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Introduction

About Analytica




In this Chapter

This introduction tells you how to use
this manual.




Introduction: About Analytica

Welcome to Analytica

You are about to discover a new and powerful tool for real-world
modeling and analysis. Analytica embodies 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 together related components of a problem
into separate submodels, you can impose a top-down
organization to your model. This will help you to manage
complex relationships and will allow other users to more easily
grasp important concepts.

Appreciation
rate

Fi Diagram - Model

Buying price

Buy ar rent

Costs of huying
and renting

Cost to Rent
Financial
Library

-
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Chapter Who can use Analytica

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 formulas 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 in an Analytica model has a window that displays the
node’s inputs and outputs, 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 also features fully integrated risk and sensitivity
analysis for analyzing models with uncertain inputs; powerful
facilities for time-dependent, dynamic simulations;
comprehensive overlay graphs; and over 100 financial,
statistical, and scientific functions for calculating just about any
type of mathematical expression.

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 of management
consulting, health and environmental sciences, aerospace, oil &
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
sequence.

We recommend that everyone new to Analytica complete
Chapters 1 through 5, which will take two to three hours. If you
want to work more quickly, skip the text and only follow the
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Chapter Tutorial overview
instructions in the boxed steps. Then, if you are unsure about
any terms or concepts, look them up in the glossary, or review
the text.

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

* Chapter 1 — Using the Rent vs. Buy Model

This chapter shows how to open 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.

e 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 a Model

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 — Creating Arrays (Tables)

This chapter shows you how to add index variables and Edit
Tables 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.

Analytica Tutorial 5



Chapter

Installing Analytica

¢ 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 — 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 hard

disk:
1. Start Windows.
2. Insertthe Analytica CD in your computer’s CD-ROM drive.

3.

The Windows Installer should automatically start up and
begin installing Analytica

If the AutoRun function does not work, follow these alternate

steps:

3. Click on the Start button on the Windows taskbar.

4. Select Run from the popup menu.

5. Inthe Run dialog box, specify the program SETUP.EXE
on your CD-ROM drive (usually either the D: or E: drive).

6. Click on OK.

The setup program requires some responses from you. For
example, you will be asked to verify the directory name in which
Analytica will be installed. Most users can accept the defaults
provided by the setup program. The default installation location
for Analytica is C:\Program Files\Lumina\Analytica 3.1.

Conventions used in this tutorial

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.

Analytica Tutorial



Chapter Conventions used in this tutorial
Explanatory text often follows a step, accompanied by
pictures of the Analytica screens similar to the ones you see
on your computer.

For example:

1. This is an instruction. s =[Ol x]
File Edit “iew Go Fawortes He *

1. In a step, this is the text = = (i % ”
you will enter. Back Fanard p Cuit

This is explanatory text. Addiess | C:\Program Files\Lumina j
ADE 30 e
|'| object(z] relected ;|§,l o

» Variable and model titles are displayed in italic type.

» Special Analytica terms are displayed in bold italic type;
they are defined when they are first introduced.

« The following keys on the keyboard are shown in jtalic type:
Enter, Return, Tab, Delete, Shift, Alt.

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

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

Analytica Note: These alert you to useful or important
information.

Analytica Tutorial 7



Chapter Assumed background

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 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 on 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 pulldown and popup menus,
scroll bars, and windows.

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 concepts of mean, median, and
standard deviation. It also assumes that you have some
understanding 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.
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Chapter 1

Using the Rent
vs. Buy Model




In this Chapter

This chapter shows you how to:

* Open an existing model
+ Calculate results

+ Change input values to calculate
different results




Chapter 1: Using 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. Click on the Start button on the Windows taskbar.
2. Click on Programs in the Start popup menu.

3. Click on Analytica in the Programs popup menu.
4

Click on Tutorial Models in the Analytica popup menu.

Mew Office Document

Open Office Document

aik

|
Accessonies

Frograms

o
"
o

nﬁ Analytica 3.0 )%, Analytica 3.0
Documents * WS Dffize 1 Example Madels
I% Settings » Startlp ' Libraries
WirZip 5 E Tutonal Modelz
Find » Tutarial
13 @ = BB M5-DOS Promet :
% _ E pgrade Guide
; @ Help @ Windows Explorer IE User Guide
O o
= “ Bun..
; Shut Down....
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Chapter Becoming familiar with the diagram window

5. Open the Rent vs. Buy model.

& C:\Program Files\Analyt... [H[=] E3

1. Double-click on the icon File Edit “iew Help

for the Rent vs. Buy
model to start Analytica. @ @

|1 Car cost.ana Foxes and

Hares.ana

Rent vz Buy
Analpsiz.ana

W odel. ana

|1 obigstis) selected |228k8

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
buying, Normal buttons, a Calc button, and a node labeled
Model.

F Diagram - Rent v=. Buy

Time harizan fyears) Buying price Y 140k
Discaunt rate (Mhrear) |:| Fercent down payment (%)
Rate of inflation  (%elyear) Martgage interest rate (Syear)

Manthly rent (5) 1200 Appreciation rate (Sdyean

Costs of buying and renting  (F) L~

a4| I W

This top level diagram is an end user interface to the model itself,
which is contained in the Model node. In this chapter, you will use
only the interface in this top level diagram; in the following
chapters you will explore the model in more depth.

12 Analytica Tutorial



Chapter

Using Online Help

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

Zd EYLNE

When you first open the Rent vs. Buy model, the Browse tool is
highlighted on the palette. With the Browse tool selected, the

The Browse tool =

= R

v:‘

0=
db‘

cursor looks like a hand | & | when it is over the diagram. The

Browse tool allows you to calculate the model, change input
values, and examine (but not change) the structure of the model.
In this chapter, you will only use the Browse tool.

Using Online Help

At any time, you can press the F1 button on the keyboard or use
the Help pulldown menu to access Analytica’s online help
system.

Computing an output value

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

J Diagram - Rent vs. Buy

Time harizan fyears) Buying price 5] 140k
Discount rate (Yhvearn |:| FPercent down payment (%)
Rate of inflation  (%/yean) Martgage interest rate (3oyear)

Marthly rent (5) 1200 Appreciation rate  (Seivean

. Click on the Calc

button to compute |
the comparison of

the cost of buying
to the cost of Costs of buying and renting (%) L

renting.

idl I H o
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Chapter

14

Computing an output value

The output value displays in a Result window. This Result

window shows a graph of two probability 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 corresponds to 25 x 10°%/$ or
0.000025/%.

Analytica Note: Numerical suffixes like uw and K are used
extensively throughout Analytica. A quick reference for these
suffixes is given on the back page of this tutorial.

£ Result - Costs of buying and renting
Lo Probability Density (¥) of Costs of buying and renting () (X) I Wl
izl Key:
T common maer
S0u
}I
i
1!
L
I
& Pt
[ [
= ' |\
E 280 II 1
i) [
= I
=]
[~
o
u] T T T |
-200K =100k a 100K 200K
Costs of buying and rerting [$)
Ky Buy or rent
—_— Euy
-- Rert

Since the graph is of probability densities, both buying and
renting have probabilistic, or uncertain, inputs. The probability
density graph for Rent appears to be a smooth bell-shaped curve
(Normal distribution). The graph for Buy appears “noisy,”
indicating it is a more complicated function of uncertain inputs.

This probability density graph appears “noisy” 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
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Chapter

Computing an output value

“Uncertainty Options” in the Analytica User Guide for more
information.

The graphs show that the cost of renting, given the model's
inputs, will be between about $100,000 and $150,000 (the
negative numbers mean cost—cash flowing out), while the cost
of buying will be between $125,000 and a gain of $100,000.

/% Diagram - Bent vs. Buy

Tirne harizon (rears) Buying price (5) 140K

Discountrate P

esult - Costz of buying and renting

Rate of inflation | L] probability Density () of Costs of buying and renting (5} (X} v
[ ey
Manthly rent L0 Common Index:
S0u 7
/i
1
i
£ [l
=} !
8 b i
3
£ 250 b L 4
= [
m |
B
2. Click on the £
diagram window to
bring it to the front.
i T T T 1
-200K -100k a 100K 200k

Casts of buying and rerting [$)]
Key BEuy or rent
—_— By
-- Rert

The button next to Costs of buying and renting has changed to
Result. The Result button indicates that the value has been
computed; clicking on the Result button will display the values.
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Chapter

Changing input values and recomputing

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.

A Diagram - Rent vs_ Buy

Time horizon iyearsy T; Buying price £ 140k
Discount rate evean [ Percent down payment (%)
Rate of inflaion  (%/vear) Mortgage interest rate (fvear)

mMaonthly rent ] 1200 Appreciation rate (Fiyear)

1. Click on the box

next to Time
horizon. Change
the value to 7 and

press Alt-Enter. Costs of buying and renting  ($) L

3 | of

Analytica Note: 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.

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

JF Diagram - Rent vs. Buy

(=]
Time horizon (years) Buying price (E) 140k
Discount rate Geiveann| ] Percent down payment (%)
Rate of inflation (Sfrear) Morgage interest rate (Yivear
Manthly rent 05 1400 Appreciation rate (Ylyean
2. Click on the box next to
Monthly rent. Change m
the value to 1400 and
press Alt-Enter. ) i
Costs of buying and renting  (F) Ly
T L] | | P| o
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Chapter

Time harizon
Discount rate

Rate of inflation

monthly rent

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

o

Changing input values and recomputing

iagram - Rent vs. Buy

fyears) Buying price 05 180K,
{Yhvear) I:l FPercent down payment (%)
{%ivear) Mortgage interest rate (%fyear)

($) 1400 Appreciationrate  (%fyear)

Costs of buying and renting (5 L

-

| E

Tirme horizon
Discount rate

Rate of inflation

Manthly rent

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

Costs ofbuying and renting  (§) L.

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

F Diagram - Rent vs_ Buy

fyears) Buying price (3% 1 80K

oivean[ 6] Percent down payment (%)
{Yhvear) Mortgage interest rate (%fvear)

(%) 1400 Appreciation rate  (%dyear)

=
=

a0
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Cha pte r Examining and changing an uncertain input

The graphs show that the cost of renting, given these changed
inputs, will be between $90,000 and $120,000, while the cost of
buying will be between $140,000 and a gain of $75,000.

/" Diagram - Rent vs. Buy I [=] 3

Time harizon years) Buying price G5 130k

Discountrate IS

ezult - Costz of buying and renting

Rate ofinflation Low|  probability Density (¥) of Costs of buying and renting ($) (X} v
&= Key:

Monthly rent Lol Common Index:

1000 7

3
= A0

Probability Density

5. Click on the diagram | :_
window to bring it to /
the front. R .

-200kK 100K ul 100K 200K

Costs of buying and rerting [$)
Key Buy or rent
—_— Buy
-— Rart

Examining and changing an uncertain input

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

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

1agram - Rent vz. Buy

Time horizon

o E—

®

Buying price

Discount rate

FPercent down payment

O

Rate of inflation

]

U CEL) Hormal |

morgage interest rate (%fyear

Monthly rent

($) 1400 Appreciation rate  (fyean)
|

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

Costs of buying and renting  (F) L~

| a1

idl

A window called the Object Finder appears. It shows that Rate of
inflation is defined as a normal distribution with a mean of 3.5
and a standard deviation of 1.3 (units are %).

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.

/' Object Finder

Librans Distribution
2. Scroll down the list of . =
distributions until you & Maormal (. mean, stoldes )
see Uniform, and select B5  Probdist [RR,)
Uniform. #5)  Probtable (MRt pn )
W Triangular [ min, mocde, max )
B Truncate [ dist, ¥ min max
e Uniform [ min, max )
min max
uniform [ | 13
Unifarmimin, max) returns a continuous probshilty distribution in wehich every ;I
value between min and max has an equal chance of occurring.
=1
Cancel | (] 4 |
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3. Change the
minimum to 3 and

the maximum to 4.

Examining and changing an uncertain input

A% Object Finder

Library:  Distribution
M T Med=
B Mormal [ mean, stddey 1
& Probist (PRI
& Probtable (IR0 pn )
By Triangular [ Mmin, mode, max ]
F& Truncate ( dist, ¥

Unifarm [ Mmin, max )

4. Click on OK to

accept the change.

5. Click on the Calc button
to compute the new
comparison of the cost
of buying to the cost of
renting.

Time horizon
Discount rate

Rate of inflation

Manthly rent

JF Diagram - Rent vs. Buy

o
O —
sy (o)

min\ max \
Uniform | 3 | 4

=]

min max

Urifarmimin, max) returns a continuous probabilty distribution in which every ;I
walue hetvween min and max has an equal chance of occurring.

=l

Cancel |

1]8 |

Buying price

Percent down payment

®

Costs of huying and renting  ¢F) L,
|

Appreciation rate

Mortgage interest rate (Shear)
cotean

=

oo
o

-

=
=
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Displaying alternative uncertain views

&4 Result - Costs of buying and renting
Lo Probability Density (Y) of Costs of buying and renting (%) () I Wl
i Key:
[ cornmon nden
4000
&
[
£ -
[ il
= I
£ 2o0u- e
= Il
Z I
=] I
= I
I
I
I
I
I
e
o T T T T |
-850k -100kK -GS0k a S0k 100K
Costs of buying =nd rerting [$)
Fey Buy or rent
—_— Buy
-- Rert

The graphs show that the uncertainty in the cost of renting has
narrowed to between about $105,000 and $110,000, while the
uncertainty in the cost of buying has flattened between about
$125,000 and a gain of $50,000.

Displaying alternative uncertain views

Analytica offers a variety of views to display uncertain values,
including selected statistics, probability bands, the probability
density function, the cumulative probability distribution
function, 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.

Uncertainty View popup . Result - Costs of buying and renting

menu |  Probability Density (¥} of Costs of buying and renting ($) (X) ¥
2] Kew: | Buyorrent w | DTk
[ Totals
Common Index: | Step Tl

Analytica Tutorial 21



Chapter

1. Press on the
Uncertainty View
popup menu to see
the uncertainty view
options. Select
Cumulative
Probability (Lzx).

22

Displaying alternative uncertain views

The miniature probability distribution [ la+]] indicates that
Probability Density is selected.

rrid  fdid Y alue

B Meanalue

Bt Statiztics

[ Prabability Bands
L~ Prabability Density
L~ Cumulative Probability

Costs of buying and renting ($) (X) Mo
rent W [ Totalz

ftep » | [ Totak

| Sample

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

- Costs of buying and renting

L Cumulative Probability (Y) of Costs of buying and renting (%) (X) ¥ WI
[ ey
Ll Common Index:
17 1
2
=
[
o
]
[~
o
Q 0.5
2
5
=
E
=
[
i) T T T 1
=150k -100K S50k u] S0K

Costs of buying and rerting (§)
Key Buy or rert
— By
-— Rert

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 $107,000.

Sometimes you may want to see an uncertain value expressed
as a single number—a measure of central tendency. Analytica
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2. Press on the
Uncertainty View
popup menu to see
the uncertainty view
options. Select Mid

Value ( ig=] ).

3. Click on the Table
view button (|i=] ) to

select the Table view.

4. Select Mean Value

([e=]) from the

Uncertainty View
popup menu.

Displaying alternative uncertain views

computes the Mid Value by fixing all input probability
distributions at their median (50% probability) values. The mid
value, also sometimes called the deterministic value, is the only
uncertainty view available for nonprobabilistic results.

rnid Mid W alue

F o MeanYalue

K GShatistics

22 Probabilly Bands

L~ F'rDbablI!ty Density ) ) of Costs of hindnn and renting (§) (X} J
v |7 Cumulative Probability El O Totaks

|5 Sample [ Tatals

]EB-Iﬂmrrmrnrml:n.—'—.ﬂBp w

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

Under the Uncertainty View popup menu are two buttons, |2l

and Ld|. The L.l| is highlighted, indicating that the Result
window is displaying a graph view. Result windows can also
display numeric values in a spreadsheet-like table view.

£ Result - Costs of buying and renting

lﬂ Mid Value of Costs of buying and renting ($) ad
@ Buy or rent [ Totals
1-.'.'. =

=
Buy 57 2H
Rent -107H

ving and renting ($) ﬂl

teanWalue

Kt Stahiztics
s Probability Bandz =]
L~ Prabability Density

L~ Cumulative Probahbiliy

| Sample
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5.

Select Statistics

(lez=]) from the

Uncertainty View
popup menu.

24

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.

mid  hdid % alue renting

M Meanalue puving and renting () |
Skatigt

[z Probability B ands

L~ Probability 0ensity =]

= Cumulative Probability

= Sample

&4 Result - Costs of buying and renting

Hitwr

Statistics ] Totals

The Result window now displays the minimum, median, mean,
maximum, and standard deviation for Costs of buying and
renting.

Statistics of Costs of buying and renting ($) ><.'f|

O Total
hal| ¥ [ Buyorrent b
Buy Rent =]
Min -1 25K -109kK,
Median -63.62K 107K
Mean -64 .55k 107K
Max 24 B7K -105K,
Std. Dev. 2061k 1171
I |—‘

The statistics may not be exact, because they are estimated from
a sample of values from the distribution.
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6. Select Sample ([x])
from the Uncertainty
View popup menu.

Using the Rent vs. Buy model: Summary

Finally, you will see the sample values.

£ Result - Costs of buying and renting

L=*|  Sample of Costs of buvina and renting ($) ﬁl
[ Heration (Run) w - "
v [ Totals

Lall | Buyorrent W |-

Buy Rent =]
1 7093 105EK [
2 =74 25K =107k I
3 -35.53K =105 8K
4 -55. 74K -T0E 1K

-55.41H -105 2K

7. Use the scroll bar to
examine more sample
values in the table.

A;a@mqmm

—_— i

-F1.49K -107 3K
-55 62K -107 7K

-49.3K -107 8k
-35.77TH -103 3K
-10.08K -103 9K

AETH 053K J;l
F

8. Click on the Result
window’s close
button to return to
the Diagram
window.

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

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

F Result - Costs of buying and renting
|_"' Sample of Costs of buying and renting (%) ﬂl
i) [ Heration (Run} W | [ Totals

M p O Tok

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 values 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 may want to give them a
top-level input and output diagram like the one used in this
chapter. For information about customizing a model for end
users, see the Analytica User Guide, Chapter 9.
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Saving your model

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

Saving your model

1. Select Save from the
File menu.

You can also type the
keyboard shortcut,
Ctrl-S.

26

If you want to save changes to your model, you can do so at this
point. (For instructions on quitting without saving, see the next

section.)

A=W Edit Object Definition Besult

Mew kModel Chil+h
Open Model... Chil+0
Ad W Edile.. (Bl
Cloge Chrl+taf

Cloze todel

Save Az

Save & Copy In...

Mpert.,
Erpnr..

Print Setup..

Frint Preview

Print...
Frint Beport.

Chil+P

Faxes and Hares ana

Rent ws Buy

Car cost. ana

b arket Mod

Model ana

el.ana

E xit

Chil+[
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Closing your model without saving

Closing your model without saving

1. Select Close Model
from the File menu.

2. Click on the No
button.

Often after using a model, you will want to close it without saving
any changes that you made to inputs.

=@ Edit Ohject Definion  Besult

Hew Model Chrl+M
Open Model... Ctrl+0
aa ||l f= (Bl

Chrl+af

Save Chrl+5
Save Ag...

Save & Copy In...

| rrpart .
Erpart..,

Frint Setup...

Print Prewviaw

Print_. Chil+F
Frint Bepart...

Foxes and Harez.ana
Rent vz Buy Model ana
Car cozt.ana

tarket Model.ana

Exit Chil+3

fQuesion g

/!\\\nge changes to your model before clozing’?

: Mo | Cancel |
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Chapter Quitting Analytica
Quitting Analytica

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

el aiele[=55

1. Select Exit from the
File menu.
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Chapter 2

Exploring the
Rent vs. Buy
Model




This chapter shows you how to explore
a model by examining its:

* Influence diagrams

* Variables
Attributes
Definitions

Results

In this Chapter



Chapter 2: Exploring the Rent vs.Buy

Model

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 11.

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 an influence diagram

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.

J Diagram - Rent vs. Buy

Time horizon
Digcount rate

Rate of inflation

Maonthly rent

1. DoubIe-cIrirck on the
Model node to open it.

fyears) Buying price g 140k
(hvean| o] Percent down payment (%)
(Soyear) Mortgage interest rate (Sivear)

Y 1200 Appreciation rate (Saivear

Costs of buying and renting  (§) L

| H

The details of an Analytica model display in an influence
diagram window. An influence diagram (shown below) is a
graphical representation of a model, showing how different
variables in the model interact with each other. A typical
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32

Tools palette

Recognizing an influence diagram

influence diagram consists of a number of nodes connected by

arrows.
foor | [ 44 X | >

== @

Buy ar rent

Influence
diagram i
window

Costs of buying
and renting

Cost to Rent

-

|'4

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 diagram provides an easy way to see and change these
nodes’ values.

Arrows connecting different variables indicate a relation
between the variables. The arrow connecting Rate of inflation to
Appreciation rate indicates that the value of the Appreciation rate
variable depends on the value of the Rate of inflation variable. In
the Rent vs. Buy model influence diagram, Cost fo Buy depends
on the Buying price, Rate of inflation, Appreciation rate, Discount
rate and Time horizon variables.
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A Decision variable is
represented by a
rectangular node.

A Decision variable is
directly under the control
of the decision maker.

A Chance variable is
represented by an oval
node. A Chance
variable cannot be

controlled directly by the

decision maker. It has
an uncertain value
represented by a

3

Opening an Object window

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 relationship.

J. Diagram - Model

o ) Appreciation
Buying price Buy or rent
YInG rate I

Costs of buying
and renting

-

| ¥ o
A Module is represented by a An Objective variable is
thick-lined rounded rectangle. represented by a hexagon. This
A module contains its own variable evaluates the overall value
influence diagram, allowing or desirability of possible outcomes.
nesting of multiple modules In this model, the goal is to evaluate
within a model. the cost difference between renting

and buying. A decision model usually
contains a single objective variable.

Opening an Object window

Every variable and 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 on its node
in the influence diagram.
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,|I"3:'-.,. Diagram - Model

2. Double-click on
the Buying price

node to open the || Buying price Appreciation
Buying price rate
Object window. ..
Fate nfinﬂatiu
e

Time horizan

Cost to Rent

Buy ar rent

Cost to Buy

3

Costs of huying
and renting

| =
‘' [
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Chapter Moving between Object windows
Information about a variable is provided in a list of attributes.
Attributes include the variable’s class (for example, decision,
chance, or constant), as well as its identifier, units, title,
description, definition, inputs, and outputs.

This variable's identifier is

Price. The identifier is used to The units attribute indicates the
refer to this variable in units of measurement for the
definitions of other variables. It variable. The Buying Price

This variable's class is . . . .
can contain up to 20 characters.  variable is measured in dollars.

Decision variable.

/. Object - Buying price

A variable's title 1 Decisi o Units: § -
. . Eecision FicCe nns: =i
describes briefly what ) S
the variable represents. Title: Buying price
The title is also shown in Description: Buying price of house,
the node on the
expr W

influence diagram.
Definition: 140K

Outputs: () Downpaymt Dowen payment

{2 Insurance  Insurance
o {2 Mairtena... Maintensnce
. The desc”pt'on () Mortgage Mortgade loan amount
provides more complete () Moving_5.. Moving costs
documentation () Property_.. Property taxes
(unlimited length) about () Zell_price  Selling. price =
this variable. 5/ [,
The definition specifies the Outputs are other
variable value, or how to compute variables that depend on
the value, sometimes using other this variable.

variables as inputs. The definition
may also be a probability

Analytica Note: 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
page of this tutorial.

Moving between Object windows

You have opened the Object window of a variable (Buying price)
by double-clicking on its node in the influence diagram.
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1. Double-click on
the output
variable titled
Mortgage loan
amount.

36

Moving between Object windows

The Object window may contain a list of the variable’s inputs
and/or outputs.

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

Buying price

4 Object -
] Decision Price Units: § =
Title: Buvying price
Description: Buying price of house.
[
Definition: 140K
Outputs: () Downpaymt Dowen payment
{2 Insurance  Insurance
T Maintena...  Maintenance
() Mortgage  Mortgage loan amount
() Moving_c... Moving costs
() Property_.. Property taxes
() Sell_price  Seling price -
k| [
Analytica switches to the Object window for Mortgage loan
amount.
£ Object - Mortgage loan amount
(_) Wariable Maortgace Units: § =
Title: Moartgage losn amourt
Description: Total mortgage (loan) amount received.
B
Definition: Price + DownPaymt
Inputs: () Downpaymt Down payment
1 Price BiLrying price
OQutputs: () End_mort... Mortgage principsl remaining
() Interest_... Interest payments
() Paymerts  Mortuaoes paymerts
() Princ_pay  Principal payments made on mortgage
| i

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
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Chapter

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
identifiers.

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
payment.

F. Dbject - Mortgage loan amount

) Wariable Martczge Units: § [

Title: hottgage loan amount

2. Double-click on
the Down
payment input. il expr

Description: Total mortgage (losn) amaurt received.

Definition: Price + DownPaymt

[QNEH ) Downpsymt Down payment
[ Price BiLrying price
Outputs: () Enc_mort... Mortgaoe principal remaining
() Interest ... Interest paymerts
() Paymentz  hortgage payments
() Princ_pay  Principal payments made on mortgsge
| [
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3. Click on the Close
button to close
the window and
return to the
diagram.

Using the Attribute panel

The Object window now displays the attributes of Down
payment.

f Object - Down payment

() variable
Title:
De=cription:
Definition:
Inputs:
Qutputs:
ol

Diownenpay it Units: § [
Dovwery
payment
Dowen paymert amount at time of purchase.
s
[-Percent_dawn_payments 00 Price
() Percent_.. Percent down payment
[ Price BiLrying price
() Costto_.. Present value of cost to buy
() Foregone... Foregone interest on down pasyment
) Mortgage  Mortgage loan amourt
H

Using the Attribute panel

38

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
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.
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Inspecting definitions in the Attribute panel

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
on it once.

% Diagram - Model

Buy or rent

Buying price Apprre :tl :tmn

Costs of buying
and renting

1. Click on the Key
icon (&) to open
the Attribute
panel.

Cost to Rent

=1
7 4l |E

By default, Analytica displays the description of Buying price in
the Attribute panel.

I Cost to Rent l
e 4] . - RE
Buying price: | Description ¥ |/‘
Buying price of housze. e =
=
o

Inspecting definitions in the Attribute panel

The Attribute panel allows you to inspect any attribute of a
variable.
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1. Click on
Description to
view the Attribute
popup menu.

2. Select Definition
as the new current

attribute to display.

Inspecting definitions in the Attribute panel

In this section, you will see the definition of two variables that you
viewed in the top level diagram in Chapter 1.

£
Buying price:

Description ™ |

Buvying price of house,

—
e

Clasz
|dentifier

Buying price:

Title
Uritz

Buvying price of house,

iv‘ Dezcription |

Inputz
Outputs

The definition of
Buying price is
displayed. ltis a
single number:
140K (140,000).

40

Buying price:

Domain

Walue

Definition w | [

140K
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Opening a module

When a variable is defined as an uncertainty distribution, a

3. Select the Rate of

inflation node.

button appears in the Definition field.
Cost to Buny J

Rate of inflation .I
Time harizan

f

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

Costs of hiuying
and renting

2 14l |Hs
Rate of inflation: [Definition || ¥ |

Mormal |(3.5,1.3) =

=

=

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.

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

/% Diagram - Model IS[=] E3
1. Double-click on the Aopreciation
Cost to Buy node Buying price op rate Buy or rent
to open the | .
module. ==

Rate of inflation

Cost to Buy

Cost to Rent

Zosts of buying
and renting

2 4l e
Cost to Buy: | Description W |

This module contains the costs of buying and owning a house over the tine period. =

=

A

Analytica displays the influence diagram of the Cost to Buy
module. This module contains three additional modules: Out-of-
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Chapter

Pocket Costs to Own, Future Sales Proceeds, and Opportunity
Cost.

iagram - Cost to Buy

L - Output
Input | g tMorgage loan Out-of-pocket Presentwvalue of / , - {{larrow-
arrowhead || amount costs to own costto by 0~ - |_J| head

/

Future sales
proceeds

Opportunity

Fercent down )
Moving costs
payment cost ’ g
8 4] | "I.é

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 outside this module.

e =
2. Click on the Diagram |d"b o= =| | | h k|_"|

button (|&&) to return to
the parent diagram,
Model.
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3. Double-clickonthe | |[IRNAE LI I[=] E3
Cost to Rent node —

to open the -
i ; Appreciation
B

module. uying price
The Cost to Rent ‘
diagram opens ‘
(see the figure \ Fate of inflation Cost to Buy
below). ' I

Time hatizon

Buy or rent

Zosts of buying
and renting

Cost to Rent

I [

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

m T = | ==
4. Click on the o s —E| | | & |+|

Diagram button

([ &)]) to return to
the parent diagram, =
Model.

51|

| B

Combined arrowhead

The combined arrowhead shows that the node has one or more
inputs from outside this module, plus the input variable in this
module.
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5. Select the Buying
price node.

. Select Outputs
from the Attribute
popup menu to
view a list of
variables that
depend on the
Buying price
variable.

. Double-click on
Insurance.

. Click on the
Diagram button
(&&)) to return to
the parent diagram,
Model.

Opening a module

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

or outputs.

/

% Diagram - Model

Buying price

Appreciation
rate

.

IS[=] E3
™

Buy or rent

r

Zosts of buying :}
and renting

I

2 4] IBE

Buying price: | outputs v |

() Downpaymt Down pasyment =

Insurance  Insurance

3 Maintena... Maintenance

) Mortgaoge  Mortgage loan amount

() Moving_c... Moving costs

) Property_... Property taxes

() Sell_price  Selling price =
o

Marginal Reduction in

tax rate
Praperty

taxes

The Out-of-Pocket Costs to Own module diagram is brought to
the front, with the /nsurance node selected.

m T ===
ERSETR

[ (%]

Cash flow of
mwnership

costs

Presentvalue of

minership
costs
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Inspecting values in the Attribute panel

Inspecting values in the Attribute panel

1. Select the Present
value of cost to buy
node.

2. Click on the Key icon
4 to open the

The Attribute panel allows you to view certain attributes, such as
a variable’s value, that are not (initially) displayed in an Object

window.

& Diagram - Cost to Buy

Mortgage
interest rate

Mortgage loan
amount

¥

Out-of-pocket

costs to own

Presentvalue of
costto buy

Attribute panel.
Dty
H Future sales
payment
proceeds
f 3
:pa?m‘a” ) Identifier .
e 4 Title e
. Present value of cost to Units
3. Press on the Attribute v Description
popup menu and Total prezent value of the cash flo T ncluding the doven payment, annual =
select Value out-af-pocket costs, proceeds of | Definition ne interest on the dowen paymenit
’ | roppartunity cost). Inputz -
Outputs y
Dromain
Probealue
o | =N
The deterministic (or | -2 I | E
mid) value of Present Present value of cost to | Yalue w |
value of cost to buy BT 2K =
displays, in this case,
-67.2K. =
=
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If Value was not previously computed, Analytica computes the
variable’s value deterministically, assuming that all of the input
probability distributions are fixed at their median values. Mid
value is an abbreviation for this deterministically computed

value.
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Displaying results
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.

Displaying results

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

| ==& oo|[o |>
1. With Present value of -

cost to buy still A Diagram - Cost to Buy
selected, click on the ) =

Result button (| g& |) " Mortgage
to evaluate it. =22 interest rate

¥

Mortgage loan
amount

Out-of-pocket
costs to own

Dovwn
payment

Future sales
proceeds

-

2 4l ES
Present value of cost to Value v

BT.2K =

=

o

A Result window displays the probability density function graph
for this variable. Analytica displays the uncertainty view that was
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2. Click on the Close
button to close the
Result window.

3. With Present value of
cost to buy still selected,
press on the Result
menu. The check mark
next to Probability
Density indicates that
the Probability Density
was last displayed.
Select Cumulative
Probability.

48

Displaying results

most recently selected from the Uncertainty View popup menu,
or that was saved with the model.

% Result - Present value of cost to buy =1 E3

L Probability Density (Y) of Present value of cost to... (X) ¥ KYI
@ Common Index: Step
(==
200 7
=
in
[
o
]
2 o0
E
m
o
[
o
i T T ]
-200k -100K 1} 200K

Present value of cost to by

&

As an alternative to clicking on 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.

Showe Result

Diagram “indow Help

Ctil+F

Mid Y alue

tean Walue

Statiztice

Probability Bands
v Probability Density

Curnulative Probability

Sample

Graph Setup. .
Humber Format...

Chrl+B

Uncertainty Dptions...

Chrl+L
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Displaying results

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

| =[==[ 2o o % [+
4. Click on the Diagram

button ( & ) to display £ Result - Present value of cost to buy M=l Ed

g Cumulative Probability (¥) of Present value of co... (X} ¥ WI

the Cost to buy diagram. [i2]| common Index: | step
Eall

4 -

)

E

m

o

2

o

] 0.3 A

2

ki

=]

E

a

L)
] T T T T 1
-150K =100k -a0k ] 30K 100K

Present value of cost to buy
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5. Select Moving costs and
then click on the Result
button ( & .) to

L

evaluate.

Uncertainty View
Popup Menu

50

e
f=T=]

A4 Diagram - Cost to Buy

Mortgage loan
amount
!

4 Down
payment

f

Percent down
payment

Maorgage
interest rate

costs to own

1
Future sales
proceeds

Qut-of-pocket

Displaying results

(@ || X[

IS[=] E3

Fresentvalue of
costto buy

Moving costs

= 14l | ks
Moving costs: | Value il |

-2100 =

[

ok

A single mid value appears in table view.

A4 Result - Moving costs

|[mid"]  mid value of Moving costs (3)

[] Tatalz

-2100
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6. Press on the
Uncertainty View popup
menu and select
Probability Density.

7. Click on the OK button.

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. Note that the graph
view button is disabled.

F% Hesult - Moving costs

v i Mid¥aus ks ($) e
B bean Walue

Kt Statistics
[z Probability Bands
L~ Prabability Density

v |7 Cumulative Probability
[ Sample
[1] 4

Analytica tells you that this is a nonprobabilistic value.

E xplanation B

\E) “alue iz not probabilistic. Mid value will be shown instead.

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 may quit Analytica at this point. See “Quitting Analytica” on
page 28.
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Chapter 3

Analyzing the
Rent vs. Buy
Analysis Model




In this Chapter

This chapter shows you how to:

» Perform importance analysis
» Perform parametric analysis

» Set up and compare alternative
decisions




Chapter 3:Analyzing the Rent vs. Buy

Analysis Model

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, perform parametric analysis, and
compare alternative decisions.

For instructions on how to open a model, see “Opening the Rent
vs. Buy model” on page 11. In this case, however, open the Rent
vs. Buy Analysis model by double-clicking on the icon 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 importance 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 renting 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
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includes the objective node, Difference between buying and
renting.

1. Click on the Difference |vE | -= ,E‘? fy"’ﬂ”’| ok k | - |
between buying and ~
renting node to select it.

/£ Diagram - Rent vs. Buy Analysis

| -

Buying price

Rate of inflation

Buy ar rent

Appreciation
rate

Cost to Buy

2. Click on the Result
( g? ) button to

evaluate it.

A

Time harizan
Cost to Rent

=
el| |bv

The difference between the two uncertain values is also
uncertain. The difference is positive if buying costs less over the

1

Costs of buying
and renting

Difference
netween buying
and renting
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1. Click on the Diagram

button ( &P to return |

to the Rent vs. Buy
Analysis Diagram
window.

Importance analysis

time period, and negative if renting costs less over the time
period.

EXEERI | e

Lo Probability Density (Y) of Difference between buying ... (X} 7 Wl
I]E Common Index: Step

20u 7

10u A

Probability Density

1] 100K 200K 300K
Differarce 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
uncertainty in the output, while the rest of the inputs have little
impact.

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

2|2 F oe|[& x|

£ Diagram - Bent vs. Buy Analysis

1. Select the Difference
between buying and =

renting node. ' —
- . . Appraciation
Buying price Buy ar rent
nae rate 4
A

2. Click on the Result

display Rate of inflation Cost to Buy

f

the importance values. '
Time horizon

Costs of buying
and renting

Difference
hetween buying
and renting

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 importance value of 0 indicates that the uncertain input
variable has no effect on the uncertainty in the output. A value of
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Chapter

1 implies total correlation, where all of the uncertainty in the
output is due to the uncertainty of a single input.

£ Result - Difference between buying and renting Importance

i Mid Value of Difference between buying and renting Importance ><-"l’|
ﬂﬁ X AXis: Difference between buying and rentin...
=l

0.5

Difference betvween buying and rentin...

_— —

1] T T T T 1
Bppreciation rate Rate of inflation Marginal tax rate Maintenance Insurance
Difference betwean buying and rerting Inputs

It is clear in the above figure that the input Appreciation Rate is
contributing most of the uncertainty in the Difference between
buying and renting.

& =|=[ 2|6 x|+

3. Click on the Diagram T
button ( ) to :
return ﬁ) migw Mid Value of Difference between buying and renting Importance
to the Rent vs. Buy @ X Axis: Difference between buying and rentin...
Apa/ysis Diagram 1]
window.
H 1 1
c
=
z
e
C
m
m
(=
=
a
c 0.5 A

For more information about importance analysis and the steps to
create an importance variable in your own model, see “Scatter
Plots” in Chapter 16 of the Analytica User Guide.
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Performing parametric (sensitivity) analysis

Performing parametric (sensitivity) analysis

1. Select the
Appreciation rate
node.

2. Select Definition
from the Attribute
popup menu to
view its definition.

Expression
popup menu

60

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 on the Key icon ( 3 ) to open the
Attribute panel.

£ Diagram - RBent vs. Buy Analysis
[ . ;I
Buying price Appreciation Buy of rent
rate
Rate nfinﬂatiu Cost to Buy
f F
Costs of buying
and renting
¥
! Difference
_ hotwoarn buninm bl
| 2=
Appreciation rate: |I]eﬁnitiun - || A v |
Marmal I [ Inflation, 3 ) =
[
o

When the Definition attribute is displayed, the Expression popup

menu ( [a_~] ) appears. The distribution icon ( a )in the menu
indicates that the definition is a probability distribution.

The Expression popup menu allows you to change the definition
of a variable to one of several different types of expressions.
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Performing parametric (sensitivity) analysis

Expression types include:

» Expression, or mathematical formula ( [e==_~1)
* List(E>])

« List of Labels ([E=])

+ Table ([E~])

+ Probability table ([E 1)

+ Distribution ([a_=])

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%.

3. While pressing on A (B
the Exprossion | | EEICE
popup menu, drag | B Table -
the mouse to List, e | B2 Frobability Table =
and release the Appreciation rate: |I]eﬁnitiun w | . _'l" B
mouse button to Mormal |(|nf|a1i-:.n,3) v 4 Distibution =
select List. & ¢ Other...
=
4
4. Click on the OK Question Eq
button or press the
Enter key to confirm @ Replace cument definition with a List?
that you want to

change the definition
from a distribution to N
a list.

Cancel |

Note that the icon on the Expression popup menu has changed
to indicate that List ( ) was selected.

When a definition is first changed to a list, a cell (indicated by a
box around it) appears in the definition. 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.
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5. Select the cell by
clicking in it. Type the
value -10 and press
the Enter key.

Performing parametric (sensitivity) analysis

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

e 4] NE
Appreciation rate: |I]eﬁnitiun ol IE il |

10 =

[-]

£

6. Type -5, followed by
the Enter key. 0
automatically appears.
Press the Enter key
two more times;
automatically, 5and 10
appear.

62

A new cell appears.

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

In addition, 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 typing the
desired value.

e OES
Appreciation rate: |I]eﬁnitiun il ||E il |
-10 =]

g
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7. Select the Costs of
buying and renting
node.

8. Select Mid Value
from the Result
menu.

Performing parametric (sensitivity) analysis

&4 Diagram - Rent vs. Buy Analysis

e 4]

Buying price Buy ar rent

Appreciation
rate

Cost to Buy

Rate of inflation

1

Time horizon

L

Difference
hetween buying
Cost to Rent and renting

Difference
hetween buying

and renting
Impottance

VEiIe Edit Object Definition MEEENN

Diagram 'window Help
Show Besult Chil+R

Mid Y alue

tean ¥ alue

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.
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9. Click on the Table
button ( @ ) to
view theJ
result as a table.

BE:

Performing parametric (sensitivity) analysis

The graph shows that at an Appreciation rate of about -5% per
year, renting and buying will cost 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.

i

ezult - Costz of buying and renting
Mid VYalue of Costs of buying and renting () ﬁl
Key: | Buy or rent - |
X Axis: | Appreciation rate (Mivear) v I

200K 7
&
o
g
£
1]
™
h=
=
[-]
5 ]
£ 0
F=]
s
o
%
=]
)
-200K

-10 -5 u] 4] 10
Appreciation rate [Yatwear]
Fey Buy or rent
—_— By
-— Rert

10.Click on the Diagram
button ( ) to
return
to the Rent vs. Buy
Analysis Diagram
window.

64

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

[ E RS E

% Result - Costs of buying and renting

midw|  Mid Value of Costs of buying : [ 152, 0 (5) 2

| Buy or rent o I [T Tatals
Lall ~ | Appreciation rate (%Arear) v |[>

10 5 0 5 10 =
Buy 444K 1262H  Or.0BW -51.33K 18.81K
Rent AR R R 28
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Performing parametric (sensitivity) analysis

Evaluating alternative decisions

1. Select the Buying
price node.

2. Press on the
Expression popup
menu and select List.

Analytica confirms
that you want to
make this selection.

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.

% Diagram - Rent vs. Buy Analysis

Buy ar rent

Buying price Appreciation
rate

Cost to Buny

Rate of inflation

i

Time harizan
Cost to Rent

L
Costs of hiuying
and renting

Difference
hetween buying
and renting

e 4|

3. Click on the OK button
to proceed.

WE
Buying price: |I]eﬁnitiun w | v B Eunression |
= e
E= List of Labels
= Tatle =l
= Chaice i
T T o

@ Replace current definitian with a List?
Canicel |
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4. Click in the cell to
select it. Type 120K
and press the Enter
key.

5. Type 140K, followed
by the Enter key.

160K is automatically
entered in the next
cell.

Performing parametric (sensitivity) analysis

The first cell in this list contains the expression for the previous
definition, 740K. You will change this value, and add additional
cells, as you did in Step #5 on page 62 and Step #6 on page 62.

Buying price: [ Definition |5 *]
K =
T
=l
o

6. Select the
Difference between
buying and renting
node.

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

66

£ Diagram - Rent vs. Buy Analysis

Buying price Buy ar rent

Appreciation
rate

Cost to Buy

Rate of infl

ation

3

Time hotizon
Cost to Rent

Fil=  Edit Object Definition a8
|VE|—§ I]? Show Result

L

Costs of huying
and renting

Diagram 'window Help
Ctril+R

Mid W alue

kean alue

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
identify each curve.
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8. Click on the Diagram
button ( ) to return
to the &5
Rent vs. Buy Analysis
Diagram window.

Performing parametric (sensitivity) analysis

When you examine the mid value results, you can see that only
a $160K home, coupled with an appreciation rate of -2%/year (or
worse) 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 appreciation
rates less than 9%/year, the less expensive home is the better
investment. For higher appreciation rates above 9%, the more

expensive home provides a larger return.

[ [ 40 % |+

esult - Difference between buying and renting

v—|—=|

Ty,

Mid Value of Difference between buying and renting (%)
Key: | Buying price ($) - |
X Axis: | Appreciation rate (%Arear) v |

e

200K 1

| 2
Difference between buying ... E @l %

10 -5 i} B 10
Sppreciation rate [Yatear)

Key  Buying price ($]

— 120K

-— 140K

...... AG0E
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9. Select the Costs of
buying and renting

node.

10.Select Mid Value
from the Result
menu to recompute

Performing parametric (sensitivity) analysis

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.

Buy or rent

& Diagram - Rent vs. Buy Analysis
) ) Appreciation
Buying price
ving rate

Cost to Buy

Rate of inflation

f

Difference
hetween bhuving
and renting

Cost to Rent

e 4 0ES
File Edit Object Defintion WsE00 Diagram  Window Help
o — Show Result Cirl+R
| ] =
Mid " alue
Mean Yalue

and display its value.

68
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Performing parametric (sensitivity) analysis

Navigating arrows

£ Result - Costs of buying and renting
mid*|  Mid value of Costs of buying an“d\renting ) |
@ Buying price ($}<F | LR &
}_,—| Kew: | Buy or rent - |
X Axis: | Appreciation rate (%/year) v |
200K 7
=
o
£
=
u
=l
[
m
m 1}
=
=
3
O
5
L]
T
Q
(]
200K T T . .
-0 -5 1] F] 10
Bppreciation rate [Yatyear)
Hey BEuy or rent
——  Buy
-— Rert

11.Click on the down arrow
( ¥ )todisplay a
scrolling list of alternative
values for the variable.

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 $7120K.

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

esult - Costs of buying and renting

idr|  Mid Value of Costs of buying and renting ($) Fad|
2| Buying price (5)T 1206 [T £
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Performing parametric (sensitivity) analysis

. & § D ﬂ
12.Click on 160K to L TR / Buying price | L

select it = v 120K =

BN o T —
X A il
200K
=
E =

13.Click on the Table
button (|[fiZ]| ) to see
the table view.

Row index popup menu

Column index popup menu

70

The graph changes to show the mid value of Costs of buying and

re

£
midr|  Mid Value of Costs of buying and renting () Ead

{:,::L Kew | Buy or rent Vl

nting given that the Buying price equals $760K.

Result - Costs of buying and renting

X Axis: | Appreciation rate (%o/year) v |

Casts of buying and rerting [$]

200K 1

200K T T T 1
-0 -5 i] b 10

Bppreciation rate [Yafyear)
Ky By ar rent
——  Buy
-— Rerit

/% Result - Costs of buying and renting

mid¥ | pid Yalue of Costs of buying and renting (%) ad
Buying price ($}{|’7 : e [ Totals
L'-l- | Buy or rent i | ] Toatals
~ | Appreciation rate (%u/year) v |[>
10 5 0 5 10 =
Buy 163K 144 3K 108K 5B ETK 21 8K
Rent 126 BK 126 BK 126 Bk -126 Bk, -126 BK
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14.Press on the Row
index popup menu and
select Buying Price ($).

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

15.Click on the navigating
arrow ( £1 ) to show the
corresponding table for
Rent.

Performing parametric (sensitivity) analysis

&4 Result - Costs of buying and renting

Mid¥ | _ Rdid 3ol o S ot of bmsiea and renting (5) ﬁl
Buying price [$) ] e

Lppreciation rate [ZApear] | [ Totals
E v Buy or rent [ Tatals

Ma Index sar) w |

KT 5 1 5 10 =

Buy -1635kK -144 3k -110.8kK -5867H 2 Sk
Rent -126 6K -126. 6K -126.6K -126.6H -126 Bk

£ Result - Costs of buying and renting

fnidsg uyir"l'_ and ranting ($) Pl
Buy or rent <+ [l
- = [ Tatals
Lall || Buying price () v |
~ | Appreciation rate (%/year) v |[>
10 5 0 5 10 =]
120K 42384 082K B3A9K 44k 1613k
140K 444k AZEZK OTOBKE -51.EEK 16.61K
160K ABSKE 44 a3 0o SR ETK 21 5K
i .|—‘

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

£ Result - Costs of buying and renting

midw|  mid Value of Costs of buying and renting ($) Ead|
Buyorrent O Buy [ £
Lall | Buying price (%) v | [ Totals
~ | Appreciation rate (%ivear) v |[> [ Totals

10 5 0 5 10 =
120K 238K 082K 83.10K 44K 16.13K
190K Add 4kl AZEI OTO0BKT -5 33K 15 81K
160K SBSKE -1443K] -1109K]  -58.67K 21 5K
0| |—‘
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Analyzing the Rent vs. Buy Analysis model: Summary

This table shows that Cost to Rent does not vary with Buying
Price or Appreciation rate.

% Result - Costs of buying and renting
midw|  Mid Value of Costs of buying and renting (3) |
Buy or rent 4% |
w = = l_ Totalz
Lall |v3uwng price (§) ¥ o
| Appreciation rate (%fvear) w |
ET) s T 5 10 =
120K A26BK. 1265 -126BK] 166K 126K
14K -126.6K -126.EH -126 Bk -126 6K -1 EEEI*(
160K 26 ATEEKAZEEM ADEEK 1266
ﬂ >|

Analyzing the Rent vs. Buy Analysis model:

Summary

72

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 may quit Analytica at this point. See “Quitting Analytica” on
page 28.
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Creating a
Model




In this Chapter

This chapter shows you how to:

* Create a model
* Document and define variables
» Create a module

¢ Draw arrows between variables




Chapter 4: Creating a Model

This chapter introduces you to creating 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 dependencies, add documentary text, and compute
results. In addition, you will create modules.

Start Analytica by double-clicking on its icon as described in
“Opening the Rent vs. Buy model” beginning on page 11.
Analytica opens with a blank new model.

Documenting the model

An untitled model window appears when you create a new
model. A model consists of a root module with any number of
additional modules.

When you first create a new model, you must enter an identifier
and other information, also referred to as documentation,
describing its title, description, and author.

. Type Carcosts in Identifier (holds up to 20 characters)
the Identifier field to ™
identify your model.

_Tab to, or click in, | | e
the Tltle field (to the
right of the label Title:
Title) and type Car
cost model. | Description:
. Tab to, or click in, ﬂlﬂﬁ!}r(ﬂ:
the Description field Created: Fri, &pr 18,1957 1:08 PM
(to the right of the
label Description) | |~ Last Saved:
and type A o
demonstration File info: (not saved yet)
model to show =
how to calculate hd
the cost of | l

running a car.
See the following
figure for the
completed screen.
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Analytica Note: You can either press the Tab key or use the
mouse to move between fields.

s == @|ow| m[x »| o|o|o|oc|o|o|alo|T
. Add your name as . Object - Car cost model
the author if your Carcosts —
compUte_r does not Title: Car cost model
automatically l
register your name. Description: A demanstration model to show how to calculste the cost of running
car.
. Click on the Author(s):
Diagram button )
( | ) to display Created: Fri, &Apr 15, 1997 1:09 PM
, Last Saved:
the model's
Diagram window. File info: (nct saved yet) [
[ a7

Editing a diagram

You previously were in the Browse mode, with the Browse tool

(_#]) 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 (& |) 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.
S| == @|or| &[x »| o|o|o|o|o|z|a|n|T]

Browse tool
Edit tool

Node palette

When the Edit tool is selected, a menu of icons is displayed in
the Node palette. These icons represent the different node types
and allow you to add nodes to the diagram.
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Creating variables

Creating variables

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

Each variable has a node type; select the node type based on
what you know about the variable. If you are not sure what kind
of variable itis, or if you know that the variable has a single value,
represent it as a General variable. See “Recognizing an
influence diagram” on page 31 of this tutorial for a description of
the node types.

The first variable you will create is for the cost of fuel. Because
the cost of fuel changes, you will use a Chance variable.

=== @

[pr] 4% »| D|O|o|0|0|o|a|n|T

. Drag the Chance icon

( o |) to a position in

the influence diagram.

A new Chance variable
appears in the diagram
at the location where
you release the mouse
button; the insertion
point indicates that you
can enter a title.

. Type Fuel cost for the
variable title.

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

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

F Diagram - Car cost model
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Analytica Note: Fuel cost is filled with a diagonal line pattern
around its text, indicating that it does not have a valid definition.

You will repeat Steps #1 and #2 to create four more Chance
variables that affect fuel cost. You will title these variables Fuel
price (price per gallon of gasoline), Annual miles (number of
miles driven each year), Mpg (miles per gallon of gasoline), and
Age (driver’s age).

| z|==| @ » »| g]ofelole|a|alo|T

K?Wfl oy

F Diagram - Car cost model

N T 2 : : :
3. Drag the Chance icon iy D : : ]
(& |) to a position - - : : : ; ;

on the diagram.

The text in a node title will wrap to fit within the node, after you
press Alt-Enter. You can manually create a new line in a title by
pressing the Enter key at the desired break point(s).

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

Type price and press
Alt-Enter to indicate
that you are finished.
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5. Repeat Steps #3 and #4
to create three more
variables, as shown in
the figure.

Title the variables Annual
miles, Mpg, and Age.

Saving your model

3 N : ﬂ«w : ﬂ«m
! . e . nnua

Saving your model

1. Select Save As from the
File menu.

While creating or modifying a model, you should periodically
save your changes. You should save frequently so that you do
not lose very much information if your system crashes
unexpectedly. See “Saving your model” on page 26.

Analytica initially uses the title of your model, Car cost model, to
name the file that contains the model. To save the file under a
different name,select Save As from the File Menu.

A=W Edit Object Definition  Besult
Mew Maodel Chel+M
Open Model... Chrl+0
Aeld i adile. [triEl

LCloze Chrl+taf
Cloze todel
i Save ik
\ Save Az
Save A Copy In...

| mport..
Ermart.

Frint Setup...

Frift Preview

Frrint.... Chrl+P
Frint Beport. .

Foxes and Hares.ana

Rent vz Buy Model.ana
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2. Type the new file
name here.

Deleting a variable

Analytica defaults to your personal directory.

Save Model Carcoszts as

Save in: I 3 Personal

~

File name: |Ear Cozt Model Save I
Save az ype: IAnaI_l,ltiu:a b odel [*.ana) j Cancel |

Deleting a variable

. If the Age node is not
selected, select it.

Handles surround the
node to indicate that itis
selected.

2. Select Clear from the
Edit menu, or press the
delete key.

80

Sometimes you may 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.

/4 Diagram - Car cost model

T : e : e TR
I : § Fuel § : Annual §
(Y . price . miles

Hand\les
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3. Click on OK to confirm
that you would like to
delete the selected
object.

Moving nodes

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

Question E

@ Deleting cannat be undane. Are you sure you want ta delete the selected object?

Cancel |

Moving nodes

1. Drag the Fuel cost node
to the position shown by
the arrow.

The node reappears at
the location where you
release the mouse
button (as shown in the
following figure).

When you create a model, you should try to structure the model
layout to make the model logic easy to understand. As you refine
your model, however, you undoubtedly will want to group nodes
in different ways. You can move nodes easily to organize your
influence diagrams in the best way possible.

In this section, you will move variable nodes so that the three
variables contributing to fuel cost surround the Fuel cost node.
You begin by moving a single variable node in the diagram. You
will then select and move multiple nodes at once.

% Diagram - Car cost model

u e, W : e T : e TR

i i) : § Fuel § : Annual §
iy g . price . mmiless:

- : o e i : g
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% Diagram - Car cost model

2. To move the Fuel price

H . . | . u a m
a??hAnnualnﬂ'ules r;pdes : : § ol § : Al §
at the same tlme,.lrst It : : price : miles
select the Fuel price : B B | : TR
node.

S
3. Hold down the Shift key m

and select the Annual
miles node.

| . . . . By
Now, both nodes are m

selected (as shown in
the following figure).

Another way to select multiple nodes is to drag a selection box,
using the Edit tool, around the nodes you want to select.

. Diagram - Car cost model

4. Drag the Annual miles I . | LW T, B Z;I
node to the left, to the < - §,,FL_{EI,,,§,,, § Arhlnual § ]
i - - priceE - tmiles
position shown by the : Com il g p s g
arrow. :

Both nodes reappear at "
the location where you Sy

release the mouse

button (see the | |- ........ ........ ........
following figure). ; ; ; : m Z
: : : : L, i

4 Diagram - Car cost model

5. Click anywhere outside 2 [ e | j;l
the two nodes within the § Fue' § § Annusal § .
diagram to deselect the s FHICE L. a
nodes.
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Editing variable titles

Analytica Note: You can undo or redo a drag operation by
selecting Undo/Redo from the Edit menu, or by typing the
keyboard shortcut, Ctrl-Z.

Editing variable titles

1. Select the Mpg node.

§ P e § § el §
| prlce mlles

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

Each variable in the model is represented by a titled node in the
model’s influence diagram. Occasionally, you will want to change
the title of an object to make the model easier to understand.

In this section, you will change the title of the variable Mpg to
Miles per gallon.

£ Diagram - Car cost model

Analytica Note: 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.
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3. Type Miles per gallon
and press Alt-Enter.

The newly titled node |
is displayed.

Drawing an arrow between nodes

If you accidentally open the Object window, return to the Diagram
window by clicking on the Diagram button ( =k ).

Milez per
s oalon|  ig

/% Diagram - Car cost model

§ el § § T anmual §
prlc:e miles .

Drawing an arrow between nodes

5

=| @|m| & [x | O|o|o|o|o|z|a|o|T

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 variables.

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

1. Select the Arrow tool
to begin
> drawing
arrows.

1. Notice that the cursor
turns into an arrow
(=»).

84

F2% Diaglam Fuel cost Module =] E3

§ Fuel § § .ﬂ.nnual §
rlc:e mlles
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2. Drag from the Miles per
gallon node to the Fuel
cost node.

Fuel cost becomes
highlighted when you
drag the arrow over any
part of it (as shown in
the following diagram).

. 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.

Deleting an arrow

FAY Diaglam - Fuel cost Module =] E3
=
§ Fuel § § Annual §
prlce mlles
999520505 0009000509526 300000900020000¢c2000000000020500¢0:
lviles per

allan

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

Deleting an arrow

Occasionally, you may 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. |
—
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. Select the arrow.

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

. Press the delete key to
delete the arrow.

The arrow disappears.

Connecting multiple arrows

First, make sure you have either the Edit tool or Arrow tool
selected.

/4 Diagram - Car cost model

TR T s

§ Fuel § § Annual §
T - mies

Miles per

Handles

Connecting multiple arrows

. Select the Miles per
gallon node.

. Hold down the Shift key
and select the Fuel
price node.

. Hold down the Shift key
and select the Annual
miles node.

All three nodes are now
selected.

86

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

First, make sure the Arrow tool is selected.

£ Diagram - Fuel cost Module M=l E3

=
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4. Drag from any one of
the selected nodes to
the Fuel cost node.

5. 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).

6. Deselect all of the
nodes by clicking in any
location in the diagram
that is not on a node.

Connecting multiple arrows

£ Diagram - Fuel cost Module _ |00}
. : . - - I

# Diagram - Fuel cost Module M=] E3

§ Fuel § § Annuzl § :
price miles :

Miles per

allon
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Entering attributes using the Object window

v »| s|ojolo|o|s|a[o|T]

7. Select the Edit button

() to turn off
L3 | arrow

drawing.

TR B S :;I
§ Fuel § Annual § :
) i N miles _
TR
Miles per
B R S R SRR i
3 4l | ¥

Entering attributes using the Object window

S| =|==| @ |ow]

When you create an Analytica model, you can add
documentation of the model and of its variables. Analytica
supports integrated documentation that can be tied to every
variable in the model.

In this section, you will provide documentation for the Annual
miles variable in the Car Cost model.

x »| o|lo|lo|o|o|o|a|lo|T

1. Double-click on the
Annual miles node to
open its Object window.

88

F Diagram - Car cost model

§ Fuel § § Annual §
i miles
B woe . u

Miles per
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Entering attributes using the Object window

Analytica Note: You can also open a variable’s Object window
by double-clicking on 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

4 Dbject - Annual miles

Annual_miles Units: [

Title: Annual
miles

De=cription:

B W
@ Definition:

Outputs: (7 Fuel cost Fuelcost

2. Select the contents
of the Identifier field.

3. Type Mpy and
press Alt-Enter.

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

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.

4 Dbject - Annual miles

Title: Annusl
miles

Description:

. Object - Annual miles
[ Chance |§r\.-1p3f [ Units: =

Title: Annual
miles

Description:
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4. Click on the Units

field. Type miles/
year and press
Alt-Enter.

. Select the contents
of the Title field
and press the
delete key to erase
Annual miles.

. Type Miles per
year and press Alt-
Enter.

. Click in the
Description field and
type Average miles
driven per year and
press Alt-Enter.

Defining a variable explicitly

J Dbject - Annual miles

Miny

Title: Annual
miles

Units: Emilesi‘fear|

Description:

Analytica Note: 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.

F Object - Annual miles

Units: mileztyear

Title:

Description:

. Object - Annual miles

Misy

Units: milesiear

Title: EMiIes per year

Description:

J,:'::-.,._ Object - Miles per year

My

Title: Wiles per yvear

Units: milesivear

De=cription: E.iwerage miles driven per yest|

Defining a variable explicitly

90

When you create and document a variable, you must also define
the mathematical expression for computing its value.

In this section, you will provide a mathematical expression for the
Miles per year variable. You will define Miles per year as a single
number.
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Chapter

For this example, assume that the average number of miles
driven annually is 12,000.

4 Object - Miles per year

Demiton =
e § Ch | Units:  mil
Definition field to L i Ry nits: milesiyear
enter a Title: Miles per vear
mathem'at|ca| Description: Average miles driven per year
expression for the
variable;type 12K. |+ [epr w |[X]Z]

@ Definition: |

A Warning icon ({1
indicates that this Outputs: (3 Fuel cost  Fuel cost
variable’s definition
has not yet been
accepted.

ol S RN Gl /. Object - Miles per year

button ( [£] ) or Mpy Units: milesivear -]
press Alt-Enter to Title: Mies per year

accept the new

definition. Description: Average miles driven per year

The Warning icon :"W i |

disappears [T] pefinition: 12H]

because the
variable now has a
valid definition.

Outputs: > Foel cost  Fueldcost
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Analytica Note: Whenever another variable’s definition includes
the identifier (Mpy) of Miles per year , this defined value, 12K, will
be used.

z|=|=| @|m| &% =] o|o|o|o|o|o|a|n| T

3. Click on the Diagram

button

toreturn & |
to the influence
diagram.

92

F. Object - Miles per pear

Mgy Units: milesiysar

Title: Miles per yvear

=

Description:

C T
Definition: 12K

Outputs: () Fuel cost  Fuel cost

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

can be computed.

F Diagram - Car cost model

R | m
é Miles per vear
. . e

Miles per )
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Defining a variable that is influenced by other variables

Defining a variable that is influenced by other

variables

. Double-click on the
Fuel cost node to open
its Object window.

The identifiers and titles
of the three input
variables appear in the
Inputs field for the Fuel
cost variable.

Because the form of the
dependence has not
been specified, the
Definition field is blank.

Milez per &
[ ]
& Fuel cost
‘. 5 [ ]
a0 [ P

When one variable is influenced by (dependent upon) another
variable, you must provide a mathematical expression that
describes the relationship between the variables. The Fuel cost
node has arrows entering it from three other variables.

In this section, you will enter a definition for Fuel cost that
describes how it depends on the Miles per year, Miles per gallon,
and Fuel price variables.

&4 Diagram - Car cost model

oo ; :
§ Miles per year

£ DObject - Fuel cost
o Cﬁance Fuel cost Units: =
Title: Fuel cost
Description:
e
|I| Definition:
Inputs: {0 Fuel price  Fuel price
O Mag Mites per gaifon
T Moy Miles per year
ﬂ |
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2. Enter the variable’s
units, $/year,
description,and

Annual cost of fuel

3. Click in the
Definition field to
enter a
mathematical
expression.

4. Press on the Inputs
popup menu, and
select the name of
the variable that
you want to add, in
this case, Fuel
price.

Fuel_price appears
in the Definition
field.

5. Type an asterisk

(*)-

94

Defining a variable that is influenced by other variables

&4 Object - Fuel cost M=l B3

Fuel_cost Units: $fyear =
| Title: Fuel cost
Description: Annusl cost of fuel
[ee- = | X[ [Inputs «
[(T] Dpefinition: ||
Inputs: (>  Fuel price  Fuel price
2 Mpo Miles per palion
o My Mites per year
J ol

Because Fuel cost is equal to 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.)

£ Object - Fuel cost I =] S
Fuel_cost Units: Sivear =
Title: Fuel cost
Description: Annual cost of fuel
|I\ Definition:
Inputs: 3 Fuel price O Mk e
T Meg Mites per gation
T Moy Miies per vear
Al M g
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Defining a variable that is influenced by other variables

6. Select Miles per

% Object - Fuel cost M=l E3

year from the Fuel_cost Units: §rtvear =
lmngﬁhs popup Title: Fuel cost
Description:  Annual cost of fuel
7. Type a slash (/). e W

Definition: Fuelﬁrice*hﬂpwﬂpg

8. Select Miles per
allon from tl‘ll)e Inputs: T3 Fuel_price  Fuel price
g 2 Mpg Miles per gallon

Inputs popup 2 Mpy Miles per year
menu.

9. Press Alt-Enter or .
click on the check | [F] ~ T
button to
accept the |
definition. i
The Definition
field should look
like this.

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

P%I'.—zlzz @ |pow|

x »| o|lo|lo|o|o|o|a|lo|T

10.Click on the

£ Object - Fuel cost

& Diagram
button to Fuel_cost Units: $iyear =
return to the Title: Fuel cost

influence diagram.
Description: Annual cost of fuel

Note that Fuel cost

. Bxpr W

is no longer " -

diagonally shaded, Definition: Fuel_price*MpyMlpg

indicating_ that it Inputs: ¢ Fuel_price  Fuel price
haS. a 'Va“d 2 Mpg Miles per gallan
definition. 3 Mpy Miles per year
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Probabilistic definition

Probabilistic definition

1. Double-click on the

Fuel price node to open

its Object window.

2. Change the
identifier to Price.

96

&4 Object - Fuel price

In this section, you will document the variable Fuel price and
provide it with a probabilistic definition. You will assume that the
exact price of gasoline is not known and that its uncertainty is
best expressed as a normal distribution. You will enter this
definition and view the distribution.

Analytica Note: Uncertain values can be expressed using any of
a wide range of probability distributions. Consult a probability and
statistics text book for information on the characteristics and uses
of different distributions.

% Diagram - Car cost model M=l B3

] : ] : . i;l
é j § Miles per year :
- : . )

A new variable automatically receives a default identifier based
on the first 20 characters of the variable’s title. You will now
change this identifier.

[ chance ¥ [iFrice © Units:

i

Title: Fuel
prce

Description:

Exp; W
Definition:

Outputs: {3 Fuel_cost  Fuel cost

.

il

Analytica Note: As shown in the section “Defining a variable that
is influenced by other variables” beginning on page 93, the

definition of the Fuel cost variable refers to the Fuel price variable.
Because you just changed the identifier of Fuel price, the definition
of Fuel cost is automatically updated to refer to the new identifier.
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3. Enter the units, $, and
description, Price of
a gallon of gasoline,
as shown.

Probabilistic definition

£ Object - Fuel price [_ [O0]
Price Units: § =

Title: Fuel ‘
price

Description: §F'riu:e of a gallon of gasaline

axpr W
@ Definition:

Outputs: 2 Fuel_cost  Fuel cost

¥

=
S
5

Now you will define Fuel price as a normal distribution with a
mean of $1.19/gallon and a standard deviation of $0.10. You will
enter the uncertainty distribution directly as an expression, rather
than using the Object Finder.

£ Object - Fuel price

4. Enter the definition for
the normal
distribution as
Normal(1.19, 0.1)

5. Click on the Check

button ( ) or press
Alt-Enter.

{2 Chance ™ | Price Units: =

Title: Fuel
price

Description: Price of a gallon of gasoline

rer v | (1]

[T] Dpefinition: |Marmal( 19,0.1)

Outputs: 0 Fuel_cost  Fuelcost
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The definition field now contains a button, indicating the type of
distribution you just entered, Normal.

£ Object - Fuel price

® gz:eophtehe button Price Units: § (=
distribution in the Title: FU_eI
Object Finder. price

Description: Price of a gallan of gasoline

Definition: Raimmal ] ¢ 1.19,0.1)

Outputs: (> Fuel_cost  Fuel cost

=
| [

The Object Finder dialog box displays the normal distribution
along with a graphic, the parameters you specified, and a
description of the distribution.

/" Object Finder

Library:| Distribution w]| Find. |

L T 4
5 Chancedist (P& 1)
B Cumdist (PRI
B Fracties (L3
e Gamma ( alpha, beta )
Mean =5 Lognormal [ median, gedey ) mean
i Marmal [ mean, stddewy )
"I mean stddew Standard
. ormal | 119 | o1 deviation
7. Click on the Cancel : _ - =
. Marmalimean, stddey) returns a continuows, normal Gaussian probability
button to close this

) distribution with the zpecified mean and the standard deviation, stddes.
dialog box.

Cancel I 0k I
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Entering attributes using the Attribute panel

| =[=[@|er| wx =] olo|o|o|e|s|a|D|T|

8. Click on the
Diagram ﬁ, |
button to
return to the
influence diagram
window.

Note that Fuel price
is no longer
diagonally shaded.

£ Object - Fuel price

Price Units: $ =

Title: Fuel
price

Description: Price of a gallan of gasoline

[a ~]

Entering attributes using the Attribute panel

1. Select the Miles per
gallon node.

| . . . . . =

2. Click on the Key 8]
icon to display the
Attribute panel.

Rather than opening a separate window to alter a variable’s
attributes, you may prefer to see a variable’s attributes in the
same window as the model influence diagram. The Attribute
panel, which appears under the diagram, allows you to edit as
well as examine attributes.

In this section, you will enter data for the Miles per gallon variable
in the Attribute panel.

£ Diagram - Car cost model M=l B3

Wiles per year
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3. Click in the Attribute
panel to enter the
description for Miles per
gallon. Type Average
number of miles per
gallon obtained by
car, then press
Alt-Enter.

Entering attributes using 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.

4. Select Units from the
Attributes popup menu.

5. Type miles/gallon,
then press Alt-Enter.

100

Miles per gallon: | Description W |
E.ﬂwerage number of miles per gallan obtained by car| ;I
=
o
Clazz
Lo EEEEEEEE i |dentifier R EEEEEERE =
T 14 I - Title I » I%
Miles per gallon: T .
Average number of miles per gallo v DES_CT'P“D” =
Definition
Inputs -
Outputs v
Darnain
Walue
Probwvalue
Miles per gallon: | Units bl |
 milesszallon |
[-]
=

Now that you have entered the documentation for variable Miles
per gallon, you will enter its definition in the Attribute panel.

You will define the value of Miles per gallon as an uncertain value
that is equally likely to be any value between 20 and 30. The
uniform distribution describes an equally likely uncertainty.

You will define the variable as a distribution using the Expression
popup menu.
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Entering attributes using the Attribute panel

1. Select Definition from I
the Attributes popup — . : | dentifier : : _é
? 1I I M=
menu. N Title
Miles per gallon: . I

N v Lrits =
The Warning icon || mile=/galion Diescription =
( @ ) and the 1 Drefinition
Expression popup | IhpLts =l
menu appear above the —_— Outputs £
Definition field. Domain

W alue
Probwvalue
2. Press on the

Expression popup
menu and select
Distribution.
The Object Finder Miles per gallon: @ Definition w I v &0 Eunression
dialog box displays the |
Distribution library, with B List
the first distribution =l Table
(Bernoulli) selected. = Probability Table
See the figure on the A Distribution
following page. =

A Object Finder
Librane: [ Distribution | Fid |

Bernoulli distribution
is selected

By Bernoull
B Beta [, Y, lowwer, upper )
=5 Certain tuy P
W& Chancedist (P, Al 1-p
By Cumdist [P R
B Fracties (L] 0 1
IS5 Gamima [ albha heta ) A |
P

Bernoull I 1

BernoullilP) returnz a dizcrete probability distribution with a probakility Poof rezutt ;I
1 and a probability (1-P) of rezuft 0.

7l

Cancel | 0k |
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3. Scroll down to make
the Uniform distribution
visible and select it.

Distribution library
is selected

Uniform distribution
is selected

4. Enter the values 20 and
30 in the boxes.

5. Click on the OK button
to accept this new

Creating a module

2 Object Finder
 Librans| Distribution

| Find |

LS W T aTa] ]| [ TECEn, geasy | ;l
B Mormal { mean, stddey )
=5 Probdist (PR, 1]
5 Probtable (LR pd . pn )
== Triangular { min, made, max )
&y Truncate [ dist, X ) min max
iz Uniform [ min, max
‘ min _ max
Uniform | 20 30
Uniformimin, max) returns & continuous probakility distribution in swhich every ;I
value hetween min and max has an equal chance of occurring.
=1

definition. Careal I ok, I
The Attribute panel now looks as shown in the following figure.
The distribution icon ( . ) in the Expression popup menu
indicates that a probability distribution is selected; the button is
labeled with the name of the distribution.
Distribution Mile= per gallon: [ Definition w|a w|
button Whiferm | ¢ =0, =0 )/////////’/// =
Expression .
popup menu '//|/ =]
v

Creating a module

102

To simplify complicated diagrams, most complex models use
submodels, called modules. A module is an influence diagram
containing variables and their relationships to one another.

In this section, you will create a module that contains the fuel
cost variables. First, make sure the Edit tool (| k) is selected.
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Creating a module

Chapter

£ =|=| @ |or]

s Diagram - Car cost model

1. Drag the Module icon
([@]) to the position
shown by the arrow.

Miles per year

Notice that a module

node has thick outlines. B = : o, : : -
Miles per : ; , : : 1

gallan . - . -

L - u : L . . ]

<l : : : : : | . =
Miles per gallon: | Definition hal || & v
Wit ¢ 20, 30 ) =
=
) o
2. Title the node Fuel
cost Module and press .
Alt-Enter Fuel ost
’ hadule
[ |
/% Diagram - Car cost model - [O] x]
3. Select all of the nodes N : : =

(Fuel price, Miles per u
year, Miles per gallon, pricE

and Fuel cost) except for : : : :
the Fuel cost Module. ||| -~ ----- S el St S S ]

Miles per
gallon

To select all of the nodes,
create a selection box
surrounding the nodes by
pressing the mouse in
the upper left corner and
dragging to enclose the

four nodes. 1 1 Fuel cost 1 1 ;
________ S RRRRREEE| .c. EEEEECEEETEEEEEEEETEERS:
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4. Drag from any of the
selected variables onto
the Fuel cost Module
node; this node
becomes highlighted
when the mouse is over
it.

5. Release the mouse
button.

/% Diagram - Car cost model =] E3

Drawing arrows between variables in different modules

£ Diagram - Car cost model M=l B3

] - [ ]
Milez per
gallan
u - [ ]

Your diagram should now look like the following.

Analytica Note: If you left any nodes behind, simply drag them
onto the Fuel cost Module node now.

Drawing arrows between variables in different

modules

104

In addition to drawing arrows between variables in a single
model or module, you can create dependencies between
variables in different modules using the Arrow tool.
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| =|==| @ [ow] &

Drawing arrows between variables in different modules

In this section, you will add more variables to the top-level model
and connect them to variables in the module that you just
created.

First, you will add a Maintenance cost Chance variable, and
define a Total cost Objective variable. The Total cost variable will
be used to compute the sum of the Maintenance cost and Fuel
cost variables.

» »| ofofo|ole|a|alo|T]

1. Drag the Chance icon
(£2]) to the position
shown by the arrow.

2. Title this Chance
variable
Maintenance cost,
and press Alt-Enter.

3. Drag the Objective
icon ((&]) to the
position shown by the
arrow.

4. Title this Objective
variable Total cost
and press Alt-Enter.

% Diagram - Car cost model

: Mairtenance §
.................. cost
0 © TR

..........................
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&lvz E?lﬁfwl L

Drawing arrows between variables in different modules

x +| ojo|lo|oc|o|o|lalo| T

5. Select the Arrow (j) A Diagram - Car cost model

tool.

IS[=] B3

D R
: Mairrtenance%

cost

6. Draw an arrow from
Maintenance cost to
Total cost.

e R e et

You will now create an arrow between the Fuel cost variable
(inside the Fuel cost Module) and the Total cost variable.

£ Diagram - Car cost model

IS[=] B3

7. Double-click on the
Fuel cost Module
(which contains the

Fuel gost variable) to : ﬁ;m

open it o RN
You can double-click on a node to open it using any tool. Here,
you are using the Arrow tool.
The Fuel cost Module Diagram window is now in the foreground.
You will move this window down on the screen to expose the
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8. Press on the title bar of
the Fuel cost Module
Diagram window and
move the window down
so that you can see the
Total cost node in the
window behind it.

i

Drawing arrows between variables in different modules

Total cost node, which is located behind this window in the Car
cost model Diagram window. Then you will draw an arrow from
the Fuel cost node in the Fuel cost Module window to the Total
cost node in the Car cost model window.

=10l x|

D
: - % Maintenance §
................. cost

9. Drag from the Fuel cost
node to Total cost.

Fuel cast
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Completing the model

An arrow is drawn between the Fuel cost Module and the Total
cost node. This arrow does not represent the specific
dependency you just created, only that Total cost depends on
one or more variables in the Fuel cost Module.

# Diagram - Car cost model =] E3

D R
: - & Msintenance §
.................. cost

.........................................

Fuel cost
Module

Completing the model

1. Document Maintenance
cost and Total cost and
specify their definitions
using the information
shown in the Object
windows on the
following page.

108

Thus far, you have used several methods for moving between
windows, documenting variables, and specifying their
definitions. In this last step of this chapter, it is up to you to
complete the model on your own.

Reminder: Select the Edit tool and either use the Attribute panel at the
bottom of the screen or double-click on a node to open its Object window.

£ Diagram - Car cost model M= E3

: : Mairrtenance§ : ]
.................. cost

: N
. Total cost 3

- e
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Completing the model

Enter these attributes for Maintenance cost:

A% Object - Maintenance cost M= E3
laintenance_caost Units: fivear =
Title: Maintenance
cost

Description: Annual car maintenance costs such az oil changes

e W
Definition: 2400

Outputs: {_+  Total cost  Totalcost

L

Enter these attributes for Total cost:

&4 Object - Total cost =] E3
i Objective ¥ | Total_cost Units: Fivear =

Title: Total cost
Description: Total annual cost of driving and mairtsining & car

ExIE W
Definition: Fuel_cost+Maintenance_cost

Inputs: (> Fuel_cost  Fuel cost
{2 Maintena... Maintenance cost
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==

Completing the model

| @low| &% =] B]O|o|o]|o]|m|a|D]|T|

. Click on the Result
button to evaluate
Total cost.

Examine the mid
value and
probability density
of Total cost.

110

/% Object - Total cost =] E3
it Objective ¥ | Total_cost Units: fivear I

Title: Total cost
Description: Total annual cost of driving and maintaining & car

[ L
Definition: Fuel_cost+iMairtenance_cost

Inputs: {3 Fuel_cost  Fuel cost
{2 Maintena... Mairtenance cost

[l
i il
£ Result - Total cost _ (O] x|
midw | pid Value of Total cost (Shvear) sl
[Tl Tatals
(=

2971

B
Sy

£ Result - Total cost Mi=] E3
L Probability Density (Y) of Total cost ($fvear) (X) W I
I]E Common Index: Step
Eall
0.01 7
=
i
C
o
[m]
E A
Z
m
L
[x]
o
i T T T .
2E00 2800 2000 2200 2400
Total cast [$ryear)
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Creating the Car Cost model: Summary

Creating the Car Cost model: Summary

In this chapter, you have:
« created a model
» documented and defined variables
+ created a module

« drawn arrows between variables in the same module and in
different modules

In the next chapter, you will extend the Car Cost model to include
tables of data.

Saving your model and quitting

After you have created part or all of a model, you should save it.
Because you previously saved your model, it will be saved with
the name you gave it.

Close the Attribute panel by clicking on the key (g ).

You may quit Analytica at this point. See “Quitting Analytica” on
page 28.
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Chapter 5

Creating
Arrays (Tables)




This chapter shows you how to:

Define index variables

Define a table and select its
indexes

Define other variables using the
same indexes

View the results of table
calculations

Combine results from a table using
the Sum function

In this Chapter



Chapter 5: Creating Arrays (Tables)

Using the Car Cost model created in the previous chapter, you
will create tables, edit their size and dimensions, and compute
the results.

An array is a collection of values that can be viewed as one or
more spreadsheet-like tables. These terms may be used
interchangeably for one or two-dimensional arrays (tables). If an
array has more than two dimensions, you must view it as a set of
two-dimensional tables. With Analytica's Intelligent Arrays, you
can define a variable as an array with as many as fifteen
dimensions. You can then use that variable in calculations as
easily as if it had been defined as a single number.

The Car Cost model that you saved should be located in the
Analytica folder on your hard disk. If you cannot find it, a copy of
the Car Cost model is provided in the Tutorial folder, inside the
Analytica folder on your hard disk.

Creating an index variable

Suppose you own two cars and wish to evaluate the annual costs
of each one at the same time. Each car you own has a different
value for Miles per gallon and Maintenance cost. Using tables
and indexes, you can assign miles per gallon and maintenance
costs for each car type and calculate the total costs of each one
as simply as calculating the total costs of one car.

In this section you will create and define an index variable, Car
type, to distinguish the different cars.

Index variables identify every dimension of multidimensional
variables; it’'s usually best to plan for and create the indexes
before defining the arrays.

First, make sure the Edit tool ( . |) is selected.

Analytica Tutorial 115



Chapter

sl == @ o] ¢

Creating an index variable

Kk —»

| slolelo|e|z|a|o]| 7|

1. Drag the Index node
icon 7 |
into
the position shown.

. Title the node Car
type.

. Double-click on Car
type to open its
Object window.

£ Diagram - Car cost model M=l B3

=

- N : '
car type [ e . Total cost
£ . ;

Fuel cost
Module

Next, you will enter the documentation and definition for this
index. Car type will identify two different cars by size: small and

large.

4. In the Description | | [k 1o M[=] 3
field, type Type of Car_type Units: =
car owned, and | Title: Car type
press Alt-Enter.

Description: Type of car owned
BxF W
|I\ Definition:

[
k| Fl
You will define Car type as a list of text labels identifying each car

type.
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5. Select List of

Labels from the
Expression
popup menu.

. Click in the first
cell to select it,
and type small
car, then press
the Enter key.

. Inthe second cell
that appears,
type large car.

Creating an array (table)

£ Object - Car type =] B
Car type Units: =
Title: Cartype
Description: Type of car owwned
v B0 Eupression
@ Definition: )
B List
i i E= List of Labelz
1.8 Sequence
¢ Other...
=l
« oW

. Click on the Diagram
button (él) to
return to the
Diagram window.

Analytica Note: A List differs from a List of Labels in that a List
can contain numbers or expressions that compute to numbers,
while a List of Labels only contains text, such as names.

£ Object - Car type

Car type

Title: Car type

IS[=] E3
=

Units:
Description: Type of car owned

Definition: |-

] il

== @

v »| ofofelolo|a|alo|T]

JPWl I

Creating an array (table)

Now that the index, Car type, is defined, in this section you will
redefine Maintenance cost as an array, assigning one cost for
each car type.
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. Double-click on
Maintenance cost to
open its Object
window.

. Select Table from
the Expression
popup menu.

Creating an array (table)

You could define Maintenance cost as a list of numbers, but
Analytica wouldn't know that each number corresponds to a
specific car type. By defining Maintenance cost as an array
(table) with the dimension of Car type, Analytica associates the
specific maintenance costs to each car type. This will make it
easy to use Maintenance cost in calculations and obtain total
costs by car type.

/% Diagram - Car cost model =] E3

laintenance : : ]
s 3 : c c cccoccocoocooooo0ao0oanoo o g

A% Object - Maintenance cost |_ [Of x|
hiaintenance_cost Units: fiyear =l

Title: Maintenance
cost

Description: Annual car maintenance costs such as oil changes

v B Eupression

Definition: )
B List

Outputs: Table

= Probability T able
A& Distribution

i+ Other... b
l

=

Because you previously defined Maintenance cost as a number,
Analytica asks you to confirm that you want to replace the current
definition.

3. Click on the OK button Question

to continue.

118

| :\!1) Replace current definition with a T able?

—
—

—

Cancel |
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Selecting an array index

Selecting an array index

. Select Car type in
the Indexes list.

A preview of the
definition and
description appear
for the selected
index.

. Click on the Move
(>>) button to move
Car type into the
Selected Indexes
list on the right.

Car type is now
shown in the
Selected Indexes
list.

In this section, you will assign the index variable for your array.

When you first create an array (table), the Indexes dialog box
opens for you to choose the table indexes.

Here, Car type appears at the top of the Indexes list, on the left.

A4 Indexes B

Preview: Indexes: | AlYariables Selected Indexes:

=

. Click on the OK
button to accept the
index.

small car
—large car 3 Maintenance cost (Self) s |
Time
7 new index Ea| =1
I Type of car owwned
Cancel | (] |
£ Indexes [ ]

Preview: Indexes: | AllVaniables Svlected Indexes:

{3 Maintenance cost (Self) = £ Cartype =1
Ti
@) Time . |
&7 new index
= =1

Cancel | OF |

After choosing the index for your table and clicking on the OK
button, an Edit Table window opens, indicating that this is an
array that you can edit or change.

The Edit Table window is like a spreadsheet, with rows and
columns labeled according to the indexes selected. As with a
spreadsheet, you can navigate between cells using the Arrow,
Tab, Shift-Tab, Return, and Shift-Return keys.
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Creating another array using the same index

In this example, you have only one index, so Maintenance cost is
a one-dimensional table. The index, Car type, is shown in the first
column. The second column holds the corresponding values for
maintenance costs.

£ Edit Table - Maintenance cost
4. Select the first cell. £7 | Edit Table of Maintenance cost (§iyear)
= vCar type
| o
small car
large car Dl
=
| B
5. Enter 1200 for the small /% Edit Table - Maintenance cost M= E3
car and 2400 for the £/ | Edit Table of Maintenance cost (§Aear)
large car. Car type
e
i
N\ =
6. Click on the Check small car 1200
button ([7]) to accept large car 2400
the values. =
i B
7. Click on the Close £ Edit Table - Maintenance cost |_ [O] %]
button to close the & | oo R st (6
window. able aintenance cost ($iear)
8. Close the
Maintenance cost
OP]QCt winQow by £ Object - Maintenance cost M=] E3
clicking on its Maintenance_cost Units: fiyear I
Close button.

Creating another array using the same index

120

Maintenance cost may not be the only variable that has a
different value for each car type. Suppose that Miles per gallon is
also different for each car type.
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1. Double-click on Fuel
cost Module to open its
Diagram window.

Creating another array using the same index

In this section you will define Miles per gallon as an array indexed

2. Click on the Key icon
( §) to open the
Attribute panel.

3. Select Miles per gallon.

4. Select Definition from
the Attributes popup
menu.

] [ ]
Miles per
gallan
[ ] o

e |4
Miles per gallon:

Average number of miles per gallo

Analytica Tutorial

Miles per vear

Clazz
|dentifier
Title

Unitz
Description

Definition

Inputs
Outputs
Damain
Walue
Probwvalue

by Car type.
£ Diagram - Car cost model - [O] x|
N : - “Mairtensnce
...... EEEXERELE cost @ 6 0 0o 0o ocoooooo0ooooaocoaooad
_____ Car type Totslcost ;-
B0 | o
A% Diagram - Fuel cost Module IZ|C
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5. Select Table from the
Expression popup

Creating another array using the same index

. P

e Expression

................................. B List

0 1I : : : | Table I]

menu. -
Miles per gallon: |I]eﬁn'rtiun il | = F'r.ub.abﬂ!ty Table
R |E20 30) v M Diztribution
& Other...
=
A
6. Click on the OK button Question
to change the definition 2
to a table. \-\I) Replace cument definition with a Table?
) Cancel |
% Ind
7. Select Car type A Indexes |
in the left-hand Preview: Indexes: | All%ariables Selected Indexes:
list and click on ) Miles per gallon (5el) = {7 Cartype =
the Move (>>) Time —
button. 7 new index il
The result -] =
should look as
shown here.

8. Click on the OK
button.

Cancel | (1] |

9. Type in a uniform
distribution for each car
as shown here.

10.Click on the Check

button ([+7]) to accept
the definition of Miles

per gallon.

11.Close this window by
clicking on the Close
button.

/A Edit Table - Miles per gallon M= E3
£/ | Edit Table of Miles per gallon (miles/gallon)
— | Cartype
|2 =
il
= ;I
small car Uniform(2:5 35)
large car Uniform(15,25)
i .A

A4 Edit Table - Miles per gallon

£ Edit Table of Miles per gallon {milesigallon)

122
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Viewing results of an array calculation

Viewing results of an array calculation

| =|==| @ |

Thus far, you have defined Miles per gallon as a one-dimensional
table, Miles per year as a number, and Fuel price as a
distribution; Fuel cost is defined as a mathematical expression of
these variables.

In this section, you will compute the mid value for Fuel cost to
observe the result of calculating with an array and other types of
variables.

First, you will review the definitions and mid values of the inputs
to Fuel cost. Miles per gallon should still be selected.

tfx =] ojojolole|g|a][o| T

1. Click on the Result

button to
B2 | evaluate
Miles per gallon.

2. Click on the Table view

button to nﬁl

select
the Table view.

The Result window displays a bar graph for the two mid values.

#4 Result - Miles per gallon M=l B3

i Mid Value of Miles per gallon (miles/gallon) -

X AxXis: Car type

Miles per gallon [milesigallon) E @

srall car large car
Car type
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| =|=| @ || o

Viewing results of an array calculation

Analytica returns the mid values (20 and 30) for the uniform
distributions that you just entered.

x »| o|lo|le|lo|lo|o|alo|T

£ Result - Miles per gallon =]
3. Click on the Diagram midr|  mMid Value of Miles per gallon (milesigallon) ﬂl
button to ﬁ)l Car type [ Tatals
return to Lall 7
the Diagram window.
=
small car 30
large car 20
=l H
4. Select Fuel price. Note | | Fuel price: [Definition v ||.& ¥
that it is defined as a . Mamial ] (119,04 ) =
normal distribution.
=
e

Besult

5. Select Mid Value from
the Result menu.

Show Besult

Diagram  Window  Help
Ctil+F

Mid W alue

tean Walue

S| "z[==] @ [or] @

Statistics

Analytica returns the median of the normal distribution, which is
the same as its mean, 1.19.

'y »| o|o|o|o|o|o|alo|T

& Result - Fuel price _ O]
6. Click on the Diagram midY]  Mid Value ~ =t ~rice ($) |
[ Total:
button to |
return to & L
the Diagram window.
=
1.19
[ |

124
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Viewing results of an array calculation

Miles per year: Definition bl || e W |

7. Select Miles per year. 12K =
Note that it is defined
as a single value.

=B
Z

| z[=[ @[] wx =] o|o|o|o|o|s|a]o|T

8. Click on the Result

button. E‘? |

Analytica returns the value, 12K.

sl 'z|=||e] % =] o|o|o|o|o|o|s|p|T
£ Result - Miles per year M= E3
9. Click on the Diagram midy]  Mid Value of Miles per [ 1., lesiear) ad
button | to return
to the & L
Diagram window. =
12K

fr N

You have seen that the mid values of the inputs to Fuel cost
evaluate to:

» Miles per gallon: small car, 30 and large car, 20 (a one-
dimensional table)

* Fuel price: a single number, 1.19
* Miles per year: a single number, 12K

Now you will see how Fuel cost is computed.

H it w w
10.Select Fuel cost. Note Fue_l m:m' [Definition e = | =
that it is defined as an ((Price*hory ) Mog)
expression.
=
y

Analytica Tutorial 125



Chapter

11.Select Mid Value from
the Result menu.

Viewing results of an array calculation

Diagram “indow Help
Showe Result Chil+R

tean Walue
Statistics

The Result window displays a bar graph with two values.

. . £ Result - Fuel cost M= 3
12.Click on the Table view —— -
button (|E|) to select Mid Value of Fuel cost ($iyear) -
the Table view. iz X Axis: | Car type
Eall
1000 7
r
£
i
T
3
E
srnall car large car
Car type

126

Analytica returns an array, indexed by Car type. This is so, even
though Fuel Cost was not defined as an array, because one of its
inputs, Miles per gallon, is an array indexed by Car type.

You can see how the values were obtained:

Small car:1.19 * 12K / 30
Large car:1.19 * 12K / 20

476
714

Now you will see how Total cost is computed.
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Viewing results of an array calculation

13.Close the Result
window to go to the £, Result - Fuel cost =] E3
Fuel Cost Diagram mid* [ pid Value of Fuel cost (§hvear) Ead
window. Car type [ Totals
v
Lafl
=

small car 475

large car 714

| |—‘

LI,

| B|x »| S]|o]o]oo|o|alD|T

/% Diagram - Fuel cost Module [_ (O] x|
14.Click on the Diagram :
button (/&) to go to
the Car Cost Model
Diagram window.

ldiles per year

Milez per
gallan
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Chapter Viewing results of an array calculation

| === @a] |x > o|o|o|o]o|o|a|o|T]

| /. Diagram - Car cost model

15.Select Maintenance
cost.

16.Click on the Result
(| #]) button B

4 Tataleost ) -

Fuel cost
Module

The Result window displays a bar graph for the two mid values.

17.Click on the Table view e I[=] E3
button (|[Z]) to select M| Mid Value of Maintenance cost ($ivear) ]
the Table view. .2 ¥ Axis: | Car type
=1
4000
C
]
Q
S zoo0-
1]
=
£
E
L]
=
0-

small car large car
Car type
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Viewing results of an array calculation

Analytica returns the array that you entered (1200 for the small
car and 2400 for the large car).

||| || &% +| o|o|o|o|o|a|a|o|r
A4 Result - Maintenance cost [_ [O] =]
midY | Mid Value of Maint [ Tos Y5t (Bivear) |
18.Click on the Diagram Car type
button (@l)to return to Ll v
the Diagram window.
=
small car 1200
large car 2400 =
ﬂ »|
19.Select Total cost. £, Diagram - Car cost model =10 x]
Mairtenance : : j
........ CDSt
. - =
-----
- . u
................... Fuel cuSt e e e e e e e e e e e e e e e e e e e
Modules
Clazz
|dentifier =
2 il ' ' Title ' ' | ®[2=
Total cost: Units
— v [Description o
20.Select Definition from Total annual cost of driving and mf» Dt =
the Attribute popup Inputs =
menu. i Outputs 4
Damain
Walue
Probwvalue

Note that this definition is a simple arithmetic expression. You
know, though, that both inputs are arrays indexed by Car type.
You can expect that Total cost will also be an array indexed by
Car type:
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21.Select Mid Value from
the Result menu.

Viewing results of an array calculation

Small car:476 + 1200 1676
Large car:714 + 2400 = 3114

Diagram  Window Help
Show Result Ctrl+R

tean Yalus

Statistics

22.Click on the Table
button (\@) to view the

result as a table.

£ Result - Total cost —ToIx

Mid Value of Total cost (§vear) il
X Axis: Car type

BE]L

4000

Tatal cast [($ryear)

= |

srmall car large car
Car type

23.Close the Result
window.

£ Result - Total cost ,—l—l___
g

Mid™ | pid Walue of T~+=1 ~ngt ($iyear)

130

Car type [ Totalk:

=
Lall
small car 1676
large car 3114

o

The values for Total Cost are as expected. Because of
Analytica’s Intelligent Arrays, Total Cost was calculated correctly

for each car type.

Analytica Note: The sum of the costs for both cars is $4790. Note
this value for the next section.
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Combining results from a table

1. Click at the left side of
the Definition field and
type: Sum(

2. Click at the end of the
Definition field and
type: ,Car_type)

The Definition field
should now look like
this.

Combining results from a table

You may wish to view the sum of Total cost for all Car types—for
example, to determine whether you can afford both cars. In this
section, you will sum across the dimension Car type, giving a

single number.

You will sum by using one of Analytica’s built-in array functions,
the sum () function. For details about the Sum () function, see
“Array-reducing functions” in Chapter 12 of the Analytica User

Guide.

Tptal\cnst: Definition
\ Sum(Fg‘el_cos’t+r-.-1air|tenance_cust,Car_t‘,-’pe)}

- Ilex;nr b4 lel"’ll Inputs ¥ I

&

=
Z

3. Click on the Check

button ( ) to accept
the new definition.

| === @ |4 @

» »| clo|elol|e|a|alo|T]

4. Click on the Result
button (| £]) to view
the result.

The value is now the sum of the Car type values, which totals
$4790, as was noted in the previous section.

5. Close the Result
window.

A Result - Total cost =l E3
mid™ | pid Yalue of Total cost ($ivear) ﬁl
[T Totals
bl
e -
N 47a0|
| B
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Adding a dimension to a variable

In this section you will further extend the Car Cost model by
adding another dimension to the Maintenance cost variable.

Let's assume that you want to estimate the cost of ownership of
your two cars over the next three years. You think that each car's
maintenance cost will increase over time. You are also planning
a cross-country trip in the small car next year.

Start by creating a second index variable, Year.

£ Diagram - Car cost model I =] S

1. Drag the Index node
icon ([z]) to the n

: = . . . i
position shown. m : : : i
..... R .

2. Title the node Year. | . . . . :
..... Cartyps [ = o4 Totalcost

3. Select Description
from the Attribute : :
popup menu. |l e S .

Fuel cost
Clazz

| dentifier

: : Title: : : B

¢ 4] Lnits | i[=
Year: Description
v Definition =]

Inputz

Outputs =
[romain &

W alue

4. In the Description . MIEIHa:.; ‘
field, type Year of : . | dentifier
ownership, and 27l : : Title ' : | BE

press Alt-Enter.

Year: Uitz

il

v Description

I

Year of ownership

| D efinition

5. Select Definition Inputs
from the Attribute 7 Outputs
popup menu. ' D omait

N K

Walue
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You will define this index as the numbers 1, 2, and 3,
representing the first, second, and third years.

6. Select List from the | Y2 [Definition ¥ |5 ¥ |
Expression popup | [ L =
menu. -
| =
o

7. 1is entered by default
in the first cell. Select
the cell, then press the
Enter key twice.

Now you are ready to expand Maintenance cost, making it a table
indexed by Year.

8. Select Maintenance Diagra ar cost mode o m] s
cost. : : =
- I |
“ear :
..... : . .
-----
................... FUEIcuSt
Module i
9. Click on the Edit £ f' — | He
Table button to open Maintenance cost: Definition w || = w |
the Edit Table /' Edit Table |indexed by Car type =
window.
=
&
£ Edit Table - Maintenance cost H=] E3
10. Click on the ([]) to {7 |  Edit Table of Maintenance cost ($fyear)
open the Indexes dialog |
Car type
box. i v
W
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11.Select Yearin # Indexes B
the Indexes list. Preview: Indexes: | &llVanables Selected Indexes:
. {2 Maintenance cost (Self) = L7 Cartype =
12.Click on the 2 Time |
Move (>>) button 3
to move Year into 7 new index = |

the Selected

Indexes list on
the right. Year of ownership

13.Click on the OK Carcel | Ll

button to accept
the change.

The Edit Table window displays again, showing that Maintenance
cost now has two dimensions. The previous values (1200 and
2400) have been duplicated across all the years.

14.Change the values in

the cells, as shown
here. £ Edit Table - Maintenance cost

Edit Table of Maintenance cost ($iyear)

=y

1 Ccartwe_~]
Bl

s

15.Click on the Check [ vear w b
button ([#]) to accept 1 2 3 =
the changes. small car 1200 1500 1700
large car 2400 2500 30040
1 o

16.Close the Edit Table
window by clicking on
the Close button.
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Completing the model

Completing the model

The last step is to expand Miles per year to be a table indexed by
Car type and Year, so that you can include the increased miles
for next year's cross-country trip and see the effect on fuel cost.
Do this step on your own.

1. Change Miles per year | || 28] | B=
to be defined as a table. Miles per year: Definition ¥ | v e Expression
12K . |
Select Car type and B List
Year as indexes of the Table |
table. & Prabability T able
A [iztribution i
¢ Other...
2. Enter the values in the " Edit Table - Miles per year
cells, as shown here. {7 | Edit Table of Miles per year (miles/sear)
—
S =
¥ Lvex_vp
1 2 3 =
=mall car 12K 20K, 12K
large car 12K 12K 12K
[~
ol [«

Evaluate Fuel cost. You do not need to change its definition to
have it calculate correctly.

3. Examine the Mid Value #% Result - Fuel cost [_ O] ]
of Fuel cost. midw|  Mid Value of Fuel cost (§ivear) |

[ Totals
Car type W _—
| 7 [ver ™

1 2 3 =
=mall car 476 733 476
large car 714 714 714
1] H
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Finally, evaluate Total cost in the Car Cost model diagram
window. Again, you will not change its definition. Both of its
inputs are two dimensional, indexed by Year and Car type, and it
is computed by summing across the Car type dimension. So you
might expect Total cost to be a one dimensional array, indexed

by Year.
% Result - Total cost o
4. Examine the Mid Value . - =l
of Total cost. mi Mid Value of Total cost ($iyear) ol
Year [ Totals
Lall| ™
=
1 4740
2 SEOF
3 5540 =
| i

As expected, Total cost is a one dimensional array, giving the
total cost for each year.

Creating Arrays (Tables): Summary

In this chapter, you have:
+ defined index variables
+ defined a table and selected its indexes
+ defined other variables using the same indexes
+ viewed the results of table calculations
» combined results from a table using the Sum function.

This chapter was a brief introduction to Intelligent Arrays, one of
Analytica’s most powerful features. For more information, see
the Analytica User Guide, Chapters 11 and 12.
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Chapter 6

Creating the
Party Problem
Model




In this Chapter

This chapter shows you how to:

» Define a variable as a probability
table

* Define a variable as a deterministic
table




Chapter 6: Creating the Party Problem
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 a Model”.) The Party
Problem model illustrates the use of discrete probability
distributions.

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

In many kinds of models, your variables may 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
may need to use discrete probability distributions.

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 outdoors.
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Documenting the model

Documenting the model

= | @

2=

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

x »| o|lo|lo|o|o|o|alo|T

ﬁ?W| L

. Type Party in the
Identifier field to
identify your model.

. 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.

d‘“‘bl'ﬁ = @

£ Object - Untitle =] E3
[@®Modet > | =

Title:

Description:
Authori(s):

Created:

Tug, Apr 22,1937 1:57 PM

Last Saved:

File info: (not saved yet)

The Object window should now look like this:

x »| o|lo|lo|o|o|o|alo|T

ﬁ?W| ol

£ Object - Party Problem - (O] ]

. Save the model
by selecting Save
from the File
menu.

. Click on the
Diagram button
(@l) to bring the
Diagram window
to the front.

140

!:! Model v | Party

Title: Party Problem

Description: The Party Problem evaluates aternative party locations and their relative

value tao me.
Author(s):
Created: Tue, Apr 22 13397 1:57 P

Last Saved: Tue, Apr 22 18397 205 Ph

File info: C:hyStuffuinst OmaniParty Problem AR,
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Creating the variables: Party Location, Weather, and Ultility

Creating the variables: Party Location, Weather,
and Utility

Using the techniques introduced in “Creating variables” on
page 77, you will create a Party Location Decision variable, a
Weather Chance variable, and a Utility Objective variable.

S| =|==| @ || @[ n +| D|D|,,/Q|/C>|D,|E|ﬂ|D| T

. A Diagram - Party Problem
1. Create a Decision node *

(1=]) and title it Party I i
Location. [ [ :

2. Create a Chance node
([=]) and title it
Weather.

3. Create an Objective Z ; e
node ((@]) and title it R : :
Utility (valuetome). | | -- - - -- secacacac SREEEEEE SRR REEREE S

Your diagram should now look like this:

# Diagram - Party Problem M=l E3

Party Location

u : =l
Ikility 3 : —

% (valle to me) ;

u [ ] :

_\ Wieather R
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Drawing arrows between the variables

il'ﬁl#§| i

Drawing arrows between the variables

In this section, you will draw arrows from Party Location and
Weatherto Utility using the techniques introduced in “Connecting

multiple arrows” on page 86.

pr| W [x =| O|o|o|o|o|z|a|o]|T

1. Select the Arrow

tool (;l).

2. Select both Party
Location and
Weather.

3. Drag from either
node onto Utility.

142

£ Diagram - Party Problem

[=] E3

Your diagram should now look like this:

£ Diagram - Party Problem

Party Location

(=
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Chapter
Defining Party Location as a list of labels

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 will be 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 115. (Party location is a decision
variable, rather than an index variable, because it is directly
under your control.)

£ Diagram - Party Problem [_ O]
. Double-click on Party : : : : : . =
Location to open its '

Object window.

Click in the A% Object - Party Location =] E3
Description field Party_location Units: =
and t){pe The party Title: Party Location
locations under
consideration. Description: The party locations under consideration

[

|I| Definition:

Outputs: 3 Uk v Uiy feaiue to me)

=
| i JF
£ Object - Party Location [ =]
Party_location Units: ;I
Title: Party Location
Description: The party locations under considerstion
. Select List of v &7 Expression
Labels from the [  pennition: B List
Expression popup Outputs: B3 List of Labels to pe)
menu. || |
& Table
= Choice
L4 Sequence
¥+ Other... =l

Analytica Tutorial 143



Cha pte r Defining Weather as a probability table

F Object - Party Location

4. Click in the first cell Party_location Units: =
and type Title: Party Location
Outdoors; then il
press the Enter key. Description: The party locations under considersation
5. Inthe next cell, type
Porch; then press Definition: | Outdoor s
the Enter key. i Forch

6. Inthe next cell, type

Indoors; then Outpute, T Uk v UEY fealne o me)

press Alt-Enter to Il

accept the

changes. =
[1] H

S| =[==[ @ [0 &

Party _location Units: ]

Title: Party Location

7. Click on the
Diagram button
(@l) to return to
the diagram.

Description: The party locations under considerstion

Defining Weather 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.

144 Analytica Tutorial



Chapter

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

2. Click in the
Description field
and type Weather
outcomes and
probabilities.

3. Select Probability
Table from the
Expression popup
menu.

. 1 P P 111 -— D X
Party Location
: Y
; Lility -
% [value to me
A
£ Object - Weather N [=] EX
iesther Units: |
Title: Westher
Description: Westher outcomes and probahilties
v B Ewpreszion
|I| Definition: )
B List
Outputs: = Table )
Probability Table
& Distribution
i+ Other...
k| iz

Defining Weather as a probability table

The Indexes dialog box opens to confirm your choice of index for
the table. Weather (Self) appears in the Selected Indexes list in
the Indexes dialog box. Self indicates that the index—the
possible outcomes of the discrete distribution—is contained
within the probability table. Selfis required as an index of a
probability table.
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A4 Indexes

4. Click on the OK
button. . Preview:

Defining Weather as a probability table

=
Domains: | AllYariables Selected Indexes:
{7 new index = O Westher (Self) |
>>|
] =l

Cancel | | Ok |

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.

6. A second row is added to
the table. Type Rainy and
press Alt-Enter to accept
the entries.

146

Suna ]
=

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

£ Edit Table - Weather M=l B3
£ Probability Table of Weather
— Weather
L=

s

Li
1

=
Y

Analytica Note: 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

£ Edit Table - Weather M=l E3
£ Probability Table of Weather
— Weather
el ey

i

1
B

]
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Defining Weather as a probability table

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

% Edit Table - Weath
7. Enter the values 0.4 and A Edit Table Weather BI=I ES
0.6 for the probabilities (L7 Probability Table of Weather
of sunshine and rain. B Weather
et Il
|
=l
8. Click on the Check Sunmy 04
button ([#7]) to accept Rainy 0.6 =
these entries. = H
| =|==| @ |oe| m[nx »| o|lo|o|o|o|z|a|o]| 7|
/4 Edit Table - Weather - [O] x]
7 Probability Table of Weather
9. Click on the Result Weather
button(@l)to evaluate | =
Weather. v
=
Sunmy 0.4
Rainy 0.6
[
| H
The Mid Value is Rainy, since more than 50% of the probability
was assigned to Rainy.
| =|==| @ |o=| m[nx »| o|o|o|oc|o|z|a|lo| T
£ Result - Weather M=l E3
10.Click on the Diagram midw|  Mid Value of We [ Toss |
button (&) to return to
the Diagram window. 5L
=
Rairry

5
iy
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Defining Utility as a deterministic table

Defining Utility as a deterministic table

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

2. Enter the units and
description as
shown here.

3. Select Other from
the Expression
popup menu.

148

4 Diagram - Party Problem =] E3

£ Object - Utility [value to me]

{_ Objective ¥ | Ltility__value_to_me Units: § =l

\I| Definition:
& Table
Inputs: T= Probability Table
A& [iztrbution
i, =2

Description: The utilty, or value to me, given party location and weather outcome,

The utility of a party location decision depends on the outcome
of the weather.

In this section, you will define Utility as a deterministic table (or
determtable) using both Party Location and Weather.

A deterministic table appears similar to an Edit Table or
Probability Table. At least one index of a deterministic table 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.

Party Location

Title: LHility
[walue to me)

azsigned in dollars.

v B Euprezsion

Because the Utility variable hasn't been defined yet, the first
function in the first library is displayed. Libraries hold the
functions available for you to use. For an overview of Analytica’s
libraries and their functions, see the section “Definition menu” in
Appendix A of the Analytica User Guide.
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Defining Utility as a deterministic table

You will select the Determtable () function, which is in the
Array library.

/" Object F Current Module
InpLts

v hdath

arcte IS A

Ceil - - Distribution
s Special
Degre  Statistical

4. Press on the Library
popup menu and select

EEEE

Array. Exp | Operators
Sustern Yanablzs I
Advanced Math
Financial
AbsE) returns the ahsolute value of X, ;I

Cancel | 0k |

Analytica Note: The Object Finder gives a brief description of the
selected function.

. /% Dbject Finder
5. Scroll down the list and ; _
select Determtable(). ~ Librany:| Array v |  Find. |
B cumulste (X1 =]

Determtable CH. IR0 wl . oum )

B Integrate [R1,R2,1] J
B Join [ A&, | separator, finalzeparato
6. To specify the indexes BE Max LX)
for the table, click on the @ Moarraytotahle (A, L) =
Indexes buton.

DeternﬂaEI’Er Indexes |

Determtable(, 12, . Ini(ul, u2, .um) defines a conditional dependency on the ;I
outcomes of dizcrete uncertain variahles, and returns an array that is reduced
across its probabilistic index(es). wl w2, um give the deterministic outcomes.

Cancel | (1] |
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£ Indexes

7. Click on the OK
button to accept
these Indexes. | =

Preview:

Defining Utility as a deterministic table

Party Location and Weather are already selected as indexes
because you drew arrows from them to Utility and they are
defined as lists.

E
Domains: | Al Variables Selected Indexes:
T Uity (value to me) (Self) = [ Party Location =
= 7 new index . | 2 wWesther
= =l

Cancel I

8. Enter the values shown
in the cells.

9. Click on the Check

button ([&7]) to accept
these entries.

s |=|==| @lor

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.

£ Edit Table - Utility [value ko me)

Determ Table of Wility (value to me) ($)
| Party Location - |

¥ oesrer

Sunny  Rainy
100

a0

40

L
L
2

Outdoors
Porch
Indoors

[']

20
an

{h

10.Click on the Diagram
button (@I) to return to
the Diagram window.
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£ Edit Table - Utility [value to me]

{7 | Determ Table of Wility (value to me) ($)
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Chapter
Computing Utility

In this section, you will compute the value of Utility.

| =[=|@lo| &fx | o]o|o|o|o|o|a]o|T

£ Diagram - Party Problem M=l E3

Party Location

1. Utility should stilibe| | .. . ob— L
selected. Click on : : : - . :
the Result button

(L#]) to compute
the mid value.

Lkility

[walue to 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
deterministic assessment leads you to conclude that your best
bet is to hold the party indoors.
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2. Select Mean Value from
the Uncertainty View
popup menu.

152

Computing Utility

A4 Result - Utility [value to me] [_ (O] x|
midw | Mid Yalue of Uility (value to me) (5} ]
@ X Axis: | Party Location |
il
a0
=
o
E
=
Ei 25 1
m
=
ey
%
Outdoors I Parch Indoors
Party Location

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.

£ Result - Utility [value to me] _ (O] x|

E¥|  Mean Value of Uility (value to me} ($) o
I]E X Axis: | Party Location ™ |
Sl
a0

&

o

=

o

b 25

m

2

=

g

0
Outdoors Porch Indoors
Party Location
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The exact expected utility for each party location can be
calculated by multiplying the probabilities of the outcomes by the
values of Ultility:

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 distribution 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 probabilities by the discrete outcome
values.

Analytica Tutorial 153



Cha pte r Creating the Party Problem model: Summary

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 Weatheras p and (1-p).

3. Recalculate the mean value of Utility. Display the result as
a graph:

£ Result - Utility [value to me]
H ¥l Mean Yalue of WHility (value to me) (§) ﬁl
@ Key: | Party Location v I
}_.—| X Axis: | p - |
100 1
=
o
S
o
Ei 50
m
2
=y
%
1}
Ky Party Location
e Outdoors
-— Parch
------ Indoors
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Creating the
Foxes and
Hares Model




This chapter shows you how to:

Use the Dynamic () function and
the system variable Time

Calculate the results of two nodes
simultaneously

Include variable names in
definitions

Use the Min () and Max ()
functions

In this Chapter



Chapter 7: Creating the Foxes and

Hares Model

In this chapter you will create a new Analytica model, called
Foxes and Hares. This model is more complex than those you
built in the previous chapters, and will introduce you to more
advanced model-building techniques.

You should complete this chapter if your models will use dynamic
simulation or variables that change over time.

Foxes and Hares models a simple ecology where the populations
of two species, foxes and hares, are dependent on each other
over time.

Documenting the model

. Enter the model’'s
Identifier, Title, and
Description.

. Save the model by
selecting Save from
the File menu.

. Click on the Close
button to close the
model’s Object
window and bring
the Diagram
window to the front.

Document the model using the information specified in the
Object window below.

I [=] E3
-

£ Object - Foxes and Hares

[(0) Model ¥ | Foxes_hares

Title: Foxes and Hares

Description: & zimple ecology, showing the population changes over time when the

fox population iz dependent on & single species’ (hare) population.

Author(s):

Created: Thu, May 13,1997 11:28 AM
Last Saved:

File info: [not saved pet)

¥

[ 7

/% Object - Foxes and Hares - [O] x|
Faxes_hares -

Title: Foxes and Hares

Description: A zimple ecology, showing the population changes over time when the
fox populstion iz dependent on a single species’ (hare) populstian.

Author(s):

Created: Thu, May 15, 1997 11:25 Al
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Creating the Foxes and Hares diagram

Creating the Foxes and Hares diagram

. Create six General
variable ( [2]) nodes
and title them Hare
birth rate, Hares at
start, Hares at end,
Fox birth rate, Foxes
at start and Foxes at
end.

. Draw arrows from Hare
birth rate to Hares at
start, and from Hares at
start to Hares at end.

. Draw arrows from Fox
birth rate to Foxes at
start, and from Foxes at
start to Foxes at end.

Your diagram should
now appear as shown
here.

158

To create a model of the fox and hare populations, you will make
a number of simplifying assumptions.

Start by assuming a number of time periods. Each time period
will have the same behavior:

» At the start of the time period, each population grows (from
births).

* In the middle of the time period, the foxes prey on the hares.

* At the end of the time period, you will tally the populations.

4% Diagram - Foxes and Hares M=l B3

=
Hare hirth rate Hares at start m
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Defining Hare birth rate and Fox birth rate

Defining Hare birth rate and Fox birth rate

. Select the Edit tool
(_Nl) and double-
click on Hare birth
rate to open its
Object window.

. Enter the
Description and
Definition as
shown here.

. Close the Object
window to return
to the Diagram
window.

/" Object - Hare birth rate

() Wariable ¥ | Hare_hirth_rate Units: =

Your model will assume that the hare population, left unchecked,
doubles in each time period, and the fox population, given an
adequate food supply (hares), grows by 35% in each time period.

Title: Hare hirth rste
Description: Bitth rate of the hare population

expr W
Definition: 100%

Outputs: () Hares_at.. Hares at start

L

B
B

. Double-click on
Fox birth rate to
Open its Object
window.

. Enter the
Description and
Definition as
shown here.

. Close the Object
window to return to
the model

£ Object - Fox birth rate

() Wariable ¥ | Fox_hirth_rate Units: =

Title: Fox hirth rate
Description: Bitth rate of the fox population

expr W
Definition:  35%

Outputs: () Foxes at .. Foxes at start
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Chapter 7 Defining the Time variable

Note that boththe Hare birth rate and Fox birth rate nodes are
solid, indicating that their definitions are valid.

/% Diagram - Foxes and Hares

Defining the Time variable

Next, you will investigate how the hare and fox populations grow
over time if they are simply allowed to reproduce without any
controls. You will start with a time horizon of 10 units.

Analytica has a special built-in variable, Time , for use in models
such as this one. You will define Time as a list:
[1,2,3,4,5,6,7,8,9,10]. The simplest way to define this list
is by using the Sequence () function.

TGN Besult Diagram  SAfind

1. Select Edit Time from E dit Defintion CHIAE

the Definition menu.

Edit Time
The Object window for Easte [dentifier..
Time displays. Show [ rvalid Variables

ath

Array

Diztributiorn
Special
Statistical
Dperator:
Syztem Yanablez
Advanced Math
Financial

* ¥ ¥ T ¥ ¥Y T W ¥
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Defining the Time variable

ect - Time

. Select Sequence =
from the Sysvar Titme Units:
Expressions Title: Time
popup menu.

Description: Dvnamic simulation periods are specified in Tine's defintion. This iz

uzually a list of numbers ar lakbels, typically in zome unit of time (days,
weeks, morths, etc ). Use the "Dynamic)” function in your variables to

. Click on the OK #0F Expressian
button to replace —
the existing . It
definition with a Definition: | B9 Ljst of Labels
sequence. 1.7 Sequence
i Other... =
K| b 4

The parameter fields for the Sequence () function contain the
starting number, the ending number, and the step size.

4. Enter 1 (to start at time

#% DObject Finder

1) in the first Sequence - :
parameter field, start. Library:| _Array v |_Find. |
BEF N AN =l
B Mormalize [R1,R2, 10
) B Product (H, 1
5. Tab to the next field, B

Rank [x1)

end, and enter 10 (to =

ibd

Size [

end at time 10).
EE Slice IR -
sta end stepsize
6. Tab to the third field, Sequence | 1] N

stepsize, and enter 1

h . Seqguence(Start, End, Stepzize) returns a list of numbers from Start to End. If ;I
(to increment time by 1

Stepsize iz not specified, t returns a list of successive integers. Ctherwize, it

unit for ?aCh returns a list of numbers, esch differing from the one before by Stepsize.
calculation). =

Cancel | 0k |
7. Click on the OK button

to save your entries.
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Chapter 7 Defining hare population as a function of time

The Object window for Time shows that the definition is now a
sequence from 1 to 10.

8. Click on the Close | TSkl
button to close the Sysvar Time Units: B
Time Object Title: Time
window and return
to the Diagram Description: Dynamic simulstion periods are specified in Time's definition. Thiz iz
window. uzually & list of numbers or labels, typically in zome unt of time (days,

wweeks, months, etc.). Use the "Dynamic()” function in your varishles ta

perform dynamic simulation.

Definition: | Sequence |(1,1D,1j

il il

Defining hare population as a function of time

Next, you will define the initial hare population as 100 and the
population at the start of each subsequent time period to grow at
its birth rate.

4% Diagram - Foxes and Hares M=l B3
1. Select Hares at start . it . . . . 1=
- Com, : : :
Hare hitth rate i Hares at start L Hares at end
2. Click on the Key icon : = g
(&) to open the : : : : :
diagram’s Attribute
panel.
I ; S S
3. Click in the Description A SRR ........ SRR ........ SRR =
field and enter the text e 5] EE
as shown here. | Hares at start: [Description w |
\*The hare population st the start of each time period. =
4. Press Alt-Enter to save
your entry. ;IA
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Defining hare population as a function of time

You will define the population at each time period to be a function
of its size at the end of the previous time period. A special system
function, Dynamic (), is used to perform this calculation; it
calculates a value for each unit of Time.

Dynamic () is the only function in Analytica that permits cyclic
dependency. In other words, the Dynamic () function allows you
to refer to the variable that it defines or to other dynamic
variables at earlier time periods. The Dynamic () function must
appear at the topmost level of a definition; it cannot be used
inside another expression. The syntax for Dynamic () requires
the initial value of the variable, or the value of the variable at the
first unit of Time.

To define Hares at start with Dynamic (), you will use the Object
Finder.

£ Diagram - Foxes and Hares =10)x]
. . =

5. Select Definition from 0 ; ; ; : i
the Attribute popup | || - - -------- -------- -------- -------- --------
menu. : : : : : i
6. Click in the text field, ¢ 4] | _r|§
and select Other from Hares at start: [T)[pefinition ¥ ]|« exr Eupression
the Expressions popup ] |
menu. B List
B2 List of Labels

The Object Finder & Table

window is displayed. = Probabilty Table i
4 [iztribution
= Chaice
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7. Select Special from the
Library popup menu.

Defining hare population as a function of time

FENTaey;  Curent Module |

Inputz

v Math
‘ Aray
=i Distribution

Operators

System Variables I A

Advanced Math

Financial
-
=1

Cancel |

8. Click on Dynamic to
see the description and
parameter box for the
Dynamic () function.

9. Click in the Dynamic
field and type
100, Hares_at_end
[Time - 1] * (1 +
Hare_birth_rate).

% Dbject Finder
Lihral],r:l Special v| Find... I

Cubicinterp (DR, % 1] =l
Decaompoze [ L d0 J
Determinart e

L, R

Drynarmic (initial ... initizln, exgor )
Els=ticity LY, X

Eiow [ Eortopres — 11 b LI
initiall...initialn,expr
100, Harez_at_end[Time-1]* (1 +Hare_birth_rate]|

Bymarmic]

Dvnamiclinitiall , . inttialn, Expr) returns an array with the value of expression ;I
Expr for each time step in the "Time" system wariable. Walues for the initial time
steps are given by inttisl, . initizsln.

=

10.Click on the OK button
(or press Alt-Enter) to
close the window.

Cancel QK
e | o |

164

Analytica Note: Square brackets are necessary for [Time-1].
Be sure to use parentheses around other expressions in
Dynamic ().

Analytica Tutorial



Chapter 7

11.Press Alt-Enter to
accept the definition.

Defining hare population as a function of time

The Attribute panel shows the Dynamic () function in the
Definition field. This definition states that the starting population
of hares is 100 at the first time period; at the start of all other time
periods, the population is equal to the population at the end of
the previous time period (Time-1) plus the number of hares
born.

DE
Hares at start: Definition il | expr W |

Dynarmicy 100,Hares_at_end[Time-11%1 +Hare_kith_rate) )

12.Select Hares at end.

Note that a gray arrowhead points from Hares at end to Hares at
start. The gray arrow is the diagram symbol for a dynamic
dependency—that is, the Hares at end input is from an earlier
time period.

Dynamic arrow

% Diagram - Foxes and Hares

=

. m - u . : \
Hare hirth rate b Hares at start |-
| (] : \

You will now define the population at the end of each period to
be equal to the population at the start of each period. (You will
later modify this definition to subtract the hares being captured
during the period.)

e 4]
Hares at end: Description W |

13.Select Description
from the Attribute
popup menu, click in
the text field and enter
the Description as
shown here.

The hare population at the end of each time period.
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14.Select Definition
from the Attribute

Defining hare population as a function of time

panel’s popup menu.

15.Click in the
Definition field; then
select Hares at start
from the Inputs
popup menu.

e i

Hares at end:

Hares_at_start now
appears in the
Definition text field.

16.Click on the Check
button ( ) (or
press Alt-Enter) to
accept your
definition.

Hares_at_start|

Next, you will look at the result to see the hare population over

time.

17.With the Hares at end
node selected, click on

the Result button (| #]).

You can see the
population explosion
after only 10 time
periods!

i
ffi2]
=l

£ Result - Hares at end

Mid Value of Hares at end
X Axis: Time

=] E3
2

18.Return to the Diagram
window by closing the
Result window or
clicking on the Diagram
window.

Hares at end

166

100K 1

a0k

Tirne
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Defining the fox population as a function of time

Defining the fox population as a function of time

. Double-click on
Foxes at start to
open its Object
window.

. Enter the
Description and
Definition as
shown here.

. Return to the
Diagram window.

. Double-click on
Foxes at end to
open its Object
window.

. Enter the
Description as
shown here.

. Enter the
Definition using
the Inputs popup
menu.

Foxes_at_start will
now appear in the
Definition field.

. Return to the
Diagram window.

A

You will follow similar steps to define the fox population. Assume
the starting number of foxes is 6. Instead of using the Object
Finder, you will type directly in the Definition field.

£ Object - Foxes at start =] E3
() Wariable ¥ | Foxes_at_start Units: =

Title: Foxes at start

Description:  The fox population st the start of each time period.

|t’>¢m’ V|X~/|Inputsv|

Definition: ED',-'namic:( B, Foxes_at_end[Time-11%1+Fox_hirth_rate) )
Inputs: () Fox bk Fox bith rate
Outputs: () Faoxes at .. Foxes gtend
5l Y

£ Object - Foxes at end
() Variable " | Foxes at end Units: =
| Title: Foxes at end
Description: The fox populstion at the end of each time period.
[ze- * | =] [Inputs »
\I' Definition: Faxes_at_starﬂ
Inputs: ()  Faxes at.. Foxes at star
Outpurts: ¢ Foxes_at.. Foxes st start
I A7
Analytica Tutorial 167



Chapter 7 Creating the Populations objective

Next, you will look at the result to see the fox population over

time.
£ Result - Foxes at end M[=] E3
8. With the Foxes at end miche Mid Yalue of Foxe= at end WI
node selected, click on izl ¥ Axis: | Time
the Result button.
=l
You can see that the fox 100
population also
explodes, but grows
more slowly than the
hare population. £
ﬁ 50 7
1]
9. Return to the Diagram )
window. -
] T
] 2 4 & ] 10
Tirne

Creating the Populations objective

To directly compare the two populations, you will view both
populations on one graph. You will create a new variable to show
both population results.

| == @ o] wx »| o|o|o|o|e|z|a|D|T
.l’ Diaglam - Foxes and Hares Hi=] E3

=

1. Select both Hares at Hare hirth rate H Hares at start
end and Foxes at end.

2. Click on the Result : : : . : i
button (|_£]).
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3. Because you want to
compare the two
results, click on the OK
button (or press Alt-
Enter).

4. Click on the x-axis
popup menu and select
Time.

5. Return to the Diagram
window.

Creating the Populations objective

Question

@ Do you want to compare maore than one result?

Cancel

Analytica creates a new node with a dummy name. You will
change the name and move it to a better position on the diagram
in just a minute. But first, you will view the resulting graph.

The default graph view is not useful, so you will change the
x-axis to Time in order to see the two animal populations over
time.

£ Result - Val =100 ]
midw|  Mid Value of Va1 |
=] e ]

H €. al [~ ]

Mo Indexs

ANNK =

Now the population explosions of both the hares and the foxes
appear on the same graph. Note that the number of foxes is very
small compared to the number of hares and is visible on this
graph as a line on the x-axis.

£ Result - Val =] E3
midw|  Mid Value of Va1 |
= Koy: [Vt
=
100K 1 : ' :
sk
1} T
1] 2 4 G ] 10
Tirne
Key L=
e Hares st end
-— Foxes at end
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Chapter 7 Creating the Populations objective

Next, you will adjust the position, name, and class of the new

node.
£ Diagram - Foxes and Hares - (O] ]
6. Move the new _ _ . . . : (=
node to the | : : : : :
position shown | | ) :
in the figure. Hare hirth rate — start - Hares &t end

7. In the Attribute : . : : : - ]
panel, change : : : : :
the identifier to
PopulationS, .

replacing the :
\\ m—:n Foxes at start

dummy name.
i N e

8. Press Alt-Enter : : : : =
to save the o | | _'E
change. Populations: [1dentifier w |

Note that the title also changes.
Since this node is the final output of the model, you will change
its class to objective.

e A I I HS

9. Select the | Populations: [class w |
Class attribute | ") vainble =
from the 1 Decision
Attribute popup 3 Chance =]
menu. ——— v

i+ Objective
£ Index

10.From the Class T Constant
popup menu, &2 Determ
select
Obijective.
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Defining the population control: foxes capture hares

Defining the population control: foxes capture

hares
In this section, you will define the population control for the
hares, namely that they are captured by foxes during a time
period. You will assume that the foxes hunt independently from
each other and that each fox captures 25% of the hares during a
time period.

_Create two £ Diagram - Foxes and Hares M= E3
General : i : =
variable - : -
nodes and ,M* ..............
title them .

Hare capture || L .. e T ... e T
Hares ; rate : % captured :
captured. : : : :

. Draw an arrow from
Hare capture rate to
Hares captured.

. Draw an arrow from
Hares captured to
Hares at end.

Hare capture \- Hares
rate o captured

. Double-click on Hare
capture rate to open
its Object window.

Analytica Tutorial
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5. Enter the &4 Object - Hare capture rate
Description and Hare_capture_rate Units: =

Definition as shown |-
here.

6. Close the Object
window.

1]

Description: Percentage of hares captured by each fox during & time period.

Defining the population control: foxes capture hares

Title: Hare capture rate

B W
Definition: 25%

Outputs: () Hares ¢... Hares captured

.

' o4

7. Select Hares

captured and, Hares captured: | Description W

with Description | || Mumber of hares captured during & time period.

selected inthe |
Attribute popup | ||
menu, enter the

=
-
7

Description as
shown here.

8. Draw arrows from both
Hares at end and
Foxes at end to Hares
captured.

9. Select Hares captured.

172

If only adult hares are captured and only adult foxes are captors,
then, in a time period, the number of hares captured is the hare
capture rate times the hare population at the end of the previous
period times the fox population at the end of the previous period.

You will again use the Dynamic () function, using an initial value
of 75 hares captured. This time you will enter the dynamic
expression directly into the Definition field.

Hare hitth rate H Hares at start % ---------
. S \ .

Hare capture
rate . cap

______ N Popustions )
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Chapter 7

10.Select Definition from the
Attributes popup menu
and click in the Definition

text field.
Hares captured: |I\|\Deﬁn'rtiun b ||F>€W’ w | X () Fosar o e’
11.Type  Dynamic(7s, (:' H.jrf'\ o e
Dynamic(75, 7

12.Select Hare capture rate
from the Inputs popup

13.Continue editing
the definition of | || Hares captured: |I|| Definition w ||9>€W' il | LA |Inputs w |
Hares captured §Dynamic(?:’i,Hare_u:apture_rate*Hares_at_end[Time-1 *Foxes_at_end[Time-1]1 ;l

by typing and by
selecting inputs
from the Input
popup menu
until it is as
shown here.

S

14.Click on the Check button
( ) (or press Alt-Enter) to
accept your definition.

Note that the arrows you drew in Step #8 above are now broken
lines. These lines indicate that the dependency is dynamic—the
input variable is from an earlier time period.

Hare hirth rste ¥ Hares at start |

g : : : : Populations

T
o
2
_
&5

=3
=
5
@

>
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15.Click on the Result
button (\g_?l) to see the
number of hares
captured as a function
of time.

174

Defining the population control: foxes capture hares

/% Result - Hares captured M=l E3
midr | Mid Yalue of Hares captured |
@ X Axis: Time
=l
00K 1

=l

z

=l

&

o 20K A

n

o

]

I

1]

Tirme

Something is not quite right. These numbers grow to be larger
than the number of hares at the start of the period (compare the
graph of Hares at end, which equaled Hares at start, on

page 166). This is reasonable; for example, if there are more
than four foxes, it is possible for the calculation to give more than
100% of the hares.

To prevent the number of hares captured from exceeding the
number of hares at the start of the period, you will constrain the
definition of Hares captured by using the Min () function.

The Min () function selects the minimum value from an array of
numbers. The syntax for finding the minimum of two numbers x
and yisMin ([x,y]). (The expression [x,y] creates an array
from x and y .) You want the number of hares captured to always
be the minimum of the calculated number and the number of
hares at the start of the period.
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Defining the population control: foxes capture hares

16.Select Hares | | Hares captured: [Definition W |[er w |

captured. Dynamic(?s,Min([Hares_at_start,Hare_caypture_rate*Hares_at_end[Time-1 PFFoxez_at_end[Time-1]0 =

=
Z

17.In the Attribute panel,
edit the definition of
Hares captured until it
appears as shown here.

18.Press Alt-Enter to
accept the revised
definition.

=

% Hesult - Hares captured [_ [O]

Mid Value of Hares captured ><-"l’|
X Axis: Time

19.Click on the Result
button (| £ ) to see the
number of hares
captured as a function
of time.

BElL

100K 1

Now the number
captured is no greater
than the number at the
start of the period.

a0k

Hares captured

20.Select Hares at end in
the model diagram.

Tirme
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Defining the population control: foxes capture hares

Next, you will reduce the number of hares at the end of the time

period by the number that are captured.

21.In the Attribute

panel, edit the

definition of
Hares at end
until it appears

as shown here.

22.Press Alt-Enter to accept
the revised definition.

23.Select Populations in
the model diagram.

24 Click on the Result
button (| £]) to see the
resulting populations as
a function of time.

176

Hares= at end: |I]eﬁnitinn il ||mr il | le"“ Inputs ¥ |
‘Hares_st_start-Hares_captured| ;l
I =
A
/% Result - Populations =i E3
midr|  Mid Value of Populations ad|
@ Kew: Populations v
= X Axie:
100 7
L
s
s
n -
[
=
L J . . . -~
z 50 =
& -
o - -~
i T T T T !
1] 2 4 E ] 10
Tirne
Hey Populations
—_— Hares at end
-— Foxes at end
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Defining the population control: foxes capture hares

Oops! The hare population goes to zero! You don’t find extinction
very interesting, so you will assume that a small number of

hares, say 20, will be able to hide from the foxes and survive. You
will further modify the definition of Hares captured, to allow 20 to
survive.

25.Select Hares

Hares captured:

[ Definition

~ o ~]

captured.

Crynamic( 75 Mini[Hares _st_start-20 Hare_capture_rate*Hares_at_end[Time-1]*
Foxes_at_end[Time-1]-2011)

=
-
7

26.Edit the definition of
Hares captured until it

appears as shown here.

27.Click on the Check
button (or press
Alt-Enter) to accept the
revised definition.

28.Select Populations.

29.Click on the Result
button (\g_?l) to see the
results.

30.Return to the Diagram
window.

/% Result - Populations =i E3
mid¥|  Mid Value of Populations |
@ Kew: Populations v
=) X Axie:
100 7
L
s
s
: .
g e
B 501 -
a_ -~
o 7
o - -~
1} T
1} 2 4 E g 10
Tirne
Hey Populations
—_— Hares at end
-— Foxes at end

Now the hare population is well under control: it falls to 20 and
remains there. However, one piece of the model is still missing:
population control for the foxes, who must have enough hares to

eat.

Analytica Tutorial
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Defining
hares

. Create two
General
variable nodes
and title them
Hares needed
by 1 fox and
Foxes
surviving.

. Draw arrows
from both Hares
needed by 1 fox
and Hares
captured to
Foxes surviving.

. Draw an arrow
from Foxes
surviving to
Foxes at end.

Hare hirth rate k

Defining the population control: foxes require hares

the population control: foxes require

During any time period, each fox needs to eat at least ten hares
in order to survive. Therefore, in any time period, the number of
foxes surviving is, at most, the number of hares captured divided
by ten. You will now add this constraint to your model.

f

% Diagram - Foxes and Hares

Hares at start

Hare capture : "
rate :

* fHares needed 3y - )

W by 1 fox ~ .7

| Fox birth rate —n

I [=] B3
: =

.

Hares : :
captured . . Populstions
B . . ;
v, i
. 000 000000000000 gkt ono00a0a 0
m : - -
N . .
L o 5 . .
s L -

. .
—y .
.

. Double-click on
Hares needed by 1
fox to open its
Object window.

&4 Object - Hares needed by 1 fox

() Wariable " | Hares_needsd

Title: Hares needed by 1 fox

Units:

_,/I']est:riptiun: Mumber of hares that one fox must capture inoa time period to survive.

B W

. Edit the Identifier,
Description, and
Definition as
shown here.

A pefinition: 10
Outputs: () Foxes s, Foxes stiviving

.

. Close the Object
window.

178
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Defining the population control: foxes require hares

window.

7. Double-click on
Foxes surviving to
open its Object

£ Object - Foxes surviving

() Variable ¥ | Foxes_surviving Units: =

Title: Foxes surviving

Description: Kumber of foxes surviving a time period, by esting the number of hares
~ captured.

8. Enter the

here.

Description and
Definition as shown| |, — ™

_
//
//

/’ Expr W
~ Definition: Hares_capturedHares_neecded

Inputs: () Hares ca.. Hares captured

) Hares_ne... Hares needed by 1 fox

window.

9. Close the Object

Outputs: () Foxes ab.. Foxesatend
=l

‘| G

10.Select Foxes
at end.

You are ready to adjust the population of foxes at the end of the
time period by the number surviving during the period. The
number at the end of the period is the smaller of the number of
foxes at the start of the period and the number of foxes surviving.
Again you will use the Min () function.

11.In the Attribute
panel, edit its
definition until it
appears as
shown here.

Foxes at end: |I]eﬁnitiun ol || epy W |
Min([Foxes_surviving Foxes_at_start]) =
=
o

-

esult - Populations

12.Select Populations.

Mid Value of Populations Wl

Key: Populations w

13.Click on the Result button
(L#]) to see the results.

=
o

1e+30 7

Populations
=
I
!
!

Sle+20 T T T T 1
] 2 4 3 2 10

Tirne
Key Fopulations
e Hares at end
-— Fouxes at end
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Defining the population control: foxes require hares

It looks like the population of foxes is declining below 0, allowing
the hare population to explode! To verify this, look at the table

view by clicking on the Table button ([[Z).

You know that in order to continue reproducing, there must be at
least two foxes. Therefore, you will further assume that two foxes
always manage to survive somehow (and one is male and the
other female!). You will modify the definition of Foxes at end to
constrain it from falling below two.

In other words, the population of Foxes at end must always be
two or the calculated population, whichever is greater. To
implement this constraint, you will use the Max () function.

Foxes at end: [ Definition w |[epr w ]

14.Edit the
definition of
Foxes at end
until it appears
as shown here.

Max([2 Minl[Foxes_surviving Foxez_at_stant]i)

I

15.Select Populations.

16.Click on the Result
button (|§_?|) to see the
results.

180

£ Result - Populations
midr|  Mid value of Populations |
@ Key: Populations w
[
400 1

n

[

2

i i

5 200

=}

[=]

o

o e e

1] 2 4 E 2 10
Tirme

Fey Populations

e Hares at end

-— Fones at end

Now you can see the fox population falling and rising, with a
much larger hare population rising and falling.
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Viewing the final results of both populations

Viewing the final results of both populations

1. Select Edit Time from
the Definition menu.

2. Click on Sequence.

3. Change the End
parameter from 10 to
100.

Finally, you will examine the fox and hare populations fluctuating
over a longer period of time, 100 periods.

A Object Finder

Librarnye | Array

| Find_ |

4. Click on the OK button
to save this change.

' "Et'é'psize,is,n,thspecified, it returnz a list of zuccessive integers. Otherwise, it

5. Close the Object
window for Time.

The Calculate button
appears in the Result
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£ Result - Populations
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Now you can clearly see the rise and fall of the fox population
lagging behind the hare population’s rise and fall.

Suggestion: now that the model is complete, go back and revise
the input assumptions to see how they impact this result.

Creating the Foxes and Hares Model: Summary

In this chapter, you have:

» defined a variable as a function of another variable at an
earlier time period using the Dynamic () function and the
system variable Time

» had Analytica calculate the results of two nodes
simultaneously, and automatically create a new variable to
display the results

» used the Input popup menu to include variable names in
definitions

» created more complex expressions to constrain a variable
using the Min () and Max () functions.
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On Your Own




In this Chapter

This chapter describes the example
models provided with Analytica.




Chapter 8: On Your Own

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. ltis 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 contains a variety of Analytica models, including
all the examples illustrated in the Analytica User Guide, as
libraries that 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 Analytica User Guide, Appendix
H, “How to Contact Us”, or see the end of this chapter.

The Example Models folder is subdivided into these folders:
* Business Examples
* Decision Analysis
* Dynamic Models
* Function Examples
* Risk Analysis

* User Guide Examples

Business Examples
Bond Model

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.
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Breakeven Analysis

This model is a simple 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.

Expected R&D Project Value

This model evaluates and compares the expected
commercialization value of multiple proposed R&D projects.

Financial Statement Templates

This example 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
may enter values into the existing template and/or modify the
variable definitions to reflect your own accounting standards.

Market Model

This model explores a market for a new product, and the pricing
and advertising budget decisions involved. This example also

/% Diagram - Market Model =]
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shows the use of “forms” for receiving input and presenting
output for users of the model.

Plan_Schedule_Control

This model takes input data for activity paths required to
complete a project, and calculates various outputs describing the
critical path, timing and costs for project completion.

Sales Effectiveness

This model evaluates the effects of unit price on salesmen
headcount 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.

Subscriber Pricing

The purpose of this model is to determine 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 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.
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Decision Analysis

This folder includes models that illustrate the discipline of
decision analysis.

2 Branch Party Tree

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 2 branch
decision tree in Analytica.

£ Diagram - Two Branch Party Problem

Decision

tree =

51| I v o

Beta Updating

This model uses the beta distribution for Bayesian updating of
beliefs about the probability that a coin will come up heads.

Biotech R&D Portfolio

This multi-project R&D evaluation models a typical R&D decision
problem that might be faced by a biogenetic company.

Gibbs Sampling in Bayesian Network

This model solves a Bayesian network using the Gibbs sampling
method, also referred to as Stochastic Simulation. It is an
instance of Markov Chain Monte Carlo simulation. This
implementation runs multiple simulations simultaneously. You
may 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.
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For more on this technique, see S. L. Lauritzen & 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.

LEV R&D Strategy

This example models R&D decision analysis for investment
strategy among several choices of powerplants for a Low
Emissions Vehicle (LEV).

Newton-Raphson Method

This model implements the Newton-Raphson (or simply
Newton's) method, one of the most powerful and well-known
numerical methods for finding the root of f(x)=0.

Nonsymmetric Tree

This model is an example of what, using decision tree
terminology, would be an asymmetric decision tree in Analytica.

Party With Forecast

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
location 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.

Supply and Demand

This model calculates the required supply level to maximize
profit when the profit function is asymmetric around the average
demand value.

Tornado Diagrams

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 values: 1.
by varying all inputs by the same relative amount, e.g., low=90%
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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% fractile.

Note that Analytica's built-in graphing tool can produce only

vertical bar graphs, allowing only rotated tornado diagrams to be
created. The conventional (non-rotated) tornado diagram can be
obtained using Excel Graph from within Analytica. An example of
plotting with both Analytica and Excel are given in the example.
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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.

A Diagram - Technology Upgrade Decision
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Dynamic Models

This folder includes models that use Analytica's Dynamic ()
function for performing dynamic simulation (modeling with cyclic
dependencies).

Leveling

This example levels staff efforts over time according to staff
available, computing both the work done over time and idle time.

Markov Chain

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.
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Mass-Spring-Damper

This model simulates a typical free mass-spring-damper system.
By free system, it is meant that there is no time dependent
driving force or displacement acting on the mass. Ordinarily
solutions to such a system are determined from a set of
homogeneous second order differential equations accompanied
by the appropriate initial conditions. In this model, the kinematic
variables (displacement, velocity, and acceleration) are related
by 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 2nd Law. The user inputs 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 determined by
the corresponding differential equations.

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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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 and/or linear growth
or decay—that is, a dynamic variable whose values in one time
period are exponentially or linearly dependent 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.

Failure Analysis

This model provides a system simulation demonstrating a failure
analysis with both parallel (bulbs) and series (bulbs and switch)
components. The model shows 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.

Function Examples

This folder contains examples illustrating a variety of Analytica’s
functions and modeling techniques.

Autocorrelation

This model calculates the autocorrelation coefficients of noisy
time sequence data.

Choice and Determtable

This model shows that when Choice nodes are indexed by 'self’,
you can use Determtables to propagate the selected choice.
This is cleaner than some other methods of using Choice
outputs.
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Correlated Distributions

This model reorders a group of probabilistic variables’ samples
so that they mimic a desired correlation structure as closely as
possible.

For more information on this method see Iman, R.L., and
Conover, W.J., “A distribution free approach to inducing rank
correlation among input variables”, Commun. Statist.-Simula.
Computa. (Marcel Dekker, Inc.), 11(3), 1982, 311-334.

Correlated Normals

This model demonstrates a method for creating two normal
distributions with a specified correlation between them. The two
resulting unit normals can be transformed to have any mean and
standard deviation. From Scheuer, E.M., Stoller, D.S., “On the
generation of Normal Random Vectors”, Technometrics,
4:278-281, 1962.

DBWrite Example

This model demonstrates how you can write data from an
Analytica model to a relational database using ODBC. Using this
model requires Analytica Enterprise - refer to Chapter 21 of the
Analytica Users Guide.

Discrete Sampling

This model demonstrates how to generate a distribution from a
discrete sample of numbers.

Extracting Diagonal

This model demonstrates how to extract a diagonal from a
matrix.

Regression Examples

This model demonstrates the use of Generalized Linear
Regression by best fit curves of various function forms to a set of
(x,y) points.

Sorting People by Height

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).
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Subset of Array

This model creates a subset array out of a larger array based on
a decision criterion.

£ Diagram - Subset of array - [O] ]
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Swapping y and x-index

This model swaps a computed or one-dimensional table value
with its index, thereby making the computed value an index.

Use of MDTable

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 relationship between
records often becomes immediately evident.

Risk Analysis

This folder contains applications relating to the field of risk
analysis.

Seat belt safety

This model compares the value of various policies for restraints
on occupants of automobiles.
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Txc

This model demonstrates risk/benefit analysis, in this case
regarding the benefits of reducing the emissions of fictitious air
pollutant TXC.

&% Diagram - TXC risk analysis
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Libraries

The models in this folder contain functions that can be added to
your model and used similarly to Analytica's built-in functions.
They are saved as libraries.

Bayes function

This model contains Posterior, a function for calculating
posterior probabilities using Bayes' Theorem.
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Continuous Distributions

This model contains the Exponential, Logistic,
LogTriangular, LogUniform, and Weibull functions.

/% Diagram - Continuous Distributions
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Data Statistics Library

This model contains functions for calculating statistical quantities
for numerical data (that is, a list of numbers): the Mean, Standard
Deviation, Kurtosis, Skewness, and Variance.

Discrete Distributions

This model contains the Binomial, Geometric,
Hypergeometric, and Poisson functions.

£ Diagram - Discrete Distributions
=
Binomial Geometric Hypergeometric Pois=zon
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Expand Index

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.

Financial Library

This model contains a variety of corporate finance functions:
Black-Scholes Option Values (CallOption, PutOption),
Capital Asset Pricing Model (CAPM), Miles/Ezzell Adjusted Cost
of Capital (CostCapME), Modigliani/Miller Adjusted Cost of
Capital (CostCapMM), Present Value of Perpetuity (PVperp),
Present Value of Growing Perpetuity (PVgperp), and Weighted
Average Cost of Capital (WACC).
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ODBC-Library

This library provides additional functionality (valList,
InsertRecSql, WriteTableSql) for using ODBC access to
databases. Note that using ODBC requires Analytica Enterprise
- refer to Chapter 21 of the Analytica Users Guide.

User Guide Examples

198

This folder contains the examples that are given in the Analytica
User Guide.

Analyzing Unc & Sens

The examples in this model demonstrate Analytica's tools for
analyzing the uncertainty of variables, 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 User Guide Chapter 16, “Analyzing
Uncertainty and Sensitivity”.

Array Examples

The examples in this model demonstrate the basics of working
with multidimensional arrays.

This model is used in User Guide Chapter 11, “Basic Modeling
with Arrays (Tables)”.

Array Function Examples

The examples in this model demonstrate many more of
Analytica's built-in array functions.

This model is used in User Guide Chapter 12, “Array Function
Reference”.

Continuous Distributions

A continuous distribution is one that is defined for a continuous
variable—that is, for a real-valued variable. The examples in this
model demonstrate Analytica's built-in functions that create or
modify continuous distributions.

This model is used in User Guide Chapter 14, “Using Continuous
Probability Distributions”.
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Discrete Distributions

A discrete distribution is a probability distribution for a variable
that can result only in certain, discrete outcomes. The examples
in this model demonstrate Analytica's built-in functions that
create or evaluate discrete distributions.

This model is used in User Guide Chapter 15, “Using Discrete
Probability”.

Dynamic & Dependencies

Dynamic & Uncertainty

Dynamic Example 1

Dynamic Example 2

These are dynamic models. 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 User Guide Chapter 17, “Modeling
Changes over Time”.

Expression Examples

The examples in this model demonstrate the building blocks for
creating and editing variable definitions—expressions, standard
operators, and mathematical functions.

This model is used in User Guide Chapter 10, “Using
Expressions”.

Input and Output Nodes

This model is used in User Guide Chapter 9, “Creating Models to
be Used by Others”.
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Summary

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.
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In this Glossary

A compilation of terms specific to
Analytica as well as statistical
terms used in this manual.




Glossary

Array

A collection of values that can be viewed as one or more tables.
An array has one or more dimensions; each dimension is
identified by an index.

Arrow, influence arrow

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.

=1 Arrow tool
The tool for drawing arrows between nodes.

Attribute

A property of an object, such as its title, description, definition,
value, or inputs.

Attribute panel

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.

ﬂ, Browse tool

A tool for examining the structure and assumptions of a model,
with limited ability to make changes to the model.

il Chance variable

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.

Class

Analytica objects are organized into the following classes:
Module, Attribute, Function, and Decision, Chance, Objective,
Index, and General variables.
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Cumulative probability distribution

A graphical representation of a probability distribution. It plots the
cumulative probability that the actual value of the uncertain
variable X will be less than or equal to each possible value of X.
The cumulative probability distribution is a display option in the
Uncertainty View popup menu on a Result window.

Ol | Decision variable

A variable that the decision maker can control directly. A
Decision variable is represented by a rectangular node.

Definition
A specification for computing a variable’s value. It can be a

number, a mathematical expression, a list of values, a table, or a
probability distribution.

Description

Text explaining what the object represents in the system being
modeled. It is limited in length to 32,000 characters.

Deterministic table

A function that gives the value of a variable conditional on the
values of its input variables, where the inputs are all discrete
variables.

Deterministic value
See mid value.

Domain

The possible outcomes for a variable defined as a probability
table.

Edit Table

A definition that is an array (table) is also called an Edit Table
because it can be edited.
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| Edit tool

A tool for creating or changing a model. Use it to move, resize
and edit nodes, and expose the Arrow tool and Node palette.

Expression

A formula that can contain any combination of numbers,
variables, functions, distributions, and operators, suchas 0.5,
a-b, or Min (x), combined according to the Analytica language
syntax.

Expression type

Expression types include expression, list (of expressions or
numbers), list of labels (text strings), table, probability table, and
distribution. (Any definition, regardless of expression type, can
be viewed as an expression.) You select an expression type
using the Expression popup menu, which appears above the
Definition field.

— | General variable

Any type of variable; useful when the variable type is unknown.
The General variable typically represents a deterministic or
functional dependency.

ﬂ Graph

Format for displaying a multidimensional result. To view a result
as a graph, click on the Graph button. See also table.

Identifier

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 *_’
(underscore, used instead of a space). Compare to title.

Importance analysis

Shows the effect the uncertainty of one or more input variables
has on the uncertainty of an output variable. Importance is
defined as the rank-order correlation between the sample of
output values and the sample for each uncertain input. This is a
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robust measure of the uncertain contribution because it is
insensitive to extreme values and skewed distributions.

Index

Identifies a dimension of an array (table). An index is usually a
variable defined as a list, list of labels, or sequence.

Indexes

Plural of index, indicates a set of index variables that define the
dimensions of a table (in an Edit Table or value).

& | Index variable

A class of variable, defined as a list, list of labels, or sequence,
that is used to identify the dimensions of a table, for example, in
an Edit Table. An Index variable is represented by a
parallelogram node.

Influence arrow
See Arrow.

Influence diagram

A graphical representation of a model, consisting of nodes
(variables) and arrows (relationships between variables).

Input

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.

Input arrowhead

Shows that a node has one or more inputs from outside its
module. It is located on the left side of a node. Press the
arrowhead for a popup menu of the input variables.

List
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.

206 Analytica Tutorial




Glossary

List of labels

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.

Mean
The average or expected value.

Mid, Mid value

A calculation of the variable's value assuming all uncertain inputs
are fixed at their median values.

Model

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 a Analytica document file.

El Module

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.

Node

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.

Normal distribution
The bell-shaped curve, or Gaussian distribution.

Object Finder

A dialog box used to browse and edit the functions and variables
available in a model.

Object window

List of the attributes for an object (variable, function, or module),
including its class, identifier, title, and description.
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) |Objective variable

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 decisions 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 subobjectives. An Objective variable is
represented by a hexagonal node.

Output

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.

Output arrowhead

Shows that a node has one or more outputs outside its module.
It is located on the right side of the node. Press the arrowhead
for a popup menu of the output variables.

Parametric analysis

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
analysis.

Probabilistic variable

A variable that is uncertain and is defined with a probability
distribution.

Probability bands

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.
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Probability density function

A graphical representation of a probability distribution that plots
the probability density against the value of the variable (also
referred to as PDF). The probability density at each value of X is
the relative probability that X will be at or near that value. The
probability density function can be displayed for continuous, but
not discrete, variables. It is a display option in the Uncertainty
View popup menu on a Result window.

Probability distribution

Describes the relative likelihood of a variable having different
possible values.

Probability table

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.

Self

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.

Sensitivity analysis

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.

Standard deviation

Reflects the amount of spread or dispersion in an uncertainty
distribution. It is the square root of the variance.

= Table

A two-dimensional view of an array-valued definition or result.
The array can have more than two dimensions, but only two can
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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 window, click on the Table
button to select the table view of an array-valued result. See also
graph.

Title

The full name of an Analytica object, briefly describing what the
object represents. A variable's, function's, or module's title is
displayed in its node, in window titles, and in object lists. It is
limited to 255 characters in length. It can contain any characters,
including spaces and punctuation. Compare to identifier.

Uniform distribution

A distribution representing an equal chance of occurrence for
any value between the lower and upper values.

Uncertainty View options

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.

Units

Indicate the units of measurement for a variable. Units are used
to annotate tables and graphs, but are not used in evaluating a
variable.

Value

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 probability distribution.

Variable

An object that has a value, which may be a text string, a number,
or a table. Classes of variable include Decision, Chance, and
Objective.
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The Tool Bar
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The node palette is displayed when
either the Edit tool or Arrow tool is
selected.
Numerical Formats (Output)
Format Description Example
Suffix the default (see the following table) 12.35K
Exponent scientific exponential 1.235e04
Fixed Point fixed decimal point 12345.68
Integer fixed point with no decimals 12346
Percent percentage 1234568%
Date text date 12 Jan 93
Boolean true or false True
Numerical Prefixes and Suffixes (Input)
Power Suffix Prefix Power Suffix Prefix
of 10 of 10
3 K Kilo -2 % percent
6 M Mega or Million -3 m milli
9 G Giga -6 n micro (mu)
12 T Tera or Trillion -9 n nano
15 Q Quad -12 p pico
-15 f femto

Analytica Note: If integer or fixed point is selected, a number larger than 10° displays in

exponent format.
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