ACQUISITION 

MODELING AND SIMULATION 

COMPREHENSIVE CORE BODY OF KNOWLEDGE 
 
 
 
 
 

 

TABLE OF CONTENTS 
 
 

 

 

 

Introduction
 

This introductory section describes the purpose of this document and the background events leading to its development.   

Purpose

The purpose of this document is to disseminate to the acquisition community the vision, benefits and on-going implementation activities of using Modeling and Simulation (M&S) in Acquisition by updating Defense Acquisition University (DAU) courses intended for attendance by the acquisition professional.  This information is known here-in as the Comprehensive Core Body of Knowledge (CCBK).  The focus will be on selected DAU courses and will include the presentation of the CCBK to a Functional Board for a representative course (e.g., Systems 301 or Advanced Program Management Course) as a prototype for other acquisition courses. 

Background

During the Summer of 1997, three tasks were assigned by the DoD Acquisition Council of the Executive Council for Modeling and Simulation (EXCIMS).  Task 1 was to develop a Simulation Based Acquisition (SBA) Roadmap in which DoD and Industry are enabled by robust, collaborative use of simulation technology that is integrated across acquisition phases and programs.  The SBA Roadmap was presented to the Acquisition Council on 2 Sep 98.  Task 2 was to develop a DoD-wide policy governing the sharing of models by both Government and Industry to foster the improved use of Modeling and Simulation (M&S) during source selection to enhance and improve this process.  The policy was approved by the Acquisition Council on 2 Sep 98.  Task 3, M&S in Education, was assigned by the Acquisition Council to the Acquisition Functional Working Group (AFWG) in July 1997.  A Joint Task Force (JTF) consisting of part-time members was subsequently formed by the AFWG.  To help establish a baseline of M&S content in current DAU courses, a survey of existing DAU courses was completed in March 1998.  The JTF developed an outline of CCBK topics in May 1998, which was approved by the AFWG.  This outline is included in the Appendix.  Each of the CCBK topics was then further developed by the JTF resulting in the present document.  

Forward

The intended recipient of the CCBK is a functional board, keeping in mind that the product will be used by the course directors.  As such, the information conveyed is not meant to be a complete treatment of each topic, but should be sufficient to explain the concept, its relevance, and identify key elements broken out at basic, intermediate and advanced levels. 

The current content of the CCBK does not reflect the integration of SBA concepts.  The SBA Roadmap, produced by the SBA JTF under Task 1, defines concepts central to SBA and makes recommendations for the implementation of SBA.  However, the Roadmap is just starting a process of vetting and coordination among the Services which will take many months.  As such, it is premature to include SBA concepts in the CCBK at this time.  However, since the CCBK will be a living document updated periodically, SBA concepts will be incorporated during the next iteration of the CCBK. 

A PowerPoint viewgraph slide set containing a summarized listing of the topics covered in each section of the CCBK can be accessed by clicking on the icon below. 
 
 

This set of viewgraphs is also included in this document as the Appendix. 
 

 

Format
 
 

Each topic in the Comprehensive Core Body of Knowledge is described according to the following format:  
 
 
 
 

TITLE:
Title of the topic. 

TOPIC AND RELEVANCE:
A brief summary of the topic and its relevance to the Acquisition Professional. 

KEY ELEMENTS:
A listing of the key elements of the topic broken out into Basic, Intermediate and Advanced categories. 

REFERENCES:
A list of any pertinent publications or web sites. 

OPR:
A list of OSD, Service and Agency Points of Contact with telephone numbers. 
 

                     Figure 1. 

The figure above illustrates one of the topics in Section III on Processes. 
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I. Policy/Guidance
 
 
 

This section includes material contained in formal documents of the DoD directive system (e.g., orders, instructions), as well as other formal documents less directive in nature (e.g., guidelines, handbooks, recommended practices). 

DoD Directives 

TOPIC AND RELEVANCE:  There are a number of DoD Directives addressing the use of M&S in Acquisition.  Two fundamental ones are DoDD 5000.1 and DoD 5000.2-R.  DoDD 5000.1 directs that M&S “shall be used to reduce the time, resources, and risks of the acquisition process and to increase the quality of the systems being acquired.  Representations of proposed systems (virtual prototypes) shall be embedded in realistic synthetic environments to support the various phases of acquisition process.”  DoD 5000.2-R provided more detailed direction on how M&S will be part of the Acquisition Strategy, and will be utilized throughout the system life cycle (e.g., for requirements, system engineering, test and evaluation).  It contains specific reference on the use of M&S in testing, including Operational Testing and Live Fire Testing.  Other M&S related directives in the 5000 series including: DoDD 5000.59 – establishes the DoD policy, assigns responsibilities and prescribes procedures for the management of M&S within DoD;  DoD 5000.59-P – establishes the DoD M&S vision and is the plan that coordinates and directs efforts to resolve commonly shared M&S problems; and DoD 5000.61 – establishes the DoD policy on verification and validation of DoD M&S and on the accreditation of those models and simulations for specific applications, including acquisition.  Other related directives can be found in the 8000 series, pertaining to the use of automated information systems.  The acquisition professional needs to be aware of these directives that establish policy on when and how M&S will be used in acquisition, and the responsibilities of program staff as they employ these tools.  It is incumbent on that professional to comply with these directives and to exploit the potential of these tools in an efficient and planned manner through the life-cycle of a system, while at the same time avoiding the pitfalls and mistakes that gave rise to the need for the policies in the first place. 

KEY ELEMENTS 

Basic
-  The fundamental directive on the use of M&S (stated above) in DoDD 5000.1
-  There is a need to plan for the use of M&S in a program
-  The general DoD M&S services and support available 

Intermediate
-  The objectives for using M&S in acquisition
-  The use of M&S across the total life cycle of a system
-  Direction on the use of M&S in test and evaluation
-  The requirements for VV&A of M&S used in acquisition decisions
 

Advanced
-  That the M&S approach is an essential element of the Acquisition Strategy
-  The DoD vision on the use of M&S in acquisition
-  The policy on planning and resourcing the use of M&S in acquisition
-  Where to seek M&S support, and how to raise M&S needs and requirements within the 
    DoD M&S community 

REFERENCES
DoDD 5000.1, Defense Acquisition, 16 March 1996
DoD 5000.2-R, Manditory Procedures for Major Defense Acquisition Programs and Major Automated Information Systems, 16 March 1996
DoDD 5000.59, DOD Modeling and Simulation Management, 4 January 1994
DoD 5000.59-P, DoD Modeling and Simulation Master Plan, October 1995
DoDI 5000.61, DoD Modeling and Simulation Verification, Validation, and Accreditation, 29 April 1996 
 

OPR
Defense Modeling and Simulation Office
 

DoD Joint Technical Architecture (JTA) 
 

TOPIC AND RELEVANCE:  The purpose of the Joint Technical Architecture (JTA) is to improve the ability of our systems to support joint and coalition force operations.  To do so, the JTA mandates the minimum set of standards needed to facilitate information technology interoperability across functional, joint, or organizational boundaries.  The JTA is applicable to anyone involved in the management, development, or acquisition of new or improved systems within the DoD.  
      The JTA consists of two main parts:  the JTA core and the JTA Annexes.  The JTA core contains those standards applicable to all DoD systems.  The JTA Annexes contain additional standards applicable to a specific functional domain that are needed to ensure interoperability of systems within each domain, but may not be appropriate for systems in other domains.  The current version of the JTA, Version 2.0, includes four Annexes:  the Command, Control, Communications, Computers, Intelligence, Surveillance, and Reconnaissance (C4ISR) domain; the Combat Support domain; the Weapon Systems domain; and the Modeling and Simulation (M&S) domain.
      Future versions of the JTA Modeling and Simulation Annex will need to be updated to incorporate those standards deemed necessary to achieve Simulation Based Acquisition (SBA) interoperability objectives.  As delineated in the SBA roadmap, recommendation TA-1, this set of standards will be developed via a joint effort by representatives from the OUSD(A&T)/DTSE&E, DMSO, Army, Navy, Air Force, , and DISA.  The office of primary responsibility is the DMSO. 

KEY ELEMENTS: 

Basic:
- Describe and define the JTA
- Identify purpose and scope of the JTA 

Intermediate:
-  Explain the relationship between the JTA and SBA 

Advanced:
-  Identify requirement to update the JTA’s M&S Annex to include standards needed to support SBA interoperability objectives. 

REFERENCES:
DoD Joint Technical Architecture, Version 2.0 @ http://www-jta.itsi.disa.mil/ 

OPRs:
Architecture Coordination Council
  - Co-Chairs are: USD(A&T), ASD(C3I), and Joint Staff/J6 
  -  Army,  ASA(RD&A); Navy, ASN(RD&A), Air Force, SAF/AQR 
 

OSD(A&T) Guidance 

TOPIC AND RELEVANCE:  The Under Secretary of Defense, Acquisition and Technology, has issued several memorandum pertaining to the use of M&S in acquisition and related topics.  These provide the Department’s direction on these topics until they can be incorporated into existing Department Directives.  Recent memorandums on this subject address the use of High Level Architecture, Simulation Test and Evaluation Process, and Modeling and Simulation in Acquisition.  Acquisition Professional should be aware of the current directives and guidance on the subject of M&S in acquisition that will affect their programs. 

KEY ELEMENTS 

Basic 

Intermediate
-  Aware of the topics of current OSD(A&T) memoranda on M&S in Acquisition 

Advanced
-  Aware of the dates of compliance for transitioning simulations to the High Level Architecture
-  Aware that OSD(A&T) is looking for evidence of up front investment in program planning and execution 

REFERENCES 
OSD(A&T) memo, DoD High Level Architecture (HLA) for Simulation, Sep 10, 1996
OSD(A&T) memo, Simulation, Test and Evaluation Process, Dec 31, 1997
OSD(A&T) memo, Modeling and Simulation (M&S) in Defense Acquisition, Mar 16, 1998 

OPR
OSD(A&T) 

 

Defense Acquisition Deskbook, Section 2.9 

TOPIC AND RELEVANCE:  Section 2.9 of the Defense Acquisition Deskbook is dedicated to the topic of M&S in Acquisition.  It is a useful compendium of information from directives, to guideline, words of wisdom, and papers on the use of M&S to support the program office.  This information source is readily available through the Internet and on CD-ROM, and designed to be easily kept up-to-date.  Acquisition professionals need to be aware of this handy source of information on M&S in acquisition. 

KEY ELEMENTS 

Basic
-  Aware of the existence of Section 2.9 of the Defense Acquisition Deskbook
-  Aware of the scope of information available in Section 2.9 of the Defense Acquisition Deskbook 

REFERENCES 
Defense Acquisition Deskbook 
(http://www.deskbook.osd.mil/) 

OPR 
Deskbook Joint Program Office 

 

Threat Representation 
 

TOPIC AND RELEVANCE:  It is the responsibility of the Intelligence Community to build threat models as a standard part of the product line.  This role is established by the DIA charter is in the DoD Directive 5000 series.  DIA is the validation authority for all threat models, and as a Modeling and Simulation Executive Agent, is given the authority to coordinate all aspects of DoD M&S related to representation of Foreign Forces.  Acquisition programs often use representations of foreign threats to understand requirements, in system design and testing. The Acquisition Professional needs to understand where such representations can be obtained, and the process for determining whether a specific threat representation has been judged to be an authoritative representation and appropriate for use in a program. 

KEY ELEMENTS 

Basic
-  Aware of who is responsible for threat representations 

Intermediate 

Advanced
- Know the process for determining authoritative threat representations
- Know the role of CROSSBOW  

REFERENCES 
DIA Charter 

OPR
DIA 

 

Simulation, Test & Evaluation Process (STEP) 

TOPIC AND RELEVANCE:  Published jointly in December 1997 by OSD/DTSE&E and OSD/OT&E, this document provides guidance to program offices on how to utilize both testing and simulation to support evaluation in a program.  STEP moves beyond the old approach of “test-fix-test” and addresses how the use of M&S and testing compliment each other in a program.  For major program, whose Test and Evaluation Master Plans (TEMP) are reviewed by OSD, this document provides guidance on the information expected to be found in a TEMP.  The acquisition professional should be of the new approach to testing and simulation, and how they are used to support evaluation throughout the acquisition process. 

KEY ELEMENTS 

Basic
-  Aware of  a DoD simulation and test process called STEP 

Intermediate
-  How simulation and test support each other and evaluation in a program 

Advanced
-  What information is expected on M&S in a TEMP
-  How STEP is applies across all the phases of the acquisition process 

REFERENCES 
Simulation Test and Evaluation Process STEP Guidelines, 4 December 1997
(http://www.acq.osd.mil/te/index.html) 

OPR
OSD/DTSE&E
OSD/OT&E
 

Verification, Validation & Accreditation (VV&A) Recommended Practices Guide 

TOPIC AND RELEVANCE:  Just as the certification of instruments used in testing is important, the credibility of models and simulations used to support acquisition decisions of a program must be established.  The VV&A Recommended Practices Guide is an excellent compendium of VV&A activities employed to establish the credibility of M&S tool within a program.  Acquisition professionals need to be aware of the existence of this Guide and how it can assist them in gaining a level of assurance in the information derived from their M&S tools. 

KEY ELEMENTS 

Basic
-  Existence of the Recommended Practices Guide 

Intermediate
-  How to use the Recommended Practices Guide in developing and implementing VV&A of models and simulation within a program 

REFERENCES 
Verification, Validation & Accreditation (VV&A) Recommended Practices Guide, Nov 96
(http://www.dmso.mil/docslib/mspolicy/vva/rpg/) 

OPR
Defense Modeling and Simulation Office 
 
 
 

 

Service Directives 

TOPIC AND RELEVANCE:  Each Service has its own directives on the management and use of M&S.  For example, the Army requires that programs develop a Simulation Support Plan.  A draft Air Force Instruction (AFI) requires programs to develop a similar document, called an M&S Support Plan.  The acquisition professional should be aware of these requirements in general, and their Service requirements in detail. 

KEY ELEMENTS  

Basic
-  Aware of the existence of Service directives in addition to DoD-wide directives 

Intermediate
-  Introduced to Service specific M&S directions. 

REFERENCES 
AR 5-11, Management of Army Models and Simulations, November 1996
AR 70-1, Research, Development, and Acquisition/Army Acquisition Policy,
DA PAM 5-11, VV&A of Army Models and Simulations, 15 October 1993
DA PAM 70-3, Army Acquisition Procedures, February 1995
Draft Air Force Instruction (AFI) 16-1001, M&S Support to Acquisition, Oct 98
(Navy directives – to be added) 

OPR
Air Force XOC
Army Modeling and Simulation Office
Marine Corps Modeling and Simulation Management Office
Navy Modeling and Simulation Management Office 

 

Service Modeling & Simulation Guidelines 

TOPIC AND RELEVANCE:  Each Service has published a number of guidelines to assist programs offices in complying with directives, and to implement M&S within their programs.  Acquisition professional should be aware of these guidelines in general, and know their specific Services’ guideline in particular. 

KEY ELEMENTS 

Basic
-  Aware of Service M&S guidelines that are available 

REFERENCES 
Army’s Simulation Support Plan Guideline, May 1997
Air Force’s draft M&S Support Plan Template, Oct 98 

OPR
Army Modeling and Simulation Office
Air Force - SAF/AQIK, Mission Area Directorate for Information Dominance, DSN 425-
                   7165 or 703-588-7165 
 
 
 

 

 

II. CONCEPTS
 
 
 

Underlying the everyday use of M&S are basic principles and concepts the practitioner needs to know.  This section also includes more advanced concepts. 

Model 

Topic and Relevance:  The term model, in basic terms, is “something used in place of something else.”  It represents some characteristic or aspect of the original, which is of interest to the person employing the model.  Models have been in use for centuries.  In recent times, physical models have been used in wind tunnels and towing tanks, testing resistance to flow, lift coefficients and similar design parameters.  However, models do not have to be physical.  The term model can also mean a mathematical or logical representation of a system, entity, phenomenon or process.  Models are used extensively within all areas of acquisition (e.g., design, costing, testing, program management, manufacturing).  The acquisition professional must have an understanding of the this tool, its strengths and weaknesses, benefits and pitfalls, the variety of forms it can take, the methods for employing it, the problems it is best suited to solve, and its associated concepts. 

Key Elements: 

Basic:
- Types of models (e.g., physical, mathematical, logical)
- Hierarchy of models
- Benefits to using models
- Common pitfalls to using models 

Intermediate:
- Modeling 

Advanced:
- Structure modeling 

References:
M&S Glossary (DoD Dir 5000.59-P) 

OPR:
Defense Modeling and Simulation Office
Service and Agency Modeling and Simulation Offices 

 

Simulation 

Topic and Relevance:  A simulation is defined as a method for implementing a model (or federation of models) over time.  Simulations are used for testing, analysis or training where real-world systems or concepts are used and represented by a model.  Simulations are used in the acquisition world to examine conceptual designs, test alternative designs, investigate and clarify designs and construction plans and methods, and support the business management of the production and other logistic support facilities.  The acquisition professional needs to know the different classes of simulations (live, virtual and constructive); the concepts of how time is modeled within simulations; what is meant by terms such as: real-time, near real-time, faster than real time; the elements of simulation, and what is meant by distributed simulation. 

Key Elements: 

Basic:
- Classes of simulation
- Different speeds at which simulations can be built to run
- How simulations can be distributed
- Current and future major DoD simulations 

Intermediate:
- Limitations on simulations
- Comparison of model time to real time for each type of simulation
- The need for standards and architectures
- Semi-automated forces 

Advanced:
- Defining, developing and managing simulation federations
- Event time and time step simulations
- Current simulation architectures 

References:
M&S Glossary (DoD Dir 5000.59-P) 

OPR: 

 

Hierarchy of Models and Simulation (Pyramid) 

Topic and Relevance:  Models and simulations can examine a range of problems from the details of a single component (radar receiver, propeller blade, etc.) to how a new weapons system (for example, a new sensor or longer range, higher lethality missile) can affect the outcome of a battle or campaign; or how a new organizational structure can perform in projected future wars.  This hierarchy is useful in focusing on essential elements of the problem, while disregarding details which are not significant at that level of analysis.  It is necessary to ensure that models at the higher levels of aggregation, the theater or campaign level models, are based on factual descriptions of system and operational performance at lower levels of aggregation.  The acquisition professional must be able to  

Key Elements: 

Basic:
- The different levels of models and simulations 

Intermediate:
- The operational uses of the different levels of simulations 

REFERENCES:
M&S Glossary (DoD Dir 5000.59-P 

OPR:
Phone no., web URLs 

 

Aggregation/Deaggregation 

TOPIC AND RELEVANCE:  Models at the theater level must reflect accurately the performance of many individual components and systems.  To conduct simulations at reasonable speed and cost, systems are aggregated into larger units, etc.  As systems are aggregated, the accuracy or fidelity of representation of the whole is affected and must be evaluated.  Similarly, when a task force or system is composed of multiple units, the operation of that force may be modeled as a single object.  When the task force is deployed into smaller units, each of these units must be simulated as being capable of operating independently.  This process is known as deaggregation and the fidelity of the simulated deaggregated unit must be evaluated again.  The acquisition professional must understand how lower level models can be used to “feed” higher level models.  However, when utilizing higher level models, it is sometimes necessary to transition to a lower level model and the limitations that exist as a result. 

KEY ELEMENTS: 

Basic:
- General concept of aggregation/deaggregation 

Intermediate:
- Examples of aggregation/deaggregation; effect on accuracy of results of simulations 

Advanced:
- Issues associated with aggregation and deaggregation
- Evaluation of model selection based on usage and aggregation/deaggregation issues 

 

Fidelity 

TOPIC AND RELEVANCE:  Fidelity is defined from its Latin roots as faithful.  In simulation, it is used to mean how faithful is it to reality.  Does it do everything that its creators created it to do as negotiated between those creators and the funding sponsor(s)?  If it does, then it has achieved some level of fidelity.  The fidelity of a model is measured in its detail of design and includes the quality of the understanding of the real world and hence, the detail that we can put into the algorithms, the quality of data available, and the time available to build and run the model.  A model can be faithful to the real world without modeling every possible detail and is usually only a gross approximation of the real world.  However, fidelity can be expensive.  Important attributes are dependent on modeling usage and should be apportioned judiciously.  The acquisition professional needs to understand the importance of a simulation’s level of fidelity and the trade-off that has to occur to determine the right level of fidelity for the problem at hand. 

KEY ELEMENTS: 

Basic:
- Definitions of fidelity 

Intermediate:
- The pitfall of striving for unneeded levels of fidelity
- The difference between fidelity and resolution 

Advanced:
- Measuring fidelity among models 

References:
Fidelity Implementation Study Group
SISO
http://www.sisostds.org/stdsdev/fidelity/index.htm 

 

Conceptual Models of the Mission Space (CMMS) 

TOPIC AND RELEVANCE:  Designers must have a clear picture of what they wish to represent in order to produce a workable model or simulation for any application.  This picture will be multi-dimensional and must include a depiction of the entities, actions, and interactions that must be represented.  When fully defined, such a resource will provide an evolvable and accessible framework of tools and resources for conceptual analysis.  There will be several Conceptual Models of the Mission Space (CMMS) corresponding to broad mission areas (such as conventional combat operations, other military operations, training, acquisition and analysis).  The mission space structure, tools and resources will provide both an overarching framework and access to the necessary data and detail to permit development of consistent, interoperable, and authoritative representations of the environment, systems, and human behavior in DoD simulation systems. 

Key Elements: 

Basic: 

Intermediate:
-  Simulation or model independent
-  A level of abstraction between the real world and the model or simulation of the real world
- They are developed to provide a blue print of what the M&S developer is to build 

Advanced:
-  They promote reuse of abstractions of entities, actions and interactions
- Permit the development of consistent, interoperable and authoritative representations 

Reference:  http:/www.dmso.mil/ 

OPR:
DMSO 

 

Synthetic Environments (e.g., Joint Synthetic Battle Space) 

TOPIC AND RELEVANCE:  There are many ways to think of synthetic environments.  The first is an integrated M&S environment, connecting together analysis and training and tying together many types of simulations.  Another way to view the synthetic environment is from a user perspective.  Analysts, decision makers, and warfighters must be able to "plug in" to a common environment from their desks, simulators, or operating aircraft and crew stations, linking with Service and civilian counterparts to assess, train, and conduct warfighting.  The Joint Synthetic Battlespace, an idea introduced in the Air Force M&S Vision, is an example of a synthetic environment.  When realized, the Joint Synthetic Battlespace will affordably enable better decisions through analysis and better skills through training. 

The cornerstones for building a synthetic environment are: 

· A common-use DoD/Services vision for M&S 
· A DoD-wide High Level Architecture (HLA) 
· A DoD standard Conceptual Models of the Mission Space (CMMS) 
· Interoperability standards (e.g., data, communications, security) 
· Sufficient communications connectivity and capacity for global interaction 
· Distributed capability for wartime pre-mission rehearsal, trade studies, -ilities, etc. 
 

REFERENCES:
http://www.afams.af.mil/webdocs/newvector/vision.htm
www.dmso.mil 

 

Simulation Based Acquisition (SBA) 

TOPIC AND RELEVANCE:  The Department of Defense has initiated acquisition reform to streamline the process of procuring new and upgraded weapons and to cut the overall costs of acquisition.  A key element in the reform is Simulation Based Acquisition (SBA), or the use of modeling and simulation throughout the acquisition process and the life-cycle of the weapon system.  DoD and Industry have created the following SBA Vision Statement:  “An acquisition process in which DoD and Industry are enabled by robust, collaborative use of simulation technology that is integrated across acquisition phases and programs.”  The goals of SBA are to: 

1. Substantially reduce the time, resources, and risks associated with the entire acquisition process. 

2. Increase the quality, military worth, and supportability of fielded systems while reducing total ownership costs throughout the total life cycle. 

3. Enable Integrated Product and Process Development (IPPD) across the entire acquisition life cycle. 
      The effective deployment of SBA must address the three domains of: environment, process, and culture.  It should consider the strategic issues of DoD Acquisition Policy, formal incorporation of industry ideas and solutions, incremental products, and demonstrations of SBA methods and utility; and DoD/Industry organization and responsibilities. 

KEY ELEMENTS: 

Basic:
- Define the goals and vision of SBA. 

Intermediate and Advanced:
- Describe an M&S strategy that can save costs while maximizing performance requirements for more than one acquisition program. 

REFERENCES:
“A Roadmap for Simulation Based Acquisition,” Chapter 8 {references}, at http://www.acq-ref.navy.mil/sba/pdf/sbardmap.pdf 

OPR:
OSD – Director, Test, Systems Engineering & Evaluation (DTSE&E), Systems Engineering, 703-697-1792 

 

 

III. Processes
 

This section describes the different processes that experience has shown to be essential to a successful application of M&S (e.g., verification and validation, planning).  The intent of this section is to introduce the more common and accepted processes associated with the professional use of M&S. 

Accreditation 

TOPIC AND RELEVANCE:  As a prelude to discussing M&S credibility, it is important to clearly understand what a model does and how its outputs are used.  Models generate information.  This information may be descriptive in nature, that is, it describes how a real world system functions.  The information may also be predictive; that is, it may forecast how a system will function under certain circumstances or conditions.  In either case, the product of a model is information.  In nearly all applications, especially those that are acquisition related, information produced by M&S is used as a basis for a decision of some kind (for example, what to buy and how much).  But in most cases, information from sources other than M&S are also used in conjunction with the M&S outputs as a decision basis.  Recognizing that M&S are only used to produce information, and that such information is normally used to resolve a problem or to make a decision, the Military Operations Research Society developed a process diagram that shows the problem solving process and depicts the role of M&S in that process. 

Key Elements: 

Basic:
- Demonstrate an understanding of the Accreditation
- Identify appropriate DoD/Service regulations, policies, and guidance pertaining to Accreditation
- Identify other supporting concepts, initiatives, or processes (V&V, VV&C, SBA, M&S Planning) 

Intermediate:
- Demonstrate understanding of how to Accredit M&S
- Demonstrate understanding who may conduct Accrediation and why it is important
- Demonstrate understanding of how Accreditation influences the M&S and Program Strategies 

Advanced:
- Develop an Accreditation plan 

References:
DoD 5000.61, VV&A Recommend Practice Guide, Department of the Army Pamphlet 5-11 

OPR: 

1. OSD – Defense Modeling and Simulation Office (DMSO), VV&A Program, 703-824-3436 

2. Army – Army Modeling and Simulation Office, Policy & Technology Division, 703-601-0012, ext. 32, DSN 329-0012, ext. 32
3. Air Force –  Air Force Agency for Modeling and Simulation, Program Support Division, 407-208-5700, DSN 970-5700
4. Navy – Navy Modeling and Simulation Management Office, 703-601-1482, DSN 329-1482 
 

Cost as an Independent Variable (CAIV) 

TOPIC AND RELEVANCE:  Various acquisition reform efforts are now addressing aspects of the acquisition process that will reduce overall life-cycle costs.  They include such initiatives as MilSpec reduction, Integrated Product and Process Development (IPPD), Integrated Product Teams (IPTs), process maturity, business practice reforms, and - quite significant to CAIV - the shift to performance specifications.  The approach, summarized below, is to utilize and enlarge on these initiatives to achieve the objectives of cost as an independent variable: 

· Set realistic but aggressive cost objectives early in each acquisition program 
· Manage risks to achieve cost, schedule, and performance objectives 
· Devise appropriate metrics for tracking progress in setting and achieving cost objectives 
· Motivate and incentivize government and industry managers to achieve program objectives 
· Put in place for fielded systems additional incentives to reduce operating and support costs 
 

Key Elements: 

Basic:
- Define CAIV process
- Identify other related concepts, initiatives, processes (IPPD, IPT, SBA) 

Intermediate:
- Identify where in the acquisition life cycle CAIV is most effective
- Identify what programmatic documents CAIV will influence (MNS, ORD, AoA, APB) 

Advanced:
- Define trade space (Key Performance Perimeters and Affordability Constraints)
- Demonstrate understanding of cost performance trade-offs as it applies to CAIV
- Possible CAIV practical exercise 

References:
July 19, 1995, memorandum of the Under Secretary of Defense, Acquisition & Technology, (USD(A&T)), subject:  “Policy on Cost-Performance Trade-offs”
OSD Policy Paper, Air Force Memo dated 12 March 97, “Implementing Cost as an Independent Variable,” Department of the Army Pamphlet 70-3 

OPR: 

1. OSD – Under Secretary of Defense (Acquisition Reform), Acquisition Policies & Practices, 703-614-3882, DSN 224-3882 
2. Army – Army Acquisition Reform Office, Director of Acquisition Reform, 703-681-7566, DSN 761-7566 

3. Air Force – SAF/AQX, Acquisition Management Policy Division, 703-588-7128, DSN 425-7128 

4. Navy – Navy Acquisition Reform Office, Acquisition Reform Deputy, World Class Practices, 703-602-5506, DSN 332-5506 
 
 

Integrated Product and Process Development (IPPD) 

TOPIC AND RELEVANCE:  The program manager (PM) shall employ the concept of Integrated Product and Process Development (IPPD) throughout the program design process to the maximum extent practicable.  The IPPD management process shall integrate all activities from product concept through production and field support, using multi-disciplinary teams to simultaneously optimize the product and its manufacturing and supportability to meet cost and performance objectives.  It is critical that the processes used to manage, develop, manufacture, verify, test, deploy, operate, support, train, and eventually dispose of the system be considered during program design.
      Modeling and simulation (M&S) supports the IPPD process and the integration of complex systems and is a key tool of the Integrated Product Teams (IPT).  The members of an IPT (i.e., those involved in design engineering, testing, manufacturing, logistics, and product support) share information and data from tests and simulations and identify needed information from these simulations and tests.  Additionally, technical and operational challenges, which can be identified early in system development through simulation, can be targeted for further testing. 

Key Elements: 

Basic:
- Define the IPPD process
- Identify complimentary concepts, initiatives, and processes (IPT, CAIV, SBA) 

Intermediate:
- Demonstrate understanding of how M&S may support the IPPD 

References:
DoDI 5000.2, DoD Guide to IPPD at www.acq.osd.mil/te/survey/ippd.doc 

OPR: 

1. OSD – Director, Test, System Engineering, and Evaluation, Systems Engineering, 703-697-6329, DSN 225-2300 
2. Army – Army Acquisition Reform Office, Director of Acquisition Reform, 703-681-7566, DSN 761-7566; Assistant Secretary of the Army for Research, Development, and Acquisition, Assessment & Evaluation, 703-604-7006, DSN 664-7006 

3. Air Force – SAF/AQX, Acquisition Management Policy Division, 703-588-7105, DSN 425-7105 

4. Navy – Navy Acquisition Reform Office, Acquisition Reform Deputy, World Class Practices, 703-602-5506, DSN 332-5506 
 
 

Simulation-Based Design (SBD) 

TOPIC AND RELEVANCE:  The Simulation-Based Design (SBD) Program developed and tested a prototype digital knowledge environment for representing physical, mechanical, and operational characteristics of a complex system.  Such an environment enables a significant positive change in the acquisition process for large, complex warfighting systems.  SBD utilizes virtual prototypes in synthetic environments to enable effective, integrated product and process development.  The program integrates the technologies of distributed interactive simulation, physics-based modeling, and virtual environments and applies them to the design, acquisition, and life-cycle support processes of systems. 

Key Elements: 

Basic:
- Discuss the concept of Simulation-Based Design
- Identify supporting concepts, initiates, and processes (SBA, IPPD, JCALS, Paperless PMO) 

Advanced:
- Demonstrate understanding of Distributed Collaborative Environment
- Demonstrate understanding of Integrated Data Environment (IDE)
- Demonstrate understanding of Integrated Product Data Environments (IPDE)
- Demonstrate understanding of Products Models
- Demonstrate understanding of Smart Model Product 

References:
DARPA home page and John Hopkins (APL) Paper, dated April 98 

OPR: 

1. OSD - Gary Jones at DUSD(L), 703-681-8460 

2. Navy – PM DD-21 
 
 

Modeling and Simulation Planning (SSP/SAMP) 

TOPIC AND RELEVANCE:  Modeling and simulation are seeing increasing applications as tools to support all aspects of the acquisition process and play a critical role in acquisition reform.  To capitalize on its full potential, M&S must be planned for in the Acquisition Strategy and documented in a M&S plan.
      The intent of planning for the use of M&S and the subsequent documentation (M&S Plan) are to ensure the PM has developed a tool to use in thinking through M&S requirements throughout the acquisition life cycle.  This systematic approach allows the PM to look for M&S applications within each of the functional areas of Engineering and Manufacturing Development, Combat Development, Test and Evaluation, and Training across all acquisition phases and milestones.
      Within each functional area, the PM must look for M&S applications to improve re-usability (of the whole M&S or parts of it), reliability, availability and maintainability of the weapon system, the ability to train individuals (both operators and maintenance personnel, crews, units, collective, joint-service), interoperability, survivability, lethality, mobility, transportability, supportability, test and evaluation, and to reduce cost, schedules, and risks. 

Key Elements: 

Basic:
- Discuss the need for M&S planning and subsequent documentation
- Identify DoD/Service regulations, policies, and guidance that mandate or recommend M&S planning 

Intermediate:
- Identify where M&S can be used during the life cycle and the functional areas
- Discuss M&S plan development and coordination mechanisms 

Advanced:
- Develop M&S strategy and articulate in a written plan (SSP/SAMP) 

References:
DoDI 5000.2, Army Simulation Support Plan Guidelines, AF Policy 97-004A; Secretary of the Navy Instruction 5200.38 

OPR:
1. OSD – Defense Modeling and Simulation Office (DMSO), 703-824-3241
2. Army – Assistant Secretary of the Army for Research, Development, and Acquisition, Assessment & Evaluation, 703-604-7006, DSN 664-7006; Army Modeling and Simulation Office, Operations & Plans Division, 703-601-0011, ext. 25, DSN 329-0011, ext. 25 
3. Air Force – SAF/AQX, Acquisition Management Policy Division, 703-588-7103, DSN 425-7103 

4. Navy - Navy Acquisition Reform Office, Acquisition Reform Deputy, World Class Practices, 703-602-5506, DSN 332-5506 
 
 

Simulation, Test and Evaluation Process (STEP) 

TOPIC AND RELEVANCE:  The Simulation, Test and Evaluation Process (STEP) is a major DoD initiative designed to improve the acquisition process by integrating M&S with test and evaluation (T&E).  STEP is consistent with the regulations that govern systems acquisition and does not require their modification.
      STEP is a move beyond the “test, fix, test” approach to a “model, simulate, fix, test, iterate” approach with problems fixed as they are discovered.  This approach, model first, simulate, test, fix after each step and then iterate the test results back into the model, is reiterated throughout system development.  There are many iterative loops in this process; for instance, one can model, simulate, fix, simulate, fix, simulate, fix, test, then feed the results into the model.  When a need to fix is discovered, the time for each fixing can be much shorter when the fix can be verified in the model in hours or days, as opposed to a field test which can take weeks or months to verify a fix.
      With STEP, the set of models matures culminating in representations of the system, its interfaces, and its environment with an established fidelity.  When tests are conducted, the data collected while evaluating the system can be used to refine and validate the models.  These models and simulations can then be reused throughout the weapon system’s life cycle to further predict and extrapolate performance, operational effectiveness, suitability, and survivability.  They will also be available for later modifications to the weapon system and to other programs. 

Key Elements: 

Basic:
- Describe and define STEP
- Identify supporting concepts, initiatives, and processes (SBA, IPPD, CAIV) 

Intermediate:
- Demonstrate understanding of the “Model, Simulate, Fix, Test, Iterate” concept
- Identify how the T&E community can work with the PMO to develop a T&E strategy that is consistent with the STEP concept 

Advanced:
- Develop T&E strategy and methodology for fictitious weapon system in accordance with the STEP concept 

References:
Simulation, Test and Evaluation Process (STEP) Guidelines at http://www.acq.osd.mil/te/pubdocs.html 

OPR: 

1. OSD – Director, Test, Systems Engineering, and Evaluation (DTSE&E), Systems Assessment, 703-695-4421, DSN 225-4421; Director, Operation, Test and Evaluation (DOTE), 703-695-1564, DSN 225-1564 
2. Army – Assistant Secretary of the Army for Research, Development, and Acquisition, Assessment & Evaluation, 703-604-7006, DSN 664-7006 
3. Air Force – Director, Test and Evaluation, 703-695-0900 

4. Navy - Navy Acquisition Reform Office, Acquisition Reform Deputy, World Class Practices, 703-602-5506, DSN 332-5506 
 
 

Test and Evaluation Master Plan (TEMP) 

TOPIC AND RELEVANCE:  The Test and Evaluation Master Plan (TEMP) identifies the necessary developmental test and evaluation, operational test and evaluation, and live fire test and evaluation activities.  It relates program schedule, test management strategy and structure, and required resources.  TEMP also focuses on the robust, analytical supportable issues such as:  critical operational issues (COI), critical technical parameters (CTP), objectives and thresholds derived from the Operational Requirements Document (ORD), evaluation criteria, and milestone decision points.
      Like any plan, the TEMP should ultimately provide the decision-maker with information to make sound decisions; specifically, the TEMP should provide information on effectiveness, suitability, survivability, and an estimate of the degree of mission accomplishment.  It is here that M&S can provide value added.  M&S in T&E can assist in the planning of T&E, extend the knowledge of the system beyond circumstances that can be tested, validate models and simulations to be used in the T&E of the system, assist in the evaluation of COIs, CTPs, ORD requirements, MOEs and MOPs, support major milestone decisions, and assist in the reduction of live fire shots. 

Key Elements: 

Basic:
- Identify where M&S issues are addressed in the TEMP
- Identify supporting concepts, initiatives, and processes (STEP, SBA, CAIV, IPPD) 

Intermediate:
- Identify possible uses of M&S to support analytical issues such as COIs, CTPs, ORD requirements, MOEs, MOPs, milestone decision issues 

Advanced:
- Develop a weapon system TEMP that maximizes the use of M&S (Parts 2, 3, 4, and 5 of TEMP) 

References:
DoDI 5000.2, DTSE&E webpage, DOT&E webpage, Army Regulation 73-1, Department of the Army Pamphlets 73-2, 73-4, 73-5, and 73-7 

OPR: 

1. OSD – Director, Test, Systems Engineering and Evaluation (DTSE&E), Systems Assessment, 703-695-4421, DSN 225-4421; Director, Operational Test and Evaluation (DOT&E), 703-695-1564, DSN 225-1564 
2. Army – U S Army Test and Evaluation Management Agency (TEMA), 703-695-8995; Deputy Under Secretary of the Army (Operations Research) (DUSA(OR)), 703-695-0083 

3. Navy – Navy Acquisition Reform Office, Acquisition Reform Deputy, World Class Practices, 703-602-5506, DSN 332-5506 

4. Air Force - Director, Test and Evaluation, 703-695-0900 
 
 

Verification and Validation  (V&V) 

TOPIC AND RELEVANCE:  As a prelude to discussing M&S credibility, it is important to clearly understand what a model does and how its outputs are used.  Models generate information.  This information may be descriptive in nature; that is, it describes how a real world system functions.  The information may also be predictive; that is, it may forecast how a system will function under certain circumstances or conditions.  In either case, the product of a model is information.  In nearly all applications, especially those that are acquisition related, information produced by M&S is used as a basis for a decision of some kind (what to buy and how much, for example).  But in most cases, information from sources other than M&S are also used in conjunction with the M&S outputs as a decision basis.
      Recognizing that M&S are only used to produce information, and that such information is normally used to resolve a problem or to make a decision, the Military Operations Research Society developed a process diagram that shows the problem solving process and depicts the role of M&S in that process. 

Key Elements: 

Basic:
- Demonstrate an understanding of the terms Verification and Validation
- Identify appropriate DoD/Service regulations, policies, and guidance pertaining to V&V
- Identify other supporting concepts, initiatives, or processes (Accreditation, VV&C, SBA, M&S Planning) 

Intermediate:
- Demonstrate understanding of how and who may conduct V&V for a specific M&S
- Demonstrate understanding of how V&V influences the M&S and Program Strategies 

Advanced:
- Develop a V&V plan 

References:
DoD 5000.61, VV&A Recommend Practice Guide, Department of the Army Pamphlet 5-11 

OPR: 

1. OSD – Defense Modeling and Simulation Office (DMSO), VV&A Program, 703-824-3436 
2. Army – Army Modeling and Simulation Office, Policy & Technology Division, 703-601-0012, ext. 32, DSN 329-0012, ext. 32 

3. Air Force – Air Force Agency for Modeling and Simulation, Program Support Division, 407-208-5700, DSN 970-5700 
4. Navy – Navy Modeling and Simulation Management Office, 703-601-1482, DSN 329-1482 
 

Virtual Prototyping 

topic and relevance:  A more advanced concept for virtual simulation has become a proven tool:  virtual prototyping.  In this realm, a three-dimensional electronic, virtual mockup of a system or subsystem allows an individual to interface with a realistic computer simulation within a synthetic environment.
      The representation is solely a computer simulation rather than actual hardware and may be applied in early prototyping work to evaluate concepts; human-machine-interfaces; or to allow designers, logistics engineers and manufacturing engineers to interface with the same design.  Such an approach supports Integrated Product and Process Development 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. 

Key Elements: 

Basic:
- Demonstrate an understanding of the concept of a virtual prototype
- Define the IPPD process
-Identify where in the acquisition process a virtual prototype may be of most value 

Intermediate:
- Demonstrate an understanding of the processes of requirements generation, program management, design and engineering, manufacturing, test and evaluation, logistics support, and training
- Demonstrate an understanding of the models and simulations associated with the above mentioned processes 

Advanced:
- Demonstrate the ability to develop a virtual prototype using existing models and simulations 

References:
DoDI 5000.2, DoD Guide to IPPD at Error! Reference source not found., DoD Model Catalog 

OPR: 

1. OSD – Defense Modeling and Simulation Office (DMSO), 800-603-6497 
2. Army – Army Modeling and Simulation Office, Policy & Technology Division, 703-601-0012, ext. 32, DSN 329-0012, ext. 32 

3. Air Force – Air Force Agency for Modeling and Simulation, Program Support Division, 407-208-5700, DSN 970-5700 
4. Navy – Navy Modeling and Simulation Management Office, 703-601-1482, DSN 329-1482 
 

Configuration Management 

TOPIC AND RELEVANCE:  The objective of configuration management (CM) is to improve the consistency and reliability of modeling and simulation.  CM focuses on four areas of activity: 

1. configuration identification:  selecting documents that identify and define the baseline configuration characteristics of the model or simulation; 

2. identification documents; 

3. configuration status accounting:  recording and reporting changes to the baseline configuration and its identification documents; 
4. configuration audit:  checking copies of the model or simulation in use for compliance with the baseline configuration.
      The discipline of modeling has been likened to a cottage industry, with a proliferation of models among the various Services, and even within individual services.  A March 1993 DoD Inspector General’s (IG’s) audit of selected models and simulations and their developing and using activities concluded that “Model and simulation projects are being procured and developed within the DoD without adequate coordination and control,” and that “This has resulted in redundant models/simulations and a proliferation of system architectures and libraries.”
      The IG reports that results can be contributed to a lack of communication.  One Service not being aware of what models the others have.  This can also be extended to the Services lack of awareness of the applicability, modifiability, portability, or V&V status of those models within their respective Service.  Each Service and the Joint Staff are addressing this issue, to some extent, by the creation of models and simulations catalogs.  These efforts, while valuable, have not resulted in complete listings.  Many model users are unaware of the existence of these catalogs; many others, though aware of their existence, may not have submitted their models for inclusion. 

Key Elements: 

Basic:
- Demonstrate an understanding of the areas of configuration management
- Demonstrate familiarity with the various model and simulation catalogs
- Demonstrate an understanding of the Modeling and Simulation Information System (MSIS) 

Intermediate:
- Demonstrate the ability to submit and record changes to a model or simulation
- Demonstrate an understanding of the Verification and Validation processes
- Demonstrate an understanding of who may conduct Accreditation and why it is important 

Advanced:
- Demonstrate the ability to conduct an audit on two versions of a model or simulation, with one version being the baseline version 

References: 

OPR: 

1. OSD – Defense Modeling and Simulation Office (DMSO), 800-603-6497 
2. Army – Army Modeling and Simulation Office, Policy & Technology Division, 703-601-0012, ext. 32, DSN 329-0012, ext. 32 

3. Air Force – Air Force Agency for Modeling and Simulation, Program Support Division, 407-208-5700, DSN 970-5700 
4. Navy – Navy Modeling and Simulation Management Office, 703-601-1482, DSN 329-1482 
 
 

Virtual Manufacturing 

TOPIC AND RELEVANCE:  Technical and environmental changes continue to enhance our modeling and simulation capabilities.  More powerful computer-aided design (CAD) workstations, along with distributed systems sharing common object-oriented relational databases, will permit all departments working on a project access to the same product data.  Product data, when used by the manufacturing department, will be suitable for generating machine tool paths and basic dimensions for fixtures or die forms.
      Each department would see the same (and latest) data at all times, from concept through final design.  Members of the product team, contacted about a proposed change, would be able to run simulations to assess impacts from their department’s perspectives and offer alternatives, which again other members of the team could evaluate for impacts.  The creation of a virtual factory would allow actual manufacturing processes to be engineered in parallel with the detailed design process.  Machine tool paths, production line set-up, material flows, assembly, etc. can be laid out and simulated prior to implementation on the factory floor.  The virtual factory provides the detailed layout for the manufacturing process.  Any changes in design, resulting from test-bed evaluation, can be fed back into the system to ensure compatibility with production line set-up, material flow, etc. 

Key Elements: 

Basic:
- Demonstrate an understanding of the concept of virtual manufacturing
- Demonstrate an understanding of the process of systems engineering 

Intermediate:
- Demonstrate an understanding of the processes of requirements generation, program management, design and engineering, manufacturing, test and evaluation, logistics support, and training
- Demonstrate an understanding of the models and simulations associated with the above mentioned processes 

Advanced:
- Demonstrate the ability to conduct virtual manufacturing using existing models and simulations 

References: 

OPR: 

1. OSD – Defense Modeling and Simulation Office (DMSO), 800-603-6497 
2. Army – Army Modeling and Simulation Office, Policy & Technology Division, 703-601-0012, ext. 32, DSN 329-0012, ext. 32 

3. Air Force – Air Force Agency for Modeling and Simulation, Program Support Division, 407-208-5700, DSN 970-5700 
4. Navy – Navy Modeling and Simulation Management Office, 703-601-1482, DSN 329-1482 
 
 

IV. Enablers
 

This section is divided into two subsections that identify the tools of the trade and the methods and techniques for applying those tools.  This is done generically, independent of any specific application or program.  Tools of the trade and the methods and techniques for applying those tools are enablers to acquisition professionals as they conduct their job.
A. Tools
 

This sub-section identifies tools used to conduct or support the use of M&S. 

Smart Product Model (SPM) 

TOPIC AND RELEVANCE:  The concept of a Smart Product Model (SPM) was developed through DARPA-sponsored work on Simulation Based Design (SBD) in the early 1990s.  A Smart Product Model is distinguished from a product model in that product information is stored in a knowledge-base format such that queries made to the SPM extracts the specific information desired; the SPM is aware of its environment and responds appropriately.  An extension of the SPM concept to include processes is that of a Smart Enterprise Model (SEM).
      There are several categories of integrated information system environments that facilitate the acquisition of systems using the Integrated Product and Process Development (IPPD) process.  These integrated information system environments, listed in order from the basic to the more advanced, are: 

1. a hardware and software information systems infrastructure 

2. an Integrated Data Environment (IDE), originating from the Common Acquisition and Logistics System (CALS) initiative 

3. an Integrated Product Data Environment (IPDE) 

4. SPM/SEM 
An SPM/SEM builds on the IPDE concept to form the basis for a more advanced integrated information system environment which further enables the IPPD process.  The SPM/SEM integrated environment is supported by at least some of the capabilities and data from each of the more basic categories, but has additional capabilities and a robustness not found in the other integrated environments.
      The concept of an SPM/SEM is important since it can serve as a common focal point for an acquisition program integrating information about the physical characteristics of a system design with its performance requirements and projected operational behavior.  The concept is flexible enough to allow many different implementations although the first DARPA implementation used an object-oriented design.  The SPM/SEM can be used as a tool for the evaluation of concepts throughout the life cycle of the program including the implementation of Cost As an Independent Variable (CAIV).
      An equivalent concept being advocated by the Simulation Based Acquisition (SBA) initiative is that of a Distributed Product Description (DPD). 

KEY ELEMENTS: 

Basic:
- Product Model
- Hardware and software information systems infrastructure
- Supporting concepts, initiatives, and processes (SBD, IPPD) 

Intermediate:
- Integrated Data Environment (IDE)
- Supporting concepts, initiatives, and processes (CALS, CAIV) 

Advanced:
- Integrated Product Data Environments (IPDE)
- Distributed Product Description (DPD) 

EXAMPLES:
- Joint Strike Fighter (JSF): Virtual Strike Warfare Environment (VSWE)
- 21st Century Surface Combatant (SC-21)/DD21
- CVX Carrier Program:  Enterprise Product and Process Model (EPPM) 

References:
DARPA homepage:  http://www.darpa.mil
John Hopkins University Applied Physics Laboratory (APL) White Paper:  “From Data Environments to Smart Product Models,” by Peter Eirich, dated April 1998 

OPR: 

OSD - Mr. Gary Jones at DUSD(L), 703-681-8460
 

Continuous Acquisition and Life-Cycle Support (CALS) 

TOPIC AND RELEVANCE:  Continuous Acquisition and Life-Cycle Support (CALS) began as a Department of Defense initiative in the 1980s to exchange technical data with the government in electronic format rather than by paper.  The initiative is defined by the DoD as "a core strategy to share integrated digital product data through a set of standards to achieve efficiencies in business and operational mission areas."  CALS is a management philosophy to improve the acquisition and life cycle support process.  Moving to electronic creation, storage and transfer of information is not an idea specific to DoD.  Industry is very involved in policy and implementation related to CALS.  Industry has informally renamed the CALS acronym to mean "Commerce at Light Speed."  Many government agencies such as NASA, Department of Commerce, and Department of Energy are involved with encouraging CALS practices.  Additionally, the CALS strategy is practiced widely in the United Kingdom, Australia, Taiwan, Korea, Japan and many other countries. 

KEY ELEMENTS: 

Basic:
- Describe and define CALS. 

Intermediate & Advanced:
- Determine and use the proper CALS information repositories to enhance efficiencies within a specific program or warfighting domain. 

REFERENCES:
CALS homepage at Error! Bookmark not defined.
The NTIS CALS Information Center at www.fedworld.gov/edicals/calsinfo.html 

OPR:
NTIS, 703-487-4650
CALS Industry Steering Group (ISG)
National Institute of Standards and Technology (NIST) 

 

CAD/CAM/CAE 

TOPIC AND RELEVANCE:  CAD/CAM/CAE:  computer-aided design/computer-aided manufacturing/computer-aided engineering.  Computer systems used to design and manufacture products.  The term CAD/CAM/CAE implies that an engineer can use the system both for designing a product and for controlling manufacturing processes.  For example, once a design has been produced with the CAD component, the design itself can control the machines that construct the part. 

KEY ELEMENTS: 

Basic:
- Describe and define CAD/CAM/CAE tools.
- Become familiar with different CAD/CAM/CAE tools. 

Intermediate:
- Evaluate and select the proper CAD/CAM/CAE tool for a given situation. 

Advanced:
- Decide the proper tools for all phases of the acquisition process. 

REFERENCES:
CAD/CAM/CAE sources at www.industry.net/c/ind/pg=/services/engsoft/index
CAD/CAM/CAE information at webopedia.internet.com/TERM/C/CAD_CAM.html 

OPR:
OSD – Defense Modeling and Simulation Office, 703-998-0660
 

Cost Models 

TOPIC AND RELEVANCE:  Cost models incorporate engineering cost estimates in order to refine life cycle cost estimates.  Of particular importance are engineering software costing models whose output will be inputs to costing models such as ACEIT.  The current engineering software costing models such as COCOMO or SEERS-SEM are based on lines of code and are predicted to be robust enough to capture near-future software systems during the transition to SBA.  There is a growing interest in software reuse and the current models have factors in them for reuse. 
      Tomorrow’s dynamic life cycle cost estimates will need to instantaneously respond to ranges of technologies, configurations, and conditions created through modeling and simulation.  This is especially important for the implementation of Cost As an Independent Variable (CAIV).  Future cost models must operate in a distributed, simulation-environment, interacting with information repositories.  These repositories are timely sources of cost, performance, technology effectiveness, and other pertinent information.  Future cost models must easily integrate and evaluate inputs from these models, simulations, and information repositories, modified by expert opinion and management decisions.   

KEY ELEMENTS: 

Basic:
- Cost models such as ACEIT
- Life cycle cost estimate (LCCE)
- Information repositories
- Total Ownership Costs (TOC) 

Intermediate:
- Cost As an Independent Variable (CAIV) 

Advanced
- Software costing models such as COCOMO or SEERS-SEM  

REFERENCES: 

OPR: 

 

Virtual Prototypes 

TOPIC AND RELEVANCE:  A virtual prototype is a computer-based simulation of a system or sub-system with a degree of functional realism comparable to a physical prototype.  
      Engineers create computer models of conceptual hardware systems prior to building the actual hardware.  A virtual prototype allows the engineer to see the impact of design changes.  Trade studies using the model can then be performed throughout development as an essential part of the systems engineering process.  Even earlier in the acquisition process, the program or technical manager can work with the user to define requirements using a virtual prototype.  Historically, program requirements are difficult to quantify and verbalize.  Users are able to state what they don’t want much easier than describing what they do want.  A simulation model developed in parallel with the hardware or technology development allows the scientist, engineer, or end user to refine system requirements early in the engineering process.  The users then become an integral part of the design process.  Ultimately, when program managers follow IPPD procedures and bring users into the design process, commercial-sector applications have shown a significant decrease in development time.  This will allow the operational commands to do a “virtual test drive” of new weapon concepts and provide feedback to the acquisition community.  
       Historically, 80 percent of the development costs and 70 percent of a product’s life-cycle cost are determined during conceptual design. As the program moves from conceptual design into engineering and manufacturing development, the ability to substantially influence life-cycle costs diminishes.  The freedom to make design changes decreases as the knowledge about the system design increases.  In other words, a progression from soft to hard information occurs as the system moves from the conceptual phase to the detailed design phase.  By using virtual prototypes one can move the knowledge curve to the left and increase the hard information available in the early stages of design.  This improvement in the quality of information should benefit the acceleration of the technology maturation and ultimately facilitate technology transition.  The end result should be designs completed in less time and at less cost. 

Product Models.  Product models focus on all aspects of the product design and development.  These models provide details about the specifications and requirements of a product, its structure and behavioral characteristics, its design and development constraint rules, and the different versions of the design and implementation.  In this context, a product can be a prototype piece of hardware, a report, or an experiment/session.  Product models also define any special test equipment or facilities required to support design and/or development.  Using virtual prototyping, the product model will have a virtual prototype as the central focus of all other information gathered and collected.  

Process Models.  Process models provide detailed definitions of the engineering, development and evaluation processes used to design and develop the product. Specifically, process models provide information and knowledge on how to use various tools and resources to perform the numerous scientific, engineering, development and evaluation tasks associated with technology and product development. 

KEY ELEMENTS: 

Basic
-  Definition of virtual prototype 

Intermediate
-  Relationship to product model
-  Relationship to process model 

Advanced
-  Use of virtual prototypes by the various acquisition functional domains
-  User involvement in virtual prototypes 

REFERENCES: 

OPR: 
 
 

 

Use of M&S for Analysis in Defense Acquisition 

TOPIC AND RELEVANCE:  Due to shrinking defense budgets, the need for cost effective analysis support to decision makers has been greatly accentuated.  The emerging modeling and simulation technologies have provided analysts an improved suit of tools to conduct defense acquisition analysis.  Professionals working in the defense acquisition field need to have a broad understanding of key elements to defense acquisition MS&A as its use expands and grows in importance.
      Defense acquisition MS&A is an extremely broad topic which encompasses several areas.  Recommended executive level topics for an overview course would be as follows:
      - Defense Planning Guidance (DPG) Scenario Requirement
      - Measures of Merit
      - Strategy-to-Task Methodology
      - Modeling Level Hierarchy and Data Flow
      - Statistical Significance of Results
      - Verification, Validation, and Accreditation (VV&A)
      - Case Study:  JSF Use of MS&A 

KEY ELEMENTS: 

Basic:
- Define the Defense Planning Guidance scenario requirement
- Identify common measures of merit
- Describe the major levels of modeling hierarchy
- Explain the differences between verification, validation, and accreditation 

Intermediate:
- Demonstrate understanding of the Strategy-to-Task Methodology
- Describe the data flow within the modeling hierarchy in support of a representative study
- Identify the importance of statistical significance when reporting and analyzing results 

Advanced:
- Outline the major MS&A structure for a major weapons system program (i.e., JSF) 

References:
Defense Planning Guidance documents
Air Force Studies and Analyses (AFSAA) Analyst Training Program CD, Version 3
DoDD 5000.61, DoD Modeling and Simulation Verification, Validation, and Accreditation
DoD 5000.59-P, DoD Modeling and Simulation Master Plan
Strategies to Task:  A Framework for Linking Means and Ends, David E. Thaler (RAND Document)
Avoiding Confusion:   A Case for Establishing Standards for Measures of Effectiveness, Noel Spokes, ITEA Journal, Sept/Oct 98
On Measures of Effectiveness, Pinker, Samuel, and Batcher, Phalanx, Dec 95 

OPR: 

1. Air Force - Air Force Studies and Analyses Agency (AFSAA), 703-588-6936, DSN 425-6936 
AMSAA
CNA
RAND
IDA
JSF 

 

Runtime Infrastructure (RTI) 

TOPIC AND RELEVANCE:  While HLA is an architecture not software, use of runtime infrastructure (RTI) software is required to support operations of a federation execution.  The RTI software provides a set of services that are used by federates to coordinate their operations and data exchange during a runtime execution.  Access to these services is defined by the HLA Interface Specification.  DMSO is developing and openly distributing RTI software to support transition of the RTI.  The DMSO RTI development strategy and plans are described in the RTI Development Plans and RTI Performance Testing Information.  To support runtime management of HLA federates is supported by the Management Object Model (MOM).  A subset of MOM information is provided by the RTI and it is accessed by the federates using the same RTI services used to
exchange federation object model data. 

KEY ELEMENTS: 

Basic:
- Describe and define RTI. 

Intermediate & Advanced:
- Understand the relationship between the RTI and the HLA federation. 

REFERENCES:
DMSO projects at http://hla.dmso.mil/hla/ 

OPR:
OSD – Defense Modeling and Simulation Office, 703-998-0660 

 

Synthetic Environment Data Representation and Interchange Specification (SEDRIS) 

TOPIC AND RELEVANCE:  In SEDRIS, the synthetic environment is the representation of the natural environment at a specific geographical location including the external features of the warfighting systems within the battlespace.  Consequently, the synthetic environment includes the terrain, terrain features (both natural and man-made), 3-D models of vehicles, personnel, and certain terrain features, the ocean (both on and below the surface), the ocean bottom including features (both natural and man-made) on the ocean floor, the atmosphere including environmental phenomena, and near space.  In addition, the synthetic environment includes the specific attributes of the environmental data as well as their relationships.
      SEDRIS uses an object-oriented data model, which defines what the data classes are, what attributes are used to describe the data, and how the data classes relate to one another.  As such, the data model provides a description that enables its users to understand what data is present and how it is organized. 

KEY ELEMENTS: 

Basic:
- Describe and define SEDRIS.
- Become familiar with and understand the characteristics of SEDRIS. 

Intermediate & Advanced:
- Evaluate and select the proper SEDRIS tools to support a specified synthetic environment. 

REFERENCES:
SEDRIS homepage at www.sedris.org 

OPR: 

1. OSD – Defense Modeling and Simulation Office, 703-998-0660 
2. SEDRIS Management Team, 407-384-3968, DSN 970-3968 
 
 

High Performance Computing (HPC) 

TOPIC AND RELEVANCE:  High Performance Computing (HPC) will provide the United States military with a technological advantage to support warfighting requirements.  The Office of the Secretary of Defense is investing a significant amount of funding during the next five years to the DoD HPC Modernization Program which will provide advanced hardware, computing tools and training to DoD researchers utilizing the latest technology to aid their mission in support of the warfighter.  The incorporation of high performance computing into the system design process will allow the United States to maintain its technological supremacy in weapons systems design into the foreseeable future.  The use of high performance computing in the early stages of the system acquisition process will aid in decreasing the total life-cycle costs of fielding new warfighting support systems.
      The program has three initiatives: 

1. High performance computing centers which consist of major shared resource centers (MSRCS) and distributed centers (DCs). 

2. The Defense Research and Engineering Network (DREN). 

3. The Common High Performance Computing Software Support Initiative (CHSSI). 
 

Key ELEMENTS: 

Basic:
- Describe and define HPC and the DoD HPC Modernization Plan. 

Intermediate:
- Understand the functional relationship among the three initiatives of the Modernization Plan. 

Advanced:
- Use HPC concepts to decrease total life-cycle costs to an acquisition program. 

REFERENCES:
HPC Modernization Plan homepage at http://www.hpcmo.hpc.mil
HPC users interface at http://www.fim.wpafb.af.mil/hpcug/hpcug.html 

OPR:
Director of Defense Research and Engineering, (DDR&E), webmaster@hpcmo.hpc.mil 

 

Computer Aided Software Engineering (CASE) Tools 

TOPIC AND RELEVANCE:  CASE is an acronym that stands for Computer-Aided Software Engineering, although there are many variations of what actually CASE can stand for:  C Computer, A Aided, Assisted, Automated, S Software, Systems, E Engineering.  In simple layman terms, CASE is a tool which aids a software engineer to maintain and develop software.  Much like a mechanic who uses the aid of tools to maintain and develop vehicles, but obviously using respective techniques.  CASE tools are “Individual tools to aid the software developer or project manager during one or more phases of software development (or maintenance).”
      The relevance behind CASE is to support each phase of the life cycle with a set of labor saving tools.  Some CASE tools concentrate on supporting the early phases of the life cycle.  They give automated assistance in the form of automated diagram drawing, screen painting, and corrections checking.  Others focus on the implementation phases of the life cycle.  They include automated code and test case generators.  In some cases, these tools are used in conjunction with third- and fourth-generation languages.  In other cases, they replace them by allowing the developer to create high-level program specifications from which program code can be generated.
      The evaluation and selection of a CASE tool is not a simple task.  The needs of the organization and the problems the tool is intended to address must be transformed into a set of criteria on which the end selection will be based upon.  There is common ground of failure, which tend to be repeated across organizations.  These include all of the above.  Each of these points must be successfully navigated in order to go down the road of success, rather than, towards the long and winding road of ultimate failure. 

KEY ELEMENTS: 

Basic:
- Describe and define CASE tools.
- Become familiar with different CASE tools. 

Intermediate:
- Evaluate and select the proper CASE tool for a given situation. 

Advanced:
- Evolve the tools so that they will support the entire life cycle of the program. 

REFERENCES:
CASE Tool Index at Error! Bookmark not defined.
Case Tool Home Page at osiris.sunderland.ac.uk/sst/case2/welcome.html
ICONIX home page at Error! Bookmark not defined.
CASE definition at www.whatis.com/case.htm 

OPR: OSD – Defense Modeling and Simulation Office, 703-998-0660 
Standard for the Exchange of Product Model Data (STEP)  
 

TOPIC AND RELEVANCE: STEP (Standard for the Exchange of Product Model Data) is an international standard (ISO 10303) that provides manufacturers with a seamless and reliable way of exchanging a broad range of product data with their customers and suppliers.  It is especially effective in giving all users easy access to information related to the entire product life cycle from design and engineering, to manufacturing, marketing, and beyond.  STEP is a project of the International Standards Organization to develop mechanisms for representing and exchanging a computerized model of a product in a neutral form.  The initial release of the standard was approved on December 15, 1994.  STEP Application Protocol 210 AP210 enables the exchange of Configuration Management, Requirements, Functional Layout, Assembly, Process Technology, Material and Layer Stackup Information.
      STEP is the international standard for the communication of engineering information.  STEP is not just a standard for the exchange of data between CAD/CAM systems: it is used today by many companies as part of information technology strategies supporting key business objectives.   

KEY ELEMENTS: 

Basic:
- Describe and define STEP. 

Intermediate and Advanced:
- Be able to relate STEP and its attributes to all phases of an
acquisition program. 

REFERENCES:
a. PRODUCT DATA REPRESENTATION AND EXCHANGE
   Title:  Guidelines for the development and approval of STEP
   application protocols, version 1.2
   Error! Bookmark not defined.
b. ISO 10303 "STEP": A list of documents about architecture and 
   methodology
   Error! Bookmark not defined.
c. Half-Day Seminars on CALS and its Major Components Introduction to 
   Product Modeling using STEP 
   http://www.techapps.co.uk/ap96tuts.html 

OPR: 

1. Department of Commerce (DOC) -  Technical Contact: 
   Mary Mitchell,(301) 975-3538, fax (301) 258-9749
2. National Institute of Standards and Technology - Mark Palmer,         
   Building 226 Room B306, Gaithersburg, MD  20899
   (301) 975-5858, fax (301) 990-4192; E-Mail: palmer@enh.nist.gov 

 

 

Simulators/Stimulators  

TOPIC AND RELEVANCE:  Simulators and stimulators either statistically or over time, develop data as a basis for making managerial or technical decisions.  They can be used to fill critical voids in the areas of scalability, performance and survivability analysis.  This set of tools will provide the ability to stimulate with realistic traffic scenarios both client and server components of client-server applications on both local area network and wide area network  configurations.  They will collect reliable performance data statistics, refine constructive simulations using actual performance data, and perform analysis beyond the capability provided by available manpower and equipment with time and cost savings. 

KEY ELEMENTS: 

Basic:
- Describe what Stimulators/Simulators do 

Intermediate & Advanced:
- What do these tools provide to analysts 

REFERENCES:
DoD Acquisition Web Site at http://www.acq.osd.mil/acqweb/search/index.html 

OPR:
OSD - Office of the Deputy Under Secretary of Defense (Acquisition Reform), ADUSD Systems Acquisition, Mr. Ric Sylvester, sylvesr@acq.osd.mil; Defense Modeling and Simulation Office, DMSO, 703-998-0660 

 

Distributed Mission Training (DMT) 

TOPIC AND RELEVANCE:  DMT is the foundation for revolutionizing training for operational aircrews.  The primary purpose of the DMT network is to provide highly effective mission execution and mission rehearsal training for aircrews and affected battlestaff elements.  Mirroring current doctrine, DMT will provide aircrews the ability to train as a team, while supporting the enhancement of individual proficiency.
      DMT Operations & Integration (O&I) will develop, implement, operate, and maintain the global network that provides the real-time, interactive environment for meeting Air Force (AF) DMT needs.  The DMT O&I program will be responsible for linking multiple dissimilar real-time training simulations and constructive simulations into one common interactive, real-time synthetic environment.  The DMT O&I program will ensure AF DMT requirements are met, that the DMT Network remains operational and stable, and maintains consistent interfaces among the various systems forming the network.
      DMT O&I Acquisition Strategy for the DMT O&I program is a two-phase, down select (i.e., "fly-off") approach.  Phase 1 is anticipated to be a Full & Open Competition leading to the award of two contracts.  Phase 1 will support the development of a concept of operations (CONOP).  Phase 2 establishes the actual long-term DMT O&I program, a 5-year basic, plus 10-year award term contract to develop, operate, and sustain the DMT network.  The DMT O&I contractor will lead the effort to define the DMT system standards for ensuring all federates involved in DMT federations operate in accordance with the DMT O&I performance requirements.  The DMT O&I contractor will also be responsible for scheduling, building missions, implementing, and supporting all requested DMT federation training exercises. 

KEY ELEMENTS: 

Basic:
- Describe and define DMT 

Intermediate & Advanced:
- Understand the relationship between DMT and all the training elements involved, from the aircrews to the battlestaffs 

REFERENCES:
Training Systems Product Group (TSPG), WPAFB, OH at http://www.pixs.wpafb.af.mil/pixs/pixslibr/DMTONI/Home/DMTHome.htm#Draft Library 

OPR:
Brent Gibson, Project Team Lead, DMT O&I, 937-255-7388, ext. 497, ASC/YWI, 2240 B St., Room 231, WPAFB, OH 45433-7111 

 

Defense Simulation Internet (DSI) 

TOPIC AND RELEVANCE:  The Defense Simulation Internet (DSI) was originally established by Advanced Research Projects Agency (ARPA) and is now managed by the Advanced Information Technology Services (AITS) Joint Program Office (JPO).  The DSI provides an integrated networking capability within DoD.  The DSI supports operational requirements such as video teleconferencing, distributed use of warfighting simulation, and other high bandwidth network services.  Currently, DSI's backbone consists of four T1 circuits.  In order to accommodate increased user demand, the JPO initiated a series of upgrades to the DSI.  The JPO requested the center for System Engineering (CFSE) to investigate the feasibility of using ATM technology in the DSI.  CFSE performed engineering assessments with multiple ATM switch platforms.  Overall, this assessment has shown that ATM switches can provide connectivity for the DSI network elements.  ATM technology can be used in the DSI integrated backbone network as part of the Defense Information Systems Network (DISN) Leading Edge Services (LES). 

KEY ELEMENTS: 

Basic:
- Describe and define DSI 

Intermediate & Advanced:
- Integrate DSI’s capabilities into an acquisition program 

REFERENCES:
Defense Information Infrastructure Engineering Department/DISA-JIEO-CFSE/JEED/tsoa@ncr.disa.mil or riehlr@bcr.disa.mil or Error! Bookmark not defined. 

OPR:
Advanced Information Technology Services (AITS) Joint Program Office (JPO)
 

Manprint Models (e.g. Jack) 

TOPIC AND RELEVANCE:  Models which capture human movement have roots which can be traced to robotics and virtual rendering.  The University of Pennsylvania’s Center for Human Modeling and Simulation has developed a human movement model called “Jack”, which is a 3D-virtual representation.  “Jack” can be used to examine the ability of a crew member to operate controls, repair equipment or fit within crew compartments.  Another model called SWIM (Seawater Instrumented Mannequin) was designed to help United States and Canadian Coast Guards develop better water-safety equipment and collect data while bouncing around in waves.  The model has joints that enable it to simulate the positions of a sailor adrift in waves.  Data collected by SWIM will be used to design the next generation of flotation devices.  

KEY ELEMENTS: 

Basic:
-  Use of virtual and robotic human models which simulate human movement 

Intermediate
-  Robotics
-  3-dimensional virtual rendering 

REFERENCES: 
 

OPR:
The University of Pennsylvania’s Center for Human Modeling and Simulation 

 

Risk Models  

TOPIC AND RELEVANCE:  The need to model uncertainty in process design and operations has long been recognized.  A frequently taken approach, the two-stage paradigm, involves partitioning the problem variables into two stages:  those that have to be decided before and those that can be decided after the uncertain parameters reveal themselves.  The resulting two-stage stochastic optimization models minimize the sum of the costs of the first stage and the expected cost of the second stage.
      An automated risk analysis tool should contain modules for data collection, analysis, and output results.  The automated risk analysis tool selected should be compatible with the hardware and software in use at the organization.  Hardware and software processing requirements must be defined for each computer system, application, or facility being reviewed.  The risk analysis methodology should reflect the organization's policy on using risk analysis tools and should be explicitly stated in the requirements definition.  Effective reporting of the risk analysis results will help managers weigh the alternatives and select reliable and cost-effective safeguards; therefore, the types of information expected in the output reports should be clearly defined.  Documentation describing the tool in over-all terms is essential to its effective use.  It is important to establish criteria for evaluating the quality of documentation supplied with the tool.  The ability to maintain a history of the information collected during the data collection phase of the analysis is useful in subsequent reviews or queries.  Automated risk analysis tools generally are efficient and error-free although some incur excessive overhead in the installation and efficient use of the product.  The best precaution against this risk is to obtain vendor installation and training support.  Evaluations from current users will be of value.  Effective use of any risk analysis tool depends, in part, on how well the analyst is trained.  Costs to be evaluated include installation fees, training, and ongoing software support and maintenance.  Additional costs may be incurred for site-specific modifications and multiple-site purchases. 

KEY ELEMENTS: 

Basic:
- Describe Risk Model use 

Intermediate:
- Determine the integration of risk modeling in acquisition programs 

Advanced:
- Determine the proper Risk Model to be used to support a specific assessment area of an acquisition program 

REFERENCES: 

a. Guide For Selecting Automated Risk Analysis Tools, Irene E. Gilbert, Computer Security Division, National Computer Systems Laboratory, National Institute Of Standards and Technology at http://csrc.ncsl.nist.gov/nistpubs/sp174.txt 
b. Risk Analysis for Large Projects:  Models, Methods, and Cases - Dale F. Cooper, Spicer and Pegler Associates, London; Chris B. Chapman, University of Southampton, England 

OPR: 

1. OSD - Threat Systems Office, Allan Newsome, Modeling & Simulations Oversight, 205-955-8214 

2. OSD - Office of the Under Secretary of Defense (Acquisition and Technology), Director, Test, Systems Engineering, and Evaluation Resources & Ranges (OUSD(A&T)/DTSE&E/RR) 

3. OSD - Risk Management Working Group, Tom Perry, 703-695-2300 
 
 

Finite Element Analysis 

TOPIC AND RELEVANCE:  Finite Element Analysis (FEA) is a procedure for the analysis of continuum problems by discretizing the continuum into smaller portions or “finite elements.”  This is a procedure for modeling the behavior of a physical object in a computer by breaking the object into many pieces connected together.  These pieces are "finite elements" and are assumed to have a simple behavior (like a single spring).  If the engineer breaks the object into enough pieces with good assumptions on each piece's behavior, the calculated behavior of the entire object will match the behavior of the object in real life.  The Finite Element Method was first developed and used in the Aerospace field, but has expanded beyond obvious Mechanical and Civil Engineering applications.  Many other engineering analysis tools have evolved to solve nature's behavior, most of which follow similar principles of FEA (such as CFD, Kinematics, etc.).  The scope of problems solved by these methods continue to expand.  Some typical uses of FEA are the following: 

· Determining how fast the airplane wing can go before it begins to collapse from vibrations. 

· Determining how thick to make the axle of the truck so that it can travel 200,000 miles without failure. 

· Determining if 10 cents less aluminum may be used on each of 300,000 stepladders to be manufactured. 
 

KEY ELEMENTS: 

Basic:
- Describe and define FEA
- Become familiar with what it can accomplish 

Intermediate:
- Evaluate and select the proper FEA tool for a given situation. 

Advanced:
- Determine from the requirements what test areas need FEA. 

REFERENCES:
FEA overview at www.csar.com
FEA glossary of terms at algor.com/glossary/homepage.htm 

OPR:
OSD – Defense Modeling and Simulation Office, 703-998-0660 

 

Process Simulation  

TOPIC AND RELEVANCE:  Although flowcharts and spreadsheets are adequate in answering "what" questions, they are inadequate for answering "how," "when," or "where."  Business processes are way too complex and dynamic to be understood and analyzed by flowcharting and spreadsheets alone.
      Herein lies the opportunity for organizations to institutionalize simulation as the standard tool for process simulation.  Simulation is the only tool that can provide both accurate analysis and visualization of alternatives.  Process simulation is the technique that allows representation of processes, people and technology in a dynamic computer model.  There are essentially four steps in doing it: 

1. building a model 

2. running a model 

3. analyzing the performance measures 

4. evaluating alternative scenarios 
      A model, when simulated, mimics the operations of a business.  This is accomplished by stepping through the events in compressed time while displaying an animated picture of the flow.  Because simulation software keeps track of statistics about model elements, performance of a process can be evaluated by analyzing the model output data.  Typically a Business Process Simulation (BPR) project begins with an end goal of achieving one or all of the following objectives: 

· Increase service level 
· Reduce waiting time 
· Reduce activity cost 
· Reduce inventory costs 
      The principles to achieve these objectives are fundamentals of industrial engineering that have been applied in manufacturing industries for decades.  Many of them are the same principles usually applied to re-engineering business processes: 

· Combine duplicate activities 
· Eliminate multiple reviews and approvals 
· Reduce batch sizes 
· Process in parallel 
· Implement demand pull 
· Outsource inefficient activities 
· Eliminate movement of work 
· Organize multi-functional teams 
      These principles clearly offer answers to the question "what needs to be done?"; but, BPR involves changes in people, processes and technology over time.  The interactions of people with processes and technology result in an infinite number of scenarios and outcomes that are impossible to comprehend and evaluate without the help of a simulation model.  By tweaking decision variables in a model without the cost and risk of disrupting existing operations or building a new system, that can be accurately predicted, compare or optimize the performance of the re-engineered process.
      Simulation models can provide the most accurate and insightful means to analyze and predict the performance measures of business processes.  However, be aware of the dangers of using incorrect modeling and analysis procedures that can lead to inaccurate results.
      Business processes can be classified into four major categories to discuss unique modeling considerations:  project-based processes, production-based processes, distribution-based processes and customer service based processes.
      In the past few years, several new software tools have been developed specifically for modeling business processes.  Most of these tools define business processes using graphical symbols or objects, with individual process activities depicted as a series of boxes and arrows.  Special characteristics of each process or activity may then be attached as attributes of the process.  Many of these tools also allow for some type of analysis depending on the sophistication of the underlying methodology of the program.  Business process simulation software tools can be placed into three major categories: 

1. Flow diagramming-based simulation tools 

2. System dynamics-based simulation tools 

3. Discrete event-based simulation tools 
 

KEY ELEMENTS: 

Basic:
- Describe Process Simulation 

Intermediate:
- What are the business principles and objectives associated with Process Simulation 

Advanced:
- Determine the proper simulation software tools required to analyze a process performance requirement 

REFERENCES:
The Electronic College of Process Innovation at  Error! Bookmark not defined. 
NOTE:  {Abstract:  Copyright 1996, Enterprise Reengineering.  One personal copy may be produced.  Additional copying strictly prohibited without permission.} 

OPR:
OSD - Office of the Deputy Under Secretary of Defense (Acquisition Reform), Acting DUSD Acquisition Process & Policies, Ms. Patricia Brooks, Error! Bookmark not defined. 

 

Integration Definition for Information Modeling IDEF (ICAM) 

TOPIC AND RELEVANCE:  The need for semantic data models was first recognized by the U.S. Air Force in the mid-70s as a result of the Integrated Computer Aided Manufacturing (ICAM) Program.  The objective of this program was to increase manufacturing productivity through the systematic application of computer technology.  The ICAM Program identified a need for better analysis and communication techniques for people involved in improving manufacturing productivity.  As a result, the ICAM Program developed a series of techniques known as the IDEF (ICAM Definition) Methods which included the following:
1. DEF0 used to produce a "function model" that is a structured representation of the activities or processes within the environment or system.
2. IDEF1 used to produce an "information model" which represents the structure and semantics of information within the environment or system.
3. IDEF2 used to produce a "dynamics model" which represents the time varying behavioral characteristics of the environment or system.
      The initial approach to IDEF information modeling (IDEF1) was published by the ICAM program in 1981, based on current research and industry needs.  The theoretical roots for this approach stemmed from the early work of Dr. E. F. Codd on relational theory and Dr. P. P. S. Chen on the entity-relationship model. The initial IDEF1 technique was based on the work of Dr. R. R. Brown and Mr. T. L. Ramey of Hughes Aircraft and Mr. D. S. Coleman of D. Appleton Company, with critical review and influence by Mr. C. W. Bachman, Dr. P. P. S. Chen, Dr. M. A. Melkanoff, and Dr. G. M. Nijssen.  In 1983, the U.S. Air Force initiated the Integrated Information Support System (I2S2) project under the ICAM program.  The objective of this project was to provide the enabling technology to logically and physically integrate a network of heterogeneous computer hardware and software.  As a result of this project, and industry experience, the need for an enhanced technique for information modeling was recognized.
      Application within industry had led to the development in 1982 of a Logical Database Design Technique (LDDT) by R. G. Brown of the Database Design Group.  The technique was based on the relational model of Dr. E. F. Codd, the entity-relationship model of Dr. P. P. S. Chen, and the generalization concepts of J. M. Smith and D. C. P. Smith.  It provided multiple levels of models and a set of graphics for representing the conceptual view of information within an enterprise.  LDDT had a high degree of overlap with IDEF1 features, introduced enhanced semantic and graphical constructs, and addressed information modeling enhancement requirements identified under the I2S2 program.  Under the technical leadership of Dr. M. E. S. Loomis of D. Appleton Company, a substantial subset of LDDT was combined with the methodology of IDEF1, and published by the ICAM program in 1985.  This technique was called IDEF1 Extended or simply IDEF1X.
      A principal objective of IDEF1X is to support integration.  The I2S2 approach to integration focuses on the capture, management, and use of a single semantic definition of the data resource referred to as a "Conceptual Schema."  The "conceptual schema" provides a single integrated definition of the data within an enterprise, that is unbiased toward any single application of data, and is independent of how the data is physically stored or accessed.  The primary objective of this conceptual schema is to provide a consistent definition of the meanings and interrelationship of data which can be used to integrate, share, and manage the integrity of data.  A conceptual schema must have three important characteristics:
1. It must be consistent with the infrastructure of the business and be true across all application areas.
2. It must be extendible, such that, new data can be defined without altering previously defined data.
3. It must be transformable to both the required user views and to a variety of data storage and access structures.  

KEY ELEMENTS: 

Basic:
- Describe and define IDEF1X.
- Become familiar with and understand its characteristics. 

Intermediate:
- Evaluate and select the tools that support this conceptual schema. 

Advanced:
- Determine the conceptual schema required to support the entire life cycle of an acquisition program. 

REFERENCES:
Federal Processing Standards Publication 184, 1993 Dec 21 for IDEF1X at Error! Bookmark not defined.
Federal Information Resources Management Regulations Subpart 201.20.303, Standards, and Subpart 201.39.1002, Federal Standards
ICAM Architecture Part II-Volume V - Information Modeling Manual (IDEF1), AFWAL-TR-81-4023, Materials Laboratory, Air Force Wright Aeronautical Laboratories, Air Force Systems Command, Wright-Patterson Air Force Base, OH 45433, June 1981
ICAM Architecture Part II-Volume IV - Function Modeling Manual (IDEF0), AFWAL-TR-81-4023, Materials Laboratory, Air Force Wright Aeronautical Laboratories, Air Force Systems Command, Wright-Patterson Air Force Base, OH 45433, June 1981
ICAM Configuration Management, Volume II -ICAM Documentation Standards for Systems Development Methodology (SDM), AFWAL-TR-82-4157, Air Force Systems Command, Wright-Patterson Air Force Base, OH 45433, October 1983 

OPR:
1. OSD – Defense Modeling and Simulation Office, 703-998-0660
2. Director, Computer Systems Laboratory (ATTN: FIPS IDEF1X Interpretation), National Institute of Standards and Technology, Gaithersburg, MD 20899 

Threat Modeling Support to Acquisition 

TOPIC AND RELEVANCE:  Threat model support is required throughout each phase of every weapons system program.  It is paramount that DoD have and maintain intel validated threat models that accurately and credibly portray the current threats.  DIA, the DoD Modeling and Simulation Executive Agent (MSEA) for Intelligence, has accepted the role and responsibility to be the source of threat models and data.  Roles and responsibilities within DIA will be assigned via the DoD Intelligence Production Program (DoDIPP).  Threat models will be available to DoD via the MSRR and will be kept current by the intelligence community. 

KEY ELEMENTS: 

Basic:
- Understand Intelligence Community role as DoD MSEA for Intelligence 

Intermediate:
- Identify DoD Intelligence Production Program (DoDIPP) “lanes in the road” 

Advanced:
- Develop a list of prioritized requirements for a fictitious weapon system through all phases of the acquisition cycle and task responsible organization(s). 

References: 

OPR: 

1. DIA - Deputy Director for Production, 202-231-4858, DSN 428-4858; Defense Intelligence Modeling and Simulation Office, 202-231-4519, DSN 428-4519 

2. Air Force - Intelligence Modeling and Simulation, 703-614-6133, DSN 224-6133; National Air and Space Intelligence Center, 513-257-0667, DSN 787-0667 

3. Army - Intelligence Modeling and Simulation 703-604-2454, DSN 664-2454; National Ground Intelligence Center, 804-980-7735, DSN 934-7735 

4. Navy - Intelligence Modeling and Simulation 703-693-4392, DSN 223-4392; Office of Naval Intelligence, 301-669-3470 

5. Marines - Intelligence Modeling and Simulation (Marine Corps Intelligence Activity), 703-784-6118, DSN 278-6118 
 
 

Testing and Evaluation (T&E) 

TOPIC AND RELEVANCE:  Various test and evaluation facilities are used throughout a system’s development.  These contractor and government facilities are generally divided into the following groups:  measurement facilities (MF), system integration labs (SIL), hardware-in-the-loop (HITL), installed system test facility (ISTF), and open air ranges (OAR).  The modeling and simulation used in these facilities provides the program manager with valuable data necessary to evaluate system performance and maturity. 

KEY ELEMENTS: 

Basic:
- Describe the classes of facilities used in T&E with examples
- Understand the philosophy underlying the use of all digital simulations in system evaluation and the relationship between all digital simulations and test facilities 

Intermediate:
- Describe in detail how the different classes (MF, SIL, HITL, ISTF, OAR) are used in a typical test and evaluation program
- Understand the types of data which can be obtained at the various T&E facilities
- Understand how data obtained from different T&E facilities is used to evaluate system performance
- Understand how results from one T&E facility can be used to optimize plans for use of subsequent T&E facilities 

Advanced:
- Develop T&E strategy and methodology for a fictitious weapon system showing the data needed from one T&E facility and how this data will be used to evaluate the system.
- Describe how all digital simulations can be used to translate test results from one T&E facility into optimized plans for testing at subsequent T&E facilities.
- Describe how the data collected will be correlated with the predictions based upon all digital simulations. 

References:
Simulation, Test and Evaluation Process (STEP) Guidelines at http://www.acq.osd.mil/te/pubdocs.html
AFMAN 99-112, Electronic Warfare T&E Process 

OPR: 

1. Air Force – Director, Test and Evaluation, 695-0900 
 
 
 

B.  Methods & Techniques
 

This sub-section identifies the ways of applying M&S and includes such methods and techniques as virtual prototyping, distributed interactive simulation, and computer-aided design.  Once again, it is independent of any specific application or program. 

Cost Analysis for Simulation Based Acquisition 

TOPIC AND RELEVANCE:  Cost analysis is the process of analyzing and estimating incremental or total resources needed to acquire and support past, present, and future forces, units, systems, functions and equipment.  This basic definition of what cost analysis is - will not change in the Simulation Based Acquisition (SBA) environment, but how cost analysis is done - will definitely change.  Today’s comparatively static life cycle cost estimate (LCCE) is based on a fixed configuration and set of conditions identified by engineers and other subject matter experts.  Tomorrow’s dynamic LCCE will need to instantaneously respond to ranges of technologies, configurations, and conditions created through modeling and simulation.  Future cost analysts will operate in a distributed, simulation-environment, interacting with information repositories.  These repositories are timely sources of cost, performance, technology effectiveness, and other pertinent information.  Future cost models must easily integrate and evaluate inputs from these models, simulations, and information repositories, modified by expert opinion and management decisions.  Operating in this information enriched environment, the cost analyst will be trained and tooled to quickly assess the value of each situation in a range of possibilities and identify those configurations and conditions that will yield the highest value, the lowest risk, and/or the lowest feasible total ownership costs (TOC). 

KEY ELEMENTS: 

Basic:
- Concept of cost analysis
- Available Information Repositories
- Cost As an Independent Variable (CAIV)
- Total Ownership Costs (TOC) 

Intermediate:
- Map from present cost analysis to SBA cost analysis
- New SBA Environment
- Computing infrastructure
- SBA tools
- Widely shared data
- People trained and acculturated to SBA
- Distributed Simulation Framework
- Life Cycle Cost Estimate (LCCE)
- Interactive Cost Models 

Advanced
- Cost Element Structure (CES) and Work Breakdown Structure (WBS)
- Cost-Performance-Effectiveness Tradeoff Analysis
- Activity Based Costing (ABC)
- Case study which demonstrates costing 

REFERENCE:
Error! Bookmark not defined.
Department of the Army Cost Analysis Manual, the Department of the Army Economic Analysis Manual, and AR 11-18 (The Cost and Economic Analysis Program) 

OPR:
1. OSD - 
2. Army - USA Cost and Economic Analysis Center, 703-681-3347; DSN 761-3347
3. Navy - 
4. Air Force - 
 

Embedded Training 

TOPIC AND RELEVANCE:  Embedded Training is the act of embedding training capabilities into materiel systems in lieu of developing or procuring stand-alone or appended training aids, devices, simulators and simulations (M&S/TADSS).  Embedded training in weapons systems consists primarily of individual and crew/team training. This includes visual and audio cues that will shorten the initial and sustainment training time required. It also includes embedded simulators that can train some or most of the critical tasks for that weapon system. In some cases it will also include embedded links through a digital communications architecture to a C4I system.  Embedded training maximizes training dollars by eliminating redundant system developments and creating a single funding stream for systems and the corresponding TADSS.  Additionally, readiness will increase as units maximize use of embedded training as opposed to competing for scarce simulators, maneuver ranges, and Combat Training Centers. 

KEY ELEMENTS: 

Basic
- Concept of embedded training in deployed weapon systems
- Efficient use of Resources
- Excellent potential for use in Reserve Component forces
- Eliminates/minimizes "Gamesmanship," soldier operates on his/her own vehicle, not a simulator
- Pushes resources to lowest level; unit trainers can plan/resource/execute their own training at home station or at deployment site 

Intermediate:
- Integration of embedded training with other TADSS training strategies into a training support package for fielding weapon systems 

REFERENCE:
Error! Bookmark not defined. 

OPR:
1. OSD - 
2. Army - National Simulation Center, 913-684-8321, DSN 552-8321
3. Navy - 
4. Air Force -  

 

Manpower and Personnel Integration (MANPRINT) 

TOPIC AND RELEVANCE:  MANPRINT is the application of the DoD Human Systems Integration (HSI) requirements in systems acquisition (DODD 5000.1 and DODD Regulation 5000.2R).  Modeling and simulation (M&S) are employed to improve the design of total system performance (soldier and equipment) by focusing on the human requirements.  This is achieved by the integration of personnel capabilities, manpower, training, human factors engineering, system safety, health hazards, and soldier survivability considerations throughout the system acquisition process.  M&S specifically contributes to soldier survivability by modeling system characteristics (fratricide, detectability, and vulnerability) that enable soldiers to withstand or avoid adverse military action or the effects of natural phenomena (heat, cold, etc.) that could result in a loss of life or capability to continue effective mission performance. 

KEY ELEMENTS: 

Basic:
- Concept of MANPRINT
- Cognitive and physical capabilities (elementary level) of the human 

Intermediate:
- Number of personnel for system operation and maintenance
- Training required for job operation and maintenance skills
- Human-machine performance integration
- Minimization of safety and health risks 

Advanced:
- Case study of integrating MANPRINT into weapon system design 

REFERENCE:
AR 602-1 

OPR:
1. OSD - USD (A&T)
2. Army - ODCSPER, 703-695-9213, DSN 225-9213
3. Navy - 
4. Air Force -  

 

Open Systems Architecture 

TOPIC AND RELEVANCE:  An open system design facilitates the use of widely available commercial products from multiple suppliers that reduces the risks associated with long term supportability, affordability, and parts obsolescence.  When a design is characterized by modularity and defined by a standards-based architecture, program managers can more effectively capitalize on technological innovations in the commercial sector and incrementally upgrade their systems.  This design approach reduces the amount of resources needed during modifications which makes system upgrades quicker and more cost-effective.  Also, the inherent flexibility of an open systems design provides the best means for program managers to address evolutionary requirements.  Program managers may satisfy these requirements by applying open system-based commercial and non-developmental items/products.  Open standards are either adopted by recognized standardization organizations or widely supported by the commercial market place (de facto standards).  The open standards used in these commercial products fulfill evolutionary requirements because these standards are:  (1) developed in an evolutionary manner as technologies advance, and (2) supported by a larger market place than the defense industry.  The synergism between open standards and evolutionary requirements enhance architectural flexibility and result in superior performance, system adaptability, and extended useful life of a system.  The conformance to open standards must be assured and reported to proper Milestone Decision Authorities. 

KEY ELEMENTS: 

Basic:
- Concept of Open systems architecture
- Reduced life cycle costs
- Promotion of intra-operability and interoperability
- Increased adaptability to changes in mission needs and technology 

REFERENCES:
DoD Reg 5000.2-R 

OPR:
1. OSD - OUSD(A&T)/DTSE&E, 703-695-2300, DSN 225-2300
2. Army - ODISC4, 703-697-3131, DSN 227-3131
3. Navy - 
4. Air Force- 
 

Data Verification and Validation 

TOPIC AND RELEVANCE:  Models and simulations (M&S), whether used for analysis, training, or research, depend heavily on data.  If the results of a modeling effort are to be believed, the data used in producing those results must be at least as credible as the model itself, and the justification for this credibility must be known.  The usefulness of any M&S application is limited by the quality of its data as well as by the quality of the M&S itself.  Nonsensical data will produce nonsensical results; however, very good data can also produce bad results when applied incorrectly.  Even when data are consistent and accurate, they may not be suitable for use in a specific model or for a specific application.  This can occur if the data are incompatible with the requirements of the M&S or based on assumptions that are beyond the intended use of the M&S.  Unfortunately, the effects of inappropriate data may not be known until they have been used and often not until after they have spread to other parts of the M&S.  Data verification and validation (V&V) are conducted to assess the quality and appropriateness of the data for an intended application.  Data V&V activities are performed by both the data producer and by the user.  The data producer generates data to meet a specification and conducts data V&V to assess the quality of the data with respect to this specification.  The producer uses metadata to describe the data quality.  M&S users base their selection of data for the specified application on the quality described in the metadata and conduct data V&V as part of their overall M&S assessment.  Data are first verified to ensure they are the "best" data (most appropriate) for the algorithms and then the data and algorithms are validated together to ensure overall M&S credibility.  Data certification, acknowledgment that the data are appropriate and sufficient, is generally implicit upon M&S accreditation for the application.  Data V&V is an integral part of the M&S life cycle process.  When systematically performed, it can lead to reduced costs in M&S development and application by locating potential problems early when they are easiest to fix and by providing necessary information for appropriate M&S development and application.  This results in more effective use of M&S resources, more efficient use of M&S, and increased confidence in M&S results. 

KEY ELEMENTS: 

Basic:
- Concept that M&S credibility depends on both data and model credibility with respect to a specific application
- Data V&V is an integral part of the M&S life cycle process
- Data V&V reduces the costs of developing and using M&S 

Intermediate:
- Development of Data quality measures to show how well the data serve the purpose for which they were produced
- Development of Data appropriateness measures to show how well they serve a specific application 

Advanced:
- Case study integrating data V&V into an overall V&V 

REFERENCE:
http:/www.dmso.mil/; VV&C Tiger Team White Paper, DMSO, 1998 

OPR:
1. OSD - DMSO, 703-998-0660
2. Army - TRAC-FLVN, 913-684-9122, DSN 552-9122
3. Navy - 
4. Air Force -  

 

Verification, Validation, and Accreditation (VV&A) 

TOPIC AND RELEVANCE:  The purpose of VV&A is to build credibility of models and simulations (M&S) which will be used throughout, in our case, the Department of Defense.  In M&S terminology, verification is the process of determining that a M&S implementation accurately represents the developer’s conceptual description and specifications.  Verification ensures what is required and what the developer is building.  Validation is the process of determining the extent to which an M&S is an accurate representation from the perspective of the intended use of the M&S.  Validation critically assesses the way the M&S will be used.  Accreditation is the official certification by the person/agency who will actually be using the M&S that the M&S is acceptable for its intended use.  Accreditation is the end resulting decision after a V&V process has gathered information about the M&S capabilities relative to the requirements of the specific application.  The accreditation decision may accept the M&S as is, accept with limitations, recommend necessary improvements prior to use, or reject the M&S for the specific application.  The data that is needed for use with the M&S is also subject to verification and validation and is included in the accreditation decision. 

KEY ELEMENTS: 

Basic:
- Concept of VV&A 

Intermediate:
- Increased confidence by decision makers in M&S results
- Reduced risk of M&S use
- Increased M&S usability for future applications
- Tailoring of effort depending on criticality of decisions based on M&S results
- Importance of configuration management
- VV&A is an integral part of the M&S life cycle
- Planning and documentation are critical for VV&A success 

Advanced:
- Case study of VV&A applied to a weapon system 

REFERENCES:
DoD VV&A Recommended Practices Guide, Defense Modeling and Simulation Office (DMSO), Nov 1996
http://Error! Bookmark not defined./ 

OPR:
1. OSD - DMSO, 703-998-0660
2. Army - AMSO, 703-601-0011, DSN:  329-0011
3. Navy - 
4. Air Force -  

 

Behavioral/Organizational Effectiveness 

TOPIC AND RELEVANCE:  Representing behavioral and organizational effectiveness as part of the command and control decision-making (CDM) process in software is a critical and challenging task confronting the simulation community.  In order to accurately portray the real-world in simulations, we must understand what processes are being executed.  In addition, we need to identify when they are executed, what information is required, what is the timeliness of the information required, who needs that information, when the commander and staff are overloaded by information, and a host of other questions relating to staff processes.  Human performance is also very important to the decision making process.  Currently, there are no methodologies for representing these dynamic staff and commander functions at various echelons, for various functions, or for foreign as well as U.S. forces. 

KEY ELEMENTS: 

Basic:
- Concept of needs and difficulties associated with modeling human/ organizational behavior 

Advanced:
- Case study of modeling human/organizational behavior stressing
- CDM should be simulation or model independent and run on multiple operating systems
- Fidelity of CDM simulation at each echelon of command is driven by the training audience
- Various Artificial Intelligence technologies and techniques can be used to model CDM
- CDM should reduce exercise manpower costs 

REFERENCES:
Error! Bookmark not defined.
Error! Bookmark not defined. Modeling Human and Organizational Behavior, National Academy Press, 1998 

OPR:1. OSD - 
2. Army - National Simulation Center, 913-684-8290, DSN 552-8290
3. Navy - 

4. Air Force - 
 

V. Application
 

This section describes the application of M&S to functional domain areas, the practicality of use and use of M&S across the entire life cycle.
A.  Functional Domain Areas
 

This sub-section describes the use of M&S to support the different communities (i.e., the system engineering community, the testing community, etc.) in the acquisition workforce. 

Design Engineering 

TOPIC AND RELEVANCE:  Modeling and simulation pervades the various specialty disciplines involved with design—ranging from finite element analysis for structural design, to computational fluid dynamics for aerodynamics or hydrodynamics and anthropometric models such as “Jack”.  These models and simulations offer the ability to modify designs, analyze the effects and refine the design repeatedly prior to building a single hardware prototype.
      The integration of design and performance simulation models is achieved through “Simulation Based Design” in which 3-D virtual prototypes, properly representing both design and performance, function realistically in a virtual environment and replace actual hardware mockups.
      The scope of engineering development includes M&S activities ranging from detailed design analysis to supportability, manufacturability, and affordability.  As the design concepts develop and the level of detail increases, M&S provides better estimates of performance for alternative designs.
      During the PDRR phase, M&S may focus on the explanation of multiple design approaches and technologies.  Cost models incorporate engineering cost estimates which refine life cycle cost estimates.  During EMD, the engineering development focus translates the most promising design approach into a stable, producible, supportable, and affordable design which satisfies all requirements.  Logistic support models allow analysis for investigation of sensitivities of reliability and maintainability trade-offs.  Some examples of M&S that support engineering development throughout the acquisition life-cycle are Computer-Aided Design (CAD), Computer-Aided Manufacturing (CAM), manufacturing process models, factory simulation, virtual prototypes, system and force effectiveness models.  CAD/CAM models produce designs transmitted to the shop floor resulting in fewer manufacturing errors.  Factory simulations reduce manufacturing risk by predicting production flows, facility layout, and equipment planning.  Even though most of these M&S examples are used in the CE and PDRR phases, their outputs will be used in other phases.  The outputs, in turn, refine requirements causing the Program Manager to revisit M&S efforts in the CE and PDRR phases.  Furthermore, these may initiate future modifications of the system.  Input from IPT members representing the EMD and Operations & Support (O&S) communities will also influence design development.  The engineering development M&S outputs will support and enhance the other functional areas such as combat development, T&E, and training. 

KEY ELEMENTS 

Basic
- Scope of engineering design M&S tools
- Integration of design and performance simulations
- Use of engineering development M&S outputs for other functional areas 

Intermediate
-CAD/CAM models
- Cost models
- System and force effectiveness models
- Manufacturing models 

Advanced
- Simulation based Design (SBD) 

REFERENCES
1.  Army Simulation Support Plan Guidelines
2.  Systems Acquisition Manager’s Guide for the Use of Models and Simulations, 1994 

OPR 

 

Testing 

TOPIC AND RELEVANCE:  T&E is the major control mechanism of the acquisition process.  Programs advance from one stage to the next not by calendar or planned schedule but by actual resolution of critical operational issues and achievement of pre-set thresholds verified by T&E.
      The scope of M&S support to T&E includes component and system level testing; developmental testing; and operational testing and evaluation.  Test and Evaluation starts with early planning in the system life-cycle.  As with combat development, T&E initially requires the effectiveness results and theater/campaign outcomes.  From this point, the M&S effort shifts to components and subsystem level testing during PDRR and EMD phases to support requirements verification.  This may consist of augmenting actual tests by running large numbers of simulations encompassing a variety of conditions.  Additionally, live fire testing can be supplemented by such things as missile flight path generation, detection, and tracking; munitions performance; warhead-target interactions; and penetration mechanics.  Virtual prototyping of the components and subsystems is very useful and cost effective.  During the EMD phase, hardware-in-the-loop and software-in-the-loop (HWIL/SWIL) address and demonstrate new technologies, design evaluation, and hardware and software integration.  M&S augments Operational Testing (OT) by providing additional data in expanded or untested environments and enhances effectiveness, suitability,, and survivability assessments.  Without sacrificing independence, T&E participates in acquisition IPPD by conducting continuous evaluation using a credible mix of live T&E and M&S.
      Efficient use of test resources is the overall goal of M&S for testing.  Focusing testing objectives through the use of M&S helps to reduce field test assets, resources, test iterations, and test duration.  M&S will be used across the spectrum for test planning, test execution, and post-test efforts.  In the area of test planning for developmental testing (DT), vulnerability M&S will help determine the minimum set of necessary live firings.  Results of live fire tests will be used to validate the models.  This will allow the reduction in iterations of future testing.  During test execution, use of M&S can allow evaluation of on-line changes to variations in the force structure, doctrine, tactics, techniques, etc., and their impacts to overall weapon system performance.  Post test use of M&S permits sensitivity analysis for final system evaluation.  Use of M&S also allows evaluation of environmental restrictions and safety constraints.  M&S will allow testers to predict the testability of the final product prior to actual testing on the test ranges.  
      Simulations are used to “bridge the gap” between the ever-increasing data requirements and the relatively constant, or even decreasing available test assets.  Specifically, simulations can be used for: 

- Pre-test planning - Insuring that the tests to be conducted are, indeed, the most critical and verify instrumentation plans.  Simulations can be used to identify the critical test points on which to focus the live tests.  Data from the simulation can be used prior to actual testing to check out and exercise the data reduction processes. 

- Test rehearsal - “Walking through” the test from initial conditions to give confidence that the test will be successful.  One can use actual hardware in captive carry being stimulated with threat simulators to check out the system and tactics prior to test. 

- Post-test analysis - Taking the raw test data and extracting the critical performance parameters. 

KEY ELEMENTS 

Basic
- Scope of M&S use to support testing
- Gap between increasing data requirements and decreasing availability of test assets
- Overall goal of M&S in testing 

Intermediate
- Objectives of pre-test planning
- Objectives of test rehearsal
- Objectives of post-test analysis 

Advanced
-Virtual prototyping
- HWIL/SWIL 

Reference
http://www.acte.unisa.edu.au/pt&e.htm
Army Simulation Support Plan Guidelines
Simulation Support Plan for the Army Corps Tactical Weapon System (ACTW)
Systems Acquisition Manager’s Guide for the Use of Models and Simulations, 1994 

OPR 

 

Requirement Analysis 

TOPIC AND RELEVANCE:  Requirements analysis focuses on translating user requirements into performance specifications.  A complimentary suite of models and simulations is likely to be used, ranging from engineering performance to theater/campaign levels.  
      Input data to the models and simulations address a variety of scenarios, systems and tactics and are used to conduct analyses at each level in the M&S hierarchy.  Using the engineering level of models, analyses provide performance estimates for existing and improved capability systems taking into account the emerging technology opportunities.  The performance and design trade-offs of system and sub-system design concepts and technologies are evaluated at this level.  These system/subsystem performance capabilities are evaluated within the engagement and mission level models and simulations to determine system effectiveness and mission effectiveness in a limited engagement or mission.  These capabilities support campaign level models to examine effects of force mix, tactics or new capabilities on outcomes, typically in terms of force exchange ratios, drawdowns or troop movements.  The analyses are repeated for a variety of operational concepts and each of the system options under consideration.  The engagement, mission and campaign models may be run iteratively to provide statistical significance to the outcomes.  Material capability needs are identified and documented in a MNS.  The ORD defines thresholds and objectives in terms of operational effectiveness measures, system performance measures and critical system characteristics.  It is likely that mission and engagement models, in conjunction with engineering models, will be used to develop the effectiveness and performance measures for the ORD.  Technical specifications similarly evolve.  Engineering level M&S (e.g. design, support, manufacturing and HW/SWIL) typically support the development of these requirements specifications. 

KEY ELEMENTS 

Basic
- Hierarchy of models and simulations
- Use of M&S to support development of the MNS, ORD and technical specifications 

Intermediate
- Use of engineering level models
- Use of engagement and mission level models
- Use of campaign level models 

Advanced
- HWIL/SWIL 

Reference
Systems Acquisition Manager’s Guide for the Use of Models and Simulations, 1994 

OPR 

 

Analysis of Alternatives  

TOPIC AND RELEVANCE:  An Analysis of Alternatives (AoA) compares alternative system design concepts to identify the most cost effective solution to meet a validated mission need.  This is done in the Concept Exploration phase prior to program initiation. The AoA must not only address MNS and ORD requirements, but military worth.  The AoA provides valuable information needed for the Program Office after Milestone I
The AoA consists of a trade study process which can be summarized as follows: 

1. Identify a baseline configuration and one or more alternate configurations
2. Articulate design trade cost drivers, if any. (If no cost impact, the trade is over.)
3.  Define differences in parametric terms.
4. Model the cost differences using a cost model.
5. Evaluate cost deltas with respect to design differences for “best value.” 
 

These studies, in general terms, address cost, schedule and performance in the context of system level concepts versus alternative systems concepts and scenarios to establish system configuration.
      The three primary M&S application areas used in the AoA are 1 ) requirements, 2) military capability and 3) acquisition.  The acquisition area includes performance studies, effectiveness studies, trade-off analyses, risk analyses, sensitivity analyses and cost analyses.  No one general model or set of models is used for all AoAs.  Models are applied only for a particular purpose.  Models are no better than the data used. 

KEY ELEMENTS 

Basic
- Definition of AoA
- Trade-study process
- Cost models 

Intermediate
- Military worth concept
- Cost analysis 

Advanced
- Risk analyses
- Sensitivity analyses
- Performance and effectiveness studies 

Reference
http://www.laafb.af.mil/Tenants/SCEA/CAIV18M/reqtrade40.ppt
http://www.laafb.af.mil/Tenants/SCEA/CAIV18M/aoa_caiv4.ppt
Systems Acquisition Manager’s Guide for the Use of Models and Simulations, 1994 

OPR
Air Force - Office of Aerospace Studies (HQ AFMC/DR-OAS) at http://www.plk.af.mil/oas 

 

Wargaming/Combat Development 

TOPIC AND RELEVANCE:  The Distributed Wargaming System (DWS) is an array of telecommunication and cryptological hardware and software necessary to provide secure, real-time video, audio, and data communications in support of wargaming applications. 
      The scope of combat development includes M&S supporting mission area assessments in the development of TTP to include wargaming and Force-on-Force simulations.  M&S efforts focus on performance, effectiveness, and theater/campaign level outcomes that assist in determining operational mode tempo, crew and system size, structure, and force ratio.  These efforts directly lead to the production of the Operational Requirements document (ORD), Mission Need Statement (MNS), System Threat Assessment Report (STAR), and the Mission Area Analysis (MAA), and are used to support trade-off studies during CE and PDRR.  During combat development M&S, the eventual outputs may necessitate the need to update engineering development/manufacturing activities early in the acquisition life-cycle.  More specifically, the outcomes from a theater/campaign simulation, such as Thunder or TACWAR now or JSIMS when it is fielded, may uncover materiel deficiencies requiring engineering development updates to ensure effectiveness and suitability against the approved threat weapon system.  A manufacturing, engineering, or design change may be appropriate. 

KEY ELEMENTS 

Basic
- DWS
- Scope and use of combat development M&S
- Combat development products used to support trade-off studies (AoA) 

Intermediate
- Effect on engineering/manufacturing activities 

Advanced
- JSIMS 

Reference
Army Simulation Support Plan Guidelines, May 97
http://afmsrr.afams.af.mil/
Systems Acquisition Manager’s Guide for the Use of Models and Simulations, 1994 

OPR 

 

Trainers - Support Training 

TOPIC AND RELEVANCE:  The scope of M&S use for training includes M&S that range from developing training requirements and devices to individual, crew, and unit proficiency training.  During the Concept Exploration phase, the training M&S are primarily focused on front-end training analysis, training device performance, and human integration issues.  This assists in identifying initial training resources, tradeoffs, requirements, and training devices which will affect the combat development and engineering development functional areas.
      Rather than treat the development of training devices as a separate issue, the PM should capitalize on the use of previously developed M&S during the CE and PDRR phases for development of system training devices which are used both during and after the deployment of the system.  These training devices are constructed not only for the program development and maturation, but are to be used as a product of the acquisition process that are considered “legacy” in nature.  Examples include full mission simulators and crew trainers.
      Part of the training functional area is exercise support.  Exercise support includes M&S supporting wargames and force level scenario development, training and doctrine pove-out at the Theater/Campaign level.  Through a combination of live, virtual, and constructive simulations, personnel may conduct mission planning, rehearsal and individual/staff skill development via Distributed Interactive Simulations (DIS).  M&S developed early for training and T&E could be matured and developed to augment or support theater/campaign level simulations. 

Key Elements: 

Basic
- Scope of M&S use in training
- Use of M&S for exercise support
- Live, virtual and constructive simulations 

Intermediate
- Training devices 

Advanced
- Distributed Interactive Simulations (DIS) 

References 
Army Simulation Support Plan Guidelines, May 97 
Systems Acquisition Manager’s Guide for the Use of Models and Simulations, 1994 

OPR 

 

Logistics/Sustainment 

TOPIC AND RELEVANCE:  The degree to which support/supportability requirements are an integral part of both system requirements and design, are optimally related to the design and each other, are defined for the operational phase, and provision has been made for tailored data products.
      Models and simulations support logistics analyses across the system life cycle—from defining system level supportability concepts to reliability, availability and maintainability design requirements—and eventually modeling actual operational capability during operations and support. 

Key Elements: 

Basic
- Scope of M&S support to logistics analyses 

References 
Systems Acquisition Manager’s Guide for the Use of Models and Simulations, 1994 

OPR 

 

Manufacturing 

TOPIC AND RELEVANCE:  The objective of manufacturing engineering is to design and develop the manufacturing process in the most economical manner possible.
      Historically DoD has had numerous production cost problems caused by planning for excess capacity, variation in production rates or gapping the program.  Gapping the program is allowing the production line to stop with its large associated penalty of lost learning.  One solution is Lean Manufacturing defined as a manufacturing process that is much less cost sensitive to quantity and design change fluctuations.  It includes the following elements:  multi-skilled workers, advanced quality systems, empowered workers, highly flexible machines, computerized production control, and enlightened management.  DoD 5000.2-R. paragraph 4.3.1 states, “…When new manufacturing capabilities are required, flexibility (i.e., insensitivity to rate and product configuration) shall be considered.” This clearly illustrates DoD policy emphasis towards Lean Manufacturing.
      The use of M&S in manufacturing is aiming toward a future “Virtual Manufacturing” environment.  In this approach, the operational requirements identified in the synthetic battlefield environment are translated into design concepts using three-dimensional virtual simulations incorporating geometry and performance.  These designs are passed along to a network of distributed manufacturing simulations which may reside throughout a vendor base (i.e. prime contractor and subcontractors) to identify the manufacturing processes, facilities and tooling requirements.  This vendor base is closest to the manufacturing processes and is in the best position to develop cost and schedule estimates.  These estimates may then be fed back up to provide better estimates of costs and schedules to support trade-offs and the system level alternatives evaluations in the AoA. 

Key Elements: 

Basic
- Objective of manufacturing engineering
- Virtual manufacturing environment 

Intermediate
- Lean Manufacturing initiative
- Synthetic battlefield environment 

Advanced
- Distributed manufacturing simulations  

References
Systems Acquisition Manager’s Guide for the Use of Models and Simulations, 1994 

OPR 
Contracting 

TOPIC AND RELEVANCE:  A DepSecDef memo in Jul 97 set a corporate goal to make digital operations the method of choice in the majority of acquisition and logistics operations by the end of 2002.  USD(A&T) subsequently started the Integrated Program Management Initiative (IPMI) to achieve this goal.  Under this initiative the Program Manager will be responsible for data management systems and an Integrated Digital Environment (IDE).  This will have a major impact on the process of contracting.
      During Source Selection, the program manager will distribute solicitations electronically and receive return proposals by the same “paperless” mode.  Along with the standard full text descriptions of the technical task in their return proposals, contractors can also submit a digital product model of the concept or design.  The program manager’s technical evaluation team can look at an electronic representation of the proposal in the form of a computer model.  The model then becomes part of an electronic design and a simulatable specification for the system.  Further, the technical team can also “what if” -- hypothesize uses of the system and run excursions on competing versions of the same concept or design.  The virtual prototype serves as a common frame of reference for the designers, engineers, and managers.  It allows the program manager to establish a level playing field for consistent comparisons among alternative concepts and designs.  These product models will be evaluated using M&S tools.  A model sharing policy between the Government and Industry is in the process of being incorporated into DoD 5000.2-R to govern and facilitate the process described here during source selections. 

Key Elements: 

Basic
- IPMI
- Model sharing policy 

Intermediate
- Product model
- Virtual prototype 

Advanced
- IDE 

References
DepSecDef memo dated 2 Jul 97
USD(A&T) memo, dated 15 Jul 97
Joint Strike Fighter (JSF) Program solicitation process 

OPR
1.  OSD - IPMI Executive Steering Group
2.  Army - Paperless PMO
3.  Air Force - SAF/AQC (703-588-7070) 

 

Program Management 

TOPIC AND RELEVANCE:  The PM is faced with balancing cost, schedule and performance objectives throughout the program.  Much of the current emphasis in M&S is on the performance or military utility arena.  Many models used for program management are actually data base references or knowledge-based tools such as the Navy’s Program Manager’s Work Station (PMWS) and the Air Force Acquisition Model (AFAM).  
      A DepSecDef memo in Jul 97 set a corporate goal to make digital operations the method of choice in the majority of acquisition and logistics operations by the end of 2002.  USD(A&T) subsequently started the Integrated Program Management Initiative (IPMI) to achieve this goal.  Under this initiative the Program Manager will be responsible for data management systems and an Integrated Digital Environment (IDE).  Part of this effort will be the development and/or improvement of existing program management tools to be compatible within the IDE.
      Program managers develop cost estimates during the acquisition process for two purposes: program life cycle cost estimates and cost estimates for alternatives evaluation.  In support of the first purpose, a cost estimate from the Program Manager is required in support of the Milestone I review.  The second use of cost estimates is in preparation of the Analysis of Alternatives (AoA) to support milestone decisions beginning with Milestone I.  The AoA is prepared by an independent activity within the component which should aid decision-makers in judging which, if any, of the proposed alternatives to the current program offer sufficient military benefit to be worth the cost.  A common M&S tool in use is the Automated Cost Estimating-Integrated Tools (ACE-IT) which is a framework within which the analyst can develop a cost model.  There is no “one model fits all”, but rather typically a custom model for each program, relying on various cost methodologies or historical data bases to address different elements of the system.  The Cost Analysis Requirements Document (CARD) describes the system and salient features of the program which will be used to develop life cycle cost estimates.  Since the CARD addresses all the key cost elements of the system, it provides the basis for cost estimating and the use of cost models. 
 

Key Elements: 

Basic
- Use of M&S program management tools 
- IPMI
- Life cycle cost estimates 

Intermediate
- AoA
- CARD 

Advanced
- IDE
- ACE-IT 

References
DEPSECDEF memo, dated Jul 97
Systems Acquisition Manager’s Guide for the Use of Models and Simulations, 1994 

OPR 
 

 

B.  Practicality of Use
 

This section focuses on the benefits and limitations of using M&S in acquisition, the drivers leading the acquisition community toward the increased use of M&S and some recent examples of the successful application of M&S in acquisition programs. 

Benefits 

TOPIC AND RELEVANCE:  The acquisition process is one of the largest users of M&S in the Department of Defense.  M&S supports many “materiel support tasks” such as requirements analysis, concept exploration, analysis of alternatives, research & technology, engineering and design, prototyping, manufacturing & production, test & evaluation, logistics and training.  M&S is an integral, inseparable and significant part of each of these tasks, some of which are conducted by industry.  M&S will allow a computerized three-dimensional model or virtual prototype of a system to be built which can be rotated and looked at on a screen almost like a real prototype.  The manufacturing process to build this virtual prototype can also be simulated giving further feedback on the engineering design and helping to reduce the manufacturing facility preparation time to produce the system.  The collaborative use of these M&S tools by all those involved in the acquisition (both DoD and Industry) will improve communications them and enable the use of Integrated Product and Process Development (IPPD).  Use of M&S across all these materiel support tasks has the potential to significantly reduce life cycle/total ownership cost, risk and delivery time while at the same time improving the quality and military worth of the system being delivered.  M&S also has the potential to significantly reduce the resources required in the acquisition process.  Trade-off analyses of cost, schedule, performance and supportability can also be facilitated through the use of product models representing the system to be delivered.  The use of M&S allows trade-off analyses to be performed earlier in the acquisition life cycle and much faster with fewer resources.  This will increase the flexibility to respond to changing system requirements and funding profiles. 

KEY ELEMENTS: 

Basic
- Reduced Cost, Risk, Cycle Time (Related to life cycle/ total ownership cost)
- Reduced Resources
- Facilitate tradeoff analyses 

Intermediate
- Improve Quality
- Improve User Satisfaction/ Military worth
- Improve Communications 

Advanced
- Reduce manufacturing facility preparation time
- Enable IPPD
- Increase Flexibility
 

Limitations 

TOPIC AND RELEVANCE:  There are many limitations to the use of M&S tools in the acquisition process.  M&S tools are not generally inexpensive and require an up-front investment cost.  M&S is an integral, inseparable and significant part of each of the materiel support tasks listed above.  Hence, it has been very difficult to isolate M&S costs in acquisition.  Quantifying an expected return on investment is equally difficult.  No good metrics have been developed comparing a “traditional” acquisition process from one in which M&S tools have been highly leveraged.  Determining the appropriate level of fidelity required by the model to be used is also difficult.  A model can be faithful to the real world without modeling every possible detail and is usually only a gross approximation of the real world.  However, fidelity can be expensive.  Important attributes are dependent on modeling usage and should be apportioned judiciously.  Many potential users of M&S uncertain of the required degree of fidelity required opt for the highest degree of fidelity attainable which quickly drives up cost.  The DoD acquisition process is immensely complex.  The delivery of a major weapon system to operational status involves hundreds of thousands of people and millions of individual actions.  To use equally complex M&S tools in the development of the system to be delivered requires personnel with the requisite knowledge to gainfully employ these tools.  Major cultural roadblocks exist to the increased use of M&S tools in the acquisition process.  Chief among these is the commonly held belief that past approaches are still the best approaches to acquisition.  Most M&S tools represent long-term investments with quantifiable return on investments either ill-defined or non-existent.  Long-term investments generally are short changed in favor of short term investments with a foreseeable pay-back.  

Basic
- Cost 

Intermediate
- Fidelity “Black Hole” (model behavior) 

Advanced
- Cultural Road Block
- Complexity
 

Drivers 

TOPIC AND RELEVANCE:  Advancing technology is greatly enhancing the power and utility of M&S.  This alone has been a great driver in the increased use of M&S.  In some applications such as nuclear weapons testing which is limited by political treaties and also safety factors, the use of M&S is a necessity.  The various materiel support tasks listed above have traditionally been discrete, relatively independent activities with ad hoc, uncoordinated use of M&S across them.  As such, a driving initiative to increase the collaborative use of M&S not only across these materiel support tasks, but across programs both within and between the Services is the DoD Simulation Based Acquisition (SBA) initiative.  The implementation of this initiative would increase the use of M&S tools to unprecedented levels.  The Under Secretary of Defense (Acquisition & Technology) has noted the imperatives of the Revolution in Business Affairs within DoD and Acquisition Reform require that M&S be capitalized on extensively to meet the stated goals of reduced Total Ownership Costs and time to deliver systems.  The Vice President’s National Performance Review (NPR) set a goal of cutting delivery time of new systems by 25% which DoD has stretched to 50%.  In Dec 97 the Defense Systems Affordability Council (DSAC) identified SBA as one of the top-priority efforts to achieve the NPR and DoD goals.  In the current acquisition atmosphere of reduced funding and limited resources, tools such as M&S, which have the potential to pay big dividends will be seriously considered. 

Basic
- Acquisition Reform
- Technology 

Intermediate 

- Defense Reform Initiative (DSAC - SBA is a derivitive)
- Total Ownership Cost (TOC)  (see 1997 SAIC study)
- Application Constraints (Political, safety, security,  e.g. Nuclear weapon testing, satellites) 

Examples:
Joint Strike Fighter
Boeing 747
AMRAAM
 

                  

C.  LIFE CYCLE
 

This section focuses on how to apply M&S as part of the acquisition life cycle. 

M&S Application to Life Cycle 

TOPIC AND RELEVANCE:  Program Managers need to understand the application of Modeling and Simulation (M&S) tools throughout the acquisition phases identified in the DoD 5000.2-R.  In many cases, M&S can be used functionally across acquisition phases.  For example, just as the DoD Test and Evaluation Process is applied within phases and across phases, validated and accredited models can also be used within a phase as well as integrated across phases.  Those various functional area M&S tools which typically will be employed within and across program phases need to be identified and described to the program manager.  In addition, the program manager needs to understand the need for an integrated technical information infra-structure environment supporting the M&S.  Use of such M&S tools must identify the effects upon both Life Cycle Costs (LCC) and Total Ownership Costs (TOC), and how these in turn support a program to achieve it’s goals for satisfying “Cost As an Independent Variable” (CAIV) requirements. 

Key Elements: 

Basic:
- Concept of Virtual Prototyping
- Model & Simulation Tools by Phase
- M&S Used across program phases
- M&S information infra-structure environment (Standards and frameworks:  JTA, DII/COE, HLA, FOMs & SOMs, CORBA, etc.) 

Intermediate:
- Fidelity of models & simulations
- Integration of models & simulations from different functional areas and/or phases (Engagement and mission/battle level models with engineering performance models with computer-aided design/manufacturing (CAD/CAM) with supportability and cost models)
- Joint Models & Simulations used within and across phases (JSIM, JMASS & JWARS)
- M&S Verification, Validation & Accreditation 

References:
DoD 5000.2-R
DoD Acquisition Desk-book
Joint Technical Architecture (JTA) and Defense Information Infra-Structure Common Operating Environment (DII/COE)
High Level Architecture (HLA: FOMs, SOMs & RTI)
Systems Acquisition Manager’s Guide for the Use of Models and Simulations (ADA 285-573 GPO-008-020-01334-0)
Virtual Prototyping-Concept to Production (ADA 279-287 GPO–008-020-01328-5) 

OPR:
DTSE&E
DMSO
DAU(DSMC) 
 

 

VI. M&S Organization
 
 

M&S Organization (OSD and Services) 

TOPIC AND RELEVANCE:  The USD (A&T) is the DoD agency with overall responsible for M&S.  The DDR&E has direct responsibility and is assisted by an 0-8 level board of directors, the Executive Council for M&S (EXSIMS).  The Defense M&S Office (DMSO) manages DoD M&S policies, directives, and publications.  Assisting DMSO is the M&S Working Group (MSWG), an 0-6/GS-15 level committee that meets monthly.  The DoD M&S Master Plan (MSMP) is the document used to execute the DoD M&S vision and strategy.  Each service has established its own M&S management office and master plan. 

Key Concepts: 

· Well established, formal DoD and Services management structure 

· DoD M&S agencies are supported by the EXCIMS and MSWG 

· DMSO manages DoD M&S policies, directives, and publications 

· DoD MSMP used to execute DoD vision and strategy 

· Services have their own M&S management offices and master plans 
 

References:  
a.   DoD M&S Master Plan, Oct 95
b.   DMSO Web Site:   Error! Reference source not found. 

c. AMSO Web Site:  Error! Reference source not found. 

d. NAVMSMO Web Site:  http://navmsmo.hq.navy.mil 

e. AF/XOC Web Site:  http://204.34.204.77 
 

OPR:  DMSO / 703-998-0660 / Error! Reference source not found.
 

M&S Organization (M&S Executive Agents) 
 

TOPIC AND RELEVANCE:  An MSEA is a DoD component who had been assigned management responsibility and has delegated authority for the development and maintenance of a specific area of M&S application, to include relevant standards and data bases, used by or common to many models and simulations.  DoD M&S Executive Agents (MSEA) have been designated by the USD (A&T) and are responsible for authoritative representation of Air and Space (Dept of the Air Force), Oceans (Dept of the Navy), and Terrain (National Imagery and Mapping Agency).  The MSEA mission is to enable M&S developers and users to represent the natural environment rapidly, thoroughly, and consistently in a manner that promotes cost-effectiveness, ready access, interoperability, re-use, and confidence.  A fourth MSEA, the Defense Intelligence Agency, has been designated to oversee Foreign Forces and the U.S. National and Joint Intelligence Process. 

Key Concepts: 

· MSEAs are designated by the USD (A&T) 

· Four MSEAs—one each for the three areas of representation and one for foreign forces and intelligence 
· MSEAs provide subject matter experts, facilitate data production and standardization, and assist with access to resources 
 

References:
a.  NIMA Web Site:   Error! Reference source not found.;  POC: Ms. Kelly Lillegard, (301) 227-3492 

b. Oceans EA Web Site:  Error! Reference source not found.;  POC: Dr. Donna Blake, (202) 404-1426 

c. Atmosphere and Space EA Web Site:  Error! Reference source not found.;  POC: CDR Dale Liechty, (618) 256-3902 

d. Intelligence EA:  POC: Mr. Bob Vitrikas, (202) 231-4519  
 

OPR:  DMSO / 
703. 998-0660 / Error! Reference source not found. 
 
 
 
 

 

VII. Information Sources & Bibliography
 
 
 

This section includes a compiled list of authoritative and practical references. 
 

DMSO’s Common Services 

TOPIC AND RELEVANCE:  The DoD M&S Master Plan directs the establishment of information sources to be made available for M&S users and developers.  Three of these have been established:  1.  The M&S Operational Support Activity (MSOSA)—a human-in-the loop information center designed to provide operational-type M&S support;  2. The M&S Resource Repository—an on-line source of M&S resources;  3.  The Defense M&S Tactical Technology Information Analysis Center (DMSTTIAC)-- provides scientific and technical M&S information.  These three information sources will be combined during FY99 into a consolidated M&S information center—the M&S Information Analysis Center (MSIAC). 

Key Concepts: 

· DoD MSMP directs implementation of information sources 

· Well established on-line and human-in-the-loop information sources that provide operational and technical information and M&S resources 

· Services have their own M&S management offices that  are available to provide information 
 

References:  
a.   DoD M&S Master Plan, Oct 95
b.   DMSO Web Site:   Error! Reference source not found. 

c. MSOSA Web Site:  www.msosa.dmso.mil 

d. MSRR Web Site:  www.msrr.dmso.mil 

e. DMSTTIAC Web Site:  Error! Reference source not found. 

f. Service M&S Management Office web sites 
 

OPR:  DMSO / (703) 998-0660 / Error! Reference source not found.
 

Conferences, Symposiums 
 

TOPIC AND RELEVANCE:  A wide variety of organizations conduct conferences and symposiums that are good sources of M&S information.  A good sampling of these includes the Simulation Standards Interoperability Organization (SISO); the Interservice/Industry Training, Simulation, and Education Conference (I/ITSEC); the Society for Computer Simulation International (SCS); the Military Operations Research Society (MORS); and the Armed Forces Communications and Electronics Association (AFCEA).  Each of these targets a different M&S audience.  SISO addressed the issues pertaining to simulation interoperability.  I/ITSEC presents information on training and education using M&S and has a large trade show of M&S capabilities.  SCS showcases emerging M&S technology for academia, industry, and the military.  MORS targets the analysis community while AFCEA focuses on communications and electronics technology.  MSOSA’s M&S calendar is a good source for schedules. 

Key Concepts: 

· A variety of conferences and symposiums exists to educate the M&S user. 

· Each one targets a different audience. 

· MSOSA’s M&S calendar is a good source for schedules. 
 

References: 

a. MSOSA Web Site:  Error! Reference source not found. 

b. SISO Web Site:   Error! Reference source not found. 

c. I/ITSEC Web Site:  Error! Reference source not found. 

d. SCS Web Site:  Error! Reference source not found. 

e. MORS Web Site: Error! Reference source not found. 

f. AFCEA Web Site:   Error! Reference source not found. 
 

OPR:  DMSO / (703) 998-0660 / Error! Reference source not found. 

 

Authoritative Data Sources 

TOPIC AND RELEVANCE:  The M&S Data Standardization Program enables data suppliers to provide the M&S community with cost-effective, timely, and certified data, thus promoting reuse and sharing of data, interoperability of M&S within themselves and with the warfighter's command, control, communications, computers, and intelligence (C4I) systems.  Improved credibility of modeling and simulation is the result.   The Authoritative Data Sources (ADS) listing provides DoD with sources of authoritative representations of the natural environment, systems, and human behavior. 

Key Concepts: 

· Standardized data promotes reuse, sharing, and interoperability 

· The ADS listing provides data sources for the three major representation categories (natural environment, systems, and human behavior). 
 

References:
a.  DMSO Web Site:   Error! Reference source not found. 

b. ADS Web Site:  Error! Reference source not found. 
 

OPR:  DMSO / (703) 998-0660 / Error! Reference source not found.
 

DAU / DSMC 
 

TOPIC AND RELEVANCE:  The Defense Systems Management College (DSMC) addresses M&S in a wide variety of its courses.  Courses devoted specifically to M&S include SYS 301, M&S Synopsis; a Selective M&S Track in the Advanced Program Manager Course;  and the Systems Acquisition Management Course for Flag Officers.  Additionally, the DSMC publishes a reference book entitled Systems Acquisition Manager’s Guide for the Use of Models and Simulations.  The current version (Sep 1994) is under revision. 

Key Concepts: 

· DSMC is a good source of information for M&S in support of the military acquisition process. 

· DSMC conducts M&S instruction in a wide variety of its courses, to include three devoted specifically to M&S. 
 

References: 

· Systems Acquisition Manager’s Guide for the Use of Models and Simulations, Sep 1994, DSMC Press. 

· DSMC Web Site:   Error! Reference source not found. 
 

OPR:  DSMC / (703) 805-5267 /  Error! Reference source not found. 
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Appendix
 

This appendix contains a PowerPoint viewgraph slide set containing a summarized listing of the topics covered in each section of the Comprehensive Core Body of Knowledge. 

