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Welcome to Crystal Ball® 2000

Welcome to Crystal Ball 2000!

Crystal Ball is a user-friendly, graphically oriented forecasting
and risk analysis program that takes the uncertainty out of
decision-making.

Through the power of simulation, Crystal Ball becomes an
effective tool in the hands of the decision-maker. You can answer
questions such as, “Will we stay under budget if we build this
facility?” or, “What are the chances this project will finish on
timer” or, “How likely are we to achieve this level of
profitability?” With Crystal Ball, you will become a more
confident, efficient, and accurate decision-maker.

Crystal Ball is easy to learn and easy to use. Unlike other
forecasting and risk analysis programs, you do not have to learn
unfamiliar formats or special modeling languages. To get
started, all you have to do is create a spreadsheet. From there,
this manual guides you step by step, explaining Crystal Ball
terms, procedures, and results.

And you do get results from Crystal Ball. Through a technique
known as Monte Carlo simulation, Crystal Ball forecasts the
entire range of results possible for a given situation. It also
shows you confidence levels, so you will know the likelihood of
any specific event taking place.

Who this program is for

Crystal Ball is for the decision-maker—from the businessperson
analyzing the potential for new markets to the scientist
evaluating experiments and hypotheses. Crystal Ball is easy to
learn and easy to use, and has been developed with a wide range
of spreadsheet uses and users in mind.

You don’t need highly advanced statistical or computer
knowledge to use Crystal Ball to its full potential. All you need
is a basic working knowledge of your personal computer and the
ability to create a spreadsheet model.
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Welcome to Crystal Ball® 2000

What you will need

To run Crystal Ball, you will need the following:

Microsoft Excel 95 (or later)
Windows 95, Windows 98, Windows 2000, or Windows NT 4.0

Personal computer with Pentium microprocessor and at least
16 MB RAM

Hard disk drive with at least 16 MB free
2X CD-ROM drive or faster

VGA or SVGA graphics card or compatible video graphics
adapter and monitor

Recommended system requirements

Pentium II, 200 MHz or faster
24 MB RAM or more

How this manual is organized

This manual includes the following:

Chapter 1 - “Getting Started With Crystal Ball”

This chapter contains two tutorials designed to give you a
quick overview of Crystal Ball’s features and to show you how
to use it. Read this chapter if you need a basic understanding
of Crystal Ball.

Chapter 2 - “Understanding the Terminology”

This chapter contains a thorough description of risk analysis,
the seventeen probability distributions, and other statistical
terms used in Crystal Ball. Read this chapter carefully if your
statistical knowledge is limited or if you need a review.

Chapter 3 - “Setting Up and Running a Simulation”

This chapter provides step-by-step instructions for setting up
and running a simulation in Crystal Ball.

Chapter 4 - “Interpreting the Results”

This chapter explains how to use Crystal Ball’s powerful
features to interpret the results of a simulation.



* Chapter 5 - “Maximizing Your Use of Crystal Ball”

This chapter describes different aspects that enhance the
performance of the program’s features.

Chapter 6 - “Crystal Ball Tools”

This chapter describes tools that extend the functionality of
Crystal Ball, such as the Tornado Chart and Decision Table
tools.

Appendices
* A-“Error Recovery”

A list of the most important Crystal Ball error messages
with directions for error recovery.

*  B- “Equations and Methods”

A list of the mathematical formulas used in calculating
the distributions and the descriptive statistics. It also
describes the type of random number generator used in
Crystal Ball. This appendix is designed for the
statistically sophisticated user.

* C- “Keyboard Commands”

A list of the commands you can execute directly from the
keyboard.

*  D- “Index of Commands”

A brief description of Crystal Ball’s pull-down menus.
*  E- “Default Names and Distribution Parameters”

A brief description of Crystal Ball’s default values.
Bibliography
A list of related publications, including statistics textbooks.
Glossary

A compilation of terms specific to Crystal Ball and other
statistical terms used in this manual.

Index

An alphabetical list of subjects and corresponding page
numbers.
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What's new in Crystal Ball 2000

If you are already familiar with Crystal Ball, read this section for
an overview of Crystal Ball 2000’s new features.

Microsoft Office 2000 compatibility

This version of Crystal Ball is fully functional with Excel 2000
included as part of the Office 2000 suite of products.

If you have configured Crystal Ball to start automatically with a
previous version Excel, and then you installed Office 2000 over
the previous version, you must reset this option in the Add-ins
dialog. For more information on doing this, see the FAQ on our
website at:

New tools and menu

Crystal Ball has additional tools that enhance and extend the
functionality of Crystal Ball. These tools are in the CBTools
menu and include:

* Batch Fit tool

* Bootstrap tool

* Correlation Matrix tool
* Decision Table tool

¢ Tornado Chart tool

¢ Two-dimensional Simulation tool

Precision control

You can now specify a level of precision for your simulation
results, minimizing the number of trials required to achieve a
specified precision with a particular confidence level. When the
selected statistics reach the specified precision and confidence
level, the simulation stops.

14



Decision variables

There is now a new Crystal Ball data type: decision variable.
Decision variables define variables within your control, and are
used with the Decision Table tool and OptQuest (OptQuest is
only available with Crystal Ball 2000, Professional Edition).

Enhanced cell preferences

There are two additional cell preferences that let you display:

* The mean of the assumption distribution in each assumption
cell.

* The midpoint of the decision variable range in each decision
variable cell

Additional alternate parameters

You can now define parameters for most continuous
distributions using either the standard parameter set or one of
several alternate sets, such as percentiles (e.g., the 10th and
90th percentiles), under the Parms button on each Assumption
dialog.

New triangular alternate parameter set

You can now use three percentiles to define an alternate
parameter set for a triangular distribution. This lets you define
asymmetric triangular distributions using three percentiles.

Assumption preference menu

All the distribution dialogs have a Prefs menu to let you set
preferences for the distribution dialog, such as whether to:

* View the graph in cumulative format (CDF)
* Show mouse coordinates

¢ Show the mean line on the chart

Reset single step

You can now reset after using the single step command.

15
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Additional resources

Update simulation results

You can specify how often to update the forecast windows and
check precision control during simulations. During simulations,
the forecast results repeatedly update after the specified number
of trials. If you use the Precision Control feature, after the
specified number of trials, the Precision Control feature
repeatedly checks to see if the needed precision is met so that it
can stop the simulation.

Reversing percentiles

This option reverses whether the percentiles that appear in the
Define Assumption dialogs and the forecast results windows
represent the percentage of the distribution above or below the
value. Below is standard, but you can reverse the percentile
representations by changing this option in the Statistics
Preferences dialog.

New default location

Crystal Ball used to be installed under the Excel installation
folder by default. The default installation is now directly under
the Program Files folder in a folder called Crystal Ball.

Also, because the default location is in a different folder, the
installer will automatically uninstall previous versions of Crystal
Ball.

Additional resources

Decisioneering, Inc. offers these additional resources to
increase the effectiveness with which you can use our product.

Technical support

16

Decisioneering, Inc. offers free technical support for 90 days. If
you have a technical support question or would like to comment
on Crystal Ball, there are a number of ways to reach technical
support described in the README file in your Crystal Ball
installation folder.



Consulting referral service

Decisioneering, Inc. provides referrals to individuals and
companies alike. The primary focus of this service is to provide
a clearinghouse for consultants in specific industries who can
provide specialized services to the Crystal Ball user community.

If you wish to learn more about this referral service, call 800-
289-2550 Monday through Friday, between 8:00 A.M. and 5:00
PM. Mountain Standard Time or see our website at:

Conventions used in this manual

This manual uses the following conventions:

Text separated by > symbols means you select menu options in
the sequence shown, starting from the left. The following
example means that you select the Exit option from the File
menu:

1. Select File > Exit.

Steps with attached icons mean you can click on the icon instead
of manually selecting the menu options in the text. For example:

& | 2. Select Cell > Define Assumption.

Notes provide additional information, expanding on the text.
There are four categories of notes:

Crystal Ball Note: Noles that provide additional directions or
information about using Crystal Ball.

Excel Note: Notes that provide additional information about using the
program with Microsoft Excel.

OptQuest Note: Notes that provide additional directions or information
about using OptQuest.

Statistical Note: Notes that provide additional information about
statistics.

17
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Conventions used in this manual

Words in angle brackets represent keys on the keyboard, such as
<Ctrl> or <Return>. Press the key; don’t type the letters,
words, or brackets.

Sometimes you have to press two or more keys simultaneously.
For example, <Ctrl>-c means that you hold down the <Ctrl>
key and type c. Capitalization is important; <Ctrl>-c and
<Ctrl>-C are two different key sequences.

A key sequence without hyphens means you type the sequence
in the order shown but not simultaneously. For example,
<Ctrl>-q N means that you press the <Ctrl> key and type q
simultaneously, and then type N.

Screen capture notes

All the screen captures in this document were taken in Excel 97
for Windows N'T; using a seed value of 999.

Due to round-off differences between various system
configurations, you might obtain slightly different calculated
results than those shown in the examples.



Chapter 1

Getting Started
With Crystal Ball




In this chapter

What Crystal Ball Does

How Crystal Ball uses Monte Carlo
Simulation

“Futura Apartments” spreadsheet
tutorial

“Vision Research” spreadsheet tutorial
Defining assumptions
Selecting and defining distributions
Defining forecasts

* Running a simulation

* Interpreting the results

In this chapter are two tutorials, one short,
one long, providing an overview of Crystal

Ball’s features. The first tutorial, the
“Futura Apartments” spreadsheet,
simulates profit/loss projections from
apartment rentals. This tutorial is ready to
run so you can quickly see how Crystal Ball
works. If you work regularly with statistics
and forecasting techniques, this might be
all the introduction you need before
running your own spreadsheets with Crystal
Ball.

The second tutorial, the “Vision Research”
spreadsheet, gives you a chance to enter
data and set up a complete simulation for a
major corporate expenditure decision. As
you work through the second tutorial, do
not worry about making mistakes; recovery
is as easy as backing up and repeating the
steps. If you need additional help, see
“Error Recovery” on page 313, or the
Crystal Ball on-line help.

Now, spend a few moments learning how
Crystal Ball can help you make better
decisions under conditions of uncertainty.




What Crystal Ball does

Crystal Ball extends the forecasting capability of your
spreadsheet model and provides the information you need to
become a more accurate, efficient, and confident decision
maker. As a spreadsheet user, you know that spreadsheets have
two major limitations:

* You can change only one spreadsheet cell at a time. As a
result, exploring the entire range of possible outcomes is next
to impossible; you cannot realistically determine the amount
of risk that is impacting your bottom line.

* “What-if 7 analysis always results in single-point estimates
which do not indicate the likelihood of achieving any
particular outcome. While single-point estimates might tell
you what is possible, they do not tell you what is probable.

Crystal Ball overcomes both of these limitations:

* You can describe a range of possible values for each uncertain
cell in your spreadsheet. Everything you know about each
assumption is expressed all at once.

* Using a process called Monte Carlo simulation, Crystal Ball
displays results in a forecast chart that shows the entire range
of possible outcomes and the likelihood of achieving each of
them.

Starting the first tutorial

The best way to quickly understand this process is to start
Crystal Ball and work on the first tutorial: The Futura
Apartments spreadsheet.

1. Start Crystal Ball.

Crystal Ball Note: For directions on starting Crystal Ball, see “Starting
Crystal Ball manually” on page 129.
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Cha pter Getting Started With Crystal Ball

2. Open the Futura Apartments spreadsheet file from the
Crystal Ball Examples folder. You can find this folder by
selecting Start > Programs > Crystal Ball > Examples.

The Futura Apartments spreadsheet appears, as in Figure

1.1.
‘@ Futura Apartments. xls
A, B c ]
1
2
3 Futura Apartments
4
5 Number of Rental Units /
[ Rent per Unit $500.00
7 Monthly Expenses
R e ‘\
9 Profit or Loss $2.500.00
10
11 /
12
13
14 Foracast Celf
15
4[4 [» T30 FUTURA 141

In this example, you are a potential purchaser of the Futura
Apartments complex. You have researched the situation and
created the above spreadsheet to help you make a
knowledgeable decision. Your work has led you to make the
following assumptions:

* $500 per month is the going rent for the area.

* The number of units rented during any given month will be
somewhere between 30 and 40.

* Operating costs will average around $15,000 per month for
the entire complex, but might vary slightly from month to
month.

Based on these assumptions, you want to know how profitable
the complex will be for various combinations of rented units and
operating costs. This would be difficult to determine using a
spreadsheet alone. As useful as spreadsheets are, you cannot
reduce the last two assumptions to single values as required by
the spreadsheet format. If you tried all the combinations, you
would need to spend a great deal of time working through what-
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if scenarios, entering single values and recording the results.
Even then, you would likely be left with a mountain of data
instead of the overall profit and loss picture.

With Crystal Ball, this kind of analysis is easy.

Running the simulation

-

Use the following steps to run the simulation:

1.

Select Run > Run.

Crystal Ball runs a simulation for the situation in the Futura
Apartments spreadsheet and displays a forecast chart as it
creates it.

After the simulation has run for at least 500 trials, as
displayed on your spreadsheet status bar.

In the forecast window, select Run > Stop.

Excel Note: If the forecast window disappears behind Excel’s window
during a simulation, you can bring it back to the front by pressing <Alt>-
<Tab>.

The forecast window appears, as in Figure 1.2.

@ Forecast: Profit or Loss [_ O] %]
Edit Preferences  Miew  Bun  Help
500 Trials Frequency Chart 1 OQutlier
08E 43
1< R . M- 322
£ m
= o
B 3f-------- ---HHHHHME--------- 215 2
= o
=} =
& 2 l-o--- - Al HHHEHHE------- 107 &
Q] 0
[$2.000.00) $250.00 $2,500.00 $4.750.00 $7.000.00
Maonthly rental income
P [Hnfinity Certainty LA %6 4 [+Infinity

23



Cha pter Getting Started With Crystal Ball

The forecast chart reveals the total range of profit and loss
outcomes predicted for the Futura Apartments situation. Each
bar on the chart represents the likelihood, or probability, of
earning a given income. The cluster of columns near the center
indicates that the most likely income level is between $250 and
$4,750 per month. Crystal Ball also forecasts that the worst case
is a $2,000 loss and the best case is nearly a $7,000 gain.

Determining profit

Now you can use Crystal Ball to determine the statistical
likelihood of making a profit and what is the most likely range.

To have Crystal Ball determine a statistical likelihood:

1. Press <Tab> twice or select the left field in the forecast
window.

2. Type 0 in the field.
3. Press <Enter>.

The value in the Certainty field changes to reflect the
probability of an income level ranging from $0 to positive
infinity—the probability of making a profit. With this
information, you are in a much better position to make a
decision on whether to purchase the Futura Apartments. As
shown in Figure 1.3, there is roughly a 90% chance that you
will make a profit.

&3 Forecast: Profit or Loss
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500 Trials Frequency Chart 1 Outlier
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Note that there is also a small chance of losing as much as $2000
per month.

How Crystal Ball uses Monte Carlo simulation

Generate

random
numbers for
assumption
cells

A

Calculate
entire
spreadsheet

Display
results in a
forecast chart

Most real-world problems involving elements of uncertainty are
too complex to solve analytically. There are simply too many
combinations of input values to calculate every possible result.
Monte Carlo simulation is an efficient technique that requires
only a random number table or a random number generator on
a computer.

Crystal Ball Note: For information on the random number generator
that Crystal Ball uses, see “Random number generator” on page 342.

This is an iterative process that continues until either:

* The simulation reaches a stopping criterion
* You stop the simulation manually

The final forecast chart reflects the combined uncertainty of the
assumption cells on the model’s output. Keep in mind that
Monte Carlo simulation can only approximate a real-world
situation. When you build and simulate your own spreadsheet
models, you need to carefully examine the nature of the
problem and continually refine the models until they
approximate your situation as closely as possible.

Crystal Ball also provides statistics that describe the forecast
results. For more information on statistics and forecast results,
see Chapter 2, “Understanding the Terminology,” and Chapter
4, “Interpreting the Results.”

Closing the first tutorial

To close the first tutorial:

« | 1. Select Run > Reset.

A dialog appears, confirming the reset.
2. Click on OK.
The simulation resets and the forecast window disappears.

3. Close the Futura Apartments spreadsheet.
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Starting the second tutorial

The remainder of this chapter contains a tutorial for the Vision
Research spreadsheet. This tutorial provides a more realistic
situation to let you examine Crystal Ball’s features in greater
depth. However, if you feel comfortable running Crystal Ball
now, you can turn to Chapter 2, “Understanding the
Terminology,” for some background on Crystal Ball
terminology. Then you can read Chapter 3, “Setting Up and
Running a Simulation,” to start analyzing your own
spreadsheets.

The Vision Research spreadsheet models a business situation
filled with uncertainty. Vision Research has completed
preliminary development of a new drug, code-named
ClearView, that corrects nearsightedness. This revolutionary
new product could be completely developed and tested in time
for release next year if the FDA approves the product. Although
the drug works well for some patients, the overall success rate is
marginal, and Vision Research is uncertain whether the FDA will
approve the product.

Vision Research can use Crystal Ball to help decide whether to
scrap the project or to proceed to develop and market this
potentially profitable new drug. The ClearView project is a
multimillion-dollar risk. Crystal Ball is a powerful decision-
support program designed to take the mystery out of decisions
like this.

To see how Crystal Ball works in a typical business decision:

1. Open the Vision Research spreadsheet from the Crystal
Ball Examples folder. You can find this folder by selecting
(in Windows) Start > Programs > Crystal Ball > Examples.

The Vision Research spreadsheet for the ClearView project
appears, as in Figure 1.4.

Take a look at the Vision Research spreadsheet. This
spreadsheet models the problem that Vision Research is trying
to solve.
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(i ¥izion Research.xls H=]1E3
A, B c o] E =
ClearView Project Suggested
Distributions:
Costs (in millions):
Dewvelopment Cost of Clearview to Date $10.0
Testing Costs $4.0 Uniform
Marketing Costs $I60  Tranguiar
Total Costs $30.0

Drug Test (sample of 100 patients):
Patients Cured 100 Binorial
FOA Approved if 20 or More Patients Cured TRLUE

Market Study (in millions):

Fersons in U3, with Nearsightedness Today 40.0
Growth Rate of Nearsightedness 2.00% Custom
| 16 | Persans with Mearsightedness After One vear 40.8

1
14 4 [ ¥ M} ¥ISION 141 |

sl
]
e

Defining assumptions

In Crystal Ball, you define an assumption for a value cell by
choosing a probability distribution that describes the
uncertainty of the data in the cell. To accomplish this, you select
from the 17 distribution types in the Distribution Gallery (see
Figure 1.5).

How do you know which distribution type to choose? This
portion of the tutorial will help you understand how to select a
distribution type based on the answer you are looking for. In the
following examples, you select the assumption cells in the Vision
Research spreadsheet and choose the probability distributions
that most accurately describe the uncertainties of the ClearView
project.

This tutorial explains the reasons for choosing a particular
distribution for each assumption. Detailed descriptions of how
to select distributions are in Chapter 2, “Understanding the
Terminology,” and Chapter 3, “Setting Up and Running a
Simulation.”
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Defining testing costs: the uniform distribution

So far, Vision Research has spent $10,000,000 developing
ClearView and expects to spend an additional $3,000,000 to
$5,000,000 to test it based on the cost of previous tests. For this
variable, “testing costs,” Vision Research thinks that any value
between $3,000,000 and $5,000,000 has an equal chance of
being the actual cost of testing.

Using Crystal Ball, Vision Research chooses the uniform
distribution to describe the testing costs. The uniform
distribution describes a situation where all values between the
minimum and maximum values are equally likely to occur, so
this distribution best describes the company’s best guess for the
cost of testing ClearView.

Once you choose the correct distribution type, you are ready to
define the assumption cell.

To define the assumption cell for testing costs:

1. Click on cell C5.

L‘_| 2. Select Cell > Define Assumption.
The Distribution Gallery dialog appears.

Cell C5: Distribution Gallery
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Homal Triangular Poisson Binomial
Lognormal Uniform Exponential Geometric
Weibull Beta Hypergeometric Custom
Cancel | More | Fit... | Help |

3. Click on the Uniform distribution.




4. Click on OK.

The Uniform Distribution dialog appears.

Cell C5: Uniform Distribution

Assumption Name: [0 Prefs_|
2

=

=

=

£

=1

336 $3.8 $4.0 4.2 34.4
Min |33.B Max|34.4
0K | Qancell Enter I Gallery Caorrelate... | Help |

Since cell C5 already has a name next to it on the spreadsheet,
that name appears in the Assumption Name field. Use this
name, rather than typing a new one. Also, notice that Crystal
Ball assigns default values to the distribution. For more
information on the method Crystal Ball uses to assign these
default values to each distribution, see Appendix E, “Default
Names and Distribution Parameters.”

The uniform distribution has two parameters—minimum and
maximum. Vision Research expects to spend a minimum of
$3,000,000 and a maximum of $5,000,000 on testing. Use these
values in place of the defaults to specity the parameters of the
uniform distribution in Crystal Ball, as described in the
following steps:

5. Type 3 in the Min field (remember that the numbers on the
spreadsheet represent millions of dollars).

This represents $3,000,000, the minimum amount Vision
Research estimates for testing costs.

6. Press <Tab>.
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7. Type 5 in the Max field.

This represents $5,000,000, the maximum estimate for
testing costs.

8. Click on Enter.

The distribution changes to reflect the values you entered, as
shown in Figure 1.7.

Cell C5: Uniform Digtribution E

Assumption Name:l Prefs |
2

E

(12}

=

£

=T

$3.0 335 $4.0 $4.5 $5.0

Min|33.l] Max |S5.l]

0K | Qancell Enter I Gallery Correlate... | Help |

With the values from steps 5 and 7 entered correctly, your
distribution looks like Figure 1.7. If not, repeat those steps.
Later, when you run the simulation, Crystal Ball generates
random values for cell C5 that are evenly spread between 3
and 5 million dollars.

9. Click on OK to return to the spreadsheet.

The assumption cell is now green.

Defining marketing costs: the triangular distribution

Vision Research plans to spend a sizeable amount marketing
ClearView if the FDA approves it. They expect to hire a large
sales force and kick off an extensive advertising campaign to
educate the public about this exciting new product. Including
sales commissions and advertising costs, Vision Research
expects to spend between $12,000,000 and $18,000,000, most
likely $16,000,000.

30



Vision Research chooses the triangular distribution to describe
marketing costs because the triangular distribution describes a
situation where you can estimate the minimum, maximum, and
most likely values to occur.

To define the assumption cell for marketing costs:

1. Click on cell C6.
2. Select Cell > Define Assumption.
The Distribution Gallery dialog appears.
3. Click on the Triangular distribution.
4. Click on OK.

The Triangular Distribution dialog appears for cell C6.

Cell C6: Triangular Distribution

Assumption Name: Marketin Costs

Probability

$14.4 $15.2 $16.0 168 176

[ 4 ISM.d 4 ISH’.B
Min|31 4.4 LikeliestlSIB.l] MaxISW.B

0OK | Qancell Enter I Gallery | Correlate... | Help |

Now specify the parameters for the triangular distribution. As
you can see in Figure 1.8, the parameters for the triangular
distribution are diftferent from those specified earlier for the
uniform distribution. The triangular distribution has three
parameters—minimum, maximum, and likeliest. The
following steps explain how to enter the parameters of the
triangular distribution.
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5. Type 12 in the Min field.

This represents $12,000,000, the minimum amount Vision
Research estimates for marketing costs.

6. Press <Tab> to access the Likeliest field. If it doesn’t
contain the value 16, type 16.

This represents $16,000,000, the most likely amount for
marketing costs.

7. Press <Tab> and type 18 in the Max field.

This represents $18,000,000, the maximum estimate for
marketing costs.

8. Click on Enter.

The distribution changes to reflect the values you entered.

Cell C6: Triangular Digtribution

Assumption Name: Marketin Costs

Probability

=

$120 $135 $15.0 $16.5 180

[ 2 |S1 2.0 4 |S1B.I]
Min |31 2.0 Likeliest|31ﬁ.l] Max|318.l]

DK | Qancell Enter I ﬁalleryl Cu[relate...l Help |

When you run the simulation, Crystal Ball generates random
values that fall around 16, with fewer values near 12 and 18.

9. Click on OK to return to the spreadsheet.
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Defining patients cured: the binomial distribution

Before the FDA will approve ClearView, Vision Research must
conduct a controlled test on a sample of 100 patients for one
year. Vision Research expects that the FDA will grant an
approval if ClearView completely corrects the nearsightedness
of 20 or more of these patients without any significant side-
effects. In other words, 20% or more of the patients tested must
show corrected vision after taking ClearView for one year. Vision
Research is very encouraged by their preliminary testing, which
shows a success rate of around 25%.

For this variable, “patients cured,” Vision Research only knows
that their preliminary testing shows a cure rate of 25%. Will
ClearView meet the FDA standards? Using Crystal Ball, Vision
Research chooses the binomial distribution to describe the
uncertainties in this situation because the binomial distribution
describes the random number of successes (25) in a fixed
number of trials (100).

To define the assumption cell for patients cured, use the
following steps.

1. Click on cell C10.
& | 2. Select Cell > Define Assumption.
The Distribution Gallery appears.
3. Click on the Binomial distribution.
4. Click on OK.

The Binomial Distribution dialog appears (notice that the
default value for the probability parameter is 0.5 or 50%).
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Cell C10: Binomial Distribution

Assumption Name: Patients Cured

080

060

040

Probability

020

000 -
50 74

25
» II] 4 |+Infinity
Prob. ||].5 Trials |1|]|]

DK | gancell Enter I Gallery | Correlate... | Help |

The binomial distribution has two parameters: probability
(Prob) and trials. You know that Vision Research experienced a
25% success rate during preliminary testing, so use the value
0.25 for the probability parameter to show the likelihood or
success.

Crystal Ball Note: You can express probabilities either as decimal
[fractions between 0 and 1, such as 0.03, or as whole numbers followed by
the percent sign, such as 3%.

You also know the FDA expects Vision Research to test 100
people, so use the value 100 for the trials parameter. The
following steps explain how to enter these parameters in the
Binomial Distribution dialog.

5. Type 0.25 in the Prob field.

This represents the 25% likelihood, or probability, of
successfully correcting nearsightedness.

6. If the Trials field doesn’t contain the value 100, press
<Tab>.

7. Type 100 in the Trials field.

This represents the 100 patients in the FDA test.



8. Click on Enter.

The distribution changes to reflect the values you entered.

Cell C10: Binomial Distribution

Assumption Name: F‘atients Cured Prefs |

032

B3

046

Probability

023

.00a -
26 50

1
[ 4 Il] 4 |+Infinity
Proh. II].25 Trials |1I]I]

0OK | Qancell Enter I Gallery | Correlate... | Help |

When you run the simulation, Crystal Ball generates random
integers between 0 and 100, simulating the number of
patients that would be cured in the FDA test.

9. Click on OK to return to the spreadsheet.

Growth rate: the custom distribution

Vision Research has determined that nearsightedness afflicts
nearly 40,000,000 people in the United States, and an
additional 0% to 5% of these people will develop this condition
during the year in which ClearView is tested.

However, the marketing department has learned that a 25%
chance exists that a competing product will be released on the
market soon. This product would decrease ClearView’s potential
market by 5% to 15%.

This variable, “growth rate of nearsightedness,” cannot be
described by any of the standard probability distributions. Since
the uncertainties in this situation require a unique approach,
Vision Research chooses Crystal Ball’s custom distribution to
define the growth rate. For the most part, the custom
distribution is used to describe situations that other distribution
types cannot.
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The method for specifying parameters in the custom
distribution is quite unlike the other distribution types, so follow
the directions carefully. If you make a mistake, click on Gallery
to return to the distribution gallery, then start again at step 3.

Use the custom distribution to plot both the potential increase
and decrease of ClearView’s market.

To define the assumption cell for the growth rate of

nearsightedness:
1. Click on cell C15.
2. Select Cell > Define Assumption.

The Distribution Gallery dialog appears.
Click on the Custom distribution.
Click on OK.

The Custom Distribution dialog appears. Notice that in
Figure 1.12 that the chart area remains empty until you enter
the values for the distribution.

Cell C15: Custom Distribution

Assumption Name: |Growth Rate of Nearsightedness
.oan

£

5 .0m

Lol

=

£ oo

o Tatal
= Relative
® 4 Prab.
L] 0.00
£ om

0.00% 0.00% 0.00% 0.00% 0.00%

Value I Value2 I Yiew All |

Prob. I Step I Rescale... | Data... |
DK | Qancell Enter I Gallery | Correlate... | Help |




Uniform distribution
for the first range of
values.

To enter the first range of values:

5. Type 0% in the Value field.

This represents a 0% increase in the potential market.

6. Press <Tab>.
7. Type 5% in the Value2 field.

This represents a 5% increase in the potential market.

8. Press <Tab>.

9. Type 75% in the Prob field.

This represents the 75% chance that Vision Research’s
competitor will not enter the market and reduce Vision
Research’s share.

10. Click on Enter.

A uniform distribution for the range 0% to 5% appears.

Cell C15: Custom Distribution

Assumption Name: IGrnwth Rate of Nearsightedness

15.000
£
5 Nx
=
=
£ 750
o Tatal
= Relative
® &l Prab.
L] 075
£ om

0.00% 1.25% 2.50% 375% 500

Value || Value?2 | View All |
Prob. I Step I Rescale... | Data... |
DK | Qancell Enter I Gallery | Correlate... | Help |

To enter a second range of values:

11. Type -15% in the Value field.

This represents a 15% decrease in the potential market.

12. Press <Tab>.
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13

14.
15.

16.

Cell C15: Custom Distribution E2

Assumption Name: IGmwth Rate of Nearsightedness Prefs |

15.000
£
= 11.25
=
=
D..: 7500
o Tatal
= Relative
E sl Prab.
L] 1.00
=N 1111

-15.00% -10.00% -5.00% 0.00% 500

Yalue I Value2 I Yiew All |
Prob. I Step I Rescale... | Data... |
0K | Qancell Enter I ﬁalleryl Cn[relate...l Help |

. Type -5% in the Value?2 field.

This represents a 5% decrease in the potential market.
Press <Tab>.
Type 25% in the Probability field.

This represents the 25% chance that Vision Research’s
competitor will enter the market place and decrease Vision
Research’s share by 5% to 15%.

Click on Enter.

A uniform distribution for the range -15% to -5% appears.
Both ranges now appear in the Custom Distribution dialog.

In Chapter 2, “Understanding the Terminology”, you learn to
use the data button, a special feature on the Custom
Distribution dialog. You can use the Data button to pull
numbers from specified cell ranges on the spreadsheet rather
than typing them in the Custom Distribution dialog. When you
run the simulation, Crystal Ball generates random values within
the ranges you specified.

17.

Click on OK to return to the spreadsheet.



Defining market penetration: the normal distribution

The marketing department estimates that Vision Research’s
eventual share of the total market for the product will be
normally distributed around a mean value of 8% with a standard
deviation of 2%. “Normally distributed” means that Vision
Research expects to see the familiar bell-shaped curve with
about 68% of all possible values for market penetration falling
between one standard deviation below the mean value and one
standard deviation above the mean value, or between 6% and
10%.

The low mean value of 8% is a conservative estimate that takes
into account the side effects of the drug that were noted during
preliminary testing. In addition, the marketing department
estimates a minimum market of 5%, given the interest shown in
the product during preliminary testing.

Vision Research chooses the normal distribution to describe the
variable “market penetration.”

To define the assumption cell for market penetration:

1. Click on cell C19.
& | 2. Select Cell > Define Assumption.
The Distribution Gallery dialog appears.
3. Click on the Normal distribution.
4. Click on OK.

The Normal Distribution dialog appears.
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Cell C19: Normal Distribution | x|
Assumption Name: Market Penetration Prefs |

Probability

5.60% £.80% 8.00% 9.20% 10.40%

> I-Infinity 4 |+Infinity
Mean IB.I]I]% Std DEVI“.BU%

0K | Qancell Enter I ﬁalleryl Cu[relate...l Help |

Now specify the parameters for the normal distribution: the
mean and the standard deviation.

5. If the Mean field doesn’t contain 8.00%, type 8% in the
Mean field.

This represents an estimated average for market penetration

of 8%.
6. Press <Tab>.
7. Type 2% in the StdDev field.

This represents an estimated 2% standard deviation from the
mean.

8. Click on Enter.

The normal distribution scales to fit the chart area, so the
shape of the distribution does not change. However, the
percent range at the bottom of the chart does change.

9. Press <Tab> twice.
10. Type 5% in the left truncation grabber field.

This represents 5%, the minimum market for the product.

40



11. Click on Enter.

The distribution changes to reflect the values you entered.

Cell C19: Normal Distribution | x|

Assumption Name: Market Penetration Prefs |

Probability

200% 5.00% 8.00% 11.00% 14.00%
b [5.00% 4 [+Infinity
Mean [8.00% Std Dev [2.00%

0K | Qancell Enter I ﬁalleryl Cn[relate...l Help |

When you run the simulation, Crystal Ball generates random
values that follow a normal distribution around the mean value

of 8%, and with no values generated below the 5% minimum
limit.

12. Click on OK to return to the spreadsheet.

Defining forecasts

Now that you have defined the assumption cells in your model,
you are ready to define the forecast cells. Forecast cells contain
formulas that refer to one or more assumption cells.

The president of Vision Research would like to know both the
likelihood of achieving a profit on the product and the most
likely profit, regardless of cost. These forecasts appear in the

gross profit (cell C21) and net profit (cell C23) for the ClearView
project.
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Calculating gross profit

Crystal Ball can generate more than one forecast during a
simulation. In this case, you can define both the gross profit and
net profit formulas as forecast cells. First, look at the contents of
the cell for gross profit.

1. Click on cell C21.

The cell contents appear in the formula bar near the top of
your spreadsheet. The contents are C16¥*C19*C20. Crystal
Ball uses this formula to calculate gross profit by multiplying
Persons With Nearsightedness After One Year (C16) by
Market Penetration (C19) by Profit Per Customer (C20).

Now that you understand the gross profit formula, you are ready
to define the forecast formula cell for gross profit.

To define the forecast cell for gross profit:

Lll|lh| 2. Select Cell > Define Forecast.

The Define Forecast dialog appears. You can enter a name
for the forecast. Since the forecast cell has a name next to it
on the spreadsheet, that name appears in the dialog by
default.

Cell C21: Define Forecast | x|

Forecast Name: IGruss Profit if Approved [MM]

Units: I

[ ok | gance|| More >>| Help |

Use the forecast name that appears, rather than typing a new
name.

Since the spreadsheet model involves millions of dollars,
indicate that in this dialog.

3. Press <Tab>.

4. Type Millions in the Units field.
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5. Click on OK to return to the spreadsheet.

Calculating net profit

Before defining the forecast cell formula for net profit, look at
the contents of the cell for net profit:

1. Click on cell C23.

The contents appear in the formula bar above the
spreadsheet. The contents are: IF(C11, C21-C7, -C4-C5).

The formula translates as follows:

If the FDA approves the drug (C11 is true), then calculate net
profit by subtracting total costs (C7) from gross profit (C21).
However, if the FDA does not approve the drug, (C11 is
false), then calculate net profit by deducting both
development costs (C4) and testing costs (C5) incurred to
date.

To define the forecast cell for net profit:

lul.| 2. Select Cell > Define Forecast.
The Define Forecast dialog appears, as in Figure 1.18.

Cell C23: Define Forecast

Forecast Name: INBi Profit M)

Units: I

Again, use the forecast name that appears in the Forecast Name
field and specify millions in the Units field.

3. Press <Tab>.
4. Type Millions in the Units field.
5. Click on OK to return to the spreadsheet.

You have defined assumptions and forecast cells for the Vision
Research spreadsheet, and are now ready to run a simulation.
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Running a
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simulation

When you run a simulation in Crystal Ball, you have the freedom
to stop and then continue the simulation at any time. The Run,
Stop, and Continue commands appear on the Run menu as you
need them. For example, when you are running a simulation,
the Stop command appears at the top of the menu. If you stop
the simulation, the Continue command takes its place. Practice
using these commands when you run the simulation for the
ClearView project.

Before you begin the simulation, specify the number of trials
and initial seed value so your simulation will look like the
forecast charts in this tutorial. See Chapter 4, “Interpreting the
Results” for more information on trials and seed values.

To specify the number of trials and initial seed value:

1. Select Run > Run Preferences > Trials.

The Run Preferences Trials dialog appears.

In the Maximum Number Of Trials field, type 500.

Click on Sampling.

Click the Use Same Sequence Of Random Numbers option.
In the Initial Seed Value field, type 999.

Click on OK.

AN

Practice routines

In the next few sections, practice a few basic routines.

Run, Stop, and Continue

To practice using the Run, Stop, and Continue commands:

1. Select Run > Run.

The Net Profit forecast window appears, neatly stacked on
top of the Gross Profit forecast window. As the simulation
proceeds, the forecast charts reflect the changing values in
the forecast cells.

2. Select Run > Stop.



Crystal Ball Note: You can also stop the simulation by pressing <Alt>-
,0.

.- | 3. In the front forecast window, select Run > Continue.

Crystal Ball Note: Each forecast window has its own menu bar.
The simulation continues.

Crystal Ball Note: You can also continue the simulation by pressing
<Alt>-u,u.

View the forecast charts

You might not see two complete forecast charts at the same time.
However, there are several ways to bring individual forecast
windows to the front of the window stack. The easiest way is to
click on the forecast window if it is visible.

1. Click on the Gross Profit If Approved forecast window.

The Gross Profit chart appears, as in Figure 1.19.

&3 Forecast: Gross Profit if Approved (MM) =] E3
Edit Preferences “iew Run Help
500 Trials Frequency Chart 0 Outliers
030 15
23 - -l 11.2
= -
= a
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=] =
A ARl . o
Qo0 - L0
$20.0 $31.3 $425 $53.8 $65.0
» Hnfinity Certainty [JULRI %6 4 |[+HInfinity

| 2. Select Run > Forecast Windows.

3. Click on Open All Forecasts to move the Net Profit forecast
window to the front again.
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While the simulation is running, a frequency distribution for
each forecast appears to reflect the changing values in the

forecast cell. The frequency distribution appears as columns.

4. Continue to run the simulation until it stops at 500 trials.
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A frequency distribution shows the number or frequency of
values occurring in a given group interval. In Figure 1.20, the
frequency distribution on the Net Profit forecast chart shows a
frequency of 19 for the group interval that contains the most
values. That means 19 values occurred in the group interval.

Chapter 3, “Setting Up and Running a Simulation” and Chapter
4, “Interpreting the Results” describe the forecast chart in more
detail. For now, remember that the forecast chart graphs the
forecast results and shows how the forecast values are
distributed. As the simulation progresses, Crystal Ball continues
to update the frequency distribution for each forecast cell, and
the forecast results become more accurate.

Interpreting the results

Now that you have run the simulation, you are ready to interpret
the forecast results in more depth. The president of Vision
Research faces a difficult decision—should the company scrap
the ClearView project or proceed to develop and market this
revolutionary new drug? To examine this question in more
detail you need to look at the forecast chart in more detail.



Excel Note: Crystal Ball windows are separate from Excel windows. If
Crystal Ball’s windows disappear from your screen, they are usually simply
behind the main Excel window. To bring them to the front, click on the
Crystal Ball icon in the Windows taskbar or press <Alt>-<Tab>.

Understanding the forecast chart

Crystal Ball forecasts the entire range of results for the Vision
Research project. However, the forecast charts show only the
display range that, by default, is set to exclude the most extreme
values (outliers). Chapter 4, “Interpreting the Results” describes
how to change the display range to examine specific sections of
the forecast in greater detail.

In Figure 1.21, the display range includes the values from minus
$15.00 to $35.00, as shown on the Net Profit forecast chart.

The forecast chart also shows the certainty range for the
forecast. By default, the certainty range includes all values from
negative infinity to positive infinity.

Crystal Ball compares the number of values in the certainty
range with the number of values in the entire range to calculate
the certainty level. The example above shows a certainty level of
100%, since the initial certainty range includes all possible
values.

Remember that the certainty level is an approximation, since
the spreadsheet model can only approximate the elements of
the real world.

In the upper left corner of the forecast chart, Crystal Ball shows
the total number of trials that were run for this forecast. In the
upper right corner, the number of trials outside of the display
range appear. Since the display range is initially set by default
to exclude outlying values, the number of “outliers” is usually

greater than zero when your simulation stops.

Determining the certainty level

Now the Vision Research president wants to know how certain
Vision Research can be of achieving a profit and what are the
chances of a loss.
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Left certainty
grabber

Range minimum field

Certainty level

Getting Started With Crystal Ball

To determine the certainty level of a specific value range:

1. 1In the Net Profit forecast chart, press <Tab> twice.
2. Type 0 in the range minimum field.
3. Press <Enter>.
Crystal Ball moves the left certainty grabber to the break-
even value of $0.0 and recalculates the certainty level.
Igl Forecast: Net Profit [MM] _ (O] %]
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Analyzing the Net Profit forecast chart again, you can see that
the value range between the certainty grabbers shows a
certainty level of 78.4%. That means that Vision Research can
be 78.4% certain of achieving a net profit. You can therefore
calculate a 21.6% chance of suffering a net loss (100% minus
78.4%).
Now the president of Vision Research would like to know the
certainty of achieving a minimum profit of $2,000,000. With
Crystal Ball, you can easily answer this question.
4. Type 2 in the range minimum field.
5. Press <Enter>.

A Figure 1.22 shows, Crystal Ball moves the left certainty
grabber to $2.0 and recalculates the certainty level.
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Vision Research can be 72.6% certain of achieving a minimum
net profit of $2,000,000.

Vision Research is very encouraged by the forecast result. The
president now wants to know how certain Vision Research can be
of achieving a minimum net profit of $4,000,000. If Crystal Ball
shows that Vision Research can be at least two-thirds certain of a
$4,000,000 net profit, the president is ready to go ahead with
the ClearView project. Again, Crystal Ball can easily answer this
question.

6. Type 4 in the range minimum field.
7. Press <Enter>.

Crystal Ball moves the left certainty grabber to $4.0 and
recalculates the certainty level.

49



Chapter

50

Getting Started With Crystal Ball

Summary
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The Net Profit forecast chart in Figure 1.23 shows a certainty
level of 66%. With a two-thirds certainty of a minimum net profit
of $4,000,000, Vision Research decides to go ahead with the
ClearView project and proceed to develop and market this
revolutionary new drug.

The president of Vision Research also is interested in the most
likely profit regardless of cost. You now can analyze the gross
profit forecast chart as you did the net profit chart.

In this tutorial, you explored only a few questions that Vision
Research might ask as they analyze the results of the simulation.
As you read through this manual, you will learn to explore the
forecast results in more depth. For example, you can customize
the forecast charts, create overlay charts, create trend charts,
analyze the sensitivity of the model, interpret the descriptive
statistics, and print comprehensive reports for any simulation.
Crystal Ball provides these features so that you can quantify the
risk inherent in your assumptions.



Crystal Ball keeps your assumption and forecast definitions (but
not the forecast values) with the spreadsheet. When you save
your spreadsheet, the definitions are saved with it. To learn
about saving forecast results, see “Saving and restoring a
simulation” on page 178.

Closing Crystal Ball

To close Crystal Ball without exiting Excel, in Excel, select Run
> Close Crystal Ball.

A dialog appears asking you to confirm the decision. Click on
OK to close Crystal Ball and remove the Cell, Run, and CBTools
menus and the Crystal Ball toolbar from Excel. The Vision
Research spreadsheet remains open in Excel.

Crystal Ball Note: Crystal Ball also closes automatically when you exit
Excel.
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Understanding the
Terminology




Model building and risk analysis

Understanding probability
distributions

What is probability?

Selecting a probability distribution
Most commonly used distributions
Other commonly used distributions
Less commonly used distributions

Understanding other statistical terms

This chapter explains probability and
probability distributions. Your
understanding of both probability and
probability distributions will let you select
the right probability distribution for your
spreadsheet model. The first section
describes in detail the seventeen
distribution types Crystal Ball uses and
demonstrates using real-world examples.
The last section of the chapter explains
statistical terms used to describe forecast
results.

In this chapter



Model building and risk analysis overview

To use Crystal Ball, you need to first build a model and then
Crystal Ball will help you perform a risk analysis. However, if
you're a first-time user, you might not be familiar with or know
what is meant by models or risk analysis. Or, if you do know, you
might want a better understanding of how Crystal Ball performs
a risk analysis.

What is a model?

Crystal Ball works with spreadsheet models, specifically Excel
spreadsheet models. Your spreadsheet might already contain a
model, depending on what type of information you have in your
spreadsheet and how you use it.

Data vs. analysis

If you only use spreadsheets to hold data—sales data, inventory
data, account data, etc., then you don’t have a model. Even if
you have formulas that total or subtotal the data, you might not
have a model that is useful for simulation.

A model is a spreadsheet that has taken the leap from being a
data organizer to an analysis tool. A model represents a process
with combinations of data, variables, formulas, and functions. As
you add cells that help you better understand and analyze your
data, your data spreadsheet becomes a spreadsheet model.

Traditional spreadsheet analysis

So now you have a model, or you have create your first model.
For each value in your model, ask yourself, “How certain am I of
this value? Will it vary? Is this a best estimate or a known fact?”
You might notice that your model has some values in it that you
are unsure of. Perhaps you don’t have the actual data yet (this
month’s sales figures) or the value varies unpredictably
(individual item cost). This lack of knowledge about particular
values or the knowledge that some values may always vary
contribute to the model’s uncertainty.
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Traditional spreadsheet analysis tries to capture this uncertainty
in one of three ways:

* Point estimates
* Range estimates

¢ What-if scenarios

Point estimates

Point estimates are when you use what you think are the most
likely values (technically referred to as the mode) for the
uncertain variables. These estimates are the easiest, but can
return very misleading results. For example, try crossing a river
with an average depth of three feet. Or, if it takes you an average
of 25 minutes to get to the airport, leave 25 minutes before your
flight takes off. You will miss your plane 50% of the time.

Range estimates

Range estimates typically calculate three scenarios: the best
case, the worst case, and the most likely case. These types of
estimates can show you the range of outcomes, but not the
probability of any of these outcomes.

What-if scenarios

What-if scenarios are usually based on the range estimates, and
calculate as many scenarios as you can think of. What is the worst
case? What if sales are best case but expenses are the worst case?
What if sales are average, but expenses are the best case? What
if sales are average, expenses are average, but sales for the next
month are flat?

As you can see, this is extremely time consuming, and
results in lots of data, but still doesn’t give you the probability of
achieving different outcomes.



Risk

Uncertainty, like that described above, can often indicate risk,
which is the possibility of loss, damage, or any other undesirable
event and the severity associated with the event. For example, if
sales for next month are above a certain amount (a desirable
event), then orders will reduce the inventory. If the reduction in
inventory is large enough, there will be a delay in shipping
orders (an undesirable event). If a delay in shipping means
losing orders (severity), then that possibility presents a risk.

There are two points to keep in mind when analyzing risk:

* Where is the risk?
* How significant is the risk?

Almost any change, good or bad, poses some risk. Your own
analysis will usually reveal numerous potential risk areas:
overtime costs, inventory shortages, future sales, geological
survey results, personnel fluctuations, unpredictable demand,
changing labor costs, government approvals, potential mergers,
pending legislation.

Once you identify your risks, a model can help you quantify
them. Quantifying risk means determining the chances that the
risk will occur and the cost if it does, to help you decide whether
a risk is worth taking. For example, if there is a 25% chance of
running over schedule, costing you $100 out of your own
pocket, that might be a risk you are willing to take. But if you
have a 5% of running over schedule, knowing that there is a
$10,000 penalty, you might be less willing to take that risk.

Risk analysis

You can perform risk analysis in several ways, but one method
involves building a spreadsheet model. A good spreadsheet
model can be very helpful in identifying where your risk might
be, since cells with formulas and cell references identify causal
relationships among variables.

One of the drawbacks of conventional spreadsheet models,
however, is that you can only enter one value in a cell at a time.
Why would you want to put more than one value in a cell, you
ask? Remember those uncertain values that you could represent
either with point estimates, range estimates, or what-if
scenarios? A spreadsheet will not let you put in a range or
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multiple values; it allows only one value at a time. So calculating
the range requires you to replace the uncertain value several
times to see what effect the minimum, most likely, and
maximum values have.

Calculating more realistic what-if scenarios is the same, except
it requires you to change your spreadsheet even more. And don’t
forget to keep track of all the results somewhere, or you will have
to repeat the scenario!

This is where Crystal Ball comes in. Crystal Ball helps you define
those uncertain variables in a whole new way: by defining the
cell with a range or a set of values. So you can define your
business phone bill for future months as any value between
$2500 and $3750, instead of using a single point estimate of
$3000. It then uses the defined range in a simulation.

In addition, Crystal Ball keeps track of the results of each
scenario for you.

Monte Carlo simulation

Stmulation is any analytical method that is meant to imitate a
real-life system, especially when other analyses are too
mathematically complex or too difficult to reproduce.
Spreadsheet risk analysis uses both a spreadsheet model and
simulation to analyze the effect of varying inputs on outputs of
the modeled system. One type of spreadsheet simulation is
Monte Carlo simulation, which randomly generates values for
uncertain variables over and over to simulate a model.

History

Monte Carlo simulation was named for Monte Carlo, Monaco,
where the primary attractions are casinos containing games of
chance. Games of chance such as roulette wheels, dice, and slot
machines, exhibit random behavior.

The random behavior in games of chance is similar to how
Monte Carlo simulation selects variable values at random to
simulate a model. When you roll a die, you know that eithera 1,
2,3, 4, 5, or 6 will come up, but you don’t know which for any
particular trial. It’s the same with the variables that have a
known range of values but an uncertain value for any particular
time or event (e.g., interest rates, staffing needs, stock prices,
inventory, phone calls per minute).



Hormal

A

Certainty

For each variable, you define the possible values with a probability
distribution. The type of distribution you select depends on the
conditions surrounding the variable. For example, some
common distribution types are:

Trnangular Uniform Lognormal

-—m A

During a simulation, the value to use for each variable is
selected randomly from the defined possibilities.

Discussion

A simulation calculates numerous scenarios of a model by
repeatedly picking values from the probability distribution for
the uncertain variables and using those values for the cell.
Commonly, a Crystal Ball simulation calculates hundreds or
thousands of scenarios in just a few seconds.

Since all those scenarios produce associated results, Crystal Ball
also keeps track of the forecasts for each scenario. Forecasts are
cells (usually with formulas of functions) that you define as
important outputs of the model. These usually are cells such as
totals, net profit, or gross expenses.

For each forecast, Crystal Ball remembers the cell value for all
the trials (scenarios). During the simulation, you can watch a
histogram of the results, which shows how they stabilize toward
a smooth frequency distribution as the simulation progresses. After
hundreds or thousands of trials, you can view sets of values, the
statistics of the results (such as the mean forecast value), and the
certainty of any particular value.

The forecast results not only show you the different result values
for each forecast, but also the probability of any value. Crystal
Ball normalizes these probabilities to calculate another
important number: the certainty. The certainty is the percent
chance that a particular forecast value will fall within a specified
range.
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For example, the chance of any forecast value falling between
-Infinity and Infinity is always 100%. However, the chance of
that same forecast being at least zero (which you might want to
calculate to make sure that you make a profit) might be only
45%.

For any range you define, Crystal Ball calculates the resulting
certainty. This way, you not only know that your company has a
chance to make a profit, you can quantify that chance by saying
that it has a 45% chance of making a profit on a venture (a
venture you might decide to skip).

Benefits of risk analysis

Finding the certainty of achieving a particular result is often the
goal of a model analysis. Risk analysis takes a model and sees
what effect changing different values has on the bottom line.
Risk analysis can:

* Help end “analysis paralysis,” and contribute to better
decision-making by quickly examining all possible scenarios

* Identify which variables most affect the forecast

* Expose the uncertainty in a model, leading to a better
communication of risk

probability distributions

To begin to understand probability, consider this example: You
want to look at the distribution of non-exempt wages within one
department of a large company. First, you gather raw data—in
this case the wages of each non-exempt employee in the
department. Second, you organize the data into a meaningful
format and plot the data as a frequency distribution on a chart.
To create a frequency distribution, you divide the wages into
group intervals and list these intervals on the chart’s horizontal
axis. Then you list the number or frequency of employees in
each interval on the chart’s vertical axis. Now you can easily see
the distribution of non-exempt wages within the department.



A glance at the chart illustrated in Figure 2.1 reveals that most
of the employees (approximately 60 out of a total of 180) earn
from $7 to $9 per hour.

Number of
Employees

7.00 7.50 8.00 8.50 9.00

Hourly Wage Ranges in Dollars

You can chart this data as a probability distribution. A
probability distribution shows the number of employees in each
interval as a fraction of the total number of employees. To create
a probability distribution, you divide the number of employees
in each interval by the total number of employees and list the
results on the chart’s vertical axis.

The chart illustrated in Figure 2.2 shows you the number of
employees in each wage group as a fraction of all employees;
you can estimate the likelihood or probability that an employee
drawn at random from the whole group earns a wage within a
given interval. For example, assuming the same conditions exist
at the time the sample was taken, the probability is 0.33 (a 1 in
3 chance) that an employee drawn at random from the whole
group earns between $8 and $8.50 an hour.
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0.33

Probability

7.00 7.50 8.00 8.50 9.00

Hourly Wage Ranges in Dollars

Compare the probability distribution in the example above to
the probability distributions in Crystal Ball as shown in Figure

2.3.

Cell C5: Distribution Gallery [ x|
Hormal Triangular Poiszon Binomial
A il | Ll
Lognormal Uniform Exponential Geometric

A ==
Weibull Beta Hypergeometric Cugtom
/I N r |
Cancel | More | Fit... | Help |

The probability distribution in the example in Figure 2.2 has a
shape similar to many of the distributions in the Distribution
Gallery. This process of plotting data as a frequency distribution
and converting it to a probability distribution provides one
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starting point for selecting a Crystal Ball distribution. Select the
distributions in the gallery that appear similar to your
probability distribution, then read about those distributions in
this chapter to find the correct distribution.

For information about the similarities between distributions, see
“Comparing the distributions” on page 111. For a complete
discussion of probability distributions, refer to the sources listed
in the Bibliography.

Notice that the Distribution Gallery shows whether the
probability distributions are discrete or continuous. Discrete
probability distributions describe distinct values, usually
integers, with no intermediate values and are shown as a series
of vertical bars, such as in the binomial distribution in the
example above. A discrete distribution, for example, might
describe the number of heads in four flips of a coin as 0, 1, 2, 3,
or 4.

Continuous probability distributions, such as the normal
distribution, describe values over a range or scale and are shown
as solid figures in the Distribution Gallery. Continuous
distributions are actually mathematical abstractions because
they assume the existence of every possible intermediate value
between two numbers. For example, a continuous distribution
assumes there are an infinite number of values between any two
points on the distribution.

However, in many situations, a continuous distribution can be
effectively used to approximate a discrete distribution even
though the continuous model does not necessarily describe the
situation exactly.

In the dialogs for the discrete distributions, Crystal Ball displays
the values of the variable on the horizontal axis and the
associated probabilities on the vertical axis. For the continuous
distributions, Crystal Ball does not display values on the vertical
axis since, in this case, probability can only be associated with
areas under the curve and not with single values.

Crystal Ball Note: The precision and format of the displayed numbers in
the probability and frequency distributions come from the cell itself. For
example, if your cell’s precision is set to two decimal places (#.##), the
number 0.002946 will be displayed as 0.00. See the user manual for your
spreadsheet program for more information about changing the format of
the number display.
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Selecting a probability distribution

Plotting data is one guide to selecting a probability distribution.
The following steps provide another process for selecting
probability distributions that best describe the uncertain
variables in your spreadsheets.

To select the correct probability distribution:

* Look at the variable in question. List everything you know
about the conditions surrounding this variable.

You might be able to gather valuable information about the
uncertain variable from historical data. If historical data is
not available, use your own judgment, based on experience,
to list everything you know about the uncertain variable.

* Review the descriptions of the probability distributions.

This chapter describes each distribution in detail, outlining
the conditions underlying the distribution and providing
real-world examples of each distribution type. As you review
the descriptions, look for a distribution that contains the
conditions you have listed for this variable.

¢ Select the distribution that characterizes this variable.

A distribution characterizes a variable when the conditions of
the distribution match those of the variable.

The conditions of the variable describe the values for the
parameters of the distribution in Crystal Ball. Each distribution
type has its own set of parameters, which are explained in the
following descriptions. In addition to the standard parameter
set, each continuous distribution (except uniform) also lets you
choose from alternate parameter sets, which substitute
percentiles for one or more of the standard parameters. For
more information on alternate parameters, see “Alternate
parameter sets” on page 136.
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Most commonly used distributions

Uniform distribution

In the uniform distribution, all values between the minimum
and maximum occur with equal likelihood.

Conditions

The three conditions underlying uniform distribution are:

¢ The minimum value is fixed.
¢ The maximum value is fixed.

¢ All values between the minimum and maximum occur with
equal likelihood.

Example one

An investment company interested in purchasing a parcel of
prime commercial real estate wants to describe the appraised
value of the property. The company expects an appraisal of at
least $500,000 but not more than $900,000. They believe that
all values between $500,000 and $900,000 have the same
likelihood of being the actual appraised value.

The first step in selecting a probability distribution is to match
your data with a distribution’s conditions. In this case:

¢ The minimum value is $500,000.

¢ The maximum value is $900,000.

* All values between $500,000 and $900,000 are equally
possible.

These conditions match those of the uniform distribution. The
uniform distribution has two parameters: the minimum
($500,000) and the maximum ($900,000). You would enter
these values as the parameters of the uniform distribution in
Crystal Ball.
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Cell A1: Uniform Dizgtribution

Assumption Name: I-m Prefs |

Probability
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The distribution in Figure 2.4 shows that all values between
$500,000 and $900,000 are equally possible.

Example two

A manufacturer determines that he must receive 10% over
production costs—or a minimum of $3 per unit—to make the
manufacturing effort worthwhile. He also wants to set the
maximum price for the product at $6 per unit, so that he can
gain a sales advantage by offering the product for less than his
nearest competitor. All values between $3 and $6 per unit have
the same likelihood of being the actual product price.

The first step in selecting a probability distribution is to match
your data with a distribution’s conditions.

Checking the uniform distribution:

* The minimum value is $3 per unit.
* The maximum value is $6 per unit.

* All values between $3 and $6 are equally possible.



You would enter these values in Crystal Ball to produce a
uniform distribution showing that all values from $3 to $6 occur
with equal likelihood.

Normal distribution

The normal distribution is the most important distribution in
probability theory because it describes many natural
phenomena, such as people’s IQs or heights. Decision-makers
can use the normal distribution to describe uncertain variables,
such as the inflation rate or the future price of gasoline.

Crystal Ball Note: You can use the “Parms” or Alternate Parameter
menu found in the upper right corner of the dialog to specify a normal
distribution using different combinations of percentiles. For more
information, see “Alternate parameter sets” on page 136.

Conditions

The three conditions underlying the normal distribution are:

* Some value of the uncertain variable is the most likely (the
mean of the distribution).

* The uncertain variable could as likely be above the mean as it
could be below the mean (symmetrical about the mean).

* The uncertain variable is more likely to be in the vicinity of
the mean than far away.

Statistical Note: Of the values of a normal distribution, approximately
68% are within 1 standard deviation on either side of the mean. The
standard deviation is the square root of the average squared distance of
values from the mean.

The following example shows a real-world situation that
matches (or closely approximates) these conditions. A more
detailed discussion of mean and standard deviation follows this
example.
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Example

The normal distribution can be used to describe future inflation.
You believe that 4% is the most likely rate. You are willing to bet
that the inflation rate could as likely be above 4% as it could be
below. You are also willing to bet that the inflation rate has a 68%
chance of falling somewhere within 2% of the 4% rate. That is,
you estimate there is approximately a two-thirds chance that the
rate of inflation will be between 2% and 6%.

The first step in selecting a probability distribution is to match
your data with a distribution’s conditions. Checking the normal
distribution:

* The mean inflation rate is 4%.
* The inflation rate could as likely be above or below 4%.

* The inflation rate is more likely to be close to 4% than far
away. In fact, there is approximately a 68% chance that the
rate will lie within 2% of the mean rate of 4%.

These conditions match those of the normal distribution.

The normal distribution uses two parameters—mean and
standard deviation. The conditions outlined in the example
contain the values for these parameters—a mean of 0.04 (4%)
and a standard deviation of 0.02 (2%). You would enter these
values as the parameters of the normal distribution in Crystal
Ball.



Cell A1: Mormal Distribution
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The distribution in Figure 2.5 shows the probability of the
inflation rate being a particular percentage.

Calculating standard deviation

This section explains three methods for calculating the standard
deviation. However, first you must compute the mean of your
data. The mean is the most expected value of the variable. You
might already have an intuitive feel for the most expected value,
or you can calculate the mean (determine the average) by
adding the values in your data and dividing their sum by the
number of values.

Crystal Ball automatically displays the normal curve using three

standard deviations about the mean (or approximately 99.7% of
the values).
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You can calculate the standard deviation using one of the
following three methods:

1.

If historical data are available, calculate the standard
deviation using the basic formula (see page 339).

Find a centered interval about the mean that contains
approximately 68% of the values as described in the normal
distribution example. The distance from one end point of
the interval to the mean is one standard deviation.

Drag the diamond truncation grabber in the Normal
Distribution dialog to help you determine the standard
deviation of your data, as described below:

Pick any point on the normal distribution curve and enter a
value based on your best estimate. For example, suppose you
are using the distribution to predict the interest rate after one
year. You estimate the rate to be 0.09 (9%) and enter that
number for the mean.

You then estimate that a 6% interest rate is half as likely to
occur as a 9% rate. You drag the diamond grabber to a point
on the curve that appears to be half as high as the mean and
enter 0.06 (6%) in the dialog that appears. Crystal Ball
computes the standard deviation for you by comparing the
two values and their locations on the curve.

Triangular distribution

The triangular distribution describes a situation where you
know the minimum, maximum, and most likely values to occur.
For example, you could describe the number of cars sold per
week when past sales show the minimum, maximum, and usual
number of cars sold.

Crystal Ball Note: You can use the “Parms” or Alternate Parameter
menu found in the upper right corner of the dialog to specify a triangular
distribution using different combinations of percentiles. For more
information, see “Alternate parameter sets” on page 136.



Conditions

The three conditions underlying the triangular distribution are:

¢ The minimum number of items is fixed.
¢ The maximum number of items is fixed.

* The most likely number of items falls between the minimum
and maximum values, forming a triangular-shaped
distribution, which shows that values near the minimum and
maximum are less likely to occur than those near the most
likely value.

Example one

An owner needs to describe the amount of gasoline sold per
week by his filling station. Past sales records show that a
minimum of 3,000 gallons to a maximum of 7,000 gallons are
sold per week, with most weeks showing sales of 5,000 gallons.

The first step in selecting a probability distribution is to match
your data with a distribution’s conditions. Checking the
triangular distribution:

* The minimum number of gallons is 3,000.
* The maximum number of gallons is 7,000.

* The most likely number of gallons (5,000) falls between 3,000
and 7,000, forming a triangle.

These conditions match those of the triangular distribution.

The triangular distribution has three parameters—minimum,
maximum, and likeliest. The conditions outlined in this
example contain the values for these parameters—3,000
(minimum), 7,000 (maximum), and 5,000 (likeliest). You would
enter these values as the parameters of the triangular
distribution in Crystal Ball. You can type in the most likely value
or select it with the triangle grabber.

The distribution shown in Figure 2.6 shows the probability of x
number of gallons being sold per week.
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Example two

The triangular distribution also could be used to approximate a
computer-controlled inventory situation. The computer is
programmed to keep an ideal supply of 25 items on the shelf, to
not let inventory ever drop below 10 items, and not ever let it
rise above 30 items.

Check the triangular distribution conditions:

* The minimum inventory is 10 items.
* The maximum inventory is 30 items.
* The ideal level most frequently on the shelfis 25 items.

These conditions match those of the triangular distribution.

The result would be a distribution showing the probability of x
number of items in inventory.

72



Other commonly used distributions

Binomial distribution

The binomial distribution describes the number of times a
particular event occurs in a fixed number of trials, such as the
number of heads in 10 flips of a coin or the number of defective
items in 50 items.

Conditions

The parameters for this distribution are the number of trials (n)
and the probability (p). The three conditions underlying the
binomial distribution are:

* For each trial, only two outcomes are possible.

* The trials are independent. What happens in the first trial
does not affect the second trial, and so on.

* The probability of an event occurring remains the same from
trial to trial.
Example one

You want to describe the number of defective items in a total of
50 manufactured items, 7% of which (on the average) were
found to be defective during preliminary testing.

The first step in selecting a probability distribution is to match
your data with a distribution’s conditions. Checking the
binomial distribution:

* There are only two possible outcomes—the manufactured
item is either good or defective.

* The trials (50) are independent of one another. Any given
manufactured item is either defective or not, independent of
the condition of any of the others.

* The probability of a defective item (7%) is the same each time
an item is tested.

These conditions match those of the binomial distribution.
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The parameters for the binomial distribution are trials and
probability. In example one, the values for these parameters are
50 (trials) and 0.07 (7% probability of producing defective
items). You would enter these values to specify the parameters
of the binomial distribution in Crystal Ball.

Statistical Note: The word “trials,” as used to describe a parameter of
the binomial distribution, is different from “trials” as it is used when
running a simulation in Crystal Ball. Binomial distribution trials describe
the number of times a given experiment is repeated, (flipping a coin 50
times would be 50 binomial trials). A simulation trial describes a set of 50
coin flips, (10 simulation trials would simulate flipping 50 coins 10
times).
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The distribution illustrated in Figure 2.7 shows the probability
of producing x number of defective items.

Example two

A company’s sales manager wants to describe the number of
people who prefer the company’s product. The manager
conducted a survey of 100 consumers and determined that 60%
prefer the company’s product over the competitor’s.



Again, the conditions fit the Binomial distribution with two
important values—100 (trials) and 0.6 (60% probability of
success). These values specify the parameters of the binomial
distribution in Crystal Ball. The result would be a distribution of
the probability that x number of people prefer the company’s
product.

Poisson distribution

The Poisson distribution describes the number of times an event
occurs in a given area of opportunity, such as the number of
telephone calls per minute or the number of errors per page in
a document.

Conditions

The three conditions underlying the Poisson distribution are:

* The number of possible occurrences in any area of
opportunity is unlimited.

* The occurrences are independent. The number of
occurrences in one area of opportunity does not affect the
number of occurrences in other areas.

* The average number of occurrences must remain the same
from area to area.

Example one

An aerospace company wants to determine the number of
defects per 100 square yards of carbon fiber material when the
defects occur an average of 8 times per 100 square yards.

The first step in selecting a probability distribution is to match
your data with a distribution’s conditions. Checking the Poisson
distribution:

* Any number of defects is possible within 100 square yards.

* The occurrences are independent of one another. The
number of defects in the first 100 square yards does not affect
the number of defects in the second 100 square yards.

* The average number of defects (8) remains the same for each
100 square yards.

These conditions match those of the Poisson distribution.
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The Poisson distribution has only one parameter—rate. In this
example, the value for this parameter is 8 (defects). You would
enter this value to specify the parameter of the Poisson
distribution in Crystal Ball.
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The distribution illustrated in Figure 2.8 shows the probability
of observing x number of defects in 100 square yards of the
carbon fiber material.

Statistical Note: The size of the area of opportunity that the rate applies
to, 100 square yards in this example, has no bearing on the probability
distribution; the rate is the only key factor. If needed for modeling a
situation, information on the size of the area of opportunity must be
encoded in your spreadsheet formulas.

Example two

A travel agency wants to describe the number of calls it receives

in ten minutes. The average number of calls in 10 minutes is
about 35.

Again, you begin by identifying and entering the values to set
the parameters of the Poisson distribution in Crystal Ball. In this
example, the conditions show one important value—35 calls or
a rate of 35. The result would be a distribution showing the
probability of receiving x number of calls in ten minutes.



Geometric distribution

The geometric distribution describes the number of trials until
the first successful occurrence, such as the number of times you
need to spin a roulette wheel before you win.

Conditions

The three conditions underlying the geometric distribution are:

¢ The number of trials is not fixed.
¢ The trials continue until the first success.

* The probability of success is the same from trial to trial.

Example one

If you are drilling for oil and want to describe the number of dry
wells you would drill before the next producing well, you would
use the geometric distribution. Assume that in the past you have
hit oil about 10% of the time.

The first step in selecting a probability distribution is to match
your data with a distribution’s conditions. Checking the
geometric distribution:

* The number of trials (dry wells) is unlimited.

* You continue to drill wells until you hit the next producing
well.

* The probability of success (10%) is the same each time you
drill a well.

These conditions match those of the geometric distribution.

The geometric distribution has only one parameter—
probability. In this example, the value for this parameteris 0.10,
representing the 10% probability of discovering oil. You would
enter this value as the parameter of the geometric distribution
in Crystal Ball.

The distribution illustrated in Figure 2.9 shows the probability
of x number of wells drilled before the next producing well.
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Cell Al: Geometric Distribution
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Example two

An insurance company wants to describe the number of claims
received until a “major” claim arrives. Records show that 6% of
the submitted claims are equal in dollar amount to all the other
claims combined.

Again, identify and enter the parameter values for the
geometric distribution in Crystal Ball. In this example, the
conditions show one important value—a 0.06 (6%) probability
of receiving that “major” claim. The result would be a
distribution showing the probability of x number of claims
occurring between “major” claims.

Hypergeometric distribution

The hypergeometric distribution is similar to the binomial
distribution; both describe the number of times a particular
event occurs in a fixed number of trials. The difference is that
binomial distribution trials are independent, while
hypergeometric distribution trials change the probability for
each subsequent trial and are called “trials without
replacement.”
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For example, suppose a box of manufactured parts is known to
contain some defective parts. You choose a part from the box,
find it is defective, and remove the part from the box. If you
choose another part from the box, the probability that it is
defective is somewhat lower than for the first part because you
have removed a defective part. If you had replaced the defective
part, the probabilities would have remained the same, and the
process would have satisfied the conditions for a binomial
distribution.

Conditions

The conditions underlying hypergeometric distribution are:

* The total number of items or elements (the population size)
is a fixed number—a finite population.

* The sample size (the number of trials) represents a portion of
the population.

* The known initial probability of success in the population
changes slightly after each trial.

Statistical Note: The word “trials,” as used to describe a parameter of
the hypergeometric distribution, is different from “trials” as it is used when
running a simulation in Crystal Ball. Hypergeometric distribution trials
describe the number of times a given experiment is repeated, (removing 20
manufactured parts from a box would be 20 hypergeometric trials). A
simulation trial describes the removing of 20 parts, (10 simulation trials
would simulate removing 20 manufactured parts 10 times).

Example one

You want to describe the number of consumers in a fixed
population who prefer Brand X. You are dealing with a total
population of 40 consumers, of which 30 prefer Brand X and 10
prefer Brand Y. You survey 20 of those consumers.
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The first step in selecting a probability distribution is to match
your data with a distribution’s conditions. Checking the
hypergeometric distribution:

* The population size (40) is fixed.

* The sample size (20 consumers) represents a portion of the
population.

* Initially, 30 of 40 consumers (75%) preterred Brand X. This
percentage changes each time you question one of the 20
consumers, depending on the preference of the previous
consumer.

The conditions in this sample match those of the
hypergeometric distribution.

The three parameters of this distribution are population size,
trials, and initial probability (denoted in Crystal Ball as “Prob”).
The conditions outlined in this example contain the values for
these parameters—a population size of 40, sample size (trials) of
20, and initial probability of 0.75 (75%) that consumers will
prefer Brand X. You would enter these values as the parameters
of the hypergeometric distribution in Crystal Ball.
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The distribution illustrated in Figure 2.10 shows the probability
that x number of consumers prefer Brand X.



Example two

The U.S. Department of the Interior wants to describe the
movement of wild horses in Nevada. Researchers in the
department travel to a particular area in Nevada to tag 100
horses in a total population of 1,000. Six months later the
researchers return to the same area to find out how many horses
remained in the area. The researchers look for tagged horses in
a sample of 200.

Check the data against the conditions of the hypergeometric
distribution. The parameter values for the hypergeometric
distribution in Crystal Ball are the population size of 1,000,
sample size of 200, and 0.1 (10%) initial probability (100 out of
1,000) of finding tagged horses. The result would be a
distribution showing the probability of observing x number of
tagged horses.

Lognormal distribution

The lognormal distribution is widely used in situations where
values are positively skewed, for example in financial analysis
for security valuation or in real estate for property valuation.

Stock prices are usually positively skewed, rather than normally
(symmetrically) distributed. Stock prices exhibit this trend
because they cannot fall below the lower limit of zero but might
increase to any price without limit.

Similarly, real estate prices illustrate positive skewness since
property values cannot become negative.

Crystal Ball Note: You can use the “Parms” or Alternate Parameter
menu found in the upper right corner of the dialog to specify a lognormal
distribution using different combinations of percentiles. For more
information, see “Alternate parameter sets” on page 136.
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Conditions

The three conditions underlying the lognormal distribution
are:

* The uncertain variable can increase without limits but cannot
fall below zero.

* The uncertain variable is positively skewed with most of the
values near the lower limit.

* The natural logarithm of the uncertain variable yields a
normal distribution.

Generally, if the coefficient of variability is greater than 30%, use
a lognormal distribution. Otherwise, use the normal
distribution.

Example

The lognormal distribution can be used to model the price of a
particular stock. You purchase a stock today at $50. You expect
that the stock will be worth $70 at the end of the year. If the stock
price drops at the end of the year, rather than appreciating, you
know that the lowest value it can drop to is $0.

On the other hand, the stock could end up with a price much
higher than expected, thus implying no upper limit on the rate
of return. In summary, your losses are limited to your original
investment, but your gains are unlimited.

Using historical data, you can determine that the standard
deviation of the stock’s price is $12.

Statistical Note: If you have historical data available with which to
define a lognormal distribution, it is important to calculate the mean and
standard deviation of the logarithms of the data and then enter these log
parameters using the Parms (Alternate Parameters) menu. Calculating
the mean and standard deviation directly on the raw data will not give you
the correct lognormal distribution. Alternately, use this distribution fitting
feature described on page 138.
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The first step in selecting a probability distribution is to match
your data with a distribution’s conditions. Checking the
lognormal distribution:

* The price of the stock is unlimited at the upper end but
cannot drop below $0.

* The distribution of the stock price is positively skewed.

* Mathematically, it can be shown that the natural logarithm of
the stock price yields a normal distribution.

These conditions match those of the lognormal distribution.
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In the lognormal distribution shown in Figure 2.11, the mean
parameter is set at $70.00 and the standard deviation set at
$12.00. This distribution shows the probability that the stock
price will be $x.

Lognormal parameter sets

By default, the arithmetic mean and standard deviation are used
with the lognormal distribution. For applications where
historical data is available, it is more appropriate to use the
logarithmic mean and standard deviation or the geometric
mean and standard deviation. These options are available from
the alternate parameter menu in the upper right corner of the
dialog, as shown in Figure 2.12
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For more information about this menu, see “Alternate
parameter sets” on page 136.

Exponential distribution

The exponential distribution is widely used to describe events
recurring at random points in time, such as the time between
failures of electronic equipment or the time between arrivals at
a service booth. It is related to the Poisson distribution, which
describes the number of occurrences of an event in a given
interval of time.

An important characteristic of the exponential distribution is
the “memoryless” property, which means that the future lifetime
of a given object has the same distribution, regardless of the
time it existed. In other words, time has no effect on future
outcomes.

Crystal Ball Note: You can use the “Parms” or Alternate Parameter
menu found in the upper right corner of the dialog to specify an
exponential distribution using different combinations of percentiles. For
more information, see “Alternate parameter sets” on page 136.

Conditions

The two conditions underlying the exponential distribution are:

* The exponential distribution describes the amount of time
between occurrences.



* The distribution is not affected by previous events.

Example one

A travel agency wants to describe the time between incoming
telephone calls when the calls are averaging about 35 every 10
minutes. This same example was used for the Poisson
distribution to describe the number of calls arriving every 10
minutes.

The first step in selecting a probability distribution is to match
your data with a distribution’s conditions. Checking the
exponential distribution:

* The travel agency wants to describe the time between
successive telephone calls.

* The phone calls are not affected by previous history. The
probability of receiving 35 calls every 10 minutes remains the
same.

The conditions in this example match those of the exponential
distribution.

The exponential distribution has only one parameter—rate.
The conditions outlined in this example contain the value for
this parameter—35 (calls) every minute or a rate of 35. You
would enter this value to set the parameter of the exponential
distribution in Crystal Ball.
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The distribution shown in Figure 2.13 shows the probability that
x number of time units (10 minutes in this case) will pass
between calls.

Example two

A car dealer needs to know the amount of time between
customer drop-ins at his dealership so that he can staff the sales
floor more efficiently. The car dealer knows an average of 6
customers visit the dealership every hour.

Checking the exponential distribution:

¢ The car dealer wants to describe the time between successive
customer drop-ins.

* The probabilities of customer drop-ins remain the same from
hour to hour.

These conditions fit the exponential distribution.

The resulting distribution would show the probability that x
number of hours will pass between customer visits.

Weibull distribution (also Rayleigh distribution)

The Weibull distribution describes data resulting from life and
fatigue tests. It is commonly used to describe failure time in
reliability studies, and the breaking strengths of materials in
reliability and quality control tests. Weibull distributions are also
used to represent various physical quantities, such as wind
speed.

The Weibull distribution is a family of distributions that can
assume the properties of several other distributions. For
example, depending on the shape parameter you define, the
Weibull distribution can be used to model the exponential and
Rayleigh distributions, among others.

The Weibull distribution is very flexible. When the Weibull
shape parameter is equal to 1.0, the Weibull distribution is
identical to the exponential distribution. The Weibull location
parameter lets you set up an exponential distribution to start at
a location other than 0.0. When the shape parameter is less than



1.0, the Weibull distribution becomes a steeply declining curve.
A manufacturer might find this effect useful in describing part
failures during a burn-in period.
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When the shape parameter is equal to 2.0, a special form of the
Weibull distribution, called the Rayleigh distribution, results. A
researcher might find the Rayleigh distribution useful for
analyzing noise problems in communication systems or for use
in reliability studies.

Calculating parameters

There are three standard parameters for the Weibull
distribution: location, scale, and shape. The location parameter
is the lower bound for the variable.

The shape parameter is a number greater than 0, usually a small
number less than 10. When the shape parameter is less than 3,
the distribution becomes more and more positively skewed until
it starts to resemble an exponential distribution (shape < 1). At
3.25, the distribution is symmetrical, and above that, the
distribution becomes more narrow and negatively skewed.

After you select the location and shape parameter, you can

estimate the scale parameter. The larger the scale, the larger the
width of the distribution.
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To calculate a more exact scale, estimate the mean and use the
equation:

_ mean — L
F(l +é)

Where a is the scale, B is the shape, L is the location, and I' is the
gamma function. You can use the Excel GAMMALN function
and Excel Solver to help you calculate this parameter.

Statistical Note: For this distribution, there is a 63% probability that x
falls between o and a+L.

Or estimate the mode and use the equation:

_ mode—L
1

(-3

Where a is the scale, B is the shape, and L is the location.

Crystal Ball Note: You can use the “Parms” or Alternate Parameter
menu found in the upper right corner of the dialog to specify a Weibull
distribution using different combinations of percentiles. For more
information, see “Alternate parameter sets” on page 136.

Example

Alawn mower company is testing its gas-powered, self-propelled
lawn mowers. They run 20 mowers, and keep track of how many
hours each mower runs until its first breakdown. They use a
Weibull distribution to describe the number of hours until the
first failure.

Beta distribution

The beta distribution is a very flexible distribution commonly
used to represent variability over a fixed range. One of the more
important applications of the beta distribution is its use as a
conjugate distribution for the parameter of a Bernoulli
distribution. In this application, the beta distribution is used to
represent the uncertainty in the probability of occurrence of an
event. It is also used to describe empirical data and predict the
random behavior of percentages and fractions.
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The value of the beta distribution lies in the wide variety of
shapes it can assume when you vary the two parameters, alpha
and beta. If the parameters are equal, the distribution is
symmetrical. If either parameter is 1 and the other parameter is
greater than 1, the distribution is J-shaped. If alpha is less than
beta, the distribution is said to be positively skewed (most of the
values are near the minimum value). If alpha is greater than
beta, the distribution is negatively skewed (most of the values are
near the maximum value). Because the beta distribution is very
complex, the methods for determining the parameters of the
distribution are beyond the scope of this manual. However, the
example below should help define it. For more information
about the beta distribution and Bayesian statistics, refer to the
texts listed in the bibliography.

Crystal Ball Note: You can use the “Parms” or Alternate Parameter
menu found in the upper right corner of the dialog to specify a beta
distribution using different combinations of percentiles. For more
information, see “Alternate parameter sets” on page 136.

Conditions

The two conditions underlying the beta distribution are:

¢ The uncertain variable is a random value between 0 and a
positive value.

* The shape of the distribution can be specified using two
positive values.

Example

A company that manufactures electrical devices for custom
orders wants to model the reliability of devices it produces. After
analyzing the empirical data, the company knows that it can use
the beta distribution to describe the reliability of the devices if
the parameters are alpha = 10 and beta = 2.

The first step in selecting a probability distribution is to match
your data with a distribution’s conditions. Checking the beta
distribution:

* The reliability rate is a random value somewhere between 0
and 1.

* The shape of the distribution can be specified using two
positive values: 10 and 2.
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These conditions match those of the beta distribution.
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Figure 2.15 shows the beta distribution with the alpha
parameter set to 10, the beta parameter set to 2. The reliability
rate of the devices will be x.

Custom distribution

With Crystal Ball you can use the custom distribution to
represent a unique situation that cannot be described using
other distribution types—you can describe a series of single
values, discrete ranges, or continuous ranges. This section uses
real-world examples to describe the custom distribution. Follow
the step-by-step instructions carefully in each example.

Since it is easier to understand how the custom distribution
works with a hands-on example, you might want to start Crystal
Ball and use it to follow the examples. To follow the custom
distribution examples, first create a new Excel spreadsheet and
enter any value in cell Al.
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Example one

Before beginning example one, open the Custom Distribution
dialog as follows:

1. Click cell Al.
2. Select Cell > Define Assumptions.
The Distribution Gallery dialog appears.
3. Click the Custom Distribution.
4. Click on OK.

Crystal Ball displays the Custom Distribution dialog as in
Figure 2.16.

Using the custom distribution, a company can describe the
probable retail cost of a new product. The company decides the
cost could be $5, $8, or $10. In this example, you will use the
custom distribution to describe a series of single values.

To enter the parameters of this custom distribution:

1. Type 5 in the Value field and click Enter.

Since you do not specify a probability, Crystal Ball defaults to
a relative probability of 1.00 for the value 5. The total
relative probability appears as 1.00 on the right side of the
screen, and a single value bar displays the value 5.00.

Statistical Note: Relative probability means that the sum of the
probabilities does not have to add wp to 1. So the probability for a given
value is meaningless by itself; it makes sense only in relation to the total
relative probability. For example, if the total relative probability is 3 and
the relative probability for a given value is 1, the value has a probability
of 0.33.

2. Type 8 in the Value field.
3. Click on Enter.

Since you did not specify a probability, Crystal Ball defaults
to a relative probability of 1.00 (displayed on the scale to the
left of the Custom Distribution dialog) for the value 8. The
total relative probability for the values 5 and 8 is now
displayed as 2.00. A second value bar represents the value 8.

4. Type 10 in the Value field.
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5.

Click on Enter.

Crystal Ball displays a relative probability of 1.00 for the
value 10 and a total relative probability of 3.00. A third single
value bar represents the value 10.

Figure 2.16 shows the value bars for the values 5, 8, and 10
with a relative probability of 1.00 and a total relative
probability of 3.00.
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You can leave the total relative probability at 3.00 and run the
simulation. However, to gain a better feel for the relationship
among these three values, rescale the total relative probability
to 1.00, as described in the following steps.

Click on Rescale.
The Rescale dialog appears.
Click on OK to rescale the total relative probability to 1.00.

Crystal Ball rescales each value to a relative probability of
0.33 on the left side of the screen and a total relative
probability of 1.00.

You can check the probability for each value bar as described in
the following steps:



8. Click the value bar for the value 5.00.

The bar changes to a lighter shade. The Value field displays
the value 5.00 and the Prob field displays a probability of
0.333333.

9. Click the value bar for the value 8.00, the middle bar.

The Value field displays the value 8.00 and the Prob field
displays a probability of 0.333333.

10. Click the value bar for the value 10.00, the right bar.

The Value field displays the value 10 and the Prob field
displays a probability of 0.333333.

While you are checking the probability for each bar, you can
change the probability by typing a new one in the Prob field.

You can also change the probability of each value by dragging
the bar, as described in the following steps:

11. Click the top of the value bar you want to change and drag
the bar up or down to the probability you want.

Crystal Ball changes the probability in the Prob field as you
drag the bar.
Example two

Before beginning example two, clear the values entered in
example one as follows:

1. Click on Gallery to return to the Distribution Gallery.
2. Click on OK to return to the Custom Distribution dialog.
The previous values are cleared from the dialog.

In this example, you will use the custom distribution to describe
a continuous range of values, since the unit cost can take on any
value within the specified intervals.

To enter the first range of values:

3. Typeb in the Value field.
4. Press <Tab> and type 15 in the Value2 field.
5. Press <Tab> and type .75 in the Prob field.
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Crystal Ball Note: You might enter the values in either order, but press
Enter only after entering all three values.

6.

Click Enter.

Crystal Ball displays a total relative probability of 0.75, a
continuous value bar for the range 5.00 to 15.00, and returns
the cursor to the Value field.

To enter the second range of values:

7.
8.
9.

10.

Type 15 in the Value field.

Press <Tab> and type 20 in the Value2 field.
Press <Tab> and type .25 in the Prob field.
Click on Enter.

Crystal Ball displays a total relative probability of 1.00 and a
continuous value bar for the range 15.00 to 20.00. Both
ranges are now displayed in the Custom Distribution dialog.

You can change the probability and slope of a continuous range
by dragging the value bar, as described in the following steps:

11.

12.

13.

Click anywhere on the value bar for the range 15 to 20.
The value bar changes to a lighter shade.

Click on the upper right corner of the value bar for the
range 15 to 20, and drag the right side down until it is
approximately half as high as the left side.

As Figure 2.17 illustrates, Crystal Ball displays the ratio of
the higher side to the lower side (Ratio of Sides) as 1.97. The
total relative probability changes to reflect the changes in the
value bar.

Click on the upper left corner of the value bar for the range
15 to 20, and drag the left side down to the level of the right
side.

Crystal Ball displays a ratio of 1.00, and the total relative
probability changes.



Drag the right side
down until it is half
as high as the left

14. Click on the center of the value bar for the range 15 to 20,
and drag the value bar up to its previous position.

The value bar moves as one unit with the ratio of sides
remaining at 1.00. Crystal Ball changes the total relative
probability back to 1.00.
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Example three

Before beginning example three, clear the values entered in
example two as follows:

1. Click on Gallery to return to the Distribution Gallery.
2. Click on OK to return to the Custom Distribution dialog.
The previous values are cleared from the dialog.

In example three, the same company decides the retail price of
its new product has a 75% chance of being a whole dollar
amount between $5 and $15 and a 25% chance of being a whole
dollar amount between $16 and $20.

Crystal Ball Note: The second range starts at $16 rather than $15
because, unlike continuous ranges, discrete ranges cannot touch.
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In this example, you will use the custom distribution to describe
a discrete range of values, since the retail price is restricted to
whole dollar amounts. The Step field on the Custom
Distribution dialog lets you specify the distance or “step”
between one discrete value and the next.

To enter the first range of values:

1. Typeb5 in the Value field.

2. Press <Tab> and type 15 in the Value2 field.
3. Press <Tab> and type .75 in the Prob field.
4. Press <Tab> and type 1 in the Step field.

Crystal Ball Note: You can enter any positive number in the Step field.
For this example you enter 1, because the example specifies consecutive
integers.

5. Click Enter.

Crystal Ball displays a total relative probability of 0.75 and a
discrete value bar for the range 5 to 15. It also returns the
cursor to the Value field.

To enter the second range of values,

Type 16 in the Value field.
Press <Tab> and type 20 in the Value?2 field.

1

2

3. Press <Tab> and type .25 in the Prob field.
4. Press <Tab> and type 1 in the Step field.

5

Click Enter.

Crystal Ball displays a total relative probability of 1.00 and a
discrete value bar made up of a series of individual bars for
the range 16 to 20. Figure 2.18 shows the discrete ranges with
a step of 1.

You can change the probability of a discrete range by dragging
the value bar as you did for the continuous range.

With Crystal Ball, you can enter single values, discrete ranges,
or continuous ranges individually. You also can enter any
combination of these three types in the same Custom
Distribution dialog as long as you follow these guidelines:



ranges and single values cannot overlap one another; however,
the ending value of one continuous range can be the starting
value of another continuous range.
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Example four

This example describes a special feature on the Custom
Distribution dialog—the Data button, which lets you pull in
numbers from specified cell ranges (grouped data) on the
spreadsheet. This example is not a hands-on exercise, but the
illustrations will guide you through the procedure. After you
read this section, you can experiment with your own data by
pulling in numbers from specified cell ranges on your
spreadsheet.

In this example, the same company decides that the unit cost of
the new product can vary widely. The company feels it has a 20%
chance of being any number between $10 and $20, a 10%
chance of being any number between $20 and $30, a 30%
chance of being any number between $40 and $50, a 30%
chance of being a whole dollar amount between $60 and $80, or
there is a 5% chance the value will be either $90 or $100. All the
values have been entered on the spreadsheet.
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Since the values are already on the spreadsheet, you can click on
Data on the Custom Distribution dialog, then enter the cell
range in the field, as in Figure 2.20.

Enter Cell Range Containing Custom Data Points [e.g. A1:B9]:

[a1:D6] [ ok | cancel |  Help |

[ Cumulative Data [two columns only]

In using cell-range data for the custom distribution, follow these
guidelines:

* For a series of single values all with equal probabilities, use
either one column or five or more columns of data.

* For a series of single values all with different probabilities, use
a two-column format: the first column containing single
values and the second column containing probabilities.

* For any mixture of continuous ranges, discrete ranges, or
single values, use a three or four column format, as in Figure
2.19.

* For a connected series of sloping continuous ranges, use a
three-column format: 1) the first column containing the
common endpoints of the ranges, 2) the second column left
empty, and 3) the third column containing the probabilities
of the endpoints.
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* For a connected series of continuous ranges specified using
cumulative probabilities, use a two-column format: the
common endpoints of the ranges in the first column and the
cumulative probabilities in the second column. The first row
in the cell range should contain the minimum value of the
data and should have a cumulative probability of zero.

When you click on OK, Crystal Ball enters the values from the
specified cell ranges into the custom distribution and displays
the value bars for the specified ranges. In this example, the
value bars for the specified ranges would not be completely
visible on the screen. Crystal Ball solves this problem by
providing a View All button and scroll bars in the Custom
Distribution dialog. You can click on View All to view all the
value bars for the specified ranges, as shown in Figure 2.21.
When you view all, the View All button changes to View Part,
allowing you to return to the previous view whenever you want.
You can also use the scroll bar to look at any section of the
screen.
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Important custom distribution notes

* If you want to delete a value you entered for the custom
distribution, type a probability of 0 in the Prob field for the
value you want to delete and click on Enter.

* You might change conditions of some of your data. Click any
value bar to display its corresponding data boxes.

* If you want to increase the relative probability of a value by
1.00, enter the value again, and the relative probability for
that value will increase by 1.00.

* If you want to replace the existing relative probability of a
value, enter the value again with a new probability.

Less commonly used distribution types

The following five distributions types are also available: gamma,
logistic, Pareto, extreme value, and negative binomial. To access
these distributions, click on More in the Distribution Gallery
dialog. Figure 2.22 illustrates the Distribution Gallery.

Cell Al: Distribution Gallery E3
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Gamma distribution (also Erlang and chi-square)

The gamma distribution applies to a wide range of physical
quantities and is related to other distributions: lognormal,
exponential, Pascal, Erlang, Poisson, and chi-square. It is used
in meteorological processes to represent pollutant
concentrations and precipitation quantities. The gamma
distribution is also used to measure the time between the
occurrence of events when the event process is not completely
random. Other applications of the gamma distribution include:
inventory control, economics theory, and insurance risk theory.

Crystal Ball Note: You can use the “Parms” or Alternate Parameter
menu found in the upper right corner of the dialog to specify a gamma
distribution using different combinations of percentiles. For more
information, see “Alternate parameter sets” on page 136.

Conditions

The gamma distribution is most often used as the distribution of
the amount of time until the r th occurrence of an event in a
Poisson process. When used in this fashion, the conditions
underlying the gamma distribution are:

* The number of possible occurrences in any unit of
measurement is not limited to a fixed number.

* The occurrences are independent. The number of
occurrences in one unit of measurement does not affect the
number of occurrences in other units.

* The average number of occurrences must remain the same
from unit to unit.

Example one

A computer dealership knows that the lead time for re-ordering
their most popular computer system is 4 weeks. Based upon an
average demand of 1 unit per day, the dealership wants to

model the number of business days it will take to sell 20 systems.
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Checking the conditions of the gamma distribution:

* The number of possible customers demanding to buy the
computer system is unlimited.

* The decisions of customers to buy the system are
independent.

¢ The demand remains constant from week to week.

These conditions match those of the gamma distribution. (Note
that in this example the dealership has made several simplifying
assumptions about the conditions. In reality, the total number of
computer purchasers is finite and some might have influenced
the purchasing decisions of others).

The shape parameter is used to specify the rth occurrence of the
Poisson event. In this example, you would enter 20 for the shape
parameter (5 units per week times 4 weeks). The result is a
distribution showing the probability that x number of business
days will pass until the 20th system is sold.

Figure 2.23 illustrates the gamma distribution.
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Example two

Suppose a particular mechanical system fails after receiving
exactly 5 shocks to it from an external source. The total time to
system failure, defined as the random time occurrence of the 5th
shock, follows a gamma distribution with a shape parameter of
5.

Some characteristics of the gamma distribution:

* When shape = 1, gamma becomes a scalable exponential
distribution.

* The sum of any two gamma-distributed variables is a gamma
variable.

* The product of any two normally distributed variables is a
gamma variable.

* If you have historical data that you believe fits the conditions
of a gamma distribution, computing the parameters of the
distribution is easy. First, compute the mean (p) and variance
(02) of your historical data. Then compute the parameters
themselves:

shape parameter =p?/ g2

scale parameter =g/

Chi-square and Erlang distributions

You can model two additional probability distributions, the chi-
square and Erlang distributions, by adjusting the parameters
entered in the Gamma Distribution dialog. To model these
distributions, enter the parameters as described below:

Chi-square distribution

With parameters N and S, where N = number of degrees of
freedom and § = scale, set your parameters as follows:

shape = scale = 28°

=

The chi-square distribution is the sum of the squares of N
normal variates.
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Erlang distribution

The Erlang distribution is identical to the gamma distribution,
except the shape parameter is restricted to integer values.
Mathematically, the Erlang distribution is a convolution of N
exponential distributions.

Logistic distribution

The logistic distribution is commonly used to describe growth

(i.e., the size of a population expressed as a function of a time

variable). It can also be used to describe chemical reactions and
the course of growth for a population or individual.
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Calculating parameters

There are two standard parameters for the logistic distribution:
mean and scale. The mean parameter is the average value,
which for this distribution is the same as the mode, since this is
a symmetrical distribution.

After you select the mean parameter, you can estimate the scale

parameter. The scale parameter is a number greater than 0. The
larger the scale parameter, the greater the variance.
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To calculate a more exact scale, you can estimate the variance
and use the equation:

o = |3 Dvariance
2
T

where o is the scale parameter.

Crystal Ball Note: You can use the “Parms” or Alternate Parameter
menu found in the upper right corner of the dialog to specify a logistic
distribution using different combinations of percentiles. For more
information, see “Alternate parameter sets” on page 136.

Pareto distribution

The Pareto distribution, as shown in Figure 2.25, is widely used
for the investigation of distributions associated with such
empirical phenomena as city population sizes, the occurrence of
natural resources, the size of companies, personal incomes,
stock price fluctuations, and error clustering in communication
circuits.
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Calculating parameters

There are two standard parameters for the Pareto distribution:
location and shape. The location parameter is the lower bound
for the variable.

After you select the location parameter, you can estimate the
shape parameter. The shape parameter is a number greater
than 0, usually greater than 1. The larger the shape parameter,
the smaller the variance and the thicker the right-tail of the
distribution appears.

To calculate a more exact shape, you can estimate the mean and
use the equation (for shapes greater than 1):

BL

B-1

where B is the shape parameter and L is the location parameter.
You can use Excel Solver to help you calculate this parameter,
setting the constraint of f>1.

mean =

Or estimate the variance and use the equation (for shapes
greater than 2):

BLL’
2
(B-2)(B-1)
where B is the shape parameter and L is the location parameter.
You can use Excel Solver to help you calculate this parameter,
setting the constraint of B >2.

variance =

Crystal Ball Note: You can use the “Parms” or Alternate Parameter
menu found in the upper right corner of the dialog to specify a Pareto
distribution using different combinations of percentiles. For more
information, see “Alternate parameter sets” on page 136.

Extreme value distribution

The extreme value distribution (Type 1), as shown in Figure
2.26, is commonly used to describe the largest value of a
response over a period of time: flood flows, rainfall, and
earthquakes. Other applications include the breaking strengths
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of materials, construction design, and aircraft loads and
tolerances. The extreme value distribution is also known as the
Gumbel distribution.

Cell Al: Extreme ¥alue Distribution
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Calculating parameters

There are two standard parameters for the extreme value
distribution: mode and scale. The mode parameter is the most
likely value for the variable (the highest point on the probability
distribution).

After you select the mode parameter, you can estimate the scale
parameter. The scale parameter is a number greater than 0. The
larger the scale parameter, the greater the variance.

To calculate a more exact scale, you can estimate the mean and
use the equation:

_ |mean — mode
0.57721

where a is the scale parameter.

Or estimate the variance and use the equation:

o = [6[Dvariance
2
Tt

where a is the scale parameter.
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In addition to these parameters, you can select whether to skew
your distribution. To skew it positively (with most of the values
at the lower end of the range), select End: Max. To skew it
negatively (with most of the values at the upper end of the
range), select End: Min.

Crystal Ball Note: You can use the “Parms” or Alternate Parameter
menu found in the upper right corner of the dialog to specify a extreme
value distribution using different combinations of percentiles. For more
information, see “Alternate parameter sets” on page 136.

Negative binomial distribution

The negative binomial distribution is useful for modeling the
distribution of the number of trials until the rth successful
occurrence, such as the number of sales calls you need to make
to close a total of 10 orders. It is essentially a super-distribution
of the geometric distribution.

Conditions

The three conditions underlying the negative binomial
distribution are:

* The number of trials is not fixed.
* The trials continue until the r th success.
* The probability of success is the same from trial to trial.

Note that the number of trials needed is never less than r.

Example

A manufacturer of jet engine turbines has an order to produce
50 turbines. Since about 20% of the turbines do not make it past
the high-velocity spin test, the manufacturer will actually have to
produce more than 50 turbines.



Matching these conditions with the negative binomial
distribution:

* The number of turbines to produce (trials) is not fixed.

* The manufacturer will continue to produce turbines until the
50th one has passed the spin test.

* The probability of success (80%) is the same for each test.

These conditions match those of the negative binomial
distribution.

The negative binomial distribution has two parameters—

probability and shape. The shape parameter is used to specify
the rth successful occurrence. In this example you would enter
0.8 for the probability parameter (80% success rate of the spin
test) and 50 for the shape parameter, as shown in Figure 2.27.
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Some characteristics of the negative binomial distribution:

* When shape = 1, the negative binomial distribution becomes
the geometric distribution.

* The sum of any two negative binomial distributed variables is
a negative binomial variable.
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* Another form of the negative binomial distribution,
sometimes found in textbooks, considers only the total
number of failures until the rth successful occurrence, not the
total number of trials. To model this form of the distribution,
subtract out r (the value of the shape parameter) from the
assumption value using a formula in your spreadsheet.

Truncating distributions

You can change the bounds or limits of each distribution, except
the custom distribution, by adjusting the truncation grabbers.
This “truncates” the distribution. You can also exclude a middle
area of a distribution by crossing over the truncation grabbers to
“white out” the portion you want to exclude.

For example, suppose you want to describe the selling price of a
house up for auction after foreclosure. The bank that holds the
mortgage will not sell for less than $80,000. They expect the
bids to be normally distributed around $100,000 with a standard
deviation of $15,000. In Crystal Ball you would specity the mean
as 100,000 and the standard deviation as 15,000 and then move
the left grabber to set the limit of 80,000. The grabber “whites
out” the portion you want to exclude, as shown in Figure 2.28.

Caveat

Each adjustment changes the characteristics of the probability
distribution. For example, the truncated normal distribution in
Figure 2.28 will no longer have an actual mean of $100,000 and
standard deviation of $15,000. The values generated for the
truncated distribution will have higher actual percentiles than
for the specified values. Similarly, a normal distribution
specified with 10/90%-tiles and truncated on either side of the
distribution will have actual 10/90%-tiles greater or less than the
specified percentiles.

Crystal Ball Note: Showing the mean line of the distribution is useful
when truncating distributions.



Adjustments are made by moving the end-grabbers or by
entering a different numeric endpoint than appears.
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Comparing the distributions

Many of the distributions discussed in this chapter are related to
one another in various ways. For example, the geometric
distribution is related to the binomial distribution. The
geometric distribution represents the number of trials until the
next success while the binomial represents the number of
successes in a fixed number of trials. Similarly, the Poisson
distribution is related to the exponential distribution. The
exponential distribution represents the amount of time until the
next occurrence of an event while the Poisson distribution
represents the number of times an event occurs within a given
period of time.

In some situations, as when the number of trials for the binomial
distribution becomes very large, the normal and binomial
distributions become very similar. For these two distributions, as
the number of binomial trials approaches infinity, the
probabilities become identical for any given interval. For this
reason, you can use the normal distribution to approximate the
binomial distribution when the number of trials becomes too
large for Crystal Ball to handle (more than 1750 trials). You also
can use the Poisson distribution to approximate the binomial
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distribution when the number of trials is large, but there is little
advantage to this since Crystal Ball takes a comparable amount
of time to compute both distributions.

The binomial and hypergeometric distributions are also closely
related. As the number of trials and the population size increase,
the hypergeometric trials tend to become independent like the
binomial trials—the outcome of a single trial has a negligible
effect on the probabilities of successive observations. The
differences between these two types of distributions become
important only when you are analyzing samples from relatively
small populations. As with the Poisson and binomial
distributions, Crystal Ball requires a similar amount of time to
compute both the binomial and hypergeometric distributions.

The Weibull distribution is very flexible. Actually, it consists of a
family of distributions that can assume the properties of several
distributions. When the Weibull shape parameter is 1.0, the
Weibull distribution is identical to the exponential distribution.
The Weibull location parameter lets you set up an exponential
distribution to start at a location other than 0.0. When the shape
parameter is less than 1.0, the Weibull distribution becomes a
steeply declining curve. A manufacturer might find this effect
useful in describing part failures during a burn-in period. When
the shape parameter is equal to 2.0, a special form of the
Weibull distribution, called the Rayleigh distribution, results. A
researcher might find the Rayleigh distribution useful for
analyzing noise problems in communication systems or for use
in reliability studies. When the shape parameter is set to 3.25,
the Weibull distribution approximates the shape of the normal
distribution; however, for applications when the normal
distribution is appropriate, us it instead of the Weibull
distribution.

The Erf distribution is also a special case of the normal
distribution. It is a normal distribution with a mean of 0 and
variance of —.

2h
The gamma distribution is also a very flexible family of
distributions. When the shape parameter is 1.0, the gamma
distribution is identical to the exponential distribution. When
the shape parameter is an integer greater than one, a special
form of the gamma distribution, called the Erlang distribution,
results. The Erlang distribution is especially useful in the areas
of inventory control and queueing theory, where events tend to
follow Poisson processes. Finally, when the shape parameter is



an integer plus one half (e.g. 1.5, 2.5, etc.), the result is a chi-
square distribution, useful for modeling the effects between the
observed and expected outcomes of a random sampling.

When no other distribution seems to fit your historical data or
accurately describes an uncertain variable, you can use the
custom distribution to simulate almost any distribution. The
Data button on the Custom Distribution dialog lets you read a
series of data points or ranges from value cells in your
spreadsheet. If you like, you can use the mouse to individually
alter the probabilities and shapes of the data points and ranges
so that they more accurately reflect the uncertain variable.

Sampling methods

During each trial of a simulation, Crystal Ball selects a random
value for each assumption in your model. Crystal Ball selects
these values based on the sampling option in the Run > Run
Preferences > Sampling dialog. The two sampling methods are:

Monte Carlo  Randomly selects any valid value from each
assumption’s defined distribution.

Latin hypercube
Randomly selects values, but spreads the
random values evenly over each
assumption’s defined distribution.

Monte Carlo

With Monte Carlo, Crystal Ball generates random values for
each assumption’s probability distribution, that are totally
independent. In other words, the random value selected for one
trial has no effect on the next random value generated.

Using Monte Carlo sampling to approximate the true shape of
the distribution requires a larger number of trials than Latin

hypercube.

Use Monte Carlo sampling when you want to simulate ‘real
world” what-if scenarios for your spreadsheet model.
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Latin hypercube

With Latin hypercube sampling, Crystal Ball divides each
assumption’s probability distribution into non-overlapping
segments, each having equal probability, as illustrated below.

Crystal Ball then selects a random assumption value for each
segment according to the segment’s probability distribution.
The collection of values forms the Latin hypercube sample.
After Crystal Ball uses all the values from the sample, it
generates a new batch of values. This is why the simulation
appears to stop at certain intervals — Crystal Ball is generating
the new batch of values.

The Sample Size option (in the Run Preferences > Sampling
dialog) controls the number of segments in the sample. See
“Sampling preferences” on page 165 for more information on
setting sampling method preferences.

Latin hypercube sampling is generally more precise when
calculating simulation statistics than conventional Monte Carlo
sampling, because the entire range of the distribution is
sampled more evenly and consistently. Thus, with Latin
hypercube sampling, you don’t need as many trials to achieve
the same statistical accuracy with Monte Carlo sampling. The
added expense of this method is the extra memory required to
hold the full sample for each assumption while the simulation
runs.

Use Latin hypercube sampling when you are concerned
primarily with the accuracy of the simulation statistics.
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Confidence intervals

Since Monte Carlo simulation is a technique that uses random
sampling to estimate model results, statistics computed on these
results, such as mean, standard deviation and percentiles, will
always contain some kind of error. A confidence interval (CI) is
a bound calculated around a statistic that attempts to measure
this error with a given level of probability. For example, a 95%
confidence interval around the mean statistic is defined as a 95%
chance that the mean's error will be contained within the
specified interval. Conversely, there is a 5% chance that the
mean's error will lie outside the interval. Shown graphically, a
confidence interval around the mean looks like:

[ | |
Mean CI

CImin max
For most statistics, the confidence interval is symmetric around
the statistic so that X = (CI,,« - Mean) = (Mean - CI,;,). This
allows you to make statements of confidence such as "the mean's
error will lie within the estimated mean plus or minus X with
95% probability." See Appendix B for a discussion on how CB
calculates confidence intervals for different statistics.

Confidence intervals are important for determining the
accuracy of statistics, and hence, the accuracy of the simulation.
Generally speaking, as more trials are calculated, the confidence
interval narrows and the statistics become more accurate. The
precision control feature in Crystal Ball uses this characteristic
of confidence intervals to determine when a specified accuracy
of a statistic has been reached, and then stops the simulation
accordingly. (See “Irials preferences” on page 164 and
“Defining forecasts” on page 153 for more information on how
to use precision control).
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Understanding other statistical terms

Forecast Statistics window terms

These terms are listed in the Forecast Statistics window when you
run a simulation in Crystal Ball and in the reports you can create
for each forecast. The formulas for the statistics are contained in
Appendix B, “Equations and Methods.”

Statistic See:
Mean page 116
Median page 116
Mode page 117
Standard deviation page 117
Variance page 118
Skewness page 119
Kurtosis page 120
Coefficient of variability page 120
Range (also range width) page 121
Mean standard error page 121

Mean

The mean of a set of values is found by adding the values and
dividing their sum by the number of values. The term “average”
usually refers to the mean. For example, 5.2 is the mean or
average of 1, 3, 6, 7, and 9.

Median

The median is the middle value in a set of sorted values. For
example, 6 is the median of 1, 3, 6, 7, and 9 (recall that the mean
is 5.2).

If there is an odd number of values, the median is found by
placing the values in order from smallest to largest and then

selecting the middle value.

If there is an even number of values, the median is equal to the
mean of the two middle values.
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Mode

The mode is the value that occurs most frequently in a set of
values. The greatest degree of clustering occurs at the mode.

The modal wage, for example, is the one received by the
greatest number of workers. The modal color for a new product
is the one preferred by the greatest number of consumers.

In a perfectly symmetrical distribution like the normal
distribution (shown on the top left of the following page), the
mean, median, and mode converge at one point.

In an asymmetrical or skewed distribution like the lognormal
distribution, the mean, median, and mode tend to spread out,
as shown in the following illustrations.

Mode Mean

: Median
Median
Mean Mode

Crystal Ball Note: When using continuous distributions, it is likely that
your forecast will not have two values that are exactly the same. When this
occurs, Crystal Ball sets the mode to -’ to indicate that the mode is

undefined.

Standard deviation

The standard deviation is the square root of the variance for a
distribution. Like the variance, it is a measure of dispersion
about the mean and is useful for describing the “average”
deviation. See the description for the variance in the next
section.

For example, you can calculate the standard deviation of the

values 1, 3, 6, 7, and 9 by finding the square root of the variance
that is calculated in the variance example on the following page.
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The standard deviation, denoted as s, is calculated from the
variance as follows:

s = 4102 = 3.19

Variance

Variance is a measure of the dispersion, or spread, of a set of
values about the mean. When values are close to the mean, the
variance is small. When values are widely scattered about the
mean, the variance is larger.

To calculate the variance of a set of values:

1. Find the mean or average.

2. For each value, calculate the difference between the value
and the mean.

3. Square these differences.
4. Divide by n-1, where n is the number of differences.

For example, suppose your values are 1, 3, 6, 7, and 9. The mean
is 5.2. The variance, denoted by 52 , 1s calculated as follows:

e 5224 (3-52)"+(6-52)"+(7-52)"+(9-5.2)"
5.1

40.8
- 22 102
= 10

Crystal Ball Note: The calculation uses n-1 instead of n to correct for
the fact that the mean has been calculated from sample the data, thus losing
one degree of freedom. This makes the sample variances slightly smaller
than the variance of the entire population.



Skewness

A distribution of values (a frequency distribution) is said to be
“skewed” if it is not symmetrical.

For example, suppose the curves in the example below represent
the distribution of wages within a large company.

Curve A illustrates positive skewness (skewed “to the right”)
where most of the wages are near the minimum rate, although
some are much higher. Curve B illustrates negative skewness
(skewed “to the left”) where most of the wages are near the
maximum, although some are much lower.

If you describe the curves statistically, curve A is positively
skewed and might have a skewness coefficient of 0.5, while curve
B is negatively skewed and might have a -0.5 skewness
coefficient.

A skewness value greater than 1 or less than -1 indicates a highly
skewed distribution. A value between 0.5 and 1 or -0.5 and -1 is
moderately skewed. And a value between -0.5 and 0.5 indicates
that the distribution is fairly symmetrical.

See Appendix B, “Equations and Methods,” for an explanation
of the formula used to calculate skewness.
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Kurtosis

Kurtosis refers to the peakedness of a distribution. For example,
a distribution of values might be perfectly symmetrical but look
either very “peaked” or very “flat,” as illustrated below:

Suppose the curves in the above examples represent the
distribution of wages within a large company. Curve A is fairly
peaked, since most of the employees receive about the same
wage with few receiving very high or low wages. Curve B is flat
topped, indicating that the wages cover a wider spread.

Describing the curves statistically, curve A is fairly peaked, with
a kurtosis of about 4. Curve B, which is fairly flat, might have a
kurtosis of 2.

A normal distribution is usually used as the standard of
reference and has a kurtosis of 3. Distributions with a kurtosis
value of less than 3 are described as platykurtic (meaning flat),
and distributions with a kurtosis value of greater than 3 are
leptokurtic (meaning peaked).

Crystal Ball Note: Is some places, Crystal Ball uses a standard reference
of 0.

See Appendix B, “Equations and Methods,” for an explanation
of the formula used to calculate kurtosis.

Coefficient of variability

The coefficient of variability provides you with a measurement
of how much your forecast values vary relative to the mean
value. Since this statistic is independent of the forecast units,
you can use it to compare the variability of two or more forecasts,
even when the forecast scales differ.



For example, if you are comparing the forecast for a penny stock
with the forecast for a stock on the New York Stock Exchange,
you would expect the average variation (standard deviation) of
the penny stock price to appear smaller than the variation of the
NYSE stock. However, if you compare the coefficient of
variability statistic for the two forecasts, you will notice that the
penny stock shows significantly more variation on an absolute
scale.

The coefficient of variability typically ranges from a value
greater than 0 to 1. It might exceed 1 in a small number of cases
in which the standard deviation of the forecast is unusually high.

The coetficient of variability is calculated by dividing the
standard deviation by the mean, as follows:

. . ey S
coefficient of variability = e

To present this in percentage form, simply multiply the result of
the above calculation by 100.

Range (also range width)

The range minimum is the smallest number in a set, and the
range maximum is the largest number.

The range is the difference between the largest and the smallest
numbers in a set of values.

For example, if the range minimum is 10, and the range
maximum is 70, then the range is 60.

Mean standard error

The mean standard error statistic lets you determine the
accuracy of your simulation results and how many trials are
necessary to ensure an acceptable level of error. This statistic
tells you the probability of the estimated mean deviating from
the true mean by more than a specified amount. The probability
that the true mean of the forecast is within the estimated mean
(plus or minus the mean standard error) is approximately 68%.

Statistical Note: The mean standard error statistic only provides infor-
mation on the accuracy of the mean and can be used as a general guide to
the accuracy of the simulation. The standard error for other statistics, such
as mode and median, will probably differ from the mean standard error.
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Additional statistical terms

This section explains other statistical terms used in Crystal Ball
and to describe forecast results.

Statistic See:
Correlation coefficient page 122
Rank correlation page 123
Certainty page 124
Percentile page 125

Correlation coefficient

Crystal Ball Note: Crystal Ball uses rank correlation to determine the
correlation coefficient of variables. For more information on rank
correlation, see “Rank correlation” on page 123.

When the values of two variables depend upon one another in
whole or in part, the variables are considered correlated. For
example, an “energy cost” variable is likely to show a positive
correlation with an “inflation” variable. When the “inflation”
variable is high, the “energy cost” variable is also high; when the
“inflation” variable is low, the “energy cost” variable is low.

In contrast, “product price” and “unit sale” variables might
show a negative correlation. For example, when prices are low,
sales are expected to be high; when prices are high, sales are
expected to be low.

By correlating pairs of variables that are dependent on one
another, you can increase the accuracy of your simulation
forecast results.

The correlation coefficient is a number that describes the
relationship between two dependent variables. Coefficient
values range between -1 and 0 for a negative correlation and 0
and +1 for a positive correlation. The closer the absolute value
of the correlation coefficient is to either +1 or -1, the more
strongly the variables are related.

When an increase in one variable is associated with an increase

in another variable, the correlation is called positive and
indicated by a coefficient between 0 and 1. When an increase in
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one variable is associated with a decrease in another variable,
the correlation is called negative and indicated by a coefficient
between 0 and -1. A value of 0 indicates that the variables are
unrelated to one another. The example below shows three
correlation coefficients.

Negative Zero Correlation Positive Correlation
Correlation

For example, assume that total hotel food sales might be
correlated with hotel room rates. Total food sales are likely to be
higher, for example, at hotels with higher room rates. If food
sales and room rates correspond closely for various hotels, the
correlation coefficient is close to 1. However, the correlation
might not be perfect (correlation coefficient < 1). Some people
might eat meals outside the hotel while others might skip some
meals altogether.

When you select a correlation coefficient to describe the
relationship between a pair of variables in your simulation, you
need to consider how closely they depend upon one another.

You should never need to use an actual correlation coefficient of
1 or -1. Generally, you should represent these types of
relationships as formulas on your spreadsheet.

Rank correlation

A correlation coefficient measures the strength of the linear
relationship between two variables. However, if the two variables
do not have the same probability distributions, they are unlikely
to be related linearly. Under those circumstances, the
correlation coefficient calculated on their raw values has little
meaning.

If you calculate the correlation coefficient using rank values

instead of actual values, the correlation coefficient is meaningful
even for variables with different distributions.
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You determine rank values by arranging the actual values in
ascending order and replacing the values with their rankings.
For example, the lowest actual value will have a rank of 1, the
next lowest actual value will have a rank of 2, etc.

Crystal Ball uses rank correlation to correlate assumptions. The
slight loss of information that occurs using rank correlation is
offset by a couple of advantages.

* First, the correlated assumptions need not have similar
distribution types. In effect, the correlation function in
Crystal Ball is distribution-independent. The rank correlation
method even works when a distribution has been truncated at
one or both ends of its range.

* Second, the values generated for each assumption are not
changed, they are merely rearranged to produce the desired
correlation. In this way, the original distributions of the
assumptions are preserved.

Certainty

Certainty describes the percentage of simulation results that fall
within a range. For instance, in the Vision Research example
from Chapter 1, if your objective was to make a minimum return
of $2,000,000, you might choose a range of $2,000,000 to

+Infinity.
Certainty

0571 507

038 L 380
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-g 025 4 Fe2sd 2
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= =
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.00a 3 r| 0

$2.000 35,500 $3,000 $12.500 $16,000

Dallars

b (58,000 Certainty I % 4 |+Infinity

By default, the range of certainty is from negative infinity to
positive infinity. The certainty for this range is always 100%.
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Percentile

A percentile is a number on a scale of zero to one hundred that
indicates the percent of a distribution that is equal to or below a
value. Standardized tests usually report results in percentiles. So
if you were at the 95 percentile, that means that 95% of the
people who took the test had the same score as you did or lower.
This doesn’t mean you answered 95% of the questions correctly.
You might have answered only 20% correctly, but that was better
than 95% of the people who took the test.

As another example, suppose you want to be 90% sure that you
put enough money away for your retirement. You might create a
model with all the uncertain variables, such as annual return on
your investments, inflation, and expenses at retirement. The
resulting distribution shows the most likely investment needed,
but if you select the mean, you have a 50% chance of not having
enough money. So you choose the value at the 90th percentile,
which leaves only a 10% chance of not having enough money.

T T T

10% 30% 150% 70% 90%
20% 40% 60% 80%
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Chapter 3

Setting Up and
Running a
Simulation




Defining assumptions

Using cell references

Fitting distributions to data In this Chapter

Specifying correlations between
assumptions

Editing assumptions
Freezing assumptions
Defining decision variables
Defining forecasts

Editing forecasts

Selecting and reviewing your
assumptions, forecasts, and decision
variables

Setting cell preferences
Setting run preferences
Running macros during the simulation

Running/Stopping/Continuing/
Resetting a simulation

* Saving and restoring a simulation
* Saving your models

This chapter provides step-by-step
instructions for setting up and running a
simulation in Crystal Ball. As you work
through these instructions, you will learn to
define assumption, forecast, and decision
variable cells, and run a simulation. If you
are a new user, you should read the sections
in order. Later, when you become more
familiar with Crystal Ball, you can refer to
each section independently. After you
complete this chapter, read Chapter 4 for
information about interpreting simulation
results.

If you need to use a command that is not
described in this chapter, refer to Appendix
D, “Index of Commands,” in the back of
this manual. The index of commands
contains a brief description of each Crystal
Ball command.




The Crystal Ball toolbar
To help you set up spreadsheet models and run simulation,

Crystal Ball comes with a customized toolbar that provides
instant access to the most commonly used menu commands.

The Crystal Ball toolbar looks like:
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The tools in the first three groups are from the Cell menu. The
tools from the next four groups are from the Run menu.

When you close Crystal Ball, Excel remembers the state of the
toolbar. If the toolbar was showing when you closed Crystal Ball,
it will be visible the next time you open Crystal Ball. If the
toolbar was hidden when you closed Crystal Ball, it will be

hidden the next time you start Crystal Ball.
To turn the Crystal Ball toolbar on or off, select

View > Toolbars > Crystal Ball.

Starting Crystal Ball manually
When you installed Crystal Ball, you were prompted whether

you wanted Crystal Ball to start automatically with Excel. If you

answered No, you will need to start the program manually when

you want to use Crystal Ball or set up Crystal Ball to start

automatically in the future.
To set up Crystal Ball to automatically start with Excel:

1. Start Excel.
2. Select Tools > Add-Ins.

The Add-Ins dialog appears.
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3. Check the Crystal Ball add-in option.
4. Click on OK.

Crystal Ball starts, and is set to automatically start with Excel
from now on.

Other methods of starting manually

Select the icon
If you have not already started Excel, start Crystal Ball manually
by:

1. In Windows 95, Windows 98, Windows 2000, or Windows
NT Version 4.0 or higher, select the Crystal Ball shortcut
icon from the Windows Start >Programs > Crystal Ball
menu.

Using the File menu

If you have already started Excel and want to start Crystal Ball
manually (without setting it up to start automatically in the
future):

1. Select File > Open.
The Open dialog appears.

2. Find the Crystal Ball folder.
Select the CB.XLA file.

4. Click on OK.

The Crystal Ball toolbar and menus load into Excel.

Defining cells: an overview

Crystal Ball lets you define three types of cells: assumption cells
decision variable cells, and forecast cells.

Assumption cells contain the values that you are unsure of—the
uncertain independent variables in the problem you are trying
to solve. The assumption cells must contain simple numeric
values, not formulas or text.
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Decision variable cells contain the values that are within your
control to change. The decision variable cells must contain
simple numeric values, not formulas or text.

Forecast cells (dependent variables) contain formulas that refer
to one or more assumption and decision variable cells. The
forecast cells combine the values in the assumption, decision
variable, and other cells to calculate a result. A forecast cell, for
example, might contain the formula C17*C20*C21.

Crystal Ball Note: Crystal Ball automatically names the assumptions,
decision variables, and forecasts in your spreadsheets. It also assigns
default values to the distribution parameters (such as the probability,
number of trials, and population size, among others) and variable bounds
(the wpper and lower bounds or decision variables). For a list of the
defaults refer to Appendix E, “Default Names and Distribution
Parameters.”

Defining assumptions

Identifying

Crystal Ball uses probability distributions to describe the
uncertainty in your assumption cells. From a gallery of
seventeen distribution types, you choose the ones that best
describe the uncertain variables in the problem you are trying to
solve. When defining an assumption, there are two steps you
must perform: 1) identify a distribution type, and 2) enter the
assumption.

a distribution type

How do you know which distribution type to choose? If you are
experienced in statistical methods, you probably will have a feel
for which distribution to use. If your statistical background is
limited or you need a review, consider using the following
process for selecting the correct distribution:

1. Look at the variable in question. List everything you know
about the conditions surrounding this variable.

For example, look at the variable “patients cured” that was
discussed in the Vision Research tutorial in Chapter 1. The
company must test 100 patients. You know that the patients
will either be cured or not cured. And you know that the drug
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has shown a cure rate of around 0.25 (25%). These facts are
the conditions surrounding the variable.

2. Review the descriptions of the probability distributions
discussed in Chapter 2.

In Chapter 2, each distribution type is described in detail,
with the conditions underlying the distribution outlined and
with real-life examples. As you review the conditions and
examples for each distribution, look for a distribution that
characterizes the variable in question, as explained in the
following step.

3. Identify the distribution that characterizes the variable in
question.

For a distribution to characterize a variable, the conditions of
the distribution must closely approximate the conditions of
the variable. Look at the conditions of the binomial
distribution, as described in Chapter 2:

* For each trial, only two outcomes are possible—success or
failure.

* The trials are independent. What happens on the first
trial does not affect the second trial, and so on.

* The probability of success remains the same from trial to
trial.

Now check the “patients cured” variable in question against
the conditions of the binomial distribution:

* There are two possible outcomes—the patient is either
cured or not cured.

* The trials (100) are independent of each other. What
happens to the first patient does not affect the second
patient.

* The probability of curing a patient 0.25 (25%) remains
the same each time a patient is tested.

Since the conditions of the variable match the conditions of
the binomial distribution, the binomial distribution would be
the correct distribution type for the variable in question.

Chapter 2, “Understanding the Terminology” has a more
detailed discussion of this distribution selection process.
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4. If historical data is available, use distribution fitting to
select the distribution that best describes your data.

Crystal Ball can automatically select the probability
distribution that most closely approximates your data’s
distribution. The feature is described in detail in “Fitting
distributions to data” beginning on page 138. You can also
populate a custom distribution with your historical data.

After you select a distribution type, determine the parameter
values for distribution. Each distribution type has its own set of
parameters. For example, there are two parameters for the
binomial distribution—trials and probability. The conditions of
avariable contain the values for the parameters. In the example
used, the conditions show 100 trials and 0.25 (25%) probability
of success.

Entering an assumption

After you choose the correct distribution type, you are ready to
enter the assumption.

To enter an assumption:

1. Select a cell or a range of cells (Select value cells only.

Assumptions cannot be defined for formula, non-numeric,
or blank cells).

Crystal Ball Note: There is no absolute limit to the number of
assumptions you can define per worksheet. As a rule of thumb, you should
limit your combined Crystal Ball data elements (assumptions, forecasts,
decision variables, and correlations) to 500 per worksheet (i.e., A+F+C
+D< 500) for performance reasons.

& | 2. Select Cell > Define Assumption.

For each selected cell or cells in the selected range, Crystal
Ball displays the Distribution Gallery.

3. Click the distribution you want from the gallery of choices.
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4. Click on OK.

A dialog appears, showing the distribution type you chose for
the selected cell (or for the first cell in a range of cells). Figure
3.1 provides an example of the binomial distribution.

Cell C10: Binomial Distribution

Prob. |.25 Trials |1 oo

Assumption Name: |00 ERRT (] Frefs |

.0an

.0&0

.0an

Probability

020

.00a -
50 74

25
4 Ill 4 |+Infinily

oK | Qancell Enter I Gallery | Cn[relate...l Help |

Crystal Ball Note: If you want to change the distribution type, click on
Gallery to return to the Distribution Gallery, and then select another
distribution. If you want to cancel and return to the spreadsheet, click
Cancel.

5.

In the dialog, type a name for the assumption (optional).

If the assumption cell already has a name next to it or above
it on the spreadsheet, the name appears in the dialog. You
can use that name or type a new name.

Type the parameters for the distribution.

Default values appear for the display range bounds and the
distribution parameters. You can type new values or cell
references (see “Entering cell references” on page 135) in any
field. You can also change the display range bounds by
moving the truncation grabbers.



Crystal Ball Note: You can change the values entered by typing new
values. However, if you are using the custom distribution, you must first
clear the initial values with the following steps: click on Gallery, click the
custom distribution, and then click on OK.

7. Click on Enter.

The distribution changes to reflect the values you entered.

Crystal Ball Note: If you click on OK instead of Enter, Crystal Ball
accepts the parameters and closes the dialog.

8. Click on OK.

If you selected a range of cells, repeat steps 3-8 to define the
assumption for each cell.

Entering cell references

In addition to numeric values, you can enter a reference to a
specific cell in a parameter field. Cell references must be
preceded by an equals sign (=). Cell references can be either
absolute or relative.

Relative referencing

Relative references remember the position of a cell relative to
the cell containing the assumption. For example, an assumption
in cell C6 refers to cell C5. If the assumption in C6 is copied to
cell C9, the relative reference to Ch5 will then refer to the value
in cell C8. This lets you easily set up a whole row or column of
assumptions, each having similar distributions but slightly
different parameters, by performing just a few steps. An
absolute reference, on the other hand, always refers back to the
originally referenced cell, in this case C5.

Absolute referencing

To indicate an absolute reference, you must use a dollar sign ($)
before the row and the column. For example, to copy the exact
contents of cell C5 into an assumption parameter field, you
would enter the cell reference =$C$5. This causes the value in
cell C5 to be used in the assumption cell parameter field. Later,
if you decide to copy and paste this assumption in the
spreadsheet, the cell references in the parameter field will refer
to the contents of cell C5.
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The Define Assumption dialog has two radio buttons labeled
Static and Dynamic that become visible when you enter a cell
reference (e.g., =Al) in any of the parameter fields.

When you select Static (the default selection), Crystal Ball
resolves all cell references for the distribution at the moment the
simulation starts, thus freezing the shape of the distribution for
the entire simulation. This lets the simulation run faster since
Crystal Ball does not have to check the parameters for errors.

When you select Dynamic, Crystal Ball resolves cell references
each time the spreadsheet is recalculated. This feature is called
Dynamic Cell Referencing. It gives you more flexibility in
setting up models by letting you change an assumption’s
distribution during a simulation.

Alternate parameter sets

For almost all the continuous probability distributions, except
uniform, you can define the distributions using percentiles for
parameters. This option gives you added flexibility in setting up
assumptions when only percentile information is available, or
when specific attributes (e.g. mean, standard deviation) of the
variable in your model are unknown.

For example, if you are defining a triangular distribution but are
unsure of the absolute minimum and maximum values of the
Varlable you could instead define the distribution using the 10th
and 90" percentiles along with the likeliest value. This gives you
a distribution that has 80%, or four-fifths of the values,
occurring between the two specified percentiles, as in Figure 3.2.

To change the parameter sets for the continuous distributions,
use the popup “Parms” menu in the upper right corner of the

Define Assumption dialog. The currently selected parameter set
has a check mark next to it, as shown on the menu below.
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In addition to the standard parameter set, each continuous
distribution’s Parms menu has four additional pre-defined
parameter sets that include various combinations of the
standard parameters and percentiles. There is also a custom
option that lets you define your own parameter set.

For the Custom Parameters, you can select to replace any or all
of the standard parameters with any percentile. You will always
have the same number of parameters, either standard or
alternate, for any given distribution. For example, even if you
choose to use custom alternate parameters for a triangular
distribution, you will always have three parameters, either
minimum, likeliest, or maximum, or, for example, 10%-tile,
likeliest, and 99%-tile.

To select a parameter set to use as the default when defining new
assumptions of this type, select Set Default from the popup
menu.

Several special parameter sets are available with the lognormal

distribution, including geometric and logarithmic sets. For
more information, see “Lognormal parameter sets” on page 83.
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Distribution preferences

All the assumption distribution dialogs have a Prefs button in
the top right corner. This button brings up a menu with the
following options:

View Cumulative Chart
Changes the distribution to display either a
CDF (when checked) or a PDF.

Show Coordinates
Displays the mouse coordinates when the
cursor is over the displayed distribution,
when checked. For discrete distributions or
continuous CDFs, both the x coordinate and
the associated probability appear. For
continuous PDFs, only the x coordinate
appears.

Statistical Note: Crystal Ball doesn’t display the probability on the
continuous PDFs because, for continuous random variables, the
occurrence of any exact value of x has a probability of 0.

Show Mean Line
Displays a vertical line at the distribution
mean, when checked.

Fitting distributions to data

If you have historical data available, Crystal Ball’s distribution

fitting feature can substantially simplify the process of selecting
a probability distribution. Not only is the process simplified, but
the resulting distribution more accurately reflects the nature of
your data than if the shape and parameters of the distribution

were estimated.

How distribution fitting works

In distribution fitting, Crystal Ball automatically matches your
data against each continuous probability distribution. A
mathematical fit is performed to determine the set of
parameters for each distribution that best describe the
characteristics of your data. The quality or goodness of each fit is
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judged using one of several standard goodness-of-fit tests. The
distribution with the highest ranking fit is chosen to represent
your data.

At your discretion, you can review the distributions sorted in
order of their fit tests using a comparison chart. This chart
shows the fitted distributions superimposed over your data,
allowing you to visually check the quality of the fits. Several
chart preferences, such as a Difference option, make it easier to
pinpoint discrepancies in the fits. A summary field shows the
goodness-of-fit statistics. If desired, you can override the
highest-ranking probability distribution with another one of
your choice.

Crystal Ball Note: Distribution fitting can also be used to check the
characteristics of a forecast chart. See “Using distribution fitting with the
overlay chart” on page 212 for more information.

Crystal Ball Note: Only continuous distributions are considered for
distribution fitting. Continuous and discrete distributions are defined on
page 63.

In Crystal Ball, you use two Fit Distribution dialogs to specity the
source of your data, the distributions to be fitted, and a
goodness-of-fit test. Each goodness-of-fit test is calculated for
every distribution, but only the selected test determines how the
distributions are ranked.

Distribution fitting example

To use distribution fitting:

1. Create a new spreadsheet and enter a value in any cell.
& | 2. Select Cell > Define Assumption.
The Distribution Gallery appears.
3. Click on Fit to select the source of the fitted data.

The first of two Fit Distribution dialogs appears, as in Figure
3.3.
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4. Select one of the following two options.

* If the historical data is in the front-most spreadsheet,
select the Active Worksheet option, and then enter the
data’s cell range.

* If the historical data is in a separate text file, click on File,
and then either enter the path and name of the file or
click on Browse to search for the file. For this example,
click on Browse and locate the TEST DATA.txt file in the
Examples folder.

Crystal Ball Note: When you use a file as your source of data, each data
value in the file must be separated with either a comma, a tab character,
or an end-of-line character.

Fit Distribution (1 of 2]

Crystal Ball will fit a probability distribution to your data:

Location of Data
'

" Active Worksheet Range:

f+ Text File [Comma or Tab Delimited]

|ram Files\Crystal BallExamples\Testdata.t<t

Browse... Column: |all

Next Cancel ‘ Help ‘

Crystal Ball Note: The overlay option is only visible on this dialog when
fitting a forecast histogram with a distribution on the overlay chart.

5. Click on Next to select the distribution fitting
characteristics.

The second Fit Distribution dialog is used to specify which
distributions are to be fitted and how they should be ranked,
as in Figure 3.4. The number of data values also appears at
the top of the dialog. The amount of data has a direct effect
on the duration of the fitting process. For our example, use
these settings:
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Under “Fit to Which Distributions,” select All Continuous
Distributions.

All Continuous Distributions fits the data to all those
distributions in which every value in the distribution’s
range is possible (these distributions appear as solid
shapes on the Distribution Gallery). Chosen Distributions
displays another dialog, from which you can select a
subset of the continuous distributions to include in the
fitting. The third option selects the distribution that was
highlighted on the Distribution Gallery.

Under “Ranking Method,” select the Chi-Square Test.

In ranking the distributions, you can use any one of three
standard goodness-of-fit tests. Each is described below:

Chi-square. This test is the oldest and most common of
the goodness-of-fit tests. It gauges the general accuracy
of the fit. The test breaks down the distribution into areas
of equal probability and compares the data points within
each area to the number of expected data points.
Generally a p-value greater than 0.5 indicates a close fit.

Kolmogorov-Smirnov. The result of this test is essentially
the largest vertical distance between the two cumulative
distributions. Generally a value less than 0.03 indicates a
close fit.

Anderson-Darling. This method closely resembles the
Kolmogorov-Smirnov method, except that it weights the
differences between the two distributions at their tails
greater than at their mid-ranges. Use this method when
you need a better fit at the extreme tails of the
distribution. Generally a value less than 1.5 indicates a
close fit.

Check the Show Comparison Chart And Goodness-of-Fit
Statistics option. The Comparison Chart and Fit Statistics
appear after the fits are made.
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Fit Distribution (2 of 2]

Input Contains 500 Values

Fit to Which Distributions Ranking Method

+ All Continuous Distributions * Chi-Square Test

" Chosen Distributions... " Kolmogorowv-Smirnov
" Normal Distribution " Anderson-Darling

v Show Comparison Chart and Goodness-of-Fit Statistics

Cancel Help

6. Click on OK to fit the distributions to your data.

Crystal Ball successively fits the selected distributions to your
data. If you left the Show Comparison Chart and Goodness-
of-Fit Statistics option unchecked, the Define Assumption
dialog immediately appears with the highest-ranked
distribution. If you checked the Show Comparison Chart and
Goodness-of-Fit Statistics option, the fitted distributions
appear, starting with the highest-ranked distribution down
through to the lowest.

You can scroll through the fitted probability distributions by
using the Next Distribution button. Each probability
distribution is shown superimposed over the data, as shown
in Figure 3.5.

Comparison chart

You can use the Comparison Chart dialog to visually compare
the quality of the fits or to view the goodness-of-fit statistics. Use
the Comparison Chart features as described below:

* Click on the Next Distribution/Prev. Distribution buttons to
scroll through the fitted distributions. You can view the
quality of each fit graphically and statistically in decreasing
order.
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* Click on Prefs to change chart features so that similarities or

differences are more clearly accentuated. You can find a

relevant explanation of these features in “Customizing the
overlay chart” beginning on page 209.

* Click on Accept to select the currently displayed distribution
for use in your assumption.

¢ Click on Cancel to return to the second Fit Distribution
dialog.

Comparigzon Chart

028

021

014

007

Probability

.000

Frequency Comparison

Il T
yil H\H I\HHHHMH ”iMHMnm. """ |

$0.0 $225.0 $450.0 $675.0 $300.0

W */eibull Distribution
Loc. = $11.4
Scale = $3946
Shape =1.93

E Input Data

| Accept I | Cancel I # Eh;ii‘r:: Test 1318;182 MNext Distrihutiunl

Kolmogoney-Smirmoy 00238 T
| Prefs... I | Help I fnderson-Darling ozoms | Erev Dlstrlhutmnl

In our Test Data example, the Weibull distribution had the best
fit of any distribution using the chi-square fit test. As you can see
in Figure 3.5, the chi-square p-value is 0.8215, which indicates a
good fit. The parameters that were calculated for the Weibull

distribution are displayed in the Comparison Chart legend.

Crystal Ball Note: The goodness-of-fit statistic that Crystal Ball used to
rank the distributions appears in blue.
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Comparison Chart - Difference

You can use the Difference option to more clearly highlight the
difference between the fitted distribution and the data’s
distribution. Figure 3.6 shows the difference between the fitted
Weibull distribution and the test data.

Comparizon Chart
Frequency Difference

013
005 B “weibul Distribution
= Loc. =$11.4
= Scale = $334.6
4 000 - Shape =1.93
=
2
o -008 @ Input Data
-m3
$0.0 $225.0 $450.0 $E675.0 $500.0
| Accept I | Cancel I # Eh;_SViLl‘:: Test 1318;1'3? Mext Distribution |
| Prefs... I | Help I Eﬁm??;xgjmgmv ggggg Prewv. Distribution |

Select the Difference option by pressing the ¢ key while you are
in the chart dialog or checking the option in the Distribution
Type area of the Chart Preferences dialog, as shown below. You
can use this option with all three distribution types.

Distribution Type ———
+ Frequency
™ Cumulative

" Beverse Cumulative

7. Click on Accept to choose the currently displayed
distribution.

The Assumption dialog appears with the parameter entries
taken from the chosen distribution. You can change the
distribution parameters before you click on OK.
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Specifying correlations between assumptions

In Crystal Ball, assumptions are usually calculated
independently of each other. Crystal Ball generates random
numbers for each assumption without regard to how random
numbers are generated for other assumptions.

However, dependencies often do exist between variables in a
system being modeled. The Correlated Assumptions feature in
Crystal Ball lets you use correlation coefficients to define the
dependencies between assumptions. Crystal Ball then uses the
correlation coefficients to rearrange the generated random
numbers to produce the desired correlations. Correlation
coefficients and correlation in general are explained in Chapter

2.

Crystal Ball Note: Crystal Ball uses rank correlation to calculate
correlation coefficients. For more information on how Crystal Ball
calculates rank correlation coefficients, see “Rank correlation” on
page 123.

Crystal Ball Note: When using dynamic cell referencing, you cannot
correlate the assumptions since the shape of the distribution is
unpredictable.

When defining correlations, you are usually limited by an
approximate, practical limit of 50 to 70 correlations. Also, the
more correlations you define, the greater the possibility that
some correlations might be in conflict with each other,
preventing Crystal Ball from running a simulation. Conflicts can
arise when a group of assumptions are improperly related to
each other by large positive and/or large negative correlation
coefficients. When this condition occurs, the correlations are
said to be “inconsistent.” For more information, see “Correlated
assumptions” on page 251.

With Crystal Ball, you use the Correlation dialog to specify a
correlation coefficient for any pair of assumptions.

To define a correlation coefficient:

1. Select the cell of one of the assumptions you want to
correlate; for example, a cell describing the inflation rate.

145



146

Chapter

Setting Up and Running a Simulation

Statistical Note: Which of the pair you select first is not important, since
the correlation coefficient is bidirectional.

L& | 2. Select Cell > Define Assumption.

The distribution previously defined for this assumption
appears, as in Figure 3.7.

Cell A1: Lognormal Distribution x|

Assumption Name: Inﬂatiun Rate Prefs |

Probability

1.46% 4.78% 810% 11.43% 14.75%
3 ||].|]|]% P |+Inﬁnity
Mean |5.|]|]% Std Devlz.ﬂﬂ%

oK | Qancell Enter I Gallery | Cn[relate...l Help |

3. Click on Correlate.

The Correlate dialog appears, as in Figure 3.8.



Cell A1: Correlate Inflation Rate x|

- . ¥ On
|| | <Select Assumption: | Sample Correlation

I -1 Corelation g Coefficient 4
L I T TN N T |
+*

Enter I ﬂemnvel Calc... |

0K | Cancel | Help |

4. Select the second assumption from the Select Assumption
menu on the Correlate dialog.

The Select Assumption menu provides a list of the names of
all the assumptions defined on your spreadsheet. Select one

of the assumption names on the list. The cell reference of the
assumption appears in the list to the left of the menu.

Alternatively, enter the cell reference of the assumption
directly into the first parameter field and press <Enter>.

After you have selected the second assumption, the cursor
moves to the Correlation Coefficient field.

5. Enter a correlation coefficient. Either:

* Enter a value between -1 and 1(inclusive) in the
Coefficient Value field.

Type the number that you want to use in the field to the
left of the slider control. After you type the number, the
slider control on the Correlation Coefficient scale moves
to the selected value.
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Drag the slider control along the Correlation Coefficient
scale.

The value you select appears in the field to the left of the
scale.

Click on Calc...

A small dialog appears at the bottom of the first dialog.
Enter the range of cells on your spreadsheet that contain
the empirical values that Crystal Ball should use to
calculate a correlation coefficient.

Enter the range of cells in the standard A1:A2 format,
where A designates the column and 1 and 2 designate the
first and last cell rows, respectively. For example, if one
set of values is in column Q, rows 10 through 15 and the
second set of values is in column R, rows 10 through 15,
enter the range in the left field as Q10:Q15 and the
range in the right field as R10:R15.

Crystal Ball calculates the correlation coefficient, enters
it in the field to the left of the Correlation Coefficient
scale, and moves the slider control to the correct
position.

Crystal Ball Note: The two cell ranges do not necessarily have to have
the same dimensions, but they must contain the same number of value cells.
The cell ranges are read in a row-by-row fashion.

Each time you select a new assumption cell or correlation
coefficient, Crystal Ball displays a sample correlation chart.



Cell A1: Comelate Inflation Rate | x|

— ¥ On
IE | 0il Price/Barrel I Sample Correlation
26.50
|IJ.B it ek e et 2
*
- ] =
0.80 OQil PricefBarrel S
il
g8
5
5a
=
23.00
0.00% 20.00%
Enter | BemDVE| Calc... | Irflation Rate
Lognarmal Distribution
OK | Cancel | Help | (Sample Size = 500)

The points on the chart represent the pairing of assumption
values as they would actually occur when running a simulation.
The solid line running through the middle of the chart indicates
the location where values of a perfect correlation (+1.0 or -1.0)
would fall. The closer the points are to the solid line, the
stronger the correlation.

In the example above, an Inflation assumption and an Oil Price/
Barrel assumption have been correlated using a coefficient of
0.8, a strong positive correlation. As the points on the chart
show, higher inflation values tend to be associated with higher
oil prices and vice versa. This chart can help you begin to
understand how the two assumptions are related.

You can specify as many of these paired correlations as you want
for each assumption, up to the total number of assumptions
defined.

You can ignore correlation if one or both variables do not impact

the output or are not highly correlated.

Crystal Ball Note: The correlation sample size is determined by the
Sample Size option in the Run Preferences dialog. See “Setting run
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preferences” on page 163 or “Simulation accuracy” on page 243 for more
mformation

Crystal Ball Note: For Crystal Ball to display the sample correlation
chart, random values are actually produced for both of the assumptions
and then correlated to the specified coefficient. This process takes time,
depending on the size of the random samples and the types of distributions.
You can turn the process off by unchecking the On option in the upper
right corner of the dialog.

Freezing assumptions

The Freeze Assumptions command lets you exclude or “freeze”
certain assumptions from a simulation. The Freeze Assumptions
command gives you the ability to:

* Temporarily disable assumptions that have been defined but
are not wanted for the current simulation.

* See the effect of certain assumptions on the forecast cells
while holding other assumptions to their spreadsheet value.

Note the following features of the Freeze Assumptions dialog
(see Figure 3.10).

* Clicking on Frozen excludes those assumptions listed in the
right list from the current simulation.

* Clicking on Enabled includes only those assumptions listed
in the right list in the current simulation.

* Clicking on Choose moves the assumptions selected in the
left list to the right list.

150



Freeze Assumptions [ x|

' Frozen
= Enabled
Available Assumptions Frozen Assumptions

Choose assumptions to be during the simulation

Ch: Testing Costs

C6: Marketing Costs

C10: Patients Cured

C15: Growth Rate of Near  Choose >> |

C19: Market Penetration
Choose All |

Cancel | Help |

Defining decision variables

Decision variables are not required for simulation models, but

they can be very useful when comparing and selecting alternate
situations. Several of the Crystal Ball tools discussed in Chapter
6, “Crystal Ball Tools”, use and benefit from decision variables.
Decision variables are the variables that you can control, such as
rent to charge or the amount of money to invest in a fund.

OptQuest Note: You also use decision variables with OptQuest, available
with Crystal Ball 2000, Professional Edition.

To define a decision variable:

1. Select a cell or range of cells.

Select value cells only. You cannot define a decision on a
formula, non-numeric, or blank cell.

@ 2. Select Cell > Define Decision.

The Define Decision Variable dialog appears. For details
about the fields and options in this dialog, see “Define
Decision Variable dialog” below.
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3. Complete the Define Decision Variable dialog.
4. Click on OK.

5. Repeat steps 1-4 for each decision variable in your model.

Crystal Ball Note: There is no absolute limit to the number of decision
variables you can define per worksheet. As a rule of thumb, you should
limit your combined Crystal Ball data elements (assumptions, forecasts,
decision variables, and correlations) to 500 per worksheet (i.e., A+F+C
+D< 500) for performance reasons.

Define Decision Variable dialog

Cell C13: Define Decizion Yariable E3
Name: Mune Market fund

Variable Bounds———— VYariable Type

Lower: |$|] * Continuous

" Discrete

Upper: |$5I],I]I]I] Step: I—

1] 4 Cancel Help |

The Define Decision Variable dialog has the following fields and
options:

Name Is the name of the decision variable. You can
replace the default name with a name up to
40 characters. You cannot use special
characters (+, -, *,/, 7™, <, =, >).

By default, Crystal Ball uses the range name
for a cell or, if the cell isn’t part of a range,
it uses text from an adjacent text cell to the
left of or above the variable cell. If Crystal

Ball can’t find a range name or text cell to

use, it uses the cell coordinates.
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Lower
Upper

Variable Type

Step

Defining forecasts

Is the lower limit for the decision variable
range.

The default is 90% of the cell value.

Is the upper limit for the decision variable
range.

The default is 110% of the cell value.

Defines whether the variable is continuous
or discrete. You must define a step for a
discrete variable. Selecting Continuous
automatically clears the Step field.

The default is Continuous.

Sets the difference between successive
discrete values within the defined range.
Discrete variables require a step. If you
enter a value in this field, the Variable Type
automatically changes to Discrete.

The default step is 1.

After you define the assumption cells and decision variables, you
are ready to select and define forecast cells. Forecast cells usually
contain formulas that refer to one or more assumption and
decision variable cells. The forecast cells combine cells in your
model to produce the results you need.

When you define a forecast cell, you:

* Name the forecast

* Specify the units for the forecast

¢ Select the size of the forecast window

* Indicate whether you want to automatically display the
forecast window during the simulation

* Set precision control settings for the forecast

Crystal Ball Note: Forecast cells can be defined directly on top of
assumption cells so that the random values generated during a forecast can
be captured and reported.
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To define forecast cells:

1. Select a cell or a range of contiguous value or formula cells.

Crystal Ball Note: There is no absolute limit to the number of forecasts
you can define per worksheet. As a rule of thumb, you should limit your
combined Crystal Ball data elements (assumptions, forecasts, decision
variables, and correlations) to 500 per worksheet (i.e., A+F+C +D<
500) for performance reasons.

% 2. Select Cell > Define Forecast.
The Define Forecast dialog appears, as in Figure 3.12.
3. Complete the Define Forecast dialog.
4. Click on OK.

5. Repeat steps 1-4 for each forecast in your model.

Define Forecast dialog

Cell C23: Define Forecast E3

Forecast Name: INet Profit [MM]

Units: IMiIIiuns

oK gance|| More >> | Help

The Define Forecast dialog has the following fields and options:

Name Is the name of the forecast. You can replace
the default name with a name up to 40
characters.

By default, Crystal Ball uses the range name
for a cell or, if the cell isn’t part of a range,
it uses text from an adjacent text cell to the
left of or above the forecast cell. If Crystal

Ball can’t find a range name or text cell to

use, it uses the cell coordinates.

Units Is the name of the units that will appear in
at the bottom of the forecast chart.
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You can expand the Define Forecast dialog by clicking on the
More >> button.

Cell C21: Define Forecast

Forecast Name: |Gmss Profit if Approved [MM]

Forecast Window

Window Size: + Small " Large

W Show. & ‘While Running ¢ When Stopped [faster]

Precision Control

v Specify * Absolute Precision of: |5206.1 Units

Units: |

For These Statistics: [T Mean [T Std Dev

" Relative Precision of: %

" Percentile: |95.00 2%

Less << Set Default | Help |

The additional fields and options are:

Window Size  Sets whether forecast windows appear Small

Show

or Large. Size is defined for each chart
separately. After selecting the Large chart
size, more groups become available for this
forecast on the Chart Preferences dialog.

Sets whether to display the forecast window
automatically while the simulation is
running or when the simulation is stopped.

You can display one or more forecasts while
the simulation is running. If you decide not
to display the forecast, the simulation
continues to run. You can override this
option and close all the forecast windows
using the Suppress Forecast Windows option
in the Run Preferences dialog. For more
information, see “Speed preferences” on
page 167.

Crystal Ball Note: Running a simulation with the forecast windows
closed decreases the time required to run the simulation.
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While Running Displays the forecast window automatically
during simulations. This slows down the
simulation.

When Stopped Displays the forecast window automatically
after the simulation stops. This is faster
than displaying the window during
simulations.

Specify Turns on the precision control settings for
the forecast. Crystal Ball only uses these
settings if the simulation is set to stop when
it reaches the specified precision from the
Run Preferences dialog. For more
information, see “Irials preferences” on
page 164.

Absolute Precision
Determines the size of the confidence
interval, in actual forecast units, used to test
the precision of the forecast statistics.

Relative Precision
Determines the size of the confidence
interval, in percentage terms, used to test
the precision of the forecast statistics.

Crystal Ball Note: See “Confidence intervals” on page 115 for more
information about how the absolute and relative precision relate to the
confidence interval.

For These Statistics
Selects which statistics to check for the
precision indicated above. The statistics
available for precision control are: mean,
standard deviation, and an indicated
percentile.

Percentiles If you select Percentile, you can enter any
number between percentile value between
1.00% and 99.00% to use as a precision
control statistic.

Crystal Ball Note: For more information on setting the Precision Control
option and settings, see “Precision Control” on page 243.
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Set Default Applies all the forecast options, such as
window size, window display, and precision
control settings, to all future forecast
definitions.

Editing Crystal Ball data

Crystal Ball provides edit commands to let you copy, paste, or
clear assumptions, decision variables, or forecasts from cells.
This feature lets you set up a whole row or column of
assumptions, decision variables, or forecasts with just a few
steps.

Excel Note: Using the Excel cut, copy, and paste commands only copies
the cell value and attributes, including cell color or pattern. The Excel
commands do not copy the Crystal Ball data, even though they appear to
since the cell colors copy. To copy Excel data and Crystal Ball data, you
must use the Excel edit commands and then use the Crystal Ball edit
commands to copy the Crystal Ball data.

To copy Crystal Ball data:

1. Select a cell or a range of cells that contains the Crystal Ball
data you want to copy.

Crystal Ball Note: Make sure the range only contains one type of Crystal
Ball data, such as assumptions, decision variables, or forecasts. If your
range contains mixed Crystal Ball data, Crystal Ball only copies the first
data type in the range.

2. Select Cell > Copy Data.

Crystal Ball copies the selected Crystal Ball data to the
clipboard.

To paste Crystal Ball data:
1. Select a cell or a range of cells that you want to paste into.
2. Select Cell > Paste Data.

Crystal Ball pastes each copied item from the clipboard area
(mapping one for one, row by row) into the cells you selected.
Any existing Crystal Ball data is replaced with the new data.
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Crystal Ball Note: If there are more copied Crystal Ball items in the
clipboard area than cells in the selection, the remaining Crystal Ball items
are ignored. If there are more cells in the selection than Crystal Ball items
in the clipboard area, the Crystal Ball items in the clipboard area are
reused, starting with the first one in the list. If copied Crystal Ball data
remain in the clipboard, the clipboard empties when you run a simulation.

To clear Crystal Ball data:

1. Select a cell or a range of cells that contains the Crystal Ball
data you want to clear.

Crystal Ball Note: Make sure the range only contains one type of Crystal
Ball data, such as assumptions, decision variables, or forecasts. If your
range contains mixed Crystal Ball data, Crystal Ball only clears the first
data type in the range.

2. Select Cell > Clear Data.
Crystal Ball clears the Crystal Ball data from each cell.

To clear all of one type of Crystal Ball data from all cells in the
active spreadsheets:

1. Select either:
*  Cell > Select All Assumptions
¢ Cell > Select All Decisions
* Cell > Select All Forecasts

2. Select Cell > Clear Data.

Crystal Ball clears the Crystal Ball data from all the selected
cells in the active spreadsheets.



Selecting and reviewing your data

After you define the assumption, decision variable, and forecast
cells and return to the spreadsheet, you might want to check the
assumptions, decision variables, and forecasts to make sure you
have defined the cells as you intended. With Crystal Ball, you
can select all the assumption, forecast, and decision variable
cells and check their corresponding dialogs in sequence. If you
find a cell that is not defined correctly, you can redefine it.

To review all assumption cells:

1.

Select Cell > Select All Assumptions.

Crystal Ball selects each cell defined as an assumption.
Select Cell > Define Assumption.

The distribution dialog for the first assumption cell appears.
Change the distribution (optional).

Click on OK.

If you have more than one assumption cell, each assumption
appears in turn. Repeat steps 3 and 4 to check the
assumptions for each cell.

To review all decision variable cells:

1.

Select Cell > Select All Decisions.
Crystal Ball selects each cell defined as a decision variable.
Select Cell > Define Decision.

The Define Decision Variable dialog for the first decision
variable cell appears.

Change the decision variable parameters (optional).
Click on OK.

If you have more than one decision variable cell, each
decision variable appears in turn. Repeat steps 3 and 4 to
check the decision variables for each cell.

To review all forecast cells:

E|| 1. Select Cell > Select All Forecasts.

Crystal Ball selects each cell defined as a forecast.
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2. Select Cell > Define Forecast.
% The forecast dialog for the first forecast cell appears.
Change the forecast definition (optional).
4. Click on OK.

If you have selected more than one forecast cell, each forecast
appears in turn. Repeat steps 3 and 4 to check the forecast
for each cell.

The Cell > Select Some command lets you view, select, or define
assumptions, decision variables, and forecasts from a list. You can
use the Select Some command to:

*  Quickly locate assumptions, decision variables, and
forecasts on your spreadsheet.

*  Modify assumptions, decision variables, and decision
variables chosen from a list.

The Select Some dialog lets you choose from either a list of
assumptions, a list of decision variables, or a list of forecasts.

Clicking on Select highlights the chosen assumptions, decision
variables, or forecasts on the spreadsheet.

Clicking on Define brings up the Define Assumption, Define

Decision Variable, or Define Forecast dialog for each chosen
item.
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Select Some E3

Type

Testing Cost .
2L 228 & Assumptions

Marketing Costs
Patients Cured  Decisions
Growth Rate of Nearsighted
Market Penetration

" Forecasts

Define... |
Cancel |
Help |

To select and define assumptions, decision variables, or forecasts
from a list:

1. Select Cell > Select Some.

The Select Some dialog appears listing all of the assumptions
in your spreadsheet, as in Figure 3.14.

2. Choose the type of data you want to select from by clicking
either Assumptions, Decisions, or Forecasts.

3. Select the items you want to work with from the list.

4. Click on Select or Define to select or redefine the selected
items.

Setting cell preferences

Crystal Ball lets you change the appearance of assumption,
forecast, and decision variable cells so you can quickly identify
them on your spreadsheets. You can set Crystal Ball to change
the appearance of these cells as you define them or you can
change the appearance of predefined cells.
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Pattern Changes the pattern of each Crystal Ball
data cell. You can change the pattern for
each cell type separately. The new pattern
applies to any existing and new Crystal Ball
cells.

Color Changes the color of each Crystal Ball data
cell. You can change the color for each type
separately. The new color applies to any
existing and new Crystal Ball cells.

Add Excel Note
Adds an Excel note that describes the
assumption, forecast, or decision variable.

For assumption cells, the note includes the
assumption’s name and its distribution
parameters. For forecast cells, the note just
includes the forecast’s name. For decision
variables, the note includes the decision
variable’s name, the minimum and
maximum values, and step size, if
applicable.

Crystal Ball Note: Crystal Ball only updates cell notes when you define
or redefine an assumption, decision variable, or forecast.

Set To Distribution Mean
Changes the assumption cell value to the
distribution mean, when no simulation is
running.

Set To Range Midpoint
Changes the decision variable cell value to
the range midpoint when no optimization is
running.
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Setting run preferences

With the Run Preferences dialog you can change a number of
factors that determine how Crystal Ball runs a simulation. The
options are grouped on different Run Preferences dialog pages,
and you can open any of these by clicking on the corresponding
button:

* Tiials

* Sampling
* Speed

* Macros

* Options
* Turbo

To change any preferences:

| 1. Select Run > Run Preferences.

2. Click on the button with the preferences you want to
change.

3. Set, select, check, uncheck, or change any preferences you
want to change.

4. Repeat steps 2 and 3 for any other preferences you want to
change on a different dialog.

5. Click on OK.
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The preferences on the Trials dialog are:

Maximum Number Of Trials

Defines the total number of trials that
Crystal Ball runs before it stops the
simulation. If you check either of the
options on this dialog, Crystal Ball only uses
the maximum number of trials if forecast
results do not meet the other Stop criteria
first.

Stop If Specified Precision Is Reached
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Stops the simulation when the statistics
reach a specified precision. You define the
precisions that trigger this option in each
Define Forecast dialog. Any forecasts set to
use precision control must all reach their
specified precision (within the confidence
level) to stop the simulation.

This is On by default. If all the forecasts set
to use precision control don’t meet the
specified precision, the simulation stops
when it reaches the Maximum Number Of
Trials.



Confidence Level

Is used in the calculation of the confidence
intervals for the Precision Control statistics.
Ifyou select the Stop If Precision Is Reached
option, Crystal Ball stops the simulation
when the specified statistics for all the
forecasts set to use precision control
(indicated in the Define Forecast dialogs)
fall within the calculated confidence
interval.

Crystal Ball Note: For more information on how Precision Control uses
the Confidence Level, see Chapter 5, “Maximizing Your Use of
Crystal Ball” and Appendix B, “Equations and Methods”.

Stop On Calculation Error

Sampling preferences
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Stops the simulation when a mathematical
error (such as division by zero) occurs in any
forecast cell.

If no calculation errors occur, the
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Maximum Number Of Trials or (if set) when
the specified precision is reached.
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The Sampling preferences are:

Use Same Sequence Of Random Numbers
Sets the random number generator to
generate the same set of random number
for assumptions, letting you repeat
simulation results.

When you select this option, enter a seed
value in the Initial Seed Value field.

Crystal Ball Note: To reproduce the sample results shown in this
manual, check this option and use a seed value of 999.

Initial Seed Value
Determines the first number in the
sequence of random numbers generated for
the assumption cells.

Sampling Method
Sets whether to use Monte Carlo or Latin
hypercube simulation. Latin hypercube
sampling generates values more evenly and
consistently across the distribution, but
requires more memory. For more
information, see “Sampling methods” on
page 113.

Sample Size For Correlation And Latin Hypercube
Sets the number of assumption values in a
group generated ahead of time for use with
correlated assumptions or Latin hypercube
sampling. The default is 500. The
maximum is 5000.

A higher value increases the number of
values generated ahead of time, increasing
accuracy but requiring extra memory. The
accuracy of both features increases at
roughly a linear rate with increases in
sample size. For more information, see
“Simulation accuracy” on page 243.
Crystal Ball might automatically increase
this number to make the sample size at least

as large as the number of correlated
assumptions.
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CB Turbo Note: CB Turbo also uses the Sample Size option. If you use
CB Turbo, see your CB Turbo User Manual for information on using this
option with that product.
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The Speed preferences are:

Use Burst Mode When Able

Burst Amount

Makes Crystal Ball batch messages when it
communicates with Excel. This decreases
the amount of time required to run a
simulation, but also reduces the
responsiveness of the system.

Disable this option for large models or if
you plan to work on other parts of the
system during simulations.

Sets the size of the message batches Crystal
Ball uses to communicate with Excel. This
must be awhole number greater than 0. The
default is 10.
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Minimize While Running

Sets whether to minimize spreadsheets,
Excel, or nothing during simulations.
Minimizing spreadsheets or Excel speeds
up simulations. Minimizing Excel speedsup
simulations the most.

Suppress Forecast Windows

Macros preferences

Sets whether forecast windows appear
during a simulation. If you don’t check this
option, during a simulation, forecast
windows that were originally defined to
appear during the simulation appear
normally. If you check this option, you can
only view forecast windows after a
simulation using the Open Forecast
Windows dialog.

The Run Preferences Macros dialog lets you select command
macros to run before the simulation begins, during a simulation
(either before or after each spreadsheet recalculation), or after
the simulation ends.

Run Pislssences

Simulstion Cycle!

Uner Macros! Trials |

Before Simulaliom Starts
I Sampling

Bglore Recalculations Speed |

:: Macras |

e Optisns |

Cancel | Help |

Adter Simulation Stops Turbo |
| 2]
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The diagram on the left side of the dialog shows the parts of the
Crystal Ball simulation cycle. In the middle, under the heading
User Macros, are four text fields where you can enter the macro
names to execute during the simulation.

Crystal Ball Note: You cannot call Crystal Ball macros (or macros
containing Crystal Ball macros) from this dialog.

The text fields are:

Before Simulation Starts
Runs the macro only once before the
simulation begins, immediately after you
select the Run command. This macro
doesn’t run again if you continue the
simulation.

Before Recalculation
Runs the macro once before every
simulation trial, before Crystal Ball
recalculates the spreadsheet.

After Recalculation
Runs the macro once after every simulation
trial, after Crystal Ball recalculates the
spreadsheet.

After Simulation Stops
Runs the macro only once after the
simulation, immediately after you select the
Stop command or the simulation stops
itself.

For more information on writing macros, see your Excel user
documentation.

Excel Note: Use the following macro name format:

VBA macro: book1.xls!sheet]l.macrol
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The Options preferences are:

Update Forecast Windows And Check Precision Control

Controls how often Crystal Ball redraws the
forecast charts and checks precision control
during a simulation, e.g., every 50 trials or
every 500 trials. The default is every 50
trials.

Calculate Sensitivity

Sets Crystal Ball to generate sensitivity
information during simulations. This
information appears in the sensitivity chart
to display the influence each assumption
has on a particular forecast. For more
information on the sensitivity chart, see
“Understanding sensitivity and using the
sensitivity chart” on page 223.

The sensitivity chart is not available unless
you selected this option before you run your
simulation.

Turn Off Correlations
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Turbo preferences
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The Turbo preferences are:

Normal

Turbo

Server Name

Sets to run simulations in normal mode
(without CB Turbo).

This is the default, and the only option you
should use unless you have CB Turbo. For
more information about CB Turbo, see the
ABOUTME.DOC file in the Crystal
Ball\CBTurbo folder.

Sets to run simulations in turbo mode,
which requires CB Turbo. For more
information about CB Turbo, see the
ABOUTME.DOC file in the Crystal
Ball\CBTurbo folder.

Indicates which server and port number to
use for turbo simulations. The syntax is

<host_name>:<port_number>

where <host_name> is the CB Turbo server
host name and <port_number> is the port
number on the server that CB Turbo uses,
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usually 24158. See your CB Turbo network
administrator to change your server
settings.

Running the simulation

After you define assumption, forecast, and decision variable
cells in the spread-sheet model, you are ready to run the
simulation. Crystal Ball uses a technique called Monte Carlo
simulation to forecast the entire range of results most likely to
occur in the situation you have defined in your spreadsheet
model. This technique involves generating random numbers for
the assumption variables. While the simulation is running,
Crystal Ball displays these assumption results in a forecast chart
that shows the entire range of possible outcomes. Crystal Ball
provides descriptive statistics for any forecast, which summarize
the results numerically. Descriptive statistics are discussed in
Chapter 4, “Interpreting the Results”.

How Crystal Ball uses Monte Carlo simulation

Crystal Ball implements Monte Carlo simulation in a repetitive
three-step process. For each trial of a simulation, Crystal Ball
repeats the following three steps:

1. For every assumption cell, Crystal Ball generates a number
according to the probability distribution you defined and
places it into the spreadsheet.

2. Crystal Ball recalculates the spreadsheet.

3. Crystal Ball then retrieves a value from every forecast cell
and adds it to the graph in the forecast windows.

Although Monte Carlo simulation is meant to portray a real-
world situation, keep in mind that the spreadsheet model can
only approximate the elements of the real world. As you
examine the problem, you can eliminate certain variables and
add others to the spreadsheet model. Continue to refine the
model until you feel it describes the real-world situation as
accurately as possible.
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Simulation overview

When running a simulation in Crystal Ball, you can stop,
continue, or reset the simulation at any time. You can display the
forecast chart for each forecast cell or run the simulation with
the forecast windows closed. You can select windows, cascade
windows, open all of the forecast charts at the same time, or
bring the spreadsheet or a forecast window to the front of the
other windows.

You can even continue to work in Excel as you normally would
while the simulation is running, with the following exceptions:

* Do not change the assumption or forecast cells.
* Do not change the calculation options.

* Do not close spreadsheets that contain assumptions or
forecasts.

¢ Do not exit Excel.

While the simulation is running, Crystal Ball creates a forecast
chart for each forecast cell using frequency distributions. A
frequency distribution shows the number or frequency of values
occurring in a given group interval.
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In Chapter 4, you will find a more detailed explanation on how
to interpret the forecast chart. For now, remember that the chart
displays the forecast results, showing you how the forecast values
are distributed and the likelihood of achieving a given result. As
you run the simulation, observe the shape of the distribution to
get a feel for the problem you are trying to solve. In Figure 3.21
(frequency distribution for Net Profit), for example, you see that
most of the values are clustered around central group intervals.
You also see the variation around these group intervals and a
clump of values at the right end.

Excel Note: Each forecast window has its own set of Edit, Preferences,
View, Run, and Help menus with the Run menu duplicating the Run
menu on Excel’s menu bar. You can use whichever menu bar is the most
convenient. Clicking on the Excel menu bar brings Excel forward and
makes the forecast windows disappear. If this happens, you can quickly
bring the forecast windows back to the front by pressing <Alt>-<Tab>.

During the simulation, Crystal Ball saves the forecast values in a
list that grows as the simulation progresses. Later in this chapter,
you will learn how to export these forecast values to other
programs, such as a statistical analysis program. Chapter 4 also
explains how to focus on a particular range of forecast values.

Running/Stopping/Continuing/Re setting

As you run a simulation, you can stop, continue, or reset at any
time. Crystal Ball runs trials automatically, but you also have the
option of observing each individual trial to see how the values

change.

To run a simulation:

.- | 1. Select Run > Run.

If you set the forecast to appear in the Define Forecast dialog,
a forecast window appears. As the simulation proceeds, the
frequency distribution is updated on the forecast chart to
reflect the changing values in the forecast cell.

Crystal Ball Note: The Total Trials counter in the lower left corner of
Excel’s status bar shows the simulation’s progress.

2. To stop a simulation, Select Run > Stop (use the Run menu
on the front-most forecast window).



To continue a simulation:

3. Select Run > Continue.

To reset the simulation and start over again:

4. Select Run > Stop.
5. Select Run > Reset.

A dialog appears with a message asking you to confirm your
request to reset the simulation.

6. Click on OK.

Crystal Ball resets the number of trials to 0 and clears the list
of forecast values and statistics for each forecast. However, the
assumption and forecast definitions remain.

7. Change any assumptions or forecasts as needed.

.- | 8. Select Run > Run.

ha-

The simulation starts over again.

Before you run a simulation or after you have stopped it, you
can use the Single Step command to watch the Monte Carlo
process generate one set of values at a time for the assumption
cells and recalculate the spreadsheet. This feature is useful if you
are trying to track down a calculation error or to verity that the
values being produced for your assumption cells are valid.

To observe an individual trial (you can only do this when the
simulation is not running):

1. Select Run > Reset.

2. Select Run > Single Step to execute one iteration of the
simulation.

Crystal Ball Note: Single Step does not create or update forecast
windows; it only produces values for the assumption cells and recalculates
the spreadsheet.
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Closing forecasts

You can close the forecast windows at any time and the
simulation will continue. Running a simulation with the forecast

windows closed decreases the time required to run the
simulation.

To close a forecast window, click on the Close icon in the top
right corner of the forecast window.

Managing windows

While the simulation is running, you can use the Run > Forecast
Windows command to open or close all the forecast windows,

open or close selected forecast windows, or cascade the forecast
windows.

To manage forecast windows:

% 1. Select Run > Forecast Windows.

A dialog appears that gives you the following options:

Open All Forecasts
Click this to open all forecast windows.

Close All Forecasts
Click this to close all forecast windows.

Open Selected Forecasts
Select the forecasts you want to open and
click Open Selected Forecasts. You can
select as many forecasts as you want before
clicking Open Selected Forecasts.

Close Selected Forecasts

Select the forecasts you want to close and
click Close Selected Forecasts. You can select
as many forecasts as you want before
clicking Close Selected Forecasts.

Cascade Forecasts

Click this to neatly stack all windows in front
of the spreadsheet.
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Responding to problems with correlated assumptions

If Crystal Ball detects inconsistently correlated assumptions, it
first determines whether small adjustments to the correlation
coefficients are possible. This process might take a long time,
depending on the number of correlated assumptions. Crystal
Ball displays the message “Examining the Correlation
Coefficients”. If you get this message, you should probably stop
and redefine your correlations.

If small adjustments to the correlation coefficients are possible,
a dialog appears, letting you decide whether to cancel the
simulation or continue with the adjusted coefficients.

Select one of the following responses:

* Click on Adjust Coefficients This Time Only to continue the
simulation with the adjusted coefficients.

Since adjusted coefficients are not saved permanently, a
dialog appears again if you stop and restart the simulation.

* To continue the simulation, replacing your original
correlation coefficients with the adjusted ones, click on Adjust
Coefficients Permanently.

Crystal Ball Note: Correlation coefficients that were specified using a
cell reference in place of an actual value are replaced with a permanent
value.

¢ To terminate the simulation, click on Cancel.

If small adjustments to the correlation coefficients are not
possible, the simulation stops with an error message prompting
you to reexamine your coefficients. To solve the problem, you
can usually make large coefficients smaller or change your
spreadsheet model to use formulas to calculate assumptions
with large correlation coefficients. Creating a report containing
just your assumptions might make it easier to spot problems.
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Saving and restoring a simulation

You can save your Crystal Ball simulation to disk and later
restore it. This is useful in several ways:

* You can run a simulation, set the chart settings the way you
want them, save your simulation, and go on to other work.
You can then, at a moment’s notice, call up the forecast
windows and show them to someone else without running the
whole simulation again.

* You can open a saved run and graph its results in a different
way, or use the Extract Data and Create Report features.

* Ifyou have a simulation that takes a particularly long time to
run, you can stop the simulation, save it to disk, and continue
it. That way, should the simulation be interrupted (by a
power failure, for instance) you can restore the simulation
from the last time you saved it and continue processing as if
nothing had happened.

* You can copy a saved simulation and its spreadsheets to a
floppy disk and open them on another computer where
Crystal Ball is installed.

Saving a Crystal Ball simulation

To save a Crystal Ball simulation, select Run > Save Run. You
can only save a run after a simulation stops. Crystal Ball uses the
name of the topmost spreadsheet for the default name of the
save run file.

The Save Run dialog appears, as in Figure 3.22. It lets you
determine the name and location of the saved run file.
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Crystal Ball saves a lot of information about your simulation to
the file including a list of all the spreadsheets that were open
that contain one or more assumptions or forecasts. If there is a
need to save other spreadsheets that must automatically reopen
when you restore a simulation, simply create a dummy
assumption on these other spreadsheets: define a cell in the
sheet as a uniform distribution.

Crystal Ball checks to make sure that all the sheets in the saved
run have been saved to disk. If you have created a new sheet and
have added assumptions or forecasts to it, Crystal Ball asks you
to save it first.

Crystal Ball also records which spreadsheet was active when you
saved the run. Before you save your run, you can click on the
most important spreadsheet to bring it forward. Then when you
restore the run, Crystal Ball will bring that sheet to the front.

Crystal Ball Note: Saving a run does not save sensitivity data. You can
only save part of the sensitivity information by creating a report with the
sensitivity chart included and then saving the report.

Once you have saved the simulation you can continue working
with Crystal Ball.
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Restoring a Crystal Ball simulation

To restore a Crystal Ball simulation that you saved earlier, select
Run > Restore Run. The Restore Run dialog appears, as in

Figure 3.23.
Restore Run K1 E3
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Crystal Ball Note: You cannot restore a simulation if the current
simulation is not reset first.

The file list contains only files that have the RUN file type. If
you try to open a file that is not a Crystal Ball saved run, or if
Crystal Ball recognizes that a saved run file has somehow been
damaged, you will not be able to open the file, and a dialog
appears containing the message, “Sorry, that file is not a Crystal
Ball saved run.”

This simply means that Crystal Ball did not recognize the
contents of the file. Click on OK to continue.

Crystal Ball opens all the spreadsheets associated with the saved
run file if they are not already open.

If you are restoring a large run file with many spreadsheets and
forecasts, you might get an “out of memory error.” Check your
computer to determine the amount of free memory available,
then release it by quitting other applications. Check free
memory again before retrying your run file.
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Saving your models

The distributions you specified for each assumption cell, the
settings you specified for each forecast cell, and the range
information for each decision variable cell are saved with their
spreadsheet through the Excel save process.

When you later reopen the spreadsheet, Crystal Ball
“remembers” your assumption, forecast, and decision variable
cells, so you can pick up where you left off.

This chapter provided the step-by-step instructions you need to
run a simulation in Crystal Ball. You are now ready to read

Chapter 4 to learn how to interpret the results of your
simulation.

Closing Crystal Ball

To close Crystal Ball without exiting Excel, select Run > Close
Crystal Ball.

A dialog appears asking you to confirm your decision. If you
click on Yes, the Crystal Ball menus are removed from the menu

bar and Crystal Ball closes.

Crystal Ball also closes automatically when you exit Excel.
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Chapter 4

Interpreting the
Results




Understanding the forecast chart
Determining the certainty level
Focusing on the display range
Customizing the forecast chart
Interpreting the statistics

Understanding and using the overlay
chart

Understanding and using the trend
chart

Understanding sensitivity and using the
sensitivity chart

Changing chart patterns and colors
Creating reports

Extracting data

This chapter helps you interpret the
forecast results, either during or after the
simulation. As you read through the
chapter, you will learn to focus on a
particular range of the forecast results,
customize the forecast chart, interpret the
descriptive statistics, and print
comprehensive reports.

You will also learn how to develop an
overlay chart to view forecasts
superimposed over each other, to develop
and customize a trend chart to view the
certainty ranges of all your forecasts on a
single chart, and to develop a sensitivity
chart to view the impact your assumptions
have on the forecast results.

In this

chapter



Understanding the forecast chart

Number of trials

Outliers
(outlying values)

Certainty grabbers

Display range

Certainty level

While a simulation is running, Crystal Ball creates a forecast
chart for each forecast cell. The forecast chart displays the
results of the simulation graphically in an easily understood
format.

As discussed in the section “Simulation overview” on page 173,
the forecast chart uses frequency distributions to show the
number (frequency) of values occurring in a given interval. The
highest value on the frequency scale to the right of the chart is
the frequency for the group interval that contains the greatest
number of forecast values—the mode of the frequency
distribution. You can estimate the frequency for other points on
the forecast chart using this frequency scale.

The highest value on the probability scale to the left of the chart
is the probability for the mode. You can estimate the probability
for other points on the forecast chart using this probability scale.

In the example below, the mode (on the extreme left of the
distribution) has a frequency of 19, meaning that there are 19
values in the interval expressed by that column. The mode has
a probability of 0.038 (or 3.8%), meaning that there is a 3.8%
chance of a value falling within this interval.

The elements of the forecast chart appear in Figure 4.1.
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Crystal Ball forecasts the entire range of results for a given
situation. However, the forecast chart shows only the display
range, which is a subrange of the whole. By default, the display
range includes all values within 2.6 standard deviations of the
mean (approximately 99% of the forecast values). Crystal Ball
then rounds the display range to the next even number of units.
For this reason, outlying values might be excluded from the
display range.

Crystal Ball Note: To display outliers, change the display range
preferences (from the Forecast chart, select Preferences > Display Range)
to display fixed endpoints between -Infinity and +Infinity.

The number of outlying values is shown in the upper right

corner. The number of trials run for this forecast appears in the
upper left corner of the forecast chart. The display range is the
linear distance from ($15.00) to $35.00, as shown in Figure 4.1.

The forecast chart also shows the certainty range for the
forecast. In Crystal Ball, the certainty range includes all values
between the certainty grabbers. In the next section, you will
learn how to change the certainty range.

Crystal Ball Note: When the certainty grabbers are at -infinity and
+infinity, every forecast value is included in the certainty range regardless
of the size of the display range.

Crystal Ball compares the number of values in the certainty
range with the number of values in the entire range to calculate
the certainty level for the forecast. The previous example shows
a certainty level of 100% since the default certainty range
includes all possible values.

By default, Crystal Ball calculates the certainty level based on
the entire range of forecast values. To calculate the certainty
level based just on the display range, in the forecast window
select Preferences > Statistics to display the Statistics
Preferences dialog. In this dialog, select the Base Statistics On
Display Range option.

On either side of the Certainty field, the range minimum and
the range maximum for the certainty range appear.



Determining the certainty level

The certainty level is one of Crystal Ball’s key statistics because
it shows the certainty of achieving the values within a specific
range. With Crystal Ball, you can determine the certainty level
for specific value ranges either by moving the certainty grabbers
on the forecast chart or typing the range minimum and range
maximum in the fields. You can also type any certainty level in
the certainty field to get a certainty range centered around the
mean (or median).

When you move the certainty grabbers, the certainty range
changes and Crystal Ball recalculates the certainty level. When
you type minimum and maximum values, Crystal Ball moves the
certainty grabbers for you and recalculates the certainty level.
When you type the certainty level in the certainty field, Crystal
Ball moves the certainty grabbers to show you the value range
for the certainty level you specified. The certainty level shows
you the certainty of achieving the values between the certainty
grabbers.

To determine the certainty level for a specific value range using
certainty grabbers:

1. Make sure the forecast chart you want to use is the front
window.

2. Move the certainty grabbers on the forecast chart.

The range minimum field shows the value that corresponds
to the position of the left certainty grabber; the range
maximum field shows the value that corresponds to the
position of the right certainty grabber. The Certainty field
shows the certainty level for the area between the certainty
grabbers. Crystal Ball shades the columns outside the
certainty grabbers a different color to show that those values
have been excluded, as illustrated in Figure 4.2.
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The Net Profit forecast chart in Figure 4.2 is the same as the
example preceding it, except that the certainty grabbers have
been moved. The range minimum shows $0.0 and the range
maximum shows $20.0. The key statistic is the certainty level of
64.20% in the Certainty field. By moving the certainty grabbers,
you have changed the certainty range. Crystal Ball compares the
number of values lying within the certainty range to the number
of values in the entire range—f{rom negative $15 million to
positive $35 million—to recalculate the certainty level. With a
certainty level of 64.20%, you can be 64.2% confident of making
a net profit between $0 and $20 million.

When you type values in the range minimum and range
maximum fields on the forecast chart, Crystal Ball moves the
certainty grabbers for you and recalculates the certainty level.

To determine the certainty level for a specific value range using
the range minimum and range maximum fields:

1. In the forecast chart, Type a value in the range minimum
field.

2. Press <Tab> twice and type a value in the range maximum
field.



3. Press <Enter>.

The certainty grabbers move to correspond to the values you
entered. The Certainty field shows the certainty level for the
area between the range minimum and the range maximum.
Crystal Ball shades the columns outside the certainty
grabbers a lighter color to show that those values have been
excluded.

Alternately, you can type the certainty level on the forecast chart
and let Crystal Ball calculate the minimum and maximum for
you. Make sure that the certainty grabbers are free (whenever
you click on an certainty grabber, it turns to a lighter color and
is considered anchored). To free the lighter color certainty
grabber, click in the chart area. Then when you type in a
certainty, it will be centered on the mean (or median, depending
on the setting in the Statistics Preferences dialog).

In the following procedure you will enter a certainty level of 10%
and watch Crystal Ball move the certainty grabbers:

4. Type 10 in the Certainty field.
5. Press <Enter>.

Crystal Ball moves the certainty grabbers to include 10% of
the values centered around the mean of the entire range.

You can also anchor an certainty grabber, type the certainty
level, and Crystal Ball moves the free grabber to correspond to
the value range for the level.

6. Move the left certainty grabber until the minimum range
value is $0.0.

The certainty grabber turns to a lighter color and is
considered anchored.

7. Press <Tab> and type 75 in the Certainty field.
8. Press <Enter>.

Crystal Ball moves the free certainty grabber toward the
anchored certainty grabber to include 75% of the values as in
Figure 4.3.
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You also can cross over the certainty grabbers to determine the
certainty level for the two ends.

You can determine the certainty level for specific value ranges at
any time, either during or after the simulation.

To reset the original certainty range before beginning the next
section:

1.

In the forecast chart, either:

*  Move the right certainty grabber until the range
maximum field shows positive infinity.

* Type +Infinity in the right field.
Either:

*  Move the left certainty grabber until the range minimum
field shows negative infinity.

* Type -Infinity in the left field.

The forecast chart displays a certainty level of 100%, as
displayed in the original forecast.



Focusing on the display range

With Crystal Ball, you can focus on a particular range of the
forecast results by changing one of the options on the Display
Range Preferences dialog. When you select an option, the
display range of the forecast changes to reflect the option you
selected. As you change the display range, you can compare the
probabilities from one range to another to determine the
probability of attaining a particular value. The Apply To All
button in the Display Range Preferences dialog lets you apply an
option to all other forecasts.

To select one of the options on the Display Range Preferences
dialog, make sure the forecast chart you want to change is the
front window and either:

* Select Preferences > Display Range
¢ Double-click the axis values on the forecast chart

The Display Range Preferences dialog appears, as in Figure 4.4.

Display Range Preferences: Net Profit [MM]

Define Display Range

 Using Standard Deviations:  (f3[Hi]

" Using Fixed Endpoints:

Min [-Infinity Max |tInfinity

" Using Certainty Grabbers
¥ Bound Axis Values

0K Cancel Apply To All Help
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You can define the display range in three ways:

Using Standard Deviations
Defines the number of standard deviations
worth of value you want to display.

Using Fixed Endpoints
Sets the display range endpoints manually.

Using Certainty Grabbers
Sets the display range to the current
certainty grabber positions on the Forecast
Window.

There is also a Round Axis Values option that constrains the
display range to round numbers. Each item is described in the
following sections.

Defining the display range using standard deviation

Crystal Ball uses a default display range of 2.6 standard
deviations from the mean, which includes about 99% of the
forecast values. Click the Using Standard Deviations option if
you want to change the standard deviation to focus on values
centered around the mean. For example, you could change the
display range to 1 standard deviation from the mean to look at
approximately 68% of the forecast values.

The forecast chart redraws with the new display range defined
by the standard deviations you entered. If your statistics
preferences are set to base the statistics on the display range, the
number of trials changes to correspond to the number of values
within the new display range. The number of total trials for the
forecast remains the same.

Defining the display range using fixed endpoints

The Using Fixed Endpoints option lets you focus on particular
value ranges. For example, you can focus on positive values only
to look at the profit for a profit/loss forecast.

To define the display range using fixed endpoints:

1. In the forecast window, select Preferences > Display
Range.

The Display Range Preferences dialog appears.



Select the Using Fixed Endpoints option.
Type the value for the minimum endpoint in the Min field.

Press <Tab>.

AN A

Type the value for the maximum endpoint in the Max field.

Crystal Ball Note: To see the entire range of forecast values (100%),
use the default values in the Min and Max fields—negative infinity and
positive infinity. If these values do not appear in the fields:

* For negative infinity, type -inf.
* For positive infinity, type +inf.

Show the entire range only when the simulation is completed. Otherwise,
Crystal Ball attempts to rebuild the forecast chart every time a new
minimum or maximum value occurs, which can slow down the simulation
significantly.

6. Click on OK.

The forecast chart appears again, reflecting the values you
entered. Figure 4.5 shows the Net Profit forecast chart with
display range endpoints of $20.0 and $35.0.
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Defining the display range using certainty grabbers

To define the display range using certainty grabbers:

1. In the forecast chart, move the certainty grabbers to focus
on a particular part of the display area.

2. In the forecast window, select Preferences > Display
Range.

The Display Range Preferences dialog appears.
3. Select Using Certainty Grabbers.
4. Click on OK.

The display range changes to reflect the location of the
certainty grabbers.

Crystal Ball Note: Afier Crystal Ball generates the new display range,
the Certainty Grabber option automatically reverts back to the Fixed
Endpoints option, the default setting.

Changing the axis values to actual values

By default, the x axis values numbers are automatically adjusted
to round numbers to make the forecasts easier to read.

To turn off automatic rounding of the axis value numbers:

1. In the forecast window, select Preferences > Display
Range.

2. Uncheck the Round Axis Values option.
3. Click on OK.

Customizing the forecast chart

You can change the appearance of a forecast chart using the
Chart Preferences and Format Preferences dialogs. Changing
the appearance of the forecast helps you interpret the results of
the simulation by viewing the data in different ways.

To use the Chart Preferences dialog:
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1. Make sure the forecast chart you want to change is the front
window

2. In the forecast window, either:
e Select Preferences > Chart
¢ Double-click on the chart

The Chart Preferences dialog appears, as in Figure 4.6.

Chart Preferences: Met Profit [MM] | x|

—Chart Type Distribution Type ~ Groups —
= Area & Frequency 15
¢ Qutline ¢ Cumulative 25
& Column ¢ Beverse Cumulative 50
75
—Chart Options
M Li ¥ Show Grid Li €1
v
Mean Line ow Grid Lines ~ 150
300
Cancel Apply To All Help

The Chart Preferences dialog provides a variety of options for
changing the appearance of the forecast chart. Change the
appearance of the forecast chart by selecting one or more
options at a time. Use the Apply to All button in the Chart
Preferences dialog to apply an option to all other forecasts.

For some of the options, you can use hot keys to bypass the Chart
Preferences dialog. The following sections describe these hot
keys. They are also listed in Appendix C, “Keyboard
Commands.”
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Changing the chart type

Use the Chart Type options to select the type of forecast chart
you want to display:

area chart Shows the forecast results as darkened peaks
and valleys.

outline chart  Shows an outline of the peaks and valleys.

column chart Displays the forecast results as vertical
columns that correspond to the group
intervals of the distribution. The column
chart is the default chart type.

To change the forecast chart type:

1. In the forecast window, either:

* Select Preferences > Chart

*  Double-click on the chart

The Chart Preferences dialog appears.
2. Select a chart type.
3. Click on OK.

The forecast chart appears in the new chart type, such as
outline, as in Figure 4.7.
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Crystal Ball Note: Use a Crystal Ball hot key to bypass the Chart
Preferences dialog. Each time you press t, the chart type changes from an
area chart, to an outline chart, to a column chart, and back again to an
area chanrt.

Changing the distribution type

Use the Distribution Type options to select the type of
distribution to display on the forecast chart:

frequency distribution
Shows the number or frequency of values
occurring in a given interval. This is the
default distribution type.

cumulative distribution
Shows the number or proportion
(percentage) of values less than or equal to
a given amount.

reverse cumulative distribution
Shows the number or proportion
(percentage) of values greater than or equal
to a given amount.

To change the forecast distribution type:

1. In the forecast window, either:

* Select Preferences > Chart

*  Double-click on the chart

The Chart Preferences dialog appears.
2. Select a Distribution Type.
3. Click on OK.

If you chose the Cumulative option, the forecast chart
appears as a cumulative distribution, as shown in Figure 4.8.
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Crystal Ball Note: You can use a Crystal Ball hot key to bypass the Chart
Preferences dialog. Each time you press d, the frequency distribution
changes from a frequency distribution to a cumulative distribution to a
reverse cumulative distribution and back to a frequency distribution.

Figure 4.8 shows the Net Profit forecast chart as a cumulative
distribution. To create this chart, the frequencies are added
cumulatively, from one end of the range to the other, and then
plotted as a cumulative frequency curve. To understand the
cumulative distribution, look at a particular value, $15.5 (in the
example above). The chart shows that approximately 75% of the
values are less than $15.5, while approximately 25% are greater.
That means there is a 75% chance for a net profit/loss below
$15.5 million and a 25% chance for a net profit above $15.5
million.

Changing groups

The forecast values are always grouped internally into 300
group intervals for small charts and 450 groups for large charts.
To view the data with less detail, use the Groups option to select
fewer group intervals. Working with fewer group intervals might
give you a better overall feel for the results.



To change the number of groups for the forecast results:

1. In the forecast window, either:

* Select Preferences > Chart

¢ Double-click on the chart

The Chart Preferences dialog appears.
2. Select a number of groups.
3. Click on OK.

Using fewer details than before, Crystal Ball displays the
forecast results for a frequency type distribution and a column

type chart.
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Crystal Ball Note: Use a Crystal Ball hot key to bypass the Chart
Preferences dialog. Press g. The number of groups decreases from 300 to
15, and then jumps back up to 300 (450 to 25 for large charts).

Showing grid lines

Use the Show Grid Lines option to turn on or off horizontal grid
lines on the forecast chart. The grid lines help you determine
the frequency and probability for any point on the distribution.
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To select horizontal grid lines on the forecast chart:

1. In the forecast window, either:

* Select Preferences > Chart

*  Double-click on the chart

The Chart Preferences dialog appears.
2. Click the Show Grid Lines check box.
3. Click on OK.

Crystal Ball Note: Use a Crystal Ball hot key to bypass the Chart
Preferences dialog. Press 1 to toggle the horizontal grid lines on and off.

Using the mean line

Use the Mean Line check box to enable or disable a mean line
on the forecast chart. The mean line helps you locate the mean
value of the forecast. To turn on the mean line on the forecast

chart:

1. In the Forecast Window, select Preferences > Chart.
2. Click the Mean Line check box.
3. Click on OK.

Crystal Ball Note: Use a Crystal Ball hot key to bypass the Chart
Preferences dialog. Press m to turn the Mean Line option on and off.

Formatting forecast charts

The number format displayed on the forecast chart comes from
the underlying format of the forecast cell. You can select another
cell format using the Format Preferences dialog.
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To change the format of a forecast:

1. In the forecast window, select Preferences > Format.

The Format Preferences dialog appears, as in Figure 4.10.

Format Preferences: Met Profit [MM])
' Fixed Format Decimal Places: |2
" General Format
" Scientific [eq. 1.0e+6] v Commas

™ Use Underlying Cell Format

oK Cancel |  Apply To All Help

The Forecast Preferences are:

Use Underlying Cell Format
Selects or deselects the underlying cell
format.

Crystal Ball Note: You must disable the Use Underlying Cell Format
check box to select one of the other options.

Fixed Format Displays the forecast chart values with a
specified number of decimal places in a
fixed decimal format.

General Format
Displays the forecast chart values with as

much precision as possible and without any

formatting.

Scientific Displays the forecast chart values in

scientific notation, for example 1.0e+6 for

1,000,000.

Decimal Places Changes the number of decimal places
displayed for fixed and scientific formats.

Commas Displays the forecast chart values with
commas separating thousands for fixed
formats.

201



Chapter

Interpreting the Results

When you click on OK, Crystal Ball reformats the numbers on
the forecast chart. This number format also appears in the

statistics window and on the reports you print.

Use the Apply To All button in the Format Preferences dialog to
apply an option to all forecasts.

Interpreting the statistics

202

Crystal Ball provides summary descriptive statistics in a forecast
window by using statistical and percentiles views.

Statistics view

You can display a full set of descriptive statistics for a simulation
in the forecast window by selecting View > Statistics.

In the example at the top of the following page, statistics are
shown for the entire range of values (100% of the forecast values,
including the extreme values excluded from the default display

range).

Statistical terms listed on this table are discussed in Chapter 2,
“Understanding the Terminology,” and the glossary.

[©3 Forecast: Net Profit (MM) M=l B3
Edit Preferences  MWiew Fun Help
Cell C23 Statistics
Statiztic Walue Precizion
Trials 500
Mean $8.0 $1.0
Median $8.3 $1.0
M ode
Standard Deviation $11.3 30.6
Warance F127.7
Skewness 0.24
Kurtogis 2E5
Coeff. of Wanability 1.4
Range Minimum [$15.0
Range Marimum $34.8
R ange Width $49.3
Mean Std. Error $0.51

* Statiztics shown in colar are tested for $1.0 precizion at 35.00% confidence




Crystal Ball Note: When the Precision Control feature is not on, or if
the forecast does not have any Precision Control options set, the Precision
column doesn’t appear in the statistics view.

Percentiles view

You can display percentile information in 10% increments in the
forecast chart by selecting the View > Percentiles.

[©3 Forecast: Met Profit [MM) | |O] x|
Edit Preferences  MWiew Fun Help
Cell C23 Percentiles
Fercentile Millians Frecizion
0% [$15.0
10% [$13.1) 371
20% [$0.8) $1.3
0z $3.1 $1.1
0% $5.9 $1.1
A0 $8.3 $1.0
EO% $11.5 $1.3
FUES $14.2 $1.0
kS $17.3 $1.1
q0% $22.2 $1.3
100% $34.8
* Statiztics shown in color are tested for $1.0 precizion at 35.00% confidence

Crystal Ball Note: When the Precision Control feature is not on, or if
the forecast does not have any Precision Control options set, the Precision
column doesn’t appear in the percentile view.

Changing how statistics are calculated

Crystal Ball lets you change the way the statistics and certainty
levels are computed. By default, this information is calculated
based on the entire range of forecast values. However, the
statistics preference dialog lets you base the calculations on the
display range instead, allowing you to focus on a specific range
of the frequency distribution. For example, you could determine

the certainty of making at least $1,000 per month if the project
is profitable.
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To use these options:

1. In the forecast window, select Preferences > Statistics.
The Statistics Preferences dialog appears, as in Figure 4.13.

2. Change the preferences.

3. Click on Apply To All.

The changes apply to all forecast windows.

Statiztics Preferences: Met Profit [MM] |
—Base Statistics on Certainty Range
& Entire Range i+ Center on Mean
" Display Range " Center on Median

—Show Percentiles as
& Probability below a value:

" Probability above a wvalue

Apply To All I Cancel Help

The statistics preferences are:

Entire Range Bases the calculated statistics on all the
generated forecast values, including
outliers that don’t appear on the forecast
chart.

Display Range Bases the calculated statistics on only the
forecast values that fall in the display range.
For more information on the display range,
see “Focusing on the display range” on
page 191.
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Center On Mean
Centers the certainty range around the
mean of the frequency distribution, unless
one of the certainty grabbers is locked. See
“Determining the certainty level” on
page 187. This is the default.

This option also affects how the trend chart
draws certainty bands.

Center On Median
Centers the frequency distribution on the
median, unless one of the certainty
grabbers is locked. See “Determining the
certainty level” on page 187.

This option also affects how the certainty
bands are centered on the trend chart.

Probability Below A Value
Defines percentiles as the percent chance
(probability) that the associated variable
value is below a particular value.

Selecting this option also affects the
percentiles used for the assumption
alternate parameters.

This is the default percentile setting.

Probability Above A Value
Defines percentiles as the percent chance
(probability) that the associated variable
value is above a particular value.

Selecting this option also affects the
percentiles used for the assumption
alternate parameters.

Understanding and using the overlay chart

After completing a simulation with multiple related forecasts,
you can use Crystal Ball’s overlay chart feature to view the
relative characteristics of those forecasts on one chart. The
overlay chart superimposes the frequency data from selected
forecasts in one location so that you can compare differences or
similarities that otherwise might not be apparent. There is no
limit to the number of forecasts you can view at one time on the
overlay chart.
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For example, if a model had several forecasts based on slightly
different interest rate assumptions, the overlay chart can be
used to show how these slight differences manifest themselves in
the variability of the forecasts. You can customize the overlay
chart to accentuate these differences or similarities.

After the simulation is stopped, you can also use the overlay
chart to fit a standard distribution to any single forecast. This
process is similar to the distribution fitting feature described in
Chapter 3, except that the fit is applied to forecasts, not
historical data.

Crystal Ball Note: You can only use the overlay chart after a simulation
is stopped.

Creating the overlay chart

In the Crystal Ball Examples folder there is a Reliability
Engineering spreadsheet you can use to experiment with the
overlay chart function. The overlay chart that you create shows
the reliability of a design component when it is made from
different materials and is subjected to varying stresses.

To create an overlay chart:

1. Close any spreadsheet windows that are currently open.
2. Select File > Open.

3. Open the Reliability spreadsheet (Reliability.xls) from the
Crystal Ball Examples folder.

The Reliability Engineering spreadsheet loads. You can scroll
the spreadsheet down one page to see a detailed description
of how the model works.

.- | 4. Select Run > Run.

The three forecast charts for this example appear, one for
each of the materials used to make the design component.



@ Owerlay Chart _[O]
Edit Preferences “iew HRun Help

After at least 500 trials, select Run > Stop.

Each forecast chart displays the design component’s
reliability as a ratio of two distributions, strength to stress. A
reliable component has values greater than one, because the
component’s strength exceeds the stress subjected to it. An
unreliable component has values less than one, because its
strength is less than the stress.

You can slide the left certainty grabber to “1.00” or type “1”
in the range minimum field to view the predicted reliability
of the component in the certainty statistic.

Select Run > Open Overlay Chart.
An empty Overlay Chart dialog appears, as in Figure 4.14.

Probability

Frequency Comparison

000
A oo o e m oo n oo e oo oo oo
A oo o e m oo n oo e oo oo oo
11
.0oo
0.00 0.00 0.00 000 0.00
| Add Distribution... | | Add Data... |
| chartPrefs.. | [ Removean | Help |

7.

Click on Add Forecast... to select the forecasts to include in
the overlay chart.

The Choose Forecasts dialog appears, listing all of the
forecasts in the simulation.
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8. Click on Choose All to include all three forecasts in the
overlay chart display.

The order in which you chose the forecasts determines the
order in which they are displayed on the overlay chart. You
can order the forecasts differently by highlighting each, then
clicking on Choose Forecast.

9. Click on OK to place the forecasts on the overlay chart.

The overlay chart is built and displayed with the frequency
distributions for the three forecasts superimposed over each
other. In this view, it is easy to see each forecast’s variability
and location with respect to one another.

10. Press the “d” key until the Reverse Cumulative Comparison
type appears.

Crystal Ball Note: Similar to steps 10 and 11, keyboard equivalents for
quickly changing each of the overlay chart preferences can be found under
“Overlay/Comparison chart hot keys” on page 348.

11. Press the “t” key until the outline chart type appears.

The chart type changes to show all three distributions
completely, as in Figure 4.15. This chart type most clearly
demonstrates that the third distribution, Material 3
Reliability, dominates the other distributions. We can
conclude that Material 3 has the highest reliability and is
superior to the other two since a greater proportion of its
distribution is to the right of 1.00.
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| Add Distribution... | | Add Data... |
Chart Prefs... | | Remove All | Help |

Customizing the overlay chart

You can customize the overlay chart by making selections on the
Overlay Chart Preferences dialog. Customizing the overlay
chart helps you compare the forecasts by viewing their
differences in several ways. For example, the area and column
chart types might obscure parts of some distributions behind
other distributions, but the outline and line chart types show
virtually all of each distribution.

To use the Overlay Chart Preferences dialog:

1. In the Overlay Chart dialog, either:
¢ (Click on Chart Prefs
¢ Select Preferences > Chart

The Chart Preferences dialog appears as shown in Figure
4.16. Most of the chart preferences features are the same as

those used for the forecast charts, except for those described
below.
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Title: |
—Chart Type | [ Distribution Type ~Groups —

" Area " Frequency 15
& Qutline  Cumulative 25
¢ Column ¢ Bewverse Cumulative 50
i I__ine|1 [~ Difference 75
Dots I"1 ~Chart Options & 100
¥ Show Legend € 150
¥ Show Grid Lines 300
0K Cancel | Apply To All Help

2. Set your options.
3. To return to the overlay chart, click on OK.
The chart display updates with your selections.
The options for the overlay chart are:
Title Assigns a title to the overlay chart. This title

appears in the overlay chart window and on
any reports that include the chart.

Chart Type Sets how the chart is displayed.

Type Displays the chart as:

Area A filled area.

Outline An outline of the top of the
area with the forecast
values.

Column A series of bars, like a
histogram.
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Lines/Dots A line connecting dots that
represent a point in each
interval. The line and dot
values control thickness of
the line and the size of the
dots (in pixels). The values
must be less than 16.

Distribution Type

Show Legend

Controls whether the distribution is a:

Frequency Height determines the
number of times the value
fell within that interval.
This is the default.

Cumulative Height determines the
probability that the variable
falls at or below the
associated value.

Reverse Cumulative
Height determines the
probability that the variable
falls at or above the
associated variable.

Difference Displays the difference
between different items on
the overlay chart. All
selected forecasts are
subtracted from the first
forecast.

Displays the name of each forecast or
probability distribution along the right side
of the chart.

Show Grid Lines

Groups

Displays horizontal grid lines on the overlay
chart.

Defines the number of intervals that Crystal
Ball groups the forecast values into for
display. The choices range from 15 to 300
for regular charts and 25 to 450 for
maximized charts.
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You can also change each distribution’s chart preferences
individually to view them in different formats. Press the <Ctrl>
button, and then click the legend name to display the Chart
Preferences dialog for only one distribution.

Using distribution fitting with the overlay chart

Similar to the distribution fitting with historical data described
in Chapter 3, the overlay chart can be used to fit standard
probability distributions to forecasts, in addition to comparing
forecasts to each other. Much of the process of fitting
distributions to forecasts is the same as that of fitting to
historical data and is described beginning on page 138. The
steps are included here; those that are different from “How
distribution fitting works” in Chapter 3 have a detailed
description.

To fit a probability distribution to one of your forecasts:

1. Runthe example ending on page 208, if you haven’t already
done so.

2. In the Overlay Chart dialog, click on Add Distribution.

The Distribution Gallery appears. If you just want to fit a
particular probability distribution to your forecast, select the
distribution from the gallery and click on OK. However, in
this example you will choose all of the distributions.

3. Click on Fit to begin the distribution fitting process.

The first of two Fit Distribution dialogs appears, which is
used to select the data to which the distribution is fitted. You
can use one of the overlay forecasts or historical data from a
file; this example uses an overlay forecast.

These dialogs are discussed in detail in “Fitting distributions
to data” beginning on page 138.

4. Click the radio button for Overlay: Material 1 Reliability to
display the forecasts for selection.

The Choose Overlay dialog appears, as in Figure 4.17.



Choose Overlay

Material 1 Reliabili

Material 2 Reliability
Material 3 Reliability

Cancel Help

10.

11.

Click on Material 3 Reliability to select the forecast for
fitting.

Crystal Ball fits probability distributions to the Material 3
forecast.

Click on OK to return to the first Fit Distribution dialog.

Click on Next to select the distributions to be fitted and the
ranking method.

The Fit Distribution (2 of 2) dialog appears. For our example,
choose All Continuous Distributions and the Chi-square Test
ranking method.

Click the Show Comparison Chart And Goodness-of-Fit
Statistics option, if it is not already checked.

Click on OK to fit the distributions and to display the
comparison chart.

Crystal Ball fits the distributions, and then displays the
selected forecast with each fitted probability distribution.

Optionally, click on Next/Prev. Distribution buttons to
scroll through the fitted distributions.

Optionally, click on Prefs to customize the display.
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12. Click on Accept.
The Distribution dialog appears.
13. Click on OK.

Crystal Ball places the currently displayed distribution on the
overlay chart.

At this point, the overlay chart displays with a fitted distribution
superimposed over the Material 3 Reliability forecast on the
overlay chart, similar to Figure 4.18. Use this display to view the
forecasts’ shapes and characteristics, as in the example below.

I§I Owerlay Chart | [=] [E3
Edit Preferences Yiew Run Help

Frequency Comparison

046
B Eeta Distribution

0 (20432, 274.41.2.72)
2 B Materisl 1 Relahilty
5 023
< B Haterial 2 Reliability
£ mz

000 O Material 3 Reliability

0.90 1.01 1.12 1.24 1.35
It | Edit Digtribution... | | Add Data... |
| Chart Prefs... | | Bemowve All | Help |

Other overlay chart features

In addition to the features described in this section, several
more are available.

Edit Distribution
Appears after a you add a distribution to the
overlay chart. Use this button to change or
remove the overlaid distribution.

Add Data Adds data from a text file to the overlay
chart. The text file must contain only
numbers separated by tabs and/or line
breaks. Any numbers proceeded by a special
character (such as $) are ignored.



Remove All Clears the overlay chart. You can then re-
order the forecasts, rebuild the overlay
chart, and fit the probability distributions
again.

Understanding and using the trend chart

After completing a simulation with multiple related forecasts,
you can create a trend chart to view the certainty ranges of all
the forecasts on a single chart. A trend chart summarizes and
displays information from multiple forecasts, making it easy to
discover and analyze trends that might exist between related
forecasts. You can customize your trend chart to display the
probability that given forecasts will fall in a particular part of a
value range.

For example, if a model contains forecasts related through time,
the trend chart could be used to view the certainty ranges for
each forecast side by side. The certainty ranges for an early time
period and a later time period could be compared with each
other at a glance.

Crystal Ball Note: The trend chart is only available after a simulation
is completed and is only meaningful when you have multiple forecasts that
are related to each other.

Understanding the trend chart

The trend chart displays certainty ranges for multiple forecasts
in a series of patterned bands. Each band represents the
certainty ranges into which the actual values of your forecasts
fall. For example, the band which represents the 90% certainty
range shows the range of values into which your forecast has a
90% chance of falling. By default, the bands are centered around
the mean of each forecast.

Use the Trend Chart Preferences dialog to change the location
of the bands so that they are anchored at either the high end or
the low end of the projected forecast ranges. Changing the
location of the bands is useful when analyzing cumulative or
reverse cumulative probabilities (unless your certainty range is
set to center on the median).
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Creating the trend chart

In the Crystal Ball Examples folder there is a Sales Projection
spreadsheet you can use to experiment with the trend chart
function. The trend chart that you create displays the
probability that a manufacturer’s gross sales will fall within a
particular range of values over a three-year period.

To create a trend chart:

1. Close any spreadsheet windows that are currently open.
2. Select File > Open.

3. Open the Sales Projection.xls spreadsheet from the
examples folder.

The Quarterly Sales Projection spreadsheet appears.

Select Run > Run.

v

One of the forecast charts for the manufacturer’s spreadsheet
appears (there are 12 forecasts for this spreadsheet). As the
simulation proceeds, this chart changes to reflect the
changing values in the forecast cells. Run about 200 trials
before stopping the simulation.

5. Select Run > Stop.

& | =

Select Run > Open Trend Chart.
The trend chart appears, as in Figure 4.19.

The trend chart displays the certainty ranges on a quarterly
basis over a three year period. Because the model contains
quarterly forecast formulas dependent on the previous quarter’s
results, the bands widen in the future. This occurs because the
standard deviation of the forecasts increases or widens for each
quarter. Trend charts like the one illustrated in Figure 4.19
demonstrate the compounding of uncertainty that occurs as
predictions are made farther and farther into the future.
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Customizing the trend chart

Use the Trend Preferences dialog to customize the trend chart.
Changing the appearance of the trend chart helps you interpret

the results of the simulation by allowing the data to be viewed in
different ways.

To use the Trend Preferences dialog:

1. At the bottom of the Trend Chart dialog, click on Trend
Prefs.

The Trend Preferences dialog appears, as in Figure 4.20.

The Trend Preferences dialog provides a variety of options
for changing the appearance of the trend chart and selecting
specific forecasts for display. The appearance of the trend

chart can be changed by selecting one or more options at a
time.

For some of the options, you can use hot keys to bypass the
Trend Preferences dialog. These hot keys are described in the

following sections and are listed in Appendix C, “Keyboard
Commands.”
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Choosing forecasts

Use the Forecasts option to select the forecasts to include on the
trend chart. You can select all forecasts, selected forecasts, or just
those forecast charts that are visible.

To select the forecasts to display:

1. In the Trend Chart, click on Trend Prefs.
2. Either:
* To include all the forecasts, click on All.

* To include only the forecasts that have open forecast
windows, click on Open.

* lo include only selected forecasts, click on Chosen.

A selection dialog appears, letting you choose from a list
of available forecasts.

3. Click on OK.

The new trend chart appears.



Changing the certainty bands

Use the Certainty Bands option to define the certainty levels for
the trend chart in 5-percent increments from 0% to 100%.

To change the certainty bands:

1. In the Trend Chart, click on Trend Prefs.

2. Select the Certainty Bands check boxes for the certainty
levels to display on the trend chart.

The chart can display up to seven bands at one time.

3. Click on OK.

The trend chart appears with the selected certainty bands. A
legend appears on the right side of the trend chart indicating
which percentages are represented by which bands.

Changing the placement of the certainty bands

Use the Chart Type option to change the placement of the
percentile bands within the trend chart. The default setting
centers the bands around the mean or median of each forecast
(depending on the Forecast Window statistics preference
setting—see “Changing how statistics are calculated” on

page 203). You can change the location of the bands so that they
are anchored at either the high end or the low end of the
projected forecast ranges.

Crystal Ball Note: Smaller bands always appear on top of larger bands.
This obscures the larger bands. Do not confuse the actual width of a band
with the portion that is visible. You can display the true size of a band using
the Certainty Bands option in the Trend Preferences dialog. This option

lets you display the bands one at a time on the trend chart.

To change the placement of the certainty bands:

1. In the Trend Chart, click on Trend Prefs.
2. Either:

* To display the forecasts anchored at the higher end of the
forecast range, click the left Chart Type icon.

This plot shows the certainty that the forecast values will
be above a given value (reverse cumulative probability).
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* To display the forecasts centered around the mean of

each forecast value, click the middle Chart Type option
icon.

This plot shows the certainty that the forecast values will
fall on either side of the 50th percentile. Use the
Statistics Preference to center the bands around the
means of each forecast instead.

To display the forecasts anchored at the lower end of the
forecast range, click the right Chart Type option icon.

This plot shows the certainty that the forecast values will
be below a given value (cumulative probability).

3. Click on OK.

The trend chart appears showing the new placement of the

percentile chart types. Figure 4.21 shows the trend chart with
bands organized around the lower end.
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Crystal Ball Note: Use a Crystal Ball hot key to bypass the Trend

Preferences dialog. Press d. The placement of the bands changes from
centered to lower to higher and back to centered.
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Changing the forecast axis

Use the Forecast Axis option to display the forecast names
vertically or horizontally at the bottom of the trend chart. You
can display or hide individual names by clicking on the names
in the forecast window. To change the forecast axis:

1. In the Trend Chart, click on Trend Prefs.
2. Either:
* To display the forecast names vertically, click on Vertical.

* To display the forecast names horizontally, click on
Horizontal.

3. Click on OK.

The trend chart appears with the forecast axis changed.

Crystal Ball Note: Use a Crystal Ball hot key to bypass the Trend
Preferences dialog. Press f to toggle the forecast names between horizontal
and vertical formats.

Changing the value axis

Use the Value Axis option to change the minimum or maximum
values used for the value axis endpoints. You can let Crystal Ball
define one or both endpoints by using the minimum and
maximum values from all selected forecasts or you can enter
your own values. For the latter option, you also can change the
number of divisions displayed on the axis.

Crystal Ball Note: The number format for the axis values is taken from
the first forecast that appears on the trend chart.

To change the value axis:

1. In the Trend Chart, click on Trend Prefs.
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2.

Either:

* o let Crystal Ball determine the minimum and
maximum values to use for the axis endpoints, select
Relative.

* To use zero for the bottom endpoint instead of the
minimum value, select Zero Based.

* To use actual values for the minimum or maximum
endpoints or specify the number of divisions on the axis
chart, select Minimum and then enter the values in the
Minimum, Maximum, and Divisions fields.

By changing the minimum or maximum endpoint values,
you can zoom in or out on selected ranges of the trend chart.

Click on OK.

The trend chart appears with the new endpoints and the new
axis divisions.

Crystal Ball Note: Use a Crystal Ball hot key to bypass the Trend
Preferences dialog. Press v. The value axis endpoints change from relative
to minimum to maximum to zero based and back to relative.

Changing the grid lines

Use the Trend Preferences Grid Lines option to display vertical
and/or horizontal grid lines on the trend chart.

To change the grid lines:

1.
2.
3.

In the Trend Chart, click on Trend Prefs.
To display vertical grid lines, select the Vertical check box.

To display horizontal grid lines, select the Horizontal check
box.

Click on OK.

The new grid lines appear on the trend chart.

Crystal Ball Note: Use a Crystal Ball hot key to bypass the Trend
Preferences dialog. Press 1. The grid lines change from horizontal to
vertical to horizontal and vertical to no grid lines and back to horizontal.



Adding a title

Understanding
chart

Use this option to add or change a title on the chart.
To add or change a title:

1. In the Trend Chart, click on Trend Prefs.
2. Type the title in the Title field.
3. Click on OK.

The trend chart appears with the new title.

sensitivity and using the sensitivity

As you become more proficient at building spreadsheet models,
you will want to know how much a given assumption affects your
result. In other words, you want to determine the sensitivity of
the forecast to each assumption. The overall sensitivity of a
forecast to an assumption is a combination of two factors:

* The model sensitivity of the forecast to the assumption
* The assumption’s uncertainty

To determine the model sensitivity yourself, you must
algebraically analyze the various relationships between your
forecast cell and your assumption cells. These relationships
include all of the formulas in the spreadsheet that link the
assumption cells to the forecast cells.

For example, you have two assumptions: Assum1l and Assum?2.
You also have one forecast, Forecastl, defined as:

Forecastl = Assum1*0.6 + Assum?2%0.3

The model sensitivity in this case indicates that Forecastl is
twice as sensitive to changes in the value of Assum1 than
Assum?2. In other words, if Assuml increased by 5, Forecastl
would increase by twice as much as if you increased Assum?2 by 5
instead.
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You then have to calculate how the uncertainty of your
assumption cells affect the forecast cell to compute a final
answer. The uncertainty of an assumption depends on the type
of distribution and the parameters of that distribution.

If both assumptions change by the same amount, such as
increasing by 5, as in the above example, then the uncertainty of
the assumption would not change the overall sensitivity of the
forecast to the two assumptions. However, if they change by
different amounts, you must take into account both the model
sensitivity and the uncertainty. At some point, the uncertainty
for Assum2 might overcome the model sensitivity and result in
an overall sensitivity greater than that of Assum]l.

Sensitivity Analysis
for Assum1
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. - ,E-
EA <& :
-3 -
) "H.t""ﬁj:_-.? o W2 w1 aES kT
Asmuan? peeilaieln i ¢ Barwimil Wpeniluisty

Figure 4.22 shows the overall sensitivity of Forecastl to Assum1
and Assum2. When the uncertainty of Assuml is high, the
sensitivity is above 50%. This means that Assum1 has more
influence over Forecastl than Assum2. However, when the
uncertainty of Assuml is low, a high uncertainty in Assum2 can
overcome the higher model sensitivity of Assuml and have a
greater influence over Forecastl than Assuml.

Calculating this sensitivity could be a difficult and time-
consuming task without a program like Crystal Ball.



Understanding the sensitivity chart

The sensitivity chart feature provides you with the ability to
quickly and easily judge the influence each assumption cell has
on a particular forecast cell. During a simulation, Crystal Ball
ranks the assumptions according to their importance to each
forecast cell. The sensitivity chart displays these rankings as a
bar chart, indicating which assumptions are the most important
or least important in the model. You can output (print) the
sensitivity chart on the report or copy it to the clipboard.

The sensitivity chart feature provides three key benefits:

* You can find out which assumptions are influencing your
forecasts the most, reducing the amount of time needed to
refine estimates.

* You can find out which assumptions are influencing your
forecasts the least, so that they can be ignored or discarded
altogether.

* Asaresult, you can construct more realistic spreadsheet
models and greatly increase the accuracy of your results
because you will know how all of your assumptions affect your
model.

Creating the sensitivity chart

In the Crystal Ball Examples folder, there is a Toxic Waste Site
spreadsheet you can use to experiment with the sensitivity chart
feature. The sensitivity chart created in the steps below displays,
in descending order, the assumptions in a risk assessment of a
toxic waste site. The assumption with the highest level of
sensitivity can be considered as the most influential assumption
in the model.

To create a sensitivity chart:

1. Close any spreadsheet windows that are currently open.
2. Select File > Open.

3. Open the Toxic Waste Site spreadsheet (Toxic Waste
Site.xls).

4. Select Run > Run Preferences> Options.

5. Make sure the Calculate Sensitivity option is checked.
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|
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6. Click on OK.

7. Run a simulation.
8. Stop the simulation.
9. Select Run > Open Sensitivity Chart.

The Sensitivity Chart dialog appears, displaying the
sensitivity rankings of the assumptions in your simulation, as
in Figure 4.23.
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If you select Open Sensitivity Chart but the Calculate Sensitivity
option was not checked in the Run Preferences dialog, reset the
simulation and run it again.

The assumptions (and possibly other forecasts) are listed on the
left side, starting with the assumption with the highest
sensitivity. The default color values are that assumptions appear
as green bars and forecasts appear as blue bars, unless you
change the color settings. Use the scroll bar to view the entire
bar chart.

In this example, there are four assumptions listed in the
sensitivity chart. The first assumption, Volume Of Water Per Day,
has the highest sensitivity ranking and can be considered the
most important assumption in the model. A researcher running



this model would want to investigate this assumption further in
the hopes of reducing its uncertainty, and therefore its effect on
the target forecast.

The last assumption, Concentration Of Contaminant In Water,
has the lowest sensitivity ranking and is the least important
assumption in the model. The effect of this assumption on the
target forecast is not as great as the others and, in this particular
case, could be ignored or altogether eliminated by clearing it
from the spreadsheet. Sensitivity charts like this one illustrate
that one or two assumptions typically have a dominant effect on
the uncertainty of a forecast.

How Crystal Ball calculates sensitivity

Crystal Ball calculates sensitivity by computing rank correlation
coefficients between every assumption and every forecast while
the simulation is running. Correlation coefficients provide a
meaningful measure of the degree to which assumptions and
forecasts change together. If an assumption and a forecast have a
high correlation coefficient, it means that the assumption has a
significant impact on the forecast (both through its uncertainty
and its model sensitivity). Positive coefficients indicate that an
increase in the assumption is associated with an increase in the
forecast. Negative coefficients imply the reverse situation. The
larger the absolute value of the correlation coefficient, the
stronger the relationship.

Crystal Ball also computes the correlation coefficients between
all pairs of forecasts while the simulation is running. You might
find this sensitivity information useful if your model contains
several intermediate forecasts that feed into a final forecast.

An option in the Sensitivity Preference dialog lets you display
the sensitivities as a percentage of the contribution to the
variance of the target forecast. This option, called Contribution
To Variance, doesn’t change the order of the items listed in the
sensitivity chart and makes it easier to answer questions such as
“what percentage of the variance or uncertainty in the target
forecast is due to assumption X?”. However, it is important to
note that this method is only an approximation and is not
precisely a variance decomposition. Crystal Ball calculates
Contribution To Variance by squaring the rank correlation
coefficients and normalizing them to 100%.

227



Cha pter Interpreting the Results

Caveats

The sensitivity chart feature has several limitations you should
be aware of:

* Correlated assumptions. The sensitivity calculation might be
inaccurate for correlated assumptions. For example, if an
important assumption were highly correlated with an
unimportant one, the unimportant assumption would likely
have a high sensitivity with respect to the target forecast.
Assumptions that are correlated are flagged as such on the
sensitivity chart. In some circumstances, turning off
correlations in the Run Preference dialog might help you to
gain more accurate sensitivity information.

* Non-monotonic relationships. The sensitivity calculation
might be inaccurate for assumptions whose relationships with
the target forecast are not monotonic. A monotonic
relationship means that an increase in the assumption tends
to be accompanied by a strict increase in the forecast; or an
increase in the assumption tends to be accompanied by a
strict decrease in the forecast.

For example, the relationship y = Log(x) is monotonic:

While y = Sin(x) is not:

N
BTN,

The Tornado Chart tool can help you discover if any of your
assumptions have non-monotonic relationships with the
target forecast. For more information, see “Tornado Chart
tool” on page 289.
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Customizing the sensitivity chart

Use the Sensitivity Prefs dialog to customize the sensitivity
chart. As you become more familiar with the sensitivity chart,
practice selecting preferences that help you get the answers you
seek and that are appropriate for your data.

1. Click on Sensitivity Prefs to open the Sensitivity
Preferences dialog, as in Figure 4.24.

The sensitivity options are:

Target Forecast

Measure By

Include

Lets you select which forecast cell is the
target of the sensitivity analysis.

Defines whether Crystal Ball shows the
sensitivities as rank correlations or
contributions to variance. Rank correlations
range from -1 to +1 and indicate both
magnitude and direction. Contributions to
variance range from 0% to 100% and
indicate relative importance.

Selects which types of Crystal Ball data to
include in the rank against the target
forecast: assumptions, forecasts, or both (by
selecting both Assumptions and Other
Forecasts).
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Sensitivity Preferences | x|
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Cutoff Criteria Limits which sensitivities the sensitivity
chart displays. You can limit them in two
ways:

Display Only The Highest Sensitivities
Only displays a certain
number of sensitivities,
starting with the highest,
depending on the number
(integer) you enter in the
field.

Display Only Sensitivities Greater Than
Only displays the
sensitivities over the
indicated number in the
field. The number should
be between 0 and 1.
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Crystal Ball Note: Crystal Ball always includes all the assumptions and
forecasts in your model even though they might be unrelated. Generally,
this is not an issue since unrelated assumptions and forecasts have
sensitivity rankings close to zero. However, correlation might affect
sensitivity analysis if there is a strong correlation between the variables and
at least one of the variables is highly sensitive.

Changing chart patterns and colors

Use the pattern and color dialog to select different patterns and,
if you have a color monitor, different colors to enhance the
appearance of the charts used in Crystal Ball. To change a
chart’s patterns and colors:

1. Display the Pattern And Color dialog:

* For the overlay, trend, or sensitivity charts, click inside
the chart area or band, or click one of the names in the
legend to the right of the chart.

* For an assumption or forecast distribution, press and
hold <Ctrl>, and then click in the distribution area.

The Pattern And Color options appear, as in Figure 4.25.

Crystal Ball Note: The pattern of the correlation chart is fixed. However,
you can change the color of the correlation chart by pressing and holding
<Shifi>, then clicking in the correlation chanrt.

2. Click on the desired pattern.

Choose a Pattern and Color

Foreground Color... | |

Cancel ‘ Help ‘
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3.

4.

Creating reports

To display the color choices for the foreground or
background patterns, click on Foreground Color or
Background Color.

a. Click on the color of your choice.
b. Click on OK.
Click on OK.

You can create a report for your simulation using the Report
command. Any or all of the following items can be included in
the report using the Report dialog:

Overlay charts

Trend charts

Sensitivity charts

Forecast summaries
Forecast statistics
Forecast charts

Forecast percentiles
Forecast frequency counts
Assumption parameters
Assumption charts

Decision variables

Crystal Ball Note: Reports are only available after you run a simulation.

To create a report:

@1.

Select Run > Create Report.

The Create Report dialog appears, as in Figure 4.26.
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2. Select your options and what to include in the report.

The descriptions of the selections are in the following
sections.

3. Click on OK.

Crystal Ball creates the report as an Excel spreadsheet. You
can modify, print, or save the report in the same way as any
other spreadsheet. For example, you can select the File >
Print option for your spreadsheet model as you would for a
normal spreadsheet.

Crystal Ball Note: To suppress the initial report header and any cell
references that occur in the report, hold down the <Shifi> key when
selecting Run > Report.
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Report sections

Select the different report sections you want to include in the
report. The Report Sections options are:

Overlay Chart Includes the overlay chart on the report.

Trend Chart

You can also set the scale of the chart on the
report by entering a percentage in the field.

This is off by default.

Includes the trend chart on the report. You
can also set the scale of the chart on the
report by entering a percentage in the field.

This is off by default.

Sensitivity Chart

Forecasts

234

Includes the sensitivity chart on the report.
You can also set the scale of the chart on the
report by entering a percentage in the field.

This is off by default.

Includes various types of forecast
information, including the name, cell, and
other options. All these options are on by
default, except for Frequency Counts.

For more information on which forecasts to
include, “Selecting forecasts” on page 235.

Summary Includes the endpoints of
the entire range and the
display range, as well as the
mean standard error of the
final result.

Lists all the statistics and
their values for the forecast.

Statistics

Chart Includes the forecast chart
in the report. You can also
set the scale by entering a

percentage in the field.

Percentiles Lists percentiles for the
forecast, as set by the
Percentiles option in the

right half of the dialog.



Assumptions

Frequency Counts
Includes the start point and
endpoint for each
frequency range, plus the
number of trials that fell in
that range and the
probability of falling in that
range.

Includes the name, cell, and two other types
of information (listed below) for each
assumption, as selected by the Assumptions
option on the right side of the dialog. Both
these options are on by default.

For more information on which
assumptions to include, see “Selecting
assumptions” on page 236.

Parameters Lists the parametersused to
define the distribution.
Chart Includes the distribution

chart in the report. You can
also set the scale by
entering a percentage in
the field.

Decision Variables

Selecting forecasts

Lists the name, cell, lower and upper
bound, and step (if discrete) for each
decision variable.

If you checked the Forecasts option in Report Sections, select the
forecasts to include in the report by choosing one of three

options:

All

Chosen

Includes all forecasts in the report.

Opens a Choose Forecasts dialog that lets
you select which forecasts to include in the
report and in what order. Only the selected
forecasts then appear in the report, in the
order that you added them to the Chosen
Forecast list.
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Open Includes only the currently open forecasts
in the report.

Selecting assumptions

If you checked the Assumptions option in Reports Sections,
select the Assumptions to include in the report by choosing one
of two options:

All Includes all assumptions in the report.

Chosen Opens a Choose Assumptions dialog that
lets you select which assumptions to include
in the report and in what order. Only the
selected assumptions then appear in the
report, in the order that you added them to
the Chosen Assumptions list.

Percentiles

The Percentiles options for the forecast report show the
certainty of achieving a value below a particular threshold. For
example, if a report was printed for the Net Profit forecast
discussed in the Vision Research tutorial in Chapter 1, the
Percentiles section might show that you could be 80% certain of
achieving a net profit or loss below the threshold value of $17.3
million.

Crystal Ball Note: You can reverse the meaning of the percentiles by
changing the setting in the Statistics Preferences dialog. For more
information, see “Changing how statistics are calculated” on page 203.

If you checked the Percentiles option in the Report Sections,
select the appropriate button to choose which percentiles you
want to display. The six pre-defined Percentiles options divide
the distribution into value levels of different sections:

*  Quartiles. Every 25th percentile for four sections: 25%,
50%, 75%, and 100%.

*  Quintiles. Every 20th percentile for five sections.
* Deciles. Every 10th percentile for 10 sections.

* Icosatiles. Every fifth percentile for 20 sections.
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* 2.5%, 5%, 50%, 95%, and 97.5%
* 10%, 25%, 50%, 75%, and 90%

Charts
When including either forecast or assumption charts in your
report, you can display the charts as color or black and white.

This can improve the results on certain printers and monitors.

The two charts options are:

Color Copies the color version of the forecast and
assumption charts to the report.
Black And White

Copies black and white versions of the
forecast and assumption charts to the
report.

Extracting data

Crystal Ball lets you extract forecast information generated by
the simulation. Crystal Ball places the extracted data in a new
workbook.

Crystal Ball Note: To extract data for an assumption, define the
assumption as a forecast.
Crystal Ball Note: You can only extract data after you run a simulation.

To extract data:

1. Select Run > Extract Data.
An Extract Data dialog appears, as in Figure 4.27.
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2. To select the type of data to extract, click the appropriate

option in the Type Of Data options.
These options are:

Option Extracts:

Forecast Values
The forecast results for each trial.

For more information on which forecasts to
include, see “Selecting forecasts” on
page 235.

Statistics Descriptive statistics summarizing the
forecast values.

Percentiles The certainty of achieving values below a
particular threshold in the selected
increments for the forecast.

Frequency Counts
For each group interval: the interval range
as well as the probability and frequency of
occurrences within the interval for the
forecast.

Cumulative Counts
Same as Frequency Counts, except each
group interval is shown with cumulative
probability and frequency information.

Sensitivity Data Sensitivities for all pairs of assumptions and
forecasts.



3. In the Forecasts area, either:

To include the selected data for all forecasts, select All.

To include the selected data for only selected forecasts,
and to specify the order in which they will appear in the
data sheet, select Chosen.

The Choose Forecasts dialog appears letting you choose
from list of available forecasts.

To include the selected data for only currently open
forecasts, select Open.

4. If you selected to extract percentiles, select which
percentiles to include in the report.

The Percentiles options for the forecast report show the
certainty of achieving a value below a particular threshold.

Crystal Ball Note: You can reverse the meaning of the percentiles by
changing the setting in the Statistics Preferences dialog. For more
information, see “Changing how statistics are calculated” on page 203.

The six Percentiles options that divide the distribution into
value levels of different sections are:

Quartiles. Every 25th percentile for four sections: 0%,
25%, 50%, 75%, and 100%.

Quintiles. Every 20th percentile for five sections.
Deciles. Every 10th percentile for 10 sections.
Icosatiles. Every fifth percentile for 20 sections.
2.5%, 5%, 50%, 95%, and 97.5%

10%, 25%, 50%, 75%, and 90%

5. Click on OK.

Crystal Ball extracts the simulation data as an Excel
spreadsheet. The spreadsheet is arranged as columns of
forecasts and rows of data. You can sort, modify, print, or save
the data in the same way as any other spreadsheet.
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Maximizing Your
Use of Crystal Ball




In this chapter

All Crystal Ball users
* Simulation accuracy

¢ Memory use

¢ Simulation speed

* Correlated assumptions
* Sensitivity analysis
Excel users
* Customizing reports and data layouts

This chapter contains information that
helps you get the most out of Crystal Ball,
whether by using different Crystal Ball
features or by the way you build your
models.




Getting the most out of Crystal Ball

This chapter contains information that you can use to improve
the overall performance of Crystal Ball. These improvements
occur in terms of the accuracy of your model or speed of the
results.

This chapter contains two primary sections, including:

* Crystal Ball tips

* Excel tips

Crystal Ball tips

This section contains ways to improve Crystal Ball’s
performance for all users.

Simulation accuracy

The accuracy of your simulation may be controlled in three
ways:

* Using Precision Control

* Changing the sample size

* Changing the sampling method

Precision Control

The Precision Control feature lets you set how precise you want
one of three forecast statistics to be. Crystal Ball runs the
simulation until those statistics reach the required precision as
determined by calculating confidence intervals.

Crystal Ball Note: See “Confidence intervals” on page 115 for more
information about how Crystal Ball calculates confidence intervals.

Generally speaking, as more trials are calculated, the confidence
interval narrows and the statistics become more accurate. The

precision control feature in Crystal Ball uses this characteristic
of confidence intervals to determine when a specified accuracy
of a statistic has been reached. It compares the specified
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precision to the confidence interval. When the calculated
confidence interval drops to less than the specified precision,
the simulation stops.

For each forecast, you can specify precision in either absolute
terms in units of the forecast, or in relative terms as percentages.
Each method has its own benefits and drawbacks.

Specifying precision in absolute terms can give you greater
control of the simulation when the shape and scale of the
forecast distribution is roughly known. For example, for a Net
Present Value (NPV) forecast that ranges from $30,000 to
$65,000 dollars you can require the precision of the mean to be
within plus or minus $1,000, or some other convenient measure
of accuracy. However, if the forecast ranges from $30 to $65 MM
dollars, an absolute accuracy of $1,000 may require an
unreasonably large number of trials to reach. So, the drawback
of using absolute precision is that it may require
experimentation to determine reasonable values.

@ Forecast: Net Present Yalue H=1E3
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Specifying precision in relative terms can give you greater
control of the simulation when the shape and scale of the
forecast distribution is largely unknown and you are only
interested in the accuracy as it relates to the overall distribution
itself. In the NPV example above, you may not know or care that
the distribution ranges $30,000 to $65,000 dollars or from $30
to $65 MM dollars. You might only require that the simulation's
estimate of the mean fall within plus or minus 5% of itself.



The drawback of using relative precision is encountered when
the forecast statistic is close to zero in relation to the overall
distribution. In the NPV example below, the forecast has the
same range width as the one above, but this time the distribution
straddles the break-even point of zero. A relative precision of 5%
of the mean, or roughly $60, results in a very small confidence
interval that may take an unexpectedly large number of trials to
satisfy.

@ Forecast: Net Present Yalue H=1E3
Edit  Preferences  Miew Fun Help
1,000 Trials Frequency Chart 4 Qutliers
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Finally, Crystal Ball combines the individual forecast precision
options with the confidence level value found in the Run
Preferences > ‘Trials dialog to calculate confidence intervals.
Generally, it is a good idea to leave this value at 95% or 90% so
that you can have a high degree of confidence that the precision
requirements have been met. However, if you have a large
number of forecasts defined with precision control set, you can
adjust the confidence level up or down to globally change the
accuracy of all forecasts together.

Changing the sample size

The sample size option is located on the Run Preferences >
Sampling dialog. Increasing the sample size affects three Crystal
Ball features:

* Correlation
* Latin hypercube sampling

* Sensitivity analysis
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The sample size, which is initially set to 500, has a different
significance for each of the three features:

Correlation

Requires that a large sample of random
values be generated ahead of time for each
correlated assumption. Prior to being used
in the simulation, the values in the samples
are re-arranged by a mathematical
technique to create the desired correlations.
If all the values in the samples are used
before the simulation stops, the simulation
is temporarily suspended while a new group
of samples are generated and correlated.

Latin hypercube sampling

Divides each assumption’s distribution into
a number of intervals of equal probability.
The sample size governs the number of
intervals for each distribution. Crystal Ball
generates an assumption value for each
interval according to the interval’s
probability distribution.

Sensitivity analysis

During a simulation, sensitivity analysis
collects the generated assumption and
forecast values and stores them in samples.
After every so many trials, as determined by
the sample size, Crystal Ball computes
correlation coefficients for all pairs of
samples. At the end of the simulation,
Crystal Ball calculates final sensitivity
coefficients by averaging the coefficients for
each pair of samples.

While any sample size greater than 100 should produce
sufficiently acceptable results, you can set this number higher to
maximize accuracy. You can set sample size as large as 5,000.
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The increased accuracy resulting from the use of larger samples,
however, requires additional memory and reduces overall
system responsiveness. If either of these become an issue,
reduce the sample size.

Changing the sampling method

Choosing between Monte Carlo and Latin Hypercube sampling
affects how the random numbers are generated for the
individual assumptions.

In almost all cases, Latin Hypercube will produce more accurate
forecast statistics (especially the mean) given the same number
of trials as Monte Carlo since it is a more consistent sampling
method. If you are primarily interested in the accuracy of your
statistics, you should select Latin Hypercube as the sampling
method.

If you are primarily interested in evaluating how your
spreadsheet model behaves under various "what-if" scenarios,
you should select Monte Carlo as the sampling method. Monte
Carlo produces assumptions with the most randomness and
hence will simulate real-life situations the best.

speed

Monte Carlo simulations can be very time-consuming. You can
change a number of factors that affect the speed of simulations.
The factors are listed below in order of importance:

1. Change the Speed Run Preferences.

In the Run Preferences > Speed dialog, there are options
that can dramatically increase the speed of your simulation.
You should:

*  Minimize Excel during simulations
*  Suppress forecast windows during simulations

* Increase the burst mode (see below)
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2. Use the Precision Control feature.

The precision control feature can be used to either increase
the accuracy of your simulations or increase the speed of your
simulations. If you set the absolute or relative precision to a
low value (or your confidence level to a high number), your
simulations will be more accurate but might run significantly
longer. However, if you do not need as accurate of a result,
you can set the absolute or relative precision to a high value
(or the confidence level to a lower number) and the
simulation speed will increase.

Using this feature to speed up your model will require you to
experiment with different absolute/relative precision control
values and confidence levels.

3. Increase the burst mode.

The Burst Mode option in Crystal Ball enhances the
simulation speed of small models by grouping batches of data
for the spreadsheet program to process. You can set this
option by selecting Run > Run Preferences > Speed. The
Burst Mode option is on by default.

If you are working with large spreadsheet models that take a
long time to recalculate, burst mode will have little effect. You
should turn oft Burst Mode to enhance responsiveness of the
system to mouse clicks and menu selections. If system
responsiveness is not an issue, set the burst count to 50 or 100
to maximize the simulation speed.

4. Reduce the size of the model by reducing the number of
assumptions, forecasts, and correlations.

Large models require more time per trial. For example, a
model that takes 3 or 4 seconds per recalculation cycle will
take up to an hour to simulate 1,000 trials.

Greater numbers of assumptions and forecasts slow the
simulation, especially if the assumptions and forecasts are
scattered across many spreadsheets in your model. Start by
examining the structure and nature of your model to locate
possible efficiencies. You can also use the sensitivity feature or
the Tornado Chart tool to determine which assumptions
contribute the least amount of uncertainty to your bottom-
line forecasts. Freeze or eliminate the least important
assumptions from the simulation.
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Then in the Sensitivity Preferences dialog, include only
Other Forecasts. With the sensitivity chart displayed, you can
decide which formulas contribute only slightly to the bottom
line and can replace them with constants. The model’s
recalculation speed will increase with a slight loss of
information.

Correlated assumptions can also consume a significant
amount of processing time; the time grows geometrically as
the number of correlated assumptions increases.

Reduce the use of other applications.

Quitting other applications and closing or minimizing
windows can be helpful in reducing overhead and increasing
simulation speed.

Increase your system’s RAM.

The amount of RAM in your computer has a large affect on
the speed of simulations. Modern operating systems give
applications such as spreadsheets the appearance of
additional RAM through the use of virtual memory.

Virtual memory lets you run a greater number of applications
than would otherwise be possible, but slows down overall
processing speed because the system is frequently accessing
the hard drive. If you hear your hard disk being used during
a simulation, there is not enough RAM to hold all parts of the
simulation. Buying more RAM or turning off virtual memory
(if possible) are solutions to this problem.

Consider CB Turbo.

CB Turbo is a separate product that speeds up the time
required to perform lengthy, complex simulation by
distributing the model recalculations to other workstations
on the network. For more information on CB Turbo, contact
Decisioneering using information in your README file, or
visit the Decisioneering web site at

249



Chapter

250

Maximizing Your Use of Crystal Ball

Memory use

Monte Carlo simulations can be very memory-intensive. Your
computer’s random access memory (RAM) must contain, at the
same time: part of the operating system, your spreadsheet
program, Crystal Ball, your spreadsheet files, the assumption
and forecast definitions, and the trials of the simulation. So, it is
important that you have a basic understanding of how Crystal
Ball uses RAM.

* Each assumption consumes approximately 300 bytes. Custom
distributions use a minimum of 300 bytes plus either 12 bytes
per data value or 32 bytes per discrete or continuous range.

* Each forecast consumes a minimum of 2,800 bytes. During a
simulation, each forecast uses 10 bytes of memory for each
trial. For example, a simulation of 1,000 trials for a model
with two forecasts uses a total memory of:

2% (2,800 +10 x 1,000) = 25,600 bytes

* If either correlation, Latin hypercube sampling, or sensitivity
analysis is in use, the minimum amount of memory required
is:

10 x sample size X A
where A = number of assumptions

Correlation uses additional memory equal to:

3x10xA>

Sensitivity analysis uses additional memory equal to:
10 % (A X F) + 10 x F*
where F = number of forecasts

In addition to the RAM required during the simulation, memory
is needed at the end of the simulation. Crystal Ball checks your
system’s free RAM frequently during a simulation. When the
amount of free RAM dips below a certain threshold (typically
between 1 and 2 megabytes), the simulation stops and the
“memory limit reached” message appears. Crystal Ball needs
this remaining memory for tasks such as opening forecast
windows, creating reports, and performing other functions on
your computer. If the alert message appears, take the steps listed
in the next section.



Correlated

Sensitivity

Excel tips

assumptions

There is a practical limit of about 50 fully correlated
assumptions (assumptions that are correlated to every other
assumption) and up to about 200 serially correlated
assumptions (assumptions that are correlated to one or two
other assumptions) in each spreadsheet model. If you have a
large number of correlated assumptions:

* Tor coefficients that are close to zero and are nearly
independent, remove the assumption

* For coefficients that are close to one, replace the assumption
with a formula in your spreadsheet.

analysis

The sensitivity feature in Crystal Ball has one minor limitation.
If you continue a stopped simulation, Crystal Ball clears the
sensitivity data and computes from the continuation point.
Therefore, if you need to analyze a spreadsheet model’s
sensitivity to its input parameters, you should run the entire
simulation without interruption.

This section contains ways to improve the value of Crystal Ball
for various versions of Excel.

Customizing report and data layouts

Crystal Ball creates reports and data extracts as spreadsheets.
This gives you a lot of control and flexibility over how Crystal
Ball handles the results of a simulation. You can modity, preview,
print, or save results the same way you do in other spreadsheets.

The Crystal Ball folder has two files named Report and Data
that you can use to create spreadsheets. Since the files are just
Excel templates, you can easily change them to suit your needs.
For example, you might decide to change the default font or
resize the margins and column widths.
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To change the template files:

1. Select File > Open.

2. In the Crystal Ball folder, find either the Report.xls or
Data.xls file.

3. Open the file. The title of the open window should read
either Report or Data.

4. Make any desired changes to the template. (If you are
changing column widths, you should temporarily turn on
gridlines and column headers using Excel’s Tools >
Options > View command.)

5. Save the template file.
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In this chapter
This chapter describes the Crystal Ball
tools:

¢ Batch Fit

¢ Bootstrap

* Correlation Matrix
¢ Decision Table

¢ Tornado Chart

¢ Two-dimensional Simulation

For each tool, there is a general
description, an introduction tutorial, and a
description of all dialogs, fields, and
options.




Overview

Batch Fit tool

Crystal Ball tools are Visual Basic programs that extend the
functionality of Crystal Ball. They are:

Batch Fit Automatically fits selected continuous
probability distributions to multiple data series.

Bootstrap Addresses the reliability and accuracy of forecast
statistics.

Correlation Matrix
Rapidly defines and automates correlations of
assumptions.

Decision Table Evaluates the effects of alternate decisions in a
simulation model.

Scenario Analysis
Displays what inputs created particular outputs.
The documentation for the Scenario Analysis
tool is available online at

Tornado Chart Individually analyzes the impact of each model
variable on a target outcome.

Two-dimensional Simulation
Independently addresses uncertainty and
variability using two-dimensional simulation.

This chapter describes each tool, provides a step-by-step
example for using each tool, and describes the options for each
tool.

The Batch Fit tool fits probability distributions to multiple data
series. You can select any or all of the continuous probability
distributions (normal, triangular, uniform, etc.) to fit to any
number of series limited only by the size of your spreadsheet.

Batch Fit is intended to help you create assumptions when you
have historical data for several variables. It selects which

distribution best fits each series of historical data, and gives you
the distribution and its associated parameters for you to use in
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your model. This tool can also give you a table of goodness-of-
fit statistics for each distribution, so you can compare the fit of
the best distribution to the fits of the other distributions.

To use the Batch Fit tool, your data must be contiguous (in
adjacent rows or columns) in either rows or columns.

You can select any combination of the continuous probability
distributions to fit to all your data series.

Batch Fit example

In the Crystal Ball Examples folder there is a Magazine Sales.xls
spreadsheet you can use to experiment with the Batch Fit tool.
This spreadsheet model shows the estimated gross profit
resulting from newsstand sales of four of the company’s most
popular magazines.

(i Magazine Sales xls M=
A B © D E F G 7
1 Magazine Checkout Sales
| 2
=R
| 4 | Magazine A MagazineB Magazine C Magazine D
5
| 6 |
| 7 |
| 8 |
| 9 |
10 |
| 11| Total Gross Profit: $5 832
|12 |
| 13 |
14 =
441 b [}, Sales Model { Sales Data 7 14l | Jd

To run Batch Fit:

1. In Excel with Crystal Ball loaded, open the spreadsheet
Magazine Sales.xls.

2. Select CBTools > Batch Fit.

3. Make sure all the distributions are in the Selected
Distributions list.

4. Click on Next.
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11.
12.

13.

15.
16.
@ 17.
18.
19.
20.
21.

22.

By

Click on the Select Cells icon to the right of the Location Of
Data Series field.

Select the Sales Data worksheet.

Select cells Al through D361.

Click on the return icon to return to the tool dialog.
Select Data In Columns.

The default is Data In Columns.

Select the Fitness Criteria: Chi-Square.

The default is Chi-Square.

Check the First Row Contains Headers option.
Click on Next.

The Select Output Options (3 Of 3) dialog appears.
Select the Create Output On The Active Worksheet option.

. Click on the Select Cells icon to the right of the Specify

Upper Left Corner Of The Output field.

Select the Sales Model tab.

Select cell B13.

Click on the return icon to return to the tool dialog.

Make sure the Format Output option is checked.

Check the Show Table Of Goodness-of-fit Statistics option.
Set the Output Orientation to Data In Columns.

Click on Start.

The tool fits each selected distribution to each data series.
The results appear on the Sales Model worksheet to the right
of the existing table.

Copy assumption data into the worksheet.
a. Select cells C15 through F15.
b. Select Cell > Copy Data.

Crystal Ball Note: This function copies Crystal Ball data only, not the
cell value.
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c. Select cells C5 through F5.
d. Select Cell > Paste Data.
The assumptions copy to the first row of the table.
e. Select cells C15 through F15.
f. Select Cell > Clear Data.
This deletes the original Crystal Ball assumptions.
23. In the Run > Run Preferences > Sampling dialog, set:

* Random Number Generation to use the Same Sequence
Of Random Numbers and a seed value of 999

¢ Monte Carlo simulation

When using this tool, use these options to make the resulting
simulations comparable.

24. In the Run > Run Preferences > Trials dialog, set the
Maximum Number Of Trials to 500.

25. Click on OK.
26. Select Run > Run.

Interpreting the results

In this example, you had historical data with no trend or
seasonality for all your variables.

Crystal Ball Note: If your historical data has a time-series element,
trend, or seasonality, you should use CB Predictor instead of the Fit
Distribution functionality. CB Predictor is a component of the Crystal Ball
2000, Professional Edition.

When the batch fit tool runs, it fits each column of data to each
continuous distribution. For each fit of a distribution to a set of
data, the tool calculates the indicated goodness-of-fit test for
each distribution. The distribution with the best fit is placed into
to create an assumption cell that you can copy to the
appropriate location in your model.

In this example, the four columns of data resulted in four
assumptions that you copied to the appropriate locations. The
forecast is already defined for you, and running a simulation
produces a forecast chart of the total gross profit from the



Magazine Sales workbook. If you replace the -Infinity with
$5.,500, you find that the chances of making this amount of

profit is approximately 72.6%.
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Batch Fit dialogs

Select Distributions (Step 1 Of 3) dialog

The Select Distributions dialog lets you choose which
distributions to try to fit to each set of data.

Select distributions [step 1 of 3] EHE

Batch Fit

Crystal Ball Tool # Decizioneering 1398-2000

Fit probability distributions ko your data
series automatically,

Available Distributions Selected Distributions

|
= Beta

Extreme Yalue =l

= M m Down | Bottom
Mext = Cancel | Help |
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The fields and buttons in this dialog are:

Available Distributions

Lists all the continuous probability
distributions that you can fit to data series,
but that are not selected.

By default, all the probability distributions
are selected.

Selected Distributions

Top

Up

Down

Bottom

Next

Lists all the probability distributions that
you selected to fit to all the data series. For
each selected distribution, the tool will fit
the distribution to each selected data series
and calculate the goodness-of-fit statistic.

Moves the highlighted distributions to the
top of the Selected Distributions list, which
can affect the output order of the
distributions.

Moves the highlighted distributions up one
position in the Selected Distributions list,
which can affect the output order of the
distributions.

Moves the highlighted distributions down
one position in the Selected Distributions
list, which can affect the output order of the
distributions.

Moves the highlighted distributions to the
bottom of the Selected Distributions list,
which can affect the output order of the
distributions.

Opens the Select Input Options (Step 2 of 3)
dialog.
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Select Input Options (Step 2 Of 3) dialog

This dialog lets you specify the location of the data that you want
to fit to the distributions selected on the previous dialog. It also
lets you specify other input-related options.

Select input options [step 2 of 3) EE

Batch Fit

Crystal Ball Tool # Decizioneering 1398-2000

Location of Data Series {must be in contiguous rows and columns)

['Sales Data'l§a$1:§04361 =5
Data Series Orientation Fitness Criteria
" Data in rows % Chi-Square
% Datain columns " Kolmogoray-Smirnoy
[¥ First row contains headers " anderson-Datling
Back Cancel Help

The fields and options in this dialog are:

Location Of Data Series
Lets you enter or interactively select the
cells that contain data to fit. If your data has
headers at the beginning of the rows or
columns of data, include them in your
selection and make sure you select the First
Row/Column Contains Headers option.

The data must be in adjacent rows or
columns.

Data Series Orientation
Sets whether your data is in rows or
columns.

First Row Contains Headers
Lets you include row or column titles in
your selection. The headers are used in the
output.
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Fitness Criteria Selects which method to use to determine

Back

Next

which distribution best fits the data. The
three goodness-of-fit tests are: Chi-Square,
Kolmogorov-Smirnov, and Anderson-
Darling. See “How distribution fitting
works” on page 138 for more information
on these tests.

Returns to the Select Distributions (Step 1
of 3) dialog.

Advances to the Select Output Options
(Step 3 of 3) dialog.

Select Output Options (Step 3 Of 3) dialog

This dialog lets you set output options that control the tool.

Select output options [step 3 of 3]

HE

Batch Fit

Crystal Ball Tool # Decizioneering 1398-2000

Output Location
" Create output on a new workbook,
% Create output on the active worksheet
Specify upper left corner of the output:

46513 3

¥ Format oukput

Cutput Crientation

¢ Datain rows Iv Show table of goodness-of-fit statistics:

{+ Datain columns

< Back

Cancel Help

The options and buttons in this dialog are:

Output Location

Lets you select whether to output the results
to a new workbook or in the active
workbook, starting at the indicated cell.

Format Output Uses any special cell formatting for your

data in your output.
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Output Orientation
Sets whether to put your output in rows or
columns.

Show Table Of Goodness-of-fit Statistics
Outputs the selected goodness-of-fit
statistic for each distribution.

Back Returns to the Select Input Options (Step 2
of 3) dialog.

Start Starts the tool, automatically fitting
distributions to your data and creating
output of the assumptions and statistics.

Bootstrap tool

264

Bootstrap is a simple technique that estimates the reliability or
accuracy of forecast statistics or other sample data. Classical
methods used in the past relied on mathematical formulas to
describe the accuracy of sample statistics. These methods
assume that the distribution of a sample statistic approaches a
normal distribution, making the calculation of the statistic’s
standard error or confidence interval relatively easy. However,
when a statistic’s sampling distribution is not normally
distributed or easily found, these classical methods are difficult
to use or are invalid.




In contrast, bootstrapping analyzes sample statistics empirically
by repeatedly sampling the data and creating distributions of
the different statistics from each sampling. The term bootstrap
comes from the saying, “to pull oneself up by one’s own
bootstraps,” since this method uses the distribution of statistics
themselves to analyze the statistics’ accuracy.

There are two bootstrap methods available with this tool:

One-simulation method
Simulates the model data once (creating the
original sample), and then repeatedly
resamples those simulation trials (the
original sample values). Resampling creates
a new sample from the original sample with
replacement. It then creates a distribution
of the statistics calculated from each
resample.

This method assumes only that the original
simulation data accurately portrays the true
forecast distribution, which is likely if the
sample is large enough. This method isn’t as
accurate as the multiple-simulation
method, but it takes significantly less time to
run.

Multiple-simulation method
Repeatedly simulates the model, and then
creates a distribution of the statistics from
each simulation.

This method is more accurate than the one-
simulation method, but it might take a
prohibitive amount of time.

Crystal Ball Tool Note: When you use the multiple-simulation method,
the tool temporarily turns off the Use Same Sequence Of Random Numbers
option.

Statistical Note: In statistics literature, the one-simulation method is
also called the non-parametric bootstrap, and the multi-simulation method
is also called the parametric bootstrap.

Since the bootstrap technique doesn’t assume that the sampling
distribution is normally distributed, you can use it to estimate
the sampling distribution of any statistic, even an
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unconventional one such as the minimum or maximum
endpoint of a forecast. You can also easily estimate complex
statistics, such as the correlation coefficient of two data sets, or
combinations of statistics, such as the ratio of a mean to a
variance.

One-simulation method Multiple-simulation method

Simulate forecast

(create original
sample)

1~

v

Create resample
from original sample
(with replacement)

.

Simulate forecast

(create sample)

v

Compute statistics

v for sample
Compute statistics

for resample

ave yo
reached the
number of
bootstrap
amplesg

ave yo
reached the
number of
bootstrap
amplesy

no

yes

Form distribution

for all sample
Form distribution statistics

for all resample
statistics

Statistical Note: To estimate the accuracy of Latin hypercube statistics,
you must use the multiple-simulation method.

Bootstrap example
In the Crystal Ball Examples folder there is a Futura
Apartments.xls spreadsheet you can use to experiment with the

Bootstrap tool. This spreadsheet model forecasts the profit and
loss for an apartment complex.
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To run Bootstrap:

1.

In Excel with Crystal Ball loaded, open the spreadsheet
Futura Apartments.xls.

Select CBTools > Bootstrap.
The Specify Target dialog appears.

Set the target by selecting Profit Or Loss from the forecast
list.

Click on Next.
The Specify Options (Step 2 of 3) dialog appears.

Make sure the one-simulation method and the statistics
options are selected.

Click on Next.

The Specify Options (Step 3 of 3) dialog appears.
Set the following options:

* Bootstrap samples is set to 200

* 'liials per sample is set to 500

* Show only target forecast

Click on Start.

The bootstrap tool displays a forecast chart of the
distributions for each statistic and creates a spreadsheet
summarizing the data.
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Interpreting the results

The Bootstrap tool displays sampling distributions in forecast

charts for the following statistics:

* Mean

* Median

e Standard deviation
* Variance

* Skewness

¢ Kurtosis

* Coefficient of variability

When you use the multiple-simulation method, the tool also

displays sampling distributions for these statistics:
* Range minimum
* Range maximum

* Range width




For percentiles, the Bootstrap tool displays the percentile
sampling distributions on the overlay and trend charts. To
display the individual percentile forecast charts select Run >
Forecast Windows.

The forecast charts visually indicate the accuracy of each
statistic. A narrow and symmetrical distribution is better than a
wide and skewed distribution.

[ Forecast: Mean |9 =] B3

Edit  Preferences  Miew Fun Help

200 Trials Frequency Chart 1 Outlier
.030

023

Probability
Aauanbaiy

$2.354.73 $2.450.23 545, $2.641.22 $2.736.72

» [Hnfinity Certainty | % 4 |+Infinity

The statistic view further lets you analyze the statistics’ sampling
distribution. If the standard deviation (standard error of the
statistic) or coefficient of variability is very large, the statistic
might not be reliable and might require more trials. This
example has a relatively low standard error and coefficient of
variability, so the forecast mean is an accurate estimate of the
actual mean.

@ Forecast: Mean H=1E3

Edit Preferences Wiew Run Help

Cell B2 Statistics

Statistic Walue

Trialz 200
Mean $2.554.15
Median $2.551.23
Mode
Standard Deviation $76.70
Yariance $5.883.17
Skewness -0.10
Kurtosiz 343
Coeff. of Y ariability 0.03
Range Minimum $2.258.60
Range M awirmurn $2.736.72
Range ‘width 47812
Mean Std. Emar $5.42
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The results workbook has a correlation matrix showing the
correlations between the various statistics. High correlation
between certain statistics, such as between the mean and the
standard deviation, usually indicates a highly skewed
distribution.

You can also use the Bootstrap tool to analyze the distribution of
percentiles, but you should run at least 1,000 bootstrap samples
and 1,000 trials per sample to obtain good sampling
distributions for these statistics.!

Bootstrap dialogs

Specify Target (Step 1 Of 3) dialog

The Specity Target dialog lets you analyze the statistics of a
specified forecast, cell, or cell range.

Specify target [step 1 of 3] EE
e
Bootstrap R E— -
Crystal Ball Tool @ Decisioneering 1935-2000 T é r """"" -
OP 1| ;
Determine the reliability and accuracy of “L -"“.'-/-.' """ -
wour Forecast statistics, Lo -

|
Flease select the Forecast from the list above or specify data range
[ TFutura Apartments. xlsFUTUR A 1$C$9 EY|
< Back | Cancel Help |
{v5.00

1. Efron, Bradley, and Robert J. Tibshirani. Monographs on Statistics
and Applied Probability, vol. 57: An Introduction to the Bootstrap. New
York: Chapman & Hall, 1993.



The fields for this dialog are:

Forecast List

Lists all the forecast cells in all open
spreadsheets. When you select a forecast
from the list, its cell information

automatically appears in the Enter Target
Cell field.

The first forecast is selected by default.

Enter Target Cell

Next

Describes the cell location of the selected
forecast or formula. If you select a forecast
from the list above, the cell information
automatically appears in this field.

You can use this field to select a formula cell
instead of a forecast.

Opens the next dialog for defining tool
options.

Specify Options (Step 2 Of 3) dialog

Specify options [step 2 of 3] HE
—
Bootstrap N — -
Crystal Ball Tool @ Decisioneering 1935-2000 T é r """"" -
{

~Bootstrap method
&' Run one simulation and resample the data (Faster, less accurate)

" Run multiple simulations to create diverse data (slower, more accurake)

-analyze distributions of —— ercentile:
& Statistics ™ Deciles
" Percentiles % 2.5, 5, 50, 95, 97.5%-tiles

€ Cuskom percentiles listed below:

[1,5,10,50,90,95,99

Cancel Help
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This first options dialog has the following options, fields, and
buttons:

Bootstrap Method
Selects whether to use the one-simulation or
multiple-simulation bootstrap method. For
more information on these two methods,
see “Bootstrap tool” on page 264.

The default is the one-simulation method.

Analyze Distributions Of
Selects whether to analyze distributions of
statistics or percentiles. If you select
Percentiles, you must complete the
Percentiles options.

The default is Statistics.

Percentiles Selects which target percentiles to analyze.
You can select either: deciles (the 10, 20, 30,
40, 50, 60, 70, 80, and 90 percentiles); 2.5,
5, 50, 90, and 97.5 percentiles; or a custom
list of percentiles you enter in the field. A
custom list can have up to 10 percentiles
(between 0 and 100, exclusive) separated by
commas.

Back Opens the Specify Target dialog for
specifying a target.

Next Opens the next dialog for defining more
tool options.
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Specify Options (Step 3 Of 3) dialog

Specify options [step 3 of 3]

Bootstrap
Crystal Ball Toaol ® Decizioneering 1938-2000

~Sample Control
Mumber of bootstrap samples Im

Mumber of trials per sample 500

~while Running
€ Show Forecasts as defined
& Show only target Forecast

" Hide all Forecasts

< Back Cancel

Help

This second options dialog has the following options, fields, and

buttons.

Sample Control

Sets the number of bootstrap samples and
the number of trials per sample.

The default bootstrap samples is 200, and
the default number of trials is the number
set in the Crystal Ball Run Preferences

dialog.

While Running Lets you select what forecasts to show while
you are running the tool. You can view all
the defined forecasts, only the target
forecast, or none of the forecasts.

Back Opens the previous dialog for defining

other tool options.

Start Runs the Bootstrap tool.
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Correlation matrix tool
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Correlations

When the values of two variables depend on each other in any
way, you should correlate them to increase the accuracy of your
simulation's forecast results.

There are two types of correlations:

positive correlation
Indicates that two assumptions increase or
decrease together. The price of gasoline and
shipping costs increase and decrease
together.

negative correlation
Indicates that an increase in one
assumption results in a decrease in the other
assumption. The more items you buy from a
particular vendor, the lower the unit cost.

The correlation coefficient range is -1 to 1, where 0 indicates no
correlation. The closer the coefficient is to 1, the stronger the
relationship between the assumptions. You should never use a
coefficient of +1; represent relationships this closely correlated
with formulas in the spreadsheet model.

Correlation matrix

In Crystal Ball, you enter correlations one at a time using the
Correlation dialog. Instead of manually entering the
correlations this way, you can use the Correlation Matrix tool to
define a matrix of correlations between assumptions in one
simple step. This saves time and effort when building your
spreadsheet model, especially for models with many correlated
assumptions.

The correlation matrix is either an upper or lower triangular
matrix with ones along the diagonal. When entering
coefficients, think of the matrix as a multiplication table. If you
follow one assumption along its horizontal row and the second
along its vertical column, the value in the cell where they meet
is their correlation coefficient.



Asgsumption 1 Assumption 2 Asgsumption 3
Assumption 1 1.000]
Assumption 2 [ 1.000
Asgsumption 3 1.000

If you enter inconsistent correlations, Crystal Ball tries to adjust
the correlations so they don’t conflict. For more information on
inconsistent correlations, see “Specifying correlations between
assumptions” on page 145.

Correlation Matrix example

In the Crystal Ball Examples folder there is a Portfolio
Allocation.xls spreadsheet you can use to experiment with the
Correlation Matrix tool. This spreadsheet calculates the total
expected return for an investment model. In this example, you
will run a simulation without correlations, and then add the
correlations and rerun the simulation for comparison.

To run Correlation Matrix:

1. In Excel with Crystal Ball loaded, open the spreadsheet
Portfolio Allocation.xls.

| 2. Set the following options in the Run > Run Preferences
dialog.

¢ Maximum Number Of Trials Per Simulation set to 500

* Random Number Generation set to Use Same Sequence
Of Random Numbers and An Initial Seed Value of 999

* Use Monte Carlo simulation
.-— | 3. Run a simulation by selecting Run > Start.

The forecast statistics for the simulation are shown below.
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@ Forecast: Total expected return H=1E3

Edit Preferences Wiew Run Help

Cell C17 Statistics

Statistic Walue

Trialz 500
Mean $6.225
Median $6.033
Mode
Standard Deviation $5.566
Yariance $30,983.977
Skewness 0.0
Kurtosiz 276
Coeff. of Y ariability 089
Range Minimum [$9.237)
Range M awirmurn $21 63
Range ‘width $30.868
Mean Std. Emar $248.93

Select CBTools > Correlation Matrix.
The Select Assumptions dialog appears.

Include all the assumptions in the correlation matrix by
moving all the assumptions from the Available Assumptions
field to the Selected Assumptions field by either:

* Double-clicking on each assumption to move.

* Selecting each assumption to move and clicking on >>
to move it.

* Making an extended selection using the <Shift> or
<Ctrl> keys.

Click on Next.
The Specify Options dialog appears.
Set the following options:

* Location Of Matrix set to Create A Temporary
Correlation Matrix On A New Worksheet

* Orientation set to Upper Triangular Matrix
Click on Start.

The tool creates a temporary matrix in a new workbook.



9. Enter the following correlation coefficients into the matrix.

9 r

s £

= 5 z

o oy

=3 @ o,

: | z = 3

Load the matrix = = = )

£ = [=] 2

T

5 2 2 3

=3 =3 =3 =3

= = = =

o o o o
Money Market fund 1.000] 0.200] 0.100] 0.100
Income fund [ 1.000] 0.300] D.200
Growth and Income fund 1.000] 0.500
Aggressive Growth fund 1.000

Crystal Ball Tool Note: Leaving a cell blank is not the same as entering
a zero. Values that are not specified in the matrix will be “filled in” with
estimates of appropriate values when the simulation runs.

10. Click on Load The Matrix.

The tool loads the correlation coefficients from the matrix
into your Crystal Ball model.

Crystal Ball Tool Note: If a Matrix Successfully Loaded message doesn’t
appear, press <Tab> or <Return> to exit the current cell and then click
on Load The Matrix again.

11. Reset the simulation.
12. Rerun the simulation.

The forecast statistics for the correlated simulation is shown
below.
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@ Forecast: Total expected return H=1E3

Edit Preferences Wiew Run Help

Cell C17 Statistics

Statistic Walue

Trialz 500
Mean $6.225
Median $6.563
Mode
Standard Deviation $7.029
Yariance $49.413.567
Skewness -0.07
Kurtosiz 278
Coeff. of Y ariability 113
Range Minimum [$15.000)
Range M awirmurn $25.30
Range ‘width $40,301
Mean Std. Emar $314.37

The standard deviation is now much higher than the original
simulation due to the correlations. The original model
without the correlations ignored this risk factor and its
effects.

Correlation Matrix dialogs

Select Assumptions (Step 1 Of 2) dialog

The Select Assumptions dialog lets you select which
assumptions to use in the correlation matrix.

You must select at least two assumptions. There is a practical
limit for one correlation matrix of about 50 fully correlated
assumptions (assumptions that are correlated to every other
assumption) or up to about 200 serially correlated assumptions
(assumptions that are correlated to 1 or 2 other assumptions). If
you have more than 50 assumptions, either eliminate very small
correlations, or replace assumptions that have correlation
coefficients very close to 1.0 with formulas in your spreadsheet.



Select azsumptions [step 1 of 2] HE

- - e e, ] 123 [0 13 || 13 | a4 | 47 |2

Correlation Matrix s 7 ) e e o

= ; et Vs [ = [am[ 1= [o=[ex [t

Crystal Eiall Tool & Desisioneering 1395-2000 _— e o

ey M R

) ) . _ [R—— ETET

Wiews or edit the full correlation matrix for a g b . ot o

selected set of assumptions M Tt \m
Available Assumptions Selected Assumptions

Income fund
Growth and Income fund
Aggressive Growth fund

|
;I Top | Up | Dowin | Bottoml
Back | Mext = | Cancel | Help |

{v5.00

The fields and buttons in this dialog are:

Available Assumptions
Lists all the assumptions defined in the
active workbook. To move an assumption
into the Selected Assumptions list, either
double-click on an assumption or select an
assumption and click on >>. You can also
make an extended selection using the
<Shift> or <Ctrl> keys.

By default, all assumptions start in the
Available Assumptions list.

Selected Assumptions
Lists the assumptions selected for inclusion
in the matrix. To move an assumption into
the Available Assumption list, either
double-click on an assumption or select an
assumption and click on <<. You can also
make an extended selection using the
<Shift> or <Ctrl> keys.

By default, no assumptions are in this list.
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Top

Bottom

Up

Down

Next

Moves one or more selected assumptions in
the Selected Assumptions list to the top of
the list (therefore, first in the matrix).

Moves one or more selected assumptions in
the Selected Assumptions list to the bottom
of the list (therefore, last in the matrix).

Moves one or more selected assumptions in
the Selected Assumptions list up one
position, changing its position in the
matrix.

Moves one or more selected assumptions in
the Selected Assumptions list down one
position, changing its position in the
matrix.

Opens the Specify Options dialog for
defining correlation matrix options.

Specify Options (Step 2 Of 2) dialog

This dialog lets you set options for the matrix.

Specify options [step 2 of 2] EE

Correlation Matrix it
Crystal Ball Toaol ® Decizioneering 1938-2000

s e, | (13 | 005 | 13 |4 £ || 47 [0
T e e e
bt gt 1 e A

et Vgt [l EE [ A B

Location of Matrix
% Create a temporary correlation matrix on a new workshest
™ Create and link ta a carrelation matrix on the active worksheet

Specify upper left corner of the matrix: =

sy M T | 05| & |8
W T e
By b . o [
M T gl m

[=a1

Qrigntation

% Upper triangular matrisx

" Lower triangular matrix

&3

Cancel Help

There are two sets of options in this dialog (described below):

¢ Location Of Matrix

¢ QOrientation
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This dialog also has the following buttons:

Back Returns you to the Select Assumptions
dialog.
Start Creates the correlation matrix according to

the options you specify.
Location Of Matrix options

The Location Of Matrix options lets you select whether to create
the correlation matrix on the active worksheet or on a new
worksheet. The options in this dialog are:

Create A Temporary Correlation Matrix On A New
Worksheet
Creates the matrix on a new worksheet. Use
this option if you don’t want to permanently
alter your spreadsheet.

After filling in the matrix, click on Load
The Matrix to enter the coefficients into the
model.

This is the default matrix location.

Create And Link To A Correlation Matrix On The Active
Worksheet
Creates the matrix on the active worksheet
and links it with cell references, so if you
change the cells, the correlations update
automatically. Select this option to embed
the correlation matrix in your model.

If you select this option, you must indicate
where to put the matrix in the model using
the Specify Upper Left Corner option.

Specify Upper Left Corner
Lets you select the origin cell for the top left
corner of the matrix by either entering the
cell reference in the field or clicking on the
cell in your worksheet.

This option is only available if you select to
create the matrix on the worksheet.
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Format Matrix Adds borders and headings, and changes
column widths to make the correlation
matrix more readable.

This option is only available if you select to
create the matrix on the active worksheet.
This option is on by default.

Orientation options

The Orientation options let you select whether to make the
correlation matrix an upper triangular or a lower triangular
matrix.

Upper Triangular Matrix
Creates the matrix with cells to fill in above
the diagonal. This is the default.

Lower Triangular Matrix
Creates the matrix with cells to fill in below
the diagonal.

Decision Table tool

282

Decision variables are values that you can control, such as how
much to charge for a product or how many wells to drill. But, in
situations with uncertainty, it is not always obvious what effect
changing a decision variable can have on the forecast results.

The Decision Table tool runs multiple simulations to test
different values for one or two decision variables. The tool tests
values across the range of the decision variables and puts the
results in a table that you can analyze using Crystal Ball forecast,
trend, or overlay charts.

The Decision Table tool is useful for investigating how changes
in the values of a few decision variable affect the forecast results.
For models that contain more than a handful of decision
variables, or where you are trying to optimize the forecast
results, use OptQuest for Crystal Ball.

OptQuest is a wizard-based program that enhances Crystal Ball
by automatically finding optimal solutions to simulation
models. This program is available with Crystal Ball 2000,
Professional Edition.



Table 1:  Comparison and contrast between the Decision Table

tool and OptQuest.
Decision Table tool OptQuest
Process Runs multiple Crystal Ball simulations for

different values of decision variables

Results All displayed in a table | Only displays the
best solutions.

Optimization No Yes

Number of One or two Unlimited

variables

Variable range Small Small to large

Decision Table example

In the Crystal Ball Examples folder there is an Oil Field
Development.xls spreadsheet you can use to experiment with
the Decision Table tool. This spreadsheet model predicts how to
best develop a new oil field by selecting the optimal number of
wells to drill, rate of oil production, and size of the refinery to
build that will maximize the net present value of the field.

To run Decision Table:

.

In Excel with Crystal Ball loaded, open the spreadsheet Oil
Field Development.xls.

In the Run > Run Preferences > Sampling dialog, set:

* Random Number Generation to use the Same Sequence
Of Random Numbers and An Initial Seed Value of 999

e Monte Carlo simulation

When using this tool, use these options to make the resulting
simulations comparable.

In the Run Preferences dialog, click on OK.
Select CBTools > Decision Table.

The Specify Target dialog appears.

283




Cha pter Crystal Ball Tools

5. Select the NPV forecast.
6. Click on Next.
The Select One Or Two Decisions dialog appears.

7. Move Wells To Drill and Facility Size to the Chosen
Decision Variables list.

a. Select Wells To Drill in the Available Decision
Variables field.

b. Click on >>.
c. Repeat steps 6a and 6b for the Facility Size.
8. Click on Next.
The Specify Options dialog appears.
9. Set the following options:
*  Number of values to test for Wells To Drill is 6
*  Number of values to test for Facility Size is 7
*  Number of trials per simulation is 500
*  Show only target forecast
10. Click on Start.

The tool runs a simulation for each combination of decision
variable values. It compiles the results in a table of forecast
cells indexed by the decision variables.

Interpreting the results

For this example, the Decision Table tool ran 42 simulations,
one for each combination of wells to drill and facility sizes. The
simulation that resulted in the best mean NPV was the
combination of 12 wells and a facility size of 150 mbd.
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To view one or more of the forecasts in the decision table, select
the cells and select Run > Forecast Charts. To compare one or
more forecasts on the same chart, select the cells and click on
Trend Chart or Overlay Chart.

[E3 Trend Chart 9 =] B3
NPY
300.00
W 100%
125.00
O a0
-50.00 r
M 50
-225.00
O 25%
= = = = =
2 2 2 2 2
Certainties Centered on Means Help

You can create the above trend chart by selecting all the forecast
cells in the Facility Size (150.00) row of the results table and
clicking on Trend Chart. This chart shows that the forecast with
the highest mean NPV also has the largest uncertainty
compared to other forecasts with smaller NPVs of the same
facility size. This indicates a higher risk that you could avoid
with a different number of wells (although the lower risk is
accompanied with a lower NPV).
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Decision Table dialogs

Specify Target (Step 1 Of 3) dialog

The Specity Target dialog lets you choose which forecast to

target.

Specify target [step 1 of 3]

Decision Table
Crystal Ball Toaol ® Decizioneering 1938-2000

Evaluate the effects of alternate decisions
in wour simulation model,

|
Flease enter the target cell or select from the list of forecasts above
| [0l Field Development. <Is]0i Field 136330 EY|
< Back Cancel Help |
{v5.00

The fields and buttons in this dialog are:

Forecast List

Lists all the forecast cells in all open
spreadsheets. When you select a forecast
from the list, its cell information
automatically appears in the Enter Target
Cell field.

The first forecast is selected by default.

Enter Target Cell

Next

286

Describes the cell location of the selected
forecast or formula. If you select a forecast
from the list above, the cell information
automatically appears in this field.

You can use this field to select a formula cell
instead of a forecast.

Opens the Select One Or Two Decisions
dialog.



Select One Or Two Decisions (Step 2 Of 3) dialog

This dialog lets you select one or two decision variables to
explore.

Select one or two decisions [step 2 of 3) EHE

aw

Decision Table
Crystal Ball Toaol ® Decizioneering 1938-2000

oD
on
]
01T

m
T
=X
[ |

=
7 [ |
el

Select one or bwo decisions ko evaluate:

Available Decision Variables

FPlateau rate

< Back | Mext = | Cancel Help |

The fields and buttons in this dialog are:

Available Decision Variables
Lists all the defined decision variables in the
open spreadsheets.

Chosen Decision Variables
Lists one or two decision variables that the
tool will test different values for.

>> Moves the selected decision variable in the
Available Decision Variables list to the
Chosen Decision Variables list.

<< Moves the selected decision variable in the
Chosen Decision Variables list to the
Available Decision Variables list.

Back Returns to the Specify Target dialog.
Next Opens the Specify Options dialog.
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Specify Options (Step 3 Of 3) dialog

The Specity Options dialog lets you select options to control

how the tool works.

Specify options [step 3 of 3] HE

Decision Table
Crystal Ball Toaol ® Decizioneering 1938-2000

o [47 | | [ 27 2= [am [ a7 [om
L I I Ca L I

~Simulation Contral

Test |6 walues for Wells to dril
Test I_ walues For Facility size

Run each simulation for  |500 trials {rasimurn)

~while Running

€ Show Forecasts as defined
& Show only target Forecast
" Hide all Forecasts

< Back Cancel Help

The Simulation Control options in this dialog are:

Number Of Test Values For Each Decision Variable

Sets the number of values the tool will test.
The tool distributes the number of values
evenly across the defined decision variable
range.

If you have one decision variable, the tool
runs a simulation for each test value. For
two decision variables, the tool runs a
simulation for each combination of values,
i.e., the product of the two numbers of test
values.

The default is 10 values for continuous
decision variables or for discrete decision
variables with a step size greater than 40.

Trials Per Simulation
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Sets the number of trials to run for each
simulation.



The default is the number set in the Crystal
Ball run preferences.

The While Running options are:

Show Forecasts As Defined
Displays a forecast chart for each defined
forecast during the simulation.

Show Only Target Forecast
Displays only the forecast chart for the
target forecast during the simulation.

Hide All Forecasts
Displays no forecast charts during the

simulation.
The buttons are:
Back Returns to the Select One Or Two Decisions
dialog.
Start Runs the tool.

Tornado Chart tool

The Tornado Chart tool measures the impact of each model
variable one at a time on a target forecast. The tool displays the
results in two ways:

* Tornado chart
* Spider chart

This method differs from the correlation-based method built
into Crystal Ball in that this tool tests each assumption, decision
variable, precedent, or cell independently. While analyzing one
variable, the tool freezes the other variables at their base values.
This measures the effect each variable has on the forecast cell
while removing the effects of the other variables. This method
is also known as “one-at-a-time perturbation” or “parametric
analysis”.
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The Tornado Chart tool is useful for:

* Measuring the sensitivity of variables that you have defined
in Crystal Ball.

* Quickly pre-screening the variables in your model to
determine which ones are good candidates to define as
assumptions or decision variables. You can do this by testing
the precedent variables of any formula cell. See page 296 for
more information on precedents.

Tornado chart

The tool tests the range of each variable at percentiles you
specify and then calculates the value of the forecast at each
point. The tornado chart illustrates the swing between the
maximum and minimum forecast values for each variable,
placing the variable that causes the largest swing at the top and
the variable that causes the smallest swing at the bottom. The
top variables have the most effect on the forecast, and the
bottom variables have the least effect on the forecast.

Forecast target g
Forecast axis values

1.00

Material 1 Reliability

1.05 1.10

1.158

1.20 1.25

Assumptions Material 1 Strength
and other

variables .
Coil Diarmeter, in

MNumber of Cails

Shearing Modulus of
Elasticity

Wire Diameter, in.

Spring Deflection, in

46,800

0.7803

53,200

08192

at|fo

Vdriable values

ecast

miinimums and
mums

o Downside
B Upside
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The bars next to each variable represent the forecast value range
across the variable tested, as discussed above. Next to the bars

are the values of the variables that produced the greatest swing
in the forecast values. The bar colors indicate the direction of

the relationship between the variables and the forecast.

For variables that have a positive effect on the forecast, the
upside of the variable (shown in blue) is to the right of the base
case and the downside of the variable (shown in red) is to the left
side of the base case. For variables that have a reverse
relationship with the forecast, the bars are reversed.

When a variable’s relationship with the forecast is not strictly
increasing or decreasing, it is called non-monotonic. In other
words, if the minimum or maximum values of the forecast range
do not occur at the extreme endpoints of the testing range for
the variable, the variable has a non-monotonic relationship with
the forecast.

maximum

minimum

If one or more variables are non-monotonic, all the variable bars
are the same color all the way across.
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Spider chart

The spider chart illustrates the differences between the
minimum and maximum forecast values by graphing a curve
through all the variable values tested. Curves with steep slopes,
positive or negative, indicate that those variables have a large
effect on the forecast, while curves that are almost horizontal
have little or no effect on the forecast. The slopes of the lines
also indicate whether a positive change in the variable has a
positive or negative effect on the forecast.

Forecast target Material 1 Reliability

Chart Area
1.20
—a— Material 1 Strength
. 115 - —=— Coil Diameter, in.
Forecast axis .
values m 1.0 Hurnber of Coils .ASSUH] tions

Shearing Modulus of and other
earn aguius o .
1 Elasticit variables

—s— 'Miire Diameter, in

1.00 } } } |
10.0% 30.0% 50.0% 70.0% 90.0% |—*— Spring Deflection, in.

Percentiles of the variables

Crystal Ball Tool Note: There is a maximum of 250 variables for these
charts.

Tornado Chart example

In the Crystal Ball Examples folder there is a Reliability.xls
spreadsheet you can use to experiment with the Tornado Chart
tool. This spreadsheet model predicts the reliability of a spring
using three different construction materials.

To run Tornado Chart:

1. In Excel with Crystal Ball loaded, open the spreadsheet
Reliability.xls.

If you have any other worksheets open, close them first,
because the tool gathers all Crystal Ball definitions from all
open worksheets.
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Select CBTools > Tornado Chart.

The Specify Target (Step 1 Of 3) dialog appears. All of the
forecasts from Reliable.xlIs appear in the list.

Select the “Material 1 Reliability” forecast.

Click on Next.

The Specify Input Variables (Step 2 Of 3) dialog appears.

Click on Add Assumptions.

Remove Material 2 Strength and Material 3 Strength.
Select an assumption to remove.

b. Click on Remove.

c. Repeat steps 6a and 6b for the second assumption to
remove.

The last two assumptions have no impact on the target
forecast. If you leave them in the list, they will appear in the
charts even though they are unrelated to the target forecast.

Click on Next.

The Specify Options (Step 3 Of 3) dialog appears.

Set the following options:

* Testing range is set to 10% to 90%

* Testing points is set to 5

* For Base Case is set to Use Existing Cell Values

* Tornado Method is set to Percentiles Of The Variables
* Both Tornado Chart and Spider Chart are selected

*  Show 20 Top Variables

Click on Start.

The tool creates the tornado and spider charts on their own
workbooks.
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Interpreting the results

In this example, six assumptions are listed in the tornado chart.
The first assumption, Material 1 Strength, has the highest
sensitivity ranking and is the most important. A researcher
running this model would investigate this assumption further in
the hopes of reducing its uncertainty, and therefore its effect on
the target forecast, Material 1 Reliability.

The last two assumptions, Wire Diameter and Spring Deflection,
are the least influential assumptions. Since their effects on the
Material 1 Reliability are very small, you might ignore their
uncertainty or eliminate them from the spreadsheet.

While tornado and spider charts are very useful, there are some
caveats:

* Since the tool tests each variable independently of the others,
the tool doesn’t consider correlations defined between the
variables.

* The results shown in the tornado and spider charts depend
significantly on the particular base case used for the
variables. To confirm the accuracy of the results, run the tool
multiple times with different base cases.

This characteristic makes the one-at-a-time perturbation
method less robust than the correlation-based method built
into Crystal Ball's sensitivity chart. Hence, the sensitivity
chart is preferable, since it computes sensitivity by sampling
the variables all together while a simulation is running.



Tornado Chart dialogs

Specify Target (Step 1 Of 3) dialog

The Specity Target dialog lets you choose which forecast or
formula cell to target.

Specify target [step 1 of 3] HE

Tornado Chart

Crystal Ball Tool # Decizioneering 1398-2000

Measure the sensitivity of each assumption or
wariable individually to a specific target cell,

IMaterial 1 Reliability
IMaterial 2 Reliability
IMaterial 3 Reliability

|
Please enter the target cell or select from the list of forecasts above
|[Reliability. xlsRELIABLEI$D$17 EY|
< Back Cancel Help |
{v5.00

The fields and buttons in this dialog are:

Forecast List

Lists all the forecast cells in all open
spreadsheets. When you select a forecast
from the list, its cell information
automatically appears in the Enter Target
Cell field.

The first forecast is selected by default.

Enter Target Cell

Next

Describes the cell location of the selected
forecast or formula. If you select a forecast
from the list above, the cell information
automatically appears in this field.

You can use this field to select a formula cell
instead of a forecast.

Opens the Specify Input Variables dialog.
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Specify Input Variables (Step 2 Of 3) dialog

This dialog lets you select the assumptions, decision variables,
and precedents to include in the tornado and spider charts.

Specify input variables [step 2 of 3]

Tornado Chart

Crystal Ball Tool # Decizioneering 1398-2000

Use the buttons to add or remove assumptions,
decision variables, and precedents to the lisk:

‘Wire Diameter, in.

Coil Diameter, in.

Shearing Modulus of Elasticity
Mumber of Coils

Spring Deflection, in,
IMaterial 1 Strength

1=l Add Assumptions |
Add Decision Variables |
Add Precedents |

One entry removed

< Back | Mext = | Cancel | Help |

Add Range |

=l Remove Al |

You can include any value cell in your tornado chart
calculations. However, the cells are usually:

assumptions

Cells defined as assumptions in Crystal Ball.

For more information about assumptions,
see “Defining assumptions” on page 131.

decision variables

precedents

Cells defined as decision variables in Crystal
Ball.

For more information about defining
decision variables, see “Defining decision
variables” on page 151.

All cells within the active spreadsheet that are
referenced as part of the formula or a
sub-formula of the target cell.

Crystal Ball Tool Note: Precedents for this tool are handled differently
than standard Excel precedents in that they cannot trace beyond the active
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spreadsheet. Therefore, you can only use precedents on the active
spreadsheet as input variables.

The field and buttons in this dialog are:

Input Variable List

Lists all the variables selected for the
tornado and spider charts.

Add Assumptions

Adds all assumptions from all open
worksheets to the input variable list.

Add Decision Variables

Add Precedents

Add Range

Remove
Remove All

Back

Next

Adds all decision variables from all open
worksheets to the input variable list.

Adds all precedents of the target cell from
all open worksheets to the input variable
list.

Lets you select a range of cells from the
open worksheet to add to the input variable
list. If you click this button, an Input dialog
appears asking you to enter a cell range or
to select a range of cells from the
spreadsheet. You must click on OK to accept
the selected range.

Removes the selected variable from the
input variable list.

Removes all of the items from the input
variable list.

Returns to the Specify Target dialog.
Opens the Specify Options dialog.

Specify Options (Step 3 Of 3) dialog

This dialog lets you set options that control the tool. The groups
of options in this dialog are:

* Tornado Input

¢ Tornado Method

* Tornado Output
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Specify options [step 3 of 3]

Tornado Chart

Crystal Ball Tool # Decizioneering 1398-2000

~Tornado Input

Tesking range IlD ko Q0% 'l
Tesking painks I_ E

& Use median values

~Tornado Method

& Percentiles of the variables

i Percentage deviations
from the base case

~Tornado Oukput
¥ Tornado chart
¥ spider chart

orBaseCase
" Use existing cell values

Shiow IZD top variables

< Back

Cancel | Help

The buttons in this dialog are:

Back

Start

Returns to the Specify Input Variables
dialog.

Starts the tool, generating the tornado and
spider charts.

Tornado Input options

The Tornado Input options are:

Testing Range Defines the range in which the tool samples

Testing Points
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the variables. The choices are either: the
percentile range (if the tornado method is
Percentiles Of The Variables) or the percent
from the base case (if the tornado method is
Percentage Deviations From The Base
Case).

The default is 10% to 90% percentiles or
-10% to 10% deviation.

Defines how many values to test in the
testing range. The testing points are evenly
distributed across the testing range. Testing
more points than just endpoints detects
non-monotonic variable relationships.



The default is five testing points.

For Base Case Specifies whether to define the base case as
either the existing cell values or the median
values of the variables. If the tornado is
based on a percentage deviation, only the
cell values option is available.

The default is the median cell values.

Tornado Method options
The Tornado Method options in this dialog are:

Percentiles Of The Variables
Indicates that the tool should test the
variables using percentiles of the
assumption distributions or percentiles of
the decision variable ranges.

This is the default.

Percentage Deviations From The Base Case
Indicates that the tool should test the
variables using small changes that are
specified percentages away from the base
case.

This is the only option available if you
selected variables other than assumptions
or decision variables.

Crystal Ball Tool Note: The tool treats discrete decision variables as
continuous for this second method.

Tornado Output options
The Tornado Output options are:

Tornado Chart Generates a tornado chart showing the
sensitivity of the variables using range bars.

Spider Chart Generates a spider chart showing the
sensitivity of the variables using sloping
curves.

Show Top Variables
Indicates how many variables to include in
the tornado charts if there are a lot of
variables. The charts can only clearly show
about 20 variables.
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Two-dimensional Simulation tool

Risk analysts must often consider two sources of variation in
their models:

uncertainty Assumptions that are uncertain because you
have insufficient information about a true,
but unknown, value. Examples of
uncertainty include the reserve size of an oil
field and the prime interest rate in 12
months. You can describe an uncertainty
assumption with a probability distribution.

Theoretically, you can eliminate uncertainty
by gathering more information. Practically,
information can be missing because you
haven’t gathered it or because it is too costly
to gather.

variability Assumptions that change because they
describe a population with different values.
Examples of variability include the
individual body weights in a population or
the daily number of products sold over a
year. You can describe a variability
assumption with a frequency distribution
(or approximate it with a probability
distribution).

Variability is inherent in the system, and you
cannot eliminate it by gathering more
information.

For many types of risk assessments, it is important to clearly
distinguish between uncertainty and variability.? Separating
these concepts in a simulation lets you more accurately detect
the variation in a forecast due to lack of knowledge and the
variation caused by natural variability in a measurement or
population. In the same way that a one-dimensional simulation
is generally better than single-point estimates for showing the
true probability of risk, a two-dimensional simulation is
generally better than a one-dimensional simulation for
characterizing risk.

2. Hoffman, F. O. and J. S. Hammonds. “Propagation of uncer-
tainty in risk assessments: The need to distinguish between
uncertainty due to lack of knowledge and uncertainty due to vari-
ability,” Risk Analysis, vol. 14, no. 5. pp 707-712, 1994.
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The Two-dimensional Simulation tool runs an outer loop to
simulate the uncertainty values, and then freezes the
uncertainty values while it runs an inner loop (of the whole
model) to simulate the variability. This process repeats for some
small number of outer simulations, providing a portrait of how
the forecast distribution varies due to the uncertainty.

The primary output of this process is a chart depicting a series
of cumulative frequency distributions. You can interpret this
chart as the range of possible risk curves associated with a
population.

Crystal Ball Tool Note: When using this tool, set the Seed Value option
in the Crystal Ball Run Preferences dialog so that the resulting
simulations are more comparable.

Two-dimensional Simulation example

In the Crystal Ball Examples folder there is a Toxic Waste
Site.xls spreadsheet you can use to experiment with the Two-
dimensional Simulation tool. This spreadsheet model predicts
the cancer risk to the population from a toxic waste site. This
spreadsheet has two variability assumptions and two uncertainty
assumptions.

To run the Two-dimensional Simulation tool:

1. In Excel with Crystal Ball loaded, open the spreadsheet
Toxic Waste Site.xls.

2. In the Run > Run Preferences > Sampling dialog, set:

* Random Number Generation to use the Same Sequence
Of Random Numbers and An Initial Seed Value of 999

¢ Monte Carlo simulation

When using this tool, use these options to make the resulting
simulations comparable.

3. Select CBTools > 2D Simulation.
The Specify Target dialog appears.
4. Select the Risk Assessment forecast.
5. Click on Next.
The Specify Assumptions dialog appears.
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6.

Move Body Weight and Volume Of Water Per Day to the
Variability list.

a. Select Body Weight.
b. Clickon >>.
c. Repeat steps 5a and 5b for Volume Of Water Per Day.

This separates the assumptions into the two types:
uncertainty and variability.

Click on Next.

The Specify Options dialog appears.
Set the following options.

*  Outer simulation runs set to 100
* Inner simulation runs set to 1,000
* Show only target forecast

Click on Start.

The simulations start. The tool first single-steps one trial to
generate a new set of values for the uncertainty assumptions.
Then it freezes these assumptions and runs a simulation for
the variability assumptions in the inner loop.

The tool retrieves the Crystal Ball forecast information after
each inner loop runs. The tool then resets the simulation and
repeats the process until the outer loop has run for the
specified number of simulations.

Interpreting the results

The results of the simulations appear in a table containing the
forecast means, the uncertainty assumption values, and the
statistics (including percentiles) of the forecast distribution for
each simulation.



A B C D E F G H | J K
D D D D D D D D D z
o o o o o o o o o o
o o o o o o o o o }
3= 3= 3= 3= 3= 3= = 3= = &
@ @ @ @ @ @ @ @ @ @
o o o o o o o o o oy
oy oy oy oy oy oy oy oy oy oy
oy oy oy oy oy oy oy oy oy 3
3 3 3 3 3 3 3 3 3 T
o o o o o o o o o =
= = = = = = = = = =
1 =2 B o E o ) = = = 2
| 2 | 3.894E-05 5.27E-05 5.29E-05 5.67E-05 5.88E-05 5.95E-05 B.09E-05 6.22E-05 5.31E-05 B.36E-0!
| 3 |Assumptions:
Concentration of
| 4 |Contarninant in Water 101.24 9278 11169 11655 10270 10296 9357 11501 10343 104
| 5 |CPF 13602 1.9E-02 16E02 1.BE-02 19E02 1.9E02 22E-02 1.8E02 20E-02 19EO
6
| 7 |Statistics:
| 8 |Mean 3.84E-05 5.27E-05 5.29E-05 5.67E-05 5.88E-05 5.958E-05 6.09E-05 6.22E-05 5.31E-05 6.36E-0¢
| 9 |Median 3.78E-05 5.05E-05 5.06E-05 5.43E-05 5.63E-05 5.73E-05 5.84E-05 5.95E-05 5.05E-05 6.09E-0¢
| 10 | Standard Deviation 1.91E-05 2.55E-05 2.55E-05 2.75E-05 2.85E-05 2.90E-05 2.95E-05 3.02E-05 3.06E-05 3.08E-0¢
| 11 |Variance 3.B5E-10 6.52E-10 £.55E-10) 7.55E-10 8.10E-10 8.40E-10 8.71E-10 9.09E-10 9.35E-10 9.49E-1i
| 12 |Skewness 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.4
| 13 |Kurtosis 3.13 313 313 313 313 313 313 313 313 3.1
| 14 |Coeff. of Variability 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.4
| 15 |Minimurm 4 78E-07 6.39E-07 6.41E-07 6.8BBE-O7 712E-07 7.25E-07 7.39E-07 7.55E-07 7.BSE-O7 7.71EO
| 16 |Maxirmum 1.16E-04 1.55E-04 1.55E-04 1.67E-04 1.73E-04 1.76E-04 1.79E-04 1.83E-04 1.86E-04 1.57E-0
| 17 |Range 1.16E-04 1.55E-04 1.55E-04 1.66E-04 1.72E-04 1.75E-04 1.79E-04 1.83E-04 1.85E-04 1.57E-0
18
E Percentiles:
| 20 |5%-tile 1.04E-05 1.39E-05 1.40E-05 1.50E-05 1.55E-05 1.58E-05 1.61E-05 1.65E-05 1.67E-05| 1.68E-0!
21 110%-tile 1.86E-05° 2.08E-05/ 2.09E-05 2.24E-05| 2. 32E-05 2.36E-05| 2. 41E-05 2 46E-05 | 2 49E-05| 2.51E-0!

The tool also graphs the results of the two-dimensional
simulations on an overlay chart and a trend chart. The overlay
chart shows the risk curves for the simulations for different sets

of uncertainty assumption values.

In the chart below, most of the risk curves are clustered densely
toward the center while a few outlier curves are scattered to the
right, showing the small probability of having a much greater

risk.
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Statistical Note: In risk analysis literature, the curves are ofien called
the alternate realizations of the population risk assessment.

[E3 Overlay Chart 9 =] B3
Edit Preferences  Wiew Fun Help

Risk Assessment

1.000 = 2 F M Risk Azzessment(1]
. ¢ = W Risk Azzessment(2]
750 f L O Risk Assessment(3)
_..E" / O Rizk Aszessment(4)
= ] O Risk Azzessment(5]
E I A [ W Risk Assessment(E]
= O Risk Azzessment(7]
o 250 i i r M Rizk Azzessment(8)
W Risk Azzessment(d]
.oao W Risk (10]
0.00E+0 1.25E-4 250E-4 3.7BE-4 5.00E-4 %

|fAdd Forecast...| | Add Distribution... | | Add Data... |

| Chart Prefs... I | Remove All I Help |

Another helpful output is a trend chart depicting certainty
bands for the percentiles of the risk curves. The band width
shows the amount of uncertainty at each percentile level for all
the distributions.

[&3 Trend Chart 9 =] B3

Risk Assessment

4.00E-4

W 100%
3.00E-4

O 903
2.00E-4

M 503
1.00E-4

O 25%

0.00E+0
o

Certainties Centered on Means Help |
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You can focus in on a particular percentile level, such as the 95th
percentile, by viewing the statistics of the 95th percentile
forecast.

B Forecast: 95%-tile i [m] .S

Edit Preferences  Wiew Fun Help

Cell B38 Statistics

Statistic Walue

Triaks 100 Number of
Mean 1.79E-4 1
Median 1.72E-4 95t2 pFrcentlles
Mode T
Standard Deviation B.32E-5 Eipe lorecast
Warance 4.00E-9
Skewness 0.81
Kurtosiz 356
Coeff. of Y ariability 035
Fiange Minimum 7.7EE-B
Fange b aximum 3.83E-4
Fange ‘Width 3.0BE-4
Mean Std. Emor B.32E-B

Compare the results of the two-dimensional simulation to a one-
dimensional simulation (with both uncertainty and variability
co-mingling together) of the same risk model. The mean of the
95th percentiles, 1.79E-4, is lower than the 95th percentile risk
of the one-dimensional simulation shown below at 2.03E-4. This
indicates the tendency of the one-dimensional simulation
results to overestimate the population risk, especially for highly
skewed distributions.

@ Forecast: Risk Aszessment H=1E3
Edit Preferences  Wiew Fun Help
1,000 Trials Frequency Chart 18 Qutliers
027 27
ot oo O ) N 1
2 T
= o
RRULE SRR HHHHH‘H R I o KA~
= ]
o =
© o LM, 1.
.0oo -—¢ L0
0.00E+0 E.25E-5 1.25E-4 1.88E-4 2.80E-4
population rigk
» [Hnfinity Certainty |Emm % 4 |2.I]3E—4
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Second-order assumptions

Some assumptions contain elements of both uncertainty and
variability. For instance, an assumption might describe the
distribution of body weights in a population, but the parameters
of the distribution might be uncertain. These types of
assumptions are called second-order assumptions (also, second-
order random variables).> You can model these types of
assumptions in Crystal Ball by placing the uncertain parameters
of the distribution in separate cells and defining these cells as
assumptions. You then link the parameters of the variability
assumption to the uncertainty assumptions using cell
references.

To illustrate this for the Toxic Waste Site.xIs spreadsheet:

1. Enter the values 70 and 10 into cells G4 and G5,
respectively.

These are the mean and standard deviation of the Body
Weight assumption in cell C4, which is defined as a normal
distribution.

2. Define an assumption for cell G4 using a normal
distribution with a mean of 70 and a standard deviation of 2.

3. Define an assumption for cell G5 using a normal
distribution with a mean of 10 and a standard deviation of 1.

4. Enter references to these cells in the Body Weight
assumption.

When you run the tool for second-order assumptions, the
uncertainty of the assumptions’ parameters is modeled in the
outer simulation, and the distribution of the assumption itself
is modeled (for different sets of parameters) in the inner
simulation.

3. Burmaster, David E., and Andrew M. Wilson. “An Introduction to
Second-Order Random Variables in Human Health Risk Assess-
ments,” Human and Ecological Risk Assessment: vol. 2, no. 4. pp 892-
919, 1996.



Crystal Ball Note: Ofien, the parameters of assumptions are correlated.
For example, you would correlate a higher mean with a higher standard
deviation or a lower mean with a lower standard deviation. Defining
correlation coefficients between parameter distributions can increase the
accuracy of yowr two-dimensional simulation. When data is available, as
in sample body weights of a population, you can use the Bootstrap tool to

estimate the sampling distributions of the parameters and the correlations
between them.

Cell C4: Mormal Distribution x|
Assumption Name: Bod YWeighi] Prefs |

Parmsz

Probability

40.00 55.00 F0.00 85.00 100,00
» I-Inﬁnily 4 |+Inﬁnity
Mean |=Gf1 Std Dev|=65

oK | gancell Enter I galleryl Cogrelate...l Help |
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Two-dimensional Simulation dialogs

Specify Target (Step 1 Of 3) dialog

The Specity Target dialog lets you choose which forecast to

target.

Specify target [step 1 of 3]

2D Simulation
Crystal Ball Toaol ® Decizioneering 1938-2000

Independently analyze uncertainty and
wariability using bwo-dimensional simulation.

|
Flease enter the target cell or select from the list of forecasts above
[[Toxic Waste Site.xIsITOXIC 1$C$9 EY|
< Back Cancel Help |
{v5.00

The fields and buttons in this dialog are:

Forecast List

Lists all the forecast cells in all open
spreadsheets. When you select a forecast
from the list, its cell information
automatically appears in the Enter Target
Cell field.

The first forecast is selected by default.

Enter Target Cell

Next

308

Describes the cell location of the selected
forecast or formula. If you select a forecast
from the list above, the cell information
automatically appears in this field.

You can use this field to select a formula cell
instead of a forecast.

Opens the Specify Assumptions dialog.



Specify Assumptions (Step 2 Of 3) dialog

This dialog separates the assumptions into uncertainty
assumptions and variability assumptions. All the assumptions
from all open worksheets start in the Uncertainty list by default.
You must have at least one assumption of each type.

Specify assumptions [step 2 of 3] HE

2D Simulation

Crystal Ball Tool # Decizioneering 1398-2000

Identify the bypes of your assumptions:

Uncertainky

Wolume of Water per Day

< Back | Mext = | Cancel Help |

When you save your spreadsheet model, the tool remembers the
assumption types for the next time you run the tool.

The fields and buttons in this dialog are:

>> Moves any selected assumptions in the
Uncertainty list to the Variability list.
<< Moves any selected assumptions in the
Variability list to the Uncertainty list.
Back Returns to the Specify Target dialog.
Next Opens the Specify Options dialog.
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Specify Options

This dialog lets you
runs.

Specify options [step 3 of 3]

(Step 3 Of 3) dialog

set the options that control how the tool

2D Simulation

Crystal Ball Tool # Decizioneering 1398-2000

Sirmulation Cantral

Run outer {uncertainty simulation for trials
Run inner {variability) simulation For 1000 trials {rasimurn)
‘while Running

" Show Forecasts as defined

% Show only target Forecast

" Hide all farecasts

< Back Cancel Help

The Simulation Control options in this dialog are:

Outer simulation runs

Sets the number of times the tool simulates
the uncertain assumptions in the outer
loop. These values are then frozen during
the inner simulations.

The default is 10.

Inner simulation runs

Sets the number of times the tool simulates
the variability assumptions in the inner
loop.

The default is the number of trials set in the
Crystal Ball run preferences.

The While Running options are:

Show Forecasts As Defined

310

Displays a forecast chart for each defined
forecast during the simulation.



Show Only Target Forecast
Displays only the forecast chart for the
target forecast during the simulation.

Hide All Forecasts
Displays no forecast charts during the

simulation.
The buttons are:
Back Returns to the Specify Assumptions dialog.
Start Runs the tool.
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Appendix A

Error Recovery




This appendix lists, alphabetically by first
word, messages that might appear when
you are entering or selecting data, or
running simulations. Either an explanation
or a solution or both are provided for each
message. Messages not listed in this
appendix should be self-explanatory.

In this appendix



Crystal Ball error messages

Message

A calculation error has
occurred in cell <Al>. You
may wish to check your
formulas and assumptions
for division by 0, etc.

Alpha plus Beta plus 1 must
be less than 1750.

An assumption cannot be
correlated to itself.

Assumptions and decision
variables can’t be defined in
the same cell.

Assumptions can only be
defined for simple value
cells.

Cannot complete operation
due to an unexpected error.

Below is a list of the error messages for Crystal Ball. For error
messages for OptQuest, the extenders, or CB Turbo, see the
accompanying manual for the product.

Reason

You have a spreadsheet
calculation error.

The sum of alpha and beta
parameters has an upper limit of
1,749. This results from a
restriction on the size of a
number that can be
factorialized.

You entered the cell for the
current assumption in the
Correlate dialog. You must select
an assumption cell other than
the current cell to correlate with
the current assumption.

You are trying to define an
assumption in a cell that already
has a decision variable, or you
are trying to define a decision
variable in a cell with an
assumption.

You cannot define an
assumption in an empty cell or a
cell with text, a formula, or a
function.

Unknown.

Solution

Check your spreadsheet
formulas for errors such as:
square root of a negative
number, division by zero, too
large a number (>1.0E+307), a
bad table lookup, or an invalid
argument given to a trig, log,
power, or financial function.
(Financial functions with a
guessed argument may not be
converging due to a poor
guess.)

Change the value of alpha and
beta so that their sum is less
than 1,749.

Enter the cell of a different
assumption or select one of the
active assumptions listed under
the Select Assumption button.

You must clear the assumption
or decision variable data (using
Cell > Clear Data) before
defining the cell with a decision
variable or assumption.

You cannot define an
assumption in an empty cell or
a cell with text, a formula, or a
function.

Contact Decisioneering
technical support at
www.decisioneering.com.
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Message

Cannot construct
distribution with the
parameters given.

Can’t correlate assumptions
that have dynamic cell
references.

Can'’t find any spreadsheets
associated with the saved run
file.

Can’t find main spreadsheet
window.

Can’t find or open data file.
Please verify that the correct
path and file name are given.

Cell range must be in ‘A1:B2’
or ‘Al..B2’ format.

Cell reference is outside the
active area or refers to the
wrong cell type.

Cell references may not be
entered for this distribution

Cell reference must be in ‘A1’

format.

Cell reference refers to a
deleted cell or the wrong cell

type.
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Reason

stributi
One or more distribution
parameters are invalid.

The cell you are trying to
correlate has dynamic cell
references. You cannot correlate
cells with dynamic cell
references.

Saved run files are associated
with their spreadsheets. You
must have the associated
spreadsheet open to restore a
run.

Crystal Ball cannot find the
Excel window.

The text file you specified
doesn’t exist, or you didn’t enter
a file name.

You did not properly enter a
range in a field expecting a cell
range.

A cell reference is referencing a
cell with text or an empty cell.

You cannot use cell references
with the custom distribution.

Crystal Ball expected a cell
reference, but the reference
wasn’t in the correct format.

The referenced cell isn’t the
correct cell type.

Solution

Make sure all your parameters
have an absolute value less than
1.03 E+307.

Change the highlighted
parameter value to a valid
value.

Either change the dynamic cell
references to static, remove the
cell references, or correlate to a
different assumption.

Open the associated
spreadsheet and try to restore
the saved run again.

Close Crystal Ball and Excel
and restart the program.

Check the spelling and folder
location of the text file and
enter a valid file name.

Change the range to one of the
specified formats.

Either enter a cell reference
that has a valid value or enter a
valid value in the referenced
cell.

Replace cell references in the
custom distribution parameter
fields with values.

If you want to indicate a cell
reference, make sure you are
using the cell reference format
indicated by “Entering cell
references” on page 135.

Make sure the referenced cell is
the correct cell type.



Message

Certainty must fall between
0-100%

Correlation Coefficient must
be between one and minus
one.

Crystal Ball cannot work with
locked cells or sheets.

Crystal Ball found an
unsaved sheet in the
simulation. Please save it
now.

Data contains non-positive
numbers—some
distributions were skipped.

Data does not appear to be
in cumulative format.

Decision variable name
cannot contain + - */ ~ | <
= > characters.

Decision variables can only
be defined for simple value
cells.

Reason

You entered an invalid value in
the Certainty field. The certainty
must be a percentage between 0
and 100%, inclusive.

All correlation coefficients in
Crystal Ball must be expressed as
a number between minus one
and plus one, inclusive.

You cannot have locked cells or
worksheets when using Crystal
Ball.

Or, if you have merged cells on
one worksheet, Excel sometimes
interprets the same cells on
other worksheets of the same
workbook as being locked.

Crystal Ball cannot save a run
until its associated workbook is
named and saved.

Lognormal, beta, Pareto,
exponential, and gamma
distributions can only contain
positive values. Crystal Ball
eliminates these distributions
from the distribution fit if the
data contains negative values.

The values in the custom
distribution data range are not
in the right format.

The decision variable name you
specified contains illegal special
characters.

You cannot define a decision
variable in an empty cell or a cell
with text, a formula, or a
function.

Solution

Change your certainty value to
a percentage between 0 and
100%.

Change your correlation
coefficient to a number between
-1 and 1, inclusive.

Unlock all cells and worksheets.

Also, check for merged cells
that correspond to assumption
or forecast cells on other
worksheets. Unmerge those
cells.

Save your current workbook
and then try to save the run
again.

No action is necessary.

Format the data in two
columns: 1) the first column
with data values, 2) the second
column with cumulative
probabilities of the data values.
Both columns must be in
ascending order.

Remove special characters from
your decision variable name.

Change the cell to contain a
simple value before defining
your decision variable.
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Message

Forecasts can only be defined

for formula or value cells.

Geometric Standard
Deviation must be greater
than one.

Input data must contain at
least two distinct values.

Likeliest value must fall
between Min and Max.

Line or dot width must be
less than 16.

Location must be between
zero and 1000.

Lognormal mean must be
less than 11250.

Lower percentile must be
greater than upper
percentile.
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Reason

You cannot define a forecast in
an empty cell or a cell with text.

You entered a geometric
standard deviation that is less
than or equal to one.

The specified range of values to
fit contains less than two distinct
values to fit.

Your likeliest parameter must be
between the minimum and
maximum parameter values.

The values associated with the
line and dot chart type must be
less than 16.

The location parameter value is
outside the accepted range.

The log mean parameter for the
lognormal distribution has an
upper limit of 11,250 due to a
restriction on the size of a
number that can be
exponentiated.

The lower percentile value is less

than the higher percentile value.

Solution

Change the cell to contain a
formula, function, or simple
value before defining your
forecast.

Change the geometric standard
deviation to a number greater
than one.

Enter a valid range of data to fit
that contains at least two
distinct values.

Change your likeliest value to
fall between the minimum and
maximum values or change the
minimum or maximum values
to define a range that includes
the likeliest value.

Change the values in the Line
and Dot fields to be less than
16.

Enter a new value for the
location parameter that is
between zero and 1000.

Change the lognormal log
mean to a number less than
11,250.

Either change the lower
percentile value to be above the
higher percentile or change the
higher percentile value to be
below the lower percentile
value.

If you want the upper
percentile to be greater than
the lower percentile, in the
Forecast window, select
Preferences > Statistics and
change the option to show
percentiles as the Probability
Below A Value.



Message

Maximum number of trials
reached.

Maximum report length
reached.

Mean or median does not lie
within the display range.

Memory limit reached.

Min must be less than Max.

Must be a whole number.

No assumptions chosen.

No cells have been selected.

Reason

The number of trials has
reached the maximum number
you specified in the Run
Preferences dialog.

You are generating a report that
is reaching the maximum report
length.

You specified a confidence
interval that doesn’t have the
mean or median in the display
range.

You are running a simulation
with a large or complicated
spreadsheet and your computer
doesn’t have enough RAM.

Your minimum value is greater
than your maximum value.

The highlighted number must
be a positive integer, for
example, 1, 2, or 3.

You selected the Chosen...
option but didn’t select any
assumptions.

You are trying to paste Crystal
Ball data, but there are no cells
selected. You might have a
graphic item or text box
selected.

Solution

To keep running the
simulation, increase the
maximum number of trials
specified in the Run
Preferences dialog.

Report your data in smaller sets
of data, e.g., only report
assumption information and
then, separately report forecast
information.

No action required. Just make
sure the certainty is displaying
what you expected.

* Close other applications
* Turn on virtual memory

* Consult your Windows User’s
Guide for information on
optimizing your memory

e If this is a recurring
problem, install more RAM
1n your computer

Change your minimum to be
less than your maximum or
your maximum to be greater
than your minimum.

Replace the highlighted
number with a positive integer.

Select at least one assumption
using the All or Chosen option.

Select the cell or cells where you
want to paste data, and then
paste.
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Message

No distributions chosen.

Error Recovery

Reason

You selected to fit to chosen

Solution

Make sure you select at least

one distribution. Click on the
Chosen option to open the
Choose Distribution dialog and
select distributions.

distributions, but didn’t select
any distributions from the
Choose Distributions dialog.

No distributions tested fit
the data.

Either you selected to fit your
data to a discrete distribution
(which Crystal Ball doesn’t
support) or only to distributions
that can’t use negative numbers
(lognormal, beta, Pareto,
exponential, and gamma) when
your data contains negative
numbers.

Select only continuous
distributions, and, if your data
contains negative values, select
at least one continuous
distribution that can use
negative numbers.

You must define at least one
forecast to run a simulation.

No forecast cells have been
defined.

Go back to your spreadsheet
and define at least one cell as a
forecast.

You selected the Chosen...
option but didn’t select any
forecasts.

No forecasts chosen. Select at least one forecast using

the All or Chosen option.

No worksheet active. You must have a workbook open

to run a simulation.

Open a workbook and try to
run a simulation again.

Either remove the / character

from your parameter or make
sure your date is in the proper
format.

Not a valid date—must be in
mm/dd/yy format.

You entered a parameter value
using the special character /.
Crystal Ball is trying to interpret
the number as a date, but the
values are invalid for the format
mm/dd/yy.

Make sure all numeric fields
only contain numbers or cell
references to numbers.

You entered a non-numeric
character in a field that requires
a number.

Not a valid number.

Not enough memory
available to complete the
operation.

You are running an operation * Close any open forecast

other than simulation, and your windows

computer does not have enough .

RAM. * Set the Maximum Number
Of Trials in the Run
Preferences dialog to a
lower number and rerun the
simulation

* Try solutions for the
message: Memory limit
reached

* If this is a recurring
problem, install more RAM
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Message

Note: this option may
significantly alter the results
of the simulation.

Note: this option may
significantly increase the
amount of memory required
to run a simulation.

Note: this option may
significantly increase the
time and memory required
to run a simulation.

Number is too large.

Number must be greater
than zero.

Number must not be infinity.

Number of trials must be less
than or equal to 1750.

Number of trials must not
exceed population size.

Number of values entered
exceeds capacity of custom
distribution.

Reason

Selecting the option to turn off
correlations can change results.

Selecting the Latin Hypercube
simulation method uses more
memory than Monte Carlo.

Selecting the Calculate
Sensitivity option uses more
memory than running a
simulation without this option.

You must use numbers between
5 E-324 and 1.7 E308 (positive
numbers) or between -5 E-324 to
-7 E308 (negative numbers).

The highlighted number cannot
be a negative value.

You entered infinity for a field
that requires a number with an
absolute value less than
1.03E307.

The trials parameter has an
upper limit of 1,750 due to a
restriction on the size of a
number than can be
factorialized.

The trials parameter cannot be
greater than the population
parameter.

The custom distribution has a
capacity of approximately 1,400
single values or 450 continuous
and discrete ranges.

Solution

No action is required.

No action is required. However,
if your memory is low, you
might want to consider solving
any memory problems before
using Latin Hypercube.

No action is required. However,
if your memory is low or your
model particularly large, you
might want to consider solving
any memory problems before
using this option.

Change your value to be in one
of the two valid ranges.

Replace the negative value with
a positive value.

Enter a number with an
absolute value less than
1.03E307.

Enter a number of trials less
than 1,750.

In some cases, you might be
able to use the normal
distribution to approximate the
binomial or hypergeometric
distributions when the number
of trials is large.

Either change the trials
parameter to be less than the
population or increase the
population to be greater than
the trials.

Divide your assumption into at
least two different custom
assumptions with less than the
maximum number of values or
ranges.
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Message

One or more values resulting
from calculation errors had
to be discarded. You may
wish to check your formulas
and assumptions for division
by 0, etc.

Percentage must fall between
0-100%.

Population size must be less
than 1750.

Probability must be greater

than zero.

Probability must be less than
one.

Rate must be greater than
zero.
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Reason

A forecast had some calculation
errors during the simulation,
and you didn’t have your run
preferences set to stop the
simulation on a calculation
error.

You entered a value that was not
between 0 and 100.

The population parameter has
an upper limit of 1,750 due to a
restriction on the size of a
number than can be
factorialized.

You must express all
probabilities in Crystal Ball as
fractions between 0 and 1, or as
percents (e.g., 8%) between 0%
and 100%.

You must express all
probabilities in Crystal Ball as
fractions between 0 and 1, or as
percents (e.g., 8%) between 0%
and 100%.

You entered a negative value or
zero for the rate, which must be
positive.

Solution

Check your spreadsheet
formulas for errors such as:

* Square root of a negative
number

* Division by 0

* Too large a number

- 21.03E + 307,
* Bad table lookup

* Invalid argument given to a
trig, log, power, or financial
function. (Financial
functions with a poor guess
argument might not be
converging.)

Change the percentile to a
number between 0 and 100.

Enter a population size less
than 1,750.

In some cases, you might be
able to use the normal
distribution to approximate the
binomial or hypergeometric
distributions when the
population size is large.

Enter a probability between 0
and 1 or as a percent between
0% and 100%.

Enter a probability between 0
and 1 or as a percent between
0% and 100%.

Change the rate value to a
positive number.



Message

Rate must be less than or
equal to 1500.

Sensitivity value must be
between zero and one.

Shape divided by Probability
must be less than 1750.

Shape must be less than
1500.

Sorry, that file is not a
Crystal Ball saved run.

Standard deviation must be
greater than zero.

Step must be positive.

Step must be zero or
positive.

System resources are low. Try
closing windows or quitting
other applications.

Reason

The rate parameter has an
upper limit of 1,500 due to a
restriction on the size of a
number that can be raised to a
power.

You entered a sensitivity value to
use as a cut-off that was not
between zero and one.

The trials parameter has an
upper limit of 1,750 due to a
restriction on the size of a
number than can be
factorialized.

You entered a number greater
than 1500 for the shape
parameter.

You tried to open a files with a
.RUN extension that is not a
saved Crystal Ball run.

You entered zero or a negative
number for the standard
deviation.

The custom distribution Step
parameter must be a positive
number.

The step size for a decision
variable cannot be negative.

You have less than 8% of your
system resources available.

Solution
Enter a rate less than 1500.

In some cases, you might be
able to use the normal
distribution to approximate the
Poisson distribution when the
rate is large.

Change the value in the Display
Only Sensitivities Greater Than
field to a number between 0
and 1.

Enter either a smaller shape or
a larger probability until the
shape divided by the
probability is less than 1750.

In some cases, you might be
able to use the normal
distribution to approximate the
negative binomial distribution:
when the shape is large or the
probability is small.

Change the shape parameter
value to a number less than or
equal to 1500.

Check the file to make sure that
the file is a saved Crystal Ball
.RUN file.

Change the standard deviation
value to a positive number.

Change the Step parameter to a
positive value.

Replace the step size with a
non-negative number.

TI'y rebooting your computer.

If you start Crystal Ball right
away and still have this
problems, try removing
programs from automatically
starting and reboot again.
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Message

The amount of data
requested exceeds 256
columns. The data sheet will
be incomplete.

The correlation coefficients
are inconsistent. Crystal Ball
can adjust the coefficients by
an average of <value>
(worst case of <value2>) to
allow the simulation to
continue.

The Crystal Ball greetings
file cannot be found or has
been corrupted. Cannot
continue.

The Crystal Ball license file
cannot be found or has been
corrupted. Cannot continue.

The number of values in

both cell ranges must be the
same.

The sample size must be
greater than or equal to 10.

The sample size must be less
than or equal to 5000.
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Reason

You are extracting more than
256 columns worth of forecast
data. Excel has a limit of 256
columns. The data will be
truncated.

You have specified a situation
that cannot exist or is beyond
Crystal Ball’s capability.
Correlation coefficients cannot
be specified without regard to
the total set of correlations.
Contradictions arise when
assumptions are related to each
other by large positive and
negative correlation coefficients.
Also, as the number of
correlated assumptions
increases, the ability to use large
negative correlation coefficients
decreases.

The Crystal Ball greetings file is
missing or damaged.

The Crystal Ball license file is
missing or damaged.

To calculate the correlation
coefficient, you must enter two
different cell ranges with the
same number of cells in each
range.

You entered a sample size in the
Run Preferences dialog that is
less than 10.

You entered a sample size in the
Run Preferences dialog that is
greater than 5000.

Solution

Extract data in smaller chunks
by choosing a smaller number
of forecasts to extract data for at
one time.

Either:
* Let Crystal Ball adjust the
coefficients just for this
simulation

* Let Crystal Ball adjust the
coefficients permanently

* Click on cancel and
recheck your correlation
coefficients. In particular,
try to make large
correlation coefficients
smaller. Or try to
restructure your
spreadsheet so that
assumptions with large
correlation coefficients can
be calculated using
formulas instead.

Reinstall Crystal Ball.

Reinstall Crystal Ball.

Re-enter cell ranges that have
the same number of cells.

Change the sample size value to
a number greater than or equal
to 10.

Change the sample size value to
a number less than or equal to
5000.



Message

There was an unrecoverable

error while restoring the file.

There was an unrecoverable
error while saving the file.

There was an unrecoverable
error while specifying the
file.

Too many cells selected
(greater than 256). Try again
with a smaller selection.

Unable to find user macro
<macro_name>. Make sure
the macro name is correct in
the Run Preferences dialog.

Unable to generate
assumption value—
distribution is too small.
Error occurred in
assumption <Name> in cell
<Cell>.

Unable to open any more
windows.

Unable to read complete
custom distribution record.

Reason

Crystal Ball could not restore the
run because it didn’t have access
to the run file or the file was
damaged.

Crystal Ball could not restore the
run because it didn’t have access
to the run file or the file was
damaged.

Crystal Ball could not restore the
run because it didn’t have access
to the run file or the file was
damaged.

You can only copy 256
assumptions or forecasts at a
time.

Crystal Ball could not find the
macro specified in the Run
Preferences > Macros dialog.

Crystal Ball attempted to
generate a value for one of the
assumptions, but a severely
truncated distribution prevented
the value generation.

Crystal Ball required at least 3
KB of memory to open a
window. You have less than that
much RAM and virtual memory
left.

You are trying to open a saved

run file that has been corrupted.

Solution

Make sure you have read
permission for the file and
folder.

If the file is damaged or
corrupted, look for a backup

copy.

Make sure you have read and
write permission for the file
and folder.

If the file is damaged or
corrupted, look for a backup

copy.

Make sure you have read
permission for the file and
folder.

If the file is damaged or
corrupted, look for a backup

copy.

Select less than 256 cells to
copy.

Make sure the macro name is
spelled correctly and is in the
proper format. See “Macros
preferences” on page 168 for
the correct format.

Recheck the assumptions and
reduce the degree of
truncation.

* Try solutions for the
message: Memory limit
reached

* If this is a recurring
problem, install more RAM

Check your disk for errors with
a disk utility, and try to repair
them.

325



Appendix

Message

Upper percentile must be
greater than lower
percentile.

Value or range overlaps an
existing value or range.

Warning: one or more sheets
open during the simulation
have been closed or
renamed—some data may
not be saved.
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Reason

The higher percentile value is
less than the lower percentile
value.

Ranges and single values cannot
overlap each other. However, the
ending value of a continuous
range can begin at the starting
value of another continuous
range.

You closed or renamed sheets
between running a simulation
and extracting data.

Solution

Either change the higher
percentile value to be above the
lower percentile or change the
lower percentile value to be
below the higher percentile
value.

If you want the upper
percentile to be less than the
lower percentile, in the Forecast
window, select Preferences >
Statistics and change the option
to show percentiles as the
Probability Above A Value.

Check your values and re-enter
to avoid overlapping values.

Rerun the simulation and
extract data before you close or
rename any sheets.



Appendix B

Equations and
Methods




This appendix provides formulas for the
various distribution types and describes the
methods used for random generation of
numbers. It also provides the following
formulas:

¢ Mean

* Variance
Standard Deviation
Coefficient of Skewness
Coefticient of Kurtosis

Mean Standard Error

Coefficient of Variability

Correlation Coefficient

Random number generator

In this appendix



Formulas for probability distributions

This section contains the formulas used in calculating the
probability distributions. It also describes the random
generation methods used in Crystal Ball.

Beta distribution

Parameters:

Formula:

Method 1:

Comment:

Method 2:

Comment:

Alpha (a), Beta (B ), Scale (s)

()_C)(G—l)(l 7)_6)([3—1)
) )

fx) = if0<x<s;a>0;
B(a, B) B>0
0 otherwise

_ H()r(B)
where (3(a, B) TG p)
and where I () is the Gamma function.
Gamma Density Combination

The Beta variate is obtained from: (L) k
Xty

where x = Gamma (0, 1) and y = Gamma

(B, 1).

Rational Fraction Approximation method with a
Newton Polish step

This method is used instead of Method 1 when
Latin Hypercube Sampling is in effect.
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Binomial distribution

Parameters: Probability (p), Trials (n)

Formula: P{x = i}= (’l,l)pi(l —p)(”_i)
fori=0,1,2,...
n)_ n!
where O_ i(n—1i)!
Method: Direct Simulation
Comment: Computation time increases linearly with

number of trials.

Exponential distribution

Parameters: Rate (M)

Formula: fx) = {Ae_)\x %fx >0
0 ifx<O

Method: Inverse Transformation

Extreme value distribution
The extreme value distribution is a skewed distribution. Besides
the two parameters (Mode and Scale), Crystal Ball selects the
direction of skewness with Min and Max.
Parameters: Mode (m), Scale ()
Formula: flx) = é BN for —o0<x <o
where z = ¢ °

Method: Inverse Transformation.
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Gamma distribution

Parameters:

Formula:

Method 1:

Method 2:

Comment:

Geometric distribution

Parameters:

Formula:

Method:

Location (L), Shape(a), Scale(f3)

(x;L)‘“ {5
| B e ifx>L
) M) B

if x<L
where I"(a)is the gamma function
Note: some textbook Gamma formulas use:
5ol
A

When a <1, Vaduva’s rejection from a Weibull
density.

When a > 1, Best’s rejection from a ¢ density
with 2 degrees of freedom.

When a = 1, inverse transformation.

Rational Fraction Approximation method with a
Newton Polish step

This method is used instead of Method 1 when
Latin Hypercube Sampling is in effect.

Probability (p)
P{x =i} = (l—p)iflp fori = 1,2,...

Inverse Transformation
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Hypergeometric distribution
Parameters: Probability (p), Trials (n), Population Size (N),

Number of items in the population with the
characteristic x (Np).

(07

Formula: P{x =i} =
()
n\ _ n!
where (J = i—!(nfi)!

fori = Max(n-(N-N,),0)... Min(n,N,)
Method: Direct Simulation

Comment: Computation time increases linearly with
Population Size.

Logistic distribution

Parameters: Mean (J), Scale (a)
Formula: flx) = —25 for —oo <x <o
a(l+z)

&

where z = e

Method: Inverse Transformation.
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Lognormal distribution

Parameters: ~ Log Mean (m), Log Standard Deviation (s)
~(log,(x) - m)*/ 25"
Formula: fx) = B — e (loe. () =m) for 0 <x <o
xJ21s
Method: Polar Marsaglia
Comment: A Normal variate in log space is generated and

then exponentiated.

The following parameter relationships hold:

m

geometric mean = e
geometric std. dev. = ¢’
arithmetic median = geometric mean
2
N -
arithmetic mean = median [P

.2 .2
arithmetic std. dev. = median Oyfe’ e’ —1)

Negative binomial distribution

Parameters: Probability (p), Shape (B)

x—1\ g B .
Formula: ) ( )P (1-py i=BB+1,
P{x=i} = \p-1 B+2...
0 otherwise
x—1 (x=1)!
where ( ) =/
B—1 B-D!(x-pB)!
Method: Direct Simulation through summation of
Geometric variates.
Comment: Computation time increases linearly with

Shape.
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Normal distribution
Parameters:
Formula:
Method 1:

Comment:

Method 2:

Comment:

Pareto distribution

Parameters:

Formula:

Method:

Poisson distribution
Parameters:
Formula:

Method:

Comment:

Equations and Methods

Mean (m), Standard Deviation (s)

2,,2
f(x) _ A/—Le—(x—m) /2s for —00 < x < oo
AN

Polar Marsaglia

This method is somewhat slower than other
methods, but its accuracy is essentially perfect.

Rational Fraction Approximation

This method is used instead of the Polar
Marsaglia method when Latin Hypercube
sampling is in effect.

This method has a 7-8 digit accuracy over the

central range of the distribution and a 5-6 digit
accuracy in the tails.

Location (L), Shape (B)

BQB ifx>L
ORRICED
0 ifx<L
and L > 0

Inverse Transformation.

Rate (A)
i

Pamp et X

m fori =0,1,2,...
l!

Direct Simulation through summation of
Exponential variates

Computation time increases linearly with Rate.



Triangular distribution

Parameters:

Formula:

Max

Method:

Uniform distribution

Parameters:

Formula:

Method:

Comment:

Min, Likeliest, Max

_h(x—Min)
Likeliest — Min if Min < x <
Lifedjest h(x — Likeliest)
Likeliest — Max
0 if Likeliest < x <

2

h h= ————
where Max — Min

Inverse Transformation

Min, Max

1
fAx) = < (Max —Min)
0

if Min<x<Max

otherwise

Multiplicative Congruential Generator
This routine uses the iteration formula:

r<—(630, 360,016 0r) mod (2°' — 1)

The generator has a period of length 22, or
2,147,483,646. This means that the cycle of
random numbers repeats after several billion
trials. This formula is also implemented in the
widely used IMSL mathematical package.
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Weibull distribution

Parameters: Location (L), Scale (a), Shape(p)

x—L\P
( )(x—L)B e
Formula: fx) =\g/\U € if x>
0 if x<L
Method: Inverse Transformation
Custom distribution
Formula: The formula consists of a lookup table of single

data points, continuous ranges, and discrete
ranges. Each item in the table has a distinct
probability relative to the other items. In
addition, ranges might be positively or
negatively sloped, giving values on one side or
the other a higher probability of occurring.

Method: Sequential search of relative probabilities table

Comments: A Uniform variate is generated in the range (0,
total relative probability). A sequential search of
the relative probabilities table is then
performed. The Inverse Transformation
method is used whenever the uniform variate
falls within a continuous or discrete range that
is sloped in one direction or the other.

Additional comments

All of the non-uniform generators use the same uniform
generator as the basis for their algorithms.

The Inverse Transformation method is based on the property
that the cumulative distribution function for any probability
distribution increases monotonically from zero to one. Thus, the
inverse of this function can be computed using a random
uniform variate in the range (0, 1) as input. The resulting values
then have the desired distribution.
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The Direct Simulation method actually performs a series of
experiments on the selected distribution. For example, if a
binomial variate is being generated with Prob =. 5 and Trials =
20, then 20 uniform variates in the range (0, 1) are generated
and compared with Prob. The number of uniform variates found
to be less than Prob then becomes the value of the binomial
variate.

Distribution fitting methods

During distribution fitting, Crystal Ball computes Maximum
Likelihood Estimators (MLEs) to fit most of the probability
distributions to a data set. In effect, this method chooses values
for the parameters of the distributions that maximize the
probability of producing the actual data set. Sometimes,
however, the MLEs do not exist for some distributions (e.g.,
gamma, beta). In these cases, Crystal Ball resorts to other
natural parameter estimation techniques.

When the MLEs do exist, they exhibit desirable properties:

* They are minimum-variance estimators of the parameters.
* As the data set grows, the biases in the MLEs tend to zero.

For several of the distributions (e.g. uniform, exponential), it is
possible to remove the biases after computing the MLEs to yield
minimum-variance unbiased estimators (MVUEs) of the
distribution parameters. These MVUEs are the best possible
estimators.

Precision control formulas

The Precision Control feature of Crystal Ball lets you stop the
simulation when the specified precision of the chosen statistics
is reached. Crystal Ball periodically checks whether the
confidence interval is less than the specified precision. The
following sections describe how Crystal Ball calculates the
confidence interval for each statistic.
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Mean confidence interval

Formula: z[F=
Jn
where:

s 1s the standard deviation of the forecast

n 1s the number of trials

z 1s the z-value based on the specified confidence
level (in the Run Preferences > Trials dialog).

Standard deviation confidence interval

| k-1
F la: Gf————
ormula z 4|:(n71)

where:

s 1s the standard deviation

k 1s the kurtosis

n is the number of trials

z 1s the z-value based on the specified confidence
level (in Run Preferences > Trials dialog).

Percentiles confidence interval
To calculate the confidence interval for the percentiles, instead

of a mathematical formula, Crystal Ball uses an analytical
bootstrapping method.

Statistical Note: Patent pending for this bootstrapping method for
calculating precision.
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Formulas for other statistical terms

This section contains the mathematical formulas used in
calculating the descriptive statistics.

Mean
1 _

F : - )

ormula - Z X; (x)
i=1

Variance

Formula: L5 (-5 (%)
n—1 ¢

i=1

Standard deviation

Formula: ln—iI-Z(x, f)'c)z (s)

Coefficient of skewness

Description: ~ Skewness is computed by finding the third
moment about the mean and dividing by the
cube of the standard deviation.

Ly (-5
i=1

3
N

Formula:

Coefficient of kurtosis

Description:  Kurtosis, or peakedness, is computed by finding
the fourth moment about the mean and
dividing by the quadruple of the standard
deviation.

L (-5
i=1

4
N

Formula:
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Mean standard error

Description:

This statistic is a method for determining the
accuracy of the mean statistic. It tells you the
probability that the estimated mean will deviate
from the true mean by less than a specific
amount. The probability that the true mean of
the defined problem is within the estimated
mean plus or minus the mean standard error is
approximately 68%.

Crystal Ball Note: This applies to the Monte Carlo method. The mean
standard error for Latin hypercube sampling is typically much smaller.

Formula:

where:

N

Jn
s = Standard Deviation
n = Number of Trials

The error estimate might be inverted to show
the number of trials needed to yield a desired
error (€).

I =]
] S8}

m

Coefficient of variability

Description:

Formula:

340

This statistic gives an indication of the
variability of the forecast value on an absolute
scale. This coefficient is independent on the
units of forecast and typically ranges between 0
and 1. The coefficient might exceed 1 in a small
number of cases when the standard deviation of
the forecast is unusually high. This statistic is
computed by dividing the standard deviation by
the mean.

=i |r4



Correlation coefficient

Description:

Formula:

This statistic indicates the degree of linear
relationship between two variables (assumption
cells). A positive correlation coefficient means
that as the values of one variable increase or
decrease, so do the values of the other variable.
A negative correlation coefficient means that as
the values of one variable increase, the values of
the other variable decrease by a similar amount,
and vice-versa. A correlation coefficient of zero
means that there is no linear relationship
between the two variables, and they are
considered to be uncorrelated.

Crystal Ball uses rank correlation to correlate
assumption values. This means that assumption
values are replaced by their rankings from
lowest to highest value by the integers 1 to N,
prior to computing the correlation coefficient.
This method allows distribution types to be
ignored when correlating assumptions.

nY XY = Y XY

i=1 i=1 i=1

né:lxiz [léxljz O/n Zn:yf (zyjz

i=1 i=1
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Random number generator

The random number generator given below is used as the basis
for all of the non-uniform generators. For no starting seed
value, Crystal Ball takes the value of the number of milliseconds
elapsed since Windows started.

Method: Multiplicative Congruential Generator
This routine uses the iteration formula:

r <—(630, 360,016 ) mod (2°' — 1)

Comment: The generator has a period of length
2> -2, or 2,147,4883,646. This means that
the cycle of random numbers repeats after
several billion trials. This formula is also
implemented in the widely used IMSL
mathematical package, and is discussed in
detail in the Simulation Modeling & Analysis
reference in the bibliography.
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In this

Command key combinations

Cell, Run, and CBTools menu
commands

Forecast windows commands
Forecast chart hot keys

Overlay/Comparison chart hot keys

Trend chart hot keys

Sensitivity chart hot keys
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Command key

combinations

Use the following <Alt>-key combinations to execute the
spreadsheet Cell, Run, and CBTools menu commands and
forecast windows commands without using the mouse.

Cell, Run, and CBTools menu commands

F (%

BE

Commands Keystrokes

About Crystal Ball................. <Alt>-u, a
Batch Fit tool ..o, <Alt>-b, a
Bootstrap tool ........coocciiiiiiiiii <Alt>-b, b
Cell Preferences ..........cooeeveeiiiiiiieciiieeennn, <Alt>-c, 1

Clear Data.........ooeivveiiiiiiiieiieieeee e, <Alt>-c, e
Close Crystal Ball....................oo <Alt>-u, c
Copy Data.............ooo <Alt>-c, ¢
Correlation Matrix tool.............ccoeevveeeinnn.nn. <Alt>-b, x
Create Report .........oooeiiiiiiiii, <Alt>-u, r
Decision Table tool .....c.covveiiivieiiiiiiieinnn, <Alt>-b, ¢
Define Assumption..........cccccceoiiiiiiiinnnnnne. <Alt>-c, a
Define Decision........cc.coeeivieeiiieiiiieeiiieee, <Alt>-c, d
Define Forecast .......cooooveiiieiineiiiieiiiieeinn, <Alt>-c, f
EXtract Data..c.ooeeeeieeieiiieieeieieeeeeeeeee <Alt>-u, d
Forecast WINAOWS .....oouveuniineiiiiiiieeieeiennen, <Alt>-u, f
Freeze Assumptions..........ccccceeeeiiiiiiinnnennnn. <Alt>-c, z
Paste Data .......cccoceoiiiiiiii, <Alt>-c, p
RESEE e <Alt>-u, e
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.._ Run, Continue.......cooovevviiiviiiiiiiiiiiieieineannn, <Alt>-u, u
Run Preferences ...........ccccccoivviniiniinn <Alt>-u, p
S Save Run ... <Alt>-u, v

Select SOME ....oovivvniiiiiiiii i <Alt>-c, s

E Select All Assumptions ...........ccccvvvviieennnnn. <Alt>-c, m
% Select All DeCISIONS ......covvvvvineiiiiniiieeineeane.. <Alt>-c, 1

m Select All FOrecasts ....vvuvviviniiiiiiiiiiiiiiinennen. <Alt>-c, r

Lt Open Overlay Chart.........ccocveereieiniennnn. <Alt>-u, |
E Open Sensitivity Chart ... <Alt>-u, n
Open Trend Chart.............ccoovvin, <Alt>-u, t

fu- Single Step covvvevniiiiiiieiiie <Alt>-u, s

i SEOP it <Alt>-u, o
o Tornado Chart tool ..........c..coeeiiiiiieiiinnn. <Alt>-b, t

Two-dimensional (2D) Simulation tool........ <Alt>-b, d

Forecast windows commands

Commands Keystrokes
Bring windows to front..................ccocee. <Alt>-<Tab>
CRart .o <Alt>-p, c
Help Commands ...........coooiiiiiiinn.. <Alt>-h, c
Copy Chart, Copy Statistics..............coeueee.. <Alt>-e, c
Cumulative Chart........ccoeviviiiiiiiiiiiiennen, <Alt>-v, ¢
DIUHTErence...ccovevveviiiiiiieieee <Alt>-v, 1
Display Range .........ccccccovviiiiiiiiiiiinn. <Alt>-p, d
Frequency Chart............ccoccooiiinnin. <Alt>-v, f
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FOTINAL tevieiniie e, <Alt>-p, f

Help Glossary .........ccooevviiiiiiiiiiiin, <Alt>-h, g
Help Index .....ccccociiiiiiiiiiiiii <Alt>-h, i
Help Messages .........cooooviiiiiiiiiiiiniinn, <Alt>-h, m
Help Procedures ...........cccccciiiiininnn. <Alt>-h, p
Percentiles . .ooooiiiiiiiiiiiii e, <Alt>-v, p
Reverse Cumulative Chart .......................... <Alt>-v, r
Statistics (Preferences).............ccoevvuiiinneenni. <Alt>-p, s
Statistics (VIEW) .eveueeeeeeiiiiiiieeeeeeeeiiiie e eeeees <Alt>-v, s
Using Help ..o <Alt>-h, h

Hot keys

Use the Crystal Ball hot keys to bypass the Chart Preferences
dialogs for the forecast, overlay, trend and sensitivity charts.
With this feature, you can change the chart display quickly as
you interpret the results of the simulation.

Crystal Ball Note: Occasionally, these keys do not work properly while a
simulation is running. When this happens, use the appropriate
Preferences dialog or wait until the simulation stops.

Forecast chart hot keys

To change a forecast chart, use these keys while the forecast
window appears in the front:

* Type d to change from a frequency distribution, to a
cumulative distribution, to a reverse cumulative distribution.
You can also press the spacebar to alternate among these

types.

* Iype g to change the number of groups from 300, to 150,
100, 75, 50, 25, 15 for small charts or from 450, to 225, 150,
90, 75, 50, 25 for large charts.
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* Type 1 to toggle the horizontal grid lines between on and off.

* Type t to change the chart type from an area chart, to an
outline chart, to a column chart.

Overlay/Comparison chart hot keys

To change an overlay or comparison chart, use these keys while
the window appears in front:

* 'Type d to change the distribution display type from
frequency, to cumulative, to reverse cumulative.

* 'Iype g to change the number of groups from 300, to 150,
100, 75, 50, 25, 15 for small charts or from 450, to 225, 150,
90, 75, 50, 25 for large charts.

* 'Iype t to change the chart type from area, to outline, to
column, to dots and lines.

* Type i to toggle between comparison mode and difference
mode.

* Type 1 to toggle the horizontal grid lines between on and off.

* Type n to toggle the legend display on the overlay chart
between on and off.

Trend chart hot keys

To change a trend chart, use these keys while the trend chart
appears in the front:

* Type f to toggle the forecast names between horizontal and
vertical formats.

* Type d to change the placement of the display bands from
centered around, to above, to below a given value.

* Type1to change the grid lines from horizontal, to vertical, to
horizontal and vertical, to none.

* Type v to change the value axis endpoints from relative, to
minimum through maximum, to zero based.
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Sensitivity chart hot keys

To change a sensitivity chart, use these keys while the sensitivity
chart appears in the front:

* Type t to toggle the measurement of sensitivity between rank
correlation and contribution to variance.

* Type d to change the type of data included from only
assumptions, to only forecasts, to both assumptions and
forecasts.

* Type g to toggle the value cutoff between on and off.

* 'Iype h to toggle the count cutoff between on and off.
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Crystal Ball menus

e Cell

¢ Run

* CBTools
Forecast menus

e Edit

¢ Preferences

¢ View

¢ Run

Help

In this appendix



Crystal Ball menus

This appendix provides information about the drop down
menus used in Crystal Ball.

The Cell menu

|#& Define Assumption

Defines the selected cell as an assumption. Also see “Defining
assumptions” on page 131.

@ Define Decision

Defines selected cell as a decision variable. Also see “Defining
decision variables” on page 151.

Define Forecast

E

Defines selected cell as a forecast. Also see “Defining forecasts”
on page 153.

Select All Assumptions

Selects all of the assumptions in the current spreadsheet.

Select All Decisions

Selects all of the decision variables in the current spreadsheet.

Select All Forecasts
Selects all of the forecasts in the current spreadsheet.

H &g 3

Select Some

Views, selects or defines assumptions or forecasts from a list.
Also see “Selecting and reviewing your data” on page 159.

Freeze Assumptions

Excludes a chosen set of assumptions from a simulation. Also see
“Freezing assumptions” on page 150.

By Copy Data

Copies the selected assumption or forecast cell to the clipboard.
Also see “Editing Crystal Ball data” on page 157.

353



Appendix

354

Index of Commands

Paste Data

Pastes the copied assumption or forecast cell(s) into selected
cell(s). Also see “Editing Crystal Ball data” on page 157.

Clear Data

Removes the selected assumption or forecast cell from Crystal
Ball, leaving the initial value. Also see “Editing Crystal Ball
data” on page 157.

Cell Preferences

Used for changes to the highlighting of assumption and forecast
cells, and adds automatic note fields on the spreadsheet.

The Run menu

2 V[ |y

ha-

Run/Stop/Continue

This command has three modes, depending on the status of the
simulation.

Run Begins the simulation if it has not yet been
started or has just been reset.

Stop Pauses the simulation if it is running.

Continue Restarts the simulation if it has been paused

or stopped by a calculation error. Also see
“Running the simulation” on page 172.
Reset

Resets the current simulation by closing open forecast windows
and clearing all the forecast values. Also see “Running the
simulation” on page 172.

Single Step

Allows running the simulation one step at a time. Helps to locate
where an error occurred.

Run Preferences

Specifies certain options and parameters of the simulation.

Forecast Windows

Opens or closes all or selected forecast windows.



Open Overlay Chart

E

Opens an overlay chart that allows for comparison of forecasts
to each other or to standard distributions. Also see “Creating the
overlay chart” on page 206.

Open Trend Chart

Opens a trend chart that summarizes information scattered over
multiple forecasts. Also see “Creating the trend chart” on
page 216.

k2

Open Sensitivity Chart

||

Opens a sensitivity chart that shows the influence your
assumptions have on a forecast cell. Also see “Understanding
sensitivity and using the sensitivity chart” on page 223.

Create Report

Requests a formatted report of the simulation results.

Extract Data

Exports data produced by the simulation.

Save Run

Saves a simulation.

Restore Run

Opens a simulation saved earlier from disk.

Close Crystal Ball

Closes the Crystal Ball program and removes the Cell and Run
menus from the application menu bar. Also see “Closing Crystal
Ball” on page 51.

About Crystal Ball
Displays information about the program (for example, company
name, version, author, and so on.).

The CBTools menu

Batch Fit

Starts the Batch Fit tool, which automatically fits probability
distributions to multiple data series.
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Bootstrap

Starts the Bootstrap tool, which addresses the reliability and
accuracy of your forecast statistics.

Correlation Matrix

Starts the Correlation Matrix tool, which rapidly defines and
automates correlations between your assumptions.

Decision Table

Starts the Decision Table tool, which evaluates the effects of
alternate decisions in a simulation model.

Tornado Chart

Starts the Tornado Chart tool, which individually analyzes the
impact of each model variable on a target outcome.

2D Simulation

Starts the 2D Simulation tool, which independently addresses
uncertainty and variability in your models using two-
dimensional simulation.

Forecast menus

356

Edit

These menus are found on the forecast chart, which displays
after a simulation has been run.

Cut

Not active. Use the Copy and Clear commands on the Cell
menu. Also see “Editing Crystal Ball data” on page 157.

Copy
Copies the current view of the forecast chart to the clipboard.

Paste

Not active. Use the Paste Assumptions/Forecasts command on
the Cell menu. Also see “Editing Crystal Ball data” on page 157.

Clear

Not active. Use the Clear Assumptions/Forecasts command on
the Cell menu. Also see “Editing Crystal Ball data” on page 157.



Preferences

View

Format

Permits changes to be made to the way numbers are formatted
on the forecast windows. Also see “Formatting forecast charts”
on page 200.

Chart

Permits changes to be made to the appearance of the forecast
chart. Also see “Customizing the forecast chart” on page 194.

Display Range
Permits focus on a particular range of the forecast chart. Also see
“Focusing on the display range” on page 191.

Statistics

Permits changes to be made to the way certain descriptive
statistics are calculated for a forecast. Also see “Changing how
statistics are calculated” on page 203.

Statistics

Displays a full range of statistics for the selected forecast. Also
see “Interpreting the statistics” on page 202.

Percentiles

Displays percentile information in 10% increments for the
selected forecast. Also see “Interpreting the statistics” on
page 202.

Frequency Chart

Displays the number or frequency of values occurring in a given
interval for the selected forecast. Also see “Changing the
distribution type” on page 197.

Cumulative Chart

Displays the number or proportion (or percentage) of values less
than or equal to a given amount for the selected forecast. Also
see “Changing the distribution type” on page 197.
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Reverse Cumulative Chart

Displays the number or proportion (or percentage) of values
greater than or equal to a given amount. Also see “Changing the
distribution type” on page 197.

Difference

Active only with the overlay chart. Displays the frequency
differences between the first distribution on the overlay chart
and each of the remaining distributions. Also see “Comparison
Chart - Difference” on page 144.

Same as the Crystal Ball Run menu on the application menu bar
with the following exception:

Restore Run

Not active. It is only available when you reset a simulation, and
when you reset a simulation, all the forecast windows disappear.

Close Crystal Ball

Not active. Use Close Crystal Ball from the Run menu on the
application menu bar.

Index

Displays the Help categories in Crystal Ball for Windows.
Using Help

Presents the basic features of Windows Help. Also includes
practice exercises.

Procedures

Displays and describes all Crystal Ball procedures.

Commands

Displays and describes Crystal Ball menu commands.

Glossary
Displays and defines terms used in Crystal Ball.



Messages

Displays Crystal Ball program messages.
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In this appendix

Naming Defaults

Distribution Parameter Defaults
* Beta

* Binomial

¢ Custom
Exponential
Extreme Value
Gamma
Geometric
Hypergeometric
Logistic
Lognormal
Negative Binomial
Normal
Pareto
Poisson
Triangular

¢ Uniform

¢ Weibull

This first section of this appendix describes
the process Crystal Ball uses to name
distribution and forecast charts. The
second section shows the values it assigns to
each of the distribution types.




Naming defaults

When a distribution or forecast dialog appears, Crystal Ball uses
the following sequence to generate a name for the distribution
or forecast:

1. Checks the cell immediately to the left of the selected cell.
If it is a text cell, Crystal Ball uses that text as the
distribution or forecast name.

2. Checks the cell above the selected cell. If it is a text cell,
Crystal Ball uses that text as the distribution or forecast
name.

3. If there is no applicable text or range name, Crystal Ball
uses the cell coordinates for the name (for example, B3 or

C7).

Distribution parameter defaults

This section lists the initial values Crystal Ball provides for the
primary parameters in the assumption dialog.

If an alternate parameter set is selected as the default mode, the
primary parameters are still calculated as described below
before conversion to the alternate parameters.

Beta
Alpha . 2.0
Beta....ooooooiiiii 3.0
Scale .. cell value
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Binomial
If the cell value is between 0 and 1:
Probability (Prob) ........ccccccciiviiiin. cell value
Trials cooeeiiiiiiiii 50
If the cell value is between 1 and the maximum number of
binomial trials (1,750):
Probability (Prob) ... 0.5
Trials coooeeeiiiiiiiii cell value
Otherwise:
Probability (Prob) ... 0.5
Trials oo 50
Custom
Initially empty
Exponential
Rate..cooviiiiiiiiiiiiiiii 1/absolute
value of cell
value

MOAE . cell value

SCALE i 1
Gamma

Location (LOC) ....cuveeeiiiiniiiiieeeeiii e cell value

SCALE i 1.0

Shape ..o 2.0



Geometric

If the cell value is between 0 and 1:

Probability (Prob) ...........cccoeiiiiiiiie cell value
Otherwise:
Probability (Prob) ... 0.2
Hypergeometric

If the cell value is between 0 and 1:

Probability (Prob) ..............cccoc cell value
Trials cooeeeei 50
Population Size (Pop) ......cccccceevviiiiiiiiinnnnn. 100

If the cell value is between 1 and the maximum number of
Hypergeometric trials (1,750):

Probability (Prob).............cccoooi 0.5

THIALS e cell value/2.0

Population Size (Pop) .....cccccceeiiiiiiiiinininne. cell value

Otherwise:

Probability (Prob)..............ccoooo 0.5

THIALS o 50

Population size (Pop).....cccccccceiiiiiiiiiininnnnn. 100
Logistic

MeEAN ..ottt cell value

Scale ..o 1.0
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Lognormal

If the cell value is greater than 0:

MEAN .. cell value

Standard Deviation (Std Dev).........cccceeeeee. cell value/10.0
Otherwise:

Mean ......cooooiiiiiiiiii e

Standard Deviation (Std Dev)..........ccc...c.. 1.0

Negative binomial

If the cell value is between 0 and 1:

Probability (Prob) ... cell value
Trials cooeeeiiiiiiii 10
Otherwise:
Probability (Prob) ... 0.2
Trials oo 10
Normal

MEAN . cell value
Standard Deviation (Std Dev)..........ccoeeeee cell value/10.0
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Pareto

Poisson

Triangular

Uniform

If the cell value is between 1.0 and 1,000:

LOoCatioN .cueeiiiiiieieeeeccc cell value

Shape ... 2.0
Otherwise:

LOCatiON e 1.0

Shape ... 2.0

If the cell value is between 0 and the maximum rate (1,500):

RAte i cell value
Otherwise:

RaAte .o 10.0

LiKelieSt ..oivvvniiiiiieeiiiie e cell value

Minimum (Min) ......oeeeeeeeiiiieeeieiiiiieeee e cell value - cell
value/10.0

Maximum (Max) ....oeeeeeeeiriineeriiineeiiineeeiennnns cell value + cell
value/10.0

Minimum (Min) .....oooeiveiiiiineiiineeiiieeeeiins cell value - cell
value/10.0

Maximum (Max) ....oeeereeeiiineeiiiieeeiiineeeiinnnns cell value + cell
value/10.0
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Weibull
| o Yo% 15 o) s N oY) I cell value
SCALE . 1.0
Shape ..o 2.0
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In this glossary

A compilation of terms specific to Crystal
Ball as well as statistical terms used in this
manual.




Glossary

assumption

An estimated value or input to a spreadsheet model.

assumption cell

A value cell in a spreadsheet model that has been defined as a
probability distribution.

CDF

Cumulative distribution function that represents the probability
that a variable will fall at or below a given value.

certainty bands

In a trend chart, a graphic depiction of a particular certainty
range for each forecast.

certainty level

The percentage of values in the certainty range compared to the
number of values in the entire range.

certainty range

The linear distance for the set of values between the certainty
grabbers on the forecast chart.

coefficient of variability also coefficient of variance or
coefficient of variation

A measure of relative variation that relates the standard
deviation to the mean. Results can be represented in
percentages for comparison purposes. (see “Coefticient of
variability” on page 120)

continuous probability distribution

A probability distribution that describes a set of uninterrupted
values over a range. In contrast to the Discrete distribution, the
Continuous distribution assumes there are an infinite number of
possible values.

correlation

In Crystal Ball, a dependency that exists between assumption
cells. (see “Understanding other statistical terms” on page 116)
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correlation coefficient

A number between -1 and 1 that specifies mathematically the
degree of positive or negative correlation between assumption
cells. A correlation of 1 indicates a perfect positive correlation,
minus 1 indicates a perfect negative correlation, and 0 indicates
there is no correlation. (see “Correlation coefficient” on

page 122)

cumulative frequency distribution

A chart that shows the number or proportion (or percentage) of
values less than or equal to a given amount.

decision variable
A Crystal Ball variable in your model that you can control.

deterministic model

Another name for a spreadsheet model which yields single-valued
results.

discrete probability distribution

A probability distribution that describes distinct values, usually
integers, with no intermediate values. In contrast, the
Continuous distribution assumes there are an infinite number of
possible values.

display range
The linear distance for the set of values displayed on the
forecast chart.

dominant

A relationship between distributions in which one distribution’s
values for all percentile levels are higher than another’s. (see also
Subordinate)

entire range

The linear distance from the minimum forecast value to the
maximum forecast value.

forecast

A statistical summary of the assumptions in a spreadsheet
model, output graphically or numerically.
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forecast cell

A formula cell that has been defined as a forecast and refers
either directly or indirectly to assumption cells.

forecast definition

The forecast name and parameters assigned to a cell in a Crystal
Ball dialog.

forecast formula

A formula that has been defined as a forecast cell.

forecast value also trial

A value calculated by the forecast formula during an iteration.
These values are kept in a list for each forecast, and are
summarized graphically in the forecast chart and numerically in
the descriptive statistics.

formula cell

A cell that contains a mathematical formula.

frequency also frequency count

The number of times a value recurs in a group interval.

frequency distribution

A chart that graphically summarizes a list of values by sub-
dividing them into groups and displaying their frequency
counts.

goodness-of-fit

A set of mathematical tests performed to find the best fit
between a standard probability distribution and a data set.

grabber also certainty grabber and truncation grabber

A control that lets you use the mouse to change values and
settings.

group interval

A subrange of a distribution that allows similar values to be
grouped together and given a frequency count.

iteration also trial

A three-step process in which Crystal Ball generates random
numbers for assumption cells, recalculates the spreadsheet
model(s), and displays the results in a Forecast Chart.
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kurtosis

The measure of the degree of peakedness of a curve. The higher
the kurtosis, the closer the points of the curve lie to the mode of
the curve. A normal distribution curve has a kurtosis of 3. (see
“Kurtosis” on page 120)

Latin hypercube sampling

In Crystal Ball, a sampling method that divides an assumption’s
probabuility distribution into intervals of equal probability. The
number of intervals corresponds to the Minimum Sample Size
option available in the Run Preferences dialog. A random number
is then generated for each interval.

Compared with conventional Monte Carlo sampling, Latin
hypercube sampling is more precise because the entire range of
the distribution is sampled in a more even, consistent manner.
The increased accuracy of this method comes at the expense of
added memory requirements to hold the full Latin hypercube
sample for each assumption. (see “Latin hypercube” on page 114)

mean

The familiar arithmetic average of a set of numerical
observations: the sum of the observations divided by the
number of observations. (see “Mean” on page 116)

mean standard error

The Standard Deviation of the distribution of possible sample
means. This statistic gives one indication of how accurate the
stmulation is. (see “Mean standard error” on page 121)

median

The value midway (in terms of order) between the smallest
possible value and the largest possible value. (see “Median” on
page 116)

mode

That value which, if it exists, occurs most often in a data set.
(see “Mode” on page 117)

model sensitivity

The overall effect that a change in an assumption cell produces in
a forecast cell. This effect is solely determined by the formulas in
the spreadsheet model.
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Monte Carlo simulation

a system which uses random numbers to measure the effects of
uncertainty in a spreadsheet model.

outliers also outlying values

Values generated during a simulation on the extreme end of a
distribution and are excluded from the display range.

PDF

Probability density function that represents the probability that
an infinitely small variable interval will fall at a given value.

probabilistic model

A system whose output is a distribution of possible values. In
Crystal Ball, this system includes a spreadsheet model (containing
mathematical relationships), probability distributions, and a
mechanism for determining the combined effect of the
probability distributions on the model’s output (Monte Carlo
Simulation).

probability
(Classical Theory) The likelihood of an event.

Probability Distribution also Distribution

A set of all possible events and their associated probabilities.

random number

A mathematically selected value which is generated (by a
formula or selected from a table) to conform to a probability
distribution.

random number generator

A method implemented in a computer program that is capable
of producing a series of independent, random numbers.

range

The difference between the largest and smallest values in a data

”

set. (see “Range (also range width)” on page 121)
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rank correlation also Spearman’s rank correlation

A method whereby Crystal Ball replaces assumption values with
their ranking from lowest value to highest value using the
integers 1 to N prior to computing the correlation coefficient. This
method allows the distribution types to be ignored when
correlating assumptions. (see “Rank correlation” on page 123)

relative probability also relative frequency

A value, not necessarily between 0 and 1, that indicates
probability when used in a proportion.

reverse cumulative frequency distribution

A chart that shows the number or proportion (or percentage) of
values greater than or equal to a given amount.

risk
The uncertainty or variability in the outcome of some event or
decision.

seed value

The first number in a sequence of random numbers. A given
seed value produces the same sequence of random numbers
every time you run a simulation.

sensitivity
The amount of uncertainty in a forecast cell that is a result of both

the uncertainty (probability distribution) and model sensitivity of an
assumption cell.

sensitivity analysis

The computation of a forecast cell’s sensitivity with respect to
the assumption cells.

skewed

An asymmetrical distribution.

skewed, negatively

A distribution in which most of the values occur at the upper end
of the range.

skewed, positively

A distribution in which most of the values occur at the lower end
of the range.
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skewness

The measure of the degree of deviation of a curve from the
norm of a asymmetric distribution. The greater the degree of
skewness, the more points of the curve lie to either side of the
peak of the curve. A normal distribution curve, having no
skewness, is symmetrical. (see “Skewness” on page 119)

spreadsheet model

Any spreadsheet that represents an actual or hypothetical
system or set of relationships.

standard deviation

The square root of the variance for a distribution. A
measurement of the variability of a distribution, i.e., the
dispersion of values around the mean. (see formulas in
“Standard deviation” on page 117 and page 339)

subordinate

A relationship between distributions in which one distribution’s
values for all percentile levels are lower than another’s. (see also
Dominant)

trial also iteration

A three-step process in which Crystal Ball generates random
numbers for assumption cells, recalculates the spreadsheet
model(s), and displays the results in a Forecast Chart.

trial as used to describe a parameter in certain probability dis-
tributions

The number of times a given experiment is repeated.

value cell

A cell that contains a simple numeric value.

variable

A quantity that can assume any one of a set of values and is
usually referenced by a formula.

variance

The square of the standard deviation; i.e., the average of the
squares of the deviations of a number of observations from their
mean value.
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Variance can also be defined as a measure of the dispersion, or
spread, of a set of values about a mean. When values are close to
the mean, the variance is small. When values are widely
scattered about the mean, the variance is larger. (see formulas in
“Variance” on page 118 and on page 339)

virtual memory

Memory which uses your hard drive space to store information
after you run out of random access memory. Virtual memory
supplements your random access memory.
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A comprehensive index designed to
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information in this manual.




A

absolute cell references 135
alternate parameters 136
analysis, risk 57
Anderson-Darling test 141
assumptions

defining 130

entering 133

freezing 150

parameters 363

selecting and reviewing 159

B
Batch Fit
dialogs 260
example 256
input options 262
output options 263
Select Input Options dialog 262
Select Output Options dialog 263
selecting distributions 260
tool 255
beta distribution
defined 88
formula 329
bibliography 374
binomial distribution
defined 73
formula 330
Bootstrap
dialogs 270
example 266
options 271
tool 264
bootstrap methods 265
bounds for decision variable 153

Cc

caveats, tornado and spider charts 294
cell preferences 161
cell references 135

absolute 135

dynamic 136

relative 135

static 136
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cell-range data, using 98
certainty grabbers 194
certainty levels

forecast chart 187

trend chart 219
charts

overlay with Two-dimensional Simulation 304

patterns and colors 231

spider 292

tornado 290

trend, with Two-dimensional Simulation 304
chi-square distribution 103
chi-square test 141
closing Crystal Ball 181
coefficient of variability 120
comparing distributions 111
comparison chart

difference chart 144

overview 142
confidence intervals 115
consulting referral service 17
continuing a simulation 174
continuous

decision variables 153

distributions 63
control, precision

confidence intervals 115

defining with forecast 153

displayed percentiles 203

displayed statistics 202

increasing accuracy 243

options 156, 164
conventions, manual 17
correlated assumptions, practical limit 251
Correlation Matrix

dialogs 278

example 275

options 280

tool 274
correlations

accuracy 243

coefficient 122

defined 274

formula 341

problems with 177
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specifying 145

Crystal Ball
closing 181
Monte Carlo simulation 172
starting manually 129
what’s new 14

custom distribution 90
entering cell-range data 98
formula 336
important notes 100

D

data
editing 157
grouped 97

data layouts, customizing 251
Decision Table
dialogs 286
example 283
options 288
tool 282
decision variables
defining 130, 151
dialog for defining 152
setting bounds 153
types 153
Define Decision Variable dialog 152
Define Forecast dialog 154
dialogs
Batch Fit 260
Bootstrap 270
Correlation Matrix 278
Decision Table 286
Define Decision Variable 152
Define Forecast 154
See also windows
Tornado Chart 295
Two-dimensional Simulation 308
difference chart 144
discrete
decision variables 153
distributions 63
ranges 95
display range preferences 191
distribution fitting
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overlay chart 212
overview 138
distributions
discrete or continuous 63
fitting methods 337
parameter defaults 363
truncating 110
dynamic cell referencing 136

E

entering custom data 98
erlang distribution 103
error messages 315
examples
Batch Fit 256
Bootstrap 266
Correlation Matrix 275
Decision Table 283
Tornado Chart 292
Two-dimensional Simulation 301
exponential distribution
defined 84
formula 330
extenders, see tools 255
extract data 237
extreme value distribution
defined 106
formula 330

F
fitting distributions
in batches 260
overview 138
fixed endpoints 192
forecast charts
customizing 194
distribution types 197
format 200
groups 198
types 196
forecasts
defining 130, 153
dialog for defining 154
percentiles view 203
selecting and reviewing 159
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statistics view 202
understanding 185
formulas
beta distribution 329
binomial distribution 330
coefficient of kurtosis 339
coefficient of skewness 339
coefficient of variability 340
correlation coefficient 341
custom distribution 336
exponential distribution 330
extreme value distribution 330
gamma distribution 331
geometric distribution 331
hypergeometric distribution 332
logistic distribution 332
lognormal distribution 333
mean 339
mean standard error 340
normal distribution 334
Pareto distribution 334
Poisson distribution 334
standard deviation 339
triangular distribution 335
uniform distribution 335
variance 339
weibull distribution 336
freezing assumptions 150

G
gamma distribution
defined 101
formula 331
geometric distribution
defined 77
formula 331
goodness-of-fit tests 139
grid lines 199, 222
grouped data 97
groups 198

H-K

how this manual is organized 12

hypergeometric distribution
defined 78
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formula 332
input, Batch Fit options 262
intervals

confidence description

precision control
confidence intervals 115

Kolmogorov-Smirnov test 141
kurtosis

defined 120

formula 339

L

latin hypercube sampling
accuracy 243
defined 114
logistic distribution
defined 104
formula 332
lognormal distribution
defined 81
formula 333
parameter sets 83

M

macro format 169
macros, during simulation 168
manual conventions 17
maximum likelihood estimators 337
mean
defined 116
formula 339
mean line 200
mean standard error
defined 121
formula 340
median 116
memory use 250
methods, bootstrap 265
mode 117
model sensitivity 223
monotonic relationships 291
Monte Carlo simulation
history 58
in Crystal Ball 172
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N

naming defaults 363
negative binomial distribution 108
next distribution/prev. distribution 142
normal distribution

defined 67

formula 334

o)
options
Batch Fit input 262
Batch Fit output 263
Bootstrap 271
Correlation Matrix 280
Decision Table 288
precision control 156
Tornado Chart 263, 297
Two-dimensional Simulation 310
outliers 186
outlying values 186
output, Batch Fit options 263
overlay chart
customizing 209
distribution fitting 212
overview 205
overlay chart, with Two-dimensional Simulation 304
Overlay Example 208

P

parameter defaults, assumptions 363
Pareto distribution
defined 105
formula 334
peakedness 120
percentiles view 203
Poisson distribution
defined 75
formula 334
precision control
defining with forecast 153
displayed percentiles 203
displayed statistics 202
increasing accuracy 243
options 156, 164
probability 60

Index
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probability distributions
beta 88
binomial 73
chi-square 103
comparing 111
custom 90
erlang 103
exponential 84
extreme value 106
gamma 101
geometric 77
hypergeometric 78
identifying 131
logistic 104
lognormal 81
negative binomial 108
normal 67
Pareto 105
Poisson 75
selecting 64
triangular 70
uniform 65

R

range 121
rank correlation 123
ranking methods 141
references 374
absolute cell 135
dynamic cell 136
relative cell 135
static cell 136
references, cell 135
referrals, consulting 17
relative cell referencing 135
relative probability 91
reports
customizing 251
overview 232
resetting a simulation 174
restoring a simulation 178
risk analysis 57
run preferences 163
running a simulation 174
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S

Sales Projection example 216
saving a simulation 178
Scenario Analysis tool 255
screen capture notes 18
second-order variables 306
select assumption menu 147
selecting distribution to fit 260
sensitivity analysis

accuracy 243

calculation 227

limits 251
sensitivity chart 223

creating 225

customizing 229
simulations

accuracy 243

macros 168

overview 173

restoring 178

running 172

saving 178

speed 247
skewness

defined 119

formula 339

in lognormal distribution 81
spider chart 292
standard deviation 117

calculating 69

display range 192

formula 339
static cell references 136
statistical terms 116
statistics view 202
step sizes for discrete variables 153
stopping a simulation 174
support, technical 16
system requirements 12

T

tables, Two-dimensional Simulation results 303
technical support 16

Test Data example 140

tools
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Batch Fit 255

Bootstrap 264

Correlation Matrix 274

Decision Table 282

Scenario Analysis 255

Tornado Chart 289

Two-dimensional Simulation 300
Tornado Chart

description 290

dialogs 295

example 292

options 263, 297

tool 289

uses 290
Toxic Waste Site example 225
trend chart

certainty levels 219

creating 216

customizing 217

forecast axis 221

overview 215

value axis 221
trend chart, with Two-dimensional Simulation 304
Trend Preferences Dialog 218
triangular distribution

formula 335

overview 70
truncating distributions 110
tutorials

Sales Projection 216

Test Data 140

Toxic Waste Site 225
Two-dimensional Simulation

dialogs 308

example 301

options 310

tool 300

U

uncertainty 300

uniform distribution
defined 65
formula 335

user manual conventions 17
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\"
variability
coefficient of 120
formula 340
vs. uncertainty 300
variables, decision
bounds 153
defining 151
dialog for defining 152
types 153
variables, second-order 306
variance
defined 118
formula 339
virtual memory 249

W

weibull distribution
example 143
formula 336
what you will need 12
who this program is for 11
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