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ABSTRACT 

 

A Customer Value Assessment Process for Ballistic Missile Defense 

 

Alex Hernandez 

 

 

A systematic customer value assessment process (CVAP) was developed to give 

system engineering teams the capability to qualitatively and quantitatively assess customer 

values. It also provides processes and techniques used to create and identify alternatives, 

evaluate alternatives in terms of effectiveness, cost, and risk. The ultimate goal is to provide 

customers (or decision makers) with objective and traceable procurement 

recommendations. The creation of CVAP was driven by an industry need to provide 

ballistic missile defense (BMD) customers with a value proposition of contractorsô BMD 

systems. The information that outputs from CVAP can be used to guide BMD contractors 

in formulating a value proposition, which is used to steer customers to procure their BMD 

system(s) instead of competing system(s). The outputs from CVAP also illuminate areas 

where systems can be improved to stay relevant with customer values by identifying 

capability gaps. CVAP incorporates proven approaches and techniques appropriate for 

military applications. However, CVAP is adaptable and may be applied to business, 

engineering, and even personal every-day decision problems and opportunities.  

CVAP is based on the systems decision process (SDP) developed by Gregory S. 

Parnell and other systems engineering faculty at the Unites States Military Academy 

(USMA). SDP combines Value-Focused Thinking (VFT) decision analysis philosophy 

with Multi-Objective Decision Analysis (MODA) quantitative analysis of alternatives. 

CVAP improves SDPôs qualitative value model by implementing Quality Function 

Deployment (QFD), solution design implements creative problem solving techniques, and 

the qualitative value model by adding cost analysis and risk assessment processes practiced 

by the U.S DoD and industry. CVAP and SDP fundamentally differ from other decision 

making approaches, like the Analytic Hierarchy Process (AHP) and the Technique for 

Order of Preference by Similarity to Ideal Solution (TOPSIS), by distinctly separating the 

value/utility function assessment process with the ranking of alternatives. This explicit 

value assessment allows for straightforward traceability of the specific factors that 

influence decisions, which illuminates the tradeoffs involved in making decisions with 

multiple objectives. CVAP is intended to be a decision support tool with the ultimate 

purpose of helping decision makers attain the best solution and understanding the 

differences between the alternatives. CVAP does not include any processes for 

implementation of the alternative that the customer selects.  

CVAP is applied to ballistic missile defense (BMD) to give contractors ideas on 

how to use it. An introduction of BMD, unique BMD challenges, and how CVAP can 

improve the BMD decision making process is presented. Each phase of CVAP is applied 

to the BMD decision environment. CVAP is applied to a fictitious BMD example.  
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1.0 Introduction  

Ballistic Missile Defense (BMD) contractors have sales opportunities in domestic 

and international markets. Therefore, they compete to develop and sell systems. In order 

to be successful, they need to identify their customerôs values and how their weapon 

systems are relevant to those values. A discussion of the motivation behind this research, 

the major challenges that decision support tools need to overcome, and the objectives of 

this research are provided. A literature review of the most applicable sources to the creation 

of the Customer Value Assessment Process (CVAP) is also included. 

1.1 Motivation for a New Approach 

The creation of the Customer Value Assessment Process (CVAP) was motivated 

by a U.S. BMD industry need. A major goal of BMD contractors is to sell their systems in 

domestic and international markets. In order to be successful in sales, contractors need to 

define their systemsô ñvalue propositionò and use it to formulate a business strategy. 

However, every customer has different values (i.e., needs, wants, and desires), resulting in 

a completely different business strategy. Following a process to define value propositions 

will benefit contractors in explaining to customers why they should buy systems from them 

in an organized and credible manner. Following a process also allows for an efficient use 

of resources allocated for defining value propositions. Research was conducted to identify 

potential processes that may be used to derive customer value proposition, however, all 

were either inadequate for complex military decision making or do not provide enough 

guidance on how to apply them. Therefore, a new approach was taken with CVAP to 

provide a more detailed process adequate for complex military decision making.  
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1.2 Research Challenges  

In order for the process to be adequate for military applications like BMD, it 

needs to overcome various challenges. These challenges are summarized by the 

following1: 

Challenge #1: The process is objective1 

Objective means that the process needs to (1) provide recommendations to 

customers (or decision makers) based on values (needs, wants, and desires) while 

minimizing sources of bias and (2) be capable of using raw technical data obtained from 

experiments and/or modeling and simulations.2  

Final recommendations to the decision makers need to be based off of objective 

tradeoffs that differentiate the potential solutions (alternatives). Hence, evaluating 

alternatives should be based on effectiveness, cost, and risk criteria and assessed via 

tradeoffs that are relevant to decision makersô and stakeholdersô values. However, there 

are many types of stakeholders involved in military decisions, each of which care about 

different factors. In order to minimize bias from values, all influential factors should to be 

addressed. These factors include: technologic, economic, political, legal, social, security, 

natural environment, cultural, historical, moral/ethical, organizational, and emotional.3 

In order to be objective in military applications, the process needs to quantitatively 

evaluate alternatives based on criteria derived directly from the decision makers. For 

military applications, the evaluation criteria often emphasizes effectiveness/performance, 

thus, the measures (or metrics) in the criteria should represent raw quantities obtained by 

credible methods (e.g., experiments and/or modeling and simulation) when feasible.2 

Obtaining these quantities from mathematical transformations (e.g., normalization) reduce 

the information content. The same goes for measures defined as ratios.2 (e.g., cost/kill).  
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The United States Government (USG) uses the DoD 5000.02 process to make 

objective military decisions. In particular, the process within the DoD 5000.02 process that 

recommends a system to be acquired is the Analysis of Alternatives (AoA). ñAn AoA is 

an analytical comparison of the effectiveness, cost, and risks of proposed solutions to gaps 

and shortfalls in operational capability. AoAs document the rationale for identifying and 

recommending a preferred solution or solutions to the identified shortfall(s).ò2 The USG is 

not constrained to the DoD 5000.02 process and can move outside the process when 

deemed appropriate for business needs.4 However, it is noticeable to BMD contractor 

employees that the Missile Defense Agency (MDA) opts to try and follow the 5000.02 

process as much as possible.  

It is important to note that customers will not always choose the best solution that 

output from objective processes. This is due to psychological factors that are described by 

prospect theory. However, it is still important to know the objective solution when making 

decisions. The objective solution can point the customer in the direction of the better 

alternatives. This thesis does not take into account psychological factors in decision making 

and only researches expected utility theory.  

Challenge #2: The process is traceable1 

Traceable means that all analysis performed within the process (e.g., ranking 

alternatives) can be traced back to decision maker values in a straightforward manner. This 

can be achieved by separating decision maker values from the scoring of alternatives, 

making it easy to determine whether inconsistencies are due to decision maker and 

stakeholder values or the estimated effectiveness, cost, or risk of the alternatives. This 

separation aids in tracing the reasoning behind a particular ranking of alternatives and also 

provides a clear audit trail in the case that final recommendations get questioned.5 ñThe 
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more straightforward and clearly told the story, the easier it becomes to understand the 

differences among the alternatives.ò2  

Challenge #3: The process output minimizes sensitivity to change in inputs1 

The outputs of the process should withstand changes from adverse conditions in the 

inputs. In order for recommendations made from the outputs of the process to hold 

significance, they should not change significantly if there are small changes to the 

alternative scores or amount of inputs. For example, the ranking of alternatives 

(prioritization) and their values to the customer should not change significantly if the count 

of alternatives or Measures of Effectiveness (MoEs) that are analyzed change. There are 

many quantitative prioritization models that are convenient and relatively easy to use, 

however, they are sensitive to changes in input.  

 

1.3 Research Objectives 

The objectives of this thesis are to develop an expected utility theory process 

adequate for military applications (e.g., BMD) and to overcome the challenges involved: 

Objective 1: Qualitatively and quantitatively model customer value proposition 

The main objective of this thesis is to formulate a general systematic customer value 

assessment process (CVAP) that qualitatively obtains customer (or decision maker) values 

and uses them to quantitatively evaluate potential solutions (alternatives). Since the 

motivation for a new approach arose from a BMD industry need, CVAP was designed to 

overcome the military application challenges discussed in section 1.2.  

CVAP can help BMD contractors understand their customersô perceptions of 

system alternatives and their inclination to procure them. The output from CVAP can be 

used by BMD contractors to gain insight on what a particular customer really values. When 

alternatives are quantitatively evaluated, the output illuminates advantages and 
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disadvantages of the alternatives under consideration in terms of effectiveness, cost, and 

risk.  If a contractor knows the values of their customer and where their product lies in 

comparison to the other alternatives, the contractor can formulate a business plan that may 

steer the customer to procure their weapon system instead of a competing system.  

The output data of the model may also be used to identify capability gaps in a 

contractorôs weapon system, highlighting areas that can be improved to stay relevant with 

the needs of the customer. For example, if the contractorôs system doesnôt meet customer 

values for interceptor range, the contractor will know that they need to improve their 

weapon systemôs interceptor range capability if they want to stay relevant and sell systems.  

 

Objective 2: Provide general BMD value proposition guidelines 

Another objective of this thesis is to provide a section that discusses the general 

BMD decision environment. Currently, there isnôt a publically available source that 

discusses the process by which BMD systems are procured and the unique challenges that 

are involved). BMD decision environment considerations, key stakeholders, identification 

of the main weapon system measures of effectiveness, and BMD solutions of value to 

general BMD customers will be investigated. 

 

1.4 Literature Review 

The formulation of CVAP referenced sources in systems engineering, decision 

analysis, Quality Function Deployment, and creative problem solving. The literature 

review begins with reviews of chapters in two systems engineering textbooks that combine 

general systems engineering knowledge, Value-Focused Thinking (VFT), and Multi-

Objective Decision Analysis (MODA). The four reviews that follow are specific sources 

used for VFT, MODA, QFD, and creative problem-solving techniques. A survey of journal 
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articles is presented at the end to show that MODA and VFT have successfully been applied 

to real applications.  

 

Decision Making in Systems Engineering Management3 

Decision Making in Systems Engineering Management is a general systems 

engineering textbook that focuses on decision analysis. Gregory S. Parnell, Ph.D. and Paul 

D. West, Ph.D. wrote the sections on the Systems Decision Process, which can be applied 

to any systems engineering decision problem at any point in the life-cycle. Chapter 9 

discusses and overview of SDP, which includes the problem definition phase, solution 

design phase, the decision making phase, and the implementation phase. Chapter 9 also 

includes discussions on the use of value-focused thinking (VFT) compared to alternative-

focused thinking (AFT), alternative generation techniques, and mathematical models used 

to objectively assess the value of alternatives (MODA). Parnell combined the VFT 

approach to decision making with MODA quantitative models to evaluate alternatives. The 

core of CVAP is based on SDP, which combines VFT with MODA.  

 

Systems Engineering and Analysis6 

Benjamin S. Blanchard is a professor of Industrial and Systems Engineering at 

Virginia Polytechnic Institute and State University. Blanchard wrote Systems Engineering 

and Analysis to be a general systems engineering textbook that emphasizes the overall 

classical process of bringing systems into being. He marches through a system life-cycle 

by beginning with the identification of a need and extending through determination of 

requirements, functional analysis, synthesis and evaluation, validation, operation and 

support, and ending with disposal. Chapter 7 of this book was used to follow a high-level 

systems engineering approach in the development of CVAP, following the iterative process 
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of analysis, synthesis, and evaluation. This chapter focuses on alternatives, models, 

decision theory, multiple criteria, and risk and uncertainty. This book also includes 

discussions on the use of Decision Making, Quality Function Deployment (QFD), 

Lifecycle Cost Analysis, and Risk and Uncertainty Analysis.  

 

Value-Focused Thinking: A Pathway to Creative Decision Making7 

Ralph L. Keeney is a private consultant and professor of System Management at 

University of Southern California. Keeney wrote Value-Focused Thinking to argue that 

emphasis should be on the bottom-line objectives that gives decision making its meaning, 

for it is through recognizing and articulating fundamental values that create better decision 

alternatives. This book shows how one should think about decision situations. Most 

literature on decision making focuses on what should be done after the crucial steps of 

defining the actual decision problem, creating alternatives, and specifying objectives. This 

book describes and illustrates the creative processes that should be followed to identify 

decision problems, create alternatives, and articulate objectives. This is the philosophical 

approach to decision making that CVAP is based on.  

 

Strategic Decision Making: Multi-objective Decision Analysis with Spreadsheets5 

Craig Kirkwood presents methods for quantitatively evaluating alternatives and 

strategically making decisions using multi-objective decision analysis (MODA). Kirkwood 

also discusses the mathematical theory behind MODA models, Multi-Attribute Utility 

Theory (MAUT). The focus is on decisions where there are multiple competing objectives 

that require consideration of tradeoffs among these objectives. The techniques presented 

in this book have been successfully used in a number of military studies for over forty years 

and have demonstrated the capability to improve decision making.  
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Quality Function Deployment: How to Make QFD Work for You8 

Lou Cohen is a recognized expert in the field and has plenty of experience in QFD 

applications. This easy-to-read book does an excellent job at explaining on how to go about 

doing QFD. Over the past 40 years, companies in the United States have changed their 

style of conducting business due to overseas competitive pressures, the needs of global 

economics, and the advances in technology. QFD was adopted as a result of this change in 

paradigm. Cohen provides motivation for the use of QFD and puts it in a global business 

environment perspective. It explains in detail a main component of the QFD technique, the 

House of Quality (HOQ). Cohen also discusses how QFD can help organizations become 

more competitive by developing better products and services. A handbook is included 

inside that shows how to start using QFD, what to anticipate, and how to finish 

successfully. CVAP uses QFD as a process to define and organize my qualitative value 

model.  

 

Strategies for Creative Problem Solving9 

This book provides a framework that was developed with the aid of a major grant 

from the National Science Foundation that improves creative problem-solving skills. It was 

awarded the Distinguished Author Award by the American Society for Engineering 

Education (ASEE). The techniques presented in the book were developed by researching 

and studying how experienced engineers and managers in industry approached solving 

problems. It does this by providing ways to combine the knowledge needed to understand 

the problem and develop technical solutions with creativity that generates new and 

innovative solutions. The book highlights on the skills necessary for effective problem 

solving, how to gather information, how to properly define the real problem, how to 
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generate creative and innovative solutions, and methods for solution evaluation. I use the 

methods presented in this book to develop my problem definition step and solution design 

step in CVAP. 

 

Applications of VFT and MODA 

 The following articles describe validated applications of MODA and VFT, some 

of which are military and some not. Only the Multi-Objective Decision Analysis of 

Theater Missile Defense (TMD) Architecture1 article refers specifically to BMD. 

 

A Methodology to Assess the Utility of Future Space Systems10 

USAF Captain Bruce Rayno, a student of Gregory Parnell, wrote a thesis on a 

modified methodology that assess the utility of future space systems. His research identifies 

the assumptions and simplifications in the SPACECAST 2020 value model and assesses 

modifications. The model determines and prioritizes future space systemsô utility toward 

controlling and exploiting space. This study shows that the assumptions of using a multi-

objective decision analysis (MODA) additive utility function is valid. Rayno does this by 

comparing the results of the additive utility function to the multiplicative and multi-linear 

utility functions. Rayno also made modifications to the 98 SPACECAST 2020 measures 

of merit scoring functions by replacing most of the initial functions with either a concave, 

convex, linear, or ñSò scoring function. The modified scoring functions and alternate utility 

functions did not alter the SPACECAST 2020 results, but did improve upon the model. 

When making his modifications to the SPACECAST model, Rayno applied concepts from 

Kirkwoodôs book ñStrategic Decision Makingò.  
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Multi-Objective Decision Analysis of Theater Missile Defense (TMD) Architecture1 

Parnell, Metzger, Merrick, and Eilers developed an architecture analysis 

methodology that uses Multi-objective Decision Analysis (MODA) to maximize the value 

of the TMD architecture subject to life cycle budget constraints. They used the Joint 

Doctrine, the Mission Need Statement, and the Operational Requirements Document to 

qualitatively define the value of each potential TMD architecture. They used decision trees 

to determine the best TMD targeting strategies. Finally, they used optimization to 

determine optimal architectures and missile procurement levels for given life cycle (R&D 

and procurement) budget constraints. They then developed a demonstration model that 

illustrates the methodology to TMD architecture decision makers. It served as a starting 

point for the research conducted because it is the most relevant application of decision 

analysis to BMD. The research intends to expand and extend this demonstration model into 

a better defined process that is customized to BMD. 

 

A Multiple-Objective Decision Analysis of Stakeholder Values to Identify Watershed 

Improvement Needs11 

 Merrick, Parnell, Barnett, and Garcia demonstrated the use of VFT and MODA to 

guide future watershed quality improvement projects. They developed a qualitative value 

model of stakeholder values and a quantitative value model with single-dimensional value 

functions of the Measures of Effectiveness (MoEs) of greatest importance. After 

weightings for the MoEs and single-dimensional values were determined, they were 

applied to the additive value model. The results were used to rank alternatives based on 

their MoE performance and to identify value gaps of each alternative. The value gaps were 

used to leverage areas that watershed improvement projects can focus on. The results of 

the analysis were used to guide restoration efforts.  
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Alternative Resource Allocation Techniques12 

 Stokes, Parnell, Klimack, and McGinnis performed a survey of resource allocation 

techniques appropriate for the United States Army: Relative Benefit Technique, Partial 

Funding Relative Benefit Technique, Multiple Objective ï Additive Value Technique 

(MODA), Partial Funding Relative Pain Technique, and Partial Funding Measure Pain 

Technique. Based on interviews with U.S. Army clients, the techniques were evaluated 

based on how well they performed in providing the optimal solution, how responsive they 

were to preference changes, and how defensible they were. They concluded that VFT 

allowed MODA to output the optimal solution, the additive value model allowed for quick 

changes in preference, and that MODA allowed the most credible, objective, and traceable 

rationale for resource allocation.  

 

Mission Oriented Risk and Design Analysis of Critical Information Systems13 

 Buckshaw, Parnell, Unkenholz, Parks, Wallner, and Saydjari wrote this paper that 

describes a value-based information assurance methodology for Mission Oriented Risk and 

Design Analysis (MORDA), a quantitative risk assessment and risk management process 

that uses MODA and VFT to evaluate information system design alternatives. MODA and 

VFT were applied particularly in the SOCRATES optimization tool within the MORDA 

process. VFT and MODA are used to develop value hierarchies and models, 

mathematically determine the best alternatives facing conflicting objectives, and determine 

benefits of alternatives used in cost-benefit analysis. 

 

Journal articles that investigate MODA and VFT in military applications are shown in the 

following list as compiled by Parnell:14 
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1. Bassham, C. B., W. K. Klimack, and K. W. Bauer, Jr. 2002. ATR Evaluation 

Through the Synthesis of Multiple Performance Measures. Signal Processing, 

Sensor Fusion, and Target Recognition, No. XI, edited by Ivan Kadar, in 

Proceedings of SPIE, Vol. 4729, 112ï121. 

 

2. Beauregard, J. E., D. F. Deckro, and S. P.Chambal. 2002. Modeling Information 

Assurance: An Application. Military Operations Research, Vol. 7, No. 4: 35-55. 

 

3. Buede, D. M., and R. W. Choisser. 1992. Providing an Analytic Structure for Key 

System Design Choices. Journal of Multi-Criteria Decision Analysis. Vol. 1, No. 

1: 17-27. 

 

4. Burk, R. C., C. Deschapelles, K. Doty, J. E. Gayek, and T. Gurlitz. 2002. 

Performance Analysis in the Selection of Imagery Intelligence Satellites. Military 

Operations Research. Vol. 7, No. 2: 45-60. 

 

5. Chambal, S., M. Shoviak, and A. Thal. 2003. Decision Analysis Methodology to 

Evaluate Integrated Solid Waste Management Alternatives. Environmental 

Modeling and Assessment, Vol. 8, No. 1: 25-34. 

 

6. Davis, C. C., R. F. Deckro, and J. A.Jackson. 1999. A Methodology for 

Evaluating and Enhancing C4 Networks. Military Operations Research, Vol. 4, 

No. 2: 45-60. 

 

7. Doyle, M. P., R. F. Deckro, J. M. Kloeber, Jr., and J.A.Jackson. 2000. Measures 

of Merit for Offensive Information Operations Courses of Action. Military 

Operations Research, Vol. 5, No. 2: 5-18. 

 

8. Hale, G., J. A. Jackson, and G. S. Parnell. 1997. Assessing Communications 

Systems for the Australian Defense Force. Asia-Pacific Journal of Operational 

Research, Vol. 14, No. 2: 45-67. 

 

9. Kerchner, P. M., R. F. Deckro, and J. M. Kloeber. 2001. Valuing Psychological 

Operations. Military Operations Research, Vol. 6, No. 2: 41-62. 

 

10. Lehmkuhl, L., D. Lucia, and J. K. Feldman. 2001. Signals from Space: The Next-

Generation Global Positioning System. Military Operations Research, Vol. 6, No. 

4: 5-18. 
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2.0 Survey and Comparisons of Decision Analysis Processes 

In this section we introduce the purpose of decision analysis as a systems 

engineering decision support tool and survey processes that have been applied to military 

decisions. A comparison of these methods is performed resulting in a justification of why 

particular methods are preferred and used to develop CVAP.   

 

2.1 Decision Analysis from a Systems Engineering Perspective 

The efficient use of limited resources is the main concern of most engineers, 

whether they are part of the design phase near the start of a program or part of the 

production phase near the end of the program. When known solutions fail to efficiently 

utilize limited resources, there is a need for better solutions. This leads to exploring better 

ways of efficiently utilizing limited resources and evaluating them to see if they are better 

than the current solutions. This exploration of better solutions is what leads to decision 

analysis, where customer requirements are analyzed, alternatives are identified and/or 

created, and the alternatives are quantitatively evaluated. This invokes a process that 

coordinates the foundational cycle of systems engineering: Analysis, Synthesis, and 

Evaluation, as described in Systems Engineering and Analysis6 in Figure 1.  

In the analysis step, the system engineering team determines what the customer 

needs. Requirements and constraints are determined, functions are allocated to the 

components of the system, and customer objectives and measures of effectiveness are 

developed. In the synthesis step, alternatives are generated using engineering methods or 

identified through research. In the evaluation step, alternatives are evaluated to see if they 

meet the requirements. Tradeoffs are investigated between alternatives and requirements 

and decisions are made. Decision analysis methodologies follow this three step systems 
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engineering process, where they first start off by qualitatively defining customer 

requirements, then generating possible solutions that meet the requirements, and then 

quantitatively evaluating them to pick the best solution.  

 

Figure 1. Main System Engineering Steps6 

Alternatives are evaluated by assessing them in terms of the value they bring to the 

customer. As Blanchard discusses in his book, system value is defined by two factors: 

economic and technical. Technical factors may be expressed in terms of system 

effectiveness, which encompasses function of performance, operational availability, 

dependability, etc. economic factors are expressed in life-cycle cost, which includes 

research and development cost, production cost, procurement cost, operation cost, 

maintenance cost, and disposal cost. Figure 2 shows a flow chart that was derived from a 

similar figure in Blanchardôs book. It shows the different factors that collectively express 

system value. 
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Figure 2. Description of System Value6 

Some of these factors may be considered to be more important than others by the 

customer, which will consequently influence the ultimate decision by placing different 

levels of importance on the evaluation criteria. Alternatives are generated from design 

synthesis and become the appropriate targets for evaluation. Evaluation is the 

determination of how well an alternative satisfies the evaluation criteria (customer values). 

Applicable criteria regarding the system should be expressed in terms of measures of 

effectiveness (MoEs) and should be prioritized at the system level. The prioritized MoEs 

reflect the overall performance characteristics of the system as it accomplishes objectives 

in response to the needs of the customer. These MoEs must be specified in terms of some 

level of importance, as determined by the customer, and the criticality of the functions to 

be performed. For example, Customer A might have a mission scenario where system 

reliability is less important since maintainability considerations are built into the systems 

that allow for easy repair. However, Customer B might face a mission scenario where 

maintenance is not feasible, which means that reliability becomes much more important. 

Therefore, the criticality of the objective(s) that the customer needs to accomplish will 
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result to the identification of key requirements and the relative levels of importance of the 

applicable MoEs.6 

Overall, the systems 

engineering approach suggests that 

one must first define the problem 

and identify the evaluation criteria 

and MoEs against which the 

various alternatives will be 

evaluated. One must then select the 

appropriate evaluation techniques, 

select or develop a model to 

facilitate the evaluation process, 

acquire the necessary input data, 

and evaluate each of the candidates 

under consideration. In order to 

make final recommendations one 

must perform a sensitivity analysis to identify potential areas of risk. This general systems 

engineering process is illustrated in Figure 3, and can be tailored and applied at any point 

in the life cycle.6 

 

 

 

 

Figure 3. Trade-off analysis process6 
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2.2 Definitions 

Now that we have discussed how systems engineering books recommend making 

systems decisions, we will now investigate developed processes that follow these 

guidelines. These processes use distinct terminology as defined in Ch. 19 Value-Focused 

Thinking14: 

Evaluation consideration: A factor to compare the worth of alternatives, such as target 

destruction. An alternative term is evaluation ñcriteriaò. 

Functions: When multiple decisions are involved, youôll want to identify functions before 

identifying the objectives. An alternative term is ñmissionsò or ñtasksò. 

Fundamental objective: The most basic objective weôre trying to achieve. Example: select 

the best course of action to achieve the commanderôs intent. An alternative term is 

ñproblem statementò. 

Objective: A preference statement about an evaluation consideration. Example: maximize 

target destruction or minimize collateral damage. 

Qualitative value model: The complete description of our qualitative values, including the 

fundamental objective, functions, objectives, and value measures (MoEs). 

Quantitative value model: The value functions, weights, and mathematical equation (such 

as the additive value model) to evaluate the alternatives. 

Range of a value measure: The possible variation of the scores of a value measure, such as 

probability of kill (Pk), may range from 0.0 to 1.0. 

Score (level): A specific numerical rating of the value measure, such as a Pk of 0.95. A 

score may be on a natural or a constructed scale. (We avoid using the term value for scores 

because the value function defines that term) 

Tier (layer): Levels in the value hierarchy (Fundamental Objective, Functions, Objectives, 

and MoEs). 

Utility : Utility is different from value. It includes returns to scale and risk preference. 

Utility function: A function that assigns utility to a value measure score. We assess utility 

functions using lotteries. 

Value function: A function that assigns value to a value measureôs (MoEôs) score. 

Quantitatively, value is defined as returns to scale on the value measure. 

Value hierarchy (value tree): Pictorial representation of the qualitative value model. An 

alternative term is ñobjective hierarchyò.  
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Value measure: Scale to assess how much we attain an objective. For example, we may 

measure target destruction with a single shot probability of kill (Pk). Alternative terms are 

evaluation measures, Measures of Effectiveness (MoEs), measures of merit, and metrics. 

Value model: Contains both qualitative and quantitative assessment process. 

Weights: The weight assigned a value measure depends on the measureôs range. Weights 

are our relative preference for value measures. They must sum to one.  

 

2.3 Survey of Decision Analysis Processes 

There are many decision analysis processes that have been developed and applied 

to various disciplines. However, the representative processes with military applications can 

be compared in two aspects: (1) The philosophy of approach and the (2) quantitative 

prioritization methods. We have identified four representative decision analysis processes 

applied to military-type decisions: Multi-Objective Decision Analysis of TMD 

Architectures1, Applications of Decision Analysis to Military Systems Acquisition 

Process15, Technique for Interactive Probabilistic Multiple Attribute Decision Making16, 

and A Hybrid, Interactive, Multiple-Attribute, Exploratory Approach (HIMAX).17 Each 

process was evaluated and it was found that all have factors in common as seen in Figure 

4. The processes either used a Value-Focused Thinking (VFT) or Alternative-Focused 

Thinking (AFT) philosophy or Multi-objective decision analysis (MODA) or Multi-

Attribute Decision Making (MADM) prioritization method. MADM is also known as 

Multi -Criteria Decision Making (MCDM). These aspects will be investigated further in the 

following two sections. 
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Figure 4. Philosophy of approach and quantitative models 

2.4 Comparison 1: Philosophy of Approach 

All decision analysis methods are addressed as either Alternative-Focused 

Thinking (AFT) or Value-Focused Thinking (VFT) as described by Ralph L. Keeney in 

Value-Focused Thinking: A Path to Creative Decisionmaking.7 Keeney states that the 

fundamental difference between AFT and VFT is that AFT focuses more on the analysis 

of alternatives while VFT focuses more on the assessment of values. AFT is merely a 

reactive decision problem approach while VFT is much broader. Besides being capable of 

solving decision problems, VFT is also capable of solving decision opportunities. A 

decision problem is defined when the decision situation occurs as a result of actions that 

are not controlled by the decision maker, thus, there is a need to find a solution. For 

example, a division of a company may be losing money or the company is losing market 

share to a competitor, or a government defense system may be evaluated as ineffective. In 

cases like these, there is a need to find an alternative solution. On the other hand, decision 

opportunities are identified and controlled by the decision maker rather than being caused 

by external events. Decision opportunities are discovered out of a desire to do something 

better, thus, VFT is a proactive approach. There is an old American saying, ñIf it ainôt 

broke, donôt fix itò. Dr. Edward de Bono, regarded as the father of lateral thinking and ñone 

of the foremost expects in the fields of creativityò, claims that this saying reflected the 
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attitude that lead to the decline of the U.S industry within the last couple of decades.9 This 

saying reflects a purely reactive (AFT) attitude instead of a proactive VFT attitude. The 

following quotes signify VFT as a preferred approach.  

 

ñTo survive in todayôs business culture, proactive thinkingïas opposed to reactive 

thinking ï is required. This shift in thinking patterns requires creativity.ò  

ï Fogler and LeBlanc9 

 

ñThe formulation of a problem is often more essential than its solutions, which may 

be merely a matter of mathematical or experimental skill. To raise new questions, new 

possibilities, to regard old problems from a new angle requires creative imagination and 

marks real advances in science.ò 

 ï Albert Einstein18  

 

The steps for AFT and VFT are listed on Tables 1 and 2. Table 1 shows that AFT 

is only capable of evaluating decision problems. Table 2 shows that VFT is capable of both 

decision problems and decision opportunities. Both AFT and VFT follow the same steps, 

but are performed in a different order and emphasize different steps. Keeney argues that 

values are more fundamental to a decision problem than are alternatives. ñValues are what 

we care about [, thus,] values should be the driving force for making decisionsò. The 

purpose of making decisions is to achieve desirable consequences while avoiding the 

undesirable ones. The concept of ñdesirability of consequencesò is based on values. 

Therefore, the fundamental driving force in making decisions should be values, not 

alternatives. ñAlternatives are the means to achieve the more fundamental values.ò Keeney 

states that focusing early and deeply on values when facing difficult problems leads to 

more desirable consequences and that more time should be spent concentrating on what is 

important: defining and understanding values and using them to create better alternatives 

than those already identified.7 
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Table 1. Alternative-Focused Thinking steps7 

Decision Problems 

1. Recognize a decision problem 

2. Identify alternatives 

3. Specify values 

4. Evaluate alternatives 

5. Select an alternative 

 

Table 2. Value-Focused Thinking steps7 

Decision Problems Decision Opportunities 

 Before specifying strategic 

objectives 

After specifying strategic 

objectives 

1. Recognize a 

decision problem 

1. Identify a decision 

opportunity 

1. Specify values 

2. Specify values 2. Specify Values 2. Create a decision 

opportunity 

3. Create alternatives 3. Create alternatives 3. Create alternatives 

4. Evaluate 

alternatives 

4. Evaluate alternatives 4. Evaluate alternatives 

5. Select an 

alternative 

5. Select an alternative 5. Select an alternative 

 

Keeney identifies nine benefits of VFT as shown in Figure 5. Parnell14 states that 

three of these benefits are especially relevant to military applications of decision analysis: 

¶ Guiding strategic thinking: value-focused thinking can capture the commanderôs 

intent for courses of action.  

 

¶ Evaluating alternatives: multiple objective decision analysis (MODA) can evaluate 

alternative courses of action.   

 

¶ Creating alternatives: once alternatives are evaluated, we can assess the value gaps 

(the difference between the ideal value and the best alternative) and focus our effort 

to develop better alternatives. 
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Figure 5. Benefits of Value-Focused Thinking7 

 

2.5 Comparison 2: Quantitative Prioritization Methods  

Two representative decision making methods that aim to prioritize alternatives are 

compared with Multi-Objective Decision Analysis (MODA). These methods are the 

Analytical Hierarchy Process (AHP) and Technique for Order of Preference by Similarity 

to Ideal Solution (TOPSIS). Both AHP and TOPSIS are considered Multi-Criteria Decision 

Making (MCDM) or Multi -Attribute Decision Making (MADM) methods. Although 

MCDM methods are convenient to use, they are not as accurate as MODA.   

The AHP was developed by Thomas Saaty19 in the early 1970ôs and is a MCDM 

method that helps decision makers make the best decision by selecting the best alternative 

in a set of alternatives. It determines the best alternative to be the one that achieves the 

most suitable trade-off among the criteria. AHP does this by reducing complex decisions 

to a series of pairwise comparisons that capture both subjective and objective aspects of a 

decision. The AHP starts by generating a weight for each evaluation criterion according to 

criteria pairwise comparisons made by the decision maker. The more important criterion is 

the one with the largest weight value. Next the AHP assigns a score to each alternative per 
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criterion according to the decision makerôs pairwise comparisons of the alternatives. The 

better performing alternative will get the higher score. Finally, the AHP combines the 

criteria weights and the alternativesô scores and determines a global weighted score for 

each option that is used for final ranking of the alternatives. The global score for a particular 

alternative is a weighted sum of the scores it obtained for each criterion. AHP also 

incorporates a technique that checks for consistency of the decision makerôs evaluations 

that aims to reduce the bias in the decision making process.19  According to Triantaphyllou 

and Mann,20 AHP has been criticized, leading to revised versions. Most criticism is due to 

the way pairwise comparisons are used and the way AHP evaluates alternatives. The 

revised version that was accepted by Saaty is now called the Ideal Mode AHP, but only the 

original AHP is discussed in this section since both versions are fundamentally the same.20 

The steps taken to use AHP are included in Appendix B. 

TOPSIS, known as one of the most classical MCDM methods, was developed by 

Hwang and Yoon.21 TOPSIS typically relies on other MCDM techniques to qualitatively 

assess inputs like the evaluation criteria and the alternatives to be evaluated. TOPSIS 

prioritizes alternatives by determining their scores using qualitative measures (e.g., Good, 

Very Good, and Extremely Good) that are then quantified to a scale (e.g., 5, 7, and 9). 

TOPSIS is merely a mathematical algorithm that prioritizes scores subject to multiple 

criteria by comparing them to a Positive Ideal Solution, (PIS) and a Negative Ideal Solution 

(NIS). The best alternative is the one closest to the PIS and furthest away from the NIS.21 

This is how TOPSIS differs from AHP. AHP ranks alternatives by the relative performance 

to each other while TOPSIS ranks alternatives by the alternativesô performance relative to 

the best possible solution out of the set, where the best possible solution out of the set is 
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composed of the highest alternative score per criterion. Therefore, TOPSIS is capable of 

making conclusions based on the performance gaps of each alternative when compared to 

the best possible solution. These performance gaps can be used to recommend to 

customers/decision makers how alternatives can be improved and by how much. For 

example, letôs say a particular alternative receives a ranking score (Ci
+) of 0.90. This means 

that this alternative is 90% of an ideal solution, where the ideal solution is a fictitious 

alternative defined by the highest score in each criterion. A more detailed explanation of 

the steps taken to use TOPSIS is include in Appendix C. 

Although MCDM methods (e.g., AHP and TOPSIS) have many method-particular 

differences, they fundamentally differ from MODA in that a value (or utility) function is 

not explicitly assessed. MCDM methods argue that explicitly assessing values is too 

difficult, undesirable, and should be avoided5. However, assessing values is useful given 

the fact that decisions are made to meet values. This extra effort might not be justified for 

relatively low-risk decision situations like ñchoosing the best carò or ñpicking the best job 

offerò, but it is certainly worth the extra effort for high-risk military and political decisions, 

where the lives of people and the well-being of society face the frightening consequences 

of a wrong decision.  

MODA explicitly assesses value functions and separates it from the prioritization 

of alternatives, which provides a ñstraightforward [way] to determine whether 

disagreements among stakeholders to a decision are with regard to values or the estimated 

performance of the alternatives.ò This separation allows for traceability of the factors that 

result in a particular ranking of alternatives, making it easy to audit the decision process if 

it is questioned5. On the other hand, MCDM methods merge decision maker preferences 
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with the ranking of alternatives, which leads to a loss of control and a ñblack-boxò feeling 

of the reasoning behind recommendations.  

Furthermore, MCDM approaches are not capable of using raw Measures of 

Effectiveness (MoE) quantities obtained from experiments or Modeling and Simulation 

(M&S) to rank alternatives. Instead, MCDM approaches use qualitative scales and/or 

normalization techniques to rank alternatives. According to the DoD, MoEs should be raw 

quantities when feasible. ñAttempts to disguise these quantities through a mathematical 

transformation (e.g., through normalization), no matter how well meaning, reduce the 

information content and may be regarded as "tampering with the data."ò Use of raw 

quantities allow for the investigation of performance sensitivities of alternatives, whose 

defining parameters are subject to significant uncertainty2. MODA is capable of using raw 

MoEs, providing objective and traceable recommendations.  

The goal of MCDM methods is to identify the best alternative in a set of candidate 

solutions, narrowing down to a single solution and leaving no room for tradeoffs. 

According to the DoD, ñthe goal of the [decision making processes] is to identify the most 

promising candidates for consideration by decision makers. In some cases this may mean 

a single alternative. In other cases, there will be several alternatives, each with different 

cost, effectiveness, and/or risk pluses and minuses.ò2 MCDM methods blend effectiveness, 

cost, and risk criterion into a mathematical algorithm that obscures the contribution of each 

category. This results in insufficient information for making tradeoffs on the alternatives. 

On the other hand, MODA separates the evaluation of cost and risk from effectiveness, 

allowing the decision maker to make clear tradeoffs in each category.  
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2.6 Comparison Conclusion 

We conclude that VFT is the preferred philosophy and MODA is the preferred way 

to evaluate and prioritize alternatives for military applications. Based on the teachings of 

Keeney, VFT is preferred because it allows for the creation of better alternatives that lead 

to more desirable consequences than AFT. AFT is restricted to the alternatives that are pre-

selected and picks the better one, which may not be the best possible solution for the 

decision maker. Since VFT is the preferred approach, MODA is the most appropriate 

quantitative method to use for ranking alternatives. MODA separates value function 

assessment from the ranking of alternatives, which allows decision analysis teams to 

provide recommendations that are traceable to customer values, while MCDM methods 

like AHP and TOPSIS do not. Unlike MCDM methods, MODA allows for solution 

tradeoffs between effectiveness, cost, and risk categories.  MODA is also capable of using 

raw MoE quantities gathered from experiments and/or modeling and simulation and does 

not alter the data like AHP and TOPSIS. This further contributes to traceability and 

objectivity in the prioritization of alternatives.  
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3.0 The Customer Value Assessment Process (CVAP) Methodology 

We conducted research to see if a general process that uses both VFT and MODA 

exists and found a model called the Systems Decision Process (SDP) developed by Gregory 

S. Parnell and other systems engineering faculty at the United States Military Academy 

(USMA) in West Point, NY. CVAP uses SDP as its foundation and extends and expands 

on it.  

CVAP is a systematic decision analysis methodology that includes a structured 

approach guided by the U.S. Department of Defense (DoD) Analysis of Alternatives 

(AoA). CVAP  improves SDPôs qualitative value model by implementing Quality Function 

Deployment (QFD), the solution design step by implementing creative problem solving 

techniques, and the quantitative value model by adding cost analysis and risk assessment 

techniques practiced by the U.S DoD. An outline of the approaches used to develop CVAP 

and steps to implementing it are presented. 

 

3.1 Use of Analysis of Alternatives (AoA) and Systems Decision Process (SDP) 

Since the motivation for the formulation of CVAP was from a ballistic missile 

defense (BMD) industry need, the U.S. DoD approach to decision making was 

investigated. What was found was that the DoD uses a process called the Analysis of 

Alternatives (AoA) when it faces a decision problem involving multiple alternatives. ñAn 

AoA is an analytical comparison of the effectiveness, cost, and risks of proposed solutions 

to gaps and shortfalls in operational capability. AoAs document the rationale for 

identifying and recommending a preferred solution or solutions to the identified 

shortfall(s).ò The Air Force Material Commandôs Office of Aerospace Studies (OAS), 

designated the Air Force Center of Expertise (CoE) for AoAs, created the AoA Handbook2. 

The AoA Handbook provides a framework and guidelines for the AoA process, but it does 
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not recommend specific techniques used to perform the analysis. SDP also does not provide 

much detail on the steps and techniques used to apply it. CVAP incorporates the steps 

presented in the AoA Handbook and SDP and implements specific techniques for each 

step. The following two sections are brief descriptions of the AoA and SDP processes. 

3.1.1 Analysis of Alternatives 

When the DoD is faced with a decision problem, they apply their Acquisition 

System framework, which is composed of three interconnected processes: Joint 

Capabilities Integration Development System (JCIDS), Acquisition Process, and the 

Planning, Program, Budget, and Execution Process (PPBE) shown in Figure 6. JCIDS is 

the requirements development process that outputs the Initial Capabilities Document (ICD) 

and the Capabilities Development Document (CDD). These documents are inputs to the 

AoA. The Acquisition Process marches through the acquisition phases, milestones, and 

decision points in the development of a program. The PPBE is essentially the process that 

allocates the DoD budget for the program of interest. The AoA is incorporated in all three 

processes, but it is most important and significant in the JCIDS and Acquisition 

Processes.22 
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Figure 6. DoD Acquisition System framework23 

The DoD uses the AoA when it is faced with a decision problem involving multiple 

alternatives. ñAn AoA is an analytical comparison of the effectiveness, cost, and risks of 

proposed solutions to gaps and shortfalls in operational capability. AoAs document the 

rationale for identifying and recommending a preferred solution or solutions to the 

identified shortfall(s).ò2 The DoD performs an AoA whenever they need justification for 

starting, stopping, or continuing an acquisition program. The AoA process provides 

decision makers with reliable, objective assessments of the alternatives. AoAs identify 

potentially viable solutions and provide comparable cost, effectiveness, and risk 

assessments of each solution to a baseline, which can be the current operating solution or 

an ideal solution. Although AoAs are a big factor in selecting a final solution, they aren't 

the only factor. ñThe final decision must consider not only cost-effectiveness, risk, and 

military worth, but also domestic policy, foreign policy, technological maturity of the 

solution, the environment, the budget, treaties, and a host of additional factors.ò2 

 

JCIDS ï Joint Capabilities 

Integration Development 

System 

 

PPBE ï Planning, Program, 

Budget, and Execution 
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Effectiveness Analysis 

Once the ICD and CDD are obtained from the JCIDS process, they are used in the 

first step of the AoA, performing an effectiveness analysis. Effectiveness analysis is 

normally the most complex element of the AoA and consumes a significant fraction of 

AoA resources to assess the technical complexity of military systems. The goal of the 

effectiveness analysis is to determine the military worth of the alternatives in performing 

Mission Tasks (MTs), which can be thought of as functions/objectives that systems 

need/should satisfy. The MTs are derived directly from the capability requirements 

identified in the ICD and CDD. The ability to satisfy the MTs is determined from estimates 

of alternatives' performance with respect to Measures of Effectiveness (MoEs) and their 

supporting Measures of Performance (MoPs). The difference between MoEs and MoPs is 

that MoEs can either be qualitative or quantitative measures of operational success related 

to an objective of the MT being evaluated while MoPs are strictly quantitative measures 

(like range, velocity, mass, fire rate, etc.). An alternative term for MoP that is commonly 

used in engineering is Technical Performance Measure (TPM). MoPs/TPMs usually have 

a threshold value specified in the ICD/CDD that is used to determine how well an 

alternative needs to perform. Since MTs are functions and objectives that the system(s) 

need to perform, cost is never an MT or MoE. ñCost is never considered in the effectiveness 

analysisò. MoEs should represent raw quantities obtained from scientific methods like 

Modeling and Simulation (M&S) and/or experimental data. Any attempt to disguise raw 

quantities through mathematical algorithms, like normalization (e.g., AHP and TOPSIS) 

ñreduce the information content and may be regarded as ñtampering with the data.ò The 

same reasoning applies to MoEs defined as ratios (like final priorities from AHP or MoEs 
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like cost/kill); a ratio essentially ñhidesò both quantities.ò2 The AoA effectiveness analysis 

process is shown in Figure 7. 

 

Figure 7. AoA process for effectiveness analysis2 

Cost Analysis 

A cost analysis is performed in parallel with the operational effectiveness analysis. 

It is equal in importance in the overall AoA decision process. The cost analysis estimates 

the total Life-Cycle Cost (LCC) of each alternative and combines it with the effectiveness 

analysis results to identify the alternative(s) that represent the best joint value. Figure 8 is 

a template that AoA uses to summarize LCC element estimates. The LCC approach 

captures the total cost of each alternative over its entire life cycle composed of the 

following elements as described in the AoA Handbook2:  

¶ Research and Development (R&D) Cost 

R&D costs include concept and technology development, and system 

development and demonstration. There are many types of R&D costs: 

prototypes, engineering development, equipment, test hardware, contractor 

MoE ï Measure of Effectiveness 

MoP ï Measure of Performance 

TDD ï Technical Description Document 

ICD  ï Initial Capabilities Document 

CDD ï Capabilities Development Document  
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system test and evaluation, and government support to the test program. 

Engineering costs for environmental safety, supportability, reliability, and 

maintainability efforts are also included, as are support equipment, training, 

and data supporting R&D efforts 

 

¶ Procurement and Investment Cost 

The cost of investment (low rate initial production, production, and 

deployment) includes the cost of procuring the prime mission equipment 

and its support. This includes training, data, initial spares, war reserve 

spares, pre-planned product improvement (P3I) program items, and military 

construction (MILCON). MILCON cost is the cost of acquisition, 

construction, or modification of facilities necessary to accommodate an 

alternative. The cost of all related procurement, such as modifications to 

existing equipment, is also included. 

 

¶ Operating and Support (O&S) Cost 

O&S costs are those program costs necessary to operate, maintain, and 

support system capability. This cost element includes all direct and indirect 

elements of a defense program and encompasses costs for personnel, 

consumable and repairable materiel, and all appropriate levels of 

maintenance, facilities, and sustaining investment. Manpower estimates 

should be consistent with the Manpower Estimate Report (MER), which is 

produced by the operating commandós manpower office. 

 

¶ Disposal Cost 

Disposal cost is the cost of getting rid of excess or surplus property or 

materiel from the inventory. It may include costs of demilitarization, 

detoxification, redistribution, transfer, donation, sales, salvage, or 

destruction. It may also reflect the costs of hazardous waste disposition 

(including long-term storage) and environmental cleanup. Disposal costs 

may occur during any phase of the acquisition cycle. 

Note: ñSunk costs (money already spent or obligated) are not included in the LCC 

estimates; however, they may be of interest to decision makers and should be 

identified separately. Those alternatives failing to meet minimum effectiveness 

analysis are normally not considered in the cost analysisò 
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Figure 8. General Life Cycle Cost Summary2 

Risk Assessment 

The AoA Handbook identifies three categories of risks that should be assessed for 

each alternative in the AoA: Technological, Programmatic, and Operational. The handbook 

defines risk to be the probability of an adverse event occurring and the severity of the 

consequences should that event occur. The first step in the risk assessment process is to 

determine what factors are relevant to each alternative. The following shows the three risk 

categories and potential factors that may be appropriate to assess under each category as 

listed in the AoA Handbook2: 

¶ Technological Risks 

o Technology maturity 

o Modularity 

o Open architecture 

o Extensibility 

 

¶ Programmatic Risks 

o Efficacy of doctrine, organization, training, materiel, leadership and 

education, personnel and facilities (DOTLMPF) characteristics 

o Cost and schedule drivers 

o Overarching dependencies 

o Identify political issues 

 

¶ Operational Risks 

o Special basing requirements or fly-over issues 

o Unique maintenance requirements 

o Technology sensitivities (e.g., keeping info from some of our allies) 
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Once all risks factors associated with each alternative have been identified, the 

decision analysis team will need to develop a methodology for assigning a measure of 

probability of the adverse events occurring (e.g., high (H), medium (M), low (L), or 1-10). 

The decision analysis team must then determine the severity of the impact if the adverse 

event occurs (e.g., high (H), medium (M), low (L), or 1-10). The AoA uses a risk 

assessment matrix to display the risk of each alternative as shown in Figure 9. The left axis 

represents the probability of the adverse event occurring with lowest probability on the 

bottom and highest probability at the top. The bottom axis represents the impact of the 

adverse event starting with lowest impact on the right and highest impact on the left. The 

highest risk alternatives are those that are at the top right corner of the matrix (i.e., high 

probability and severity) and the lowest risk alternatives are those at the bottom left corner 

(i.e., low probability and severity). As you go up this diagonal, the alternatives increase in 

risk.  

 

Figure 9. AoA Risk Assessment Matrix2 

Comparative Analysis 

Once the effectiveness analysis, cost analysis, and risk assessment has been 

completed, the next step is to combine all the information and perform a comparative 

analysis. A comparative analysis aims to assess dilemmas between alternatives in terms of 

effectiveness, cost, and risk and then eliminate alternatives with critical flaws. The 
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remaining alternatives can be compared by using a matrix like the one shown in Figure 10 

(G = green, Y = yellow, and R = red). Finally, recommendations are made based on 

tradeoffs between advantages and disadvantages of the alternatives and how each 

alternative address the ICD/CDD requirements. The overall purpose of the comparative 

analysis is to help decision makers understand the differences between the alternatives and 

there is generally no requirement to recommend a single solution. 

 

Figure 10. Notional Matrix for Alternative Comparison Results2 

 

3.1.2 Systems Decision Process (SDP) 

The Systems Decision Process (SDP) was developed by Gregory S. Parnell along 

with other faculty members of the Systems Engineering Department at United States 

Military Academy in West Point, New York. It is a general problem solving process that 

is applicable to problems in all stages of a system life cycle. It has been applied to many 

military decision problems and capstone research projects. SDP approaches problem 

solving with the VFT approach; first qualitatively defining values and then using them to 

generate alternatives. SDP then quantitatively asses the generated alternatives using 

MODA, which allows for the separation of value function assessment from the ranking of 

alternatives. This separation is key to traceability since conclusions from the process can 
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be traced back to customer/stakeholder values and/or scoring of alternatives. SDP has the 

following characteristics as found in Decision Making in Systems Engineering and 

Management:3 

¶ Starts with a description of the current system. The current system, or baseline, is 

the foundation for assessment of future needs and comparison with candidate 

solutions to meet those needs. 

 

¶ Focuses on the decision maker and stakeholder value. Stakeholders and decision 

makers identify important functions, objectives, requirements, constraints, and 

screening criteria. They key stakeholders are the consumers of the system 

products and services, the system owners; and the client responsible for the 

system acquisition. 

 

¶ Focuses on the value creation and defines the desired end state that we are trying 

to achieve. The value modeling task of the problem definition phase plays an 

important role in defining the ideal solution for comparison with alternative 

solutions. The solution enhancement task improves the alternative design 

solutions. Finally, we use value focused thinking to improve the non-dominated 

solutions. 

 

¶ Has four phases (problem definition, solution design, decision making, and 

solution implementation) and is highly iterative based on the information and 

feedback from stakeholders and decision makers. 

 

¶ Explicitly considers the environment that systems will operate within (i.e., 

historical, legal, social, cultural, technological, security, environmental, and 

economic) and the political, organizational, moral/ethical, and emotional issues 

that arise with stakeholder and decision makers in the environment. 

 

The SDP is composed of four phases, each with three tasks as can be seen in Figure 

11. The first phase, problem definition, is the most important phase since it defines the 

actual problem that needs to be solved. If the actual problem is not identified or understood, 

we could be wasting time and energy developing solutions for the wrong problem. Once 

the problem has been defined, the next phase is solution design, where ideas are generated 

to create alternatives and then enhanced to a set of high quality feasible alternatives. After 
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the set of high-quality alternatives has been created, the next step is to quantitatively 

evaluate them using MODA in the decision making phase. The output from this phase are 

used to make recommendations to decision makers. If the decision makers approve the 

recommendations and secure a decision, the next phase is to allocate resources and plan 

the implementation of the solution in the solution implementation phase. 

 

Figure 11. A simplified version of the Systems Decision Process3 

SDP is similar to other problem solving processes, namely Atheyôs Systematic 

Systems Approach and the Military Decision Making Process. Atheyôs systematic systems 

approach is much more general and the military decisions process focuses more on a course 

of action instead of a system. SDP provides more detail on the steps needed for a systems 

decision that Atheyôs systematic systems approach. Table 3 displays the three processes 

for comparison. SDP is an elaborate process that can be applied to many systems 

engineering decision problems and opportunities, however, the level of detail makes it 

difficult to follow based on just the literature provided. SDP briefly describes the 
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techniques that can be used in each phase, but lacks a guide on how to apply these 

techniques.  

Table 3. Comparison of Problem-Solving Processes3 

 

Systems Decision Process 

Atheyôs Systematic 

Systems Approach 

Military Decision Making 

Process 

1) Problem Definition 

a. Stakeholder 

analysis 

b. Functional 

analysis 

c. Value modeling 

2) Design Solution 

a. Idea generation 

b. Alternative 

generation 

c. Solution 

enhancement 

3) Decision Making 

a. Solution scoring 

b. Sensitivity 

analysis 

c. Value-focused 

thinking 

4) Solution Implementation 

a. Planning for 

action 

b. Execution 

c. Assessment and 

control 

 

1) Formulate the problem 

2) Gather and evaluate 

information 

3) Develop potential 

solutions 

4) Evaluate workable 

solutions 

5) Decide the best 

solution 

6) Communicate system 

solution 

7) Implement solution 

8) Establish performance 

standards 

 

1) Receipt of mission 

2) Mission analysis 

3) Course of action 

(COA) development 

4) COA analysis 

5) COA comparison 

6) COA approval 

7) Order production 

8) Rehearsal 

9) Execution and 

assessment 

 

3.2 CVAP Overview  

We concluded in Section 2.0 that VFT and MODA have desirable characteristics 

that overcome the challenges of formulating an objective, traceable process and 

recommendations. We identified the SDP3 as a general systems engineering process that 

applies VFT and MODA, however, it does not provide much detail on how to apply the 

tasks within the phases of the process. Namely, it only provides a brief description of the 
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techniques involved for some of the tasks that need to be completed. The following are 

areas where SDP can be improved: 

¶ Problem Definition phase3 

In this phase, SDP discusses why it is important to define the tiers of the 

value hierarchy (i.e., fundamental objective, functions, objectives, and 

measures of effectiveness), however, it does not clearly define a process to 

do this. SDP states that the value hierarchy can be defined via stakeholder 

and functional analyses, but these are merely examples of how the tiers can 

be defined. This phase lacks a structured approach to defining each tier of 

the value hierarchy.  

 

¶ Solution Design phase3 

VFT is very influential in the Solution Design phase since one of the main 

goals is to allow the generation of creative and innovative solutions, thus 

resulting in desirable consequences. However, SDP briefly summarizes 

creative problem solving concepts and techniques. More depth and structure 

is needed in this section to maximize the benefits of VFT.  

 

¶ Decision Making phase3 

This phase includes a great explanation of how to apply MODA to assess 

the effectiveness of the alternatives. However, after examining the DoDôs 

AoA process, it was evident that SDP lacks depth in the cost analysis and 

risk assessment tasks. SDP only discusses why these tasks are important 

and shows examples of the type of knowledge gained by completing them, 

but it does not provide a discussion on specific processes used to complete 

them.  

 

CVAP improves on these SDP areas by formulating a process for each of these 

phases. CVAP combines the ñVoice of the Customerò with the ñVoice of the Engineerò 

with Quality Function Deployment (QFD) to completely define the tiers of the value 

hierarchy (Fundamental Objective(s), Functions, Objectives, and Measures of 

Effectiveness). QFD further contributes to the traceability of the overall process since it is 

a structured approach to deriving the tiers of the value hierarchy. The values that are 

defined by QFD and industry-proven creative problem solving techniques are used to 

generate and/or identify creative and innovative alternatives. CVAP then uses MODA to 
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quantitatively score and rank alternatives in terms of effectiveness. With the guidance from 

government sources,2,24 CVAP also incorporates processes to complete cost analysis and 

risk assessment. Since CVAP uses SDP as a foundation, it has similar phases and tasks. 

Each of these phases will be discussed in detail in the next four sections (3.3 - 3.6). The 

CVAP process is illustrated in Figure 12. 

CVAP is also based on the DoDôs AoA process since it is intended to be used in 

military applications. Figure 13 shows an overlay of the CVAP phases onto the AoA 

process to illustrate that CVAP includes all steps taken by the AoA. CVAP is capable of 

qualitatively and quantitatively assessing customer value for decisions and utilizing 

detailed technical analysis in order to provide objective and traceable recommendations to 

the customer. 

 

Figure 12. The Customer Value Assessment Process (CVAP) 
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Figure 13. CVAP compared to AoA2 

 

3.3 CVAP Phase 1: Qualitative Value Model 

 

 

Phase 1 of CVAP is to develop a well-structured qualitative value model that 

accurately derives the problem statement and stakeholder values. These values are 

collectively defined by the fundamental objective, functions, objectives, and measures of 

effectiveness (definition in section 2.2.1). The qualitative value model provides the 

foundation for the entire analysis, thus, should be accurate and traceable if it is ever 

questioned. The information gathered in this phase is used in Phase 2 to generate solutions 

(alternatives), in Phase 3 to evaluate alternatives, and Phase 4 to make recommendations 

to the customer. If the problem and values are not defined right in Phase 1, the customer 
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and stakeholders will not and should not care about the analysis performed in the following 

phases10. Therefore, it is critical that sufficient time is dedicated to properly defining the 

problem and values of the customer and stakeholders. The steps taken to complete the VFT 

qualitative value model are shown below as defined by Parnell14: 

 

Step 1: Identify the fundamental objective14  

Identifying the fundamental objective is the essential first step that guides how 

weôll develop the value model. It must be a clear, concise statement of the most 

basic reason for the decision. In practice, we take time and thought to properly 

specify the fundamental objective. Once we understand it, we can determine if we 

have single or multiple functions. If we have a single function, we can skip step 2 

and start to identify the objectives. 

 

Step 2: Identify functions that provide value14 

We can get functions from requirements documents or derive them from 

information gathered from stakeholder analysis. 

 

Step 3: Identify the objectives that define value14 

For each function, we need to identify the objectives that define value. Objectives 

can come from requirements documents, interviews with senior leaders, or 

workshops with stakeholders (or stakeholdersô representatives).  

 

Step 4: Identify the value measures14 (Measures of Effectiveness) 

We can identify measures of effectiveness by research and interviews with decision 

makers, stakeholders, and subject-matter experts. Access to stakeholders and 

experts is the key to developing good Measures of Effectiveness (MoEs). 

 

Step 5: Vet the qualitative value model with key decision makers and stakeholders14 

We must ensure our model has captured the values of the decision makers and 

stakeholders. Vetting the qualitative value model and incorporating their comments 

is critical to ensuring they will ñbuyò the analysis results. 

 

Parnell states that qualitative values models must satisfy four criteria: collectively 

exhaustive, mutually exclusive, operable, and as small as possible. Collectively exhaustive 

means that the value models must consider all essential types of evaluation. Mutually 

exclusive means that the criteria donôt overlap. Value measures must be operable, meaning 
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customers and stakeholders involved in the decision situation must interpret them the same 

way. Finally, as few value measures as possible should be used to limit the modelôs size.14 

Once these steps 1-5 have been completed, VFT organizes the values in a 

hierarchical structure called the value hierarchy shown in Figure 14. Defining the tiers of 

the value hierarchy is the primary goal of Phase 1 in CVAP. The nature of a hierarchical 

structure allows the lower tiers to be traced back to the higher tiers and customer values. 

The tiers are defined in two CVAP steps that encompass the five steps previously 

mentioned: Problem Definition and Quality Function Deployment (QFD) as shown in 

Figure 15. Problem Definition is composed of two tasks: stakeholder analysis and problem 

definition techniques. Stakeholder analysis identifies stakeholders relevant to the decision 

situation and gathers needs, wants, and desires from them. CVAP then applies problem 

definition techniques to accurately define the first tier of the value hierarchy, the 

fundamental objective. After the problem definition step is complete, QFD uses the 

stakeholder information gathered from stakeholder analysis and uses it to derive the 

remaining tiers of the value hierarchy (i.e., functions, objectives, and Measures of 

Effectiveness). QFD can be thought of as a transfer function that converts the customer 

values into measureable technical parameters.16 QFD further contributes to traceability 

since it also uses a hierarchical structure to derive functions, objectives, and MoEs. After 

the QFD step is complete, all the tiers of the value hierarchy are defined and can be used 

to generate solutions (alternatives) in Phase 2.  
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Figure 14. The VFT value hierarchy 

 

Figure 15. CVAP steps to define the VFT value hierarchy 

 

3.3.1 Problem Definition  

 Most decision situations (problems and opportunities) have several acceptable 

solutions and the goal is to find, select, and implement the best one. However, all the time, 

money, and energy used to find the best solution would be a waste if the solution is for the 

perceived problem and not the real problem. This is the main objective of the problem 


