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| ntroduction

About Analytica




| n this I ntroduction

Thisintroduction tells you how to use this
manual.




Welcome to Analytica

Welcometo Analytica

You are about to discover a new and powerful tool for real-world
modeling and analysis. Analytica embodies the idea of using awhite
board for problem-solving. Using avisual 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 Analyticaisitsability 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.

. Diagram - Model

Buying price

Buy or rent

Appreciatiaon
rate

(Time horizon )

Cost to Rent

Rate of inflatio

(Discoum rate )
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¥

Costs of buying
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Financial
Library

=
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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.
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About Analytica

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

4

Analytica Tutorial

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 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.



Tutorial overview

Chapter 1 — Using the Rent vs. Buy Model

This chapter shows how to open an Analyticamodel. 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 resultsin avariety of ways.

Chapter 2 — Exploring the Rent vs. Buy Model

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

Chapter 3 — Analyzing the Rent vs. Buy Analysis Model

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

Chapter 4 — Creating a Model

This chapter shows you how to create a new Analyticamodel. In
the process of building amodel 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 modul es.

Chapter 5 — Creating Arrays (Tables)

This chapter shows you how to add index variables and Edit Tables
to amodel, 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 afamiliar problem: where to have
your next party. This model introduces probability tables and
conditional deterministic tables. You should complete this chapter
if your models will use discrete or conditional uncertainties.

Chapter 7 — Creating the Foxes and Hares Model

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

Analytica Tutorial 5
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e 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.

|nstalling Analytica

Beforeyou start thistutorial, follow these stepstoinstall the Analytica
application and associated model files on your hard disk:

1. Start Windows.

2. Insert the Analytica CD in your computer’s CD-ROM drive.
3. Click on the Start button on the Windows taskbar.

4. Select Run from the popup menu.
5

In the 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 Analyticawill
beinstalled. Most users can accept the defaults provided by the setup
program. The default installation location for Analyticais C:\Program
Files\Analytica2.

Conventionsused in thistutorial

The conventions used in this tutorial are as follows:

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

Explanatory text often follows a step, accompanied by pictures of
the Analytica screens similar to the ones you see on your computer.

6 Analytica Tutorial



Conventions used in this tutorial

For example:
& C:%“Program Files | _ |O] x|
Thisisan instruction. Fil= Edit “iew Help

@

Cornron Files

Thisis explanatory text. C’ E, E

In astep, thisisthe text you C’

will enter. Acoceszones

bicrozaft bicrozaft Pluszl
Exchange Office

o

The bicros=oft
Metwark,

|1 ohjects] selected | L

» Variable and model titles are displayedtatic type.

« Special Analytica terms are displayedaoid italic type; they are
defined when they are first introduced.

« The following keys on the keyboard are showitalic 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
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Assumed background

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

Term M eaning

click Press and rel ease the mouse button one time.

double-click Press and rel ease the mouse button two times.

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

press Press and hold down the mouse button.

select Click on an interface object, such asamenu command or acell in

atable; 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
guantitative 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.

8 Analytica Tutorial



Chapter 1

Using the Rent
vs. Buy Model




I n this Chapter

This chapter shows you how to:

« Open an existing model
« Calculate results

e Change input values to calculate
different results




Opening the Rent vs. Buy model

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

Opening the Rent vs. Buy model

To begin, follow these steps.

1
2
3.
4

Click on the Start button on the Windows taskbar .
Click on Programsin the Start popup menu.
Click on Analytica in the Programs popup menu.

Click on Tutorial Modelsin the Analytica popup menu.

Mew Office Document

Open Dffice Document

=T

b Accessories 4 |
B Anaytica20 A, Analtica 2.0

1

rr _'n:ugrarrus:

Dostments * (5 M3 Dffce b &) AnabticaHelp
@ Settings 3 Startlp ¥ (] Example Model:
Wirdip 4 ﬁ Remove Analytica 2.0
Find
2 @ £ R S B T torial Mods
g @ Help @ “indows Explorer |
-g Fun
E Shut Down...
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Chapter 1 Using the Rent vs. Buy Model

5. Openthe Rent vs. Buy model.

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

3.  Double-click ontheicon File Edit iew Help

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

a cost.ana Foxes and

Hares ana

Rent v Buy
Analyzizs.ana

|1 object(s] selected |z28KE 4

If this is the first time you've started Analytica, a licensing
information dialog box appears.

/" Analytica® Licenzing Information

4. Enter your name,

followed by pressing the If you have a valid registration number, please enter the
Tab key Then enter the requested information and then click "0K™
name of your company, To obtain a registration number for a no-obligation, limited trial of

followed by Tab. Then
enter the registration ;
number provided to you. evaluate, b

Analytica, please visit http:/’swww.lumina.com.

click "Browse" and you will be able to view and
edit, existing models.

Hame: | |

Organization: | |

gistration no.:

5. Click onthe Register Re | |
button.
Browse | Cancel 0k, I

After completing initialization, Analytica reads in tRent vs. Buy
model, indicating its progress with this dialog box.

#4 Checking Definitions._..

Reading Rent vs. Buy Model
I ] Stop |

Analytica Note: Clicking on the Stop button halts the model-reading
process and resultsin a partially loaded model.

12 Analytica Tutorial



Becoming familiar with the diagram window

After reading in the model, Analytica checks the definitions.

A Checking Definitions._..

Checking:  Platform features and costs

I | Stop |

Analytica Note: Clicking on the Stop button halts the checking of
definitions.

Becoming familiar with the diagram window

When you open a model, Analytica first displays atop 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.

Tirres howigas | u:|| B ra prica LB 1A
O g oainl rald haan| l:ll PEiEEnt diwa payenl [k ab
Pt of inlalion i Pl I W] poeg & ord e sl (Talbew R

EEF K il -_'LI. I.l.-\.ll Apmieidbin ik :‘f-.l-'uﬁ:I Haztral I

Cosls of bwng andreskng ] Cac s
e ﬂ

Thistop level diagram is an end user interface to the model itself,
whichiscontained inthe Model node. In thischapter, you will use only
the interface in this top level diagram; in the following chapters you
will explore the model in more depth.

Across the top of the screen is a horizontal palette of buttons. Thisis

The Browse tool

(=T

called the tools palette.
Za | EJLEES

Analytica Tutorial 13
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Chapter 1 Using the Rent vs. Buy Model
When you first open the Rent vs. Buy model, the Browse tool is
highlighted on the palette. With the Browse tool selected, the cursor

lookslikeahand | I 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 theRent vs. Buy model, the output value of interest is at the bottom,
Costs of buying and renting.

1. ClickontheCalc
button to compute the Time hauzan freans] o] Earping price (e 1] 1]
comparison of the cost Discoustrate (i) 3| Farcemt gown prpment (] an]
of buying to the cost of R ads of infaban -_'h.hi-iul o o s e S ) ':l=-|
renting.
Mo el m[ 120 Arprecistionale CRbEan

[z

Cogls of bestng and ranting 5] Calc ‘|I.-'-\.
Sl
The output value displays in a Result window. This Result window
shows a graph of twprobability 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%).

254 corresponds to 25 x 1% or 0.000025/$.

14 Analytica Tutorial



Computing an output value

Analytica Note: Numerical suffixes like p and K are used extensively
throughout Analytica. A quick reference for these suffixesis given onthe
back page of thistutorial.

#% Result - Costs of buying and renting

Lo Probability Density (¥) of Costs of buying and renting (§) (X) I XY'
E Key: Buy or rent W I
3—.—| Common Index: Step v

faln Ty

25u

Probability Density

-200K -100HK u} 100K 200K
Costs of buying =nd rerting [$)

Ky BEuy or rent

—_— By

-— Rerit

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 “Uncertainty Options” inAhalytica

User Guide for more information.
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Chapter 1 Using the Rent vs. Buy Model

The graphs show that the cost of renting, given the model’sinputs, 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.

2. Click onthediagram
window to bring it to Tim farzen
the front. Discount rads

Rale of infalicn [B=]  prohastiiy Denaky (Vi of Coeris of bargng sl ramsng o (X T

o v (Bt v
Wiy rend Crmmimian lndax: | Siep - |

Pl

TH WEIE a - bl
Cafld ol B e Pl i [0
Hap P o rmed

1T ey

ool

The button next t&€osts of buying and renting has changed to Result.
TheResult button indicates that the value has been computed;
clicking on theResult button will display the values.

16 Analytica Tutorial



Changing input values and recomputing

Changing input values and recomputing

Click on the box next to
Time horizon. Change
the value to 7 and press
Alt-Enter.

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.

Click on the box next to
Monthly rent. Change
the value to 1400 and
press Alt-Enter.

—
frans] 7]

Time homzen

Barra price 5l |:|:|-'|
Dirceynl rafs ("l..lrnllll hl Faicen! giram pagmenl ) an
Fale o irfanan -."l..waul Moripa g inlarersl rabe SRk £l5|
I vy resmi (=1} Appreciaborn cais Hu.luﬂll

Cists of besineg ared ranting m{E s
T

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 changesto a Calc

button, indicating that the Costs of buying and renting needs to be
recomputed.

Time tarzen fEmars] BrEng grics | 5] VdaE;

Dirkc capnl rals AR L] Parc il dawn pasmsEnl s o]

Rl of infamin l.'°l.l|ii|| WO | e S T I'I:ﬂii:-l:l
—

Woni rent il ta0]  Apsreciation e Mehean | Nomal |

LU=l

Cagts of biuying and enisg ﬁ-:- [F%

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

Using the Rent vs. Buy Model

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

18
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Tifrsa horizon
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Now you are ready to recompute to see the new results.

Tifvs hEieosn
Cagcou rale
Rl of il abioe.

Warilriy e

AT .‘|
(e ary |:|
o)

YT

Burying price L] 13
Fusoand dosm papmeml (5 n
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Aspeadiabon rak Cibwad]  HWormal |

Corahi af luying ard esbng 00| col: ‘_'||.5.

N RSB |




5.

Click onthe diagram
window to bring it to the
front.

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.

1L ]

Tirvsi Moz -;-,ilus;||:| Buriag prce L 1] LT
Cascour raie Nagull - izals nf Baysreg snd rendrg
Rl o rrlabion o] pyibiliny sty ) of Costs of D sl desting (5 62} = Bl
= e
W flfily rni =T BT -]
L
[}
H 5
B i
—I 50 1
£ 1
P
.l. 't_
B
I 10CH o W MK
Coviy of Engpirg wred randing TR
sy Py o rand

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 awindow called the Object Finder, in which you

can see details and change the distribution’s parameters or type of

distribution.

Analytica Tutorial
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Using the Rent vs. Buy Model

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

] Tirrsa FiDrizs Mils:\lI:I Buyiag prce [ 1} EJi
1 Click onthe Normal [ gcound rale |h‘r|-a-:h|:| Fosoant dosmn prpmerd %) i
ibrl:ftltgtr;gﬁ)(t to Rate of Reolrsbos  (eieac| Mermal | Warigage imeres e Chivea [
W Ty il Il.:ll Hll-l EEpeEciElion rak l:"l'..h.il'l'- Hax el I
i al ) and raskng :i|| He=ok I ks
I ————
A window called the Object Finder appears. It shows that Rate of
inflation is defined as a normal distribution with a mean of 3.5and a
standard deviation of 1.3 (units are %).
You will nhow 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.
2. scroll down thelist of £ Ibiect Sy

distributions until you
see Uniform, and select
Uniform.

20 Analytica Tutorial

Library:  Distribution
= Mormal [ mean, stddew ) _I
=2 Probdist (PRI
=5 Probtable (MR et pn)
sy Triangular [ tnin, mode, max ]
= Truncate { dist, %1 min man
¥ Uniform [ min, max )

min max
Uniform Im I 13

Uniformimin, max] returns a continuous probability distribution in swhich every ;I
value betwesn min and max has an egqual chance of occurring.

Cancel |




Change the minimum to

3 and the maximum to 4.

Click on OK to accept
the change.

Examining and changing an uncertain input

bject Finder

K S .

B Mormal [ mean, stddev ) _I

5 Proboist (PR 1

=5y Probtakle (H. gt pr)

By Triangular { min, mode, max ]

B Truncate { dist, %1 min mhax
Uniform [ min, max )

mi| max |
1

Uniform | : 3 | 4

Uniformimin, max) returns & continuous probability distribution in which every ;I
value betveen min and max has an equal chance of occurring.

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

Cawsi | ok |

Time harzon il T S @i 18 'E'.r'|
Dvis p ok ravie Fibean [ Farcen| down payTrsnl ) .‘I:Il

Raw ol infa%zn TR iliEm Mirtgaps inerd el raks |'_|_|l|||.|.|:| -I‘ll
N e R T

Cogte ofbiying sndeenaisg (K| Calc | L=
L ——
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Using the Rent vs. Buy Model

% Result - Costs of buping and renting [_[O] x|
L~ Probability Density (¥) of Costs of buying and renting () (X) [ HYI
iz Key:
T commoninder
4000
£
&
c -
7] i
= 1
£ zoou "
=] 11
2 N
=] I
= 1
e 1
1
1
1
1
M
u] T T T T 1
-150K -10ak 50K u} 50K 00k

Costs of buying and rerting ($)
Key By or rent
—_— By
-= Rernt

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 hasflattened between about $125,000

and a gain of $50,000.

Displaying alter native uncertain views

22

Uncertainty View popup
menu

Analytica Tutorial

Analytica offers a variety of viewsto 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.

# Result - Costs of buying and renting

Lo Probability Density (¥) of Costs of buying and renting (%) (X)
[ Key o
Common Index: | Tkl

P




Presson the
Uncertainty View
popup menu to see the
uncertainty view
options. Select
Cumulative
Probability (Lz=]).

Displaying alter native uncertain views

The miniature probability distribution [ lx=|] indicates that
Probability Density is selected.

mid hid Yalue

B Mean Yalue

s S
renting | [O0]

= Probability Bands

v |~ Probability Density

Costs of buying and renting (%) (X} v
L~ Cumulative Frobability remt W | [ Touls

[ Gemgk itep w | [ Tatals

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

A% Besult - Costs of buying and renting

L= cumulative Probability (¥} of Costs of buying and renting () (X) I Wl
[ Ke:

11

0.5

Cumulative Probability

o T T T 1
-150K -100K S50k o] S0k
Costs of buying and rerting [$]
Key Buy or rent
— By
- Rent

There appears to be about a 50% probability that the cost to buy is
below $70,000, while the cost to rent has a 50% probability of being
below about $107,000.

Sometimes you may want to see an uncertain value expressed as a

single number—a measure of central tendency. Analytica computes
the Mid Value by fixing all input probability distributions at their
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Presson the Uncertainty
View popup menu to
see the uncertainty view
options. Select Mid
value (Jig=]).

3.

Click on the Table view
button (|[i=2]|) to select
the Table view.

4.

Select Mean Value
(le~]) fromthe

Uncertainty View
popup menu.

24
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Using the Rent vs. Buy Model

median (50% probability) values. The mid value, also sometimes
called the deterministic value, is the only uncertainty view available
for nonprobabilistic results.

id Mid Walue

K Meanalus
Kt Statistics

== Probability Bands renting Hi=1
L= Probability Dersity _ _
i » y of Costs of buying and renting (%) (<) W
v |~ Curulative Probabiliby El = Tid
| Sample :
Wﬂmﬂ.—'—.}tep - | T sl

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

Under the Uncertainty View popup menu are two buttons, |[fiz| and

Lal|. The 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 | _ O] x|
Mid¥|  Mid Value of Costs of buying and renting ($) =]
1.2| Buy or rent [ Tods
~
Lall
=i
Buy 672K
Rent -107K
[ ;I_‘

Analytica also provides the Mean value.

#% Reszult - Costs of buying and renting

id Mid Walue ving and renting ($) ﬁl
L MeanWalue
Statistics
== Probability Bands =]

Prabability Denzity
Cumulative Probabilite
“% Sample




Displaying alter native uncertain views

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

deviation.
5. Select Statistics (juz=]) mid Mid Value renting
from the Uncertainty v P Mean'alue puying and renting (%) ﬂl

View popup menu. .+ Statistics
== Probability Bands

. Probability Denzsity =]
L~ Curnulative Probability
% Sample

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

£ Result - Costs of buping and renting

HEw|  statistics of Costs of buying and renting ($) L]

C s
L]~ [worewslp o
Buy Rent

=
i 125K 09K
Median ;66 62K o7
e _E4 85K 107K
o 24 57K -105K
5td. Dev. 2381K 1A

o °m

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

Finally, you will see the sample values.

£, Nnesh - Ceals ol Bupeng aad sening
SelectSampIe(;D e B o Coeal s o el el oestiag 184 m
from the Uncertainty | (]| | marasos sy = | 1 ros
View popup menu. Lall

Use the scroll bar to
examine more sample
valuesinthetable.

by, 115 L =105 3 .ﬁ
¥

Analytica Tutorial 25



Chapter [l

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

Using the Rent vs. Buy Model

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 ofAhalytica
User Guide.)

esult - Costs of buying and renting

Sample of Costs of buying and renting (§) ><Y|

I [ tteration (Runy w| [T Totals

Ll ~ Buy or rent Vl P [ Tatals

Using the Rent vs. Buy model: Summary

26
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You have now used tHgent 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.

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



Saving your model

Saving your model

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

1. Select Savefromthe
File menu.

You can a'so type the
keyboard shortcut, Ctrl-
S.

Closing your model without saving

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

1. Select Close Modéd
from the File menu.
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Chapter 1 Using the Rent vs. Buy Model

2. Click on the No button. Question

Save changes to vour model before clozing?

| Cancel |

Quitting Analytica

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

Bl s Ot Dvinien Eesi

. . M CukH
1. SelectExit fromtheFile E:IH-L Ciksl

menu.

Dl i
s [adsl

B A
Erpm A Copylin.

Pyied Ged

Prird ot

Brea . Lk
Privi [fspucat

Frm sl Hiamr o

Heri =1 H oy Mool ara

L ek ey
Wt b el are

i Tkl
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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

I n this Chapter



Recognizing an influence diagram

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 ddtte
vs. Buy model.

TheRent 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

1

Double-click onthe
Model node to open it.

Time horizan

Discount rate

Analytica Tutorial

Rateusifiation  (%ivear)(  Normal )

Wanthly rent

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

/% Diagram - Rent vs. Buy

(years) Buying price 5 140k
(%Near)ljl Percent down payment (%)

Mortgane interest rate {%iyvear)

S — cswean(iomma )

l Model '

Costs of buying and renting  (§) L
| s

Appreciation rate

31
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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 influence diagram consists
of a number of nodes connected by arrows.

][ A -]

Appreciation
rate
Rate Dfinﬂatiu Cost to Buy

Cost to Rent

3 |l

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.

Toolspaette ——— &

=| @

£ Diagram - Model

Buying price Buy or rent

1

Costs of huying
and renting

Influence diagram window:

Arrows connecting different variables indicate a relation between the
variables. The arrow connectifgte of inflation to Appreciation rate
indicates that the value of tiAgpreciation rate variable depends on

the value of thdRate of inflation variable. In theRent vs. Buy model
influence diagramCost to Buy depends on thBuying price, Rate of
inflation, Appreciation rate, Discount rate and Time horizon variables.
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A Decision variable is
represented by a rectangular

Recognizing an influence diagram
The following figure illustrates different types of nodes.

A General variableis represented by arounded 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.

node. 4 Diagram - Model - (O] =]
A Decision variableisdirectly\ =
under the control of the ~ iati
.. Buying price Appreciation Buy or rent
decision maker. rate
A Chancevariableis Rate of inflation Cost to Buy
F L
represented by an oval node. A
Chance variable cannot be CUS‘Sd of th_'\"”g
. ana renting
controlled directly by the (" Tie hotzon |
decision maker. It has an
uncertain val ue represented by
aprobability distribution.
Cast to Rent
3 |l

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

Analytica Tutorial

An Objective variableis
represented by a hexagon. This
variable evaluates the overall
value or desirability of possible
outcomes. In this model, the goal
isto evaluate the cost difference
between renting and buying. A
decision model usually contains a
single objective variable.
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Exploring the Rent vs. Buy Model

Opening an Object window

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

Analytica Tutorial

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.

. Diagram - Model

Buying price

Appreciation
rate
Rate cufinﬂatiu:u
' F
Tirme haorizan

Cost to Buy

b

Buy ar rent

Costs of huying
and renting




This variable'slass is
Decision variabl

A variable'stitle describes
briefly what the variable

represents. The title isalso————— Buing price

shown in the node on the
influence diagram.

Thedescription provide
more complete documentation
(unlimited length) about this

variable.

Moving between Object windows

Information about a variable is provided in alist 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'sdentifier is Price.

The identifier is used to referto  Theunits attribute indicates the
this variable in definitions of other units of measurement for the
variables. It can contain up to 20  variable. ThéBuying Pricevariable
characters. is measured in dollars.

/\ ObioctBuyindprico | BlE

[ pecision Ptice Units: § —

Oescription:  Buying price of house.

Definition: 140K

Outputs: Dovvnpaymt Down payment
Insurance  Insurance
Maintena...  Mairtenance
Mortgage  Mortgage loan amount
Moving_c... Mowing costs
Property™>_ Property taxes

Sell_price  Seling price =

[l 4

0000000

Thedefinition specifies the variable ™ Outputs are other

value, or how to compute the value, variables that depend on
sometimes using other variables as this variable.

inputs. The definition may also be a

probability distribution or any other

mathematical expression.

Analytica Note: You can enter numbers with a suffix abbreviation, so
Buying Price can be defined aseither 140K or 140000. A quick reference
for these suffixes is given on the back page of this tutorial.

Moving between Object windows

Analytica Tutorial

You have opened the Object window of a varialBeyi(ng price) by
double-clicking on its node in the influence diagram.
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Ch apt er 2 Exploring the Rent vs. Buy Model

The Object window may contain a list of the variablajguts 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.

. ", Dbject - Buying price
1. Double-click onthe IZID — Bri Unit 2
output variable titled ecision e e 3
Mortgage loan unt. Title: Buying price

Description: Buving price of house.

B W
Definition: 140K

Qutputs: () Downpaymt Down payment

3 Insurance  Insurance

{3 Mairtena..  Mairtenance

[ Mortgage  Mortgsoe loan amount

() Moving_c.. Moving costs
() Property_ Property taxes
() Sel_price  Seling price

=
|

[

Analytica switches to the Object window ftortgage loan amount.

F Object - Mortgage loan amount
() Variable Mortgage Units: §
Title: Mortgage loan amount

Description: Total mortgage (loan) amount received.

[

2

Definition: Price + DownPaymt

Inputs: Dovenpaymt Dowen payment

Price Buying price

Outpurts: End_mart... Mortgage principal remaining
Irterest_...  Irterest pavments
Paymentz  Mortgage payments

Princ_pay  Principal payments made on mortgage

0000 0o

-

| i

Note in the figure above that thi¢le of Mortgage loan amount is
different from the variable’glentifier, Mortgage. The title is what the
model user normally sees; the identifier is used as a mathematical
symbol in the definitions of other variables that depend on this
variable.
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2.  Double-click on the
Down payment input.
3. Click onthe Close

button to close the
window and return to
the diagram.

Using the Attribute panel

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 theinputs. The
other input of Mortgage loan amount is Down payment.

4 Object - Mortgage loan amount

() Variable Mortgage Units: § =l

Title: Mortgage loan amourt

Description: Total mortgage (loan) amount received.

N Definition: Price + DovwnPaymt

vrpaymt Dowwn payment
Price Buying price

End_mart... Mortgage principal remaining
Irterest_...  Interest pavments

Paymentz  Morigage payments

Princ_pay  Principal paymernts made on mortgage

2 ()
]
]
]

-

Al B

The Object window now displays the attributes of Down payment.

% Object - Down payment

() Wariable Doyt Units: § =

Title: Down
payment

Description: Doven payment smourt at time of purchase,

xpr
Definition: (-Percent_down_payment1 00)*Price

Inputs: () Percent_... Percent down payment
1 Price Buving price
Outputs: () Cost_to_.. Present value of costto buy
() Foregone... Foregone interest on dovwn payment
) Mortgege Mortgage loan amournt
[
il >

Using the Attribute pandl

Analytica Tutorial

As an alternative to viewing a variable’s attributes in a separate
window, you can inspect them in tgtribute panel, which is an
auxiliary window pane that you can open below the influence diagram.
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1. Click ontheKey icon

(&) to open the
Attribute panel.

Exploring the Rent vs. Buy Model

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

The variable Buying price should be highlighted with atitle in white,
indicating that it is selected; if it isnot, select it by clicking on it once.

A Diagram - Model

Buying price

Buy ar rent

Appreciation
rate
Rate Dfinﬂatiu

Cost to Rent

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

L

Costs of buying
and renting

a<|

=1
15

I Cost to Rent '

2 4l NE
Buying price: /\ |I]est:rip‘tinn w | U
Buying price of house. T~ LT =

| nspecting definitionsin the Attribute pand

Analytica Tutorial

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

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.

e S
Buying price: Description Vl

Buying price of house.

Select Definition asthe
new current attribute to

display.

Clasgs

Identifier
|« (S|

Title
Buying price: Units

Buying price of house. \ v Deseription

Inputs
Outputs

The definition of
Buying priceis
displayed. Itisasingle
number: 140K
(140,000).

Select the Rate of
inflation node.

The definition in this
exampleisanormal
distribution; hence, the
button is labeled
Normal.

Drarmain
Yalue

BE
Buying price: Definition v | epr W

140K

When avariable is defined as an uncertainty distribution, a button

Rate of inflation

Analytica Tutorial

Cost to Buy

appears in the Definition field.

Costs of buying
and renting

[

Time horizon
Cost to Rent

L

2 4]
Rate of inflation: Definition i | A ¥ |
NERREIT (3.5,1.3)

39



Ch apt er 2 Exploring the Rent vs. Buy Model

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 theinput parametersto 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.

M odules can also contain other modules. I n this manner, alarge model
with hundreds of variables can be organized into a hierarchy of
models, each small enough to be easily understood.

1. Double-click onthe (AN L] e
Cost to Buy node to —
open the module. Buying price Apnrre::ti:’fiﬂn By o rent

Rate of inflation

Cost to Buy

Time harizon

Cost to Rent

Costs of buying
and renting

2 il D
Cost to Buy: |I]escriptinn il |

Thizs madule contains the costs of buying and owning & house over the time period. =

=l

&
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Opening a module

Analytica displays the influence diagram of the Cost to Buy module.

Thismodul e contains three additional modul es: Out-of-Pocket Coststo
Own, Future Sales Proceeds, and Opportunity Cost.

4 Diagram - Cost to Buy

Input arrowhead  ——4 [ Mortgage loan
<2 amount
)

y Doy
payment
3

Qut-of-pocket
costs to own

¥
Future sales
k proceeds

Percent down Opportunity o] hioving costs
payment cost
L= B

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.

Presentvalue of y

N Output
costto buy g arrow-

head

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

2. Click on the Diagram Acﬁ" === ‘ | WL‘;‘

button ( & |) toreturnto
the parent diagram,
Model.
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Double-click on the #, Diagram - Model
Cost to Rent node to —

open the module. Buying price Apprectiatinn
rate

Buy ar rent

The Cost to Rent ‘
d.l agram opens (see the Rate of inflation Cost to Buy
figure below). r

Caosts of buying
and renting

Cost to Rent

_ =

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 th&nalytica User Guide for information

on how to open more than one module Diagram window at a time.

Click on the Diagram ’E T2 :§| ‘ |W k | - ‘
button (.]) toreturnto
the parent diagram,

Model.

J Diagram - Cost to Rent

Monthly rent J Cashflow of “, [ Fresentyalue of |
rental costs v 4/ costtorent

3 | M

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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Opening a module

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

£ Diagram - Model [_ (O] =]

5. Select the Buying price

Bury ar rent

node. —
Buying price Appreciation
rate

6. Select Outputsfromthe
Attribute popup menuto
view alist of variables
that depend on the
Buying price variable.

Cost to Buy

¥

Costs ufbuying\
| i T and renting
2 <I I H=

Buying price: \| Outputs il |

4

7. Double-click on
Insurance.

Wairtena... Maintenance
Mortgage  Mortgage loan amounit

Property_... Property taxes

]

(-

(0 Moving_c... Moving costs

]

() Sell_price  Seling price [l
i

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

Click on the Diagram
button ( J#|) toreturnto
the parent diagram, _ _
Model. g - _I" [rea— -I
gt 2 _ paFmenis :
i - . " Gl Bow of ) T
T_I".._.| ! . L I,.:.""::I:I: | d man srnhip | e -IL|. '
IR A ——— =, W rank =
It ol
[l L Py T - |
“r ! R I
e _.-'
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| nspecting valuesin the Attribute panel

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

/% Diagram - Cost to Buy

1. Select the Present value
of cost to buy node.
e,
N 0ut-uf-puci)__ resentvalue of
. . Costs to own , obuy I
2. Click ontheKey icon :
(3) to openthe _ >
Attribute panel. . P——
payment
proceeds
S (e
payment Identiier _
e 1] Title | F[=
) Present value of cost to Units o
3. Press on the Attribute Total presert value of the cash flo v Des_c:.nptlon ncluding the down paymert, annusal =
popup menu and select out-of-pocket costs, proceeds of | Definitian ne interest on the down payment
|oeartunity cost). Inputs =l
Value. Outputs ”
Dromain
Probealue
. & | F
The deterministic (or e |4 0 ES
mid) value of Present Present value of cost to Value v
value of cost to buy BT2K =
displays, in this case, =
-67.2K. p:

Analytica Tutorial

If Value was not previously computed, Analytica computes the
variable’s valuedeterministically, assuming that all of the input
probability distributions are fixed at their median valld#d valueis
an abbreviation for this deterministically computed value.

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

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



Displaying results

Displaying results

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

S| ==l e o[ x|+

With Present value of
cost to buy still selected,
click on the Result

button (| |) to

evauateit.

¥

Out-of-pocket
costs to own

Mortgage loan
amaount

Diowin
payiment

Future sales
proceeds

o o

Present value of cost to Value v
672K =
=
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Ch apt er 2 Exploring the Rent vs. Buy Model

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

£ Result - Present value of cost to buy

Probability Density (¥) of Present value of cost tec (X}p Wl

2. Click ontheclose 20

button to close the
Result window.

00

Frobability Density

T T T |
-Z00K -100K 1] 100K 200K
Presert value of cost to buy

As an alternative to clicking on the Result button (| # |) and then
selecting an uncertainty view, you can use the Result menu to evaluate
avariable and select the uncertainty view of the result.

SN Diagram  Window  Help

3. With Present_val ue of Show Resul e
cost to buy still selected, _
press on the Result Iid Value
menu. The check mark Mean Yalue
next to Probability Sl
Density indicates that Erobability Bands

the Probability Density ~ Frobabiity Densiy

was last display ed. |_1rr||_1-3ti'-.-'n3 Probability
Select Cumulative AP
Probability. Graph Setup...

Mumber Farmat... Clrl+B

Uncertainty Options...  Chrl+l

Analytica Tutorial 46



Displaying results

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

|2 [l & x|+

[ ~—| -
\ EE e

4. Click on the Diagram % Result - Present value of cost to buy [_ [O0] x|

button ( #.|) to (_jisplay L|  cumulative Probability (V) of Present value of co... (5} 2 5]
the Cost to buy diagram. fizl| common index: | Step

&

E

2

[x}

@

o 0.5

2

W

ju}

E

3

i . : : . .
150K 100K 50K 1] sk 100k
Present value of cost to buy
Select Moving costs and <:>"_7':>‘VE =R £’W| K | = ‘
then click on the Result
button (| & |) to #4 Diagram - Cost to Buy
evauate.
Mortgage
interest rate

¥

Mortgage loan

Out-of-pocket

amaount costs to own ' |
H Down Future sales
payment
proceeds
IS
Percent down Opportunity
pavment
¢ 1] He
Moving costs: |'u'a|ue v |
2100 =
=
ci|
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Uncertainty View Popup
Menu

6. Pressonthe Uncertainty
View popup menu and
select Probability
Density.

7. Click onthe OK button.

Analytica Tutorial

Exploring the Rent vs. Buy Model

A single mid value appearsin table view.

JF Result - Moving costs

mid¥ | pid Value of Moving costs ($) ﬁl
[] Totals
=
-2100
=
ol Y

The mid valuein table view is the only result view available for a
nonprobabilistic variable with asingle value. Note that the graph view
button is disabled.

. Result - Moving costs

v mid Mid Value ks ($) m
H MeanValue
Mt Statistics
= Probability Bands =]

|~ Probahility Density
v |/~ Curulative Probakility

| Sample 5
[1] 4

Analyticatells you that thisis a nonprobabilistic value.

E xplanation B

Yalue iz not probabiliztic. Mid value will be shown instead.




Exploring the Rent vs. Buy model: Summary

Exploring the Rent vs. Buy model: Summary

Analytica Tutorial

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




I n this Chapter

This chapter shows you how to:

« Perform importance analysis
« Perform parametric analysis

e Set up and compare alternative
decisions




Examining the difference between renting and buying

In this chapter you will analyze the Rent vs. Buy Analysis model, a
modified version of the model that you used in Chapter 1 and Chapter
2. 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, operrénevs. Buy
Analysis model by double-clicking on the icon labelgenht vs. Buy
Analysis.ana.

Examining the differ ence between renting and buying

Click on the Difference
between buying and

renting node to select it.

Click on the Result
(L # ) button to

evaluateit.

The Rent vs. Buy Analysis model is the module calledodel that you
explored in Chapter 2, with the addition of nodes to help you
understand the importance of the uncertain inputs to the uncertainty in
the output.

In Chapter 1, you saw that evaluati@gsts of buying and renting
produces a graph of two uncertain values. To understand whether it
would be financially advantageous to rent or buy,Rbwet vs. Buy
Analysismodel includes the objective nodzifference between buying

and renting.

Appreciation
rate

Buy ar rent

psts of buying
and renting

Diffarence
stween huying
and renting

b

Cost to Rent
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Analyzing the Rent vs. Buy Analysis Model

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

[

T— | -—

a w= | ==
3. Click onthe Diagram
button (E) to return > Probability Density (¥) of Difference between buying ... (X) 7 ﬂl
to the Rent vs. Buy Common Index: | Step
Analysis Diagram ﬂ
window.
£
1] T T 1
o 100K 200K 200K
Difference between buying and rerting (§]
| mportance analysis
Inthe Rent vs. Buy Analysismodel, asin 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, afew 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.
54 Analytica Tutorial



Select the Difference
between buying and
renting node.

Click on the Result

button (| g ) to display
the importance values.

Importance analysis

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

Buying price Buy or rent
Fate Dfinﬂatiu
i ¥
Costs of buying
and renting
¥

Difference
hetween buying
and renting

Cost to Rent

Difference
between buying

and renting
|mportance

a | |_Jz|

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 O
indicates that the uncertain input variable has no effect on the
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uncertainty in the output. A value of 1 impliestotal correlation, where
all of the uncertainty in the output is due to the uncertainty of asingle
input.

L L I e S S T T T v F s
™ K &xin:  Difaremce briseen breng and resiin.

6l e sl s . i i i

Bppreostion rey By o infigtion Sl b refy g ey gy
L bar e Lol e Do o § ol gl

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

| f&% | == !?lfwlmkl-bl

Click on the Diagram :
button (ﬂ) to return EF L e FE e e B e P il
to the Rent vs. Buy Kému  [orasce briwees buing s o,
Analysis Diagram ;
window. 5
i
i
5
i 0
¥

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 thénalytica User Guide.
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Performing parametric (sensitivity) analysis

Performing parametric (sensitivity) analysis

Parametric analysis (also called sensitivity analysis) involves varying
thevalue of aninput variableto examineits effect on a sel ected output.
Performing sensitivity analysis often provides useful insightsinto how
small changesin input variable values affect the desired outcome.

Because the importance analysis in the section “Importance analysis”
revealed thafppreciation rate caused most of the uncertainty in
Difference between buying and renting, you will start the parametric
analysis with that input variable. You will changppreciation rate’'s
definition from aprobability distribution to alist of alternative values,

and analyze the effect on the Difference between buying and renting
output.

Before proceeding, click on the Key icon ( ¢ ) to open the Attribute
panel.

Select the Appreciation £ Diagram - Rent vz. Buy Analysis
rate node. |

Buying price Buy ar rent

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

Cost to Buy

Rate ofinﬂatio
' 1
Time horizon

Costs of buying
and renting

¥

{ Difference
| kotawaar b x
e 4 e
Appreciation rate: |I]eﬁni'tion v ||A il |
) Memmal ] ¢ inlstion, 3 ) =
Expression
popup menu
=
o

When the Definition attribute is displayed, the Expression popup
menu ( [=_=]) appears. The distribution icon (. ) 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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Chapter 3 Analyzing the Rent vs. Buy Analysis Model
Expression types include:

» Expression, or mathematical formyl==])
o List(E=])

* List of Labels([==])

e Table([m_=])

« Probability tablg [m_=] )

« Distribution( [=—=])

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

10%.
3. While pressing on the B Expression
EXpression popLp
menu, drag the mouseto -
N — & Tabl
List, and release the ¢ 4 - Pabeh'l't T bS
mouse button to select Appreciation rate: [Definition ¥ | R nattlly TR
List. Meimal | ¢ Inflation, 3 ) v Distiutian =
¢ Other..
=
4
4. Click onthe OK button Juostion
or pressthe Enter key to L .
confirm that you want to Replace curent definition with a List?

change the definition
from adistribution to a
list.

Note that the icon on the Expression popup menu has changed to
indicate that Lis{ ) 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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Select the cell by
clicking init. Typethe
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.

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

e 1 RE
Appreciation rate: | Definition v || =i I

-0 =

=

4

A new cell appears.

In Analytica, you add cellsto alist 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 anew cell, Analytica automatically fillsin 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 e N
Appreciation rate: Definition il ” =k |

19] =

=

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

8. Sdlect Mid Value from
the Result menu.

60 Analytica Tutorial
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A5 Diagram - Rent vs. Buy Analysis

Buying price

Difference
hetween huying
and renting

Cost to Rent

Difference
hetweaen huying

and renting
Importance

e 4 MES

File  Edit Object Definition Diagram  wWindow Help

Show Result Ctil+R

-——

—-—= n‘?

-_—

kid W alue

lMean Value

The resulting graph shows the Mid Value of buying and renting as a
function of Appreciation rate, which variesfrom -10% to 10%, asyou
just entered.

Appreciationrateisinformally called anindex becauseit characterizes
a dimension of another variable’s value, in this c&asts of buying
and renting.



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 isless than -5%, it would
be better to rent; if it is greater than -5%, it would be better to buy.

9 Click on the Table £ Result - Costs of buying and renting
button (| ) to view midw | Mid Value of Costs of buying and renting (4 o |
the result as atable. 2] Key: |_Buy or rent v
}_.—| X Axis: | Appreciation rate (YAsear) v I
200K
£
=]
£
=
z
k=]
£
-}
g ¢
-1
s
0]
B
o
L)
-200K T
10 5 o 5 10
Appreciztion rate [Yahesr]
Key By or rert
—_— By
-= Rert

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

& "z 2|0 x| ]
10. Click on the Diagram £ Result - Costs of buying and renting M= E

button ( & |) to return Wid¥ | Mid Value of Costs of buying and renting ($) ﬂl
to the F_Qent_vs Buy [ Buy or rent w | [ Totals
Ana(ljyss Diagram Lall i | Appreciation rate (%Aear) ¥ |[> [ Totals
WINaow.
0 -5 0 5 10 =
Buy -144 4K 262K -97 06K -51.33K 1881K
Rent -126.6K -126 6K -126.6K -126 6K -126.6K

| '

Evaluating alter native decisions

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

1. Select the Buying price
rate
node.
Rate of inflation ' I

Discount rate Time horizon

2. Presson the Expression
popup menu and select
List.

Costs of huying
and renting

Analytica confirms that

P Difference
youwant to make this hetween buying
oA e
Buyingurice: |Deﬁni‘tion il | W B Eunression
140K B3 | =
E= List of Labels
= Table =i
= Choice £
4% Sequence
) Other...
3. Click onthe OK button
to proceai @ Replace cumrent definition with & List?

Cancel |
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Thefirst cell in thislist contains the expression for the previous
definition, 140K. You will change this value, and add additional cells,
asyou did in Step #5 on page 59 and Step #6 on page 59.

Buyi ice: Definiti |2 -
Clickinthe cell to select ting priee [pefinition | | m
it. Type 120K and press
the Enter key. U
Vi

Type 140K, followed by
the Enter key.

160K is automatically
entered in the next cell.

Select the Difference
between buying and

renting node. Buy or rent
Cost to Buy
Fy — —
Costs of buying
L and renting
Time harizon
Difference
Il JOE
Select Mid Value from File Edit Object Definition Diagram  Window Help
the Result menu to '
recompute and display
itsvalue. Mean Walue

The Result window appears displaying the variable’s mid value. The
Difference between buying and renting variable is three curves, one for
eachBuying price. Below the graph is a key to identify each curve.
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Click on the Diagram
button ( i |) to return
to the Rent vs. Buy
Analysis Diagram
window.

64
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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 |ess 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.

Sh VE == Jesar

—»

[ &

Key: | Buying price ($) w I
X Axis: | Appreciation rate (%oArear) v I

200K

Difference between buying ...

Bppreciation rate [Hfvear )
Key  Buying price [§)
— 120K
—-— 140K
------ AB0H




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.

&5 Diagram - Rent vs. Buy Analysis

; . Appreciation
Select the Costs of Buying price Buy or rent

buying and renting
node.

0.

Diffarence
hetween buying
and renting

Cost to Rent

Diagram “window Help

Fy
| 2l

e 4

File Edit Object Definition EEEER0
Show Result Chil+R

10. Select Mid Value from
the Result menu to TEZ|ZE| ®
recompuie and display — T
Mean Walue

its value.
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Navigating arrows

£ Result - Costs of buying/s 4 [ [O] ]
midw]  Mid Value of Costy \ renting ($) |
[2]| Buying price ($)<-
}_,—| Key: | Buy or rent - I
X Axis: | Appreciation rate (Y%Arear) v I
200K q
&
m
£
t
2
a
[
m
o 0
=
5
]
o
k]
L]
]
[=]
(&)
-200K T T T 1
-0 -3 1] b 10
Ippreciation rate [Yafyear)
Key By or rent
—  EBuy
-— Rert

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

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

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

/% Result - Costs of buying and renting

11. Click onthedown arrow

(F) todisplay a mid¥|  Mid Value of Costs of buying and renting (%) iad
scrolling list of [£2]| Buying price ‘5’? 1200 54

aternative valuesfor the
variable.
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£ Buying price [ <]

=

|A'|I;|

A
12. Click on 160K to select midw |  Mid Value of Co:
it. = 8 ¥ 120K
XA
200K
=
g

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

13. Click onthe Table
button (|[2]]) to see the
table view.

Buying price ($) <

#4 Result - Costs of buying and renting
Mid Value of Costs of huymg and renting (%)

Ol

Key: | Buy or

rent

w |

X Axis: | Appreciation rate (“oiAvear) v |

IS[=] E3
fad

200K 7

Costs of buying and rerting (§)

200K T
-0 -3

Bppreciation rate [Bhear )

Key By or rent
——  Buy
-— Rert

£ Result - Costs of buying and renting
Mid Value of Costs of bl.l_'\,ll ] and renting ($)

160K

HsEs

i
- Busnng price ($)L-
Row index popup menu

il | [T Tatals

= Buy or rent
) /4‘v/|/npprecmtion rate (%ivear) W |[> [ Totals
Column index popup menu

-10 -5 0

5

10

Bury -163K =144 3K

-110.9K

-58 67K

213K

Rent HIGEK 966K

-126 6K

-126 6k

-126 6k

|
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Chapter 3 Analyzing the Rent vs. Buy Analysis Model

14. Press on the Row index esult - Costs of buying and renting
popup menu and %Iect riide l.l: ol of oo of benin, "al'ld renting (%) ﬁl
B |ng Price ($) IEI Iuying |:|r||_.-; 4] = &
Uy : Appreciation rate [%/pear) Y
ball W Buy o rent ﬂ [ Totals
Buy or Rent becomes No Index bary w [>T Tatsls
thethird dimension with Fill -5 ] 5 10 =
a B Buy -1G3kK -144 3k -110.9K -SG5 67K 213K
g.ne |v ;? ( Uy) Rent -1 26 BK -1 26 B -1 26 61 -126 6 -126 6k
ISplayed.

L=
Sy

£ Result - Costs of buying and renting M=l E3
mid|  Mid Value of Costs of buying and renting () o |

Buyorrent O Buy 1I5 <

Lall | Buying price ($) - | [ Totals
N | Appreciation rate (Guvear) v |D [ Totals
-0 5 [ 5 10 =
120K 1238k 1052k -53.18K -44h 16.1 3K
140K -144 4k -1 262K -97 06k -51 33K 18.81K
160K RS A T A AR B TR HER

o o

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

. _— It - Costs of buyi d renti
15. Click on the navigating T ——— v
Mid Value of Costs of buyi d renti
artow ( £1 ) o show ] _ i Valuo ofCoste of uying and rnting ) ]
the corresponding table | =L e
Lall | Buying price (§) - | [ Totals
for Rent. L=l
| Appreciation rate (Guvear) |[> [ Totals
10 5 0 5 10 =i
120K 238K, 082K B3A9H 44K 16.13H
190K AT AR e e 55 EE
160K Ak Ade AT T A oeK SR ETe 21 5K,
[ o
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This table shows that Cost to Rent does not vary with Buying Price or
Appreciation rate.

£ Result - Costs of buying and renting

mid¥|  Mid Value of Costs of buying and renting (%) |
Buy or rent - Ba
Lall | Buying price ($) - I [ Totals
| Appreciation rate (3uyear) v |D [ Totals
10 5 0 5 10 =
120K 266K 266K 1IBEM]  1268K 1266
140K A2EEK, ADBAK  126EK]  1JREM]  TJREK
160K ATEEK AZBEK  APBEM  AZBEK 286K
| . |—I

Analyzing the Rent vs. Buy Analysis model: Summary

In this chapter, you have:

 performed importance analysis
« performed parametric analysis
« set up and compared alternative decisions

The next chapter introduces you to creating a new Analytica model.

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




I n this Chapter

This chapter shows you how to:

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

* Draw arrows between variables




Documenting the 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 itsicon as described in
“Opening the Rent vs. Buy model” beginning on page 11. Analytica
opens with a blank new model.

Documenting the model

Type Carcostsin the
Identifier field to
identify your 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.

Identifier (holds up to 20 characters)

JF. Object - Untitled

o=
@ Model ¥ =

Tab to, or click in, the
Titlefield (to the right
of the label Title) and
type Car cost model.

Tab to, or click in, the
Description field (to the
right of the label
Description) and type A
demonstration model to
show how to calculate
the cost of running a
car.

Seethefollowing figure
for the completed
screen.

reated: Fri, &pr 18, 1997 1:.09 PM
Last Saved:

File info: (naot saved yet)
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Analytica Note: You can either press the Tab key or use the mouse to
move between fields.

pw] &% +| O]o|o|o|o|a|a|p| 1]

2

& E|==

Add your name as the J. Dbject - Car cost model

author if your computer Carcosts =

does not automatically
register your name.

Title: Car cost model

scription: A demonstration model to shove howe to calculste the cost of running &
car.

Click on the Diagram

button (_ﬂ-‘_l) to display Created: Fri, Lpr 18, 1937 1:09 P
the model s Diagram — Last Saved:
window.

Author(s):

File info: (not saved yet) o

ol d

Editing a diagram

74

You previously were in the Browse mode, with the Browse tool ( 44 )
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 sureto note which tool is selected throughout the remainder of this
tutorial.

| 'z|=| #lo] &[% +| o|o|o|o|o|a|s|o| 1|
Browse tool | ‘ ‘

Edit tool |
Node palette

When the Edit tool is selected, a menu of iconsis displayed in the
Node palette. Theseicons 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 variableit s,

or if you know that the variable has a single value, represent it asa
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.

52| =|z=| #]o] &% =] m|9|_i|c>|o|a|a|a|r|

Drag the Chanceicon
(1= ]) to apositioninthe
influence diagram.

A new Chance variable
appearsin the diagram
at the location where
you release the mouse
button; the insertion
point indicates that you
can enter atitle.

Type Fuel cost for the
variabletitle.

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

/. Diagram - Car cost model
— T ™ _ - o ;I

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.

# Diagram - Car cost model
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Creating a Model

Analytica Note: Fuel cost isfilled with a diagonal line pattern around
itstext, 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).

== 8

3.

Drag the Chanceicon
(*=]) to aposition on
the diagram.

Type Fud and pressthe
Enter key to create a
second line.

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

o] 8]V +| olo|slols]2]als] 1]

#* Diagram - Car cost model

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).

# Diagram - Car cost model
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Saving your model

/4 Diagram - Car cost model

5. Repeat Steps#3 and #4

to create three more = § T § § NS §

variables, as shown in £ : RS : Tl

the figure. - : - : :

Title the variables m : m

Annual miles, Mpg, and 5 : 5 :

Age
8 |4

Saving your model

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 27.

Analytica initially uses the title of your mode&lar cost model, to
name the file that contains the model. To save the file under a different
name,selecBave As from theFile M enu.

EX s Ot Duivion foos
Pl el Cudsbd
Do Wil [k

1. Select Save Asfrom the Clows T e

File menu. \'1'”""
Hawmiz
Sewea Cops bn -

| =i

5 T T

Fand Prrasy

Eani_. el B
Pt Fjapext -
Fermz wrad Harez. sra

Pk Bl Modl aras
Ciai eeabana

W kst W oaded ana
Eg [l

Analytica defaults to your personal directory.
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2.

Type the new file name
here.

Creating a Model

Save Model Carcosts as

Save in; I £ Personal

File name: |Ear Cazt Model Save I
Save as lype: Iﬁlnalytiu:a Model [*.ana) j Cancel |

Deleting a variable

If the Age nodeis not
selected, select it.

Handles surround the
nodetoindicatethatitis
selected.

Select Clear from the
Edit menu, or pressthe
delete key.

78

Analytica Tutorial

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 thEuel Cost variable. Therefore, you will delete the
Age variable.

/% Diagram - Car cost model

T
Annual §
il

Handles



Click on OK to confirm
that you would like to
delete the selected
object.

Moving nodes

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).

Moving nodes

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

Question E

9 Deleting cannat be undang. Are paou sure you warnt bo delete the selected object?

Cancel |

When you create a model, you should try to structure the model layout
to make the model 1ogic easy to understand. Asyou refine your model,
however, you undoubtedly will want to group nodesin different ways.
You can move nodes easily to organize your influence diagramsin 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 asingle variable node in the diagram. You will then select and
move multiple nodes at once.

F° Diagram - Car cost model

(] : _\ TR
ey
n ; n : s

TR
§ Annual §
miles
R
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Chapter 4 Creating a Model

/. Diagram - Car cost model

2. Tomovethe Fuel price _ : : : : =
and Annual miles nodes ; T PR ;
at the same time, first : : ﬁ price § : § il §
select the Fuel price 3 LomoTEEET e

node.

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

Now, both nodes are
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

. . s u

nodg_to the l€ft, to the : : @ Eol § : ool §
position shown by the e W Tprce. ¥ 0 miles

: Dom T m : "

arrow. S

Both nodes reappear at : =N B
the location where you R

release the mouse button :

(seethefollowing

figure).

/4 Diagram - Car cost model

5. Click anywhere outside

- T BT B —
the two nodes within the § Fuel § &nnual §
diagram to deselect the (- o mes ¥
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 variabletitles

Each variable in the model is represented by atitled 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 variaklpg to Miles
per gallon.

#% Diagram - Car cost model

Select the Mpg node. e " R =
Fuel § § Annual § E

Click again inside the
node’ stitle to select its
text for editing.

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, Analyticainterpretsyour actionsasa double-click and opensan
Object window.
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Type Miles per gallon
and press Alt-Enter.

The newly titled node is
displayed.

Creating a Model

If you accidentally open the Object window, return to the Diagram
window by clicking on the Diagram button (_&.|).

: Miles per
=  oalon| o

#% Diagram - Car cost model

R | R
§ Fuel § § Annual §
BIFice: miles
B TR g S

Drawing an arrow between nodes

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

Because th#lilesper gallon variable influences thiguel cost variable,
you will draw an arrow connecting the two nodes.

sl==| elw| [ 4| mlolo|olo|a|a|o] 7|

Select the Arrow tool

(_= ) tobegin drawing
arrows.

Notice that the cursor
turnsinto an arrow
(=»).
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£ Diagram - Fuel cost Module

O B A 0 o i

é Fuel § § Annual §
"-‘-&E{{Egm*’ miles o




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 shownin
the following diagram).

Release the mouse
button when Fuel costis
highlighted.

The two nodes are now
connected by an arrow,

indicating that Miles per
gallon affects Fuel cost.

£ Diagram - Fuel cost Module

TR TR
§ Fuel § Annual
(=] miles
s AL
socsssgcosneananussoooa
Mliles per

allon

Deleting an arrow

)

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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4

Select the arrow.

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

Creating a Model

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

4 Diagram - Car cost model

B
Annual §
miles

Press the delete key to
delete the arrow.

The arrow disappears.

Miles per 3

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.
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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




Drag from any one of
the selected nodesto the
Fuel cost node.

Release the mouse
button when the
Fud cost nodeis
highlighted.

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

Deselect all of thenodes
by clicking in any
location in the diagram
that is not on anode.

Connecting multiple arrows

£ Diagram - Fuel cost Module - 10] ]
: : =

£ Diagram - Fuel cost Module

e
§ Fuel
price

Miles per

allan

oo
§ Annual § :
miles :

- [0] ]

. .I.b
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Chapter 4 Creating a Model

So|"z[==[ @ [s] &[N

7. Select the Edit button ,w:wh : ,«-:Emtrh: : —
((j _&|) totum off arrow § e Yy § e N
rawing. — TS '
TR LRatie NCCCLN B NN SLLTTRL SEPELE

Miles per

Entering attributes using the Object window

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.

5| || #|a] [ +| o]o|o|o|o|s|a|o| 1|

% Diagram - Car cost model

1. Double-click onthe e B B : : =
Annual miles node to § Fuel § § Annual §
open its Object window. B w o

Miles per %

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
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Select the contents of
the Identifier field.

Type Mpy and press
Alt-Enter.

Entering attributes using the Object window

using the Browse tool, you will not be able to enter or change
documentation.

Identifier Title

. Object - Annual miles

Annual_miles Units:

Title: Annual
miles

=l

Description:

|I| Definition:

Outputs: (O Fuel cost  Fuelcost

[ AW

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

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.

Title: Annual
miles

Description:

. Object - Annual miles

" Chance ™ | hipy | i Units: ]

Title: Annual
miles

Description:
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4.

Click on the Unitsfield.
Type miles/year and
press Alt-Enter.

Creating a Model

/. Object - Annual miles

My

=

Units: miles.i‘year|

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

Title: Annual
miles

Description:

Analytica Note: Analytica uses the information from the Unitsfield to
label graphs or tables that use the Miles per year variable; Analytica
does not use it in any mathematical computations.

4 Object - Annual miles

Title:

Units: milesfiear

Type Miles per year and
press Alt-Enter.

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

f::'-.,_ Object - Annual miles

My

Units: milesiyvear

=

Titla- Miles per year

Description:

J. Object - Miles per year

Moy

Title: Miles per year

Units: milesiyear

I
Description: gAverage miles driven per year|

Defining a variable explicitly

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 asingle
number.



Defining a variable explicitly

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

' Object - Miles per year

Click in the Definition

. Tl Units: milesfyear =
field to enter a - M:W &
mathematical e: Mies per year
expr on for the Description: Average miles driven per year
variable; type 12K. T o
[0  oefinitiont]

A Warningicon ([[T] )
indicates that this
variable’s definition has
not yet been accepted.

Outputs: (2 Fuel cost  Fuel cost

. Object - Miles per year

My Units: miesiyear =

Title: Miles per year

Click on the Check
button ( ] ) or press

A| t-Enter to accept the Description: Average miles driven per year
new definition. e w | X[

[T] oefinition: | 12x]

The Warning icon
disappears because the
variablenow hasavalid
definition.

Outputs: () Fuel cost  Fuelcost
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Chapter 4 Creating a Model

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

- & E=[glee| & x »| ojo|o|o|e|z|als]| 1]
‘ J. Dbject - Miles per year
3. Click onthe Diagram oy p— “
button_( LRL|) toreturn THle: WS per year
L?gfa:gﬂ Henee Description:

Definition: 12k

Outputs: {3 Fuel cost  Fuelcost

¥

1l d

Miles per yeaiis no longer filled with a diagonal line pattern around
itstitle, shown in the figure below. The clear node indicates that Miles
per yearnow has a definition that is valid and can be computed.

4 Diagram - Car cost model

Miles per 3

Defining a variable that isinfluenced by other
variables

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

‘ £ Diagram - Car cost model =l B3
Double-click on the - . . : : =]
Fuel cost node to open § .
. . . Miles per vear
its Object window. ] i

Theidentifiersandtitles

. T
of the three input Miles per 3
variables appear in the e JE00
Inputsfield for theFuel || - o Tl o
cost variable. -
; 0 | - i Fuelcost
Because the form of the : : : ‘m "
dependence has not =l . . . . : | -
e 4 »
been specified, the &
Definitionfield is =
blank £ Object - Fuel cost =]
{_» Chance Fuel_cost Units: =
Title: Fuel cost
Description:
e
|I| Definition:
Inputs: () Fuel price  Fuel price
T Mpg Mites per galion
O Moy Miles per year
ﬂ el P
Enter the variable’s /A UaTeES = [Fe) e M=l E3
units, $/year, and Fuel_cost Units: Shyear =
description, Annual cost \Trtle Fuel cast
of fuel. Description: Annual cost of fuel
. R |“"W’ v||)'(|»/’||Inpl.rt£=v
Click in the Definition @ pefinition: i| |
field to enter a ‘
mathematical expression Inputs: (2 Fuel price  Fuel price
' 3 Mpg Miles per galion
O My Miles per year
ﬂ 4
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Creating a Model

Because Fuel cost isequal to pricetimes milesdriven divided by miles
per gallon, you will enter the following expression into the Definition

field: Fuel _price* Mpy/ Mog. (An asterisk (*) represents
multiplication; aslash (/) represents division.)

£, Object - Fuel cost _ O] %]
Press on the Inputs : =
Fuel_cost Units: Fryear

popup menu, and select
the name of the variable
that you want to add, in
this case, Fuel price.
Fuel_price appearsin
the Definition field.

Type an asterisk (*).

Select Miles per year
from the Inputs popup
menu.

Typeasdash (/).

Select Miles per gallon
from the Inputs popup
menu.

Press Alt-Enter or click
on the check (] )
button to accept the
definition.

The Definition field
should look like this.
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Title: Fuel cost

Description:  Annual cost of fuel

O Mtar e enadbs
O A oy g

@ Definition:

Inputs: 3 Fuel peice
O Mpg
O My

Miles per galion
Miles per year

£ Object - Fuel cost

Units: $lyear =

Fuel_cost

Title: Fuel cost

Description: Annual cost of fuel

Definition: Fuel_price*mpyMpg

Inputs;/2  Fuel_price
2 Mpg
2 Mpy

Fuel price
Miles per gallon
Miles per year




Probabilistic definition

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.

sl |zl glo] 6% +] olo|o|olo|s|alo| 1)
£, Object - Fuel cost
10. Click on the Diagram Fuel_cost Units: $iyear =
button (J.|) toreturnto Title: Fuel cost

the influence diagram.

Note that Fuel cost is no
longer diagonally
shaded, indicating that it
has avalid definition.

Description: Annual cost of fuel

Definition: Fuel_price*mpyMpg

Inputs: 2 Fuel_price  Fuel price
2 Mpg Miles per gallan
3 mMpy Miles per year

[l A

Probabilistic definition

1

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

[ ] : [ ] . :
W ) Miles per year
- . .

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 awide
range of probability distributions. Consult a probability and statistics
text book for information on the characteristics and uses of different
distributions.

A% Diagram - Car cost model =] 3
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Change the identifier to

Price.

Creating a Model

A new variable automatically receivesadefault identifier based on the

first 20 characters of the variable’s title. You will now change this
identifier.

A% Object - Fuel price

(<= chance ™ | Price | ! Units: =
]

Enter the units, $, and
description, Price of a
gallon of gasoline, as
shown.

Intle: Fuel
price

Description:

@ Definition:

Outputs: {3 Fuel_cost  Fuel cost

. v

Analytica Note: As shown in the section “Defining a variable that is
influenced by other variables” beginning on page 90, 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.

Analytica Tutorial

£ Object - Fuel price =] B3
prce units: 9 =
Title: Fuel
price

Description: EPrice of & gallon of gazaline

@ Definition:

OQutputs: (3 Fuel_cost  Fuelcost




Enter the definition for
the normal distribution
asNormal(1.19, 0.1)

Click on the Check
button ( 7] ) or press
Alt-Enter.

Probabilistic definition

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 asan expression, rather than using the
Object Finder.

#4 Object - Fuel price H=] E3
Price Units: 3 =
Title: Fuel
price

Description: Price of a gallon of gasoling

e w | [

[T] Definition: Narmal(119,0.1)

Outputs: {3 Fuel_cost  Fuel cost

6.

Click on the button to
seethedistribution in
the Object Finder.

[

1
B

The definition field now contains a button, indicating the type of
distribution you just entered, Normal.

£ Object - Fuel price =] B3
Price Units: § =

Title: Fuel
price

Description: Price of & gallon of gazaline

Definition: LGRS ¢ 119,01

Qutputs: (3 Fuel_cost  Fuel cost
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Mean

Click on the Cancel
button to close this
dialog box.

Click on the Diagram

===

Creating a Model

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. |
TEFTE TorJ |
Chancedist (P& 1
Curmefist (PRI stddev
Fractiles (L)
Gamma { slpha, beta ) g .
Lognarmal [ median, gadey ) mean =

mean stddev
Horiie: 149 | 01

[ mean, stddey )

Mormalimean, stddey) returns a continuous, normal Gawssian probakility ;I
distribution wwith the specified mean and the standard deviation, stddey.

Carncel |

Standard
deviation

glow| 4y »| c|o|o|o|o|m|a|o|T]

button () to return
totheinfluence diagram
window.

Note that Fuel priceis
no longer diagonally
shaded.

#4 Object - Fuel price

Price

Title: Fuel
price

Description: Price of a gallon of gasoline

[a ~]

Units: §

Entering attributes using the Attribute panel
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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.



Entering attributes using the Attribute panel

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

1 Select the Miles per A% Diagram - Car cost model

gallon node. : 3
Miles per year

2. Click ontheKey icon

P |
(3) to display the ] §
Attribute panel. =

The Attribute panel appears below the diagram. You can use thisview
to enter or edit datafor the currently selected variable in the influence

diagram.
. . Miles per gallon: Description ™
3. Click inthe Attribute ; b - | ” £ l i
1 Average number of miles per gallon obtained by car| E
panel to enter the '
description for Miles B
per gallon. Type 4
Average number of
miles per gallon
obtained by car, then
press Alt-Enter.
. ; a Cl :
4.  Select Unitsfrom the o e
Attributes popup menu. 2 5] : ' Title ' : | _.é
Miles per gallon: _
Ayerage number of miles per galla N DES.C.H!:IIIDFI =
Definition
Inputs =
Outputs P
Domain
Walue
Probewalue
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Creating a Model

5.

Type miles/gallon, then
press Alt-Enter.

1

Select Definition from
the Attributes popup
menu.

The Warning icon

([/¥] ) and the
Expression popup menu
appear above the
Definition field.

Press on the Expression
popup menu and select
Distribution.

The Object Finder
dialog box displays the
Distribution library,
with thefirst distribution
(Bernoulli) selected. See
the figure on the
following page.
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Miles per gallon: Unit=s il

- mile:stoallon

=]
o

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 val ue that
isequally 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.

.................... Class
e 5] Il:!entlfler | _,Igl
. Title
Mile= per gallon: X
- v Units =
milesfgallon - =i
Description

Drefinitian

Inputs
Outputs
Dromnair

Walue
Probvalue

Miles per gallon: |I| Definition ¥ || v e Expression

B List

&= Table

= Probability Table
. Distribition

i Other...




Entering attributes using the Attribute panel

#* Dbject Finder

Librany: | Distribution w| Find |
Bernoulli distribution ey -
is selected 5y Bernoull
#Er Beta [ ¥, lower, upper 1
=5 Certain () P
BE Chancedist (P& 1] 1-p
B Cumdist (PR,
5 Fracties (L3 0 1
Y Gamma [ albha bheta =1
P

Bernoulli I 1

BernoullifP) returns a dizcrete probability distribution with a probakility P of resutt ;I
1 and a probahility (1-P) of result 0.

Cancel | ak. |

Scroll down to make
the Uniform
distribution visible and
selectit.

2% Object Finder

Distribution library Librany: | Digtribution - | Find.. |
Is selected N = L e Y|
= Mormal [ mean, stddey )
= Probdist (PRI
=5 Probtable CH. IR Rt pn)
B Triangular { tmin, mode, max ]
Uniform distribution BEr Truncate [ dist, X1 min e
is selected DT | niform [ min, ma ]

i max
Enter the values 20 and m 'an\zu | 30

30in the boxes.

Uriformimin, max]) returns & continuous probability distribution in which every ;I

value betweesn min and max has an equal chance of ocourring.

Click on the OK button r
to accept this new Cancel | 0K, |
definition.
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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 sel ected; the button is label ed with the name
of the distribution.

Distributi Miles per gallon: Definition il || A v |

istribution IS - =
button Wit 20, 301 =
Expression popup— [
menu p

Creating a module

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 (_&|) is selected.

alrzlz| @lo=] a[¥ ~| ololo|o|éls|alo| 7]

[
1. DragtheModuleicon

(_=) to the position
shown by the arrow.

Notice that a module
node has thick outlines.

2.

Title the node Fuel cost
Module and press Alt-
Enter.

£ Diagram - Car cost model

Milez per year

Miles per
gallon
] - |

- -z
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e 3]
Miles per gallon: |Deﬁnitiun o | A v |
Wrifarme ¢ 20, 30 =
=
]
]
f Fuelcost
¥ Module
| (]




Select dl of the nodes
(Fuel price, Miles per
year, Miles per gallon,
and Fuel cost) except
for the Fuel cost
Module.

To select dl of the
nodes, create aselection
box surrounding the
nodes by pressing the
mouse in the upper left
corner and dragging to
enclose the four nodes.

Drag from any of the
selected variables onto
the Fuel cost Module
node; thisnode becomes
highlighted when the
mouseisover it.

Release the mouse
button.

Creating a module

/% Diagram - Car cost model _ O] x|
C : : ; ; : =

£ Diagram - Car cost model - |O] =]
n - n u .. . . =
[ ] - [ ] .
Miles per :
gallon .
] - [ ] :
T T T ok a
: E ©om @ .
o reercost o -
: Module :
Analytica Tutorial
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Chapter 4 Creating a Model

Your diagram should now ook like the following.

£ Diagram - Car cost model Mi=] E3

il

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

Drawing arrows between variablesin different
modules

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.

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

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.

Drag the Chanceicon
(2]) to the position
shown by the arrow.

al=l=|e

pe| B[x =] B]O]

>lo|o|o|alo]T|
|

Maintenance cost to
Total cost.

2. Titlethis Chance /’ ‘\
variable Maintenance —_—
cost, and press A% Diagram - Car cost model - . - !IE[
Alt-Enter. : : o —
. . ' . [
. m . | .
* % Maintenance § : : :
.................. 1&! ‘
3. Dragthe Objectiveicon : : : : 1
(1=]) to the position : : : v .
shown by the arrow. : : f
................. N
4. Titlethis Objective : : : :
variable Total cost and : - :
. Fuel cost .
et estend | | (o) |
o ' ' ' e
=|'=|=|@|o-| 6% =] o]o|o|o|o|o|alo|x
5 Select the Arrow (j) /4 Diagram - Car cost model !lil
tool.
o
: Maintenance §
.................. cost
6. Draw an arrow from
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Double-click on the
Fuel cost Module
(which contains the
Fuel cost variable) to
open it.
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Creating a Model

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

/5 Diagram - Car cost model [ [O]

: D R . :
: * £ Maintenance § : : -
............... CDSt e e e e e e e e e e e e e e e e e

G Total cost

Fuel cost
Module

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 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.



Press on the title bar of
the Fuel cost Module
Diagram window and
move the window down
so that you can seethe
Total cost nodein the
window behind it.

9.

Drag from the Fuel cost
node to Total cost.

Drawing arrows between variables in different modules
/', Diagram - Car cost model =31 x|

: :Mairrtenance§ : : i
.............. cost

W

: : : COE Totalcost B ) 3
________ 3 R R

£ Diagram - Fuel cost Module

Miles per year

Fuel cost
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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 variablesin the
Fuel cost Module.

£ Diagram - Car cost model M=l E3

. L e TR . . ]
: 8 Maintenance § : : i
.................. CDS{ e e e e e e e e e e e e e e e e e e e ]

Completing the model

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 nodeto openits Object window.

A% Diagram - Car cost model

Document Maintenance
cost and Total cost and :
specify their definitions : [ ¢ Mantenance - : :
using theinformation | || - - R cost P R Socccocas
shown in the Object : : :
windows on the
following page.
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Completing the model

Enter these attributes for Maintenance cost:

£ Object - Maintenance cost [ [O] %] I
hairtenance_cost Units: ffyear —

Title: Maintenance
cost

Description: Annual car maintenance costs such as oil changes

aqr W
Definition: 2400

Outputs: {3 Total cost Tobal cost

Al El A

Enter these attributes for Total cost:

% Object - Total cost | _ (O] x|
{ Objective ¥ | Total_cost Units: Fiyear =

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

BROF W
Definition: Fuel_cost+Maintenance_cost

Inputs: {3 Fuel_cost  Fuel cost
> Maintena... Maintenance cost

=l B

5|=|=| #|am] [ +| ©|o|o|o|o|s|ao| 1|

Click on the Result
button to evaluate Total
cost.

Examine the mid value
and probability density
of Total cost.

#% Object - Total cost

{_: Objective ¥ | Total_cost Units: $iyear =

Title: Total cost

Description: Total annual cost of driving and maintaining a car

o L
Definition: Fuel_cost+Mairtenance_cost

Inputs: (> Fuel_cost  Fuel cost
2 Maintens.. Maintenance cost

EE
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/4 Result - Total cost [ [O)x]
mid¥ | Mid Value of Total cost (ivear) il
[ Toisk
fanld
=
2971
| "
£ Result - Total cost _ (O] %]
Lo Probability Density (Y) of Total cost ($iyear) (X) v ﬂl

@ Common Index:

Step

=l

0

Frobability Density

2000 200 2400

Total cost ($fyear)

2E00 2800

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 tlar Cost model to include
tables of data.
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Saving your model and quitting

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
Sumfunction

I n this Chapter



Creating an index variable

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 acollection 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 Analyticafolder 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 to¢ & |) is selected.
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2| z|:=| #loe] 6% =] o|o|o|o|o|s|a|o]| 1]
1. Dragthelndex node e -
icon (il) into the £ Diagram - Car cost model =1 E3
position shown. : : A - =
2. TitethenodeCartype. | | o (MeeEnesshy L
- 5 | : ;
_____
3. Double-click on Car S ; : :
type to open its Object : : : : : :
window. : ' : ; i
... Fueleost Y o
= : : : : o
Next, you will enter the documentation and definition for this index.
Car type will identify two different cars by size: small and large.
4. Inthe Description field, £ Obiect _ Car type !Iil
Car_type Units:
type Type of car owned, —
and press Alt-Enter. Tile: Cartype
Description: ™ Type of car ovwned
BXIF W
@ Definition:
(=
Al =
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Creating an array (table)

You will define Car type as alist of text labelsidentifying each car

type.
-
5. Sdect List of Labels — — —
from the Expression Title: Cor type
pOpUp menu. Description: Type of car owned
v 0 Erpreszzion
@ Definition: =
E= List of Labels
f.m Seguence
T Other...
=l
k| B
Analytica Note: AList differsfroma List of Labelsinthat aList can
contain numbersor expressionsthat computeto numbers, whilea List of
Labels only contains text, such as names.
6. Click inthefirst cell to £ Obiect_ o by [0l

Car_type Units:

Title: Cartype

select it, and type small
car; then pressthe Enter

key.

Description: Type of car owned

7. Inthesecond cell that
appears, type large car.

] 257
8. Click onthe Diagram &|"=[=| @ |ae| &[x ~| o|o|e|e|e|a|a|o]| 7|
button ( E)to return
to the Diagram
window.

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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You could define Maintenance cost as alist of numbers, but Analytica
wouldn’t know that each number correspondsto 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. Thiswill makeit easy to use Maintenance cost in cal cul ations
and obtain total costs by car type.

£ Diagram - Car cost model M= E3
: : : : : -

1. Double-click on

Maintenance cost to \- =
. . . ¢ Maintenance
open its Object window. : :

% Object - Maintenance cost K
2. Select Tablefrom the A Db !E'
. Maintenance_cost Units: $iyear
Expression popup menu. - )
Title: haintenance
cost

Description: Annual car maintenance costs such as oil changes

W B Eunression

Definition: X
= List

Table
= Probability Table
o Diztribution

T Other... =
= s

Outouts:

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

definition.
] Question
3. Click onthe OK button
to continue. \‘{) Replace current definition with a T able?

Cahicel |

Selecting an array index

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.
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Select Car typein the
Indexes list.

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

mall car
/:rge car {3 Mainterance cost (Self) »J

Click onthe Move (>>)
button to move Car type
into the Selected
Indexeslist on theright.

Car typeis now shown
in the Selected Indexes
list.

Click on the OK button
to accept the index.

Selecting an array index
Here, Car type appears at the top of the Indexes list, on the left.

£ Indexes

Preview: Indexes: | AllVariables Selected Indexes:

Time =
7 new lindex = =

Type of car owned

Cancel | ak. |
£ Indexes
Preview: Indexes: | AllVariables Selected Indexes:
O Mairtenance cost (Self) = 'E’ Car type =
Time . |
L7 new index
= =1
Cancel | ak. |

After choosing theindex for your table and clicking on the OK button,
an Edit Table window opens, indicating that thisis 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.

Analytica Tutorial 117



Ch apt er 5 Creating Arrays (Tables)

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.

4 Edit Table - Maintenance cost [_ (O] x|
£ Edit Table of Maintenance cost ($A/ear)

4, Select thefirst cell.

Car type

5. Enter 1200 for the small 2 Edit Table - Maintenance cost
car and 2400 for the £ Edit Table of Maintenance cost ($/4sear)
Car typ
large car. T o hme
Ea
. =i
6. Click on the Check smaligar. |\ . 1200
button ([¢7]) to accept large car 2400
the values. =]
5l =
7 Click on the Close A% Edit Table - Maintenance cost H=] E3
button to close the 7 Edit Table of Maintenance cost ($/year)
window.
8. Close the Maintenance
cost Object window by
clicking onits Close /% Object - Maintenance cost [_[Of %
button. Maintenance_cost Units: fiyear =

Creating another array using the same index

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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Double-click on Fuel
cost Module to open its
Diagram window.

Click onthe Key icon

(@) toopenthe
Attribute panel.

Select Miles per gallon.

4.

Select Definition from
the Attributes popup
menu

6.

Click on the OK button
to change the definition
toatable.

Creating another array using the same index

In this section you will define Miles per gallon as an array indexed by
Car type.

A% Diagram - Car cost model H=] E3

& Tatal cost

Fuel cost
Module

/% Diagram - Fuel cost Module =100 =]

Miles per year -

Miles per
gallon

Class !
"""" Identifier scoececsssacecsacaasg
F Tile I __E‘
Miles per gans=: Units .
Avwerage number of miles petaallo 2% Description =]
Inputs =
Outputs P
Dornain
Walue
Probwalue
Question

\‘.:) Replace curent definition with a T able?

Cahczel |
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5. Select Table from the

Expression popup menu.

Creating Arrays (Tables)

e -
&0 Ewpression

S e

B List

= Probability Table

7. Select Car typeinthe
left-hand list and click
onthe Move (>>)
button.

The result should look
as shown here.

Miles per gallon: |I]ef|ni'liun b | P
- v
Urifarm I (20,30) Distribution
i Other...
i
4
£ Indexes [ x]
Preview: Indexes: | AllVaiables Selected Indexes:
{3 Miles per gallan (Sl ;l 7 Cartype ;l
Time 0 | A
M
| = =]

8. Click onthe OK button.

9. Typeinauniform
distribution for each car
as shown here.

10. Click onthe Check

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

/£ Edit Table - Miles per gallon
{7 Edit Table of Miles per gallon (miles/gallon)
T rar type
_X =
=
=mall car Uniform(25,35)
large car niformi15,251
i r

11. Close thiswindow by
clicking on the Close

button.

‘ £ Edit Table - Miles per gallon M=] 3 |

Edit Table of Miles per gallon (milesigallon)

Viewing results of an array calculation

120 Analytica Tutorial

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



s == #

Viewing results of an array calculation

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.

o] 6% +| B|o|o|o|o|o|a|o]| 1|

Click on the Result
(|# ) button to
evaluate Miles per
gallon.

Click on the Table view
button (|fiZ])) to select
the Table view.

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

£ Result - Miles per gallon I =] E3

Mid Value of Miles per gallon (milez/gallon)

B el

X Axis:

Car type

Miles per gallon [miles/gallon)

szl car

Car type

large car

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

2|l @] &[% =] ololo|o|e|a|a|o|r
£ Result - Miles per gallon H=] E3
Mid Yalue of Miles per nallon (milesigallon) ﬁl
3. Click onthe Diagram Car type [ Totaks
button (_J.|) to return ~
to the Diagram window. =]
small car 30
large car 20
i N
4. Sdect Fuel price. Note Fuel price: |I]eﬁnitinn i || A v |
that it isdefined as a el 118,04 =
normal distribution.
=
L

SN Diagram  Window  Help

5. Select Mid Value from A Cirl+fi
the Result menu. Mid Value
Meanalue
Statistics

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

| 'zl=2| #lse] &% »| o|o|o|o|o|a|a|o]| 1|
£ Result - Fuel price Hi=] E3
6. Click on the Diagram Mid Value of Fuel price (§) |
button ( g.|) to return [ Totas
; Ll
to the Diagram window.
=
119
| °n
7 Select Miles per year Miles per year: |I]eﬁnitinn bl ||PJ=;W’ il |
' L S 124 =
Notethat it isdefined as
asingle vaue.
=
4
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Viewing results of an array calculation

the Result menu.

&| == #lor| 6% »| o]o|o|o|o|o|alo| 1]
8. Click onthe Result
(L # ) button.
Analytica returns the value, 12K.
£|=|=|e|w~| o[% =] olo|o|o|o|o|alo|T|
£ Result - Miles per year M=l E3
Mid Value of Miles per year {milesisear) ﬁl
9. Click onthe Diagram I Totals
button ( ﬂ) toreturn
to the Diagram window. =
12K
o m
You have seen that the mid values of the inputs to Fuel cost evaluate
to:
» Milesper 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 howruel cost is computed.
10. Select Fuel cost. Note Fuel cost: [Definition  w |[ear w ] T
X U . _— =
that it is defined as an (FriceTipy)pa)
expression.
=
o
11, Select Mid Value from a0 Diagram  window  Help

Show Result Chil+R

Mid ¥ alue
Mean Walus
Statistics
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12. Click onthe Table view

button (|[&2])) to select
the Table view.

Creating Arrays (Tables)

The Result window displays a bar graph with two values.

13. Closethe Result
window to go to the
Fuel Cost Diagram
window.

£ Result - Fuel cost [_ ol =]
midr | Mid Value of Fuel cost ($iear) =]
@ X Axis: Car type
i=all
1000 7

F)

£

®

T

=]

[}

o

&

small car large car
Car type

Analyticareturns an array, indexed by Car type. Thisis so, even
though Fuel Cost was not defined as an array, because one of itsinputs,
Miles per gallon, is an array indexed by Car type.

You can see how the values were obtained:

Smal | 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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£ Result - Fuel cost

mid | pid Value of Fuel cost ($ivear) =
Car type [ Tatalz
e
Lall
=

=mall car 475

large car 4 =
m




Zl=|#

Viewing results of an array calculation

o] 4% =] mlo|o|o|o|a|a|o|T

14.

Click on the Diagram
button ( #&|) to goto
the Car Cost Model
Diagram window.

2=

=] @

£ Diagram - Fuel cost Module

Miles per vear

Miles per
gallon

2 |4

o] 4% =] mlo|o|o|o|a|a|o|T

15.

Select Maintenance
cost.

16.

Click on the Result

(L#]) button

£, Diagram - Car cost model

..... Cartype [ - { Totalcost

f Fuelcost Y R S :
; Module : : !
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17. Click onthe Table view
button (|[Z]|) to select
the Table view.

Creating Arrays (Tables)

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

£ Result - Maintenance cost M=l E3

2=

Maintenance cost [$fyear)

small car large car

mid*]  Mid Value of Maintenance cost ($ivear) -
@ X Axis: Car type
el

4000

Car type

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

=] @

18. Click onthe Diagram
button ( ﬂ) to return
to the Diagram window.
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| W% =] O]jO|o|o|o|o|a|n|T|

£ Result - Maintenance cost

midw | pid value of Maintenance cost ($ivear) |

Car type [ Totals

L’l ==

=

small car 1200

large car 2400 =
'm




19. Select Total cost.

20. Select Definition from
the Attribute popup
menul.

21. Select Mid Value from
the Result menu.

A Diagram - Car cost model =] B3
; ; ; ; =
hzirtenance

............... . cost

- . u
..... Cartype [ - o \-Totdeost j o
; . =
................... Fue":os‘
Maodule
Class
|dentifier =

o 4] Title | v[=

Total cost: Units -

Total annual cost of driving and mg v Desciption (==

Inputs =
Outputs P
Dromain

Value

Probrvalus

Viewing results of an array calculation

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:

Snal |

Result

Show Result

car: 476 + 1200
Large car: 714 + 2400

1676
3114

Diagram  Window  Help
Chl+R

Mid ¥ alue

Mean Walue
Shatistics
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22. Click onthe Table \ e otal co
button (|[i=])) to view midT | Mid Value of Total cost ($iyvear) -
the result asatable. ffi2] X Azis: | Cartype
=1
4000 1
W
=
“
T 2000 4
]
I
e
0
small car large car
Car type
23 C!osethe Result £ Result - Total cost
window. ;
midw|  pid value of Total cost ($Aear) -
Car type 7 Totals
Ll
- |
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 carsis $4790. Note this
value for the next section.
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Combining results from a table

Combining resultsfrom atable

Click at the | eft side of
the Definition field and

type: Sum(

Click at the end of the
Definition field and

type: ,Car_type)

The Definition field
should now look like
this.

Click on the Check

button ( ) to accept
the new definition.

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 dimenstar type, giving a single
number.

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

\| Total cost: [pefinition  w |[=or » |X]7][Inputs + |
"\ | Sum(Fuel_cost+Maintenance_cost Car_type)| | ;I

=
&

&l =[==| @

| 0[x »| B]o|o|o|e|z[a]o] 7]

Click on the Result
button (| & |) to view

the result.

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

5.

Close the Result
window.

£ Besult - Total cost Mi=1 E3

mid¥|  pid Yalue of Total cost ($Aear) ﬂl
I Totals
Ll
e =
/ 4790 \ n
[} _ B
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Adding adimension to avariable

1

Drag the Index node
icon (&) to the
position shown.

Title the node Year.

Select Description from
the Attribute popup
menu.

In the Description field,
type Year of
ownership, and press
Alt-Enter.

Select Definition from
the Attribute popup
menu.

130
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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

_____ Cartype [ - f Totslcost

Fuel cost
Class
|dentifier
Title : : =
it | H=

S|
Year:

Drescription

w Definition =
Inputs
Outputs =

&

Dramain
Walue

s AL i
: N Class

- : |dentifier - . =

T 4 | Title | B
Unitz

v Dezcription

il

Year:

0

Year of ownership

Definition

Inputs
Outputs

Nk

Dannain
Walue




Adding a dimension to a variable

You will define thisindex asthe numbers 1, 2, and 3, representing the
first, second, and third years.

6. Select List fromthe vear: 1 [Definition ¥ |[55 ¥ | N
Expression popup menu. et

=

5

7. lisentered by defaultin
thefirst cell. Select the
cell, then pressthe Enter

key twice.
Now you are ready to expand Maintenance cost, making it atable
indexed by Year.
8. Sdect Maintenance £ Diagram - Car cost mdel . - . M=
cost. : : : : : I

_____ Cartype [ o\ Towlcost

L Fuetcost Yoo
: Module : : d

9. Click onthe Edit Table | : : : : : =
button to open the Edit e 1 = U ES
: Maintenance cost: Definition v v I
Tablewindow. Edit Table |indexed by Car type =
=
o
10. Click onthe (il) to £ Edit Table - Maintenance cost M= E3
open the Indexes dialog i~ Edit Table of Maintenance cost ($iear)
box. = v-3ar type
-
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11. Select Year inthe daiiei =ik
Indexes list. Preview: Indexes: | AllVariables Selected Indexes:
1 2 Maintenance cost (Self) = 7 Cartype =1
2 Time
12. Click onthe Move (>>) 3 2]
button to move Year 7 new index = |
into the Selected

Indexeslist on theright. ‘ear of ownership

Cancel | QK. |

13. Click onthe OK 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. Changethevauesinthe
cells, as shown here.
£ Edit Table - Maintenance cost H=] E3
i Edit Table of Maintenance cost ($ivear)
15. Click on the Check ><
button ([7]) toaccept  —— [ Year >
the changes. 1 z 3 =
small car 1200 1500 1700
large car 2400 2600 5000
A F
16. Closethe Edit Table i B

window by clicking on
the Close button.
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Completing the model

1. Change Miles per year

to be defined as atable.

Select Car type and
Year as indexes of the
table.

2. Enter thevauesinthe

cells, as shown here.

3.

Examine the Mid Value
of Fuel cost.

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 thisstep on

your own.
o | B
Miles per year: Definition il | v B Eupression
12 |
B List
Table
= Probability Table
A Distribution
it Other...
£ Edit Table - Miles per year |_ (O] x|
£ Edit Table of Miles per year {milesiear)
.
T [vex =
1 2 3 =
small car 12K 20K 12K
large car 12K 12K 12K
e
I B

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

calculate correctly.

A% Result - Fuel cost [_ O] x]
mid¥ |  pid Value of Fuel cost ($Aear) s
Cartype ¥ | [ Totals
el ¥ [¥eor ¥ Crax

1 2 3 =
small car 476 7833 476
large car 714 714 714

(=

5l B
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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 - |Of =]
4. Examinethe Mid Vaue e "
of Total cost. oy Mid Yalue of Total cost ($ivear) ﬂl
Year [T Totals
=
Lall
=
1 4790
2 2607
3 540 =
| |

Asexpected, Total costisaone 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 wemfunction.

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




I n this Chapter

This chapter shows you how to:

» Define a variable as a probability table

+ Define a variable as a deterministic
table




Documenting the model

In this chapter you will create a new Analytica model called Party
Problem. (For information about how to create a new model, see the
beginning of Chapter 4, “Creating a Model".) TiRarty 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.

Documenting the model

2=

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

=] @

o] 4% +] B|o|o|o|o|a|alo| 7|

1. TypePartyinthe
Identifier field to
identify your model.

2. Tabtoorclickinthe
Titlefield and type
Party Problem.

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

£, Object - Untitled I [=] ES
p/eated: Tue, Apr 22,1997 1.57 PM
s
/(ast Saved:
//
| 8 File info: (nat saved yet)
il M
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The Object window should now look like this:

2| '=|==| @|oe| &% =] o]o|o|o|o|o|a|o| 1|
£ Object - Party Problem =] B3 I
=
4. Savethe model by Title: Party Problem
selecting Save from the
. Description: The Party Problem evaluates atternative party locations and their relative
File menu.
value to me.
Author(s):
Created: Tue, Spr 22, 1997 1:57 PM

5. Click onthe Diagram

button (_#]) to bring Last Saved:

the Diagram window to
the front.

File info:

Tug, &pr 22,1937 2:08 PM

C by Stuffiling OmanParty Problem. A i

47|

Creating thevariables. Party L ocation, Weather, and

Utility

Using the techniques introduced in “Creating variables” on page 75,
you will create @&arty Location Decision variable, &Veather Chance
variable, and dJtility Objective variable.

& =|=

R || M [n | é}ll@l@lg}lDlElBlDlTl
| A
1 \

]

1. Create aDecision node “
(121) and titleit Party /
Location.

2. Create a Chance node

(=] andtitle it
Weather.

3. Create an Objective
node ((&]) and titleit —
Utility (value to me).

#4 Diagram - Party Problem
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Drawing arrows between the variables

Your diagram should now look like this:

/4 Diagram - Party Problem [_ O]
: Party Location B
. w\
. . ] 3 oy |
: : Litility 3, L
. - % [value to me)

. Wi L
3 Whizather 3

3 4] IR

Drawing arrows between the variables

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

arrows” on page 84.

s|"E= @

| 4% 4] olofololo|s|s|o] 7]

£ Diagram - Party Problem

1. Select the Arrow tool
(.

2. Select both Party
Location and Weather.

3. Drag from either node

onto Utility.

oi=l|
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Your diagram should now look like this:

A4 Diagram - Party Problem

Party Location

Defining Party Location asalist 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 thitility (Valueto Me) objective
node, so it is similar to th@ar Typeindex variable created for tigzar
Cost model in the section “Creating an index variable” beginning on
page 113.Rarty location is a decision variable, rather than an index
variable, because it is directly under your control.)

1. Double-click on Party : : : : : -
Location to open its : ; ; ; :
Object window.
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Defining Party Location as a list of labels

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

£ Object - Panty Location

Party _location Units:
Title: Party Location
ke party locations under consideration

Description: ™

Bxpr W
|I| Definition:

Outputs: Uiy w.. LN (value to me)

/% Object - Party Location

Party_location Units:

Title: Party Location

Description: The party locations under considersation

Select List of Labels
from the Expression

popup menu.

» e Expression

|I| Definition:

Outputs: ta e

Click inthefirst cell and
type Outdoors; then
press the Enter key.

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

£.7 Sequence

E+ Other...

=

#% Object - Party Location

Party_location Units:

Title: Party Locstion

cription: The party locations under considerstion

In the next cell, type
Indoors; then press
Alt-Enter to accept the
changes.

Click on the Diagram
button ( ) toreturnto
the diagram.

Outpdits (T Ubity v Litidity (value to me)

i

f|z|==| gl B[w =] o|o|o|o|o|a|a|s]T]

bject - Party Location

Party_location Units:

Title: Party Location

Description: The party locations under consideration

—_——
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Chapter
Defining Weather as a probability table

Creating the Party Problem Model

In this model, asinreal 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. Thisis done by defining
weather as a probability table. A probability table is Analytica’s

function for describing discrete probabilities.

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

£, Diagram - Party Problem [_ (O] x]

Party Location

3 Yy
A Uity
[value tome

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

% Object - Weather

Wieather

Title: vweather

Units:

De=scription: eather outcomes and probabilties

v e Eupression

III Definition:

3. Select Probability
Table from the

Expression popup menu.

B List
Outputs: = Table )
I T Probability T able

" A Distibution

¢ Other...
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4.

Click on the OK button.

Preview: Domains: | AlYarisbles Selected Indexes:
[T new index 1= € Weather (Self) =
>>|

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

Defining Weather as a probability table

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

£ Indexes I

=i =l

Cancel | ok |

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

£ 7| Probability Table of Weather
Weather

Analytica Note: A second row should be added to the table, containing
the same label asthefirst row, Sunny. If a second row does not appear,
make sure you have the text for Sunny selected, and press the Enter key
again
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£ Edit Table - Weather [_ O] ]
6. A second row is added & Probability Table of Weather
to thetable. Type Rainy 7 Weather
and press Alt-Enter to - v
accept the entries. =
Sunﬁ 1]
L‘
| EH
In the second column, you will enter the probabilities of the possible
outcomes.
7. Enter the values 0.4 and A Edit Table - Weather [_TO] %]
0.6 for the probabilities 7| Probability Table of Weather
of sunshine and rain. = Weather
=
2 \
| \\ =
8. Click on the Check suony...|[.......04
button ([&7]) to accept Rainy i =
these entries. | H
s =|==| @ |ee| ®m[x =] O|lo|o|o|o|z|a|o]| 7|

9. Click onthe Result
button (| # |) toevaluate
Weather.
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£ Edit Table - Weather
7 Probability Table of Weather

M=l E3

Weather
i ~
o
=
sunny 04
Rainy 06 =
| 2




Defining Utility as a deterministic table

The Mid Value is Rainy, since more than 50% of the probability was
assigned to Rainy.

sl =l:z| @] 6] +| ololoo]o|s]a|o|1]
£ Result - Weather [ O] x|
midv]  pid Value of Weather ]
10. Click on the Diagram I Totals
button (_J|) to return i
to the Diagram window.
=
Rainy

Defining Utility asa deterministic table

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.

£ Diagram - Party Problem [_[O0] I
1. Double-click on Utility : : : 2 ; .
to open its Object
window.

Party Location
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A4 Object - Utility [value to me]

2. Enter the units and

d&ecription as shown { Objective ¥ | Utiity__valus_to_me Units: § £
here. Title: Ltility

(value to me)

Description: The utility, or value to me, given party locstion and westher outcome,

assigned in dollars.

3.  Sdlect Other from the

Expression popup - v BJF Eupression
menu. @ Definition: ] T
Inputs: | & Probability Table
A Distribution

[ a7

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.

You will select theDet er nt abl e() function, which isin thérray
library.

£ Dbject FEERE G

Inputs
; Az W Math
BE)  arcts Paic R
wE el Diiztributian
4. PressontheLibrary =8y Tos | Specil
popup menu and select #Er Degre  Statistical
Array. #Er Exp Dperatars
U=y Facle  System Wariables I
Advanced Math
Financial
Abs(X) returns the absolute value of X ;I
=1
Cancel | Ok |

Analytica Note: The Object Finder gives a brief description of the
selected function.
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Defining Utility as a deterministic table

£ Object Finder

5.  Scroll down thelist and Librarys [ Arr v] Find |
select Determtable() . i a4

e Cum:.AIate ( :-:: 17 =l

—

Determtable (R wl . um) J

- - 5 Integrate (R1,R2,1)
6. To specify the indexes = Join { A&, |, separator, finalSeparata
for thetable, click onthe B Max (¥,
e

I ndexes button. Mdarraytotable A&, 1 L) o

etermmanic Indexes |

Determtabled, 12, miul, w2, .. .um) defines a conditional dependency on the ;I
outcomes of dizcrete uncettain variables, and returns an array that is reduced
across its probabilistic index(es). wl, w2, . um give the deterministic outcomes.

-

Cancel I ] |

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

7. Click onthe OK button /% Indexes ]
to accept these Indexes. Preview: Domains: | AllVariables Selected Indexes:
3 Uiy (value to me) (Self) = 1 Party Location =1
\E new index _I > Westher
e
= =

Cancel | ok, |

An Edit Table window opens for you to specify the dollar values for
Utility.

You will give avalue for each combination of party location and

weather. These values describe the amount of money it isworthtoyou
if you use a given party location and the weather turns out a certain
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Enter the values shown
inthecels.

Creating the Party Problem Model

way. Nominally, it is most valuable to have the party outdoorsif itis

sunny; it isleast valuable if it israiny and you are outdoors. Other
values fall between these extremes.

£ Edit Table - Utility [value to me)

7 Determ Table of Utility (value to me) ($)
— | Party Location W I

Click on the Check

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

10.

Click on the Diagram
button (_.]) to return

to the Diagram window.

7 N \L Weather b |[>

Sunny Rainy =
Outdoors 1000, ]
Porch a0 20
Indoorg 40 a0
| W
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Computing Utility
Computing Utility

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

sl e

o] 4% =] mlo|o|o|o|a|a|o|T

A4 Diagram - Party Problem

Party Location

1. Utility should still be
selected. Click on the

Result button (| #]) to : : : ; . .
computethemidvalue, | | L L el

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 isto hold the party

indoors.
% Result - Utility [value to me]
2. Select Mean Value ridw]  Mid Value of fility (value ¢ ) B
. [l alue I value 1o me
from the Uncertainty ) :
. I]E X Axis: Party Location
View popup menu.
=l
50
=
o
£
o
E 25 1
m
2=
£
%
o
Outdoors Farch Indoors
Farty Location
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The mean value givesyou avery different assessment: the porch gives
you the greatest expected utility. The mean value as estimated by the

sampleis approximately 40 for outdoors, 48 for the porch, and 46 for
indoors.

esult - Utility [value to me]

F ¥l Mean Value of WHility (value to me) ($) -
@ X Axis: Party Location
Eall]
a0 9
=
o
£
]
E 25
m
2
=
%
Outdoors Porch Indzors
Farty Location

The exact expected utility for each party location can be calculated by
multiplying the probabilities of the outcomes by the values of Utility:

Qut door s (100)*0.4 + (0)*0.6= 40
Por ch (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 calcul ates 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.

Creating the Party Problem model: Summary
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In this chapter, you have:

 defined a variable as a probability table, a discrete distribution



Creating the Party Problem model: Summary

+ 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. Createanother chance node, titled p, the probability of
sunshine. Defineit astherange of probabilitiesfrom 0to 100%,
asSequence(0, 1, 0.5).

2. Redefine Weather asp and (1- p) .

3. Recalculatethe mean value of Utility. Display theresult asa

graph:
% Result - Utility [value to me] [_ (O] <]
Mean Value of Wility (value to me}) (%) ><Y|
Key: Party Location v
100 7 . -
z e
o T
£
£ -
g 50 d__\_,-’" lllllll
[} e T T s,
2 T
£ T
=
0 T T T T
1] 0.z 0.4 0.E 08 1
P

Ky Party Locstion

—_— Outdoors

- Forch

------ Indaars
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Chapter 7

Creating the
Foxesand Hares
M odel




This chapter shows you how to:

Use theDynami c() function and the
system variabl@ime

Calculate the results of two nodes
simultaneously

Include variable names in definitions

Use theM n() and Max() functions

I n this Chapter



Documenting the 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.

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

£ Object - Foxes and Hares =1 3
Foxgs_hares =

Save the model by
selectingSave from the
File menu.

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

T Title: Foxes and Hares

Description: & simple ecology, showing the population changes aver time when the
fox population is dependert on a single species’ thare) population.

Author(s):
Created: Thu, May 15, 1997 11:28 &AM
Last Saved:

File info: [not saved pet)

¥

il Al

£ Object - Foxes and Hares M=l B3
=

@) Model ¥ | Foxes_hares

Title: Foxes and Hares

Description: A simple ecology, showing the population changes over time when the
fox population iz dependent on & single species’ (hare) population.

Authoris):

Created: Thu, May 15,1997 11:25 AM

Creating the Foxes and Hares diagram

To create a model of the fox and hare populations, you will make a
number of simplifying assumptions.
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Ch apter 7 Creating the Foxes and Hares Model

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.

1 Createsix General £ Diagram - Foxes and Hares - !El

variable (=) nodes

and title them Hare -”y Yy Ty
birth rate, Hares at are hirth rate ares at start ares at end

Stal’t, Har%at end’ FOX ............................................ ........
birth rate, Foxesat start :
and Foxes at end.

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

3. Draw arrows from Fox - : : : : i
birth rate to Foxes at

start, and from Foxes at : ) : : .
biFoxes st stan ki Foxes st end
LAY gl

start to Foxes at end.

Your diagram should | | ... TEESSSRmSE 0 ERmmmmmmE D PEmmEmmmmE L ;I
now appear as shown o : ' - : |
here.
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Defining Hare birth rate and Fox birth rate

Defining Hare birth rate and Fox birth rate

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

1. Select the Edit tool . % Object - Hare birth rate
(%) and double-click Hare._hirth_rate Units: =

on Hare birthrateto
open its Object window.

Title: Hare hirth rate

Description: _Birth rate of the hare population

efinition: 1003

2. Enter the Description
and Definition as shown
here.

Ooutputs: () Hares at.. Hares at stant

3. Closethe Object | ji
window to return to the
Diagram window.

/% Object - Fox birth rate

4. Double-click on Fox =
birth rate to Open its Fox_birth_rate Units:

Ob] ect window. Title: Fox hirth rate
Description:Birth rate of the fox population

5. Enter the Description
and Definition as shown 355
here. Outputs: () Foxes at.. Foses at start

6. Closethe Object
window to return to the 0| o
model diagram.
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Creating the Foxes and Hares Model

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

£ Diagram - Foxes and Hares (O] ]

Hare kirth rate i Hares st start [ Hares at end
. \ . \

Defining the Time variable

1. Sdect Edit Timefrom
the Definition menu.

The Object window for
Time displays.
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Next, you will investigate how the hare and fox popul ations grow over
timeif they are simply allowed to reproduce without any controls. You
will start with atime horizon of 10 units.

Analyticahas aspecial built-in variable, Time, for use in models such

asthis one. You will define Time as a list:
[1,2,3,4,5,6,7,8,9, 10] . The simplest way to define thislist
is by using the Sequence() function.

TGN Besulk  Diagram  wfind
Edit: Defimtiarn Chi+E

dit Time
Eazte [dentifier...
Shows | rvalid Variables

Math

Aurray

Diiztribution
Special
Statistical
Operatars
Syatem Yanables
Advanced kath
Financial

¥ rF YT YT Y¥YTYTVETYTT




Select Sequence from
the Expressions popup
menu.

Click on the OK button
to replace the existing
definition with a
sequence.

Enter 1 (to start at time
1) in thefirst Sequence
parameter field, start.

£ Object - Time

Sysvar
Title:
Description:
Definition:
i

Time:

Units:

Defining the Time variable

P 3 |

Time:

Dynamic simulation periods are specified in Time's defintion. This is
usually a list of numbers ar labels, typically in some unit of time (days,
weeeks, months, etc.). Use the "Dynamic)" function in your varisbles to

e Expression

v B Ligt
E= List of Labels

{# S

aequUEnCE

7+ Other... |

-

H 4

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

Tab to the next field,
end, and enter 10 (to
end at time 10).

Tab to the third field,

.Steps 5 al’_]d enter 1 (tO SequencelStart, End, Stepsize) returns a list of numbers from Start to End. If ;I
increment time b_y lunit Stepsize iz not specified, t returns a list of successive integers. Ctherwise, it
for each cal culatlon). returms & lizt of numbers, each differing from the one before by Stepsize.

=

Lihrary:l Array VI Find... |

W Min AN =

By Mormalize (R1,R2 1

=5 Product (AN

®5 Rark

B Slice AR =]

=tart end stepsize

Sequencel 1 I 10 I 1

Click on the OK button
to save your entries.

Carnicel |

1] |
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8. Click onthe Close
button to close the Time
Object window and
return to the Diagram
window.

Creating the Foxes and Hares Model

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

/% Object - Time

Sysvar
Title:

Time Units:

Time
Description: Crvnamic simulation periods are specified in Time's definition. This is
usually a list of numbers or labels, typically in some unit of time (days,
weeks, months, etc.). Use the "Dynamic()” function in vour wariables to
perform dynatmic simulstion.

Definition: _ Sequence |(1,1D,1J

il ld ]

Defining har e population as a function of time

1. SdectHaresat start .

2. Click ontheKey icon
(&) to open the
diagram’s Attribute
panel.

3. Click in the Description
field and enter the text
as shown here.

|

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.

£ Diagram - Foxes and Hares

- Y | - o
Hare hbirth rate tiHares at start
: A

: ki Hares at end

Fox hirth rate Foxes at start
N

ki Foxes at end

4, PresAlt-Enter to save
your entry.
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e ]
Hares at start: | Description ™™ |
The hare population at the start of each time period. =
=
&




Select Definition from
the Attribute popup
menu.

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, Dynani c( ) , is used to perform this calculation; it
calculates avalue for each unit of Time.

Dynani c() istheonly function in Analyticathat permits cyclic
dependency. In other words, the Dynam c() function allows you to
refer to the variable that it defines or to other dynamic variables at
earlier time periods. The Dynami c() function must appear at the
topmost level of a definition; it cannot be used inside another
expression. The syntax for Dynami c() requirestheinitial value of
the variable, or the value of the variable at the first unit of Time.

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

£ Diagram - Foxes and Hares

. . . - : .
Hare birth rate - =§ Hares at start g _=§ Hares at end %

Fio birth rate - =§Foxes at star‘t§ _=§ Foxes at end §
. € Lo

e 4] | FHs

Click in thetext field,
and select Other from
the Expressions popup
menu.

The Object Finder
window is displayed.

Hares at start: |I|| Definition b | w e Eupression

E List

E= List of Labelz
[ Table
=

A

=

Probability T able
Digtribution
Chaoice
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) /" Dbject R Current Module
7. Select Special fromthe Inputs

Library popup menu.

Diistribution

Special

Statistical

Operators

Sustem Yarables I

Advanced Math

Financial
=
=1

Cancel | Ok |

/" Object Finder

8. Click on Dynamic to

see the description and Library:| _Special v ] _Ffind. |
parameter box for the B Cubicinterp (DR KD =l
Dynami ¢() function. B Decompose [N J
= Determinant (o)
=

Dryclx £,

9. Click in the Dynamic { initialt .. intialn
LY. ¥

field and type
VT Fow tarry -— | [ pp LI

100, Hares _at_end
[Time-1]* (1 + initial1...initialn,expr
Hare_birth_rate). Dymarmi 100, Hares_st_end[Time-1] * (1 +Hare_birth_rate)|

Dynamiciintiall , ..initialn, Exprl returns an array with the value of expression

=

Expr for each time stepin the "Time" system variable. Yalues for the initial time

steps are given by initial1, .. initiain.

10. Click onthe OK button =]

(or press Alt-Enter) to
close the window. $|/’ LI

AnalyticaNote: Squarebracketsarenecessaryfor [ Ti ne- 1] . Besure
to use parentheses around other expressionsin Dynamni c() .
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11. Press Alt-Enter to
accept the definition.

12. Select Haresat end.

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

Defining hare population as a function of time

The Attribute panel showsthe Dynami ¢() functioninthe Definition
field. This definition states that the starting population of haresis 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 (Ti me- 1) plus the number of hares born.

Hares at start: Definition v | exp W |

Dynarmict 100 Hares_st_end[Time-1141+Hare_hirth_rate) )

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, theHares at end input is from an earlier time period.

Dynamic arrow

£ Diagram - Foxes and Hares

Ty

Hares at end

N - ]
Hare hirth rate v Hares at start |-
o ] : \

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.)

Hares at end: Description |

The hare population at the end of each time period.
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14.

Select Definition from
the Attribute panel's
popup menu.

15.

Click in the Definition

field; then selecHares

at start from the Inputs
popup menu.

Hares_at_start now
appears in the Definition
text field.

16.

Click on the Check

button ) (or press
Alt-Enter) to accept your
definition.

17.

With the Hares at end
node selected, click on
the Result button (| & ).

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

18.

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

164
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Creating the Foxes and Hares Model

[T)[pefinition___ ¥ [z w |X[)

Hares at end:

e 4]

Hares at end:

-
(7] [ Definition w |[eer w B |[inputs ¥ |

Hares_at_start|

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

#% Result - Hares at end [_ ol x=]
ridw]  Mid Value of Hares at end -
I]E X Axis: Time
Eal
100K 7
=
C
o
LR
o
m
I
1] T T T T 1
o 2 q B g 10
Tirne




Defining the fox population as a function of time

Defining the fox population as a function of time

You will follow similar stepsto definethe fox population. Assume the
starting number of foxesis 6. Instead of using the Object Finder, you
will type directly in the Definition field.

£ Object - Foxes at start H=] E3
() Variable W | Foxes_st_start Units: =

Title: Foxes at start

1. Double-click on Foxesat
start to open its Object

window.
escription: The fox population at the start of each time period.

2. EntertheDescriptionand e | X[ [mputs | :
Definition as shown @ Definition: ; Dynamic( 6, Foxes_at_end[Time-1]*1 +Fox_kirth_rate) )

here. Inputs: () Fox_birt... Fox birth rate

Outputs: () Foxes at.. Foxes atend

3. Returnto the Diagram

window. E
=l B
4. Double-click on Foxes
at end to open its Object
window.
. i Object - Foxes at end _ (O] x] I
5. Enter the Description as Faxes. at_end Units: =
shown here.

Title: Foxes at end

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

6. Enter the Definition [eor = | (] [inputs ¥ |

. Definition: | Foxes_at_star]
using the Inputs popup B oenintion: Foxes et ster
menu. nputs: () Foxes at.. Foxes at start

) Qutputs: #(_) Foxes_at.. Foxes ot start
Foxes at_start will now

appear in the Definition
field.

=]
£

7. Returnto the Diagram
window.
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With the Foxes at end
node selected, click on
the Result button.

You can see that the fox
population aso
explodes, but grows
more slowly than the
hare population.

Return to the Diagram
window.

Creating the Foxes and Hares Model

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

#% Result - Foxes at end [_ ol x=]
mid¥|  Mid value of Foxes at end X‘KI
X Axis: Time

400 7

Al

Fouxes =t end

Tirme

Creating the Populations objective

s == #

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

o] 6% +| B|o|o|o|o|o|a|o]| 1|

1. Select bothHaresat end
and Foxes at end.

2. Click onthe Result
button (| & |).

166 Analytica Tutorial

£ Diagram - Foxes and Hares

. - . u - n
Hare hirth rate " | Hares ot start :
: o (]

- . - .. - n
Fox hirth rate »| Foxes at start
: o (]

|~ B
e 4] | E=




Creating the Populations objective

3. Becauseyou want to Question x|
comparethetwo results,
click on the OK button ® Do you want to compare more than one result?
(or press Alt-Enter).
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-axisto
Time in order to see the two animal populations over time.
£ Result - Yal _|00)
4.  Click on the x-axis | IHEEmarsl - i)
popup menu and select =] [l
Time. ==l Xy Vel Ad
Mo Index
Now the population explosions of both the hares and the foxes appear
on the same graph. Note that the number of foxesis very small
compared to the number of hares and is visible on this graph asaline
on the x-axis.
5. Returnto the Diagram "‘ Result - val =10}
window. midw | Mid Value of Val =
o
100K
D 50K |
0 T
1} 2 4 E i 10
Tirne
by el
—_— Hares =t end
-— Fowes st end
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Move the new node to
the position shown in
the figure.

In the Attribute panel,
change the identifier to
Populations, replacing
the dummy name.

Press Alt-Enter to save
the change.

Select the Class
attribute from the
Attribute popup menu.

10.

From the Class popup
menu, select Objective.

168
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Next, you will adjust the position, name, and class of the new node.

£ Diagram - Foxes and Hares

Hare kirth rate Hares at start

:

Foxes at Start

e 4] | e
Populations: Identifier v |
Populstions =

Note that the title also changes.

Since this node is the final output of the model, you will change its
class to abjective.

o | i
FUpUlaUUnE: :Class hl |
v (O Yariable =

[ Decizion
{2 Chance =
i Dbjective 2
&7 Index
£ Congtant
22 Determ




Defining the population control: foxes capture hares

Defining the population control: foxes capture hares

1. Createtwo Generad
variable nodes and title
them Hare capturerate
and Hares captured.

2. Draw an arrow from
Hare capturerate to
Hares captured.

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

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 atime period.

£ Diagram - Foxes and Hares

Hare capture
rate

Hares :
captured o

4. Double-click on Hare
capture rateto openits
Object window.

Populstions

Analytica Tutorial
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Creating the Foxes and Hares Model

/% Object - Hare capture rate

5. Enter the Description [C varisbie ¥ 1 " — =
e [ Wariable ¥ | Hare_ N :
and Deflnlt[onasg’]own ariable - =11 cap‘ture rate ns:;
Title: Hare capture rate
here.
Description: FPercentage of hares captured by each fox during a time period.
. Definition:  25%
6. Clo% the Ob] ect Ooutputs: () Hares_c... Hares captured
window.
=
Al B
7. St Harescapured | et oo =
and, with Description 4 erie:
selected in the Attribute =
popup menu, enter the v
Description as shown
here.
If only adult hares are captured and only adult foxes are captors, then,
in atime 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 usethe Dynamni c() function, using aninitial value of
75 hares captured. Thistime you will enter the dynamic expression
directly into the Definition field.
8.  Draw arrows from both
Hares at end and Foxes
at end to Hares
captured.
............................. e Popuiations
9. Sdlect Hares captured.
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10.

Select Definition from
the Attributes popup
menu and click in the
Definition text field.

11

Type Dynamic(75,

12.

Select Hare capturerate
from the Inputs popup
menu.

Defining the population control: foxes capture hares

[[pefinition ¥ |- w

() Fowes af et
() A afamd

Hares captured:

: Dynamic(73,

13.

Continue editing the
definition of Hares
captured by typing and
by selecting inputs from
the Input popup menu
until it is as shown here.

14.

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

(][ pefinition ¥ [z~ | X]7]Inputs ¥ |

Dynamic( 75 Hare_capture_rate*Hares_at_end[Time-1]*Foxes_at_end[Time-1]1

Hares captured:

S

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.

Populations:
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15.

Click on the Result
button (| # )) to see the
number of hares
captured asafunction of
time.

172
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Creating the Foxes and Hares Model

#% Result - Hares captured H=] E3
i Mid Value of Hares captured XYI
X Axis: Time
500K 4
h=l
z
=
B
o 20K A
n
o
m
pu
0 T
0 2 4 B g 10
Tirne

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 164). Thisisreasonable;
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 M n() function.

The M n() function selects the minimum value from an array of
numbers. The syntax for finding the minimum of two numbersx and y
isMn([x,y]).(Theexpression[ x, y] createsan array from x and



16.

Select Hares captured.

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.

19.

Click on the Result
button (| # )) to see the
number of hares
captured as afunction of
time.

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

20.

Select Haresat end in
the model diagram.

Defining the population control: foxes capture hares

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.

Hares captured: |Deﬁnition i ””‘W it I
Drynamic(75 Min([Hares_at_start Hare_capture_rate*Hares_st_end[Time-11*Foxes_at_end[Time-1]]10 =

=
&

£ Result - Hares captured Mi=] E3
mid¥|  mid Value of Hares captured ><."f|
X Axis: Time
100K 1
=
2z
=
B
il S0k
n
a
m
I
1] T T T T 1
1] 2 d 1 g 10
Tirne
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Creating the Foxes and Hares Model

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.

Hares at end: |Deﬁni‘tion v ||!‘>¢1V v | X|/|| Inputs ¥ |

\éHareS_at_start-Hares_captured|

N

22.

Press Alt-Enter to
accept the revised
definition.

23.

Select Populationsin
the model diagram.

24.

Click on the Result
button (| # |) to see the
resulting populations as
afunction of time.
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£ Result - Populations [_ ol =]
midr|  Mid Value of Populations 5 |
Key: Populations v
X Axis:
100 1
L
s
#
. -
o 7
E 50 - . . /./
2 -
] .
o -
- -
1] T T T T 1
o 2 q B g 10
Tirne
Ky Fopulations
—_ Hares at end
-— Fowes at end




25.

Select Hares captured.

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 (| ) to see the

results.

30.

Return to the Diagram
window.

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 oHares captured, to allow 20 to survive.

Hares captured: | Definition i ||e:<w- v |
Drynamic( 75 Min([Hares_st_start-20 Hare_capture_rste*Hares_st_end[Time-1]* =
Foxes_at_end[Time-1]-20]1
=i
o

#4 Result - Populations _ (O] %]
midw|  pid Value of Populations x|
Key: Populations W
X i
100 7
L
r
r
Z .
-
% -
z 0 4 . . . //./
3 e
o ,‘___.—'
1] T
1] 2 d 1 3 10
Tirne

by Fopulations

—_— Hares at end

-— Foxes 3t 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.
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Defining the population control: foxesrequire hares

During any time period, each fox needsto eat at | east ten haresin 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.

£ Diagram - Foxes and Hares

1. Createtwo Genera
variable nodes and title

them Haresneeded by 1 Hare kirth rate : g
fox and Foxes = :

SUI’VIVIng ........................................................

Hares :
captured .
71N o
- S
o

LY Foxes
by 1 fox 3
i

- . AN ; ;
Faox hirth rate - o Foxes stsrart - Foxesatend |- -« - ..

2. Draw arrows from both
Hares needed by 1 fox
and Hares captured to
Foxes surviving.

s surviving s — -

- - . al
2 4] | e

3. Draw an arrow from
Foxes surviving to
Foxes at end.
4. Double-click on Hares £ Object - Hares needed by 1 fox |_[O] x|
needed by 1 fox to open Hares_needed Units: =
|
its Object window. Title: Hares needed by 1 fox
Description: Mumber of hares that one fox must capture in & time period to survive.
BxlF W
5. Edit the !dentlfler, efinition: 10
Description, and
Definition as shown Outputs: () Foxes s Foxes sunviving
here. =
7| B

6. Closethe Object
window.
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Defining the population control: foxes require hares

7. Double-click on Foxes £\ Obiect - Fozxes surviving
surviving to openits Foxes_surviving Units: =
Obj ect window. Title: Foxes surviving
Description: Mumber of foxes surviving a time period, by eating the number of hares
captured.
8.  Enter the Description e v
and Definition as shown _/wares_camuredmares_needed
here. Inputs: () Hares_ca.. Hares captured
() Hares_ne.. Hares nesded by 1 fox
Outputs: () Foxes at.. Foxes at end
=
9. Closethe Object ml |
window.
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
M n() function.
10. Salect Foxes at end. Foxes at end: |I]eﬁnitiun il ||9W b |
Min([Foxes_surviving Foxes_at_stad]) [-
11. Inthe Attribute panel,
edit its definition until it A
appears as shown here.
12. Select Populations. /% Result - Populations =] E3
midw|  mMid Value of Populations L]
e
| X A
13. Click on the Result
button (| # ) to seethe 1430
results.
]
S
E_
le+30 T T T T 1
1] 2 4 E g 10
Tirme
Ky Fopulations
e Haraz at end
-— Foxes at end
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Creating the Foxes and Hares Model

It looks like the population of foxesis declining below 0, allowing the
hare population to explode! To verify this, look at the table view by

clicking on the Table button ().

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 femalel!).
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 popul ation, whichever is greater. To implement this
constraint, you will use the Max () function.

14.

Edit the definition of
Foxes at end until it
appears as shown here.

15.

Select Populations.

16.

Click on the Result
button (| ) to see the

results.
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Foxes at end: |I]eﬁniti|:|n v "FW v |
Mz ([2 Min([Foces_surviving Foxes_st_start])]) =
=
i
A% Result - Populations [_ ol =]

mid¥|  Mid Value of Populations i

Key: Populations v
X Avis:

A0

200 4

Fopulations

1] === T u T 1
1] 2 d E 2 10
Tirne

Ky Populzstions
—_— Hares at end
-— Foxes =t end

Now you can see the fox population falling and rising, with a much
larger hare population rising and falling.



Viewing the final results of both populations

Viewing thefinal results of both populations

Finally, you will examine the fox and hare populations fluctuating
over alonger period of time, 100 periods.

- /. Object Finder =]
1. Select Edit Timefrom ) -
the Definition menu Library: |_Array v]_ Find. |
’ P ol e T3 R e N =]
5 hctakle [ T, Rows, Colz, Wars, conglor
i B Min (X1
2. Click on Sequence. BEr MNormalize CRIRZ, 1) |
B} Product LX)
3. Changethe End Rarlk (X.1) _
parameter from 10 to i 1= ([ start, end, stepsize )
100, start end stepsize
. Sequence r 7 | 100

. Seqguence(Start, End, Stepsize) returns a list of numbers from Start to End. If ;I
4. Click on t_he OK button Stepsize iz not specified, t returns a list of successive integers. Ctherwise, it
to save this change. ————Lreturng & list of numbers, each differing from the one before by Stepsize.

=1
Eancel\l 0K |

5. Closethe Object
window for Time.

The Calculate button
appearsin the Result

window.

6. Click onthe Calculate # Result - Populations M=
button to see the | ImET]  Mid Value of Populations |
population cycle swings I Caloulate |
over the 100 time
periods.
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#% Result - Populations M= &3
Mid Value of Populations WI

Key: Populations W

400 7

200 A

FPopulations

= =2 4 =t et = T T =
0 20 40 B0 a0 400

Key Fopulations
——  Haresatend
-— Foxes at end

Now you can clearly see therise 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 Foxesand HaresModel: Summary

In this chapter, you have:

« defined a variable as a function of another variable at an earlier
time period using thBynani ¢() function and the system
variableTime

« 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
M n() and Max() functions.
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On Your Own




I n this Chapter

Thischapter describesthe example models
provided with Analytica.




Business Examples

Congratulations on completing the Analytica Tutorial. You are now
ready to begin creating your own models.

For more detailed information on Analytica, see the Analytica User
Guide. It isareference on all aspects of Analytica, including
descriptions of all available functions.

Within the Analyticafolder are folders titled Example Models and
Libraries, which contains a variety of Analytica models, including all
the examplesillustrated 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 awealth of ideas on using Analyticafor 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 valuesinto the
existing template and/or modify the variable definitionsto reflect your
own accounting standards.

Mar ket M odel
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This model explores a market for a new product, and the pricing and
advertising budget decisionsinvolved. This example also shows the

use of “forms” for receiving input and presenting output for users of
the model.
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Business Examples

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
calculatesthe monthly unit revenuerate required from each subscriber
of aservice to give areturn 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
whereto throw it. Thismodel shows how to model a 2 branch decision
tree in Analytica.

A Diagram - Two Branch Party Problem =] 3
=

cold
Decision
tree

B | T

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 Networ k

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 variablesin the model (using the pull down menus),
and compute the posterior probabilities for any of the other variables.
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Decision Analysis

For more on thistechnique, 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.

Analytica Tutorial 187



Chapter

188

On Your Own

Tornado Diagrams

Analytica Tutorial

A Tornado diagram is a common tool used to depict the sensitivity of
aresult to changes in selected variables. The fundamental analysis
behind a tornado diagram consists of varying only one input variable
at atime, keeping all other variables at their nominal values.
Typically, aLow and aHigh value are selected for each input, and the
output variable is computed while only one variable varies at atime.
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% 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 diagramsto be created. The
conventional (non-rotated) tornado diagram can be obtained using
Excel Graph from within Analytica. An example of plotting with both
Analyticaand Excel are given in the example.
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Dynamic Models

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.
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Dynamic Models

Thisfolder includes modelsthat use Analytica'sDynanmi c() function
for performing dynamic simulation (modeling with cyclic
dependencies).

Leveling
Thisexamplelevels 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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M ass-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 accel eration 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 M otion

Analytica Tutorial

An example demonstrating how to use the system variable Time and
the Dynanmi c() function to model time-variant behavior—in this
case, the motion of a projectile.
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Engineering Examples

Unequal time steps

This model gives an example of adynamic variable that calculates

growth over time, where Timeis 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 @kd er nt abl e instead of
nested f. ..t hen 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.
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Choice and Deter mtable

This model showsthat when Choi ce nodes areindexed by 'self’, you
can use Det er mt abl es to propagate the selected choice. Thisis
cleaner than some other methods of using Choi ce outputs.

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 Vector3&chnometrics, 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

Analytica Tutorial

This model demonstrates how to extract a diagonal from a matrix.



Function Examples

Regression Examples

This model demonstratesthe use of Generalized Linear Regression by
best fit curves of various function formsto a set of (x,y) points.

Sorting People by Height

This example sorts an index (People) by atable of values (Heights),
and then uses the sorted index to created a sorted table of values
(Sorted heights).

Subset of Array

This model creates a subset array out of alarger array based on a
decision criterion.

£ Diagram - Subset of array M=l I
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Swapping y and x-index

This model swaps acomputed 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 MDTabl e 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 datato be viewed either as a graph or in a pivot
table, the geometric relationship between records often becomes
immediately evident.
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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.

Txc
This model demonstrates risk/benefit analysis, in this case regarding
the benefits of reducing the emissions of fictitious air pollutant TXC.
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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

Thismodel contains Post er i or, afunction for calculating posterior
probabilities using Bayes' Theorem.
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Libraries

Continuous Distributions

This model contains the Exponenti al , Logi sti c,
LogTri angul ar, LogUni f orm and Wi bul | functions.

/' Diagram - Continuous Distributions

Data StatisticsLibrary

This model contains functions for calculating statistical quantities for
numerical data (that is, alist of numbers): the Mean, Standard
Deviation, Kurtosis, Skewness, and Variance.

Discrete Distributions

This model contains the Bi nomi al , Geonetri c,
Hyper geonetri ¢, and Poi sson functions.

/5 Diagram - Discrete Distributions

Binarnial Geometric Hypergeometric Paizson
(g L] (D) Calphia)

Expand I ndex

This model contains the function Change | ndex. Whenthis
function is given an array indexed by one inde, it returns an array
indexed by another index.

This model contains an examplein which Change | ndex isused to

combine cashflows over two different time periods into a single
cashflow over a single time period.
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Financial Library

This model contains a variety of corporate finance functions: Black-
Scholes Option Values (Cal | Opti on, Put Opti on), Capital
Asset Pricing Model (CAPM), Miles/Ezzell Adjusted Cost of Capital
(Cost CapME), Modigliani/Miller Adjusted Cost of Capital

(Cost CapMM), Present Value of Perpetuity (PVper p), Present Value
of Growing Perpetuity (PVgper p), and Weighted Average Cost of
Capital (WACC).

ODBC-Library

This library provides additional functionality (Val Li st ,

I nsertRecSql, WiteTabl eSql ) for using ODBC accessto
databases. Note that using ODBC requires Analytica Enterprise - refer
to Chapter 21 of the Analytica Users Guide.

User Guide Examples

Thisfolder contains the examplesthat 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 changesin 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)".
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User Guide Examples

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”.

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 Bg@ani ¢ function.

These models are used in User Guide Chapter 17, “Modeling Changes
over Time”.
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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”.

I nput and Output Nodes

This model is used in User Guide Chapter 9, “Creating Models to be
Used by Others”.

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:

info@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.




Array

A collection of values that can be viewed as one or more tables. An
array has one or more dimensions; each dimension isidentified 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.

*| Arrow tool
The tool for drawing arrows between nodes.

Attribute

A property of an object, such asitstitle, 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 atime 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.

201



Cumulative probability distribution

A graphical representation of a probability distribution. It plots the
cumulative probability that the actual value of the uncertain variable
Xwill belessthan or equal to each possiblevalue of X. The cumulative
probability distribution is a display option in the Uncertainty View
popup menu on a Result window.

=] | 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 numbe

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.

Deter ministic table

A function that gives the value of a variable conditional on the value
of its input variables, where the inputs are all discrete variables.

Deterministic value
Seemid 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 becaug
it can be edited.

_ & | Edit tool

A tool for creating or changing a model. Use it to move, resize and ed
nodes, and expose the Arrow tool and Node palette.
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Expression
A formulathat can contain any combination of numbers, variables,

functions, distributions, and operators, suchas 0.5, a- b, or
M n( x) , combined according to the Analytica language syntax.

Expression type

Expression typesinclude 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.

g Graph

Format for displaying a multidimensional result. To view aresult asa
graph, click on the Graph button. See also table.

ldentifier

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). Compardtte.

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 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.

203



Indexes

Plural of index, indicates a set of index variables that define the
dimensions of atable (in an Edit Table or value).

r | Index variable

A classof variable, defined asalist, list of labels, or sequence, that is
used to identify the dimensions of atable, 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 amodel, consisting of nodes (variables)
and arrows (rel ationships between variables).

Input

Aninput of avariable X isavariable 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 nhumbers or

expressions, available in the Expression popup menu. A list is often
used to define Index and Decision variables.

List of labels

A type of expression, consisting of an ordered set of text labels,
available in the Expression popup menu. A list of labelsis often used
to define Index and Decision variables.

M ean
The average or expected value.
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Mid, Mid value

A calculation of the variable’'s value assuming all uncertain inputs are
fixed at their median values.

M odel

A module, or a hierarchy of modules; the main, or root, module at the
top of the module hierarchy. Between sessions, amodel is storedin a
Analytica document file.

E' 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 representsavariable
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 amodel.

Object window

List of the attributes for an object (variable, function, or module),
including its class, identifier, title, and description.

) |Obj ective 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 modelsis 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.
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Output

An output of avariable X is avariable 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 analysisin 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 thetotal probability, while the 50% probability band correspondsto
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.

Probability density function

A graphical representation of a probability distribution that plots the
probability density against the value of thevariable (also referred to as
PDF). The probability density at each value of X istherelative
probability that X will be at or near that value. The probability density
function can be displayed for continuous, but not discrete, variables.
It isadisplay option in the Uncertainty View popup menu on a Result
window.

Probability distribution

Describes the relative likelihood of a variable having different
possible values.
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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 atable that isindexed by itself.
Salf 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 be seen at
onetime. A tableis atype of expression available in the Expression

popup menu. A definition that is atableisalso called an Edit Table.

Inthe 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'stitleis
displayed in its node, in window titles, and in object lists. It islimited
to 255 charactersin 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.

207



Uncertainty View options

An uncertain result can be displayed asaMid 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, o
table. Classes of variable include Decision, Chance, and Objective.
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Analytica Quick Reference

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 Megaor Million -3 m milli
9 G Giga -6 1] micro (mu)
12 T Tera or Trillion -9 n nano
15 Q Quad -12 p pico
-15 f femto

Analytica Note: If fixed point is selected, a number larger than 10° displays in exponent format.
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	Welcome to Analytica
	Who can use Analytica
	Tutorial overview
	Installing Analytica
	1. Start Windows.
	2. Insert the Analytica CD in your computer’s CD-ROM drive.
	3. Click on the Start button on the Windows taskbar.
	4. Select Run from the popup menu.
	5. In the Run dialog box, specify the program SETUP.EXE on your CD-ROM drive (usually either the ...
	6. Click on OK.

	Conventions used in this tutorial
	1. This is an instruction.
	2. In a step, this is the text you will enter. This is explanatory text.

	Assumed background
	Introduction
	About Analytica


	Opening the Rent vs. Buy model
	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.
	5. Open the Rent vs. Buy model.
	3. Double-click on the icon for the Rent vs. Buy model to start Analytica.
	4. Enter your name, followed by pressing the Tab key. Then enter the name of your company, follow...
	5. Click on the Register button.

	Becoming familiar with the diagram window
	Using Online Help
	Computing an output value
	1. Click on the Calc button to compute the comparison of the cost of buying to the cost of renting.
	2. Click on the diagram window to bring it to the front.

	Changing input values and recomputing
	1. Click on the box next to Time horizon. Change the value to 7 and press Alt-Enter.
	2. Click on the box next to Monthly rent. Change the value to 1400 and press Alt�Enter.
	3. Click on the box next to Buying price. Change the value to 180K (or 180000) and press Alt- Enter.
	4. Click on the Calc button to compute the comparison of the cost of buying to the cost of renting.
	5. Click on the diagram window to bring it to the front.

	Examining and changing an uncertain input
	1. Click on the Normal button next to Rate of inflation.
	2. Scroll down the list of distributions until you see Uniform, and select Uniform.
	3. Change the minimum to 3 and the maximum to 4.
	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 re...

	Displaying alternative uncertain views
	1. Press on the Uncertainty View popup menu to see the uncertainty view options. Select Cumulativ...
	2. Press on the Uncertainty View popup menu to see the uncertainty view options. Select Mid Value...
	3. Click on the Table view button () to select the Table view.
	4. Select Mean Value () from the Uncertainty View popup menu.
	5. Select Statistics () from the Uncertainty View popup menu.
	6. Select Sample () from the Uncertainty View popup menu.
	7. Use the scroll bar to examine more sample values in the table.
	8. Click on the Result window’s close button to return to the Diagram window.

	Using the Rent vs. Buy model: Summary
	Saving your model
	1. Select Save from the File menu. You can also type the keyboard shortcut, Ctrl- S.

	Closing your model without saving
	1. Select Close Model from the File menu.
	2. Click on the No button.

	Quitting Analytica
	1. Select Exit from the File menu.
	Chapter 1
	Using the Rent vs. Buy Model



	Recognizing an influence diagram
	1. Double-click on the Model node to open it.
	A Decision variable is represented by a rectangular node. A Decision variable is directly under t...

	Opening an Object window
	2. Double-click on the Buying price node to open the Buying price Object window.

	Moving between Object windows
	1. Double-click on the output variable titled Mortgage loan amount.
	2. Double-click on the Down payment input.
	3. Click on the Close button to close the window and return to the diagram.

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

	Inspecting definitions in the Attribute panel
	1. Click on Description to view the Attribute popup menu.
	2. Select Definition as the new current attribute to display. The definition of Buying price is d...
	3. Select the Rate of inflation node. The definition in this example is a normal distribution; he...

	Opening a module
	1. Double-click on the Cost to Buy node to open the module.
	2. Click on the Diagram button () to return to the parent diagram, Model.
	3. Double-click on the Cost to Rent node to open the module. The Cost to Rent diagram opens (see ...
	4. Click on the Diagram button () to return to the parent diagram, Model.
	5. Select the Buying price node.
	6. Select Outputs from the Attribute popup menu to view a list of variables that depend on the Bu...
	7. Double-click on Insurance.
	8. Click on the Diagram button () to return to the parent diagram, Model.

	Inspecting values in the Attribute panel
	1. Select the Present value of cost to buy node.
	2. Click on the Key icon () to open the Attribute panel.
	3. Press on the Attribute popup menu and select Value.
	The deterministic (or mid) value of Present value of cost to buy displays, in this case, �67.2K.


	Displaying results
	1. With Present value of cost to buy still selected, click on the Result button () to evaluate it.
	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 nex...
	4. Click on the Diagram button () to display the Cost to buy diagram.
	5. Select Moving costs and then click on the Result button () to evaluate.
	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
	Chapter 2
	Exploring the Rent vs. Buy Model


	Examining the difference between renting and buying
	1. Click on the Difference between buying and renting node to select it.
	2. Click on the Result () button to evaluate it.
	3. Click on the Diagram button () to return to the Rent vs. Buy Analysis Diagram window.

	Importance analysis
	1. Select the Difference between buying and renting node.
	2. Click on the Result button () to display the importance values.
	3. Click on the Diagram button () to return to the Rent vs. Buy Analysis Diagram window.

	Performing parametric (sensitivity) analysis
	1. Select the Appreciation rate node.
	2. Select Definition from the Attribute popup menu to view its definition.
	3. While pressing on the Expression popup menu, drag the mouse to List, and release the mouse but...
	4. Click on the OK button or press the Enter key to confirm that you want to change the definitio...
	5. Select the cell by clicking in it. Type the value -10 and press the Enter key.
	6. Type -5, followed by the Enter key. 0 automatically appears. Press the Enter key two more time...
	7. Select the Costs of buying and renting node.
	8. Select Mid Value from the Result menu.
	9. Click on the Table button () to view the result as a table.
	10. Click on the Diagram button () to return to the Rent vs. Buy Analysis Diagram window.
	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 t...
	3. Click on the OK button to proceed.
	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.
	6. Select the Difference between buying and renting node.
	7. Select Mid Value from the Result menu to recompute and display its value.
	8. Click on the Diagram button () to return to the Rent vs. Buy Analysis Diagram window.
	9. Select the Costs of buying and renting node.
	10. Select Mid Value from the Result menu to recompute and display its value.
	11. Click on the down arrow () to display a scrolling list of alternative values for the variable.
	12. Click on 160K to select it.
	13. Click on the Table button () to see the table view.
	14. Press on the Row index popup menu and select Buying Price ($). Buy or Rent becomes the third ...
	15. Click on the navigating arrow () to show the corresponding table for Rent.


	Analyzing the Rent vs. Buy Analysis model: Summary
	Chapter 3
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	Documenting the model
	1. Type Carcosts in the Identifier field to identify your model.
	2. Tab to, or click in, the TItle field (to the right of the label Title) and type Car cost model.
	3. Tab to, or click in, the Description field (to the right of the label Description) and type A ...
	4. Add your name as the author if your computer does not automatically register your name.
	5. Click on the Diagram button () to display the model’s Diagram window.

	Editing a diagram
	Creating variables
	1. Drag the Chance icon () to a position in the influence diagram. A new Chance variable appears ...
	2. Type Fuel cost for the variable title. Press Alt-Enter or click on any other location in the d...
	3. Drag the Chance icon () to a position on the diagram.
	4. Type Fuel and press the Enter key to create a second line. Type price and press Alt-Enter to i...
	5. Repeat Steps #3 and #4 to create three more variables, as shown in the figure. Title the varia...

	Saving your model
	1. Select Save As from the File menu.
	2. Type the new file name here.

	Deleting a variable
	1. If the Age node is not selected, select it. Handles surround the node to indicate that it is s...
	2. Select Clear from the Edit menu, or press the delete key.
	3. Click on OK to confirm that you would like to delete the selected object.

	Moving nodes
	1. Drag the Fuel cost node to the position shown by the arrow. The node reappears at the location...
	2. To move the Fuel price and Annual miles nodes at the same time, first select the Fuel price node.
	3. Hold down the Shift key and select the Annual miles node. Now, both nodes are selected (as sho...
	4. Drag the Annual miles node to the left, to the position shown by the arrow. Both nodes reappea...
	5. Click anywhere outside the two nodes within the diagram to deselect the nodes.

	Editing variable titles
	1. Select the Mpg node.
	2. Click again inside the node’s title to select its text for editing.
	3. Type Miles per gallon and press Alt-Enter. The newly titled node is displayed.

	Drawing an arrow between nodes
	1. Select the Arrow tool () to begin drawing arrows. Notice that the cursor turns into an arrow ().
	2. Drag from the Miles per gallon node to the Fuel cost node. Fuel cost becomes highlighted when ...
	3. Release the mouse button when Fuel cost is highlighted. The two nodes are now connected by an ...

	Deleting an arrow
	1. Select the arrow. It is easiest to select the arrow by clicking on the arrow head. Handles app...
	2. Press the delete key to delete the arrow. The arrow disappears.

	Connecting multiple arrows
	1. Select the Miles per gallon node.
	2. Hold down the Shift key and select the Fuel price node.
	3. Hold down the Shift key and select the Annual miles node. All three nodes are now selected.
	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...
	6. Deselect all of the nodes by clicking in any location in the diagram that is not on a node.
	7. Select the Edit button () to turn off arrow drawing.

	Entering attributes using the Object window
	1. Double-click on the Annual miles node to open its Object window.
	2. Select the contents of the Identifier field.
	3. Type Mpy and press Alt-Enter.
	4. Click on the Units field. Type miles/year and press Alt-Enter.
	5. Select the contents of the Title field and press the delete key to erase Annual miles.
	6. Type Miles per year and press Alt-Enter.
	7. Click in the Description field and type Average miles driven per year and press Alt-Enter.

	Defining a variable explicitly
	1. Click in the Definition field to enter a mathematical expression for the variable; type 12K. A...
	2. Click on the Check button () or press Alt-Enter to accept the new definition. The Warning icon...
	3. Click on the Diagram button () to return to the influence diagram.

	Defining a variable that is influenced by other variables
	1. Double-click on the Fuel cost node to open its Object window. The identifiers and titles of th...
	2. Enter the variable’s units, $/year, and description, 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 t...
	5. Type an asterisk (*).
	6. Select Miles per year from the Inputs popup menu.
	7. Type a slash (/).
	8. Select Miles per gallon from the Inputs popup menu.
	9. Press Alt-Enter or click on the check () button to accept the definition. The Definition field...
	10. Click on the Diagram button () to return to the influence diagram. Note that Fuel cost is no ...

	Probabilistic definition
	1. Double-click on the Fuel price node to open its Object window.
	2. Change the identifier to Price.
	3. Enter the units, $, and description, Price of a gallon of gasoline, as shown.
	4. Enter the definition for the normal distribution as Normal(1.19, 0.1)
	5. Click on the Check button () or press Alt-Enter.
	6. Click on the button to see the distribution in the Object Finder.
	7. Click on the Cancel button to close this dialog box.
	8. Click on the Diagram button () to return to the influence diagram window. Note that Fuel price...

	Entering attributes using the Attribute panel
	1. Select the Miles per gallon node.
	2. Click on the Key icon () to display the Attribute panel.
	3. Click in the Attribute panel to enter the description for Miles per gallon. Type Average numbe...
	4. Select Units from the Attributes popup menu.
	5. Type miles/gallon, then press Alt-Enter.
	1. Select Definition from the Attributes popup menu. The Warning icon () and the Expression popup...
	2. Press on the Expression popup menu and select Distribution. The Object Finder dialog box displ...
	3. Enter the values 20 and 30 in the boxes.
	4. Click on the OK button to accept this new definition.

	Creating a module
	1. Drag the Module icon () to the position shown by the arrow. Notice that a module node has thic...
	2. Title the node Fuel cost Module and press Alt- Enter.
	3. Select all of the nodes (Fuel price, Miles per year, Miles per gallon, and Fuel cost) except f...
	4. Drag from any of the selected variables onto the Fuel cost Module node; this node becomes high...
	5. Release the mouse button.

	Drawing arrows between variables in different modules
	1. Drag the Chance icon () 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.
	5. Select the Arrow () tool.
	6. Draw an arrow from Maintenance cost��to Total cost.
	7. Double-click on the Fuel cost Module (which contains the Fuel cost variable) to open it.
	8. Press on the title bar of the Fuel cost Module Diagram window and move the window down so that...
	9. Drag from the Fuel cost node to Total cost.

	Completing the model
	1. Document Maintenance cost and Total cost and specify their definitions using the information s...
	2. Click on the Result button to evaluate Total cost. Examine the mid value and probability densi...

	Creating the Car Cost model: Summary
	Saving your model and quitting
	Chapter 4
	Creating a Model


	Creating an index variable
	1. Drag the Index node icon () into the position shown.
	2. Title the node Car type.
	3. Double-click on Car type to open its Object window.
	4. In the Description field, type Type of car owned, and press Alt�Enter.
	5. Select List of Labels from the Expression popup menu.
	6. Click in the first cell to select it, and type small car; then press the Enter key.
	7. In the second cell that appears, type large car.
	8. Click on the Diagram button () to return to the Diagram window.

	Creating an array (table)
	1. Double-click on Maintenance cost to open its Object window.
	2. Select Table from the Expression popup menu.
	3. Click on the OK button to continue.

	Selecting an array index
	1. Select Car type in the Indexes list. A preview of the definition and description appear for th...
	2. Click on the Move (>>) button to move Car type into the Selected Indexes list on the right. Ca...
	3. Click on the OK button to accept the index.
	4. Select the first cell.
	5. Enter 1200 for the small car and 2400 for the large car.
	6. Click on the Check button () to accept the values.
	7. Click on the Close button to close the window.
	8. Close the Maintenance cost Object window by clicking on its Close button.

	Creating another array using the same index
	1. Double-click on Fuel cost Module to open its Diagram window.
	2. Click on the Key icon () to open the Attribute panel.
	3. Select Miles per gallon.
	4. Select Definition from the Attributes popup menu
	5. Select Table from the Expression popup menu.
	6. Click on the OK button to change the definition to a table.
	7. Select Car type in the left-hand list and click on the Move (>>) button. The result should loo...
	8. Click on the OK button.
	9. Type in a uniform distribution for each car as shown here.
	10. Click on the Check button () to accept the definition of Miles per gallon.
	11. Close this window by clicking on the Close button.

	Viewing results of an array calculation
	1. Click on the Result () button to evaluate Miles per gallon.
	2. Click on the Table view button () to select the Table view.
	3. Click on the Diagram button () to return to the Diagram window.
	4. Select Fuel price. Note that it is defined as a normal distribution.
	5. Select Mid Value from the Result menu.
	6. Click on the Diagram button () to return to the Diagram window.
	7. Select Miles per year. Note that it is defined as a single value.
	8. Click on the Result () button.
	9. Click on the Diagram button () to return to the Diagram window.
	10. Select Fuel cost. Note that it is defined as an expression.
	11. Select Mid Value from the Result menu.
	12. Click on the Table view button () to select the Table view.
	13. Close the Result window to go to the Fuel Cost Diagram window.
	14. Click on the Diagram button () to go to the Car Cost Model Diagram window.
	15. Select Maintenance cost.
	16. Click on the Result () button
	17. Click on the Table view button () to select the Table view.
	18. Click on the Diagram button () to return to the Diagram window.
	19. Select Total cost.
	20. Select Definition from the Attribute popup menu.
	21. Select Mid Value from the Result menu.
	22. Click on the Table button () to view the result as a table.
	23. Close the Result window.

	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 n...
	3. Click on the Check button () to accept the new definition.
	4. Click on the Result button () to view the result.
	5. Close the Result window.

	Adding a dimension to a variable
	1. Drag the Index node icon () to the position shown.
	2. Title the node Year.
	3. Select Description from the Attribute popup menu.
	4. In the Description field, type Year of ownership, and press Alt-Enter.
	5. Select Definition from the Attribute popup menu.
	6. Select List from the Expression popup menu.
	7. 1 is entered by default in the first cell. Select the cell, then press the Enter key twice.
	8. Select Maintenance cost.
	9. Click on the Edit Table button to open the Edit Table window.
	10. Click on the () to open the Indexes dialog box.
	11. Select Year in the Indexes list.
	12. Click on the Move (>>) button to move Year into the Selected Indexes list on the right.
	13. Click on the OK button to accept the change.
	14. Change the values in the cells, as shown here.
	15. Click on the Check button () to accept the changes.
	16. Close the Edit Table window by clicking on the Close button.

	Completing the model
	1. Change Miles per year to be defined as a table. Select Car type and Year as indexes of the table.
	2. Enter the values in the cells, as shown here.
	3. Examine the Mid Value of Fuel cost.
	4. Examine the Mid Value of Total cost.

	Creating Arrays (Tables): Summary
	Chapter 5
	Creating Arrays (Tables)


	Documenting the model
	1. Type Party in the Identifier field to identify your model.
	2. Tab to or click in the Title field and type Party Problem.
	3. Tab to or click in the Description field and type The Party Problem evaluates alternative part...
	4. Save the model by selecting Save from the File menu.
	5. Click on the Diagram button () to bring the Diagram window to the front.

	Creating the variables: Party Location, Weather, and Utility
	1. Create a Decision node ( ) and title it Party Location.
	2. Create a Chance node () and title it Weather.
	3. Create an Objective node () and title it Utility (value to me).

	Drawing arrows between the variables
	1. Select the Arrow tool ().
	2. Select both Party Location and Weather.
	3. Drag from either node onto Utility.

	Defining Party Location as a list of labels
	1. Double-click on Party Location to open its Object window.
	2. Click in the Description field and type The party locations under consideration.
	3. Select List of Labels from the Expression popup menu.
	4. Click in the first cell and type Outdoors; then press the Enter key.
	5. In the next cell, type Porch; then press the Enter key.
	6. In the next cell, type Indoors; then press Alt�Enter to accept the changes.
	7. Click on the Diagram button () to return to the diagram.

	Defining Weather as a probability table
	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.
	4. Click on the OK button.
	5. Click in the cell labeled Item 1 to select the first label for Weather. Type Sunny into the ce...
	6. A second row is added to the table. Type Rainy and press Alt-Enter to accept the entries.
	7. Enter the values 0.4 and 0.6 for the probabilities of sunshine and rain.
	8. Click on the Check button () to accept these entries.
	9. Click on the Result button () to evaluate Weather.
	10. Click on the Diagram button () to return to the Diagram window.

	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.
	4. Press on the Library popup menu and select Array.
	5. Scroll down the list and select Determtable() .
	6. To specify the indexes for the table, click on the Indexes button.
	7. Click on the OK button to accept these Indexes.
	8. Enter the values shown in the cells.
	9. Click on the Check button () to accept these entries.
	10. Click on the Diagram button () to return to the Diagram window.

	Computing Utility
	1. Utility should still be selected. Click on the Result button () to compute the mid value.
	2. Select Mean Value from the Uncertainty View popup menu.
	Note to those with a background in discrete modeling:

	Creating the Party Problem model: Summary
	Exercise
	1. Create another chance node, titled p, the probability of sunshine. Define it as the range of p...
	2. Redefine Weather as p and (1�p).
	3. Recalculate the mean value of Utility. Display the result as a graph:
	Chapter 6
	Creating the Party Problem Model



	Documenting the model
	1. Enter the model’s Identifier, Title, and Description.
	2. Save the model by selecting Save from the File menu.
	3. Click on the Close button to close the model’s Object window and bring the Diagram window to t...

	Creating the Foxes and Hares diagram
	1. Create six General variable () nodes and title them Hare birth rate, Hares at start, Hares at ...
	2. Draw arrows from Hare birth rate to Hares at start, and from Hares at start to Hares at end.
	3. Draw arrows from Fox birth rate to Foxes at start, and from Foxes at start to Foxes at end. Yo...

	Defining Hare birth rate and Fox birth rate
	1. Select the Edit tool () and double-click on Hare birth rate to open its Object window.
	2. Enter the Description and Definition as shown here.
	3. Close the Object window to return to the Diagram window.
	4. Double-click on Fox birth rate to Open its Object window.
	5. Enter the Description and Definition as shown here.
	6. Close the Object window to return to the model diagram.

	Defining the Time variable
	1. Select Edit Time from the Definition menu. The Object window for Time displays.
	2. Select Sequence from the Expressions popup menu.
	3. Click on the OK button to replace the existing definition with a sequence.
	4. Enter 1 (to start at time 1) in the first Sequence parameter field, start.
	5. Tab to the next field, end, and enter 10 (to end at time 10).
	6. Tab to the third field, stepsize, and enter 1 (to increment time by 1 unit for each calculation).
	7. Click on the OK button to save your entries.
	8. Click on the Close button to close the Time Object window and return to the Diagram window.

	Defining hare population as a function of time
	1. Select Hares at start .
	2. Click on the Key icon () to open the diagram’s Attribute panel.
	3. Click in the Description field and enter the text as shown here.
	4. Press Alt-Enter to save your entry.
	5. Select Definition from the Attribute popup menu.
	6. Click in the text field, and select Other from the Expressions popup menu. The Object Finder w...
	7. Select Special from the Library popup menu.
	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).
	10. Click on the OK button (or press Alt�Enter) to close the window.
	11. Press Alt-Enter to accept the definition.
	12. Select Hares at end.
	13. Select Description from the Attribute popup menu, click in the text field and enter the Descr...
	14. Select Definition from the Attribute panel’s popup menu.
	15. Click in the Definition field; then select Hares at start from the Inputs popup menu. Hares_a...
	16. Click on the Check button () (or press Alt-Enter) to accept your definition.
	17. With the Hares at end node selected, click on the Result button (). You can see the populatio...
	18. Return to the Diagram window by closing the Result window or clicking on the Diagram window.

	Defining the fox population as a function of time
	1. Double-click on Foxes at start to open its Object window.
	2. Enter the Description and Definition as shown here.
	3. Return to the Diagram window.
	4. Double-click on Foxes at end to open its Object window.
	5. Enter the Description as shown here.
	6. Enter the Definition using the Inputs popup menu. Foxes_at_start will now appear in the Defini...
	7. Return to the Diagram window.
	8. With the Foxes at end node selected, click on the Result button. You can see that the fox popu...
	9. Return to the Diagram window.

	Creating the Populations objective
	1. Select both Hares at end and Foxes at end.
	2. Click on the Result button ().
	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.
	6. Move the new node to the position shown in the figure.
	7. In the Attribute panel, change the identifier to Populations, replacing the dummy name.
	8. Press Alt-Enter to save the change.
	9. Select the Class attribute from the Attribute popup menu.
	10. From the Class popup menu, select Objective.

	Defining the population control: foxes capture hares
	1. Create two General variable nodes and title them Hare capture rate and Hares captured.
	2. Draw an arrow from Hare capture rate to Hares captured.
	3. Draw an arrow from Hares captured to Hares at end.
	4. Double-click on Hare capture rate to open its Object window.
	5. Enter the Description and Definition as shown here.
	6. Close the Object window.
	7. Select Hares captured and, with Description selected in the Attribute popup menu, enter the De...
	8. Draw arrows from both Hares at end and Foxes at end to Hares captured.
	9. Select Hares captured.
	10. Select Definition from the Attributes popup menu and click in the Definition text field.
	11. Type Dynamic(75,
	12. Select Hare capture rate from the Inputs popup menu.
	13. Continue editing the definition of Hares captured by typing and by selecting inputs from the ...
	14. Click on the Check button () (or press Alt-Enter) to accept your definition.
	15. Click on the Result button () to see the number of hares captured as a function of time.
	16. Select Hares captured.
	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.
	19. Click on the Result button () to see the number of hares captured as a function of time. Now ...
	20. Select Hares at end in the model diagram.
	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.
	25. Select Hares captured.
	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.
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