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PREFACE

Welcome to the Real Options Super Lattice
Solver Software

Welcome to the Real Options Super Lattice Solver (SLS) software. This software has several

modules including:

e Single Super Lattice Solver (“SLS”)

e Multiple Super Lattice Solver (“MSLS”)
e Multinomial Lattice Solver (“MNLS”)
e Lattice Maker

e SLS Excel Solution

e SIS Functions

e ROV Strategy Tree

These modules embrace the financial concepts of options as applied to real or physical
assets. For example, when you purchase a call option on an underlying stock, you are
purchasing the right, but not the obligation, to buy a share of stock at a set cost or strike
price. When the time comes to buy the stock, or exercise your option either at or before
maturity, you exercise the option if the stock price is higher than the strike price of your
option. Exercising the option means purchasing the stock at the strike price and selling it at
the higher market price to make a profit (less any taxes, transaction costs, and premiums
paid to obtain the option). However, if the price is less than the strike price, you don’t buy
the stock, and your only losses are the transaction costs and premiums. The future is difficult
to predict and may be wrought with uncertainty and risk. You cannot know for certain
whether a specific stock will increase or decrease in value. This is the beauty of options: You
can maximize your gains (speculation with unlimited upside) while minimizing your losses
(hedging against the downside by setting the maximum losses as the premium paid on the
option). The same idea can be applied to assets. A firm’s assets might include plants, patents,
projects, research and development initiatives, and so forth. Each of these assets carries a
level of uncertainty. For example, will a firm’s multimillion-dollar research project develop
into a revenue-generating product? Will investing in a successful start-up company help a
firm expand into new markets? Management asks such questions every day. The Real
Options Super Lattice Solver software (collectively, the SLS, MSLS, and MNLS) provide
analysts and executives the ability to determine the value of investing in an uncertain future.
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Who should use this software?

The SLS, MSLS, MNLS, Lattice Maker, Excel Solution, and Excel Functions are appropriate
for analysts who are comfortable with spreadsheet modeling in Excel and with real options
valuation. The software accompanies the books Rea/ Options Analysis: Tools and Technigues, 2nd
Edition (Wiley 2005), Modeling Risk (Wiley 2000), and 1Valuing Employee Stock Options (Wiley
2004) all by Dr. Johnathan Mun, who designed the software.! There are several
accompanying training courses: Certified Risk Analyst (CRA), The Basics of Real Options and
Adpanced Real Options also taught by Dr. Mun. While the software and its models are based
on his books, the training courses cover the real options subject matter in more depth,
including the solution to sample business cases and the framing of real options of actual
cases. It is highly recommended that the user familiarizes him or herself with the

fundamental concepts of real options as outlined in Rea/ Options Analysis: Tools and Technigues,
2nd Edition, (Wiley, 2000).

1'The Real Options SLS softwate’s design and analytics were created by Dr. Johnathan Mun, and the
software’s programming was developed by lead developer J.C. Chin.
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11 Introduction to the Super Lattice
Software (SLS)

The Real Options Super Lattice Software (SLS) comprises several modules, including the:
Single Super Lattice Solver (SLS), Multiple Super Lattice Solver (MSLS), Multinomial Lattice
Solver (MNLS), Lattice Maker, Advanced Exotic Options Valuator, SLS Excel Solution, and
SLS Functions. These modules are highly powerful and customizable binomial and

multinomial lattice solvers and can be used to solve many types of options (including the

three main families of options: real options which deals with physical and intangible assets;

financial options, which deals with financial assets and the investments of such assets; and

employee stock options, which deals with financial assets provided to employees within a

corporation). This text illustrates some sample real options, financial options, and employee

stock options applications that users will most frequently encounter.

The Single Asset Model is used primarily for solving options with a single underlying
asset using binomial lattices. Even highly complex options with a single underlying
asset can be solved using the SLS.

The Multiple Asset Model is used for solving options with multiple underlying assets
and sequential compound options with multiple phases using binomial lattices. Highly
complex options with multiple underlying assets and phases can be solved using the
MSLS.

The Multinomial Model wuses multinomial lattices (trinomial, quadranomial,
pentanomial) to solve specific options that cannot be solved using binomial lattices.

The Lattice Maker is used to create lattices in Excel with visible and live equations,
useful for running Monte Carlo simulations with the Risk Simulator software (an
Excel add-in, risk-based simulation, forecasting, and optimization software also
developed by Real Options Valuation, Inc.) or for linking to and from other
spreadsheet models. The lattices generated also include decision lattices where the
strategic decisions to execute certain options and the optimal timing to execute
these options are shown.

The Advanced Exotic Financial Options Valuator is a comprehensive calculator
of more than 250 functions and models, from basic options to exotic options (e.g.,
from Black-Scholes to multinomial lattices to closed-form differential equations and
analytical methods for valuing exotic options, as well as other options-related
models such as bond options, volatility computations, delta-gamma hedging, and so
forth). This valuator complements the ROV Risk Modeler and ROV Valuator
software tools, with more than 800 functions and models, also developed by Real
Options Valuation, Inc. (ROV), which are capable of running at extremely fast
speeds, handling large datasets and linking into existing ODBC-compliant databases
(e.g., Oracle, SAP, Access, Excel, CSV, and so forth).

The SLS Excel Solution implements the SLS and MSLS computations within the
Excel environment, allowing users to access the SLS and MSLS functions directly in
Excel. This feature facilitates model building, formula and value linking and
embedding, as well as running simulations, and provides the user sample templates
to create such models.
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e The SLS Functions are additional real options and financial options models
accessible directly through Excel. This module facilitates model building, linking and
embedding, and running simulations.

e The Option Charts are used to visually analyze the payoff structure of the options
under analysis, the sensitivity and scenario tables of options to various inputs,
convergence of the lattice results, and other valuable analyses.

The SLS software is created by Dr. Johnathan Mun, professor, consultant, and the author of
numerous books including Rea/ Options Analysis: Tools and Technigues, 2nd Edition (Wiley 2005),
Modeling Risk (Wiley 2000), and Valuing Employee Stock Options: Under 2004 FAS 123 (Wiley
2004). This software also accompanies the materials presented at different training courses
on real options, simulation, and employee stock options valuation taught by Dr. Mun. While
the software and its models are based on his books, the training courses cover the real
options subject matter in more depth, including the solution of sample business cases and
the framing of real options of actual cases. It is highly suggested that the user familiarizes
him or herself with the fundamental concepts of real options in Rea/ Options Analysis: Tools
and Techniques, 2nd Edition (Wiley 2005) prior to attempting an in-depth real options analysis
using this software. This manual will not cover some of the fundamental topics already
discussed in the book.

Note: The 1st edition of Rea/ Options Analysis: Tools and Techniques published in 2002 shows
the Real Options Analysis Toolkit software, an older precursor to the Swuper Lattice Solver, also
created by Dr. Johnathan Mun. The Rea/ Options Super Lattice Solver supersedes the Rea/
Options Analysis Toolkit by providing the following enhancements, and is introduced in Rea/
Options Analysis, 2nd edition (2005):

e Runs 100X faster and is completely customizable and flexible

e All inconsistencies, computation errors, and bugs have been fixed and verified

e Allows for changing input parameters over time (customized options)

e Allows for changing volatilities over time

e Incorporates Bermudan (vesting and blackout periods) and Customized Options

e Has flexible modeling capabilities in creating or engineering your own customized
options

e Includes general enhancements to accuracy, precision, and analytical prowess

e Includes more than 250 exotic options models (closed-form, exotic, multinomial
lattice)

As the creator of both the Super Lattice Solver and Real Options Analysis Toolkit (ROAT)
software, the author suggests that the reader focuses on using the Super Lattice Solver as it
provides many powerful enhancements and analytical flexibility over its predecessor, ROAT.
The SLS software requires the following minimum requirements:

e  Windows XP, Vista, Windows 7, and beyond
e Excel XP, Excel 2003, Excel 2007 or Excel 2010
e NET Framework 2.0 or later
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¢ Administrative rights (for software installation)
e  Minimum 512MB of RAM (1GB recommended)
e 80MB of free hard drive space

The software will work on most foreign operating systems such as foreign language
Windows or Excel, and the SLS software has been tested to work on most international
Windows operating systems with just a quick change in settings by clicking on Szar? | Contro/
Panel | Regional and Language Options. Select English (United States). This change is required
because the numbering convention is different in foreign countries (e.g., one thousand
dollars and fifty cents is written as 1,000.50 in the United States versus 1.000,50 in certain
European countries).

To install the software, make sure that your system has all the prerequisites described above.
If you require NET Framework 2.0, please browse the software installation CD and install
the file named doznetfx20.exe or if you do not have the installation CD, you can download the
file from the following web location:

www.realoptionsvaluation.com/attachments/dotnetfx20.exe.

You need to first install this software before proceeding with the SLS software installation.
Note that NET 2.0 works in parallel with NET 1.1 and you do not and should not uninstall
one version in preference to the other. You should have both versions running concurrently

on your computer for best performance.

Next, install the SLS software by either using the installation CD or going to the following
web location: www.realoptionsvaluation.com, clicking on Downloads, and selecting Real
Options SLS. You can either select to download the FULL version (assuming you have
already purchased the software and have received the permanent license keys and the
instructions to permanently license the software) or a TRIAL version. The trial version is
exactly the same as the full version except that it expires after 10 days, during which you
would need to obtain the full license to extend the use of the software. Install the software
by following the onscreen prompts.

If you have the trial version and wish to obtain the permanent license, visit
www.realoptionsvaluation.com and click on the Purchase link (left panel of the web site) and
complete the purchase order. You will then receive the pertinent instructions on installing
the permanent license. See Appendix D and E for additional installation details and
Appendix F for licensing instructions. Please visit www.realoptionsvaluation.com and click
on FAQ and DOWNLOADS for any updates on installation instructions and
troubleshooting issues.

170 Real Options Super Lattice Solver



Real Options SLS

User Mannal

1.2 Single Asset Super Lattice Solver

Figure 1 illustrates the SLS software’s Main Screen. After installing the software, the user can
access the SLS Main Screen by clicking on Start | Programs | Real Options Valuation | Real
Options SIS | Real Options SL.S. From this Main Screen, you can run the Single Asset model,
Multiple Asset model, Multinomial model, Lattice Maker, and Advanced Exotic Financial
Options Valuator, open example models, and open an existing model. You can move your
mouse over any one of the items to obtain a short description of what that module does.
You may also purchase or install a newly obtained permanent license from this main screen
by clicking on each of the two license links at the bottom. Finally, Real Options SLS
supports 7 languages, including English, Chinese, Spanish, Japanese, Italian, German and
Portuguese and you can change the language using the droplist on the main screen. To
access the SLS Functions, SLS Excel Solutions, or a sample Volatility computation file, go to
Start | Programs | Real Options Valuation | Real Options SL.S and select the relevant module.

Real Options Valuation SLS 2012 [ESREET

Real ons

Coz4aTk peleTky

OTKpbITE 0Bpazel Moge

Kan BRYMATOP 3KZ0THYECKHX Ii'l-"i HaHCOEBEX ONUHOHOE
Exotic Financial Options Valuator

BRI Fissian
Default 1. wuensua Ha Real Optons SLS
arena BblidTH 2. Muuensua Ha Functions & Options Valuator

Japanese
Korean
Russian

Portuguese
Spanish

Figure 1 — Single Super Lattice Solver (SLS)

11 Real Options Super Lattice Solver



Real Options SLS

User Manual

1.3 Single Asset SLS Examples

To help you get started, several simple examples are in order. A simple European call option
is computed in this example using SLS. To follow along, in the Main Screen, click on New
Single Asset Model, and then click on File | Examples | Plain Vanilla Call Option 1. This
example file will be loaded into the SLS software as seen in Figure 2. The starting PV
Undetlying Asset or starting stock price is $100, and the Implementation Cost or strike price
is $100 with a 5-year maturity. The annualized risk-free rate of return is 5%, and the
historical, comparable, or future expected annualized volatility is 10%. Click on RUN (or
Alt-R) and a 100-step binomial lattice is computed with the results indicating a value of
$23.3975 for both the European and American call options. Benchmark values using Black-
Scholes and partial differential Closed-Form American approximation models as well as
standard plain-vanilla Binomial American and Binomial European Call and Put Options with
1,000-step binomial lattices are also computed. Notice that only the American and European
Options are selected and the computed results are for these simple plain-vanilla American
and European Call Options.

s ™
Figure 2 - Single Asset Super Lattice Solver EI_Iﬂ
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Figure 2 — SLS Results of a Simple European and American Call Option
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The benchmark results use both closed-form models (Black-Scholes and Closed-Form
Approximation models) and 1,000-step binomial lattices on plain vanilla options. You can
change the steps to 7000 in the basic inputs section to verify that the answers computed are
equivalent to the benchmarks as seen in Figure 3. Notice that, of course, the values
computed for the American and European options are identical to each other and identical
to the benchmark values of $23.4187, as it is never optimal to exercise a standard plain-
vanilla call option eatly if there are no dividends. Be aware that the higher the lattice step, the
longer it takes, of course, to compute the results. It is advisable to start with lower lattice
steps to make sure the analysis is robust and then progressively increase lattice steps to check
for results convergence. See Appendix A on convergence criteria on lattices for more details
about binomial lattice convergence as to how many lattice steps are required for a robust
option valuation.

- 4
Figure 3 - Single Asset Super Lattice Solver El_léj
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Figure 3 — SLS Comparing Results with Benchmarks

Alternatively, you can enter Terminal and Intermediate Node Equations for a call option to
obtain the same results. Notice that using 100 steps and creating your own Terminal Node
Equation of Max(Asset-Cost,0) and Intermediate Node Equation of Max(Asset-
Cost,OptionOpen) will yield the same answer. When entering your own equations, make sure
that Custom Option is first checked.
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When entering your own equations, make sure that Custom Option is first checked.

Figure 4 illustrates how this analysis is done. Notice that the value $23.3975 in Figure 4
agrees with the value in Figure 2. The Terminal Node Equation is the computation that
occurs at maturity, while the Intermediate Node Equation is the computation that occurs at
all periods prior to maturity, and is computed using backward induction. The term

>

“OptionOpen” represents “keeping the option open,” and is often used in the Intermediate
Node Equation when analytically representing the fact that the option is not executed but
kept open for possible future execution. Therefore, in Figure 4, the Intermediate Node
Equation Max(Asset-Cost,OptionOpen) represents the profit maximization decision of either
executing the option or leaving it open for possible future execution. In contrast, the
Terminal Node Equation of Max(Asset-Cost,0) represents the profit maximization decision at
maturity of either executing the option if it is in-the-money, or allowing it to expire

worthless if it is at-the-money or out-of-the-money.

(=] - sy

4
Figure 4 - Single Asset Super Lattice Solver
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Figure 4 — Custom Equation Inputs

In addition, you can create an Audit Worksheet in Excel to view a sample 10-step binomial
lattice by checking the box Generate Audit Worksheet. For instance, loading the example file
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Plain Vanilla Call Option I and selecting the box creates a worksheet as seen in Figure 5.
There are several items that should be noted about this audit worksheet:

e The audit worksheet generated will show the first 10 steps of the lattice, regardless
of how many you enter. That is, if you enter 1,000 steps, the first 10 steps will be
generated. If a complete lattice is required, simply enter 10 steps in the SLS and the
full 10-step lattice will be generated instead. The Intermediate Computations and
Results are for the Super Lattice, based on the number of lattice steps entered, and
not based on the 10-step lattice generated. To obtain the Intermediate
Computations for 10-step lattices, simply re-run the analysis inputting 70 as the
lattice steps. This way, the Audit Worksheet generated will be for a 10-step lattice,
and the results from SLS will now be comparable (Figure 6).

e The worksheet only provides values as it is assumed that the user was the one who
entered the terminal and Intermediate Node Equations, hence there is really no
need to recreate these equations in Excel again. The user can always reload the SLS
file and view the equations or print out the form if required (by clicking on File |
Prini).

The software also allows you to save or open analysis files. That is, all the inputs in the
software will be saved and can be retrieved for future use. The results will not be saved
because you may accidentally delete or change an input and the results will no longer be
valid. In addition, re-running the super lattice computations will only take a few seconds, and
it is always advisable for you to re-run the model when opening an old analysis file.

You may also enter Blackout Steps. These are the steps on the super lattice that will have
different behaviors than the terminal or intermediate steps. For instance, you can enter 7000
as the lattice steps, 0400 as the blackout steps, and some Blackout Equation (e.g.,
OptionOpen). This means that for the first 400 steps, the option holder can only keep the
option open. Other examples include entering 7, 3, 5, 70 if these are the lattice steps where
blackout periods occur. You will have to calculate the relevant steps within the lattice where
the blackout exists. For instance, if the blackout exists in years 1 and 3 on a 10-year, 10-step
lattice, then steps 1, 3 will be the blackout dates. This blackout step feature comes in handy
when analyzing options with holding periods, vesting periods, or periods where the option
cannot be executed. Employee stock options have blackout and vesting periods, and certain
contractual real options have periods during which the option cannot be executed (e.g.,
cooling-off periods, or proof of concept periods).

If equations are entered into the Terminal Node Equation box and American, European, or
Bermudan Options are chosen, the Terminal Node Equation you entered will be the one
used in the super lattice for the terminal nodes. However, for the intermediate nodes, the
American option will assume the same Terminal Node Equation plus the ability to keep the
option open; the European option will assume that the option can only be kept open and
not executed; while the Bermudan option will assume that during the blackout lattice steps,
the option will be kept open and cannot be executed. If you also wish to enter the
Intermediate Node Equation, the Custom Option should be first chosen (otherwise you
cannot use the Intermediate Node Equation box). The Custom Option result will use all the
equations you have entered in the Terminal, Intermediate, and Intermediate with Blackout

sections.
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The Custom Variables list is where you can add, modify, or delete custom variables, the
variables that are required beyond the basic inputs. For instance, when running an
abandonment option, you will require the salvage value. You can add this in the Custom
Variables list, provide it a name (a variable’s name must be a single word without spaces), the
appropriate value, and the starting step when this value becomes effective. For example, if
you have multiple salvage values (i.e., if salvage values change over time), you can enter the
same variable name (e.g., salvage) several times, but each time, its value changes and you can
specify when the appropriate salvage value becomes effective. For instance, in a 10-yeat,
100-step super lattice problem where there are two salvage values—$100 occurring within
the first 5 years and increases to $150 at the beginning of Year 6—you can enter two salvage
variables with the same name; $100 with a starting step of 0, and $150 with a starting step of
51. Be careful here as Year 6 starts at step 51 and not 61. That is, for a 10-year option with a
100-step lattice, we have: Steps 1-10 = Year 1; Steps 11-20 = Year 2; Steps 21-30 = Year 3;
Steps 31-40 = Year 4; Steps 41-50 = Year 5; Steps 51-60 = Year 6; Steps 61-70 = Year 7;
Steps 71-80 = Year 8; Steps 81-90 = Year 9; and Steps 91-100 = Year 10. Finally,

incorporating 0 as a blackout step indicates that the option cannot be executed immediately.

A Custom Variable’s name must be a single continuous word
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Assumptions

Option Valuation Audit Sheet

Intermediate Computations

PV Asset Value ($) $100.00 Stepping Time (dt) 0.0500
Implementation Cost ($) $100.00 Up Step Size (up) 1.0226
Maturity (Years) 5.00 Down Step Size (down) 0.9779
Risk-free Rate (%) 5.00% Risk-neutral Probability 0.5504
Dividends (%) 0.00%
Volatility (%) 10.00% Results
Lattice Steps 100 Auditing Lattice Result (10 steps)
Option Type European Super Lattice Results)
Terminal Equation
Intermediate Equation
Intermediate Equation (Blackouts)
Underlying Asset Lattice 125.06
122.29
119.59 119.59]
116.94 116.94
114.36 114.36 114.36|
111.83 111.83 111.83
109.36 109.36 109.36 109.36]
106.94 106.94 106.94 106.94
104.57 104.57 104.57 104.57 104.57|
102.26 102.26 102.26 102.26 102.26
[ 100.00 100.00, 100.00 100.00 100.00 100.00|
97.79 97.79 97.79 97.79 97.79
95.63 95.63 95.63 95.63 95.63]
93.51 93.51) 93.51 93.51
91.44 91.44 91.44 91.44]
89.42 89.42 89.42
87.44 87.44 87.44]
85.51 85.51
83.62 83.62]
81.77
79.96
Option Valuation Lattice 45.33
42.81
40.35 39.96]
37.97 37.58
35.66 35.27 34.87|
33.43 33.04 32.64
31.27, 30.88 30.49 30.09]
29.18 28.80 28.41 28.02
27.18 26.79 26.41 26.02 25.64]
25.25 24.87 24.49 24.11 23.73
23.40 23.03 22.65 22.28 21.90 21.52]
21.26 20.90 20.53 20.16 19.79
19.22 18.86 18.50] 18.14 17.77|
17.28 16.93] 16.58 16.22
15.45] 15.10] 14.76 14.41]
13.71] 13.38 13.05
12.09 11.77 11.45]
10.58 10.27
9.19 8.89]
791
6.74
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Figure 5 — SLS Generated Audit Worksheet
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Figure 6 — SLS Results with a 10-Step Lattice

1.4 Multiple Asset Super Lattice Solver (MSLS)

The MSLS is an extension of the SLS in that the MSLS can be used to solve options with
multiple underlying assets and multiple phases. The MSLS allows the user to enter multiple

underlying assets as well as multiple valuation lattices. These valuation lattices can call to

user-defined custom variables. Some examples of the types of options that the MSLS can be

used to solve include:

User Manual

e Sequential Compound Options (two-, three-, and multiple-phased sequential

options)

e Simultaneous Compound Options (multiple assets with multiple simultaneous

options)

e Chooser and Switching Options (choosing among several options and underlying

assets)

e Tloating Options (choosing between calls and puts)

e Multiple Asset Options (3D binomial option models)
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The MSLS software has several areas including a Maturity and Comment area. The Maturity
value is a global value for the entire option, regardless of how many underlying or valuation
lattices exist. The Comment field is for your personal notes describing the model you are
building. There is also a Blackout and 1 esting Period Steps section and a Custom 1V ariables list
similar to the SLS. The MSLS also allows you to create Audit Worksheets. Notice, too, that

the user interface is resizable (e.g., you can click and drag the right side of the form to make
it wider).

Multiple Asset Super Lattice Salver |

®aiin  Cnpaeka
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Figure 8 — Multiple Super Lattice Solver

To illustrate the power of the MSLS, a simple illustration is in order. Click on Start |
Programs | Real Options Valuation | Real Options SLS | Real Options SLS. In the Main
Screen, click on New Multiple Asset Option Model, and then select File | Examples |
Simple Two Phased Sequential Compound Option. Figure 9 shows the MSLS example

loaded. In this simple example, a single underlying asset is created with two valuation phases.
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Figure 3 - Multiple Asset Super Lattice Solver =) B
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i HasBanwe Tekywan CTOMMOCTE aKTHBa BonaTtunshocTs (%) MpuMeyaHna £ Haseanwe 3Hau.. Hauanbhbl.
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Figure 9 — MSLS Solution to a Simple Two-Phased Sequential Compound Option

The strategy tree for this option is seen in Figure 10. The project is executed in two phases—
—the first phase within the first year costs $5 million, while the second phase within two
yeats but only after the first phase is executed, and costs $80 million, both in present value
dollars. The PV Asset of the project is $100 million (NPV is therefore $15 million) and faces
30% volatility in its cash flows (see the Appendix on Volatility for the relevant volatility
computations). The computed strategic value using the MSLS is $27.67 million, indicating
that there is a $12.67 million in option value. That is, spreading out and staging the
investment into two phases has significant value (an expected value of $12.67 million to be
exact).

Cash-flow generating activities

PV Asset $100M

v

Year O Year1 Year?2

Figure 10 — Strategy tree for two-phased sequential compound option
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1.5 Multinomial Lattice Solver

The Multinomial Lattice Solver (MNLS) is another module of the Real Options Super Lattice
Solver software. The MNLS applies multinomial lattices—where multiple branches stem

from each node—such as trinomials (three branches), quadranomials (four branches), and

pentanomials (five branches). Figure 11 illustrates the MNLS module. The module has a

Basic Inputs section, where all of the common inputs for the multinomials are listed. Then,

there are four sections with four different multinomial applications complete with the

additional required inputs and results for both American and European call and put options.

To follow along with this simple example, in the Main Screen, click on New Multinomial Option
Model, and then select File | Examples | Trinomial American Call Option, and set dividend to

0% and then hit run.

r =
Figure 11 - Multinomial Lattice Solver

®aiin  Cnpaska

Kommentapuii  American Call Option using a Trinomial Lattice Model

TRMHOMMANEHEA C BOSBPATOM KeagpyHoMWaNsHaRA Co cKaukooBpasHoi TMeHTEHOMWANEHERA C AEYMA
Towromuanskas [P0 A | " 1 ™

Mpswaep: Max{Assst - Cost, 0)

K CpegHemy Jaltl: L ] rainbow-aK TMEEMIA
Tek. cToum. akTvea (3) 100 Craeka sveupeHoa (%) ¢ HasBanwne * 3navenwe Hauansi
. o - *
CToumocTs opoprneHUa (5) 100 Craex
BonamnerocTs (%) 10 PriHouHan usHa pucka
Craeka ¢ HynessiM puckom () b MHTEHCMBHOCTE CKEYKDE
Cpowx norawervs (net) 5| Koppenswa
* BCE MCXODHEIE [EHHEIE NPENCTSENSHE] B
JTankl pelleTKH 50 P
3Tankl NEpMoLa 3ENPETa W OrPaHUYEHWA
Mpssep: 1, 2, 10-20, 23
VPEEHEHWE KOHEYHOrD Y3Na {OMWACHE! NP MCTEYEHUW CPOKA DEACTEMA)
Mazx{Asset-Cost, 0) €| T | b

VYpaEHeHWe MPOMEXyTOUHOr0 y3na (DNUMoHEI 40 MCTEYEHWA CPOKE AefCTEMA)
e |Asset-Cost, OptionCpen)

Mpiesep: Max{Assst - Cost, OptionOpen)
VpaBHEHWE MPOMEXYTOYHOr O ¥3Na (B NEPWOL SaNpeTa W OrpaHUYEHKA)

Mpasep: OptionOpen

TpuHomMwansHaA pewetka: 23.3975

BrinonHuTs

—

Figure 11 — Multinomial Lattice Solver
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Figure 11 shows a sample call and put option computation using trinomial lattices. Note that
the results shown in Figure 11 using a 50-step lattice are equivalent to the results shown in
Figure 2 using a 100-step binomial lattice. In fact, a trinomial lattice or any other multinomial
lattice provides identical answers to the binomial lattice at the limit, but convergence is
achieved faster at lower steps. Because both yield identical results at the limit but trinomials
are much more difficult to calculate and take a longer computation time, in practice, the
binomial lattice is usually used instead. Nonetheless, using the SLS software, the
computation times are only seconds, making this traditionally difficult to run model
computable almost instantly. However, a trinomial is required only under one special

circumstance: when the underlying asset follows a mean-reverting process.

With the same logic, quadranomials and pentanomials yield identical results as the binomial
lattice with the exception that these multinomial lattices can be used to solve the following
different special limiting conditions:

e Trinomials: Results are identical to binomials and are most appropriate when used
to solve mean-reverting underlying assets.

¢  Quadranomials: Results are identical to binomials and are most appropriate when
used to solve options whose underlying assets follow jump-diffusion processes.

e Pentanomials: Results are identical to binomials and are most appropriate when
used to solve two underlying assets that are combined, called rainbow options (e.g.,
price and quantity are multiplied to obtain total revenues, but price and quantity
each follows a different underlying lattice with its own volatility, but both underlying
parameters could be correlated to one another).

See the sections on Mean-Reverting, Jump-Diffusion, and Rainbow Options for more
details, examples, and results interpretation. In addition, just like in the single asset and
multiple asset lattice modules, you can customize these multinomial lattices using your own

custom equations and custom variables.

1.6 SLS Lattice Maker

The Lattice Maker module is capable of generating binomial lattices and decision lattices
with visible formulas in an Excel spreadsheet (it is compatible with Excel XP, 2003, 2007,
and 2010). Figure 12 illustrates an example option generated using this module. The
illustration shows the module inputs (you can obtain this module by clicking on Create A
Lattice trom the Main Screen) and the resulting output lattice. Notice that the visible equations
are linked to the existing spreadsheet, which means this module will come in handy when
running Monte Catlo simulations or when used to link to and from other spreadsheet
models. The results can also be used as a presentation and learning tool to peep inside the
analytical black box of binomial lattices. Last but not least, a decision lattice is also available
with specific decision nodes indicating expected optimal times of execution of certain
options in this module. The results generated from this module are identical to those
generated using the SLS and Excel functions, but has the added advantage of a visible lattice
(lattices of up to 200 steps can be generated using this module).
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1.7 SLS Excel Solution (SLS, MSLS, and
Changing Volatility Models in Excel)

Figure 12 — Lattice Maker Module and Worksheet Results with Visible Equations

The SLS software also allows you to create your own models in Excel using customized

functions. This is an important functionality because certain models may require linking

from other spreadsheets or databases, run certain Excel macros and functions, or certain

inputs need to be simulated, or inputs may change over the course of modeling your options.

This Excel compatibility allows you the flexibility to innovate within the Excel spreadsheet

environment. Specifically, the sample worksheet solves the SLS, MSLS, and Changing
Volatility model.

To illustrate, Figure 13 shows a Customized Abandonment Option solved using SLS (from
the Single Asset Modnle, click on File | Examples | Abandonment Customizged Option). The same

User Mannal
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problem can be solved using the SLS Exce/ Solution by clicking on Start | Programs | Real
Options Valuation | Real Options SLS | Excel Solution. The sample solution is seen in Figure 14.
Notice that the results are the same using the SLS versus the SLS Excel Solution file. You
can use the template provided by simply clicking on File | Save As in Excel and use the new
file for your own modeling needs.

o Figure 13 - Single Asset Super Lattice Solver ==

Daiin  Crnpaeka

Onwonel SLS | TaBnuua esinnat | YyBCTEMTENEHOCTE | CugHapuit | CxogumocTs | CuMynAwaa

Kommentapiit - Benmudan Abandonment Option with changing salvage values over time

AmepucaHcrii Eeponeficimi Esponeficrmi HacTpansaembii z Mma Snauenne Hawanbnelii sTan
Salvage 90 0
Salvage 95 21
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CrommocTs ohopmnerns ($) 90 Craska mBMneHaa (%) i) Salvage 105 61
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Figure 13 — Customized Abandonment Option using SLS
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A B © D E F
1
2 SUPER LATTICE SOLVER (SINGLE ASSET)
3
4 | Option Tyoe 3 Custom Variables List
5 | P Underiving Asset $120.00 lfariable Name e Starting Steps
B | Annualized Volatiiy 25.00% Salvage 90.00 a
7 |Maturihy (Years) 5.00 Salvage 95.00 29
8 | lmwismentation Cost $0.00 Salvage {00.00 41
9 |Risk-Free Rate 5.00% Salvage 108.00 &1
10 | Divichend ield 0.00% Salvage 140.00 &1
11 | Lattice Steps 100
12 | Terminal Equation MAXAsset, Salvage)
13 |intermediate Equation MAX(Salvage, EE) |
14 | Intermediate Equation During Biackout e
16 | Biackout Steps 0-10
16
17
18 | Super Lattice Solver Result [ $130.3154 |
19

20 |Mote: This is the Excel version of the Super Lattice Solver, useful when running simulations or when linking to and from other spreadsheets.
21 |Use this sample spreadshest for your models. You can simply click on File, Save As to save as a different file and start using the model.
22 |For the option type, set 0= American, 1 = European, 2 = Berrnudan, 3 = Custom

23 |The function used is: SLSSingle

Figure 14 — Customized Abandonment Option using SLS Excel Solution

The only difference is that in the Excel Solution, the function (cell B18 in Figure 14) has an
added input, specifically, the Opzion Type. 1f the option type value is set to 0, you get an
American option; 1 for European option; 2 for Bermudan option; and 3 for customized

options.

Similarly, the MSLS can also be solved using the SLS Excel Solver. Figure 15 shows a
complex multiple-phased sequential compound option solved using the SLS Excel Solver.
The results shown are identical to the results generated from the MSLS module (example
tile: Multiple Phased Complex: Sequential Componnd Option). One small note of caution here is that
if you add or reduce the number of option valuation lattices, make sure you change the
function’s link for the MSLS Result to incorporate the right number of rows, otherwise the
analysis will not compute properly. For example, the default shows 3 option valuation
lattices, and by selecting the MSLS Results cell in the spreadsheet and clicking on Iusert |
Function, you will see that the function links to cells A24:H26 for these three rows for the
OVLattices input in the function. If you add another option valuation lattice, change the link
to A24:H27, and so forth. You can also leave the list of custom variables as is. The results

will not be affected if these variables are not used in the custom equations.

Finally, Figure 16 shows a Changing Volatility and Changing Risk-free Rate Option. In this
model, the volatility and risk-free yields are allowed to change over time and a non-
recombining lattice is required to solve the option. In most cases, it is recommended that
you create option models without the changing volatility term structure because getting a
single volatility is difficult enough let alone a seties of changing volatilities over time. If
different volatilities that are uncertain need to be modeled, run a Monte Catlo simulation on
volatilities instead. This model should only be used when the volatilities are modeled
robustly, are rather certain, and change over time. The same advice applies to a changing
risk-free rate term structure.
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MULTIPLE SUPER LATTICE SOLVER (MULTIPLE ASSET & MULTIPLE PHASES)

Maturity (Years) 5.00 MSLS Result | $134.0802 |
Blackout Steps 0-20
Correlation*
Underlying Asset Lattices Custom Variables

Lattice Name PV Asset Volatility Name Value Starting Steps
Underlying 100.00 25.00 Salvage 100.00 31

Salvage 90.00 11

Salvage 80.00 0

Contract 0.90 0

Expansion 1.50 0

Savings 20.00 0

Option Valuation Lattices

Lattice Name Cost Riskfree Dividend Steps Terminal Equation Intermediate Equation Intermediate Equation for Blackout
Phase3 50.00 5.00 0.00 50 Max(Underlying*Expansion-Cost,Underlying,Salvage) Max(Underlying*Expansion-Cost,Salvage, @ @) @@
Phase2 0.00 5.00 0.00 30 Max(Phase3,Phase3*Contract+Savings,Salvage,0) Max(Phase3*Contract+Savings,Salvage, @ @) @@
Phasel 0.00 5.00 0.00 10 Max(Phase2,Salvage,0) Max(Salvage, @@) @@

Note: This is the Excel version of the Multiple Super Lattice Solver, useful when running simulations or when linking to and from other spreadsheets.
Use this sample spreadsheet for your models. You can simply click on File, Save As to save as a different file and start using the model.
*Because this is an Excel solution, the correlation function is not supported and is linked to an empty cell.

Figure 15 — Complex Sequential Compound Option using SLS Excel Solver
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Changing Volatility and Risk-Free Rates

 Assumptions Results
PV Asset () 5100.00 Generalized Black-Scholes 548 73
Implementation Cost (§) $100.00 10-5tep Super Lattice 34915
Maturity in Years () 10.00 Super Lattice Steps 10 Steps E]
Vesting in Years () 4.00
Dividend Rate (%) 0.00%

 Additional Assumptions

Year Risk-free % Year  Volalilily %

1.00 5.00% 1.00 20.00% | Plzass be sware that by spplying multipls

2.00 500% 200 20.00% changing volatilities over time, & non-recombining
3.00 5.00% 3.00 20.00% iattice is required, which incresses the

400 5 00% 400 20 00% computation time significantly. In addition, only

smaller iattics steps may be computed. The

5.00 5.00% 5.00 20.00% function used is: SLSBinomial ChangingVolatility
6.00 5.00% 6.00 30.00%
7.00 5.00% 7.00 30.00%
5.00 5.00% 5.00 30.00%
5.00 5.00% 5.00 30.00%
10.00 5.00% 10.00 30.00%

Figure 16 — Changing Volatility and Risk-Free Rate Option

1.8 SLS Functions

The software also provides a series of SLS functions that are directly accessible in Excel.
To illustrate its use, start the SLS Functions by clicking on Start | Programs | Real Options
Valuation | Real Options SLS | SLS Functions, and Excel will start. When in Excel, you
can click on the function wizard icon or simply select an empty cell and click on Inser? |
Function. While in Excel’s equation wizard, select the ALL category and scroll down to
the functions starting with the SLS prefixes. Here you will see a list of SLS functions
that are ready for use in Excel. Figure 17 shows the Excel equation wizard.

Start the Excel Functions module and select the ALL category when in Excel’s
function wizard, then scroll down to access the SLS functions.

You may have to check your macro security settings before starting in Excel
XP/2003 (click on Tools, Macro, Secutity, and make sute it is set to Medium or
below) as well as in Excel 2007/2010 (click on the large Office Button on the top
left corner of Excel, click on Excel Options, Trust Center, Trust Center Settings,
Add-Ins, uncheck all 3 options, then click on Macro Settings and select Enable
All Macros and check Trust Access to the VBA project, click OK).

Suppose you select the first function, SLSBinomialAmericanCall and hit OK. Figure 17
shows how the function can be linked to an existing Excel model. The values in cells B1
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to B7 can be linked from other models or spreadsheets, can be created using VBA
macros, or can be dynamic and changing as in when running a simulation.

Note: Be aware that certain functions require many input variables, and Excel’s
equation wizard can only show 5 variables at a time. Therefore, remember to
scroll down the list of variables by clicking on the vertical scroll bar to access the
rest of the variables.

If you are a new user of Real Options SLS or have upgraded from an older version, do
spend some time reviewing the Key SLS Notes and Tips starting on the next few pages
to familiarize yourself with the modeling intricacies of the software.

Insert Function

Search For a function:

Or select a category: | Real Options Yaluation

Select a function:

SL3BinomialamericarZall
SL3BinamialAmericanPut
SL3BinomialChangingvolatility
SLEBinomialCown
SLaBinomialEuropeancCall
SLaBinomialEuropeanPut
SL3BinomialProbability [V]

SLSBinomialAmericanCall{P¥Asset,Cost,Maturity,Riskfree,...}
Returns the American call option with dividends using the binomial approach,

>

Help on this Function [ oK ] [ Cancel ]
SurM - X J|£| =SLSBinomialAmericanCall(B1,62,B3,B4,B5,B6,B7)
A | B [ .

Function A t =
PV Asset §100.00 | oo RISHMENE X]
Cost $100.00 SL3Binormialamericancall .
Maturity 1 PyAsset Bl 100
Risk-Free 5%
Wolatility 25% Cost|s2 1 =
Dividend 0% Maturity B3 1
Steps 100 Riskfree |B4 0.05

. =

Result $12.31 Volatility |5 0 v]

= 12,31130972
Returns the Armetican call option with dividends using the binomial approach.

PY¥Asset

Farmula result 12,31130972

|p on this Functiorij (a4 ][ Cancel

Figure 17 — Excel’s Equation Wizard
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1.9 Exotic Financial Options Valuator

The Exotic Financial Options Valuator is a comprehensive calculator of more than 250
functions and models, from basic options to exotic options (e.g., from Black-Scholes to
multinomial lattices to closed-form differential equations and analytical methods for
valuing exotic options, as well as other options-related models such as bond options,
volatility computations, delta-gamma hedging, and so forth). Figure 18 illustrates the
valuator. You can click on the Load Sample 1 alues button to load some samples to get
started. Then, select the Mode/ Category (left panel) as desired and select the Mode/ (right
panel) you wish to run. Click COMPUTE to obtain the result. Note that this valuator
complements the ROV Risk Modeler and ROV Valuator software tools, with more than
800 functions and models, also developed by Real Options Valuation, Inc. (ROV),
which are capable of running at extremely fast speeds and handling large datasets and
linking into existing ODBC-compliant databases (e.g., Oracle, SAP, Access, Excel, CSV,
and so forth). Finally, if you wish to access these 800 functions (including the ones in
this Exotic Financial Options Valuator tool), use the ROV Modeling Toolkit software
instead, where, in addition to having access to these functions and more, you can run
Monte Catlo simulation on your models using ROV’s Risk Simulator software.

. ROV Opticns Valuator - [C\Program Files\Real Options Valuation\Real Options 5L5\ModuleDefaultVa... ﬁ

File Languages

Model Category:

Basic Options Models

Bond Related Options, Pricing and Yields

Delta Gamma Hedaing

Exotic Options and Derivatives

Put-Call Parity and Option Sensitivity

Real Options Analysis

Walue at Risk, Violatility, Portfolio Risk and Retums

Model Description:

Search |

Model Selection:

Two Asset Cash or Nothing Up Down P
Two Asset Comelation Call

Two Asset Comelation Put

Value at Risk (Comelation Method)

Value at Rizk (Options)

Walatility

Volatility Implied for Default Risk

Wamants Diluted Value | _
‘Writer Extendible Call Option .
Writer Extendible Put Option -

and holding period

Single Input Parameters:

Computes the Value at Risk using the Vanance-Covarance and Comelation method, accourting for a specific VaR percertile

Horizon Days |1D.DD Percentile 0.50 Input3

Inputd I Inputs Input&

Input ¥ Inputd InputS

Input10 Input 11 Input 12

Input13 I

Multiple Series Input Parameters (Values are SPACE separated, Fows are SEMICOLON separated):

Amounts Daily Volatility Comelations Load Sample Values |
1000; - [0.07; - (100203 . =

1200; 0.03; 02102

2345 0.02: 030210, Resut:  277.726447

User Manual

4
]
4

iy

Compute I

Figure 18 — Exotic Financial Options Valuator
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1.10 Payoft Charts, Tornado,

Convergence, Scenario, Sensitivity
Analysis, Monte Carlo Risk Simulation

The main Single Asset SLS module also comes with payoff charts, sensitivity tables,
scenario analysis and convergence analysis (Figure 18A). To run these analyses, first
create a new model or open and run an existing model (e.g., from the first tab Options
SLS, click on File, Examples, and select Plain VVanilla Call Option I then hit Run to
compute the option value, and click on any one of the tabs). To use these tools, you
need to first have a model specified in the main Options SIS tab. Here are brief
explanations of these tabs and how to use their corresponding controls as shown in
Figure 18A:

The Payoff Chart tab (A) allows you to generate a typical option payoff chart where you
have the ability to choose the input variable to chart (B) by entering some minimum and
maximum values (C) to chart as well as its step size (e.g., setting minimum as 20 and
maximum as 200 with a step of 10 means to run the analysis for the values 20, 30, 40,
..., 180, 190, 200) and lattice steps (the lower the lattice step number, the faster the
analysis runs but the less precise the results—see the following discussion of Lattice Step
Convergence for more details). Click Update Chart (D) to obtain a new payoff chart (E)
each time. The default is to show a line chart (F) but you can opt to choose area or bar
charts, and the generated chart and table can be copied and pasted into other
applications or printed out as is (G). If you do not enter in any minimum and maximum
values, the software automatically picks some default test values for you, the PV
Underlying Asset is chosen by default, and the typical hockey-stick payoff chart will be
displayed. Finally, there will be a warning message if any of the original input is zero,
requiring you to manually insert these minimum, maximum, and step size values in order

to generate the payoff chart.

The Sensitivity tab (H) runs a quick static sensitivity of each input variable of the model
one at a time and lists the input variables with the highest impact to the lowest impact.
You can control the option type, lattice steps, and sensitivity % to test (I). The results
will be returned in the form of a tornado chart (J) and sensitivity analysis table (K).
Tornado analysis captures the static impacts of each input variable on the outcome of
the option value by automatically perturbing each input some preset +% amount,
captures the fluctuation on the option value’s result, and lists the resulting perturbations
ranked from the most significant to the least. The results are shown as a sensitivity table
with the starting base case value, the perturbed input upside and downside, the resulting
option value’s upside and downside, and the absolute swing or impact. The precedent
variables are ranked from the highest impact to the lowest impact. The tornado chart
illustrates this data in graphic form. Green bars in the chart indicate a positive effect
while red bars indicate a negative effect on the option value. For example,
Implementation Cost’s red bar is on the right side, indicating a negative effect of
investment cost—in other words, for a simple call option, implementation cost (option

strike price) and option value are negatively correlated. The opposite is true for PV
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Underlying Asset (stock price) where the green bar is on the right side of the chart,
indicating a positive correlation between the input and output.

The Scenario tab runs a two-dimensional scenario of two input variables (L) based on the
selected option type and lattice steps (M) and returns a scenario analysis table (IN) of the
resulting option values based on the various combinations of inputs.

The Convergence tab shows the option results from 5 to 5000 steps, where the higher the
number of steps, the higher the level of precision (granularity in lattices increases), where
at some point the results of the lattice converge and once convergence is achieved no
additional lattice steps are required. The number of steps is set by default, from 5 to
5000, but you can select the option type and number of decimals to show (O), and the
convergence chatt is displayed () depending on your selection. You can also copy or
print the table with the chart as required (P).

The Simulation tab allows you to run Monte Carlo risk simulations on the real options
lattice model. The input variables are listed in the bottom grid. To set an assumption,
click on the .ADD or EDIT button specific to the input variable row in the grid. An
Assumption Properties window will appear for you to select the relevant probability
distribution and to set the required distributional parameters. Click RUN when ready,
and the simulation will execute and once completed, you can select the one- or two-tail
confidence interval, and either enter the relevant X-values to recover their respective
probability confidence interval or enter in the certainty percentage and obtain the
options value confidence interval (remember to hit T.41B on the keyboatd after entering
the desired values in order to activate the computations). The number of simulation
trials, seed values, decimals, and corresponding simulation statistics are also available on
the page. For more technical details on running simulations or to better understand
probability distributions and simulation statistics, please refer to Modeling Risk, Second
Edition (Wiley 2010) by Dr. Johnathan Mun or review the Risk Simulator software (see
the software’s user manuals, hands-on examples, and getting started guides).

1.11 ROV Strategy Iree

The ROV Strategy Trees module (Figure 18B) is available from the main SLS user
interface and is used to create visually appealing representations of strategic real options.
This module is used to simplify the drawing and creation of strategy trees but is not used
for the actual real options valuation modeling (use the Real Options SLS software
modules for actual modeling purposes). The following are some main quick getting
started tips and procedures in using this intuitive tool:

e There are 11 localized languages available in this module and the cutrent
language can be changed through the Language menu.

e Insert Option nodes or insert Terminal nodes by first selecting any existing
node and then clicking on the option node icon (square box) or terminal node
icon (triangle box) or use the Insert menu.
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Modify Individual Option and Terminal Node properties by double-clicking on
a node. Sometimes when you click on a node, all subsequent child nodes are
also selected (this allows you to move the entire tree starting from that selected
node) or if you wish to select only that node, you may have to click on the
empty background and click back on that node to select it individually. Also,
you can move individual nodes or the entire tree started from the selected node
depending on the current setting (right-click or in the Edit menu, you can select
to move nodes individually or together). The following are some quick
descriptions of the things that can be customized and configured in the node
properties user interface. It is simplest to try different settings for each of the
following to see its effects in the Strategy Tree:

0O Name
0 Value

0 Excel Link

0 Notes (Insert Above or Below a Node)
0 Show in Model (Name, Value, Notes)
0 Local Color versus Global Color

O Label Inside Shape

O Branch Event Name

O Select Real Options

Global Elements are all customizable, including elements of the Strategy Tree’s
Background, Connection Lines, Option Nodes, Terminal Nodes, and Text
Boxes. For instance, the following settings can be changed for each of the
elements:

O Font settings on Name, Value, Notes, Label, Event names
0 Node Size (minimum and maximum height and width)

O Borders (line styles, width, color)

O Shadow (colors and whether to apply a shadow or not)

0 Global Color

0 Global Shape

The Edit menu’s View Data Requirements Window command opens a docked
window on the right of the Strategy Tree such that when an option node or
terminal node is selected, the properties of that node will be displayed and can
be updated directly. This provides an alternative to double-clicking on a node
each time.

Example Files are available in the File menu to help you get started on building
Strategy Trees.

Protect File from the File menu allows the Strategy Tree to be encrypted with
up to a 256-bit password encryption. Be careful when a file is being encrypted
because if the password is lost, the file can no longer be opened.
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Capturing the Screen or printing the existing model can be done through the
File menu. The captured screen can then be pasted into other software

applications.

Add, Duplicate, Rename, Delete a Strategy Tree can be performed through

right-clicking the Strategy Tree tab or the Edit menu.

You can also Insert a File Link and Insert a Comment on any option or terminal

node, or Insert Text or Picture anywhere in the background or canvas area.

You can Change Existing Styles, or Manage and Create Custom Styles of your
Strategy Tree (this includes size, shape, color schemes, and font size/color

specifications of the entire Strategy Tree).

-

Plain Vanilla Call Option I - Single Asset Super Lattice Solver ==
®aiin  Cnpaska A
Onuvions SLS | TaBnuua seinnat | YYBCTETENEHOC T I Cuerapuit I CxogumocTs I CMM)’HFLIMR|
TaGnuua UYBCTEMTENEHOCTI CTOMMOCTY ONUMOHOE NOKa36IZaST PE2yNsTaTe N0 PE2NUUHEIM ONUMOHEM Ha
OCHOBE PasnyyHbIX 3HAYEHWA BeIGPaHHBIX MCX0AHBLIX NepeMeHHBIX
B c
Brifipate uoxoaHyo X X
i Y- [Teﬁﬂu.aﬂ CTOMMOCTh SKTHES v] Man.: 20 Pazmep smana: |10 D
Tn onwoHa [Amepunchm«n v] Maxc.: 200 3mans pewenan: 100 OBHOBWMTE TAGNMLLY
YyecTi b Ly HEBBIMAATA
140
120 =
o 100
x
5
e
(=
]
@
= E
@ 50
E
]
T
@
R
20
EEOB T0.00 12000 170.00 22000
McxoAHaA nepemMeqHan
e e x| F c
loToso

33 Real Options Super Lattice Solver



Real Options SLS

User Manual

Plain Vanilla Call Option [ - Single Asset Super Lattice Solver =l =

®aiin Cnpaeka H

|D|'ILMOHI:I 5L5 | TaGnvua ebinnat | HySCTBMTENEHOCTE |CueHapun | CxogumocTs I Cuwnﬂuuq|

ManHbiil 3HaNWs NossonAeT GoiCTPo YCTAHOBUTE
CTATUYHYID YYBCTBUTENEHOCTE KaXAoH
WCXOOHOW NepeMeHHoi B MOAENN W COCTABUTE
CIMCOK NEPEMEHHBIX N0 YOLIBAHWUI UX
BosaeicTenA. [InA yecTaHoBneHuA
YYBCTBMTENEHOCTH 3TAMNOE PELETKM
BBINCAHWTE 3HANW3 KoOHBEPreHUWK.

Ipadme “TopHago"

Tun onumona: | AmepukaHcKui -

ITans! peeTkn: |

MokazaTe AECATMYHEIE SHAKW:

YyBCTEMTENEHOCTE +/-1

°
-0 -8 -6 -4 -2 0 F 4 6 g 10 12
KonmpoeaTe Mevat

VMeHLweHne Yeenuuenne ¥ 5
Wcxoaneie OuanazoH
BbIXOAHOID EbIXOAHOTO ¢¢EKTMBHUCTM MoxogHoro WCHoQHOro Bazosoro
CREES SHAYEHHA ELELL-L L] = SHAYEHWA ZHEYEHHMA BapuaHTa
15.02 3266 1764 90.00 110.00 100.00
Crovmocts onp... 30.35 17.29 13.06 50.00 110.00 100.00
NoraweHne 2153 2523 370 450 5.50 5.00
Craeka cHyne... 21.76 25.04 328 0.05 0.06 0.05
BonamansHocts  23.01 23184 0.83 0.09 0 0.10
Craera menn... 23.40 2340 0.00 0.00 0.00 0.00
K

loToBo

Plain Vanilla Call Option I - Single Asset Super Lattice Solver L=l

®aiin  Cnpaexa

Onupoel SLS | Tabnuua Bennat I “yBCTEMTENEHOCTS | Cuerapuil |Cmmolmocm I Cumaynaun

B CJ'ISD.)I’K)LIJ,SI“ Tasn1LUe NoKazaHkl nony4JeHHele pesyneTaTe N0 ONUMOHEM HE OCHOBEHWK PE2NUYHBEX

cUeHapWer, YyKazaHHBX HUxe L

MNepemerHar B cTondLe (nonepek) MepemeHHaA B CTDOKE [BHU3)

Texylwan cTOMMOCTE aKTMEE '] [C‘rcuMocTh oPOpMNEHUA - Tem onusora:

Mian wo Min.: o 3ranel peweTior 100 M

Makc.: o Makc - o E:::::Em FECATIHEE (5 EI

Pasmep a1ana: wo Pasmep a1ana: 0 AP
20. 00 30. 00 40. 00 50. 00 &0. 00 T70. 00 80. 00 90.00 100. 00
123 221 2 4221 5221 62.21 7221 822 5221
468 14.43 2442 3442 4442 5447 64.42 7442 8447
063 702 16.65 26.64 36.64 4664 56.64 66.64 76.64
0.05 250 936 18.50 2885 3885 48.85 5885 68.85
0.00 044 4.04 11.70 2117 31.08 41.06 51.06 61.06
0.00 0.07 1.36 6.11 14.04 2345 3331 4328 5327
0.00 0.m 038 27 829 16.38 2574 3555 4550
0.00 0.00 0.09 1.04 434 10.48 1872 2804 37.80
0.00 0.00 0.02 0.35 203 6.16 1275 21.06 3035
0.00 0.00 0.00 on 0.89 N 8.08 15.02 2340

[ Konupoeats ] [ MNevats ]

lotoso

=

34 Real Options Super Lattice Solver



Real Options SLS

Plain Vanilla Call Option I - Single Asset Super Lattice Solver ==

Daiin  Cnpaeka

| Onuwotel 5LS I Tabnaua esinnat I YyBCTBMTENHOCTD I Cuerapuit | CrogmocTs |Cuwnﬁum ‘

Yem Gonewe 3TEN0E 2808H0 ANA peweTKA, TeM Baille 5)!'1191' TOYUHOCTE NONYUYEeHHEX pe2yneTaTOE NO
onuUroHy (pe:—‘.ym:TaT OCTaeTCA HEWSMEHHBIM ONA NOELIWEHWA TOYHOCTKH ﬂECHTHHHbIX.?.HﬁKOEl) B HEKOTODOH
TOUKE pe2yNeTETE PEWeTKW CONBHTCA. NaHHoe TecTUpOEAaHWE KOHESPreHUWMW BRINONHASTCA B OMana30He OT
5 0o 5000 3tanoe ana onpeneneHWA YpOBHA KOHEEPIEHUWK. Korna cnnaHwne OOCTUMHYTO, O0ONONHUTENBHBIX

CXOMMOCTE 3TaNOE PEWETKW
2345+

23.40-
=23.35+
=
=3
523.30+
£
s
©23.25-
=
I
£523.20
5
523,15+
&

3

02310+

23.06—

23.00-

1 10 100 1000 10000
3Tanel pelweTi

Tun onuwioHa 0

Jranol  3vauenne Jranbl  3HavedHwe  STanol Jnauenne
2332 300 2341 2000 2342
Mokasats
AECRTH4HBIE 10 2319 400 2342 3000 2342 [
Qe Y 100 2340 500 2342 4000 2342
Man.: | Make.: 200 2341 1000 2342 5000 23142
loToeo

User Manual 35 Real Options Super Lattice Solver



Real Options SLS

s T ™
Plain Vanilla Call Option - Single Asset Super Lattice Solver = | x|
SELA A MapameTpel gonywexus m
| OnuwaoHsl SLS I Taﬁmzaaumnarl H)ecmummocrbl CugHapyi I [‘mwoc!b] Curmynawgsa |
m Ry Iucrkpetoe |
Yucno noneimox | 1000 l-i—" BEemMTE NoCNeN0BATENEHOCTE CydaiHE wicen | 123 E—J A 2 li:" b 3kcnonenwa
- Ar
Statistics Pesymetat E Fanavia
100 (1000 Trials) 14 Uncno nonsTok 1000 L Feometpuuec
10 ;
o o3 E Cepeannz 2388 Cill Birommans st BuromiansHan B Makcumaym Ty
53
0s Meauana 2350 (A Kouwn A Marinaym Ty
- ard Cranaaprroe orxn.. 879 ) — [ fvineprsomen
g D-ﬁ = Oucnepous 7718 - = 0
J 4 ‘;-: B KosdmumenT eap. .. 037
=
03c Marcirrym 5382
20 02 g Muskmmyn 360 0. ~ Cpenqes
o= T " 5033 o Cpeanee = 0.0000 100
B 18.43 28.43 38.43 4243 Fo.4d 0 Mepaxos 032 |~ Stdev = 1.0000
< il o F o ciMMeTpRe = 0.0000 Crannapmioe
— % o. skcuecca = 0.0000 10
Tun Infinity OnpepenenrHocTs, % |100.00 k-;:i Twr onuoHa: | Avepuicancimit a
MexopHee gaHHEIE Mogenuposat [otaenteMamennte  CeepeHua 0.
Terylwan CTOMMOCTE SKTUES Mamerim | Mormal (100, 10} 0.
CroumocTs odopMneHus pbasums 0.
MoraweHne Opfasnms o
CTaBKa © HYNEBLIM PUCKOM E [otasums il ) e
Craeka MBWOEHAS | Oofasums HopmansHoe pacnpegenexne -
T Dofasums HopMankHoe pacnpeenseHie - 3To Camblil BEKHEIN BUO pacnpefeneHna B TEOPUM .
— BEPOATHOCTH, TaK KAK OHO OMWCHIBAET MHOMECTED ECTECTEEHHLIX ABMEHIMNA, TAKMK
KaK, Hanpumep, KoM @EUUWEHT YMCTEEHHOTO PA3BUTHA UKW POCT ¥ NIoged. NMuua,
NPWHUMAIWWE PELWEHWA, MOTYT MCNONL30BATE HOPMANEHOE pacnpenenexne ona
ONWC3HWA HEONPEOENEHHEIX NEp {HBIX, TAKWX K3K YPOBEHE MHANALMKY MK ;
OTmena
lotoso.
i A

Figure 18A — Payoff Charts, Sensitivity Analysis, Scenario Tables, Convergence Analysis, Monte Carlo Risk Simulation



Real Options SLS

Oaiin [lepeso  Pepawtop Bcrasurs Csoiicrsa  Cruns  Qopmsi v usera  Assic(Language) Momougs

Spnco-s Bz QP85 @

Crparerws 1 | Crparervs 2 | Crparernm 3|

R&D = TpebosaHus K AaHHEIM
-
LIOMONHATENLHBIE MPUMEYaHHS MORT B (OBAzaTentHbie NEPE..| 3Ha4YEHMA MAK 3aMETKN
ObiTe nobaBneHsl Me-Hubyos OCHOBHBIE NEPEMEH...
-10.00
CTOMMOCTb aKTHEOE
ToA0BaR EONATUALH...
OcancEnTece
Pasmep ausiaeHaos
Dasbl R&D CoTanoeMTECE Bespuckoszn craska
MNpreneys TpeTEHX ML basoewiii [1.21]
DeTsWosATECE  nng pinonHeHuA paGoT = | | 3aTpathl Ha peanusa...
Flpumeqarua Bomasky Pasdenums 30 %, CpoK NOralenms & ...
10.00 CeTanosuTECE: Caroromume &10M =
tazopemi [1.211]
MpoBenuTe ManeHbkoe - 3atpathl Ha peanuza...
KOMWYECTEO, HAUTe 3a Bonbwoi R&D Cpox norawesms s (
O0ONOMHUTENLHOA MayyeHie peIHOYHOR 10.00 =
MHBOpMaumMel KOHBKHKTYPBI KOHTpaKT =
W3yueHne peIHOUHOR | — ey e AT
Hauano KOHBIOHKTYPSI IKOHOMMWA 338 CYET C...
koo Cpok noraluenms s (...
OcTesosnTeCE il Tl
npusnexaem BLINOHATE
MPM;:: o 3aTpaThl Ha peanuza...
M13yUEHHE PLIHOUHOI Qerscaece Cpok norawens s (...
KOHBKIHKTYpb, TOMa Hoesle TexHonorud
= BCLLMpUTE.
Sonblwan haza RD Ceoiicrsa Yana Onuviora o pocip
BosMoxHoe Gynywes Koagduuypent pacw...
PACWHpEHNE (HOBLIA RED HOSER MEXHOND2UR, Wna Pasel RED BeTia Cobbmai 2 CroMmMocTs pacunp...
MPOOVKT DONONHUTENEHOMD =
Kynute Komnatmio PACWUPUMECE H3 HOSBIU e Mokasats Cpok norawermna & (..
PuiHOK (30%6-0€ yeenudeHUe) 3HaqeHue -10.00
MpuoBpeTeHie =20 ——
PR e Sehine OCTaTouHan CToUMO. . R
Mpogaiite kKomMNaxum Mpumeqanmta Beraski Saecs Mcnone308aTe OCHOBHEIE LBETa CpoK NOraLleHms & (... 2

MpuMeYaHis

HassaTe hopmy

Komnanna 3akynkn ¢
CYWeCTEYIoWei TexHonomeN.
BoamoxHoe pasolnadyeHne,
SCMN TEXHONOTMA HNN PLIHOK
TepRAT Heynady.

OcranosuTecs :

[lpodadme, ecnu

mexHonoeuR He paBomaem
5.00

CTEBUTh HaMMEHOBaHME B OBbeKT: Crpaterys

3EMEHHTE HMA

BCTasKTL NPMMEYEHUA Hal ¥Y3noM

38MEHMTb YACNOB0E SHAHEHME

@) BCTaBMTE NPMMEYSHHA NoA ¥3noM %
() 3aMEHMTE NPMMEYEHIE

Wms Betrn Cobbmuii va Jlepese Pewerit: CTpaTteria A OK.
BiifpaTi PeansHeli OnwoH AnA sToro Yanat
" o e — =




Real Options SLS

Daitn [flepeso  Pepaxrop  Bcrasurs  Csoficrsa  Crns  Qopmsl v usera  Rssik(Language) Momougs

S-p-n ¢ o-a-a H

2-@- P e

| Crpaverys 1 | Crparervs 2 | crparernm 3

[0NoNKWTENbHLIE TIPAMBYEHIT MOTYT
GuiTe goGasnensl rae-Hndyos

a3l R&D

A Mpumedarnun Bomasky
-10.00

E NpoBeguTe Manenokoe
KOMWYECTES, MAUTE 38

R&D
R&D E | ®azs i I
P -10.00 i
-10.00

| q OcTaHoBuTEC
T TMpYENeYE TRETLIK ML
q OCTaHoBUTECE ONA BLINONHeHuA padoT
Pasdenume 30 %,
Caronomume §10M

-10.00

q ‘OCTaHOBMTECE

Bonkwoil R&D

i [BONONHUTENEHOR Tl P it 10.00
KOHBIOHKTYDEI Tpsomd
M3y4eHNe pEIHOYHOR pazcerir -40.00 e e
Hauano KOHBIOHKTY LI
200 Hszomosnenve
q OcTaHoBuTECH U He
ApusRERaEm
) \mpemeux AUy
V3ydenie ppiHoUHON q OCTAHOBUTELE ane
g KOHBIOHETYpbI, TorAa Gonblas Hosble TexHonorim
thaza R*D. BoamoxHoe
Gyaymee pacwmpenme (Hoshii pacwupums
T NPOAYKT AONOMHHTENEHOTD L
Aoxopa) " R&D HoesR MexXHONOZUR,

===

BawmTiTs Gaitn € suHHbIMG AGHHBIMK

MpuodpeTeHue

Komnakua sakynis o
CYWECTEYMWER TEXHONOrHEN.
BosmoxmHoe pazoinauskie, ec
TEXHONOTHA WO PEIHOK Tepns
eygauy.

Beegute naponb:

e
BeeguTe napons ewé pas:
e

3aMACKIMPOBATE Naponb

MeTon wadposaHHa
“) 128 Bit AES widposaie (HanEmHoe)

192 Bit AES widposaHie (HagxHee)

256 it AES WHPPOBaHIE (CaMOE HanexHOE]

Crane

q OCTaHOBUTECH

OcHoBHO#R BbIDPaHHBIR CTHL

1: Elegant 3D COXPEHMTE TERYLLMI CTHL

CTmM B Nporpamme CTHAM, BEIPEHHbIE NONb30BATENEN

L: Elegant 30 z
2: Elegant 2D B User Defined Style 2

3: Fuzzy Links 3D £ User Defined Style 3

4: Fuzzy Plain 30 i

5: On Fire 3D

&: Clear Point 3D
7: Hollow Point 3D

S Crrauding 30

¥3en OnuwmoHa

===

LLipudT

Wna ¥CTaHOBKM WPMGTOB. ..
SHaueHne ¥CTEHOBKM WpMdTOB ..o
MprMeyaHna ¥CTEHOBKM WpudToB...
Hanmerosarue YCTaHOBKM WpndITOB. .,

CTATHUCTMHECKMI ¥CTaHOBKM WpudTos. ..

Pasmep

MHManbHES WipuHa: 3
MuHMMaNEHaA BEICOTa: 32
MaKCMMaNEHEA WMpHE: 85

MarkcuMansHaa BeicoTar 32

@) MpuMEHWTE KO BCeM Y3nam

() MpMMEHTD K TEKyLLEMY 1 Ko BCeM Y3nam

(7 MpumerTb TonbKo K Texyweny Yany

TpaHnua

MokasaTo rpaHMuLy

Cruns _Sol»d { -

Wnpurz

Lser

TeHb

MokasaTs TeHs

User I - |
Peruon

S —

OcrosHas dopra

"

.

m




Real Options SLS

User Mannal

1.12 Key SLS Notes and Tips

Here are some noteworthy changes from the previous version and interesting tips on
using Real Options SLS:

The User Manual is accessible within SLS, MSLS or MNLS. For instance,
simply start the Real Options SLS software and create a new model or open an
existing SLS, MSLS, or MNLS model. Then, click on Help | User Manual.

Example Files are accessible directly in the SLS Main Screen; when in the SLS,
MSLS or MNLS models, you can access the example files at Fil | Examples.

Current License information can be obtained in SLS, MSLS or MNLS at Help
| About.

A Variable List is available in SLS, MSLS and MNLS by going to Help |
Variable List. Specifically, the following are allowed variables and operators in
the custom equations boxes:

O Asset — The value of the underlying asset at the current
step (in currency)

0 Cost — The implementation cost (in currency)
0 Dividend — The value of dividend (in percent)
O Maturity — The years to maturity (in years)

0 OptionOpen  — The value of keeping the option open (formerly

@@ in version 1.0)

O RiskFree — The annualized risk-free rate (in percent)

0 Step — The integer representing the current step in the
lattice

0 Volatility — The annualized volatility (in percent)

o - — Subtract

o ! — Not

o = <> — Not equal

0o & — And

o * — Multiply

o / — Divide

o ~ — Power

o | - Or

o + —Add

0 <,> <=,>= - Compatisons

o = — Equal
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OptionOpen at Terminal Nodes in SLS or MSLS. If OptionOpen is specified
as the Terminal Node equation, the value will always evaluate to No# a Number
error (NaN). This is clearly a user error as OptionOpen cannot apply at the
terminal nodes.

Unspecified interval of custom variables. If a specified interval with a
custom variable has no value, the value is assumed zero. For example, suppose a
model exists with 10 steps where a custom variable “myl ar” of value 5 starts at
step 6 exists. This specification means 7yl ar will be substituted with the value 5
from step 6 onwards. However, the model did not specify the value of zyl ar
from steps 0 to 5. In this situation, the value of myl ar is assumed to be 0 for
steps O to 5.

Compatibility with SLS 1.0. Super Lattice Solver 2010 has a user interface
similar to the previous version with the exception that SLS, MSLS, MNLS, and
Lattice Maker are all integrated into one Main Screen. The data files created in
SLS 1.0 can be loaded in SLS. However, because SLS includes advanced
features that do not exist in the previous version, the models created in SLS 1.0
may not run in SLS without some minor modifications. The following lists the
differences between SIS 1.0 and SLS:

0 The “@@?” variable in SLS 1.0 has been replaced by “OptionOpen”
in SLS. Therefore, SLS still recognizes “@@” as a special vatiable
and will automatically convert it to “OptionOpen” before it runs.
Consequently, a potential problem exists because a model that
defines “OptionOpen” as a custom variable will have errors as
OptionOpen is now a special variable.

O A model that uses advanced worksheet function in the custom

equations will not work. Functions supported include:

= ABS, ACOS, ASIN, ATAN2, ATAN, CEILING, COS,
COSH, EXP, FLOOR, LOG, MAX, MIN,
REMAINDER, ROUND, SIN, SINH, SQRT, TAN,
TANH, TRUNCATE, and IF

O Variables in SLS are case sensitive except for function names.
Models that mix and match cases will not work in SLS. Therefore,
it is suggested that when using custom variables in SLS and MSLS,
you are consistent with the use of case for the custom variable

names.

AND() and OR() functions are missing and are replaced with special
characters in SLS. The “&” and “ | ” symbols represent the AND and OR
operators. For example: “Asset > 0 | Cost < 0” means “OR(Asset > 0, Cost <
0)” while “Asset > 0 & Cost < 07 is “AND(Asset > 0, Cost < 0).”

Blackout Step Specifications. To define the blackout steps, use the following
examples as a guide:

e 3 Step 3 is a blackout step.

e 35 Steps 3 and 5 are blackout steps.
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e 357 Steps 3, 5, 6, 7 are blackout steps.

o 1,356 Steps 1, 3, 5, 6 are blackout steps.

e 57 Steps 5, 0, 7 are blackout steps.

e 5-10|2 Steps 5, 7, 9 are blackout steps (the | symbol means skip
size).

e 5-14|3 Steps 5, 8, 11, 14 are blackout steps.

e 563 Step 5 is a blackout step.

e 5-6|3 Step 5 is a blackout step (white spaces are ignored).

Identifiers. An identifier is a sequence of characters that begins with a-z, A-Z,
_ or §. After the first character, a-z, A-Z, 0-9, _, $ are valid characters in the
sequence. Note that space is not a valid character. However, it can be used if
the variable is enclosed in a pair of cutly braces { }. Identifiers are case
sensitive, except for function names. The following are some examples of valid
identifiers: myVariable, MYVARIABLE, _myVariable, myVariable,
$myVariable, {This is a single vatiable}.

Numbers. A number can be an integer, defined as one or more characters
between 0 and 9. The following are some examples of integers: 0, 1, 00000,
12345. Another type of number is a rea/ number. The following are some
examples of real numbers: 0., 3., 0.0, 0.1, 3.9, .5, .934, .3E3, 3.5E-5, 0.2E-4,
3.2E+2, 3.5¢-5,

Operator Precedence. The operator precedence when evaluating the equations
is shown below. However, if there are two terms with two identical precedence
operators, the expression is evaluated from left to right.

o () — Parenthesized expression has highest precedence
o I - — Not, and unary minus, e.g., -3

o ~

o X/

o +,-

0 =,<>1= < <=> >=

0 &, |

Mathematical Expression. The following shows some examples of valid
equations usable in the custom equations boxes. Review the rest of the user
manual, recommended texts, and example files for more illustrations of actual
options equations and functions used in SLS.

0 Max(Asset-Cost,0)

0 Max(Asset-Cost,OptionOpen)
o 135

O 12+24*12+24*36/48

41 Real Options Super Lattice Solver



Real Options SLS

User Mannal

(0]

(0]

3 + ABS(-3)
3*MAX(1,2,3,4) - MIN(1,2,3,4)
SQRT(3) + ROUND(3) * LOG(12)

IF(a>0,3,4) — returns 3 if a
> 0, else 4

ABS+3

MAX(a + b, c, MIN(d,e), a > b)

IF@>0|b<0,3,4)

IF(c <> 0, 3, 4)

IF(IF(a <= 3,4, 5) <> 4, a,a-b)

MAX({My Cost 1} - {My Cost 2}, {Asset 2} + {Asset 3})

This concludes a quick overview and tour of the software. You are now equipped to

start using the SLS software in building and solving real options, financial options, and

employee stock options problems. These applications are introduced starting the next

section. However, it is highly recommended that you first review Dr. Johnathan Mun’s
“Real Options Analysis: Tools and Technigues, Second Edition,” (Wiley, 2000) for details on the
theory and application of real options.
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2.1 American, European, Bermudan, and
Customized Abandonment Options

The Abandonment Option looks at the value of a project’s or asset’s flexibility in being
abandoned over the life of the option. As an example, suppose that a firm owns a
project or asset and that based on traditional discounted cash flow (DCF) models, it
estimates the present value of the asset (Pl Underlying Assel) to be $120M (for the
abandonment option this is the net present value of the project or asset). Monte Carlo
simulation indicates that the [o/atility of this asset value is significant, estimated at 25%.
Under these conditions, there is a lot of uncertainty as to the success or failure of this
project (the volatility calculated models the different sources of uncertainty and
computes the risks in the discounted cash flow (DCF) model including price uncertainty,
probability of success, competition, cannibalization, and so forth), and the value of the
project might be significantly higher or significantly lower than the expected value of
$120M. Suppose an abandonment option is created whereby a counterparty is found and
a contract is signed that lasts 5 years (Maturity) such that for some monetary
consideration now, the firm has the ability to sell the asset or project to the counterparty
at any time within these 5 years (indicative of an American option) for a specified Sa/vage
of $90M. The counterparty agrees to this $§30M discount and signs the contract.

What has just occurred is that the firm bought itself a $90M insurance policy. That is, if
the asset or project value increases above its current value, the firm may decide to
continue funding the project, or sell it off in the market at the prevailing fair market
value. Alternatively, if the value of the asset or project falls below the $§90M threshold,
the firm has the right to execute the option and sell off the asset to the counterparty at
$90M. In other words, a safety net of sorts has been erected to prevent the value of the
asset from falling below this salvage level. Thus, how much is this safety net or
insurance policy worth? One can create competitive advantage in negotiation if the
counterparty does not have the answer and you do. Further assume that the 5-year
Treasury Note Risk-Free Rate (zero coupon) is 5% from the U.S. Department of
Treasury?. The American Abandonment Option results in Figure 19 show a value of
$125.48M, indicating that the option value is $5.48M as the present value of the asset is
$120M. Hence, the maximum value one should be willing to pay for the contract on
average is $5.48M. This resulting expected value weights the continuous probabilities
that the asset value exceeds $90M versus when it does not (where the abandonment
option is valuable). Also, it weights when the timing of executing the abandonment is
optimal such that the expected value is $5.48M.

In addition, some experimentation can be conducted. Changing the salvage value to
$30M (this means a $90M discount from the starting asset value) yields a result of
$120M, or $OM for the option. This result means that the option or contract is worthless

because the safety net is set so low that it will never be utilized. Conversely, setting the

2 http://www.treas.gov/offices/domestic-finance/debt-management/interest-rate/yield-
hist.html
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salvage level to thrice the prevailing asset value or $360M would yield a result of $360M,
and the results indicate $360M, which means that there is no option value, there is no
value in waiting and having this option, or simply, execute the option immediately and
sell the asset if someone is willing to pay three times the value of the project right now.
Thus, you can keep changing the salvage value until the option value disappears,
indicating the optimal trigger value has been reached. For instance, if you enter
$166.80 as the salvage value, the abandonment option analysis yields a result of $166.80,
indicating that at this price and above, the optimal decision is to sell the asset
immediately. At any lower salvage value, there is option value, and at any higher salvage
value, there will be no option value. This breakeven salvage point is the optimal trigger
value. Once the market price of this asset exceeds this value, it is optimal to abandon.
Finally, adding a Dividend Rate, the cost of waiting before abandoning the asset (e.g.,
the annualized taxes and maintenance fees that have to be paid if you keep the asset and
not sell it off, measured as a percentage of the present value of the asset) will decrease
the option value. Hence, the breakeven trigger point, where the option becomes
worthless, can be calculated by successively choosing higher dividend levels. This
breakeven point again illustrates the trigger value at which the option should be
optimally executed immediately, but this time with respect to a dividend yield. That is, if
the cost of carry or holding on to the option, or the option’s leakage value is high,
that is, if the cost of waiting is too high, don’t wait and execute the option immediately.

Other applications of the abandonment option include buy-back lease provisions in a
contract (guaranteeing a specified asset value); asset preservation flexibility; insurance
policies; walking away from a project and selling off its intellectual property; purchase
price of an acquisition; and so forth. To illustrate, here are some additional quick

examples of the abandonment option (and sample exercises for the rest of us):

e An aircraft manufacturer sells its planes of a particular model in the primary
market for say $30M each to various airline companies. Airlines are usually risk-
adverse and may find it hard to justify buying an additional plane with all the
uncertainties in the economy, demand, price competition, and fuel costs. When
uncertainties become resolved over time, aitline carriers may have to reallocate
and reroute their existing portfolio of planes globally, and an excess plane on
the tarmac is very costly. The airline can sell the excess plane in the secondary
market where smaller regional carriers buy used planes, but the price uncertainty
is very high and is subject to significant volatility, of say, 45%, and may fluctuate
wildly between $10M and $25M for this class of aircraft. The aircraft
manufacturer can reduce the airline’s risk by providing a buy-back provision or
abandonment option, where at anytime within the next five years, the
manufacturer agrees to buy back the plane at a guaranteed residual salvage price
of $20M, at the request of the airline. The corresponding risk-free rate for the
next five years is 5%. This reduces the downside risk of the airline, and
hence reduces its risk, chopping off the left tail of the price fluctuation
distribution, and shifting the expected value to the right. This
abandonment option provides risk reduction and value enhancement to
the airline. Applying the abandonment option in SLS wusing a 100-step binomial lattice,
this option is worth $3.52M. If the airline is the smarter counterparty and calculates this
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value and gets this buy-back provision for free as part of the deal, the aircraft manufacturer
has just lost over 10% of its aircraft value that it left on the negotiation table. Information and
knowledge is bighly valuable in this case.

e A high-tech disk-drive manufacturer is thinking of acquiring a small startup
firm with a new micro drive technology (a super-fast and high-capacity pocket
hard drive) that may revolutionize the industry. The startup is for sale and its
asking price is $50M based on an NPV fair market value analysis some third-
party valuation consultants have performed. The manufacturer can either
develop the technology themselves or acquire this technology through the
purchase of the firm. The question is, how much is this firm worth to the
manufacturer, and is $50M a good price? Based on internal analysis by the
manufacturer, the NPV of this micro drive is expected to be $45M, with a cash
flow volatility of 40%, and it would take another 3 years before the micro drive
technology is successful and goes to market. Assume that the 3-year risk-free
rate is 5%. In addition, it would cost the manufacturer $45M in present value to
develop this drive internally. If using an NPV analysis, the manufacturer should
build it themselves. However, if you include an abandonment option analysis
whereby if this specific micro drive does not work, the startup still has an
abundance of intellectual property (patents and proprietary technologies) as well
as physical assets (buildings and manufacturing facilities) that can be sold in the
market at up to $40M. The abandonment option together with the NPV yields $51.83,
mafking buying the startup worth more than developing the technology internally, and making
the purchase price of §50M worth it.3

Figure 19 shows the results of a simple abandonment option with a 10-step lattice as
discussed previously, while Figure 20 shows the audit sheet that is generated from this

analysis.

Figure 21 shows the same abandonment option but with a 100-step lattice. To follow
along, open the Single Asset SLS example file Abandonment American Option. Notice that
the 10-step lattice yields $125.48 while the 100-step lattice yields $125.45, indicating that
the lattice results have achieved convergence. The Terminal Node Equation is
Masc(Asset,Salvage) which means the decision at maturity is to decide if the option should
be executed, selling the asset and receiving the salvage value, or not to execute, holding
on to the asset. The Intermediate Node Equation used is Max(Salvage, OptionOpen)
indicating that before maturity, the decision is either to execute early in this American
option to abandon and receive the salvage value, or to hold on to the asset, and hence,
hold on to and keeping the option open for potential future execution, denoted simply
as OptionOpen. Figure 22 shows the European version of the abandonment option,
where the Intermediate Node Equation is simply OptionOpen, as early execution is
prohibited before maturity. Of course being only able to execute the option at maturity
is worth less ($124.5054 compared to $125.4582) than being able to exercise earlier. The
example files used are: Abandonment American Option and Abandonment Eunrgpean Option.

3 See the section on Expansion Option for more examples on how this startup’s technology can
be used as a platform to further develop newer technologies that can be worth a lot more than

just the abandonment option.
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For example, the aitline manufacturer in the previous case example can agree to a buy-
back provision that can be exercised at any time by the airline customer versus only at a
specific date at the end of five years—the former American option will clearly be worth
more than the latter European option.

Figure 19 - Single Asset Super Lattice Sclver ==
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Figure 19 — Simple American Abandonment Option
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Assumptions

Option Valuation Audit Sheet

Intermediate Computations

PV Asset Value ($) $120.00 Stepping Time (dt) 0.5000
Implementation Cost ($) $90.00 Up Step Size (up) 1.1934
Maturity (Years) 5.00 Down Step Size (down) 0.8380
Risk-free Rate (%) 5.00% Risk-neutral Probability 0.5272
Dividends (%) 0.00%
Volatility (%) 25.00% Results
Lattice Steps 10 Auditing Lattice Result (10 steps)
Option Type Custom Super Lattice Result (10 steps)
User-Defined Inputs Terminal: Max(Asset, Salvage)
Intermediate: Max(Salvage, @@)
Name salvage
Value 90.00
Starting Step 0
702.93
Underlying Asset Lattice 589.03
493.59 49359 |
413.61 413.61
346.59 346.59 346.59 |
290.43 290.43 290.43
243.37 243.37 243.37 243.37 |
203.94 203.94 203.94 203.94
170.89 170.89 170.89 170.89 170.89 |
143.20 143.20 143.20 143.20 143.20
| 120.00 120.00 120.00 120.00 120.00 120.00 |
100.56 100.56 100.56 100.56 100.56
84.26 84.26 84.26 84.26 84.26 |
70.61 70.61 70.61 70.61
59.17 59.17 59.17 59.17 |
49.58 49.58 49.58
41.55 41.55 4155 |
34.82 34.82
29.17 2017 |
24.45
20.49
702.93
Option Valuation Lattice 589.03
493.59 49359 |
413.61 413.61
346.59 346.59 346.59 |
290.43 290.43 290.43
243.43 243.37 243.37 243.37 |
204.30 204.06 203.94 203.94
172.07 171.61 171.15 170.89 170.89 |
146.01 145.36 144.61 143.77 143.20
[_125.48 124.77 123.88 122.77 121.22 120.00 |
109.32 108.49 107.41 105.93 103.20
97.95 97.13 96.03 94.57 90.00 |
91.44 90.88 90.13 90.00
90.00 90.00 90.00 90.00 |
90.00 90.00 90.00
90.00 90.00 90.00 |
90.00 90.00
90.00 90.00 |
90.00
90.00

Figure 20 — Audit Sheet for the Abandonment Option
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Figure 21 - Single Asset Super Lattice Solver =
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Max({Salvage, OptionOpen)

Mpwwazp: Mas|Azsat - Cost, CptionCpen)
VTouHOro y2na (B N

¥paeHeH YTOUHOMO Y

[V] fmepurancrin [J] Esponeficiast || Esponeiicrmit HacTtpaneaemblit
90 0
Tek. cToum. aKTMea (S) 120 Craeka c HyneBsIM pUcKoM (%)
CroumocTe opoprneHin (S) 90 Craexa menaeHna (%)
Cpok norawerun (net) 5 BonamneHocTs (%)
3Tansl pelweTin 100 “Be= AanHpE
WCHACNEHAN
3Tanke! ZaNpeTa U NEpUo OrpaHMYEHWA (ANA HACTDEMEIEMED M GEDMYOCKIK ONUMOHOE)
Mpwssp: 1, 2, 1020, 35 ~PaBHEHE
y GEHEHWE KOHEYHOrO na {OI'ILI.HOHbI n| WMCTEYEHNMA Ka ,Cl,enCTEHﬂ) Ca" PLrt
P = e e Bre-llonsu 5439 448
Max(Asset, Salvage) 3EKPEITEIA aMEPUKSHCKWRA 54.35 5.36
BUHOMMENEHEIR ESpONEckIiA 5435 448
Mpiwsep: Max(Azset - Cost, ) BuHOMManEHEIR amepyrkaHckmi - 54,25 b.44

Hactpaneaembiil onuwon: 125 4582

SR —

Figure 21 — American Abandonment Option with 100-Step Lattice
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Figure 22 - Single Asset Super Lattice Sclver @_Iﬂ
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Kommertapwia  This option to abandon can only be executed at expiration and not before

ArepuKaHcKkai Esponefickmi Esponeficiumit Hactpaneaembii i Mma 3navenwe Hauanbhbii sTan
Salvage a0 0
Tek. cTomm. akmasa () 120 Craexa c Hyneseim puckonm (i) 5
CrommocTs odopMneHia (3) 90 Craska mmenaeHaa (%) 1]
Cpok noraweHus (net) 5 BonamnenocTs (3) 25
JTans peeTkK 100 * Boe mexogHLe SakHLE NPERCTIRNSHS & FOROB0M
NCHNCNEHAA
3Tanks! SaNpeTa U Nepuo g orpaHMYeHA (ANA HICTPaMBIEME M GEPMYACKI ONLMOHOE)

Mpuesep: 1, 2, 10-20, 35

YDEBHEHWE KOHEUHOMO YENa [DNLMOHE! MPK MCTEUEHIMW CPOKE LEACTEMA) P!.rt

Enex-lonswu 5 448

Max(psset, Salvage) JEKPEITEIR SMEDMKEHCKIAR 5 5.36

BuHoMWanNEHEI eBponefckmii 5 448

Mpiwezp: Max(Asset - Cost, 0) BuHoMManNEHIA aMepuKaHcikiin - 5 h44
YpaBHeEHWE NPOMEXYTONHOMO ¥3Na (ONUMOHE! MPW MCTEYEHMW CPOKE ASHCTEHA) Hactpaneaemsii onwaon: 124 5054

OptionCpen

Mpimsep: Max|Aszet - Cost, OptionOpan)

[] Cosmam senomocTs Nposepii [ BeinonHute ] [ Mevats ]

loToBD,

B

Figure 22 — European Abandonment Option with 100-Step Lattice

Sometimes, a Bermudan option is appropriate, where there might be a vesting period or
blackout period when the option cannot be executed. For instance, if the contract
stipulates that for the 5-year abandonment buy-back contract, the airline customer
cannot execute the abandonment option within the first 2.5 years. This is shown in
Figure 23 using a Bermudan option with a 100-step lattice on 5 years, where the
blackout steps are from 0-50. This means that during the first 50 steps (as well as right
now or step 0), the option cannot be executed. This is modeled by inserting OpionOpen
into the Intermediate Node Equation During Blackout and Vesting Periods. This forces
the option holder to only keep the option open during the vesting period, preventing
execution during this blackout period.

You can see that the American option is worth more than the Bermudan option, which
is worth more than the European option in Figure 23, by virtue of each option type’s
ability to execute early and the frequency of execution possibilities.
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Figure 23 - Single Asset Super Lattice Solver EI_Iﬂ
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Kommerntapuin  Bermudan Abandonment Option with Blackout Vesting Period (American > Bermudan > European option)

Amepurarciomi Esponeiicromii Esponeficiumit HacTpavsaemei £ Hma 3nadyenme Hawanbhelit sTan
Salvage 90 0
Tek. cToMM. aKTvea (3) 120 CraeKa © HYNEBLIM PUCKOM (L) 5
CroMmocTs ofopMneHuA (5) 50 Craska mevnsHaa (%) 0
Cpok noraweHun (neT) 5 BonamaneHocTs (L) 25
3Tank! PEETKA 100 * Bosmoxopseie fakHEE NPEACTSENSHE & FOROE0M
WCHRCNEHRNN
3Tankl 3aNpeTa M NEPWUOA OrPEHKYEHHA (ANA HACTPAME3EMBEE M GEPMYACKMX ONLMOHOE)

0-50

Mprep: 1, 2, 10-20, 35
YpaBHEHME KOHEYHOMD ¥3Na (DNWOHE! MPK MCTEYSHMW CPOKE ASHCTEMA)

Bnex-Wonewu
Max|Asset, Salvage)

3EKPBITEIN SMEDMKEHCKMIA
BuHoMMansHIR esponefckumi

Mpaep: Max{Asset - Cost, 0) BuHOMMANEHLIA MeprKaHcmi
YpaBHEHWE MPOMEXYTOYHOrD YENa (DNLMOHE MY MCTEYSHAW CPOKE OSACTEIA) Hactpavsaement onwon: 1253417
Maz{Salvage, OptionCpen)

Mpuep: Masx{Asset - Cost, OptionOpen)
¥YpaBEHEHWE MPOMEXYTOUHOrO yENa (B NEpUOL SANPETE M OFPEHWUEHIA)
COptionCpen

Mprsep: OptionOpen

[] Cospam senomocTs Nposepikm [ BeinonHut ] ’ MNeyaTs ]

loToso.

Figure 23 — Bermudan Abandonment Option with 100-Step Lattice

Sometimes, the salvage value of the abandonment option may change over time. To
illustrate, in the previous example of an acquisition of a startup firm, the intellectual
property will most probably increase over time because of continued research and
development activities, thereby changing the salvage values over time. An example is
seen in Figure 24, where there are five salvage values over the 5-year abandonment
option. This can be modeled by using the Custom Variables. Type in the Variable Nane,
Valne, and Starting Step and hit ENTERK to input the variables one at a time as seen in
Figure 24’s Custom Variables list. Notice that the same variable name (Sa/vage) is used
but the values change over time, and the starting steps represent when these different
values become effective. For instance, the salvage value $90 applies at step O until the
next salvage value of $95 takes over at step 21. This means that for a 5-year option with
a 100-step lattice, the first year including the current period (steps O to 20) will have a
salvage value of $90, which then increases to $95 in the second year (steps 21 to 40), and
so forth. Notice that as the value of the firm’s intellectual property increases over time,
the option valuation results also increase, which makes logical sense. You can also model
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in blackout vesting periods for the first 6 months (steps 0-10 in the blackout area). The
blackout period is very typical of contractual obligations of abandonment options where
during specified periods, the option cannot be executed (a cooling-off period).

Note that you may use TAB on the keyboard to move from the variable name column
to the value column, and on to the starting step column. However, remember to hit
ENTER on the keyboard to insert the variable and to create a new row so that you may
enter a new variable.

,
Figure 24 - Single Asset Super Lattice Solver ==
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KommeHtapuin  Bermudan Abandonmert Option with changing salvage values overtime

AreprraHcKmi Esponeiickumil Esponeiiciain Hactpavsaembiii : Hma 3nauenne  Hauanbhbii 31an
Salvage 90 0
Salvage 95 21
Tex. cTomm. akTvea (3) 120 Craeka c Hyneskim puckom (3) 5 Salvage 100 41
CToumocTs opopMneHUa ($) 50 Craeka pemasHaa (%) 1] Salvage 105 61
Salvage 110 &
Cpok norawexna (neT) 5 BonamnbHocTs (%) 25
ITarkl PEWETKM 100 * Boe noxomHbie fakkbE NPEACTSENSHD B IOROB0M
WCHNCITEHNA
3Tankl sanpeTa v NepWo OrpaHUNEHWA (ANA HECTPaNEaSMED M BEpMYACKIX ONLMOHDE)

010
Mpiazp: 1, 2, 10-20, 35

&
g

YpaBEHEHME KOHEYHOMD y3Ma (ONUMOHE! MPK MCTEYEHWKM CPOKE ASHCTEMRA)

Bnex-llonew 43

Max(Asset, Sahvage) 3aKpEITEIA AMEDMKEHCKIRA 6

BuHoMWansHsId esponeickmi 48

Mpwmazp: Max|Asset - Cost, 0) BrHOMWaNEHBIA aMEDMKaHCKIA 4
YpaEHeHWE NMPOMEXYTOMHO O Y303 (ONLMOHE! MM MCTEYSHWW CPOKE ASACTEMA) HacTtpaveaemelit onwaoH: 130.3154

Max(Salvage, OptionOpen)

Mpiwasp: Max{Assst - Cost, OptionOpen)
YpEEHEHWE NPOMEXYTOUHOMO Y2Na (B NEPWMOL S3NPETa M OrPaHWYEHMA)
CptionOpen

Mpiwacp: OptionOpen

[7] Coznam senomocTs Nposepki BrinonHute MNeuats

loToBo. s
—

Figure 24 — Customized Abandonment Option
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2.2 American, European, Bermudan, and
Customized Contraction Options

A Contraction Option evaluates the flexibility value of being able to reduce production
output or to contract the scale and scope of a project when conditions are not as
amenable, thereby reducing the value of the asset or project by a Contraction Factor, but at
the same time creating some cost Savings. As an example, suppose you work for a large
aeronautical manufacturing firm that is unsutre of the technological efficacy and market
demand for its new fleet of long-range supersonic jets. The firm decides to hedge itself
through the use of strategic options, specifically an option to contract 10% of its
manufacturing facilities at any time within the next 5 years (i.e., the Contraction Factor is
0.9).

Suppose that the firm has a current operating structure whose static valuation of future
profitability using a discounted cash flow model (in other words, the present value of the
expected future cash flows discounted at an appropriate market risk-adjusted discount
rate) is found to be $1,000M (P1” Assef). Using Monte Carlo simulation, you calculate
the implied volatility of the logarithmic returns of the asset value of the projected future
cash flows to be 30%. The risk-free rate on a riskless asset (5-year U.S. Treasury Note
with zero coupons) is found to be yielding 5%.

Further, suppose the firm has the option to contract 10% of its current operations at
any time over the next 5 years, thereby creating an additional $50 million in savings after
this contraction. These terms are arranged through a legal contractual agreement with
one of its vendors, who had agreed to take up the excess capacity and space of the firm.
At the same time, the firm can scale back and lay off part of its existing workforce to

obtain this level of savings (in present values).

The results indicate that the strategic value of the project is $1,001.71M (using a 10-step
lattice as seen in Figure 25), which means that the NPV currently is $1,000M and the
additional $1.71M comes from this contraction option. This result is obtained because
contracting now yields 90% of $1,000M + $50M, or $950M, which is less than staying in
business and not contracting and obtaining $1,000M. Therefore, the optimal decision is
to not contract immediately but keep the ability to do so open for the future. Hence, in
comparing this optimal decision of $1,000M to $1,001.71M of being able to contract,
the option to contract is worth $1.71M. This should be the maximum amount the firm is
willing to spend to obtain this option (contractual fees and payments to the vendor
counterparty).

In contrast, if Savings were $200M instead, then the strategic project value becomes
$1,100M, which means that starting at $1,000M and contracting 10% to $900M and
keeping the $200 in savings, yields $1,100M in total value. Hence, the additional option
value is $0M which means that it is optimal to execute the contraction option
immediately as there is no option value and no value to wait to contract. So, the value of
executing now is $1,100M as compared to the strategic project value of $1,100M; there
is no additional option value, and the contraction should be executed immediately. That
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is, instead of asking the vendor to wait, the firm is better off executing the contraction

option now and capturing the savings.

Other applications include shelving an R&D project by spending a little to keep it going

but reserving the right to come back to it should conditions improve; the value of

synergy in a merger and acquisition where some management personnel are let go to

create the additional savings; reducing the scope and size of a production facility;

reducing production rates; a joint venture or alliance, and so forth. To illustrate, here are

some additional quick examples of the contraction option (as before, providing some

additional sample exercises for the rest of us):

A large oil and gas company is embarking on a deep-sea drilling platform that
will cost the company billions to implement. A DCF analysis is run and the
NPV is found to be $500M over the next 10 years of economic life of the
offshore rig. The 10-year risk-free rate is 5%, and the volatility of the project is
found to be at an annualized 45% using historical oil prices as a proxy. If the
expedition is highly successful (oil prices are high and production rates are
soaring), then the company will continue its operations. However, if things are
not looking too good (oil prices are low or moderate and production is only
decent), it is very difficult for the company to abandon operations (why lose
everything when net income is still positive although not as high as anticipated
and not to mention the environmental and legal ramifications of simply
abandoning an oil rig in the middle of the ocean). Hence, the oil company
decides to hedge its downside risk through an American Contraction Option.
The oil company was able to find a smaller oil and gas company (a former
partner on other explorations) to be interested in a joint venture. The joint
venture is structured such that the oil company pays this smaller counterparty a
lump sum right now for a 10-year contract whereby at any time and at the oil
company’s request, the smaller counterparty will have to take over all operations
of the offshore oil rig (i.e., taking over all operations and hence all relevant
expenses) and keep 30% of the net revenues generated. The counterparty is in
agreement because it does not have to partake in the billions of dollars required
to implement the rig in the first place, and it actually obtains some cash up front
for this contract to assume the downside risk. The oil company is also in
agreement because it reduces its own risks if oil prices are low and production is
not up to par, and it ends up saving over $75M in present value of total
overhead expenses, which can then be reallocated and invested somewhere else.
In this example, the contraction option using a 100-step lattice is valued to be $14.24M nsing
SLS. This means that the maximum amount that the connterparty should be paid should not
exceed this amonnt. Of course the option analysis can be further complicated by analyzing the
actual savings on a present valne basis. For instance, if the option is exercised within the first
5 years, the savings is §75M but if exercised during the last 5 years then the savings is only
$50M. The revised option value is now §10.57M.

A manufacturing firm is interested in outsourcing its manufacturing of
children’s toys to a small province in China. By doing so, it will produce
overhead savings of over $20M in present value over the economic life of the
toys. However, outsourcing this internationally will mean lower quality control,
delayed shipping problems, added importing costs, and assuming the added
risks of unfamiliarity with the local business practices. In addition, the firm will
only consider outsourcing only if the quality of the workmanship in this Chinese
firm is up to the stringent quality standards it requires. The NPV of this

54 Real Options Super Lattice Solver



Real Options SLS

User Mannal

particular line of toys is $100M with a 25% volatility. The firm’s executives
decide to purchase a contraction option by locating a small manufacturing firm
in China, spending some resources to try out a small-scale proof of concept (thereby
reducing the uncertainties of quality, knowledge, import-export issues, and so
forth). If successful, the firm will agree to give this small Chinese manufacturer
20% of its net income as remuneration for their services, plus some startup fees.
The question is, how much is this option to contract worth, that is, how much
should the firm be willing to pay, on average, to cover the initial startup fees
plus the costs of this proof of concept stage? A contraction option valnation result
using SLS' shows that the option is worth §1.59M, assuming a 5% risk-free rate for the 1-
year test period. So, as long as the total costs for a pilot test costs less than $1.59, it is optimal
to obtain this option, especially if it means potentially being able to save over §20M.

Figure 25 illustrates a simple 10-step Contraction Option while Figure 26 shows the
same option using 100 lattice steps (example file used is Contraction American and European
Option). Figure 27 illustrates a 5-year Bermudan Contraction Option with a 4-year
vesting period (blackout steps of 0 to 80 out of a 5-year, 100-step lattice) where for the
first 4 years, the option holder can only keep the option open and not execute the
option (example file used is Contraction Bermudan Option). Figure 28 shows a customized
option where there is a blackout period and the savings from contracting change over
time (example file used is Contraction Customized Option). These results are for the

aeronautical manufacturing example.

-

Figure 25 - Single Asset Super Lattice Solver [ — éj
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Kormmentapuin  American and European Contraction Options.

ArepukaHcimil Esponefickmit || Esponeficont || Hactpaveaemeit i Mima 3nauenme  Hawanshbii 3an

Contracti_. 09 0
Savings 50 0
Ter. cToum. aKTvea () 1000 Craeka c HynesbiM prcikom (%) 5
CrommocTs ohopmieHIA (S) 1000 Craewa mmempeHoa (%) [1]
Cpow noralweHuA (neT) 5 BonamaneHocoTs (%) 30
ITans! peweTKM 10 * BosncxoaHuie S3HELIE NPEACTIENEHE] B FOOOE0M
PCHACNERAN

YPaBHEHME KOHEYHOT O ¥3Na (OMUMOHE! MPM MCTEYSHMN CPOKE ASMCTEMA)

Bnet-llonsu
Max(Asset, Asset Contraction=5avings)

JaKpEITIA aMEDHKEHCKMA
BHHOMKWENEHBIA SEPONEACKMA
Mpsaep: Max(Asset - Cost, D) BHOMMENEHEIA BMEPMKEHCKIA

AmepuicaHckii onwion: 1001.7133
Esponesicruii onwion: 1001.5629

[[] Cospam sepomocts nposepwm Brinontmts Mesats

loToBO.

Figure 25 — A Simple American and European Options to Contract with 10-Step Lattice
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Figure 26 - Single Asset Super Lattice Solver
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Kommertapwit  American and European Contraction Options.

AmeprkaHcioii Esponeiiciomit Esponeiicrumii HacTtpaveasmeni g

Tek. cToum. akmsa (S) 1000 Craska c Hynesbim puckom ()

CTomMmMocT: opoprneHra () 1000 Craexa gemasHaa (%)

Cpowx norawexun (net) 5 BonamneHocTs (%)

JTankl peleTKI 100

WCHRCTERMA

* BOE MCHDLHEIE LEHHEIE NDENCTIENSHE] E FON0OEDM

3Tanel 3ENPETE M NEPWOA OrPaHWUYEHWA (ANA HACTPEMESEMEDX W BEPMYACKID ONLMOHOE)

YpaEHeHWE KOHEUHOTO y=Na (OMUMOHE! MPKM MCTEYSHMK CPOKS AefCTEMA)

Mam(fsset, Asset™Contraction+Savings)

Mpimazp: Max{Assat - Cost, 0)

Hma 3navenwe HavaneHbii 3Tan
Contracti_.. 03 0
Savings 50 0

5
]
30
Call Put
Enerc-Wonew 359... 13838
3aKphIToIi aMEDMKEHCKIIA 359, 170.28
BuHOMWansHeNt eBponeficiom 209 13232
BuHOMWaNEHEIH aMEpMKEHCIMIA 8. 17155

Amepukancrkui onwion: 10076361

‘ Esponedicrmi onwon: 1001.4524

CospaTe BEAOMOCTE MPOBEDKK I BeinomHnTE I [ Meyat ]

laToBo.

Figure 26 — American and European Options to Contract with a 100-Step Lattice
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Figure 27 - Single Asset Super Lattice Solver = [ —
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Koramentapwit - Bermudan Contraction Option where contraction cannot occur at certain times.
LAMEPUKEHEKWIA EBponeici EBponencrii HacTpausasmblit : Mma 3 Haua i 31an
- ) Contracti... 09 0
AMBIT daRnoic S 'rm m D
Tew. cTomm. akTvea (3) 1000 Craeka c HynessiM puckom (1) 5
CroMmocTs opopMneHna (5) 1000 Craeka apeumasHas (%) 0
Cpok norawernn (net) 5 BomamnsHocTs () 30
3Tans! pelweTkn 100 *BeoswoxonHbie DEHHLIE NPEICTSENSHL] & FOROB0M
WCHMCIIEHRAN
3Tank! 3anpeTa ¥ NEpUoA OrpaHUeEHUA (ANA HACTPEMBEEMBD ¥ BEPMYACKMY ONLMOHOE)
0-80 B
Mpsasp: 1, 2, 10-20, 23 —raBHETHE
YpaBHEHWE KOHEYHOr D y3Na (ONUWMOHE! NPW NCTEYEHMN CPOKAE ASACTEMA)
Bnex-Wansw

Man(Aszet, Asset“Contraction+Savings) aKpEI eIl BMEpHKEHCHI

BuHoMWanEHBIA EEponefcKIi
Mprmazp: Max(Asset - Cost, 0)

BuHOMWENEHBIR 3MEPUKEHCKMA

YpEBHEHME MPOMEXYTOUHOTD ¥EME (DALMOHE! NPK MCTEYEHIMM CPOKE SACTEWA) Hactpaneaement onwon: 1001.5682

Max(Aszet Contraction+Savings, OptionCOpen)

Mpiesep: Maug(Assat - Cost, OptionOpen)
YpaBHeHWe NPOMEXYTOUHOMD Y2Na (B MepHog 3anpeTa M orpaH YSHIMA)
OptionCpen

Mpiwasp: OptionOpen

[7] Cospam senomocTs npoeepiu [ BrinonHuTs ] [ MNevate ]

leToBO.

Figure 27 — A Bermudan Option to Contract with Blackout Vesting Periods
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4 Figure 28 - Single Asset Super Lattice Solver ==
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Kommertapmit  Customized Contraction Option with changing savings amounts and blackout steps.

AMEPAKEHCKIAR Emponedicrmii Erponeicimii HacTpaveasmsii 3nauenne  Hauanbubiii oTan
09 0
0OHbIE AHHBIE 50 0
Tek. cTomm. akmvea (3) 1000 Craeka c HyneskiM prckom () 5 [ el
CroumocTe ogopMneHns (5) 1000 Craska miewnoeHaa (L) 0 g ;1
Cpok norawenua (net) 5 BonamneHooTs (%) 30 70 21
ITanbl pEWETKM 100 * BoskcxopHee BaHHEIE NPEOCTAENSHS! § FOROE0M
NCHWCNEHNN
3Tankl SaNpeTa W NeproL orpaHNYEHUA (ANA HECTPaMBaEMbIX M BEpMY AKX ONUMOHDE)

0-20

Mpemasp: 1, 2, 10-20, 35 _OEEHE

YpaBHEHWE KOHEYHOMD Y3NA (OMLMOHE! MPK MCTEYEHINM CPOKE ASACTEWMA)
Ma{Asset, Asset*Contraction+Savings)

Bnex-llonsw

ZaKphITEIA aMEDMKAHCKIA
BUHOMMaNEHLIA eBponeAcKnA
Mpwaep: Max{Assst - Cost, ) BuHoMMansHLIR aMEDKaHCKIA

VpaBHEHWE NPOMEXYTOYHOMD Y3Na (DNLWOHE! NP MCTEYEHWW CPOKE ASACTEWA) Hactpawsaemei onwon: 1005.1570
Ma{Asset "Contraction+Savings, OptionCpen)

Mpwwasp: Max|Asset - Cost, OptionOpen)
VpaBHeEHWE NPOMEXYTOYHOMD Y3Na (B NEPWOL 3aNPETa M OrPEHWUYEHIA)
OptionOpen

Mpwwacp: OptionOpen

[] Cozpam BenoMocT, Mposepi [ BeinonHuts ] [ Meyat ]

loteeo.

Figure 28 — A Customized Option to Contract with Changing Savings
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2.3 American, European, Bermudan, and
Customized Expansion Options

The Expansion Option values the flexibility to expand from a cutrent existing state to a
larger or expanded state. Therefore, an existing state or condition must first be present
in order to use the expansion option. That is, there must be a base case to expand upon.
If there is no base case state, then the simple Execution Option (calculated using the
simple Cal/ Option) is more appropriate, where the issue at hand is whether or not to
execute a project immediately or to defer execution.

As an example, suppose a growth firm has a static valuation of future profitability using
a discounted cash flow model (in other words, the present value of the expected future
cash flows discounted at an appropriate market risk-adjusted discount rate) that is found
to be $400 million (P~ Assef). Using Monte Carlo simulation, you calculate the implied
Volatility of the logarithmic returns on the assets based on the projected future cash
flows to be 35%. The Risk-Free Rate on a riskless asset (5-year U.S. Treasury Note with
zero coupons) for the next 5 years is found to be 7%.

Further suppose that the firm has the option to expand and double its operations by
acquiring its competitor for a sum of §250 million (Implementation Cosi) at any time over
the next 5 years (Maturity). What is the total value of this firm, assuming that you
account for this expansion option? The results in Figure 29 indicate that the strategic
project value is $638.73 M (using a 10-step lattice), which means that the expansion
option value is $88.73M. This result is obtained because the net present value of
executing immediately is $400M x 2 — $250M, or $550M. Thus, $638.73 M less $550M is
$88.73M, the value of the ability to defer and to wait and see before executing the
expansion option. The example file used is Expansion American and European Option.

Increase the dividend rate to say 2% and notice that both the American and European
Expansion Options are now worth less, and that the American Expansion Option is
worth more than the European Expansion Option by virtue of the American Option’s
ability for early execution (Figure 30). The dividend rate implies that the cost of waiting
to expand, to defer and not execute, the opportunity cost of waiting on executing the
option, and the cost of holding the option, is high, then the ability to defer reduces. In
addition, increase the Dividend Rate to 4.9% and see that the binomial lattice’s Custom
Option result reverts to $550, (the static, expand-now scenario), indicating that the
option is worthless (Figure 31). This result means if the cost-of-waiting as a proportion
of the asset value (as measured by the dividend rate) is too high, then execute now and
stop wasting time deferring the expansion decision! Of course this decision can be
reversed if the volatility is significant enough to compensate for the cost of waiting. That
is, it might be worth something to wait and see if the uncertainty is too high even if the
cost to wait is high.

Other applications of this option simply abound! To illustrate, here are some additional
quick examples of the contraction option (as before, providing some additional sample
exercises):
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Suppose a pharmaceutical firm is thinking of developing a new type of insulin
that can be inhaled and the drug will directly be absorbed into the blood stream.
A novel and honorable idea. Imagine what this means to diabetics who no
longer need painful and frequent injections. The problem is, this new type of
insulin requires a brand new development effort but if the uncertainties of the
market, competition, drug development, and FDA approval are high, perhaps a
base insulin drug that can be ingested is first developed. The ingestible version
is a required precursor to the inhaled version. The pharmaceutical firm can
decide to either take the risk and fast track development into the inhaled version
ot buy an option to defer, to first wait and see if the ingestible version works. If
this precursor works, then the firm has the option to expand into the inhaled
version. How much should the firm be willing to spend on performing
additional tests on the precursor and under what circumstances should the
inhaled version be implemented directly? Suppose the intermediate precursor
development work yields an NPV of $100M, but at any time within the next 2
yeats, an additional $50M can be further invested into the precursor to develop
it into the inhaled version, which will triple the NPV. However, after modeling
the risk of technical success and uncertainties in the market (competitive
threats, sales, and pricing structure), the annualized volatility of the cash flows
using the logarithmic present value returns approach comes to 45%. Suppose
the risk-free rate is 5% for the 2-year period. Using the SLS, the analysis results
yields $254.95M, indicating that the option value to wait and defer is worth over §4.95M
after accounting for the §250M NPV if executing now. In playing with several scenarios, the
breakeven point is found when dividend yield is 1.34%. This means that if the cost of waiting
(lost net revenues in sales by pursuing the smaller market rather than the larger market, and
loss of marfket share by delaying) exceeds $1.34M per year, then it is not optimal to wait and
the pharmacentical firm should engage in the inhaled version immediately. The loss in returns
generated each year does not sufficiently cover the risks incurred.

An oil and gas company is currently deciding on a deep-sea exploration and
drilling project. The platform provides an expected NPV of $1,000M. This
project is wrought with risks (price of oil and production rate are both
uncertain) and the annualized volatility is computed to be 55%. The firm is
thinking of purchasing an expansion option by spending an additional $10M to
build a slightly larger platform that it does not currently need, but if the price of
oil is high, or when production rate is low, the firm can execute this expansion
option and execute additional drilling to obtain more oil to sell at the higher
price, which will cost another $50M, thereby increasing the NPV by 20%. The
economic life of this platform is 10 years and the risk-free rate for the
corresponding term is 5%. Is obtaining this slightly larger platform worth it?
Using the SLS, the option value is worth §27.12M when applying a 100-step lattice.
Therefore, the option cost of §10M is worth it. However, this expansion option will not be
worth it if annnal dividends exceed 0.75% or §7.5M a year—this is the annnal net revenues
lost by waiting and not drilling as a percentage of the base case NPV

Figure 32 shows a Bermudan Expansion Option with certain vesting and blackout steps,

while Figure 33 shows a Customized Expansion Option to account for the expansion

factor changing over time. Of course other flavors of customizing the expansion option

exist, including changing the implementation cost to expand, and so forth.
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Figure 29 - Single Asset Super Lattice Solver = —

Qain  Cnpaexa

Onwoner SLS | TaBnuua seinnar | UyBCTEHTENEHOCTD I CugHapmi I CxomamocTs | Cimynawsa

KommenTapuin  American Option to Expand. To change to European, deselect Custom and select European.

[V] Amepuranckmin  [/] Esponeicrst || Esponeicrai Hactpaneaembit 3nauenwe Hauanohbif STan
o Expansion 2 1]
Tek. cToum. aKTveEa (S) 400 CtaBka ¢ HyNesbiM pUCKoM (%) 7
CroumocTs opoprneqin (%) 250 Craexa aveuaenna (%) 0
Cpok norawsHuA (neT) 5 BonamneHocTe (%) 35
31ans PEWETKA 100 * Boe noxogHLIe S3HHLIE NPSACTIENSHL B MOf0E0M
WCHNCIEHNA
3Tankl 3anpeTa W Nepyod orpaHWYEHWA (ANA HACTPEWEEMELY N GEpMYOCKIK ONLMOHOE)
Mpsesep: 1, 2, 10-20, 25 CpaEHeHm1e
Call Put
YpaBHEHWE KOHEHHOMO ¥3Na (DNUMOHE! MPKM MCTEYEHMKM CPOKa AeACTEMA)
. - Bnesx-lllonsu 238... 1503
Mandfisset, Asset"Bxpansion-Cost) 3AKpEITEIR BMEDUKEHCKIA 238.. 1830
BuHOMMaNeHEIR eBponedcknidn 220 1504
Mpweasp: Max{Aszet - Cost, 0) BUHOMME NEHEIR SMEPUKEHCKMA 238... 1854
YpaEHeHWE NpOMEXY TOUHOrO Y3Na (DMLMOHE! MPK MCTEYSHMM CPOKE LEACTEWA) HacTtpameaemeni onwoH: 638.7315

Ma{Asset*Expansion-Cost, OptionCpen)

Mpwssp: Max{Asset - Cost, OptionOpan)

¥paBHeHWE NPOMEXYTOUHOrD y3Na (B NEpWMoO S3NPETE W OrPEHWYEHWA

[T] Cospam B2poMocTs npoBepkn l BrinonHuTe I [ MNevate ]

loToEO.

Figure 29 — American and European Options to Expand with a 100-Step Lattice
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Figure 30 - Single Asset Super Lattice Sclver

Qaiin  Cnpaeka

Onuwaorel SLS | TaBinuua ssinnat | YyBCTEMTENEHOC TS | CugHapyin | CxommocTs I CW-WHHLMH|

KommerTapuin  American Option to Expand. To change to European, deselect Custom and select European.

Apepurancrmii Esponeficiii Esponeticiumit Hactpansaemsii g

Wmn 3nauwenwe Havanohbid sTan
N _ Expansion 2 0
Tek. cToum. aknea (5) 400 Craexa c HynessiM puckom (1) 7
CrovmocTs odopmneHns ($) 250 Craeka penperna (%) 2
Cpok norawexua (net) 5 BonamnsHocTes (L) 35
Ians pewetkn 100/ ~Bee RHLE N EFOACEM
WCHRCITEHN
3Tankl zanpeTa HaCTPaMBaEMEL M BEpMYACKI ONLMOHOE)
W E;EIHEE-I-ME! D;OHE;HO_I'_O na {oNWACHE! NPW MCTEYEHMK K3 AEACTEMA) Cal Put
> . YS o R Bnex-Woney 204.. 1338
Max(Asset, Asset"Expansion-Cost) ZaKpEITEIR aMEDMKEHCKIA 205.... 2127
BUHOMWENEHEIR EBPONERCKIR 204.. 1826
Mprsep: Max(Asset - Cost, 0) BUMHOMMENEHBIA SMEPMKEHCKMIA 205.... 2154

AmepuKarcknid onwod: 578.3030
‘ Esponeficikuit onuon: 565.8135

Cospats 5enoMocTs NPOBEPKI l BeinonHume I ’ Mewats ]

loToso.

Figure 30 — American and European Options to Expand with a Dividend Rate
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ke Figure 31 - Single Asset Super Lattice Solver e

Qain  Cnpaska

Onuwoel 5LS | TaGinuua swinnat | UyECTBMTENEHOC TS I Cuerapuit I CxommocTs I Cumynaums

KomraerTtapuit  American Option to BExpand. To change to European, deselect Custom and select European.

Hma 3nauenne HauaneHbii 3Tan

[V] Amepuicarcinin V] Esponeiickmit || Esponeficiuit HacTpaneaemeiit P
E ion 2 0
Tek. cTowm. akTviea (3) 400 Craska c HynessiM puckom (%) 7
CroumocTs odopmneHua (2) 250 Craska amsmasHaa %) 459
Cpok noraweHna (net) B BonamaneHocTs () 35
3Tankl peWETKKM 100 * BoenoxogHbe SEHKLIE NPRACTIENSHL] B FOROE0M
NCHWCNEHRA
3Tankel 3anpeTa v NEpHo orpaHUYEHR (INA HACTPaWEaEMbX W BEpMYACKI ONUMOHOE)
Mpimazp: 1, 2, 10-20, 25 Cpasrenve
YDEEHEHME KOHEYHOT O y3Na (DNLWOHE! NPK MCTEYEHMM CPOKA AERCTEWA) cal Put
° - ).3 o e Bnex-Wonsw 160.... 2369
Max{Asset, Asset"Expansion-Cost) 3EKpbITEIA BMEpMKEHCIMIA 175... 2629
BuHoMWaneHEN esponefckmin 150 23270
Mpsep: Max|Asset - Cost, 0) BAHOMWANEHEIA SMEDMKAHCKMA 176.... 26.54
WpEBHEHWE MPOMEXYTOUHOMO ¥3ME (ONLMOHE! MPW MCTEUSHIMM CROKE OSACTEWA) Hactpameaemelid onuod: 550.0000
Mz Asset™ExpansionCost, OptionOpen)

Mpiwssp: Max|{Assat - Cost, OptionOpan)

HEHWE NPOMEXYTOUHOr0 y3Na |

[] Cozpam senomocTs nposepky [ BeinonHut ] ’ MNevats ]

loToBO.

Figure 31 —Dividend Rate Optimal Trigger Value
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Figure 32 - Single Asset Super Lattice Solver

®aiin  Cnpaeka

Onwronel SLS | TaGinuua sbinnat I YyBCTBUTENBHOCTE | CueHapui I CxogmMocTs Cuwnquun|

KommenTapuit  Bermudan Cption to Bxpand {no expansion during cooling off period at the blackout steps)

3navenne HavaneHbii 3TAn
2 0

Esponeficimit Esponeficimit HacTtpaneaemeil

Tew. cToum. akea () 400 Craeka ¢ HynessiM puckom [5) 7

CrommocTs opopmneria (3) 250 Craswa amewaeqna (%) 2

Cpok norawexwA (neT) B BonamneHocTs (%) 35

100

* Bos noxonHbIE OSHKLIE NPERCTIENEHS] E MOA0E0M
WCURCNEHRA

JTansi 5anpeTa v NepUoL OrpaHMYEHA (ANA HACTPaMEaEMBL: M BEpMYACKIK OMLMOHOE)

3Tans! peleTin

0-30

Mpwep: 1, 2, 10-20, 25

Call

Pl N

YPEEHEHME KOHEYHOrO YENa (ONUMOHE! NP MCTEYSHMW CPOKE AERCTEWA)
Mao{Asset, Asset*Expansion-Cost)

Enex-lWonswu
JEKPEITEIR BMEDHKIHCKMA
BiHoMWansHkI esponeicimil 2

205....

205....

Mpmeep: Max(Asset - Cost, 0) BHOMWANEHBIA AMEDMKaHTIAN

YpaEHEHWE NPOMEXYTOYHOMO Y3Na (ONLMOHE! NPK MCTEYEHWA CPOKE OEACTEMA)
Mae{Aeset *Expansion-Cost, OptionOpen)

Hactpaneaemeii onwson: 570.4411

Mpwszp: Max{Asset - Cost, OptionCipen)
YpaBHEHWE MPOMEXYTOYHOMD Y3Na (B MEpMO A 3EMPETa M OrPaHUNEHKA)
COptionCpen

Mpweazp: OptionOpen

[[] Cospame eegomocTs nposepim [ BeinonHuTe ] [ Mevats ]

loToeo.

Figure 32 — Bermudan Expansion Option
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4 Figure 33 - Single Asset Super Lattice Solver = || —

®aiin Cnpaexa

Onwsoten SLS | TaGnuua sbinnat | YYBCTBMTENLHOCTD I CugHapui | Cx0aMMoCTh I Cmynauma

Kommentapuit Custom Bermudan Option to BExpand with changing rates of expansion over time and blackout periods.

BuHomMUansHeIi esponeficimi 204....
Mpimazp: Max{Azzat - Cost, 0) BUHOMMNGHBIR BMEpUKaHCIMi 00

Lrepuicarcrmil Eeponeiicimit Esponeiiciuii Hactpansaensii : Nma 3nauenne  Hauanbhbid sTan
- Expansion 2 1]
e — I Expansion 21 21
Tew. cTomm. akTvea (S) 400 Craeka ¢ HynessIM puckom (%) 7 Expansion 29 41
 oen) o Expansi 23 61
CToMMOCTE ohopMnetia (8] 250 Craexa avenneHna (% 2 anl
B ® ) Expansion 24 81
Cpok noraweHns (neth 5 BonamneHooTs (%) 35
3Tansl peweTkn 100 “Eoe= BEHHGIE NP B TOR0BDM
NCHACTIIEHAN
3Tank anpeTa v NepMoL orPaHUYeHUA (ANA HECTREMEIEMEX M DEpMYACKIEE ONUMOHDE)
Mpiaep: 1, 2, 10:20, 35 —HaBnEniE
Call
YpEEHEHWE KOHEYHOMD y3N13 (ONLWoHE! MpK MCTEYEHIMN CPOKA AefCTEWA) -
pe . Enex-llonsw 204,
Max{Assst, Asset"Expansion-Cost) JaKpLITHI BMEDMKEHCKMA 205....

— e — o@

iR
=)

YpaBHeHWE NPOMEXYTONHOMO YSNa (ONUWAOHE! MPKM MCTEYEHMK CPOKE ASHCTEWA) Hactpaneaement onwion: 7082317
Ma(Asset*Expansion-Cost,OptionOpen)

Mpiwasp: Max|{Assst - Cost, OptionOpan)
YpaEHEHWE NPOMEXYTOYHOTO ¥3N3 (B NEpMOL S3NPETE M OrPEHMYSHIA)
OptionOpen

Mpiwacp: OptionCpen

[] Cospa seoMocTs NMpoEepin [ BrinonHuTe ] ’ Mevate ]

loToEO.

Figure 33 — Customized Expansion Option
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2.4 Contraction, Expansion, and
Abandonment Options

The Contraction, Expansion, and Abandonment Option applies when a firm has three
competing and mutually exclusive options on a single project to choose from at
different times up to the time of expiration. Be aware that this is a mutually exclusive set
of options. That is, you cannot execute any combinations of expansion, contraction, or
abandonment at the same time. Only one option can be executed at any time. That is,
for mutually exclusive options, use a single model to compute the option value as seen
in Figure 34 (example file used: Expand Contract Abandon American and European Option).
However, if the options are non-mutually exclusive, calculate them individually in
different models and add up the values for the total value of the strategy.

o Figure 34 - Single Asset Super Lattice Solver ) e

®aiin  Cnpaeka

Onwaonel SLS | TaGnuua seinnat I YyBCTEBMTENEHOCTE I CueHapwit | CxommocTs I Cumynaums

Kommertapuit  American Option to Expand, Contract and Abandon. To make it European, simple change INE to OptionOpen.

AmeprkaHCKmit Esponedicimin || Esponeficrant || Hactpavsaembii £ Ama 3nauenme  HauanbHbid 5Tan
Expansion 13 0
ExpandC_. 25 0

Tet. cTomm. akTvisa (8] 100 Craska c HynesbiM puckom (%) 5 Contracti_. 09 0

CrommocTs odopmnequns (2) 100 Craska mBupoeHma (%) L] gntract 1[23 3

Cpok norawenns (net) 5 BomamneHocTs (%) 15

Aansl DELIETKH 100 * Bos noxonssie AEHHLIE NPERCTIENSHL B IGR0E0M

WCHWCTEHNA

Call

YpaBHEHWE KOHEYHOMD y3Na {DNUWA0HE! NP MCTEYEHMW CPOKE AEACTEMA) o
- - - - Bresxc-1lonsy, 26.00

Max(fzset, Asset™Expansion-ExpandCost, Asset Contraction+Contract Savings, Salvage) [V —— 26.00

T 00

BUHOMWANEHEIR BPONERCKIMA 26.00

Mpisep: Max[Aszsat- Cost, 0)

00

BuHomMmaneHe amepukanciin 26 00

A CpOKa ASHCTEWA Amepuarckni onuon: 117 4220
Esponeiicionii onwon: 1163954

[] Cosmam senomocTs nposept [ Beinonqums J [ MNevam ]

loToBo.
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Figure 34 — American, European, and Custom Options to Expand, Contract, and
Abandon
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Figure 35 illustrates a Bermudan Option with the same parameters but with certain
blackout periods (example file used: Expand Contract Abandon Bermudan Option), while
Figure 36 (example file used: Expand Contract Abandon Customized Option I) illustrates a
more complex Custom Option where during some earlier period of vesting, the option
to expand does not exist yet (perhaps the technology being developed is not yet mature
enough in the eatly stages to be expanded into some spin-off technology). In addition,
during the post-vesting period but prior to maturity, the option to contract or abandon
does not exist (perhaps the technology is now being reviewed for spin-off
opportunities), and so forth. Finally, Figure 37 uses the same example in Figure 36 but
now the input parameters (salvage value) are allowed to change over time perhaps
accounting for the increase in project, asset, or firm value if abandoned at different
times (example file used: Expand Contract Abandon Customized Option II).

u
Eed Figure 35 - Single Asset Super Lattice Solver El_lﬂ

Qaitn Cnpaeka

OnuwoHel SLS | Tagnuua seinnar | YyBCTBMTENEHOCTD | CugHapwit | CxoammocTs I CHM)'nﬂLMﬂ|

Kommentapuit  Bermudan Option to Expand. Contract and Abandon where there is a cooling off period (blackout step periods).

AMEDAKEHCIAR Eeponeiiciuit Eeponeitcrui Hactpaueaemeiit £ Mmn 3nauenwe  HauanbHbid 5Tan
Expansion 13 (i}
ExpandC_. 2h 0
Tek. cToum. akTvea (5) 100 Craska ¢ HynessiM puckom (%) 5 Contract_ 08 i]
CToumocTe odopmMneHia ($) 100 Crasxa memosHaa (%) 0 Corme: i il
Salvage 100 (i}
Cpok norawexus (neT) 5 BonamaneHocTs (%) 15
anb! PEWETHH 100 * BosmcxopHbie BiHLIE NPEACTIENEHS & MOf0E0M
WNCHNCNIEHAN
3Tankl 3aNpeETa M NEPWMO, OrpaHNYEHUA (ANA HECTDEWBAEMBDS 1 GEPMYICKIX ONUMOHOB)
0-80
Mpiwsep: 1,2, 10-20, 35
Call
YpaBHEHWE KOHEYHOrO ¥3Ma (ONUoHs! MPW MCTEYEHMM CPOKE ASHCTENA) EnercLl P
- - - - er-lonsw 26.00
Max{Asset, Asset Expansion-ExpandCost, Asset Contraction=Contract Savings, Salvage) [ — 26.00
ByHOMMansHLI eBponecKmi 26.00
Npreazp: Max(Asset - Cost, 0) BuHOMManeHBI amepukancrkmia 26 00 644
YpaEHeHWE NPOMEXYTOYHOMO Y¥SNa (OMUACHEI NPA UCTEYEHMM CPOKE OEACTEIA) HacTtpaueaemeii onuwsoH: 116.8171
Max|Asset*Expansion-ExpandCast, Asset “Contraction+Contract Savings, Salvage.
CptionOpen)

Mpreaep: Max(Assst - Cost, OptionOpen)
YpEEHEHWE MPOMEXYTOYHOMD YENa (B NEPUOA SaMPeTa W OrpaHMYEHA)
CiptionOpen

Mpwszp: OptionOpen

[] Cosnam BeaoMOCTS NpoBepKK [ BeinonHnme J ’ Mesats ]

loToso,

are

Figure 35 — Bermudan Option to Expand, Contract, and Abandon
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Figure 36 - Single Asset Super Lattice Soher = —

Taiin  Cnpaexa

Orwotel SLS | Tagnuua seinnat I UyBCTEBMTENEHOCTE I ClgHapuit | Cx0maMocTs | CuraynALA

KommenTapuint  Customized Expansion, Contraction, and Abandonment Cptions.

Mam(fsset, Asset”Expansion-BpandCost)

Mpwsep: Max{Aszat - Cost, OptionOpen)
YpaEHEHWE NPOMEKYTOYHOMC Y3Na (B NEPMOL SaNPETA M OrPaHUYeHNA)
Ma|Asset“Contraction+Contract Savings, Salvage, OptionCpen)

Lraepuicarcrmil Esponeicimii Esponeicimii Hactpaneaemeii £ Mima 3nauenme  Hauanbhbid sTan
Expansion 13 0
[ [ ExpandC_.. 25 0
Tew. cTomm. akTvea (S) 100 Craea c HynessIM puckom (%) 5 Contracti_. 09 [i}
CrommocTs opoprneHun (%) 100 Craeka pewmasHaa () 1] Contract.. 25 0
Salvage 100 0
Cpok noraweHn (neT) 5% BonamaneHooTs (%) 15
3Tanb pELETKH 100 * Boe ncxomHsie fEHHENE NPENCTEENSHE] B IOR0B0M
WoHBRCEHRN
3Tankl 3aNpeTa v NEPMoA orPaHWNEHUA (ANA HICTPAMBAEMEDX M BEPMYACKIX ONUMOHOE )
0-50
Mpieasp: 1, 2, 10-20, 33
Call Put
VYPaBHEHWE KOHEYHOrD Y3Na (ONLACHEI NPW MCTEYEHMW CPOKE ASACTEWRA) Enescl S I
- - - - ex-onsy, 26.00 388
Mam(fsset, Asset”Expansion-EpandCost, Asset Contraction+Contract Savings, Salvage) E T —— 26 00 £.41
BHOMWENEHEIR EBponecKuii 26.00 388
Mpiwazp: Max(Asset - Cost, 0) BHOMWaENEHEIA amepuiancinid 26 00 6.
YpaBHEHWE MPOMEKY TOYHOMD Y3N3 [ONWAGHEI NPk MCTEYEHWK CPOKE ASRCTEWA) Hactpameaemeii onwon: 1156550

Mpieasp: OptionOpan

[7] Cozspam senoMocT, Nposepku [ BrinonHuT: ] ’ MNevats ]

leToBO.

Figure 36 — Custom Options with Mixed Expand, Contract, and Abandon Capabilities
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o Figure 37 - Single Asset Super Lattice Solver =D

Daiin  Cnpaska

Onwaonbl S5LS | TaBnmua seinnat I YyecTBMTENEHOCTE I CueHapui I CxogmocTe I Cunynaumn

Konmentapiit  Customized Bxpansion, Contraction, and Abandonment Cptions with changing salvage values.

AmeprraHckuii Esponeiicimit Esponeiicimit Hactpansaemeiit : Mima 3nauenne  HavanbhbiA 51: ~
- Contracti... 09
DAHBIE QAHHbIE C N 25
Tex. cToum. axmea (8) 100 Craeka c Hynesbim puckom () 5 Salvage 100
CroumocTe odopmnerns (5) 100 Craeka wenaeHna () 0 SEiETE mn L
o S Salvage 102 =
Cpok noralweHun (net) 5 BonamaneHocTs (%) 15 Salvage 103
[ Salvage 104
3Tansl peweTHn 100 * Boe woxonsbie AEHHERE: IPERCTIENSHS E FOROB0M
NCYRCTITEHAA -
3Tank| 3anpeTa U Neprod orpaHYeHA (ANA HACTRAMEAEMBD: N GEPMYLCKID ONUMOHOB) | 4 T [
0-50

Mpewacp: 1, 2, 10-20, 25 EEHEHWE

Call

YPaBHEHWE KOHEYHOMD Y3Na (ONUMOHE! MPW MCTEYSHWM CROKE BEWCTEMA) Bl e
- - - - er-llonew 2600

Mam(Asset, Asset Expansion-ExpandCost. Asset Contraction+Contract Savings, Salvage) SaKpLITEI EMEpHKaHCKHIA 2600

BvHOMMWanEHLIA eBponeicKmit 26.00

Mpueaep: Max(Asset - Cost, 0) BuHomMWansHeli amepaicancki 26 00

YpaBHEHWE MPOMEXYTOYHOMD Y303 (ONUMOHEI MPKM MCTEYEHMK CPOKE ASACTEWA) HacTtpaweaemeit onwon: 116.0737
Ma(Asset, Asset"Expansion-ExpandCost)

Mpieaep: Max{Azsst - Cost, OptionOpen)
YpaBHEHWE NPOMEXYTOYHOMD Y303 (B NEPWOL 33MPETA W OrPaHUYEHKA)
Max(Asset Contraction+Contract Savings, Salvage, OptionCpen)

Mpweaep: OptionOpen

[ Cospam eemomocTe nposepku [ BrinonHuTs ] ’ Mevam ]

loToBO.

Figure 37 — Custom Options with Mixed Expand, Contract, and Abandon Capabilities
with Changing Input Parameters
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2.5 Basic American, European, and
Bermudan Call Options

Figure 38 shows the computation of basic American, European, and Bermudan Options

without dividends (example file used: Basic American, European, versus Bermndan Call

Options), while Figure 39 shows the computation of the same options but with a
dividend yield. Of course, European Options can only be executed at termination and
not before, while in American Options, eatly exercise is allowed, versus a Bermudan
Option where early exercise is allowed except during blackout or vesting periods. Notice
that the results for the three options without dividends are identical for simple call
options, but they differ when dividends exist. When dividends are included, the simple
call option values for American = Bermudan = European in most basic cases, as seen in
Figure 39 (insert a 5% dividend rate and blackout steps of 0-50). Of course this

generality can be applied only to plain vanilla call options and do not necessarily apply to

other exotic options (e.g., Bermudan options with vesting and suboptimal exercise
behavior multiples tend to sometimes carry a higher value when blackouts and vesting
occut, than regular American options with the same suboptimal exercise parameters.).

-
o Figure 38 - Single Asset Super Lattice Solver EI_IE

Maiin  Cnpaska

Orwonel SLS | Tafinuua seinnat I YyBCTBMTE NEHOCTE I CueHapwi | CxogmocTs I Curynawma

KommeHtapuit - American, European and Bermudan Basic Call Options without Dividends.

ArEDMKEHCIARA Eeponeiiciumit Esponeiickmit | Hactpavsasmeii Hma 3nauenme  Hauanbhbid 3Tan

Tek. cToum. aKTea () 100 Craeka c HynesbiM pickom () 5
CrommocTs opopmneria (2) 100 Crasxa mewaeHna () 0
Cpok norawenus (neT) 1 BonamnsHocTs (%) 25
STane pEWETRH 100 * Boewcxomusie AZHHLIE NPRGCTIENSHL! & FOGOBIM

BCHRCNEHNN
3TNkl 3aMPeTa W NEPWOL OrPEHWYEHWA (ANA HECTPAMBEEMBX M BEPMYACKMX CNLAOHOE)

Mpewasp: 1, 2, 10-20, 35

YpaBHeHWe KOHEYHOMO y3Ma (DMLMOHE! MPK MCTEYEHWK CPOKA ASACTEMA)
Enex-Wonsu
JEKPEITEIR aMEPHKEHCKIAA
BMHOMWENEHEIR eBponefckii

Mpresep: Max{Assst - Cost, 0) BiHOMMENEHEIR aMepuKaHcKui

YpasHeHWE NPOMEXYTOMHOrO Y3Na (ONUMOoHB! MPWM MCTEYEHWM CPOKE NEACTEWA AmeprkaHciKwid onuwond: 12,3113
Esponeiickuni onwon: 12.3113
Beprayackuii onuwion: 12.3113
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Figure 38 — Simple American, Bermudan, and European Options without Dividends
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Figure 39 - Single Asset Super Lattice Sclver

Daiin  Cnpaeka
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KommenTapuit  American, European and Bermudan Basic Call Options with Dividends.
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0-50 :
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YpaBHEHWE KOHEYHOMO ¥3Na (ONWAoHEI NEKM MCTEYEHWW CROKE ASACTEMA) Cal Put
P ¥ P cPo Brex-llonsu 946 946
2EKPLITEIN SMEPHKEHCKMA 9.55 555
ByHOMWE NEHEIR EBPONERCKIMA 546 546
Mpiaep: Max{Asset - Cost, 0) ByHOMUENEHEIR SMEDMKEHCKMA 957 557

Lpepuiarcionit onwaon: 95455
‘ Esponeickmi onuion: 9.4389

Bepryackuil onwaon: 9.5446
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Figure 39 — Simple American, Bermudan, and European Options with Dividends and
Blackout Steps
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2.6 Basic American, European, and
Bermudan Put Options

The American and European Put Options without dividends are calculated using the SLS in
Figure 40. The sample results of this calculation indicate the strategic value of the
project’s NPV and provide an option to sell the project within the specified Maturity in
years. There is a chance that the project value can significantly exceed the single-point
estimate of Pl Asset Value (measured by the present value of all uncertain future cash
flows discounted at the risk-adjusted rate of return) or be significantly below it. Hence,
the option to defer and wait until some of the uncertainty becomes resolved through
the passage of time is worth more than executing immediately. The value of being able
to wait before executing the option and selling the project at the Implementation Cost in
present values is the value of the option. The NPV of executing immediately is simply
the Implementation Cost less the Asset 1Value ($0). The option value of being able to wait
and defer selling the asset only if the condition goes bad and becomes optimal for selling
is the difference between the calculated result (total strategic value) and the NPV or
$24.42 for the American Option and $20.68 for the European Option. The American
put option is worth more than the European put option even when no dividends exist,
contrary to the call options seen previously. For simple call options, when no dividends
exist, it is never optimal to exercise early. However, it may sometimes be optimal to
exercise early for put options, regardless of whether dividend yields exist. In fact, a
dividend yield will decrease the value of a call option but increase the value of a put
option. This is because when dividends are paid out, the value of the asset decreases.
Thus, the call option will be worth less and the put option will be worth more. The
higher the dividend yield, the earlier the call option should be exercised and the later the
put option should be exercised.

The put option can be solved by setting the Terminal Node Equation as Max(Cost—
Asset,0) as seen in Figure 40 (example file used: Plain 1 anilla Put Option).

Puts have a similar result as calls in that when dividends are included, the basic put
option values for American = Bermudan = European in most basic cases. You can
confirm this by simply setting the Dividend Rate at 3% and Blackout Steps at 0-80 and
re-running the SLS module.
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4 Figure 40 - Single Asset Super Lattice Solver = =

Onuwronen SLS | TaBnvua seinnat | YyBCTEMTENLHOCTL I CueHapwi I CxommocTs | Camynagn

Tain  Cnpaeka

Kommertapuin - American Put Option. Make it European by setting INE: OptionOpen or deselect Custom and select European.

[V] fmepuwarcikn [V Esponeiicimin [ | Esponediciii HacTpansaemeii : ma 3nauenne Hauanwhbii stan

Tex. cToum. akmisa (5) 100 Craeka ¢ HyneBoIM prckaom (L) 5

CToMMocTs ohopMneHIR (5) 100 Craska pswasHaa (%) 0

Cpor noraleHna (net) 5 BonamaneHocTs () 40

3Tanbl PELETKA 100 * BoehcxopHee fEHKEE NPERCTSENSHE E FOROEDM
WCHACTEHNA

3Tankl 3anpeTa v NepMoLL OrPaHUYEHMS (ANA HECTPaNBAEMEX M BEPMYACKVX ONUMOHOB)

Mpimaep: 1, 2, 1020, 35 -

YDEIEHEHHE KOHEYHOro y3na {OI'ILMOHbI NP MCTEYEHWMKW CPOKE ,U,EnCTEHﬂ) Ca” PUt
Brek-lonsu 4288 2076
Max(Cost-fsset ) JEKPbITLIR BMEPUKEHCKMA 4288 2430
BuHOMMaNEHEIR EERONSACKMA 4287 2075
Mpimep: Mas(Asset - Cost, 0) BuHoMuaneHem amepukarciin 4287 2446
YpaEHEeHWE NPOMEXYTOUHOMO YENa (ONUWAOHE! MPK MCTEYSHMK CROKE ASHCTEMA) HacTtpavsaemei onwaon: 244213
Max{Cost-Asset OptionOpen)

Mpiaep: Max|{A=ssst - Cost, OptionOpen)

1 OrPEHUYEHIR

[7] CospaTs BeADMOCTL NPOBEPKK I BrinonHW TS I [ Mevats ]

Figure 40 — American and European Put Options using SLS
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2.7 Exotic Chooser Options

Many types of user-defined and exotic options can be solved using the SLS and MSLS.
For instance, Figure 41 shows a simple Exotic Chooser Option (example file used:
Exotic Chooser Option). In this simple analysis, the option holder has two options, a call
and a put. Instead of having to purchase or obtain two separate options, one single
option is obtained, which allows the option holder to choose whether the option will be
a call or a put, thereby reducing the total cost of obtaining two separate options. For
instance, with the same input parameters in Figure 41, the American Chooser Option is
worth $6.7168, as compared to $4.87 for the call and $2.02 for the put ($6.89 total cost
for two separate options).

4 Figure 41 - Single Asset Super Lattice Solver ==

®Qaiin  Cnpaexa

OnwaoHel SLS | TaBmuua swinnat | YyscteutensHocTs I CueHapwit | CxommocTs | Cumynawsn

Kommertapuit - American & European Chooser (choose between Call and Put, value exceeds Call+Put due to ability to choose)

AmepukanHciomil Esponelicikuii Esponefickuii Hactpaveaemeii i Mma 3navenne  HavansHbid sTan
Tex. cToum. akmmea (5) 15 Craska c HyneseiM prcikom (i) 5
CroumocTe ogoprnerus (8) 15 Craewa memgeHns (L) 0
Cpok norawenus (net) 5 BomamneHocTs (%) 25
3Tankl peWweTkn 100 * BoemoxopHbie fEHHBIE NPERCTIENEHL] B FOROE0M
WNCHWCNEHNA
3Tankl 3anNpeTa M NEpUo OrpaHWYEHWA (INA HACTPaWEaEMb M BEPMYACKIE ONUMOHOE)

Mpiaep: 1, 2, 10-20, 35

YpaBHEHWE KOHEYHOMD Y33 (DNUMOHE! MPH MCTEYEHUW CPROKE OSACTEWA) Put

Bnex-lWonew 1.56

Maxipsset-Cost Cost-Asset,0) JAKPBITEIA GMEDUKAHCKMA 2m

BuHOMWaNEHEI eBponeici 1.56

Mpwazp: Max(Asset - Cost, 0) BUHOMWANEHEIA aMEDUKEHCKIRA 487 202
¥paEHeHWe NpoMEXYTOYHOrO YSNa (ONUMoHE! NP MCTEYEHUM CROKE AEACTBWA) Hactpaveasmelii onumoH: 6.7168

Ma{psset-Cost Cost-Asset, OptionOpen)

Mpwazp: Max|{Asset - Cost, OptionCpan)

[[] Cospam senomocTs Nposepky [ BeinonHue J [ MNevame ]

Figure 41 — American and European Exotic Chooser Option using SLS
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A more complex Chooser Option can be constructed using the MSLS as seen in Figure
42 (example Multiple Asset Option Module file used: Exotic Complex: Floating Enropean
Chooser) and Figure 43 (example file used: Exotic Complex Floating American Chooser). In
these examples, the execution costs of the call versus put are set at different levels. An
interesting example of a Complex Chooser Option is a firm developing a new
technology that is highly uncertain and risky. The firm tries to hedge its downside as well
as capitalize its upside by creating a Chooser Option. That is, the firm can decide to
build the technology itself once the research and development phase is complete versus
selling the intellectual property of the technology, both at different costs. To further
complicate matters, you can use the MSLS to easily and quickly solve the situation where
building versus selling off the option each has a different volatility and time to choose.

Figure 42 - Multiple Asset Super Lattice Solver =AREl x|
®aitn  Cnpaeka
Cpok noraweHus 1 Kommentapui  Exotic Complex Floating European Chooser Option (can be either & call or put option)
: HasBaHmwe Tekywan CTOMMOCTb aKTHBA BonaTuneHocTk (%) MpuMeyanua : HaseawMe 3Hauy... HauanbHbl..
Underlying 60 25 #*
3Tans! NEpUOAA SANPETa W OrPaHUYEHNR
: Hassawme  CTOMMOCTB ( HyneBbiM phckoM (Yo) [ Irans K I pOMENYTOUHOE. ..
»  CallOption 55 5 o 100 Max(Underlying-Cost.0) OptionOpen
PutOption &5 5 0 100 Max(Cest-Underlying.0) OptionOpen
Combination 0 5 0 100 Max(CallOption,PutOption,0) OptionOpen COMBINATION: 16 6035
*
a | 1 LS
(@ MpUMeHUTE CPEOHICK BONATUNEHOCT: 0T Ba3080M0 aKTUEE ANA OLEHKM PEWISTHN pawsHIi
Cozpats
-, MpUMEHITE KOPPEMMDOBEHHEIE BONETMNEHOCTH NOPTMENA 13 G33080r0 aKTWEE ANA _
= oueHki PeweTn pewerini u BCAIMOCTEY
\
Figure 42 — Complex European Exotic Chooser Option using MSLS
- 5
Figure 43 - Multiple Asset Super Lattice Solver SRR X

®aiin  Cnpaeka

Cpox noraweHus 1 Kommentapmii  Exotic Complex Floating American Chooser Option (sither a call or put option)
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£ Haseahme 3navetite Hauanbhbl

£ Haseanme CroumocTe  C HYNeBbIM puckoM (%) 3ranel K TOYHOE Y < = o
» CallOption 55 5 0 100 Max{Underlying-Cost.0) Masx(Underlying-Cest,OptionOpen)

PutOption 65 5 0 100 Max{Cost-Underlying.0) Mazx(Cost-Underlying.OptionOpen)

Combination 0 5 0 100 Max(CallOption,Putption0) Max(CallOption, PutOption OptionOpen) | COMBINATION: 16.8675
*
< n 3
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Figure 43 — Complex American Exotic Chooser Option using MSLS
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2.8 Sequential Compound Options

Sequential Compound Options are applicable for research and development investments
or any other investments that have multiple stages. The MSLS is required for solving
Sequential Compound Options. The easiest way to understand this option is to start
with a two-phased example as seen in Figure 44. In the two-phased example,
management has the ability to decide if Phase II (PII) should be implemented after
obtaining the results from Phase I (PI). For example, a pilot project or market research
in PI indicates that the market is not yet ready for the product, hence PII is not
implemented. All that is lost is the PI sunk cost, not the entire investment cost of both
PI and PII. An example below illustrates how the option is analyzed.

PHASE NI
PHASE |
START
END
Volatility Measure
based on these
END uncertain cash flows

A
I ™
o O o > ' 'at 'a}

START -55M -580M +305M +836M  +540M  +548M

k. A . A

' '

INWESTMENT CASH FLOW
PERIOD PERIOD

Figure 44 — Graphical Representation of a Two-Phased Sequential Compound Option

The illustration in Figure 44 is valuable in explaining and communicating to senior
management the aspects of an American Sequential Compound Option and its inner
workings. In the illustration, the Phase I investment of —$5M (in present value dollars) in
Year 1 is followed by Phase Il investment of —$80M (in present value dollars) in Year 2.
Hopefully, positive net free cash flows (CF) will follow in Years 3 to 0, yielding a sum of
PV Asset of $100M (CF discounted at, say, a 9.7% discount or hurdle rate), and the
Volatility of these CFs is 30%. At a 5% risk-free rate, the strategic value is calculated at
$27.67 as seen in Figure 45 using a 100-step lattice, which means that the strategic
option value of being able to defer investments and to wait and see until more
information becomes available and uncertainties become resolved is worth $12.67M
because the NPV is worth $15M ($100M — $§5M — $§85M). In other words, the Expected
Value of Perfect Information is worth $12.67M, which indicates that assuming market
research can be used to obtain credible information to decide if this project is a good
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one, the maximum the firm should be willing to spend in Phase 1 is o# average no more than
$17.67M (i.e., $12.67M + $5M) if PI is part of the market research initiative, or simply
$12.67M otherwise. If the cost to obtain the credible information exceeds this value,
then it is optimal to take the risk and execute the entire project immediately at $85M.
The Multiple Asset module example file used is: Simple Two Phased Sequential Componnd
Option.

In contrast, if the volatility decreases (uncertainty and risk are lower), the strategic
option value decreases. In addition, when the cost of waiting (as described by the
Dividend Rate as a percentage of the Asser Value) increases, it is better not to defer and
wait that long. Therefore, the higher the dividend rate, the lower the strategic option
value. For instance, at an 8% dividend rate and 15% volatility, the resulting value reverts
to the NPV of $15M, which means that the option value is zero, and that it is better to
execute immediately as the cost of waiting far outstrips the value of being able to wait
given the level of volatility (uncertainty and risk). Finally, if risks and uncertainty increase
significantly even with a high cost of waiting (e.g., 7% dividend rate at 30% volatility) it
is still valuable to wait.

This model provides the decision-maker with a view into the optimal balancing between
waiting for more information (Expected Value of Perfect Information) and the cost of waiting.
You can analyze this balance by creating strategic options fo defer investments through
development stages where at every stage the project is reevaluated as to whether it is
beneficial to proceed to the next phase. Based on the input assumptions used in this
model, the Sequential Compound Option results show the strategic value of the project, and
the NPV is simply the Pl Asset less both phases’ Implementation Costs. In other words,
the strategic option value is the difference between the calculated strategic value minus
the NPV. It is recommended for your consideration that the volatility and dividend
inputs are varied to determine their interactions—specifically, where the breakeven
points are for different combinations of volatilities and dividends. Thus, using this
information, you can make better go ot no-go decisions (for instance, breakeven volatility
points can be traced back into the discounted cash flow model to estimate the
probability of crossing over and that this ability to wait becomes valuable).

Figure 45 - Multiple Asset Super Lattice Solver | B S
®aiin  Cnpaska
Cpoi noralueis 2 Konwerimapuii - Simple Two-Phased Sequential Compaund Option
= HazBahme Tekywaa THBa ~ B 5 (%) Mp 3kauenme Hauankhel..
Underlying 100 0
3Tank Nepvona SanpeTa i orpaHieHna
: HasBaHWe * CTOMMOCTB C HYNEBbIM DHCKOM (%) [IWBWAEH... ITanbl KOHEUHOE YPABHEHHE [POMEM(YTOUHOE YPABHEHHE
Phasel 5 5 0 50 Max(Phase2-Costl)  Max(Phase2-CostOptionOpen)
Phase2 20 5 0 100 Max{Underlying-CostD) Max(Underlying-Cost,OptionOpen)
s PHASET: 276734
<« . N b
@ TpHMEHNTS CDEMHIO BOMATMNEHOCTL OT 6a30BON0 2KTHBA ANA OLEHKN PEWETKM peWweHii
~ TTpHMEA¥TS KOPPSTMPOSEHHSIE BONETMIEHOGTY MOPT&SITA Vi3 Ba3CBCra aKTHEa ATA Crrars [Bamemors |
B Deiocn, [Bonomm |

Figure 45 — Solving a Two-Phased Sequential Compound Option using MSLS
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2.9 Multiple-Phased Sequential
Compound Options

The Sequential Compound Option can similarly be extended to multiple phases with the
use of MSLS. A graphical representation of a multi-phased or stage-gate investment is
seen in Figure 46. The example illustrates a multi-phase project, where at every phase
management has the option and flexibility to either continue to the next phase if
everything goes well, or to terminate the project otherwise. Based on the input
assumptions, the results in the MSLS indicate the calculated strategic value of the
project, while the NPV of the project is simply the Pl _Asset less all Inmplementation Costs
(in present values) if implementing all phases immediately. Therefore, with the strategic
option value of being able to defer and wait before implementing future phases because
due to the volatility, there is a possibility that the asset value will be significantly higher.
Hence, the ability to wait before making the investment decisions in the future is the
option value or the strategic value of the project less the NPV.

Figure 47 shows the results using the MSLS. Notice that due to the backward induction
process used, the analytical convention is to start with the last phase and going all the
way back to the first phase (the Multiple Asset module’s example file used: Seguential
Compound Option for Multiple Phases). In NPV terms the project is worth —$500. However,
the total strategic value of the stage-gate investment option is worth $41.78. This means
that although on an NPV basis the investment looks bad, but in reality, by hedging the
risks and uncertainties through sequential investments, the option holder can pull out at
any time and not have to keep investing unless things look promising. If after the first
phase things look bad, pull out and stop investing and the maximum loss will be $100
(Figure 47) and not the entire $1,500 investment. If however, things look promising, the
option holder can continue to invest in stages. The expected value of the investments in
present values after accounting for the probabilities that things will look bad (and hence
stop investing) versus things looking great (and hence continuing to invest), is worth an
average of $41.78M.

Notice that the option valuation result will always be greater than or equal to zero (e.g.,
try reducing the volatility to 5% and increasing the dividend yield to 8% for all phases).
When the option value is very low or zero, this means that it is not optimal to defer
investments and that this stage-gate investment process is not optimal here. The cost of
waiting is too high (high dividend) or that the uncertainties in the cash flows are low
(low volatility), hence, invest if the NPV is positive. In such a case, although you obtain
a zero value for the option, the analytical interpretation is significant! A zero or very low
value is indicative of an optimal decision not to wait.
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PHASES IV...X
The analysis can be extended to multiple PHASE I ,.-'"'
phases—the software accommodates up i
to 10 phases, where the success of _m':,l‘ .

Phase lll depends on the success of
Phase Il, which in turn depends on the PHASE Il
success of Phase .

PHASE |

END

=]
END

START

Spreading investments out to
several phases will reduce the
rizk of future investments. A
END regular NPV will not yield
reasonable results, because at
any checkpoint, management can
pull the plug on the project.

Figure 46 — Graphical Representation of a Multi-Phased Sequential Compound Option

Figure 47 - Multiple Asset Super Lattice Solver l = |83 ﬁ
@ain  Cnpaeka
Cpoi norawexma 5 Kommentapmid  Sequential Compound Option for Multiple Phases
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Figure 47 — Solving a Multi-Phased Sequential Compound Option using MSLS
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2.10 Customizing Sequential Compound
Options

The Sequential Compound Option can be further complicated by adding customized
options at each phase as illustrated in Figure 48, where at every phase, there may be
different combinations of mutually exclusive options including the flexibility to stop
investing, abandon and salvage the project in return for some value, expand the scope of
the project into another project (e.g., spin-off projects and expand into different
geographical locations), contract the scope of the project resulting in some savings, or
continue on to the next phase. The seemingly complicated option can be very easily
solved using MSLS as seen in Figure 49 (example file used: Multiple Phased Complex
Sequential Compound Option).

In reality, an R&D project will yield
intellectual property and patent rights that .
the firm can easily license off (Abandon). PHASE Il _ e

In addition, at any phase, the project’s i
development can be slowed down

(Contract) or accelerated (Expand)
depending on the outcome of each phase. PHASE Il

CONTRACT

ABANDON
PHASE |

END
ABANDON

START o

END

An NPV analysis cannot account for
these options to make midcourse
corrections over time, when
uncertainty becomes resolved.

END

Figure 48 — Complex Multi-Phased Sequential Compound Option
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Figure 49 — Complex Multi-Phased Sequential Compound Option using MSLS
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To illustrate, Figure 49’s MSLS path-dependent sequential option uses the following

inputs:

Phase 3: Terminal:

Intermediate:

Steps:

Phase 2: Terminal:

Intermediate:

Steps:

Phase 1: Terminal:

Intermediate:

Steps:

Max(Underlying*Expansion-Cost,Underlying,Salvage)
Max(Undetlying*Expansion-Cost,Salvage, OptionOpen)
50

Max(Phase3,Phase3*Contract+Savings,Salvage,0)
Max(Phase3*Contract+Savings,Salvage,OptionOpen)
30

Max(Phase2,Salvage,0)

Max(Salvage,OptionOpen)

10
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2.11 Path-Dependent, Path-Independent,
Mutually Exclusive, Non-Mutually

Exclusive, and Complex Combinatorial
Nested Options

Sequential Compound Options are path-dependent options, where one phase depends

on the success of another, in contrast to path-independent options like those solved

using SLS. Figure 49 shows that in a complex strategy tree, at certain phases, different

combinations of options exist. These options can be mutually exclusive or non-

mutually exclusive. In all these types of options, there might be multiple underlying

assets (e.g., Japan has a different risk-return or profitability-volatility profile than the

U.K. or Australia). You can build multiple underlying asset lattices this way using the

MSLS, and combine them in many various ways depending on the options. The

following are some examples of path-dependent versus path-independent and mutually

exclusive versus non-mutually exclusive options.

Path Independent and Mutually Exclusive Options: Use the SLS to solve
these types of options by combining all the options into a single valuation
lattice. Examples include the option to expand, contract, and expand. These are
mutually exclusive if you cannot both expand into a different country while at
the same time abandoning and selling the company. These are path independent
if there are no restrictions on timing, that is, you can expand, contract, and
abandon at any time within the confines of the maturity period.

Path Independent and Non-Mutually Exclusive Options: Use the SLS to
solve these types of options by running each of the options that are non-
mutually exclusive one at a time in SLS. Examples include the option to expand
your business into Japan, U.K., and Australia. These are not mutually exclusive
if you can choose to expand to any combinations of countries (e.g., Japan only,
Japan and U.K., U.K. and Australia, and so forth). These are path independent
if there are no restrictions on timing, that is, you can expand to any country at
any time within the maturity of the option. Add the individual option values and
obtain the total option value for expansion.

Path Dependent and Mutually Exclusive Options: Use the MSLS to solve
these types of options by combining all the options into one valuation lattice.
Examples include the option to expand into the three countries, Japan, U.K.
and Australia. However, this time, the expansions are mutually exclusive and
path dependent. That is, you can only expand into one country at a time, but at
certain periods, you can only expand into certain countries (e.g., Japan is only
optimal in three years due to current economic conditions, export restrictions,
and so forth, as compared to the U.K. expansion, which can be executed right
now).

Path Dependent and Non-Mutually Exclusive Options: Use MSLS to solve
these. These are typically simple Sequential Compound Options with multiple
phases. If more than one non-mutually exclusive option exists, re-run the MSLS
for each option. Examples include the ability to enter Japan from Years 0-3,
Australia in Years 3-6, and U.K. at any time between Years 0-10. Each entry
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strategy is not mutually exclusive if you can enter more than one country, and
are path dependent as they are time dependent.

e Nested Combinatorial Options: These are the most complicated and can take
a combination of any of the four types above. In addition, the options are
nested within one another in that the expansion into Japan must come only
after Australia, and cannot be executed without heading to Australia first. In
addition, Australia and U.K. are okay but you cannot expand to U.K. and Japan
(e.g., certain trade restrictions, anti-trust issues, competitive considerations,
strategic issues, restrictive agreements with alliances, and so forth). For such
options, draw all the scenarios on a strategy tree and use IF, AND, OR, and
MAX statements in MSLS to solve the option. That is, if you enter into U.K,,
that’s it, but #f you enter into Australia, you can still enter into Japan or U.K. but
not Japan and U.K.

2.12 Simultaneous Compound Options

The Simultaneous Compound Option evaluates a project’s strategic value when the
value of the project depends on the success of #wo or more investment initiatives executed
simultaneously in time. The Sequential Compound Option evaluates these investments in
stages, one after another over time, while the simultaneous option evaluates these
options in concurrence. Cleatly, the sequential compound is worth more than the
simultaneous compound option by virtue of staging the investments. Note that the
simultaneous compound option acts like a regular execution call option. Hence, the
American Call Option is a good benchmark for such an option. Figure 50 shows how a
Simultaneous Compound Option can be solved using the MSLS (example file used:
Simple Two Phased Simultaneous Compound Option). Similar to the sequential compound
option analysis, the existence of an option value implies that the ability to defer and wait
for additional information prior to executing is valuable due to the significant
uncertainties and risks as measured by Io/atility. However, when the cost of waiting as
measured by the Dividend Rate is high, the option to wait and defer becomes less
valuable, until the breakeven point where the option value equals zero and the strategic
project value equals the NPV of the project. This breakeven point provides valuable
insights for the decision maker into the interactions between the levels of uncertainty
inherent in the project and the cost of waiting to execute. The same analysis can be
extended to Multiple Investment Simultaneous Compound Options as seen in Figure 51
(example file used: Multiple Phased Simultaneons Compound Option).
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igure 50 - Multiple Asset Super Lattice Solver
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Figure 50 — Solving a Simultaneous Compound Option using MSLS
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Figure 51 — Solving a Multiple Investment Simultaneous Compound Option using

MSLS
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2.13 American and European Options
Using Trinomial Lattices

Building and solving trinomial lattices is similar to building and solving binomial lattices,
complete with the up/down jumps and risk-neutral probabilities, but it is more
complicated due to more branches stemming from each node. At the limit, both the
binomial and trinomial lattices yield the same result, as seen in the following table.
However, the lattice-building complexity is much higher for trinomial or multinomial
lattices. The only reason to use a trinomial lattice is because the level of convergence to
the correct option value is achieved more quickly than by using a binomial lattice. In the
sample table, notice how the trinomial lattice yields the correct option value with fewer
steps than it takes for a binomial lattice (1,000 as compared to 5,000). Because both yield
identical results at the limit but trinomials are much more difficult to calculate and take a
longer computation time, the binomial lattice is usually used instead. However, a
trinomial is required only when the underlying asset follows a mean-reverting process.
An illustration of the convergence of trinomials and binomials can be seen in the

following example:

Steps 5 10 100 1,000 5,000
Binomial Lattice $30.73 $29.22 $29.72 $29.77 $29.78
Trinomial Lattice $29.22 $29.50 $29.75 $29.78 $29.78

Figure 52 shows another example using the Multinomial Option. The computed
American Call is $31.99 using a 5-step trinomial, and is identical to a 10-step binomial
lattice seen in Figure 53. Therefore, due to the simpler computation and the speed of
computation, the SLS and MSLS use binomial lattices instead of trinomials or other
multinomial lattices. The only time a trinomial lattice is truly useful is when the
underlying asset of the option follows a mean-reversion tendency. In that case, use the
MNLS module instead. When using this MNLS module, just like in the single asset
lattices, you can modify and add in your own customized equations and variables, and
the concepts are identical to that of the SLS examples throughout this user manual.
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Figure 52 - Multinomial Lattice Solver lilﬂlg
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Figure 52 — Simple Trinomial Lattice Solution
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= Figure 53 - Single Asset Super Lattice Solver =Ll
®aiin  Cnpaeka
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Figure 53 — 10-Step Binomial Lattice Comparison Result
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2.14 American and European Mean-
Reversion Options Using Trinomial

Lattices

The Mean-Reversion Option in MNLS calculates both the American and European options
when the underlying asset value is mean-reverting. A mean-reverting stochastic process
reverts back to the long-term mean value (Long-Term Rate Level) at a particular speed of
reversion (Reversion Rate). Examples of variables following a mean-reversion process
include inflation rates, interest rates, gross domestic product growth rates, optimal
production rates, price of natural gas, and so forth. Certain variables such as these
succumb to either natural tendencies or economic/business conditions to revert to a
long-term level when the actual values stray too far above or below this level. For
instance, monetary and fiscal policy will prevent the economy from significant
fluctuations, while policy goals tend to have a specific long-term target rate or level.
Figure 54 illustrates a regular stochastic process (dotted red line) versus a mean-
reversion process (solid line). Clearly the mean-reverting process with its dampening
effects will have a lower level of uncertainty than the regular process with the same

volatility measure.

Regular process

: o |'
/AR VR
_____ ‘V_};;f\/____ L S _-------Uf\j-;iﬁ'iﬁ-'i -;J—'I-Lung—run mean value

(3K

[
'

Underying Asset

R ' Mean-reverting process

.
=

Time

Figure 54 — Mean-Reversion in Action

Figure 55 shows the call and put results from a regular option modeled using the
Trinomial Lattice versus calls and puts assuming a mean-reverting (MR) tendency of the
underlying asset using the Mean-Reverting Trinomial Lattice. Several items are worthy

of attention:

e The MR Call < regular Call because of the dampening effect of the mean-
reversion asset. The MR asset value will not increase as high as the regular asset
value.

e Conversely, the MR Put > regular Put because the asset value will not rise as
high, indicating that there will be a higher chance that the asset value will hover
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around the PV Asset, and a higher probability it will be below the PV Asset,
making the put option more valuable.

e With the dampening effect, the MR Call and MR Put ($18.62 and $18.76) atre
more symmetrical in value than with a regular call and put ($31.99 and $13.14).

e The regular American Call = regular European Call because without dividends,
it is never optimal to execute ecarly. However, because of the mean-reverting
tendencies, being able to execute eatly is valuable, especially before the asset
value decreases. So, we see that MR American Call > MR European Call but of
course both are less than the regular Call.

-
Figure 354 - Multinomial Lattice Solver
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= b
Figure 53B - Multinomial Lattice Solver E@ﬂ

Paiin Cnpaexa

KommenTapiia  American Put Option with a Mean-Reverting Underying Asset using a Trinomial Lattice
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Figure 55A and 55B — Comparing Mean-Reverting Calls and Puts to Regular Calls and
Puts

Other items of interest in mean-reverting options include:

e The higher (lower) the long-term rate level, the higher (lower) the call options

e The higher (lower) the long-term rate level, the lower (higher) the put options

Finally, be careful when modeling mean-reverting options as higher lattice steps are
usually required and certain combinations of reversion rates, long-term rate level, and
lattice steps may yield unsolvable trinomial lattices. When this occurs, the MNLS will

return error messages.
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2.15 Jump-Ditfusion Options Using
Quadranomial Lattices

The Jump-Diffusion Calls and Puts for both American and European options applies the
Quadranomial Lattice approach. This model is appropriate when the underlying variable in
the option follows a jump-diffusion stochastic process. Figure 56 illustrates an
underlying asset modeled using a jump-diffusion process. Jumps are commonplace in
certain business variables such as price of oil and price of gas where prices take sudden
and unexpected jumps (e.g., during a war). The underlying variable’s frequency of jump
is denoted as its Jump Rate, and the magnitude of each jump is its Jump Intensity.

Lnderying Asset

Jui".l'.lp Jui'np Jui'np Ju

Figure 56 — Jump Diffusion Process

The binomial lattice is only able to capture a stochastic process without jumps (e.g.,
Brownian Motion and Random Walk processes) but when there is a probability of jump
(albeit a small probability that follows a Poisson distribution), additional branches are
required. The quadranomial lattice (four branches on each node) is used to capture these

jumps as seen in Figure 57.

Figure 57 — Quadranomial Lattice
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Be aware that due to the complexity of the models, some calculations with higher lattice
steps may take slightly longer to compute. Furthermore, certain combinations of inputs
may yield negative implied risk-neutral probabilities and result in a noncomputable
lattice. In that case, make sure the inputs are correct (e.g., Jump Intensity has to exceed 1,
where 1 implies no jumps; check for erroneous combinations of Jump Rates, Jump Sizes,
and Lattice Steps). The probability of a jump can be computed as the product of the Junp
Rate and time-step of. Figure 58 illustrates a sample Quadranomial Jump-Diffusion
Option analysis (example file used: MINLS — Jump Diffusion Calls and Puts Using
Quadranomial Lattices). Notice that the Jump Diffusion call and put options are worth
more than regular calls and puts. This is because with the positive jumps (10%
probability per year with an average jump size of 1.50 times the previous values) of the
underlying asset, the call and put options are worth more, even with the same volatility.
If a real options problem has more than 2 underlying assets, either use the MSLS and/or
Risk Simulator to simulate the underlying asset’s trajectories and capture their interacting
effects in a DCF model.

Figure 58 - Multinomial Lattice Solver =REEN X

Qailn  Cnpaeka

KoramenTapmit  American Call Option with Trinomial, Trinomial Mean-Reversion and Jump Diffusion Models
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Figure 58 — Quadranomial Lattice Results on Jump-Diffusion Options
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2.16 Dual Variable Rainbow Options
Using Pentanomial Lattices

The Dual Variable Rainbow Option for both American and European options requires the
Pentanomial Lattice approach. Rainbows on the horizon after a rainy day comprise various
colors of the light spectrum, and although rainbow options aren’t as colorful as their
physical counterparts, they get their name from the fact that they have two or more
underlying assets rather than one. In contrast to standard options, the value of a rainbow
option is determined by the behavior of two or more underlying elements and by the
correlation between these underlying elements. That is, the value of a rainbow option is
determined by the performance of two or more underlying asset eclements. This
particular model is appropriate when there are two underlying variables in the option
(e.g., Price of Asset and Quantity) where each fluctuates at different rates of volatilities but
at the same time might be correlated (Figure 59). These two variables are usually
correlated in the real world, and the underlying asset value is the product of price and
quantity. Due to the different volatilities, a pentanomial or five-branch lattice is used to
capture all possible combinations of products (Figure 60). Be aware that certain
combinations of inputs may yield an unsolvable lattice with negative implied
probabilities. If that result occurs, a message will appear. Try a different combination of
inputs as well as higher lattice steps to compensate.

P1

price

FZ

Figure 60 — Pentanomial Lattice (Combining Two Binomial Lattice)
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Figure 61 shows an example Dual-Asset Rainbow Option (example file used: MNLS —
Dual-Asset Rainbow Option Pentanomial Lattice). Notice that a high positive correlation will
increase both the call option and put option values. This is because if both underlying
elements move in the same direction, there is a higher overall portfolio volatility (price
and quantity can fluctuate at high-high and low-low levels, generating a higher overall
underlying asset value). In contrast, negative correlations will reduce both the call option
and put option values for the opposite reason due to the portfolio diversification effects
of negatively correlated variables. Of course correlation here is bounded between —1 and

+1 inclusive.

-
Figure 61 - Multinomial Lattice Solver Elﬂlg

Qaiin  Cnpaeka

KommenTapwit - American Rainbow Call Option using Pentanomial Lattice
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Figure 61 — Pentanomial Lattice Solving a Dual Asset Rainbow Option

94 Real Options Super Lattice Solver

————————————————————————————



Real Options SLS

User Mannal

2.17 American and European Lower
Barrier Options

The Lower Barrier Option measures the strategic value of an option (this applies to both
calls and puts) that comes either in-the-money or out-of-the-money when the Assez
Valne hits an artificial Lower Barrier that is currently lower than the asset value. Therefore,
a Down-and-In option (for both calls and puts) indicates that the option becomes live if
the asset value hits the lower barrier. Conversely, a Down-and-Out option is live only
when the lower barrier is not breached.

Examples of this option include contractual agreements whereby if the lower barrier is
breached some event or clause is triggered. The value of a barrier option is lower than
standard options, as the barrier option will be valuable only within a smaller price range
than the standard option. The holder of a barrier option loses some of the traditional
option value and therefore such options should be worth less than a standard option.
An example would be a contractual agreement whereby the writer of the contract can

get into or out of certain obligations if the asset or project value breaches a barrier.

Figure 62 shows a Lower Barrier Option for a Down-and-In-Call. Notice that the value
is only $7.3917, much lower than a regular American call option of $42.47. This is
because the barrier is set low, at $90. This means that all of the upside potential that the
regular call option can have will be reduced significantly, and the option can only be
exercised if the asset value falls below this lower barrier of $90 (example file used: Barrier
Option — Down and In Lower Barrier Call). To make such a Lower Barrier option binding, the
lower barrier level must be below the starting asset value but above the implementation cost. 1f the
barrier level is above the starting asset value, then it becomes an upper barrier option. If
the lower barrier is below the implementation cost, then the option will be worthless
under all conditions. It is when the lower barrier level is between the implementation
cost and starting asset value that the option is potentially worth something. However,
the value of the option is dependent on volatility. Using the same parameters in Figure
62 and changing the volatility and risk-free rates, the following examples illustrate what
happens:

e Atavolatility of 75%, the option value is $4.34
e Atavolatility of 25%, the option value is $3.14

e At avolatility of 5%, the option value is $0.01

The lower the volatility, the lower the probability that the asset value will fluctuate
enough to breach the lower barrier such that the option will be executed. By balancing
volatility with the threshold lower barrier, you can create optimal trigger values for
barriers.

In contrast, the Lower Barrier Option for Down-and-Out Call option is shown in Figure
63. Here, if the asset value breaches this lower barrier, the option is worthless, but is

only valuable when it does not breach this lower barrier. As call options have higher
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values when the asset value is high, and lower value when the asset is low, this Lower
Barrier Down-and-Out Call Option is hence worth almost the same as the regular
American option. The higher the barrier, the lower the value of the lower barrier option
will be (example file: Barvier Option — Down and Out Lower Barrier Call). For instance:

e Atalower barrier of $90, the option value is §42.19

e Atalower barrier of $100, the option value is §41.58

Figures 62 and 63 illustrate American Barrier Options. To change these into European
Barrier Options set the Intermediate Node Equation Nodes to OptionOpen. In addition,
for certain types of contractual options, vesting and blackout periods can be imposed.
For solving such Bermudan Barrier Options, keep the same Intermediate Node
Equation as the American Barrier Options but set the Intermediate Node Equation
During Blackout and Vesting Periods to Op#ionOpen and insert the corresponding
blackout and vesting period lattice steps. Finally, if the Barrier is a changing target over
time, put in several custom variables named Barrier with the different values and starting
lattice steps.

-
4 Figure 62 - Single Asset Super Lattice Solver lil_lg

®aiin  Cnpaska

Onumener SLS | TaBnuua seinnat I YYBCTEMTENEHOC T I CugHapuit I CxopamocTs I Cunynauan

Kommertapuit  Lower Bamier Down and In Call. This option is live only when the asset value breaches the lower barmier.

AMEPHKEHCKIA Esponsickuit Esponsickuit HacTpavsaemelit £ MmA 3Hauetne HadanbHbeik 3Tan
Barrier 90 0
Tek. cToMM. aKTMES (S) 100 Craeka ¢ HyNeBbIM pUCKoM (%) 5
CToumocTe oopMneHiR () 80 Craexa aenasHaa (%) 0
Cpowx norawetwn (net) 5 BonamneHocTe (%) 25
3Tank! pelweTkI 100 * E:ce moxonHbie A3HHGR: NPERCTIENSHE B FOROB0M
WCHHCNEHAA
3Tankl 3anpeTa u Nepro L orpaHEHA (ANA HAC TPaMBAEMBD: M BEPMYACKIDC ONUMOHOB)

Mpawazp: 1, 2, 10-20, 35

YpaBHEHWE KOHEYHOr D ¥3Na {ONWACHE! MPW MCTEYEHMW COOKE AEACTENA)

Enex-llonsu
F{Aszet <=Bamier Max|Asset-Cost, 0),0)

3EKpeITHIA @MEPUKEHCKIIA
BvHOMWaNEHEIR eBponSACKmit
Mpaep: Max{Asset - Cost, 0) BvHOMWaANEHEIAR aMep KaHCKMR

YpaBHEHWE NMPOMEXYTOYHOMD SN (ONUWACHEI NMPW MCTEYEHMKM CPOKE ASACTEMA) HacTtpaveaemblid onwaon: 7.3917
F{Aszet <=Bamier Max|Asset-Cost OptionCpen),OptionCpen)

Mpimaep: Max|{Assst - Cost, OptionOpen)

[[] Cospats segomocTs NposepkK [ BeinonHuTs ] ’ MNevams ]

loToBo.

B

Figure 62 — Down and In Lower American Barrier Option
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o Figure 63 - Single Asset Super Lattice Sclver = || =

Daitn  Cnpaska

Onuwmonel SLS | TaBnuua srinnat I YyecTEMTENEHOCTE | CueHapui I CxingmocTs I Cimaynauma

KonmerTtapuit  Lower Bamier Down and Out Call. This option is live only when the asset value doesnt breach the lower barrier.

[V] Mwepwkancrkwin  [V] Esponefickmin [ | Esponeiicrmi Hactpaveaemeiit 3Havenne HauwanbHbid 3Tan
50 [}
Tet. cTomM. axTiea (5) 100 Craeka c HynessiM puckom () 5
CronmocTe odoprneHuA (S) 80 Craeka amevneHoa (%) 0
Cpok noraweHwa (net) % BonamnbHocTs (%) 25
3Tanbl pelweTku 100 * BosmoxonHbE B3HHLIE NPECTSENSHL! B FOMOE0M
WCURCNEHAN
3Tanel ZAMPETaE M MNEPMOL OrPEHWUYEHWA ([LNA HECTPAMEEEMED: 1M BEpMY ACKIDC DNLWOHDE)
Mpwsaep: 1, 2, 10-20, 35 CpasHeHua
Call Put
YPEBHEHWE KOHEYHOr D Y3Na (ONWAOHE! NMPK MCTEYEHM CPOKE AEACTEMA) _ -
¥ F— Cost L0 Brex-lonsw 4247 477
(sset>Bammer Max(Asset Cost 0).0) ZaKpbITEIA BMEPMKEHCKIA 4247 579
BvHomMManeHsI esponeicki 4247 477
Mpiwsep: Max(As==t - Cost, 0)

BuHOMWENEHEI aMepukarcii 42 47 587

YDEEHEHWE NPOMEXYTOYHOMO YENa (DNWACHE MPK MCTEYEHMKM CPOKE QefCTEMA) Hactpaveaemuii onwon: 42.1937

lf{Asset =Bamier Max|Asset-Cost OptionOpen), OptionOpen)

Mpwsep: Max(As=s=t - Cost, OptionOpen)

W OrpaHW4eHnA

[[] Cospam senomocTs nposepku I BrinonHuTs ] ’ MNevate ]

Figure 63 — Down and Out Lower American Barrier Option
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2.18 American and European Upper
Barrier Options

The Upper Barrier Option measures the strategic value of an option (this applies to both
calls and puts) that comes either in-the-money or out-of-the-money when the Assez
Value hits an artificial Upper Barrier that is currently higher than the asset value.
Therefore, an Up-and-In option (for both calls and puts) indicates that the option
becomes live if the asset value hits the upper barrier. Conversely, for the Up-and-Out
option, the option is live only when the upper barrier is not breached. This is very
similar to the Lower Barrier Option but now the barrier is above the starting asset value,
and for a binding barrier option, the implementation cost is typically lower than the
upper barrier. That is, the upper barrier is usunally > implementation cost and the upper barrier is

also > starting asset value.

Examples of this option include contractual agreements whereby if the upper barrier is
breached some event or clause is triggered. The values of barrier options are typically
lower than standard options, as the barrier option will have value within a smaller price
range than the standard option. The holder of a barrier option loses some of the
traditional option value and therefore a barrier option should sell at a lower price than a
standard option. An example would be a contractual agreement whereby the writer of
the contract can get into or out of certain obligations if the asset or project value
breaches a barrier.

The Up-and-In Upper American Barrier Option has slightly lower value than a regular
American call option as seen in Figure 64. This is because some of the option value
when the asset is less than the barrier but greater than the implementation cost is lost.
Clearly, the higher the upper barrier, the lower the np-and-in barrier option value will be as more of
the option value is lost due to the inability to execute when the asset value is below the
barrier (example file used: Barrier Option — Up and In Upper Barrier Call). For instance:

e When the upper barrier is $110, the option value is $41.22
e When the upper barrier is $120, the option value is $39.89

In contrast, an Up-and-Out Upper American Barrier Option is worth a lot less because
this barrier truncates the option’s upside potential. Figure 65 shows the computation of
such an option. Clearly, the higher the upper barrier, the higher the option value will be (example
tile used: Barrier Option — Up and Out Upper Barrier Call). For instance:

e When the upper barrier is $110, the option value is $23.69
e When the upper barrier is $120, the option value is $29.59
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Finally, note the issues of nonbinding barrier options. Examples of nonbinding

options are:

e  Up-and-Out Upper Barrier Calls when the Upper Barrier < Implementation
Cost, then the option will be worthless

e Up-and-In Upper Barrier Calls when Upper Barrier < Implementation Cost,
then the option value reverts to a simple call option

Examples of Upper Barrier Options are contractual options. Typical examples are:

e A manufacturer contractually agrees not to sell its products at prices higher than
a pre-specified upper barrier price level.

e A client agrees to pay the market price of a good or product until a certain
amount and then the contract becomes void if it exceeds some price ceiling.

Figures 64 and 65 illustrate American Barrier Options. To change these into European
Barrier Options set the Intermediate Node Equation Nodes to OptionOpen. In addition,
for certain types of contractual options, vesting and blackout periods can be imposed.
For solving such Bermudan Barrier Options, keep the same Intermediate Node
Equation as the American Barrier Options but set the Intermediate Node Equation
During Blackout and Vesting Periods to OptionOpen and insert the corresponding
blackout and vesting period lattice steps. Finally, if the Barrier is a changing target over
time, put in several custom variables named Barrier with the different values and starting

lattice steps.
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Figure 64 - Single Asset Super Lattice Solver = =

Qaitn  Cnpaeka

Onwaoter SLS | Tagmuua seinnar | UyBCTEMTENLHOCTE | CueHapmit I Cx0aMMOoCTh I CimynALMA

KommerTapwit  Upper Bamier Option Up and In Call. This option is live only when the asset value breaches the upper bamier.

[V] Amepukanckan [V Esponeckmin [ | Esponeiickimi HacTpaneasmsii : Mma 3nauenme Hauanwhbiii sTan
o Barrier 110 0
Tek. cTomm. aKmes (5) 100 Craeka c Hyneseim puckom () b
CToMmocTs opopMneHIA (S) 80 Craska mmevneHna (%) 0
Cpox norawenun (net) 5 BonamnerocTs () 25
A1ansl PELIETHI 100 * Bosmocopsuie [k NPEACTIENSHL! B IOROE0M
WCHACNEHAN
3Tank SanNpeTa M NEpUoL OrPaHMYEHA (ANA HACTPAWBAEMBX M BEpMy ICKIK OMLMOHOE)

Mpissp: 1, 2, 10-20, 35 Wkl

Call Put

YpaBHEHWE KOHEYHOr D y3Na (ONUMOHEI NPWU MCTEYEHWM CPOKE OSACTENA) _ -
- Bres-llonsw 42.47 477
HiAsset>=Barer, Max(Asset-Cost. 0).0) 3EKpBITEIR BMEPUIKaHCIKIN 4247 579
BUHOMMENEHEIR SBpOneicKMi 4247 477

Mpwaep: Max(fAzsst - Cost, 0) BuHOMWansHEI amepukarckan 42 47 587

YpaBHEHWE NPOMEKYTOYHOMD Y3Na (ONLWACHE! NPW MCTEYSHWM CPOKE OENCTEWA) Hactpameaemeiit onwaon: 41 2242
f{Asset >=Bamier, Max|Asset-Cost, OptionOpen), OptionOpen)

Mpiep: Max|Asset - Cost, OptionCpen)

OrpPaHMHEHHA

POMEYTOMHOM ¥SNa (B NEpUof

[7] Cosnam senomocTs nposepki I BeinonHuT: ] ’ MNevats ]

Figure 64 — Up and In Upper American Barrier Option
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q Figure 65 - Single Asset Super Lattice Solver I [

Qaiin  Cnpaeka

Onwionsl LS | TaBmuua seinnat I YyBCTEMTENEHOCTE I CusHapuit I CrogmocTts I Cunynaumna

Kommentapuit  Upper Bamier Up and Out Call. This option is live only when the asset value doesnt breach the upper bamier.

AMEDMKEHCKMEA Esponsickii Esponeickui Hacpavsasmeii : Hma =i Haua ST
Barrier 110 0
Tex. cToum. akmea () 100 Craeka c Hyneeeim puckom (1) 5
CroumocTe ogoprneHa () 80 Craska grewvperpa (3) 0
Cpow norawexus (net) 5 BonamneHocTe (%) 25
3Tank| peweTkn 100 * Bos ncxomHbie B3HHLIE NPERCTIENSHL] & MOG0B0M
WCHRCNEHN
3Tankl 3MpeTa M NepUoL OrPaHMYEHUA (ANA HICTPAMEASMEX M GepMyACKMX ONUMOHOE)

Mpiszp: 1, 2, 10-20, 25 -pa
YpaEHeHWE KOHEYHOrD YEN3 (ONWACHE! MPM MCTEYSHMW CROKE ASHCTEMRA)

Enewx-llonsu
FiAsset <=Bamier Max(Aszet-Cost, 0).0)

3EKPEITEIN BMEDMKEHCKIN
BiHoMMWaneHkI esponeiciii
BvHOMWENEHEIR SMEDMKEHTIKMIA

Mpmsep: Max{Asset - Cost, )

YpaEHeHWE NPOMEXYTOYHOO Y3Na (ONWACHE! MNP MCTEYSHWM CPOKE QECTEMA) HacTpaneaemeni anuwon: 23,6331

F{Aszet <=Bamier, Max(Asset-Cost OptionOpen), OptionCpen)

Mpmesep: Max{Asset - Cost, OptionOpen)

YpaeHeHwe NpoMEXyTOYHOra 303 (B NEpWMOA 3aNPETa W OrPaHNYEHA]

7] Cospat BepomMocTs nposepkn [ BrinonHns ] ’ MNevate ]

Figure 65 — Up and Out Upper American Barrier Option
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2.19 American and European Double

Barrier Options and Exotic Barriers

The Double Barrier Option is solved using the binomial lattice. This model measures the
strategic value of an option (this applies to both calls and puts) that comes either in-the-
money or out-of-the-money when the Assez [”alue hits either the artificial Upper or Lower
Barriers. Therefore, an Up-and-In and Down-and-In option (for both calls and puts)
indicates that the option becomes live if the asset value either hits the upper or lower
barrier. Conversely, for the Up-and-Out and Down-and-Ont option, the option is live only
when neither the upper nor lower barrier is breached. Examples of this option include
contractual agreements whereby if the upper barrier is breached some event or clause is
triggered. The value of barrier options is lower than standard options, as the barrier
option will have value within a smaller price range than the standard option. The holder
of a barrier option loses some of the traditional option value and therefore should sell it

at a lower price than a standard option.

Figure 66 illustrates an American Up-and-In, Down-and-In Double Barrier Option. This
is a combination of the Upper and Lower Barrier Options shown previously. The same
exact logic applies to this Double Barrier Option.

Figure 66 illustrates the American Barrier Option solved using the SLS. To change these
into a Huropean Barrier Option set the Intermediate Node Equation Nodes to
OptionOpen. In addition, for certain types of contractual options, vesting and blackout
periods can be imposed. For solving such Bermudan Barrier Options, keep the same
Intermediate Node Equation as the American Barrier Options but set the Intermediate
Node Equation During Blackout and Vesting Periods to OptionOpen and insert the
corresponding blackout and vesting period lattice steps. Finally, if the Barrier is a
changing target over time, put in several custom variables named Barrier with the

different values and starting lattice steps.

Exotic Barrier Options exist when other options are combined with barriers. For
instance, an option to expand can only be executed if the PV Asset exceeds some
threshold, or a contraction option to outsource manufacturing can only be executed
when it falls below some breakeven point. Again, such options can be easily modeled
using the SLS.
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Figure 66 - Single Asset Super Lattice Solver =t

®aiin  Cnpaeka

Oruwerel SLS | TaBnuua seinnat I YyBCTEMTEMEHOCTE I CueHapuil | CxogmocTs | Cunynaumna

Koramentapuit  Double Bamier Up & In, Down & In Call. This option is live onty when the asset value breaches either bamier.

Hactpavsaemelit : Mma

Amepuiancri Esponeiciuit Esponeficiuit Hau i 3Tan
o LowerBar... 90 0
e I I UpperBar_. 110 0
Tex. cTomm. aKmiea (5) 100 Craska c Hynessim puckom (1) 5
CToMMOoCTs ohopMneHWA (S) 80 Crasxa aveuneHaa (%) 0
Cpox norawexwa (net) 5 BonamnerocTe (%) 25
STans PELWETKI 100 * Boewncxoguie A2HHLIE NPSRCTIRNSHD! B FOGOE0M
WCHBCIIEHAN
ITankl SaNpeTa M NEPWOA OrPaHUYEHUA (ANA HACTPEMEAEMED M BEpMYLCKIK ONUMOHOE)

Mpimasp: 1, 2, 10-20, 35 _pEEHE

YpEBHEHWE KOHEYHOrD Y33 (QNUAOHE! NP NCTEYEHWM CPOKA ASACTEWA)

Brex-lonsw
ff(Aszet<=LowerBarmier | Asset==lpperBamier Max(Asset-Cost, 0),0)

JAKPEITEIA AMEDMKEHCKIR
BUHOMMWaNEHBIA EBpONERCKIAR
BUHOMMANEHEIA SMEDUKEHCKIA

Mpiwaep: Max{Asset - Cost, 0)

VpaBHEHWE NPOMEXYTOYHOrO Y3NA (ONUMOHEI MW MCTEYEHWW CPOKAE ASWCTEWA) Hactpaveaemenit onwoH: 41.9556

fF{Asset<=LowerBarmier | Asset »= UpperBamier, Max(Azset-
Cost OptionCpen), OptionOpen)

Mpiwsep: Max|Asset - Cost, OptionOpan)

YpaBHeHWE NpoOMEXyTOYHOrO ¥35Na 1 OFPEHU4EHWA

[[] Cospam senomocTs nposepki [ Brinontmts ] ’ MNevams ]

Figure 66 — Up and In, Down and In Double Barrier Option
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3.1 American ESO with Vesting Period

Figure 67 illustrates how an employee stock option (ESO) with a vesting period and
blackout dates can be modeled. Enter the blackout steps (0-39). Because the blackout
dates input box has been used, you will need to enter the Terminal Node Equation (TE),
Intermediate Node Equation (IE), and Intermediate Node Equation During Vesting and
Blackout Periods (IEV). Enter Max(Stock-Strike,0) for the TE; Max(Stock-
Strike,0,0ptionOpen) for the 1E; and OptionOpen for IEV (example file used: ESO Vesting).
This means the option is executed or left to expire worthless at termination; execute
eatly or keep the option open during the intermediate nodes; and keep the option open
only and no executions are allowed during the intermediate steps when blackouts or
vesting occurs. The result is $49.73 (Figure 67) which can be corroborated with the use
of the ESO Valuation Toolkit (Figure 68). ESO Valuation Toolkit is another software
tool developed by Real Options Valuation, Inc., specifically designed to solve ESO
problems following the 2004 FAS 123. In fact, this software was used by the Financial
Accounting Standards Board to model the valuation example in their final FAS 123
Statement in December 2004. Before starting with ESO valuations, it is suggested that
the user read Dr. Johnathan Mun’s book Valuing Employee Stock Options (Wiley 2004) as a
primer.

{ Y
Figure 67 - Single Asset Super Lattice Solver El_lg

Qaiin  Cnpaeka

Orumonel SLS | TaBmuua ewnnat | UyBCTEMTENEHOCTE | CugHapwit | CxomamocTs | Ciamynawas

KommenTapuii  Employee Stock Option with a vesting period.

ArEpUKEHCKIRA Eeponeiicioit Eeponeiciaait Hactpaueaemeii £ Mmn 3nauenne Hauanbhbii sTan
Tek. cTouM. aKTiEa (3) 100 Craeka © HyNEBLIM pUCKoM (%) 5
CrovmmocTs ofoprnetna (3) 100 Crasxa menneHaa (%) 3
Cpok norawerus (net) 10 BonamneHocTs (%) 50
3Tank! PEWETKM 100 * Bos McxopHLie fEHKLIE NPSACTIENSKE] B IOROE0M
WCHNCIEHAN
3Tank 3anpeTa u NEpUoLL OrPEHMYEHNS (LNA HACTPEMEEEMED: M BEpMY LCKIK ONLMOHOE)
039
Mpewszp: 1, 2, 10-20, 35
Call Put
YpaBHEHWE KOHEYHOMD y3Na (ONUWACHB! NP MCTEYSHMW CPOKE ASNCTEWA) P
M Asset Cast 0 Enex-Wonsw 4542 3199
ax{Asset-Cost. ) JEKPbITLIA aMEPUKEHCKIRA 50.03 A0.52
BuiHOMManEHBIA esponeicKki 4541 31.58
Nprszp: Max{Assst- Cost, 0) BuHOMManEHEIR amepukarckan 50017 40.85
YpaBHeHWE NPOMEXYTONHOMD Y3Ma (OMNLWOHB! MPW MCTEYEHWA COOKE NECTBMA) Hactpansaemeiii onwod: 49,7310
Max|Asset-Cost, 0, OptionCpen)

Mpiaap: MaAsset - Cost, Option0Opan)
YpaEHEHWE NPOMEXYTOYHOrO Yana (B NepWoad SaNPETa M OrPaHWYEHNA)
CptionOpen

Mpresep: OptionOpen
[] Cosnam senomocTs Nposepkn [ BeinonHuTs J ’ Mesam ]

loToso.

i

Figure 67 — SLS Results of a Vesting Call Option
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American Option with Vesting Requirements

Agsurnphions — Intermedizte Calculations
Stock Price (§) $100.00 Stepaing-Time (o) 1.0000
Sirifee Price () $100.00 Up Step-Size (up) 1.6487
Maturity In Years () 10.00 Down Step-Size fdown) 06065
Risk-Free Rate (%) 5.00% Rizk-Neutral Probability (proh) 29.69%
Diviciends (%) 3.00%
Volatiliy (%) 50.00% - Results
Vesting in Years () 400 10-Step Lattice Resuits $45.98
Generalized Black-Scholes $4542
T American Closed-Form Apprax. $50.03
S — 100-Step Binomial Super Lattice $49.73
Main Menu Binomial Super Latlize Steps 100 Steps |
T- 10-Step Trinomial Super Lattice ‘ Jdd 05
. — Trinomial Super Lattice Steps 10Steps W
14841.32
9001.71
545082 5450 82 |
331155 331155
200855 200855 200855 |
Underlying Stock Price Lattice 121825 121825 121825
738.91 738.91 738.91 73891 |
448 17 448 17 44817 44817
271.83 271.83 271.83 271.83 27183 ]
16487 164 87 164.87 16487 164.87
[ 10000 100.00 100.00 100.00 100.00 100.00 |
60.65 50 65 60 65 60.65 50 65
36.79 36.79 36.79 36.79 3679 |
2231 2231 2231 2231
13.53 1353 13.53 1353 |
821 821 821
498 498 498 |
3.02 302
183 183 |
Vesting Calculation 1.1
067
[ 0 [ 1 [ 2 3 4 [ 5 [ [§ [ 7 8 [ 9 [ 10 ]
14741.32
84a01.71
5359.82 535962 |
321155 321155
1908.55 1908.55 1908 55 |
Option Valuation Lattice 1118.25 1118.25 1118.2%
538.91 538.91 535.91 63391 |
34523 34817 34817 348.17
18329 181.29 176.74 17183 17183 |
95.59 92.29 86.87 78.93 54.88
[ 4898 4599 4155 3511 2450 000 |
2248 1943 1526 9725 0.00
8.91 6.52 349 0.00 000 |
275 1.32 000 0.00
0.50 0.00 0.00 000 |
0.00 0.00 0.00
0.00 0.00 ooo |
0.00 0.00
0.00 000 |
0.00
000

Figure 68 — ESO Valuation Toolkit Results of a Vesting Call Option
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3.2 American ESO with Suboptimal
Exercise Behavior

This example shows how suboptimal exercise behavior multiples can be included into
the analysis and how the custom variables list can be used as seen in Figure 69 (example
tile used: ESO Suboptimal Behavior and steps was changed to 100 in this example). The
TE is the same as the previous example but the IE assumes that the option will be
suboptimally executed if the stock price in some future state exceeds the suboptimal
exercise threshold times the strike price. Notice that the IEV is not used because we did
not assume any vesting or blackout periods. Also, the Swuboptimal exercise multiple
variable is listed on the customs variable list with the relevant value of 1.85 and a starting
step of 0. This means that 1.85 is applicable starting from step 0 in the lattice all the way
through to step 100. The results again are verified through the ESO Toolkit (Figure 70).

.
Figure 69 - Single Asset Super Lattice Solver =

®aiin Cnpaeka

Onwione SLS | TaBmuua ssinnat | HYyBCTEMTENEHOC T | Cuerapui | CxomMMocTs I CinynaLma

KommerTapuit  Employee Stock Option with suboptimal exercise muttiples.

LreprKaHCKMi Esponeicikmi Eeponeficimi Hactpansaemeiit : Mma 3navetime  HavanbHeiA 5Tan
Suboptim._.. 1.85 0
Tek. cToum. aKTea (5) 100 Craexa c HynessIM prcKoM (7) 5
CrommocTe opoprMneHnn (5) 100 Craeka aevasHaa (%) 0
Cpok noraweHwa {net) 10 BonamaneHocTs () 10
Atanb PEWETKM 100 * Bce MCHOOHEIE NEHHERIE NDENCTIENSHE] E 000N
WCHRCNEHAA
3Tank SanpeTa M NepUod orPaHWYEHIA (LNA HECTPAMESEMEDK 1 GEPMYACKME ONUMOHOE)

Mpimap: 1, 2, 10-20, 35

YPEBHEHWE KOHEYHOrD Y3Na (OMLWAOHE! NP MCTEYEHAW CPOKE OSACTEWA)

Maox(Asect Cost 0 Brnex-Wonew
x| Asset-Cost ) 2EKpEITRIA BMEDMKEHCKMA
BuHomMuaneHe# esponeficimil
Mpiazp: Max{Assst - Cost, ) BUHOMWENEHEIR SMEPMKEHTIKIIA
YpEEHEHME NPOMEXYTOUHOrO YENa (DNLMOHE! MPKM MCTEYEHWA CROKE ASHCTEMA) HacTtpaveaemelit onwon: 36.4289

|F{Asset>=5Suboptimal “Cost. Max{Asset-Cost 0),. OptionOpen)

Mpiwazp: Max{Asset - Cost, OptionOpen)

[] Coznam senomocTs nposepku [ BeinonHuT: ] ’ Mevats ]

Figure 69 — SLS Results of a Call Option with Suboptimal Behavior
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American Options with Suboptimal Exercise Behavior

Assurmptions  Interrrediate Calculations
Stock Price (3) $100.00 Stepping-Time (o) 1.0000
Strike Price (§) $100.00 Up Siep-Size (up) 1.1052
Maturity In Years () 10.00 Down Step-Size (down) 09048
Risk-free Rate (%) 5.00% Risk-neuiral Probabilty (prob) 73.09%
Diviciends (%) 0.00%
Volatily (%) 10.00% [ Results
Suboptimal Exercise Muitipie () 1.85 {0-Step Lattice Results $38.14
Generalized Black-Scholes $30.94
e — {00-Step Binomial Super Latiice $36.43
N — Binomial Super | attice Steps 100 Steps ¥
Main Menu 10-Step Trinomial Super Lattice | $37.94
leze- Trinomial Super Laiiice Steps 10Seps |
27183
245 96
22255 22255 |
20138 20138
182.21 182.21 18221 |
Underlying Stock Price Lattice 164 .87 164 87 164 87
149.18 149.18 149.18 149.18 ]
13499 134.99 134.99 134.99
12214 12214 12214 122.14 12214 |
110.52 11052 110.52 110,52 110.52
[ 10000 100.00 100.00 100.00 100.00 100.00 ]
9048 9048 9048 90.48 9048
81.87 81.87 81.87 81.87 8187 |
74.08 7408 74.08 7408
57.03 67.03 57.03 £7.03 |
60.65 60.65 60.65
5488 54 88 54838 |
4966 4966
44.83 4493 |
40 66
36.79
17183
14596
12255 12255 |
101.38 101.38
90.05 88.34 8221 |
Option Valuation Lattice 7947 7544 5375
69.55 6567 58.70 4918 |
6048 55499 4382 3986
5222 47.36 4034 31.66 2214 ]
4478 39.7% 3294 2475 15.39
[ 3814 3310 26.65 19.11 1070 000 |
27.37 21.36 14861 744 0.00
16.99 11.08 517 000 000 |
835 360 0.00 000
250 0.00 0.00 000 |
0.00 0.00 0.00
0.00 0.00 000 |
0.00 0.00
000 000 |
0.00
0.00

Figure 70 — ESO Toolkit Results of a Call Option accounting for Suboptimal Behavior
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3.3 American ESO with Vesting and
Suboptimal Exercise Behavior

Next, we have the ESO with vesting and suboptimal exercise behavior. This is simply

the extension of the previous two examples. Again, the result of $9.22 (Figure 71) is
verified using the ESO Toolkit as seen in Figure 72 (example file used: ESO Vesting with

Suboptimal Behavior).

.
Figure 71 - Single Asset Super Lattice Solver

®aiin  Cnpaeka

Onwrone: 5LS | TaGnuua swinnat | YyscTBMTENEHOCTE I Cuetapui | CrogmocTs I Cumynawn

Kommentapiia  Employee Stock Option with vesting perod and suboptimal exercise behavior.

ArepuraHckuin Eeponeiicioit Eeponeiicioit Hactpareaemsiit £ Mmn
Suboptim_.
Tew. cToum. akmiea () 20 Craeka c HyneseIM puckom (i) 35
CroumocTe odopMneHia (8) 20 Craexa mmewaeHna (%) 0
Cpok noraweHua (neT) 10 BonamneHocTe (%) 50
3Tane! peweTkn 100 * Boe ncxopbie BakHLRE NPEACTIENEHS B IOROE0M
WCHNCNEHNA
3Tankl 3anpeTa W NepUo, OrPaHUueHUA (ANA HECTPEMBEEMEDX 1M GEPMYACKIX OMUMOHOE)

3Hauenne HauanbHeli 3Tan
11 0

0-33

Mpwesep: 1, 2, 10-20, 33

|FiAsset >=SuboptimalCost, Max{Asset-Cast  0). OptionOpen)

Mprep: Max{Assst - Cost, OptionOpen)
YpaBHEHWE NMPOMEXKYTOYHOrC Y3Na (B NepMOL SENPETA M OrPaHWYSHMA)
OptionOpen

YPEBEHEHME KOHEYHOrO Y3N3 (DNUACHEI MPM MCTEYSHUM CPOKE ASACTEMRA) - PHLE

BErnex-Wonsw, 12 E.57

Max(Asset-Cost.0) 3EKPEITEIA AMEPUKEHCKWA 12. 8.28

BUHOMMENEHEIA EEpONEACAR 12.87 6.96

Mpiwazp: Max|Asset - Cost, 0} BuHoMManeHsIA amepukarckail - 12 27 8.36
YDEEHEHWE MPOMEXYTOUHOMO YENE (OMLUMOHEI NP MCTEYSHUM CPOKE ASACTEWA) Hactpaneaemelii onumon: 9.2178

Mpiessp: OptionOpen

[] Cosnam seaomocTs Nposepkn [ BrinonHume ] [ Mevats ]

lNoToeC.

i

Figure 71 — SLS Results of a Call Option accounting for Vesting and Suboptimal

Behavior
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American Option with Vesting and Suboptimal Behavior

r Assumption:

r Intermediate Calculations

Stock Price (8) $20.00 Stepping-Time (dt) 1.0000
Strike Price (&) 520.00 Up Step-Size (up) 1.6487
Maturity in Years () 10.00 Down Step-Size (down) 0.6065
Risk-free Rate (%) 3.50% Risk-neutral Probability (prob) 41.17%
Dividends (%) 0.00%
Volatility (%) 50.00% [ Resuls
Suboptimal Exercize Multiple () 1.10 10-Step Lattice Results $10.61
Vesting in Years () 4.00 Generalized Black-Scholes $12.87
100-Step Binomial Super Lattice $9.22
m‘ Binomizl Super Lattice Steps 00 Steps | >
S —— 100-Step Trinomia! Super Lattice | $9.43 |
Main Menu Trinomia! Super Lattice Steps 100 Steps :
nnallze
2068.26
1800.34
1091.96 1091.96 |
662.31 662.31
401.71 401.71 40171 |
Underlying Stock Price Larttice 243 G5 243 (5 243 (5
147.78 147.78 147.78 147.78 |
89.63 89.63 89.63 89.63
54.37 5437 54.37 54.37 5437 |
32.97 32.97 32.97 32.97 32.97
[ 20.00 20.00 20.00 20.00 20.00 2000 |
12.13 1213 12.13 1213 12.13
7.36 7.36 7.36 7.36 736 |
4.48 4.46 4.46 446
271 271 271 271 ]
1.64 1.64 1.64
1.00 1.00 1.00 ]
0.60 0.60
0.37 037 |
0.22
0.13
2948.26
1780.34
1071.96 1071.96 |
642.31 642.31
381.71 381.71 38171 |
Oprtion aluation Lartice 223 B5 223 65 223 B5
127.78 127.78 127.78 12778 |
70.32 69.63 69.63 69.63
37.93 34.37 34.37 34.37 3437 |
2017 17.55 12.97 12.97 12.97
[ 1061 8.97 6.85 6.32 5.16 0.00 |
455 3.50 2.98 2.05 0.00
1.74 137 0.82 0.00 0.00 |
0.62 0.32 0.00 0.00
013 0.00 0.00 0.00 |
0.00 0.00 0.00
0.00 0.00 0.00 |
0.00 0.00
0.00 0.00 |
0.00
0.00

Figure 72 — ESO Toolkit Results of a Call Option accounting for Vesting and

110

Suboptimal Behavior

Real Options Super Lattice Solver



Real Options SLS

User Manual

3.4 American ESO with Vesting,
Suboptimal Exercise Behavior, Blackout
Periods, and Forfeiture Rate

This example now incorporates the element of forfeiture into the model as seen in
Figure 73 (example file used: ESO Vesting Blackout, Suboptimal, Forfeiture). This means
that if the option is vested and the prevailing stock price exceeds the suboptimal
threshold above the strike price, the option will be summarily and suboptimally
executed. If vested but not exceeding the threshold, the option will be executed only if
the post-vesting forfeiture occurs, but the option is kept open otherwise. This means
that the intermediate step is a probability weighted average of these occurrences. Finally,
when an employee forfeits the option during the vesting period, all options are forfeited,
with a pre-vesting forfeiture rate. In this example, we assume identical pre- and post-
vesting forfeitures so that we can verify the results using the ESO Toolkit (Figure 74). In
certain other cases, a different rate may be assumed.

, Y
Figure 73 - Single Asset Super Lattice Solver El;lﬂ

@aiin  Cnpaska

Onumonel SLS | Tagmiua ssnnat | YyBCTEMTENEHOCTE | CueHapuin | CxomamocTs | Cumynawaa

KommeHtapuin - Employee Stock Option with vesting period, suboptimal exercise behavior and forfeiture rates.

Apaepukancrnit Espaneitcri Espaneitcrmi HacTpaveaemeiit A= 3Hayenne HavanbHbii 31an
Suboptim_. 18 1]
Forfeiture._.. 0.1 0
Tek. cToum. aKTiea (8) 100 Craska c HyneBeIM puckom (%) hh Forfeiture._ 01 0
CToumocTe ogopMneHiUA (S) 100 Crasxa paewasHaa (%) 4 oT 01 0
Cpok norawerms (net) 10 BonamneHocTe (%) 45
ATansl PELWETEK 100 * Bos noxomusie B3HKLIE NPERCTIENEHL! B IOBOE0M
WCUMCNEHNH
3Tansi sanpeTa u NepUo orpaHMYEHA (LNA HECTPAMBAEMED M BEPMYLCKII OMLMOHDE)

0-33
Mpwsep: 1, 2, 10-20, 25

YpEBHEHWE KOHEYHOMO ¥SN3 {OMUWMOHE! MPM MCTEYEHMM CPOKA ASHCTEMA) . Put

Bnex-llonew 23N

Max(Asset-Cost,0) ZEKPEITEIA BMEDMKEHCKIMA 36.50

BMHOMWANEHEIA EEPONEACKIA 2811

Npiesep: Max{Asset - Cost, 0) BUHOMWANEHBIR BMEDMKEHCKIMA 36.74
¥paBHEHWE NPOMEXYTOYHOMD YSNa (DNUMOHE! MPW MCTEYEHWW CPOKE NERCTEMA) HacTpaneaemelid onwon: 26.1821

|F{Asset>=Suboptimal Cost, Mano(Asset-Cost, 0), IF(Asset < Suboptimal Cost,
{ForfeiturePost™ DT " Max{Asset-Cost, 0)+{1-ForfeiturePost "D T OptionOpen), 0}
Mpwaep: Mas|Asset - Cost, OptionOpean)
YpaEHeHWE NPOMEXYTOYHOMD YSNa (B NepUo 3aNpeTa M OrpaHUdYEHInA)
{1-ForfeiturePre"DT) OptionOpen

Mpwsep: OptionOpen

[] Cospam sepomocTs Nposepkm Brinoniute Meswats

loToso.

ari

Figure 73 — SLS Results of a Call Option accounting for Vesting, Forfeiture,

Suboptimal Behavior, and Blackout Periods
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Customized American Option
T EE————————_——y™°5=5=5m—m—v‘

— Assumptions

Stock Price (§)
Sirike Price ()
Maturity in Years ()
Risk-free Rafe (%)
Dividends (%)
Volatility (%)

Vesiing in Years ()
Forfeifura Rate (%)

$100.00

$100.00

10.00

5.50%

4.00%

45.00%

Subaptimal Exerclse Mulfiple () 1.80

4.00

10.00%

Results

Generalized Black-Scholes
T00-Step Super Latlice
Supear Latfice Steps

$37.45
$26.18

100 Steps z‘

Calculate

Main Menu

Anallze

— Addidonal Assumptions
Year  Volalility %
10.00 45 00%
10.00 45.00%
10.00 45.00%
10.00 45 00%
10.00 45.00%
10.00 45.00%
10.00 45 00%
10.00 45.00%
10.00 45.00%
10.00 45 00%

Year  Risk-free %
10.00 5.50%
10.00 5.50%
10.00 5.50%
10.00 5.50%
10.00 5.50%
10.00 5.50%
10.00 5.50%
10.00 5.50%
10.00 5.50%
10.00 5.50%

Please ba aware (hat by applving
multiple changing volalilities over fims,
a hon-recombining latiice is required,
which increases the compuiation fime
significanily. In addition, only smalier
lalfice steps may he computed. When
many volatiities over time and many
laftica steps are raquirad, usa Monie
Carla simulalion on the volaliifies and
run the Basic or Advanced Custom
Ontion module instead. For addifional
sieps, use the ESQ Funchion

Figure 74 — ESO Toolkit Results after accounting for Vesting, Forfeiture, Suboptimal

Behavior, and Blackout Periods
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Appendix A: Lattice
Convergence

The higher the number of lattice steps, the higher the precision of the results. Figure Al
illustrates the convergence of results obtained using a BSM closed-form model on a
European call option without dividends, and comparing its results to the basic binomial
lattice. Convergence is generally achieved at between 500-1,000 steps. Due to the high
number of steps required to generate the results, software-based mathematical
algorithms are used.* For instance, a nonrecombining binomial lattice with 1,000 steps
has a total of 2 x 103! nodal calculations to perform, making manual computation
impossible without the use of specialized algorithms.> Figure Al also illustrates the
binomial lattice results with different steps and notes the convergence of the binomial
for a simple European call option using the Black-Scholes model.

4 This proprietary algorithm was developed by Dr. Johnathan Mun based on his analytical work
with FASB in 2003-2004; his books: “Valuing Employee Stock Options Under the 2004 FAS 123
Requirements” (Wiley, 2004), “Real Options Analysis: Tools and Techniques” (Wiley, 2002),
“Real Options Analysis Course” (Wiley, 2003), “Applied Risk Analysis: Moving Beyond
Uncertainty” (Wiley, 2003); creation of his software, “Real Options Analysis Toolkit” (versions
1.0 and 2.0); academic research; and previous valuation consulting experience at KPMG
Consulting.

5 A nonrecombining binomial lattice bifurcates (splits into two) every step it takes, so starting
from one value, it branches out to two values on the first step (2!), two becomes four in the
second step (2?), and four becomes eight in the third step (2%) and so forth, until the 1,000th step
(2199 or over 103! values to calculate, and the world’s fastest supercomputer won’t be able to

calculate the result within our lifetimes).
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Convergence in Binomial Lattice Steps

$17.20 -
$17.10 -
$17.00 -

$16.90 -
Black-Scholes

*
*
*

$16.80 -

Option Value
4
<
<

$16.70 -

$16.60 -

$16.50

1 10 100 1000 10000

Lattice Steps

Black-Scholes Result: $12.336
Binomial 5-Step Lattice: $12.795
Binomial 10-Step Lattice: $12.093
Binomial 20-Step Lattice: $12.213
Binomial 50-Step Lattice: $12.287
Binomial 100-Step Lattice: $12.313

Binomial 1,000-Step Lattice: $12.336

Figure A1 — Convergence of the Binomial Lattice Results to Closed-Form Solutions
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Appendix B: Volatility Estimates

There are several ways to estimate the volatility used in the option models:

Logarithmic Cash Flow Returns Approach or Logarithmic Stock Price
Returns Approach: Used mainly for computing the volatility on liquid and
tradable assets such as stocks in financial options. Sometimes used for other traded
assets such as price of oil and price of electricity. The drawback is that DCF models
with only a few cash flows will generally overstate the volatility and this method
cannot be used when negative cash flows occur. The benefits include its
computational ease, transparency, and modeling flexibility of the method. In
addition, no simulation is required to obtain a volatility estimate.

Logarithmic Present Value Returns Approach: Used mainly when computing
the volatility on assets with cash flows, a typical application is in real options. The
drawback of this method is that simulation is required to obtain a single volatility
and is not applicable for highly traded liquid assets such as stock prices. The benefit
includes the ability to accommodate certain negative cash flows and applies more
rigorous analysis than the logarithmic cash flow returns approach, providing a more
accurate and conservative estimate of volatility when assets ate analyzed.

Generalized Autoregressive Moving Average (GARCH) Models: Used mainly
for computing the volatility on liquid and tradable assets such as stocks in financial
options. Sometimes used for other traded assets such as price of oil and price of
electricity. The drawback is that a lot of data is required, advanced econometric
modeling expertise is required, and this approach is highly susceptible to user
manipulation. The benefit is that rigorous statistical analysis is performed to find
the best-fitting volatility curve, providing different volatility estimates over time.

Management Assumptions and Guesses: Used for both financial options and
real options. The drawback is that the volatility estimates are very unreliable and are
only subjective best-guesses. The benefit of this approach is its simplicity—this
method is very easy to explain to management the concept of volatility—both in
execution and interpretation.

Market Proxy Comparables or Indices: Used mainly for comparing liquid and
non-liquid assets, as long as comparable market-, sector-, or industry-specific data
are available. The drawback is that it is sometimes hatd to find the right comparable
firms and the results may be subject to gross manipulation by subjectively including
or excluding certain firms. The benefit is its ease of use.
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B.1 Volatility Estimates (Logarithmic Cash Flow
Returns/Stock Price Returns Approach)

The Logarithmic Cash Flow Returns or Logarithmic Stock Price Returns Approach calculates the
volatllity using the individual future cash-flow estimates, comparable cash-flow
estimates, or historical prices, generating their corresponding logarithmic relative
returns, as illustrated in Figure B1. Starting with a series of forecast future cash flows or
historical prices, convert them into relative returns. Then take the natural logarithms of
these relative returns. The standard deviation of these natural logarithm returns is the
periodic volatility of the cash flow series. The resulting periodic volatility from the sample
dataset in Figure B1 is 25.58%. This value will then have to be annualized.

No matter what the approach used, the periodic volatility estimate used in a real options
or financial options analysis has to be an ammnalized volatility. Depending on the
periodicity of the raw cash flow or stock price data used, the volatility calculated should

be converted into annualized values using o/ P, where P is the number of periods in a

year and o is the periodic volatility. For instance, if the calculated volatility using

monthly cash flow data is 10%, the annualized volatility is 10%+/12 = 35% . Similarly,
P is 365 (or about 250 if accounting for trading days and not calendar days) for daily
data, 4 for quarterly data, 2 for semiannual data, and 1 for annual data.

Notice that the number of returns in Figure B1 is one less than the total number of
periods. That is, for time periods 0 to 5, we have six cash flows but only five cash flow
relative returns. This approach is valid and correct when estimating the volatilities of
liquid and highly-traded assets—historical stock prices, historical prices of oil and
electricity—and is less valid for computing volatilities in a real options world, where the
underlying asset generates cash flows. This is because to obtain valid results, many data
points are required, and in modeling real options, the cash flows generated using a DCF
model may only be for 5 to 10 periods. In contrast, a large number of historical stock
prices or oil prices can be downloaded and analyzed. With smaller data sets, this
approach typically overestimates the volatility.

Cash Flow Relative Natural Logarithm of
Cash Flows

Returns Cash Flow Returns (X)
$100 - -
$125 $125/$100 = 1.25 In($125/$100) = 0.2231
$95 $95/$125 = 0.76 In($95/$125) = -0.2744
$105 $105/$95 = 1.11 In($105/$95) = 0.1001
$155 $155/$105 = 1.48 In($155/$105) = 0.3895
$146 $146/$155 = 0.94 In($146/$155) = -0.0598

Figure B1 — Log Cash Flow Returns Approach
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The volatility estimate is then calculated as

volatility = ) =25.58%

where 7 is the number of Xs, and X is the average X value.

To further illustrate the use of this approach, Figure B2 shows the stock prices for
Microsoft downloaded from Yahoo! Finance, a publicly available free resource.® You can
follow along the example by loading the example file: Start | Programs | Real Options
Valnation | Real Options Super Lattice Solver | V'olatility Estimates and select the worksheet
tab Log Cash Flow Approach. The data in columns A to G in Figure B2 are downloaded
from Yahoo. The formula in cell 13 is simply ILN(G3/G4) to compute the natural
logarithmic value of the relative returns week over week, and is copied down the entire
column. The formula in cell J3 is STDEV/(I3:154)*SORT(52) which computes the
annualized (by multiplying the square root of the number of weeks in a year) volatility
(by taking the standard deviation of the entire 52 weeks of the year 2004 data). The
formula in cell J3 is then copied down the entire column to compute a moving-window
of annualized volatilities. The volatility used in this example is the average of a 52-week
moving window, which covers two years of data. That is, cell L8s formula is
AVERAGE(J3:]54),  where  cell  J54  has  the  following  formula:
STDEV 154:1105)*SORT(52), and of course row 105 is January 2003. This means that
the 52-week moving window captures the average volatility over a 2-year period and
smoothes the volatility such that infrequent but extreme spikes will not dominate the
volatility computation. Of course, a median volatility should also be computed. If the
median is far off from the average, the distribution of volatilities is skewed and the
median should be used, otherwise, the average should be used. Finally, these 52
volatilities can be fed into Monte Carlo simulation Risk Simulator software and the
volatilities themselves can be simulated.

¢ Go to http://finance.yahoo.com and enter a stock symbol (e.g., MSFT). Click on Quotes:
Historical Prices and select Weekly and select the period of interest. You can then download the

data to a spreadsheet for analysis.
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| 1 | Downloaded Weekly Historical Stock Prices of Microsoft Volatility Computations
) ) . LN Relative Moving Average

z Date Open High Low Close Volume  Adj. Close Returns Volatilities
| 3| 27Dec0s 2701 27.10 2668 2672 52388840  26.64 -0.0108 17.87%
| 4 | 20-Dec-04 27.01 2717 26.78 27.00 773174 26.93 0.0019 17.84%
| 5 | 13-Dec-04 2710 2740 26.80 26.96 108628300  26.88 -0.0045 17.85%
| 6 | 6-Dec-04 2710 2744 2611 27.08 83312720 27.00 -0.0055 18.00% One-Year Annualized Volatility
| 7 | 29-Nov-04 26.64 2744 26.61 27.23 83103200 2715 0.0235 18.13%
| 8 | 22-Nov-04 2675 26.82 2610 26.60 61834599 26.52 -0.0098 18.03% Average 21.89%
| 9 | 18-Now-04 27.34 2750 26.84 26.86 75375960 26.78 -0.0011 18.10% Median 22.30%
| 10| 8-MNow-04 2918 30.20 2913 29.97 109385736  26.81 0.0223 18.20%
| 11| 1-Now-04 2816 29.36 27.96 2931 85044019 26.22 0.0468 18.28%
| 12| 25-Oct-04 27.67 28.54 27.55 27.97 70791679 25.02 0.0084 17.71%
| 13| 18-Oct-04  28.07 28.89 27.58 2774 74671318 24 -0.0092 17.80%
| 14| 11-Oct-04 2820 28.27 27.80 27.99 48396360 25.04 0.0000 19.68%
| 16| 4-Oct-04 2844 28.59 27.97 27.99 52998320 25.04 -0.0091 19.69%
| 16 | 27-Sep-04 2717 28.32 27.04 28.25 61783760 2527 0.0346 19.68%
| 17 | 20-Sep-04 2744 27.74 27.07 27.29 59162520 2444 -0.0082 19.62%
| 18 | 13-Sep-04 27.53 2787 26.74 2761 51599880 2461 0.0008 20.52%
| 19| 7-Sep-04 2729 2781 2714 2749 51935175 2459 0.0139 21.30%
| 20 | 30-Aug-04  27.30 27.68 26.85 2711 45125980 2425 -0.0127 21.25%
| 21| 23-Aug-04 2727 2767 27.09 2746 40526830 2456 0.0123 22.29%
| 22 | 16-Aug-04  27.03 2750 26.89 27.20 52571740 2426 0.0066 22.29%
| 23| 9-Aug-04 2726 27.75 26.86 27.02 51244080 2410 -0.0041 22.42%
| 24| 2-Aug04 2827 28.55 27.06 2714 56739100 2420 -0.0488 22.42%
| 25| 26-Jul-04 2836 28.81 2813 2849 65555220 254 0.0163 21.97%
| 26| 19-Jul-04 2762 29.89 27.60 28.03 114579322 25.00 0.0198 211%
| 27| 12-Jul-04 2767 28.36 27.25 2748 57970740 2481 -0.0138 22.02%
| 26| 6-Jul-04 2832 28.33 27.55 27.86 61197249 24.85 -0.0250 22.04%
| 29| 26-Jun04  28.60 28.84 2817 28.57 66214339 2548 0.0000 22.07%
| 30| 21-Jun04 2822 28.66 27 28.57 82202478 2548 0.0079 22.30%
31| 14-Jun-04 2655 28.50 26.53 28.35 97727643 2528 0.0574 22.48%

Figure B2 — Computing Microsoft’s 1-Year Annualized Volatility

Clearly there are advantages and shortcomings to this simple approach. This method is
very easy to implement, and Monte Carlo simulation is not required to obtain a single-
point volatility estimate. This approach is mathematically valid and is widely used in
estimating volatility of financial assets. However, for real options analysis, there are
several caveats that deserve closer attention. When cash flows are negative over certain
time periods, the relative returns will have negative values, and the natural logarithm of a
negative value does not exist. Hence, the volatility measure does not fully capture the
possible cash flow downside and may produce erroneous results. In addition,
autocorrelated cash flows (estimated using time-series forecasting techniques) or cash
flows following a static growth rate will yield volatility estimates that are erroneous.
Great care should be taken in such instances. This flaw is neutralized in larger datasets

that only carry positive values such as historical stock prices or price of oil or electricity.

This approach is valid and correct as computed in Figure B2 for liquid and traded assets
with a lot of historical data. The reason why this approach is not valid for computing the
volatility of cash flows in a DCF for the purposes of real options analysis is because of
the lack of data. For instance, the following annualized cash flows: 100, 200, 300, 400,
500 would yield a volatility of 20.80%, as compared to the following annualized cash
flows: 100, 200, 400, 800, 1600, which would yield a volatility of 0%, versus the
following cash flows: 100, 200, 100, 200, 100, 200, which yields 75.93%. All these cash
flow streams seem fairly deterministic and yet provided very different volatilities. In
addition, the third set of negatively autocorrelated cash flows should actually be less
volatile (due to its predictive cyclical nature and reversion back to a base level) but its
volatility is computed to be the highest. The second cash flow stream seems more risky
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than the first set due to larger fluctuations but has a volatility of 0%. Therefore, be
careful when applying this method to small datasets.

When applied to stock prices and historical data that are nonnegative, this approach is
casy and valid. However, if used on real options assets, the DCF cash flows may very
well take on negative values, returning an error in your computation (i.e., log of a
negative value does not exist). However, there are certain approaches you can take to
avoid this error. The first is to move up your DCF model, from free cash flows to net
income, to operating income (EBITDA), and even all the way up to revenues and prices,
where all the values are positive. If doing it this way, then care must be taken such that
all other options and projects are modeled this way for comparability’s sake. Also, this
approach is justified in situations where the volatility, risk, and uncertainty stem from a
certain variable above the line is used. For instance, the only critical success factor for an
oil and gas company is the price of oil (price) and the production rate (quantity), where
both are multiplied to obtain revenues. In addition, if all other items in the DCF are
proportional ratios (e.g., operating expenses are 25% of revenues or EBITDA values are
10% of revenues, and so forth), then we are only interested in the volatility of revenues.
In fact, if the proportions remain constant, the volatilities computed are identical (e.g.,
revenues of $100, $200, $300, $400, $500 versus a 10% proportional EBITDA of $10,
$20, $30, $40, $50, yields identical 20.80% volatilities). Finally, taking the oil and gas
example a step further, computing the volatility of revenues assuming no other market
risks exist below this revenue line in the DCF, is justified because this firm may have
global operations with different tax conditions and financial leverages (different ways of
funding projects). The volatility should only apply to market risks and not private risks
(how good a negotiator the CFO is on getting foreign loans, or how shrewd your CPAs

are in creating offshore tax shelters).

Now that you understand the mechanics of computing volatilities this way, we need to
explain why we did what we did! Merely understanding the mechanics is insufficient in
justifying the approach or explaining the rationale why we analyzed it the way we did.
Hence, let us look at the steps undertaken and explain the rationale behind them:

e Step 1: Collect the relevant data and determine the petiodicity and time frame.
You can use forecast financial data (cash flows from a DCF model), comparable
data (comparable market data such as sector indexes and industry averages), or
historical data (stock prices or price of oil and electricity). Consider the
periodicity and time frame of the data. In using forecast and comparable data,
your choices are limited to what is available or what models have been built, and
are typically annual, quarterly, or monthly data, usually for a limited amount of
time. When using historical data, your choices are more varied. Typically, daily
data has too much random fluctuations and white noise that may erroneously
impact the volatility computations. Monthly, quarterly, and annual historical
data are spread too far out and all the fluctuations inherent in the time-series
data may be smoothed out. The optimal periodicity is weekly data, if available.
Any intraday and intraweek fluctuations are smoothed out but weekly
fluctuations are still inherent in the dataset. Finally, the time frame of the
historical data is also important. Periods of extreme events need to be carefully
considered (e.g., dot.com bubble, global recession, depression, terrorist attacks).
That is, if these are actual events that will recur and hence are not outliers but
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PERIODS
Geometric Average = \/(

part of the undiversifiable systematic risk of doing business? In Figure B2’s
example above, a 2-year cycle was used. Clearly, if the option has a 3-year
maturity, then a 3-year cycle should be considered, with the exception that data
is not available, or if certain extreme events mitigate our using the data back that
far.

Step 2: Compute relative returns. Relative returns are used in geometric averages
while absolute returns are used in arithmetic averages. To illustrate, suppose you
purchase an asset or stock for $100. You hold it for one period and it doubles
to $200, which means you made 100% absolute returns. You get greedy and
keep it for one more period when you should have sold it and obtain the capital
gains. The next period, the asset goes back down to $100, which means you lost
half the value or —50% absolute returns. Your stockbroker calls you up and tells
you that you made an average of 25% returns in the two periods (the arithmetic
average of 100% and —50% is 25%)! You started with $100 and ended up with
$100. You clearly did not make a 25% return. Thus, an arithmetic average will
over inflate the average when fluctuations occur—fluctuations do occur in the
stock market or for your real options project, otherwise your volatility is very
low and there’s no option value, and hence, no point in doing an options
analysis. A geometric average is a better way to compute the return. The
computation is seen below, and you can clearly see that as part of the geometric
average calculation, relative returns are computed. That is, if $100 goes to $200,
the relative return is 2.0 and the absolute return is 100%; or when $100 goes
down to $90, the relative return is 0.9 (anything less than 1.0 is a loss) or —10%
absolute returns. Thus, to avoid over inflating the computations, we use relative
returns in Step 2.

200

Period 1End Value \ Period 2 End Value Period n End Value 72 200 100
"\ Period n Start Value

Period 1Start Value A Period 2 Start Value 100

Step 3: Compute natural logarithm of the relative returns. The natural log is
used for two reasons. The first is to be comparable to the exponential Brownian
Motion stochastic process. That is, recall that a Brownian Motion is written as:

§ — ey(&)+o‘€\/§
S

To compute the volatility (o) used in an equivalent computation (regardless of whether

it is used in simulation, lattices, or closed-form models because these three approaches

require the Brownian Motion as a fundamental assumption), a natural log is used. The

exponential of a natural log cancels each other out in the above equation. Second, in

computing the geometric average, relative returns were used, then multiplied and taken

to the root of the number of periods. By taking a natural log of a root (n), we reduce the

root (n) in the geometric average equation. This is why natural logs are used in Step 3.

Step 4: Compute the sample standard deviation to obtain the periodic volatility.
A sample standard deviation is used instead of a population standard deviation
because your dataset might be small. For larger datasets, the sample standard
deviation converges to the population standard deviation, so it is always safer to
use the sample standard deviation. Of course the sample standard deviation
seen below is simply the average (sum of all and then divided by some variation of n) of
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the deviations of each point of a dataset from its mean (X — X)), adjusted for a
degree of freedom for small datasets, where a higher standard deviation implies
a wider distributional width and, thus, carries a higher risk. The variation of
each point around the mean is squared to capture its absolute distances
(otherwise for a symmetrical distribution, the variations to the left of the mean
might equal the variations to the right of the mean, creating a zero sum), and
the entire result is taken to the square root, to bring the value back to its original
unit. Finally, the denominator (#—7) adjusts for a degree of freedom in small
sample sizes. To illustrate, suppose there ate three people in a room and we ask
all three of them to randomly choose a number of their choice, as long as the
average is $100. The first person might choose any value, and so could the
second person. However, when it comes to the third person, he or she can only
choose a single unique value such that the average is exactly $100. Thus, in a
room of 3 people (#), only 2 people (#—7) are truly free to choose. So, for
smaller sample sizes, taking the # — 7 correction makes the computations more
conservative. This is why we use sample standard deviations in Step 4.

volatility =

Step 5: Compute the annualized volatility. The volatility used in options analysis
is annualized for several reasons. The first reason is that all other inputs are
annualized inputs (e.g., annualized risk-free rate, annualized dividends, and
maturity in years). Second, if a cash flow or stock price stream of $10 to $20 to
$30 that occurs in three different months versus three different days has very
different volatilities. Cleatrly, if it takes days to double or triple your asset value,
that asset is a lot more volatile. All these have to be common-sized in time and
be annualized. Finally, the Brownian Motion stochastic equation has the values

04Ot . That is, suppose we have a 1-year option modeled using a 12-step

lattice, then Ofis 1/12. If we use monthly data, compute the monthly volatility
and use this as the input, this monthly volatility will again be partitioned into 12

pieces per 0,/Ot. Therefore, we need to first annualize the volatility to an

annual volatility (multiplied by the squate root of 12), input this annual volatility
into the model, and let the model partition the volatility (multiplied by the
square root of 1/12) into its petiodic volatility. This is why we annualize
volatilities in Step 5.

B.2 Volatility Estimates (Logarithmic
Present Value Returns)

The Logarithmic Present Valne Returns Approach to estimating volatility collapses all future

cash flow estimates into two present value sums, one for the first time period and

another for the present time (Figure B3). The steps are shown below. The calculations

assume a constant discount rate. The cash flows are discounted all the way to Time O

and again to Time 1, with the cash flows in Time 0 ignored (sunk cost). Then the values

are summed, and the following logarithmic ratio is calculated:
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Zn: PVCF,
X=In2—
> PVCF,

i=0

where PI/CF;is the present value of future cash flows at different time periods 7.

This approach is more appropriate for use in real options where actual assets and
projects’ cash flows are computed and their corresponding volatility is estimated. This is
applicable for project and asset cash flows, and can accommodate less data points.
However, this approach requires the use of Monte Carlo simulation to obtain a volatility

estimate. This approach reduces the measurement risks of autocorrelated cash flows and
negative cash flows.

Present Value at Time

Cash Flows 0 Present Value at Time 1
$100 =$100.00

$100 1+0.1° ' —
$125 $125

$125 Loy - P36 Troqp - 31250
$95 $95

405 o7 - 85! Troqy - 63
$105 $105

$105 ETEERAEL Tronr 278
$155 $155

§155 Trony - 110587 TroqF - SLe4
$146 $146

§146 TroaF - P06 Lroy 302

$567.56 $514.31

Figure B3 — Log PV Approach

In the example above, X is simply /n($574.31/8567.56) = —0.0985. Using this
intermediate X value, perform a Monte Carlo simulation on the discounted cash flow
model (thereby simulating the individual cash flows) and obtain the resulting forecast
distribution of X. As seen previously, the sample standard deviation of the forecast
distribution of X is the volatility estimate used in the real options analysis. It is
Important to note that only the numerator is simulated while the denominator
remains unchanged.
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The downside to estimating volatility this way is that the approach requires Monte Carlo
simulation, but the calculated volatility measure is a single-digit estimate, as compared to
the Logarithmic Cash Flow or Stock Price Approach, which yields a distribution of volatilities,

that in turn yield a distribution of calculated real options values.

The main objection to using this method is its dependence on the variability of the
discount rate used. For instance, we can expand the X equation as follows:

n CF, CF, CF, CF,

> PVCF, =+ —+ e
X —Inl = In @+ D) @+D) @+D) 1+ D)

> PVCF, CFy —+ CF, —+ CF, St CFy ;

= 1+ D) 1+D)" (1+D) 1+ D)

where D represents the constant discount rate used. Here we see that the cash flow
series CF for the numerator is offset by one period, and the discount factors ate also
offset by one period. Therefore, by performing a Monte Catlo simulation on the cash
flows alone versus performing a Monte Carlo simulation on both cash flow variables as
well as the discount rate will yield very different X values. The main critique of this
approach is that in a real options analysis, the variability in the present value of cash
flows is the key driver of option value and not the variability of discount rates used in
the analysis. Modifications to this method include duplicating the cash flows and
simulating only the numerator cash flows, thereby providing different numerator values
but a static denominator value for each simulated trial, while keeping the discount rate
constant. In fact, when running this approach, it might be advisable to set the discount
rate as a static risk-free rate, simulate the DCF, and obtain the volatility, then reset the
discount rate back to its original value.

Figure B4 illustrates an example of how this approach can be implemented easily in
Excel. To follow along, open the example file: Volatility Computations and select the
worksheet tab Log Present VValne Approach. The example shows a sample DCF model
where the cash flows (row 40) and implementation costs (row 48) are computed
separately. This is done for several reasons. The first is to separate the market risks
(revenues and associated operating expenses) from the private risks (cost of
implementation)—of course only if it makes sense to separate them, as there might be
situations where the implementation cost is subject to market risk as well. Here we
assume that implementation cost is subject to only private risks and will be discounted at
a risk-free, or at the cost of money close to the risk-free rate of return, to discount it for
time value of money. The market-risk cash flows are discounted at a market risk-
adjusted rate of return (which can also be seen as discounting at 5% risk-free rate to
account for time value of money, and discounted again at the market risk premium of
10% for risk, or simply discounted one time at 15%). As discussed in Chapter 2, if you
do not separate the market and private risks, you end up discounting the private risks
heavily and making the DCF a lot more profitable than it actually is (i.e., if the costs that
should be discounted at 5% are discounted at 15%, the NPV will be inflated). By
separately discounting these cash flows, the present value of cash flows and
implementation costs can be computed (cells H9 and H10). The difference will of
course be the NPV. The separation here is also key because from the Black-Scholes
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equation below, the call option is computed as the present value of net benefits
discounted at some risk-adjusted rate of return or the starting stock price (§) times the
standard normal probability distribution (@) less the implementation cost or strike price
(X) discounted at the risk-free rate and adjusted by another standard normal probability
distribution (@). If volatility (o) is zero, the uncertainty is zero, and @ is equal to 100%
(the value inside the parenthesis is infinity, meaning that the standard normal
distribution value is 100%, alternatively, you can state that with zero uncertainties, you
have a 100% certainty). By separating the cash flows, you can now use these as inputs
into the options model, whether it’s using the Black-Scholes or binomial lattices.

3 InS/X)+(r+c?/2)T et INS/X)+(r—c?/2)T
CaII—SQD[ T J Xe @( T j

Continuing with the example in Figure B4, the calculations of interest are on rows
51 to 55. Row 51 shows the present values of the cash flows to Year 0 (assume that the
base year is 2002), while row 52 shows the present values of the cash flows to Year 1,
ignoring the sunk cost of cash flow at Year 0. These two rows are computed in Excel
and are linked formulas. You should then copy and paste the values only into row 53
(use Excel’s Edit | Paste Special | Values Only to do this). Then, compute the intermediate
variable X in cell D54 using the following  Excel formula:
LNGSUM(ES2:H52)/SUM(D53:H53)). Then, simulate this DCF model using Risk
Simulator by assigning the relevant input assumptions in the model and set this
intermediate variable X as the output forecast. The standard deviation from this X is the
periodic volatility. Annualizing the volatility is required, by multiplying this periodic
volatility with the square root of the number of periodicities in a year.
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Al c [ D [ E F [ G H
| 2 | Log Present Value Approach
% Input Parameters Results
I Discount Rate (Cash Flow) 15.00% Present Value (Cash Flow) $328.24
| 10| |Discount Rate (Impl. Cost) 5.00% Present Value (Impl. Cost) $189.58
| 11| |Tax Rate 10.00% Met Present \Value $138.67
12
17 2002 2003 2004 2005 2006
| 18|  Revenue $100.00 $200.00 $300.00 $400.00 $500.00
(22|  Cost of Revenue $40.00 580.00 $120.00 $160.00 $200.00
[ 26|  Gross Profit $60.00 $120.00 $180.00 $240.00 $300.00
| 27| Operating Expenses $22.00 544.00 $66.00 $88.00 $110.00
| 31|  Depreciation Expense 55.00 55.00 55.00 55.00 55.00
| 35| Interest Expense $3.00 53.00 $3.00 $3.00 $3.00
39|  Income Before Taxes $30.00 $68.00 $106.00 $144.00 $182.00
(40|  Taxes $3.00 $6.80 $10.60 $14.40 $18.20
(41| Income After Taxes $27.00 $61.20 $95.40 $129.60 $163.80
42|  Non-Cash Expenses [ 51200 [ 31200 51200 |  §12.00 512 00
46|  Cash Flow $39.00 573.20 $107.40 $141.60 $175.80
47
48]  Implementation Cost [ 52500 [ 32500 §50.00 | §50.00 575.00
49
| 50|  Volatility Estimates (Logarithmic PV Approach)
(51 PV(0) $39.00 563.65 $81.21 $93.10 $100.51
(52| PV(1) MIA 573.20 $93.39 $107.07 $115.59
| 53| Static PV (0) $39.00 $63.65 $81.21 $93.10 $100.51
| 54| Variable X 0.0307
55 Volatility Simulate!

Figure B4 — Log Present Value Approach

Now that you understand the mechanics of computing volatilities this way, we need to

explain why we did what we did! Merely understanding the mechanics is insufficient in

justifying the approach or explaining the rationale why we analyzed it the way we did.

Hence, let us look at the steps undertaken and explain the rationale behind them:

User Mannal

Step 1: Compute the present values at times 0 and 1 and sum them. The
theoretical price of a stock is the sum of the present values of all future
dividends (for non-dividend paying stocks, we use market-replicating portfolios
and comparables), and the funds to pay these dividends are obtained from the
company’s net income and free cash flows. The theoretical value of a project or
asset is the sum of the present value of all future free cash flows or net income.
Hence, the price of a stock is equivalent to the price or value of an asset, the
NPV. Thus, the sum of the present values at time O is equivalent to the stock
price of the asset at time 0, the value today. The sum of the present value of the
cash flows at time 1 is equivalent to the stock price at time 1, or a good proxy for
the stock price in the future. We use this as a proxy because in most DCF
models, cash flow forecasts are only a few periods. Hence, by running Monte
Carlo simulation, we are changing all future possibilities and capturing the
uncertainties in the DCF inputs. This future stock price is hence a good proxy
of what may happen to the future stream of cash flows—remember that sum of
the present value of future cash flows at time 1 included in its computations all
future cash flows from the DCF, thereby capturing future fluctuations and
uncertainties. This is why we perform Step 1 when we compute volatilities using
the Log Present Value Returns Approach.
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e Step 2: Calculate the intermediate variable X. This X variable is identical to the
logarithmic relative returns in the Log Cash Flow Returns Approach. It is
simply the natural logarithm of the relative returns of the future stock price
(using the sum of present values at time 1 as a proxy) from the current stock
price (the sum of present values at time 0). We then set the sum of present
values at time 0 as static because it is the base case, and by definition of a base
case, the values do not change. The base case can be seen as the NPV of the
project’s net benefits and is assumed to be the best estimate of the project’s net
benefit value. It is the future that is uncertain and fluctuates hence, we simulate
the DCF model and allow the numerator of the X variable to change during the
simulation while keeping the denominator static as the base case.

e Step 3: Simulate the model and obtain the standard deviation as volatility. This
approach requires that the model be simulated. This makes sense because if the
model is not simulated means that there is no uncertainties in the project or
asset, and hence, the volatility is equal to zero. You would only simulate when
there are uncertainties hence, you obtain a volatility estimate. The rationale for
using the sample standard deviation as the volatility is similar to the Log Cash
Flow Returns approach. If the sums of the present values of the cash flows are
fluctuating between positive and negative values during the simulation, you can
again move up the DCF model and use items like EBITDA and net revenues as
proxy variables for computing volatility.

Another alternative volatility estimate is to combine both approaches if enough data
exists. That is, from a DCF with many cash flow estimates, compute the PV Cash Flows
for periods 0, 1, 2, 3, and so forth. Then, compute the natural logarithm of the relative
returns of these PV Cash Flows. The standard deviation is then annualized to obtain the
volatility. This is of course the preferred method and does not require the use of Monte
Carlo simulation, but the drawback is that a longer cash flow forecast series is required.

B.3 GARCH Approach

Another approach is the GARCH (Generalized Autoregressive Conditional
Heteroskedasticity) model, which can be utilized to estimate the volatility of any time-
series data. GARCH models are used mainly in analyzing financial time-seties data, in
order to ascertain its conditional variances and volatilities. These volatilities are then
used to value the options as usual, but the amount of historical data necessary for a good
volatility estimate temains significant. Usually, several dozens—and even up to
hundreds—of data points are required to obtain good GARCH estimates. In addition,
GARCH models are very difficult to run and interpret and require great facility with
econometric modeling techniques. GARCH is a term that incorporates a family of
models can take on a variety of forms, known as GARCH(p,q), where p and ¢ are
positive integers which define the resulting GARCH model and its forecasts.

For instance, a GARCH (1,1) model takes the form of

Yi =Xyt &
2 2 2
o =w+ag, + po
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where the first equation’s dependent variable (y,) is a function of exogenous variables (x;)
with an error term (&). The second equation estimates the variance (squared volatility
072) at time /4 which depends on a historical mean (@), news about volatility from the
previous petiod, measured as a lag of the squared residual from the mean equation (&),
and volatility from the previous period (07,12). The exact modeling specification of a
GARCH model is beyond the scope of this book and will not be discussed. Suffice it to
say that detailed knowledge of econometric modeling (model specification tests,
structural breaks, and error estimation) is required to run a GARCH model, making it
less accessible to the general analyst. The other problem with GARCH models is that
the model usually does not provide a good statistical fit. That is, it is impossible to
predict say the stock market, and of course equally if not harder, to predict a stock’s
volatility over time. Figure B5 shows a GARCH (1,2) on Microsoft’s historical stock
prices.

Dependent Variable: MSFT

Method: ML - ARCH

Date: 02/25/05 Time: 00:20

Sample(adjusted): 3 52

Included observations: 50 after adjusting endpoints
Convergence achieved after 67 iterations
Bollerslev-Wooldrige robust standard errors & covariance

Coefiicient  Std. Error  z-Statistic Prob.

c 231443 1.301024 17.78930  0.0000
DIMSFT. 1) 0456040  0.062391 7.309364  0.0000
AR1) 0967490  0.027V575  35.08601 0.0000

Variance Equation

C 0151406 0028717 5272435  0.0000
ARCH(1) 0148308  0.053559 2769081  0.0056
GARCH(1) 0.735869  0.097780  7.525790  0.0000
GARCH(2) -0.867066  0.083186  -10.42325  0.0000
R-squared 0898576 Mean dependent var 24 48620
Adjusted R-squared 0.884424 S.D. dependent var 1.290867
S.E. of regression 0438849 Akaike info criterion 1.106641
Sum squared resid 8.281300 Schwarz criterion 1.374324
Log likelihood -20.66602 F-statistic 63.49404
Durbin-VWatson stat 1.308287 Prob(F-statistic) 0.000000
Inverted AR Roots ar

Figure B5 — Sample GARCH Results
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B.4 Management Assumption Approach

A simpler approach is the use of Management Assumptions. This approach allows
management to get a rough volatility estimate without performing more protracted
analysis. This approach is also great for educating management what volatility is and
how it works. Mathematically and statistically, the width or risk of a variable can be
measured through several different statistics, including the range, standard deviation (o),
variance, coefficient of variation, and percentiles. Figure B6 illustrates two different
stocks” historical prices. The stock depicted as a dark bold line is cleatly less volatile than
the stock with the dotted line. The time-series data from these two stocks can be
redrawn as a probability distribution as seen in Figure B7. Although the expected value
of both stocks are similar, their volatilities and hence their risks are different. The x-axis
depicts the stock prices, while the y-axis depicts the frequency of a particular stock price
occurring, and the area under the curve (between two values) is the probability of
occurrence. The second stock (dotted line in Figure B6) has a wider spread (a higher
standard deviation oz) than the first stock (bold line in Figure B6). The width of Figure
B7’s x-axis is the same width from Figure B6’s y-axis. One common measure of width is
the standard deviation. Hence, standard deviation is a way to measure volatility. The
term volatility is used and not standard deviation because the volatility computed is not
from the raw cash flows or stock prices themselves, but from the natural logarithm of
the relative returns on these cash flows or stock prices. Hence, the term volatility
differentiates it from a regular standard deviation.

Stock prices
A :

Time

Figure B6: Volatility
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Figure B7: Standard Deviation

However, for the purposes of explaining volatility to management, we relax this
terminological difference and on a very high-level, state that they are one and the same,
for discussion purposes. Thus, we can make some management assumptions in
estimating volatilities. For instance, starting from an expected NPV (the mean value),
you can obtain an alternate NPV value with its probability, and get an approximate
volatility. For instance, say that a project’s NPV is expected to be $100M. Management
further assumes that the best case scenario exceeds $150M if everything goes really well,
and that there is only a 10% probability that this best case scenario will hit. Figure B8
illustrates this situation. If we assume for simplicity that the underlying asset value will
fluctuate within a normal distribution, we can compute the implied volatility using the
following equation:

Percentile Value — Mean
Inverse of the Percentile x Mean

Volatility =

For instance, we compute the volatility of this project as:

$150M —$100M $50M

= =39.02%
Inverse (0.90) x $100M  1.2815x $100M

Volatility =

Where the Inverse of the Percentile can be obtained by using Excel’s NORMSINT/(0.9)
function. Similarly, if the worst case scenario occurring 10% of the time will yield an
NPV of $50M, we compute the volatility as:

$50M —$100M - $50M

Volatility = =
R4 Inverse (0.10) x$100M  —1.2815x $100M

=39.02%
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Best Case Scenario
$150M

10% probability

Expected NPV NPV of Project
xpected I

£100M

90th percentile

Figure B8: Going from Probability to Volatility

This implies that the volatility is a symmetrical measure. That is, at an expected NPV of
$100M, a 50% increase is equivalent to $150M while a 50% decrease is equivalent to
$50M. And because the normal distribution is assumed as the underlying distribution,
this symmetry makes petfect sense. So now, by using this simple approach, if you obtain
a volatility estimate of 39.02%, you can explain to management by stating that this
volatility is equivalent to saying that there is a 10% probability the NPV will exceed
$150M. Through this simple analysis, you have converted probability into volatility using
the equation above, where the latter is a lot easier for management to understand.
Conversely, if you model this in Excel, you can convert from volatility back into
probability. Figures B9 and B10 illustrate this approach. Open the example file 1 o/atility
Estimates and select the worksheet tab 1Vo/atility to Probability to follow along,

A B c D E F G H J K L il il a
1
2 Freguency
3 Probability to Velatility (Best-Case Scenario)
4
5 Expected NPY of the Asset: $100.00
5} Alternate Best-Case Scenario NPW: $144.85 Best Case Scenaria
7 Percentile of Best-Case Scenario: 90.00% $13001
a T
] Implied “olatility Estimate: 35.00% : 10% probability
10 :
11 |
12 . tldNPV NPV of Project
13 ecie
10001
14 £
15 O0th petcentile
16 Frequency
17
18 Probability to Volatility (Worst-Case Scenario)
19
20 Expected NP of the Asset $100.00 Worst Case Seenatio
21 Alternate Worst-Case Scenario NPY, $50.00 500
22 Percentile of Worst-Case Scenario 10.00% :
23 H
24 Implied Volatility Estimate 39.02% E
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Figure B9: Excel Probability to Volatility Model
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Probability to Volatility (Best-Case Scenario)

1]
e
[ 3 |
4 |
| 5 | Expected NPV of the Asset: $100.00
| 6 | Alternate Best-Case Scenario NPV: 5144 85
| 7 | Percentile of Best-Case Scenaria: 90.00%
[ 8
| 9 | Implied Volatility Estimate: 35.00%
% Goal Seek
E Set cell: Fa
| 13 | To value: 35%
| 14| By changing cell: &Fes
L
| 16 | [ QK | [ Cancel ]
17

Figure B10: Excel Volatility to Probability Model

Figure B9 allows you to enter the expected NPV and the alternate values (best-case and
worst-case) as well as its corresponding percentiles. That is, given some probability and
its value, we can impute the volatility. Conversely, Figure B10 shows how you can use
Excel’s Goal Seek function (click on Tools | Goal Seek in Excel) to find the probability
from a volatility. For instance, say the project’s expected NPV is $100M a 35% volatility
implies that 90% of the time, the NPV will be less than $144.85M, and that only 10%

best-case scenario of the time will the true NPV exceed this value.

Now that you understand the mechanics of estimating volatilities this way, again, we
need to explain why we did what we did! Merely understanding the mechanics is
insufficient in justifying the approach or explaining the rationale why we analyzed it the
way we did. Hence, let us look at the assumptions required and explain the rationale
behind them:

e Assumption 1: We assume that the underlying distribution of the asset
fluctuations is normal. We can assume normality because the distribution of the
final nodes on a super lattice is normally distributed. In fact, the Brownian
Motion equation shown earlier requires a random standard normal distribution
(9. In addition, a lot of distributions will converge to the normal distribution
anyway (a Binomial distribution becomes normally distributed when number of
trials increase; a Poisson distribution also becomes normally distributed with a
high average rate; a Triangular distribution is a normal distribution with
truncated upper and lower values; an so forth) and it is not possible to ascertain
the shape and type of the final NPV distribution if the DCF model is simulated
with many different types of distributions (e.g., revenues are Lognormally
distributed and are negatively correlated to one another over time, while
operating expenses are positively correlated to revenues but are assumed to be
distributed following a Triangular distribution, while the effects of market
competition are simulated using a Poisson distribution with a small rate times

131 Real Options Super Lattice Solver



Real Options SLS

Volatility =

o

*

the probability of technical success simulated as a Binomial distribution). We
cannot determine theoretically what a Lognormal minus a Triangular times
Poisson and Binomial, after accounting for their correlations, would be. Instead,
we rely on the Central Limit Theorem and assume the final result is normally
distributed, especially if a large number of trials are used in the simulations.
Finally, we are interested in the logarithmic relative returns’ volatility, not the
standard deviation of the actual cash flows or stock prices. Stock prices and
cash flows are usually Lognormally distributed (stock prices cannot be below
zero) but the logs of the relative returns are always normally distributed. In fact,
this can be seen in Figure B11 and B12, where the historical stock prices of
Microsoft from March 1986 to December 2004 are tabulated.

Assumption 2: We assume that the standard deviation is the same as the
volatility. Again, referring to Figure B12, using the expected returns chart, the
average is computed at 0.58% and the 90th percentile is 8.60%, and the implied
volatility is found to be 37%. Using the data downloaded, we compute the
empirical volatility for this entire period to be 36%. So, the computation is close
enough such that we can use this approach for management discussions. This is
why the normality assumption and using a regular standard deviation as a proxy
are sufficient.

Assumption 3: We used a standard-normal calculation to impute the volatility.
As we are assuming that the underlying distribution is normal, we can compute
the volatility by using the standard-normal distribution. The standard normal
distribution Z-score is such that:

X— X—
Z = # this means that o = 27H
O

and because we normalize the volatility as a percentage (0*), we divide this by
the mean to obtain:

X—u
Zu

In layman’s terms, we have:

Percentile Value — Mean
Inverse of the Percentile x Mean

Again, the inverse of the percentile is obtained using Excel’s function: NORMSINT.
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Distribution of Microsoft Stock Prices

350
300 + Lo
250 +
& 200 |
=
ﬂ)
3
o
L 180 +
w
100 +
50 4 HH
0 +—+HL 1|:|1|:|1|:|1‘:'1D1‘:'%|:|1D1‘:'1D1|:|1 1 1|:|1|:|1|:|1|:|1D1D%‘:'1E|1‘:'1D1‘:'1‘:'1 f—=y =
3 S = b < 2 S < @ S D @ S o) @ N
8 8 8 g a ] S Q I A 2 @ g g 3 B
Bin

Figure B11: Probability Distribution of Microsoft’s Stock Price (Since 1986)

Distribution of Microsoft Stock Log Returns
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Figure B12: Probability Distribution of Microsoft’s Log Relative Returns

B.5 Market Proxy Approach

An often used (not to mention abused and misused) method in estimating volatility
applies to publicly available market data. That is, for a particular project under review, a
set of market comparable firms’ publicly traded stock prices are used. These firms
should have functions, markets, risks, and geographical locations similar to those of the project
under review. Then, using closing stock prices, the standard deviation of natural
logarithms of relative returns is calculated. The methodology is identical to that used in
the logarithm of cash flow returns approach previously alluded to. The problem with
this method is the assumption that the risks inherent in comparable firms are identical to
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the risks inherent in the specific project under review. The issue is that a firm’s equity
prices are subject to investor overreaction and psychology in the stock market, as well as
countless other exogenous variables that are irrelevant when estimating the risks of the
project. In addition, the market valuation of a large public firm depends on multiple
interacting and diversified projects. Finally, firms are levered, but specific projects are
usually unlevered. Hence, the volatility used in a real options analysis (Oro) should be

adjusted to discount this leverage effect by dividing the volatility in equity prices
(Orgurry) by (1+D/E), whete D/E is the debt-to-equity ratio of the public firm. That is,

we have _ Okquiny |
O-RO =—
D

1+—

E
This approach can be used if there are market comparables such as sector indexes or
industry indexes. It is incorrect to state that a project’s risk as measured by the volatility
estimate is identical to the entire industry, sector, or the market. There are a lot of
interactions in the market such as diversification, overreaction, and marketability issues
that a single project inside a firm is not exposed to. Great care must be taken in
choosing the right comparables as the major drawback of this approach is that it is
sometimes hard to find the right comparable firms and the results may be subject to
gross manipulation by subjectively including or excluding certain firms. The benefit is its

ease of use—industry averages are used and requires little to no computation.
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Appendix C: Technical
Formulae — Exotic
Options Formulas

Black and Scholes Option Model — European Version

This is the famous Nobel Prize-winning Black-Scholes model without any dividend
payments. It is the European version, where an option can only be executed at
expiration and not before. Although it is simple enough to use, care should be taken in
estimating its input variable assumptions, especially that of volatility, which is usually
difficult to estimate. However, the Black-Scholes model is useful in generating ballpark
estimates of the true real options value, especially for more generic-type calls and puts.
For more complex real options analysis, different types of exotic options are required.

Definitions of Variables

A present value of future cash flows (§)
X implementation cost ($)

r risk-free rate (%)

T time to expiration (years)

o volatility (%o)
D cumulative standard-normal distribution

Computation

e[ INSIX)+ (402 ITY e (IN(STX) +(r—o?/2)T
ca s P12 1)+t

v [T+ =2 I2T ) oo [INS/X)+(r+012)T
Pt q’[[ o\ D S‘I’H T D
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Black and Scholes with Drift (Dividend) — European Version

This is a modification of the Black-Scholes model and assumes a fixed dividend payment

rate of ¢ in percent. This can be construed as the opportunity cost of holding the option

rather than holding the underlying asset.

Definitions of Variables

A) present value of future cash flows (§)
X implementation cost ($)
r risk-free rate (%)
T time to expiration (years)
o volatility (%o)
D cumulative standard-normal distribution
q continuous dividend payout or opportunity cost (%o)
Computation
Call - Se_qTq)(ln(S/X)+(r—q+az /2)TJ_ Xe_rTq)(ln(S/X)+(r—q —c?2)T
o T

=

Put = Xenq{_[ln(S/XH(r—q—GZ/Z)TD_SeqT(D[_Pn(S/X)+(r—q+52/2)T

oT
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Black and Scholes with Future Payments — European Version

Here, cash flow streams may be uneven over time, and we should allow for different
discount rates (risk-free rate should be used) for all future times, perhaps allowing for
the flexibility of the forward risk-free yield curve.

Definitions of Variables

A present value of future cash flows (§)
X implementation cost ($)

r risk-free rate (%)

T time to expiration (years)

o volatility (%)

cumulative standard-normal distribution

q continuous dividend payout or opportunity cost (%o)
CF; cash flow at time 7
Computation

S*=S-CFe™ -CFe™ —..—-CFe™ =S-) CFRe™

i=1

. INS*/X)+(r-q+c2/2)T o (INS*IX)+(r—q-0c?/2)T
Call=S*e @ —Xe"®
( oNT oNT

et | IMEFIX)+(r=q=0 /T || anara | INS*/X)+(r—q+0? /2T
Put = Xe d)({ T D S*e ™ @ { o D
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Chooser Options (Basic Chooser)

This is the payoff for a simple chooser option when # < T, or it doesn’t work! In
addition, it is assumed that the holder has the right to choose either a call or a put with
the same strike price at time # and with the same expiration date 1% For different values

of strike prices at different times, we need a complex variable chooser option.

Definitions of Variables

) present value of future cash flows (§)

X implementation cost (3)

r risk-free rate (%)

t time to choose between a call or put (years)

T time to expiration (years)

o volatility (%o)

Lz cumulative standard-normal distribution

q continuous dividend payments (%0)
Computation

Option Value - SeqTZq{m(s IX)+(r—q+c? /2T, } ) Se%{— In(S/X)+(q-nT, ~t,c° /2}

T, ot

_Xemq{ln(S/X)Hr q+o /2)T2_G\/ﬂ+)(em®{ In(S/X)+(@-NT, ~t,o /2+G\/ﬂ

T, ot
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Complex Chooser

The holder of the option has the right to choose between a call and a put at different
times (T¢ and Tp) with different strike levels (Xc¢ and Xp) of calls and puts. Note that
some of these equations cannot be readily solved using Excel spreadsheets. Instead, due
to the recursive methods used to solve certain bivariate distributions and critical values,

the use of programming scripts is required.

Definitions of Variables

A present value of future cash flows (8)

X implementation cost ($)

r risk-free rate (%)

T time to expiration (years) for call (IT¢) and put (Ip)

o} volatility (%o)

D cumulative standard-normal distribution

0 cumulative bivariate-normal distribution

q continuous dividend payout (%0)

I critical value solved recursively

Z intermediate variables (Z; and Z)
Computation

First, solve recursively for the critical I value as below:

o qu(Tct)q{ln(l IXe)+(r—q+c/2)(T, —t)}

o4Tc —t

o LI IX )+ (F=q+0212)T, —t)
_X e I'(TC t)q) C C -0 T _t
C { oot v

4 ey =N/ Xp) +(a=r -0 /2)(T, ~1)
oTp, —t

oTp -t

[— [— [— 2 —
_Xpe_rm_oq{ In(l/X,)+@-r -0/, -t) Tp_t}

Then using the I value, calculate

_In(S/N)+(r-q+o?/2)t

dd, =d,~ot
O'\/E an 2 1

d,
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In(S/X)+(r-q+0*/2)T, Ty - INS/Xp)+(r—-q+oc°/2)T,

Y1 O'\/ﬁ and y, O'\/ﬁ
P =AtITe and p, =t/T,

Option Value = Se™ ™ Q(d,; y,; p,) — X e Q(d,; y, —oTe: p,)

- Se_qTPQ(_d1;_y2;p2) + Xpe_rTPQ(_dz;_yz +04Tp 5 0,)
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Compound Options on Options

The value of a compound option is based on the value of another option. That is, the
underlying variable for the compound option is another option. Again, solving this
model requires programming capabilities.

Definitions of Variables

A present value of future cash flows (§)
r risk-free rate (%)
o volatility (%o)
D cumulative standard-normal distribution
q continuous dividend payout (%0)
critical value solved recursively
Q cumulative bivariate-normal distribution

X strike for the underlying (§)

X strike for the option on the option ($)

t expiration date for the option on the option (years)

T expiration for the underlying option (years)
Computation

First, solve for the critical value of I using

_ ema() In(1/X,)+(r—q+ac?/2)(T, -t,)
X, =le CD[ o d, 1) ]
. xlerwq{ln(l IX)+(r-g-c" 12T, —mJ

O+ (T, -t)

Solve recursively for the value I above and then input it into

_ 2 _ 2
Call on Ca”:SeqTZQ{In(S/XIH(r q+c? /2T, NS/ +(-q+o /2)t1_\/t1/—_|_2}

T, / ot |

_ 2 _ 2
x| NEIX)H=a+ o IDT, | g IS+ =a+0® /2 | pe
T, o\t

| IS+ (r—gq+0°/2)t
-X,e "o Loyt
2 { - i
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Forward Start Options

Definitions of Variables

A present value of future cash flows (§)
X implementation cost ($)
r risk-free rate (%)
t time when the forward start option begins (years)
T time to expiration of the forward start option (years)
o volatility (%o)
/2 cumulative standard-normal distribution
q continuous dividend payout (%0)
Computation

oT, -t
In(1 - 212)(T, ~t
_ge g etnmg NA/A)+(r-q+o” 12)T, ) T %,
oT, -t
- 0T, —In(l/a)-(r—q+0c?/2)(T,-t,)
Put = Se qtlae( (T2 tl)(D 2 1 to IT —t
|: O-VTZ _tl ’ '

phguating] - MW @)~ (r-q+ 02T, -t)
a\/T2 -t

Call = So g a0 q)l:ln(lla) +(r-q+02/2)(T, —tl)}

where « is the multiplier constant.

Note: If the option starts at X percent out-of-the-money, that is, a will be (7 + X). If it
starts at-the-money, o will be 1.0 and (7 — X) if in-the-money.
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Generalized Black-Scholes Model

Definitions of Variables

) present value of future cash flows (§)
X implementation cost ($)

r risk-free rate (%)

T time to expiration (years)

o volatility (%)

cumulative standard-normal distribution

b carrying cost (%o)
q continuous dividend payout (%0)
Computation

2 2
Ca"=Se<b-m®(ln(8/X)+(b+a /2)TJ_Xe_rTq{ln(S/X)+(b—a /2)Tj
oT T

VIR In(S/X)+((b-0%/2)T  ealb-nT _In(S/X)+(b+02/2)T
Put = Xe CDL [ o D Se CD( [ T D

Notes:

b=0: Futures options model

b=r—gq: Black-Scholes with dividend payment
b=r Simple Black-Scholes formula

b =r—r* Foreign currency options model
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Options on Futures

The underlying security is a forward or futures contract with initial price F. Here, the

value of F is the forward or futures contract’s initial price, replacing § with F as well as

calculating its present value.

Definitions of Variables

X implementation cost ($)

F futures single point cash flows (§)

r risk-free rate (%)

T time to expiration (years)

o volatility (%)

D cumulative standard-normal distribution

q continuous dividend payout (%)
Computation

Call = Fe_nq{lmwxn(o? IZ)TJ‘ _ q)[ln(F/X)—(az /2)TJ

oT oNT

But - Xenq{{ln(F /X) - (c? /2)TD_ Feﬁq{_[m(F IX)+ (02 12)T D

AT AT

144 Real Options Super Lattice Solver



Real Options SLS

Two-Correlated-Assets Option

The payoff on an option depends on whether the other correlated option is in-the-
money. This is the continuous counterpart to a correlated quadranomial model.

Definitions of Variables

S present value of future cash flows (8)
X implementation cost ($)

r risk-free rate (%)

T time to expiration (years)

o} volatility (%o)

cumulative bivariate-normal distribution function

P correlation (%) between the two assets

qi continuous dividend payout for the first asset (%o)

gz continuous dividend payout for the second asset (%o)
Computation

IN(S,/X,)+(r—q,—oc212)T o T In(S, / X,)+(r-qg,-c2/2)T

Call =S,e *'Q o, T B oNT
+p02\/?; P
oINS, X))+ (r=q, =02 12T In(S,/ X)) +(r—q,—c?12)T |
_Xze Q ] ’p
o NT o NT

—In(SZIXZ)—(r—qZ—cyzz/Z)T_—In(Sllxl)—(r—ql—afIZ)T_p
o, NT ' o NT ’
N —In(SZ/XZ)—(r—qz—JZZIZ)T_02\/_'7;—In(Sllxl)—(r—ql—af/Z)T
-S,e Q0 oNT o NT
—,002\/?;,0

Put = Xze‘”s{
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Appendix D - Quick Install
and Licensing Guide

This section is the quick install guide, for more advanced users. For a more detailed
installation guide, please refer to the next section. The SLS software requires the
following minimum requirements:

e Windows XP, or Vista and beyond

e Excel XP or Excel 2003 or Excel 2007 or Excel 2010 and beyond
e NET Framework 2.0 or higher

e  Administrative rights (during installation only)

e 512MB of RAM or more (2GB recommended)

e 100MB of free hard drive space

To install the software, make sure that your system has all the prerequisites: (Windows
XP, Windows Vista, Windows 7, and beyond; Excel XP, Excel 2003, Excel 2007, Excel
2010, and beyond; .NET Framework 2.0, and beyond; administrative rights; 512MB of
RAM or more; and 100MB of free hard drive space). Install the Real Options SLS
software by either using the installation CD or going to the following web location:
www.realoptionsvaluation.com, clicking on Downloads, and selecting Real Options SLS.
You can either select to download the FULL version (assuming you have already
purchased the software and have received the permanent license keys and the
instructions to permanently license the software) or a TRIAL version. The trial version
is exactly the same as the full version except that it expires after 14 days, during which
you would need to obtain the full license to extend the use of the software. Install the
software by following the onscreen prompts. If you have the trial version and wish to
obtain the permanent license, visit www.realoptionsvaluation.com and click on the
Purchase link (left panel of the web site) and complete the purchase order. If you are
purchasing or have already purchased the software, simply download and install the
software.
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There are two licenses required to run Real Options SLS. The first is a license for the

Real Options SLS software (single asset lattice models, multiple assets and multiple

phased models, multinomial lattices, and the lattice maker). The second is a license for

the Exotic Financial Valuator and the SLS Functions accessible inside Excel. To license

your software, follow the simple steps below:

Preparation:

1.

Start Real Options SLS (click on Start, Programs, Real Options Valuation, Real
Options SLS, Real Options SLS).

Click on the “1. License Real Options SLS” link and you will be provided with
your HARDWARE ID (this starts with the prefix SLS and should be between
12 and 20 digits). Write this information down or copy it by selecting the
identification number, right-click your mouse and select Copy, and then Paste it
in an e-mail to us.

Click on the “2. License Functions & Options Valuator” link and write down or
copy the HARDWARE FINGERPRINT (it should be an 8 digit alphanumeric
code).

Purchase a license at www.realoptionsvaluation.com by clicking on the Purchase
link.

E-mail admin@realoptionsvaluation.com these two identification numbets and

we will send you your license file and license key. Once you receive these, please
install the license using the steps below.

Installing Licenses:

1.

Save the SLS license file to your hard drive (the license file we sent you after
you purchased the software) and then start Real Options SLS (click on Start,
Programs, Real Options Valuation, Real Options SLS, Real Options SLS).

Click on the “l1. License Real Options SLS” and select ACTIVATE, then
browse to the SLS license file that we sent you.

Click on the “2. License Functions & Options Valuator” and enter in the
NAME and KEY combination we sent you.

147 Real Options Super Lattice Solver



