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[ [[a (s B About Analytica

This section introduces Analytica and its uses, explains what is included
in this tutorial, and tells you how to use this manual.




Introduction

Welcome to Analytica

You are about to discover a powerful tool for real-world modeling and analysis. Analytica embod-
ies the idea of using a white board for problem solving. Using a visual, point-and-click approach,
you draw nodes and arrows to depict the relationships between model components. This
approach allows you to describe the essential qualitative nature of the problem without getting
lost in the details. As the model develops and your understanding of the problem becomes clear,
you can define the exact quantitative details of the model.

A key feature of Analytica is its ability to create hierarchies of models. By grouping related compo-
nents of a problem into separate submodels, you can impose a multi-level organization to your
model. This helps you to manage complex relationships and allows other users to more easily
grasp important concepts.

M Diagram - Rent vs. Buy Analysis '._ IrE|r'$__(|
Buying price Appr:a;stmn Buy or rent

Cuosts of buying
and renting

Rate of inﬂatiu Cost to Buy

Cost to Rent

Difference
between buying
and renting

Importance
-
X1 | » [

Another key feature of Analytica is the use of Intelligent Arrays™. These enable you to add or
remove dimensions such as time periods, geographic regions, alternative decisions, etc., with
minimal changes to the model structure. Unlike spreadsheets, which require you to repeat formu-
las with each new dimension, Analytica separates the dimensions from the relationships so that
models remain simple. As the dimensions change, Analytica automatically updates, reports, and
graphs the results.

Each node, or object, in an Analytica model has a window that displays the node’s inputs and out-
puts, and allows you to enter definitions, descriptions, units of measure, and other documentary
information. This self-documenting capability, combined with hierarchical models and Intelligent
Arrays, makes it easier to understand and communicate how models work.

Analytica features fully integrated risk and sensitivity analysis for analyzing models with uncertain
inputs; powerful facilities for time-dependent, dynamic simulations; powerful graphing capabilities;
and over 200 financial, statistical, and scientific functions for calculating just about any type of
mathematical expression.

Analytica Tutorial



Introduction Tutorial overview

Who can use Analytica

Analytica is for the modeler and problem solver — from the financial analyst modeling business
opportunities to the engineer designing new products to the scientist investigating the behavior of
physical phenomena.

It is particularly suited to users in the fields where you have to reason with uncertainties, or arrays
of data, or both, i.e., management consulting, health and environmental sciences, aerospace, oil
and gas, construction, manufacturing, financial services, and investing.

Tutorial overview

This tutorial is a hands-on introduction to using Analytica. Step-by-step instructions show you how
to explore and analyze an existing Analytica model and how to create a new Analytica model.
Because later tutorial sections build on the material in earlier chapters, you should work through
the chapters in order.

We recommend that everyone new to Analytica complete Chapters 1 through 5, which takes two
to three hours. If you want to work more quickly, skip the text and only follow the instructions in
the boxed steps. Then, if you are unsure about any terms or concepts, look them up in the Glos-
sary or review the text. And before you start your own modeling, you should review Chapter 9,
which describes the sample models included with Analytica. This way, you can benefit from
examples similar to what you might be modeling.

This tutorial is designed to introduce you to some of Analytica’s basic features. When you are
familiar with the basics, refer to the Analytica User Guide for more detailed information on Analyt-
ica’s features.

¢ Chapter 1: Using the Rent vs. Buy Model

This chapter shows how to open and run an Analytica model. Using a simple interface to an
example model that analyzes the total costs of buying or renting a house, you will calculate
results and change input values to see the effects on the results. You will display uncertain
results in a variety of ways.

* Chapter 2: Exploring the Rent vs. Buy Model

This chapter shows you how to browse a model’s structure and assumptions by examining its
influence diagrams, variables, and definitions.

¢ Chapter 3: Analyzing the Rent vs. Buy Analysis Model

This chapter shows you how to perform importance analysis and sensitivity analysis to see
which uncertain variables most heavily influence the outcome.

* Chapter 4: Creating Models
This chapter shows you how to create a new Analytica model. In the process of building a
model that analyzes the costs of owning and operating an automobile, you will create

variables, define relationships between variables, add documentary text, and compute
results. In addition, you will create modules and add dependencies between modules.

¢ Chapter 5: Working with Arrays (Tables)

This chapter shows you how to add index variables and edit tables (these will be defined
later) to a model, and demonstrates how tables work in Analytica, including an introduction to
table functions.

¢ Chapter 6: Creating the Party Problem Model

This chapter walks you through a familiar problem: where to have your next party. This model
introduces probability tables and conditional deterministic tables. You should complete this
chapter if your models will use discrete or conditional uncertainties.

¢ Chapter 7: Creating the Foxes and Hares Model

In this chapter you create a dynamic model of population sizes that depend on each other
and that change with time. You should complete this chapter if your models will use dynamic
simulation or variables that change over time.

¢ Chapter 8: Sharing Models with Others
In this chapter, you'll learn how to make the models you create available for use by others,

Analytica Tutorial 3
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Installing Analytica

either via Analytica Player or on the web.

¢ Chapter 9: On Your Own

This chapter briefly describes all the example models provided with Analytica. You should
investigate these as you begin to build your own models.

Installing Analytica

Before you start this tutorial, follow these steps to install the Analytica application and associated
model files on your computer.

1.
2.
3.

Go to the Lumina web site: www.lumina.com.
Click the Downloads option under the Support heading.

Read the instructions on the web page that comes up.
Click the AnaSetup.exe link next to the Analytica (32-bit) heading.

A file download dialog box appears. Click Run to download the installation program and start
running it to install Analytica. Or you can click Save to download the installation program to
run later.

If you clicked Run, the Windows Installer should automatically start up and begin installing
Analytica.

Follow the instructions:

a. Confirm that you accept the terms of the End-User License Agreement (EULA).

b. Express vs. Custom install: This option appears when upgrading, when the installer
already has all information it needs to proceed. Select Express to complete the installa-
tion. Select Custom to review or change license information, install location, or other
installation options.

c. Option to automatically uninstall earlier releases of Analytica for you when upgrading.
d. License information. Options:

» Previously activated individual license: Applicable if you are re-installing and already
have a valid Analytica license file located in the previous install directory.

* New individual license: (most common selection) Select when you have an activation
key, either from an Analytica purchase or from 30-day free Trial evaluation. If you are a
system administrator installing Analytica for a user account other than the one you are
running the installer from, you should select this option but leave the activation key field
blank -- the activation key must be entered from the account that Analytica will be used
from. When the activation key is left blank, you will have another opportunity to enter it
when Analytica is first launched.

+ Centrally managed license (RLM License Server): Used when your organization
provides floating licenses or named-user licenses, hosted from an RLM License Server.
With this type of license, your organization’s system administrators manage the
licenses, and you don’t need an activation key.

* Free Player: The free player license is always available, allows you to view, change
inputs, and evaluate existing models, but not to change or save the model itself.

e. End-User Identification. All fields here are optional. Your name and email is used to con-
figure an account for you on the Analytica Wiki, which provides a tremendous asset when
learn and using Analytica, and thus is highly recommended. If you already have an Ana-
lytica Wiki account, you can enter your login and password here so that Analytica can
automatically log you in when a hyperlink within Analytica links to the Wiki, conveniently
avoiding the login page.

f. Install location. The default installation location for Analytica is C: \Program

Files\Lumina\Analytica 4.3. However, if your account is not an administrator
account, you may not have the access permission rights to write to that directory, in which
case you should change the Destination Folder to

C:\Users\ «userName»\AppData\Lumina\Analytica 4.3

If you've installed any edition of Analytica, including Player, Trial, and then later obtain a license
for a different edition, you do not need to re-run the installer. You can enter the new license or
activation key by selecting Update License... on the Analytica Help menu.

Analytica Tutorial
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Conventions used in this tutorial

Conventions used in this tutorial

1. Thisis an
instruction.

2. In a step, this is the
text you will enter.

This is explanatory
text.

The conventions used in this tutorial are as follows:

« Boxed, numbered instructions along the left side of the page give you the steps to take.

Explanatory text often follows a step, accompanied by pictures of the Analytica screens

similar to the ones you see on your computer.

For example:

& C:\Program Filesil umina

File Edit Miew Fawarites  Tools  Help

@Back v \._..)I l.ﬁ pSEarch l{.- Folders v

fddress |23 C:\Program Files\Lumina

L o e
File and Folder Tasks * 1 ,_J ,_j

j Make & new Falder ADE 4.3 Analvtica 4,3

@ Publish this Folder ta
the Web

] Share this Folder

Other Places

» Variable and model titles are displayed in italic type.

+ The following keys on the keyboard are shown in italic type: Enter, Return, Tab, Delete, Shift,

Alt, F1.

+ Special Analytica terms are displayed in bold italic type; they are defined when they are first

introduced.

For your reference, a glossary at the end of the tutorial defines the terms used in this tutorial.

Tips alert you to useful or important information. They look like this:

Tip These alert you to useful or important information.

Assumed background

This tutorial assumes that you already have the basic skills needed to run Windows programs,

including the following:

Term Meaning

click Press and release the mouse button one time.

double-click Quickly press and release the mouse button two times.

drag Press and hold down the mouse button while moving the cursor to a
new location on the screen, then release the mouse button.

press Press and hold down the mouse button.

select Click an interface object, such as a menu command or a cell in a

table; selected objects usually appear highlighted.

You also need to know how to use pull-down and popup menus, scroll bars, and windows.

Analytica Tutorial
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Assumed background

If you are not familiar with these basic operations, look at the reference material that came with
your computer.

This tutorial also assumes that you have basic skills of financial or quantitative modeling — for
example, from previously using a spreadsheet program.

It assumes that you are acquainted with elementary statistics and are comfortable with the con-
cepts of mean, median, and standard deviation. It also assumes that you have some understand-
ing of probability distributions, such as the normal and uniform, and are familiar with the concepts
of probability density function and cumulative distribution function. These terms are reviewed
briefly in the Glossary at the end of the tutorial.

Analytica Tutorial
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Model

This chapter shows you how to:
» Open an existing model
» Calculate results
» Change input values to calculate different results




Chapter n Using the Rent vs. Buy Model Opening the Rent vs. Buy model

In this chapter, you use the Rent vs. Buy model, an Analytica model that compares the cost of
renting a house to the cost of buying one. After working through the chapter, you will know how to
open an existing model, use it to calculate results, and change input values to calculate different
results.

Opening the Rent vs. Buy model

To begin, follow these steps.

1. Launch Analytica:
Click the Start button on the Windows taskbar.
Click All Programs — Analytica 4.3 — Analytica 4.3

Analytica 4.3 Analytica 4.3

E TextPad
& snaglt &
E- moogle Chrome

Application Verifigr k Analytica Wiki

Application Verifier (x64)  # Example Models

] Audiograbber r Libraries
@ GoToMeeking
— fxialis Software k Cptimizer Guide
“al Data Sources 32-bit
CCPromy r Tutorial

5 Adobe Frametaker 5

Cikrix k Tutorial Madels

AL AAD D @B

geaeeeg

Debugging Tools k Iser Guide

all Programs

f’l"‘ E” K.' G E:‘-: (_’.:' TI. = o BW -

2. Atfter Analytica starts, select File— Open from the menu.

3.
1. Click the Example Select and open an existing model, or click New to create a new model
Analytica Models _ .
icon. Lok jr |ﬁ E zample Models j = £ Ef-
| < T I T o B o TR oo B o
2 aIEt:'icggﬂz dels Business Daka Analysis Decision Cwnarmic Engineering
Y ~ Examples Analysis Maodels
2. ,?Aelsc’; tt;eldTutoria/ by Recent __J _‘J _J __,J _‘J
odels folder. Documents Funckion Optimizer  Risk &nalysis Tukarial Iser Guide
[: Examples Examples Models Examples
Deskton

4. Open the Rent vs. Buy model.
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Chapter n Using the Rent vs. Buy Model Becoming familiar with the Diagram window

Select and open an existing model, or, click New to create a new model i

1. Double-click the Look jn: |E} Tutorial bModelz j = i Bl EEE

icon for the Rent vs.

Buy model to start a‘ a‘ a' a‘ a‘ a'

Analytica. P ¥ X ¥ X 5
b il b ol LS L= b -l
Example Car cosk.ana Foxes and Foxes and Hares Rent ws Buy

Analytica Modelz

D

hares a... hares sub-,..  sub-maodul...  Analysis.ana

ty Fecent
Documents Rent vs BUy
;-—L-: Model,ana
Desktop

Analytica reads in the Rent vs. Buy model.

Becoming familiar with the Diagram window

When you open a model, Analytica first displays a top-level Diagram window. The Rent vs. Buy
model diagram shows several input variables that affect the trade-offs between renting and buy-
ing, Normal buttons, a Calc button, and a node labeled Model.

WM Diagram - Rent vs. Buy : E|rg|
Time harizon {years}- Buying price {5) 140K |
Discount rate {%.‘year}ljl Percentdown payment (%) 20
Normal buttons | Rate of inflation {%.frear} Mortgage interest rate  (Shlyear) g5 |

Manthly rent (%) 1200 Appreciation rate (%alyear)

Costs of buying and renting {5}@ L
EX3 | 3 |L
This top-level diagram is an end-user interface to the model itself, which is contained in the Model

node. In this chapter, you use only the interface in this top level diagram; in the following chapters
you will explore the model in more depth.

Calc button

Across the top of the screen is a horizontal palette of buttons. This is called the tools palette.

The browse tool S e—
== 2] [w x|~

When you first open the Rent vs. Buy model, the browse tool is highlighted on the palette. With
the browse tool selected, the cursor looks like a hand <" when it is over the diagram. The browse

Analytica Tutorial 9



Chapter n Using the Rent vs. Buy Model

Accessing Help Resources

tool allows you to calculate the model, change input values, and examine — but not change —
the structure of the model. In this chapter, you only use the browse tool.

Accessing Help Resources

At any time, you can press the F1 key on the keyboard or use the Help pull-down menu to access
Analytica’s help resources. These include User Guide and Tutorial documents as well as
Analytica’s online Wiki pages.

Computing output values

In the Rent vs. Buy model, the output value of interest is at the bottom, Costs of buying and rent-

ing.
WM Diagram - Rent vs. Buy ; E|rg|
Time harizon {years) 10 Buying price {5) 140K |
Discount rate (%hlyear) 6 Percent down payrment (%) 20
1. Click the Calc

button to compute Rate of inflation (%iyear)| MNormal | Mortgage interest rate  (%/year) 2.4
the comparison of

the cost of buying to Monthly rent (%) 1200 Appreciation rate (Shhyear)

the cost of renting.

Costs of buying and renting {$} L~
| -
'3 4 | | 4 |—

The output value displays in a Result window. This Result window shows a graph of two proba-
bility density curves, one for buying and one for renting. In a probability density graph, the units
of the vertical scale are chosen so that the total area under each curve is 1 (100%). 25u corre-
sponds to 25 x 107% or 0.000025.

Tip Numerical suffixes like p and K are used extensively throughout Analytica. A quick reference for
these suffixes is given on the back page of this tutorial.
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Chapter n Using the Rent vs. Buy Model Computing output values

@ Result - Costs of buying and renting Z E|[5__(|

Probability Density of Costs of buying and renting (§)
e Boyorren v |
ball
500
450 [
o
E 40u -
N 35U
[ = I
g 750 o
o5 Z0u
E 15U
2 o I L e
= fu ' l
0 ol 1 |
178K -1A0K -128K -100K -T8K -80K 28K 0 28K A0K 74K 100K
Costs of buying and renting (%)
Buy or rent
— Buy  — Rent

Since the graph is of probability densities, both buying and renting have probabilistic, or uncer-
tain, inputs. The probability density graph for each appear to be bell-shaped curves (normal dis-
tribution), although they appear a bit “noisy.”

This probability density graph appears jagged because Analytica is using a sample size of 100. A
larger sample size would produce a smoother curve, but the curve would take longer to compute.
You can also make this graph appear smoother by increasing the number of samples per plot
point. See “Uncertainty View Options” in the Analytica User Guide for more information.
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Chapter n Using the Rent vs. Buy Model Computing output values

The graphs show that the cost of renting, given the model’s inputs, are between about $105,000
and $155,000 (the negative numbers mean cost — cash flowing out), while the cost of buying is
between $115,000 and a gain of $75,000.

W Diagram - Rent vs. Buy

Time horizon @ Result - Costs of buying and renting

2. Click the Diagram punt rate i : - :
window to bring it Probability Density of Costs of buying and renting (%)

e
to the front. of inflatio Inﬁ Key:

Monthly rent

a0u
450
40y
350
30u
250 o
20u
140

100 b =

|
all

o " 5 1l f
7K -150K 125K -100K -78K -50K -28K 0 28K 50K 75K 100K

Costs of buying and renting ($)

J

Probability Density

Buy or rent
— Buy  =— Rent

Note: Your results can vary slightly, since the model is generating random inputs based on a
normal distribution for the uncertainty of the rate of inflation and for the appreciation rate.

Click the model Diagram window to bring it to the front. Notice that the button next to Costs of
buying and renting has changed to Result. The Result button indicates that the value has been
computed; clicking the Result button re-displays the computed values.
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Chapter n Using the Rent vs. Buy Model Changing input values and recomputing

M Diagram - Rent vs. Buy

The Calc button has
changed to Result

Changing input values and recomputing

Now you will change some input values to the model and recompute the rent vs. buy comparison.
You will change the values of Time horizon, Monthly rent, and Buying price.

M Diagram - Rent vs. Buy

1. Click the box next
to Time horizon.
Change the value
to 7 and press
Alt+Enter.

The main Enter key and the numeric keypad Enter key are not interchangeable. They have
different functions in Analytica. Alt+Enter is equivalent to the numeric keypad Enter key.
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Chapter n Using the Rent vs. Buy Model Changing input values and recomputing

As soon as you change an input, the Result button changes to a Calc button, indicating that
Costs of buying and renting needs to be recomputed.

M Diagram - Rent vs. Buy

2. Click the box next
to Monthly rent.
Change the value
to 1400 and press
Alt+Enter.

M Diagram - Rent vs. Buy

3. Click the box next
to Buying price.
Change the value
to 180K (or
180000) and press
Alt+Enter.

14 Analytica Tutorial



Chapter n Using the Rent vs. Buy Model Changing input values and recomputing

Now you are ready to recompute to see the new results.

M Diagram - Rent vs. Buy

4. Click the Calc
button to compute
the comparison of
the cost of buying
to the cost of
renting.

The graphs show that the cost of renting, given these changed inputs, is between $90,000 and
$120,000, while the cost of buying is between $135,000 and a gain of $70,000.

W Diagram - Rent vs. Buy

® Result - Costs of buying and renting
Probability Density of Costs of buying and renting ($)

Key:| Buyorrent v

5. Click the Diagram
window to bring it
to the front.

-
=
=
| HE.

Probkabkility Density

10U g il

-

-I
|:|—_
-TEOK -140K -120K -100K -B0K. -B0K -40K -20K 0 20K 40K GOK

Costs of buying and renting ($)

Buy or rent
— Buy = Rent
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Chapter n Using the Rent vs. Buy Model

Examining and changing uncertain input

Examining and changing uncertain input

When an input is defined as a probability distribution, a button with the name of the distribution
appears next to the input’s name. Clicking this button opens the Object Finder window, in which
you can see details and change the distribution’s parameters or type of distribution.

Rate of inflation’s button says Normal, indicating that it is defined as a normal distribution.

1. Click the Normal
button next to
Rate of inflation.

W Diagram - Rent vs. Buy ._ E|[$__(|
Time harizon (years) Buying price (&) 120K
Discount rate (%alfvear) [i] Percent down payment (%) 20
Rate of inflation (%iyear)| Mormal | Morigage interest rate  (%4/year) 95| |

|
Monthly rent ($) 1400 Appreciation rate {%ryear}
Costs of buying and renting {$} L
EEl | 2w

2. Scroll down the list
of distributions and
select Uniform.

The Object Finder window appears. It shows that Rate of inflation is defined as a normal distribu-
tion with a mean of 3.5 and a standard deviation of 1.3.

You will now modify the probability distribution that defines Rate of inflation. Rather than using the
normal distribution, you will use the uniform distribution, and assume that inflation has an equal
probability of being anywhere between 3% and 4% per year.

W Object Finder

Scroll bar

Library:[ Distribution w| Find. |
== Random { dist, method, Dveﬂ
EE  Shuffle (A1)
e Studentt { dof, over )
=t Triangular { min, mode, max,
= Truncate { Dist, Min, Max } J

Uniform [ min, max, integer gy | min max
LPrrr L L | fobane meale o
min max integer over

uniform |ER | 13 | |

16

value between min and max has an equal chance of occurring.
Uniform{min,max,integer:true) returnz a dizcrete distribution in which every
inteqer between min and max inclusive has an egual chance of o ing

Uniform{min,max) returns a continuous probability diztribution =uch that every i‘

Analytica Tutorial



Chapter n Using the Rent vs. Buy Model Examining and changing uncertain input

M Object Finder

3. Change the
minimum to 3 Lihrary:| Distribution - I Find... |
and the maximum |~ |
to 4. =5 Random [ dist, method, Dveﬂ
B Shuffle (A1)
= Studentt { dof, over )
= Triangular { min, mode, max, ¢
= Truncate { Digt, Min, Max ) _
: @5 Uniform min max
4. Click OK to accept prr— ———d
the change. min | max | integer over
Uniform | 3 | 4 | |
Uniformimin,max} returns a continuous probakility distribution =uch that every -
value between min and max has an egual chance of occurring.
Uniformimin, max, integer:true) returnzs a dizcrete distribution in which every
intener between min and max incluzive has an egual chance of o ing
5. Click the Calc ':_l:] [}iagram - Bent vs. B-I..IV
button to
compute the new Time horizon ﬁears}- Buying price (5) 1g0Kk| |
comparison of
the cost of buying Discount rate {Mear}ljl Percent down payment (%) 20
to t?e cost of Rate of inflation {Mear}@ Mortgage interestrate  (Saiyear) 95 |
renting.

Maonthly rent (%) 1400 Appreciation rate (Salyear)

Costs of buying and renting () Calc | L,
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Chapter n Using the Rent vs. Buy Model Displaying alternative uncertain views

M Result - Costs of buying and renting

Probability Density of Costs of buying and renting (§)

He].r:| BuyrurrentVI

250u
2240
200u
175U
150u
125U
1000
7au
a0u
250
|:| —_—=I|. 1 —"

-140k -120K0 100K -B0k. -BOK -40Kk -20K 1] 20K 40k

Probability Density

Costs of buying and renting (%)

Buy or rent
— Buy — Rent

The graphs show that the uncertainty in the cost of renting has narrowed to between about
$105,000 and $109,000, while the uncertainty in the cost of buying has flattened to between
about $135,000 and a gain of $37,000.

Displaying alternative uncertain views

18

Uncertainty View
popup menu

Analytica offers a variety of views to display uncertain values, including selected statistics, prob-
ability bands, the probability density function, the cumulative probability distribution func-
tion, measures of central tendency, and the table of random numbers from which the uncertain
distribution is estimated.

You will now examine several of these views.

In the upper-left corner of the Result window is the Uncertainty View popup menu.

T Result - Costs of buying and renting : E'E'
L Prohability Density of Costs of buying and renting ($)

nﬁ Hey:| Buy or rent w |

Lafl
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Chapter n Using the Rent vs. Buy Model

1. Press on the
Uncertainty View
popup menu and
select Cumulative

Probability [L==].

Displaying alternative uncertain views

The miniature probability distribution indicates that Probability Density is selected.

rid  bdid W alue
H MeanValue
Kt Statigtics
[z Probability Bands
v |~ Probability Density
L~ Curnulative Probability

- BX

= Sample

The Result window now shows two cumulative probability curves. Along the vertical axis, these
curves give the probability that each cost is less than a given value along the horizontal axis.

T Result - Costs of buying and renting Z E|b__(|
Cumulative Probability of Costs of buying and renting (%)

Hey:| Buyurrentvl

Lafl
1 —
£ 09 ]
T 08 4
8 o7 /
E 0.5
05
> 0.4 e
= : ra
B 03 =
2 02 e
501 4
[ & ] : [~
0
140K -120K 100K -B0K -BOK -40K  -20K 0 0K 40K
Costs of buying and renting ($)
Buy or rent
— Buy — Rent

There appears to be about a 50% probability that the cost to buy is below $70,000, while the cost
to rent has a 50% probability of being below about $110,000.

Sometimes you might want to see an uncertain value expressed as a single number — a mea-
sure of central tendency. Analytica computes the mid value (sometimes called the deterministic
value) by fixing all input probability distributions at their median (50% probability) values. The mid
value is the only uncertainty view available for nonprobabilistic results.
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Chapter n Using the Rent vs. Buy Model

2. Select Mid Value
from the
Uncertainty View
popup menu.

3. Click the table view
button ﬁ‘ to select
the table view.

4. Select Mean Value

from the
Uncertainty View
popup menu.

Displaying alternative uncertain views

B Meanalus !

HE Statistics
[#£ Probability Bands
L~ Probability Density

) . pf Costs of buying and renting ()
v |7 Cumulative Probability :

[ Sample

The Result window now displays bar graphs for the two mid values.

Under the Uncertainty View popup menu are two buttons, and . The is high-

lighted, indicating that the Result window is displaying a graph view. The Result window can also
display numeric values in a spreadsheet-like table view.

M Result - Costs of buying and renting

Mid Value of Costs of buying and renting ($)
@ | Bu}r oI rent v I I_ Tatalz

| 1%
Buy BT 2K i
Rent -107K

Analytica also provides the mean (or average) value.

M Result - Costs of buying and renting
juying and renting ($) XY

v mid Mid Value

20

B Mean Value tals

Kt Statistics

[z Probability Bands

L. Probability Density
L~ Cumulative Probability
[ Sample

| (4

M Result - Costs of buying and renting

Mean Yalue of Costs of buying and renting (%)
HE | Buy or rent w I I_ Totals

Ll ~ | i
Buy 64 92K o
Rent 07K

%
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Chapter n Using the Rent vs. Buy Model Displaying alternative uncertain views

You can also view a set of statistics, including both the median and mean, the ranges (minimum
and maximum), and the standard deviation.

rid  Mid Value and renting
5. Select Statistics i i Wy
from the v K Mean Value buying and renting (5)
Uncertainty View fals
popup menu. [# Probability Bands

L~ Probability Density
L~ Cumulative Probability

L Sample

| (4

The Result window now displays the minimum, median’, mean, maximum, and standard devia-
tion for Costs of buying and renting.

0 Result - Costs of buying and renting

Statistics of Costs of buying and renting (%)
6. .Select Buy orrent =] | Statistice W | [ Totals
g]omreoﬁlvm HI &~ I Buy or rent v |[> [ Totals
By Rent
Min 284K 109K, i
Median -69 92K 107K,
Mean -64 92K 107K,
Max 24K -105kK,
Std. Dev. 29.7EK 1171
| (2

The statistics might not be exact, because they are estimated from a sample of values from the
distribution.

1. Note that the median value is slightly different from the mid value. The mid value is composed of non-
probabilistic results generated by using the mean value for each input. The median value is calculated
using probabilistic inputs and taking the median of the resulting distribution.
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Chapter n Using the Rent vs. Buy Model Using the Rent vs. Buy model: summary

Finally, you see the sample values.

M Result - Costs of buying and renting

7. Select Sample

| from the E Sample of Costs of buying and renting ()
Uncertainty View -2 | Iteration (Run) vl [ Totalz
opup menu.
Popup Lall ‘U/} Buy or rent ‘FI[) | Totals
8. Click this pull-
Buy Rent -

down menu to
select “Buy or
rent” for the
columns.

-84 53K -103.3K
-95.03K -106 2K
ST A 2K 107 1K
-S0.47H 106K
-84 “TO7 .3k
-72.28K -107 2K
-50.57H -106 6k

9. Use the scroll bar
to examine more
sample valuesin |

um-ﬂ\mauma

the table. 032K 108K
B35EK -1057K

10| 5402k 08K _
Aad 2 24l 4 Ms e

I [/

The table above lists the 100 sample values that Analytica randomly generated from the probabil-
ity distribution to estimate the statistics.

A sample size of 100 is adequate for most applications; however, if you need more precise esti-
mates, you can increase the sample size. See “Uncertainty Setup dialog box” in Chapter 13 of the
Analytica User Guide.

10.Click the Result
window’s close
button to return to

th.eclj)iagram |- Sample of Costs of buying and renting (%) XY
window.
[.2] | Iteration (Run) » | [ Totals
Lall ~ | Buyorrent w|[» | Totals

M Result - Costs of buying and renting

Using the Rent vs. Buy model: summary

You have now used the Rent vs. Buy model to calculate the results of a model, change input val-
ues and probability distributions, and display the uncertain results in a variety of ways. These are
the basic techniques for using any quantitative model.

After you create your own models, you might want to give them a top-level input and output dia-
gram like the one used in this chapter. For information about customizing a model for end users,
see the Analytica User Guide, Chapter 9.

In the next chapter, you will navigate the details of the Rent vs. Buy model, exploring its structure
and contents.

Saving your model

If you want to save changes to your model, you can do so at this point. (For instructions on quit-
ting without saving, see the next section.)
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Chapter n Using the Rent vs. Buy Model Saving your model

=8 Edit Ohject Definition Result Diagram

Mew Model Cirl+h

Dpen Model... Ctrl+0

1. Select Save from Cloze Cirl+w
the File menu. Close Model

You can also type [ TEEAIC

the keyboard Save As...
shortcut, Save A Copy In...
Control+S.

Export...

Print Setup...

Print Preview

Print... Cirl+P
Print Report...

Rent vs Buy Model.ana

Mol AMA

Rent vs Buy Model2.ana

Rent vs Buy Model.ana Copy. AMA
My Expenses at work., AMA

EW 5723[1].ANA

Exit Ctrl+Q

If you wish to save your model as a different file, so that you do not change the original model,
select Save As from the File menu.
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Chapter n Using the Rent vs. Buy Model Quitting Analytica

Quitting Analytica

When you have finished using a model, you might want to quit Analytica.

Edit Object Definition Result Diagram

Mew Model Cirl -+
Open Model. .. Ctrl+0
1. Select Exit from
the File menu.
Close Ctrl+w
Close Model
Save As...

Save A Copy In...

Print Setup...

Print Preview

Print... Cirl+P
Print Report...

Rent vs Buy Model.ana

Mol AMA

Rent vs Buy ModelZ.ana

Rent vs Buy Model.ana Copy. AMNA
My Expenses at work, AMA

EW 5723[1]. ANA

Exit cirl+Q

24 Analytica Tutorial



o F-1e] (Y@l Exploring the Rent vs. Buy
Model

This chapter shows you how to explore a model by examining its:
* Influence diagrams
» Variables
» Attributes
» Definitions
* Results




Chapter E Exploring the Rent vs. Buy Model

Recognizing influence diagrams

This chapter assumes you have started Analytica and have opened the Rent vs. Buy model. If
this is not the case, see “Opening the Rent vs. Buy model” on page 8. If you are using the model
as modified from Chapter 1, change the value of Time horizon back to 10, the value of Monthly
rent back to 1200, and the value of Buying price back to 140K. Also change the Rate of inflation
back to a normal distribution with a mean of 3.5 and a standard deviation of 1.3.

In this chapter, you will examine the structure and contents of the Rent vs. Buy model.

The Rent vs. Buy model uses financial flow conventions: funds flowing in (received) have positive
values; funds flowing out (expended) have negative values.

Recognizing influence diagrams

T Diagram - Rent vs. Buy ._ E'E'
Tirnge harizon (years) 10 Buying price {5) 140K| |
Discount rate (%afyear) 5] Fercent down payment (%) 20
Rate of inflation {%ryearﬂ Normal | Mortgage interestrate  (%%fyear) g5 |

Maonthly rent {5) 1200 Appreciation rate {%rj.rear]l

it.

1. Double-click the
Model node to open

In this chapter, you will delve into some of the details of the Rent vs. Buy model. You will not use
the top diagram that you used in Chapter 1.

26

H Maodel l

Costs of buying and renting {55]! L,

T

The details of an Analytica model display in an influence diagram window. An influence diagram
(shown on the next page) is a graphical representation of a model, showing how different vari-
ables in the model interact with each other. A typical influence diagram consists of a number of
nodes connected by arrows.
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Chapter n Exploring the Rent vs. Buy Model Recognizing influence diagrams

Tools palette

Influence
diagram
window

Nodes represent variables and appear as boxes, ovals, hexagons, and other shapes. Different
node shapes represent different types of variables. Analytica uses the term variable broadly to
include anything that has a value or can be evaluated. Note that many of the variables have the
same names as the inputs and output at the top diagram that you used in Chapter 1. The top dia-
gram provides an easy way to see and change these nodes’ values.

Arrows connecting different variables indicate a relation between the variables. The arrow con-
necting Rate of inflation to Appreciation rate indicates that the value of the Appreciation rate vari-
able depends on the value of the Rate of inflation variable. In the Rent vs. Buy model influence
diagram, Cost to Buy depends on the Buying price, Rate of inflation, Appreciation rate, Discount
rate, and Time horizon variables.
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Chapter E Exploring the Rent vs. Buy Model

Recognizing influence diagrams

The following figure illustrates different types of nodes.

A general variable is represented by a rounded rectangle. It can represent any
type of variable and is useful when you don’t know what the type is. Typically, a
general variable is used to represent a deterministic quantity or functional rela-

tionship.

A decision variable is M Diagram - Model
represented by a rectan-
gular node. A decision
variable is directly unde!
the control of the decision
maker.

A chance variable is rep-
resented by an oval node.
A chance variable cannot
be controlled directly by
the decision maker. It has
an uncertain value repre-
sented by a probability
distribution.

A module is represented by a thick-
lined rounded rectangle. A module
contains its own influence diagram,
allowing nesting of multiple modules
within a model.

28 Analytica Tutorial

An objective vaéble is represented by a
hexagon. This variable is the model’s “goal”
and evaluates the overall value or desirability
of possible outcomes. In this model, the goal
is to evaluate the cost difference between
renting and buying. A decision model usually

contains a single objective variable.



Chapter n Exploring the Rent vs. Buy Model Opening Object windows

Opening Object windows

Every object in Analytica has an associated Object window containing detailed information about
it. You can display the Object window of any variable by double-clicking its node in the influence
diagram.

M Diagram - Model

1. Double-click the
Buying price node
to open the
Buying price
Object window.

Information about a variable is provided in a list of attributes. Attributes include the variable’s
class (for example, decision, chance, or constant), identifier, units, title, description, definition,
inputs, and outputs. See the illustration on the next page.
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Chapter E Exploring the Rent vs. Buy Model

This variable’s class is
decision variable.

The Title describes
briefly what the variable
represents. The title is
also shown in the node
on the influence dia-
gram.

The Description pro-
vides more complete

documentation (unlimited
length) about this vari-
able.

[ Decision
Title:

Description:

— Definition:

Outputs:

M Object - Buying price

Price

This variable’s identifier is Price. The
identifier is used to refer to this variable in
definitions of other variables. It can con-
tain up to 20 characters and cannot con-
tain spaces.

Buying price

Buwing price of house.

e
140K

0000000

Downpaymt
Inzurance
Maintenance
Mortgage
Moving_costz
Property_tax
Sell_price

Moving between Object windows

The Units attribute indicates the
units of measurement for the vari-
able. The Buying Price variable is
measured in dollars.

Units: =

Down payment
Ingurance
Maintenance

Mortgage loan amount ——

Moving costz
Property taxez
Seling price

> [

The Definition specifies the variable
value, or how to compute the value,
sometimes using other variables as
inputs. The definition might also be a
probability distribution or any other math-

ematical expression.

Outputs are other variables that
depend on this variable.

For each output, its identifier and
title are shown.

Tip You can enter numbers with a suffix abbreviation, so Buying Price can be defined as either 140K
or 140000. A quick reference for these suffixes is given on the back (last) page of this tutorial.

Moving between Object windows

You have opened the Object window of a variable (Buying price) by double-clicking its node in the
influence diagram.

30

The Object window contains a list of the variable’s inputs and outputs, if there are any.
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Chapter E Exploring the Rent vs. Buy Model

1. Double-click the
output variable
titted Mortgage
loan amount.

Moving between Object windows

You can open the Object window for any input or output variable by double-clicking the one you
wish to view.

M Object - Buying price

[] Decision Frice Units: 5 =
Title: Buying price
Description: Buying price of houze.

E.

Definition: 140K

£

Outputs: () Downpaymt Down payment
{3 Insurance In=urance
{_3 Maintenance KMaintenance
() Mortgage Mortgage loan amount
() Moving_costs Moving costz
() Property_tax Property taxes
() Sell_price Seling price

a1 > [

Analytica opens the Object window for Mortgage loan amount.

M Object - Mortgage loan amount

() Variable Mortgage Units: S =]

Title: Mortgage loan amount
Description: Total mortgage (loan) amount received.

expr
Definition: Price + DownPaymt

Inputs: () Downpaymt Down payment
1 Price Buying price
Outputs: () End_morigage Mortgage principal remaining
() Interest_pay Interest paymentz
() Payments Mortgage paymentz
() Princ_pay Principal paymentz made on mortgage

+] na

Note in the figure above that the Title of Mortgage loan amount is different from the variable’s
identifier, Mortgage. The title is what the model user normally sees; the identifier is used as a
mathematical symbol in the definitions of other variables that depend on this variable.

The definition of the Mortgage loan amount is an expression, the sum of Buying price and
Down payment (which is a negative amount). The definition refers to these variables by their iden-

tifiers.

Inputs lists the identifiers and titles of the variables in the definition. Buying price, the variable
you just examined, is one of the inputs. The other input of Mortgage loan amount is Down pay-
ment.
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Chapter E Exploring the Rent vs. Buy Model

2.

Double-click the
Down payment
input.

M Object - Mortgage loan amount

() Variable

4

Title:

Description:

Definition:

Inputs:

Outputs:

Mortgage

Meortgage loan amount

Total mortgage (loan) amount received.

g
Price + DownPaymt

Price

End_mortgage
Intere=st_pay
Paymentz
Princ_pay

0000 0.

Using the Attribute panel

Units: = —

Down payment

Buying price

Mertgage principal remaining

Intere=st paymentz

Mortgage payments

Principal paymentz made on mortgage

The Object window now displays the attributes of Down payment.

3.

Click the close
button £ to close
the window and
return to the
diagram.

M Object - Down payment

() Variable
Title:
Description:
Definitiomn:
Inputs:
Outputs:
4]

Downpaymt

Down
pavment

Down payment amount at time of purchase.

e

(-Percent_down_payment/1 00)*Price

Price

Cost to_buy

000 0o

Mortgage

Percent_down_paym...

Foregone_interest

Units: = —

Percent down payment
Buying price

Prezent value of cost to buy
Foregone interest on down pavment
Mortgage loan amount

> [

Using the Attribute panel

As an alternative to viewing a variable’s attributes in a separate window, you can inspect them in
the Attribute panel, which is an auxiliary window pane that you can open below the influence

32

diagram.

The Attribute panel allows you to rapidly examine one attribute at a time of any variable in the
model. You select the variable you wish to view and select the attribute to examine from a popup

menu.

The variable Buying price should be highlighted with a title in white, indicating that it is selected; if
it is not, select it by clicking it once.
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Chapter n Exploring the Rent vs. Buy Model Inspecting definitions in the Attribute panel

N Diagram - Model

1. Click the key icon
& to open the
Attribute panel.

By default, Analytica displays the description of the selected node (e.g., Buying price) in the
Attribute panel.

M Diagram - Model

E‘ --lllll... '

. Y

Buying price: ‘| pescription w}

O -
ML I IEEIT s

Buying price of house.

Inspecting definitions in the Attribute panel

The Attribute panel allows you to inspect any attribute of a variable.
In this section, you will see the definition of two variables that you viewed in the top-level diagram

in Chapter 1.
g 4] | e
1. Click Description Buying price: | Description ¥ |
to view the Attribute Buying price of housze. -
popup menu.
.
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Chapter E Exploring the Rent vs. Buy Model Inspecting definitions in the Attribute panel

2. Select Definition
as the new current
attribute to display.

M Diagram - Rent ¥s. Buy Analysis

Class
Buying price IdentiFier \) Buy or rent
Title

LInits
Description

X
Buying price: Dormain
Buying price of house. Help —

Check,

Inputs —
Outpuks
Metacnly
Walue
BMyP_Akkrib

initi ¢ | E
3. E:’}e/ig;f;)rllit;c;r}:f Buying price: Definition w |[eor w |
displayed. ltis a 140K =
single number:
140K (140,000). ~

When a variable is defined as an uncertainty distribution, a button appears in the Definition
field.

4.Select the Rate of W Diagram - Model

inflation node. _ )
The definition in = "f“"f'ﬂf'_'f'.'_'_l___..: Cost to Buy

this example is a
normal distribution;
hence, the button is
labeled Normal.

Cost to Rent

(2 4] |
Rate of inflation: [ Definiton | &

Maomal (35 13)

L] IE\*

In Chapter 1 you saw that Rate of inflation is defined as a normal distribution with a mean of 3.5
and a standard deviation of 1.3. These are the input parameters to the normal distribution, and
they display to the right of the Normal button.
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Opening modules

Opening modules

1. Double-click the
Cost to Buy node to
open the module.

Analytica models generally contain modules. Each module contains the details of a part of the
model, also represented as an influence diagram. In the Rent vs. Buy model, Cost to Buy and
Cost to Rent are both modules.

Modules can also contain other modules. In this manner, a large model with hundreds of variables
can be organized into a hierarchy of modules, each small enough to be easily understood.

M Diagram - Model

| cost to Buy: [Description ¥ |
I Thiz module containz the costz of buying and cwning a house over the time period. a

Analytica displays the influence diagram of the Cost to Buy module. This module contains three
additional modules: Out-of-pocket costs to own, Future sales proceeds, and Opportunity cost.
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Chapter E Exploring the Rent vs. Buy Model Opening modules

M Diagram - Cost to Buy

Output
arrowhead

Input
arrowhead

The input arrowhead (without a trailing line) shows that the node to the right of the arrow has
one or more inputs from outside this module.

The output arrowhead shows that the node to the left of the arrow has one or more outputs out-
side this module.

2. Click the Diagram

button FL toreturn — —
to the parent _I oL o= | -= | ]

diagram, Model.

R

] [0 X | =]

M Diagram - Model

3. Double-click the
Cost to Rent node
to open the module.

The Cost to Rent
diagram opens (see
the figure below).
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Opening modules

Analytica limits the number of open windows at each level of the model hierarchy to minimize clut-
ter on your screen. See “Managing Windows” in Chapter 19 of the Analytica User Guide for infor-
mation on how to open more than one module Diagram window at a time.

4. Click the Diagram iR ‘:‘:g‘ e ‘;?w‘ k|
button S% toreturn

to the parent — X
diagram, Model. T Diagram - Cost to Rent |._| |E|[E|

Cash flow of «* ¢ Presentvalue of
Maonthly rent - H = v
rental costs *. . costtorent

-

3 4| | v [
\
Combined arrowhead

The combined arrowhead, shown above, indicates that the node has one or more inputs from out-
side this module, plus the input variable in this module.

You can also navigate the model by tracking a variable’s inputs or outputs.

5. Select the Buying
price node. Buying price

Buy or rent

Appreciation
rate
6. Select Outputs |
from the Attrlbutg Rate of inflation Cost to Buy
popup menu to view

a list of variables
that depend on the

Costs of buying

Buying price P and renting -
variable. X | v [
Buying price: \| Outputs il |
() Downpaymt Down payment
7. Double-click E— E—
Insurance. 2 Waintenance lMaintenance
() Morigags IMortgage loan amount
() Moving_costs Moving costs
() Property_tax Property taxes
() =el_price Seling price —

The Out-of-pocket costs to own module diagram is brought to the front, with the Insurance node
selected.
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8. Click the Diagram

button S to
view the Cost to
buy diagram.

T8 =|CE| R

ﬁ?mflm R’l'"’l

M Diagram - Out-of-pocket costs to own

Inspecting values in the Attribute panel

38

The Attribute panel allows you to view certain attributes, such as a variable’s value, that are not
(initially) displayed in an Object window.
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(] i -
1. Select the Present P Ul - Cost v BUy

Inspecting values in the Attribute panel

cost to buy displays,
in this case, -67.2K.

value of cost to buy
node. T
2. Click the key icon
# to open the Out-of-pocket sent Value
Attribute panel. costs to own _of Costto Buy -
Zlass
Identifier
Tikle:
Iniks
( v Description
| Definition i
—1e 1 Domain ._I A=
3. Press the Attribute Present Value of Cost to Help
popup menu and Total present value of the cazh fin Check ncluding the dowen payiment,
select Value. ual out-of-pocket costs, proce]  Inputs o forgone irterest on the down
ortunity cost). Oukputs (R}
Mt aCnly:
ProbYalue
AP _atkrib
The deterministic (or g 4 | Ak
mid) value of Present value of cost to Value w |
Present value of 572K

If Value was not previously computed, Analytica computes the variable’s value deterministi-
cally, assuming that all of the input probability distributions are fixed at their median values. Mid
value is an abbreviation for this deterministically computed value.

You can use the Attribute panel in this manner to examine the mid value of any variable in the

model.

It is faster to compute a mid (deterministic) value than an uncertain (probabilistic) value, so it is
useful for conducting initial checks of a model before performing any uncertainty analysis.

Analytica Tutorial
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Displaying results

Displaying results

When you are viewing a model’s influence diagram, you can evaluate any variable and display its
value in a Result window.

@ o[ 0
|

B | ==
db‘ v—‘_

1. With Present
value of cost to
buy still selected,
click the Result
button @ to
evaluate it.

M Diagram - Cost to Buy

Out-of-pocket
costs to own

Future sales
proceeds

(o 4 ) | B

Present value of cost to Value e |

-57 2K

A Result window displays the probability density function graph for this variable. Analytica dis-
plays the uncertainty view that was most recently selected from the Uncertainty View popup
menu, or that was saved with the model.

M Result - Present ¥alue of Cost to Buy

2. Click the close
button to close the | —
Result window.

Probability Density

I:I T I I I I T T |I I I 1
-100K -T5k -50K -25 0 25K 50K TEK 100K 125K 150K

Present Value of Cost to Buy
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As an alternative to clicking the Result button !? and then selecting an uncertainty view, you

can use the Result menu to evaluate a variable and select the uncertainty view of the result.

Diggram Window Help

3. With Present value

of cost to buy still Show Result Ctrl+R
selected, select the .
’ Mid Val
Result menu. The = “E::JT
check mark next to Mean Value
Statistics

Probability
Density indicates
that the Probability
Density was last
displayed. Select
Cumulative
Probability.

Probability Bands

v Probability Density

Cumulative Probability
Sample

Graph Setup...
MHumber Format... Ctrl+B

The Result window appears displaying the variable’s cumulative probability distribution.

po|[ ¢ X |+

| . "=| ==

4. Click the Diagram
button SL to
display the Cost to
buy diagram.

0

1 1 1 I 1
-120K 100K -80K. -60K -40K -Z0K O 20K 40K BOK 80K

Present Value of Cost to Buy

Analytica Tutorial 41



Displaying results

Chapter E Exploring the Rent vs. Buy Model

5. Select Moving Al "E = ? gm.l W * | —_ |
|

costs and then
click the Result
button @ to

M Diagram - Cost to Buy

evaluate.
Moving costs: Value il |
2100 a
A single mid value appears in table view.
M Result - Moving costs
Uncertainty View
Popup Menu Mid Value of Moving costs (5)

Analytica Tutorial

42



Chapter E Exploring the Rent vs. Buy Model Exploring the Rent vs. Buy model: summary

The mid value in table view is the only result view available for a nonprobabilistic variable with a
single value.

6. Select M Result - Moving Costs
Probability Mass :
from the v mid Mid"alue ists ()
Uncertainty View \ H o MeanValue
popup menu. bt Statiztics
== Probability Bands

L~ Prabability Mazs

L Cumlative Probability
= Sample |_

Analytica tells you that this is a nonprobabilistic value.

X

7. Click the OK Explanation
button.

W1 J Value is not probabilistic, Mid value will be shown instead.

o]

Exploring the Rent vs. Buy model: summary

You now have browsed the Rent vs. Buy model by examining its influence diagrams, variables,
attributes, definitions, and results. These are the basic techniques for exploring any Analytica
model.

The next chapter shows you how to analyze the Rent vs. Buy model.

You can quit Analytica at this point. See “Quitting Analytica” on page 24.
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Analyzing the Rent vs. Buy
Analysis Model

This chapter shows you how to:
» Perform importance analysis
» Perform parametric analysis
» Set up and compare alternative decisions




Chapter n Analyzing the Rent vs. Buy Analysis Model Examining the difference between renting and buying

In this chapter you will analyze the Rent vs. Buy Analysis model, a modified version of the model
that you used in Chapter 1, “Using the Rent vs. Buy Model” and Chapter 2, “Exploring the Rent
vs. Buy Model.” You will identify its key sources of uncertainty through importance analysis, per-
form parametric analysis, and compare alternative decisions.

For instructions on how to open a model, see “Opening the Rent vs. Buy model” on page 8. In this
case, however, open the Rent vs. Buy Analysis model by double-clicking the file labeled Rent
vs. Buy Analysis.ana.

Examining the difference between renting and buying

The Rent vs. Buy Analysis model is the module called Model that you explored in Chapter 2,
“Exploring the Rent vs. Buy Model,” with the addition of nodes to help you understand the impor-
tance of the uncertain inputs to the uncertainty in the output.

In Chapter 1, “Using the Rent vs. Buy Model,” you saw that evaluating Costs of buying and rent-
ing produces a graph of two uncertain values. To understand whether it would be financially
advantageous to rent or buy, the Rent vs. Buy Analysis model includes the objective node, Differ-

ence between buying and renting.

1. Click the ““’E ‘ :g/? {?mr‘ W k| —»

Difference
between buying

and renting node
to select it. M Diagrasn - Rent vs. Buy Analysis

Appreciation
rate

Rate nfinﬂaliu Cost to Buy

m

Uy or rent

Buying price

2. Click the Result
i? button to
evaluate it.

ts of buying
id renting

Difference
hetween buying
Cost to Rent and renting
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3. Click the Diagram
button SZ, to
return to the Rent
vs. Buy Analysis
Diagram window.

The difference between the two uncertain values is also uncertain. The difference is positive if
buying costs less over the time period, and negative if renting costs less over the time period.

5 2ozl oo [6 8 [

'q_Diagram - Rent vs. Buy Analysis

Buy or rent

Buying price

i

m|

T Result - Difference between buying and renting |: :

[[.2]
Lall

Probability Density of Difference between buying and re...

Fate ofin

16U
14U 1
120
10u 1
2u
Bu S
a1 A

2U . .
1

I:I 1 T 1 T T I 1

-50K 1] 50K 100K 150K 200K 250K 300K

Probability Density

3|

Difference between buying and renting (%)

Importance analysis

In the Rent vs. Buy Analysis model, as in most complex models, several of the input variables are
uncertain.

It is often useful to understand how much each uncertain input contributes to the uncertainty in
the output. Typically, a few key uncertain inputs are responsible for the lion’s share of the uncer-
tainty in the output, while the rest of the inputs have little impact.

Analytica’s importance analysis features can help you understand which uncertain inputs con-
tribute most to the uncertainty in the output. You can then concentrate on getting more precise
estimates or building a more detailed model for the one or two most “important” inputs.
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1.

Select the node
Difference
between buying
and renting
importance.

&= ::/._?JW|W X[

2. Click the Result

button @ to
display the
importance
values.

48

M Diagram - Rent vs. Buy Analysis

Analytica defines importance as the rank order correlation between the output value and each
uncertain input. Each variable’s importance is calculated on a relative scale from 0 to 1. An impor-
tance value of 0 indicates that the uncertain input variable has no effect on the uncertainty in the
output. A value of 1 implies total correlation, where all of the uncertainty in the output is due to the
uncertainty of a single input.
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@ Result - Difference between buying and renting Importance

Mid Value of Difference between buying and renting Importance
Horizontal nxis:| Difference between buying and rentin... ¥ |

Lall

Difference between
buying and renting
Importance

Appreciation  Rate ofinflation  Marginal tax rate  Maintenance Insurance
rate

Difference between buying and renting Inputs

|

Itis clear in the figure above that the input Appreciation Rate is contributing most of the uncer-
tainty in the Difference between buying and renting.

& =

3. Click the Diagram
button S toreturn
to the Rent vs. Buy
Analysis Diagram
window.

Mid Value of Difference between buying and renting Importance
Horizontal A.xis:| Difference between buying and rentin... ¥ |

1
0494
0a+q
0.7 4
064
0.5+
0.4+
0.3+
0.2 4

mA4
For more information about importance analysis and the steps to create an importance variable in
your own model, see “Scatter plots” in the “Sensitivity and Uncertainty Analysis” chapter of the
Analytica User Guide.

Importance

Difference between
buying and renting
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Performing parametric (sensitivity) analysis

Performing parametric (sensitivity) analysis

1. Click the edit
button to enter
edit mode.

Parametric analysis (also called sensitivity analysis) involves varying the value of an input
variable to examine its effect on a selected output. Performing sensitivity analysis often provides
useful insights into how small changes in input variable values affect the desired outcome.

Because the importance analysis in the section “Importance analysis” revealed that Appreciation
rate caused most of the uncertainty in Difference between buying and renting, you will start the
parametric analysis with that input variable. You will change Appreciation rate’s definition from a
probability distribution to a list of alternative values, and analyze the effect on the Difference
between buying and renting output.

Before proceeding, click the edit button | k in the toolbar to switch into edit mode. In edit mode
you can modify the model: adding and removing nodes, and modifying existing nodes. Then click
the key icon ¢ to open the Attribute panel, then select the Appreciation rate node, and then
select Definition from the Attribute popup menu to view its definition.

k+||:|

c}‘i‘@‘:

2. Select the
Appreciation rate
node.

B8((=1[ES

3. Select Definition
from the Attribute
popup menu to

view its definition.

T — . ) ) =B
Buy or rent :
rate .
o

Discount rate

Appreciation rate:

"~ Definition

via v|

MNomal ( Inflation, 3 )

Expression

popup menu

When the Definition attribute is displayed, the Expression popup menu | &

appears. The dis-

tribution icon |.a in the menu indicates that the definition is a probability distribution.
Before proceeding, click the edit tool | k to switch to edit mode.

The Expression popup menu allows you to change the definition of a variable to one of several

50

different types of expressions.
Expression types include:
+ Expression, or mathematical formula
« List
+ List of Labels
+ Table
+ Probability table

* Distribution |
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* Choice @ =

You will now use the Expression popup menu to change the definition of Appreciation rate from a
probability distribution to a list. You will redefine Appreciation rate as a list of alternative values
from -10% to 10%.

4. While pressing on : . : : e Expression :
the Expression : : : : . .
popupmenu,drag| " LT LT T o |
the mouse to List, o 4 | = Table , E
and release the Appreciation rate: Definition il | [E= Probabilty Table
mouse button to ol : v A Distrbution |
select List. MNormal [ Inflation, 3 } =]

i Cther...

5. Click the OK Question E'

button or press
the Enter key to
confirm that you
want to change
the definition from

a distribution to a — K | Cancel |

list.

\..:":) Replace current definition with a List?

Note that the icon on the Expression popup menu changes to indicate that List is
selected.

When a definition is first changed to a list, a cell (indicated by a box around it) appears in the def-
inition. The first cell in the list initially contains the expression that was previously in the definition.
In this case, you see the expression for a normal distribution (Normal (Inflation, 3)).

You will replace the entry with a number and add cells to perform parametric analysis.

6. Select th Ilb e ! | | o
. Select the cell by - ] = p— -
dlicking in &t. Type Appreciation rate; | Definition | = |

the value -10 and — -0 1=

press the Enter
key.

Tip In Analytica, you add cells to a list by pressing the main Enter key, not the numeric keypad Enter
key.

A new cell appears with the value -9. Change its value to -5. After you have entered two values,
as you press Enter to add a new cell, Analytica automatically fills in the new cell with a value
based on the difference between the last two values. You can override the automatic value by typ-
ing the desired value.
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7. Type -5, followed g A | |
by the Enter key.
0 automatically
appears. Press
the Enter key two
more times;
automatically, 5
and 10 appear.

8. Select the Costs W Diagram - Rent vs. Buy Analysis
of buying and
renting node.

File Edit Object Definition Diggram Window Help
9. Select Mid Value = | “—=|z=| @ | ShowBest Col+R
from the Result bl Pl e
Mid Value
menu.
Mean Value
Pivot the graph as follows:
10.Select
Appreciation Mid Value of Costs of b

uying and rentin

rate for the 3
preciation rate (“.-‘uarear}{};

Horizontal Axis..

10.Select Buy or
rent for the Key.
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The resulting graph shows the mid value of buying and renting as a function of Appreciation rate,
which varies from -10% to 10%, as you just entered.

Appreciation rate is informally called an index because it characterizes a dimension of another
variable’s value, in this case, Costs of buying and renting.

The graph shows that at an Appreciation rate of about -5% per year, renting and buying costs the
same. If it is less than -5%, it would be better to rent; if it is greater than -5%, it would be better to
buy.

M Result - Costs of buying and renting = | E”Zl
i Mid Value of Costs of buying and renting (%) X
Horizontal Axis:| Appreciation rate (%/year) v I

10.Click the Table
button [i=] to view
the result as a

Lt ER

table. Keyr:| Buy or rent ‘FI
20k 1
|:| -
2
= - 20K S
E‘E -40K S
E‘ tcﬂ -B0kK S
- E -B0K 1
o
o 2-100K -
W
o -120kK 4
O
=140k
'1 EDK T T T 1 1 1 1 1 1 1
-10 -8 -G -4 -2 1] 2 4 B a 10
Appreciation rate (%/year)
Buy or rent
— Buy — Rent

The table shows the values computed for each parameterized value of Appreciation rate.

11.Click the Diagram m | v—=| —-=
button S% to d"‘-‘*‘ == ‘ ‘ {?mr‘ t'ﬂ"' X >

return to the Rent
vs. Buy Analysis
Diagram window.

=] | Buy or rent - I [ Totals
Lall ~ | Appreciation rate (%lyear) w |[» [T Totals
-10 -h 0 5 10 =
Buy -144 4K =126 2K -57.06K -51.33K 18.81K
Rent -126.8K -126.8K -126.8K -126.8K -126.8K
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Evaluating alternative decisions

Analytica allows you to perform sensitivity analysis on several variables simultaneously.

In this section, you will change Buying price to compare results based on alternative decisions. In
doing so, you will perform parametric analysis on both Buying price and Appreciation rate at the
same time.

0 Diagram - Rent vs. Buy Analysis

1. Select the Buying
price node.

| ul

2. Select List from
the Expression
popup menu.

Analytica asks
you to confirm

that you want to
make this
selection.
Buying prige: | pefinition ¥ | , e Expression
140K ~
\ B Lst J
E= List of Labels
= Table 4
Question
3. Click the OK ==

button to proceed.
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. Click in the cell to
select it. Type 120K
and press the Enter
key.

5. Type 140K and
press the Enter key.

160K is automatically
entered in the next
cell.

. Select the
Difference between
buying and renting
node.

Evaluating alternative decisions

The first cell in this list contains the expression for the previous definition, 140K. You will change
this value, and add additional cells, as you did in Step 6 on page 51 and Step 7 on page 52.

e« | aE
IBuyring price: | Definition il ||E o |
120K
140K

M Diagram - Rent vs. Buy Analysis

. Select Mid Value
from the Result
menu to recompute

Appreciation

Buying price rate

Buy or rent

Rale of inflation

Eost to Buy

Costs nfbuymg
and renhng

Cost to Rent

File Edit Object Definition Diagram Window Help

and display its
value.

‘v—: -= I? | Show Result Cirl+R
_— "
Mid Value
Mean Value

The Result window appears displaying the variable’s mid value. The Difference between buying
and renting variable is three curves, one for each Buying price. Below the graph is a key to iden-
tify each curve.

When you examine the mid value results, you can see that only a $160K home, coupled with an
appreciation rate of -2%/year or less, or a $140K home, coupled with an appreciation rate of -6%/
year or less, results in renting being cheaper than buying. So, what is the best buy, a 120K home
or a 160K home? That depends on what you anticipate the appreciation rate will be. For appreci-
ation rates less than 9% per year, the less expensive home is the better investment. For higher
appreciation rates above 9%, the more expensive home provides a larger return.
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—_——

(=]
| =

-

gl [ 00 X | >

Difference between buying and renting

8. Click the Diagram
button &L to
return to the Rent
vs. Buy Analysis
Diagram window.

M Result -
i

&l

Horizontal Axis:| Appreciation rate (Ylyear) w |

Mid Value of Difference between buying and renting ()

Evaluating alternative decisions

A=/
x|

K-ey:| Buying price (§) "I
[+ ]
=i
o ==
m
-
Q =
fuly
T 2 g
Egt
ogz
Q
_ﬂﬁ
1 1
-0 -8 -6 -4 -2 1] 2 4

Buying price ($)

— 120K — 140k — 160K

Appreciation rate (%/year)

10

Remember that the cost of renting has been held constant. To further investigate the effect of this,

you will examine the Costs of renting and buying node.

M Diagram - Rent vs. Buy Analysis

Buying price
9. Select the Costs

Buy or rent

of buying and
renting node.

Ra.te of inflation

Cost to Buy

Cost to Rent

Costs of buying
and renting
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File Edit Ohject Definition Diagram Window Help
5 Show Result Cirl+R
o

|
Mid value

Mean Value

10.Select Mid Value
from the Result i
menu to
recompute and
display its value.

Navigating arrows

Key:| Buy or rent b |

Costs of buying and

L
.
=
e

-0 -8 -B -4 -2 1] 2 4 6 a 10

Appreciation rate (w/year)

Buy or rent
— Buy — Rent

The result has three dimensions, Buying price, Buy or rent, and Appreciation rate, shown in the
figure above.

Because only two dimensions can be shown in the graph, Analytica chooses one value of the
third dimension to display, in this case, Buying price equals $120K.

Use the navigating arrows to display different values of the Buying price index.

11'2'!25\/“; ;joown M Result - Costs of buying and renting
display a scrolling Mid Value of Costs of buying and renting (5) xY
list of alternative Buying price (§)%F | 160K An gyl
values for the _ 7 —— —
variable. Horizontal Ax|5:| Appreciation rate (Ylyear) ¥ |
Key:l Buy or rent v I
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12.Click 160K to
select it.

13.Click the Table
button [iZ] to see
the table view.

Row index popup menu

Evaluating alternative decisions

W Result - Costs of buvine and rentine
Mid Value of CofUENGIT V3

—
Il Buying p

Lall Horizontal Axis- iy
“Totals"
Al

X]

5S¢

Key:

40k
- 20K

-

The graph changes to show the mid value of Costs of buying and renting given that the Buying
price equals $160K.

M Result - Costs of buying and renting

N

Column index popup menu

58

Lall Horizontal Axis:| Appreciation rate l'}u‘year}vl
I{ey:| Buy or rent VI
40
.g EIZIE:—
c J
o= 20K
¥ 40K
5D 50K -
K+ B
o5 80K+
© a-100K
8= 120K -
un
o -140K A
©  1B0KA
'18[”{ T T T T T 1 1 1 1 1
-10 -8 - -4 -2 1] 2 4 4] a 10
Appreciation rate (%/year)
Buy or rent
— Buy  — Rent
He D and re i |
midw|  piid Value of Costs of buying and renting (%) XY
IE3)| Buying price ($)7F |
-} Buy or rent
| Appreciation rate (%lyear) w [[» [ Totals
-10 -5 1] 5 10 -
Buy -165K  -1443K  -110.9K -5867K 215K
Rent -1266K  -1266K  -1266K -126.6K -126.6K
| |/
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14 .Select Buying Price
($) from the Row
index popup menu.

Buy or Rent
becomes the third
dimension with one
value (Buy)
displayed.

i

Evaluating alternative decisions

riider Bficl Waliun of Conto of hoorino grd rentingl!.} XY
12 Apprediation rate (%/year) Ba
ppreciation ra tfyear :
[~ Totals
l"l v Buy or rent
[ I Totals
10 5 [ 5 10 =
Buy -165K =144 3K -110.9K -538.67TK 21.5K
Rent -126.6K -126.6K =126 6K =126 6K =126 6K
e ¥ and re
midw | pid Value of Costs of buying and renting ($) XY
il Buy or rent ¥ FF o
Lall|| Buying price ($) w | [T Totals
~ | Appreciation rate (alyear) w I[) | Totals
-10 -5 o 5 10 =
120K -123.8K -108.2K -83.19K 44K 16. 13K
140K -144 4K -126.2K -97 06K -51.33K 18.81K
160K -165K =144 3K -110.9K -5B6TK 215K

15.Click the navigating
arrow ¢ to show
the corresponding
table for Rent.

This table shows the mid value cost of buying for the parameterized values of Buying Price and
Appreciation Rate.

E [ i £l E
midv|  pjd Value of Costs of buying and renting ($) XY
Bl Buyorrent & Buy .. P&
Lall|| Buying price ($) w | [ Totals

™~ [ Appreciation rate (%iyear) w |> I Totals

10 5 0 5 10 ]

120K -1238K)  -1082K] 839K 84K 16.13K
140K -1444K  1282K  -97.08K  -51.33K 18.81K
160K S1B5K -1443K -1109K  -S2ETK 215K
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= D and re [ |
midw|  pjd Value of Costs of buying and renting ($) XY
B3]l Buyorrent L. Rent B d
Lall|| Buying price ($) w | [T Totals
&~ | Appreciation rate (%lyear) w |[» [ Totals
-10 -h 0 5 10 | =
120K -126.8K -126.8K =126 6K =126 6K =126 6K
140K -126.8K -126.8K =126 6K =126 6K =126 6K
160K -126.8K -126.8K =126 6K =126 6K =126 6K

Analyzing the Rent vs. Buy Analysis model: summary

In this chapter, you have:
» Performed importance analysis.
+ Performed parametric analysis.
+ Set up and compared alternative decisions.
The next chapter introduces you to creating a new Analytica model.

You can quit Analytica at this point. See “Quitting Analytica” on page 24.
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This chapter shows you how to:

Create a new model

Create new variable nodes and enter attributes

Move and delete variable nodes

Draw influence arrows to define dependencies between variables
Define variables as explicit values, functions and lists

Invoke a built-in function to define a variable

Do a simple Parametric Analysis




Chapter n Creating Models

Creating a new model

This chapter shows you how to create a new Analytica model.

In the process of building a model to analyze the costs of owning and operating an automobile,
you will create variables, define dependencies, add documentary text, and compute results.

If Analytica is not open, start it by double-clicking its icon. If Analytica is already open with an
active model go to the file menu, select close model, then select new model.

Creating a new model

Tip

1 Tab to, or click in,

the Title field

(to the right of the
label Title) and type
Car cost model.

When you start up a new Analytica session it shows an Object window for an untitled model.
Behind the Object window you will see an empty Diagram window.

First you should enter a Title for your model:

1. Click in the Title attribute field (to the right of Title). Type in Car cost model and press Alt-
enter. In the space just above the Title you entered, you will see that the Identifier field
automatically changes to Car_cost_model.

2. Press Tab to go to the Description attribute and type in:
A demonstration model to show how to calculate the cost of running a car

If this is not a first-time entry for Title information, a dialog box will appear to confirm an automatic
change to the Identifier.

The Identifier field is automatically filled in to
match the first 20 characters of the Title.

You can also change this manually if desired.

S=]E

M Dbject - Untitled
Car_cost_madel

. Tab to the
Description field
(to the right of the
label Description)
to enter description
information.

Title: | Car cost model

Description: A demonstration model to showe howe to calculate the cost of running &

car
uthori{s): Renees

Author and creation date are

filled in automatically.
You can also change this
manually if desired.

Created: Fri, Mar 16, 2007 10:47 LM

Last Saved:
Analytica automatically
updates the Last Saved and
File info information

File info: (ot saved yet)

%

Tip You can either press the Tab key or use the mouse to move between fields.
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B | T =
&=

Editing a diagram

k+|-

¢|lejo|s|a|n|7]

3. Add your name as
the author if your
computer does
not automatically
register your
name.

M Dbject - Car cost model

Car_cost_mode

- BX]

4. Click the Diagram
button &L to
display the
model’s Diagram
window.

-

=
=

Title: Car cost madel

Description: A demonstration madel to showe howe to calculate the cost of running &

car

Author{s):

Created:

Fri, Mar 16, 2007 10:47 2Ah

Last Saved:

File info: (not saved yet)

Editing a diagram

In most of the three previous chapters you were in the browse mode, with the browse tool s{lw,
highlighted in the tool palette. In browse mode you can view an existing model without changing
its structure. When you create a new model the edit tool| k is selected by default. You use the
edit tool to create or change a model.

Be sure to note which tool is selected throughout the remainder of this tutorial.

| | @,T—-| = D|§|@|!|l|I|T|

Browse tool

L Diagram button

T | |
Edit tool Node palette g

When the edit tool is selected, a menu of icons is displayed in the node palette. These icons rep-
resent the different node types and allow you to add nodes to the diagram.

Creating variable nodes

In this chapter you will create variables in the Car Cost model.

Each variable is represented in the influence diagram as a shape that depicts the Class of Vari-
able. These shapes are generally referred to as nodes. Select the node shape based on what
you know about the variable. If you are not sure what kind of variable to use, choose a

General variable (i ).

See “Recognizing influence diagrams” on page 26 for a description of the node shapes.

The first variable you will create is for the cost of fuel.
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Creating variable nodes

eleje|zjajm|7|

. Choose the edit tool

. Drag the Variable

Node icon to a
position in the
influence diagram.

A new Variable
Node appears in the
diagram at the
location where you
release the mouse
button.

-
id

=13

Tip As you build a model, you should select descriptive titles for your variables. Descriptive variable
tittes remind you of the model’s logic and help to inform others about how the model operates.

. Type Fuel cost for

the variable title.

Press Alt+Enter or
click any other
location in the
diagram to accept
the title.

64

M Diagram - Car cost model

Tip Fuel cost is filled with a diagonal line pattern around its text, indicating that it does not yet have a

valid definition.

Repeat Steps 1 and 2 four times to create four more chance variables that affect fuel cost. Title

these variables as follows:
» Fuel price (price per gallon of gasoline)

* Annual miles (number of miles driven each year)

* Mpg (miles per gallon of gasoline)
» Age (driver’s age)
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== @[t W[x »| = ol® o alm| 7
Node icon to a i _ : ; : j
position on the L - g ; ; ; ;
diagram ....... : oo \’ ....... LEEEEEE ecconac soscoaa: 2o

Title text wraps to fit within the node as you type. You can manually create a new line in a title by
pressing the Enter key at the desired break point(s). You can also expand the size of the node by
dragging one of the corner handles.

5. Type Fuel and
press the Enter key M Diagram - Car cost model
to create a second
line.

Type price and
press Alt+Enter to
indicate that you are
finished.

6. Repeat Steps 3 and
4 to create three @ Diagram - Car cost model
more variables, as
shown.

Title the variables
Annual Miles, Mpg,
and Age.
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Saving your model

Analytica automatically saves each change you make to a backup file. If your computer (or Ana-
lytica) should terminate unexpectedly, it will offer to recover your changes the next time you start
Analytica. Even so, it's a good idea to save your changes periodically.
1. Select Save from the File menu (or press control-s).
The first time you try to save a model, it shows a Save As dialog, offering to save the model
in the My Documents folder using the model Title as the default file name. You can select
another folder and modify the file name

2. Click Save or press Enter to save the model in the selected folder.

=8l Edit Object Definition Result

Mew Model Cirl -+
Open Model. .. Cirl+0
1. Select Save As Add Module... Cirl+
from the File Add Library...
mend. Close Ctrl+w
Cloze Model
Save Ctrl+5
Save As...
Save A Copy In...

Save Model Car_cost_model as

Savein: |@ My Documerts

I3 My Albums
I My eBooks
@My Music

E‘M\; Pictures

2. Type the new file
name here.

66

EM}; Shapes
IS My Videos

File name:

Save

Save as type: |f-‘-nah.rtica Model (*.ana)

[ Savein#ML farmat

ﬂ Cancel
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Deleting a variable

Sometimes you might want to delete a variable that you previously created.

In this example you realize that the driver’s age is not relevant to your understanding of the Fuel
Cost variable. Therefore, you will delete the Age variable.

1. Select the Age node
if it is not already
selected.

@ Diagram - Car cost model

Handles surround
the node to indicate
that it is selected

2. Select Clear from
the Edit menu,or | § ... .
press the Delete key

....... Handles

The Delete command cannot be undone; Analytica asks you to confirm that you want to delete.

Question

3. Click OK to confirm
that you want to
delete the selected
object.

\ ? ) Deleting cannot be undone, Are you sure you want to delete the selected object?

; Cancel |
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Moving nodes

When you create a model you should try to structure the layout to make the influence diagram
easy to understand. As you refine your model, however, you will undoubtedly want to group
nodes in different ways to achieve this goal.

In this case we anticipate that Fuel cost will be derived from the other three variables. Therefore
we want to place it apart.

Moving nodes is a simple matter of dragging them to the desired position. Try moving the nodes
into the new configuration below.

Tip You can select multiple nodes by holding down the Control or Shift keys, or by placing the cursor
in a blank area and dragging diagonally to draw a rectangular frame across the nodes you want to
select.

M Diagram - Car cost model

Drag the nodes to a
new configuration.

Tip You can undo or redo a drag operation by selecting Undo/Redo from the Edit menu, or by typing
the keyboard shortcut, Control+Z.
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Editing variable titles

The name displayed inside each variable node is referred to as a Title. In this example you will
expand the title Mpg to Miles per gallon:

M Diagram - Car cost model

1. Select the Mpg
node.

2. Click again inside
the node’s title to
select its text for
editing.

Tip Pause briefly between the click to select the node and the click to select the text within it. If you
complete two single-clicks too quickly, Analytica interprets your actions as a double-click and
opens an Object window.

If you accidentally open the Object window, return to the Diagram window by clicking the Diagram
button =a.
=,

3. Type Miles per
gallon and press
Alt+Enter.

The new title is
displayed. T Diagram - Car cost model
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When you change the title of a node, Analytica asks you if you want the Identifier to be automati-
cally changed as well.

4. Click No to close
this dialog box and _
keep the identifier S Change Identifier from "Mpg™ to "Miles_per_gallon™ to match changed Title "Miles per gallon™?
as Mpg.

Tip You can change this behavior, to either turn off automatic updating of the identifier or to make it
fully automatic, so that you are not asked. See the “Preferences dialog” section in Chapter 4 of the
Analytica User Guide for details.

Drawing arrows between nodes

One of Analytica’s most powerful features is its ability to show relationships between variables in
the influence diagram. Influence arrows are used to specify the dependencies between vari-
ables.

Because the Miles per gallon variable influences the Fuel cost variable, you will draw an arrow
connecting the two nodes.

1
£?95=;nr| ‘%“"J|N » @

J|=|==| # @ ol e o sams

1. Select the arrow M Diagram - Car cost model
tool
to begin drawing
arrows.

Notice that the
cursor turns into an
arrow.
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2. Drag from the Miles
per gallon node to
the Fuel cost node.

Both nodes will
become highlighted

3. Release the mouse
button when Fuel
cost is highlighted.

The two nodes are
now connected by
an arrow, indicating
that Miles per gallon
affects Fuel cost.

@ Diagram - Car cost model

If the nodes are not connected by an arrow, repeat Steps #1 through #3.

Deleting an arrow

Occasionally, you might need to delete an arrow because of an earlier mistake or a change in
your understanding of the model. This section shows you how to delete the arrow that connects

Miles per gallon to Fuel cost.
You can delete an arrow using either the edit tool or the arrow tool.

First, make sure you have either the edit tool or arrow tool selected.

(x | m ole o s alm

o

b4

-‘V

®

fowr| Py

1. Make sure either the
arrow tool or the
edit tool is selected.
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2. Select the arrow.

It is easiest to select
the arrow by clicking
the arrow head.
Handles appear when
the arrow is selected.

Connecting multiple arrows

| Diagram - Car, cost model

3. Press the Delete key
to delete the arrow.

The arrow
disappears.

Connecting multiple arrows

Handles

1. Select the Annual
Miles, Miles per
gallon, and Fuel
price nodes
simultaneously.

(Hold down Control
or Shift while
selecting or drag
diagonally across
the group.)

72

When one variable is influenced by several other variables, you can draw multiple arrows at once.
This example shows you how to connect the three variables contributing to the Fuel cost variable.

First make sure the arrow tool is selected.

sl== @

o|.|@|l|n|l

ZERILIED:
=

W Diagram - Car, cost model
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2. Drag from any one ® Diagram - Car cost model
of the selected

nodes to the Fuel
cost node.

3. Release the mouse
button when the
Fuel cost node is
highlighted.

Three arrows
should now point to
the Fuel cost node
(as shown in the
following diagram).

M Diagram - Car cost moel

4. Deselect all of the
nodes by clicking in
any location in the
diagram that is not
on a node.
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Entering attributes into the Object window

Each variable (or other Object) has an Object window that lets you see and edit its Attributes -
including its Identifier, Title, Units, Description and Definition.

In this section we will use the Object window to enter attributes for the Annual Miles variable.

Make sure to select the edit button ( k ) before continuing.

|T—l-| =

olm o # a m T

- e
db|

foor|

1. Select the edit _ : : : . _ . ——
button to turn off 0 : . . : : : L
arrow drawing.

L] 2. Click the Object
window button (=)
to open its Object
window.

) -
i oo

Tip You can also open a variable’s Object window by double-clicking the node using the browse or
arrow tools. If you are using the browse tool, you will not be able to enter or change documentation.

Identifier Title

M Object - Annual Miles

() Variable | Annual_mies

Title: Annual
Wiles

Units: —

Description:

B W
@ Definition:

Outputs: () Fuel_cost Fuel Cost
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Entering attributes into the Object window

The identifier in the Object window shown above is Annual_miles. Analytica assigns the identi-
fier when the title is created. It uses the first 20 characters of the title except for spaces or punctu-
ation, which are replaced by underscores (_). Analytica does not differentiate between uppercase
and lowercase letters in identifiers.

You can directly edit both the identifier and the title.

First, you will change the variable’s identifier to a short abbreviation so that it can easily be used
later in the definitions of other variables. You will then document the variable more fully.

M Object - Annual Miles

Units:

2. Select the Tit'e/ﬁ;':':ﬂ'
contents of the
Identifier field. Description:
W Object - Annual Miles X
[ variable W |: 1ipy Units: B
Title/ﬁannual
3. Type Mpy and Milsz
press Alt+Enter. Description:

) ) M Object - Annual miles |’§
4. Click the Units - =
field. Type miles/ Mpy Units: { mies/yeal e
year and press Title: Annual |
Alt+Enter. miles
Description:
Tip Analytica uses the information from the Units field to label graphs or tables that use the Miles per
year variable; Analytica does not use it in any mathematical computations.
M Object - Annual miles [g
5. Select the Mpy Units: miles/ysar =
contents of the T ——————

press the Delete
key to erase
Annual miles.

I Description:

M Object - Annual miles

. Type Miles per
year and press
Alt+Enter.

() Variable ¥ | Mpy

Units: milez/year

Title: Mileg per year

I Description:

Tip When you change the title of a node, Analytica asks you if you want it to automatically change the
identifier to match the new title.
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\?‘) Change Identifier from "Mpy™ to "Miles_per_vyear”™ to match changed Title "Miles per year™

7. Click No to keep
the identifier as

Mo
Mpy.
8. Click in the T Object - Miles per year
Description field,
type Average Mpy Units: miles/year
miles driven per Title: MWiles per year
year, and press o . :
Alt+Enter. Description: | Average miles driven per yeari

Defining a variable as an explicit value

Analytica uses a wide range of variable types. In this section we simply enter an explicit value for
the variable. Functional expressions and lists are described later in this chapter. Other variable
types are addressed in later chapters.

For variables as functional expressions see “Defining a variable as a function of other variables”
on page 78.

For variables as lists see “Defining a variable as a list” on page 83.
For variable as tables see “Working with Arrays (Tables)” on page 91.

For a demonstration of built-in functions see “Defining a variable using a built-in function” on
page 86.

First let's define Miles per year as 12,000

W Object - Miles per year

1. Click in the ) Variable ¥ | Mpy Units: miles/ysar —
Definition field to _ )
enter a Title: Miles per vear
mathem_at'cal Description: Average miles driven per year
expression for the
variable; type 12K. sarw | X[
Definition: |
A warning icon
9 Outputs: 2  Fuel cost Fuel cost

indicates that this
variable’s
definition has not
yet been
accepted.

| [

Tip Numerical suffixes like 1 and K are used extensively throughout Analytica. A quick reference for
these suffixes is given on the back page of this tutorial.
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T Object - Miles per year

2. Click the check () Variable ¥ | Mpy Units: milesivear -
button or Title: Miles per year
press Alt+Enter to
accept the new Description: Awverage mileg driven per year
definition. e |71
The warning icon l—_rl Definition: | 12k |
disappears Qutputs: T3 Fuel jcost Fuel cost
because the
variable now has
a valid definition.

If you want to 4 L'ﬂﬁ

cancel what you /

entered, click the
cancel button 3¢

Whenever another variable’s definition includes the identifier (Mpy) of Miles per year, this
defined value, 12K, is used as its value.

= @ x »| @@

~ ==
3. Click the Diagram
button to return to

the influence
diagram.

olele|s|a[s|T

JW| ol

Miles per year is no longer filled with a diagonal line pattern around its title, as shown in the figure
below. The clear node indicates that Miles per year now has a valid definition.

@ Diagram - Car cost moel
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Defining a variable as a function of other variables

When one variable is dependent upon another variable, you must provide an expression that
describes the relationship between the variables. Influence arrows connecting other nodes to
Fuel cost show the direction of this dependency.

In this section, you will enter a definition for Fuel cost in terms of the values of Miles per year,
Miles per gallon, and Fuel price.

W Diagram - Car cost moel

1. Double-click the
Fuel cost node to
open its Object
window.
2. The identifiers and d bject - Fuel cost - |8
titles of the three = .
. . Fuel_cost Units: —
input variables - -
appear in the Inputs Title: Fuel cost
field for the Fuel D S
A escription:
cost variable.
e W
Because the form of [[T] Dpefinition:
the dependence has
not been specified Inputs: () Fuel price Fuei price
the Definition field is i Mpg Miles per galion
blank. i My Miles par vear
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M Object - Fuel cost

3. En_terthe variable’s () Variable ¥ | Fusl_cost Units: Sifysar =1
units as $/year, -
and description as Title: Fuel cost
Annual cost of Description:  Annual cost of fuel
fuel.

B W
@ Definition:

4. Click in the Inputs: (:j‘ Fuel price Fuei price
Definition field to ) Moo Mites per galion
enter a (0 My Mites per vear
mathematical
expression.

Because Fuel cost is equal to fuel price times miles driven, divided by miles per gallon, you will
enter the following expression into the Definition field:

Fuel price * Mpy/Mpg

An asterisk (*) represents multiplication; a slash (/) represents division.

T Object - Fuel cost = (O] X]
Fuel_caost Units:  Fivear —

Title: Fuel cost

5. From the Inputs
popup menu select
the name of the
variable that you
want to add, in this Description: Annual cost of fuel
case, Fuel price.

Fuel_price appears ok () Fuefprice
in the Definition [  opefinttion:: () Mies per galion
field. Inputs: (O Fuel price () Afiles per pear
0 Mpg Mites per palion
O Moy Miles per vear

6. Type an asterisk

(-
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7. Select Miles per W Object - Fuel cost
year from the = . -
Inputs popup Fusl_cost Units: Sfyear
menu. Title: Fuel cost

Description: Annual cost of fuel

[eer_w X[ [inputs ¥ ]
Definition: Fuel _price*Mpy/Mpg

8. Type a slash (/).

9. Select Miles per
gallon from the Inputs: (0 | Fuel_price Fuel price
Inputs popup | Mpg Miles per gallon
menu. 2 | Mpy Miles per year
10.Eress Alt+Enter or . L'Ja
click the check

button to
accept the
definition. The
Definition field
should look like this
(spaces between
terms and
operators are
optional).

Based on the definition you just entered, the value of Fuel cost is calculated by multiplying the val-
ues of Fuel price and Miles per year, and then dividing the result by the value of Miles per gallon.

» »| =|ejc/e|e|x|am|T

“=|==| @
[

ffmfl ol

M Diagram - Car cost moel

1

N

.Click the Diagram
button to return to
the influence
diagram.

Note that Fuel
cost is no longer
diagonally
shaded, indicating
that it has a valid
definition.
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Entering attributes using the Attribute panel

Sometimes you may find it more convenient to view or edit attributes of a variable in the Attribute
Panel as part of the Diagram view instead of using a separate Object Window.

In this section, you will enter data for the Fuel price variable in the Attribute panel.

M Diagram - Car cost model

1. Select the Fuel price
node.

2. Click the key icon
& to display the
Attribute panel.

The Attribute panel appears below the diagram. You can use this view to enter or edit data for the
currently selected variable in the influence diagram.

3. Click on the Attribute
popup menu and <] A6
select Description. Fuel price: | Description ¥ |

Price of a gallon of gasu:uline| _

4. Enter the description A
as shown, then
press Alt-Enter.

5 SelectUnitsfom | -+ L L PRI - oo ccccccecoccicococeococeos
the Attribute popup : : Title : : ; .~
menu. ' < (5

Fuel price: v Descripkion

Price of a gallon of gasaline Drefinition =1
Darnain
Help -
Check,
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X aE

6. Type US Dollars, Fuel price: Units - |
then press US Dollars =
Alt+Enter.

Now that you have entered attributes for the Fuel price variable, you will enter its definition in the
Attribute panel.

In this example we will assume that Fuel price has a fixed value of $3 per gallon.

Select Definition from the Attribute popup menu and enter 3.

1. Select Definition : : L':ifs -
from the Attribute (g 4 - A
popup menu Fuel price: [T et |[eor =]

' e w Definition
The warning icon [T Indexlvals -
is there to remind Domain
you that the variable Help >
is not yet defined. Mherk

2. Enter 3in the : : : : : : -
Attribute field. g 4 e

Fuel price: [ pefinition w |[ep w K]

The Fuel price
variable is now
defined as an explicit
value.

3 —

M Diagram - Car cost model

Note that Fuel
price is no longer
diagonally
shaded, indicating
that it has a valid
definition.
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Defining a variable as a list

1. Choose Description
from the Attribute
popup menu and
enter: Average
number of miles per
gallon.

2. Choose Units from
the popup menu and
enter: miles/gallon

1. Select Definition from
the Attribute popup
menu.

The Expression
popup menu appears
next to the Attribute
menu.

In this section you will enter attributes for the Miles per gallon variable and define it as a sequence

Defining a variable as a list

of numbers. You will use this sequence later to perform a Parametric analysis to show how the

Fuel cost is affected by Miles per gallon.

Using the Attribute panel, enter Average number of miles per gallon for the description and

miles/gallon for the units.

Identifier
Title
Units

K
Miles per gallon:

w Descripkion

Average number of miles per 9a3l0  pefinikian

Indexvals
Damain

Heln

Class
Identifier
Title

v nits

Descripkion

e 4|
Miles per gallon:

miles.fgallcuri

Definition
Indexvals

Damain

Now that you have entered attributes for the Miles per gallon variable, you will define it as a
sequence of integers between 20 and 50, by increments of 10.

Select Definition from the Attribute popup menu. You will notice a second popup menu appears

to the right. This is the Expression popup menu. Open the Expression popup menu and select

list.

|- |

Miles per gallon: @| Definition

~ o ~]
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2. Choose list from the

Defining a variable as a list

84

Expression popup — ;_
g | =
menu - =
Miles per gallon: @ Definition w | v B0 Eupression
.
E= List of Labels
3. Type 20 in the first =
cell and press Enter e 4| NE
Miles per gallon:
Analytica 20] 4]
automatically sets the
next value using the —
default increment of
1.
4. Change the second =
cell to 30 and press =
g | b=
Enter. -
Miles per gallon:
20| |-
Analytica 20|
automatically sets the =
next value using the
increment implied by
the first two values.
5. Simply press Enter : -
one more time to — y
1 A
complete the E_ | — —E
Miles per gallon: Definition v | =
sequence.
20| =
30| ]
40| -

Although the auto-fill feature makes it convenient to enter a simple linear sequence, you are free

to edit the values as you please.

Now you will use the Expression view to see the variable’s definition in a different form. The
Expression view shows the full syntax of the definition regardless of the type of variable.
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Viewing results in the Result window

6. Select Expression
from the Expression
popup menu

(e <] |
Miles per gallon: Definition v I
[20,30,40,50] -
As an alternative to ‘ E List —
the list view, a list B2 List of Labels =l
variable can be & Tatble —ﬂ
entered directly using

square brackets as
shown:

Viewing results in the Result window

Now that you have entered attributes and definitions for all variables it is time to see the result.
The Results button calculates values for all selected variables.

Select the Fuel cost node and click the Results button ( |? )-

.ﬂ.l'ﬁlzi 12

por| n [ | m

ol®e o # a

W Diagram - Car, cost model

1. Select the Fuel cost
variable.

2. Click the Results
button ( @)

The result window appears. Icons in the upper left corner of the Result window control the view
mode. Graph view (L4l |) is the default.

Analytica Tutorial 85



Chapter n Creating Models

Defining a variable using a built-in function

B =1ES

1 Result - Fuel cost

The result Wind‘;W midT|  Mid Value of Fuel cost ($fyear) Y
appears in grap ] . - -
mode when the @ Horizontal A:ls.| Miles per gallon {miles/gallon) v I
Graph icon is ==l
selected.
1800
1700
T 1600 N
a 1500
& 1400 N
o 1300
S oo
- G
g 1000 o
T 500
aoo
700 -
20 24 a0 34 40 44 an
Miles per gallon (miles/gallen)

Tip The default view for the Results window can be changed. See the “Preferences dialog” section in
Chapter 4 of the Analytica User Guide for details.

Click the Table button (@l) to view the results in tabular form.

10 Result - Fuel cost __ E|f5__(|
Mid Value of Fuel cost {($/iyear) xr
IE2) | Miles per gallon (miles/gallon) w | [ Totals

~
Lal | v
20 1500 _
30 1200
40 900
50 720

Defining a variable using a built-in function

Analytica offers a wide array of built-in functions to simplify the process of defining variables. In

this example we will take advantage of the Sequence function to re-define the Miles per gallon
variable.

Let’s suppose you want to change the sequence such that the interval between Miles per gallon
values is 5 instead of 10.

Select the Miles per gallon variable. Make sure that the Attribute window is open and Definition is
selected.
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Next, open the Expression popup menu and select Other at the bottom of the list. This opens the
Object finder where you will find a large collection of built-in functions. Analytica will prompt to
confirm that you want to replace the current definition of the variable. Click OK.

1. Select Other from
the Expression

popup menu. Question

Diistribubion
Chaice

The Result window : : : : : : -
appears in tabular (¢ 4| &0 Ewpression L | NE
form when the Table Miles per gallon: | Definition - | v B List
icon is selected 20] B2 List of Labels A
EEI [ Table =
an = Probability Table
F'
=

& Other...

2. Confirm thatyou are \?) Replace current definition?
replacing the
current definition by
clicking OK. Cancel

The Sequence function is contained in the Array library. Choose Array from the Library popup
menu.

Scroll down the list and select Sequence.

Enter 20 for the start value, 50 for the end value, and 5 for the step.
(Leave the strict field blank.) Click OK.

M Object Finder,

Library: | Array - | Find... |
[EALT R 4 [N NN IR ] = T, 1] 'ﬂ
3. Select Array from B Product (¥, 1, lgnorefsr: Iy
the Library popup = Rank [, 1, type, Keyind
menu. Seguence [ start, end, step, =
B Size (U, ListLen |
4. Scroll down and =5 Slice CU LMY
choose the B Sort (D, |, Keyindex, de |
Sequence function. start end step strict
Sequence | 20 | a0 I 5 I
5. Enter start value 20, - .
end value 50 and Sequen.ce(Slar‘t,Er!c%,Stelpj returns a. lizt of number.s fanm zatarts to «enfi». !f
step value 5. zateps is |_'|Dt specified, it reiurns_ a Ils_t of successive integers. Ctherwize, it
returns a list of numbers, each differing from the one before by «steps. ﬂ
6. Click OK to finish. Eame] | oK, |
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The Function button
takes you back to
the Object Finder
window

The new definition is displayed in the Attribute panel.

(¢ 4| NE

Miles per gallon: | Definition il ||;} il |

Sequence  |[20,50,5)

|»

L]

. Select Fuel Cost

and click the
Results button

(62 )

Select the Fuel cost variable and click the Results button ( |? ).

The result shows improved precision with the smaller Miles per gallon intervals.

M Result - Fuel cost : E|E|

Toggle between
table and graph
views.

Mid Value of Fuel cost ($iyear) &
2] | Miles per gallon {miles/gallon) ¥ | [ Totalz
L] 7| >
20 1800 ]
25 1440
30 1200
35 1029
440 900
45 o0
50 i
¥

Saving your model

88

After you have created part or all of a model, you should save it. Select Save from the File menu

(or press control-s). Because you previously saved your model, it is saved with the original name.

You can quit Analytica by choosing exit from the file menu or closing the Analytica window.
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Summary: Creating Models

In this chapter you have:
« Started a new model
» Created new variables

» Entered attributes for variables in two different ways:
using the Objects window and the Attributes window

» Re-arranged variable nodes to improve the appearance of your influence diagram
+ Drawn arrows to establish relationships between variables

» Defined variables as explicit values, functions and lists

+ Used a built-in function to define a variable

+ Displayed the result of a simple parametric analysis

In the next chapter, you will extend the Car Cost model to include tables of data.
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Working with Arrays
(Tables)

This chapter shows you how to:

Create and define an Index
Define an array variable as a Table

Understand principles of array abstraction when combining arrays in
an expression

Use conditional expressions and logical values when defining an
array

Define variables using Expression syntax

Use local variables to simplify an expression

Analyze a multi-dimensional result by pivoting indexes
Reduce an array using subscripts

Use array reducing functions such as Sum() and NPV()




Chapter H Working with Arrays (Tables) Summarizing variables using Expression syntax

This chapter demonstrates Intelligent Arrays, one of the most powerful features of Analytica. An
array can be generally defined as a variable to which multiple values are assigned simultane-
ously. For example, in the previous chapter you assigned a list of values to a single variable,
Miles per gallon. This is an example of a simple one-dimensional array. When you defined Fuel
cost using the Miles per gallon array variable as an input, it also became an array. This demon-
strates the concept of array abstraction. Array variables can be used just like ordinary variables in
expressions. Whenever you expand an index of the array to include more values, or even add an
entirely new index along a new dimension, all dependent variables downstream will be extended
automatically! Intelligent arrays allow you to scale your model without making any changes to the
design.

This Chapter is rich in content and covers lots of ground. The example model is still somewhat
simplified, but it is chosen to be complex enough to demonstrate as many important array con-
cepts as possible. The workflow will be streamlined to allow you to concentrate on the ideas with-
out getting bogged down with procedural details. Therefore, you should already be familiar with
the basic mechanics of Analytica's user interface. The prerequisite skills include:

Creating a new model; Opening an existing model; Save; Save As... (See Chapter 1)

Creating and defining new variables; Entering attributes in Attribute or Object windows;
Drawing influence arrows between nodes. (See Chapter 4)

Summarizing variables using Expression syntax

92

Although Analytica offers a convenient and visually intuitive interface with which to define vari-
ables, it is often helpful for users to be able to enter definitions directly using Expression syntax.
Every variable type and every functional expression can be represented this way. In addition to its
usefulness in building models, expression syntax is a convenient and efficient way to summarize
examples in the documentation. This efficiency is evident in the following four-line summary of the
Car cost model from the previous chapter:

Variable MPY := 12K

Variable MPG := Sequence (20,50,5)
Variable Fuel price := 3

Variable Fuel cost := MPY*Fuel price/MPG

In order to expedite the process of building the model, we will summarize new variables in this for-
mat throughout the rest of this chapter. It is useful to be familiar with Expression syntax since you
will also see it in User Guide and Wiki examples:

» The first term indicates the Class of the object being defined.
There is a Class identifier for each type of node found in the node palette. These include:
Decision, Variable, Chance, Objective, Module, Index, Constant and
Function

» The second term contains the Identifier for the object.
(Keep in mind that identifiers are not allowed to contain spaces.)

» A colon followed by a equal sign (: =) is referred to as the assignment operator.

» The expression to the right of the assignment operator defines the object.
Conveniently, this portion of the summary line exactly matches the syntax that Analytica
requires in the definition field. In fact, you can copy this directly into Analytica if you
wish! For your convenience, the portions of the summary line that can be copied into the
definition field will be highlighted in blue.
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Fast Tony’s Generic Wheels

In this chapter you will extend the Car cost model to address an important decision scenario: the
purchase of a new car. There are three cars to choose from: Standard, SUV and Hybrid.

There are also three finance options: Cash purchase, Lease, or Loan. As you can see, Fast
Tony has presented you with an array of decision possibilities, a 3 x 3 array to be exact. Your
objective is to determine the option with the lowest total cash outflow over a 24-month period,
including fuel. (Maintenance costs are covered under warranty as long as Fast Tony’s cousin,
Greasy Tony, is on his feet that day.) Ownership equity will be represented as a positive cash flow
on the last period.

Creating an index variable

For each of the index
nodes listed above, do
the following:

1. Choose the Edit tool

2. Drag the Index icon
down to the diagram

3. Enter a title for the
node

4. Open the definition
field and select List of
labels from the
expression popup
menu.

Index variables define the categories along a dimension of an array. They are represented by
index nodes (parallelogram shapes) in the influence diagram. In this example, your decision will
be arrayed by Car type and Finance Option so you will need to define an index for each of these
dimensions. Index variables are generally defined as a list of labels or a list of values representing
categories in the array.

(For the finance options you will leave out "Loan" for now. It will be added later.)

Index Car_type := ['Standard',K 'SUV', 'Hybrid']
Index Finance option := ['Purchase', 'Lease']
|:§||? ;:W|ql~7 N +|-@|i|@ !|1|I|T|_

: : \ : ﬁ &pr Expression . :
PR ' = List .

I+

5. Enter labels as shown

Finance option: |Deﬁn'rtiun v | v B2 List of Labels

Tip

2.4 Sequence

2 Other...

Purchaze
Leasze

As an alternative to selecting List of Labels in the Expression pop-up menu, you can select

( & Ewprezzion ) and enter the definition directly using Expression syntax. Simply list the values
separated by commas and encase them in square brackets [ ]. Note that all text values in
Expression syntax must be enclosed in quotes (single or double).
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Defining a variable as a table

Each of the cars has a unique purchase price. You will define Car price as a Table indexed by
Car type. In this context, a "table" does not necessarily have two dimensions. It can have one
(as in this case), two, three or more.

Variable Car_price := Table(Car_type) (22K, 40K, 24K)

% - Diagram - Car cost model

1. Create a new variable
titled Car price : B N Indexes

Preview: Indexes: [T allVariables Selected Indexes:

2. Open the definition Standard () Car price (Self)
field, then open the =Ly _>Z_l
Expression popup [ 7 Finance aption

menu. Select Table. Time

3. The Indexes window
appears. Select the
Car type index and
click the transfer
button to move it to
the selected Indexes |
list. Click OK.

/

Cancel i

T | &0 EWpression
Ar price: @| Definition w E

o g

= List
B2 List of Labels

E

T able L

| M3 Probabilty Table g
I o i ]

After you close the Indexes window an edit table will appear.
Enter the following values for Car price:

Standard: 22K

SUV: 40K

Hybrid: 24K
Click the Index button
if you want to go back A1l e - Lal Pri-e =
to the Indexes — {7 | Edit Table of Car price
window. Car type ¥

. b g
Note that index o I:lb
categories appear as -
table headings. Standard 27K
Suv 40K

Press Tab or Shift- Hybrid 24k
Tab to move through | =
the cells. 4 LlJa
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Tip You can draw influence arrows from index nodes to table variables to pre-populate the Indexes
window with the chosen indexes. Influence arrows from index nodes are invisible by default but
can be made visible by choosing the Diagram menu and selecting Set diagram style.

Next you will create a variable for lease payments. Fast Tony lists the following monthly payments
for the two-year lease option:

Standard: $400
SUV: $700
Hybrid:  $500

Lease Payment is similar to the Car price variable. But this time you will enter the definition
directly using expression syntax instead of using the edit table.

Variable Lease_payment := Table(Car_type) (400, 700, 500)

1. Create a new variable
titted Lease payment

' 3 a : ; ;
2. Open the definition :
field and select SRR B _ R

epr Ewpression from
the Expression popup 4|

menu.
L . = ~
(This will not change Lease payment: ~ |Definftion ¥ | |MI

the definition of an Tahle(Car_type){400, 700, 00} = Lt =
existing variable.) B3 List of Labels
3. Enter the definition = Table W
directly as shown = Probability Table
4 Distribution
= Choice

As you can see, Table definitions follow a specific syntax. The Table declaration is followed by
two lists enclosed in parentheses. The first list contains the indexes by which the table will be
arrayed. (In this simple example there is only one index but there can be many.) The second list
contains the values.

It is important for the values to be in the same order as the index categories. Recall that the
Car type index was defined as:

Index Car_type := ['Standard',6 'SUV', 'Hybrid']

which matches the respective order of values in the Lease payment variable. The same principle
applies when there is more than one index. For example, a two dimensional array might look like:

Table (Index_abc, Index 123)
(lall, la2l, |a3|, Ibll’ |b2|, 'b3', |01|, 'C2', |c3|)

It is generally easier to use an edit table when multiple dimensions are involved.

Finally, re-define the existing Miles per gallon variable as a table indexed by Car type. The MPG
values for Standard, SUV and Hybrid are 28, 23, and 45 respectively.

Variable Mpg := Table(Car_type) (28, 23, 45)
Select the Miles per gallon variable.
Open the Definition field and select & Expression from the Expression popup menu.

Enter the new definition as shown above (blue text).
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Combining arrays

Combining arrays

. Enter Car_price next

to Purchase

. Enter

Lease_payment next
to Lease

. Press Enter

Select the table view
mode

Change vertical and
horizontal indexes if
necessary to pivot the
table as shown.

Notice that the
Payments array has
two dimensions!

96

Now that you have established purchase and lease payments, you can combine them in one vari-
able. This time the index will be Finance Option.

Variable Payments :=

Table (Finance_option) (Car_price, Lease_payment)
Create a new variable titled Payments.
Open the definition field and select Table from the Expression pop-up menu.

The Indexes window appears. Select the Finance option index and transfer it to selected
indexes list. Click OK. An edit table will appear.

i able - Pa g L1

7

Edit Table of Payments

% | Financenptiun"'l
o1

- |

Car_price
Lease_payvment

Purchase
Lease

| [/

You may have noticed an important difference between this table and the previous tables. In the
previous tables you entered number values into the table cells, but this time you are entering
expressions! Expressions are valid entries for table cells. With very few exceptions they can be as
complex as anything you might enter in a standard definition line, including formulas, logical
expressions and conditional expressions. You will see more examples of this later in the chapter.

Now look at the result of this new variable.
Select the Payments variable and click the Results button ( |? )
o

O]
2]

T Result - Payments ._
Mid Value of Payments
i) | cartype w | [ Totak

=

| Finance option ¥ |[> [ Totalz

Purchase Lease
Standard 22K 400 o
Suy 40K piuli]
Hybrid 24K =00

| [

Something interesting has happened! Notice that the array contains two dimensions even though
only one index is called out in the definition of the array:

Variable Payments :=
Table (Finance_option) (Car_price, Lease_payment)

Why is Car type included in the result when Finance_option is the only index included in the def-
inition of the table?

The Car type index is included because it is an index of the input variables Car price and Lease
payment.
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Adding a new dimension to an array

You have just encountered one of the most powerful features of Analytica’s array abstraction: The
dimensions of arrayed input variables will automatically be incorporated into the resulting output
of an expression. The general principle of array abstraction can be summarized as follows:

In Analytica, the result of an expression is arrayed by the union set of dimensions from all
input variables, and the definition of the expression itself.

Adding a new dimension to an array

So far, the Payments variable is not very useful for comparing the purchase and lease options.
Lease payments are paid every month instead of just once, and there is still ownership equity to
consider. In order to represent payments as a stream of cash flows over time, you will need to add
a new dimension to the Payments array:

Create and define a new index titled Period. Define it as a sequence of months from 0 to 24.
Index Period := Sequence(0,24)

Tip There is a special shortcut syntax for sequences that have a step value of one: Type the starting

1. Select the Payments
variable and open the
definition field.

2. Select Table from the
Expression pop-up

value, followed by two periods (..), followed by the final value. For example, the Period index can
be defined as: Index Period := 0..24

Next, you will edit the Payments definition to include the new index. Try using the edit table for
this:

% Diagram, - Car cost model :

=1[E3

e0F B wpression

Mg ———

o . B2 List of Label LE
3. Click the Edit Table Payments: [ Definition v‘]\ TI: Abels
button —)___Edit Table indexed by Finance option, Period —

1. Click the Index button
in the top left corner of
the edit table.

2. Select the Period
index and add it to the
Selected Indexes list

Note: By default,
Analytica will copy
current values to all
new slices along the
added index.

= Probability Table -

There is a button in the top left corner of the edit table, labeled with a parallelogram. Click this but-
ton to open the Indexes window. Then add Period to the list of selected indexes.

i able - Pa : L]
£7 | Edit Table of Payments
s de
- ] .

Preview: Indexes: [ Al'variables Selected Indexes:
puretl (2 7 Cartype {7 Finance ogption
Leasd |1 () Payments (Self) .

2

3

4

5

B

7

g

9 For newly added indexes, the table's curent value should be copied to:

S ™~ First glice only

o Al slices
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The edit table should now look like this:

The Period index has ( able - Payme O
been added to the

7 Edit Table of Payments
Payments array | Period ~ |

g

a ?—l Finance option v |[>
Change vertical and Purchase Lease =
horizontal indexes if 1] car_ptice | lease_payment
necessary to pivot the 1 car_price | lease_payment
table as shown. 2 car_price . leaze_payment

3 car_price | lease_payment —

4 car_price | lease_payment

5 car_price | lease_payment

' car_price | lease_payment

The subset of an array corresponding to a singe index value is referred to as a slice. When you
expanded the Payments array to include a new index, the original values (expressions in this
case) were copied into all new slices along the Period index.

The Payments array is not yet accurate. Under the Purchase column you should have zero val-
ues for all periods except Period 0. Lease payments should be included in periods 1 through 24

but not Period 0. It would not take too much effort to edit all the cells to be the way you want them
to be. The final definition of the array would look something like this:

£7 | Edit Table of Payments

| Period - |
=

||

| Finance option v |[>

Purchase Lease -

Car_price ]
Leaze_payment
Leaze_payment
Leasze_payment
Leaze_payment —
Lease_payment
Leaze_payment
Lease_payment
Leasze_payment
Leaze_payment
!_ease J:ua\_.rmenf -

| [
Although this would work, it would not be a very efficient approach. In general, whenever you find

yourself editing tables in the same way you would edit a spreadsheet, you are not benefiting from
the advantages of array abstraction.

WO = M th oo e e o= O

-
=

b e e O o e e e e o R e

Using conditional expressions

Expressions can include conditional statements using If...then...else syntax. The condition can be
based on a variable or an index value. This is a very useful way of defining array variables. For
example, the cash flow for purchasers can be represented as:

If Period = 0 then Car_price else 0

Likewise, the cash flow for lease holders can be represented as:
If Period = 0 then 0 else Lease_payment
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The edit table should
be back to its original
one-dimensional form

Enter conditional
expressions in the edit
table cells as shown.

Specifying a condition based on Period will automatically add the Period index to the array. This
would have been a better way to add a new dimension to the Payments variable, compared to
the example above.

Let’s revert the Payments variable to the way it was before adding the Period index:

Variable Payments := Table (Finance_option) (Car_price, Lease_payment)

As you did in the section above, Select the Payments variable, open the edit table, and click the
Index button in the top left corner.

Select the Period index in the Selected Indexes list and transfer it back to left hand box. Click OK.
Answer Yes when the warning appears:

Warning

9 WARMING: Removing an index From an edit table may result in the loss of data,
\-'q-/ Proceed anwiwan?

'fer{ | Mo

My

7 Edit Table of Payments

% | Financeuﬂtiunvl
a2l a4

Purchase Car_price
Lease Leaze_payment

This time you will add the Period index by including it in a conditional expression. Edit the cells to
include conditional expressions:

Variable Payments := Table (Finance_option)
(If Period = 0 then Car_price else O,
If Period = 0 then 0 else Lease_payment)

( ahle - Pa g ]

7 Edit Table of Payments
| Finance option w I

x
=
| - >
Purchase If Period = 0then Car_price else 0 o
Lease If Period = Othen 0 elze Leaze_payment

| [

Let’s take a step back to consider how many indexes are now included in the Payments array:
» Finance_option is called out specifically as a table index
» Period is the basis for a condition statement within an expression
» Car_type is an index of the Car price and Lease payment input variables.

Therefore, you can expect that Payments will be a three-dimensional array.

Conditional expressions can have nested IF.. THEN...ELSE statements. In fact, it would be possi-
ble to define the Payments array using only one conditional expression:
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Viewing the results of a multi-dimensional array

Variable Payments :=

If Finance Option = 'Purchase' then

if Period = 0 then Car_price else 0
else

if Period = 0 then 0 else Lease_ payment

This would be equivalent to the table definition above.

Logical statements can also be used to specify a condition. They are enclosed in parentheses
and include an equal sign. When used in a mathematical expression, a logical statement
assumes a value of one if true, or zero if false. For example:

24 * (2 + 2 =4) > 24
24 x (2 4+42=5) >0

Viewing the results of a multi-dimensional array

Representing a multi-dimensional array on a two-dimensional screen presents a challenge. When
viewing results in tabular form, Analytica will display only a two-dimensional slice of the data. You
can change the orientation and selection of data by pivoting the table. To do this, select the
desired row and column indexes from the row and column pop-up menus. Any leftover indexes
become slicer indexes for which only slice of data (corresponding to a single index value) can be
displayed at a time.

Select the Payments variable and click the Results button ( |? ).
o

Select the table view button (@ ).

You can experiment by selecting different row and column indexes, and by changing the value of
the slicer index.

100

Re Payme L The slicer menu
The row index pop-up Tx|  Mid Valup of Payments Bl putton displays a
menu selects the i®El cartype +F ! Standard |3 &1 plc')p-u.p ;nenu cl>f all
e Pl " e slicer index values.

index of rows. | Period w | [ Totak

v = - Slicer steppers

. Finance option w [> | Tatals
The column index /| change the value of
pop-up menu selects |1 Purchase Lease | = the Sﬁcer index
the index of columns. :‘ 22|; 4DE| | | sequentially.
2 ] 400|

Now click on the graph view button (el )
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Adding a new value to an index

The vertical axis of the graph represents data values. The graph indexes can be pivoted to select
the desired horizontal axis, key, and slicer index. You can experiment with various graph configu-
rations and slicer values.

M Result - Payments -_ E|[5__<|
The graph displays midw | Mid Value of Payments Fall
data for only one E periode—5! " 1] S
value of the slicer R N r——— -
index. 8l Horizontal Axls:| Finance option | Key:| Car type - |

40K

The Horizontal Axis
pop-up menu selects i .
the index for the
horizontal axis.

Key index categories Furchase Lease
are divided by color Finance option

Car type

& standard [l sV [ Hybrid

Tip You can explore various chart types and options by selecting Graph Setup... from the Result
menu. For more details about graphs reference Chapter 2 of the User Guide.

Adding a new value to an index

Fast Tony’s loan financing terms require 10% down and 2% of the purchase price per month for
60 months. His financing manager, Big Anthony, explains that at a 12% nominal interest rate (1%
per month compounded monthly), the load will be paid off in 60 months. There are severe penal-
ties for delinquency but none of them are expressed in dollar values.

One of the advantages of intelligent arrays is that they are easily expandible. So far, you have set
up cash flows for purchasers and lease holders. Adding a third financing option is a simple matter
of adding a new value to the Finance option index.

Index Finance option := ['Purchase', 'Lease', 'Loan']

Select the Finance option index and open the Definition field. Select List of Labels from the
Expression pop-up menu. You will see a list of current values in the definition field. Select the bot-
tom value (Lease) and press the Enter key. A new box appears at the bottom of the list. By
default the previous label is copied down. Change the new value to Loan.

1. Select List of Labels
from the Expression —
pop-up menu. M

e E wpression

B List

Finance option: Definition v I\

v B3 List of Labels
Purchasze L. Sequence
2. Select the bottom Leaze
category and press Loan i Other..,

Enter

3. Enter Loan as the
new value

Now select the Payments variable and click the Results button ( |? )-
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A new column appears with zero values by default.

DA P o L]
mide A
_ . 1 Value of Payments ad A new column
1. Click the table view IE3) Cartype £F| Standard 5 & appears for Loan
button Lall | Period - | [~ Totals
~ | Finance option W |[> [ [Totals
2. Pivot the table as Purchase Lease Loan =
shown 0 27, 0 0 =
1 1] 400 1]
2 0 400 0
3 0 400 0 -
Now you will need to add an expression for loan payments in the edit table:
Car price * (If Period = 0 then 10% else 2%)
Select the Payments variable. Open the Definition field, then click the Edit table button.
i able - Pa 2 L]
Enter the new 77 .
expression for Loan E"_'“ L “f_P“-"""“"'“s
payments as shown. % |_ Finance option ¥ |
=
R | - |
Purchas if period = 0then car_price elze 0 o
Lease if period = 0then 0 elze lease_payment
Loan Car_price * (If Period = 0 then 1 0% elze 29%)
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Loan payments have
been added for all
values of Car type
and Period.

Using local variables and indexes in an expression

Recall that the input variable Car price is indexed by Car type. Therefore, your new expression
will be evaluated separately for the Standard car, the SUV and the Hybrid. The new expression
also references the Period index, so it will be evaluated separately for each period as well.

[ A [) ‘ ) -
midw | id Value of Payments =
I artype ¥ Standard (29

Lafi|[ Perii—_  w | [ Taotak
~ | Finam:-ﬁ)tiq&v |[> [ Totals

Purchase Lease M o
0 22K i 2200 —
1 0 400 440
2 0 a00 440
3 0 400 440 -

Using local variables and indexes in an expression

Now that you have established all the cash outflows, you can start thinking about how much own-
ership equity you will have at the end of the 24-month period. Unavoidably you will need to calcu-
late the remaining loan balance at that time. The financial dynamics of a typical loan include
compound interest offset by fixed payment amounts. Although the formula for loan balances can
be derived fairly easily, this section will focus on how to apply the formula rather than explaining
the formula itself. Readers are invited to verify on their own if they wish:

Assuming that a constant amount is paid and nominal interest is compounded every month:

B = Starting balance of the loan

12% = Nominal interest rate

60= The total number of periods required to pay off the loan
Period = A number from 0 to 24 representing the current period
B (Period) = The remaining loan balance for the current period

Let A = (1 + 12% / 12)

B(Period) = By, * (A“60 - A“Period) / (A%60 - 1)
It is easy to verify that B (0) =By and B (60) =0 as required.
The quantity "A" appears several times in this formula so it makes sense to define it as an inter-
mediate variable. To do the same thing in Analytica, you could define a new variable called A and

use it as an input to the loan balance variable. But this would clutter your diagram with an unnec-
essary node.

Analytica allows local variables and indexes to be used temporarily within a definition. In this case
you will define a local variable.

Create a new variable titled Loan balance and enter the following definition (copy blue text only):
Variable Loan_balance :=
var A := (1 + 12%/12);
Car_price * (1 - 10%) * (A"60 - A*Period)/ (A%60 - 1)
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Using local variables and indexes in an expression

Syntax rules for local objects are as follows:

* The instruction line starts with var or index to declare a local variable or index.

» The declaration is followed by an identifier. This can be anything you choose but it must not
be identical to any other input contained in the expression.

» The assignment operator comes next (colon followed by an equal sign), followed by an
expression defining the object.

+ Asemicolon (;) is required to end the instruction line. You may choose to have a visual break
(Enter key) after the semicolon for appearance purposes but this is optional. Analytica only
looks at semicolons to mark line breaks in code. Each local variable declaration must be on a
separate code line.

« The final line of instruction contains the definition as usual. All declared local variables and
indexes will be available to use in expressions.

Local objects are used temporarily and then forgotten after the expression is evaluated. There-
fore, the same local identifier (i.e. "A") can be used in any number of nodes without conflict.

Loan
Balance

Create a new variable
titled Loan Balance
and enter definition as
shown:

2 <] 2
Loan Balance: |[l-eﬁn'rtion v ||E>€Dr il |

— var &= 01 +129% 712);
Car_price * (1 - 10%) * (A"60 - A Period) f (460 - 1)

A final note about the expression for Loan Balance:

Although Period is an index, you have used it here as a variable in a mathematical expression.
This is possible because Period is a list of numerical values. It would not have been possible to
use Car type or Finance option in a mathematical formula since they are lists of labels (although
they could be used in logical or conditional statements). In general, you can think of an index as a
one-dimensional array that uses its own values as an index.

By the principles of array abstraction, you should expect Loan Balance to be a two-dimensional
array indexed by Car type (an index of Car price) and Period.

Loan Balance is a
two-dimensional array
indexed by Car type
and Period

104

Tip

W Result - Loan Balance [:||E|E|
mid¥ | pid Value of Loan Balance ﬂ

I o
Lt T [Caropewp I ok

Standard SOV Hybrid -
0 198K 36K 21 Bk —
1 19.56K 35 56K 21 34K
2 19.31K 351K 21 07K -
5 P e o v

The Future Value function FV() is a convenient way to calculate loan balances and annuity values
without using formulas. Arguments in order are: Interest rate per period, Future period, Payments
(negative for payouts), Initial value. For example, Loan Balance could be defined as:

FV (1%, Period, -Car_price*2%, Car_price*90%)

Reference User Guide Chapter 13.
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Reducing an array using subscripts

The subscript has
reduced a two-
dimensional array to a
one-dimensional array

Sometimes you may want to reference part of an array variable without using all of its available
indexes. Subscripts allow you to reference a slice of an array, effectively eliminating one or more
dimensions. The subscript specifies indexes and their desired values for the slice. It is enclosed in
square brackets placed immediately after the identifier for the array. For example:

Variable Final period balance := Loan_balance[Period = 24]

This refers only to the Loan Balance values that correspond to Period 24. Recall that Loan Bal-
ance is a two-dimensional array indexed by Period and Car Type. The subscripted reference
above will eliminate the Period dimension and return a one-dimensional array indexed only by
Car_type.

EX

Mid Value of Final period balance YAl P L L
Y [ cartype w b I Totss Final period
Standard _ SUV Hybrid .\ balance )

13.26K 2411k 1447k

e] |
Final period balance: Definition il I epr W I

Laan_kalance[Period=24]

It is possible to eliminate multiple dimensions by including multiple indexes in the subscript, sepa-
rated by commas. For example:

Variable Final period _balance :=
Loan _balance[Period = 24, Car_type = 'SUV']

The result of this expression will be a single value corresponding to the loan balance at Period 24
for the SUV: 24.11K

An Index value can also be selected according to its position in the index rather than the actual
value. To make a positional reference, place the "at" symbol (@) in front of the index identifier. For
example, 'SUV' is second in the order of values for the Car type index.
The following subscript references are equivalent:

Loan_balance[Car_type = 'SUV']

Loan_balance[@Car_type = 2]

The verbal terminology for this reference would be:
"Loan_balance sliced at position of Car_type equal to 2"

Completing cash flows

Now you can add a variable to represent the amount of ownership equity you will have after 24
months. Of course this will depend on the finance option.

Assume that the value of every car depreciates by 35% over two years.
+ Cash purchasers’ equity will be: Car_price * (1 - 35%)
» Lease holders’ equity will be zero

» Loaners’ equity will be the difference between car value and the loan balance at Period 24:
Car_price * (1 - 35%) - Loan_balance[Period = 24]
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The Equity variable
has only two
dimensions: Car type
and Finance option.

It refers to a single
slice of the Period
index.

You can define the Equity variable as a table indexed by Finance option. Each of the expres-
sions above can be entered into the appropriate cell in the edit table:

Variable Equity := Table(Finance_option)

(Car_price* (1-35%) ,0, (Car_price* (1-35%) -Loan_balance[Period=24])
Alternatively, you can use conditional and logical statements as follows:

Variable Equity := If Finance_option = 'Lease' then 0 else

Car_price* (1-35%) - (Finance_option='Loan')* Loan_balance[Period=24]
Once again, consider how many dimensions your new variable will have. At first you might be
tempted to list the indexes as follows:

Finance option (Specified as a table index or used in a conditional expression)

Car type (Index of the input variables Car price and Loan balance)

Period (Index of the input variable Loan balance)

But Loan balance is not an input to this expression; only a slice of it is used. The slice is arrayed
only by Car type. Therefore, the Equity variable will be indexed by Finance option and Car type
but not by Period.

T Result - Equity |Z||E|r‘5__<|
Mid Value of Equity M
Il | cartype w | [ Totals

Lall ~ [ Finance option w > | Totals

Purchase Lease Loan
Standard 14 3K 0 1039 b
sSUY 26K o 1590
Hybrid 156K 0 1134

| [

Combining dissimilar arrays

106

Now that you have established payments and ownership equity, you can combine them into a sin-
gle cash flow variable. Payments will be represented as negative cash flows. Equity will be rep-
resented as a positive cash flow on the last period.
Create a new variable titled Cash flow and enter the following definition:

Variable Cash_flow :=

If Period = 24 then Equity-Payments else -Payments

In this expression you have combined arrays with different numbers of dimensions:
Payments is indexed by Car type, Finance option and Period.
Equity is indexed only by Car type and Finance option.

There is no ambiguity here since (Equity-Payments) applies to a slice along the Period
index. The slice is called out in the conditional statement.
Notice that Equity and Payments [Period=24] have the same dimensions.

There are other situations where you may want to use a scalar variable (not an array) as an input
to an array. Similarly, you may want use an array as an input to another array that has more
dimensions. In this situation Analytica will repeat the values of the smaller array for each slice
along the new dimensions.
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1. Pivot the table as
shown.

2. Check the "Totals" box
next to the row index
menu
(Period index)

For example, suppose you want to incorporate monthly fuel cost into the Cash flow variable.
Here again you are combining two dissimilar arrays:

Cash flow is indexed by Car type, Finance option and Period
Fuel cost is indexed only by Car type
Create a new variable titled Cash flow with fuel and define it as follows:
Variable Cash_flow with_fuel :=
If Period = 0 then Cash flow else Cash flow - Fuel cost/12
In this example, Fuel cost is applied to multiple slices along new dimensions:
» All Period values except Period 0
« All three Finance option categories.
Select Cash_flow_with_fuel and click the Results button ( !? )

You will notice "Totals" check boxes next to the row and column index pop-up menus. Checking
the box next to Period will allow you to see totals along that index.

He d 0 e L]
rriicte Mid Value of Cash flow with fuel =
IEf| cartype & Standard (55
Lafl | Period - I v Tatals
=~ [ Finance option w |[> | Totals
Purchase Lease Loan =
20 EER -507.1 -547 1
2 1071 -507 1 -547 1
22 -107 4 -507 .1 -547 1
23 1074 -507 1 -547 A
24 14 19K -507 1 4923 _
Totals 027K S2ATH -14.29K, -

Array Reducing Functions

The Period index has
been reduced by the
Sum() function.

A function that reduces one or more indexes of an array is referred to as an array reducing func-
tion. The output of an array reducing function will have fewer dimensions than the input array. For
example, the following expression will determine the sum of cash flows over all periods:

Variable Total cash flow := Sum(Cash_flow with_ fuel, Period)
The input array is indexed by Car type, Finance option and Period. The output will be a two-

dimensional array indexed by Car type and Finance option. In this example the Period dimen-
sion has been reduced.

] Result - Total cash flow : E|E|

rriicter Mid Value of Total cash flow Y
I | Car type - | [ Tatals

Lall ~ | Finance D|1tiun‘l'|[> [ Toatalz

Purchase Lease Loan
Standard -10.27KH 127K -14 29K i
SUv =17 13K -19.93K =24 44k
Hybrid -10K -13.EK -14.39K

| (4
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» The first argument of the Sum() function is the identifier of the variable to be operated on.

» This is followed by a list of indexes separated by commas. These are the indexes over which
the function will operate.

In this example you have taken a sum over a single index.

Similar examples of array reducing functions include Max(), Min(), Product() and Average().

Performing Net Present Value (NPV) analysis

108

If someone offered you a choice of receiving $100 today or receiving $100 two years from now,
which would you choose? If you choose to receive it immediately, you can invest in a low risk
bond with an annual return of, say, 6%. In two years the investment will be worth about $112.
Clearly these two alternatives do not have equal value. Conversely, you would probably prefer to
pay an obligation later rather than sooner.

Net present value (NPV) analysis is a way to compare various scenarios that involve inflows and
outflows of money at different time periods. It converts a stream of cash flows to an equivalent
scenario where all money is exchanged in a single transaction at the present time. The interest
rate that can be achieved in a low risk investment is referred to as the discount rate. For example,
given a discount rate of 6%, the NPV of $112 paid two years in the future would be $100.

By taking a simple sum of cash flows as in the example above, you have ignored the time value of
money. A Net Present Value analysis is more useful in this case. The NPV() function in Analytica
makes this easy. It is another example of an array reducing function.

Assume the discount rate is 0.5% per month.

Create an objective node titled Cash flow NPV.
(Objective nodes are represented by the hexagon shape on the node palette.)

Apply the following definition:
Objective Cash_flow NPV := NPV (0.5%, Cash_ flow with_ fuel, Period)
« The first argument of the NPV function is the discount rate per period.
» The second argument is the identifier for the variable containing cash flows.
* The third argument is the index containing period values.

The analysis is complete!

W Result - Cash flow NPV M=
mid¥|  pid Value of Cash flow HPY |
Il | cartype w | [ Total

Lall =~ | Finance optin:rnv'l[) [ Toatalz

Purchase Lease Loan
Standard -11 67K -11.389K -13.56K i
SuUy -19.78K BT -232K
Hybrid -11.B1H S22 -13.66K

| (4
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Summary: Working with arrays

In this chapter you have:

Learned Expression syntax

Created and defined index variables

Created array variables as tables dimensioned along established indexes
Expanded arrays by adding new indexes

Expanded indexes by adding new index values

Created examples that demonstrate the basic principle of array abstraction:
The result of an expression is arrayed by the union set of dimensions from all input
variables, and the definition of the expression itself.

Used conditional and logical statements within an expression
Established local variables in the definition field

Analyzed a multi-dimensional result by pivoting indexes
Reduced array variables using subscripts

Applied array reducing functions to arrays

Analytica Tutorial
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Creating the Party Problem
Model

This chapter shows you how to:
» Define a variable as a probability table
» Define a variable as a deterministic table




Chapter ﬂ Creating the Party Problem Model

Documenting the model

In this chapter you will create a new Analytica model called Party Problem. (For information about
how to create a new model, see the beginning of Chapter 4, “Creating Models”.) The Party Prob-

lem model illustrates the use of discrete probability distributions.

You should study this chapter if your models use discrete or conditional probabilities.

In many kinds of models, your variables can be described using probability distributions based on
expert judgment or on empirical data. On those occasions when the outcomes are discrete or
qualitative (for example, low, medium, or high), you might need to use discrete probability distri-

butions.

In the Party Problem model, the key uncertain variable is weather: it could be sunny or rainy. The
weather has an impact on the decision about the location of a party — indoors, on a porch, or out-

doors.

Documenting the model

Specify the information shown in this model’s Object window.

.:—h‘-

ole o # sl w7

. Tab to or click in the

Title field and type
Party Problem.

. Tab to or click in the

Description field and
type The Party
Problem evaluates
alternative party
locations and their
relative value to
me.

112

M 0Object - Untitled

=

Model ¥ | Untitled

Title; { Party problem
Muﬁmn

Created: Mon, Feb OF, 2011 4,36 PM

Last Saved:

File info: (not saved yet)
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Chapter ﬂ Creating the Party Problem Model Creating the Party Location, Weather, and Utility
variables

The Object window should now look similar to this:

K== 2|tr] W[x »| H|@|c|e|o|s|amT
W Object - Party problem __ E”g |
3. Save the model by
selecting Save from L@—Imudﬂ' ¥ | Party_problem =
the File menu. Title: Party problem

Description: The Party Proklem evalustes atternative party locations and their
relative value to me.

4. Click the Diagram

button S, to bring [— Author(s):
the Diagram
window to the front. Created: Mon, Feb 07, 2011 4:36 PM

Last Saved: Won, Feb 07, 2011 4:40 P

File info: < temp'Party Problem.ana

Creating the Party Location, Weather, and Utility variables

Using the techniques introduced in “Creating variable nodes” on page 63, you will create a Party
Location decision variable, a Weather chance variable, and a Utility objective variable.

| == @[] W[y > B|@2|0o|e|o|sa|m| T
| i/‘ \
1. Create a decision —
node @ and title it =
Party Location.

2. Create a chance
node < and title it —

Weather.

3. Create an objective // R
node @ and title it : : : Y ,\ : : : :
Utility (value to ol S i S S
me). ' ' Z Z Z Z Z Z

Your diagram should now look like this:
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M Diagram - Party Problem

Location

Drawing arrows between variables

In this section, you will draw arrows from Party Location and Weather to Utility using the tech-
niques introduced in “Connecting multiple arrows” on page 72.

fewr | ﬁT—L‘ -

= T || ==
dn‘:r| V:‘ = !?

ole o # sl w7

1. Select the arrow
tool —+ .

2. Select both Party
Location and
Weather.

3. Drag from either
node onto Ultility.

Your diagram should now look like this:
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M Diagram - Party Problem

Utility
value to me)

Defining Party Location as a list of labels

1. Double-click Party
Location to open its
Object window.

Consider that there are three possible locations where you could hold your party — indoors, on
the porch, and outdoors. You will define Party Location as a list of labels identifying each location.

Party Location is used to index the Utility (value to me) objective node, so it is similar to the Car
Type index variable created for the Car Cost model in the section “Creating an index variable”
beginning on page 93. (Party Location is a decision variable, rather than an index variable,
because it is directly under your control.)

M Diagram - Party Problem

Analytica Tutorial 115



Chapter ﬂ Creating the Party Problem Model

2. Click in the
Description field and
type The party |
locations under
consideration.

0 Object - Party location

[ pecision ¥ | Party_location

Bxpr W
@ Definition:

Outputs: Ly

\tt:i Party location
Description: _ The party locations under conzideration

Defining Party Location as a list of labels

Units: —

Litidity fvaine to me)

M Object - Party location

3. Select List of
Labels from the
Expression popup
menu.

[T pecision = | Party_location
Title: Party location

w B0 Ewprezzion
E List
=

= Table
= Choice

L. Sequence

& Other...

Description: The party locations under consideration

Lizt of Labels

Units: —

Litiiity fvaine to me)

9 Object - Party location

4. Click in the first cell
and type Outdoors;
then press the Enter \
key.

[ Decision ¥ | Party_location
Title: Party location

5. In the next cell, type
Porch; then press ||
the Enter key.

6. In the next cell, type
Indoors; then press
Tab to accept the
changes.

Outputs: Uiy

cription: The party locations under consideration

Units: —

Litiiity fvaine to me)
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Defining Weather as a probability table

ole o # almlT

po| B[x =] =

7. Click the Diagram
button % | to return
to the diagram.

M Diagram - Party problem

M Object - Party Location = [

[J Decision ¥ | Party_location Units:
Title: Party Location

Description: The party locations under conzsideration

Definition: |Outdoors |
|Purch

Defining Weat

her as a probability table

In this model, as in real life, weather is unpredictable.

In this section, you will characterize weather as having two possible discrete outcomes, either
sunny or rainy. In addition, you will assign probabilities for each possible outcome. This is done by
defining weather as a probability table. A probability table is Analytica’s function for describing

discrete probabilities.
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M Diagram - Party Problem

1. Double-click
Weather to open its
Object window.

2. Click in the Q Object - Weather
Description field and [£ chance | weather Units: =
type Weather ] ; :
outcomes and Title: | Weathe|
probabilities. n -
Description: ‘Weather cutcomes and probakilties
3. Select Probability v I Expression
Table from the [T] Dpefinition:
Expression popup ] B Lst
menu. Qutputs: f= Table ity (value fo mel
Probahility Table
4 Distribution
i Other...

The Indexes dialog box opens to confirm your choice of index for the table. Weather (Self)
appears in the Selected Indexes list. Self indicates that the index — the possible outcomes of the
discrete distribution — is contained within the probability table. Self is required as an index of a
probability table.

4. Click the OK button.

Preview: Domaing: | All Varables Selected Indexes:
&7 new index J {2 Weather (Selfy J

i3

Cancel QK

An Edit Table window appears. In this table, the first column holds the outcomes and the second
column holds their probabilities. You will enter the possible outcomes in the first column.
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5. Click in the cell

labeled Item 1 to
select the first label
for Weather. Type
Sunny into the cell,
replacing item 1,
and press the Enter
key.

Defining Weather as a probability table

Probab able eathe L]

{7 | Probability Table of Weather
Vieather w

6. A second row is

added to the table.
Type Rainy and
click in the first body
cell to accept the
entry.

N A

S

| (4

A second row should be added to the table, containing the same label as the first row, Sunny. If a
second row does not appear, make sure you have the text for Sunny selected, and press the
Enter key again.

Probab able eathe L]

wesmer v |
<P

7|  Probability Table of Weather
5
o

7. Enter the values 0.4

and 0.6 for the
probabilities of
sunshine and rain.

Sunny 0
W-
| v

In the second column, you will enter the probabilities of the possible outcomes.

8. Click the check

button & to accept
these entries.

>

| -
db‘

ol® o # alm|T

9. Click the Result

button @ [to
evaluate Weather.

L D) aCHE =7 = L]

etrer v |
1

0.4
0.6

7| Probability Table of Weather
5

_EE -

>

The mid value is Rainy, since more than 50% of the probability was assigned to Rainy.
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Defining Utility as a deterministic table

ole o # al w7

10.Click the Diagram
button S| toreturn
to the Diagram
window.

Rainy

>

Defining Utility as a deterministic table

The utility of a party location decision depends on the outcome of the weather.
In this section, you will define Ultility as a deterministic table (or determtable) using both Party

1. Double-click Utility
to open its Object
window.

2. Enter the units and
description as
shown here.

3. Select Other from
the Expression
popup menu.

120

Location and Weather.

A deterministic table appears similar to an edit table or probability table. At least one index of a
determtable must be a discrete probabilistic variable (probability table). The result of evaluating a
deterministic table takes into account the probability distribution described by the probability table

index.

W Diagram - Party Problem

Farty Location

M Object - Utility (value to me)

~ [ Objective ¥ | Utiiity_

Title:  Utility
(walue to me)

T

Description: The utility, or value to me,
azzigned in dollars.

v B0 Expression

Definition:
= Table
Inputs: | {3 Probability Table
b [istribution

Analytica Tutorial

Units: = —

given a party location and weather cutcome,

ry location
tather




Chapter ﬂ Creating the Party Problem Model

Defining Utility as a deterministic table

Because the Utility variable hasn’t been defined yet, the first function in the first library is dis-
played. Libraries hold the functions available for you to use. For an overview of Analytica’s librar-
ies and their functions, see the section “Definition menu” in Appendix A of the Analytica User

Guide.

You will select the Determtable() function, which is in the Array library.

[ Eed Current Module

Inputs

w Math

4. Select Array from
the Library popup
menu.

Distribution
Special
Statistical

]

QOperators
System Variables
Matrix

Text Functions
Financial
Advanced Math
Oiptimizer
Database

Abe(X) retl

| Find...

£)
£)
£)
iadians )
£)

o v
]

Cancel

Tip The Object Finder window gives a brief description of the selected function.

5. Scroll down the list
and select
Determtable.

M Object Finder

Library: | Array

TOP FITOo

Cubicinterp
Cumproduct
Cumulate

] [ENEE

6. To specify the
indexes for the
table, click the
Indexes button.

Determtable
Indexnames

=
\\j@ Indexvalue

(R _..In 3wl . um

Determtable  |ndexes

Determtable(l, 2, ...In}{u1, u2, ...um} definez a conditional dependency on the J
outcomes of dizcrete uncertain variables, and returns an array that is reduced
across itz probabiliztic indexies). ul, u2, ...um give the determiniztic outcomes.

Cancel

oK
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Party Location and Weather are already selected as indexes because you drew arrows from them
to Utility and they are defined as lists.

7. Click the OK button

to accept these )
P N Domaing: | All Varables Selected Indexes:

indexes. JEIEE
3 Utiity (value to me) (3eif) ~ | [0 Party Location =]
|7 new index 2 Weather

Cancel QK

An Edit Table window opens for you to specify the dollar values for Utility.

You will give a value for each combination of party location and weather. These values describe
the amount of money it is worth to you if you use a given party location and the weather turns out
a certain way. Nominally, it is most valuable to have the party outdoors if it is sunny; it is least
valuable if it is rainy and you are outdoors. Other values fall between these extremes.

ete able alue z ]
8. Enter the values £7|  Determ Table of Utility (value to me) ($)
shown in the cells. e I
on
S
9. Click the check 7 [ weather _>b
button & toaccept Suﬁ Rainy | =
these entries. Outdoors 100 0
Porch 90 20
Indoors 40 S0
10.Click the Diagram
button 5%, to |_
return to the
Diagram window.
&l == @] W[y »| B|@|o|e| e samT
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Computing Utility

In this section, you will compute the value of Utility.

|
i@ |ﬁ?wf| i

T—l-l =

°|

Computing Utility

1. Utility should still be
selected. Click the
Result button @ |
to compute the mid
value.

2. Select Mean Value
from the Uncertainty
View popup menu.

W Diagram - Party Problem

Party Location

l_.lti“t'_\-"
(value ta me)

The utility of each party location corresponds to the values you just entered for Rainy in the Utility
deterministic table, because the mid value of Weather is Rainy. With these outcomes, a determin-
istic assessment leads you to conclude that your best bet is to hold the party indoors.

T Result - Utility (value to me)

a0
45
40
35
a0
24
20
14
10

Utility (value to me)

Mid Value of Utility (value to me)

Horizontal Axis:| Party Location W |

Cutdoors

Faorch
Party Location

Indoors
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The mean value gives you a very different assessment: the porch gives you the greatest
expected utility. The mean value as estimated by the sample is approximately 40 for outdoors, 48
for the porch, and 46 for indoors.

T Result - Utility (value to me)

Mean Value of Utility (value to me) £|
Horizontal Axis:| Party Location ¥ |
Lafl

Utility (value to me)

Cutdoors Farch Indoors

Party Location

|

The exact expected utility for each party location can be calculated by multiplying the probabilities
of the outcomes by the values of Utility:

Outdoors = (100)*0.4 + (0)*0.6 = 40
Porch = (90)*0.4 + (20)*0.6 = 48
Indoors = (40)*0.4 + (50)*0.6 = 46

Note to those with a background in discrete modeling

Analytica simulates all probability distributions and calculates the expected (mean) value of a dis-
tribution by computing the average of the samples. For a discrete distribution, the computed
mean converges, with increasing sample size, toward the value obtained by multiplying the prob-
abilities by the discrete outcome values.

Creating the Party Problem model: summary

In this chapter, you have:
+ Defined a variable as a probability table, a discrete distribution.

» Defined a variable as a deterministic table, a function that defines a conditional dependency
on the outcome of a discrete uncertain variable.

Exercise
As an exercise, extend the model to examine how the utility of each party location varies as the
probability of rain varies from 0 to 100%.

1. Create another chance node, titled p, the probability of sunshine. Define it as the range of
probabilities from 0 to 100%, as Sequence (0, 1, 0.5).

2. Redefine the probabilities for Weather as p, for sunny, and (1-p), for rainy.
3. Recalculate the mean value of Utility. Display the result as a graph.
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M Result - Utility (value to me)

Mean Value of Utility (value to me) XY
Horizontal Axis:| P w | Key:| Party Location w |
Lall
100
o
:; a0 A
= G0
g E‘ _-_____,..-—
—E 4
= 20
=
1
1] 0.1 n.z2 0.3 0.4 0.4 0.6 0y n.se 0.4 1
P
Party Location
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o ETeli-1Qr @l Creating the Foxes and
Hares Model

This chapter shows you how to:
» Use the Dynamic() function and the system variable Time
» Customize the appearance of variable nodes
» Organize a model using modules
» Make duplicates of nodes and modules
» Create aliases of variable nodes
» View the results of two variables simultaneously




Using the Time index

Chapter Creating the Foxes and Hares Model

Before starting this chapter you should know how to perform the following actions which will no
longer be described in detail:

Create a new model; Open an existing model; Save; Save As... (See Chapter 1)

Create and define new variables; Enter attributes in Attribute or Object windows; Draw influence
arrows between nodes. (See Chapter 4)

You should also be familiar with Array variables and Index variables. (See Chapter 5)

Using the Time index

In this model you will set up a dynamic system to model a predator/prey relationship. The popula-
tions of foxes and hares will be set up as state variables: one-dimensional arrays indexed by
Time.

Start by opening a new model and titling it Foxes and Hares Tutorial.
Create a general variable titted Hare population.

Using either the Attribute window or the Object window, place the cursor in the definition field and
choose Table from the expression popup menu. The Indexes window will appear.

Notice that Time is listed as one of the indexes in the left hand window. You did not have to define
this index before using it. Time is a system index in Analytica that is always available to you. Note
that it is distinguished by the system variable icon ((zz1). Although it is a system variable, the val-
ues of Time can be edited just like any other index.

Select the Time index and click the transfer button ( = ) to select it as an active index in the
right-hand window. Click OK to exit the Indexes window.

1. Create a new general

. X . M Indexes
variable titled | -cccooo

Hare population Preview: Indexes: | AllVariables Selected Indexes:
0 () Hare populstion (Selfy =~ Time ﬂ
- 1
2. Open the Attribute _ >>J
(or Object) window, : : A | newindex 7
Select Definition in : : e d|

the Attribute popup

window then select

T bc:o . the selec Dynamic simulstion [periods are specified in Time's defintion. This is usually &
able |n' € ' : izt of numbers or lahels, typically in some unit of time (days, weeks, months,

Expression popup : : etc.). Use the Dynamict) function in your variables to perform dynamic

i Cancel_| K|

3. Select Time in the

Indexes dialog box ? 4] |
Hare population: (7] pefinition ¥ | , e Expression
4. Click the transfer B List
button to move Time B List of Labels
to the Selected Tahble

Indexes window

fi& Probability Tabls
A Diztibution
= Choice

2 Other...
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Using the Time index

Analytica will show an edit table for the Hare population variable. Notice that the default index val-

ues for Time are 0,1, and 2. You will need to have more than just three time points in your
dynamic simulation.

i aie are paopulatio L]

7 Edit Table of Hare population

Time ¥

==

. [ ~b
0 0 ]
q ]
2 u]

| [

Go to the Definition menu and select Edit time. Click the Expression popup menu and select

Sequence. Analytica will prompt to make sure you want to change the Time index to a Sequence.
Click OK.

1. Select Edit time from | RapI1 o Fi =13
the Definition menu. B
Sysvar Titme =
Title: Time
2. Select Sequence
from the Expression Description: Dvynamic simulation periods are specified in Tine's definttion. This iz
popup menu uzually a list of numbers o lahelz, typically in zome unit of time (days,

(just above the
Definition field)

weeks, maonths, etc). Use the Dynamic() function in yaour variables to

B B wpression

v & List
B List of Labels

i1 Sequence

e D Other... -

| ara reenlatinm

Edit the sequence by keeping 0 for the start value and entering 10 for the end value.
Click OK to exit the Object finder window.

3. Setsequence tospan | RaMelFEaN ] i[-1¢ X
from 0 to 10.

\ Lihrary:| Array ‘l'l Find... |

P VICILRAEIE

[ X, 1, lgnoreMonku
[R1,R21)

ra U

[x 1, IgnureNaN:lgl—I
[ X, type, Keyind:

step strict

Sequence | ] | 10

Sequence(=tart End Step) returns a list of numbers fram sstarts to zends. If il
«ateps iz not specified, it returns a list of successive integers. Otherwise, it
returnz & list of numbers, each differing from the one befare by «steps.

Cancel (1]
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Chapter Creating the Foxes and Hares Model Setting up the Hare sub-model

If the edit table for Hare population is not already open select the Hare population node and click
on the Result button ( i |). Notice that our time index now goes from 0 to 10. We will leave the
values of the Hare population zero the moment.

7 Edit Tahle of Hare population
-

=
5 =P

b S = S

oo o oo o oo oo 0

- A 3 =] & iR

Setting up the Hare sub-model

Create three new general variables titled Initial hare population, Hare fertility, and Hare births.
Draw influence arrows as follows:

» from Hare fertility to Hare births
» from Initial hare population to Hare population
« from Hare population to Hare births
Define Initial hare population as 500. Change its Identifier to Hare_zero.

Define Hare fertility as 60%. We will take this to mean that the number of newborn hares will be
equal to 60% of the total population during the previous time period!

Define Hare births as Hare_population * Hare_fertility. This is the total number of births during a
time period.

M Diagram - Foxes and Hares Tutorial

Create, define, and
draw influence arrows
for three new
variables as
instructed above.
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Chapter Creating the Foxes and Hares Model

Using the Dynamic() function

Now we consider how the hare population will develop over time. The hare population will be
influenced by the number of hare births, which will be influenced by the hare population during the
previous period. Ultimately the value of Hare population depends on the value of itself during the
previous time period. We can address this situation using the Dynamic() function.

Using either the Attribute window or the Object window, open the Definition field of the Hare pop-
ulation variable. Click on the Expression popup menu and select v expression... Analytica
prompts to make sure you want to replace the current definition. Click OK.

Delete the existing table expression and replace it with the following:

Dynamic (hare_zero, self[time - 1] + hare_births[time - 1])

e e [eine - 1)

|

|

The first term of the
Dynamic() expres-
sion specifies the
initial value at the

self, when used within a
dynamic expression, refers to
the same variable that is
defined by the Dynamic

Square brackets placed after
an array variable call a specific
index value. In this case the
index is Time and the specified

index value is one less than the
current time step.

first Time value.

expression. Circular refer-
ences are avoided by specify-
ing a Time value other than
the current time step.

The Dynamic() function can be entered directly as an expression or accessed as a built-in func-
tion (by selecting Other... in the expression popup menu). It is listed under the Special library
heading.

Note that the Dynamic() function automatically incorporates the Time system variable. It was not
necessary to initially define our variable as a table indexed by Time, although this step was
included in the first section of this chapter to illustrate the Time index.

Select the Hare population node and click the Result button ( i@ |)

M Result - Hare population

riicter Mid Value of Hare population

Heorizontal Axis:| Time w

a5k
A0k ff
45K /
40k
38k

/

30K
25K £.
20K A
15k .
10K -
5000

Hare population

Time

This is a simple exponential growth curve. It represents a rapidly multiplying population of immor-
tal hares with no natural predators and an unlimited food supply. You will need to introduce a lim-
iting factor to avoid this buried-in-bunnies scenario.
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Completing the Hare sub-model

Completing the Hare sub-model

Quickly before it’s too late, create four new general variables as follows:

» Title: Hare carrying capacity + Title: Hare crowding

Identifier: Hare_capacity Identifier: Hare_crowding

Definition: 7000 Definition:

hare_population / hare_capacity

+ Title: Hare natural death rate » Title: Hare deaths

Identifier: Hare_ndr Identifier: hare_deaths

Definition: Definition:

hare_fertility * hare_crowding Hare_population * hare_ndr

Finally you need to change the definition of Hare population as follows:

Dynamic (hare zero, self[time -1] + hare births[time - 1]
- hare_deaths[time - 1])

[ Diagram, - Foxes and Hares Tutorial

Now we have accounted for mortality and limited food supply by introducing a crowding factor.
When the crowding factor is equal to one, the hare population has reached the carrying capacity
for the habitat. At this point the death rate will be equal to the birth rate.
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Chapter Creating the Foxes and Hares Model Using the color palette

Select the Hare population node and click the Result button ( @ |)

Introducing a M Result - Hare population
f;gmilllgpfg;t?;:ilcﬂtfo mid* | Mid Value of Hare population =
the carrying capacity 2] Horizontal Axis:
|
1000
840
= §00 -
° Vs
= 840 /
S 500 s
& 7ap //
o ran
£ ea0
T g00 /
540
500
1] 1 2 3 4 ] 2] 7 g 4 10
Time

Using the color palette
In order to make an influence diagram easy to understand it is often useful to color code nodes
according to function. The color palette is used for this purpose. You can access it in two ways:
» Right-click the node and select Show/hide color palette from the context menu
* Go to the Diagram menu and select Show/hide color palette

In the color palette you can select from standard colors or click Other... to select from the entire
24-bit RGB color space.

In this example we use
color to categorize

variables in the . : : :
. Hare B B
population

following way:

@ initial values
() inflow/outflow
() intermediate

() stock

Use the color palette . : % Color Palette

to code variables et oo ooooccio o ) piagrameotor: O Other.

according to function g
as shown.

Tip The node style and diagram style windows are also useful for customizing the appearance of
your diagram. They can be accessed in the same manner as the color palette.
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Creating a module

Modules are an important feature of Analytica. They allow you to place a collection of nodes
inside a single object, a module, which has the appearance of a single node. In this way, the top
level of your diagram can be a simplified view showing influence arrows between modules. Each
module can be opened as its own diagram window to show detailed interactions of the variables
inside. Modules can even be placed within modules to create a nested hierarchy of detail.

Tip If you have several diagram windows open at once you can click the Diagram window button ( 5% |)
to return to the top level diagram at any time.

Creating a new module is just like creating a variable node. Drag the Module node from the node
palette to the diagram window. A module looks similar to a node but it has a thick border around it
and displays the title in bold print. Whereas double-clicking a variable node will open an Object
window, double-clicking a module will open a new diagram window. Attributes for the module can
be entered using the Attribute window at the bottom of the diagram. Your new module will have
the following attributes:

« Title: Hare module
Identifier: Hare_module
Description: A dynamic sub-model of the hare population

To populate your new module, start by making a multiple selection of all the nodes except for the
module itself.

Reminder: To make a multiple selection hold down the Control or Shift keys, or drag a rectangular
frame around the nodes you want to select.

Drag one of the selected nodes to the module and release.

9 Foxes and Hares Tutorial -- Analytica® Optimizer beta -- D:\Documentsil... |:||§”z|

m File Edit Object Definition Resulk  Diagram  Window  Help -8 x
1. Create a new module ‘v—:‘—E‘ & ‘ — m C}|l|®|!|l
by dragging the E|=E| W [fr] TR :
Module icon down to — : =
the diagram space -
2. Make a multiple
selection of all : .
variable nodes by O— 0 a . ) . .
dragging diagonally Hare
across the space. population : :
(Make sure that the : : o ‘o
module is not also : : : : : : : :
selected) i oms O - [ O - - B N R ]
3. Drag one of the
selected nodestothe | [ i . . . .l T
module and release -
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Duplicating a module

Chapter Creating the Foxes and Hares Model

Your top level diagram should now contain just the module by itself. Double-click the module to
see the variables in a separate window.

4. Double-click on the
module to open a new
diagram window

W Diagram - Hare module

Hare
population

Tip If a single diagram window takes up the entire workspace press the maximize/un-maximize toggle
([=] ) near the upper right corner of the window.

Duplicating a module

Now you will make a similar sub-model for the fox population. Since the basic structure will be
similar to the hare sub-model, you can save time by duplicating it automatically.

Select the hare module in the top level diagram window. Select Duplicate nodes from the Edit
menu. A duplicate module will appear.

Edit the Title and Identifier of the duplicate to read Fox module

Edit the Description attribute to read A dynamic sub-model of the Fox population

1. After selecting the 0 Diagram - Foxes and Hares Tutorial

Hare module, go to
the Edit menu and
select Duplicate
node

2. Re-title the duplicate
as Fox module
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Chapter Creating the Foxes and Hares Model Completing the Fox sub-model

Analytica appends a 1
to keep the identifiers

of duplicated variables
distinct

Double-click the Fox module to open its diagram window.

The diagram appears to be identical to the original but you will notice some important differences
in the Identifiers. Open the Attribute window and check the identifier for the Hare population node.
Notice it has been changed to Hare_population1. Analytica has appended the 1 to ensure that
the identity of the new variable is distinct from the original. Different variables are allowed to have
identical titles but they must always have different identifiers

Identifiers in functional expressions are modified accordingly. This ensures that the duplicate vari-
ables belong to a self-contained group that does not interfere with the original variables.

Hare population: Identifier il

HarEJODpulatil:ln'll

Completing the Fox sub-model

Due to a lower fertility
rate, the fox population
approaches its carrying
capacity more slowly
than the hare
population.

136

Edit the titles and identifiers in the fox module as follows:
(These edits mostly involve substituting the word Fox for Hare.)

+ Title: Fox population « Title: Initial fox population
Identifier: Fox_population Identifier: Fox_zero

» Title: Fox carrying capacity + Title: Fox crowding
Identifier: Fox_capacity Identifier: Fox_crowding

+ Title: Fox natural death rate + Title: Fox deaths
Identifier: Fox_ndr Identifier: Fox_deaths

+ Title: Fox births  Title: Fox fertility
Identifier: Fox_births Identifier: Fox_fertility

Change the definition of input variables as follows:
+ Initial Fox population: 120
+ Fox fertility rate: 35%
* Fox carrying capacity: 200
The fox population is now a self-contained sub-model.
Select the Fox population variable and click on the Result button (@).

200

190 et

180 -
170 o

160 A

140 A

140 ,/
130 o

120

Fox population
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Creating aliases

Although it is useful to organize a model with modular structure, accessing variables inside mod-
ules can be less convenient than having them all in the same window. To address this problem
Analytica allows you make an alias of a variable and place it anywhere you wish. The alias pro-
vides local access to the variable but it is merely a representation, not a duplicate, of the original
node.

In this case it will be convenient to access the Hare population and Fox population nodes on the
parent diagram without having to open the modules.

Click the Diagram button ( ggl) to open the top level diagram. Open the Fox module and arrange
the windows so that both are visible.

Select the Fox population variable. Go to the Object window and select Make alias. The alias
looks similar to the original node but the title will be shown in italics. Drag the Fox population alias
to the parent diagram.

1. Arrange windows so
that the Fox module
diagram and its parent
diagram are both
visible.

2. Select the Fox M Diagram - Fox module

population variable and
select Make alias from
the Object window.

3. Drag the Fox
population alias to the
parent diagram

. Fox
window. ', b popuation

Note that Alias nodes
always show titles in
italics.

Repeat the same procedure to create a Hare population alias on the top diagram.

4. Create an alias for the
Hare population : : : :
variable in the same
manner. . . . . . .

Influence arrows are - o o .......
automatically drawn |-

Fox
population
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Chapter Creating the Foxes and Hares Model Drawing influence arrows across modules

Drawing influence arrows across modules

1.

Create a new general
variable titled
Predations.

Now you are ready to introduce predatory interaction! Create a new general variable titled
Predations. This will represent the number of hares eaten by foxes in a given time period. The
predation level is assumed to be proportional to the product of fox and hare populations.

Draw influence arrows from the Hare population alias to Predations, and from the Fox population
alias to Predations. Enter the following expression to define the new variable:
Hare_population * Fox_population / 600

M Diagram, - Foxes and Hares Tutorial

. Draw influence arrows

from the Hare
population and Fox
population aliases to
the Predations
variable.

Define Predations as:
Hare_population
*Fox_population/600

i Hare_population*Fox_population/Bo0 j

Hare : :
ponuiation : : popuiation

2 4| | A
Predations: [ Definition w (e w ]

Unfortunately for the hares, each predation will count as a death for their team. Open the Hare
module and arrange windows so that the Hare module diagram and its parent diagram are both
visible. Draw an influence arrow from Predations to Hare deaths.

. Open the Hare module

and arrange window so
that the Hare module
diagram and its parent
diagram are both
visible.

0 Diagram - Hare module

Draw an influence
arrow from the
Predations variable to
the Hare deaths
variable.

138

Hare
population
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Chapter Creating the Foxes and Hares Model

Drawing influence arrows across modules

Re-define Hare deaths as: Hare population * Hare ndr + Predations

6. Edit definition of Hare | | Hare deaths: [Definition ¥ |[eor W |[X[o7]| Inputs ¥ |
deaths to read: Hare_population*Hare _rip + F‘redaﬁuns:| i
Hare_population *

Hare_ndr + 1S4
Predations

if you look closely at the Hare population and Hare deaths nodes you will notice small arrowheads
on the margins. These indicate influence relationships with other nodes outside the module.

1 Diagram - Hare module

Arrowheads indicate | | - - REERERE RERRRS
influences directed
outside the module.

Hare
population

Predations are a food source for fox population and have a positive effect on their numbers. This
can be modeled by making the Fox carrying capacity proportional to the Predations variable.

Re-define Fox carrying capacity as: Predations*1.6

7. Re-define Fox carrying -
capacity directly by X =
typing Fox carrying capacity: Definition w (e w ] b |
Predations * 1.6 -
into the Definition field i

Tip Analytica will allow you to use a variable in an expression before drawing its influence arrow. The
variable will not be listed in the Inputs popup menu so you must type the exact identity correctly.
Influence arrows will automatically be drawn after you finish editing the expression.
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Viewing multiple results simultaneously

Your model is now complete. Click the Diagram button (él) to open the top diagram. As you
already know, you can view the results of the fox and hare populations separately by selecting
either one of the population aliases and clicking the Results button (!_?l). But there is an easy
way to combine both variables on the same graph.

Select both alias nodes simultaneously (holding down the Control or Shift keys while selecting).
Now when you click the Results button a dialog box will appear asking if you want to compare
more than one result. Click OK. Analytica will automatically create a comparison node. A com-
parison node is essentially a list variable with the variables to be compared as elements of the list.

The default title in this case will be Compare1.

1. Select the Hare P—
population and Fox 4 . Diagram - Foxes and Hares Tutorial E]EH£|
population aliases : : : =y : : -
simultaneously. Question £|

2. Click the Results
button ( i ) in the
tools palette.

\ ? } D wou want ko compare mare than one resulk?

ol I Cancel I

3. Click OK to confirm
you want to compare
more than one result.

Hare

A new comparison
node is automatically
generated.

The result window for Compare 1 will contain information from both of the selected nodes. Choose
Time as the horizontal axis in the Result window of Compare1. You can now see the result of the
predatory interaction.

|

0 Result - Comparel

midw | Kid Value of Comparet Wl
@ Horizontal Axis: Time - I Ke_v:l Comparel - |
4. Set Time as the eell
horizontal axis &00
T
~ &oo e
w g
The graph shows ~ 400 —e
" e
results for Fox and o s
Hare populations E 300
simultaneously LT . B
100
a 1 2 3 ) a G ¥ a ] 10
Time
Compare1
— Fox population — Hare population A
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Foxes and Hares Act lll

1. Select Edit time from
the Definition menu.

2. Click the Sequence
button in the Definition
field.

3. Set end step to 100

4. Select the Compare1
node and click the
Results button ( i@ |)

The populations
eventually settle down
to a new equilibrium

Foxes and Hares Act Il

How does the Fox/Hare drama end? You can extend the simulation by simply adding more values

to the Time index.

Go to the Definition menu and select Edit time. Extend the sequence to go from 0 to 100. Click

OK to exit the Object Finder.

M Object Finder, X

Lil:-rar_v:l Array Vl Find... |
L (6 =1 L] T T, FOWE, COlE, 7,
=5 Min (%, 1, lgnorefManbu
= Mormalize (R1,R2,1)
B Postionininde: (AU
B Product [¥1 IgnoreNaslN:lgu—I
BE Rank (R0, type, Heyind:
B Seousnce [ start, end, step, =

it end step strict
Sequence| ] | 100

SequencelStart End, Step) returns a list of numbers from «startz to zends. If il
zsteps is not specified, it returns s list of successive integers. Ctherwise, it
returns a list of numbers, each differing from the one before by ssteps.

Cancel

Select the Compare1 node and click the Results button ( i |) again.

M Result - Compare1 : Elgl

gl

rhic Mid Value of Comparel

Horizontal A}(is:l Time

- I Hey:l Comparel ¥ I

B0
500 - \\

300
200 it

Compare1

100

1] 10 20 30 40 50 60 YO 80 80 100

Time

Comparel

— Fox population — Hare paopulation

Now you can experiment by changing input values to see how they impact the result.

If you would like to see a more complete Foxes and Hares example, open Foxes and Hares.ana

in the Tutorial Models folder.
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Summary: Creating the Foxes and Hares Model

In this chapter you have:
» Used the Dynamic() function to model a feedback loop in a dynamic system.
+ Edited the system variable Time which is used as an index in the Dynamic() function
» Customized the appearance of nodes using the Color palette
* Grouped nodes into Modules
+ Used the Duplicate command to create a new module with similar structure to the original
» Created aliases for convenient access to nodes contained within modules
« Established influence relationships between modes in different diagram windows
+ Created a comparison node to view the results of two variables simultaneously.
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Sharing Models with
Others

Once you have built your own model, others can view and use it using
Analytica Player, or you can make it available on the web with Analytica
Web Player (AWP).

In this chapter, you will learn how to share models with others. In particu-
lar, you will:

* Learn how to instruct someone to install Analytica Player

» Set up an AWP account.

» Upload a model to your AWP account

» Send an invite yourself or a friend to view your model on the Web.
* View and navigate your model in AWP.




Chapter n Sharing Models with Others Analytica Player

Once you have created an Analytica model, you may wish to share it with others. Other stake-
holders will find an Analytica model to be dramatically richer and more informative than a static
report showing your computed results. The visual influence diagrams enable people to under-
stand how results have been computed, assumptions used, and variables and interrelationships
that impact the analysis. An ability to change inputs and recompute results interactively enables
stakeholders to easily question assumptions, try their own, and understand the impact of different
assumptions. And the ability to interactively pivot multi-dimensional result tables and graphs
allows others to visualize your results in ways not easily facilitated by static reports.

There are two straightforward methods for sharing your model:

» Send your Analytica (*.ana) model files to them either as an email attachment, or by posting
on a shared file system or file repository.
» Post your model to the Analytica Web Player server and send your colleagues a URL.
In the first case, your colleagues will need to have Analytica installed, or will need to install the

free Analytica Player, in order to view your model. In the second case, your users need only have
internet access with a Flash-enabled browser.

Analytica Player

Anyone can download the free Analytica Player edition and install it on a Windows computer. If
you have already installed any edition of Analytica, then you already have Analytica Player. If you
have installed the 30-day Trial edition, once your trial expires, you will still be able to use it as the
Player edition.

The Analytica Player allows people to view your model, navigate your influence diagram hierar-
chy, view object windows, compute and view results, change inputs and re-evaluate results. It
does not allow users to change your model (other than inputs), save their changes to inputs, or
make use of any features available in only in Analytica Enterprise or above, including for example
the ability to import data from external live databases after the model is loaded.

A non-free Analytica Power Player edition provides addition features for users of models who do
not need to build or make changes to the model itself. The Power Player allows users to save
changes to inputs, and make use of Enterprise-level features such as importation of data from live
databases after a model is loaded.

Distributing your model

To share your model with users who either have Analytica or Analytica Player already installed, or
who are willing to install Analytica Player on their Windows-based computer, simply email them
your model file as an attachment. However, in the email you should include the following text:

To view this model, you will need to install the free Analytica Player. To obtain the Analytica
Player, please visit:

http://lumina.com/products/free-player/
You can also post your Analytica model on a web page using HTML such as the following:
<a href="My Model.ana”>My Model</a>

When you do this, you should include the same text instructing users how to download the free
Analytica Player. Users who already have the Player installed can launch the model just by click-
ing on the hyperlink.

Analytica Web Player (AWP)

144

In this section, you will sign up for an Analytica Web Player account, upload a model to your AWP
account, send an invite to view the model to yourself, and then view and navigate a model in
AWP.
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Chapter n Sharing Models with Others

Sign up

Analytica Web Player (AWP)

To post your model to the Analytica Web Player, you’ll need an AWP account. Signing up for an
account is free and includes 25 session credits just for signing up. You'll also receive 25 additional

session credits per month once you purchase Analytica, for as long as your support is active.

Unless you have already signed up for an account, you should do so now.

1) Select Analytica
Web Player... on the
Help menu.

ser guide
Cpkirnizer
Tutorial

2.) Click Sign up.

Analytica Wik
Wyiki login info. .

Update license. ..

About Analytica, .,

#nalytica Web Plaver. .,
Web tech support
Ermail kech suppark
Contack Lumina. ..

F1

Since you don’t yet have an account, sign up for one:

2 Analytica Web Player - Windows Internet Explorer, |:||§|r>__<|
Q0 ~ e B 7 ] [3 [BE
File Edit View Favorites Tools  Help
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Individual Account Sign In

>

Lumma. analytica web player

Welcome to the Analytica Web Player, which lets you view and run Analytica
models via a web browser. Email Lumina at Awp@lumina.com about any

Don't have an account yet?
Sign up.

Email/User Id

Password
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On the next page, read the information at the top, then scroll down to the form and fill in your own
information. Make sure your email is valid, this will be used as your login id. Also, the email
address is used to match your account against your active support after the first month.:

First name Last name

Name: Jane Doe

Email address: jdoe@amail.com

Organization: Doe & Doe Consulting

Password: =

Retype Password: =
Already hawve an acccount?
Sign in.

Submit

Logging in / Model Listing

As you did in Step 1 of the previous section, jump to AWP by selecting Analytica Web Player...
from the Help menu, and this time enter your email and password:

Lumina. analytica web |

Welcome to the Analytica Web Player, which lets you
models via a web browser. Email Lumina at Awpa@lur
problems or suggestions.

1.) Enter your login o .
credentials - Individual Account Sign In Dan

jdoe@gmail.com

*hkkkkkk

Lag In . Fargot passwaord

Sign in to Group Plan
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The next screen displays the models already uploaded to your account. AWP automatically popu-
lated your list of models with one example model, which you can immediately view in a browser.

Release 2.5.0.7

Lumina. analytica web player

DECISION SYSTEMS

Buy Creditz ]

2.) Click on the model
name. Title | Authar(s)
RentEEluy Example Model.ana |Max Henrian

3) Press Run Model. ~ Upload model Download model| | Delete model | | Email invite |

Change password

Exploring a Model in AWP
The Rent vs. Buy Analysis model launches in a browser. Using the outline view on the left, you
can quickly explore the module organization of the model. Clicking on a variable node displays its

graph:

CLOSE MODEL

DECISION SYSTEMS

Rent vs. Buy Analysis

1.) Click on out-
line triangle to see
modules inside
Cost to Buy

2.) Click on a node
to view its result.
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Here we see the probability density result graph for Costs of buying and renting. Justlike
in Analytica desktop, you can view the result as a table or graph, using the tabs at the top to
select the desired view, and can switch between different uncertainty views.

CLOSE MODEL
- Lumina.
3.) Click on tab to 2 Diagram - e Tase fali chart
select the result ) _
Table view. Rent vs. Buy Analysis Costs of buying and renting ($) | pr. ility Density -
¥ O Cost to Buy ; . _
3 Fubure sales proceeds Horizontal Axis: Buy or rent
O Opportunity cost
O Out-of-pocket.
4.) Select Statistics 450
view. O Parametric Analysis
40u
350
b=y
2 30u
o
[=]
£ 250
H
g 20
e ]
o
14u
10u
U
i} T T T T T T 1
-200kK -180K -100kK -a0k 1} a0k 100K 180K

Costs of buying and renting ($)

Buy or rent
— Buy — Rent

You can also pivot multidimensional result tables or graphs.

i, Diagram Object Edit Table @ Table
5.) Pivot the table by )
selecting the Statis- Costs of buying and renting (%)  Statistics -
tics index for the row i
labels. — Buy or rent -
6.) Copy this table to i Statistics v O B
the clipboard J - -
(optional: Then paste hdin edian hiean | bz | Sted. Dy,
into Excel) | Buy 152K ETSTK -B2A5K B5.31K | 33.24K
| Rent | 1505k -126 .6k -126 8K -106 .8k G432
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7.) Return to the top
model diagram.

Lumina.
_|_Mrvx, Buy Analysis

Analytica Web Player (AWP)

Spend some additional time navigating the model on your own.

CLOSE MODEL

Object G Edi

Tenting ()  Statistics

- Diagram

Costs of bupd

¥ O Cost to Buy

8.) After you finish
exploring, close the
model.

Statistics
O Future

Opportunity cost # Buy or rent - B
O Qut-of-packet costs to own By | Rert | 52
O Cost to Rent Min 152K -150.5K |
O Parametric Analysis RGHI BT.STH -1288K |
Mean -62.55K -126.9K
Max E5.31K -106 .5k
Std. Dew. F3.24K G452

Uploading a Model to AWP

Now you will upload one of your own models. For illustration of the steps, you will upload one of
the models from the Example Models folder where you installed Analytica. The model selected
here is one that contains input entry controls -- fields your end users will be able to change when
they are using the model in AWP.

Release 2.5.0.7

Lumina. analytica web player

Welcome to the Analytica Web Player, which lets you view and run
Analytica models via a web browser. Please let us know what you think
of it: Email Lumina at Awp@lumina.com about any problems or
suggestions for new features.

Help
Accountinfo

Buy Creditz

1.) Click Upload
Model

Click a model to select it, and then click a button below to apply to the
selected model. Or upload a model by cliking the Upload model button
below.

Account: jdoe@gmail.com

Title | Author(s)
entvs Buy Example Model.ana |Max Henrian
Fun model Uplgad model Download maodel Delete maodel Email invite
Sign out Change password

In the file open dialog, navigate to the Example Models directory where you originally installed
Analytica, and then enter the Business Examples subfolder. For most people, this is located at:
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C:\Program Files\Lumina\Analytica 4.3\Example Models\Business Examples

Select file to upload by www.analyticawebplayer.com

Look in: |E}Business Examples j @ ?‘ b v
r P, Bond Madel. ana
: ﬂ Breakeven Analysis.ana
My Recent ﬂ Expected R&D Project Yalue, ANA
Dz ﬂ Financial Statement Templates, AMNA
- F— o
2.) Select the Project L S Market Modil.ana
. * Plan_sched_control.ana
portfolio planner | Dosklon o plarner.ana
model. | . ™. Sales Effectiveness Madel.ana
‘) ﬂ Subscriber Pricing Model ana
My Documents
My Computer
My Metwark File name: Project portfolio planner. ana - Open
Flaces | J l—l
Files of type: |Analytic:a Maodelz j Cancel
The model is copied to the AWP server and the model listing now reflects the fact that the model
is uploaded and ready to be viewed.

3.) Click on the Title | Authars)

newly uploaded Rentvs Buy Example Model ana Mz Henrion

model. \——P-mjectpom’olio planner.ana Max Henrian
|4-) Run the model }—:Run maodel Upload model |:D0wnload model:l | Delete model | | Email invite |

Sign out Change password':
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Analytica Web Player (AWP)

The model you just uploaded is now presented in the web browser. You can change inputs, view

results, and navigate the model details. Next, you will change a few inputs and view results based
on those new inputs.

o :
#{p Diagram Object

Project portfolio

5.) Change the dis- Project Analysis Multiattribute evaluation
o o =
count rate to 12% Projectinputs  |Edit Table Attribute scores by project  [Edit Table
R&D cost g
Attribute weights
Product released 3 :
OiSCOoUnt rate (Yefyear) 8% e
6.) Open the edit _ . : :
[ Result | edre by attribute mid
table for Attribute NPV revenue ($) ((RESUIE) o
weights NP revenue Importance mid Mut attribute score ([ IRESHE
Automated portfolio recommendation Portfolio analysis
Selection criterion | Multiattribute score - — i T
election metho -
Ratio of merit to cost mid —
Manual portfolio |Edit Table
Cumulative E net revenue 3
= Cost for selected partfalio u
R&D budget am -
_ MNP for selected portfolio - .
Automated poartfalio mid

The attribute weights indicate how important each attribute is the overall multi-attribute score for

each potential project being considered for the project portfolio. Next, you will change the relative
importance of these.

(3 . Diagram Object E3 Edit Table

7.) Set the Strategy
Fit weight to 50%

Edit Table of Attribute weights

Attributes for scores

52

8.) Set staff develop- | Strateqyfit ' 30%

ment weight to 30% n Staff-developrment—— 70%
Public good will 40%

9.) Return to the dia- Het revenues e,

gram. ' '
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10.) Press Calc to
view the result

Analytica Web Player (AWP)

Click the result button to view the efficient frontier of project portfolios at different budget levels.

Automated portolio recommendation

Multiattribute score A

Calec mid

Selection criterion

Fatio of merit to cost

11.) Close the
model.

Cumulatrve E net revenue Calec | 1l

F&D budget M v

Calc mid

The result reflects the changes you made to discount rate and attribute weights.

Automated portfolio

£LOSE MODEL

ﬁu Chart

| 45 Diagram {=] Object @ Result
Cumulative E net revenue pean Value -

Horizontal Axis: Projects ordered by merit ratio

$2.4

-

$2.2

A

§2 /

1.8

1.6

1.4
1.2 o

Cumulative Enetrevenue

# £

$0.8

$0.6 i

§0.4

§0 F1n F2n Fan F4n

Cumulative E cost

Fahd 110 57

Projects ordered by merit ratio

@ Microgravity Aerobics A WYZ Acronymics

M Open Source Genomics < Guantum Recycling
& Dharmic Messaging -+ Hyperspace Storage

¥ Integrated Subsystems

Sending Invitations

1.) Click the model
to share.

You are now ready to invite a colleague to view your model. To experience the invitation yourself,
you will send the invitation to yourself here, but if you wish, you can repeat the steps here and
send an invitation to a friend.

2.) Click Email
invite

152

Title | Author(s)
—‘ Rentvs Buy Example Model.ana Max Henrion
Praject portfalio planner.ana Max Henrion
Fun model Upload model Download maodel Delete maodel Email invite
Sign out Change password
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3.) Enter your own
email address, or
that of a friend.

You can customize the email message before sending it out. It also works fine to copy/paste the
URL that appears in the suggested message text into an email you compose in your own email
program, and send the email from there.

Title | Author(s)
Rentvs Buy Example Model.ana Max Henrion
Froject portfalio planner.ana Max Henrion

Enter email address(es) (separated by commas).
Feview and custamize the subject and content.

Toerrail-addrass—debr—doag@hotmail.com

Subject: |Invitation to r
Hi,

jew Analtica web madel

4.) Customize the
subject and text if
you desire. But
leave the URL as it
appears.

invite yau ta reviewy and run an Analytica model called: Praject portfolio planner.ana

/w—“ﬂgﬂ using Analytica Web Player (84P).

Simply click this link
hitp:iteennw AnaldicavebPlayer.comi2 SiClientiwpClient aspx?inviteld=2 &invite Code=123456&subMame

=jdoe%40gmail%2Ecom

5.) Click the button
to email the invite.

I'would appreciate your comments.
Thanks,

Jane Doe =

Sand email Cancel

Next, since you sent the email to yourself, bring up the program you use to read your email. The
message usually arrives within a few seconds. Read the message to get an idea what your col-
leagues will see when they receive the invitation. Here is one example.

Invitation to review Analytica web model 1nbex | =
DoNotReplygianalyticawebplayer.com to me show details 4:52 PM {0 minutes ago) | #Reply | ¥
Hi,
| irvite you to review and run an Analytica model called: Project portfolio planner.ana
You can run it in a web page using Analytica Web Player (AW

Simnply click this link
http: Mo AnalyticaWebPlayer. comd/2 5/ ClientAwpClient. aspx Zinviteld=2&irnvite Code=1234568
subMarme=jdoe%40gmail%2Ecorm

I'would appreciate your comments.
Thanks,
Jane Doe

jdoe@grnail. com

4 Reply =¥ Forward

User Session Credits

When you signed up for the Analytica Web Player, you automatically received 25 free user-ses-
sion credits for signing up. If you keep your support active on your Analytica license, you'll also
receive an additional 25 user-sessions per month (these expire at the end of each month if
unused, but 25 new credits appear at the beginning of each month). These free credits allow for a
moderate level of AWP usage at no charge. Each user session is good for up to one CPU minute
of computation. Very occasionally, some models will contain very CPU-intensive computations.
When these computations surpass 1 CPU minute, additional session credits may be consumed. If
you have a excessively CPU-intensive model, then you should consider sharing it via Analytica
Player instead. We want to keep the AWP server responsive for all users!
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1.) Click

From the Project Directory page in AWP, you can click the Account Info button to view your user
session credit balance.

Lumina. analytica web player

Welcome to the Analytica Web Player, which lets you view and run

Analytica models via a web browser. Please let us know what you think - all
of it: Email Lumina at Awp@lumina.com about any problems or Account infa
suggestions for new features.  Buy Credits

Click a model to select it, and then click a button below to apply to the
selected model. Or upload a model by cliking the Upload model button
below.

Account Info

1.) Click Project
Directory to
return.

Account: jdoe@gmail.com

Title | Author(s)
Rentvs Buy Example Model.ana |Max Henrian
Run maodel Upload model |Download model| | Delete model | | Email invite |
Sign out Change password
Lumina.

Account info

Account name jdoe@gmail com

Account Type Individual

Mumber of credits remaining 23

| Project directory |

When you require a higher usage level than provided with the free monthly credits, you can pur-
chase additional user session credits to your account by logging into AWP and pressing the Buy
Credits button.

An AWP Group Plan subscription also exists with additional functionality for collaborative project
support, higher included monthly user session levels, and additional features. Learn more on the
Lumina Web Site.

Summary: Sharing Models

154

In this chapter, you have learned about sharing models files with people who do not have Analyt-
ica installed, or who can download and install the free Analytica Player edition. You have also
established an account on the Analytica Web Player server, which you can use to share models
over the internet with anyone who has a Flash-enabled web browser.
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On Your Own

This chapter describes the example models and libraries that are pro-
vided with Analytica.
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Congratulations on completing the Analytica Tutorial. You are now ready to begin creating your
own models.

For more detailed information on Analytica, see the Analytica User Guide. It is a reference on all
aspects of Analytica, including descriptions of all available functions.

Within the Analytica folder are folders titled Example Models and Libraries, which contain a
variety of Analytica models, including the examples illustrated in the Analytica User Guide. These
resources are useful to include when building your own models. Many of the example models
were created by users just like you. These models contain a wealth of ideas on using Analytica for
practical applications. You should investigate these examples to see some of the different ways in
which models can be constructed.

If you create models that you feel would be helpful or interesting to others, please send them to us
for inclusion in a future Example Models folder; see the end of this chapter.

The Example Models folder is subdivided into these folders:
* Business Examples
+ Data Analysis
* Decision Analysis
+ Dynamic Models
* Engineering
* Function Examples
» Optimizer Examples
* Risk Analysis
* User Guide Examples
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Business Examples

Business Examples

Bond Model
Breakeven Analysis
Expected R&D Project

Value

Financial Statement
Templates

Market Model

Plan_Schedule_
Control

Project Portfolio
Planner

Sales Effectiveness

Subscriber Pricing

This model takes typical bond purchase inputs (purchase price, par value, interest rate, and life to
maturity) and calculates bond cash flows, current yield, and yield to maturity.

This model is an example of a breakeven analysis of a set of revenue levels, when the fixed
expenses are set at one amount and the variable expenses are a constant fraction of revenue.

This model evaluates and compares the expected commercialization value of multiple proposed
R&D projects.

This model contains a complete set of standard financial statements: a profit and loss statement,
balance sheet, and cash flow statement. It provides a step-by-step guide to using these templates
to generate your own financial statements. You can enter values into the existing template and
modify the variable definitions to reflect your own accounting standards.

This model explores a market for a new product, and the pricing and advertising budget decisions
involved. This example also shows the use of “forms” for receiving input and presenting output for
users of the model.

T Diagram - Market Model

Product Lifecycle Decisions
Product Lifecycle Comors )
Pkt Price
Marketing budget (Shr)
Growth| Mature | Dedlin —
Phase | Fhase | Phase - Product costs
i tima
- i - L Yearly Fixed Cost  (Shr)
Growth Mature Dedline
Years Years Startup Cost (3) e
Growth phase (years) Unit Cost (S/unit) m
Mature phase (years) Discount rate (%) m_
Decline phase (years)
_ Results
Mature market size (&) Cash Flow ($) o
Mt eeat Eiees Met Present Value (5) rrid

2

Impaortance to NPY

. [

This model takes input data for activity paths required to complete a project, and calculates vari-
ous outputs describing the critical path, timing, and costs for project completion.

This model evaluates and prioritizes a portfolio of projects based on either the estimated net
present value or a multi-attribute score, based on strategy fit, staff development, the generation of
public goodwill, and estimated net revenue.

This model evaluates the effects of unit price on salesmen head count and production capacity.
The model contains an example of taking user estimates of uncertainty in a standard high-
medium-low form, and transforming those inputs into a continuous distribution for propagation
through the model.

Derived from Principles of Systems by Jay W. Forrester, 1968, ISBN 0-915299-87-9.

This model determines the amount of revenue needed on a monthly basis from each subscriber
of a service to just meet the weighted average cost of capital of the firm from the service release
date to the end of the study horizon. In other words, it calculates the monthly unit revenue rate
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Data Analysis

Bootstrapping

Kmeans Clustering

Moving Average
Example

Multidimensional
Scaling

Principle Components

Regression Examples

158

required from each subscriber of a service to give a return on investment at the end of the study
horizon that is equal to the weighted average cost of capital of the firm.

Bootstrapping is a technique for estimating the confidence in a statistical estimator. This model
demonstrates how a distribution for an estimated statistic can be obtained by resampling repeat-
edly.

This model shows an example of scatter plots in Analytica. A K-means clustering algorithm
(where K is the number of clusters) is applied to some random data to partition points into groups
(clusters) of similar points.

This model also demonstrates the /terate function.

This is a simple model that shows how to compute the moving average for a data stream. It
defines a Moving Average function you can use.

This model performs multidimensional scaling. It takes as input N, which is the dimensionality of
the problem, and Distances, which is an NxN symmetric matrix of distances (or dissimilarities). It
calculates and outputs a two-dimensional set of N points XY (or separately as Xcoord and Yco-
ord) that best approximates the spatial layout of points that could generate the input distances.

Reference: Multivariate Analysis by K.V. Mardia, J.T. Kent, and J.M. Bibby, Academic Press, Lon-
don, 1979, Section 14.2.2, page 400. Model supplied by Michael L. Thompson.

Principal components analysis (PCA) is a technique used to reduce multidimensional data sets to
lower dimensions for analysis. PCA involves computing the eigenvalue decomposition or singular
value decomposition of a data set.

This model shows how to find the principle components in a uses an eigenvalue decomposition to
compute the principle components of the covariance matrix of historical stock prices.

This model demonstrates the use of generalized linear regression by best fit curves of various
function forms to a set of (x,y) points. It includes:

* Linear regression

* Quadratic regression

* Polynomial regression

+ Discrete Fourier series

* Regression with redundant basis

» Regression using a large arbitrary collection of terms (useful in the situation where you
do not have any reason to prefer one functional form over another)

* An auto-regressive series
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Decision Analysis

Two Branch Party Tree

Beta Updating

Biotech R&D Portfolio

Diversification
Illustration

Expected Value of
Sampling Information
(EVSI)

Gibbs Sampling in
Bayesian Network

LEV R&D Strategy

Marginal Analysis for
Control of SO,
Emissions

This folder includes models that illustrate the discipline of decision analysis.

The author of this model wants to throw a party, and can’t decide where to throw it. This model
shows how to model a two-branch decision tree in Analytica.

M Diagram - Two Branch Party Problem

B=1E

cold
Decision

tree WwWarm

2UNNy hot

cold

rainy
warrm

hot

[

3 4 |

This model uses the beta distribution for the Bayesian update of beliefs about the probability that
a coin will come up heads.

This multi-project R&D evaluation models a typical R&D decision problem that might be faced by
a biogenetic company.

This model is an example of a Blitzogram™, which is one way to display the effect of diversifying
over a growing set of investments. The example from the model is taken from “Blizograms - Inter-
active Histograms” in Informs Transactions on Education, Vol. 1., No. 2 (Jan. 2001) by Sam Sav-
age. For further information, consult:

+ “Beat The Odds: Understand Uncertainty” at
http://www.linuxriot.com/article/showAtrticle.jhtml?articleld=17700622

+ Sam Savage’s web site: http://drsamsavage.com

The EVSI for further treatment trials model computes the EVSI, a measure of how much value
would be obtained from a sample of observations prior to making a decision. In this model, a drug
approval agency must decide whether to approve a certain new treatment. They have the option
of requesting additional clinical trials before making the decision. The EVSI captures the expected
value of the information that would be obtained from the additional trials.

This model solves a Bayesian network using the Gibbs sampling method, also referred to as Sto-
chastic Simulation. It is an instance of Markov Chain Monte Carlo simulation. This implementation
runs multiple simulations simultaneously. You can specify observations for any subset of variables
in the model (using the pull-down menus), and compute the posterior probabilities for any of the
other variables.

For more on this technique, see S. L. Lauritzen and D. J. Spiegelhalter, “Local Computations with
Probabilities on Graphical Structures and Their Application to Expert Systems,” Journal Royal
Statistical Society Series B50:2, 1984, p. 157-224.

This example models R&D decision analysis for investment strategy among several choices of
powerplants for a low emissions vehicle (LEV).

This model demonstrates a marginal benefit/cost analysis to determine the policy alternative that
leads to the most economically efficient level of cleanup.
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Multi-attribute Utility
Analysis

Newton-Raphson
Method

Nonsymmetric Tree

Party With Forecast

Plane catching decision

with EVIU

Probability of Gaussian

160

Region (Importance
Sampling)

Supply and Demand

Tornado Diagrams

This model is an example of a multi-attribute utility analysis for cars, showing how to analyze an
array of cars across an array of attributes, where different drivers assign differing weights to the
importance of each attribute.

This model implements the Newton-Raphson (or simply Newton’s) method, one of the most pow-
erful and well-known numerical methods for finding the root of f(x)=0.

This model uses decision tree terminology to provide an example asymmetric decision tree in
Analytica.

This model presents a problem facing a party host. In the face of uncertain weather, what is the
best location to hold a party? The value the host assigns to the party is a function of both the loca-
tion chosen and the weather outcome.

This model augments the basic party model in order to show the value of imperfect information —
in this case, a weather forecast — using Bayesian updating.

The Expected Value of Including Uncertainty (EVIU) expresses the improvement in decision qual-
ity obtained when we include uncertainty as probability distributions in our model, compared to
using only deterministic estimates for parameters. This model illustrates how EVIU is computed
using a model to assess what time | should leave my home to catch a flight at the airport.

This model demonstrates the technique of importance sampling. Importance sampling is a variant
of Monte Carlo sampling that can be used for extremely rare event sampling. Straight Monte
Carlo with finite sample sizes will provide very low coverage of regions with very low probability.
This example demonstrates by estimating the probability of a very small region within a Gaussian
distribution.

This model calculates the required supply level to maximize profit when the profit function is
asymmetric around the average demand value.

A tornado diagram is a common tool used to depict the sensitivity of a result to changes in
selected variables. The fundamental analysis behind a tornado diagram consists of varying only
one input variable at a time, keeping all other variables at their nominal values. Typically, a low
and a high value are selected for each input, and the output variable is computed while only one
variable varies at a time. This example model shows two methods for selecting high and low val-
ues: 1. By varying all inputs by the same relative amount, e.g., low=90% of nominal, high=110%
of nominal, or 2. By varying all inputs between two given fractiles. This only makes sense if your
inputs are uncertain variables. Example: low=10% fractile, high=90% fractile, nominal=50% frac-
tile.
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M Result - Tornado Plot
Mid Value of Tornado Plot
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Upgrade Decision This model represents a decision often faced in today’s world: which technology to purchase now,
in the face of uncertain future products and prices.

§ Diagram - Technology Upgrade Decision E||E|E|
-
Hew Products
Upgrade, or Buy
New? Upgrade Value

Original =
i ) wervave ) (o Jus
(Dng'mll Cusl)—{ﬂ riginal Value
Tirne Uintd
Upgrade
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Dynamic Models

Disease establishment

Leveling

Markov Chain

Mass-Spring-Damper

Optimal Path Dynamic
Programming

Parking Space Selection
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This folder includes models that use Analytica’s Dynamic() function for performing dynamic simu-
lation (modeling with cyclic dependencies).

This model forecasts the population of fish and the establishment of a contagious viral disease
within the population over time.

This example levels staff efforts over time according to staff available, computing both the work
done over time and idle time.

This model demonstrates how to simulate a Markov process using dynamic time. The example
estimates the number of hospital patients over time, modeled as a Markov process.

This model simulates a typical free mass-spring-damper system. The term “free system” means
that there is no time-dependent driving force or displacement acting on the mass. Ordinarily solu-
tions to such a system are determined from a set of homogeneous second-order differential equa-
tions accompanied by the appropriate initial conditions. In this model, the kinematic variables
(displacement, velocity, and acceleration) are related to the typical kinematic equations, and the
dynamic variables (spring force and damper force) are related to the acceleration and the system
mass by Newton’s second law. You input the various initial state conditions (spring constant,
damper constant, mass, initial displacement, and initial velocity) and the run time of the model.
The graphical solutions generated by this dynamic model are comparable to the solutions deter-
mined by the corresponding differential equations.

This model demonstrates a simple dynamic programming solution to a sequential decision prob-
lem. It computes the optimal finite-time step path to take in a deterministic environment where a
known reward payout is given in the final time step and each transition has a known cost.

A simple dynamic programming example, illustrating the solution to a sequential decision problem
with uncertainty. You are to find the best parking space to minimize the time needed to get to your
restaurant. The example demonstrates the use of the Dynamic() function over an index other
than Time and the use of a reverse-recurrence in which the dynamic recurrence is based on
future (rather than past) values.
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Projectile Motion An example demonstrating how to use the system variable Time and the Dynamic() function to
model time-variant behavior — in this case, the motion of a projectile.
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Tunnel through earth Imagine a tunnel passing through the earth, perfectly straight and directly through its center. If you
step into it, how long will it take you to emerge on the other side? How fast will you be traveling as
you pass the center of the earth? Find out with this simple dynamic simulation of the trip.

Unequal time steps This model gives an example of a dynamic variable that calculates growth over time, where Time
is defined with unequal time steps. It is an example of exponential or linear growth or decay —
that is, a dynamic variable whose values in one time period are exponentially or linearly depen-
dent on the values in the previous time period.

Engineering Examples

Adaptive Filter This model curve fits noisy time-sequence data using an adaptive filter.
Antenna Gain This model calculates the expected gain of an antenna looking at two different satellites.

Compression Post Load Computes the load that a Douglas-Fir Large compression post can support.
Capacity
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Daylight Analyzer

building design.

M Diagram - Daylighting analyzer

Function Examples
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This model provides a system simulation demonstrating a failure analysis with both parallel
(bulbs) and series (bulbs and switch) components. The model shows the use of a Determtable

instead of nested if. . . then statements to assess the state of the system. Both the switch and
the bulbs use an exponential function to assess the probability of failure.

EXN |

Uses the ideal gas law, PV = nRT, to solve for one unknown given the other three. Each quan-
tity can be specified in any of a variety of possible units.

Function Examples

Abstracted Subset

Assignment from Button

Autocorrelation

Choice and
Determtables

Correlated Distributions
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This folder contains examples illustrating a variety of Analytica’s functions and modeling tech-
niques.

Since the Subset() function returns a list, it normally cannot be applied to a 2-D or higher array
(i.e., it cannot be array abstracted). This model demonstrates how it can be utilized in a matter
that does array-abstract.

This model demonstrates how you can use a button to copy a computed result from one node into
the edit table in another node. Analytica Enterprise users can create buttons by dragging a button
node from the tool bar onto the diagram.

This model calculates the auto-correlation coefficients of noisy time sequence data.

This model shows that when Choice nodes are indexed by “self,” you can use Determtable
functions to propagate the selected choice. This is cleaner than some other methods of using
Choice outputs.

This model reorders a group of probabilistic variables’ samples so that they mimic a desired cor-
relation structure as closely as possible.
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Correlated Normals

DBWrite Example

Discrete Sampling
Extracting Diagonal

Lookup Reindexing

Map images from
internet

Sample Size Input Node

Sorting People by
Height

Subset of Array

Swapping y and x-index

Use of MDTable

For more information on this method see R.L. Iman and W.J. Conover, “A distribution free
approach to inducing rank correlation among input variables,” Commun. Statist.-Simula. Com-
puta. (Marcel Dekker, Inc.), 11(3), 1982, 311-334.

This model demonstrates a method for creating two normal distributions with a specified correla-
tion between them. The two resulting unit normals can be transformed to have any mean and
standard deviation. From E.M. Scheuer and D.S. Stoller, “On the generation of Normal Random
Vectors,” Technometrics, 4:278-281, 1962.

This model demonstrates how you can write data from an Analytica model to a relational data-
base using ODBC. This model requires Analytica Enterprise; refer to Chapter 22 of the Analytica
User Guide.

This model demonstrates how to generate a distribution from a discrete sample of numbers.
This model demonstrates how to extract a diagonal from a matrix.

This model demonstrates a simple re-indexing operation, essentially how to look up a value from
another table. This is shown by the Salary by person node, and demonstrates how Excel’s
VLOOKUP function is performed in Analytica expressions.

This flashy example reads and displays images of indicated areas from Google Maps in an image
embedded in the model. Requires Analytica Enterprise, Optimizer, or Power Player.

On occasion, you might want to provide an input node on your form for the sample size system
variable, so that a user can adjust the number of samples directly from your form, rather than hav-
ing to bring up the Uncertainty Options dialog. Because you cannot select the sampleSize
system variable, it is not possible to do this from the Analytica menus. This module provides a
way to create this input node — just select Add Module and then Embed, and you can drag the
input node in the module to the form where you would like it to appear. After you do that, you can
delete this module, which will then be empty.

This example sorts an index (People) by a table of values (Heights), and then uses the sorted
index to created a sorted table of values (Sorted heights).

This model creates a subset array out of a larger array based on a decision criterion.

§ Diagram - Subset of array @
Minimum —
include

Weights of
selected animals

Calc i
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This model swaps a computed or one-dimensional table value with its index, thereby making the
computed value an index.

This model demonstrates the use of the MDTable function, which converts records in table form
into multi-dimensional arrays. Multi-dimensional arrays are often useful for visualizing large sets
of records. By allowing data to be viewed either as a graph or in a pivot table, the geometric rela-
tionship between records often becomes immediately evident.

Analytica Tutorial 165



Chapter n On Your Own Optimizer Examples

Optimizer Examples

Airline NLP

Asset allocation

Automobile Production
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Big Mac Attack

Capital Investment
Labor production
allocation

Magic Square

NLP with Jacobian

This folder contains examples of how to use Analytica with Optimizer. These models are fully
functional only if you have purchased the Optimizer license along with Analytica.

This model gives examples of nonlinear programming optimization and Intelligent Arrays. The
examples are:

» Simple airline decision problem to select the number of planes and fares to maximize
profit; parametric analysis with respect to demand.

* The same problem with uncertainty, to maximize expected profit.

* The same problem with uncertainty, to maximize profit, given value of uncertain
variables

* A dynamic model optimization over multiple years

» A dynamic analysis with optimization in each year
Given many possible investments with varying risk-versus-return trade-offs, one can often reduce
risk through diversification. In the best case, investing in two assets with identical expected appre-
ciation, r, but which are perfectly anti-correlated in their co-variation yields the expected rate of
return with no risk. The more general problem is to select a portfolio that both maximizes return
and minimizes risk. There are several possible formulations for this, and this model explores
three:
1. Minimize variance (risk) subject to a given expected return.
2. Maximize return subject to a given variance (risk)
3. Balance risk and return by maximizing expected utility, given a person’s level of risk aversion.
This model is a linear programming example, taken from “Quick Review of Linear
Programming,” Management Science Techniques for Consultants, by M.A. Trick (1996).
Its objectives show all the varies results from a linear program:

* The optimal solution

» The value of the objective function at the optimum

* The solution status

* The reduced costs (dual values for the variables) at the optimal solution

» The slack or surplus values for the constraints at the optimal solution

» The shadow prices or dual values for the constraints at the optimal solution

* The range over which the objective function coefficient can vary in the linear program
without changing the optimal solution

* The range over which a right-hand-side coefficient can vary without changing the dual
value (shadow price) of the optimal solution

This model addresses the issue of meeting one’s daily dietary requirements at McDonalds. The
objective can either be to minimize cost, total caloric intake, or total carbohydrates.

The model allows you to solve this problem to result in a Continuous, Integer, or Binary solution.

Selecting Continuous results in a computationally easier problem, but less realistic answer, since
you cannot order 4.35 Big Macs.

This model is an example of capital budgeting for four possible projects, where the objective is to
decide which projects to choose in order to maximize the total return.

A linear program to determine which product variants to produce and how labor should be allo-
cated among the various production steps based on the workers’ skill sets.

Simple demonstration of a grouped-integer domain. Fill in a square with the digits 7 through n?
such that the rows and columns all sum to the same value.

This model demonstrates the use of the Jacobian and gradient in a nonlinear optimization with
constraints. When a Jacobian is available analytically, it can accelerate the optimization conver-
gence.
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Optimal can dimensions

Optimal Production
Allocation

Problems with Local
Optima

Production Planning LP

Quadratic Constraints

Solve using NLP

Sudoku with Optimizer

Traveling salesman

Two Mines Model

Risk Analysis

Earthquake expense
risk

The example is a simple geometric problem. Given a set of intersecting circles (where the inter-
section of all the circles is not empty), which point of those contained in all the circles is closest to
a target point?

This model also features a node, Abstractable NLP, that is an example of a general mechanism
for defining NLPs in an array-abstractable manner.

This model is a simple example of using the NLP Optimizer in Analytica Optimizer. The model
computes the optimal dimensions for a cylindrical can that must hold a given volume. The optimal
can has the minimal surface area (and thus, uses the minimum material).

This model is a simple example of linear programming in Analytica Optimizer.

An integrated circuit manufacturer produces several different IC products (chips). Each chip is
created by a sequence of processes, each carried out by a different machine. Every chip must
pass through every process, but the time required for each process depends on the product.
Some products require a lot of time at Process1, while other require very little time there but more
time at other processes. The company’s objective is to determine how much of each product to
produce to maximize profit without exceeding the capacity of each process.

Nonlinear optimization problems often contain local optima as well as global optima. Ideally, we
hope that an optimization algorithm would always find the global optima, but no algorithm can
guarantee this in the general case. Local minima generally appear to have all the characteristics
of a global optima, so that when the Optimizer has found a local minima, it usually terminates the
search.

The optional guess parameter to NlpDefine() provides a way to seed the search to the general
area of where you think the global optima might be. When the Optimizer converges to a local
optima, it is likely to be in the vicinity of the guess. So by trying a variety of guesses, you might be
able to locate a set of local minima. Using the best of those might increase your chances of find-
ing the true global optima.

This model demonstrates this method.

This model is an example of production planning linear optimization. A company manufactures
four versions of the same product and in the final part of the manufacturing process there are
assembly, polishing, and packing operations. For each version, the time required for these opera-
tions is different, as is the profit per unit sold. How many of each variant should the company
make per year and what is the associated profit?

An example of a quadratically constrained optimization problem with a quadratic objective func-
tion.

This model demonstrates how an nonlinear programming formulation can be used to solve a non-
linear equation. In this case, the equation is encoded as a constraint (this can be generalized to a
system of nonlinear constraints), and the objective function is ignored (constant).

Find a solution to a Sudoku puzzle. Sudoku is a regular feature in many newspapers.

Find a minimal length tour through a set of cites. The problem is often cited as an example of an
NP-complete problem, i.e., a problem solution can be verified in polynomial time, but cannot
always be solved in reasonable (polynomial) time assuming, as is widely believed, that P = NP .

This model is another production example. The Two Mines Company owns two different mines
that produce an ore which, after being crushed, is graded into three classes: high, medium and
low grade. The company has contracted to provide a smelting plant with 12 tons of high-grade, 8
tons of medium-grade, and 24 tons of low-grade ore per week. The two mines have different
operating characteristics, in terms of cost to operate and production of each type of ore. How
many days per week should each mine be operated to fulfill the smelting plant contract?

This folder contains applications relating to the field of risk analysis.

This model projects cost assessments of damage resulting from large earthquakes over time. It
demonstrates risk analysis with time-dependence and costs of events shifted over time.
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Seat belt safety

Txc

This model compares the value of various policies for restraints on occupants of automobiles.

This model demonstrates risk/benefit analysis, in this case regarding the benefits of reducing the
emissions of fictitious air pollutant TXC.

M Diagram - TXC risk analysis
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Discrete Distributions

Expression Examples

Input and Output Nodes
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This folder contains the examples that are given in the Analytica User Guide.

The examples in this model demonstrate Analytica’s tools for analyzing the uncertainty of vari-
ables, relationships between uncertain variables, and sensitivity of outputs to changes in inputs.
These include statistical functions and sensitivity analysis functions.

This model is used in the Analytica User Guide, Chapter 16, “Statistics, Sensitivity, and Uncer-
tainty Analysis.”

The examples in this model demonstrate the basics of working with multidimensional arrays.
This model is used in the Analytica User Guide, Chapter 11, “Arrays and Indexes.”

The examples in this model demonstrate many more of Analytica’s built-in array functions.
This model is used in the Analytica User Guide, Chapter 12, “More Array Functions.”

A continuous distribution is one that is defined for a continuous variable — that is, for a real-val-
ued variable. The examples in this model demonstrate Analytica’s built-in functions that create or
modify continuous distributions.

This model is used in the Analytica User Guide, Chapter 15, “Probability Distributions.”

A discrete distribution is a probability distribution for a variable that can result only in certain, dis-
crete outcomes. The examples in this model demonstrate Analytica’s built-in functions that create
or evaluate discrete distributions.

This model is used in the Analytica User Guide, Chapter 15, “Probability Distributions.”

The examples in this model demonstrate the building blocks for creating and editing variable defi-
nitions — expressions, standard operators, and mathematical functions.

This model is used in the Analytica User Guide, Chapter 10, “Using Expressions.”

This model is used in the Analytica User Guide, Chapter 9, “Creating Interfaces for End Users.”
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Dynamic Models

Dynamic &
Dependencies

Dynamic & Uncertainty

Dynamic Example 1

Dynamic Example 2

Dynamic on multiple
indexes

Dynamic on non-Time
index

Libraries

Base conversion library

Bayes Function

Complex Library

Concatenation

Data Statistics Library

Distribution Densities

Distribution Variations

A dynamic model is a model with one or more dynamic variables — that is, variables that can
change over time. These models illustrate various uses of the Dynamic() function.

These models are used in the Analytica User Guide, Chapter 17, “Dynamic Simulation.”

This model is a dynamic model that finds the downward velocity and position of a dropped object
over a six second time period.

This model shows three ways to use uncertainty with the Dynamic() function. In the first case,
uncertainty samples are calculated once, at the initial time period. In the other two cases, new
uncertainty samples are created for each time period (i.e., the values are re-sampled).

This model is the most simple dynamic model, with one variable that changes over time. This
example finds the gasoline price for each of five years, assuming a 5% growth rate.

This model is a slight increase in complexity over Dynamic Example 1. This model still uses one
variable that changes over time. However, instead of assuming a fixed inflation rate, this example,
looks at the price with three different inflation rates for comparison.

lllustrates a dynamic loop involving simultaneous recurrences over two distinct indexes.

Use of the Dynamic() function to model a recurrence over an index other than Time.

The libraries in this folder contain functions that can be added to your model and used similarly to
Analytica’s built-in functions. These libraries can be added to your model; see Chapter 19 of the
Analytica User Guide for information on how to add a library to a model.

Functions that convert between binary, octal, decimal integer and hexadecimal values.

This library contains Posterior(), a function for calculating posterior probabilities using Bayes’
Theorem.

This is a library of functions for working with complex numbers. It contains functions for basic
arithmetic, polar representations of complex numbers, scalar functions for finding complex roots,
logs, exponents, matrix functions, and trigonometric functions. Addition, subtraction, and scalar
multiply are performed with the usual operators. Complex multiplication and complex division
require the use of explicit functions.

Complex numbers as seen by users of this library should always be in the Euclidean complex
form, such as a + bi, where a is the real part and b is the imaginary part.

This library has been deprecated by extensions to the built-in Concat() and ConcatRows() func-
tions, but is still included for backward compatibility for models that make use of its functions. This
library contains functions to make concatenation more convenient. Functions Concat3() through
Concat10() are generalizations of the built-in Concat() function which concatenate from 3 to 10
arrays in a single call (the built-in Concat() function concatenates two arrays).

ConcatRows() concatenates all the rows of a single array.

This library contains functions for calculating statistical quantities for a list of numbers over an
explicit index other than Run, such as the index used for the statistics results in Analytica: the
mean, variance, standard deviation, kurtosis, skewness, fractiles, covariance, correlation, fre-
quency, etc.

The functions in this library return the probability densities (for continuous distributions) and prob-
abilities (for discreet distributions) for the standard distribution functions that are built into Analyt-
ica. It also includes Cumulative distribution functions for continuous distributions and some
discrete distributions, and inverse cumulative functions for most continuous distributions.

This library contains various functions for defining standard distributions using different sets of
parameters.
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Expand Index

Financial Library

Flat File Library

Garbage Bin Library

Generalized Regression

Linked List Library

Multivariate
Distributions Library

ODBC-Library

Optimization functions
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This model contains the function Change Index. When this function is given an array indexed by
one index, it returns an array indexed by another index.

This model contains an example in which Change Index is used to combine cashflows over two
different time periods into a single cashflow over a single time period.

This model contains a variety of corporate finance functions: Black-Scholes Option Values (Cal-
I0ption, PutOption), Capital Asset Pricing Model (CAPM), Miles/Ezzell Adjusted Cost of Capital
(CostCapME), Modigliani/Miller Adjusted Cost of Capital (CostCapMM), Present Value of Perpe-
tuity (PVperp), Present Value of Growing Perpetuity (PVgperp), and Weighted Average Cost of
Capital (WACC).

This library provides functions for writing data to and from flat files, particularly between two-
dimensional tables and comma-separated value (CSV) files.

This library provides a Recycle Bin for your model (including a recycle bin icon). To use it, simply
drag your discarded objects into the recycle bin module.

Unlike deletion, items in your recycle bin can be retrieved, and the Undo command (Control+Z)
works for items dragged into the bin. If an item you put into the bin has dependents outside the
bin, it shows arrows from the bin — a signal that you should either retrieve the item, since it is
being used, or also drag its dependent(s) into the bin.

To delete the items in the bin permanently, open the bin, select all its contents (with Control+A),
and delete them (press Delete key).

Functions for Logistic, Probit and Poisson regression. While the Regression() function is used to
obtain a function that predicts the expected value of an output given a new data point, generalized
regression functions fit a function that predicts the probability or probability distribution of an out-
put given a new data point.

This library contains routines for manipulating linked lists.
The simplest linked list is just NULL — a linked list with zero elements.

Any other linked list is a reference to a record indexed by Linked_List (an index defined in this
library) with each cell containing a reference, to the element, and a pointer to the remainder of the
list.
Linked lists are created and manipulated using functions in this library:

» Use the function LL_Push() to build the list.

» After a list is built, the easiest way to use and view it is to convert it back to an array
using LL_to_RArray(). This reverses the order of items in the linked list (which has the
last item “pushed” into the linked list as the first item in the list) so that the array has the
items ordered the same as when they were added to the list.

» The function LL_to_Array() returns an array with the items ordered the same way as the
linked list (the last entered item is first in the list/array).

» Other functions provide the first item in the list, the Nt item in the list, the list length, and
allow you to remove (pop) the first item in the list.
This library contains functions for creating several multivariate distributions:
+ Gaussian
+ Dirichlet
» BiNormal and Multinormal
» Uniform Spherical and MultiUniform
» Sample covariance and Sample Correlation
» Functions for correlating distributions and results
This library provides additional functionality (ValList, InsertRecSql, WriteTableSql) for using

ODBC access to databases. Note that using ODBC requires Analytica Enterprise; refer to Chap-
ter 22 of the Analytica User Guide.

Simple implementations of Newton-Raphson techniques for GoalSeek() and Solve(). These can
be used to solve for a single value or for a vector of values in a non-linear model, and can be used
from any edition of Analytica. The algorithms are not nearly as sophisticated and robust as those
in the Analytica Optimizer edition.
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Performance Profiler

Structured Optimization

Tools

Tip

Optimization Functions

Summary

Library

Use this library to see which variables and functions are taking most of the computation time
when running your model. Consult the model’s description for an explanation of how to use the
library.

Functions that are useful when creating structured optimization models (requires Analytica Opti-
mizer). These include functions to set the decisions variables’ definitions to the solution of an opti-
mization, or to restore the definitions to their original values.

The ODBC and Profiling libraries require Analytica Enterprise, or ADE. They do not work with other
versions of Analytica. Structured Optimization Tools require Analytica Optimizer.

This library contains functions for optimization and equation solving, using a Newton-Raphson
style search.

If you have created a model that other Analytica users would benefit from, please send it to us for
possible inclusion in future versions of the Example Models folder. Send your well-constructed,
thoroughly documented models to:

support@lumina.com

Also, if you experience any problems with the example models, or if you feel that they need to be
changed in some way, please contact us at the above email address.

You can also submit example models to the Analytica wiki, a web application that allows member
of the Analytica community to collaborate and share information. Go to:

http://lumina.com/wiki/index.php/Example_Models

Here you can view example models submitted by others and to submit your own examples, and
download many additional example models not bundled with the Analytica installer.

Go to the Analytica wiki home page (http://lumina.com/wiki/) to find all sorts of information on Ana-
lytica including additional information on Analytica functions, frequently asked questions (FAQs)
and their answers, guides to modeling, what’s new in Analytica, and much more.
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This glossary includes a compilation of terms specific to Analytica as well
as statistical terms used in this manual.




Glossary

Array
Arrow, influence arrow
= | Arrow tool

Attribute
Attribute panel

P Browse tool
© | chance variable
Class

Cumulative probability
distribution

E Decision variable
Definition
Description
Deterministic table

Deterministic value
Domain

Edit table

X  Edit tool

Expression

Expression type

General variable

El Graph

Identifier

Importance analysis
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A collection of values that can be viewed as one or more tables. An array has one or more dimen-
sions; each dimension is identified by an index.

Influence arrows (or arrows) from one variable node to another indicate that the origin node
affects (influences) the destination node. If the nodes depict variables, the origin variable is an
input to the destination variable, and the destination variable is an output of the origin variable.

The tool for drawing arrows between nodes.
A property of an object, such as its title, description, definition, value, or inputs.

An auxiliary window pane that can open below an influence diagram. Use it to rapidly examine
one attribute at a time of any variable, function, or module.

A tool for examining the structure and assumptions of a model, with limited ability to make
changes to the model.

An uncertain variable that cannot be directly controlled by the decision maker. It is usually defined
by a probability distribution. A chance variable is represented by an oval node.

Analytica objects are organized into the following classes: module, attribute, function, and deci-
sion, chance, objective, index, and general variables.

A graphical representation of a probability distribution. It plots the cumulative probability that the
actual value of the uncertain variable X is less than or equal to each possible value of X. The
cumulative probability distribution is a display option in the Uncertainty View popup menu in a
Result window.

A variable that the decision maker can control directly. A decision variable is represented by a
rectangular node.

A specification for computing a variable’s value. The definition can be a number, a mathematical
expression, a list of values, a table, or a probability distribution.

Text explaining what the object represents in the system being modeled. The description is lim-
ited to 32,000 characters in length.

A function that gives the value of a variable conditional on the values of its input variables, where
the inputs are all discrete variables.

See Mid, Mid value.
The possible outcomes for a variable defined as a probability table.
A definition that is an array (table) is also called an edit table because it can be edited.

A tool for creating or changing a model. Use it to move, resize, and edit nodes, and to expose the
arrow tool and node palette.

A formula that can contain any combination of numbers, variables, functions, distributions, and
operators, such as 0.5, a-b, or Min (x), combined according to the Analytica language syntax.

Expression types include expression, list (of expressions or numbers), list of labels (text strings),
table, probability table, and distribution. You select an expression type using the Expression
popup menu, which appears above the Definition field. Note that any definition, regardless of
expression type, can be viewed as an expression.

Any type of variable; useful when the variable type is unknown. The general variable typically rep-
resents a deterministic or functional dependency.

Format for displaying a multidimensional result. To view a result as a graph, click the Graph but-
ton. See also Table.

A short name for an object. A variable’s identifier is used to refer to the variable in mathematical
expressions in definitions of other variables. An identifier must start with a letter, have no more
than 20 characters, and contain only letters, numbers, and the underscore character (_) (used
instead of a space). Compare to Title.

Shows the effect the uncertainty of one or more input variables has on the uncertainty of an out-
put variable. Importance is defined as the rank-order correlation between the sample of output
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Index

Indexes

| F ‘ Index variable
Influence arrow
Influence diagram
Input

Input arrowhead
List

List of labels

Mean

Median

Mid, Mid value
Model

D Module

Node

Normal distribution
Object Finder

Object window

‘ = ‘Objective variable

Output
Output arrowhead

Parametric analysis

Probabilistic variable

values and the sample for each uncertain input. This is a robust measure of the uncertain contri-
bution because it is insensitive to extreme values and skewed distributions.

Identifies a dimension of an array (table). An index is usually a variable defined as a list, list of
labels, or sequence.

Plural of index, indicates a set of index variables that define the dimensions of a table (in an edit
table or value).

A class of variable, defined as a list, list of labels, or sequence, that is used to identify the dimen-
sions of a table, for example, in an edit table. An index variable is represented by a parallelogram
node. See also Edit table.

See Arrow, influence arrow.

A graphical representation of a model, consisting of nodes (variables) and arrows (relationships
between variables).

An input of a variable X is a variable that has an arrow drawn to X, or appears in the definition of
X. See also Output.

Shows that a node has one or more inputs from outside its module. This arrowhead is located on
the left side of a node. Press the arrowhead for a popup menu of input variables.

A type of expression, consisting of an ordered set of numbers or expressions, available in the
Expression popup menu. A list is often used to define index and decision variables.

A type of expression, consisting of an ordered set of text labels, available in the Expression popup
menu. A list of labels is often used to define index and decision variables.

The average or expected value.

The middle number or value when the data values are ranked in order of size, i.e., the middle data
point.

A calculation of the variable’s value assuming all uncertain inputs are fixed at their median values.

A module, or a hierarchy of modules; the main, or root, module at the top of the module hierarchy.
Between sessions, a model is stored in an Analytica document file.

A collection of related objects, including variables, functions, and other modules, organized as a
separate influence diagram. A module is represented by a rounded rectangular node with a thick
outline.

A box (rectangular, oval, or any other shape) that represents a variable in an influence diagram.
Different node shapes are used to represent different types of variables.

The bell-shaped curve, or Gaussian distribution.
A dialog box used to browse and edit the functions and variables available in a model.

List of the attributes for an object (variable, function, or module), including its class, identifier, title,
and description.

A variable that evaluates the overall value or desirability of possible outcomes. The objective can
be measured as cost, value, or utility. A purpose of most models is to find the decision or deci-
sions that optimize the objective — for example, minimizing cost or maximizing expected utility.
Most decision models contain a single objective node, although the objective can be composed of
several sub-objectives. An objective variable is represented by a hexagonal node.

An output of a variable X is a variable that has an arrow drawn from X, or whose definition refers
to X. See also Input.

Shows that a node has one or more outputs outside its module. This arrowhead is located on the
right side of the node. Press the arrowhead for a popup menu of the output variables.

A type of sensitivity analysis in which you specify a set of alternative values for one or more
inputs, and examine the effect on selected model output variables. See also Sensitivity analy-
sis.

A variable that is uncertain and is defined with a probability distribution.
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Glossary

Probability bands

Probability density
function (PDF)

Probability distribution
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Probability table

Self

Sensitivity analysis

Standard deviation

Table

Title

Uniform distribution

Uncertainty View
options

Units

Value

Variable

The bands that capture a certain portion of the total probability for a variable. For example, the
5% and 95% probability bands contain 90% of the total probability, while the 50% probability band
corresponds to the median value. By default, the 5%, 25%, 50%, 75%, and 95% probability bands
are shown. These bands are also referred to as confidence intervals or fractiles. Probability
bands are a display option in the Uncertainty View popup menu on a Result window.

A graphical representation of a probability distribution that plots the probability density against the
value of the variable. The probability density at each value of X is the relative probability that X is
at or near that value. The probability density function can be displayed for continuous, but not dis-
crete, variables. It is a display option in the Uncertainty View popup menu on a Result window.

Describes the relative likelihood of a variable having different possible values.

A table for defining a chance variable with a set of outcomes and a discrete probability distribution
(numerical probability for each outcome). If the variable depends on (that is, is conditioned by)
other discrete variables, each of these conditioning variables gives an additional dimension to the
table, so you can specify the probability distribution conditional on the value of each conditioning
variable.

A keyword referring to the index of a table that is indexed by itself. Self£ refers to the alternative
values of the variable defined by the table.

A group of methods to identify and compare the effects of various input variables to a model on a
selected output. Example methods of sensitivity analysis are importance analysis and parametric
analysis. See also Parametric analysis.

Reflects the amount of spread or dispersion in an uncertainty distribution. It is the square root of
the variance.

A two-dimensional view of an array-valued definition or result. The array can have more than two
dimensions, but only two can be seen at one time. A table is a type of expression available in the
Expression popup menu. A definition that is a table is also called an edit table. In the Result win-
dow, click the table button to select the table view of an array-valued result. See also Graph.

The full name of an Analytica object, briefly describing what the object represents. The title of a
variable, function, or module is displayed in its node, in window titles, and in object lists. It is lim-
ited to 255 characters in length. The title can contain any characters, including spaces and punc-
tuation. Compare to Identifier.

A distribution representing an equal chance of occurrence for any value between the lower and
upper values.

An uncertain result can be displayed as a mid value, mean, statistics, probability bands,
probability density, cumulative probability, or sample. Select the option to display with the
popup menu in the top left corner of the Result window or in the Result menu.

The increments of measurement for a variable. Units are used to annotate tables and graphs, but
are not used in evaluating a variable.

A variable’s value attribute is its mid value, computed by assuming that all uncertain inputs are
fixed at their median values. It can be a scalar (single) number, a table of numbers, or a probabil-
ity distribution.

An object that has a value, which can be a text string, a number, or a table. Classes of variable
include decision, chance, and objective.
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19 Diagram - Rent vs. Buy
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Quick Reference

The Tool Bar

fl=[=[ 2 w\ Sl ~| = I AR IR
S §F & o S o X 2 < < < & < g ISEEESES <
g o O & & g S S & ¢ & @ @ & & £ & 8§
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& g £ o § 3 ¢ @
It displays the node palette
when you select the edit tool or
arrow tool.
Numerical Formats (Output)
Format Description Example
Suffix letter denotes order of magnitude, 12.35K
such as M for 10 (see table below)
Exponent scientific exponential 1.235e+004
Fixed Point fixed decimal point 12345.68
Integer fixed point with no decimals 12346
Percent percentage 1234568%
Date text date 12 Jan 2008
Boolean true or false True
Suffix format
Power of 10  Suffix Prefix Power of 10 Suffix Prefix
102 % percent
103 K Kilo 1073 m mill
108 M Mega or Million 106 u micro (mu)
10° G Giga 107 n nano
102 T Tera or Trillion 10712 p pico
10'® Q Quad 10715 f femto
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