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Introduction About Analytica

Tip

Click cross references

If you don’t read manuals

This User Guide describes how to use Analytica 4.4. If you are new to Analytica, we invite you to
start with the Analytica Tutorial to learn the essentials. Most people find they can work through the
Tutorial quite rapidly. You might then want to read a few sections of the User Guide listed in the
next section to learn more key concepts. You can consult the rest of this guide as a reference
when you need more depth.

For the most current information on Analytica, visit Anawiki (the Analytica Wiki online at http:/
www.lumina.com/wiki). This site includes tips, libraries, webinars, models, and reference
materials, along with a search feature.

If you can’t find what you want, or have comments on our documents or software, please email
us at Lumina at support@lumina.com. We are always glad to hear from Analytica users.

If you are reading this guide as a PDF document on your computer, you can click the page num-
ber in any cross reference to jump to that page. To return to the previous location, use Acrobat’s
Go To Previous View feature by pressing Alt+left-arrow (might vary depending on your version of
Acrobat).

If you don’t read manuals

Chapter 5:
Building Effective
Models

Chapter 6: Creating
Lucid Diagrams

Chapter 11:
Arrays and Indexes

Chapter 14: Expressing
Uncertainty

Chapter 21: Procedural
Programming

Experienced modelers find most Analytica features intuitive. But, it's helpful to get a good grasp of
some key concepts so you can get up to speed rapidly. Here are a few chapters that you might
find especially helpful to review.

Offers guidelines for creating effective models, distilled from the experience of master modelers. It
offers a practical guide for building effective models that are clear, reliable, and focus on what
really matters — the decisions, objectives, and key uncertainties. These tips are not specific to
Analytica, but we designed Analytica to make them especially easy to follow. See page 61.

Gives tips on how to create influence diagrams that are truly lucid and elegant — and how to
avoid incomprehensible spaghetti. See page 69.

Explains Analytica’s Intelligent Arrays™. After you grasp the essentials, they let you build com-
plex multidimensional models with surprising ease. But, you might find they take a little getting
used to, particularly if you have spent a lot of time with spreadsheets or programming with arrays.
We recommend that even — perhaps especially — experienced modelers review this chapter.
See page 153.

Discusses how to select appropriate probability distributions to express uncertainties. It also pro-
vides an overview of how Analytica computes probability distributions using Monte Carlo and
other random sampling methods, and your options for controlling and displaying probabilistic val-
ues. See page 247.

With Analytica, you can create large and sophisticated models without procedural programming.
But, if you really want to write complex procedural functions, read this chapter to understand Ana-
lytica as a programming language. See page 363.

Hardware and software requirements

To use Analytica, you need the following quite modest minimum configuration:
* Intel 486-66 MHz or better (Pentium 500 MHz+ or AMD Athlon recommended).
» 30 MB disk space
+ 256 MB RAM (2 GB recommended for large models)
» 8-bit color display

* Windows XP, Server 2003, Server 2008, Vista, or Windows 7.
To run Analytica 64-bit, you'll need a 64-bit edition of Windows.

It helps to have a faster CPU, and, especially, more RAM for large models. Analytica will benefit
from up to 3 GB RAM if you have it, and Analytica 64-bit will benefit from all additional RAM. It is
also handy to have a large screen, or even multiple screens, when working with a large model.
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Installation and licenses

Installation and licenses

Licenses

Individual licenses

After downloading the Analytica 4.4 installer from http://www.lumina.com, or inserting the Analyt-
ica CD-ROM into your CD or DVD drive, just double-click the installer to start installation. It installs
onto your hard drive the executable software, all documentation as Adobe PDF files, plus a range
of Analytica libraries and example models. If you have installed an earlier release of Analytica,
such as 3.1 or 4.1, the installer provides you the option to leave it there, so you can run either ver-
sion.

We recommend that you run the Analytica installer from the account where you will eventually be
using Analytica, rather than changing to an administrator account first. However, if you change to
an admin account first, or if you have an IT administrator install it for you, then you (or they)
should not enter your activation key into the installer (just leave the field blank), since you want
the license to be activated for your user account, not your administrator’s account. When the acti-
vation key is not provided during the install, you will be asked to enter it the first time you launch
Analytica.

The setup program asks you to confirm the directory name in which to install Analytica, by default,
C:\Program Files\LuminalAnalytica 4.4. Most users can accept the default. If you do
not have sufficient permissions to write to this directory, then you may want to use [My Docu-
ments] \Lumina\Analytica 4.4.

You need a license to use the software. The Analytica FreePlayer license is automatically
included with the downloaded software, and may be used by anyone.

Two types of Analytica licenses may be purchased: individual and centrally-managed. Individual
licenses are installed directly on your computer, while centrally-managed licenses (which includes
floating and site licenses) are hosted by a Reprise License Manager (RLM) server.

{  Analytica 4.2 Installer

)oX

9

License Information
Please enter license information below,

License Type:

(3 Individual License

(%) Centrally managed license (RLM License Server)

Server: | GOSI@OFficeTerver| {or porti@host)

) Free Plaver

[ < Back “ Mesxt = l [ Cancel ]

When you purchase an individual license, or when you sign up for an Analytica Trial edition,
Lumina emails you an activation key. You may enter the activation key either during installation or
after installation from the Update License... dialog on the Analytica Help menu. When you acti-
vate a key, a license file for your computer and user account is downloaded from the Lumina’s
internet-based activation server and placed on your computer. If you are using a computer without
direct access to the web, an activation key can be manually activated at http:/lumina.com/ana/
manualActivation.htm. With manual activation, the license file is emailed to you and you must
save it into the Analytica install directory.
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Centrally-managed
licenses

Wiki Access

Expiration dates

When you purchase a
license or upgrade to
another edition

Tip

To upgrade to a
patch release

If your organization has installed a centrally-managed license on an RLM server, such as a float-
ing license, you will need to know the name of the RLM server computer and possibly the port
number (if your IT manager has configured a non-default port number). During installation or after
installation from the Update License... dialog on the Analytica Help menu, select the option to
use a centrally-managed license and enter the server name (and port if required). If multiple
licenses (e.g., for different editions) are available, you will also have the opportunity to select
which license to use.

If you are using a 1-seat floating license, the license seat will be unavailable to other people while
you are running Analytica. Once you exit Analytica, the license is returned to the pool for others to
use. Likewise, if others are currently using Analytica, the floating license may be unavailable to
you. With an N-seat floating license, up to N people may use Analytica simultaneously. For
instructions on how to roam a floating license (i.e., when you take your notebook computer out of
the office), see http://lumina.com/wiki/index.php/License Roaming.

The Analytica Wiki (http://lumina.com/wiki) is a for Analytica modelers. You will have
access to the Wiki as long as you have active support (for 12 months following your initial pur-
chase, and then with annual support renewals thereafter). During installation you have an oppor-
tunity to supply your end-user information (name, email), which is used to set up a Wiki account if
your support is current. When the account is set up, the login and password is emailed to you.

Some license codes — notably, for a Trial or an edition licensed per year — have a limited life,
after which they expire. After expiration, the Player edition remains available, so you can still
open, view, and evaluate your models. You just won’t be able to make or save changes. To reacti-
vate Analytica after expiration, you might need to purchase a copy.

You don’t need to download and reinstall Analytica again when you purchase a license after test-
ing the free Trial, or if you want to upgrade from, say, the Professional to Enterprise edition. Just
select Update License... from the Help menu in Analytica and enter your new activation key into
the Licensing Information dialog.

[v Use Reprise License Manager Server: | SOS3@OticeServer {port@haost)

Product license: | analvticatd_optimizer j
{enter new activation key here ar select Fram list)

functionality of analvtica, incuding CDBC database access and mixed-integer linear,

@ This license is For the Optimizer beta edition of Analytica. It provides the Ful
quadratic and non-linear progran optimization.

Hosk I0: 144efds? User 1D user= dale

View License Agreement.., | 04 Cancel

Analytica Decision Engine (ADE) is a different application from Analytica, and requires a new
installation, even if you already have another edition of Analytica installed.

When you upgrade a licensed copy with a patch release (e.g., 4.2.0 to 4.2.1), simply run the
installer. The fields you entered originally will be filled in, which you can leave unless you wish to
make changes. You do not need to re-enter an activation key that has been previous activated,
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and can leave that field blank. The installer replaces the older release and reuses your existing
license.

To upgrade to a minor or  You can install Analytica 4.4 and retain an earlier release, such as Analytica 4.3, on your com-
major release pyter. You need a new license code for the new release. The installer gives you the option of
cleanly uninstalling the earlier release(s) if any are installed on your computer.

To uninstall Analytica After confirming that Analytica 4.4 is working, you usually uninstall the earlier release. To uninstall
the earlier release:

1. From the Windows Start menu, open the Control Panel.
2. Click Add or remove programs.

3. Find Analytica 4.3 (or whichever release you want to remove) and click the Remove button
to start the Wizard.

4. Follow the steps through the uninstall wizard.

Analytica User Guide 5
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Editions of Analytica

Editions of Analytica

Player

Professional

Trial

Power Player

Enterprise

Optimizer

The Analytica Decision
Engine (ADE)

Analytica is available in these editions. See the next page for a list of key features by edition.

Lets you review and run Analytica models without having to purchase a license. With the Player
edition, you can change designated inputs, run the model, view results, and examine selected
model diagrams and variables. It does not let you create new models, make changes other than
to selected inputs, or save models.

Provides most features, including the ability to create, edit, and save models.

A free edition of Analytica that provides the full functionality of Analytica Professional for a limited
time, usually 15 days. After that, it reverts to the functionality of Analytica Player, so you can still
view and run any models you have created, but not save changes.

Like the Player, it lets you review models, change inputs, and view results, and does not let you
create or edit models. Unlike the Player, it does let you save models with changed inputs. It also
supports models that use Enterprise features, including database access, Huge Arrays, and the
Profiler. See Chapter 23, “Analytica Enterprise” for details.

Offers all the features of Analytica Professional, plus support for Huge Arrays, reading and writing
databases, profiling for analysis of computational effort by variable, and encryption (obfuscation)
of sensitive model elements. See Chapter 23, “Analytica Enterprise” for details.

Offers all the features of Analytica Enterprise, plus the Optimizer Library that provides powerful
solver and optimization methods, including linear programming (LP), quadratic programming, and
nonlinear programming (NLP). Optimizer is available as an extension to Analytica Enterprise,
Power Player, and ADE. See the Analytica Optimizer Guide for details.

ADE runs Analytica models on a server computer. It provides an application programming inter-
face (API) to provide access to view, edit, and run models from another application, including a
web server. You can create a user interface to models via a web browser, so that many end users
can view and run a model via the Internet. You need Analytica Enterprise as the development tool
to create models to run with ADE. The ADE Kit includes a license for Analytica Enterprise in addi-
tion to ADE.
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Compare Analytica features by edition

Editions of Analytica

Features

Player

Power Player
Trial
Professional
Enterprise
Optimizer
ADE

Open models, change inputs, and view results

Save model with changed inputs

Create and edit models

No marking of printout

Hierarchical influence diagrams

Monte Carlo uncertainty analysis

Intelligent Arrays, see page 153

Procedural programming, see page 363

OLE linking with Excel, see page 328

Outline Window, see page 341

Create input and output controls and forms, see
page 126

General function libraries: Math, Array, Distributions,
Special, Statistical, Text

Advanced function libraries: Advanced math,
Financial, and Matrix

Save browse-only models and hide sensitive model
details, see page 403

Huge Arrays™ — dimension up to 100 million, see
page 406

ODBC database access, see page 398

Integration functions: RunConsoleProcess, Excel
read/write functions, text file read/write functions

Time and memory profiling, see page 410

Optimization engine (LPs, QPs, NLPs)

Optimizer extension available (at extra cost)

Available in 64-bit edition (at extra cost)

Application programming interface (see ADE User
Guide)

Analytica User Guide 7



Introduction About Analytica

Help menu and electronic documentation

Analytica Cloud Player

Cube Plan

Help menu and

Tip
Content outline F1
Function list

Index

Find

The Analytica Cloud Player, or ACP, provides a web site where you can upload and share your
models with others. Models are viewed through a web browser, so that your colleagues do not
need to install any software and can view models from non-Windows computers.

With active support, you are entitled to moderate usage of ACP free of charge on an individual
account, with an opportunity to purchase additional credits when a greater usage load is required.
Group plans are also available for collaborative project groups where saving of inputs and access
control is required.

The CubePlan system provides the Enterprise-wide deployment of Analytica-based models, with
advanced access control, web-based access and model modification, collaboration, dashboard-
ing, advanced charting facilities, and GIS integration. Unlike ACP, CubePlan servers can be
deployed on client servers within the organization and integrated with other enterprise systems.
For more information, see http://CubePlan.com.

electronic documentation

Select Help from the menu bar to open the Help menu.

Help

Content autline F1

Help | Function list

Index

User guide
o Find...
Optimizer Optimizer
Tutorial Tutorial
Analytica Wiki Analytica Wik
Wik loaim infa...,
Wiki login info... glogin info

Web tech support
Email tech support
Contact Lumina...

Update license...

‘Web tech support
Ernail tech support
Conkack Lumina. ..
Update license, ..

About Analytica, .,

Most users see the left-hand version of the menu starting with User guide. The right-hand version
appears if you have Adobe Acrobat Standard or Professional installed, which enable direct links
into sections of a PDF document.

Opens the User Guide showing chapters, sections, and subsections as an expandable outline,
using bookmarks. Press the function key F7 as a shortcut.

Opens a page listing all functions, operators, and other constructs, classified by type. Click a
name to jump to an explanation of how to use it. This is a fast way to find a function if you don't
know its name.

Opens the User Guide to its alphabetized index. Select the first letter of the term from the book-
mark outline, and click an entry to jump to its explanation.

Opens the Find dialog in Adobe Acrobat so you can search for a term.

User Guide F1

Optimizer

Opens this Analytica User Guide as a PDF document in Adobe Reader. Press the function key F1
as a shortcut (see “Online help and electronic documentation” on page 9).

Opens the Optimizer Guide (if you have Analytica Optimizer).
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Tutorial Opens the Analytica Tutorial as a PDF document in Adobe Reader.
Analytica Wiki Opens the Analytica Wiki home page in your default web browser.
Wiki login info Dialog allows you to enter your Analytica Wiki login credentials so that when you click on a link for

Web tech support

Email tech support

Contact Lumina

Update license

more information that jumps into the Analytica Wiki, Analytica is able to log you in automatically.

Opens Lumina’s Analytica tech support web page in your default web browser, with support infor-
mation and links to frequently asked questions.

Starts an email message to send to Lumina tech support using your default email application.

Opens a dialog with Lumina contact information: web links, phone numbers, email, and physical
mailing address.

Opens the Licensing Information dialog so you can select a different license or edition or activa-
tion a new activation key to upgrade your license of Analytica.

About Analytica

Opens the startup splash screen, mentioning the Analytica edition, release number, and the name
of the person to whom it is licensed.

Online help and electronic documentation

You can open the Tutorial, User Guide, and Optimizer Guide (when available) from the Help
menu, or press the F1 key to open the User Guide.

You can read and search these PDF documents using the Adobe® Reader available free from
http://www.adobe.com. Some additional features are available if you purchase Adobe Acrobat
Standard or Professional.
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User Guide 4_070907.pdf - Adobe Reader

Edit Wiew Document Tools ‘Window Help

Help menu and electronic documentation
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The expandable outline Click a section title to view that section. Click . or [ icons to expand and collapse the book-
mark tree for chapters and sections of the outline.

Function list

If you can’t remember the name of a function, go to the Function List, after the appendixes. This

chapter lists functions and system variables by functional groups. From here, click a function

name to jump to its full description.

Alphabetical index

If the search box finds too many occurrences of a term, try the Index in the bookmarks. It usually

links to the best explanation for each term.

The Analytica Wiki

The Analytica Wiki is the repository of resources for active Analytica users. When you receive
your Trial or Analytica license, you should also receive an account on the Wiki that remains active
as long as your active support is active. The Wiki is located at the URL:

http://Lumina.com/wiki

There is no need to commit this URL to memory -- there is a link on the Help menu.

The Wiki contains extended reference materials in greater detail than available here in the user
guide, additional example models and libraries, Excel to Analytica equivalents, dozens of hours of
recorded webinars, lists of published research publications that used Analytica, FAQs, in-depth
articles on Analytica and modeling concepts, categorized function indexes, and much more. In
addition, whenever you encounter an error while using Analytica, a hyperlink on the error dialog
takes you to the Wiki where additional details and examples about that particular error message

are described.
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Normally, usually, and defaults

Sometimes this guide says “normally it does this” or “usually it does that.” This isn’t because Ana-
lytica is unpredictable, or because we're just addicted to uncertainty. It's because Analytica has a
lot of preference and style options, and it’s often simpler to say “normally” or “usually” when we
mean “with the standard defaults.”

Typographic conventions in this guide

Example Meaning

behavior analysis Key terms when introduced. Most of these terms are included in
the Glossary.

Diagram Menus and menu commands, window names, panel names,
dialog box names, function parameters.

Sequence() Name of a variable or function in Analytica.

Price - DownPmt Expressions, definitions, example code.

10°7 — 10M In example code, this means that the variable or expression
before the “—” generates the result after it.

Enter, Control+a A key or key-combination on the keyboard. A letter, such as “a”,
can be lower- or uppercase.

Code examples This guide includes snippets of code to illustrate features, for example:
Index N := [1, 2, 3, 4, 5]
Variable Squares := N"2
Sum (Squares, N) — 55

This code says that there are two objects, an index N and a variable Squares. You would create
these objects in a Diagram window by dragging from the node toolbar into the diagram (see “Cre-
ating and editing nodes” on page 49). You would enter the expressions, [1, 2, 3, 4, 5] and
N”2 into their definitions (see “Creating or editing a definition” on page 108). You would not enter
the assignment “: =". The last line says that the expression Sum (Squares, N) evaluates to the
result 55 after the —. You might include that expression in the definition of third variable.

Array examples We use these typographic conventions to show Analytica arrays.
* An index or list and its values
N:

1] 2] 3] 4 5

* Aone-dimensional array, Squares

Squares p
1 2 3 4 5
1 4 9 16 25

* A two-dimensional array
Index a W¥,Index b >

a b c
X value | value| value
y value | value| value
z value | value| value

* A three-dimensional array
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User guide Examples folder

Index a W, Index b P, Index c = ‘displayed value’

a b c
X value | value| value
y value | value| value
z value | value| value

User guide Examples folder

The Examples folder distributed with Analytica includes User Guide Examples as a subfolder. It
contains Analytica models used in Chapters 9, 10, 11, 12, 14, 15, 16, and 17. Open these models
to see the examples in more detail.

See Chapter 9 of the Tutorial for a summary of the models in the Examples folder.

What’s new in Analytica 4.47?

Here are highlights of new and improved features in Analytica 4.4 added since the release 4.3.
For details on this, and changes since 4.0, see the Analytica Wiki at http://
www.lumina.com/wiki.

Analytica Cloud Player

Expression assist

12

Identifier completion

Function parameters

Syntax

Array indexes

The new Analytica Cloud Player (ACP) makes it easier to share your models over the web than
the Analytica Web Player (AWP) which it replaces. You can email a link to your model to other
users so that they can run or review your model via a web browser.

You can now set up an ACP account and upload models to the web directly from Analytica on the
desktop. Select the new Publish to cloud... option on the File menu to upload your model
directly into your ACP account with just a few mouse clicks. The first time you use it, you can set
up your ACP account. See also Chapter 8 of the Analytica Tutorial for details.

If you have current support for Analytica, you can use ACP for free up to 25 user sessions per
month. If needed, you can buy more session credits by selecting Manage published models...
from the File menu. Then select the Account tab and click Buy More.

This new feature makes it much easier to enter definitions and select functions — akin to Intel-
lisense in some Microsoft products. As you type into a Definition, it displays a pop-up window that
lists identifiers matching what you have typed to help you find a function, remember its parame-
ters, find identifiers, and find indexes or index labels for an array, so as to significantly speed up
typing. For details, see “Expression Assist” on page 112.

As you type the first few characters of an identifier, a pop-up displays the identifiers of variables,
functions, and other objects that match what you have typed so far. Inputs, local variables, param-
eters and objects in the same module appear at the top above the line. As you type more charac-
ters, it filters the list of matches further. Use the up and down-arrows to select an identifier, and
the tab key to insert it, or mouse click to select from the list without typing.

As you type function parameter values, it displays the function’s parameters and the function
description. The current parameter is bolded, optional parameters are in italics, and repeated
parameters display with “...” next to their identifier. You can click on a parameter name to insert it
at your cursor.

Help on various syntactic constructs, such as local variable declarations, If-Then-Else,
While, etc., appears as you type.

When you type “aA [, it list the indexes for array A — if it is possible to do so without initiating any
evaluation (for example, if A has been previously evaluated). As you continue typing, e.g.,

“A [Region=", it displays the index values for the index — if it can do so without evaluating the
index. As you continue typing, it filters the list to match what you have typed.
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Disabling

Pop-up location

Help stripe

Influence diagrams

Node appearance

ClearType fonts

Adjust size

Snap-to-Grid

Help balloons

Expression assist is enabled by default. You can disable it from the Preferences... dialog

(page 58). When off, you can access it once by pressing Ctrl+space, or Ctrl+? to toggle it on or off
for the current field being edited. To temporarily remove pop-ups to see something, press Esc.
Press Cirl+space to restore. See “Special editing key combinations” on page 109.

By default,the pop-ups appear near your cursor and automatically adjust in size to the match con-
tent. If you find this distracting, you can drag either pop-up, which will cause the pop-up to
become pinned to a fixed size and location. To unpin, click the pin icon( >] )-

A help stripe at the bottom of each pop-up shows the short-cut keys for hiding and showing
Expression assist. Click &2 to hide the help stripe.

Influence diagrams offer a subtly improved appearance, with shading in node colors, and anti-
aliasing of node borders.

Nodes are one pixel wider than previously. With Snap-to-Grid, both edges and on the grid. When
two nodes are immediately adjacent, this gives a single pixel boundary cleaner than the double
pixel boundary previous releases.

Analytica 4.4 uses ClearType fonts in influence diagram nodes giving a cleaner view, with less
“pixellation”. However, if you load a model created in an earlier release, it retails the older fonts so
as to preserve pre-existing word wrap boundaries. You can use ClearType fonts for legacy mod-
els using the Set Diagram Style... dialog from the Diagram menu, and checking ClearType
fonts, which we recommend. However, when you do so, you may find that you need to adjust the
text or width in some nodes where the slightly different spacing of ClearType fonts causes unde-
sirable word wrapping. The enhanced Adjust size functionality makes this fairly easy to do (see
below and see “Adjust node size” on page 72).

The Adjust size command (found on the Diagram menu, shortcut Ciri+T, see “Adjust node size”
on page 72) is smarter in several ways. It increases node width when needed to avoid silly word
wraps. When you apply it to multiple nodes, it coordinates the adjustment to retain aligned edges
of input and output nodes, and containment within Text or Picture nodes. It balances these fac-
tors, along with aspect ratios, snap-to-grid, and preservation of previous height or width. If you
don'’t like what it did, you can repeat it — e.g,. by Ctr/+T again — and it will modify its criteria until
it does what you were hoping for. If you still don’t like the results, use Undo (Ctr/+Z) to revert to
the original sizes.

The smarter Adjust size also impacts how a node is sized when you initially enter or changes its
title.

The new adjust size features are only available when ClearType fonts are enabled — i.e., for a
model created in Analytica 4.4 or an older model in which you enable ClearType fonts in the Set
Diagram Style... dialog for the top level model diagram.

When you first turn on ClearType fonts for a legacy model, you should visit each diagram to find
titles that may have wrapped or truncated in undesired ways as a result of the slight increase in
horizontal spacing used by ClearType fonts. When you find such cases, press Ctri+A to select all
nodes, then press Ctri+T repeatedly until the diagram adjusts as you like, or adjust the sizes of
individual nodes manually.

Previously, snap-to-grid would position a node with its center on the grid. Now it also snaps node
corners to the grid, with the result that the node width and height are both an even number of grid
widths (a multple of 16 pixels). This makes it easier to line up node edges.

Space evenly on the Diagram menu has new options, Across, on grid and Down, on grid, to
ensure the selected nodes end up on grid as well as spaced evenly.

Help balloons give a nice way for model users or reviewers to learn what a model is doing. When
you move the mouse cursor over a node, it displays a Help balloon, usually showing the title of
the node, its units (if any) and its description. If it has a help attribute, it shows that instead
of the description, providing a way to show different text for end users. By default, Help bal-
loons are displayed in browse mode but not in edit mode. You can change these settings from the
Preference... dialog. Balloons do not appear for nodes without description or help set.
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Initial diagram size

Ctri+click on a node

The default initial diagram size is now larger.

When editing a Definition in the attribute panel below a diagram, Ctri+click a node in the diagram
to insert its identifier at the cursor (formerly, only Alt+click did this). A quick animation provides
visual feedback that something has happened. See “Special editing key combinations” on

page 109.

Visualizing uncertainty

A new Kernel Density Smoothing method gives a way to view continuous probability density
results as a smooth curve, as an alternative to the default histogram view. This smoothed view is
usually more appealing when the underlying density function is smooth and continuous. But, if the
density function has discontinuities in value or slope — e.g. a uniform or triangular distribution —
it can generate artifacts and for a wide class of uncertain results produces a more intuitively
appealing PDF plot. (see Kernel Density Smoothing on the Analytica Wiki).

To use Kernel density smoothing, open the Probability Density panel of the Uncertainty Setup
dialog (Ctrl+u), and check Smoothing. See “Probability density option” on page 257. You can
also apply Kernel density smoothing to datasets using the Pdf{(..) function. See “PDF(X) and
CDF(X)” on page 297.

Window appearance

Toolbar

Object finder

Maximization state

Preference dialog

Graphing
End point bubbles

Change series color

The main toolbar at the top of the application window now uses the active Windows Theme. If you
use the Windows XP style theme, for example, you'll see a change in toolbar appearance.

The Object Finder dialog (page 114) is now larger, showing more information without scrolling.

The model remembers the maximization state of windows when it is saved, so when the model is
reloaded, it will use the same preference.

The Use Return to enter data preference is now user-specific, rather than being stored with the
model as it was previously.

A new Personal preferences cluster appears in the preference dialog. These preferences are
user-specific, used across models and not stored within the model. The other preferences in the
dialog apply to the model. See “Preferences dialog” on page 58.

When you click on a line segment in a line graph, or in the filled area of a graph, it opens a pop-up
bubble showing the coordinate values at each end of the line segment. If the end points are so
close together that the pop-ups overlap, you can click on one point to view the occluded pop-up.

You can now right-click on a key item to change its color.

Misc User Interface

Find Selection

OLE Links

Built-in functions

SpreadsheetCell
SpreadsheetRange

14

The Find Selection command now also appears on the right-mouse context menu when editing a
textual definition. This command can be used to hyperlink to another variable whose identifier
appears in a definition. lts keyboard short is still Ctri+h. See “Object menu” on page 421.

A new OLE Links... dialog provides more useful information about OLE-linked data sources.

SpreadsheetCell and SpreadsheetRange functions can now access not only the values from a
spreadsheet cell or range, but also a wide variety of other Excel properties — the formula, num-
ber format, colors, fonts, borders, dependents, and precedents. You can also use Spread-
sheetRange to obtain the full range of populated cells in a sheet without knowing how big that
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All-Null array handling

Example models

range is. You can use SpreadsheetCell with parameter sheet: ' *' to obtain an index of all
sheet names. See “Reading and writing from Excel spreadsheets” on page 400.

As a rule, functions that operate over an array should return Null when all cells in the array
parameter are Null. The following functions have been modified to do so consistently: Area,
ArgMax, ArgMin, Average, Correlation, Covariance, Kurtosis, SDeviation, Skewness, Sum,
and Variance.

A new dispatch example model in the Engineering examples folder illustrates the use of the
Dispatch function.

We removed the ParseDate UDF from the Flat File library, since a more robust built-in version of
this function has present since Analytica 4.1.

The ACP Style Library is included. This library provides an interface that helps you configure
Analytica Cloud Player styles for a model that you intend to publish to the cloud.
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This chapter introduces the basics of how to open and view an Analytica
model, generate results, and print them, including:

+ Start a model

+ Explore the Diagram window
» Classes of objects

+ Explore the Object window

* Explore the Attribute panel

* Print the contents of windows




Chapter E Examining a Model

To open or exit a model

18

Models

To open a model

Tip

Tip

An Analytica model is a collection of variables, modules, and other objects intended to represent
some real-world system you want to understand. Between sessions, a model is stored in an Ana-

lytica document file with the file type “. ana”.

The simplest way to open an existing model is just to double-click the icon for the model file in the
Windows directory.

& Tutorial Models

File Edit ‘Wiew Favorites Tools Help 1',"

QBack - &) T O search [ Foders | & 3 X ¥) [
Address |lf} C:\Program Files\Luminalanalytica 4,04 Tutarial Models V| Go

LA

Car cosk Faoxes and Rent ws Buy
Hares Analysis

Another way to open a model is to:

1. Start up Analytica by double-clicking the icon of the Analytica application, or selecting
Analytica from the Windows Start menu. Analytica opens a new, untitled model.

2. In the top-left of the Analytica application window, press on the File pull-down menu, and
select Open Model. A directory browser dialog appears to let you to find the model file you
want.

However you start a model, Analytica shows this progress bar as it reads in the model file.

T Reading from File...

Feading GFS 1351 ANA

| R

Click the Stop button if you change your mind and decide not to open the model. It stops reading,
resulting in a partially loaded model.

Next, it shows a progress bar as it checks the definitions of variables and functions in the model.

0 Checking Definitions...

Checking: PTS factor

I Stop

If you click the Stop button, it stops checking. Diagrams might have missing arrows and cross-
hatched nodes indicating unchecked definitions. If you later ask to show the result of a variable, it
checks any variables needed. Thus, clicking Stop simply defers some checking, and causes no
problems with the model.

If the model contains any variables whose definitions are missing or invalid, they are listed in the
Invalid Variables window (page 345). You can still compute results for variables with valid defini-
tions, as long as they don’t depend on variables whose definition is invalid.
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To close a model

To open another model

Example models

To exit Analytica

Diagram window

To close a model, select Close Model from the File menu. If you have made any changes to the
model, a dialog asks you whether you want to save the changes before closing — except if you
are using the Player Edition, which doesn’t let you save a changed model.

Analytica can open only one model at a time. To switch to another model, first close the model, by
selecting Close Model from the File menu. Then select Open Model from the File menu. A dia-
log prompts you to locate and open another model.

Several example models spanning several categories are installed with Analytica. You can quickly
get to these either from the Analytica / Example Models shortcut on the Windows’ Start / Pro-
grams menu, or from within Analytica from File—>Open dialog by pressing the Analytica Exam-
ple Models button at the upper left.

To exit (or quit) Analytica, select Exit from the File menu. If you have made any changes to the
model, it prompts you to save your model first (if you are not using the Player Edition).

Diagram window

Balloon Help

When you open a model, it shows a Diagram window. This window usually shows an influence
diagram, like this.

M Diagram - Buy or Rent |Z||E|PZ|
~
Decision Buying price Time horizon
I Other
- | _variables
Appreciation ™,
Chance rate

variables<
Modules <1

L b

3 ¢ >

Each node depicts a variable (thin outline) or module (thick outline). The node shape and color
tells you its class — decision, chance, objective, module, and so on. The arrows in a Diagram
window depict the influences between variables. An influence arrow from variable A to variable
B, means that the value of A influences B, because A is in the definition of B. So, when the value
of A changes, it can change the value (or probability distribution) for B.

In the diagram above, the arrow from Buying price to Cost to buy means that the price of
the house affects the overall cost of purchasing it. The influence diagram shows the essential
qualitative structure of the model, unobscured by details of the numbers or mathematical formulas
that can underlie that structure. For more on using influence diagrams to build clear models, see
Chapter 7, “Creating Lucid Influence Diagrams.”

Node titles are typically kept terse to promote quick visual interpretation of influence relationships,
but because they are terse, you may be left with questions about what they mean or represent.
For example, Appreciation rate refers to the appreciation of what? Over what time period?
Is it inflation adjusted? What units are used? What is the underlying identifier for that node that is
used in definition expressions? What is the source for this estimate?

The author of the model can address these types of questions with a more detailed Descrip-
tion for each variable or module. While you are viewing an influence diagram in browse mode,
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hover your mouse cursor over a node for about one second and a help balloon appears for nodes
that have help text or a description..

M Diagram - Buy or Rent

Buying price (Time horizon]

Appreciation
rate 3
4

Appreciation {%/year)
Rate of Average_annugl percent rate of appreciation {including inflation) over the
inflation ownership period,

[ s
3 ¢ | ¥

To view results To view the value of a variable, first click its node to select it. Then click the Result button 2 |in
the navigation toolbar to open a Result window showing its value as a table or graph. Chapter 3,
“Result Tables and Graphs,” tells you more.

Tip If it needs to calculate the value, it shows the waiting cursor while it computes.

Opening details from a To see more details of a model, double-click nodes in the Diagram window:
diagram » Double-click a variable node (thin outline) to open its Object window (page 24).

* Double-click a module node to (thick outline) see its Diagram window, showing the next level
of detail of the model.

Going to the parent To see the diagram that contains the active module or variable, click the Parent Diagram
diagram pytton % |in the navigation toolbar. The module or variable is highlighted in the parent diagram.

Tip If the active diagram is of the top model, it has no parent diagram, and the Parent Diagram button
is grayed out.

Seeing remote inputs When a variable has a Remote input — that is, it depends on a variable in another module — a
and outputs  small arrowhead appears to the left of its node. Similarly, if it has a remote output, a small arrow-
head appears to its right. Press on the arrowhead to quickly view and navigate influences
between nodes in different diagrams (modules).

Small arrowhead
indicates that this Mortyage
variable has remote payments
inputs

To see a list of the inputs (or outputs), remote and local, press the arrowhead on the left (or right)
of the node.

I Mortgage IR

v () Mortgage loan amount .
: Popup menu of inputs

) Mortgage interes

To jump to a remote input or output, select it from the list and stop pressing. It opens the Diagram
window containing the remote variable, and highlights its node.
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Classes of variables and other objects

Decision

Yariahle

Constraint

Indesx

Constant

Function

Button

The shape of a node indicates the class of the variable or other object:

A rectangle depicts a decision variable — a quantity that the decision maker can control directly.
For example, whether or not you take an umbrella to work is your decision. If you are bidding on a
contract, it is your decision how much to bid.

An oval depicts a chance variable — that is an uncertain quantity whose definition contains a
probability distribution. For example, whether or not it will rain tomorrow is a chance variable
(unless you are a rain god). And whether or not your bid is the winning bid is a chance variable in
your model, although it is a decision variable for the person or organization requesting the bid.

A hexagon depicts an objective variable — a quantity that evaluates the relative value, desirabil-
ity, or utility of possible outcomes. In a decision model, you are trying to find the decision(s) that
maximize (or minimize) the value of this node. Usually, a model contains only one objective.

A rounded shape (with thin outline) depicts a general variable — a quantity that is not one of the
above classes. It can be uncertain because it depends on one or more chance variables. Use this
class initially if you’re not sure what kind of variable you want. You can change the class later
when it becomes clearer.

An hourglass shape depicts a constraint — a relationship utilized when solving constrained opti-
mization problems in the Analytica Optimizer edition. The constraint node appears on the toolbar
only when using Analytica Optimizer. Optimization is covered in the Optimizer user guide.

A rounded node (with thick outline) depicts a module — that is, a collection of nodes organized
as a diagram. Modules can themselves contain modules, creating a nested hierarchy.

A parallelogram depicts an index variable. An index is used to define a dimension of an array.
For example, Year is an index for an array containing the U.S. GNP for the past 20 years. Or
Nation name is an index for an array of GNPs for a collection of nations. Indexes identify the row
and column headers of a table, and the axes and key of a graph (see “Introducing indexes and
arrays” on page 154).

A trapezoid depicts a constant — that is, a variable whose value is fixed. A constant is not
dependent on other variables, so it has no inputs. Examples of numerical constants are the
atomic weight of oxygen (16) or the number of feet in a kilometer. It is clearer to define a constant
for each such value you need in a model, so you can refer to them by name in each definition that
uses it, rather than retyping the number each time.

A shape like an arrow tail depicts a function. You can use existing functions from libraries, and
define new functions to augment the functions provided in Analytica. See Chapter 21, “Building
Functions and Libraries.”

This node is a button — when you click a button (in browse mode), it executes its script to per-
form some useful action. You can use buttons with any edition of Analytica, but you need Analyt-
ica Enterprise or Optimizer to create a new button (see “Creating buttons and scripts” on

page 406).

Selecting nodes

To select a node

To view or change details of a variable or other object in a diagram, you must first select a node
(or a set of nodes). You do this in much the same way as you select files or folders in the Win-
dows File Browser, and most other applications:

Simply click a node once to select it. Selected node(s) are highlighted with reverse color in
browse mode, or with handles (little corner squares) in edit mode.

You can also press the Tab key to select a node. Each time you press Tab, it selects the next
node in the diagram, in the order the nodes were created. Control+Tab cycles through the nodes
in the reverse sequence.
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To select multiple nodes

To deselect all nodes

The toolbar

22

Navigation toolbar

(Fear

Edit buttons

Rl

: |

ad

The toolbar

Click a node while pressing the Shift key to add it to the set of selected nodes. You can remove a
node from the selection by clicking it again while pressing Shift.

In edit mode, you can also select a group of nodes by dragging the selection rectangle to enclose
them. Press the mouse button in a corner of the diagram — say top-left — and drag the cursor to
the opposite corner — say bottom right. This shows the selection rectangle and selects all nodes
within the rectangle.

Just click the background of the diagram outside any node.

The toolbar appears across the top of the Analytica application window. It contains buttons to
open various views of the model, and to change between browse and edit modes.

& & o & & o
§F &§ & & & & & ¢
g F F 5 3 F 3 S5
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The first five buttons on the toolbar open a window relating to the variable or the object selected in
the active (frontmost) window:

Parent Diagram button: Click to open the Diagram window (page 19) for the module or model
containing the object in the current active Diagram, Object, or Result window. It highlights the
object you were viewing in the parent diagram. If you are viewing the top-level model, which has
no parent, this button is grayed out. The keyboard shortcut is F2.

Outline button: Click to open the Outline window (page 341). The outline highlights the object
you were previously looking at. The keyboard shortcut is F3.

Object button: Click to open the Object window (page 24) for the selected node in a diagram or
the active module. The keyboard shortcut is F4.

Result button: Click to open a Result window (page 30) (table or graph) for the selected vari-
able. This button is grayed out if no variable is selected. If you have selected more than one vari-
able, it offers to create a compare variable that shows a result combining the values of all the
variables. The keyboard shortcut is Control+r or F5.

Definition button: Click to view the definition of the selected variable. If the variable is defined as
a probability distribution or sequence, it opens the function in the Object Finder (page 114); if the
variable is an editable table (edit table, subtable, or probability table), it opens the Edit Table
(page 182) window. Otherwise, an Attribute panel (page 24) or an Object window (page 24)
opens, depending on the Edit Attributes setting in the Preferences dialog (page 58). This button
is grayed out if no variable is selected. The keyboard shortcut is Control+e or F6.

These three buttons control your mode of interaction with Analytica. The shape of the cursor
reflects which mode you are in:

Browse tool: Lets you navigate a model, compute and view results, and change inputs. It does
not let you change other variables. See “Browse mode” on page 23.

Edit tool: Lets you create new objects, and move and edit existing objects. See “Creating and
editing nodes” on page 49.

Arrow tool: Lets you draw arrows (influences) between nodes on a diagram. See “Drawing
arrows” on page 51.
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Browsing with input and output nodes

Tip If the model is locked as browse-only, or if you are using the Player or Power Player edition of
Analytica, only the browse tool is available.

Browsing with input and output nodes

When you open a model with input and output nodes, the top-level Diagram window might look
like this (instead of an influence diagram).

Hand tool is highlighted J
to show that you are

browsing &‘ﬁ; :g[ .QIJPWH_QP"’_ 3 |—l-|

Input assumptions

Tirne horizon [years)
]

Buying price £]) A0k
Discount rate [Yofyear )

Percent down payment (%
Input nodes

Rate of inflation (Yafyear) _-:: Mortgage interest rate (Yafyear)

B 1200 Appreciation rate [%fyear)

(
Results
Output node Met present value i%) L~

A

MWanthly rent

O s
m||] O

You can change the values in the input nodes directly. The output node, Net present value,
shows a Calc button. Click it to compute and see its value. Double-click the Model details node
to open a diagram showing details of the model (the influence diagram shown above).

Browse mode

An existing model opens in browse mode. In this mode, the browse tool button is highlighted in
the navigation toolbar, and the cursor looks like this .

In the browse mode, you can change input node values, view output node results, and examine
t,""; k |+ the model by opening windows to see more detail.

:

Viewing input nodes

An input field lets you see a single number or text value. Click in the box to edit the value. Ifit's a

400K text value, you must put matching quotes around it (single or double).

A pull-down menu lets you choose from a list of options. Press the menu to see the list.

10

= Click the List button to open a list of values, usually defining an Index. To change a value, click in
List its cell. For more about lists, see “Editing a list” on page 175.
Click to open an edit table showing an editable array with one or more dimensions displayed as a

Edit Table apie. For more, see “Editing a table” on page 182.

Click to view and edit a probability distribution in the Function Finder. For more, see “Probabilis-
tic calculation” on page 252.

RCE
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Viewing output node values

Click the Calc button to compute and display the value of this output variable. When computing is
ate complete, it shows a number in this node, or, if it's an array, it changes to the Result button and

opens a Result window showing a table or graph. See Chapter 3, “Result Tables and Graphs” for
more.

Resul The Result button shows that an array has been calculated. Click it to open a Result window
showing a table or graph. See Chapter 3, “Result Tables and Graphs” for more.

Opening module details

To see the structure of the model, double-click the module Model details, to display its diagram
window (see “The Object window” on page 24).

The Object window

The Object window shows the attributes of an object. All objects have a class and identifier — a
unique name of up to 20 characters. A variable also has a title, units, description, definition,
inputs, and outputs.

Class menu Identifier

() Variable Maortgage Units: §
Title: Mortgage loan amount
Expression
popup menu—— Description: Total mortgage (loan) amount received.
(page 111) \
[l
Definition: Price + DownPaymt
Editable field _ Inputs: () Downpaymt Diowvn payment
/ 1 Price Buying price
Double-click an input < Outputs: () End_mortgage Mortgage principsl remaining
or output to open its TT— () Irterest_pay Irterest payments
ObJeCt wmdow (1 Dewmert hdotoiacie bawsmert

To open an Object Here are some ways to open the Object window for an object X:
window . . . .

* Double-click x in a Diagram window.

« Select X in its Diagram window and click the Object button | == | in the navigation toolbar.

» Double-click the entry for X in the Outline window (page 341).

+ If a Result window for X is displayed, click the Object button in the navigation toolbar.

* Double-click x in the Inputs or Outputs list of a variable in an Object window.

Returning to the parent Click the Parent Diagram button £% |in the navigation toolbar to see the diagram that contains

diagram  thjs node, with the node highlighted.

The Attribute panel

The Attribute panel offers a handy way to rapidly explore the definitions, descriptions, or other
attributes of the variables and other nodes in a Diagram window. You can open the panel below
the diagram, and use it to view or edit any attribute of the node you select. It shows the same attri-
butes that you can see in the Object window, and often several other attributes.
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The Attribute panel

[ Diagram - Model details

Select node to
see its attribute —f—
below
Appreciation ]
s g
FHate of
inflation
Drag
L | hd partition to
Key iconisopen _ g 4 | | » [E}— change
Buyi ice: Definjti w | epr panel height
Title of the .~ o D TS N I
selected object 400K, =
Drag box to
0 change
-4 panel
height and
Value of the Attribute menu from diagram
attribute which you select the width

attribute to show

Click the key icon E to open the Attribute panel. Here are things you can do in this panel:
+ Select another node in the diagram to see the selected attribute of a different object.
+ Click the background of the diagram to see the attributes of the parent module.
» Select another option from the Attribute menu to see a different attribute.

To enter or edit the attribute value, make sure you are in edit mode, and click in the Attribute
panel, and start typing. (Not all attributes are user-editable.)
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Different classes of objects have different sets of attributes.

Showing values in the Object window

el

Buying price:

| Description W |

Biuying price of house,

-~

Class \
Identifier Class

W Title Identifier
niks Parameters
Description Title
Definition Iniks
Indexvals w Descripkion
Darnain v Class Definition
Help Identifier Diamain
Check Title Help
Inputs Description Check
Outputs Autharis) Inputs
tMetaonly Created Cukputs
Yalue Help Recursive
Variahles Modules Functions

If you try to see an attribute not defined for an object, it shows its description.

See the “Glossary” for descriptions of these attributes. To display other attributes or to add new

attributes, see “Managing attributes” on page 343.

To close the Attribute panel, click the key icon E again.

Showing values in the Object window

When reviewing a model and trying to understand how it works, it is useful to show the value of a
variable and its inputs in the Object window. To switch on this option, select Show with Values
from the Object menu. The Object window for a variable then shows the mid (deterministic)
value of the variable and each of its inputs.

26
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selected variable

List of inputs, with
units and values —

Value of _| Value: -170.7K
Inputs: () Dowenpenemt Dowen payment (%1 = -80K
) Moving_costs Moving costs ($) = -6000
() Pv_forgone_interest  Present value of for... =-13.5K
() Pv_own Present value of ow... =-1857K
) Pv_sale Present value of sale (5 =114 4K
Outputs: < Net_present_value Met present value
4] [

Atom and array values

Printing

Previewing page breaks
before printing

Scaling printouts

0 Object - Present value of cost to buy |Z||E|g|
P _boLry Units: -

Title: Present value of cost ta buy

Description: Total present value of the cash flow related to buying, including the doswn payment,
annual out-of-pocket costs, proceeds of future sale, and forgone interest on the down
payment (opportunity cost).

[l
Definition: Pv_own + Pv_sale + Pv_forgone_interest + Downpaymt + Moving_costs

If a value has not yet been calculated, it shows a Calc button. Click to compute it. If the resulting
value is an atom — a single number or text value, not an array — it shows the value in the Object
window, as above. If the value is an array, it shows instead a Result button Resut__ |, which you
can click to compute and display the array in a separate Result window.

For more about the Result window, see Chapter 3, “Result Tables and Graphs.”

To print the contents of an active window — Diagram, Outline, Object, Result Table, or Graph
— select Print from the File menu. Selecting Print Setup on the File menu can then set printing
options such as page orientation, paper size, or scaling. Any print settings that you specify are
associated only with the window that was active when you selected Print Setup.

When you select the Print preview command on the File menu, it displays a Preview window to
show what will be printed and where page breaks will occur. You can adjust print settings such as
scaling until you get the desired page breaks. When previewing a result table or graph, you can
toggle the option for showing or hiding the index variable titles.

When viewing a diagram, outline, or Object window, page breaks can be viewed while working by
enabling Show Page Breaks on the Window menu.

You can adjust the magnification of your printouts using the Print Setup command on the File
menu, or by using the Setup button on the Print Preview window, in two ways:

+ Adjust to p % of normal size: Use p<100% to shrink output, or p>100% to enlarge it.

» Fit to n page(s) wide by m page(s) tall: Shrinks the output to fit on the specified pages. It
preserves aspect ratio. It does not enlarge, so the actual number of pages printed might be
less than n x m.
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Faper

Size: |Letter

Source: | Automatically Select L]
Settings to Sedling

magnify or shrink |
print output

Checkbox to print

the background
color for influence —

diagrams

Printing the background

Printing

Orientation

Appearance

—— ¢ Adjust o | 100 % of nomal size
" Fitta ]— pagelz] wide by l— page(z] tall

—— [ Print influence diagram background color,

j n 1+ Portrait

" Landscape

(1] Cahcel

There is a checkbox in the Print Setup window for controlling whether a diagram’s background

color is printed. By not printing the background color, one can save on ink or toner. Whether the
background is printed or not is controlled by the Print influence diagram background color check-
box. By default, it does not print the background.

Printing multiple
windows

Diagram window
printing options

Result window
printing options

@ Print Report

—A Print Diagrams:

Al

* Currently open diagrams anly
" Diagrams in current raodule only
" MNone

To print the contents of several windows into a single document, use the Print Report command
in the File menu. It uses the print settings set in Print settings for each window.

Object window
printing options

—=  Print Objects:

Al

{* Currently open objects only

" Objects in curent module anly
" Mone

— I? Print Results:

* Cumently open results anly
" Marme

Cancel

[ Print Dutline [&l Dbjects)
[ Print Outling [Modules Orly]

Frirt

Check Print Outline (All Objects) to print a list of all objects in the model, each in its parent mod-
ule, indented to show the module hierarchy.

Check Print Outline (Modules Only) to print a list of all modules (including libraries and form
nodes), indented to show the module hierarchy.
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This chapter shows you how to:
* View Result windows as graphs or tables.

* Rearrange or pivot results, exchanging rows and columns, or graph
axes and keys, and slicer dimensions.

+ Select an uncertainty view to display probabilistic results.
+ Compare two or more variables in the same table or graph.




Chapter ﬂ Result Tables and Graphs

The Result window

When you open the Result window for a variable, it computes its value if it hasn’t previously
cached it, and displays it. If the value is an array or a probability distribution, you can display it as
a table or graph. Here is a Result window with a table and equivalent graph.

Result controls

Index selection area

Uncertainty View 9 Result - Net present value |Z||§|b__<|

popup menu
Table view

Cumulative Probability of Het present value {§)
= | Het present value ($) w | [ Totalz
v

Graph view ——

Cumulative Probability of Het present value ($)
Key:| Het present value (§) |

Cumulative Probability

0 —————
-350K -300K -250K =200k, -150K -100K -50K 0 S0k 100K

Met present value ($)

Net present value ($)
— Presentwalue of costto huy  — Presentvalue of cost to rent

To open a Result Click the variable node in its influence diagram to select it, and do one of these:
window + Click the Result button | @ |in the toolbar, or press key Control+r.
» Select Show Result from the Result menu.

» Select an uncertainty view option, such as Mid Value, Mean Value, or Cumulative
probability, from the Result menu.

* In the Attribute panel below a diagram, select Value or Probvalue from the Attribute menu,
and click the Calc or Result button.

To open a Result window for an output node, simply click its Calc or Result button.

Result controls The Result controls, in the upper-left corner of the Result window include these controls:

Press the Uncertainty View popup menu (page 33), to select how to display an uncertain quan-

Ml ity

f@l Click this button to display the result as a table.

Click this button to display the result as a graph.
Toggle between the table and graph views using the Table View and Graph View buttons.
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Index selection

Title
Slicer index

Slicer menu
Slicer stepper arrows

Row or key index

Column or X axis index
XY button

Totals checkboxes

The default view

The Index selection area is the top part of a Result window. For a table, it shows which index
goes down the rows, and which goes across the columns. For a graph, it shows which index is on
the X axis (and sometimes Y axis) and which is in the key. For either view, if the array has too
many dimensions to display directly, it also shows slicers that select the values of the extra
indexes. Each control has a popup menu to let you exchange indexes and rearrange (pivot) the
view.

Title of the result Slicer Slicer Slicer X-Y button
menu value steppers
Slicer index for Mid Value of t/et present value {
third or higher Buying price ¥ 120K FE
dimensions R |

| Rate of inflation (%) - I [—Totals

™ | Appreciation rate {{%/year)) ¥ I[) [—Tata
Row or Col‘umn or Check totals for
key index X axis index row or column

The index selection area of a graph or table contains these items (example variables and indexes
in the following text refer to the figure above):

Shows the uncertainty view (mid, mean, etc.), the title of the variable, and its units, e.g., Mid
Value of Costs of buying and renting ($).

The title, units, and value of any index(es) showing dimensions not currently displayed in the table
or graph.

Press '{} for a popup menu from which you can change the slicer value for the results displayed.
Click E or ﬁ to cycle up or down through the slicer values.

Shows the title of the index displayed down rows for a table, or in the color key for a graph. Press
to open a menu from which you can select another index.

BAGA W alenn ok Blot ewe ook sonleso
Euving price
Appreciation rate ((3)vear)
v Rate of inflation (%)

Popup menu

Shows the title of the index displayed across the columns for a table, or along the X (horizontal)
axis for a graph. Press to open a menu from which you can select another index.

Click [x¥] to plot this variable against one or more other variables, or to plot one slice of this vari-
able against another slice. See “XY comparison” on page 99.

Check a box to show row or column totals the table view. If you check Totals for an index and then
pivot it to be a slicer index, “Totals” becomes its default slicer value. This lets you show total val-
ues over the slicer index in the graph or table.

When you first display a result for a variable, by default, it displays it as graph, if possible, and
otherwise as a table. You can change this default in the Default result view in the Preferences
dialog (page 58).

When you display the Result window again, it uses all the options you last selected when you
viewed this variable, including table versus graph, uncertainty view, index pivoting and slicer val-
ues, and any graph settings.
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Recomputing results

If you change a predecessor of a variable shown in a Result window, the table or graph disap-
pears from the window and is replaced by a Calculate button.

Mid Value of Het present value ($) X

Calculate

Click Calculate to compute and display the new value.

Viewing a result as a table

Toggle to table view If a result window shows a graph, click on the top-left to switch to table view.

Result trol mide | Mid Value of Het present value ($) “i Index
esult controls = . ; selection
(page 30) IE)| Buying price T Eda — 1 Crea
| Rate of inflation (%) w | [ Totals (page 31)
— —
Slicer index | Appreciation rate {{%/vear)) ¥ |[>' [ Tatals
Row index -10 -3 0 5 10
fiPV Buy 5520H | -5508KH | -54.86H |  -5484K|  -54.43K
Column index NPV Rent A092K 092K 092K 092K 1082

Three-dimensional table

The index display options depend on the number of dimensions in the variable.

Row index (down) Use this menu to select which index to display down the rows of the table. Select blank to display
a single row.

Column index Use this menu to select which index to display across the columns of the table. Select blank to
display a single column.

Slicer index(es) |If the array has more than two indexes, the extra index(es) are shown as Slicer menus. The table
shows values only for the slice (subarray) setting the slice index to the shown slicer value. Open
the slicer menu {}r and select a different slicer value, or click B or ﬁ to step through the slicer
values.

Formatting numbers To specify the format for the numbers in a table or along the Y (usually vertical) axis of a graph,
show the graph and select Number Format from the Result menu, or press Control-b. The Num-
ber format dialog (page 82) offers many options, including currency signs, dates, and Booleans.

Viewing a result as a graph

Toggle to graph view If a result window shows a table, click on the top-left to switch to graph view.

32 Analytica User Guide



Chapter H Result Tables and Graphs

Result controls
(page 30) Horizontal Anis:| Appreciation rate ({%./year)) v |
Index selection area —— Key:| Rate of inflation (*) hl I
(page 31)
-50kK
-85k
«E -BOK
@ -BAkK
=
= -T0kK
= -TAkK
4
c
@
m
@
1
o
-
[T}
=
-1048kK
-110K
-10 -8 -6 -4 -2 1] 2 4 4 g 10
y axis Appreciation rate (("uyear))
Rate of inflation (%
x axis | (%)
// —2 =3
key —

X axis

Key index

Slicer index(es)

To reorder slicers

Graph setup options

Uncertainty views

@ Result - Net present value

The y axis, usually vertical, plots the values of the variable. The x axis, usually horizontal, shows
the value of a selected index. The index display options depend on the number of dimensions in
the variable.

If the array has more than one index, use this menu to select which index to display along the x
axis (usually horizontally).

If the array has more than one index, use this menu to select which index to display in the key,
usually showing each value by color.

If the array has more indexes than you can assign graphing roles (such as x axis or key), the
extra indexes are shown as Slicer menus, as in a table view. The graph shows values only for the
slice (subarray) setting the slice index to the shown slicer value. Open the slicer menu {}* and
select a different slicer value, or click E or 4] to step through the slicer values.

If the graph has more than one slicer index, you can reorder the slicer indexes simply by dragging
one up or down.

There is a rich variety of ways to customize the graph, including line style (lines, data points, sym-
bols, barcharts, stacked bars, thickness, transparency), axis ranges, log or inverted axes, grid
and tickmarks, background colors, and font color and size. To change these settings, open the
Graph Setup dialog (page 89) and do one of the following:

» Select Graph Setup from the Result menu.

* Double-click anywhere on a graph in the Result window.

Uncertainty views

Every variable has a certain or deterministic value, which we term its mid value. Some variables,
notably chance variables and variables that depend on chance variables, can also have an uncer-
tain or probabilistic value, which we term its prob value. A mid value is computed using the mid
value of each variable it depends on or the median of any probability distribution. The mid value of
a result is not necessarily the median of its probability distribution, but usually close.

Analytica User Guide 33



Chapter n Result Tables and Graphs

34

Mid value

Tip

Uncertainty views

The Result window offers seven uncertainty views, including the mid value (which is not uncer-
tain) and six ways to display a prob value. You can select the uncertainty views from a menu in
the top-left corner of a Result window. Or you can select a variable, and select an uncertainty
view option from the Result menu.

Diagram ‘Window Help

M Result - Costs of buying and r

Show Result ZkrH+R
v mid Mid Value L} Currently selected L Mid Yalue
uncertainty view
. Hﬁ:“ l"'l'a"“e option Mean Value
Bt Statistics Skatistics

2= Probablity Bands
|, Probability Density
i~ Cumulative Probability
|2 S ample

Probability Bands
Probability Density
Curnulative Probability
Sample

renting ($)

Uncerkainty Opkions,.,  CrrlHH

Uncertainty View popup menu from

Result window Result menu uncertainty

view options

The checkmark indicates the currently selected view.
Here we illustrate each uncertainty view using the chance variable, Rate_of inflation,
defined as a normal distribution with a mean of 2.5 and a standard deviation of 1:
Chance Rate of inflation := Normal (2.5, 1)
The mid value is the deterministic value, computed by using the median instead of any input prob-

ability distribution. It is computed very quickly compared to uncertain values. It is the only option
available for a variable that is not probabilistic.

1 Result - Rate of inflation Z §|g|

Mid Value of Rate of inflation {%/year) ﬂ
7]
Lall
25 &
| W

A mid value is much faster to compute than a prob(abilistic) value, since it doesn’t use Monte Carlo
simulation to compute a probabilistic sample. It is often useful to look first at the mid value of a
variable as a quick sanity check. Then you might select an uncertainty view, which causes its prob
value to be computed if it has not already been cached.
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Mean value An estimate of the mean (or expected value) of the uncertain value, based on the random (Monte
Carlo) sample.

1 Result - Rate of inflation Z E”Xl

Mean Value of Rate of inflation {%/year) iyl
[[.2]
Lall

25 e

Tip The mean and the other uncertainty views below are estimates based on the Monte Carlo (or Latin
hypercube) sample. The precision of these estimates depends on the sample size and the
sampling method. A larger sample size gives higher precision and takes more time and memory
to compute. You can modify the sample size (page 416) and sampling method in the Uncertainty
setup dialog (page 253) from the Result menu.

Statistics A table of statistics of the uncertain value, usually, the minimum, median, mean, maximum, and
standard deviation, estimated from the random sample. You can select which statistics to show in
the Statistics tab (page 256) of the Uncertainty Setup dialog from the Result menu.

9 Result - Rate of inflation Z E|E|
Statistics of Rate of inflation (%/year) M

= [~ Tatals
k| ¥ [ ~P

Min 0.7905 T
Median 25
Mean 25
MMax 5791
Stol. Dev. 09993

| (4

Probability bands An array of percentiles (fractiles) estimated from the random sample, by default the 5%, 25%,
50%, 75%, and 95%iles. You can select which percentiles to show in the Probability Bands tab
(page 256) of the Uncertainty Setup dialog from the Result menu.

9 Result - Rate of inflation Z E|D__(|
Probability Bands of Rate of inflation (... &

2 o
WY [ ~p

0.05 0.8585 e
0.25 1.826
0.5 25
0.75 3174
0.95 4141
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Uncertainty views

Probability density Select probability density to display the uncertain distribution as a probability density function

Probability mass
function

Cumulative probability

36

(PDF).

For a probability density function, it plots values of the quantity over the X (usually horizontal)
axis, and probability density on the Y (vertical axis). Probability density shows the relative proba-
bility of different values. High values show probable regions; low values show less probable
regions. The peak is the mode, the most probable value. If the density is zero, it is certain that the
quantity will not have values in that range.

T Result - Rate of inflation

Probability Density of Rate of inflation (... ﬂ
Lal
0.4
EE-‘ 0.3
0 i ]
8502
2a -
o 0.1
D B ) 1 1 1 ) ) l1|l_ll_|
1 0 1 2 3 4 q G
Rate of inflation (%/year)

If you select Probability density for a discrete variable, it displays the variable as a probability
mass function (PMF) in a bar graph with the height of each bar indicating the probability of that
value.

@ Result - Poisson(5)

Probability Mass of Poisson(5) o
Horizontal A:lis:l Possible Values v |
|

01 2 3 4 5 B 7 8 9 10 12
Poisson(5)

Usually, it figures out whether to use a probability density or mass function. Very rarely, you might
need to tell it the domain is discrete. See “The domain attribute and discrete variables” on

page 266, “Is the quantity discrete or continuous?” on page 248, and “Probability density and
mass graphs” on page 264 for more.

The cumulative probability distribution (CDF) plots the possible values of the uncertain quantity
along the X (usually horizontal) axis. The Y value (usually height) of the graph at each value of X
shows the probability that the quantity is less than or equal to that X value. The CDF must start at
a probability of 0 on the extreme left and increase to a probability of 1 on the extreme right, never
decreasing.
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Uncertainty views

The steeper the curve, the more likely the quantity will have a value in that region. The PDF is the
slope (first derivative) of the CDF. Conversely, the CDF is the cumulative integral of the PDF.

Cumulative Probability |3 EE

T Result - Rate of inflation

Cumulative Probability of Rate of inflation (%./year)

0.4a
n.e
nr
0.6
0.4
0.4
0.3
0.z
0.1

-1 0 1 2 3 4 5
Rate of inflation (%/year)

=X

ad|

Sample A sample is an array of the random values from the distribution generated by the Monte Carlo
sampling process. The sample is the underlying form used to represent each uncertain quantity.
All the other uncertainty views use statistics estimated from the sample. The sample view gives
more detail than you usually want. You will likely want to view it mainly when verifying or debug-

ging a model.

0 Result - Rate of inflation

=S

Sample of Rate of inflation (%:jvear)
[ meration (Run) w | [ Totals
=
| a4

- 00 = M o W N e

21
3281
2396
2235
3376
2092
1483
3.087
3167
2132
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Like any other graph, you can display a sample as a table by clicking to see the underlying
numerical values.

M Result - Rate of inflation

Sample of Rate of inflation }{YI
i) | teration (Run) w | [ Totals

el ¥ | >

4,803
2509
3805
3237
3539
2oz
1804
234

1746 d
.

sl 88 = S N e

Comparing results

It's easy to compare directly two or more variables in one table or graph.

1. Select the variables together in the diagram, using Shift+click to add each to the selection, or
dragging a selection rectangle around them.

1 Diagram - Out of pocket costs to own

2. Click | ® |in the navigation toolbar, or press Control+r.

3. Click OK in the confirmation dialog.

Question

N ? J Do vou want ko compare more than one result?

(04 I Cancel
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Comparing results

This creates a new variable with a default identifier, Comparel, with a list of the selected vari-
ables.

1 Diagram - Out of pocket costs to own

. . i
| AE
Comparei: [ Definition bl ||E w |

Irterest_payments ﬂ
Froperty_taxes
Maintenance_by_yvear

-

Principal_payments Jﬁ

The result of comparel is a graph containing an index containing the titles of the variables being
compared. This is the Self index of the Comparel. It also includes all the indexes of the array
variables being compared — in this case, Time and Buying Price.

@ Result - Compare1

Mid Value of Compared
@ Buying price ($)4F

2
Horizontal Auis:l Time vl Key:| Comparel vI
D .
-2000 -
- -4000 -
@ -6000
& 8000
£ 10K~
Q -12K S
-
-16K -
-18k T T T T T i
i i 1m0 15 20 24 30
Time
Compare1l
" Interest payments " Maintenance by vear
~ Propetty taxes Frincipal payments @

This helps clarify how the interest payments reduce (become less negative) as the principal pay-
ments on the mortgage increase (become more negative).
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This chapter shows you how to perform a parametric analysis on a
model by:

» Selecting variables as parameters
+ Specifying alternative values for the parameters
+ Examining the results




Chapter n Analyzing Model Behavior Varying input parameters

A potent source of insight into a model is examining the behavior of its outputs as you systemati-
cally vary one or more of its inputs. This technique is called model behavior analysis. Each input
that you vary systematically is called a parameter, and so this technique is also known as para-
metric analysis. Analytica makes it simple to analyze model behavior in this way. All you have to
do is to assign a list of alternative values to selected input parameter. When you view the result of
any output, Analytica computes and displays a table or graph showing how the output values vary
for all combinations of the input values.

This chapter describes how to select variables as parameters, how to specify alternative values
for the parameters, and how to examine the results.

Varying input parameters

Which inputs to vary?

How many values to
assign?

Creating a list

42

The first step in analyzing model behavior is to select one or more input variables as parameters
and to assign each parameter a list of possible values.

You can vary any numerical input variable of your model, including decision and chance vari-
ables. Often you will want to vary each decision variable to see which value gives the best results
according to the objectives. You might also want to vary some chance variables to see how they
affect the results. It is often best to look first at the decision or chance variables that you expect to
have the largest effect on the model outputs. In complicated models, you might want to start with
an importance analysis, to identify which chance variables are likely to be most important. (See
Chapter 17, “Statistics, Sensitivity, and Uncertainty Analysis.”) You can then select the most
important variables as the parameters to vary to analyze model behavior.

Usually it is best to assign a list of three alternative values to each parameter — a low, medium,
and high value. In some cases, two values are sufficient. If you have a special interest in a partic-
ular parameter (for example, if you suspect it has a strongly nonlinear effect) you can assign more
than three values to examine in more detail the model behavior as the parameter varies. Natu-
rally, the computation time increases with the number of values.

Change the definition of each parameter to a list, thus:

1. Select the variable by clicking its node in the influence diagram.

2. Display the variable’s definition by clicking the Definition button | #*  in the tools palette, or
press Control+e.

3. Click the expr (Expression) menu above the definition and select the List option. (Do not
select the List of Labels option.)

Taw deductions.

v 80 Eupression v B0 Eupression
B2 List of Labels B3 List of Labels
= Table 1.8 Sequence
= F'r_ob.abllfty Tahle T Oiker
4 Distribution
= Choice
& Other...

4. A dialog asks for confirmation. Click OK.

Question El

?H) Replace current definition with a List?
T

Ok | Cancel |

A list with one item displays, containing the old definition of the variable.
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Definition:

New one-element list

Click the item to select it.
Type in the lowest value for the variable.
Press Enter and type in the next value.

© N o o

Repeat step 7 until you have all the values you want.

@ Object - Buying price (=1(E3
Price Units: § -

Title: Buying price

Description: Buying price of house.

Definition: | 100K |
250K |

< a7

Tip When you add an item to a list of two or more numbers, it uses the increment between the last two
numbers to generate the next. If the last two values are 10 and 20, it offers 30 as the next.

For details on how to edit a list, see “Editing a list” on page 175.

If you want to create a list of successive integers, use the “. .” operator, for example:
Decision Year := 2000 .. 2010
If you want to create a list of evenly spaced numbers, use the Sequence(x1, x2, dx) function
(page 177), for example:
Decision Quarters := Sequence(2000, 2010, 0.25)
How many inputs to  Typically you should start a model behavior analysis by varying just one input variable, the one
vary  you expect to be most important. Vary additional variables one at a time, in order of their expected
importance. If a variable turns out to have little effect, you can restore it to its original value or

probability distribution. If you have many inputs whose effects on model behavior you would like
to explore, vary just a few at a time, rather than trying to vary them all simultaneously.

Each parameter that you vary becomes a new dimension of your output result array. The compu-
tation time and memory needed increase roughly exponentially as you add parameters. More-
over, you might find it hard to interpret an array with more than three or four dimensions.
Remember that the goal is to obtain insight into what affects the model behavior and how.

Analyzing model behavior results

When you have assigned a list to one or more inputs, you can examine their effect by viewing the
result on an output variable. If your model has an objective, start by looking at that variable.

1. Select the variable you wish to view by clicking its node in the diagram.

2. View the result by clicking the Result button i inthe navigation toolbar. The result displays
as a table or graph.
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9 Result - Difference between buying and renting

mid Mid Value of Difference between buying and renting “XI_;
@ Horizontal .M:is:l Appreciation rate (%./year) v |
Lall Key:| Buying price () w |

200K

150K -
S 2 100K+
% ‘s’ SDE E

2 ]

ST -50K-
25 -100K-
v g -150K -
£ = 200K
a3 -290K-

-300K -

_35EIK 1 1 1 T 1 T T 1 1 1

-10 -8 -B -4 -2 i 2 4 B g 10
Appreciation rate (%/year)
Buying price ($)
00k T 280K T A00K .
a

The result is an array with a dimension for each input parameter that you have varied (in this
example, Buying price and Appreciation rate). If an input parameter does not appear as
a dimension of the result, it implies that the result variable does not depend on the input. The
result might also have other dimensions that are not input parameters you have varied — for
example, Time for a dynamic model.

It is generally easiest to look first at the result graph to see the model’s general behavior. You
need to look only at the result table if you want to see the precise numerical values. If you are
varying more than one input parameter, try rearranging the dimensions (see “Index selection” on
page 31) to get additional insights into model behavior.

1 Result - Difference between buying and renting

rhidw Mid Value of Difference between buying and renting WI
Result graph 2| Horizontataxis| Buying price ($) v|

with dimensions : —
reversed Lol ey:|” Appreciation rate (%/year) v I

200K
150K -
100k -
50k
o-
50k -
-100k -
-1680k -
-200k -
-250k -
-300k

_SSDK T T T T T T T 1
100k 140K 200k 280K 300k 360K 400k 4A0kK a00kK

Buying price ($)

Difference between
buying and renting

Appreciation rate (w/year)

10 -5 0 5 10 A
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Understanding
unexpected behavior

Understanding
model behavior

If you find the model’s behavior unexpected or inexplicable, you might want to look more deeply
into how the behavior arises. An easy way to do this is simply to look at the results for other vari-
ables between the input(s) and the output(s) in which you're interested. You can work forward
from an input towards the output, or backward from the output towards the inputs. Look at the
behavior of each intermediate variable, and see if you can understand why the inputs affect it the
way they do.

Typically, the reason for unexpected behavior will quickly become clear to you. It might be that
some intermediate relationship has an effect different from what you expected. There might be an
error in a definition. In either case, this kind of exploration can be very revealing about the model.
You might end up improving the model or gaining a deeper understanding of the system it repre-
sents.

By examining result graphs, you can learn if each input affects the output, if the effect is linear or
non-linear, and if there are interactions among inputs in their effect on the output. Below are some
typical graph patterns and their qualitative interpretations.

» A horizontal line shows that changes in the input over the specified range have no effect on
the output.

10 7
g
g
74
g
]
4

My objective

3_
24

D 1 1 I I I 1 I 1
1 1.4 2 24 3 34 4 4.4 il

Y input

* A straight line shows that the output depends linearly on the input — provided that you have
specified more than two different values for the input.

B.5 5

B

5.5

5_

4.4 1

1

My objective

ER

3_

25 T T T T T T T l
1 1.5 2 248 3 348 4 14 A
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» A bent or curved line shows that there is a nonlinear dependence. (If you have only two
values for the input, the graph will be a straight line even if there is a nonlinear dependence.)
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=
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)
o 4
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1 1.8 2 25 3 35 4 4.5 A
¥ input
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Creating and Editing a
Model

This chapter shows you how to:
+ Create a new model
» Save changes
» Create and edit nodes
* Draw arrow connections between nodes
» Create aliases
+ Edit attributes
» Change the class of an object
» Work with the Preferences dialog
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Creating and saving a model

48

To start a new model

The model’s
Object window

Attributes Created: Tue, May 22, 2007 3.08 PM

Tip

Start Analytica like any Windows application by selecting Analytica from the Windows Start
menu or double-clicking the Analytica application file. A new, untitied model opens.

If you are already running an Analytica model, you can also select New Model from the File
menu. Since one instance of Analytica can’t run two models at once, it needs to close the existing
model. If you have changed it, it first prompts you to save it.

The model’'s Object window shows information about the model, such as the author(s), and cre-
ation and save dates; it also includes space for a description of the model’s purpose.

When you start a new model, it displays the Object window for the new model, initially untitled.
First, type these attributes:

+ Title: A word or phrase to identify the model, typically up to 40 characters. Usually the
identifier of the project is set automatically to the first 20 characters of the title, substituting
underscores (_) for spaces or other characters that are not letters or numbers.

» Description: One or several lines of text describing the purpose of this model, and any other
important information about the model or project that all users of the model should know.

» Author(s): Windows usually fills in the name of the Windows user as the default. You can
edit or add to this if you like.

Blank Diagram window

T Object - Test model

Testmodel

Title: Tezt model

Description: To demonstrats and test creation of a new model.

Author(s): ||

Last Saved:
File info: (not saved vet)
d 2

After adding these attributes into the Object window, bring the Diagram window to the top using
one of these methods:

+ Click the Parent Diagram button S&|.

or
» Click anywhere in the Diagram window behind the Object window.
You are now ready to draw an influence diagram for the new model.

When you want to change the model name, title or description, return to the model’s Object
Window by pressing the Object window button on the toolbar (‘ = ‘) from the top-level diagram
window with no nodes selected.
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Creating and editing nodes

Creating and editing nodes

To begin editing a diagram, if you are not already in edit mode, click the edit tool k I This dis-
plays the node toolbar as an extension of the navigation toolbar.

Azl o lr] 6]V | m

The edit tool is ‘ \ ‘
highlighted to show Node toolbar
that it is selected

ol |z e mla|m 7|

W Diagram - Model

=13

Nodes

Buying price ﬁpprfacil:tmn Buy orrent

Cost to Buy

................ e . FE
Costs of buying

: ' and renting
Time horizon : :

Selected node

T

3 4 | » [
For a description of each node shape (or class), see “Classes of variables and other objects” on
page 21.
o elo e o slaw 7|
~
$ & T EF S SF$ESE
& d & o O S & & >
g ¢ & § S S <

The node toolbar is displayed
when either the edit tool or
arrow tool is selected

Create a node To create a new node, press the mouse button with the cursor over the node class you want in the
node toolbar, and drag the node to the location you want in the diagram. When creating a new
node, you can type a title directly into it.

Edit a node title To edit the title of an existing node:

1. Make sure you are in edit mode.
2. Click the node once to select it.

3. Click the node’s title. (Pause momentarily between mouse clicks to prevent them being
interpreted as a double-click, which would open the node’s Object window.)

4. Type in a new title to replace the old one. Or click a third time to put a cursor into the existing
title where you can add text. Or double-click to select a word to replace.

5. After editing the title to your satisfaction, click outside the node (or press Tab or Alt-Enter) to
accept the new title.
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Identifiers and titles

Making an identifier
from a title

Automatic update when

50

identifier changes

Show identifiers
instead of titles

Select a node

Move a node

Move a node to
another module

If the node is too small for the title text, it expands the node vertically to fit. It can accept a title of
up to 128 characters, but it's usually best not to have titles longer than about 40 characters.

Click a node once to select it, showing its handles — small black squares at its corners.

Variable Time
Horizon from
this Month

Time horizon

[

You can edit the title when
the node looks like this

N

The node is resized
to fit the text

Every object has a unique identifier of up to 20 characters. An identifier must start with a letter,
and contain only letters, digits, or underscores (_). Formulas in the definition of a variable or func-
tion refer to other variables or functions by their identifier.

Most objects also have a title, which is usually displayed in its diagram node. A title can contain
any number of characters of any type, including spaces. A title should be a meaningful word or
phrase. Avoid obscure acronyms. It's usually best to keep a title to under 50 characters.

By default, when you enter a title, it also generates an identifier for the object consisting of the first
20 characters of the title, using underscore (_) to replace any character that is not a letter or num-
ber. If the first character is not a letter, it substitutes A, because identifiers must start with a letter.
Identifiers, unlike title, must be unique. So, if by chance an object exists with the same identifier, it
appends a number to the new identifier to keep it unique.

If you edit the title again, it usually asks if you want to change the identifier to match the changed
title. Generally, it's best to have them match. But, sometimes you might want to retain the original
identifier. You can change this default behavior by unchecking Change identifier when title
changes in the Preferences dialog from the Edit menu (page 58).

If an identifier changes, Analytica automatically updates any definitions referring to that identifier it
to use the new version, and so keeps the model consistent.

If you want, you can edit an identifier directly in the Object window or Attribute panel, like any
other user-editable attribute.

By default, it shows the title of each node in a diagram or result window. To show the identifiers
instead, select Show by Identifier from the Object menu, or press Control+y to toggle this
behavior.

To select a node, single-click it. Handles indicate that you have selected the node. To deselect a
selected node, click anywhere outside of it.

handles ~C w— .
S Time horizon
— b -

To select or deselect multiple nodes, press and hold the Shift key while selecting the nodes. You

can also select a group of nodes by dragging a rectangle around them. Move the cursor to a cor-
ner of the diagram (not in a node), press the mouse button, and drag the mouse to draw a rectan-
gle. When you release the button, all the nodes completely inside the rectangle are selected.

To move a node, press the right mouse button on the node (not on a handle) and drag it to where
you want it.

You can also adjust the position of one or more selected nodes with the arrow keys (up, down,
left, right). By default, each arrow press moves the node(s) by eight pixels. If you uncheck Snap-
to-grid in the Diagram menu, each arrow press moves the node(s) by one pixel.

Simply drag the node onto the module until the module becomes highlighted. When you release
the mouse button, the node moves into the module. It has the same location in the diagram of the
new module that it had in the old one.
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Change the size
of a node

Delete a node

Cut, copy, and
paste nodes

Duplicate nodes

Alternatively, double-click the module to open its Diagram window. Move the Diagram windows
so both you can see both the node and the new diagram. Then drag the node to the desired loca-
tion in the new diagram.

Click the node to show its handles. Then drag a handle until the node is the size you desire. By
default, it fixes the center of the node at the same location, and expands or contracts its four cor-
ners. This keeps node centers aligned with the grid. If you want to move one corner, leaving the
opposite corner fixed, uncheck Resize Centered in the Diagram menu.

Select the node(s) and choose Clear from the Edit menu, or press the Delete key. It asks you to
confirm your intention because deleting cannot be undone. Sometimes it is better to create a
module and title it Trash. (There is a Trash library with a suitable icon.) Then you can drag nodes
into it — and still retrieve them, just in case.

You can use the standard Cut (Control+x), Copy (Control+c), and Paste (Control+v) commands
from the Edit menu on one or more nodes. If you cut a node, you can paste it just once. If you
copy a node you can paste it as many times as you wish.

Select the node(s) and choose Duplicate Nodes from the Edit menu (or press Control+d). This is
equivalent to using Copy and Paste, but without writing to the clipboard. Duplicating a node cre-
ates a new object identical to the original, but it adds a number to its identifier to make it unique
and locates it below and to the right of the original node.

Duplicating a set of nodes retains the same dependencies among the duplicated nodes as exists
among the origin nodes. For example, suppose you have three variables:

Variable X := 100

Variable Y := X"2

Variable Z := X + Y

If you duplicate Y and z, but not X, you get two new variables:
Variable Y1 := X"2
Variable Z1 := X + Y1

Note that (a) it appends “1” to the identifiers to make them distinct from their original nodes, and
(b) the definition of z1 refers to the unduplicated X and the duplicated variable ¥Y1.

Drawing arrows

Draw an arrow

Tip

To remove an arrow

Use the arrow tool to draw or remove arrows (influences) between variable nodes. Drawing an
arrow from variable or function A to B puts A in the list of inputs of B. This makes it conveniently
available to select from the inputs menu when creating or editing the definition of B (see “Creating
and Editing Definitions” on page 107).

To draw an arrow, first click the arrow icon —+ |in the toolbar to select the arrow tool. In arrow
mode, the cursor changes to this arrow icon when over a diagram window.

1. Drag from the origin node (which highlights) to the destination node (which also highlights).
2. Release the mouse button, and it draws the arrow.

To speed up drawing arrows from multiple nodes to a single destination, select all the origin
nodes. Then drag from any origin node to the destination node. When you release the mouse, it
draws arrows from all the origin nodes.

Some arrows are hidden. They do not appear even when you try to draw them. For example, by
default, arrows to and from indexes and functions are not shown. You can change these settings
in the Diagram Style dialog (page 78) and Node Style dialog (page 79).

+ Click the arrow to select it, then press the Backspace or Delete key, or

+ Just redraw the arrow from the origin node to the destination node. If the origin variable is
used in the definition of the destination, it asks if you really want to remove it.
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Tip

Influence cycle
or loop

Arrows linking to
module nodes

The arrow tool is
highlightedtoshow |
that it is selected
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Arrow from variable

Drawing arrows

When you enter or edit a definition (page 108), Analytica automatically updates the arrows into
the variable to reflect those other variables that it mentions (or does not mention).

An influence cycle occurs when a variable A depends on itself directly, where A — A, or indi-
rectly so that the arrows form a directed circular path, e.g., A—->B - C - A.

If you try to draw arrows that would make a cycle, it warns and prevents you. The exception is if at
least one of the variables in the cycle is defined with the Dynamic function, and contains a time-
lagged dependence on another variable in the cycle, shown as a gray arrow (see Chapter 18,
“Dynamic Simulation”).

When there are arrows between variables in different modules, they are reflected by arrows to
and from the module nodes.

—

= &

] A ¢|ojo|sjan|7|m|

T Diagram - Model

. : : Appreciation
Buying price :
Rate ofinﬂatio

Cost to Buy

Costs of buying
and renting

to module

Arrow from module to___|
variable

Cost to Rent

Arrows between variable and module nodes are illustrated below.

Arrow from variable node to variable node

Rate of Lppreciation
inflation \ : rate ;

Indicates that the target variable
depends on the origin variable.

Arrow from variable node to module node

Indicates that at least one variable in the
target module depends on the origin variable.

Out-of-pocket Indicates that the target variable depends on

at least one variable in the origin module.

costs to own
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How to draw arrows between different modules
Arrow from module node to module node

Double-headed arrow between module nodes

Small arrowhead to the right or left of a variable node

Indicates that the target module contains at
least one variable that depends on at least
one variable in the origin module.

Indicates that each module contains at least
one variable that depends on at least one
variable in the other module.

Indicates that the variable has a remote input
or output — a variable that is not inside the
displayed variable’s module (see “Seeing
remote inputs and outputs” on page 20)

input arrow output arrow

How to draw arrows between different modules

There are four methods to draw arrows between nodes in different modules. Suppose you want to
draw an arrow from the variable Buying price to the variable Mortgage loan amount in
another module.

Destination

Source node node

| Diagram - Model

/ﬁm

rate

Rate oflnll Cost to Buy

Costs of buying
and renting

Cost to Rent

T4|

Draw arrow
across windows

The most direct method works when you can arrange the diagrams so that both the origin and
destination nodes are visible on screen at the same time:

1. In arrow mode | * |, press on the origin node, Buying price, so that it highlights.

2. Drag an arrow to the destination node, Mortgage loan amount, which also highlights, and
release the button.

If, as in this illustration, the destination module appears in the origin diagram, the arrow points
from the origin node Buying price to the destination module Cost to Buy; a small arrow-
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Move nodes to same
diagram to link them

Copy the identifier of
the origin into the
definition of the
destination

Make an alias node in
the other diagram

Alias nodes
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Tip

Make Alias command

Draw arrow between
variable and module

head appears on the left edge of destination node Mortgage loan amount, showing that it has
an input node from another diagram.

Appre

re

Buying price

Rate of inflation

Small arrowhead indicates
that this variable has
remote inputs g

Mortgage loan
amount

A second method is to move one of the nodes into the diagram containing the other. Then you
simply draw an arrow between them in the usual way. Finally, you move the node back to the dia-
gram it came from. This is convenient if you have large diagrams and a small screen so that its
hard to arrange the two diagrams so that both nodes are visible at the same time.

Copy the identifier of the origin variable, open the definition of the destination variable, and paste
it in (see “Creating or editing a definition” on page 108). When the definition is complete and
accepted, it automatically draws the arrows to reflect the relationships.

If the origin node and destination module are in the same diagram, you can draw an arrow directly
between them. This makes an alias node of the origin in the destination diagram. Then you can
simply draw an arrow from the alias to the destination node. You can use a similar method when
the origin module and destination node are in the same diagram. Drawing an arrow between them
creates an alias of the destination in the origin module. See the next section for more about
aliases.

An alias is a copy of a node, referring to the same variable, module, or other object as the original
node. It's often useful to display an alias node in a different module than its original node. For
example, if module M1 contains variable X, and X has outputs in another module M2, it's often use-
ful to add an alias of X in M2 to display the influence of X on its outputs explicitly. This makes it
easy to draw arrows from X to or from other variables in M2.

A variable or other object can have only one original node, but an unlimited number of alias
nodes.

An alias node is identified by its title being shown in italics.

You can create an alias directly with the Make alias command, or indirectly by drawing an arrow
to or from a module node. These methods are described below.

Select the original node. Then choose the Make Alias option from the Object menu (or press
Control+m). The alias node appears next to the original node. You can then drag it into another

module.
Buying price
i | ]

Draw an arrow from the original node to a module node, or from a module node to the original
node. This creates an alias in the module. For example, draw an arrow from the variable Buying
price to the module Cost to Buy.

Original node

Alias node (title is in italics)
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Buying price

o
: Cost to Buy

It displays an arrow between the nodes.

Draw arrow between two Draw an arrow from one module node Cost to Buy to another module Total Cost.

modules

Cost to Buy

Cost to Buy

Total Cost

Alias nodes

This creates a new variable node with a default name, such as va1l, in the first module Cost to
Buy, with an alias of val in the second module Total Cost.

[ Diagram - Cost to Buy

An alias is like
its original

An alias looks and behaves like its original node, except the fact that its label is in italics. You can
select it, double-click it to open it Object window, move, resize, edit its label, and draw arrows to

or from it, just like any other node. The alias and original show the same title — if you edit the title
in one of them, it automatically changes in the other.

Analytica User Guide

55



Chapter H Creating and Editing a Model To edit an attribute

How alias and
original can differ

Tip

Input and output nodes

are aliases

On the other hand, the properties of the node — rather than the object that it depicts — can differ
between the original and its alias. You can modify one node’s location (obviously) and size, its
color (using the Color palette), and its styles using the Node Style dialog.

If an alias and its original node are in the same diagram, it displays any arrows to or from only the
original node, not the alias. If the alias is in a different module, it displays arrows connecting it to
other nodes in that module, as they would be displayed if it were the original node.

Input nodes (page 126) and output nodes (page 128) are kinds of alias nodes that have special
style properties.

To edit an attribute

Cancel and undo edits
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Attribute changes

You can edit most attributes of an object directly in the Attribute panel (page 24) or in the Object
window (page 24). User-editable attributes include identifier, title, description, units, and defini-
tion. See next section on how to change class. Some attributes you cannot edit because they are
computed, including inputs, outputs, and value.

To edit an attribute, first display it in the Attribute panel or Object window for the object, and
make sure you are in edit mode. Then:

1. Clickin the Afttribute field. A blinking text cursor and dotted outline around the attribute indicate
that the attribute is editable.

2. Use standard text-editing methods to edit it — type, copy and paste, and use the mouse to
select text or move the cursor.

3. To save the changes, click anywhere outside the Aftribute field, press Enter, or display
another attribute.

To cancel changes while editing an attribute, press the Esc (escape) key to revert to the previous
version. Except when editing a definition, click [5] to cancel changes. To cancel changes after
you have just made and accepted them, select Undo from the Edit menu (or press Control+z).

All displays of an object use its same attributes, so any change to an attribute affects all views
that display that attribute. For example, any change to a title appears in other diagram nodes,
object windows, or result views referring to that object by title. Any change to a definition causes
the redrawing of arrows to reflect any changes in dependencies.
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To change the class of an object

To change the class of an object

You can press on the class of a variable or module in an Object window or Attribute panel to
open a popup menu. The options depend on whether the node is a variable or a module.

v () Variable
1 Decision
¥ Chance
2 Objective
{7 Index
™ Conetart
& Determ

M Object - Mortgage loan amount

¢ Mortgage lean amount

Meortgage Units: =

» Total mertgage (lean) amount received.

-

g

Variable classes

Definition: Price + DownPaymt
@ Model
v O Module Inputs: () Downpaymt Down payment
g Module ] Price Buying price
Librany
T Library Outputs: () End_morigage Mertgage principal remaining
() Interest_pay Interest payments
B r
om () Payments Mortgage payments
Module classes () Princ_pay Principal payments made on mertgage

Tip

-

| (4

To change class, just select another option from the menu. The shape of the node and other
class-dependent properties change automatically.

You cannot change the class of a function, and you cannot change a variable into a module, or
vice versa.

For more, see “Classes of variables and other objects” on page 21.

Module Subclasses

&

All modules contain other objects, including sometimes other modules. There are several different
subclasses of module:

Model: Usually the top module in a module hierarchy, saved as a separate file (document with
extension .ana). Any nondefault preferences (see “Preferences dialog” on page 58), uncertainty
options (see “Uncertainty Setup dialog” on page 253), and graph style templates are saved with
the model, but not other module types.

Module: A collection of nodes displayed in a single diagram. A standard module contains a set of
other nodes, and is usually part of the module hierarchy within a model or other module type.

Filed module: A module whose contents are saved in a file separate from the model that con-
tains it. A filed module can be shared among several models, without having to make a copy for
each model. See page 345.

Library: A module that contains functions and sometimes variables. Read-in libraries are listed in
the Definition menu below the built-in libraries, with a hierarchical submenu listing the functions
they contain, giving easy access. See page 361.

Filed library: A library saved in a file separate from the model that contains it. A filed library can
be shared among several models, without having to make a copy for each model. See page 345.

Form: A module containing input and output nodes. You can easily create input and output nodes
in a form node by drawing arrows from their original node to the form (for inputs) or from the form
to the variable for outputs. See Chapter 10, “Creating Interfaces for End Users.”
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Preferences dialog

Use the Preferences dialog to inspect and set a variety of preferences for the operation of Analyt-
ica. All preference settings are saved with the model. To open the Preferences dialog, select
Preferences from the Edit menu.

( ﬁ’ Preferences @ﬁ

Windows of each kind: Default result view:
(") One only @ () Table
(@ Any number ﬂ ® Graph
9 result windows
Change identifier: Check variable dass
When title changes [¥] Check value bounds
20 characters against Chedk attribute
Ask before renaming against Domain bounds
[¥]show undefined: £ %
@ Opens: [TFlag nodes w/descriptions
() Object window [7] show madule hierarchy
@) Diagram atiribute panel Show result warnings
Personal preferences [¥] Auto recompute outgoing OLE links

[T]use Return to enter data
Maintain recovery info
Expression assist

Help balloons

[ only in browse mode
Large text in attributes & tables

L -

[]Use Esccel date origin
[ Domain acts as self index
[ Proactively evaluate indexes

Windows of each kind Use the options in this box to control how many windows of various kinds are displayed at once
(see “Managing windows” on page 349).

One only Check this box to close an existing window (if there is one) whenever
you open a new window.

Any number Check this box to keep all windows open until you explicitly close them.

Result windows Enter a value in this field to indicate the number of Result windows that

you can keep open simultaneously. The default (and minimum) number
is 2; the maximum number is 20.
Change identifier Use the options in this box to control the changing of identifiers. See “Creating and editing nodes”
on page 49 for a description of how identifiers are initially assigned.

When title changes Check this box to change a variable’s identifier whenever you change
its title. Analytica uses up to the number of specified characters (20 by
default, range from 2 to 20), replacing spaces and returns with an
underscore character (_), and omitting anything between parenthe-
ses.

If the box is not checked, the identifier is changed only when you
explicitly edit it.

Ask before renaming  Check this box to see a confirmation dialog before automatic changing
of a variable’s identifier.
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{Fear | Opens

Personal Preferences

Default result view

These radio buttons control where you view the definition of a selected object, when you
click | #- | in the toolbar, press Control+e, or when you choose to edit a variable from a warning
message:

Object window Open the Object window (page 24) and select the definition text.
Diagram attribute Open the Attribute panel (page 24) on the appropriate Diagram win-
panel dow and select the definition text.

The checkboxes in this cluster are distinguished from all other preferences in that they are user
settings, not stored with the model, and persist across Analytica sessions.

Use Return to enter A standard MS Windows keyboard has a Return key located on the

data alphanumeric section of the keyboard, and a separate Enter key
located on the numeric keyboard. When this checkbox is unchecked
(the default), the Return key starts a new line in a multi-lined text field
(such as a definition) while the Enter key or Alt+Return signal that the
data entry is complete. When checked, these are reversed, with Enter
or Alt+Return starting a new line and Return completing the entry of
data.

Maintain recovery info  When this checkbox is checked (the default), Analytica saves each
change to a recovery file, starting from the last point at which the
model was saved. If the application terminates unexpectedly due to a
software or hardware problem, the next time you start Analytica, it
detects the recovery file and displays a dialog offering to resume the
model where you left off, including all changes.

The only reason to switch off this option is when you are editing huge
edit tables, in which case, this feature can slow down editing and con-
sume significant disk space for the recovery file.

Even when Maintain Recovery Info is checked, we recommend you
save your model at frequent intervals.

Expression assist When this is checked (the default), pop-ups appear while typing
expressions in definition attributes, providing identifier auto-comple-
tion and function parameter help. When this is unchecked, pop-ups
don’t appear continuously while typing, but you can still access the
assist once by typing Ctrl+space, or use Ctrl+? to toggle it on. See
“Expression Assist” on page 109.

Help balloons When checked, a help balloon pops up when the user hovers the
mouse over a node for one second. For a balloon to pop up, the node
must have a Help or Description attribute. The balloon provides a con-
venient way for end-users to browse a model.

By default, balloons are only active in browse mode. When you
uncheck ...only in browse mode, balloons also appear in edit mode.

Large textin attributes Enlarges the font size used in the attribute panel, object window and

& tables table cells. This does not determine the size of fonts used in influence
diagrams, for that see “Diagram Style dialog” on page 78 and “Node
Style dialog” on page 79.

Select the radio button to specify which view you prefer as the default when you first display the
Result window (page 30) for a variable.

Display result as a table.
Display result as a graph.

If you change the view in a result window, it uses that view next time you open that result.
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Checkboxes

Check variable class

Check value bounds

...against Check attri-
bute

..against domain
bounds

Show undefined

Flag nodes
w/descriptions

Show module
hierarchy

Show result warnings

Auto recompute out-
going OLE links

Use Excel date origin

Domain acts as self
index

Proactively evaluate
indexes
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Preferences dialog

Display a warning if:

* A variable whose class is not Chance contains a probability
distribution.

» A constant depends on another variable (other than indexes to an
edit table).

* Anindex has a value that is not a one-dimensional array, or is an
array with another index.

Enables out-of-range warnings when:

the computed value of a variable falls outside the range specified by
the Domain attribute

the computed value fails to satisfy the expression specified in the
Check attribute. See page 121.

Nodes without a valid definition display with cross-hatching:

Mortgage Ioan Node is filled with diagonal pattern:
amount the definition is missing or is
Ny syntactically incorrect

Show a red triangle in the upper-right corner of nodes that have text in
their description attribute:

Node is flagged with a red triangle to
indicate that it has a description

Buying price

(¢ 4|
Buying price:

| Description W |

Buying price of house.

Show a hierarchy bar at the top of each Diagram window showing its
nesting level. See page 340.

If checked, it stops evaluation and shows a warning message, when it
encounters a warning condition. If unchecked, it continues without dis-
playing a warning.

Analytica automatically recomputes and updates OLE-linked tables
whenever model changes affect them. With large models, it is some-
times best to uncheck this box to avoid immediate time-consuming
recomputation after each small change. See page 327.

When this is unchecked, Analytica represents dates as a number indi-
cating the number of days since January 1, 1904. When this is
checked, is uses January 1, 1900, the same as Excel for Windows.

In Analytica 4.2 and earlier, when the domain was defined as a list of
values, that list also acted as the self-index of the variable. Analytica
4.3 separates the self-index from the domain index of a variable, which
enables the two to be distinct and leads to a cleaner semantics for the
domain attribute. Checking this preference preserves the pre-4.3
semantics, which ensures backward compatibility when it is required.

When you load a legacy model into Analytica 4.3, this preference will
be checked initially.

Specifies whether index objects should be evaluated immediately
when a model is loaded. Turning this off speeds up the time required
to load a model, postponing the evaluation of indexes until they are
needed (such as when an edit table is viewed or a result is computed).



Building Effective Models

This chapter shows you how to build models that are:

* Focused

» Simple

* Clear

» Comprehensible
» Correct




Chapter ﬂ Building Effective Models Creating a model

Creating useful models is a challenging activity, even for experienced modelers; effective use of
influence diagrams can make the process substantially easier and clearer. This chapter pro-
vides tips and guidelines from master modelers (including Newton and Einstein) on how to build a
model that is effective, one that focuses on what matters, and that is simple, clear, comprehensi-
ble, and correct. The key is to start simple and progressively refine and extend the model where
tests of initial versions suggest it will be most important.

Most of the material in this chapter, unlike the other chapters in this guide, is not specific to Ana-
lytica. These guidelines are useful whether you are using Analytica, a spreadsheet, or any other
modeling tool. However, Analytica makes it especially easy to follow these guidelines, using its
hierarchical influence diagrams, uncertainty tools, and Intelligent Arrays.

These guidelines have been distilled from many years of experience by master modelers, using
Analytica and a variety of other modeling software. However, they are general guidelines, not
rules to be adhered to absolutely. We suggest you read this chapter early in your work with Ana-
lytica and revisit it from time to time as you gain experience.

Creating a model

62

Identify the objectives

Identify the decisions

Below are general guidelines to help you build models that provide the greatest value with the
least effort.

What are the objectives of the decision maker? Sometimes the objective is simply to maximize
expected monetary profit. More often there is a variety of other objectives, such as maximizing
safety, convenience, reliability, social welfare, or environmental health, depending on the domain
and the decision maker. Utility theory and multi-attribute decision analysis provide an array of
methods to help structure and quantify objectives in the form of utility. Whatever approach you
take, it is important to represent the objectives in an explicit and quantifiable form if the objectives
are to be the basis for recommending one decision option over another.

It is a useful convention to put the objective variable or variables (hexagonal nodes) on the right of
the diagram window, leaving space on the left side for the rest of the diagram.

The most common mistake in specifying objectives is to select some that are too narrow, by con-
centrating on the most easily quantifiable objective — typically, near-term monetary costs — and
to forget about the other, less tangible objectives. For example:

» When buying software you might want to consider the usability and reliability of different
software packages, as well as long-term maintenance, not just cost and performance.

* In pricing a product, you might want to consider the long-term effects of increased market
share in developing new customers and markets and not just short-term revenues.

» In selecting a medical treatment, you might want to consider the quality of life if you survive
the treatment, and not just the probability of survival.

For an excellent guide on how to identify and structure objectives, see Value-Focused Thinking
by Ralph Keeney (see “Appendix G: Bibliography” on page 436).

The purpose of modeling is usually to help you (or your colleagues, organization, or clients) dis-
cover which decision options best meet your (or their) objectives. You should aim, therefore, to
include the decisions and objectives explicitly in your model.
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Link the decisions to the
objectives

Move from the
qualitative to the
quantitative

A decision variable is one that the decision maker can affect directly — which computer to buy,
how much to bid on the contract, which medical treatment to choose, when to start construction,
and so on. Occasionally, people want to build a model just for the sake of furthering understand-
ing, without explicitly considering any decisions. Most often, however, the ultimate purpose is to
make a better decision. In these cases, the decision variables are where you should start your
model.

When starting a new influence diagram, put the decision variables — as rectangular nodes — on
the left of the diagram window, leaving space for the rest of the influence diagram to the right.

Capacity of
new factory

The decisions and objectives are the starting and ending points of your model. When you have
identified them, you have reduced the diagram construction to the process of creating the links
between the decisions and objectives, via intermediate variables. You might wish to work forward
from the decisions, or backward from the objectives. Some people find it easiest to alternate,
working inward from the left and the right until they can link everything up in the middle.

Capacity of capital
new factory | costs

Price of Annual
product L revenues

It helps to identify the decisions and objectives early in model construction, to keep the focus on
what matters. There can be a bewildering variety of variables in the situation that might seem to
be of potential relevance, but, you only need to worry about variables that influence how the deci-
sions might affect the objectives. You can ignore any variable that has no effect on the objectives.

Focus on identifying the variables that make clear distinctions — variables whose interpretations
won’t change with time or viewer. Extra effort here will be repaid in model accuracy and cogency.

An influence diagram is a purely qualitative representation of a model. It shows the variables and
their dependencies. It is usually best to create most or all of the first version of your model just as
an influence diagram, or hierarchy of diagrams, before trying to quantify the values and relation-
ships between the variables. In this way, you can concentrate on the essential qualitative issues

of what variables to include, before having to worry about the details of how to quantify the rela-

tionships.

When the model is intended to reflect the views and knowledge of a group of people, it is espe-
cially valuable to start by drawing up influence diagrams as a group. A small group can sit around
the computer screen; for a larger group, it is best if you have the means to project the image onto
a large screen, so that the entire group can see and comment on the diagram as they create it.
The ability to focus initially on the qualitative structure lets you involve early in the process partici-
pants who might not have the time or interest to be involved in the detailed quantitative analysis.
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Keep it simple

Reuse and adapt
existing models

Aim for clarity
and insight

With this approach, you can often obtain valuable insights and early buy-in to the modeling pro-
cess from key people who would not otherwise be available.

Perhaps the most common mistake in modeling is to try to build a model that is too complicated or
that is complicated in the wrong ways. Just because the situation you are modeling is complicated
doesn’t necessarily mean your model should be complicated. Every model is unavoidably a sim-
plification of reality; otherwise it would not be a model. The question is not whether your model
should be a simplification, but rather how simple it should be. A large model requires more effort
to build, takes longer to execute, is harder to test, and is more difficult to understand than a
smaller model. And it might not be more accurate.

“A theory should be as simple as possible, but no simpler.” Albert Einstein

Building a new model from scratch can be a challenge. If you can find an existing model for a
problem similar to the one you are now facing, it is usually much easier to start with the existing
model and adapt it to the new application. In some cases, you might find parts or modules of
existing models that you can extract and combine to address a new problem.

To find a suitable model to adapt, you can start by looking through the example models distributed
with Analytica. If there is an Analytica users’ group in your own organization, it might collect a
model library of classes of problems of interest to your organization.

You can also check the Lumina wiki for Analytica libraries, templates, and example models (http:/
/lumina.com/wiki).

“If | have seen further than [others] it is by standing upon the shoulders of Giants.”
Sir Isaac Newton

The goal of building a model is to obtain clarity about the situation, about which decision options
will best further your objectives, and why. If you are already clear about what decision to make,
you don’t need to build a model, unless, perhaps, you are trying to clarify the situation and explain
the recommended decisions for others. Either way, your goal is greater clarity. This goal is
another reason to aim for simplicity. Large and complicated models are harder to understand and
explain.

Testing and debugging a model
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Test as you build

Test the model
against reality

Even with Analytica, it is rare to create the first draft of a model without mistakes. For example, on
your first try, definitions might not express what you really intended, or might not apply to all con-
ditions. It is important to test and evaluate your model to make sure it expresses what you have in
mind. Analytica is designed specifically to make it as easy as possible to scrutinize model struc-
tures and dependencies, to explore model implications and behaviors, and to understand the rea-
sons for them. Accordingly, it is relatively easy to debug models once you have identified potential
problems.

With Analytica, you can evaluate any variable once you have provided a definition for the variable
and all the variables on which it depends, even if many other variables in the model remain to be
defined. We recommend that you evaluate each variable as soon as you can, immediately after
you have provided definitions for the relevant parts of the model. In this way, you'll discover prob-
lems as soon as possible after specifying the definitions that might have caused them. You can
then try to identify the cause and fix the problem while the definitions are still fresh in your mem-
ory. Moreover, you are less likely to repeat the mistake in other parts of the model.

If you wait until you believe you have completed the model before testing it, it might contain sev-
eral errors that interact in confusing ways. Then you must search through much larger sections of
the model to track them down. But if you have already tested the model components indepen-
dently, you’ve already removed most of the errors, and it is usually much easier to track down any
that remain.

The best way to check that your model is well-specified is to compare its predictions against past
empirical observations. For example, if you're trying to predict future changes in the composition
of acid rain, you should try to compare its “predictions” for past years for which you have empirical
observations. Or, if you're trying to forecast the future profitability of an existing enterprise, you
should first calibrate your model for past years for which accounting data is available.
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Chapter n Building Effective Models Testing and debugging a model

Test the model against
other models

Have other people
review your model

Test model behavior and
sensitivities

Celebrate and learn
from unexpected
behavior

Document as you build

Often you don’t have the luxury of empirical measurements or data for the system of interest. In
some cases, you're building a new model to replace an old model that is out-of-date, too limited,
or not probabilistic. In these cases, it is usually wise to start by reimplementing a version of the old
model, before updating and extending it. You can then compare the new model against the old
one to check for discrepancies. Of course, differences can be due to errors in the new model or
the old model. When you have resolved any discrepancies, you can be confident that you are
building on a foundation that you understand.

If the model is hard to test against reality in advance of using it, and if the consequences of mis-
takes could be catastrophic, you can borrow a technique that NASA uses widely for the space
program. You can get two independent modelers (or two modeling teams) each to build their own
model, and then check the models against each other. It is important that the modelers be inde-
pendent, and not discuss their work ahead of time, to reduce the chance that they both make the
same mistake. For a sponsor of models for critical applications in public or private policy, this mul-
tiple model approach can be very effective and insightful. The competition keeps the modelers on
their toes. Comparing the models’ structure and behavior often leads to valuable insights.

It's often very helpful to have outside reviewers scrutinize your model. Experts with different views
and experiences might have valuable comments and suggestions for improving it. One of the
advantages of using Analytica over conventional modeling environments is that it's usually possi-
ble for an expert in the domain to review the model directly, without additional paper documenta-
tion. The reviewer can scrutinize the diagrams, the variables, their definitions and descriptions,
and the behavior of the model electronically. You can share models electronically on diskette,
over a network, or by electronic mail.

Many problems become immediately obvious when you look at a result — for example, if it has
the wrong sign, the wrong order of magnitude, or the wrong dimensions, or if Analytica reports an
evaluation error. Other problems, of course, are not immediately obvious — for example, if the
value is wrong by only a few percentage points. For more thorough testing, it is often helpful to
analyze the model behavior by specifying a list of alternative values for one or two key inputs (see
Chapter 4, “Analyzing Model Behavior”), and to perform sensitivity analysis (see Chapter 17,
“Statistics, Sensitivity, and Uncertainty Analysis”). If the model behaves in an unexpected way,
this can be a sign of some mistake in the specification. For example, suppose that you are plan-
ning to borrow money to buy a new computer, and the net value increases with the interest rate
on the loan; you might suspect a problem in the model.

If analyzing the behavior or sensitivities of your model creates unexpected results, there are two
possibilities:

* Your model contains an error, in that it does not correctly express what you intended.
* Your expectations about how the model should behave were wrong.

You should first check the model carefully to make sure it contains no errors, and does indeed
express what you intended. Explore the model to try to figure out how it generates the unexpected
results. If after thorough exploration you can find no mistake, and the model persists in its unex-
pected behavior, do not despair! It might be that your intuitions were wrong in the first place. This
discovery should be a cause for celebration rather than disappointment. If models always
behaved exactly as expected, there would be little reason to build them. The most valuable
insights come from models that behave counter-intuitively. When you understand how their
behavior arises, you can deepen your understanding and improve your intuition — which is, after
all, a fundamental goal of modeling.

Give your variables and modules meaningful titles, so that others — or you, when you revisit the
model a year later — can more easily understand the model from looking at its influence dia-
grams. It’s better to call your variable Net rental income than NRI23.

It's also a good idea to document your model as you construct it by filling in the Description and
Units attributes for each variable and module. You might find that entering a description for each
variable and explaining clearly what the variable represents helps to keep you clear about the
model. Entering units of measurement for each variable can help you avoid simple mistakes in
model specification. Avoid the temptation to put documentation off until the end of the project,
when you run out of time, or have forgotten key aspects.
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Most models, once built, spend the majority of their lives being used and modified by people other
than their original author. Clear and thorough documentation pays continuing dividends; a model
is incomplete without it.

Expanding your model

Extend the model by
stages

Identify ways to improve

the model

Discover what parts are
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important to guide
expansion

The best way to develop a model of appropriate size is to start with a very simple model, and then
to extend it in stages in those ways that appear to be most important. With this approach, you'll
have a usable model early on. Moreover, you can analyze the sensitivities of the simple model to
find out where the key uncertainties and gaps are, and use this to set priorities for expanding the
model. If instead you try to create a large model from the start, you run the risk of running out of
time or computer resources before you have anything usable. And you might end up putting much
work into creating an elaborate module for an aspect of the problem that turns out to be of little
importance.

There are many ways to expand a model:
+ Add variables that you think will be important.
+ Add objectives or criteria for evaluating outcomes.

» Expand the number of decision options specified for a decision variable, or the number of
possible outcomes for a discrete chance variable.

« Expand a single decision into two or more sequential decisions, with the later decision being
made after more information is revealed.

» For a dynamic model, expand the time horizon (say, from 10 years to 20 years) or reduce the
time steps (say, from annual to quarterly time periods).

» Disaggregate a variable by adding a dimension (say, projecting sales and costs by each
division of the company instead of only for the company as a whole).

+ Start with a deterministic model, then add probabilistic inputs to make the model probabilistic.

Before plunging in to one of these approaches to expanding a model, it's best to list the alterna-
tives explicitly and think carefully about which is most likely to improve the model the most for the
least effort. Where possible, perform experiments or sensitivity analysis to figure out how much
effect alternative kinds of expansion can have.

Changing the size or numbers of dimensions of tables is a difficult and time-consuming task in
conventional modeling environments. Analytica makes it relatively easy, since you only need to
change those definitions that directly depend on the dimension (for example, the edit tables), and
Analytica propagates the needed changes automatically throughout the model.

A major advantage of starting with a simple model is that you use it to guide extensions in the
ways that will be most valuable in improving the model’s results. You can analyze the sensitivities
of the simple model (for example, using Importance Analysis, page 299) to identify which
sources of uncertainty contribute most to the uncertainty in the results. Typically, only a handful of
variables contribute the lion’s share of the overall uncertainty. You can then concentrate your
future modeling efforts on those variables and avoid wasting your energy on variables whose
influence is negligible.

Early intuitions about what aspects of a model are important are frequently wrong, and the results
of the sensitivity analysis might come as a surprise. Consequently, it's much safer to base model
development on sensitivity analysis of simple models than to rely on your intuitions about where
to spend your efforts in model construction.

When you have identified the most important variables in your simple model, there are several
ways to reduce the uncertainty they contribute. You can refine the estimated probability distribu-
tion by consulting a better-informed expert, by analyzing more existing data, by collecting new
data, or by developing a more elaborate model to calculate the variable based on other available
information.

Analytica User Guide



Chapter n Building Effective Models

Simplify where possible

Expanding your model

There’s no reason that a model must grow successively more complex as you develop it. Sensi-
tivity analysis might reveal that an uncertainty or submodel is just not very important to the results.
In this case, consider eliminating it. You might find that some dimensions of a table are unimport-
ant — for example, that there’s little difference in the performance of different divisions. If so, con-
sider aggregating over the divisions and eliminating that dimension from your model.

Simplifying a model has many benefits. It becomes easier to understand and explain, faster to
run, and cheaper to maintain. These savings can afford you the opportunity to extend parts of the
model that are more important.
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of -1 Y@Ml Creating Lucid Influence
Diagrams

This chapter offers guidelines for creating influence diagrams that are
clear and comprehensible by careful arrangement of nodes, well-
designed module hierarchies, and judicious use of color. It also
describes how to adjust and align nodes, and customize styles for
nodes and diagrams. Options include which arrows to show, node sizes,
colors, text size, and font family.
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Hierarchical influence diagrams can provide a lucid display of the essential qualitative structure of
a model, uncluttered by quantitative details.

¥
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Guidelines for creating lucid and elegant diagrams

When aesthetics are involved, rules cannot be hard and fast. You can adapt and modify these
guidelines to suit your particular applications and preferences.

Use clear, meaningful Aim to make each diagram stand by itself and be as comprehensible as possible. Each node title
node titles  can contain up to 255 characters of any kind, including spaces. Use clear, concise language in
titles, not private codes or names (as are often used for naming computer variables). Mixed-case
text (first letter uppercase and remaining letters lowercase) is clearer than all letters uppercase.

Poor object titles Good object titles

Use consistent Diagrams usually look best if most of the variable nodes are the same size.
node sizes

Inconsistent node sizes Consistent node sizes

Node sizes will be uniform if you set the default minimum node size in the Diagram Style dialog
(page 78) to be large enough so that it fits the title for nodes. When creating nodes, it uses this
default size unless the text is too lengthy, in which case it expands the node vertically to fit the
text. For more information on how to adjust node sizes see “Adjust node size” on page 72.

To make nodes the same size, select the nodes (Control+a selects all in the diagram), and select
Make same size > Both from the Diagram menu (or press = key twice).

Use small and large Sometimes, it is effective to make a few special nodes extra large or small. For example, start and
nodes sparingly end nodes, which can link to other models, often look best when they are very small. Or you can
make a few nodes containing large input tables or modules containing the “guts” of a model larger

to convey their importance.
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Arrange nodes
from left to right
(or top to bottom)

Buying price
Decision variables
on the left
Down
Payment

Tolerate spaghetti
at first...

...reorganize later

Arranging nodes to make clear diagrams

People find it natural to read diagrams, like text, from left to right, or top to bottom. Try to put the
decision node(s) on the left or top and the objective node(s) on the right or bottom of the diagram,
with all of the other variables or modules arranged between them.

You might need to let a few arrows go counter to the general flow to reduce crossings or overlaps.
In dynamic models, time-lagged feedback loops (shown as gray arrows) might appropriately go
counter to the general flow.

Interest rate

Objective variable on the right

It can be difficult to figure out a clear diagram arrangement in advance. It is usually easiest to start
a new model using the largest Diagram window you can by clicking the maximize box to have the
diagram fill your screen. You might want to create key decisions and other input nodes near the
left or top of the window, and objectives or output nodes near the right or bottom of the window.
Aside from that, create nodes wherever you like, without worrying too much about clarity.

When you start linking nodes, the diagram can start to look tangled. This is the time to start reor-
ganizing the diagram to create some clarity. Try to move linked nodes together into a module.
Develop vertical or horizontal lines of linked nodes. Accentuate symmetries, if you see them.
Gradually, order will emerge.

Arranging nodes to make clear diagrams

72

Adjust node size

If you have nodes of different sizes, you can make them more consistent by selecting Adjust size
(Ctrl+T) from the Diagram menu.

Adjust size examines the node’s contents (its title and picture), font, where word wraps would
occur, the the default minimum node size (as set on the Diagram Style... dialog), the current
height and width, the edge alignments of others nodes also selected, containment relationships of
nodes that grouped within text or picture nodes, locations of corners and edges relative to the grid
(when Snap to grid is on), and aspect ratios, and makes tradeoffs between these considerations
to select a good size for the selected node(s). When you select Adjust size several times in suc-
cession (or by press Ctri+T multiple times), it cycles through different tradeoffs options, so if you
don’t like the sizes selected at first, just press Ctri+T several more times until you see an arrange-
ment of node sizes that works well.

It often works good to select many nodes simultaneously, especially if your diagram contains
inputs fields with left or right alignments, or fields that are grouped within text or picture nodes.
With multiple nodes selected, Adjust size generally attempts to preserve containment and align-
ment relationships.

Adjust size uses utilizes these various criteria, and avoids silly word wrap boundaries, only when
the diagram uses ClearType fonts. This is the case for all models created in Analytica 4.4 or later.

1. Orright to left for models in Arabic or Hebrew.
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Align to the grid

Arranging nodes to make clear diagrams

If you load a model created in Analytica 4.3 or earlier, you will need to enable ClearType fonts by
selecting Set Diagram Style... on the Diagram menu with the top-level model diagram in focus.
The ClearType fonts checkbox appears on that dialog only when you are editing a legacy model.
When you turn ClearType fonts on for the first time, the font width and spacing changes slightly,
which usually causes some nodes to word wrap in new, undesireable places. A good trick at that
point is to select all nodes by pressing Ctri+A, then select Adjust size repeatedly until a satisfac-
tory appearance is reached.

You can also resize several nodes by the same amount simultaneously by following these steps:
1. Select the nodes to resize.

2. Resize one of the selected nodes by dragging one of its handles. All other selected nodes are
also resized.

Selected nodes can also be set to be the same width, height, or size. To set the size of selected
nodes to be the same size use the Make Same Size submenu in the Diagram menu. The last
node selected will be the only node with solid selection handles and is called the reference
node.The options are:

+ Make Same Size Width — Sets all the selected nodes to the width of the reference node.
+ Make Same Size Height — Sets all the selected nodes to the height of the reference node.

+ Make Same Size Both — Sets all the selected nodes to the width and height of the
reference node.

It usually looks best when the centers of the nodes are aligned along a common horizontal or
vertical line, so that many arrows are exactly horizontal or vertical. The square grid of 9x9 pixel
blocks underlying each diagram makes this easy. When the grid is on (the default), each node
that you create or move is centered on a grid intersection. This default makes it easier for you to
position nodes so that arrows are exactly horizontal or vertical when nodes are aligned vertically
or horizontally.

To turn the grid off in edit mode, uncheck Snap to Grid from the Diagram menu. When the grid is
off in edit mode, the grid is still visible, and you can move the nodes pixel by pixel.

Buying price

Align selected nodes

Buying price
Down
Payment B
Payment
Poor alignment Good alignment

If nodes are not centered on a grid point, re-center them by following these steps:
1. Select all nodes in the diagram with the Select All (Control+a) command from the Edit menu.
2. Select Align Selection To Grid from the Diagram menu (Control+j).

To line up selected nodes with each other, use the Align submenu in the Diagram menu. You can
align selected nodes in the following ways:

« Align the left edges.
+ Align the centers left and right — this aligns the centers horizontally.
+ Align the right edges.

+ Align the left and right edges — this makes all the selected nodes the same width and aligns
them so that their left and right edges match up.
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Arranging nodes to make clear diagrams

Buying
price

Rate of inflation

Discount rate

Buying
price

Buying
price

Buying price

Rate of inflation

Discount rate

Rate of inflation

Rate of inflation

Discount rate Discount rate

/'

Align left edges

Distributing nodes

Choosing which
node is in front

Hide less
important arrows
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Align left and
right edges

Align centers left

Align right edges
and right gnng 9

« Align the top edges.

+ Align the centers up and down — this aligns the nodes so that their centers are at the same
vertical height.

+ Align the bottom edges.

T ¥ A
Cost to Buy

Align top

edges Costs of buying

and renting

Rate of inflation

Align centers | '» :
up and down | { pate af infiation Costs of buying
: ! and renting
Align bottom | - : '
edges - ¥ Costs of buying
Rate of inflation and renting

Cost to Buy

L F K - ¥
To distribute selected nodes evenly, use the Space Evenly submenu in the Diagram menu. You
can distribute selected nodes so that the centers are evenly spaced vertically (Space Evenly —
Across) or horizontally (Space Evenly — Down). To ensure that the nodes end up on the grid,
use Space Evenly — Across, on grid and Space Evenly — Down, on grid. The “on grid”
variations may change the begin-to-end span of the nodes, while the non-on-grid variants pre-
serve the span but may place nodes off grid.

By default, text and picture nodes are behind arrows, and arrows are behind all other types of

nodes (decision, chance, variable, etc.). If nodes overlap, the more recently created node is on
top of the older node. You can change this order by selecting a node(s) and using the Send to
Back and Bring to Front options from the right-click menu.

Sometimes so many nodes are interrelated that it is hard or impossible to arrange a diagram to
avoid arrows crossing each other or crossing nodes. It might be helpful to hide some arrows that
show less important linkages. For example, indexes and functions are often connected to many
other variables; that’s why arrows to and from them are switched off by default.

You can hide all of the arrows linking indexes, functions, or modules, or the grayed feedback
arrows in dynamic models, using the Set Diagram Style command from the Diagram menu in
the Diagram Style dialog (page 78). You can also hide the input or output arrows from each
node individually, using the Set Node Style command in the Node Style dialog (page 79).
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Keep diagrams compact

Screen space is valuable. To save space, keep nodes close together, leaving enough space
between them for the arrows to be visible.

When first creating a diagram, use plenty of space. Your diagram window can be as large as your
monitor screen. Using this space, first find a clear arrangement, which minimizes arrow crossing
and avoids node overlaps. Then, you can usually make the diagram more compact by moving the
nodes closer together and moving the entire diagram closer to the upper-left corner of the win-
dow. Finally, you can reduce the window size to fit the diagram.

Years

Buying price

Down
Payment

Buying price

Down
Payment

Interest rate

A compact diagram

Organizing a module hierarchy

Group related nodes in
the same diagram

In addition to properly arranging the nodes in a single diagram, you can also improve the clarity of
your models by using module hierarchies effectively.

When assigning nodes to diagrams, the goal is to put groups of nodes that have many links
among them in the same diagram, and to separate them from other groups with which they have
few or no links. For example, the diagram below shows that a group of nodes related to annual
housing costs have been organized into the Annual costs module within the larger model.
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76

Use 10 to 20 nodes
per diagram

Buying price

Down
Payment

Sometimes you have a good idea of how to group nodes before you create them. In such cases,
it is easy to create the modules first, and then create and link the nodes in groups in each module.

In other cases, it might not be obvious which groupings work best. It is then often best to create all
the nodes in a single large diagram. After drawing all the arrows, you might have a confusing spa-
ghetti diagram. At this point, try to move the nodes around to identify groups containing 5 to 15
nodes, with many links within each group and fewer links between groups. When you arrive at a
satisfactory grouping, create a module node for each group and move the group of variables into
its own module.

When creating a hierarchy of diagrams for a model with 100 variables, you could create a single
module with 100 nodes, 10 modules with an average of 11 nodes each, 20 modules with 6 nodes
each, or 50 modules with 3 nodes each.2

A module containing more than 20 nodes often looks overwhelmingly complicated, unless there
are strong regularities in the structure. On the other hand, if modules have fewer than 5 nodes,
you need so many modules that it is easy for users to get lost.

The range of 10 to 20 nodes per diagram is a good general goal. But don’t feel too constrained by
it if a few diagrams are outside this range.

Contrast the module hierarchy in the simplified model (page 75) with the spaghetti (page 70).
The relationships among objects are much easier to see and understand in the model with 10
nodes in the top-level module and 12 nodes in the embedded module than in the complicated
model with 24 top-level nodes.

2. Each module also creates a new node, so the total number of nodes is the number of variables plus the
number of modules.
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Color in influence diagrams

Color can greatly improve the clarity and appeal of diagrams. The diagram’s background and its
nodes have light colors by default. You can change the colors to meet your preferences.

Use colors judiciously Light colors work best because its easier to see the black arrows and text over light backgrounds.
Analytica’s default colors provide a light neutral color for the background and a slightly stronger
color for the nodes.

Garish or uncoordinated colors can be distracting. It generally looks messy to have nodes in
many different colors. Sometimes it’s useful to use color coding beyond the default colors by class
of node. For example, you might want to color all input nodes to identify them clearly.

Recoloring nodes To apply colors to nodes or the background:

or background ) .
1. In edit mode, select Show Color Palette from the Diagram menu.

M Color Palette

Diagram color: CJ
[ ]

2. Select the node or nodes you want to recolor, or to recolor the background, just click the
background. The current color of the node(s) or background appears in the single square at
the top of the color palette.

3. Click a color square to apply the new color to the nodes or background.
For a wider range of colors, click Other to display a full color chart.

Grouping nodes It often improves the look and clarity of a user interface to group related nodes in rectangular
with a text box  poxes with a contrasting color, white in this case.

0 Diagram - Market Model

Product Lifecycle Decisions -

F'y (entire market)

Mkt Price
Size

Marketing budget (Bfyr)

Growth| Mature | Dedin

Fhase | Phass | Phase Product costs
0 & time
-t Yearly Fixed Cost  (Bhr
Growth Mature Decline —
Years Years Years Startup Cost 5

Growth phase (years}_
Mature phase [years}_

Decline phase [years}-
Mature market size [#rg.rr}

Mominal market share

(3 4| | »[

To create a grouping rectangle using a text box:

Unit Cost (Sfunit
Discount rate (Salyr

B 11

Results
Cash Flow

1. With the diagram in edit mode, create a text node by dragging from ‘ T  on the node toolbar
onto the diagram.

2. Type atitle into the text node, or leave it blank as desired.
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Tip

Diagram Style dialog

3. Move and resize the node to enclose the group of inputs or outputs. You might find it
convenient to deselect the Resize centered option from the Diagram menu.

4. With the node selected, open the Set Node Style dialog from the Diagram menu, check the
Border and Fill color options (and Bevel, if you like), and click OK.

5. Select the Color palette from the Diagram menu, and click the preferred color for the node,
e.g., white.

Usually, text nodes appear behind all other nodes, which is what you want for organizing groups.
But if a node is not in the back and is obscuring other items, you can select Send to Back from
the right-click button menu.

The background color of a diagram also applies to the background color of any modules contained
in the diagram — unless you explicitly override the default by setting a different background color
for each submodule. Similarly, the color you apply to a module node also applies to any submodule
nodes inside the module — unless you override the default by recoloring any submodule node(s).

Diagram Style dialog

78

Show arrows to/from

Default node size

Font Style

Use the Diagram Style dialog to display or hide arrows for specified node classes, set the node
size, and customize the font size and typeface for nodes. To display the Diagram Style dialog,
select Set Diagram Style from the Diagram menu.

W Diagram Style X

— Show arrows to/from:
cli)_lagfram atl_'row [ Indexes v Modules
isplay options

play op I Functions v Dynamic

— Default node size:

Drag this anchor to
set default node size—

Diagram font — Font Style:
style options size: [IRH [+ | Font:[ Aba - |

Cancel QK

Check the corresponding boxes to display (or hide) arrows that go to and from nodes of each
type, Indexes, Functions, Modules, and Dynamic. Dynamic (page 316) controls the display of
time-lagged dependencies to variables defined with Dynamic, usually displayed as gray arrows.

By default, diagrams show arrows to and from modules and dynamic, but not indexes and func-

tions. Showing more arrows can clutter some diagrams with criss-crossing arrows. But, showing
fewer arrows makes important dependencies (influences) invisible. The best balance depends on
the model.

Drag the handle in this box to set the default node size. When you create a new variable or select
the Adjust Size command from the Diagram menu, it tries to make the node this size — if the
node title is too large, it expands the node vertically until it fits. It is usually best to size the default
to include at least two lines of text at the selected font size. Input and output nodes do not use this
default; they extend horizontally to fit their text plus field or button.

To change the default font size, use the menu or type in a font size (in typographic points). Select
the default typeface from the font menu.
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Overriding diagram
defaults

The Diagram Style dialog sets defaults for the diagram and for any modules contained in that
diagram. You can override these defaults for particular nodes with the Node Style dialog (below),
or for a submodule by using the Diagram style dialog for the submodule.

Node Style dialog

To open the Node Style
dialog

Input arrows

Output arrows
Label

Border

Fill color

Bevel

Tip

Font style

The Node Style dialog lets you customize the display of one or more nodes in a diagram. You can
display or hide incoming and outgoing arrows, the text label, border, fill color, and bevel, and
change the typeface and font size. These options override any defaults set for in the Diagram
Style dialog.

1. Select one or more nodes in a diagram.

Choose Set Node Style from the Diagram menu or the right-click menu.

Select the options for which you want to override the default styles.

Click OK.
M HNode Style X

P oN

— Display:
Checkbox
grayed out Input amows v Label v Fill color
¥ Output amows W Bonder [ Bevel
— Example:
Time
horizon
— Font Style:
i |se diagram fort " Use custom fort

Cancel QoK

Check to display arrows into this node.

Check to display arrows out of this node.

By default, input and output arrows are not displayed for index and function nodes.
Check to display the title in the node. By default, this is checked for all nodes.
Check to display a thin black border around the node.

Check to display the color in the node. Otherwise the node appears transparent, and any nodes
or arrows under it are visible.

Check to show a bevel effect around the node. By default, this is checked only for button nodes.

By default, text nodes, input and output nodes do not show arrows, border or fill color.

A grayed out checkbox indicates that this option is not the same for all selected nodes. If you leave
it unchanged (gray), each node keeps its current setting. If you change it (on or off), it changes all
nodes to the new setting.

To override the default diagram font, select Use custom font. Then you can select the font size
and typestyle.
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Taking screenshots of diagrams

Use browse mode

Switch off
cross-hatching

Diagram colors

Exporting diagrams
as images
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These are some tips for taking good screenshots of influence diagrams and other Analytica win-
dows for use in other documents or printing.

When making screen captures of a Diagram window, select browse mode ™ | rather than the
edit or arrow mode to switch off the background grid, which makes the diagram clearer.

By default, the nodes of undefined variables show a cross-hatched pattern around the title. To
remove this pattern, uncheck Show undefined in the Preferences dialog (page 58) from the Edit
menu.

Use white for the background if you plan to print screenshots of the diagram on a black and white
printer at less than 600 dpi (dots per inch). The Print command allows you to leave out the back-
ground color, if any.

To create an image file of your influence diagram, select Export from the File menu. The image
can be stored in a variety of formats such as BMP, JPEG, TIFF, PNG, and EMF.
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This chapter shows you how to:

» Control the display of numbers and dates, including date-times, in
tables, graphs and input/output fields.

» Select styles and options for graphs.
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Number formats

82

The Number format dialog lets you control the format of numbers and dates displayed in tables,
graphs, and input or output fields. You can select options like the number of decimal digits, cur-
rency signs, and commas to separate thousands. The default number format is suffix, which uses
a letter following the number, such 10K to mean 10,000 (where K means Kilo or thousands).

The number format of a variable is used wherever the value of that variable appears —in a result
table, graph, input field, or output field. The number format of an index applies wherever that
index is used, including row or column headers of a table, or along an axis of a graph that uses
that index.

You can enter a number into an expression or table in any format, no matter what output format it
uses.

To set the number format for a variable:

1. Select a variable by showing its edit table, result table, or graph, or by selecting its node in a
diagram. To apply the same format to several variables, select their nodes together in a
diagram.

2. Select Number format from the Result menu, or press Control+b, to show this dialog.

8 Humber format k [zl
Chance W
St Example:
ExEDnemiaI $123456.79 $-123456.79
Integer : . -
Percant Decimal digits: |2 ¥ Showr currency symbol

Date -
Boalean [ Showtrailing zeroes Symbal: |8 -

[ Thousands separatars
Flacement: |$-# -

[ Display dates as numbers

Apply Set Default Cancel

3. Select the format type you want from the list on the left (see “Format types” on page 83).

4. Select options you want, such as Decimal digits, Show trailing zeroes, Thousands separators,
or Show currency symbol, from checkboxes, menus, and fields on the right. The options
available depend on which format you selected.

5. View the example at the top of the dialog to see if the format is what you want.
6. If so, click the Apply button.

You can change the default number format by pressing Set Default. The default format applies to
all variables in your model whose number format has not been explicitly set.
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Format types

Suffix characters

Tip

Tip

Maximum precision

Choose one of these number formats:

Format Description Example

Suffix A letter after the number specifies powers of ten (see  12.35K
below for details)

Exponential Scientific or exponential notation, where the number  1.235e04
after the “e” gives the powers of ten

Fixed Point A decimal point with fixed number of decimal digits 12345.68

Integer A whole number with no decimals 12346

Percent A percentage 12%

Date Controls the format used for date-time numbers (see 12 Jan 2007
below for details)

Boolean Displays 0 as False, any other number as True True, False

Suffix is Analytica’s default format. It uses a conventional letter after each number to specify pow-
ers of 10: 12K means 12,000 (K for kilo or thousands), 2.5M means 2,500,000 (M for Mega or mil-
lions), 5n means 0.000,000,005 (n means nano or billionths). Here are the suffix characters:

Power of 10  Suffix Prefix Power of 10 Suffix  Prefix
102 % percent

103 K Kilo 103 m milli

108 M Mega or Million 10 M oru micro (mu)

10° GorB Giga or Billion 10° n nano

1012 T Tera or Trillion 10712 p pico

101% Q Quadrillion 10715 f femto

Note the difference between “M” for Mega or Million and “m” for milli (1/1000). This is the only
situation in which Analytica cares about the difference between uppercase and lowercase.
Otherwise, it is insensitive to case (except when matching text values).

In suffix format, it displays four-digit numbers without the “K” suffix — e.g., 2010, not 2.010K —
which works better for years. For suffix, integer, or fixed point formats, it uses exponent format for
numbers too large or small — e.g., numbers larger than 10%in integer or fixed point format, or
larger than 108 in suffix format.

The maximum number of digits including decimal digits is 15 (14 for fixed point and percent); the
maximum precision is 15 digits (9 for integers).

Number format options

Decimal digits

Show trailing zeroes

Thousands separators

Show currency symbol

The number of digits to show after the decimal point.

Check to show trailing zeroes in decimals, e.g., 2.100 instead of 2.1, when decimal digits are set
to 3.

Check to show commas between every third digit of the integer part, e.g., 12,345.678, instead of
12345.678.

Check to show a currency symbol. Select the symbol and placement from these menus.
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Regional settings

Date formats
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W Show currency syrmbol v Show currency symkbol
Symbal: Syrbaol: |3 <
Flacement: Flacement:
Cancel Cancel
(#3]
reqional

Placement controls the relative location of the currency symbol, e.g., $200 or 200DM, and
whether to use a minus sign -$200 or parentheses ($200) to indicate a negative number.

If you select the last entry, regional, from the Symbol or Placement menu, it uses, respectively,
the regional currency or placement settings set for your computer. You can modify these settings
in the Regional and Language options available from the Windows Control Panel.

Date and date-time values are displayed using the format shown when Date is selected. A date-
number is a numeric value representing the number of days since the date origin, usually Jan 1,
1904. The fractional part, if any, represents the time-of-day as a fraction of a 24-hour day. Analyt-
ica distinguishes between real numbers and date-time numbers, so that if real numbers and dates
appear in the same table, the dates will be shown as dates, the real numbers in the current
numeric format. When you are viewing the Date format settings, the format used for numeric val-
ues remains italicized.

@ Humber format k le

“Wariable Mext_dividend_date

e Example:

Exponential 15 July 2011

Fixed Paint

Integer

Percent & Sl (M7l

Date " Abbrey  (d-bMMSans

Boolean " Long P, MAMBM dd, s
™ Time thimmiss i)
= Full [d-hAbdbd-nnne himmiss i)

[

(v Custom:

[ Display numbers as dates
Apply Cancel

The Date format in the Number Format dialog offers these options:

Short: e.g., 7/15/2011
Abbrev: e.g., 15-Jul-2011
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Date format codes

Long: e.g., Thursday, July 15, 2011
Time: e.g., 2:05:06 PM

Full: e.g., 15-July-2011 2:05:06 PM
Custom: Use an existing custom format or set up a new one, as shown in the table below.

Date formats

Date format Displays as
dd-MM-yy 05-08-08
'QAAYYYY Q2 2008

www, d MMM yyyy

Thu, 5 Aug 2008

wwww, d of MMMM, yyyy

Thursday, 5 of August, 2008

d-MMM-yyyy hh:mm:ss tt

5-Aug-2008 03:45:22 PM

MM/dd/yy H:m:s

08/05/08 15:45:22

Custom date format uses these letter codes, conventional for Microsoft Windows.

Code Description Example

d numeric day of the month as one digit 1,2,...31

dd numeric day of the month as two digits 01,02, ... 31

ddd ordinal day of month in numeric format 1st, 2nd, ... 31st

dddd ordinal day of month in text format first, second, ... thirty-first
Dddd capitalized ordinal day of month First, Second, ... Thirty-first
WWW weekday in three letters Mon, Tue, ... Sun

WWWW weekday in full Monday, Tuesday, ... Sunday
M month as a number 1,2,...12

MM month as two-digit number 01,02, ...12

MMM month as three letter name Jan, Feb, ... Dec

MMMM month as full name January, February, ... December
q quarter as one digit 1,2,3,4

3'0'% year as two digits e.g., 99, 00, 01

YYYy year as four digits e.g., 1999, 2000, 2001

h hour on a 12-hour clock 1,2,..12

H hour on a 24-hour clock 0,1,..,23

hh hour on a 12-hour clock as two digits 01,02, ...12

HH hour on a 24-hour clock as two digits 00, 01, ...23

m minutes 0,1,..59

mm minutes as two digits 00, 01, ... 59

s seconds 0,1,..59

ss seconds as two digits 00, 01, ... 59

tt AM or PM AM, PM

Tip To show literal text within the date, enclose it in quotes, e.g., 'q'q — g2.

Interpreting A value entered into a definition, input control, or table cell, is interpreted as a date (or time) when
the entire expression can be interpreted as a date or time. For example, 1/5/2012 and
1-5-2012 are interpreted as 5 January, 2012 on a computer set to USA region or 1 May,
2012 elsewhere. All common formats for dates and times are recognized.

input dates

Within a sub-expression, the only date format recognized is d-MMM-yyyy, where the month is the
three-letter English month name, e.g., 1-May-2008. A hh:mm: ss time format is also recognized.
Thus, when you enter (1/5/2012) into a definition or table cell, it is parsed as two consecutive divi-
sions, (1/5) /2012; however, (1-Jan-2012 14:15:00) is parsed as a date-time value.
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Regional and
language settings

Date numbers
and the date origin

Display dates as
numbers

Display numbers as
dates

Range of dates

Date arithmetic and
functions

When Display dates as numbers in the number format is checked, then the generalized date
parsing is not applied to entries, so that a definition 1-5-2012 would be interpreted as two con-
secutive subtractions. The canonical format, e.g., 1-May-2008, continues to be recognized.

The language for day and month names and the formats used for Short and Long dates depend
on the regional settings for Windows. In the U.S., you might see a short date as 9/12/2008, but
in Denmark you might see 12.9.2008. You can review and change these settings in Regional
and Language options available from the Windows Control Panel. These apply to Analytica and
all standard Windows applications. To modify settings, click the Customize button and select
either the Date tab or Languages tab. For example, if you set the language to Spanish (Argen-
tina), a variable with the Long date setting, the date displays as:

StartDate — Sdbado, 04 de Febrero de 2012

where
Variable StartDate := MakeDate (2012, 2, 4)

Analytica represents a date or date-time as a date number, that is, the number of days since the
date origin. By default, the date origin is Jan 1, 1904, as used by most Macintosh applications,
including Excel on Macintosh, and all releases of Analytica on Macintosh and Windows up to
Analytica 3.1. If you check Use Excel date origin in the Preferences dialog, the date origin is Jan
1, 1900, as used by default in Excel on Windows and most other Windows software.

With Use Excel date origin checked, the numeric value of dates are the same in Analytica and
Excel for Windows for dates falling on or after 1 Mar 1900. Because of a bug in Excel, in which
Excel incorrectly treats Feb 29, 1900 as a valid day (1900 was not really a leap year), dates falling
before that date do not have the same numeric index in Analytica as they do in Excel.

If you want to paste or link values from Excel or other Windows software to or from Analytica, you
should check this option.

Occassionally you may want to display the numeric value (the number of days since the date ori-
gin) for a date-time value. The Display dates as numbers checkbox, which displays when view-
ing the non-date format options, forces the real number value to display for dates and times. The
setting also suppresses the more liberal interpretation of expressions as dates and times during
parsing (see “Interpreting input dates” above).

Occassionally you may want to display a real number in date or time format (interpreting it as the
number of days since the date origin). The Display numbers as dates, visible from the Date for-
mat type, forces this to happen.

Analytica can handle dates from 1 CE to well beyond 9999 CE (CE means Common Era or Chris-
tian Era, and is the same as AD). Dates earlier than the date origin are represented as negative
integers. Dates use the Gregorian calendar, so years divisible by 4 are leap years and those divis-
ible by 100 are not leap years, except those divisible by 400 which are leap years.

You can simply add an integer n to a date to get the date n days ahead. Numerous functions exist
for working with dates and times, including the MakeDate(), MakeTime(), DatePart(), DateAdd(),
Today(), ParseDate(), Sequence(), Floor(), Ceil() and Round() functions (page 235).

Display of constraint results

86

Constraint nodes are used in Analytica Optimizer models, and are defined as a comparision such
as x+y <= z. When the result of a constraint node is displayed, both the left-hand and right-hand
side values of the comparision are displayed using the selected number format. For example, the
constraint might contain the definition:

GetFract (Expenses, 75%) <= GetFract (Revenue, 25%)

but when the result of the constraint is displayed, a cell in the result displays might display as:
845.1 <= 12.3K

Not that in a non-constraint node, the result of a comparison would display as a boolean value,
i.e.,00r1.
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Multiple formats in one table

When the constraint is violated the display is proceeded by {!}, e.g., { ! }28<=21. This display is
helpful when debugging optimization models, since it allows you to see the actual values of each
side of the constraint. When the Boolean number format is selected, the comparison display is
not used -- True is displayed when the constraint is satisified, False when it is violated. Beware
that the optimizer solver engines generally find solutions that are within an epsilon of satisfying
each constraint, but when displaying the constraint result, you will see False when the constraint
is violated only by epsilon and the solver engine considers it satisified.

Multiple formats in one table

Graphing roles

Usually, the same number format applies to all numbers in a table (except its index values in col-
umn or row headers, which use the format set for the index variable). Sometimes, you might want
to use different formats for different rows (more generally, slices) of a table. You can do this if you
define the table as a list of variables, for example:

Index Years := 2007..2012

Variable DollarX := Table(Years) (...) { Formatted as dollars }
DollarX/40K { Formatted as percent }
Variable MultiformatX := [DollarX, PercentX]

MultiformatX —

Variable PercentX :=

Lo
A

® Result - MultiformatX

Mid Value of Multiformatx

" Tak

LT [vews — <1 ro
2007 2008 2009 2010 2011 2012 =]
Dollar¥| §10432] 11234 $12034  $17,091 $12234  §21.201
PercentX| 2508%|  2808%  3009% 4273%  30.59% 53%

This table uses the number format set for each variable responsible for a row here — as long as
you don’t override their settings by setting a format for MultiformatX.

A graphing role is an aspect of a graph or chart used to display a dimension (or index) of an
array value; they include the horizontal axis, vertical axis, and key. A simple key uses colors, but
you can expand it to include a symbol shape and size for each data point. When the array has too
many dimensions to assign them all graphing roles, you can assign the extra indexes as slicer
dimensions, from which you can select any value to display. For each available role, a graph
shows a menu from which you can select the index you want to assign to that role. The flexibility
of being able to directly assign graphing dimensions (such as indexes) to roles on the graph helps
you find the best way to communicate multidimensional results. Graphing roles can display a con-
tinuous numerical scale or a discrete numerical or categorical scale — except for symbol size,
which must be numerical.

This example shows projections of U.S. energy consumption made by two organizations, the U.S.
Energy Information Administration (actual) and the Alliance for Renewable Energy (fictional). The
horizontal axis is set to Energy source, the key (color) is set to Organization, leaving the Year
as a slicer, from which we have selected 2025.
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W Result - US Energy consumption projections

Lall Horizontal Anis:l Energysuurcevl Key:l Organization vI

= |

il Matural Gas Coal Muclear Povwer Hydropower Biomass Other Renewahble

US Energy consumption
projections (Quads/year)

Energy source

Organization
B Us Energy Infarmation Administration [l Alliance for Renewsahle Energy

Here we have changed graphing roles, assigning Year to the horizontal axis, Energy source to
the color key, and Organization to the symbol key, leaving no need for a slicer.

% Result - US Energy consumption projections

Mid Value of US Energy consumption projections {(Ouads year) =Y

@ Horizontal Axis: Color Key:
kall symbol Key:[_Organization v |

55
- 50
| gy
23 45
o =
Eg 410 1
ag 35
SG 30
gL
25
=
".2 20
£t 15
w
w e 10
=

]

D T I I I I I 1 I 1 I 1
003 2005 2008 2010 2013 2015 2018 2020 2023 2025 2028 2030

Year
Energy sSource Organization
[ Hydrapower ® LIS Energy Infarmation Administration
B Hatural Gas B Biomass B Alliance for Renewahle Energy

B Coal Other Renewable
Muclear Power

In this version, the color key and symbol key both show the Organization index. The index
Energy source is not assigned a visible graphing role, so shows up as a slicer. It is set to Totals,
to show total over energy sources for each organization.
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M Result - US Energy consumption projections |Z||E|E|
mhidw Mid Value of US Energy consumption projections (Quads/year) A
[i=]| energy source T+ *Totals” Ba
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Organization
=& IS5 Energy Information Administration 8- Alliance for Renewable Energy

These are the graphing roles available.

Vertical axis The vertical direction, labeled along the left edge of the graph. By default, it shows the actual val-
ues in the array — other roles usually show values of an index. All graphs use this role, but the
Vertical Axis menu only appears if you have set Swap horizontal and vertical in the Graph
setup dialog (page 89) or for XY graphs (page 99).

Horizontal axis The horizontal direction, labeled with numbers or text along the lower edge of the graph. It always
appears, except when you set Swap horizontal and vertical for a 1D array. In the table view, it
becomes the column headers.

Key Defines the color of lines or symbols. By default, it appears for the second index, if the array has
more than one dimension. The key appears below the graph — unless reset in the Style tab of
the Graph setup dialog (page 89). In the table view, it becomes the row headers.

Color key and If you check Use separate color/symbol keys in the Graph setup dialog (page 89) (available for
symbol key the two line styles that show symbols), it expands the key into two graphing roles, color key and
symbol key. Each has its own role menu, letting you assign a second and third index.

Symbol size key If you further check Allow variable symbol size, it adds symbol size as a fourth graphing role. You
can specify the range of sizes from smallest to largest in typographic points, corresponding to
smallest and largest values of the corresponding index. (It only works for a numerical index.)
Symbol key and symbol size key do not appear in the table view.

Slicers If the array has a dimension not assigned to a visible graphing role, it appears as a slicer — a
menu above the graph. The value you select from a slicer menu applies to the entire graph, so the
graph does not show values for other elements of the slicer. You can also select “Totals” from a
slicer to show the total over all numerical values over that index. Slicers appear the same in the
table as in the graph view. If you have more than one slicer, you can reorder them from top to bot-
tom, in edit mode, simply by dragging a slicer up or down.

Graph setup dialog

The Graph setup dialog lets you apply a wide variety of graphing styles and options to the
selected graph, or as the new defaults for all graphs in this model. It also lets you use or define
graph templates, to apply a standard collection of styles and options to a graph.
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When you display the result of a variable, it shows it as a table or graph, according to how you last
viewed it. The first time you view a result, it appears as a graph, unless you changed the default
result view in the Preferences dialog.

When displaying a graph, Analytica uses the default graphing settings, unless you have selected
other settings for it. You can modify these with the Graph setup dialog.

To open the Graph setup  First display a graph. Then do one of these:
dialog » Select Graph Setup from the Result menu.
+ Select Graph Setup from the right mouse button menu.
* Double-click the graph in the Result window.
The graph setup dialog has six tabs. All tabs show the template panel and these three buttons:
* Apply: Apply any changes to settings to the current graph, and close the dialog.

» Set Default: Save any changed settings on the current tab as the default for all graphs, and
close the dialog. It does not affect any settings that you have not changed since you opened
the Graph setup dialog. Changing a default affects all graphs that use the default, but not
graphs for which you override the default (in the past or future).

+ Cancel: Close the dialog without changing or saving anything.

Chart Type tab
This tab shows options for modifying the style and arrangement of the graph.
Graph setup [g|
Chart Type IAHi$ Hange&] Style ] Text ] Backgroundl F'review]
Line shyle:
~ [ Swap horizonkal and vertical
N [ 3D effects
o N
~ o o Line style settings:
[ Areafil —_—
~ . 5
. Line thickness: |—— -
i — . — - [ Use separate color # symbol keys
[ Allows variable symbol size
Swmbol zize; |7
Style template: |G iobal Defaul |
Apply | Set Default Cancel
Line style

PN Line segments join the data points.
P Line segments, with a symbol at each data point.

A symbol at each data point with no lines.
A pixel at each data point, with no line.
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Swap horizontal and
vertical

3D effects

Line style settings

Bar graph settings

— A histogram or step function, with a vertical line and horizontal line from
each data point to the next.

_._- A bar centered on each x value, with height showing the y value. Forces the
graph to be discrete.

Check this box to exchange the x and y axes, so that x axis is vertical and y axis is horizontal. If x
values are discrete with long labels, swapping axes gives a more easily legible bar graph.

Check to use three-dimensional style to view graphs. For a bar graph line style, it offers the
choice of Box or Cylindrical shapes for the bars.

Displays when you select a line style showing lines.

« Areafill: Check to fill in the area beneath each line with a solid color. If there are multiple
lines, the graph has a key index. It draws the fill areas from last to first element of the key
index, which works well if the y values are sorted from smallest to largest over the key index.
Otherwise, later values obscure earlier ones. Here’s an example.

@ Result - Energy capacity and load

rnidw Mid Value of Energy capacity and load {MW)
@ Horizontal A:l:is:| Infrastructure design life b I Key:l Energy capacity and load (MW) v I

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Ehergy capacity and load
(Mw)

] 1 2 3 4 ] B 7 ] g 10
Infrastructure design life
Energy capacity and load {MW)

[ Yariahle load [ Right-sized capacity
Feak load Full capacity from start

« Transparency: Drag the cursor to change transparency of fill colors between opaque and
transparent. Transparency lets you see fill lines and areas that would otherwise be obscured
behind others.

» Line thickness: Select the thickness of lines to display. (Only for styles that show lines.)

» Use separate color/symbol keys: Check to display two key index roles, one indicated by color
and the other by symbol type or size.

» Allow variable symbol size: Check to have the size of symbols vary with their value.
» Symbol size: Enter a number to specify size of symbols in typographic points.

* Min symbol size and Max symbol size: If you check Allow variable symbol size, use these
fields to specify the range of symbol sizes from smallest and largest.

Displays when you select Bar graph line style:

« Stacked bars: Check to show bars stacked one on top of the other over the key index,
instead of side by side. The values for each bar are cumulated over the key index.

» Variable origin: Check if you want to set the origin (starting point) for each bar other than zero
(the default). The graph then displays a Bar Origin menu to let you select the bar origin.
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» Bar overlap: With stacked bars, they overlap 100%. You can specify partial overlap between
0 and 100%.

Axis Ranges tab

This tab lets you control the display for each axis, vertical and horizontal, including scaling, range,
and tickmarks.

Graph setup g|
Chart Type  Axiz Ranges lSl_l.JIe ] Text ] Backgmund] F'leviewl
Scalex Scale for: |
v Autoscale [ Autoscals
>< [ Include zero [ Include zer
Approg. # ticks: |10 Appros, # ticks: (10
[ Reverse order [ Rewverze order
[ Categorical [ Categorical
[ Log scale I Log scale

Autoscale Uncheck this box if you want to specify the range for the axis, instead of letting Analytica select
the range automatically to include all values.

Max and Min  The maximum and minimum values of the range to use when you have unchecked Autoscale.
Include zero Check if you want to include the origin (zero) in the range.

Approx. # ticks  Specify the number of tick marks to display along the axis. Analytica might not match the number
exactly, in the interests of clarity.

Reverse order Check this box if you want to show the values ordered from large to small instead of the default
small to large.

Categorical Treat this axis as categorical. Usually, Analytica figures out the quantity is categorical without
help. Occasionally, if the values are numerical, you might want to control it yourself. See “Proba-
bility density and mass graphs” on page 264.

Log scale Check if you want to display this on a log scale. This is useful for numbers that vary by several
orders of magnitude. It uses a “double log” scale with zero if the values include negative and pos-
itive numbers.

Set default If you have changed settings for an axis that is an index of the variable being graphed, clicking
this button applies these changes to that index for all graphs that use that index. For example, if
the scale is the Index Time, you can use this to change the Time scale (e.g., start and end year)
for every graph that displays a value over Time, unless you want to override that default in
another graph.

Style tab

The Style tab lets you modify the display of the style and color of the grid, frame, and tick marks,
and where to display the key.
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Grid

Frame

Tick marks

Display key

Text tab

Font

Size

Graph setup E|
Chart Type] Auiz Banges  Stle ]Text ] Eau:kgru:uund] Preview]
Grid: Frame: Tick marks: Dizplay kew:
£~ MNone " Mone £ Mone " Mane
{+ Bottarn & left anly '
W ccooo i+ . L
AR " All sides " Right
Raaas cL " Battom
" lrward
=
= H o] & Outward I Show border

Select the radio button to control the display of the grid over the graphing area. You can also
select the color. A light or medium gray is often a good choice.

Select the radio button to control the display of the lines framing the graphing area. You can also
select the color for the frame. It is usually best to make the frame the same color as the grid, or a
darker shade of the same color.

The top radio buttons control where to show tick marks. The lower ones control how they are dis-
played.

Select the radio button to control where to display the key on the graph. Select the Show border
checkbox to display an outline rectangle around the key.

The Text tab lets you change the font, size, style, and color on the graph for the text of axis titles,
axis labels (i.e., numbers or text identifying points along each axis), key titles, and key labels (i.e.,
identifying values in the key).

Graph setup g|
Chart Tj,lpe] Az F!anges] Siyle  Text ] Eackgmund] Preview]
Az titles: Az labels:
Font; |.-'1‘-.ria| ﬂ Fant: |.-’-‘~ria| j
Cize: |14 = v Bold Sie 12 = v Bold
e =l ™ ltalics = =l [ ltalics

Color: Color:

Ky title: F.ey labels:

Fort; | ﬂ Fort; | j

171%
1%

1

Color:

=i
Color: -3

Az Label Baotation:
Yartical label ratation: i | Adapt dizplayed font sizes to graph height

Horizortal label rotation: |0

Select the font family. Graphic designers recommend using the same font for all text, which you
can easily do by leaving all except axis titles as “(Same as axis titles).”

The size in typographic points. Set to 0 if you want that type of text to not display.
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Color Select the color.

Bold, Italics, and Check these boxes to add bold, italic, and underlined formats to the text.
Underline

Axig Label ovsle Ky label Ao title

Axis Label Rotation Enter a number from -90 to 90 degrees to rotate the labels for each axis. For example, for a bar
graph with many long labels along the horizontal axis, they won't all fit. By rotating them by 45 or
90 degrees, you can make them all fit without getting truncated.

Adapt displayed font If you check this box, the font size automatically adjusts when you make the graph window larger

sizes to graph height  or smaller. This can be useful when you give a demo and want to expand graphs so they are eas-
ily readable to people at the back of the room. The font sizes match those specified at the default
graph height of 300 pixels.

Background tab

This tab lets you control the fill color, gradient, or pattern on the graph background. The main area
covers the entire graph window (exclusive of the top area containing indexes). The plot area is the
rectangle showing the graph values. If you leave or set the Fill to None for the Plot area or Key
area, they show the same fill settings (if any) as the Main area.

Graph setup z|

Chart T_I.J|:ue| Az Hang%l Style I Test  Background |Preview|

— Main area: — Plat area:
Fil: | Gradient | Rk fone =
Calor 1: I d
coor 2| - |

Gradient style: -j

—key area:

Fill: INDnE ;I

Fill Select from:

* None: No fill. Default to blank (white) background.
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Preview tab

» Solid: Use a solid fill with the selected Color 1.

» Gradient: Use a gradient of color, going from Color 1 to Color 2, in the direction you specify
in Gradient style.

» Hatch: Use a hatched fill using the selected Hatch Style with Color 1 and Color 2.

Graphic designers recommend avoiding hatched backgrounds, and using solid or gradient back-
grounds with pale colors, if at all. The data should not be overwhelmed by the background.

This tab shows the graph using the current settings so that you can see their effects before you
decide to Apply or Cancel them.

Graph setup |z

Chart Typel Aris Hangesl Style I Text I Background  Prewies I

Categorical and Continuous Plots

Distinctions regarding whether your results are treated as being categorical, continuous, or dis-
crete impact how the data is plotted. Analytica usually infers the appropriate distinctions, but
occasionally you might need to provide explicit setting information.

The discrete vs. continuous distinction is determined by the domain attribute, and determines
whether probability plots are density and cumulative density plots (continuous) or probability
mass and cumulative probability (discrete) plots.

The categorical vs. continuous distinction determines how a graphing axis is laid out. Continuous
dimensions require numeric values. The determination of whether a graphing dimension is cate-
gorical or continuous is partially determined by the domain attribute. However, the values actually
occurring in the dimension are determined by the chart type (bar or non-bar chart) and by the Cat-
egorical checkbox in the axis range setting.

Exporting graph image type

You can export a graph as an image file in most common formats, including BMP, JPEG, TIFF,
PNG, and Enhanced Windows Metafile (EMF):

1. Display the graph the way you want.
2. Select Export from the File menu, to open the Save Graph Image as file browser dialog.
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Graph templates

File name: |I:ast_by_phase_by_pe2 ﬂ Sawe |
Save as type: |BMP [* EMP.*DIB " ALLE) ~| Cancel

BMP [*.BMP DIE:* BLE]

JPEG [*JPG:" JPEG* JPE .JFIF]

TIFF [ TIF TIFF]

PMG (*.PHG]

Enhanced "Windows Metafile [*.emf,” wrnf ", ewrnf]

3. If you want to change the defaults, edit the File name and select the Save as type, i.e., the
file format.

4. Click Save.

Graph templates

Graph templates let you apply a collection of graph settings to several graphs, or even to all the
graphs in a model. Analytica 4.4 includes several standard templates. You can also define your
own templates to create standard graphing styles for a model, project, or an entire organization.

To use a graph style template

To apply an existing graph template to a graph:

1. Double-click your graph to open the Graph setup dialog.
2. From the Style template menu at the bottom of the dialog, select the template you want.

3. To see what the templates look like, click the Preview tab. As you select each template from
the Style template menu, it applies it to the selected graph. All template settings are reflected
in the settings in the other tabs.

4. |If you want to modify any other settings beyond what the template specifies, you can do so
now.

5. When you are happy with the results (check them in the Preview tab), click Apply, or if you
don't like any of them, click Cancel.

To stop using a graph style template

If you have a graph that uses a template T, and you want to unlink it from the template, change
the Style Template menu back from T to Global Default. It asks “Do you want to retain these
styles for this graph?” If you answer yes, it copies the template settings to be local for this vari-
able, so it looks the same, but future changes to the template have no effect. If you answer no, it
removes the template settings from this graph so it reverts to the global defaults.

To define a new graph style template

96

To create a new graph template so you can reuse a collection of graph settings for other vari-
ables:

1.  Open the Graph setup dialog by double-clicking the graph with the settings you want to reuse,
or if you want to save only new settings, open it for a new variable.

2. If you want to modify or add any settings, make those changes. You can also make a new
template with changes to an existing template. In that case, select the existing template and
click Apply template.

Click the Preview tab to see what all settings look like.
From the Style Template menu, select New Template.
Type in a name for the template.

Click the Set Template button.

You have now created a new template, which will be saved with the model. You can apply this
template to any graph in the model.

oo kW
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To modify a graph style template

Tip

To modify an existing graph style template T:

1. Open the Graph setup dialog by double-clicking a graph for variable v.

If variable v does not already use template T, select T from the Style template menu.
Modify any Graph settings you want for T.

Check the effect in the Preview tab.

o kowDd

When satisfied, click Set Template.

Any changes you make to a template affect all variables that use it, except for any local settings
that override them for a particular variable.

Combining local, template, and model default settings

Local

Graph template

Model defaults

Tip

You can apply graph settings, and most uncertainty settings, at three levels:

Clicking Apply in the Graph setup or Uncertainty Setup dialog applies any settings you have
modified in the dialog to the current variable. These settings override any global or template set-
tings.

By selecting a style template in the Graph setup dialog and clicking Apply, you apply the tem-
plate settings to the current variable. The template overrides any global settings, but not local set-
tings.

Clicking Set Default in the Graph setup or Uncertainty Setup dialog changes the global
defaults for the model for any settings you have modified in the dialog.

If you change a global setting by clicking Set default, that setting changes for all graphs that do
not override it by a template or a local setting.

The Uncertainty sample tab of the Uncertainty Setup dialog is an exception. Settings on that
tab — e.g., Sample size — are always defaults that affect the entire model. They cannot be local
and are not saved in a graph template.

Saving defaults as a template model

Analytica comes with a wide variety of standard defaults for graph settings, uncertainty options,
preferences, diagram style, and more. If you want to save nonstandard default settings for these,
perhaps also including graph templates and libraries so that you can use them for new models,
the easiest method is to create a new template model:

1. Find or build a model that has all the default settings you want, including any graph settings,
uncertainty settings, preferences, diagram style, graph templates, and user-defined attributes.
It could also contain any libraries that you want in all the new models.

2. Select Save as from the File menu to save the model under a new name, e.g.,
Template.ana.

3. Delete all the contents of the model that you won’t need for new models.
4. Select Exit from the File menu and save the model.

Whenever you want to start a new model using these defaults, double-click Template.ana, and
save the model under a new name. To protect your template model from you accidentally chang-
ing it by saving a new model over it with the same name:

1. In the Windows Finder, open the folder containing Template.ana.

2. Right-click Template.ana, and select Properties.

3. Check the Read-only attribute, and click OK.
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Graph templates and setting associations

Chart type and
uncertainty views

Settings for discrete
vs. continuous

Axes and indexes

Uncertainty options and

graph templates

Graph settings from the Chart type tab are associated with particular uncertainty views. For
example, if you set Line style to symbols only (instead of the default pixel per data point) for a
Sample plot, that line style applies to any sample plot, but not to other uncertainty views Mid,
Mean, Statistics, PDF, or CDF. Thus, you can set a different Style setting for each uncertainty
view, except Mid, Mean, and Probability Bands, which share the same style.

Analytica maintains separate line-style settings for continuous and discrete (categorical) plots.
So, pivoting a continuous dimension to the x-axis to replace what was a discrete dimension can
change the plot from a bar graph to line graph, and uses the corresponding settings.

If the horizontal axis is an index (as it usually is), any settings on the Axes Ranges tab apply to
that index only. For example, suppose variable Earthquake damage is indexed on the horizon-
tal axis by Richter scale. You set Richter scale to Log scale, and save into a template T.
If you use template T for another variable Y also indexed by Richter scale, it also displays
Richter scaleonalogscale. But, if Y is notindexed by Richter scale, the axis setting has
no effect.

A graph template also saves non-default settings made in the Uncertainty setup dialog tabs:
Statistics, Probability bands, Probability density, or Cumulative probability. These settings
apply to the corresponding uncertainty view of any variable using the template. Changes to the
Uncertainty sample tab, however — e.g., to Sample size —set global defaults, which affect the
entire model. They are not associated with particular variable, or saved in a graph template.

Changing the global default

Global defaults are the default settings used by every graph unless overridden in the Graph
setup dialog for that graph or by a template that it uses. If the Style Template menu says Global
default, it means that the graph uses the global defaults with no template.

To modify the global defaults:

1. Select a new variable with no graph settings, or a graph whose settings you want to make the
global default.

Double-click the graph to open Graph setup dialog.

If you want, make further changes to the settings, and review them in the Preview tab.
From the Style template menu, select Global Default, if it isn’t already selected.
Click Set default button.

o kowDd

Note: Changes to global defaults change all existing and new graphs that use those defaults;
that is, all that are not overridden by any graph settings specifically set for that graph or
by a template that it uses.

To rename a graph style template

98

1.  Open the Graph setup dialog, by double-clicking a graph.

In the Style template menu, select the graph template you want to rename.
Click the Style template menu to select the old name.

Type in the new name.

ok oebd

Click Set template.

Note: The template “name” is actually its Title attribute, not its identifier. So, renaming a
template does not affect any variables that use it.
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XY comparison

When you display a standard (non XY) graph of a variable, V, it plots the values of V up the verti-
cal (y) axis against an index of V along the horizontal (x) axis. If V has more than one dimension,
you can choose which index to plot horizontally from the Horizontal Axis menu. In contrast, with
XY comparison you can plot V against another variable, U, along the horizontal (x) axis, over a
Common Index of V and U. You can also plot one slice of V against another slice over a Com-
parison Index. (See “Scatter plots” on page 308 to use XY comparison for scatter plots.)

XY comparison sources dialog

To open the dialog

Use comparison index

Use another variable

Add

Remove

This dialog lets you set options for XY comparison and extends or adds menus to the XY graph
described below.

XY comparison sources PE

From this dialog, zelect zource values to compare on your graph. To create an = graph, select a
value to use az the horizontal-coordinate.  This may be anather variable, or it may be a single colurn of
yaur result,

After pou zelect sources here, they can quickly be assigned to graphing roles [such as the horizontal axis)
wia pulldown zelections in the rezult window, You muzt be in edit mode to add or change sources.

W Use comparison index

Check. the option if pou would like ta plot one colurmn of your results
aqgainzt another colurn, From the result window, pou specify which
index defines the columng - this iz called the Comparizon Indes.

Iv Use anather variable

The following are other vanables that can be azsigned to the honzontal axiz, or other roles, of pour
araph. These should share a "'common index" with your main result.

Add...

Remove
Qg Cancel

Click the XY button in top-right corner of Result window (graph or table). You must be in edit or
arrow mode, so it is not available in Analytica editions or models confined to browse mode.

Check this box if you want to compare one slice of the variable against another slice, slices
selected from the comparison index. The graph shows the Comparison Index menu from which
you can select the index you want. The Vertical Axis and Horizontal Axis menus then offer
slices from the comparison index so that you can choose which two slices to plot against each
other.

Check this box if you would like to compare the base variable by plotting it against one or more
other variables (or simple expressions). When you check it, the following items appear:

Click this button to open the Object Finder dialog to select a variable against which to plot the
base variable. You can also use the Object Finder to select a function or operation from one of
the relevant libraries. You can add up to five items.

Select a item from the list of other variables, and click this button to remove it from the list of vari-
ables for comparison.

Analytica User Guide 99



Chapter n Formatting Numbers, Tables, and Graphs XY comparison

Menus added to XY Comparison graph

Comparison index

Common index

An XY comparison graph adds a Common Index and, sometimes, a Comparison Index to the
usual graphing roles menus on a graph or table.

T Result - x

i Mid Value of x Comparison Index: =Y

@ Common Index: i
sl Horizontal Axis:
Vertical Axis:

100
a0 e

\

B0
——

<L e
40 e

20 /o

o

-80 0 a0 100 150 200 250 300 350 400 450 500 540
c

This menu lists the indexes of the base variable. The Horizontal Axis and Vertical Axis menus
each let you choose a slice from the selected comparison index to plot against each other. It
appears on the graph when Use comparison index is checked in the XY comparison sources
dialog.

This defines the correspondence among the variables or slices to be plotted against each other.
Each value of the common index identifies a data point on the graph, with vertical (X) and hori-
zontal (Y) values from the variables or slices you have selected for those graphing roles. For a
scatter plot, the common index should be Iteration (Run). It appears on the graph when one or
both checkboxes on the XY comparison sources dialog are selected.

If Use another variable is checked in the XY comparison sources dialog, Common Index is an
index in common to the base variable and other variable(s). If the variables have more than one
index in common, Common Index is a menu from which you can choose the index you want.

If Use comparison index is checked in the XY comparison sources dialog, Common Index
shows the index(es) of the base variable not selected for Comparison Index. Common Index is
a menu if the variable has more than two indexes — leaving more than one for Common Index.

Example: Plot one variable against another

100

For example, suppose you have an index and two variables:

Index Degrees := Sequence (0, 360, 5)
Variable V := Sin(Degrees)
Variable U := Cos (Degrees)

For a standard graph of V against its index, Degrees, select V from the diagram and click the
Result button (Control+r). Repeat with U to display the graph for U against Degrees.
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T Result -V

XY comparison button

T Result - U

Mid Value of ¥V Mid Value of U
Horizontal Axis: Horizontal Axis:
1 - 1
n.a n.a
[N \ 0.6 \ ,/
0.4 0.4
02}/ b 02 5 J
hY b 7.
= ] -\ = ] J
-0.2 i -0.2
-0.4 -0.4
06 L 4 06 L z
-1 -1
] a0 100 150 200 240 300 350 400 ] a0 100 150 200 250 300 350 400
Degrees Degrees

XY comparison

For these graphs, we selected the symbol plus line line style (page 90) from Graph setup to

show the data points for each value of Degrees.

With XY Comparison, you can graph U against V, instead of against its index Degrees:
Change to edit mode. In the Graph window for U, click the XY button in the top-right corner

1.

2,
3.

(above) to open the XY Comparison sources dialog.

XY comparison sources

From this dialog, select zource values to compare on your graph. To create an = graph, select a
value to uze az the horizontal-coordinate.  This may be another variable, or it may be a single column of
yaur result,

After pou zelect sources here, they can quickly be aszigned to graphing roles [such as the horizontal axis]
via pulldown selections in the result window, You must be in edit mode to add or change sources.

[ Use comparison index
Check the option if pou would like to plot one column of your results

againzt another colurnn, From the result window, pou specify which
index defines the columng - this iz called the Comparizon Indes.

Iv Use anather variable

The fallowing are other vanables that can be azsighed to the hanizantal awiz, ar other roles, of your
graph. These should share a "common ndex" with your main result.

Add...

[

Cancel

Select the checkbox Use another variable.
Click the Add button to open the Object Finder dialog.
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@ Object Finder X

LiIJrar_v:| Current Module VI Find... |

7 Degreesi Degrees J
) u u

Cancel (]

4. Selectthe variable V, and click OK. You can now see V listed in the XY comparison sources
dialog.

Iv Use anather variable

The following are other variables that can be azsigned to the honizontal axiz, or other rales, of pour
araph. These should share & “'common index" with your main result.

W W Add...

f

5. Click OK.

midw | Mid Value of U =y
@ Common Index: Degrees

Ll Horizontal Axis: EI
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The graph of U now plots the values of U on the vertical (y) axis against corresponding values of
V on the horizontal (x) axis. By “corresponding” we mean for each value of Degrees, in the Com-
mon Index. If U and V had more than one index in common, it would show a menu from which
you could select the index you want.
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Example: Compare variables using comparison index

You can also use XY comparison to compare one slice of a variable against another slice of the
same variable. This is especially useful when you combine several variables as a list. Let's add a
third variable to U and V defined above:

Variable W := Sin(2*Degrees)

The parameter 2*Degrees creates a sine curve with twice the frequency. Here is an easy way to
create a list to compare several variables.

M Diagram - XY comparison sample model

w
ol | [

1. Select the three nodes for the variables to compare, U, V, and W, and click Result (Control+r).
2. When it prompts “Do you want to compare more than one result?” click OK.

It creates a new variable Compare1, and shows the standard (not XY) graph comparing U, V,
and W against index Degrees.

W Result - Compare1

midw]  Mid Value of Compare |
Lall
! P
. Y o yd
T 04 AN Y rd
bt i A Nod. A
g 0 by Y hvd
2 5, AN X i
o N, i..X A '
Qg Y i N LY i
SN i -4 Mol L
1 A Ll N
0 50 100 150 200 240 300 350 400
Degrees
Compare1
— W =Ll =

3. Make sure you are in edit mode. In the graph window for Compare1, click the XY button in the
top-right corner to open the XY comparison sources dialog.
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XY comparison sources El

From this dialog, zelect zource values to compare on your graph. To create an = graph, select a
value to uze az the horizontal-coordinate.  This may be another variable, or it may be a single column of
yaur result,

After pou zelect sources here, they can quickly be assigned to graphing roles [such as the honzontal axis)
via pulldown selections in the result window, You must be in edit mode to add or change sources.

W Lse comparison index

Check the option if pou would like to plot one column of your results
againzt another colurnn, From the result window, pou specify which
index defines the columng - thiz iz called the Comparizon Indes.

[ Use anather variable

Cancel

4. Select the checkbox Use comparison index and click OK.

@ Result - Compare1

midw | Mid Value of Compared =
@ Comparison Index:| Comparel

| Commeon Index: Degrees
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¥

This sideways figure 8 results because W is a sine wave with twice the frequency of V. You can
select other pairs of variables to compare, from U, V, and W, from the Vertical and Horizontal
Axis menus — for example, changing to W against V puts the figure 8 the right way up.
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' Result - Compare1 Il
Mid Value of Compare1 =

Comparison Index:, Comparel

Ll Common Index: Degrees
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You can also select Degrees from the Horizontal Axis menu to revert to a standard (non XY)
graph of the selected variable against Degrees.
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This chapter shows you how to:
+ Create definitions
+ Edit definitions
» Expression Assist
» Use the Object Finder
* 7The domain attribute
» Check the validity of a variable’s value




Chapter n Creating and Editing Definitions

Creating or editing a definition

This chapter introduces the tools for creating and editing mathematical models by giving each
variable a formula that defines how to compute its value in its definition. The definition of a vari-
able can be a simple number, text, a probability distribution, or a more complicated expression. It
can also be a list or table of numbers or other expressions. Subsequent chapters present more
details about using mathematical expressions, arrays, and probability distributions.

Creating or editing a definition

108

Tip

To create or edit the definition of a variable, first be sure that the edit tool Xk |is selected. Select
the variable of interest and do any of the following:

* Click \t?e_ﬂ in the toolbar, or press Control+e.

» Select Edit Definition from the Definition menu.

» Double-click the variable to open its Object window. Then click in the definition field.

» Click the key icon [ to open the Attribute panel of the diagram. Select Definition from the
Attribute popup menu. Then click in the definition field.

Attribute panel

Definition ¥ |[ear w |X[i7] [ Inputs
yd

() Down payment

[ Buying price |

Mortgage loan amount:

Definition Variable
field title

expr popup
menu

Cancel Accept /

button button Inputs popup mlenu

M Object - Mortgage loan amount
!

Title:

cription: Total mortgy

Definition: S

Object window Inputs: () Downpaymt Down paygent
[ Frice Price

) Down payment
[ Buying price

I [

If you have drawn arrows into this variable from other variables (Down_payment and

Buying price in this example), they appear in the menu. Select an input to paste its
identifier into the definition. (The menu doesn’t appear if the variable has no inputs.)

If you are editing in the Attribute panel, a handy way to insert the identifier of a node into the
definition is to click the node while pressing the Al key. This only works for nodes in the same
diagram.

To edit a definition that is a simple number, text, or other expression:

1. Select the definition.

2. Editit by typing, by deleting, or by using the standard text editing operators — that is, Copy
(Control+c), Cut (Control+x), and Paste (Control+v).

See Chapter 11, “Using Expressions,” for the syntax of numbers, operators, simple expressions,
and mathematical functions.

You can change the definition to one of several commonly used expressions with the Expression
popup menu (page 111).
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Expression Assist

Creating or editing a definition

As you type an expression into the definition, the Expression Assist pops up with each keystroke
to show possible identifier completions, function parameters, function descriptions, or index val-
ues. Expression Assist may be turned on or off from the Preferences dialog (page 58). Even when

it is turned off, you can press Ctrl+Space to display it temporarily. See “Expression Assist” on

page 112.

Special editing key These special mouse and key combinations are useful when editing a definitions:

combinations

Parenthesis matching

Comments in definitions

Key or key combination

Action

double-click

Selects the entire identifier containing the cursor.

Alt+click a node,
Ctrl+click a node

Inserts identifier of the node at the cursor position. Works
when nodesare in the same diagram window as the
definition being edited.

left-arrow «, right-arrow —

Moves cursor one character left or right.

up-arrow, down-arrow

When Expression Assist is displaying possible identifier
completions, moves the selection. Otherwise, moves the
caret one line up or down.

Control+left-arrow,
Control+right-arrow

Moves to the beginning or end of the next word or identifier.

Alt+Control+left-arrow,
Alt+Control+right-arrow

Moves the cursor from the adjacent parenthesis to the next
matching parenthesis, left or right.

Esc Temporarily removes expression assist popup.

Ctrl+space Temporarily show expression assist.

Ctrl+? Toggles Expression Assist on or off for the field being
edited. Note: On most keyboards, ? requires the Shift key,
so this is really Ctrl+Shift+?.

Tab When Expression Assist displays possible completions,

inserts the first (or selected) one.

If you also press Shift with any arrow movements, it selects the text between old and new cursor
positions for copy/paste operations, etc.

Analytica expressions sometimes contain several levels of nested parentheses. To help keep
parentheses clear, when you place the cursor just to the right of a parenthesis, it makes it and its
matching parenthesis bold. This works for left or right parentheses, square brackets, or curly
brackets (used for comments). It helps you see whether you have the right number and types of
parentheses in complex expressions, without resorting to counting.

The Alt+Control+arrow keys also help. For example, pressing Alt+Control+right-arrow when the
cursor is at A moves the cursor to B. Then pressing Alt+Control+left-arrow moves it back again:

¢ * ( - ( Im(Uniform(1£f,1)) ) )™ (1/k)

A B

It is wise to document your models generously. Usually, it's best to document what a variable or
function represents in its Description attribute, and also explain its algorithm if it's not obvious.
For complex, multiline definitions, it's also useful to insert comments within the definition. Com-
ments can also be used to disable portions of expressions while debugging.

Enclose comments in curly brackets:

Variable X := -b*Sgrt(B"2 - 4*A*C)/A { Positive quadratic root }
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110

You can insert a comment at any point in an expression where whitespace is allowed. Analytica
ignores anything inside a comment when parsing or evaluating an expression. If you start a com-
ment with “{” , then your comment cannot contain the “}" character within the comment.

Tip Analytica does not preserve comments in the cells of an edit table — so it's not worth entering
comments there.

Identifiers To refer to the value of another variable, use its identifier. To place a variable’s identifier at the
insertion point in the definition, do any of the following:

« If the variable is an input, select it from the Inputs popup menu.

» Type in the variable’s identifier. To see all nodes in the active diagram labeled by their
identifiers (instead of their titles), select Show By ldentifier from the Object menu
(Control+y). (Note that entering Control+y a second time switches the diagram back to
displaying the nodes by their titles.)

* Select Paste Identifier from the Definition menu and use the Find button or identifier menu
items in the Object Finder dialog (page 114).

« If the definition is being edited from the Attribute panel, you can insert the identifier of a
variable in the same module window by holding down the Alt key and clicking the node. The
identifier of the clicked node is inserted at the caret position. This shortcut isn’t available from
the Object window or for nodes is different modules.

Functions You can paste functions at the insertion point by doing either of the following:

» Select Paste Identifier from the Definition menu to open the Object Finder dialog
(page 114).

« Select the function from its library in the Definition menu (page 116).

Syntax check After entering or editing a definition, press Alt-Enter or click the accept button to perform a
syntax check of the revised definition and accept the changes.

Click the cancel button [] to cancel your changes.

The definition warning icon [[T) appears next to the definition if it is not syntactically correct. Click
the icon to see a message about what might be wrong.

T Object - Mortgage loan amount = 'E|E|
Mortgage_loan_ameount Units: 2 =)

Title: Mertgage loan amount

Description: Total mertgage (loan) amount received.

[eor_w | X]7] [Inputs ¥ |

Definition: |

M ”
e

I!.'Iortgage loan amount: \@| Definition il ||EJ=PJ' v | X|t/|

A definition’s syntax check can reveal syntax errors (page 432). For example, if a definition con-
tains text that is not an identifier, the following dialog appears.

Definiton ___§
Warning icon —_| @

[ Question

The Definition of Mortgage_loan_armount containg an undefined |dentifier,
‘Downpayment’. Do pou want to create a new Yariable annpaymentﬁ

Edit Definition Cancel Create Varable
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Automatically updating the diagram

Cross-hatching
disappears

Arrow updating

After you give a variable a valid definition, the influence diagram containing that variable might
change.

Normally, any node whose definition is missing or invalid displays with a cross-hatch pattern.

Cross-hatch pattern: the definition is
[ missing or is syntactically incorrect

After you enter a valid definition, the cross-hatching disappears and the node becomes clear.

Node is clear: the definition
[ is syntactically correct

You can remove cross-hatching even from invalid variables by unchecking Show Undefined in
the Preferences dialog from the Edit menu.

After you enter or edit a definition, it ensures that the arrows going into the node to properly reflect
its inputs. It adds an arrow from any extra variable you mentioned, and removes an arrow from
any variable you didn’t use in the definition.

The Expression popup menu

Click expr to see the Expression popup menu. The expr menu shows the type of the definition,
which is an empty expression in the following figure.

1 Object - Mortgage loan amount Z

() Variable " | Wortgags Units: 2

Titles HMertgage loan amount

=X

Description: Total mortgage (lean) amount received.

[er_w | X]7] [inputs w |

Definition: ;|

v B0 Expression
B Lst
B List of Labels
& Table |—
[E Probabilty Takle
4 Distrbution
= Cheice

Inputs: () Downpaymt
[ Frice

it Other..

expr popup menu

Use this popup menu to change the definition to one of several common kinds of expressions.
The entries in this menu depend on the class of the node being defined.
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Expression Assist

[l i EXIF i
v Srpression Current definition type ~ Expression
B Lst B Lst
B3 List of Labels E= List of Labels
2.7 Sequence & Table
T Other = Pl.'c'b.abil:rt:,' Table
<& Distribution
= Choice
i Cther...
Expression Shows the definition as a mathematical expression, even if it was
defined using the other expression types in this popup menu. See
page 141.
List Creates an ordered set of expressions or numbers. See page 175.
List of Labels Creates an ordered set of text labels. See page 174.
Sequence Creates a list of numerical values. See page 173.
Table Creates an array of numbers or expressions. See page 174.

Probability Table Creates an array defining probabilities (numbers or expressions) across
the domain of a discrete (chance) variable. See page 268.

Distribution Creates an uncertain definition by selecting a function from the Distribu-
tion System library. See page 250.

Choice Creates a popup menu for choosing one or all elements from a list. See
page 127.

Other Opens the Object Finder dialog, which is described in the next section.

Changes the definition to the function or variable that you select from the
Object Finder. See page 114.

Expression Assist

112

Enabling or disabling

Expression Assist provides context-sensitive help information as you type an expression. The
information updates with each keystroke as you type, displaying function parameters and possi-
ble identifier or index label completions. Identifier completion can also save you keystrokes and
reduce the risk of typos.

Expression Assist is turned on or off from the Preference dialog (page 58).

When the preference is off, you can still access the feature while typing an expression by press-
ing Ctrl+Space or Ctrl+Shift+?. Ctrl+Space displays the help only once (but only if the Expression
Assist has something to display at the current context of the caret), while Ctr/+Shift+? temporarily
toggles the feature for the field being edited.

When the preference is on, it automatically appears as you are typing an expression into a Def£ -
inition or Check attribute, changing with each keystroke. Occasionally the Expression Assist
popups will block something else on the screen that you wish to see. When this happens, press
the Esc key to temporarily remove the popups. They will reappear was you start typing again. To
remove them for a span of keystrokes, press Ctri+Shift+? to toggle the pops off and on.
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Identifier completion

Function parameter info

Subscript help

Expression Assist

As you begin to type an identifier, a listing of possible identifier completions appears.

[@] pefinition: | D
@ Depreciation ~
Inputs: ' @ Discount_rate
'"EB DateAdd(...)
EE) DatePart(...)
IEE) Dblabels(..)
EE) DbhQuery(..)
BB DbTablel...)
IEE) DbTableMames(...)
BB Dbwrite...)
(D Debt
(@D Deht_repayments
[ Debt to eguity ratio bt

Standr

In this example, the list of shows identifiers starting with “D”, the part of the identifier typed so far.
At the top above the separator line appears inputs to the variable, for which arrows had been pre-
viously drawn. The Standard tab is selected, so that the more esoteric identifiers are not
included. The Advanced tab includes object identifiers that are only relevant to advanced meta-
programming topics, such as attribute and module names. The mouse wheel can be used to
scroll the list. At this point, pressing the Tab key would insert the first item, Depreciation, into
your definition. As you continue to type, the list of possible completions narrows:.

[ oefinition: : Di
""" (D Discount_rate
Inputs: C 558 Dispatch...)
D Dividends
(D Dividends_paid

St

Clicking on an entry, or pressing the down-arrow to select the entry of interest and pressing Tab or
Enter inserts the identifier into your expression.

When you are editing a parameter argument to a function, Expression Assist displays the list of
parameter names and the function’s description.

[T] Definition: { Dizpatch( o
Dispatch{demand, capacity, Resource, active, minimurm, Increment)
Inputs: () e o
) oi Descripkion:
Allocates capacity From a set of resources, allocating from the First resources first, until
demand is met, «demands is the amount of dermand that must be filed. «capacitys is the
amaount of capacity that each resource can supply, An optional «actives parameter allows
vau ko specify that selected resources are inactive (False) or active (true), Only capacity
fram active resources are allacated. The result is indexed by the Resources index. The sum
of the result will equal demand provided that there is sufficient capacity to meet the demand.

The first line of the popup shows the parameters to the function being entered, with the current
parameter being entered is shown in bold and optional parameters in italics. You can click on the
parameter name to insert the parameter name with a colon into the definition for named-parame-
ter syntax.

When entering a subscript or slice operation, X [I=v] or X [@I=n], Expression Assist can in
some cases provide a listing of the indexes of X when you are about to type the index name, I.
When it can do this, the list of possible indexes appears immediately after you type the left
bracket. Expression Assist will only provide the list of indexes when it can do so without initiating
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any evaluation, which means that X must be a single identifier (not a computed expression) and
the value of X must have been previously evaluated and cached.

Title: < lative E .
8 LumuiEte n!:fF'rnJeu:ts

Description: &8 Run

g o

¥[l=v, defifal z]
Descripkion:

A[I=x] returns the element or cross-section of array «As For which index «I» has the value A
W,
Al@I=n] returns the «nzth element or cross-section of array «&% along indesx «Is.

Wwhen «x» is a lisk or array, several elements or cross-sections of the array «f» along index
—— 21 ate returned, This can be used to re-index an array. For example, a[@I=@]] swaps
index «I# For index «X» where «I» and «Js have the same lenath, or A[I=]] re-orders the

array when 1z is a permutation of «Tx, e

Similarly, when you get to the index value, v, Expression Assist can in many cases display the set
of possible index labels as an autocompletion list. Again, suggested values are only displayed
when it can do so without initiating evaluation. This is generally possible for indexes defined as
lists, or for computed indexes that have been previously evaluated.

Integrated Subsystemns'

. . Dharmic Messaging' -
@ Object - Cumulative E net reven WYZ Acranymics'
Cumulative_e_net_rey ‘Microgravity Aerobics’

‘Quantum Recycling'
'Open Source Genomics'

Description: Hyperspace Storage'

T o ek
S oo s [ advarced |
@ Definition: Cumulate[Mer'rt[PrnjectS%

Inputs: () w[l=v, defiial 2]

Title: Cumulative E net revent

Description:

Because these suggestions can be extremely helpful when typing definitions, you may find it use-
ful to evaluate parent variables before you start typing the definition.

Object Finder dialog

The Object Finder dialog lets you browse built-in functions, your own library functions, and all the
objects in your model to insert into a definition. You can open the Object Finder dialog in two
ways:

+ To insert the desired function or identifier at the cursor position in the definition, select Paste
Identifier from the Definition menu.

or
» To replace the entire definition with the desired function, select Other from the expr menu.
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Find button for
searching for
model objects

Library popup
menu

Contents of
selected library

Parameters to _|
selected function

Description of
selected function

Object Finder dialog

e Expression
B Lst
E=3 List of Labels
& Table
= Probability Table
v J Distibution
= Choice

0 Object Finder

Library:| Math

BE Abs (X -
Eey Arctan (¥

ey Loz (X

@5 Degrees { Radianz )

#E Exp ()

BEy  Eartorial [ hd

X
cei [

Returns the smallest integer that iz greater than or equal to X

Cancel

Select the desired set or library from the Library menu.

Identifier menu items

W Object

Contents of the
selected library
(e.g., Math)

Find button for
searching for
model objects

Al Available
All Modules
Current Module

Operators
System Variables
Matrix

Text Functions

Financial
Advanced Math
Optimizer

AbaX) reh

Database |

These are the top items in the Library menu:

Found Objects
All Available
All Modules
Current Module

Inputs

Analytica User Guide

Objects found from Find button (see below)

All objects and functions, from model and built-in
Objects from all module in the models

Objects in the current module

Inputs to the selected node
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Using a function or variable from the Definition
menu

Use the Find button to search for an object by its identifier or title.

Find what Object?

|c||:|wn
by ™ Identffier

Cancel

Find

The Found objects library in the Object Finder dialog then lists all objects whose identifier or
titte matches in their first n characters (the n characters you type into the search box).

To use a function, identifier, or system expression in a definition, select it. For a function, enter the

required parameters in the parameter fields.

@ Object Finder X

Librar:.r:l Math - I Find... |
TATHT X, T, POE ] -
Radians ([ Degrees ) J
Round [H)

Sin (X
Sgrt (X

n (degrees ) T‘

[1=]

Sqr

SqriX) returnz the =quare of X, which iz X * X J

Cancel

oK

Click OK to place the function, identifier, or expression in the definition.

Definition:

2
Sqr(9)

Using a function or variable from the Definition menu

The Definition menu lists built-in libraries of functions, system variables, and operators, as well
as any libraries you have added. It shows these as a hierarchical menu that so you can rapidly
find what you need and paste it into the definition you are editing. To find and paste a function or
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other object from a library:

1. Move the cursor to the place in the definition that you want to insert a function or other item.
2. From the Definition menu, select the library you want, and then the function or other item.

Analytica User Guide



Chapter H Creating and Editing Definitions The domain of possible values

Result Diagram Window Help

Show Definition Ctrl+E

Show Time

Show Invalid Variables

Math 3
Array 4
cernul
Special 4 Beta
Statistical 4 Binomial
Operators 4 Certain
System Variables 4 Chancedist
Matrix 4 Chisquared
Text Functions 4 Cumdist
Financial 4 Exponential
Advanced Math 4 Fractiles
Optimizer bk Gamma
Database 4 Geometric
Hypergeometric
Logistic
Lognarmal

3. This pastes the item function into the definition, along with its formal parameters or operands,
if any, each enclosed in angle brackets << >>.

epr W | ]

Definition: Mormalf }I

4. Now edit each parameter or operand to replace it with the appropriate identifier or expression.
As usual, you can type it, select an item from the expr menu or the Inputs menu, or paste
another object from the Definitions menu.

The domain of possible values

Making the Domain
visible

In addition to specifying a variable’s definition, it is also a good practice, and often advantageous,
to also specify the space of possible values allowed for the variable’s result. The Domain attri-
bute is used for this purpose. In fact, it is a good practice to define the space of possible values
before you start to specify the definition, since this can help to encourage clear thinking and
ensure that you are defining a variable that is clearly and unambiguously defined.

The domain attribute specifies the values allowed for each cell in a variable’s result. When the
variable evaluates to an array result, the domain specification applies individually to each cell of
the result. The domain does nothing to constrain the permissible dimensionality.

In addition to promoting lucid thinking during the model building process, once specified the
domain provides Analytica and its user interface with numerous clues about how variables should
be treated, and can be instrumental in detecting modeling errors.

By default, the domain attribute is not shown in the Object Window (except that in Analytica Opti-
mizer, it is always visible for Decision variables). To make it visible for greater convenience, you
can turn it on by placing a check next to Domain in the Attributes... dialog, found on the Object
menu. You must be in edit mode to make this change.
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Domain Types

Automatic

Continuous

Integer

Grouped Integer

Boolean

118

The domain of possible values

] Attributes k

Class:| () Wariables W
Value ﬂ

Initial Guess
v Inputs

v Outputs
Check

MetaOnly

~|
Cocind

Cancel Ok,

On the domain attribute pulldown, several categories of domain types are presented:

v Autamatic
Continuaus
Integer
Boolean
Discrete

Explicit Yalues
Zopy From Index

Expression

These are divided into three groups. Those in the top group are used to specify an implicit set of
values, such as all integers above zero. The second group specifying an explicitly enumerated set
of discrete values. And the final type, Expression, allows the domain to be specified as a com-
puted expression, which provides complete generality for the most advanced users. Each type
has additional subfields for information such as bounds.

Automatic signifies that you have not specified the domain explicitly. When the domain is needed,
Analytica will use heuristics to automatically infer the likely domain based on the information at
hand. For example, when displaying probability distributions, it makes a difference whether a vari-
able is continuous or discrete, since in the former a probability density graph should be displayed,
while in the latter a probability distribution should be depicted.

Indicates that the variable is real-valued. When Continuous is selected, you may optionally spec-
ify the lower and upper bounds:

Domain: | Continuous hdl |

Lower Bound: [

If you elect to specify bounds, you should treat these as hard bounds, meaning the final value
should never fall outside the indicated range. If, for example, you have an uncertain variable with
a right tail, you would leave the upper bound blank. The bounds are inclusive.

Indicates that the variable is integer-valued, with optional lower and upper bounds.

This option shows up only for decision variables, and only in Analytica Optimizer. Each grouped
integer variable belongs to a named group. The optimal value for cells falling within a given gruop
must have a value between 1 and N, where N is the total number of cells belonging to the same
group, and such that all cells belonging to the same group have a different value. This category is
used solely for formulating certain types of optimization problems. See the Optimizer User Guide.

Indicates that the variable is 0,1 valued (false, true).
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Discrete

Explicit Values

Copy From Index

Expression

Uses of Domain

Bounds checking

Indicates that the variable is discrete (as opposed to continuous), but not captured by the above
Integer or Boolean categories, and where the set of discrete values cannot be enumerated explic-
itly. The discrete type pulldown allows you to designate the values further as being textual,
numeric, or more Any (unrestricted).

Domain: | Discrete hal | Text

Murnbers
W ANy

When an input control is set to Discrete Text, quotation characters do not display around the cur-
rent value, and whatever a user types is taken directly as text. No attempt is made to parse the
entry as a number, variable name or expression.

Some uncertain quantities result in discrete numeric (but non-integer) outcomes. When Discrete
Numbers is selected, probability distribution graphs will be displayed, not probability density
graphs.

This option allows you to list the set of possible (allowed) values explicitly. As with discrete, you
can indicate whether the values are all numeric or all textual.

Indicates that the set of allowed values are the set of values found in another index variable.
When you select this option, you are asked to select the index. To change the source index, click
on the index name.

(Advanced) This view allows you to enter the domain as an Analytica expression, or to view the
expression for the currently selected domain option. This provides a high degree of flexibility for
advanced scenarios, allowing the domains themselves to be computed, array-valued, and condi-
tional. Expression mode is also required to access certain less common parameters of the above
domain types.

There are five special domain functions which are used to specify each of the above domain
types in expression view, Continuous(), Integer(), Groupedinteger(), Boolean(), and Dis-
crete(). The simplest domain expressions consist of a single call to one of these functions, e.g.:

Continuous (1lb:0,ub:1000)
These functions can be combined in arbitrary ways using Analytica expression syntax to create
computed domains. For example:

If Col="Id" then Integer(lb:1) Else Continuous(lb:low,ub:low+range )
An expression can compute a set of discrete values as an unindexed list, or it can wrap them in a
call to the Discrete() function, e.g.:

Discrete ("Accounting", "Engineering", "HR", "Marketing", "Sales")
Each standard domain type considers null values to be acceptable. You can override this and

indicate that null is not acceptable by specifying an optional nullOk parameter as false in
expression view, e.g.:

Continuous (nullOk:false)
Each of the five functions are described in “Domain Functions” below.

As a stylistic guideline, domain computations should be designed to be computationally simple.
For example, although possible, it is generally not a good idea to employ a complex and time con-
suming algorithm that produces a highly informed and nearly tight lower bound. Instead, utilize a
“hard” bound that is relatively easy to obtain and save the complex algorithms for variable defini-
tions.

When the domain is specified, Analytica makes use of the information in numerous ways.

When the value of a variable is computed, it is compared with the domain, and if the result is not
consistent with the domain, an out-of-range warning is displayed. Bounds violation are often
effective in detecting modeling mistakes. The Check value bounds...against domain bounds
preference setting disables this feature (see “Preferences dialog” on page 58).
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Detecting Logical Errors

Interpretation of
uncertainty

Label ordering in graphs

Search Space in
Optimization

List of Options for a
self-Choice

Indexes for a
DetermTable or
ProbTable

Validation of user input

Display and parsing of
textual values

Domain Functions

The domain enables Analytica to detect and warn of various inconsistencies in your model that
may indicate an error in your modeling logic. Sometimes inconsistencies arise when one part of a
model is changed, but you forget to change another part of your model to be consistent. Analytica
will display warning messages when these situations are encountered, which can help to cut
down on undetected modeling errors. An example is the following. Suppose an expression con-
tains the following sub-expression

If X="Yes" Then...

where the domain of X is Boolean (), meaning that a value of X will be 0 or 1, not “Yes” or
“No”. Analytica issues a warning (at evaluation time) that reveals this error in logic, which is made
possible as a result of specifying the domain.

The computation of probability distributions or cumulative probability distributions requires the
underlying sample to be interpreted as being either continuous or discrete. Although Analytica
can usually correctly infer this from heuristics that make use of various other clues, an explicit
domain provides this information directly.

In parametric graphs (e.g., XY graphs, histograms of discrete quantities, etc), the ordering for
labels on the graph axes is not always obvious. In the absence of guidance from the domain,
Analytica will usually use a lexical sort order; however, if you want to control the ordering of possi-
ble values, you can do so by using an explicit values domain. The order that possible values are
listed is then used as the label ordering on graphs.

In Analytica Optimizer, the domain of decision variables defines the search space for constrained
optimization problems. See the Optimizer User Guide.

A node with a definition of Choice (Sel£, ...) uses the set of possible values listed in the
domain as the options that appear on the Choice pulldown.

A DetermTable specifies a result for every possible value across a set of parent variables. The
result of a determTable selects out the values that match the computed value. The domain is used
to specify what the set of possible values are for each of these parent selector variables. A Prob-
Table behaves like a determ table, with its own domain included as a table index.

When a user of a model enters values that are in disallowed by the domain, Analytica can provide
the user with immediate feedback that his entry is out of the allowed range. This can be utilized in
input controls or edit table cells.

The domain influences how values are shown in input fields or cells. Should quotes be displayed
around textual values? They will be if the domain indicates that both numeric and textual values
are acceptable, but not if the variable is restricted to textual values. What if the user enters text
that matches an existing variable name, or text that could be interpreted as a number? Should it
be treated as a purely textual entry, or should it be parsed? Again, this is determined by the
domain. When the domain is restricted to purely textual values, the entry is treated purely as text.

(Advanced) The functions in this section are used in the Expression view of the Domain attribute
to specify the space of possible values for a variable.

It would be highly unconventional to use any of these domain functions from outside of the
domain attribute; nevertheless, it is possible to do so. When a domain function is evaluated, the
return value is in the form of a parsed expression, consisting of a function call to the indicated
function, but with each parameter evaluated and replaced by the literal values. Treating this result
as an atomic value, expressions can assemble heterogeneous arrays of domain types that vary
across multiple indexes.

Continuous(/b,ub,orZero,nullOk)

120

Used to specify a continuous domain. The optional Ib and ub parameters specify lower and upper
bounds respectively, and the expressions specified for Ib and ub may evaluate to an array when
the bounds vary along an index. The orZero parameter may be set to true to specify a semi-con-
tinuous domain, in which zero is acceptable along with any value consistent with Ib and ub. By
default, null values are considered acceptable, but when nullOk is specified as false, then
null value will trigger out-of-bounds warnings.
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Integer(/b,ub,nullOk)

Used to specify an integer domain. The optional Ib and ub parameters specify lower and upper
bounds respectively. Values equal to the bounds are considered to be within the acceptable
range. The nullOk parameter can be set to £alse to reject null values as out-of-range. When not
specified, nullOk defaults to true.

Groupedinteger(groupName,..,nullOk)

Boolean(nullOk)

Used to specify a grouped integer domain, in which all cells belonging to the same group are
required to have a unique value in the final solution found by optimizer. This option is generally
only used from Analytica Optimizer, and only in the context of an integer programming problems.

Indicates a 0-1 valued domain. Any value other than 0, 1 or Null will trigger an out-of-bounds
warning. When the optional nullOk parameter is specified as £alse, then Null will also trigger an
out-of-bounds warning.

Discrete(x1,x2,x3,..., type, nullOk)

This function is used to encode both a Discrete Domain with unknown values, and the Explicit
Values domain where the values are explicitly listed. For an Explicit Values domain, the values
are listed as the parameters to the function, e.g.:

Discrete(2,3,5,7,9,11,13,17)

For an implicit discrete domain, no allowed values are listed. Either usage may include the type
parameter, which must be specifying using the named parameter convention and may be speci-
fied as any of the following values, or a list of any of the following values: "Any", "Number",
"Text" Or "Handle", €.9.:

Discrete (Type:"Text")
The type setting is used by the user interface components when labels are being entered to deter-

mine whether the values should be parsed. Expressions are allowed in GUI list cells when the
type is "Any™".

Null values are also accepted without generating an out-of-bounds warning unless
nullOk:False is specified.

Checking for valid values

Validity checking can be used to detect errors that get introduced into a model, or to validate
value entered by users. When changes are made to parts of a model in the future, validity check-
ing can often catch dumb mistakes that get inadvertently introduced.

Domain Range Checks

Computed values are compared against the space of possible values specified in the domain
attribute (see “The domain of possible values” on page 117). This validation occurs as long as the
Check value bounds ... against domain bounds preference is turned on (it is on by default).
Thus, validity testing requires only that you take the time to specify the appropriate domain attri-
bute and bounds, something that is a recommended good practice anyway.
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Domain range checks are also applied to input controls when a literal value is entered:

] The walue For Yariable Percent_damage is not consiskent with its domain specification because the value 2800% exceeds the upper bound 100%:,

Do wou want bo skop evaluating and edit the definitiony?

Wiki help on this error lle Cancel

Validation of edit table Domain bounds are also applied to edit table cells. Cells that are not consistent with the domain
cell entry  pounds display with a pink background, and when values are entered, a tool tip describes the
problem:

£7|  Edit Table of Plant type

i —__

KK

1| 'Hydroelectric'
2 "in'

& Cell entry is out of allowed range

Musk be one of the values: 'Nuclear', 'Hydro', "wind', 'Matural
Gas' or 'Coal

Check Attribute

The check attribute provides an even more flexible mechanism for validating model results. In its
simple usage, it can be utilized for range checking in the same fashion as the domain attribute, for
example, to check that the value of Percent damage is between 0 and 100, set its check attri-
bute:

Check:= Percent damage>=0 AND Percent damage<=100

If the check attribute evaluates to False, whenever the variable is evaluated, it shows a warning

dialog and the opportunity to edit the definition. Use of the check attribute has one further advan-
tage that the domain attribute does not have -- you can customize the error message that displays
when the criteria is violated (see “Custom error messages” on page 124).

Unlike the domain, the Check attribute can also be used to check consistency across multiple
cells in results, or even across multiple result variables. For example, in some cases you might
know that a certain invariant is required to hold, so that a violation of that invariant would signal a
problem with the model. Such an invariant can apply array operations and multiple variables, e.g.:

Check := C <= Max(A,I) + Sum(B,I)

While the check attribute has some flexibility not available from the domain attribute, when vali-
dating against simple bounds, the domain attribute tends to be more convenient.

You can always view and edit the check attribute in the Attribute panel, if you open it below a
diagram. If you want to view or edit it in Object windows, you must first cause it to be shown:

Displaying the 1. Select Attributes from the Object menu to open the Attributes dialog (see “Managing
check attribute attributes” on page 343).
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Defining the check

Triggering a check

Cell-by-cell validation in
edit tables

Checking for valid values

& Attributes |g|

Class:l () Variables VI

[

Value

Initial Guess
« Inputs
W Outputs

Check attribute
w Domain
MetaOnhy |

Cancel

2. Scroll down the attribute list and find Check.

3. Click Check once to select it, and a second time to add a checkmark next to it. The checkmark
indicates that the attribute is displayed in the Object window.

4. Click OK.
Now the check attribute appears in Object windows for all variables. You can also set it to appear

for functions by repeating the steps above but selecting Functions from the Class menu in the
Attributes dialog.

(]9

Either open the Object window for the variable, or open the Attribute panel below the diagram
and select Check from the Attribute menu. Enter a Boolean (logical) expression in the Check
field that returns true (1) if the value is acceptable, or false (0) if not. The expression should refer
to the variable by its identifier or as sel £. For example, to check that the value for the Lifetime
of a car is more than 0 and less than 12 years, define the check to match one of the following
samples.

Check: (Lifetime = 0)And (Lifstime <12)

Check: (Self=0jand (Self <12}

If the Check expression refers to another variable, it makes a dependency from the variable
being checked to the variable mentioned. It usually shows an arrow from that variable.

If a variable X depends on no other variables, or if it is defined as an edit table and does not oper-
ate over the indexes of the table, it performs the check whenever you change its input value or a
cell of the edit table. Otherwise, it performs the check each time it evaluates the checked variable
X — that is, when you first view a result for X or a variable on which X depends. If you view or
compute a probabilistic value for X, it warns if any sample value of X fails the check. More gener-
ally, if the value of the Check expression is an array, it fails if any atom in the array is false (0). If
you compute first its mid value of X and then its prob value, it causes two evaluations, one check
on the mid value and a second on the prob value.

If you change the definition of X or any variable on which it depends, including any variable men-
tioned in its Check expression, it performs the check again next time you view X or a variable that
depends on it.

When you define a check attribute for a variable defined as an edit table, Analytica will test and
flag each cell individually as long as the check attribute does not operate over any of the table
indexes and the values in the edit table cells do not have the potential of triggering a lengthy eval-
uation. Cells that fail the validation are displayed with a red background when viewing the edit
table, a message balloon appears with a tail pointing to the bad cell when an out-of-range entry is
first entered. If the check expression operates over a table index, this feature is disabled and the
check is performed only after the final entries are stored.
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If a check fails

Custom error messages

124

To disable checking

{7 | Edit Table of Manual portfolio
x ~
v [ ~p

Integrated Subsystems
Dharmic Me=ssaging
XYZ Acronymics
Microgravity Aerobics
Quantum Recycling
Open Source Genomics
Hyperspace Storage

= o O p =

& Cell entry is out of allowed range
This cell Fails the check: Self=0or Self=1

| (4

If any cell in the table contains a general expression that references other variables, then the cell-
by-cell checking is disabled. This is to prevent the possibility of a delay for the user if a large part
of the model must be evaluated; therefore, the cell-by-cell checking is only appropriate for tables
where expressions would not be entered. If the check expression operates over any table index,
such as sum(Self, Projects) <5, then this would indicate that the check is a validation on the
table as a whole, rather than on individual cells, and in this case the cell-by-cell checking is again
disabled. When disabled, checks are validated at evaluation time as would occur with non-edit
table variables.

If a check fails — evaluates to False — the warning dialog offers the option of editing the vari-
able’s definition, cancelling, or continuing. If you continue, it does not perform the check again
unless you change the definition of the variable or a variable it depends on.

The default warning when a check fails shows the Check expression. This is OK for modelers,
but might be obscure for end users. If you call the Error() function (page 388) in the check, it dis-
plays the message you pass to Error() instead of the default warning. Using this, you can craft a
more helpful message. The warning gives the same options.

Age: |Check il |
if Self =0 or Self=103 Then Erro]r(“This iz my error message")

Question

This is my error message

Do you want ko stop evaluating and edit the definition?

Cancel

You can disable all value checking by unchecking Check value bounds in the Preferences dialog
(page 58) from the Edit menu. If you want to disable only Check attribute validation, but leave
domain validation in tact, then uncheck the Check value bounds..against Check attribute pref-
erence. Validation preferences are on (checked) by default.
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Chapter 10

Creating Interfaces for End
Users

This chapter shows you how to create a user interface containing input
and output nodes for easy access for other people who might use your
model. It also describes how to design a clear user interface, apply
icons and graphics, and include hyperlinks to web pages.

To enable end-users to run your model, you may decide to publish your
model to the Analytica Cloud Player and invite your colleagues to view it
from their web browser. When publishing to the web, additional styles
settings can be configured to make your interface more user-friendly
from the confines of a web browser. The second part of this chapter,
“Sharing your model” on page 135, shows you how to publish your
model to the Cloud.
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M Diagram - Pricing Model |Z“E|E|

For a complex model, you can make it easier to use, especially by other people, by creating a
user interface. A user interface is simply a diagram containing input and output nodes. These
inputs and outputs are selected variables that users can change (inputs) or view (outputs). By
gathering input and output nodes into a single user interface diagram, users have quick access
from a central window, even if the underlying variables are located in other parts of the module
hierarchy.

Input nodes allow the user to see and change the values of variables directly in a diagram. Input
nodes can be a field to enter a number or text value, a button that opens an edit table or probabil-
ity distribution, or a pull-down menu. Output nodes show atoms (single numbers or text values) in
the diagram, and show a button for uncertain or array-valued variables, so that users can open
tables or graphs with a single click.

Input and output nodes are a kind of alias node linked to the original node. These nodes usually
show the title and units of a variable to the left of the input or output field or button.

Market Size (units/fyear)
Market Share (%)

Competitor Price (5)

Manufacturing Cost ($)

Marketing Expense (5} 200M w

m Cash Flow ($.|'3-’I’)rnid 5

g
Ll

| gl

Users of your model can then easily view and modify input variables, and view the results, without
navigating the details of the model, unless they wish to.

This diagram shows input nodes on the left side and output nodes on the right side. To see the
details of the model, you would double-click the Details node to open up its diagram.

See Chapter 2, “Examining a Model.”

Using input nodes
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An input node lets you, or your end user, see and easily change the value of a variable directly in
the diagram, without opening an Attribute view or Object window (see “Browsing with input and
output nodes” on page 23). In browse mode you can change only the values and definitions of
input nodes.

An input node is an alias of a variable that you want to treat as an input to the model (see “An
alias is like its original” on page 55).

The type of definition of the original variable determines the appearance of the input node. If you
want your users to be able to change the type of definition, instruct them on how to open an Aftri-
bute view or Object window and use the expr menu (page 250).

Input field

A single number or text value (scalar) displays as an input field. You can have Analytica check if
the input value is acceptable by using the Check attribute (page 121); the check is performed on
input of a new value.
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Input popup menu

A choice displays as an input popup menu. To create an input menu for an input node, see “Cre-
ating a choice menu” on page 127.

List
List
A list or list of labels displays as a List button. See “Creating an index” on page 173.
e Edit table
it Ta
An edit table displays as an Edit Table button. See “Defining a variable as an edit table” on
page 180.

Probability distribution

A probability distribution displays a button with the name of the distribution. See “Defining a vari-
able as a distribution” on page 250.

Creating an input node To create an input node from a variable:

1. Make sure you are in edit mode.
2. Select the variable.

3. Select Make Input Node from the Object menu. The input node appears in the same diagram
next to the selected node.

4. Move the input node to the location you want.
5. Adjust the size of the node.

Tip To make several input nodes at once, select the nodes and then choose Make Input Node.

Creating a choice menu

For the classes of nodes that can be used for parametric analysis, such as decision and variable,
the expr menu includes the Choice option. The Choice option provides a way to offer the user a
choice of selecting one or all values from a list.

Creating a menu from a  If the original variable is already defined as a list of numbers or labels, create a popup menu to
list select from the list as follows:

1.  Show the definition of the variable as a list, either in the Attribute view or the Object window.

2. Click the expr menu and select the Choice option. Click OK to the question “Replace current
definition with a Choice?” and click OK again to “Replace current definition?” when prompted.

v B0 Expression
B Lst
E=3 List of Labels
= Table
= Probability Table
4 Distribution
= Cheice

i Other...

3. The Object Finder dialog displays with parameter I=Self and n=1. Click OK.

The definition field of the original variable now displays as a popup menu, and in browse mode,
the input node displays as a popup menu. The original definition (list of numbers or labels) is now
available as the domain of the variable — the possible outcomes. In the expression view, the
popup menu displays as the Choice() function (page 187).
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Tip

Tip

Creating a new
definition

Using output nodes

To define Var1 as a popup menu of another variable Var2, that is defined as a list, select Choice
from the expr menu, and set the first parameter to I=var2 in the Object Finder dialog).

To hide the All option on the popup, enter inc1All=False as the third parameter in the Object
Finder dialog.

If a variable has no previous definition, when you select Choice from the expr menu, a domain
(possible outcomes) of List of labels is created, with one element in the list.

To change the domain to List of numbers, press the Domain popup menu and select List of
numbers.

Edit the list of values as you would edit a list of labels or list of numbers (see page 175).

Sfi=]Ey

1 Object - Buying price

Title: Buying price

Units:

Description: Buying price of house,

Definition:
Domain: | List of Numbers W |
| 100K|
250K|
500K

Note: The values in the domain are evaluated deterministically.

Using output nodes

61.73 mid

Calc

Creating an output node

128

An output node gives you, or your end user, rapid access to a selected result in the model. You
can use output nodes to focus attention on particular outputs of interest.

An output node displays a result value in the view style — i.e., whether table or graph, the indexes
displayed, and the uncertainty view — last selected for display and saved with the model. It also
shows the uncertainty view icon (see “Uncertainty views” on page 33).

If the result is a single value (mid value or mean), it displays directly in the output field.

If the result is a table, the output node displays a Result button. Click the button to display the
table or graph.

After you display the table or graph, you can use the result toolbar to change the view.

If the value of an output has not yet been computed, the Calc button appears in the node. Click
the Calc button to compute and display the value.

To create an output node from a variable:

1. Make sure you are in edit mode.

2. In a Diagram window, select the node of the variable for which you wish to create an output
node.

3. Select Make Output Node from the Object menu. The output node appears in the diagram
next to the selected node.

4. Move the output node to the location you want.
5. Adjust the size of the node.
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Resizing controls

Input and output nodes and their original variables

The view style of the output result (table or graph) is the format you last set for it (see “Formatting
Numbers, Tables, and Graphs” on page 81).

Drag corners to resize node

,M
E{ﬁlyinngrice (S)| A==

5

-

Drag left or right to resize

control
You can resize input and output nodes by dragging their corner handles, just like other nodes. But
for these, its usually most convenient to deselect Resize centered from the Diagram menu so
you can align them either along their right edges, or both edges.

You can also drag the left edge of the control field, button, or menu left or right to change its width.
This is especially useful for choice menus when you want to expand the width to be large enough
for the widest menu option.

When using a pull-down menu containing long text values, you might want to adjust the pull-down
control as necessary to accommodate your longest text value. Input and output nodes contain
text and graphics, in addition to the control itself. The node resizing handles that appear as small
black squares at the corners of the node adjust the size of the bounding rectangle that holds all
these items, but does not change the width of the control itself. To change the width of a control (a
pull-down menu, textedit box, or button), position the mouse over the left edge of the control,
depress the mouse button and drag the cursor to the left or right.

Input and output nodes and their original variables

The title and units of an input or output node are obtained from the original node. To edit them,
edit the title and units of the original node (see page 56). If you edit the title or units of the original
node, the input or output node’s title or units changes to match the original.

By default, an input or output node shows its original node’s title (label) in the original font, with no
node outline or arrows. The node takes its color from its original node when the node is created.
Later changes to the original node color do not change the color of the input or output node.

To change the appearance of an input or output node alone, use the Set Node Style and Show
Color Palette options from the Diagram menu (see “Node Style dialog” on page 79 and “Recolor-
ing nodes or background” on page 77). When you use these options to change the appearance of
an input or output node, its original node does not change. Similarly, using these options to
change the appearance of an original node does not affect its previously created input or output
node.

Using form modules

Creating a form module

It is often helpful to group input and output nodes into a single diagram for easy access by model
users. The form module makes it easy for you to create input and output nodes in the form by
drawing arrows between the form and variables.

1. Make sure a diagram window is active with the edit tool selected.

Drag the module icon from the node toolbar and position it in the diagram.
Type in a title for the module — for example, User interface.

Open the Attribute panel at the bottom of the diagram window.

o o0bd

With the new form module still selected, press to open the Attribute popup menu, and select
Class.

6. The class Module appears in the Attribute panel. Press to open a popup menu of module
classes.
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output nodes in a form

7.

Adding icons to nodes

@ Model
O Module
@ Module
= Library
I Library
v & Fom

Select Form from the menu.

Creating input and An input or output node is an alias to another variable in the model. Creating an input or output

module

node is similar to creating an alias node (page 54). To create a set of input and/or output nodes in
the form module:

1.

Adjust the diagram(s) on your screen so the form node and the source variables for the input
or output nodes are all visible — they might be in the same or different diagrams.

In the toolbar, click -+ | to enter arrow mode.

To create an input node for variable X, draw an arrow from the form node to X. It creates
an input node for X inside the form module.

To create an output node for variable Y, draw an arrow from Y to the form node. It creates
an output node for Y inside the form module.

When you have finished creating input and output nodes, double-click the form node to open
its diagram window.

In the toolbar, click X |to enter edit mode.

Rearrange and resize the input and output nodes for clarity. It is sometimes clearest to
arrange the input nodes on the left side and the output nodes on the right side.

A form module is like any other module, except when you draw arrows into or out of a form mod-
ule, it creates outputs or inputs, instead of normal alias nodes in the module. But, you can also
create standard variables and modules inside a form. If you have too many nodes to fit comfort-
ably in a single diagram, you might wish to organize them into additional modules (which need not
be forms) to enclose related groups of inputs and outputs.

Adding icons to nodes

You can add an icon to any node in a diagram. The lcon window contains an enlarged space that
you can use for creating or editing an icon.
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Opening the Icon To add an icon:

window

1.
2.
3.

Make sure that the edit tool is selected.
Select the node that you wish to illustrate.
Choose Edit Icon from the Diagram menu to open the Icon window.
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B i=](E3

@ Icon - Annualized housing cost |Z||§|E|

The same node with an icon added.
Adjust the size of the node as
necessary to show the icon and title.

Drawing or editing You can draw or edit the icon one pixel at a time using mouse clicks, or you can draw lines by
an icon  holding down the mouse button as you drag the cursor.
« To make a dark pixel light or a light pixel dark, click the pixel.

+ Todraw a line or curve hold down the mouse button while you move the cursor. If the starting
pixel of the line or curve is black the line or curve is black; if the starting pixel of the line or
curve is white the line or curve is white.

+ To set the node’s icon, click the Accept button [].

» To restore the original icon in the window (or to clear the window if there was no previous
icon), click the Revert button [].

You can copy and paste an icon from one place in a model to another using the standard Copy
(Control+c) and Paste (Control-v) commands. You can delete an icon from a node by selecting it
and using the Cut (Control+c) command or the Delete key.
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Graphics, frames, and text in a diagram

Graphics, frames, and text in a diagram
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Adding graphics

Converting image
formats

Adding a frame

Adding text

You can add a graphic image created in another application to any node or to the diagram back-
ground. Both color bitmaps and PICT graphics can be pasted in.

To paste in a graphic:

1. Copy (Control+c) the graphic to the clipboard from within a graphics application.
2. Make sure that the edit tool is selected in Analytica.

3. Select the node or the diagram window where you want the graphic to appear.
4. Paste (Control+v) the graphic from the clipboard.

When you paste a graphic into the diagram window, a special node of class picture is created.
Picture nodes can be placed on top of variable, module, and function nodes.

To remove a graphic, select it and press Delete, or choose Clear from the Edit menu.

Some applications post bitmap graphics on the system clipboard in compressed image formats
such as PNG or JPEG. When Analytica recognizes a compressed format, it imports the image
and stores it internally in that format. Unfortunately, most applications post images only as full
uncompressed bitmaps. Large uncompressed bitmaps can consume a lot of space and result in
very large model files; therefore, when Analytica 4.4 pastes an uncompressed bitmap, it converts
it and stores it internally as compressed (lossless) PNG format. Any transparency and alpha
blending present in the original image are preserved by this conversion.

Earlier releases of Analytica do not recognize these compressed bitmap formats. If someone else
loads your model in Analytica release 4.0 or earlier, these images will not display. If you want your
bitmap images to display when your model is loaded into Analytica 4.0 or earlier, you must con-

vert them back into the Legacy Bitmap format after it has been pasted into your model. To do this:

+ Make sure the edit tool is selected.

+ Select the image node to convert.

» Select Change Picture Format from the Diagram menu.

* Inthe Change Picture Format dialog, select the new format to use.

These steps can be used to convert any image into any desired internal image format. In some
cases, certain conversions can further reduce the amount of memory (and thus model file size)
consumed by the image. Legacy Bitmap files might lose some information in the image (such as
transparency and alpha blending), and might consume much more space.

Images that are stored in the Mac PICT format do not display from Analytica Cloud Player (ACP)
and cannot be rendered by the Analytica Decision Engine (ADE). Images in this format might be
present in older Analytica models. Using the above steps, these images should be converted to
EMF if you intend to post your model on ACP or render them from ADE.

You can create a rectangular frame for nodes in a diagram in either of the following ways:

+ Paste a graphic into the diagram window to create a picture node, then delete the graphic.
This leaves a blank picture node. Use the Node Style dialog (page 79) to display the border
of the node. Other nodes can be placed on top of this node.

« Create a decision node and leave the title blank. Give it a definition of O (or any number) to
remove the cross-hatch pattern. Use the Node Style dialog (page 79) to hide the label and fill
color. Create this frame first, then create the nodes to be framed and place them in the frame.
If you create a framing decision node after you create the nodes to be framed, the nodes are
“under” the framing decision node; they are visible, but you cannot select them. To place the
decision node underneath the other nodes, select the decision node while in edit mode, right
mouse click and select the Send to Back command from the pop-up menu.

« Create a text node by dragging a text node from the text button | T |on the toolbar. Use the
Node Style dialog (page 79) to add a fill color and border to the node.

To add text to a diagram, drag a text node from the text button lﬂ on the toolbar to the diagram
and enter the desired text. This creates a new node with a special class text. Use the handles to
resize the node, and use the Node Style dialog (page 79) to change the font or to change the
background from transparent to filled.
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Default and XML model file formats

Analytica supports two formats for saving models — the default format and an XML format. Both
formats are fairly easy-to-read text files, which you can view and edit in standard text editors and
word-processor applications. (See examples below.)

Analytica normally saves a new model in the default format. You can change to the XML format in
by checking Save in XML Format in the Save as dialog when you first select Save from the File
menu, or whenever you select Save as. It remembers and reuses the format you select in future
sessions.

Sample default The default format lists each object with each attribute on a separate line. The first line gives its
file format  jass and identifier. Subsequent lines give each attribute name, followed by “:” followed by the
attribute value. Here is part of a sample model file in the default format:

{ From user Richard Morgan, Model Sample old file format ~~
at Jun 1, 2007 3:56 PM}
Softwareversion 4.0.0

Model Sample old file format
Title: Sample of old file format
Author: Richard Morgan

Date: Jun 1, 2007 11:55 PM
Savedate: Jun 1, 2007 3:56 PM

Objective Net income

Title: Net income

Units: $ millions

Definition: Revenues - Expenses
Nodelocation: 304,64,1

Variable Revenues

Title: Revenues

Units: $ millions

Definition: 700 * (1+ 0.10)"(Year - 2003)
Nodelocation: 176,32,1

Variable Expenses

Title: Expenses

Units: $ millions

Definition: Table(Year) (750,750,780,800,850)
Nodelocation: 176,96,1

Close Sample old file format

Sample XML Here is part of the same model, saved in the XML format:
file format <?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<ana user="Richard" project="Sample XML file format" generated=" Jun

1, 2007 3:57 PM" softwareversion="4.0.0" software="Analytica">

<model name="Sample XML file format">
<title>Sample XML file format</title>
<author>Richard Morgan</author>
<date> Jun 1, 2007 11:55 AM</date>

<saveauthor>Richard Morgan</saveauthor>
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<savedate>Fri, Jun 1, 2007 3:57 PM</savedate>
<fileinfo>0,Model Sample XML file format,
2,2,0,1, C:\Documents\Upgrade guide\Netincome example XML.ANA
</fileinfo>

<objective name="Net income">
<title>Net income</title>
<units>$ millions</units>
<definition>Revenues - Expenses</definition>
<nodelocation>304,64,1</nodelocation>
<nodesize>48,24</nodesize>
<valuestate>2,313,273,197,250,0,MIDM

</valuestate>

<numberformat>1,D,4,2,0,1l</numberformat>
</objective>

<Variable name="Revenues">
<title>Revenues</title>
<units>$ millions</units>
<definition>700 * (1+ 0.10) " (Year - 2003)
</definition>
<nodelocation>176,32,1</nodelocation>
<nodesize>48,24</nodesize>
</Variable>
<Variable name="Expenses">
<title>Expenses</title>
<units>$ millions</units>
<definition>Table(Year) (750,750,780,800,850)
</definition>
<nodelocation>176,96,1</nodelocation>
<nodesize>48,24</nodesize>
</Variable>
</model>

</ana>

Hyperlinks in model documentation

A description, or other text attribute of a variable or other object, can contain a hyperlink to any
web page. This is useful for linking to detailed explanations, data, or references for a model, or
even to related downloadable Analytica models. In browse mode, hyperlinks appear convention-
ally underlined in blue. When you click a hyperlink, your computer shows the indicated web page
in your default web browser.

To define or edit a hyperlink, enter edit mode, and use a standard HTML link syntax of the form

<a href="http://www.lumina.com">Click here</a>

When you switch to browse mode, the HTML code displays as a hyperlink.
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In edit mode

In browse mode

Sharing your model

1 Object - Lumina products Z

Lumina_products Units:

Title: Lumina preducts

=S

Description: ;| For mere detaile about Lumina <a href="http/iww w . lumina. com™=click
here</ax i

Definition: | Analytica Profezsional |

Analytica Enterprize
ADE

1 Object - Lumina products = | E|E|
() Variable Lumina_products Units: =1
Title: Lumina products

Description: For more details about Lumina click here

=
Definition: |.&na|y‘tica Professional |
|.&nal\,r'tiu:a Erterprise
|2pE

Sharing your model

Analytica Player

When you distribute your model to others, one option is to provide them with your model file, and
ensure that they have Analytica installed on their computer. To use the model, they’ll need to
install the free Analytica Player, Analytica Power Player, or a full Analytica edition on their Win-
dows-based computer. A second option is to publish your model to the Analytica Cloud Player
(ACP) and send them a URL to your model. When you do this, they only need a Flash-enabled
web browser, and can view your model even from non-Windows computers. When you build a
model with the intention of sharing it over the web, additional stylistic considerations that are dis-
cussed in this section can have a big impact on usability.

The free Analytica Player allows users to browse models, change inputs, and evaluate and view
results. Users can only make changes variables with input nodes, and cannot save their model
after making changes to inputs. They also cannot utilize features that are not available with Ana-
lytica Professional such as database access, huge indexes, or Monte Carlo runs with more than
32000 iterations (see Chapter 23, “Analytica Enterprise” on page 391).

To distribute your model to someone who already has Analytica installed, either the free Player or
another edition, you can simply attach the model to an email. When the user clicks on the attach-
ment and selects Run, the model opens in Analytica or Analytica Player. You can also place the
model on a web server with a hyperlink on web page using HTML such as:

Please view <a href="myModel.ana">my Analytica model</a>.

If you do not have Analytica installed on your computer, please

<a href="http://lumina.com/products/free-player/">download and install the
free Analytica Player</a> first.

When the user who has Analytica or Analytica Player installed clicks on the model link, Analytica
launches with the model loaded.
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Testing in Player

When your model is spread across multiple linked modules, you will need to send all these mod-
ule files to your end-user and have them save them all (usually in the same directory) before
launching the main file. Be sure to tell them which model file is the top-level model that they
should launch. To avoid the multiple-file complication, a better option is to save a copy of your
model in a single file and send or post that single file (the linked-file structure is not preserved
when you do this, hence, you send it as a copy). To do this, select File— Save A Copy In... and
check the Save everything in one file by embedding linked modules checkbox.

Spreadsheet functions such as SpreadsheetOpen, SpreadsheetCell, etc., and OLE linking are
not available in Cloud Player.

The user experience for Player users is essentially the same as viewing the model in Analytica
Professional while being locked in browse mode. To experience your model in Analytica Player
yourself before handing it off to your users, select Help— Update License..., and select
analytica freeplayer from the License ID dropdown. After pressing OK, you’ll need to
restart Analytica. Repeat the process to select your other license when you are finished. If you do
this often, you may wish to create a Windows desktop shortcut to eliminate the need for the above
steps. The shortcut should run the following command line:

Analytica.exe /lic:analytica freeplayer

The Analytica Power Player extends Player with the ability to utilize Enterprise-edition features,
and with the ability to save models. Although a Power Player is not free, it is less expensive than
the license for a full Professional edition. If your users require live access to your ODBC data-
bases, huge arrays, or the ability to save their inputs, then Power Player should be used. Opti-
mizer-enabled Power Player licenses are also available.

Analytica Cloud Player

ACP account types
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By publishing your model directly to the Analytica Cloud Player (ACP), you eliminate the need for
your end-users to install Analytica Player on their computer before viewing your model. This also
makes it possible for users on non-Windows platforms to use and view your model. The model is
uploaded directly to Lumina’s Cloud server, and you simply send your end-users an invitation to
view your model with a URL link to access the model.

Signing up for an ACP individual account is free. You can upload models to your account at any
time, and as long as your Analytica support is active, your account allows 25 user sessions per
month at no cost'. You also receive 25 sessions credits to be used in the first 12 months when
you sign up for an ACP individual account, even if you do not have active support. If you foresee
higher user loads, you can pre-purchase additional session credits.

ACP group accounts are also available, and are appropriate for collaborative projects and higher
usage situations. Group accounts include the ability for end-users to save changes to inputs in
snapshot files, to manage multiple users and multiple projects, and to control access permissions
to different models. Group accounts involve a monthly or annual subscription cost, and include a
high level of user sessions.

For further information on ACP accounts types, please visit

http://www.lumina.com/products/analytica-web-player/

1. A user-session starts when you or someone else views one of your published models in ACP. A single
user-session allows up to 60 seconds of CPU computation time within the same session. Closing one
model and re-opening or opening another is considered part of the same user session.
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Sharing your model

Uploading / Publishing To publish a model to ACP, open the model in Analytica, then select File— Publish to cloud....
If you already have an ACP account set up, the following dialog appears:

@ Publish to Analytica Cloud Player, (ACP) g|

Configure account | Publish model

LCP model name | Energy Storage Analysis |

after publishing |O|:uen ACP model Folder page |

[ Publish ][ Cancel ]

Open ACP model Folder page

The ACP model name may optionally be different from your local file name, which you may take
advantage of if you keep multiple local file revisions, or conversely want to publish different revi-
sions. When you press Publish, the model is uploaded to the cloud. You have three options for
what happens once the upload completes:

* Open ACP model folder page

+ Open model in ACP

* Do nothing

Opening the model in ACP consumes a session credit, while viewing the model folder page does
not. From the folder page, you have the option of lauching the model.

You can also jump to the ACP model folder page by selecting File— Manage published mod-
els....

Setting up an ACP  The first time you select Publish to cloud..., the dialog will open in the Configure account tab.
account

@ Publish to &nalytica Cloud Player, (ACP) g|

Canfiqure accaunt | publish madel

Flease enter vour existing Analytica Claud Plaver
{ACPY account infarmation, IF wou don't already have
an account, it only takes a minuke ko sign up, and it's
free.
Email address jde@acme. com

Passward [TIXIITTTITY}

Forgat password

[ Jremember password QK ” Cancel l

If you do not already have an account, click the sign up link to sign up for a free ACP individual
account. Once you have an ACP account, enter your account information and press OK. For
detailed steps on signing up for an ACP account, please see Chapter 8 of the Analytica Tutorial.

Designing models for viewing in web browsers

Some models are ill-suited for use from a web browser. When you create your model with the
intention of eventually publishing it to Cloud Player, keeping certain stylistic and pragmatic con-
siderations in mind can help you achieve a more effective presentation once the model is pub-
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Limit computation times

Use small diagrams

Single window design

138

Utilize layout styles

Sharing your model

lished. ACP also exposes several style settings that are not yet available in Analytica itself, many
of which are very helpful for optimizing the browser-based experience.

People expect each operation in a web application to complete quickly. When operations take
more than about 60 seconds, users will typically leave or close the page. ACP itself enforces a 60
second maximum duration on any single computational step (you can configure this maximum in
an ACP group account, even though it isn’t highly recommended for these stylistic reasons). Mod-
els that inherently involve multi-minute computations or longer are not well-suited for publishing
on the Cloud.

The ACP server is not a super computer, and is not intended for the evaluation of computationally
excessive models. The server(s) are shared by all ACP users.

Even people with huge monitors make use of narrow web browser windows. A standard guideline
is that web-apps should be a maximum of 800 pixels in width to display fully in the browser win-
dow. While ACP does not limit the actual displayed diagram size (scroll bars appear when
required), you should keep diagrams within this size range to eliminate the need for users to scroll
when viewing your diagrams.

Achieving small diagrams usually translates to keeping influence diagrams to 15 nodes or less,
not exceeding 5 nodes wide. For input/output panels, limit these to two columns. It is also desir-
able to limit the length of diagrams and input/output panels similarly so that they be fully visible
without scrolling for most users. These guidelines are highly recommended even when models
will not be viewed on the web, since they also correspond to the amount of visual information the
human brain can assimilate holistically in a glance.

To attain small diagrams, you should make use of modules to structure your models hierarchi-
cally. Each module should “tell” a small self-contained story. The default ACP presentation
includes a outliner bar along the left side of the screen (which you can disable using an ACP style
setting, if desired). Although this consumes some valuable screen width, it helps to make the
module hierarchy more visible and accessible, and thus help you feel more comfortable with
keeping each module small.

Desktop Analytica uses a Multiple Document Interface (MDI) paradigm, in which you can have
multiple windows open simultaneously, side-by-side or overlapping. This provides a tremendous
flexibility to display many items of information simultaneously in flexible arrangements, with other
information close at hand. However, ACP model users view one diagram, one result, or one table
at a time. It thus becomes important to cluster information that is intended to be viewed together
within the same diagram. Make use of ACP layout to help accomplish this.

ACP provides several layout options that are not yet available in Analytica 4.4. These include
tabbed module navigation, embedded tables and graphs, re-usable embedded space for result
views, an outline tree or hierarchy header, control over what surrounding interface components
display, and additional control over node-level appearance.

CLOSE MODEL | SAVE

]_.'I..lm]]'lﬂ Bond Finance Model

Eond Finance Model T Bond Model Detalls T About This Model
Purchase Walue of Bond  ($) Bond Cash Flows (§)
Par Value of Bonds ) 000 The cash flow each interval which includes initial

investiment, coupon payments and investment rec svery.

Murnber of Bonds Purchased
Intersst Rate of Band (%)
Life to Maturity {years) 5 ¥

Bond Cash Flows (s) :]
Current Yield {3%) Iﬁ
Yield 1o Matwnty %) [ﬁ ST

Bond Gash
Flows ($)
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Use the Style Library

Summary

The full set of layout options and how to specify the settings are beyond the scope of this manual.
The reference guide for these is on the Analytica Wiki, see CloudPlayerStyles attribute values,
ACP rendering tables and graphs on the diagram, and Features of ACP not available in Analytica.

The ACP Style Library is a tool you can use when defining the ACP styles. It provides a set of
control panels to select options with immediate preview displays to help you understand what
each setting does. The Style Library is packaged as an Analytica library file, which you add to
your model, then access the control panels by opening the library diagrams from within Analytica.

You can make use of the styles without using the Style Library. Styles are specified in the cloud
Player Styles attribute, as described at CloudPlayerStyles attribute values. However, the
Style Library makes these far easier to use.

Instructions for obtaining the latest version of the ACP Style Library, and for using it, are located
on the Analytica Wiki at http://wiki.lumina.com/index.php/ACP_Style Library.

You can use input and output nodes to direct users of your model to relevant input and output
variables. These nodes can be arranged into control panels for convenient presentation.

Only variables with an associated input node can be modified by users of Analytica Player, Power
Player or Cloud Player.

Analytica Player is free to install, and hence provides way to share your models with others who
do not have a licensed edition of Analytica. Power Player adds to Player functionality with an abil-
ity to save models, query databases, evaluate functions that require the Enterprise edition, and
compute with huge indexes or sample sizes larger than 32000.

Analytica Cloud Player (ACP) is a convenient way to share models over the internet, and is
usable by people who have not installed any edition of Analytica or Analytica Player, as well as
people on non-Window’s platforms. ACP accounts are free, and a moderate level of usage is free
as long as you keep your support active.

When sharing models from the Cloud Player, additional stylistic considerations are important for
providing users of your model with a satisfactory browser-based experience. These include limit-
ing evaluation times, keeping diagrams small, and making effective use of diagram real estate
through embedded tables and graphs, tabbed panes and hierarchy headers. The Style Library
provides an interface for selecting ACP styles.
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Chapter 11

Using Expressions

The definition of each variable is an expression, such as

(- B + Sqrt(B®2 - 4*A*B))/(2*A)

This chapter describes the elements of an expression, and their syntax,
including:

Literal values, including numbers, Boolean or truth values, and text
values

Arithmetic, comparison, and logical operators, suchas +-/** <> =
AND OR

IFaTHEN b ELSE ¢

Function calls and parameters and math functions
Exception values INF, NAN, and NULL

Warnings

Datatype functions




Chapter m Using Expressions Numbers

Numbers

Integers

Precision

Largest and smallest
numbers

The definition of a variable or function is an expression, such as:
(-B + Sqrt(B”"2 - 4*A*B))/(2*A)

An expression can consist of or contain a literal number (including Boolean or date), a text value,
an identifier of a variable, an arithmetic expression, a comparison or logical expression, IF THEN
ELSE, or a function call, such as sqrt (B).

See Chapter 22, “Procedural Programming,” for details on more advanced constructs, such as
BEGIN ... END statements, For and While loops, local variables and assignments.

You can enter a number into an expression using any available number formats in (see “Number
formats” on page 82), including:

2008, 12.345, 0.00123, 5.3E20, 5.3E-20, $100,000

Suffix format uses a letter or symbol suffix to denote a power of ten, such as:
25K, 200M, 123p, 20%

Suffix format provides a simple, familiar way to specify large or small numbers. See “Suffix char-
acters” on page 83 for details.

You can usually enter numbers using most number format types directly into an expression no
matter what number format was specified for the variable defined by the expression. The excep-
tions are:

1. You may use commas to separate groups of three digits, such as 123, 456.00, only if the
expression consists of that single number. If the number is part of an expression with other
elements, such as 12%123, 456, you may not use comma separators because the syntax
would be ambiguous. You should use simply 12*123456.

2. Dates, date-times, or times-of-day must be typed in a very specific format when the number
format is not set to date, or when they appear within an expression with other elements. See
“Date and Time Values” below.

Analytica treats integers and real numbers both as floating point numbers internally. Using the
default suffix number format, it displays numbers that are very close to integers as integers.

Analytica uses double-precision using 8 bytes to represent each floating point number. This
means that the maximum internal precision of numbers is 15 significant digits. Some calculations,
especially those that involve small differences between large numbers or large numbers of addi-
tions, might result in less precision than this maximum.

Analytica can represent positive numbers between about 107320 and 1.797 x10*3%8_|f a calcula-
tion would result in a number smaller than about 107320, it rounds it down zero:
1/10%1000 — 0

If the result would be larger than 1.797 x10%308

10%1000 — INF

it returns INF (infinity):

For more, see “Exception values INF, NAN, and NULL” on page 149.

Date and Time Values

142

Dates and times are treated as numeric quantities, denoting the number of days elapsed since
the date origin (usually 1-Jan-1904, or 1-Jan-1900 if the Use Excel date origin preference is
checked). Dates can be entered directly into an expression, at any point in an expression and
regardless of the number format setting, using the syntax d-MMM-yyyy, such as 27-Jan-2010,
using a 3-letter English-language month abbreviation. Times can be entered in the format
hh:mm:ss [tt], such as 10:27 : 00pm or 22:27 : 00, which becomes a fractional value between 0
and 1. A combined date-time can be entered as, e.g., 27-Jan-2010 10:27:00pm. In the gen-
eral case, you cannot enter other date formats within an expression. For example, 1/27/2010
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would be interpreted as two divide operators, (1/27) /2010, and regional (non-English) month
names, €.g., 27 -Ene-2010, are not recognized.

You can enter dates and times in more general formats, and in region/culture-specific styles,
when the number format is set to Date and the date, time or date-time is the only element appear-
ing in the expression. In this case, Analytica recognizes almost all commonly used formats, such
as 27-January-2010,1/27/2010,1-27-2010,0rJan 27, 2010. When you enter a date in
aformat suchas 1/2/2010 or 1-2-2010, the date is interpreted based on your regional setting.
For example, in the US, these would parse to 2-Jan-2010, while in Europe they would generally
parse as 1-Feb-2010. Non-English month names are also recognized in languages that use char-
acters only from the standard Analytica character page (which includes most western European
languages). For example, 27 -Enero-2010 is recognized if you are in Spain.

Boolean or truth values

Text values

A Boolean or truth value can be True and False, or, equivalently, the number 1 or 0. For exam-
ple:

False OR True — True
1 AND 0 — False
1 OR 0 —» True

It actually treats every nonzero number as True. For example:
2 AND True — True
Boolean values are represented internally as the numbers 1 and 0. By default, a Boolean result

displays as 0 or 1. To display them as False or True, change the number format of the variable
to Boolean (see “Number formats” on page 82).

You specify a text value by enclosing text between single quotes, or between double quotes, for
example:

'A', "A25", 'A longish text - with punctuation.'

A text value can contain any character, including any digit, comma, space, and new line. To
include a single quote(') or apostrophe, type two single quotes in sequence, such as:

'Isn''t this easy?'

The resulting text contains only one apostrophe. Or you can enclose the text value in double
quotes:

"Don't do that!™"
Similarly, if you want to include double quotes, enclose the text in single quotes:
'Did you say "Yes"?'

You can enter a text value directly as the value of a variable, or in an expression, including as an
element of a list (see “Creating an index” on page 173 and “Expression view” on page 174) or edit
table (see “Defining a variable as an edit table” on page 180). Analytica displays text values in
results without the enclosing quotes. Also see “Converting number to text” on page 148.

For comparison and sort order for text, see “Alphabetic ordering of text values” on page 144.
For functions that work with text values, see “Text functions” on page 228.

For converting between numbers and text, see “Numbers and text” on page 148.
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Operators

An operator is a symbol, such as a plus sign (+), that represents a computational operation or
action such as addition or comparison. Analytica includes the following sets of standard opera-
tors.

Arithmetic operators The arithmetic operators apply to numbers and produce numbers:

Operator Meaning Examples

X+y plus 3+2 -5

X-y binary minus 3-2 -1

-X unary minus -2 -2

x*y product 3*2 -6

x/y OF X+y division 312 (= % )15

Xy to the power of 302=3%5 9
4n5= 4 52

Comparison operators Comparison operators apply to numbers and text values and produce Boolean values.

Operator Meaning Examples — (1 = true, 0 = false)

< less than 2<2 - 0
'A'<'B' -1

<= less than or equal to 2<=2 - 1
'ab'<='ab' - 1

= equal to 100=101 - 0
'AB'='ab' — 0

>= greater than or equal to 100>=1 - 1
'ab!'>='cd' -5 0

> greater than 1>2 - 0
'A'>'a!' - 1

<> not equal to 1<>2 - 1
'A'<>'B' - 1

Alphabetic ordering of When applied to text values, the comparison operators, >, >=, >=, and <, use alphabetic ordering
text values pased on the numerical ASCII codes of the text values. For example:

'Analytica' < 'Excel' = 1 (True)
Using the numerical (ASCII) representation of the characters, means:

1. Digits precede letters:
'9' < 'A' > 1 (True)

2. Uppercase letters precede lowercase letters:
'Analytica' > 'excel' > 0 (False)

If you want to alphabetize without regard to case, use TextUppercase or TextLowerCase {0
convert letters to the same case.

TextUpperCase ('Analytica') < TextUpperCase('excel') 2> 1 (True)

3. Letters with accents, umlauts, cedillas, ligatures, and other decoration come after
undecorated letters, hence alphabetic ordering might be different from what you expect.

Sortindex(d, i) sorts text values in d using this ASCII ordering scheme. But, Rank() works only
on numbers, not text values.
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Logical operators

Scoping operator (::)

Example

Logical operators apply to Boolean values and produce Boolean values.

Operator Meaning Examples

bl AND b2 trueifboth b1and b2aretrue, 5>0 AND 5>10 — False
otherwise false

bl OR b2 trueif bl or b2 or both are 5>0 OR 5>10 — True
true, otherwise false

NOT b true if b is false, otherwise NOT (5>0) — False
false

It is possible that a model created in a previous release might contain a variable or function with
the same identifier as a new built-in variable or function. In this situation, an identifier name
appearing in an expression might be ambiguous.

Prepending : : to the name of a built-in function causes the reference to always refer to the built-
in function. Otherwise, the identifier refers to the user’s variable or function. With this convention,
existing models are not changed by the introduction of new built-in functions.

Suppose a model from an older release of Analytica contains the user-defined function
Irr (Values, I). Then:

Irr (Payments, Time) User’s Irr function

::Irr (Payments, Time) The built-in function

Operator binding precedence

Examples

A precedence hierarchy resolves potential ambiguity when evaluating operators and expressions.
The precedence for operators, from most tightly bound to least tightly bound is:

—

parentheses ()
function calls
Not

@I, \A, \[IA, #R.
Al

All=x]

Attrib of Obj

A

© o N RN

- (unary, negative)
L5
.+, - (binary, minus)

-— -
- O

-
N

. m..n

-
ad

<, >, <=, >= = <>

. And

Or

. & (text concatenation)

-— -
o o A

- -
© N

. If ... Then ... Else, Ifonly ... Then ... Else, Ifall ... Then ... Else

. Sequence of statements separated by semicolons, sequence of elements or parameters
separated by commas

-
({=]

Within each level of this hierarchy, the operators bind from left to right (left associative).

The following arithmetic expression:
1/2*3-3"24+4

is interpreted as:
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((1 /2) *3) - (3"2) +4
The following logical (Boolean) expression:
IFd+e<f “goraandb >c THEN x ELSE y + z

is interpreted as:
IF (((d + e) < (f * g)) or (a and (b > ¢))) THEN x ELSE (y + 2z)

IF a THEN b ELSE ¢

This conditional expression returns b if a is true (1) or c if a is false (0), for example:
Variable X := 1M
Variable Y := 1
IF X > Y THEN X ELSE Y > 1M
returns the larger of X and Y.
It is possible to omit the ELSE clause:
IF X > Y THEN X
If the condition is false, it gives a warning. If you ignore the warning, it returns NULL.

Conditional expressions get more interesting when they work on arrays. See “IF a THEN b ELSE
¢ with arrays” on page 171.

Function calls and parameters

146

Position-based
function calls

Name-based
function calls

Analytica provides a large number of built-in functions for performing mathematical, array, statisti-
cal, textual, and financial computations. There are also probability distribution functions for uncer-
tainty and sensitivity analysis. Other more advanced or specialized functions are described in
Chapter 14, “Other Functions.” The Enterprise edition of Analytica also includes functions for
accessing external ODBC data sources. Finally, you can write and use your own user-defined
functions (see “Building Functions and Libraries” on page 353).

The conventional position-based syntax to call a function uses this form:

FunctionName (paraml, param2, ...)

You follow the function name by a comma-separated list of parameters enclosed between paren-
theses, with the parameters in the specified sequence. In most cases, parameters can them-
selves be expressions built out of constants, variable names, operators, and function calls. Here
are some simple examples of expressions involving functions.

Exp(l) — 2.718281828459
Sqrt(3®2 + 472) —» 5

Mod (7, 3) —» 1

Pmt (8%, 30, -1000) — $88.83
Normal (500, 100)

Some functions have optional parameters. In that case, you can simply omit the trailing parame-
ters that will use their default values.

Analytica also offers name-based parameter syntax as an alternative for calling most functions:
You name each parameter, followed by a colon (:) and the value passed to that parameter. Since
the parameters are named, you can list them in any order. For example, this function has four
parameters, of which you can provide any two to define the distribution:

Lognormal (median, gsdev, mean, stddev)

Calling it using name-based syntax:

Lognormal (mean: 10, stddev: 1.5)
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Math functions

Abs(x)

Ceil(x)

Ceil(x,digits)

Floor(x)

Floor(x,digits)

Round(x)

Round(x,digits)

Exp(x)

Ln(x)

Logten(x)

Sign(x)

is equivalent to the following using position-based syntax, which uses commas to indicate that the
first two parameters are omitted:

Lognormal( , , 10, 1.5)
because mean and stddev (standard deviation) are the third and fourth parameters. Name-

based syntax is useful for functions with many optional parameters. It's usually easier to read
name-based function calls because you don’t need to remember the ordering of the parameters.

These functions can be accessed from the Math library from the Definition menu.

Returns the absolute value of x.
Abs (180) — 180
Abs (-210) — 210

Returns the smallest integer that is greater than or equal to x.

Ceil(3.1) — 4 Ceil(5) — 5

Ceil(-2.9999) — -2 Ceil(-7) — -7
Returns the smallest number with the indicated of digits to the right of the decimal that is greater
than or equal to x.

Ceil (Pi,4) — 3.1416

Ceil (-12345,-2) — -12300

Returns the largest integer that is smaller than or equal to x.

Floor(2.999) — 2 Floor(3) — 3

Floor(-2.01) — -3 Floor(-5) — -5
Returns the largest number with the indicated number of digits past the decimal that is less than
or equal to x.

Floor (Pi,4) — 3.1415

Floor (-12345,-2) — -12400

Returns the value of x rounded to the nearest integer.
Round(1.8) — 2 Round(-2.8) — -3
Round(1.499) — 1 Round(-2.499) — -2

Rounds the value of x to the indicated number of decimal digits to the right of the decimal point.
Round (Pi,1) — 3.100 Round (Pi,3) —3.142
Round (14243.4,-2) — 14200

Note: The Number Format setting determines how many digits are included when a number is
displayed, while Round(x,digits) returns a new rounded number so that the rounded
value can be used in subsequent computations.

Returns the exponential of x, e raised to the power of x.
Exp(5) — 148.4
Exp(-4) — 0.01832

Returns the natural logarithm of x, which must be positive.
Ln(150) — 5.011
Ln(Exp(5)) — 5

Returns the logarithm to the base 10 of x, which must be positive.
Logten (180) — 2.255
Logten (10 * 30) — 30

Returns -1 when x is negative, 1 when x is positive, 0 when x is zero, and NaN when x is NaN.
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Sign(-15.2) — -1 Sign(7.3) —1

Sign(0) =0 Sign(0/0) — NaN
Sqr(x) Returns the square of x.

sqr(5) — 25

Sqgr(-4) — 16

Sqgrt(x) Returns the square root of x.
Sqgrt(25) — 5
Sgrt(-1) — NAN

Mod(x, y) Returns the remainder (modulus) of x/y.
Mod (7, 3) —> 1
Mod (12, 4) — 0
Mod(-14, 5) — -4

Factorial(x) Returns the factorial of x, which must be between 0 and 170.
Factorial (5) — 120
Factorial(0) — 1

If x is not an integer, it rounds x to the nearest integer before taking the factorial.

Cos(x), Sin(x), Tan(x) Returns the cosine, sine, and tangent of x, x assumed in degrees.

Cos (180) — -1

Cos(-210) — -0.866

Sin(30) — 0.5

Sin(-45) — -0.7071

Tan (45) — 1

Arctan(x) Returns the arctangent of x in degrees (the inverse of Tan).

Arctan(0) — 0

Arctan(l) — 45
Arctan(Tan (45)) — 45

See also “Arccos(x), Arcsin(x), Arctan2(y, x)” on page 234.

Degrees(r), Radians(d) Degrees gives degrees from radians, and radians gives radians from degrees:
Degrees (Pi/2) — 90
Degrees (-Pi) — -180
Radians (-90) — -1.57079633
Radians (180) — 3.141592654

Numbers and text

Converting If you apply the & operator or JoinText() to numbers, they convert the numbers to text values,
number to text ysing the number format specified for the variable or function in whose definition they appear. You
can use this effect to convert (“coerce”) numbers into text values, for example:

123456789 & '' — '123.5M'
123456789 & '' — '$123,456,789.00"
'The date is: ' & 38345 — 'The date is: Thursday, December 25, 2008’

Tip The actual result depends on Number Format setting for the variable or function in whose definition
the expression appears. The first example assumes the default Suffix format. The second
assumes Fixed Point format, with currency and thousands separators checked, and two decimal
digits. The third assumes the Long Date format. Use the Number format dialog on the Result
menu to set the formats.

148 Analytica User Guide



Chapter m Using Expressions

Converting
text to number

Exception values INF, NAN, and NULL

You can use the Evaluate() function to convert a text representation of a number into an actual
number, for example:

Evaluate('12350') — 12.35K
Evaluate() (page 388) can convert any number format that Analytica can handle in an expression

— and no others. Thus, it can handle decimals, exponent format, dates, True or False, a $ at
the start of a number (which it ignores), and letter suffixes, like kK and M.

An alternative method, for converting text to a number is to use the Coerce Number qualifier on a
user-defined function (see “Parameter qualifiers” on page 356). For example, you could define a
user-defined function such as:

ParseNum(X: Coerce Number) := X

Exception values INF, NAN, and NULL

INF (infinity)

NAN

INF, NAN, and Null are system constants that arise in exceptional cases.

Constant Meaning

INF Infinity or a real number larger than can be represented, e.g., 1/0

NAN Not a Number: Actually, the result is known to be “number” but not well
defined, e.g., 0/0

Null The result of an operation where the desired data is not there, such as

X[I = '?'], where index I does not have the value '?*

INF is the result of a numerical calculation whose absolute value is larger than largest number
Analytica can represent. This could be an overflow — that is a valid real number greater than
1.797 x10*308:

1071000 — INF

or it could be a division by zero or other result that is mathematically infinite:
1/0 — INF

INF can be positive or negative:
-1 * 1071000 — -INF
You can use INF as a value in an expression. You can perform useful, mathematically correct
arithmetic with INF, such as:
INF + 10 — INF
INF/0 — INF
10 - INF — -INF
100/0 = INF — True
NAN is the result of a numerical calculation that is an undetermined or imaginary number, includ-
ing numerical functions whose parameter is outside their domain:
INF - INF —
0/0 — NAN
INF/INF — NAN
Sgrt(-1) > NAN
ArcSin(2) » NAN

NAN

It usually gives a warning if you apply a function to a parameter value outside its range, such as
the two examples above — unless you have pressed “Ignore warnings” (see “Warnings” on
page 150).
Any arithmetic operation, comparison, or function applied to NAN returns NAN:

0/0 <> NAN — NAN
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Warnings

150

Null

Tip

Analytica’s representation and treatment of NAN is consistent with IEEE Floating point standards.
NAN stands for “Not A Number,” which is a bit misleading, since NAN really is a kind of number.

You can detect NAN in an expression using the IsNaN() function (page 151).

Null is a result that is ill-defined, usually indicating that there is nothing at the location requested,
for example a subscript using a value that does not match a value of the index:

Index I := 1..5

X[I=6] — Null
Other operations and functions that can return Nul1l include Slice(), Subscript(), Subindex(),
and MDTable().

You can test for Nul1 using the standard = or <> operators, such as:
X[I=6] = Null — True

or you can use IsUndef(xX[1=61).

Warnings can occur during evaluation, for example when trying to take the square root of a nega-
tive number, for example:

Variable X := Sequence (-2, 2)
Variable Y := Sqrt(X) —

0 Question x
Waming:
Square root of a negative number.

Awaming occumed while evaluating Varable . Do you want to stop
evaluating to edit the defintion

lgnore Wamings Cancel Edit Definition

This Warning dialog gives you the option to ignore this and future warnings. If you select Ignore
Warnings, Y yields:
Y — [NAN, NAN, 0, 1, 1.414]

The NAN values can be propagated further into a model.

If you click the Ignore warnings button, it will ignore all warnings from this variable and all other
variables in this and future sessions with this model. Ignoring warnings could lead to you getting
NAN or NULL results for unknown reasons. If this happens, you can switch warnings back on by

checking Show result warnings in the Preferences dialog.

Analytica displays warning conditions detected while evaluating an expression only if the resulting
value assigned to a variable contains an explicit error. In the following example, the NAN resulting
from evaluating Sgrt (X) for negative X does not appear in the result, so it does not display a
warning:

Variable Z := IF X<0 THEN 0 ELSE Sqrt(X)

Z — [0, O, 0, 1, 1.414]

Because (X<0) evaluates to an array containing both True (1) and False (0) values, the expres-
sion evaluates Sqrt (X), and generates NAN as for Y above. But, the conditional means that
resulting value for Z contains no NANs, and so Analytica generates no warning when z is evalu-
ated.

You can also make use of the return value, even if it might be errant, as in the following example:

Analytica User Guide



Chapter m Using Expressions Datatype functions

VAR x := Sqgrt(y):
IF IsNaN(x) THEN 0 ELSE x

The common warning “subscript or slice value out of range” returns Null, for example:
Index I := 1..5
X[I=6] — Null

If you want to ignore warnings for a single variable, you can use the IgnoreWarnings() function
around the definition.

Datatype functions

IsNumber(x)

IsText(x)

IsNaN(x)

IsNull(x)
x = NULL

IsUndef(x)

IsReference(x)
IsHandle(x)
TypeOf(x)

A value can be a number, text, Null, or a reference (see “References and data structures” on
page 378 for more on references). Integers, reals, Boolean, and date values, are all represented
as numbers. You can use these functions from the Special library of Definition menu to deter-
mine the type.
Returns True if x is a number, including a Boolean, date, INF or NAN.

IsNumber (0) — True

IsNumber (False) — True

IsNumber (INF) — True

IsNumber ('hi') — False

IsNumber (5) — True

IsNumber ('5') — False

IsNumber (NAN) — True

Returns True if x is a text value.
IsText ('hello') — True
IsText(7) — False
IsText('7') — True

Returns True if x is “not a number,” i.e., NAN. INF or regular numbers do not qualify, nor does a

text or Null.

0/0 — NAN

IsNaN(0/0) — True
IsNaN(5) — False

IsNaN (INF) — False
IsNaN('Hello') — False

To test if x is exactly Null. Returns false if x is an array.

To test if an atomic x is Null. When x is an array, returns True or False for each element of the
array.

Returns True if atomic x is Null or the internal value Undefined (usually indicating uncom-
puted). When x is an array, returns True or False for each element of the array.

Returns True if x is a reference to a value.
Returns True if x is a handle to an Analytica object.

Returns the type of expression x as a text value, usually one of "Number", "Text", "Refer-
ence", or "Null". INF and NAN are both of type "Number™":

TypeOf (2008) — "Number"

TypeOf ('2008') — "Text"

TypeOf (INF) — "Number"

TypeOf (0/0) — "Number"
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Analytica offers powerful features for working with indexes and arrays,
with one, two, or many dimensions. Collectively, we refer to them as
Intelligent Arrays™. This chapter provides an extended introduction to
the essential concepts, followed by more details on:

« Conditional expressions (page 171)

+ Creating an index (page 173)

+ Editing a list (page 175)

» Functions that create indexes (page 176)

» Defining a variable as an edit table (page 180)

+ Editing a table (page 182)

» Selecting a slice or subarray (page 185)

+ Choice menus in an edit table (page 187)

» Shortcuts to navigate and edit a table (page 188)
For more, see Chapter 13, “More Array Functions.”
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Arrays The value of a variable can be a single number, Boolean, text value, or reference — more gener-
ally, an atom — or it can be an array, a collection of such values, viewable as a table with one or
more dimensions. Here’s an array with two dimensions.

T Result - Maintenance cost |Z||E|E|
Mid Value of Maintenance cost

[z o
] T e
1

2 3 1 5 |
small car 300 300 600 1000 1400
large car 700 700 700 ] 500
Indexes The dimensions of the variable Maintenance cost are identified by the indexes car_type
and by Year.
Car type: Wear:
small car
large car

o L k=

Intelligent Arrays Each index is a separate variable and can be used as a dimension of many arrays. For example,
other arrays can be indexed by Car type or Year. The fact that Analytica identifies each dimen-
sion by a named index provides the basis for the ease and flexibility with which you can create,
calculate with, and display arrays with one or many dimensions. It lets expressions and functions
work with arrays just the same way they work with single numbers. They automatically generalize
to work with arrays without you having to bother with subscripts and For loops the way you would
with other computer languages. We call this set of features Intelligent Arrays™.

Learning key concepts There are some subtleties to the effective use of Analytica’s Intelligent Arrays. To fully appreciate
them, you might find you need to let go of some of your past experience with spreadsheets or pro-
gramming languages. But, once you grasp the key ideas, they will seem quite simple and natural.
Many Analytica users end up thinking that these features are what make Analytica most valuable.
We recommend that you start by reading through the “Introducing indexes and arrays” below,
which illustrates key concepts and features. You can then refer to the rest of this chapter and the
next chapter, “More Array Functions” on page 191, as needed for details.

Introducing indexes and arrays

In this section, we demonstrate the concepts and features of indexes and arrays by building a
model to compare the costs of three automobiles, including fuel costs, maintenance, depreciation,
and a rebate for a hybrid car. We will end up with a model that looks like this.
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M Diagram - Car Cost Model 4.0 update

| B

Create an index

Suppose you want to compare the fuel cost of three different vehicles, each with different fuel effi-
ciency. First let's define an index car_type, listing the three different types of cars as text values.
You create a new index by dragging the index node from the node menu. Type the title car type
into the node. In its definition attribute, select List of Labels from the expr menu.

v BT Eupression

B List
E=2 List of Labels

2.0 Sequence

2 Other...

Type the car types Standard, Hybrid, and SUV (Sports Utility Vehicle) into individual cells of the
index. Press Enter to add the next cell.

e 4|

Car type: [pefinition ][ «
Hyhbrid

Standard

SLV
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Introducing indexes and arrays

Create an edit table Now we create a new variable by dragging it from the node menu, typing its title Miles per
gallon'into the node, and drawing an arrow to it from the index car_type.

[ Diagram - Car Cost Model 4.0 update

Miles per gallon: @| Definition ol I v BB Expression

= List

E= List of Labels
= Probability Table
A Distribution
= Choice

3 Other...

Tip By default, diagrams do not display arrows to or from index nodes after you have drawn them. For
clarity, we display them by checking Show arrows to/from Indexes in the Set Diagram style
dialog from the Diagram menu. See “Diagram Style dialog” on page 78.

In the attribute panel above, we show the definition of Miles per gallon, and select Table

from the expr menu. This opens the Indexes dialog to let you choose which index(es) to use for
the table dimensions.

Preview: Indexes: | Al Variables Selected Indexes:
[0 Graph wincow height ﬂ 7 Cartype ﬂ
o ) -
[ Graph window width .
[ Ohjectid —I
[ Resut window height | |

Cahicel | ak |

It starts with car_type as the selected index because you drew the arrow from it (see “Indexes

dialog” on page 181). Click OK to accept. An edit table appears, indexed by car_type, with cells
initialized to 0.

@ Edit Table - Miles per gallon
2721 Edit Table of Miles per gallon

X = |>
= el —_

Hybrid 0
Standard o

Suv 0 -
4 4 a

You can now edit the cells of the table. Type in a number for each car type.

1. We apologize to our readers outside the U.S. for using the archaic units, gallons and miles!
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(] able es per gallo ™
{7 | Edit Table of Miles per gallon (miles/gallon)
Cartype W

= =

- [__~Pp
Hybrid 45
Standard 28
suv 23

This completes the edit table for Miles per gallon.

Combine a scalar (0D) Now let’s calculate the annual fuel cost for each car type. We create three new variables,
and 1D array miles per year, Fuel price, and Fuel cost and draw the arrows.

Type these definitions for the new variables:
Miles_per year := 10K
Fuel price:= 3.00
Fuel cost := Fuel price * Miles per year / Miles per gallon

Select Fuel cost and click the Result button to show this result table.

@ Result - Fuel cost

midT|  Mid Value of Fuel cost wr |
il | cartype w | [ Totak

=
[ N .
Hybrid FEEY
Standard F1,07
suv 1,304 ~
4 3 a

Array abstraction with  This table for Fuel cost was computed using Miles per gallon for each car_ type, and
arithmetic operators  the single (scalar) numbers, 3.00 for Fuel price and 10K forMiles per year. The arithme-
tic operations * and / work equally well when one or both operands is an array as when it is a sin-
gle number — also known as an atom or scalar value. The same is true for +, -, and A. This is an
example of array abstraction, central to Intelligent Arrays™.

Define another edit table Now let’s add in the maintenance costs. We create a new variable Maintenance cost, defined
as an edit table, based on the car type index, just as we did for Miles per gallon.
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Introducing indexes and arrays

£7 | Edit Table of Maintenance Cost
" [__~=p
o

Hybrid G00
Standard 500
suv 500

4

We now create Operating cost as the sum of Fuel cost and Maintenance cost. Hereis
the diagram showing the definition of the new variable.

@ Diagram, - Car Cost Model 4.0

P 4

XA
Operating Cost: [Definition  w |[e=r w ]
Fuel_cost + Maintenance_cost

NN

Operation on two Here is the result.
1D tables with the
same index

'9  Result - Operating cost _
Mid Value of Operating cost X'Yl

2] [ Cortmev] [ To
] gl .

Hybrid 1287
Standard F2071
sSUY 2304

|

Itis the sum of Fuel cost and Maintenance cost, both 1D arrays indexed by car_type, so

the result is also indexed by car_type. Each cell of the result is the sum of the corresponding
cells of the two input variables.

Make an index as a Now let’'s add another index, Year, so that we can extend the model to compute the costs for mul-
sequence of numbers tjple years. We create the new index as before. In its definition we enter 2008. . 2012, to specify
the start and end year.
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Compound annual
growth of fuel
price by year

Combine two 1D arrays
with different indexes

Operating Cost: |Deﬁni‘tinn el ||9J€Df el |

Fuel_cost + Maintenance_cast

The value of Year is now the sequence of years from 2008 to 2012. (See “Creating an index” on
page 173 and “Functions that create indexes” on page 176 for other ways to define indexes.)

What happens if Fuel_price changes over time? Let's model Fuel price starting with its cur-
rent value of 3. 00 ($/gallon) multiplied by a compound annual growth rate (CAGR) of 8% per
year:

Fuel price cagr := 8%

Fuel price := 3.00 * (1 + Fuel price cagr)” (Year - 2008)
This expression says that Fuel Price starts at 3.0 in Year 2008 (when the exponent (Year

- 2008) is zero. For each subsequent year, we raise (1 + 8%) to the power of the number of
years from the start year, 2008 — i.e., standard compound growth. Here’s the resuilt.

M Result - Fuel price
midw | pAid value of Fuel price ($igallon) '

i [~ Totals
|~ [ P

2008 2 il
2009 F3.24
2010 F3.4999
2011 F3.779
2012 F4.051

| [

Click the graph icon to view this as a graph.

@ Result - Fuel price

mid® | pid walue of Fuel price [$gallon]

@ Horizontal Axis:

$4 ——

§3.8 —
3358 -

§3.4 o
§3.2

§3
2008 2009 2010 2011 2012

Year

Fuel price
$/gallon)

Now look at Fuel cost. Its has three inputs, Miles per year, which is still a single number,
10K, Miles per gallon, which is indexed by Car type, and Fuel price, which is now
indexed by Year. The result is a two-dimensional table indexed by both car type and Year. It
contains every combination of Miles per gallon by Car type and Fuel price by Year.
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Result of operation
contains all indexes of
operands

Pivot a table,
exchanging rows and
columns

Introducing indexes and arrays

9. Result - Fuel cost
mid¥ | Mid Value of Fuel cost

il | cartype w| [T Totak

Wt " o < 1 ros

2008 2009 2010 2011 2012

Hybrid 667 §720 §775 $540 5307
Standard 1,071 1,157 1,250 1,350 1 458
suv 1,304 1 409 1 521 1,643 1,775

This illustrates a general rule for Intelligent Arrays, that the result of an operation contains the
union of the sets of indexes of its operands.

In the table above, it shows car type down the rows and Year across the columns. To pivot the
table — i.e., exchange rows and columns — select the other index from the menu defining the
columns (or the rows).

0 Result - Fuel cost

mid¥ | Mid Value of Fuel cost

2 I Tok

Rows and columns are
just for display of tables

Add a dimension
to an edit table

160

Lt | ¥ [Carope v I~ Tk
Hybrid Standard  SUV
2008 JEET 1,071 §1,304 a
2009 Fr20 1157 §1 409
2010 Frra 1,250 1,521
2011 Fad0 1,350 §1 643
2012 Fao7 1 458 1,775
| Z

(We expanded the window size so that all rows are visible.)

Unlike other computer languages, with Analytica, you don’t need to worry about the ordering of
the indexes in the table. Rows and columns are simply a question of how you choose to display
the table. They are not intrinsic to the internal representation of an array.

Maintenance costs also changes over time, so we need to add Year as dimension. Simply draw
an arrow from Year to Maintenance cost.

When it prompts “Do you wish to add Year as a new index of the table in Maintenance_cost?”
click Repeat Values. Now open the edit table for Maintenance_cost. It has added Year as a
second dimension, copying the number for each car type across the years.

i aple d & Na B 0 [ |
7 Edit Table of Maintenance cost
Car type ¥
= =
—Y [ven__~p
2008 2009 2010 2011 2012

Hybrid GO0 GO0 GO0 GO0 GO0
Standard ] ] ] ] ]
Suv 00 00 00 00 00

Notice that it shows the same values for each Year, following the rule that a value is constant
over a (previously) unused index. Now you can edit these numbers to reflect how maintenance
cost increases over time.
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Combine two 2D arrays
with the same indexes

A list of numbers
for parametric
sensitivity analysis

Combine three
1D arrays with
different indexes

Introducing indexes and arrays

O

[ Edit Table - Maintenance cost
i Edit Table of Maintenance cost

—|[_Cartwpe v ]

Y [ew =P
2008 2009 2010 2011 2012 =]
Hybrid 00 600 00 1000 1200
Standard 600 700 00 1200 1200
suv 00 1000 1200 1400 1600

| (4

Let’s look at the value of Operating cost again.

@ Result - Operating cost

Mid Value of Operating cost
i3] Miles per year ©F

Lall Car type - I

2008 2009 2010 2011 2012
Hybricd F1167 F1320 578 F1840 w207
Standard 6T 837 F2050 F25a0 F2655
Suv F2104 F2409 52T Fa043 F3375

Since its inputs, Fuel cost and Maintenance_cost, are both indexed by car_type and
Year, the result is also indexed by those two indexes. Each cell contains the sum of the corre-
sponding cells from the two input variables. The diagram now looks like this.

m Diagram - Car Cost Model

Operating cost: | Definition

Fuel cost+Maintenance_cost

Suppose you're not sure how many miles you drive per year. You want to examine three scenar-
ios. You include three values in Miles_per year by specifying a list of numbers enclosed in
square brackets:

Miles per year := [5K, 10K, 15K]

Even though Miles per year is not defined as an index node, it becomes an implicit index.
This is an example of model behavior analysis, described in “Varying input parameters” on
page 42.

Now all three inputs to Fuel_cost are one-dimensional arrays, each with a different index. Its
result is a three-dimensional table, computed for each combination of three input variables, so
indexed by Miles per_ year, as well as Year and Car_type.
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Pivot a 3D table

Combine a 2D and
3D array with two
common indexes

Propagation of indexes
without changing
downstream definitions

Sum over an index

162

Introducing indexes and arrays

[ i 0 -
midw]  Mid Value of Fuel cost
)| miles per year i 50
Ll ™ Tads

V [cotwe v PT ok
Hybrid Standard  SUV =

2008 F333 Fa36 F652
2009 F360 Fa7a Fr04
2010 F389 F625 F7E1
2011 F420 J675 Fe22
2012 F453 F729 Faa7

The new third index, Miles per year, appears as a slicer index, initially showing the slice for
5000 miles/year. You can click the down-arrow for a menu to choose another value, or click the
diagonal arrows B or ﬁ to step through the values for miles/year. See “Index selection” on
page 31.

You can also pivot a table to display, for example, the car type down the rows and
Miles per_ year across the columns, for a selected Year in the slicer.

[ n 0 -
midT | pMid Value of Fuel cost
i3 vear Tri Hisgs!
L I To

~ Miles per year W ||> [~ Tatals
5000 10K 15K =)

Hybricl $333 FEET F1000
Standard $536 1071 F1607
sSuv 652 1304 F1957

When we look at operating cost again, it also now has three dimensions. Again the result has
the union of the indexes of its operands.

Re Opera g CO L]
midw | pid Value of Operating cost

o

Lall
&~ Year b d |[> [ Tatals
2008 2009 2010 2011 2012
Hybrid F9333 1080 $1189 $1620 $1653| |
Standard $1036 $1179 $1425 F167S $1929
suv $1432 $1704 $1961 a2zl 2487
| (4

It is the sum of fuel cost and maintenance cost, each of which is indexed by car type and Year
as before, but now Fuel cost has the third index, Miles_per year. The result contains all
three dimensions.

Note how each time we add an index to an input variable, or change a variable, e.g.,
Miles per_ year, to be a list of values, the new dimensions automatically propagate through
the downstream variables. The results have the desired dimensions (the union of the input dimen-
sions) without any need to modify their definitions to mention those indexes explicitly.

If we want to sum over Year to get the total cost, we define a new variable:

Variable Total operating cost := Sum(Operating cost, Year)
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X[i = v]: subscript

Name-based
subscripting

When the subscripting
value v is an array

Introducing indexes and arrays

We mention the index Year, over which we want to calculate the sum. But, we do not need to
mention any of the other indexes of the parameter Operating cost.

The built-in function Sum(x, i) is called an array-reducing function, because it reduces its
parameter x by one dimension, namely i. There are a variety of other reducing functions, includ-
ing Max(x, i), Min(x, i), and Product(x, i) (see “Array-reducing functions” on page 196). These
functions explicitly specify the index over which they operate. Since they mention it by name, you
don’t need to know or worry about any ordering of dimension in the array.

The subscript construct lets you extract a slice or subarray from an array, say the values for the
Hybrid Car type:
Operating cost[Car type = 'Hybrid'l —

rnidw Mid Value of Hybrid operating costs A
[i=2] Miles per year w | [ Totalks

=
bl T [vew v Tou

2008 2009 2010 2011 2012
5000 8333 950 1169 1420 1653
10K 1167 1320 1575 1540 2107
15K 1500 1680 1966 2260 2560

You can also select multiple subscripts in one expression:
Fuel costl[year = 2012, 'SUV', Miles per year = 10K] —

1775

Car_ type =

For more, see “x[i=Vv]: Subscript construct” on page 185.

You can list the indexes in any order since you identify them by name. Again you don’t need to
remember which dimension is which. This is called name-based subscripting syntax, in con-
trast to the more conventional sequence-based subscripting. In addition to absolving you from

having to remember the ordering, name-based subscripting generalizes flexibly as you add or

remove dimensions of the model.

The value v in x[i=v] can itself be an array. For example, if you wanted to get the operating cost
only for even years:

[2008,

2010, 2012]]

Operating cost[Miles per year = 10K, Year =

rnidw Mid Value of Operating cost by even years =

(=] | Car type - I [~ Totalz

Lall R | Operating cost by even years w |[> [ Totalz
2008 2010 2012

Hybrid 1267 1575 2107

Standard 157 2050 2658

SUv 2104 2 3375

Purchase price and To complete the model, let's add the Purchase price, an edit table indexed by car type (just
as we created Miles per gallon).

depreciation
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164

IF THEN ELSE
with arrays

7 Edit Table of Purchase price
e [>
7 I
Hybrid 24K
Standard 22K
suv 40K

To annualize this, we compute the annual depreciation, using a depreciation rate of 18% per year
— typical for an automobile:

Variable Depreciation rate := 18%
Variable Annual depreciation := Purchase price * Depreciation rate *

(1 - Depreciation rate) * (Year - 2008)

It calculates this formula for each Year, raising (1 - Depreciation_rate) to the power of
the number of years from 2008.

@ Result - Annual deprecation Z §|El
Mid Value of Annual deprecation A
[ Tk

ket ¥ [vew < 1om

2008 2009 2010 2011 2012
Hybrid 4320 3242 2905 2382 1853] |
Standard 3960 3247 2663 2183 1790
sSuy 7200 5904 4341 3970 3235

I [

Suppose that there is a government rebate of $2000 when you purchase a hybrid. You could cre-
ate an edit table by car type and Year with -$2000 for Hybrid in 2008 and $0 in all other cells.
(The rebate is negative because we are treating the numbers as costs.) A more elegant method is
to define it as a conditional expression based on Year and Car_type:

Variable Hybrid rebate := IF Year = 2008 AND Car type = 'Hybrid'
THEN -2000 ELSE 0

It calculates the expression for each value of the indexes, in this case Year and Car_type, with
this result.

9 Result - Hybrid rebate :||§|g|
Mid Value of Hybrid rebate (%) ﬁ

i ok

o
2008 2009 2010 2011 2012 =]
Hybrid -2000 0 0 0 0
Standard 0 0 0 0 0
Suv ] 0 ] ] ]
I [
The subexpression Year = 2008 returns an array indexed by Year containing 1 (true) for 2008
and 0 (false) for the other years. Subexpression car type = 'Hybrid' returns an array
indexed by car type, containing 1 (true) for 'Hybrid' and O (False) for the other Car type.
Therefore, the expression Year = 2008 AND Car type = 'Hybrid' returns an array

indexed by both Year and car_type, containing 1 (true) only when both subexpressions are
true, that is 1 for Hybrid in 2008 and 0 for the other cells. The entire IF expression therefore
returns -2000 for the corresponding top-left cell and o0 for the others. (See “IF a THEN b ELSE ¢
with arrays” on page 171 for more.)
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Compare a list of To summarize the results, it is useful to compare the four types of cost, Fuel cost,

variables

Tip

Maintenance cost, Purchase price, and Hybrid rebate, in one table. Let's make a vari-
able cost _summary, and first define it as an empty list, i.e., square brackets with nothing
between them yet:

Variable Cost_summary := []

Now draw an arrow from each of the four variables you want to view to Cost_summary, in the
sequence you want them to appear. Each time you draw an arrow into a variable defined as a list,
it automatically adds that variable into the list. (If the origin variable was already in the list, it
removes it again.) Here is the diagram showing the resulting definition for Cost summary.

' Diagram - Car Costs example

Cost summary: |Deﬁni‘tinn b | =k I
Fuel_cost
Maintenance_cost
Annual_deprecation
Hyhrid_rebate B

|

This diagram does not display arrows from index nodes to avoid confusion with crossing arrows.
We switched these off by restoring Show arrows to/from Indexes to unchecked (the default) in
the Diagram style dialog from the Diagram menu.

The resulting definition is a list of variables (see “List of variables” on page 177).

The result for cost_summary is four-dimensional, adding a new index, also labeled
Cost_summary, showing the variables in the list.
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Constant value over an
index not in array

Totals in a table

Self index

Sum(x, i)

166

Re 0 a ]
mid¥ | pig Value of Cost summary Ed
IEEl car type
]“l Miles per year (milesiyear) TF ] ;

| Cost summary vI [ Totals
~ [ vear w [ [ Taotaks
2008 2009 2010 2011 2012 =
Fuel cost Fa33 Fa60 388 F4z20 453
Maintenance cost $500 $E00 $&00 1,000 $1,200
Annual Depreciation $4,320 $3,542 $2,903 $1.853
Hybrid rebate $-2,000 F0 F0 50 30

Note that only Fuel cost depends on Miles per year. The other three quantities, mainte-
nance, depreciation, and rebate, are expanded over that index in the table, using the same num-
ber for each value of Miles per year. This is an example of a general principle: An array that
does not contain index i as a dimension is treated as though it has the same value over each ele-
ment of i when there is a need to expand it to include i as a dimension.

To see the total over the costs and over the Years, check the two Totals boxes next to the row
and column menus.

midw | pgig Value of Cost summary

Il car type T+ Hybrid
].,l Miles per year (milesiyear) TF
[ cost summary w | I Totals
~ [ vear w [ M Tatals
2008 2009 2010 2011 2012 Totals =
Fuel cost $333 $360 383 420 453 1 356
Maintenance cost Fa00 F600 Fa00 $1,000 F4,200 F4.100
Annual Depreciation $4,320 Fa,542 $2,905 §2,382 $1.953 $15,102
Hybrid rebate §-2,000 il il $0 il $-2,000
Totals 53,153 4 502 4,094 $3.802 53607 9155

The new index containing the titles of the four cost variables in the list is also called
Cost_summary. Thus, the identifier Cost _summary serves double-duty as an index for itself.
This is known as a self index, and can be accessed using the IndexValue() function (see “Index-
Value(i)” on page 218).
If we want to compute the sum of the four costs, we can use Sum(x, i) to sum array x over index
i. In this case, we sum Cost_summary over its self index, also Cost_summary:

Variable Total cost by year := Sum(Cost summary, Cost summary)
We also want to compute the average cost per mile over all the years. First we compute total cost
over time, using the Sum() function:

Variable Total cost := Sum(Cost summary, Year)

As before, we need to specify the index over which we are summing, Year, but we don’t need to
mention any other indexes, such as Car type and Miles per year, which are irrelevant to
this summation.

Next we calculate the Total miles over Year:

Variable Total miles := Sum(Miles per year, Year)
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1 Result - Total miles :||§|E|
Mid value of Total miles T
i [ Totsk

W [ P

5000 25K o
10K S0k
15K 78K

I [

Note thatMiles per year is notindexed by Year. The principle of Constant value over unused
indexes implies that Miles per year has the same value for each Year. Hence, the result is
the miles per year multiplied the number of years, in this case 5.

Finally, we define:

Variable Cost per mile := Total cost/Total miles

Add a new item to What if you want to extend this model to include Compact as a fourth car_type? Open one of
an index the edit tables indexed by Car_ type, say Miles per gallon. Click the last car_ type, SUV,

to select that row (or column), and press Enter or the down-arrow key {. It says “Changing the
size of this index will affect table definitions of other variables. Change data in tables indexed by
Car_Type?” This warns that adding a new car_type will affect all the edit tables indexed by
car_type. Click OK, and it adds a new bottom row, with the same label suv as the previous bot-
tom row, and with value 0. Double-click the index label in this bottom row, and type the new
Car_type, Compact, to replace it. Then enter its value, say 30 (miles/gallon).

I Edit Table of Miles per gallon {miles/gallon)

B |>
s Il ——

Hybrid 45
Standard 28
suv 23
Compact 30

I (4

Expanding index for Now open the edit table for Maintenance cost, and you will see a new row for Compact
other edit tables  gjready added, initialized to 0 in each cell. You just need to enter numbers for
Maintenance cost for the Compact car, as shown here.

i anle a BNd e CO i |

7 Edit Table of Maintenance cost

= =

7 ew__~p

2008 2009 2010 2011 2012 =

Hybrid g00 oo ao0 1200 1200
Standard 200 g00 ao0 1000 1200
sSUv ao0 1000 1200 1400 1600
Compact g00 oo ao0 1200 1200

Next enter numbers for the Maintenance cost for the Compact car.

Then enter a purchase price for the Compact car.
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[ Edit Table of Purchase price
g
i D .4

Introducing indexes and arrays

Hybrid 24k
Standard 22K
Suv 401,
Compact 18K

¥

Automatic propagation
of changes to index

Now you’ve entered the data for compact Car type into the three edit tables, and you're done.
All the computed tables automatically inherit the expanded index and do the right thing — without

you needing to make any change to their definitions. For example, Cost_summary now looks like

this.

@ Result - Cost summary

=13
pod|

i Mid Value of Cost summary
E Miles per year +F R
(Ml Cost summary <! “Totals” N
Horizontal A:is:l Year vI Key:l Car type -
10,000
E 8,000
£ .
£ §6,000
: e T e
n 4,000
7]
o §2,000
[&]
1]
2008 2009 2010 2011
Year
Car type
= Hyhbrid — Standard — SLIV Compact

2012

Finally, let's compute the net present value cost as the objective, using the reducing function
Npv(discount, x, i). (See “Npv(discountRate, values, i, offset)” on page 238). We define:

Variable Discount rate := 12%

Objective NPV cost := NPV(Discount rate, Total cost by year, year)

Here is the final diagram, showing NPV_Cost.
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@ Diagram - Car Cost Model 4.0 update

NP cost: Definition

Mpw Discount_rated, Total_cost_by_year, “ear) j

0 Result - NPY cost
midw |  Mid Value of HPV cost |

@ Horizontal A:is:l Miles per year v I KE_V:| Car type b I

$32,000
$30,000 —
$28,000
$26,000
$24,000
$22,000
$20,000 p—
$18,000
$16,000 ——
$14,000 4 -

$12,000 7 T
5000 6000 7000 2000 9000 10K 11K 12K 13K 14K 15K

Miles per year

NPY cost

Car type
= Hybirid — Standard — SLIY Compact

|

Monte Carlo sampling Almost any variable in Analytica can be uncertain — that is, probabilistic. Each probabilistic quan-

and Intelligent Arrays ity is represented by a random sample of values, generated using Monte Carlo (or Latin hyper-
cube) simulation. Each random sample is an array indexed by a special system variable Run. The
value of Run is a sequence of integers from 1 to Sample_size, a system variable specifying the
sample size for simulation. See “Appendix A: Selecting the Sample Size” on page 416. For most
operations and functions, Run is just another index, and so is handled just like other indexes by
the Intelligent Arrays. You can see it when you choose the Sample uncertainty view. In other
uncertainty views, such as Mean or CDF, the values displayed are computed from the underlying
sample. See “Uncertainty views” on page 33.
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Progressive refinement

of a simple model

Summary of Intelligent

170

Arrays and array
abstraction

General principles of
Intelligent Arrays™

Exceptions to array
abstraction

As we developed this simple model, we refined it by adding indexes progressively. First, we
defined car_type, then Year, and finally we changed Miles per_ year from a single value to
a list of values for parametric analysis. Creating Cost_summary added a fourth index, consisting
of the four cost categories. It is often a good idea to build a model like this — starting with a simple
version of a model with no or few indexes, and then extending or disaggregating it by adding
indexes — and also sometimes removing indexes if they don’t seem important.

This approach to development is sometimes called progressive refinement. By starting simple,
you get something working quickly. Then you expand it in steps, adding refinements where they

seem to be most useful in improving the representation. A more conventional approach, trying to
implement the full detail from the start, risks finding that it's just too complicated, so it takes a long
time to get anything that works. Or, you might find that some of the details are excessive — they
just weren’t worth the effort.

Progressive refinement is a much easier in Analytica than in a spreadsheet and most other com-
puter languages — where extending or adding a dimension requires major surgery to the model

to add subscripting and loops. With Intelligent Arrays, to extend or add an index, you only need to
change edit tables or definitions that actually do something with the new index. The vast majority
of formulas generalize appropriately to handle a modified or new dimension without needing any
changes.

Analytica’s Intelligent Arrays make quite easy what would be very challenging in a spreadsheet or
in a conventional computer language which would force you to add loops and subscripts to every
array variable every time you add a dimension.

If you find yourself using a lot of subscripts or For loops (see “For and While loops and recursion”
on page 369), you are probably not using Intelligent Arrays properly. Take the time to understand
them, and you should find that you can greatly simplify your model.

Almost every operator, construct, and function in Analytica supports array abstraction, automati-
cally generalizing as you add or remove dimensions to their operands or parameters. (See
“Ensuring array abstraction” on page 374 for the few exceptions and how to handle them if you
want to make sure that your model fully supports this array abstraction.)

Omit irrelevant indexes: An expression need not mention any index that it does not operate
over.

A value is constant over unused index: A value (atom or array) that does not have i as a index
is treated as constant over each value of the unused index i (has the same value over all values
of i) by any construct or function that operates over that index.

Rows and columns are features of displayed tables, not arrays: You can choose which index
to display over the rows or columns. You (almost) never need to care about the order in which
indexes are used in an array.

The indexes of a result of an expression contain the union of the indexes of its component
arrays: The result of an operation or expression contains the union of the indexes of any arrays
that it uses — that is, all indexes from the arrays, without duplicating any index that is in more
than one array. There are two unsurprising exceptions:

* When the expression contains an array-reducing function or construct, such as Sum(x, i) or
x[i=v], the result will not contain the index i over which it is reduced.

* When the expression creates an index, the result will also contain the new index.

To be more precise, we can define the behavior of Intelligent Arrays thus: For any expression or
function F(x) that takes a parameter or operand x that might be an array indexed by i, for all val-
ues vinindex i:

F(x[i=v]) = F(x) [i=V]
In this way, Analytica combines arrays without requiring explicit iteration over each index.

The vast majority of operators, constructs, and functions fully support Intelligent Arrays — that is,
they generalize appropriately when their operands or parameters are arrays. However, very few

do not accept parameters that are arrays, notably the sequence operator (. . ), Sequence() func-
tion, and While loop. When you use these, you need to take special care to ensure that your mod-
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els perform array abstraction conveniently when you add or modify dimensions. See “Ensuring
array abstraction” on page 374 for details.

IF a THEN b ELSE c with arrays

The IF a THEN b ELSE c (page 146) construct generalizes appropriately if any or all of a, b, and
¢ are arrays. In other words, it fully supports Intelligent Arrays. For example, if condition a is an
array of Booleans (true or false values), it returns an array with the same index, containing b or ¢
as appropriate:

Variable X := -2..2
If X > 0 THEN 'Positive' ELSE IF X < 0 THEN 'Negative' ELSE 'Zero'—
X p
-2 -1 0 1 2
'Negative' | 'Negative' 'Zero' 'Positive’ 'Positive’

If b and/or c are arrays with the same index(es) as a, it returns the corresponding the values from
b or ¢ according to whether a is true or false:

IF X >= 0 THEN Sqgrt(X) ELSE 'Imaginary'—

xp»

-2 -1 0 1 2
'Imaginary' | 'Imaginary' 0 1 1.414

In this case, the expression sqrt (X) is also indexed by X. The IF expression evaluates
sqgrt (X) for each value of X, even the negative ones, which return NAN, even though they are
replaced by Imaginary in the result.

To avoid evaluating all When If a Then b Else cis evaluated, the expression a is first evaluated completely. If its
ofborc resultis true, orif it results in an array where any value in the array is true, then the expression b

is evaluated completely as an array operation, meaning the expression is evaluated for all values
of all indexes contained within b. Similarly, if a is false or a is an array and any element is false,
the expression is ¢ is evaluated in its entirety. Once both are computed, the appropriate values
are picked out of these results according to the result of a. Sometimes, you want to avoid evaluat-
ing elements of b or ¢ corresponding to elements of a that give errors or NULL results, to avoid
wasting computation time on intermediate results that won’t be used in the final result, or because
the computations cause evaluation errors, not just warnings. In such cases, you can use explicit
iteration, using a For or While loop over index(es) of a. See “Begin-End, (), and *;” for grouping
expressions” on page 366.

Omitting ELSE If you omit the ELSE c part, it usually gives a warning when it is first evaluated.

Waming:
The expression evaluation is attempting to use the "else” result from an
IF-THEN construct that does not have an ELSE clause.

Awaming occured while evaluating Variable Test. Do you wart to stop
evaluating to edit the definition 3

lgnore Wamings Cancel Edit Definition

If you click Ignore Warnings, it returns NULL for elements for which a is false:
IF X >= 0 THEN Sqrt(X)—

xp»

-2 -1 0 1 2
«Null» «Null» 0

-

1.414
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Tip

Caveats of conditional

side effects

The dimensions of the

172

result

IFALL a THEN b
ELSE c

IFONLY a THEN b
ELSE c

After you have clicked Ignore Warnings, it does not give the warning again, even after you save
and reopen the model.

Usually, you should omit the ELSE c part of an IF construct only in a compound expression (see
“Begin-End, (), and “;” for grouping expressions” on page 366), when the IF a THEN b is not the

last expression, but rather is followed by ";". In this situation, the NULL result is not part of the result
of the compound expression, and it gives no warning, as shown in this example:

BEGIN
VAR A[] := Min(I[X,Y]);
IF A<O THEN A:=0;
sqrt(Aa)

END

In the expression above, the empty brackets following A define A as array with no indexes (i.e., as
atomic). Analytica will ensure that within the body of the expression where A is used, A will always
be atomic, even if X or Y are array-valued. To do this, Analytica might need to iterate the expres-
sion. If you feel compelled to embed an assignment inside a THEN or ELSE clause, you should
always make sure that the condition being tested is a scalar and not an array. In this case,
because A has been declared to be 0-dimensional, the expression A<0 is guaranteed to be sca-
lar. If you cannot guaranteed that the IF clause will always be scalar, even if other indexes are
added to your model in the future, then you should avoid using assignment from within a THEN or
ELSE clause since Analytica evaluates IF-THEN-ELSE and an array operation. Without the
brackets declaring A to be scalar, the IF clause would say “IF any value of A is less than zero
THEN evaluate the assignment”, so the result would be an array of zeroes even if there is only a
single negative number in X and Y. A better way to encode a conditional assignment, which prop-
erly array abstracts and has the intended effect, is as follows:

BEGIN
VAR A := Min( [X,Y] );
A := IF A<O THEN 0 ELSE A;
sqrt(a)

END

If a is an array containing some True and some False values, IF a THEN b ELSE c, evaluates
both b and c. The result contains the union of the indexes of all operands, a, b, and c. But, ifa is
an atom or array whose value(s) are all true (1), it does not bother to evaluate ¢ and returns an
array with the indexes of a and b. Similarly, if all atoms in a are false (0), it does not bother to eval-
uate b and returns an array with the indexes of a and ¢. This means that the values in the condi-
tion a can affect whether b and/or ¢ are evaluated, and which indexes are included in the result.

If you don’t want the dimensions of the result to vary with the value(s) in a, use the IFALL con-
struct. This is like the IF construct, except that it always evaluates a, b, and ¢, and so the result
always contains the union of the indexes of all of three operands.

IFALL requires the ELSE c clause. If omitted, it gives a syntax error.

IFALL has the advantage over IF (and IFONLY) that the dimensions of the result are always the
same, no matter what the values of the condition a. The downside is that if a is an array and all its
atoms are True (or all are False), it wastes computational effort calculating ¢ (or b) even though
its value is not needed for the result. IFALL also might waste memory (and therefore also time) by
including the index(es) that are only in ¢ (or b) even though the result has the same values over
those indexes. The standard IF construct might also waste some memory when all of the values
of array a are True (or all are False), because the result includes any index(es) of a that are not
indexes of b (or ¢), even though the result must be the same over such index(es).

In situations, where this is a concern, you can use a third conditional construct, IFONLY a THEN
b ELSE c. Like IF, when all atoms of a are True (or all False), it evaluates only b (or only c).
But, unlike IF, the result in these cases does include any index(es) of a that are not indexes of
b (or c, respectively). Thus, IFONLY can be more memory-efficient.
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Summarizing IF, IFALL,
and IFONLY

In most cases, you can just use IF without worrying about IFALL or IFONLY. The only reason to
use IFALL is when you want to avoid the possibility that the dimensions of results can vary with
values of inputs. The only reason to use IFONLY is when memory is tight and it's common for
condition a to be all true or all false.

To summarize the differences between these three constructs: If condition a is an atom or array
containing only true (only False) values, IF and IFONLY evaluate only b (only ¢), whereas IFALL
always evaluates both b and c. The result of IFONLY contains the indexes of only b (only ¢). The
result of IF contains the indexes of a and b (or ¢). The result of IFALL always contains the
indexes of a, b, and ¢, and so its dimensions do not depend on the values of a.

If condition a is an array containing mixed true and false atoms, all three constructs behave iden-
tically: They evaluate a, b, and ¢, and the result contains the union of the indexes of a, b, and c.

IFALL requires the ELSE part. It is optional for IF and IFONLY, but strongly recommended except
when it is one of multiple statements, and not the last, in a compound expression, enclosed in
parentheses or BEGIN ... END.

Creating an index

Create an index node

Define as a List

An index is a class of variable used to identify a dimension of an array. The same index can iden-
tify the same dimension shared by many arrays. Sometimes, variables of other classes, such as a
decision, can also be used as an index to identify a dimension of an array. For clarity, use an
index variable whenever possible.

You create an index much like any other variable:

1. Select the edit tool & ‘and open a Diagram window.

2. Drag the parallelogram shape | # | from the node palette to the diagram.
3. Type atitle into the new index node.

4. Open the definition attribute for the new index:

+ Either double-click the index node to open its Object window

* Or, select the index node, open the Attribute panel (page 24) and select Definition
(page 108) from the Attribute menu.

5. Press the expr menu above the definition field, to see these options.

v B Euwpression

B List
E= List of Labelz
1.8 Sequence

£ Other...

(If the variable already has a definition, Analytica confirms that you wish to replace it. Click
OK to replace the definition with a one-element list.)

6. Select List (of numbers) or List of Labels according to whether you want to enter a list of
numbers or text values. It will display a list with one item in the definition field.

List icon for the expr popup
menu

[E ~]

Definition:

New one-element list

7. Click the cell to select it, and Type in a number for List or text for List of Labels.
8. Press Enter or down-arrow to add a cell for the next item. Type in its value.
9. Repeat until you have entered all the values you want.
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@ Object - Buying price |Z||E|E|

Buying_price Units: § —
Title: Buying price

Description:  Buying price of a house

| 100K |

| 250k

L soox

Definition:

| (4

Values entered into a list

Autofill a list It gives the first cell of a list the default value of 1 (or the previous definition if it had one). When
you press Enter or down-arrow, it adds a cell adding 1, or the increment between the two preced-
ing cells, to the value of the preceding cell.

Expression view You can display a list or list of labels as a list view, the default view showing as a column of cells,
or as an expression view, showing it as a list of items between square brackets. Select
fear | from the toolbar to show the expression view. For example, here is a list of numbers in
each view.

List view Expression view
[1 I 2 ’ 3 r 4 ’ 5]

L R o o

List of labels In a list of labels, every value is text. In the expression view, each label is enclosed in single quo-
tation marks.

List view Expression view
Alabhama ['Alabama', 'Alaska', 'Arizona', 'Arkansas’']
Alaska
Arizona
Arkanzas

To include a single quote (apostrophe) as part of the text in a label in expression view, insert two
adjacent single quotes, or enclose in double quotes (see “Text values” on page 143):

['can''t','won''t"', 'didn"''t"']

Mixing numbers A list can include a mix of text and numbers. In both views the text 