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ABSTRACT

This thesis examines the basics of total ownership cost (TOC) modeling over the
life cycle of electro-optic/infrared sensors, including the inception phase of Acquisition
Costs, followed by annual Operations and Maintenance (O&M) expenses, and a final set
of Disposition Costs at the end of life of the sensor. This model allows cost analysts to
have better decision analytics of the costs for use in cost comparisons across sensor
platforms, return on investment analysis, portfolio allocation of resources, and analysis of
alternatives. The findings show that the developed model is functional and could be used
in the Department of Defense total ownership cost estimation process to facilitate

decisions among sensor platforms.
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I. INTRODUCTION

Despite the colossal Department of Defense (DoD) budget, the DoD does not have
the luxury of unlimited resources. The DoD has a plethora of competing priorities that it is
required to fund to support the U.S. National Defense Strategy. Therefore, as leaders, it is
imperative to make financial decisions that maximize the overall DoD portfolio. Portfolio
optimization encompasses several tenets including, properly building and refining budgets,
allocating every taxpayers’ dollar as efficiently as possible, and avoiding cost overruns. An
essential tool in portfolio optimization is cost estimation. Reliable cost estimation allow
decision makers and leaders to make more informed financial decisions and decrease the
strain on the DoD’s budget. Cost estimation is both a hard science and an art. Analysts
have the benefit of using historical estimates and actual cost data from previous programs
and projects. Historical data gives costs analysts a starting point for new cost estimates;
however, the uncertainty involved in real life and future events is always present. This
uncertainty makes it impossible to provide the exact cost of a future program, which is
where the skill in cost estimation comes into play. To produce credible and defendable cost
estimates, cost analysts must utilize multiple tools and techniques. This thesis provides a
model designed to help cost analysts understand system life-cycle costs while incorporating
uncertainty. The model allows those analysts to have better decision analytics when making

financial decisions.

A. RESEARCH PURPOSE

The purpose of this thesis is to develop a model to estimate total ownership with
life-cycle costs under uncertainty associated with surface electro-optic infrared (EO/IR)
sensors. It examines the basics of total ownership cost (TOC) modeling over the life cycle
of the EO/IR sensors, including the inception phase of Acquisition Costs, followed by
annual Operations and Maintenance (O&M) expenses, along with a final set of Disposition
Costs at the end of life of the sensor. This model allows managers to have better decision
analytics of the costs of said sensors for use in subsequent cost comparisons across sensor
platforms, return on investment analysis, portfolio allocation of resources, and analysis of

alternatives.



B. RESEARCH FOCUS

In this research, we answer the following primary question: Would an advanced
analytical model be a more effective metric to estimate total ownership with life-cycle cost
under uncertainty than the current method of life-cycle cost estimates for surface EO/IR
sensors? To accomplish this, we will develop and analyze a total ownership with life-cycle
cost model under uncertainty for surface electro-optical infrared sensors. In the
development of the model, we determine what data are required to implement our proposed
model for surface ship EO/IR sensors. We also examine the current Department of Defense
(DoD) method for determining system life-cycle costs for defense systems and will
consider whether the proposed model is a useful alternative to the current method of
determining the life-cycle costs for EO/IR sensors on surface ships. Last, we consider
whether the developed model can be applied to cost estimating in other sectors of DoD cost

projections.

C. RESEARCH SUMMARY

While executing a standard life-cycle—based total ownership cost analysis, we
assume that before the system is operational, there are substantial acquisition costs.
Acquisition costs typically are broken down into Research, Testing, Development, and
Evaluation (RTD&E) costs and procurement costs. These costs are usually referred to as
Year 0, followed by the operational years where operation and maintenance costs will
apply. The final price analyzed is the salvage cost, or the cost to properly dispose of, sell,
or render the system inoperable. The sum of these three expenses is called the life-cycle

cost.

Unfortunately, the accurate calculation of these costs is not as straightforward as
their descriptions. To accurately incorporate these three factors, it is essential to consider
economic theory. The elements of time valuation of money are critical in the analysis of
alternatives. The economic growth, annual discount rate, inflation, and opportunity cost of
investing in a specific system are essential to our study. Other factors include budgetary
cutbacks and changes in technology. Our model allows the cost analyst to input these
changes to manually adjust for each of these. Utilizing this model serves as a proof of

concept to understand how this approach could be used to reduce cost overflow and prevent



budget overruns. The model provides greater insight into the true nature of the cost of cash
outflow and the life cycle of the product and its associated costs. The results the model
produces give leaders a more effective metric to analyze total ownership cost under
uncertainty, therefore allowing leadership to make more informed decisions in the DoD

acquisition process.
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II. BACKGROUND AND LITERATURE REVIEW

A. INTRODUCTION

This background and literature review provide a comprehensive overview of the
topics pertinent to our project. We examine the concepts and best practices in the field of
cost and cost estimation and their application inside the DoD. We then look into the DoD’s
acquisition process as a whole to analyze how the DoD can utilize cost estimation to
influence decision-making. Once we cover basic cost estimation and the acquisition
system, we then move to discussing total ownership cost and life-cycle cost estimation

(LCCE) and how these factors play a role in calculating the overall cost of a system.

The review covers the topics of risk and uncertainty to explain the relationship and
differences between the two, as well as to highlight the importance of properly accounting
for both factors. We conclude with an overview of our model’s subject, the electro-optical
infrared sensor (EO/IR). We give a brief overview of the capabilities as well as the
applications that these sensors have on Navy surface vessels, along with the sensors’,
rapidly changing technology, and state why it is imperative that the Navy continues to buy

these sensors while ensuring the cost stays at a rational price point.

B. COST ESTIMATION
1. Cost Estimation Overview

The DoD receives a limited amount of funds every fiscal year and must decide how
those funds are used in support of national strategies and goals. Specifically, those
decisions fall into one of three categories: long-term planning, budgeting, and choosing
among alternatives (Mislick & Nussbaum, 2015). The government is tasked with spending
taxpayers’ dollars effectively and efficiently. This means that DoD decision-makers must
ensure they make strategic investments, including the acquisition of new programs and
systems. Before a program is implemented or system purchased, decision-makers must

understand the full cost that will be incurred and its effect on the DoD’s limited budget.

The projected costs of major acquisitions are produced through a process known as

cost estimation. Cost estimation is defined as “the process of collecting and analyzing



historical data and applying quantitative models, techniques, tools, and databases in order
to predict an estimate of the future cost of an item, product, or task” (Mislick & Nussbaum,
2015, p. 11). In basic terms, cost estimation is performed by running relevant data from the
past through a model or database to predict what an item will cost in the future. It is

important to note that reliable historical data is fundamental to this process.

In order to produce cost estimates, analysts must first gather available historical
data. In Mislick and Nussbaum’s book, Cost Estimation Methods and Tools, they describe
data collection as often the most time-consuming and costly step of the entire cost
estimation process (2015). Mislick and Nussbaum assert that only after the historical data
has been obtained can the cost analyst start the “organization, normalization, and
management of that historical data” (p. 11). They go on to clarify that normalization refers
to taking the historical data and “applying adjustments to that data to gain consistent,
comparable data to be used in your estimates” (p. 78). Normalizing the data set allows the
analyst to compare data across different periods of time by adjusting for different factors.
Mislick and Nussbaum explain that a data set must be normalized three different ways: for
content, for quantity, and for inflation. Normalizing for content ensures you are comparing
the same category or type of data (Mislick & Nussbaum, 2015). Normalizing for quantity
ensures that the analyst is comparing data at the same point on the learning curve of
production and comparing equal quantities (Mislick & Nussbaum, 2015). Lastly, the data
is adjusted to account for inflation when comparing data from different years (Mislick &

Nussbaum, 2015).

The second component of cost estimation is the quantitative model that is used to
turn normalized historical data into a future cost estimate. Mislick and Nussbaum (2015)
explain that the “profession of cost estimating is scientifically grounded by using
transparent, rationally defensible and reviewable quantitative methods™ (p. 12). The
development of a high-quality quantitative model is key in cost estimation. If a poor
quantitative model is used, then the quality and reliability of the cost estimate will also be
poor. This axiom highlights the importance of the development of quality cost models for

EO/IR sensors.



The third part of Mislick and Nussbaum’s (2015) definition of cost estimation is
the prediction. The ultimate goal of cost estimation is to predict a future cost. The
prediction is based on the information available at the time. We can only “estimate the
conditions that will pertain later when the project is executed” (Mislick & Nussbaum, 2015,
p. 12) and must rely on the information available in the present. While no one can forecast
the future with 100% accuracy, through historical data and quantitative models we are able
to provide a more accurate prediction that, while not perfect, is still a useful tool for

decision-makers in the acquisition process.

Mislick and Nussbaum (2015) explain that the overall objective of the cost
estimation is to provide a complete, reasonable, credible, and analytically defensible
estimation of future costs—a quality estimate—that can be used by decision-makers. They
have provided a breakdown of characteristics essential to a quality cost estimate, and we

explore some of these characteristics in the following paragraphs.

One of most important characteristics of a quality cost estimate is that it must be
understandable to the cost analyst or decision-maker in order to be an efficient decision-
making tool (Mislick & Nussbaum, 2015). To this end, a complex approach to cost
estimation should be avoided, and a simpler approach should be used (Mislick &
Nussbaum, 2015). An understandable estimate also clearly lays out the assumptions and
ground rules that were used in the process (Mislick & Nussbaum, 2015). With the diversity
among people’s backgrounds and experiences, there can be differing underlying
assumptions in the cost-estimation process. Therefore, the assumptions used must be
clearly stated, and a sensitivity analysis should be performed to accommodate additional

variations of assumptions (Mislick & Nussbaum, 2015).

Another characteristic of a quality cost estimate is that it is “anchored in historical
program performance” (Mislick & Nussbaum, 2015, p. 13). We previously stated that cost
estimation uses historical data to predict future cost. Therefore, an important aspect of the
historical data is its relation to the future costs we are trying to predict. The cost estimation
must be based on data from a similar system or program (Mislick & Nussbaum, 2015). For
example, if we are trying to estimate the cost of a new class of surface ship, we should not

be using historical data from a submarine program as such data would not produce a quality



estimate. Instead, we should use the historical data from a past class of surface ship that
has features similar to the new class. Although we are using historical data as a base, we
must also account for “current and potential future process and design improvements”
(Mislick & Nussbaum, 2015, p. 13). We are trying to predict the cost of a new future
system, which may have updated designs and processes with no historical data. These
updates and improvements still need to be accounted for in our estimation and are often
accomplished by subject matter experts (SMEs) and their professional judgment (Mislick
& Nussbaum, 2015). Lastly, cost estimates are about predicting the future, and with the
future comes uncertainty. In order to produce quality estimates, cost analysts must address
the uncertainties and risk associated with the program (Mislick & Nussbaum, 2015). We

go into more detail about how risk and uncertainties are addressed in cost estimation later.

2. Cost Overview

Before comprehending cost estimation methods, it is important to become familiar
with the terms associated with cost estimation. To begin with, an understanding of cost
provides a solid foundation in the cost estimation process. If analysts and decision-makers
do not understand what we are trying to predict, then we will not produce a quality or
credible estimation. The term cost is often used interchangeably with the term price;
however, they do not have the same meaning. There is an important distinction between
the two terms. Mislick and Nussbaum (2015) define cost as the total amount of money
needed to produce a certain item, or a quantitative measurement that accounts for all
resources needed to produce an item. However, they refer to price as the amount of money
that a person must pay for an item. When people go into a store, they normally ask the
salesperson “What does this item cost?”” Answering the literal question of what an item
costs would encompass every resource that went into the development and production of
that item. Instead, the accurate question is “What’s the item’s price?” or “How much
money must I exchange to receive that item?” In cost estimation, we are focused on the

question of what a program or project costs.

Because the term cost can refer to a number of different types or categories, the
type of cost is important to understand during the cost estimation process. One of the first

distinctions is between recurring and nonrecurring costs. A recurring cost is “repetitive and



occurs each time a company produces a unit” (Mislick & Nussbaum, 2015, p. 26). When a
bottling company produces a bottled beverage, each bottle cap has an associated cost. The
cost of each bottle cap is recurring. In contrast, a nonrecurring cost is “not repetitive and
cannot be tied to the quantity of the items being produced” (Mislick & Nussbaum, 2015,
p. 26). The cost associated with the purchase of the bottling machine would be considered
nonrecurring. Closely related to recurring and nonrecurring costs are fixed and variable
costs. According to Mislick & Nussbaum (2015), variable costs are associated and vary
with the level of production. The more units produced the more the total variable cost.
However, they describe fixed costs as unaffected by the level of production and are
“generally associated with nonrecurring costs” (p. 27). No matter how many units are

produced, the fixed cost will remain unchanged.

Another distinction between types of cost is direct and indirect costs. A direct cost
can be “reasonably measured and allocated to a specific output, product, or work activity”
(Mislick & Nussbaum, 2015, p. 26). The material used to produce an item is a direct cost.
An indirect cost “cannot be attributed or allocated to a specific output, product, or work
activity” (Mislick & Nussbaum, 2015, p. 27). The maintenance required for the upkeep of
a machine used in production is indirect. Operating costs that are not direct labor or
material, such as electricity and property taxes, are classified as overhead costs (Mislick &

Nussbaum, 2015).

Other cost classifications are sunk costs and opportunity costs. A sunk cost is a cost
that has already been incurred, as it occurred in the past. These costs are considered
irrelevant to decision-makers, as the money spent cannot be retrieved (Mislick &
Nussbaum, 2015). If a person walks into a car dealership and purchases a car, the cost of
that car is not used in considering future upkeep or upgrades. The person cannot get back
the money spent and reallocate it; therefore, it is sunk. Opportunity cost arises when there
is more than one option to be considered. Mislick and Nussbaum (2015) define opportunity
cost as the “measure of the lost value when you do not choose what turns out to be the
optimal solution or alternative” (p. 29). In the car dealership scenario, you have the option
of buying several different cars. Each of those cars has different features and a different
value. In order to buy one car, you have to decide not to buy the others. This means you

are giving up some features or value. Opportunity costs are important for decision-makers



when determining the best available option among multiple alternatives. Decision-makers

must also consider the classification of life-cycle costs.

3. Life-Cycle Cost

In developing a cost estimate, cost analysts first must understand a program’s or
project’s life cycle. A life cycle follows the project or program from its inception to its
disposal, or “cradle to grave.” It includes “the various stages of activity or phases through
which the project progresses on its way from beginning to completion” (Rendon & Snider,
2008, p. 3). The life cycle starts at a program’s development, flows through its production,
operation, and maintenance, and finally concludes after proper disposal. The costs

associated with this process are classified as the program’s life-cycle cost (LCC).

The Defense Acquisition University (DAU) defines life-cycle cost as the direct cost
of the acquisition program, as well as the indirect cost that can be logically attributed to
the program over the entire life cycle (“Life cycle cost,” n.d.). It includes the cost to the
government to “acquire, operate, support (to include manpower), and where applicable,
dispose” (“Life cycle cost,” n.d., para. 2) of a system or program. There are multiple
stakeholders in the DoD, such as Congress, the program manager and office, and
contractors, who view a program’s life-cycle cost from different perspectives. These
multiple perspectives have led to three different methods of breaking down and displaying

LCC.

The first method is breaking down program life-cycle costs into five different
appropriation categories (“Life cycle cost,” n.d.): Research, Development, Test, and
Evaluation (RDT&E); Procurement; Operations and Maintenance (O&M); Military
Construction (MILCON); and Military Personnel (MILPERS). This method is used to

develop and submit budget requests to Congress (“Life cycle cost,” n.d.).

However, program managers and program offices would not find the first method
as useful as Congress does. Instead, they utilize program life-cycle costs that are broken
down by Work Breakdown Structure (WBS; “Life cycle cost,” n.d.). The DAU describes
a WBS as a framework that displays “the total system as a product-oriented family tree

composed of hardware, software, services, data, and facilities” (“Life cycle cost,” n.d.,
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para. 5). The WBS relates all of the work elements to each other and eventually to the final
product (“Life cycle cost,” n.d.). A WBS encompasses all of the work necessary to produce
a product (Huynh & Snider, 2008). This breakdown shows the relationship between costs
and different elements of a system, which is a useful tool for program managers and

contractors.

The Office of the Secretary of Defense (OSD) for Cost Assessment and Program
Evaluation (CAPE) outlines the third display method in its Operating and Support Cost-
Estimating Guide (OSD CAPE, 2014). OSD CAPE defines a program’s life-cycle cost as
the summation of four different cost categories or phases: Research and Development
(R&D), Investment, Operating and Support, and Disposal (OSD CAPE, 2014). Figure 1

provides a graphical representation of the four cost categories over a program’s life cycle.
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Figure 1. Notional Profile of Annual Program Expenditures by Major Cost
Category over the System Life Cycle. Source: OSD CAPE (2014).

R&D is the initial cost category or phase in a program’s life cycle. These costs are

the first incurred in the research, design, and development of a new system or program.
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They can also include the “system design and integration; development, fabrication,
assembly, and test of hardware and software for prototypes and/or engineering

development models” (OSD CAPE, 2014, p. 2-3).

Following R&D is the Investment cost category. These costs are incurred from
“procurement and related activities from the beginning of low rate initial production
(LRIP) through completion of deployment” (OSD CAPE, 2014, p. 2-3). LRIP refers to the
production of the minimal number of a product or system that is required for Initial
Operational Test and Evaluation (IOT&E; “Low Rate Initial Production [LRIP] of
Production and Deployment Phase,” n.d.). Investment costs can include program
management, initial spares, technical publications, and equipment training (OSD CAPE,

2014).

The Operating and Support (O&S) phase is the third phase in the OSD CAPE
definition of LCC. The O&S phase normally accounts for a majority of a project’s life-
cycle costs (OSD CAPE, 2014). O&S consists of all of a system’s operation and
sustainment costs from initial deployment to the end of its operational life. This includes
all costs associated with “operating, maintaining, and supporting a fielded system” (OSD
CAPE, 2014, p. 2-3). Specifically, costs can include “personnel, equipment, supplies,
software, and services associated with operating, modifying, maintain, supplying, and

otherwise supporting a system” (OSD CAPE, 2014, p. 2-3).

The fourth and final OSD CAPE cost category is Disposal. Disposal costs are those
associated with the proper disposal or demilitarization at the end of a system’s operational
life (OSD CAPE, 2014). These costs can include “disassembly, materials processing,
decontamination, collection/storage/disposal of hazardous materials and/or waste, safety
precautions, and transportation of the system to and from the disposal site” (OSD CAPE,
2014, p. 2-5). However, disposal costs can also be incurred during the sustainment phase
due to unplanned system losses (OSD CAPE, 2014). We will revisit this method of life-

cycle costing in our discussion of total ownership costing.
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C. DEPARTMENT OF DEFENSE ACQUISITION PROCESS
1. Defense Acquisition Overview

To comprehend how life-cycle costs and cost estimation are used in the DoD, cost
analysts first must have a basic understanding of the DoD acquisition process. DoD
Directive 5000.01 defines the purpose of the acquisition process as the ability to “acquire
quality products that satisfy user needs with measurable improvements to mission
capability and operational support, in a timely manner, and at a fair and reasonable price”
(Office of the Under Secretary of Defense for Acquisition, Technology, & Logistics
[OUSD(AT&L)], 2007, p. 3). In acquiring a new system or program, the DoD uses the
Defense Acquisition System (DAS), which is defined in Directive 5000.01 as a
“management process by which the Department of Defense provides effective, affordable,
and timely systems to the users” (OUSD[AT&L], 2007, p. 2). However, the DAS is not the
only part of the acquisition process. It is used in conjunction with two other DoD Decision
Support Systems (Ambrose, 2017a): the Joint Capabilities Integration and Development
System (JCIDS) and the Planning, Programing, Budgeting, and Execution process (PPBE).
These support systems identify and document the operational requirements or needs and
guide the program’s financing process. We are providing a brief overview of both support

systems because they are fundamental to the overall DoD acquisition process.

Dealing with identifying, assessing, and prioritizing military operational
requirements, JCIDS represents the foundation of the defense acquisition program process.
It uses a top-down approach stemming from the National Military Strategy and flows into
joint concepts and joint capabilities. The DAU (“Joint Capabilities Integration and
development System [JCIDS],” n.d.) describes the JCIDS process as a “collaborative effort
that uses joint concepts and integrated architectures to identify prioritized capability gaps
and integrated doctrine, organization, training, materiel, leadership and education,
personnel, and facilities (DOTmLPF) solutions (materiel and non-materiel) to resolve
those gaps” (para. 2). The JCIDS process starts with the identification of an operational
capability gap and the requirements needed to fill the associated gap. This can be achieved

through a Capabilities-Based Assessment (CBA) and two different potential solutions:
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materiel or non-materiel (JCIDS, n.d.). If a materiel solution is decided on, then the DoD

acquisition process proceeds.

As an example, if a commander discovers his or her sailors are unable to combat a
new threat with the ship’s current systems, a capability gap has been identified. The DoD
will address this gap and the need for a solution through the JCIDS process. If the solution
is a new or updated system, then a new program will be developed through the defense
acquisition process. Once the need for a new system or program has been identified,

decision-makers can transition to the financing side of the acquisition process.

The Planning, Programing, Budgeting, and Execution process (PPBE) is the second
acquisition support system. The DAU defines the process as the DoD’s “internal
methodology used to allocate resources to provide capabilities deemed necessary to

2

accomplish the Department’s missions” (“Planning, programming, budgeting & execution
process [PPBE], n.d., para. 3). The process focuses on how resources are allocated in the
DoD to support both current and future acquisition programs, and more specifically, on

how the DoD finances those programs. The PPBE process is broken down into four phases.

In the first phase, planning, the required capabilities to support and complete the
missions outlined in the national policy are developed. This phase produces the Joint
Programming Guidance (JPG), which provides guidance and establishes priorities for the
Program Objective Memorandum (POM; Candreva, 2008). However, the JPG does not
account for any fiscal constraints. The next phase in the PPBE process is programming.
This phase entails applying fiscal constraints to the objects produced in the planning phase
and results in the production of the POM, which outlines the plan for the allocation of
funding to programs (Candreva, 2008). The third part of the PPBE process is the budgeting
phase. The goal of this phase is converting the information contained in the POM into the
budget format required by Congress and the Office of Management and Budget (OMB;
Candreva, 2008). The budget outlines what the money is for, why is it needed
(justification), and the monetary amount; it represents a request for spending authority. The
appropriations from Congress grant that authority and give the power to obligate funds
from the U.S. Treasury to an objective (Candreva, 2008). After the authorization and

appropriations bill has been signed, decision-makers can enter the execution phase, the
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fourth phase of the PPBE process (Candreva, 2008). Execution refers to the act of
exercising the authority granted by the appropriation or the spending of the money
(Candreva, 2008). The PPBE is an important part of the acquisition process. Without the
funding piece, the DoD would not be able to acquire the new programs and systems that

have been identified as a need through the JCIDS process.

Now that the two support systems, JCIDS and PPBE, have identified capability
need and established program funding, decision-makers can turn to the DAS. The DAS is
governed by the DoD’s Instruction 5000 series, which provides policy and principles, as
well as a foundation of management for the DAS. The DAS has established a five-phase
framework for defense acquisition programs. It takes the capability need identified through
the JCIDS process and develops it into a working system. The process follows the system
from the program’s conception through its operational phase and ends with its disposal.
Figure 2 from DoDI 5000.02 (OUSD[AT&L], 2017) shows the DAS process for a

hardware-intensive product.

Development Initial ) Full )
RFP Full Rate Operational Operational
CDD Release Production Capability  Capability
Validation  Decision (FRP) Decision ~ (10C) (FOC)

0 A\CO A \<>

LRIP
Operational Test and
Evaluation (OT&E) Sustainment Disposa
Materiel  Technology Engineering & Production & Operations & Support
Solution  Maturation & Manufacturing Deployment
Analysis Risk Development
Reduction

Legend: A= Milestone Decision 0= Decision Point

Figure 2. Hardware-Intensive DAS Process. Source: OUSD(AT&L; 2017).

Materiel Solution Analysis (MSA) is the first phase of the DAS. DoDI 5000.02
describes the MSA purpose as “conduct [ing] the analysis and other activities needed to

choose the concept for the product that will be acquired, to begin translating validated
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capability gaps in system-specific requirements” (OUSD[AT&L], 2017, p. 18). This phase
takes the identified capability gaps and needs from the JCIDS process and translates them
into the requirements for the desired acquisition. Numerous technologies are then analyzed
and evaluated to determine which one best fulfills those needs and requirements (Ambrose,

2017b).

The second phase of the DAS is Technology Maturation and Risk Reduction
(TMMR). The purpose of this phase, as defined by the DAU, is “to reduce technology,
engineering, integration, and life-cycle cost risk to the point that the decision to contract
for Engineering and Manufacturing Development (EMD) can be made with confidence for
the successful program execution of development, production, and sustainment”
(“Technology maturation and risk reduction,” n.d.). The goal of this phase is to reduce the

risks associated with the product that will be developed (OUSD[AT&L], 2017).

Following the TMMR phase, the process enters the EMD phase of the DAS. The
goal of the TMMR phase is to ensure that a system meets all the operational requirements
through development and testing (OUSD[AT&L], 2017). The hardware and software
designed are being completed and prototypes are built during this phase. These prototypes
will undergo a Developmental Test and Evaluation (DT&E) to verify the capability
requirements have been met (OUSD[AT&L], 2017). These results will support the decision

to enter into the next phase.

Production and Development (P&D) is the fourth phase of the DAS. The purpose
of this phase is “to produce and deliver requirements-compliant products to receiving
military organizations” (OUSD[AT&L], 2017, p. 30). In this phase, the product undergoes
testing, including Operational Test and Evaluation (OT&E), to verify that the product
meets the operational requirements before full production and deployment
(OUSD[AT&L], 2017). After successful testing, the product can be produced and then
fielded for use by operational forces. The phase also encompasses Low Rate Initial
Production, Limited Deployment, Full-Rate Production Decision, and eventually Full-Rate
Production and Deployment (OUSD[AT&L], 2017).

The last phase of the DAS is Operating and Support (O&S). Its purpose is to

“execute the product support strategy, satisfy materiel readiness and operational support
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performance requirements, and sustain the system over its life cycle (to include disposal)”
(OUSD[AT&L], 2017, p. 31). The phase consists of two main stages, sustainment and
disposal. Sustainment continues the full rate production, deployment, and operational
support of the product throughout its life (OUSD[AT&L], 2017). This phase also includes
proper disposal at the end of the product’s life. At the end of a product’s operational life,
it will be “demilitarized and disposed of in accordance with all legal and regulatory
requirements” (OUSD[AT&L], 2017, p. 32). After a product’s disposal, the DAS is

complete.

2. Cost Estimation in the Department of Defense

Cost estimation is an important and required tool used by decision-makers in
defense acquisitions. The requirement for a cost estimation is outlined in the DoD
Instruction 5000.02, Operation of the Defense Acquisition System. Specifically, the
instruction mandates that the “DoD Component will develop a DoD Component Cost
Estimate that covers the entire life cycle of the program for all Major Defense Acquisition
Programs (MDAPSs) prior to Milestone A, B, and C reviews and the Full-Rate Production
Decision; and for all Major Automated Information System (MAIS) programs at any time
an Economic Analysis is due” (OUSD[AT&L], 2017, p. 135). This means that before the
acquisition process can move beyond the MSA, TMRR, and EMD phases and ultimately
continue on to full production, a cost estimate encompassing the entire program life cycle
must be produced. In addition to the DoD’s Component Cost Estimate, a separate,
independent cost estimate is also required. DoDI 5000.02 requires the Milestone Decision
Authority to consider an “independent estimate of the full life-cycle cost of a program,
prepared or approved by the Director of Cost Analysis and Program Evaluation (DCAPE)”
(OUSD[AT&L], 2017, p. 135). The DoD Component and DCAPE estimates are classified
by the DoD as Life-Cycle Cost Estimations (LCCEs). Mislick and Nussbaum (2015)
describe an LCCE as “a cost estimate for the totality of the resources that will be necessary

throughout the product’s life cycle” (p. 18).

There are four main cost-estimating techniques used in the DoD to develop an
LCCE, and they can be used in different phases of a program’s life cycle (Ambrose, 2017a).

The first method is parametric cost estimating and involves the use of statistical inferences
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to generate an estimate based on system performance and design (Ambrose, 2017a). Using
historical data from similar systems, cost estimation relationships (CERs) and patterns are
identified. Those patterns are assumed to hold true in the future and are used to predict cost
(Mislick & Nussbaum, 2015). The second method is analogy cost estimating, whereby a
new system is compared to a similar existing system. The analogy method is a relatively
quick and inexpensive method; however, it may not be as precise as other methods
(Ambrose, 2017a). The parametric and analogy methods are normally used early in the
acquisition process during the MSA, TMMR, and EMD phases (Ambrose, 2017a). The
third and most time-consuming method is engineering cost estimation. In this method, the
system is broken down into its WBS elements in which individual detail estimates are
conducted. These estimates are then summed together to create the overall estimate
(Mislick & Nussbaum, 2015). The engineering method is used during the TMRR phase
and through the remaining acquisition process (Ambrose, 2017a). The last main method
used by the DoD is actual costing. This method uses the actual costs from a system that
were incurred in the past to predict the cost of producing that system in the future

(Ambrose, 2017a). This method can be used after a program has entered the P&D phase.

D. TOTAL OWNERSHIP COST

While LCCEs are useful tools for decision-makers, they present a narrower scope
when a broader perspective may be more beneficial (Kobren, 2014). Thus, we introduce
the concept of total ownership cost (TOC). The DAU defines total ownership cost as
including the “elements of life-cycle cost as well as other infrastructure or business process
costs not normally attributed to the program” (Kobren, 2014, para. 2). Infrastructures refers
to “all military department and defense agency activities that sustain the military forces
assigned to the combatant and component commanders” (Kobren, 2014, para. 3). The
major infrastructure categories are support to equipment, support to military personnel, and
support to military bases (Kobren, 2014). Not normally included in a traditional LCCE,
other support activities to consider in a cost estimate are recruiting, environmental and
safety compliance, management headquarters functions, and logistics infrastructure

activities (Kobren, 2014).
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DoD Directive 5000.01 states that “DoD Components shall plan programs based
on realistic projections of the dollars and manpower likely to be available in future years.
To the greatest extent possible, the MDAs shall identify the total costs of ownership, and
at a minimum, the major drivers of total ownership costs” (OUSD[AT&L], 2007, p. 5).
This requires the DoD to expand beyond the basic life-cycle cost estimation and include
the support activities and infrastructure costs. To support the DoD directive, the
Department of the Navy (DoN; 2014) issued its Total Ownership Cost (TOC) Guidebook
in which it describes “new departmental and naval processes” (p. 6) that support the DoD
policy of the identification of total costs of ownership. Specifically, the guidebook assists
the DoN and its organizations in developing, understanding, and applying the TOC

requirements of the DoD.

The DoN (2014) outlines the importance of TOC: “As the DoD (and Navy) funding
remains constant or declines, and as Navy’s purchasing power declines as a result,
increasing the decision weight priority for alternatives that can mitigate and reduce TOC
becomes our clearest path to a capable and optimally affordable Fleet” (DoN, 2014, p. 8).

For this reason, we focus our model on TOC instead of a standard life-cycle cost.

E. RISK AND UNCERTAINTY

A key point that we need to understand in cost estimating is that the future is
uncertain. Therefore, an essential pillar in developing a defendable and credible cost
estimate is ensuring that risk and uncertainty are incorporated. A cost estimate can be
severely affected by factors such as technological maturity, schedule slips, software
requirements, or any other unforeseen event (Mislick & Nussbaum, 2015). Unknown
factors make any point estimate or any exact answer extraordinarily unlikely (Mislick &
Nussbaum, 2015). A more accurate estimate uses a central tendency centered on the
original point estimate and a range both higher and lower to define the bounds of the

estimate.

Though similar and related, risk and uncertainty are not synonymous. In the
simplest terms, risk is the probability of the occurrence of a negative or unfavorable event,
while uncertainty is the lack of certainty, or the realization that definitively knowing the

outcome of any future event is completely impossible (Mislick & Nussbaum, 2015). In
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Johnathan Mun’s (2015) book, Readings in Certified Quantitate Risk Management
(CORM), he states that

The concepts of risk and uncertainty are related but different. Uncertainty
involves variables that are unknown and changing, but uncertainty will
become known and resolved through the passage of time, events and action.
Risk is something one bears and is the outcome of uncertainty. Sometimes
risk may remain constant while uncertainty increases over time. (p. 28)

A good way to think about risk and uncertainty is to imagine going on a skydiving
trip with a friend. As the plane takes off, you and your friend realize that there is only one
parachute and that parachute is looking like it is somewhat past its service life. Your friend,
being slightly more adventurous than you, decides to grab the parachute and take the jump.
Both you and your friend share the same level of uncertainty about whether the parachute
will open and whether your friend will live to tell the story. However, only your friend will

assume the risk of jumping out of the plane and falling to his or her death.

Though better than ignoring risk altogether, incorrect treatment of risk can
significantly affect the estimate. Cost estimating risk, schedule or technical risk,
requirements risk, and threat risk are the four types of risk that play a factor in the cost
estimation for a life-cycle cost. Cost estimating risk is the risk attributed to cost estimating
error and uncertainty due to the numerical methodology used (Mislick & Nussbaum, 2015).
Next, schedule or technical risk is the risk associated with the inability to accomplish
schedule or technical objectives of the design or current specification, which stretches the
timeline of the program completion (Mislick & Nussbaum, 2015). Requirements risk is the
risk of the original requirements being shifted due to shortfalls in the original requirements
documentation or due to the current design failing to complete the requirement. The final
category is threat risk, the risk of a new unforeseen threat due to a complete change in the

original problem (Mislick & Nussbaum, 2015).

Even after a cost estimator does due diligence in looking at historical data and
normalizing data to build an analogy, parametric, engineering, or actual estimate, the
multiple sources of uncertainty can still play a large factor in the estimate. Because cost
estimators do not have a crystal ball that they can use to tell the exact future, they must use

assumptions such as inflation rates and changes in technology.
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F. ELECTRO-OPTICAL INFRARED SENSORS
1. Background

As cited in Driggers, Friedman, and Nichols (2012) book, Introduction to Infrared
and Electro-Optical Systems, electro-optics (EO) refers to the field of systems that convert
photons into electrons. Driggers et al. note that these systems are designed to respond to
wavelengths within the 0.4-3 micrometer region. They deliver images that are analogous
to human vision, and the authors point out that some EO systems are even capable of

processing the near or short infrared (IR) spectral region (Driggers et al., 2012).

The term target is used to describe the desired image sought with an EO sensor.
The signal from a target usually has a large reflective component, typically in the EO
wavelength band. The target is provided this reflection component by moonlight, starlight,
sunlight, or any artificial light source (Driggers et al., 2012). The light sources reflecting
off of the background and the target are known as external radiation. Radiation reflected
by targets and background does not go directly to the EO sensor. The reflected radiation
must first transition through the atmosphere, where it experiences scattering, before being
processed by the EO sensor (Driggers et al., 2012). Scattering is a phenomenon where
particles in the atmosphere such as smoke, smog, or mist interfere with the reflection. Once
the reflected radiation meets the EO sensor, it is passed through the sensing element, which
could be detectors, tubes, or image intensifiers (low light situations) (Driggers et al., 2012).
Next, the output of the sensor element is digested by the electronics and sent to a human
interface for the operator (human) to gather some information from the process. This
information could take myriad shapes such as detection, recognition, or identification of
targets such as a warship. In short, EO sensors detect the light reflected off the subject from

the scene (Driggers et al., 2012). Figure 3 represents a typical EO sensor scenario.
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Figure 3. Typical EO Sensor Scenario. Adapted from Driggers et al. (2012).

Infrared is able to recognize the spectral region from 0.7 to 14 micrometer
wavelengths. It is divided into four subregions: the near-infrared (NIR) region is from 0.7
to 1.1 mm, the short-wave infrared (SWIR) region is from 1.1 to 3 mm, the mid-wave
infrared (MWIR) region is from 3 to 5 mm, and the long-wave infrared (LWIR) region is
from 8 to 14 mm (Driggers et al., 2012). Infrared is primarily used in night operations
(Driggers et al., 2012). The science of infrared is based on the science supporting Planck’s
law, which states that all bodies above the temperature of absolute zero emit
electromagnetic radiation. The electromagnetic radiation is exploited to uncover the
electromagnetic signatures given off that do not correlate to the wavelengths visible by the
human eye or EO sensors.

As the temperature of the object gets hotter, the peak wavelength moves to

shorter wavelengths so that at very hot temperatures the radiation is

perceived by the eye as light. The emissive surface characteristics of the hot

object determine the spectral emission weighting of the radiation. The

radiation emitted travels through the atmosphere, where it will then meet
the aperture of the sensor. (Driggers et al., 2012, p. 7)

Most IR sensors provide situational awareness for very low light situations such as
night vision, surveillance of low-lit areas, and navigating through smoke-filled
compartments (Driggers et al., 2012). Figure 4 shows the basics of an infrared sensor

scenario.
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visible light

Figure 4. Typical IR Sensor Scenario. Adapted from Driggers et al. (2012).

The design of EO or IR imaging is very dependent on the purpose of the sensor,
and the performance of the system is predicated on the functions of the wavelength
(Driggers et al., 2012). Factors such as the characteristics of the scene and the atmosphere
will determine the quality of the image obtained by the sensor. For EO sensors, the largest
factor is reflectivity, or how much of the external radiation from the scene is going to make
it back to the sensor (Driggers et al., 2012). For IR sensors, the question is far more focused
on the emissivity of the target, or how much electromagnetic radiation is the target is

creating that will get back to the sensor (Driggers et al., 2012).

2. EO/IR Sensors on Surface Ships

Before the advent of electro-optics, direct optics were a commander’s main
resource in support of tactical decision-making. Binoculars, stadimeters, and periscopes
were the key in situational awareness and obtaining fire control solutions for torpedoes and
gun engagements (Davidson, 2015). With the invention of EO, warfighters are no longer
restricted to the limitations of the human eye. The application of using television cameras
and the discovery of light-sensitive semiconductor materials allow images to be converted

into electrical signals that are fed into displays for humans to process information. EO
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sensors paired with the ability of infrared sensors allow warfighters to discern a target in

the most vast and unlit environments (Davidson, 2015).
In Nitschke’s (2007) article, “New Generation Naval Electro-Optics,” he states that

Electro Optical/Infrared technology is an invaluable aid for the 21st century
digitised battlespace arena. It provides surface warships, submarines, and
maritime aviation operating in the varying naval environment with
extensive image gathering, navigational, and targeting capabilities. (p. 87)

The constant advances in EO/IR systems have developed sensors with integral
lasers that are used to measure distances with extreme accuracy and are a fraction of the
size of the range finders of legacy ships (Davidson, 2015). In an Institute for Defense
Analyses report entitled A Tutorial on Electro-Optical/Infrared (EO/IR) Theory and
Systems, it is stated that “the performance of an EO/IR sensor depends on the optics,
detector, display, target-background contrast and the intensity of the illumination source”
(Koretsky, Nicoll, & Taylor, 2013, p. 5). Using the background on EO/IR sensors detailed
previously, it can be seen that there are a multitude of applications for these sensors on

surface ships.

Technological advances have emphasized the importance of the opportunity and
the necessity to reinvest in the newest technologies and systems. These advances in
technology will drive future EO/IR system purchases by the DoD. These system
acquisitions will require a credible and reliable cost estimation to ensure the DoD manages
its budget effectively. With the complexity and uniqueness of EOQ/IR systems, an efficient
cost estimation model is needed to account for all life-cycle costs. The additional aspect of
uncertainty should also be considered in the estimation. The cost estimation model we are
proposing takes into account total ownership costs for and uncertainty of the acquisition of
EO/IR systems for U.S. Navy surface ships. This model serves as a proof of concept to
help future DoD decision-makers understand the costs associated with EO/IR systems so

they can make strategic investments.

3. Program Executive Office Integrated Warfare Systems

The mission of Naval Sea Systems Command (NAVSEA) is to “design, build,

deliver, and maintain ships and systems on time and on cost for the United States Navy”
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(NAVSEA, n.d.). NAVSEA is overall responsible for systems on Navy surface ships
including EO/IR sensors. To help manage all of these programs, NAVSEA contains five
affiliated Program Executive Offices (PEOs). Each PEO is responsible for managing all
aspects of its assigned programs’ life cycles (NAVSEA, n.d.). EO/IR sensors fall under the
purview of the PEO Integrated Warfare Systems (IWS). The Program Executive Office
Integrated Warfare Systems (PEO IWS) is tasked to “develop, deliver, and sustain
operationally dominant combat systems for Sailors” (Assistant Secretary of the Navy for
Research, Development & Acquisition, n.d.). In August 2018, PEO IWS had 196 active
contracts with a total value of $33.2 billion and was responsible for 129 programs and

projects (Deputy Major Program Manager, 2018).
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III. MODEL INTRODUCTION

A. MODEL GUIDANCE

This chapter gives a comprehensive description of our model entitled “TOC Model
Worksheet (Final).xIsx and the directions for operating it. This model was developed by
Johnathan Mun (jemun@nps.edu), Eliah Ledbetter (eliah.ledbetter@nps.edu), and Katelyn
George (katelyn.george@nps.edu) at the Naval Postgraduate School in Monterey, CA, to
model the life-cycle and total ownership costs of surface electro-optic infrared (EO/IR)
sensors for NAVSEA. This chapter is intended to prepare the model’s cost to apply the
fundamentals of TOC over the entire life cycle of an EO/IR sensor from the acquisition

cost through disposal.

B. TOTAL OWNERSHIP COST WITH LIFE-CYCLE MODEL

This chapter is not a guidance on design specification; it is, instead, a guide to decision-
analytic modeling of a sensor for use in a follow-on comparison between alternatives. In a life-
cycle-based analysis of TOC, an essential set of assumptions includes that there is a multitude
of costs incurred prior to the system being operational, such as R&D and Production. In this
example, these costs are identified as Year 0 (as shown in Figure 5). The follow-on cost
represents the operational years of the system; in this example, these years are designated as
Year 1 through Year 10 (see Figure 5) where the Operation and Maintenance (O&M) costs
apply. In the final year of operations (Year 10 in Figure 5), the additional cost incurred must
be considered to either dispose of, salvage, or otherwise render the system inoperable. Figure
5 shows the typical life-cycle cost over time, which is calculated by taking the summation of
the aforementioned costs incurred over the life cycle of the system. It is imperative to remember
the importance of economic theory while dealing with multiyear projects. These costs must be
annually discounted at a predetermined discount rate to reflect the time value of money (the
purchasing power of a dollar today is not equivalent to the purchasing power of a dollar
tomorrow due to economic factors such as economic growth rate, inflation, and changes in
interest rates). Finally, the O&M cost may also change over the system’s life due to inflation,
budget restrictions, and changes in technology; this model allows for these factors to be

adjusted manually.
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Typical Lifecycle Cost

YearO Yearl Year2 Year3 Yeard Year5s Yeard Year7 YearB Year® Yearl0

Figure 5. Typical Life-Cycle Cost over Time

To understand this chapter, it is imperative that the reader be familiar with the
primary function of Microsoft Excel and comprehend the fundamentals of Risk Simulator.
These two prerequisites are essential for running Monte Carlo simulation to attempt to
quantify the uncertainties in the cost over a system’s life. Risk simulation only needs to be
applied to the model when a risk or uncertainty analysis is required for the modeled sensor
or system. The Excel model is divided into multiple worksheets. The first five worksheets
are labeled System A to System E. These are five identical worksheets prepopulated with
standard EO/IR generic cost structures (see Figure 6). Unlocking the worksheets allows the
cost analyst to make modifications to the equations and model, alter the model structure,
and audit the model’s calculations. However, for regular use, it is recommended that the
worksheets remain locked to prevent insertions of any accidental and erroneous changes to
the model. Figure 6 shows the first two dozen rows of the model, while Figures 7 and 8
show the last two sections of the model. The following list provides additional clarity and

guidance to this worksheet.
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@~ v e

B C D E F G H J K L M N (o] P
Name: ‘ System A Discount Rate: ‘ 3.00% ‘ Economic Life: |20 Years v
SelectUncertainty Range: [Uee small +/- 5% Range v, Notes: ‘
Annual Growth or Decline Curve: 1.50%
Number of e Operational Total Total
. 3 Number of | Acquisition 3 | o
Categories Units per ) % | Costs(Unit) | % % % | Acquisition | % Annual %
Platforms | Cost (Unit) Per Year Per Year
System Per Year Cost 0&M
Grand Total $125.00 $125.00 $125.00 $125.00 $125.00 $375.00
Narrow-Medium Field of View (NFOV) Sensors 17 17 $17.00 |13.6% $17.00 13.6% $17.00 13.6% $17.00 13.6% | $17.00 |13.6%| $51.00 13.6%
NF-DIR (NFOV Director) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-TIS (Thermal Imaging Sensor) - TIS #1 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-TIS (Thermal Imaging Sensor) - TIS #2 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-EOS (Electro-Optic Sensor) - EOS #1 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-EOS (Electro-Optic Sensor) - EOS #2 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-EOS (Electro-Optic Sensor) - EOS #3 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-LRF (Laser Rangefinder) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-LDR (Laser Designator inder) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-LDRFI (Laser Designator/Rangefinder/llluminator) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-LP (Laser Pointer) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-LOI (Laser Optical/Ocular Interrupter) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-LI (Laser Illuminator) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-IRU (Inertial Reference Unit) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-BSM (Boresight Module) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
NF-EU (Electronics Unit) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
Ancillary Material (cabling, mounting hardware, etc.) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% | 53.00 0.8%
Other: 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
Wide Field of View (WFOV) Sensors 7 7 $7.00 5.6% $7.00 5.6% $7.00 5.6% $7.00 5.6% $7.00 5.6% [ $21.00 5.6%
WEF-DIR (Director) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
WE-TIS (Thermal Imaging Sensor) 1 1 $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $1.00 0.8% $3.00 0.8%
Figure 6. Model Input Worksheet
J The Excel file has five worksheets (Systems A—E), where each worksheet

is meant for a different system. Alternatively, one of these can be set as

the current or baseline system. If additional systems need to be included

for analysis, we recommend creating a new file (simply perform a File |

Save As to create a duplicate file).

o The figures in this document show a sample dataset where all unit and

dollar inputs are set to 1 or $1, respectively. This was done intentionally to

illustrate the location of data entry cells, as well as to have some sample

results to show how the model works. Analysts can access the same results

either by manually entering these unitary values or by opening the

associated “TOC Model - Example Only (Repeated Data and Locked

Sheets).xlsx” file to follow along.

o Row 1 is where you enter the name of the System in cell D/. Then enter

any discount rate value > 0%. The discount rate is used to calculate the

present value of all future cash flows. Use 0% if no present valuation is
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needed, or enter the annualized cost of money (e.g., from 3% for
inflationary adjustments only to 15% to account for risks and reinvestment
opportunity costs of the cash flows). Also, here you can select the
economic or operational life of this current system. These inputs can be

unique for each of the five systems under analysis.

Row 2 allows you to select the uncertainty range on which to perform
risk-based Monte Carlo simulations. You can select to not run any
simulations, a small £5% range, standard +10% to £20% range, wide
+25% to £40% range, or a highly uncertain +45% to +50% range. These
ranges will be automatically computed and applied as probability
distributions on the inputted costs (see the following bullet points) in order
to run simulations. There is also a section where you can enter notes about

the system under analysis (cells D2:02).

Row 3 allows you to enter an annual positive growth rate or an annual
negative decline rate to be applied to the O&M over time, starting in the
second year. This allows the cost analyst to increment the O&M over time

or perform a similar reduction in costs over the lifetime of the system.

The data input grid starts from row 6 to row 187, around columns B to P.
All white-colored cells with borders are cost analyst input cells. You can
also make modifications to subsection headers (e.g., rows 6, 24, etc.) and
line item titles (e.g., cells B7:B23). The subsections and line item titles are
generic inputs and can be changed as required. There is also an “Other:”

line item that can be used as required.

Because the model has been structured to run simulations and other
advanced analytics, it is highly recommended that the analyst does not
make any structural adjustments or modifications by deleting worksheets
or inserting rows and columns unnecessarily. Also, the model has been
optimized for printing, and any major modifications will muddle the

printing capabilities.
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o The number of units per system and number of platforms (columns C and
D) have to be > 0 and are self-explanatory. The acquisition cost,
operational cost, maintenance per year, and replacement per year are on a
per-unit basis. If you wish to enter the total replacement cost for the year,
first take that value and divide it by the product of units with the number
of platforms to obtain a per-unit cost. Enter only per-unit costs. Continue

data entry until row 145.

o All grayed-out cells are computed values and should be left alone. If you
wish to audit the calculations, first unlock/unprotect the worksheet and

then select a cell to view its calculations.

o Area B147: D177 looks at nonrecurring costs to the acquisition process of
this current system. All acquisition costs are summed and set as today’s

(Year 0) cost.

o Area B179:D187 looks at the nonrecurring end-of-life or disposition costs.
These costs will be incurred at the end of the selected economic life
(droplist circa cell K2) and will be discounted appropriately based on the

discount rate and term of life selected.

o Replicate the data entry just described for up to five systems as required. If
fewer than five systems are needed, simply ignore the unused worksheets,
but remember not to delete them unnecessarily. If more than five systems
are required, create a copy of the file and apply these remaining systems as
a separate file. Changing the structure of the file may invalidate some of

the preset simulation models and assumptions.

Figure 9 illustrates the Monte Carlo simulations section. This table summarizes the
sections of the costs and created simulation variables (cells in green). Figure 10 shows how
these simulated results will be used to generate the life cycle of the cost structure of the
system, where the economic life of the system is accounted for, as well as any required
discounting to generate the present value of the costs. If the cost analyst wishes to run a

simulation using Risk Simulator, we recommend first coming to this section and then
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hitting Run. This way, the analyst can see the actual simulation executing and how the cells
in green change (Figure 9), as well as how the subsequent calculations will simulate and
change (Figure 10). Note that by default, 10,000 simulation trials have been set because
triangular probability distributions were applied to each of the subtotaled cost items, and

the process is modeled to run without any predetermined seed values.
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147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

A

B C D
Nonrecurring Acquisition and End of Lifecycle Costs Total
Acquisition and Procurement $29.00

Bid Specifications Development $1.00 3.4%
Proposal Evaluation 5$1.00 3.4%
Data Collection $1.00 3.4%
Data Analysis 51.00 3.4%
Contracts Development $1.00 3.4%
Program Planning $1.00 3.4%
Hardware Purchases $1.00 3.4%

Personal Computers $1.00 3.4%

Peripherals 5$1.00 3.4%

Storage $1.00 3.4%

Networking $1.00 3.4%

Related Equipment $1.00 3.4%
Other costs $1.00 3.4%
Administrative Cost 5$1.00 3.4%
Asset Management $1.00 3.4%
Overseeing Contractor Services $1.00 3.4%
In-House Training for Staff $1.00 3.4%
Product Maintenance 5$1.00 3.4%
Help Desk Support $1.00 3.4%
IT Support for Database Management $1.00 3.4%
Network Management Support $1.00 3.4%
Software Upgrades 51.00 3.4%

Analysis Notes

Analysis Assumptions

Figure 7. Input Worksheet (Nonrecurring Acquisition Cost)

A B C D
179| [Nonrecurring End of Lifecycle Costs Total %
180 | End of Lifecycle $7.00
181 | Administrative Cost $1.00 14.3%
182 | Asset Management $1.00 14.3%
183 Vendor Contract Procurement $1.00 14.3%
184| | Staging, Sanitizing, Testing $1.00 14.3%
185 | Follow-Up Support $1.00 14.3%
186| | Recycling and Disposal Fees $1.00 14.3%
187 | Value of Sold Products and Materials $1.00 14.3%

Figure 8. Input Worksheet (Nonrecurring End-of-Life-Cycle Cost)
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00|~ | o v

11
12
13
14
15
16
17
18
19
20
21
22
23
24

R S T U \' W X Y z
Risk-Based Monte Carlo Simulation on Uncertainty Ranges
Operations and Operations and Operations and
Acquisition | Acquisition | Acquisition | _ . Maintenance with Maintenance with Maintenance with ; .
Cost (Low) | Cost (Mid) | Cost (High) Simulation Replacement Costs | Replacement Costs | Replacement Costs Simulation
(Low) Per Year (Mid) Per Year (High) Per Year
Narrow-Medium Field of View (NFOV) Sensors 516.15 $17.00 517.85 517.00 548.45 $51.00 §53.55 $51.00
Wide Field of View (WFOV) Sensors $6.65 $7.00 $7.35 57.00 $19.95 $21.00 $22.05 $21.00
EO/IR Sensor Manager (ESM) $5.70 $6.00 $6.30 $6.00 $17.10 $18.00 $18.90 $18.00
Human Machine Interface (HMI) $4.75 $5.00 $5.25 $5.00 $14.25 $15.00 $15.75 $15.00
Product Support Management $8.55 $9.00 $9.45 $9.00 $25.65 $27.00 528.35 $27.00
Design Interface $10.45 $11.00 $11.55 $11.00 $31.35 $33.00 $34.65 $33.00
Supply Support $11.40 $12.00 §12.60 $12.00 $34.20 $36.00 $37.80 $36.00
Support Equipment $7.60 $8.00 $8.40 $8.00 $22.80 $24.00 $25.20 $24.00
Packaging, Handling, Storage and Transportation $3.80 54.00 54.20 $4.00 511.40 512.00 512.60 $12.00
Computer Resources $5.70 $6.00 $6.30 $6.00 517.10 518.00 518.90 $18.00
Manpower and Personnel $5.70 $6.00 $6.30 $6.00 517.10 518.00 518.90 $18.00
Maintenance Planning and Management 514.25 $15.00 515.75 $15.00 542,75 545.00 547.25 $45.00
Training and Training Support 57.60 58.00 58.40 $8.00 522.80 524.00 §25.20 $24.00
Facilities and Infrastructure $3.80 $4.00 $4.20 $4.00 $11.40 $12.00 $12.60 $12.00
Technical Data Management $6.65 57.00 §7.35 $7.00 519.95 $21.00 §22.05 $21.00
Acquisition Costs §27.55 $29.00 $30.45 $29.00
End of Life Disposition Costs $6.65 57.00 §7.35 $7.00
Figure 9. Monte Carlo Uncertainty Simulation
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25
26
27
28
29
30
31
32
33
34
35
36

37
38
39
40
41
42

43

Year

Cash Flow

Present Value of Cash Flow
Year

Cash Flow

Year

Cash Flow

Year

Cash Flow

Total Acquisition Cost for System A

List of Total Lifetime Cost for System A

List of Present Value Lifetime Cost for System A

Total Lifetime Cost for System A (20 Years)

Total PV Lifetime Cost for System A (20 Years)

Figure 10. Life-Cycle Cost Cash Flow Calculations

S
Acquisition
$154.00
$154.00
8
$416.19
$328.55
16
$468.84
$292.16
24
$528.14
$259.81

$154.00
5 Years
$2,093.10
$1,928.17

$8,832.38

$6,514.85

T
1
$375.00
$364.08
9
$422.43
$323.76
17
$475.87
$287.91
25
$536.06
$256.03

10 Years
$4,174.52
$3,570.42

20 Years

U

2
$380.63
$358.78

10
$428.77
$319.05

18
$483.01
$283.72

26
$544.10
$252.30

15 Years
$6,416.80
$5,096.58
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v

3
$386.33
$353.55

11
$435.20
$314.40

19
$490.25
$279.58

27
$552.27
$248.62

20 Years
$8,832.38
$6,514.85

W

4
$392.13
$348.40

12
$441.73
$309.82

20
$497.61
$275.51

28
$560.55
$245.00

25 Years
$11,434.63
$7,832.85

X

5
$398.01
$343.33

13
$448.36
$305.31

21
$505.07
$271.50

29
$568.96
$241.44

30 Years
$14,238.01
$9,057.68

Y

6
$403.98
$338.33

14
$455.08
$300.86

22
$512.65
$267.55

30
$577.49
$237.92

z
7
$410.04
$333.40
15
$461.91
$296.48
23
$520.34
$263.65
Disposition
$7.00
$7.00



In the summary worksheet (Figure 11), the total costs, as well as present values of
total costs for various economic and useful lives, are tabulated. Analysts can view the
results as tables and charts. Here, a comparative cross-sectional analysis of alternatives
assessment can be seen, and a growth of the costs can be seen in the charts. Note that these

results and charts are single-point estimates and are calculated prior to any simulations.
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Analysis Period/Type System A System B System C System D System E Analysis Period/Type System A System B System C System D System E
5 Year Cash Total Net Cost $2,093.10 $2,093.10 $2,093.10 $2,093.10 $2,093.10 5 Year Cash Cost in Present Values $1,928.17 $1,928.17 $1,928.17 $1,928.17 $1,928.17
10 Year Cash Total Net Cost $4,174.52  $4,174.52 $4,174.52  $4,174.52  $4,174.52 10 Year Cash Cost in Present Values §3,570.42  $3,570.42  $3,570.42  $3,570.42  $3,570.42
15 Year Cash Total Net Cost 46,416.80 5641630  $6,416.80  $6,416.80  $6,416.80 15 Year Cash Cost in Present Values 45,096.58  $5,096.58  $5,096.58  $5,096.58  $5,096.58
20 Year Cash Total Net Cost $8,832.38 $8,832.38 58,832.38 58,832.38 58,832.38 20 Year Cash Cost in Present Values $6,514.85 $6,514.85 $6,514.85 $6,514.85 $6,514.85
25 Year Cash Total Net Cost $11,424.63  $11,434.63  $11,434.63  §$11,434.63  $11,434.63 25 Year Cash Cost in Present Values 47,832.85  $7,832.85  $7,832.85  §7,832.85  $7,832.85
30 Year Cash Total Net Cost 414,238.01  $14,238.01 $14,238.01  $14,238.01  $14,238.01 30 Year Cash Cost in Present Values 49,057.68  $9,057.68  $9,057.68  59,057.68  $9,057.68

Present Value of Discounted Total Net Lifecycle Cost

Total Net Lifecycle Cost

516,000 510,000
59,000

514,000
58,000

512,000
57,000
$10000 56,000
58,000 55,000
54,000

36,000
53,000

54,000
52,000
50 $0

System A System B System C System D System E System A System B System C System D System E

m 5 Year Cash Total Net Cost w10 Year Cash Total Net Cost m 15 Year Cash Total Net Cost m 5 Year Cash Costin Present Values m 10 Year Cash Costin Present Values m 15 Year Cash Cost in Present Values

= 20 Year Cash Total Net Cost W 25 Year Cash Total Net Cost m 30 Year Cash Total Net Cost 20 Year Cash Costin Present Values M 25 Year Cash Costin Present Values B 30 Year Cash Costin Present Values

Figure 11. Life-Cycle Cost Cash Flow Summary Results and Dashboard
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If a simulation is run, the resulting charts in Figure 12 will be automatically
generated. For more information, see Chapter IV for instructions on setting up and running
simulations and interpreting the basic results as well as using some basic decision-analytics
tools. Note that this current chapter provides only the most basic information needed. If
detailed understanding is required, please see Mun’s more than two dozen books (Modeling

Risk, 3rd ed., 2016, is particularly recommended).

The model has predetermined simulation settings created, and, as such, the cost
analyst can simply click on the Run Simulation icon in Risk Simulator to execute the run.
Running the simulation will make changes to the cells in Figures 9 and 10, as previously
discussed. If the other worksheets have populated inputs, these worksheets will also be run,
and the results will be presented as probability distributions (shown in Figure 12). Each
system’s calculated Total Cost and Present Value of Total Costs will be shown (for the
selected economic and useful life) as probability distributions and simulation statistics.
Analysts can also perform a comparative analysis by using Overlay Charts (see the bottom
of Figure 12), generate reports of the statistical results (see Figure 13), and run detailed
reports of the analysis (see Figure 14), as well as other complete analytics such as scenario

analysis and sensitivity analysis (see Chapter IV).

Finally, in the Summary Worksheet, analysts have the option to make adjustments
to the cost cash flow series by making + § adjustments in the empty cells with borders (see
Figure 15). This capability allows for any known factors such as technology insertion,
foreseen major structural modifications, or any other such adjustments to be applied every
few years. The cash flows will be adjusted accordingly in this worksheet. Note that as of
the current version of Risk Simulator, simulations will be applied not to any such

modifications, but only to single-point results.
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Figure 12. Example Simulation Results
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Cell

Name

Number of Datapoints
Mean

Median

Standard Deviation
Variance

Coefficient of Variation
Maximum

Minimum

Range

Skewness

Kurtosis

25% Percentile

75% Percentile

Error Precision at 95%
5% Percentile

10% Percentile

20% Percentile

30% Percentile

40% Percentile

50% Percentile

60% Percentile

T70% Percentile

80% Percentile

90% Percentile

95% Percentile

99% Percentile

Total Lifetime

(20 Years)
55542
10,000

$8,831.96

§8,832.09
$49.60

2460.2390
0.56%

$9,027 86

$8 65582

§372.04
0.0074
-0.0662

§8,798.40

§8 865.49
0.01%

§8,750.80

§8,768.11

§8,790.18

§8,805.71

§8,818.82

$8,832.09

§8,844.69

55885816

§8,873.26

§8, 89626

$8,914.19

§8,946.27

Figure 13.

Total Lifetime

(25 Years)
53542
10,000

$8.832.11

$8,832.36
549.78

2477 5659
0.56%

$9.011.75

$8 652 68

$359.07
-0.0160
-0.0987
$3,798.34

$8 866.74
0.01%

$8,749.88

$8,768.33
$8,789.76
$3,805.09
$3,819.88
$8,832.36
$8,844.76
$8,857.91
$8.874.27
$3,896.78
$3,914.12
$8,945.13

Total Lifetime

(20 Years)
55542
10,000

$8,831.67

58,8311
$50.23

25227483
0.57%

$9,006.09

§8 64219

£363.90
-0.0146
-0.0968

§8,797.15

§8 86638
0.01%

§8,748.87

58,767 45

5878877

§8,804 53

$8,818.79

8,831

§8,844.26

58,8581

5887471

§8,896.86

$8,91373

$8,946.00

Forecast Statistics Table - TOC Model

Total Lifetime

(10 Years)
55542
10,000

$8.83222

$8,832.68
$49.66

24659911
0.56%

$9,009.43

$8 660.92

5348 51
-0.0251
-0.0796
$8,799.02

$8 86677
0.01%

$8,750.02

$8,767.78

$8,790 54

$8 806.06

$3,819.62

$8,832.68

58,845 .26

$8,858.30

$3,874.33
$3,89578

$3,914 62

$8,946.14

Total Lifetime Total PV Lifetime Total PV Lifetime Total PV Lifetime Total PV Lifetime Total PV Lifetime
Cost for System A Cost for System B Cost for System C Cost for System D Cost for System E Cost for System A Cost for System B Cost for System C Cost for System D Cost for System E

(15 Years)
55542
10,000

$8,833.20

5883384
$50.31

2531.3819
0.57%

$9,003.96

§8 66534

£338.63
-0.0198
-0.0914

§8,798.81

§8 B66.89
0.01%

§8,750.08

§8,767.83

58,790 56

§8,806.62

§8,82054

$8,83384

§58,846.54

§8,850.69

§8,875.39

§8,897.90

$8,916.08

$8,950.41

(20 Years)
535543
10,000

$6,514 55

$6,514.71
$36.37

1322.4143
0.56%

$6,658.10

$6,385.77
527233
0.0077
-0.0653
$6,489.99
$6,539.05
0.01%
$6,455.09
$6,467.70

56,483.91

§6,495 32

$6,604.97

$6,514.71
$6,523.91
$6,533.76

56,544 78

§6,561.77

$6,574.83

$6,598.43

(25 Years)
55543
10,000

$6,514 66

$6,514.79
$36.49

1331.8844
0.56%

§6,646.07

§6,382.97

26311
-0.0158
-0.0983

§6,480.93

$6,530.33
0.01%

§6,454.33

§6,467.94

5648359

§6,495.49

§6,505.68

$6,514.79

§6,523.96

§6,533.60

§6,545.59

§6,562.09

§6,574.91

$6,597.55

(20 Years)
535543
10,000

$6,514.34

$6,514.06
$36.83

1356.4244
0.57%

$6,642.13

$6,375.27
$266.86
-0.0150
-0.0963

56,488 95

$6,539.87
0.01%

$6,453.63
$6,467.36

56,482 92

§6,494 57

$6,604 87

$6,514.06

$6,523.52
$6,53374

$6,545 08

$6,562.10

$6,574 50

$6,598.03

Example Simulation Statistics Table (Only Sample Basic Results Shown)
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(10 Years)
55543
10,000

5651474

$6,515.10
$36.41

1325.8729
0.56%

%6, 644 26

$6,380.07

§255.19
-0.0256
-0.0786
$6,490.41
$6,530.27
0.01%
$6,454.58

36,467 .41

5648417

$6,495 54

$6,505.43

$6,515.10
$6,524.33
$6,533.85

$6, 54552

$6,561.33

$6,575.13
$6,598.03

(15 Years)
55543
10,000

$6,515.45

$6,515.92
£36.89

1360.8216
0.57%

$6,640 59

$6,392.70

$247.90
-0.0202
-0.0916

56,490 24

$6,540.17
0.01%

56,454 45

56,467 44

5648413

$6,496.10

$6,606.12
$6,515.92
$6,528.27
$6,534.87

56,546 35

§6,662.91

$6,576.09

56,601.18,



Simulation - TOC Model

General !
Number of Trials 10000 !
Stop Simulation on Error No !
Random Seed Random !
Enable Correlations Yes i
Assumptions !
Name Field of View (NFOV) Sensors Name Wide Field of View (WFOV) Sensors Name OIIR Senson’: Manager (ESM)
Enabled Yes Enabled Yes Enabled ! Yes
Cell $V$6 Cell $V$7 Cell ! $V$8
Dynamic Simulation No Dynamic Simulation No Dynamic Simulation | No
Range Range Range !
Minimum Infinity Minimum Infinity Minimum | Infinity
Maximum Infinity Maximum Infinity Maximum i Infinity
Distribution Triangular Distribution Triangular Distribution i Triangular
Minimum 16.15 Minimum 6.65 Minimum i 57
Most Likely 17 Most Likely 7 Most Likely | 6
Maximum 17.85 Maximum 7.35 Maximum i 6.3
g j g g j
i3 ™ i3 g N

Figure 14. Example Simulation Report

41




T D E F G H I J K L M N 0 p
37 Acquisition Disposition 1 2 3 4 5 ] 7 8 9 10 11
38 |Cash Flow 5154.00 57.00 5375.00 5380.63 5386.33 5392.13 5398.01 5403.98 5410.04 5416.19 5422.43 5428.77 5435.20
39 |Manual Adjustment | | | |
40 |Net Cash Flow 5154.00 57.00 5375.00 5380.63 5386.33 5392.13 5398.01 5403.98 5410.04 5416.19 542243 5428.77 5435.20
41 |PV Cash Flows $154.00 $364.08 $358.78 $353.55 $343.40 $343.33 $338.33 $333.40 $328.55 $323.76 $319.05 $314.40
42
43
44 |System B Discount Rate 3.00% | .|
45 Acquisition Disposition 1 2 3 4 5 6 7 8 9 10 1
46 |Cash Flow $154.00 $7.00 5$375.00 $380.63 $386.33 $392.13 $398.01 $403.98 $410.04 5416.19 $422.43 $428.77 $435.20
47 |Manual Adjustment | | | |
48 |Net Cash Flow $154.00 $7.00 $375.00 $380.63 $386.33 $392.13 $398.01 $403.98 $410.04 $416.19 $422.43 $428.77 $435.20
49 | PV Cash Flows 5154.00 5364.08 5358.78 5353.55 5348.40 5343.33 5338.33 5333.40 5328.55 5323.76 5319.05 5314.40
30
51
52 |System C Discount Rate 3.00%
33 Acquisition Disposition 1 2 3 4 5 ] 7 8 9 10 11
54 |Cash Flow $154.00 $7.00 $375.00 $380.63 $386.33 $392.13 $398.01 $403.93 $410.04 $416.19 $422.43 $428.77 $435.20
55 |Manual Adjustment | | | |
56 |Net Cash Flow 5$154.00 §7.00 5§375.00 5380.63 5$386.33 §392.13 5$398.01 $403.93 $410.04 $416.19 $422.43 $428.77 $435.20
57 |PV Cash Flows $154.00 $364.08 $358.78 $353.55 $348.40 $343.33 $338.33 $333.40 $328.55 $323.76 $319.05 $314.40

Figure 15. Manual Adjustments to Life-Cycle Cost Cash Flow
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IV.  MONTE CARLO RISK SIMULATION

A. WHAT IS MONTE CARLO SIMULATION?

Monte Carlo risk simulation is the process of running multiple probability
simulations (Mun, 2015). Monte Carlo risk simulation provides analysts and decision-
makers a method to more easily solve complex real-world problems (Mun, 2015). Monte
Carlo simulation produces synthetic future outcomes by computing thousands and even
millions of different sample paths of outcomes to observe the prevalent characteristics
(Mun, 2015). To obtain proficiency in the skills required to solve these complex problems,
analysts would need to use high-level math; However, this not a sensible solution (Mun,
2015). In an effort to make this more practical, analysts will use any available tools and
techniques to simplify the process (Mun, 2015). Monte Carlo risk simulation provides an
analyst with answers that are comparable to the more sophisticated and time-consuming

mathematical methods (Mun, 2015).

In his book, Readings in Certified Quantitative Risk Management, Mun (2015)
describes Monte Carlo simulation as a random number generator that is a very effective
tool for estimation and risk analysis. A simulation generates a multitude of scenarios for a
model by repeatedly choosing random values from a spectrum of potential outcomes
chosen by the cost analysis (Mun, 2015). The outcomes calculated by the model will
produce a probability distribution for the uncertain variables (Mun, 2015). All of the
outcomes will result in a model. From this model, an analyst will be able to derive a forecast
that defines an important piece of information such as estimated total cost, net profit, or
total expenses (Mun, 2015). This chapter provides a step-by-step walk-through of the

Simulation Module in Risk Simulator used in forecasting cost estimates.

B. RISK SIMULATOR SOFTWARE INSTALLATION REQUIREMENTS
AND PROCEDURES

Mun (2015) explains the following six modules (see Figure 16) contained in the

Risk Simulator software:
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The Monte Carlo Simulation module gives an analyst the ability to run a
variety of different simulations. These products can include distribution

fitting and correlation reports.

Analysts can use the Forecasting module to produce a number of different

forecast reports, including automatic time-series and econometric forecast.

The Optimization Under Uncertainty module provides analysts with a tool
that can minimize or maximize the objective through the optimization of

the model’s constrained variables.

The Modeling and Analytical Tools module gives analysts the ability to
run statistical testing on the input data, as well as a variety of types of

sensitivity analyses on the simulation.

The ROV BizStats module allows analysts to run over 130 types of

business analyses on the simulated model.

The ROV Decision Tree module allows analysts to incorporate advanced

analytics into the common method of decision tree modeling (Mun, 2015).
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Figure 16. Risk Simulator Icon Toolbars in Excel
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C. GETTING STARTED WITH RISK SIMULATOR
1. A High-Level Software Overview

The Risk Simulator software is equipped with several applications such as Monte

Carlo simulation, forecasting, optimization, and risk analytics (Mun, 2015).

Mun (2015) explains that the Simulation Module allows cost analysts to run the

following simulations:

o Simulation Forecasts can be generated using the Simulation Model. These

forecasts provide a tool for analysts to examine various distributions.

J Distribution Fitting can also be preform using the Simulation Module.
This application automatically finds the statistical distribution that is the

best fit for the model data.

o The Simulation Module also examines the relationship between the
variables in the simulation and determines the extent of correlations

between those variables.

o The Simulation Module also can generate sensitivity analysis charts, such
as tornado and spider charts. These sensitivities charts provide analysts a

tool to identify sensitivity factors for the simulation.

o To determine the differences between forecasts, the simulation model

allows analysts to test statistical hypotheses.

o To assess the strength of the result statistic an analyst should run the

bootstrap simulation.

o Instead of selecting parameters, an analyst can use historical data analysts

to run custom simulations (Mun, 2015).

In his book, Mun (2015) describes the forecasting:

used to generate automatic time-series forecasts (with and without
seasonality and trend), multivariate regressions (modeling relationships
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among variables), nonlinear extrapolations (curve fitting), stochastic
process (random walk, mean-reversion, jump-diffusion, and mixed
processes), Box-Jenkins [autoregressive integrated moving average]
ARIMA (economic forecasts), Auto ARIMA, basic econometrics and auto-
econometrics (modeling  relationships and  generating forecasts),
exponential J-curves, logistic S- curves, [generalized autoregressive
conditional heteroskedasticity] GARCH models and its multiple variations
(modeling and forecasting volatility). (p. 76)

The Optimization Module allows the cost analyst to optimize multiple variables to
maximize or minimize the objective with the range that the analyst inputs, the optimization
can be run as either a static, dynamic, or stochastic optimization under uncertainty together

in the Monte Carlo risk simulator (Mun, 2015).

Analysts have access to multiple business and analytical models in the ROV
BizStats module (Mun, 2015). The ROV Decisions Tree module provides analysts the
ability to create traditional decision tree models and the option to run those models through
Monte Carlo risk simulations (Mun, 2015). Analysts can also use this module for sensitivity

and scenario analyses (Mun, 2015).

2. Running a Monte Carlo Simulation

To run a simulation in an existing Excel model, Mun (2015) lays out the following

steps:

1. An analyst should open an existing simulation profile or create a new one.

2. In the open simulation profile, the analyst should define and then use
appropriate cells to enter the input assumptions.

3. The analyst should define and then use appropriate cells to enter any
output forecasts.

4. The analyst will then run the simulation.

5. The analyst should interpret the simulation results (Mun, 2015).

An analyst can practice these steps using the example, Basic Simulation Model,

provided by the Risk Simulator software (Mun, 2015). This file allows the analyst to run
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example simulations on a basic model. The example file can be accessed through the
installation folder (i.e., c:\Program Files (x86)\Real Options Valuation\Risk
Simulator\Risk Simulator) or accessing directly through clicking the Risk Simulator icon,

followed by the Example Models button (Mun, 2015).

a. Starting a New Simulation Profile

The first step for an analyst when running a new simulation is creating a new
simulation profile (Mun, 2015). A simulation profile is tailored to each simulation based
on the analysist preference and contains setup instructions for specific uses (Mun, 2015).
The profile will include all of the assumptions, run profile, and forecasts. Multiple
scenarios for a single profile allow an analyst to run the simulation using different input
assumptions (Mun, 2015). Conversely, a team of analysts could independently run a

simulation in the same model profile using their own assumptions (Mun, 2015).
Mun (2015) outlines the steps for creating a new simulation profile:

1. An analyst should open an existing model or create a new one. If the
analyst does not have an existing model or does not want to create a new

one, then the sample Basic Simulation Model can be used.

2. Once the model is open, the analyst will select the Risk Simulator button

and then click on the New Simulation Profile Icon.

3. The analyst will then choose a name for the simulation and enter any

additional relevant information (see Figure 17; Mun, 2015).
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Simulation Properties

Profile Name | First Example Simulation
Simulation Settings
Number of trials | 1,000-%]

[] Pause simulation on error
Turn on correlations
Specify random number sequence (Seed)

| 9995

Cancel

Figure 17. New Simulation Profile Example

Mun (2015) outlines the following input requirement for a simulation profile:

o Title: Providing a title for the simulation allows an analyst to create and
save multiple profiles for a single model. Once a title is inputted, the
profiled can be saved without overwriting assumptions that were
previously entered. This technique prevents the analyst from having to re-
enter or change the assumptions when rerunning scenarios. To change a
profile name, the analyst can select the Risk Simulator button then click

Edit profile. The analyst will then enter the new profile name.

o Number of trials: An analyst can select the amount of simulation trials
necessary in this section. When an analyst is unsure of how many trials are
required to be run for the model, the analyst can use error and precision
controls. These controls will assist an analyst in determining the requisite
number of trials that should be run based on the model. The Risk
Simulator software default number is set at 1,000 trials. An analyst can
enter any positive integer into this block. The number entered will directly

correlate to the number of trials the simulator will run.

° Pause simulation on error: Once this selection is checked, the simulation

will stop each time an error is faced in the model. For example, if the
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model encounters an error in its calculation, the simulation will stop. If an
analyst wants to audit a model to ensure there are no computational errors

in it, this function is essential.

Turn on correlations: This function directs the software to calculate
correlations between the input assumptions. An analyst should check this
box to ensure these calculations are performed. If correlations are left
unchecked, they will automatically be set to zero, and the simulation is
done under the assumption that there are no cross-correlations among

input assumptions.

Specify random number sequence: Mun (2015) explains that each
simulation will produce marginally different results every time that
simulation is run. He clarifies that the variation in the results stems from
the random number generator ingrained in the Monte Carlo risk
simulation. However, when making a presentation or a demonstration, an
analyst may require the same results; this is especially true when trying to
use the simulation to drive a live presentation using one specific set of
data and wants to know the outcome of the simulation before it is run.
This setting is set by the analyst by entering any positive integer as an
initial seed number. The analyst will use the same initial seed value,
number of trials, and input assumptions for the simulation. This
specification will consistently generate the exact same random number
sequence, which will ensure the same end results each time the simulation

is run (Mun, 2015).

If needed, an analyst can adjust the above selections after the simulation profile has

been created (Mun, 2015). To adjust the simulation settings, the analyst must ensure that

the currently active profile is the one that the analyst wants to change; if it is not, the analyst

needs to switch profiles (Mun, 2015). To do so, the analyst will click on the Risk Simulator

icon, followed by the Change Simulation Profile button, and select the desired profile

(Mun, 2015). Figure 18 shows the Risk Simulator box, where the analyst can view and
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select various profiles (Mun, 2015). Once the correct profile is active, the analyst will click
on the Risk Simulator icon then select the Edit Simulation button (Mun, 2015). This will
allow the analyst to make the desired changes to the profile’s settings (Mun, 2015). This
function also gives an analyst the ability to replicate or rename a preexisting profile (Mun,
2015). The analyst should ensure that each simulation profile has a distinct name to
differentiate between the various profiles (Mun, 2015). Simulation profiles are hidden
within segments of the existing Excel file; this means the analyst will not have to save
multiple files for each profile (Mun, 2015). Each simulation profile is automatically saved
when the analyst saves the Excel file (Mun, 2015). When the analyst re-opens the Excel
file, the last active simulation profile will automatically open as the current profile (Mun,

2015).

Change Active Simulation - ©
Simulation Name | Workbook | Date: Created | Last Saved |
First Example Simulation  [Bookl [ 20150412 [ N/A |
MNew Simulation Bool:1 20150412 MNAA
Second Example Simulation Book1 2015-04-12 MR
Third Example Simulation Book1 2015-04-12 MR

View simulation profiles in all workbooks

Delete Duplicate Cancel

Figure 18. Change Active Simulation Example

b. Defining Input Assumptions

After the simulation profile has been created, the analyst will then set input
assumptions (Mun, 2015). These assumptions are only assigned to cells that do not contain
functions or equations (Mun, 2015). Input assumptions are numbers that are entered by the
analysts (Mun, 2015). Conversely, cells that contain functions or equations are designated
for output forecasts or model outputs (Mun, 2015). It is important to remember that these

assumptions can only be set after a simulation profile is opened (Mun, 2015).
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Mun (2015) outlines the following steps to set up new input assumptions for a

model:

1.

The analyst should create a new profile or open an existing one. To start a
new profile, the analysist will click the Risk Simulator icon, followed by

the New Simulation Profile button.

Then the analyst will select the desired input assumption cell. If following

along using the sample model, analyst will select cell G8.

To set an assumption in the selected cell, the analyst will select the Risk
Simulator icon, followed by the Set Input Assumption button. If the Risk.
Simulator toolbar is displayed, instead the analyst can click on the Set

Assumption icon.

The analyst will then select the desired distribution for the model. The
analyst will then have opportunity to adjust the distribution parameters.
Once all the relevant information has been imputed in the Assumption

Properties window (see Figure 19), the analyst will hit OK (Mun, 2015).
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The cost analyst can also set assumptions by accessing the shortcut to the Risk
Simulator menu. To accomplish this, the analyst selects the desired cell in which to place
the assumption in and right-clicks to open the Risk Simulator menu (Mun, 2015). Figure

20 shows the multiple key areas in the Assumption Properties.
In his book, Mun (2015) describes the noteworthy assumption properties:

o Assumption Name: Most simulation profiles will have multiple input
assumptions, and it is imperative for an analyst to keep track of each
assumption. In order to organize the assumptions present, an analyst can

name the assumptions using this feature.

o Distribution Gallery: The left side of Figure 20 is the Distribution
Gallery. It shows the different distributions available in the simulation
software. This software is capable of running over 20 distributions, and

each can be selected by simply right-clicking on the desired distribution.

J Input Parameters: Once the analyst selects the desired distribution, the
required parameters will be displayed. Parameters can be manually entered
by the analyst, or they can be linked from the desired cell. If a parameter is
not expected to change, it is easier to manually type it into the cell.
However, if the parameter is allowed to change, then linking the cells is

more efficient.

o Correlations: If correlations are required, then the analysts should verify
the correlation status. To accomplish this, the analyst will click on the
Risk Simulator icon, followed by the Edit Simulation Profile button. The
analyst can then decide to either shorten or correlate the distribution to
another assumption; however, these two actions cannot be used at the

same time.

o Short Descriptions: To understand why a certain distribution was used,

an analyst can review the explanation using the short description feature.
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Short descriptions are available for all distributions available in the

software’s gallery.

o Regular Input and Percentile Input: To test an input assumption, an
analyst can use either the regular input or the percentile input function. If
an analyst is working with a model that has a normal distribution with
given inputs for the standard deviation and mean, the analyst could see
what the corresponding 90th and 10th percentiles would be by clicking on
the percentile input function (Mun, 2015).

If an analyst decides to use the example model provided by the Risk Simulator
software, then cell G9 will need an input assumption (Mun, 2015). The analyst should
select the uniform distribution with a maximum value of 1.1 and a minimum value of 0.9
(Mun, 2015). Then, the analyst can proceed to the next step, defining the output forecasts
(Mun, 2015).

54



Assumption Properties

]

A Assumption Mame IGH: Cost

-

-~
5.00

4.50
4.00
350
3.00
2.50
2.00
150
1.00
0.50

0.00
L 0.50 0.54

A

\

L Generlized Paretc v Enable Correlation

R
(. Triangular
Ay Custom
'm [l Bemoull
B Beta
[l Binomial
A | Cauchy . Chi-Square
" A | Cosine Discrete Uniform
A | Double Log b Erang
Exponertial || Exponertial 2
ali L Fréchet
b | Gamma |, | Geometric
L | Gumbel Maximum  [_J Gumbel Minimum
" dli.| HyperGeometric A | Laplace
| A | Logistic & Lognomal
& | Lognomal 3 {1l Negative Binomial
B Parsbolic
Uniform Distribution A
With the uniform distribution, all values that
fall between the minimum and maximum
occur with equal likelihood. The minimum
value is fixed and the maximum value is
ﬁxed, represenﬁng the two distributional
parameters. o

|y assumption  |Location

| Correlation

G8: Revenue

Sheet115GS8

0

D Enable Data Boundary

Minimum

Maximum

|:| Enable Dynamic Simulations

Minimum
I 0.9 II

Maximum

@ Regular Input
D Percentile Input

I-In finity ll
IIn finity ll

| ok

|| Cancel |

Figure 20. Assumption Properties Example
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C. Defining Output Forecast

Defining output forecasts is the next step in running a simulation (Mun, 2015).
Analysts should remember that outputs cells that contain functions or equations are the

only place that forecasts can be inputted (Mun, 2015).
Johnathan Mun (2015) describes the steps to set output forecasts:

1. First, the analyst will select the desired forecast output cell. If using the

example model provided, the analyst will select cell G10.

2. Once the appropriate cell has been selected, the analyst will click on the
Risk Simulator icon, followed by the Set Output Forecast button. If the
Risk Simulator toolbar (Figure 16) is displayed, the analyst can click in

the Set Output Forecast icon.

3. Lastly, the analyst will enter the required information in the Set Output

Forecast popup window (Mun, 2015).

To set an output forecast, an analyst can choose the desired cell in which they want
the forecast to be displayed (Mun, 2015). Then the analyst can access the Risk Simulator
shortcut by right-clicking the cell (Mun, 2015). Figure 21 shows the set forecast properties.

o Forecast Name: This is where the cost analyst would insert the name of
the forecast cell. Not only is this simple step good practice for modeling,
but it also gives the analyst the ability to access the desired results quickly

(Mun, 2015).

o Forecast Precision: Instead of a cost analyst guessing the number of trials
needed to run in a simulation, the cost analyst can input precision and
error controls. This function will pause the simulation and alert the analyst
when the error-precision combination has been met, allowing the
simulation process to be automatic rather than a guessing game for the

analyst (Mun, 2015).
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o Show Forecast Window: Forecast windows are displayed as the
software’s default setting. However, an analyst can choose to hide the

window using the Show Forecast Window feature (Mun, 2015).

il Forecast Properties

Forecast Name |Inu:u:ume _@J

Forecast Precision

Precision Level % Confidence
Error Level + % of Mean

ort from the Mean
Options

Show Forecast Window

Cancel

Figure 21. Set Output Forecast

d. Running the Simulation

After the setup is complete, the analysts can now run the simulation. To start the
simulation, the analysts will click on the Risk Simulation icon followed by the Run
Simulation button (Mun, 2015). If the Risk Simulator toolbar is displayed, the analyst can
click the Run icon to start the simulation (Mun, 2015). To rerun the simulation, the analyst
will need to reset it (Mun, 2015). This can be accomplished by clicking the Risk Simulator
icon and selecting the Reset Simulation button (Mun, 2015). The simulation can also be
reset by clicking the Reset Simulation icon on the Risk Simulator toolbar (Mun, 2015). If
desired, the analyst can run one simulation at a time using the step function (Mun, 2015).
To do this, the analyst will select the Step Simulation icon on the Risk Simulation toolbar
or click on the Risk Simulation icon, followed by the Step Simulation button (Mun, 2015).
The Step Simulation function can be used when teaching others how the program works
(Mun, 2015). It allows the analyst to show that the entire model is recalculated every time

a simulation is run (Mun, 2015).
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The Risk Simulator program also contains a function called Super Speed (Mun,
2015). This allows analysts to run simulations at very fast speeds (Mun, 2015). An analyst
can access this function by clicking the Super Speed icon on the Risk Simulator toolbar or
clicking the Risk Simulator icon and selecting the Run Super Speed Simulation button. An
analyst can practice this function using the example model. First, the analyst will need to
reset the model, and then edit the simulation profile (Mun, 2015). Next, the analyst should
change the Number of Trials box to 100,000 (Mun, 2015). After hitting the Run Super
Speed icon, the model with run 100,000 trials in only a few seconds (Mun, 2015). Super
Speed simulation will not run if the model contains errors, external data links, or Visual
Basic for Applications (VBA) (Mun, 2015). The analyst will be notified if the model
contains any of these aforementioned conditions, and the simulation will proceed at normal
speed (Mun, 2015). It is important to note that simulations can run at normal speeds, even

if they contain errors (Mun, 2015).

e. Interpreting the Forecast Charts

The final step for an analyst in running a Monte Carlo risk simulation is interpreting
results (Mun, 2015). After the simulation is complete, the analyst can generate a variety of
statistical reports and forecast charts. Examples of these reports and charts are shown in
Figures 22 through 31. The forecast chart and forecast statistics are extremely helpful to
analysts when analyzing the results (Mun, 2015).

Mun (2015) explains that the forecast chart (Figure 22) is the “probability
histogram that shows the frequency counts of values occurring in the total number of trials
simulated” (p. 83). He further explains that the x-axis is describing the number of times
that a particular value results from the simulation (Mun, 2015). The y-axis represents the
possible values that can occur from the simulation (Mun, 2015). The curved line going
through the histogram describes the cumulative frequency or the overall probability that
the x will fall within the required parameters set at the bottom of the histogram display

panel (Mun, 2015).

The forecast statistics that summarize the distribution of the forecast values in terms

of four instances in the distribution are displayed in Figure 23 (Mun, 2015). A cost analyst
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can switch between the statistics and the histogram tabs by pressing the space bar (Mun,

2015).

Incame - Risk Simulator Forecast @Elg

Histogram | Statistics | Preferences |Options |Controls |

Income (1000 Trials)

Cumulative Frobabilty

Type |TwoTal ||/ dnfinty || Infinty | Certainty % [100.003

Figure 22. Example Forecast Chart

Income - Risk Simulator Forecast @Elg
Histogram | Statistics | Preferences IDpn‘Jons ICortrols |
Statistics | Resutt |
iNumber of Trials 1000 :
Mean 0.8267
Median 0.8545
Standard Deviation 0.3174
Variance 0.1007
Coefficient of Variation 0.3835
Mepdmum 1.5512
Minirmum 0.0537
Range 1.6045
Skewness 02173
Kurtosis .5752
25% Percentile 0.5980
75% Percentile 1.0685
Percentage Emor Precision at 55% Corfidence 2.3756%

Figure 23. Example Forecast Statistics
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3. Forecast Chart Tabs
a. Preferences

As shown in Figure 24, the middle tab in the Risk Simulator Forecast sheet is
designed to let the analyst adjust the preferences in the forecast simulation (Mun, 2015).
Changing the preferences changes the style of the charts and allows the analyst to extract
the data more efficiently (Mun, 2015). The analyst can choose to show where data is shown
by selecting one of the two boxes, or the analyst can change the speed at which the
simulation is run (Mun, 2015). The analyst can also adjust the number of bins within the
histogram between 5 and 100 (Mun, 2015). Finally, the preferences tab allows the analyst
to adjust the Data Update Interval (Mun, 2015). Adjusting this feature gives the analyst
control over the run speed of the simulation compared to the update rate of the forecast
chart (Mun, 2015). It is important to remember that the more frequently the analyst views
the simulation, the slower the simulation will run, and the more memory it will use in the
process (Mun, 2015). The update rate is based solely on the preference of the analyst (Mun,
2015). It will not change the overall outcome of the results, only the speed at which the
simulation is run (Mun, 2015). To significantly reduce the amount of memory used while
running the simulation, the analyst can minimize the excel program (Mun, 2015).
Minimizing the window will allow the computer more memory to complete the simulation

(Mun, 2015).

b. Options

An analyst will use the Options tab on the forecast chart, as shown in Figure 25, to
tailor the results of the forecast (Mun, 2015). The analyst can use this options tab to filter
in specific data in or out, by entering left and right boundaries or looking at data within a
particular standard deviation (Mun, 2015). The analyst can specify the required precision
level of the forecast by entering an allowed error percentage from 0 to 100%. The Options
tab allows the analyst to display the mean, median, and 1st or 3rd quartile statistics (Mun,
2015). Finally, the analyst can use the Options tab to decide how many significant figures
are needed by choosing the number of decimals to include in the forecast result data (Mun,

2015).
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c. Controls

Figure 26 shows the control tab, which allows the cost analyst to manipulate all of
the functionalities including the type, color, zoom, size, 3D, and tilt in the forecast chart
(Mun, 2015). The control tab also gives the analyst the ability to generate overlay charts
(PDF, CDF) and run distributional fitting on the analyst’s forecast data (Mun, 2015).

d. Global View versus Normal View

Figures 24, 25, and 26 show how an analyst can display the forecast view in Normal
mode (Mun, 2015). In Normal mode, the forecast options are broken up into tabs, as
described in the paragraphs above (Mun, 2015). Global mode, as depicted in Figure 27, has
the same functionality as the Normal mode; however, all of the options are displayed under
one interface (Mun, 2015). An analyst cans witch between both Global and Normal modes

by clicking the icon in the top right corner (Mun, 2015).

E Income - Risk Simulator Forecast I. ==l &J

|Histogram | Statistics | Preferences |Options | Controls | Global View
Display Caontrol
] Always Show \Window On Top Close All
[C] Semitransparent When Inactive
Histogram Resolution
Faster U Higher
Simulation Resolution
Diata Update Interval
Faster U Faster
Update Simulation

e ——

Figure 24. Forecast Chart Preferences
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Income - Risk Simulator Forecast E@u

Histogram | Statistics | Preferences | Options | Controls | Global View

[iata Filter
@ Show all data
' Show only data between |'||'lﬂﬂit5’ | and ||l'fﬁl'l'ft5’ |

) Show only data within I EE: standard deviation(s)

Statistic
Precision level used to calculate the error: g2 %

Show the following statistic(s) on the histogram:
Mean Median 1st Quartile 3Ird Quartile

Show Decimals

Chart x-Axis Confidence Statistics

Figure 25. Forecast Chart Options

p
Income - Risk Simulator Forecast E‘Eu

| Histogram | Statistics | Preferences | Options | Controls \ﬂ
FESFDOF B - - @5 @

Chart Type IEar vl Chart Overay ICorrtinuous "I

Min Max Auto ) | 1000 T
Xokis l:”:l Title | ncome | rials) |
vais [ [ ] Chan X-Asis Decimals

Distnbution Fitting - Done

Actual  Theoretical @ Continuous
Logistic Mean 086 0.85 () Discrata

. Stdav (.19 023 .

Fit Stats: 0.03 2 14| Decimals
Skew 012 0.00 ENE]

PValua: 0.2782 Kut 045 1.0

Figure 26. Forecast Chart Controls
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Chart X-Auis|4 [+ Confidence Statistics

Figure 27. Example Forecast Chart Global View
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4. Using Forecast Charts and Confidence Intervals

The forecast charts allow the cost analyst to identify the probability of occurrence,
also known as confidence intervals (Mun, 2015). Using the example simulation, Figure 28
shows a 90% probability that the outcome will fall between $0.2653 and $1.3230 (Mun,
2015). If a two-tail confidence interval is desired, the analyst selects two-tail in the type
drop-down window (Mun, 2015). The analyst could then change the certainty value (e.g.,
90) and then hit the TAB key (Mun, 2015). The two computed values are displayed in the
pink and blue boxes (Mun, 2015). In the example, there is a 5% chance that the result will
be above $1.3430, and there will be another 5% chance that result will be below $0.2653
(Mun, 2015). This shows that the two-tailed confidence interval is centered on the 50th
percentile, or the median value (Mun, 2015). Therefore, both tails have the same

probability.

Alternatively, a one-tail probability can be computed by setting up the Forecast
simulation as shown in Figure 29 (Mun, 2015). This figure shows that a cost analyst
choosing a left-tail selection with a 95% confidence by selecting Left-Tail < in the type
box, then entering 95 as the certainty level and hitting the TAB key (Mun, 2015). This
means there is a 5% chance that income will be above $1.3230 or a 95% chance that income
will be below $1.3230, which perfectly replicates the results displayed in Figure 28 (Mun,
2015).
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Income - Risk Simulator Forecast E@lﬂ

Histogram | Statistics | Preferences |Options | Controls |

801 Income (1000 Trials) -1

20+ — 1.0
04
50
50
404
304
204
104

Frequency

79120 0.4880 0.9880

Type |TwoTal || 02653 |

Figure 28. Forecast Chart Two-Tail Confidence Interval

Income - Rizsk Simulator Forecast E@Ig

Histogram | Statistics | Preferences | Options | Controls |

50+ Imcome (1000 Trials) - 11

&0 — F10
70
.ﬁ:'-
ﬂ:'-
"’D-
ED.-
2['.-
10

F requency

5120 0.4880 0.9820

Type |Left-Tailz | [0SRy || 13230 | Certainty % [ 95.00-%

Figure 29. Forecast Chart One-Tail Confidence Interval

Additionally, the cost analyst can determine the probability of an income’s value
(Mun, 2015). For example, what are the chances of the output being less than or equal to

$1? To display the answer, the analyst should click the Left-Tail < probability type, then
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input 1 for the value and hit the TAB key; then the corresponding certainty will be
calculated (Mun, 2015). Figure 30 that shows there is a 67.70% chance that the income
will be equal to or less than $1 (Mun, 2015).

To ensure completeness, the cost analyst can select the Right-Tail > probability
type, input 1 for the value 1, and hit the TAB key (Mun, 2015). This calculated probability
shows the right-tail probability passes the value 1, or the probability of income being above
$1 (Mun, 2015). Figure 31 shows that there is a 32.30% chance of income exceeding $1
(Mun, 2015). The probabilities of 67.70% and 32.30% sum to 100%, accounting for the
full probability under the curve (Mun, 2015).

Income - Risk Simulator Forecast E@g

Histogram | Statistics | Preferences | Options | Controls |

50 Income (1000 Trials)
ED-
70+
.ED-
ED-
4[|-
ED.-
";_ID_.
104

F requency
T T

i e [ i Y e e e O i R e s e
Cumulative Probabiliy

s e b B e EmoEn L) B RO B

08120 0.4880 0.9880 14880 19880

-

Type ILeﬁ-TaiIE vl Infinity 1.0000 Certainh.r?{sl E?.?ﬂg:

Figure 30. Forecast Chart Probability Evaluation (Less than $1)
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E Incame - Risk Simulator Forecast E@ﬁ
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Figure 31. Forecast Chart Probability Evaluation (Greater than $1)

D. TORNADO AND SENSITIVITY TOOLS IN SIMULATION

To completely capture the static impacts on each individual variable effect on the
outcome of the model, a cost analyst would consult a Tornado Analysis Chart (Mun, 2015).
The tornado chart can break down the amount of fluctuation each variable has on the model
and is able to rank each variable from most to least significant (Mun, 2015). Figures 32
through 37 pertain to the use of the Tornado Analysis tool. Figure 32 shows a sample
discount cash flow model that displays the analyst’s input assumptions. If an analyst is
trying to decipher the greatest impact factor that will drive the outcome of the model, the
Tornado Analysis chart is a valuable tool (Mun, 2015). In this case, the question becomes,
what are the main drivers that make the Net Present Value $96.63, or which input variable

most impacts this value?

The analyst can access the Tornado Chart Analysis tool by clicking the Risk
Simulator icon, followed by the Analytical Tools button (Mun, 2015). Next, the analyst
will select Tornado Analysis from the list of options (Mun, 2015). If the analyst decides to
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use the example model as practice, the analyst will open the Tornado Analysis tool (Mun,
2015). This can be accessed by clicking on the Risk Simulator Icon, followed by the
Example Models button (Mun, 2015). The analyst will then select option 22 Tornado ad
Sensitivity Charts (Linear) to load the example (Mun, 2015). In the sample model (Figure
33), the Net Present Value will be selected as the output variable and be shown in cell G6
(Mun, 2015). To build the tornado chart, the software will use the input variables that have
the ability to affect the output variable (Mun, 2015). The testing range of the input variables
is also displayed in Figure 33 (Mun, 2015). Mun (2015), explains that the testing range of
simple input variables will be a simple perturbation. The default setting for the model is +
10%, however the analyst has the ability to adjust the percentage if required (Mun, 2015).
Jonathan Mun (2015) informs that a “wider range is important as it is better able to test
extreme values rather than smaller perturbations around the expected values” (Mun, 2015,

p. 169). Wider ranges do a better job of capturing nonlinear impacts (Mun, 2015).

1. Procedure

The following are Mun’s (2015) steps for running a Tornado Analysis on the

example model:

1. To open the example model, the analyst will click on the Risk Simulator
icon, followed by the Example Models button. Then the analyst will select
option 22 Tornado and Sensitivity Charts (Linear) and proceed to the DCF
model Worksheet.

2. Next, the single output cell should be selected. In the example model, the
analyst should select cell G6.

3. To generate the Tornado Analysis, the analysis will then click on the Risk
Simulator icon, followed by the Analytical Tools button. From the options

provided, the analyst will select the Tornado Analysis button.

4. The analyst should review the input variables’ names before hitting OK. If
required, the analyst can rename any of the variables to make the tornado
and spider charts easier to analyze (Mun, 2015).
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Discounted Cash Flow Model

Base Year 2005 S PY Net Benefits £$1.896.63
Market Risk-Adivsted Discount Rate 15 00% S PV Tnvestments £1.800.00
FPrivate-Fisk Discount Rate 5.00% Net Present Value £06.63
Annualized Sales Growth Rate 2.00% Internal Rate of Return T8.80%
Frice Eroslon Rate 5.00% Return on Tvestiment 5.37%
Effective Tax Rate 40.00%
2008 2006 2007 2008 20048
Froduct & Avg PricesfUnit F10.00 F9.50 F9.03 58.57 5815
Froduct B Avg PricesfUnit F12.25 F11.64 F11.06 F10.50 £9.98
Froduct C Avg PricerUnit F15.15 £14.39 1367 F12.499 F12. 34
Froduct & Sale Quantity ('000s) 50.00 51.00 5202 53 06 5412
Froduct B Sale CQiuantity ('000s) 3500 35.70 36 41 3714 37.849
Froduct C Sale Quantity ('000s) 2000 20.40 2081 2122 21 65
Total Revenues $7.231.75 | $1.193.57 | $1.156.57 | $1.120.71 $7.08597
Direct Cost of Goods Sold F184.76 F179.03 F173.48 F168.11 F162.90
Gross Profit 51.046.99 $1.074.53 $982.08 $952.60 $922.07
Ciperating Expenses F157.40 F160.65 F163.86 F167.14 F170.48
Sales, General and Admin. Costs $15.74 316.07 F16.359 F16.71 F17.05
Operating Income (EBITDA) $B73. 74 $837.82 $802.83 $76B. 7S $735.54
Depreciation F10.00 F10.00 F10.00 F10.00 F10.00
Amaoartization F3.00 F3.00 F3.00 F3.00 F3.00
EBIT S860.74 S5824.82 578083 575575 572254
Interest Payments F2.00 F2.00 F2.00 200 F2.00
EBT 585874 582282 578783 575375 5720.54
Taxes F343.50 F32813 531513 F301.50 528822
Met Income $515.24 5493.69 S4T2.70 545225 543233
Mancash: Depreciation Amaoartization F13.00 F13.00 F13.00 F13.00 F13.00
Moncash: Change in Met Working Capital $0.00 $0.00 $0.00 $0.00 $0.00
Moncash: Capital Expenditures $0.00 $0.00 $0.00 $0.00 $0.00
Free Cash Flow 552824 5506.69 548570 546525 544533
Investment Chutlay [ s1.e00.00 |
Financial Analysis
Present Value of Free Cash Flow S528.24 S440.60 $3I6T.26 £305.97 $254.62
Present Value of Investment Qutlay 51,800.00 H0.00 H0.00 H0.00 S0.00
Met Cash Flows 51.271.76) F505.69 $4585.70 5465.25 5445 33

Figure 32. Sample Discounted Cash Flow Model
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Discounted Cash Flow Model

Base Year

Market Risk-Adiusted Discount Rate
Frivate-Risk Discount Rate
Annualized Sales Growth Rate

Frice Erosion Rate

Effective Tax Rate

Prod A Avg Price
FProd B Avg Price
Prod C Avg Price
Prod A Guantity
Prod B Guantity
Prod C Cuantity
Total Revenues
Costof Goods Sold
Gross Profit
Operating Expenses
SGEA Costs
Operating Income (EBITDA)
Depreciation
Amaortization
EBIT
Interest Payments
EBT
Taxes
Het Income
Depreciation
Change in Met Warking Capital
Capital Expenditures
Free Cash Flow

Investments

Financial Analysis

Present Value of Free Cash Flow
Present Value of Investment Outlay
Met Cash Flows

2005 Surn PV Net Benefits $1,896.63
T5.00% Surn B Tovestiment s £1,800.00
8.00% Nt Prasent VYalie I $96.63 _|
2.00% internal Rate of Retum 18.80%
5.00% Retuen on [meestment 5.37%
40.00%
@ Taornade Analysis
2005 2006
$10.00 $9.50 Tomado analysis creates static perturbations [i.e., each precedent
71225 511 64 iz perturbed one at a time] to identify the impact to the results. 1t is
uzed to identify critical success factors of a model befare running
§15.15 $14.39 simulations.
A0.00 51.00
3I5.00 35.70 Feview the precedents below and make any necesszany changes:
20.00 20.40 Selection | Mame Wiorksheet | Cell | Base Walue | % Upside | % Downside | Test Paoints | &
$9.231.75 | $9.793.57 | $1.1 ¥  Maket DCFMode C5 015 000z 1000% 10
$184.76 | $17903) 38 ¥  Investm DCF Mode C36 1800 1000%  1000% 10
$1.046.99 | $9.094.53 | S | [T Capiral DCFMode C33 0 0o0% 1000% 10
$157.50 |  $160GS ] [~ Changei DCFMode C32 0 1000%  10.00% 10
$15.79 $16.07 ¥ Depeci DCF Mads C24 10 000%  1000% 10
$873.74 | 383782 | S8 | ¥  smotiza DOFMode 025 3 o0z 1000z 10
$10.00 $10.00 ¥ Interest DCF Made C27 2 0% 1000 10
$3.00 $3.00 ¥  Prod4  DCFMode C15 50 1000%  1000% 10
$960.74 | 382482 | S8\ | ¥  prodB DOFMode CIE 35 o0 1000% 10
$2.00 $2.00 ¥ ProdC  DCFMade C17 20 1000%  1000% 10
$858.74 | 382282 | §7 ¥  ProdC  DCFMode Cl4 1515 000 1000% 10 Al
$343.40 $32913 b Ot
§$515.24 $493.69 54
%13.00 13.00 @ Show &l anables Use Cell Address
§0.00 fo.00 Sh p L
ow Top TEI Yariables lgnore all possible integer values
$0.00 $0.00 o o —
£528.24 £506.69 [ V| lgnore zero or emphy values Highlight pozsible integer values \—,
| $7.900.00 | Usze Global Setting
ek Caopy
@ Analyze This Worksheet Orly Analyze All'Workshests
$528.24 $440.60 $367.26 $305.97 $254.62
$71,800.00 $o.00 $0.00 $0.00 $0.00
1$1,271.78) F505.69 $485.70 §4B65.25 §445.33
Figure 33. Running Tornado Analysis
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The tornado analysis report (Figure 34) was generated using the example model

provided with the Risk Simulator program. It depicts which input variables are the most

impactful and least impactful on the out variable, Net Present Value (Mun, 2015). In Figure

34, Capital investment is the most impactful input variable (Mun, 2015).

Jonathan Mun (2015) explains the four sections that a tornado analysis report

contains:

The first section outlines the procedure that was performed.

The second section (Figure 35) is a sensitivity table. This table displays
the model variables from those that have the greatest influence on the
model down to the variables with the lowest influence. It also shows how
each variable independently impacts the Net Present Value. Using the
example sensitivity table, an analyst can determine that capital investment

has the greatest impact on the results.

Information contained in a sensitivity table can be displayed graphically
using a spider chart. Figure 36 shows an example spider chart based on the
data contained in Figure 35. In this case, the y-axis depicts the Net Present
Value. The percentage change away from the base value is represented on
the x-axis. If a variable’s effects produce a line that is positively sloped,
then the relationship is positivity. Conversely, a negative relationship is
depicted by a negatively sloped line. To determine the magnitude of a
variable’s effect, an analyst would take the absolute value of the slope of

the variable’s line.

The last section of a tornado analysis report is the tornado chart (Figure
37). Similar to a spider chart, tornado charts also graphically display the
data contained in the sensitivity table. However, a tornado chart ranks the
variables from the most impactful to the least impactful variable and
displays them on the y-axis. In a tornado chart, the x-axis represents the
output variable, or in this case, the Net Present Value. Positive effects

from a variable are depicted as a green bar, and negative effects are
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displayed as a red bar. Meaning, for tax rate, a positive effect of the tax
rate on a lower Net Present Value is signified by the green bar on the left
side. In this example, Net Present Value and tax rate are negatively

correlated (Mun, 2015).

Tornado and Spider Charts

Statistical Summary

One of the powerful simulation tools is the tomado chart—it caplures the static impacts of each variable on the oufcome of the model. That is, the tool automatically perturbs each
precedent variable in the model a user-specified preset amount, captures the fuctuation on the model's forecast or final result, and lists the resuiting perturbations ranked from the most
significant to the least Precedents are all the input and intermediate variables that affect the outcome of the model. For instance, If the mode! consists of A=8+ C, where C=D +E,
then B, D, and E are the precedents for A (C is not a precedent as it is only an intermedate calculated value). The range and number of values perturbed is user-specifed and can be set
to test extreme vaiues rather than smaller perturbations around the expected values. In certain circumstances, extreme values may have a larger, smalier, or unbalanced impact (e.g.,
nonlinearities may occur where increasing or decreasing econaimies of scale and scope creep occurs for larger or smaller vaiues of a vanable) and only a wider range will capture this
noniinear impact.

A tornado chart lists all the inputs that drive the model, starting from the input variable that has the most effect on the results. The chart is obtained by perturbing each precedent input at
some consisent range (e.q., +10% from the base case) one at a time, and comparing their results to e base case. A spider chait looks like a spider with a ceniral body and its many
legs protruding. The positively sioped lines indicate a positive relationship, while a negatively sloped line indicates a negative relationship. Furither, spider charts can be used fo visualize
linear and nonlinear relationships. The fornado and spider charts help identify the ciitical success factors of an output cell in order fo identify the inputs to simulate. The identified critical
variables that are uncertain are the ones that should be simulated. Do not waste time simulating variables that are neither uncertain nor have little impact on the results.

Result
—
Base Valde: 96 6261636553219 Input Changes
. 8- Investment
Output Output  Effective Input input Base Case Spider Chart - SVE mr: i
Precedent Cell | Downside  upsicee  Range | Downside  Upside value S
investment 827663  ($83.37) 360.00| $1,62000 $1,98000  $1,800.00 fmed "'f“ﬁ
Tax Rate $21073  (526.47)  246.20| 3600%  44.00% 40.00% = B Price
|4 Price $343  $189.83 186.40 $0.00  $11.00 $10.00 CPrice
B Frice $1671  §176.55 150.84| $11.08  $13.48 §12.25 = 4 Quadty
|4 quantiyy $2318  §170.07 146 90 4500 5500 5000 B Cuantity
B Quantity $3053  §162.72 132.19 31.50 3850 3500 C Quartiy
C Price $4015  §158.11 11296| $1364  $1667 $1515 e
C Quantity $4805  §145.20 97.16 18.00 2200 2000 oo
Discount Rate $13824  $57.03 s121| 1350%  1650% 1500% moriEEien
Price Erosion §11680  $76.64 016]  450%  550% 500% e
Sales Growth $0059  §102.60 12.10 1.80% 220% 200% - Net Captal
Depreciation $9508  §98.17 3.08 $0.00  $11.00 $10.00 GCapex
interest $97.09  §96.16 093 $1.80 $2.20 $2.00 8- SelesGrowth
lamortization $9616  $97.09 093 $2.70 $3.30 $3.00| | -1000f + = Price Erosion
Capex 59663  $96.63 0.00|  s0.00 30.00 30.00 bl e Tax Pate
et Capital 59663  §96.63 0.00 $0.00 3$0.00 30.00
Tornado Chart
Ivestmert 1550 "——S— . c20
Tax Rate 0,44 WRGEEG—_————G  :c
A Price o TR ——
B Price 11072 -, {7,
A Guartty 1; —
B Guantity 315 TR . -
C Price 13,635 5
€ Guartiy 1 T—
Discount Rate 0.165 N 0 135
Price Erosion U.OSS-D 045
Sales Growth oo1sMoo22
Depreciation 9 I "
Interest 22 |18
Amortization 27 | 33
Capex 0
Net Capital o

Figure 34. Tornado Analysis Report
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2. Notes

Mun (2015) encourages analysts to “remember that tornado analysis is a static
sensitivity analysis applied on each input variable in the model” (p. 173). This means that
variables are separated, and their effects are then delineated and displayed (Mun, 2015).
One could argue that tornado analysis is an important, if not the most important, analysis
to perform prior to executing a simulation (Mun, 2015). When performed, this analysis
allows the cost analyst to capture and identify risk and to identify the major cost drivers of
the model. Once the analyst teases out the most important factors, the next step is to identify
which of the factors are uncertain. It is essential for an analyst to examine the model’s
uncertain impact drivers because, as critical success drivers, they will have a significant
influence on the model’s results (Mun, 2015). Analysts should ensure the uncertain impact
drivers are simulated (Mun, 2015). The cost analyst should not focus on using the Tornado
Analysis tool on the factors that are certain and those that have little impact on the model
(Mun, 2015). In using this model, the most important factors for an analyst to simulate will
be price and quantity, assuming that the required investment and effective tax rate are both

known and are fixed (Mun, 2015).

Base Valle: 95.82616385353219 input Changes
ol Oulout Effective Input fhout Base Case
Pracedaht Celi Downside  Lipside Range | Downside  Upside eI

Investment F2FE62  (FA3E7) I6000|FE2000 F4.830.00  F1,60000
Tax Rate 2973 [P26.47) 246.20 268.00% 44.00% 40.00%
A Price $3.43  F180.83 186.40 F9.00 F1.00 Fi10.00
B Frice FBF1 RI7ESS 13984 $11.03 31345 F12.25
A Quantiy Fzaqa BivooO7 146.90 43.00 55,00 o000
B Quantiby 2082  Figl272 132499 2180 2850 35.00
 Price F40.15  Fi9301 11205 31364 TI6.67 Fi1545
C Quantity F4505  F14520 87 16 18.00 2200 2000
Hiscount Rate Fi38.24 $57.03 8121 132.50% 16.50% 15.00%
Price Erosion {1880 F76.64 4076 4.50% 5.50% 5.00%
Sales Growth Fo059  RI0269 240 1. 685 2.20% 2.00%
Deprecigtion F8308  FO517 208 F9.00 F41.00 F10.00
interest $97.09 $O6.16 093 #4.80 F2.20 F2.00
Armortization F96.16 F97.09 093 F2.70 $3.30 3200
Capey 19663 Fo9662 0.00 F0.00 F0.00 F0.00
Net Capltal IO5.63 JO6.63 .00 20,00 F0.00 F0.00

Figure 35. Sensitivity Table

73



Spider Chart
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Figure 36. Spider Chart
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Tornado Chart
Investmert 190 T o
Taix Rate 0.44 [T
& Price s R
B Price 11 02T 7
A Cuantity 43 _ 23
B Guantity 31 5 [ -
C Price 13 35 -
© Quantity 1z [
Discourt Rate 0.1 T 1 1 35
Price Erazion D.DSS- 0.043
Sales Growth EI.EI18- 0022
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Intere=st 22 | 1.8
Amartization 27 | 33
Capex 0
Met Capital 0
| T T T T T T T T T 1
A4S0 400 50 O s 100 150 200 250 300 350

Figure 37. Tornado Chart

Although spider charts can be for an analyst to interpret, they are an important tool
for determining if nonlinearities exist (Mun, 2015). For example, the spider chart shown in
Figure 38 depicts a situation where nonlinearities are present in the model (Mun, 2015).
The analyst can identify nonlinearities as curved lines instead of straight ones (Mun, 2015).
An analyst can generate an example spider chart by using the example model that is
embedded in the Risk Simulator software (Mun, 2015). To access the example model, the
analyst will click on the Risk Simulator icon, followed by the Example Models button
(Mun, 2015). Next, the analyst will select option 23 Tornado and Sensitivity Charts
(Nonlinear) to generate the example spider chart (Mun, 2015). The built-in example model
uses the Black-Scholes option pricing model (Mun, 2015). Tornado charts do not have the

ability to identify the nonlinearities that are present in a model (Mun, 2015). However,
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these nonlinearities can be essential information, as they can provide analysts vital insight

into the dynamics of the model (Mun, 2015).

Figure 33 shows the Tornado Analysis tool’s cost analyst interface. In the following

bullet points,

enhancements:

Mun provides tips on running tornado analysis and details on new

Tornado analysis should always be run more than once. This tool was
designed to be a diagnostic tool for the model and therefore should be run
multiple times on each model. The first time the tornado analysis is run,
the cost analyst should select the default setting and show all of the
analysis on all of the variables. The resulting report will be large but will
give the analyst a starting point in being able to derive how many of the
precedents are critical factors. When running the tool with all the
variables, the chart may show that only 5 variables significantly impacted
the output, while the remaining 100 variables have minimal to no impact
on the model. The cost analyst could then run the analysis with the top 10
most impactful variables to create an effective tornado report that
highlights the differences between the critical and less important variables

(Mun, 2015).

Spider Chart
To0-

60.0

00T -m- Stock Price

-B- Strike Price
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4001

300+

————

————

200+

1004

U] } } } t } {
-60.00 % —4EI.DIEI % -2000% 000% 2000% 4EI.DIEI % 60.00 %

Figure 38. Example Nonlinear Spider Chart
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E. SENSITIVITY ANALYSIS

Spider and tornado charts apply static perturbations prior to running the simulation.
Mun (2015), explains that sensitivity analysis differs because it “applies dynamic
perturbations created after the simulation run” (p. 176). He goes on to explain that static
perturbations imply “that each precedent or assumption variable is perturbed a preset
amount one at a time, and the fluctuations in the results are tabulated” (p. 176). Conversely,
sensitivity charts are created by dynamic perturbations, or when multiple assumptions are
changed simultaneously (Mun, 2015). The effects of the dynamic perturbations and
variable correlations are reflected in the fluctuation of the results (Mun, 2015). Tornado
charts are used to identify and rank the variables that drive the factors the most, while the
sensitivity model shows the impact when multiple factors are interaction together in the
model (Mun, 2015). The relationship between static and dynamic perturbations is shown
in Figure 39. Similar tornado charts, the sensitivity analysis ranks critical success drivers
in order of most impactful down to the less impactful (Mun, 2015). However, an analyst
will get different results if the correlations between the input assumptions are compiled
(Mun, 2015). In Figure 39, an analyst can determine that the Net Present Value is
marginally impacted by the price erosion (Mun, 2015). However, when reviewing Figure
40, where correlation between input assumptions is present, an analyst can conclude that

price erosion has a much greater impact on the Net Present Value (Mun, 2015).

Nonlinear Rank Correlation (Net Present Value)

| I © <5, B Gt
l I, 051, & Guiartity
[ I © -5, C Guariity
D ;. - Frice
D (O ;1 B Price
B -, C Frice
D 17, Tax Rate
--IZI.IZIS, Price Erosion
M 003, Sales Growth
0.0 0.4 0.2 03 0.4 05 06

Figure 39. Example Sensitivity Chart without Correlations
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Monlinear Rank Correlation (Net Present Value)

l I, 57 B Guart
I, 052, A Quartity
D 0 6, Gty
D - Frice
N -5, C Frice
D o, CFrice
N 0 21, Price Erosion
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Figure 40. Example Sensitivity Chart with Correlations

1. Procedure
The steps for running a Sensitivity Analysis are outlined by Mun (2015):

1. The analyst will open an existing excel model. If there is no preexisting
model, the analyst must create a new one. After a model has been created,
the analyst will create a simulation profile by defining the input
assumptions and then the output forecasts. These assumptions and
forecasts should be entered into the appropriate cells. If the analyst does
not want to use an existing model or create a new one, the sample model
can be used. To access this model, the analyst will select the Risk
Simulator icon and click on the Example Models button. Next, the analyst
will choose the 22 Tornado and Sensitivity Charts (Linear) option and
proceed to the DCF Model Worksheet.

2. After there is an active model open, the analysts will select the Risk

Simulator icon and click on the Run Simulation button.

3. Once the simulation run has finished, the analyst will need to open the
Sensitivity Analysis function. To accomplish this, the analyst will select

the Risk Simulator icon followed by the Analytical Tools button. From the
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Analytical Tools menu, the analyst will then select the Sensitivity

Analysis option.

4. In the Sensitivity Analysis window (Figure 41), the analyst will select the
appropriate forecast that will be used to analyze their model (Mun, 2015).
Discounted Cash Flow Model
Base Year 2005 Sum PV Net Benefits §1.,806.63
Market Risk-Adjusted Discount Rate 15.00% Sum PV Investments $1,800.00
Private-Risk Discount Rate 5.00% Net Present Value $06.63
Annualized Sales Growth Rate 2.00% Internal Rate of Returmn 18.80%
Price Erosion Rate 5.00% Return on Investment 5.37%
Effective Tax Rate 40.00%
2005 2006 2007 2008 2009
Prod A Avg Price $10.00 59.50 | 59.03 | 58.57 | 58.15 |
Prad B Avg Price $12.25 $1164 ] %1106 | mnrun_l 5998 |
Prod C Ava Price $15.15 5 @ Sensitivity Analysis . '
Prod A Quantity 50.00 —
Prod B Quantity 3500 Sensitivity analysis creates dynamic perturbations (i.e.,
. multiple assumptions are perturbed simultaneously) to
Prod C Quantity 20 00 identify the impact to the results. It is used to identify
Total [ —— critical success factors of the forecast.
Costof G @ Met Present Value - Risk Simulator Forecast
Gross Select the forecast(s) on which to run dynamic sensitivity analysis:
Operatin Histogram | Statistics | Preferences | Options [ Controls | | | [Foracast Nams [ Worksheet Tcal |
b 3
4 DCF Mode! Gé
SeaACe 100 Net Present Value (1000 Trials)| | | — o
Opera e
Deprecia i
i 30
Amortizal 70
EBIT E 50
Interest F 2 801 L1
EBT 2 401
Taxes 307
Net In 207
. 104
Deprecia o
[:han.ge -409 9 591
Capital E | ||
Free ( Type  |Two-Tal = -Infinity Infinty | Certa
I | Selectall || Clearll | ChartLabel [Cel Address -
InvestMeus FIRu R
[ ok ][ camcel |
Financial Analysis
Present Value of Free Cash Flow §528.24 $440.60 $367.26 $305.91 $254.62
Present Value of Investment Outlay $1,800.00 $0.00 $0.00 $0.00 $0.00
Net Cash Flows ($1.271.76)  $506.69 548570 546525 $445.33
Figure 41. Running a Sensitivity Analysis

The sensitivity analysis report results consist of two key charts and one report. The
first is a nonlinear rank correlation chart shown in Figure 42. This ranks assumption-
forecast correlation pairs from highest to lowest. Because these correlations are non-

parametric and nonlinear, they are free from any distributional requirements. The results
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should be similar to the tornado analysis charts previously described with the exception of
Tax Rate (Mun, 2015). Using the sensitivity analysis chart shown in Figure 39, it can be
seen that Tax Rate has far less impact on the model. When analyzing the impact of tax rate
alone on the model, it can be seen that it has a significant impact, but when tax rate is
interacting with other variables in the model, it has a far less powerful impact (Mun, 2015).
This example is used to demonstrate the importance of running sensitivity analysis after a
model has undergone simulation to truly gauge the interaction between multiple variables
(Mun, 2015). Figure 43 shows the fluctuation in the forecast, or how much of the variation

is explained by the model.

MNonlinear Rank Correlation (Net Present Value)

| N SE, B Quirtit
S, 1, & Guartity

D C 35, C Quatity

D, 3, & Price

N, B Price

- T Frice

W (7, Tax Rate

--III.IIIS, Price Eros=ion
M 0.03, Sales Growth . . .
o0 01 0.2 0.3 0.4 0.5 g

—
Figure 42. Example Rank Correlation Chart
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Percent Variation Explained (Net Present Value)
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Figure 43. Example Contribution to Variance Chart
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V.  MODEL APPLICATION AND RESULTS

A. INTRODUCTION

The inputs for this model were sourced from the program components lists provided
by the research sponsor, NAVSEA, for the (generic or specific) EO/IR sensor. The cost
estimates for this model were sourced using rough of order magnitude (ROM) values. The
values fluctuate slightly between the five different systems to illustrate the differing
systems’ costs between contract estimates. These values were explicitly created to further
the proof of concept of the model and therefore do not necessarily reflect the accurate value
for component, part, or salary of support team members. However, these values do show
how the simulation can provide an estimate of an entire system and demonstrate how much
impact each variable will have on the overall life-cycle cost estimate. In this example, we
simulate a cost estimate of an EO/IR system being implemented on 55 platforms with a

service life of 20 years.

B. MODEL INPUTS AND DATA

The Total Ownership Cost is calculated by summing the initial Acquisition Cost,
Operation Cost, Maintenance Cost, and Disposal Cost. The model accounts for these four
phases, beginning with the Acquisition Cost. In a real-world scenario, a cost analyst would
utilize the technical specifications given by the program office to enter the required values.
From the technical specifications, the analyst would insert two crucial metrics. The first is
the number of platforms that will receive the system, and the second is the number of
components required in each system. Since real-world data is not available for this notional

model, this thesis uses ROM system to fill in the blanks.

In systems A-E, the model uses 55 as the number of platforms. Though the number
of platforms remains the same in the simulation, the technical specifications for the number
of components required for each sensor are different. Figure 44 shows the input column

for Number of Platforms and Number of Units per System.
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Number of
Categories Units per LIl
Sy Platforms
Grand Total
Narrow-Medium Field of View (NFOV) Sensors 43 935
NF-DIR (NFOV Director) 2 55
NF-TIS (Thermal Imaging Sensor) - TIS #1 3 55
NF-TIS (Thermal Imaging Sensor) - TIS #2 2 55
NF-EOS (Electro-Optic Sensor) - EOS #1 3 55
NF-EOS (Electro-Optic Sensor) - EOS #2 3 55
NF-EOS (Electro-Optic Sensor) - EOS #3 3 55
NF-LRF (Laser Rangefinder) 2 55
NF-LDR (Laser Designator/Rangefinder) 2 55
NF-LDRFI (Laser Designator/Rangefinder/llluminator) 2 55
NF-LP (Laser Pointer) 5 55
NF-LOI (Laser Optical/Ocular Interrupter) 1 55
NF-LI (Laser Illuminator) 3 55
NF-IRU (Inertial Reference Unit) 2 55
NF-BSM (Boresight Module) 1 55
NF-EU (Electronics Unit) 2 55
Ancillary Material (cabling, mounting hardware, etc.) 3 55
Other: 4 55

Figure 44. Number of Platforms and Units per System

The Acquisition Unit Cost accounts for all of the planning, design, and construction
costs to make each component possible. The model also considers the estimated cost for a
replacement component. The estimated cost for replacement parts should be considerably
lower than the initial Acquisition Cost because developed technology will only need to be
reproduced instead of being redeveloped. The Operational Cost per year is an estimate of
the amount required to run the component for a year. The Operation Cost includes
equipment depreciation, costs of the energy source used to power the component, cost of
damage due to use, and so on. Similarly, the Maintenance cost is an estimate based on the
amount required to maintain the equipment every year. Figure 45 shows the categories for

Acquisition and Operation and Maintenance Costs.
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L Number of Acquisition PRI Maintenance Replacement Total Acquisition Total Annual
Categories Units per ) % Costs (Unit) Per % a % ] % % %
Platforms Cost (Unit) (Unit) Per Year (Unit) Per Year Cost o&m
System Year
Grand Total SR $217.00 $1,164.00 $42,391.00 $45,863,500.00 $15,308,443.00

Narrow-Medium Field of View (NFOV) Sensors 43 935 $7,110.00 [ 0.2% $73.00 33.6% $594.00 51.0% $4,880.00 [ 11.5% | $960,850.00 [ 2.1% | $753,720.00 4.9%
NF-DIR (NFOV Director) 2 55 $400.00 0.0% $5.00 2.3% $30.00 2.6% $300.00 0.7% $44,000.00 | 0.1% [ $36,850.00 0.2%
NF-TIS (Thermal Imaging Sensor) - TIS #1 3 55 $350.00 0.0% $6.00 2.8% $23.00 2.0% $150.00 0.4% $57,750.00 0.1% [ $29,535.00 0.2%
NF-TIS (Thermal Imaging Sensor) - TIS #2 2 55 $460.00 0.0% $7.00 3.2% $25.00 2.1% $300.00 0.7% $50,600.00 0.1% $36,520.00 0.2%
NF-EOS (Electro-Optic Sensor) - EOS #1 3 55 $230.00 0.0% $5.00 2.3% $34.00 2.9% $200.00 0.5% $37,950.00 | 0.1% [ $39,435.00 0.3%
NF-EOS (Electro-Optic Sensor) - EOS #2 3 55 $340.00 0.0% $3.00 1.4% $45.00 3.9% $220.00 0.5% $56,100.00 0.1% $44,220.00 0.3%
NF-EOS (Electro-Optic Sensor) - EOS #3 3 55 $450.00 0.0% $2.00 0.9% $56.00 4.8% $250.00 0.6% $74,250.00 | 0.2% [ $50,820.00 0.3%
NF-LRF (Laser Rangefinder) 2 55 $560.00 0.0% $3.00 1.4% $45.00 3.9% $560.00 1.3% $61,600.00 0.1% $66,880.00 0.4%
NF-LDR (Laser Designator/Rangefinder) 2 55 $430.00 0.0% $4.00 1.8% $34.00 2.9% $220.00 0.5% $47,300.00 | 0.1% [ $28,380.00 0.2%
NF-LDRFI (Laser Designator/Rangefinder/llluminator) 2 55 $460.00 0.0% $5.00 2.3% $23.00 2.0% $140.00 0.3% $50,600.00 0.1% $18,480.00 0.1%
NF-LP (Laser Pointer) 5 55 $450.00 0.0% $6.00 2.8% $45.00 3.9% $270.00 0.6% $123,750.00 | 0.3% [ $88,275.00 0.6%
NF-LOI {Laser Optical/Ocular Interrupter) 1 55 $560.00 0.0% $6.00 2.8% $65.00 5.6% $320.00 0.8% $30,800.00 0.1% $21,505.00 0.1%
NF-LI (Laser Illuminator) 3 55 $430.00 0.0% $3.00 1.4% $43.00 3.7% $540.00 1.3% $70,950.00 | 0.2% [ $96,690.00 0.6%
NF-IRU (Inertial Reference Unit) 2 55 $430.00 0.0% $3.00 1.4% $34.00 2.9% $450.00 1.1% $47,300.00 0.1% [ $53,570.00 0.3%
NF-BSM (Boresight Module) 1 55 $230.00 0.0% $3.00 1.4% $23.00 2.0% $220.00 0.5% $12,650.00 | 0.0% [ $13,530.00 0.1%
NF-EU (Electronics Unit) 2 55 $670.00 0.0% $3.00 1.4% $23.00 2.0% $330.00 0.8% $73,700.00 0.2% $39,160.00 0.3%
Ancillary Material (cabling, mounting hardware, etc.) 3 55 $430.00 0.0% $3.00 1.4% $23.00 2.0% $200.00 0.5% $70,950.00 0.2% $37,290.00 0.2%
Other: 4 55 $230.00 0.0% $6.00 2.8% $23.00 2.0% $210.00 0.5% $50,600.00 | 0.1% | $52,580.00 0.3%

Wide Field of View (WFOV) Sensors 23 385 $25,600.00 | 0.6% $24.00 11.1% $245.00 21.0% $14,200.00 [ 33.5% | $4,240,500.00 [ 9.2% | $2,487,100.00 | 16.2%
WF-DIR (Director) 2 55 $4,500.00 0.1% $4.00 1.8% $35.00 3.0% $2,000.00 4.7% $495,000.00 1.1% [ $224,290.00 1.5%
WE-TIS (Thermal Imaging Sensor) 3 55 $3,500.00 | 0.1% $3.00 1.4% $43.00 3.7% $1,200.00 2.8% [ $577,500.00 | 1.3% [ $205,590.00 1.3%
WF-EOS (Electro-Optic Sensor) 1 55 $4,500.00 0.1% $2.00 0.9% $23.00 2.0% $3,200.00 7.5% $247,500.00 | 0.5% [ $177,375.00 1.2%
WEF-IRU (Inertial Reference Unit) 2 55 $5,300.00 | 0.1% $6.00 2.8% $22.00 1.9% $2,300.00 5.4% [ $583,000.00 | 1.3% [ $256,080.00 1.7%
WEF-EU (Electronics Unit) 4 55 $1,000.00 0.0% $3.00 1.4% $55.00 4.7% $1,000.00 2.4% $220,000.00 | 0.5% [ $232,760.00 1.5%
Ancillary Material (cabling, mounting hardware, etc.) 5 55 $2,300.00 0.1% $2.00 0.9% $45.00 3.9% $2,100.00 5.0% $632,500.00 1.4% $590,425.00 3.9%
Other: 6 55 $4,500.00 | 0.1% $4.00 1.8% $22.00 1.9% $2,400.00 5.7% [ $1,485,000.00 | 3.2% [ $800,580.00 5.2%

EO/IR Sensor (ESM) 17 330 $1,910.00 [ 0.0% $45.00 20.7% $124.00 10.7% $1,400.00 3.3% | $282,150.00 [ 0.6% | $275,990.00 1.8%
Processing Equipment 3 55 $340.00 0.0% $4.00 1.8% $15.00 1.3% $150.00 0.4% $56,100.00 0.1% [ $27,885.00 0.2%
Processing Software 4 55 $230.00 0.0% $6.00 2.8% $23.00 2.0% $230.00 0.5% $50,600.00 0.1% $56,980.00 0.4%
Recording Equipment 5 55 $240.00 0.0% $5.00 2.3% $40.00 3.4% $430.00 1.0% $66,000.00 | 0.1% [ $130,625.00 0.9%
Docking Station Equipment 2 55 $350.00 0.0% $5.00 2.3% $21.00 1.8% $230.00 0.5% $38,500.00 | 0.1% [ $28,160.00 0.2%
Ancillary Material (video converters, encoders, ethernet switches, 1 55 $21000 | 0.0% $12.00 5.5% $10.00 0.9% $210.00 0.5% | $11,550.00 | 0.0% | $12,760.00 0.1%
racks, cabling, etc.)
Other: 2 55 $540.00 0.0% $13.00 6.0% $15.00 1.3% $150.00 0.4% $59,400.00 | 0.1% [ $19,580.00 0.1%

Figure 45.

Categories for Acquisition and Operation and Maintenance Costs
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Once the cost analyst has entered the Acquisition Cost for the hardware and
software required for the system, the analyst must remember to account for the human
element. The analyst will need to ensure that the cost required to pay for those responsible
for the design, logistics, management, and technology are represented in the model. This
model uses the Acquisition Cost column to record the initial salary of each job. The
Number of Platforms column describes the number of teams required for each system. The
Number of Units per System column describes the number of people required on each team.
The Operation Cost column is used to annotate the continuing salary for the human element
for the remainder of the program’s life. Essentially, this is how an analyst would annotate
a recurring salary payment. Throughout the five systems, the number of people per team
and the amount requested per salary will vary. Figure 46 shows an example of where

salaries are input into the model.

Reimberof Number of Acquisition e
Categories Units per i % Costs (Unit) Per %
Platforms Cost (Unit)
System Year
Grand Total $4,202,920.00 $1,907,716.00
Manpower and Personnel 30 6 $321,000.00 | 7.6% | $240,000.00 [ 12.6%
Program Management Office Team 8 1 $80,000.00 | 1.9% $80,000.00 4.2%
Manning and military occupational series training 6 1 $40,000.00 1.0% $40,000.00 2.1%
Depot Activation 5 1 $60,000.00 1.4% $55,000.00 2.9%
Software Sustainment 4 1 $40,000.00 1.0% $35,000.00 1.8%
Initial Fielding Support 4 1 $56,000.00 1.3% $30,000.00 1.6%
Other: 3 1 $45,000.00 1.1% $0.00 0.0%

Figure 46. Manpower and Personnel Salary Input Section

All of the costs mentioned previously are recurring costs, costs that will be
multiplied by the number of years of the program and summed to get the total cost. Analysts
must be sure not to forget to account for all of the one-time costs associated with the origins

of any project. Figure 47 shows the list of nonrecurring costs accounted for in the model.
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Nonrecurring Acquisition and End of Lifecycle Costs Total %
Acquisition and Procurement $467,800.00

Bid Specifications Development $10,000.00 2.1%
Proposal Evaluation $2,000.00 0.4%
Data Collection $40,000.00 8.6%
Data Analysis $12,000.00 2.6%
Contracts Development $3,000.00 0.6%
Program Planning $4,000.00 0.9%
Hardware Purchases $10,000.00 2.1%

Personal Computers $10,000.00 2.1%

Peripherals $15,000.00 3.2%

Storage $60,000.00 12.8%

Networking $23,000.00 4.9%

Related Equipment $35,000.00 7.5%
Other costs $10,000.00 2.1%
Administrative Cost $34,000.00 7.3%
Asset Management $15,000.00 3.2%
Overseeing Contractor Services $4,000.00 0.9%
In-House Training for Staff $5,000.00 1.1%
Product Maintenance $2,000.00 0.4%
Help Desk Support $10,000.00 2.1%
IT Support for Database Management $20,000.00 4.3%
Network Management Support $42,000.00 9.0%
Software Upgrades $12,000.00 2.6%
Hardware Upgrades $2,100.00 0.4%
Internet and Network Access Cost $14,000.00 3.0%
Furnitureand Equipment $10,000.00 2.1%
Energy Costs $3,400.00 0.7%
Informal Training $4,300.00 0.9%
Downtime Support and Outsource $24,000.00 5.1%
Other costs $32,000.00 6.8%

Figure 47. Nonrecurring Acquisition and Procurement Costs

Finally, we account for all of the disposal and end-of-life-cycle costs that will also

be one-time costs. Figure 48 shows the nonrecurring end-of-life-cycle costs.

Nonrecurring End of Lifecycle Costs Total %
End of Lifecycle $109,000.00
Administrative Cost 540,000.00 36.7%
Asset Management $20,000.00 18.3%
Vendor Contract Procurement $4,000.00 3.7%
Staging, Sanitizing, Testing $10,000.00 9.2%
Follow-Up Support $10,000.00 9.2%
Recycling and Disposal Fees $5,000.00 4.6%
Value of Sold Products and Materials $20,000.00 18.3%

Figure 48. Nonrecurring End-of-Life-Cycle Costs
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C. RESULTS AND ANALYSIS

Once the data have been manually inputted into the model, the cost analyst can
utilize the multitude of charts, graphs, and tools to analyze the total ownership cost of the
systems. These graphs, charts, and tools will allow the analyst to compare multiple cost
estimates over the entire life of the system at the same time. This thesis analyzed the
following tables and charts to highlight the functionality of the model: Total Net Life-Cycle
Cost, Present Value of Discounted Total Net Life-Cycle Cost, Cash Total Net Cost at Five-
Year increments, Total Ownership Cost Forecast Statistic Table, Simulation Probability

Charts, and the Tornado Analysis.

1. Total Net Life-Cycle Costs and Cash Total Net Cost at Five-Year
Increments

Figure 49 shows the Total Net Life-Cycle Cost for all five systems over a span of
30 years. The table and graph show the cost for the systems broken down into five-year
estimates. The model projects the life span of the system past the 20-year expected service
life. This extension allows the cost analyst to consider cost out to the 30-year point, as
many DoD systems tend to exceed their expected service lives. However, the five-year
increments also allow a decision-maker to understand the total net cost of disposing of a
system before its 20-year service life. The side-by-side comparison enables a decision-
maker to graphically perceive the potential differences between the cost estimates of the
multiple systems. When choosing between alternatives, Figure 49 can be a beneficial

decision aid.

In the analysis table in Figure 49, the 20-Year Cash Total Net Cost ranges from
$554 million (System C) to $771 million (System D). If cost was the determining factor, a
decision-maker could quickly determine that System C should be selected. To make the
comparison even easier to analyze, Figure 50 provides a side-by-side comparison of all
five systems at each of the five-year increments. Looking at the 20-Year Total Net Cost

Graph, it can be clearly seen that System C has the lowest Total Net Cost.

Cost analysis should only be one part of the picture when it comes to making then
correct strategic decision. For example, each system’s specifications and capabilities—its

military benefits or returns—should also be computed, such that each system will have its
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own return on investment (ROI). Nonetheless, the major component of any ROI analysis
is its cost. The focus of this research is to determine this cost computation. Another aspect
of TOC analysis is its use in cost mitigation, cost savings, and cost deferred, which

constitute another point of view of cost-based decision analytics.
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Analysis Period/Type System A System B System C System D System E

5 Year Cash Total Net Cost $192,078,759.39  $199,950,888.59 $158,074,801.16 $206,656,401.49 $161,982,378.15
10 Year Cash Total Net Cost $348,972,742.05 $366,909,094.54 $280,489,136.93  $381,039,284.24 $291,014,854.14
15 Year Cash Total Net Cost $517,992,119.86  $546,770,499.13  $412,364,142.71  $568,899,174.37 $430,019,476.51
20 Year Cash Total Net Cost $700,073,991.93 $740,532,313.22 5554,430,976.94 $771,277,62899  $579,766,932.65
25 Year Cash Total Net Cost $896,227,880.11  $949,268,816.09 $707,477,304.94  $989,296,700.88  $741,087,471.77
30 Year Cash Total Net Cost $1,107,541,326.15 $1,174,137,311.67 $872,351,665.95 $1,224,165,159.57 $914,875,508.07
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Figure 49. Total Net Life-Cycle Cost
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2. Present Value of Discounted Total Net Life-Cycle Cost

While Figure 49 shows the Total Net Life-Cycle Cost, it does not include
consideration of economic factors such as the time value of money and uncertainty risk.
To mitigate these factors in the model, Figure 51 incorporates a Net Present Value Life-
Cycle Cost estimate using a discount rate of 3% (i.e., the government’s cost of money,
where we can use 20-year and 30-year Treasury bond yields as proxies). In the analysis
table in Figure 49, the 20 Year Total Net Cost ranges from $554 million (System C) to
$771 million (System D), but when looking at the more realistic Present Value Discounted
Net Life-Cycle Cost, the range between Systems C and D decreases to $418 million and
$577 million. Not only do the estimates for the minimum and maximum values decrease
when the discount factor is applied, but the delta of the range between the values also
shrinks by $57.8 million. Incorporating the discount rate into the model gives the decision-
maker a complete analysis of the costs. Specifically, it shows the value of the lifetime cost
of a system in today’s money, thereby putting all systems with different life cycles and life

spans on an equal footing with each other, for a better cost comparison.

92



Analysis Period/Type System A System B System C System D System E

5 Year Cash Cost in Present Values $179,704,285.34 $186,783,594.12 $148,416,499.73 $192,904,219.83 $151,802,725.35
10 Year Cash Cost in Present Values $303,544,126.37 $318,568,174.68 $245,037,964.84 $330,549,870.97 $253,648,577.73
15 Year Cash Cost in Present Values $418,626,211.89 $441,033,105.19 $334,826,703.72 $458,461,345.77 $348,292,207.24
20 Year Cash Cost in Present Values $525,569,818.93 $554,837,402.90 $418,265,845.06 $577,326,978.99 $436,242,875.34
25 Year Cash Cost in Present Values $624,950,442.22 $660,593,492.07 $495,804,364.31 $687,786,438.92 $517,973,842.03
30 Year Cash Cost in Present Values $717,302,888.41 $758,870,497.06 $567,859,497.04 $790,434,167.10 $593,924,909.86
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3. Total Ownership Cost Forecast Statistics Table

The Forecast Statistics Table, shown in Figure 52, summarizes the distribution of
the Total Life-Cycle Cost and the Total Present Value (PV) Life-Cycle Cost for the five
systems at different points in the life cycle of the system. Figure 52 highlights the outcomes
of running 10,000 trials using the Monte Carlo Risk Simulator. The takeaways from this
figure are the mean, standard deviation, maximum, minimum, and range data points. These
metrics provide a decision-maker with a better understanding of how uncertainty can affect

the Total Life-Cycle Cost and Total PV Life-Cycle Cost of a system.

System C looks at the cost over a 20-year life span. Using the Monte Carlo Risk
Simulator, the maximum Total Life-Cycle Cost of the system is $568 million, while the
minimum is $540 million. These values represent the worst- and best-case scenarios,
respectively. The simulations produced a Total Life-Cycle Cost range of $28 million and
a mean value of $554 million. The standard deviation of Total Life-Cycle Cost simulations
for System C is $4.5 million, meaning 68.2% of the estimates will fall within +£$4.5 million
of the mean if the distribution is somewhat normally distributed. Figure 52 also shows the

same metrics for the PV of the Total Life-Cycle Cost for all systems.
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Total Lifetime Cost
for System A (20

Cell Years)
Name $S%42
Number of Datapoints 10,000
Mean $700,128,499.57
Median $700,141,006.85
Standard Deviation $6,257,100.80
Coefficient of Variation 0.89%
Maximum $721,408,465.72
Minimum $679,850,811.09
Range $41,557,654.63
Skewness -0.0032
Kurtosis -0.4009
25% Percentile $695,719,253.67
75% Percentile $704,532,335.37
Error Precision at 95% 0.02%
5% Percentile $689,682,929.25
10% Percentile $691,747,640.51
20% Percentile $694,602,871.32
30% Percentile $696,704,619.98
40% Percentile $698,493,546.06
50% Percentile $700,141,006.85
60% Percentile $701,843,734.05
70% Percentile $703,601,587.76
80% Percentile $705,593,527.64
90% Percentile $708,345,917.64
95% Percentile $710,307,855.95
99% Percentile $713,991,274.06

Total Lifetime Cost
for System B (25
Years)

$S842

10,000
$740,532,963.43
$740,535,580.46
$5,845,829.50

0.79%
$760,794,257.46
$719,523,385.66

$41,270,871.80
-0.0042

-0.2633
$736,446,455.02
$744,600,466.38

0.02%
$730,959,587.63
$732,794,898.81
$735,367,935.12
$737,452,394.84
$739,011,582.52
$740,535,580.46
$742,099,383.62
$743,714,003.76
$745,597,406.41
$748,088,346.78
$750,205,085.99
$753,529,283.26

Total Lifetime Cost
for System C (20
Years)

$5$42

10,000
$554,392,425.60
$554,384,371.67
$4,467,888.27

0.81%
$568,380,140.14
$540,339,232.67

$28,040,907.47
-0.0148

-0.3281
$551,284,478.55
$557,526,620.08

0.02%
$546,946,259.66
$548,533,001.64
$550,510,692.26
$551,979,547.59
$553,233,344.80
$554,384,371.67
$555,579,609.61
$556,847,632.09
$558,265,766.20
$560,256,120.90
$561,774,937.44
$564,370,570.06

Forecast Statistics Table - TOC Model

Total Lifetime Cost
for System D (10
Years)

$S$42

10,000
$771,338,025.77
$771,364,875.28
$7,611,267.45

0.99%
$792,265,719.52
$748,640,296.95

$43,625,422.57
-0.0026

-0.5003
$765,796,106.33
$776,618,455.92

0.02%
$758,769,396.90
$761,225,549.84
$764,515,420.38
$767,095,731.78
$769,309,931.15
$771,364,875.28
$773,403,235.14
$775,491,755.81
$778,104,442.05
$781,498,101.24
$784,001,472.92
$787,642,529.91

Total Lifetime Cost

Total PV Lifetime

for System E (15 Cost for System A (20

Years)

$S$42

10,000
$579,775,293.62
$579,759,448.54
$4,630,641.37

0.80%
$595,514,481.66
$564,025,304.82

$31,489,176.84
0.0087

-0.3088
$576,509,002.84
$582,946,797.53

0.02%
$572,144,154.21
$573,689,454.88
$575,778,821.69
$577,226,617.51
$578,543,844.11
$579,759,448.54
$580,989,590.40
$582,222,603.44
$583,805,528.28
$585,875,474.23
$587,517,826.61
$589,971,521.84

Years)

$S$43

10,000
$525,611,374.46
$525,610,342.27
$4,594,559.43

0.87%
$541,361,082.89
$510,709,204.65

$30,651,878.24
-0.0023

-0.3995
$522,378,543.35
$528,851,703.11

0.02%
$517,951,178.33
$519,468,239.36
$521,563,700.07
$523,096,629.77
$524,394,394.43
$525,610,342.27
$526,887,691.99
$528,161,141.23
$529,626,241.70
$531,647,003.55
$533,116,251.14
$535,763,348.04

Total PV Lifetime

Total PV Lifetime

Cost for System B (25 Cost for System C (20

Years)

$S$43

10,000
$554,838,179.48
$554,835,058.62
$4,292,302.35

0.77%
$569,528,468.16
$539,393,598.53

$30,134,869.63
-0.0028

-0.2616
$551,839,791.47
$557,822,109.37

0.02%
$547,793,197.77
$549,181,125.39
$551,045,883.57
$552,578,355.90
$553,713,041.68
$554,835,058.62
$555,979,070.58
$557,172,586.27
$558,543,630.43
$560,385,422.61
$561,929,004.53
$564,406,101.50

Figure 52. Total Ownership Cost Forecast Statistics Table
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Years)

$S$43

10,000
$418,238,633.17
$418,245,556.21
$3,283,147.51

0.78%
$428,545,963.69
$407,787,597.45

$20,758,366.24
-0.0144

-0.3249
$415,958,053.49
$420,545,180.57

0.02%
$412,759,859.00
$413,946,175.50
$415,386,396.82
$416,460,293.34
$417,379,609.28
$418,245,556.21
$419,103,492.37
$420,044,672.96
$421,090,371.98
$422,546,755.03
$423,658,279.36
$425,570,623.73

Total PV Lifetime
Cost for System D (10
Years)

$S$43

10,000
$577,371,510.62
$577,382,472.47
$5,583,858.78

0.97%
$592,883,001.86
$560,676,945.01

$32,206,056.85
-0.0026

-0.4998
$573,311,007.82
$581,253,957.83

0.02%
$568,154,901.40
$569,990,913.70
$572,378,313.33
$574,253,331.14
$575,880,312.72
$577,382,472.47
$578,891,015.17
$580,410,041.35
$582,332,648.63
$584,823,963.64
$586,692,336.33
$589,320,737.18

Total PV Lifetime
Cost for System E (15
Years)

$S$43

10,000
$436,248,097.08
$436,233,772.78
$3,400,790.39

0.78%
$447,659,644.97
$424,678,356.35

$22,981,288.62

0.0091

-0.3093
$433,851,693.64
$438,577,466.99

0.02%
$430,640,138.12
$431,776,478.59
$433,315,521.79
$434,382,267.57
$435,341,189.38
$436,233,772.78
$437,139,948.28
$438,057,186.64
$439,205,172.05
$440,711,757.31
$441,943,293.84
$443,747,515.40
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4. Simulation Probability Charts

A simulation probability chart is a histogram or frequency distribution of all of the
total life-cycle costs of a system based on 10,000 simulation runs or trials. The probability
chart produces a graphic representation of the information contained in the forecast
statistics table. Figure 53 shows the frequency distribution of the total life-cycle cost for
System A over a 20-year life. In the figure, it can be seen that System A’s frequency
distribution is shaped as a roughly symmetrical bell curve centered on a mean of $700
million. Using this chart, an analyst could confidently conclude the total life-cycle cost for
this system will fall between $679 million and $721 million. The figure also shows the
90% confidence interval of the TOC to be between $690 million and $710 million. This
means that there is a 90% chance that given all uncertainties that exist in each of the input
assumptions, the 20-year total lifetime cost for System A will be between these two values.
In addition, there is only a 5% chance that the cost can be below $690 million and 5%

chance it can exceed $710 million.

Figure 54 uses the same frequency distribution over the same 20-year system life
as in Figure 53; however, Figure 54/ takes into account the discount rate to better illustrate
the economic factor of inflation over time. Similarly, the 90% confidence interval in

present values is between $518 million and $533 million.
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Figure 53. Total Life Cycle-Cost for System A (20 Years)

[IK] Total PV Lifetime Cost for System A (20 Year.. — L >
Histogram Statistics Preferences Opfions Controls Global View
odhetal PV Lifetime Cost for System A (20 Years) (10000 Trials),
800+ — =1.0
800+ 0.9
~00 4 0.8
0.7
G001
~0.6
500+
0.5
2004
0.4
3004 e
2004 - 0.2
100+ =01
81 1%65153.49 b21506153.49 53150615349 54150615340 55'150151:1"3'3:.'49

Type |Two-Tail v |[ 517951178 || 533.116.251 |cCenainty% | 90.00=]

Figure 54. Total Present Value Life-Cycle Cost for System A (20 Years)
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Figure 55 shows the total life-cycle cost for System B; however, the

system’s life

span has been extended to 25 years versus 20 years. The probability charts allow cost

analysts to graphically compare the frequency distributions of two different systems with

varying life spans. In a comparison between Figure 53 and Figure 55, System A has a

shorter life span and lower total cost range. Through this analysis, a decision-maker can

determine if the extended life span of System B is worth the higher total life-cycle cost.

Figure 56 displays the total PV life-cycle cost for System B, which has been adjusted using

a discount factor for inflation.

Total Lifetime Cost for System B (25 Years) O
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Figure 55. Total Life-Cycle Cost for System B (25 Years)
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Figure 56. Total Present Value Life-Cycle Cost for System B (25 Years)

Figure 57 shows the total life-cycle cost for System D; however, the system’s life
span has been shortened to 10 years versus the original 20 years. The probability chart
allows an analyst to compare the total life-cycle cost of a system with a shorter life span to
systems with longer life spans. In a comparison between Figure 53 and Figure 57, System
A has a longer life span and a lower total cost range than System D. This comparison
illustrates that despite System D’s shorter life span, the total life-cycle cost is higher than
that of System A. This could be a vital metric for decision-makers to consider when
determining which system has the best value. Figure 58 shows System D’s total PV life-
cycle cost to account for economic factors. These probability distributions can also be

overlaid and compared against one another for a better view of the potential cost spreads,

as shown in Figure 59.
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Figure 57. Total Life-Cycle Cost for System D (10 Years)
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Figure 58. Total Present Value Life-Cycle Cost for System D (10 Years)
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Figure 59. Probability Distribution Cost Overlay of the Five Systems

5. Tornado Analysis

The tornado analysis chart gives decision-makers the ability to break down which
variables have the most significant impact on the overall outcome of the simulation. By
focusing on the top critical factors, decision-makers can focus on cost reduction techniques
in places that will have the most effect. The tornado analysis allows the decision-makers
to adjust how many critical variables to display. Figure 60 shows the tornado analysis chart
detailing the 20 most impactful variables on the TOC model. Based on the notional cost
values inputted into the model, the number of platforms containing that ancillary material

1s the most critical factor.
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Figure 60. Tornado Analysis
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VI. CONCLUSION

A. KEY CONCLUSIONS

The purpose of this thesis was to develop a total ownership with life-cycle cost
model while considering uncertainty for EO/IR sensors on U.S. Navy surface ships.
Through the examination of total ownership cost (TOC) modeling over the life cycle of
EO/IR sensors, including the inception phase of Acquisition Costs, followed by annual
Operations and Maintenance expenses, along with a final set of Disposition Costs, we were
able to develop a useful model for TOC estimations. Using Monte Carlo risk simulation,
our model accounts for risk and uncertainty when producing cost estimates. The model
also provides analysts with a more realistic estimate by factoring in economic theory, such

as economic growth, annual discount rate, and inflation.

As discussed, the cost analysis models presented should only be one part of a larger
picture when it comes to making the correct strategic investment decisions. For example,
each system’s specifications, capabilities, military benefits, or financial and non-economic
returns, should also be computed, such that each system will have its own return of
investment (ROI). Nonetheless, the major component of any ROI analysis is its cost. The
focus of this research was to determine these critical cost computations. Another use of
TOC modeling is in determining cost mitigation, cost savings, and cost deferred, that is,
what the cost differential might be or an Analysis of Alternatives, which constitute another

point of view of cost-based decision analytics.

The model allows decision-makers to have better decision analytics of the costs of
EO/IR surface sensors. These analytics can be used in subsequent cost comparisons
between different sensor platforms, Analysis of Alternatives, and portfolio allocation of
resources. Specifically, PEO IWS and NAVSEA can utilize this model in future program
cost estimation development. Since the model is tailorable to different sensor
configurations, it can provide clarity in analyzing different and complex alternative sensor
systems to develop and outfit the fleet. The results of this model give decision-makers a

more effective metric to analyze TOC under uncertainty; this can reduce cost overflow and
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prevent budget overruns. Ultimately, the model allows leadership to make more informed

decisions in the DoD acquisition process and maximize the use of its limited resources.

B. CURRENT RESEARCH LIMITATIONS AND FOLLOW-ON RESEARCH

The main limitation of the current study is that notional cost data was used to
provide a proof of concept that the model functions as designed. However, this presents an
opportunity for future research whereby additional follow-on research with empirical data
should be conducted. This model can analyze cost data in past, present, and future EO/IR

models.

Beginning with historical data, a cost analyst could compile a list of program
components associated with a system that is retired or currently in use. Once the list of
components is obtained, the analyst can then associate the estimated historical cost
assigned to each component during the program’s initial cost estimate (e.g., a program cost
estimate developed in 1992). Using the original cost data and component list, the analyst
could then run the new total ownership with life-cycle cost model under uncertainty. This
would produce a new cost estimate for the program, which could then be compared to the
original estimate and the actual life-cycle cost of the program. Executing this study would
determine whether the TOC model developed in this thesis is a superior method of cost

estimation for the DoD.

Another follow-on study could be done using the data from a program that is
currently undergoing its initial cost estimation. The cost estimate could be done in
conjunction with the DoD’s current methods of cost estimation. Another researcher could
partner with PEO IWS and the new system’s program office to complete a cost estimate
using the TOC model developed in this thesis. This process would allow for real time cost
comparisons at different stages in the acquisition process. The comparison between the two
estimates would provide decision-makers with another method of verifying assumptions
and validating that their cost estimates are reasonable and credible. Concurrently
conducting the cost estimates allows researchers and cost estimators to compare their
estimates to actual cost data at the different increments throughout the program’s life cycle.
This comparison would determine which method of cost estimation was more accurate at

different points in the system’s life cycle.
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These follow-on studies require real-world cost data from historical or current
EO/IR programs. While data collection may prove difficult and time-consuming, this
research would be beneficial to the DoD and well worth the investment. Working with PEO
IWS and the program office’s cost estimation teams could result in model improvements
and provide an even more robust total ownership with life-cycle cost model under

uncertainty.

C. OTHER APPLICATIONS AND CONCLUSIONS

This thesis focuses specifically on the application of this TOC model with regard
to EO/IR sensors on surface ships; it barely scratches the surface of the model’s potential.
This model could be applied to any one of the thousands of acquisition projects in the DoD.
The model’s use is not confined to EO/IR sensors on surface ships but can be adjusted and
developed for various programs. The process and the strength of the results that the model
would provide would be the same; the only necessary change a cost analyst would need to
make is to alter the list of components to reflect whichever system or program is being
analyzed. In the same fashion, this model could also provide contractors and non-DoD

organizations with an additional method of cost estimation.

Cost estimation is not an exact science; however, this model provides a coherent
method of estimating the total ownership with life-cycle costs under uncertainty for EO/IR
sensors on surface ships. It gives a decision-maker another tool when evaluating alternative
programs and courses of action. The ultimate goal of this model is to provide a more
effective tool in determining how the DoD spends its limited resources on competing
priorities. While follow-on research needs to be conducted to validate the efficacy of the
model, this thesis offers a proof of concept and takes a step towards DoD portfolio

optimization.

105



THIS PAGE INTENTIONALLY LEFT BLANK

106



APPENDIX A. SYSTEM A EXCEL SPREADSHEET DATA

Appendix A contains the model’s Excel spreadsheet for System A, shown in
Figures 60-67. This spreadsheet includes the recurring cost inputs, the nonrecurring cost
inputs, the end-of-life-cycle cost inputs, and the risk-based Monte Carlo simulation

uncertainty ranges.

107



108

Name: | System A Discount Rate: | 3.00% Economic Life: [20 Years =
Select Uncertainty Range: [ Use Small +/- 5% R&nQELI .l Notes: |
Annual Growth or Decline Curve: 1.50%
. Nurflher i Number of Acquisition Operatinn-al Maintenance Replacement Total Acquisition Total Annual
S CLLSEL Platforms Cuqst {Unit) rd () :d (Unit) Per Year ] (Unli't) Per Year ] C:st ] 0&M :d
System Per Year
Grand Total $4,202,920.00 $1,907,716.00 $106,663.00 $99,880.00 $45,863,500.00 $28,266,870.00
Narrow-Medium Field of View (NFOV) Sensors 43 935 $7,110.00 0.2% $73.00 0.0% $594.00 0.6% $4,880.00 4.9% $960,850.00 | 2.1% [ $753,720.00 2.7%
NF-DIR (NFOV Director) 2 55 $400.00 0.0% $5.00 0.0% $30.00 0.0% $300.00 0.3% $44,000.00 0.1% $36,850.00 0.1%
NF-TIS (Thermal Imaging Sensor) - TIS #1 3 55 $350.00 0.0% $6.00 0.0% $23.00 0.0% $150.00 0.2% $57,750.00 0.1% $29,535.00 0.1%
NF-TIS (Thermal Imaging Sensor) - TIS #2 2 55 $460.00 0.0% $7.00 0.0% $25.00 0.0% $300.00 0.3% $50,600.00 0.1% $36,520.00 0.1%
NF-EQS (Electro-Optic Sensor) - EOS #1 3 55 $230.00 0.0% $5.00 0.0% $34.00 0.0% $200.00 0.2% $37,950.00 0.1% [ $39,435.00 0.1%
NF-EOS (Electro-Optic Sensor) - EOS #2 3 55 $340.00 0.0% $3.00 0.0% $45.00 0.0% $220.00 0.2% $56,100.00 0.1% $44,220.00 0.2%
NF-EQS (Electro-Optic Sensor) - EQS #3 3 55 $450.00 0.0% $2.00 0.0% $56.00 0.1% $250.00 0.3% $74,250.00 0.2% $50,820.00 0.2%
NF-LRF (Laser Rangefinder) 2 55 $560.00 0.0% $3.00 0.0% $45.00 0.0% $560.00 0.6% $61,600.00 0.1% $66,880.00 0.2%
NF-LDR (Laser Designator/Rangefinder) 2 55 $430.00 0.0% $4.00 0.0% $34.00 0.0% $220.00 0.2% $47,300.00 0.1% $28,380.00 0.1%
NF-LDRFI (Laser Designator/Rangefinder/llluminator) 2 55 $460.00 0.0% $5.00 0.0% $23.00 0.0% $140.00 0.1% $50,600.00 0.1% [ $18,480.00 0.1%
NF-LP (Laser Pointer) 5 55 $450.00 0.0% $6.00 0.0% $45.00 0.0% $270.00 0.3% $123,750.00 0.3% $88,275.00 0.3%
NF-LOI (Laser Optical/Ocular Interrupter) 1 55 $560.00 0.0% $6.00 0.0% $65.00 0.1% $320.00 0.3% $30,800.00 0.1% $21,505.00 0.1%
NF-LI (Laser llluminator) 3 55 $430.00 0.0% $3.00 0.0% $43.00 0.0% $540.00 0.5% $70,950.00 0.2% [ $96,690.00 0.3%
NF-IRU (Inertial Reference Unit) 2 55 $430.00 0.0% $3.00 0.0% $34.00 0.0% $450.00 0.5% $47,300.00 0.1% [ $53,570.00 0.2%
NF-BSM (Boresight Module) 1 55 $230.00 0.0% $3.00 0.0% $23.00 0.0% $220.00 0.2% $12,650.00 0.0% $13,530.00 0.0%
NF-EU (Electronics Unit) 2 55 $670.00 0.0% $3.00 0.0% $23.00 0.0% $330.00 0.3% $73,700.00 0.2% $39,160.00 0.1%
Ancillary Material (cabling, mounting hardware, etc.) 3 55 $430.00 0.0% $3.00 0.0% $23.00 0.0% $200.00 0.2% $70,950.00 0.2% $37,290.00 0.1%
Other: 4 55 $230.00 0.0% $6.00 0.0% $23.00 0.0% $210.00 0.2% $50,600.00 0.1% [ $52,580.00 0.2%
Wide Field of View (WFOV) Sensors 23 385 $25,600.00 0.6% $24.00 0.0% $245.00 0.2% $14,200.00 | 14.2% [ $4,240,500.00 | 9.2% [ $2,487,100.00 8.8%
WF-DIR (Director) 2 55 $4,500.00 0.1% $4.00 0.0% $35.00 0.0% $2,000.00 2.0% $495,000.00 1.1% [ $224,290.00 0.8%
WF-TIS (Thermal Imaging Sensor) 3 55 $3,500.00 0.1% $3.00 0.0% $43.00 0.0% $1,200.00 1.2% $577,500.00 1.3% [ $205,580.00 0.7%
WF-EOS (Electro-Optic Sensor) 1 55 $4,500.00 0.1% $2.00 0.0% $23.00 0.0% $3,200.00 3.2% $247,500.00 | 0.5% [ $177,375.00 0.6%
WF-IRU (Inertial Reference Unit) 2 55 $5,300.00 0.1% $6.00 0.0% $22.00 0.0% $2,300.00 2.3% $583,000.00 1.3% [ $256,080.00 0.9%
WF-EU (Electronics Unit) 4 55 $1,000.00 0.0% $3.00 0.0% $55.00 0.1% $1,000.00 1.0% $220,000.00 0.5% [ $232,760.00 0.8%
Ancillary Material (cabling, mounting hardware, etc.) 5 55 $2,300.00 0.1% $2.00 0.0% $45.00 0.0% $2,100.00 2.1% $632,50000 | 1.4% [ $590,425.00 2.1%
Other: 6 55 $4,500.00 0.1% $4.00 0.0% $22.00 0.0% $2,400.00 2.4% | $1,485,000.00 | 3.2% [ $800,580.00 2.8%
EO/IR Sensor M: (ESM) 17 330 $1,910.00 0.0% $45.00 0.0% $124.00 0.1% $1,400.00 1.4% $282,150.00 | 0.6% | $275,990.00 1.0%
Processing Equipment 3 55 $340.00 0.0% $4.00 0.0% $15.00 0.0% $150.00 0.2% $56,100.00 0.1% $27,885.00 0.1%
Processing Software 4 55 $230.00 0.0% $6.00 0.0% $23.00 0.0% $230.00 0.2% $50,600.00 0.1% $56,980.00 0.2%
Recording Equipment 5 55 $240.00 0.0% $5.00 0.0% $40.00 0.0% $430.00 0.4% $66,000.00 0.1% | $130,625.00 0.5%
Docking Station Equipment 2 55 $350.00 0.0% $5.00 0.0% $21.00 0.0% $230.00 0.2% $38,500.00 0.1% $28,160.00 0.1%
Ancillary N,Iatenal video converters, encoders, ethernet switches, 1 55 $210.00 0.0% $12.00 0.0% $10.00 0.0% $210.00 0.2% $11,550.00 0.0% $12,760.00 0.0%
racks, cabling, etc.)
Other: 2 55 $540.00 0.0% $13.00 0.0% $15.00 0.0% $150.00 0.2% $59,400.00 0.1% $19,580.00 0.1%
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Human hine Interface (HMI) 52 275 $30,000.00 0.7% $74.00 0.0% $200.00 0.2% $21,900.00 | 21.9% |$14,740,000.00(32.1%($11,791,560.00| 41.7%
HMI-B (HM| Bridge/Cockpit) 5 55 $6,000.00 0.1% $7.00 0.0% $43.00 0.0% $5,000.00 5.0% | $1,650,000.00 | 3.6% [ $1,388,750.00 4.9%
HMI-C (HM| Combat Information Center/Cabin) 15 55 $7,000.00 0.2% $10.00 0.0% $56.00 0.1% $5,000.00 5.0% [ $5,775,000.00 |12.6% [ $4,179,450.00 14.8%
HMI-I (HMI Intel) 1 55 $5,000.00 0.1% $15.00 0.0% $25.00 0.0% $4,500.00 4.5% $275,000.00 0.6% | $249,700.00 0.9%
And_"ary Material (additional displays, control panel switches, 30 55 $4,000.00 0.1% $32.00 0.0% $54.00 0.1% $3,400.00 3.4% | $6,600,000.00 |14.4%| $5,751,900.00 203%
cabling, mounts, etc.

Other: 1 55 $8,000.00 0.2% $10.00 0.0% $22.00 0.0% $4,000.00 4.0% $440,000.00 1.0% | $221,760.00 0.8%

Product Support 76 9 $355,000.00 [ 8.4% | $323,000.00 [ 16.9% $0.00 0.0% $0.00 0.0% | $2,850,000.00 | 6.2% | $3,179,000.00 11.2%
Program Management Office Team 5 1 $80,000.00 1.9% $80,000.00 4.2% $0.00 0.0% $0.00 0.0% $400,000.00 0.9% [ $400,000.00 1.4%
Sustainment Planning and Data Procurement 10 1 $50,000.00 1.2% $45,000.00 2.4% $0.00 0.0% $0.00 0.0% $500,000.00 1.1% $450,000.00 1.6%
Depot Activation 2 1 $20,000.00 0.5% $21,000.00 1.1% $0.00 0.0% $0.00 0.0% $40,000.00 0.1% $42,000.00 0.1%
Software Sustainment 7 1 $40,000.00 1.0% $35,000.00 1.8% $0.00 0.0% $0.00 0.0% $280,000.00 0.6% | $245,000.00 0.9%
Integrated Product Support Team 6 1 $35,000.00 0.8% $40,000.00 2.1% $0.00 0.0% $0.00 0.0% $210,000.00 0.5% $240,000.00 0.8%
Provisioning and Initial Spares Lay-in 4 1 $40,000.00 1.0% $5,000.00 0.3% $0.00 0.0% $0.00 0.0% $160,000.00 0.3% $20,000.00 0.1%
Contracting Strategy 6 1 $20,000.00 0.5% $12,000.00 0.6% $0.00 0.0% $0.00 0.0% $120,000.00 0.3% $72,000.00 0.3%
Full Scale Production 30 1 $30,000.00 0.7% $50,000.00 2.6% $0.00 0.0% $0.00 0.0% $900,000.00 2.0% | $1,500,000.00 5.3%
Other: 6 1 $40,000.00 1.0% $35,000.00 1.8% $0.00 0.0% $0.00 0.0% $240,000.00 0.5% | $210,000.00 0.7%

Design Interface 63 11 $320,000.00 | 7.6% $24,000.00 1.3% $0.00 0.0% $0.00 0.0% | $1,839,000.00 [ 4.0% | $115,000.00 0.4%
Technology development (TRL2 to TRL4) 3 1 $40,000.00 1.0% $0.00 0.0% $0.00 0.0% $0.00 0.0% $120,000.00 0.3% $0.00 0.0%
Materiel development and LRIP (TRLS to TRL7) 3 1 $12,000.00 0.3% $0.00 0.0% $0.00 0.0% $0.00 0.0% $36,000.00 0.1% $0.00 0.0%
Operational Test (TRL8) 7 1 $34,000.00 0.8% $0.00 0.0% $0.00 0.0% $0.00 0.0% $238,000.00 0.5% $0.00 0.0%
Combat system integration (software changes) 8 1 $19,000.00 0.5% $0.00 0.0% $0.00 0.0% $0.00 0.0% $152,000.00 | 0.3% $0.00 0.0%
Reliability Growth Program 4 1 $32,000.00 0.8% $5,000.00 0.3% $0.00 0.0% $0.00 0.0% $128,000.00 0.3% $20,000.00 0.1%
Technology Refresh (P31, emerging threats, obsolescence...) 5 1 $24,000.00 0.6% $19,000.00 1.0% $0.00 0.0% $0.00 0.0% $120,000.00 | 0.3% $95,000.00 0.3%
Technology Roadmap 6 1 $18,00000 | 0.4% $0.00 0.0% $0.00 0.0% $0.00 0.0% | $108,000.00 | 0.2% 50.00 0.0%
Design for Maintainability 7 1 $45,000.00 1.1% $0.00 0.0% $0.00 0.0% $0.00 0.0% $315,000.00 0.7% $0.00 0.0%
Modularity 8 1 $32,000.00 0.8% $0.00 0.0% $0.00 0.0% $0.00 0.0% $256,000.00 0.6% $0.00 0.0%
Obsolescence Mitigation (Cost should be escalated) 3 1 $35,00000 | 0.8% $0.00 0.0% $0.00 0.0% $0.00 0.0% $105,000.00 | 0.2% $0.00 0.0%
Other: 9 1 $29,000.00 0.7% $0.00 0.0% $0.00 0.0% $0.00 0.0% $261,000.00 0.6% $0.00 0.0%

Supply Support 77 12 $284,300.00 | 6.8% | $361,000.00 | 18.9% $0.00 0.0% $0.00 0.0% | $2,096,000.00 | 4.6% | $2,425,000.00 8.6%
Wholesale and Retail Supply Chain Management 20 1 $40,00000 | 1.0% | $30,000.00 | 1.6% $0.00 0.0% $0.00 0.0% | $800,000.00 | 1.7% || $600,000.00 2.1%
Spares Worldwide Transportation 8 1 $20,000.00 0.5% $45,000.00 2.4% $0.00 0.0% $0.00 0.0% $160,000.00 0.3% | $360,000.00 1.3%
Spares Warehousing 6 1 $30,000.00 0.7% | $100,000.00 5.2% $0.00 0.0% $0.00 0.0% $180,000.00 0.4% | $600,000.00 2.1%
Consumable Spares Replenishment 5 1 $23,000.00 0.5% $26,000.00 1.4% $0.00 0.0% $0.00 0.0% $115,000.00 0.3% | $130,000.00 0.5%
Provisioning and Initial Spares Lay-in 1 1 $10,000.00 0.2% $0.00 0.0% $0.00 0.0% $0.00 0.0% $10,000.00 0.0% $0.00 0.0%
Obsolescence Mitigation (Cost should be escalated) 1 1 $23,000.00 0.5% $33,000.00 1.7% $0.00 0.0% $0.00 0.0% $23,000.00 0.1% $33,000.00 0.1%
Contracting Strategy 6 1 $15,000.00 0.4% $15,000.00 0.8% $0.00 0.0% $0.00 0.0% $90,000.00 0.2% $90,000.00 0.3%
Decreasing Economies of Scale 5 1 $30,000.00 0.7% $25,000.00 1.3% $0.00 0.0% $0.00 0.0% $150,000.00 0.3% | $125,000.00 0.4%
Battle Damage 20 1 $23,300.00 0.6% $20,000.00 1.0% $0.00 0.0% $0.00 0.0% $466,000.00 1.0% [ $400,000.00 1.4%
Initial Fielding Support 2 1 $12,000.00 0.3% $9,000.00 0.5% $0.00 0.0% $0.00 0.0% $24,000.00 0.1% $18,000.00 0.1%
Prepositioned Stock 3 1 $26,000.00 0.6% $23,000.00 1.2% $0.00 0.0% $0.00 0.0% $78,000.00 0.2% $69,000.00 0.2%
Other: 0 1 $32,000.00 0.8% $35,000.00 1.8% $0.00 0.0% $0.00 0.0% $0.00 0.0% $0.00 0.0%
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Support 52 8 $310,000.00 [ 7.4% | $269,000.00 [14.1% | $6500000 [ 60.9% $57,500.00 ['57.6% | $2,028,000.00 ["4.4% | $3,010,000.00 | 10.6%
Depot Activation 8 1 $45,000.00 1.1% $50,000.00 2.6% $0.00 0.0% $0.00 0.0% $360,000.00 0.8% [ $400,000.00 1.4%
Software Sustainment 6 1 $43,000.00 1.0% $30,000.00 1.6% $0.00 0.0% $0.00 0.0% $258,000.00 0.6% | $180,000.00 0.6%
Special Tools & Equipment 8 1 $56,000.00 1.3% $75,000.00 3.9% $30,000.00 28.1% $10,500.00 10.5% $448,000.00 1.0% [ $924,000.00 3.3%
Ancillary Equipment 9 1 $23,000.00 0.5% $43,000.00 23% $25,000.00 23.4% $47,000.00 471% $207,000.00 0.5% [ $1,035,000.00 3.7%
Support Equipment Sustainment 6 1 $34,000.00 0.8% $23,000.00 1.2% $10,000.00 9.4% $0.00 0.0% $204,000.00 0.4% [ $198,000.00 0.7%
Initial Fielding Support 5 1 $53,000.00 1.3% $15,000.00 0.8% $0.00 0.0% $0.00 0.0% $265,000.00 0.6% $75,000.00 0.3%
Obsolescence Mitigation (Cost should be escalated) 6 1 $31,000.00 0.7% $33,000.00 1.7% $0.00 0.0% $0.00 0.0% $186,000.00 | 0.4% [ $198,000.00 0.7%
Other: 4 1 $25,000.00 0.6% $0.00 0.0% $0.00 0.0% $0.00 0.0% $100,000.00 0.2% $0.00 0.0%

Packaging, Handling, Storage and Transportation 5 4 $133,000.00 [ 3.2% $46,000.00 2.4% $0.00 0.0% $0.00 0.0% $846,000.00 [ 1.8% | $287,000.00 1.0%
Transportability Requirements 6 1 $54,000.00 1.3% $20,000.00 1.0% $0.00 0.0% $0.00 0.0% $324,000.00 0.7% [ $120,000.00 0.4%
Transportation Limitations 6 1 $31,000.00 0.7% $15,000.00 0.8% $0.00 0.0% $0.00 0.0% $186,000.00 0.4% $90,000.00 0.3%
Initial Fielding Support 7 1 $25,000.00 0.6% $5,000.00 03% $0.00 0.0% $0.00 0.0% $175,000.00 0.4% $35,000.00 0.1%
Other: 7 1 $23,000.00 0.5% $6,000.00 03% $0.00 0.0% $0.00 0.0% $161,000.00 0.4% $42,000.00 0.1%

Computer Resources 35 6 $237,000.00 [ 5.6% $209,000.00 [ 11.0% $0.00 0.0% $0.00 0.0% | $1,328,000.00 [ 2.9% | $1,241,000.00 4.4%
Manning and military occupational series training 4 1 $60,000.00 1.4% $40,000.00 2.1% $0.00 0.0% $0.00 0.0% $240,000.00 | 0.5% [ $160,000.00 0.6%
Depot Activation 5 1 $45,000.00 1.1% $25,000.00 13% $0.00 0.0% $0.00 0.0% $225,000.00 0.5% [ $125,000.00 0.4%
Software Sustainment 6 1 $32,000.00 0.8% $37,000.00 1.9% $0.00 0.0% $0.00 0.0% $192,000.00 0.4% [ $222,000.00 0.8%
O-level publications and new equipment training 7 1 $37,000.00 0.9% $75,000.00 3.9% $0.00 0.0% $0.00 0.0% $259,000.00 | 0.6% [ $525,000.00 1.9%
Initial Fielding Support 6 1 $29,000.00 0.7% $15,000.00 0.8% $0.00 0.0% $0.00 0.0% $174,000.00 0.4% $90,000.00 0.3%
Other: 7 1 $34,000.00 0.8% $17,000.00 0.9% $0.00 0.0% $0.00 0.0% $238,000.00 0.5% [ $119,000.00 0.4%

Manpower and Personnel 30 6 $321,000.00 [ 7.6% $240,000.00 [ 12.6% $0.00 0.0% $0.00 0.0% | $1,699,000.00 [ 3.7% | $1,415,000.00 5.0%
Program Management Office Team 8 1 $80,000.00 1.9% $80,000.00 4.2% $0.00 0.0% $0.00 0.0% $640,000.00 1.4% [ $640,000.00 2.3%
Manning and military occupational series training 6 1 $40,000.00 1.0% $40,000.00 2.1% $0.00 0.0% 50.00 0.0% $240,000.00 | 0.5% [ $240,000.00 0.8%
Depot Activation 5 1 $60,000.00 14% $55,000.00 2.9% $0.00 0.0% $0.00 0.0% $300,000.00 0.7% [ $275,000.00 1.0%
Software Sustainment 4 1 $40,000.00 1.0% $35,000.00 1.8% $0.00 0.0% $0.00 0.0% $160,000.00 0.3% | $140,000.00 0.5%
Initial Fielding Support 4 1 $56,000.00 1.3% $30,000.00 1.6% $0.00 0.0% $0.00 0.0% $224,000.00 0.5% [ $120,000.00 0.4%
Other: 3 1 $45,000.00 1.1% $0.00 0.0% $0.00 0.0% $0.00 0.0% $135,000.00 0.3% $0.00 0.0%

Maintenance Planning and M. 268 15 $430,000.00 [10.2% $0.00 0.0% $0.00 0.0% $0.00 0.0% | $8,330,000.00 [18.2% $0.00 0.0%
System Support Strategy 30 1 $40,000.00 1.0% $0.00 0.0% $0.00 0.0% $0.00 0.0% [ $1,200,000.00 | 2.6% $0.00 0.0%
Title 10 Core 50/50 10 1 $30,000.00 0.7% $0.00 0.0% $0.00 0.0% $0.00 0.0% $300,000.00 0.7% $0.00 0.0%
Depot Activation 16 1 $25,000.00 0.6% $0.00 0.0% $0.00 0.0% $0.00 0.0% $400,000.00 0.9% $0.00 0.0%
Software Sustainment 34 1 $40,000.00 1.0% $0.00 0.0% $0.00 0.0% $0.00 0.0% [ $1,360,000.00 | 3.0% $0.00 0.0%
Depot Repair and Overhaul 67 1 $30,000.00 0.7% $0.00 0.0% $0.00 0.0% $0.00 0.0% [ $2,010,000.00 | 4.4% $0.00 0.0%
Manning and military occupational series training 20 1 $35,000.00 0.8% $0.00 0.0% $0.00 0.0% $0.00 0.0% $700,000.00 | 1.5% $0.00 0.0%
O-level publications and new equipment training 21 1 $23,000.00 05% $0.00 0.0% $0.00 0.0% $0.00 0.0% $483,000.00 | 1.1% $0.00 0.0%
Sustainment Planning and Data Procurement 10 1 $12,000.00 | 0.3% $0.00 0.0% $0.00 0.0% $0.00 0.0% $120,000.00 | 0.3% $0.00 0.0%
Provisioning and Initial Spares Lay-in 15 1 $43,000.00 1.0% $0.00 0.0% $0.00 0.0% $0.00 0.0% $645,000.00 1.4% $0.00 0.0%
Demilitarization and Disposal 13 1 $23,000.00 0.5% $0.00 0.0% $0.00 0.0% $0.00 0.0% $293,000.00 0.7% $0.00 0.0%
Full Scale Production 5 1 $40,000.00 1.0% $0.00 0.0% $0.00 0.0% $0.00 0.0% $200,000.00 0.4% $0.00 0.0%
Decreasing Economies of Scale 7 1 $16,000.00 04% $0.00 0.0% $0.00 0.0% $0.00 0.0% $112,000.00 0.2% $0.00 0.0%
Initial Fielding Support 7 1 $20,000.00 0.5% $0.00 0.0% $0.00 0.0% $0.00 0.0% $140,000.00 0.3% $0.00 0.0%
Obsolescence Mitigation (Cost should be escalated) 5 1 $21,000.00 05% $0.00 0.0% $0.00 0.0% $0.00 0.0% $105,000.00 | 0.2% $0.00 0.0%
Other: 8 1 $32,000.00 0.8% $0.00 0.0% $0.00 0.0% $0.00 0.0% $256,000.00 0.6% $0.00 0.0%

Figure 63. System A: Recurring Cost Inputs, Section 3

110




Training and Training Support 29 8 7.1% | $138,500.0 T.3% £0.00 0.0% 00% | $1,064,00000 | 2.3% | $521,500.00 1A%
Deapaot Activation 1 1 10% a 0.9% 0.0% 0.0% 542 ,000.00 0.1% %18,000.00 0.1%
Saftware Sustainment 3 1 08% 0.4% 3.0% 0.0% 596,000.00 2% $21,000.00 0.1%
Manning and military occupational series tr 4 1 0.8% 1.7% 0,05 0.0% 513600000 | 03% | 512800000 0.5%
O-lewel publications and new eguipment Lraining 5 1 0.6% 2.0% 0.0% 0.0% 512500000 | 03% | $190,000.00 0.7%
Suitainment Planning and Data Procunement 3 1 0a% 0.5% Q0% QU0 £105,000.00 02% £28,500.00 0.1%
Trans portability Reguirements 4 1 1A% 09% Q0% Q.05 £240,000.00 05% £658,000.00 0.2%
Initial Fielding Suppart 5 1 1.09% 0.0% 3.0% 0.0% 5200,000.00 4% 50.00 0.0%
Other: 4 1 530,000.00 | 0.7% a 0.9% 0,05 0.0% 512000000 | 03% | 56800000 0.2%

Facilities and Infrastructure E 4 5$1,070,00000 | 25.5% | $184.00000 | 9.6% | 54050000 IB0E 0.0% | $1,720,000.00 | 3.8% | 527400000 10%
Ship aleration Tar initial hielding 1 1 29% 0.0% 0.0% 0.0% 5120,000.00 0.3% 50,00 0.0%
Deapaot Activation 2 1 59% 13% 6.6% 0.0% 5500,000.00 1.1% £64,000.00 0.2%
Saftware Sustainment 2 1 95% 0.5% 8.0% 0.0% S800,000.00 17% $35,000.00 0.1%
Other: 1 1 7.1% 19% 234% 0.0% 530000000 | 0.7% | 517500000 0.6%

Technical Data Management a7 7 0% 58% 00% 0.0% | $1,840,00000 | 4.0% | 549100000 1.7%
Dapat Activation 4 1 3A% 39% 0.0% 0.0% 5640,000.00 14% | $300,00000 1.1%
Softesare Sustainmant 5 1 14% 0.5% 0.0% 0.0% 5300,000.00 0.7% £47,500.00 0.2%
Manning and military oocu patianal 3eries tr 8 1 0.5% 03% 0% 0.0% $120,000.00 03% 436,000.00 0.1%
C-level pu blications and new equipment training 7 1 10% 04% 0,05 0.0% 528000000 | 0.6% | 55250000 0.2%
Sustainment Planning and Data Pracurement 3 1 0.7% 0.5% 0% 0.0% 590,000.00 0.2% | 53000000 0.1%
Contracting Strategy 5 1 10% 0.3% 0.0% 0.0% 5200,000.00 0.4% £25,000.00 0.1%
Othar: 7 1 0.7% 0.0% 0.0% 0.0% 5210,000.00 0.5% 50.00 0.0%

Figure 64. System A: Recurring Cost Inputs, Section 4
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H-um‘r\emrﬁ'ni End of Lifecycle Costs
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Figure 65. System A: Nonrecurring and End-of-Life-Cycle Cost Inputs Section
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Risk-Based Monte Carlo Simulation on Uncertainty Ranges
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Tatall Acguiniion Casd far Syodem A 44331 30D

5 Years L} Yieary L5 Years 2} Years 25 Years 3} Years
Lt of Tatal Lifcims Cast far Syntem A L192,078.759.39 334397274205 551799211938 S70073991.93 $30E327 83001 $1.107.541336.15
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Figure 67. System A: Monte Carlo Simulation Uncertainty Ranges, Section 2
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APPENDIX B. SYSTEM B EXCEL SPREADSHEET DATA

Appendix B contains the model’s Excel spreadsheet for System B, shown in Figures
68-74. This spreadsheet includes the recurring cost inputs, the nonrecurring cost inputs, the
end-of-life-cycle cost inputs, and the risk-based Monte Carlo simulation uncertainty

ranges.
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| System B Discount Rate: | 100% [Z0Vears =
Select Uncertainty Range: [ Use Small /= 5% Ranu&ﬂ Naotes: |
Annual Growth or Decline Queve: 150%
— Nu'":":n:f Numberof | Acguisiion | f:em?: 5 | Maintenance « Replacement | | Total Acguisition | Total Annual «
Platforms Cost (Unit) |Unit) Per Year (Unit] Per Year Cast DM
Syitem Per Year
Grand Total £4,041,157.00 $2412,814.00 $91,372.00 4102,209.00 444,393,410.00 4$30,080,095.00
Narrow-Medium Field of View |NFOV] Sensors 43 935 4£7,229.00 0.2% 5135.00 0.0% S578.00 0.6% 455,663.00 55% | 5100479500 [ 2.3% 5$925,760.00 31%
NF-DIR {NFOV Diractar] 2 55 5§50 0.0% 57.00 0.0% 52000 0.0% 5400.00 0A% $55,000.00 0.1% 546,970.00 02%
NF-TE { Thermal Imaging Sensor] - TS il 3 55 0.0% $6.00 0.0% 52300 0.0% 5200 0.2% 570.950.00 0.2% 537.785.00 1%
Sensor] - TS U2 4 55 0.0% $5.00 0.0% 543.00 0.0% 5300 0.3% $71,280.00 0.2% 476,560.00 03%
1] - BOS il 1 55 0.0% $6.00 0.0% 556.00 0.1% 5230 0.2% 524.750.00 0.1% 516,060.00 1%
1] - EQS 12 3 55 0.0% 54.00 0.0% $54.00 0.1% 540 0A4% $89,595.00 0.2% 475,570.00 03%
1] - EQS W3 4 55 0.0% 0.0% 543.00 0.0% 5320 0.3% 5114,400.00 0.3% 580,520.00 0.3%
nder] 3 55 0.0% 0.0% $23.00 0.0% 5420 04% $33,000.00 0.1% 473,755.00 02%
NF-LDR {Laser Designator/Rangelinder] 2 55 0.0% 0.0% 52100 0.0% 5432 0.4% $65,120.00 0.1% $50,380.00 02%
NF-LDRFI | Laser DedignatanRangelind efllluminatar) 1 55 00% 0.0% 5200 0.0% 03% $16,500.00 (10458 $18,040.00 1%
HF-LP {Laser Painter] 1 55 0.0% 0.0% 533.00 0.0% 0.2% 533,000.00 0.1% 512 870.00 Q0%
NF-LO1 | Laser OpticalfDeular Interru pler] 2 55 0.0% 0.0% 544.00 0.0% 0A4% $44,000.00 0.1% $52,580.00 02%
HF-LI {Laser Il minatar] 1 55 0.0% 0.0% 555.00 0.1% 5321 0.3% $11,000.00 0.0% 520,845.00 0.1%
NF-IRU {Inertial Ref Unitl 4 55 0.0% 0.0% 543.00 0.0% 5430 0A4% §74,800.00 0.2% $104,500.00 03%
NF-B5M | Boresight Maodule] 3 55 0.0% 0.0% 54200 0.0% 5320 0.3% $74,250.00 0.2% $60,225.00 02%
MNF-EU {Electranics Unit] 2 55 0.0% 0.0% 53200 0.0% 52104 02% %59,400.00 1% %27 ,060.00 3.1%
Ancillary Maverial {cabling, maunting hard-ware, et 3 55 0.0% 0.0% £21.00 0.0% 5230 0.2% %51,150.00 Q1% %£42,240.00 a.1%
Other: 4 55 $530.00 0.0% 0.0% 523.00 0.0% $500.00 0.5% 5116,600.00 0.3% 5129.800.00 A%
Wide Field of View |WFOWV] Sensors 20 385 52840000 [ 0.7% 0.0% 5$34.00 0.0% 52410000 [ 23.6% | $4,532,00000 [ 10.2% | $3,591.830.00 11.9%
WDIR | Directar] 3 55 0.1% 0.0% 54.00 0.0% $3,000.00 29% 5990,000.00 22% $495.485.00 1.7%
WF-TIS {Tharmal I 2 55 0.1% 0.0% $5.00 0.0% 49% 5253,000.00 0.6% $551,210.00 1a%
'WF-EDS | Electra 1 55 2.1% 0.0% £3.00 0.0% 3.1% %£236,500.00 0.5% 5176,550.00 D6%
WF-IRU {Inertial Reference Unit] 2 55 0.1% 0.0% $6.00 0.0% 1% 5495,000.00 11% $353,540.00 12%
WF-EU {Electranics Unit] 3 55 0.1% 0.0% 57.00 0.0% 43% 5379,500.00 09% 5711,645.00 2A%
: {cabling. mounting hardwars, e1c 4 55 0.1% 0.0% $5.00 0.0% 3.3% | $1.1B8.000.00 2.7% $750,200.00 25%
Other: 5 55 0.1% 0.0% $4.00 0.0% 52.0 0 20% 5990,000.00 23% 5552,200.00 18%
EC/IR Sensor Manager |(ESM] 20 330 0.1% 0.0% 513500 0.1% 52 ,066.00 0% £419,815.00 0.9% 5£407,110.00 14%
ing Equipment 3 55 0.0% 0.0% 512,00 0.0% $500.00 0.5% $89,100.00 0.2% %85,305.00 0.3%
2 Software 4 55 0.0% 0.0% 52100 0.0% §340 0.3% $71,280.00 0.2% $80,300.00 0.3%
3 55 0.0% 0.0% 543.00 0.0% 5230 02% 592,895 00 2% 546,035.00 D2%
3 55 0.0% 0.0% 51200 0.0% 5345 0.3% $43,560.00 0.1% 550,895.00 02%
ry Materis] [Video converters, encoders, ethemet switches, 4 55 0.0% $4.00 0.0% 52200 0.0% $330 03% | $7150000 | 02% | &78,32000 0.3%
racks, cabling ete]
Other: 3 55 531200 0.0% $1.00 0.0% 52500 0.0% 5321.00 0.3% 551,480.00 0.1% 557.255.00 02%

Figure 68.
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Human Machine interface (HMI) 64 275 52300000 | 0.6% 511200 00% 5125.00 0.1% 51538000 [150% | $16.280,000.00 [ 36.7% | $9.860.895.00 31A%E
HMEB {HK1 B 7 55 a3.1% 520.00 009 0.0% 39% 52,310,000.00 52% [ 51.548,08500 51%
HMLC {HMI Cambat Infarmation CenterCabin| 16 55 55,000.00 3.1% 52300 0,09 0.0% 53,200.00 3.1% 54,400,000.00 99% | 5287408000 96%
HEH {HM Intel] 1 55 54,000.00 3.1% 532.00 0,09 0.0% 53,500.00 34% 5220,000.00 5% 5196,130.00 0.7%
J-_\.I.IL;I:.I.T‘.:TL:::TIJ:J.jm: il displays, control panel switches, 25 55 0.1% $21.00 0.0% 0.0% $2,34000 | 23% | $6875,00000 | 155% | $3,28075000 | 10.9%
Othar: 15 55 53,000 a.1% 516.00 0.03% 0.0% 52340100 23% 52,475 ,000.00 56% [ 51961 850,00 6.5%

Product Support Management 56 9 13.1% | $327.50000 [ 13.6% 0.0% 0.0% 43,292 ,000.00 74% | $2,085,500.00 5.9%
Pragram Management Office Team & 1 22% £90,000.00 37% 0.0% [0 £540,000.00 12% £540,000.00 18%
SudLainment Plan & and Data Pradurement & 1 12% 4510 2.1% 0.0% Ll e £300,000.00 0.7% £306,000.00 10%

7 1 15% $57.0 24% 0.0% 0.0% 5420,000.00 0.9% 5399,000.00 13%

8 1 1.1% 545,00 19% 0.0% 0.0% 536000000 0.8% 536000000 12%

Suppart Team 5 1 14% 10% 0.0% 0.0% 528000000 0.6% 5115,000.00 0A4%

al Spares Lay-in & 1 1.1% 0.3% 0.0% 0.0% 527000000 0.6% 542,000.00 0.1%

7 1 16% 0A¥ 0.0% 0.0% 545500000 1.0% 566,500.00 0.2%

Full 5zale Praduction 5 1 13% 0.5% 0.0% 0.0% 5265,000.00 06% 565,000.00 2%
Dther: ] 1 1.7% 13% 0.0% 0.0% 5402,000.00 09% 5192 ,000.00 0.6%

Design Interface 62 11 544700000 [11.1% | $22.500.00 0.9% 0.0% 0.0% 52,516,000.00 5.7% 5142,500.00 0.5%

Technology development {TRLZ to TRLA| ] 1 550 12% 0,03 0.0% 0.0% 5300,000.00 a7% 50,00 0.0%
development and LRIP {TALS to TRL?| 5 1 15% 0.03% 0.0% 0.0% 5300,000.00 a0.7% 50,00 0.0%

al Test {TRLE] 4 1 1.0% 0.03% 0.0% 0.0% 5160,000.00 4% 50,00 0.0%
{saftware changes | 7 1 13% 0.03% 0.0% 0.0% 5378,000.00 0.9% 50,00 0.0%

] 1 13% 0.3% 0.0% 0.0% 5159,000.00 0.4% 522,500.00 0.1%

oy Relresh {P31, e p threats, abdales k] 1 08% Q6% 0.0% Q0% £272.,000.00 0.6% £120,000.00 0.4%

ogy Road map a 1 1.0% 0.03% 0.0% 0.0% 5336,000.00 Q8% 50,00 0.0%

M aintainability & 1 0.5% 0.03% 0.0% 0.0% 5126,000.00 0.3% 50,00 0.0%
Madularity 5 1 0.7% 003 0.0% 0.0% 5135,000.00 0.3% 50,00 0.0%
Obdalescence Mitigation {Tast should be escalated ) & 1 11% Q0% 0.0% Q0% £258,000.00 0.6% £0.00 0.0%
4 1 0.6% J 005 L 0.0% 0.0% $92,000.00 0.2% 50.00 0.0%

Supply Support 54 12 54690000 116% | 524700000 | 102% 50,00 0.0% 0.0% £2,364,000.00 53% | $1,344.00000 4.5%
‘Whaolesale and Retail Supply Chain Management 7 1 11% $20,0 08% 0.0% 0.0% 5301,000.00 0.7% 514000000 0.5%
Spares Warldwide Trans portation ] 1 0.9% 541,00 17% 0.0% Q0% 5130.,000.00 04% 520500000 0.7%
Spares Warehausding & 1 11% 14% 0.0% 3.0% £270,000.00 0.6% 5198,000.00 a7%
Candumable Spared Replenishment 4 1 13% 10% 0.0% 00% £212 00000 05% £100,000.00 03%
Pravisianing and Initial Spares Lay-in 3 1 16% 0.0% 0.0% 00% £145 00000 04% 5000 0.0%
Obdalescence Mitigation {Cas1 should be escalated ] & 1 08% $23,00000 10% 0.0% 00% £204 00000 05% $138,000.00 05%
Contracting Strategy a 1 0.6% 0.6% 0.0% 0.0% 5184,000.00 4% 5120,000.00 0.4%
Decreasing E mies of Scale 7 1 0.9% 0.9% 0.0% 0.0% 5245 ,000.00 0.6% 5147 ,000.00 0.5%
Battle Damage & 1 0.3% 0.7% 0.0% 0.0% 572,000.00 0.2% 5102 ,000.00 0.3%
Initial Fielding Support 5 1 11% 0.4% 0.0% 0.0% 5215,000.00 0.5% 545 ,000.00 0.1%
Prapaditioned Stack 4 1 11% 0.8% 0.0% 0.0% 5184,000.00 0.4% S80,000.00 0.3%

Figure 69. System B: Recurring Cost Inputs, Section 2
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$469,000.00

52,364,000.00

$1,344,00000

Supply Support 64 12 1L6% | 524700000 [10.2% S0.00 00% 00% 53% 4.5%
Whalesale and Retail Sapply Chain Management 7 1 11% 5 a [ 5 0.0% 0.0% $301,000.00 0.7% 514000000 35%
Spares Waorklwide Trans porta 5 1 04% a 17% 0.0% Q0% $180,000.00 0.4% 5205,000.00 0.7%
Spares Warehousing & 1 1.1% a 14% 0.0% 0% $270,000.00 0.6% 5198,000.00 0.7%
Consumable Spanes Replenis hment 4 1 13% a 1.0% 0.0% 0.0% £212,00000 05% 510000000 33%

g and Initial Spares Lay-in 3 1 16% Q0% 0.0% Q0% $195,000.00 0.4% 50,00 Q0%

& Mitigation {Cost shauld be escalated] & 1 0.8% 10% 0.0% 0% $204,000.00 0.5% 5138,000.00 0.5%

Cantracting Strategy ] 1 0.6% 6% 0.0% 0% 5184,000.00 04% 5120,000.00 A%
Decreasing Boonomies of Scale 7 1 09% 0.9% 0.0% 00% %245 ,000.00 0.6% £147,000.00 0.5%
Batthe Damage & 1 $12,000.00 0.3% Q7% 0.0% 0.0% 572,000.00 Q2% $102,000.00 2.3%
Initial Fielding Supporn 5 1 543, 11% 0.A4% 0.0% Q0% $215,000.00 0.5% 545,000.00 0.1%
Prepasitl 4 1 1.1% 0.8% 0.0% 0% $184,000.00 0.4% $80,000.00 0.3%
Other: 3 1 08% 1.0% 0.0% 50,00 0% 5102 ,000.00 0.2% 5649,000.00 02%

Support Equipment 40 B 6.7% BO% $60,000.00 B5.7% 45500000 | 53.8% | $1.408,000.00 12% | $1A477,000.00 48%
Depot Activition 5 1 0.5% 12% 50,00 0.0% 50 0% $100,000.00 02% 5150,000.00 0.5%
Saftwane Sustainment 3 1 0.6% 1.0% 0.0% 0% 5649,000.00 0.2% 575,000.00 02%
Special Took & Equipmant 5 1 11% 23% 32.8% 14.7% $215,000.00 0.5% 5500,000.00 17%
Ancillary Equipment 2 1 0.8% 12% 18.6% 39.1% 568,000.00 02% 5174,000.00 6%
Suppart Equipment Sudlainment 7 1 13% 11% 142% 0.0% $378,000.00 09% £280,000.00 39%
Initial Fielding Supporn 8 1 0.8% 0.7% 0.0% Q0% $256,000.00 0.6% 5136,000.00 0.5%
Obsalescence Mitigation |Cast should be escalated | & 1 08% 0.8% 0.0% 0% $198,000.00 0.4% 5120,000.00 A%
Other: 4 1 08% A% 0.0% 0% 5124,000.00 0.3% 542 ,000.00 1%

P, Handling, Storage and Transportation 18 4 4.3% | §79,000.00 33% 50,00 0.0% 0.0% £807,000.00 18% 4354,000.00 12%
Trans pantability Requirements & 1 15% §25,000.00 1.0% 0.0% 00% $372.000.00 0.8% 5150,000.00 0.5%
Teans portaticn Limitations 3 1 10% 1.0% 0.0% 0.0% $120,000.00 03% 569 00000 O2%
Initial Fielding Supporn 4 1 12% 0.8% 0.0% Q0% $200,000.00 0.5% $80,000.00 0.3%
o 5 1 0.6% 0.5% 0.0% 0% $115,000.00 03% $55,000.00 02%

Computer Resources 40 6 56% | 551500000 | 21.3% 50,00 0.0% 0.0% | 5150480000 34% | $3.,560,000.00 11.8%
Manning and military upational series Lrain 7 1 08% 15% 0.0% 00% %£238,000.00 0.5% £245,000.00 J8%
Depot Activation ] 1 13% 19% 0.0% 0% 5432,000.00 1.0% 5360,000.00 1.2%
Software Sustainmant 8 1 0.5% 0.8% 0.0% Q0% $168,000.00 0.4% 5160,000.00 0.5%
C-lewel publications and new equipment training 7 1 08% 14.3% 0.0% 0% $238,000.00 0.5% | $2.41500000 BO%
Initial Fielding Supporn ] 1 13% 21% 0.0% 0% 5300,000.00 0.7% 5300,000.00 1.0%
Othar: 4 1 0.8% 0.8% 0.0% Q0% $128,800.00 0.3% $80,000.00 0.3%

Manpower and Personnel 35 L 6.7% | $696,000.00 | 28.8% S0.00 00% 00% | $1,65000000 3.7% | $4.584.00000 15.2%
Pragram hanagement Oioe Team 3 1 10% 540,000.00 17% 0.0% 0.0% $120,000.00 03% £120,000.00 4%
Manning and military aocu pational seres Lrain 7 1 13% 224% 0.0% 00% £378,000.00 0.9% %3,780,000.00 12.6%
Depd & 1 1.1% 1.7% 0.0% 0% $258,000.00 0.6% 524000000 0.8%
Saftwane Sustainment 5 1 08% 1.4% 0.0% 0% 5170,000.00 04% 5170,000.00 6%
Initial Fielding Supporn 8 1 16% 0.5% 0.0% Q0% $520,000.00 12% $88,000.00 0.3%
Other: & 1 0.8% 13% 0.0% 0% $204,000.00 0.5% 5186,000.00 6%

Figure 70.

System B: Recurring Cost Inputs, Section 3
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Maintenance Planning and Management 74 15 $607,00000 | 15.0% 00% 00% 00% | $3.11900000 | 7.0% 50,00 00%
System Support Strategy 4 1 14% 0.0% 0.0% 0.0% 5220,000.00 05% 50.00 0.0%
Title 10 Care 50,50 5 1 14% 0.0% 0.0% 0.0% 5285,000.00 0.6% 50.00 0%
Depot Activation 3 1 16% 0.0% 0.0% 0.0% 5189,000.00 0.4% 50.00 0.0%
Software Sustainment 4 1 10% 0.0% 0.0% 0.0% 5168,000.00 0.4% 50,00 0.0%
Depat Repair and Owerhaul 5 1 0% 0.0% 0.0% 0.0% 5155,000.00 03% 50.00 0.0%

id imilitary aocu pational Sefed traini & 1 0.6% 0.0% 010% 010% £144,000.00 03% 50.00 0%

O-level publicetio new eguipment training 4 1 11% 0.0% Q0% Q0% £172,000.00 0.A4% £0.00 [0
Sustainment Plan and Data Pracurement 3 1 0.6% 0.0% 0.0% 0.0% 478,000.00 02% 50,00 0.0%
i 7 1 1.1% 0.0% 0.0% 0.0% 5301,000.00 0.7% 50.00 0.0%
Demilitarieation and Disposal & 1 10% 0.0% 010% 010% £252 00000 0.6% 50.00 0%
Full Scale Production 8 1 0.8% 0.0% 0.0% 0.0% 5248,000.00 0.6% 50.00 0.0%
namies of Scale 7 1 12% 0.0% 0.0% Q.03 535000000 0.8% 50,00 0.0%

3 1 1.1% 0.0% 0.0% 0.0% 521500000 0.5% 50.00 0.0%

] 1 0.6% 0.0% 0.0% 0.0% 5150,000.00 0.3% 50.00 0%

& 1 0.8% 0.0% 0.0% 0.0% 5192,000.00 0.4% 50.00 0.0%

Training and Training Support 43 8 94% 50% 00% 00% | $210200000 | 47% $690,00000 23%
Depot Activation 5 1 09% 0.5% 0.0% 0.0% 5175,000.00 0.4% 565,000.00 02%
Saftwarne Sustainment 4 1 0.6% 0.2% 0.0% 0.0% 596,000.00 0.2% 522 ,000.00 1%
Man cupational series trai 7 1 11% 11% 0.0% 0.0% 5301,000.00 0.7% 5189,000.00 0.6%
O-lewvel pu blicat new equipment Lrain & 1 2.1% 1E6% 0.0% 0.0% 5516,000.00 12% 5234.00000 0.8%
SusLain acurement 5 1 0.7% 0.3% 0.0% 0.0% 5135,000.00 0.3% 537,500.00 0.1%
Trans portability Requ 5 1 11% 0.6% 0.0% 0.0% 5230,000.00 0.5% 572,500.00 2%
Initial Fialding Suppornt & 1 13% 0.0% 0.0% 0.0% 5$324,000.00 0.7% 50.00 0.0%
Other: 5 1 16% 0.6% 50,00 0.0% Q.03 532500000 0.7% 470,000.00 02%

Facilities and Infrastructune 25 4 B.2% 3.2% | $30,50000 334% 00% | 5156000000 35% $614,500.00 20%
Ship aherat itial fielding 7 1 17% 0.0% 0.0% 0.0% 5490,000.00 1.1% 50.00 0%
Dapot Activa & 1 12% 11% BA% 0.0% 5300,000.00 0.7% $210,000.00 0.7%
Software Sustainment 7 1 15% 0.5% B2% Q.03 542000000 0.9% 5129,500.00 4%
Other: 5 1 17% 1.7% 16.4% Q.03 535000000 0.8% 527500000 9%

Technical Data Management a7 7 BA% | 5112,500.0 4.7% 0.0% 00% | 5183400000 | 4.1% 5443,000.00 1.5%
Depot Activation 3 1 25% §74,000.00 11% 0.0% 0.0% 5300,000.00 0.7% $222,000.00 0.7%
Software Sustainment & 1 0.7% 511,000.0 0.5% 0.0% 0.0% 5180,000.00 0.4% %66,000.00 02%
Manni d military atu pational Seried trai & 1 12% 0.4% 0.0% 0.0% 530000000 0.7% 457,000.00 02%
O-level pu bications and new equipment Lrain 7 1 13% 02% 010% 010% $378,000.00 09% $35,000.00 01%
Sustainment Planning and Data Procurement 5 1 09% 0.3% Q0% Q0% £180,000.00 0.A4% 4£35,000.00 Q1%
Cantracting Strategy & 1 19% 0g 0.1% 0.0% 003 5456,000.00 1.0% 412,000.00 0.0%
Other: 4 1 02% 54,000.00 02% 0.0% 0.0% $40,000.00 0.1% %16,000.00 0.1%

Figure 71.
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Haonrecurring Aoquisition and End of Lifecycle Costs Tatal o
Acquitition and Procurement S467 80000
Bid Specifications Develspment 510,00:0.00 2.1%
Prapodal Evaluation 52 ,000.00 0A4%
Data Callectian 440,000 .00 BEE
Diata Anakysis §12,000.00 216%
Contracts Development 53,000.00 06%
Program Planning 54,00 a 4%
Hardware Purchates 510,00:0.00 2.1%
Parsgnal Campulers 41000000 2.1%
Paripherals §15,00:0.00 3.2%
Starage 5 60,000.00 13 8%
Nelwarking 52300000 4 0%
elored Eguipmani §35,000.00 T15%
Other codtd 510,00:0.00 2.1%
A imin s trsthee Codt % 34,000.00 7.3%
Asget Managameant %15,000.00 32%
Creardoging Canlractor Services 54,000.00 0.0%
In-Haude Teaining Tad Stall % 5,000.00 11%
Praduet Maintenanos 5200000 0.4%
Halp Desk Suppart 510,00:0.00 2.1%
M Su ppdrt Tar Databade Managemant % 20,000.00 4.3%
Netwark BManagement Suppan 542 00000 9.0%
Solveare U pgrades 51200000 205
Haard weare U pgerad e 52, 100040 4%
Internet and Hetwork Aogess Codl 414,000,007 3.0%
Furniture and Eguipment %10,000.00 2.1%
Enengy Cadls % 3,400.00 0.7%
Infermal Training 54,300.00 0.09%
Digreen Lirme Su ppart and Suldounda % 24,000.00 5.1%
Other easts $32,000.00 6A%
Nenrecurring End of Lifecycle Costs Tatal *®
End of Lifecycle 5109,000.00
A miin i tratve Jadtl 540,000 .00 36.7%
Agiet M anagement 520,000 .00 18.3%
Vendar Caontract Pracurement 54,000.00 1.7%
Staging, Saniticing, Testing %10,000.00 g 2%
Fallaw-Up Suppart 51000000 q92%
Recycling and D podal Fees 55,000.00 4 5%
Waloeal 5ol Praducts and Mateisls % 20,000,040 183.3%

Figure 72. System B: Nonrecurring and End-of-Life-Cycle Cost Inputs

Section
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Marraw-Mediem Field of View (3F0¥) Sozaam
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Figure 73.

Risk-Based Monte Carle Simulation on Uncertainty Ranges

Opeations sd Opeations md Opeationas md
e " e " agh) e Feplarmnt Costs | Replecomi Costs | Roplecomme Cos || s
fLoveet Per Y bl Per Yo (1fieh) Por Year
105455535 $L00479500  $1,085.03475 | £1,004795.00 $979,472.00 £925,760.00 17204500 | $925760.00
S430540000 453200000  54.759.600.00 | $4.532.000.00 $3.412.233.50 3,591 330.00 $177142050 | $3,501,830.00
$0982425  T4I081600 44080505 | 41981500 $336,754.50 £407,1 1000 ©42746550 | S407.110.00
£15,466,000.00 $16290.000.00 £17.004.000.00 | £1690,000.00  £9.367.350.25 £9,950,995.00 1035303005 | $9.960,995.00
£,12740000  $3292.000.00  £3,456,600.00 | $3.202.000.00 £1.951,225.00 2,085, 500.00 218977500 | $2,085.500.00
£230020000  $2516000.00  $2.641,30000 | $2.516,000.00 $135.375.00 £142.500.00 14062500 | £142.500.00
111450000 $2364000.00 5249120000 | $2,964,000.00 £1,276,300.00 £1,344,000.00 tralL 20000 | $1,344,000.00
SI3I760000  $1409.000.00 5147940000 | $1.409.000.00 $1.409,150.00 $1.477,000.00 S1SS085000 | S1,477,000.00
06665000 90700000 194735000 | $907000.00 $336.300.00 £354,000.00 710000 | £354.000.00
$1.420.560.00 5150430000  $1.530.040.00 T 51504 300.00 £3,352,000.00 £3,540,000.00 s37a3000.00  T53.560,000.00
156750000 $1.650.000.00  £1,72.500.00 | 165000000 £4,354,200.00 £4,.554,000.00 431320000 | £4,584,000.00
296305000  $3.119.000.00  £3.274.050.00 | $3.119.000.00 S04 S0 e ¥ oo
TL096000.00  $2,100,000.00  $2,207,100.00 | 32,102,000.00 $655,500.00 £690,000.00 450000 | $690,000.00
149200000  $1560.000.00  §1,65.00000 | $1.560000.00 $593,775.00 $614,500.00 64520500 | $614.500.00
174230000 $1334.000.00  £1,095700.00 | $1.934,000.00 $420,350.00 £443,000.00 46505000 | £443.000.00
$444.410.00  $467300.00 40000000 | $467.900.00
SI03550.00 SI00000.00  SI14450.00 | $109.000.00
Asquinitias 1 2 3 1 E & 7
$44.361.210.00 $30,080,095.00 £30.53120643 11099936587  £31,454.104.85 $31.925.916.43 $12404905.15  £32800,77.26
$44.961.210.00 2920397571 SIETTEATELL  S28IS0BEE10  £27.946.564.77 £27.539.575.96 $TUSI418  £26,743,393.10
i 9 1 i iz i 14 15
$32,354.240.42  S38E5004.00  $I4393270.08  $I490017837  §3543281504 £35.964,309.15 $36,500,772.80  $37,051,329.40
$26,353927.66  S25,970,034.06 $25,501829.68  $25309,133.03  £34,851854.00 $24,459,943 55 $24,133,394.18  $23,751,939.44
15 1 15 19 m 1 2 1
$3760709934  £35,171,20533  $35,743,77391 43932493081 £39.914.904.43 £40.513,526.55 $4L121.320.45  £41,733,047.99
$23.435.500.09  £23,004.207.08  $2375783388 2243645833 £22,009.850.47 2177901636 $ILASOAE138  £31,148,324.45
24 3 % Y Y i n Diapraidion
$4264, 11961 4299955030 T41644.57400 $4420924270  £44.963,73034 £45,639,197.31 £46322760.12  £109,000.00
$20.940,339.15  $20,516,830.07 $20.237,755.89  $19943,03434  £19,652.60071 £19,366,393.77 $19.084.363.8  £109,000.00

£44.361 21004

System B: Monte Carlo Simulation Uncertainty Ranges, Section 1
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Lind af Tadnl Lifcms Casd far Syvdem B
Lind of Proveed Valbes Lifclime Cand for Syntem B

Tatal Lifclms Casd far Synies B 20 Year)

Tatall Y Lifclime Casd far Syndes B 20 Year)

5 Yieams L Yeas 15 Yeam 20 Yo
L1909 350,999 59 £386 909.094 54 54877049913 £740,532.313.22
L186,733,594.12 £318,563,174.88 544103310517 $554,337 402.90

£740,532,3131.22 23 Yeam

554,337 402 .93

25 Yeux
1049283 41604
£4£4£0,593,492.07

30 Y
L1 074,037.311.87
L7538, 370, 49704

Figure 74. System B: Monte Carlo Simulation Uncertainty Ranges, Section 2
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APPENDIX C. SYSTEM C EXCEL SPREADSHEET DATA

Appendix C contains the model’s Excel spreadsheet for System C, shown in Figures
75-81. This spreadsheet includes the recurring cost inputs, the nonrecurring cost inputs, the
end-of-life-cycle cost inputs, and the risk-based Monte Carlo simulation uncertainty

ranges.
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20 Years =

| System C Discount Rate: | 300% Econamic Life:
Select Uncertainty Range: [se Small + /- 5% Rangex] |
Annual Growth ar Decline Curve: 150%
— ":::*n:f Numberof | Acguisiton | :m?: | Maintenance « Replocement | | Total Acquisition | Total Annual «
Platforms Cast (Unit) {Unit] Per Year | Unit} Per Year Coast OE&M
Syitem Per Year
Grand Total 54,467 ,618.00 51,706.454.00 592,775.00 595,820.00 543,865,630.00 522,054,830.00
Narrow-Medium Field of View |NFOV] Sensors 41 935 4$7.578.00 0.2% 510500 0.0% 511200 0.1% 45,580.00 58% $1,023.88000 2.3% 478325500 16%
NF-DIR {NFOV Dir 2 55 0% $5.00 0.0% 59.00 0.0% 0.3% 544,000.00 Q1% 534,540.00 2%
NF-TIS { Thermal Irag 3 55 0U0% $1.00 0.0% 0.0% 0.3% %90,750.00 02% 542,735.00 2%
NF-TIS { Thermal Irmag 2 55 0% 57.00 0.0% 0.0% Q4% 537,400.00 0.1% 438,830.00 02%
NF-EDS {E Sensar] - BOS L 4 55 0.0% $8.00 0.0% 0.0% 0.4% 5118 800.00 D3% £90,860.00 0.A%
MNF-EQ5 {E Sensor] - EO5 U2 2 55 0% 57.00 0.0% 0.0% 0.5% 566,000.00 02% 456,430.00 0.3%
NF-EC5 | Electio-Optic Sendar] - EOS U3 3 55 0,05 $5.00 0.0% 0.0% 02% 552 800.00 0.1% 540,085 .00 02%
MF-LRF |Laser Rangs 2 55 0% $4.00 0.0% 0.0% Q4% 513,200.00 0.0% 548,510.00 02%
NF-LDR {Laser Desig &) 2 55 0.0% $8.00 0.0% 0.0% 1% 547,300.00 0.1% 514,740.00 1%
NF-LDAF] |Laser Des inder/llluminator] 3 55 0.0% §7.00 0.0% 0.0% 0.5% 574,250.00 02% 5$87.780.00 0.4%
MNF-LP {Laser Pointer) 2 55 0U0% $6.00 0.0% 0.0% 0.3% 471,500.00 02% 42794000 1%
NF-LOI | Laser OpticalfDcular Interra pter] 2 55 0% $5.00 0.0% 0.0% Q4% 547,300.00 0.1% 538,720.00 02%
MNF-LI{Laser Hlun fl 3 55 0.0% 0.0% 0.0% 0.4% 5118 800.00 D3% %£71,610.00 3%
NF-IRU {Inertial A @ Unit] 2 55 0% 0.0% 0.0% 0.3% %51,370.00 0.1% 534,430.00 02%
NF-BSM {Baresight Madule| 2 55 0.0% 0.0% 0.0% 02% 568,200.00 02% 522,330.00 1%
MF-EU {Electranics Unit] 3 55 0u0% 0.0% 0.0% 04% 556,100.00 0.1% 558,245.00 0.3%
Ancillary Material {cabling, mounting handwane, ebe] 2 55 0.0% 0.0% 0.0% 0.3% 42695000 31% 42783000 31%
Other: 2 55 0.0% 0.0% 0.0% 0A4% %39,160.00 1% 547,630.00 2%
Wide Field of View [WFOV] Sensors 20 385 0.5% 0.0% 0.0% 19.3% | $3.839.000.00 8.8% | $3,087,535.00 14.0%
WF-DIR { Director] 2 55 0.1% 0.0% 0.0% 3.1% 5473,000.00 11% $331,210.00 15%
WE-TIS {Th 3 55 0.1% 0.0% 0.0% 37% £577.500.00 13% 5579 48000 2.6%
WIF-EDS |E 4 55 0.1% 0.0% 0.0% 25% $1,188,000.00 2.7% $530,860.00 2.4%
W-IRU {Inertial Ref Unit] 4 55 0.0% 0.0% 0.0% A45% 5264,000.00 0.6% 5947,760.00 43%
WIF-EU | Elec s Un 2 55 0.1% 0.0% 0.0% 1.0% 5374,000.00 0.9% 5111,870.00 0.5%
Ancillary Material {cabling, mounting handwane, ebe] 3 55 0.1% 0.0% 0.0% 2.1% £709,500.00 1.6% $331,155.00 15%
Other: 2 55 1% 0.0% $12.0 0.0% §2,300.00 24% 5253.000.00 6% 5255,200.00 12%
EDVIR Sensor Manager [ESM] 18 330 0.1% 0.0% 550,00 0.1% 41,840.00 19% 5393,250.00 0.9% $330,220400 1.5%
Processing Equipment 2 55 Q0% 0.0% ] 0.0% 0.3% £47,300.00 a.1% £34,870.00 0.2%
3 55 0.0% 0.0% 0.0% 02% 557,750.00 3.1% 53547500 2%
4 55 0% 0.0% 0.0% 0.5% 5123,200.00 0.3% 5113,520.00 0.5%
3 55 0.0% 5700 0.0% 59.00 0.0% 02% 5349,600.00 0.1% 535,640.00 02%
Ancillary M.sl:lul {widea converters, encaders, etharnsel dwitches 3 55 005 700 00 s9.00 o0 $340.00 045 452,80000 o1 458.74000 0.3
racks, cabling, ebe |
Other: 3 55 5440.00 0U0% 57.00 0.0% $8.00 0.0% 0.3% 472,600.00 02% 45197500 2%

Figure 75.

System C: Recurring Cost Inputs, Section 1
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Human Machine interface (HMI)

52 275 5$30,30000 | 0.7% 560,00 0.0% 569.00 0.1% 51740000 | 18.2% | 51529550000 | 34.9% | 58,131420.00 I6A%

HIA-B {HMI Brid ge/Cockpit] § 55 §7,000.00 0.2% §10.00 Q0% 0.0% 52% | $2,310,00000 5.3% | 165726000 7.5%
HMC {HMI Cambat Infarmation CenterCabin) 18 55 46,000.00 0.1% §12.00 0.0% 0.0% 3.1% | 559400000000 | 13.5% | $2,996,730.00 136%
HEAH{HMIntel] 2 55 5760000 02% 513.00 0% 0.0% 5.2% 5836,000.00 19% 555286000 25%
of panel switches, 25 55 $4.30000 | 0% $15.00 0.0% §15.00 0.0% $200000 | 21% | $591250000 | 135% | $279125000 | 127%

Other: 1 55 55 A0 0.1% 510,00 0% $14.00 0.0% 25% 5297 ,000.00 0.7% 5133,320.00 6%
Product Support Management 48 2 5447,000.00 | 10.0% | $350,000.00 | 20.5% 50,00 0.0% 0.0% | $2,263,00000 | 5.2% | $1,796,000.00 B.1%
Pragram Management Offioe Team 4 1 £75,000.00 17% 575,000.00 4.4% 0.0% 0.0% %300,000.00 0.7% %300,000.00 14%
Sugtainment Planning and Data Procurement 5 1 10% 25% 0.0% 40 00% %225,000.00 05% %215,000.00 1.0%
Deps ¥ & 1 13% 32% 0.0% 50 0u0% $336,000.00 0.8% $330,000.00 15%
Saftwane Sustainment 5 1 15% 3A% 0.0% 50 0% 5325,000.00 0.7% 5325,000.00 15%
Integrated Praduct Support Team & 1 10% 23% 0.0% £0.00 00% %£258,000.00 0uE% %240,000.00 1.1%
ing and Initial Spares Lay-in & 1 0.5% 9% 0.0% 50 0u0% $138,000.00 0.3% 5$90,000.00 A%

Cantracting Strategy 7 1 11% 8% 0.0% 50 0% 5329,000.00 08% 591,000.00 A%
Full Scale Production 8 1 0.8% 13% 0.0% Q0% $296,000.00 0.7% $184,000.00 0.8%
Other: 1 1 000 13% 12% 0.0% 50,00 0.0% $56,000.00 0.1% $21,000.00 0.1%
Diesign Interface 55 11 5509,000.00 | 11.4% 1.6% 50,00 0.0% 00% | $2,506,00000 | 5.7% 5150,500.00 0.7%
ology development {TRL2 to TRLA) 2 1 12% Q0% 0.0% Q0% $108,000.00 0.2% 50,00 Q0%

ent and LRIP {TRLS ta TRL?] 4 1 15% 0.0% 0.0% 0u0% $260,000.00 0.6% 50,00 0.0%

nal Test {TRLE| 5 1 08% 0% 0.0% 0% 5170,000.00 04% 50,00 0%

Combat system integra |softeare changes | & 1 123% 00% 0.0% 00% £324,000.00 0.7% £0.00 00%
Reliability Growth Program 7 1 0.7% A% 0.0% 0u0% $224,000.00 0.5% 545,500.00 02%
Technabagy Relregh P31, emerging thrests, obdalescencs. | 5 1 08% 123% 0.0% O0% $175,000.00 04% $105,000.00 3.5%
vy Raad map 4 1 049% 0% 0.0% 0% 5152,000.00 03% 50,00 0%

for Maintainability 5 1 04% Q0% 0.0% Q0% $210,000.00 0.5% 50,00 Q0%
Madularity 7 1 12% 0.0% 0.0% 0u0% $378,000.00 0.9% 50,00 0.0%
cence Mitigation |Cost shaukd be escalated | 5 1 123% 00% 0.0% 00% %265 ,000.00 0uE% £0.00 00%

5 1 1.1% 0.0% 0.0% 0u0% $240,000.00 0.5% 50,00 0.0%

Figure 76.

System C: Recurring Cost Inputs, Section 2
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Supply Support 68 12 S523,00000 | 11.7% | 527270000 | 16.0% 0.0% 0.0% | 5297400000 | 68% | $1,551.900.00 TO%
Whaolesale and Retail Supply C 4 1 0.7% 12% 0.0% 0.0% 5128,000.00 0.3% $84,000.00 0.4%
Spares Warkdwide Trans portatian 5 1 0.5% 2.1% 0.0% 0.0% 5110,000.00 0.3% 5175,000.00 0.8%
Spanes Warehousing 5 1 6% 23% 0.0% 0.0% 5130,000.00 0.3% 5200,000.00 0.9%
Consumable Spares Replenishment & 1 1.1% 15% Q0% 0.0% £300,000.00 O.7% £156,000.00 0.7%

and Initial Spares Lay-in & 1 20% 0.0% 0.0% 0.0% 5534.00000 12% 50,00 0.0%

& Mitigation {Cost shauld be escalated] 5 1 1.2% 19% 0.0% 0.0% 5270,000.00 6% 5165,000.00 0.7%
Contracting Strategy 7 1 0.9% 0.9% 0.0% 0.0% 5294,000.00 0.7% 5109,900.00 0.5%
Decremsing Eeonamies of Scale 7 1 0.8% 12% 0.0% 0.0% 523800000 0.5% 5147.00000 0.7%
Rattle Damage 4 1 6% 0.9% 0.0% 0.0% 5100,000.00 02% 560,000.00 0.3%
Initial Fialding Support 5 1 22% 0.6% 0.0% 0.0% 5490,000.00 11% $55,000.00 0.2%
Prep ned Stack ] 1 0.3% 12% 0.0% 0.0% 584,000.00 02% 5120,000.00 0.5%
Other: 8 1 0.8% 2.1% 0.0% $0.00 0.0% 5296,000.00 0.7% 5280,000.00 13%

Support Equipment 36 8 TA% 12.0% 75.5% $52,50000 | 54.8% | 5172500000 3.9% | $145000000 B.6%
Depat Activation ] 1 1.7% 29% 0.0% 0.0% 5456,000.00 1.0% 5300,000.00 14%
Software Sustainment 7 1 10% 12% 0.0% 0.0% 5315,000.00 0.7% 5140,000.00 0.6%
Special T & Equipment 4 1 9% 26% 32.3% 130% | $156,000.00 A% 535000000 1E6%
M quipment 3 1 1.2% 16% 26.9% 417% | 5156,000.00 A% 5276,000.00 13%
Suppart Equipment Sustainment & 1 1.7% 19% 16.2% 0.0% £444 000.00 1.0% £288,000.00 13%
Initial Fielding Support 2 1 6% 0.6% 0.0% 0.0% 458,000.00 0.1% $20,000.00 0.1%
Obsalescence Mitigatian {Cost should be escalated] 4 1 33% 04% 010% 0.0% $43,000.00 Q1% $28.000.00 01%
Other: 4 1 0.5% 0.7% 0.0% 0.0% 592,000.00 02% 548,000.00 0.2%

Packaging, Handling. Storage and Trans portation 18 4 51200000 2T% 42% 00% 0.0% $553,00000 13% 533900000 1.5%
Trans partability Requinements & 1 a 11% 15% 010% 0.0% $306,000.00 OT%E 515000000 0.7%
Trans partation Limitations 7 1 0.3% 0.9% Q0% 0.0% £105,000.00 02% £105,000.00 0.5%

& Suppan 3 1 0.8% 12% 0.0% 0.0% 510200000 02% $60,000.00 03%
2 1 A% 0.7% 0.0% 0.0% 540,000.00 1% 524,000.00 0.1%

Computer Resources 26 & E0% 11.7% 0.0% 0.0% | $1,294,00000 | 29% 4$989,000.00 4.5%
Man nd military octu pationdl Sefied Lrai & 1 10% 0 23% 0.0% 0.0% 527600000 6% 524000000 1.1%
Depat Activation 7 1 1.3% 0 21% 0.0% 0.0% 5406,000.00 9% 5245,000.00 1.1%
Software Sustainment 4 1 10% 0 22% 0.0% 0.0% 5172 ,000.00 0.A4% 5148,000.00 0.7%
C-level pu 3 and néw eguipment train 5 1 15% 0 35% 0.0% 0.0% 533000000 0.8% 530000000 14%
Initial Fielding Support 2 1 516,00000 | 04% a0 0.6% 0.0% 0.0% 532 ,000.00 1% 522 ,000.00 0.1%
Other: 2 1 $39,00000 | 09% $17,000.00 1.0% 0.0% 0.0% 478,000.00 02% $34,000.00 02%

Manpower and Personnel 33 1] $296,00000 | 6.6% | $250,00000 | 14.7% 0.0% 0.0% | 51,680,000.00 38% | 51,364,000.00 6.2%

Rame ce Taam 3 1 0.5% 13% 0.0% 0.0% 4639,000.00 02% $69,000.00 0.3%
al series Lrai 4 1 12% 32% 0.0% 0.0% 5216,000.00 0.5% 5216,000.00 1.0%

] 1 1.3% 33K 0.0% 0.0% 5354,000.00 8% 5342 ,000.00 16%

5 1 1.4% 34% 0.0% 0.0% $310,000.00 0.7% 5290,000.00 13%

7 1 12% 1.0% 0.0% 0.0% 537100000 0.8% 5119,000.00 0.5%

8 1 1.0% 2A% 0.0% 0.0% 5360,000.00 8% 5378,000.00 15%

Figure 77.

System C: Recurring Cost Inputs, Section 3
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Maintenance Planning and Management 78 15 $717,000000 | 16.0% 0.0% 0.0% 0.0% | $3,728,00000 | 8.5% 50,00 0.0%
Syatem Support Slralegy 3 1 17% 0.0% 0.0% 0.0% 523400000 0.5% 50,00 0.0%
Tithe 10 Care 5¢ 4 1 52500000 | 06% 0.0% 0.0% 0.0% 5100,000.00 0.2% 50,00 0.0%
Depot Activation 5 1 $70,000.00 16% 0.0% 0.0% 0.0% 542000000 1.0% 50,00 0.0%

ol twarne Sustainment 7 1 576,000.00 17% 0.0% 0.0% 0.0% 5532,000.00 12% 50,00 0.0%
Depot Repair and Overhaul 8 1 543 10% 0.0% 0.0% 0.0% 534400000 0.8% 50,00 0.0%
Kan g and military upatianal 2 eries 1 2 1 $65,000.00 15% 0.0% 0.0% 0.0% $130,000.00 03% £0.00 010%

| publications and new eguipment Lral 5 1 516 a 04% 0.0% 0.0% 0.0% $80,000.00 0.2% 50,00 0.0%
infment Plann el & 1 0% 0.0% 0.0% 0.0% $150,000.00 03% £0.00 010%

8 1 08% 0.0% 0.0% 0.0% £272,000.00 0.6% 50,00 0.0%

Dermilitarication and Dispasal 7 1 12% 0.0% 0.0% 0.0% $378,000.00 09% £0.00 010%
Full Scale P 4 1 0.3% 0.0% 0.0% 0.0% $60,000.00 0.1% 50,00 0.0%
i 2 1 0a8% 0.0% 0.0% 0.0% 578,000.00 0.2% 50,00 0.0%

5 1 1.0% 0.0% 0.0% 0.0% $215,000.00 0.5% 50,00 0.0%

o Mitigation {Cast shauld be escalated| & 1 15% 0.0% 50 0.0% 0.0% $390,000.00 09% £0.00 010%

Other: 5 1 $69,000.00 15% 0.0% 50,00 0.0% 0.0% $345,000.00 0.8% 50,00 0.0%

Training and Training Support 40 L £490,000.00 | 11.0% BA% 40,00 0D.0% 0.0% 42,453,000.00 5.6% 4717,000.00 3.3%

0 8 1 §79,000.00 18% 11% a 0.0% 0.0% 5$632,000.00 14% 5152,000.00 0.7%
Sustainment & 1 565,000 15% 2.4% 0.0% 0.0% £390,000.00 09% 445 ,000.00 02%

Kan g and military U al s aries Lrain 7 1 542 0a% 18% 0.0% 0.0% £294,000.00 0.7% £210,000.00 10%
O-level publications and new aguipment Lra 3 1 $87,000.00 19% 2.1% 0.0% 0.0% 5261,000.00 0.6% 5108,000.00 0.5%
Sustainment Planning and Data Procurement 4 1 £62,000. 14% 0.6% 0.0% 0.0% 4248 ,000.00 0.6% £44,000.00 0.2%
Trandpantability Requirements 5 1 572,00 1.6% 11% 0.0% 0.0% 5360,000.00 0.8% 495,000.00 0.4%
4 1 514, 0A4% 0.0% 0.0% 0.0% 476,000.00 0.2% 50,00 0.0%

3 1 $64,000.00 14% 12% 5000 0.0% 0.0% 519200000 0.4% %63,000.00 0.3%

Facilities and Infrastructure 26 4 $202,00000 | 4.5% 1% | $22,500400 243% 0.0% | $1,338,000.00 1% 4519,500.00 A%
Ship alteration Tor initial fiekding 5 1 $73,000.00 16% 0.0% 0.0% 0.0% 5438,000.00 1.0% 50,00 0.0%
Diapot Activati 7 1 548, 11% 12% 9.7% 0.0% 5336,000.00 0.8% 5210,000.00 10%
Software Sustainment 8 1 553 12% 11% 75% 0.0% 542400000 10% 521200000 10%
Other: 5 1 528,00000 | 06% 0.8% 7.0% 0.0% 5140,000.00 0.3% 597,500.00 04%

Technical Data Management 39 7 5$481,00000 |108% | 513300000 | 7.8% $0.00 00% $0.00 00% | 5280000000 | 64% 4$845,500.00 I8%
Depat Activation 7 1 567,000.00 15% $60,000.00 I5% 50.00 0.0% 50.00 0.0% 5469 ,000.00 1.1% 5420,000.00 19%
Software Sustainment 5 1 563.00 14% 523.00 13% 50,00 0.0% 0.0% $315,000.00 0.7% 5115,000.00 0.5%
Manning and military ootupational 2eried training ! 1 51200 2% $19,500.00 1.1% 5000 0.0% a.0% $960,000.00 23% $156,000.00 0.7%
O-level publications and new eguipment Lra 5 1 535 08% 5100 0.6% 0.0% 0.0% 5210,000.00 0.5% 460,000.00 0.3%
Sustainment Planning and Data Procurement 5 1 $57.,000.00 13% §7.500.00 04% 0.0% 0.0% 5285,000.00 0.6% £37 50000 02%
Cantracting Strategy 5 1 $72,000.00 16% $9,000.00 0.5% 50,00 0.0% 0.0% $360,000.00 0.8% 545 ,000.00 02%
Orther: 3 1 567,000.00 15% $4,000.00 0.2% 50.00 0.0% 0.0% 5201,000.00 0.5% 512 ,000.00 0.1%

Figure 78.

System C: Recurring Cost Inputs, Section 4
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Figure 79. System C: Nonrecurring and End-of-Life-Cycle Cost Inputs

Section

128




Sarraw-Mediem Fidd of View (NPOV) Somsar
Wide Facdld of View (WHIY) Somaam

FAVIR Sppaar Mazager (E55)

Temas Mackins Interface (1M

Proded Seppont Mazagemand

Dnige Imderface

Sepphy Seppart

Seppant Equipment

Packaging. lazdling. Sorage asd Trazaparation
Carmputer Revazrons

Maszpawer azd Persasesd

Matzasc: Massizg and Mazagemani
Traisieg azd Traizieg Seppart

Facillioy asd lefrastrecters

Teckaicall Data Mazagemani

Acquinifian Cavh
Exd af Lik Dispasifioz Cants

Year

Cask Flaw

Prevesd Vales of Cask Flaw
Year

Cask Flaw

Year

Cask Flaw

Year

Cask Flaw

Tatal Acgrinifian Casd far Syviem O

Figure 80.

Risk-Based Monte Carlo Simulation on Uncertainty Ranges

Dt mal Dpeatran mad Dpeataras mdd
. Cont| A heruisinng Coat § . Al with Bl with Bxntnance with 2 2
" fLow) Caat (M) " fiEgh) e Foplacocnt Costs | Hophecomcmt Costa | Heplecomnt Costs e
(Low) Pex Ve [Md ) Pex Yo (k) Per Yoxr
07269600 $1,003,330.00 $1OT5074.00 | £1,003,830.00 £744,092.25 $792.255.00 1124705 | 78335500
$3647.050.00 £1330.000.00 $4,00950.00 | $383000000  $2.933.153.35 $2,047,535.00 saamss  Tsagansasos
TTISETS0 TIIIS000 541291250 | $393,250.00 $312.709.00 $330.220.00 tMETIL00 | $330270.00
£14,530,725.00 £15,295,500.00 $16.060,275.00 "§15.205.500.00  §7,724,340.00 $3,131,420.00 353709100 | $8,131,420.00
114085000 126100000 3237615000 | $2.063.00000  $1.706200.00 $1,796,000.00 1139580000 | 179600000
$2390.700.00 £2.506,000.00 $2.631,300.00 " $2.506,000.00 $142.975.00 $150,500.00 s15a025.00 | $150,500.00
1131530000 107400000 33,122,700.00 | SZOT4.000.00 5147430500 $1,551,900.00 $LE20495.00 | $1.551.000.00
$1,639.750.00 £1,725.000.00 $1311,250.00 " $173500000  $1,377.500.00 $1,450,000.00 s152250000 | $1,450,000.00
151535000 $SSI000.00  S590,650.00 | $553,000.00 $322,050.00 $339,000.00 135505000 | $339,000.00
$1.229300.00 $1.294.000.00  $1,353,700.00 | 51,294 000.00 $939.550.00 $999,000.00 sLo3gd5000 | 5999,000.00
£1,596,000.00 £1,590.000.00 $1.764,000.00 " $1690.00000  $1,205.300.00 $1,364,000.00 s143320000 | 136400000
$3.541,600.00 £3.778.000.00 $3.914,400.00 " $3.77,000.00 $0.00 $0.00 $0.00 ¥ 0
233035000 £2453.000.00 $2.575,650.00 | §2.453,000.00 $591,150.00 $717.000.00 sisagsens | $717.000.00
127110000 £1,335.000.00 $1.404,000.00 " §1,339,000.00 $402,525.00 $519.500.00 54547500 | $519,500.00
$2,660.000.00 £2300000.00 $2.940,000.00 " $2.900,000.00 $202,.225.00 $345,500.00 33777500 | $345.500.00
$444410.00 46730000 549119000 | $467,300.00
$103,550.00 10000000 511445000 " s109,00000
Acgrinition 1 2 3 4 5 5 1
$44333.430.00 $22.054330.00 $27395.65045 $22.710.437.04  $23.062.259.30 $23.408.192.59 $2IT50315.5T  $24,115,705.30
$44333.430.00 $21.412.45631 $21100.624.47 $20.793333.78  $20.490.519.24 $20.192.112.53 $19.999.052.74  $19,508.275.27
8 a 1 i 12 1 14 15
$24.477.440.99 $24.344.602.40 $35.317.2715] $15.505.530.60  $25.070.461.56 $26,360,155.52 $I6.T6460085  $37,166,162.24
$19.322.717.96 $19.041.319.06 $19.764.013.30 $19.400.05599  $19.271472.4 $17.956.111.78 SITEMEISHL  S17.436926.44
15 17 15 1 i 2 2 2
$27.573.655.60 $27.097.260.5 $39.407.060.4 $29.933.175.49  $20.065.67.11 $29,704.659.20 $30.150.229.08  $30,502,431.50
$17.192.990.67 $16.092.752.90 $I6.696.150.40 $16.443.157.08  $16.203,593.63 $15.967.717.51 SISTISITION  SI5504,004.96
24 23 5 27 1 ﬂ i Dnpanifian
53106151872 $31.527.441.50 $32.000.353.17 $32,430.359.43  $32.067.563.30 $33.482.077.25 $33.064.008.41 $109,000.00
$15.290.209.96 $15.057.691.65 $14839.395.00 $14.62330189  §14.400355.74 $14.199.510.76 $13.99272197  5109.000.00

$44,333 430,04
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System C: Monte Carlo Simulation Uncertainty Ranges, Section 2
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APPENDIX D. SYSTEM D EXCEL SPREADSHEET DATA

Appendix D contains the model’s Excel spreadsheet for System D, shown in
Figures 82-88. This spreadsheet includes the recurring cost inputs, the nonrecurring cost
inputs, the end-of-life-cycle cost inputs, and the risk-based Monte Carlo simulation

uncertainty ranges.
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20 Years k|

e | System D Discount Rate: | 300%
Select Uncertainty Range: | Use Small + /- 5% Ranqt‘ﬂ Notes: |
Annual Growth ar Decline Curve: 150
Cosgaries ":::::f Mumberof |Acquisition Cost| :m?: 5 | maintenance « Replacement | (Total Acquisition | Total Annusl «
Platfarms {Unit] (Unit] Per Year {Unit] Per Year Cast DEM
System Per Year
Grand Total $3,836,317.00 $1,645,990.00 $98,468.00 $118,917.00 $44,206,890.00 $31,417,765.00
Narrow-Medium Field of View |NFOV] Sensors 37 335 $6,61700 [ 02% | 511500 DA% | 521000 0.2% $6,617.0 56% | 576989000 | 1.7% | $Bl0A7500 | 26%
WF-DIR {NFOV Dir 3 55 5560 00% a0 00% $12.00 0.0% $560.00 05% || 59240000 | 02% [ 59504000 0.3%
NF-TI5 {Thermal Imaging Sensor] - T65 i1 1 55 532000 0.0% 00% 51000 0.0% $32000 03% || 51760000 | 00% || 51842500 0.1%
WF-TE {Thermal lmagi 1 - TG 62 2 55 00% 00% $1400 0.0% $430.00 04% || 55380000 | 01% || $56,10000 0.2%
a-Optic Sensor| - 05 I 1 55 0.0% 00% 51200 0.0% 03% [ 51925000 | 00% [ 520,29500 0.1%
~Diptic Sensor] - EOS 12 a 55 0.0% 0.0% 0.0% 02% [ 54840000 | 01% || 55016000 0.2%
WF-EDS | Blectro-Optic Sensar| - [0S 13 1 55 00% 00% 0.0% a 03% [ 52080000 | 00% [ 52156000 0.1%
WE-LAT {Laser Rangelinder] a 55 0.0% 00% 0.0% 5267.00 02% [ 55874000 | 01% [ 56204000 0.2%
NF-LDA {Laser Designat el 2 55 0.0% 0.0% 0.0% 04% [ 54950000 | 01% [ 55159000 0.2%
WF-LDAF |Lase denlllaminator] 1 55 0.0% 00% 0.0% 02% [ 51045000 | 00% [ 51078000 0.0%
WP |Laser Painter] 2 55 0.0% 00% 0.0% 02% [ 52970000 | 01% [ 53080000 0.1%
NF-LOI {Laser DpticalfOcular Interra pier] 1 55 0.0% 0.0% 0.0% 05% [ 52970000 | 01% [ 53036000 0.1%
WF-Ll{Las arl 2 55 00% 00% $2500 0.0% 05% || 56820000 | 02% || $72,05000 0.2%
ence Unitl 2 55 0.0% 00% 51500 0.0% 05% [ 56490000 | 01% [ 56732000 0.2%
NF-B3M | Baresight Module] 3 55 0.0% 0.0% 53400 0.0% 03% [ 55115000 | 01% [ 558,08000 0.2%
WFEL {Electronics Unit] 3 55 0.0% 00% 52300 0.0% 02% [ 54620000 | 01% [ 55148000 0.2%
s hardware, eic.) 3 55 0.0% 0.0% 0.0% 04% [ 56930000 | 02% [ 57342500 0.2%
2 55 0.0% 00% 0.0% 03% [ $39,60000 | 01% [ $4147000 0.1%
71 385 0.6% 00% 0.0% 13.1% | $3,861,00000 | 8.7% | $2,563,55000 | B.2%
WF-DIR|Di 3 55 01% 00% 0.0% 10% [ 556100000 | 13% | 520064000 | 06%
WF-TS [Thermal Imaging Sensar] 3 55 01% 0.0% 0.0% 29% [ $693,00000 | 16% | 556347500 | 18%
WI-EDS | Electra-Optic Sensor] 3 55 01% 00% 0.0% $210000 | 18% [ $891,00000 | 20% [ 534897500 | 1.1%
WU {Inertial Reference Unit] a 55 01% 0.0% 0.0% 51 16% || $462,00000 | 10% | 542130000 | 13%
WF-EU |Elec 3 55 0.1% 00% 0.0% 532 27% [ $693,00000 | 16% | 553047500 | 17%
A : hardware, ele.| 2 55 01% 00% 0.0% 524 20% [ 526400000 | 06% | 526554000 | 08%
Other: 3 55 0.0% 0.0% 0.0% 51,400 12% [ $297,00000 | 07% [ $233,14500 | 07%
EO/IR Sensor Manager [ESM) 24 330 0.4% 0.0% $63.00 0.1% $14,20000 [ 118% | $3,003,00000 | 6.8% | $3,027,53000 | 96%
Pracessing Equigment 5 55 00% 00% $12.00 0.0% 51,201 10% || $396,00000 | 09% || 340392000 | 13%
Pracessing Soltware 5 55 01% 0.0% 0.0% $3 400 29% [ $935,00000 | 21% [ 593912500 | 30%
Recording Equipment a 55 0.1% 00% 0.0% 18% || $462,00000 | 10% || $46530000 | 15%
Dacking Station Equipment a 55 0.0% $8.00 00% 0.0% 16% || $418,00000 | 09% | $421.30000 | 13%
Wertess, encoders, ethemet swltches, 3 55 0.1% $9.00 00% $6.00 a.0% $3,20000 | 27% | $528,00000 | 12% | $53047s00 | 17%
2 55 01% 5 0% 52100 0.0% 52,401 20% [ 526400000 | 06% [ 526741000 | 09%
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EQ/ IR Sensor Manager [ESM] L] 330 1420000 [ 04% I o0% S63.00 0.1% 51420000 [119% | 5300300000 [ 6.8% | $3,027,530.00 9.6%
sing Equipment & 55 0.0% 0% $12.00 0.0% 1.0% 5396,000.00 0.9% $403,920.:00 13%
5 55 3.1% 009 3.0% 29% 5935,000.00 21% 593912500 3.0%
4 55 a.1% 0.0% 0.0% 1a% 546200000 1.0% $465,300.00 15%
4 55 3.0% 58,00 009 3.0% 16% 5418,000.00 09% 542130000 13%
fY Matesis {Viren eonverters, encnden, sthemet sultches, 3 55 $320000 | 01% $2.00 0.0% $6.00 0.0% 5320000 | 27% | $52800000 | 12% | $53047500 | 17%

racks, cabling, ee ]
Othaer: 2 55 52 A0 0.1% 510.00 0.0% $21.00 0.0% 52,40 20% 5264,000.00 0.6% 5267.,410.00 0.9%
Human Machine Interface (HMI) 55 275 4£23,000.00 0.6% SEB.00 0J0% £147.00 0.1% 19.3% | 514.960,000.00| 33.8% |515071.210,00| 48.0%
HMEE {HMI BridgeCackpit] & 55 56,1 a 0.2% 534.00 0.0% $10.00 0.0% 50% | 51980,000.00 45% | 51,994,520.00 5.3%
HMEC {HMI Cambat Information Center,\Cabin] 19 55 3.1% 510,00 009 512.00 3.0% 432% | 5522500000 | 118% | 5524799000 16.7%
HEEF {HMTIntel] 1 55 0.1% 59.00 0.0% $65.00 0.1% 34% 5220,000.00 0.5% 5224,070.00 0.7%
""I:f_:L:'u 'j:“'“:"" displeys, control panel switches, 25 55 §5,00 0.1% $10.00 0.0% $36.00 0.0% $5,00000 | 43% |$6,875,00000 | 156% | $693825000 | 22.1%
4 55 53,000.00 3.1% 55100 0.0% 524.00 2.0% 53,000.00 15% 5660,000.00 15% 566638000 2.1%
Praduct Suppart Management 40 9 4355,000.00 9.3% | 5289,50000 | 17.6% 5000 0.0% £0.00 00% | $1,665,000.00 38% | $1,510,500.00 48%
Pragram Management Office Team & 1 $80,000.00 2.1% $80,000.00 49% £0.00 2.0% 50,00 Q0% £480,000.00 11% 5480,000.00 15%
Sustainment Planning and Data Procurement 5 1 4500 13% 0 30% £0.00 0.0% Qa8 £250,000.00 0.6% %250,000.00 J8%
Depot Activatio 4 1 420 0.5% 0 13% 0.0% 0% 480,000.00 0.2% 584,000.00 0.3%
Software Suitainment & 1 £40 10% 0 25% 0.0% 0.0% $240,000.00 0.5% 5252,000.00 Q8%
Integrated Praduct Suppon Team 7 1 435 0.9% 0 2A% 0.0% 0% 5245,000.00 0.6% $280,000.00 0.9%
and Initial Spares Lay-in 4 1 54 10% 0 10% 0.0% 0.0% 4160,000.00 0.A4% 568,000.00 0.2%
Contracting Strategy 4 1 5200 0.5% 513 ,000.00 0.8% 0.0% 0% 480,000.00 0.2% 55200000 0.2%
Full 5cale Praduction 3 1 530, 0.8% 59,000.00 0.5% 0.0% 0.0% £90,000.00 0.2% £27,000.00 a.1%
Other: 1 1 $40,000.00 10% 517,500.00 1.1% 0.0% 0% 540,000.00 0.1% 51750000 0.1%
Design Interface 59 11 £509,00000 |13.3% | 52450000 15% 0.0% 00% | $3,138,00000 | 7.1% £190,500.00 0.6%
Technolagy develspment {TRL2 to TRLA) 3 1 5540 3 14% 50.00 0% 0.0% 0% 5162,000.00 Q4% 50,00 0.0%
Mt develapment and LRIP {TRLS 1o TRL?| 5 1 565.0 17% 5000 009 3.0% 0.0% 5325,000.00 a7% 50000 0.0%
Operational Test {TRLE| & 1 0.9% 0% 0.0% 0% 5204.000.00 0.5% 50,00 0.0%
Cambat system integration {2oltware changes| 7 1 14% 010% 0.0% 005 $378,000.00 09% 50,00 0.0%
lity Grawth Eram 7 1 0.8% 0.3% 0.0% 0% 522400000 0.5% 438,500.00 0.1%
o Relresh [P3, emenging thiests, obsaleioenca | 8 1 3.9% 13% 0.0% 005 5280,000.00 0.6% $152,000.00 05%
lagy Road map & 1 10% 0.0% 0.0% 0.0% 5228,000.00 0.5% 50,00 0.0%
nability 7 1 11% 0% 0.0% 0% 5294.000.00 0.7% 50,00 0.0%
Madularity 8 1 14% 50,00 0.U0% 0.0% 0.0% 5432,000.00 10% 50,00 0.0%
Obsalescence Mitigation {Castshould be escalated) 7 1 1A% 50.00 0.0% 0.0% 0% $371,000.00 0.8% 50,00 0.0%
Other: ] 1 13% 50,00 0.U0% 0.0% 0.0% 5240,000.00 0.5% 50,00 0.0%

Figure 83.

System D: Recurring Cost Inputs, Section 2

133




Supply Support 63 12 536400000 | 9.5% | $251,50000 | 153% 5000 0.0% 0.0% | 184300000 | 4.2% | $1,300,000.00 4.1%
Whalesale and Retail Supply Chain Management & 1 1.0% $30,530.00 19% 5000 0.0% 010% £240,000.00 0.5% $183,000.00 0.6%
7 1 0.3% 18% 0.0% 0.0% 584,000.00 02% $210,000.00 0.7%

Spares Warehousing B 1 0.9% 12% 0.0% Q.03 §272.000.00 6% $160,000.00 0.5%
Consumable Spanes Replenishment & 1 35% 12% 5000 0.0% 010% £114,000.00 0.3% $120,000.00 04%
Provisianing and Initial Spanes Lay-in 5 1 J8% 0.0% 50,00 0.0% Q0% %160,000.00 0A% £0.00 0.0%
& Mitigation {Cost shauld be escalated) 4 1 0% 20% 00 0.0% Q.03 5$96,000.00 2% $132,000.00 0.4%

Cantracting Strategy & 1 0.5% 0.9% 50.00 0.0% 0.0% 5108,000.00 2% 590,000.00 0.3%
Decreasing Boonarmies of Scale 7 1 12% 13% 50,00 0.0% Q0% %£315,000.00 Q7% %147 ,000.00 0.5%
Battle Damage 3 1 0.8% 1.0% 0.0% 0.0% 596,000.00 02% 451,000.00 0.2%
Initial Fielding Support 4 1 0.9% 0.5% 0.0% Q.03 $140,000.00 0.3% 436,000.00 0.1%
Prep & 1 8% 14% 0.0% 0.0% 5174,000.00 A% 5138,000.00 04%
Other: 1 1 11% a 20% 50,00 0.0% $0.00 0.0% 544,000.00 0.1% $33,000.00 0.1%
Support Equipment 35 a $367.00000 | 9.6% | $260,00000 | 158% | 57100000 TLI% 4$59.50000 | 500% | $1,71100000 | 39% | $1,924500.00 6.1%
Depat Activation 1 1 543 ,000.00 1.1% $35,000.00 21% 50.00 0.0% 50.00 0.0% 543 ,000.00 1% 535,000.00 0.1%
Software Sustainment 4 1 §36,0 0.9% $30, 18% 50,00 0.0% 0.0% $144,000.00 0.3% $120,000.00 0.4%
ial Toak & Eguipment 5 1 5450 12% 570 4.3% 35.5% 139% | 522500000 0.5% $607,500.00 19%
Equipment & 1 1.4% 26% 254% 36.2% | $318,000.00 0T% 5666,000.00 21%

Suppart Equipment Sustainment 7 1 1.7% 1A% 112% Q0% %455 ,000.00 10% %£238,000.00 J8%
Initial Fiekding 5uppart 1 1 9% 0.9% 50.00 0.0% Q.03 $34,000.00 0.1% 515,000.00 0.0%
Obsalescence Mitigation {Cost shauld be e calated | & 1 1.0% 1.4% 5000 0.0% 010% £222,00000 0.5% $138,000.00 04%
Other: 5 1 1.4% 13% 50,00 0.0% 0.0% $270,000.00 0.6% $105,000.00 0.3%
Packaging, Handling. Storage and Trans portation 24 4 $144,000.00 38% 34% 5000 0.0% 0.0% £843.000.00 19% $325,000.00 10%
Trans partability Requirements 5 1 5440 1.1% 12% 5000 a.0% 0.0% £220,000.00 35% $100,000.00 a3%
Trans partation Limitations L] 1 0.9% 0.7% 50,00 0.0% Q0% %204,000.00 0.5% £72,000.00 0.2%
Initial ing Suppan 7 1 0% 0.5% 00 0.0% Q.03 $161,000.00 4% 563,000.00 02%
Other: & 1 5430 1.1% 5150 0.9% 50.00 0.0% I 0.0% 5258,000.00 6% 590,000.00 0.3%
Computer Resources 37 & BA% 11.6% 50,00 0.0% $0.00 0.0% | $1951,000.00 | 44% | $1,167,000.00 17%
al 3eries Lrai 5 1 2.1% 2.3% 0.0% 003 £400,000.00 0.9% §225,000.00 0.7%

& 1 10% 15% 5000 0.0% Q.03 $240,000.00 0.5% $150,000.00 0.5%

Saftware Sustainment 7 1 1.6% 2A% 50.00 0.0% 0.0% 5420,000.00 1.0% 5273,000.00 0.9%
O-leeal pu 5 and new equipment training L] 1 1.0% 12% 50,00 0.0% Q0% %240,000.00 0.5% %120,000.00 0.A4%
Initial & Suppan & 1 15% 2.1% 0.0% Q.03 $336,000.00 0.8% $210,000.00 0.7%
Other: 7 1 545 ,000.00 1.2% 16% 50.00 0.0% I 0.0% 5315,000.00 0T% 5189,000.00 0.6%
Manpower and Personnel 34 & $237,00000 | 6.2% 13.2% 50,00 0.0% $0.00 0.0% | $1,339,000.00 | 3.0% | $1,242,000.00 4.0%
sggram Man ggerment Team 5 1 5600 1.6% 36% 50.00 0.0% Q.03 $300,000.00 0.7% $300,000.00 1.0%
imilitary ooou patianal Series Liai & 1 12% 26% 0 0.0% 010% £270,000.00 0U6% $258,000.00 08%

7 1 0.8% 2.1% 0 0.0% 0.0% $224,000.00 0.5% $245,000.00 0.8%

Software Sustainment 7 1 10% 19% 50.00 0.0% Q.03 $259,000.00 6% $217.000.00 0.7%
Initial Fielding Support 4 1 8% 1.1% 50.00 0.0% 0.0% 5116,000.00 0.3% 572,000.00 0.2%
Other: 5 1 0.9% 18% 0.0% 0.0% $170,000.00 0.4% $150,000.00 0.5%
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Maintenance Planning and Management 114 15 $430,00000 | 11.2% 0.0% 0.0% 0.0% | $3,317,00000 | 7.5% $0.00 0.0%
System Support Strategy 10 1 1.0% 0.0% Q0% 0.0% 5400,000.00 049% 50,00 0.0%
Title 10 Care 50 12 1 0.8% 0.0% 0.0% 0.0% 4$360,000.00 08% 50,00 0.0%
Depat Activition 10 1 0.7% 0.0% 0.0% 0.0% 525000000 0.6% 50,00 0.0%
Software Sustainment 7 1 1.0% 0.0% 00% 0.0% 528000000 0.6% 50,00 0.0%
Depat Repair and Creerhaul 1 1 08% 0.0% 0.0% 0009 $30,000.00 0.1% 50,00 010%

7 1 0.9% 0.0% 0% 0.0% 5245,000.00 06% 50,00 0.0%

3 1 0.6% 0.0% Q0% 0.0% $207,000.00 0.5% 50,00 0.0%

8 1 0.3% 0.0% Q0% 0.0% 496,000.00 0.2% 50,00 0.0%

Lial Spares Liy-in 7 1 1.1% 0.0% 0.0% 0.0% 5$301,000.00 0.7% 50,00 0.0%

and Dis posal & 1 0.6% 0.0% 0.0% 0.0% 5184,000.00 0A% 50,00 0.0%

10 1 1.0% 0.0% 0.0% 0.0% 540000000 09% 50,00 0.0%

4 1 0A% 0.0% 0% 0.0% 564,000.00 01% 50,00 0.0%

7 1 0.5% 0.0% 0% 0.0% 5140,000.00 03% 50,00 0.0%

Obsales cance Mitigati Cost shauld be escalated| B 1 05% 0.0% 0.0% 0003 4168,000.00 04% 40,00 010%
Other: § 1 0.8% 50.00 0.0% Q0% 0.0% 5192,000.00 0.A4% 50,00 0.0%

Training and Training Support 47 B 5£490,00000 | 12.8% | $141,00000 | 2.6% 0.0% 0.0% | 295500000 | 6.7% $848,000.00 2LT%
Depat Activiti 5 1 2.1% 12% 0.0% 0.0% 539500000 09% $95,000.00 0.3%
Software Sustainment & 1 1.7% 0.5% 0.0% 0.0% 539000000 09% $45,000.00 0.1%
Manning and military ooou paticnal Sefies Liaining 5 1 1.1% 19% 0.0% 0009 £210,000.00 05% $152,500.00 05%
O-lewvel publications and new equipment tiaining 7 1 23% 24% 0.0% 0009 56049,000.00 14% £276,500.00 09%
SusLa 1 Pla and Data Procu rement B 1 16% 08% 0.0% 0003 4496 ,000.00 11% £100,000.00 03%
Trans partability Reguiremeants 7 1 19% 10% 00% (ol £504,000.00 1.1% £119,000.00 04%
Initial Fialding Support 5 1 0.5% 0.0% 50,00 0.0% 0.0% 495,000.00 0.2% 50,00 0.0%
Other: 4 1 $64,000.00 1.7% $15,000.00 0.9% 50,00 0.0% 0.0% 525600000 0.6% $60,000.00 02%

Fadilities and Infrastructure 25 4 $162,00000 42% $60,000.00 36% 42700000 27A% 0.0% £937.000.00 1% 555400000 1E%
Ship alteration Tor ir fielding 5 1 $55,000.00 14% 0.0% 0% 0.0% 5275,000.00 06% 50,00 0.0%
Depat Activation ] 1 5650 a 1.7% 20% 113% 0.0% 5390,000.00 0% 5264,000.00 08%

oftwane Sustainment & 1 532,000 08% 1.1% 9.6% 0.0% 5192 ,000.00 04% 5162 ,000.00 05%
Other: 8 1 510 0.3% 0.6% 6.6% 0.0% 580,000.00 0.2% 5128,000.00 04%

Technical Data Management 31 7 $390,00000 | 10.2% | $155.200.00 | 94% 0.0% 0.0% | $191400000 | 4.3% 4$883,000.00 1A%

Depat Activition 8 1 $66,000.00 1.7% $64,000.00 39% 0.0% 0.0% 552800000 12% 551200000 16%

oftwine Sustainment 4 1 $72,000.00 19% 19% 0.0% 0.0% 5288,000.00 0.7% 512400000 04%
ing and military ooty patianal e 3 1 09% 08% 0.0% 0009 5105,000.00 02% £39,000.00 0.1%

el publications and new egquipme 5 1 20% 08% 0.0% 0009 $390,000.00 09% $67,500.00 02%
Sustainment Planning and Data Procu rement 5 1 16% 1.0% 0.0% 0003 4310,000.00 0.7% 478,500.00 02%
Contracting Strategy 5 1 14% 0.7% Q0% 0.0% 5$270,000.00 0.6% $55,000.00 0.2%
Other: 1 1 0.6% 0.4% Q0% 0.0% 423,000.00 0.1% 47,000.00 0.0%

Figure 85.
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2176711470 §11.450,117.33 £21.137.737.51 410,329 008 40 £20,525. 55325 $£20.227.527.7% £19.933 050,53 T 1090 00003

44 674 £00.040
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Lind af Tatall Lifofims Casd for Syntem T
Lind of Preasoed Wales Lifolims Casd for Syudem [H

Tatal Lifchms Casd far Syvdem 5§20 Yeam)

Tatall FY Lifcms Casd for Syvtem 15§30 Yeam)

Figure 88.

5 Yiea

L2046 655 401 49

£192,904,219.93

£771.277.528 .99

£577.325973.99

1 Yo
$381.039.234 34
£333.549.370.97

20 Yo

15 Yoo 20 Yo
$543.399.174.37 £771 277,623 .99
£453.461 34577 £577.316.973.99

25 Yean
$989_ 294 783
£637.7345,433.92

30 Yo
£1.224 165 15057
£704,434, 14714

System D: Monte Carlo Simulation Uncertainty Ranges, Section 2
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APPENDIX E. SYSTEM E EXCEL SPREADSHEET DATA

Appendix E contains the model’s Excel spreadsheet for System E, shown in Figures
89-95. This spreadsheet includes the recurring cost inputs, the nonrecurring cost inputs, the
end-of-life-cycle cost inputs, and the risk-based Monte Carlo simulation uncertainty

ranges.
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e | Syatem E Discount Rate: | 3 (T Franamic Life: | 20 Years L.

Select Uncertainty Range: [ Use Small +/= 5% Ranu&ﬂ ates: |
Annwal Grawth or Decline Curve: 150%
e NJ;;::: Wumberof | Acquisition | :m; 5 | Maintenance « Replacement [ |Total Acquisition| | Total Annual «
Platfarms Caat [Unit) {Unit] Per Year {Unit] Per Year Coat DEM
Syitem Pei Year
Grand Total 54,086,710.00 5$1,520,321.00 $117,329.00 £105,280.00 541,629.850.00 4£23,247.190.00
Marrow-Medium Field of View |{NFOV] Sensors 43 435 £7.110.00 0.2% £113.00 0J0%: £174.00 0.1% 54,880.00 4.6% S960.850.00 23% S705,155.00 3.0%
NF-DIR {HFCV Di 2 55 009 0U0% 03.0% s 00 3.3% 54400000 0.1% 534,210.00 3.1%
NF-TIS {Thermal Im: p Sensor] - TIS 81 3 55 0.0% 0.0% 0.0% 0.1% 557,750.00 0.1% 526,565.00 a.1%
NF-TIS {Thermal Imaging Sensor)] - TS i2 2 55 0.0% 0.0% 0.0% 0.3% 550,600.00 0.1% 534,320.00 a.1%
NF-EO5 {Electra-Optic Sandar] - EOS U1 3 55 0.0% 0.0% 0.0% 0.2% 537,950.00 0.1% 535 ,640.00 0.2%
NF-EQ5 {Electra-Optic Se - EOG a2 3 55 0% [ 0.0% 02% 556,100.00 0.1% 538,940.00 0.2%
WF-ECS | 3 55 0.0% 0.0% 0.0% 02% 574,250.00 0.2% 543,560.00 02%
NF-LRF | Laser Rang 2 55 009 0U0% 03.0% 3.5% 561,600.00 0.1% 56292000 0.3%
NF-LDR {Laser Dt 2 55 009 0U0% 03.0% 3.2% 547 300,00 0.1% 526,180.00 3.1%
NF-LDRFI{ Laser Design 2 55 0.0% 0.0% 0.0% 0.1% 550,600.00 0.1% 518,480.00 0.1%
NF-LP {Laser P 5 55 009 0U0% 03.0% 3.3% 5123,750.00 0.3% 586,075.00 4%
NF-LOI{ Laser Optical/Ocular Interru pter] 1 55 0.0% 0.0% 0.0% 0.3% 530,800.00 0.1% 518,085.00 a.1%
NF-LI { Lasar lluminatar] 3 55 0.0% 0.0% 0.0% 0.5% 570,950.00 0.2% 591,410.00 0.4%
NF-IRU {Inertial Referanca Unit| 2 55 0.0% 0.0% 0.0% 0.4% 547,300.00 0.1% 550,710.00 0.2%
NF-B5M {Baresight Madule] 1 55 0% [ 0.0% 02% 512 ,650.00 005 512,980.00 0.1%
MF-EU |Elec 5 Unit] 2 55 0% [ 0.0% 03% 573,700.00 0.2% %38,060.00 0.2%
Ancillary Material {cabli g hardware, obe | 3 55 010% 0.10% 00% O2% §70,950.00 02% $35,970.00 02%
Dther: 4 55 L 0u0% 0u0% 512.00 0.0% J 3.2% 550,600.00 0.1% 551,040.00 02%
Wide Field of View [WFOV] Sensors 20 385 £28.400.00 0.7% 003 S57.00 003 £24,10000 [ 229% | $4,532,00000 [ 109% | $3.598,705.00 15.5%
WF-DIR { Directar] 3 55 0 0.1% 0U0% 5800 03.0% 28% 5990,000.00 2A% 5497 970,00 21%
'WF-TIS {Thermal Imaging Sensar] 2 55 0.1% 0.0% 0.0% 4.7% 5253,000.00 0U63% $552,530.00 24%
'WF-EDS {Electra-Optic Sensar] 1 55 0.1% 0.0% 0.0% 3.0% 5236,500.00 0.6% $177,100.00 Q8%
WH-IRU ial Refarence Unit| 2 55 0.1% 0.0% X 0.0% 3.0% 5495 ,000.00 12% $353,540.00 15%
W-EU | Eles =5 Unit] 3 55 0.1% [ $10.00 0.0% 4.1% %379,500.00 0.9% £712,140.00 3.1%
Ancillary Material {cabling, mounting hardware, ete. 4 55 1% 0 §9.00 0% 3.2% [51,188,00000 | 29% %751,300.00 32%
Dther: 5 55 J 0.1% 0U0% 3.0% 19% 5990,000.00 2A% 5554,125.00 24%
EOJIR Sensor Manager [ESM] 24 330 4£14,200.00 0.3% 0.0% 0.1% 510,800.00 10.3% | $3,003,00000 [ 7.2% | $2.243835.00 9.7%
avessing Equipment 8 55 a 0.0% 0.0% 0.0% 09% 5395,000.00 10% [ $336,600.00 14%
5 55 0.1% 0U0% 03.0% 19% 54935,000.00 232% 5556,050.00 24%
4 55 0.1% 0.0% 0.0% 14% 5462 000.00 11% $335,060.00 14%
4 55 0.0% 0.0% 0.0% 12% 5418,000.00 10% $291,060.00 13%
Ancillary Materisl | PeAers, themet swltches, 3 55 $3,20000 | 01% $17.00 0.0% $24.00 0.0% $300000 | 28% | $szspcecmo | 13% | ssor7esce | 22
racks, cabling, ete
Other: 2 55 5240000 0.1% $18.00 [ $12.00 0.0% 00000 19% %264,000.00 0U6% $223,300.00 10%

Figure 89. System E: Recurring Cost Inputs, Section 1
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Hurmian Machine Interface [HMI) 35 275 $30,000.00 0.7% 55300 0.0% 430,00 0.0% 4£20,000.00 19.0% |$12,265,000.00 [ 29.5% | $8,118495.00 34.9%
HMEB {HMI BridgaCockpit| 5 55 %6,000.00 a.1% 520000 0.0% 57.00 0.0% 54,00 38% | $1,650,00000 | 4.0% | 5110742500 48%
HMEC {HMI Cambat Infarmation Center/Cabin) 17 55 $7.000.00 0.2% 51200 0.0% 56.00 0.0% 55,00 4.7% | 56,545,00000 | 15.7% | $4.691,830.00 20.2%
HMH {HMI Intel] 2 55 45,000.00 0.1% 56.00 0.0% 5500 0.0% 55,00 4.7% 4550,000.00 13% $551,210.00 2A4%
fnc i'“:"'l:_‘_‘_‘::'l':"_:fmi: il dispiays, control panel switches, § 55 5400000 | 01% $7.00 0.0% £4.00 0.0% 4200000 | 19% |#$132000000 | 32% | 66363000 | 29%

g maunts, ele.
Other: 5 55 58,00 0.2% 58.00 0.0% 58.00 0.0% 38% | $2.200,000.00 53% | 51,104,400.00 48%

Product Support Management 48 a $447,00000 | 10.9% | $339,000.00 | 22.3% 0,00 0.0% 50,00 0.0% | $2,263,00000 | 54% | $1,686,500.00 7.3%
Pragram Management Office Team 4 1 18% 5750 49% 0.0% 50,00 0% 4300,000.00 0.7% $300.000.00 13%
Sustainment Planning and Data Procurement 5 1 1.1% 545 00 3.0% 0.0% A1 0.0% 522500000 Q5% | 522500000 1.0%
Depat Activation ] 1 1.4% 5500 33K 03.0% 5 0U0% 5336,000.00 08% 5300,000.00 13%
Software Sustainment 5 1 16% £55 00 16% 0.0% A 0.0% 5325 ,000.00 8% 5275,000.00 132%
Integrated Product Support Team 5§ 1 1.1% 540,00 26% 0.0% A 0.0% £258,000.00 0.6% %240,000.00 1.0%
Pravi & and Initial Spares Lay-in & 1 0.6% 12% 0.0% &L 0.U0% 5138,000.00 0.3% 5114,000.00 0.5%
Contracling Strategy 7 1 12% 10% 0.0% 50,00 0% 4329,000.00 0.8% $105,000.00 0.5%
Full 5cale Praduction a 1 a9% 512,500.00 08% 3.0% 50.00 0.0% £296,000.00 a7% 5100,000.00 04%
Other: 1 1 556,000.00 1.4% 527,500.00 18% [ 03.0% 50.00 0U0% 556,000.00 3.1% 527,500.00 3.1%

Design Interface 63 11 $320,000.00 TAE% 418,000.00 12% 0,00 0.0% 50,00 00% | 5183900000 | 44% 485,000.00 0A4%

gy development {TRL2 to TRLA| 3 1 1.0% 50.00 0.0% 50 0.0% A 0.0% 5120,000.00 0.3% 50,00 0.0%
evelopment and LRIP {TRLS 1o TRL?| 3 1 0.3% 0.0% 0.0% & 0% $36,000.00 0.1% 50,00 0.0%
Operational Test {TRLE) 7 1 0.8% 0.0% 0.0% & 0% 4238,000.00 0.6% 50,00 0.0%
Combat 4yatem integration |saltware changes | b} 1 05% 0.0% 00% 50 0.0% £152 00000 04% £0.00 0.0%
Reliability Grawth Program 4 1 08% 0.3% 0.0% A 0U0% 51278,000.00 0.3% 520,000.00 3.1%
¢ Refresh {P31, emer L] 5 1 0.6% 0.9% 0.0% &I 0.0% 5120,000.00 0.3% 565,000.00 0.3%

¢ Raad map ] 1 4% 0.0% 0.0% A 0.0% 5108,000.00 0.3% 50,00 0.0%

for Maintainability 7 1 11% 0.0% 0.0% A 0.0% 5315,000.00 Q8% 50,00 0.0%

Ml adularity 8 1 0.8% 0.0% 0.0% &L 0.U0% 5256,000.00 0.6% 50,00 0.0%
Obsalescence Mitigation {Cost shauld be escalated] 3 1 0.9% 0.0% 0.0% Bl 0.0% 5105,000.00 03% 50,00 0.0%
Other: 9 1 a7% 0.0% 3.0% A 0.0% £261,000.00 0.6% 50,00 0.0%

Figure 90.

System E: Recurring Cost Inputs, Section 2
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Supply Support 64 12 $364,00000 | 8.9% | $260,00000 | 17.1% 0.0% 0.0% | 193400000 | 4.6% | $1,475,00000 63%
Whalesale and Retsil Supphy CThain Management 7 1 10% 13% Q0% [l e 4 £280,000.00 0.7% %140,000.00 0u6%
Spared Warklwide Trand portation 5 1 3% 09% Q0% [l e 4 £50,000.00 0.1% %£70,000.00 03%
Spares Warehausing & 1 0.8% 49% 0.0% 0.0% 4204,000.00 0.5% 5450,000.00 19%
Condumable Spares Replenishment 4 1 0.5% 13% 0.0% 0.0% 476,000.00 02% $80,000.00 03%
P d Initial Spares Lay-in 3 1 0.8% 0.0% 0.0% 0% 496,000.00 02% 50.00 0.0%

& Mitigation {Cost should be escalated ] & 1 6% 16% 0.0% 0% 514400000 0.3% $150,000.00 06%

; Strategy 8 1 4% 1.1% 0.0% 0% 514400000 0.3% $136,000.00 06%

mied of Scale 7 1 1.1% 16% 0.0% 0% $315,000.00 08% $175,000.00 08%

& 1 0.8% 1.1% 0.0% 0.0% 519200000 0.5% £102,000.00 0A%

: Support 5 1 09% 0.6% 0.0% 0.0% 5175,000.00 0A% 545,000.00 02%

ed Stock 4 1 0.7% 0.9% 0.0% 0.0% 5116,000.00 0.3% $52,000.00 02%

er; 3 1 1.1% 16% 0.0% 0 0.0% 513200000 0.3% 575,000.00 0.3%

Suppurt Equipment 36 ] 10.3% | $238,000.0 15.7% | 4$70,000.00 59.7% 432% | $1.B66,000.00 | 4.5% | $1.493,000.00 6A%
Depat Activatian ] 1 1.1% 20% S0 0.0% 0% 5264,000.00 06% 5180,000.00 0A8%
Saftware Sustainment 7 1 8% 1.3% 0.0% 0% 5238,000.00 06% 5140,000.00 06%

4 1 1.4% 3.0% 256% 10.0% | 5224,000.00 05% 5342,000.00 15%

3 1 19% 31% 213% 332% | 522800000 05% $321,000.00 14%

] 1 16% 2% 12.8% 0% 5402 000,00 1.0% 4288,000.00 13%

ng Suppaort 2 1 09% 1.0% 0.0% 0.0% 570,000.00 02% $30,000.00 0.1%
Obsalescance Mitigation {Cost should be escalated | 4 1 Q8% 15% 003 003 4$136,000.00 03% 4492,000.00 04%
Othaer: 4 1 19% 16% 0.0% 0.0% 5$304,000.00 0.7% $100,000.00 0A4%

P, Handling, Storage and Transportation 18 4 4.3% 19% $0.00 0.0% 00% $807,000.00 19% £279,000.00 12%
Transpartability Reguiremeants & 1 15% 16% (ol [0 s £372,000.00 0a% %144,000.00 0U6%
Transpartation Limitations 3 1 1.0% 1.0% (ol [0 s $120,000.00 03% 4£45,000.00 02%
Initial Fial 4 1 12% 10% 0.0% 0.0% 5200,000.00 0.5% $60,000.00 0.3%
Othar 5 1 0.6% 0.4% 0.0% 0.0% 5115,000.00 0.3% $30,000.00 0.1%

Computer Resources 35 L] 58% 0.0% 50,00 0.0% 0.0% | 132800000 | 3.2% 5$0.00 0.0%
Manning and military ootu pational 2eriel Uraining 4 1 15% 0.0% Q0% [l e 4 £240,000.00 0ue% £0.00 Q0%
Depat Activation 5 1 1.1% 0.0% 0.0% 0.0% 5225,000.00 0.5% 50.00 0.0%
Software Sustainment & 1 0.8% 0.0% 0.0% 0.0% 5192 ,000.00 0.5% 50.00 0.0%
C-level publications and new eguipment Lraining 7 1 0.9% 0.0% 0.0% 0.0% 5259,000.00 0.6% 50.00 0.0%
Initial Fiekding Suppan & 1 0.7% 0.0% 0.0% 0% 5174,000.00 0A% 50.00 0.0%
o 7 1 0.8% 0.0% 0.0% 0% 523800000 0.6% 50.00 0.0%

Manpower and Perssnnel 33 E 52960000 2% | $278.00000 | 18.3% 50,00 00% 0.0% | $1,68000000 | 40% | $1,566,000.00 B.I%

sgram Management Office Team 3 1 5230 a Q6% 525,000.00 16% 0.0% 0.0% 569,000.00 02% §75,000.00 0.3%

nal seried Lrai 4 1 554 13% 551 3A% 0.0% 0.0% 5216,000.00 0.5% 520400000 0%

& 1 554 14% I7TH 0.0% 0.0% 5354.000.00 0% 534200000 15%

Soltware Sustainmenl 3 1 562 15% 6% 0.0% 0.0% 5310,000.00 0.7% 527500000 12%

Initial Fieling Suppant 7 1 553,00 13% 33K 0.10% 0% 5371,000.00 0a9% 5350,000.00 15%

Other: 8 1 545,000.00 1.1% 26% 0.0% 0% 5360,000.00 0% 5320,000.00 14%
Figure 91. System E: Recurring Cost Inputs, Section 3
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Maintenance Manning and Management 15 $717.00000 | 17.5% 5000 0.0% 0.0% 00% | $3,72800000 | 9.0% 5$0.00 00%
System Suppart Strategy 1 19% 50.00 0.0% 0% 0% 5234,000.00 06% 50.00 0%
Title 10 Care 50,50 1 6% 50.00 0.0% 0% 0% 5100,000.00 0.2% 50,00 0%
Depat Activati 1 17% 50,00 0.0% Q0% Q0% $420,000.00 1.0% 50,00 0.0%
Saftware Sustainment 1 19% 50.00 0.0% 00% 0% $532,000.00 13% 50,00 0%
Depat Repair and Crverhaul 1 1.1% 50.00 0.0% Q0% 0u0% 534400000 0.8% 50.00 0.0%
Manning and military ooty patianal 2eries rain 1 16% 5000 010% 0.0% 0.0% £130,000.00 03% 50,00 005
O-level publications and new equipment tr 1 0A4% 50,00 Q0% 00% 00% 480,000.00 0.2% £0.00 [0 s
Sustainment Planning and Data Procurement 1 6% 50.00 0.0% 00% 0% $150,000.00 0.4% 50,00 0%
Provisioning and Initial Spares Lay-in 1 0.8% 50.00 0.0% Q0% 0u0% §272,000.00 0.7% 50,00 0.0%
Dermilitarication and D pasal 1 13% 5000 010% 0.0% 0.0% $378,000.00 09% 50,00 005
Full 5cale Production 1 0.A4% 50,00 0.0% Q0% Q0% 560,000.00 0.1% 50,00 0.0%

ies of Scale 1 10% 50.00 0.0% 0.0% 0% 478,000.00 02% 50,00 0%

& Suppan 1 1.1% 50.00 0.0% Q0% 0u0% §215,000.00 0.5% 50,00 0.0%
ice Mitigation {Todt shauld be escalated | 1 16% 5000 010% 0.0% 0.0% £390,000.00 09% 50,00 005
1 17% 50,00 0.0% Q0% Q0% $345,000.00 0.8% 50,00 0.0%

Training and Training Support 8 T3% 4$99,000.00 B.5% 0.0% 00% | 5106400000 | 26% $358,000.00 15%

Depat Activetion 1 10% 0.7% 0.0% 0% 542,000.00 0.1% $11,000.00 0%
1 8% 05% 0% 0% 596,000.00 0.2% 521,000.00 1%

cupational series tr 1 0.8% 15% Q0% Q0% $136,000.00 0.3% $92,000.00 0.4%

néw Bgquipmient Lr 1 6% 09% 0.0% 0 §125,000.00 03% $70,000.00 0.3%

g and Data Procurement 1 9% 0.8% 00% 0% $105,000.00 03% $36,000.00 02%

Trans portability Requinements 1 15% 132% 0.0% 0.0% 5240,000.00 0.6% £70,000.00 0.3%
al Fiekding Suppornt 1 10% 0.0% Q0% Q0% $200,000.00 0.5% 50,00 0.0%
Other: 1 $30,000 0.7% §14,500.00 10% 0.0% 0.0% $120,000.00 03% 458,000.00 02%
4 4525000000 | 6.1% 4$67,500.00 44% 40.1% 00% | $1.56000000 | 3.7% $667,500.00 29%

1 1.7% 0.0% 0% 0% 5490,000.00 12% 50,00 0%

Depat Active 1 12% 22% 11.1% Q0% $300,000.00 0.7% $276,000.00 12%
Software Sustai 1 15% 10% 1.7% 0.0% 5420,000.00 1.0% $171,500.00 0.7%
Other: 1 000 1.7% 519,000.00 12% 213% 00% $350,000.00 0.8% $220,000.00 9%

Technical Data Management 7 S481,00000 | 118% | $160,500.00 | 10.6% 0.0% 00% | $2,80000000 | 6.7% 5971,000.00 42%
Depat Activation 7 1 0 a 16% §55,0 36% Q0% Q0% 5469,000.00 11% $385,000.00 1.7%
Software Sustai 5 1 15% 18% Q0% Q0% $315,000.00 0.8% $135,000.00 0.6%

cupational series tr 8 1 29% 14% 0.0% 0% $960,000.00 23% $168,000.00 0.7%
O-lesvel pubhications and nesw equipment L & 1 39% 08% 0.0% 0.0% £210,000.00 05% £75,000.00 0.3%
Sustainment Planning and Data Pracurement 5 1 1A% 11% 00% 00% %285 ,000.00 0.7% 4£85,000.00 0A%
Contracting Strategy 5 1 18% 13% Q0% Q0% $360,000.00 0.9% $97,500.00 0.4%
Other: 3 1 16% 0.6% 0.0% 0% $201,000.00 0.5% $25,500.00 0.1%

Figure 92.
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Figure 93. System E: Nonrecurring and End-of-Life-Cycle Cost Inputs
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Figure 94.

Risk-Based Monte Carle Simulation on Uncertainty Ranges

" flow) ) " Egh) Soulnn | et Costs | Replesment Costs | ieplacemme st Hlificn
fLow) Per ¥our M) Pr Yo igh) Per Yo
$912807.50  SO60.950.00  $L005.392.50 596085000 £669.507.25 £705,155.00 $740.412.75 $705.155.00
$4.305.400.00  $4.532.000.00  $4.755.600.00 S4532000.00 5341876975 £3.508.705.00 $1.773.64025  §3,.598.705.00
$2852850.00  $3.003.000.00  $3.0153,150.00 5300300000  $2.131.84335 $2.243.835.00 $235602675  §2.243.335.00
SLLESL750.00 S12.65.000.00 $12.879.250.00 $12.265.00000  $7.712.570.25 $9.113.495.00 $9.524.419.75  58,118.495.00
$2,149.850.00  $2263,000.00  $2.376,150.00 5226300000  §1.602,175.00 $1,635,500.00 SLIT0835.00 §1,696,500.00
SLT47.050.00  §1,339.000.00  §1,930.950.00  §1.839,000.00 £80,750.00 §35,000.00 £39,250.00 £85,000.00
§1.837300.00 5193400000  $2.030.700.00 §1934000.00 5140025000 §1.475.000.00 $1.548.750.00  §1,475.000.00
£LI72700.00  $1.366.000.00  §£1.959300.00 5136600000  §1.419.350.00 £1.493,000.00 T1.567.650.00  §1,493.000.00
76655000 SS07.000.00  $947.350.00  £407.000.00 £245.050.00 £279.000.00 £292.950.00 £279.000.00
$1.61600.00  £1329.000.00  §1.394.400.00  $1.374,000.00 £0.00 .00 008 £0.00
$1506.000.00  $1.690.000.00  $1.764.000.00 51580.000.00  §1.487.700.00 £1.565.000.00 $1.644.300.00  §1.566.000.00
$3.541600.00  $3.725.000.00  $3.914.400.00  $3.728.000.00 $0.00 £0.00 $0.00 $0.00
SLOIOSO0.00  $1O64.000.00  $1.0117.200.00  $1.064,000.00 £340.100.00 £358.000.00 £375.900.00 £358.000.00
$1.492.000.00  $1560.000.00  §1.639.000.00  §1.560,000.00 £634.125.00 £657.500.00 £700.575.00 $667.500.00
$2.660000.00  S2AM0000.00  $2.040.000.00  $2.500,000.00 £922.450.00 £971.000.00 $1.019.550.00 £971.000.00
T444.410.00  S467.900.00  $49L190.00 546730000
FI03.550.00  SL00.000.00  $114.450.00 510900000
Acquiniion 1 2 3 4 5 5 1
$42,097.650.00 §23.247,190.00 $23595997.85 $21.040.83637  §24309.09136 $24,673.720.12 $25,041.825.02  §25.419,43131
$42.097.650.00 $12.570.08733 $21241.39679 $21917.49295  $21.599306.16 $21.283.767.72 $20.971809.94  §20.664.366.10
i 2 T T 12 13 14 15
$35300.775.56  $26.087.797.10 $26.590.604.00 §26.97031306  $27334.00276 £27.794.762.90 £23011.694.04  £19.614.950.51
$20367.370.45  SI0.070.758.09 $19.779.465.60 $19.490.420.78  §19.206.585.57 £15.926.530.97 CIS651246.78  S18.379.626.69
is 1 1§ i 20 i 22 23
$29.064.352.40  $20.500.349.17 $20.94285136 $I0ILANELE  INF4TETELS £31.310.594.24 $IL7A0ISI LS §IDI5E05695
SIS111.962.22 SIT.945,195.78 §17.598.270.60 $17.3932130.73  $S17.079.721.06 $16,330.997.26 FIE535.975.80 §16344,33182
24 25 24 27 28 i) i Diapasition
$32740.811.30  $33.231,923.47 $33.730.40233 $34.236358.36  $34.749.002.74 $35.271.152.29 £35.300.219.53 £109.000.00
S15,106.309.64 SI5371751.73 $15.640.600.71 SI5412.83384  $15.189.375.10 $14.967.185.17 $14,749.216.45 £109.000.00

420497 £50.03

System E: Monte Carlo Simulation Uncertainty Ranges, Sectionl
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Lt of Tatall Lifctims Casd far Syadem E
Lt of Provesd Vales Lifoime Cast far Syutem E

Tatal Lifofims Caad far Syndem E {30 Yeam)

Tatal Y Lifclims Casd far Syvdem E 30 Yeam)

Figure 95.

5 Y
£161.992.373.15
L151.802.72535

F
L579, 765,931 55
F

43634237534

10 Yo

15 Yea

£291 314.8354.14 £430.019. 47651
£253 643 57773 £343.292 207 14

20 Yo

20 Ve
LE79.7646. 032 65
£436.342 87534

25 Yo
£741.087.471.77
$517.971843.03

A0 Yo
£314 475 50407
£503.934 309 .94

System E: Monte Carlo Simulation Uncertainty Ranges, Section 2
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APPENDIX F. MODEL SUMMARY EXCEL SPREADSHEET DATA

Appendix F includes the model’s Excel spreadsheet for the summary data used to
produce the Total Net Life-Cycle Cost and Present Value of Discounted Total Net Life-
Cycle Cost graphs (shown in Figures 96-98).
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Syabam A DiEoaunt Rate 3.00%
Aogunitian Dis paditian 1 2 3 4 5 [ 7 8 a 1
Cash Flow 546,331,300.00 5109,000.00 528,266,870.00 52869087305 52912123615 42955805469 53000142551 53045144689 53090821859 53137184187 531842413950 53232005573
Manual Adjuitment
Mot Cash Flow 546,331,300.00 5109,000.00 52826687000 52869087305 52912123615 452955805469 53000142551 53045144689 53090821859 S313TIE4187 53184241350 532320005573
PV Caih Flowa 546,331,300.00 52826687000 52869087305 52912123615 42955805459 | 53000142551 53045144689 53090821859 53137184187 53184241950 53232005573
Syavem B DiEosunt Rate 3.00%
Asquiitian D paditian 1 2 3 4 5 [} 7 a q 10
Cash Flow 544,861,210.00 £109,000.00 530,080,005.00 53053120643 53098926587 $3145410486 53192591643  S532404805.18 53280087726 53338424042 53388500402 53439327908
Manual Adjuitment
Mt Caih Flaw 544,861,210.00 fiﬂgfﬂﬂ.ﬂﬂ £30,080,095.00 530,531,20643 53098926587 53145410486 53192591643 53240480518 53280087726 53338424042 53388500402 534393273908
IP"J' Cash Flows 544,861,210.00 .S]ﬂ_ﬂ&ﬂ_ﬂgiﬂﬂ 530,531,29643 53098926587 453145410486 53192591643 53240480518 53280087726 53338424042 53388500402 53439327308
S barr T Diosunt Rate 3 00%
Aoquisitian Dis podition 1 2 3 4 5 [ 7 8 a 10
Cash Flow $44,333,430.00 5109.,000.00 52205483000 52238565245 52272143724 52306225880 52340819268  523.750.315.57 | 52411570530  $2447744088  $24.84460249 52521727153
Manual Adjustment
Mot Cash Flow $44,333,430.00 5109,000.00 52205483000 52238565245 522721437324 52306225880 | 52340819268 | 523.759,315.57 | 52411570530 | $24A7744088 42484460249 52521727153
Y Cash Flows £44,333,430.00 52205483000 52238565245 522721437324 52306225880 52340819268 52375031557 52411570530 524477 44088 52484460249 52521727153
Syitem D Dueaunt Rate 3.00%
Aogunitian Dis paditian 1 2 3 4 5 [ 7 8 a 1
Cash Flow 544,674,690.00 4109,000.00 53141776500 S31BB903148 53236736695 S$3285287745 53334567061  533.BA5B55.67 53435354351 53486884666 5$35391.87936 53592275755
Manual Adjuitment
Mot Cash Flow 544,674,690.00 5109,000.00 53141776500 S3LBEO03148 53236736695 53285287745 53334567061  533.BA5B5567 53435354351  S3486B84666 53539187936 53592275755
PV Caih Flowa 544,574,690.00 53141776500 S531BB903148 53236736695 453285287745 53334567061  S533BASE5567 53435354351 S34B6BB4666 53539187936 53592275755
Syitem E DiEosunt Rate 3.00%
Asquiitian D paditian 1 2 3 4 5 [} 7 a q 10
Cash Flow 542,097,650.00 £109,000.00 5£23,247,190.00 52350580785 52304983632 S2430008386  S24673720.12 52504382592 S2541048331 52580077556  S26.187.787.19 52658050400
Manual Adjuitment
Mt Caih Flaw 542,097 ,650.00 £109,000.00 £23,247,190.00 523595809785 52394983632 4$2430008386 52467372012 52504382592 52541948331 52580077556 S26,187,787.19 52658050400
Py Cash Flows 542,097,650.00 523,247,19000 52359589785 52394983632 4$2430908386 524067372012 52504382592 52541948331 52580077556 526,187,787.19  526.580,604.00
Figure 96. Model Summary Data (Years 1-10)
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Syalam .I

11 12 13 14 15 16 17 18 13 20
Caih Flow 532, 804.856.63  $3320692948 53379638342 | 53430332017  S34.817879.11 | 53534014730  S$35870.24951  536408.30325 | 53695442780  §37.508.744.322
Manual Adjustment
Met Cash Flow 53280485663 | 53329692048 53379638342 53430332917 534817870011 53534014730 53587024951 53640830325 53695442780 537508744322
PV Caih Flows 52369892641 52335379641 52301369258 52267854172 52234827169 52202281142 52170209087 52138604100 52107459380 52076768224
System B

11 12 13 14 15 16 17 18 13 20
Caih Flow 534009,17827 53543281594  435964.308.18 53650377280 53705132040  537,60700934 S3R.17120583  S3BT4377391  §39.32493052 53091480448
Manual Adjustment
Net Cash Flow 53490917827 53543281594 | 53596430818 | 536,503.77280 53705132940 | 537,607,09934 53817120583 53874377391 | 53932493052 | 53991480448
Py Cash Flows 525,219,133.13 | S24851864320 52448994385 52413329418  S237BLA3EA4 52343550003  S23004207328  522757.BE3BE  S22A26A583E  S22,09985347
System C

11 12 13 14 15 16 17 18 19 20
Caih Flow 525,505,530.60 52597046356 52636915552 52676469285 52716616324 5275765560  S2TORTRG6053  S2BA07.069.43 SREA3NIVSAE  SRO2654673.11
Manual sdjustment
Net Cash Flow 42559553060 52597946356 52636015552 52676460285 52716616324 52757365569 S27087.26053 52840706943 52883317548 52026567311
Py Cash Flows S18490,75589 | §18.221A47304 51795611178 51760461501 51743692644  §17,182,99062 51693275282 51668615940 51644315708 51620369363
System D

11 12 13 14 15 16 17 18 13 20
Caih Flow 53646150891 53700852200 53756365074 53812710550  S38,600,01208  $39.279.497.27  S30B68680.72 54046672007 54107372087  S41680.826.68
Manual Adjustment | | | | | | | | |
Met Cash Flow H36461,50891 | 53700852280 53756365074  S3R127.10550  S3B60001208 53927949727  S3UB68680.72 54048672007 S410737:087 541689826058
PV Cash Flows 526,340,634 83 | 52595703336 52557901831 52520650833 524830423326 52447768400 52412121296 52376093316 52342376008 52308264623
Syitem E

11 12 13 14 15 16 17 18 13 20
Caih Flow 52697031306 | 52738400276  S27.794.762.80 S2B21168424 52863485051 52906438240 52950034813 52994285336 53039199616  $30.847876.10
Manual Adjustment
Mot Cash Flow 52607031306 | S27.38400276 52770476280 S2E2ILEB424  S2E63485051 52006438240 52950034813 52004285336 53030109616 S530.847876.10
Py Cash Flows 519,490,429.78 | 51920658857 | 1892688097 | 51865124678  S18379,626.69 | 51811196222  S$17.848.19578 | 51758827060 | 51733213073 | §17,079.721.06

Figure 97. Model Summary Data (Years 11-20)
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System

z1 22 23 24 23 26 27 28 23 30
Caih Flow 43807137538 43864244601 53922208270 53981041394 54040757015  S4101368370  S41628 88896 54225332229  S42.BE7.122.13 54353042896
Manual Mdjustment
Wet Cash Flow 53807137538 | 53864244601 | 539,222,082.70  539,81041394 | 540407570.15 | 54101368370 54162888896  542,253,32229 | $42.887,122.13 | 543,530428.96

PV Cash Flaws 52046524027

Syatem B
21
Cash Flaw 54051352655

520,167,202.79

22
$41.121.229.45

519,873,50566 51958408567 51929883054 51901782883 51874087021

23 24 25 26 27
54173804789 542364 11861 54299958039  S43644574.09 54429924270

51846794492

28
544,963,731 34

518,198994 26

29
545,638,187 31

517,933,96037

30
546,322.760.12

Manual Adjustment

Mt Cath Flaw 540,513,526.55
PV Cash Flows 52177801685

§41,121,229.45
421460861 28

%41,738,047.89 | $42,364,11861 | $42.999580.30  543,644,574.09 | 544,299,242 70
$21,148.32446 52084033915 52053683907 | 52023775889 51994303424

44495373134
51965260171

445,638,187 31
%19,366,398.77

£46,322.760.12
419,084,363 83

Syitem
z1 22 23 24 25 26 27 28 23 30
Cash Flow 529,704,658.20 | $30,150,228.08 | 53060248150  531,061,518.72 53152744150 | $32000.353.12 53248035842  532,967,563.80 53346207725 53396400841
Manual fdjustment
Net Cash Flow 529,704,658.20 | $30,150,228.08 | 53060248150 53106151872 43152744150 | $32,000,353.12 | %32,48035842 | 532,967,563.80 | 43346207725 43396400841

PV Cash Flows 51596771751

51573517743

515.506,024.86 | 515,280,208.96 | 51505768165  514,838,395.02 | 514,622,301.89

514.409,355.74

514,199.510.76

51399272177

Syatem D

21 22 23 24 25 26 27 28 23 30
Cash Flow 54231517408 54294990170 543594150322 | 54424806247 54491178341  S45585460.16 54626024207 54696328070  S47667.72991  S48.382.74586
Manual Mdjustment | | | | | | | | |
Net Cash Flow 54231517408 | $42,949.901.70 | 543,594,150.22 54424806247 | 544,911,78341 | 545585460.16 | 546,269,242.07 | 546,963,280.70 | 547.667,729.91 | 548,382,74586
PV Caih Flows 42274649119 52241523161 S22088.79620 52176711470 52145011788 52113773753 52082090640 52052655825 S2022762779 51933305068
Syibam E

21 22 23 24 25 26 27 28 23 30
Cash Flow 531,310,594.24 | §31,780,253.15 | 53225695695 S32,740,811.30 53323192347  £33.730402.33  $34,236358.36  534,749903.74 | $35271,152.29  £35800,219.53

Manual Adjustment

Met Cash Flaw 531,313,594.24
PV Cash Flows 416,830,987 26

§31,780,253.15
$16.585.875 80

$32,25695695 | $32,740,81130 | $33,231,92347 | 53373040233 | $34,236,358.36
%16,344.33392 51610630964 51587175173  §1564060971 51541283384

Figure 98. Model Summary Data (Years 21-30)
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APPENDIX G. SIMULATION REPORT EXCEL SPREADSHEET

Appendix G contains the model’s simulation report, including the assumptions and

forecast charts, shown in Figures 99-148.

General
Mumbar of Teak 10004
Shap Sirmletion an Fmoe s
Random Sead Randem
Frabls Comslations Yeu
Figure 99. General Assumptions
Name ield af View (NFOV] Semaar Name Wide Fackd af View (WFOW] Sczaar Name TR Sczaar Mazager (EXM)
Enakled Yeu Fnabled Yeu Frabled Yeu
Ol VIS Ol VE7 [a= ] vEd
Dynarsc Samulstion. B Dhynarec Samulstion o Dynarec Samulstion Mo
Masgs Hazge Rasgs
Anrmm s fnwy Anrum ey hbrrum nfnwy
Bax zrum Tnfnaty Bdaxarum Tnfnaty Bllax rrumn Tnfnay
Dintribatiaz Teanguls Tintribatiaz Tenguls Tintribatiaz Temguls
MEnimum F12807.5 BEnirum 4023475 MEnimum 2E3042.5
Boat Lecly TE0E50 Blaat Ladecly 424050 Blaat Ldecly 132150
Bdan rum 13333925 Bdaxirum 4451515 Bdan v 1953575

- = Machine Interface {IMT] - Praded Sepgan Mazagemeet - Dievige Tnderface

[Enablcd Viem [Enabled Ve [Enabded Wen

Cell Evia Cell EVELD el EWELL

Dynarsc Samulston Mg Dynamsc Simulstion Mg Dynamsc Samulstion Mo
Mazge Mazge Mazge

Menamum =lnfniy Mnamum =lnfniy hfnamum <l fnaty

Maxamum Infniy B amum Ty Blax srum Ty

Dintritetias, Tesmguls

Mnimum 1747050

Boat Ldechy 1 339004

Blan v 1330350

Figure 100. Assumption Inputs, Section 1
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Name Sepph Seppart Name Seppar Equiprent
Enablsd Yen Enabled YWem
Cell EVELD el 2vila
Dynamic Samulstion Mo Tynamsc Samulstion Ba
Hazgs Hazgs

Mnimum -lnfinity Adnamum -knfnity
Bfexrum Inbny Bare srraum InEnsty
Dintribeias Teianguls Teianguls
Mnimum 193] 20d 1 33550
Boat Likcly i 2023003
Bl ariam 2204030 2127403
Nama Campeter Rmawren Namas Wasedreseor Maeeseg sed Varagermeed
Enabded YWen Enabded Yem
Cell IVELS Cell EVELT
Dynamsc Samulsson Mo Dynarec Samulaton Ba
Mazgs I —

Mnimum -lnEnaty Anamum -Inbnzty
Baxirum Inbnaty Bsare srmum InEnsy
Divtribetion Tenguls Davtribedion Temnguls
Mnimum L 151 50 Anamum TH 3500
Boat Lkcly 1 328000 Bdaat Likely EEEDL
Blan irraam 1334400 AT465040

N

Figure 101. Assumption Inputs, Section 2
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Name darage azd Trazagartafion
Enablad Ve
Cell EVEL4
Dynamic Simulstion Mo
Razgs
Binamum -hbnity
Bldere srumn Tnfnsky
Dintribetias Teangule
Bnamum 03T
Bdoat Likcly A46000
Bllarx Srraurm EEEED

Narme ieieg aed Troieseg Seppant
[Enablcd Ve
Ol vgia
Dynamsc Samulston Mo

Razgs
Bnamum -hnfnky
Bare 3rumn Tnfnky
Datribefazn Tenguls
Bnamum L3103}
Bdoat Lkely 1 4000
L1172




Nama Faciliiey axad Infravireciere

Enablad W
Ccll EVELD
Dynam: Samulbixn N
Ramge
Anamum -nEniy
Bl rum fniy
Davtribefian Teanguls
h¥namum 16340404
Bdoat Lkaly 1720004
e sraam | S5}

Nars Teckeical Dats Mazagemand
Enablad W
el Vi
Dynam: Samulbison N
Mazge
Bnamum “kfniy
Bl amum Infniy
Datribefion Teanguls
BEnamum 1 743004
Bdoat Likcly 1 340000
Bl mum 1 3320404

Nams A af View (WHIV) Sozaan
Frablcd e
Lt | £R7
Dynamsc Smulson M
Mamge
h¥namum =lnfniy
Baare sraam InEnky
Dintribefias. Teamgule
Animum 3382745
Boas Lkchy 2437100

I EET

A

Nazms EOIR Somaar Mazager {(E5M)
Fnablad e
el prat)
Dynamsc Smulsson M
Mamge
Bdnimum -nfny
Blfare rum InEny
Tntribetias Teanguls
Animum 2531905
Bdoas Lkcly L

A

Figure 102. Assumption Inputs, Section 3
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2397305

Name el af View (NPOV] Somsars
Enabded Yiew
el f ity
Dhymarsc Sxmulbton M
Tasge
Anamum -lbniy
Adaxamum Tifniy
Dntribesion Temnguls
Anamum T16034
Boat Likcly 75372
Blamamum T 404

Nama am Mackize Inderface {HMIT)
Enablcd Yeu
ol Lra
Dynarsc Samuldton e
Ramge
BMnamum ~lnfnity
Bdare zrurm Tnfnky
I tribefias Teian gl
Animum 11201932
Aoas Likeclhy LIT9 1560

12331133




Name adect Seppart Mazagenment Nasme Therige lederface Nare Sepph Seppart

Fnablod Yex Fratlod Yeu Fraklad Yeu
ol IFLG el 1FEL el 1F2
Dynamss Samaleton N Dhynamic Simalstion N Dhynaic Smalstion Mo
Nazge Hazgs Racgs
Mngmum “hfnity Mnimum “hfinity Mngmm “hfniy
Maximum Tfniy Mamimm hfnay Maximum Tfniy
Tntribatian Temmguls Dntribefias Temguls Thntribefiaz Temguls
Mngmum ELSINEN Mnimum 13250 Mngmm 2303750
Mot Likcly LT Mot Likcly [EL Mot Likcly 2425004
Manirmuam 3337950 120750 M 2546250

PN

Name Seppar Equipment Name . Mazdlieg, Starags azd Trazspartafoz Nams Carmputer Revazroes
Enabled Yen Enabled Yen Enabled Wex
el irEla Ciell irLl4 Cell LTS
Dynams: Samulston N Dynamc Samuldson Mo Dynarec Samuldion M
Mazgs Razgs HRazge
Manamm e Minamum iy Manamm hfnan
Bl arum Tnfnzy Bl arum Infnzy Bl arrum Infniy
Thntribetion Tenguls ntribefion Temnguls Tadribeion Tenguls
Mnimum PLEDEL MEnimum 272550 MEnimum L 1739503
Boat Loty EL L Mot Ldechy 287000 Boat Ldecly 1241003
Bl rraum ERETEDD LR Bl raum 13033568

A

Figure 103. Assumption Inputs, Section 4
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Nama Flaezicg axd Mazagemaond

Enabled Yeu
el £F1T7
Dynams: Samulsison M
Razgs
Minmum “hfniy
Bz amum Tifniy
Dintritesiaz Temnguls

Invalid Parameters

Nams Traizizg axd Traizieg Seppori
Enabled Ven
st ] £rL1d
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Ramge
Minmum “hfnity
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Mnimum 435425
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Nams ‘eckazical Data Mazagemaont
[Enablad Ve
Ol £7L20
Dynarmse Srmulsison M
Razg=
Bdnamum ~lnfny
rIE— Tfnity
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Adnzmum 468450
Bioas Ldecly A% 0

515550

Name Asnemplion (W12)
Enabled Wen
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Dynamse Samulsison Mo
Razge
binamum =lnfnty
Manimaam Ty
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Mnimum 444410
Blaak Lkcly 4&TA0}

4T 130

A

Figure 104. Assumption Inputs, Section 5
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Name Faciliioy aed |efrantrechers
Enablcd Weu
Ccll p sy
Dynarsc Srulston M
Masge
Minimm hfniy
B rum Tfniy
Dintribetias Teianguls
hfnrmum 1503083
Boat Lkely 274000
Bl srraam 2377043

Mame Ammmplas (¥21)
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Figure 105. Assumption Inputs, Section 6
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Figure 106. Assumption Inputs, Section 7
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Figure 107. Assumption Inputs, Section 8

Same Todeical Dot Mazagemaont
Enablad Ve
Ccll VL
Diynamc Samulstion Mo
Masge
Bdnamum ~lnfny
Bax srum Tnfnky
Davtritotion Temguls
Mnamum 1743304
Bdoat Likely 1334004
Bl rum 1325704
Same w-Modiem Fedld of Weew (NFOY) Sopaam
Enablad Ve
Ccll IEEE
Diynamc Samulstion Mo
Masge
Bdnamum ~lnfny
Bax srum Infnky
Davtritotion Temguls
Mnamum 479472
Bdoat Likely FA5TED

72044

N

158

Name

Enablad

Cell

Dynamic Simulstion

“hfnay
hny

Temguls
444410
467300
401194

Nams B of View (WFOY) Sonsary
Enablad Wen
Ccll T
Dynamsc Samulsicn Ha
Razge
binimum =lnfnaty
Baxamum Iy
Tntribedion Tamguls
Mnamum 3412233.5
Blaak Lkely 501330
Fnum 3771421.5




Mama IR Semaar Mazager {ESAM)

Enablsd YWem
el bFAt]
Dynamic Simulstion Ba
Ramge
B¥nimum -nfnzty
[t E— nfiniy
Dntribetion Teanguls
BEnamum 67545
Bdout Lidecly 407113
B rmum 4274655

.- Dhevige Tederface
Enablcd ¥ex
Cell EFELl
Dhynamse Sarulston B
Rargs
B¥nimum -nfnzty
Bare rram Inbniy
Intribetion Tomguls
Animum 135375
Boat Lkely 1425043

143625

A

Figure 108. Assumption Inputs, Section 9
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Figure 109. Assumption Inputs, Section 10
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Figure 110. Assumption Inputs, Section 11
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Figure 111. Assumption Inputs, Section 12
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Figure 112. Assumption Inputs, Section 13
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Figure 113. Assumption Inputs, Section 14

164



Name Horags and Trazapartafion MName Campeder Remamrom Mame Mhazsizg azd Mazagcmasd

Enablsd Ve Enablasd Yen Enablsd YWem
Ccll 714 Cell EFLLS Cecll £E51T
Dynarsc Srulston M Dynamse Samulsison M Dyname Srmulston B
Macge Razge Masge

Mnamum -kbniy Anamum -hEniy Mnamum -y

e srrasrn Tnfnsky Blfare rum Inbny Bbaxrrum InEnsty
Dintribedion Temnguls ntribetion Teanguls Dantribetion Teanguls

MEnamum 322050 AEnimum FAEEG

Moan Ldechy 3390404 Bdoas Loty 239004

Mlan srum 55950 Bllars s 1033450

Invalid Parameters

Nams imizg azd Traizizg Seppari Nams Faclio azd lefrartrechers Nama ‘eckzical Data Mazagemeont
Enablsd Ve Enablasd Yen Enablsd YWem
Ccll pFadk] Cell EFE1T Cecll EF20
Dynarsc Srulston M Dynamse Samulsison M Dyname Srmulston B
Macge Razge Masge
Mnamum -lbniy Anamum -hEniy Mnamum “fniy
e srrasrn Tnfnsky Blfare rum Inbny Bbaxrrum InEnsty
Dintribedion Temnguls ntribetion Teanguls Dantribetion Teanguls
MEnamum SR L5G AEnimum 43535 Animum 2033225
Moan Ldechy 71T Bdoas Loty 519534 Moat Likcly 455040

Blbae srmarm 152350 545475 Bbax sraam 237775

AllA

Figure 114. Assumption Inputs, Section 15
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Figure 115. Assumption Inputs, Section 16
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Figure 116. Assumption Inputs, Section 17
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Figure 117. Assumption Inputs, Section 18
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Figure 118. Assumption Inputs, Section 19

169

Narms Yarage aed Tramsparintias
Enablad Wien
Ccll ivila
Dynarse Srmulston M
Nazgs
b¥namum -lnEny
Bl rrum hfniy
Dintritutian Temguls
Anamum 2037043
Boat Likcly F45000
Bllx rrum EEEED

Nams imizg and Traizizg Seppari
Enabled Wew
Ccll IvEla
Dynamsc Samulsson Mo

Mazgs
hfnrmum -nEnzy
Blaxarum TnEny
Dintribetion Tenguls
MEnimum 1k 0303
Moat Ldcly 10403
LLLT20E




Name FaciliGes asd lefrastrecters

Enablcd
Cell
Dynamse Srmulston

Wem
Vil

“nfnity
hfnity

Temguls
1634000
1720040
| 806000

Nams B of View (WY Semaom
Enabled Wew
el EXET7
Dynamse Smulston M
Razgs
BEnarum “hfniy
Bdaxarum Infny
Dndrbetian Teanguls
BEnamum 1353745
Bdoat Lkaly 2487100

2511455

A

Figure 119. Assumption Inputs, Section 20
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Figure 120. Assumption Inputs, Section 21
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Fnablad Yex Enablad ¥ex Enablad Yex
Ccll EF20 Ccll 2via2 Cecll V23
Dynamsc Smulstion Ha Dynamic Smulstion B Dynamic Simultion M
Racge Nazge Maczge
hfnirmum -nfnky Bénamum -lnEnzy h¥nimum -nEnzy
Manimaam hEniy Manimum Tfniy L E— Tfniy
Dintribetias, Teianguls Dintribetias, Teianguls D tribetias Teanguls
Mnamum 486450 Anamum 444410 Mnamum 103550
Boat Lkcly 471000 Boat Likcly 467300 Moak Liccly L O3y

515550

491194

L1453

A&

Figure 121. Assumption Inputs, Section 22
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Name i af Wiew (NFOV] Somaon Nazx Wids Fackd of View (WFOY] Somaon
Fnaklad Yeu Tnaklad Yeu
Ccll V& Tl 2vET
Dhynamsc Samulstion Ha Tynamsc Simulstion Ha

Hazgs Razgs
Mnzmum “kEniy Animum -kniy
Dare Sraum InEny Blfare sram TnEny
Dintribeson Tenguls Temnguls
Mnamum FE4555.25 4305403
Bloas Lkcly 1004795 453203
Manrum LO55334.75 ATEREM
Nams 1= Mackize Interface (1M1 Nazms Prodeat Seppart Mazagemaond
Enablad e Fnabld e
Ccll £via Cell IVELD
Dynams: Swmulson Mo Dynams: Samulsson Mo

Hazgs Tamge
bfnamum -nEny B¥namum -lnEny
Blaxarum InEny Bare rum InEnxy
Dintritesion Temnguls Thndritetian Temguls
Mnzmum 15455000 Animum 3127400
Moas Ly 152300400 Boat Lakchy 32920
1 70440040 EERLI 0

A

N

Figure 122. Assumption Inputs, Section 23
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Nams TH Sozaar Mazager {E551)
Enablad Wem
Cell EVES
Tynamc Simuletion Mo
Mazgs
BEnamum -ty
Blfare srram Tnfnzty
Tevtribefian Temnguls
BEnamum 393324.25
Bdoat Likaly 419315
B irram 440405.75

Nazms Dimiige Imderface
Fnablad Yex
Cell EVELL
Dynams: Samulsison M

Mazge
B¥namum -lnfnaty
Bare rum Tnfnsy
Thndritetian Temnguls
Animum 2390204
Boat Lkchy 251 &0a4
254 | 300




Enablcd Wem Enabled Ve Enabled Yem
Ol IVELZ Cell Vil el Ivila
Dynamsc Samulstson Mo Dynamrsc Samuldon Mo Dynamsc Samulstson Ba
Hasge Hacge Marzge
U E— “nfnity Mingmum “hfniy U E— “nfniy
B rum Tnfnity Bl e Tnfniy B irum Tnfniy
Dndribafion Toanguls Dintribesion Tomnguls Dndribefion Toanguls
BEnamum 224530% BAEnimum 13378040 AEnarum TEEE5T
Bdoas Loy 13640040 Moan Lchy 140404040 Moas Ly 07003
B rum 214323044 1473400 Bdanirum 347350

PN

Nams Campeter Boasron Mams Maisiczamcs Massicg axd Mazagemeond Nama imicg and Traizicg Seppant
Enablcd Yex Enablcd Ve Enablcd ¥ex
Cell VIS Ccll EVELT Ccll vila
Dynamsc Samulston M Dynarec Srmulston M Dhynamse Samulston B
Ramgs Rargs Razgs
Bdnamum =lnfnaty bénamum ~lnfnky Bnamum ~nfnsty
Barx ruum. Inbniy Barx arum Tnfnky Bare srum Inbniy
Tntribetian Temguls Dintribedian Temnguls Intribetian Tomguls
Anamum 1429583 Mnamum 23EI050 Animum 1 936304
Boat Lkcly 1 5043040 Bk Lacly L Boat Lkecly 2102003
Bdlan smum L 5304040 3374050 Blle irum 3307 134

PN

Figure 123. Assumption Inputs, Section 24
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Nama Facliim asd lefrantreciers Nama Teckaical Data Mazagemant Nama Acgemitios Cavt

Enablcd ¥ex Enablcd Ve Enablcd Y¥ex
ol £via Lt ] £VE10 ol i
Dhynamse Sarulston B Dynamse Srmulton N Dhynamse Samulston M
Rasgs Hazgs Razgs
Animum “fniy Menamum -hbniy Anzmum -hEnzty
Bdare srraam Inbnsty e srraum Tnfnky Bfare srrumn. Inbnty
I tribeias Teamguls Dintribefias Teian grles Intribetias Teanguls
Animum 1 4320440 Menamum 17423040 Anzmum 444410
Boat Likely [ELI Bllak Lkecly 1334000 Boat Lkely 46730
Blanirum 1 533 a3 132570 Blan srum 431199

PN

Nams ed af Lk Dinpanifian Cast Same w-Madimm Fidd of View (NFOV) Smaan Nams i of View (WFOIV) Srzsars
Enabled Yem Enabded Ve Enablcd YWen
Cell Vi Cell EFaty el 1rE7
Dynamic Samulstion Ba Dynamsc Samulticn Mo Dynamic Simulsion Mo
Razge Hazgs Razge
U E— “nfniy Minimum “hfniy U E— “hfnity
Adaximum Tnfniy Bl srrmum Tnfniy B e Tfniy
Dntribetion Toanguls Dintritesion Tomnguls Dntrabofion Tomnguls
BEnamum 13355 Anamum aT9472 BEnamum 34122385
Aoas Likcly 1349400 Moan Lchy 225760 Boas Ldkchy 3501830

114450 272043 Bare srmam 37714215

Al

Figure 124. Assumption Inputs, Section 25
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Name T Senar Mazager (EEM)

Enablcd Yex
Cell pFat)
Dynarsc Srmulston M
Razgs
hfnimum -l fnzty
Bfarx arum Inbniy
Dintribedion Tenguls
Mnirmum 3ET54.5
Boak Lkcly 407113
Bfx 4374555

| T— Memar Mackine Tnterface {ITMT)
Enablad e
Ccll fFaty
Dynam Saulbion M
Nazgs
hfnamum -lnfnzy
e srum Tnfnky
Dintritetion Temguls
Bfnamum GIETARIS
Boar Lcly FAEDATE
Bl Srrmum 1335393375

Nama Tmige Iederface
Enablad YWem
Ccll £FELL
Dynarsc Samulsiton Mo
Hazgs
Mnimum -hfnity
M rum Tnfnzty
Dintribution Temguls:
Mnimum 135375
Moat Lkcly 142500

143625

N

Figure 125. Assumption Inputs, Section 26

Name Sapgh Seppant
Enablad Ve
Ccll 5XEL
Dyname: Samulkiton o
Hazgs

Ainzmum -lbnity
B armum Tnfnky
Davtribssion Temguls
Ainzmum 1376304
Boat Lkchy 1344004

1411204

A
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- YL ——
Enablcd Yex
Cell EFELD
Dynarec Srmulton M
Razgs
hfnimum “hnfnty
Bfax arum Iy
Tntribedion Tamguls
Mnirmum 1981225
Moak Lkcly 204550
Bln rrum 2139775

Mams Seppart Lomipront
Enablcd Yeu
Ol XA
Dy Sarmalation Mo
Razgs
Minimam “hfn
Muximum T Fnty
Dintribuian. Tenguls
A¥nimum 1433153
Mok Ldchy L4770
1550353




Sama sorage and Tramapartation

Enablad Wien
Cell TE4
Dynarsc Samulstion Mo
Mazgs
Mnamum -nEnky
Bbxirraum InEnsy
Dntribetion Toanguls
bEnamum 335300
Boat Likely 54000
Blam e 371700

Enablad Wi
Cell i
Diypnamsc Samulstion o
Nazgs
Anamum -lnfniy
Dare srraam InEnsy
Davtritetion Tomnguls
BEnamum 33320043
Bdoat Lkely EELI
Bl srraum 3733004

Nama imizg and Traizizg Seppari
Enablcd e
Cell praab]
Dynarse Swmulbton N
Ramge
bEnamum -lnEny
Blaxamum Inbniy
Dantribesion Temguls
Mnamum S55500
Mot Ldechy Ll

124500

A

Figure 126. Assumption Inputs, Section 27

Nams Facilifics azd lefrastrecters
Fnabled e
Ccll fraaty
Dynams: Smulson Mo
Macge
h¥namum -nEny
Ban srum InEniy
Dintritesion Tenguls
Mnzmum 533775
Boas Loy &14504

645115

A

177

Nars Tlaesicg sed Mazagemaond
Enablad Wen
Lao) FEL7
Tynamsc Simuletion o
Mazgs

BEnarum -y

Blfare s Tnfnsy
Dintribesian Tomnguls

Invalid Parameters

Nams ‘eckmical Tata Mazagemaont
Fnablcd Yex
Cell EF
Dynams: Samulsson Mo

Mazge
B¥namum -lnfnity
Bare rum Tnfnky
Thntritetian Temnguls
Afnamum 4210358
Aot Lkchy 443004
465150




Nams i af Wiew (NFOW) Sonsar Nams Wik Fackd of View (WD) Senaor
Fnaklad Yeu Fraklad Yeu
Ccll IVEE Ccll VET
Dyname: Samulstion ] Dynam: Samuliscn N
Hazge Hazge
hdnimum ~nfnzty hdnamum =lnfniy
Bsre rrum Tnfny Bare sraam InEnky
Dintritefian Tenguls Dintritefian Tenguls
Afnimum FTIERE Anirum 3847050
Bloat Lkcly 1323330 Blloat Lk cly EEEDI
Blare rrum 1375074 Bllare rrmamm 4030950
Nam« 1= Mackine lzderface {HMI) Nams Pradect Seppar Mazagemant
Frablad ¥ Enablcd e
st ] avea o £VEL
Dynars: Samulstion B Dynam Samuliscn N
Rarcgs Rargs
h¥nimum -nfnaty hdnamum -lnEniy
Bfare srrum Tnfnzy Bllarn sram Inbniy
Dintritefion Teanguls Dintritefion Teanguls
Mnimum 14530725 MEnimum 2149350
Boat Lkcly 15295500 Moat Lakcly 22530404
Blare srum 15050275 2376150

A

Figure 127. Assumption Inputs, Section 28
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Nams TR Ssmagr Mazager (E5M)
Enabled Wi
Cell FviE
Dynarss Samulston ]
Mazge
Bdnamum =lnfnzty
Bfare xraurm by
Dndribefian Tenguls
Animum 3735375
Boat Likchy ELEREL
Blare v 4129125
Nazms Thmige Imderface
Fnablcad ¥eu
el EWELL
Dynarss Samulston BN
Rarcgs
B¥namum -lnfnaty
Bfare xrurm. Inbniy
Dndribefion Tenguls
Animum 2330700
Boat Likcclhy 250400}
Frum 2531 30}




Enabled Yeu Enablcd Yeu
st ] VLl ol Vil
Dynamse Samulsison M Dhynamse Samulsison N
Hazgs Razgs
binamum =hfnky Bénamum =hfnky
Manimaam Tufniy Man i by
Dintribedion Temnguls Temnguls
Mnamum 28253040 1533750
Moat Likcly 39740040 1725004
Bllan rraam 3122704 1311250
- Campeter Hevawros am Miaimbemamce Plamming and Mmoo
Enablcd e Enablcd Ve
Cell EVELS Cell EVELT
Dyname Samulsison M Dhynams: Samulsison M
Hamge Namge
binamum. -hfnky Bénamum -hfnky
Maximum hfniy Bdlar srum hfniy
Dintribetion Tenguls ntribetion Tenguls
A¥nimum 1229303 MEnirmum 541 S04
Mok Lcly 12940040 Mot Ldechy 3723000
Bl rrum 1353704 3914400

N

Figure 128. Assumption Inputs, Section 29
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MNama warage and Trapapartafon
Enablcd Weu
Ccll ivila
Dynamse Samulsison M
Mamge
bEnamum -lnfny
Maxraam hfniy
Datribefon Temnguls
Menamum 5253150
Moat Likcly 55304040
B rraum SR0E 5T

- imimg mmed Traiming Seppri
Enablad e
Cell vile
Dynams: Samulsison M

Mamge
bEnamum -lnEny
Maxrum hfniy
Dantribetion Temnguls
Animum 2330353
Mok Lkcly 2453043
2575550




Nama Faclién aed lefrantrechers Sama Todeical Tats Mazagemaont
Enabled Yeu Enablicd Yeu
el VLl Ccl Vi1
Dynamse Samulsison M Dynamsc Samulsison N
Razg= Mamgs
Bdnamum ~lnfny bnamum =hfnky
rIE— Tfnity Marimm by
Davtribetian Temnguls Dntribesion Temnguls
Bfnamum 1271 L binamum 255000}
Bdoas Lechy 1333004 Moat Locly 23000
Blfare srraurn 1 204303 Blbae v 204 04}
Enablcd e Enablcd Ve
Cell VL3 Cell praty
Dynams: Samulsison M Dynamsc Samulsison M
Razgs Tazge
Bfnamum -lnfny binamum -hfnky
Bdanimum Tnfniy Maximum hfniy
Davtribetion Teanguls Divtribedion Teanguls
AEnimum L3355 Anirum 74409225
Aot Ldechy L 0l Mok Ldcly 733255

L1445

N

A22417.75

PN

Figure 129. Assumption Inputs, Section 30
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hEns
hniy

Temnguls
444410
487304
431 19¢

- dl of Wicr (WFOW) Semnar
Enablcd Yex
Cell £787
Dyname Samulsison M
Ramge
binamum. -nfnaty
Maximum Tnfniy
Dintribesion Teanguls
A¥nimum 29331 53.25
Mok Ldchy 3047535
Frum 3241311.75




Nams IR Semaar Mazager (ESM) Nams lemas Mackizs lnterface (M1
[Enablcd Wew [Enablad Wem
C b Fat] el ira
Dy Simlation Mo Dy Sirmalation Mo
Mazgs Razgs
bEnamum -lnEnaty Binimum -hfnky
Maxzmum TnEnay Baxamum hfniy
Dintribedion Tenguls Tenguls
Mnimum 313709 7724349
Mot Liechy 330220 131420
Maxirum 348731 4537941
Name Theige Inderface Name Sepply Seppan
Fnablad Yex Fnablad Wen
Ccll b= d0 el fFaded
Dynamse Samulston Mo Dynamse Samulson N
Margs Razgs
Mnamum -lfnity Animum “hfnity
Bfarx mum. TnEnaty Bax arum In:Enaty
[ —— Teianguls Dintribetias, Tenguls
Mnamum 142975 Animum 1474305
Blloat Ladecly L 53503 Bdaat Ldecly LS55 1My
Maxsmum 1 53025 1529495

PN

Figure 130. Assumption Inputs, Section 31
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Nams adet Seppart Masagemand
[Enabled Yiew
Ccll FEL10
Dhynaic Simulstan o
Hazgs
bEnamum -lnEnsty
Max arum Tnfnzty
Dinribefiaz Teanguls
AEnzmum 1 T0E203
Boat Lchy 1 79000
Bbarn rrmam 1935304

Mame Seppart Egeipment
Fnablad Y¥ex
Ccll fFagE]
Dynarse Samulsson Do
Razgs
Mnimum -y
B amum TnEnay
Dntribetias, Teiangule
Mnimum 137750
Bl Loty 1 4500dF

1522504




Nama orage and Tramspartfion MNama Campeter Loaeroo Nama Flaczicg axd Mazagemaond

Fnablad e Enablcd Yex Fnablad e
Ccll 714 Cecll IELS Cell E781T7
Dy Simulation e Dhynamic Simlation Mo Dy v Semslation N
Nazge Mazgs Mazge

Mnamum -hbniy Mnamum -knfniy Anamum -hbniy

Bdaxarum In:Enaty Blax srum InEnaty Baxamum Innay
Tntribetion Tenguls Dintribefon Teanguls Tntribesion Temnguls

Mnimum 322050 Mnimum 439550

Boat Likcly 33904040 Moat Licchy JA%000

Bollx rraarm EEET ] Bllan rrurn 1333453

Invalid Parameters

- iming mnd Traiming Sepperi - Facliiion amd Tnfrantrmciers - ‘echaical Dats Mamagemesi
Enablad Vem Enablsd Yew Enablad Ve
Ciell pFagic] Ccll IFELT el bl
Dynarsc Samulston Mo Dynamsc Samuldson Mo Dynarsc Sarulbston Mo
Racge Maczge Racge
h¥namum =hfnky binamum -Infnaty Bénamum. =hnfny
Bl rruam hfniy Blarx ST Tnfniy Bl rum hfniy
Dintritetias Teian gules D tribetias Teianguls Dintribetias, Teanguls
Afnimum S350 Mnimum 493515 Bfnimum AP35
Bdoat Ladechy TIT RN Aot Lidechy 51500 Bdaat Ladechy A45504

Bbare araam 752350 545475 Blax aruam 237775

AllA

Figure 131. Assumption Inputs, Section 32

182



Namas e af View (VPOY) Somaan Nama Wids Facdd af View WPV Sczaam Nams (TR Smmaar Mazager (E5M])

Frabled e Enablcd e Enablcd e
Lt ] Wi Ccl 87 ol vEs
Dynams: Saulbton M Dynamc Smulston M Dhynamse Sarulston Mo
Razgs Masgs Razgs
Mnzmum “kEniy Mnamum “hfniy Anamum -hbniy
Iare srrum InEny Blbxrrum InEnsy Bfare srram Tnfnky
Dintritesion Tenguls ntribetion Temguls Tntribetion Tenguls
Mnzmum 713955 Mnamum JEETRED Anamum 2352350
Bloat Lty TEQAY Maat Lkely EELA Boat Lty Elo el
Blan rum 4033345 Man 4354350 Bllan imum ETEE]E]]

Narme e Mackine lederface TR Nyma Pradest Seppart Mazagemand Narma Doige leterfaee
Enabdad Ve Enabded Wew Enabled Ve
Cell LVEg Cell IVELD el VLl
Dynamsc Samulstion Mo Dynamsc Samlticn Mo Dynamic Samulstion o
Hazge Mazge Razge
Minmm Tnfniy Minmum “nfniy Mindm hfnsy
Bl S nfniy Bam irraam hfniy A irum Tfniy
Davtribetion Tomnguls Dntribetion Toanguls Dntribetion Tomnguls
BEnamum 1421 20ad Animum 1531750 MEnarum 21931 1
Boas Lechy 14960000 Moat Lkchy | 655000 Moas Lkcly 31383004

157080043 1743253 Bare sraam 320400

Al

Figure 132. Assumption Inputs, Section 33
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Enablad Wen Enabled YWen Enabled Ve
el £vEL2 Ccll £vE13 Lot ] £VEL4
Dynamse Sarulston Mo Dyname Samulsison M Dyname Samulsison N
Nacge Hazge Racge
h¥namum -hnfn#ky binamum -nfnaty b¥namum. -hfnky
Blaximum hfniy Maximum Tnfniy Maxirrum hfniy
Dintribedion Tenguls Dintribetion Teanguls Dintribetion Tenguls
Mnamum 1750450 Menamum 125450 Mnamum FA50
Boat Lkcly 1343000 Moak Licly L7010 Moat Likcly 43004
Bl srrmam 19351503 Blanrrum L THE55G Blln rraam BA515%

Name Campeter mazron Same Maiziozarce Mazsicg and Maragemeond Name imizg axd Traisizg Seppori
Enabded Yew Enabded YWen Enabded Ve
L) IVELS Ccll 2VELT Ccll IVELR
Dynarec Samulstson o Dynarsc Samulszon Mo Dynamsc Samulsson Mo
Nacge Hazge Racge
hfnimum -nfnky hfnimum -nfnsty hfnimum. -hfny
Manimm Ty Manimam hniy Manimaam by
Datritesion Temnguls Dintribefion Tenguls Dintribetion Tomnguls
Mniamum 1353450 A¥nimum ERERRELY MEnimum 2807250
Bdoat Likely 135 1 0} Boa Likely 331700 Bdoat Likcly 205 50
Bl srrmum 2043550 3482850 Blan iraam 3102750

PN

Figure 133. Assumption Inputs, Section 34
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Enabled Yew
Ccll Zvila
Dhynarse Srmulsson Mo
Razg=
Bénamum -nfinky
U IE— Ty
Dintribetion Teanguls
Bnzmum 94150
Boas Ldecly LR
Blan roumn 333350
Nazs =d af Lik Dipasiias Cavh
[Enabled Yew
Ccll Vi3
Dynamic Simultion Ha
Razgs
Anzmum “fniy
Bax arumn Infny
Dintribedion Temnguls
MEnimum 103550
Mot Ldechy 1090400

114450

N

Figure 134. Assumption Inputs, Section 35

Name Teckzical Data Mazagemand
Enablcd Ve
Ccll LVEID
Dynarmse Samulsison M
Mazgs
b¥namum ~lnfny
Maximam Tfnity
Dantribafion Tomnguls
Mnimum 18183040
Boat Lcly 13 403
Blax sruum 2T
Namas w-Mdiere Fidd af View (WFOWV) Somsars
Enablsd Ve
el ITLE
Dynamic Samulstion Mo
Razge
Menamum -hnfnky
Bax arum Tnfnky
Datrbefon Temnguls
AEnimum TI0426.25
Mot Lkcly 210975

35152375

PN
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Nams Ascgunigas Cavh
Enabled Ve
Cell 2VE22
Dynarse Sarmulsson Mo
Razgs
Bdnamum =hnfnky
Manimm by
Tntribefias Temnguls
Animum 444418
Boak Lkely 46 TR}
Bllan srum 4911343

Namms e o Yier (WHIV) Somsars
Enablad Ve
Cell I
Dynamic Samulstion Mo
Racge
BEnamum -hfny
Baxarum Inbny
Datribefan Temnguls
AEnamum 24353725
Bdoat Lkchy 1553550
Bdaxarum 26317275

A




Nama (TR Szaar Mazager (E54)

Enablicd Ve
Ccll pFat
Dynamsc Samulstton e
Ramge
B¥namum -lnfnaty
fETE— Tnfniy
Intribetion Temguls
Animum JATEL51S
Boat Lkely 3027530
Blanimum 31739045

Nama mige lederface
Enablicd Ve
Ccll £TELL
Dynarsc Samulstson Mo
Ramge
B¥namum -lnfnaty
Adaxirum Tnfnity
Datrabetan Teangula
Anarum 130975
Boat Likcly 1 350

225

A

Figure 135. Assumption Inputs, Section 36

Name Temas Mackizs leterface (JIMI)
Enablcd Weu
Ccll £ra
Dynamsc Samulston M
Hacge
binamum -lnEny
Manimm hfniy
Dintribedion Temguls
Mnirmum 143178495
Boat Lkcly ISOTI210
Ban amum 153247705

Sams Sapgh Seppant
Enablcd Weu
Ccll p g
Dynamsc Samulston M
Hacge

binamum -lnEny
Marimum fniy
Dintribedion Temguls
Mnirmum 1 23500
Boat Lkcly 1 30k

L3550

PN
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Nams 1dwed Seppant Macagemant
Enablad Yeu
Cell £XEL0
Dyname: Samulkiton Mo
Mazge
Adnamum -nfnky
Manimm Tfnity
Davtribeson Temguls
Anamum 1434975
Bdoat Likcly 1510504
Bl s 1535025

Mame seppart Eqeipmont
Enablad Yeu
il b adk]
Diyraarrsi: Sarrnalation Mo

Mazge
Adnamum -nfnky
A hfrag
Tvtribetiaz Teangule
hénamum 1328275
Bdoat Ldecly 1 #2450
2020725




Nama Harags acd Trasaparation Nama Camputer Revasrom MNama TMaczicg asd Mazagcmand

Enablcd Weu Fnablcd Weu Fnablcd Yeu
ol 14 ol EFLLS el 17
Dynamsc Samuldon M Dynamec Samuldon M Dyname Samuldton Ha
Macge Macge Hacge

h¥namum -lnEny h¥namum -lnEny h¥namum -lnEny

Maximum fniy Mlax i fniy Mlax i iy
Dntritesion Temguls Dntritetion Temguls Thntritetian Temguls

Animum I0AT5D Anamum 1103650

Boat Lecly 325004 Boat Lcly L1 &7

Blan run 341250 Blan rumn 122535

Invalid Parameters

Nama mizg axd Trassizg Sepparnt Nama Fascilliies as<d lefrantrecters MNama ‘sckpicall Dats Mazagemant
Enablcd e Fnablcd e Fnablcd e
Lt ] Rtk Lt ] i Latul prasli]
Dynarse Srmulston Mo Dynars: Srmulston Mo Dynars: Srmulston M
Macge Macge Hacge
h¥namum -lnEny h¥namum -lnEny h¥namum -lnEny
Maximum fniy Mlax i fniy Mlax i iy
Dintribesion Temnguls Dintribetion Temnguls Dintribetion Temnguls
Mnamum AR5EM} Mnamum 528304 Mnamum 433350
Boat Lcly 480040 Boat Lcly 554004 Boat Lcly EEELLL

2040404 531704 Bl rraurm D2TL5G

Al

Figure 136. Assumption Inputs, Section 37
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Nama il o f Wirw (NFOW) Somaom Nama Wide Fadkd of View (WHDY) Sopaom Nama TH Sozaor Mazager E54)

Enablcd Yeu Enabled Yeu Enabled Ve
ol RT3 st ] veT st ] v
Dhyname Samulsison N Dyname Samulsison N Dyname Samulsison M
Razgs Hazge Rargs
Bénamum =hfnky binamum =hfnky binamum ~nfinaty
Man i by Manimaam by Manimaam hniy
Dintribetian Teanguls Teanguls Dintribedion Temnguls
Anmum F12807.5 4305400 Mnamum 2352850
Boas Lechy BE0350 45320404 Moan Lichy 3003004
Blare v 10043925 4753600 Bllan rraam ENEETE]]
am = Mackine Tederface {ITMT] - Praded Seppart Mazagemest - Divige Tederface
Enablcd Ve Enablcd Ve Enablcd ¥ex
Ccll avia Cecll EVElg Cecll EVELI
Dhynamse Samulsison M Dyname Samulsison M Dyname Samulsison M
Mamge Margs Rargs
Bénamum -hfnky binamum. -hfnky binamum. -nfnaty
Bdlan i hfniy Maximum hfniy Maximum Tnfniy
Dvtribusion Teangulx Diutritedion Teangulx Diutritedion Tenguls
Bdnimum L 1851750 Mnimum 3149450 Mnimum 174735
Boat Lkely 1 2265000 Blaak Lkcly 1263000 Blaak Lkcly 1 335004

1237335 2378150 Bl srrum 1 33035

AllA

Figure 137. Assumption Inputs, Section 38
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Fnablcd ¥ex
Ccll EVEI2
Dhynamsc Simulsion Ha
Razgs
hfnimum. -InEnzty
Manimm iy
Dintribetion Tengulbs
Mnamum 1337304
Boat Ly 1934004
By rraam 2030703

Mams Seppart Egeipment
Enablad Wen
el Vil
Dy Simalation Mo
Nazgs
h¥nimum -Infinsty
Munirmum Tnfinity
Dintribetion Teanguls
bnxmum LTT2704F
Boat Lakcly L 3800
Bibax raam 1353304

Enabded Yen
L) IVELE
Dynarse Samulsison B
MRargs
h¥namum. -InEnsty
Maxamum InEny
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Figure 144. System A Forecast Charts
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Figure 145. System B Forecast Charts
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Figure 147. System D Forecast Charts
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Figure 148. System E Forecast Charts
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APPENDIX H. TORNADO ANALYSIS REPORT EXCEL
SPREADSHEET

Appendix H contains the model’s Excel spreadsheet for the data used to produce

the tornado chart, shown in Figure 149.

Ternado Charts
Ranc Valuc T 704073 99193 |:-=u'.l:':'..'|.-._1c-
lnpuk Ranc T
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Figure 149. Tornado Chart Top 20 Variable Data
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