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L.6 Investment Asset Cost Analysis Activity 

 
 

ACTIVITY CHARACTERISTIC INFORMATION 

Activity Identity  
 • Activity Name and Aliases Investment Asset Cost Analysis (expenses, investment, 

money) 
Activity Description  
 • Activity Rationale / Need / 
Motivation 

Provide a consistent measurement to compare 
alternative investments in M&S versus the status quo or 
versus no investment in M&S.  Cost data using a 
standard metric such as current year United States 
dollars is a very useful objective way to compare 
alternatives.  Cost data must also be accompanied with 
information on the assumptions on which the cost 
analysis is based. 

 • Activity Classification Determining costs is a labor-intensive activity that 
requires guidance by management before it starts. Cost 
analysis is an effort to fairly and consistently determine 
the funding that must be expended by some entity to pay 
for an M&S tool, use, or event.  Part of the decision 
process must include the perspective or viewpoint 
because that can make a significant difference in costs.  
Programs and enterprises may share costs differently.  A 
cost to one program may be good (low) but bad (high) 
to another program or to the enterprise level.  Cost and 
results (benefits/outcomes) form the primary ways 
expenditures are judged, and these metrics are coupled.  
A lower cost for the purchase of M&S may fund poorer 
results, and a cheaper product may have expensive 
consequences in use. 
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Activity Initiation  
 • Entrance Criteria Management (at the program, enterprise, or intermediate 

level) directs either a cost analysis of M&S alternative 
investments or a full (cost and results) return on 
investment analysis, of which cost is a key component.  
The workforce/analyst(s) completing the cost analysis 
must have guidance on the perspectives (program or 
enterprise) that will be wanted/used in the evaluation.  
The workforce must also know the timelines required 
for the analysis (years or number of uses), and the 
timing (frequency of use) and characteristics of 
predicted future uses of the M&S. Cost analyses will 
require the input guidance included above, the discount 
rate, and the inputs derived from budgetary or 
programmatic costing data to calculate personnel, 
systems, and infrastructure costs.  

Activity Method  
 • Activity Procedure Management directs that cost data for alternatives be 

calculated, and management provides the guidance and 
the information sources needed to complete the 
calculations.  The analyst(s) then complete the 
following steps:  
 
Step 1: Identify the alternatives being compared 
 
Step 2: List known stakeholders and identify the 
program or enterprise perspective to be used 
 
Step 3: Document the use cases assumed, time horizon, 
and frequencies of uses assumed. Document the 
discount rate that management directs 
 
Step 4: Identify the budgetary or programmatic costs to 
be used for each geographic site to be used in the 
estimates for personnel, systems, and infrastructure   
 
Step 5: Receive the government-reviewed development 
or purchase costs for each of the M&S alternatives.  
Verify that hardware, software, infrastructure, and 
personnel costs are known for each alternative.  Each 
alternative probably needs different levels of control 
staff, role players, operators, computers, distribution 
infrastructure, facilities, set-up, and other characteristics 
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that affect cost.     
 
Step 6: Compute the costs of each alternative depending 
on use assumptions, perspective, and time horizon.  
Discount the costs to determine the NPV 
 
Step 7: Compare the costs 
 
Step 8: Compare the cost of the alternatives to the cost 
of doing business as is, and compute cost avoidance 
return on investment, if appropriate 
 
Step 9: Compute the cost of completing the uses or 
events with all live forces from the same perspective 
and over the same time window and use-cases used in 
the previous cost analyses, and compute the cost 
avoidance return on investment for the alternatives 
relative to the cost of using all live forces.  Comparisons 
should be completed in current year dollars (discounted 
and summed to NPV).  

Activity Uses  
 • Previous Uses If the government authorized an analysis of alternatives 

(AoA) or an evaluation of alternatives (EoA), cost data 
was already developed.  

 • Prospective Applications Cost information will be used in AoA, EoA, cost 
avoidance ROI, and overall results calculations.  It will 
also be retained and used in subsequent evaluations to 
see whether the cost data was accurately computed 
(feedback). 

Inter Activity Relationships  
 • Activity Sequence and Control-
Flow 

The following relationships pertain to cost analysis 
activities: 
 
R1: This activity is dependent on and will be conducted 
after the Needs, Stakeholders, Assets, and Use Cases are 
identified 
 
R2: This activity is conducted concurrently with the 
Investment Asset Results Analysis task activity. 
   
R3: This activity will be combined with the Results 
analysis in order to calculate ROI.  The Cost and Results 
are dependent (related, perhaps inversely), and when 
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combined, they can be used to give a useful idea of an 
investment’s utility 
 
R4:  The Cost analysis calculation should be updated as 
more accurate information becomes available.  Cost 
analysis for any given set of alternatives is an iterative 
process, and cost data from previous studies can be 
useful to subsequent analyses, as lessons learned or 
good starting data 

 • Activity Information Flow Information from outside the decision process 
(exogenous) identified as necessary input to this activity 
includes: 
 
I1: Purchase cost data for the M&S alternatives 
 
I2: Stakeholder perspective to be used (program or  
enterprise) 
 
I3: Use case data for the M&S alternatives based on 
management predictions of future uses over a 
management-specified timeframe. 
 
I4: Cost data for personnel salaries and travel costs, cost 
data for operating weapons and other systems, and cost 
data for infrastructure. 
 
I5: Management-specified discount rate for expressing 
costs in terms of current year costs. 
 
Information from inside the process (endogenous)  - 
having been developed by means of the execution of 
one or another of the efforts’ activities identified as 
necessary input to an activity includes: 
 
I6: Cost data for the M&S assets and cost data for use of 
the assets over time 
 
Information expected to flow out of the activity having 
been generated by execution of the activity includes: 
 
I7: Cost data expressed in current year dollars for each 
alternative, for the existing system, and for using all live 
forces, if computed   
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Associated Entities  
 • Tools Database search and retrieval tools and spreadsheet 

tools like Microsoft Excel can be used. 
 • Actor-agents Management (a stakeholder at the program, enterprise, 

or intermediate level) to direct the cost analysis.  
Analyst(s) to conduct the cost analysis combine the 
results, and present the results in a meaningful way to 
decision-makers.  Government or government-funded 
contractor representatives to assist users of the process, 
at least over the first year or two, and to document 
lessons learned and process improvement ideas. 

 • Information Pools Government databases using Presidential Budget data or 
Program Objective Memorandum data should be used 
whenever possible in order to have accurate 
authoritative cost data for the cost comparisons 
explained in this document.  Databases should be 
developed from previous uses of the cost estimation 
tools.  Automated methods or tools that allow analysts 
to locate typical personnel, systems, and infrastructure 
costs could be developed/accumulated to vastly ease this 
cost estimation process.  A help desk to usher analysts 
through the process and beta test the system would not 
only help new users but also build a database of lessons 
learned and needed system modifications.   

 • Product-object-artifacts The process will produce a cost estimate for each of the 
alternative M&S investments and perhaps cost estimates 
for the current solution and for using all live forces 
instead.  These cost estimates will include the costs to 
buy, build, or modify the M&S asset and the cost to use 
it over a specified time horizon.  The cost data can then 
be separated between initial (purchase) costs and use 
costs over a specified time frame. 

Problem Management  
  • Problem Identification Once management identifies the framework of the 

problem such as perspectives required, uses, frequency 
of uses, and timeframe for the M&S asset, the 
alternatives can be evaluated in terms of cost.  The cost 
data for the uses planned for the assets can be difficult 
to compute – at least initially.  Government databases 
using Presidential Budget data or Program Objective 
Memorandum data should be used whenever possible in 
order to have accurate authoritative cost data for the 
cost comparisons 



 REPORT No.  TJ-042608-RP013 
    

 

 
 
 

L-29
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  • Problem Amelioration Once the M&S asset cost analysis has been used a few 
times, analysts will learn where to find the necessary 
data and how best to use it.  Databases will also be 
developed from previous uses.  Tools that allow analysts 
to locate typical personnel, systems, and infrastructure 
costs could be developed / accumulated to vastly ease 
this cost estimation process.  A help desk to usher 
analysts through the process and beta test the system 
would not only help new users but also build a database 
of lessons learned and needed system modifications.   

Activity Completion  
 • Exit Criteria • Cost data for all relevant assets for every alternative 

being considered will be calculated and indicated.  
The cost data will be combined with the results data 
to compute ROI measures and other metrics to 
facilitate decisions.   

• It is important that the most authoritative data 
sources available be used to conduct the cost 
calculations and that equivalent assumptions be 
used and stated when making the calculations for 
each alternative.   

• Cost databases and sources should be declared and 
made available by the enterprise level 
stakeholder(s) for cost calculations.  
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L.7 Investment Asset Result Analysis Activity 

 
 

ACTIVITY CHARACTERISTIC INFORMATION 

Activity Identity  
 • Activity Name and Aliases Asset Investment Results Analysis 
Activity Description  
 • Activity Rationale / Need / 
Motivation 

To understand the utility of M&S it is necessary to 
characterize the results of its application: the ‘return’ in 
‘return on investment.’ These results, whether positive 
or negative, can be rigorously described. This analysis 
decomposes the three relevant perspectives into results 
classes, characteristics, and metrics; and for each metric 
connects applicable quality and monetary dimensions. 
These metrics reflect the results of M&S investment and 
measuring each (determining quality and cost savings / 
avoidance values) provides quantitative inputs to the 
calculation of M&S investment utility and return on 
investment. In other words, the intended products of this 
activity, the values of the results metrics, provide 
insights in their own right and are inputs to the 
subsequent utility / ROI calculation algorithm. 

 • Activity Classification Results analysis is a management process, guiding the 
incorporation of M&S investment products into 
decisions, made by enterprise, application, and program 
managers.  

Activity Initiation  
 • Entrance Criteria Components relative to items needed for results analysis 

to be successful include: 
• Commitment to metrics identification and 

measurement – cost, time, leadership, etc. 
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• Preconception of stakeholder perceptions on 
anticipated results 

• Appreciation of circumstantial conditions of results 
analysis – external perspectives, applications, and 
programs. 

Activity Method  
 • Activity Procedure Procedural guidance for the execution of the results 

analyses are:  
 Step 1: Establish perspective 
             (enterprise, application, program) 
 Step 2: Identify alternatives being compared 
 Step 3: Define relevant metrics 
     Step 3.1: Select from samples 
     Step 3.2: Expand as required 
 Step 4: Measure metrics 
     Step 4.1: Produce current values 
     Step 4.2: Project and normalize values 
 Step 5: Assess results 
     Step 5.1: Relative to status quo 
     Step 5.2: Relative to each other 
 Step 6: Provide outputs to decision algorithm 
 Step 7: Repeat / iterate as possible 
 Step 8: Document and archive data for reference 

Activity Uses  
 • Previous Uses None 
 • Prospective Applications M&S Investments relative to Enterprise, Application, 

and Program Perspectives 
Inter Activity Relationships  
 • Activity Sequence and Control-
Flow 

The following relationships pertain to results analysis 
activities: 
 

R1: This activity will be conducted after the Needs, 
Stakeholders, Assets, and Use Cases are identified 
 

R2: This activity is conducted concurrently with the 
Asset Investment Cost Analysis activity 
 

R3: This activity will be combined with the cost 
analysis in order to calculate M&S utility and/or ROI.   
 

R4:  The results analysis should be updated as more 
accurate information becomes available.  Results 
analysis calculation for any given set of alternatives is 
an iterative process, and data from previous iterations / 
studies can be useful to subsequent analyses 
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 • Activity Information Flow Information from outside the decision process 
(exogenous) identified as necessary input to this activity 
includes: 
 

I1: Stakeholders and perspectives. The definition of 
each and their relative considerations. 
 

Information from inside the process (endogenous)  - 
having been developed by means of the execution of the 
efforts’ activities identified: 
 
I2: Relevant alternatives and associated scales; 
assessment approaches; metric and measurement 
assessments.  
 

Information expected to flow out of the activity having 
been generated by execution of the activity includes: 
 

I3: Results metrics and specific values necessary as 
inputs to the M&S Value / ROI calculation process. 
 

Associated Entities  
 • Tools Expert Choice, INPRE and ComPAIRS, PRIME 

Decisions, HIPRE 3+, HIPRE 3+ GROUP LINK, 
Criterium, DecisionPlus, Winpre, and Automan. 107 

 • Actor-agents The results analysis can be conducted by an individual 
analyst or group of analysts familiar with operations 
research, metrics assessment, and M&S evaluation. 

 • Information Pools Results information should include a description of the 
alternatives assessed, metrics utilized, measurement 
techniques/quantitative transformations employed, any 
intermediate steps/derived results, and aggregation 
methods 

 • Product-object-artifacts Assessed metric values are the primary product of 
results analysis. These values provide inputs, along with 
cost and risk factors, to the investment decision 
algorithm that calculates M&S utility and/or return on 
investment. 

Problem Management  
  • Problem Identification The first challenge is relative to the data needed: each of 

the proposed metrics must be measured in a consistent 
and accurate manner. The next is relative to 
implementing the approach is the complexity brought on 
by the three perspectives and the need to correlate / de 
conflict the results. 

  • Problem Amelioration Two potential ways to remediate these risks are to take 



 REPORT No.  TJ-042608-RP013 
    

 

 
 
 

L-33

ACTIVITY CHARACTERISTIC INFORMATION 

an incremental approach and to use the lessons learned 
from other domain applications.  

Activity Completion  
 • Exit Criteria • The Result analysis activity is complete when: 

- A necessary and sufficient set of results 
metrics have been chosen at a (given the) 
relevant perspective(s), 

- The results metrics have been adequately 
defined, 

- The metrics have been rigorously assigned 
values, 

- Metric interdependencies have been 
articulated. 

• Results analysis work products have been created 
and/or documented – per direction of the sponsor 
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L.8 Return-On-Investment Evaluation Activity 

 
 

ACTIVITY CHARACTERISTIC INFORMATION 

Activity Identity  
 • Activity Name and Aliases Return-On-Investment Evaluation Activity  
Activity Description  
 • Activity Rationale / Need / 
Motivation 

ROI is an intuitive and suggestive indicator of 
investment viability.  However, ROI is itself sensitive to 
alternative interpretations in public and private sector 
environments.  Understanding ROI concepts and their 
application is key to developing an effective process for 
determining the metrics for M&S.   

 • Activity Classification Conducting the Return-On-Investment evaluation is an 
analyst activity with management oversight.   

Activity Initiation  
 • Entrance Criteria Prior to performing the ROI evaluation it is important to 

first establish a clear description and understanding of 
the needs and requirements prompting a possible 
investment in an M&S asset and all relevant 
stakeholders, understood the intent of the investment via 
use cases and M&S asset identification and then having 
conduct analyses of both the associate investment costs 
and anticipated results. 

Activity Method  
 • Activity Procedure There are, broadly speaking, three different 

methodologies used in Finance to calculate ROI – the 
“Three Formulations” as they are referred to in the 
report:   
 
(1) as a percentage increase in a holding’s value 
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between two time periods 
 
% Return = [(Vend – Vbegin + CF) / Vbegin] * 100 
 
Where: Vend is the value at the end of a portion 
of time, Vbegin is the value at the beginning, and 
CF is the sum of all cash flows that come about 
as a direct result of having made the investment. 

 
(2) as the amount of cash (or, revenue) generated from a 
set, fixed asset base108.   
 

% Return = [(benefit) / (base)] * 100 
 
Where: Benefit is the results (such as net 
income, revenue, yield, etc.) from a fixed Base 
of some type (total assets, total equity, total 
capital expenditure, etc.). 

 
(3) as the sum of a series of cash flows, discounted by 
an appropriate rate.  There are, typically, two ways that 
financial analysts go about these calculations. 
 

Net Present Value (NPV): ∑ [CFt / (1+r)t] – 
Outlay 

 
Where: CFt = cash flow at time t (usually after 
tax), r = discount rate 
Outlay = cash required/needed (@ t=0) for 
project to proceed 
 
Or 
 
Internal Rate of Return (IRR): ∑ [CFt / (1+r)t] = 
Outlay 
 
Where: CFt = cash flow at time t (usually after 
tax), r = discount rate 
Outlay = cash required/needed (@ t=0) for 
project to proceed 

 
While the discounting rate can (and is) used to adjust for 
the time value of money, it can also be employed to 
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adjust for the rsk of an investment.  In order to adjust for 
higher risk, we simply use a greater discounting rate.  
The discounting rate then becomes the sum of the 
adjustment needed to compensate for TVM plus an 
“extra” adjustment for risk. 
 
For public (and very large private) corporations, the 
discount rate generally used is equal to the cost of 
capital for that firm.  As the CFA Institute writes, “The 
most common way to estimate this required rate of 
return is to calculate the marginal cost of each of the 
various sources of capital and then calculate a weighted 
average cost of capital (WACC).” 
 

WACC = (wd)(rd)(1 – t) + (wp)(rp) + (we)(re) 
 
Where: wd = proportion of debt that the 
company uses when it raises new funds, rd = the 
before-tax cost of debt, t = marginal tax rate, wp 
= the proportion of preferred stock the company 
uses when it raises new funds, rp = marginal cost 
of preferred stock, we = proportion of equity that 
the company uses when it raises new funds, re = 
marginal cost of equity. 
 

In the above equation, the cost of equity is usually 
equivalent to the “rate of return required by a 
company’s common shareholders.” (CFA Institute)  In 
order to calculate the cost of equity (or, necessary rate 
of return on common), typically financial analysts use 
the Capital Asset Pricing Model (CAPM): 

 
E(Ri) = Rf + ßi[E(RM) – RF] 
 
Where: Rf = risk free rate (usually the rate of a 
US Treasury bond with suitable maturity), ßi = 
the return sensitivity of stock i to changes in the 
market return, E(RM) = the expected return on 
the market, E(RM) – RF = the expected market 
risk premium. 

Activity Uses  
 • Previous Uses None.   
 • Prospective Applications None.   
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Inter Activity Relationships  
 • Activity Sequence and Control-
Flow 

The following relationships exist between the ROI 
Evaluation and other decision process activities: 
 
R1:  This activity is conducted concurrent after the 
M&S Investment Cost and Results analyses. 
 
R2: This activity, together with the Cost and Results 
analysis activities comprise the “Assessment” phase of 
the investment management effort and precede the 
“Decision” phase and activity. 

 • Activity Information Flow Information from inside the process (endogenous)  - 
having been developed by means of the execution of 
one or another of the efforts’ activities identified as 
necessary input to an activity includes: 
 
I3: Results of the Cost and Results Analyses. 
 
Information expected to flow out of the activity having 
been generated by execution of the activity includes: 
 
I4: ROI evaluations for use by the Decision activity. 

Associated Entities  
 • Tools None required. 
 • Actor-agents <Indicate the actor agent (individual member of one or 

another stakeholder class) responsible for completion of 
the activity.  Clearly teams or anonymous agents may be 
designated.  If the responsibility of members of the team 
need to be differentiated, it may be prudent to 
decompose the activity into its component parts in order 
to reduce the cardinality of agents to activities from N-
to-1 to 1-to-1.> 

 • Information Pools D1:  Cost Analysis Report 
 
D2:  Results Analysis Report. 

 • Product-object-artifacts The interim product is a ROI Evaluation report. 
Problem Management  
  • Problem Identification This field specifies component values of the state of the 

decision problem in its entirety that are necessary and 
sufficient for the subject activity to be considered 
finished with high probability of successful completion. 

  • Problem Amelioration Action alternatives suitable to avoid, reduce or 
ameliorate the pejorative impacts of the problem.  
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Necessary and conditions for employing candidate 
ameliorative, and expected cost, benefit, and 
identification of any possible unintended consequences. 

Activity Completion  
 • Exit Criteria • ROI Evaluations have been completed and presneted 

for use in the decision activity. 
• Work products have been archived (and/or) 

documented as directed by sponsor. 
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L.9 Investment Decision Activity 

 
 

ACTIVITY CHARACTERISTIC INFORMATION 

Activity Identity  
 • Activity Name and Aliases Investment Decision (Decision Process, Decision 

Method, Decision Algorithm) 
Activity Description  
 • Activity Rationale / Need / 
Motivation 

Once the various M&S investment evaluation metrics 
and measures of those metrics are obtained and 
calculated, a method or algorithm to objectively 
determine the best use of limited dollars and other 
resources is required.  Without an objective decision 
process that takes into account all the metrics that are of 
interest there is a high probability that investments will 
be made that do not lead to the most advantageous 
results. 

 • Activity Classification The decision method is a labor intensive activity that 
requires management input before it is executed.  The 
measures of costs, results, and other metrics requires a 
dedicated effort, but can be accomplished by non-
management personnel.  The determination of the 
weightings in the recommended decision algorithm is a 
management process that needs to be completed before 
the algorithm is executed.  A large influence on the 
values for the weightings will be the shareholder 
assigning the weights and the viewpoint of that 
shareholder.  A project manager will be most likely 
concerned with different objectives than an 
undersecretary of defense and the algorithm weightings 
will reflect this difference. 
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Activity Initiation  
 • Entrance Criteria Before the decision method can be executed the input 

metrics and measures must be completed.  In this 
situation the main inputs are cost and result measures.  
Weightings must be assigned to the decision process 
algorithm, however that process can be done prior to, or 
in conjunction with, the gathering of the input measures. 

Activity Method  
 • Activity Procedure The decision method at a high level is fundamentally 

simple:   
1. Determine the stakeholder/viewpoint by 

which to evaluate the M&S investment 
2. Determine the metrics by which one wishes 

to evaluate M&S investments. 
3. Measure those metrics by some objective 

means. 
4. Determine the relative importance of each 

metric and potentially group of metrics.  
5. Execute the decision process algorithm using 

the weightings and input data. 
 
Each one of these steps may take days or weeks (in the 
case of the determination of algorithm weights) and may 
require management direction.  More detail on each of 
these steps can be found in the Decision Process section 
of the body of the report. 

Activity Uses  
 • Previous Uses The decision algorithm is the last step in the overall 

M&S Investment decision and is not previously used. 
 • Prospective Applications The algorithm weightings will be used in other M&S 

investment decisions at the same stakeholder level. 
Inter Activity Relationships  
 • Activity Sequence and Control-
Flow 

The decision algorithm is the last step in the M&S 
investment process and is, therefore, dependent upon 
virtually every activity denoted in the process. 
 
R1:  The weightings for the decision algorithm are 
dependent upon the stakeholder viewpoint.  Weightings 
will differ depending upon whether the viewpoint is at 
the DoD/Enterprise level or project level.  This is 
acceptable as long as weightings are consistent across 
all investments considered from an individual level. 
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R2:  The cost and result metrics and measures directly 
feed into the decision algorithm and, therefore, the 
decision result is totally dependent upon these inputs.  
Poor or incomplete metrics or measures will skew the 
decision process result and may lead to a sub-optimal 
investment.   
 
R3:  The cost and result metrics are dependent upon the 
type of investment asset of interest and, therefore, the 
decision algorithm indirectly depends upon the type of 
investment asset under consideration.  

 • Activity Information Flow The decision method relies upon information generated 
throughout the process.  Some of the information 
generated at the various stages of the decision process 
relies upon external (exogenous) data and information. 
However, most of the information directly required by 
the decision method is generated from within the 
decision process.  Information required from within the 
decision process is: 
 
I1:  Identification of the stakeholders which serves as 
the framework for the choice of input metrics and the 
development of the algorithm weightings. 
 
I2:  Identification of the asset(s) of interest which 
determines which input metrics to measure. 
 
I3:  Measures of the applicable cost and results metrics 
to use as input to the decision algorithm (this will 
include risk). 
 
Exogenous information required in the decision method 
is: 
 
I4:  Measures of applicable metrics used in the decision 
method that are in addition to cost and results and will 
be used as input to the decision algorithm. 
 
I5:  DoD or higher headquarters policy/directives or any 
other pertinent information that will influence the 
assignment of weightings in the decision method. 
 
Information that is produced by the decision method: 
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I6:  The decision method produces a “utility” score 
which can be used to rank order the investment options 
and determine the best choice(s). 

Associated Entities  
 • Tools The decision algorithm should be automated for ease of 

use.  In many of the potential uses this can be 
accomplished via Microsoft Excel.  In the rare case 
where Excel is not powerful enough, the algorithm will 
need to be developed internally or by a DoD contractor, 
or purchased off-the-shelf if available. 

 • Actor-agents Management oversight and approval is required in the 
process of determining the algorithm weightings as is a 
team of subject matter experts.  Analysts to 
run/implement (to include measuring the applicable 
metrics) the algorithm and interpret and present the 
results would be highly desirable.  Then 
management/executives would make the necessary 
investment decision(s). 

 • Information Pools Information on the implementation of the decision 
method and in particular the assigning of weights can be 
found in academic literature.  See footnotes in section 
3.9 and the Bibliography for examples of these 
resources. 

 • Product-object-artifacts The decision method produces a utility score which may 
be used to rank order alternatives.  Additionally, scores 
which reflect the utility by community or by the DoD 
M&S Vision categories can be collected as interim 
results. 

Problem Management  
  • Problem Identification While the multi-attribute decision process recommended 

in section 3.9 is robust and reasonably transparent, one 
can see that it is sensitive to the values of the weightings 
given to each metric as well as those given to the first 
level aggregation categories (e.g. communities, DoD 
M&S Vision categories, etc.).  Assigning weights which 
do not adequately reflect given or known priorities may 
well lead to a sub-optimal or incorrect decision. 
 
Additionally, there is risk in incorrectly measuring the 
metrics, especially those metrics which are subjective in 
nature.  Incorrect measurements can also lead to a sub-
optimal decision. 
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  • Problem Amelioration As discussed in section 3.9, using a guided team of 
subject matter experts that understand and represent the 
view of the stakeholder greatly reduces the risk of 
assigning weights which do not reflect the priorities of 
the stakeholder. 
 
Subject matter experts may also be used to alleviate 
incorrect measurements for subjective data.  Using a 
team of experienced and knowledgeable people to 
evaluate subjective metrics lessen the impact of any one 
observer and helps to ensure the measurement is as 
close to correct as possible. 

Activity Completion  
 • Exit Criteria The Investment Decision is complete when: 

a) the process/method is performed on each alternative 
resulting in a utility score for each. 
b) the utility scores are ranked and the information 
prepared and presented to the decision maker(s) 
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APPENDIX M - USE CASE EXEMPLARS 

M.1 Use Case #1 (Alaska) Testing the Combat Benefit of a Position Determination System 

 
I. Context 
A simulation professional would like to conduct a small 4-day experiment in Alaska to test the 
combat benefit of a new system for position determination of friendly ground forces. 
The simulationist will need to evaluate alternative simulations for use in this experiment.  The 
cadre of simulation operators, even for the most commonly used simulations, is limited in 
Alaska, so the simulationist must not only compare various simulations but also the need to have 
distribution of the simulation environment from other locations.  Friendly forces could be 
brought into the experiment live, through a constructive simulation109, via virtual simulation, or 
as a combination of all these.  The position determination system may need to be simulated or 
assumed.  Databases for Alaska are limited, particularly for semi-automated forces (SAF) 
simulations that require minimal operators, so databases for geography and other environmental 
factors may also need to be purchased with lead time.  Connectivity and simulation architecture 
costs will have to be evaluated. The cost element structure developed in this report could be used 
to compare the costs of the different alternatives, estimate the cost of conducting the experiment 
using all live forces, and calculate cost avoidance ROI. 
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 A. Needs and Requirements 
The scenario selected for an event will affect the costs and results obtained from each of the 
alternatives.  In this case, the simulationist develops an event scenario and force laydown to be 
the minimum necessary to evaluate the objectives. Here are the basic elements of the scenario: 
 

• Three helicopter crew members acting as downed crew members evading hostile forces 
in rough terrain. In some trials, the crew members will use current radio and 
identification systems, and in other trials, the new position determination system will be 
used.  In some cases, these crew members could be represented in a constructive 
simulation, yet for this event, they will be represented live. 

• Hostile, mobile ground forces searching for the evading crew members.  These hostile 
ground forces can be played entirely by live forces or, alternatively, by partly live and 
partly constructive simulation.  A limited number of live forces will be necessary to 
preserve the reality of the chase. 

• Friendly ground command and control forces, in this case a Combat Search and Rescue 
(CSAR) team from an Air Operations Center augmented with the necessary radar and 
radio feeds, will be used.  While this group and capabilities could be represented with a 
constructive simulation, they will be conducted live.    

• Friendly surveillance forces, in this case an Airborne Warning and Control System 
(AWACS) aircraft, will be use either live, virtual, or constructive to complete this role  

• Friendly CSAR rescue team who will conduct the live rescue and reinsert the 3 evaders 
for a subsequent trial.   

• Friendly combat air patrol (CAP) forces, in this case represented virtually by 3 fighter 
cockpit simulators. 

• Other necessary command and control, surveillance, friendly and enemy forces will be 
assumed to be functioning as usual in constructive simulation in this event. 

 
 B. Stakeholder(s) 
The stakeholders include the Commander of Alaska Command, the Program Manager for the 
position determination system, and the warfighting commands that require the system. While 
costs are shared across these stakeholders and the T&E community, an overall cost to the 
enterprise is used to evaluate the alternatives. The stakeholders have designated the discount rate 
to be 10%. The decision criteria is based on selecting the simulation alternative for this event 
that is the lowest cost only if the predicted cost avoidance ROI as compared to the traditional 
simulation support is at least 20%.  
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II. Intent 
The simulationist, in consultation with the stakeholders, develops three alternatives to portray 
this scenario.  
 
 A. Use-Cases (Alternatives) 
Alternative A is the traditional M&S solution used for other events in Alaska and that can be 
distributed to the Alaskan theater from another simulation center.  This alternative uses 100 
personnel at one or more locations for the simulation operators, control force, white cell, and role 
players. A larger number of personnel (25) will need to attend two planning conferences in 
Alaska.  No databases will need to be developed, no training of simulation personnel in Alaska 
will be required, and there will be negligible residual benefit to the Alaskan simulation center. 
Floor space in two facilities will be required, but no other hardware or software will need to be 
purchased. Some distribution lines to and within Alaska will have to be reserved and leased. 
 
Alternative B uses a SAF simulation that will reduce the personnel required to run the simulation 
to two people plus a back-up in Alaska. The 3 operators will double as white cell, control force, 
and roll players; however, they will need a two-week course on the SAF simulation at a location 
near Langley AFB. The SAF simulation will also need a database developed at a cost of $50K 
with a lead time of 60 days. The leave behind for this option is a trained cadre of 3 SAF 
operators that can conduct similar events using the same database on subsequent occasions. This 
alternative requires 2 planning conferences for 10 personnel on travel to Alaska.   One new 
laptop with additional memory will have to be purchased, but no software will have to be 
purchased. Software to link the SAF simulation to the GCCS Common Operational Picture 
(COP) is GOTS. Distribution lines within Alaska will be reserved and leased. 
 
Alternative C uses all live forces for the transport, rescue, humanitarian relief, and disaster 
recovery roles. All other secondary roles will be represented in constructive simulations due to 
the realities of costs and operational tempo. The use of the locator device will be simulated by 
downed aircrew in the same way for each alternative.  Live forces will require planning 
conferences similar to Alternative A, and the operating cost for the live assets will be computed 
by using fictional cost figures, but for actual analyses, the current year POM/BES cost per hour 
figures would be used.  Additional communications lines do not need to be rented. 
 

B. Asset Identification 
The assets being considered in the case study alternatives are traditionally-used simulations and 
SAF simulations with all the required hardware, software, data, distribution systems, facilities, 
and support personnel.  
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III. Assessment 
The cost and results data in this use case will be notional data to illustrate use of the ROI process 
and is not intended to support any real-world decisions about the alternatives.  
  
 A. Cost Analysis 
Since the costs for this event will be expended in the current year (even though some planning 
must take place many months before the event), no discounting of costs is necessary.  One could 
extend the costs avoided into the out-years if the selected simulation environment, as developed, 
will generate cost avoidance or other results in future events.  However, that analysis is not 
included in this example. Avoided costs in terms of personnel and systems will be expressed in 
current year costs for this comparison (to avoid appreciating and/or discounting). 
 
Some of the data that the simulationist needs would typically come from or through 
management.  So, whether the simulationist is directed to do the cost element analysis or decides 
independently to do the analysis, she will need some information on labor and per diem costs for 
personnel, the number of personnel needed for specific duties, systems’ cost data from the BES 
or POM processes, infrastructure costs, and discount rate(s), if used.  Some of this data can be 
found or calculated by the simulationist, but some or all of the data should be reviewed/approved 
by management so that the analysis starts with approved data. This prior review/approval 
reduces the likelihood that decisions will stall on the disagreement of where the data originated.  
    
Here are the average assumed costs used for this comparison (actual, approved cost data would 
be used for a real-world cost element analysis): 
 

• Travel costs are estimated at $1,500 per trip per person 
• Per Diem is estimated at $200 per day per person   
• Labor costs per person are estimated at 8 hours per day, 40 hours per trip, and  $100 per 

hour fully burdened 
• The cost of the operational assets are estimated at 4 hours of use per day at $20K/hour for 

the helicopter, $25K/hour for the ground C2, $100K/hour for the AWACS, $150K/hour 
total for the 3-ship of air-to-ground assets, and $200/day for the truck     

• Operational assets are estimated to be used at 4 hours of per day  
• Estimated 6 personnel are the ground support for the rescue helicopter 
• Estimated 48 ground personnel will be deployed to support the live assets, if used, such 

as the AWACS and 3 air-to-ground fighters  
• Planning conferences are expensed at 40 labor hours, 6 days and 6 nights 
• The cost of network connectivity is $1K per hour in Alaska and $2K per hour to and from 

Alaska.  The lines will be used 8 hours per day 
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• New computer purchase at $2000 per computer, with the cost for use in an event 
estimated at $200/event 

• Facility charges are $5K per day per structure used in Alaska or used as a simulation 
distribution site elsewhere 
 

These are the costs apportioned to each option for the 4-day, 4-hour/day event: 
 

Cost Element Alternative A – 
Traditional 

Distributed M&S 

Alternative B – 
Semi-

Automated M&S 

All Live Forces

Hardware/Systems    
     Computer for COP ($200.00/Event)  $200  
     Truck for Hostile Forces (Same for Each) $800 $800 $800 
     Helicopter for Evading Force Insert $320,000 $320,000 $320,000 
     AWACS Aircraft     $1,600,000 
    3 Fighter Aircraft   $2,400,000 
    1 Control and Reporting Center    $400,000 
Software    
     Traditional Simulation 0 0 0 
     SAF Simulation 0 0 0 
Networks    
     In Alaska ($1K per Hour) $1,600 $1,600  
    To/From Alaska ($2K/Hour/Center) $8,000   
Facilities ($5K per Day/Structure)    
    Alaska Simulation Center $5,000 $5,000 $5000 
    Simulation Building #1  $5,000   
    Simulation Building #2 $5,000   
    Aircrew & Ground Support Building #1 $5,000 $5,000 $5000 
    Aircrew & Ground Support Building #2   $5000 
People (40 Hours & 6Days & Nights/Week)    
    3 Evading Crewmembers $20,100 $20,100 $20,100 
    6 Hostile Forces $40,200 $40,200 $40,200 
    SAF Simulation Training  $40,200  
    CSAR Team of 20 $134,000 $134,000 $134,000 
    AWACS Team of 10 $67,000 $67,000 $67,000 
    1 Pilot Each in 3 Fighter Sims $20,100 $20,100 $20,100 
    Simulation Staff $670,000 $20,100  
    Planning Conference #1 $335,000 $67,000 $335,000 
    Planning Conference #2 $335,000 $67,000 $335,000 
   5 Rescue Helicopter Crewmembers $33,500 $33,500 $33,500 
   Ground Support for Live Assets  $40,200 $40,200 $321,600 
Products and Procedures    
   SAF Database  $50,000  
    
Total Cost (Current Year) $2,045,500 $932,000 $6,042,300 
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B. Result 
The results of using the proven SAF simulation are lower costs, a trained resident cadre of SAF 
operators who can run follow-on events, a leave-behind SAF database, added realism on the 
COP, and much fewer personnel to support (to reduce personnel tempo). Since the SAF 
simulation is a proven asset that will be run in the simulation center in Alaska, it will reduce risk 
because of its dependability in prior uses and because of a lack of dependence on long-haul 
distribution from distance simulation centers.  One additional result of having a leave-behind 
SAF database and cadre of operators is the accelerated reaction time for future needs. A 
simulation that is ready to support future events will be advantageous to a scenario with all live 
forces that requires much more planning and lead time.   

 
 C. ROI Calculations 

All costs are expressed in current year dollars because the analysis was conducted over a single 
year. The total cost for Alternative A, which is the traditional way simulation environments are 
distributed to the Alaskan theater, is $2,045,000. The total cost for Alternative B, which is using 
the SAF simulation in Alaska, is $932,000. The total cost for Alternative C, which is using a 
limited selection of the assets as live forces, is $6,042,300.   
 
The cost avoidance ROI comparing the best case (Alternative B - SAF) to the Alternative A 
(traditional distributed simulation) is: 
 
 ROI B to A = ($2,045,500 - $932,000)/($932,000) = 1.19 or 119%. 
 
The cost avoidance ROI comparing the best case (Alternative B – SAF) to Alternative C (live 
forces) is: 
 ROI B to C = ($6,042,300 - $932,000)/($932,000) = 5.48 or 548%. 
 
IV. Decision 
The stakeholders designated 20% as the hurdle rate for the predicted cost avoidance ROI for the 
best option. In other words, why switch from the traditional (comfortable) alternative for 
simulation support unless the new alternative is better and has an estimated cost avoidance ROI 
of at least 20%. Alternative B (SAF simulation) meets the decision criteria and is the best choice. 
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M.2 Use Case #2 Live Virtual Constructive Simulation Infrastructure Investment 

 

 
I. Context 
Joint Forces Command (JFCOM) is responsible for warfighter training.  In order to improve 
training quality, JFCOM observed that constructive simulation alone was not providing 
sufficient training effect; and they inferred that the existence and use of a standard, seamless 
live-virtual-constructive (LVC) practice could significantly improve training quality.  Pursuant a 
gap analysis, and identification of needs and requirements; an LVC study was begun.  Observing 
that integration of LVC components within an architectural schema is difficult, and that 
integrating simulations across dissimilar architectures is even more difficult; attention has been 
focused on ways to improve interoperability within and across architectures.   
 
This specific subject is being addressed by an ”LVCAR Study” on behalf of the DoD M&S 
Steering Committee.  Discussions with study participants revealed that study topics include: a) 
technical issues related to object modeling approach and specific object model specifications, 
and the reconciliation of simulation federation systems engineering process via SISO’s DSEEP 
Distributes Simulation Engineering and Execution Process (supplanting the HLA’s FEDEP – 
Federation Development Process); and b) management concerns.  This study may conclude that 
homogeneous architectures will not be achieved in the near-term, and that no new overarching 
M&S architectures should be attempted.  Nevertheless, in order to pursue LVC technical and 
management initiatives, investment in simulation federation ‘middleware’ must be made.   
 
A variety of middleware software is required to integrate components compatible with disparate 
simulation federation architectures (“flavors”), for instance Common Training Instrumentation 
Architecture (CTIA), Test and Training Enabling Architecture (TENA), and High Level 
Architecture (HLA).  Middleware assets that are sufficient to support the requisite diversity are 
available; but no single middleware artifact will “do it all” for users, and these assets are 
provided under variable procurement, custody, and distribution business models.  For instance, 
in order to distribute the subject LVC practice across DoD and to share it with coalition partners, 
the need is perceived for more flexibility in licensing, commercial versus GOTS acquisition, cost 
of use in federation development, and middleware bill-payer distribution and dissociation with 
user/benefit recipient.  For instance, JFCOM uses middleware, but so might NATO; some 
middleware is commercial with fixed-site licenses while others are GOTS; middleware 
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development is distributed among several commercial and government agencies with no single 
set of standards or guarantees of full compliance with existing standards. 
 
Based on the prevailing circumstances, which is the preferred investment:  
 

(a) DoD-wide licensing of commercial products, all other things being equal,  
(b) Develop a fully supported certified GOTS middleware solution,  
(c) Do nothing (maintain the status quo),  
(d) In addition to (c), move existing government middleware code to open source, or 
(e) Develop and enforce middleware standards for LVC across DoD.  

 
A. Needs & Requirements 

Performing the prescribed process on this use case we start with identifying the needs and 
requirements.  Based upon the scenario given the need is to improve interoperability within and 
across LVC architectures.  The requirement is to invest in simulation federation ‘middleware’.  
The use case lists four possible investment alternatives along with maintaining the status quo (no 
investment), for a total of five options. 
 

B. Stakeholders 
The scenario lists the stakeholder as the DoD M&S Steering Committee (M&S SC), although 
Joint Forces Command (JFCOM) and the individual warfighting units stand to benefit from this 
investment. However, because this is an issue across all services and the M&S SC commissioned 
the study, we will consider the DoD M&S SC as the stakeholder and apply this process from the 
enterprise point of view. 
 
II. Intent 
 

A. Asset Identification 
Since we are developing this course of action in response to a use case, we will omit that part of 
the process.  As stated in the scenario, the investment asset type is software.  In particular if we 
look at table 3.5.3-1, Assets Listing, we find that under the asset type software, middleware 
would fall in the category of “Tools (CAD/CAM)”.  The problem statement lists no other 
potential acquisitions, and thus, the software tool is the only asset of interest. 
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III.    Assessment 
[NOTE:  All cost and return numbers and data are used for example only and are in no way 
meant to represent real values.] 
 

A. Cost Analysis 
If costs are to be used as one way to judge the efficacy of these alternatives, then some common 
or “standard” use pattern for LVC environments would be used in the analysis. In that way, 
alternatives (a) through (e) could be evaluated in terms of costs and cost avoidance in a standard 
pattern of use across one or more years. Why? Because maintaining the status quo would surely 
be the least-cost alternative for the stakeholder contemplating this decision unless they funded 
LVC events.   
 
For this analysis, we assume the enterprise (DoD) funds an average of 30 major LVC events per 
year in the T&E, training, and experimentation areas. Across these events, with different types 
and levels of simulations and simulators required and with different command and control 
systems that link to the virtual-constructive environments, 8 different middleware assets are 
used. Three of these are GOTS that require some level of contractor support for modification 
(tailoring) for the event.  The other 5 middleware solutions have a specific use cost that is paid to 
the owner/provider of the commercial tool.  Here are the assumed average use costs and the 
number of annual uses for these middleware tools: 
 

• GOTS Tool #1: $15K per use, 6 uses 
• GOTS Tool #2: $5K per use, 12 uses 
• GOTS Tool #3: $3.5K per use, 14 uses 
• COTS Tool #1: $20K per use, 5 uses 
• COTS Tool #2: $18K per use, 6 uses 
• COTS Tool #3: $9K per use, 10 uses 
• COTS Tool #4: $25K per use, 4 uses 
• COTS Tool #5: $20K per use, 2 uses 

 
The simulationist that is conducting this analysis also gets the estimate for licensing the 
commercial products for DoD’s annual use: 
 

• COTS Tool #1: $40K licensing, $8K per use, and $4K per year maintenance 
• COTS Tool #2: $30K licensing, $4K per use, and $3K per year maintenance 
• COTS Tool #3: $10K licensing, $2K per use, and $1K per year maintenance 
• COTS Tool #4: $50K licensing, $15K per use, and no maintenance fee for 4 years 
• COTS Tool #5: $40K licensing, $6K per use, and $4K per year maintenance 

 
She then investigates the cost to develop a fully-funded certified GOTS middleware solution for 
DoD and support it annually. She determines that these costs are representative: 
 

• Develop the GOTS middleware solution in year 0 at $1.2M 
• Field and maintain the GOTS solution year 1 at $300K 
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• Maintain the GOTS solution year 2 at $250K 
• Maintain the GOTS solution year 3 at $300K 

 
For moving the existing government middleware to open source, she estimates that the 
government will need to pay an estimate $150K upfront and this improvement will reduce the 
per-use costs to: 
 

• GOTS Tool #1: $10K per use, 6 uses 
• GOTS Tool #2: $3K per use, 12 uses 
• GOTS Tool #3: $2K per use, 14 uses 

 
The simulationist determines that the establishment of middleware standards for DoD will cost 
$150K in year 0 for the initial meetings, staffing, and coordinating. Monitoring and maintaining 
the standards over the subsequent years will cost an estimated $50K per year. The existence of 
these DoD-wide middleware standards will reduce the estimated cost of use for several of the 
middleware tools and will reduce the time needed to prepare the tools for a given T&E, training, 
or experimentation event.   Here are the estimated use costs once the standards are implemented 
and enforced: 
 

• GOTS Tool #1: $15K per use, 6 uses 
• GOTS Tool #2: $5K per use, 12 uses 
• GOTS Tool #3: $3.5K per use, 14 uses 
• COTS Tool #1: $15K per use, 5 uses 
• COTS Tool #2: $10K per use, 6 uses 
• COTS Tool #3: $5K per use, 10 uses 
• COTS Tool #4: $20K per use, 4 uses 
• COTS Tool #5: $12K per use, 2 uses 

 
Once these use fees and other costs are calculated and the average use each year is estimated, the 
simulationist decides that the alternatives will be evaluated based on average costs over 3 years 
of use. She knows that the costs will vary by year and by options, so she decides to compute the 
NPV of each option in order to have a standard comparison metric. So, the expenditures and 
avoided costs over year 1, year 2, and year 3 will be discounted to the current year (year 0) in 
order to evaluate the alternatives in current-year dollars. The simulationist is told by her 
stakeholder that a 10% discount rate is appropriate for use in this analysis, and the stakeholder 
approves the cost figures estimated for all options by the simulationist.     
 
Cost Analysis for Alternative (a): DoD-wide licensing of commercial products, all other things 
being equal. 
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Cost Factor Year 0 Year 1 Year 2 Year 3 

GOTS Tool #1  6x$15K = $90K 6x$15K = $90K 6x$15K = $90K 
GOTS Tool #2  12x$5K = $60K 12x$5K = $60K 12x$5K = $60K 
GOTS Tool #3  14x$3.5K = $49K 14x$3.5K = $49K 14x$3.5K = $49K 
COTS Tool #1 $40K $4K + 5x$8K = $44K $4K + 5x$8K = $44K $4K + 5x$8K = $44K 
COTS Tool #2 $30K $3K + 6x$4K = $27K $3K + 6x$4K = $27K $3K + 6x$4K = $27K 
COTS Tool #3 $10K $1K+10x$2K = $21K $1K+10x$2K = $21K $1K+10x$2K = $21K 
COTS Tool #4 $50K 4x$15K = $60K 4x$15K = $60K 4x$15K = $60K 
COTS Tool #5 $40K $4K + 2x$6K = $16K $4K + 2x$6K = $16K $4K + 2x$6K = $16K 

Totals $170K $367K $367K $367K 
Multiplier 1.0 .90909 .82645 .751315 

NPV $1.083M    
 
Cost Analysis for Alternative (b): develop a fully supported certified GOTS middleware 
solution. 
 
Cost Factor Year 0 Year 1 Year 2 Year 3 

GOTS Toolkit $1.2M $300K $250K $300K 
Multiplier 1.0 .90909 .82645 .751315 

NPV $1.905M    
 
Cost Analysis for Alternative (c): Maintaining the status quo. 
 
Cost Factor Year 0 Year 1 Year 2 Year 3 

GOTS Tool #1  6x$15K = $90K 6x$15K = $90K 6x$15K = $90K 
GOTS Tool #2  12x$5K = $60K 12x$5K = $60K 12x$5K = $60K 
GOTS Tool #3  14x$3.5K = $49K 14x$3.5K = $49K 14x$3.5K = $49K 
COTS Tool #1  5x$20K = $100K 5x$20K = $100K 5x$20K = $100K 
COTS Tool #2  6x$18K = $108K 6x$18K = $108K 6x$18K = $108K 
COTS Tool #3  10x$9K = $90K 10x$9K = $90K 10x$9K = $90K 
COTS Tool #4  4x$25K = $100K 4x$25K = $100K 4x$25K = $100K 
COTS Tool #5  2x$20K = $40K 2x$20K = $40K 2x$20K = $40K 

Totals  $637K $637K $637K 
Multiplier 1.0 .90909 .82645 .751315 

NPV $1.584M    
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Cost Analysis for Alternative (d): In addition to (c), move existing government middleware code 
to open source. 
 
Cost Factor Year 0 Year 1 Year 2 Year 3 

GOTS Tool #1  6x$10K = $60K 6x$10K = $60K 6x$10K = $60K 
GOTS Tool #2  12x$3K = $36K 12x$3K = $36K 12x$3K = $36K 
GOTS Tool #3  14x$2K = $28K 14x$2K = $28K 14x$2K = $28K 
COTS Tool #1  5x$20K = $100K 5x$20K = $100K 5x$20K = $100K 
COTS Tool #2  6x$18K = $108K 6x$18K = $108K 6x$18K = $108K 
COTS Tool #3  10x$9K = $90K 10x$9K = $90K 10x$9K = $90K 
COTS Tool #4  4x$25K = $100K 4x$25K = $100K 4x$25K = $100K 
COTS Tool #5  2x$20K = $40K 2x$20K = $40K 2x$20K = $40K 
Open Source  $150K    

Totals  $562K $562K $562K 
Multiplier 1.0 .90909 .82645 .751315 

NPV $1.548M    
 
Cost Analysis for Alternative (e): Develop and enforce middleware standards for LVC across 
DoD.  
 
Cost Factor Year 0 Year 1 Year 2 Year 3 

GOTS Tool #1  6x$15K = $90K 6x$15K = $90K 6x$15K = $90K 
GOTS Tool #2  12x$5K = $60K 12x$5K = $60K 12x$5K = $60K 
GOTS Tool #3  14x$3.5K = $49K 14x$3.5K = $49K 14x$3.5K = $49K 
COTS Tool #1  5x$15K = $75K 5x$15K = $75K 5x$15K = $75K 
COTS Tool #2  6x$10K = $60K 6x$10K = $60K 6x$10K = $60K 
COTS Tool #3  10x$5K = $50K 10x$5K = $50K 10x$5K = $50K 
COTS Tool #4  4x$20K = $80K 4x$20K = $80K 4x$20K = $80K 
COTS Tool #5  2x$12K = $24K 2x$12K = $24K 2x$12K = $24K 

Standards $150K $50K $50K $50K 
Totals $150K $538K $538K $538K 

Multiplier 1.0 .90909 .82645 .751315 
NPV $1.487M    

 
Therefore, on the basis of total costs expressed in current year dollars, the 5 alternatives can be 
compared as: 
 

Alternative: Year 0 NPV: 
(a) DoD-Wide Licensing $1.083M 
(b) DoD GOTS Middleware Solution $1.905M 
(c) Status Quo $1.584M 
(d) Status Quo Except GOTS to Open Source $1.548M 
(e) DoD Middleware Standards $1.487M 
 
Hence, on the basis of costs alone over the current year and the 3 subsequent years, alternative 
(a) for the licensing of the middleware DoD-wide is the most cost effective solution in terms of 
NPV. 
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B. Results Analysis 

While one way to determine the investment is on costs only, it is more illuminating to consider 
the value or results received from the investment.  There are two major ways to utilize results in 
this process.  One way is to measure the results using metrics like those in section 3.7 and then 
monetize them so that they are in the same units as the costs.  Then using one of the equations in 
section 3.8 we can calculate the ROI or a ROI-like quantity as discussed in section 3.9.  The 
other way is to measure the applicable metrics and use the decision process discussed in section 
3.9 of this report.  This may be your only option if the results metrics cannot be monetized or 
cannot be monetized well.  Performing both processes gives more information to the decision 
maker and will lead to better insight into the best investment.   
 
ROI is discussed below with a what-if example.  In this case, the stakeholder has determined that 
accurate monetization of all the results is not possible, and therefore, use of the MADM decision 
process in section 3.9 is necessary. The analyst in charge of performing this method chooses four 
metrics in the spirit of section 3.7 (for example purposes we have limited the number of metrics 
for clarity, in practice many more metrics may be desired): 
 
 i)  Amount of flexibility in each option – measures how easy to distribute across the 
enterprise and how easy to modify each option for new protocols/formats 
 
 ii)  Long term benefit/life expectancy – how long can I expect this option/solution to 
meet the requirement 
 
 iii)  Implementation time – how soon can the solution be in place 
 
 iv)  Efficiency of proposed solution – measure of perceived effectiveness of an option 
moving the training to the next level 
 
[Note:  it is assumed that all options will meet the requirements and allow the LVC training to be 
successful.] 
 
In addition to the three metrics above, the analyst sees an area of significant risk that he/she will 
include in the algorithm: 
 
 v)  Expertise/Experience risk – which options give a greater probability of success due to 
the required expertise 
 
These metrics are sent to the decision algorithm for use in computing a utility score for use in the 
final decision.  
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C. ROI Calculations 

Once the results are measured (in the same units as the costs), ROI or an ROI-like measure can 
be computed and factored into the decision method.  For example, in this scenario suppose we 
found a way to somehow monetize the results metrics and by converting all the results dollars to 
NPV we find the values in the following table.   
 

Option Year 0 NPV Cost Year 0 NPV result ROI 

(a) DoD-Wide Licensing $1.083M $1.21M 11.73% 

(b) DoD GOTS Middleware 
Solution $1.905M $2.23M 17.06% 

(c) Status Quo $1.584M $1.76M 11.11% 

(d) Status Quo Except GOTS to 
Open Source $1.548M $1.83M 18.22% 

(e) DoD Middleware Standards $1.487M $1.68M 12.98% 
 
ROI is calculated using the formula (Results – Cost)/Cost *100 and expressed as a percentage.  
See section 3.8 of the report for further discussion.  Note that in terms of “bang for the buck” or 
getting the most for the dollars spent option (d), moving GOTS to open source is the best 
decision for this artificial example, even though option (a) costs the least.  Therefore, it is 
important to consider results in your decisions. 
 
IV. Decision 
Having defined the cost and result metrics we now move to determining the utility score of each 
option and making the decision.  As the use cases have shown there are many ways to make 
investment decisions, sometimes decisions are based upon the cheapest cost (the Alaskan 
Exercise, use case number 1), other times we use the greatest return on investment (Missile 
Defense Agency, use case number 3), and other times we require a measure that is more robust 
and may consider other measures besides cost and return. 
 
Following the steps outlined in the Decision Process Activity matrix from Appendix M we note 
that it is important to determine the stakeholder and viewpoint of the decision maker.  In this 
case we have identified the M&S SC as the stakeholder and, thus, this is an enterprise view.  For 
this example we will assume that the stakeholder chose to frame the problem from the DoD 
M&S Vision statement viewpoint and this is the framework for the decision method (see figure 
3.9.3.3-2).  As noted above, we have defined the applicable cost and result metrics based upon 
the asset class of Software and the asset being tools (middleware), we now must obtain measures 
for the metrics.  Cost measures are relatively simple as in the vast majority of the time, they are 
expressed in dollars or equated to dollars (for example, we can express the cost of one man-week 
in dollars by multiplying 40 hours by the hourly rate for that worker).  Results metrics have 
many different ways of being measured and may be in terms of dollars (i.e. cost savings), or may 
be in terms of increased readiness, higher level of proficiency on a task, etc.  Section 3.7 and 3.9 
with applicable appendices discuss these issues and offer ideas on how to measure these types of 
metrics.  Therefore, at this step the analyst determines how to measure the chosen metrics and by 
some objective or minimally subjective method he or she arrives at quantitative measurements 
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for each cost and result metric.  For this case, the analyst chose the following methods to 
measure the four metrics listed above. 
 
 i)  Flexibility – this was measured using a linear scale with values ranging from 1 to 10.  
The analyst developed a rubric for evaluation of flexibility which took into account factors such 
as: could the option be fielded across the DoD?  To coalition partners?  Could the option be 
easily modified to include a new format from a coalition partner if necessary?  This rubric was 
then used by 10-15 members of the project team and their scores averaged to arrive at a 
measurement. 
 
 ii)  Long-term benefit/life-expectancy – this was measured by using the number of 
expected years the option would endure without significant modification or expense with the 
maximum years being seven.  Long-term benefit was measured subjectively on a scale of 1 to 5 
with 5 being the best.  Guidance on the subjective measurement included issues of extendibility 
to other training simulation applications, whether the option could be used in a new architecture, 
etc.  Again, this metric was evaluated by 10-15 members of the project team and their scores 
(based upon a high of 12) were averaged to arrive at a measurement. 
 
 iii)  Implementation time – this was measured objectively using a scale of months by 
listing the total months given in the proposal for each option.  In this case the maximum was 24 
months. 
 
 iv) Efficiency of Solution – this was measured by JFCOM training experts upon their 
evaluation of each proposal.  They were given factors to consider that included:  would the 
option allow an increase in the type of training scenarios?  Would the option shorten the training 
time for certain scenarios, etc.  They used a scale from 1 to 10 and then their scores were 
averaged to arrive at a measure. 
 
It is at this stage where, as discussed in section 3.9, any other additional metrics besides cost and 
results (and risk) will be identified.  For example, in this case we have five alternatives as noted 
in the use case.  It may be that the SECDEF has put out a policy saying that he prefers COTS 
software solutions to GOTS because he feels the on-going maintenance and upgrades are too 
costly when the government performs them.  Therefore, COTS software should be utilized unless 
there are extenuating circumstances.  With that knowledge in mind the analyst would feed a 
metric into the utility score that would measure whether or not the solution was COTS.  It would 
measure a 1 if it was and a 0 if not (binary measurement).  There may be other metrics similar to 
this example that the analyst will want to consider.  They will need to be identified and measured 
at this step. 
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At this point, we have quantitative measures and we have weights that were determined by a 
panel of SMEs for the decision method that uses DoD M&S Vision statement point of view.  
Each quantitative measure is normalized (divided by it’s maximum possible value.  For example, 
the flexibility metric is evaluated on a 1 to 10 scale so its measure is divided by 10 to achieve the 
normalized score).  And an analyst now implements the algorithm.  For each option listed, he/she 
takes the top level measures and multiplies those measures by the weights for each metric.  
These products are summed for each category from the M&S Vision Statement (in this example).  
For example, in looking at figure 3.9.3.3-2, the analyst takes the measure of each metric feeding 
into the “Infrastructure” category and multiplies each measure by the associated weighting.  
These products are summed and a utility score is calculated for “Infrastructure” category.  This 
process is repeated for the “Policies”, “Management”, “Tools”, and “People” categories and will 
result in utility scores for each area.  Once this level is complete then the utility scores for each 
category are multiplied by the weightings for each category and those products summed to find 
the total utility score.  As noted in section 3.9.3.5 if a measure of risk is deemed to be pertinent 
in this evaluation110, its measure would be included here, multiplied by a weighting and the 
product added into the total utility score.  In this case we do have a risk metric.  To measure this 
risk a team of project members to include the project manager and another senior officer met and 
discussed each proposal.  They assigned a risk value varying from 1 to 5 to each option with 1 
being the highest risk and 5 being the lowest (since higher utility scores are better).  Each risk 
score would also be normalized as well before being multiplied by its associated weight. 
 
As mentioned above, this process is repeated for each option ( (a) through (e) ).  The total utility 
scores are ranked and assuming the weightings have been assigned to reflect the relative worth 
of the metrics and the categories, the option with the highest utility score is the option the 
decision maker should choose for investment.  However, occasionally, the situation occurs 
where two options will have reasonably close utility scores, but the costs are relatively different.  
If this is the case, the decision maker may wish to adopt the option with the lower utility score, 
but the significantly lower cost (which is an ROI-like measure as discussed in section 3.8 and 
3.9).  Therefore, taking the utility score, an ROI calculation like that in use case number 3 or 
discussed above and rendering a decision based upon both data points is most likely prudent. 
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M.3 Use Case #3  MDA Conceptual Modeling Investment 

 

V. Context 
The Missile Defense Agency is proceeding to implement, field, and initialize for operations the 
nation’s only ballistic missile defense capability.  The MDA Director specifically reports to the 
Under Secretary of Defense for Acquisition, Technology and Logistics.   
 
Modeling and simulation is clearly and expressly critical to the MDA program and the successful 
operation of the evolving Ballistic Missile Defense System (BMDS).  The Deputy Director of 
MDA recently cited that the first of his top three priorities upon assuming duties as the MDA 
Director is ensuring that M&S accurately reflects the physical BMDS and environments.   
 

A. Needs & Requirements 
One factor in establishing such the necessary M&S capability is the creation (and use by all 
enterprise constituents) of a coherent, evolving, and formally managed simulation conceptual 
modeling (CM) effort.  This task is particularly important and difficult because BMDS is a 
system-of-systems enterprise, entailing the coordinated development and use of hundreds of 
models and simulations over the BMDS evolutionary life-cycle.  
 
The CM effort should be based on development and use of effective technical standards and best 
practices by the disparate BMDS community of interest, and endorsed and provided strategic 
guidance at the Agency enterprise level. The significance of CM is readily apparent in other such 
system-of-systems programs such as the NASA Space Exploration Program and the Army’s 
Future Combat System.  
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Conceptual models serve as the common basis of representation of all entities within models and 
simulations.  They provide support for common appreciation of the mission space by dispersed 
and differentiated members of the MDA M&S community of practice and anchor the 
development and qualification of all simulation assets.  Failure to conduct a comprehensive and 
systematic M&S conceptual modeling program virtually guarantees inconsistent simulation 
representations and inefficiency in system-of-system engineering and system safety assurance. 
 
For this circumstance, what is the relative expected return on investment in CM?  Predictive 
results will be tracked through the program and confirmed at program milestones to ensure 
efficient investment and results recovery. 
 
In this case, accurate, valid M&S outputs for the BMDS are essential for national security. So 
models that can be examined and challenged in order to develop more accurate representations, 
with perhaps faster run times, are essential. An elegantly simple yet complete model can more 
easily be evaluated through the VV&A process, where we judge readiness to perform accurately 
for the purposes intended. With hundreds of models and simulations, linked differently 
depending on the nature of the event, it is vitally important that the current models be evaluated 
conceptually and that future modeling efforts incorporate CM.  Through the discipline of CM, 
the model that will give the best outcome for the intended purpose can be chosen, and the model 
performance, confidence in the model, and expected resource use can be understood.     
 
For the proposed CM effort, management is faced with two choices: 
 
(1) Authorize an ongoing CM effort to evaluate, understand, and improve the current and 
      new M&S support to BMDS or 
(2) Continue the status quo of limited or no CM after this 3-year trial. 
 

B. Stakeholders 
The principle stakeholder is the MDA Director.  In this particular example the Director falls into 
both the Buyer and Consumer/Users stakeholder categories.  The primary concern of the 
Director is to be able to have consistent simulation representations and efficiency in system-of-
system engineering and system safety assurance areas.  He wants to look 2 years beyond the 
current year and evaluate the cost of the CM program versus the cost avoidance and other results 
of having a vibrant CM program.  
 
Other stakeholders include the various members of the MDA M&S community of practice.  
They fall into the Consumer/Users stakeholder category.  Their principle concern is having the 
ability to gain a common appreciation of the mission space.  In this way they can better execute 
their functions and responsibilities.   
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Another set of stakeholders are the M&S asset developers.  They must deliver simulation 
representations that meet stated requirements and support the overall MDA BMDS mission.  
Their principle concern is having a clear and unambiguous specification of requirements based 
on a common appreciation of the mission space. 
 
VI. Intent 

A. Asset Identification 
In this case the M&S asset for which an investment decision is being made is falls into the 
category/type of Products and Procedures and the specific M&S asset is a BMDS Conceptual 
Model. 
 
VII.    Assessment 
The cost and results data in this use case will be notional data to illustrate use of the ROI process 
and is not intended to support any decisions about BMDS.  
 

A. Cost Analysis 
The cost of hiring a trained CM industry cadre and contracting with industry for CM support is 
approximately: 
 

• Year 0, $5M; 
• Year 1, $4M; 
• Year 2, $2M; and 
• Year 3, option year. 

 
B. Results Analysis 

While the results of the CM will be tracked over the 3-year life of the program, results and cost 
avoidance metrics can be estimated now and tracked for accuracy as the CM program progresses. 
The expected results of the CM program include: 
 

• 30% time savings for VV&A of simulations previously processed through CM 
• 5% decrease in runtime for the combination of simulations that have been processed 

through CM  
• 2% increase in accuracy of the results for simulations that have been processed through 

CM 
• 10% reduction in downtime for simulation confederations that have been processed 

through CM 
 
These estimated results are especially significant for BMDS simulation confederations that run 
on expensive super computer networks, require a large cadre of support personnel, help 
determine very expensive and critical test engagements, and train thousands of personnel.    
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C. ROI Calculations 

The estimated cost savings through year 2 for each predicted area is: 
 

• Year 0 – None 
• Year 1 

o 5 less weeks of VV&A support by a local team of 150 professionals 
o 10 fewer hours of super computer support 
o 1 less week of planned events due to the accuracy and reduced variability of the 

simulation results (1600 participants) 
o 3 hours saved for 1600 participants due to less down time 

• Year 2 
o 3 less weeks of VV&A support by a local team of 120 professionals  
o 6 fewer hours of super computer support  
o 4 less days of planned events due to the improvement in accuracy and the 

reduction in variability of the results (1590 participants) 
o 2 fewer hours of downtime saved for 1590 participants 

 
The notional costs for these results are based on all participants being local, thus not requiring 
travel pay. Weeks are assumed to be 5 working days, 8 hours per day. The pay rate is assumed to 
be $100 per hour fully burdened. The super computer time is estimated to cost $1000 per hour. 
No other cost savings due to infrastructure, such as communications networks or facilities, are 
included in this analysis. Results such as fewer wasted test shots could be factored into the 
analysis, but they are not included here. More information on probabilities would have to be 
known and the cost avoidance would substantially overwhelm any costs for CM. The training for 
the estimated 50 government CM cadre is expected to last 6 weeks locally and cost $40K per 
person for the course; this cost is in addition to the contracted CM support. The government 
cadre will generally rely on the contracted effort to perform CM but they will spend 4 weeks per 
year supporting CM or participating in CM currency training ($5K each). 
 
For this case example, cost avoidance is assumed to be a positive number and expenses are 
indicated as negative within parentheses. The discount rate approved by management is 10%.   
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Cost Element Year 0 Year 1 Year 2 

Industry CM Cadre ($5M) ($4M) ($2M) 
Government Cadre ($2.016M) ($0.266M) ($0.266M) 

Avoided VV&A Costs  $3M $1.44M 
Saved Super Computer Time  $0.01M $0.006M 
Duration of Planned Events  $6.4M $6.36M 

Less Downtime  $0.48M $0.318M 
    
Cost Total ($7.016M) ($4.27M) ($2.27M) 
Cost Avoidance Total 0 $9.89M $8.12M 
Net Total ($7.016M) $5.62M $5.858M 

Discount Factor 1.0 .90909 .82644 
    
NPV $2.93M   
 
The Cost Avoidance ROI can be estimated by: 
 
   NPV/(PV of Costs) = 2.93/12.774 = .23 

 
Hence, the proposed CM program is estimated to cost avoid approximately $2.93M through year 
2 for an ROI = 23%, and this predicted cost avoidance by category can be tracked and updated as 
the program progresses.   
 
VIII. Decision 
For this Use Case, it is asserted that the MDA Director has established a set of thresholds to be 
applied in making an investment decision based on the ROI calculations.  The thresholds 
established are: 
 
 ROI > 12%  Invest 
 ROI < 12% & > 8%  Table, re-look and study some more 
 ROI < 8%  Do Not Invest 
 
Given these thresholds and the analysis results of an ROI calculation of 23%, then the decision is 
to invest. 
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Equity (ROCE), Return on Invested Capital (ROIC), etc.  While the specifics of how each of the 
aforementioned ratios is calculated – that is, while each differs in what information/numbers are 
included in the numerator and the denominator – all calculations such as this fit into the basic model 
that is herein referred to as The Second Formulation. 

66 These risks include, but are not limited to: Interest Rate, Yield Curve, Call and Repayment (for bonds), 
Credit, Liquidity, Currency, Purchasing Power, Sovereign, Event, and Systemic. (Vol 5, Reading 61) 

67 “… in an efficient market, the expected returns implicit in the current price of the security should 
reflect its risk, which means that investors who buy at these informationally efficient prices should 
receive a rate of return that is consistent with the perceived risk…” (Vol 5, p. 63) 

68 While it is not true that all high risk investments generate high returns, it is the case that all high returns 
are the result of high risk investments, in an efficient marketplace. 

69 “Money has time value in that individuals value a given amount of money more highly the earlier it is 
received. Therefore, a smaller amount of money now may be equivalent in value to a larger amount 
received at a future date. The time value of money as a topic in investment mathematics deals with 
equivalence relationships between cash flows with different dates.” (Vol 1, p. 171-172)  

70 NPV = ∑ [CFt / (1+r)t] – Outlay 
Where: CFt = cash flow at time t (usually after tax), r = discount rate 
Outlay = cash required/needed (@ t=0) for project to proceed 
71 IRR: ∑ [CFt / (1+r)t] = Outlay 
72 Tompkins, E. L., “Using Stakeholder Preferences in Multi-Attribute Decision Making: Elicitation and 

Aggregation Issues”, CSERGE working paper ECM 03-13,  
www.uea.ac.uk/env/cserge/pub/wp/ecm/ecm_2003_13.pdf, retrieved in 2003. 

73 de Vries, M. S., Calculated Choices in Policy Making:  The Theory and Practice of Impact Assessment, 
MacMillan Press, Ltd., Basingstoke, Hants, 1999. 

74 Tompkins, E. L., “Using Stakeholder Preferences in Multi-Attribute Decision Making: Elicitation and 
Aggregation Issues”, CSERGE working paper ECM 03-13, 
www.uea.ac.uk/env/cserge/pub/wp/ecm/ecm_2003_13.pdf, 2003. 

75 “Report on Defense Modeling and Simulation Efforts”, Office of the Director, Defense Research and 
Engineering, submitted to Congress June 2008 

76 Fischhoff, B., “Value Elicitation:  Is There Anything in There?”, Judgement and Decision Making, An 
Interdisciplinary Reader, T Connolly, H. R. Arkes, and K. R. Hammond, Cambridge Press, 2000. 

77 Ibid. 
78 Ibid 
79 Kersten, G. E., “Support for Group Decisions and Negotiations – An Overview”, Multi-Criteria 

Analysis, J Climaco, Springer-Verlag, Berlin, 1997. 
80 William F. Waite,”HLA Federation Design / Development and Federation Implementation Process 

Model”,SISO, SIW 1997. 
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81 “The return consists of the income and the capital gains relative on an investment. It is usually quoted 

as a percentage.” (http://www.investopedia.com/terms/r/return.asp) 
82 Examples of this include Return on Equity (ROE), Return on Assets (ROA), Return on Common 

Equity (ROCE), Return on Invested Capital (ROIC), etc.  While the specifics of how each of the 
aforementioned ratios is calculated – that is, while each differs in what information/numbers are 
included in the numerator and the denominator – all calculations such as this fit into the basic model 
that is herein referred to as The Second Formulation. 

83 A virtual simulation could be someone operating an aircraft simulator, or a similar simulator with 
human operators, which joins the scenario and “plays” as if it is a live “actor” or participant.  A 
constructive participant or entity is one that is completely played by a computer. Often, live 
participants in an event cannot tell if the entities are from virtual or constructive simulations or played 
by live actors if the event interactions are via electronic media, such as the common operational 
picture.    

84 Challenges attendant to selection by voting of alternatives subject to few simple plausibility conditions 
were demonstrated to yield pathological values by Kenneth Arrow in his work: Social Choice and 
Individual Values (1951, 2nd ed., 1963).  This circumstance is believed to pertain generally to the 
DoD M&S Steering committee decision process.  The present concern however is not with voting per 
se so much as with the generation of consensus preference functions (or, equivalently weighting 
parameters suggested in the M&S investment process herein. 

85 It is interesting and reassuring that “A REQUEST FOR TECHNICAL STUDIES, ANALYSES, OR 
CONTRACT SUPPORT” on the particular subject of: “M&S Value Determination Methodology” 
was submitted in previous funding cycles to the M&S Steering committee on behalf of 
OUSD(A&T)/SSE/DT&E/DiPetto,  Many of the activities and much of the rationale and strategic 
approach cited in that submission are relevant to components of this subject activity.  Particularly 
significant within that proposal are the GOAL: “This study will generate a common methodology for 
determining the value of M&S assets such that a rigorous and quantitative understanding of M&S 
asset impact can be gained and applied in developing M&S business cases and efficiently and 
effectively acquiring and maintaining M&S assets/capability.”; IMPORTANCE: “DoD’s M&S vision 
states that DoD M&S shall “facilitate the cost effective and efficient development and use of M&S 
systems and capabilities.” This can only be done if the value of M&S is rigorously and consistently 
calculated with an approach that can be applied across all DoD M&S communities.”, and 
BENEFICIARIES: :  The entire DoD Acquisition enterprise, to include PMs of individual systems; 
Portfolio Managers; Joint Analysis Teams; Operational Test Agencies (OTAs), and logistics 
managers. In addition, the Analysis and Training communities as well as all of the Services will 
benefit from a clear, quantitative understanding of the value of M&S. “  

86 See www.sim-summit.org. 
87 www.simulationprofessional.org 
88 www.sim-summit.org  
89 Digital Capital: Embodied knowledge, in digital form, developed and captured within a computer 

and/or software based tool, process, or procedure, and made available as input to further production 
of goods and/or services. It is knowledge digitally captured, packaged, and stored, in a form ready to 
apply to some productive use. 

90 “Can Ideas Be Capital: Can Capital Be Anything Else?” Howard Baetjer And Peter Lewin, Working 
Paper 83, George Mason University, August 2007. 

91 “Software as Capital, An Economic Perspective on Software Engineering”, by Howard Baetjer, Jr. 
IEEE Computer Society, p. 83. 

92  Ibid, p. 84. 



 REPORT No.  TJ-042608-RP013 
    

 

 
 
 
 

N-6

                                                                                                                                                             
 
 
93 The ability of one capital asset to work with another. For software, the term is equivalent to 

“interoperability”.  See Glossary for definition. 
94 Op. Cit., Howard Baetjer And Peter Lewin. 
95 Adams, Sam S. Object-Oriented RIO: Extending CRC across the Lifecycle. Hotline on Object-Oriented 

Technology 3 September, 1992, in “Software as Capital, An Economic Perspective on Software 
Engineering”, by Howard Baetjer, Jr. IEEE Computer Society, 1998, p. 90. 

96 Op. Cit., Howard Baetjer And Peter Lewin. 
97 “Software as Capital, An Economic Perspective on Software Engineering”, by Howard Baetjer, Jr. 

IEEE Computer Society, 1998, p. 67. 
98 Ibid, p. 66. 
99 Rules in this case are things that determine when a piece of data is categorized in a certain way.  In 

computer terms rules appear as IF-THEN statements.  An example is:  If cost > value Then decision = 
do not invest. 

100 Englemore, R. S. and Feigenbaum, E., Japanese Technology Evaluation Center Panel on Knowledge 
Based Systems in Japan, found at http://www.wtec.org/loyola/kb/toc.htm , 1993. 

101 Adler, Michael, and Erio Ziglio (eds.), Gazing into the Oracle: The Delphi Method and its Application 
to Social Policy and Public Health, London: Jessica Kingsley Publishers, 1996. 

102 http://www.iit.edu/~it/delphi.html , Illinois Institute of Technology web-site, author unknown. 
103 Transparency is the property that it is easy to determine how each input impacted the final result from 

the method. 
104   http://en.wikipedia.org/wiki/Thomas_Saaty 
105 This Table leverages the structure and analysis reported in “An Appraisal of Modeling Tools and 

Methodologies for Integrated Manufacturing Information Systems”, Bipin Chadha, Gintas Jazbutis, 
Ching-Yang Wang. Graduate Research Assistants. And Dr. R.E. Fulton, Professor, School Of 
Mechanical Engineering, Georgia Institute Of Technology, Atlanta, Georgia - 30332.  URL: 
http://eislab.gatech.edu/courses/me6754/resources/1999-fulton/chapter5-3.pdf 

106 Cockburn, Alistair, Writing Effective Use Cases, Addison-Wesley, 2001 
107 Expert Choice: is a multi-attribute decision support software tool based on the analytic hierarchy 

process (AHP) methodology. It helps the decision maker examine and resolve problems involving 
multiple evaluation criteria.  Application Areas include: Resource Allocation, Vendor Selection, 
Strategic Planning, HR Management, Risk Assessment, Project Management, and Benefit/Cost 
Analysis. - INPRE and ComPAIRS: These two decision support programs are early 
implementations of techniques based on the propagation of imprecise preference statements in 
hierarchical weighting. In particular, INPRE analyzes interval judgments of relative importance in the 
analytic hierarchy process (AHP) while ComPAIRS works with similar statements in value tree 
analysis. - PRIME Decisions: This decision analytic tool allows the decision maker to do interval-
valued ratio statements in the specification of preferences. It computes value intervals and dominance 
structures for the alternatives, and supports several decision rules for the development of 
recommendations. - HIPRE 3+: A decision support software that integrates two decision analysis and 
problem solving methods: AHP and SMART - The Simple Multiattribute Rating Technique. You can 
run both methods independently or combine them in one model. - HIPRE 3+ Group Link: A group 
decision support software, which combines individual prioritizations given by the AHP into an 
interval AHP models called preferences programming model. The full group decision support system 
consists of HIPRE 3+ and HIPRE 3+ Group Link. - Criterion Decision Plus: A multi-criterion 
decision analysis tool that helps users manage decision-oriented data, make decisions, develop 
decision-making guidelines, and communicate their recommendations. The software helps elicit user 
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values through pair-wise comparisons, weights and tradeoffs interfaces. - Winpre: This decision 
support program is an implementation of techniques based on the propagation of imprecise preference 
statements in hierarchical weighting. PAIRS and Preference Programming methods are both 
implemented in Winpre. - Automan: An implementation of AHP designed to support decision about 
automated manufacturing investments. 

108 Examples of this include Return on Equity (ROE), Return on Assets (ROA), Return on Common 
Equity (ROCE), Return on Invested Capital (ROIC), etc.  While the specifics of how each of the 
aforementioned ratios is calculated – that is, while each differs in what information/numbers are 
included in the numerator and the denominator – all calculations such as this fit into the basic model 
that is herein referred to as The Second Formulation. 

109 A virtual simulation could be someone operating an aircraft simulator, or a similar simulator with 
human operators, which joins the scenario and “plays” as if it is a live “actor” or participant.  A 
constructive participant or entity is one that is completely played by a computer. Often, live 
participants in an event cannot tell if the entities are from virtual or constructive simulations or played 
by live actors if the event interactions are via electronic media, such as the common operational 
picture.    

110 While risk is always important to consider, it may be that all the options are thought of as equal risk 
and, therefore, it would not have an influence on the decision.  

 
 




