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ABSTRACT 

This thesis examines the use of modeling and simulation (M&S) technology 

in streamlining the Army’s acquisition process by comparing it to commercial use 

of M&S. It establishes that the Army views M&S as anything short of combat and 

that it plays an integral part as a tool in mitigating risk in the acquisition process. 

The Army has recognized some areas for improving its use within the current 

acquisition framework. In comparison, the best businesses in the commercial sector 

have adopted M&S technology as a cornerstone to improving their entire acquisition 

process. They use M&S not just as a tool but as a foundation, linking a variety of 

functions together. This integrated M&S system linked with a horizontal 

management structure and a flexible, three-phase process provides the synergy to 

field new products in less time and cost than previously. The Army could use 

M&S technology to improve acquisition practices if it adopted a three-phase 

acquisition process and a linked M&S system. 
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I. INTRODUCTION 

A. PURPOSE 

The purpose of this thesis is to examine the use of 

models and simulations ( M & S )  in the Army's acquisition process 

as a whole and how M&S can be used to streamline the 

acquisition process. The examination consists of three 

distinct elements. The first element is a qualitative 

analysis of current Army regulations and practices regarding 

M & S  usage. The second element is a qualitative analysis of 

selected M & S  practices of commercial enterprises. The final 

element entails a comparison of the M & S  practices of the Army 

with those of commercial enterprises. From these elements, a 

set of recommendations on how to use M & S  to leverage 

acquisition streamlining are formulated and offered. 

B. BACKGROUND 

Within the last decade, industry has learned to leverage 

emerging technologies to create a more seamless and quicker 

acquisition for many commercial projects. In the same 

period, the Army has considered numerous recommendations on 

how to streamline, redefine, revamp, and otherwise improve its 

acquisition process, but it still uses the same acquisition 

life-cycle model developed to produce the "Big Five" systems 

of the 1980's .  The Army has tried to continually meld 

1 
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technologies and techniques into a process based on concepts 

over two decades old. 

The Boeing Company instituted a revolutionary approach to 

designing, producing, and fielding its newest airplane. Part 

of this revolution involved the total integration of 

simulations and models into their acquisition process. While 

the Army uses M&S in almost all phases of its acquisition 

cycle, it does not use it as extensively and consistently as 

Boeing and other manufacturers have. While the Army may not 

achieve the same cost and time savings as Boeing, it might 

realize savings and maximizations that would far outweigh 

minor adjustments to the acquisition process. 

The ex-Chief of Staff of the Army, General Gordon R. 

Sullivan, stated that in order to maintain our technical 

advantages into the next century, we must create a dynamic 

process where the requirement is allowed to evolve throughout 

the acquisition process (Sullivan, 1993). Better use of M&S, 

coupled with changes to the acquisition life-cycle process, 

would allow the Army to accomplish this goal. Boeing and 

other companies have shown that the seamless use of M & S  makes 

an important difference. 

C .  THESIS  OBJECTIVE 

This thesis proposes a new concept of how the Army could 
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best use M&S as part of the Secretary of Defense’s move to 

reform the acquisition process. It examines current uses of 

M&S in both the Army and the commercial world. In looking at 

commercial practices, it concentrates on businesses that 

manage large industrial or complex projects. The thesis 

recommends changes to the Acquisition Life-Cycle Model to best 

utilize the capabilities that these two technologies provide 

for streamlining, reducing costs, and maximizing efficiency 

with Army acquisitions. 

D. RESEARCH QUESTIONS 

The primary research question of this thesis is: 

0 How can the Army better utilize the advantages of 
modeling and simulation to create a more 
streamlined acquisition process? 

The four subsidiary research questions are: 

0 What is modeling and simulation as the Army 
currently defines it? 

0 How does the Army currently use modeling and 
simulation and what are some of the problems with 
it? 

0 What are the current best practices of industry 
in the use of modeling and simulations? 

0 What planned reforms does the Army currently have 
regarding modeling and simulations and how will 
they affect the acquisition life-cycle model? 

3 



E .  SCOPE AND LIMITATIONS 

This thesis proposes a new concept on how the Army could 

best use M&S as leveraging technologies to meaningful reform 

of the Department of Defense acquisition process. It examines 

the current use of M&S in both the Army and the commercial 

world as a basis for comparison. 

Since M&S can have the largest impact on high priority 

and high cost acquisitions, it will focus on the use and 

impact of M&S in acquisition category I (ACAT I) programs for 

the Army. For comparison purposes, it will examine how 

businesses use M&S in large industrial or complex projects. 

This ensures that the analysis compares apples to apples and 

not apples to oranges. 

Finally, the thesis recommends changes to the Acquisition 

Life-Cycle Model that enables utilization of these two 

technologies to reduce costs, reduce time, and maximize 

effectiveness. These recommendations are based on a 

qualitative analysis of the benefits of M&S. 

F .  RESEARCH LITERATURE AND METHODOLOGY 

Research data were obtained from official Government 

directives and policies, journals, previous theses, United 

States Code, Department of Defense (DoD) and Army regulations 

and manuals, and personal interviews. Information on current 
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Army M&S practices and initiatives to change was obtained from 

Army Training and Doctrine Command Analysis Centers (TRACs), 

the Army Materiel Command (AMC), the Army Tank-Automotive 

Research, Development, and Engineering Center (TARDEC) , the 

Defense Systems Management College (DSMC), and the DoD Task 

Force on Acquisition Streamlining. Information on current 

commercial practices was obtained from various published 

articles, General Dynamics Land Systems (GDLS), Lockheed 

Martin, Boeing, and DSMC. 

Research was conducted via personal and telephone 

interviews with knowledgeable M&S and program management 

personnel. Throughout this research, interviewees provided 

many previously unpublished copies of briefing charts that 

they had presented. 

Interviews with Government M&S personnel centered on the 

current process and usage of M&S. They were also questioned 

as to what paradigms were present impeding better usage and 

integration. 

Discussions with commercial personnel focused on what 

their current state of the art was and how M&S had saved them 

time or money. Further, they provided information on how M&S 

could maximize effectiveness, with either cost or performance 

as constraints. 
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G. ACRONYMS 

A listing of acronyms associated with both M&S and 

acquisition in general is presented in the Appendix. 

H. ORGANIZATION OF THESIS 

Chapter I1 of this thesis addresses the current guidance 

and initiatives on M&S. It defines what M&S are and what 

current laws, regulations, directives, and policies govern 

them. Further, it will identify initiatives being undertaken 

to modify the Army's current usage. 

Chapter I11 looks at the current state of M & S  usage and 

the impediments to change. This chapter examines how the Army 

actually employs M & S  and what systemic structures prevent more 

extensive usage. 

Chapter IV provides an overview of current commercial 

practices. It looks at how companies working on large, 

complex projects employ M&S. It also examines the cost, time, 

and performance benefits these companies reaped from using M & S  

as opposed to their previous methods. 

Chapter V compares commercial and Army practices with 

regard to M&S use. It pays special attention to why the 

commercial world is using M & S  more extensively and in multiple 

modes, while the Army continues to use M & S  for distinct and 

finite purposes. 
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Chapter VI contains the conclusions from the comparison 

and recommendations for reforms to the acquisition process to 

better utilize M&S. 
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11. M&S GUIDANCE AND I N I T I A T I V E S  

A.  GENERAL 

When looking to reform any system, one must first define 

the basis of the system. Currently, the Army's acquisition 

process is based on a life-cycle development model that was 

created to facilitate the development and fielding of the "Big 

Five" systems of the seventies and eighties. This model was 

developed to take advantage of both the technological and 

regulatory environments of those times. 

Since the thrust of this paper is to recommend changes to 

the existing acquisition system, it is key to any further 

discussion and analysis that it define what exactly is meant 

by M & S .  It must further define the framework, the acquisition 

life-cycle model, in which M & S  must currently operate. 

B .  THE LIFE-CYCLE MODEL AND MdS 

As mentioned previously, the acquisition life-cycle model 

and M&S are interrelated. While the acquisition life-cycle 

model can operate without M & S ,  M&S cannot currently operate 

within the acquisition process unless it is somehow tied to 

the life-cycle model. From this relationship, we can clearly 

see that an understanding of the life-cycle is essential to 
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any further discussion of M&S. 

1. Life-cycle Model Defined 

The acquisition life-cycle model is a five-phase process, 

illustrated in Figure 1. Each phase is preceded by a 

THEARMY ‘ 8  

ACQUISITION LIFE-CYCLE MODEL 

conce] Determination 

Mission W a d  

Erplotation 
C Definition 
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and 

Validation 
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Production 
and 

Deployment 
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Figure 1 Acquisition Life-cycle Model 

milestone that effectively acts as a gate into the milestone 

and an exit from a previous event or phase. 

a. Milestone 0 

Milestone 0 is the first milestone and entry into 

the first phase, Phase 0. Prior to this milestone, the Army 

determines the mission requirement and need for solution. 

This milestone marks the start of the search for a materiel 
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solution to a threat. Phase 0, Concept Exploration and 

Definition, is fairly self-explanatory. The purpose of this 

phase is to explore alternative materiel solutions to the 

need. The information from this phase applies directly to the 

next milestone. (DODI 5000.2, 1991, pp. 3-6 & 3 - 7 )  

b. Milestone I 

Milestone I, the second milestone, actually marks 

the beginning of a new program. Passage through this gate 

signifies the requirement to develop and field a materiel 

solution to a user need. This milestone also starts Phase I, 

Demonstration and Validation (Dem-Val) . In this phase the 

concepts from Phase 0 begin to take shape. Normally, this is 

the point when the program office first begins to "bend metal" 

and conduct developmental testing (DT). (DODI 5000.2, 1991, 

pp. 3-10 & 3-14) 

c. Milestone 11 

Milestone I1 signals the end of the Dem-Val phase 

and the start of the Engineering and Manufacturing Development 

(EMD) phase. Phase 11, or EMD, is the point where designs get 

firmed up and actual testing with troops takes .place. 

Successful completion of EMD is required for a system to reach 

production and the field. (DODI 5000.2, 1991, pp. 3-19 & 3- 

22) 
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d. Milestone 111 

Milestone I11 heralds the start o f  full production 

of a system. A successful Milestone I11 will result in 

initiation of Phase 111, Production and Deployment. This is 

the point where the user finally gets the system needed to 

combat the threat identified prior to Milestone 0. (DODI 

5000.2, 1991, pp. 3-24 & 3 -27)  

e. Milestone IV 

Milestone IV, the fifth milestone, is similar to 

Milestone 111. Its purpose is to get approval for 

modifications to an existing system. It is the only Milestone 

that does not act as a gate into its accompanying phase, Phase 

IV. All fielded systems have a Phase IV, Operations and 

Support, even if there is no Milestone IV. This phase 

encompasses supporting the day to day operations of a system, 

and the continual checking to ensure it can still meet its 

mission need. (DODI 5000.2, 1991, pp. 3-29 & 3 -30)  

2. M&S Defined 

M&S encompasses a broad range of methods and 

capabilities. When first thinking about M&S, most people 

immediately think about computer-based systems, but M&S is not 

just limited to such systems. M&S actually exist whenever you 

evaluate or use a system in an environment that is not the one 

12 



in which it was designed to perform. In the Army's eyes, 

anything short of actual combat is a simulation (Mercer, 

et.al., 1 9 9 4 ,  p. 4 - 4 ) .  

By definition, a model is a physical, mathematical, or 

otherwise logical representation of a real world system, 

entity, phenomenon, or process (Garcia, 1993 ,  p. D - 3 ) .  To put 

this definition in laymen's terms, one would say that anything 

short of a full production run system would be a model. The 

overall objective of M&S is to provide the Army with 

information and data to evaluate the potential performance of 

a system, man and machine, in combat. 

The Army further classifies M&S types into three distinct 

categories. These categories are defined as constructive, 

virtual, and live. As you progress from one category to the 

next, you get a corresponding increase in resource cost and 

realism. Figure 2 illustrates this paradigm. (US AMC TF - 

Draft, 1 9 9 4 ,  p. 4 )  

a. Constructive 

Constructive M&S systems are the most widely used in 

the acquisition cycle. They encompass things such as war 

games, models (physical and virtual), and analytical tools. 

This category of M & S  is the least expensive to use overall but 

also provides the least amount of fidelity. Examples of this 

13 



TYPES OF M&S 
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Figure 2 M&S Cost vs Realism Paradigm 

category include Computer Aided Design/Manufacturing (CAD/CAM) 

tools, JANUS (force-on-force) , and CASTFOREM (movement on a 

variety of terrains) . 
b. V i r t u a l  

Virtual M&S systems, while not currently used as 

widely by the Army as constructive systems, are becoming more 

prevalent. This category bridges the gap between constructive 

and live systems. As a result of this unique position, it 

provides a fair degree of realism at a medium cost. This 

category is normally associated with either troops in physical 

mockups or using computer models on a computer based, 

14 



synthetic, battlefield. Examples of these systems are 

MANPRINT labs (reconfigurable mockups), Close-Combat Test-Bed 

(networked developmental mockups), and SIMNET (linked tactical 

trainers). 

c. L i v e  

Live M&S systems provide the highest degree of 

realism but at the highest cost. They involve the use of 

actual soldiers with actual systems, either pre-production or 

production models. Examples of this type of M & S  include such 

events as operational tests, field training exercises, and 

training center rotations. 

C .  CURRENT POLICY ON M&S 

The tone for the Army's policy on M&S has changed 

dramatically over the last decade as the budget has shrunk. 

The Army currently sees M&S as a means to maximize both the 

cost effectiveness and operational effectiveness of its 

acquisition of systems in the future. This tone is exhibited 

by this statement by then Army Chief of Staff, General Gordon 

Sullivan: 

You need to know that we will use simulation 
techniques throughout the Army's acquisition 
process. We will determine needs in large-scale, 
simulation supported exercises that allow us to 
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consider alternative solutions that meet our needs. 
We will use drawings, diagrams, and 3-dimensional 
models generated by computers, put them in 
constructive or virtual environments, and compare 
alternatives both technically and tactically. The 
most promising technologies will be tested by real 
soldiers, first in reconfigurable crew stations, 
then in full scale simulations. Final designs, 
production, and assembly steps will also be 
simulated in virtual factories before actual 
prototypes are made. Then the actual and virtual 
prototypes will be exercised simultaneously to 
discover potential problems before the production 
begins. Tactics, techniques, and procedures are 
also developed along with the system so that the 
system is fully ready for use when produced. 
(Sullivan, 1993) 

1. Department of Defense Policy 

As with all aspects of Army acquisition, the Department 

of Defense Instruction 5000.2, Defense Acquisition Manaa-ement 

Policies and Procedures, also has an impact on M&S (DODI 

5000.2, 1991, p. 1 6 - 6 ) .  While this is not the only DOD 

publication affecting M&S, it is the key document that affects 

M&S use in acquisition. DODI 5000.2 discusses the use of M&S 

in three specific areas. It mentions using models for Cost 

and Operational Effectiveness Analyses (COEA), in validating 

the survivability of systems under some extreme conditions, 

and it specifies how extensively M&S can be used. in 

operational testing and evaluation. 
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2. Army Policy 

General Sullivan’s vision was reinforced by the Office of 

the Assistant Secretary of the Army (Research, Development, 

and Acquisition) (OASA(RDA)) in May 1993. At that point 

Lieutenant General (LTG) William Forster, the ASA(RDA) I s  

military deputy, issued a memorandum directing that all ACAT 

I and I1 programs, Advanced Technology Demonstrations (ATD) 

and Top Level Demonstrations (TLD) include a Simulation 

Support Plan (SSP) in their acquisition strategies. This 

directive effectively laid the responsibility for identifying 

the requirements of M&S to support engineering and combat 

developments, test and evaluation, and training and military 

exercises on the program manager (PM) . The PM also had to 

develop an acquisition strategy to procure the M&S to support 

the requirements. (Forster, 1993) 

In addition to the directive for SSPs, there are a number 

of other Army policy documents that impact on M&S. The most 

important of these documents is the Army Model and Simulation 

Master Plan. This plan guides Army investment in M&S and how 

it meshes with other DOD initiatives. 

The second most important document to the Army 

acquisition community is the Department of the Army Pamphlet 

(DA PAM) 5-11. This pamphlet is the instructional manual 
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associated with Army Regulation (AR)  5-11, Army Model and 

S i m u l a t i o n  Management Program. This pamphlet describes the 

procedures to verify, validate, and accredit (W&A) M&S. 

These steps are key to establishing the formal validity of 

data resulting from M&S. 

The third piece of policy that has an influence on M&S in 

Army acquisitions is DA PAM 70-XX. This is the instructional 

manual that accompanied LTG Forster's policy letter and gives 

guidance on how to prepare and submit the SSP. (Mercer, 1994, 

p. 3-9) 

D. CHANGE INITIATIVES 

As part of the Army's efforts to maintain its 

technological edge in an environment of shrinking acquisitions 

budgets, the AMC, as the Army's acquisition agency, has taken 

the lead in initiating change regarding M&S policy. The AMC 

recognized that M&S could be a key leveraging technology to 

increase cost and performance effectiveness. In order to 

determine how to fully realize the benefits of M&S, the AMC 

Commanding General formed a task force (TF) to prepare a 

strategy to accomplish this. The vision of the TF is "to 

field better and affordable (sic) combat materiel in the 

shortest time by integrating world class modeling and 
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simulation tools throughout the acquisition cycle" (US AMC TF 

- Final, 1994). 

The TF had only ninety days to accomplish its mission. 

It was composed of members from all phases of the acquisition 

cycle, TRADOC, the Operational Test and Evaluation Command 

(OPTEC), and technical and acquisition personnel from all the 

AMC subordinate commands. At the conclusion of the ninety-day 

period, the TF presented seven recommendations to the AMC CG's 

Principal Deputy for Acquisition (AMC-PDA). 

The AMC-PDA assigned these recommendations to subordinate 

agencies for action in 30 November 1994. The agencies were to 

have submitted draft implementation plans by 30 December 1994 

(Oscar, 1994). The agencies have currently not submitted 

adequate responses to the AMC-PDA (Chamblee, 1995). Despite 

a lack of draft implementation plans, valuable insight can 

still be gained by examining the recommendations themselves. 

1. Recommendation 1 

The TF recognized a shortfall in current policy. The 

current policy does not adequately address M&S planning prior 

to MS 0, use of M&S to reduce costs in testing and 

development, and provide sufficient guidance on preparing 

SSPs. This TF recommendation contained three parts to 

overcoming this shortfall in policy. The first was to change 
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policy so that it would specifically state goals for test and 

development cost reduction, promote the use of the latest M&S 

tools, and encourage meaningful SSPs. The second was to 

update existing M&S related regulations to address these 

changes. The final part of the recommendation was to 

circulate good examples of SSPs. 

2. Recommendation 2 

The TF found that the Government was not specifying 

Government funded, contractor developed, M&S tools as 

deliverables to the Government. The TF realized the 

Government could get some reuse and cost savings if it 

required the contractor to deliver these items. They 

recommended that policy be revised to include language in RFPs 

making these tools discrete deliverables to the Research 

Development and Engineering Centers (RDECs) . 
3. Recommendation 3 

The third recommendation dealt with the current emphasis 

on live or constructive simulation to meet test and evaluation 

(TCE) requirements. The TF felt that T&E should make more 

extensive use of the M&S tools developed at the RDECs. They 

recommended developing broader guidance on using M&S. They 

went so far as to recommend changing the name of the Test and 

Evaluation Master Plan to the Test, Simulation, and Evaluation 
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Master Plan as well as changing the Test Integration Working 

Group into the Test and Simulation Integration Working Group 

to mark the new emphasis. 

4. Recommendation 4 

The TF recommended that RDECs and the Simulation, 

Training, and Instrumentation Command (STRICOM) work together 

to develop reconfigurable Man-in-the-Loop (MITL) simulators. 

Accomplishing this would address the RDEC's shortfall in this 

area. This action would also allow the user-developer early 

access to simulators for low cost evaluation of designs. 

5. Recommendation 5 

This recommendation called for development of an 

overarching plan that addressed policy, vision, strategy, 

framework, and responsibilities for using M&S. This plan 

would tie together information currently found in three 

different plans, the M&S plan, the Distributed Interactive 

Simulation Master plan, and the Modernization plan. 

6. Recommendation 6 

This recommendation addresses the knowledge shortfall in 

the acquisition community. The TF recognized a need for a 

method to update the community on what the current state of 

the art is in M&S. They saw a need for a "road show" to visit 

AMC, TRADOC, and PEO/PMs to tout the successes of M&S. They 
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also saw a need to update the Defense Acquisition University's 

curricula in this area. 

7. Recommendation 7 

The final issue dealt with updating the M C S  catalog. 

They recommended that PMs and RDECs be required to submit 

information on current M & S  to the catalog maintained by the 

Deputy Under-Secretary of the Army for Operations Research. 

This action would allow the acquisition community a ready 

reference of M & S  for potential reuse and cost savings. 

E. SUMMARY 

This chapter has laid a foundation for further discussion 

on how M & S  is used. It showed how the Army acquires systems 

based on an acquisition life-cycle model. It has also shown 

that M & S  can be anything short of combat. In the acquisition 

field, M & S  is governed by both DOD guidance and Army policy, 

regulations, and guidance. The Army has recognized that M & S  

will be a key enabling tool to maintaining its technological 

edge in the future. To fully realize the benefits of M&S, the 

Army's acquisition command, AMC, commissioned a TF to make 

recommendations on how to maximize the benefits of M&S. The 

fact that the TF was formed means that the Army's leadership 

recognizes its current M & S  usage is not all that it can be. 
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To fully understand this, one must next have an understanding 

of how the Army uses M&S in its acquisition process. 
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111. M&S USAGE AND CHANGE aARRIERS 

A. INTRODUCTION 

The Army’s current milestone-based system of acquisition 

generates numerous M&S requirements in each phase. Each phase 

has its own requirements for M&S. In order to see how M&S can 

be used as a leveraging technology in acquisition reform, one 

must understand how the Army uses M&S in each phase. This 

chapter will examine how M&S is applied at each phase of the 

acquisition life-cycle. It will also identify systemic 

barriers to more extensive use of M&S in the acquisition life- 

cycle. 

B. M&S USE BY PHASE 

The Army uses M&S widely throughout the entire 

acquisition life-cycle. The use of M&S early in the life- 

cycle can be characterized as widespread but fairly simple. 

As the system continues through the process, the use of M&S 

tools will decrease but the complexity and cost of these tools 

will increase. As a program progresses through the life-cycle 

and its specifications become more complex, the PM needs M&S 

tools that better reflect the state of the system. This need 

for higher fidelity tools causes the PM to spend more money on 

25 



fewer tools. 

Despite this cost growth and usage decrease, PMs continue 

to use M&S in all phases of acquisition. M&S provides the 

program with a means to reduce risk. Risk is mitigated by 

providing the program with a tool to study various 

alternatives, both cost and performance based, in a rapid 

manner across all phases. (US AMC TF - Final, 1994, p. 22) 

1. Pre-Concept Exploration 6 Definition 

The Army uses M&S extensively at this stage of the 

acquisition cycle. At this stage the initial decisions are 

made as to whether a program should even be initiated to 

defeat a new threat. A wide variety of M & S  is used to 

determine the mission area analysis (MAA).  The MAA is 

instrumental in defining the ability of existing systems to 

defeat a new threat and examining potential capability 

enhancements to overcome it. (Mercer, 1994, p. 5-2) 

During this phase of the acquisition cycle, most M&S 

types are constructive in nature with some limited use of 

virtual types of M & S .  The constructive models allow 

evaluation of various engineering and design proposals. The 

data from these models are used as input for simulations of 

the probable materiel solutions in force on force engagements. 

These simulations replicate engagements between units from 
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platoon all the way up to theater size. 

The data from these simulations are correlated with 

results from virtual types of M&S. Virtual M&S, such as the 

Close Combat Test-Bed facility at Fort Knox, Kentucky, allows 

humans to input changes to tactics as the situation develops. 

It also allows combat developers, the requirements generators 

of the acquisition process, to evaluate new tactics and 

techniques against the new threats. 

Thus, M&S at this stage is significant in determining the 

requirements to begin the acquisition process. The lowest 

level of models provides data on a system’s ability to survive 

given a new threat. The next level of simulation builds upon 

that data to examine the impact of units equipped with the 

modeled items in an operational environment. The highest 

level of simulations identifies the war fighting factors to be 

stated in the mission need statement (MNS) . (Mercer, 1994, p. 
5 - 2 )  

2 .  Concept Explorat ion  and D e f i n i t i o n  

In this phase many of the same types of M&S tools are 

used again. The major difference here is that the materiel 

developer (Mat/Dev) is using the M&S. He uses M&S to further 

refine the potential solutions to the mission need as well as 

project the costs associated with each potential solution. 
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The Mat/Dev uses M&S to examine specific materiel 

The alternatives for their performance characteristics. 

examination can range from the engineering level through to 

the theater level. These models allow the conduct of trade 

off analysis of various configurations in an operational 

environment. 

Coupled with these analyses are a variety of other 

studies facilitated with M&S. Logistics models assist in 

developing the support plan and the operations and support 

( O & S )  costs associated with fielding the system. Cost models 

allow the Mat/Dev to conduct cost estimates for a variety of 

concepts in a short period of time. The cost information 

resulting from the M&S is a key component of the cost and 

operational effectiveness analysis (COEA , an important 

deliverable from this phase. 

The other two important documents arising from this 

phase, the operational requirements document (ORD) and draft 

system specifications, are aided by M&S usage. Constructive 

and virtual M&S tools allow analysis of the mission 

effectiveness of each alternative. M&S allows the Mat/Dev to 

test numerous different solutions on a variety of battlefields 

in a short period of time. Through the use of some simplistic 

virtual M&S tools, the Mat/Dev integrates the user into the 
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examination of potential solutions at an early stage in the 

development. 

The final element that M&S facilitates at this stage is 

program consistency. M&S allows the Mat/Dev the opportunity 

to apply the same measures of effectiveness (MOE), measures of 

performance (MOP), and critical system characteristics between 

the various program documents at this stage. M&S facilitates 

this by applying these standards consistently as each 

potential solution is modeled or simulated. (Mercer, 1994, p. 

5-4) 

Data from M&S contribute to every document resulting from 

this phase. The cost analysis not only impacts the COEA but 

also plays a role in the acquisition program baseline (APB). 

Results from operational M&S contribute to MOEs and MOPS in 

the ORD, COEA, and test and evaluation master plan (TEMP). 

Finally, the data from constructive engineering M&S help frame 

the specifications of the system. (Beck, 1992, p. 35) 

3. Demonstration and Validation 

McS at this stage of a program begins to become more 

complex and system specific. As the program matures, the PM 

uses higher fidelity M&S tools that more truly reflect the 

parameters of the system. The PM uses M&S to model components 

of the end system. This allows him the opportunity to try out 
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various alternatives prior to writing the detailed design 

specifications. It is also at this stage that some 

developmental testing occurs using M&S. (Beck, 1992, p. 35) 

The M&S tools at this point also allow testing and 

designing of actual hardware and software in the loop at 

integration labs. These labs allow the PM to see the 

progress of various component prototypes and how they operate 

within the framework of the whole system early in the 

development. These labs can be extremely beneficial in 

reducing risk by identifying and correcting problems before 

any components, software or hardware, are produced. 

As the components of a system become better defined at 

this stage, logistics models and simulations are also 

developed. These M&S tools provide a reasonably accurate 

prediction of how well the logistics support plan will 

facilitate the operation of the system. M&S tools allow the 

logistician to see how various configuration changes will 

affect reliability and maintainability. (Mercer, 1994, p. 5-6) 

Virtual M&S tools increase in frequency of use at this 

time. These tools allow the PM to place the eventual user of 

the system in early designs of the system. This has the 

effect of providing the user an avenue for input on the system 

design prior to any actual manufacture. This input assists in 
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precluding expensive design modifications to the system after 

it is fielded. 

During this phase computer aided design and manufacture 

(CAD/CAM) tools are used. CAD/CAM supports early 

producibility planning, factory facilitization, and design 

planning. CAD/CAM also provides the user and PM an 

opportunity to review and update specifications while seeing 

the effects these changes will have on the schedule and cost. 

M & S  assists in further refining cost estimates at this 

point in the acquisition life-cycle. The PM uses cost models 

to incorporate engineering cost estimates to arrive at more 

reliable estimates for the proposed system. These cost 

estimates are in turn used in evaluating contractor proposals 

for the next phase of the acquisition. 

4. Engineering and Manufacturing Development 

Use of M & S  in the engineering and manufacturing 

development phase has declined in volume but the complexity of 

M & S  tools being used has increased dramatically. Accompanying 

this increase in complexity is a commensurate increase in cost 

associated with M & S  use. By this phase, the majority of the 

M & S  tools are either virtual or live. 

Although the majority of the M&S tools are virtual and 

live at this point, some constructive M & S  tools are used. 
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They are employed to assist designers with final configuration 

management of components. They also provide a final insight 

into how large units of the final system will perform and 

impact at the theater level of combat. 

Virtual M & S  tools provide the largest role at this point. 

They allow the program manager to review how well the systems 

have been designed with the soldier in mind. They also 

provide needed feedback on how well hardware and software 

components operate together via trials in integration labs. 

M & S  tools are instrumental in mitigating risk associated 

with the milestone tests of this phase. These tests are both 

operational and development tests. They represent the final 

hurdle to exiting this phase. M&S provides the PM an 

opportunity to "model-test-modelr' his system prior to actual 

live testing. The results from these simulations are used by 

the PM to confirm his testing parameters and point out areas 

that will need additional emphasis to succeed. (Barbara, 1994) 

Model-test-model represents a departure from previous 

methods of testing. Prior to the widespread use and 

acceptance of computer-driven M&S, the primary means of 

testing was accomplished via the process of "build-test-break- 

fix". This method was extremely expensive and time consuming. 

This method is still used and is a form of M&S itself. It is 
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the live form of M&S. 

This method is still the only method of successfully 

completing the required operational testing for this phase and 

some legally mandated development test, such as live fire 

survivability/maintainability tests. By integrating the 

model-test-model methods into the live simulation, the PM now 

has a new tool for controlling costs. 

Live M&S is also used by the PM to prove out principles 

that were developed in previous M&S efforts. During this 

phase, enough prototypes or pilot systems are available for 

unit-sized elements to run the systems in a field environment. 

This first live, large scale usage allows PMs and Mat/Devs the 

opportunity to validate results from small unit virtual and 

constructive simulations. (Beck, 1992, p. 35) 

As in the previous phase, M&S is also used for logistics 

and pre-production planning. Some of these data were 

generated in Dem/Val but now the PM and the contractor will 

use the final designs to generate final cost estimates, unit 

price through life-cycle. At this stage, also, M&S is used to 

provide final plans for production facilities support plans. 

5. Production and Deployment 

At the production and deployment phase, M&S usage has 

PMs use M&S at this point primarily tailed off considerably. 
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for training of crews and preliminary testing of any new 

system modifications. It is also at this point that the PM 

must consider funding the support of M&S tools that will be 

required in the future. 

During this stage virtual M&S tools are also being 

fielded to support the operations and training on the new 

system. While these M&S tools are not specifically used in 

the acquisition process, they do represent an important part 

of modern programs. Many programs now will actually define 

their operations and support costs for a system based on the 

cost savings provided by troop usage of these virtual 

simulators and models in lieu of live simulation. 

While the PM continues to use M&S at this stage of a 

program, he normally does not foresee M&S requirements past 

fielding a system. This shortsightedness is the primary 

reason that M&S is not used more widely in the next phase. 

M&S tools require PM funding to be maintained, but normally 

this is the first part of program funding that is cut to save 

money. (Beck, 1994) 

6. Operations and Support 

M&S in the operations and support phase is probably the 

most under-used tool at the PM’s disposal. It is at this 

phase that M&S use is lowest but also the point where all 
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three types of M & S  can have a significant positive impact. 

PMs have used M&S to troubleshoot problems in the field and 

test proposed modifications to systems. (TARDEC, 1994)  

The major hindrance to the full realization of M & S  

capabilities at this point is funding. A properly maintained 

and updated M&S tool for a specific system can be extremely 

valuable. Funding for this maintenance, however, is of low 

priority until the t o o l  is needed. At that point, the PM must 

provide more money to update the tool in order to get valid 

data than if he had funded maintenance previously. (TARDEC, 

1994) 

C. BARRIERS TO CHANGE 

As can be seen from the previous section, the Army uses 

M & S  extensively in its acquisition cycle. Although M & S  use is 

extensive, it is not as well integrated as it could be. In 

this case, an integrated system would be one that allows for 

rapid communication of information across boundaries. These 

boundaries are primarily functional and phase driven. 

As an example, if the Comanche PM uses M & S  tools to l o c k  

in a design for the cockpit in the demonstration and 

validation phase, he will be able to provide an initial design 

for his engineers. In a fully integrated M & S  system, the 
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design could be automatically transmitted to the manufacturer 

for its impact on producibility. System integrators would be 

able to review its functionality within the total system and 

comment on it as changes occur. Cost analysts would be able 

to see the impact the design might have on existing estimates. 

All this would occur near-instantaneously instead of being 

delayed because of transcription or transportation. Similar 

results could be achieved across phases as well. 

The Army essentially has the facilities and expertise to 

provide the PMs with this type of integrated M&S system. 

There are a number of barriers to exploiting the full 

potential of the Army's M&S expertise. These barriers come in 

many forms. They are regulatory, cultural, economic, and 

technical. (US AMC TF - Draft, 1994) 
1. Regulatory 

Recent studies have characterized the regulatory barrier 

as a kind of vacuum. This vacuum exists because the Army has 

an overall lack of guidance regarding the proponency, 

coordinated planning, and funding of M & S .  The Army also lacks 

regulations on how M&S should be integrated across various 

functional environments and, in the case of acquisition, 

phases. (US AMC TF - Final, 1994, p. 42) 

The Army has recently recognized this vacuum and is 
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taking steps to fill it. The Army has created a Simulation 

Strategic Planning Office (SSPO) to coordinate the M&S efforts 

across the Army. This office will merge the M&S requirements 

of the operational, training, and acquisition domains of the 

Army and eliminate any redundancies in efforts and 

capabilities. (Glashow, October 1995, p .  32) 

The SSPO sprang from a concept of General Gordon R. 

Sullivan, at the time Chief of Staff of the Army, to have one 

office that plans the development and management of all Army 

M&S tools in order to maximize available resources. This new 

office will also work with the other services to publish a 

Department of Defense master plan for M&S. This plan is 

another in an effort to provide clear guidance on M&S uses and 

goals. 

2. Cultural 

The move to fill the regulatory vacuum recognizes the 

potential of an integrated M&S system and is the first step in 

more fully exploiting these benefits. The creation of this 

office does not, however, do anything to change perceptions of 

how M&S should be used. This is the cultural paradigm that 

presents itself as one of the largest inhibitors to realizing 

the full potential of M&S. 

Most PMs still see M&S as a means to conduct training or 
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try out concepts. They do not recognize that M&S could 

supplement, and in some cases replace, many of the tests that 

cost their programs large amounts of money. 

Additionally, most decision-makers view M&S as a 

supplement to hardware development. In its ultimate form, an 

integrated M & S  system could allow for hardware to supplement 

an M & S  based development cycle. This type of systemic change 

would allow for rapid, virtual prototyping early in the 

acquisition cycle. Coupled with an integrated M&S system 

linked to the production process, early virtual prototyping 

could significantly reduce schedule and start-up costs. (US 

AMC TF - Draft, 1994) 

3. Economic 

Another barrier to full utilization of M&S is lack of 

adequate funding for M & S  tools. This funding barrier takes 

many forms. It can take the form of under funding, 

inflexibility resulting from type of funding, and lack of 

focus. (US AMC TF - Final, 1994, p. 41) 

As with all Army acquisitions, funds for M & S  are 

extremely tight. Few programs are funded to their programmed 

amount. As an example, the Army is currently looking at plans 

to cut all M & S  programs by ten percent in 1997 to find funds 

to maintain troop levels. (Glashow, et.al., September 1995, p. 
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Not only can inadequate funding be a problem but the type 

of funding can be restrictive as well. In broad terms, funds 

are appropriated for one of three areas: development, 

production, or operations and support. M & S  systems procured 

or funded by a specific type of fund may only be used for that 

function. Additionally, funds appropriated for development 

are further restricted for use in specific phases of the 

acquisition cycle. 

The final shortfall of funding comes in focus. Most 

funding for M&S is appropriated via programs. While this 

enables PMs to dedicate funds to those areas where they need 

M & S  help, it does not provide the research, development, and 

engineering centers (RDEC) with funds to maintain their 

systems. This is especially true with creating and 

maintaining models for the Army's legacy systems of the 

eighties. These systems were fielded prior to the wide use of 

M&S and therefore few models of these systems exist for input 

into M & S  tools. 

4 .  Technical 

As noted above, the technical challenges inherent in 

using M & S  to facilitate system acquisition are daunting. They 

encompass everything from attracting qualified, quality 
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personnel to making sure the computers in the system can 

communicate with each other. While the technical challenges 

may seem the most daunting, they are the easiest to overcome. 

Currently, most of the Army's M&S tools are near state of 

the art. These tools call for an open type of architecture 

that allows for free exchange of information and data. The 

major failing of this technical state is the plethora of 

different M&S tools. Although these tools allow for 

communication, much time must be spent in defining how to 

transfer the data. Also, the PM must spend an inordinate 

amount of time searching for the best tool to use since there 

is no readily available catalog on all the available tools. 

The M&S tools all work with different databases. 

Further, most M&S facilities have no databases on any systems 

produced prior to the late eighties, early nineties. This 

means that the systems that will require HTI items to remain 

effective in the near term have no digital database. These 

items include the M1 Tank system, the M2/M3 Bradley system, 

the M109 Howitzer family, and practically every system used in 

Desert Storm. 
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