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Welcome
@RISK for Microsoft Excel

Welcome to @RISK, the revolutionary software system for the
analysis of business and technical situations impacted by risk! The
techniques of Risk Analysis have long been recognized as powerful
tools to help decision-makers successfully manage situations subject
to uncertainty. Their use has been limited because they have been
expensive, cumbersome to use, and have substantial computational
requirements. However, the growing use of computers in business
and science has offered the promise that these techniques can be
commonly available to all decision-makers.

That promise has been finally realized with @RISK (pronounced "at
risk") — a system which brings these techniques to the industry
standard spreadsheet package, Microsoft Excel. With @RISK and
Excel any risky situation can be modeled, from business to science
and engineering. You are the best judge of what your analysis needs
require, and @RISK, combined with the modeling capabilities of
Excel, allows you to design a model which best satisfies those needs.
Anytime you face a decision or analysis under uncertainty, you can
use @RISK to improve your picture of what the future could hold.

Why You Need Risk Analysis and @RISK

Traditionally, analyses combine single "point" estimates of a model's
variables to predict a single result. This is the standard Excel model
— a spreadsheet with a single estimate of results. Estimates of model
variables must be used because the values which actually will occur
are not known with certainty. In reality, however, many things just
don't turn out the way that you have planned. Maybe you were too
conservative with some estimates and too optimistic with others. The
combined errors in each estimate often lead to a real-life result that is
significantly different from the estimated result. The decision you
made based on your "expected"” result might be the wrong decision,
and a decision you never would have made if you had a more
complete picture of all possible outcomes. Business decisions,
technical decisions, scientific decisions ... all use estimates and
assumptions. With @RISK, you can explicitly include the uncertainty
present in your estimates to generate results that show all possible
outcomes.
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@RISK uses a technique called "simulation” to combine all the
uncertainties you identify in your modeling situation. You no longer
are forced to reduce what you know about a variable to a single
number. Instead, you include all you know about the variable,
including its full range of possible values and some measure of
likelihood of occurrence for each possible value. @RISK uses all this
information, along with your Excel model, to analyze every possible
outcome. It's just as if you ran hundreds or thousands of "what-if"
scenarios all at once! In effect, @RISK lets you see the full range of
what could happen in your situation. It's as if you could "live"
through your situation over and over again, each time under a
different set of conditions, with a different set of results occurring.

All this added information sounds like it might complicate your
decisions, but in fact, one of simulation's greatest strengths is its
power of communication. @RISK gives you results that graphically
illustrate the risks you face. This graphical presentation is easily
understood by you, and easily explained to others.

So when should you use @RISK? Anytime you make an analysis in
Excel that could be affected by uncertainty, you can and should use
@RISK. The applications in business, science and engineering are
practically unlimited and you can use your existing base of Excel
models. An @RISK analysis can stand alone, or be used to supply
results to other analyses. Consider the decisions and analyses you
make every day! If you've ever been concerned with the impact of
risk in these situations, you've just found a good use for @RISK!

Modeling Features

As an "add-in" to Microsoft Excel, @RISK "links" directly to Excel to
add Risk Analysis capabilities. The @RISK system provides all the
necessary tools for setting up, executing and viewing the results of
Risk Analyses. And @RISK works in a style you are familiar with —
Excel style menus and functions.

@RISK @RISK allows you to define uncertain cell values in Excel as

Functions probability distributions using functions. @RISK adds a set of new
functions to the Excel function set, each of which allows you to
specify a different distribution type for cell values. Distribution
functions can be added to any number of cells and formulas
throughout your worksheets and can include arguments which are
cell references and expressions — allowing extremely sophisticated
specification of uncertainty. To help you assign distributions to
uncertain values, @RISK includes a graphical pop-up window where
distributions can be previewed and added to formulas.
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Available
Distribution
Types

@RISK
Simulation
Analysis

Graphics

The probability distributions provided by @RISK allow the
specification of nearly any type of uncertainty in cell values in your
spreadsheet. A cell containing the distribution function
NORMAL(10,10), for example, would return samples during a
simulation drawn from a normal distribution (mean = 10, standard
deviation = 10). Distribution functions are only invoked during a
simulation — in normal Excel operations, they show a single cell
value — just the same as Excel before @RISK. Available distribution
types include:

Beta General Pareto2
BetaGeneral Geometric Pearson V
Beta-Subjective Histogram Pearson VI
Binomial Hypergeometric PERT
Chi-Square Inverse Gaussian Poisson
Cumulative IntUniform Rayleigh
Discrete Logistic Student's t
Discrete Uniform Log-Logistic Triangular
Error Function Lognormal Trigen
Erlang Lognormal?2 Uniform
Exponential Negative Binomial Weibull
Extreme Value Normal

Gamma Pareto

All distributions may be truncated to allow only samples within a
given ranges of values within the distribution. Also, many
distributions can also use alternate percentile parameters. This allows
you to specify values for specific percentile locations of an input
distribution as opposed to the traditional arguments used by the
distribution.

@RISK has sophisticated capabilities for specifying and executing
simulations of Excel models. Both Monte Carlo and Latin Hypercube
sampling techniques are supported, and distributions of possible
results may be generated for any cell or range of cells in your
spreadsheet model. Both simulation options and the selection of
model outputs are entered with Windows style menus, dialog boxes
and use of the mouse.

High resolution graphics are used to present the output distributions
from your @RISK simulations. Histograms, cumulative curves, and
summary graphs for cell ranges all lead to a powerful presentation of
results. And all graphs may be displayed in Excel for further
enhancement and hard copy. An essentially unlimited number of
output distributions may be generated from a single simulation —
allowing for the analysis of even the largest and most complex
spreadsheets!

Welcome



Advanced The options available for controlling and executing a simulation in
Simulation @RISK are among the most powerful ever available. They include:

Capabilities »  Latin Hypercube or Monte Carlo sampling

»  Any number of iterations per simulation

» Any number of simulations in a single analysis

» Animation of sampling and recalculation of the spreadsheet
»  Seeding the random number generator

e Real time results and statistics during a simulation

High Resolution @RISK graphs a probability distribution of possible results for each

Graphic output cell selected in @RISK. @RISK graphics include:
Displays * Relative frequency distributions and cumulative probability curves

»  Summary graphs for multiple distributions across cell ranges (for
example, a worksheet row or column)

»  Statistical reports on generated distributions
»  Probability of occurrence for target values in a distribution
e Export of graphics as Windows metafiles for further enhancement

Product Execution time is of critical importance because simulation is

Execution extremely calculation intensive. @RISK is designed for the fastest

Speed possible simulations through the use of advanced sampling
techniques.
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Introduction

This introduction describes the contents of your @RISK package and
shows you how to install @RISK and attach it to your copy of
Microsoft Excel 97 for Windows or higher.

Checking Your Package
Your @RISK package should contain:

The @RISK User’s Guide (this book) with:
e Getting Started

e Overview to Risk Analysis and @RISK

e Upgrade Guide

e Getting to Know @RISK

e @RISK Modeling Techniques

« Distribution Fitting

*  @RISK Reference Guide

e Technical Appendices

The @RISK CD-ROM including:
*  @RISK Program
e  @RISK Tutorial

The @RISK Licensing Agreement

A complete listing of all files contained on the @RISK CD is contained
in the file INSTALL.LOG found in the DTOOLS\RISK45 directory on
your hard disk.

If your package is not complete, please call your @RISK dealer or
supplier or contact Palisade Corporation directly at (607) 277-8000. If
you want to install @RISK from diskettes, please contact Palisade
Corporation.

About This Version

This version of @RISK can be installed as a 32-bit program for
Microsoft Excel 97 or higher.
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Working with your Operating Environment

This User’s Guide assumes that you have a general knowledge of the
Windows operating system and Excel. In particular:

*  You are familiar with your computer and using the mouse.

*  You are familiar with terms such as icons, click, double-click, menu,
window, command and object.

*  You understand basic concepts such as directory structures and file
naming.

If You Need Help

Technical support is provided free of charge for all registered users of
@RISK with a current maintenance plan, or is available on a per
incident charge. To ensure that you are a registered user of @RISK,
please register online at www.palisade.com/html/register.html.

If you contact us by telephone, please have your serial number and
User’s Guide ready. We can offer better technical support if you are
in front of your computer and ready to work.

Before Calling Before contacting technical support, please review the following
checklist:

»  Have you referred to the on-line help?

»  Have you checked this User's Guide and reviewed the on-line
multimedia tutorial?

» Have you read the README.WRI file? It contains current information
on @RISK that may not be included in the manual.

e Can you duplicate the problem consistently? Can you duplicate the
problem on a different computer or with a different model?

e Have you looked at our site on the World Wide Web? It can be found at
http://www.palisade.com. Our Web site also contains the latest FAQ
(a searchable database of tech support questions and answers) and
@RISK patches in our Technical Support section. We recommend
visiting our Web site regularly for all the latest information on @RISK
and other Palisade software.
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Contacting
Palisade

Palisade Corporation welcomes your questions, comments or
suggestions regarding @RISK. Contact our technical support staff
using any of the following methods:

E-mail us at tech-support@palisade.com.

Telephone us at (607) 277-8000 any weekday from 9:00 AM to 5:00 PM,
EST. Press 2 on a touch-tone phone to reach technical support.

Fax us at (607) 277-8001.

Mail us a letter at:

Technical Support
Palisade Corporation

31 Decker Road

Newfield, NY 14867 USA

If you want to contact Palisade Europe:

E-mail us at tech-support@palisade-europe.com.
Telephone us at +44 (0)207 426 9950 (UK).
Fax us at +44 (0)207 375 1229 (UK).

Mail us a letter at:

Palisade Europe
Technical Support

The Blue House, Unit 1
30 Calvin Street
London E1 6NW UK

Regardless of how you contact us, please include the product name,
exact version and serial number. The exact version can be found by
by selecting the Help About command on the @RISK menu in Excel.
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Student Telephone support is not available with the student version of @RISK.
Versions If you need help, we recommend the following alternatives:

»  Consult with your professor or teaching assistant.

* Log-on to our site on the World Wide Web for answers to frequently
asked questions.

e Contact our technical support department via e-mail or fax.

@RISK System Requirements

System requirements for @RISK 4.5 for Microsoft Excel for Windows
include:

»  Pentium PC or faster with a hard disk.

e Microsoft Windows 95 or higher or Windows NT 4.0 or higher.
e 32 MB installed memory.

e Microsoft Excel Version 97 or higher.
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Installation Instructions

Authorizing
Your Copy of
@RISK

General Installation Instructions

The Setup program copies the @RISK system files into a directory you
specify on your hard disk. Setup asks you for the location of the Excel
directory on your hard disk, so please note this information before
running Setup. Setup and @RISK require Microsoft Windows to run,
so be sure to start Windows before running these programs.

To run the Setup program in Windows 95 or higher:

1) Insert the @RISK CD-ROM in your CD-ROM drive

2) Click the Start button, click Settings and then click Control Panel
3) Double-click the Add/Remove Programs icon

4) On the Install/Uninstall tab, click the Install button

5) Follow the Setup instructions on the screen

If you encounter problems while installing @RISK, verify that there is
adequate space on the drive to which you’re trying to install. After
you’ve freed up adequate space, try rerunning the installation.

Within 30 days of installing @RISK you need to authorize your copy
of @RISK.
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Authorization can be done over the Internet by clicking the Authorize
Now button and following the prompts on the screen. Alternatively,
you can contact Palisade or Palisade Europe during normal business
hours and authorize your copy of @RISK over the phone.

An authorized copy of @RISK is licensed for use on a single computer
only. If you wish to move your copy of @RISK to a different
computer, please contact Palisade for instructions.
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Removing Setup creates the file INSTALL.LOG in your @RISK directory. This

@RISK from file lists the names and locations of all installed files. If you wish to

Your Computer remove @RISK from your computer, use the Control Panel’s
Add/Remove Programs utility and select the entry for @RISK.

The DecisionTools Suite

@RISK for Excel is a member of the DecisionTools Suite, a set of
products for risk and decision analysis described in Appendix D:
Using @RISK With Other DecisionTools. The default installation
procedure of @RISK puts @RISK in a subdirectory of a main
“DTOOLS” directory. This is quite similar to how Excel is often
installed into a subdirectory of a “MSOFFICE” directory.

One subdirectory of the DTOOLS directory will be the @RISK
directory (by default called RISK45). This directory contains the
@RISK program files (RSKMODEL.EXE and RSKRSLTS.EXE) plus
example models and other files necessary for @RISK to run. Another
subdirectory of DTOOLS is the SYSTEM directory which contains
files which are needed by every program in the DecisionTools Suite,
including common help files and program libraries.

The When you launch one of the elements of the Suite (such as @RISK)

DecisionTools from its desktop icon, Excel will load a “DecisionTools Suite” toolbar

Toolbar which contains one icon for each program of the Suite. This allows
you to launch any of the other products in the suite directly from
Excel.

Note: In order for TopRank, the what-if analysis program in the
DecisionTools Suite, to work properly with @RISK, you must have
release TopRank 1.5e or higher.
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Setting Up the @RISK Icons or Shortcuts

Creating the In Windows, setup automatically creates an @RISK command in the
Shortcut in the Programs menu of the Taskbar. However, if problems are

Windows encountered during Setup, or if you wish to do this manually another
Taskbar time, follow the following directions.

1)
2)
3)
4)
5)

6)

Click the Start button, and then point to Settings.

Click Taskbar, and then click the Start Menu Programs tab.
Click Add, and then click Browse.

Locate the file RISK.EXE and double click it.

Click Next, and then double-click the menu on which you want the
program to appear.

Type the name “@RISK”, and then click Finish.
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Quick Start

On-line Tutorial

In the on-line tutorial, @RISK experts guide you through sample
models in streaming .WMV movie format. This tutorial is a multi-media
presentation on the main features of @RISK.

The system requirements for the tutorial are:
*  Windows Media Player plug-in
* A computer with audio capability

The tutorial can be run by selecting the Start Menu/ Programs/
Palisade DecisionTools/ Tutorials/ @RISK Tutorial and clicking on
the file RISK45.html.

Starting On Your Own

If you're in a hurry, or just want to explore @RISK on your own, here's
a quick way to get started.

After attaching @RISK according to the Installation instructions
outlined previously in this section:

1) Click the @RISK icon in the Windows Start Programs Palisade
DecisionTools group.

2) Use the Excel Open command to open the example spreadsheet
FINANCE.XLS. The default location for the examples is
C:\DTOOLS\RISK45\EXAMPLES.

3) Click the List icon on the @RISK Toolbar — the one on the Toolbar
with the red and blue arrow. The Outputs and Inputs list, listing
the distribution functions in the FINANCE worksheet along with
your output cell C10, NPV at 10%, is displayed.

4) Click the "Simulate™ icon — the one with the red distribution
curve. You've just started a risk analysis on NPV for the
FINANCE worksheet. The Simulation analysis is underway.
When it is complete, your risk analysis results will be displayed.
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To make graphs for Risk Analysis results:

1) When results are shown, right click on the name of an output or
input in the Explorer list and select Histogram. A graph of
simulation results for the highlighted output or input cell will be
displayed.

2) To modify a graph, click the right mouse button when the cursor is
located over the graph window. Select Graph Format from the pop-
up menu.

For all analyses, if you want to see @RISK "animate" its operation
during the simulation, turn the Simulation Settings dialog box Update
Display check box on or press the <Num Lock> key during the
simulation. @RISK then will show you how it changes your
spreadsheet iteration by iteration and generates results.

Quick Start with Your Own Spreadsheets

Working through the @RISK On-Line Tutorial and reading the @RISK
Reference Guide is the best method for preparing to use @RISK on
your own spreadsheets. However, if you're in a hurry, or just don't
want to work through the Tutorial, here is a quick step-by-step guide
to using @RISK with your own spreadsheets:

1) Click the @RISK icon in the Windows Start Programs Palisade
DecisionTools group.

2) If necessary, use the Excel Open command to open your spreadsheet

3) Examine your spreadsheet and locate those cells where uncertain
assumptions or inputs are located. You will substitute @RISK
distribution functions for these values.

4) Enter distribution functions for the uncertain inputs which reflect
the range of possible values and their likelihood of occurrence. Start
with the simple distribution types — such as UNIFORM, which
just requires a minimum and maximum possible value, or TRIANG
which just requires a minimum, most likely and maximum possible
value.

5) Once you've entered your distributions, select the spreadsheet cell
or cells for which you wish to get simulation results and click the
"Add Output™ icon — the one with the single red arrow — on the
@RISK Toolbar.

To run a simulation:

1) Click the "Simulate™ icon — the one with the red distribution curve
— on the @RISK Toolbar. A simulation of your spreadsheet will be
executed and results displayed.
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Using @RISK 4.5 Spreadsheets in @RISK 3.5 or
earlier

@RISK 4.5 spreadsheets can only be used in @RISK 3.5 or earlier when
the simple forms of distribution functions are used. In the simple
distribution function format only required distribution parameters
can be used. No new @RISK 4.5 distribution property functions can
be added. In addition, RiskOutput functions must be removed and
outputs reselected when simulating in @RISK 3.5.

Using @RISK 4.5 Spreadsheets in @RISK 4.0

@RISK 4.5 spreadsheets can be used directly in @RISK 4.0 with the
following exceptions:

= Alternate Parameter functions, such as RiskNormalAlt, will
not work and will return an error.

= Cumulative Descending functions, such as RiskCumulD,
will not work and will return an error.

Chapter 1: Getting Started
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Introduction

@RISK brings advanced modeling and Risk Analysis to Microsoft
Excel. You might wonder if what you do qualifies as modeling
and/or would be suitable for Risk Analysis. If you use data to solve
problems, make forecasts, develop strategies, or make decisions, then
you definitely should consider doing Risk Analysis.

Modeling is a catch-all phrase that usually means any type of activity
where you are trying to create a representation of a real life situation
so you can analyze it. Your representation, or model, can be used to
examine the situation, and hopefully help you understand what the
future might bring. If you've ever played "what-if" games with your
project by changing the values of various entries, you are well on
your way to understanding the importance of uncertainty in a
modeling situation.

Okay, so you do analyses and make models — what is involved in
making these analyses and models explicitly incorporate risk? The
following discussion will try to answer this question. But don't
worry, you don't have to be an expert in statistics or decision theory
to analyze situations under risk, and you certainly don't have to be an
expert to use @RISK. We can't teach you everything in a few pages,
but we'll get you started. Once you begin using @RISK you'll
automatically begin picking up the type of expertise that can't be
learned from a book.

Another purpose of this chapter is to give you an overview of how
@RISK works with your spreadsheet to perform analyses. You don't
have to know how @RISK works to use it successfully, but you might
find some explanations useful and interesting. This chapter discusses:

*  What risk is and how it can be quantitatively assessed.

»  The nature of Risk Analysis and the techniques used in @RISK.
* Running a simulation.

* Interpreting @RISK results.

*  What Risk Analysis can and cannot do.

Chapter 2: An Overview to Risk Analysis
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What Is Risk?

Everyone knows that "risk" affects the gambler about to roll the dice,
the wildcatter about to drill an oil well, or the tightrope walker taking
that first big step. But these simple illustrations aside, the concept of
risk comes about due to our recognition of future uncertainty — our
inability to know what the future will bring in response to a given
action today. Risk implies that a given action has more than one
possible outcome.

In this simple sense, every action is "risky", from crossing the street to
building a dam. The term is usually reserved, however, for situations
where the range of possible outcomes to a given action is in some way
significant. Common actions like crossing the street usually aren't
risky while building a dam can involve significant risk. Somewhere
in between, actions pass from being nonrisky to risky. This
distinction, although vague, is important — if you judge that a
situation is risky, risk becomes one criterion for deciding what course
of action you should pursue. At that point, some form of Risk
Analysis becomes viable.

Characteristics of Risk

Risk derives from our inability to see into the future, and indicates a
degree of uncertainty that is significant enough to make us notice it.
This somewhat vague definition takes more shape by mentioning
several important characteristics of risk.

First, risk can be either objective or subjective. Flipping a coin is an
objective risk because the odds are well known. Even though the
outcome is uncertain, an objective risk can be described precisely
based on theory, experiment, or common sense. Everyone agrees
with the description of an objective risk. Describing the odds for rain
next Thursday is not so clear cut, and represents a subjective risk.
Given the same information, theory, computers, etc., weatherman A
may think the odds of rain are 30% while weatherman B may think
the odds are 65%. Neither is wrong. Describing a subjective risk is
open-ended in the sense that you could always refine your assessment
with new information, further study, or by giving weight to the
opinion of others. Most risks are subjective, and this has important
implications for anyone analyzing risk or making decisions based on
a Risk Analysis.
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Second, deciding that something is risky requires personal judgment,
even for objective risks. For example, imagine flipping a coin where
you win $1 for a heads and lose $1 for a tails. The range between $1
and -$1 would not be overly significant to most people. If the stakes
were $100,000 and -$100,000 respectively, most people would find the
situation to be quite risky. There would be a wealthy few, however,
who would not find this range of outcomes to be significant.

Third, risky actions and therefore risk are things that we often can
choose or avoid. Individuals differ in the amount of risk they
willingly accept. For example, two individuals of equal net worth
may react quite differently to the $100,000 coin flip bet described
above — one may accept it while the other refuses it. Their personal
preference for risk differs.

The Need for Risk Analysis

The first step in Risk Analysis and modeling is recognizing a need for
it. Is there significant risk involved in the situation you are interested
in? Here are a few examples that might help you evaluate your own
situations for the presence of significant risk:

» Risks for New Product Development and Marketing — Will the
R&D department solve the technical problems involved? Will a
competitor get to market first, or with a better product? Will
government regulations and approvals delay product introduction?
How much impact will the proposed advertising campaign have on sales
levels? Will production costs be as forecast? Will the proposed sales
price have to be changed to reflect unanticipated demand levels for the
product?

» Risks for Securities Analysis and Asset Management — How
will a tentative purchase affect portfolio value? Will a new management
team affect market price? Will an acquired firm add earnings as
forecast? How will a market correction impact a given industry sector?

» Risks for Operations Management and Planning — Will a given
inventory level suffice for unpredictable demand levels? Will labor costs
rise significantly with upcoming union contract negotiations? How will
pending environmental legislation impact production costs? How will
political and market events affect overseas suppliers in terms of exchange
rates, trade barriers, and delivery schedules?

» Risks for Design and Construction of a Structure (building,
bridge, dam,...) — Will the cost of construction materials and labor be
as forecast? Will a labor strike affect the construction schedule? Will
the levels of stress placed on the structure by peak load crowds and
nature be as forecast? Will the structure ever be stressed to the point of
failure?
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» Risks for Investment in Exploration for Oil and Minerals — Will

anything be found? If a deposit is found, will it be uneconomical, or a
bonanza? Will the costs of developing the deposit be as forecast? Will
some political event like an embargo, tax reform, or new environmental
regulations drastically alter the economic viability of the project?

» Risks for Policy Planning — If the policy is subject to legislative
approval, will it be approved? Will the level of compliance with any
policy directives be complete or partial? Will the costs of
implementation be as forecast? Will the level of benefits be what you
projected?

Assessing and Quantifying Risk

The first step in Risk Analysis and modeling is recognizing a need for
it. Is there significant risk involved in the situation you are interested
in? Here are a few examples that might help you evaluate your own
situations for the presence of significant risk.

Realizing that you have a risky situation is only the first step. How
do you quantify the risk you have identified for a given uncertain
situation? "Quantifying risk" means determining all the possible
values a risky variable could take and determining the relative
likelihood of each value. Suppose your uncertain situation is the
outcome from the flip of a coin. You could repeat the flip a large
number of times until you had established the fact that half of the
times it comes up tails and half of the times heads. Alternatively, you
could mathematically calculate this result from a basic understanding
of probability and statistics.

In most real life situations, you can't perform an "experiment"” to
calculate your risk the way you can for the flip of a coin. How could
you calculate the probable learning curve associated with introducing
new equipment? You may be able to reflect on past experiences, but
once you have introduced the equipment, the uncertainty is gone.
There is no mathematical formula that you can solve to get the risk
associated with the possible outcomes. You have to estimate the risk
using the best information you have available.

If you can calculate the risks of your situation the way you would for
a coin flip, the risk is objective. This means that everyone would
agree that you quantified the risk correctly. Most risk quantification,
however, involves your best judgment.
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There may not be complete information available about the situation,
the situation may not be repeatable like a coin flip, or it just may be
too complex to come up with an unequivocal answer. Such risk
guantification is subjective, which means that someone might
disagree with your evaluation.

Your subjective assessments of risk are likely to change when you get
more information on the situation. If you have subjectively derived a
risk assessment, you must always ask yourself whether additional
information is available that would help you make a better
assessment. If it is available, how hard and how expensive would it
be to obtain? How much would it cause you to change the
assessment you already have made? How much would these changes
affect the final results of any model you are analyzing?

Describing Risk with a Probability Distribution

If you have quantified risk — determined outcomes and probabilities
of occurrence — you can summarize this risk using a probability
distribution. A probability distribution is a device for presenting the
qguantified risk for a variable. @RISK uses probability distributions to
describe uncertain values in your Excel worksheets and to present
results. There are many forms and types of probability distributions,
each of which describes a range of possible values and their likelihood
of occurrence. Most people have heard of a normal distribution — the
traditional "bell curve". But there is a wide variety of distribution
types ranging from uniform and triangular distributions to more
complex forms such as gamma and weibull.

All distribution types use a set of arguments to specify a range of
actual values and distribution of probabilities. The normal
distribution, for example, uses a mean and standard deviation as its
arguments. The mean defines the value around which the bell curve
will be centered and the standard deviation defines the range of
values around the mean. Over thirty types of distributions are
available to you in @RISK for describing distributions for uncertain
values in your Excel worksheets.

The @RISK Define Distribution window allows you to graphically
preview distributions and assign them to uncertain values. Using its
graphs, you can quickly see the range of possible values your
distribution describes.
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What Is Risk Analysis?

In a broad sense, Risk Analysis is any method — qualitative and/or
guantitative — for assessing the impacts of risk on decision situations.
Myriad techniques are used that blend both qualitative and
guantitative techniques. The goal of any of these methods is to help
the decision-maker choose a course of action, given a better
understanding of the possible outcomes that could occur.

Risk Analysis in @RISK is a quantitative method that seeks to
determine the outcomes of a decision situation as a probability
distribution. In general, the techniques in an @RISK Risk Analysis
encompass four steps:

* Developing a Model — by defining your problem or situation in
Excel worksheet format

e Identifying Uncertainty — in variables in your Excel worksheet and
specifying their possible values with probability distributions, and
identifying the uncertain worksheet results you want analyzed

* Analyzing the Model with Simulation — to determine the range
and probabilities of all possible outcomes for the results of your
worksheet

e Making a Decision — based on the results provided and personal
preferences

@RISK helps with the first three steps, by providing a powerful and
flexible tool that works with Excel to facilitate model building and
Risk Analysis. The results that @RISK generates can then be used by
the decision-maker to help choose a course of action.

Fortunately, the techniques @RISK employs in a Risk Analysis are
very intuitive. As a result, you won't have to accept our methodology
on faith. And you won't have to shrug your shoulders and resort to
calling @RISK a "black box" when your colleagues and superiors
guery you as to the nature of your Risk Analysis. The discussion to
follow will give you a firm understanding of just what @RISK needs
from you in the way of a model, and how an @RISK Risk Analysis
proceeds.
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Developing an @RISK Model

Certain or
Uncertain

You are the "expert" at understanding the problems and situations
that you would like to analyze. If you have a problem that is subject
to risk, then @RISK and Excel can help you construct a complete and
logical model.

A major strength of @RISK is that it allows you to work in a familiar
and standard model building environment — Microsoft Excel. @RISK
works with your Excel model, allowing you to conduct a Risk
Analysis, but still preserves the familiar spreadsheet capabilities. You
presumably know how to build spreadsheet models in Excel —
@RISK now gives you the ability to easily modify these models for
Risk Analysis.

Variables

Variables are the basic elements in your Excel worksheets that you
have identified as being important ingredients to your analysis. If
you are modeling a financial situation, your variables might be things
like Sales, Costs, Revenues or Profits whereas if you are modeling a
geologic situation, your variables might be things like Depth to
Deposit, Thickness of Coal Seam or Porosity. Each situation has its
own variables, identified by you. In a typical worksheet, a variable
labels a worksheet row or column, for example:

You may know the values your variables will take in the time frame
of your model — they are certain, or what statisticians call
"deterministic”. Conversely, you may not know the values they will
take — they are uncertain, or "stochastic". If your variables are
uncertain you will need to describe the nature of their uncertainty.
This is done with probability distributions, which give both the range
of values that the variable could take (minimum to maximum), and
the likelihood of occurrence of each value within the range. In
@RISK, uncertain variables and cell values are entered as probability
distribution functions, for example:

RiskNormal(100,10)
RiskUniform(20,30)
RiskExpon(Al1+A2)
RiskTriang(A3/2.01,A4,A5)

These "distribution” functions can be placed in your worksheet cells
and formulas just like any other Excel function.
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Independent or
Dependent

In addition to being certain or uncertain, variables in a Risk Analysis
model can be either "independent” or "dependent”. An independent
variable is totally unaffected by any other variable within your model.
For example, if you had a financial model evaluating the profitability
of an agricultural crop, you might include an uncertain variable called
Amount of Rainfall. It is reasonable to assume that other variables in
your model such as Crop Price and Fertilizer Cost would have no
effect on the amount of rain — Amount of Rainfall is an independent
variable.

A dependent variable, in contrast, is determined in full or in part by
one or more other variables in your model. For example, a variable
called Crop Yield in the above model should be expected to depend
on the independent variable Amount of Rainfall. If there's too little or
too much rain, then the crop yield is low. If there's an amount of rain
that is about normal, then the crop yield would be anywhere from
below average to well above average. Maybe there are other variables
that affect Crop Yield such as Temperature, Loss to Insects, etc.

When identifying the uncertain values in your Excel worksheet, you
have to decide whether your variables are correlated. These variables
would all be “correlated” with each other. The Corrmat function in
@RISK is used to identify correlated variables. It is extremely
important to correctly recognize correlations between variables or
your model might generate nonsensical results. For example, if you
ignored the relationship between Amount of Rainfall and Crop Yield,
@RISK might choose a low value for the rainfall at the same time it
picked a high value for the crop yield — clearly something nature
wouldn't allow.

Output Variables

Any model needs both input values and output results, and a Risk
Analysis model is no different. An @RISK Risk Analysis generates
results on cells in your Excel worksheet. Results are probability
distributions of the possible values which could occur. These results
are usually the same worksheet cells that give you the results of a
regular Excel analysis — Profit, the "bottom line" or other such
worksheet entries.
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Analyzing a Model with Simulation

Once you have placed uncertain values in your worksheet cells and
have identified the outputs of your analysis, you have an Excel
worksheet that @RISK can analyze.

Simulation

@RISK uses simulation, sometimes called Monte Carlo simulation, to
do a Risk Analysis. Simulation in this sense refers to a method
whereby the distribution of possible outcomes is generated by letting
a computer recalculate your worksheet over and over again, each time
using different randomly selected sets of values for the probability
distributions in your cell values and formulas. In effect, the computer
is trying all valid combinations of the values of input variables to
simulate all possible outcomes. This is just as if you ran hundreds or
thousands of "what-if" analyses on your worksheet, all in one sitting.

What is meant by saying that simulation "tries all valid combinations
of the values of input variables"? Suppose you have a model with
only two input variables. If there is no uncertainty in these variables,
you can identify a single possible value for each variable. These two
single values can be combined by your worksheet formulas to
calculate the results of interest — also a certain or deterministic value.
For example, if the certain input variables are:

Revenues =100
Costs =90

then the result
Profits = 10

would be calculated by Excel from
Profits = 100 - 90

There is only one combination of the input variable values, because
there is only one value possible for each variable.

Now consider a situation where there is uncertainty in both input
variables. For example,

Revenues = 100 or 120
Costs =90 or 80

gives two values for each input variable. In a simulation, @RISK
would consider all possible combinations of these variable values to
calculate possible values for the result, Profits.
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There are four combinations:

Profits = Revenues - Costs

10=100-90
20 =100 - 80
30=120-90
40 =120-80

Profits also is an uncertain variable because it is calculated from uncertain
variables.

How Simulation Works

In @RISK, simulation uses two distinct operations:

e Selecting sets of values for the probability distribution functions contained in
the cells and formulas of your worksheet

» Recalculating the Excel worksheet using the new values

The selection of values from probability distributions is called sampling and
each calculation of the worksheet is called an iteration.

The following diagrams show how each iteration uses a set of single values
sampled from distribution functions to calculate single-valued results.
@RISK generates output distributions by consolidating single-valued results
from all the iterations.

The Alternative to Simulation

There are two basic approaches to quantitative Risk Analysis. Both have the
same goal — to derive a probability distribution that describes the possible
outcomes of an uncertain situation — and both generate valid results. The
first approach is the one just described for @RISK, namely, simulation. This
approach relies on the ability of the computer to do a great deal of work very
quickly — solving your worksheet repeatedly using a large number of
possible combinations of input variable values.

The second approach to Risk Analysis is an analytical approach. Analytical
methods require that the distributions for all uncertain variables in a model
be described mathematically. Then the equations for these distributions are
combined mathematically to derive another equation, which describes the
distribution of possible outcomes. This approach is not practical for most
uses and users. It is not a simple task to describe distributions as equations,
and it is even more difficult to combine distributions analytically given even
moderate complexity in your model. Furthermore, the mathematical skills
necessary to implement the analytical techniques are significant.
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Making a Decision: Interpreting the Results

@RISK analysis results are presented in the form of probability
distributions. The decision-maker must interpret these probability
distributions, and make a decision based on the interpretation. How
do you interpret a probability distribution?

Interpreting a Traditional Analysis

Let's start by looking at how a decision-maker would interpret a
single-valued result from a traditional analysis — an "expected" value.
Most decision-makers compare the expected result to some standard
or minimum acceptable value. If it's at least as good as the standard,
they find the result acceptable. But, most decision-makers recognize
that the expected result doesn't show the impacts of uncertainty.

They have to somehow manipulate the expected result to make some
allowance for risk. They might arbitrarily raise the minimum
acceptable result, or they might non rigorously weigh the chances that
the actual result could exceed or fall short of the expected result. At
best, the analysis might be extended to include several other results —
such as "worst case" and "best case" — in addition to the expected
value. The decision-maker then decides if the expected and "best
case" values are good enough to outweigh the "worst case" value.

Interpreting an @RISK Analysis

In an @RISK Risk Analysis, the output probability distributions give
the decision-maker a complete picture of all the possible outcomes.
This is a tremendous elaboration on the "worst-expected-best" case
approach mentioned above. But the probability distribution does a
lot more than just fill in the gaps between these three values:

» Determines a "Correct" Range — Because you have more rigorously
defined the uncertainty associated with every input variable, the possible
range of outcomes may be quite different from a ""worst case-best case"
range — different, and more correct.

»  Shows Probability of Occurrence — A probability distribution
shows the relative likelihood of occurrence for each possible outcome.

As a result, you no longer just compare desirable outcomes with
undesirable outcomes. Instead, you can recognize that some outcomes
are more likely to occur than others, and should be given more weight in
your evaluation. This process also is a lot easier to understand than the
traditional analysis because a probability distribution is a graph — you
can see the probabilities and get a feel for the risks involved.
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Individual Preference

The results provided by an @RISK analysis must be interpreted by
you as an individual. The same results given to different individuals
may be interpreted differently, and lead to different courses of action.
This is not a weakness in the technique, but a direct result of the fact
that different individuals have different preferences with regard to
possible choices, time, and risk. You might feel that the shape of the
output distribution shows that the chances of an undesirable outcome
far outweigh the chances of a desirable outcome. A colleague who is
less risk averse might come to the opposite conclusion.

The Distribution "Spread”

Range and likelihood of occurrence are directly related to the level of
risk associated with a particular event. By looking at the spread and
likelihood of possible results, you can make an informed decision
based on the level of risk you are willing to take. Risk averse
decision-makers prefer a small spread in possible results, with most of
the probability associated with desirable results. But if you are a risk-
taker, then you will accept a greater spread or possible variation in
your outcome distribution. Furthermore, a risk-taker will be
influenced by "bonanza" outcomes even if their likelihood of
occurrence is small.

Regardless of your personal risk preferences, there are some general
conclusions about riskiness that apply to all decision-makers. The
following probability distributions illustrate these conclusions:

Probability distribution A represents greater risk than B despite identical
shapes because the range of A includes less desirable results — the spread
relative to the mean is greater in A than B.

-10 0
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Probability distribution C represents greater risk than D because the
probability of occurrence is uniform across the range for C whereas it is
concentrated around 98 for D.

100 110

Probability distribution F represents greater risk than E because the range is
larger and the probability of occurrence is more spread out than for E.
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Skewness

A simulation output distribution also can show skewness — how
much the distribution of possible results deviates from being
symmetrical. Suppose your distribution had a large positive 'tail’. If
you saw only a single number for the expected result, you might not
realize the possibility of a highly positive outcome that could occur in
the tail. Skewness such as this can be very important to decision
makers. By presenting all the information, @RISK "opens up" a
decision by showing you all possible outcomes.
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What Risk Analysis Can (Cannot) Do

Quantitative analysis techniques have gained a great deal of
popularity with decision-makers and analysts in recent years.
Unfortunately, many people have mistakenly assumed that these
techniques are magic "black boxes" that unequivocally arrive at the
correct answer or decision. No technique, including those used by
@RISK, can make that claim. These techniques are tools that can be
used to help make decisions and arrive at solutions. Like any tools,
they can be used to good advantage by skilled practitioners, or they
can be used to create havoc in the hands of the unskilled. In the
context of Risk Analysis, quantitative tools should never be used as a
replacement for personal judgment.

Finally, you should recognize that Risk Analysis cannot guarantee
that the action you choose to follow — even if skillfully chosen to suit
your personal preferences — is the best action viewed from the
perspective of hindsight. Hindsight implies perfect information,
which you never have at the time the decision is made. You can be
guaranteed, however, that you have chosen the best personal strategy
given the information that is available to you. That's not a bad
guarantee!

Chapter 2: An Overview to Risk Analysis
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Introduction

@RISK 4.5 and its predecessor, @RISK 4.0, are major upgrades to
earlier versions of @RISK. @RISK 4.5 brings together features of its
companion programs BestFit and RISKview to provide a fully
functional risk analysis environment, while maintaining compatibility
with earlier versions of @RISK. It also offers enhanced integration
with Microsoft Excel to give easier access to simulation results
directly in your spreadsheet. @RISK 4.5 is available in three versions —
Standard, Professional and Industrial — to allow you to select the
feature set you need.

Key Features
Key features of @RISK 4.5 include;

* Fully integrated RISKview (for distribution viewing) in all the
versions.

* Fully integrated BestFit (for distribution fitting) in the
Professional and Industrial versions.

*  Fully integrated RISKOptimizer (for Simulation Optimization) in
the Industrial version.

Note: RISKview, BestFit and RISKOptimizer are also available as
stand-alone programs.

* New toolbars, graphs and “Explorer” interface

* Improved integration with Excel with new functions and new
reporting in Excel

* Improved performance with faster loading and simulation
»  Full compatibility with existing @RISK models and functions
Key enhancements of @RISK 4.5 vs. @RISK 4.0 include:

» Three new analyses — Goal Seek, Stress Analysis and Advanced
Sensitivity Analysis — for advanced investigations on @RISK
models (Professional and Industrial versions only)

« Alternate parameters (such as percentiles) can be used for
defining many distribution types, and the distribution functions
in Excel have been added that support alternate parameters

* Quick reports, designed for printing, for quick, single page
reports on simulation results
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» Integrated support for multiple CPUs in a single PC for high-
speed simulations through parallel processing (Industrial version

only)
» Enhanced Define Distribution window, including pop-up

distribution pallette, intelligent default parameters, easy entry of
Excel cell references and more

e Other enhancements, including improved filtering, report
formatting and more

Note: The information provided in this chapter is designed for users
familiar with earlier versions of @RISK. New users should skip this
chapter and continue with Chapter 4: Getting to Know @RISK to
gain a full understanding of the operation and features of @RISK 4.5.

@RISK 4.5 is comprised of three main components:

Three Main
Components 1) @RISK Model window for listing inputs and outputs, viewing
of @RISK 4.5 input distributions, fitting distributions, and defining

correlations. @RISK Model also allows the pop-up graphical
definition of distributions for components of cell formulas.

2) @RISK add-in to Excel, including new menus and icons, new
distribution functions, new statistics functions, new output
functions, and new simulation reports in Excel.

3) @RISK Results window for interactive graphs of simulation
results, statistics, data, sensitivity and scenario reports.

Each of the three components share a common user interface
including an “Explorer-style” listing of simulation inputs and outputs
and customizable toolbars and icons.
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New @RISK Model Window

A new @RISK Model Window provides an entire set of options for
assigning and viewing probability distributions used in your
spreadsheet model, correlating them, and fitting distributions to data.
This window allows you to handle all the tasks necessary for setting

up your @RISK model prior to simulating it.
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Pop-Up Window
for Assigning
Distributions

Defining Probability Distributions in your
Spreadsheet

With @RISK 4.5 you can easily assign probability distributions to
uncertain values in your spreadsheet model using a “pop-up”
window. This capability will be familiar to users of Palisade’s
RISKview program.
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Using this pop-up, you can:

» Preview and assign probabilities to values in Excel cells and
formulas. This allows the quick, graphical assignment of
distributions to any number or entry in an Excel cell formula, plus
editing of previously entered distribution functions.

e Automatically enter distribution functions to formulas. All
edits made via RISKview pop-up are added directly to the cell
formula in Excel.

» Fit probability distributions to data in Excel and use the results
of the fit as a probability distribution in a formula.

e The pop-up window also allows you to edit multiple
distributions in a single cell.
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Graphical
Assessment of
Probabilities

Correlation
Matrix and
Distribution
Graphs in the
Model Window

With @RISK 4.5’s pop-up Define Distribution window, you can
interactively switch between available probability distributions and
preview the probabilities they describe. While previewing
distributions, you can:

* Interactively set and compare probabilities using sliding
delimiters.

¢ Overlay multiple distributions to make comparisons.

* Change graph type and scaling using toolbars and the mouse.

Review Distributions in the @RISK Model Window

The @RISK Model window provides a complete “Explorer-style” list
of all input probability distributions and simulation outputs described
in your model. This replaces the Outputs and Inputs list found in
@RISK version 3.5 and earlier. From this list, you can:

¢ Edit any input distribution or output by simply clicking on
output or input in Explorer.

¢ Quickly graph and display all defined inputs.

e Edit and preview correlation matrices.

L= e e
PETESLELMO O T REOD ] & a8

|

AR A ]
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Distribution
Fitting in @RISK
Model Window

Using Data to Define Probability Distributions

The @RISK Model window fully integrates a new and enhanced
version of Palisade’s BestFit program to allow you to fit probability
distributions to your data (Professional and Industrial versions only).
The distributions which result from a fit are then automatically added
to the input distribution list in the @RISK Model window and added
to your spreadsheet model.
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The distribution fitting features of the @RISK Model window include:

The fitting of sample data (continuous or discrete) and data
from a density or cumulative curve.

Convenient result display that shows all relevant information
about a single fit.

* Ranking of fits based on Chi-Squared, Kolmogorov-Smirnov, or
Anderson-Darling statistics.

» Comparison graphs, difference graphs and P-P and Q-Q plots.
»  Statistics and Goodness-of-fit tests.
e A summary window with results of all fits in a single report.

» Advanced fitting control, including the ability to control exactly
how the Chi-Squared statistic is calculated using equal interval
binning, equal probability binning or custom binning.

» Ability to define a custom list of predefined distributions for
fitting.

» Ability to define multiple fits in a single project using a tabbed
format similar to Microsoft Excel.
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New @RISK Add-in Features

RiskOutput
Functions

@RISK 4.5 includes a variety of new functions, menus and commands
that make it easy to define your simulation model directly in your
spreadsheet. This new functionality is provided in a new add-in
program RISK.XLA that is installed with @RISK.

New Menus, Icons and Commands

The @RISK 4.5 add-in program in Excel includes the following new
menus and commands:

* An @RISK menu is added to the Excel menubar. This contains all
commands necessary for setting up and running a simulation of
your spreadsheet model.

* An @RISK “pop-up” menu is displayed on a right mouse click on
a spreadsheet cell. This menu allows you to define probability
distributions for values in a cell formula and define simulation
outputs.

* Reports icon for selecting reports on simulation results to be
generated in Excel.

New and Enhanced @RISK Functions in Excel

@RISK 4.5 includes both new and enhanced custom functions that can
be included in Excel cells and formulas. These functions include the
RiskOutput function, @RISK statistics functions, enhanced @RISK
distribution functions and @RISK reporting functions.

Output cells are defined using new RiskOutput functions. These
functions allow easy copying, pasting and moving of output cells.
RiskOutput functions are automatically added when the standard
@RISK Add Output icon is pressed. RiskOutput functions optionally
allow you to name your simulation outputs and add individual
output cells to output ranges. A typical RiskOutput function might
be:

=RiskOutput(“Profit”)+NPV(.1,H1...H10)

where the cell, prior to its selection as a simulation output, simply
contained the formula

= NPV(.1,H1...H10)

The added RiskOutput function here selects the cell as a simulation
output and gives the output the name “Profit”.
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Statistics New @RISK statistics functions return a desired statistic on simulation

Functions results. For example, the function RiskMean(A10) returns the mean of
the simulated distribution for the cell A10. These functions are
updated real-time as a simulation is running.

@RISK statistics functions include all standard statistics plus
percentiles and targets (for example, =RiskPercentile(A10,.99) ) returns
the 99th percentile of the simulated distribution). @RISK statistics
functions can include cell references for arguments just as standard
Excel functions.

Graphing A special @RISK function RiskResultsGraph will automatically place a

Function graph of simulation results wherever it is used in a spreadsheet. For
example, =RiskResultsGraph (A10) would place a graph of the
simulated distribution for A10 directly in your spreadsheet at the
function's location at the end of a simulation. Additional optional
arguments to RiskResultsGraph allow you to select the type of graph
you want to create, its format, scaling and other options.

Enhanced Additional options for @RISK probability distribution functions can
Distribution be used to name input probability distributions, truncate their
Functions sampling, correlate them, and temporarily block sampling. These

options are invoked through additional optional arguments to
distribution functions. For example, the distribution function:

=RiskNormal(10,5,”Price”,RiskTruncate(0,15))

would specify a normal distribution named Price with a mean of 10, a
standard deviation of 5, a minimum possible value of 0, and a
maximum of 15.

All new arguments to @RISK probability distribution functions are
optional as all functions can be used as they were in earlier versions of

@RISK.
Reporting in Any standard simulation report can be placed directly in Excel at the
Excel end of a simulation. You can select to place pre-formatted simulation

reports and graphs directly in Excel, without going through the
@RISK Results program. You can also create custom templates which
allow you to generate a standard report in Excel after each simulation.

Note: In @RISK 4.5, a simulation model is defined by the @RISK
entries in cell formulas (distribution functions, outputs) and can run
entirely within Excel, without accessing @RISK Model for model
definition or @RISK Results for viewing results.
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New @RISK Results Window

The @RISK Results window familiar to users of earlier versions of
@RISK has been enhanced to provide more interactive reporting and
graphing of simulation results.

@RISK - Results
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New Results Window Options

New features in the @RISK Results window include:

“Explorer” style list of outputs and inputs for which simulation
results were collected.

Graphing of simulated distributions by simply clicking on
output or input in Explorer.

Graphs include tabbed reports on statistics, data, sensitivities,
and scenarios for graphed results, and any overlays.

Most graph changes can be made using toolbars and mouse,
including rescaling by dragging axes and setting the graph type
using toolbar icons.

Probabilities can be set and compared using sliding delimiters.

Full report windows each provide a standard @RISK report
(statistics, data, sensitivities, scenarios).

The placement of related reports and graphs on separate tabs.
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Reports in Reporting in @RISK 4.5 is not only available in the @RISK Results

Results Window window. In addition to the interactive graphs and reports of

and Excel simulation results available in the @RISK Results window, you can
use statistics and graphing functions and add-in reports to place your
simulation results directly in Excel.
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Graphs in Excel All @RISK graphs may be created as standard Excel format graphs to

Format allow easy editing and customization in your spreadsheet. All
standard Excel editing options are available for these improved
@RISK 4.5 Excel format graphs.
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Other Enhancements

@RISK 4.5 includes other enhancements to improve the usability of

simulations and spreadsheet models created with @RISK, including:

* Real time updating of simulation results

» Assingle results datafile with the .RSK extension to ease the
transfer of simulation models among users.

« All simulation settings (outputs, # of iterations, etc.) stored in
the workbook being simulated so a model may be used and
simulated without a saved .RSK file

e Command/lcon in Excel to select all cells containing @RISK
distribution functions or outputs
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New Features in @RISK 4.5 vs @RISK 4.0

@RI

SK 4.5 brings a set of new analyses and new options to allow

easier modeling and more in-depth studies on @RISK 4.0 models.
New enhancements include:

The
that

Three New Advanced Analyses - Advanced Sensitivity
Analysis, Stress Analysis, and Goal Seek (@RISK Professional
and Industrial only)

Alternate Parameters for Probability Distributions, allowing the
entry of percentile parameters as arguments to many input
probability distributions. These alternate parameters are
available in both the pop-up Define Distribution window or in
distribution functions in Excel.

Cumulative Descending Percentiles, where percentile
probabilities can be optionally reported as cumulative descending
values as well as cumulative ascending values. Alternate
percentile parameters for probability distributions can also be
entered as cumulative descending percentiles.

Quick Reports - single one page reports in Excel containing
statistics and graphs for a simulation result, formatted for
printing.

Enhanced Define Distribution window, with point and click
selection of references from Excel, a pop-up distribution palette
for selecting distributions, a new right-click menu and other
enhancements.

Improved Error Reporting during simulation, where the Pause
On Error option now identifies the output(s) with errors and the
cells in your model that caused the error for each.

RISK45 directory on your system contains multi-media tutorials
illustrate the new capabilities of @RISK 4.5. These tutorials

require a media player capable of running WMV files and a PC with

aud

io.
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Advanced Analyses

The Advanced Analyses include Advanced Sensitivity Analysis,
Stress Analysis, and Goal Seek. Each of these uses @RISK's multiple
simulation capability to analyze a simulation model.

Goal Seek allows you to find a specific simulated statistic for
a cell (for example, the mean or standard deviation) by
adjusting the value of another cell.

Stress Analysis allows you to analyze the effects of stressing
@RISK distributions. Stressing a distribution restricts samples
drawn from the distribution to values between a specified
pair of percentiles or samples a new “stress” distribution
instead of the original distribution in your model.

Advanced Sensitivity Analysis allows you to determine the
effects of inputs on @RISK outputs. An input can be either an
@RISK distribution or a cell in your Excel workbook.
Advanced Sensitivity Analysis runs a full simulation at each
of a set of possible values for an input, tracking the simulation
results at each value.

Each of these analyses has its own dialogs and generates a set of pre-
formatted reports and graphs in Excel.
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Advanced
Analysis Report
in Excel

Advanced Sensitivity Analysis

Summary
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Alternate Parameters for Probability Distributions

@RISK 4.5 allows the entry of percentile parameters as arguments to
many input probability distributions. This allows you to specify
values for specific percentile locations of an input distribution as
opposed to the traditional arguments used by the distribution. For
example, the distribution:

RiskNormal(100,20) — specifying a normal distribution with a mean
of 100 and a standard deviation of 20

could also be entered as:

RiskNormalAlt(5%, 67.10, 95%, 132.89) - specifying a normal
distribution with the 5th percentile at the value of 67.10 and the 95th
percentile at the value of 132.89.

Percentiles may also be mixed with the standard distribution
arguments, such as:

RiskNormalAlt("mu", 100, 95%, 132.89) - specifying a normal
distribution with a mean of 100 and the 95% percentile at the value of
132.89.

These alternate parameter functions may be entered directly in your
spreadsheet as with other @RISK distribution functions, or in the
Define Distribution window:

&4 Define Distribution for E32

BizkMormalalt(5%, 0, 95%, 4000)
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The ALT icon

Sampling
Distributions
with Alternate
Parameters

Clicking the ALT icon allows you to switch from standard
distribution arguments to alternate percentile arguments:

Mormal - Alternate Distribution Parameters
Standard Parameters: Alternate Parameters:

o

o * Percentile |95 %

= | Save ae Default izl | oK I Cancel |

A set of percentile arguments may be set as the default for a given
distribution type, so that every lognormal distribution, for example,
will be entered using a 10t and 90t percentile value.

During a simulation @RISK calculates the appropriate distribution
whose percentile values equal those alternate parameter values
entered and then samples that distribution. Just like all @RISK
functions, the entered arguments may be references to other cells or
formulas, and argument values may change iteration to iteration
during a simulation.

For more information on the @RISK distributions that are available
using alternate parameters, see the Reference: @RISK Functions
chapter of this manual, or check the list shown when the class of
functions titled @RISK Distrib (Alt Params) is shown in the Function
Wizard in Excel.

Cumulative Descending Percentiles

@RISK 4.5 can report percentile probabilities as cumulative
descending values as well as cumulative ascending values. This
option causes reports to display percentiles as the probability of
obtaining a value above a given threshold. The display of cumulative
descending percentiles is selected on the @RISK add-in menu Options
command.

Cumulative descending percentiles may also be used in specifying
alternate percentile parameters for probability distributions. In
addition, arguments to the RiskCumul probability distribution may
be entered using descending probabilities. A new set of @RISK
functions allow the entry of these cumulative descending values.
Each of these functions has a "D" after the function name, such as
RiskCumulD, RiskNormalAltD, etc. For more information on using
these functions, see the Reference: @RISK Functions chapter of this
manual.
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Quick Reports

Quick Reports are single one page reports in Excel containing
statistics and graphs for a simulation result.

Quick reports can be generated by simply right clicking on a graph in
the @RISK Results Window and selecting Quick Report, or through
the @RISK Report Settings dialog. Using the Settings dialog, you
may also choose to automatically generate Quick Reports for each
output in your model at the end of a simulation.

A [ 8 [ ¢ | o [ E | F T G [H]
1 Simulation Results for
2 NPY (10%) f C10
3
—g Distribution for N F (10%)C 10 4%%%”"?:‘?“3' I"f"'ma:i'n'::e_xls
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7 opl Mot Mumber of lterations 10
g MNumber of Inputs 22
3 :? 1Mo Mumber of Outputs 11
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33 oom HErrars 0| H0%| $T55220.38
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Enhanced Define Distribution Window

The pop-up Define Distribution window includes several new
enhancements designed to make the graphical definition of
probability distributions easier. These include:

A new Enter Excel Reference icon allows the point and click
selection of cell references for distribution arguments

A pop-up distribution palete (displayed when the Dist.. button is

clicked) makes the selection of a distribution type easier

Distribution Palette - Primary Curve

0
Binomial Discrete DU nifarm Geaomet HyperGeo IntU rifarm MegBin Paisson
AAAL 4dh AN
Beta BetaGeneral  BetaSubj ChiSq Curmul Curnull Erf Erlang
Expon Exfvalue Gamma General Hiztogram InviEauss Logistic Loglogistic
Lognom Lognorm2 Mormal Pareto Pareto? Pearsond Pearsonf Peit
Flayleigh Student Triang TriGen Unifarr ‘wheibull

* A new right-click menu for easy selection of Define Distribution

window options

&Y Define Distribution for E32
BiskMNormal| 2000, 10001/(E 25+1)
&)=, ] Tormal
iI;IAIEIQIgI Marmal(3000, 1000} Function_| Riskhormalizoni|
! Ilinimurn | -Infinity
Source  |Function - Pasimur | -Infinity
o Iean | 3000.0
Dist... I Narmal - 354 Mode 3000.0
7 Ddedian | 3000.0
o
3000 o M Std. Dew_| 1000.0
. @ = Wariance | 10000000
o 1000 el o [l Format Graph... Skewness | 0.0000
. = Kurtosiz_| 30000
I min | -Infinity % = M GraphType 2 T LRt
15 B =
e P | g Graph in Excel Lot s
1+ Print ChikP =
shift 0 - Right P | 95.005
s o5 Copy CHRC Dt | 3289.6960
oo Ll & skt vty oie fsoox
Eﬂ Sitehto Hiveray
— [““] Alternate Parameters...
ElHﬂA Input Properties.. E
s —
MNew Fit... Apply | Cancel
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Improved Error Reporting

The Pause on Error in Outputs option in the Simulation Settings
dialog now provides a detailed listing of the outputs for which errors
were generated during a simulation and the cells in your spreadsheet
that caused the error.

@RISK - Pause On Ermor In Dutputs - lteration &

Outputs with errar: Cell causing eror [and precedents]: Expand all precedents I

[=1- net income

- Sheetl1$E$22 - Net Iru
- Sheetl1$FE22 - Net Ing
- Sheetll$G$22 - NetIn
- Sheetl1$H$22 - Net In
- Sheetl1$1522 - Net Inc
- Sheetll$1$22 - Net Inc
- Sheetl1$K$22 - Net lro
i - Sheet11$L$22 - Net Ing
S Shest11$C$10 - NPY [10%]

Sheetl$E$25

4] | B

Cell Farmula:
=RiskMormal(3000,1000)/(E 25+1)*RiskMormal(1.RAND()-0.5]

CellValue:

IWALUE! IV Show this dialog on next emor? | Continue F|un| Cancel Run |

When an error is generated for a simulation output in an iteration of a
simulation, the Pause on Error in Outputs dialog shows each output
for which an error was generated and the cell whose formula caused
the output's error value. You can also review the formulas and values
for cells which are precedents to the "error causing" cell, in order to
examine values which feed into the problem formula.
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A Quick Overview to @RISK

Using the On-
line Tutorial

@RISK extends the analytical capabilities of Microsoft Excel to include risk
analysis and simulation. These techniques allow you to analyze your
spreadsheets for risk. Risk Analysis identifies the range of possible
outcomes you can expect for a spreadsheet result and their relative
likelihood of occurrence.

To add risk analysis capabilities to your spreadsheet @RISK uses 1)
menus, Toolbar and custom functions in your spreadsheet, 2) a Model
window for defining model inputs and 3) a Results window for
reviewing simulation results.

@RISK Toolbars
PR RL=BABA|EE|, QERN
DO EMLEE AEB A TL T FT @Réi';fn"dﬁ',
| 2| @& & | A B A58 7| @RiSKModel Toolhar LU
[[oersiy = da .~ M| i) g| @RISK-Model Graph Toolbar
| B | 0 = E

JJ@ FM‘| ﬂ; ﬂi| %‘ @RISK-Model Artist Toolbar

|E BB E ST @RISK-Model Correlation Toolbar

@RISK-Model Fitting Toolbar

[>o)=smal s |wmmasm o e
|| Histooram = [l il da| .~ M b8 .| @RISK Results Graph Toolbar
> 7 m [ Y bt Every 100 = ferslions | @RISK-Results Monitoring Toolbar

The Toolbars are used to make selections from @RISK or your spreadsheet
in "add-in" style. In addition, the DecisionTools toolbar is used to access
the other programs in the DecisionTools Suite. See Appendix B: Using
@RISK with Other DecisionTools for more information on the Suite.

Note: The @RISK add-in in Excel has two available toolbars — the
standard toolbar and an expanded version that contains tools for the
Advanced Analyses available in @RISK Professional and Industrial.
Clicking the "expansion" icon at the end of the toolbar changes the toolbar
from standard to expanded and back.

The material in this chapter is presented on-line in the @RISK tutorial.
This can be run by selecting the Start Menu/ Programs/ Palisade
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DecisionTools/ Tutorials/ @RISK Tutorial and clicking on the file
RISK45.html.

How Does Risk Analysis Work?

@RISK uses the technique of Monte Carlo simulation for risk analysis.
With this technique, uncertain input values in your spreadsheet are
specified as probability distributions. An input value is a value in a
spreadsheet cell or formula which is used to generate results in your
spreadsheet. In @RISK, a probability distribution which describes the
range of possible values for the input is substituted for its original single
fixed value. To find out more about inputs and probability distributions,
see Chapter 2 of this User’s Guide, An Overview to Risk Analysis.

Distribution Functions

In @RISK, probability distributions are entered directly into your
worksheet formulas using custom distribution functions. These new
functions, each of which represents a type of probability distribution
(such as NORMAL or BETA), are added to your spreadsheets’ functions
set by @RISK. When entering a distribution function you enter both the
function name, such as RiskTriang — a triangular distribution — and the
arguments which describe the shape and range of the distribution, such as
RiskTriang (10,20,30), where 10 is the minimum value, 20 the most likely
value and 30 the maximum value.

Distribution functions may be used anywhere in your spreadsheet that
there is uncertainty about the value which is used. @RISK's functions
may be used just as you would use any normal spreadsheet functions —
include them in mathematical expressions and have cell references or
formulas as arguments.

A Quick Overview to @RISK



Define
Distribution
Window

@RISK includes a pop-up Define Distribution window that allows you to
easily add probability distribution functions to spreadsheet formulas. By
right-clicking on a cell in your spreadsheet (or by clicking the Define
Distribution icon) you can display this window.

E3 Microsoft Excel - Finance. sls ISl B
@ Fie  Edit View Inset Fomat  Tools Data  ‘Window @3RISK  Help Type 3 question for help  BIISTEN X
P9 RALEE AB A ALITPEF .
E32 - A =RiskNarmal(3000,1000)/(E25+1)
A B C D E F G H |
1
2 | [this model demonstrates the analysis of uncertairty in a financial forecast. Imagine you are deciding whether to launch a
3 | frew productiine. & simpified analysis of the cash flow activity of this verture might loo T
4 | ot the clemerts of the modelinvclve the prediction of future everts, they allinvolve unce N AMALSU NI
5 | Joreen have all been replaced wih @RISK distribution formuas. The cels in red, the NP [[RiskNommall 3000, 10001/ [EZ5+1)
6 | fncome in cells C221L.22, have been marked s @RISK outpts 50 a detailed analysis can
7 | fresuts. By adding @RISK distributions o your financial models, you can go beyond the
8 | fonalysis tht can lead to bad business decisions
(o T (1) [
5 B =AY Normal(3000, 1000) Fawn Hw;kNmma\_iprnVng
100 MPY (10%) $363,263 46 g IF . = i
T ouce  [Function :
12 |Year 2002 2003 2
Dict . | [Homal - 3
13 -
14| [Cash Flow u 3000 B a-
6| [coaaicomimoon |5 s hop =8
ost of Goods So H
17| |Gross Margin 3 - s R (2 T ;i #
18| |operating Expenses s wop0000 5 130000.00 3 wmax ety 3] '
19 |Earnings Before Taxes § (10000000 5 (130,00000)| § i 2
20| |rax Basis 5 oopooon| s cesopoonoy|s o f st 10 8 %i:ggm
21| fincome Tax 3 ) L) h [Dice{snom:
22| |Met Income 3 (100,000.00)| § £130,000.00)| § [ — s |
23 I
== Walues in Thousand!
24| [Market Conditions cues i Thovssnss —
25| |Number of Competitors @EI‘SU% 50% >@E —
25| JUnit Cost 52 1.3552 46448 =
27 | |Inflation Rate E
|2 | New Fit. Appl Cancel
% [Tax Rate a8 % T [ e |
29
30 |Sales Activity
31| |Sales Price 5813 355.03 5108 $64.29 FET6S 37
32| |Sales volume 3000 2500 4000 5000 7500 10
33
34| |Production Expense
35| |Product Development 3 5000000 | § 20,00000 | § 1000000 | § -l Bk - |E -8
36| |capital Expenses 3 5000000 [§ 10000000 | § 2500000 | § 1000000 | § N - s B o
44 > Fil\Sheet1 1«1 | i
Ready 1 I

The @RISK Define Distribution window graphically displays probability
distributions which can be substituted for values in a spreadsheet
formula. By changing the displayed distribution you can see how various
distributions would describe the range of possible values for an uncertain
input in your model. The displayed statistics further show how a
distribution defines an uncertain input.

The graphical display of an uncertain input is useful in showing your
definition of an uncertain input to others. It clearly displays the range of
possible values for an input and the relative probability of any value in
the range occurring. Working with distribution graphs you can easily
incorporate assessments of uncertainty from experts into your risk
analysis models.
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Simulation Outputs

Once distribution functions have been entered into your spreadsheet, you
need to identify those cells (or ranges of cells) that you are interested in
seeing simulation results for. Typically, these output cells contain the
results of your spreadsheet model (such as "profit") but they can be any
cells, anywhere in your spreadsheet. To select outputs, simply highlight
the cell or range of cells you want as outputs in your worksheet and then
click the Add Output icon — the one with the red down arrow.

Listing all Outputs and Distribution Functions

The Model window displays all selected outputs and distribution
functions in your spreadsheet model.

% @RISK - Modsl [Olx]
File Edt Wisw Inost Simulstion Modsl Grsph ‘window Help |
X D EIE ElER == ==l w ) |
- Dutputs #= Inputs and Dutputs (O] I
| - netincome
: C10- NPV [10%) Show |[ETESMNE ~
= Inputs Hame [ ook [ cen [ Funstion -
F25 - Mumber of Compatitars | | (1| Mumber of Compeliars 1| F25 |RiskDiscretefi0.1,2100.1,1)
525 - Nurnber of Competiors | | [ | Murber of Competitors [ | 625 |RiskDisoretef{-1.0.1L41 1,11
H2B - Mureber of Compstitors | | [ | Mureber of Compstiors O | 25 |RiskDiscrets({1.0,101,1.10
125 - Number of Compefitors | | [ | Mureber of Compstiors O | 125 |RiskDiscrets({1.0,101,1.10
J25 - Wurber of Competitors ||| [8 | Mumbst of Conmpetiters O | 425 |RiskDiscrets({1.0,1.41,1.10
K25 - Number of Competitors | | [_6_| Mumber of Competitars [0 | K25 |RiskDiscretel{-1.0.11.41.1.1}
L25 - Mumber of Competitars | | (7| Mumber of Competiars [T | L5 |RiskDiscretel{1.0.11.41.1.1}]
£32- Sales Volume & |Sales Vohme [T | £52 |RiskNownal3000,1000)
F32 - Sales Yolume: (8 | Sl Wolume: O | Faz |RiskNomal00,100m) [
32 - Sales Yl [0 | S Wk [ | G632 |RiskNemsla000,2000)
H32 - Sales Wil (1| S ks 1 | 32 |RiskNerms10000,2500)
132 - Sisles Wolms [ | Sl Wik [m] Riskhlrims|[15000 5000
132 - Sales Valume [ | Sales Vohme - Riskhormal[20000,5000]
K32 - Sales Volume | Sales Volume [T | k32 |RiskNownal[20000,2000)

132 - Sales Volume

£35 - Praduct Development
D35 - Product Develapment
E35 - Praduct Development
C36 - Capital Expenses
D3 - Capitel Expenses

E3 - Capital Expenses

F36 - Capital Expenses

Model #Fil 7 Fit2

Feady

This “Explorer-style” list on the left of the Model window allows you to:

» Edit any input distribution or output by simply clicking on output
or input in Explorer.

*  Quickly graph and display all defined inputs.

» Enter correlations between input distributions.
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Distribution
Fitting Window

Using Data to Define Probability Distributions

The @RISK Model window (Professional and Industrial versions only)
also allows you to fit probability distributions to your data. Fitting is
done when you have a set of collected data that you want to use as the
basis for an input distribution in your spreadsheet. For example, you may
have collected historical data on a product price and you might want to
create a distribution of possible future prices that is based on this data.
Fitting is done using the integrated capabilities of BestFit, a distribution
fitting product also available from Palisade.

B GRISK - Model 8 [=] B
Fie Edit View Insett Simuation Filing Graph Window Help I

[EXA =Sl = sy Y
IFEYTIr R
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weinuil 012837793353 WA

o 087219254285 A
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Fight X 14707 14707
Eight P 95004 9500
i 31382 31582
Dif.P 00m; 3000
23
25043
KX
12425 [est
-naszal
097219
09387
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29589

Triang

1533263526154
1077376004254 || |LogLogistic
-0.251833282348| Extvalue

=
i
3

=
4
E]

-0.409091351358

-0.237101027507
3024091 364"
-1.001328745482
-2.082300030348}
-0.713625934754
-1.722134975779

=

1166723226
1.246451 BES0307
0743039741543

-0.338409614768

sy (| S| @ T

2023526245541 || Rank by [ChiSa = EFF 14707 =
1011047 33650717 % —

Modsl - Fitl # Fiz

Ready

If desired, the distributions which result from a fit can be assigned to an
uncertain value in your spreadsheet model. In addition, if data in Excel is
used in a fit, it can be "hot-linked" so that the fit will automatically update
whenever your data changes.

Running a Simulation

When a risk analysis is run, your spreadsheet is calculated over and over
again — where each recalculation is a "iteration"” — with a set of new
possible values sampled from each input distribution each iteration. Each
iteration the spreadsheet is recalculated with the new set of sampled
values and a new possible result is generated for your output cells.

As a simulation progresses, new possible outcomes are generated each
iteration. @RISK keeps track of these output values. A distribution of
possible outcomes is created by taking all the possible output values
generated, analyzing them and calculating statistics on how they are
distributed across their minimum-maximum range.
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Graphs and
Reports
Generated by
an @RISK
Simulation in
the Results
Window

Reporting in the
Results window

vs. in Excel

Simulation Results

@RISK simulation results include distributions of possible results for your
outputs. In addition, @RISK generates sensitivity and scenario analysis
reports which identify the input distributions most critical to your results.
These results are best presented graphically. Available graphs include
frequency distributions of possible output variable values, cumulative
probability curves and summary graphs which summarize changing risk
across a range of output cells.

@RISK - Results [_ O[]
Fie Edi Yiew Inset Simulation Resubs Graph Window Help |
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L22- Net Income Outputd |Net Income K22 |5 1 2134z
i L lCTo-NPY (10%) Qutput 0 | Net [ncome L2z 13594 441404 3
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-~ K32- Sales Volume =
= 0.800: Skewness 05106433
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- C36- Capital Expenses - e _|
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Simulation reports and graphs generated in the Results window are
interactive, so you can easily manipulate graphs and reports to assess
probabilities of different outcomes occurring. You can also easily change
graph types, overlay graphs on each other for comparison and perform
other interactive reviews of simulation results.

@RISK graphs and reports can be displayed either directly in your
spreadsheet or in the Results window as shown above. If you select to get
simulation reports directly in Excel, a new workbook can be generated
containing the reports you select.

64

A Quick Overview to @RISK



icrosoft Excel - Book7

Reports @ File  Edit View Inset Fomat Tools Data  Window @RISK  Help Type a question for help RIS
. 190 WL EE ABAFF
Generated in R
AT B | B D E | F G H | =
Excel by an 1| @RISK Summary Report
2
@R|SK | 3 General Information
1 i 4
SI mu I ation |5 [workbook Name Finance.xls
i Number of Simulations
[ 7|  [Number of terations 1000
[ B |  [Number ofinputs 22
[  [Number oroutputs 11
(10 Sampling Type Latin Hypercube
| 11| |simuiationStarttime  [10/20/01 13:19.04
|12 |simutation Stop Time 1020001 13:19.08
ﬁ Simulation Duration 0:00:01
|14  |Random Seed 1736530771
[15]
|16
|17 | Output and Input Summary Statistics
18
19|  [Output Name Joutput cen Simulation Minimum [Maximum p1
|20  [Netincome §C$22 Finance xIs § (18559130) § (13,/86.12) § (99989.43) §  2J 44884 | § (137,426.75)
|21 |netincome D322 Finance.xls § (208756.53) & (7,33184) 8 (130D1371) § 2012294 | § (1B3,29283)
|22 |Netincome $E$22 Finance.xls §  (B696272) § 16752482 § 4964391 § 3534404 5 (7.860.98)
|25 |Netincome 22 Finance.xis §  (1235366) § 26026420 § 7425195 § 5795884 § 908769
|24 [Netincome $6322 Finance.xls § 498400 5 31472691 § 11518290 § 6398677 |5 3160838
|25 |Netincome $HS22 Finance.xis §  (7E577) 5 38441328 | § 12537693 § 7791805 § 3385259
|25 |Netincome 1522 Finance.xls §  (28669.07) § 73097881 § 18303374 § 13346413 |5 33,12135
|27 |netincome $d$22 Finance.xis § (118740.72) § 96108900 § 24303583 § 19707433 | § 3398145
|28 |Netincome K322 Finance.xls § (144237.78) § 109696038 | § 25180100 § 21337406 |5 2997726
|23 |netincome 1922 Finance.xis § (237639.86) § 102851213 | § 26709827 § 22021920 | §  33,129.07
|30  |mevciom $CH10 Finance.xls (§119767.53) $1240053.13  $445551.11  §299,359.64 $26,756.90
Ell
32|  [InputName [Input Cell Simulation ’ﬂnimum [Maximum [Mean Std Dev [x1 [o1
[33 ‘Numher of Competitors $F$25 Finance xIs o 2 1 0.616496561 0
4 Klimhar of it LGL2E Eis l 1 1 nnnt NA17109774 -1 -
o T\ Summary Report - Sy GUERREpe{ Nekincane 3¢ { WeE Iome 527 NeETreome 23 | 4| i -

Ready || [ Y

Simulation reports and graphs generated in the Excel window are less
interactive than those displayed in the Results window, but you have
access to all Excel’s capabilities for formatting the graphs and reports. In
addition, @RISK reports generated in Excel can use pre-built template
sheets that contain custom formatting, titles, logos and more.
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Sensitivity
Analysis

Advanced Analytical Capabilities

Advanced capabilities are present in @RISK that allow sophisticated

analysis of simulation data. @RISK collects simulation data by iteration

for both input distributions and output variables. After completion of the

simulation, it analyzes this data set to determine:

* Sensitivities, identifying the input distributions which are *significant" in
determining output variable value, and

» Scenarios, or the combinations of input distributions which generate output
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The Sensitivity analysis — which identifies significant inputs — is carried
out with two different analytical techniques. The first technique used is a
form of regression analysis. With this analysis, sampled input variable
values are regressed against output values, leading to a measurement of
sensitivity by input variable. The second technique used is a rank
correlation calculation. With this analysis, correlation coefficients are
calculated between the output values and each set of sampled input
values. The results of each form of sensitivity analysis can be displayed as
a "tornado" type chart, with longer bars at the top representing the most
significant input variables.
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Scenario The Scenario analysis identifies combinations of inputs which lead to

Analysis output target values. Scenario analysis attempts to identify groupings of
inputs which cause certain output values. This allows simulation results
to be characterized by statements such as "when Profit is 'high’, significant
inputs are low Operating Cost, very high Sales Price, high Sales VVolume,

etc.
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Setting Up and Simulating an @RISK Model

Now that you have a quick overview as to how @RISK works, let's step
through the process of setting up an @RISK model in your spreadsheet
and running a simulation on it. We'll touch briefly on:

»  Probability Distributions in Your Worksheet
»  Correlations Between Distributions

* Running a Simulation

e Simulation Results

»  Graphs of Simulation Results

Probability Distributions in Your Worksheet

As previously mentioned, uncertainty in an @RISK model is entered with
distribution functions. You can choose from over thirty different
functions when entering uncertainty in your spreadsheet. Each function
describes a different type of probability distribution. The simplest
functions are those such as TRIANG(min,most likely,max) or
UNIFORM(min,max) which take arguments specifying the minimum,
most likely or maximum possible value for the uncertain input. More
complex functions take arguments specific to the distribution — such as
BETA(alpha,beta).

For more sophisticated models, @RISK allows you to set up distribution
functions which use cell references and spreadsheet formulas for function
arguments. Many powerful modeling features can be created by using
these types of functions. For example, you can set up a group of
distribution functions across a spreadsheet row, with the mean of each
function determined by the value sampled for the prior function.
Mathematical expressions can also be used as arguments for distribution
functions.
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Distributions in
the Pop-Up
Window

Define
Distribution
Window and
Resulting
Functions in
Excel
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All distribution functions can be defined and edited using the pop-up
Define Distribution window. The Define Distribution window can also be
used to enter multiple distribution functions in a cell’s formula, enter
names that will be used to identify an input distribution, truncate a
distribution, fit distributions to data and use a fit result as a distribution in
a cell and more. Multiple distribution functions in a cell formula can be
assigned and edited using the Define Distribution window.

Cancel |

All entries made in the Define Distribution Window are converted to
distribution functions that are placed in your spreadsheet. For example,
the distribution function created by the entries in the window displayed
here would be:

=RiskNormal(3000,1000,RiskTruncate(1000,5000))

Thus, all the distribution arguments that are assigned through the Define
Distribution window can also be entered directly in the distribution itself.
In addition, all arguments can be entered as cell references or as formulas,
just as are standard Excel functions.

It often helps to first use the Define Distribution window to enter your
distribution functions to better understand how to assign values to
function arguments. Then, once you better understand the syntax of
distribution function arguments, you can enter the arguments yourself
directly in Excel, bypassing the Define Distribution window.
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Distribution
Fitting Window

Note: @RISK distribution functions have both required and optional
arguments. The only required arguments are the numeric values which
define the range and shape of the distribution. All other arguments, such
as name, truncation, correlation and others, are optional and can be

entered only when needed.

Fitting Distributions To Data

The @RISK Model window also allows you to fit probability distributions
to your data (Professional and Industrial versions only). Fitting is done
when you have a set of collected data that you want to use as the basis for
an input distribution in your spreadsheet. For example, you may have
collected historical data on a product price and you might want to create a
distribution of possible future prices that is based on this data. You can
also quickly fit data and assign a fit result to a distribution in your model
by clicking the New Fit button in the Define Distribution window.
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The distributions which result from a fit are listed in the Fit Result
window and the comparison of each fitted distribution with the
underlying data can be displayed by clicking through the list.
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Fitting Options A variety of options are available for controlling the fitting process.
Specific distributions can be selected to be fit. In addition, input data can
be in the form of sample, density or cumulative data. You can also filter
your data prior to fitting.

Input Data Dptions
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= Filter Data that Falls |1 Standard Deviatiohs beyond the Mean

[ Automatically Bun Fit when Input D ata Changes
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Fit Reports Comparison, Difference, P-P and Q-Q plots are available to help you
examine the results of your fits. Delimiters on graphs allow you to
quickly calculate probabilities associated with values in fitted

distributions.
5 @RISK - Model M=
Fle Edll Yiew Inset Simulation Fiting Graph Window Help |
R T I = sl k=) =l ] |
Y Bl
R 1 P Resals - |
2 | 0siasrazenaz| ||| FitedDiswluons | Gompaten | Diftsrance PP | 0] Stats | GoF |
3 |1.243552536674 Ft | bpur [a]
|4 |0.322388152937: IrwGauss Mormal(-0.12838, 0.97219) Function =FiiskNormal- Wi
§ |0.689553395071 [Weibull 012637793363 Mt
£ 0400810303785 BetaGeneral bt a 0972152542850 NI
7 |1.5332635261544 [Qggﬁc Delimiter__|MiA R
8 |1.077375004e5e] | | Lol ogistic Minimum___| nfinity 2384
s _lozstesszensis| || |Entice M ity 2505
10 |0.459625333257 riforn ean, . s
S (C e —ows el
| 120403091351 358 = Std Deviation | 197213 0amze
13 |0.9709014428381 = Wariance 094516 093571
14|-0.237101027507 z Skewness | 0.0000 01125
15 |3.68024091 3645 = Kurtosis 30000 28683
16 |-1.001328745482 =
17 |-2062300090348
18 |40 713625934754
19 |1.722134975779
20 |0.185301 035878
21 |2.116672322635:
22 |1.245451 6650907
23 |0.7430347415434
24| 0.6455753333901
25 |40.338409814758) :
26 |-1405026648117 e S
27 |-2033526245541) || Rank by [ChiSq = SRR LS =
oA 10.1104739650719% =
Model , Fill’ Firz 7
Fieady

72 Setting Up and Simulating an @RISK Model



Fitting Data to Define a Distribution

The Define Distribution window allows you to quickly fit distributions to
data in Excel and use the distributions from the fit in your model.
Clicking New Fit from the pop-up window allows you to quickly identify
data in Excel, run a fit and then assign a resulting distribution to an
uncertain value in your model.
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Data in Excel can then be "linked" to your fit. If the data changes, your fit
will automatically update and the distribution function from the new fit
result will be placed in your model!
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To help you view your model, @RISK detects all distribution functions
entered in your worksheet and places them the Explorer list in the @RISK

List Icon . e . - =R .
Model window. This list summarizes all the distribution functions you
have entered, with their location and "name", so you can clearly see how
you have defined the uncertainty in your model. Clicking the List icon in
the @RISK Toolbar in Excel — the one with a red and blue arrow —
displays the Model Window with the Outputs and Inputs list, along with
a window that summarizes all input distributions and outputs that have
been selected.
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Ready
Using the Explorer style Outputs and Inputs list in the Model window,
you can review and edit all the distribution functions you have entered. It
is easy to graph all your input distributions at once for comparison or
presentation purposes.
In the Model windowv all distribution functions can be edited just as if
they were displayed in the Define Distribution pop-up window. Changes
made to distributions are automatically written to your spreadsheet
formulas.
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Correlation
Matrix

Correlations in

the Model
Window

Correlating Input Variables

During a simulation analysis it is important to account for correlation
between input variables. Correlation occurs when the sampling of two or
more input distributions are related — for example, when the sampling of
one input distribution returns a relatively "high" value, it may be that
sampling a second input should also return a relatively high value. A
good example is the case of one input named "Interest Rate" and a second
input called "Housing Starts". There may be a distribution for each of
these input variables, but the sampling of them should be related to avoid
nonsensical results. For example, when a high Interest Rate is sampled,
Housing Starts should be sampled as relatively low. Conversely, you
would expect that when Interest Rates are low, Housing Starts should be
relatively high.
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The Model window allows you to specify correlations between your
inputs through correlation matrices. The Explorer list has a heading
Correlations (along with Outputs and Inputs) that expands to show all
correlation matrices you have defined.

Matrices are defined in the Model window by selecting input
distributions in the inputs list and selecting the Model menu Correlate
Inputs command. Inputs may also be dragged from the Explorer list onto
a pre-existing matrix. Then, you can assign the correlation coefficients
between these inputs in the displayed matrix. Correlation coefficients can
be between -1 and 1, with -1 specifying complete negative correlation of
the sampling of two inputs and 1 specifying complete positive correlation
of the sampling of two inputs.
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As with the Define Distribution window, correlation matrices entered in
the Model window cause @RISK functions to be entered in your
spreadsheet model. A sheet named @RISK Correlations is also created in
Excel that displays your entered matrix. RiskCorrmat functions are added
that contain all the correlation information that was entered in your
matrix. Once you see the RiskCorrmat entries that are created by the
Model window and are comfortable with their syntax, you can enter these
functions yourself directly in your spreadsheet, bypassing the Model
window.

Simulation Settings

A variety of settings may be used to control the type of simulation @RISK
performs. A simulation in @RISK supports unlimited iterations and
multiple simulations. Multiple simulations allow you to run one
simulation after another on the same model. In each simulation you can
change values in your spreadsheet so you can compare simulation results
under different assumptions.

Available Simulation Settings
Simulation Iteration&l Samplingl Macrosl Monitorl
Settings
g # lterations  |100 hd # Simulations |3
General
™ Update Display
™ Pauze On Enmor In Outputs
[ Use Muliple CPUs
™ Minimize @RISK and Excel when Simulation Starts
I~ Save az Default Cancel |
In addition, simulation settings allow you to select either Latin Hypercube
or Monte Carlo sampling types. The update of the spreadsheet display
may be turned on or off as desired.
In the Macros tab, you can specify Excel spreadsheet macros to run 1)
before a simulation, 2) after a simulation, 3) before each iteration's
sampling and recalc and 4) after each iteration's sampling and recalc. This
allows custom applications created with the spreadsheet macro language
to be integrated with @RISK.
76 Setting Up and Simulating an @RISK Model



Reporting

Simulation results may be reported in the interactive @RISK Results
window or directly in Microsoft Excel. The Reports icon on the @RISK
toolbar in Excel allows you to select the type of reporting you want.

B @RBISK Reports

— Ak the End of Each @BISK Simulation

¥ Shaw Interactive @RISK, Results Window

[~ Generate Excel Reports Selected Below

— Excel Reports

[ Quick Summary

[ Quick Output Report

[ Simulation Surrmary
[~ Output Data

™ Input Data

[~ Sensitivities

[~ Scenarios

[~ Detailed Statistics
[~ Summary Graphs
[T Output Graphs
[ Input Graphs

[~ Tomado Graphs

™ Template Sheet |myTempIate

—Place Excel Reparts in
& New Workbook
£ Active waorkbaok

Graph Farmat
' Metafile
" Native Excel

[~ Save as Default

[renerate Beparts Haw

Ok I Cancel

When reports are placed directly in Microsoft Excel, you can select to use
templates for each report that is generated. These templates can contain

custom formatting and titles.
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Simulate Icon

Convergence

Monitoring
Options

Running a Simulation

A simulation in @RISK involves repetitive recalculations of your
worksheet. Each recalculation is called an "iteration". Each iteration:

e All distribution functions are sampled.

»  Sampled values are returned to the cells and formulas of the worksheet.

»  The worksheet is recalculated.

»  Values calculated for output cells are collected from the worksheet and stored.

This repetitive recalculation process can run hundreds or thousands of
iterations if necessary.

Clicking the Simulate icon or selecting the Simulation menu Start
command starts a simulation. When a simulation is running you can
watch Excel recalculate over and over using different sampled values
from distribution functions, monitor the convergence of your output
distributions and watch graphs of distributions of simulation results
update real-time.

@RISK includes a convergence monitoring capability to help evaluate the
stability of the output distributions during a simulation. As more
iterations are run, output distributions become more "stable" as the
statistics describing each distribution change less and less with additional
iterations. It is important to run enough iterations so that the statistics
generated on your outputs are reliable. However, there comes a point
when the time spent for additional iterations is essentially wasted because
the statistics generated are not changing significantly.

Simulation Settings

Iterationsl Samplingl Macrosé

@RISK Results Windo

Update Everp |100 > | lterations

™ Update Real Time

I Monitor Convergence

[~ Save as Default oK Cancel
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Real-Time
Graphs of
Results During
a Simulation

Real Time
Results Toolbar

@RISK monitors a set of convergence statistics on each output distribution
during a simulation. During monitoring, @RISK calculates these statistics
for each output at selected intervals (such as every 100 iterations)
throughout the simulation. These statistics are then compared with the
same statistics calculated at the prior interval during the simulation. The
amount of change in statistics due to the additional iterations is then
calculated.

As more iterations are run, the amount of change in the statistics becomes
less and less until they "converge" or change less than a threshold percent
you set. The statistics monitored on each output distribution are 1) the
average percent change in percentile values (0% to 100% in 5% steps), 2)
the mean and 3) the standard deviation.

If desired, @RISK can run in Auto-Stop mode. In this case @RISK will
continue to run iterations until all outputs have converged. The number
of iterations required for output distributions to converge is dependent on
the model being simulated and distribution functions included in the
model. More complex models with highly skewed distributions will
require more iterations than simpler models.

@RISK also allows you to preview your simulation results as a simulation
is running. Selecting the option Real Time Update of @RISK Results
Window in the Settings dialog causes @RISK to begin updating
simulation reports and graphs as the simulation runs. By right-clicking
on an output or an input in the Explorer list in the Results window, a real-
time graph of simulation results can be displayed. These graphs show
how the range and shape of the probability distribution of simulation
results for the selected input or output changes as the run proceeds.

Real-Time Results =]

N | | E@| Updste Every 100 = Herations

Options for controlling Real Time Results are shown on a toolbar in the
Results window. Using this toolbar you can change the frequency (in
iterations) with which reports and graphs are updated, turn updating on
and off, and pause or stop a simulation.

If you select Real Time Results and re-simulate a model, @RISK will
update any reports or graphs displayed in the Results window. These
windows from the prior simulation will not be closed when a new run
starts. This allows you to keep graph formatting and reports consistent
run to run.
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An Executing
Simulation with
Convergence
Monitoring and
Status Display

Simulation Status

@RISK provides on-going monitoring of the progress of a simulation. A
counter displays the current iteration# and simulation# and convergence

statistics are continuously updated.

@RISK - Results [_ O[]
File Edit ¥iew Insett Simulation Hesuls Graph MWindow Help
== =203 e ] |
TN | @ m}ﬂ Updste Every 100 =/ Kerations ‘
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het income
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522- Het Income 526177 6971B14 1308156 2048531
- H22- Nel Incame 4861578 1484954 S021004  33IETS
122- Net Incame B850 2424687 7604613 ES12404
J22- HetIncome 78361 30158 1156334 677426
K22-Net Income 1884317 3B16308 129555 7553338
L22- Net Income ABE4916 5397384 191055 1334732
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Simulation
Statistics

Results Window
Toolbars

Results Window

The interactive Results window can be used to display your simulation
results. It will be displayed after the run is complete. As with the @RISK
Model window, the @RISK Results window has an Explorer list showing
all outputs and inputs for which simulation results were collected.

@RISK - Results =] E3
File Edt View Insett Simulstion Resuts Graph Window Help ‘

= aEa 26 i DEIEIE G|t il da| < 400 b

netincome =
€22 Net Income Name ol i i =
D22- Net Income Net Income C22 | 1655913 |-99986.44 |-13786.12 |-1374268 5% 64016 |Sh%  7asheh9 0%
~E22- Met Income Net Income D22 2067565 1300137 6733184 1632929 5% -9723002  95%  BEOOZBS  90%
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Simulation results generated by @RISK include statistics and data reports
for both input and output variables. Statistics generated include
minimum and maximum calculated values, mean, standard deviation and
percentiles. Simulation data can also be displayed by iteration, with all
sampled input values and calculated output values shown.

@RISK-Results

”QQ|=|LL|%E|H‘E Toolbar

JJ Histogram = E‘ L| ey | ﬂ| £| @ RISK-Results Graph Toolbar

The Results window toolbar allows you to quickly display simulation
reports on screen. The Summary Statistics icon displays summary
statistics by output and input variable. The Detailed Statistics icon
displays detailed statistics for each variable. The Data icon shows
calculated output values and sampled input values by iteration. The
Sensitivities icon displays sensitivity analysis results for each output. The
Scenario Analysis icon displays scenario analysis results for each output.
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Display

Targets

@RISK - Results
Fie Edi Yiew Inset Simulation Resubs Graph Window Help
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Target values can be calculated on simulation results. A target shows the
probability of achieving a specific outcome or the value associated with
any probability level. Using targets you can answer questions such as
"What is the chance of a result greater than one million?" or "What is the
chance of a negative outcome?". Targets can be entered in the Summary
Statistics window, the Detailed Statistics window, and can be set directly
using delimiters on graphs of simulation results.

_[O]x

Cell Minimum Mean Mayimum #l= pl= H2= p2pl= |~ |
Qutput 1 |Met Income Cz2 (1695222 |-99966.89 |-36982.77 1407742 6% -48557.4 93%
Qutput 2 |Met Income D22 (1852855 1299815 |-7497365 1613628 6% -80834.79 93%
Qutput 3 |Met Income E22 (424629 4958838 14191539 59344965 6% 1313114 93%
Qutput4 |Met Income F22 |1427233 | 73N997 2073208 1271785 6% 206304.6 93%
Output 5 |Met Income G22 (1827335 1147985 2749198 3493298 6% 264371.4 93%
Output & |Met Income H22 [19599.45 1171011 (3360991 3660356 6% 143988 93%

Qutput 7 | Met Income 122 |-4891.806 1663838 574163 4196415 6% 520079 93z ||
Output & |Met Income J22 (1645019 2482268 1021700  2790E59 6% 903145 93%
Qutput d |Met Income K22 [B6345.05 (2468775 7971111 3745453 6% 7aE576.4 93%
Qutput 10 | Met Income L22 |-40638.29 (2724043 1061233 3264786 6% 932284.5 93%
Output 11 [MPY [10%) C10 (B476.081 4373267 1252256  40359.03 6% 1201378 93%
Input 1 |Mumber of Competitors F25 |0 1 2 1] E% 2 93%
Input 2 | Mumber of Competitors G25 |1 0.0 1 -1 E% 1 3%
Input 3 |Mumber of Carmpetitars H25 |1 -0.01 1 -1 E% 1 93%

Input # | Mumber of Competitors 125 (1 0.m 1 il E% 1 93% |-

By entering a desired target — such as 99% - for an output in the Summary
Statistics window and copying it across all outputs, you can quickly see
the same target calculated for all simulation results.
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Filters can be used to remove unwanted values from statistics calculations
and graphs. You would use a filter, for example, if you wanted to see
statistics on only the positive outcomes in a model. Filters can be entered
using the Filter dialog or in the Simulation Statistics window.

Filters

Status of All Filters
’V " Enabled & Disabled
Filter Settings:
Flame Cell Tupe | Pinimum | Plazimum | 1=
Cutput 1 JMet Income c22 Std - nfinity 100000
Output 2 |Met [ncome D22 Qf o
Output 3 | Met |ncome E22 uli;
Output 4 | Met |ncome Fz22 uli;
Output 5 | Met |ncome G22 uli;
Output 6 | Met Income Hz2 | Std 125000 + nfinity
Output 7 | Met Income 122 uli}
Output & | Met Income J22 uli} =
|Current: MetIncome C22: Min=-16265562 Mean=-99956E69 [May=-35982.14
[ Show Only Outputs or Inputs with Filkers
™| SameiFiters: fan &l Simulations: Clear Filters Cancel Apply
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Graphing Results

Simulation results are easily expressed with graphs. Right-clicking any
output or input in the Explorer list in the Results window allows you to
graph the simulation results for the selected output or input.

A graph of the results for an output shows the range of possible outcomes
and their relative likelihood of occurrence. This type of graph may be
displayed in standard histogram or frequency distribution form.
Distributions of possible outcomes may also be displayed in cumulative

form.
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Each graph created by @RISK is displayed in conjunction with the
statistics, data, sensitivity and scenario results for the output or input that
is graphed. The type of graph displayed may be changed using the icons
in the Graph toolbar. In addition, by clicking the right mouse button on a
graph window, a pop-up menu is displayed with commands that allow
the changing of a graph’s format, scaling, colors, titles and other
characteristics. Each graph may be copied to the clipboard and pasted
into your spreadsheet. As graphs are transferred as Windows metafiles,
they may be resized and annotated once pasted into a spreadsheet.

Using the Graph in Excel command, graphs can be drawn in Excel's
native graph format. These graphs can be changed or customized just as
with any Excel graph.
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Delimiters

Overlaying
Graphs for
Comparison

Formatting
Graphs

By dragging the delimiters displayed on a histogram or cumulative graph,
target probabilities may be calculated. When delimiters are moved,
calculated probabilities are shown both in the delimiter bar beneath the
graph and in the displayed statistics report. This is useful for graphically
displaying answers to questions such as “What is the probability of a
result between 1 million and 2 million occurring?” and “What is the
probability of a negative result occurring?”.

Many times it is useful to compare several simulated distributions
graphically. This can be done using overlay graphs.

[ Dutput Graph - Cell 122 (O] =]
Distribution | Tomadol Range Summaryl Stats | Datal Sens.l Scen. I
Met Income Mt Income | & |
Distribution for Met IncomedJ22
1.000%F Ilinimum 4326191 T3IAZE
Mean 2331669 1134437
» 0800 Tagimum 5245283 326852.2
= Std Dew 190313.4 64367.75
2 osoo Yariance JEHTMELID | 4.143207E.09
i Skewness 1185321 0.7345358
= 0400 Kurtosis 3582571 3117933
DE_ Mode 3813202 712208
0.200- Left 25300 66 2590055
Left P 5% 4.979255%
0.000 Fiight % 6252181 252181 | |
-1 150 400 650 900 Right P 95 a0
“alues in Thousands + [diff) B99317.4 5392174
P [4iff) a0 95020742
259 52522 5th Ferc. 2530066 26951.56

Overlays are added by using the Overlay on Active Graph command on

the Explorer right-click popup menu. Once overlays are added, delimiter
statistics display probabilities for all distributions included in the overlay
graph. Data, sensitivities and scenarios are also displayed for all overlays.

Each distribution in an overlay graph can be formatted independently. By
using the Style tab options in the Graph Format dialog box, the color,
style and pattern of each curve in the overlay graph may be set.

&% Graph Format [ x|

Llpel Qcalingg | Titlesl Qalimilersl Warisbles to Graphl

Foreground Color . Background Calor

Curve Syl

Color Farmat Pattern Optians

Result . IL\ne j ; INome j
Dverlay . |L||']E ﬂ F |Nane j

Selected Overlay |H22# Met Income j

Save Az Default | 0K I Cancel |
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Summary Where output variables have been selected as a "range" of cells — that is,

Graphs you select a range of spreadsheet cells and click the "Add Output" button
— summary graphs of risk are created following a simulation. A
Summary graph displays how risk changes across a range of output cells.

M Summary Graph - net income [C22 - L22) HI=] E3

net income (S22 to L22)
200
600+
400+
200+
Qp------- e
20+
-400-+
B0+

I THOUSANDS

-800 t t t t t t t t 1
Year 2000 2001 2002 2003 2004 2005 2006 X007 2008 2009

= Mean, +1/-150 B =+85% 5%

A Summary graph is especially useful in displaying trends such as how
risk changes across time. If, for example, a range of 10 output cells
contained Profit in years 1 through 10 of a project, the Summary graph for
this range shows how your risk changed across the 10 year period. The
narrower the band, the less the uncertainty about your Profit estimates.
Conversely, the wider the band the greater the possible variance in Profit
and the greater the risk.

The center line of the Summary graph represents the trend in mean value
across the range. The two outer bands above the mean are 1 standard
deviation above the mean and the 95th percentile. The two outer bands
below the mean are one standard deviation below the mean and the 5th
percentile. The definition of these bands can be changed using the Type
tab in the Graph Format dialog box.
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Sensitivity Analysis Results

Sensitivity analysis results are displayed by clicking the Insert New
Sensitivity Window icon. These results show the sensitivity of each
output variable to the input distributions in your worksheet. This
identifies the most "critical" inputs in your model. These are the inputs
you should concentrate on most when making plans based on your

[l Sensitivity Analysis [_ O[]
Flank Inputs for Ouiput Display Sigrificant Inputs Using;
[Co2/ et income =/ [regession =
Rank o | Ezzomer | Fozinier | Gozener | Wzewe | rzime
for | cen ame Distrbuticn neome ncame ncome Income Inecme
cz gression| Feg Ragression | Fieg Feg
#1__|C3% ool Expenses  RiskNomal[50000,20000) 0026 0053
#_|C35 Product Developmert  RiskMomall50000,10000) 53 0 0.035
#_|K32 | Sales Volme RiskNormall20000, 8000, RiskCormat( 0
#_ 432 | Sales Volme

5 L32  SalesYolume
6 D35 Froduct Development  RiskNormali20000.2000)
#7_ |F32 |SalesVolume RiskNorml5000,1000)

0

0

0

0

0 0

#_|E% | Product Development  RiskNormall10000,1000) 0 0029 0

#_|F25 | Number of Competiors RiskDiscretel{0.1.21.41.1.1)) 0

#10_|F36 Capital Evpenses  RiskNomall10000.1000) 0 0
#11__|G25 | Number of Compebtors |RiskDiscretel(-1,0.1),{1.1,1]] 0 0 0,657

0

0

0

0

0

0

0

0

0403 027
#12_ K25  Mumber of Competitors RiskDiscrete({-1.0,11{1.1,13) 003 0.0%
#13_|D36  Capitsl Expenses RiskMarmal[10000020000) 019 (0os 0
#8132 Sales Volume RiskMormal[15000,5000) 0 [i 046
#15  |E36  Capital Expenses RiskMormal(25000,5000) 0 1142 0035 a
#16_ |L25  Number of Competitors RiskDiscrete((-1.01}.01.1.1]) [i 0

0
0
i}
0
0
i}
0
i
0914 -0.445 03 0266
[} 0 0
0.
a
0
0
a
0
0

#17_|J25  Number of Competitors RiskDiscrete((-1.0,11{1.1,1]] 0

#18_ |H25 Mumber of Competitors RiskDiscrete({1,0,11{1.1,13) o 0643 0.368
#19 |G32  Sales Voume RiskMNormal[3000,2000) 0 0453 0067 0
#20 |E32  Sales Volume RiskNormal(3000,1000) 0 992 0031 0093 005 0
#21 {126 Mumber of Competitors RiskDiscrete({1,0,11{1.1,13) 0 0 o 0 0.489
#22 |H32 SalesVolume RiskNormal(10000.2500) ] 0 n

RSquared= 09071475 0.8535724 | 0.8200513 0.771588

»

Sensitivity analyses performed on the output variables and their
associated inputs use either multivariate stepwise regression or a rank
order correlation. The type of analysis desired is set using the Display
Significant Inputs Using: entry in the Sensitivity Window.

In the regression analysis, the coefficients calculated for each input
variable measure the sensitivity of the output to that particular input
distribution. The overall fit of the regression analysis is measured by the
reported fit or R-squared of the model. The lower the fit the less stable the
reported sensitivity statistics. If the fit is too low — beneath .5 — a similar
simulation with the same model could give a different ordering of input
sensitivities.

The sensitivity analysis using rank correlations is based on the Spearman
rank correlation coefficient calculations. With this analysis, the rank
correlation coefficient is calculated between the selected output variable
and the samples for each of the input distributions. The higher the
correlation between the input and the output, the more significant the
input is in determining the output's value.
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Tornado Graph

Sensitivity results are graphically displayed in tornado graphs. A tornado
graph can be generated by right-clicking any output in the Explorer list or
selecting the Tornado Graph tab in a displayed graph window.
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Scenario Analysis Results

The Scenarios Window icon displays the Scenario analysis results for your
output variables. Up to three scenario targets may be entered for each

output variable.

Scenario Analysis
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How is a
Scenario
Analysis
Performed?

The Scenario analysis performed on output variable targets is based on a
conditional median analysis. In performing the Scenario analysis, first
@RISK subsets the iterations of the simulation into only those iterations in
which the output variable achieves the entered target. It then analyzes the
values sampled for each input variable in those iterations. @RISK finds
the median of this "subset" of sampled values for each input and
compares that with the median of the input for all iterations.

The objective of this process is to find those inputs whose subset or
conditional median differs significantly from the overall median. If the
subset median for the input variable is close to the overall median, the
input variable is marked as insignificant. This is because the values
sampled for the input in the iterations where the target is achieved do not
differ markedly from those sampled for the input for the entire
simulation. However, if the subset median for the input variable deviates
significantly from the overall median (i.e. at least 1/2 a standard
deviation) the input variable is significant. The reported scenarios show
all inputs which were significant in meeting the entered target.

Chapter 4: Getting to Know @RISK 89



Reporting in Excel

When you generate simulation reports and graphs in Excel, you have
access to all Excel’s formatting. In addition, @RISK reports generated in
Excel can use pre-built @RISK template sheets that contain custom
formatting, titles, logos and more.

B Microsoft Excel - Book? [CTE1=]
£E] Fle Edt View Inset Fomat Took Data  Window @RISK  Help Type a question forhelp [l = @ %
D0 WL B AM A FF| -,
FE3 - A
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1 | @RISK Summary Report

2
| 3 | General Information

4
[5 | [workbook Name Finance.xls

B INumber of Simulations
[ 7| |Number of terations 1000
[ B  [Number of Inputs 22
[3 |  |[Number of Outputs 1

10 'Sampling Type Latin Hypercube
[11]  |simutation Start Time 10/20/01 13:19:04
[12| |simulation Stop Time 102001 13:19.05
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|15
|18
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You can use template sheets to create your own custom simulation report.
Simulation statistics and graphs are placed in a template using a set of
@RISK functions added to Excel. When a statistics function or graphing
function is located in a template sheet, the desired statistics and graphs
are then generated at the end of a simulation in a copy of the template
sheet to create your report. The original template sheet with the @RISK
functions remains intact for use in generating reports from your next
simulation.

Template sheets are standard Excel spreadsheets. They are identified to
@RISK in the Reports Settings dialog box. These files can also contain any
standard Excel formulas so custom calculations can be performed using
simulation results.
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Introduction

The @RISK Modeling Techniques chapter will show you how to translate
typical "risky" situations into @RISK models. These risky situations have
been identified from real-life modeling problems that Excel users often
encounter. As you use @RISK to analyze uncertainty in your Excel
worksheets, look through the examples and illustrations provided in this
chapter. You just may find some helpful tips or techniques which will
make your @RISK models better representations of uncertain situations.

Seven @RISK techniques are presented here to illustrate common
modeling situations under uncertainty. To help you understand the
modeling techniques employed, example Excel worksheets and
accompanying @RISK simulations are provided with your @RISK system.
The simulations are even "pre-run" so you can just look at the results if
you like. As you work through each modeling technique discussed, look
at the corresponding worksheet and simulation. It will help you
understand the @RISK concepts and techniques involved in modeling
each risky situation.

The seven modeling techniques illustrated here are:

* Modeling Interest Rates and Other Trends - random trends over
time and "random walks".

» Projecting Today's Known Values Into the Future - an increasingly
uncertain future or "increasing variability".

*  Will the Flood Occur or the Competitor Enter the Market? —
modeling uncertain "chance" events.

* Oil Wells and Insurance Claims - modeling an uncertain number of
events, each with uncertain parameters.

* "l have to use this projection but don't trust it" - adding uncertainty
around a fixed trend using "error terms".

» "These values will be affected by what happens someplace else" -
dependency relationships using variable arguments and correlations.

e Sensitivity Simulation - how model changes affect simulation results.
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Models from the book Financial Models Using
Simulation and Optimization

In addition to the seven models discussed here, this chapter also includes
three @RISK examples from the book Financial Models Using
Simulation and Optimization by Wayne Winston. These models
illustrate how @RISK is applied to everyday business modeling. The full
Financial Models book includes 63 examples of how @RISK and other
add-ins can be applied to a wide variety of financial problems. For more
information on purchasing the full Financial Models book, contact
Palisade Corporation or visit www.palisade.com.

Loading the Example Models

All example spreadsheet models discussed here can be found in the
default installation location C:\DTOOLS\RISK45\EXAMPLES.
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Modeling Interest Rates and Other Trends

Simple Random
Trends

Example Model:RATE.XLS

Whether you are getting a mortgage or evaluating the cost of a variable
rate loan, projections of future interest rates are highly uncertain. The
movement of the rate of interest you are charged is often viewed as
random - moving up and down erratically year to year. This movement
may be completely random or it may be a random fluctuation around an
underlying known trend. In either case, modeling the random portion of
any projection is an important technique in Risk Analysis.

Hustrative Random Jrend

Value

Fime ——

Simulation accounts for randomness in a trend over time in a very
powerful way - repetitively trying a different possible series of rates with
each iteration of a simulation. For example, you could set up a random
trend to project the interest rate over ten years. For each iteration, a new,
randomly selected value is chosen for each year's interest rate, and results
are calculated. By doing this, simulation includes the effects of all
possible future interest rates in your results, instead of just a single, most
likely projection.

A "random trend" can be easily and directly included in an Excel
worksheet with @RISK. And by using the Excel Copy commands, you
can place a random trend anywhere in your worksheet.

The simplest random trend is a distribution copied across time. The value
randomly selected in one period is independent of the value selected in
any other time period:

1) Enter a distribution function for the first cell of the trend
2) Copy the distribution over the range of cells

In this case, a new value will be sampled every period - a completely
random trend with no correlation over time.
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A "Random
Walk" with
Correlation
Period to
Period

Refining Your
Random Trends

Maybe you don't think future rates are entirely random. Perhaps next
year's rate will be influenced by this year's. In Excel terms, there will be
some correlation between one cell in the range and the next. Here's a
simple way to model this:

1) Enter a distribution function for the first cell in the range.

2) Enter a distribution function for the second cell in the range that uses
the value sampled for the first cell as one of its arguments (such as its
mean or most likely value).

3) Copy the formula of the second cell across the range. The referenced
argument in the formula is a relative reference - the third cell will use
the value in the second as its referenced argument and likewise for
the fourth, fifth, etc.

For example:
Al: RiskNormal(100,10)
A2: RiskNormal(A1,10)
A3: RiskNormal(A2,10)
A4: RiskNormal(A3,10)

In this manner there is some correlation between one cell and the next cell
in the range.

These are just simple examples of modeling random processes over time.
As you get more sophisticated, you can include your random terms in
formulas which place limits or caps on the amount of change, increase the
amount of possible change with time, or other such extensions or
variations. And remember, interest rates are just one application for
random trends. Look at your Excel worksheets and the uncertain
situations you model and you will undoubtedly see others.
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Projecting Known Values into the Future

Increasing Uncertainty Over Time
Example Model: VARIABLE.XLS

You know today's values for critical variables in your models, but what
about values for these same variables in the future? Time often has a very
important impact on estimates - they become less and less certain the
further out in time your projections extend. As a consequence, results
based on your single "best estimates" become more and more risky the
further out in time they are projected.

fnoressing Hacerfsinhy with Fime

Amount of
"Spread" or
Possible
Variation in Value

The widening variation around the trend of best estimates illustrates this
problem. @RISK lets you model the effect of time on your estimates by
allowing you to easily increase the variability in a random value over
time.

The range of possible values for a worksheet cell is given in your
distribution functions. As you move out in time - across a range of
worksheet cells - the argument of the function which specifies the range of
possible values can increase. For example:

Al: RiskLognhorm(10,10)
A2: RiskLognorm(10,15)
A3: RiskLognorm(10,20)
A4: RiskLognorm(10,25)

The standard deviation of the LOGNORM distribution function controls
the possible variation in value. In this example, as you move out across
the range of cells, the standard deviation increases.
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Increasing the possible variance in value as your projections extend
further and further into the future is a good "rule of thumb" to follow. By
doing this, your results will more accurately reflect the greater uncertainty

which exists in your knowledge of the distant future.
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Modeling Uncertain or "Chance" Events

Will the Flood Occur or the Competitor Enter the
Market?

Example Model: DISCRETE.XLS

Uncertainty often shows up in the form of chance events which may have
significant impact on your results. Either we will strike oil, or we won't.
That competitor will either enter the market or he won't, but if he does ....!
There's a 25% chance of a hailstorm that will wipe out this year's crop.

Including the possibility of these types of events in your models is an
important technique in Risk Analysis. If you leave them out, the
outcomes caused by these events will not be included in your results and
your models will be incomplete. Using the DISCRETE function provided
by @RISK and Excel's IF function, modeling these events is easy.

Including the The DISCRETE function is the means by which you can include
Discrete Event probabilities for chance events in your worksheet models.

RiskDiscrete({0,1},{50,50})

This example models the characteristic "coin flip" - the simplest chance
event. In this case, an outcome of 0 represents Heads and 1 represents
Tails, and each is equally likely to occur. A more complex example
illustrates four possible scenarios for annual storm damage from floods:

RiskDiscrete({0,1,2,3},{20,40,30,10})
In this case, outcomes valued 0 to 3 represent four possible levels of flood
damage ranging from none (0) through low (1), medium (2) and high (3).

The probability of occurrence of no damage is 20%, low 40%, medium
30% and high 10%.
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Including the
Effects of
Chance Events
in Your
Worksheets

Caution

The DISCRETE function returns a value for each iteration that indicates
which event has occurred. Your worksheet model has to recognize which
event has occurred and calculate different results appropriate to the event.
The Excel IF function allows this. Consider the following example and
Excel cell entries:

Cell C2 describes an event - the possible entry of a competitor in a given
market. There is a 50-50 chance of entry. If entry occurs, your sales level
will be 65; if entry does not occur, your sales level will be 100.

C2: RiskDiscrete({0,1},{50,50})
D2: 1F(C2=1,100,65)

In the above example, the IF function in cell D2 will return a value of 100
if the outcome in cell C2 is 1 (no entry) and will return 65 if the outcome is
0 (entry). This simple example can be extended throughout your @RISK
models. Each iteration of a simulation the DISCRETE function will return
one of the possible values. Depending on the value returned, the
calculations in your worksheet can change.

People used to working with single estimates in spreadsheets often
substitute discrete distributions where a continuous distribution should
be used. For example, they use a discrete distribution to put in three
possible price levels where, in reality, price could take any value in a
range.

This common mistake occurs because many people are used to manual
"what-if" modeling which necessarily limits the user to a small number of
discrete estimates. Use a continuous form when any value in a range is
possible, and save DISCRETE for event modeling and variables that truly
are discrete.

100

Modeling Uncertain or "Chance" Events



Oil Wells and Insurance Claims

Modeling an Uncertain Number of Events, Each with
Uncertain Parameters

Example Model: CLAIMS.XLS

In real life situations, uncertainty often has two or more dimensions. The
situation you face may have an uncertain number of events, each of which
has an uncertain value. Think, for example, of the insurance industry. An
uncertain number of claims may be filed on a new policy. And each claim
filed has an uncertain dollar amount. How do you simulate the total
claim amount possible? The oil industry faces a similar problem. When
drilling oil wells, an uncertain number of wells will be successful. But the
amount of oil discovered by each successful well is uncertain. How do
you simulate the total amount of oil discovered?

Risk Analysis is very useful in modeling situations such as this. @RISK,
combined with the Excel IF function, can provide an easy means of
performing such an analysis. It is helpful to review the example
simulation, CLAIMS.XLS, while proceeding through this modeling
technique.

To model situations where 2 or more levels of uncertainty are present, a
worksheet is set up which includes a column of calculations for each of
the possible events. For example, if the maximum number of possible
claims is 100, 100 columns would be used, each to calculate the results
from a single possible claim. A claim # (1-100) would be given at the top
of each column.

To run the analysis:

1) First, a cell is used to sample the number of events which occur in a
given iteration

2) The number of events is compared to the # at the top of each column
which refers to the calculation of results for a specific event

The number of events sampled is compared to the "claim #" cell at the top
of each column. The Excel IF function is used to make the comparison.
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For example, if cell A1 holds the Number of Claims (sampled from a
probability distribution function) and B5 has the Claim #:

Number of Claims  Al: 6
Claim # B5: 3
Comparison B6: IF(B5 <= Al, RiskNormal(100,10), 0)

The formula in cell B6 says "if the Claim # is less than or equal to the
Number of Claims, return a sample from the normal distribution -
otherwise return a value of zero". In the example above, the value in cell
B5 is less than the value in Al so a sample from the normal distribution is
returned.

Using this structure, it is possible to evaluate a changing number of events
each iteration. And because it is very simple in Excel to copy the
calculation for one event across a worksheet, you just have to set up one
column of calculations for a single event, then copy it. In the example
here, you would set up a column of calculations for Claim #1, and then
copy that column across the worksheet to end up with a total number of
columns equal to the maximum possible number of events.
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Adding Uncertainty Around a Fixed Trend

| Have To Use This Projection But Don't Trust It
Example Model: ERROR.XLS

Often Excel modelers are given data from other sources for inclusion in
their worksheets. "The economics group has provided this projection for
GNP growth, so include it in your worksheet model" - could be the
guideline. But how often does the future exactly follow even the best
projection?

Recognizing the uncertainty inherent to projections, you still may want to
stay true to the basic direction offered by the values in the trend. In this
case "error terms" let you put a certain amount of variation around the
values in the trend. This allows you to examine how variation in trend
value will impact your results.

“ariation

Around
Trend \

Varislion Around 4 Fixed Frend

Fixed Trend ——

With @RISK, you can easily append an error term to a fixed trend you
have already entered in your worksheet. Let's say, for example, that
worksheet row B contains the fixed trend in your model. An error term is
just a factor you'll multiply each worksheet cell value by. (You also could
add an error term to each trend value)

Row B - GNP Growth in Percent

B1l: 3.2 * RiskNormal(1,.05)
B2: 3.5 * RiskNormal(1,.05)
B3: 3.4 * RiskNormal(1,.05)
B4: 4.2 * RiskNormal(1,.05)
B5: 4.5 * RiskNormal(1,.05)
B6: 3.5 * RiskNormal(1,.05)
B7: 3.0 * RiskNormal(1,.05)

Chapter 5: @RISK Modeling Techniques 103



In this example taken from Excel, the error term for all trend values is
drawn from a normal distribution with a mean of 1 and a standard
deviation of .05. For each iteration of a simulation, a new error term will
be sampled for each cell and will be used to multiply the fixed trend
estimate in that cell, allowing variation around the fixed estimate.

An added bonus of an error term is the expected value generated in
normal Excel recalculations. Because the expected values of the error
terms in the example equal one, they will not affect your normal
worksheet recalculations. Thus you can leave the error terms in your
formulas and only see their effects when you run your simulations. The
same comment holds true if you add, instead of multiply by, the error
term. If you add the error term to the fixed estimate, the mean of the error
term probability distribution should be zero.
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Dependency Relationships

Variable
Arguments

Correlations in
Sampling

Using Variable Arguments and Correlations — These
Values Will Be Affected By What Happens
Someplace Else

Example Models: DEP.XLS, CORRMAT.XLS

Many times you will not know precise argument values for a distribution
function in your worksheet. Often the range for a worksheet cell will
depend on a value calculated or sampled elsewhere in your model. "If
price is low, the range for sales volume is one million to 2 million - but if
price is high, the range is only 500,000 to 750,000" is an illustration of this
type of dilemma.

Two modeling techniques in @RISK help you to resolve problems such as
this, namely (1) variable arguments for distribution functions and (2)
correlations in sampling.

The first technique - variable arguments for distribution functions - relies
on a standard Excel capability most modelers are familiar with. The
referencing of cell addresses in functions is allowed in @RISK just as in
Excel. For example:

Minimum Al: RiskTriang(10,20,30)
Maximum B1: RiskNormal(80,10)
Final Price C1: RiskUniform(A1,B1)

This example shows how the range for the uniform distribution for Final
Price will change with the value sampled for Minimum and Maximum.
Here the range for Final Price will change with each iteration of the
simulation. Final Price thus depends on the variables Minimum and
Maximum.

The second modeling technique which can be used to affect sampled
values based on other calculations in a worksheet is correlations in
sampling. The @RISK function CORRMAT is used to correlate the values
sampled in different distribution functions. This correlation allows you to
specify a relationship between the values sampled in different worksheet
cells while still maintaining a degree of uncertainty for each.
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Correlating
Interest Rates
and Housing
Starts

Correlating
Multiple
Distributions

Interest Rate
Al: RiskUniform(6,14, RiskCorrmat (D1: E2,1))

Housing Starts:
B1: RiskUniform(100000,200000, RiskCorrmat (D1: E2,2))

The CORRMAT function is used when you want to have the value
sampled for one cell influence the value which is sampled for another.
The variable Interest Rate - described by the distribution
RiskUniform(6,14) - is the distribution that the Housing Starts distribution
- RiskUniform(100000,200000) - should be correlated with. The range
D1:E2 contains a matrix of 4 cells and a single correlation coefficient, -.75.
The -.75 is the coefficient which specifies how the two sampled values are
correlated. Coefficients range from -1 to 1. A value of -.75 is a negative
correlation - as Interest Rate goes up, Housing Starts go down.

When you are using sampled, uncertain variables in your worksheet
models it is important to recognize correlations in sampling. If you don't
use methods such as the two presented here, all uncertain variables will
be sampled as if they were completely independent of other variables in
the model. This can cause erroneous results. Think about what could
happen if Interest Rate and Housing Starts in the above example were
completely independent. Interest Rate and Housing Starts would be
sampled entirely independent of one another. A high Interest Rate and a
high value for Housing Starts would be an entirely possible scenario
during sampling. But could this happen in real life? Not in this economy!

Correlating multiple distribution functions can be accomplished using the
CORRMAT function or by selecting the cells containing the distributions
in the @RISK Model Window and selecting the Model menu Correlate
Distributions command. Either of these methods allows you to enter a
matrix of correlation coefficients. @RISK then uses the coefficients to
correlate the sampling of distribution functions. This is especially useful
when pre-existing correlation coefficients (calculated from actual collected
data) are available and you want sampling to be governed by those
coefficients. Excel can calculate correlations from existing datasets using
the CORREL function. For more information on using Correlate or
CORRMAT, see the example simulation CORRMAT.XLS.
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Sensitivity Simulation

How Do Changes in Model Variables Affect My
Simulation Results?

Example Model: SENSIM.XLS

@RISK lets you see the impact of uncertain model parameters on your
results. But what if some of the uncertain model parameters are under
your control? In this case the value a variable will take is not random, but
can be set by you. For example, you might need to choose between some
possible prices you could charge, different possible raw materials you
could use or from a set of possible bids or bets. To properly analyze your
model, you need to run a simulation at each possible value for the "user-
controlled"” variables and compare the results. A Sensitivity Simulation in
@RISK allows you to quickly and easily do this - offering a powerful
analysis technique for selecting between available alternatives.

The benefits of Sensitivity Simulation are not limited to evaluating the
impacts of user-controlled variables on simulation results. A sensitivity
analysis can be run on the probability distributions which describe
uncertain variables in your model. You may wish to repetitively re-run a
simulation, each time changing the parameters of one (or several) of the
distributions in your model. After all the individual simulations are
complete, you can then compare the results from each.

The key to a Sensitivity Simulation is the repetitive simulation of the same
model while making selected changes to the model each simulation. In
@RISK any number of simulations can be included in a single Sensitivity
Simulation. The SIMTABLE function is used to enter lists of values,
which will be used in the individual simulations, into your worksheet
cells and formulas. @RISK will automatically process and display the
results from each of the individual simulations together, allowing easy
comparison.

To run a Sensitivity Simulation:

1) First, enter the lists of values you want used in each of the individual
simulations into your cells and formulas using SIMTABLE. For
example, possible price levels might be entered into Cell B2;

B2: RiskSimtable({100,200,300,400})

will cause simulation #1 to use a value of 100 for price, simulation #2
to use a value of 200, simulation #3 to use a value of 300 and
simulation #4 to use a value of 400.
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Caution

Advanced
Sensitivity
Analysis

2) Set the number of simulations in the Settings dialog box and run the
Sensitivity Simulation using the Start Simulation command.

Each simulation executes the same number of iterations and collects data
from the same specified output ranges. Each simulation, however, uses a
different value from the SIMTABLE functions in your worksheet.

@RISK processes Sensitivity Simulation data just as it processes data from
a single simulation. Each output cell for which data was collected has a
distribution for each simulation. Using the functions of @RISK you can
compare the results of the different alternatives or "scenarios" described
by each individual simulation. The Distribution Summary graph
summarizes how the results for an output range change. There is a
different summary graph for each output range in each simulation, and
these graphs can be compared to show the differences between individual
simulations. In addition, the Simulation Summary report is useful for
comparing results across multiple simulations.

You also can use Sensitivity Simulation to see how different distribution
functions affect your results. The values entered in the SIMTABLE
function can be distribution functions. For example, you may wish to see
how your results change if you alternately try TRIANG, NORMAL, or
LOGNORM as the distribution type in a given cell.

It is important to distinguish between 1) controlled changes by simulation
(which are modeled with the SIMTABLE function) and 2) random
variation within a single simulation (which is modeled with distribution
functions). SIMTABLE should not be substituted for DISCRETE when
evaluating different possible random discrete events. Most modeling
situations are a combination of random, uncertain variables and uncertain
but "controllable" variables. Typically, the controllable variables will
eventually be set to a specific value by the user, based on the comparison
conducted with a Sensitivity Simulation.

@RISK 4.5 Professional and Industrial versions include an advanced
analysis tool called Advanced Sensitivity Analysis. This analysis greatly
expands on the sensitivity simulation capabilities described here. For
more information on Advanced Sensitivity Analysis, see the Advanced
Analyses command in the Reference: @RISK Add-in Menu section of this
manual.
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Simulating a New Product: The Hippo Example

Example 28.1

(Chapter 28, Financial Models Using Simulation and Optimization)

When a company develops a new product, the profitability of the product
is highly uncertain. Simulation is an excellent tool to estimate the average
profitability and riskiness of new products. The following example
illustrates how simulation can be used to evaluate a new product.

ZooCo is thinking of marketing a new drug used to make hippos
healthier. At the beginning of the current year there are 1,000,000 hippos
that may use the product. Each hippo will use the drug (or a competitor’s
drug) at most once a year. The number of hippos is forecasted to grow by
an average of 5% per year, and we are 95% sure that the number of hippos
will grow each year by between 3% and 7%. We are not sure what use of
the drug will be during year 1, but our worst case guess is 20% use, most
likely use is 40% and best case use is 70%. In later years, we feel the
fraction of hippos using our drug (or a competitor's) will remain the same,
but in the year after a competitor enters, we lose 20% of our share for each
competitor who enters. We will model Year 1 market use with a
triangular random variable. See Figure 28.1. Basically, @RISK will
generate Year 1 market use by making the likelihood of a given market
use proportional to the height of the "triangle" in Figure 28.1. Thus a 40%
Year 1 market use is most likely; a 30% market use occurs half as often as
a Year 1 40% market use, etc. The maximum height of the triangle is 4,
because that makes the total area under the triangle equal to one.
Probability of market use being in a given range is equal to area in that
range under the triangle. For example, the chance of a market use being at
most 40% is .5*(4)*(.4-.2) =.4 or 40%.
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There are three potential entrants (in addition to ZooCo). At the beginning
of each year each entrant who has not already entered the market has a
40% chance of entering the market. The year after a competitor enters,
our market use drops by 20% for each competitor who entered. Thus if in
Year 1 two competitors enter the market, in Year 2 our market use will be
reduced by 40%. To model the number of entrants you can use the
binomial random variable (in @RISK this requires us to use the
=RISKBinomial function). The formula
= RISKBinomial (n, p)
generates n independent binomial trials (each a success or failure) having
probability of success p and keeps track of the number of successes.
We consider a "success" to be a competitor entering the market. Then the
formula
= RISKBinomial (2,.4)
will simulate the number of entrants during a year in which two
competitors have yet to enter the market. Make sure that if all three
entrants have entered, no more entrants may enter.
Each unit of the drug is sold for $2.20 and incurs a variable cost of $0.40.
Profits are discounted by 10% (risk adjusted rate) annually.
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Solution
Figure 28.2

Step by Step

Find a 95% CI for risk-adjusted NPV of project. For now we ignore the
fixed cost of developing the drug.

Recall that risk-adjusted NPV is expected discounted value of cash flows
(discounted at risk-adjusted rate).

Our spreadsheet is in Figure 28.2 (file hippo.xIs).

A | B | & | D | E F
| 1 |Pigco
| 2 |Price ¥ 220 Compet %age 0z
| 3 |Unit “ar Cost  § 0.40 Year 1 Market 3 1000000
| 4 |Interest Rate 0.1 Year 1 worst she 0.2
| & |Entrant Prah 0.4 Year 1 most like 0.4
| 6 | ‘Yfear 1 best shar 0.7
| 7 [Vear 1 2 &) 4 5
| 8 |Market Size 1000000 1050000 1102500 11587625 1215506.25
lse per hippo
8 |of our drug 0.433333333)  0.34B666667 0.277333333 0.277333333 0.277333333

Cornpetitors
(beginning of

| 10 [yean) 1] 1 2 2 2
| 11 [Entrants 1 1 1] 0 0
| 12 [Unit Sales 433333.3333 364000 305760 321048 3371004
| 13 [Revenues ¥ 953333 % 800800 | % E72672 % 706306 % 741 521

| 14 |Costs § 173333 % 145500 | § 122304 | § 128419 | § 134,840
| 15 |Profits 5 Fa0000 & F55200 % 550,368 & S77 086§ G0G 781

16
|17 [Py §2 435 545

Step 1: In row 8 we determine the market size during each of the next
five years. In B8 we enter =D3. Assuming year to year growth in market
size is normally distributed, the given information tells us that the
number of pigs grows from year to year by a percentage which is a
normal random variable having mean .05 and standard deviation of .01.
This follows because 95% of the time a normal random variable is within
2 standard deviations of its mean. Therefore we may conclude 2c =.02 or
0 =.01.Thus in C8 we determine the Year 2 Market Size with the formula

=B8*RISKNormal(1.05,0.01).

Essentially, this formula ensures that each year there is a 68% chance that
the size of the hippo market grows by between 4% and 6%, a 95% chance
that the hippo market grows by between 3% and 7%, and a 99.7% chance
that the hippo market grows by between 2% and 8%. Copying this
formula to D8:F8 generates the market size for Years 3-5.
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Step 2: In row 9 we determine our market use/hippo for each year. Year
1 market use/Zhippo is computed in B9 with the formula

=RISKTriang (D4,D5,D6).

In C9:F9 we account for the fact that the year after entry, each entrant
takes away 20% of our market share. Thus in C9 we compute our Year 2
Market use/hippo with the formula

= B9*(1-B11*$D$2).
Copying this formula to D9:F9 computes Years 3-5 market share.

Step 3: In Row 11 we determine the number of entrants during each
year. If less than 3 competitors have entered, then each competitor who
has not yet entered has a 40% chance of entering during the current year.
If all three competitors have entered, then nobody can enter. In B11 we
compute the number of Year 1 entrants with the formula

=If(B10<3, RISKBinomial(3-B10,$B$5),0).

Copying this to C11:F11 computes Years 2-5 entrants. If we do not use the
=If statement then in a year after all 3 competitors have entered we will
obtain an error message because =RISKBinomial cannot take 0 trials as the
first argument.

Step 4. In Row 10 we compute the number of competitors present at the
beginning of each Year by adding the number of new entrants to the
number of competitors already present. In B10 we enter 0 and in C10 we
enter

=B10 + B11.

Copying this formula to D10:F10 computes the number of competitors
present at the beginning of each year.

Step 5: In row 12 we compute each year’s unit sales =
(use/hippo)*market size by copying the formula

= B8*B9

from B12 to C12:F12.
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Figure 28.3

Step 6: In row 13 we compute our annual revenues by copying the
formula

=$B$2*B12

from B13 to C13:F13.

Step 7: In row 14 we compute our annual variable costs by copying the
formula

= $B$3*B12

from B14 to C14:F14.

Step 8: In row 15 we compute our annual profits by copying the
formula

=B13-B14

from B15 to C15:F15.

Step 9: In B17 we compute the NPV of our 5-year profits with the
formula

= NPV(B4,B15:F15).

Step 10: We now run a simulation with cell B17 (NPV) being our
forecast cell. We used 500 trials. Our results follow.

Minirmum 966350 625
Maximum 4416799
Mean 2312372866
Standard Deviation B33415.2967
Variance 4.01219E+11
Skewness 0.319535665
Kurtosis 2.6659867094
NumErrs 0
Mode 2212183.8
5% 1347058 679
10% 1469903.378
15% 1630650.378
20% 1751069.643
25% 1858571
30% 1933589.863
35% 20123858.996
0% 2095331 542
45% 2181581.218
50% 2265116.5
551 2332304 702
60% 2432266.516
65% 2835186.714
70% 2636504196
75% 27B5356.75
80% 2877606.315
85% 29585581.684
20% IE5375.941
95% 3399469707
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Our point estimate of risk adjusted NPV is the sample mean of NPV's
from simulation ($2,312372.866). To find a 95% confidence interval for the
mean in a simulation use the fact that we are 95% sure actual mean NPV
is between

(Sample Mean of NPV)£2*(Sample Standard deviation)/ \/ﬁ ,
where n = number of iterations.
For example, we are 95% sure the mean NPV (or risk adjusted NPV) is

between

2,312373 #2*(633418)//500 or
$2,255,718 and $2,369,028.

Thus we are pretty sure risk adjusted NPV is between 2.26 and 2.37
million. Since 95% of the time we are accurate within $50,000 (which is 2%
of sample mean) we feel comfortable that we have run enough iterations.

The actual discounted (at 10% rate) value of cash flows has much more
variability than our confidence interval for risk-adjusted NPV would
indicate. To show this look at the following histogram.

Figure 28.4 ™ Dutput Graph - Cell B17 A= E
Distribution | Tomadol Range Summar}ll Stats | Datal Sens.l Scen. I
B . . Mame MPY =
Distribution for NPV/E1T Cell
0.700% Minirmum IBEIG0.E
— Mean=2312373 tean Z12aTE
w neny Masimum 4416753
o
= os001 Std Dew EIM18.3
= 7 £012187E-11
= 0400t Wariance
‘@ Skewness 03195357
g Q= Kurtosis 2BEIBET
2 o0z001 tode 2212184
T Left 1347053
o
nanor LeftF 5%
0.000 Fiight 3299470
& 1500 2500 S =
Walues in Thousands * [diff] 2052411
P [diff] s
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Solution - Part a

Figure 28.5

Note: If you are going to use distribution of NPV's as a tool to compare
projects, then you must discount all the company's projects at the same
rate (probably obtained from CAPM). Otherwise you will be double
counting risk.

Tornado Graphs and Scenarios

A natural question is what factors have the most influence on the success
of the project? Does market growth matter more than the timing of the
entrance of competitors? Using @RISK Tornado graphs and Scenario
Analysis we can easily answer questions such as:

a. What factors appear to have the most influence on the NPV earned by
the drug?

b. When NPV is in the top 10%ile of all possible NPV, what seems to be
going on?

Here we utilize a Tornado Graph. Make sure that in “Simulation
Settings” you have checked “Collect Distribution Samples”. Then right-
click on NPV/BL17 in the Explorer list and choose “Tornado Graph.” You
have two options: A Regression Tornado Graph (see Figure 28.5) or a
Correlation Tornado Graph (see Figure 28.6).

™ Rearession Sensitivity Graph - Cell B17

Distibution  Tomado | Range Summaryl Statsl Data Sens. | Scen |

Display Significant Inputs Using:

Regression Sensitivity for NPV/ETY

Fegression -

Fank.
U=z par hippo of our drug /Dol 851 E:?; Cell | Mame
Uze per
#1 E3 | hippo of our i)
-7 -=ofl Crtramt=B 11 drug —
# |B11 | Entrants -am
N Mlarket Size
Markat Biza ! Yaar 1 et sharaCH o
ke Bz s | bt s #2 | 02 ivearibest| 032
| i share
-1 o 1
#4 02 | Market Size o
Coefficient Value (Std b) n | le
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Figure 28.6

We find (ceteris paribus) from Regression Tornado Graph (obtained by
selecting “Regression” under the "Display Significant Inputs Using" entry
on the Sens. Tab on the graph) that

» A one standard deviation increase in Year 1 use increases NPV by .853
standard deviations.

* A one standard deviation increase in number of Year 1 entrants
decreases NPV by .371 standard deviations.

* Not much else matters!

Basically, when running a Tornado Graph @RISK runs a regression where
each iteration represents an observation. The dependent variable is the
output cell (NPV) and the independent variables are each "random”
@RISK function in the spreadsheet. Then the .853 coefficient for Year 1
Use is the standardized, or beta weight coefficient of Year 1 Use in this
regression.

™ Comrelation Sensitivity Graph - Cell B17

Distribution  Tomado | Fiange Sumnmary I Stats I Data Sens. | Scen, I
Display Significant Inputs Using:
Correlations for NFY/B17 [ametation -]
Lze pler hippo of our drug/B9 pee- .89‘41 Rank
fFar | Cell [ame
- 436 ~=m Ertrants/E11 E17
Ertrart=/F11 i JDEZ Use per
Enirants { fear 1 best share/C11 - 056 # | e h'pp;fgf el
Market Size /'Year 1 best share/C2 s 047 =
045 -t Market SizesEs #2 |E11| Entrants 436
Ertrart=/E11 im-— 0z
024 i Market Size/Da #2 | F11| Entrants +0E3
-z ~=ml Market SizefF3 Entrants ¢
Ertrants/01 e o1l #4 | C11) Year 1best +.05E
L 1 1 share
-1 o 1 Market Size
#5 C2 !'ear 1best +047
Coefficient “alue (Carrelation) | share | ﬁ
4 3

From Tornado Correlation Graph in Figure 28.6 (obtained by a change
similar to the one above, except with Correlation instead of Regression) we
find

e Year 1 use is most highly correlated (.89) with NPV

* Nextis Year 1 Entrants (-.44)

» Rest of the random cells in the spreadsheet do not matter much!

These correlations are rank correlations; for example, for all iterations the
values of Year 1 use are ranked, as are values of NPV. Then these ranks
(not actual values) are correlated.
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Solution - Part b

Figure 28.7

If you check “Collect Distribution Samples” under Simulation Settings
you can obtain a Scenario Analysis. For a given scenario, such as all
iterations where NPV is in top 10% of all iterations, the Scenario Analysis
identifies random variables whose values differ significantly from their
median values.'

We find from Scenario Approach (see Figure 28.7) (click on the “Insert
New Scenarios Window” icon or click on “Insert” and then “Scenarios”)
that in the iterations yielding the top 10% of all NPV’s the following
variables differ significantly from their overall medians:

e Year 1 Use (median is .596, 1.66 sigma above average)
* Year 2 Entrants (median is 0, 1.53 sigma below average)

To change the scenario settings just click on the “Scenario="" row in the
Scenario Analysis box. Figure 28.7 contains a listing of three Scenario
settings (the top 25%, the bottom 25%, and the top 10% of NPV's) along
with the random variables that differ significantly from their average
values when the given scenario occurs. For example, for iterations in
which the NPV is in the bottom 25% of all iterations, Year 1 Market Use
averaged out to 13.9%.

Scenario Analpsis:4 !EI =]

Display Groups of Input Values causing Dutput Scenarios, using:
IA\I - %Perc's, Actuals and Ratios j

BIFIMPY | BITINPY | BITINPY | BITINPY | BITINPY | BITINPY | B17/NPY BT MPY BI17{MPY

o Llre) Aotual | Percentll | Mediant50 |  Actual | Fercentile | Median/SD | Actual Percentile | Hedianis0

Scenario=, >75% »>75% >75% <25% <25% <25% »>90% »>90% >90%
C8  Market Size / Vear 1 best share - - = - = - - .

#1
[#2[D5  Marke Size
| #3 |ES  Market Size
| #4 |F&  Market Size - - - - B = = - -
| #5 |B9  Use per hippo of our diug 055023 | 852% | +1.211851 03170602 13.88287% -1.096734 0.5964633  9298451% | +1.B61632
| #8 [B11 |Entrants = = = 2 93.6% | +1.177332 = - -
| #7 |C11  Entrants / Year 1 best share - - - = - = = - -
#8 |D11  Entrants 1} 49.33334%  1.53486 = & = 1} 49.33334% | 153486

E
]

Entrants

1 95 7R323% | +1 RB7I7E

=
]

Entrants

1 @RISK will identify any random variable whose median value in
iterations satisfying the scenario condition differs by more than .5
standard deviations from the median value of the random variable in all
iterations.
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Finding Value at Risk (VAR) of a Portfolio

Example 45.1

(Chapter 45, Financial Models Using Simulation and Optimization)

Anybody who owns a portfolio of investments knows there is a great deal
of uncertainty about the future worth of the portfolio. Recently the
concept of value at risk (VAR) has been used to help describe a portfolio's
uncertainty. Simply stated, value at risk of a portfolio at a future point in
time is usually considered to be the fifth percentile of the loss in the
portfolio's value at that point in time. In short, there is considered to be
only one chance in 20 that the portfolio's loss will exceed the VAR. To
illustrate the idea suppose a portfolio today is worth $100. We simulate
the portfolio's value one year from now and find there is a 5% chance that
the portfolio's value will be $80 or less. Then the portfolio's VAR is $20 or
20%. The following example shows how @RISK can be used to measure
VAR. The example also demonstrates how buying puts can greatly
reduce the risk, or hedge, a long position in a stock.

Let's suppose we own one share of Dell computer on June 30, 1998. The
current price is $94. From historical data (see Chapter 41) we have
estimated that the growth of the price of Dell stock can be modeled as a
Lognormal random variable with p =57% and ¢ = 55.7%. To hedge the
risk involved in owning Dell we are considering buying (for $5.25) a
European put on Dell with exercise price $80 and expiration date
November 22, 1998. Here you will:

a) Compute the VAR on November 22, 1998 if we own Dell computer
and do not buy a put.

b) Compute the VAR on November 22, 1998 if we own Dell computer
and buy the put.
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Solution

Figure 45.1

Step by Step

The key idea is to realize that in valuing the put we let Dell price grow at
the risk-free rate, but when doing a VAR calculation we should let Dell
price grow at the rate at which we expect it to grow. Our work is in file
var.xls. See Figure 45.1.

& | B e

|2 |Stress Testing Dell 'Range Name
_ 3 |Current price = $ 94.00
_ 4 |Put exercise price X $ 80.00
.5 |put duratian d 0.39726
_ B |rigk free rate r_ 0.053541
7 |actual growth rate q 057
.8 |volatility W 0.557
.9 |put price p §F 525
10|
11 | Dell price at expiration 110.8422352
12 |put value at expiration a

13
E% age Gain without put 17.9%

15 |%age Gain with put 11.7%

We have created range names as indicated in Figure 45.1.

Step 1. In cell B11 we generate Dell's price on November 22, 1998 with
the formula

=S*EXP((g-0.5*v2)*d+RISKNormal(0,1)*v*SQRT(d)).

Step 2: In cell B12 we compute the payments from the put at expiration
with the formula

=1f(B11>x,0,x-B11).

Step 3: The percentage gain on our portfolio if we just own Dell is
given by

Ending DellPrice - Beginning Dell Price
Beginning Dell Price

In B14 we compute the percentage gain on our portfolio if we do not buy
a put with the formula

=(B11-S)/S.
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Figure 45.2

Step 4: The percentage gain on our portfolio if we own Dell and a put
is

Ending Dell Price+ Cash Flows fromPut — Beginning Dell Price — Put Price
Beginning Dell Price+ Put Price

In cell B15 we compute the percentage gain on our portfolio if we buy the
put with the formula

=((B12+B11)-(S+p))/(S+p).

Step 5: After selecting B14 and B15 as output cells and running 1600
iterations we obtained the @RISK output in Figure 45.2.

A B | C | ] |

il Outputs age Gain without put f1age Gain with put / p
B | Simulations 1 1
7 Statistics / Cell $B%14 $B§15
8 | Minimum -0.642035502 -0.193954661
9| Maximum 3177449226 2.956475973
10 Mean 0.254243646 0.211036404
I Standard Deviation 0.454892722 0.403309936
2] Variance 0.206927338 0.162658945
3 Skewness 1.143237 18 1.476801364
14 | Kurtosis 5.403351591 5.242985756
8] HumErrs 1] 0
1B | Mode 0.08372049 -0.193954661
7 5% -0.339069603 -0.193954661
1B | 10% -0.245756616 -0.193954661
19 15% -0.180831468 -0.193954661
20 20% -0.1225625966 -0.168636009
21 25% -0.0656212687 011883527
22| 30% -0.0186037 47 -0.070426121
23| 35% 0.029372538 -0.025077854
24 | 40% 0.07877676 0.022255717
25| 45% 012772527 0.068072297
26 | 50% 0.178600937 0.116256803
27 55% 0.232349445 0167411774
25| 60% 0.288710708 0.221145466
29| 65% 0.349292601 0.277919441
30| 70% 0.416892367 0.341843413
=i 75% 0.493522018 0.414519578
32| 80% 0.583530341 0.501486897
33| 85% 0.696615509 0603136356
34 | 90% 0.547094659 0.74938947

35 95% 1.100368295 0.9892657 4

We find our VAR if we do not buy the put to be 33.9% of our invested
cash while if we buy the put our VAR drops to 19.4% of the invested cash.
The reason for this is, of course, that if Dell stock drops below $80, every
one dollar decrease in the value of Dell is countered by a one dollar
increase in the value of the put. Also note that if we do not buy the put,
Dell (despite its high growth rate) might lose up to 64% of its value.
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The following histograms give the distribution of the percentage gain on
our portfolio with and without the put.

Figure 45.3 M Output Graph - Cell B14 RAEE
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T 000 v StaDev 04548827
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2 Mode 8.372049E-02
= 000 Left & 03390696
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= [diff) 1430428
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From Figures 45.3 and 45.4 we see that there is a much greater chance of a
big loss if we do not buy the put. Note, however, that our average return
without the put is 25.4% while our average return with the put is 21.1%.
In effect, buying the put is a form of portfolio insurance, and we must
pay for this insurance.
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Simulating the NCAA Tournament

Step by Step

(Chapter 62, Financial Models Using Simulation and Optimization)

The file NCAA xIs lets you play out the NCAA tournament as many times
as you want. We factor in the abilities (through the SAGARIN ratings
published in USA Today) of each team. Extensive data analysis has
indicated that teams play on average to SAGARIN ratings and perform
according to a standard deviation of 7 points about that level. For
example, in 1997 SAGARIN rated NC a 94 and Fairfield a 70. Thus we
would model NC's play by a RISKNormal(94,7) and Fairfield by a
RISKNormal(70,7) and declare the team with the higher performance the
winner. Our simulation of the 1996 NCAA tournament is in file
NCAA96.xls

To begin we label the EAST teams 1-16 in the order they are listed in
bracket. Then teams 17-32 are the SOUTHEAST, teams 33-48 the WEST
and teams 49-64 the MIDWEST. It is important that we list things so that
winner of 1 and 2 plays winner of 3 and 4, etc.

Step 1. We enter the ratings, numerical codes, and team names in rows
2-4. \We name the range A3:BL4 Ratings.

A [ B [ ¢ [ D |
N 1 2 3 4
(2 |UNC  Faiffield Ind Cal
3 1 2 3 4
4] 944 70.3 85.3 g2
A [ B [ ¢ |
5 East
6| 1 2
7] 944 1 70.3

Step 2: We model the UNC Fairfield game in A6:C7. In A7 we generate
UNC's performance with the formula

=RISKNormal(HLOOKUP(AG,Ratings,2),7).

This looks up UNC's rating and generates a performance with that mean
and a standard deviation of 7.
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Similarly, in C7 we generate Fairfield's performance. In B7 we determine
who wins the game with the formula

=If(A7>C7,A6,C6).

After "playing" the Colorado-Indiana game in E6:G7 (see Figure 62.1) we
play the winners of these two games in A9:C10.

Figure 62.1 E [ F [ 6 |
6 | 3 4
7 85.3 3 &2
We ensure that the entry in A9 is the winner of UNC-Fairfield Game and
the entry in C9 is winner of Indiana-Colorado game. Then in Row 10 we
"play" this game. See Figure 62.2.
Figure 62.2 A | B [ C |
9| 1 3
10 94.4 1 85.3
You can follow this logic down to Row 57. Here the Final Four begins! See
Figure 62.3.
Figure 62.3 A | B [ ¢ [ b [ E [ F [ &6 [ H |
57 | East WWest Midwest Mideast
5B | 1 17 33 49
[=3] 94 .4 17 979 97 4 33 936
60
61
B2 |Finals
B3 17 33
B4 | 97 9 17 97 4
B& | Kansas
In 1997 East played West and Midwest played Mideast. Each year the
final four matchups will change and you will need to adjust this part of
spreadsheet. In C65 we print out the winner with the formula
=HLOOKUP(C64,A1:BL2,2).
This formula finds the Team Name corresponding to the code number of
the winner. Hit the F9 key several times to see what happens.
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We used cell C64 as our output cell and ran the tournament 5000 times.
The teams having at least a 5% chance of winning were

* UNC: 13%

* Kansas: 26%

e Kentucky: 27%
* Duke: 8%

*  Minnesota: 9%

Of course, Arizona won (we gave them a .0084 chance!). That's what
makes sports great!

Remarks

Remember each year the Final Four brackets change. This will require you
to rearrange the rows where the East, Midwest, Mideast and West regions
are located.
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Overview

@RISK allows you to fit probability distributions to your data
(Professional and Industrial versions only). Fitting is done when you
have a set of collected data that you want to use as the basis for an input
distribution in your spreadsheet. For example, you may have collected
historical data on a product price and you might want to create a
distribution of possible future prices that is based on this data.

Fitting is done using an integrated copy of BestFit, Palisade Corporation's
distribution fitting software package. This program may also be run
without @RISK. BestFit running without @RISK looks very similar to the
@RISK — Model window, except that there is no Model tab.

To fit distributions to data using @RISK, there are five steps that you
should consider:

Define Input Data

Specify Distributions to Fit
Run the Fit

Interpret the Results

o~ 0D

Using the Results of a Fit

Each of these steps is discussed in this chapter.
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Define Input Data

@RISK allows you to analyze three kinds of data for distribution fitting:
sample, density and cumulative. @RISK supports up to 100,000 data
points for each of these types. The available data types are shown in the
Input Data Options dialog box in the Model window.

Input Data Dptions

—Data Source
™ Fit Tab Data Grid

' Link to Excel Range |

— Tvpe of Data Diamain
% Sampled ¥ aluss + Continuous
™ Density Curve = Discrete [Integral D omain)

7 Cumulative Curve

— Filtering O ptiar:
ol g
" Filter Data Outside Fange:  #min I b Xmas I

= Filter Data that Falls |1 Standard D eviations beyond the Mean

[ Automatically Run Fit \When Input D ata Changes

Save &z Default | Ok I Cancel

Sample Data

Sample (or observation) data is a set of values drawn randomly from a
large population. Distributions are fit to sample data to estimate the
properties of that population.

Continuous vs. Sample data is either continuous or discrete. Continuous sample data can
Discrete take on any value over a continuous range, while discrete data is limited
Samples to integer values. Discrete data can be entered in two formats. In the

“standard” format, you enter each data point individually. In the
“counted” format, the data is entered in pairs, where the first value is the
sampled value and the second is the number of samples drawn with that
value.

Data Data requirements for sample data include:

Requirements .
¢ You must have at least five data values.

¢ Discrete data values must be integral.

<*

All sample values should fall in the range -1E+37 <= x <= +1E+37.
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Normalization of
Density Data

Data
Requirements

Endpoint
Interpolation

Density Data

Density data is a set of (X,y) points that describe the probability density
function of a continuous distribution. Distributions are fit to density data
to give the best representation of the curve points using a theoretical
probability distribution.

Since all probability distribution functions must have unit area, @RISK
automatically will scale your y-values so that the density curve described
by your data has an area of one. Since the points you specify are isolated
points on a continuum, linear interpolation between these points is used
to calculate the normalization factor. In certain cases, such as fitting to
data generated from a mathematical function already known to be
normalized, it is undesirable to have @RISK apply its own normalization.
In these cases, you may turn off this feature.

Data requirements for density data include:

¢ You must have at least three (x,y) data pairs.

¢ All x-values must be in the range —1E+37 <= x <= +1E+37.
¢ All x-values should be distinct.

¢ Ally-values must be in the range 0 <=y <= +1E+37.

¢ At least one y-value must be non-zero.

Cumulative Data

Cumulative data is a set of (x,p) points that describe a continuous
cumulative distribution function. The p-value associated with a given x-
value is the probability of obtaining a value less than or equal to x.
Distributions are fit to cumulative data to give the best representation of
the curve points using a theoretical probability distribution.

In order to calculate statistics and display graphs of your cumulative data,
@RISK needs to know where the input minimum and maximum are (that
is, the points with p=0 and p=1). If you do not explicitly supply these
points, @RISK will linearly interpolate them from your data. In general, it
is recommended that you always include the p=0 and p=1 points in your
data set, if possible.

132

Define Input Data



Data
Requirements

Data requirements for cumulative data include:
You must have at least three (x,p) data pairs.
¢ All x-values must be in the range —1E+37 <= x <= +1E+37.
¢ All x-values must be distinct.
¢ All p-values must be in the range 0 <= p <=1.

¢ Increasing x-values must always correspond to increasing p-values.

Filtering Your Data

You can further refine your input data by applying an input filter.
Filtering tells @RISK to ignore outliers, based on criteria you specify,
without requiring you to explicitly remove them from your data set. For
example, you may wish to only analyze x-values greater than zero. Or,
you may wish to filter values that lie outside two standard deviations
from the mean.

Bringing Data Into @RISK For Fitting

Numerous methods are available for bringing your data into @RISK. You
may type it directly into the input data grid, paste it from another
Windows application, fit directly from the @RISK-Results window, or
even create a link between @RISK and an Excel spreadsheet.

The Paste command imports data to the input sheet from the Windows
Clipboard. To do so, highlight the data you want to copy and paste into
your @RISK input sheet. To import data from a non-spreadsheet
application, be sure that paired data is tab-delimited and each set ends
with a carriage return.

Data that resulted from an @RISK simulation can be fit very easily by
choosing the Fit command from the Explorer list pop-up menu in the
@RISK-Results window.

You can also link the data on a fit tab to a range in Microsoft Excel. To do
this, highlight the range you want to link, and click the Fit Distributions
to Data command from within Excel. Alternatively, you can set the link
directly in the Input Data Options dialog in the @RISK-Model window.
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Select Distributions To Fit

After you define your data set, you must specify the distributions you
want @RISK to attempt to fit. There are three general questions you must
answer to do this.

Continuous vs. Discrete Distributions

For sample data, you should first decide if your data is continuous or
discrete. Discrete distributions always return integer values. For
example, presume you have a set of data describing the number of
failures in a series of 100 trial batches. You would only want to fit discrete
distributions to this set because partial failures are not allowed. In
contrast, continuous data can take on any value in a range. For example,
presume you have a set of data describing the height, in inches, of 300
people. You would want to fit continuous distributions to this data, since
heights are not restricted to integral values.

If you specify that your data is discrete, all your data values must be
integers. Keep in mind, however, that the converse is not true. Just
because you have all integral data values does not mean you have to fit
only discrete distributions. In the previous example, the height data set
may be rounded to the nearest inch, but fitting to continuous distributions
is still appropriate.

@RISK does not support the fitting of discrete distributions to density and
cumulative curve data.

You can specify whether your data set is continuous or discrete in the
Input Data Options dialog.

Estimated Parameters vs. Predefined Distributions

Generally, you will want @RISK to estimate the parameters of your
distributions. However, in some cases, you may want to specify exactly
what distributions to use. For example you may want to have @RISK
compare two competing hypotheses and tell you which one is a better
description of your data.

Predefined distributions can be set in the Specify Distributions to Fit
dialog.
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Fixed Bound

Unknown
Bound

Open Bound

Domain Limits

For continuous data sets (sample or curve data) you can specify how you
want @RISK to treat the upper and lower limits of the distributions. For
both limits there are four choices: fixed bound, unknown bound, open
bound, and unsure. Domain limits can be set in the Specify
Distributions to Fit dialog.

3 Specify Distributions To Fit

— Parameter E stimation
selectall | Clearé [ Delcie |
(:'
" Fit to Predefined Distributions EEE‘E eneral =
 Lower Limit———————————— E E:Ifang
~ Fized Bound of ID Expan
Extvalue
" Bounded, but unknawn Garma
 Dpen [extends to -infinity) InvGauss
Logistic:
& Unsure Loglogistic
[ Lognorm
— Upper Limit———————————— Lognom2
Mormal
' Fised Bound of |1 Pareto
" Bounded, but unknawn Pearson
Pearzong
 Dpen [extends to +infirity) [] Raylsigh b
[] Student
@ Unsure r— LI
Save fs [Vetault | oK | Cancel |

If you specify a fixed bound, you are telling @RISK that the limit of the
distribution must be the value you specify. For example, if you have a
data set of the times between arrivals of customers in a queue, you might
want to fit distributions which have a fixed lower bound of zero, since it is
impossible to have a negative time between events.

If you specify an unknown bound, you are telling @RISK that the limit of
the distribution has a finite bound (that is, it does not extend to plus or
minus infinity). Unlike a fixed bound, however, you do not know what
the actual value of the limit is. You want @RISK to choose the value for
you as it performs its fit.

If you specify an open bound, you are telling @RISK that the limit of the
distribution must extend to minus infinity (for a lower bound) or plus
infinity (for an upper bound).
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Unsure This is the default option. It is the combination of an unknown bound
and an open bound. The limits of distributions that are non-asymptotic
are treated as in the unknown bound case, while asymptotic distributions
are still included as in the open bound case.

Note, not all distributions functions are compatible with all the possible
choices. For example, you can not specify a fixed or unknown lower
bound for the Normal distribution, since it asymptotically extends to
minus infinity.
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Run The Fit

Definition

To start the fitting process, click the Run Fit icon on the Fitting toolbar.

For each of the distributions specified in the previous step, @RISK will try
to find the set of parameters that make the closest match between the
distribution function and your data set. Keep in mind, @RISK does not
produce an absolute answer, but rather identifies a distribution that most
likely produced your data. Always evaluate your @RISK results
guantitatively and qualitatively, examining both the comparison graphs
and statistics before using a result.

@RISK uses two methods to calculate the best distributions for your data
set. For sample data, distribution parameters are estimated using
Maximum Likelihood Estimators (MLEs). For density and cumulative
data (collectively known as curve data), the method of least squares is
used to minimize the root-mean square error between the curve points
and the theoretical function.

Sample Data — Maximum Likelihood Estimators
(MLESs)

The MLEs of a distribution are the parameters of that function that
maximize the probability of obtaining the given data set.

For any density distribution f(x) with one parameter g, and a
corresponding set of n sampled values Xi, an expression called the
likelihood may be defined:

n
L=[]fx.a)
]
To find the MLE, simply maximize L with respect to a.
a_,
da

and solve for a. The method described above can be easily generalized to
distributions with more than one parameter.
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A Simple
Example

Modifications to
the MLE Method

An exponential function with a fixed lower bound of zero has only one
adjustable parameter, and its MLE is easily calculated. The distribution’s
density function is:

1 _
f(x)=—e™/#
B
and the likelihood function is:

L(B)-|‘|B e /P =B exp(— ZX>

=1

To simplify matters, we can use the natural log of the likelihood function:
1 n
1(B) =InL(B) =-nIn(B) -EZ X
i=1

To maximize the log of the likelihood, simply set its derivative with
respect to b to zero:

dI_—n 13
s B ﬁz.

which equals zero when:

n

p=3y "
i=1 n
Therefore, when @RISK tries to fit your data to the best Exponential

function with a fixed lower bound of zero, it first finds the mean of the
input data and uses it as the MLE for 5.

For some distributions, the MLE method described above does not work.
For example, a 3-parameter Gamma distribution (a Gamma distribution
whose lower bound is allowed to vary) can not always be fit using MLEs.
In these cases @RISK will resort to a hybrid algorithm, which combines
the standard MLE approach with a moment matching procedure.
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In certain distributions, a strict MLE method produces parameters which
are heavily biased for small sample sizes. For example, the MLE of the
“shift” parameter of an exponential distribution and the minimum and
maximum parameters of the uniform distribution are heavily biased for
small sample sizes. Where possible, @RISK will correct for the bias.

Curve Data — The Method of Least Squares

The root-mean square error (RMSErr) between set of n curve points (Xi,
Y;) and a theoretical distribution function f(x) with one parameter ¢ is:

RMSErT :\/%Zn:(f(xi,a)-yi)z

The value of a that minimizes this value is called the least squares fit. In
a sense, this value minimizes the “distance” between the theoretical curve
and the data. The formula above is easily generalized to more than one
parameter.

This method is used to calculate the best distribution for both density and
cumulative curve data.
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Interpret the Results

Comparison
Graphs

Once @RISK has completed the fitting process, you should review its
results. @RISK provides a powerful array of graphs, statistics, and reports
to help you evaluate fits and select the best choice for your models.

Ranking of Fits

@RISK ranks all the fitted distributions using one or more fit statistics.
For continuous sample data, you can choose to rank fits by their chi-
squared statistic, Anderson-Darling statistic, or Kolmogorov-Smirnov
statistic. Each of these statistics is discussed in more detail, later in this
section. For discrete sample data, only the chi-squared statistic can be
used. For density and cumulative curve data, the fits are ranked by their
RMS Error value.

Graphs

@RISK provides four types of graphs to help you visually assess the
quality of your fits.

A comparison graph superimposes the input data and fitted distribution
on the same graph, allowing you to visually compare them either as
density or cumulative curves. This graph allows you to determine if the
fitted distribution matches the input data in specific areas. For example, it
may be important to have a good match around the mean or in the tails.

Wi Fit Results H[=
Fited Distibutions | Comparisan | Dittrence | PP 00 stats | 6oF |
oonorm? T T
Lognorm2¢3.1320, 0.042152) Formuls FiskLognom2) Mia
InGiauss shift=-23.0695 Shift ~23.08345F 126 Mt
o gibull [ 313204192537 MiA
BetaGeneral e B 421524758572 i
Triang ol Leit? R gee
Log\st\c_ X Lelt P L E.003%
LogLogisic 0T Rightt 14365 14388
Eﬁi\ff’uar‘n‘:e omd Fight P 00 5003
Expon Dir. % 21809 31808
= Dit.P a0.00% 83.00%
Minimum _|-25.089  |-2geed
e Masimum___| -Infinity 25083
o1t Mean -0.12838 012838
Mode 01398 1.2425 [est]
ot Median -0.14875 014881
oesl St Deviation | 0.96745 037218
Variance 093597 093571
L Skewness 0.1268 0.1135
E & o < - = Kurtosis 3025 | PRI
AT | @ e I o @]
Rank by |ChiSg = 1.6241 1.4088 =l
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Difference A difference graph displays the absolute error between the fitted
Graphs distribution and the input data.
Fii Fit Results [ O[]
itted Distributions Comparison ' Difference ] P—F'] Q—Q] Stats ] GDF]
ognorm2 Fit Input =
Lognorm2¢3.1320, 0.042152) Formula RiskLognormz| MiA
InwiGauss shift=-23.0685 Shift -E30BI4B31Z6E NAS,
W eibull -0.2000 o 313204 192537 N
Betalieneral LS . 21E2ATECETZ A
Triang % -0.3000 -0.3000
Logistic. ¥ 0.4106 0.4107
EU?&D‘Q'S“E 010 Difference |-18326E-04
T Minimum__| 230885 23619
Expon Matimum__| -infnity 25043
oot Mean 12838 012338
Mode X 1.2425[est]
= Median 014875 014881
A @ || =tdDevistion |0.96745 097213
o EA | P e L ]
=) Shewness 0.1268 01128
| [unesis a0zs_ 2pses
s
4 Irvvalid Fits o | ; 1 | 1
Rerk by [Chisq =] - =

Probability-Probability (P-P) graphs plot the distribution of the input data
(Pi) vs. the distribution of the result (F(x;)). If the fitis "good," the plot
will be nearly linear. P-P graphs are only available for fits to sample data.

P-P Graphs

FFit Results =]
Filld Distibuliors | Comparison | Diference | PP | 04 | stats | GoF |
ognaim?2 Fit | impur | ]
Lognorm2(3.1320, 0.042152) Formula RiskLognarm2 ha
InvGauss shift=-23 0685 Shift -23.068433 1268 heA
il 1o 0.4500 W 313204182537 MiA
Betabieneral = 421524756672 A
Triang Delimiter _ [0.4302 04800
t“gi_s"c Winmum | -23.0895 23648
Eotg\/ olg\stlc oA+ Masimum <Infinity 25043
u:";xa @ IMean 012838 012838
E = ode -0.18344 1.2425 [est]
*pon T onl :
iy - Median -0.14875 -0.14881
= = Std. Deviation | 0.95745 037213
= 5] Variance 0.93597 053671
[ Skeuness 01286 0.1138
Kurtosis 30285 2 28588
0z
o0 . L L
o B & o o
4 Invalid Fits = a = = = -
Input p-value —
Fiank by ICh\-Sq - Lt —
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Q-Q Graphs

Quantile-Quantile (Q-Q) graphs plots percentile values of the input
distribution (x;) vs. percentile values of the result (F1(P;)). If the fitis

"good," the plot will be nearly linear. Q-Q graphs are only available for
fits to continuous sample data.

K Fit Results

5|at:] G0F |

Fitted Distributions Comparison ] Difference ] pel Q-QI

IrGauss
“w/eibull
BetaGeneral
Triang
Logistic
LogLagistic
ExfValue
Unifarm
Expon

Fitted guantile

Fit | input

| dinvaid Fis

Rank by |ChiSq ¥

Lognom(3.1320, 0.042153) Formula RiskLognorm? Kt
shifl=-23.0695 Shift -ZIOEMIIIZ6E MEA
Q) w 313204132537 A
= el SR el D
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Statistics and Targets

@RISK reports basic statistics (mean, variance, mode, etc.) for each fitted
distribution, which can easily be compared to the same statistics for the
input data.

@RISK allows you to compare percentiles and target values between
distributions and the input data. For example, perhaps the 5th and 95th
percentiles values are important to you. This can be done in two ways.
First, all @RISK graphs have a set of “delimiters” which allow you to
visually set two different targets or percentiles. Second, the @RISK
Summary Report has a data entry area for specifying up to ten different
targets or percentiles.

Kl Fit Results [_[a]x]
Fitted Distributiorss Comparison ] Difference ] P-F'] a4a ] Stats ] GDF]
- Fit | wow | -]
Mormal Lognorm2i(3.1320, 0.042152) shifi=-23.0695 Formuls RiskLognamma2 NS
IreiGauss 0.5000 Shift -23.0B34E3 126 IS
Weibull u 313204192537 NI

Destener - 421524756672 M8,
Tiang Left R et - EE
i LeitP [ 600
Iﬁof\ﬂglsnc Right X 0.5000 0.5000
U:..r;;E Right P 7461 75.00%
Expon i = 21841 21841

Lif, P Bagln Ban:
Wlinimum 210895 23643
Wagimum | Infinity 25043
Hean -0.1283 -0.12838
Made 018944 1.2425 [est]
Wedian 014875 014881
Std. Devistion | 0196745 087219
Variance 053557 083671
Shewness | 0.1268 01135
Kutosis 20295 28589

4irwalid Fits - — @
Rank by |ChiSq = 18841 0.5000 L

Fit Statistics

For each fit, @RISK reports one or more fit statistics. These statistics
measure how good the distribution fits the input data and how confident
you can be that the data was produced by the distribution function. For
each of these statistics, the smaller the value, the better the fit. @RISK
makes use of four different fit statistics: chi-squared, Kolmogorov-
Smirnov, Anderson-Darling, and Root-Mean Squared Error.

When more than one fit statistic is available, there is no hard rule to
decide which test will give you the "best" result. Each test has its
strengths and weaknesses. You must decide which information is most
important to you when considering which test to use.
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Chi-Squared
Statistic

Kolmogorov-
Smirinov
Statistic (K-S)

The chi-squared statistic is the best known goodness-of-fit statistic. It can
be used with both continuous and discrete sample data. To calculate the
chi-squared statistic, you first must break up the x-axis domain into
several “bins”. The chi-squared statistic is then defined as:

2 _ : (Ni _Ei)2
XELTE
where

K = the number of bins

N, = the observed number of samples in the it bin

E; = the expected number of samples in the ith bin.

A weakness of the chi-squared statistic is that there are no clear guidelines
for selecting the number and location of the bins. In some situations, you
can reach different conclusions from the same data depending on how
you specified the bins.

Some of the arbitrariness of the bin selection can be removed by telling
@RISK to use equiprobable bins. In this mode, @RISK will adjust the bin
sizes based on the fitted distribution, trying to make each bin contain an
equal amount of probability. For continuous distributions this is straight-
forward. For discrete distributions, however, @RISK will only be able to
make the bins approximately equal.

@RISK allows you full control of how bins are defined for the chi-squared
test. These settings are in the Define Chi-Squared Binning dialog.

Another fit statistic that can be used for continuous sample data is the
Kolmogorov-Smirnov statistic, which is defined as

F.(x) - F(x)]

D, =sup)
where
n = total number of data points

If(x)= the fitted cumulative distribution function

N
I:n (X) = TX
N, = the number of X;'s less than x.

The K-S statistic does not require binning, which makes it less arbitrary
than the chi-squared statistic. A weakness of the K-S statistic is that it
does not detect tail discrepancies very well.
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Anderson- The final fit statistic that can be used with continuous sample data is the
Darling Statistic Anderson-Darling Statistic, which is defined as:

(A-D) +o00
A 2 A
Az =n[[F,00 - F()] W00 f (x)clx
where
n = total number of data points
_ 1
F()[1-F (x)]
fA(x) = the hypothesized density function
If(x): the hypothesized cumulative distribution function
N
I:n (X) = TX
N, = the number of X;'s less than x.
Like the K-S statistic, the A-D statistic does not require binning. But
unlike the K-S statistic, which focuses in the middle of the distribution,
the A-D statistic highlights differences between the tails of the fitted
distribution and input data.
Root-Mean For density and cumulative curve data, the only fit statistic used is the
Squared Error Root-Mean Squared Error. This is the same quantity that @RISK
(RMSErT) minimized to determine the distribution parameters during its fitting

process. Itis a measure of the “average” squared error between the input
and fitted curve.
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P-Values

Critical Values

Calculation
Methods in
@RISK

P-Values and Critical Values

The goodness-of-fit statistic reports a measure of the deviation of the
fitted distribution from the input data. As mentioned earlier, the smaller
the fit statistic is, the better the fit. But how small a value is needed for a
“good” fit? For fits to sample data, this section explains how P-values and
critical values can be used to analyze the “goodness” of a fit.

For the discussion below, suppose we have a distribution fitted to a set of
N sampled values, and a corresponding fit statistic, s.

How likely is it that a new set N samples drawn from the fitted
distribution would generate a fit statistic greater than or equal to s? This
probability is referred to as the P-value and is sometimes called the
“observed significance level” of the test. As the P-value decreases to zero,
we are less and less confident that the fitted distribution could possibly
have generated our original data set. Conversely, as the P-value
approaches one, we have no basis to reject the hypothesis that the fitted
distribution actually generated our data set.

Often we want to turn the same question around and specify a particular
level of significance to use, usually denoted by a. This value is the
probability that we will incorrectly reject a distribution because it
generated, due to statistical fluctuations, a value of s that was very large.
Now we want to know, given this significance level, what the largest
value of s is that we would accept as a valid fit. This value of s is called
the “critical value” of the fit statistic at the a level of significance. Any fit
that has a value of s above the critical value is rejected, while fits with
values of s below the critical value are accepted. Typically, critical values
depend on the type of distribution fit, the particular fit statistic being
used, the number of data points, and the significance level.

For the chi-squared test, the P-values and critical values can be calculated
by finding the appropriate points on a chi-square distribution with k-1
degrees of freedom (where k is the number of bins). While this method is
exactly correct when predefined distributions are used, it turns out to be
only an approximation for distributions where @RISK estimated one or
more distribution parameters. Conveniently, however, the approximation
is always a conservative one. That is, the reported values for both your
critical values and P-value will be slightly higher than the exact values.
More information about this can be found in Appendix D: Recommended
Readings in this manual.
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Most critical values and P-values for the A-D and K-S fit statistics have
been found by very detailed Monte-Carlo studies (see Appendix D:
Recommended Readings for references). Unfortunately, not all distributions
have been analyzed in enough detail for @RISK to be able to report them.
Where possible @RISK will report the appropriate P-values and critical
values. Often, where an exact P-value calculation is not possible, a range
is returned for the P-value, indicating that the true P-value lies between

the specified upper and lower limit.
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Using the Results of a Fit

Exporting Graphs and Reports

Once you have analyzed the results of your calculation, you may wish to
export the results to another program. Of course, you can always copy

and paste any @RISK graph or report into Excel or another Windows
application via the clipboard. In addition, using the Graph In Excel

command, @RISK allows you to create a copy of the current @RISK graph
in Excel’s native chart format.

Lognorm2(3.1320, 0.042152) s hift=-23.0695

X <=-1.6841 X <=0.90000
5.0% 85.5%

0.45
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Specifying Distributions in Excel

Often you will want to use the result of a fit in an @RISK model. If you
are using @RISK Professional or Industrial with the built-in fitting
capabilities of BestFit, this is easy. In the Define Distribution window,
simply change the source list box to say “Fit Result” and select your

distribution.

Fi Define Distribution for

L32

=RiskMormal[-0.12838, 0.97219, RiskFi[2012, 37524, "Best Chi-Sq"|)/(L25+1)

* ) 2] Al )] ) o
;I == ‘ % [ ] ﬂ Marmal{-0.12838, 0.97219) Funetion | =RiskMNormall-0.1]
DSt v 7 Ilinimum_| -Infinity
Source Plasirnum | +InFinity
e Mean__|-012838
Tab I Fitl - I 0x Mode |-012828
Medizn  |-0.12838
oa
Fiank By IChi-Sq vl Std Diew | 057213
oz Wariange | 194515
aml Skewnezz| 00000
Il uiss | Kurtosis |3.0000
“wfeibull o+ Lefts 17278
E"ftaﬁene'al w1 LeftP | 500
nang Right | 14707
Logistic oo+ e | 35,005
Loglogistic Fight 219500
E =ty alue LLJ Diiff. 31952
" e - e - " 0,00
Unifarm L R - T = B | Diff B Ja000 |
Expon
i 50% = [
-1.727a 1.4707
MNewFit. | FitDetsls.. | UninkFit | fpply | Cancel |

A quick method for using a fit to define a distribution in an @RISK model
using data that resides in an Excel spreadsheet is to click the New Fit
button from the Define Distribution window. Just pop-up the Define
Distribution window when selecting the cell with the uncertain value.
Then, click New Fit and select the data in Excel to fit. Your fit will
automatically run and return the fit results to the window. Then you can
select your distribution from the Fit Results.
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Introduction

This chapter describes the icons, commands, probability distribution
functions and macros used to set up and execute a risk analysis using
@RISK. The @RISK Reference Guide chapter is divided into six sections:

1) Reference: @RISK Icons

2) Reference: @RISK Add-in Menu Commands
3) Reference: @RISK Model Window Commands
4) Reference: @RISK Results Window Commands
5) Reference: @RISK Functions

6) Reference: @RISK Macros
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Reference: @RISK Icons

@RISK icons are used to quickly and easily perform tasks necessary to set
up and run risk analyses. @RISK icons appear in three places — on the
spreadsheet "toolbar" (i.e., as a custom toolbar in Excel), in the @RISK
Model window and in the @RISK Results window. Some of the same
icons are available in each location. This section briefly describes each
icon, outlining the functions they perform and the menu command
equivalents associated with them.

A second toolbar titled DecisionTools is also available when @RISK for
Excel is installed. This toolbar contains icons which can be used to run
@RISK or any of the other programs in the DecisionTools suite (if these
programs are installed on your system). For more information on the
DecisionTools suite, see Appendix B: Using @RISK With Other
DecisionTools.

@RISK Add-in Toolbar

The following icons are shown on the @RISK toolbar in Excel. Note: The
@RISK add-in in Excel has two available toolbars — the standard toolbar
and an expanded version that contains tools for the Advanced Analyses
available in @RISK Professional and Industrial. Clicking the "expansion”
icon at the end of the toolbar changes the toolbar from standard to
expanded and back.

Icon Function Performed and Command Equivalent

|@ Open a saved @RISK simulation

Command equivalent: File menu Open command

Q Save the current @RISK simulation, including results and
—— |graphs

Command equivalent; File menu Save command

7 Add or edit probability distributions in the formula in
e the current cell

Command equivalent; Model menu Define Distributions
command

| Fits a distribution to the data in an Excel range (expanded
—— |toolbar only)

Command equivalent: Model menu Fit Distributions to Data
command
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Ilcon

Function Performed and Command Equivalent

Add the current selected spreadsheet cell (or range of
cells) as a simulation output

Command equivalent; Model menu Add Output command

Display current output cell(s) along with all distribution
functions entered in the worksheet in the Outputs and
Inputs list

Command equivalent: Model menu List Outputs and Inputs
command

M

id

|

g

Select cells in Excel containing @RISK distribution
functions, output functions or statistics functions

Command equivalent; Model menu Select @RISK Functions
command

View or change the simulation settings, including # of
iterations, # of simulations, sampling type, standard
recalc method, executed macros and other settings

Command equivalent: Simulation menu Settings command

Display reporting options

Command equivalent: Results menu Report Settings command

Simulate the current worksheet(s)

Command equivalent: Simulation menu Start command

K

s |

Run a Goal Seek analysis (expanded toolbar only)

Command equivalent: Advanced Analyses menu Goal Seek
command

Run a Stress analysis (expanded toolbar only)

Command equivalent; Advanced Analyses menu Stress command

Run an Advanced Sensitivity Analysis (expanded toolbar
only)

Command equivalent; Advanced Analyses menu Advanced
Sensitivity Analysis command
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Icon Function Performed and Command Equivalent

E Display the Model window with outputs, inputs and
fitting data

Command equivalent; Model menu Show Model Window
command

Display the results of the most recent @RISK simulation
in the Results window

™

Command equivalent: Results menu Show Results Window icon
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@RISK Model Window Toolbar

The following icons are shown on the @RISK toolbar in the @RISK Model
Window.

Icon Function Performed and Command Equivalent

|Q Open a saved @RISK simulation

Command equivalent; File menu Open command

t) Save the current @RISK simulation, including results and
=—— |graphs

Command equivalent; File menu Save command

7 Add or edit probability distributions in the formula in
e the current cell

Command equivalent: Model menu Define Distributions
command

! Display current output cell(s) along with all distribution
functions entered in the worksheet in the Outputs and
Inputs list

Command equivalent; Model menu List Outputs and Inputs
command

@ Correlate probability distributions in the formulas in the
selected cells

Command equivalent: Model menu Correlate Distributions
command

Display report settings options
Command equivalent: Results menu Report Settings command

View or change the simulation settings, including # of
 — iterations, # of simulations, sampling type, standard
recalc method, executed macros and other settings

Command equivalent; Simulation menu Settings command

A Simulate the current worksheet(s)

Command equivalent; Simulation menu Start command
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Display the results of the most recent @RISK simulation
in the Results window

™

Command equivalent: Window menu Show Results Window
command

Display Excel and the @RISK add-in program

R

Command equivalent; Window menu Show Excel command

Fit distributions to data

Command equivalent; Fitting menu Run Fit command

Specify distribution(s) to fit

|

Command equivalent; Fitting menu Distributions command

Define Chi-Sq test binning

Command equivalent: Fitting menu Define Chi-Sq Binning
command

Display input data options

Command equivalent; Fitting menu Input Data Options
command

Sort input data

Command equivalent; Fitting menu Sort command

E' Generate random data

Command equivalent; Fitting menu Generate command

i1 Transform data

Command equivalent; Fitting menu Transform command

E| Insert Fit Tab

Command equivalent: Insert menu Fit Tab command

Insert Artist Window

Command equivalent: Insert menu Artist Window command

m Insert Distribution Window

Command equivalent: Insert menu Distribution Window
command
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Insert Fit Results Window

2]

Command equivalent: Insert menu Fit Results Window
command

D Insert Fit Results Window

Command equivalent: Insert menu Fit Summary Window
command

‘l Display current graph as a density graph

Command equivalent; Graph menu Format Graph command
Graph Type - Density option

~ Display current graph as a cumulative ascending line
graph

Command equivalent: Graph menu Format Graph command
Graph Type — Cumulative Ascending option

‘l Display current graph as a cumulative ascending area
graph

Command equivalent: Graph menu Format Graph command
Graph Type — Cumulative Ascending option

Display graph format options

Command equivalent; Graph menu Format Graph command

ﬁl Generate current graph as an Excel format graph

Command equivalent: Graph menu Graph in Excel command
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@RISK Results Window Toolbar

The following icons are shown on the toolbar in the @RISK Results
Window, or when you right-click on an input or output in the Explorer
list in the Results Window.

Icon Function Performed and Command Equivalent

|Q Open a saved @RISK simulation

Command equivalent; File menu Open command

t) Save the current @RISK simulation, including results and
=—— |graphs

Command equivalent; File menu Save command

Display report settings options

Command equivalent: Results menu Report Settings command

F |

View or change the simulation settings, including # of
iterations, # of simulations, sampling type, standard
recalc method, executed macros and other settings

Command equivalent: Simulation menu Settings command

Simulate the current worksheet(s)

g

Command equivalent: Simulation menu Start command

Display Excel and the @RISK add-in program

Command equivalent: Window menu Show Excel command

R

Display the Model window with outputs, inputs and
fitting data

Command equivalent: Window menu Show Model Window
command

Graphs the output or input which is selected in the
Explorer

Command equivalent; Insert menu Graph command

Display summary statistics window

&
1

Command equivalent: Insert menu Summary Statistics command

Display detailed statistics window

Command equivalent: Insert menu Detailed Statistics command
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Display data window

Command equivalent: Insert menu Data command

o,

I

Display sensitivity analysis window

Command equivalent: Insert menu Sensitivity command

Display scenario analysis window

Command equivalent: Insert menu Scenarios command

n |

4

E

Graph tornado(s) of sensitivity analysis results

Command equivalent: Insert menu Graph command — Tornado
Graph

Graph summary of simulation results for output range(s)

Command equivalent: Insert menu Graph command — Summary
Graph

Display current graph as a histogram

Command equivalent: Graph menu Graph Type command —
Histogram — Bars option

Display current graph as an area graph

Command equivalent: Graph menu Graph Type command —
Histogram — Area Graph option

|5

Display current graph as a fitted curve

Command equivalent: Graph menu Graph Type command —
Histogram — Fitted Curve option

I

Display current graph as a cumulative ascending line
graph

Command equivalent: Graph menu Graph Type command —
Ascending Cumulative — Line option

Display current graph as a cumulative descending line
graph

Command equivalent: Graph menu Graph Type command —
Descending Cumulative — Line option
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Display current graph as a cumulative descending area
graph

"

Command equivalent: Graph menu Graph Type command —
Descending Cumulative — Filled option

Display current graph as a cumulative ascending area
graph

19

Command equivalent: Graph menu Graph Type command —
Ascending Cumulative — Filled option

Display graph format options

Command equivalent: Graph menu Format Graph command

Generate current graph as an Excel format graph

E B

Command equivalent: Graph menu Graph in Excel command

Generate a quick , single page report on simulation
results in Excel

Command equivalent: Report menu Quick Report command
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DecisionTools Toolbar

The following icons are shown on the DecisionTools Suite toolbar in Excel
only.

Icon Functions Performed and Command
Equivalent

Load the @RISK add-in.
Equivalent to the @RISK command on the Excel Tools menu.

Il

Load the TopRank add-in.
Equivalent to the TopRank command on the Excel Tools menu.

2]

Load the PrecisionTree add-in.

0l

Equivalent to the PrecisionTree command on the Excel Tools
menu.

Load the Evolver add-in.

8

Equivalent to the Evolver command on the Excel Tools menu.

Load the RISKOptimizer add-in.

i

Equivalent to the RISKOptimizer command on the Excel Tools
menu.

m Starts the BestFit program.

Starts the BestFit program for distribution fitting. @RISK
Professional and Industrial users can access distribution fitting
byselecting the Show Model Window command on the @RISK
menu in Excel, followed by the @RISK Model window Insert
menu Fit Tab command.

@l Display the Define Distribution pop-up window.

Equivalent to the Define Distribution command on the @RISK
menu in Excel.

172 Reference: @RISK Icons



Reference: @RISK Add-In Menu
Commands

This section of the @RISK Reference Guide details the available @RISK
commands as they appear on the @RISK add-in menu in Excel.
Commands are discussed as they appear on the menu, starting with the
File command and subsequently moving down the menu. @RISK icons
can be used to perform many of the available commands. The Reference:
@RISK Icons section of this chapter gives the command equivalents for
each @RISK icon.

Ed Microsoft Excel - Finance_xls

E@ File Edit Wiew Inzet Fomat Tools Data  Window @EISKIﬂeIp Type a question for help RIS E 3

PP EALETMAB A AT P e C
E32 - £ =RiskMarmal(3000,10000/(E254 Model L)
A B 5 Simulation » F G H =
1 a e Results »
2 [This model demonstrates the analysis of uncertainty in = financ Options » [icing whether to launch a
3 | Jrew praduct ine. & simplifisd analysis of the cash flovw activity —————own below. Since mast
4 lof the elements of the model involve the prediction of future ever Advanced Analyses ¥ | The values in cells in
& joreen have all been replaced with @RISK distribution formulas. Hel N cell C10 and the Met
[ Income in cells C22:022 have been marked as @RISK outouts 5 s ormed on their simulated
7 resuits. By adding @RISK distributions to your financisl models, you can go beyond the simplistic "best casefworst case"
g |ana\ysis that can lead to bad business decisions
=N
10 MPY {10%) $363 263.46
1
12| [Year 2002 2003 2004 2005 2006 2007
13
14| lrach Claws T
M 4 » H[\Sheetl Jalo ] LIJJ
Ready [T N

Several @RISK commands are also available in a pop-up floating menu
that is displayed when the right mouse button is clicked on a cell in Excel.
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File Menu

2

Open Icon

Open
Simulation
File Dialog
Box

New Command
Clears all active @RISK simulation data and results

The New command clears all active @RISK simulation data from the
Results and Model windows and resets @RISK settings to their default
values.

Open Command
Opens a saved @RISK simulation

The File Open command opens a previously saved simulation data file
(.RSK file or @RISK 3.5 .SIM file) including simulation settings, all input
data and graphs (with supporting fitted datasets) and simulation results
including any generated graphs.

Open Simulation File HE
Look jn: Ia Examples j - EF =
Finance.rsk

File name: || j Open I
| Files of type: |@RISK 4.0/4.5 Simulation Files [*rsk] | Cancel |

o

When the File Open command is selected (or the Open icon is clicked), a
standard Windows File Open dialog box is displayed. Using this dialog
box, drives and directories can be changed and the desired @RISK .RSK

file opened.

@RISK .SIM files must have been saved with @RISK Version 3.0 or higher.

@RISK will automatically load your simulation settings and specified
outputs when you open a worksheet that was previously used with
@RISK.
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Save Icon

Save Simulation
File Dialog Box

Save Command, Save As Command
Saves the current @RISK simulation data or graph

The File menu Save and Save As commands save the current @RISK data
in a .RSK file. The @RISK data saved includes the current input
information in the Model window, any simulation results generated and
any graphs created in the Results window. The File menu Save command
automatically saves the .RSK file in the drive and directory where the
worksheet being simulated was saved to.

Save Simulation File

Save in: IaExamples j gl
Finance.rzk

File name:

oH] Save I
Save az lype: I@HISK 4.0 Simulation Files [~ rsk) ﬂ Cancel |

When the File menu Save As command is selected, a standard Windows
File Save dialog box appears. Using this, a .RSK file may be saved to any
desired drive or directory.

Saving your @RISK data does not save your worksheet with distribution
functions. You need to save this separately using the Excel File Save
commands.

Note if you rename a saved worksheet outside of Excel, any attached .RSK
files will be unable to locate your workbook!

Exit Command

Unloads the @RISK add-in from Excel

The File menu Exit command unloads the @RISK add-in in Excel and
shuts down the supporting @RISK-Model and @RISK-Results windows.
If you shut down @RISK during an Excel session, you can restart it at a
later time by clicking the @RISK icon on the DecisionTools toolbar.
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Model Menu

Define
Distribution
Window

Define Distribution Command

Defines or edits probability distributions entered in the current
cell formula

The Model menu Define Distribution command displays the Define
Distribution pop-up window. Using this window, probability
distributions can be assigned to values contained in the formula of the
selected cell. This pop-up window also allows you to edit distributions
already present in a cell’s formula. All changes and edits made in the
pop-up window are added directly to the cell’s formula when the window
is closed.

Fomal Toos Data Window @RISK Help Type a question for help 7|2 8 X

P EALEFAB(A LS FEF|
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[30] |sales Activity
[31] [Sales Price 813 503 9108 %428 5676 Gz
[32| |sales volume 3000 2500 4000 s000 7500 1
[34] |Production Expense
[35| [Froduct Development B Sgoien |3 2000000 |3 00000 |5 s s BNE s
{36 |capital Expenses 5 somoe0 |3 100p0nmo |5 2500000 | 3 100000 |3 - s - s - s o
147 il\Sheet1 / K1) ol
Ready [ I/

By right-clicking on a cell in your spreadsheet and selecting the @RISK
Define Distribution command (or by clicking the Define Distribution
icon or selecting the @RISK menu Model Define Distributions command)
you can display the Define Distribution pop-up window.

The @RISK Define Distribution window graphically displays probability
distributions which can be substituted for values in the formula in the
current cell. By changing the displayed distribution you can see how
various distributions would describe the range of possible values for an
uncertain input in your model. The displayed statistics further show how
a distribution defines an uncertain input.
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Contents of the
Define
Distribution
Window

The graphical display of an uncertain input is useful in showing your
definition of an uncertain input to others. It clearly displays the range of
possible values for an input and the relative probability of any value in
the range occurring. Working with distribution graphs you can easily
incorporate other individual assessments of uncertainty into your risk
analysis models.

The different elements of the Define Distribution window are as follows:

e Cell Formula. Displays the current cell formula including any @RISK
distribution functions. This formula may be edited here just as in Excel.

» Source. Specifies the source of the distribution to be graphed, either
function, fit results or none.

1) Function specifies that distribution type and arguments are
entered by the user directly in the window.

2) Fit Results (Professional and Industrial Versions only) specifies
that the distribution is from a fit result. For more on using fitting to
select a distribution, see Defining a Distribution By Fitting later in this
section.

3) None removes any entered distribution. None typically is used to
remove an overlay.

When source is set to function, the following items allow the entry of a
distribution type and arguments:

» Dist. and Arguments. Selects a distribution type from all available
distributions. Depending on the distribution type selected the
displayed arguments will change. For distributions that take a set
with a variable number of p or x,p values, a grid is displayed that
allows entry of those values.

e Tr. Min and Max. Sets the minimum and maximum truncation limit
for the entered distribution. When truncation values are entered, no
values outside the truncation limits will be sampled.

Delimiters and Statistics are used to display underlying statistics on
displayed distribution graphs:

» Delimiters (marked with inverted triangles). Allows setting of target
probabilities and x-axis scaling using the mouse. Cumulative
probabilities can be set directly on a distribution graph using the
displayed probability delimiters. Dragging probability delimiters
changes left and right x and p values shown in the probability bar
below the graph and in the statistics grid. Dragging the delimiters at
either end of the x-axis rescales the x-axis.
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Distribution
Palette

Statistics. Displays the statistics for the graphed distributions,
including any overlays. In addition, x and p values set using the
delimiters in the statistics grid to the right of the distribution graph

are also shown.

Distribution Palette. Clicking the Dist... button displays the
Distribution Palette with graphical images of all available probability

distribution types:
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Clicking on the picture of a distribution selects it.
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Icons in the
Define
Distribution
Window

=P LATG]T

The following icons are available in the Define Distribution Window (as
displayed left to right in the window):

Insert Function. Inserts the displayed distribution function into the
cell formula, replacing the selected text in the formula.

Enter Reference. Allows an Excel reference or formula to be entered
for a distribution argument by pointing and clicking in Excel. Clicking
this icon when the cursor is located in an argument entry text box
displays a selector in Excel. This allows you to click on a cell or cell
range that you wish to reference and use as an argument value.

Function Properties. Displays the function properties for the selected
distribution, including name, collect and lock status. The entry Use
Default Cell Name indicates that @RISK will name your input using
the labels for the cell where the distribution is located. Collect
indicates that @RISK will collect the samples generated by the input
during simulation (see the function Collect for more information on
this). Lock indicates that @RISK will not sample the input during
simulation (see the function Lock for more information on this).

=
e [IENERTIELRE000 -
Lrilerd
I Laih
[ o | cass

Primary/Overlay Switch. Switches the displayed graph and
distribution information from the primary curve to the overlay curve.
If no overlay is present on the graph, clicking the Primary/Qverlay
switch displays the Distribution Palette where a distribution type for
the overlay can be selected.

Alternate Parameters. Allows the selection of percentile parameters
as arguments to the selected distribution.

Graph Formatting. Displays the Graph Format dialog for changing
type, scaling, style and titles for the displayed graph.
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Alternate
Parameters

Entering and
Editing
Distributions in
the Define
Distribution
Window

Alternate Parameters allow you to specify values for specific percentile
locations of an input distribution as opposed to the traditional arguments
used by the distribution. The percentiles to be entered are specified in the
Alternate Distribution Parameters dialog, displayed by clicking the ALT
icon. Depending on the type of distribution being entered, the contents of
the Alternate Distribution Parameters dialog will change.

[ Mormal - Alternate Distribution Parameters

Standard Parameters: Alternate Parameters:
Clu ' Percentile |5 %

O

™ Use Cumulative Descending Percentiles

™ Save as Default ak. I Cancel |

Percentile parameters may be mixed with standard parameters by clicking
the appropriate radio buttons. By selecting Save as Default, a set of
percentile arguments may be set as the default for a given distribution
type, so that every lognormal distribution, for example, will be entered in
the Define Distribution window using a 10t and 90th percentile value.

Selecting Use Cumulative Descending Percentiles specifies that the
percentiles used for alternate parameters will be in terms of cumulative
descending probabilities. Percentiles entered in this case specify the
probability of a value greater than the entered argument x-value.

To replace a value in the formula with a distribution function:
1) Select the value to be replaced by highlighting it in the Cell Formula.
2) Select and graph the desired distribution function.

3) Click the replace arrow below the Cell Formula box. The desired
distribution (in the form of a probability distribution function) will
replace the selected value in the formula.

To display the graph of a contained distribution function:

1) Right-click anywhere inside the distribution function entry. It will be
displayed underlined and in red and the graph of the distribution will
be displayed.

2) Any changes to the displayed distribution will be automatically made
to the distribution selected in the cell formula.
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In some cases an input distribution is selected by fitting probability

Fitting from the L
g distributions to a set of data. You may have a set of sample data for an

B?sftlﬂgution input and you wish to find the probability distribution that best describes
Window that data. A fit tab in the @RISK Model Window has all the commands
(Professional necessary for fitting distributions to data. This fitting can also be accessed
and Industrial directly from the Define Distribution window to allow you to quickly
Versions) perform fits and then assign fit results to a model input.

To perform a new fit and assign a fit result to a model input:

1) Click the New Fit button in the Define Distribution window. A dialog
is displayed that allows you to select a range of data in Excel to fit,
along with the type and domain of data to be fitted.
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2) After selecting your data and its type, click OK and probability
distributions will be fit to the data. The Define Distribution dialog
then shows a list of the fitted probability distributions, from best to
worst. From this list you can select a distribution to use for the input.
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Fit Excel Data
Dialog

Linking with the
RiskFit Function

More information on the fit is available on the Fit Tab in the @RISK —
Model window that is created when the fit was performed. Click Fit
Details in the Define Distribution window to move to the tab for the
current fit and change fitting options. For more information on @RISK —
Model window fitting options, see the Fitting Menu commands in the
Reference: @RISK — Model section of this manual.

The options available in the Fit Excel Data dialog include:

e Fit Tab Name. Specifies the name of the fit tab in the @RISK- Model
window where the detailed information on the fit can be found.

» Excel Data Range. ldentifies the location of the data in Excel to be
fitted.

The additional options for input data in the Fit Excel Data dialog are the
same as shown when the Fitting Menu Input Data Options command is
selected. For more information on these options Fitting Menu Input Data
Options command in the Reference; @RISK — Model section of this
manual.

Once you have selected a distribution from the list of fit results, the
selected distribution function, including a RiskFit distribution property
function, is shown in the top formula of the Define Distribution window.
The RiskFit function maintains a link between the input distribution in
your model and the fitted data and indicates what type of fit result, such
as "Best Chi-Sq", you wish to use to select the distribution. If you update
or change the data at a later time, the fit will automatically be recalculated
and the new fitted distribution placed in your model. Distribution
functions in Excel may be updated 1) immediately when a fit changes or
2) when the next simulation is run or the outputs and inputs list is
generated. Use the @RISK Model window Fitting menu Update @RISK
Linked Functions command to select when your distributions get
updated. For more information on the RiskFit function, see the
Reference: @RISK Functions section of this manual.

If no RiskFit function is used in the distribution function for a fit result,
the distribution will be "unlinked" from the data which was fitted to select
it. If the data is later changed the distribution will remain as is.
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Add Output icon

RiskOutput
Functions

Naming an
Output

Add Output Command

Adds a cell or range of cells as a simulation output or output
range

Selecting the Model menu Add Output command (or clicking the Add
Output icon) adds the currently selected range of worksheet cells as a
simulation output. A distribution of possible outcomes is generated for
every output cell selected. These probability distributions are created by
collecting the values calculated for a cell each iteration of a simulation.

A Summary graph may be generated when a selected output range has
more than one cell in it. For example, in one output range, you could
select all the cells in a row in your worksheet. The output distributions
from these cells would be summarized in a Summary graph. You could
also see an individual probability distribution for any cell in the range.

Sensitivity and Scenario analysis results are also generated for each
output cell. For more information on these analyses, see the descriptions
of these analyses in Results Window section of this chapter.

When a cell is added as a simulation output a RiskOutput function is
placed in the cell. These functions allow the easy copying, pasting and
moving of output cells. RiskOutput functions may also be entered in
formulas the same way you would type in any standard Excel function,
bypassing the Add Output command. RiskOutput functions optionally
allow you to name your simulation outputs and add individual output
cells to output ranges. A typical RiskOutput function might be:

=RiskOutput(“Profit”)+NPV(.1,H1...H10)

where the cell, prior to its selection as a simulation output, simply
contained the formula

= NPV(.1,H1...H10)

The added RiskOutput function selects the cell as a simulation output and
gives the output the name “Profit”. For more information on RiskOutput
functions, see the section: Reference: @RISK Functions.

When an output is added, you are given the opportunity to name it or use
the default name @RISK has identified. You can enter a reference to an
Excel cell containing the name by simply clicking in the desired cell . The
name (if not the @RISK default name) is added as an argument to the
RiskOutput function used to identify the output cell.
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How To Add a
Simulation
Output

@RISK

Enter a name For this oukput:

I Earnings Before Taxes -

™ Don't Show this Dialog Again 0K |

At any time a name may be changed by editing the name argument to the
RiskOutput function or by using the Model window Model menu
Function Properties command. If you do not wish to individually name
outputs and just use @RISK default names, select Don't Show This
Dialog Again. If this is done, the Output Name dialog may be
redisplayed by enabling the @RISK Add-in Options menu Prompt For
Output Names option.

To add a new output range:

1) Highlight the range of cells in your spreadsheet that you wish to add
as an output range. If multiple cells are included in the range,
highlight all the cells by dragging the mouse.

2) Click the Add Output icon (the one with the single red arrow). The
selected range of cells will be added as outputs and RiskOutput
functions will be entered.

3) To view the outputs in the Outputs and Inputs list, click the List icon
(the one with both a blue and red arrow) or select the @RISK Model
menu List Outputs and Inputs command.

Select @RISK Functions Command
Selects cells in Excel containing @RISK functions

The Select @RISK Functions command selects cells in Excel containing
@RISK distribution functions, output functions, statistics functions or
graphing functions.
Select @RISK Funchlions EHE

elect Cells Containing

¥ Input Distributions

| Qutputs

|- Skatistic Functions

™ Result Graph Functions

Caneel |

Using the Select @RISK Functions command you can quickly identify and
format cells containing @RISK functions so they can easily be identified.
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Fit Distributions
to Data icon

Fit Distributions to Data Command

Fits probability distributions to data in Excel and displays the
results on a fit tab in the @RISK-Model window

The Model menu Fit Distributions to Data command (also invoked by
clicking the Fit Distributions to Data icon on the expanded toolbar) fits
probability distributions to the data in a selected Excel range. The Fit
Excel Data dialog allows you to select the data in Excel you want to fit and
its type. Once fitting is done, the selected data and the results of the fit are
shown on a fit tab in the @RISK-Model window.

For more information on using the Fit Excel Data dialog, see Fit Excel
Data Dialog under the Define Distributions command in this section. For
more information on @RISK — Model window fitting options and results,
see the Fitting Menu commands in the Reference: @RISK — Model section
of this manual.
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List Icon

List Outputs and Inputs Command

Displays the Outputs and Inputs list in the Model window,
listing output cells and distribution functions in your
worksheet(s)

The Model menu List Output and Inputs command (or clicking the List
icon) shows all selected output cells and all identified input distribution
functions in your worksheet(s) in an Explorer list in the @RISK Model
program. The Inputs and Outputs table displays all distribution and
output functions in the model.

¥ @RISK - Model o [=] B3

File Edit Miew |nsert Simulation Model Graph ‘Window Help

I I s = = = i | )
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Ready

For each Output variable, the list and table show:
* Cell Reference, or the reference of the selected output cell.

* Name, or the name of the cell as determined by @RISK or which you
have previously entered.

For each input distribution function, the list and table show:

e Cell Reference, or the reference of the input cell where the
distribution function is located.

* Name, or the name of the cell as determined by @RISK or entered by
you.

The Inputs and Outputs table also displays the cell reference of all entered

inputs and outputs and their current Lock and Collect settings. Name,
Collect and Lock information may be edited in this table.

Reference: @RISK Add-In Menu Commands

187



How Are
Variable Names
Generated?

E

Show Model
Window icon

How is the Outputs and Inputs List Created?

The Outputs and Inputs list is set up automatically when you select to
display the list. When the list is displayed, your worksheets are scanned
or re-scanned for @RISK functions.

As new distribution functions are found, they are added to the Inputs list.
This list summarizes all your distribution functions — their cell address
and the "name" of the cell they are located in.

If a name is not entered in a RiskOutput function or in a distribution
function, @RISK will automatically try to create a name. These names are
created by scanning the spreadsheet around the cell where the input or
output is located. To identify hames, @RISK moves from the input or
output cell across the row of the spreadsheet to the left and up the column
towards the top. It moves across these ranges of the spreadsheet until it
finds a label cell, or a cell without a formula in it. It then takes these row
and column "headings" and combines them to create a possible name for
the input or output. Many times, in standard spreadsheets with row
labels down the left and column labels across the top, this process results
in accurate names. However, in some spreadsheets, automatic naming
will pick up non-sensical labels. In these cases you will need to edit the
names displayed in the Outputs and Inputs list in order to enter more
meaningful names for your variables.

Tip: If there is a significant delay as @RISK rescans your worksheet each
time the Outputs and Inputs list is displayed, click the Show Model
Window icon instead. If this is done, @RISK simply redisplays your old
Outputs and Inputs list and doesn't rescan the worksheet. To rescan, use
the Model menu List Outputs and Inputs command or select the List icon.

Show Model Window Command
Shows the @QRISK Model window

The Model menu Show Model Window command shows the @RISK
Model window. This command redisplays your old Outputs and Inputs
list and doesn't rescan the worksheet. To rescan, use the Model menu List
Outputs and Inputs command or select the List icon.
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Simulate Menu

o

Simulation

Settings Icon

Simulation Settings Command

Changes the settings which control the simulations performed by
@RISK

The Simulation Settings command affects the tasks performed during a
simulation. All settings come with default values which you may change
if you wish. The simulation settings affect the type of sampling @RISK
performs, the updating of the worksheet display during simulation, the
values returned by Excel in a standard recalculation, seeding of the
random number generator used for sampling, the status of convergence
monitoring and macro execution during simulation. All simulation
settings are saved when you save a simulation using the @RISK File menu
Save command.

Note: To save simulation settings so they will be used as the default
settings each time you start @RISK, use the Save as Default button in the
Settings dialog box.
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Iterations Tab — Simulation Settings Command

Allows entry or modification of the number of iterations and
simulations which will be executed, as well as actions to perform
each iteration

Simulation Settings

Iteration&l Samplingl Macrosl Monitorl

# lterations |00 hd # Simulations |3

General
™ Update Display

™ Pauze On Enmor In Outputs

™ Use Multiple CPUs

™ Mirimize @RISK and Excel when Simulation Starts

I~ Save az Default oK

« # Iterations. Allows entry or modification of the number of iterations
which will be executed during a simulation. Any positive integer
value can be entered for # Iterations. The default value is 100. In
each iteration:

1) All distribution functions are sampled.

2) Sampled values are returned to the cells and formulas of the
worksheet.

3) The worksheet is recalculated.

4) New calculated values in the cells of the selected output ranges
are saved for use in creating output distributions.

The number of iterations performed will affect both your simulation
execution time and the quality and accuracy of your results. To get a
quick look at results, run 100 iterations or less. For the most accurate
results you will probably need to run 300 or 500 (or more) iterations. Use
the Convergence Monitoring options (described in this section) to run the
amount of iterations required for accurate and stable results.
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The Excel Tools menu Options Calculation command Iterations option is
used for solving worksheets which contain circular references. You may
simulate worksheets which use this option as @RISK will not interfere
with the solution of circular references. @RISK allows Excel to "iterate" to
solve circular references each iteration of a simulation.

Important! A single recalc with sampling, done with the Standard Recalc
Monte Carlo option on, possibly will not resolve circular references. If an
@RISK distribution function is located in a cell which is recalculated
during an Excel iteration, it will be resampled each iteration of the single
recalc. Because of this, the Standard Recalc Monte Carlo option should
not be used for worksheets which use Excel Iterations capabilities to
solve circular references.

» #Simulations. Allows entry or modification of the number of
simulations which will be executed in an @RISK simulation. You can
enter any positive integer value. The default value is 1. In each
iteration of each simulation:

1) All distribution functions are sampled.

2) SIMTABLE functions return the argument corresponding to the
number of the simulation being executed.

3) The worksheet is recalculated.

4) New calculated values in the cells of the selected output ranges
are saved for use in creating output distributions.

The number of simulations requested should be less than or equal to the
number of arguments entered into the SIMTABLE functions. If the
number of simulations is greater than the number of arguments entered
into a SIMTABLE function, the SIMTABLE function will return an error
value during a simulation whose number is greater than the number of
arguments.

For more information on Sensitivity Simulation and using the SIMTABLE
function, see Chapter 5: @RISK Modeling Techniques.

Important! Each simulation executed when the # Simulations is greater
than one uses the same random number generator seed value. This
isolates the differences between simulations to only the changes in the
values returned by SIMTABLE functions. If you wish to override this
setting, select Multiple Simulations Use Different Seed Values in the
Random Number Generator section of the Sampling tab prior to running
multiple simulations.
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Update Display. Toggles on and off the updating of the
worksheet display during a simulation. For each iteration of a
simulation, all distribution functions are sampled and the
spreadsheet is recalculated. Update Display allows you to either
display the results of each recalculation on the screen (box
checked) or suppress the display (no check). The default is off, as
updating the display for new values every iteration slows down
the simulation.

Note: The Update Display setting may also be changed while a
simulation is running by pressing the <Num Lock> key.

Pause on Error in Outputs. Toggles the Pause on Error capability
on and off. Pause on Error causes a simulation to pause if an
Error value is generated in any output. When an error is
generated, the Pause on Error in Outputs dialog provides a
detailed listing of the outputs for which errors were generated
during a simulation and the cells in your spreadsheet that caused
the error.

@RISK - Pause On Eror In Dutputs - Iteration &

Outputs with errar: Cell causing eror [and precedents]: Expand all precedents I

= et income

- SheetlI$E$22 - Net lr
- Sheetl1$F$22 - Net Inc
- Sheet1l$G4$22 - Net In
- Sheetl1$HE22 - Net In
- Sheet1131$22 - Net Inc
- Sheetll$1$22 - Net Ing
- Sheetl1$K$22 - Net I
- SheetTI$LE22 - Net Ing
“ Sheet11$C$10 - NPV [10%]

N O
Cell Formula:
=RiskMarmal[3000,1000)AE 25+1 *RiskMarmal[1.RAND[1-0.5]

Cell* alue:
IWALUE! I¥ Shaw this diglog on next errar? | Continug HunI Cancel Run

The Pause on Error in Outputs dialog shows, on the left, an
explorer list containing each output for which an error was
generated. As you select an output with an error in the explorer
list, on the right the cell whose formula caused the output's error
value is displayed. @RISK identifies this cell by searching
through the list of precedent cells for the output with the error
until values switch from error to a non-error value. The last
precedent cell(s) returning error prior to precedent cells returning
non-error values is identified as the "error causing" cell.
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You can also review the formulas and values for cells which are
precedents to the "error causing"” cell by expanding the error-causing
cell in the right-hand Explorer list. This allows you to examine values
which feed into the problem formula. For example, a formula might
return #VALUE because of a combination of values which are
referenced by the formula. Looking at precedents to the error causing
formula allows you to examine these referenced values

e Use Multiple CPUs (@RISK Industrial only). Instructs @RISK to use
all CPUs present in your computer to speed simulations. Note: this
option is available only for users of @RISK Industrial running
Windows NT 4.0 or higher.

*  Minimize @RISK and Excel when Simulation Starts. Minimizes the
Excel window and all @RISK windows at the start of a simulation.
Any window, however, can be viewed during the run by clicking it in
the Task bar.

» Auto-Stop Convergence Percentage. When iterations are set to Auto,
this setting controls whether @RISK should automatically halt the
simulation when all output distribution statistics change less than the
entered convergence threshold. This allows you to run a simulation
without setting a number of iterations in advance. With Auto-Stop
turned on, iterations will continue to be executed until convergence is
achieved for all output distributions. The Auto-Stop feature can only
be used for a single simulation (i.e. the "#Simulations" setting must
equal 1).

Iterations | Sampling| Macros| Mornior|
# lierations v|  tSmuations
futo-Stop Simuation Convergence Percentage. 16

e |
General

™ Update Display

I™ Pause On Enor In Outputs

™ Use Muliiple CPUs

™ Minimize @RISK and Excel when Simulation Starts

I~ Save as Default ()4 I Cancel
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Sampling Type

Standard Recalc

Sampling Tab — Simulation Settings Command

Define sampling and recalculation settings for a simulation

Simulation Settings

| Macrosl Monitorl

— Standard Recalc
* Ewxpected Value
" Monte Carlo
 Tue EY

— Sampling Type
& | atin Hypercube

" Monte Carlo

— Random Generatar Seed — Collect Distribution S amples ——

¥ Choose Randamly = Al
™ Fined |1

Multiple Simulations Use
Different Seed Values

" Inputs Marked YWith Collzct

" Mone

[~ Save as Default oK | Cancel |

Sets the type of sampling used during an @RISK simulation. Sampling
types vary in how they draw samples from across the range of a
distribution. Latin Hypercube sampling will accurately recreate the
probability distributions specified by distribution functions in fewer
iterations when compared with Monte Carlo sampling.

We recommend using Latin Hypercube, the default sampling type setting,
unless your modeling situation specifically calls for Monte Carlo
sampling. The technical details on each sampling type are presented in
the Technical Appendices.

e Latin Hypercube. Selects stratified sampling
* Monte Carlo. Selects standard Monte Carlo sampling

Specifies how distribution functions are evaluated during a regular Excel
recalculation. When a recalc is executed (such as by selecting the Excel
Options menu Calculate Now command or by pressing <F9>),
distribution functions will return a value for use in worksheet
recalculations. The type of value returned is set by the Standard Recalc
options.

» Expected Value. Causes distribution functions (except discrete
distributions) to return their expected or mean value during a regular
Excel recalculation. For discrete distributions, the setting Expected
Value returns the discrete value in the distribution closest to the true
expected value. The Expected Value setting allows your worksheet
values to appear just as they would without @RISK with a single
expected value displayed in each cell. This is the default setting for
Standard Recalc.
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Random
Number
Generator Seed

Monte Carlo. Causes distribution functions to return a random Monte
Carlo sample during a regular recalculation. This setting allows your
worksheet values to appear as they would during execution of a
simulation with new samples drawn for distribution functions each
recalculation.

True EV. Causes all distribution functions including discrete
distributions to return their expected or mean value during a regular
Excel recalc. This setting causes the same values to be returned as the
option Standard Recalc Expected Value, except in the case of discrete
distribution types such as DISCRETE, POISSON and similar
distributions. For these distributions the true expected value will be
returned in an Excel recalc even if the expected value could not occur
for the entered distribution, i.e., it is not one of the discrete points in
the distribution.

Allows the entry of a seed value for the random number generator. The
options for random number generator seed are:

Choose Randomly, i.e., have @RISK randomly pick a new seed each
simulation.

Fixed, i.e., have @RISK use the same seed each simulation. When you
enter a fixed non-zero seed value for the random number generator,
the exact same sequence of random numbers will be repeated
simulation to simulation. Random numbers are used in drawing
samples from distribution functions. The same random number will
always return the same sampled value from a given distribution
function. The seed value must be an integer in the range 1 to
2147483647.

Setting a fixed seed value is useful when you wish to control the
simulation sampling environment. For example, you may want to
simulate the same model twice, only changing the argument values
for one distribution function. By setting a fixed seed, the same values
will be sampled each iteration from all distribution functions except
the one you changed. Thus, the differences in the results between the
two runs will be directly caused by changing the argument values of
the single distribution function.

Multiple Simulations Use Different Seed Values, i.e., have @RISK
use a different seed each simulation in a multiple simulation run. If a
Fixed seed is used and Multiple Simulations Use Different Seed
Values is selected, each simulation will use a different seed but the
same sequence of seed values will be used each time the run is re-
executed. Thus, results will be reproducible run to run.
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Collect
Distribution
Samples

The Collect Distribution Samples options specify how @RISK will collect
random samples drawn from input distribution functions during a
simulation.

All. Specifies that samples will be collected for all input distribution
functions.

Inputs Marked with Collect. Specifies that samples will be collected
for only those input distributions for which the Collect property is
selected; i.e., a RiskCollect property function is entered inside the
distribution. Sensitivity and Scenario analyses will only include those
distributions marked with Collect.

None. Specifies that no samples will be collected during a simulation.
If no samples are collected, Sensitivity and Scenario analyses will not
be available as simulation results. In addition, statistics will not be
provided on samples drawn for input distribution functions.
Deselecting sample collection, however, does allow simulations to run
faster and will sometimes allow large simulations with many outputs
to be run on memory constrained systems.
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Macro Tab — Simulation Settings Command

Allows the specification of an Excel command macro to be
executed before, during or after a simulation

Simulation Settings

Itelationsl Sampling Macrosl Monitorl

Fun &n Excel Macmo
Macro Mame

[ Befare Each Simulation I

[ Before Each lterations's Recals |

I After Each Simulation |

I~ Save as Default Cancel |

The Run an Excel Macro option allows spreadsheet macros to be executed
during an @RISK simulation.

When Does a * A macro can be run Before Each Simulation, Before Each Iteration’s

Macro Execute? Recalc (i.e., before @RISK performs its sampling and worksheet
recalc), After Iteration’s Recalc (after @RISK performs its sampling
and associated worksheet recalc) and After Each Simulation. Macros
can be run at any or all of the possible times during a simulation. This
feature allows calculations which only can be performed through the
use of a macro to be made during a simulation. Examples of such
macro-performed calculations are optimizations, iterative "looping"
calculations and calculations which require new data from external
sources. In addition, a macro may include @RISK distribution
functions which are sampled during the execution of the macro.

e Macro Name. Defines the macro to be run. Should be “fully
qualified” — should contain the full address (including filename) of
the macro to be run.
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Running @RISK
from a Macro

There are no restrictions on the operations performed by the macro each
iteration. The user should, however, avoid macro commands which will
do things such as close the worksheet being simulated, quit Excel or other
similar functions.

@RISK can be operated using custom VBA commands that have been
added to Excel. This allows custom applications to be built using @RISK.
These new commands are described in the Reference: @RISK Macros
section of this chapter.

198

Simulate Menu



Monitor Tab — Simulation Settings Command

Define settings for updating Results windows and statistics
functions during a simulation

Simulation Settings

Iterationsl Samplingl Macros

@RISK Results 'Windo

Update Every |100 x| lterations

I™ Update Real Time

I~ Monitor Convergence

I~ Save az Default oK | Cancel |

The Monitor tab settings specify how graphs and reports in the @RISK -
Results window, along with statistics functions in Excel, will be updated
during a simulation. When updated, graphs, reports and statistics show
current results based on the iterations run so far in the simulation.
Convergence monitoring shows the amount statistics on output
distributions are changing as additional iterations are run during the

simulation.
@RISK Results The @RISK Results Window options specify how @RISK — Results
Window window graphs and reports and the Convergence Monitoring window

update during a simulation.

e Update Every XXXX Iterations. Specifies the interval, in iterations,
between updates of the selected windows and graphs.

e Update Real-Time. Selects the updating of Results window reports
and graphs during a simulation. Graphs of simulation results and
some report windows can be updated during simulation. With this
option selected, the Results Window will automatically be displayed
when a simulation starts and the updating of open windows will
begin. A Real-Time Results toolbar is displayed in the Results
window that allows you to control the updating of displayed reports
and graphs.
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How Is
Convergence
Tested?

* Monitor Convergence. Convergence monitoring can be performed

during a simulation to track the stability of the output distributions
being generated. As more and more iterations are executed during a
simulation, the output distributions generated become more "stable".
Distributions become stable because the statistics which describe them
change less and less as additional iterations are performed. The
number of iterations required to generate stable output distributions
varies depending on the model being simulated and the distribution
functions in the model.

By monitoring convergence you can ensure that you have run a
sufficient, but not excessive, number of iterations. This is especially
important with complex models that take a long time to recalculate.

Tip: Convergence monitoring does add to simulation runtime. If the
fastest simulation is desired for a preset number of iterations, turn
convergence monitoring off to maximize speed.

Convergence is monitored on three sets of statistics calculated for each
output distribution. These statistics are:

»  Percentiles (0% to 100% in 5% increments)
*  Mean
» Standard Deviation

Monitoring convergence is done by calculating the above statistics on the
data generated for each output cell at regular intervals throughout the
simulation. The interval between updates is set by the Update Every
XXXX Iterations entry. Each time new statistics are calculated the
percentage change in statistics from the prior calculation is also
determined. As this percentage change gets smaller, the impact on the
statistics of running additional iterations decreases and the output
distributions become more stable.
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Convergence

Monitoring
Window
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The convergence monitoring window is displayed in the @RISK - Results
window while a simulation is running. As each monitored statistic
converges (i.e., it is changing less than the entered convergence threshold)
it is highlighted. An output distribution with all three statistics converged
is marked with a smile.

The Convergence When Statistics Change < entry at the top of the
Convergence Monitoring window controls the maximum amount of
change allowed for a converged distribution. When the statistics
calculated change less than this entry for two consecutive calculations, the
statistic is marked as converged (highlighted) in the monitoring screen.
They may change back to "unconverged" or unhighlighted if subsequent
monitoring shows a change in the statistic greater than the convergence
threshold. It is important to remember that simulation, by nature, is a
random process and there will always be some change in statistics with
additional iterations. Realistically, a 0% change in statistics is
unachievable no matter how many iterations you run.

The Auto-Stop Simulation on Convergence entry specifies whether a
simulation will automatically stop when all output distributions converge.
This setting is selected if the # of Iterations entry in the Simulation
Settings dialog is set to Auto.
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A

Simulate Icon

Start Simulation Command
Starts a simulation

The Simulation menu Start command (or clicking the Simulate icon) starts
a simulation using the current settings. An executing simulation may be
halted by clicking the Cancel button or pressing the <Esc> key. The
Update Display option may be toggled on and off by pressing <Num
Lock> during the simulation.
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Results Menu

Reports
Settings Icon

Report Settings Command

Specifies the location (Results window and/or Excel) that
simulation results will be displayed and the type of reports that
will be generated in Excel

The Results Report Settings command allows you to specify the location
and type of simulation reports that will be generated. In addition, you
can use this command to immediately generate reports in Excel on the
most recently run simulation.

@RISK Reports
&t the End of Each ERISK Simulation
W Shaow Interactive @RISK Results Window
[~ Generate Excel Reports Selectad Below

— Excel Report
[ Quick Summary I~ Quick Output Report
[T Simulation Summary [™ Detailed Statistics
[~ Output Data I~ Summary Graphs
[ Input Data I~ Dutput Graphs
[ Sensitivities [ Input Graphs
[ Scenarios ™ Tornado Graphs

[ Template Sheet Im_l,lT emplate

— Place Excel Reportz in Graph Format—————————
i Mew wiarkbook = Metafile
1 Active Workbook . Native Excel

[Fererate Feparts Haw |

I Save as Default oK,

The At the End of Each @RISK Simulation options specify where
simulation results will be displayed at the end of a simulation. Available
options include:

* Show Interactive Results Window. Causes the @RISK Results
window to pop forward at the end of a simulation.

» Generate Excel Reports Selected Below. Generates the selected
reports or graphs directly in Excel.

Both options can be selected if each type of reporting is desired.

Reference: @RISK Add-In Menu Commands 203



Types of
Reports in
Available in
Excel

Template
Sheets

A variety of different pre-built simulation reports are available directly in
Excel at the end of a simulation. The first two Quick format reports are
reports on simulation results designed for printing. The Quick Summary
report summarizes an entire simulation run. The Quick Output report
contains a single page report for each output in a simulation. The second
section of available reports starting with Simulation Summary contain
the same information as the equivalent report in the Results window. For
more information as to the content of these reports, see the section
Reference: @RISK Results Window Commands in this chapter.

Two options are available for locating reports in Excel:

 New Workbook. Places simulation reports in a new workbook each
time reports are generated.

» Active Workbook. Places simulation reports in new sheets in the
active workbook each time reports are generated.

You can use template sheets to create your own custom simulation report.
Simulation statistics and graphs are placed in a template using @RISK
statistics functions (such as RiskMean) or the graphing function
RiskResultsGraph. When a statistics function or graphing function is
located in a template sheet, the desired statistics and graphs are then
generated at the end of a simulation in a copy of the template sheet to
create your report. The original template sheet with the @RISK functions
remains intact for use in generating reports from your next simulation.

Template sheets are standard Excel spreadsheets. They are identified to
@RISK in the Reports Settings dialog box. These files can also contain any
standard Excel formulas so custom calculations can be performed using
simulation results.
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The example file Template.XLS shown above contains a template sheet.
You can review this sheet to see how to set up your own custom reports

and template sheets.

Show Results Window Command

Displays the @RISK Results window for viewing simulation

results

F} The Results menu Show Results Window command shows the @RISK
Results window. To redisplay Excel and the @RISK add-in program,

Show Results
Window Icon

select the @RISK Results Window menu Show Excel Window command
or simply click on the Excel window.

[ S [ [Ofx]
Flo Edt View Insen Sinulstion Resuls Graoh Window Hel |
2R = NEEID =10 oo = il dhm |~ 8 | i
Qunis
netincome =
T — Name cet | mmimom | wean [ mtaimom ¥ o 2 2]
D22- Net Incame Oupucd | Net Income C2z |18%91.9 |-99989.44 |13786.12 |1374268 5%  |6340.16 |95% 7396659
E22- Het Income o Net Income D22 2067565 10037 673384 |1632929 B% 4729002 (95%  BRDORES  a0%
F22- Net Income: Ot |Net Income 22 669272 494391 1075249 |7EOSTE 5% 1074913 SR% 1158603 0%
~G22-Net Income Output | Net Income F22 123966 747519 2602642 9087691 5% 1772323 9% 16G1446  90%
H22- Net Incame Ouput5 | Net Income G22 4964 1151829 147289 |N6ER3 5% |237M65 (96%  53R2  90% L
122 Net Income Cupus |Net Income H22 |7765.768 125977 3944133 |3885259 B% (275285 95k 2414759 90%
122- Net Income w7 |Net Income 122 | 266907 1930306 7309788 312135 5% 4506A78 SR 417B6R5  90%
~K22- Net Income OutputB | Net Income J22 | N97407 (2430359 91089 (339145 5% B45As43  96% 6114628 90%
L22- Net Income: Ouput3 | et Income K22 1442378 951901 109890 |29%77.25 5%  E37123  95%  BE7I356  90%
C10- NPV [10%) Ouputio | Net Income L2z | 2376399 2570983 1028512 332807 W TIT30A4 9% 6841753 90%
Inputs Cuputl | NFY (10%) CI0 1197873 | 4459511 1240083 (287569 5%  SG00IS3  Sh%  9312A4  90%
F25-Number of Competitors Tnput1_| Number of Competiors F25 |0 1 2 0 2 %% 2 0%
525 Nurmber of Competitors Tnput2_| Number of Competiors CEE] 0.00 1 1 1 B 2 0%
H25- Nurmber of Competitors iput3 | Number of Competiors HE 1 0.001 1 1 1 9% 2 50% hd
125- Number of Compeitors
125 Nurbo of Competlon
K25- Number of Compeitars Distrbution | Tomado | Fianae s | Stats | Data| Sens | Scen |
L25- Number of Competitors - =
E32-Seles Volume Distribution for NP (10%)/C10 el I
[ T Minimum 19787.3
1532 Sales Volume —— =y
Lo L T @ Mskmum_| 1240053
132- Sales Volume b SuDm | zeweas
2.3 Volune c
L D) = Skewness | 03168154
Cert L) 3 Kungsi__| 2134335
C35- Produet Development = e (R
D35- Pracduct Development s T zemes
E35- Froduct Development ——
C36- Capital Expenses e -
D36- Capitel Expenses T ] o<
E36- Capital Expenses e
F36- Capital Expenses —— 7
hPere, | 267563 hd
Tab1f Tab2 f Tab3 f Tabd f TabS f Tabb [ Tab? / Tabt J
Ready [Sim#t | 1of1 [Iet | 10000f1000 | Runtime | O0:00:01 [Sec/iter | 0M 7
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Options Menu

Show Expanded Toolbar Command

Displays the expanded @RISK Professional and Industrial
toolbar in Excel

The Options menu Show Expanded Toolbar command displays the
expanded @RISK toolbar. This toolbar contains the icons for the advanced
analyses available in @RISK Professional and Industrial. This toolbar may
also be displayed by clicking the expansion icon at the end of the standard
@RISK toolbar.

Prompt For Output Names Command
Turns the display of the @RISK output naming dialog on and off

The Options menu Prompt For Output Names command turns the
automatic display of the output name dialog when outputs are added on
or off. Turn this off to default to @RISK default names when outputs are
added.

Display Cumulative Descending Percentiles
Command

Displays cumulative descending percentiles in @RISK reports
and sets them as the default for alternate parameter probability
distributions

The Options menu Display Cumulative Descending Percentiles
Command switches all @RISK statistics reports, targets and graph x and p
values to display cumulative descending percentiles. By default, @RISK
reports percentile values in terms of cumulative ascending percentiles, or
the probability that a value is less than or equal to a given x value.
Selecting this command causes @RISK to report cumulative descending
percentiles, or the probability that a value is greater than a given x value.

Selecting Display Cumulative Descending Percentiles also causes @RISK
to default to the entry of cumulative descending percentiles when
alternate parameter distributions are entered in the Define Distribution
window. In this case, the percentage chance of a value greater than the
entered value is specified.
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Advanced Analyses Menu

@RISK Professional and Industrial versions allow you to perform
Advanced Analyses on your model. The Advanced Analyses include
Advanced Sensitivity Analysis, Stress Analysis, and Goal Seek. These
Advanced Analyses can be used to design your model, verify your model,
or get many “What if?” kinds of results.

Each of the Advanced Analyses generates its own sets of reports in Excel
the show the results of the analysis being run. However, each of the
analyses uses standard @RISK multiple simulations to generate its results.
Because of this the @RISK — Results window may also be used to review
analysis results. This is useful when you wish to generate a graph of
results that is not included in the Excel reports or when you wish to
review analysis data in more detail.

Simulation Settings in Advanced Analyses

Simulation settings specified in the @RISK Simulation Settings dialog
(except for # of Simulations) are those used in each of @RISK's Advanced
Analyses. As many Advanced Analyses can involve large numbers of
simulations, you should review your simulation settings to insure that
analysis runtimes are minimized. For example, when testing the setup of
an advanced analysis you should set the # of Iterations to a relatively low
value until you have verified that your setup is correct. Then, set the # of
Iterations back to the level necessary for stable simulation results and run
the full Advanced Sensitivity Analysis, Stress Analysis, or Goal Seek.
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Goal Seek

Goal Seek Command
Sets up and runs an @RISK Goal Seek

Goal Seek allows you to find a specific simulated statistic for a cell (for
example, the mean or standard deviation) by adjusting the value of
another cell. The setup of an @RISK Goal Seek is very similar to the
standard Excel’s Goal Seek. Unlike Excel’s Goal Seek, however, @RISK's
Goal Seek utilizes multiple simulations to find the adjustable cell value
that achieves your results.

When you know the desired statistic value for an output but not the input
value needed to obtain that value, you can use the Goal Seek feature. An
input can be any cell in your Excel workbook. An output is any cell that is
an @RISK simulation output (i.e., a cell containing a RiskOutput()
function). The input should be a precedent of the output cell being
targeted. When goal seeking, @RISK varies the value in the input cell and
runs a full simulation. This process is repeated until the desired
simulation statistic for the output equals the result you want.

Goal Seek is invoked by clicking the Goal Seek icon from the expanded
@RISK toolbar, or via the @RISK Menu, Advanced Analyses Goal Seek
command.

@RISK 4.5 - Expanded

PO EMLEE AR

Goal Seek

Note: For a full tutorial on Goal Seek and the other @RISK 4.5 Advanced
Analyses, run the on-line tutorial located in the DTOOLS\RISK45
directory.
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@RISK Goal The options available in the @RISK Goal Seek dialog are as follows:
Seek Dialog

@RISK Goal Seek
St Statistic: | =]
In Cell: [ se430 J_l
To Valus: [

By Changing: [ =l
Options. . | finalyze | Exit I Cancel |

*  Set Statistic - Allows you to choose which output statistic to
monitor for convergence on the goal. The list includes: Minimum,
Maximum, Kurtosis, Mean, Mode, Median, 5t Percentile, 95th
Percentile, Skewness, Standard Deviation, and Variance.

* In Cell - Identifies the cell reference for the output whose
simulation statistic you are trying to set to the entered value. This
cell must be an @RISK output cell. If the cell does not contain a
RiskOutput() function, you will be prompted to add a
RiskOutput().

* To Value - Specifies the value you want the Set Statistic for In
Cell to converge on. This value is called a goal.

» By Changing - Identifies the single cell that you want Goal Seek
to change so that the Set Statistic for In Cell approximates the To
Value. The In Cell must be dependent on the By Changing cell -
if it is not, Goal Seek will not be able to find a solution.
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Options Dialog — Goal Seek Command
Sets the analysis options for a Goal Seek

The Options dialog of Goal Seek allows you to set parameters that can
affect the success and quality of the Goal Seek solution. The Options
dialog is invoked by clicking the Options button in the Goal Seek dialog.

Goal Seek Options
Changing Cell Minirurm: I - Infirity - l
Changing Cell b aximum: I + Infinity A l

t aximurm Mumber of Sinulations: 100 -

Compare Accuracy
|7f" Percent of Target ' alue

&+ /- Actual Value I

¥ Generate Complete Simulation Results for S olution

0K | Cancel |

The entries in the Options dialog are as follows;

e Changing Cell Minimum - Allows you to set the minimum value
to use for the By Changing Cell. Goal Seek attempts to bracket a
solution by assuming that there is one between the Changing Cell
Minimum and Changing Cell Maximum.

e Changing Cell Maximum - Allows you to set the maximum value
to use for the By Changing Cell. Goal Seek attempts to bracket a
solution by assuming that there is one between the Changing Cell
Minimum and Changing Cell Maximum.

e Maximum Number of Simulations - Specifies how many
simulations Goal Seek will attempt while trying to meet your
goal. If a solution is found before all simulations are completed,
simulation activity will halt and Goal Seek Status dialog will be
displayed.
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Compare Accuracy - Determine how close the actual solution must be
to the target. This entry can be viewed as a range around the desired
target value that is acceptable for the simulation statistic. Any result
within this range is defined as achieving the goal.

1) Percent of Target Value - Specifies the accuracy as a
percentage of the To Value.

2) +/- Actual Value - Specifies the accuracy as the maximum
difference between the goal and the value of the In Cell
statistic found by Goal Seek.

Generate Complete Simulation Results for Solution — If this is
selected, after finding a solution Goal Seek performs an additional
simulation that uses the found value for the By Changing cell. The
statistics for that simulation are displayed in the @Risk — Results
window. This option does not actually replace the original value of
the By Changing cell with the found value in the spreadsheet.
Instead, it enables you to see the effects such a replacement would
have without performing it.
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Analyze — Goal Seek Command
Runs a Goal Seek

Once Analyze is clicked, Goal Seek cycles through the following process
until the goal statistic value is achieved or the maximum number of
simulations are run:

1) A new value is placed in the changing input cell

2) A full simulation of all open workbooks is run using the current
settings as specified in the @RISK Simulation Settings dialog box

3) @RISK records the simulation statistic selected in the Set Statistic
entry for the output identified in the In Cell entry. This statistic
value is compared to the To Value entry to see if the value
achieves the goal (within the Compare Accuracy range entered)

If a solution is found within the requested accuracy, Goal Seek will
display a Status dialog. This will allow you to replace the contents of the
Changing Cell with the solution value. If you choose to do this, the entire
cell contents will be replaced by the solution value, and any formula or
values that were previously in that cell will be lost.

@RISK Goal Seek Status

{ZRISK Goal Seeking with Cell $C$10
faund solution.

Target Mean: 500000
Current Mean: 500000.017871034
Achieved by setting $E4$32 to B093.1194 7237755

Update $E$32 to 5093.11947257755 7

It is possible that Goal Seek will converge on a goal, but will not be able to
converge within the requested accuracy. In this case Goal Seek will
prompt you with its best solution.
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How Are Input
Values Selected
in an @RISK
Goal Seek?

What if Goal
Seek Cannot
Find a Solution?

An @RISK Goal Seek uses a two-tiered approach to converging on the

target:

1)

2)

If no brackets are set using Changing Cell Minimum and
Maximum, Goal Seek will attempt to bracket the target value
using a geometric expansion around the original value.

Once a solution is bracketed, Goal Seek uses the Ridders' method
of root finding. Using the Ridders' method, Goal Seek first
simulates the model with the input value set to the midpoint of
the bracketed range. It then factors out that unique Exponential
function which turns the residual function into a straight line.
This has some important benefits for the Goal Seek process. It
insures that the tested input values never jump outside the
brackets, and helps insure that Goal Seek moves toward a
solution in as few cycles as possible (an important benefit when
each "cycle" is a full simulation of your model!).

It is possible that Goal Seek may have problems converging on a solution.
Some desired solutions may just be impossible to achieve, or the model
may behave so unpredictably that the root finding algorithm cannot
converge on a solution. You can help Goal Seek converge by:

Starting Goal Seek with a Different Value in the Changing Cell.
Because the iteration process begins with guesses around the original
changing cell value, starting Goal Seek with a different value in the
cell being changed may help.

Changing Your Brackets. Setting the Changing Cell Minimum and
Changing Cell Maximum in the Options dialog will help point Goal
Seek toward a solution.

Note: Goal Seek is not designed to work with multiple simulation models.
For RiskSimtable functions, the first value in the table will be used for all
simulations.
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Stress Analysis

Stress Analysis Command
Sets up and runs a Stress Analysis

Stress Analysis allows you to analyze the effects of stressing @RISK
distributions. Stressing a distribution restricts samples drawn from the
distribution to values between a specified pair of percentiles.
Alternatively, stressing can be done by specifying a new “stress”
distribution that will be sampled instead of the original distribution in
your model. With Stress Analysis you can select a number of @RISK
distributions and run simulations while stressing those distributions
jointly in one simulation or separately in multiple simulations. By
stressing the selected distributions, you can analyze scenarios without
changing your model.

After completing a simulation, Stress Analysis provides you with a
collection of reports and graphs that you can use to analyze the effects of
stressing certain distributions on a selected model output.

Stress Analysis is invoked by clicking the Stress Analysis icon from the
expanded @RISK toolbar, or via the @RISK Menu, Advanced Analyses
submenu.

@RISK 4.5 - Expanded

PO EMLEE AR

Stress Analysis

Note: For a full tutorial on Stress Analysis and the other @RISK 4.5
Advanced Analyses, run the on-line tutorial located in the
DTOOLS\RISK45 directory.
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@RISK Stress The options in the Stress Analysis dialog are as follows:

AnalyS|S DIalOg @RISK Streszs Analysis

Cellto Manitar | $Dg3¢ =]

— Inputz to Stress

|F|ange |Name |Eurrent |Ana|ysis MHame
¥ $D%29 Mo. of Claims ~ RiskLognom(10,10] | 0% to 50.00%
V! |$D$33,3E5... | $8mount to $... RiskNormal100,10] | 0% ta 5.005%
v $H$33 FAmaunt RiskMormal(100,10]  RiskMarmal(100.30)

Delste |

Optiong... | Analyze I Exit | Cancel |

e Cell To Monitor - This is a single @RISK output that you want to
monitor as the specified @RISK distributions are stressed. The
Cell To Monitor can be specified by entering a cell reference,
clicking the desired cell, or clicking the ... button. This button
displays a dialog that contains a list of all @RISK outputs in
currently open Excel workbooks.

The Inputs to Stress section allows you to Add, Edit, and Delete the
@RISK Distributions that you wish to stress. The specified distributions
are maintained in a list that contains the cell range, the @RISK Name, the
Current distribution, and an Analysis Name that you can edit.

* Add and Edit - Display the Input Definition dialog. This allows
you to specify an @RISK distribution or range of @RISK
Distributions to be stressed. You can then select from Low, High,
or Custom sampling ranges, or specify an alternate stress
distribution or formula.

» Delete - Completely removes the @RISK distribution(s) that are
highlighted on the list from the Stress Analysis. To temporarily
exclude a distribution or a range of distributions from the analysis
without deleting them, click the check box beside its list item to
remove the checkmark.
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Input Definition The options in the Input Definition dialog are as follows:

Input Definition

Type I Diskribution j
Reference [ gngas| J_I
Name I No. af Claims: RiskLognarm{10,10)

Sample —————— Limits of Strese Range

& LowYalues

" High Yalues Lower Percentile Upper Percentile

¢ Custom Range 0.00% ﬂ Ta I 90.00% ﬂ

" Distribution / Formula

Ok | Cancel |

* Type - For Stress Analysis, only @RISK distributions can be
selected as inputs, so the only option for Type is Distributions.

» Reference - Selects the distributions to stress. Distributions can
be specified by typing appropriate cell references, by selecting a
range of cells in the worksheet, or by clicking the ... button, which
will open the @RISK Distribution Functions dialog, listing all the
distributions in the model.

@RISK Distribution Functions

Select Inputs to Add:

[W]inputs =
D29 - Mo, of Claims

<[] D33 - $mount

: E33 - $hmount

e [ F33 - fsmavnt

-] G33 - $Amount

-] H33 - $Amount

-] 133 - $hmaount

- [] 33 - $smount

-] K33 - $Amaunt

[ L33 - $&maunt
[0 M33 - $4maunt

] N33 - $mount

- [] 033 - $Amount LI

Cancel |
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The Sample options allow you to enter a range within the selected
probability distribution(s) to sample from, or enter an alternate
distribution or formula to substitute for the selected probability
distribution(s) during the analysis.

Low Values - Enters a low range to sample from, bounded at the
minimum by the distribution minimum. The Low Range default
is 0% to 5%, sampling only values below the 5t percentile of the
distribution. Any desired upper percentile can be entered instead
of 5%.

High Values - Enters a high range to sample from, bounded at
the maximum by the distribution maximum. The High Range
default is 95% to 100%, sampling only values above the 95t
percentile. Any desired lower percentile can be entered instead of
95%.

From Custom Range - Allows you to specify any percentile range
within the distribution to sample from.

Distribution/Formula - Allows you to enter an alternate @RISK
distribution function (or any valid Excel formula) that will be
substituted for the selected distribution during a Stress Analysis.
You can use the Excel Function Wizard the help enter an alternate
distribution by clicking the icon to the right of the
Distribution/Formula box.

Input Definition

Type I Diskribution j
Reference | ghigag J_I
Narne I $érmovnt; RiskMormal(100,10)

Sample —————— Digtribution / Formula

€ Low Yal

FHEEs [ FiskNormal(100,30) x|
™ High Yalues

¢ Custom Range

& Distribution / Formula

Ok Cancel
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Options — Stress Analysis Command
Sets the analysis options for a Stress Analysis

The Options dialog is used to determine how stressing will be performed
and which reports or graphs to generate. The Options dialog is displayed
when the Options button in the Stress Analysis dialog is clicked.

Stress Options

— Multiple Inputs

@ Stress Each Input in its Own Simulation

= Stiess All Inputs in a Single Simulation

— Reports
¥ Summary ¥ Comparison Graphs
¥ Bowwhisker Plot ™ Histograms & COFs
™ Quick Report

— Place Reports in

4 New workbook " Active Workbook

Cancel |

The Multiple Inputs section allows you to stress all of your specified
@RISK distributions during one simulation, or to run a separate
simulation for each @RISK distribution.

» Stress Each Input in its Own Simulation — Specifies that a full
simulation will be run for each stress range entered. The only
change made to the model during each simulation will be the
stressing of a single input. The number of simulations run will
equal the number of stress ranges entered.

» Stress All Inputs in a Single Simulation — Specifies that a single
simulation will be run using all stress ranges entered. The
simulation results will combine the effects of all stress ranges.

The Reports section allows you to choose which reports and graphs you
want to be generated at the end of the stress simulations. The options
include a Summary report, Box-Whisker Plots, Comparison Graphs,
Histograms, Cumulative Distribution Functions and Quick Reports.
For more information on the reports generated by a Stress Analysis, see
Reports in this section.
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The Place Reports section allows you to place your results in the active
workbook, or a new workbook.

New Workbook - All reports are placed in a new workbook

» Active Workbook — All reports are placed in the active workbook
with your model
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Reports

Analyze — Stress Analysis Command
Runs a Stress Analysis

Once you have selected the Cell to Monitor, and at least one @RISK
distribution is specified to stress, you can click the Analyze button to run
the analysis. The analysis runs one or more simulation(s) that restricts
sampling of the selected @RISK distributions to the specified stress
range(s) or substitutes in any alternate stress distributions or formulas
you have entered. The results of the Stress Analysis simulations are
organized in a summary sheet and several Stress Analysis graphs.

The results of the Stress Analysis are also available in the @RISK - Results
window. This allows you to further analyze the results of stressing the
@RISK linputs.

The Reports generated by a stress analysis include:
e Summary report
* Box-Whisker Plots
» Comparison Graphs
» Histograms
*  Cumulative Distribution Functions

*  Quick Reports
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Summary The Summary reports describes the stressed inputs, and the
Report corresponding statistics of the monitored output: Mean, Minimum,

Maximum, Mode, Standard Deviation, Variance, Kurtosis, Skewness, 5th

Percentile and 95t Percentile.

Ed osoft Excel - BookB [_ (&[]
File Edt View Insert Data  Window @RISK  Help Type a question forhelp |71 /= B X
2 HALBE|AE AL FEE|

- 5
] I ¢ [E 7T F [ 6T H | J [ K J L I i I N2
|1 @RISK Stress Analysis
2

=R Input [ Output: Total Payment Amo

|4 | [Name [Book [Cen [Stress Analysis Mean M Mayx Mode Median d\m

[ 6 {none) {none) {none) baseline 907 14285683 0 3465.917726 6676273031 B11.2080686 783.4230865 B13751

[ 6| Mo. of Claims  Claims.xls 50829 0% to 90.00% 653.0478377 0 1928566772 591.4558105 586.0153198 470.1267057 221013,

[ 7| $Amount Claims.xls $0%$33 0% to 5.00% 886.7051123 0 343840332 5647921956 585.0933228 7824473243 B12223

[ B | $Amount Claims.xls $E$I3 0% to 5.00% 888.0750937 0 3433966064 2776352437 593.2733765 761.9549642 611500

[ 9 $Amount Claims.xls $F$33 0% to 65.00% 589.268165 0 344229126 37548168014  691.225706 780.2200132  GOS74Z

[10] $Amount Claims. xls $G533 0% to 5.00% 8911733215 0 3443669678 554.3596131 590.0563265 778.7440828 606442

[11] $Amount Claims.xls $H$33 RiskNormal(100,30) 910.6463025 0 3511.824851 3098.2719825 B28.0410767 785.0577041 B1633

[ 12 $Amount Claims.xls X533 0% to 65.00% 905.2104877 0 3426.508057 6676273031 611.2080686 775.3674915 605855

[13] $Amount Claims. xls 5§33 0% to 5.00% 905.473244 0 343867041 5B7.5273031 B11.2080688 779.2519062 BO7233

[ 14 $Amount Claims. xls $7533 0% to 5.00% 905.233078 0 3447825195 587.5273031 ©11.2080688 778.5245616 605203,

[15] $Amount Claims.xls $AAF33 0% to 5.00% 9080328436 0 3450524558 5875273031 B11.2080888 780.4205354  BOSOSE

[ 16| $Amount Claims.xls $ABS33 0% to 65.00% 905.5514447 0 3440496562 6676273031 611.20806686 779.0036179 606846

[ 17| $Amount Claims. xls SACHI3 0% to 5.00% 905.7719476 0 344549292 587.5273031 611.2080688 772.6853815  6O790S

[18] $Amount Claims. xls $AD$33 0% to 5.00% 906.1040765 0 3453786621 587.5273031 611.2080888 780.2814114 60983

[19] $Amount Claims.xls $AEFI3 0% to 5.00% 9085383026 0 345347898 5875273031 B11.2080888 781.5526763 B10824

(20 $Amount Claims.xls $AFB33 0% to 65.00% 906.3496405 0 3439.5645932 6676273031 611.2080686 780.92199058 602839

[ 21| $Amount Claims. xls $AGHI3 0% to 5.00% 906.2480511 0 3438.880916 587.5273031 ©11.2080688  780.626825 603378,

[ 22| $Amount Claims.xls $AHFII 0% to 5.00% 908, 2755906 0 3433145264 5875273031 B11.2080888 780.6860045 B0S470

[23 $Amount Claims.xls $AI$33 0% to 5.00% 9085424579 0 3434814453 5875273031 B11.2080888 781.4805062 B10711

[ 24 $Amount Claims.xls $AJ$33 0% to 65.00% 9065963177 0 3445429199 5676273031 611.2080688 781.6066371 611002

|25 $Amount Claims. xls $AKI3 0% to 5.00% 906.6160541 0 34 i 5B7.5273031 611.2080638 781.7328654 611106,
28
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Box-Whisker Plot

The Box-Whisker Plot gives an overall indication of the monitored
output, describing the mean, median, and outlying percentiles.

Box Plot Comparison

O K Baseline
Next month's spot
] price C14 0% to
5.00%
Next month's
futures price C15
—
oo ¥ 90.00% to
100.00%
T T T T T
-60 -40 -20 0 20 40 60

The left and right of the box are indicators of the first and third quartiles.
The vertical line inside the box represents the median, and the X indicates
the location of the mean. The box width represents the interquartile range
(IQR). The IQR is equal to the 75t percentile data point minus the 25t
percentile data point. The horizontal lines extending from either side of
the box indicate the first data point that is less than 1.5 times the IQR
below the low edge of the box, and the last data point that is less than 1.5
times the IQR above the high edge of the box. Mild outliers, shown as
hollow squares, are data points between 1.5 times IQR and 3.0 times IQR
outside the box. Extreme outliers, shown as solid squares, are points
beyond 3.0 times IQR outside the box.
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Quick Report A Quick Report provides single page summary of the Stress Analysis as a
whole. This reports is designed to fit on a single page.

Siress Analysis
Summary

Thiz repart summarizes changes ta the simulated distribution far Total Payment Amount cauzed by strezzing
Sinputs. Eachinputis stressed within a requested percentile range ar using a replacement distribution,
and a full simulation was run far each stresz. A tatal of B simulations were completed

Summary Information

Dutput Mame Total Payment Amount
Dutput Reference D36

Inputs Ranked by Mean Output
Name Book [Stress Analysis Mean [Min [Max [StdDev
[nene] [nen:] bazeline fa07 0 13,475 733
Mo, of Claims | Claimz.xlz 0% b 30.00% $E35 0 32,0681 3475
$Amount Claimz.xls 0% to 5.00% $EET 10 33443 373z
$Amount Claimz.xls 0% to 5.00% 3555 10 33445 373z
famount Claims.xls 0% o 5.00% 3530 $0 $35.447 §153
Jamount Claims.xls 0% b 5.00% $531 $0 $35.445 J1ES

Mean
[Actual YValus)

S0 I e e e EEEEELL L L L EEEEELE L L ELEEE
&S00 4
TOO 4
B0 4
500
400
300 4
200 4
100 4

04

Baseline Mo, of Claimz D23 $Amount D33 0% fAmount E33 0% fAmount F35 0% fAmount G35 0%
0% ko 30.00% ko 5.00% ko 5.00% ko 5.00% ko 500%
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Comparison The four Comparison Graphs compare means, standard deviations, 5t
Graph percentiles, and 95t percentiles for each of the specified @RISK inputs (or
their combination) and the Baseline simulation.

Mean
(Change from Baseline)
100
50 A 2.26% 2.13% 1.94%
0 [ [ | [ |
-50 1
-100 -
-150
-200 -
- 0,
-250 22.96%
No. of Claims D29  $Amount D33 $Amount E33 $Amount F33
0% to 90.00% 95.00% to 95.00% to 95.00% to
100.00% 100.00% 100.00%
Histogram The Histograms are standard @RISK histograms of the monitored output
for each of the stressed inputs (or their combination) and the Baseline
simulation.
Baseline
x <=-8.52 x <= 16.18
0.05 5% 95%
0.045 1
0.04 |
0.035 1
0.03 -
0.025 -
0.02 -
0.015 1
0.01 -
0.005
0 -
-25
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Cumulative The CDFs (Cumulative Distribution Functions) are standard @RISK
Summary cumulative ascending density graphs. There is also a Summary CDF for
all of the inputs.

CDF Summary

1
0.9 1 Baseline
0.8 4
0.7 4
0.6 4
0.5 Next month's
0.4 - spot price C14
03| 0% to 5.00%
0.2 1
01 1 Next month's

01 futures price C15

‘ 90.00% to
-60 -10 100.00%

228 Stress Analysis



Advanced Sensitivity Analysis

Advanced Sensitivity Analysis Command
Sets up and runs an Advanced Sensitivity Analysis

Advanced Sensitivity Analysis allows you to determine the effects of
inputs on @RISK outputs. An input can be either an @RISK distribution or
a cell in your Excel workbook. Advanced Sensitivity Analysis allows you
to select a number of @RISK distributions or worksheet cells and run trial
simulations while varying these inputs across a range. Advanced
Sensitivity Analysis runs a full simulation at each of a set of possible
values for an input, tracking the simulation results at each value. The
results then show how simulation results changed as the input value was
changed. As with the standard @RISK Sensitivity Analysis, the Advanced
Sensitivity Analysis shows the sensitivity of an @RISK output to the
specified input.

Advanced Sensitivity Analysis can be used to test the sensitivity of an
@RISK output to the input distributions in a model. When testing an
@RISK distribution, @RISK runs a set of simulations for the input. In each
simulation, the input distribution is fixed at a different value across the
min-max range of the distribution. Typically theses "step" values are
different percentile values for the input distribution.

Advanced Sensitivity Analysis is invoked by clicking the Advanced
Sensitivity Analysis icon from the expanded @RISK toolbar, or via the
@RISK Menu, Advanced Analyses submenu.

Advanced Sensitivity Analysis

@RISK 4.5 - Expanded

PO EMLEE AR

Note: For a full tutorial on Advanced Sensitivity Analysis and the other
@RISK 4.5 Advanced Analyses, run the on-line tutorial located in the
DTOOLS\RISK45 directory.
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Advanced Sensitivity Analysis Dialog

The options in the Advanced Sensitivity Analysis dialog are as follows:

@RISK Advanced Sensitivity Analypsis E
Cell to Monitor I $C$32 J_I
— Inputs to Analyze
Add... | Range | Mame | Currest |.f3malysis |
W $C$16:3C4... Price toEntra.. 2.2 Baze + Percent: 10003 ta ..

Edit... v $E$16:4E%... Compet ¥age... 0.2 Bagze + Percent; -10.00% to ..
W D23EZ3F... Market Size /... RiskNomal[1.05.0.... Percentile: 1.00% to 99.00%

Delete ¥ G2g Entrants RizkBinomiall3-G25... Percentile: 1.00% to 99.00%

i

Optionz... | Analyze I E it Cancel

e Cell To Monitor - This is a single @RISK output that you want to
monitor as individual simulations are run while stepping across
possible input values. The Cell To Monitor can be specified by
entering a cell reference, clicking the desired cell, or clicking the ...
button. This button displays a dialog that contains a list of all
@RISK outputs in currently open Excel workbooks.

The Inputs to Analyze options allow you to Add, Edit, and Delete the
worksheet cells and @RISK distributions that you wish to include in the
analysis. The specified cells and distributions are maintained in a list that
contains the cell range, the @RISK Name, the Current distribution, and an
Analysis Name that you can edit.

» Add and Edit - Displays the Input Definition dialog. This allows
you to specify either a single @RISK distribution or worksheet

cell, or a range of @RISK distributions or worksheet cells to be
analyzed.

e Delete - Completely removes inputs from the Advanced
Sensitivity Analysis. To temporarily exclude an input or group of
inputs from the analysis without deleting them, click the check

box in the appropriate line in the list to remove the check mark
from that input.
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Input Definition - Advanced Sensitivity Analysis
Command

Defines Inputs in an Advanced Sensitivity Analysis

The Input Definition dialog allows you to enter the type of an input, its
name, a base value and data which describes the possible values for the
input that you wish to test in the sensitivity analysis. A full simulation
will be run at each value you enter for an input. The options in the Input
Definition dialog are detailed in this section.

Input Definition [1X]
Tupe I Distribution - I
Reference I J_I
Mame I
Basze Value I Auto - I
— StepType — ] [ % Chanage from B aze ¥alue

@ + /- Percent Change from Base Min Change (%) I -10.00% vl
o« /- Actual from Base Yalue M ax Change (%) I 10.00% ,l
" Walues Acrozs Fange # of Steps lﬁ

" Percentiles of Distribution

" Table of Yalues

" Tahle from Excel Range £dd Analysis Mames... |

™ Fix Distribution to Baze Y alue When Nat Stepping

oK I Cancel |

Type Type specifies the type of input you are entering (either distribution or a
worksheet cells). Inputs to an Advanced Sensitivity Analysis can be either
@RISK distributions that have been entered into your worksheet
formulas or worksheet cells.
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Reference

Reference specifys the worksheet location of your input(s). If you are
selecting distribution input(s) you can click the ... button, which will open
the @RISK Distributions Functions dialog, listing all the distributions in
all open worksheets.

@RISK Distribution Functions
Select Inputs to Add,

D23 - Market Size / Year 1 best share
E23 - Market Size

[JF23- Market Size

[0 G23 - Market Size

[JC24 - Use per hippo of our diug

[0 C26 - Entrants

[ D26 - Entrants # ear 1 best share
[JE26 - Entrants

- [J F26- Entrants

“on ] G26 - Entrants

Cancel
Name Name names your input(s). If you are selecting distribution inputs the
existing @RISK name for each input is shown. If you wish to use a
different name for a distribution, simply change the @RISK name by
adding a RiskName function to the distribution in Excel or by editing the
name in the @RISK — Model window.
If you are selecting worksheet cells as inputs, the name of a single input
can be typed directly in the Name entry. When you have selected a range
of inputs, the Name entry shows the names of each cell, separated by
commas.
Type [ cal -
Fisference | 4Cg16:4C419 =
E: I Price, Unit War Cost, Interest Rate, Entrant Prob _I
Theses names can be edited by typing in the box (keeping the comma-
separated format) or by clicking the ... button, which opens the Sensitivity
Analysis Cell Names dialog.
Sensitivity Analysis Cell Names
Selected Cells
Cell | Mame |
17 Unit: ¥ar Cost
C15 Interest Rate
C19 Enkrant Prob
ak | Cancel |
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Base Value

Fix Distribution
to Base Value
When Not
Stepping

Cell names are defined in the Input Definition dialog only for the
purposes of Advanced Sensitivity Analysis. These names are used in
@RISK Results window and in the reports generated by Advanced
Sensitivity Analysis; however, these cell names do not become part of
your Excel model.

The Base Value is used to determine the sequence of values to step
through for an input and as a reference point in the Percent Change report
graph. The Base Value is especially important when you wish to apply a
Step Type that is a change from base, such as +/- Percent Change from
Base. By default, the Base Value is the value a distribution or cell
evaluates to when Excel recalculates the worksheet, but you can change it
to a different value. Note: If your distribution or cell evaluates to 0, and
Base Value is set to Auto, you need to enter a non-zero base value if you
use the +/- Percent Change from Base option.

If selected, Fix Distribution to Base Value When Not Stepping causes an
input distribution to return its Base Value in the simulations when it is not
the particular input being stepped across. This causes the distribution not
to sample, essentially locking it to the entered Base Value. If Fix
Distribution to Base Value When Not Stepping is not selected, the
distribution will behave normally, that is, samples will be drawn from it
in the simulations in which it is not being stepped across. Note: This
option is not available when an input is a worksheet cell type.
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+ /- Percent
Change from
Base

+ /- Actual from
Base Value

Step Type - Advanced Sensitivity Analysis Command

Defines values to be used for inputs in an Advanced Sensitivity
Analysis

The Step Type options describe the type of variation you will use to select
the values that will be tested for your input(s). During an analysis, inputs
are "stepped" across a range of possible values and a full simulation is run
at each step value. The Step Type defines the nature of this range — either
+ / - Percent Change from Base, +/ - Actual from Base Value, Values
Across Range, Percentiles of a Distribution, Table of VValues, or Table
from Excel Range. These different step types provide a great deal of
flexibility in describing the values to be tested for an input. Depending on
the Step Type you select, the entry information for defining the actual
range and step values (as shown on the right side of the Input Definition
dialog) will change.

Each Step Type and its associated range and value entries is described
here.

With this Step Type, the first and the last value in the sequence to step
through are obtained by incrementing or decrementing the input's Base
Value by the percentage values specified in Min Change (%) and Max
Change (%) entries. The intermediate values are at equal intervals, with
the number of values to test is set by # of Steps.

— Step Type —— [ *% Chanage from Base Yalue

& + /- Pemcent Change from Base Min Change [%)] I A0.00% vI
4 /- Actual from Baze Yalue M ax Change (%) I 100005 vI
© Walues Across Range # of Steps lﬁ

£ Pereentiles of Distitutisn

" Table of Yalues

" Table from Excel Fange Add Analysis Mames... |

With this Step Type, the first and the last value in the sequence to step
through are obtained by adding to the Base Value the values specified in
Min Change and Max Change entries. The intermediate values are at
equal intervals, with the number of values to test is set by # of Steps.

— StepType —— | [ Change from Baze Value

" + /- Percent Change from Base tin Change I Bal
%+ /- Actual from Base Yalue Max Change I 10
£~ Values Across Rlange # of Steps I 7 ‘l

) Pereniies of Distibution

" Table of Values

" Table from Excel Rangs Add Analpsis Names |
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Values Across
Range

Percentiles of
Distribution

Table of Values

With this Step Type, the sequence of values to step through starts at the
Minimum and ends at the Maximum. The intermediate values are at
equal intervals, with the number of values to test is set by # of Steps.

— StepType —— | [ Actual Min and Max % alues
= + /- Percent Change from Base b inimum I 1.98

4/ - Actual from Base Value b axirmurn 247

# of Steps I 7 vl

£ Berzenties of Distibution

" Table of Yalues

™ Table from Excel Fangs Add Analysis Mames... |

This Step Type is only used when the selected input Type is Distribution.
You specify steps as percentiles of the selected @RISK distribution, and
you can define up to 20 steps. During the analysis, the input will be fixed
at the percentile values as calculated from the entered input distribution.

— StepTwpe — | [ Percentile of Digtribution
(" + /- Percent Change from Base Percentiles |;|
4 /- Actual from Base Value il J
50.00%
 Yalues Across Range 75.003%
¥ Percentiles of Distribution 95.00%
99.00% LI

" Table of Yalues

™ Table from Excel Fange Add Analpsis Mames... |

With this Step Type, you enter the sequence of values to step through
directly in a Table in the right portion of the Input Definition dialog. The
Base Value is not used as the specific values you enter are the values
tested.

— StepType ——— [ Table
™ +/ - Percent Change from Base Yalues \ﬂ
4 /- Actual from Baze Yalue '125
" Walues Across Range :4
] Ferentiles of Distibution 5
7 LI

& Table of Yalues

& Table from Excel Range Add Analysis Mames... |
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Table from
Excel Range

Add Analysis
Names

With this Step Type, the sequence of values to step through is found in the
range of worksheet cells specified in Excel Range entry. This range can
contain any number of values; however, it is important to remember that
a full simulation will be run for each value in the referenced range.

— Step Type

" +/ - Percent Change from Base Excel Range I $C424:4G424 - l

1+ /- Actual from Base Value
" Yalyes Across Range
) Berzenties of Digtibution

" Table of Yalues

@ Table from Excel Fangs &dd Analysis Mames |

By clicking the Add Analysis Names button, a descriptive name can
be added to each input value that will be tested in an Advanced
Sensitivity Analysis. This name will be used to identify the
simulation run when an input is fixed at a particular value. These
names will make your reports more readable and will help identify
individual simulations when results are reviewed in the @RISK -
Results window.

Sensitivity Analysis Hames
26

“alue Used | Mame =
1.00% Entrants: Lowest Yalue
5.00% Perc’: 5%
25.00% Perc: 25%
B0.00% Perc: 50
75.00% Perci:
95.00% Perc?:
99.00% Entrants: Highest ¥ alue j

QK | Cancel |

The Sensitivity Analysis Names dialog allows you to enter a name
for the simulation to be run at each stepped input value. The default
name @RISK has created is initially shown and you can change this as
desired.
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Options - Advanced Sensitivity Analysis Command
Defines analysis options for an Advanced Sensitivity Analysis

The Sensitivity Options dialog allows you to select the output statistic you
wish to evaluate during the sensitivity analysis, identify the reports you
want to generate and specify the behavior of @RISK Simtable functions in
the analysis.

Sensitivitity Options

Tracking statistic I Mean j
— Reparts

V' Summary ¥ Percentiles Graph

[~ Bowwhisker Plot W Percent Change Graph

I Input Graphs ¥ Tomado

™ Quick Report
i Place Reports in

& New ‘wWaorkbook 1 Active Workbook

IV Include Simtable Functions as Inputs to Analyze

Ok | Cancel |

The Sensitivity Options dialog is invoked by clicking the Options button
from the main Advanced Sensitivity Analysis dialog. The selections in
this dialog include:

» Tracking Statistic - Allows you to specify the particular statistic
that you wish to monitor for the @RISK output during each
simulation. The comparison graphs and reports from the analysis
will show the change in the value for this statistic simulation to
simulation.

» Reports - Allows you to choose which analysis reports are
generated at the end of the Sensitivity run. They include
Summary, Box-Whisker Plot, Input Graphs, Quick Reports,
Percentile Graphs, Percent Change Graphs, and Tornado
Graphs. For more information on each of these reports, see
Reports in this section.

The Place Reports section allows you to place your results in the active
workbook, or a new workbook.

New Workbook - All reports are placed in a new workbook

» Active Workbook — All reports are placed in the active workbook
with your model
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Include
Simtable
Functions as
Inputs to
Analyze

If a sensitivity analysis is run on worksheets which include RiskSimtable
functions, this option causes the values specified by these functions to be
included in the analysis. If Include Simtable Functions as Inputs to
Analyze is selected, open workbooks will be scanned for RiskSimtable
functions. The Advanced Sensitivity Analysis will then step through the
values specified in the RiskSimtable function arguments, running a full
simulation at each value. The reports generated after the run will show
the sensitivity of the output statistic to both:

1) The variation of the inputs set up in the Advanced Sensitivity
Analysis dialog and

2) The variation of the values from Simtable functions.

This option is especially useful if an Advanced Sensitivity Analysis is run
on an @RISK model that was set up for multiple simulations. Simtable
and @RISK's multiple simulation capability are often used to analyze how
simulation results change when an input value is changed, by simulation,
using the Simtable function. This analysis is similar to that performed by
an Advanced Sensitivity Analysis. By simply selecting the option
Include Simtable Functions as Inputs to Analyze and running an
Advanced Sensitivity Analysis, multiple simulation models can get the
benefit of all Advanced Sensitivity Analysis reports and graphs with no
additional setup.

For more information on the RiskSimtable function, see the chapter
@RISK: Functions in this manual.
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Analyze - Advanced Sensitivity Analysis Command
Runs an Advanced Sensitivity Analysis

When the Analyze button is clicked, the Advanced Sensitivity Analysis
prompts the user with the number of simulations, iterations per
simulation, and total number of iterations. At this point, the analysis can
be canceled.
@RISK
Current 5 enszitivity Analyziz S ettings:
Simulations: 98
Iterations per Simulation: 100

Tatal lterations: 9800

Continue with Senzitivity Analysis?

Cancel I

When a smaller, faster analysis is desired, the Cancel button gives the user
an opportunity to change the # of Iterations per simulation in the
Simulation Settings dialog, the number of Inputs to Analyze or the
number of values in the sequence associated with each input (that is, # of
Steps or table items).

When an Advanced Sensitivity Analysis is run, the following actions
occur for each input in the analysis:

1) One of the step values for the input is substituted for the existing
cell value or @RISK distribution in the worksheet.

2) A full simulation of the model is run.

3) The simulation results for the tracked output Cell to Monitor are
collected and stored.

4) This process is repeated until a simulation has been run for each
possible step value for the input.

The results of the Sensitivity Analysis are also available in the @RISK-
Results window. You can analyze them further using tools available in
this window.
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Reports

The Advanced Sensitivity Analysis reports include:
¢ Summary
* Box-Whisker Plot
* Input Graphs
* Quick Reports
* Percentile Graph
* Percent Change Graph
e Tornado Graph

Each of these reports is generated in Excel, either in the workbook with
your model or in a new workbook. These reports are detailed in this
section.

Summary The Summary report describes the values assigned to the analyzed inputs,
and the corresponding statistics of the monitored output: Mean,
Minimum, Maximum, Mode, Standard Deviation, Variance, Kurtosis,
Skewness, 5t Percentile and 95t Percentile.

[_[F]=]

File Edt View Inset Fomat Took Data  Window @RISK  Help Type a question forhelp |71 /= B X

2EALBE(AE A LT EPE

Al ~ f @RISK Advanced Sensithity Analysis

% N - R R F e [ B 1 7 [ kK T L [ W

1 |@IRISK Advanced Sensitivity Analysis
2
[3 | Input Qutput: |
[ 4| Hame Book Cell _|Analysis Value Mean Min Max Mode Median StdDev
[ 6 Price Hippo.xls $CH16 Base -10.00% 1.960000043( 2028096.641 710631.5 36568725 22826315 2000586 5491637
[ 6| Price Hippo.xls $CH16 Base -6.67% 2053333371 | 2122227 689 743614.4375 30286935 2380576.333 209344025 574651.60
[ 7| Price Hippo.xls $CH1E Base -3.33% 21266EE658| 2216358.752 ) 7VES97.3125 30085145 2494521 417 21862845 BO0140.2¢
[ B | Price Hippo.xls $CH16 Base +#0.00% 2.200000048) 2310489.858 B09580.1875 416833575 2600466.25 227914875 B25628.8¢
[ 9 Price Hippo.xls $CH16 Base +3.33% 22733333597 2404620926 B842563.125 4338157 270B6411.25 237200275 BS1117.4E
[10] Price Hippo.xls $CH16 Base H5.67% 2.34B6E6725|  2498751.28 875546 4507978 2812356083 2464857 E76606.0%
[11] Price Hippo. xls $CH1E Base +10.00% 2.420000052) 2592883.031 S08528.875 AB7775 2918301.083 DEE7711.25 702094.8"
[ 12 Unit Var Cost  Hippo.xls $CH17 Base -10.00% 0.360000005| 2361833.988 B27570.6875 4260965 2658254.333 2329796.25 B39531.6
[13] Unit ar Cast  Hippo.xls $CH17 Base 667% 0373333338 2344719241 821574 42300885 2638991 667 231291375 B34897 4
[ 14 Unit ar Cost  Hippo.xls $C§17 Base -3.33% 0.30666667 | 2327604.517  815577.0625 4199212 2619728917 2296031.25 G30263.1%
[15] Unit ar Cost  Hippo.xls $C§17 Base H0.00% 0.400000008) 2310483.766 B09580.1875 41BB335.5 2B00466.25 20791485 B25E28.8:
[ 16| Unit Var Cost  Hippo.xls $CH17 Base +3.33% 0.413333342| 2293375028 B03583.3126 4137459 26812035 2262266 B20994.5¢
[ 17| Unit ar Cost  Hippo.xls $CH17 Base H567% 0.426666674| 2276260204 797586.4375 41065825 256194075 22453835 6163602t
[18] Unit Var Cost Hippo.xls $C§17 Base +10.00% 0.440000007 | 2259145541 7915895 AO075705.75  2542678.083 222850075 EB11725.9t
[19] Interest Rate  Hippo.xls $C§18 Base -10.00% 0.090000001| 2366018.966  B27784.0625 4275772 2EO0808.167 23286835 B41458.1:
(20 Interest Rate  Hippo.xls $CH18 Base B67% 0.093333334| 2347262421 B21635.9375 4239471 2640905 2311964.25  B36109.7¢
[ 21| Interest Rate  Hippo.xls $CH18 Base -3.33% 0095656667 | 2326754127 G15568.4375 4203661.5 2620552917 220545375 B30833.7:
[ 22| Interest Rate  Hippo.xls $C§18 Base +H0.00% 0.100000001) 2310483.764  B09580.1875 41BB335.5 2B00466.25 20791485 B25E28.8:
[23 Interest Rate  Hippo.xls $C§18 Base +3.33% 0.103333336| 2292455089 B03EE9.8125 413348425 2580640.333 226304525 B20493.7¢
[ 24 Interest Rate  Hippo.xls $CH18 Base H667% 0106666669 2274675961 797835.9375 A029029 .25 2661070.75 2247140 B15427 3¢
|25 Interest Rate  Hippo.xls $C§18 Base +10.00% 0.110000002| 2257118.208 792077.3125 406517275 25B6798.25 2231430 610426840
[ 26| Entrant Prob  Hippo.xls $C$19 Base -10.00% 0.36000000 23B5435.337 BO95B0.1875 41BB335.5 2B00466.25 237B421.25  B39539.27
[ 27 | Entrant Prob  Hippo.xls $CH19 Base B67% 0.373333338| 2347749178 B09580.1875 416683356.5 2600466.25 2332613 B33678.6Z
[ 28 Entrant Prob  Hippo.xls $CH19 Base -3.33% 0.38666667 [ 2323127 141 B09580.16875 416683355 2301942.333 2302028 B29471.2:
29| Entrant Prab  Hippo.xls $CH19 Base H).00% 0.400000006| 2310489.771 B09580.1675 41663355 260046625 22791485 B25628.8:
(30 Entrant Prob  Hippo.xls $CH19 Base +3.33% 0.413333342| 2290221 122 B09580.1875 41BB335.5 2B27575.333 2264357 5 B14196.30
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Input and Box- The Input Graphs report identifies how the tracked simulation statistic
Whisker Plots changed when simulations were run at each of the selected step values for
an input. These graphs include:

» Line Graph - Plots the value of the tracked simulation statistic for
the output against the value used for the input in each simulation.
There is one point on the line graph for each simulation run when
the Advanced Sensitivity Analysis was stepping across the
particular input.

» Overlayed Cumulative Distribution — Shows the cumulative
distribution for the output in each simulation run at each step
value for the input. There is one cumulative distribution for each
simulation run when the Advanced Sensitivity Analysis was
stepping across the particular input.

» Box-Whisker Plots - Give an overall indication of the output
distribution in each simulation run for the input, describing the
mean, median, and outlying percentiles. There is one Box-
Whisker plot for each simulation run when the Advanced
Sensitivity Analysis was stepping across the particular input. For
more information on Box-Whisker graphs, see Stress Analysis in
this manual.
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Quick Report

Quick Reports provide single page summaries of the Advanced

Sensitivity Analysis as a whole or for a single input in an Advanced
Sensitivity Analysis. These reports are designed to fit on a single page.
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Percent Change
Graph

Percentile
Graphs

The Percent Change Graph plots the Cell To Monitor statistic against
each of the selected inputs as a Percent Change from Base. The input
value on the X-axis is calculated by comparing each input value tested
with the entered base value for the input.
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The Percentile Graph plots the Cell To Monitor statistic against
percentiles of each of the @RISK distributions that were selected for
analysis with step type Percentiles of Distribution. Note: Only inputs
that were @RISK distributions will be displayed on this graph.
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Tornado The Tornado Graph shows a bar for each of the inputs defined for
analysis, showing the minimum and maximum values that the specified
Cell To Monitor statistic acquires, as the values of the input vary.
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Reference: @RISK Model
Window Commands
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File Menu

2

Open Icon

]

Save Icon

New Command
Clears all active @RISK simulation data and results

The New command clears all active @RISK simulation data from the
Results and Model windows and resets @RISK settings to their
default values.

Open Command

Opens a saved simulation

The File Open command opens a previously saved simulation data
file (RSK file) including simulation settings, all input data and graphs
(with supporting fitted datasets) and simulation results including any
generated graphs. For more information on the File Open command,
see File Open in Reference: @RISK Add-In Menu Commands.

Save Command, Save As Command

Saves the current simulation data

The File menu Save and Save As commands save the current @RISK
data in a .RSK file. For more information on the File Save and Save As
commands, see File Save in Reference: @RISK Add-In Menu
Commands.

Print Command

Prints the current graph or report

The Print command prints the active Model window graph.
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Exit Command
Unloads the @RISK add-in from Excel

The File menu Exit command unloads the @RISK add-in in Excel and
shuts down the supporting @RISK-Model and @RISK-Results
windows. If you shut down @RISK during an Excel session, you can
restart it at a later time by clicking the @RISK icon on the
DecisionTools toolbar.
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Edit Menu

Cut Command
Cuts the current selection

The Edit menu Cut command cuts the current selection. This data can
be pasted from the Clipboard to other applications.

Copy Command
Copies @RISK reports and graphs to the Windows Clipboard

The Edit menu Copy command is used to transfer @RISK reports,
graphs and fit data to the Clipboard so they can be pasted into your
spreadsheet or word processor. The data to be copied is determined
by the current active window and selection in @RISK. The active
window is the one with its title bar highlighted.

@RISK graphs are copied to the clipboard as Windows metafiles.
When placed in your spreadsheet they may be resized and annotated.

Paste Command

Pastes the current contents of the Clipboard into an @RISK
window

The Edit menu Paste command is used to transfer the Clipboard
contents into the current selection.

Clear Command
Removes data from the Input Data grid

The Edit menu Clear command is used to remove data from the Input
data grid on a Fit Tab. Clear permanently removes data from the
current selection in the input data grid, allowing new data to be
entered.
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Delete Tab Command

Deletes the current tab

The Delete Tab command (also selected by right-clicking on a Tab at
the bottom of the Model window and selecting Delete) deletes the
current tab. All open windows on the current tab are also deleted.

| Note: The Model tab cannot be deleted.

Rename Tab Command
Renames the current tab

The Rename Tab command (also selected by right-clicking on a Tab at
the bottom of the Model window and selecting Rename) renames the

current tab.

Note: The Model tab cannot be renamed.
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View Menu

Turns display of screen elements on and off

The View menu options allow you to optionally display or not
display the @RISK Results window toolbars, Explorer and status bar,
and customize the displayed toolbars.

Reference: @RISK Model Window Commands 251



252 View Menu



Insert Menu

Fit Tab

Fit Tab Command
Inserts a Fit Tab in the Model window

The Insert menu Fit Tab command (or clicking the Insert Fit Tab icon)
inserts a new fit tab in the Model window. A fit tab holds a data set
and the distribution fitting results associated with the data set.
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When initially inserted, a fit tab contains an empty Input Data grid on
the left where a data set to be fit can be entered. As fitting is
performed, Fit Results and Summary windows are displayed in the
other part of the fit tab.

To learn about the commands used to fit probability distributions to a
data set contained on a fit tab, see Fitting Menu Commands in this
Reference section.

Note: One data set can be added to a single fit tab. To fit additional
data sets, insert additional fit tabs.
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Fit Results Window Command
Inserts a Fit Results Window in the Model window

The Insert menu Fit Results Window command (or clicking the Insert
Fit Results Window icon) inserts a Fit Results window on a fit tab in
the Model window. A Fit Results window displays the results of the
most recent fit performed on the data set on the fit tab where the Fit
Results window is placed.

Results Window

‘mr
N e 4

When you run a fit, a new Fit Result window is automatically created
for you if one does not exist. Multiple Results windows can be
displayed for the current fit results. This allows different fitted
distributions to be displayed simultaneously and compared.

To learn about the contents of the Fit Results window and the
commands used for fitting probability distributions to data, see the
Fitting Menu: Run Fit Now Command in this Reference section.
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Fit Summary Window Command
Inserts a Fit Summary window in the Model window

The Insert menu Fit Summary Window command (or clicking the
Insert Fit Summary Window icon) inserts a Fit Summary window on
a fit tab in the Model window. A Fit Summary window displays a
report of the results of the most recent fit performed on the data set
shown on the active fit tab.
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A Fit Summary window displays all relevant statistics on the results
of a fit. For more information on the contents of the Fit Summary
window, see Fit Results under Fitting Menu: Run Fit Now
Command in this section.
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Artist Window Command
Inserts an Artist window in the Model window

The Insert menu Artist Window command (or clicking the Insert
Artist Window icon) inserts a Artist window in the Model window.
An Artist window allows a free-form curve to be drawn, which can
then be used to define a probability distribution.
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To learn about the commands used to draw curves in the Artist
window, see Artist Menu Commands in this Reference section.
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Distribution
Window

Contents of the
Distribution
Window

Distribution Window Command
Inserts a Distribution window in the Model window

The Insert menu Distribution Window command (or clicking the
Insert Distribution Window icon) inserts a Distribution window in the
Model window. Distribution windows can be used at any time to
preview a probability distribution, input and fit results.

A Distribution window displays either a:

1) Graph of a theoretical distribution whose parameters are
entered in the distribution window.

2) Graph of input data contained in the Input data grid on a fit tab.
3) Graph of a distribution function generated by a fit.

An overlay graph may also be placed on a distribution graph in the
Distribution window. This overlay can come from any of the three
sources listed above.
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The contents of the Distribution window are similar to the Define
Distribution window which is either popped up over Excel or
displayed when an input is graphed from the Outputs and Inputs.
The Define Distribution window contains Excel cell formula
information which a Distribution window does not. Otherwise, the
two windows are nearly identical. For information on using all
elements of the Distribution window (except those listed below) see
the Define Distribution Command in the @RISK Add-In Menu
section of this Reference chapter.
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Correlation Window Command
Inserts a Correlation window in the Model window

The Insert menu Correlation Window command (or clicking the Insert
Correlation Window icon) inserts a blank Correlation window in the
Model window. A Correlation window allows you to correlate input
distributions in your model by entering a matrix of correlation
coefficients. By dragging input distributions from the Explorer list
onto a blank matrix you can select which inputs you wish to correlate
in a matrix.
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Any number of correlation matrices may be specified for your model.
Each matrix entered is listed in the Correlations section of the
Explorer list on the Model tab. At any time you can edit an existing
matrix by right-clicking on the matrix name in the Explorer and
selecting the Edit Correlation Matrix command.

To learn more about setting up and editing correlation matrices, see
the Correlations Menu Commands in this Reference section.
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Inputs and Outputs Window Command

Inserts an Inputs and Outputs Window in the Model window
The Insert menu Inputs and Outputs Window command (or clicking
the Insert Inputs and Outputs Window icon) inserts an Inputs and
Outputs in the Model window. An Inputs and Outputs Window
displays a summary of all inputs and outputs currently defined in the
open worksheets in Excel.
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The Inputs and Outputs window displays the location and definition
of all @RISK distribution functions in your open worksheets. In this
window you can change the name of any input or output, lock it to
keep it from sampling or select to have samples collected for a
distribution (when the Simulation Settings option for Collect
Distribution Samples is set to Inputs Marked with Collect).
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Simulation Menu

Settings Command

Changes the settings which control the simulations
performed by @RISK

ﬂ The Simulation menu Settings command affects the tasks performed
- during a simulation. For more information on the available
Simulation simulation settings, see the Simulation menu Settings Command in
Settings Icon the section @RISK Add-In Menu Commands in this chapter.

Start Command

Starts a Simulation

The Simulation menu Start command (or clicking the Simulate icon)
starts a simulation using the current settings.
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Model Menu

The Model menu commands allow the entering and editing of input
distribution functions, outputs and correlation matrices that have
been entered in an @RISK model in Excel. The Model menu
commands are also displayed when an output, input or correlation
matrix is right-clicked in the Explorer list on the Model tab in the
Model window.

Define Distribution Command

Displays the @RISK Define Distribution window with a
graph of the selected input distribution displayed

The Graph menu Define Distribution command displays the input(s)
currently selected in the Explorer list on the Model tab in the Define
Distribution window(s). Once displayed, each selected input
distribution can be edited or deleted and new distributions can be
added to the displayed formula.
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For more information on using the @RISK Define Distribution
window, see the @RISK Add-In Model Menu Define Distribution
Command in this Reference chapter.
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Function Properties Command

Displays the current properties of an @RISK input
distribution or output

The Model menu Function Properties command displays the current
property settings for an @RISK input distribution or output.
Properties include name (both inputs and outputs), collect and lock
settings (inputs only), and output range settings (outputs only).

Once specified, function properties for probability distributions are
added to distribution functions in Excel using distribution property
functions. For more information on distribution property functions,
see Distribution Property Functions in the Reference: @RISK
Functions section of this chapter.
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The properties available for outputs in an @RISK model include:

* Name. Selects the name to use to identify the output in graphs
and reports. The Use Default Cell Name entry specifies that
@RISK will automatically generate a name for the output using
row and column headings it identifies in your worksheet.

»  Output is Member of Output Range. Selects whether or not the
output cell is part of an output range. Output ranges are groups
of related cells (such as Profit by Year).

* Range Name. If output is part of an output range, specifies the
name of the range.

« Position in Range. If output is part of an output range, specifies
the position of the cell in the range, where cells are ordered from 1
to the total number of cells in the range.

Each property is entered as an argument to the RiskOutput function
which identifies the output cell in Excel. Properties can be specified
or changed by adding arguments directly to the RiskOutput function
instead of using the Function Properties dialog.

264 Model Menu



Function
Properties for
Inputs

For more information on the RiskOutput function, see RiskOutput in
the Reference: @RISK Functions section of this chapter.
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The properties available for inputs in an @RISK model include:

* Name. Selects the name to use to identify the input in graphs and
reports. The Use Default Cell Name entry specifies that @RISK
will automatically generate a name for the input using row and
column headings it identifies in your worksheet.

» Collect. Specifies whether or not samples will be collected for the
distribution during a simulation when the Inputs Marked with
Collect option is selected for Collect Distribution Samples in the
Simulation Settings dialog.

* Lock. Specifies whether or not the distribution will be sampled
during a simulation. If Lock is selected, the distribution will
return its expected value during a simulation. This allows you to
temporarily remove a probability distribution from a simulation
to test the impacts of the removal on simulation results.

Each property is entered as a distribution property function which is
used as an argument to the distribution function in Excel. Properties
can also be specified or changed by adding distribution property
functions directly to the distribution function, instead of using the
Function Properties dialog. For more information on distribution
property functions, see Distribution Property Functions in the
Reference: @RISK Functions section of this chapter.

Remove Functions Command

Removes @RISK functions from selected cells or all
worksheets in Excel

The Remove Functions command removes all @RISK functions from
either the cells currently selected in the Explorer list in the Model
window or from all open worksheets in Excel.
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Correlate Distributions Command

Defines or edits correlations between probability
distributions in the formulas of the selected cells

_$' The Model menu Correlate Distributions command allows the

ST samples of input probability distributions to be correlated. When the
Correlate Correlate Distributions command is selected (or the Correlate
Distributions Distributions icon is clicked), a matrix is displayed in the Model
Icon window which includes a row and column for each probability

distribution currently selected in the Explorer list. Correlation
coefficients between the probability distributions can be entered using

this matrix.

MName |S ales Cormelations

Description Describes the comelations between projected yearly sales

Wokbook  [Frercens =]

Sales_ Corelations [4x4] Sheet]E 32 Sheet1IF32 Sheet11G32 SheetlH32 | —
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Sheet1IF32
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Sheet11G32
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Sheet]!H32
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d L[

Apply I Cancel I

Two input distributions are correlated when their samples should be
"related" — that is, the value sampled for one distribution should
affect the value sampled for the other. This correlation is necessary
when, in reality, two input variables move to some degree in tandem.
For example, imagine a model with two input distributions — Interest
Rate and Housing Starts. These two inputs are related, as the value
sampled for Housing Starts depends on the value sampled for Interest
Rate. A high Interest Rate would tend to cause a low value for
Housing Starts, and conversely a low Interest Rate would tend to
cause a high value for Housing Starts. If this correlation were not
accounted for in sampling, some iterations of the simulation would
reflect non-sensical conditions that could not occur in reality — such
as a high Interest Rate and a high value for Housing Starts.
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Adding Inputs
to a Pre-Existing
Matrix

If the Correlate Distributions command is selected and the active
window is a pre-existing correlation matrix, you have the option to
add each probability distribution currently selected in the Explorer
list to the current matrix. When distributions are added to a pre-
existing matrix, the following options are displayed:
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Select Replace to replace the inputs starting at the highlighted
position in the matrix with the new inputs, while maintaining the
entered coefficients. Select Insert to add new row/columns for the
inputs at the current location. Select Append to add the inputs as
new row/columns after the last row/column in the matrix. Clicking
Adjust Row/Column for Insertion and Replacement moves the
highlighted row/column through the matrix.

A single input may be added to a matrix by holding down the mouse
button on an input in the Explorer and dragging the input onto a
correlation matrix. The input is added at the location highlighted as
you move your mouse across the matrix. Replace, Insert and
Append options are also shown when dragging a new input onto a
matrix.
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Entering Correlation Coefficients

Correlations between input distributions are entered into a matrix
displayed when the Correlate Distributions command is selected (or
the Correlate Distributions icon is clicked). The rows and columns of
this matrix are labeled with each of the input distributions in the
currently selected cells. Any specific cell in the matrix specifies the
correlation coefficient between the two input distributions identified
by the row and column of the cell.

Correlation coefficients range in value between -1 and 1. A value of 0
indicates there is no correlation between the two variables — i.e., they
are independent. A value of 1 is a complete positive correlation
between the two variables — i.e., when the value sampled for one
input is "high", the value sampled for the second will also be "high".
A value of -1 is a complete inverse correlation between the two
variables — i.e., when the value sampled for one input is "high", the
value sampled for the second will be "low". Coefficient values in
between, such as -.5 or .5, specify a partial correlation. For example, a
coefficient of .5 specifies that when the value sampled for one input is
"high", the value sampled for the second will tend to, but not always,
be "high".

Correlations may be entered between any input distributions. A
distribution may be correlated with many other input distributions.
Often your correlation coefficients will be calculated from actual
historical data on which you are basing the distribution functions in
your model.

Entering To enter correlations between your input distributions:
Correlation

Coefficients 1) Select the inputs in the Explorer list that you wish to correlate.

Hold the <Ctrl> key down as you select multiple inputs.

2) Click the Correlate Distributions icon, or select the Correlate
Distributions command from the right-click pop-up menu in the
Explorer.

3) Scroll the matrix and highlight the cell that represents the
intersection of the row representing one distribution and the
column representing the second. Type in the desired coefficient
value.

4) Move to other cells as needed to enter additional coefficients.

5) When done, click Apply to enter the matrix in Excel and add
RiskCorrmat functions to the input distribution functions in the
matrix.
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Correlation
Matrix
Displayed in
Excel

To add distributions to an existing matrix (or a blank matrix created
with the Insert menu Correlation Window command):

1) Drag input distributions from the Explorer list onto an existing
matrix.

2) Edit the correlation coefficients in the matrix as described in the
prior section.

Note: There are two possible cells where the correlation between any
two inputs may be entered (row of the first and column of the second,
or column of the first and row of the second). You can use either cell
— as you enter a coefficient value in one it is automatically entered
in the second cell.
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When Apply is clicked from a correlation matrix window the entered
matrix is added to a worksheet in Excel, and RiskCorrmat functions
that reference the matrix are added to the input distributions
contained in the matrix. Correlation coefficients may be changed in
this Excel matrix, as well as in the matrix displayed in the model
window. New inputs, however, cannot be added to the matrix
displayed in Excel. To add new inputs to a matrix, edit the matrix in
the Model window.

For more information on entering and editing correlation matrices,
see the Model Window Correlation Menu Commands in this
Reference section.
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Understanding Rank Order Correlation Coefficient
Values

The correlation of input distributions in @RISK is based on the rank
order correlations. The rank order correlation coefficient was
developed by C. Spearman in the early 1900's. It is calculated using
rankings of values, not actual values themselves (as is the linear
correlation coefficient). A values "rank" is determined by its position
within the min-max range of possible values for the variable.

@RISK generates rank-correlated pairs of sampled values in a two
step process. First, a set of randomly distributed "rank scores" is
generated for each variable. If 100 iterations are to be run, for
example, 100 scores are generated for each variable. (Rank scores are
simply values of varying magnitude between a minimum and
maximum. @RISK uses van der Waerden scores based on the inverse
function of the normal distribution). These rank scores are then
rearranged to give pairs of scores which generate the desired rank
correlation coefficient. For each iteration there is a pair of scores, with
one score for each variable.

In the second step, a set of random numbers (between 0 and 1) to be
used in sampling is generated for each variable. Again, if 100
iterations are to be run, 100 random numbers are generated for each
variable. These random numbers are then ranked smallest to largest.

For each variable, the smallest random number is then used in the
iteration with the smallest rank score, the second smallest random
number is used in the iteration with the second smallest rank score
and so on. This ordering based on ranking continues for all random
numbers, up to the point where the largest random number is used in
the iteration with the largest rank score.

In @RISK this process of rearranging random numbers happens prior
to simulation. It results in a set of paired random numbers that can be
used in sampling values from the correlated distributions in each
iteration of the simulation.

This method of correlation is known as a "distribution-free" approach
because any distribution types may be correlated. Although the
samples drawn for the two distributions are correlated, the integrity
of the original distributions is maintained. The resulting samples for
each distribution reflect the input distribution function from which
they were drawn.
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Specifying
Correlations
With Functions

Correlations between input distributions may also be entered directly
in your worksheet using the CORRMAT function. The correlations
specified using this function are identical to those entered when
Apply is clicked from the Correlation Matrix window.

For more information on using these functions to enter correlations,
see the description of these functions in the Reference: @RISK
Functions section of this chapter.

For further information on working with correlation matrices, see the
Correlation Menu Commands in this section.

Delete Correlation Matrix Command
Deletes the selected correlation matrix

The Model menu Delete Correlation Matrix command deletes the
selected correlation matrix. All RiskCorrmat functions will be
removed from distribution functions used in the matrix and the
correlation matrix displayed in Excel will be deleted.

Find Outputs and Inputs Command

Scans open worksheets, identifies all @RISK functions and
updates the Explorer list in the Model window

The Model menu Find Outputs and Inputs finds all @RISK
distributions in all open worksheets in Excel. Use this command to
update all entries in the Explorer list in the Model window. If you are
entering probability distributions directly in formulas in Excel use this
command to keep your Explorer list up to date. @RISK also checks
that Model window information for individual cells is up to date
when an input or output is edited using the Model menu Define
Distribution or Edit Output command.

Note: When Apply is clicked from an open @RISK Define Distribution
window, the cell formula (including any @RISK distribution
functions) that is shown in the window is placed in the specified cell.
This formula will overwrite the existing formula in the cell, even if
the formula in the cell has been changed in Excel while the @RISK
Define Distributionwindow for the cell is open.

Reference: @RISK Model Window Commands 271



272 Model Menu



Correlation Menu

The Correlation menu commands allow you to edit correlation
matrices and create new instances of existing matrices. There are also
options in the Correlation Window itself for identifying and
describing an entered matrix. These options are also described in this
section.

Check Matrix Consistency Command
Checks the consistency of the active correlation matrix

The Model menu Check Matrix Consistency command checks if the
entered matrix in the active correlation window is valid. @RISK can
correct any invalid matrix and generate the closest valid matrix to the
entered invalid one.

Invalid An invalid matrix specifies inconsistent simultaneous relationships
Corr_elatlon between three or more inputs. It is quite easy to make a correlation
Matrices matrix which is invalid. A simple example is: correlate input A and B

with a coefficient of +1, B and C with a coefficient of +1, and C and A
with a coefficient of -1. This example is clearly illegal, but invalid
matrices are not always this obvious. In general, a matrix is valid
only if it is positive semi-definite. A positive semi-definite matrix has
eigenvalues which are all greater than or equal to zero, and at least
one eigenvalue that is greater than zero.

If @RISK determines you have an invalid matrix when the Check
Matrix Consistency command is selected, it will give you the option
of letting @RISK generate the closest valid matrix to the entered
invalid one. @RISK follows these steps to modify a matrix:

1) Finds the smallest eigenvalue (EO)

2) "Shifts" the eigenvalues so that the smallest eigenvalue equals
zero by adding the product of -EO and the identity matrix (I) to
the correlation matrix (C): C' = C - EOL.

3) Divides the new matrix by 1 - EO so that the diagonal terms equal:
C"=(1/1-E0)C'

This new matrix is positive semi-definite, and therefore, valid. It is
important to check the new valid matrix to ensure that its correlation
coefficients accurately reflect your knowledge of the correlation
between the inputs included in the matrix.
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Note: A correlation matrix entered in the Correlation window is
automatically checked for consistency when the Apply button is
clicked, prior to entering the matrix in Excel and adding RiskCorrmat
functions for each input in the matrix.

Insert Row/Column Command
Inserts a row and column in the active correlation matrix

The Model menu Insert Row/Column command inserts a new row
and column in the active correlation matrix. A new column will be
placed in the matrix at the cursor location, shifting existing columns
to the right. A new row is also added at the same position as the
added column, shifting existing rows down.

Once a new row/column is added to a matrix, a new input can be
added to the matrix by dragging an input from the Explorer list onto
the new row. Select Replace from the displayed dialog to assign the
new input to the new row/column.

Delete Selected Row/Column(s) Command
Deletes a row and column in the active correlation matrix

The Model menu Delete Selected Row/Column(s) command deletes
the selected rows and columns from the active correlation matrix.
This command is only available when one or more rows or columns
are selected in the matrix by clicking on row or column headings.

Detach Selected Input(s) Command

Removes the selected input(s) from the active correlation
matrix

The Model menu Detach Selected Input(s) command removes the
selected input(s) from the active correlation matrix. This command is
only available when one or more rows or columns are selected in the
matrix by clicking on row or column headings. When inputs are
detached, only the inputs are removed - the coefficients specified in
the matrix remain.
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Instance Commands

An instance is a new copy of an existing matrix that can be used to
correlate a new set of inputs. Each instance contains the same set of
correlation coefficients; however, the inputs that are correlated with
each instance are different. This allows you to easily set up groups of
similarly correlated variables without repeating the entry of the same
matrix over and over. In addition, when a correlation coefficient is
edited in any instance of a matrix, it is automatically changed in all
instances.

Each instance of a matrix has a name. Instances can be deleted or
renamed at any time.

Instance is a third optional argument to the RiskCorrmat function.
This allows you to easily specify instances when entering correlation
matrices and RiskCorrmat functions directly in Excel. For more
information on the RiskCorrmat function and the Instance argument,
see RiskCorrmat in the Reference: @RISK Functions section of this
chapter.

Note: When a correlation matrix with multiple instances is created in
the Model window and displayed in Excel, only the inputs for the
first instance are shown in the headings of the matrix added to the
@RISK Correlation sheet.
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Create New Instance Command
Creates a new instance of the active correlation matrix

The Model menu Create New Instance command creates a new
instance of the active correlation matrix. Prior to creating a new
instance, you must give it a name.
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When a new instance is created, a new copy of the active matrix is

made with no inputs attached to the rows and columns of the matrix.

To add inputs to the new instance:

* Simply drag input distributions from the Explorer list onto the
new matrix.

To view a different instance of the matrix:

» Switch the Active Instance entry at the bottom of the correlation

window.
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Delete Instance Command
Deletes the current instance of the active correlation matrix

The Model menu Delete Instance command deletes the current
instance of the active correlation matrix. Correlations are removed for
all inputs included in the instance.

Rename Instance Command
Renames the current instance of the active correlation matrix

The Model menu Rename Instance command renames the current
instance of the active correlation matrix. The new name is shown in
the Active Instance entry at the bottom of the correlation window.
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Correlation Window Options

The Correlation Window contains entries for Name, identifying the
matrix in the window, Description, describing the matrix in the
window, and Workbook, specifying the location in Excel for the
matrix entered. This information is used when the entered correlation
matrix is added to Excel when the Apply button is clicked.
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The entries in the Correlation window include:

 Name. Specifies the Name of the matrix which will be used to
identify the matrix in the RiskCorrmat functions that are created
for each input distribution included in the matrix. This name
must be a valid Excel range name.

e Description. Gives a description of the correlations included in
the matrix. This entry is optional.

*  Workbook. Specifies the name of the workbook where the @RISK

Correlations sheet will be placed. By default the sheet will be
placed in the same workbook where your inputs are located.
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How a When you enter a correlation matrix in the Model Window and click

Correlation Apply, the following events take place:
Matrix is Added . .
to Your Model in 1) The matrix is added to a worksheet named @RISK Correlations

Excel located in the workbook specified in the Workbook entry in the
Correlation window. This matrix in Excel is identified with an
Excel range name that has the name specified in the Name entry
in the Correlation window. The Description entry is shown at
the top of the matrix in Excel.
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2) RiskCorrmat functions are added to each of the input distribution
functions that are included in the matrix. The RiskCorrmat
function is added as an argument to the distribution function
itself, such as:

=RiskNormal(200000, 30000,RiskCorrmat(NewMatrix,2))

where NewMatrix is the range name for this matrix and the 2 is
the position of the distribution function in the matrix.

After the matrix and RiskCorrmat functions are added to Excel, you
can change the coefficient values in your matrix without editing the
matrix in the Model window.
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Fitting Menu

The Fitting menu commands are used to set up and fit probability
distributions to a data set displayed in a fit tab. These commands
allow you to run a fit, specify distribution types to be included in a fit
and enter binning used in a fit's Chi-Sq tests. The Fitting menu also
allows you to filter, sort or otherwise transform the input data that is
displayed in the Input data grid on a fit tab.

Run Fit Command

Runs a fit on the input data that is displayed in the Input data
grid using the current settings

The Run Fit command fits probability distributions to the input data
‘ that is displayed in the Input data grid on a fit tab. A fitis run using

the current settings as entered using the Fitting menu Specify
Run Fit Icon Distributions to Fit, Define Chi-Sq Binning and Input Data Options
commands.

For more information on the techniques used during distribution
fitting, see Chapter 6: Distribution Fitting in this manual.

Distribution fitting results in a set of theoretical probability
distributions that are ranked according to how well they fit your data.
These results are displayed in Fit Results and Fit Summary windows.
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Fit Results Window

The Fit Results window displays a list of fitted distributions, graphs
that illustrate how the selected distribution fits your data, and
statistics on both the fitted distribution and the input data and the
results of the goodness-of-fit (GOF) tests on the fit.
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Note: No goodness-of-fit test information is generated if the input
data type is Density Curve or Cumulative Curve (as set using the
Fitting menu Input Data Options command). In addition, only
Comparison and Difference graphs are available for these data types.

Fitted The Fitted Distributions list displays all distributions for which valid
Distributions fit results were generated. These distributions are ranked according
List to the goodness-of-fit test selected with the Rank By entry. Only

distribution types selected using the Fitting menu Specify
Distributions to Fit command are tested when fitting.

Clicking on a distribution listed in the Fitted Distributions list
displays the fit results for that distribution, including graphs and
statistics on the selected fit.

If a fit did not return valid results for a distribution type, that
distribution is not listed in the Fitted Distributions list. The number
of invalid fits is shown beneath the list.
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Rank By

The Rank By entry ranks the distributions according to the selected
goodness-of-fit test, which measures how well the sample data fit a
hypothesized probability density function. Three types of tests are
available:

Chi Sq or Chi-Square test. The Chi-Square test is the most
common goodness-of-fit test. It can be used with sample input
data and any type of distribution function (discrete or
continuous). A weakness of the Chi-Square test is that there are
no clear guidelines for selecting intervals or bins. In some
situations, you can reach different conclusions from the same data
depending on how you specified the bins. The bins used in the
Chi-Square test can be defined using the Fitting menu Define
Chi-Sqg Binning command.

K-S, or Kolmogorov-Smirnov test. The Kolmogorov-Smirnov test
does not depend on the number of bins, which makes it more
powerful than the Chi-Square test. This test can be used with
sample input data but cannot be used with discrete distribution
functions. A weakness of the Kolmogorov-Smirnov test is that it
does not detect tail discrepancies very well.

A-D, or Anderson-Darling test. The Anderson-Darling test is
very similar to the Kolmogorov-Smirnov test, but it places more
emphasis on tail values. It does not depend on the number of
intervals.

RMS Error, or root mean squared error. If the input data type is
Density Curve or Cumulative Curve (as set using the Fitting
menu Input Data Options command), only the RMS Error test is
used to fit distributions. For more information on the RMS Error
test, see Chapter 6: Distribution Fitting.
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To display the fit results for different distributions in the Fitted

Displaying Fit I -

Respult)s/ fc?r distribution list at the same time:

Multiple 1) Select the Insert menu Fit Results Window command. A new Fit
Distributions Results window will be displayed on the current fit tab in which

results for other fitted distributions can be displayed.
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Comparison
Graph

Fit Results — Graphs

When the input data type is Sampled Values, four graphs —
Comparison, Difference, P-P and Q-Q — are available for any fit
selected by clicking in the Fitted Distribution list. If the input data
type is Density Curve or Cumulative Curve, only the Comparison
and Difference graphs are available.

For all graph types delimiters may be used to graphically set specific
X-P values on the graph. X-axis minimum and maximum values may
also be set by dragging the X-axis endpoint delimiters. Delimiters are
marked by the inverted triangles above the graph.
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A Comparison Graph displays two curves - the input distribution
and the distribution created by the best fit analysis.

Two delimiters are available for a Comparison graph. These
delimiters set the Left X and Left P values, along with the Right X
and Right P values. Values returned by the delimiters are displayed
in both the probability bar under the graph and in the statistics grid to
the right of the graph.
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Difference
Graph

P-P Graph
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A Difference graph displays one curve - the difference between the
input distribution and the distribution created by the best fit analysis.

A single delimiter can be used on the Difference graph to return
specific X-Y values along with the difference between the input data
and the fitted distribution at any X-value on the graph.
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The P-P (or Probability-Probability) graph plots the p-value of the
fitted distribution vs. the p-value of the fitted result. If the fit is
"good," the plot will be nearly linear. A single delimiter can be used
on the P-P graph to return the p-value of the input data and the fitted
distribution at any X-value on the graph.
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Q-Q Graph
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A Q-Q (or Quantile-Quantile graph) plots the plot percentile values of
the fitted distribution vs. percentile values of the input data. If the fit
is "good," the plot will be nearly linear. A single delimiter can be used
on the Q-Q graph to return the percentile value of the input data and
the fitted distribution at any X-value on the graph.
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Fit Results — Statistics and Goodness of Fit

Statistics on fit results for the currently selected distribution are
displayed in the statistics grid in the Results window. Both standard
Stats and GOF (or Goodness of Fit) results are shown on separate
tabs. Statistics and GOF results for all fitted distributions can be
shown in the Fit Summary window displayed with the Insert menu
Fit Summary Window command.
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The Stats tab in the Fit Results window displays relevant statistics for

both the displayed fitted distribution and the distribution of the input

data. If a statistic is not valid for either the fitted distribution or the
distribution of the input data, n/a is shown. Statistics include:

e Formula, or distribution and arguments for the fitted distribution.
When a fit is used as input for an @RISK model, this formula
corresponds with the distribution function that will be placed in
your spreadsheet.

e Parameters, or an entry for each parameter value included in
Formula. Shiftis any X-value shift that is applied if the input
data exceeds the range of the fitted distribution. A shifted
distribution is expressed in the form Dist(argl,arg2...argn) # Shift,
where a sample drawn from the shifted distribution will have the
shift amount added to or subtracted from it. For more
information on shift factors, see Chapter 6: Distribution Fitting.
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» Delimiter values (Left and Right X,P entries on Comparison
graph, Difference entry on Difference graph, Delimiter entry on P-
P and Q-Q graphs). These entries display the current values for
delimiters set on a graph.

e Standard Statistics (Minimum, Maximum, Mean, etc.). These
entries display the statistics calculated for both the displayed
fitted distribution and the distribution of the input data.

GOF The GOF (or Goodness of Fit) tab displays the results of goodness-of-
fit tests that were calculated during fitting. Test results are displayed
for each of the three available tests (Chi-Sqg, A-D and K-S) that are
performed. Goodness-of-Fit information is only available when the
Input Data type is Sampled Values.

The goodness-of-fit statistic tells you how probable it is that a given
distribution function produced your data set. The goodness-of-fit
statistic can be used for comparing the values to the goodness-of-fit of
other distribution functions.
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The entries in the GOF report include:

e Test Value, or the test statistic for the fitted probability
distribution for each of the three tests.

» P-value, or observed level of the significance of the fit. For more
information on P-values, see Chapter 6: Distribution Fitting.

* Rank, or the rank of the fitted distribution among all distributions
fit for each of the three tests. Depending on the test, the returned
rank can change.

e CVal, or critical values, at different significance levels for each of
the three tests. For more information on critical values and their
calculation, see Chapter 6: Distribution Fitting.
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» Bin statistics for each bin for both the input and the fitted
distribution (Chi-Sq test only). These entries return the min and
max of each bin plus the probability value for the bin for both the
input and the fitted distribution. Bin sizes can be set using the
Fitting menu Define Chi-Sq Binning command.
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Fit Summary
Window

Fit Results — Fit Summary Window

The Fit Summary window displays a summary of calculated statistics
and test results for all distributions fit to the current data set.
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The following entries are shown in the Fit Summary window:

» Formula, or distribution and arguments for the fitted distribution.
When a fit is used as input for an @RISK model, this formula
corresponds with the distribution function that will be placed in
your spreadsheet.

» Parameters, or individual entries for each of the distribution
parameter values included in Formula. Shift is any X-value shift
that is applied if the input data exceeds the range of the fitted
distribution. A shifted distribution is expressed in the form
Dist(argl,arg2...argn) = Shift, where a sample drawn from the
shifted distribution will have the shift amount added to or
subtracted from it. For more information on shift factors, see
Chapter 6: Distribution Fitting.

e Standard Statistics (Minimum, Maximum, Mean, etc.). These
entries display the statistics calculated for all fitted distributions
and the distribution of the input data.
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» Targets identify the probability of achieving a specific outcome or
the value associated with any probability level. Target entries
have default values (10% through 95%) that you may change if
you wish.

Either values or probabilities may be entered into the target area
in the Fit Summary window. If a value is entered, the probability
of a value occurring that is less than or equal to the entered value
is calculated. If a probability is entered, the value in the
distribution whose associated cumulative probability equals the
entered probability is calculated. If the @RISK Add-in Options
menu Display Cumulative Descending Percentiles option is
selected, the reported target probability will be in terms of a
probability of exceeding the entered target value.

Note: Any target entered in the Fit Summary window is
automatically applied to all fitted distributions and the
distribution for input data.

For each of the three tests performed (Chi Sg, A-D and K-S) the Fit
Summary window displays the information shown on the GOF tab of
the Fit Results window. See the Fit Results — Statistics and
Goodness-of-fit section in this chapter for more information on these
statistics.

Rank By The Rank By entry changes the order that fitted distributions are
displayed in the Fit Summary window. Select Name to list fitted
distributions alphabetically, or Chi-Sqg, A-D, or K-S to list according to
the rankings returned for each test.

292 Fitting Menu



gk

Specify
Distributions to
Fit Icon

Parameter
Estimation

Specify Distributions to Fit Command

Selects probability distributions to fit or specifies a
predefined distribution to fit

The Fitting menu Specify Distributions to Fit command selects the
probability distributions to include in a fit. This command can also be
used to specify predefined distributions with preset parameter values
to fit. Probability distributions to be included in a fit may also be
selected by entering information on the lower and upper limits of the
allowable distributions.
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Parameter Estimation options control whether 1) a group of
distribution types will be fitted or 2) a set of predefined distributions
will be used. The selection for Parameter Estimation determines the
other options that are displayed in the Specify Distributions to Fit
dialog. The options available for Parameter Estimation include:

» Find BestFit Parameters, or find the parameters for the selected
distribution types that best fit your data set.

* Fit to Predefined Distributions, or determine how the entered
probability distributions (with preset parameters values) fit your
data set.
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Find BestFit When Find BestFit Parameters is selected, the following options are

Parameters available in the Specify Distributions to Fit dialog:
Options
P e List of Distribution Types. Checking or unchecking a specific

distribution type will include or remove that type from the fit to
be performed. The list of distribution types that are displayed will
change depending on the options selected for Lower Limit and
Upper Limit.

Each distribution type has different characteristics with respect to the
range and limits of the data it can describe. Using the Lower Limit
and Upper Limit options you can select the types of distributions to
include. Limit options are set based on your knowledge of the range
of values which could occur for the item that your input samples
describe.

Lower Limit and Upper Limit options include:

» Fixed Bound of. Specifies a value that will fix the lower and/or
upper limit of the fitted distribution to a specific value. Only
specific distribution types, such as Triangular, have fixed lower
and upper limits. Your entry for Fixed Bound will restrict a fit to
certain types of distributions.

* Bounded, but unknown. Specifies that the fitted distribution has
a finite lower and/or upper limit, but you don’t know what the
boundary value is.

* Open (extends to +/- infinity). Specifies that the data described
by the fitted distribution can possibly extend to any possible
positive or negative value.

e Unsure. Specifies that you are not sure about the possible values
that could occur and thus the full range of distributions should be
available for fitting.
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Fit to Predefined
Distributions
Options

When Fit to Predefined Distributions is selected, a set of predefined
distributions are entered and only these predefined distributions will

be tested during fitting.

Predefined distributions are specified using the following options;

i Specify Distributions To Fit

— Parameter E stimation
™ Find BestFit Parameters
% Fit to Predefined Distributions

selectéll | Cleardl | Delete |

— Distribution D efinition

MHame IHypothesis 2
Diistribution ITliang 'I

it |-2
m. likely ID
max |3

Sy e [erault |

Hypothesiz 1 = Momaalld, 1)
Hypathesis 2 = Triang(-2, 0, 3]

oK | Cancel |

distribution.

» Distribution. Selects the type of distribution for a predefined
distribution from the dropdown list of all available distribution

types.

» Parameter values. Depending on the type of distribution
selected, the possible entries for parameter values will change.

Name. Specifies the name you wish to give to a predefined

Entering the relevant parameter values completes the
specification of a predefined distribution.

The Add button adds an entered predefined distribution to the list of

predefined distributions to be used. Once a set of predefined

distributions have been entered, any or all of the entered distributions

can be selected for inclusion in a fit. Select All selects all predefined
distributions in the list to be included in a fit. Alternatively,

individual predefined distributions can be selected by clicking on the
name of the predefined distribution to be included (holding down the
Ctrl-key to select multiple distributions). Delete deletes a predefined

distribution from the displayed list, and Clear All unchecks all

entries.
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Define Chi-Sqg Binning Command
Defines the binning to be used in Chi-Sq goodness-of-fit

tests
wl The Fitting menu Define Chi-Sq Binning command defines the
number of bins, type of bins and custom binning to be used for Chi-Sq
Define Chi-Sq goodness-of-fit tests. Bins are the groups that your input data are
Binning Icon divided into, similar to the classes used to draw a histogram. Binning

can affect the results of Chi-Sq tests and the fit results that are
generated. By using the Define Chi-Sqg Binning options you can
ensure that the Chi-Sq test is using the bins that you deem
appropriate. For more information on how the number of bins is used
in a Chi-Sq test, see Chapter 6: Distribution Fitting.

Note: If you are unsure about the number or type of bins to use for
a Chi-Square test, set “Number of Bins” to “Auto” and set “Bin
Style” to “Equal Probabilities”.

Chi-5q Binning Options
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The following entries can be used to define Chi-Sq binning:

(]
=
0 |~ [ fon 4= o fra |— &
El

* Number of Bins. Specifies a fixed number of bins or,
alternatively, specifies that the number of bins will be
automatically calculated for you.
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Bin Style Bin Style options specify the style of the binning that will be

Options performed or, alternatively, allow the entry of fully custom bins with
user-entered minimum and maximum values. Options for Bin Style
include:

» Equal Probabilities. Specifies that bins will be made at equal
probability intervals across the fitted distribution. This usually
results in unequal length bins. For example, if ten bins are used,
the first bin would extend from the minimum to the 10th
percentile, the second from the 10t percentile to the 20th and so
on. In this mode, @RISK will adjust the bin sizes based on the
fitted distribution, trying to make each bin contain an equal
amount of probability. For continuous distributions this is
straight-forward. For discrete distributions, however, @RISK will
only be able to make the bins approximately equal.

« Equal Intervals. Specifies that bins will be of equal length across
the input data set. Several options are available for entering equal
interval bins across an input data set. Any or all of these options
may be selected:

1) Extend First Bin from Minimum to -Infinity. Specifies that
the first bin used will stretch from the specified minimum to -
Infinity. All other bins will be of equal length. In certain
circumstances, this improves fitting for data sets with
unknown lower bounds.

2) Extend Last Bin from Maximum to +Infinity. Specifies that
the last bin used will stretch from the specified maximum to
+Infinity. All other bins will be of equal length. In certain
circumstances, this improves fitting for data sets with
unknown upper bounds.

3) Automatic Minimum and Maximum Based on Input Data.
Specifies that the minimum and maximum of your data set
will be used to calculate the minimum and maximum of equal
interval bins. First and last bins, however, may be added
based on the settings for Extend First Bin and Extend Last
Bin options described above. If Automatic Minimum and
Maximum Based on Input Data is not selected, you can enter
a specific Minimum and Maximum value where your bins
will start and end. This allows you to enter a specific range
where binning will be performed without regard to the
minimum and maximum values in your data set.
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Custom Bins There are times when you wish to have complete control over the bins
that are used for Chi-Sq testing. For example, custom bins could be
used when there is a natural grouping of collected sample data and
you want your Chi-Square bins to reflect that grouping. Entering
custom bins allows you to enter a specific minimum-maximum range
for each bin that is defined.
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To enter custom bins:

1) Click Custom in Bin Style. This grays out all automatic binning
options.

2) Enter a set of minimum or maximum values for your bins. As
you enter subsequent values, the range for each bin will be
automatically filled in.
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Input Data
Options Icon

Data Source

Type of Data

Input Data Options Command

Specifies the type of input data to be fitted, its domain and
any filtering to be applied to the data

The Fitting menu Input Data Options command specifies the source
and type of input data entered, whether it represents a continuous or
discrete distribution and whether it should be filtered in any way.

Input Data Options

~ D'ata Source

€ Link to Excel Range |

— Type of Data Dramain
¥ Sampled Yalues % Continuous
" Density Curve " Discrete [Integral Domain)

" Cumulative Curve

 Filtering Optionz
i+ Mo Filtering
" Filter D ata Outside Range:  #min I to smax I
" Filter Data that Falls |1— Standard Deviations beyond the Mean

[~ Automatically Bun Fit 'when Input Data Changes
[ Save as Default ok I Cancel |

The Data Source options specify the source of the data to be fit. Data
can originate in the:

e Fit Tab Data Grid. Specifies that the data was typed, loaded or
copied into the Data Grid on the left of the Fit Tab by the user.

» Linkto Excel Range. Specifies a range in Excel that contains the
data to be fit. A copy of the data in this range is shown in the
Data Grid on the left of the Fit Tab.

The Type of Data options specify the type of data that is entered in
the Input Data grid on a fit tab. Three different types of data can be
entered:

» Sampled Values. Specifies that the data is in the form of Sample
(or observation) data that are a set of values chosen from a
population. The sample data is used to estimate the properties of
that population.

e Density Curve. Data for a Density curve are in the form of [X, Y]
pairs. The Y value specifies the relative height (density) of the
density curve at each X value.
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Domain

e Cumulative Curve. Data for a Cumulative Curve are in the form
of [X, p] pairs, where each pair has a X value and a cumulative
probability p that specifies the height (distribution) of the
cumulative probability curve at the X value. A probability p
represents the probability of a value occurring that is less than or
equal to the corresponding X value.

Depending on the option chosen for Type of Data one column
(Sampled Values) or two columns (Density Curve and Cumulative
Curve) will be displayed in the Input Data grid.

For more information on how distribution fitting is performed on
each of these data types, see Chapter 6: Distribution Fitting.

* Normalize Curve to Unit Area (Density curve data only).
Selecting this option causes the entered Density curve (in the form
of [X, Y] pairs) to be normalized so that the area under the density
curve equals one. It is recommended that you select this option to
improve fitting of density curve data. Do not use this option if
your Y data are taken from a curve that has already been
normalized.

The Domain options specify the domain of the data — Continuous or
Discrete - that is entered in the Input Data grid on a fit tab. These
options are only available for the Sampled Data type. Density Curve
and Cumulative Curve data are automatically continuous.

Domain options include:

e Continuous. Specifies that the distribution described by the input
data ranges continuously and any value in the range is possible.

» Discrete. Specifies that the distribution described by the input
data is discrete and only integral values — and none in between —
are possible. If Discrete is selected, the Data in counted format
option is available. This option specifies that the input data will
be in the form of X, Count pairs, where Count specifies the number
of points that fall at value X.

The selected Domain option will affect the distributions that can be
fitted to the data set as selected using the Fitting menu Specify
Distributions to Fit command (i.e., only discrete distributions will be
fitted if Discrete Domain is selected).

300

Fitting Menu



Filtering
Options

Automatically
Run Fit When
Input Data
Changes

Filtering allows you to exclude unwanted values outside an entered
range from your input data set. Filtering lets you specify outliers in
your data that will be ignored during fitting. For example, you may
wish to only analyze X values greater than zero. Or, you may wish to
filter out tail values by only looking at data within a few standard
deviations of the mean. Filtering options include;

* No Filtering. Specifies that the data will be fitted as entered.

» Filter Data Outside Range. Specifies a minimum X-value, a
maximum X-value or both to define a range of valid data to be
included in a fit. Values outside the entered range will be
ignored. If just a minimum or just a maximum is entered for the
range, the data will be filtered only below the entered minimum
or above the entered maximum.

» Filter Data that Falls X Standard Deviations beyond the Mean.
Specifies that data outside the entered number of standard
deviations from the mean will be filtered from the data set prior
to fitting.

A fit can be automatically updated when the input data in the Data
Grid or the referenced data range in Excel changes. If Automatically
Run Fit When Input Data Changes is selected, a new fit will be run
when @RISK detects that the data has changed.

Input distribution functions in Excel can also be automatically
updated when a fit changes due to a change in data. Input
distribution functions are linked to a fit on a fit tab via the RiskFit
function. When a fit referenced by a RiskFit function changes, @RISK
will automatically update the probability distribution function to
reflect the new fit results either 1) automatically or 2) when a new
simulation starts or the Outputs and Inputs list is generated.
Updating an @RISK function in Excel could include:

e Changing the distribution function to a new type, such as when
the RiskFit function includes the argument "Best Chi-Sq". In this
case the new distribution function entered in Excel will be the best
fit returned by the Chi-Sq test performed during the new fit.

» Changing the distributions' arguments, such as when the RiskFit
function includes the argument "Normal”. In this case the new
distribution function entered in Excel will be Normal wit the best
fitting arguments returned by the new fit.
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The Fitting menu command Update Linked @RISK Functions
command controls how the @RISK functions in your model update
when a fit they are derived from changes.

Sort Data Command
Sorts the data set displayed in the input data grid

The Fitting menu Sort Data command sorts the current data set in
= ascending order. For cumulative curve and density curve data types,
= data is sorted by X value.

Sort Data lcon Generate Data Command
Generates a new data set in the input data grid using random
samples from an entered distribution

The Fitting menu Generate Data command generates a new data set

in the input data grid on the current fit tab by drawing samples from
@ an entered probability distribution. By using the Generate Data
command you can quickly generate sets of random data from specific
distributions for testing distribution fitting.

B Generate Input Data [ %]
# of Paints |1 0o

— Random Sampling Seed
' Randam

& Fized |1

— Distribution Definition

Distribution INolma\ <z

Generate Data
Icon

| Cancel |

The following options are available for generating input data:

» # of Points. Specifies the number of points to be generated.

* Random Sampling Seed. Selecting Random causes a new set of
random samples from an entered distribution to be generated
each time the Generate Data command is selected. Using a Fixed
seed causes the same sequence of samples to be generated each
time the Generate Data command is selected for the same
distribution.

« Distribution Definition. Specifies the distribution from which
samples will be drawn to generate the input data set. Options
include:
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1) Distribution. Specifies the type of distribution for a
predefined distribution from the dropdown list of all
available distribution types.

2) Parameter values. Depending on the type of distribution
selected, the possible entries for parameter values will
change.

Clicking OK in the Generate Input Data dialog causes a new data set
with the specified number of points to be generated, overwriting the
current data set.
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Transform Data Command

Generates a new data set in the input data grid by modifying
the current data set using a selected transformation

The Fitting menu Transform Data command modifies the current data
set according to a transformation you select. Available types of
transformations include Linear, Power, Logrithmic, Exponential and
Round.

f) Transform Data
—Wanable to Transform Parameters
(Ol A= |1
o B= ID
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@ Lingar: ¥ > A= +B

7 Power ¥ - 506

= Logrithmic : 3 - Inf)

" Exponential : ¥ ~» expf]

" Round : % > Nearest Integer Tox

Options in the Transform Data dialog include:

Variable to Transform. Selects the variable of the data set to
transform. When the input data type is Sampled Values, only X
values can be transformed; however, when the input data type is
Density Curve and Cumulative Curve, X or Y values can be
transformed.

Parameters. Specifies the parameter value to be used in the
transformation for Linear and Power transformations. Enter the
appropriate value as shown in the equations listed under Type of
Transformation.

Type of Transformation. Selects the type of transformation to be
performed on the current input data.

Note: Once a transformation is performed, the data set in the input
grid is permanently changed.
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Update Linked @RISK Functions Command

Selects the method used for updating @RISK distribution
functions which are based on fitted data

The Fitting menu Update Linked @RISK Functions command allows
you to select how @RISK distributions in Excel are updated when
they are linked to a fit. This allows you to insure that the
distributions in your model stay current when fitted data changes.

An @RISK distribution function in Excel can be linked to a data set
and the fit of that data set. The data used in a fit can be either in Excel
or on a fit tab in the @RISK — Model window. A link is made by the
RiskFit function. When the fitted data changes in either one of these
locations, the following actions take place:

1) @RISK re-runs the fit using the current settings on the fit tab
where the fit was originally run

2) The distribution function that includes the RiskFit function that
references the fit is changed to reflect the new fit results. The
changed function replaces the original one in Excel. If, for
example, the distribution function's RiskFit argument specified
"Best Chi-sq" for selected fit result, the new best-fitting distribution
based on the Chi-Sq test would replace the original one. This new
function would also include the same RiskFit function as the
original one.

When @RISK will perform the above actions depends on the setting
selected for the Update Linked @RISK Functions command.
Available options are:

» Always, or immediately update distribution functions when the
data and fit have changed.

* Only on Simulation Start or List Update, or update when a
simulation starts or the list of Outputs and Inputs is generated.

* Never, or disable links and don't update when fits change.

The Update method used affects all linked distributions. It may be
helpful to select Only on Simulation Start or List Update when re-
fitting takes too much time and frequent changes are made to fitted
datasets.
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Graph Menu

Format Graph Command
Changes the type or appearance of the current graph

The Graph menu Format Graph command changes the appearance of
the selected graph. Use this command to change the type, scaling,
style and titles of your graphs and turn delimiters on and off.

Save as Default Clicking Save as Default sets the current format settings as the
default. All new graphs generated will use these defaults.

Type Tab — Graph Format Command

Changes the type and format of a displayed graph

The Type tab on the Graph Settings dialog box allows you to change
the type of a displayed graph.

LIl Graph Format

I,}'pel §caling| Stylel T_itlesl Qelimitelsl

Digplay &zs———————— [~ Histogram Options
' Density 1 Binz lm

' Cumulative Ascending Minimurm Iauto 'l
™ Cumulative Descending b amirnum Iau[g vl

' futo

[~ Save as Default 0K I Cancel |

» Display As. Displays a graph in density, cumulative ascending
or cumulative descending format. Auto specifies that the type of
graph displayed will be based on the type of input data entered.
In this case, graphs will be displayed in density format except
when the curves being graphed would naturally be displayed in
cumulative format.
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* #Bins. Sets the number of histogram intervals calculated across
the range of a graph. The value entered must be in the range 1 to
200. The setting Auto calculates the best number of bins to use for
your data using an internal heuristic.

*  Minimum. Sets the minimum value where histogram bins start.
Auto specifies that @RISK will start the histogram bins based on
the minimum of the data graphed.

 Maximum. Sets the maximum value where histogram bins end.
Auto specifies that @RISK will end the histogram bins based on
the maximum of the data graphed.
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Scaling Tab — Graph Format Command

Changes the scaling, units and axis tick marks on the active
graph

The available Scaling options allow you to rescale the current graph,
set the number of X and Y axis ticks, set the scale factor with which
values are displayed and display gridlines on the graph. You can also
select to have @RISK automatically scale the X and Y axis of a graph.

Note: X-axis scaling can also be changed by dragging the delimiters
at the X-axis endpoints using the mouse directly on the graph.

Stylel T_itlesl Qelimitelsl

s =T
V| Automatically Scale ¥ Automatically Scale
FinirmLm ID— Finirmurm ID—
b aximnum IB— b awirriuim |45—

Sicale Factor I“'WLJSEINC'S ‘I Sale Factor I'4 'l
# of Ticks IE'UtD 'I # of Ticks Iauto 'l

V¥ Show Scale Factor Label [V Show Scale Factor Label
[~ Show Grid Lines [~ Show Grid Lines

[~ Save as Default oK I Cancel |

e Automatically Scale. Specifies that @RISK will automatically
calculate X or Y axis minimum and maximum values based on the
range and probabilities of the data displayed in the graph.

Note: Clicking the AutoScale button in the top right corner of a graph
selects the Automatically Scale option and rescales the graph.

*  X-Axis Maximum. Enters the X-axis maximum value for the
current graph. This specifies the maximum value shown on the
horizontal X-axis of the displayed graph. Values are entered in
terms of actual values with all digits. Using the current scale
factor, @RISK converts those values to the appropriate units (in
thousands, in millions, etc.) for display. X-axis scaling may be
adjusted to include all of a distribution or just a portion of it. This
allows you to view only a piece of a distribution when more detail
is desired.

e X-Axis Minimum. Enters the X-axis minimum value for the
current graph. Information given for the X-maximum option also
applies to X-minimum.
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* Y-Axis Maximum. Enters the Y-axis maximum value for the
current graph. This specifies the maximum probability value
displayed on the Y-axis.

* Y-Axis Minimum. Enters the Y-axis minimum value for the
current graph.

+ #of Ticks. Defines the number of ticks drawn on the X-axis or Y-
axis between the origin and the extreme values.

» Scale Factor. Sets the factor used in displaying units on the X-
and Y-axis in @RISK graphs. Factors are entered as the listed
unit names (thousands, millions, etc.) or as powers of 10.

» Show Scale Factor Label. Specifies that the scale factor will be
labeled on the X and Y axes.

* Show Grid Lines. Specifies if Y or X-axis grid lines are to be
displayed.

When @RISK initially scales a graph it calculates a default scale factor
based on the magnitude of the values displayed in the graph.
Entering a new scale factor causes the units displayed (i.e., in
thousands, in millions, etc.) to change.
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Foreground and
Background
Color

Curve Style

Style Tab — Graph Format Command

Changes the color, format and pattern of elements in the
displayed graph

The Style tab in the Graph Format dialog box changes the colors,
format and patterns on a displayed graph.

LIl Graph Format
I T_itlesl Qelimitelsl

Fareground Color . Background Color I

Curve Style

Caolor Faormat Pattemn Options
Frirnary . |50|id vI . I vI
Owverlay . ILine YI ; I vI

[~ Save as Default

o |

Cancel |

The Foreground and Background Color options set the color of the
foreground and background elements in the displayed graph. Colors
can be selected by clicking on the box to the right of the Color entry.

The Curve Style options change the color, format, pattern and other
options of the current graph and its overlays. The Format, Pattern
and Options available change with the type of the graph displayed.

The Format settings include:

» Points Format. Graphs unconnected points at each point on the
density or cumulative curve.

» Line Format. Graphs cumulative line graph or density curve line
graph.

e Bars Format. Graphs standard histogram bars.

» Solid Format. Graphs all curves with the area under the curve
filled.

Pattern options include a variety of available line, point and fill
patterns.

When an overlay is present, the Overlay entry displays the color,
format, pattern and options for the overlay graph.

Reference: @RISK Model Window Commands

311



Titles Tab — Format Command
Allows the entry of custom titles for a graph

The Titles tab allows the entry of a custom title for the top of any
graph, along with custom X- and Y-axis titles. Font style may also be
set for titles.

[l Graph Format

Llpel ﬁcalingl Style{ Qelimitelsl

Main Graph Title | auto <]

Main Title Fart Style [Feguiar |

Hetis Title |
i Tithe |

Az Title Fort Style IF!eguIar vl

Diizplay
’7 ™| Graphi Legend [~ Mean Yalues of Distibutions

™ Save as Default oK I Cancel |

* Main Graph and Axis Titles. Changes a selected title. Titles may
also be formatted using any of the font styles listed in the
dropdown font style entries.

e Display. Adds or removes the @RISK-generated labels on graphs
- Legend (graphs with overlays only) and Expected Value.

Text and graphics may also be placed on graphs using the drawing
and text editing capabilities of your spreadsheet. Using the @RISK
Edit menu Copy command, the active graph can be transferred to the
Clipboard where it can be pasted into your spreadsheet as a Windows
Metafile. Once pasted, the graph can be resized and text and graphics
may be attached to it.
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Delimiters Tab — Graph Format Command

Selects the display mode for delimiters on a histogram graph
or cumulative graph

Delimiters can be displayed on any graphs to allow 1) the setting of
target probabilities directly on the graph and 2) X-axis rescaling.
Delimiters are marked by inverted triangles at the top of a graph.

[l Graph Format

Graph Delimiter
) Off

i+ Lines only
" Lines and Shading

Delirniter Calar I

[~ Save as Default oK I Cancel |

Delimiters can be turned on and off as desired and shading between
delimiters can be displayed or removed. The color of delimiters and
their associated shading can be specified by clicking on the box to the
right of the Delimiter Color entry.

Using Delimiters To move delimiters:

1) Click and drag any of the four delimiters marked by an upside
down triangle at the top of the graph to the desired location.
When a comparison graph is displayed, moving probability
delimiters also updates the Left X, Left P, Right X, Right P,
X(diff) and P(diff) in the displayed Statistics tab. The diff
statistics show the value and probabilities falling between the left
and right probability delimiters. On a difference graph,
delimiters update the X,Y and difference entries in displayed
Statistics tab. For P-P and Q-Q graphs, moving the single
delimiter updates the Delimiter entry in the displayed Statistics
tab.
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Graph in Excel Command

Draws the selected graph in Microsoft Excel in the
spreadsheet’s native format

The Graph menu Graph in Excel command places the selected graph
data points in an Excel worksheet. Then, a native format graph is
created on the worksheet from the data points.
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Once the graph is created, it can be customized and rescaled using
Excel's editing features. Please consult your spreadsheet's
documentation for more information on editing the graphs.

For histograms, bar heights can be changed directly in Excel by
changing the relevant series data.

Delimiter Defaults Command
Specifies the position of the left and right delimiters for all
distribution graphs

The Graph menu Delimiter Defaults command specifies the starting
delimiter positions for new distribution graphs. These settings affect
all new distribution graphs for all models.
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Artist Menu

The Artist window is used to draw freeform curves that can be used
to create probability distributions. The commands on the Artist menu
control both how drawing is performed in the Artist window and
how a probability distribution is created from a drawn curve. The
Artist menu is only available when an Artist window is the active
window.
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Drawing in the After an Artist window has been inserted using the Insert menu

Artist Window Artist Window command, a curve may be drawn simply by dragging
the mouse through the window. The following entries in the Artist
window control the scaling and type of graph that is drawn:

X Min and X Max. Specifies the X-axis scaling for the drawn
graph.

* # Markers. Sets the number of markers that will be drawn as you
drag across the min-max range of the graph. Markers allow you
to drag the points on the curve to change its shape.

» Curve Type. Specifies the type of curve that will be created,
where Density is a probability density curve, Cumulative Asc. is
an ascending cumulative curve and Cumulative Des. is a
descending cumulative curve.

» Marker Drag Style. Specifies whether markers will be connected
with straight lines or curves when they are moved.
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If you are drawing an ascending cumulative distribution (as specified
in the Curve Typeoption), you will only be able to draw a curve with
ascending Y values, and vice-versa for a descending cumulative
curve.

When you have completed a curve, the end-points on your curve will
be automatically plotted.

After drawing a curve, you may want to "drag" one of the markers to
a new location. Simply click the left mouse button on the marker and,
while holding down the button, drag the point to a new location.
When you lift the button, the curve is redrawn automatically to
include the new data point.

You can only move data points along the Y-axis, and you cannot drag
points outside the axes. You cannot modify the positions of the end
points.

Clear Curve Command
Erases the curve in the active Artist window

The Artist menu Clear Curve command erases the curve in the active
Artist window.

Smooth Curve Command
Smoothes the curve in the active Artist window

The Artist menu Smooth Curve command smoothes the curve in the
active Artist window. Repeated selection of the Smooth Curve
command makes a progressively smoother (and flatter) curve.

Copy Command
Copies data from the active Artist window to the clipboard

The Artist menu Copy command copies the selected data or the graph
from the Artist window to the Clipboard. All Points copies all X and
Y data points which define the drawn curve, including those
calculated on lines connecting markers. Marked Points copies X and
Y data points for markers only. Graph places a copy of the drawn
graph in the clipboard.
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General
Distribution
from a Curve in
an Artist
Window

Create Distribution Command
Creates a General distribution from the drawn curve

The Artist menu Create Distribution command creates a General
distribution from a drawn curve. A General distribution is a user-
defined @RISK distribution that takes a minimum value, a maximum
value and a set of X,P data points which define the distribution.

B e e e P e P
SR ELE AALMO OZNETCC | — -AcAB&
-#ll e

FH L

o 5 ol i

I H-HHPFHHtI-PPH-FH-I-I-HHH-H-I-P
£
|
SRR L E

When the Artist menu Create Distribution command is selected, the
General distribution created from a curve in an Artist window is
displayed in a Distribution window. By using the Copy command
this distribution can be placed in an @RISK Define Distribution
window where it can be used to define an @RISK input.
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Fitted
Distribution
from a Curve in
an Artist
Window

Fit Curve Command
Fits a drawn curve to a probability distribution

The Artist menu Fit Curve command fits a probability distribution to
a drawn curve. When a drawn curve is fitted, the X and Y values
associated with the curve are placed in the Input Data grid and fit.
The results of the fit are displayed in a standard Fit Result window
where each of the fitted distributions can be reviewed.
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Fitting a drawn curve uses the same fitting techniques used for either
Density Curve input data (if the drawn curve type is Density) or
Cumulative Curve input data (if the drawn curve type is
Cuml.Ascending or Cuml.Descending). For more information on
input data types, see the Fitting Menu: Input Data Options
Command. For more information on fitting Density Curve input data
and Cumulative Curve input data, see Chapter 6: Distribution
Fitting.
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Write Function to Excel Command

Writes the General probability distribution defined by the
curve in the Artist window to a cell in Excel

The Artist menu Write Function to Excel command creates a
RiskGeneral distribution function from the drawn curve and allows
you to select a cell in Excel to place the function in. The RiskGeneral
distribution function created is identical to the function created when
the Artist menu Create Distribution command is selected.
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Window Menu

Show Excel Window Command
Shows Excel and the @RISK add-in

The Window menu Show Excel Window command shows the Excel
window and the @RISK add-in. To show the @RISK Model window
again, click the Show Model Window icon in the @RISK toolbar.

Show Results Window Command
Shows the @RISK Results window

The Window menu Show Results Window command shows the
@RISK Results window. To show the @RISK Model window again,
click the Show Model Window icon in the @RISK toolbar.

Cascade Command, Tile Command

Arranges open windows and graphs in the @RISK Model
window

The Window menu Cascade and Tile commands cascade or tile the
open windows neatly within the @RISK Model window.

List of Available Windows
Lists all open windows in the @RISK Model window

The bottom items in the Window menu list all open windows in the
current tab in the @RISK Model window (the active window is noted
with a check mark). To activate a window, select its name from the
list.
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Help Menu

How Do I?
Opens the How Do | guide for @RISK

The Help menu How Do 1? command opens the How Do | guide for
@RISK. This contains quick instructions in how to perform many
common @RISK tasks.

@RISK Help, Distributions Help
Opens on-line help files for @RISK

The Help menu @RISK Help command opens the main help file for
@RISK. All of @RISK's features and commands are described in this
file.

The Help menu Distributions Help command opens the distribution
help file for @RISK. Information on all of @RISK's distribution
functions, including formulas, statistics and graphs, is included in this
file.

Online Manual
Opens on-line manual for @RISK

The Help menu Online Manual command opens this manual on-line
in PDF format. You must have Adobe Acrobat reader installed to
view the online manual.

Authorization Command

Displays authorization information for @RISK and allows the
authorization of trial versions

The Help menu Authorization command displays the Authorization
dialog box, listing the version and authorization information for your
copy of @RISK. Using this dialog box you can also convert a trial
version of @RISK into an authorized copy.
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About Command

Displays version and copyright information about @RISK

The Help menu About command displays the About dialog box,
listing the version and copyright information for your copy of @RISK
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Reference: @RISK Results
Window Commands

Reference: @RISK Results Window Commands 325



326



File Menu

?

Open Icon

2

Save Icon

New Command
Clears all active @RISK simulation data and results

The New command clears all active @RISK simulation data from the
Results and Model windows and resets @RISK settings to their
default values.

Open Command
Opens a saved @RISK simulation

The File Open command opens a previously saved simulation data
file (RSK file) including simulation settings, all input data and graphs
(with supporting fitted datasets) and simulation results including any
generated graphs. For more information on the File Open command,
see File Open in Reference: @RISK Add-In Menu Commands.

Save Command, Save As Command

Saves the current @RISK simulation data

The File menu Save and Save As commands save the current @RISK
data in a .RSK file. For more information on the File Save and Save As
commands, see File Save in the @RISK Add-In Menu Commands
section.

Print Command
Prints the current graph or report

The Print command prints the active Results window graph.
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Exit Command
Unloads the @RISK add-in from Excel

The File menu Exit command unloads the @RISK add-in in Excel and
shuts down the supporting @RISK-Model and @RISK-Results
windows. If you shut down @RISK during an Excel session, you can
restart it at a later time by clicking the @RISK icon on the
DecisionTools toolbar.
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Edit Menu

Copy Command
Copies @RISK reports and graphs to the Windows Clipboard

The Edit menu Copy command is used to transfer @RISK reports and
graphs to the Clipboard so they can be pasted into your spreadsheet
or word processor. The report or graph to be copied is determined by
the current active window in @RISK. The active window is the one
with its title bar highlighted.

@RISK graphs are copied to the clipboard as Windows metafiles.
When placed in your spreadsheet they may be resized and annotated.

Paste Command

Pastes the current contents of the Clipboard into an @RISK
statistics report

The Edit menu Paste command is used to transfer the Clipboard
contents into the editable area of an @RISK statistics report. The
editable area of the report is the section of the report where Scenarios,
Filters and Targets are entered.

Fill Down Command
Copies an entered target across a set of simulation results

The Edit menu Fill Down command is used to copy an entered target
in the Summary Statistics window. To use the Fill Down command:

1) Enter the desired value in a cell in the x1=, x2=, p1= or p2= column
in the window.

2) Highlight the range you wish to copy the value down with the
mouse, with the cell with the value to be copied as the first cell in
the range.

3) Select the Edit menu Fill Down command. The value will be
"filled" into each cell in the range and the corresponding target
values or probabilities calculated.
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Fill Right Command

Copies an entered target, scenario or filter across a set of
simulation outputs

The Edit menu Fill Right command is used to copy an entered target,
scenario or filter across a row in the Detailed Statistics window. To
use the Fill Right command:

1) Enter the desired value in a cell in the report.

2) Highlight the range you wish to copy the value across with the
mouse, with the cell with the value to be copied as the first cell in
the range.

3) Select the Edit menu Fill Right command. The value will be
“filled" into each cell in the range.

Move or Copy Window Command
Copies or moves a displayed window to a different tab

The Edit menu Move or Copy Window Command moves or copies
windows between tabs.
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Using the Move or Copy command you can rearrange your windows
so logical groups of windows are placed on the same tab.
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Delete Tab Command
Deletes the current tab

The Delete Tab command (also selected by right-clicking on a Tab at
the bottom of the Results window and selecting Delete) deletes the
current tab. All open windows on the current tab are also deleted.

Rename Tab Command
Renames the current tab

The Rename Tab command (also selected by right-clicking on a Tab at
the bottom of the Results window and selecting Rename) renames the
current tab.

Reference: @RISK Results Window Commands 331



332 Edit Menu



View Menu

Turns display of screen elements on and off

The View menu options allow you to optionally display or not
display the @RISK Results window toolbars, Explorer and status bar,
and customize the displayed toolbars.
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Insert Menu

The Insert menu commands insert new windows on the current tab or
inserts a new tab. Multiple copies of any window can be inserted on a
tab.

Tab Command

Inserts a new tab before the current tab

The Insert Tab command inserts a tab before the current tab. These
commands can also be selected by right-clicking on a Tab at the
bottom of the @RISK Results window.

Graph Command

Inserts new graph window(s) on the current tab

The Insert menu Graph command allows you to insert one or more
graph windows on the current tab. The type of graph that will be
inserted is determined by the menu item selected from the Graph
command.

T YWY I

el | Mnmum | Men | Maimum ate o 2 e | a2t | pzete =]
72 |1481302 100075 457044 136382 W% BI70DZ %% GARGI.98 0%
20 470855 1300146 83797.00  AB44817 B% | GG%EG1E 9%  BSO22EE a0
® |22 |amedais 4972863 13102 4562267 5% 1070333 9% 1116621 90%
22 | 3809174 7502285 216533 9801693 5% 1846865 95% 174748 90%
22 (2830273 1148857 3123146 3140987 5% (2338855 9% 2004756 90%
22 (255711 1295035 407035 076987 6% (2799107 9% 2491408 90%
2 |46763 1871146 S28T2 2919529 5% 4519 %% 4227638 0%
immary Graph P2 | 2486413 220676 77304 4509688 6% (6130399 9% /w3 90%

22 | 1104497 2453999 G7oiss 4241121 5% o034 %% BU7HB3 0%

Dvellay on Active Graph
C10- NPV (10%) e 22 | 1814 2603308 921363 1429454 5% 7384316 %5% 7241371 0%

E- Inputs g 1] NPV (105%) C10 |16268 4391003 1232150 7eses45 5% 1021061 %5%  1MI304 0%
F25- Humber of Competiors 1| Number of Competiors 0 1 2 (i 5: |2 % 2 0%
ors ftors 1 001 1 A 5: 1 w2 0%

1 00 1 1 1

1 00 1 1 1

1 0 1 1 1

pelitors
L25- Number of Competitors
E32 Sales Volume
F32- Sales Valume
632 Sales Valume
H32- Sales Vaume.
~132- Sales Volume
132 Sales Valume
K32-Sales Voume
132 Sales Valume
C35 Froduct Development
D3 Praduet Developmen
E35 Froduct Development
36 Capital Expenses
D38 Capital Expenses
~E38- Capital Expenses
F36- Capital Expenses

Tab 1 f Tab2 f Tab3 / Tabt / TabS [ Tabo / Tab [/ Tabs /'

Ready ['Sim#t [ 1of1 et | 10000100 | Runtme | 000003 |Secter | .03

The Insert menu Graph command displays a graph for each entry
currently selected in the Results window Explorer list. By holding
down the <Ctrl> or <Shift> key to select multiple variables in the
Explorer list, multiple results can be graphed.
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A variety of graphs of simulation results can be generated in the
Results Window:

Histogram and Cumulative Graphs

‘ f ™ Output Graph - Cell B17 =] E3
Distribution | Tomadol Range Summar}ll Stats | Datal Sens.l Scen. I
. ) R ) Mame NPY 1=
Histogram and Distribution for NFV/B17 Cell
H bl Falinimum GEEIE0.6
Cumulative 0.700
— Mean=2312373 tean 2312373
Graph Icons & osnor Maimum | 4416798
= os001 Std Dew EIM18.3
- i 4012187E+11
= o400t Wariance
@ Skewness 0.3195357
g 03001 Kurtosis 2669567
= oz Made 22121384
= Left i 1347059
0 gt =
: Left P 5%
0.000 Fiight 3399470
5 1500 2500 FightP &
Values in Thousands % [ditf) 2052411
5% P (diff] 0%
1347.06 339047 5th Ferc. 1347053 -
|—

Graphs of simulation results are generated when 1) an output or input
is “right-clicked” in the Explorer list and a graph command is selected
or 2) the Insert Graph command is selected. Graphs may be
generated for:

»  Output cells, where the graph displays the distribution of values
calculated during the simulation for the output cell selected.

* Input distribution functions, where the graph displays the
distribution of values sampled during the simulation from the
distribution function selected.

Graphs are displayed using the default graph type and patterns. The
available graph types and patterns are described in the Graph menu
Format Graph command later in this section.

Multiple graphs can be created for any simulation result. To create
additional graphs, simply highlight the appropriate entry in the
Explorer list and right-click.

The statistics, data, sensitivities and scenarios for the graphed output
or input are displayed in the tabbed report to the right of the graph.
For graphs of simulation outputs, clicking on the Graph tab changes
the displayed graph to either a Tornado graph of the same output or a
Summary graph of the output range of which includes the output.
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Note: The amount of the window devoted to the graph and reports
can be changed by moving the separator bar between the two parts of
the window. By default, enlarging the window by dragging makes
the Graph larger, while maintaining a constant report size. If you
hold down the <Ctrl> key while stretching the window the report
will be made larger while maintaining a graph size.

* Tornado Graphs
Tornado Graph Graphs of sensitivity analysis results are created when an output is
Icon “right-clicked” in the Explorer list and Tornado Graph is selected

from the pop-up menu (or the Insert menu Graph Tornado Graph
command is selected).

Distribution Tomado I Fiange Surmary | Stats | Data Sens | Seen |
) o Display Significant Inputs Using:
Regression Sensitivity for NPY {10% ) C10 [Regression |

- 553 ==t Nomber of Compatitor=/F25 || ne
49 == Hurnber of Competitors/G25 CF% Cell | Mame
5 = Hurnber of CompetitorsiHzs

== Humber of Competilolrs."JZS #1 |F25
-=m Number of CormpetitorsI25

Humber of
Competitar

-B62

Fumber af

Sales Wolumea K22 pee- 5
Competitor

Sales I\u"cvlume.l’L32---
Sales Yolume/|32 pem-

#2 | G25 -43

-=m Number of Competitors/Kz5

Mumber af

Competitor

#3 | H2!

E}

-393

-=m Nurmber of Campetitors/L25 Mumber of
25 Competitor

1
¥5 125 Mumber of

Competitar L
<] | 2|

A "tornado graph" can be displayed for either regression or
correlation coefficients. Changing the Display Significant Inputs
Using Entry: switches a Tornado graph between Regression and
Correlation sensitivity results. The length of the bar shown for each
input distribution function is based on the coefficient value calculated
for the input. For more information on the coefficient values that are
calculated in a Sensitivity analysis, see the Insert Menu Sensitivities
Command later in this chapter.

-379
Sales Yolume/ 22 e

A

Coefficient Yalue (Std b)
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Summary Graphs

‘ Summary graphs are created when the Insert menu Graph Summary
Graph command is selected (or an output or output range is “right-
clicked” in the Explorer list and Summary Graph is selected from the

Summary Graph

Icon pop-up menu). Summary Graphs are only available for multiple cell
output ranges. This type of output range is created when a set of cells
is highlighted in your worksheet and the Add Output icon is clicked.
If multiple simulations have been run, multiple summary graphs may
be displayed in the same graph window to allow the comparison of
results by simulation.

net income (C22 to L22)

a0
600
4004
20
(o] e
200- ”

[N THOLISAMDS

4004
B00T

-600 f f t t i
Cell: c22 D E22 F22 G222 H2Z 2 J220 k2 122

B Mean +1/-150 W =+95% -5%

A Summary graph summarizes changes in probability distributions
across an output range. When an output range contains multiple
cells, a distribution of possible outcomes is calculated for each cell in
the range. The Summary graph takes five parameters from each
distribution — the mean, two upper and two lower band values and
graphs the changes in the five parameters across the output range.
The upper band values default to +1 standard deviation and the 95th
percentile of each distribution, while the two lower band values
default to -1 standard deviation and the 5th percentile of each
distribution. These may be changed by using the Type options in the
Graph Menu Graph Format dialog box.

The Summary graph is especially useful in displaying changes in risk
over time. An output range may be an entire worksheet row — such
as Profit by Year. The Summary graph would then show the trends in
the distributions for profit year to year. The wider the band around
the mean the larger the variability in possible results.
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Summary
Graphs from
Multiple
Simulations

Summary Graph
from One
Output Range in
Three
Simulations

Summary graphs may be rescaled on both the X- and Y-axis. See the
section on the Graph Format Dialog Box Scaling Options in this
chapter for more information on rescaling.

When generating a Summary graph, @RISK calculates the mean and
the four band values (such as 5th and 95th percentile) for each cell in
the output range graphed. These points are graphed with hi-lo lines.
Patterns in-between the points for each cell are then added. The mean
and two band values for these added points are calculated by
interpolation.

When multiple simulations are run and multiple cell output range(s)
have been selected, a summary graph is available for each multiple
cell output range in each simulation. Often it is desirable to compare
the summary graphs created for the same output range in different
simulations. This comparison shows how the trend in expected value
and risk changes for the output range by simulation.

M Summary Graph - net income [C22 - L22)] Hi=] 3
Distributionl Tomado  Fange Summary | State | Datal Sens.l =
[ame et Income
net income (C22 to L22) I o |
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05 | i Wariance |  55+9263E.08
g | i Skewness | -4.142218E-02
% ! |- T Kurtozis 3319659
3 zoot E ' E f E Mode 1088461
= | [ [ I 5th Perc. 1433602
= 7 E E E E E 95th Perc, B3642.26
E00— . I 0 #Errars 0
| o o ' Filter Min
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D22 F22 H22 J22 L22 D22 F22 H22 J22 122 D22 F22 HI22 J22 L22 Il WS
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To create a summary graph that compares the results for a single
output range in multiple simulations:

1) Run multiple simulations by setting the # of Simulations in the
Simulation Settings dialog box to a value greater than one. Use
the RiskSimtable function to change worksheet values by
simulation.

2) Right-click on output range you wish to graph in the Explorer
and select Summary Graph.

3) Select the entry Sim#1 to Sim#n in the Graph Output Range
Summary dialog box (where n is the number of simulations run)
and click OK.
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Overlay Graphs

An overlay graph is created when the Insert menu Graph Overlay on
Active Graph command is selected (or an output is “right-clicked” in
the Explorer list and Overlay on Active Graph is selected from the

pop-up menu). This command is only available when the active

window is a histogram or cumulative graph of a simulation output.
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Multiple outputs may be overlaid at the same time by holding the
<Ctrl> key or <Shift> key while selecting outputs in the Explorer list,
prior to selecting Overlay on Active Graph from the pop-up menu.

Overlays may be removed using the Variables to Graph tab in the
Graph Format dialog box. For more information on doing this, and
for more information on overlay graphs themselves, see the Variables

To Graph Tab — Graph Format Command later in this chapter.
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Summary Statistics Command
Inserts a new Summary Statistics window on the current tab

The Insert menu Summary Statistics command (also invoked by
Insert Summary clicking the Summary Statistics icon) displays a summary of the

Stgtlstlcs simulation results for both output cells and inputs.
Window Icon

Summary
Statlstl cs Mame: Cell | Minimum Mean Masimum Wl _ P w2 fz H2-h pf—p1 Enars | 2
X Output 1 Met Income || c22 [e0314.7 9996642 |B179468 1393205 |5% -64281.88  |98%  (7RO3BEF  G0% 0
W| n d ow Output 2 |Met Income D22 1931881 1299817 | -7994546 | -16S5M7.3 5% -100800.9 |95%  B421641  90% 0
Outpue® [Met Income E22 5552343 4342045 1558284 7961544 5% 1063346 |98% (1133862 G0% O
Output 4 |Met Income Fa2 (2103454 (7490326 2372 1178614 6% 1810792 |95% 169293 a0z 0
Output 5 |Met Income G22 2091662 (1169104 3023586 (3125563 (5% 2855591  98% 2243035 G0% 0
Outpucé [Mat Income H22 10477.93 1234698 3262315 2810816 &% 2703281 |95% 242219 S0% 0
Output 7 | Met Income 122 1492957 1849706 5161241 31558714 5% 4321249  95%  4005EES  90% 0
Outpuc [Met Income J22 1332448 2293616 BEOBSS4  35926TE B GOGE7P4E  |95%  (BESS4TS  G0% 0
Outputd [Met Income K22 |-4548372 | 234E001  FFEIFAS 357277 6% 63515938 |95%  (B94ER2  G0% 0
Output 10 | Met Income L22 1421231 (2535623 B175681 2525812 5% 7309094 95%  FOSR51.3 G0% 0
Outpue i MPY [10%) C10 -21750.53 431538 1104330 1114514 5% 8E3000.8  |95% 8741439 40% 0
Input1 | Mumber of Competitors F&s 0 1 2 1] 5% 95% |2 0% 0
Input2 | Mumber of Competitors G25 1 0.01 1 & 8% 9Bx |2 a0x |0
Input 3| Mumber of Competitors H25 1 om 1 -1 5% 1 96% |2 S0% 0
Input 4 |Mumber of Competitors 125 1 -0.01 1 -1 5% 1 9Bz |2 0% |0
InpueS | Murnbeer of Competitors J25 4 0 1 -1 5% 1 96% |2 S0% 0

The Summary Statistics window displays the minimum, mean and
maximum values calculated for all output cells and input
distributions that were sampled. In addition, two target values and
probabilities (x1 and p1, along with x2 and p2) along with the number
of errors calculated are displayed.

Targets in the The values and probabilities in the x1, p1, x2 and p2 columns may be
Summary edited and the new corresponding value or probability will be
Statistics calculated. The Edit menu Fill Down command can be used to
Window quickly copy a target across a group of outputs and/or inputs. Using

this you can quickly calculate a statistic such as the 99t percentile for
all results.

hame: Cell | Minimum Mean Masimum #l [l "2 p2pl | Emars |2
Outputi |Met Income C22 E03147 9986642 5173468 |-1393205 5% 52870.82 9z 0
Output 2 |Met Income D22 |-1831881 1299817 | -7994546 |-1BE0N73  |BX H2215.36 4% 0
Output 3 | Met Income E2? -BB62343 (4542046 1558284 |-79E1544 B 1224115 9z 0
Output 4 |Met Income F22 2103454 7490326 230172 1178614 5% 209717.8 Mz 0
Ourpue 5 | Met Income GZ2 2091662 1169104 3028586 3125563  B% 26B508.6 9z 0
Output & | Met Income HZ2 1047793 (1234699 (3252315 2810906 5% 1857349 9z 0
Ourpue 7 | Met Income 122 14592957 1B49706  (B1E1241 355814 5% B07827.1 9 0
Output 8 |Met Income J22 1392448 2293616 BE0ESS4 (35992675 5% E89345.1 9z 0
Ourpue 3 | Met Income K22 4548372 | 234E001 | FTEIFAS 35287 B T10163.6 9 0
Output 10 |Met Income L22 1421231 2535623 | 8175ER1 2525812 5% 8033229 94z 0
Output 11 | MPY [10%] C10 |-21750.53 431538 1104530 -11145.14  Bx 1051225 4% 0
Input 1 |Mumber of Competitors Fz5 |0 1 2 1] 5% 2 9z 0
Input2 | Mumber of Competitors G251 0.01 1 -1 5% 1 Mz 0
Input 3| Mumber of Competitors H2 1 0.01 1 -1 5% 1 9z 0
Input 4 |Mumber of Competitors 125 1 -0.m 1 -1 5% 1 Mz 0
Input5 | Mumber of Competitors J25 1 1] 1 -1 5% 1 84% 0
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Insert Detailed
Statistics
Window Icon
Detailed

Statistics
Window

Entering Target
Values in the
Detailed
Statistics
Window

Detailed Statistics Command
Inserts a new Detailed Statistics window on the current tab

The Insert menu Detailed Statistics command (also invoked by
clicking the Detailed Statistics icon) displays detailed statistics on the
simulation results for output cells and inputs.

M >
Marne: Met Income Met Income Met Income Met Income Met Income Met Income Net Income
Description Dutput Dutput Dutput Dutput Output Output Output
Cell c2z D22 E22 F22 G22 H22 122
Minirnurn = -152716.4 185287 -36068.71 T174.115 2948273 24407.72 -5033.746
M awimum = -44529 87 -78251.04 155374 8 186559 2BR040.8 3533947 B185459
Mean = -100027.7 -130007.5 43580.95 73B46.66 117358.5 124670 190139.3
Std Deviation = 22109.62 20291.77 36401 58620.07 TO118.54 7a081.24 1457643
Wariance = 4.888353E+08 4117558E+08 1.325033E+09 3033532E+03 4 91661E+09 5.637133E+09 2124722E+10
Skewness = 5.458337E-02 2.502181E-02 6.890728E-02 06250554 05730781 0.7836445 1.057024
Kurtasis = 2943351 2776228 2898723 1.936289 233229 2.7688259 3.367823
Enors Calculated = [0 o o o o o a
Mode = 1020733 118612 4744452 7393.342 1931931 74092.52 1057651
5% Perc = 138337 -164438.7 1713002 8794.652 27317 32609.38 28245.49
10 Perc = -129352.8 155712 2695.515 15686.17 427425 45910.29 3583
15% Perc = A21161.7 -152495.7 11057.13 185189.93 48489.05 51574.61 54104.75
205 Perc = 7363 1464859 180541 2281002 54240.52 SROGS.01 B47R2 47 I
25% Perc = -113166.2 143798 2524543 26510.61 B1021.5 B4257.78 8462013
30% Perc = 111184.3 -140308.1 31073.08 2B974.27 B4744.61 T1262.43 97692.43
39% Perc = 1090115 1382331 3473332 3536714 7118232 TR T 1052641
40% Perc = -105976.9 -136655 3F711.96 39368.29 81037.94 B6548.69 120298.5
5% Perc = -102630.4 1318166 4E390.66 4B601.65 8B899.36 90136.88 1334725
B0 Perc = -100897.5 -130200.8 43547.25 55429 93483.68 97999.84 1538279
A5 Perc = -98551.99 1272326 55928.91 B3704.8 104829 106201.7 167391.8
B0 Perc = -96683.97 -124808.4 57937.78 T0645.69 126679.3 1215302 1750942
65% Perc = 4311119 1228853 B4330.36 797197 139840.2 1449031 1966422
702 Perc = 293062 -119875.8 E7559.02 95034.81 196899.6 1613133 2183853
5% Perc = BRET0.39 -115891.9 710785.58 1264483 1707145 179902.3 2827648
80 Perc = -B4165.02 112675.4 80309.7 1393186 187347.5 189101.5 3117385
85% Perc = FrI04.41 082111 83221.34 1823234 1962224 2140786 3641811
0% Perc = £8817 42 103860 5 97850.78 1624925 2193845 2261744 407027 2
95% Perc = 5449527 97947 35 104265 170536.4 2377922 255067 .6 499287 -
T »r]

The Detailed Statistics window displays relevant statistics that were
calculated for all output cells and input distributions that were
sampled. In addition, percentile values (in increments of 5 perc%) are
shown, along with filter information and up to 10 target values and
probabilities.

Targets in @RISK may be calculated for any simulation result — either
a probability distribution for an output cell or a distribution for a
sampled input distribution. These targets identify the probability of
achieving a specific outcome or the value associated with any
probability level. Either values or probabilities may be entered into
the target entry area at the bottom of the Detailed Statistics window.
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(@ootmiod St MEME
Narne: MNet Income: Net Income Net Income MNet Income: Net Income Net Income Net Income:
Description Dutput Dutput Dutput Dutput Dutput Dutput Dutput
Cel c22 D22 E22 F22 G622 Hz2 122
60% Perc = -96683.97 1248084 57937.78 70645.69 1256793 1215302 175094.2
85% Perc = 8311118 1228853 6433038 7971371 1398402 1449031 196642.2
70% Perc = -89310.62 -119876.8 £7559.02 95032481 1668396 1618133 2183252
5% Perc = -86870.39 -115891.9 71075.58 1264422 1707145 1799023 2027648
80% Perc = B4165.02 -112679.4 80309.7 1393126 18723475 189101.5 7385
85% Perc = 77304.41 1082111 83221.34 1523234 1962224 2140766 3641811
0% Pere = £8017.42 -103860.5 57850.78 1624925 2193845 2261744 407027.2
5% Perc = £4435.27 -97947.35 104265 170536.4 2377922 255067.6 499287
Filter Minimum =
Filter Matimum =
Type(Tor2)=
#Values Fitered =0 [ i i [ i 0
Scensio Bl = |>75% >75% >75% >76% 7% >75% >75%
ScenaioBz= |<25% <25% <25% <253 <25z <25% <25%
Scenaio#3=_|>30% >80% »80% >805% >80% >30% >a05%
Target #1 (Valuel= | 49817796875 |-86652.7109375 1255196484375  1B4477.3125 28345246875 30837825 566578 -
Target #1 [Perc?]= 95% 99% 99% 95% 99% 99%
Target b2 [Valuel=
Target 2 [Perci]=
Target #3 Valuel=
Target #3 [Perc]=
Target #4 [Value]= -
[l | _’H

The target entry area is viewed by scrolling the Detailed Statistics
window to the target rows where values and probabilities can be
entered. If a value is entered, @RISK calculates the probability of a
value occurring that is less than or equal to the entered value. If the
@RISK Add-in Options menu Display Cumulative Descending
Percentiles option is selected, the reported target probability will be
in terms of a probability of exceeding the entered target value.

If a probability is entered, @RISK calculates the value in the
distribution whose associated cumulative probability equals the
entered probability.

Copying Targets Once a target value or probability has been entered, it may be quickly

A_CYOSS _ copied across a range of simulation results by simply dragging the
Simulation value across the range of cells you wish to enter it in. An example of
Results this is shown above, with the 99% target entered for each of the

output cells in the Detailed Statistics window. To copy targets:

1) Enter the desired target value or probability in a single cell in the
Detailed Statistics window target rows.

2) Highlight a range of cells across the row adjacent to the entered
value by dragging the mouse across the range.

3) Select the Edit menu Fill Right command and the same target will
be calculated for each of the simulation results in the highlighted
range.
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Insert Data
Window Icon

Data Command
Inserts a new Data window on the current tab

The Insert menu Data command (also invoked by clicking the Insert
Data Window icon) displays data values calculated during a
simulation for output cells and inputs. A simulation generates a new
set of data for each iteration of the simulation. During each iteration a
value is sampled for each input distribution and a value is calculated
for each output cell. Selecting the Insert Data command displays the
simulation data in a worksheet where it can be further analyzed or
exported (using the @RISK Edit menu Copy command) to another
application for additional analysis.

i
Data Window B Datx BEE
Name |Nel Income: Net Income Met Income: Net Incame Met Income Met Income
Diescription Dutput Output Output Output Output Output
Iterationtt / Cell caz D22 E22 F22 Gaz2 H22
-118937.87500 -97947.35156 5349.29726 21560.77344 49720.04297 9EBEZ. 17969
2 -138337 -111842 48438 56139.40625 78534.84375 61716.72266 8277432031
3 -122045.98438 100322 79688 58238.21484 7315540625 65982.25761 SE06S.01172
4 -113003.25781 7825103906 29641.77344 48467 86328 286040.78125 18037140625
5 -51891.57031 -114016.35156 25245.4319 170640.95313 169177.62500 4836432013 |
[ -99658.85156 131816609328 18448.32227 26510.60547 43598.68750 34292.37109
7 -123706.07001 103347 42132 2046648047 15586.16504 99483.88281 226133.42182
8 12344146975 141482 28125 66722.62500 39368.28516 156999.60932 45910.28906
3 -147208.15625 -165078 60938 5954390234 31356.39453 52076.88672 206577
10 -137417.81250 -162450, 78125 -17130.015953 32402.95117 BB271.65625 180882 65625
11 -68817.42188 -54096.45313 540.73322 166544 34375 7422178125 20927128125
12 -37088.96094 -13812392188 111451.28308 15430106250 59950.71094 283691.53129
13 -112026.25000 BTTERI2813 4739575000 134564.87500 219384.53125 172524850932
14 -B3766.71094 -1EEE25.04622 EA46.67432 27329.09180 96657.21875 E7233.70113
15 -64798.53516 122277 21875 37711.96484 131960.02125 146502.56250 255067 60932
16 -117316.25000 -106077.03125 239.58969 1632658887 14424345313 H2638.62500
17 -49817.79688 10804998438 14043.25098 7064568750 107041.82613 96481.72656
18 -111197.24219 -136655.01563 9244865938 74079.35156 103288.27344 8897396094
19 -83201.11719 102577 E4063 G7EE2.23422 28974.26953 99995.35338 3495369141
20 -85320.47656 10173675781 125519.64844 GO576. 22266 139940.23432 233635.82812
21 -108272.3200 11556521034 7O9EE.19521 121976.37500 19622235332 54419.06641
22 -96689.96675 15498050000 64431.73688 27748.29688 54706.68353 161813.25000
23 -102690.43750 -144048 90625 5793777734 186556.98438 153384.45313 10314541406
24 -76104.84375 -146238 70313 H2360.01563 B9090.21094 81037.93750 3252893359
25 -105564.04688 -107687 13281 5264.51416 4860165234 2711316797 10620168750
26 -89302.69750 15249567138 36020.28516 162323.43750 139270.20312 24759240625
| 27 —E»IEBAB.TBW 25 -136303 90625 7315597656 139318.62500 £3468.12891 22235?.958?54|:|
4 »
Data is displayed by iteration for each output cell and sampled input
distribution. By moving across a row of the Simulation Data window
you can see the exact combination of input samples which led to the
shown output values in any given iteration.
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Sensitivities Command
E Inserts a new Sensitivity Analysis window on the current tab

The Insert menu Sensitivities command (also invoked by clicking the

InserF . Insert Sensitivities Window icon) displays sensitivity analysis results
Sensitivities .
lcon for output cells. These results show the sensitivity of each output
variable to its input variables.
B Sensitivity Analysis == 3
Rank. [nputs for Output: Display Significant Inputs Using
|E22.-’Nallncnme j IHegrEssinn
Rank D22 ¢ Met E22 { het F22 1 Met Gi22 { het H22 1 Met ;
for Cell hame Distribution Income Income Income Income Income
caz Regression | Regression | Regression | Regression | Regression
#1 C36  Capital Expenses RiskM omall50000,20000) -0 -0 1) o o
#2 C35  Product Development  RiskMNamall50000,10000] -0 1} 1} 1] 1]
#3 K25 | Number of Competitors RiskDiscrete{{-1,0,11.{1.1.1}) 0 -0 1] il il b
[ J25  Mumber of Competitors RiskDiscretef{-1,0,13,41.1.1}1 0 -0 08 1] 1]
#5 F32 | Sales Volume RiskNomall5000,1000) 0 0 327 - 083 i}
B G25 | Mumber of Competitors RiskDiscrete({-1,0,13,41.1.1}1 0 1} 1} -639 - 358
#7 E32 Sales Volume RiskMNomal(3000.1000) 0 968 1} -7 1]
#3 F25 |Mumber of Competitors RiskDiscrete({0,1.21,{1,1.1}) -0 1] -904 -424 -331
#3 F3E | Capital Expenses RiskMormal(10000,1000] 0 -0 1} 1] 1]
#10_ 125  Number of Competitors RiskDiscrete[-1,0,11,41,1.1}) -0 1] 1] 1] 1] -
1] LlJ
The Sensitivity analysis performed on the output variables and their
associated inputs uses either a multivariate stepwise regression
analysis or a rank order correlation analysis. The input distributions
in your model are ranked by their impact on the output whose name
is selected in the drop-down listbox titled Rank Inputs for Output.
The type of data displayed in the table — Regression, Correlation or
Both —is selected in the drop-down listbox titled Display Significant
Inputs Using.
Two methods are used for calculating sensitivity analysis results, as
discussed here:
Multivariate Stepwise Regression
What is Linear Regression is simply another term for fitting data to a theoretical
Regression? equation. In the case of linear regression, the input data is fit to a line.

You may have heard of the "Least-Squares" method, which is a type of
linear regression.

Multiple regression tries to fit multiple input data sets to a planar
equation that could produce the output data set. The sensitivity
values returned by @RISK are normalized variations of the regression
coefficients.
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What is
Multivariate
Stepwise
Regression?

What is
Correlation?

Stepwise regression is a technique for calculating regression values
with multiple input values. Other techniques exist for calculating
multiple regressions, but the stepwise regression technique is
preferable for large numbers of inputs since it removes all variables
that provide an insignificant contribution from the model.

The coefficients listed in the @RISK sensitivity report are normalized
regression coefficients associated with each input. A regression value
of 0 indicates that there is no significant relationship between the
input and the output, while a regression value of 1 or -1 indicates a 1
or -1 standard deviation change in the output for a 1 standard
deviation change in the input.

The R-squared value listed at the bottom of the column is simply a

measurement of the percentage of variation that is explained by the
linear relationship. If this number is less than ~ 60% then the linear
regression does not sufficiently explain the relationship between the
inputs and outputs and another method of analysis should be used.

Even if your sensitivity analysis produces a relationship with a large
value of R-squared, examine the results to verify that they are
reasonable. Do any of the coefficients have an unexpected magnitude
or sign?

Rank Order Correlation

Correlation is a quantitative measurement of the strength of a
relationship between two variables. The most common type of
correlation is linear correlation, which measures the linear
relationship between two variables.

The rank order correlation value returned by @RISK can vary
between -1 and 1. A value of 0 indicates there is no correlation
between variables; they are independent. A value of 1 indicates a
complete positive correlation between the two variables; when the
input value samples "high," the output value will sample "high." A
value of -1 indicates a complete inverse correlation between the two
variables; when the input value samples "high," the output value will
sample "low." Other correlation values indicate a partial correlation;
the output is affected by changes in the selected input, but may be
affected by other variables as well.
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What is Rank
Order
Correlation?

Rank order correlation calculates the relationship between two data
sets by comparing the rank of each value in a data set. To calculate
rank, the data is ordered from lowest to highest and assigned
numbers (the ranks) that correspond to their position in the order.

This method is preferable to linear correlation when we do not
necessarily know the probability distribution functions from which
the data were drawn. For example, if data set A was normally
distributed and data set B was lognormally distributed, rank order
correlation would produce a better representation of the relationship
between the two data sets.

Comparison of Methods

So, which measurement of sensitivity should you use? If the R-
squared value reported by the Stepwise Regression is low, you can
conclude that the relationship between the input and output variables
is not linear. In this case, you should use the Rank-Order Correlation
analysis to determine the sensitivity in your model.

If the R-squared value reported by the Stepwise Regression is high, it
is easy to conclude that the relationship is linear. But, as mentioned
above, you should always verify that the regression variables are
reasonable. For example, @RISK might report a significant positive
relationship between two variables in the regression analysis and a
significant negative correlation in the rank-order analysis. This effect
is called multicollinearity.

Multicollinearity occurs when independent variables in a model are
correlated to each other as well as to the output. Unfortunately,
reducing the impact of multicollinearity is a complicated problem to
deal with, but you may want to consider removing the variable that
causes the multicollinearity from your sensitivity analysis.
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X

Insert Scenarios
Window Icon

Scenarios Command
Inserts a new Scenario Analysis window on the current tab

The Insert menu Scenarios command (also invoked by clicking the
Insert Scenarios Window icon) displays scenario analysis results for
output cells. Up to three targets may be entered for each output
variable. Targets are entered in the top row of the scenario analysis
window (labeled Scenario=) or in the Scenarios section of the
Detailed Statistics window. Targets are preceded by a >, <, >=, <=
operator and can be specified in terms of percentiles or actual values.

Display Groups of Input Yalues causing Dutput Scenarios, using
[Percentie Medians =l

C2z¢Met | C22¢Met | Ca2iMet | D22/Met | D22/Met | D22iMet | E227Met | E22/Met | E227Mat
Cell Mame Income Income Income Income Income Income: Income: Income: Income
Percentile | Percentile | Percentile | Percentile | Percentile | Percentile | Percentile | Percentile | Percentile

Scenario=  >75% <25h% »90% »70hE <25% »90% »75% <25% >90%
Mumber of Competitars - 100% et b4 - - - - -
MNumber of Competitars - -
H25  Mumber of Competitors

*
el
i
)

b
[
£
]

100%

125 Mumber of Competitors - - 33% - 100% - - 33% - -
[#5 [425  Number of Competitors - B - . - -
iKZS Mumber of Competitars 3% - - 3%
| #7 |L25  Mumber of Competitors - - 100% - - - - - -
| #9 [E32  Sales Yolume = = 19.5% = = = a7 125% 94.5%
[#3 |F32  Sales Valume = = B = - - B -
| #10]|G32  SalesVolume - - - - - B = = -
#11|H32  Sales Vaolume & & & & & & = = 82.2858?
d | r

What is Scenario Analysis?

Scenario analysis allows you to determine which input variables
contribute significantly towards reaching a goal. For example, which
variables contribute to exceptionally high sales? Or, which variables
contribute to profits below $1,000,000?

@RISK allows you to define target scenarios for each output. You
might be interested in the highest quartile of values in the Total Sales
output, or the value less than 1 million in the Net Profits output.
Enter these values directly in the Scenarios row of the @RISK Scenario
Analysis window to study these situations.

When you display a scenarios window, @RISK looks at the data
created by your @RISK simulation. For each output, the following
steps are followed:

1) The median and standard deviation of the samples for each input
distribution for the entire simulation are calculated.

2) Asubset"is created containing only the iterations in which the
output achieves the defined target.

3) The median of each input is calculated for the subset of data.
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4) For each input, the difference between the simulation median
(found in step 1) and the subset median (found in step 3) is
calculated and compared to the standard deviation of the input
data (found in step 1). If the absolute value of the difference in
medians is greater than 1/2 a standard deviation then the input is
termed "significant"; otherwise the input is ignored in the scenario
analysis.

5) Each significant input found in step 4 is listed in the scenario
report.

Interpreting the Results

From the above explanation, you know that the scenario report will
list all input variables that are "significant” toward reaching a defined
goal for an output variable. But what exactly does that mean?

For example, @RISK may tell you that the Retail Price input is
significant when studying the highest quartile of Total Sales. So, you
know that when Total Sales are high, the median Retail Price is
significantly different than the median Retail Price for the whole
simulation.

@RISK calculates three statistics for each significant input distribution
in a scenario:

» Actual Median of Samples in Iterations Meeting Target. The
median of the subset of iterations for the selected input
(calculated above in step 3). You can compare this to the median
of the selected output for the whole simulation (the 50%
percentile reported in the statistics report).

» Percentile Median of Samples in Iterations Meeting Target. The
percentile value of the subset median in the distribution
generated for the whole simulation (equivalent to entering the
subset median as a Target Value in the @RISK statistics report). If
this value is less than 50%, the subset median is smaller than the
median for the whole simulation, if it is greater than 50% the
subset median is greater than the median for the whole
simulation.

You might find that the subset median for Retail Price is lower
than the median for the whole simulation (thus the percentile is
less than 50%). This indicates that a lower Retail Price can help
you reach the goal of high Total Sales.
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e Ratio Shown Median to Original Standard Deviation. The
difference between the subset median and the median for the
whole simulation, divided by the standard deviation of the input
for the whole simulation. A negative number indicates that the
subset median is smaller than the median for the whole
simulation, a positive number indicates that the subset median is
greater than the median for the whole simulation. The larger the
magnitude of this ratio, the more "significant" the variable is in
reaching the defined target.

Perhaps another input variable, Number of Salespeople, is
significant towards reaching the target of high Total Sales. But, its
ratio of median to standard deviation is only half the magnitude
of the ratio for the Retail Price input. You could conclude that,
while the Number of Salespeople does affect your goal of high
Total Sales, the Retail Price is more significant and may require
more attention.

Caution: The greatest danger in using scenario analysis is that the
analysis results may be deceiving if the subset contains a small
number of data points. For example, in a simulation of 100 iterations
and a scenario target of ">90%," the subset will contain only 10 data
points!
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Simulation Menu

Settings Command

Changes the settings which control the simulations
performed by @RISK

F | The Simulation menu Settings command affects the tasks performed
= during a simulation. For more information on the available
Settings Icon simulation settings, see the Simulation menu Settings Command in

the section @RISK Add-In Menu Commands in this chapter.

Start Command

Starts a Simulation

A The Simulate menu Start command (or clicking the Simulate icon)
L starts a simulation using the current settings.
Start Icon
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Results Menu

Real-Time Results Command

Selects whether or not simulation results will be updated
real-time as the simulation runs and specifies the interval for
updating

Simulation results can be updated in the Results window as a
simulation runs. Graphs of simulation results and some report
windows can be updated during simulation. If Real-Time Update of
@RISK Results Window is selected on the Monitor tab in the
Simulation Settings dialog, the Results window will automatically be
displayed when a simulation starts and the updating of open
windows will begin. A Real-Time Results toolbar is displayed that
allows you to control the updating of displayed reports and graphs
and pause and stop a running simulation.

Real-Time Real-Time Results B
Results Toolbar LN | @@| Lpclate Every 100 = herstions

The Real-Time Results toolbar is displayed in the Results window
whenever a simulation is running. Using the options on this toolbar
you can control whether or not reports and graphs are updated as a
simulation runs, the interval (in iterations) between updates, whether
convergence monitoring is performed, and pause or stop a
simulation. The icons and options available in the Real-Time Results
toolbar are as follows:

* Run, Pause and Stop. Causes a running simulation to pause or
stop, or resumes a paused simulation.

* Enable/Disable Convergence Monitoring. Turns convergence
monitoring off or resumes convergence monitoring. Only
available when the Monitor Convergence option is selected on
the Monitor tab in the Simulation Settings dialog.

» Enable/Disable Real-Time Results Updating. Turns real-time
updating of simulation results on or off. This option can be
selected regardless of the Real-Time Update of @RISK Results
Window selection in the Simulation Settings dialog box.
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» Update Every XXX Iterations. Specifies the interval between
updates of displayed graphs, reports and convergence
monitoring. As updating adds to simulation runtime, set the
interval to a higher number of iterations if a large number of
reports and graphs are updated real-time.

What Can Be While a simulation is running, you can manipulate graphs, move
Performed delimiters, and create new graphs and reports, just as you can do
Whilea when a simulation is complete. Some reports, such as full Sensitivity
Simulation is and Scenario analysis reports (displayed when the Insert menu
Running? Sensitivities or Scenarios commands are selected), are not updated
real-time as they typically take longer to generate and this would
unduly slow a simulation.
Updating If the same model is re-simulated, @RISK keeps your graph and
Graphs and report windows open simulation to simulation. By doing this you can
Reports keep the same graphs, with the same format and scaling, between
Simulation to runs, just changing the data displayed. However, if you add new
Simulation distributions to your model or add new outputs, @RISK will close all
open reports and graphs. You will need to recreate graphs and
reports, either while the simulation is running or after the run is
complete.
Convergence Monitoring Command
Turns Convergence Monitoring On and Off
The Results menu Convergence Monitoring command turns
convergence monitoring off and back on. This command is only
available when the Monitor Convergence option is selected in the
Simulation Settings dialog. For more information on Convergence
Monitoring, see Convergence Monitoring in the @RISK Add-In
Menu Simulation Settings Command in this Reference chapter.
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Filter Command

Filters values from simulation statistics calculations and
graphs

Filters may be entered for each selected output cell or sampled input
probability distribution. Filters allow you to remove unwanted
values from the statistics calculations and graphs generated by
@RISK. Filters are entered using the Filter dialog box or, alternatively,
in the Detailed Statistics window in the three Filter entry rows.

Filter Dialog = Filter
Status of All Filter:
’7 ™ Enabled & Dizabled ‘
Filter Settings:
Mame Cell | Type Ilinimum | Magimum | =
Output1 JMet [ncome C22 Std -Infinity -100000
Output 2 | Met Income D22 |0t
Dutput 3 | Met [ncome E22  |Off
Dutput 4 | Met [ncome Fa2 Qff
Dutput & | Met [ncome G22 |Off
Output & | Met Income H22  |5td 125000 + rfinity
Qutput 7 | Met Income 122 aff
Output 2 | Met Income J22 aff -
|Cunent:Net Income C22: Min=-1626565.8 Mean=-33356.69 Man=-3535214
[~ Shove Only Dutputs or [nputs with Filtsrs
I Gare Filkers far il Siml atiers Clear Filters | Cancel I Apply I

A filter can be defined for any simulation output or sampled input
distribution, as listed in the Name column of the Filter Settings table.
When entering a filter, a type, a minimum allowed value, maximum
allowed value or minimum-maximum range may be entered. If the
Filter Minimum or Filter Maximum entry is left blank, the Filter
range will be unbounded on one end — allowing a filter with only a
maximum or minimum, such as "process only values equal to or
above a minimum of 0".

Filter Dialog « Show Only Outputs or Inputs With Filters — In the Filter dialog,
Options displays only those outputs or inputs for which filters have been
entered.

e Same Filter For All Simulations - If multiple simulations have
been run, the Same Filter For All Simulations option copies the
first filter entered for an input or output to the results for the
same input or output in all other simulations.

« Apply - Filters are applied as soon as you click the Apply button
in the Filter dialog box.
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»  Clear Filters - To remove all current filters, click the Clear Filters
button to remove the filters from the table and then click Apply.
To simply disable a filter but leave the entered filter range, set the
Filter Type to Off.

Filter Types The available Filter Types are:

e Standard Filter (Std) — This type of filter is applied only to the
output cell or sampled input probability distribution for which
the filter was entered. Values below the entered minimum or
above the entered maximum are removed from the statistics,
sensitivity and scenario calculations for the result and not
included in generated graphs for the simulation result.

» lteration Filter (Iter) — This type of filter affects all simulation
results. In processing a global iteration filter, first @RISK applies
the filter to the output cell or sampled input probability
distribution for which the filter was entered. Values below the
entered minimum or above the entered maximum are removed
from the statistics, sensitivity and scenario calculations for the
result and not included in generated graphs for the simulation
result. The iterations which satisfy the conditions of this filter for
the output or input are then "marked" and all other output cells or
sampled input probability distributions are filtered to include
only values generated in these iterations. This type of filter is
especially useful when you want to review simulation results (for
all outputs and inputs) for only those iterations which meet a
specific filter condition — such as where "Profit > 0".
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Fit Command

Fits probability distributions to the simulation data collected
for a output or sampled input.

The Results menu Fit command uses the fitting features of the @RISK
— Model window to fit probability distributions to the simulation data
collected for an output or a sampled input. This allows the
comparison of simulation results to theoretical probability
distributions.

When the Results menu Fit command is selected (or an output or
sampled input is “right-clicked” in the Explorer list and Fit is selected
from the pop-up menu) the data collected for the output or input is
transferred to a new Fit tab in the model window and a fit is
performed using the default settings for distribution fitting. The fit
results are displayed in a Fit Results window.

Report Settings Command

Specifies the location (Results window or Excel) that
simulation results will be displayed and the type of reports
that will be generated in Excel

The Results Report Settings command specifies the location and type
of simulation reports that will be generated. For more information,
see the Results Report Settings Command in the @RISK Add-In
Menu Commands section of this chapter.
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Quick

Report Command

Generates a single one page report on simulation results in

Excel

The Results menu Quick Report command generates a single one
page report in Excel containing statistics and graphs for the output or
input selected in the Explorer list. This report is designed for
printing. If the Quick Report command is selected when right-
clicking on a graph, the report will included the selected graph.

A [ =] [ C | 1] [ E [ F G H [ |
|1 | Simulation Results for
| 2| NPV {10%) / C10
3
% Distributian for NP (109 )/C 10 4’—%[%00“?::"'3' I e |
| B | 1.400% Humber of Simulations 1
| 7| e Humber of Ikerations 100
| & | Humber of Inputs 22
| 3 | :_T' ey Humber of Dutputs 1
L0 | = sampling Type Latin Hypereube
L = Timulation Ttart Time 1241142001 14:13
|12 | Fimulation Fop Time 124112001 14:13
|15 | 2 imulaticn Duration 00:00:00
|14 | = Fandom $eed FTHOEED
13
| 15| [ N TR S5 | Minimum ($20,078.48) 278,01
13 0 = Mazimum | $1,064,501.25 $36,500.17
20 Mean 1451 53312 £102,777.84
21 T Ttd Dew $303,T65.04 | 20%  $131,00265
| 2z | Distribution for NEA(10%)/C 10 Wariance F22THISUE| 6% $197.700.25
23 10m, Thewness | 0IBIETET23|  30%  $237435.64
| 24 | Kurtesis 17306mE|  ssx ger0323.81
[ 25 | psm Mledian $423104.75 | 40% | $302,035.47
| 26 | Mode $130,975.53 45% $361,575.75
| 27 | Dsm- Left X $20T6.01 | 50%  §423104.75
| 28 | Left P 5| SN 448135506
| 29 | Dem- Right $733,999.95 | 60X 353075563
| 30 | Right P BE.03%|  BRX| $RO5TIZE
| 31| pzm Diff % $TATEZEAT [ T0% $E62T46.63
| 32 | Diff P F03%|  TEX) $TOSA3ATE
| 33 | oom #Errers o so%  $se22038
| 34 | @z @ @2 oms @s D2 1 a2 Filter Min 5% $TI5TIED
| 35 | == T3 Filker Max 0% $E4TIETES
36 & = BFilkered 0] 98%  £aITIEsE
ar
38 X e Sensitivity
E Regression Sensitiviy for NPV (10% /010 Rank Name Fleg_r| o
| 40 | WomborarCamaetrwrs| | ¥ Humber of Com| -0L4G5 -0.500
| 41 wumber o fcompetiorogs| | 2 Mumber of Com| -0.346 -0.261
| 42 | _z48 Wumberofcampedtoraces | |43 Number of Cam| -0.353 -0.357
| 43 | e wumber of compeiorems| |4 Mumber of Com| -0.330 -0.28%
| dd | -3 v= Number o fca mnuﬂnr:r.llﬂs s Mumber of Com| -0.306 0430
£ -1z MumberofCampedtorei2s (|6 Mumber of Com) -0.242 -0.234
| 46 |Bales volumesz % -184 #7 Sales Yolume 1§ 0,158 o.Mz
| 4F |8ates rutume.Kzz = o #s8 Mumber of Cam) -0.144 0.254
| 45 |Baiec volume/Lz2 128 #9 Sales Wolime { § 013 017z
| 43 | ‘ - B = Mumber “': maettorel2E) gy Capital Expense] -0.106 0169
=TT S R " - it Bam eS| gy Salez Yolume £ 0,030 o221
51 [ P—— = ‘mz #12 Fales Welume 1§ 0,090 0.287
52 t +———— +——+——+ #13 Fales Yolume { § 0,000 -0.081
[e5| 4 41 45 @28 0 ‘025 05 07 1 i s 4 oo e
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Graph Menu

Format Graph Command
Changes the appearance of the selected graph

The Graph menu Format Graph command allows you to change the
appearance of the active graph. Use this command to change the
type, scaling, style and titles of your graphs, turn delimiters on and
off and add overlays.

Save as Default Clicking Save as Default sets the current format settings as the default
for the appropriate graph type (probability distribution or Summary).
All new graphs of the relevant type generated will use this default.

Type Tab — Graph Format Command
Changes the type and format of a displayed @RISK graph

The Type tab on the Graph Settings dialog box allows you to change
the type of a displayed graph. The options which are available when
the Type command is selected depend on the graph being edited —
standard probability distribution graph or summary graph. For
Tornado graphs no Type options are available.
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k¥ Graph Format
Tvpe | §caling| St_lglel Tjtlesl Qelimitersl Wariables to Graphl

Type Tab for Display Ais————— — Histogram Optioris
Probability & Histogram Fomat  [Dersiy -]
Distribution " Cumulative Ascending # Bins IE'UtD hd I
Graphs _ _ .
" Cumulative Descending Mirirum Iauto 'I
M aximum Iauto - I

[ Save As Default 0K I Caticel |

» Display As. Changes the displayed distribution from a
histogram format to a cumulative ascending or descending
format. This option is displayed only for probability distribution
graphs (either simulation results for output cells or sampled input
distributions).

» Format. Selects Density or Relative Freq. as the unit of measure
reported on the Y-axis. Relative Frequency is the probability of a
value in the range of a bin occurring (observations in a bin/total
observations). Density is the relative frequency value divided by
the width of the bin, insuring that Y-axis values stay constant as
the number of bins is changed.

* #Bins. Sets the number of histogram intervals calculated across
the range of a graph. The value entered must be in the range 1 to
200. The setting Auto calculates the best number of bins to use for
your data is based on an internal heuristic.

*  Minimum. Sets the minimum value where histogram bins start.
Auto specifies that @RISK will start the histogram bins based on
the minimum of the data graphed. Auto (Graph Axis) specifies
that bins will start at the minimum value set on the X-axis,
(except when the minimum data value is greater than the
minimum X-axis value; in this case bins start at the minimum
data value).
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 Maximum. Sets the maximum value where histogram bins end.
Auto specifies that @RISK will end the histogram bins based on
the maximum of the data graphed.Auto (Graph Axis) specifies
that bins will start at the maximum value set on the X-axis,
(except when the maximum data value is less than the maximum
X-axis value; in this case bins start at the maximum data value).

Note: the setting Auto (Graph Axis) causes histogram binning to act
just as binning was performed (by default) in versions of @RISK
earlier than 4.5. This setting causes histograms to automatically
rebin to the graph scale range as rescaling is performed, *zooming in"
on your data. The setting Auto in @RISK 4.5 does not rebin as
rescaling is performed; perserving graph bins regardless of X-axis
scaling.

Type Tab for
Summary
Graphs

The options for Summary graphs allow you to review and change the
settings for the bands shown on the Summary graph. The values
shown for both inner and outer bands may be set.

B Graph Format E3

Tvpe | §caling| St_lglel T_itIesI Qelimitersl Wariables ta Graphl

" Inner Band

Urits: Bounds:

O Percentiles Top= + SDev
(® Standard Deviations Bottom= - SDewv

" Outer Band
Units: Bounds:

@ Percentiles Top= Percx
O Standard Deviations Bottom= Perc

I Save As Default | (] 4 I Cancel |

Units and A Summary Graph displays the trend of mean values for distributions

Bounds in an output range, surrounded by a band above and below the mean.
The "width" of the band is set by the values entered for Summary
Inner and Outer Bands using the Type options. Each band may be
specified in terms of;

» Percentiles (Perc%) or
» Standard Deviations (SDev).

For both percentiles and standard deviations an entry is made for the
top band (+, or above the mean) and the bottom band (-, or below the
mean). The default value for the inner band is +1 standard deviation
above the mean and -1 standard deviation below the mean. The
default value for the outer band is 95th and 5th percentiles, with the
95th percentile lying above the mean and the 5th percentile lying
below it.
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Entering
Summary Graph
Band Values 1) Click the Percentiles button

To enter a band in terms of Percentiles:

2) Enter a value between 50 and 100 for the Top entry and between 0
and 50 for the Bottom entry

To enter a band in terms of Standard Deviations
1) Click the Standard Deviations radio button

2) Enter a value between 0 and 5 for each of the Top + and Bottom -
entries. The Top + and Bottom - values do not have to be the
same.

Different types of entries — either Percentiles or Standard Deviations
— may be used for each band.

When generating a Summary graph, @RISK calculates the mean and
the four band values (such as +/-1 standard deviation and the 5th and
95th percentile) for each cell in the output range graphed. These
points are graphed with hi-lo lines, along with interpolated
intermediate points between each of the cells in the range.
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Scaling Tab — Graph Format Command
Changes the scaling, units and axis tick marks on the active
graph

The available Scaling options are affected by whether the displayed
graph is for a probability distribution (simulation results for output cells
or input distributions) or a summary graph.

Note: X-axis scaling on a probability distribution graph can also be
changed by dragging the delimiters at the X-axis endpoints using the
mouse, directly on the graph.

b 5y,
Tupe I Stglel T_itlesl Qelimitersl “ariables to Graphl
e A
I Automatically Scals W automatically Scale
tirirnurm |D2— Miniirnuirm ID—
t awirnam |12— b a=irnum I"B—

Scale Factor Imillions Vl Seale Factar Imillionths vl
# of Ticks Iauto 'I # of Ticks Iautc- 'I

¥ Show Scale Factor Label [ Show Seals Factor Label
[ Show Grid Lines [ Show Grid Lines
[ Save s Default | 0K I Cancel |

e Automatically Scale. Specifies that @RISK will automatically
calculate X or Y axis minimum and maximum values based on the
range and probabilities of the data displayed in the graph.

Note: Clicking the AutoScale button in the top right corner of a graph
selects the Automatically Scale option and rescales the graph.
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X-Axis Maximum. Enters the X-Axis maximum value for the
current graph.

1)

2)

For a probability distribution graph — Specifies the
maximum value shown on the horizontal X-axis of the
displayed graph. Values are entered in terms of actual values
with all digits. Using the current scale factor, @RISK converts
those values to the appropriate units (in thousands, in
millions, etc.) for display. X-axis scaling may be adjusted to
include all of a distribution or just a portion of it. This allows
you to view only a piece of a distribution when more detail is
desired.

For a Summary graph — Specifies the first cell in an output
range to include in the Summary graph. For example, if there
are 10 cells in an output range, a Summary graph including
all 10 will have an X-minimum of 1 and an X-maximum of 10.
Changing the X-minimum to 5 would cause only the last 5
cells in the output range to be displayed in the Summary
graph.

e X-Axis Minimum. Enters the X-axis minimum value for the
current graph. Information given for the X-maximum option also
applies to X-minimum.

e Y-Axis Maximum. Enters the Y-axis maximum value for the
current graph.

1)

2)

For a histogram or cumulative graph — Specifies the
maximum probability value displayed on the Y-axis. This
value should be greater than zero and less than or equal to
one.

For a Summary graph — Specifies the Y-axis maximum value
for the current graph. Information provided for the Summary
graph Y-axis minimum also applies here.
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* Y-Axis Minimum. Enters the Y-axis minimum value for the
current graph.

1) For a histogram or cumulative graph — No entry possible.
The Y-axis minimum is always set to zero.

2) Fora Summary graph — Specifies the Y-axis minimum value
for the current graph. Values are entered in terms of actual
values with all digits. Using the current scale factor, @RISK
converts those values to the appropriate units (in thousands,
in millions, etc.) for display. Y-axis scaling may be adjusted
to include all of a Summary graph or just a portion of it. This
allows you to view only a piece of a Summary graph when
more detail is desired.

o #of Ticks. Defines the number of ticks drawn on the X-Axis or
Y-axis between the origin and the extreme values.

e Scale Factor. Sets the factor used in displaying units on the X-
and Y-axis in @RISK graphs. Factors are entered as the listed
unit names (thousands, millions, etc.) or as powers of 10. Scale
factor entries apply to the X and Y-axis scaling of histogram and
cumulative curves and the Y-axis scaling of Summary graphs.

When @RISK initially scales a graph it calculates a default scale
factor based on the magnitude of the values displayed in the
graph. Entering a new scale factor causes the units displayed (i.e.,
in thousands, in millions, etc.) to change.

» Show Scale Factor Label. Specifies that the scale factor will be
labeled on the X and Y axes.
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Foreground and

Style Tab — Graph Format Command

Changes the color, format and pattern of elements in the
displayed graph

The Style tab in the Graph Format dialog box change the colors,
format and patterns on a displayed graph.

&4 Graph Form

Tupe I Scaling T_itlesl Qelimitersl “ariables to Graphl
Foreground Colar - Background Calor I
Curve Style

Calar Farmat Pattemn Optiohs

Result . IBars 'I . INone 'l
Overlay I I - I I I > l

[ Save s Default | 0K I Cancel |

The Foreground and Background Color options set the color of the

Background foreground and background elements in the displayed graph. Colors
Color can be selected by clicking on the box to the right of the Color entry.
Curve Style The Curve Style options change the color, format, pattern and other
options of the current graph and its overlays. The Format, Pattern
and Options available change with the type of the graph displayed.
Combined Format and Options settings include:
e Points Format. Graphs unconnected points at midpoint of top of
histogram bars or at each point on a cumulative curve. No
Options available.
e Line Format. Graphs outlined histogram bars (Graph Type-
Histogram; Option-None), cumulative line graph (Graph Type-
Cumulative; Option-None), connected midpoints (Graph Type-
Histogram; Option-Link Midpoints) or fitted curve (Graph Type-
Histogram; Option-Fitted Curve)
e Bars Format. Graphs standard histogram bars. (Graph Type-
Histogram; No Options available).
e Filled Format. Graphs unseparated histogram bars (Graph Type-
Histogram; Option-None), area graph using midpoints of each class
(Graph Type-Histogram; Option-Link Midpoints), filled cumulative
graph (Graph Type-Cumulative; Option-None) or fitted curve (Graph
Type-Histogram; Option-Fitted Curve)
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Selected
Overlay

Pattern options include a variety of available line, point and fill

When overlays are present, the Overlay entry displays the color,
format, pattern and options for the overlay graph for the output listed
in Selected Overlay. By changing the selected overlay entry you can
switch between editing the curve style of the different overlays
present on a graph.

¥ Graph Format
ll,lpel §caling§ ! T_itlesl Qelimitersl Variables to Graphl

Foreground Calar . Background Colar I

Curve Style

Caolor Format Fattern Optiong

Result . ILine 'l ; INone 'I
Owerlay . I Line vl ; INone 'I

Selected Overay IJ22.-" Met Income j

[~ Save As Default oK I Cancel |

Reference: @RISK Results Window Commands

367



Titles Tab — Format Command
Allows the entry of custom titles for a graph

The Titles tab allows the entry of a custom title for any graph, along
with custom X- and Y-axis legends. Font style may also be set for

titles.
k¥ Graph Format
Tvpe I §ca|ing| Style Qelimitersl Wanables ta Graphl
Main Graph Title ~~|auto =]
Main Title Font Style IHegular vI
Hedis Title |
edis Title |

Aiz Title Font Style IHeguIar vI
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[~ SaveAs Default (] 4 I Cancel |

» Graph and Axis Titles. Changes a selected title. Titles may also
be formatted using any of the font styles listed in the dropdown
font style entries. The Auto entry specifies that @RISK will
automatically generate a graph title for you.

« Display. Adds or removes the @RISK-generated labels on graphs
- Legend (graphs with overlays only) and Expected Value.

Text and graphics may also be placed on graphs using the drawing
and text editing capabilities of your spreadsheet. Using the @RISK
Edit menu Copy command, the active graph can be transferred to the
Clipboard where it can be pasted into your spreadsheet as a Windows
Metafile. Once pasted, the graph can be resized and text and graphics
may be attached to it.
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Summary Graph
Titles Tab

b~ Graph Format
Qelimitersl Y anables to Graphl
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[~ SaveAs Default (] 4 I Cancel |

A summary graph has additional options for labeling the tick marks
on the X-axis. The Units entry specifies the units used for the tick
labels (either Cell, Name, Years, Months or any custom units type
you wish to enter). Units are labeled to the left of the X-axis on the
graph. If Name is used for Units @RISK will label each X-axis tick
with the name of the output cell associated with the tick on the graph.
If you wish to use Name for units you should enter short output
names so they can be displayed on the graph. The Start entry
specifies the value for the first axis tick and the Increment entry
specifies the increment between ticks.
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Delimiters Tab — Graph Format Command

Selects the display mode for delimiters on a histogram graph
or cumulative graph.

Delimiters can be displayed on histogram graphs or cumulative
graphs to allow 1) the setting of target probabilities directly on a
graph and 2) X-axis rescaling. Delimiters are marked by inverted
triangles at the top of a graph.

b~ Graph Format
| Wanables ta Graphl

Graph Delimiter
 Off

@ Lines only
" Lines and Shading

Delirniter Calaor I

[~ SaveAs Default (] 4 I Cancel |

Delimiters can be turned on and off as desired and shading between
delimiters can be displayed or removed. The color of delimiters and
their associated shading can be specified by clicking on the box to the
right of the Delimiter Color entry.

Using Delimiters To move delimiters;

1) Click and drag any of the four delimiters marked by an upside-
down triangle at the top of the graph to the desired location.
Moving probability delimiters also updates the Left X, Left P,
Right X, Right P, X(diff) and P(diff) in the displayed Statistics
tab. The diff statistics show the value and probabilities falling
between the left and right probability delimiters.

Note: If you hold down the <Ctrl> key while dragging delimiters,
delimiters will move a much smaller increment each time they change
position.
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Variables To Graph Tab — Graph Format
Command

Selects the input variables to display on a histogram graph,
cumulative graph or Tornado graph

The Variables to Graph tab allows multiple distributions to be
overlaid on a histogram or cumulative graph. In addition, the
Variables to Graph tab allows the customization of Tornado graphs to
show only those input distribution sensitivities you are interested in.

Note: A shortcut method for creating overlay graphs is to use the
Overlay on Active Graph command from the Explorer list right-click
pop-up menu.

Overlay Graphs When a simulation output is initially graphed, the distribution of
possible results for that output alone is displayed in a new graph
window using the default graph type. By using the Variables to
Graph tab, additional outputs may be added to the graph or currently
overlaid outputs may be removed from the graph.

&4 Graph Format
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Selecting Inputs To select or deselect output variables whose distributions will be

to Display in a overlaid on the current graph:

Histogram or . . - .
Cumulative 1) When a histogram or cumulative graph is displayed and active,
Graph select the Graph menu Graph Format command and then select

the Variables to Graph tab.

2) Highlight those inputs you wish to overlay on the graph by
holding down the <Ctrl> key while clicking on the variable
names with the mouse. Clicking on an already highlighted
output deselects it.
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Overlay graphs are displayed in the same format as the initially
displayed graph. However, the graph style of any displayed curve
may then be changed using the Graph Format dialog settings. @RISK
will initially rescale your graph when overlays are added, based on
the maximum X and Y values in all distributions being graphed.
Once graphed, however, scale values may be changed as needed
using Graph Format dialog Scaling options.

Overlays are especially useful for comparing output distributions in
cumulative format. This comparison shows which outputs have
higher probabilities at various points across the X-scale range. As
delimiters are moved on overlay graphs target probabilities are
updated for each included distribution. The probability bar at the
bottom of the graph continues to return values for the primary curve.
Comparisons may also be made for outputs in different simulations
when multiple simulations are run.

Note: A maximum of ten outputs may be overlaid on a single graph.
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Variables to The Variables to Graph tab allows the customization Tornado graphs

Graph- to show only those input distribution sensitivities you are interested
Simulation in. By default, @RISK displays a tornado bar for each input
Sensitivity distribution with a non-zero coefficient value, up to a maximum of 15
Tornado Graphs inputs. By using the Variables to Graph tab, bars may be removed
rom the tornado graph.
f the t d h
&4 Graph Format
L,lpel ﬁcalingl Stglel T_itlesl Dielimiters
Select Input Variables to Include in Tomadao Graph:
[7] Capital Expenzes/D 36 :I
Mumber of Competitore/L25
Sales Yolume/E32 -
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[ Save s Default | 0K I Cancel |

Selecting Inputs To select or deselect input variables whose bars will be displayed in a
to Display in a Tornado graph:
Tornado Graph o ]
1) When a Tornado graph is displayed and active, select the Graph
Format dialog Variables to Graph tab.

2) Highlight those inputs you wish to include in the Tornado graph
by holding down the <Ctrl> key while clicking on the variable

names with the mouse. Clicking on an already highlighted input
deselects it.
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Graph Type Command
Changes the type of the current graph

The Graph menu Graph Type command quickly changes the type and
style of a histogram or cumulative graph. Using the icons on the
Graph Toolbar, the type of an active graph may be quickly changed.
Graph Type may also be changed using the Graph Format command.
The available types include:

1)

2)

3)

Histogram. Selects a histogram or a "relative frequency"
distribution for the current output cell. Three formats for a
histogram are available through the Graph Type command:

e Bar Graph. Selects bar format for the current graph. In bar
format each bin in a distribution is represented by a bar that
has a height corresponding with the probability density value
for the bin.

e Area Graph. Selects an area graph where probability density
values are connected by line segments and the area under the
curve is filled solid. Points representing histogram bar
heights are located at the midpoint of each bar.

e Fitted Curve. Selects a fitted curve where a cubic spline fit is
generated for the midpoint probability density values for the
bars in the histogram. This spline fit is then displayed in
filled format.

Cumulative Ascending. Selects a graph of ascending cumulative
probabilities. A point on an ascending cumulative curve shows

the probability that a random value will be less than or equal to

the associated value on the horizontal X-axis. For example, at the
distribution maximum, the probability is 100% as there is a 100%
chance of a value less than or equal to the distribution maximum
occurring. Cumulative graphs can be displayed as lines or filled.

Cumulative Descending. Selects a graph of descending
cumulative probabilities. A point on the descending cumulative
distribution shows the probability that a random value will be at
least as great as the value shown on the horizontal X-axis. For
example, at the distribution maximum, the probability is 0% as
there is a 0% chance of a value greater than the distribution
maximum occurring. Cumulative graphs can be displayed as lines
or filled.
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Graph in Excel Command

Draws the selected graph in Microsoft Excel in the
spreadsheet’s native format

The Graph menu Graph in Excel command places the selected graph
data points in an Excel worksheet. Then, a native format graph is
created on the worksheet from the data points.
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Once the graph is created, it can be customized and rescaled using
Excel's editing features. Please consult your spreadsheet's
documentation for more information on editing the graphs.

For histograms, bar heights can be changed directly in Excel by
changing the relevant series data.

Delimiter Defaults Command

Specifies the position of the left and right delimiters for all
histogram and cumulative graphs

The Graph menu Delimiter Defaults command specifies the starting
delimiter positions for new histogram and cumulative graphs. These
settings affect all new histogram and cumulative graphs for all
simulations run.
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Window Menu

Show Excel Window Command
Shows Excel and the @RISK add-in

The Window menu Show Excel Window command shows the Excel
window and the @RISK add-in. To show the @RISK Results window
again, click the Show Results Window icon in the @RISK toolbar.

Show Model Window Command
Shows the @RISK Model window

The Window menu Show Model Window command shows the
@RISK Model window. To show the @RISK Results window again,
click the Show Results Window icon in the @RISK toolbar.

Cascade Command, Tile Command

Arranges open windows and graphs in the @RISK Results
window

The Window menu Cascade and Tile commands cascade or tile the
open windows neatly within the @RISK Results window.

List of Available Windows
Lists all open windows in the @RISK Results window.

The bottom items in the Window menu list all open windows in the
@RISK Results window (the active window is noted with a check
mark). To activate a window, select its name from the list.

Reference: @RISK Results Window Commands 377



378 Window Menu



Help Menu

How Do I?
Opens the How Do | guide for @RISK

The Help menu How Do 1? command opens the How Do 1? guide for
@RISK. This contains quick instructions in how to perform many
common @RISK tasks.

@RISK Help, Distributions Help
Opens on-line help files for @RISK

The Help menu @RISK Help command opens the main help file for
@RISK. All of @RISK's features and commands are described in this
file.

The Help menu Distributions Help command opens the distribution
help file for @RISK. Information on all of @RISK's distribution
functions, including formulas, statistics and graphs, is included in this
file.

Online Manual
Opens on-line manual for @RISK

The Help menu Online Manual command opens this manual on-line
in PDF format. You must have Adobe Acrobat reader installed to
view the online manual.

Authorization Command

Displays authorization information for @RISK and allows the
authorization of trial versions

The Help menu Authorization command displays the Authorization
dialog box, listing the version and authorization information for your
copy of @RISK. Using this dialog box you can also convert a trial
version of @RISK into an authorized copy.

Reference: @RISK Results Window Commands 379



About Command

Displays version and copyright information about @RISK

The Help menu About command displays the About dialog box,
listing the version and copyright information for your copy of @RISK
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Reference: @RISK Functions

Introduction

@RISK includes custom functions that can be included in Excel cells
and formulas. These functions are used for:

1) Defining probability distributions (@RISK distribution functions
and distribution property functions).

2) Defining simulation outputs (RiskOutput function)

3) Returning simulation results to your spreadsheet (@RISK
statistics and graphing functions)

This reference chapter describes each of these types of @RISK
functions and gives details about both the required and optional
arguments for each function.

Distribution Functions

Probability distribution functions are used for adding uncertainty —
in the form of probability distributions — to the cells and equations in
your Excel worksheet. For example, you could enter
RiskUniform(10,20) to a cell in your worksheet. This specifies that the
values for the cell will be generated by a uniform distribution with a
minimum of 10 and a maximum of 20. This range of values replaces
the single "fixed" value required by Excel.

Distribution functions are used by @RISK during a simulation for
sampling sets of possible values. Each iteration of a simulation uses a
new set of values sampled from each distribution function in your
worksheet. These values are then used in recalculating your
worksheet and generating a new set of possible results.

As with Excel functions, distribution functions contain two elements,
a function name and argument values which are enclosed in
parentheses. A typical distribution function is:

RiskNormal(100,10)
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A different distribution function is used for each type of probability
distribution. The type of distribution which will be sampled is given
by the name of the function. The parameters which specify the
distribution are given by the arguments of the function.

The number and type of arguments required for a distribution
function vary by function. In some cases, such as with:

RiskNormal(mean,standard deviation)

a fixed number of arguments are specified each time you use the
function. For others, such as DISCRETE, you specify the number of
arguments you desire, based on your situation. For example, a
DISCRETE function may specify two possible outcomes, or three, or
more as needed.

Like Excel functions, distribution functions may have arguments
which are references to cells or expressions. For example:

RiskTriang(B1,B2*1.5,B3)

In this case the cell value would be specified by a triangular
distribution with a minimum value taken from cell B1, a most likely
value calculated by taking the value for cell B2 and multiplying it by
1.5 and a maximum value taken from cell B3.

Distribution functions also may be used in cell formulas, just as are
Excel functions. For example, a cell formula could read:

B2: 100+RiskUniform(10,20)+(1.5*RiskNormal(A1,A2))

All standard Excel editing commands are available to you when
entering distribution functions. However, you will need to have
@RISK loaded for the distribution functions to be sampled by Excel.
If it is not attached, Excel will return the expected value of the
function when the worksheet is recalculated.

Entering To enter probability distribution functions:
Probability . . . . .
Distribution 1) Examine your worksheet and identify those cells which you think
Functions have uncertain values
Look for those cells where the actual values which occur could vary
from those shown in the worksheet. At first, identify those important
variables whose cell values may have the largest variation in value.
As your Risk Analysis gets more refined, you can further expand your
use of distribution functions throughout the worksheet.
1) Select distribution functions for the cells you have identified. In
Excel, use the Insert menu Function command to enter the
selected functions into formulas.
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You have over thirty types of distributions to choose from when
selecting a distribution function. Unless you know specifically how
uncertain values are distributed it is a good idea to start with some of
the simpler distribution types — uniform, triangular, or normal. Asa
starting point, if possible, specify the current cell value as the mean or
most likely value of the distribution function. The range of the
function you are using then reflects the possible variation around the
mean or most likely value.

The simple distribution functions can be very powerful as you can
describe uncertainty with only a few values or arguments. For
example:

e RiskUniform(Minimum, Maximum) uses only two values to
describe the full range of the distribution and assign probabilities
for all the values in the range.

e RiskTriang(Minimum, Most Likely, Maximum) uses three easily
identifiable values to describe a complete distribution.

As your models become more complex, you probably will want to
choose from more complex distribution types in order to meet your
specific modeling needs. Use the listings in this Reference section to
guide you in selecting and comparing distribution types.

Defining A graph of the distribution is often helpful in selecting and specifying
Distributions distribution functions. You can use @RISK Define Distribution
Graphically window to display distribution graphs and add distribution functions

to cell formulas. To do this, select the cell where you wish to add a
distribution function and click the Define Distribution icon or the
@RISK add-in menu Model Define Distribution command. The on-
line file displayed when the @RISK Help menu Distributions Help
command is selected also contains graphic depictions of different
functions at selected argument values. For more information on the
Define Distribution window, see the Model Menu: Define
Distribution Command in the @RISK Add-In Menu Commands
section in this manual.

It often helps to first use the Define Distribution window to enter
your distribution functions to better understand how to assign values
to function arguments. Then, once you better understand the syntax
of distribution function arguments, you can enter the arguments
yourself directly in Excel, bypassing the Define Distribution window.
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Fitting Data to The @RISK Model window (Professional and Industrial versions only)

Distributions allows you to fit probability distributions to your data. The
distributions which result from a fit are then available to be assigned
as input distributions and added to your spreadsheet model. By
setting the Source: in the Define Distribution window to Fit Results,
you can use the fit results from any fit tab for assigning distributions
to model inputs. For more information on distribution fitting see the
Fitting Menu Commands in the @RISK Model Window Commands
section in this manual.

Distribution Optional arguments to distribution functions can be entered using
Prope_rty Distribution Property functions. These optional arguments are used
Functions to name an input distribution for reporting and graphing, truncate the

sampling of a distribution, correlate the sampling of a distribution
with other distributions and keep a distribution from being sampled
during a simulation. These arguments are not required, but can be
added as needed.

Optional arguments specified using @RISK distribution property
functions are embedded inside of a distribution function. Distribution
Property functions are entered just as are standard Excel functions
and can include cell references and mathematical expressions as
arguments.

For example, the following function truncates the entered normal
distribution to a range with a minimum value of 0 and a maximum
value of 20:

=RiskNormal(10,5,RiskTruncate(0,20))
No samples will be drawn outside this minimum-maximum range.

Alternate Many distribution functions can be entered by specifying percentile

Parameters values for the distribution you want. For example, you may want to
enter a distribution that is normal in shape and has a 10t percentile of
20 and a 90t percentile of 50. These percentiles may be the only
values you know about this normal distribution — the actual mean
and standard deviation required by the traditional normal
distribution are unknown.

Alternate parameters may be used instead of (or in conjunction with)
the standard arguments for the distribution. When entering
percentile arguments, the Alt form of the distribution function is
used, such as RiskNormalAlt or RiskGammaAlt.
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Each parameter to an alternate parameter distribution function
requires a pair of arguments in the function. Each pair of arguments
specifies:

1) The type of parameter being entered
2) The value for the parameter.

Each argument in a pair is entered directly in the Alt function, such as
RiskNormalAlt(argltype, arglvalue, arg2type, arg2value). For example:

» RiskNormalAlt(5%, 67.10, 95%, 132.89) - specifies a normal
distribution with the 5t percentile at the value of 67.10 and the
95th percentile at the value of 132.89.

Types of Alternate parameters may be either percentiles or standard
Alternate distribution arguments. If a type of parameter argument is a label in
Parameters quotes (such as "mu"), the parameter specified is the standard

distribution argument that has the entered name. This allows
percentiles to be mixed with standard distribution arguments, such
as:

* RiskNormalAlt("mu", 100, 95%, 132.89) - specifies a normal
distribution with a mean of 100 and the 95t percentile at the value
of 132.89.

The allowable names for the standard arguments of each distribution
can be found in the heading for each function in this chapter, in the
Excel Function Wizard in the @RISK Distrib (Alt Param) section, or by
using the Define Distribution window. Note: If you click the Alticon
in the Define Distribution window and select a Standard Argument
and click OK, @RISK will write the appropriate name for the
standard argument in quotes in the function in the formula bar of
the Define Distribution window.

If a type of parameter argument is a value between 0 and 1 (or 0% to
100%), the parameter specified is the entered percentile for the
distribution.
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Some distributions will have an additional location parameter when
they are specified using alternate parameters. This parameter is
typically available for distributions that do not have a location value
specified in one of their standard arguments. Location is equivalent
to the minimum or 0 perc% value of the distribution. For example,
the Gamma distribution does not have a location value specified
through its standard arguments and thus a location parameter is
available. The normal distribution , on the other hand, does have a
location parameter in its standard arguments — the mean or mu - and
thus does not have a spearate location parameter when it is entered
using alternate parameters. The purpose of this "extra" parameter is
to allow you to specify percentiles for shifted distributions. (e.g. a
three parameter Gamma with a location of 10 and two percentiles)

During a simulation @RISK calculates the appropriate distribution
whose percentile values equal those alternate parameter values
entered and then samples that distribution. Just like all @RISK
functions, the entered arguments may be references to other cells or
formulas, just as with any Excel function; and argument values may
change iteration to iteration during a simulation.

Alternate percentile parameters to probability distributions may be
specified in terms of cumulative descending percentiles as well as the
standard cumulative ascending percentiles. Each of the Alt forms for
probability distribution functions (such as RiskNormalAlt) has a
corresponding AItD form (such as RiskNormalAltD). If the AltD
form is used, any entered percentile values are cumulative
descending percentiles, where the percentile specifies the chance of a
value greater or equal to the entered value.

If you select the @RISK add-in menu Options command Display
Cumulative Descending Percentiles option, all @RISK reports will
show cumulative descending percentile values. In addition, when
you click the Alt icon in the Define Distribution window to enter
distributions using alternate parameters, cumulative descending
percentiles will automatically be shown and AltD forms of probability
distribution functions will be entered.

In addition to cumulative descending percentiles for alternate
parameters distributions, the @RISK cumulative probability
distribution (RiskCumul) may also be specified using cumulative
descending percentiles. To do this, use the function Risk CumulD.
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Entering The guidelines for entering Excel functions presented in the relevant

Arguments in User’s Guide are also applicable to entering @RISK functions.
@R|S|_< However, some additional guidelines specific to @RISK functions are:
Functions

e Where integer arguments are required by a distribution function,
any non-integer argument values will be truncated to integers.

» Integer arguments must be greater than or equal to -32,767 and
less than or equal to 32,767. Values outside this range will cause
the function to return #VALUE in Excel.

» Distribution functions with varying numbers of arguments (such
as HISTOGRM, DISCRETE, and CUMUL) require that arguments
of the same type be entered as arrays. Arrays in Excel are
denoted by either enclosing the values of the array in {} brackets
or using a reference to a contiguous range of cells — such as
Al1.Cl. If a function takes a varying number of value/probability
pairs, the values will be one array and the probabilities another.
The first value in the value array is matched with the first
probability in the probability array and so on.

Optional Some @RISK functions have optional arguments, or arguments that

Arguments may be used but are not required. The RiskOutput function, for
example, has only optional arguments. You can use it with 0, 1 or 3
arguments, depending on what information you wish to define about
the output cell where the function is used. You can:

1) Just identify the cell as an output, letting @RISK automatically
generate a name for you (i.e., =RiskOutput()).

2) Give the output a name you select (i.e., =RiskOutput(*“Profit
19997)).

3) Give the output a name you select and identify it as part of an
output range (i.e., =RiskOutput(“Profit 1999, Profit By Year”,1)).

Any of these forms of the RiskOutput function are allowed because
all of its arguments are optional.

When an @RISK function has optional arguments you can add the
optional arguments you choose and ignore the rest. You must,
however, include all required arguments. For example, for the
RiskNormal function, two arguments, mean and standard deviation, are
required. All of the arguments which can be added to the
RiskNormal function via distribution property functions are optional
and can be entered in any order you like.
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Important Note In Excel, you may not list cell references or names in arrays as you

on Excel Arrays would list constants. For example, you could not use {A1,B1,C1} to
represent the array containing the values in cells A1, B1, and C1.
Instead, you must use the cell range reference A1:C1 or enter the
values of those cells directly in the arrays as constants — for example,
{10,20,30}.

» Distribution functions with fixed numbers of arguments will
return an error value if an insufficient number of arguments is
entered and will ignore extra arguments if too many are entered.

» Distribution functions will return an error value if arguments are
of the wrong type (number, array or text).

More This section briefly describes each probability distribution function

Information available and the arguments required for each. In addition, the on-
line file displayed when the @RISK Help menu Distributions Help
command is selected describes the technical characteristics of each
probability distribution function. The appendices include formulas
for density, distribution, mean, mode, distribution parameters and
graphs of the probability distributions generated using typical
argument values.

Simulation Output Functions

Output cells are defined using RiskOutput functions. These functions
allow the easy copying, pasting and moving of output cells.
RiskOutput functions are automatically added when the standard
@RISK Add Output icon is pressed. RiskOutput functions optionally
allow you to name your simulation outputs and add individual
output cells to output ranges. A typical RiskOutput function might
be:

=RiskOutput(“Profit”)+NPV(.1,H1...H10)

where the cell, prior to its selection as a simulation output, simply
contained the formula

= NPV(.1,H1...H10)

The added RiskOutput function selects the cell as a simulation output
and gives the output the name “Profit”.
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Simulation Statistics Functions

@RISK statistics functions return a desired statistic on simulation
results. For example, the function RiskMean(A10) returns the mean of
the simulated distribution for the cell A10. These functions are
updated real-time as a simulation is running.

@RISK statistics functions include all standard statistics plus
percentiles, targets (for example, =RiskPercentile(A10,.99) returns the
99th percentile of the simulated distribution). @RISK statistics
functions can be used the way you would use any standard Excel

function.
Statistics in Statistics functions may also reference a simulation output or input by
Report name. This allows them to be included in templates which are used to
Templates generate pre-formatted reports in Excel on simulation results. For

example, the function =RiskMean(”’Profit””) would return the mean of
the simulated distribution for the output cell named Profit defined in
a model.

Note: A cell reference entered in a statistics function does not have to
be a simulation output identified with a RiskOutput function.

Graphing Function

A special @RISK function RiskResultsGraph will automatically place a
graph of simulation results wherever it is used in a spreadsheet. For
example, =RiskResultsGraph(A10) would place a graph of the
simulated distribution for A10 directly in your spreadsheet at the
function's location at the end of a simulation. Additional optional
arguments to RiskResultsGraph allow you to select the type of graph
you want to create, its format, scaling and other options.

Supplemental Functions

Two additional functions — Currentlter and CurrentSim — are
provided for use in the development of macro-based applications
using @RISK. These functions return the current iteration and current
simulation, respectively, of an executing simulation.
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Limiting Workbooks and Worksheets Searched
for @RISK Functions

It is necessary for @RISK to scan open workbooks for its functions
both prior to simulating and when the @RISK Model window
Outputs and Inputs list is generated. This is very quick for most
models but can become time-consuming for larger multi-workbook
models. By defining Excel ranges with the name RiskSearchRange
you can limit the regions of open workbooks which are searched for
@RISK functions, speeding up the start of simulations and the display
of lists.

RiskSearchRange ranges can be added as either workbook or
worksheet level names. Adding RiskSearchRange as an Excel range
name has the following effects:

» If asingle RiskSearchRange range name is added as a workbook
level name, only that single range in the workbook will be
searched for @RISK functions .

» If RiskSearchRange range name(s) are added as worksheet level
names (i.e. Sheet1!RiskSearchRange) in a single workbook, each
worksheet-level RiskSearchRange range in the workbook will be
searched for @RISK functions.

» If no RiskSearchRange range name is found in a workbook, the
entire contents of the workbook will be searched for @RISK
functions. This is the default setting for @RISK’s function search.

Note: There can be one RiskSearchRange name per sheet in a
workbook when worksheet level names are used. For more on the
difference between workbook and worksheet-level range names, see
your Excel documentation.

Adding a To add a RiskSearchRange:
RiskSearchRange
g 1) Click the Excel Insert menu Name Define command

2) Enter the name RiskSearchRange and the reference to the range
you want @RISK to search. If you want to make your
RiskSearchRange name a worksheet level name, simply enter the
sheet name prior to the name RiskSearchRange, such as
Sheetl!RiskSearchRange.

Note: @RISK functions located outside any entered RiskSearchRange
will calculate; however, no sampling or correlation settings will be
applied to them and they will not be displayed in @RISK Model or
Results window lists.
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Table of Available Functions
This table lists the custom functions that are added to Excel by @RISK.

Distribution Function Returns

RiskBeta(alphal,alpha2)

beta distribution with shape parameters
alphal and alpha2

RiskBetaGeneral( alphal,
alpha2,minimum, maximum)

beta distribution with defined minimum,
maximum and shape parameters alphal and
alpha2

RiskBetaGeneral Alt(argltype,
arglvalue, arg2type,arg2value,
arg3type,arg3value,
arg4type,arg4value)

beta distribution with four parameters
named argltype to arg4dtype which can be
either a percentile between 0 and 1 or
“alphal”, “alpha2”, “min” or “max”

RiskBetaSubj(minimum, most
likely, mean, maximum)

beta distribution with defined minimum,
maximum, most likely and mean

RiskBinomial(n,p)

binomial distribution with n draws and p
probability of success on each draw

RiskChiSq(v)

Chi-Square distribution with v degrees of
freedom

RiskCumul(minimum,maximum,
{X1,X2,...,.Xn},{p1,p2,...,pn})

cumulative distribution with n points
between minimum and maximum with
cumulative ascending probability p at each
point

RiskCumulD(minimum,maximu
m, {X1,X2,...,.Xn},{p1,p2,...,pn})

cumulative distribution with n points
between minimum and maximum with
cumulative descending probability p at each
point

RiskDiscrete({X1,X2,...,.Xn},
{p1,p2,....pn})

discrete distribution with n possible
outcomes with the value X and probability
weight p for each outcome

RiskDuniform({X1,X2,...Xn})

discrete uniform distribution with n
outcomes valued at X1 through Xn

RiskErf(h)

error function distribution with variance
parameter h

RiskErlang(m,beta)

m-erlang distribution with integral shape
parameter m and scale parameter beta

RiskExpon(beta)

exponential distribution with decay
constant beta
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Distribution Function Returns

RiskExponAlt(argltype,
arglvalue, arg2type,arg2value)

exponential distribution with two
parameters named argltype and arg2type
which can be either a percentile between 0
and 1 or “beta”or "loc"

RiskExtvalue(a,b)

extreme value (or Gumbel) distribution
with location parameter a and scale
parameter b

RiskExtvalueAlt(argltype,
arglvalue, arg2type,arg2value)

extreme value (or Gumbel) distribution
with two parameters named argltype and
arg2type which can be either a percentile
between 0 and 1 or “alpha” or “beta”

RiskGamma(alpha,beta)

gamma distribution with shape parameter
alpha and scale parameter beta

RiskGammaAlt(argltype,
arglvalue, arg2type,arg2value,
arg3type,arg3value)

gamma distribution with three parameters
named argltype, arg2type and arg3type
which can be either a percentile between 0
and 1 or “alpha”, “beta”or "loc"

RiskGeneral(minimum,maximum
AXLX2,..., Xn}{pl,p2,....pn})

general density function for a probability
distribution ranging between minimum and
maximum with n (x,p) pairs with value X
and probability weight p for each point

RiskGeometric(p)

geometric distribution with probability p

RiskHistogrm(minimum,maxi-
mum,{p1,p2,....pn})

histogram distribution with n classes
between minimum and maximum with
probability weight p for each class

RiskHypergeo(n,D,M)

hypergeometric distribution with sample
size n, D nhumber of items and M population
size

RiskIntUniform(minimum,maxi
mum)

uniform distribution which returns integer
values only between minimum and
maximum

RiskInvGauss(mu,lambda)

inverse gaussian (or Wald) distribution
with mean mu and shape parameter lambda

RiskInvGaussAlt(argltype,
arglvalue, arg2type,arg2value,
arg3type,arg3value)

inverse gaussian (or Wald) distribution
with three parameters named argltype,
arg2type and arg3type which can be either a
percentile between 0 and 1 or “mu”,
“lambda”or "loc"

RiskLogistic(alpha,beta)

logistic distribution with location parameter
alpha and scale parameter beta
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Distribution Function Returns

RiskLogisticAlt(argltype,
arglvalue, arg2type,arg2value)

logistic distribution with two parameters
named argltype and arg2type which can be
either a percentile between 0 and 1 or “alpha”
or “beta”

RiskLoglogistic(gamma,beta,
alpha)

log-logistic distribution with location
parameter gamma, scale parameter beta and
shape parameter alpha

RiskLoglogisticAlt(argltype,
arglvalue, arg2type,arg2value,
arg3type,arg3value)

log-logistic distribution with three
parameters named argltype, arg2type and
arg3type which can be either a percentile
between 0 and 1 or “gamma”, “beta” or
“alpha”

RiskLognorm(mean,standard
deviation)

lognormal distribution with specified mean
and standard deviation

RiskLognormAlt(argltype,
arglvalue, arg2type,arg2value,
arg3type,arg3value)

lognormal distribution with three
parameters named argltype, arg2type and
arg3type which can be either a percentile
between 0 and 1 or “mu”, “sigma”or "loc™

RiskLognorm?2(mean,standard
deviation)

lognormal distribution generated from the
"log" of a normal distribution with specified
mean and standard deviation

RiskNegbin(s,p)

negative binomial distribution with s
successes and p probability of success on
each trial

RiskNormal(mean,standard
deviation)

normal distribution with given mean and
standard deviation

RiskNormalAlt(argltype,
arglvalue, arg2type,arg2value)

normal distribution with two parameters
named argltype and arg2type which can be
either a percentile between 0 and 1 or “mu”
or “sigma”

Reference: @RISK Functions
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Distribution Function Returns

RiskPareto(theta,a)

pareto distribution

RiskParetoAlt(argltype,
arglvalue, arg2type,arg2value)

pareto distribution with two parameters
named argltype and arg2type which can be
either a percentile between 0 and 1 or “theta”
or “alpha”

RiskPareto2(b,q)

pareto distribution

RiskPareto2Alt(argltype,
arglvalue, arg2type,arg2value)

pareto distribution with two parameters
named argltype and arg2type which can be
either a percentile between 0 and 1 or “b” or
g

RiskPearson5(alpha,beta)

pearson type V (or inverse gamma)
distribution with shape parameter alpha and
scale parameter beta

RiskPearson5Alt(argltype,
arglvalue, arg2type,arg2value,
arg3type,arg3value)

pearson type V (or inverse gamma)
distribution with three parameters named
argltype, arg2type and arg3type which can be
either a percentile between 0 and 1 or
“alpha”, “beta”or "loc"

RiskPearson6(beta,alphal,
alpha2)

pearson type VI distribution with scale
parameter beta and shape parameters alphal
and alpha2

RiskPert(minimum,most likely,
maximum)

pert distribution with specified minimum,
most likely and maximum values

RiskPertAlt(argltype, arglvalue,
arg2type,arg2value,
arg3type,arg3value)

pert distribution with three parameters
named argltype, arg2type and arg3type
which can be either a percentile between 0

and 1 or “min”, “max” or “m. likely”

RiskPoisson(lambda)

poisson distribution

RiskRayleigh(b)

rayleigh distribution with scale parameter b

RiskRayleighAlt(argltype,
arglvalue, arg2type,arg2value)

rayleigh distribution with two parameters
named argltype and arg2type which can be
either a percentile between 0 and 1 or “beta”
or "loc"

RiskSimtable({X1,X2,...Xn})

lists values to be used in each of a series of
simulations

RiskStudent(nu)

student's t distribution with nu degrees of
freedom

RiskTriang(minimum,most likely,
maximum)

triangular distribution with defined
minimum, most likely and maximum values
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Distribution Function Returns

RiskTriangAlt(argltype,
arglvalue, arg2type,arg2value,
arg3type,arg3value)

triangular distribution with three
parameters named argltype, arg2type and
arg3type which can be either a percentile
between 0 and 1 or “min”, “max” or “m.
likely”

RiskTrigen(bottom,most
likely,top, bottom perc.,top perc.)

triangular distribution with three points
representing value at bottom percentile, most
likely value and value at top percentile.

RiskUniform(minimum,
maximum)

uniform distribution between minimum and
maximum

RiskUniformAlt(argltype,
arglvalue, arg2type,arg2value)

uniform distribution with two parameters
named arg#type which can be either a
percentile between 0 and 1 or “min” or “max

RiskWeibull(alpha,beta)

weibull distribution with shape parameter
alpha and scale parameter beta

RiskWeibullAlt(argltype,
arglvalue, arg2type,arg2value,
arg3type,arg3value)

weibull distribution with three parameters
named argltype, arg2type and arg3type
which can be either a percentile between 0
and 1 or “alpha”, “beta”or "loc"
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Distribution Property

Function
RiskCollect()

Specifies

Causes samples to be collected during a
simulation for the distribution in which the
Collect function is included (when
simulation settings specify Collect Samples
for Distributions Marked with Collect only)

RiskCorrmat(matrix cell range,
position,instance)

Identifies a matrix of rank correlation
coefficients and a position in the matrix for
the distribution in which the Corrmat
function is included. Instance specifies the
instance of the matrix at matrix cell range
that will be used for correlating this
distribution.

RiskDepC("ID" coefficient)

Identifies dependent variable in correlated
sampling pair with rank correlation
coefficient and "ID" identifier string

RiskFit(ProjID,FitID,"selected fit
result™)

Links a data set identified by ProjID and
FitlD and its fit results to the input
distribution so the input can be updated
when data changes

RiskIndepC("ID")

Identifies independent distribution in rank
correlated sampling pair — "ID" is
identifier string

RiskLock()

Blocks sampling of the distribution in
which the Lock function is included

RiskName(“input name”)

Input name for the distribution in which the
Name function is included

RiskShift(shift)

Shifts the domain of the distribution in
which the Shift function is included by shift
value

RiskTruncate(minimum,
maximum)

Output Function

RiskOutput(*“name”,”output
range name”, position in range)

Minimum-maximum range allowable for
samples drawn for the distribution in which
the Truncate function is included

- Specifies

Simulation output cell with name, output
range name to which the output belongs, and
the position in range (Note: all arguments to
this function are optional)
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Statistics Function Returns

RiskData(cellref or output/input
name, iteration#,Sim#)

Data value of the simulated distribution for
the entered cellref or output/input name in
iteration# and Sim#

RiskKurtosis(cellref or
output/input name, Sim#)

Kurtosis of the simulated distribution for
the entered cellref or output/input name in
Sim#

RiskMax(cellref or output/input
name, Sim#)

Maximum value of the simulated
distribution for cellref or output/input name
in Sim#

RiskMean(cellref or output/input
name, Sim#)

Mean of the simulated distribution for
cellref or output/input name in Sim#

RiskMin(cellref or output/input
name, Sim#)

Minimum value of the simulated
distribution for cellref or output/input name
in Sim#

RiskMode(cellref or output/input
name, Sim#)

Mode of the simulated distribution for
cellref or output/input name in Sim#

RiskPercentile(cellref or
output/input name, perc%, Sim#)

Percentile perc% of the simulated
distribution for cellref or output/input name
in Sim#

RiskPercentileD(cellref or
output/input name, perc%, Sim#)

Percentile perc% of the simulated
distribution for cellref or output/input name
in Sim# (perc% is a cumulative descending
percentile)

RiskRange(cellref or output/input
name, Sim#)

Range of the simulated distribution for
cellref or output/input name in Sim#

RiskSkewness(cellref or
output/input name, Sim#)

Skewness of the simulated distribution for
cellref or output/input name in Sim#

RiskStdDev(cellref or
output/input name, Sim#)

Standard deviation of the simulated
distribution for cellref or output/input name
in Sim#

RiskTarget(cellref or output/input
name, target value, Sim#)

Ascending cumulative probability of target
value in the simulated distribution for cellref
or output/input name in Sim#

RiskTargetD(cellref or
output/input name, target value,
Sim#)

Descending cumulative probability of target
value in the simulated distribution for cellref
or output/input name in Sim#

RiskVariance(cellref or
output/input name, Sim#)

Variance of the simulated distribution for
cellref or output/input name in Sim#
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Supplemental Returns

Function

RiskCurrentlter() returns the current iteration of the
simulation

RiskCurrentSim() returns the current simulation number

Graphing Function Returns

RiskResultsGraph(cellRef or Graph of the simulated distribution for the

output/input name entered cellref or output/input name in Sim#,

,graphType,xIFormat, leftdelimiter, | displayed using graphType in metafile or

rightdelimiter,xMin,xMax,xScale, | xIFormat, with leftdelimiter, rightdelimiter

Sim#) locations for delimiters
andxMin,xMax,xScale settings for X-axis.
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Reference: Distribution Functions

Distribution functions are listed here with their required arguments.
Optional arguments may be added to these required arguments using
the @RISK Distribution Property functions listed in the next section.

RiskBeta

Description RiskBeta(alphal,alpha?) specifies a beta distribution using the shape
parameters alphal and alpha2. These two arguments generate a beta
distribution with a minimum value of 0 and a maximum value of 1.

Examples RiskBeta(1,2) specifies a beta distribution using the shape parameters 1 and
2.
RiskBeta(C12,C13) specifies a beta distribution using the shape parameter
alphal taken from cell C12 and a shape parameter alpha2 taken from cell C13.

Guidelines Both alphal and alpha2 must be greater than zero.

RiskBetaGeneral

Description

RiskBetaGeneral(alphal,alpha2,minimum,maximum) specifies a beta
distribution with the defined minimum and maximum using the shape
parameters alphal and alpha2.

Examples

RiskBetaGeneral(1,2,0,100) specifies a beta distribution using the shape
parameters 1 and 2 and a minimum value of 0 and a maximum value of 100.

RiskBetaGeneral(C12,C13,D12,D13) specifies a beta distribution using the
shape parameter alphal taken from cell C12 and a shape parameter alpha2
taken from cell C13 and a minimum value from D12 and a maximum value of
from D13.

Guidelines

Both alphal and alpha2 must be greater than zero.
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RiskBetaGeneral Alt

Description RiskBetaGeneralAlt(argltype, arglvalue, arg2type,arg2value,
arg3type,arg3value, arg4dtype,argdvalue) specifies a beta distribution with four
arguments of the type argltype to arg4type. These arguments can be either a
percentile between 0 and 1 or “alphal”, “alpha2”, “min” or “max”.

Examples RiskBetaGeneralAlt("min",0,10%,1,50%,20," max",50) specifies a beta
distribution with a minimum value of 0 and a maximum value of 50, a 10"
percentile of 1 and a 50" percentile of 20.

Guidelines Both “alphal” and “alpha2” must be greater than zero and “max” > “min”.

RiskBetaSubj

Description RiskBetaSubj(minimum, most likely, mean, maximum) specifies a beta
distribution with a minimum and maximum value as specified. The shape
parameters are calculated from the defined most likely value and mean.

Examples RiskBetaSubj(0,1,2,10) specifies a beta distribution with a minimum of 0, a
maximum of 10, a most likely value of 1 and a mean of 2.
RiskBetaSubj(A1,A2,A3,A4) specifies a beta distribution with a minimum
value taken from cell A1, a maximum value taken from cell A4, a most likely
value taken from cell A2 and a mean value taken from cell A3.

Guidelines Minimum must be less than maximum.

Most likely must be greater than minimum and less than maximum.
Mean must be greater than minimum and less than maximum.
Most likely must be greater than minimum and less than maximum.
Mean must be greater than minimum and less than maximum.

If mean is less than (maximum + minimum) / 2 then most likely must be less
than mean.

If mean is greater than (maximum + minimum) / 2 then most likely must be
greater than mean.

If most likely equals (maximum + minimum) / 2 then mean must equal most
likely.

400 Reference: Distribution Functions




RiskBinomial

Description

RiskBinomial(n, p) specifies a binomial distribution with n number of trials and
p probability of success on each trial. The number of trials is often referred to
as the number of draws or samples made. The binomial distribution is a
discrete distribution returning only integer values greater than or equal to zero.

Examples

RiskBinomial(5,.25) specifies a binomial distribution generated from 5 trials or
"draws" with a 25% probability of success on each draw.

RiskBinomial(C10*3,B10) specifies a binomial distribution generated from the

trials or "draws" given by the value in cell C10 times 3. The probability of
success on each draw is given in cell B10.

Guidelines

The number of trials n must be a positive integer greater than zero and less
than or equal to 32,767.

Probability p must be greater than or equal to zero and less than or equal to 1.

RiskChiSq

Description

RiskChiSq(v) specifies a Chi-Square distribution with v degrees of freedom.

Examples

RiskChisq(5) generates a Chi-Square distribution with 5 degrees of freedom.

RiskChisq(A7) generates a Chi-Square distribution with the degrees of
freedom parameter taken from cell A7.

Guidelines

Number of degrees of freedom v must be a positive integer.
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RiskCumul

Description

RiskCumul(minimum,maximum,{X1,X2,..,Xn},{p1,p2,..,pn}) specifies a
cumulative distribution with n points. The range of the cumulative curve is set
by the minimum and maximum arguments. Each point on the cumulative curve
has a value X and a probability p. Points on the cumulative curve are specified
with increasing value and increasing probability. Any number of points may be
specified for the curve.

Examples

RiskCumul(0,10,{1,5,9},{.1,.7,.9}) specifies a cumulative curve with 3 data
points and a range of 0 to 10. The first point on the curve is 1 with a cumulative
probability of .1 (10% of the distribution values are less than or equal to 1, 90%
are greater). The second point on the curve is 5 with a cumulative probability
.7 (70% of the distribution values are less than or equal to 5, 30% are greater).
The third point on the curve is 9 with a cumulative probability of .9 (90% of the
distribution values are less than or equal to 9, 10% are greater).

RiskCumul(100,200,A1:C1,A2:C2) specifies a cumulative distribution with 3
data points and a range of 100 to 200. Row 1 of the worksheet — A1 through
C1 — holds the values of each data point while row 2 — A2 through C2 —
holds the cumulative probability at each of the 3 points in the distribution. In
Excel braces are not required when cell ranges are used as entries to the
function.

Guidelines

The points on the curve must be specified in order of increasing value
(X1<X2<X3,...,<Xn).

The cumulative probabilities p for points on the curve must be specified in order
of increasing probability (pl<=p2<=p3,...,<=pn).

The cumulative probabilities p for points on the curve must be greater than or
equal to 0 and less than or equal to 1.

Minimum must be less than maximum. Minimum must be less than X1 and
Maximum must be greater than Xn.

402

Reference: Distribution Functions




RiskCumulD

Description

RiskCumulD(minimum,maximum,{X1,X2,..,Xn},{p1,p2,..,pn}) specifies a
cumulative distribution with n points. The range of the cumulative curve is set
by the minimum and maximum arguments. Each point on the cumulative curve
has a value X and a probability p. Points on the cumulative curve are specified
with increasing value and decreasing probability. Probabilitites entered are
cumulative descending probabilities, or the probability of a value greater than
the entered X value. Any number of points may be specified for the curve.

Examples

RiskCumulD(0,10,{1,5,9}.{.9,.3,.1}) specifies a cumulative curve with 3 data
points and a range of 0 to 10. The first point on the curve is 1 with a cumulative
descending probability of .9 (10% of the distribution values are less than or
equal to 1, 90% are greater). The second point on the curve is 5 with a
cumulative descending probability .3 (70% of the distribution values are less
than or equal to 5, 30% are greater). The third point on the curve is 9 with a
cumulative descending probability of .1 (90% of the distribution values are less
than or equal to 9, 10% are greater).

RiskCumulD(100,200,A1:C1,A2:C2) specifies a cumulative distribution with 3
data points and a range of 100 to 200. Row 1 of the worksheet — A1 through
C1 — holds the values of each data point while row 2 — A2 through C2 —
holds the cumulative probability at each of the 3 points in the distribution. In
Excel braces are not required when cell ranges are used as entries to the
function.

Guidelines

The points on the curve must be specified in order of increasing value
(X1<X2<X3,...,<Xn).

The cumulative probabilities p for points on the curve must be specified in order
of decreasin cumulative descending probabilities (p1>=p2>=p3,...,>=pn).

The cumulative descending probabilities p for points on the curve must be
greater than or equal to 0 and less than or equal to 1.

Minimum must be less than maximum. Minimum must be less than X1 and
Maximum must be greater than Xn.
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RiskDiscrete

Description

RiskDiscrete({X1,X2,...,Xn},{p1,p2,...,pn}) specifies a discrete distribution with
a number of outcomes equaling n. Any number of outcomes may be entered.
Each outcome has a value X and a weight p which specifies the outcome's
probability of occurrence. As with the RiskHistogrm function, weights may sum
to any value — they are normalized to probabilities by @RISK.

Examples

RiskDiscrete({0,.5},{1,1}) specifies a discrete distribution with 2 outcomes
valued 0 and .5. Each outcome has an equal probability of occurrence as the
weight for each is 1. The probability of O occurring is 50% (1/2) and the
probability of .5 occurring is 50% (1/2).

RiskDiscrete(A1:C1,A2:C2) specifies a discrete distribution with three
outcomes. The first row of the worksheet — A1l through C1 — holds the values
of each outcome while row 2 — A2 through C2 — holds the probability "weight"
of each occurring.

Guidelines

Weight values p must be greater than or equal to zero, and the sum of all
weights must be greater than zero.

RiskDUniform

Description

RiskDuniform({X1,X2,...,Xn}) specifies a discrete uniform distribution with n
possible outcomes with an equal probability of each outcome occurring. The
value for each possible outcome is given by the X value entered for the
outcome. Each value is equally likely to occur. To generate a discrete uniform
distribution where every integer in a range is a possible outcome, use the
RiskIntUniform function.

Examples

RiskDuniform({1,2.1,4.45,99}) specifies a discrete uniform distribution with 4
possible outcomes. The possible outcomes have the values 1, 2.1, 4.45 and
99.

RiskDuniform(A1:A5) specifies a discrete uniform distribution with 5 possible
outcomes. The possible outcomes have the values taken from cells Al through
A5.

Guidelines

None.
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RiskErf

Description RiskErf(h) specifies an error function with a variance parameter h. The error
function distribution is derived from a normal distribution.

Examples RiskErf(5) generates an error function with a variance parameter 5.
RiskErf(A7) generates an error function with a variance parameter taken from
cell A7.

Guidelines Variance parameter h must be greater than 0.

RiskErlang

Description RiskErlang(m,beta) generates an m-erlang distribution with the specified m and
beta values. m is an integer argument for a gamma distribution and beta is a
scale parameter.

Examples RiskErlang(5,10) specifies an m-erlang distribution with an m value of 5 and a
scale parameter of 10.

RiskErlang(A1,A2/6.76) specifies an m-erlang distribution with an m value
taken from cell Al and a scale parameter equaling the value in cell A2 divided
by 6.76.

Guidelines m must be a positive integer.
beta must be greater than zero.

RiskExpon

Description RiskExpon(beta) specifies an exponential distribution with the entered beta
value. The mean of the distribution equals beta.

Examples RiskExpon(5) specifies an exponential distribution with a beta value of 5.
RiskExpon(Al) specifies an exponential distribution with a beta value taken
from cell Al.

Guidelines Beta must be greater than zero.
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RiskExponAlt

Description RiskExponAlt(argltype, arglvalue, arg2type,arg2value) specifies an
exponential distribution with two arguments of the type argltype and arg2type.
argltype and arg2type can be either a percentile between 0 and 1 or “beta” or
"loc".

Examples RiskExponAlt("beta",1,95%,10) specifies an exponential distribution with a
beta value of 1 and a 95% percentile of 10.

Guidelines "beta" must be greater than zero.

RiskExtValue

Description RiskExtValue(a,b) specifies an extreme value distribution with location
parameter a and shape parameter b.

Examples RiskExtvalue(1,2) specifies an extreme value distribution with an a value of 1
and a b value of 2.

RiskExtvalue(A1,B1) specifies an extreme value distribution with an a value
taken from cell A1 and a b value of taken from cell B1.

Guidelines b must be greater than zero.

RiskExtValueAlt

Description RiskExtValueAlt(argltype, arglvalue, arg2type,arg2value) specifies an
extreme value distribution with with two arguments of the type argltype and
arg2type. These arguments can be either a percentile between 0 and 1 or
“alpha” or “beta”.

Examples RiskExtvalueAlt(5%,10,95%,100) specifies an extreme value distribution with
a 5™ percentile of 10 and a 95" percentile of 100.

Guidelines “beta” must be greater than zero.
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RiskGamma

Description

RiskGamma(alpha,beta) specifies a gamma distribution using the shape
parameter alpha and the scale parameter beta.

Examples

RiskGamma(1,1) specifies a gamma distribution where the shape parameter
has a value of 1 and the scale parameter has a value of 1.
RiskGamma(C12,C13) specifies a gamma distribution where the shape

parameter has a value taken from cell C12 and the scale parameter has a
value taken from cell C13.

Guidelines

Both alpha and beta must be greater than zero.

RiskGammaAlt

Description

RiskGammaAlt(argltype, arglvalue, arg2type,arg2value, arg3type,arg3value)
specifies a gamma distribution with three arguments of the type argltype to
arg3type. These arguments can be either a percentile between 0 and 1 or
“alpha”, “beta” or "loc".

Examples

RiskGammaAlt(*alpha",1,"beta",5,95%,10) specifies a gamma distribution
where the shape parameter has a value of 1, the scale parameter has a value
of 5 and the 95" percentile has a value of 10.

Guidelines

Both alpha and beta must be greater than zero.
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RiskGeneral

Description

RiskGeneral(minimum,maximum,{X1,X2,...,.Xn},{p1,p2,...,pn}) generates a
generalized probability distribution based on a density curve created using the
specified (X,p) pairs. Each pair has a value X and a probability weight p which
specifies the relative height of the probability curve at that X value. The
weights p are normalized by @RISK in determining the actual probabilities
used in sampling.

Examples

RiskGeneral(0,10,{2,5,7,9},{1,2,3,1}) specifies a general probability
distribution density function with four points. The distribution ranges from 0 to
10 with four points — 2,5,7,9 — specified on the curve. The height of the curve
at2is1l,at5is2,at7is3 and at9is 1. The curve intersects the X-axis at 0
and 10.

RiskGeneral(100,200,A1:C1,A2:C2) specifies a general probability distribution
with three data points and a range of 100 to 200. The first row of the worksheet
— Al through C1 — holds the X value of each data point while row 2 — A2
through C2 — holds the p value at each of the three points in the distribution.
Note that braces are not required when cell ranges are used as array entries to
the function.

Guidelines

Probability weights p must be greater than or equal to zero. The sum of all
weights must be greater than zero.

X values must be entered in increasing order and must fall within the minimum-
maximum range of the distribution.

Minimum value must be less than maximum.
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RiskGeomet

Description RiskGeomet(p) generates a geometric distribution with the probability p. The
value returned represents the number of failures prior to a success on a series
of independent trials. There is a p probability of success on each trial. The
geometric distribution is a discrete distribution returning only integer values
greater than or equal to zero.

Examples RiskGeomet(.25) specifies a geometric distribution with a 25% probability of
success on each trial.

RiskGeomet(A18) specifies a geometric distribution with a probability of
success on each trial taken from cell A18.

Guidelines Probability p must be greater than zero and less than or equal to one.
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RiskHistogrm

Description

RiskHistogrm(minimum,maximum,{p1,p2,...,pn}) specifies a user-defined
histogram distribution with a range defined by the specified minimum and
maximum values. This range is divided into n classes. Each class has a
weight p reflecting the probability of occurrence of a value within the class.
These weights may be any values — the only important factor is the weight of
one class relative to the others. This means that the sum of all the weights
need not equal 100%. @RISK normalizes the class probabilities for you.
Normalizing is done by summing all specified weights and dividing each weight
by this sum.

Examples

RiskHistogrm(10,20,{1,2,3,2,1}) specifies a histogram with a minimum value
of 10 and a maximum value of 20. This range is divided into 5 equal length
classes as there are 5 probability values. The probability weights for the five
classes are the arguments 1, 2, 3, 2 and 1. The actual probabilities which
would correspond with these weights are 11.1% (1/9), 22.2% (2/9), 33.3%
(3/9), 22.2% (2/9) and 11.1% (1/9). Division by 9 normalizes these values so
that their sum now equals 100%.

RiskHistogrm(A1,A2,B1:B3) specifies a histogram with a minimum value
taken from cell A1 and a maximum value taken from cell A2. This range is
divided into 3 equal length classes as there are 3 probability values. The
probability weights are taken from cells B1 through B3.

Guidelines

Weight values p must be greater than or equal to zero, and the sum of all
weights must be greater than zero.
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RiskHypergeo

Description

RiskHypergeo(n,D,M) specifies a hypergeometric distribution with sample size
n, number of items of a certain type equaling D and population size M. The
hypergeometric distribution is a discrete distribution returning only non-negative
integer values.

Examples

RiskHypergeo(50,10,1000) returns a hypergeometric distribution generated
using a sample size of 50, 10 items of the relevant type and a population size
of 1000.

RiskHypergeo(A6,A7,A8) returns a hypergeometric distribution generated
using a sample size taken from cell A6, a number of items taken from cell A7
and a population size taken from cell A8.

Guidelines

All arguments — n, D and M — must be positive integer values.

The value for sample size n must be less than or equal to the population size
M.

The value for number of items D must be less than or equal to the population
size M.

RiskIntUniform

Description

RiskIntUniform(minimum,maximum) specifies a uniform probability distribution
with the entered minimum and maximum values. Only integer values across
the range of the uniform distribution can occur and each has an equal likelihood
of occurrence.

Examples

RiskIntUniform(10,20) specifies a uniform distribution with a minimum value of
10 and a maximum value of 20.

RiskIntUniform(A1+90,B1) specifies a uniform distribution with a minimum
value equaling the value in cell Al plus 90 and a maximum value taken from
cell B1.

Guidelines

The minimum value entered must be less than the maximum value.
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Riskinvgauss

Description Risklnvgauss(mu,lambda) specifies an inverse gaussian distribution with
mean mu and shape parameter lambda.

Examples Risklnvgauss(5,2) returns an inverse gaussian distribution with a mu value of
5 and a lambda value of 2.
Risklnvgauss(B5,B6) returns an inverse gaussian distribution with a mu value
taken from cell B5 and a lambda value taken from cell B6.

Guidelines mu must be greater than zero.
lambda must be greater than zero.

RiskinvgaussAlt

Description RiskinvgaussAlt(argltype, arglvalue, arg2type,arg2value,
arg3type,arg3value) specifies an inverse gaussian distribution with three
arguments of the type argltype to arg3type. These arguments can be either a
percentile between 0 and 1 or “mu”, “lambda” or "loc".

Examples RiskinvgaussAlt("mu",10,5%,1,95%,25) returns an inverse %aussian
distribution with a mu value of 1, a 5" percentile of 1 and a 95" percentile of 25.

Guidelines mu must be greater than zero.
lambda must be greater than zero.

RiskLogistic

Description RiskLogistic(alpha,beta) specifies a logistic distribution with the entered alpha
and beta values.

Examples RiskLogistic(10,20) returns a logistic distribution generated using an alpha
value of 10 and a beta value of 20.
RiskLogistic(A6,A7) returns a logistic distribution generated using an alpha
value taken from cell A6 and a beta value taken from cell A7.

Guidelines Beta must be a positive value.
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RiskLogisticAlt

Description RiskLogisticAlt(argltype, arglvalue, arg2type,arg2value) specifies a logistic
distribution with two arguments of the type argltype and arg2type. These
arguments can be either a percentile between 0 and 1 or “alpha” or “beta”.

Examples RiskLogisticAlt(5%,1,95%,100) returns a logistic distribution with a 5t
percentile of 1 and a 95" percentile of 100.

Guidelines “Beta” must be a positive value.

RiskLogLogistic

Description

RiskLoglogistic(gamma,beta,alpha) specifies a log-logistic distribution with
location parameter gamma and shape parameter alpha and scale parameter
beta.

Examples

RiskLoglogistic(-5,2,3) returns a log-logistic distribution generated using a
gamma value of -5, a beta value of 2, and an alpha value of 3.
RiskLoglogistic(A1,A2,A3) returns a log-logistic distribution generated using a
gamma value taken from cell Al, a beta value taken from cell A2, and an alpha
value taken from cell A3.

Guidelines

Alpha must be greater than zero.
Beta must be greater than zero.

RiskLogLogisticAlt

Description RiskLoglogisticAlt(argltype, arglvalue, arg2type,arg2value,
arg3type,arg3value) specifies a log-logistic distribution distribution with three
arguments of the type argltype to arg3type. These arguments can be either a
percentile between 0 and 1 or “gamma”, “beta” or “alpha”.

Examples RiskLoglogisticAlt("gamma",5,"beta",2,90%,10) returns a log-logistic
distribution generated using a gamma value of 5, a beta value of 2, and a oo™
percentile of 10.

Guidelines " Alpha” must be greater than zero.

“Beta” must be greater than zero
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RiskLognorm

Description

RiskLognorm(mean,standard deviation) specifies a lognormal distribution with
the entered mean and standard deviation. The arguments for this form of the
lognormal distribution specify the actual mean and standard deviation of the
generated lognormal probability distribution.

Examples

RiskLognorm(10,20) specifies a lognormal distribution with a mean of 10 and
a standard deviation of 20.

RiskLognorm(C10*3.14,B10) specifies a lognormal distribution with a mean
equaling the value in cell C10 times 3.14 and a standard deviation equaling the
value in cell B10.

Guidelines

The mean and standard deviation must be greater than 0.

RiskLognormAlt

Description

RiskLognormAlt(argltype, arglvalue, arg2type,arg2value,
arg3type,arg3value) specifies a lognormal distribution distribution with three
arguments of the type argltype to arg3type. These arguments can be either a
percentile between 0 and 1 or “mu”, “sigma” or "loc".

Examples

RiskLognormAlt("mu",2,"sigma",5,95%,30) specifies a lognormal distribution
with a mean of 2 and a standard deviation of 5 and a 95" percentile of 30.

Guidelines

The “mu” and “sigma” must be greater than 0.
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RiskLognorm2

Description

RiskLognorm?2(mean of corresponding normal dist.,std. dev. of normal)
specifies a lognormal distribution where the entered mean and standard
deviation equal the mean and standard deviation of the corresponding normal
distribution. The arguments entered are the mean and standard deviation of
the normal distribution for which an exponential of the values in the distribution
was taken to generate the desired lognormal.

Examples

RiskLognorm?2(10,20) specifies a lognormal distribution generated by taking
the exponential of the values from a normal distribution with a mean of 10 and
a standard deviation of 20.

RiskLognorm?2(C10*3.14,B10) specifies a lognormal distribution generated by
taking the exponential of the values from a normal distribution with a mean
equaling the value in cell C10 times 3.14 and a standard deviation equaling the
value in cell B10.

Guidelines

The standard deviation must be greater than O.

RiskNegbin

Description

RiskNegbin(s,p) specifies a negative binomial distribution with s number of
successes and p probability of success on each trial. The negative binomial
distribution is a discrete distribution returning only integer values greater than
or equal to zero.

Examples

RiskNegbin(5,.25) specifies a negative binomial distribution with 5 successes
with a 25% probability of success on each trial.

RiskNegbin(A6,A7) specifies a negative binomial distribution with the number
of successes taken from cell A6 and a probability of success taken from cell
A7.

Guidelines

Number of successes s must be a positive integer less than or equal to 32,767.
Probability p must be greater than zero and less than or equal to one.
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RiskNormal

Description

RiskNormal(mean,standard deviation) specifies a normal distribution with the
entered mean and standard deviation. This is the traditional "bell shaped"
curve applicable to distributions of outcomes in many data sets.

Examples

RiskNormal(10,2) specifies a normal distribution with a mean of 10 and a
standard deviation of 2.

RiskNormal(SQRT(C101),B10) specifies a normal distribution with a mean
equaling the square root of the value in cell C101 and a standard deviation
taken from cell B10.

Guidelines

The standard deviation must be greater than 0.

RiskNormalAlt

Description RiskNormaAlt(argltype, arglvalue, arg2type,arg2value) specifies a normal
distribution with two arguments of the type argltype and arg2type. These
arguments can be either a percentile between 0 and 1 or “mu" or “sigma”.

Examples RiskNormalAlt(5%,1,95%,10) specifies a normal distribution with a 50
percentile of 1 and a 95" percentile of 10.

Guidelines "sigma" must be greater than 0.

RiskPareto

Description RiskPareto(theta,a) specifies a pareto distribution with the entered theta and a
values.

Examples RiskPareto(5,5) specifies a pareto distribution with a theta value of 5 and an a
value of 5.
RiskPareto(A10,A11+A12) specifies a pareto distribution with a theta value
taken from cell A10 and an a value given by the result of the expression
A11+A12.

Guidelines Theta must be greater than 1.

The a argument must be greater than 0.

416

Reference: Distribution Functions




RiskParetoAlt

Description RiskParetoAlt(argltype, arglvalue, arg2type,arg2value) specifies a pareto
distribution with two arguments of the type argltype and arg2type. These
arguments can be either a percentile between 0 and 1 or “theta" or “alpha”.

Examples RiskParetoAlt(5%,1,95%,4) specifies a pareto distribution with a 5 percentile
of 1 and a 95" percentile of 4.

Guidelines "Theta" must be greater than 1.
"alpha" must be greater than 0.

RiskPareto2

Description RiskPareto2(b,q) specifies a pareto distribution with the entered b and q
values.

Examples RiskPareto2(5,5) specifies a pareto distribution with a b value of 5 and a q
value of 5.

RiskPareto2(A10,A11+A12) specifies a pareto distribution with a b value taken
from cell A10 and a g value given by the result of the expression A11+A12.

Guidelines b must be greater than 0.
g must be greater than 0.

RiskPareto2Alt

Description RiskPareto2Alt(argltype, arglvalue, arg2type,arg2value) specifies a pareto
distribution with two arguments of the type argltype and arg2type. These
arguments can be either a percentile between 0 and 1 or “b" or “g”.

Examples RiskPareto2Alt(5%,.05,95%,5) specifies a pareto distribution with a 5
percentile of .05 and a 95" percentile of 5.

Guidelines "b" must be greater than 0.
"g" must be greater than 0.
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RiskPearson5

Description

RiskPearson5(alpha,beta) specifies a pearson type V distribution with shape
parameter alpha and scale parameter beta.

Examples

RiskPearson5(1,1) specifies a pearson type V distribution where the shape
parameter has a value of 1 and the scale parameter has a value of 1.
RiskPearson5(C12,C13) specifies a pearson type V distribution where the
shape parameter has a value taken from cell C12 and the scale parameter has
a value taken from cell C13.

Guidelines

Alpha must be greater than zero
Beta must be greater than zero.

RiskPearson5Alt

Description

RiskPearson5Alt(argltype, arglvalue, arg2type,arg2value,
arg3type,arg3value) specifies a pearson type Vdistribution with three
arguments of the type argltype to arg3type. These arguments can be either a
percentile between 0 and 1 or “alpha” , “beta” or "loc".

Examples

RiskPearson5Alt("alpha",2,"beta",5,95%,30) specifies a pearson type V
distribution with a alpha of 2 and a beta of 5 and a 95" percentile of 30.

Guidelines

"Alpha" must be greater than zero
"Beta" must be greater than zero.

RiskPearson6

Description

RiskPearson6(alphal,alpha2,beta) specifies a pearson type VI distribution
with scale parameter beta and shape parameters alphal and alpha2.

Examples

RiskPearson6(5,1,2) specifies a pearson type VI distribution where beta has a
value of 2, alpha2 has a value of 1 and alphal has a value of 5.

RiskPearson6(E3,F3,D3) specifies a pearson type VI distribution where beta

has a value taken from cell D3, alphal has a value taken from cell E3, and
alpha2 has a value taken from cell F3.

Guidelines

Alphal must be greater than zero.
Alpha2 must be greater than zero.
Beta must be greater than zero.
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RiskPert

Description RiskPert(minimum, most likely, maximum) specifies a PERT distribution (as
special form of the beta distribution) with a minimum and maximum value as
specified. The shape parameter is calculated from the defined most likely
value.

Examples RiskPert(0,2,10) specifies a beta distribution with a minimum of 0, a maximum
of 10, and a most likely value of 2.

RiskPert (A1,A2,A3) specifies a PERT distribution with a minimum value taken
from cell A1, a maximum value taken from cell A3, and a most likely value
taken from cell A2.

Guidelines Minimum must be less than maximum.

Most likely must be greater than minimum and less than maximum.

RiskPertAlt

Description RiskPertAlt(argltype, arglvalue, arg2type,arg2value, arg3type,arg3value)
specifies a PERT distribution with three arguments of the type argltype to
arg3type. These arguments can be either a percentile between 0 and 1 or
“min”, “m. likely” or "max".

Examples RiskPertAlt("min",2,"m. likely",5,95%,30) specifies a PERT distribution with a
minimum of 2 and a most likely value of 5 and a 95" percentile of 30.

Guidelines "min" must be less than or equal to the "m. likely" value.

"m. likely" must be less than or equal to the "max" value.
The "min" must be less than the "max" value.

RiskPoisson

Description

RiskPoisson(lambda) specifies a poisson distribution with the specified
lambda value. The argument lambda is also the same as the mean of the
poisson distribution. The poisson distribution is a discrete distribution returning
only integer values greater than or equal to zero.

Examples

RiskPoisson(5) specifies a poisson distribution with a lambda of 5.

RiskPoisson(A6) specifies a poisson distribution with a lambda value taken
from cell A6.

Guidelines

Lambda must be greater than zero.

Reference: @RISK Functions 419




RiskRayleigh

Description RiskRayleigh(b) specifies a rayleigh distribution with mode b.

Examples RiskRayleigh(3) specified a rayleigh distribution with a mode of 3.

RiskRayleigh(C7) specifies a rayleigh distribution with a mode taken from the
value in cell C7.

Guidelines b must be greater than zero.

RiskRayleighAlt

Description RiskRayleighAlt(argltype, arglvalue, arg2type,arg2value) specifies a rayleigh
distribution with two arguments of the type argltype and arg2type. These
arguments can be either a percentile between 0 and 1 or “beta" or “loc”.

Examples RiskRayleighAlt(5%,1,95%,10) specifies a normal distribution with a 5"
percentile of 1 and a 95" percentile of 10.

Guidelines "beta" must be greater than zero.

RiskSimtable

Description RiskSimtable({vall,val2,...,valn}) specifies a list of values which will be used

sequentially in individual simulations executed during a Sensitivity Simulation.
In a Sensitivity Simulation the number of simulations, set using the Iterations
Simulations command, is greater than one. In a single simulation or a normal
recalculation RiskSimtable returns the first value in the list. Any number of
RiskSimtable functions may be included in a single worksheet. As with other
functions, the arguments of RiskSimtable may include distribution functions.

Examples RiskSimtable({10,20,30,40}) specifies four values to be used in each of four
simulations. In Simulation #1 the SIMTABLE function will return 10, Simulation
#2 the value 20 and so on.

RiskSimtable(A1:A3) specifies a list of three values for three simulations. In
Simulation #1 the value from cell A1 will be returned. In Simulation #2 the
value from cell A2 will be returned. In Simulation #3 the value from cell A3 will
be returned.

Guidelines Any number of arguments may be entered.

The number of simulations executed must be less than or equal to the number
of arguments. If the number of arguments is less than the number of an
executing simulation, ERR will be returned by the function for that simulation.
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RiskStudent

Description

RiskStudent(nu) specified a student's t distribution with nu degrees of
freedom.

Examples

RiskStudent(10) specifies a student's t distribution with 10 degrees of
freedom.

RiskStudent(J2) specifies a student's t distribution with the degrees of
freedom taken from the value in cell J2.

Guidelines

Nu must be a positive integer.

RiskTriang

Description

RiskTriang(minimum,most likely,maximum) specifies a triangular distribution
with three points — a minimum, most likely and maximum. The direction of the
"skew" of the triangular distribution is set by the size of the most likely value
relative to the minimum and the maximum.

Examples

RiskTriang(100,200,300) specifies a triangular distribution with a minimum
value of 100, a most likely value of 200 and a maximum value of 300.
RiskTriang(A10/90,B10,500) specifies a triangular distribution with a minimum
value equaling the value in cell A10 divided by 90, a most likely value taken
from cell B10 and a maximum value of 500.

Guidelines

The minimum value must be less than or equal to the most likely value.
The most likely value must be less than or equal to the maximum value.
The minimum value must be less than the maximum value.

RiskTriangAlt

Description RiskTriangAlt(argltype, arglvalue, arg2type,arg2value, arg3type,arg3value)
specifies a triangular distribution with three arguments of the type argltype to
arg3type. These arguments can be either a percentile between 0 and 1 or
“min”, “m. likely” or "max".

Examples RiskTriangAlt("min",2,"m. likely",5,95%,30) specifies a triangular distribution
with a minimum of 2 and a most likely value of 5 and a 95" percentile of 30.

Guidelines "min" must be less than or equal to the "m. likely" value.

"m. likely" must be less than or equal to the "max" value.
The "min" must be less than the "max" value.
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RiskTrigen

Description

RiskTrigen(bottom value,most likely value,top value, bottom perc., top perc.)
specifies a triangular distribution with three points — one at the most likely
value and two at the specified bottom and top percentiles. The bottom
percentile and top percentile are values between 0 and 100. Each percentile
value gives the percentage of the total area under the triangle that falls to the
left of the entered point. Use of the RiskTrigen function avoids the problem of
the minimum and maximum values not actually being possible occurrences in
the standard RiskTriang function. This is because in the RiskTriang function
these are the points where the distribution intersects the X-axis, or points of
zero probability.

Examples

RiskTrigen(100,200,300,10,90) specifies a triangular distribution with a 10th
percentile value of 100, a most likely value of 200 and a 90th percentile value
of 300.

RiskTrigen(A10/90,B10,500,30,70) specifies a triangular distribution with a
30th percentile value equaling the value in cell A10 divided by 90, a most likely
value taken from cell B10 and a 70th percentile value of 500.

Guidelines

The bottom percentile value must be less than or equal to the most likely value.
The most likely value must be less than or equal to the top percentile value.
The bottom percentile value must be less than the top percentile value.

RiskUniform

Description

RiskUniform(minimum,maximum) specifies a uniform probability distribution
with the entered minimum and maximum values. Every value across the range
of the uniform distribution has an equal likelihood of occurrence.

Examples

RiskUniform(10,20) specifies a uniform distribution with a minimum value of
10 and a maximum value of 20.

RiskUniform(A1+90,B1) specifies a uniform distribution with a minimum value
equaling the value in cell Al plus 90 and a maximum value taken from cell B1.

Guidelines

The minimum value entered must be less than the maximum value.
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RiskUniformAlt

Description RiskUniformAlt(argltype, arglvalue, arg2type,arg2value) specifies a uniform
distribution with two arguments of the type argltype and arg2type. These
arguments can be either a percentile between 0 and 1 or “min” or “max”.

Examples RiskUniformAlt(5%,1,95%,10) specifies a uniform distribution with a 5
percentile of 1 and a 95" percentile of 10.

Guidelines The "min" value entered must be less than the "max" value.

RiskWeibull

Description RiskWeibull(alpha,beta) generates a weibull distribution with the shape
parameter alpha and a scale parameter beta. The weibull distribution is a
continuous distribution whose shape and scale vary greatly depending on the
argument values entered.

Examples RiskWeibull(10,20) generates a weibull distribution with a shape parameter 10
and a scale parameter 20.

RiskWeibull(D1,D2) generates a weibull distribution with a shape parameter
taken from cell D1 and a scale parameter taken from cell D2.

Guidelines Both shape parameter alpha and scale parameter beta must be greater than
zero.

RiskWeibullAlt

Description RiskWeibullAlt(argltype, arglvalue, arg2type,arg2value, arg3type,arg3value)
specifies a weibull distribution with three arguments of the type argltype to
arg3type. These arguments can be either a percentile between 0 and 1 or
“alpha”, “beta” or "loc".

Examples RiskWeibullAlt("alpha",1,"beta",1,95%,3) specifies a weibull distribution with
a alpha of 1 and a beta of 1 and a 95" percentile of 3.

Guidelines Both shape parameter "alpha" and scale parameter "beta" must be greater than
zero.
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Reference: Distribution Property Functions

The following functions are used to add optional arguments to
distribution functions. The arguments added by these functions are
not required, but can be added as needed.

Optional arguments are specified using @RISK distribution property
functions that are embedded inside of a distribution function.

RiskCollect

Description RiskCollect() identifies specific distribution functions whose samples are
collected during a simulation and whose:

statistics are displayed

data points are available

sensitivities and scenario values are calculated

When RiskCollect is used and Inputs Marked With Collect is selected for
Collect Distribution Samples in the Simulation Settings dialog, only functions
identified by RiskCollect are displayed in the Results window Explorer list.
Earlier versions of @RISK had the RiskCollect function entered by placing it in
the cell formula immediately preceding the distribution function for which
samples will be collected, e.g.:

=RiskCollect()+RiskNormal(10,10)

RiskCollect is typically used when a large number of distribution functions are
present in a simulated worksheet, but sensitivities and scenario analyses are
desired on only a pre-identified subset of important distributions. It can also be

used to bypass Windows memory constraints that keep sensitivities and
scenario analyses from being performed on all functions in a large simulation.

Examples RiskNormal(10,2,RiskCollect()) collects samples from the probability
distribution RiskNormal(10,2).

Guidelines The “Inputs Marked WithCollect" box in Simulation Settings must be selected
for COLLECT functions to take effect.
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RiskCorrmat

Description

RiskCorrmat(matrix cell range,position,instance) identifies a distribution
function belonging to a set of correlated distribution functions. The function is
used to specify multivariate correlation. RiskCorrmat identifies 1) a matrix of
rank correlation coefficients and 2) the location in the matrix of the coefficients
used in correlating the distribution function which follows the RiskCorrmat
function.

Correlated distribution functions typically are defined using the @RISK Model
Window Model menu Correlate Distributions command; however, the same
type of correlation may be directly entered in your spreadsheet using the
RiskCorrmat function.

The matrix identified by the matrix cell range is a matrix of rank correlation
coefficients. Each element (or cell) in the matrix contains a correlation
coefficient. The number of distribution functions correlated by the matrix equals
the number of rows or columns in the matrix. The argument position specifies
the column (or row) in the matrix to use in correlating the distribution function
which follows the RiskCorrmat function. The coefficients located in the column
(or row) identified by position are used in correlating the identified distribution
function with each of the other correlated distribution functions represented by
the matrix. The value in any given cell in the matrix gives the correlation
coefficient between 1) the distribution function whose RiskCorrmat position
equals the column coordinate of the cell and 2) the distribution function whose
RiskCorrmat position equals the row coordinate of the cell. Positions (and
coordinates) range from 1 to N, where N is the number of columns or rows in
the matrix.

The instance argument is optional and is used when multiple groups of
correlated inputs use the same matrix of correlation coefficients. Instance is an
integer or string argument and all inputs in a correlated group of inputs share
the same instance value or string. String arguments used to specify instance
need to be in quotes.

The RiskCorrmat function generates correlated sets of random numbers to be
used in sampling each of the correlated distribution functions. The sample
matrix of rank correlation coefficients calculated on the correlated set of
random numbers approximates as closely as possible the target correlation
coefficient matrix which was entered in the worksheet.

Correlated sets of random numbers specified by the RiskCorrmat function are
generated when the first RiskCorrmat function is called during a simulation.
This is usually during the first iteration of the simulation. This may cause a
delay while values are sorted and correlated. The length of the delay is
proportional to the number of iterations and the number of correlated variables.

The method used for generating multiple rank correlated distribution functions
is based on the method used for DEPC and INDEPC functions. For more
information on this, see the section Understanding Rank Order Correlation
Coefficient Values under the DEPC function in this section.

Entry of CORRMAT functions outside of a distribution function (in the form
RiskCorrmat+distribution function) as done in earlier versions of @RISK is still
supported. However, these functions will be moved inside the distribution
function they are correlating whenever the formula or correlated distribution is
edited in the @RISK Model window.
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Examples

RiskNormal(10,10, RiskCorrmat(C10:G14,1,” Matrix 1")) specifies that the
sampling of the distribution Normal(10,10) will be controlled by the first column
of the 5 by 5 matrix of correlation coefficient values located in the cell range
C10:G14. There are five correlated distributions represented by the matrix as
there are five columns in the matrix. The coefficients used in correlating
Normal(10,10) with the other four correlated distributions are found in row 1 of
the matrix. This distribution - Normal(10,10) - will be correlated with the other
distributions that include the instance Matrix 1 in their embedded RiskCorrmat
functions.

Guidelines

Multiple matrices of correlation coefficients may be used in a single worksheet.

The sample matrix of correlation coefficients (calculated on the correlated
random numbers generated by @RISK) approximates as closely as possible
the target correlation coefficient matrix located in the matrix cell range. Itis
possible that the target coefficients are inconsistent and approximation cannot
be performed. @RISK will notify the user if this occurs.

Any blank cells or labels in the matrix cell range specify a correlation coefficient
of zero.

Position may be a value between 1 and N, where N is the number of columns
in the matrix.

The matrix cell range must be square, that is, with an equal number of rows
and columns.

By default @RISK uses the correlation coefficients in the matrix cell range on a
rowwise basis. Because of this only the top 'half' of the matrix — the top right
of the matrix when it is split on the diagonal — needs to be entered.

Correlation coefficients must be less than or equal to 1 and greater than or
equal to -1. Coefficients on the diagonal of the matrix must equal 1.
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RiskDepC

Description

RiskDepC("ID",coefficient) designates a dependent variable in a correlated
sampling pair. The ID in quotes is the string used to identify the independent
variable being correlated with. The string must be in quotes. This is the same
ID used in the RiskindepC function for the independent variable. The coefficient
entered is the rank-order correlation coefficient which describes the relationship
of the values sampled for the distributions identified by the RiskDepC and
RiskindepC. The RiskDepC function is used with the distribution function which
specifies the possible values for the dependent variable

Understanding Rank-Order Correlation Coefficient Values

The rank-order correlation coefficient was developed by C. Spearman in the
early 1900's. It is calculated using rankings of values, not actual values
themselves (as is the linear correlation coefficient). A value's "rank" is
determined by its position within the min-max range of possible values for the
variable.

The coefficient is a value between -1 and 1 which represents the desired
degree of correlation between the two variables during sampling. Positive
coefficient values indicate a positive relationship between the two variables —
when the value sampled for one is high, the value sampled for the second will
also tend to be high. Negative coefficient values indicate an inverse
relationship between the two variables — when the value sampled for one is
high, the value sampled for the second will tend to be low.

@RISK generates rank-correlated pairs of sampled values in a two step
process. First, a set of randomly distributed "rank scores" are generated for
each variable. If 100 iterations are to be run, for example, 100 scores are
generated for each variable. (Rank scores are simply values of varying
magnitude between a minimum and maximum. @RISK uses van der Waerden
scores based on the inverse function of the normal distribution). These rank
scores are then rearranged to give pairs of scores which generate the desired
rank correlation coefficient. For each iteration there is a pair of scores, with
one score for each variable.

In the second step, a set of random numbers (between 0 and 1) to be used in
sampling is generated for each variable. Again, if 100 iterations are to be run,
100 random numbers are generated for each variable. These random numbers
are then ranked smallest to largest. For each variable, the smallest random
number is then used in the iteration with the smallest rank score, the second
smallest random number is used in the iteration with the second smallest rank
score and so on. This ordering based on ranking continues for all random
numbers, up to the point where the largest random number is used in the
iteration with the largest rank score.

In @RISK this process of rearranging random numbers happens prior to
simulation. It results in a set of pairs of random numbers that can be used in
sampling values from the correlated distributions in each iteration of the
simulation.

This method of correlation is known as a "distribution-free" approach because
any types of distributions may be correlated. Although the samples drawn for
the two distributions are correlated, the integrity of the original distributions are
maintained. The resulting samples for each distribution reflect the input
distribution function from which they were drawn.
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Earlier versions of @RISK had the RiskDepC function entered by placing it in
the cell formula immediately preceding the distribution function which will be
correlated, e.g.:

=RiskDepC(” Price 1",.9)+RiskNormal(10,10)

This form of function entry is still supported. However, these functions will be
moved inside the distribution function they are correlating whenever the formula
or correlated distribution is edited in the @RISK Model window.

The correlation coefficient generated by using RiskDepC and RiskindepC is
approximate. The generated coefficient will more closely approximate the
desired coefficient as increasing numbers of iterations are executed. There
may be a delay at the start of a simulation when distributions are correlated
when RiskDepC and RiskindepC are used. The length of the delay is
proportional to the number of RiskDepC functions in the worksheet and the
number of iterations to be performed. See the @RISK Modeling Techniques
chapter for a detailed example of dependency relationships

Examples

RiskNormal(100,10, RiskDepC("Price",.5)) specifies that the sampling of the
distribution RiskNormal(100,10) will be correlated with the sampling of the
distribution identified with the function RiskindepC("Price"). The sampling of
RiskNormal(100,10) will be positively correlated with the sampling of the
distribution identified with the function RiskindepC("Price") as the coefficient is
greater than 0.

Guidelines

Coefficient must be a value greater than or equal to -1 and less than or equal to
1. "ID" must be the same string of characters used to identify the independent
variable in the RiskindepC function. “ID” may be a reference to cell that
contains an identifier string.
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RiskFit

Description RiskFit(ProjID,FitID,"selected fit result”) links a data set and its fit results to
the input distribution the RiskFit function is used in. The ProjID and FitID are
internal @RISK IDs that identify the fit from which the distribution was
selected and should not be changed. The selected fit result in quotes is a
string used to identify the type of fit result to select. The RiskFit function is
used to link an input to the fit results for a data set so that when the data is
changed the input distribution selected from the fit can be updated.

The selected fit result can be any of the following entries:

Best Chi-Sq, indicating the best fitting distribution from the Chi-Sq. test
should be used

Best A-D, indicating the best fitting distribution from the Anderson-Darling
test should be used

Best K-S, indicating the best fitting distribution from the Kolmogorov-Smirnov
test should be used.

Best RMS Err, indicating the best fitting distribution from the RMS Error test
should be used

A distribution name, such as "Normal”, indicating that the best-fitting
distribution of the entered type should be used.

What Happens When Data Changes When RiskFit is Used

The RiskFit function "hot-links" a distribution function to a data set and the fit
of that data set. The data used in a fit can be either in Excel or on a fit tab in
the @RISK — Model window. When the fitted data changes in either one of
these locations, the following actions take place:

@RISK re-runs the fit using the current settings on the fit tab where the fit
was originally run

The distribution function that includes the RiskFit function that references the
fit is changed to reflect the new fit results. The changed function replaces the
original one in Excel. If, for example, the distribution function's RiskFit
argument specified "Best Chi-sq" for selected fit result, the new best-fitting
distribution based on the Chi-Sq test would replace the original one. This
new function would also include the same RiskFit function as the original one.

@RISK can perform the above actions either 1) immediately when the data

and fit have changed or 2) when a simulation starts or the list of Outputs and
Inputs is generated. The Update method used is specified using the @RISK
Model window Fitting menu Update Linked @RISK Functions command.

Examples RiskNormal(2.5, 1, RiskFit(71367, 59129, "Best A-D")) specifies that the
best fitting distribution from the Anderson-Darling test for the fitted data
associated with the specified ProjlD and FitID is a Normal distribution with a
mean of 2.5 and a standard deviation of 1.

Guidelines n/a
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RiskindepC

Description RiskindepC("ID") designates an independent variable in a rank correlated
sampling pair. The ID in quotes is a string used to identify the independent
variable. The RiskindepC function is used with the distribution function which
specifies the possible values for the independent variable. RiskindepC is just
an identifier.

Earlier versions of @RISK had the RiskindepC function entered by placing it
in the cell formula immediately preceding the distribution function which will
be correlated, e.g.:

=RiskIndepC(" Price 1")+RiskNormal(10,10)

This form of function entry is still supported. However, these functions will be

moved inside the distribution function they are correlating whenever the
formula or correlated distribution is edited in the @RISK Model window.

Examples RiskNormal(10,10, RiskindepC("Price")) identifies the function
NORMAL(10,10) as the independent variable "Price". This function will be
used as the independent variable anytime a DEPC function with the 1D string
"Price" is used.

Guidelines "ID" must be the same string of characters used to identify the dependent
variable in the DEPC function. "ID" must be the same string of characters
used to identify the independent variable in the INDEPC function. “ID” may
be a reference to cell that contains an identifier string.

A maximum of 64 individual INDEPC functions may be used in a single
worksheet. Any number of DEPC functions may be dependent on those
INDEPC functions

See the @RISK Modeling Techniques chapter for a detailed example of
dependency relationships.
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RiskLock

Description RiskLock() keeps a distribution from being sampled in a simulation. Locking
an input distribution causes it to return the value set in using the Simulation
Settings standard recalc options.

Examples RiskNormal(10,2,RiskLock()) stops samples from being drawn from the
probability distribution RiskNormal(10,2).

Guidelines None

RiskName

Description RiskName(“Input Name”) names the input distribution in which the function is

used as an argument. This hame will appear in both the @RISK Model
Window Outputs and Inputs list and in any reports and graphs which include
simulation results for the input.

Examples RiskTriang(10,20,30,RiskName(“Price”)) gives the name Price to the input
described by the probability distribution RiskTriang(10,20,30).
RiskTriang(10,20,30,RiskName(A10)) gives the name contained in the cell
A10 to the input described by the probability distribution RiskTriang(10,20,30).

Guidelines The name specified must be entered in quotes.
Any valid cell references can be used to define a nhame.

RiskShift

Description RiskShift(shift amount) shifts the domain of the distribution in which it is used
by the entered shift amount. This function is automatically entered when a fit
result includes a shift factor.

Examples RiskBeta(10,2,RiskShift(100)) shifts the domain of the distribution
RiskBeta(10,2) by 100 .

Guidelines None.
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RiskTruncate

Description RiskTruncate(minimum,maximum) truncates the input distribution in which
the function is used as an argument. Truncating a distribution restricts
samples drawn from the distribution to values within the entered minimum-
maximum range. Truncated forms of specific distributions available in earlier
versions of @RISK (such as RiskTnormal and RiskTlognorm) are still
supported.

Examples RiskTriang(10,20,30,RiskTruncate(13,27)) restricts the samples drawn from
the probability distribution RiskTriang(10,20,30) to a minimum possible value
of 13 and a maximum possible value of 27.

RiskTriang(10,20,30,RiskTruncate(D11,D12)) restricts the samples drawn
from the probability distribution RiskTriang(10,20,30) to a minimum possible
value of taken from cell D11 and a maximum possible value of taken from cell
D12.

Guidelines Minimum must be less than or equal to maximum.
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Reference: Output Functions

Output cells are defined using RiskOutput functions. These functions
allow the easy copying, pasting and moving of output cells.
RiskOutput functions are automatically added when the standard
@RISK Add Output icon is pressed. RiskOutput functions optionally
allow you to name your simulation outputs and add individual
output cells to output ranges.
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RiskOutput

Description

The function RiskOutput is used to identify output cells you have selected in
your spreadsheet. This function takes up to three arguments as shown here:

=RiskOutput("output cell name", "output range name" ,element# in
range)
These arguments are optional, as a simple =RiskOutput() is sufficient for

entering a single element output range where @RISK creates the name of the
output for you. RiskOutput used with a single argument such as:

=RiskOutput ("output cell name")

specifies for a single element output range where the name is entered by you.
When a multiple element output range is identified, the form:

=RiskOutput ("output cell name", "output range name", position#in
range)

is used; however, the output cell name entry can be omitted if you wish to
have @RISK automatically generate a name for each output cell in the range.

RiskOutput functions are automatically generated for you when you select
outputs using the @RISK Add Output icon. However, like any other @RISK
function, RiskOutput may be typed directly in the cell which you wish to
reference as a simulation output.

A RiskOutput function is entered by adding it to the cell formula which is
already present in the cell that is to be a simulation output. For example, a
cell containing the formula:

=NPV(.1,G1...G10)

would become
=RiskOutput()+NPV(.1,G1...G10)
when the cell is selected as an output.

Examples

=RiskOutput(“Profit 1999”, “Annual Profit”, 1)+NPV(.1,G1...G10)
identifies the cell where the RiskOutput function is located as a simulation
output and gives it the name Profit 1999 and makes it the first cell in a
multiple cell output range named Annual Profit.

Guidelines

If names are entered directly in the RiskOutput function, the entered output
cell name and output range name must be enclosed in quotes. Names may
also be included by referencing cells with labels in them.

Position# must be a positive integer >=1.
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Reference: Statistics Functions

Statistics Functions return a desired statistic on simulation results for
1) a specified cell or 2) a simulation output or input. These functions
are updated real-time as a simulation is running. Statistics functions
located in template sheets used for creating custom reports on
simulation results are only updated when a simulation is completed.

If a cell reference is entered as the first argument, the cell does not
have to be a simulation output identified with a RiskOutput function.

If a name is entered instead of cellref, @RISK first checks for an output
with the entered name. If none exists, @RISK looks for a input
probability distribution with the entered name and if one is found,
returns the appropriate statistic for the samples drawn for that input.
It is up to the user to insure that unique names are given to outputs
and inputs referenced in statistics functions.

The Sim# argument entered selects the simulation for which a statistic
will be returned when multiple simulations are run. This argument is
optional and can be omitted for single simulation runs.

RiskData

Description

RiskData(cellref or output/input name,iteration#,Sim#) returns the data
point(s) of the simulated distribution for cellref in the specified iteration# and
simulation#. RiskData can optionally be entered as an array formula, where
iteration# is the first iteration to be returned in the first cell in the array formula
range. The data points for each subsequent iteration will be filled into cells in
the range where the array formula is entered.

Examples

RiskData(A10,1) returns the data point of the simulated distribution for cell
A10 in iteration #1 of a simulation.

RiskData("Profit",100,2) returns the data point of the simulated distribution
for the output cell named Profit in the current model for the 100" iteration of
the second simulation executed when multiple simulations are run.

Guidelines

None.
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RiskKurtosis

Description RiskKurtosis(cellref or output/input name,Sim#) returns the kurtosis of the
simulated distribution for cellref.

Examples RiskKurtosis(A10) returns the kurtosis of the simulated distribution for cell
A10.

RiskKurtosis("Profit",2) returns the kurtosis of the simulated distribution for
the output cell named Profit in the current model for the second simulation
executed when multiple simulations are run.

Guidelines None.

RiskMax

Description RiskMax(cellref or output/input name,Sim#) returns the maximum value of
the simulated distribution for cellref.

Examples RiskMax(A10) returns the maximum of the simulated distribution for cell A10.
RiskMax (“ profit™) returns the maximum of the simulated distribution for the
output cell in the current model named “profit”.

Guidelines None.

RiskMean

Description RiskMean(cellref or output/input name,Sim#) returns the mean value of the
simulated distribution for cellref.

Examples RiskMean(A10) returns the mean of the simulated distribution for cell A10
RiskMean(” Price”) returns the mean of the simulated distribution for the
output cell named Price.

Guidelines None.
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RiskMin

Description RiskMin(cellref or output/input name,Sim#) returns the minimum value of the
simulated distribution for cellref.

Examples RiskMin(A10) returns the minimum of the simulated distribution for cell A10.

RiskMin("Sales") returns the minimum value of the simulated distribution for
the output cell in the current model named "Sales".

Guidelines None.
RiskMode
Description RiskMode(cellref or output/input name,Sim#) returns the mode of the

simulated distribution for cellref.

Examples RiskMode(A10) returns the mode of the simulated distribution for cell A10.

RiskMode("Sales") returns the mode of the simulated distribution for the
output cell in the current model named "Sales".

Guidelines None.

RiskPercentile

Description RiskPercentile(cellref or output/input name, percentile,Sim#) returns the
value of the entered percentile of the simulated distribution for cellref.

Examples RiskPercentile(C10,.99) returns the 99" percentile of the simulated
distribution for cell C10.

RiskPercentile(C10,A10) returns the percentile value from cell A10 of the
simulated distribution for cell C10.

Guidelines The entered percentile must be a value >=0 and <=1.
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RiskRange

Description RiskRange(cellref or output/input name,Sim#) returns the minimum-
maximum range of the simulated distribution for cellref.

Examples RiskRange(A10) returns the range of the simulated distribution for cell A10.

Guidelines None.

RiskSkewness

Description RiskSkewness(cellref or output/input name,Sim#) returns the skewness of
the simulated distribution for cellref.

Examples RiskSkewness(A10) returns the skewness of the simulated distribution for
cell A10.

Guidelines None.

RiskStdDev

Description RiskSkewness(cellref or output/input name,Sim#) returns the skewness of

the simulated distribution for cellref.

Examples RiskSkewness(A10) returns the skewness of the simulated distribution for
cell A10.

Guidelines None.

RiskStdDev

Description RiskStdDev(cellref or output/input name,Sim#) returns the standard deviation

of the simulated distribution for cellref.

Examples RiskStdDev(A10) returns the standard deviation of the simulated distribution
for cell A10.
Guidelines None.
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RiskTarget

Description RiskTarget(cellref or output/input name, targetvalue,Sim#) returns the
cumulative probability for targetvalue in the simulated distribution for cellref.
The cumulative probability returned is the probability of a value <= targetvalue
occurring.

Examples RiskTarget(C10,100000) returns the cumulative probability of the value
100000 as calculated using the simulated distribution for cell C10.

Guidelines The entered targetvalue can be any value.

RiskVariance

Description RiskVariance(cellref or output/input name,Sim#) returns the variance of the
simulated distribution for cellref.

Examples RiskVariance(A10) returns the variance of the simulated distribution for cell
A10.
Guidelines None.
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Reference: Supplemental Functions

The following functions can be used in macro applications based on
@RISK to determine the status of a running simulation.

RiskCurrentlter

Description RiskCurrentlter() returns the current iteration of an executing simulation. No
arguments are required.

Examples None.

Guidelines None.

RiskCurrentSim

Description RiskCurrentSim() returns the current simulation number. No arguments are
required.

Examples None.

Guidelines None.

Reference: @RISK Functions 443



444 Reference: Supplemental Functions



Reference: Graphing Function

The @RISK function RiskResultsGraph will automatically place a graph
of simulation results wherever it is used in a spreadsheet. For
example, =RiskResultsGraph (A10) would place a graph of the
simulated distribution for A10 directly in your spreadsheet at the
function's location at the end of a simulation. Additional optional
arguments to RiskResultsGraph allow you to select the type of graph
you want to create, its format, scaling and other options.

This function may also be called from the @RISK macro language to
generate graphs in Excel in custom @RISK applications.

RiskResultsGraph

Description RiskResultsGraph(cellRef or output/input name
JlocationCellRange,graphType, xIFormat, leftdelimiter,
rightdelimiter,xMin,xMax,xScale,Title,Sim#) adds a graph of simulation results
to a worksheet. The graphs generated are the same as generated in the
@RISK-Results window. Many arguments to this function are optional. If
optional arguments are not entered, RiskResultsGraph creates a graph using
the current default settings in the @RISK Results window for any omitted
argument.

Examples RiskResultsGraph(A10) generates a graph of the simulation results for cell
A10 as a Excel format graph at the location of the function, using the default
graph type (histogram, cumulative ascending or cumulative descending).
RiskResultsGraph(A10,C10:M30,1,TRUE,1,99) generates a graph of the
simulation results for cell A10 in the range C10:M30 in Excel format as a
histogram, and sets the left and right delimiters at the 1% and 99% values,
respectively.

Guidelines cellRef is any valid Excel cell reference. Either a cellRef or a output/input
name argument needs to be included in a RiskResultsGraph function. When
cellRef is entered, the results to be graphed depend on the following:

If there is a RiskOutput function in cellref, the simulation results for this
output will be graphed.

If there is no RiskOutput function in cellRef but there is a distribution
function, RiskResultsGraph will graph the collected samples for this input.

If there is no RiskOutput and no distribution function in cellRef, a RiskOutput
function is automatically added and this output is graphed by
RiskResultsGraph.

locationCellRange is any valid Excel cell range. The created graph will be
located in and sized according to this cell range.
GraphType (optional) argument is one of the following constants:

0 for histogram

1 for cumulative ascending graph

2 for cumulative descending graph
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3 for tornado graph of regression sensitivity results

4 for tornado graph of correlation sensitivity results

5 for a summary graph of the output range that includes cellRef
XIFormat (optional) specifies if the graph will be created as an Excel format
chart. Enter TRUE for an Excel format chart, or enter FALSE or leave blank
for an Excel format chart.
LeftXdelimiter (optional) specifies the location of the left delimiter on the graph
in % for histograms and cumulative graphs. LeftXdelimiter is a value from 0 to
100.
RightXdelimiter (optional) specifies the location of the right delimiter on the
graph in % for histograms and cumulative graphs. RightXdelimiter is a value
from O to 100.
Xmin (optional) specifies the minimum value for the X axis in unscaled units.
XMax (optional) specifies the maximum value for the X axis in unscaled units.
Xscale (optional) specifies the scale factor for the X axis. Xscale is an integer
value representing the power of 10 used to convert the x-axis values when
labeling the axis. For example, a Xscale of 3 would specify that values would
be shown in thousands.
Title (optional) specifies the graph title shown on the graph. A string in quotes
or cell reference containing the title can be entered.
Sim# (optional) specifies simulation number for which results are to be
graphed when multiple simulations are run.
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Reference: @RISK Macros

Overview

The @RISK functions and types accessible by Excel VBA programmers
fall into two general categories. The first category allows you to
automate the process of editing @RISK settings using code. For
example, you might wish to open all the .RSK files in a given folder,
change their @RISK settings, and save them. Or perhaps you want to
make a custom settings interface, which shields other users from
certain details. The second category of functions and types allows
you to start and control an @RISK simulation and get simulation
results. For example, you may wish to run multiple simulations, one
after another, and compare the results between each.

Organization

This section, Overview, details how to use the @RISK VBA functions
and variables, how to specify @RISK settings, and how to run
simulations from VBA. For more detailed information, all the
documentation for the available variables and functions is provided
in the on-line help file RiskMacro.CHM and in PDF format in the file
RiskMacro.PDF.

Using the VBA Functions

To use any of the functions, types, and constants described here, you
must first make a “reference” to the @RISK add-in from within your
VBA application. First, make sure @RISK is loaded in Excel. Next,
from within your VBA module, choose the “Tools” menu’s
”References...” option. This will bring up a dialog list of all the
available references. Make sure RISK.XLA is checked as a reference.
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Macro Example Files

Two example files — RiskMacro.XLS and FitMacro.XLS - illustrate
the use of @RISK functions and types in VBA. They are located in the
EXAMPLES folder in your RISK45 directory. RiskMacro.XLS shows
how to use @RISK macro functions to run simulations and retrieve
simulation results. FitMacro.XLS illustrates the use of @RISK VBA
functions to fit probability distributions to data.

Macros from Earlier Versions of @RISK

Earlier versions of @RISK contained macro commands based on the
Excel 4-style macro language where commands were placed in an
Excel macro sheet. These macro commands are not available in
@RISK 4.5 and macro programs that use them need to be translated to
the new VBA macro functions described in this chapter. In addition,
programs controlling @RISK for Excel developed using the @RISK 3.5
Object Library need to be translated to the new VBA macro functions
described in this chapter. The @RISK 3.5 Object Library is not
supported in @RISK 4.5. Please contact Palisade for assistance
translating applications developed using earlier versions of @RISK.
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Using VBA to Modify @RISK Settings and
Enter Outputs

Public Variable Type Used for @RISK Settings

The VBA control of the @RISK settings is based on a public defined
variable type, which has been designed to closely match the user
interface of @RISK. Before reading this guide, you should be familiar
with the @RISK 4.5 Excel interface.

The defined public type RiskSettingsType contains all the @RISK
settings (such as number of iterations, the sampling type, etc.).

Defining @RISK Settings Using Code

There are several public functions that @RISK provides for retrieving,
copying, and storing @RISK settings:

¢ The RiskGetSettings function will read the current @RISK
settings and put them into a RiskSettingsType variable.

¢ The RiskSetSettings function sets the @RISK settings equal to the
information in a RiskSettingsType variable. @RISK settings are
not saved on disk until a .RSK file is saved using
RiskSaveSimulation. Keep in mind, changes made to a
RiskSettingsType variable will not affect a simulation unless you
have called RiskSetSettings.

¢ The RiskGetSettingsDefaults function will fill a
RiskSettingsType variable with a set of default settings. These are
the same settings a user would see when the @RISK settings
toolbar button is pressed for a model with no current @RISK
settings.

Each of these functions is discussed in detail in the in the on-line help
file RiskMacro.CHM and in PDF format in the file RiskMacro.PDF.
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Adding Outputs and Distributions from VBA

Simulation outputs can be defined from VBA using the
RiskAddOutput function. Using this function individual output cells
or output ranges can be defined. Outputs may also be added simply
by modifying a cell's formula from VBA to include the desired
RiskOutput function. This same approach can be used for defining
probability distributions or adding @RISK statistics functions. Since
@RISK functions are custom Excel functions, they may be added
directly to cell formulas from VBA without using a custom @RISK
macro command.

Fitting Distributions to Data from VBA

Users of @RISK Professional and Industrial can fit probability
distributions to data using VBA and a set of functions for performing
fits and getting fit results. The defined public type RiskFitType
contains the data and settings for a fit that is to be performed. The
function RiskFitDistributions performs a fit using the information
from a RiskFitType variable. The function RiskFitGetFunction
returns the best fitting distribution and arguments based on a
specified test or for a specified distribution type. Other functions,
such as RiskFitGetStats, RiskFitGetPercentile and
RiskFitGetTestResults return specific information about the fit
results.
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Using VBA to Run Simulations, Get Results
and Generate Reports

Simulating with Macros

You can start a simulation by calling the RiskSimulate function. See
the description of RiskSimulate in the Public Function Reference for
more details.

During the simulation, you can specify four different macros to run at
different times during the simulation process. The macros you write
must be declared as public subroutines which take no arguments. The
BeforeSimMacro runs when the simulation begins. In a similar
manner, the AfterSimMacro runs when the simulation ends.

The two macros BeforeRecalcMacro andAfterRecalcMacro are called
each time @RISK recalculates the spreadsheet. The
BeforeRecalcMacro is called after @RISK has placed new sampled
values into the spreadsheet model, but before Excel is recalculated
with these values. This type of macro is useful if you want to modify
these values before the calculation occurs. The AfterRecalcMacro is
called just after @RISK recalculates the spreadsheet model, but before
the output value is stored internally. This type of macro is useful if
you want to modify the output value before @RISK uses it internally.

Results and Reporting Macros

Functions such as RiskGetStats, RiskGetData and
RiskGetRegression allow you to access simulation statistics, data and
sensitivities directly in variables in your VBA program. The defined
public type RiskStatsType contains all the @RISK statistics on
simulation results (such as mean, standard deviation, etc.).

Simulation reports can be generated using the RiskGenerateReports
function. Any combination of available reports may be selected. In
addition, the RiskResultsGraph function allows a specific graph of
simulation results to be placed at a desired location in Excel.

Additional simulation results may be reported using @RISK statistics
functions and template reports. These reports are created by placing
the appropriate @RISK functions at any location in a worksheet.
These functions can be added directly from VBA by modifying a cell's
formula to include the desired @RISK function.
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A template sheet causes a new report to be generated as each
simulation is run. A template sheet name can be specified using the
TemplateSheetName variable in the RiskSettingsType. To learn
more about templates, see the Report Settings Command in Chapter
7: @RISK Reference - @RISK Add-in Menu commands.
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Using VBA to Run Advanced Analyses

Each of the Advanced Analyses in @RISK Professional and Industrial
can be setup and executed from macros. For example,
RiskGoalSeekSimulate runs an @RISK Goal Seek, while
RiskAdvSensitivitySimulate runs an @RISK Advanced Sensitivity
Analysis. For more information on each available advanced analysis,
see the Advanced Analyses Menu in the Reference: @RISK Add-in
Menu Commands section of this manual.

Using the VBA Functions for Advanced Analyses

To use any of the functions, types, and constants for the @RISK
Advanced Analyses, you must first make a “reference” to the @RISK
Advanced Tools add-in from within your VBA application. First,
make sure @RISK is loaded in Excel. Next, from within your VBA
module, choose the “Tools” menu’s ”References...” option. This will
bring up a dialog list of all the available references. Make sure
ADVTOOLS.XLA is checked as a reference.
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Appendix A: Sampling Methods

Sampling is used in an @RISK simulation to generate possible values from
probability distribution functions. These sets of possible values are then
used to evaluate your Excel worksheet. Because of this, sampling is the
basis for the hundreds or thousands of "what-if" scenarios @RISK
calculates for your worksheet. Each set of samples represents a possible
combination of input values which could occur. Choosing a sampling
method affects both the quality of your results and the length of time
necessary to simulate your worksheet.

What is Sampling?

Sampling is the process by which values are randomly drawn from input
probability distributions. Probability distributions are represented in
@RISK by probability distribution functions and sampling is performed by
the @RISK program. Sampling in a simulation is done repetitively, with
one sample drawn every iteration from each input probability distribution.
With enough iterations, the sampled values for a probability distribution
become distributed in a manner which approximates the known input
probability distribution. The statistics of the sampled distribution (mean,
standard deviation and higher moments) approximate the true statistics
input for the distribution. The graph of the sampled distribution will even
look like a graph of the true input distribution.

Statisticians and practitioners have developed several techniques for
drawing random samples. The important factor to examine when
evaluating sampling techniques is the number of iterations required to
accurately recreate an input distribution through sampling. Accurate
results for output distributions depend on a complete sampling of input
distributions. If one sampling method requires more iterations and longer
simulation runtimes than another to approximate input distributions, it is
the less "efficient” method.

The two methods of sampling used in @RISK — Monte Carlo sampling
and Latin Hypercube sampling — differ in the number of iterations
required until sampled values approximate input distributions. Monte
Carlo sampling often requires a large number of samples to approximate
an input distribution, especially if the input distribution is highly skewed
or has some outcomes of low probability. Latin Hypercube sampling, a
new sampling technique used in @RISK, forces the samples drawn to
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correspond more closely with the input distribution and thus converges
faster on the true statistics of the input distribution.

Cumulative Distribution

It is often helpful, when reviewing different sampling methods, to
first understand the concept of a cumulative distribution. Any
probability distribution may be expressed in cumulative form. A
cumulative curve is typically scaled from 0 to 1 on the Y-axis, with Y-
axis values representing the cumulative probability up to the
corresponding X-axis value.

Curmiifative Probability Distribution
1.0
a T
o
i ]
Cumulative I —+
Probakbility
k1 -1
4 - T
3 - T
2 ]
A T !
o :
MikirnLirm il Mz
Distribution Distribation
“alue alue

In the cumulative curve above, the .5 cumulative value is the point of 50%
cumulative probability (.5 = 50%). Fifty percent of the values in the
distribution fall below this median value and 50% are above. The 0
cumulative value is the minimum value (0% of the values will fall below this
point) and the 1.0 cumulative value is the maximum value (100% of the
values will fall below this point).

Why is this cumulative curve so important to understanding sampling? The
0 to 1.0 scale of the cumulative curve is the range of the possible random
numbers generated during sampling. In a typical Monte Carlo sampling
sequence, the computer will generate a random number between 0 and 1 —
with any number in the range equally likely to occur. This random number
is then used to select a value from the cumulative curve. For the example
above, if a random number of .5 was generated during sampling, the value
sampled for the distribution shown would be X1. As the shape of the
cumulative curve is based on the shape of the input probability distribution,
more likely outcomes will be more likely to be sampled. The more likely
outcomes are in the range where the cumulative curve is the "steepest".
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Monte Carlo Sampling

Monte Carlo sampling refers to the traditional technique for using
random or pseudo-random numbers to sample from a probability
distribution. The term Monte Carlo was introduced during World
War Il as a code name for simulation of problems associated with
development of the atomic bomb. Today, Monte Carlo techniques are
applied to a wide variety of complex problems involving random
behavior. A wide variety of algorithms are available for generating
random samples from different types of probability distributions.

Monte Carlo sampling techniques are entirely random — that is, any
given sample may fall anywhere within the range of the input
distribution. Samples, of course, are more likely to be drawn in areas
of the distribution which have higher probabilities of occurrence. In
the cumulative distribution shown earlier, each Monte Carlo sample
uses a new random number between 0 and 1. With enough iterations,
Monte Carlo sampling "recreates" the input distributions through
sampling. A problem of clustering, however, arises when a small
number of iterations are performed.

Five lterations of Monte Carlo Sampling With Clustering
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In the illustration shown here, each of the 5 samples drawn falls in the
middle of the distribution. The values in the outer ranges of the
distribution are not represented in the samples and thus their impact
on your results is not included in your simulation output.

Clustering becomes especially pronounced when a distribution
includes low probability outcomes which could have a major impact
on your results. It is important to include the effects of these low
probability outcomes. To do this, these outcomes must be sampled.
But, if their probability is low enough, a small number of Monte Carlo
iterations may not sample sufficient quantities of these outcomes to
accurately represent their probability. This problem has led to the
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development of stratified sampling techniques such as the Latin
Hypercube sampling used in @RISK.

Latin Hypercube Sampling

Latin Hypercube sampling is a recent development in sampling
technology designed to accurately recreate the input distribution
through sampling in fewer iterations when compared with the Monte
Carlo method. The key to Latin Hypercube sampling is stratification
of the input probability distributions. Stratification divides the
cumulative curve into equal intervals on the cumulative probability
scale (0 to 1.0). A sample is then randomly taken from each interval
or "stratification" of the input distribution. Sampling is forced to
represent values in each interval, and thus, is forced to recreate the
input probability distribution.

Five Iterations of Latin Hypercube Sampling
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In the illustration above, the cumulative curve has been divided into 5
intervals. During sampling, a sample is drawn from each interval.
Compare this to the 5 clustered samples drawn using the Monte Carlo
method. With Latin Hypercube, the samples more accurately reflect
the distribution of values in the input probability distribution.

The technique being used during Latin Hypercube sampling is
"sampling without replacement”. The number of stratifications of the
cumulative distribution is equal to the number of iterations
performed. In the example above there were 5 iterations and thus 5
stratifications were made to the cumulative distribution. A sample is
taken from each stratification. However, once a sample is taken from
a stratification, this stratification is not sampled from again — its
value is already represented in the sampled set.

How does sampling within a given stratification occur? In effect,
@RISK chooses a stratification for sampling, then randomly chooses
value from within the selected stratification.
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Latin Hypercube
and Low
Probability
Outcomes

Testing the
Techniques

When using the Latin Hypercube technique to sample from multiple
variables, it is important to maintain independence between variables. The
values sampled for one variable need to be independent of those sampled
for another (unless, of course, you explicitly want them correlated). This
independence is maintained by randomly selecting the interval to draw a
sample from for each variable. In a given iteration, Variable #1 may be
sampled from stratification #4, Variable #2 may be sampled from
stratification #22, and so on. This preserves randomness and
independence and avoids unwanted correlation between variables.

As a more efficient sampling method, Latin Hypercube offers great
benefits in terms of increased sampling efficiency and faster runtimes (due
to fewer iterations). These gains are especially noticeable in a PC based
simulation environment such as @RISK. Latin Hypercube also aids the
analysis of situations where low probability outcomes are represented in
input probability distributions. By forcing the sampling of the simulation
to include the outlying events, Latin Hypercube sampling assures they are
accurately represented in your simulation outputs.

When low probability outcomes are very important it often helps to run an
analysis which just simulates the contribution to the output distribution
from the low probability events. In this case the model simulates only the
occurrence of low probability outcomes — they are set to 100% probability.
Through this you will isolate those outcomes and directly study the results
they generate.

The concept of convergence is used to test a sampling method. At the
point of convergence, the output distributions are stable (additional
iterations do not markedly change the shape or statistics of the sampled
distribution). The sample mean versus the true mean is typically a
measure of convergence, but skewness, percentile probabilities and other
statistics are often used as well.

@RISK provides a good environment for testing the speed at which the two
available sampling techniques converge on an input distribution. Run an
equal number of iterations with each of the sampling techniques while
selecting an input distribution @function as a simulation output. Using the
built-in Convergence Monitoring capability in @RISK, see how many
iterations it takes the percentiles, mean and standard deviation to stabilize.
It should be evident that Latin Hypercube sampling converges faster on
the true distributions when compared with Monte Carlo sampling.
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More About Sampling Techniques

The academic and technical literature has addressed both Monte Carlo and
Latin Hypercube sampling. Any of the references to simulation in the
Recommended Readings give an introduction to Monte Carlo sampling.
References which specifically address Latin Hypercube sampling are
included in a separate section.
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Appendix B: Using @RISK With
Other DecisionTools®

Palisade’s DecisionTools Suite is a complete set of decision analysis
solutions for Microsoft Windows. With the introduction of
DecisionTools, Palisade brings you a decision-making suite whose
components combine to take full advantage of the power of your
spreadsheet software.

The DecisionTools Suite

The DecisionTools Suite focuses on providing advanced tools for any
decision, from risk analysis to sensitivity analysis to distribution
fitting. Software packaged with the DecisionTools Suite includes:

*  @RISK — risk analysis using Monte-Carlo simulation
*  TopRank® — sensitivity analysis
e BestFit® — distribution fitting

» PrecisionTree® — decision analysis with decision trees and influence
diagrams

*  RISKview™ — distribution viewing companion

Note: When you purchase the DecisionTools Suite, all the features of
BestFit and RISKview come fully integrated into your copy of @RISK
Professional that comes with the Suite.

While all the tools listed above can be purchased and used separately,
they become more powerful when used together. Analyze historical
and fit data for use in an @RISK model. Or use TopRank to determine
which variables to define in your @RISK model.

This chapter explains many of the ways the components of the
DecisionTools suite interact and how they will make your decision
making easier and more effective.
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Note: Palisade also offers a version of @RISK for Microsoft Project.
@RISK for Project allows you to run risk analyses on project
schedules created in Microsoft Project, the leading software package
for project management. Contact Palisade for more information on
this exciting implementation of @RISK!

Purchasing Information

All of the software mentioned here, including the DecisionTools Suite,
can be purchased directly from Palisade Corporation. To place an
order or receive more information, please contact the technical sales
department at Palisade Corporation using one of the following
methods:

e Telephone us at (800) 432-7475 (U.S. only) or (607) 277-8000 any
weekday from 8:30 AM to 5:30 PM, EST

» Faxus at (607) 277-8001
» E-mail us at sales@palisade.com
*  Visit us on the World Wide Web at http://www.palisade.com

e Mail us a letter at
Technical Sales
Palisade Corporation
31 Decker Road
Newfield, NY 14867

If you want to contact Palisade Europe:

e E-mail us at sales@palisade-europe.com.

»  Telephone us at +44 (0)207 426 9950 (UK).
e Faxusat +44 (0)207 375 1229 (UK).

*  Mail us a letter at:

Palisade Europe

The Blue House, Unit 1
30 Calvin Street
London E1 6NW UK
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Palisade’s DecisionTools Case Study

The Excelsior Electronics company currently makes desktop
computers. They are working on a laptop computer, the Excelsior
5000, and want to know whether or not the company will profit from
this venture. They built a spreadsheet model which spans the next
two years, each column representing one month. The model takes
into account production costs, marketing, shipping, price per unit,
units sold, etc. The bottom line for each month is "Profit". Excelsior
expects some initial setbacks on this venture, but as long as they are

not too great and profits are up towards the end of two years, they
will go ahead with the E5000.

Run TopRank First, Then @RISK

TopRank is used on the model to find the critical variables. The
"Profit" cells are selected as outputs, and an automatic What-if
analysis is run. The results quickly show there are five variables (out
of many more) that have the most impact on profits: price per unit,
marketing costs, build time, price of memory, and price of CPU chips.
Excelsior decides to concentrate on these variables.
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Next, Assess Probabilities

Distribution functions are needed to replace the five variables in the
spreadsheet model. Normal distributions are used for price per unit
and build time, based on internal decisions and information from
Excelsior’s manufacturing division. At a marketing department
meeting, @RISK’s Artist window is used by managers to draw
distribution curves which represent the range of possible marketing
costs. Once a hand-drawn distribution is agreed upon, the Fit Curve
command provides an @RISK distribution function for use in the
model.

Add Distribution Fitting

Research is done to get weekly price quotes for memory and CPU'’s
over the past two years. This data is fed into @RISK’s distribution
fitting and distributions are fitted to the data. Confidence level
information confirms that the distributions are good fits, and the
resulting @RISK distribution functions are pasted into the model.
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@RISK
Simulates Profit
From Laptop
Sales

Simulate with @RISK

Once all the @RISK functions are in place, the "Profit" cells are
selected as outputs and a simulation is run. Overall, the results look
promising. Although there will be losses initially, there is an 85%
chance they will make an acceptable profit, and a 25% chance the
venture will generate more revenue than they had initially assumed!
The Excelsior 5000 project is given the go-ahead.

T - (>
File Edit View Inset Simulsfion Besults Graph Window Help ‘
20 L= AalE % FEEEE | o - e b o 4] 00 65

122 et Income
~profit Cell Minimurm Mean Maimum s pl= 2= = W
D12 Profit 1B7731.7 100164 9 47899 56 1386988 5% BE384.05
E12- Profit 178702 120005 .RO475 A8 ARPRM 1 R 299947 1 95% B26!
e pon Distibution | Tamedo | Range Summay | tns | patal sems | seen || 2o 0
112- Proiit . . Name Froft Al sx |22
d12- Profit Distribution for ProfitE12 Cell w433
K12- Profit 06005 IMinimum 3427407 9% 641
L12- Profit Mean=51967 32 Iean 51967.32 95%  |706
oo W12- Prafit o Masimum TETTES 9% |66
C10-NPY [10%) b ECET w0
Inputs S pam “ariance 741 355E-07 g 278
-F26- Number of Competitars = Skewness 02243635 %% 739!
-+ (25- Number of Competitars ?  pa00 Kurtasis 26T EZERES
H25- Nurnber of Competitars K] Mode 5224655 W% 13
125- Number of Competitors _| = nsm Left ELEIIE EIEY
+J25- Number of Competitors E LeftP 3 x| 2441
K25- Number of Competitors 0.100: EIEHTR ST 5% 2961
L5~ Number of Compelitors Right P 9o
-E32- Sales Volums o000 (i) 278533
F22- Sales Yolume 30 425 55 B75 8 P [4iff) A0
G2 Sales Volume Values in Thousands AT ELEILE]
~~H32- Sales Yolume §6th Perc. B57T1.25
-~132- Sales Wolume ¥Errors 0 =
1325 ales Volume e - I ST —
K.32- Sales Volume M aximum = -47899 56 B9435 85 1339361 227936 4 305088 59
L2 Sales Volume Mean = -100164.9 123906 49367.76 7395706 1176305 121269.9
35 Product D Std Deviation = 2254329 21836 36232 36 GB127 06 E73865.27 7400988
D35+ Produst Developr Wartiance = 5. (B4706E +08 4.047484F +08 1.241315E+09 3378755E+09 4 BA077HE+09 5. 4774E2E +03
- ~E35- Product D Skowness= __|-8.071743E-02  3901675E-02 01466839 08175657 0.7533037 0.9986529
= Kurosis = 2324382 3022271 3.084286 2448581 2853523 3180812
Tab 1/ Tab2 / Tabl Tabd4 / Tab5 / Tabk / Tab7 / Tabs
Ready |Sim# | 1 |ter# | 1000f100 | Runtime [00:00:07 [SecAter | .07 4

Decide with PrecisionTree

Excelsior Electronics had assumed they would sell and distribute the
Excelsior 5000 themselves. However they could use various catalogs

and computer warehouses to distribute their product. A decision tree

model is built using PrecisionTree, taking into account unit prices,
sales volume, and other critical factors for direct sales versus catalog
sales. A Decision Analysis is run and PrecisionTree suggests using

catalogs and warehouses. Excelsior Electronics puts that plan into full

motion.
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Introduction to TopRank®

TopRank is the ultimate What-if tool for spreadsheets from Palisade
Corporation. TopRank greatly enhances the standard What-if and
data table capabilities found in your spreadsheet. In addition, you

can easily step up to powerful risk analysis with its companion
package, @RISK.

TopRank and What-if Analysis

TopRank helps you find out which spreadsheet value(s) or variable(s)
affects your results the most — an automated What-if or sensitivity
analysis. You also can have TopRank automatically try any number
of values for a variable — a data table — and tell you the results
calculated at each value. TopRank also tries all possible combinations
of values for a set of variables (a Multi-Way What-if analysis), giving
you the results calculated for each combination.
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Running a What-if or sensitivity analysis is a key component of
making any decision based on a spreadsheet. This analysis identifies
which variables affect your results the most. It shows you those
factors you should be most concerned with as you 1) gather more data

and refine your model and 2) manage and implement the situation
described by the model.
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TopRank is a spreadsheet add-in for both Microsoft Excel and Lotus
1-2-3 for Windows. It can be used with any pre-existing or new
spreadsheet. To set up your What-if analyses, TopRank adds new
custom “Vary” functions to the spreadsheet function set. These
functions specify how the values in your spreadsheet can be varied in
a What-if analysis; for example, +10% and -10%, +1000 and -500, or
according to a table of values you’ve entered.

TopRank can also run a fully automatic What-if analysis. It uses
powerful auditing technology to find all possible values in your
spreadsheet which could affect your results. It can then change all
these possible values automatically and find out which is most
significant in determining your results.

TopRank TopRank applications are the same as spreadsheet applications. If

Applications you can build your model in a spreadsheet, you can use TopRank to
analyze it. Businesses use TopRank to identify the critical factors —
price, up front investment amount, sales volume or overhead — that
most affect the success of their new product. Engineers use TopRank
to show them the individual product components whose quality most
affects final product production rates. A loan officer can have
TopRank quickly run her model at all possible interest rate, loan
principle amount and down payment combinations and review
results for each possible scenario. Whether your application is in
business, science, engineering, accounting or another field, TopRank
can work for you to identify the critical variables which affect your
results.

Modeling Features

Why TopRank? As an add-in to Microsoft Excel and Lotus 1-2-3, TopRank links
directly to your spreadsheet to add What-if analysis capabilities. The
TopRank system provides all the necessary tools for conducting a
What-if analysis on any spreadsheet model. And TopRank works in a
style you are familiar with — Excel style menus and functions.

What-if analysis and Data Tables are functions that can be performed
directly in your spreadsheet, but only in a manual, unstructured
format. Simply changing a cell value in your spreadsheet and
calculating a new result is a basic What-if analysis. And a Data Table
which gives a result for each combination of two values can also be
built in your spreadsheet. TopRank, however, performs these tasks
automatically and analyzes their results for you. It instantly performs
What-ifs on all possible values in your spreadsheet which could affect
your result, instead of requiring you to individually change values
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and recalculate. It then tells you what spreadsheet value is most
significant in determining your result.

TopRank also runs data table combinations automatically, without
requiring you to set up tables in your spreadsheet. Combine more
than two variables in its Multi-Way What-if analysis — you can
generate combinations of any number of variables — and rank your
combinations by their affect on your results. You can perform these
sophisticated and automated analyses quickly, as TopRank keeps
track of all the values and combinations it tries, and their results,
separate from your spreadsheet. By taking an automated approach,
TopRank gives you What-if and Multi-Way What-if results almost
instantly. Even the least experienced modeler can get powerful
analysis results.

TopRank defines variations in spreadsheet values using functions. To
do this, TopRank has added a set of new functions to the Excel
function set, each of which specifies a type of variation for your
values. These functions include:

e Vary and AutoVary functions which, during a What-if analysis,
change a spreadsheet value across a + and - range you define.

» VaryTable functions which, during a What-if analysis, substitute each
of a table of values for a spreadsheet value.

TopRank uses functions to change spreadsheet values during a
What-if analysis and keeps track of the results calculated for each
value change. These results are then ranked by the amount of change
from the original expected results. Then functions which caused the
greatest change are identified as the most critical to the model.

TopRank Pro also includes over 30 probability distribution functions
found in @RISK. These functions can be used along with Vary
functions to describe variation in spreadsheet values.

TopRank functions are entered wherever you want to try different
values in a What-if analysis. The functions can be added to any
number of cells in a spreadsheet and can include arguments which are
cell references and expressions — providing extreme flexibility in
defining variation in value in spreadsheet models.

In addition to adding Vary functions yourself, TopRank can
automatically enter Vary functions for you. Use this powerful feature
to quickly analyze your spreadsheets without manually identifying
values to vary and typing in functions.
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When automatically entering Vary functions, TopRank traces back
through your spreadsheet and finds all possible values which could
affect the result cell you identify. As it finds a possible value, it
substitutes in an “AutoVary” function with the default variation
parameters (such as +10% and -10%) you’ve selected. With a set of
AutoVary functions inserted, TopRank can then run its What-if
analysis and rank the values which could affect your results by their
importance.

With TopRank, you can step through your Vary and AutoVary
functions and change the variation each function specifies. Asa
default you can use a -10% and +10% variation, but for a certain value
you may feel that a -20% and +30% change is possible. You can also
select to not have a value varied — as in some cases a spreadsheet
value is fixed and could never be changed.

During its analysis TopRank individually changes values for each
Vary function and recalculates your spreadsheet using each new
value. Each time it recalculates, it collects the new value calculated in
each result cell. This process of changing value and recalculating is
repeated for each Vary and VaryTable function. The number of
recalculations performed depends on the number of Vary functions
entered, the number of steps (i.e., values across the min-max range)
you want TopRank to try for each function, the number of VaryTable
functions entered, and the values in each table used.

TopRank ranks all varied values by their impact on each result cell or
output you’ve selected. Impact is defined as the amount of change in
the output value that was calculated when the input value was
changed. If, for example, the result of your spreadsheet model was
100 prior to changing values, and the result was 150 when an input
changed, there is a +50% change in results caused by changing the
input.

TopRank results can be view graphically in a Tornado, Spider or
Sensitivity graph. These graphs summarize your results to easily
show the most important inputs for your results.
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Using @RISK with TopRank

Using What-if
Definitions in a
Risk Analysis

What-if analysis is often the first analysis performed on a spreadsheet.
Its results lead to a further refinement of the model, additional
analyses and ultimately, a final decision based on the best model
possible. Risk analysis, a powerful analytical technique available
using TopRank’s companion product, @RISK, is often the next
analysis performed on a spreadsheet after a What-if analysis.

Moving from What-if to Simulation

A What-if analysis initially identifies what’s important in your model.
You can then focus on these important components and better
estimate what their values could be. Usually, however, there are
several or more of these important uncertain components, and, in
reality, they could all vary at the same time. To analyze an uncertain
model such as this you need risk analysis or Monte Carlo simulation.
Risk analysis varies all uncertain inputs simultaneously — just as they
do in real life — and builds a range and distribution of the possible
results that could occur.

With risk analysis, inputs are described with a probability distribution
— such as normal, lognormal, beta or binomial. This is a much more
detailed description of the uncertainty present in an input’s value
than a simple + or - percentage variation. A probability distribution
shows both the range of values possible for an input and the
likelihood of occurrence of any value in the range. Simulation
combines these input distributions to generate both a range of
possible results from your model and the likelihood of any result
occurring.

The simple + and - change defined by a Vary function in a What-if
analysis can be used directly in risk analysis. @RISK actually samples
your Vary functions directly in a risk analysis.

The values sampled by @RISK from Vary and VaryTable functions
during a simulation depend on either distribution argument entered
for the function or the default distribution setting used in TopRank.
For example, the TopRank function RiskVary(100,-10,+10), using a
default distribution setting of Uniform and a default range type of +/-
percentage, is sampled like the @RISK distribution
RiskUniform(90,110). VaryTable functions from TopRank are
sampled as RiskDuniform functions in @RISK.
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The Differences Between TopRank and @RISK

TopRank and @RISK share many common features, so it's easy to
think that they perform the same functions. In fact, the two programs
perform different, but complementary, tasks. Don't ask yourself
“Which should I use, @RISK or TopRank?”, ask yourself “Shouldn't |
use both?”

The Similarities Both @RISK and TopRank are add-ins for analysis of models designed
in spreadsheets. By using special spreadsheet formulas, both
programs explore how uncertainty affects your model, and thus the
decisions you make. And, a common user-interface guarantees a
smooth transition between the two products: one learning curve
instead of two!

The Differences There are three main areas where @RISK and TopRank differ:
* Inputs — how uncertainty is defined in your model
»  Calculations — what happens during an analysis
»  Results — what types of answers the analyses provide

Inputs @RISK defines uncertainty in your model using probability
distribution functions. These functions define all the possible values
an input can have with a corresponding probability of that value
occurring. There are over 30 probability distribution functions
available in @RISK.

To define uncertainty in @RISK, you need to assign a distribution
function to every value that you think is uncertain. It's up to you, the
user, to determine which inputs are uncertain and which distribution
function describes the uncertainty.

TopRank defines uncertainty in your model using Vary functions.
Vary functions are simple: they define possible values that an input
can have without assigning probabilities to those values. There are
only two basic Vary functions in TopRank — Vary and VaryTable.

TopRank can automatically define variable cells in your model every
time you select and output. You don't need to know which cells are
uncertain or important, TopRank identifies those cells for you.

Calculations @RISK runs a Monte Carlo or Latin Hypercube simulation. For each

iteration (or step), every @RISK distribution in the spreadsheet model
takes on a new value determined by the probability distribution
function. To run a thorough analysis, @RISK needs to run hundreds,
sometimes thousands, of iterations.
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TopRank runs a single or Multi-Way sensitivity analysis. During the
analysis, only one cell (or a small number of cells) varies at a time
according to the values defined in the Vary function. With TopRank,
only a few iterations are needed to study a large number of uncertain
cells.

Results For each output defined, @RISK produces a probability distribution as
an analysis result. The distribution describes which values an output
(such as profit) could have, as well as how probable certain outcomes
are. For example, @RISK can tell you that there is a 30% chance that
your company will not make a profit next quarter.

For each output defined, TopRank tells you which inputs have the
largest effect on the output. The results show how much change you
can expect in an output when a given input changes by a defined
amount. For example, TopRank can tell you that your company's
profits are most sensitive to sales volume, and that when sales volume
is 1000 units, you will lose $1 million. So, TopRank told you that to
make a profit, you'll need to concentrate on keeping sales volume
high.

The most important difference between the two packages is that
@RISK studies how the combined uncertainty of all variables affect
the output. TopRank only tells you how an individual input (or a
small group of inputs) affects the output. So, while TopRank is faster
and easier to use, @RISK provides a more detailed, comprehensive
look at the problem. We strongly recommend using TopRank first
to determine which variables are the most important. Then, use
@RISK to run a comprehensive analysis of your problem for the
best possible results.

Summary In summary, TopRank tells you what the most important variables
are in your model. The results of a TopRank What-if analysis can be
used on their own to make better decisions. But, for the most
thorough analysis, use TopRank to find the most important variables
in your model, then use @RISK to define uncertainty in those
variables and run a simulation. TopRank can help you optimize your
@RISK simulations by defining uncertainty in only the most
important variables, making your simulation faster and more
compact.
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Introduction to PrecisionTree"

PrecisionTree
and Microsoft
Excel

PrecisionTree from Palisade Corporation is a decision analysis add-in
to Microsoft Excel. Now you can do something you've never been
able to do before - define a decision tree or influence diagram directly
in your spreadsheet. PrecisionTree allows you to run a complete
decision analysis without leaving the program where your data is -
your spreadsheet!

Why You Need Decision Analysis and
PrecisionTree

You might wonder if the decisions you make are suitable for decision
analysis. If you are looking for a way to structure your decisions to
make them more organized and easier to explain to others, you
definitely should consider using formal decision analysis.

When faced with a complex decision, decision makers must be able to
organize the problem efficiently. They have to consider all possible
options by analyzing all available information. In addition, they need
to present this information to others in a clear, concise format.
PrecisionTree allows decision makers to do all this, and more!

But, what exactly does decision analysis allow you to do? As the
decision maker, you can clarify options and rewards, describe
uncertainty quantitatively, weigh multiple objectives simultaneously
and define risk preferences. All in an Excel spreadsheet.

Modeling Features

As an "add-in" to Microsoft Excel, PrecisionTree "links" directly to
Excel to add Decision Analysis capabilities. The PrecisionTree system
provides all the necessary tools for setting up and analyzing decision
trees and influence diagrams. And PrecisionTree works in a style you
are familiar with — Excel-style menus and toolbars.

With PrecisionTree, there's no limit to the size tree you can define.
Design a tree which spans multiple worksheets in an Excel workbook!
PrecisionTree reduces the tree to an easy-to-understand report right in
your current workbook.
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PrecisionTree allows you to define influence diagram and decision
tree nodes in Excel spreadsheets. Node types offered by
PrecisionTree include:

»  Chance nodes

»  Decision nodes
*  End nodes

»  Logic nodes

»  Reference nodes

I

Values and probabilities for nodes are placed directly in spreadsheet

cells, allowing you to easily enter and edit the definition of your
decision models.
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PrecisionTree creates both decision trees and influence diagrams.
Influence diagrams are excellent for showing the relationship between
events and the general structure of a decision clearly and concisely,
while decision trees outline the chronological and numerical details of
the decision.

In PrecisionTree, all decision model values and probabilities are
entered directly in spreadsheet cells, just like other Excel models.
PrecisionTree can also link values in a decision model directly to
locations you specify in a spreadsheet model. The results of that
model are then used as the payoffs for each path through the decision
tree.

All calculations of payoffs happen in “real-time” — that is, as you edit
your tree, all payoffs and node values are automatically recalculated.

PrecisionTree's decision analyses give you straightforward reports
including statistical reports, risk profiles and policy suggestions*
(*PrecisionTree Pro only). And, decision analysis can produce more
gualitative results by helping you understand tradeoffs, conflicts of
interest, and important objectives.

All analysis results are reported directly in Excel for easy
customization, printing and saving. There's no need to learn a whole
new set of formatting commands since all PrecisionTree reports can
be modified like any other Excel worksheet or chart.
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Have you ever wondered which variables matter most in your
decision? If so, you need PrecisionTree's sensitivity analysis options.
Perform both one and two-way sensitivity analyses and generate
Tornado Graphs, spider graphs, strategy region graphs (PrecisionTree
Pro only), and more!

Sensitivity
Analysis

For those who need more sophisticated sensitivity analyses,
PrecisionTree links directly to TopRank, Palisade Corporation's
sensitivity analysis add-in.

Reducing a Tree Because decision trees can expand as more possible decision options
are added, PrecisionTree offers a set of features designed to help you
reduce trees to a more manageable size. All nodes can be collapsed,
hiding all paths which follow the node from view. A single subtree
can be referenced from multiple nodes in other trees, saving the re-
entry of the same tree over and over.

Utility Sometimes you need help in creating a utility function that is used to

Assessment factor your attitude towards risk into the calculations in your decision
models. PrecisionTree contains features which help you identify your
attitude towards risk and create your own utility functions.

Advanced PrecisionTree offers many advanced analysis options including:
Analysis

o Utility functi
Capabilities ility functions

o Use of multiple worksheets to define trees
*  Logic nodes
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Using @RISK with PrecisionTree

@RISK is a perfect companion to PrecisionTree. @RISK allows you to
1) quantify the uncertainty that exists in the values and probabilities
which define your decision trees, and 2) more accurately describe
chance events as a continuous range of possible outcomes. Using this
information, @RISK performs a Monte-Carlo simulation on your
decision tree, analyzing every possible outcome and graphically
illustrating the risks you face.

Using @RISK to Quantify Uncertainty

With @RISK, all uncertain values and probabilities for branches in
your decision trees and supporting spreadsheet models can be
defined with distribution functions. When a branch from a decision
or chance node has an uncertain value, for example, this value can be
described by an @RISK distribution function. During a normal
decision analysis, the expected value of the distribution function will
be used as the value for the branch. The expected value for a path in
the tree will be calculated using this value.

However, when a simulation is run using @RISK, a sample will be
drawn from each distribution function during each iteration of the
simulation. The value of the decision tree and its nodes will then be
recalculated using the new set of samples and the results recorded by
@RISK. A range of possible values will then be displayed for the
decision tree. Instead of seeing a risk profile with a discrete set of
possible outcomes and probabilities, a continuous distribution of
possible outcomes is generated by @RISK. You can see the chance of
any result occurring.

Describing In decision trees, chance events must be described in terms of discrete
Chance Events outcomes (a chance node with a finite number of outcome branches).
as a Continuous But, in real life, many uncertain events are continuous, meaning that
Range of any value between a minima and maxima can occur.

Possible ] ) o . .

Outcomes Using @RISK with PrecisionTree makes modeling continuous events

easier using distribution functions. And, @RISK functions can make
your decision tree smaller and easier to understand!
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Methods of Recalculation During a Simulation

Two options are available for recalculation of a decision model during
a simulation performed with @RISK. The first option, Expected Values
of the Model, causes @RISK to first sample all distribution functions in
the model and supporting spreadsheets each iteration, then
recalculate the model using the new values to generate a new
expected value. Typically the output from the simulation is the cell
containing the expected value of the model. At the end of the run an
output distribution reflecting the possible range of expected values
for the model and their relative likelihood of occurrence is generated.

The second option, Values of One Sampled Path Through the Model,
causes @RISK to randomly sample a path through the model each
iteration of a simulation. The branch to follow from each chance node
is randomly selected based on the branch probabilities entered. This
method does not require that distribution functions be present in the
model; however, if they are used a new sample is generated each
iteration and used in path value calculations. The output from the
simulation is the cell containing the value of the model, such as the
value of the root node of the tree. At the end of the run an output
distribution reflecting the possible range of out values for the model
and their relative likelihood of occurrence is generated.

Using Probability Distributions in Nodes

Let’s take a look at a chance node in an oil drilling decision tree:

Dry

DriIIing Decision EV = $22,900 530000, 455
for Open Test il Wet

$40,000, 34%
Open Soaking
Results <] $190,000, 23%
Don't Drill
-$10,000

The results of drilling are divided into three discrete outcomes (Dry,
Wet and Soaking). But, in reality, the amount of oil found should be
described with a continuous distribution. Suppose the amount of
money made from drilling follows a lognormal distribution with a
mean of $22900 and a standard deviation of $50000, or the @RISK
distribution =RiskLognorm(22900,50000).
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To use this function in the oil drilling model, change the chance node
to have only one branch, and the value of the branch is defined by the
@RISK function. Here’s how the new model should look:

Drilling Decision EV = $22,900
W|th a Drill e Results Q

- (%
Probabili ty Open RiskNormal(22900,50000) - $70,000
Distribution DontDril
-$10,000

During an @RISK simulation, the RiskLognorm function will return
random values for the payoff value of the Results node and
PrecisionTree will calculate a new expected value for the tree.

Decision But, what about the decision to Drill or Not Drill? If the expected
Forcing During value of the Drill node changes, the optimum decision could change
Simulation iteration to iteration. That would imply that we know the outcome of

drilling before the decision is made. To avoid this situation,
PrecisionTree has an option Decisions Follow Current Optimal Path to
force decisions before running an @RISK simulation. Every decision
node in the tree will be changed to a forced decision node, which
causes each decision node to select the decision that’s optimal when
the command is used. This avoids changes in a decision due to
changing a decision tree’s values and probabilities during a risk
analysis.

Using @RISK to Analyze Decision Options

Value of Perfect There may be times when you want to know the outcome of a chance
Information event before making a decision. You want to know the value of
perfect information.

Before running a risk analysis, you know the expected value of the
Drill or Don’t Drill decision from the value of the Drill Decision node.
If you ran a risk analysis on the model without forcing decisions, the
return value of the Drill Decision node would reflect the expected
value of the decision if you could perfectly predict the future. The
difference between the two values is the highest price you should pay
(perhaps by running more tests) to find out more information before
making the decision.

Selecting @RISK Outputs

Running a risk analysis on a decision tree can produce many types of
results, depending on the cells in your model you select as outputs.
True expected value, the value of perfect information, and path
probabilities can be determined.
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Start Node Select the value of a start node of a tree (or the beginning of any sub-
tree) to generate a risk profile from an @RISK simulation. Since
@RISK distributions generate a wider range of random variables, the
resulting graph will be smoother and more complete than the
traditional discrete risk profile.
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Appendix C: Glossary

Averse See risk averse
Continuous A probability distribution where any value between the minimum
Distribution and maximum is possible (has finite probability).

See discrete distribution
Cumulative A cumulative distribution, or a cumulative distribution function, is
Distribution the set of points, each of which equals the integral of a probability

distribution starting at the minimum value and ending at the
associated value of the random variable.
See cumulative frequency distribution, probability distribution

Cumulative A cumulative frequency distribution is the term for the output and
F(quengy the input cumulative distributions of @RISK. A cumulative
Distribution distribution is constructed by cumulating the frequency

(progressively adding bar heights) across the range of a frequency
distribution. A cumulative distribution can be an "upwardly sloping'
curve, where the distribution describes the probability of a value less
than or equal to any variable value. Alternatively, the cumulative
curve may be a "downwardly sloping” curve, where the distribution
describes the probability of a value greater than or equal to any
variable value.

See cumulative distribution

Dependent A dependent variable is one that depends in some way on the values

Variable of other variables in the model under consideration. In one form, the
value of an uncertain dependent variable can be calculated from an
equation as a function of other uncertain model variables.
Alternatively, the dependent variable may be drawn from a
distribution based on the random number which is correlated with a
random number used to draw a sample of an independent variable.
See independent variable

Deterministic The term deterministic indicates that there is no uncertainty
associated with a given value or variable.
See stochastic, risk
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Discrete
Distribution

Event

Expected Value

Frequency
Distribution

Higher Moments

Independent
Variable

Iteration

Kurtosis

A probability distribution where only a finite number of discrete
values are possible between the minimum and maximum.
See continuous distribution

The term event refers to an outcome or group of outcomes that might
result from a given action. For example, if the action is the pitch of a
baseball, the possible events might include a hit (with outcomes
single, double, triple, home run), an out, a foul ball, a ball, etc.

See mean

Frequency distribution is the proper term for the output probability
distributions and the input histogram distributions (HISTOGRM) of
@RISK. A frequency distribution is constructed from data by
arranging values into classes and representing the frequency of
occurrence in any class by the height of the bar. The frequency of
occurrence corresponds to probability.

Higher moments are statistics of a probability distribution. The term
generally refers to the skewness and kurtosis, the third and fourth
moments respectively. The first and second moments are the mean
and the standard deviation, respectively.

See skewness, kurtosis, mean, standard deviation

An independent variable is one that does not depend in any way on
the values of any other variable in the model under consideration.
The value of an uncertain independent variable is determined by
drawing a sample from the appropriate probability distribution. This
sample is drawn without regard to any other random sample drawn
for any other variable in the model.

See dependent variable

An iteration is one recalculation of the user's model during a
simulation. A simulation consists of many recalculations or iterations.
During each iteration, all uncertain variables are sampled once
according to their probability distributions, and the model is
recalculated using these sampled values.

Also known as a simulation trial

Kurtosis is a measure of the shape of a distribution. Kurtosis
indicates how flat or peaked the distribution is. The higher the
kurtosis value, the more peaked the distribution.

See skewness
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Latin Hypercube Latin Hypercube is a relatively new stratified sampling technique
used in simulation modeling. Stratified sampling techniques, as
opposed to Monte Carlo type techniques, tend to force convergence of
a sampled distribution in fewer samples.

See Monte Carlo

Mean The mean of a set of values is the sum of all the values in the set
divided by the total number of values in the set.
Synonym: expected value

Monte Carlo Monte Carlo refers to the traditional method of sampling random
variables in simulation modeling. Samples are chosen completely
randomly across the range of the distribution, thus necessitating large
numbers of samples for convergence for highly skewed or long-tailed
distributions.

See Latin Hypercube

Most Likely The most likely value or mode is the value that occurs most often in a
Value set of values. In a histogram and a result distribution, it is the center
value in the class or bar with the highest probability.

Objective Risk Obijective risk or objective probability refers to a probability value or
distribution that is determined by "objective" evidence or accepted
theory. The probabilities associated with an objective risk are known
with certainty.

See subjective risk

Percentile A percentile is an increment of the values in a data set. Percentiles
divide the data into 100 equal parts, each containing one percent of
the total values. The 60th percentile, for example, is the value in the
data set for which 60% of the values are below it and 40% are above.

Preference Preference refers to an individual's choices where many attributes of a
decision or object are considered. Risk is an important consideration
in personal preference.

See risk averse

Probability Probability is a measure of how likely a value or event is to occur. It
can be measured from simulation data as frequency by calculating the
number of occurrences of the value or event divided by the total
number of occurrences. This calculation returns a value between 0
and 1 which then can be converted to percentage by multiplying by
100.

See frequency distribution, probability distribution
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Random Sample
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@RISK

Risk

Risk Analysis

Risk Averse

A probability distribution or probability density function is the
proper statistical term for a frequency distribution constructed from
an infinitely large set of values where the class size is infinitesimally
small.

See frequency distribution

A random number generator is an algorithm for choosing random
numbers, typically in the range of 0 to 1. These random numbers are
equivalent to samples drawn from a uniform distribution with a
minimum of 0 and a maximum of 1. Such random numbers are the
basis for other routines that convert them into samples drawn from
specific distribution types.

See random sample, seed

A random sample is a value that has been chosen from a probability
distribution describing a random variable. Such a sample is drawn
randomly according to a sampling "algorithm". The frequency
distribution constructed from a large number of random samples
drawn by such an algorithm will closely approximate the probability
distribution for which the algorithm was designed.

The range is the absolute difference between the maximum and
minimum values in a set of values. The range is the simplest measure
of the dispersion or "risk" of a distribution.

@RISK (pronounced "at risk") is the name of the Excel Add-In for Risk
Analysis described in this User’s Guide.

The term risk refers to uncertainty or variability in the outcome of
some event or decision. In many cases the range of possible outcomes
can include some that are perceived as a loss or undesirable along
with others that are perceived as a gain or desirable. The range of
outcomes is often associated with levels of probability of occurrence.

Risk Analysis is a general term used to describe any method used to
study and understand the risk inherent to a situation of interest.
Methods can be quantitative and/or qualitative in nature. @RISK
uses a quantitative technique generally referred to as simulation.
See simulation

Risk averse refers to a general characteristic of individuals with
regard to their preference for risk. As the payoff and risk increase, the
individual will be less likely to choose a course of action intended to
achieve the higher payoff. It is generally assumed that rational
individuals are risk averse, although the degree of risk averseness
varies from one individual to another. There are situations or ranges
of payoffs over which individuals may display the opposite behavior,
namely, they will be risk takers.
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See random sample

The seed is a number that initializes the selection of numbers by a
random number generator. Given the same seed, a random number
generator will generate the same series of random numbers each time
a simulation is run.

See random number generator

Simulation is a technique whereby a model, such as an Excel
worksheet, is calculated many times with different input values with
the intent of getting a complete representation of all possible scenarios
that might occur in an uncertain situation.

Skewness is a measure of the shape of a distribution. Skewness
indicates the degree of asymmetry in a distribution. Skewed
distributions have more values to one side of the peak or most likely
value — one tail is much longer than the other. A skewness of 0
indicates a symmetric distribution, while a negative skewness means
the distribution is skewed to the left. Positive skewness indicates a
skew to the right.

See kurtosis

The standard deviation is a measure of how widely dispersed the
values are in a distribution. Equals the square root of the variance.
See variance

Stochastic is a synonym for uncertain, risky.
See risk, deterministic

Subjective risk or subjective probability is a probability value or
distribution determined by an individual's best estimate based on
personal knowledge, expertise, and experience. New information
often causes changes in such estimates. Reasonable individuals may
disagree on such estimates.

See objective risk

A Summary Graph is an output graphic in @RISK that presents
simulation results for a range of cells in a Excel worksheet. The
Summary Graph takes the underlying distributions for each cell and
summarizes them by showing the trend of the means and two
measures on either side of the means. These two measures default to
the 10th and 90th percentile trends.

Trial is another term for iteration.
See iteration
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Truncation

Uncertainty

Variable

Variance

Truncation is the process by which a user chooses a minimum-
maximum range for a random variable that differs from the range
indicated by the distribution type of the variable. A truncated
distribution has a smaller range than the untruncated distribution
because the truncation minimum is greater than the distribution
minimum and/or the truncation maximum is less than the
distribution maximum.

See risk

A variable is a basic model component that can take on more than one
value. If the value that actually will occur is not known with
certainty, the variable is considered uncertain. A variable, certain or
uncertain, may be either dependent or independent.

See dependent variable, independent variable

The variance is a measure of how widely dispersed the values are in a
distribution, and thus is an indication of the "risk" of the distribution.
It is calculated as the average of the squared deviations about the
mean. The variance gives disproportionate weight to "outliers",
values that are far away from the mean. The variance is the square of
the standard deviation.
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Appendix D: Recommended
Readings

Readings by Category

The @RISK User’s Guide has given you a start on understanding the
concepts of Risk Analysis and simulation. If you're interested in
finding out more about the Risk Analysis technique and the theory
behind it, here are some books and articles which examine various
areas in the Risk Analysis field.

Introduction to Risk Analysis

If you are new to Risk Analysis or if you would just like some more
background information on the technique, the following books and
articles might be helpful:

* Clemen, Robert T. and Reilly, Terrence. Making Hard Decisions with
DecisionTools: Duxbury Thomson Learning, 2000.

Hertz, D.B. "Risk Analysis in Capital Investment": HBR Classic, Harvard
Business Review, September/October 1979, pp. 169-182.

Hertz, D.B. and Thomas, H. Risk Analysis and Its Applications: John Wiley
and Sons, New York, NY, 1983.

Megill, R.E. (Editor). Evaluating and Managing Risk: PennWell Books, Tulsa,
OK, 1984.

Megill, R.E. An Introduction to Risk Analysis, 2nd Ed.: PennWell Books,
Tulsa, OK, 1985.

Morgan, M. Granger and Henrion, Max, with a chapter by Mitchell Small.
Uncertainty: Cambridge University Press, 1990.

Newendorp, P.D. Decision Analysis for Petroleum Exploration: Petroleum
Publishing Company, Tulsa, Okla., 1975.

Raiffa, H. Decision Analysis: Addison-Wesley, Reading, Mass., 1968.

*Winston, Wayne and Albright, Christian. Practical Management Science, 2nd
Ed: Duxbury Thomson Learning, Pacific Grove, CA, 2000.
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Distribution Fitting

If you're interested in finding out more about distribution fitting,
consult any of these books:

* Groebner, David F. and Shannon, Patrick W. Business Statistics: A
Decision-Making Approach, 4th ed.: Macmillan Publishing Company, New
York, NY, 1993.

* Law, Averill M. and Kelton, David. Simulation Modeling and Analysis,
2nd ed.: McGraw-Hill, New York, NY, 1991.

* Walpole, Ronald E. and Myers, Raymond H. Probability and Statistics for
Engineers and Scientists, 5th ed.: Macmillan Publishing Company, New York,
NY, 1993.

Distribution Functions

To learn more about the distribution functions used by @RISK's
BestFit distribution fitting software, refer to the following book:

* Evans, Merran, Nicholas Hastings and Brian Peacock. Statistical
Distributions, 2nd ed: John Wiley & Sons, Inc, New York, NY, 1993.

Technical References to Simulation and Monte
Carlo Techniques

If you would like a more in depth examination of simulation,
sampling techniques and statistical theory, the following books may
be useful:

Iman, R.L., Conover, W.J. "A Distribution-Free Approach To Inducing Rank
Correlation Among Input Variables": Commun. Statist.-Simula.
Computa.(1982) 11(3), 311-334

* Law, A.M. and Kelton, W.D. Simulation Modeling and Analysis: McGraw-
Hill, New York, NY, 1991,1982, 2000.

*Oakshott, Les. Business Modeling and Simulation: Pitman Publishing,
London, 1997.

*Ragsdale, Cliff T. Spreadsheet Modeling and Decision Analysis: ITP
Thomson Learning, 1998.

Rubinstein, R.Y. Simulation and the Monte Carlo Method: John Wiley and
Sons, New York, NY, 1981.

*Vose, David. Quantitative Risk Analysis: John Wiley and Sons, New York,
NY, 2000.
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Technical References to Latin Hypercube
Sampling Techniques

If you are interested in the relatively new technique of Latin
Hypercube sampling, the following sources might be helpful:

Iman, R.L., Davenport, J.M., and Zeigler, D.K. "Latin Hypercube Sampling (A
Program Users Guide)": Technical Report SAND79-1473, Sandia Laboratories,
Albuquerque (1980).

Iman, R.L. and Conover, W.J. "Risk Methodology for Geologic Displosal of
Radioactive Waste: A Distribution - Free Approach to Inducing Correlations
Among Input Variables for Simulation Studies": Technical Report NUREG CR
0390, Sandia Laboratories, Albuquerque (1980).

McKay, M.D, Conover, W.J., and Beckman, R.J. "A Comparison of Three
Methods for Selecting Values of Input Variables in the Analysis of Output
from a Computer Code": Technometrics (1979) 211, 239-245.

Startzman, R.A. and Wattenbarger, R.A. "An Improved Computation
Procedure for Risk Analysis Problems With Unusual Probability Functions™:
SPE Hydrocarbon Economics and Evaluation Symposium Proceedings, Dallas
(1985).

Examples and Case Studies Using Risk Analysis

If you would like to examine case studies showing the use of Risk
Analysis in real life situations, see the following:

Hertz, D.B. and Thomas, H. Practical Risk Analysis - An Approach Through
Case Histories: John Wiley and Sons, New York, NY, 1984,

* Murtha, James A. Decisions Involving Uncertainty, An @RISK Tutorial for
the Petroleum Industry: James A. Murtha, Houston, Texas, 1993.

*Nersesian, Roy L. @RISK Bank Credit: Roy L. Nersesian, 1998.

Newendorp, P.D. Decision Analysis for Petroleum Exploration: Petroleum
Publishing Company, Tulsa, Okla., 1975.

Pouliquen, L.Y. “Risk Analysis in Project Appraisal”: World Bank Staff
Occasional Papers Number Eleven. John Hopkins Press, Baltimore, MD, 1970.

* Trippi, Robert R. and Truban, Efraim. Neural Networks: In Finance and
Investing: Probus Publishing Co., 1993.

*Winston, Wayne. Financial Models Using Simulation and Optimization:
Palisade Corporation, 1998.

*Winston, Wayne and Albright, Christian. Practical Management Science: ITP
Thomson Learning, 1997.

*Winston, Wayne. Spreadsheet Modeling: ITP Thomson Learning, 1996.
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* These titles can be purchased through Palisade Corporation. Call
(800-432-7475 or 607-277-8000), fax (607-277-8001), or write to order
or request further information on these and other titles relevant to

risk analysis. The Palisade Technical Sales Department can also be

reached by e-mail at sales@palisade.com or on the World Wide Web
at http://www.palisade.com.
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WWINGOW ...ttt s te e s s e s s a e e s sbae e s s sabenesenes 258, 278
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D
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Delete Instance ComMMAaNG ..........ocoeeeivieiiie et sree e e sreeesree s 277
Delete Selected Row/Column(s) Command .........cceeeeereerererseseseeseeneenens 274
Delete Tab ComMMmMand.........coovveeeieeicee e e e 250, 331
Delimiter Defaults Command...........ccoeeevveeieeeeieer e 314, 375
(D= 10 L= See Graphs, Delimiters
Detach Selected Input(s) Command ...........ccooeveienenienienene e 274
Detailed StatisticsS COMMAN..........cccouieiiieiee e s eeeas 342
Distribution
D] 2= 111 o SO 315
FUNCLIONS ...ttt e 60, 381, 490
Generating INput Data fromM..........cocoiiiiiineiee e 302
[ <, (T 55
S a1 ] o 432
LI 0 g To 11 o O S 178, 433
Distribution Window Command............ccoeeeereieeeieieieeeeeee e svee e 257
Distributions
[ <1 (T 178
E
EXample MOEIS......ccooieececeeesee e 91-125, 491
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