road, Fort Belvoir, VA 22060-5230 (http://www.army.mil/caa)

CEAC

Office of the Deputy for Cost Analysis and Director, Cost and Economic Analysis Center (CEAC) (http://www.ceac.army.mil/default.htm) 

DARPA

Director Defense Advanced Research Project Agency 3701 North Fairfax Drive Arlington, VA 22203-1714 (http://www.arpa.mil/)

E.11
TRADOC

TRADOC Deputy Chief of Staff for Simulation and Analysis - Fort Monroe, VA (http://www-tradoc.monroe.army.mil/dcssa/index.htm)

Technical Director National Simulation Center (NSC) ATTN: ATZL-NSC Fort Leavenworth, KS 66027 (http://leav-www.army.mil/nsc/)

E.12
TRADOC Battle Labs

US Army Battle Labs (http://battlelabs.monroe.army.mil/location/blloc.htm)

Director, HQ TRADOC, Office of the Deputy Chief of Staff for Combat Developments, Battle Lab Integration, Technology and Concepts Directorate, ATCD-B Building 163, Fort Monroe, VA 23651-5000 (http://battlelabs.monroe.army.mil/location/blitcd-1.htm
Director USA Combined Arms Support Command Combat Service Support Battle Lab ATTN: ATCL-B Fort Lee, VA 23801-6000 (http://www.cascom.army.mil/cssbl/)

Commandant USA Field Artillery School Depth and Simultaneous Attack Battle Lab ATTN: ATSF-CBL Fort Sill, OK 73503-5600 (http://www.dsabl.sill.army.mil/)

Director USA Infantry School Dismounted Battlespace Battle Lab ATTN: ATZB-WC, FT Benning, GA 31905-5007 (http://battlelabs.monroe.army.mil/location/benning.htm)

Director USA Armor School Mounted Maneuver Battlespace Battle Lab ATTN: ATZK-MW Fort Knox, KY 40121-5000 (http://147.238.100.101/center/mbbl/)

Battle Command Battle Labs: (3 locations)

US ARMY Battle Command Battle Lab 415 Sherman Avenue Ft. Leavenworth, KS 66027-5300 (http://cacfs.army.mil/)

Battle Command Fort Gordon DSN: 780-2057/2557 CML: (706) 791-2057/2557 FAX: (706) 791-8346 Mailing Address: CDR, USASC&FG ATTN: ATZH-BLT Ft. Gordon, GA 30905-5294 (http://www.bl.gordon.army.mil/) 

Battle Command Fort Huachuca DSN: 821-4661 CML: (520) 533-4661 FAX: (520) 533-4701 Mailing Address: CDR, USAIC&FH ATTN: ATZS-BL Ft. Huachuca, AZ 85613-6000 (http://huachuca-dcd.army.mil/)

Director Air Maneuver Battle Lab, ATTN: ATZQ-CDB, 5000 Lucky Star, FT Rucker, AL, 363362-5000 (http://www-rucker.army.mil/ambl/ambl.htm)

Space and Missile Defense Battle Lab, Huntsville, AL (http://www.smdc.army.mil/SMDBL.HTML)

Maneuver Support Battle Lab, FT Leonard Wood, MO (http://www.wood.army.mil/MSBL/)

E.13
AMC RDECs

Director, U.S. Army CECOM Research, Development & Engineering Center (CECOM) ATTN: AMSEL-RD Ft Monmouth, NJ 07703-5000 

(http://www.monmouth.army.mil/cecom/rdec/rdecDA.html) 

Director, U.S. Army Tank-automotive and Armaments Command, Research and Development Center, Warren, MI 48397-5000 (http://www.tacom.army.mil/tardec)

Director U.S. Army Aviation and Missile Command (AMCOM) Aviation Research, Development and Engineering Center, ATTN: AMSAM-AR, BLDG 5681, Redstone Arsenal, AL 35898-5000 (http://www.redstone.army.mil/mrdec/)

Director Edgewood Chemical Biological Center, Aberdeen Proving Ground, MD 21020-5423 (http://www.sbccom.apgea.army.mil/RDA/ecbc/)

Director U.S. Army TACOM Armament Research, Development & Engineering Center (TACOM-ARDEC), Picatinny Arsenal, NJ 07806-5000 (http://www.pica.army.mil/ardec/top.html)

Technical Director US Army Soldier Systems Center, Kansas Street ATTN: STRNC-T Natick, MA 01760-5000 (http://www.natick.army.mil/)

E.14
T&E Community

ATEC

Commander, U.S. Army Test and Evaluation Command (ATEC)

ATTN: CSTE, Park Center IV, 4501 Ford Avenue, Alexandria, VA 22303-1458 

(http://www.atec.army.mil/)

AEC

Director, U.S. Army Evaluation Center, ATTN: CSTE-AEC (Dr. James Streilein), Park Center IV, 4501 Ford Road, Alexandria, VA 22302-1458 (http://www.atec.army.mil/)

DTC

Commander, U.S. Army Developmental Test Command (DTC), ATTN: CSTE-DTC-CG, Aberdeen Proving Ground, MD 21005-5055 (http://www.dtc.army.mil/)

OTC

Commander, U.S. Army Operational Test Command (OTC)

ATTN: CSTE-OTC-CG, 91012 Station Avenue Fort Hood, Texas 76544-5068 

(http://texcom-www.army.mil/otcweb/MainOTC.htm)

E.15
Additional M&S Agencies

DMSO's WWW Resource Links (http://www.dmso.mil/ under "Related Sites")
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