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ABSTRACT
A Customer Value Assessment Pracis 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 akernativ
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
bal i stic missile defense (BMD) customers wi
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 procureNtizir B
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 eveay decision problems and opportunities.

CVAP is based on the systems decision process (SDP) developed by Gregory S.
Parnell and otherystems engineering faculty at the Unites States Military Academy
(USMA). SDP combines ValuEocused Thinking (VFT) decisioanalysis philosophy
with Multi-Objective Decision Analysis (MODA) quantitative analysis of alternatives.
CVAP i mpr ov e s tives @mRe model lbyairhpiementing Quality Function
Deployment (QFD), solution design implements creative problem solving techniques, and
the qualitative value model by adding cost analysis and risk assessment processed practic
by the U.S DoD and industr€VAP 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 makingsidesi with
multiple objectivesCVAP 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. CVAIBes not include any processes for
implementation of the alternaé 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 ph@38AP is applied
to the BMD decision environment. CVAP is applied to a fictitious BMD example.
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1.0Introduction
Ballistic Misgle Defense (BMD) contractofsavesalesopportunitiesn domestic

and international market3 hereforethey compete to develop andlisgystems. In order

to be successfutheyneed to i dentify their customer 06
systens arerelevant to those values. A discussion ofii@ivation beind this research,

themajor challenge that decision support toalkeed to overcomendthe objectivef
thisresearch arprovided A literature review of the most applicalsleurces to the creation

of the Customer Value Assessmemdess (CVAP) is ab included.

1.1 Motivation for a New Approach
The creation of the @tomerValue Assessmentrécess (CVAP) was motivated

by a U.S. BMD industry need. A major goal of BMD comt@s is to sell their systems in
domestic and international markebs orderto be successful in salentractors need to
define their syst ems 6itth foanlulateea bpsinesy stratégy i o n 0
However, every customer has different values,heeds, wants, and desires), resulting in

a completehdifferent busines strategyfollowing 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 manrfesllowing a procesalso allows for an efficient use

of resourceslibcated for defining value propositierResearch was conducted to identify
potential procsses that may be used to derive custovaére proposition, however, all
were either inadequate for coraglmilitary decision makingor do not provide enough
guidance on how to apply them. Therefore, a new approach was taken with {GVAP

provide a more detailed process adequate for complex military decision making



1.2 ResearchChallenges
In order forthe proces$o be adequate for military applications liR&ID, it

needs to overcome various challengéssechallengesire summarized by the

following®:

Challenge #1The processs objectivet
Objective meanghat the processneeds to(1l) provide recommendations to

customers(or decision makerspased onvalues (needs, wants, and desires)ile
minimizing sources of bsand (2)be capable of using raw technical data obtained from

experimentsaind/or modeling and simulatioAs

Final recommendations to the decision makers need to be based off of objective
tradeoffs that differentiatehe potential solutions (alternativesiHence, wealuating
alternativesshould bebased on effectiveness, cost, and sikeria and assessed via
tradeoffs that are relevant t o However,dheren ma k
are many types of stakeholders involved in military decisions, each of which care about
different factors. In order to mimize bias fromvalues all influential factorsshouldto be
addressed. These factors include: technologic, economic, political, legal, social, security,

natural environment, cultural, historical, moral/ethical, organizational, and emactional

In order to be objective in military applioans, the proessneeds to quantitatively
evaluatealternaives based on criteriderived directly from thelecision makersFor
military applicationsthe evaluation criteriaften emphasizegffectivenesgperformance
thus, the measures (or metrics) in tnigeriashouldrepresent raw quantitiestained by
credible methodge.qg., experiments and/or modeling and simulation) when feas$ible
Obtaining these quantities from mathematical transformations (e.g., normalizatoog

the information content. Theamegoesfor measureslefined as ratio%(e.g., cost/kill).

2



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 acquiredise Anal ysi s of Alternatiyv
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 apreferrado | ut i on or sol uti onéTheUsGtshe i de
not constrained to the DoD 5002 process and can move outside the process when
deemed appropriate for business neéeHewever, 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 sohaion t
output from olective processed his is due to psychological factors that are described by
prospectheory However, it is still important to know the objective solutvamen 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 researchexpected utility theory

Challenge #2The processs traceablé
Traceable means that all analygisrformed within theprocess(e.g., ranking

alternativestan be tracetdack to decision maker valuiesa straightforward mannerhis

can be achieved by separating decision maker values from the scoring of alternatives,
making it easy to determinehetherinconsistenciesare dueto decision maker and
stakeholdewalues or the estimated effectiveness, cost, or oisthe alternatives. This
separatioraids in tracing theeasoning behind paricular ranking of alternativesnd also
provides a clear audit traih the case that finaecommendations get questiortel T h e

3



more straightforward and clearly told the story, the easier it becomes to understand the
differ ences among “the alternatives. 0

Challenge #3The processutput minimizes sensitivitip change in inputs
The outputsof the processhould withstand changes from adverse conditions in the

inputs. In order for recommendationsade from the outputs of the proceass hold
significance, they should not clgmsignificantly 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 custoralould nothangssignificantlyif the count

of alternatives or Measures of Effectiveness (MoEs) that are analyzed chhage are
many quantative prioritization models that are convenient and relatively easy to use,

however, they are sensitive to changes in input

1.3Research Obijectives
The objectives of this thesiseato develop a expected utility theoryprocess

adequate fomilitary applicationge.g., BMD)and to overcme the challenges involved:

Objective 1: Qualitatively anduantitativelymodelcustomer valu@roposition
Themainobjecive of this thesis is to formulategeneral systematic customer value

assessment process (CVARat qualitatively obtains customer (or decision maker) galue
and use them to quantitatively evaluate potential solutions (alternatives). Since the
motivation for a new approach arose from a BMD industry neé®#\P was designed to

overcome the militargpplication challenges discussed in section 1.2.

A

CVAP can helpBMD contractorsunderstandtheir customes 6 per ofept i on
system alternatives and theémclination to procure thenThe output fromCVAP can be
used byBMD contractorgo gain insight onvhat a particlar customer really valueg/hen
alternatives arequantitatively evaluated, the outpuilluminates advantages and

4



disadvantages of the alternativesder consideratiom terms of effectiveness, cost, and
risk. If a contractor knows the wgs of their customer and where their product lies in
comparison to thetheralternativesthe contractor caformulate a business plamatmay

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

The ouput data of the modehay also be used tdentify capability gapsn a
contractords weapon systimpmvetostayrelevargWithi ng a
the needs of the customer. For example, if
values for interceptor rge, the contractor will know that they need to improve their
weapon systemds interceptor r andgéelsystangsabi | i |

Objective 2: Provide general BMD value proposition guidelines
Another objective of this thesis is to provide a section that discusses the general

BMD decision environmentCurrently, therei s n 6 t a publically ava
discusses the process by which BMD systems are proancethe unige challenges that

are involved. BMD decison environment considerationsey stakeholdersggentification

of the main weapon systemeasures of effectivengsand BMD solutionf value to

generaBMD customers will benvestigated

1.4 Literature Review
The formulation of CVAP referenced sources in systems engineering, decision

analysis Quality Function Deployment, and creative problem solvihge literature
review begins withlieviews of chapters itwo systems engineerirtgxtbookshat combine
general sygms engineering knowledg®,alueFocused Tinking (VFT), and Multk
Objective Decisbn Analysis (MODA).Thefour reviews that follow are specific sources

used br VFT,MODA, QFD, and creative problesolving technique® survey of journal



articles is pregged at the end to show that MODA and VFT have successfully been applied

to real applications.

Decision Making in SystenBngineering Management
Decision Making in System&ngineering Managemens a general systems

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

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

to any systems engineering decision problem at any poitite lifecycle Chapter 9
discuses and overview of SDP, which includé® problem definition pdse, solution
design phasehe decision making phasand the implementation phase. Chaptels®
includes discussions on the use of valbeusedthinking (VFT) compared to alternative
focused hinking (AFT), alternative generation techniques, and mathematical models used
to objectively assess the value of alternatifé8ODA). Parnell combined th&FT
approach taecision making wittMODA quantitatve models to evaluate alternativ8he

core of CVAPis based osDP, which combines VFT with MODA.

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

Virginia Polytechnic Istitute and State tiversity. Blancharavrote 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 systeyoldife

by beginning with the identificain 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 fdiigivlevel

systems engineering apprbodo the development &VAP, following the iterative process



of analysis, synthesis, and evaluatiorhis chapter focuses on alternatives, models,
decision theory, multiple criteria, and risk and uncertaifyis book also includes
discussions on the usef Decision Making, Quality Function Deployment (QFD),

Lifecycle Cost Analysis, and Risk and Uncertainty Analysis.

Value-Focused ThinkingA Pathway to Creative Decision Making
Ralph L. Keeney is a private consultant and professor of System Managgment

University of Southern California. Keeney wrote Vakecwsed Thinking to argue that
emphasishould be on the botto#ime objectives thagivesdecision making its meaning,

for it is through recognizing and articulating fundamental values that create better decision
alternatives. This book shows how osleould think about decision situationglost
literature on decision making focuses what shoild be doneafter the crucial steps of
definingtheactual decisioproblem, creating alternaBs, and specifying objectiveBhis

book describes and illustratdse creative processes treitouldbe followed to identify
decision problems, creatéiexnatives, and articulatebjectives.This is the philosophical

approacho decision makinghat CVAP is based on.

Straegic Decision Making: Multbbjective Decision Analysis with Spreadshéets
Craig Kirkwood presents methods fauantitatively evaluating alternatives and

strategically making decisions using nidbjective decision analysis (MODAKirkwood
also discusses the mathematical theory behind MODA moNRlfi-Attribute Utility
Theory (MAUT). The focus is on decisionshere there are multiple competing objectives
that require consideration of tradeoffs among these objectivedetheiqus presented
in this book havéeen successfully useda number of military studider over forty years

and have demonstrated ttepability to improve decisiomaking



Quality Function Deployment: How to Make QFD Work for You
Lou Cohen is a recognized expert in the field and has plenty of experience in QFD

applicationsThis easyto-read book does an excellent job at explaining@m to go about

doing QFD. Over the past 40 years, companies in the United States have changed their
style of conducting business duedweerseas competitive pressures, the needs of global
economics, and the advances in technology. QFD was adopted ak afrdss change in
paradigm.Cohenprovides motivation for the use of QFD and puts it in a global business
environment perspective. It explains in detail a main component Qfffbaechnique, the

House of Quality (HOQ)Cohenalso 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, amd th finish
successfully. CVAP uses QF&s a procss to define and organize my qualitative value

model.

Strategies foCreative Problem Solvifg
This book provides a framewotkat was developed with the aid of a major grant

from the National Science Foundatitwat improvescreative problensolving skils. 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 approacheg solvi
problemslt does this byroviding ways to combinthe knowledge needed to understand
the problem and develop technical solutions with creativity that generates new and
innovative solutionsThe book highlights on the skills necessary for effectivéblpra

solving, how to gather information, how to properly define the real problem, how to



generate creative and innovative solutions, and metfadolution evaluation. | use the
methods presented in this book to developpmoplem definition step argblution design

step inCVAP.

Applications of VFT and MODA
The folowing articles describealidated applications of MODA and VE$ome

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

Theater Missile Defense (TMBYchitecturé article refers specifically to BMD.

A Methodology to Assess the Utility of Future Space Sy$tems
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
mod fi cations. The model determines and pri
controlling and exploiting space. This study shows that the assumptions of using-a multi
objective decision analysis (MODA) additive utility function is valid. Rayno dbissby
comparing the results of the additive utility function to the multiplicative and -hmsar

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

of merit scoring functions by replacing most of the initial functiants either a concave,
convex, | inear, or ASO0 scoring function. TI
functions did not alter the SPACECAST 2020 results, but did improve upon the model.
When making his modifications to the SPACECAST modeaki® applied concepts from

Kirkwoodds book fiStrategic Decision Making



Multi-Objective Decision Analysis of Theater Missile Defense (TMD) Architécture
Parnell, Metzger, Merrick, and Eilers developed an architecture analysis

methodology that uses Muobjective 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
gualitatively define the \ae 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) liget constraints. They then developed a demonstration rtiuatel
illustrates the methodology to TMD architecture decis makers. It served as a starting
point for the research conducted because it is the most relevant application of decision
analysis to BID. 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 ldentify Watershed
Improvement Needfs
Merrick, Parnell, Barn#, and Garcialemonstrated 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-simyéensional value
functions of the Measures of Effectivess (MoEs) of greatest importance. After
weightings for the MoEsand singledimensional valuesvere determined, they were
applied to the additive value model. The results were used to rank alternatives based on
their MoE performance and to identify valuegpg 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 Technigtfes
Stokes, Parnell, Klingk, and McGinnis performed a survey of resource allocation

techniques appropriate for the United States Army: Relative Benefit Technique, Partial
Funding Relative Benefit Technique, Multiple ObjectiveAdditive Value Technique
(MODA), Partial Funding Retave 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 changesidahow 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 altation.

Mission Oriented Risk and Design Analysis of Critical Information Systems
Buckshaw, Parnell, Unkenholz, Parks, Wallner, and Saydjari wrote this paper that

describes a valubased information assurance methodologyimsion 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
proces. 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 ctenefit analysis.

Journal articleshat investigatdODA and VFTin military applicationsare shown in the

following list as compiéd by Parnelt?
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. Bassham, C. B., W. K. Klimack, and K. W. Bauer, Jr. 2002. ATR Evaluation
Through the Synthesis of Multiple Performance Meas@igmal Processing,
Sensor Fugin, and Target RecognitipiNo. Xl, edited by Ivan Kadar, in
Proceedings of SPIE, Vol. 4729, 1121.

. Beauregard, J. E., D. F. Deckro, and S. P.Chambal. 2002. Modeling Information
Assurance: An ApplicatiorMilitary Operations Researgh/ol. 7, No. 4: 3555.

. Buede, D. M., and R. W. Choisser. 1992. Providing an Analytic Structure for Key
System Design Choice3ournal of MultiCriteria Decision Analysisvol. 1, No.
1: 17-27.

. Burk, R. C., C. Deschapelles, K. Doty, J. E. Gayek, and T. Gurlitz. 2002.
Perfomance Analysis in the Selection of Imagery Intelligence SatelMgisary
Operations ResearcNol. 7, No. 2: 4560.

. Chambal, S., M. Shoviak, and A. Thal. 2003. Decision Analysis Methodology to
Evaluate Integrated Solid Waste Management Alternatisegronmental
Modeling and Assessmeiol. 8, No. 1: 2534.

. Davis, C. C., R. F. Deckro, and J. A.Jackson. 1999. A Methodology for
Evaluating and Enhancing C4 Network4ilitary Operations Researgh/ol. 4,
No. 2: 4560.

. Doyle, M. P., R. F. Deckro, J. NKloeber, Jr., and J.A.Jackson. 2000. Measures
of Merit for Offensive Information Operations Courses of Actidilitary
Operations Resear¢iVol. 5, No. 2: 518.

. Hale, G., J. A. Jackson, and G. S. Parnell. 1997. Assessing Communications
Systems for the Bstralian Defense ForcAsiaPacific Journal of Operational
ResearchVol. 14, No. 2: 45%7.

. Kerchner, P. M., R. F. Deckro, and J. M. Kloeber. 2001. Valuing Psychological
OperationsMilitary Operations Researchv/ol. 6, No. 2: 4162.

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

Generation Global Positioning Systefilitary Operations Research/ol. 6, No.
4:518.
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2.0 Surveyand Comparisons of DecisiorAnalysis Processes
In this section we introducéhe purpose ofdecision analysis as a systems

engineeringlecision suppottool and survey processes that hheen applied tonilitary
decisions A comparison of these nietds is performed resulting @justification of why

particular methods ag@eferred and used tevelop 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 phaearrnhe start of a program or part of the
production phase near the end of the program. When known solutions falil 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 thene®ifsthey are better

than the current solutions. This exploration of better solutiomghet leads to decision
analysis, where customer requirements analyzed, alternativeare identified and/or
created, andhe alternativesare quantitatively evaluaéd. This invokes a process that
coordinates the foundational cycle of systems engineedmglysis Synthesis and

Evaluation as described iBystems Engineering and Analysis Figure 1

In the analysisstep, the system engineering team determineg thieacustomer
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 theynthesistep, alternatives are generated using engmgenethods or
identified through research. In tegaluationstep, alternatives are evaluated to see if they
meet the requirements. Tradeoffs are investigated between alternatives and requirements

and decisions are made. Decision analysis methodolaglles/fthis 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

guantitatively evaluatinghem to pick the best solution.

Analysis Synthesis

Evaluation
Figure 1. Main System Engineering Steps

Alternatives are evaluated by assessing them in terms wélinethey bring to the
customer. As Binchard discusses in his boolstem value is defined by two factors:
economic and technical Technical factors may be expressed in terms of system
effectiveness which encompassegunction of performance, operational availability,
dependabily, etc. €eonomic factors are expressed life-cycle cost, which includes
research and develommt cost, production cost, procurement cost, operation Ccost,
maintenance cost, and disposastc Figure Zhows a flow chart that was derived from a
similar figure in Blanchardodos book. I't sho

system value.
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System Value

Economic Factors Technical Factors
Life-Cycle System
Cost Effectiveness
Performance

Research and Development cost
Production Investment cost
Operation/Utilization cost

Operation availability
Dependability

Maintenance and Support cost Pmduc'blh.tY
. . Supportability
Retirement and Disposal cost . .
Disposability

Figure 2. Description of System Vafue

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 termsasiures of
effectivenes§MoESs) 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 spet#retsiof some
level of importanceas determined by the customand the criticality of the functiort®
be performed. For exampleu§&tomer A might have a mission scenario where system
reliability is less important since maintainability consideratiomesbaiilt into the systems
that dlow for easy repair. However, Stomer 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 ocostr needs to accomplish will
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result to the identification of key requirements and the relative levelspairtemce of the

applicable MoES.

Overall the  systems Design
Requirements

engineering approacuggests that

one must firstdefine the problem Design Design Design
Alternative Alternative Alternative
. . . o 1 2 3
andidentify the evaluation criteria 1 1 i
and MoEs against which the * Define Analysis Goals
* Select and Weigh Evaluation Parameters
. . . * ldentify Needs
various alternatives will be + Identify Evaluation Techniques
Selecta
. + Select and/or Develop a Model
Different
evaluated. One must thealect the | approach * Generate Data and Run Model

* Evaluate Design Alternatives

. . . * Accomplish a Sensitivity Analysis
approprlate evaluation technlques, * |dentify Areas of Risk and Uncertainty

* Recommend a Preferred Alternative

select or develop a model to l
- . | Selected Approach
facilitate the evaluation process, I

acquire the necessary input data, No

Is the
Approach
Feasible?

andevaluate each of the candidates

uncer consideration. In ordeto | System Definition |

make final recommendations on Figure 3. Tradeoff analysis proce$s

mustperform a sensitivity analysis tdentify potential areas of riskhis general systems
engineeing process is illustrated indure 3 and can be tailored and appligdany point

in the life cycle®
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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 terminasgiefined irCh. 19 ValueFocused
Thinking*:

Evaluation considerationA factor to compare the worth of alternatives, such as target
destruction. An alternative termeésaluationficriteriao.

FunctonsWhen mul ti pl e decisions are involved,
identifying the objetives. An alternative term @nission® or fitask®.

Fundamental objectvdf he most basic objective wedre tr
the best course of acti on Anh altermativh ieenvie t he
Aproblem.statemento

Objective A preference statement about an evaluation consideration. Example: maximize
target destructio or minimize collateral damage.

Qualitative value modelThe complete description of our qualitative values, including the
fundamentbobjective, fundbns objectives, and value measu(PRES)

Quantitative value modeT he value functions, weights, and mathematical equation (such
as the additive value model) to evaluate the alternatives.

Range of a value measuikhe possible variation of the scordsaovalue measure, such as
probability of kill (Pk), may range from 0.0 to 1.0

Score (level) A specific numerical rating ahe value measure, such asxw@P0.95. A
score may be on a natural or a constructed scale. (We avoid using the term value$or sc
because thealue function defines that tejm

Tier (layer) Levels in the value hierarclfiffundamental Objective, Functions, Objectives,
and MoESs)

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

Utility function: A function that assigns utility to a value measure score. We asseys utili
functions using lotteries.

Value function A function that assignéMomscanlge t o
Quantitatively, value is defined as returasstale on thgalue measure.

a)

Value hierarchy (value treepictorial representation of the qualitative value modal.
alternative term is fiobjective hierarchyo.

17



Value measureScale to assess how much we attain an objective. For example, we may
measure target destriart with a single shot probability of kill (P Alternative terms are
evaluation measurebleasures of #ectivenes§MoESs), measures of merit, and metrics.

Value modelContains botlguditative and quantitative assessment process

Weights The weightasi gned a value measure depends
are our relative preference for value measures. They must sum to one.

2.3 Survey of Decision AnalysisProcesses
There are many decision analysis processes that hanedegeloped and applied

to variouddisciplines. Howevethe representative processes with military applications can
be compared in two aspeci{d) The philosophy of approach and tf@® guantitative
prioritization methodsWe have identified four representative decision amap®ocesses
applied to militarytype decisions Multi-Objective Decision Analysis of TMD
Architectures$, Applications of Decision Analysis to Military Systems Acquisition
Proces®, Technique for Interactive Probabilistic Multiple Attribute Decision Makin
and A Hybrid, Interactive, Multipléttribute, Exploratory Approach (HIMAX}’ Each
process was evaluated aihevas found that all have factoirs common as seen in Figure
4. The processes either used a Vahoeused Thinking (VFT) or Alternativeoaused
Thinking (AFT) philosophy or Multobjective decision analysi§MODA) or Multi-
Attribute DecisionMaking (MADM) prioritization methd. 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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Multi-objective Appllca.tl.ons of A Hyb1r.1d, Technique for
Decision Decision Interactive, Interactive
. Analysis to Multiple-Attribute, L
Analysis of Military Svstems Explorat Probabilistic
T™MD Y oys xploratory Multiple Attribute
Architectures Acqguisition Approach Decision Makin
Process (HIMAX) &
VFT MODA VFT MODA AFT AHP AFT TOPSIS

Figure 4. Philosophy of approach and quantitative models

2.4 Comparison 1: Philosophy of Approach
All decision analysis methods are addressed as either Altenfratoresed

Thinking (AFT) or ValueFocused Thinking (VFT) as described by Ralph L. Keeney in
ValueFocused Thinking: A Path to Creative DecisionmaKirkeeney states that the
fundamental diffeence between AFT and VFT is that AFT focuses more on the analysis
of alternatives while VFT focuses mooa the assessment of values. AFT is merely a
reactivedecision problem approach while VFT is much broader. Besides being capable of
solving decisionproblems VFT is also capable of solving decisiopportunities A
decision problem is defined when the decision situation occurs as a result of actions that
are not controlled by the decision maker, thus, thererisedto find a solution. For
example, aivision 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 &indilternative solutiorOn 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 @roactiveapproachTher e i s an ol d Ameri can
broke, donét fix ito. Dr. Edward de Bono,
of the foremost expects in the fields of
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attitude that lead to thdecline of the U.S industry wiiththe last couple of decad&3his
saying reflects a purelyeactive(AFT) attitudeinstead of groactiveVFT attitude.The

following quotes signify/FT as a preferred approach.

AiTo survive i n t omaadtivethinkinglas opposes] feaativel t ur e,
thinkingi is required. This shiftinthinkljp patterns requires creat
i Fogler and LeBlaric

A T Hoemulation of a poblem is often moressential thaits solutions, which may
be merely a matter of mathematical or experimental skillraise new questions, new
possibilities, to regard old problems from a new angle requires creative imagination and
marks real advances in scierice
i Albert Einsteir®

The steps for AFT and VFT atisted on Tables 1 and 2able 1 shows that AFT
is only capable of evaluating decision problems. Table 2 shows that VFT is capable of both
decision problems and decision opportunitiesth AFT and VFT follow the same steps,
but are performedn a different order and emphasidéferent steps. Keeney argues that
values are more fundamental to a decision
we care about [, thus,] values should be the driving force fiking decist n s 0 . The
purpose of making decisions is &zhieve desirableonsequences while avoiding the
undesirableones. Thec o n ¢ e pésirallity officonsequenags based on value
Therefore, the fundamental driving for@e making decisions should be valuemt
alternativesiAl t er nati ves are the means to achieve
states that focusing early and deeply on values when facing difficult problerssdead
more desirable consequences and that more time should be spent caongesriraha is
important: defining andinderstanding values and usitg@mto create better alternatives

than those already identifi¢d
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Tablel. AltemativeFocused Thinking steps

Decision Problems

1. Recognize a decision proble

2. ldentify alternatives

3. Specify values

4. Evaluate alternatives

5. Select an alternative

Table2. ValueFocused Thinking steps

Decision Problems

Decision O

portunities

Beforespecifying 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. Createalternatives

3. Create alternatives

3. Creatalternatives

4. Evaluate 4. Evaluate alternatives 4. Evaluate alternatives
alternatives

5. Select an 5. Select an alternative 5. Select an alternative
alternative

Keeney identifies nine benefit§ WFT as shown in Figure. Parnelt* states that

three of these benefits are especially relevantilitary applications oflecision analys:

1 Guiding strategic thinkingvaluef ocused t hinking

intent for courses of action.

1 Evaluating alternativeamultiple obgctive decision analys{ODA) can evaluate

alternative courses of action.

c

an

capt

1 Creating alternativesince 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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Guiding
information
collection

Figure 5. Berefits of ValueFocused Thinking

2.5 Comparison 2: Quantitative Prioritization Methods
Two representativelecision making methodkataim toprioritize alternativesare

compared with MiIti-Objective Decision Analysis (MODA) These methods arthe
Analytical Hierarchy Process (AHRInd Technique for Order of Preference by Similarity
to Ideal Solution (TOPSISRoth AHP and TOPSIS are considered Mu@riteria Decision
Making (MCDM) or Mudti-Attribute Decision Making (MADM) methodsAlthough

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

The AHP was developed by Thomas Sd8i n t he ear | yYWCDM 7006 s

method thahelps decision makers make the best detisjoselecting théestalternative

in a set of alternativesdt determines the ést alternative to be the one tlahieve the
most suitable tradeff among thecriteria AHP does this by reducing complex decisions
to a series gpairwise comparisonthat capture both subjective and objective aspects of a
decision.The AHPstarts by generating weight for each evaltian criterion according to
criteria pairwise comparisons made by the decision maker more important criterians

the one with thedrgest weight value. Ne#te AHP assigns a score to each alternative per
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criterionaccording to the deci si ofthe ataaratvesiihes pai r
better performing alternative will get the higher scdfmally, the AHP combines the

criter i a wei ghts and t he al taeglommlaveightedscoré forscor e s
each option that is used for fimahkingof the alternativesThe global score for a particular
alternativeis a weightd sum of the scores it obtained for each criteridHlP also

i ncorporates a technique that <checks for ¢
that aims to reduce the biisthe decision making proce$sAccording to Triantaphyllou

and Manr® AHP has been criticized, leading to revised versions. Most criticisineigo

the way pairwise comparisons are used and the way AHP evaluates alternatives. The
revisedversion that was accepted by Saaty is now called the Ideal ModebAitiénly the

original AHP isdiscussed in this section since both varsiare fundamentally the saffie

The steps taken to use AHP are includedppendix B

TOPSIS, known as one of the most classical MCDM methods,d&veloped by
Hwang and Yoor! TOPSIS typically reks on other MCDM techniques to qualitatively
assess inputs like the evaluation criteria and the alternatives to be evall@RSIS
prioritizes alternatives by determining thegoresusing qualitative measures (e.Ggod,
Very Good, and Extremely Goodhat are then quantified to a scateq(,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 adtrnative is the one closest to the PIS and furthest away from thé NIS
This is how TOPSIS differs from AHP. AHP ranks alternatives by the relative performance
to each other while TOPSIS ranks alternat:i

the best possible solution out of the,sghere the best possible solution out of the set is
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composed of the highest alternativeraper criterion Therefore, TOPSISis capable of
makingconclusions bsed on the performance gaps of each alternathen conpared 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, |l etds say a parti cuy)ohOr90.aHigheansnat i v ¢
that this alternative is 90% of an ideal solution, where the ideal solution is a fictitious
alternative defined by the highest scoreeach criterionA more detailed explanation of

the steps taken to use TOPSIS is includ&ppendix C

Although MCDM methodge.g., AHP and TOPSIS)ave many methegarticular
differences, theyundamentallydiffer from MODA in that a valugor utility) function is
nat explicitly assessedICDM methodsargue thatexplicitly assessg values is too
difficult, undesirdle, and shoulde avoided However, assessing valuesuisefulgiven
the fact that decisions are made to meet valligs. exta effort might not be justified for
relatively lowrisk decision situations i ke fichoosing the best <car
of f er 0,ertdinly tvorth the extra effort for highisk military and political decisions,
where the lives of people and the wiedling of society face theighteningconsequenres

of a wrong ecision.

MODA explicitly assesses value functions and separates it from the prioritization
of alternatives, whi ch provi des a Astr ai
disagreements among stakeholders to a decision are with regard to values or thedestima
performance of t éparatianlallowsrfar tsatenbiligf the factorb thats s
result in a particular ranking of alternatives, making it easy to audit the decision pfocess

it is questioned On the other handylCDM methodsmerge decisn maker preferences
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witht he ranking of alternatives, -‘Wwbkohfkehds

of the reasoning behind recommendations.

Furthermore, MCDMapproaches are not capable of using fdeasures of
EffectivenessMoE) quantitiesobtained from experiments Modeling and $nulation
(M&S) to rank alternatives. Instead, MCDM approaches use qualitative scales and/or
normalization techniques to rank alternatives. According to the DlwiEs should be raw
guantities when feasb | e . ARAttempts to disguisieal t hese
transformation (e.g.through normalization), no matter how well meaning, reduce the
information content and may be regarded a
guantities allow forthe investigation of performance sensitivities of alternatives, whose
defining parameters are gabt to significant uncertaintyMODA is capable of using raw

MoEs, providing objective and traceable recommendations.

The goal of MCDM methods is to identifhe bestalternative in a set of candidate
solutions narrowing down to asingle solution and leavingho room for tradeof.
According to théDoD, thdigoal of thédecision making procesq is to identify the most
promising candidatefor 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 minu@#€ DM methodslendeffectiveness,
cost,and riskcriterioninto amathematical algorithm that obscutke contributiorof each
category. This results in insufficieimformationfor makingtradeoffs on the alternatives.

On the other hand, MODA separates the evaluation of cost andormkeffectiveness,

allowing the decision maker to makkear tradeoffs in each category.
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2.6 Comparison Conclusion
We conclude¢hat VFT isthe preferregbhilosophy and MODA is thpreferredvay

to evaluate and prioritize alternativies military applicationsBased on the teachings of
Keeney, VFTis preferred becauseatlows for the creation of better alternatives that lead
to more desirable consequences than ARHT is restrictedo the alternatives that are pre
selectedand picks the better onewvhich maynot be the begpossiblesolution for the
decision makerSince VFT is the preferred approadhODA is the most appropriate
guantitative method to usdor ranking alternativesMODA separates value function
assessment from the ranking of alternatives, Wwlattows decision analysis teams to
provide recommendations that are traceable to customer values,MZid® methods
like AHP and TOPSIS do not. Unlike MCDM methods, MODA allows for solution
tradeoffs between effectiveness, cost, and risk categories. AMO&so capable of using
raw MoE quantitiegathered from experiments and/or modeling and simulation and does
not alter the data like AHP and TOPSTIEhis further contributes to traceability and

objectivity in the prioritization of alternatives.
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3.0 The Customer Vaue Assessment Process (CVARIethodology
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
approachguided by the U.S. &partmentof Defense (DoD)Analysis of Alternatives
(AcA).CVAPi mproves SDPO6s qualitative value mod
Deployment (QFD), the solution design step by implementing creative prcaking
techniques, and the quéative value model by adding cost analysis and risk assessment
techniques practiced by the U.S DoBRn outline of the apaches used to develop CVAP

and stepgo implementing itare presented.

3.1 Use of Aalysisof Alternatives (AoA) and Systems Decision Process (SDP)
Since the motiviion for theformulation of CVAP was froma ballistic missile

defense (BMD)industry need,the U.S. DoD approach talecision makingwas
investigated What was found was that the DoD uses a process called the Analysis of
Alternatives (AoA) wherit faces adecision problem involving multip alternativesti A n

AO0A 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 solstitm the identified
shortfall (s).o0 The Air Force Materi al Co mi
designated the Air Force Ceniof Expertise (CoE) for AoAs, creatttk AoA Handbook

The AoA Handbookprovides a framewor&nd guidelines for the AoArocessbut it does
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not recommendpecifictechniques used to perform the analysis. 8B8& does not provide
much detailon the steps and techniques used to applgWAP incorporateghe steps
presented in the AoA Handboaid SDPand implementspecific techniques for each

step.The following two sections aierief 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 compakeof three interconnected processes: Joint
Capabilities Integration Development System (JCIDS), Acquisition Process, and the
Planning, Program, Budget, and Executiondess (PPBE) shown in Figure & IDSis

the requirements developmegmbcesghatoutpusthelnitial CapabilitiesDocumen{ICD)

and the Capabilities Development Document (CDD). Theseidents are inputs to the
AoA. The Acquisition Process marches through the acquisition phases, milestones, and
decision points in the development of a peogr The PPBE is essentially the process that
allocates the DoD budget for the program of interesé A0A is incorporated in alhree
processes, but it is most important and significant in t8&3 and Acquisition

Processe®

28



JCI Dboi nt Capes
|l nt egration De
System

PPBIEPI anni ng,
Budget, and

JCIDS

Process
Requirements
Development

PPBE

Process
Funding

Figure 6. DoD Acquisiion System framewotk

The DoD usethe AoAwhen it is faced with a decision problem involving multiple
alternatives. AAn AoOA is an analytical com
proposed solutions to gaps and shortfalls in operational capability. AoAs document the
rationale for idatifying and recommending a preferred solution or solutions to the
i dent i fi edThe hodparforad ah Acgvhendver they need justificatidar
starting, stopping, or continuing an acquisition progrdine AoA process provides
decision makers \th reliable, objectiveassessments of thaternatives AoAs identify
potentially viable solutions and provide comparable cost, effectiveness, and risk
assessments of each solution to a baselvheh can be theurrent operating solutioor
an ideal soltion. Although AoAs are a big factor iselecting a final solutiorthey aren't
the only factorfiThe final decigon must consider not only cestfectiveness, risk, and
military worth, but also domestic policy, foreign policy, technological maturityhef

solution, the environment, the budget, treaties, and a host of additional t&ctors.
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EffectivenessAnalysis
Once the ICD and CDD are obtained from the JCIDS process, they are used in the

first step of the AoA, performing an effectiveness analySiectiveness analysis is
normally the most complex element of the AoA and consumes a significant fraction of
AOA resourcedo assesshe technical complexity of military systemBhe goal of the
effectiveness analysis is to determine the military worth efakernatives iperforming
Mission Tasks (MTs), which can be thougbt as functiongobjectivesthat systems
needshould satisfy. The MTs are derivedlirectly from the capability requirements
identified in the ICDand CDD The ability to satisfy the MTis determined from estimates

of alternatives' performance with respect teddures oEffectivenes (MoEs) and their
supporting Measures oeFormance (MoPs)l'he difference between MoEs and MoPs is
that MoEs can either be qualitatigequantitative meases of operational success related

to an objective of the Mbeing evaluateavhile MoPs ae strictly quantitative measures
(like range, velocity, mass, fire rate, etén alternative term for MoP that is commonly
used in engineering is Technical Perfamoe Measure (TPMMoPs/TPMs usually have

a threshold value specified in the ICD/CDD that is used terogne how well an
alternative needs to perforr8ince MTs are functionand objectivesthat the system(s)
need to perforngost is never an MT or Mol. Gst is never considered in the effectiveness
anal yweksshould represemaw quantitiesobtained fromscientific methods like
Modeling and Simulation (M&S) and/or experimental data. Any attempt to disguise raw
guantities througmathematical algorithmdike normalization (e.g.,AHP and TOPSIpH
fireduce the information content and may be regardédtaa mper i ng wi t h t he

same reasoningpplies toMoEs defined as ratios (like final priorities from AHP or MoEs
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likecostkil) ; a rati o

process is shown in Figure 7
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Figure 7. AoA process for effectivenessalysig

CostAnalysis

A cost analysis is performed in parallel with the operational effectiveness analysis.
It is equal in importance in the overall Aakecision process. The ¢amnalysis estimates
the total LifeCycle Cost (LCC) of eachlternative and combinaswith the effectiveness
analysis results to identify the alternative(s) that represent the best jointRiglure. 8is
a template that AoA ses to summarize LCC element estimafdse LCC approach

captures the total cost of each alternative over its entire life omigposed of the

following elementsas described in the AoA Handbdok

I Reseach and Development (R&D) Cost

R&D costs include carept and technology development, and system
development and demonstration. There are many types of R&D costs:
prototypes, engineering development, equipment, test hardware, contractor
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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

1 Procurement andhvestment Cost
The cost of investment (low ratmitial 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, pr@lanned 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.

1 Operating and SupporfO&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 andrepairable 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 commandods

71 DisposalCost
Disposal cost is the cost of getting rid of excess oplss property or

materiel fromthe inventory. It may include costs of demilitarization,
detoxification, redistribution, transfer, donation, sales, salvage, or
destruction. It may also reflectahcosts of hazardous waste disposition
(including longterm storage) and environmental cleanup. Disposal costs
may occur during any phase of the acquisition cycle.

Note: iSunk costs (money already spent or obligated) are not included in the LCC
estimateshowever, 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 analysis

32



R&D Investment O&S Disposal Total LCC
Alt1

Alt2

Alt3

Alt n

Figure 8. General LifeCycle Cost Summaty

Risk Assessment
The AoA Handbook identifiethree categories of risks that should be assessed for

each alternative in the AoA echnological, Programmatic, and Operatiofhae handbook
defines risk to be the probabiliyf an adversewvent occurringand the severity of the
consequences should that event occur. The first stéeinsk assessmeptocess is to
determine what factoi@e relevant to each alternativide following shows the three risk
categories and potential factdreat may be appropriate to assess under each category

listed in the AoA Handbodk

1 Technological Risks
o Technology maturity
o Modularity
o Open architecture
o0 Extensibility

1 Programmatic Risks
o Efficacy of doctrine, organization, training, materiel, leadersaip
education, personnel and facilities (DOTLMPF) characteristics
o Cost and schedule drivers
o Overarching dependencies
o Identify political issues

1 Operational Risks
0 Special basing requirements or-tiyer issues
o Unique maintenance requirements
o Technology sensvities (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 analysiseam will need tadevelopa methodology for ssigning a measure of
probability of the adverse everdscurring (e.g., higH), medium(M), low (L), or 1-10).
Thedecision analysiseam must thedetermine the severity of the impact if the adverse
event occurs€.g., high (H), medium (M), low (L), or 1:10). The AoA uses a risk
assessment matrig display the risk of eaditernative as shown in Figure Bhe left axis
represents the probability of the adverse event occuwitiglowest probability on the
bottom and highest probability at the tofheTbottom axis representsetimpact 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 (matrixigh
probability and severityand the lowest risk alternatives are thosthatottom left corner
(i.e., low probability and severityAs you go ughis dagonal, the alternativescrease in

risk.

I A T T = B =l =T T v

Impact

Figure 9. AoA Risk Assessment Matrix

Comparative Analysis
Once the effectiveness analysis, casialysis and risk assessment has been

completed the next step i$o combine all the information and performcamparative
analysisA comparative analysis aims to assess dilemmas between alternatives in terms of
effectiveness, cost, and risk and thermelate alternatives with critical flawslhe
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remaining alternatives can be compared by using axnikiithe one shown in Figukd

(G = green, Y = yellow, and R = redfinally, recommendations are made based on
tradeoffs between advantages and disatdeps of the alternatives carhow each
alternative addresthe ICD/CDD requirementslhe overall purpose of the comparative
analysis is to help decision makers understand the differences between the alternatives and

there is generally no requirement tooBtnend a single solution

Critical Non-Critical Total
— _ — Risk LCC
Mission Task 1 Mission Task 2 Mission Task 3 S

MoE MoE MoE MoE MoE MoE MoE MoE MoE

Alt 1

N
{baseline) $1,200
Alt 2 S1.450
Alt 3 $1.457
Alt4

Figure 10. Notional Matrix forAlternative Comparison Restits

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 applicdle to problems in all stages of a system life cycle. It has been applied to many
military decision problems and capstone research proj&&$ 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 theguoace
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be traced back to customer/stakeholder values and/or scoring of alternatives. SDP has the
following characteristics as found iDecision Making in Systems Engineering and

Management

1 Starts with a description of the current system. The cussetém, or baseline, is
the foundation for assessment of future needs and comparison with candidate
solutions to meet those needs.

1 Focuses on the decision maker and stakeholder value. Stakeholders and decision
makers identify important functions, obje@s; 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.

1 Focuses on the value creation and defines theedesnd state that we are trying
to achieve. The value modeling task of the problem definition phase plays an
important rolen defining the ideal solution for comparison with alternative
solutions. The solution enhancement task improves the alternasignd
solutions. Finally, we use value focused thinking to improve thedoomnated
solutions.

1 Has four phases (problem definition, solution design, decision making, and
solution implementation) and is highly iterative based on the information and
feedbak from stakeholders and decision makers.

1 Explicitly considers the environment that systems will operate wtlan
historical, legal, social, cultural, technological, security, environmental, and
economic)and the political, organizational, moral/ethl, and emotional issues
that arise with stakeholder and decision makers in the environment.

TheSDP is composed of four phases, each with tlagestas can be seen in Figure
11. The first phaseproblem definition is the most important phase sinit@efines the
actualproblemthat needs to be solvelfithe actual problem is not identified or understood,
we could be wasting time and egg developing solutiontr the wrong problem. Once
the problem has been defined, the next phaseligion designwhere ideas are generated

to create alternatives and thenhanced to a set of high quality feasible altievaa. After

36



the set of higkguality alternatives has been created, the next step is to quantitatively
evaluate them using MODA in tlgecision maing phase. The output from this phase are
used to makeecommendations to decision makers. If the decision makers approve the
recommendationand secure a decisipthe next phase i® allocate resources and plan

the implementation of the solution in teelution implementatiophase

4 ™

¢ Stakeholder Analysis ¢ Idea Generation

¢ Functional Analysis Pf@b”@m §@Hug{§ﬁ@[m * Alternative

 Value Modeli Generation

Fie Hodelng @@ﬁ[ﬂﬁﬁﬁ@@ @@gﬁm ¢ Solution Enhancement

L /
- ™

. :Iannir.lg for Action S@”@ﬁﬁ@@ @@@ﬁ@ﬁ@[ﬁ] . Soluiii?n. Scoring )

* Execution ¢ Sensitivity Analysis

* Assessment and ﬂm@”@m@[ﬁ]ﬁ@ﬁﬁ@[ﬁ] IM]@[k{ﬁm] * Value-Focused

Control Thinking

. v

Figure 11. A simplified ersion of the Systems Decision Proéess

SDP is similar to other problem solving processes, nathdlyh ey 6 s Sy st en
Systems Approadamnd theMilitary Decision MakingProcess At hey 6s syst emat
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
deci si on t hematic shstemapprdash. Tahles8tsplays 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 étature 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.

Table3. Compari®n of ProblersSolving Processés

Systems Decision Process

At h eSystematic
Systems Appach

Military Decision Making
Process

1) Problem Definition
a. Stakeholder
analysis
b. Functional
analysis
c. Value modeling
2) Design Solution
a. ldea generation
b. Alternative

1) Formulate the problemn
2) Gather and evaluate

information

3) Develop potential
solutions

4) Evaluate workable
solutions

5) Decide the best
solution

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

generation 6) Communicate system | 9) Execution and
c. Solution solution assessment
enhancement 7) Implement solution
3) Decision Making 8) Establish performance
a. Solution scoring standards
b. Sensitivity
analysis
c. Valuefocused
thinking

4) Solution Implementation
a. Planning for
action
b. Execution
c. Assessment and
control

3.2 CVAP Overview
We concluded in Section@that VFT and MODA have desirable characteristics

that overcome the ellenges offormulating an objective, traceable procesand
recommendationdVe identified theSDP® as a general systems engineering process that
apgies VFT and MODA, however, idoes not providenuch detailon howto apply the

tasks within the phases of the procdgamely, itonly provides a brief description of the
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techniques involvedor someof the tasks that need to be completEde following are
areas where SDP can be improved

9 Problem Definition pasé
In this phase, SDP discusses why it is important to define the tiers of the
value hierarchy ife., fundamental objective, functions, objectives, and
measures of effectiveness), however, it dugsclearly define a process
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 definedThis phase lacks a structured approach to defining eacbftie
the value hierarchy.

Y Solution Design lpasé
VFT is very influential in he Solution Design pase since one of the main
goals is toallow the generation afreative and innovativeolutions thus
resulting in desirable consequences. However, SDP briefly summarizes
creative problem solving concepts and technigMese depth and structure
is needed in this section to maximize the benefits of VFT.

f Decision Making pasé
This phase includesgreat explanation of how to apply MODA to assess
the effectiveness of the altatives.However, after examininghe Do DO6 s
AOA processit was evidenthat SDP lacks deptin the cost analysis and
risk assessment taskSDP only discusses why these tasies important
and shows examples of the type of knowledge gained by completing them,
but it does not provide a disssion orspecific processsused to complete
them.

CVAP improves on thes8DP areas by formulating a process for each of these
phasesCVAPcombi nes the AVoice of the Customer ¢
with Quality Function Deployment (QFDp completely definghe tiers of the value
hierarchy (Fundamental Objective(s), Functions, Objectives, ak@asures 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 hierardieyvaluesthat are
defined by QFD andndustryproven creative problem solving techniquee usedo

generate ardr identify creative and innovative alternativ€3/AP thenuses MODA to
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guantitatively score and rank alternasun terms of effectiveness. With the guidance from
government sourcgs* CVAP also incorporategrocesses to completest analysis and
risk assessmensSince CVAP uses SDP as a foundatitrhas similar phases and tasks.
Each of these phases will be discussed in detail in the next four section8.@).3The

CVAP pracess is illustrated in Figa 12

CVAP is also based on the DoD6s AOA pro
military applications. Figure 18hows anoverlay of the CVAP phases ontbe AoA
process to illustrate that CVAP includes all steps taken by the BYAP is capable of
gualitaively and quantitatively assessing customer value for decisions and utilizing
detailed technical analysis in order to provide objective and traceable recommendations to

the customer.

(- Problem Definition ¢ Idea Generation N
* Quality Function * Alternative

Deployment Generation

@@@”ﬁﬁ@{tﬁw@ S@ﬂ@ﬁﬁ@[m ¢ Alternative

Enhancement

Viedel Design
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~ ™
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Elimination Process Assessment Viedel * Cost Analysis

* Final
Recommendations

\ 4 3 J
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Figure 12. The Customer Value Assessment BssqCVAP)
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Figure 13. CVAP compared to AGA

3.3 CVAP Phasel: Qualitative Value Model

| 4

Phase 1 of CVAP is to developveell-structuredqualitative value model that

accurately deves the problemstatement and stakeholdgalues. These values are
collectively definedby thefundamental objectivdunctions objectives andmeasures of
effectivenesqdefinition in section 2.2l The qualitative value modgbrovides the
foundation for tle enire analysis thus, should be aarate and traceable if it is ever
guestionedThe 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 \eduare not defined rigim Phase 1thecustomer
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and stakeholders will not and should oate about the analysisrpgmed in the following
phase¥. Therefore, it is critical that sufficient time is dedicated to properly defining the
problem and valuesf the customer and stakeholdelrbe steps taken to complete WET

qualitative valuenodel are shown below as defined by Patfiell

Step 1: Identify the fundamental objectite
Identifying the fundamental objective is the essential first step thdeguiow
we ol | devel op the value model . It mu s t
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
havesingle 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 vattie
We can get functions from requirements documentsderve them from
information gathereérom stakeholder analysis.

Step 3: Identify the objectives that define vafue
For each function, we need to identify the objectives that define value. Objectives
can come from requirements documents, interviews with senior leaders, or
workshops withstakh ol der s (or stakehol dersd repr

Step 4: Identify the value measufedVeasures of fectiveness)
We can idetify measures of effectiveneby research and interviews with decision
makers, stakeholders, and subjewttter experts. Access tstakeholders and
experts istie key to developing goddeasuresf Effectivenes{MoES).

Step 5: Vet the qualitative value model with key decision makers and staketolders
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 wil!/| Abuyo

Parnell states that qualitative values models must satisfy four criteria: collectively
exhaustive, mutually eXusive, operable, and as small as possibidiectively exhaustive
meansthat the value models must consider all essential types of ewafuatutually

exclusive meanthatthec r i t eri a dondt overl ap. Value me:
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customersind stakeholders involved in the decision situation must interpret them the same

way. Finally, as few value measures as possible should be useditolt t he nodel 0

Once these step$-5 have been completed/FT organizes the valuem a
hierarchicastructure called thealue hierarchyshown in Figure 14Defining the tiers of
the value hierarchy is the primary goal of Phase CVAP. The nature of a hierarchical
structure allows the lower tiers to be traced back to the higher tiers and custamsr va
The tiers are definedin two CVAP stepsthat encompass the five steps previously
mentioned Problem Definition and Quality Function Deplognt (QFD) as shown in
Figure 15 Problem [2finition is composed of two tasks: stakeholder analysis and problem
definition techniques. Stakeholder analysis identifies stakeholdexantlto the decision
situation and gathers needs, wants, and desires from them. CVAP then ppgillem
definition techniquesto accurately define the first tier of the value hiehgrcthe
fundamental objectiveAfter the problem definition speis complete, QFD uses the
stakeholder information gathered from stakeholder analysis and uses it to derive the
remaining tiersof the value hierarchy(i.e., functions, objectives, and Measuref
Effectiveness). QFD can be thought of as a transfer function that converts the customer
values into measureable technical paraméfe@FD further contributes to traceability
since it also uses a hierarchical structure to derive functions, objectives, andA¥teEs.
the QFD step is complete, all the tiers of the value hierarchy are defined and can be used

to generate solutions (alternads) in Phase 2.
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Figure 15. CVAP steps to define thM=T value kerarchy

3.3.1 Problem Definition
Most decisionsituations problems and opportunitiphave severahcceptable

solutions andhe goal is to find, select, and implement thstlome However, all théime,
money, and energysed to find the best solution would d&vastaf the solution is for the

perceivedproblem and not theeal problem.This is the main objective of the problem
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