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About Analytica




| n this | ntroduction

This introduction tells you how to:

» Use this manual
« Install Analytica
» Access Analytica examples
* Use the online help system

It also reviews the features that are new to the
Analytica 2.0 release.




Welcome

Welcome

Welcome to the Analytica User Guide. This document describes how
to use Analytica 2.0 for Windows. Use the Analytica Tutorial for a
hands-on introduction to the basics of Analytica, then refer to this
guide when you need more detailed information.

If you don’t read manuals

You may find that you can successfully use many of Analytica’s
features without reading thigser Guide, especially after going

through the Analyticautorial. If so, you can use thidser Guide

mainly as a reference when you need more help. You may still find it
valuable to look at a few sections because they give valuable tips and
techniques. In particular, we recommend Chapters 5, 6, 11, and 13.

Chapter 5 provides general tips on the process of building a model,
distilled from the experience of master modelers (including Newton
and Einstein). It suggests guidelines for building effective models
that are clear, comprehensible, and reliable, and that focus on what
really matters—the decisions, objectives, and key uncertainties.
These tips are helpful with any modeling software, but we have
designed Analytica to make them especially easy to adopt. For
example, you can use Analytica’s hierarchical influence diagrams to
organize a complex model.

Chapter 6 explains how to create diagrams that are truly lucid—and
how to avoid creating spaghetti diagrams.

Chapter 11 provides an overview of Analytica’s Intelligent Arrays™.
With intelligent arrays you can create and analyze large
multidimensional models with surprising power and ease. However,
there are some subtleties to the effective use of arrays. Prior
experience with spreadsheets or arrays in programming languages
may actually mislead you about how to use arrays in Analytica. We
suggest that you look at Chapter 11 if you plan to create models with
extensive use of arrays.

Chapter 13 discusses how to select an appropriate probability
distribution to express the uncertainty in a quantity. It also provides
an overview of how Analytica computes probability distributions
using Monte Carlo and other random sampling methods, and your
options for controlling and displaying probabilistic values.

Analytica User Guide 3



Ch apter About Analytica

Requirements

To use Analytica, you need the following configuration:

e 486-66Mhz (Pentium 90Mhz+ recommended)
« 5MB disk space

e 16MB RAM (24MB+ recommended)

 8-hit color display

e Windows 95, 98 or NT 4 operating system

Installing Analytica

Follow these steps to install the Analytica application and associated
model files on your hard disk:

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

Select Run from the popup menu.

S

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

6. Click on OK.

The setup program requires some responses from you. For example,
you will be asked to verify the directory name in which Analyticawill
beinstalled. Most users can accept the defaults provided by the setup
program. The default installation location for Analyticais C:\Program
Files\Analytica2.

What's new in Analytica 2.0

Analytica 2.0 for Windows introduces a wealth of new functionality
relative to the previous Analytica 1.2 for Windows rel ease.

4 Analytica User Guide



What's new in Analytica 2.0

OLE Linking

Integrate your Analyticamodelswith external spreadsheets. Link data
from external OLE-compliant applications into your Analytica
models. Link resultsin your Analytica modelsto external
applications. When values change, the changes are immediately
reflected in the other applications, eliminating the need to repeat copy-
paste operations between applications.

See “Linking Analytica results to other applications” on page 366 and
“Linking data from other applications into Analytica” on page 371.

Some example uses:

When preparing a report in Microsoft Word, you can link an Analytica
result directly into your document. If your model or input data is later
refined, the new results are automatically propagated to your report,
saving you from having to re-edit the document.

By linking an Analytica result to an Excel spreadsheet, you can use
Excel’s extensive formatting capabilities to add specialized formatting
to your final presentation.

You wish to use Analytica to analyze some stock market data,
currently contained within a spreadsheet. You update your spreadsheet
periodically, and therefore do not want to have to copy-and-paste the
data into your Analytica model each time the data is updated. You can
link the data into an Analytica edit table. When your data changes,
your Analytica model automatically receives the new data.

You wish to implement parts of your model in a spreadsheet, and other
parts in Analytica. By OLE-linking between the two applications, the
separate pieces of the model are easily integrated.

I ntegration with Excel Graph

You can now (optionally) use Microsoft Excel’'s graphing engine to
plot your results. Take advantage of Excel's extensive library of
different chart types and control of formatting. Use of this feature
requires Microsoft Excel 8 (Excel 97) or later to be installed on your
computer. Excel is not included with Analytica.

See “Using Excel Graph with Analytica” on page 130.

Analytica User Guide 5
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L anguage Extensions

New Functions

Over 50 new built-in functions have been added, falling into several
categories:

Financial (page 253): CumlPmt, CumPrinc, Fv, IPmt, Irr, Nper, Npv,
Pmt, PPmt, Pv, Rate, XIrr, XNpv.

Math (page 213): Ceil, Degrees, Floor, Mod, Radians, Tan.

Advanced Math (page 260): Arccos, Arcsin, Arctan2, BetaFn, Betal,
Combinations, Cosh, CumNormal,
CumNormalInv, Erf, Erflnv, GammaFn, Gammal,
Gammal Inv, Lgamma, Permutations, Regression,
Sinh, Tanh.

Of special note: Regression provides ageneralized linear regression
capability, providing avery powerful, general, and robust curve-
fitting capability (page 264).
Array (page 249, 245): MdArrayToTable, MdTable, Unique.
Distributions (page 298): Gamma.

Sring Functions (page 252): Join, Split, Stringlength, Stringreplace,
Substring.

Special Functions (page 243, 266, 339): IndexNames, IsNaN,
IsNumber, IsText, IsUndef, WhatlfAIl.

Database Functions (Enterprise version only, page 427): Dbl abels,
DbQuery, DbTable, DbTableNames, DbWrite,
SqlDriverinfo.

Partial Name-Space Scoping

Analytica User Guide

Legacy models that define variables or user-defined functions with
names that conflict with new built-in functions will continue to work
as before without a name-space conflict. A new :: operator provides a
way to disambiguate between legacy names and new built-in
functions.

See “Scoping operator (::)" on page 168.



What's new in Analytica 2.0

Changesto Existing Functions

Uncumulate (page 233) Theuncumulate function is now an exact
inverse ofcumulate. The first element of the result of
Uncumulate(A,l) is now, by default, the first element of A, rather
than zero. A third optional parameter has also been added that
explicitly specifies the value for the first element.
Uncumulate(A,l,0) is equivalent tdJncumulate(A,l) in prior
versions of Analytica.

If B Then U ElseV (page 201)There are now three versions of
conditional operatordf, Ifall, andifonly. The newifonly operator

is identical tdf in previous versions, and removes (collapses) the
dimensions oB from the result iB is constantif has been changed
so that it no longer collapses the result wBas constantlfall
includes all the dimensions Bf U, andV in the result.

The first parameter of array functior&i(, Average, Min, Max,
Cumulate, Uncumulate, Product, Cumproduct) does not have to be
indexed explicitly by the indicated index. When it is not indexed,
the array is treated as if it were constant across the indicated index.
For exampleCumulate(1,J) returns the an array of the positions of
the elements af.

Beta (page 295) A new algorithm for generating samples from the
Beta distribution replaces the previous algorithm. The new
algorithm is more accurate, especially in extreme cases.

Choice (page 234)A third optional parameter Ghoice now
controls whether the ALbption displays on a pull-down.

Matrix operationsDeter minant, Inverse, Transpose, Decompose,
page 246) now array abstract. For exampld,iff indexed by,J,K
(wherel andJ are the same length), thBeterminant(A,1,J) will
evaluate and return an array of determinants indexéd by

Presentation Enhancements

Improved Printing and Print Previewing

See “Printing” on page 31.

You can now preview page breaks for all windows (diagram,
object, outline, and result windows).

Printer output can now be scaled, either magnified or shrunk by a
given percent, or scaled to fit on a specified number of pages.

Analytica User Guide 7
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 Print settings for each view are now stored and retained between
print jobs.

Result View Enhancements

» Result views allow totals to be displayed across rows, columns, or
slices. (page 39)

* Reports can use separate number formatting for each column or
row. (page 129)

« Two new bar graph parameters have been added to the Graph
Settings: Origin and Offset. These make it possible to achieve
several graphing effects, including “tornado-style” graphs.
(page 126)

I nfluence Diagram Enhancements
« A text node button has been added to the toolbar. (page 160)

* You can now control the Z-order of diagram objects uSagl to
Back andBring to Front. (page 68)

» Form controls within nodes (Choice pull-downs, edit boxes, and
buttons) can now be resized. (page 155)

Internal Engine Il mprovements

Extensive improvements to Analytica’s internal memory management
have been incorporated into Analytica 2.0 for Windows. These
changes are transparent from the point of view of functionality, but
result in substantial speed improvements in some models. The changes
also fix some known memory leaks and greatly reduce the chances of
there being an as-yet-undiscovered memory leak. Furthermore, the
changes substantially improve the responsiveness of CTRL-DOT to
abort an in-process computation. Among the enhancements are the
ability to share array memory between results when the array contents
are identical, support for sparse arrays in certain cases when portions
of arrays are constant, and the optimization of dot-product evaluation.
Speed improvements from 30% to 1600% have been reported for
previously existing models. The level of speed-up on any given model
will depend on the degree to which the enhancements can leverage
features such as sparse-arrays and memory sharing.

8 Analytica User Guide
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Enterpriseversion

An Enterprise version of Analyticaisnow available. In addition to the
featuresfound in Analytica2.0, AnalyticaEnterprise 2.0 also provides
features for protecting your intellectual property when you distribute
your models to others, and functions for accessing external databases
using ODBC and SQL. See Chapter 21 beginning on page 413.

New Installer

Analytica now has a new installer and de-installer. The new installer
respects NT user/administration distinctions, and performs a clean de-
installation. (page 4)

M iscellaneous

» Default Directory: In compliance with Windows standards,
Analytica now starts up by default in the user’s personal directory.

* Linksto Web Sites: The help menu now contains links to the
Analytica and ADE web pages. (page 456)

» Definition Editing: New key-combinations provide additional
convenience when editing Analytica expressions and variable
definitions. Double clicking a mouse selects a word or identifier,
CTRL-arrows move a full word at a time, and ALT-CTRL-arrows
move to matching parentheses. Holding SHIFT down selects text as
the caret is moved. (page 137)

Analytica User Guide 9
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Conventions used in thisguide

This guide uses the following conventions:

Typographic conventions

Example M eaning

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

Diagram menus and menu commands

Sequence() functions

Price - DownPmt expressions, definitions

Enter key on keyboard

Foxes at end title or identifier of a variable or other Analytica object

Terminological conventions

Term M eaning

click press and rel ease the mouse button one time

double-click press and rel ease the mouse button two timesin quick succession

drag press and hold down the mouse button, move the cursor to a new
location on the screen, and then rel ease the mouse button

press press and hold down the mouse button

select click on an interface object, such asanodeinadiagram or acell ina

table; selected objects appear highlighted

Analytica Note: Notestell you useful or important information.

Using Online Help

At any point, you can access Analytica’s online help system by
pressing the F1 key or by using the pull-down Help menu.
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User Guide Examples Folder

In the Examples folder distributed with Analyticais a folder of User

Guide Examples. Thisfolder contains an Analytica model for each of
Chapters 9, 10, 11, 12, 14, 15, and 16, and three Analytica models for
Chapter 17. Use these models to more closely examine the examples
shown in this Analytica User Guide.

See Chapter 8 in the Tutorial for a brief description of all the models
contained in the Examples folder.

Analytica User Guide 11
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Chapter 1

Examining a
Model




This chapter shows you how to:

 Start up a model

« Explore its Diagram window

« Explore its Object window
Explore its Result window

Print the contents of windows

I n this Chapter



Opening, closing, and switching models

This chapter introduces the basics of interacting with a model in
Analytica. It describes how to start up and explore amodel, including
its Diagram, Object, and Result windows, and how to print the
contents of windows.

Opening, closing, and switching models

M odels

A model is a collection of variables and modules used to represent a
situation of interest. Between sessions, amodel is stored in an
Analytica document file with the file type “.ana”.

Opening a model
To open an existing model, do the following:

1. Start Analytica. The program beginswith anew, untitled model
open.

2. Click on Fileand select Open Model in the pull-down menu. A
file dialog prompts you to locate and open a model.

As the model is read, a dialog box indicates progress:

/% Reading from File...

Eeading: Market Model.ana

Y | Stap |

Analytica Note: Clicking on the Stop button halts the model reading
process and resultsin a partially loaded model (the diagram will be
incomplete).

Analytica User Guide 15
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After reading in the model, Analytica checks the definitions.

#% Checking Definitions...

Checking: Cash Flows over Time

I | St |

Analytica Note: Clicking on the Stop button halts the checking of
definitions and resultsin a diagram with missing arrows.

If the model contains variables without syntactically correct
definitions, the “invalid variables” window displays (see “Invalid
Variables” on page 393).

Closing a mode

To close a model, sele€lose M odel from theFile menu. If you have
made any changes to the model, a dialog box asks you whether you
want to save the changes before closing.

Switching to another model

Only one Analytica model can be open at a time. To switch to another
model, first close the model. Then sel&gen Model from theFile
menu. A dialog box prompts you to locate and open another model.

Quitting Analytica
To quit Analytica, seledExit from theFile menu. If you have made

any changes, a Save dialog asks you whether you want to save your
model before quitting.

16 Analytica User Guide



The tool palette

Thetool palette

When you open amodel, the tool pal ette appears across the top of your
screen. It provides aset of buttonsto navigate around a model, to open
different views of a model, and to change between browse and edit
modes.

- ——
== ¢
§F o NS § § §F §
N 9 ~Q N Q9 Q Q
GRS S A A
F§ &g & 5 & ¢
& o ° N A
& S )

Thefirst five buttons on the tool palette apply to the active Analytica
window (the frontmost window).

Parent Diagram button
£ ’

Opens a Diagram window for the module or model containing the
active diagram window or variable. This button is grayed out if you
are looking at the Diagram window for the top-level (or root)
model.

Outline button
Opens the Outline window and highlights the selected node or
active module in the outline. See “The Outline window” on
page 386.

Object button

Opens an Object window for the selected node or active module.
See “The Object window” on page 25.

@ Result button

Opens a Result window for the selected variable. (See “The Result
window” on page 37.) This button is grayed out if no variable is
selected. The keyboard equivalent for the result button is Ctrl-R.

Definition button

Jer
Opens a view of the definition of the selected variable. If the
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variable is defined as a distribution or sequence, the Object Finder
opens (see “Object Finder dialog box” on page 143); if it is defined
as a table or probability table, its Edit Table window opens (see
“Viewing an array as an Edit table” on page 179). Otherwise, an
Attribute panel (see “The Attribute panel” on page 27) or an Object
window (see “The Object window” on page 25) opens, depending
on the Edit Attributes setting in the Preferences dialog box (see
“Preferences dialog box” on page 80.) This button is grayed out if
no variable is selected. The keyboard equivalent for the definition
button is Ctrl-E.

The three tool buttons determine the mode of interaction with the
model. One mode is always selected.

Browse tool button

Use to interact with the model in Browse mode. See “Browsing the
window” on page 19.

Edit tool button

Use to interact with the model in Edit mode. See Chapter 4,
“Creating and Editing a Model".

Arrow tool button

Use to interact with the model in Arrow mode, to add or delete
arrows (dependencies) among the components of the model. See
“Drawing arrows in a diagram window” on page 69.



Browsing with Input and Output Nodes

Browsing with Input and Output Nodes

When you open a model with input and output nodes, Analytica first
displays atop level Diagram window, similar to the example here.

Lo =]

£ Diagram - Rent vs. Buy H=] E3
=

Titne harizon (years Buying price §
Discount rate (%Near) Brtent down payment (%)
e Of ifhati (%Near) Mortgage interest rate (%ivean

Marthly rent (%) 1200 Appreciation rate  (Ydyean)

OUtpUt nOde\
Costs of buying and renting (5] L~

=
aql I ﬂé

to show that you are

Hand tool is highlighted ’
browsing |

Input nodes%

The input nodes show values that you can change to see their effects
on the final values. The output nodes each show a Calc button. At
least one node contains the details of the model.

Browsing the window

An existing model opensin Browse mode. In Browse mode, the
Browsetool button is highlighted in the tool palette, and the cursor is

ahand ().
Use the Browse tool to change input node values, view output node

| o K| > results, and examine the model by opening windows to see more
_I_l detail.

Viewing input node values

Aninput field lets you see a single numeric or text value. Click in the

box to change the value.
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A popup menu lets you choose from amenu of alternatives. To seethe
alternatives, click on the popup menu. To select an alternative, click
onit.

A List button lets you see an ordered set of values. To see the values,
click on the button. To change avalue, click inits cell. For more about
lists, see “Editing a list” on page 190.

List

An Edit Table button lets you see a multidimensional set of values in
one or more tabular spreadsheet-like windows. To see the values, click
on the button. To change a value, click in its cell. For more about
tables, see “Editing a table” on page 195.

Edit Table

A Distribution button lets you see a probability distribution. To see
the distribution and its parameters, click on the button. For more about
probability distributions, see Chapter 13, “Expressing Uncertainty”.

Viewing output node values

If the value of an output node has not yet been computed;atre
button appears in the node. Click on @ac button to compute and
display the value. Chapter 2, “Viewing Results”, describes how to
interpret and redisplay results.

Calc

Opening model details

To see the structure of the model, double-click on the details (rounded,
thick-outline) node. A diagram window showing an influence diagram
will display (see “Examining an influence diagram window” on page
21).
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Examining an influence diagram window

Examining an influence diagram window

When you open a model detail window, or a model without input and
output nodes, Analytica displays a Diagram window for the model.
The Diagram window depicts the model as an influence diagram. An
influence diagram is an intuitive graphical view of the structure of a
model, consisting of nodes and arrows. Each node depicts avariable
or amodule.

Selected node is £ Diagram - Model M= B3

s

highlighted i
\m Appreciation Buy af rant
rate

Costs of buying
and renting

Nodes

Cost to Rent

r

2 4] e

A variableis any object that has a value or can be evaluated. Nodes
with thin outlines depict variables. A module, with athick outline,
contains its own influence diagram.

The arrows in a Diagram window depict the influences among the
variables. An influence arrow from one variabl e to another means that
the value of thefirst variable directly affects the value (or probability
distribution) of the second variable.

For example, in the preceding diagram, the arrow from Buying priceto
Cost to Buy means that the price of the house affects the overall cost of
purchasing it. A higher price means a greater cost, given a fixed Rate
of inflation and Discount rate. The influence diagram shows the
essential qualitative structure of the model, unobscured by details of
the numbers or mathematical formulas that may underlie that
structure.

For more on using influence diagrams to build clear models, see
Chapter 6, “Creating Lucid Influence Diagrams”.
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Opening details from a diagram

To see more details of amodel, double-click on nodesin the Diagram
window:

» Double-click on a variable (thin outline) node to open its Object
window. See “The Object window” on page 25.

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

Going to the parent diagram

To see the diagram that contains the active module or variable, click
§>| on the Parent Diagram button in the tool palette. The module or
variable will be highlighted in the parent diagram.

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

Finding remote inputs and outputs

When a variable depends on a remote variable—that is, a variable in
another module that is not visible—a small arrowhead appears to the
left of the node. If a variable has a remote output, a small arrowhead
appears to the right of the node.

Small arrowhead
indicates that this tortgage loan
variable has remote 1 arnount
inputs
To go to the Diagram window containing a remote variable:

1. Click onthesmall arrowhead. A popup menu appear slisting all
inputs (or outputs), including those that are not remote.

] - a
{ Morgage loan 5 - _

v () Down payment
[ Buying price

Popup menu of inputs

2. Click on thedesired input (or output). The Diagram window
containing the remote variable opens, and the remote variable’s
node is highlighted.
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Viewing results

Click on avariable node to select it; it becomes highlighted. Then

click on the Result button in the tool palette to show the value of the
variable as a table or graph in a Result window. Chapter 2, “Viewing
Results”, discusses how to interpret and redisplay results.

Analytica Note: If the value has not already been computed, you may
need to wait while the result calculates, and the waiting cursor ( )

appears.

Recognizing nodes

Decision

Variable

Objective

Module

Each node shape in a diagram represents a different class of objects.
Here are the classes and their corresponding node shapes:

A rectangular node depictglacision variable—that is, 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, how much you bid is your decision.

A rounded, thin-outline node depictgeneral variable—that is, a
guantity whose class is not determined more precisely, or a quantity
that the decision maker cannot affect directly and that is not defined as
probabilistic. Use a general variable initially if you're not sure what
kind of variable you'll need, then change the node class later, if
appropriate.

An oval node depicts ehance variable—that is, a variable that is
uncertain and that the decision maker cannot control directly. A
chance variable is usually defined by a probability distribution. For
example, whether or not it rains 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 hexagonal node depicts ahjective variable—that is, a quantity

that evaluates the relative desirability of possible outcomes of
combinations of decision and chance variables. Most models should
contain a single objective node, although the objective can comprise
several subobjectives.

A rounded, thick-outline node depictsrmdule—that is, a collection

of nodes organized as a separate diagram. Modules can themselves
contain nested modules.
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A parallelogram-shaped node depicts an index variable. Anindex is

Index used to define adimension of an array. For example, Year is an index

for an array containing the U.S. GNP for the past 20 years. Or Nation
nameisan index for an array of GNPs for a collection of nations (see
“Introduction to Arrays” on page 177). Index values appear in the row
and column headers of a table, and inxlais and key of a graph.

A trapezoid-shaped node depictsoastant—that is, a variable whose
Constant value is fixed. A constant has no inputs and is not computed. Examples
of numerical constants are the atomic weight of oxygen or the number
of feet in a kilometer. It is good practice to define such values as
constants, so you can refer to them by name; otherwise, you must type
their numerical values into each expression that includes them and
search for the values when you need to change them.

A node resembling an arrow tail pointing right depictsraction. You
Function can define functions to augment the functions provided in Analytica;
see Chapter 20, “Building Functions and Libraries”.

An oval node with a double rounded outline depictietarm
(deterministic) variable—that is, a variable whose value cannot be
directly controlled by the decision maker, and that is not uncertain or
probabilistic. This node class is not included in the node palette to
encourage use of the general variable.

Determ

Selecting nodes

To perform an operation on a diagram, you must first select a node (or
a set of nodes), then select the operation to perform. There are various
ways to select nodes (similar to selecting icons in the finder):

To select one node

Click once on the node to select it. The selected node is highlighted.

You can also press thab key to select one node at a time.

To select multiple nodes

Select one node, then click on another node while holding down the
shift key. This operation adds the new node to the set of selected nodes,
highlighting them all. By repeating this process, you can select as
many nodes as you wish.
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The Object window

If the nodes are close together, you can also select them by dragging a
selection rectangle around them.

To deselect one node

Click on a selected node while holding down the shift key. This
operation removes the node from the selection, leaving the remaining
nodes selected.

To deselect all nodes

Click on the background of the diagram to deselect all nodes.

The Object window

The Object window shows the attributes that together specify a node.
For avariable, as shown in the following figure, these attributes
include the class, identifier (a brief, unique name), title, units,
description, definition, inputs, and outputs. See the Glossary for
descriptions of the attributes.

Class Identifier

£ Object - Mortgage loan amount

() Wariable W | Mottgage Units: § =

Title: Mortgage loan smount

Expressions popup menu (see

page 141) Description: Total mortgage (loan) amourt received.

Editable field__wm—* DioweniPaymt

Inputs: () Downpaymt Doven payment

Double-click on an input 1 Price Buying price
or output to open it
Object wi ndo@ () End_mort... Mortgage principal remsining
Interest_... Interest payments

Paymerts  Mortgage payments
Princ_pay  Principal payments made on mortgage —

000

Opening an Object window

There are several ways to open the Object window for an object titled
X:
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Double-click onX’'s node in its Diagram window (see page 21).
SelectX in its Diagram window and click on the Object button
(== |) in the tool palette.

Double-click on the entry foX in the Outline window (see “The
Outline window” on page 386).

If a Result window foX is displayed, click on the Object button
(== |) in the tool palette.

Double-click on the entry foX in the Inputs or Outputs field of
another variable.

Examining inputs and outputs

When you are looking at an Object window for a variable, you can
easily view the Object window for any of the variable’s inputs or
outputs. Double-click on a node symbol, identifier, or title of a
variable in the list of inputs or outputs.

Returning to the parent diagram

&2

Click on the Parent Diagram button in the tool palette to see the
diagram that contains this node, with the node highlighted.

Displaying additional attributes

Analytica User Guide

To display the value of a variable and its inputs, see “Showing mid
values” on page 29.

To display additional attributes and create new attributes, see
“Managing attributes” on page 390.



The Attribute panel
The Attribute panel

The Attribute panel provides an alternative way to view attributes of

anode. The Attribute panel appears as an extension below a Diagram
window.

2% Diagram - Model M= E3

_ Selected node whose -
attribute is displayed below Buying price Appr:e:::tlon Buy or rent
Rate Ufinﬂatiu

Cost to Rent

Cost to Buy

[
Costs of buying

and renting

-

Key icon is open ¢ 4] | F[S1—Partition
uying price: |Descri|:|tiun w |
Title of objec Epuying price of bause. ;l
;I .
i Sizebox

Contents of the

: Attribute field Attribute popup menu sel ects the attribute
attribute

Displaying the attribute

1. Click ontheKeyicon (§) todisplay the Attribute pandl.

2. Select anodeto examine by clicking on it in the diagram.

Analytica Note: If multiple nodes are selected, click on the diagram
background to desel ect them, then click on the node you wish to examine.

3. Toexamineadifferent attribute, click on the Attribute popup
menu, and select thedesired attribute.
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4. Toexaminethesameattributefor another node, select that node
in the Diagram window. If no nodeis selected (you have clicked
on thebackground of thediagram), the corresponding attribute
for themoduleisdisplayed.

The Attribute popup menu

When the Attribute panel is displayed, the Attribute popup menu is
located at the top center of the Attribute panel. Use this popup menu
to select another attribute to view. Variables, modules, and functions
have different sets of attributes, as shown here:

2 |l WE|
Buying price: | Description ¥ |
Buying price of house. =
&
Class
Identifier
Title: Clasz
Urits - Class | dertifier
v Description \dentifier Parameters
Definition Title Title
Inputs v Description Unrits
Outputs Author(=) v Dezcription
Domairn Created Definition
Walue Meeds Inputs
Probwalue Meededby Dutputs
Variables Modules Functions

See the Glossary for descriptions of these attributes. To display other
attributes or to add new ones, see “Managing attributes” on page 390.
Changing the panel size

To change the height of the diagram in relation to the diagram’s
Attribute panel, drag the partition up or down.

: iCusttuRent | : : -

e |d IDE

Financial Library: | Description % |
This library contains functions for calculating the periodic payment on an investment st =
constant interest rate, present value of a future amount, and relsted guartities. -
it
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Showing mid values

To change the size and shape of the Attribute panel, drag the size box
up or down; the height of the Diagram panel remains fixed.

| : : iCusttuRant | - : - =
e |3 BE

=
Financial Librarny: | Description W |

This libtary containg functions for calculsting the periodic payment on an investment st
constant interest rate, present value of a future amount, and related quantities.

=
=1
v

To change the width and shape of the Diagram and Attribute panels,
drag the size box right or left.

Closing the Attribute panel

To close the Attribute panel, click on the Key icon (§).
Showing mid values

The mid value or deterministic result of avariable is computed by
holding each uncertain (probabilistic) input at a single, central value.
The mid value for a probability distribution is its median. The mid
value of avariable is computed by using the mid value of each input.
If all inputs are certain (nonprobabilistic), the calculated value is still
referred to as the mid value in Analytica.
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To show the mid values of variablesin the value attribute, select Show
with Values from the Object menu. Mid values that are single values
will display in object windows and the attribute panel. You can display
these values to check that a calculation is performing correctly, or to

find errorsin the model.

£ Object - Present value of cost to buy =] E3
() Wariable ™ | Cost_to_buy Units: =

Title: Present value of cost to buy

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

Definition: Pv_own+Pv_sale+Pv_forgone_interest+Downpaymt+Moving_costs

Value of selected variable———————Walue: -146.1K
Inputs? () Downpaymt Down payment (%) = -28K
. . . 1 Moving_c.. Moving costs (F) =-2100
Llsfjrﬂfts”;?]ﬁ?/’g\ll\ﬂtez () Pv_forgo..  Present value of for = -Fa01
) Pv_own Present value of ow... =-1595.2K
N Py_ssle Present value of sale (%1 = 46.14K

outputs: {_  Pv_total_... Costs of buying and renting =

Array values

If the mid value of the selected variableisan array, rather than asingle
number, the Result button appears.

[ Result  |indexed by Buyor rent

To display the array, click on the Result button. (Thisis equivalent to
clicking on the Result button on the tool palette, described in “The tool
palette” on page 17.) A Result window opens, showing the values
either as a graph or as a table. For information about the Result
window, see Chapter 2, “Viewing Results”.

Values of inputs

WhenShow with Values is turned on, the list of inputs displays one
of the following for each input:

e The mid value, if it is a a single number (or text) and has been
computed.
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Printing

« Calcif it has not been computed. To calculate and view the value,
select the input as the variable you are examining and display its

object window or value attribute.
» Result if the mid value is an array. To display it, select the input

node as the variable you are examining. The value attribute displays
theResult button; click on th&kesult button to see the values.

Printing

To print the contents of any window (Diagram, outline, object, result
table, or a result graph window), activate the window and select the
Print... command from th&ile menu. To set printing options such as
page orientation, paper size, or scaling, usePthBt Setup...

command on the file menu. Any print settings that you specify are
associated only with window that was active when you seldutied

Setup...

Previewing Page Breaks Before Printing

When you select therint preview command on th&ile menu, a

Opens the Print

#" Probability Density of Costs of buping and renting ($)

If checked, shows
axes and other————F1 Show dimensions dialog box
dimensions = - -
ose | il L|\ Prints without
\openi ng the Print
dialog box

25m | .

Frobabllity Dunslty

Costs of buying and renting ($]

Key Buy or rest
_— Buyp

-— Eent
| _I:Ie

Preview window appears before printing. This window shows what
will be printed with an indication of where page breaks will occur.
Print settings such as scaling can be conveniently adjusted by selecting
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the Setup... button until the desired page breaks have been obtained.
When previewing a result table or graph, an option for showing or
hiding the index variable titles can be toggled.

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

Scaling Printouts

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. You can specify magnification in two ways:

« Adjust top% of normal size.

p< 100% shrinks the output (fits more on a page).
p>100% enlarges the output

 Fit ton page(s) wide byn page(s) tall.

Shrinks the output if necessary to fit on a maximum pdges wide

by m pages tall. The output is never enlarged to fill out the specified
number of pages. Also, the aspect ratio is preserved, so the actual
number of pages printed may be less tham.

Analytica Print Setup B4
— Paper Orientation
S [P - © patat
Source: IAutomaticaII_l,l Select j " Landscape

Settings to magnify or ~Sealing
shrink pr|nt output \\ & Adjust te: W % of nomal size

" Fitto |_1 pagels) wide by | 1 page(s) tal

Metwork... | oK I Cancel

32 Analytica User Guide



Printing

Print multiple windows

To print the contents of several windows at one time, use the Print
Report command in the File menu. Each window that is printed uses
the print settings that have been specified for that window.

Object window printing
options

&4 Print Report

—& Print Diagrams: ————— —= | Print Objects:
Al Al
Diagram window | Cunently open diagrams only ' Curently open ohjects only
printing options " Diagrams in curent madule only T~ Objects in current module anly
= Mone " Mone

— [ |print Results:
0" |Print Results I~ Print Dutline (40 Objects]

ReSLIL wirkdow | @ BriEil epen ey ™ Print Outline [Modules Dnly)

printing options " None
Cancel I i

In addition to the Diagram, Result, and Object window options, there
are two checkboxes:

Print Outline (All Objects)

If checked, this option prints an outline of all of the objectsin the
model. It printsalist of all nodes by title, indented to show their
position in the module hierarchy.

Print Outline (Modules Only)

If checked, this option printsthe model hierarchy as anindented list
containing only the modules.
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Viewing Results




I n this Chapter

This chapter shows you how to:

« Interpret Result windows

« View results as graphs and as tables

+ View results that have more than two
dimensions




The Result window

This chapter describes the elements of Result windows, how to view
results as graphs and astables, and how to view resultsthat have more
than two dimensions. It also discusses how to select a method for
displaying uncertainty about probabilistic values.

The Result window

Analytica computes the value of a variable from that variable’s
definition and displays the value in a Result window. If the value is
probabilistic or an array, or both, it is displayed in a Result window as
either a table or graph. The following figure shows a Result window
of an array with the graph superimposed on a table.

Result tool palette Index selection area
Uncertai nty View popup ' Amgult - Caats of buwsg ard oning
men
Table view.
Graph vie

loem|  Prsheabiry Bevainy in) of Casis of Buying s s s 110G F |
== [ E-IFII'I'-'I

Cwivd i Webe I '-E - I

LT

LI i 1] 1iir o
Conln s irapirng mrwld roedi g JU )

Opening a Result window

To open a Result window for a variable in an influence diagram, select
the variable and do any of the following:

 Click on the Result butto ).

+ SelectShow Result from theResult menu.
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» Select an uncertainty view option (such as Mid Value or Mean
Value) from theResult menu.
» SelectvValue from the Attribute panel's popup menu.
« SelectProbvalue from the Attribute panel’'s popup menu.
* Press Ctrl-R.

To open a Result window for an output node, click onGhke or
Result button.

The Result tool palette

TheResult tool palette, in the upper left corner of the Result window,
contains three items:

e The Uncertainty View popup menu. Pressing this popup menu

i brings up a menu of options for viewing the result data (see page
45).

« The Table View button. Clicking this button displays the results as
a table (see page 41).

Lall e The Graph View button. Clicking this button displays the results as

a graph (see page 42).

Toggle between the table and graph views using the Table View and
Graph View buttons.
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The Result window

| ndex selection area

Third or higher
dimensions

The

top portion of a Result window istheindex selection area, which

identifies the rows and columns of atable, or the x-axis and key of a
graph. Buttons and popup menus allow you to rearrange the table or
graph by interchanging indexes.

Title of

Mm Cost

Buying price ()

the result Index navigation buttons X-Y button

renting ($) _I

| Buy or rent VI [ Totals

=

| Appreciation rate (%Aear) v |[> ] Totals

The

Row or key index Totals row or column

Column or X axisindex

index selection area contains these items (example variables and

indexes in the following text refer to the figure above):

The title of the result, including the active uncertainty view, title of
the variable and units, if any; here, iMsd Value of Costs of
buying and renting ($).

Index navigation buttons, if the result has three or more dimensions
(see the next page).

The third or higher dimensions, if anBuying price is a third
dimension).

The row or key indexBuy or rent).
The column ox-axis index Appreciation rate (%/year)).

The totals checkboxes. These control whether numeric row or
column totals are displayed in a result table. Also when this box is
checked for a given index, the index slice will default to the
“Totals” option if this index is transposed to a third or higher
dimension.

Click on the popup menu (indicated by the down arrewv () for
either index (row or column) to select a different index (or “No
Index”).

H . :
y Buying price [§]
v Appreciation rate [%fvear)

Buy or rent
Mo Index

Popup menu
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e The X-Y button (see “X-Y results” on page 339).

| ndex navigation buttons

When the result has three or more dimensions, not all values can
display on the table or graph. For each index, or dimension, beyond the
second, a set of navigation buttons appears in the index selection area.

Use the index navigation buttons to move among index values for the
third (or higher) dimension of results:

* Click the left arrow [[% ) to select the previous index value.

« Click the right arrow 5] ) to select the next index value.

* Click the down arrowd} ) to open a dialog box showing all the
values for this index.

/% Buying price

Dialog box listing all values
for the selected index
(Buying Price)

| Selected value is 120K

Click on avalueto select it and to close the
dialog box

| Totals option. When selected, the view

-T“hls-\
displays numeric totals across this index

=1 (Buying price).

Thedefault view

When you first display a Result window, Analytica displays the result
as a graph, if possible, and otherwise as a table. You can change the
default option with the “Default result view” setting in the Preferences
dialog box (see “Preferences dialog box” on page 80).

When you display the Result window again, the view to be displayed

is recalled from earlier in the session or from the previously saved
session.
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Viewing aresult as a table

Recomputing results

When a Result window is open, and then the value of an input to the
evaluated variableis changed, a Calculate button appearsin theindex
selection area

Mid Value of Costs of buying and renting (%) XYl

Calculate |

Click on the button to recalcul ate the result.

Viewing aresult asatable

Displaying atable

If agraphisdisplayed, changeit to the corresponding table by clicking
on the Table View button ( ).

Display of values

The table view displays one or two dimensions of a variable.

£ Result - Costs of buying and renting

Index

Result Tool palette mid¥|  Mid Value of Costs of buying and renting ($) %1 | selection
(see page 38) Buying price (§}TF . 1208 [ [5 £ | area
Lafl | [ Buy or rent | O 1otk (see page 39)
& | Appreciation rate (%/year) v |[> [ Totals
5 0 5 10 15 =
Buy B 403K 078K -57.92K 17 13K
Rent 148K 148K 148KD A14EKD 148K
ml .|—I

Three-dimensional table

The display options depend on the number of dimensionsin the
variable.

One dimension
Theindex is displayed verticaly (there are no options).
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Two dimensions

You can choose which index is displayed horizontally using the
column index popup menu ( p ), and which index is displayed
vertically using the row index popup menu ().

Three or moredimensions

You can select atwo-dimensional view using the row and column
popup menus. Select specific values for the third or higher
dimensions using the index navigation buttons.

Formatting numbers

You can specify the number format for a table’s contents, using the
Number Format dialog box.

To display the Number Format dialog box:

1. Select therow(s), column(s), or cell that you wish to format.
2. Choose Number Format from the Result menu or press Ctrl-B.

See “Number Format dialog box” on page 127 for details on the
number format options.

Viewing aresult asa graph

Displaying a graph
If a table is displayed, change it to the corresponding graph by clicking

on the Graph View butto ).
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Viewing aresult as a graph

Display of values

Result tool palette
(see page 38)

Index selection area
(see page 39)

A graph displays the values from an array.

% Result - Costz of buying and renting

ﬂ Mid Value of Costs of buying and renting () ﬂl
{ @ Buying price ($)~F [
all — Key: | Buy or rent h I
X Axis: | Appreciation rate (“ufyear) v |

. 200K
=
L
el
c
m
g
£ 1]
=)
o
b
]
T
]
[x}
-20fiK T T T 1
6] 1] B 10 13
Ippreciation rate [Hfhyear)
Key By or rent
— Buy
-— Rent
//
y axis key X axis

The vertical y axis shows the variable’s values.

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

One dimension

The values of the dimension are shown horizontally, along the
axis (there are no options).

Two or more dimensions
You can choose which index is displayed alongxtagis by using

thex axis popup menu, and which index produces multiple curves

by using the key index popup menu.

Thekey shows the value of the index variable that corresponds to

each curve, indicated by pattern or color.
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Select specific values for the third or higher dimensions using the
index navigation buttons.

Changing graph ranges and styles

You can override the default ranges and styles for a graph, or you can
change the default for all graphs, using the Graph Setup dialog box.

To display the Graph Setup dialog box, do one of the following:

» SelectGraph Setup from theResult menu.
» Double-click anywhere on a graph in the Result window.

See “Graph Setup dialog box” on page 121 for details on the Graph
Setup options.

Uncertainty view options

The value of a variable in an Analytica model can be eitbgain
(deterministic) omuncertain (probabilistic).An uncertain value can be
viewed in several different ways. Select the uncertainty view in either:

* TheResult menu.

e The Uncertainty View popup menu (top left corner of the Result
window).

S0 @ Diagram  wWindow  Help

Show Result Chl+R
v mid MidYalue
Currently selected -y e
uncertainty view option K Mean Value
Meaﬁ _Ealue HE Statistics
Statistics == Probabilty Bands
Embab!'!t-"' Bandrs L~ Probability Densgity
Pmbab"!t-l" Dy » L~ Cumulative Probability
LCurnulative Prabability
% Sample

Sample

Result menu uncertainty Uncertainty View popup menu

view options

The check mark indicates the currently selected uncertainty view
option. If the active window is not a Result window, selecting an
uncertainty view option opens a Result window for the selected
variable.
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Uncertainty view options

The uncertainty view options are described briefly here. For more
information on these options, see their entries in the Glossary and
consult any standard statistics textbook.

The following examples use the variable Typical Uncertainty, which
is defined as anormal distribution having a mean of 50 and a standard

deviation of 30.

Mid Value
The mid value is the deterministic value, computed by holding
probability distributions at their median values. Thisvalueis
computed very quickly compared to the uncertainty values. The
mid valueisthe only option available for acertain
(nonprobabilistic) variable.

4 Beszult - Rate of inflation

mid | pid Value of Rate of inflation (%/vear) b |
= ] Totals
e
I | =i
| 35|

o o

Mean Value
The mean value is an estimate of the expected value of the
uncertain value. For a symmetrical distribution, such as a normal
distribution, the mean is the same as the median (mid) value.

£ Result - Bate of inflation H=l E3
H¥|  Mean Value of Rate of inflation {%./vear) Wl
i [ Tatals
Sl
=i
35
| 27
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Satistics

Statistics for the uncertain value, such as mean and standard
deviation, are provided in atable. Select the statistics to be
calculated using the Uncertainty Setup dialog (see “Statistics
option” on page 290).

£ Result - Rate of inflation _ |O) x|
HE¥|  ctatistics of Rate of inflation (%k/year) ﬂl
i=)| | Statistics [T Totals

Lol o

=

Min 01514

Median 35

Mean 35

Max 6.849

Std, Dew. 1.285 =
ﬂ |

Probability Bands

Probability bands are specified at given percentile values. Select the
probability bands you wish to show using the Uncertainty Setup
dialog (see “Probability Bands option” on page 290).

£ Result - Rate of inflation _ (O] x|

Probability Bands of Rate of inflation (% /year) Wl
Probability [ Tetals

~
=
.05 1416
.25 2B33
0.5 35
.75 4 367
.95 5584 =
gl o

Probability Density or Probability Mass

If the quantity is a continuous probability distribution, Analytica
displays a probability density function. The horizonkalais plots
possible values of the uncertain quantity. The height of the curve
(probability density) is proportional to the likelihood that the
quantity will have thex value. The highest point on the curve is the
most likely value (the mode). Where the curve is at zero height or
invisible, there is zero probability that the quantity will have that
value. (For a discrete probability distribution, Analytica graphs the
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probability mass.)

£ Result - Typical Uncertainty
Lo Probability Density (Y} of Typical Uncertainty (X} ]| B |
@ Common Index: Step
=2l
00z A
=
‘i
C
o
o
£ om
=
m
]
[=]
&
0 T T T !
a0 i} a0 100 a0
Typical Uncertainty

The “common index” of Step is a counter to relate the variable’s
values to the probability density; at the first and last value of Step,
the probability density is zero.

Cumulative Probability

The cumulative probability distribution plots the possible values of
the uncertainty quantity along the horizontglgxis. The height of
the graph at each valuexshows the probability that the quantity
will be less than or equal to thavalue. The cumulative

distribution ranges from a probability of 0 on the left to probability
of 1 on the right, without decreasing. The steeper the curve, the
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more likely the quantity will have avaluein that region.

#% Result - Typical Uncertainty

Lo Cumulative Probability (Y) of Typical Uncertainty (X} [ Wl
@ Common Index: Step

{:‘:‘J

0.

Curnul=tive Probability

=50 1] 30 100 150
Typical Uncertainty

The “common index” of Step is a counter to relate the variable’s
values to the cumulative probability; at the first value of Step, the
cumulative probability is zero and at the last value of Step, the
cumulative probability is 1.

Sample

A sample is an array of the random sample of values generated by
the sampling process. The sample is the underlying representation
for an uncertain quantity.

All other representations of uncertainty are estimated from the
sample. The precision of the estimates depends on the sample size
and the sampling method (see Appendix D for selecting the sample
size and “Uncertainty Setup dialog box” on page 284 for setting the



Comparing results

sample size).
#4 Result - Sample of Typical Uncertainty |_ O] x|
mid|  lid Value of Sample of Typical Uncertainty [0
i3]l Hteration (Run) [ Totals

~
Ll

=

1 =083 i
3 5578
3 241
4 4439
5 3187
6 5468
7 2382
8 2674
9 B840
10 3713 -
i A

Comparing results

To directly compare the values of two or more variables in one table
or graph, select all the variables together and open a Result window
(see page 37). A dialog box asks for confirmation.

@ Do pou want to compare mare than one result’?

Cancel |

Analytica creates a new node with a default title and displays the
values in one table or graph.
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In this example, we have compared the changing values of three
variables—Mortgage payments, Interest payments, andProperty
taxes—over ten time periods.
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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

e Examining the results

I n this Chapter



Varying input parameters

A potent source of insight into a model is examining the behavior of
its outputs as you systematically vary one or more of itsinputs. This
techniqueis called model behavior analysis. Each input that you vary
systematically is called a parameter, and so this technique is al'so
known as parametric analysis. Since you can view this as exploring
hypothetical scenarios, it is also called scenario or what-if analysis.
Analyticamakes it simple to analyze model behavior in thisway. All
you have to do isto assign alist of alternative values to each input
parameter. When you view the result of any output, Analytica
computes and displays atable or graph showing how the output values
vary for all combinations of the values for each input.

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

Thefirst step in analyzing model behavior is to select one or more
input variables as parameters and to assign each parameter alist of
possible values.

Which inputsto vary

You can vary any numerical input variable of your model, including
decisions and chance variables. Often you will want to vary each

decision variableto see which value gives the best results according to

the objectives. You may 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 may want to start

with an importance analysis, to identify which chance variables are

likely to be most important. (See Chapter 16, “Analyzing Uncertainty
and Sensitivity”.) You can then select the most important variables as
the parameters to vary to analyze model behavior.

How many valuesto assign

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
may be sufficient. If you have a special interest in a particular
parameter (for example, if you suspect it may have a strongly
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nonlinear effect) you may want to assign more than three values to
examine in more detail the model behavior as the parameter varies.
Naturally, the computation time increases with the number of values.

Creating alist

To create alist of valuesfor avariable, change its definition following
these steps:

1. Sedlect thevariable by clicking on itsnodein the influence
diagram.

2 2. Display the variable' s definition by clicking on the Definition
_|W button in the tools palette.

3. Click on the Expressions popup menu above the definition and
select the List option. (Do not select the List of L abels option.)

v 8 Eupression | v B Eupression |
B List of Labels B List of Labels
= Table 1.1 Sequence
liE] PI.Uh.ablm_',' Tahle = Other.
& Dizghibution
= Choice
P Other...

4. A dialog box asks for confirmation. Click on “OK”.

Question

@ Replace current definition with a List?

Analytica displays alist with one element, containing the old
definition of the variable.

= |
Definrtion: | 400k |

New one-element list
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Varying input parameters

Select the element by clicking on it.
Typein thelowest value for thevariable.

Press Enter and typein the next value.

© N o o

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

£ Object - Buying price

Title: Buying price

Description: Buying price of house.

Definition: 100K,
250k

*

al. H 4

Notethat after you have entered two or more valuesinto alist, the next
item receives a default value. For example, if the last two values are
10 and 20, Analytica offers 30 as the next value.

For details on how to edit a list, see “Editing a list” on page 190.

If you want to create a list with a large number of evenly spaced
values, use the Sequence() function (see page 217).

How many inputsto vary

Typically you should start a model behavior analysis by varying just
one input variable, the one 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 may 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 computation time and memory needed increase
roughly exponentially as you add parameters. Moreover, you may 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.
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Analyzing model behavior results
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Once you have assigned alist to one or more inputs, you can examine
their effect by viewing the result on an output variable. If your model
has an objective, you might start by looking at that variable.

1

Select thevariableyou wish toview by clicking on itsnodein the
diagram.

View theresult by clicking on theresult button in the tool
palette. Theresult displaysasatable or graph.

esult - Difference between buying and renting

Mid Yalue of Difference between buying and renting (%) XYI

Key: | Buying price ($) - |
X Axis: | Appreciation rate (“ofiyear) v I

. . m Ef
Difference between buying ... =] ti.

1M 7

1M

Bpprecistion rate [Yhear )
Buing price [§]
00K
2350k
SO0k

The result is an array with adimension 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

impliesthat the result variable does not depend on theinput. Theresult
may also have other dimensionsthat are not i nput parametersyou have
varied—for exampleTime for a dynamic model.




Result graph with
dimensions rever

Analyzing model behavior results

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
area” on page 39) to get additional insights into model behavior.

esult - Difference between buying and renting

Mid Value of Difference between buying and renting (%) ><‘r'|
/Ksy—:—|— Appreciation rate (%:/year) v I
X Axis: || Buying price ($} - |

AM

. . m 2 el
Difference between buying. .. b i.

T T T 1
100k 200k 300k d00k S00K
Buying price ($]
Fey Bppreciation rate [Hyear )
-5

Under standing unexpected behavior

If you find the model’'s behavior unexpected or inexplicable, you may
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 variables between
the input(s) and the output(s) in which you're interested. You can
work forwards from an input towards the output, or backwards 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 may be that some intermediate relationship has an
effect different from what you expected. It may turn out that there is
an error in a definition. In either case, this kind of exploration can be
very revealing about the model. You may end up improving the model
or gaining a deeper understanding of the system it represents.
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Under standing model behavior

By examining result graphs, you can learn if each input affects the
output, if the effect islinear 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.

E

My objective
=

' 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.

My objective
=

Y input
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» A bent or curved line shows that there is a nonlinear dependence.

(Note that if you have only two values for the input, the graph will
be a straight line even if there is a nonlinear dependence.)

fy objective
=

Y input
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This chapter shows you how to:

« Create a new model

e Save changes

« Create and edit nodes
Draw arrows

Make aliases

I n this Chapter



Creating and saving a model

This chapter introduces you to the elements for building influence
diagrams. It describes how to create a new model and save changes,
how to create and edit nodes, and how to draw arrows and make
aliases.

Creating and saving a mode

You can create new modelsin Analytica, aswell as edit your models
and save the changes that you make.

Creating a new model

To create a model, do one of the following:
 Start Analytica. The program begins with a new, untitled model
open.

« If Analytica is already running, click dfile and selecNew M odel
in the pulldown menu.

If an existing model is currently open, Analytica does one of the
following:

- If the model is unchanged, Analytica closes it.

- If the model has been changed, Analytica displays a dialog box
that allows you to

 save the model before closing it
* close it without saving

 or cancel the action.

Saving a model

To save changes to the model, selectSdge command from th€&ile
menu (Ctrl-S).

To save the model file under a new name, seleckalie As or Save

a Copy In command from th&ile menu. After you use th8ave As
command, selecting tieave command will save the model with the
new name. After you use tiSave a Copy In command, selecting the
Save command will save the model with its original name.
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The model Object window

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

When you create a model, an Object window is displayed for the new

model, initially untitled, with the fields shown in the following figure.
Enter information as appropriate.

Blank Diagram window

A 1ol x|
Testmodel =
= Title: Test model

. / Description: To demonstrate and test creation of & new model.

/ Author(s): i|

Attributes —
\ Created: Fri, May 09, 1937 4:37 Pii
Last Saved:
= File info: [not saved yet]
B[ £

See the Glossary for descriptions of the attributes.

After entering information into the model Object window, bring the
Diagram window to the top in any of three ways:

E  Click on the Parent Diagram button.
» Click anywhere in the Diagram window behind the Object window.
 Click on the Object window’s Close box.

You can now draw a diagram for the new model (see “Creating and
editing nodes in a diagram” on page 64).

Creating and editing nodes in a diagram

To create new nodes, or move or modify existing nodes, the Edit tool
must be selected.
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Creating and editing nodes in a diagram

When aDiagram window for anew model isfirst opened, the Edit tool
is selected by default. When a Diagram window for an existing model
is first opened, the Browse tool is selected (see “Browsing the
window” on page 19), so you can examine, but not change, the
diagram.

To begin editing a diagram, click on the Edit tom ), if itis not
selected.

2|z|=| @le] 6% | o|o|o|o|o|a|a|o]| 7]

The Edit tool is
highlighted to show that

itis selected

; ; : Appreciation :
Nodes<______8uwngprlce : : Buy or rent

Selected node

\ |
\
‘ Node palette

i Diagram - Model

R Costs of buying - - - - -
and renting

When you are in Edit mode or Arrow mode, tiggle palette appears
at the right of the tool palette.

hﬁhﬁfﬁhﬁf

s ¥ S & & g
& & é‘ & sg \ng g & 5
Q= IoX o < &

The node palette is displayed when
either the Edit tool or Arrow tool is
selected.
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For details about the node classes in the node palette, see
“Recognizing nodes” on page 23.

Creating anode

To create a new node, press on the appropriate icon in the node palette,
then drag the outline into the diagram. After placing the node in the
diagram, use the keyboard to enter its title.

Editing a node title

To edit the title of a node, first select the node, then click on that
node’s text field. Pause between the mouse click to select the node and
the mouse click to select the text; otherwise, your action may be
interpreted as a double-click, opening the node’s Object window. The
node’s appearance changes to match the illustration of the node on the
left, below. When you have finished typing, pré$sEnter (or Enter

on the numeric keypad) to accept the title change and resize the node
to fit the text.

Yariahle time

harizon fram

L} L] . this manth
You can edit the title when
the node looks like this The nodeisresized

to fit the text

When a node’s title is first created, itentifier is created from the

first 20 characters of the title (underscores replace spaces). The node’s
identifier is the name used to refer to this node in the mathematical
definition of other nodes. The node keeps this identifier until it is
explicitly edited, unless the Change Identifier preference is set (see
page 81).

Selecting nodes

Analytica User Guide

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

handles i




Creating and editing nodes in a diagram

To select or deselect multiple nodes, Shift-click. You can also select a
group of nodes by dragging arectangle around them. Move the cursor
to acorner of the diagram (not in a node), press the mouse button, and
drag the mouse to draw a rectangle. When you release the button, all
the nodes completely inside the rectangle are selected.

Working with nodes

You can manipulate the nodes in adiagram in a variety of ways.

Moving a node

To move anode, press the mouse while the cursor isinside the node
but not on a handle, then drag the node.

You can also move a selected node using the arrow keys (up, down,
left, right).

Moving a node into a module

To move a node into a module in the diagram, drag the node onto
the module until the module becomes highlighted. When you
release the mouse button, the node goes into the module.

Alternatively, double-click on the module to open its diagram
window. Move the module diagram window so both it and the node
to be moved are visible. Then drag the node onto the module
diagram window.

Changing the size of a node

To change the size of anode, drag a handle until the nodeisthe size
you desire.

By default, anode is resized keeping the center in place (that is, al
four corners expand or contract). This helps to keep nodes on the
grid and lined up with each other. To turn off the default so one
corner at atime can be resized, uncheck the Resize Centered
option in the Diagram menu.

Deleting a node
To delete anode, first select it. Then, choose Clear from the Edit

menu, or press the Delete key. You will be prompted to confirm
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your intentions before the node is del eted.

Copying and pasting nodes

To create nodes that have substantial information in common, you
can use the standard Copy and Paste commands. Initially, the
copies areidentical except for their identifiers (which have
numbers appended to them to make them unique).

Cutting a node Select Cut from the Edit menu( Ctrl-X).
Copying a node Select Copy from the Edit menu ( Ctrl-C).
Pasting a node Select Paste from the Edit menu ( Ctrl-v).

Duplicating nodes

To create two sets of nodes that have substantial information in
common, create the first set. Select the nodes, then choose
Duplicate Nodes from the Edit menu. Thisis equivalent to using
Copy and Paste, without writing to the clipboard.

Aligningtothegrid

When the grid is on (the default), each node that you create or moveis
centered on a grid point. This default makesit easier for you to
position nodes so that arrows are exactly horizontal or vertical when
nodes are aligned vertically or horizontally.

To recenter nodes, select Align Selection to Grid from the Diagram
menu (Ctrl-J).

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; you can move the nodes pixel by pixel.

Adjusting node Z-or der

The node Z-order specifieswhat diagram elementswill display on top
of othersif the items overlap. By defaults, text and picture nodes are
behind arrows, and arrows are behind nodes. The Z-order can be
changed by selecting a node or nodes and using the Send to Back and
Bring to Front commands, which are found only on the right mouse
button menu.
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Drawing arrowsin a diagram window

Use the Arrow tool to draw or remove arrows (influences) between
variable nodes.

|

Arrow tool
The Arrow tool must be selected before you can manipulate arrows.
To select the Arrow tool, click on the arrow button (- |) in the
floating tool palette. Note that the cursor changes to an arrow.
s z|=| |#~| «]% =] o|o|o|o|o|a|a|o| 1]
The Arrow tool is highlighted
_ toshow
that itis selected 4 Diagram - Model =] E3

Buying price Bluy or rent

Appraciation
rate

Arrow from variable : .
tomodule — 1 N I D

Costs of buying
and renting

Discaunt rate

Arrow from moduleto || ... ... .. ..... ........ ........ .

variable
Cost to Rent

)

Arrows and nodes

Arrow from variable nodeto variable node
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.
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Arrow from module nodeto variable node

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

Arrow from module node to module node

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

Double-headed arr ow between module nodes

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

Small arrowhead to theright or left of a variable node

Indicates that the variable has aremote input or output—a variable
that is not inside the displayed variable’s module (see “Finding
remote inputs and outputs” on page 22).

N Morgadge loan
amount

Creating and removing arrows

To draw an arrow, first be sure the arrow to_“* | ) is selected.

1. Dragfrom theorigin node (it becomes highlighted) to the
destination node (which also becomes highlighted).

2. When you release the mouse button, the arrow isdrawn.

To draw multiple arrows to a single destination node, select all the
origin nodes. Then drag from any origin node to the destination node.

To remove an arrow, do one of the following:

» Select the arrow, then press Bexkspace or Delete key.

» Repeat the process of drawing an arrow from the origin node to the
destination node.
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Analytica Note: An arrow is also drawn whenever the identifier of a
variable is added to the definition of a variable (see “Creating or editing
a definition” on page 135).

Model changes when creating an arrow

Creating an arrow between two nodes changes the model. The change
depends on the classes of the two nodes.

Arrow between two variable nodes

When you draw an arrow from a variable node A to another
variable node B, A becomes an input of B. You can then use this
input in creating or editing the definition of B. (See Chapter 8,
“Creating and Editing Definitions”.)

Arrow between a variable node and a module node

When you draw an arrow from a variable into a module, or from a
module to a variable, Analytica creates an alias of the variable
inside the module (see “Creating alias nodes” on page 74). You can
then open the module and draw arrows between the alias and other
variables in the module.

Arrow between two module nodes

When you draw an arrow from one module node to another,
Analytica creates a new variable node in the first module and an
alias of that variable in the second module (see “Creating alias
nodes” on page 74). You can then open each module and draw
arrows between the new nodes and other variables in the module.

Model changes when deleting an arrow

If B already has a definition that includésnd you delete the arrow
from Ato B, Analytica remove# from B’s definition. For example, if
Aisanindex and B is defined as a table, Analyticaremoves A as an
index of B.
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In some cases, removing A does not leave avalid definition for B (for
example, when Ais part of a mathematical expression such as 1/A).
Under these circumstances, A is replaced with the keyword Expr and
the entire expression is surrounded with FunctionOf(). This notation
indicates that the definition isinvalid and must be edited.

Cyclic dependency

A cyclic dependency occurs when avariable depends on itself directly
or indirectly so that the arrows form a directed circular path.

A cyclic dependency is permitted only in a dynamic model (see
Chapter 17, “Modeling Changes over Time”), provided that the
variable depends on its value in an earlier time period.

Drawing arrows between variablesin different
modules

72

There are two direct methods and two indirect methods for drawing an
arrow between two variables in different modules. The following
examples demonstrate the direct methods of drawing an arrow from
the variableBuying price to the variabléviortgage loan amount in

another module (see the following figure).

Drawing arrows acr oss windows
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1. Open both module Diagram windows and bring to thetop the
module Diagram window containing the origin variable, Buying
price.

2. Position the Diagram windows so the variable Mortgage loan
amount is exposed in the window under neath.



Drawing arrows between variables in different modules

3. Draw an arrow from the origin variable (Buying price) to the
second variable (Mortgage loan amount).

Source node Destination
variable
- Model M =1 B3
Anpreciation ; ; 5
........ ortgage loan
: : amount
Rate of inflation Cost to Buy : : 'y
. ¥ . 1| | [ I

: L
........ - C e e e .. CDStS beuving
. o and renting

Cost to Rent

Result

An arrow points from Buying price to the Cost to Buy module; a small
arrowhead points into Mortgage |oan amount to indicate that a source
nodeisin adifferent diagram.

Appraciz

Buying price
ving p rate

Small arrowhead :
indicatesthat this_—| ,[ Mortgage loan
variable has remote amount
inputs

Moving, drawing, and moving back

1. Select Mortgage loan amount, then choose M ove Into Parent
from the Diagram menu to movethe variableinto the parent
diagram.
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2. Draw an arrow from Buying price to Mortgage loan amount.

3. Move Mortgage loan amount back into its module by dragging it
onto the Cost to Buy module node.

Indirectly drawing an arrow

The two indirect methods of drawing an arrow between two variables
in different modules are:

« Edit the definition of the target variable, entering the identifier of
the input variable directly (see “Creating or editing a definition” on
page 135). The arrow appears when the definition is accepted.

* Use an alias node (see “Creating alias nodes” on page 74).

Creating alias nodes

74

An aliasis a copy of a node, referring to the same variable or module
as the original node. You can use an alias node to display the same
variable in more than one module diagram. For example, often the
inputs to a variable are in one module, while its outputs are in other
modules. To display an input variable’s node in the modules
containing the outputs, create an alias in each of those modules.

A variable or module can have only a single original node. You can
create an unlimited number of alias nodes for any original node.

Create an alias in any of the three following ways:

Usethe M ake Alias command
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Select the original node. Then chooseNhake Alias option from the
Object menu(Ctrl-M). The alias node appears next to the original
node. You can then move it into another module by dragging it.

Use this method to make an alias of a module, if you want to show a
module node in more than one diagram.



Creating alias nodes
Draw arrow between variable and module

Draw an arrow from the original node to a module node, or from the
module node to the original node. An alias for the original node
appears in the module.

Example:

Draw an arrow from avariable (Buying price) to a module (Cost to
Buy).

Buying price

An arrow isdisplayed from the Buying price variable to the Cost to Buy
module.

Buying price :

Cost to Buy
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Draw arrow between two modules

Draw an arrow from one modul e node (Cost to Buy) to another module
node (Total Cost).

Co=t to Buy Total Cost

Analyticacreates anew variable node with adefault title, such asVal,
in the first module, and creates an alias of Val in the second module.

Using an alias node

76

Analytica User Guide

An alias looks and behaves similar to the original node that it is
derived from, except that itstitleisinitalics.

Analytica Note: An alias of a module does not display any input or
output arrows.

You can treat an alias hode just as if it were the original node. Click
onceon an aliasto select it (for example, to display itsresult). Double-
click on an alias to open the Object window for the original node.

To use avariable with an alias as an input to another node, draw an
arrow either from the original node or from its alias.

To create anew input to avariable with an alias, draw an arrow either
tothevariableor toitsalias. An arrow to an alias of avariable creates
acorresponding arrow toitsoriginal nodeinitsdiagram, if theoriginal
node is in the same module as the new input or an alias of the new
input.



Editing an attribute of a node

Modifying an alias node

When you create an alias node, it looks just like its original node,
including its node shape, color, label font, and icons. The only
difference is that thetitleisin italics.

If you edit the title of an alias, the title of the original node changesto
match the alias. Conversely, if you edit the title of the original node,
the alias’s title changes to match the original.

To change the appearance of an alias node alone, uSettNede
Syleoption from theDiagram menu (see “Node Style dialog box” on
page 113). If you use the Node Style dialog box to change the
appearance of an alias node, its original node does not change.
Similarly, using the Node Style dialog box to change the appearance
of an original node does not affect any of its previously created aliases.

Editing an attribute of a node

You can edit a user-modifiable attribute either in the Attribute panel
(see “The Attribute panel” on page 27) or in the Object window (see
“The Object window” on page 25). To change a node’s class, see
“Changing the class of a node” on page 78.

To edit an attribute:

1. Ifintheattribute panel, select the attributein the attribute
popup menu.

2. Click intheattributefield. If agray outline appearsaround the
attribute and the cursor isblinking, the attributeis
user-modifiable.

3. Edit theattribute using the standard text-editing methods.

The edited text is stored when you click anywhere outside the attribute
field, or when you presAlt-Enter.

Attribute changes

Any changes to attributes propagate to all other displayed windows.
For example, if you change the title of an object, the new title is
displayed in that object’s diagram. If you change the definition of a
variable, the arrows are redrawn to reflect changes in dependencies.
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While you are editing an attribute, you can cancel and revert to the
previous value at any time by pressing the Esc (escape) key. If you
have finished entering the value of the attribute, but now want to revert
to the previous value of the attribute, select Undo from the Edit
menu(Ctrl-2).

Changing the class of a node

78

v () Wariahle
[ Decision
2 Chance
T Objective
£ Index
{7 Constant
&3 Detem

Variable classes

@ Hodel
v O Module
@ Maodule
3 Library
5 Library
& Fam

M odule classes
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Use the Class popup menu to change the class of anode. This menu
appears:

 Inthe top left corner of the Object window.

 In the Attribute panel whe@lass is the selected attribute.

&% Object - Mortgage loan amount

() Variablg 3 : hortgage Units: § j—

Frtle:  MWortoage [oan anount

Description:  Total mortgage (loan) amount received.

By W
Definition: Price + DownPaymt

Inputs: () Downpaymt Dowen peyment
1 Price Buying price

Outputs: () Enc_mort.. Mortgaoe principsl remaining
Interest_... Interest payments

Paymentz  Mortgage pavments
Princ_pay  Principal payments made on mortgage —_

000

The contents of the Class popup menu depend on whether the node is
a variable or a module (see the preceding figure).

Analytica Note: You cannot change a variable into a module, or vice
versa. You also cannot change a function into a variable or module, or
vice versa.

To change a node’s class, press on the Class popup menu and select
another class.



Changing the class of a node

The variable classes are described in the section “Recognizing nodes”
on page 23. The module classes are described below.

M odel

A module or hierarchy of linked modules that you work on during a
session with Analytica. A model is saved in a file (an Analytica
document) between sessions. Only a model saves preferences (see
“Preferences dialog box” on page 80) and uncertainty options (see
see “Uncertainty Setup dialog box” on page 284).

M odule

A collection of nodes that are displayed in a single diagram. A
module is depicted on its parent diagram as a rounded node with a
thick outline.

Filed Module

A module whose contents are saved in a file separate from the
model that contains it. A filed module can be shared among several
models, without having to make a copy for each model. See “Using
filed modules and libraries” on page 393.

Library

A module that contains functions and/or variables. User libraries
appear in th®efinition menu below the system function libraries,
giving easy access to their contents. See “Libraries” on page 410.

Filed Library

A library whose contents are 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 “Using filed
modules and libraries” on page 393.

Form

A module that creates an input node alias or an output node alias
when you draw an arrow from a node to the form. See Chapter 9,
“Creating Models to be Used by Others”.
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Prefer ences dialog box

Use the Preferences dialog box to inspect and set a variety of
preferences for the operation of Analytica. All preference settings are
saved with amodel of class Model.

To display the Preferences dialog box, select Preferences from the

Edit menu.
A, Preferences =]
— Windows of each kind: Default result view: ———
: . = One orly ~ Table
Window control options  —————" ¢~ ary umber [zl . Resultformat
I Result windows ﬂ Bl options

— Change ldentifier:

™ “when tile changes

m TR ¥ Check value bounds
¥ Show undefined: £

¥ Check variable class

Variablenamingoptions ~ ———| [T Askbefore renaming | ¥ ShowUnoefined: 2
[ Show module hisrarchy
—{ear| Opens: ¥ Show result warnings
' Obisct windows [ Use Return to enter data

Edit attribute options ' Diagram attibute panel

¥ &uto recompute outgoing
OLE links

Cancel | Ok |

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 401).

Oneonly

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
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that you can keep open simultaneously. The default (and minimum)
number is 2; the maximum number is 20.

Change I dentifier

Use the options in this box to control the changing of identifiers. See
“Creating and editing nodes in a diagram” on page 64 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 omiting anything
between parentheses.

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

Ask beforerenaming

Check this box to see a confirmation dialog box before automatic
changing of a variable’s identifier.

&=| Opens

Use the options in this box to specify the window that displays when
you select the edit definition button (Ctrl-E). When you are prompted
(for example, via an error message) to edit a definition, and you click
on OK, this preference setting determines the window to display.

Object window

Select this option to open the Object window and select the
definition text.

Diagram attribute panel

Select this option to open the Attribute panel on the appropriate
Diagram window and select the definition text.
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Default result view

Use the options in this box to control how data appear in Result
windows the first time a result is calculated for a node (see “The Result

window” on page 37).

Select this option to display a table.

Lall | Select this option to display a graph.

Checkboxes

Use these checkboxes to control various aspects of how Analytica
looks and behaves.

Check variable class
If checked, a warning displays for the following inconsistencies
between a variable’s class and definition:
- A non-chance variable whose definition includes a probability

distribution.

- A constant whose definition is dependent on any other variables.
However, a constant defined as a table may have indexes as
inputs.

- Anindex variable defined as a single value, array, or any
function other than Sequence().

Check value bounds

If checked, the check attributes are computed. See “Checking the
validity of a variable’s values” on page 146.

Show undefined

If checked, nodes without a valid definition display with a cross-
hatch pattern.

& Mortgane loan 3 Nodeisfilled with diagonal pattern: the
s amount definition ismissing
; or is syntactically incorrect
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Show module hierarchy

If checked, abar at the top of each Diagram window indicates the
hierarchy depth of the active module. See “Show module hierarchy
preference” on page 385.

Show result warnings

If checked, when a warning condition is encountered during result
evaluation, evaluation is interrupted, and a warning message
displays for action. If unchecked, when a warning condition is
encountered during result evaluation, no warning message is
displayed, and evaluation continues.

Use Return to enter data

A standard windows keyboard has a Return key located on the
alphanumeric section of the keyboard, and a separate Enter key
located on the numeric keyboad. 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 this checkbox is checked,
these are reversed, with Enter or Alt-Return starting a new line and
Return completing the entry of data.

Auto recompute outgoing OLE links

If you have used the OLE linking feature to linked an Analytica
result in your model to an external application, this checkbox
controls whether this data is automatically recomputed and updated
whenever the result, or anything the result depend on, changes.
When making several changes in computationally intensive
models, it is often convenient to turn this checkbox off so that large
recomputations after each small change. See OLE linking in
“Chapter 18" beginning on page 363.
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Chapter 5

Building
Effective Models




This chapter shows you how to build
models that are

* Focused
e Simple

* Clear

Comprehensible

Correct

I n this Chapter



Creating a model

Creating useful modelsisachallenging activity, even for experienced
modelers; effective use of influence diagrams can make the process
substantially easier and clearer. This chapter provides tips and

guidelines from master model ers (including Newton and Einstein) on

how to build a model that is effective— that focuses on what matters,
and that is simple, clear, comprehensible, 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
User Guide, is not specific to Analytica. 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 Analytica and revisit it from time to time as you gain
experience.

Creating a mode

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

| dentify the objectives

What are the objectives of the decision maker? Sometimes the
objective is simply to maximize expected monetary profit. More often
there are 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
multiattribute 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.
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It isauseful 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 objectivesisto select
objectives that are too narrow, by concentrating on the most easily
guantifiable objective—typically, near-term monetary costs—and to
forget about the other, less tangible objectives. For example:

< When buying software you may want to consider the usability and
reliability of different software packages, not just cost and
performance.

« In pricing a product, you may 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 may 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.

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

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.



Creating a model

Occasionally, people want to build a model just for the sake of
furthering understanding, without explicitly considering any
decisions. Most often, however, the ultimate purpose is to make a
better decision. In those 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
nevy factory
MNet present 3
% value .
Price of
product

Link the decisionsto the objectives

The decisions and objectives are the starting and ending points of your
model. Once 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 may 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 costs Discourt rate |- :
newy factory . . .
: g Operating Cashflow by : Met prezent
walue

costs year

Price of - Annual
product g rEVENUES
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It helps to identify the decisions and objectives early during model
construction, to maintain focus on what matters. There may be a
bewildering variety of variablesin the situation that may seem to be of
potential relevance. But, you only need to worry about variables that
influence how the decisions 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.

Move from the qualitative to the quantitative

Aninfluence diagram is a purely qualitative representation of a model.
It shows the variables and their dependencies. It is usually best to draw
in 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 relationships 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 relationships.

When the model is intended to reflect the views and knowledge of a
group of people, it is especially 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 on
the qualitative structure initially lets you involve early in the process
participants who might not have the time or interest to be involved in
the detailed quantitative analysis. With this approach, you can often
obtain valuable insights and early buy-in to the modeling process from
key people who would not otherwise be available.

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

Perhaps the most common mistake in modeling isto try to build a

model that istoo 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 simplification of reality; otherwise it would
not be a model. The question is not whether your model should be a



Testing and debugging a model

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 may
not even be more accurate.

Reuse and adapt existing models

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

Building anew model from scratch can be achallenge. If you can find
an existing model for aproblem 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 may find parts or modules
of existing models that you can extract and combine to address a new
problem.

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

Aim for clarity and insight

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 mode

Even with Analytica, it is rare to create the first draft of a model
without mistakes. For example, on your first try, definitions may not
express what you really intended. It is important to test and evaluate
your model to make sure it is expresses what you have in mind.
Analytica is designed specifically to make it as easy as possible to
scrutinize model structures and dependencies, to explore model
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implications and behaviors, and to understand the reasons for them.
Accordingly, it isrelatively easy to debug models once you have
identified potential problems.

Test asyou build

With Analytica, you can evaluate any variable once you have provided
adefinition for the variable and all the variables on which it depends,

even if many other variablesin 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 problems as soon as possible
after specifying the definitions that may have caused them. You can
then try to identify the cause and fix the problem while the definitions
are still fresh in your memory. Moreover, you'll be 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 may contain several errors that interact in confusing ways.
Then you'll have to search through much larger sections of the model
to track them down. But if you have already tested the model
components independently, you'll have already removed most of the
errors, and it will usually be much easier to track down any that
remain.

Test the model against reality

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 are available.

Test the model against other models
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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 may be due to errors
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in the new model or the old model. Once you have resolved any
discrepancies, you can be confident that you are building on a
foundation that you understand.

If the model ishard to test against reality in advance of using it, and if
the consequences of mistakes could be catastrophic, you can borrow a
technique that NASA uses widely for the space program. You can get
two independent model ers (or two modeling teams) each to build their
own model, and then check the models against each other. It is
important that the model ers be independent, and not discusstheir work
ahead of time, to reduce the chance that they will both make the same
mistake. For a sponsor of models for critical applicationsin public or
private policy, this multiple 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.

Have other peoplereview your model

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

Test model behavior and sensitivities

Many problems become immediately obvious when you look at a
result—for example, if it has the wrong sign, the wrong order of
maghnitude, or the wrong dimensions, or if Analytica flags 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 3, “Analyzing Model Behavior”), and to
perform sensitivity analysis (see Chapter 16, “Analyzing Uncertainty
and Sensitivity”). If the model behaves in an unexpected way, this may
be a sign of some mistake in the specification. For example, suppose
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that you are planning to borrow money to buy anew computer, and the
net valueincreaseswith theinterest rate on theloan; you might suspect
a problem in the model.

Celebrate and learn from unexpected behavior

If analyzing the behavior or sensitivities of your model creates
unexpected results, there are logically 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 unexpected behavior, do not despair! It may 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.

Document the model asyou build it
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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 diagrams. It's
better to call your variabliet rental income thanNRI23.

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 may find that entering a line or three of description for
each variable explaining clearly what the variable represents will help
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 may run out of time, or may have
forgotten key aspects.



Expanding your model

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

The best way to develop a model of appropriate size isto 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
may end up putting much work into creating an elaborate module for
an aspect of the problem that turns out to be of little importance.

| dentify waysto improve the model

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).
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Before plunging in to one of these approaches to expanding a model,

it's best to list the alternatives 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 may 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).

Discover what parts areimportant to guide expansion

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, as described in
“Importance analysis” on page 343) 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 trivial.

Early intuitions about what aspects of a model are important are
frequently wrong, and the results of the sensitivity analysis may 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.

Once 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 distribution 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.

Simplify where possible
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There’s no reason that a model must grow successively more complex
as you develop it. Sensitivity analysis may reveal that a variable or
submodel is just not very important to the results. In this case, consider
eliminating it. You may find that some dimensions of tables are



Expanding your model

unimportant—for example, that there’s little difference in the
performance of different divisions. If so, again, consider 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 may afford you the opportunity to elaborate on more
significant aspect of the model.
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Chapter 6

Creating Lucid
|nfluence
Diagrams




I n this Chapter

This chapter shows you how to:

« Build influence diagrams

« Customize your diagrams




This chapter presents guidelines for building influence diagramsin

Analytica and explains how to customize your diagrams.

Hierarchical influence diagrams can provide an intuitive form to

display the essential qualitative structure of amodel with great clarity,

uncluttered by the quantitative details.
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It isalso possible to create influence diagrams that are impenetrable
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Guidelinesfor creating lucid and elegant diagrams

Where aesthetics are involved, rules cannot be hard and fast. You may
want to adapt and modify these guidelines to suit your particular
applications.

Use clear, meaningful node titles

Aim to make each diagram stand by itself and be as comprehensible as
possible. Each node title can contain up to 255 characters of any kind,
including spaces. Use clear, concise language in titles, not private
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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.

LO&N Loan

Rent from

Rent 1 houss

rent 2 Current rent

Maintenance

matnt. costs

Maortgage
aPR Annual
Percentage Rate

Poor object titles Good object titles

Use consistent node sizes

Diagrams usually look best if most of the variable nodes are of the
same size, rather than sized to fit their title text.

Loan
Loan

Rent fram House Rent from

house

Current

rent Current rent

PMaintenance
costs

Maortgage
Mortgage APR annual

Percentage Rate

=
=3
=
=4
o
=)
o
=
=]
@

Inconsistent node sizes Consistent node sizes

Node sizes will be uniform if you set the default minimum node size
in the Diagram Style dialog box (see page 111) large enough so that it
will fit the full title for almost all of the nodes. The default minimum
is used unless the text is too lengthy, in which case the node expands
vertically to fit the text.
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If you have nodes of several different sizes, you can make them more
consistent by selecting Adjust Size (Ctrl-T) from the Diagram menu.

All of the selected nodes are resized to the default minimum node si ze,

or the minimum size needed to enclose each node’s title, whichever is
larger.

You can also resize several nodes by the same amount simultaneously
by following these steps:

1. Select thenodestoresize.

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

Use small and large nodes sparingly

Sometimes it is more effective to make a few specialized nodes extra
large or small. For example, start and end nodes, which may link to
other models, often look best when they are very small. Conversely,
you may want to make key input nodes containing large tables or
model nodes containing the “guts” of a model unusually large to
convey their importance.

Arrange nodes from left to right (or top to bottom)

People like 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.

1. For applicationsin Arabic, Hebrew, or other languages written from right to left,
you may want to reverse this convention.



Decision variables on
the left

Guidelines for creating lucid and elegant diagrams

You may want to allow afew arrowsto go counter to the general flow
in order to reduce crossing arrows, or overlaps. In dynamic models,
there may be feedback loops (depicted with dashed arrows), which
may appropriately go counter to the general flow.

Buying
price
Annualized
houging cost
Do
pavment

Interest

Objective variable on the right

Tolerate spaghetti at first...

It is often hard to figure out a clear diagram arrangement in advance.
It isusually easiest to start a new model using the largest Diagram
window you can get. Click the maximize box to have the diagram fill
your screen. You may 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.

..reorganize later

When you start linking nodes, the diagram may start to look tangled.
Thisisthe time to start reorganizing 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.
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Align nodes horizontally or vertically

BEuying
price

Davwen
payment

It usually looks best to align nodes with their centers on the same
horizontal or vertical lines, so that many arrows are exactly horizontal
or vertical. The square grid of 9x9 points underlying each diagram
makes this easy. When Resize Centered is selected in the Diagram
menu (the default), each node is centered on a grid point.

Annual
appreciation

Years
owned

Capltal
costs

Annual
costs

BEuying
price

Davwen
payment

Poor alignment Good aignment

If nodes are not centered on a grid point, recenter them by following
these steps:

1. Sdlect all nodesin the diagram with the Select All (Ctrl-A)
command from the Edit menu.

2. Select Align Selection To Grid from the Diagram menu.

Hidelessimportant arrows
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Sometimes nodes are so interrelated that it is hard or impossible to
arrange a diagram to avoid arrows crossing each other or crossing
nodes. It may be helpful to hide some arrows that show less important
linkages. For example, indexes are often connected to many other
variables; therefore, hiding the arrows from indexes can greatly
simplify a diagram.

You can hide all of the arrows linking indexes, functions, or modules,
or the dashed feedback arrows in dynamic models, using the Set
Diagram Style command from the Diagram menu (see page 111).
You can aso hide the input or output arrows from each node
individually, using the Set Node Style command (see page 113).



Guidelines for creating lucid and elegant diagrams

K eep 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, find
aclear arrangement, one that minimizes arrow crossing and avoids
node overlaps.

After you have aclear arrangement, 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 window. You can
then reduce the window size to fit the diagram

A spread-out diagram

Annual
appreciation

Buying
price

Annualized
heusing cost

Davn
payment

A compact diagram

Buying
price

Dawen
payment

Uncertain inputs < Uncertain inputs
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Organizing a module hier archy

108

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.

Group related nodesin the same diagram

When assigning nodes to diagrams, the goal is to put groups of nodes
with 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.

BEuying
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housing cost
Davwen
payment
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ayments
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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.



Color in influence diagrams

In other cases, it may not be obvious what groupings will work best. It
isthen often best to create all the nodesin asingle large diagram. After
drawing all the arrows, you may have a confusing spaghetti diagram.
At this point, try to move the nodes around to identify groups
containing 5 to 15 nodes, with many linkswithin 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.

Use 5to 15 nodes per diagram

In creating a hierarchy of diagrams of a model that contains 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.

A module containing more than 15 nodes is often hard to decipher,
unless there are very strong regularities in the structure. On the other
hand, if the modules are small, averaging fewer than 5 nodes, you need
so many modules that it is easy for usersto get lost.

The range of 5 to 15 nodes per diagram is a good general goal. But
don’t feel too constrained by it if a few diagrams must be much smaller
or larger than this range.

Contrast the module hierarchy in the illustration on page 108 with the
spaghetti on page 102. 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 (page 108) than
in the model with 25 top-level nodes (page 102).

Color in influence diagrams

Color can greatly improve the clarity and appeal of diagrams. The
diagram’s background and its nodes are all lightly colored by default.
You can change the colors to meet your special needs.

1. Each module also creates anew node, so the total number of nodesis the number
of variables plus the number of modules.
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Use colorsjudiciously

Selecting garish, uncoordinated colors can take attention away from

the diagram. Light colors work best because the black arrows and text

are easier to read over them. Analytica’s default colors provide a light
neutral color for the background and a slightly stronger color for the
nodes.

Background color

Light background colors work best so that the black arrows display
clearly.

Node colors

If you wish to change the color of nodes, it is best to have all similar
nodes be the same color. It generally looks messy to have nodes in
many different colors.

Changing background or node colors

Analytica User Guide

To change the color of the diagram background, or one or more nodes,
select the Edit Tool and bring the diagram window to the front. Select
Show Color Palette from theDiagram menu.

£ Color Palette

Diagram color: [] Other |
[ (o]

Select the node or nodes, or click in the diagram background to select
the background for changing color. The current color displays in the
single square at the top of the color palette. Click on a color square to
select the new color.

For more color selections, click on tB¢her button to display a color
wheel with the colors available on your monitor.

In the color wheel, select a color by clicking with the mouse pointer at
the desired color.



Diagram Style dialog box

Grouping nodes by color

Additional visual organization can be achieved by grouping related
nodes in rectangular boxes of varying colors, as used in the following

form.
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To create grouping rectangle, create atext node using the T button on
the toolbar palette, leave the text blank or enter text as desired, and
resize the node to the size of the group. When resizing, you may find
it convenient to desel ect the Resized center ed option on the Diagram
menu. With the node selected, check the fill color option on the Set
Node Style... dialog from the Diagr am menu, and use the col or pal ette
to choose the background color. Finally, if the rectangle is obscuring
other items on the digram, select Send to Back from the right mouse
button menu.

If you plan to print your diagram on a black and white printer, you
should select a color other than pure white, or include a node border
for the group (from the Set Node Style dialog). Since Analytica
suppresses the diagram background color when printing to ablack and
white printer, pure white groupings without borders will not show up
on printouts.

Diagram Style dialog box

Use the Diagram Style dialog box to control various aspects of the
diagram display: the default font size and typeface for the node |abel s,
whether arrows are displayed for specified node classes, and the
default node size.
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To display the Diagram Style dialog box, select Set Diagram Style...
from the Diagram menu.

&4 Diagram Style
— Show arrows tofrom:
gia]]ram arrow L™ Indexes v Modules

Isplay options I™ Functions ¥ Dynamic

— Default node size:

(R
Drag to set default | T

nodesize |

Diagram font — Font Style:
style options —size: [l [¥ | Font:[ Albertus ExtraBold w |

Cancel | ak |

Show arrows to/from

Use the options in this box to control various arrow displays.

I ndexes

Turns on or off the display of arrowsinto and out of index
variables.

Functions

Turns on or off the display of arrowsinto and out of functions.

Modules

Turns on or off the display of arrows into and out of modules.
Dynamic

Shows and hides dynamic arrows (for variables defined using the
Dynamic() function, see page 350).
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Default node size

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, the node is made this size. When you change the title
of anode, its size is adjusted to this size if the new title fits within it.

Font Style

Use the options in this box to set a default typeface and font (size) for
all the nodes in the model.

Node Style dialog box

Use the Node Style dialog box to control the display of one or more
nodes in a diagram.

You can specify the typeface and font (size), and whether to display
the incoming arrows, outgoing arrows, the node outline, or the node

label. The optionsfor each node override the defaults specified for the
entire diagram in the Diagram Style dialog box.

Changing the node style

To change the node style:

1. Select oneor more nodes.

2. Choose Set Node Style... from the Diagram menu.
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£ Node Style
. . — Display:
Checlgbox_ filledin_ i G Input arrows v Label v Fill color
with light gray
¥ Output arows ¥ Border ™ Bevel
— Example:
— Font Style:
7 se diagram font ™ Use custom font
Cancel | Ok I
Display

Use the options in this box to control various display options:

Input arrows

Display arrows coming into a node.

Output arrows

Display arrows going out of a node.

L abel

Display the node label (title or identifier).
Border

Display the node border.
Fill color

Display the node color. If unchecked, the node will appear
transparent.
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Bevel
Display the border beveling (3D button effect).

Analytica Note: A checkbox filled in with light gray indicates that this
option is not the same for all selected nodes. If you leave it unchanged
(gray), each node keepsits current setting for this option. If you change
this option (on or off), all nodes are changed to the new setting.

Font Style

Usethe optionsin this box to change the typeface and font (size) from
the defaults (see page 113) to a custom style for the selected node(s).

Changing the size of the diagram

The diagram is preset to display and print in the orientation
determined by the setting in the Page Setup dialog box. On your
monitor, the size is shown by the extent of the colored background.
You can change the size of the diagram in whole-page increments.

To change the size of the diagram:

1. Draganodeintotheregion beyond the current diagram extent.

This causes the diagram to expand in whole page increments. If the
Print Setup for the diagram is set to fit on mxn pages, this may
simply change the location of the page breaks.

A second (obsolete) method for changing the size of adiagram is:

1. Bringthediagram window to the front.
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2. Select Set Diagram Size... from the Diagram menu.

£ Diagram Size

Cancel | Set |

3. Specify the size diagram you want.

Each rectangle in the grid represents a page. The size of the pageis
determined by the paper size and the Reduce or Enlarge percentage
setting in Page Setup. To increase or decrease the size by whole-
page increments, click the rectangle that you want to have as the
bottom-right boundary of the diagram.

Analytica Note: If you are decreasing the diagram size, you cannot
remove pages that contain nodes.

4. Click on Set.

When you save a model and later open it, the diagram sizeis reset to
the number of pages holding the nodes.

Since the diagram extent automatically expands to be no smaller than
the extent of existing nodes, use of the Diagram Size dialog to set the
extent is only necessary if you wish to have the diagram extent larger
than the extent of existing nodes. You should not explicitly set the
diagram size with this method if you use or plan to use the Print Setup
option Fit on mxn pages.

Taking screenshots of diagrams

This section contains some tips for taking good screenshots of
influence diagrams and other Analytica windows for use in hardcopy
documents.
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Taking screenshots of diagrams

Use Browse mode

When making screen captures of a Diagram window, be sure that the
Browse tool (ﬂ) is selected rather than the Edit or Arrow tool. The

diagram is clearer in Browse mode, without the background grid
visible.

Switch off cross-hatching

By default, the nodes of undefined variables show a cross-hatched
pattern around the title. To get rid of this pattern, deselect the Show
undefined option in the Preferences dialog box (see “Preferences
dialog box” on page 80).

Diagram colors

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). A light grey works well on a printed version if you have a 600
dpi or better printer.

Use a common level of reduction

When scaling down screenshots of windows, use a consistent
reduction value. If your page setup precision bitmap alignment option
is on, use a multiple of 25%; if the precision bitmap alignment option
is off, use a multiple of 24%. Other reductions can create interference
in printing and result in distorted screenshots.
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I n this Chapter

This chapter shows you how to control the
display of resultsin graphs and tables.




Graph Setup dialog box

This chapter describes how to control the display of resultsin graphs
and tables.

Graph Setup dialog box
Use the Graph Setup dial og box to select the graphing tool and control
graphing options.
Display the Graph Setup dialog box in one of three ways:

» SelectGraph Setup from theResult menu.
» SelectGraph Setup from the right mouse button menu.
« Double-click on a graph in the Result window.

To set defaults for all new graphs, open the Graph Setup dialog box
when no graph is the active window.

To establish settings for the graph of results of a specific variable,
open the Graph Setup dialog box when that graph is the active
window.

The settings are saved when you save the model.

Setup option popup menu

Several options for viewing and changing settings in the Graph Setup
dialog box are accessible using 8tup option popup menu.

Setup option: v Graph Frame
Graph Style

Eucel Graph®

Buttons

Set Default

Accepts all Graph Setup settings for the current and all future graphs,
and closes the dialog box.
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Cancel
L eavesthe Graph Setup settings unchanged, and closes the dial og box.
When you first open the Graph Setup dialog box for a model, the
Graph Frame setup option displays.

Selecting the Graphing T ool

Analytica results may be displayed using either Analytica’s built-in
graphing engine, or Excel’s graphing engine. To use Excel Graph you
must have Microsoft Excel 8 (also known as Excel 97) or Excel 2000
installed on your computer (Excel is not included with Analytica).

To select the graphing tool, seléttcel Graph® from the setup
option pulldown menu.
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Analytica® (built-in)

By default, Analytica’s graphing tool is selected. If you previously had
selected Excel Chart, use this option to choose Analytica’s graphing
tool.

Excel Chart®

Select this option to use Excel’'s graphing engine. Excel will launch
when you select this icon, and will remain active as long as the graph
is displayed. In future sessions, Excel graph will launch whenever a
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Graph Frame setup option

result graph for the evaluated variable is set to use Excel graph. Once
the graph is viewed, graph settings can be adjusted from the Excel
window. Double click on the graph in Analyticato bring the Excel
window to the foreground. See “Using Excel Graph with Analytica
on page 130.

Graph Frame setup option

To change the graph frame in an Analytica graph, selecthph
Frame setup option from the popup menu.

£ Graph Setup E
— Sotup options_GraphFrame | -
) ) v Choose axis ranges automatically
y-axis maximum value a
\\|\— _ Number of intervals
between tick marks
Number of intervals along x-axis
between tick marks——
a|ong I — oy
y-axis [ Include 0
y-axis minimum
vaue £ X B . .
x-axis maximum
X-axis minimum ///-l/— | d I value
value™ ] ¥ Display Key ™ Include 0

Caricel | Set Default |

Valueentry boxes

Number of intervals between tick marks

If 0, Analytica chooses the number of intervals. If you enter a number,
n, Analytica uses eithar or n+1, depending on the minimum and
maximum values.

Minimum/maximum value

After unchecking the Choose axis ranges automatically checkbox, you
can enter the desired value.
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Checkboxes

Choose axis ranges automatically

Display Key

Controls whether the ranges on the axes are set automatically. You
must uncheck thisbox before you can edit the minimum and maximum
fields for each axis. For bar graphs, you can change only the y-axis
values.

You cannot uncheck this box to set defaults for all new graphs. You
must uncheck it for each graph.

Shows the key (for aresult of two or more dimensions).

IncludeO

Graph Style setup option

Includes O (the origin) on the given axis.

To change the graph style in an Analytica graph, select the Graph
Style setup option from the popup menu.

A Graph Setup

Open or closed

frame\_

Grid marks

Plot data as lines,
points, symbols,
bars

Frame:
" None

Setup option: | Graph Style W

Tick Marks:
 None

& Bottom and Left Only
 All Sides
¥ Show Mumbers/Labels

Font Style:

hd

Font: | Arial

| 1 C B . o s ° %
L S R g |
Cancel I Set Default |

Tick marks on x and

/y axes

Font for labelsin

———graph
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Grid
Controls whether a background grid displays, and if it is comprised of
dots or lines.
Frame
Controls whether the graph displays the axes alone, or with a frame
around the graph.
Tick Marks
Controls how the tick marks appear along the axes.
None
Display no tick marks.
Bottom and L eft Only
Display tick marks along the bottom and left hand axes.
All Sides
Display tick marks all around the frame.
Show Number gL abels
Display numbers or |abels along the axes.
Line Style

Controls the style of the graph.

~=_~  Linegraph
Different line styles and colors are used for each key value.

N Lineand data markers

Different line styles, colors, and symbols are used for each key
value. You can size the symbols.
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Data markers (dots)
Useful with alarge number of data points.

Data markersonly

Different symbols are used for each key value; you can size the
symbols.

Bar chart

Bars are of equal width and are center |abeled on the horizontal
axis. (Default for Probability Mass Function of a Probtable.)

Overlap

Specifies the vertical spacing of bars within the same group.
Positive values cause the bars within a group to overlap, negative
values introduce space between bars of the same group.

Origin
Specifies the y-value for the base of the barsin the graph. The
default is zero (i.e., bars extend from the y-origin to the plotted
value). The value in thisfield may be a number, or it may be an
Analytica expression. If the result is dimensioned by the x-axis or
key indexes, each bar can have its base positioned independently.

Histogram
Horizontal lines are plotted for each result point, positioned so that
they extend to midway between the point and its neighbors on both
sides. (Thisisthe default style for probablity density functions and
cumulative distribution functions when viewed with equal x-axis

steps.)

Symbol Size

Enter the desired symbol sizein points.
Minimum size: 4

Default size: 6

Maximum size: 36

Setsthetypefacefor the graph. (Font sizeis determined by the window
size and is adjusted when the window is resized.)



Number Format dialog box

Number For mat dialog box

Number formats can be specified for a table’s contents, its row and
column indexes, and for theaxis on a graph.

The number format for a variable affects the display of all of its values
everywhere they appear. For example, if you set the number format for
an Index variable in one Result window, the same number format is
used if the Index variable appears in another Result window.

To set the number format:

1. Open aResult window.
2. If the Result window isatable, select arow, column, or cell.

3. Choose Number Format from the Result menu or Ctrl-B to
display the Number Format dialog box.

£ Number Format

Variable———Variable Present value of cost to buy
Formats: E .
Suffix N 30";;:'; :' Example of
Exponent = format
Fized Point
Format choices —_linteger
Percent i
Date W Currency | Options
I~ (depend on format
Boolean ¥ Thousands separators gh%iijce)
Decimal digits:
Cancel | Apply |

The top line shows the variable to which the number format will be
applied.

Formats

Choose from the following number formats:

Format Description Example
Suffix the default (see the following table) 12.35K

Exponent scientific exponential 1.235e04
Fixed Point fixed decimal point 12345.68
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Format Description Example
Integer fixed point with no decimals 12346
Percent percentage 1234568%
Date text date 12 Jan 93
Boolean true or false True

The suffix characters are:

Power Suffix Prefix Power Suffix Prefix
of 10 of 10
3 K Kilo -2 % percent
6 M Megaor Million -3 m milli
9 G Giga -6 1] micro (mu)
12 T Tera or Trillion -9 n nano
15 Q Quad -12 p pico
-15 f femto

Analytica Note: If fixed point is selected, a number larger than 10°
displays in exponent format.

Analyticafor Windows uses the $ for a currency symbol, the comma
for a thousands separators (‘,"), and a period ('.") for a decimal point.

Options
The options in the Number Format dialog box depend on the format
selected.
The maximum number of digits or decimal digits is 15 (14 for fixed
point and percent); the maximum number precision is 15 digits (9 for
integers). The Suffix format shows a minimum of four significant
digits.

Currency

Prepends a dollar sign (‘$’) when displaying numbers.
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Decimal digits

If set to 1 or more, numbers are padded with zeros to fill out the
specified number of digits after the decimal point.

Number of digits

For Exponent format, numbers are padded with zeros. For Suffix
format, fewer digits can be displayed.

Date for mats

These formats show a number as a date, computed as the number of
days since January 1, 1904 (34,699 is January 1, 1999). The format
used for the long and short formats can be set in the Regional Setting
Properties dialog box from the Windows control panel. If you select a
format that includes the day of week, the day of week will be
suppressed when datais copy and pasted or OLE linked to an external
application (this allows applications such as spreadsheets to parse the
dates).

Thousands separ ators

When selected, inserts commas between every third digit.

Using multiple formatsin asingleresult table

When viewing a result, the number format setting for avariable
appliesto all valuesin the body of itsresult table. For most variables,
thisis desirable since your variables should contain only asingle type
of information (e.g., only dollar amounts, or only percentages, but not
both). However, occassionally you may want to bring together
multiple pieces of information into a single “report,” with each
column (or row) formatted differently.

A report with multiple number formats can be created as follows:

1. Createaseparatevariablefor each column (or row) of the
report. Set thenumber format for each of thesevariablesasyou
wish the corresponding column in the report to be for matted.

2. Createanodeto represent thereport. Definethenodeto bea
list. In each cell of thelist, typetheidentifier of thevariable
containing the contentsfor that column or row of thereport.

3. Display theresult asatable.
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When avariableis defined asalist of identifiers, the result table uses
the number format for the source variable to format the column or row
corresponding to that variable. If the number format is not set for the
variable corresponding to a column, the number format for the result
being viewed is then used.

Using Excel Graph with Analytica
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You may view result graphs using either Analytica’s built-in graphing
tool, or Microsoft Excel's graphing tool. When Excel Graph is used,
Excel is launched and remains active in the background, while the
graph itself appears within the Analytica result window. The use of
Excel graph requires that Microsoft Excel 8 (or Microsoft Office 97),
or later, be installed on your computer. Microsoft Excel is not included
with Analytica.

It is generally more convenient to use Analytica’s built-in graphing
tool to display most results, especially during model development,
since this avoids the overhead of launching Excel, uses less space in
your model files, and makes it easier to switch between alternative
result views. However, because Excel graph does offer additional
graph types and formatting control not available in Analytica, utilizing
an Excel graph can be very useful for creating highly specialized or
presentation-quality graphs.

Switching a Result Graph to an Excel Graph

Starting with an Analytica result graph in view:

1. Doubleclick on thegraph.

2. When the ‘Graph Setup’ box appears, select ‘Excel Graph’ from
the Setup option pulldown menu.

3. Click on the ‘Excel Chart’ icon and click the Apply button.

Excel islaunched, and the graph is drawn within the Analytica result
window. To change graph settings, double click on the graph to bring
Excel to the foreground, then use the menu options from Excel to
select the graph type and formatting settings as desired.



Using Excel Graph with Analytica

Important Notes about Using Excel Graph

Formatting Settings

With an Excel Graph, various changes to the state of aresult window
can cause formatting settingsto returnto their default valuesor belost.
These modifications include:

 Certain changes in variable’s result values.

» Switching the graph view (e.g. Probability Density Function
view to Sample view).

« Altering axes order.

Any of these events will cause you to lose modifications you may have
implemented to the series definitions (i.e. X Values, Y Values or
Series Names) since OLE will update your graphing data, thus
overwriting your modifications.

There are other special cases when formatting settings can be reset.
Switching the graph view or axes order may reset your axis labels.
Also, if you change the graph view, the graph type is not preserved.

In general, the reformatting of graph settings is appropriate and should
not be a significant issue. However, you may elect to link your model
results directly into an Excel spreadsheet and then use the data.

Excel Graph as Default will Increase Model File Size

Using Excel Graph as the default is not recommended for medium to
large size models because the overhead associated with Excel Graph
will inflate the size of your model files (30KB per graph). Thus, when
employing Excel Graph for a particular node you should choose the
Apply button and not th8et default button from the Graph Setup
dialog box.

In medium to large size models where you would like to have many
nodes displaying their results using Excel Graph, it's wise to place
‘copies’ of these nodes in a saved module to save room. To exploit
this strategy, do not make copies of the nodes usinGdpg and

Paste operations. Instead, create a new node with the same title and
make its definition merely the identifier for the node of which you are
making a copy.
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Three-Dimensional Graphing

Excel Graph has the ability to display your model results as a three-
dimensional surface. In these plots the ‘z’ coordinate is the graph’s
key. To create three-dimensional plots of your model result when
using Excel Graph, go to ExcelZhart menu, selecthart Type and
choose thé&urface option.

Keeping Excel Open

Analytica User Guide

You may want to avoid restarting Excel each time you graph Analytica
model results with Excel Graph. When using Excel Graph from
Analytica, Analytica will first try to use an existing instance of Excel,
but if Excel is not running, Analytica will launch it. If Analytica
launches Excel and only Analytica is using it, when the last result
window containing an Excel Graph is closed, Analytica will close
Excel.

To avoid restarting Excel repeatedly, launch Excel yourself before
evaluating any nodes using Excel Graph. Analytica will use this instance
of Excel, but will not close it.
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I n this Chapter

This chapter shows you how to:

* Create definitions
« Edit definitions
« Use the Object Finder

» Check the validity of a variable’s value




Creating or editing a definition

This chapter introduces the tools for creating and editing powerful
mathematical models by giving each variable a formulathat defines
how to compute its valueinits definition. The definition of avariable
can be a simple number, text, a probability distribution, or a more
complicated expression. It can also be alist 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

To create or edit the definition of avariable, first be sure that the Edit
tool (El) is selected. Select the variable and do any of the following:

* Enter Ctrl-E.

« Click on(ﬂ) in the tool palette.

* SelectEdit Definition from theDefinition menu.

» Double-click on the variable to open its Object window. Then click

in the definition field.

» Click on the Key icony ) to open the Attribute panel of the
diagram. SeledDefinition from the Attribute popup menu. Then ¢
lick in the definition field.
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Object window

If the inputs to the variable were specified by drawing arrows in the
diagram, the definition initially 1ooks like the illustration below. The
definition field is blank and a popup menu listing the inputs to the
variable appears above the definition field. If the variable has no
inputs, the Inputs popup menu does not appear.

Mortgage loan amul.,mt: Definition v I|l’5ﬁﬂ" i | XI/” Inputs}KI
_ | / / ~
Attribute panel
0 Do paumant
[ Sy i /
Definition Variable Expressionpopup  Cancel Accept
field title menu button button Inputs popup menu

/%, Object - Mostgage loan amount

jgo = | X7 [inpute ]

Definition: |

Inputs: () Downpaymt Down payment
1 Frice Buying price

() Dsrr pacmet
[ Fepag msine

i v

To edit adefinition that is a simple number, text, or other expression:

1. Select thedefinition.

2. Editit by typing, by deleting, or by using the standard text
editing operators—that is, Copy (Ctrl-C), Cut (Ctrl-X), and
Paste (Ctrl-V).

See Chapter 10, “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 (see “The Expression
popup menu” on page 141).
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Special editing key combinations

A few special key combinations are quite useful when editing textual
definitions. The arrow keys move one character or line at atime, and
Home and End move to the beginning and end of the current line.
Simultaneously depressing the Ctrl key with Left or Right movesto the
beginning or end of the next word or identifier. If, in addition, the Alt
key is depressed, the cursor is moved to the matching parenthesis
when you are adjacent to a parenthesis. If the Shift key is depressed
during any of these cursor movements, the spanned text will be
selected to be available for copy/paste operations, etc. A rapid method
for selecting an identifier isto double click on the identifier using the
mouse.

Parenthesis matching

Analytica expressions can often contain many levels of nested
parentheses. The parenthesis matching keys make it easy to find the
corresponding parenthesisin an expression. Alt-Ctrl-Left and Alt-Ctrl-
Right moves from the outside of a parenthesis adjacent to the cursor to
the outside of the corresponding. For example, in the figure below,
pressing Alt-Ctrl-Right when the cursor is at point A moves the cursor
to point B. Subsequently pressing Alt-Ctrl-Left moves the cursor back
to A.

¢ * (- (Ln(Uniform(1f,1) T N L/K)

A B

Commentsin definitions

Itiswiseto generously document your models. However, descriptions
of variables and algorithms are usually best placed in the description
attribute and/or user-defined attributes for a variable. However,
comments intelligently embedded in a definition can also be very
useful for improving readability of long expressions. Comments can
also be used to disable portions of expressions while debugging.

Comments can occur at any point in aexpression, provided they do not

sever an identifier name. Comments begin and end with curly braces

(i.e., {"and }), and may not be nested. During parsing and
evaluation, everything between curly braces is ignored. Comments in
the cells of an edit table are not preserved.

Analytica User Guide 137



Chapter Creating and Editing Definitions

|dentifiers

To refer to the value of another variable, useitsidentifier. 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 thguts popup menu.

« Type in the variable's identifier. To see all nodes in the active
diagram labelled with their identifiers, sel&ttow By Identifier
from theObject menu (Ctrl-Y).

« SelectPaste | dentifier from theDefinition menu and use the Find
button or identifier menu items (see “Object Finder dialog box” on
page 143).

Functions

You can paste functions at the insertion point by doing either of the
following:

« SelectPaste I dentifier from theDefinition menu to open the
Object Finder (see “Object Finder dialog box” on page 143).

« Select the function from its library in tiXefinition menu (see
“Pasting from a library in the Definition menu” on page 145).

Syntax check

After entering or editing a definition, press Adtter or click on the

accept button[¥] ) to perform a syntax check of the revised definition
and accept the changes.

Click on the cancel buttorfX] ) to cancel your changes.
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How a valid definition may change the diagram

The definition Warning icon ([]) appears next to the definition if it is
not syntactically correct. Click on theicon to see amessage about what
may be wrong.

£ Object - Mortgage loan amount H=] E3
() Wariable ¥ | Mortgage_losn_smount Units: 5§ =

Title: Mortgage loan amourt

Description: Total mortgage (loan) amount received.

Definition o= | (X[ [inputs * __

Warning icon 1]  Definition: |

4|‘ v

-

i

A definition’s syntax check may reveal syntax errors. (See “Syntax
error” on page 476.) For example, if a definition contains text that is
not an identifier, the following dialog box appears:

£ Question [ <]

The Definition of Mortgage_loan_amount containg an undefined ldentifier,
'Downpayment’. Do you want to create a new W ariable Downpaymentﬁ

Edit Definition | Cancel I Create Wariable

How a valid definition may change the diagram

After you give a variable a valid definition, the influence diagram
containing that variable might change.

Cross-hatching disappears
If the “Show Undefined” preference is selected (see “Preferences
dialog box” on page 80), a node whose definition is missing or
syntactically incorrect displays with a cross-hatch pattern.

For example:

Cross-hatch pattern: the definition is

Morgage loan 3 O3 . S e
gag missing or is syntactically incorrect

S armount
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After the definition is checked to be syntactically correct, the
variable’s node in the influence diagram is clear.

Node isclear: the definition
—_issyntactically correct

Moroage loan
arount

Arrow updating

As part of the syntax check, the influence arrows going into the active
variable (its inputs) are reconciled with the definition.

« An arrow is drawn if the identifier of another variable is included in
the definition.

< An arrow is removed if the identifier of an input is omitted from the
definition.

To avoid removing influence arrows while editing a definition, do not
click on the check mark or press Adtiter to leave the definition.
Instead:

 In the Object window, click on the close button.

« Inthe attribute panel, select a different attribute or select a different
variable in the diagram.
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The Expression popup menu
The Expression popup menu

Click on expr to see the Expression popup menu. The Expression
popup menu shows the type of the definition, which is an empty
expression in the following figure.

#4 Object - Mortgage loan amount [_ (O] x| |
() wariable W | Mortgage Units: § =
Expr on popup men Title: Mortgage loan amourt

iption: Total mortgages (losn) smount received.

[z w1 nputs > |

Definition: | |

v BIF Euprecsion
Inputs: () Dowkpaymt Down pay s

[ Price Burying pri = List

B List of Labels
fi& Table

=l & Probabilty Table o
A Distibution
= Choice

£ Other...

Use this popup menu to change the definition to one of several
common kinds of expressions. The entriesin this menu depend on the
class of the node being defined.

v 0 Expression | Current definition type ~ v #r Expression

B List B List

E= List of Labels B3 List of Labels

2.0 Sequence B Table

T Other.. & Probability Table
A Diztibution
= Choics
i+ Other..

Expression
Shows the definition as a mathematical expression, even if it was

defined using the other expression types in this popup menu. See
Chapter 10, “Using Expressions”.
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List
Creates an ordered set of expressions or numbers. See “Creating an
index” on page 185.

List of Labels
Creates an ordered set of text labels. See “Creating an index” on
page 185.

Sequence

Creates a list of numerical values. See “Sequence(Start,End, Stepsize)
on page 217.

Table

Creates an array of numbers or expressions. See Chapter 11,
“Modeling with Arrays and Tables”.

Probability table

Creates an array defining probabilities (numbers or expressions)
across the domain of a discrete (chance) variable. See “Using a
probability table” on page 311.

Distribution

Creates an uncertain definition by selecting a function from the
Distribution system library. See “Defining a variable as a distribution”
on page 279.

Choice

Creates a popup menu for choosing one or all elements from a list. See
“Creating a popup menu” on page 153.
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Object Finder dialog box

Other

Opens the Object Finder dialog box, which is described in the next
section. Changes the definition to the function or variable that you
select from the Object Finder.

Object Finder dialog box

Use the Object Finder dialog box to browse system functions, your
own library functions, and all of a model’s identifiers and place any of
these objects into a definition.

Open the Object Finder in either of the following ways:

» To insert the desired function or identifier at the insertion point in
the definition, seledPaste | dentifier from theDefinition menu.

» To replace the entire definition with the desired function or
identifier, selecOther from the Expression popup menu.

& Expression

B List

B2 List of Labels

[ Table

= Probahility Table
v A Distibution

= Choice

#% Object Finder

Contents of selected library

Cos [
Degrees ( radians )
Exp (]
Parameters to selected function Factarial L r
X
ceil [
Returns the smallest integer that iz greater than or equal to X, ;I

Description of selected
function

Cancel | ak. |
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Usethe Library popup menu to select a group of identifiers or a
library.

« For identifiers, scroll to select:

Found Objects Displays identifiers of objects found with
the Find dialog. (See below.)

All Available Displays all library functions and
identifiers.

All Modules Displays identifiers in all modules.

Current Module  Displays identifiers in the current module.

Inputs Displays identifiers of the inputs to the
selected node.

« For a library, the contents of the selected library are listed below the
popup menu, showing the parameters if they are functions.

Found Ubjects |

Identifier menu items Al Aoy ailable
Al Modules

PR Current Madule
|nputs

Auray

Diztribution

Special

Statiztical

Operators

Syzstem Variables -2
Advanced Math
Database

Als(H) rett Financial - =1

Use theFind button to search on the identifiers or titles of all
variables, modules, and functions.

£ Find
Find what Object?

Idown
by: | dentifier

Cancel |

144 Analytica User Guide



Pasting froma library in the Definition menu

Matching objects are listed in the Found Objects library.

To use a function, identifier, or system expression in a definition,
select it. For afunction, enter the required parametersin the parameter

fields.
#% Object Finder E
Library:| Math | Fird |
P (o] T, 7] |
w5y Radians ( degrees )
5y Round (¥
B Sin [
i (]
B Sor (%]
=5y Tan [ degrees ) -
X
Sqr I ]
Sari#) returns the sguare of X, which is X * X, ;I
=1

Cancel | ak. |

Click on OK to place the function, identifier, or expression in the
definition.

Definition: Sqgr 9

Pasting from alibrary in the Definition menu

Use the Definition menu to quickly paste a function or system
expression into a definition, when you do not need the description of
the function or expression.

While editing a definition:

1. Havethecursor at the point you want to insert a function or
expression.

2. From the Definition menu, select the library and then the
function or expression.
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PEIEGN Besult Diagram  “windo
Edit D efinition [Ctrl+E
Edit Time

Baste ldentifier...
Shovlnvalid Yanables

Hath 3

Apray 3

Distribution » Bermaoull

Spegial 3 Beta

Statiztical 3 Certain

Operators 3 Chancedizt

Syztem Y anables 3 Cumdist

Advanced Math » Fractiles

Finaneial » Gamma
Lognarmal
Marmal
Probdist
Probtable
Triahgular
Unifarm

3. Thefunction or expression is pasted into the definition.
[ = X[

Definition: Mormall smeans, sstddevs j

4. Replaceall parameterswith input identifiersor expressions.
Each parameter isenclosed in << >>, Toreplaceit, select both
<< >> and itscontents, then typeor usethelnputsbutton or the
Paste I dentifier command to open the Object Finder dialog box.

Checking the validity of a variable’s values

146
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You can create an automatic check on the validity of the value of a
variable using its Check attribute. For example, to check that the value
of Percent_damage is between 0 and 100, you give it a check of:

Percent_damage>=0 AND Percent_damage<=100

When the variable is evaluated, and if the Check attribute fails
(evaluatesto False), Analyticawill give awarning and the opportunity
to edit the definition.

There are two steps to using value checking:

1. Display the Check attribute.

2. Definechecksfor variables.



Checking the validity of a variable’s values

Displaying the Check attribute

Check attribute

If you want to use checking, first set the Check attribute to be
displayed in the Object window and Attribute view, since it is hidden
by default.

To show the Check attribute:

1. Select Attributesfrom the Object menu to open the Attributes
dialog box. See “Managing attributes” on page 390.

£ Attributes
Class: | () Variables w I
+ Definition =1
Value
v Inputs
v Outputs
v Domain
—+— Check
Help
i =1

Cancel | Ok |

2. Scroll down the Attribute list and find Check.

3. Click on Check once to select it, and a second time to add a check
mark next to it. The check mark indicates that the attribute is
displayed in the Object window and in the Attribute popup
menu.

4. Click on the OK button.

Now the Check attribute appears in Object windows and in the
Attribute popup menu in the Attribute panel below the diagram.

Defining the check

You can set the check attribute for any variable. First open the Object
window for the variable, or show its Check attribute in the Attribute
view. Enter an expression in the Check attribute field to constrain the
value of avariable. The expression should refer to this variable by
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identifier or Self, and must be a Boolean (that is, evaluate to True or
False). For example, to constrain the value for the lifetime of a car
(Lifetime) to be greater than 0 and less than 12, define the check as:

Check: (Lifetime = 07 And (Lifetime =12)

or

Check: (Zelf = 01And (Self =12]

If the check expression refers to another variable, a dependency is
created between the variable being checked and the variable included
in the check expression. If the definition does not already refer to the
other variable, an arrow will be drawn between the two variables.

Triggering a check

Analytica performs the check the first time it evaluates the checked
variable. Analyticaevaluates avariablethe first timeyou ask to seeits
result, or the result of another variable that depends on it. Analytica
also performs the check on an input node immediately after you edit
the input value (see “Using input nodes” on page 151).

If a check fails

If a check fails (the check evaluated=@se), Analytica gives you the
option of editing the variable's definition, cancelling, or continuing. If
you continue, the check will not be performed again unless you change
the definition of the variable or a variable it depends on.

Disabling value checking

You can disable all value checking by uncheckingGheck value
bounds checkbox in the Preferences dialog box (see page 80). This
checkbox is checked by default.
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| n this Chapter

This chapter shows you how to create a
user interface for other users of your
model.




Using input nodes

You can use input and output nodes to create a simple user interface
for other peoplewho will use your Analyticamodel. Input nodes allow
the user to see and change the values of variables directly from
Diagram windows. Similarly, with output nodes you can display
selected output numbersin a diagram and open tables or graphs with
asingle click. Users of your model can then easily view and modify
input variables, and view the results, without navigating the detail s of
the model, unless they wish to.

The diagram below contains input nodes on the left side and output

nodes on the right side. The details of how the model computes the
outputs from the inputs are available inside the “Details” module, for
anyone who is interested.

4% Diagram - Pricing Model

Market Size  [unitsfeear) 1 00k,
Market Share (%)

Cotmpetitor Price (5] Cazhflow & 2] rnid
Manufacturing Cost ()| Edit Table

Marketing Expense (&3]

HE

Using input nodes

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 19). 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 “Using an alias node” on page 76).

The type of definition of the original variable determines the
appearance of the input node (see “The Expression popup menu” on
page 141). If you want your users to be able to change the type of
definition, instruct them on how to open an attribute view or Object
window and use the Expression popup menu.
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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 (see “Checking the validity of a variable’s values” on
page 146); the check is performed on input of a new value.

Input popup menu

A choice displays as an input popup menu. To create an input menu
for an input node, see “Creating a popup menu” on page 153.

List
Alist or list of labels displays ad ast button (see “Creating an index”
on page 185).

Edit table

An edit table displays as &it Table button (see “Viewing an array
as an Edit table” on page 179).

Probability distribution

A probability distribution displays a button with the name of the
distribution (see Chapter 13, “Expressing Uncertainty”).

Creating an input node
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To create an input node from a variable:

1. Select thevariable.

2. Select Makelnput Node from the Object menu. Theinput node
will appear in the same diagram next to the selected node.

3. Movetheinput nodeto thelocation you want.
4. Adjust the size of the node.

To make several input nodes at once, select the variables and then
chooseM ake Input Node.



Creating a popup menu
Creating a popup menu

For the classes of nodes that may be used for parametric analysis, such
as decision and chance, the Expression popup menu includes the
Choice option. The Choice option provides a way to offer the user a
choice of selecting one or all values from alist.

Creating amenu from alist

If the original variableisaready defined asalist of numbersor labels,
create a popup menu to select from the list as follows:

1. Show thedefinition of thevariableasalist, either in the
attribute view or the object window.

2. Pressthe Expression popup menu and select the Choice option.
Press OK to “Replace current definition with a Choice?”

B0F Ewpression

v B List
E= List of Labels
= Table
= Probability Table
A Distribution
= Chaoice

£ Other...

3. The object finder dialog displays with parameter I=Self and
n=0. Press 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 (see page
234).

Analytica Note: To define Var1 as a popup menu of another variable
Var2, that is defined as a list, select Choice from the Expression popup
menu, and set the first parameter to I=Var2 in the Object Finder dialog
(see “Choice(l,n,inclAll)” on page 234).

Analytica Note: To hide the “All” option on the popup, enter
inclAll=False as the third parameter in the Object Finder dialog.
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Creating a new definition

If avariable has no previous definition, when you select Choice from
the Expression popup menu, a domain (possible outcomes) of List of
labelsis 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 alist of labels or list of
numbers (see “Editing a list” on page 190). When you pkHsEnter,
the definition field becomes a popup menu of the domain values.

£ Object - Buying price

() Variable ¥ | Price Units: § =

Title: Buying price

Description: Buying price of house.

Definition:
Domain: |Lis’t of numbers Y |

100K
280K
SO0k

Analytica Note: The valuesin the domain are evaluated
deterministically.

Using output nodes

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—table or
graph, the indexes displayed, and the uncertainty view—Iast selected
for display and saved with the model. It also shows the uncertainty
view icon (see “Uncertainty view options” on page 44).

61.73 mnid If the result is a single value (mid value or mean), it displays directly
in the output field.
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Resizing controls

. If theresult is an array, the output node displays a Result button. Click
rnid .
: on the button to display the table or graph.

After you display the table or graph, you can use the result tool palette
to change the view.

If the value of an output has not yet been computed, the Calc button
appears in the node. Click on the Calc button to compute and display
the value.

Creating an output node

To create an output node from a variable:

1. Inadiagram window, select thenodeof thevariablefrom which
you wish to create an output node.

2. Select Make Output Node from the Object menu. The output
node will appear in the diagram next to the selected node.

3. Movetheoutput nodeto thelocation you want.
4. Adjust the size of the node.

The view style of the output result—table or graph—will be the format
you last set for it (see Chapter 7, “Formatting Graphs and Tables”).

Resizing controls

Drag these to resize node

: Buying Priice I\.'III. v |

Drag here to resize control

If you use a pulldown menu containing long strings, you may wish to
widen the pulldown control as necessary to accomodate your longest
string. 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 pulldown menu,
textedit box, or button), position the mouse over the left edge of the
control, depress the mouse button and drag the mouse to the left or
right.

Analytica User Guide 155



Chapter

Creating Models to be Used by Others

Changing display style

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 “Editing an attribute of a node” on page 77). 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, &8st the
Node Style... andShow Color Palette options from théDiagram

menu (see “Node Style dialog box” on page 113 and “Changing
background or node colors” on page 110). 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

156
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It is often helpful to group input and output nodes into a single
diagram for easy access by model users.fohm module makes it

easy for you to create input and output nodes in the form by drawing
arrows between the form and variables.

To create a form:

1. Makesureyou arein adiagram window with the Edit tool
selected.

2. Dragthe moduleicon off the node palette and position it in the
diagram.

3. Type in a title for the module—for example, Inputs.

4. Open the attribute view at the bottom of the diagram window.



Using form modules

5. From theattribute popup menu, select Class. A popup menu of

available classes displays.

@ Modsl
v O Module
@ Module
3 Library
¥} Library

6. Select Form from the popup menu of classes.

Creating input and output nodesin aform module

Aninput or output node is an alias to another variable in the model.
Creating an input or output node is similar to creating an alias (see

“Creating alias nodes” on page 74). To create a set of input and/or

output nodes in the form module:

1

A form module is like any other module, except when you draw arrows
to or from the form module. So you can also create nodes that are not
inputs or outputs and modules inside a form. If you have too many
nodes to fit comfortably in a single diagram, you can create additional
modules (which need not be forms) to enclose related groups of inputs

Adjust the diagram(s) on your screen so the form node and the
sour ce variablesfor theinput or output nodes areall visible
(they can bein the same or different diagram windows).

In thetool palette, click on the arrow button ( ;I).

For input nodes, draw an arrow from the form nodeto each
variable. Analytica creates an input node for each variable
inside the form module.

For output nodes, select thevariablesand draw arrowsfrom the
variablestotheform node. Analytica createsan output nodefor
each selected variableinside the form module.

When you havefinished creating input and output nodes,
double-click on the form node to open its diagram window.

In the tool palette, click on the edit button (E[).

Rearrange and resize the input and output nodesfor clarity. It
isusually clearest to put the input nodes down the left side and
the output nodes down theright side.

and outputs.
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Adding iconsto nodes

You can add an icon to any node in a diagram. The Icon window
contains an enlarged space that you can use for creating or editing an
icon.

Opening the I con window
To add an icon:
1. Makesurethat the Edit tool is selected.

2. Select thenodethat you wish toillustrate.

3. Choose Edit I con from the Diagram menu to open the | con

window.
Mi=1E3
=
m' O £ lcon - Annualized housing cost [B[=] B3
_",_u. R e i
=
.
| e
4
=
e > - B
| & 1 .
el Arramimec~ &
| g ,\_\
l - \Fhe same node with an icon added. Adjust
| e | the size of the node as necessary to show the
icon and title.
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Adding graphics, frames, and text to a diagram

Drawing or editing an icon

You can draw or edit the icon one pixel at atime using mouse clicks,
or you can draw lines by holding down the mouse button as you drag
the cursor.

« To make a dark pixel light or a light pixel dark, click on the pixel.

+ To set the node’s icon, click on tfy#]  button.

» To restore the original icon in the window (or to clear the window if
there was no previous icon), click on button.

You can copy and paste an icon from one place in a model to another
using the standar@opy (Ctrl-C) andPaste (Ctrl-V) commands.

Adding graphics, frames, and text to a diagram

Adding graphics

You can add a graphic image created in another application to any
node or to the diagram background. Both color bitmaps and PICT
graphics can be pasted in.

To paste in a graphic:

1. Copy (Ctrl-C) the graphic to the clipboard from within a
graphics application.
2. Makesurethat the Edit tool isselected in Analytica.

3. Sdect thenodeor the diagram window where you want the
graphic to appear.

4. Paste (Ctrl-V) the graphic from the clipboard.

When you paste a graphic into the diagram window, a special node of
classpicture is created. Variable, module, and function nodes can be
placed on top of picture nodes.

To remove a graphic, select it and prBshete, or chooseClear from
the Edit menu.
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Adding aframe

Adding text

Analytica User Guide

You can create arectangular frame for nodesin 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 box (see “Node Style dialog box” on page 113)

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 0 (or any number) to remove the cross-hatch pattern. Use the
Node Style dialog box (see “Node Style dialog box” on page 113)

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 will be “under” the framing decision node; they will be
visible, but you will not be able to select them.

To add text to a diagram, drag a text node from the textburon () on
the toolbar to the diagram and enter the desired text. This creates a new

node with a special clasext. Use the handles to resize the node, and

use the Node Style Dialog box (see “Node Style dialog box” on page
113) to change the font or to change the background from transparent
to filled.
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In this Chapter

This chapter shows you how to:

+ Create expressions

 Edit expressions




Numbers

This chapter describes the building blocks for creating and editing
expressions to define variables: numbers, operators and mathematical
functions.

Numbers

The following formats are all valid for entering numbers:

Number Format Examples

Integers 2,10, 1234

Decimals 32.5,.0002, 0.000012345
Suffix 250K, 10.5M, 10.5m, 22%
Exponential form 53E11, 1E20, 4.5632E-25

« The signed integer after the E is an exponent that denotes a power
of ten. For example:

5E4 =5 x 1= 50,000
4.3E-3=4.3 x 16 = 0.0043

» A character suffix denoting a power of ten is a convenient way to
express very large or small numbers. For example:

50K - 50,000
1.5m - 0.0015

The character suffixes are the same as used in the default output
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number format (see the table on page 128).

Power Suffix Prefix Power Suffix Prefix

of 10 of 10

3 K Kilo -2 % percent

6 M Megaor Million -3 m milli

9 B Billion -6 Y micro (mu)
9 G Giga -9 n nano

12 T Tera or Trillion -12 p pico

15 Q Quad -15 f femto

Analytica Note: The character suffixesm (10'3) and M (106) are
distinct. Thisisthe only situation in which the case of a letter makes any
difference for input to Analytica. For example, you can use k and K
interchangeably.

Range

Analytica can represent numbers between 10739 and 9.10*397,

Numbersout of range

When a calculation results in a number whose absolute value is less
than the smallest number that can be represented, Analyticaroundsthe
number to O (zero) without warning. For example;

1/1071000 - O

INF (infinity)

When acal culation resultsin anumber whose absolute value is greater
than the largest that can be represented, Analytica displaysit as INF
or -INF, for positive or negative infinity. For example:

1071000 - INF
-1071000 - -INF
1/0 - INF
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Text values

You can enter INF as avalue in an expression. Analytica can perform
some computations with INF, such as:

INF + 10 - INF
INF/O - INF
10 - INF - -INF

Other computationswith INF, such asdifference and ratio, give results
that areill-defined and return NAN (Not A Number):

INF - INF - NAN
I NF/ I NF - NAN

Note that a NAN may be detected in an expression using The IsNaN
function. See page 266.

Precision
The maximum internal precision of numbersis 15 significant digits.
Some calculations, especially those that involve small differences
between numbers, may result in less precision than the maximum.
Text values

You can specify atext value by enclosing text in single quotes, for
example:

"A, "A25', "Alongish string - with punct.’

A text value can contain any character, including comma, space, and

new line. To include single quote(’) in the string, type two single
quotestogether, suchas: " Isn’'t this easy? (theactual string

then contains only one apostrophe character). You can enter atext value
directly asthe value of avariable, or in an expression, including asan
element of a list (see “Creating an index” on page 185 and “List vs.
List of Labels” on page 188) or edit table (see “Creating an array with
an Edit table” on page 191). Analytica displays text values in results
without the enclosing quotes.
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Boolean or logical values

Operators
Arithmetic
166 Analytica User Guide

There are two Boolean or logical values —True andFalse. You can
specify a Boolean value in an expressiortalse or True, or,
equivalently, as the numbers, 0 or 1. For example:

Fal se or True - True
1 And 0 - Fal se

Analytica treats every nonzero numberTage. For example:

2 And True - True

Analytica displays Boolean results as 0 or 1, by default. To display
them ad~alse or True, change the format of the definition or result to

Boolean (see “Number Format dialog box” on page 127).

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 operators.

operators

The arithmetic operators apply to numbers and produce numbers.

Operator M eaning Examples
+ plus 3+2 5 5
minus 3-2 -1
* multiplied by 3*2 ., 6
+ divided b
/ ideaby 32 (= g ) > 15

" to the power of 3n2(=3%) - 9

root 1
n5(=4")-2




Operators

Comparison operators

The comparison operators apply to numbers and text values and
produce Boolean values. Applied to text values, they use the standard
ASCII ordering of characters.

Operator M eaning 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’ - 0
> greater than 1>2 - 0
A > a’ -1
<, 7 not equal to 1<>2 -1
A <> B -1

L ogical operators

The logical operators apply to Boolean values and produce Boolean

values.
Operator M eaning Examples
(1=true, 0=false)

b1 AND b2 trueif both bl and b2 are true, 1 AND - 0
otherwise false 20<2

b1 ORb2 trueif bl or b2 or both are true, 0 OR 1<2 41
otherwise false

NOT b trueif b isfase, otherwise false NOT ( 2<3) 5 0
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If bThen u Elsev

Thisisaconditional expression. If the Boolean expression bistrue, it
returns the value of u. If bisfalse, it returns the value of v. For
example:

If 2 >4 Then 100 Else 0 - O

In Analytica, the Else part of the expression is required.

Two additional conditional operators, | fall ... Then... El se
andl fonly... Then... El se exists for arrays; see “Conditional
operators” on page 201.

Scoping operator (::)

Analytica 2.0 contains many new functions that did not exist in
previous versions of Analytica. Some models created in previous
versions may contain variables or user-defined functions with the
same name as new built-in functions. In this situation, an identifier
name appearing in an expression may be ambiguous.

For example, suppose a model written in Analytica 1.2 contains a user-
defined function namettr. If a variable in this model uses ther
function, the: : operator is prepended to, or omitted from, the
identifier name in order to disambiguate whether the definition refers
to the user-definetr r function, or the built-id r r function.

Prepending : to the name of a built-in function causes the reference
to always refer to the built-in function when there is an ambiguity.
Otherwise, the identifier will refer to the user’s variable or function.
With this convention, existing models are not changed by the
introduction of new user-defined functions.

Example

Suppose a model from an older version of Analytica contains the user-
defined functionirr ( Val ues, | ). Then

Irr( Payments, Time ) Userlsr r function

::Irr( Payments, Time ) The built-in function
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Functions

Operator binding precedence

Functions

A precedence hierarchy resolves potential ambiguity when eval uating
operators and expressions. The hierarchy of precedence for operators,
from most tightly bound to least tightly bound is:

functions, not
N

- (unary)

*

+, -

<, > <=, o>=, =, <>
and, or

If ... Then ... Else

Within each level of this hierarchy, the operators bind from left to
right (left associative).

Examples

The following arithmetic expression:

1/ 2*3-3"~2+4

isinterpreted as:

((17 2) *3) - (3"~2) +4

The following logical (Boolean) expression:

If aand b >c or d +e<f ~ g Then x Elsey + z
isinterpreted as:

If ((aand (b ><c¢)) or ((d +e) < (f ~g))) Then
X Else (y + 2)

Analyticaprovidesalarge number of built-in functionsfor performing
mathematical, array, statistical, textual, and financial computations.
There are also probability distribution functions for uncertainty and
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sensitivity analysis. The Enterprise version of Analyticaalso includes
functions for accessing external ODBC data sources. Finally, you can
write and use your own user-defined functions.

Callsto Analytica functions have the form:

Functi onNane( paranil, paran, ... )

In other words, the function name followed by a comma-delimited list
of parameters. Parameters can themselves be expressions built out of
constants, variable names, operators, and functions. Here are some
simple examples of expressions involving functions.

Exp(1l) - 2.718281828459

Sqrt (372 + 402) - 5

Round(2*Pi) - 6

Md( X, 3) - 1 where X - 7
Pnt( 8% 30, -1000) - $88.83

N * Sum ww, J)

Nor mal (500, 100)

Functions are described in the chapters that follow. The next section
provides alist of available functions along with page numbers where
they are described.

Library Organization

Commonly used math functions are located in the Math Library; more
advanced and less commonly used mathematical and statistical
functions are in the Advanced Math Library. The commonly used
array functions are included in the Array Library; the interpolation,
matrix, text, data typing, and less commonly used functions are in the

Special Library.
Function See Page Library
Abs () 213 Math
Arccos() 260 Adv. Math
Arcsin() 261 Adv. Math
Arctan() 213 Math
Arctan2() 261 Adv. Math
Area() 224 Array
Ar gnmax() 225 Special
Array() 219 Array
Aver age() 225 Array
Ber noul |i () 317 Distribution
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Bet a()

Bet aFn()
Bet al ()
Ceil ()
Certain()
ChancebDi st ()
Choi ce()
Conbi nati ons()
Concat ()
Correl ation()
Cos()

Cosh()
Cubi ci nterp()
CunDi st ()
Cum Pt ()
CumNor mal ()
CumNor mal | nv()
CunPri nc
Cunpr oduct ()
Cunul at e()
DbLabel s()
DbQuery()
DbTabl e()
DbTabl eNames()
DbWite()
Deconpose()
Degr ees()

Det er mi nant ()
Det er nt abl e()
Dydx()

Dynani c()

El asticity()
Erf()
Erflnv()
Exp()
Factorial ()
Fl oor ()
For... Do
Fractil es()
Frequency()
Fv()

Gamma()
GammaFn()
Ganmmal ()
Gammal | nv()
CGet Fract ()

I dent[ | =y

I ndexNanes()

295
261
261
213
318
319
234
262
241
328
213
262
239
296
254
262
262
254
230
230
427
427
428
428
429
246
214
247
322
337
350
338
263
263
214
214
214
267
297
329
255
298
263
263
264
330
235
243

Functions

Distribution
Adv. Math
Adv. Math
Math
Distribution
Distribution
Array
Adv. Math
Array
Satistical
Math
Adv. Math
Special
Distribution
Financial
Adv. Math
Adv. Math
Financial
Array
Array
Database*
Database*
Database*
Database*
Database*
Special
Math
Special
Array
Special
Special
Special
Adv. Math
Adv. Math
Math
Math
Math
Special
Distribution
Satistical
Financial
Distribution
Adv. Math
Adv. Math
Adv. Math
Satistical
Special
Special
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I ntegrate()
I nvert ()

| Pt ()

lrr()

I sNaN()

I sNurber ()

I sText ()

| sUndef ()
Kurt osi s()
Lganma()

Li nearinterp()
Ln()
LogNor mal ()
Logt en()
Max ()

MDAr rayToTabl e()
MDTabl e()
Mean()

Mod()

M d()

M n()

Nor mal ()

Nor nal i ze()
NPer ()

Nov()
Per nut ati ons()
Pt ()

PPt ()
Probabi lity()
Pr obBands()
Pr obDi st ()
Pr obTabl e()
Product ()
Pv()

Radi ans()
Rank()
RankCorrel ()
Rat e()

Regr essi on()
Round()
Sanpl e()
SDevi ati on()
Sequence()
Sin()

Si nh()

Si ze()
Skewness()
Slice()

231
247
255
256
266
266
266
266
330
264
239
214
300
215
226
249
250
331
215
332
227
301
232
256
257
264
257
258
332
332
302
314
227
258
215
233
333
258
264
215
333
334
243
215
265
243
334
236

Array
Special
Financial
Financial
Special
Special
Special
Special
Satistical
Adv. Math
Special
Math
Distribution
Math
Array
Array
Array
Satistical
Math
Satistical
Array
Distribution
Array
Financial
Financial
Adv. Math
Financial
Financial
Satistical
Satistical
Distribution
Distribution
Array
Financial
Math
Array
Satistical
Financial
Adv. Math
Math
Satistical
Satistical
Array
Math
Adv. Math
Array
Satistical
Array



Sorti ndex()

Sql DriverlInfo()
Sar ()

Sqrt ()
Statistics()

St epi nterp()
StringlLengt h()
StringRepl ace()
Subi ndex()
Subscript ()
Subset ()

Subst ring()

Transpose()
Triangul ar ()
Truncat e()
Uncunul at e()
Uni f or m()
Uni que()

Usi ng. .. Do
Vari ance()
VWhat | f ()
VWhat [ f AT ()
Xirr()
XNpv ()

243
429
215
216
335
240
252
252
228
237
244
253
229
221
216
266
248
303
306
233
304
245
270
335
338
339
259
260

Functions

Array
Database*
Math
Math
Satistical
Special
Special
Special
Special
Array
Array
Special
Array
Array
Math
Adv. Math
Special
Distribution
Distribution
Array
Distribution
Array
Special
Satistical
Special
Special
Financial
Financial

* Database functions are available only in Analytica Enterprise.
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In this Chapter

This chapter shows you how to handle
arrays and tables.




Introduction to Arrays

The value of avariable may be a scalar—a single number, text, or
Boolean—or it may be aarray—a collection of values, viewable as

a table with one or more dimensions. The ease and flexibility with
which you can create, operate with, and display multi-dimensional
arrays is the source of much of the power of Analytica for creating and
managing substantial models. An array’s dimensions are identified
usingindex variables. You can extend a dimension by adding
elements to its index, or add a dimension to an array variable, and the
change in dimensions will automatically carry through the rest of the
model.

There are some subtleties to the effective use of arrays. Your prior
experience with spreadsheets or programming languages may mislead
you about how best to use arrays in Analytica. So, if you plan to use
arrays in your models, we suggest that you first read the following
section, “Introduction to Arrays”, and “Operations on arrays” on page
180. The remainder of this chapter provides the details on how to
create index variables, how to use Edit tables to create array values,
and how the arithmetic, comparison, logical, and conditional operators
work with arrays. Chapter 12, “Function Reference”, describes the
special functions that create and operate on arrays.

I ntroduction to Arrays

What isan array?

An array is a collection of values that you can view as a table or graph.
An array has one or more dimensions, which may appear as the row
headers or column headers of a table. For example, the value of
variableFuel price per gallon is a one-dimensional array with two
values, $1.50 for the small car (which uses regular gasoline) and $1.70
for the large car (which uses premium gasoline):

A% Edit Table - Fuel price per gallon
7 Edit Table of Fuel price per gallon (%)
Car type
i =
w0
=

small car §1.50

large car §1.70 -
i a7
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Maintenance cost per year is defined as a two-dimensional array,
which varies by Car type and by Year:

£ Result - Maintenance cost Hi=] B3
mid¥ | Mid Value of Maintenance cost pad|

= [ T
Lt e O o
1

2 3 1 5 =]
small car 300 300 a00 1000 1400
large car 700 700 700 goo 300 | 1=
] o

The small car is cheap to maintain initially, but it gets more expensive
than the large car after 3 years as its components start to wear out and
need replacing.

Analytica Note: You can swap the rows (Car type) and columns (Year)
by using the row or column popup menus (see “Index selection area” on
page 39).

What isan index?

Each dimension of an array isidentified by an index variable. The
index variable holds the possible values, either alist of numbers or a
list of labels. In the examples above, Car typeis a list of labels, “small
car” and “large car”Year is a list of numbers.

Car type: Year:
=mall car
large car

hoif Pl ika =

To create an index, see “Creating an index” on page 185.

Before creating an array, it is usually best to create the indexes for the
array’s dimensions. An index may be used in multiple arrays. When
building a model that will use several multidimensional arrays, a key
task is to define the indexes.
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Index variablesin a diagram

index variables <

Below is adiagram of a Car cost model, which includes the variables
described above. The two index variables are shown as parallelogram
nodes on the diagram.

A% Diagram - Car cost model [ [O]x]

=
Miles peryear
Gallons per
year
Fuel price per
gallon
¥
Maintenance Ciperating cost
cost peryear per year

3

Total operating
cost

Fuel cost per
year

Miles per
gallon

Fuel price per gallon is the destination of an arrow from Car type
because it is defined as an array indexed by Car type. Similarly,
Maintenance cost per year has arrows from Car type and from Year,
because it isindexed by both.

AnalyticaNote: By default, Analytica does not show arrowsto and from
index variables. You can display these arrows, as in this example, by
selecting the option in the Diagram Style dial og fromthe Diagram menu
(see “Diagram Style dialog box” on page 111).

Viewing an array as an Edit table

An Edit tableisawindow that appears similar to aResult table. Unlike
a Result table, you can select or change the indexes of the array and
enter or edit the value of each element. If you select avariable defined
asan Edit tableand click on the edit definition button (| #= ), you will
see its Edit table.
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Example (continued from above)

Miles per gallon,:

£ Edit Table - Miles per gallon H=] E3

£.2 1  Edit Table of Miles per gallon (miles/gallon)
— Car type [ Tatals
R s

W

=

small car 35

large car 25 =
] i

To create or edit an array with an Edit table, see “Creating an array
with an Edit table” on page 191.

Two sour ces of array value

When you evaluate a variable and its Result window shows an array

value, there are two possible sources. A variable will have an array
value if:

« itis defined as an array using an Edit table, or

« itis defined as an expression calculated from one or more other
array-valued variables.

Operationson arrays

Arithmetic operations and simple functions generalize
straightforwardly when they are applied to arrays, according to the
dimensions of the arrays. This section gives some simple examples.

Operation on a scalar and an array

An operation applied to a scalar and an array results in an array of the
same shape, applying the scalar operation to each element in the array.

Example (continued)

Miles per_year: 10K (a scalar)
Gallonsper year: M| es_per_year / Mles_per_gallon
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The result of an operation (division in this case) combining a scalar
and an array is aresult array with the same index(es) as the original

array:
£ Result - Gallons per year =1 E3
mid* | pid Yalue of Gallons per year Wl
Car type [T Totals
-
Lall
small car 285.7
large car 400 -
A F

Operation on two arrayswith the same indexes

An arithmetic operator applied to two arrays with the same indexes
creates another array with the same indexes. Analytica applies the
operator to pairs of corresponding elements.

Example (continued)

Fuel cost per year:
Fuel price_per_gall * Gallons_per_year

Both Fuel price per gallon and Gallons per year are arrays with the
same index, Car type. The result is an array also indexed by Car type,
containing the value obtained by multiplying the corresponding
elements of each array:

£ Result - Fuel cost per year _ (O] =]
Mid™ | pid Value of Fuel cost per year ($/iyear) Wl
Car type [ Tatals
=

Lafl

=
small car $429
large car $580 -
1| A7

Operation on a one- and two-dimensional array
An arithmetic operator applied to a one-dimensional array and a two-

dimensional array, that have one index in common, creates another
two-dimensional array with the same two indexes.
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Example (continued)
Op_cost_per_vyear:

Fuel _cost_per_year + Maintenance_per_year

Operating cost per year is the sum of a one dimensional variable
indexed by Car type and a two-dimensional variable indexed by Car
type and Year. The result is atwo-dimensional array indexed by both

indexes:

£ Result - Dperating cost per year M=l E3
i Mid Value of Operating cost per year ($) ﬂl
Cartype ¥ | [ Totak
v R

1 2 3 4 5=
small car §729 §729 329 $1429 $1529
large car $1330 $1380 $1380 $1480 1530
ﬂ "

Each Car type (row) in the result uses the fuel cost and maintenance
cost for the corresponding Car type. Each Year (column) usesthe same
annual fuel cost, which does not change by year, and the
corresponding maintenance cost, which does change by year.

Changing the above table to a graph, using the graph button ( ),

shows:

£ Result - Operating cost per year

midw
2]
Ll

Mid Value of Operating cost per year (§)

I [=] B3
|

Operating cost ___

$2000

$1000 1

30

Key Car type
—_ small car
-— large car

The graph shows how the operating costs of the small car are lessthan
the costs of the large car in the first 3 years and grow to be larger in
the 5th year, crossing over just after the 4th year.
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Summing over an index variable
The Sum() function sums an array over one index, giving a result

without that index.

Example (continued)
Total operating cost: Sum( Op_cost _per _year, Year)

This operation sums Operating cost per year over the Year dimension,
producing aresult indexed only by the Car type dimension:

/% Besult - Total operating cost M=l E3
michw Mid Value of Total operating cost ($/irear) Wl
Car type [ Totals
=

Lall

=
small car $o643
large car F7200 -
| a7

Analytica Note: The expression does not need to mention any other
possible indexes, such as Car type.

Becausethe Sun{) function eliminates one index of an array, itis
called an array-reducing function. Analyticaincludes several array-
reducing functions (see “Array-reducing functions” on page 223).

Operation on arrayswith different dimensions
An arithmetic operator applied to two one-dimensional arrays with

different indexes creates a two-dimensional array with both indexes.

Example (continued)
Miles per year is redefined as a list (see “Creating a list” on page 186):
Miles per year: [5000, 10K, 15K]

A list is a one-dimensional array that is indexed by itself. Lists are
eligible to be used as indexes of other arrays.

The definitions oMiles_per_gallon, an array indexed b@ar type, and
Gallons per year, a ratio, remain unchanged.
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Gallonsper year: Ml es_per_year / Mles_per_gallon

The result of Gallons per year is now an array indexed by both Miles
per year and Car type (compare to the definitionsin the section
“Operation on a scalar and an array” on page 180):

/% Result - Gallons per year M= E3
micw Mid Value of Gallons per year (gallyvear) Wl
| Car type hd | [ Tatals
Ll s | Miles per year {milesfyear) w |E> [ Tatals

5000 10K 15K =
=mall car 1429 2807 42536
large car 200 400 EO0 =
| A7

Each value in the table is computed from Rhiges per year for the
column divided by théliles per gallon for eachCar type (row). For
example, 5000 miles per year divided by the large car’s 25 miles per
gallon gives 200 gallons per year.

The list value foMilesper year propagates through the model as a new
dimension to all its dependent variables. Recomputing the result for
Operating cost per year now gives a three-dimensional table with an
added index oMiles per year:

£ Result - Operating cost per year M=l B3
mid* | Mid Value of Operating cost per year ($) WI
cartype o] 5 6
Lafll | Mile= per year (milesivear) v | [ Tatals
=
| Year w |D [ Tatals

1 ¥ 3 I 5=
5000 F514 F514 5714 1214 F1614
10K F729 F724 F929 F1429 F1529
15K $943 §943 $1143 F1643 F2043 5
j >|
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The results for the other Car type can be displayed by clicking on the
diagonal arrow (£1):

/% Result - Dperating cost per year H=] E3
mid¥ | mMid Value of Operating cost per year ($) XYI
Cartype T ! HRS
| | Miles per year (milesirear) v | [ Tatals
7 | Year v |[> ] Totals

1 2 3 4 5=l
5000 $1040 $1040 $1040 $1140 $1240
10K F1330 1380 1380 F1480 F1580
15K §720 §1720 §720 §a20 19205
j »|

General rulefor operationson arrays

We can summarize and generalize the behavior of an operation on two
arrays with the following rule: An operation on two arrays yields an
array whose indexes are the union of the indexes of the two arrays. In
this way, Analytica combines arrays without requiring explicit
iteration over each index. We call this feature of generalized
operations for multidimensional values Intelligent Arrays™.

Creating an index

Analytica includes a specific class of variable node—titiex
variable—to identify dimensions of arrays. Other variables, such as
decision nodes, are often also used to identify dimensions of arrays.
Actually, any variable defined as a list (one-dimensional array) can
serve as an index to an array. For clarity in your model diagram, use
the index variable whenever possible. (The teinmaex andindex
variable are used interchangeably here.)

Create an index variable in the following way:

1. Select the Edit tool (El) and have the Diagram window active.

2. Dragtheparallelogram shape() from thenodepalettetothe
diagram.

3. Givethenew index a descriptivetitle.

4. Definetheindex asalist, list of labels, or sequence (see below).
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Creating alist

To define avariable as alist, first select the variable and open one of
the following:

« The variable’s Object window.

» The Attribute panel of the diagram (see “Displaying the attribute”
on page 27).

* In the Attribute panel, seleBtefinition from the Attribute popup
menu (see “The Attribute popup menu” on page 28) as the attribute
to display.

To create a list:

1. PresstheExpression popup menu abovethedefinition field and
select List (for numbers) or List of Labels (for text).

v EIF Eunression

B List
E=l List of Labels
1.8 Sequence

£ Other..

(If the variable already has a definition, Analytica confirms that you
wish to replace it. Click o®K to replace the definition with a one-
element list.)

A one-element list is displayed in the definition field.

List icon for the Expression popup
menu

Definition:
New one-element list

2. Select the element by clicking on it.

3. Typein anumber or expression (for List) or text (for List of
L abels).

4. PressEnter and typein the next value.
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5. Repeat step 4 until you have entered all the values you want.

£ Object - Buying price

() Wariable ¥ | Price Units: § =

Title: Buying price
Description: Buying price of a house,

Definition: 100k
2301
200k

Values entered into alist

Autofilling a list

Analyticagives the first cell of alist the default value 1 or the value
of the variable’s previous definition. When you prEster, Analytica
gives the second cell the value of the first cell plus 1.

After you have entered at least two values, Analytica gives each new

cell a value that is incremented by the difference between the last two
values.

Autofilling alist of labels
Analytica gives the first cell of a list of labels the default text value
i tem 1. Analytica gives each subsequent cell receives a value the
same as the previous cell.
Creating alist with the Sequence option
For the classes of nodes that are often defined as lists, such as index

and decision variables, the Expression popup menu includes the
Sequence option.

e Eupression |

v B List
F= List of Labels

1.4 Bequence

£+ Other... |

Analytica User Guide 187



Chapter 11 Modeling with Arrays and Tables

The Sequence option provides a quick way to define alist of equally

spaced numbers.

When you select Sequence, the Object Finder opens, showing the
Sequence() function (see page 227).

#4 Object Finder [ |
Library: | Array - I Fird... |
= Size (U
=5 Slice (UM
B Sortindex (D, 1)
B Spit [ S, separatar ) J
= Subscript [u1,1,027
Sapeh Vet i LI
start end stepsize
Sequence | 0 | 50 | 5
Sequence(Start, End, Stepsize) returns a list of numbers from Start to End. If ;I
Stepsize is not specified, it returns a list of successive integers. Ctherwize, it
returns & lizt of numbers, each differing from the one befare by Stepsize.
=

Cancel | QK |

After entering the Start, End, and Stepsize values, click OK; the
definition field shows the Sequence button with its parameters.

Definition: Sequence |( 0,500,370

Analytica Note: To edit the Sequence, click on the Sequence button.

List vs. List of Labels

You can display alist or list of labelsin two ways: “List View” or
“Expression View”". The “List View” displays by default; the
Expression popup menu shows the list or list of labels icon.

List View

LR il ikd P
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The “Expression View” displays when you sel¢ F--:»| in the
Expression popup menu.

Expression View
[1,2,3,4,5]

List (of numbers)

In a list of numbers (usually called simply a list), each value is a
number or an expression that evaluates to a number. For example, the
sequence of five integers above is a list.

List of labels

In a list of labels, every value is text. For example, the set of states
below is a list of labels; in the expression view, each label is contained
in single quotation marks.

List view

Alabams
Alaska
Arizong
Arkansas

Expression view

[" Al abama’, 'Alaska', 'Arizona',’'Arkansas’]

To include a single quote (apostrophe) as part of the text in a label in
expression view, insert two adjacent single quotes, e.g.

[‘cant’,’'won”t’,'didn"t’]
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Mixing numbersand text

A list can include amix of cells containing text and numbers. In both
views the text is contained in single quotation marks. For example:

List view

1
‘Alabama’
2

‘Alazka’

Expression view
[1, 'Alabanma’, 2, 'Al aska’]

If you attempt to mix numbers and text in alist of labels, all the values
will be treated as text. For example:

List view

1
Alsbams
2
Alaska

Expression view
['1, 'Alabama’, '2', 'Al aska’']

Analytica Note: Alist cell can contain any valid expression, including
one that refersto other variables or one that evaluatesto an array.

Editing alist

You can edit alist by changing, adding or deleting cells (list items).

Inserting cells

To add acell at the end of the list, select the last cell and press Enter
or the down arrow key.
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To insert a cell anywhere other than at the end of the list, select a cell
and choose I nsert Rows (Ctrl-1) from the Edit menu. Thevaluein the
selected cell is duplicated in the new cell.

To insert several contiguous cellsin the middle of the list, select the
number of cells you want to insert and choose I nsert Rows (Ctrl-1)
from the Edit menu. The value of the last selected cell isduplicated in
the new cells.

Deleting cells

To delete one or more cells, select them and do one of the following:

e ChooséDelete Rows (Ctrl-K) from theEdit menu.
* Presdelete.

Analytica Note: If you add or delete acell inalist that isan index of an
edit table, the corresponding elements of the table are also added or
removed (see “Editing a table” on page 195).

Navigating a list

Use the up and down arrow keys to move the cursor up and down the
list.

Creating an array with an Edit table

To define avariable as an array (table), first select the variable and
open one of the following:

e The variable’s Object window.

» The Attribute panel of the Diagram window (see “Displaying the
attribute” on page 27).

In the Attribute panel, seleBtefinition from the Attribute popup
menu (see “The Attribute popup menu” on page 28) as the attribute
to display.
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To create a table:

1. Pressthe Expression popup menu abovethedefinition field and
select Table.

EIF Ewpression

B Lt

B List of Labels
& Probability Table
A Distribution

= Chaoice

P} Other...

If the variable already has a definition, you are asked to confirm
that you wish to replaceit.

Question

® Replace current definition with a T able’?
Cancel |

2. The Indexes dialog box displays for selecting the table’s indexes
(dimensions).

Show all variables Indexes for the table

£ Indexes

Preview: Indexes: Al ariables Selected Indeyes:

Values of the selected City [T House sike =
variable———— Suburbs
Rural
=l
A list of three possible locations for & house,
Canicel | (1] |
Selected variable Description of selected Move button

variable
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3. Select avariable from the Indexeslist and click on the move

button ([>2]), or double-click on thevariable, to select it asan
index of thetable. Repeat for each index you want.

4. Click on OK tocreatethetableand open the Edit Tablewindow
for editing the table’s values (see “Editing a table” on page 195).

I ndexes dialog box

The Indexes dialog box contains (see figure above):

Preview

A list of the values of the selected index variable. If the selected
variable is not a list, it says “Can’t use as index.”

All variables checkbox

If checked, the Indexes list includes all variables in the model. If
not checked, it lists only variables of the class Index and Decision,
plus the variable being definese(f) andTime. If you select this
variable &f) as an index, the variable itself holds the alternative
index values.

Selected indexes

A list of all indexes already selected for this variable.

new index

Select to create a new index.

Creating a new index

You can create an index variable in the course of creating a table, in
the following way:

1. Select new index from the variableslist in the Indexes dialog
box.
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2. Enter atitlefor theindex.

Select new
index

£ new index

Enter index title

3. Click on the Create button.
4. Tomakethenew index an index of thetable, click on the il
button.

Enter the values of the Index in the Edit Table window (see the
following section).

Removing an index

To remove an index from a table:
1. Select theindex from the Selected Indexeslist.

2. Click ontheil button.

Removing an index will leave the first table (slice) along that index as
the value of the array.

System index variables Run and Time

Analytica User Guide

Analyticaincludestwo system index variables: Run and Time. You can
generally treat these index variables like any other index variable.

Run is the index for the array of sample values for probabilistic
simulation. You can examine the array with the Sample uncertainty
mode (see “Sample” on page 48) or 8aapl e() function (see page
333).

Timeis the index for dynamic simulation. It is the only index permitted
for cyclically dependent modeling (see Chapter 17, “Modeling
Changes over Time").



Editing atable

Editing atable

To open the Edit Table window, click on the Edit Table button in
either:

* The Object window (see “The Object window” on page 25)

« The Attribute panel of the diagram (see “Displaying the attribute”
on page 27)

In the Attribute panel, seleBtefinition from the Attribute popup
menu (see “The Attribute popup menu” on page 28).

The Edit Tablewindow

The Edit Table window appears similar to the Result window Table
view (see “Viewing a result as a table” on page 41). The difference is
that you can add indexes and edit (change) the values in cells in an Edit
Table window.

4 Edit Table - Buying Price

Index button——7 | Eqi¢ Table of Buying Price ($K)

et b=
Accepttuton——— [ Wousesie >

Small Large =
City 300K 00K
Suburbs 250K 450K
Rural 100K 250K =
41 * i

Selecting cells

Select a single cell

Click on the cell once.
Select multiple cells

Drag the mouse from one cell to another to select a rectangular
region.
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Editing a cdl

Enter an expression into a cell in the same manner as you would in a
definition field. Press Enter to accept the value and to select the next
cell.

Analytica Note: Edit tables are not designed for defining complex
expressionsin each cell. Rather than define a cell asa complex

expression, create a new variable, and define it as the complex

expression. Then enter the new variable’s identifier in the edit table cell.

Adding and deleting cells

To add cells by adding rows or columnsto a table:

1. Select therow (or column) beforewhich you wish toinsert anew
one.

2. Chooselnsert Rows (or Insert Columns) from the Edit menu.

The added cells contain zeros.
To delete cells by deleting rows (or columns) in atable:

1. Select therow (or column) you wish to delete.
2. Choose Delete Rows (or Delete Columns) from the Edit menu.

You can only add or delete an element of an index in thisway if the
index was defined as alist or list of labels. You cannot modify an
index defined as a Sequence() or other expression from an edit
table.

Analytica Note: When you change an index in this way, you will also
affect any other arrays using this index.

Copying and pasting cells

Analytica User Guide

You can copy acell or arange (two-dimensional rectangular region)
of cells from atable.

To copy acell or region:

1. Select the cell or region.



Calculating with arrays

2. Choose Copy from the Edit menu (Ctrl-C).

3. Pastetheitem(s) into another cell or region by selecting Paste
from the Edit menu (Ctrl-V). The region you paste into must
either beasingle cell at thetop left corner of the destination
region, or it must have the same size asthe copied region.

Adding or removing indexes

Click on the Index button ( [/Z]) to add more indexes (increasing the
number of dimensions) or to remove indexes (decreasing the number

of dimensions). The Indexes dialog box appears (see “Indexes dialog
box” on page 193).

Any new index of size copies the current table with its current values
n times along the new dimension.

Saving thetable

Click on the Accept butto ) to perform a syntax check and store
changes you have made.

Click on the Cancel butto ) to discard changes made since

opening the window, or since the last time you clicked on the Accept
button.

If you close an Edit Table window without clicking on the Accept or
Cancel buttons, the changes are accepted.

Calculating with arrays

Conventionsfor array examples

Most of the examples in this and the next chapter show variables
defined as tables (arrays) or evaluating to arrays. Indexes and arrays
in these examples are represented as follows:

* Anindex or list and its values

IndexName:

| valuel| value2| valueN|
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* An expression that evaluates to a scalar or an array

expressi on - result
* A one-dimensional array

Index_a p

a b c
value |value |value

* A two-dimensional array

Index_b w, Index_ap

a b C

X |value |value |value
y |value |value |value
z |value |value |value

* A three-dimensional array

Index_a w, Index_b p, Index_c displayed value ¢

a b C

X |value |value |value
value |value |value
z |value |value |value

<

Scalar functions

Any function that takes a scalar parameter (e.g., see “Math functions

on page 213) can be applied to an array, resulting in an array of the
same shape. Each element of the resulting array is calculated by
applying the function to the corresponding element of the input array.

This example takes the square root of every value in a one-
dimensional array.

Sart([1, 2, 3, 4, 5]) -

1 2 3 4 5
1.000000 1.414214 1.732051 2.000000 2.23G6068
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Arithmetic operations

An arithmetic operator (+, -, *, [/, *)appliedtotwo arrays
resultsin an array indexed by every index variable in the two input
arrays. Several examplesillustrate this:

« An arithmetic operator applied to a scalar and an array results in an
array of the same shape, applying the scalar operation to each
element in the array:

40 90 160

« An arithmetic operator applied to two arrays that are both indexed
by the same variable creates another array indexed by the same
variable with the operator applied to pairs of corresponding

elements:
X+ Sgr(X) -
Xp
2 3 4

6 12 20

« An arithmetic operator applied to two arrays with different index
variables (or with no index variables) creates an array indexed by
every index variable in the two arrays, with the operator applied to
all pairs of elements:

Inflation:

| 1.05 110 1.15

Price:

| 5K| 10K| 15K|

Inflation * Price -
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Price w , Inflation p»

1.05 1.10 1.15
5000 5250 5500 5750
10K 10.5K 11K 11.5K
15K 15.75K 16.5K 17.25K

Comparison and logical operations

200
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The comparison operators (>, >=, =, <=, < and so on) and the logical
operators (And and Or ) combine array values in the same way as the
arithmetic operators. (See “Operators” on page 166 for the full list of
operators.) The only difference from the arithmetic operators is that
both comparison and logical operators return arrays of Boolean
values, and the logical operators treat their operands as Boolean. Each
cell contains either 1T¢ue) or O (False) (see “Boolean or logical

values” on page 166).

For example:

Vw_price:

| 8250 10K 15K

Honda_price:

| 125K] 15K 20K

Honda_price > Vw price -
Vw_price w , Honda_price p

12.5K | 15K 20K
8250 1 1 1
10K 1 1 1
15K 0 0 1

Honda_price = Vw price -
Vw_price w , Honda_price p

12.5K | 15K 20K
8250 0 0 0
10K 0 0 0
15K 0 1 0




Conditional operators

Honda_price > VWprice OR Honda_price = Vw _price

—

Vw_price w , Honda_price p

125K | 15K 20K
8250 1 1 1
10K 1 1 1
15K 0 1 1

Conditional operators

The conditional operators are:

If Bthen Uelse V
Ifonly B then Uelse V
Ifall B then U el se V.

All three conditional operators return elements of U and V depending
on the value of B. The three operators differ on whether U and V are
evaluated when B is constant, and on what the final result is indexed
by. The following table summarizes what gets evaluated in each case:

What gets evaluated:

B contains | B contains | B contains both
only True |only False | True and False
| f B, U B,V B, U,V
| fonly B, U B,V B, U,V
I fall B, U,V B, U,V B, U,V

What the final result isindexed by (B in the table indicates that the

result isindexed by the dimensions of B, etc.):

B contains | B contains | B contains both
only True |only False | True and False
| f B,U B,V B,U,V
| fonly U \% B, U,V
I fall B,U,V B, U,V B,U,V
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If BThen U ElseV

Returns U or V, or an array whose cells contain values of U or V,
depending on the value of B.

If B has the valu@rue (or any nonzero number), it returns the value
of U and does not evaluate

If B has the valu€alse (or 0), it returns the value dand does not
evaluateJ.

If B is an array which contains at least dnee (nonzero) value
and at least onféalse (0) value, it evaluates bothandV. It returns
an array indexed by the union of the indexeB,df, andV,
containing elements froftd orV according to the corresponding
elements oB.

If B is an array containing oniirue (only non-zero numbers) is
evaluatedy is not evaluated, and the result is indexed by the
indexes oB andU.

If B is an array containing onbyalse (only zeros)U is not
evaluatedV is evaluated, and the result is indexed by the indexes of
B andV.

Examples
N:
L1 2 3
If N> 0 Then 'Yes' Else 'No' -
NP
1 2 3
'Yes' 'Yes 'Yes'
If N=2 Then 'Yes' Else 'No' -
NP

Analytica User Guide

‘No' 'Yes' ‘No

| f

N < 0 Then 'Yes' Else "No' - '"No’



Conditional operators

Avoiding Evaluation

You may want to avoid evaluation of U for elements of B that give
undefined results. For example:

Myarray:
In2 p

21 22 23
-10 0 10

If Myarray > 0 Then Ln(Myarray) El se 0 givesawarning
message on evaluating Ln( - 10) . Ignoring the message gives

In2 p

21 22 23
0 0] 2.303

To avoid evaluation of U for the elements that are false, evaluate
I f...Then...El se oneach element of Myarray using a
For . . . Do loop (see page 267) or Usi ng. . | n. . Do (see page 270).

Using Tenp := Myarray in I n2 Do
If Tenp > 0 Then Ln(Tenp) Else 0

Ifonly B Then U ElseV

I fonlyissimilartol f, except that it does not include the
dimensions of B in theresult if B is constant.

« If B has the valu@rue (or any nonzero number), it returns the value
of U and does not evaluate

« If B has the valu€alse (or 0), it returns the value dand does not
evaluateU.

« If Bis an array which contains at least dnee (nonzero) value
and at least onféalse (0) value, it evaluates bothandV. It returns
an array indexed by the union of the indexeB,df, andV,
containing elements frotd orV according to the corresponding
elements oB.

« If Bis an array containing onfirue (only non-zero numbers) is
evaluatedy is not evaluated, arld is returned. Unliké f , The
dimensions oB are not included in the result.
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« If Bis an array containing onkyalse (only zeros)U is not
evaluatedy is evaluated, and is returned. Unliké f , The
dimensions oB are not included in the result.

When to use

The main difference betweér onl y andl f is thatl f onl y

collapses the array dimensions whgis constant. In general,

| f onl y can cause confusion when dimensions disappear simply
because numbers (B) come out equal in a coincidental situation.
However, if your intention is to reduce the dimensionality of the result
whenB is constant, then udd onl y.

In the world of array abstraction, one can consider an array that is not
indexed byl to be equivalent to an array that is constant adroasgh

each slice along being equal to the original array. In this serde,

andl f onl y return equivalent results. If dimensions are re-introduced
later, the downstream results will be the same in the two cases.
However, since the dimensionality is smaller for resultsfainl vy,

there can be a slight computational advantage lolveDue to the use

of sparse array representations inside Analytica’s engine, the
difference in computational advantage is usually very small.

Examples:
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N:

1 2 3

Ifonly N> 0 Then ’Yes' Else 'No' - ’Yes’
Ifonly N="A Then 'Yes’ Else "No° - ’'No

Ifonly N =2 Then 'Yes' Else 'No' -

N p

'No' 'Yes' 'No




Conditional operators

Ifall BThen U ElseV

Ifall issimilartol f, except that it always evaluates both U and V,

and returns a value whose dimensions are always the same—the union
of the indexes oB, U, andV. I f, Ifonly, andlfall give the

same result wheB is an array whose values are partially true.

When to use

WhenB is an array, the number and identity of the dimensions of the
result of anl f expression can vary according to the valueB.ibse

I fall instead ofl f to ensure that the dimensions of the result are
always the same.

Examples:
N:

L 2[ 3

Ifall N> 0 Then 'Yes' Else 'No' -

N p

'Yes' 'Yes 'Yes'

Ifall N =2 Then ’'Yes' Else 'No' -

N p

'No' 'Yes' 'No

Ifall N="A Then 'Yes' Else 'No' -

N p

'‘No' ‘No' '‘No'
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Chapter 12

Function
Reference




I n this Chapter

This chapter shows you how to use
Analytica’s built-in functions.

This chapter covers mathematical, array,
financial, text, and special functions.
Functions for uncertainty and sensitivity
analysis are covered in later chapters.




Overview

Overview

Analytica provides alarge collection of built-in functions for
performing common mathematical, financial, statistical, and array
computations.

This chapter describes most of Analytica’s built-in functions. It is
organized by the type of function:

Basic math functions (“Math functions” on page 213). Note that
additional math functions are listed separately in “Advanced math
functions” on page 260.

Functions that create lists (“Functions that create lists” on page
216).

Functions that create arrays (“Functions that create arrays” on page
218).

Functions that reduce an array to another array with one fewer
dimension (“Array-reducing functions” on page 223).

Functions that return an array with the same number of dimensions
as the input array (“Transforming functions” on page 229).

Functions that select part or a slice of an array (“Functions that
select part of an array” on page 234).

Functions that interpolate values between array elements
(“Interpolation functions” on page 238).

Other array functions (“Other array functions” on page 241).

Matrix functions for two-dimensional arrays (“Matrix functions”
on page 246).

Functions for using and manipulating strings (“Text Functions” on
page 252).

Functions commonly used for financial computations (“Financial
Functions” on page 253).

Advanced mathematical and statistical functions. These functions
tend to have specialized applications and require advanced
mathematical experience. The Regression function, which provides
generalized linear curve-fitting, may be of special interest for many
users (“Advanced math functions” on page 260).

Functions for detecting whether values are strings, numbers, or
special values (“Datatype Functions” on page 266).
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« Control functions for iterating over array elements (“Control

functions” on page 267).

Examples

The examples in this chapter refer to the following variables:

Car_type:

[VW  [Honda | BMW |

Years:

| 1085 1986 1987 1988

Mpg:

Cost: Mpg ', Car_type p

VW Honda |BMW
26 2185 2810 3435
30 1705 2330 2955
35 1585 2210 28356

Car_prices: Car_type w, Years p

1985 1986 1987 1988
VW 8000 900d 9500 10
Honda 12K 13K 14K 14.5K
BMW 18K 20K 21K 22K

Cost_in_time: Mpg w, Time p, Car_type= VW ¢

0 1 2 3 4
26 2185 2294 2409 2529 2656
30 2810 2951 3098 3253 3416
35 3435 3607 3787 3976 4175
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Cost_in_time: Mpg W, Time pp, Car_type = Honda ¢

0 1 2 3 4
26 2385 2314 2529 2649 2856
30 2910 3041 3238 3343 3526
35 3535 3847 3897 4166 4365

Cost_in_time: Mpg W, Time pp-, Car_type= BMW ¢

26 3185 3294 3409 3529 3656
30 3810 3951 4098 4253 4416
35 4435 4607 4787 4976 5175

Array Abstraction

Analytica performs operations on arrays without your needing to
explicitly identify or iterate over the dimensions of each array. When
you use variables in expressions, you only need to refer explicitly to
dimensions that are relevant to the operations being performed. If the
actual values involve dimensions other than those that appear in your
expressions, Analytica will automatically abstract over those
dimensions with no extra effort on your part.

Because array abstraction automatically takes care of most iteration
over arrays, Analytica expressions seldom contain explicit looping
constructs. Individual expressionsinvolving multi-dimensional arrays
can be very simple, while in other languages the same operations
would require multiple nested loops over the non-relevant dimensions.

Designing amodel often requires you to make hard tradeoffs between
computational complexity, which dimensions to include, and the
degree of detail. Spreadsheets and other programming languagesforce
you to make these decisions early before you have implemented your
algorithms and obtained the information that is relevant for making
these tradeoffs. The automatic management of dimensionality
provided by array abstraction makes it easy for you make these
tradeoffs late in the model building process.

Relating indexes to values

The dimensions (indexes) of a multidimensional array are ordered
from outermost to innermost as they appear in the function viewed as
an expression. The outermost is the dimension that changes most
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slowly; the innermost is the dimension that changes most rapidly. For
example, the following expression defines a three-dimensional array
indexed by Index_a, Index_b, and Index_c that contains the eight

values in the value list. Each value’s subscript shows its position in the
resulting array:

Tabl e(I ndex_1, Index_ 2, |ndex_3)
(val vue,,, value, value,, value,, value,,
val ue,,, val ue,., value,,)

Index_1:

Index_2:

i

Index_3:

i

Index_lwy, Index_2 p,Index 3=e 1!

c d
a value_ace value_ade
value_bce value bde

o

Index_1wy, Index 2 p, Index 3=1f ¢

c d
a value_acf value_ag
b value_bcf value_bdf

—+

Index_1 is the outermost dimension, whose index value changes least
rapidly in the value list. In other words, the valudmfex 1 staysa

for the first half of the value list while the values of the other indexes
change, then the value bfdex_1 changes td.

Index_3is the innermost dimension, whose index value changes with
every subsequent value in the value listlex_2 is the intermediate
dimension, changing more rapidly thamex_1, but less rapidly than
Index_3.



Math functions

Abs(X)

Arctan ( X)

Ceil(X)

Cos(x)

Math functions

These functions can be accessed under the Definition menu Math
command, or in the Object Finder dialog box, Math library.
Additional math functions that are highly specialized or less common
are also available in the Advanced Math library, described on page
260.

Returns the absolute value of X.

Abs(180) - 180
Abs(-210) - 210

Returns the arctangent of X in degrees.

Arctan(0) - O
Arctan(l) - 45
Arctan(Tan(45)) - 45

See also Ar ct an2 in the Advanced Math functions on page 261.

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 cosine of X, X assumed in degrees.

Cos(180) - -1
Cos(-210) - -0.866
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Degrees(R)

214

Exp (X)

Converts from radians to degrees.

Degrees( Pi/2) - 90
Degrees( -Pi ) - -180

Returns the exponential of X—that is, e*. X must not be greater than
709.

Exp(5) - 148.4
Exp(-4) - 0.01832

Factorial ( X)

Floor (X)

Ln(x)
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Returns the factorial of X, which must be between 0 and 170.

Factorial (5) - 120
Factorial (0) - 1

If Xisnot an integer, X isrounded to the nearest integer before taking
the factorial.

Returns the largest integer that is smaller than or equal to X.

Floor( 2.999 ) - 2 Floor(3) - 3
Floor(-2.01) - -3 Fl oor(-5) - -5

Returns the natural logarithm of X, which must be positive.

Ln(150) - 5.011
Ln(Exp(5)) - 5



Math functions

Logten ( x)

Returns the logarithm to the base 10 of X, which must be positive.

Logten(180) - 2.255
Logten(10 ~ 30) - 30

Mod( X, Y )
Returns the remainder (modulus) of X/Y.

Mbd(7,3) - 1 Mobd(12,4) - 0
Mod(-14,5) - -4

Radians( D)
Converts from degrees to radians.

Radi ans(-90) - -1.57079633
Radi ans(180) - 3.141592654

Round ( x)

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

Sin (x)
Returns the sine of X, X assumed in degrees.
Sin(30) - 0.5
Sin(-45) - -0.7071

Sqr (x)

Returns the square of X.

Sqr(5) - 25
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Sart (x)

Tan( X)

Sqr(-4) - 16

Returns the square root of X, which must be positive or zero.

Sqrt(25) - 5

Returns the tangent of X, X assumed in degrees.

Tan(45) - 1

Functionsthat createlists

[u1,u2,u3, ..

UsetheList option in the Expression popup menu to define avariable

as a list of numbers or text values (labels) (see “Creating a list” on
page 186). You can also create a list within a variable definition using
the functions described below.

um|

The list of expressions, separated by commas and surrounded by
brackets, creates alist, whose values are ul, u2, u3, ... um

Using square brackets to specify alist directly as an expression is
equivalent to using the List or List of Labels optionsin the

Expression popup menu, as described in “Creating a list” on page 186,
according to the type of values.

Examples

216 Analytica User Guide

[8000, 12K, 15K]
[' VW, ’Honda’, ' BMW]



Functionsthat create lists

Sequence ( Start, End, Stepsize )

Createsalist of numbersincreasing or decreasing from Start to End by
increments (or decrements) of Sepsize. Sepsize is optional and must
be a positive number; if it is omitted, Analytica uses increments of 1.
Sart, End, and Stepsize must be deterministic scalar numbers, not
arrays.

Using this function is equivalent to using the Sequence option in the

Expression popup menu, as described in “Creating a list with the
Sequence option” on page 187.

Library
Array

Examples

If End is greater thai®tart, the sequence is increasing:

Sequence(1,5) -

List view:

N oida il ik P

Expression viewf 1, 2, 3, 4, 5]
If Sart is greater thaiend, the sequence is decreasing:

Sequence(5,1) - [5,4,3,2,1]

If Sart andEnd are not integers, and $8epsizeis not specified,
Analytica rounds them first:

Sequence(1.2,4.8) - [1,2,3,4,5]

If Sepsizeis specified, Analytica can create non-integer values from
Sart to End with the Sepsize:

Sequence(0.5,2.5,0.5) - [0.5,1,1.5,2,2.5]
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Functionsthat create arrays

Use the Table option in the Expression popup menu to define a
variable as an array (see “Creating an array with an Edit table” on page
191).

For more flexibility and control, you can define a variable as an array
by entering thér r ay() or Tabl e() function as an expression.

£ Object - Car prices [_TO] %]
Car_prices units: § =

Title: Car prices

Table Description: An array
\- viewed asa
(= v ] table

Definition: ,__ EditTable | indexed by Car type, Years
P2 ~ -
1 | == | 3

e ~

- —

£ Edit Table - Car prices

= Edit Table of Car prices ($)

x| CStee 7]

7]~ [ews >

1985 1986 1987 1988] |

L 000 000 9500 10K

Honda 12K 13K 14k 14 5K

BRI e 30K 21k Y

Al e
An array viewed as an expression appears im#i# e() function
syntax:

£ Object - Car prices

() Variable W | Car_prices Units: § =

Title: Car prices

Anarray viewed

Description: as an expression

Expression [or =]
Definition: Table(Car_type Years)(
8000,9000 9500,10K, —_

12K, 13K, 14K 14 5K,
18K, 20K 214 22K
]
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Array(11,12, ... In, A)

Assignsaset of indexes, 11, 12, ... In astheindexes of the array A, with

11 asthe index of the outermost dimension (changing least rapidly), 12

as the second outermost, and so on. (See “Relating indexes to values”
on page 211 Amust have at leastdimensions. The elements/Aare

listed in square brackets as the last parametdy,i®a previously

defined array.

UseArray() to specify an array directly as an expresshom.ay ()

is similar toTabl e() (see page 221); in addition, it lets you define

an array with repeated values (see Example 3), and change indexes of
a previously defined array (see Example 4).

Library
Array

Example 1

Definition viewed as an expression:

Array(Car _type, [32, 34, 18])

Definition viewed as a table:

Car_type p

VW Honda |BMW
32 34 18

Note: Example variables are defined on page 210.

Example 2

If an array has multiple dimensions, then the elements are listed in
nested brackets, following the structure of the array as an array of
arrays (of arrays..., and so on, according to the number of dimensions).

Definition viewed as an expression:

Array(Car_type, Years, [[8K, 9K, 9.5K, 10K],
[12K, 13K, 14K, 14.5K], [18K, 20K, 21K, 22K]])
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Definition viewed as a table:

Car_type y, Years p

1985 1986 1987 1988
VW 8000 9000 9500 10K
Honda 12K 13K 14K 14.5K
BMW 18K 20K 21K 22K

The size of each array in sguare brackets must match the size of the
corresponding index. In this case, there is an array of three elements
(for the three car types), and each element isan array of four elements
(for the four years). An error message displays if these sizes don't
match. See als8i ze() on page 243.

Note: Example variables are defined on page 210.

Example 3
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If an element is a scalar where an array is expeétaday () expands
it to create an array with the scalar value repeated across a dimension.

Definition viewed as an expression:

Array(Car_type, Years, [[8K, 9K, 9.5K, 10K],
13K, [18K, 20K, 21K, 22K]])

Definition viewed as a table:

Car_type w , Years p

1985 1986 1987 1988
VW 8000 900d 9500 10
Honda 13K 13K 13K 13K
BMW 18K 20K 21K 22K

Note: Example variables are defined on page 210.



Functions that create arrays

Example 4

Use Ar ray() to change anindex of apreviously defined array.

Car_model:

|Jetta |Accord [320 |

Table a: Tabl e(Car _type) (32, 34, 18)

Table b: Array(Car _nodel, Table_a) -
Car_mode! p

Jetta Accord |320
32 34 18

Note: Example variables are defined on page 210.

Table (12,12, ... 1n) (ul,u2,u3, ... um

Creates an n-dimensional array of melements, indexed by the indexes
11, 12, ... In In the set of indexes, 11 is the index of the outermost
dimension, varying the least rapidly.

The second set of parameters, ul, u2 ... umspecifiesthe valuesin the
array. The number of values, m, must equal the product of the sizes of
all of the dimensions.

Each uis an expression that evaluates to a number, text value or
probability distribution. It can also evaluate to an array, causing the
dimensions of the entire table to increase. u cannot be a literal list.

Both sets of parameters are enclosed in parentheses; the separating
commas are optional except if the table values are negative.

UseTabl e() tospecify anarray directly asan expression. Tabl e()
issimilar to Array() (seepage 219); Tabl e() requires m numeric
or text values.

A definition created as a table from the Expressions popup menu uses
Tabl e() in expression view.

Library
Array
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Example 1

Definition viewed as an expression:

Tabl e(Car _type) (32, 34, 18)

Definition viewed as atable:

Car_type p

VW Honda |BMW
32 34 18

Note: Example variables are defined on page 210.

Example 2

Definition viewed as an expression:

Tabl e(Car _type, Years)

(8K, 9K, 9.5K, 10K, 12K, 13K, 14K, 14.5K, 18K,
20K, 21K, 22K)

Definition viewed as a table:

Car_type w, Years p

1985 1986 1987 1988
VW 8000 9000 9500 10K
Honda 12K 13K 14K 14.5K
BMW 18K 20K 21K 22K

Note: Example variables are defined on page 210.
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Example 3

A table created with blank (zero) cells appears in expression view
without the second set of parameters.

Definition viewed as a table:

Car_type w, Years p

1985 1986 1987 1988
VW 0 0 0 0
Honda 0 0 0 0
BMW 0 0 0 0

Definition viewed as an expression:

Tabl e(Car _type, Years)

Note: Example variables are defined on page 210.

Array-reducing functions

An array-reducing function operates across a dimension of an array
and returns a result that has one dimension less than the number of
dimensions of itsinput array. When applied to an array of n
dimensions, areducing function produces an array that contains n-1
dimensions.

The function Sun( X, ) illustrates some properties of reducing
functions.

Examples

Sum(Car _prices, Car_type) -
Years p

1985 1986 1987 1988
38K 42K 445K 46.5K
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Sum( Car _prices, Years) -
Car_type p

VW Honda |BMW

36.5K 53.5K 81K

Sum( Sum( Car _prices, Years), Car_type) - 171K

The second parameter, |, specifying the dimension over which to sum,
isoptional. But if the array, X, hasmore than one dimension, Analytica
may not sum over the dimension you expect. For thisreason, it is safer
always to specify the dimension index explicitly in Surm() or any
other array-reducing function.

If theindex variable, I, isnot adimension of the array, X, Sunm( X, 1)
returns X unreduced. In this way, Analyticawill evaluate the model
properly even if the number of dimensions changes.

Note: Example variables are defined on page 210.

Area (R, 1,X1,X2)

Returns the area (sum of trapezoids) under array R acrossindex |
between X1 and X2. | must contain increasing numbers. X1 and X2 are
optional; if they are not specified, the areais calculated across all of I.

If X1 or X2 fall outside the range of valuesin I, thefirst value (for X1)
or last value (for X2) are used. Ar ea() computes the total integral
across |, returning a value with one less dimension than R. Compare
Area() tol ntegrate() (seepage?23l).

Library

Array

Example
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Area(Cost _in_tinme, Time, 0, 5000) -
Car_type @, Mpg p

26 30 35

VW 9653| 1242K| 15.18K

Honda 10.11K| 12.84K| 15.86K

BMW 13.65K | 16.42K | 19.18K




Array-reducing functions

Note: Example variables are defined on page 210.

Argmax (R, 1)

Returns the corresponding value in index | for which Risthe
maximum. If more than one value equal s the maximum, returns the
index of the last occurrence.

Library
Special

Example

Argmax(Car _prices, Car_type) -
Years p

1985 1986 1987 1988
BMW BMW BMW BMW

To obtain the corresponding value in index | for which Aisthe
minimum, use Ar gmax(- A, | ).
Argmax(-Car_prices, Car_type) -

1985 1986 1987 1988
VW VW VW VW

Note: Example variables are defined on page 210.

Average (X, 1)

Returnsthe mean value of all of the elements of array X, averaged over
index I.

Library
Array

Examples
Aver age(Mpg) - 30.33
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Aver age(Car_prices, Car_type) -
Years p

1985 1986 1987 1988
12.67K 14K | 14.83K 15.5K

Note: Example variables are defined on page 210.

Join(A, I, separ ator ,final Separator)

Returns the elements of A (astext) concatenated along | and separated
by separator. If the optional finalSeparator parameter is provided, it
is used as the final separator. If any elements are numeric, they are
converted to strings using the number format settings for the current
node.

Alp
1 2 3
VW | Honda| BMW
Join(A,l", ") - 'VW, Honda, BMW'
Join(A,l,’, ) and ) - 'VW, Honda and BMW'’
Max (X,1)

Returns the highest valued element of X along index 1.
Library

Array
Examples

Max(Years) - 1988

Max(Car_prices, Years) R

Car_type p
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VW Honda |BMW
10K 14.5K 22K

To obtain the maximum of two numbers, first turn them into an array:



Array-reducing functions

Max([ 10, 5]) - 10

Note: Example variables are defined on page 210.

Min (X, 1)

Returns the lowest valued element of X along index 1.

Library
Array

Examples
M n(Years) - 1985

M n(Car_prices, Years) -
Car_type p

VW Honda |BMW
8000 12K 18K

To obtain the minimum of two numbers, first turn them into an array:
Mn([10, 5] ) - 5

Note: Example variables are defined on page 210.

Product (X,1)

Returns the product of all of the elements of X, along the dimension
indexed by .

Library
Array

Examples
Product (Mpg) - 27.3K
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Product (Cost, Mg) -
Car_type p

VW Honda |BMW

5.905G| 14.47G| 28.78G

Note: Example variables are defined on page 210.

Subindex (A, U, 1)

Returnsthevalue of | corresponding tovalue U in array A. If morethan
one value corresponds, returns the index value of the last occurrence.
For the values that do not correspond, returnsundef i ned (shows as
blank, see also IsUndef(..) on page 266).

Argmax() uses Subi ndex(A, Max(A, 1), 1) toreturnthe
index value corresponding to the maximum valuein A. See
Ar gmax () on page 225.

Library

Special

Examples
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Subi ndex( Car _prices, 12K, Car_type) -
Years p

1985 1986 1987 1988
Honda

Subi ndex( Car _prices, 12K, Years) -
Car_type p

VW Honda |BMW
1985

If Uisan array of values, an array of index valuesis returned.



Transforming functions

Subi ndex( Car _prices, [12K, 21K], Car_type) -
Subindex w , Years p

1985 1986 1987 1988
12K |Honda
21K BMW

Note: Example variables are defined on page 210.

Sum (x,1)

Returns the sum of array X over the dimension indexed by variable .

Library
Array

Examples
Sum(Mpg) - 91

Sum( Car _prices, Years) -
Car_type p

VW Honda |BMW
36.5K 53.5K 81K

Note: Example variables are defined on page 210.

Transforming functions

A transforming function operates across a dimension of an array and
returns aresult that has the same dimensions as its input array.

The function Cunul at e( X, 1) illustrates some properties of
transforming functions.

Example

Currul at e( Car _pri ces, Years) -
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Car_type @, Years p

1985 |1986 |1987 | 1988

VW 8000 17K | 26.5K| 36.5K
Honda 12K 25K 39K | 53.5K
BMW 18K 38K 59K 81K

The second parameter, |, specifying the dimension over which to
cumulate, isoptional. But if thearray, X, has more than one dimension,
Analytica may not cumulate over the dimension you expect. For this
reason, it is safer always to specify the dimension index explicitly in
any transforming function.

Note: Example variables are defined on page 210.

Cumproduct (X,1)

Returns an array with each element being the product of all of the
elements of X along dimension | up to, and including, the
corresponding element of X.

Library
Array

Example

Cunproduct (Cost _in_time, Tine) -
Mpg W, Time p, Car_type= VW ¢

0 1 2 3 4
26 2185| 5.012M | 12.07G| 30.54T| 81.11Q
30 2810 8292M | 25.69G| 83.57T| 285.5Q
35 3435| 1239M | 46.92G| 186.6T| 778.9Q

Note: Example variables are defined on page 210.

Cumulate (x,1)

Returns an array with each element being the sum of all of the
elements of X along dimension | up to, and including, the
corresponding element of X.
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Transforming functions

If Xisnotindexed by I, Currul at e( X, | ) operatesasif X were
indexed by |, but constant across |. Using this, a convenient trick for
numbering the elements of anindex isto use Cunul ate(1, 1) .

Library
Array

Example

Cunul ate(Cost _in_tine, Tine) -
Mpg W, Time p, Car_type= VW ¢

0 1 2 3 4
26 2185 4479 6888 9417| 12.07K
30 2810 5761 8859| 12.11K| 15.53K
35 3435 7042| 10.83K 14.8K| 18.98K

Cumul ate(1, Car_type) -

Years p

VW Honda |BMW
1 2 3

Note: Example variables are defined on page 210.

Integrate (R, 1)

Returns the result of applying the trapezoidal rule of integration of
array Rover index I. | nt egr at e() computes the cumulative
integral across I, returning a value with the same number of
dimensionsasR. Comparel nt egr at e() toAr ea() (seepage224).

An aternative syntax is| nt egrat e(R1, R2, |),whichreturns
the integral of array R1 over array R2. If R2 has one dimension, its
index must also be anindex of R1and | isoptional. If R2 hasmorethan
one dimension, then | isrequired and must be an index of both R1 and
R2.

Library
Array
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Example

Integrate(Cost _in tine, Tine) -
Mpg W, Time p, Car_type= VW ¢

0 1 2 3 4
26 0 2240 4591 7060 9653
30 0 2881 5905 9081| 12.42K
35 0 3521 7218 111K | 15.18K

Note: Example variables are defined on page 210.

Normalize (R, 1)
Returns an array that isnormalized array R, so the areaacrossindex |
isl

Nor nal i ze() doesnot forcethe valuesalongindex | to sumto 1; to
make the valuessum to 1, divide Rby Sum(R, 1).

An alternative syntax isNor mal i ze(R1, R2, 1), whichreturns
the normalized array of array R1 over array R2. If R2 has one
dimension, itsindex must also be an index of R1 and | need not be
stated. If R2 has more than one dimension, then | is required and must
be an index of R1 and R2.

Library
Array

Example

Nornal i ze(Cost _in _Tine, Tine) -
Mpg W, Time p, Car_type= VW ¢

0 1 2 3 4

26 0.2264| 02377, 0249 0.2620| 0.2752
30 0.2263| 0.2377| 0.2495| 0.2620| 0.2752
35 0.2264| 0.2377| 0.2496| 0.2620| 0.2751

Note: Example variables are defined on page 210.
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Rank (X,1)

Returns an array of the rank values of X acrossindex |. The lowest
valuein X hasarank value of 1, the next-lowest hasarank value of 2,
and so on. | isoptional if Xisone-dimensional. If | isomitted when X
is more than one-dimensional, the innermost dimension is ranked.

If two values are equal, they receive the same rank and the next higher
value receives arank 2 higher.

Library
Array

Examples

Rank( Mpg) -
Mpg p

26 30 35
1 2 3

Rank( Car _prices, Car_type) -
Car_type w, Years p

1985 1986 1987 1988
VW 1 1 1 1
Honda 2 2 2 2
BMW 3 3 3 3

Note: Example variables are defined on page 210.

Uncumulate ( X, I, firstElement)

Uncunul at e( X, I') returnsan array whose first element (alongl) is
thefirst element of X, and each other element isthe difference between
the corresponding element of X and the previous element of X.
Uncunul ate( X, I, firstEl ement) returnsan array with the
first element along | equal to firstElement, and each other element
equal to the difference between the corresponding element of Xand the
previous element of X.

Uncurul at e( X, |') istheinverse of Cunul ate( X, I).
Uncunul at e( X, |, 0) issimilar to adiscrete differential operator.
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Library
Array

Example

Uncurul ate(Cost _in_tine, Tinme) -
Mpg W, Time p, Car_type= VW ¢

0 1 2 3 4
26 2185 109 115 120 127
30 2810 141 147 155 163
35 3435 172 18( 189 199
Uncunul ate(Cost _in_tine, Tine,0) -
Mpg W, Time p, Car_type= VW ¢

0 1 2 3 4
26 0 109 115 12( 12y
30 0 141 147 155 163
35 0 172 180 189 199

Note: Example variables are defined on page 210.

Functionsthat select part of an array

Analyticaincludes four functions that are useful for selecting an
element or slice of an array.

With Choi ce() , you can select an element from a list.
With Sl i ce(), you can select the nth element or “plane” of an array.
With I dent [ | =U] andSubscri pt (), you can select the element

or “plane” of an array whose index matches a given value.

All these functions return a result that has one dimension less than the
number of dimensions of its input array.

Choice (1, n, inclAll)

Appears as a popup menu in the definition field, allowing selection of
the nth item froml (see “Creating a popup menu” on page 153).
Choi ce() must appear at the topmost level of a definition. It cannot
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be used inside another expression. The optional inclAll parameter
controls whether the “All” option (n=0) appears on the popog All
defaults toTrue).

Library
Array

Examples
Choi ce(Years, 2) - 1986

If n=0, all values of are returned:

Choi ce(Years, 0) -
Years p

| | 1985 1986] 1987 1988|

Note: Example variables are defined on page 210.

Ident[I=uU]

Returns a specific element or slice of an array, whaaw is the
identifier of an array variablé,is an index variable, and is one or

more elements of inddxhat corresponds to the desired array element.

Ident[1 = U] is equivalent t®ubscri pt (UL, |, U2) when
Ident is a variable identifier that evaluatesUa.

Library
Special

Examples

Car_prices[Car_type = VW] R
Years p-

1985 1986 1987 1988
8000 9000 9500 10K
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Car_prices[Car_type = ['VW’, ‘Honda"] -

Years p
1985 1986 1987 1988
VW 8000 9000 9500 10K
Honda 12K 13K 14K| 145K

You can specify more than oneindex when each index isgiven asingle
value.

Car_prices[Car_type = ‘Honda’, Years = 1986] R
13K

Note: Example variables are defined on page 210.

Slice(U,I,N)

Returns the element or cross-section of array U, for which index | has
position N. | must be an index of U, and N must be an integer or array
of integers between 1 and the length of I.

If N isan integer, the result of Slice()  isan array indexed by all
indexes of U except |. If Nisan array, theresult of Slice() isalso
indexed by the indexes of N.

If Uisascalar, Slice(U,I,N) returns U.

Library

Array

Examples
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Here, Analytica returns the values in Cost corresponding to the first
element in Car_type, that is, the values of VW

Slice(Cost, Car_type, 1) R
Mpg p

26 30 35

2185 1705 1585

Here, Nisan array of positions:



Functions that select part of an array

Slice(Cost, Car_type, [1, 2]) -

Mpg p

26 30 35
1 2185 1705 1585
2 2810 2330 2210

Note: Example variables are defined on page 210.

Subscript (u1,1,U2)

Returns the element or slice of array U1, for which index | has value
U2. | must be an index of U1, and U2 must be value(s) of 1.

If U2isasinglevalue, theresult of Subscri pt () isanarray indexed
by all indexes of Ul except |. If U2 isan array, the result of
Subscri pt () isalsoindexed by the indexes of U2.

If Ulisasinglevalue, Subscript (UL, |, U2) returns U1.
Subscript (UL, |, U2) isequivalenttol dent[I = U when

Ident is avariable identifier that evaluatesto Ul. Subscri pt ()
allows U1 to be an arbitrary expression.

Library
Array

Examples
To see the valuesin Cost corresponding to Mpg = 26:

Subscri pt (Cost, Mdg, 26) -
Car_type p-

VW Honda |BMW
2185 2810 3435

Here U2 isan array of values:
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Subscript(Cost, Car_type, ['VW’, ‘Honda’])
Car_type W, Mpg p

26 30 35
VW 2185 1705 1585

Honda 2810 2330 2210

Example of an arbitrary expression as the first parameter:

Subscript(Cost/12, Mpg, 26) R
Car_type p

VW Honda |BMW
182.1 234.2 286.2

Note: Example variables are defined on page 210.

| nter polation functions

Analyticaincludes three functions that interpolate across arrays. The
graph below is a simple comparison of the three.

R A

----- *- - - - - Cubicinterp

_ — A — _ Linearinterp

————— Stepinterp
The first two examples use the following variables:

Index_a:
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Array_a:
Index_a w, Index_b p

1 2 3
a 7 -3 1
b -4 -1 6
c 5 0 -2

Cubicinterp (D,R, X, 1)

Returns the natural cubic spline interpolated values of Ralong D,
interpolating for values of X. D and R must both be indexed by I, and
D must be increasing along 1.

For each value of X, Cubi ci nt er p() findsthe nearest values from
D, and using a natural cubic spline between the corresponding values
of R, computes the interpolated value. If X isless than the minimum
valuein D, it returnsthe first valuein R; if X is greater than the
maximum valuein D, it returns the last value for R.

Library
Special

Example

Cubicinterp(lndex_b, Array_a, 1.5, Index_b) -
Index_a p

a b c
0.6875| -2.875| 2.219

Linearinterp (D, R, X, 1)

Returns linearly interpolated values of X, given R representing an
arbitrary piecewise linear function. D and R must both be indexed by
I, and D must beincreasing along |. Risan array of the corresponding
output values for the function (not necessarily increasing and may be
more than one dimension). X may be probabilistic and/or an array.
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For each value of X, Li neari nt er p() findsthe nearest two values
from D and interpolates linearly between the corresponding values
from R. If Xisless than the minimum valuein D, it returns the first
valuein R. If Xis greater than the maximum value in D, it returns the
last valuein R

Library

Special

Example

Li nearinterp(lndex_b, Array a, 1.5, |Index_b) -
Index_a p

a b c

Stepinterp (D, A, X, 1)

Returns the element or slice of array A for which D has the smallest
value that is greater than or equal to X. D and A must both be indexed
by I, and D must be increasing along index |. If Xis greater than all
values of D, returns the element for which D has the largest value.

If Xisasinglevalue, theresult of St epi nt er p() isanarray indexed
by all indexes of A except D'sindex. If X isan array, the result of
St epi nt er p() isalsoindexed by the indexes of X.

St epi nterp() issimilarto Subscri pt () (see page 237);
however, Subscri pt () selectsbased ontheindex value being equal
to X, while St epi nt er p() selects based on the array value being
greater than or equal to X.

St epi nt er p() can be used to perform table lookup.

Library

Special

Examples

To see the values in Cost corresponding to Mpg >= 33:
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Stepi nterp(MPG Cost, 33, MPG -
Car_type p
VW Honda BMW
1585 2210 2835
Here X is an array of values:
St epi nterp(MPG Cost, [28,33], WG -
VW Honda BMW
28 1705 2330 2955
33 1585 2210 2935

Note: Example variables are defined on page 210.

Other array functions

Concat (A1,A2,1,3,K)

Appends array A2 to array Al. | and J are indexes of Al and A2,
respectively. K isthe index of the resulting dimension, and usually
consists of the list created by concatenating | and J.

Al and A2 must have the same number of dimensions. If they are one-
dimensional, the parameters 1, J, and K are optional. If they are not
specified, the resulting array is unindexed.

If A1 and A2 are multidimensional, they must have the same

nonconcatenated i ndexes.

Library
Array

Examples

In addition to the variables on page 210, these examples use the
following:
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More years:

| 1989] 1990| 1991|

All_years:
| 1985 1986| 1987 1988 1989 1990  1991|

More _prices: Car_type W, More_years p

1989 1990 1991
VW 11K 12K 12.5K
Honda 15K 15.5K 16.5K
BMW 23.5K 25K 27K

Concat ( Years, Mbre_years) -
Concat p

| | 1985]| 1986] 1987| 1988] 1989| 1990 1991|

Sequence2:  Sequence( 1, 7)

Concat (Years, Mre_years, Years, Mre _years,
Sequence?2) -

Sequence2 p-

1 2 3 4 5 6 7
1985| 1986, 1987| 1988| 1989, 1990| 1991

Concat (Car _prices, Mre_prices, Years,
More_years, Al _years) -

All_years w , Car_type p

VW Honda |BMW
1985 8000 12K 18K
1986 9000 13K 20K
1987 9500 14K 21K
1988 10K 14.5K 22K
1989 11K 15K 23.5K
1990 12K 15.5K 25K
1991 12.5K 16.5K 27K
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IndexNames(A)

Returns alist of the names of the indexes of the array A.

Library
Special

Example
I ndexNames(Car _prices) - [‘Car_type’,’'Years']

Note: Example variables are defined on page 210.

Size(U)
Returns the number of array elements of U.
Library
Array
Examples
Size(Years) -4
Size(Car_prices) -~ 12
Size(10) -1

Note: Example variables are defined on page 210.

Sortindex (D, 1)

D isan array indexed by I. Sortindex(D,l) returns the elements of 1,
rearranged to indicate the ordering of the valuesin D (from smallest

to largest value). The result isindexed by 1. If D isindexed by
dimensionsother than I, each “column” is individually sorted, with the
resulting sort order being indexed by the extra dimensions. To obtain
the sorted array D, use (see page 237):

D[ I =Sortindex(D,1)]

WhenD is a one-dimensional array, the second parameter is optional.
When the second parameter is omitted, the result is an unindexed list.
The one-parameter form should be used only when it is necessary to
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obtain an unindexed result, such as when the result is being assigned
to an index variable. The one-parameter form cannot array abstract if
anew dimension is added to D.

Library
Array

Examples
Maint_costs:
Car_type p

VW Honda |BMW
1950 1800 2210

Sortlndex (Maint_costs, Car_type) -
Sortindex: Car_typep

VW Honda |BMW
Honda| VW BMW

Sortlndex (Mint_costs) -
Sortindex p

| |Honda |vw | BMW |

Define Index_new as an index node:

Index_new: Sortindex(Mint_costs)
Subscri pt (Maint _costs, Car_type, Index_new) -

Honda |VW BMW
1800 1950 2210

Note: Example variables are defined on page 210.

Subset (D)

Returns alist containing all the elements of D’s index for whichD’s
values are true (that is, non-zerD)must be a one-dimensional array.
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When to use:

Use Subset () to create anew index that is a subset of an existing
index.

Library
Array

Example
Subset (Years < 1987) - [1985, 1986]

Note: Example variables are defined on page 210.

Unique(A,l)

Returnsamaximal subset of | such that each indicated slice of A along
| isunique.

When to use:

Use Uni que() toremove duplicate slices from an array, or to
identify a single member of each equivalence class.

Library
Array

Example

DataSet: PersonNum w , Field p

LastName | FirstName | Company
1 Smith Bob Acme
2 Jones John Acme
3 Johnson Bob Floorworks
4 Smith Bob Acme

Uni que( Dat aSet , Per sonNum) - [1,2,3]
Unique(DataSet[Field="Company’],PersonNum) - [1,3]
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Matrix functions

Matrix functions perform matrix operations. In Analytica, amatrix is
defined as atwo-dimensional array of numbers with indexes of equal
length.

Decompose( C,1,J3)

Returns the Cholesky decomposition (square root) matrix of matrix C
along dimensions | and J. Matrix C must be symmetric and positive-
definite. (Positive-definite meansthat v* C* v > 0, for al vectorsv.)

Chol esky decomposition computesalower diagonal matrix L such that
L* L’ = C, whereL’ isthe transpose of L.

Library
Special

Example
MatrixS
I 9. m p

1 2 3 4 5

1 6 2 6 3 1
2 2 4 3 1 3
3 6 3 9 3 4
4 3 1 3 8 4
5 1 3 4 4 7

Deconmpose(Matri xS, I, m -

. mp
1 2 3 4 5
1 2.4495 0 0 0 0
2 0.8165| 1.8257 0 0 0
3 24495 05477 16432 0 0
4 1.2247 0 0 25495 0
5 04082 1.4606| 1.3389| 1.3728| 1.0113

246 Analytica User Guide



Matrix functions

Determinant (c,1,J)

Returns the determinant of matrix C along dimensions | and J.

Library
Special
Example
MatrixA:
iw.ip
1 2 3
a 4 1 2
2 5 3
c 3 2 7
Determ nant (Matri xA, i, j) - 89
Invert (C,1,J)

Returns the inversion of matrix C along dimensions | and J.

Library
Special

Example
Set number format to fixed point, 3 decimal digits.

Invert(MatrixA i, j) -
iw.ip

1 2 3
a 0.326 -0.034 -0.079
b -0.056 0.247 -0.090
c -0.124 -0.056 0.202
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Transpose(c,1,J)

Returns the transpose of matrix C along dimensions | and J.

Library
Special
Example
Transpose(MatrixA, i, j) -
iw.ip
1 2 3
a 4 2 3
b 1 5 2
c 2 3 7

Dot product of two matrices

Thedot product (i.e., matrix multiplication) of MatrixAand MatrixBis
equal to

Sum(MatrixA * MatrixB, i)

Example
Mat ri xAis defined as above.

MatrixB:
Kw.ip

1 2 3
I 3 2 1
m 2 5 3
n 4 1 2
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Sunm(MatrixA * MatrixB, i) -

kw.ip
a b C
I 16 19 20
m 19 38 37
n 21 19 28

Array flattening functions

The MDArrayToTabl e() function “flattens” a multi-dimensional
array into a two-dimensional table. THéDTabl e() function does

the inverse, creating a multi-dimensional array from a table of values.
Viewing tabular results in a multi-dimensional form via MDTable()
often provides informative new perspective on existing data.

Many external application programs, including spreadsheets and
relational databases, are limited to two-dimensional tables. Thus,
when transfering multi-dimensional data between these appliations
and Analytica, it may be necessary to convert multi-dimensional data
into two-dimensional tables before transfering.

MDArrayToTable(A, I, L)

Transforms a multi-dimensional array, into a two-dimensional

array (i.e., a table) indexed byandL. The result contains one row
alongl for each element o&. L must contain a list of names of the
indexes of, followed by one final element. All elementslofnust be
strings. The column corresponding to the final elemeiht oéntains

the cell value. I does not contain all the indexes/Ayfarray
abstraction will create a set of tables indexed by the dimensions not
listed inL.

Before usingvDAr r ay ToTabl e() , you must define the inddxvith
the appropriate number of elements. The number of elemelnhsadp
be eithersi ze( A) , or the number of non-zero elementsApf
otherwise an error results.

Library
Array
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Example
Rows : = sequence(l, size(Cost_in_tinme))
Cols :=['Mpg’,'Time’,’Car_type’,'Cost’]
MDArrayToTable(Cost_in_time,Rows,Cols) -
Rowswy, Colsp
Mpg |[Time |Car_type |Cost
1 26 0 VW 2185
2 26 0 Honda 2385
3 26 0 BMW 3185
4 26 1 VW 2294
5 26 1 Honda 2314
6 26 1 BMW 3294
7 26 2 VW 2409
45 | 35 4]  BMW| 5175

Note: Example variables are defined on page 210.

MDTable(T,Rows,Cols,Vars,conglomFn,missingval)

Analytica User Guide

Returns a multi-dimensional array from a two-dimensional table of
values. T is atwo-dimensional array (i.e., atable) indexed by Rows
and Cols. Each row of T specifies the coordinates of a cell in a multi-
dimensional array, along with the value for that cell.

The dimensions of the final result are given by the optional parameter
Vars. Vars must be alist of index identifiers or index names. The
length of Cols must be one greater than the length of Vars.

If Varsisomited, the dimensions of the final result are specified by the
first n-1 elements of Cols (n=size(Cols)). In this case, the elements of
Cols must be index identifiers or index names.

Thefirst n-1 columns of T specify the coordinates of acell in the
result. The final column of T specifies the value for the indicated cell.

Before using MDTable, you must define all of the indexes for the
result. Each index must include all values that occur in the
corresponding column of T or an error will result. The Unique()
function is useful for defining the necessary indexes.
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It is possible that two or more rows of T specify identical coordinates.
In this case, a conglomeration function is used combine the values for
the given cell. The conglomFn parameter is a string specifying which
conglomeration function is to be used. Possible values are: ‘sum’
(default), ‘min’, ‘max’, ‘average’, or ‘product’.

It is also possible that no row Thcorresponds to a particular cell. In
this case, the cell value is setmssingval, or if themissingval
parameter is omited, the cell value is setridefined. Note that
undefined values can be detected using tlsundef () function.

Library
Array

Example
Suppose€Tl, Rows, andCols are defined as indicated by the following
table:
Rowswy, Colsp

Car_type ‘Mpg |X

1 VW 26 2185
2 VW 30 1705
3 Honda 26 2330
4 Honda 35 2210
5 BMW 30 2955
6 BMW 35 2800
7 BMW 35 2870

MDTabl e( T, Rows, Col s, [ Car _t ype, Mg],
'average’,'n/a’)

—

Car_typewy , Mpgp-

26 30 35
VW 2185 1705 n/a
Honda 2330 n/a 2210
BMW n/a| 2955 2835

Notice that in the example, Rows 6 and 7 both specified values for
Car_type=BMW, Mpg=35. The ‘average’ conglomeration function
was used to combine these.
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Text Functions

Analytica provides several functions for manipulating text strings.
These are divided between the Array and Special libraries.

Join(A, I, separ ator final Separator)

See “Join(A, |, separator,finalSeparator)” on page 226.

Split(S, separator)

Returns a list of substrings froBiby splittingS each timeseparator
occurs.

Example
SplitCAl#Bob#Carl’,'#") - ['Al'yBob’,’Carl]

Stringlength(Text)

Returns the number of charactersin Text.

Example
Stringlength('Hello’) -5

Stringreplace(Text,pattern,s,all)

When the all parameter is False or omitted, Sringreplace returns
Text with the first occurrence of pattern replaced by s. When all is set
to True , returns Text with all occurrences of pattern replaced by s.

Example
Stringreplace('ababac’,’ba’,’x’) - 'axbac’
Stringreplace('ababac’,’ba’,’x’, True) - 'axxc’
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Substring(Text,M,N)

Returns the substring of Text from the Mth to Nth characters (where
the first character is M=1). N is optional, and if omitted, returns the
substring starting at M to the end of the string.

Example
Substring('Hello world’,3,5) - 'llo’
Substring('Hello world’,7) - 'world’

Financial Functions

These functions can be accessed under the Definition menu Financial
command, or in the Object Finder dialog box, Financial library.

Where possible, the function names and parameters match those found
in Microsoft Excel.

Parameters:

The same parameters occur in many of the financial functions. These
parameters are described here. Dollar amounts for both parameters
and return values of functions are always expressed as the amount you
receive. If you make a payment, the amount is negative. If you receive
a payment, the amount is positive.

Rate: Theinterest rate per period. For example, if periods are months,
the rate should be adjusted to the monthly rate, not the annual rate
(e.g., 8%/12, or 1.08"(1/12)-1 with monthly compounding).

Nper: Number of periodsin the lifetime of an annuity.
Per: The period (between 1 and Nper) being computed.

Pv: The present value of the annuity. For example, for aloan thisis
the loan amount (positive if you receive the loan, negative if you are
the lender).

Fv: The future value of the annuity. Thisisthe remaining value of the
annuity after the final payment. In the case of aloan, for example, this
is the balloon payment at the end (positive if you are the lender,
negative if you pay the balloon amount). This parameter is usually
optional with a default value of zero.
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Pmt: Thetotal payment per period (interest + principal). If you receive
payments, thisis positive. If you make payments, thisis negative.

Type: Indicates whether payments are due at the beginning or end of
each period.

Tr ue: Payments are due at the beginning of each period, with the
first payment due immediately.

Fal se: (default) Payments are due at the end of each period.

Cumipmt( Rate, Nper, Pv, StartPeriod, EndPeriod, Type)

Returns the cumulative interest paid on an annuity between, and
including, SartPeriod (shown as sp in equation below) and EndPeriod
(shown as ep in equation below). The annuity is assumed to have a

constant interest rate and periodic payments. Thisis equal to
ep

Z | Pmt(Rate,n,Nper,Pv,0,Type)

n=sp

Example
Interest payments during the first year on a $100,000 loan at 8% is:
Cuml Pnt (8% 12, 360, 100K, 1, 12) - -7,969.81

The result is negative since these are payments.

Cumprinc( Rate, Nper, Pv, Start_period, End_Period, Type)

Returns the cumulative principal paid on an annuity between, and

including, SartPeriod (shown as sp in equation below) and EndPeriod

(shown as ep in equation below). The annuity is assumed to have a

constant interest rate and periodic payments. The result is equal to
ep

S PPmi(Rate,n,Nper Pv.,0,Type)

n=sp
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Example

Thetotal principal paid during thefirst year on a $100,000 loan at 8%
is:

CunPrinc(8% 12, 360, 100K, 1,12) - -835.36

The result is negative since these are payments.

Fv( Rate, Nper, Pmt, Pv, Type)

Returns the future value of an annuity investment with constant

periodic payments and fixed interest rate. The result is positive if you
receive money at the end of the annuity’s lifetime, and negative if you
must make a payment at the end of the annuity’s lifetime.

Examples

|pmt( Rate,

You invest $1000 in an annuity that pays 6% annual interest,
compounded monthly (0.5% per month), that pays out $50 at the end
of each month for 12 months, and then refunds whatever is left after
12 months. The amount refunded is:

Fv(0.5% 12, 50, -1000) - $444.90

You borrow $50,000 at a fixed annual rate of 12% (1% per month).
You make monthly payments of $550 for 15 years, and then pay off
the remaining balance in a single balloon payment. That final balloon
payment is (the negative is because it is a payment for you):

-Fv(1% 15*12, -550, 50000) - $25,020.99

You open a fixed-rate bank account that pays 0.5% per month in
interest. At the beginning of each month (including when you open the
account) you deposit $100. The amount in the account at the end of the
each of the first three years is:

Fv(0.5%[ 12, 24, 36] , - 100, 0, True) -
[$1239.72, $2555.91, $3953. 28]

per, Nper, Pv, Fv, Type)

Returns the interest portion of a payment on an annuity, assuming
constant period payments and fixed interest rate.
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Example

Theinterest you pay in the 24™ month on a 30-year fixed $100K loan
at 8%/12 monthly interest is (the result of IPmt is negative since this
is a payment for you):

-1 Pnt (8% 12, 24, 12*30, 100K) - $655.59

Irr( Values, I, Guess)

Returns the Internal Rate of Return of a series of periodic payments
(negative values) and inflows (positive values). The IRR is the
discount rate at which the Net Present Value (NPV) of the flowsis
zero. The array Values must be indexed by 1.

If the cash flow never changes sign, | RR()) will have no solution and
returns NaN (not a number). If a cash flow changes sign more than
once, | rr () may have multiple solutions, and will return the first
solution found. The implementation uses an iterative gradient-descent
search to locate a solution. The optional argument, Guess, can be
provided asastarting valuefor the search (default is 10%). When there
are multiple solutions, the one closest to Guess will usually be
returned. If no solution is found within 30 iterations, | rr () returns
NaN.

To compute the IRR for a non-periodic cash flow, use XI RR() .

Example

Earnings: Timep

1999 2000 2001 2002 2003 2004
-1M -500K | -100K 100K M 2M

Irr(Earnings, Time) - 17.15%

Nper( Rate, Pmt, Pv, Fv, Type)

Returns the number of periods of an annuity with constant periodic
payments and fixed interest rate.
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Example

You invest $10,000 in an annuity that pays 8% annually. Each year
you withdraw $1,000. Your annuity will last for

NPer ( 8% 1000, - 10K) - 20.91 (years)

Npv( DiscountRate, Values, | )

Returns the net-present val ue of a cashflow with equally spaced
periods. The Values parameter contains a series of periodic payments
(negative values) and inflows (positive values), indexed by |. Future
values are discounted by DiscountRate per period. The NPV is given
by

Values[l= j]

(1+ DiscountRate)j

i

i=1

Note that the first value is discounted asiif it is one step in the future.
To compute the NPV for a non-periodic cash flow, use Xnpv () .

Example

Earnings: Timep

1999 2000 2001 2002 2003 2004
-IM -500K | -100K 100K M 2M

At adiscount rate of 5%, the net present value of the this cash flow is:

Npv( 5% Earnings, Tine ) - $865947.76

Pmt( Rate, Nper, Pv, Fv, Type)

Returns the total payment per period (interest + principal) for an
annuity with constant periodic payments and fixed interest rate.

Example

You obtain a 30-year fixed mortgage at 8%/12 per month for $100K.
Your monthly payment will be (note that the result of Pmt is negative
since thisis a payment for you):

-Pmt( 8% 12, 3012, 100K ) - $733.76
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Ppmt( Rate, Per, NPer, Pv, Fv, Type)

Returnsthe principal portion of apayment on an annuity with constant
period payments and fixed interest rate.

Example

You have a 30-year fixed $100K loan at arate of 8%/12 monthly. On

your 24t payment, the amount of your payment that goes towards
principal is (note that the result of PPt () is negative sincethisisa
payment for you):

-PPmt (8% 12, 24, 12*30, 100K) - $78.18

Pv( Rate, Nper, Pmt, Fv, Type)

Returns the present value of an annuity. The annuity is assumed to
have constant periodic payments to you of Pmt per period for Nper
periods, with areturn of Rate per period.

Example

To receive $100 per month from an annuity that returns 6%/12 per
month for the next 10 years, you would need to invest (note that the
result from Pv () is negative since you are paying to make the
investment):

-Pv(6% 12, 10*12, 100) - $9,007.35

Rate( NPer, Pmt, Pv, Fv, Type, Guess)

Returnstheinterest rate (per period) for an annuity. The valuereturned
istheinterest rate that resultsin equal payments of Pmt per period over
the NPer periods of the annuity.

In general, Rat e() may have zero or multiple solutions. The
implementation uses an interative search algorithm. The optional
Guess may be provided as a starting point for the search, which will
usually result in the solution closest to Guess being returned. If no
solution isfound in 30 iterations, Rat e() returns NaN.
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You obtain a 30-year mortgage at a supposed 7% annual percentage

rate for $100K. To do so, you pay $2,000 up front in “points”, and
another $1,500 in fees. Assuming you hold the loan for its full term,
the effective interest rate of your loan (for you) is

Rat e( 30, Pt ( 7%,30,100K),100K-3500). 7.36%

Xirr( Values, Dates, |, Guess)

Returns the annual Internal Rate of Return (IRR) for a series of
payments (negative values) and inflows (positive values) that occur at
non-periodic intervals. Botkalues andDates must be indexed by I.

The Values array constains the cash flow amounts, Daées array
contains the date of each payment or inflow, where each date is
Analytica’s expressed as the number of days since Jan 1, 1904. The
rate is based on a 365 day year.

If the cash flow never changes sign, there is no solutiorXand ()
returnsNaN. If the cash flow changes sign more than oée,r ()
may have multiple solutions, but will return only the first solution
found. The optional paramet&yess, may be provided as a starting
point for the iterative search, aXir r () will generally find the
solution closest t&uess. If not provided Guess defaults to 10%. If no
solution is found within 30 iterationXj rr () returnsNaN.

To compute the IRR for a series of period payments) usé) .

Example
EarningAmt: Jp»
1 2 3 4
-400K -200K 100K 600K
EarningDate: Jp
1 2 3 4
July 5, 1999 Dec 1, 1999 Jan 21,2000 Aug 10,2

Xl rr ( Earni ngAnt, Ear ni ngDate, J) - 9.31%
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Analytica Note: EarningDate can be entered by selecting Number
Format from the Result menu while editing the table for EarningDate.
From the Number Format Dialog, select a date format, then enter the
dates.

Xnpv( Rate, Values, Dates, | )

Returnsthe Net Present Value (NPV) of anon-periodic cash flow with
aconstant discount rate. Rateis the annual discount rate for a 365 day
year. Both Values, the cash-flow amounts, and Dates, the date of each
payment (negative value) or inflow (positive value), must be indexed
by I.

Seealso Npv() .

Example

Using the cash flow shown in the examplefor Xl r r () above, the net
present value at a 5% discount rate is:

XNpv (5% Ear ni ngAnt , Ear ni ngDat e, J) - $42,838.71

Advanced math functions
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Arccos(X)
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These functions can be accessed under the Definition menu
Advanced Math command, or in the Object Finder dialog box,
Advanced Math library. Functionsin this section are generally for
more advanced mathematical users than those found in “Math
functions” on page 213.

Returns the inverse cosineXyfwhereX is between 0 and 1. The result
is in degrees, between 0 and 180.

Arccos(1l) - O
Arccos(Cos(45)) - 45



Arcsin(X)
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Returnstheinverse sine of X, where Xisbetween 0 and 1. theresultis
in degrees, between -90 and 90.

Arcsin(l) - 90
Arcsin(Sin(45)) - 45

Arctan2(Y, X))

Returns the arctangent of Y/X without loosing information about
which quadrant the point isin. The result is the angle (in degrees)
between the X axis and the point (X,Y) in the two dimensional plane,
in the range (-180,180]. If Y=X=0, returns zero.

Arctan2( -1,1) - -45
ArcTan2( 0,-1) - 180

BetaFn( A, B)

The Beta function, defined as:

1
BetaFn(A, B) = I xA_l(l—x)B_ldx
0

Betal( X, A, B)

The incomplete beta function, defined as:

X
Betal (X, A, B) = mjox’*‘l(l—xf‘ldx

The incomplete betafunction is equal to the cumulative probability of
the beta distribution at X. It isuseful in a number of mathematical and

statistical applications.

The cumulative binomial distribution, defined as the probability that
an event with probability p occurs k or moretimesinn trials, is given

by:
Pr = Betal(p, k,n—k+ 1)
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The Student’s distribution with degrees of freedom, used to test
whether two observed distributions have the same mean, is readily
available from the beta distribution as:

Student(x|n) = 1—Betal(n/(n+x?),n/2,1/2)

The F-distribution, used to test whether two observed samplesiyith

andn, degrees of freedom have the same variance, is readily obtained
from Bet al as:

F(x,ny, ny,) = Betal(n,/(n;x+n,))

Combinations( k, n)

“n choos&”. The number of unique ways thiattems can be chosen
from a set oh elements (without replacement and ignoring the order).

Conmbi nations(2,4) - 6
They are: {1,2}, {1,3}, {1,4}, {2,3}, {2,4}, {3.4}

Cosh(X)

The hyperbolic cosine of, X assumed to be in degrees.

CumNormal( X, mean, stddev )

Returns the cumulative density function for a normal distribution with
a given mean and standard deviation. Mean and stddev are optional
and default to a standard normal distribution.

CumNormal (1) - CumNormal ( -1 ) - .683

i.e., 68.3% of the area under a normal distribution is contained within
one standard deviation of the mean.

CumNormallnv(Y, mean, stddev )

The inverse cumulative normal density. Returns the value X for which
the area under a normal density from -INF to X is equal to Y. Mean
and stddev are optional and default to Mean=0, stddev=1.
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Erf(X)
The error function, defined as:

X 2
Erf(x) = = [eat
0

JTE

Erfinv(Y)

The inverse error function. Returns the value X such that Erf(X)=Y.

Erflnv(Erf(2)) - 2

GammaFn( X )

Returns the gamma function of X, defined as

M(x) = Io et

The gamma function grows very quickly. For example, when nis an
integer, GammaFn(n+1) = n!. For thisreason, it is often preferable to
use the LGamma function.

Gammal( X,A,B)

Returns the incomplete gamma function, defined as:

x/B
Gammal (X, A, B) = ﬁj’ 't ot
0

A is the shape parameter, B is an optional scale factor (default B=1).
Note that some textbooksuse A = 1/A asasthe scalefactor. The
incomplete gamma function is defined for X=0.

Theincompl ete gammafunction returnsthe cumulative areafrom zero
to X under the gamma distribution.

Theincomplete gammafunctionisuseful inanumber of mathematical
and statistical contexts.
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The cumulative Poisson distribution function, which encodes the
probability that the number of Poisson random events (x) occuring will
belessthan k (wherek is an integer) where the expected mean number
iSA, isgiven by (recall that parameter B is optional):

P(x<k) = Gammal(k, A)

Gammallnv(Y,AB)

The inverse of the incomplete gamma function. Returns the value X
such that Ganmal ( X, A, B) =Y. B is optional and defaultsto 1.

Lgamma( X )

Returns the Log Gamma function of X. Without humerical overflow,
thisfunctionisexactly equivalenttol n( GanmaFn( X) ) . Becausethe
gamma function grows so rapidly, it is often much more convenient to
use LGanmma() to avoid numeric overflow.

Per mutations( k,n )

The number of possible permutations of k items taken from a bucket
of nitems.

Pernutations(2,4) - 12

They are: {1,2},{1,3},{1,4},{2,1},{2,3},{24},{3,1},{3,2},{ 3,4},
{41},{4,2}, {43}

Regression( Y,B,I ,K)

Analytica User Guide

Generalized linear regression. Finds the best-fit (least squared error)
curve to aset of data points. Regression finds the parameters a, in an
equation of the form:

y = Z akBk(;()
k

The data points are contained in Y (the dependent variable) and B (the
independent variables), both of which must be indexed by I. B isthe
basis set and is indexed by | and K. The function returns the set of

parameters a, indexed by K.
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With the generalized form of linear regression, it is possible to have
several independent variables, and your basis set may even contain
non-linear transformations of your independent variables.

Regr essi on() may be used to find the best-fit planes or
hyperplanes, best-fit polynomials, and more complicated functions.

Regression uses a state-of-the-art algorithm based on singular-value
decomposition that isnumerically stable, evenif the basis set contains
redundant terms.

Example 1

Suppose a set of (x,y) pointsare contained in X and Y, both indexed by
I, and we wish to find the parameters m and b of the best-fit line

y = mx+b. Wefirst define anindex K as alist of labels:
K [ymy’yby]

Next, define B as atable indexed by K:

B:K p
m b
X 1
Regression(Y,B,1,K) returns the coefficients m and b as an

array indexed by K.

Example 2

Sinh(X)

We wish to fit the following polynomial to (x,y) data:

y = axX° +ax" +ag + a’ + ax+ a
Define K to be the list:
B: [X"5,X",X"3,X"2,X,1]

Regression(Y,B,1,B) returns the best-fit coefficients of the
polynomial indexed by B.

The hyperbolic sine of X, X assumed in degrees.
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Tanh( X)

The hyperbolic tangent of X, X assumed in degrees.

Datatype Functions

Non-array valuesin Analytica may be numbers, text, or the special
valueundef i ned. Thefunctionsin this section, found on the Special
menu, can be used to determine the value type.

I snan(X)
Returns True if X is humeric but not a number nor infinity (i.e., if Xis
NaN).
I sNaN( 0/ 0) - True I sNaN(5) - Fal se
I sNaN(I nf) - Fal se IsNaN(‘Hello’) - False
| snumber (X)
Returns Trueif X is numeric.
IsNumber(0) - True IsNumber(0/0) - True
IsNumber(Inf) - True IsNumber('hi’) - False
IsNumber(5) - True IsNumber('5’) - False
| stext(X)
Returns Trueif X isastring.
IsText(7) - False IsText('hello’) - True
IsText('7") - True
| sundef(X)

Returns True if X isthe special value undefined . Equivalently,
returns False if X isanumber or a string.
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The special value undef i ned cannot be directly entered in an
expression. However, it may result from the evaluation of certain
Analytica expressions. For example, the Subi ndex() function
returns undefined if the given value is not found.

Isundef(’hello’) - False Isundef(5) - False
Isundef(0/0) - False Isundef(1/0) - False
Isundef(Subindex(Time*2,1000,Time)) - True

Note: In the last example, Time* 2 does not contain the value 1000, so
Subindex returns undefined.

Control functions

The two functions in this section can be used to control specialized
evaluation of arrays.

For Temp:=1 Do Expr

For each successive value of index |, assigns that value to variable
Temp, and eval uates expression Expr. Expr may refer to | and/or Temp.
Temp isalocal or temporary variable that can be referred to only
within the expression Expr.

The result of the For control function is an array indexed by |
containing the results of evaluating Expr. | must be an index variable,
or be defined as alist or Sequence()

If you make appropriate use of the intelligent array features described
earlier in this and preceding chapters, you will rarely need to use For
structure (unlike in conventional computer languages, which require
extensive use of For loops and related control structures for handling
arrays). For is sometimes useful in these specialized cases:

« To avoid the attempted evaluation of out-of-range values by nesting
anl f - Then- El se inside aFor.

« To apply an Analytica function that requires a scalar or one- or
two-dimensional array input to a higher-dimensioned array.

» To reduce the memory needed for calculations with very large
arrays by reducing the memory requirement for intermediate
results.
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Library
Special

Examples

Avoiding out-of-range errors: Consider the following expression:
If X<O0 Then 0 El se Sqgrt(X)

Thel f - Then- El se isincluded in this expression to avoid the
warning “Square root of a negative number.” HoweveXig an array
of values, this expression may not avoid the warning ssqce ( X)
is evaluated beforkef - Then- El se selects which elements of
Sqrt (X) toinclude. To avoid the warning (assumks indexed by
I) the expression can be rewritten as

For j:=I do
If X[I=j]<0 then 0 else Sqrt(X[I=j])

or as (see next section):

Using y:=Xin | do
If y<O Then 0 else Sqrt(y)

Situations like this can often occur during slicing operations. For
example, to shifX one position to the right alorigthe following
expression would encounter an error:

if 1<2 then X[1=1] else X 1=I-1]
The error occurs wheX | =I - 1] is evaluated since the value
corresponding td-1=0 is out-of-range. The avoid the error, the
expression can be re-written as:

For j:=I do
If j<2 then X 1=1] else X I=j-1]

Note that out-of-range errors can also be avoided without E&ing
by placing the conditional inside an argument. For example, the two
examples above can be written withéatr as follows:

Sqrt(if X<0 then 0 el se X)

X1=(if 1<2 then 1 else I-1)]
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Dimensionality reduction: For can be used to apply afunction that
requires ascalar, one- or two- dimensional input to a multi-dimensional
result. Thisusageisrarein Analytica since array abstraction normally
does this automatically; however, the need occassionally arisesin some
circumstances.

Suppose you have an array A indexed by |, and you wish to apply a
function f(x) to each element of A along |. In a conventional

programming language, thiswould require aloop over the elements of

A; however, in almost all cases, Analytica’s array abstraction does this
automatically — the expression is simpfy(:A) , the result remains
indexed byl. However, there are a few cases where Analytica does not
automatically array abstract, or it is possible to write a user-defined
function that does not automatically array abstract (e.g., by declaring
a parameter to be of tyf8ealar, see page 407). For example,
Analytica does not array abstract over functions su@egsience,
Split, Subset, orUni que, since these return unindexed lists of
varying lengths that are unknown until the function evaluates.
Suppose we have the following variables defined (nbdts:an array

of text strings):

A Index_lw

1 AB,C
D.E,F
3 G,H,I

N

Index_2:

[ 1 2] 3

We wish to split the strings ivand obtain a two dimensional array of
letters indexed byndex_1 andl ndex_2. SinceSpl i t does not

array abstract, we must do each row separately and re-index by
Index_2 before the result rows are recombined into a single array. This
is accomplished by the following loop.

for Row =l ndex_1 do
Array(Index_2,Split(A[Index_1=Row],",))

resulting in
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Index_lw, Index_2 p

1 2 3
1 A B C
2 D E F
3 G H I

Reducing Memory Requirements: In some cases, it is possible to
reduce the amount of memory required for intermediate results during
the evaluation of expressionsinvolving large arrays. For example,
consider the following expression:

MatrixA: A two dimensional array indexed by M and N.
MatrixB: A two dimensional array indexed by N and P.

Average(Matri xA * MatrixB, N)

During the calculation, Analytica needs memory to compute MatrixA
* MatrixB, an array indexed by M, N, and P. If theseindexes have sizes
100, 200, and 300 respectively, then MatrixA * MatrixB contains
6,000,000 numbers, requiring over 60 megabytes of memory at 10
bytes per number.

To reduce the memory required, use the following expression instead

For L:=M Do Average(Matri xA[l M=L] *Mat ri xB, N)

Each element Mat ri XAl M=L] *Mat ri xB has dimensions N and P,
needing only 200x300x10= 600 kilobytes of memory at atime.

Note that for the special case of a dot product (See “Dot product of two
matrices” on page 248.), where an expression has the form

Sum( A*B, 1), Analytica performs a similar transformation

internally.

Using Temp := X DO Expr

Assigns the value of to a temporary variabl§emp, and then
evaluatesxpr, which is an expression referring Temp.

Temp is a local or temporary variable that can be referred to only
within the expressioBxpr. UseUsi ng ... dowhenever a complex
subexpression appears more than once in an expressiobisiThg
expression is more compact to write, clearer to read, and more
efficient to evaluate, sincexpr is evaluated only once.
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If you have two or more common subexpressions you can use two or
more nested Usi ng ... do expressions.

Analytica Note: The temporary variablesfroma Using ... do
control expression are accessible only within the variable that defines
them. If your model has the same subexpression in the definitions of
multiple variables, consider defining a new permanent variablewith this
expression, and using that variable instead of the subexpression in each
definition.

An alternate syntax is
Using Tenp:= X in | do Expr

where | isan index of X. Thisalternative form is essentially a
shorthand for

For j:=I do
using Tenmp:=X[1=j] do Expr

Library
Special

Examples
Instead of defining a variable as:

Sum(Array_a*Array_b, N)/
(1+Sun(Array_a*Array_b, N))

defineit as:
Using t:=Sun(Array_a*Array*b, N) Do t/(1+t)
To compute a correlation between Xdata and Ydata, instead of:

Sun( ( Xdat a- Sum( Xdat a, Dat a_i ndex) / Nopt s) *( Ydat a-
Sum( Ydat a, Dat a_i ndex)/ Nopt s), Dat a_i ndex) /
Sqrt (Sun( ( Xdat a- Sum( Xdat a, Dat a_i ndex) /

Nopt s) 72, Dat a_i ndex) * Sun((Ydat a-
Sum( Ydat a, Dat a_i ndex)/ Nopt s) 2, Dat a_i ndex))

define the correlation as:
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Usi ng mx: =Sum( Xdat a, Dat a_i ndex)/ Nopts Do
Usi ng my: =Sunt( Ydat a, Dat a_i ndex)/ Nopts Do
Usi ng dx: =Xdat a- nx Do
Usi ng dy: =Ydat a- ny
Do Sun(dx*dy, Dat a_i ndex)
/Sgrt (Sum(dx”2, Dat a_i ndex) *
Sum(dy”~2, Dat a_i ndex) )

The latter expression is faster to execute and clearer to read.

Note: The correlation expression in this example is an alternative to
Analytica’s built-inCor r el ati on() function (See
“Correlation ( X, Y )" on page 328.) when data is dimensioned
by an index other than the system in&ex.
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Expressing
Uncertainty




I n this Chapter

This chapter shows you how to:

* Choose a distribution
+ Define a variable as a distribution

« Use Analytica’s built-in probability
distributions




Choosing an appropriate distribution

Analyticamakesit easy to model and analyze uncertaintiesevenif you
have minimal background in probability and statistics. The graphs
below review several key concepts from probability and statistics that
will help you understand the probabilistic modeling facilitiesin
Analytica. This chapter assumes that you have encountered most of
these concepts before, but possibly in the distant past. If you need
more information, see the Glossary or refer to an introductory text on
probability and statistics.
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Choosing an appropriate distribution

With Analytica you can express uncertainty about any variable by
using a probability distribution. You may base the distribution on
available relevant data, on the judgment of a knowledgeable
individual, or on some combination of data and judgment.
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Answer the following questions about the uncertain quantity to select
the most appropriate kind of distribution:

 Isit discrete or continuous?

« If continuous, is it bounded?

* Does it have one mode or more than one?

 Is it symmetric or skewed?

« Should you use a standard or a custom distribution?

We will discuss how to answer each of these in turn.

| sthe quantity discrete or continuous?

276
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When trying to express uncertainty about a quantity, the first technical
guestion is whether the quantity is discrete or continuous.

A discrete quantity has a finite number of possible values—for
example, the gender of a person or the country of a person’s birth.
Logical or Boolean variables are a type of discrete variable with only
two values, true or false, sometimes coded as yes or no, present or
absent, or 1 or 0—for example, whether a person was born before
January 1, 1950, or whether a person has ever resided in California.

A continuous quantity can be represented by a real number, and has
infinitely many possible values between any two values in its domain.
Examples are the quantity of an air pollutant released during a given
period of time, the distance in miles of a residence from a source of air
pollution, and the volume of air breathed by a specified individual
during one year.

For a large discrete quantity, such as the number of humans residing
within 50 miles of Disneyland on December 25, 1980, it is often
convenient to treat it as continuous. Even though you know that the
number of live people must be an integer, you may want to represent
uncertainty about the number with a continuous probability
distribution.

Conversely, it is often convenient to treat continuous quantities as
discrete by partitioning the set of possible values into a small finite set
of partitions. For example, instead of modeling human age by a
continuous quantity between 0 and 120, it is often convenient to
partition people into infants (age < 2 years), children (3 to 12),
teenagers (13 to 19), young adults (20 to 40), middle-aged (41 to 65),
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and seniors (over 65 years). This processis termed discretizing. It is
often convenient to discretize continuous quantities before assessing
probability distributions.

Does the quantity have bounds?

If the quantity iscontinuous, it isuseful to know if it isbounded before
choosing a distribution—that is, does it have a minimum and/or
maximum value?

Some continuous quantities have exact lower bounds. For example, a
river flow cannot be less than zero (assuming the river cannot reverse
direction). Some quantities also have exact upper bounds. For
example, the percentage of a population that is exposed to an air
pollutant cannot be greater than 100%.

Most real world quantities hawde facto bounds—that is, you can
comfortably assert that there is zero probability that the quantity
would be smaller than some lower bound, or larger than some upper
bound, even though there is no precise way to determine the bound.
For example, you can be sure that no human could weigh more than
5000 pounds; you might be less sure whether 500 pounds is an
absolute upper bound.

Many standard continuous probability distributions, such as the
normal distribution, are unbounded. In other words, there is some
probability that a normally distributed quantity is below any finite
value, no matter how small, and above any finite value, no matter how
large.

Nevertheless, the probability density drops off quite rapidly for
extreme values, with near exponential decay, in fact, for the normal
distribution. Accordingly, people often use such unbounded
distributions to represent real world quantities that actually have finite
bounds. For example, the normal distribution generally provides a
good fit for the distribution of heights in a human population, even
though you may be certain that no person's height is less than zero or
greater than 12 feet.

How many modes does it have?

The mode of a distribution is its most probable value. The mode of an
uncertain quantity is the value at the highest peak of the density
function, or, equivalently, at the steepest slope on the cumulative
probability distribution.
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mode

Posifive Skei

-

™\ modes

Important questionsto ask about a distribution are how many modesit
has, and approximately where it, or they, are? Most distributions have
a single mode, but some have several and are known as multimodal
distributions.

If a quantity has two or more modes, you can usually view it asa
combination of two or more populations. For example, the distribution
of ages in adaycare center at leaving time might include one mode at
age 3 for the children and another mode at age 27 for the parents and
caretakers. There is obviously a population of children and a
population of parents. It is generally easier to decompose a
multimodal quantity into its separate components and assess them
separately than to assess a multimodal distribution. You can then
assess a unimodal (single mode) probability distribution for each
component, and combine them to get the aggregate distribution. This
approach is often more convenient, because it lets you assess single-
mode distributions, which are easier to understand and evaluate than
multimodal distributions.

|sthe quantity symmetric or skewed?

Symmetric

e

¢ Negative Skew

L'

278

A symmetrical distribution is symmetrical about its mean. A skewed
distribution is asymmetric. A positively skewed distribution has a
thicker upper tail than lower tail; and vice versa, for a negatively
skewed distribution.

Probability distributions in environmental risk analysis are often
positively skewed. Quantities such as source terms, transfer factors,
and dose-responsefactors, aretypically bounded below by zero. There
is more uncertainty about how large they might be than about how
small they might be.

A standard or custom distribution?

Analytica User Guide

The next question is whether to use a standard parametric
distribution—for example, normal, lognormal, or beta—or a custom
distribution, where the assessor specifies points on the cumulative
probability or density function.



Defining a variable as a distribution

Considering the physical processesthat generate the uncertainty in the
quantity may suggest that a particular standard distribution is
appropriate. More often, however, there is no obvious standard
distribution to apply.

It is generally much faster to assess a standard distribution than afull
custom distribution, because standard distributions have fewer
parameters, typically from two to four. You should usually start by
assigning a simple standard distribution to each uncertain quantity
using a quick judgment based on a brief perusal of the literature or
telephone conversation with a knowledgeable person. You should
assess a custom distribution only for those few uncertain inputs that
turn out to be critical to theresults. Therefore, it isimportant to be able
to select an appropriate standard distribution quickly for each quantity.

Defining a variable asa distribution

To define a variable as an Analytica probability distribution, first

select the variable and open either the variable’s Object window or the
Attribute panel of the diagram (see “The Attribute panel” on page 27)
with Definition selected from the Attribute popup menu (see “The
Attribute popup menu” on page 28).

To define the distribution:

1. Click on the Expression popup menu above the definition field
and select Distribution.

B Eupression

B Lt

B List of Labels

& Table

= Prabahility Table
v Distibution

= Choice
7} Other...
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Parameters to the
distribution

4,

The Object Finder opens, showing the Distribution library.

Library popup menu: Distribution Example probability density,
i ed indicating parameters

/% Object Finder
Library: | | Distribution

w | Find. |

EEr Gamma ( alpha, beta )
®5r Lognaormal ( median, gsdey )
=y Mormal [ mean, stodey )
5 Proboist (PR 1
=5y Probtakle (H. gt pr)
By Triangular min, mode, max
= [t} [ 1 =]
mean stddev

Hormal | 0105 | 0.015

Mormal(mean, stodesy) returns a continuous, normal Gaussian probability ;I

distribwtion with the specified mean and the standard deviation, stddew .

Cancel | ] |

Select the distribution you wish to use.

Enter thevaluesfor the parameters. You can use an expression
or refer to other variables by namein the parameter fields.

Click on OK to accept the distribution.

If the parameters of the distribution are single numbers, a button
appears with the name of the distribution, indicating that the variable
isdefined asadistribution. To edit the parameters, click on thisbutton.

Definition: Farrnal Jcnios omsy T
Button with the name of the Parameters of the distribution
distribution

If the parameters of the distribution are complex expressions, the
distribution displays as an expression. For example,
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Nor mal ((Pricel/ Mpy) * Mpg, Mg/ 10)



Including a distribution in a definition

Entering a distribution as an expression

Alternatively, you can directly enter a distribution as an expression:

1. Setthecursor in thedefinition field and typein thedistribution
name and parameters, e.g.

Nor mal (. 105, 0. 015)
2. PressAlt-enter or click on the button.

You can also paste a distribution from the Distribution library in the
Definition menu (see “Pasting from a library in the Definition menu”
on page 145).

You can edit a distribution as an expression, whether it was entered as
a distribution from the Distribution library or as an expression, by
selectingexpr from the Expression popup menu.

: 0 . B List
o 4| : . . fi& Table
Buying price: [Definition ¥ | ? Erlnb..;bllfty Table
v
Hormal |(D.1DS,U.D15) istribution
7 Other...

Nk

Including a distribution in a definition

You can enter a distribution anywhere in a definition, including in a
cell of an edit table. Thus, you can have arrays of distributions.

To enter a distribution:

1. Settheinsertion point whereyou wish to enter the distribution
in the definition field or edit table cell.

2. Enter thedistribution in any of the following ways:
« Type in the name of the distribution.

 Paste it from the from thRistribution Library under the
Definition menu.

» SelectPaste I dentifier from theDefinition menu to paste it
from theObject Finder.
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3. Typein missing parameters, or replace parameters enclosed as

<KX>>,

Overview of built-in probability distributions

Analytica has the following built-in probability functionsin the
distribution library. The continuous functions are described in Chapter
14 and the discrete functions are described in Chapter 15.

Continuous

Discrete

Bet a()

Cundi st ()
Fractil es()
Ganma()
Lognor mal ()
Nor mal ()

Pr obdi st ()
Triangul ar ()
Uni f or m()
Ber noul 1'i ()
Certain()
Chancedi st ()
Probt abl e

In addition to the above distribution, Analytica provides several
additional distributions as module libraries. These are found in the
Li brari es folder in the Analytica directory. To use these
distributions, select Add Module... from the File menu, and select
Continuous Distributions.ana or Discrete Distributions.ana. You can
link or embed the library. The additional distributions provided by

these libraries are

Continuous

Discrete
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Exponenti al ()
Logi stic()
LogTri angul ar ()
LogUni f or m()
Wi bul | ()

Bi nomi al ()
Ceonetric()

Hyper geonetric()
Poi sson



Probabilistic Calculation

Probabilistic Calculation

Analytica performs probabilistic evaluation of probability

distributions through simulation—by computing a random sample of
values from the actual probability distribution for each uncertain
quantity. The result of evaluating a distribution is represented
internally as an array of the sample values, indexeRubyRun is an
index variable that identifies each sample iteration by an integer from
1 to Samplesize.

You can display a probabilistic value using a variety of uncertainty
view options—the mean, statistics, probability bands, probability
density (or mass function), and cumulative distribution function (see
“Uncertainty view options” on page 44). All these views are derived
or estimated from the underlying sample array, which you can inspect
using the last uncertainty view, Sample.

Example

A: Nornmal (10,2) -

Iteration (Run)p>

1 2 3 4 5 6
10.74 13.2| 9.092| 11.44| 9.519| 13.03

Analytica Note: The valuesin a sample are generated at random from
thedistribution; if you try this example and display the result asa table,

you may see values different from those shown here. To reproduce this
example, reset the random number seed to 99 and use the default

sampling method and random number method (see “Uncertainty Setup
dialog box” on page 284).

For each sample run, arandom value is generated from each
probability distribution in the model. Output variables of uncertain
variables are calculated by calculating a value for each value of Run

Example
B: Normal (5,1) -

Iteration (Runp>

5.09 4.94 4.65 6.60 524 6.96
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C.A+B-

Iteration (Run) p>

1 2 3 4 5 6
15.83 18.13 13.75 18.04 14.76 19.99

Note that each sample value of Cisequal to the sum of the
corresponding values of A and B.

To control the probabilistic simulation, as well as views of
probabilistic results, use the Uncertainty Setup dialog box (see
“Uncertainty Setup dialog box” on page 284).

Analytica Note: If you try to apply an array reducing function (see
“Array-reducing functions” on page 223) to a probability distribution
across Run, Analytica returns the distribution's Mid value.

Example

X: Beta(2, 3)

Md(X) - 0.3857andMax(X, Run) - 0.3857

To evaluate the input parameters probabilistically and reduce across
Run, useSanpl e() (see page 333).

Example

Max( Sanpl e(X), Run) - 0. 8892

Uncertainty Setup dialog box

284

Analytica User Guide

Usethe Uncertainty Setup dial og box to inspect and change the sample
size, sampling method, statistics, probability bands, and samples per
plot point for probability distributions. All settingsare saved with your
model.

To open the Uncertainty Setup dialog box, select Uncertainty
Options... from the Result menu or Ctrl-U. To set valuesfor aspecific
variable, select the variable before opening the dialog box.



Uncertainty Setup dialog box

The five options for viewing and changing information in the
Uncertainty Setup dialog box can be accessed using the Analysis
option popup menu.

v LIncertainty S ample
Statiztics
Probability Bands
Frobability Density
Cumulative Probability

Uncertainty Sample

To change the sample size or sampling method for the model, select
the Uncertainty Sample option from the Analysis options popup

menu.
4 Uncertainty Setup
[ Analysis uptiun:l Uncertainty Sample - | ]
{Appiies to extire modef)
Sample Size: m
Press here to see additional
uncertainty sampl
parametersi\
Maore Optiohs I

Cancel | Set Default |
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The default dialog box shows only afield for sample size. To view and
change the sampling method, random number method, or random
seed, press the M ore Options button.

£ Uncertainty Setup =

I Analy=sis uptiun:| Uncertainty Sample - | |

{Appliies to antire modal)

Sample Size: m

Sampling method: Randomize method:
' tedian latin hypercube % Minimal standard
" Fandom latin hypercube  L'Ecuper
= Simple monte carlo = Knuth

Fewer Options I Random seed: I 99 [T Feset once

Cancel | Set Default |

Samplesize

Thisnumber specifies how many runsor iterations Analytica performs

to estimate probability distributions. Larger sample sizes take more

time and memory to compute, and produce smoother distributions and

more precise statistics. See Appendix D, “Selecting the Sample Size”,
for guidelines on selecting a sample size. The sample size must be
between 2 and 32,000. You can access this number in expressions in
your models as the system variaBbmplesize.

Sampling method

The sampling method is used to determine how to generate a random
sample of the specified sample siag for each uncertain quantity,
Analytica provides three options:

Simple Monte Carlo

Analytica User Guide

The simplest sampling method is known as Monte Carlo, named after
the randomness prevalent in games of chance, such as at the famous
casino in Monte Carlo. In this method, each ofrttreample points for

each uncertainty quantit¥, is generated at random frodwith
probability proportional to the probability density (or probability mass
for discrete quantities) foX. Analytica uses the inverse cumulative
method; it generates uniform random valuesy; fori=1,2,..m,



Uncertainty Setup dialog box

between 0 and 1, using the specified random number method (see
below). It then uses the inverse of the cumulative probability
distribution to generate the corresponding val ues of X,

Xi where P(x < Xi) = y; for i=1,2,...m.

With the simple Monte Carlo method, each value of every random
variable X in the model, including those computed from other random
quantities, is a sample of mindependent random values from the true
probability distribution for X. You can therefore use standard
statistical methods to estimate the accuracy of statistics, such asthe
estimated mean or fractiles of the distribution, as for example
described in Appendix D, “Selecting the Sample Size”.

Median L atin hyper cube (the default method)

With median Latin hypercube sampling, Analytica divides each
uncertain quantit) into m equiprobable intervals, whemis the
sample size. The sample points are the medians af ifitervals, that
is, the fractiles

Xi whereP(x < Xi) = (i-0.5)/m, fori=1,2,..m.

These points are then randomly shuffled so that they are no longer in
ascending order, to avoid nonrandom correlations among different
guantities.

Random L atin hypercube

The random Latin hypercube method is similar to the median Latin
hypercube method, except that instead of using the median of each of
them equiprobable intervals, Analytica samples at random from each
interval. With random Latin hypercube sampling, each sample is a true
random sample from the distribution. However, the samples are not
totally independent.

Choosing a sampling method

The advantage of Latin hypercube methods is that they provide more
even distributions of samples for each distribution than simple Monte
Carlo sampling. Median Latin hypercube is still more evenly
distributed than random Latin hypercube. If you display the PDF of a
variable that is defined as a single continuous distribution, or is
dependent on a single continuous uncertain variable, using median
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Latin hypercube sampling, the distribution will usually look fairly
smooth even with a small sample size (such as 20), whereas the result
using simple Monte Carlo will look quite noisy.

If the variable depends on two or more uncertain quantities, the
relative noise-reduction of Latin hypercube methodsisreduced. If the
result depends on many uncertain quantities, the performance of the
Latin hypercube methods may not be discernibly better than simple
Monte Carlo. Since the median Latin hypercube method is sometimes
much better, and almost never worse than the others, Analytica usesit
as the default method.

Very rarely, median Latin hypercube can produce incorrect results,
specifically when the model has a periodic function with a period
similar to the size of the equiprobable intervals. For example, with

X:Uni form(1l, Sanplesize)

Y. Si n(2* Pi *X)

median Latin hypercube method will give very poor results. In such
cases, you should use random L atin hypercube or simple Monte Carlo.

If your model has no periodic function of thiskind, you do not need to
worry about the reliability of median Latin hypercube sampling.

Random number method

The random number method is used to determine how random
numbers are generated for the probability distributions. Analytica
provides three different methods for calculating a series of
pseudorandom numbers.

Minimal Standard (the default method)

TheMinimal Standard random number generator isan implementation
of Park and Miller’'s Minimal Standard (based on a multiplicative
congruential method) with a Bays-Durham shuffle. It gives
satisfactory results for less than 100,000,000 samples.

L’Ecuyer

The L'Ecuyer random number generator is an implementation of
L'Ecuyer’s algorithm, based on a multiplicative congruential method,
which gives a series of random numbers with a much longer period
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(sequence of numbers that repeat). Thus, it provides good random
numbers even with more than 100,000,000 samples. It is slightly
slower than the Minimal Standard generator.

Knuth

Knuth’s algorithm is based on a subtractive method rather than a
multiplicative congruential method. It is slightly faster than the
Minimal Standard generator.

Random seed

This value must be a number between 0 and 100,000,08p (i@
series of random numbers starts from this seed value when:

* A model is opened
e The value in this field is changed

« The Reset once box is checked, and the Uncertainty Setup dialog
box is closed by clicking on the Accept or Set Default button.

Reset once

Check the Reset once box to produce the exact same series of random
numbers.
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Statistics option

To change the statistics reported when you select Satistics as the
uncertainty view for aresult, select the Statistics option from the
Analysis option popup menu.

4 Uncertainty Setup
 Analysis uptiun:l Statistics - | ]
v tdin v Standard deviation
v tedian [~ Yarance
W tean [T Skewness
I tdax [ Eurtosis

Cancel I Set Default |

Probability Bands option

To change the probability bands displayed when you select
Probability Bands as the uncertainty view for aresult, select the
Probability Bands option from the Analysis option popup menu.

A4 Uncertainty Setup ]

— Analysis option: | Probability Band= - | —

W 50% [median)
I 33% and 67%
¥ 25% and 75%
™ 10% and 90%
¥ 5% and 953
™ 1% and 993
™ 0% and 100%

Cancel | Set Default |
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Probability Density and Cumulative Probability options

To change how probability density or the cumulative probability
values are drawn or to change their resolution, select the respective
option from the Analysis option popup menu.

£ Uncertainty Setup

— Analysis option: | Cumulative Probability v |
Samples per CDF plot point: n —‘
& Equal £ Uncertainty Setup [ <]

G| Equal [ Analysis option: | Probability Density | _

Samples per PDF step interval:

' Equal probability steps
" Equalx axis steps

Cancel |

Cancel I Set Default |

Analytica estimates the probability density function and cumulative
distribution function, like other uncertainty views, from the
underlying array of sample valuesfor each uncertain quantity. Aswith
any simulation-based method, each estimated distribution will have
some noise and variability from one evaluation to the next.

Samples per plot point

This number controls the average number of sample values used to
estimate each point on the probability density function (PDF) or
cumulative distribution function (CDF) curves.

For asmall number of samples per plot point (lessthan or equal to 10),
more points are each estimated from fewer sample values and so are
more susceptible to random noise. If the quantity isdefined by asingle
probability distribution, and if you use median Latin hypercube
method (the default), this noise will be slight and the curve will ook
smooth. In other cases, the noise may have alarge effect, and using a
larger number of samples per plot point will produce asmoother curve.
There is atrade-off; with larger numbers the smoothing may miss
details of the shape of the curve. PDFs may be much more susceptible
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to random noise than CDFs, so you may wish to use larger numbers
for PDFs than CDFs. Ultimately, to reduce the noise, use a larger
sample size (for details on selecting the sample size, see Appendix D,
“Selecting the Sample Size").

Equal probability steps

With this option, Analytica uses the sample to estimate a s&t bf
fractiles (quantiles)X, at equal probability intervals, whepeO, g,

2q, ... 1, andy = 1/m. The cumulative probability is plotted at each of
the pointsX,, increasing in equal steps along the vertical axis. Points
are plotted closer together along the horizontal axis in the regions
where the density is the greatest. In the probability density graph view,
the areas under the density function between successive fractiles are
equal because they each represent the same probapilite density
between two successive fractiles is plotted at the mid point (on the
horizontal axis) of the two fractiles.

Equal X axis steps

Analytica User Guide

With this option, Analytica estimates cumulative probability using

equally spaced points along tKexis. In the probability density graph
view, it shows a histogram where the height of each horizontal is

estimated as the fraction of the sample values that fall withinkthat
interval.
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I n this Chapter

This chapter shows you how to use
Analytica’s built-in continuous probability
distributions.




Continuous distribution functions

This chapter describes Analytica’s built-in continuous probability
distributions. Additional continuous probability distributions are
included in the Libraries folder distributed with Analytica.

Analytica Note: To reproduce the graphs in this chapter, use a sample
size of 1000.

Continuousdistribution functions

Beta ( X, Y, lower, upper )

X
Creates a distribution of numbers between 0 and 1 MLrﬁ Y)

representing the mean, if the optional paramedtever andupper are
omitted. For bounds other than 0 and 1, specify the optiowat and
upper bounds to offset and expand the distribution.

X andY must be positive.

When to use

Use a beta distribution if the uncertain quantity is bounded by 0 and 1
(or 100%), is continuous, and has a single mode. This distribution is
particularly useful for modeling an opinion about the fraction of a
population that has some characteristic. For example, if you have
observech members of the population, of whicliisplay the
characteristi@, you can represent the uncertainty about the true
fraction withc using a beta distribution with paramet&rs r andY =

n-r.

If the uncertain quantity has lower and upper bounds other than 0 and
1, include the lower and upper bounds parameters to obtain a
transformed beta distribution. The transformed beta is a very flexible
distribution for representing a wide variety of bounded quantities.

Library

Distribution
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Examples

Beta (5, 10) -
a- _

=

in

C

b

o

£ 2

=

m

u]

2

o
1] T
0 0z 04 0.k 0s

Praobability Density

Cumdist (P,R, 1)
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Specifies a continuous probability distribution by an array of
cumulative probabilities, P, for an array of corresponding outcome
values, R, for the quantity. Either R must be an index of P, or P and R
must have an index in common. If P or R have more than one index,
you must specify the relevant index for linking P and R as a third
parameter, |.

Cundi st () useslinear interpolation of the cumulative distribution
between the specified points, which implies a piecewise uniform
distribution.



Continuous distribution functions

The values of P must be nondecreasing. P’s first value must be equal
to or greater than 0, and its last value must be 1. The vallresoét
be increasing.

Library

Distribution

Example

Array b:
Index_a p

1 2 3

Array x:
Index_a p

10 20 30

CunDi st (Array_b, Array_Xx) -

Curnulative Probability
(=]
h

0 135 20 23 a0
Curn Dist

Fractiles(L)

Specifies a continuous probability distribution by an array of evenly
spaced fractiled,. L must be a one-dimensional array of
nondecreasing numbers. Uftontainsn+1 numbers, theh; is thei/n

fractile—that is, for an uncertain quantity,
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P(x<L;)=i/n. Fractil es() useslinear interpolation on the

cumul ative distribution between the specified fractiles, which implies
a piecewise uniform distribution.

If any valuein L is probabilistic, its mid value is used to obtain the
fractile.

Library

Distribution

Example

The following definition describes a distribution over the range 0 to
120 (0 and 100% fractiles), with its median at 45 (50% fractile), and
quartiles at 30 and 60 (25% and 75% fractiles):

Fractiles( [0, 30, 45, 60, 120] ) -

0.0z 4

Probability Density
(=3
=

0 23 i T3 100 1235
Fractiles

Gamma( AB)
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Creates a gamma distribution with shape parameter A and scale
parameter B. The scale parameter, B, is optional and defaultsto B=1.
The gamma distribution is bounded below by zero (all sample points
are positive) and is unbounded from above. It has a theoretical mean
of A[Band atheoretical variance of AB®. When A> 1, the
distribution is unimodal with the mode at (A—1) [B. An exponential
distribution resultswhen A = 1. As A — o, the gamma distribution
approaches a normal distribution in shape.

The gamma distribution encodes the time required for A events to
occur in a Poisson process with mean arrival time of B.



Continuous distribution functions

Note that some textbooks use Rate=1/B, instead of B, as the scale

parameter.

When to use

Use the gammadistribution with A>1if you have a sharp lower bound
of zero but no sharp upper bound, a single mode, and a positive skew.
Note that the Lognormal distribution is also an option in this case.
Ganmma( ) isespecially appropriate when encoding arrival times for
sets of events. A gamma distribution with alarge value for Aisalso
useful when you wish to use a bell-shaped curve for a positive-only
quantity.

Library

Distribution

Examples

Gamma distributions with mean=1:

Probability Density

05

Ganmma( 1/ 2, 2)
Gamma(1, 1)

Gamma( 2, 1/ 2)

A Gamma(3, 1/ 3)

Gamma( 4, 1/ 4)

o pm=ssss
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L ognormal ( median, gsdev )

Createsalognormal distribution with median of median and geometric
standard deviation of gsdev. The geometric standard deviation must be
1 or greater. The range [ median/gsdev, median x gsdev] encloses about
68% of the probability. Gsdev is sometimes also known as the
uncertainty factor or error factor.) Median and gsdev must be
positive.

The log of alognormal quantity has a normal distribution with mean
of Log(median) and standard deviation of Log(gsdev).

While the lognormal distribution is unbounded above, Analytica’s
Lognor mal () function truncates sample valuessrmlian/gsdev3 on
the bottom andnedian x gsdev3 at the top.

When to use

Use the lognormal distribution if you have a sharp lower bound of zero
but no sharp upper bound, a single mode, and a positive skew. Note
that the gamma distribution is also an option in this case. This
distribution is particularly appropriate if you believe that the uncertain
quantity is the product (or ratio) of a large number of independent
random variables.

Library

Distribution

Examples
Lognormal (5, 2) -

0.z q

Probability Density
[=1

0 10 20 a0 40
Logrnormal
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The case of gsdev=1 gives a delta function (spike) at median.

Lognormal (5, 1) -

a7

Frobability Density
=

-1u T T T 1
5 3 5 3 5
Logrormal

Normal ( mean, stddev)

Creates a normal or Gaussian probability distribution with mean and
standard deviation stddev. The standard deviation must be O or greater.
The range [ mean-stddev, mean+stddev] encloses about 68% of the
probability.

While the normal distribution is unbounded above and below,
Analytica’s Normal() function truncates sample value8 attddev
above and below the mean.

When to use

Use a normal distribution if the uncertain quantity is unimodal and
symmetric and the upper and lower bounds are unknown, possibly
very large or very small (unbounded). This distribution is particularly
appropriate if you believe that the uncertain quantity is the sum or
average of a large number of independent, random quantities.

Library

Distribution
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Example

Nor mal (30, 5) -

019

0.03 4

Frobability Density

10 20 30 40 3a
Normal

Probdist (P, R, 1)

Specifies a continuous probability distribution as an array of
probability density values, P, for an array of corresponding outcome
values, R, for the quantity. Probdist performs alinear interpolation
between the points on the density function. The values of P must be
nonnegative. They will be normalized so that the total probability
enclosed is 1.0. The values of R must be increasing.

The values of P should start and end at 0. If the first (or last) value of
P is not zero, Analytica assumes zero at 2R; - R, (or 2Rn - Rn-1).

Either R must be an index of P, or P and R must have an index in
common. If P or R have more than one index, you must specify the
relevant index for linking P and R as a third parameter, 1.

Library

Distribution

Example

Analytica User Guide

Array p:
Index_a p

1 2 3 4 5 6
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Array r:
Index_a p

10 15 20 25 30 35

Probdi st (Array_p, Array_r) -

04 9

Frobakility Density

10 13 20 23 20 5
Frobdizst

Triangular ( min, mode, max )

Creates atriangular distribution, with minimum min, mode mode, and
maximum max. Min must be not be greater than mode, and mode must
not be greater than max.

When to use
Use the triangular distribution when you have the bounds and the

mode, but have little other information about the uncertain quantity.

Library
Distribution
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Example
Triangular(2, 7, 10) -

0.4 9

Probability Density
(=]
(3

2 a g 8 10
Triangular
Uniform (imin, max )

Creates a uniform distribution between values min and max.

When to use

If you know nothing about the uncertain quantity other than its
bounds, a uniform distribution between the bounds is appealing.
However, situationsin which thisistruly appropriate arerare. Usually
one end, or the middle, of the range is more likely than the rest; that
is, the quantity has a mode. In such cases, a beta or triangular
distribution is a better choice.

Library
Distribution
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Example
Uni form'5, 10) -

0.2

Probability Density
=

3 3 7 2 3 0
Uniform

Continuous Distribution Library

In addition to the built-in distributions provided by Analytica, several
less-commonly used distributions are available in the
ContinuousDistributions library module. To use these distributions,
select the Add M odule... command from the File menu and embed (or
link) the file Libraries/ContinuousDistributions.ana in your model.

The ContinousDistributions library module includes these
distributions:

Exponential( R)

An exponential distribution with rate R. The exponential distribution
has a mean and standard deviation of 1/R. It is commonly used to
model the time until the next event occurs assuming that events
randomly and independently of when previous events have occurred.

L ogistic( mean, scale)
The logistic distribution with the indicated mean, magnified by scale.
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L ogtriangular ( min, mode, max )

The natural logrithm of a variable distributed according to alog
triangular distribution obeys a triangular distribution. Used when no
information other than the bounds and mode are available for a
quantity, and the quantity represents a geometric variable such asa
percent increase.

L oguniform( lower, upper )

A variable whose natural logrithm is distributed uniformly. Used
when avariableis geometric by nature, such as a percent increase, but
when nothing more than the absolute bounds are known.

Weibull( scale, shape)

Specifies a Weibull distribution. The Weibull distribution is bounded
below by zero and unbounded from above. It is often used to describe
data resulting from life and fatigue studies and reliability models.

Truncating Distributions

Truncate ( Dist, X )

Truncates a probabilistic value Dist at and below deterministic value
X. If Dist is not a distribution, Truncate returns Dist.

Truncate does not discard sample values; it generates a new complete
sample for the quantity with the same probability distribution as Dist
above X, and 0 below X.

Since Tr uncat e() resamples from the truncated distribution, the
result will be nearly independent of Dist. Hence, importance and other
measures that depend on correlations with Dist or with probabilistic
variables on which Dist depends will be near zero, which may be
misleading.

Library:
Special
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Examples:

Mpg: Nor el (28, 5)
Truncat e( Mpg, 21) -

01 q

005 A

Probability Density

T T T T |
20 23 a0 33 40 a3
Trureate

To truncate a distribution at or above a specified value, use:

- Truncat e( -Digt, -X)
-Truncat e(-Mpg, -32) -

019

0. A

Probability Density

T T T T |
1d 15 20 25 30 35
Truncate
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Chapter 15

Using Discrete
Probability




This chapter shows you how to:

« Use Analytica’s discrete probability
table functions

« Use Analytica’s discrete probability
distributions

I n this Chapter



Using a probability table

This chapter describes Analytica’s discrete probability table functions
and discrete probability distributions. Additional discrete probability
distributions are included in the Libraries folder distributed with
Analytica.

Using a probability table

To describe a variable as a discrete uncertainty, Analytica provides a
special kind of edit table calledpaobability table. (See also Chapter
11, “Modeling with Arrays and Tables".)

Creating a probability table

To define a variable as a discrete probability distribution in a
probability table:

1. Determine the variable’sdomain—the list of possible outcomes.
2. Select the variable and open one of the following:

The variable’s Object window.

The Attribute panel of the Diagram window (see “The Attribute
panel” on page 27).

In the Attribute panel, seleBtefinition from the Attribute popup
menu (see “The Attribute popup menu” on page 28) as the attribute
to display.

3. Click on the Expression popup menu above the definition field
and select Probability Table.

v EIr Ernression

B List

B List of Labels
[ Table
Probability Table

A Dizhibution
= Choice

P Other...

If the variable already has a definition, a dialog box confirms that
you wish to replace it.
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Analytica Note: If the definition of a variable is already a probability
table, a ProbTable button appearsin the definition. Click on it to seethe
Edit Table window (see “Viewing an array as an Edit table” on page
179).

4. Thelndexesdialog box opensto confirm your choicesfor the
indexes of thetable. Only variableswith a domain of List of
numbersor List of labels are shown by default. Thevariable
being defined isalready listed as a selected index (with Sdlf in
parentheses). Add or removeany other discreteinputs (or other
Index variables).

£ Indexes
Preview: Domains: | All%ariables Selected Indexes:
{7 new index =l 3 Weather (Self) =
>>I
= =1

Cancel | QK. |

Analytica Note: Self is required as an index of a probability table. It
refers to this variable’s domain values.

5. Click on the OK button. An Edit Table window appears.

6. Enter thepossible outcomes (the domain) in thefirst column. If
the outcomes are numeric, they must bein increasing order.

7. Enter the probability of each possible outcomein the second
column. (The probabilities should sum to 1.)




Example

Using a probability table

If Pisavariable whose value is a probability (between 0 and 1) and
the possible weather outcomes are sunny and rainy, then the following
is a probability table for weather:

£ Edit Table - Weather [ _ (O] x|
/7|  Probability Table of Weather
Weather
Pl o
o
=
P
Domai n# SLnm
rainy (1-F
il P

Editing thedomain

The domain attribute has val ues (the possible outcomes) and atype. In
aprobability table, you can edit the values directly in the first column
of the Edit Table window, as an index of the table. Each entry must be
anumber or label (text); it cannot be an expression.

You can also edit the domain values in the Object window and

Attribute panel.

A4 Object - Weather [_ (O]
=

Wieather

Title:

Weather

Units:

Description: ‘Weather outcomes and probahilties.

Domain typ

Definition: ProbTable | indexed by Weather

Domain:

Domain val U$—|:

Inputs:

List of labels

hdl

Sunny

Rairry
[

P

Continuous

List of numbers
v List of labels

Outputs: {3 Utiliby_value Uttility (walue to me) Without Forecast
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Changing the domain type

The domain popup menu shows the domain type. For a probability
table, the domain typeiseither alist of numbers or alist of labels and
is set by your entry in the first row’s cell in the edit table.

To change the domain type, press on the popup menu and select the
desired type.

Expression view of probability table

When you select the expression view of a definition that was created
as a probability table, it has the following appearance. You cannot
create a probability table as an expression.

Probtable (11,12, ... In) (p1, p2, p3, ... pn)

Describes an n-dimensional conditional probability table, indexed by
theindexes|1, 12, ... In One index must be Self

pl, p2, p3, ... prare the probabilities in the array.

Example

The Weatherprobability table on page 312, when viewed as an
expression, looks like this:

Probtable (Self)(P, (1-P))

Note that the domain values do not appear in the expression view.

Using labelsin a probability table

A discrete probability distribution can describe the probability that a
variable falls into a category. For example:

Loy LAY
hedium rainy
High

In aprobability table, Analytica assumes that label outcomes are
ordered, with the first value being the minimum and the last value
being the maximum. In the first example above, this ordering has
meaning; in the second example above, it does not. This ordering is
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used to compute the following statistics. Use these statistics with
caution, since they are a function of the order sequence of the
qualitative outcomes.

Satisticsavailable for label valued distributions

Frequency (use Frequency(X,X))
Mid Value (Median)

Min

Max

Probability bands

Sample

Satistics not available for label valued distributions

Correlation
Kurtosis

Getfract

Mean

Rankcorrel
Skewness
Standard deviation
Variance

Also use caution applying the logical operators (>,<,=) to alabel
valued distribution. The logical operators use the ASCII sort
sequence, not the ordering of label outcomes.

Adding dimensionsto a probability table

You may wish to add dimensions to a probability table. For example,
in the Weather probability table (see page 312), you may wish to
distinguish between daylight and evening, with different probabilities
for rainy weather in daylight and evening. So you would add a
dimension with two values: daylight and evening.

You can add indexes or decision variables defined as lists, similar to
adding indexes to an edit table, as follows:

1

Open the Edit Table window by clicking on the ProbTable
button.

Click on the Indexes (£7]) button to open the Indexes dialog
box.

Click in the All variables checkbox above the left hand list.
Movethedesired variablesto add them asindexes.

Click on the OK button to accept the changes.
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Creating a conditional dependency

After you have defined several probability tables, you may want to
make some probabilities in a probability table conditional on the
outcomes of other variables. Thisis called a conditional dependency.

To create a conditional dependency in a probability table:

1. Open the Edit Table window by clicking on the ProbTable
button.

2. Click on the Indexes ((ZZ]) button. Other variablesthat are
defined as probability tables appear in thelist of domains.

3. Movethevariablesyou wish to be conditionally dependent, to
add them asindexes.

4. Click on the OK button to accept the changes.

Theresulting tableisindexed by both the domain of your variable and
the domains of the conditionally dependent variables.

Analytica Note: You must have already specified the variables as
probability tables, before adding them with the Indexes dialog box.

Other discrete distribution functions

316
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To define a variable as a discrete probability distribution other than
probability table and view its Probability Mass Function, you must
first set its domain type and then assign the range of possible outcomes
to its domain.

To set a discrete domain type and assign domain values:

1. Select thevariableand open the Attribute panel of the Diagram
window (see see “The Attribute panel” on page 27).

2. Select the Domain attribute from the popup menu.



Other discrete distribution functions

3. Thedomain type popup menu showsthe default of Continuous.
Select either List of numbersor List of Labels.

7 4] | =
Myvariable: |[Inmain "| v Continuouz :l
=
List of numbers
List of labels
=
F

4. Analyticadisplaysalist containing one element. Enter the
domain values like any list (see “Creating a list” on page 186).

Analytica Note: The domain must include all the values that appear in
the sampl e of the discrete probability distribution. If it does not, then the
total Probability Mass Function will be lessthan 1.

Bernoulli (P)
Creates a discrete probability distribution with probability P of result
1 and probability (1 - P) of result 0. P isaprobability value or array of

probabilities, each between 0 and 1. The Bernoulli distribution is
defined as:

If Uniform(0, 1) <P Then 1 Else 0

If Pis greater than 1, the distribution is made up of all 1'B.iff less
than 0, the distribution is made up of all 0’s.

Library

Distribution

Example

The domain, List of numbers, is [0, 1].
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Bernoulli_ex: Bernoulli (0.3) -

e :

0.3

Frobability Mass

1] 1
Eernoulli Example

Certain (U)

Returns the value of U.

Library
Distribution

When to use

Use Certain() when an input node is defined as a distribution (see
“Using input nodes” on page 151), and, in browse mode, you want to
replace the distribution with a honprobabilistic value.

Example

Index_a:

0.3 0.4 0.

w

Certain (Array_p )-

1 2 3
0.3 0.4 0.

w
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Chancedist (P, A, 1)

Creates a discrete probability distribution. A isan array of outcomes,
and P isthe corresponding array of probabilities. Aand P must both be
indexed by I.

The values of A must be unique; if Aisnumeric the values must be
increasing.

When to use
Use Chancedist() instead of the probability table when:

e The array of outcomes is multidimensional, or

e The outcomes and probabilities arrays are defined as other
variables; the variables can be used in other parts of your model.

Library

Distribution

Example

Index_b:

| Red Whitd Blug

Array q:
Index_b p

Red White |Blue
0.3 0.2 0.5

The domain, List of labels, is ['Red','"White','Blue’].
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Chancedist(Array_g,Index_b,Index_b) -

D5 meressres e

025 A

Frobability Mas=

Red ihite Elue
Chaneedist Example

Using a deterministic conditional table

320

Sometimes a variable’s value is deterministic (not uncertain) and
conditionally dependent on the outcomes of discrete uncertain
variables. The Determtable() function defines this dependency.

The Determtable() function appears similar to an edit table or a
probability table. Each cell contains nonprobabilistic (deterministic)
values. At least one index is a probability table (a discrete probabilistic
variable). Other indexes are typically decision variables defined as
lists. The Determtable() function returns an array that is reduced across
its probabilistic index(es). The evaluation result shows the value
considering the uncertain distribution of each probabilistic index.

Creating adetermtable

Analytica User Guide

To define a variable as a determtable:

1. Determine the variable’s domain—the list of possible outcomes.



Using a deterministic conditional table

2. PresstheExpression popup menu abovethedefinition field and
select Other.

B0 Expression

Ligt

List of Labels
Table
Probability T able
Digtribution
Chaice

L » &R

Analytica opens the Object Finder dialog box (see “Object Finder
dialog box” on page 143).

3. Seect Array from theLibrary popup menu and select
Deter mtable from the function list.

£ Object Finder E
Librang | Array - | Find... |
& Concat Ca1, 8210, K) =l
B Cumproduct (¥, 1)
B Cumulate X0 J
@5 Determitable CH I ut o um )
B Integrate [R1,R2,1)
BE Max (¥, 17
= . . =]

Determtable Indexes |

Determtabledl, 12, Inl{u1, u2, ..um) defines a conditional dependency on the ;I
outcomes of dizcrete uncertain variables, and returns an array that is reduced
across its probabiistic indexies), ul, w2, . um give the deterministic outcomes.

Carncel | ] |
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4. Click on the I ndexes button to specify discrete probability
variables asinputs. The Indexes dialog box appears.

£ Indexes [ %]
Preview: Domains: [ AllVariables Selected Indexes:
3 Ltility (value to me) (Self) = 1  Party Location =
7 new index . | 2 wWeather
=1 =1

Cancel | 0k |

5. Click on OK to accept theindexes and open an Edit Table
window.

6. Enter the outcomes corresponding to each outcome of your
discreteinputs.

Expression view of a determtable

When you select the expression view of a definition that was created
asadetermtable, it has the following appearance. You cannot initially
create a determtable as an expression.

Determtable( 11, 12, ... In) (r1,r2, 3, ... rm)

Describes an n-dimensional conditional deterministic table, indexed
by theindexes 11, 12, ... In The last index, In, is the innermost index,
varying the most rapidly. r1, r2, ... rmare the outcomes in the array.
Determtable returns an array that isreduced acrossitsindexesthat are
probability tables.

Example

In “Using a probability table” beginning on page 3Weather is
defined as a probability table.®f the probability of “sunny”, is 0.4,
then the probability of “rainy” is 0.@arty location is a decision

322 Analytica User Guide



Discrete Distribution Library

variable with values ['outdoors, 'porch’,'indoors]. Valueto Meis a
determtable, containing utility values (or “payoffs”) for each
combination ofParty location andWeather:

£ Edit Table - Utility [value to me)

{7 | Determ Table of Utility (value to me}
Party Location w

b =

- P

SUNMy rainy =i
outdoors 100 a
porch a0 20
indoors 40 S0 =
Al il |

EvaluatingValue to Me gives the value of each party location,
considering the uncertain distribution\&&ather. The mean value of
Valueto Me is the expected utility:

£ Result - Utility [value to me]

H ™|  Mean Value of WHility (value to me) ><Y|
Party Location

=
Lall
=i

outdoors 40

porch 45

indoors 46 =]
a| H

Discrete Distribution Library

In addition to the built-in distributions, the Discrete Distributions
library module provided with Analytica contains several additional,
but less commonly used, distributions. To use these in your model,
select theAdd Module... command from th&ile menu, and embed
(or link) the file

Libraries/DiscreteDistributions.ana.

The discrete distributions library module provides the following
discrete distributions.

Binomal(n, p)
The binomial distribution describes the number of times an event

occurs inn independent trials, given that the event occurs with
probabilityp on each trial.
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Geometric(p)

The geometric distribution describes the number of independent trials
required until the first successful outcome occurs. The parameter p is
the probability that a successful outcome occurs on any given trial.

Hypergeometric( n, d, m)

The hypergeometric distribution describes the number of “red balls”
drawn inn trials without replacement from an “urn” containimgotal
balls,d of which are red.

Poisson(R)
The Poisson distribution describes the number of events that occur in

one unit of time, given that the average rate at which events occur at
random isR events per time unit.
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This chapter shows you how to:

Analyze the uncertainty of variables

Analyze relationships between
uncertain variables

Analyze the sensitivity of outputs to
changes in inputs

I n this Chapter



Satistical functions

This chapter describes Analytica’s tools for analyzing the uncertainty
of variables, relationships between uncertain variables, and sensitivity
of outputs to changesin inputs. It covers the statistical functions,

sensitivity analysis functions, scatter graphs, and importance analysis.

Statistical functions

This section describes Analytica's built-in statistical functions, for use

in variable definitions. Many of these functions are used in the Result
window Uncertainty View options (see “Uncertainty view options” on
page 44). These functions can assist with analysis of probabilistic
variables.

Analytica Note: All statistical functions produce estimates from the
underlying random sample for each probabilistic quantity. These
estimates are not exact, but will vary from one eval uation to the next due
to the variability inherent in random sampling. Hence, your results may
not exactly match the results shown in the examples here. For greater
precision, use a larger sample size (see Appendix D on how to select a
sample size).

The calculation formulas use the following notation:

X; theith sample value of probabilistic variabte

X the mean of probabilistic variab}(seeMean() )
o0 standard deviation (se€&levi ation())

m sample size (see Appendix D).

Analytica Note: These statistical functionswill not calculate statistics
for an array of data unlessit is a sample indexed by Run. To obtain
statistics on an array of data with another index, see the Data Satistics
library in the Libraries folder.

The examples in this section use the following variables:
Alt_fuel _price: Normal (1. 25, 0.1)

Fuel_price Nornal (1.19, 0.1)
Kfuel_price: Beta(4, 2,1, 1.5)
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Correlation ( X,Y)

Returns an estimate of the correlation between the probabilistic
expressions X and Y, where -1 means perfectly negatively correlated,
0 means no correlation, and 1 means perfectly positively correlated.

Correl ation(X, Y), ameasure of probabilistic dependency
between uncertain variables, is sometimes known as the Pearson
product moment coefficient of correlation, r. It measures the strength
of the linear relationship between X and Y, using the formula:

Z (Xi —)_()(yi -y)
i

Jz(xi—i)zx 3 -9’
i i

Library

Statistical

Example

With Samplesize set to 100 and number format set to two decimal
digits:

Correlation(Alt_fuel _price + Fuel _price,

Fuel price) - 0.71

Correlation of two independent, uncorrelated distributions approaches
0 as the samplesi ze approaches infinity.

Example

Analytica User Guide

With Samplesize = 20:

Correlation(Nornal (1.19,0.1), Nornal (1.19,0.1))
- -.28

With Samplesize = 1000:

Correl ati on(Normal (1.19,0.1), Normal (1.19,0.1))
- 0.03



Satistical functions

Frequency (X, 1)

If X isadiscrete uncertain variable, returns an array indexed by |,
giving the frequency, or number of occurrences of discrete values . |
must contain unique values; if numeric, the values must be increasing.

If Xisacontinuous uncertain variable and | is an index of numbersin
increasing order, it returns an array indexed by |, with the count of
valuesin the sample X that are equal to or less than each value of | and
greater than the previous value of 1.

If X is nonprobabilistic, Fr equency() returns Samplesize for each
value of | equal to X.

Since Fr equency() iscomputed by counting occurrences in the
probabilistic sample, it is afunction of Samplesize (see “Uncertainty
Setup dialog box” on page 284). If you want the relative frequency
rather than the count of each value, divide the resuiabylesize.

Library

Statistical

Example (Continuous)
Index a: [ 1. 2, 1. 25]

Frequency(Fuel _price, Index_a) -
Index_a p

12 1.25
54 19

Example (Discrete)
Bern out: [ 0, 1]

(Possible outcomes of the Bernoulli Distribution)

With Samplesize = 100:
Frequency(Bernoul I'i (0.3), Bern_out) -

Bern_out p

0 1
70 30
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With Samplesize = 25:
Frequency(Bernoul I'i (0.3), Bern_out) -

Bern_out p

0 1

18 7

(Compare the Bernoulli example on page 317.)

Getfract (Xx,P)

Returns an estimate of the Pth fractile (also known as quantile or
percentile) of X. Thisisthe value of X such that X has a probability P
of being less than that value. If X is nonprobabilistic, all fractiles are
equal to X.

The value of P must be a number or array of numbers between 0 and
1, inclusive.

Library

Statistical

Examples

Get fract (X, 0. 5) returns an estimate of the median of X.

CGetfract (Fuel _price, 0.5) - 1.19

The following returns a table containing estimates of the 10%ile and
90%ile values, that is, an 80% confidence interval.

Fract: [ 0. 1, 0. 9]

CGetfract (Fuel _price, Fract) -
Fract p

010 |0.90
1.06 1.32

Kurtosis( x)

Returns an estimate of the kurtosis of X. X must be probabilistic.



Satistical functions

Kurtosis is a measure of the peakedness of a distribution. A
distribution with long thin tails has a positive kurtosis. A distribution
with short tails and high shoulders, such as the uniform distribution,
has a negative kurtosis. A normal distribution has zero kurtosis.

Kurt osi s( X) usesthe formula:
-_al]

5

i=1

Library
Statistical

Example
Kurt osi s(Skfuel _prices) - -0.48

Mean (x)

Returns an estimate of the mean of X if X is probabilistic. Otherwise,
returns X.

Mean(X) uses the formula:

;X

_. 3=
1
I

Library
Statistical

Examples

Mean( Fuel _price) - 1.19
Mean( Skfuel _price) - 1.33
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Mid ( x)

Returns the mid value of X. M d( X) forces deterministic evaluation
in contexts where X would otherwise be evaluated probabilistically.

The mid value is calculated by substituting the median for most full
probability distributions in the definition of avariable or expression,
and using the mid value of any inputs. The mid value of avariable or
expression is not necessarily equal to its true median, but is usually
closeto it.

Library
Statistical

Example
M d(Fuel _price) - 1.19

Probability(B)

Returns an estimate of the probability or array of probabilitiesthat the
Boolean value B is true.

Library
Statistical

Example
Probabi lity(Fuel _price < 1.19) - 0.5

Probbands ( x)

Returns an estimate of probability or “confidence” bandsfiérX is
probabilistic Otherwise returnX for every band. The probabilities are
specified in the Uncertainty Setup dialog box, Probability Bands
option (see “Uncertainty Setup dialog box” on page 284).

Library

Statistical
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Example

Pr obbands(Fuel price) -
Probability p

005 |025 |05 0.75 |0.95
1.025 1.123 1.19 1.257 1.355

Rankcorrel (x,Y)

Returns an estimate of the rank-order correlation coefficient between
the distributions X and Y. X and Y must be probabilistic.

Rankcorrel ( X, Y), ameasure of the dependence between X andY,
is sometimes known as Spearman’s rank correlation coefficient,

Rank-order correlation is measured by computing the ranks of the
probability samples, and then computing their correlation. By using
the rank order of the samples, the measure of correlation is not
affected by skewed distributions or extreme values, and is, therefore,
more robust than simple correlation. Rank-order correlation is used for
importance analysis (see “Importance analysis” on page 343).

Library

Statistical

Example

With Samplesize = 100:
Rankcorrel (Fuel _price, At fuel _price) - .02

Sample ( x)

EvaluatesX probabilistically and returns a sample of values from the
distribution ofX in an array indexed by the system variaRle. If X

is not probabilistic, returnX. The system variabl8amplesize

specifies the size of this sample. You canSsetplesize in the
Uncertainty dialog box (see “Uncertainty Setup dialog box” on page
284).

Library

Statistical
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When to use

Use when you want to force probabilistic evaluation, or ook at raw
sample values.

Example

Here are the first six values of a sample:

Sanpl e( Fuel _price) -
Iteration(Run) p»

1 2 3 4 5 6
1.191 1.32 1.19 1.164 1.191 0.962

Sdeviation ( x)

Returns an estimate of the standard deviation of X from its sampleif X
is probabilistic. If X is nonprobabilistic, returns O.

Sdeviation(X) uses the formula:

m
=PI

i=1

Library
Statistical

Example
Sdevi ati on(Fuel _price) - 0.10

Skewness ( x)

Returns an estimate of the skewness of X. X must be probabilistic.
Skewness is a measure of the asymmetry of the distribution. A
positively skewed distribution has a thicker upper tail than lower tail,

while a negatively skewed distribution has a thicker lower tail than
upper tail. A normal distribution has a skewness of zero.
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Skewness(X) uses the formula:

vy i

i=1

Library
Statistical

Example
Skewness(Skfuel _price) - -0.45

Statistics ( X)

Returns an array of statistics of X. Select the statisticsin the
Uncertainty Setup dialog box, Statistics option (see “Uncertainty
Setup dialog box” on page 284).

Library

Statistical

Example
Statistics(Fuel _price) -

Satistics p

Min Median |Mean M ax Sd. Dev.
0.93 1.19 1.19 1.46 0.10

Variance ( X)

Returns an estimate of the varianceXaf X is probabilistic. I1fX is
nonprobabilistic, returns 0.

Variance(X) uses the formula:

m
1 .2 2
m—1z (x-x) =0

i=1
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Library

Statistical

Example

Vari ance(Fuel _price) - 0.01

Sensitivity analysis functions

Examples
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Sensitivity analysis enables you to examine the effect of a changein
the value of an input variable on the values of its output variables.

The examples in this section refer to the following variables:
Gasprice: Normal (1.3, .3)

(cost of gasoline per gallon within market fluctuations)

Mpy: 12K

(the average number of miles driven per year)

Mpg: Nor mal (28, 5)

(fuel consumption averaged over driving conditions)

Fuelcost: Gasprice * My / Mg

(annual cost of fuel)



Sensitivity analysis functions

Probability density of Fuelcost:

am

2.5m

Probability Density

T T 1
1] 500 1000 1500
Fuelcost [$fear)

Dydx (Y, X)

Returns the derivative of expression Y with respect to variable X,
evaluated at mid values. This function returns the ratio of the change
in Yto asmall changein X that affects Y. The “small change” is

X/10000, or 1.0E-6 ifX = 0.

Library
Special

Examples

Becausd-uelcost depends oiMpg, a small change iMpg seems to
have a modest negative effect lewel cost:

Dydx( Fuel cost, Myg) - -19.7

The reverse is not true, becaldpg is not dependent offuel cost.
That is,Fuelcost does not cause any changeMpg:

Dydx(Mpg, Fuelcost) - 0

In this model ofFuelcost, a small change iGasprice has by far the
largest effect of all its inputs:

Dydx( Fuel cost, Gasprice) - 428.6
Dydx( Fuel cost, Myy) - 0.04643
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Elasticity (v, X)

Returnsthe percent change in variable Y caused by a 1 percent change
in a dependent variable X.

El asticity() isrelated to Dydx() in the following manner:

Elasticity(Y,X) = Dydx(Y,X)*(XY)

Library
Special

Examples
El asticity(Fuel cost, Mg) - -0.9901
El asticity(Fuel cost, Gasprice) - 1

A 1% change in variables Mpg and Gasprice cause about the same
degree of change in Fuelcost, although in opposite directions.

Mpg isinversely proportional to the value of Fuelcost, while Gasprice
is proportional to it.

Whatif ( Ident, Tempval, X )

Returns the value of expression Ident when variable Tempval is set to
the value of expression X. Tempval must be a variable. The original
definition of Tempval is restored after evaluation of the What i f ()
expression, allowing you to explore the effect of a change in Tempval
without permanently changing it.

Library
Special

Example

Fuel cost - 557.1
What i f (Fuel cost, My, 14K) - 650
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X-Y results

Whatl fAll(I dent, varlist, X)

X-Y results

Returnsthe mid value of I dent when the each of variablesin varList is
assigned the value in X one at atime, with the remaining variables
remaining at their nominal values. Theresultisindexed by varList. By
having X indexed by varList, adifferent value can be assigned to each
variable.

WhatlIfAll is useful for performing ceteris paribus style sensitivity
analysis, in which only on variableis varied at atime. Tornado
diagrams are one such example. Tornado-style analyses are useful
since they do not require inputs to be uncertain.

Example

Suppose Z is afunction of A, B, and C, and we wish to examine the
effect on Z when each input is varied, one at atime, by 10% from its
nominal value. Define:

L := [90% 110%

V:=[AB((J
MyTornado := WiatIfAl( Z, V, L*V)

When evaluating a variable, you can specify another variable to view
it against, for Mid, Mean, Statistics, Probability Bands, and Sample.

To graph one variable against another:

1. Open aResult window for they- (vertical axis) variable.

2. Click onthe XY button located in the top right corner of the
window to open the Object Finder dialog box.

XY button

Mid Value of Cosine il
X Axis: | Degrees (%)

3. IntheObject Finder, select the x- (horizontal axis) variable
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Example
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Thetwo variablesin an XY window must share at least one index, and
all indexes of X must also be indexes of Y. The popup menu in the
index selection area becomes Common | ndex—only indexes of both
X andY may be selected.

Degrees: Sequence( 0, 360, 10)
Sne: Si n(Degr ees)
Cosine: Cos(Degrees) -

£ Result - Cosine Hi=1E3
id | Mid Value of Cosine bl
nﬁ X Axis: Degrees (%)
=zl
e
0.5
]
=
g u]
=)
-0.5 7
A T T T 1
u} 100 200 200 400
Degrees 7]




Scatter plots

Click on the XY button. In the Object Finder dialog under Current
Module select the variable Sne to display:

/4 Result - Cosine M= E
midY|  Mid Value of Cosine (¥} vs. Sine () |
@ Common Index: Degrees (°)

Cosine

Click on the Table View button to display:

A Result - Cosine [_ O]
Mid¥ | Mid Value of Cosine (Y) vs. Sine (X} s
Degrees (%)
vl
[=
X ¥ J
0 a 1
5 0.08716 0.3962
10 01736 0.9548
15 02588 0.9559
2 0342 0.9397
25 0.4225 0.9063
30 [iX3 0,866
35 05736 08192
0 06428 0.766 ﬁ
A F

To return to the graph or table of Cosinevs. Degrees, click in the XY
checkbox.

Scatter plots

A scatter plot, graphing the samples of two probabilistic variables
against each other, can provide insight into their probabilistic
relationship.
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To generate a scatter plot for two variables, X and Y:

1. Open aResult window for Y.

2. Click on the XY button located in thetop right corner of the
window to open the Object Finder dialog box.

3. IntheObject Finder, select the X variable.

4. Inthe Uncertainty View popup menu (at thetop left of the
Result window), select the Sample view.

mid kid " alue

K Meanalue

Kt Statistics

== Probability Bands

L~ Probability Denzity

L~ Cumulative Prabability
¥ | Sample

If the variables are independent, the scatter plot points will fall
randomly on the graph. If the variables are totally dependent, the
scatter plot points will fall along a single line. The strength of the
relationship isindicated by the degree to which the points are close to
aline. If thelineis straight, the relationship is linear; if thelineis
curved, the relationship is nonlinear.

You can superimpose several scatter plotsof Yinan array of uncertain
guantities depending on X. The different quantitieswill be represented
by differently colored dots or symbols.

Example

X: Uniform(1, 2)
Y: Nornmal (10, 3)
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Importance analysis

The resulting scatter plot, of two independent variables, is:

£ Result - ¥ _[O]
[Ew|  seatter of ¥ (¥) ve. X (X) W x|
@ Common Index: HKeration (Run)

| mportance analysis

In most complex models, many of the input variables are uncertain. It
is often useful to understand how much each uncertain input
contributes to the uncertainty in the output. Typically, afew uncertain
inputs are responsible for the lion’s share of the uncertainty in the
output, while the rest have little impact.

The importance analysis features in Analytica can help you quickly
learn which inputs contribute the most uncertainty to the output. You
can then concentrate on getting better estimates or building a more
detailed model for the one or two most important inputs without
spending considerable time investigating issues that turn out not to
matter very much.

| mportance analysis defined

Importance is the absolute rank-order correlation between the sample
of output values and the sample for each uncertain input. It is arobust
measure of the uncertain contribution because it is insensitive to
extreme values and skewed distributions. Unlike commonly used
deterministic measures of sensitivity, it averages over the entire joint
probability distribution. Therefore, it works well even for models
where the sensitivity to one input depends strongly on the value of
another.

Creating an importance variable

To create an importance analysis variable:
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1. Be sure you are in Edit mode. Select an output variable’s node
(usually your model’s objective node, but it can be any variable
that has uncertain inputs).

2. Select Make Importance from the Object menu.

Analytica creates two new variables, an index variable and a general
variable. If Output Variable s the title of the node you selected, the
index variableistitled Output Variable Inputs, and the general variable
istitled Output Variable Importance.

Example

Donuts _per_year: Nor mal ( 150, 50)

Donut_price: Nor mal (0. 4, 0. 04)

Annual_donut_expense: Donuts_per_year * Donut_price
Sincethetwo inputsare multiplied, wewould expect theinput with the
greater relative uncertainty, Donuts_per_year, to contribute more

uncertainty to Annual_donut_expense.

After you select Annual_donut_expense and then Make Importance
from the Object menu, the diagram contains two new variables.

Donuts per year
(relstively uncertain)
Donut price
(relatively certain)
¥
Annual Donut Expense Annual Donut Expense
Inputs Inportance

Annual
Dot
Expense
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Annual_donut_expense Inputs is a one-dimensional Edit Table of the
chance variables. Itsindex contains the titles of the chance nodes, and
its values are the identifiers of those nodes.

/% Edit Table - Annual Donut Expense Inputs [_ O] =]
= Edit Table of Annual Donut Expense Inputs
Annual Donut Expense Inputs
b =
w
=
Doughnuts per year Donuts _per_yesr
Price for one doughnut Donut_price
=
A 4

Annual donut expense Inputs evaluates to a set of probability
distributions, one for each chance variable.

Annual donut expense Importanceis defined as

Abs( Rankcorrel (Annual _donut _expense_i nputs,
Annual _donut _expense))

TheRankcor rel () function computesthe rank-order correlation of
each input to the output, and then the Abs () function computes the
absolute value, yielding a positive relative importance.

/% Result - Annual Donut Expense Importance | _ O]
mid¥|  Mid Value of Annual Donut Expense Importance el
[@ X Axis: Annual Domut Expense Inputs
Exfl
1

L

1]

=

2

g ors

E

&

n

=

1

& 0.5

w

]

=

g

=]

= 0.25-

=

=

=

-

Doughnuts per year Price for one doughnut
Annual Donut Ezpense Inputs

As expected, Donuts per_year contributes considerably more
uncertainty to Annual_donut_expense than Donut_price.
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Analytica Note: Importance, like every other statistical measure, is
estimated fromthe random sample. The estimates may vary slightly from
one sampleto another dueto random noise. For a sample size of 100, an
importance of 0.1 may not be significantly different from zero. But an
importance of 0.5 is significantly different from zero. The main goal isto
discover those uncertain inputs, typically only two to five, that are the
primary contributors to the uncertainty in the output. For greater
precision, use a larger sample size.

Editing importance variables
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If you create an importance analysis variable for a model, and
subsequently refine the model by redefining or adding uncertain

inputs, you may want to change the set of input variables used for the
importance analysis. Or, you may want to remove variables that you
already know don’t contribute significantly to the uncertainty in the
result. Do one of the following:

« SelectOutput Variable and theriM ake I mportance from the
Object menu. TheDutput Variable Inputs node will be updated.

« OpenOutput Variable Inputs' Edit Table and edit the list of input
variables.



Chapter 17

Modeling
Changes over
Time




I n this Chapter

This chapter shows you how to use the
system function Dynani ¢ and the system
variable Time.




The Time index

A dynamic variable is a quantity that changes over time—for
example, the effect of inflation on car prices over a ten-year period.
The system functioBbynami c() and system variabl@me enable

you to model changes over time.

Analytica Note: Read Chapter 11, “Modeling with Arrays and Tables"
before using these features.

The term dynamicis used in this chapter to refer to the Dynanmi c()
function.

The Timeindex

Dynamic simulation time periods are specified in the system variable
Time To perform dynamic simulation, you must provide a definition
for Time

To edit the definition of Time select Edit Time from the Definition
menu to open the Object window for Time

Timeis defined by default as alist of three numbers 0, 1, and 2. You
may want to define Timeasalist of years, asin the following example:

#% Object - Time
Sysvar Time Units: =
Title: Time

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

Definition: 1990
1991
1992
1993 =
1994

&l A

Timebecomes the index for the array that results from the
Dynani c() function.

AnalyticaNote: A model can have only one definition Time—that is, one
set of time periods fabynam c() functions. Any number of variables
in the model can be defined usiBgnam c() .
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Using the Dynamic function

350

Dynamic (initial1, initial2..., initialn, Expr )

Performs dynamic simulation, calculating the value of its defined
variable at each element of Time. Theresult of Dynani c() isan
array, indexed by Time.

Initial1, ...initialn are the values of the variable for the first n time
periods. Expr isan expression giving the value of the variable for each
subsequent time period. Expr can refer to the variable in earlier time
periods, that is, contain its own identifier in its definition. If variable
Var is defined using Dynami c( ) , Expr can be a function of

Var [ Ti me- k] or Sel f[ Ti nme- k], wherek isan expression that
evaluates to an integer between 1 andt, and t is the time step at which
Expr is being evaluated.

Analytica Note: Square brackets ([ ]) are necessary around Ti nme-t .

TheDynani c¢() function must appear at the topmost level of a
definition. It cannot be used inside another expression.

When a dynamic variable refersto itself, it appearsin its own list of
inputs and outputs, with a symbol for cyclic dependency: #1__1.

Library

Special

When to use

UseDynami c() for defining variablesthat are cyclically dependent.
Thisisthe only function in Analyticathat permits reference to the
same variable, or other dynamic variables, at earlier time periods.

Example

Analytica User Guide

Dynani c() can be used to calculate the effect of inflation on the
price of gasoline in the years 1990 to 1994.

If theinitial valueis $1.20 per gallon and the rate of inflation is 5%
per year, then Gasprice can be defined as:



Using the Dynamic function

Dynamic(1l.2, Gasprice[Tine-1] * 1.05) or
Dynamic(1l.2, Self[Time-1] * 1.05).

£ Object - Gasoline price

() Variable W | Gasprice Units: $/gallon =

Title: Gaszoline price

Description: The price of & gallon of gasoline, over time,

Definition: Dynamic(1 .2, Gasprice[Time-1]*1.032)

Inputs: Time Time
&) Gasprice  Gasoline price

outputs: #0_0 Gazprice Gasoling price

0, [

Clicking on the Result button and viewing the mid value as a table
displays the following results:

/% Result - Gasoline Price =] E3
midv|  Mid Value of Gasoline Price |
i®l | Time [T Totals
~
Lall
|
1990 1.2
1991 126
1992 1.323
1993 1.388
1994 1459 _
ﬂ d |

For 1990, Analyticausestheinitial value of Gasprice( 1. 2) . For each
subsequent year, Analytica multiplies the value of Gasprice at
[ Ti me- 1] by 1.05 (the 5 percent inflation rate).

I dent [ Time-k ]

Given avariable Ident and brackets enclosing Time minus an integer k,
returns the value for Ident, k time periods back from the current time
period. Thisfunction isonly valid for variables defined using the
Dynani c() function.

Library
Special
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M ore about the Time index

Referenceto earlier time

Ti me- k intheexpression var[ Ti nme- k] refersto the position of
the elements in the Time index, not values of Time.

For example, if Time equals[ 1990, 1994, 1998, 2002, 2006] ,
then the value of Gaspri ce[ Ti me- 3] inyear 2006 would refer to
the price of gasoline in 1994, not 2003. When you refer to the Time
variable directly, not asan index, the expression refersto the values of
Time. For example, the expression ( Ti me- 3) in 2006 is 2003.

The offset, k, may be an expression, and may even beindexed by Time.
When k isindexed by Time, then the offset varies at different pointsin
Time. However, Sice(k, Time,t) must be between 1 and t-1. It must be
positive since the expression is not allowed to depend on valuesin the
future (that have not yet been computed). It must be lessthan t-1 since
the expression cannot depend on values “before the beginning of
time”.

Defining time

There are three ways to define ffiene index, each of which has
different advantages:

» Sequence (the preferred method)
« List (numeric)
« List of labels (text)
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More about the Time index

Time as a sequence

Using the Sequence() function isthe easiest way to define Time
with equal intervals (see “List vs. List of Labels” on page 188 and
“Creating an array with an Edit table” on page 191). The numeric
values forTime can be used in other expressions.

Example

Definition: Sequence |( 1,20,11

Timeasalist (numeric)

WhenTime is defined as a numeric list, it will usually consist of
increasing numbers. The intervals between entries can be unequal, and
the values foifime can be used in other expressions.

Example
Time:

1990
1991
19592
1933
1935
2000
2005

When you use time periods that differ by a value other than 1, typing
(Ti me-1) won't provide the value of the previous time period. You
can use the syntabdent [ Ti me- 1] if you want to utilize a variable
indexed byTime, but if you want to perform an operation that depends
on the difference in time between the current time period and the last
one, you must first create a node that uncumulatesitheindex:
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YearsPassed: Uncunul at e( Ti ne)

/' Result - YearsPassed _ O]

mid*|  pid Value of YearsPassed XT'I
= Time ] Tatals

L’!V

=

1990 19490
1991
1992
1993
1995
2000
2005 -

[ i

Now you can include this node in a dynamic expression that depends
on the time between time periods. The following definition is
equivalent to the one on page 351 but allows for changes in time
period increments:

[ AR R ey

Gasprice: Dynam c(1.2, Gasprice[Time - 1] *
1. 05 * YearsPassed) -

£ Result - Gasoline price [_ O] x|
mid¥|  mid Value of Gasoline price ($/gallon) XYl
X Axis: Time

24
T
2
™
o
2
a
2 2
a
a
£
o
il
m
@
i
1 T T 1
1980 19835 2000 20035




More about the Time index

Timeasalist of labels (text)

When Timeis defined as alist of labels, Time values cannot be used in
other expressions as numbers.

The resulting graph of any Dynami c() function, with the x—axis set
to Time, will show the labels at equataxis intervals.

Example
Time:

Jan
Feh
hlar
Apar

Gasprice: Dynam c(1.2, Gasprice[Tine-1] * 1.05) -

A% Result - Gazoline price [_ (O] |
midw|  Mid Value of Gasoline price ($/gallon) gl

Gaszoline price [$/gallon]

Tirne

Using Timein a model

You can us@imelike any index variable; you can change only its title
and definition. To include th€&ime node on a diagram:

1. Open the Object window for Time by selecting Edit Time from
the Definition menu.
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2. Select Make Aliasfrom the Object menu (see “Using an alias
node” on page 76).

When the Time node displays on a diagram, arrows from Time to all
dynamic variables display by default.

Initial valuesfor Dynamic

A dynamic definition of var usually includes the expression

Sel f[ Ti me- k] orvar[ Ti ne- k] , where k is the number of time
periods to subtract from the current Time value. You must supply at
least 1 initial value.

Asan example, when kin [ Ti me- k] isgreater than 1, suppose your
car insurance policy depends on the premium you paid two years ago.
To calculate your paymentsin 1992, you must refer to the amount paid
in 1990. A dynamic variable representing such arate for insurance
needs two initial values for Time, such as:

Insurance:
Dynani c(600, 700, Insurance[Tinme - 2] * 1.05) -

£ Result - Insurance _ O] x|
Mid¥|  pid Value of Insurance ﬁl
Time

L’l ==

=

1390 00

1991 700

1992 530

1993 735

1994 G615 -
I 'm
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Using arraysin Dynamic

Example

The initial value of a dynamic variable—that is, the first parameter to
theDynami c() function—can be a number, variable identifier, or
other expression that evaluates to a single number, list, or array.
Analytica evaluates a dynamic variable starting from each initial
value, in each time period, so the result is a correctly dimensioned
array.

Expanding the example (see “Using the Dynamic function” on page
350), suppose the inflation rate of gasoline is uncertain. Instead of
providing a single numerical value, you could define the inflation rate
as a list:

/£, Object - Inflation =] 3
Inflation Units: %afyvear =
Title: Inflation

Description: Three different possible rates of inflation for gasaline from 1990 ta 1994,

Definition: W
0.1 B
015

Kl N

Using the newnflation variable in the definition foGasprice, the
results show three different rates of increases in gasoline prices from
1990 to 1994:

Gasprice:
Dynamic(1l.2, Gasprice[Time - 1] * (1 +
Inflation)) -

£ Result - Gazoline price M=l B3
mid¥|  pid Value of Gasoline price ($/gallon) Wl
[ nfation (aivear) w |
Lall| > [_Time ~

1990 1991 1992 1993 1994 ;I
0.05 12 126 1323 1359 1.459
04 13 132 1452 1557 1757
0145 1.2 1.38 1.587 1.525 2.099( |
Al el 7
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Dependencies with Dynamic
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Example

Analytica User Guide

All variables with dynamic inputs are evaluated dynamically—that is,
their results are arrays indexed Tyne.

A series of dynamic definitions produce equations for distance,
velocity, and acceleration:

Acceleration: -9. 8
Dt: 0.5
Time: Sequence(0, 6, Dt)

Velocity:
Dynanmic(0, Sel f[Tinme-1] + Acceleration * Dt/2)

Distance:
Dynami c(100, Self[Tine-1] + Velocity * Dt) -

Distance [m]

Time



Dependencies with Dynamic

Dynamic dependency arrows

If avariable is dynamically dependent on another variable, a gray
arrow is drawn between the variables.

To show or hide dynamic dependency arrows:

1. Select Set Diagram Style... from the Diagram menu to open the
Diagram Style dialog box (see “Diagram Style dialog box” on
page 111).

2. Click in the Dynamic checkbox to show dynamic arrows (or
uncheck it to hide the arrows).

3. Click OK to accept the change.

Expressionsinside dynamic loops

A dynamic loop isasequence of variables beginning and ending at the
same variable, with each consecutive variable dependent on the
previous one. At least one variable in a dynamic loop is defined using
the dynamic function.

When the definition of avariable in a dynamic loop is evaluated, the
definition is repeatedly evaluated in the context of Time=t (ast
increments through the values of Time). The value for any identifer
that appearsin an expression isimplicitly sliced at Time=t (unlessitis
explicitly offset in Time). As an example, suppose A is indexed by
Time, and X is defined as:

dynami c(0, self[Time-1] + Max(A Tine) )

During evaluation, A would be ascalar at any given time point since it
isimplicitly sliced across Time. When A is not indexed by Time,
Max(A,Time) simply returns A, so that the above expression is
equivalent to

dynamic( O, self[Tine-1] + A)

To add the greatest value of A along Timein this expression, you must
introduce an extravariableto hold the maximum value, defined simply
as Max(A,Time), and ensure that the two variables do not occur in the
same dynamic loop.

Analytica User Guide 359



Ch apt er 17 Modeling Changes over Time

If you attempt to operate over the Time dimension from within a

dynamic loop, Analytica issues the warning: “Encountered application
of an array function over the Time index from within a dynamic loop.
The semantics of this operation may be different than you expect.”

Uncertainty and Dynamic

360

Example
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Uncertain variables propagate uncertainty samples during dynamic
simulation. If an uncertain variable is used in a dynamic simulation,
its uncertainty sample is calculated only once, in the initial time
period.

The following definitions model population changes over time:
Population: Nor mal (30, 2)

Birthrate: Nor mal (1.2, .3)

Time: Sequence(1, 10, 1)

Pop_by year: Dynani c(Popul ati on, Sel f[Tine-1] +
Birthrate)

£ Result - Population by Year == E3
L Cumulative Probability () of Population by Year (X) W Wl
= e

Common Index: Step -

039

Cumulative Probability




Uncertainty and Dynamic

The uncertainty samples for Population and Birthrate are each
calculated once, at the initial time period. The same samples are then
used for each subsequent time period.

Resampling
If you want to create a new uncertainty sample for each time period
(that is, resample for each time period), place the distribution in the
last parameter of the Dynani c() function. For example, replace

Birthrate with its definition in Pop_by year:

Pop_by year: Dynami c(Popul ation, Self[Tine - 1] +
Normal (1.2, .3))

An alternative way to create a new uncertainty sample for each time
period is to make Birthrate a dynamic variable.

Birthrate: Dynam c(Normal (1.2, .3), Normal (1.2, .3))

Pop_by year: Dynani c( Popul ati on, Sel f[Tinme-1] +
Birthrate)
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Chapter 18

| mporting,
Exporting, and
OLE Linking
Data




This chapter shows you how to exchange
data between Analytica and other
applications.

OLE linking makes it possible to link data
to and from external applications. With
OLE linking, changes to inputs or results
are automatically and instantaneously
propagated between applications.

I n this Chapter



Copying and pasting

This chapter describes how to exchange data between Analytica and
other applications. The primary methods are:

» Using the standar@opy andPaste commands
» Using OLE Linking

 Using thelmport andExport commands

Copying and pasting

You can use the standa@bpy andPaste commands with any
modifiable attribute of a variable, module, or function.

Pasting data from a spreadsheet

To paste tabular data from a spreadsheet into an Analytica table:

1. Select agroup of cellsin a spreadsheet.

2. Select Copy from that program’s Edit menu, to copy thedatato
the clipboard.

3. BringtheAnalytica model to thefront and open the Edit Table
window you want to paste the data into.

4. Select atop-left cell or the same number of cellsthat you
originally copied.

5. Select Paste from the Edit menu (Ctrl-V).

Analytica Note: When copying a row of data from a spreadsheet into a
one-dimensional table, transpose the data first so that you are copying it
as a column of cells, not arow of cells.

Pasting data from another program

To paste data from a program other than a spreadsheet:

« Use tab characters to separate items, and return characters to
separate lines.

« Use numbers in floating point or exponential format. You can use
the suffixes that Analytica recognizes (including K, M, and m; see
page 163 for a comprehensive list). Dollar signs ($) and commas
(thousands separators) are not permitted.
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Copying adiagram

To copy aninfluence diagram, including the objectsrepresented by the
nodes:

1. Select the group of nodes you wish to copy.

2. Select Copy from the Edit menu (Ctrl-C). The abjectsthat the
nodesrepresent, aswell as a picture of the selected nodes with
all of therelevant arrowsbetween the selected nodes, ar e copied
totheclipboard.

To copy an entire influence diagram window, select Copy Diagram
from the Edit menu. The entire influence diagram is copied as a
Picture representation without copying the objects that the nodes
represent.

Copying an edit table or result table
To copy data from an Edit Table or Result Table;

1. Open thewindow containing thetable.
2. Select cellsand choose Copy from the Edit menu (Ctrl-C).

To copy all the elements of atable in addition to the index elements,
select Copy Table from the Edit menu. The entire multidimensional
array is copied as a graphic and as a list of two-dimensional tablesin
aspecial text format (see “Edit Table data import/export format” on
page 378).

Copying aresult graph

To copy or export a result graph:

1. Open the Result window containing the graph.

2. Select Copy from the Edit (Ctrl-C) menu to copy a PICT
representation of the graph.

Linking Analyticaresultsto other applications

By using OLE linking, results from Analytica models can be linked
into OLE compliant applications like Word and Excel. Linking data
can save a great deal of work because it saves you from performing
repeated copy and paste operations between Analytica and other
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applications whenever your model results change. Without OLE, if
you copied Result tables from Analytica, pasted them into a Word
document, and later you tweak your model results, you would need to
re-copy and re-paste all those Result tables. However, if you link those
tablesusing OLE, all the datain the Word document will update either
automatically, or if you prefer, when you explicitly decide to update
the data.

You may link any of the Result table views, i.e. Mid, Mean, Statistics,
Probability Density, Cumulative Probability and Sample table views.

For Result tables with more than two dimensions you may decide to

link the entire table as a series of two-dimensional tables using the

Copy table option in Analytica’s€Edit menu. In addition you may link
any two-dimensional slice of a multi-dimensional table with the
regularCopy command. You may also link data cells that are a subset
of a table. However, you may not link non-table data such as the
information that is contained in the object window or attribute panel.

Linking procedure

Steps for linking result data from your Analytica model to an external
OLE-compliant application are as follows. For concreteness, we'll
assume here that the other application is Microsoft Excel.

1. IntheAnalytica Result window, select the cellsyou want to link
and choose ‘Copy’ from the ‘Edit’ menu.

2. From Excel, select the cells where you would like the Analytica
data linked.

3. From Excel’s ‘Edit’ menu, choose ‘Paste Special...’
4. The ‘Paste Special’ dialog box will appear.

5. Inthis box, choose the option ‘Paste link’ as ‘Text’ and click the
‘OK’ button.

You're done. Any changes to the source Result table will be propagated
to the linked data in Excel. The procedure for linking Analytica model
results to other OLE-compliant applications will be similar to the above
steps.

Note: The external application must support OLE-linking of tab-
delimited textual data. Applications that do not support this
format will not display “Text” as an option in Step 5 above, or
will disable the Paste Special... menu item in Step 3.
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Detailed example of linking Analytica results
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This example will itemize detailed steps for linking an Analytica
Result tableinto an Excel spreadsheet. Suppose you would like to link
the model results displayed above into an Excel spreadsheet. You can
start by linking the column and row headers. Go to the node titled
Cashflow category and evaluate its result. Notice the result of node
Cashflow Category is displayed as a column of cells, but you would
like to have them linked into Excel as a row. Unfortunately you may
not link this dataas arow with a single 'Copy/Paste Special’ operation
since Excel will not let you transpose the linked datafrom a column to
arow. However, you can easily work around this limitation. Link the
values into an unused portion of your spreadsheet or to a blank sheet
using the linking procedure described in the previous section. In the
cellswhere you actually would like the labels to appear as arow,
simply reference the linked cells. In other words, define the cells that
will comprise the column headers for the linked table you are creating
using the names of the corresponding linked cells.

Now it'stime to link the values of Time as the row headers in your
linked table. Time is an Analytica system variable and one of the
elementary waysto copy itsvaluesfor linking isto create anode called
Time and give it the definition time. Evaluate this node and then link
the values displayed in the Result table using the linking procedure
described in the previous section.

Linking the body of the tableis just a straightforward application of
the linking procedure. The number format of the cells will be
preserved in fixed point format, but you may want to use Excel
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formatting to get the dollar sign and thousand separator displayed.
Note that Excel may switch to the exponential number format or
display s if your columns are not wide enough.

The body of the table and itsindexes (the row and column headers) are
linked. For instance, if your Analytica model results change and you
decide al so to changethe value of "cost’ to 'expense’, these changeswill
be reflected in you're linked table in Excel (see the figure below).

B Edt Qbwct [winton ferd Djegan rdos Help | B E fem poert Rt Tosk s Wi o

:.I-_I: |f|ﬁ“'||T‘|"'| DFE GAY 1B |n-- &% F

[ rw s BT EER B
W | e aum o Canh Plar (5 | | Cl1 o
Rewrea Mk L T Fd
il | Acweriming budges apbora m s Fd
[ Timm = [ Tolk 1
[ Comensnegery v [ Tow 2
Cosd ™ 4| 198 B EFAZI JEE S 56T AT TER
__w a4 1 BRI AN w0 NE e f ol ral-riy.
18 | FIEEIaE HH HERHAE  RREIED A §IB 7218 §IED SR B o §39.254 248 4
I | HEATIIEE HELSETBNAT SR e B i LI AT R0 RO BER T §aD0 06 S5
I | ITErE AT §OEEERd? RELCEIT S | o 936,196,199 97 SO EOBEE &7 §DASE 5D
| TR s §RgLina B 20 | $9%0%)080 R0EEES  SAX S
L | TmErERE ISR FIRCIITH 9 M M0 E3N W T IR BB 303 520 T
AL | I5E ST N TR RN BT ITE | xS $112065 ¥R %121 JTM 4R Bi 0 EIORT 1
ey | mapmmme naMaEs  FaEmEH 1l 00 HEET AW JESET R
Tem | D AN e RRAET R [re—
]

oo [ oo oo o o o g

I mportant notes about linking to Analytica results

Changing file locations

When moving linked files from one drive partition to another on the
same machine or between two different computers, keep the relative
pathsthe same. The simplest way to do thisisto keep the linked model
files and the other application files to which they are linked in the
same folder.

Automatic vs. manual updating

OLE links are set for ‘automatic’ updating by default, but you may
change this setting to ‘manual’. This would be desirable if the data is
linked from an Analytica model with a lengthy re-computation time or
to an application with a lengthy re-computation time.
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To change a link’s setting to manual in Word:

1. On Word’s edit menu, select ‘Links...’

2. Inthe ‘Links’ box that appears select the link(s) you're
interested in adjusting.

3. Click on the radio button labeled ‘manual’ and click the ‘OK’
button.

In other OLE compliant applications the steps for switching from
‘automatic’ to ‘manual’ updating should be very similar to the ones
listed above.

You may also decide to set all your OLE links to be updated manually
using a preference setting in Analytica. From the ‘Edit’ menu, select
‘Preferences...’, then in the ‘Preferences’ dialog box, uncheck the
check box located on the bottom right labeled ‘Auto recompute
outgoing OLE links'.

Number for matting

When linking data into OLE compliant applications, the number
format will be the same as Analytica’s format at the time of link
creation. However, if Analytica data with ‘Suffix’ format (Analytica’s
default) is linked, the linked data’s number format will be
‘Exponential’. In programs that have their own number formatting
settings such as Excel, the number format will likely be adjusted
according to the settings for the cells you are pasting into. However
you must still be careful about losing significant digits (see next
paragraph).

Another important consideration regarding number formatting is
precision. Before linking from Analytica, you should first adjust the
number format so it displays all the significant digits you would like
to have in the other OLE-savvy application to which you are linking.

Refreshing links when Analytica model is not running

Analytica User Guide

If you refresh the links between an Analytica model and another OLE-
savvy application when the Analytica model is not running, the
following events will occur:

1. A new instance of Analytica will launched,
2. Themodel will beautomatically loaded,

3. Thenodesupon which thelinksaredependent will beevaluated,
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4. Thelinkswill becomereactivated, and
5. Thelinked data will be updated.

There are two ways to refresh the links thisway. The first case occurs
when afile with links is opened while the model file to whichiitis

linked is closed, and you answer ‘Yes’ to the dialog box prompting you
to update the linked data. The other way is if you are working with a
file containing links to a model that is not running and you explicitly
update the links. To explicitly update the links in Excel, you would
select ‘Links...” from the ‘Edit’ menu. Then in the ‘Links’ dialog box,
select the links you would like to refresh and click the ‘Update’ button.

Linking data from other applicationsinto Analytica

Using OLE linking, you may incorporate data originating in OLE-
compliant applications as the input for nodes in your Analytica model.
You accomplish this by linking the external data to Edit tables in
Analytica. Once again, this removes the need to perform numerous
copy and paste operations each time the source data in the other
application changes.

When linking data into Analytica, you may link data into any Edit
table with less than three dimensions. When linking data in Edit tables
you must link all the contents of the table; linking a subset of an Edit
table is not supported. You may not link data from other applications
to anywhere else than an Edit table in Analytica including the diagram
windows, object windows, and the attribute panel.

Linking procedure

Steps for creating a linked Edit table in Analytica with data from an
Excel spreadsheet:

1. InExcd, select thecelsyou want tolink to Analyticaand choose
‘Copy’ from the ‘Edit’ menu.

2. In Analytica, make the Edit table where you want the Excel data
linked the front most window.

3. From the ‘Edit’ or the right mouse button pop-up menu, choose
‘Paste Special...” and the ‘Paste Special’ dialog box will appear.

4. It will already be set for ‘Paste link’ as ‘Text’ (see figure 5), so
just click ‘OK’.
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The process for linking data from Word or other OLE compliant
applications will be analogous to the steps just outlined.

Example of linking atableinto Analytica

Analytica User Guide

Thissectionwill itemize detailed stepsfor linking atable from Excel into
Analytica by creating a node with a ‘Linked Table’ definition.
Specifically, suppose you desire to link the Excel table displayed in the
following figure into Analytica.
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Start by creating two indexes in Analytica to store the row and column
headers. Title the first inddxems and the seconflatus. Select the
nodeltems and then click th&how definition button on the toolbar
(this is the button with the pencil icon) or right mouse menu. In the
attribute panel or object window that appears, click oretpe popup
menu and choodeist of labels. Press the ‘down arrow' or 'Return’ key
three times. This will give you three cellsitem 1, item 2 anditem 3.

In Excel, copy the three cells used as the row headersRgce. '
Widgets, Blue Widgets' and Green Widgets'); return to Analytica and
do a regular paste into the three cells of the definition for the index
node 'ltems'.

Now you need to copy the values of the column headerd i &otk'

and Ordered') into the definition for the index nod&atus. Since
Analytica enforces strict dimension checking (i.e. you cannot paste a
3 x 1 array of cells into a 1 x 3 array of cells), you are required to first
convert the row into a column. This is easily accomplished by copying
the row, moving to an unused portion of the spreadsheet or onto a
blank sheet, and choosifgste special... from Excel'sEdit menu.
ThePaste Special dialog box will appear and you need only select the
Transpose check box on the bottom right. Click the 'OK' button and
you have converted the column header cells from a row into a column.
Now copy this column, go back to Analytica, select®sus node,

and click theshow definition toolbar button. Select the first catem

1' and choos®aste from the Analytica'€dit menu.
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Since you've finished creating the indexes, you're ready to start on the
node that will contain the linked table. Create a variable node in
Analyticaand title it Inventory. With this node selected, click the
Show definition button on the toolbar. In the attribute panel or object
window that appears, click on the expr popup menu and choose Table.
The Indexes dialog appears. In this dialog, select Items and click the
'>>" putton. Thiswill move Itemsto the Selected | ndexes section. You
also want to select Satus and then click the '>>' button to make it a
selected index as well. Click the 'OK’ button and an Edit table will
appear as follows.
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Go to Excel and select the numerical values displayed in the table and
choose Copy from the Edit menu. Return to Analytica (while in Edit
mode), click anywhere in the Edit table grid and choose Paste
Special...from either the Edit menu or the right mouse menu. Now
choose Paste special..from the Edit menu and the Paste Special
dialog box comes into view. You want the settings in the box to be

Paste linkand ‘Text’ which are the default settings (see below). Click
'OK".
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The caption for the table changes from 'Edit Table’ to 'Linked Table’
and you're done. If you arrange the applications windows so that you
can seethe sourcetablein Excel and the Linked tablein Analytica (see
Figure 6), you can readily demonstrate that the link is activated.
Change the value for 'Green Widget's Ordered’ from 2 to say 17. The
corresponding value in Analytica's Linked table will change
accordingly.
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Note — the data within the table is linked and will be updated
automatically when altered, but the row and column headers are not
linked and any changes to their values will have to be propagated
using the standard cut and paste operations. Perform this by copying
to the indexes used by the table, not to the table itself.
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| mportant notes about linking into Analytica edit tables

Changing file locations

When moving linked files on the same machine or between two
different computers, keep the relative paths the same so that the files
can locate each other. The simplest way to do thisisto keep the linked
model file(s) and the other application file(s) to which it islinked in
the same folder.

Automatic vs. manual updating

OLE links are set for ‘automatic’ updating by default, but you may
change this setting to ‘manual’. This may be desirable if the linked
data is used in a model with a lengthy computation time. To change a
link’s setting to ‘manual’ updating:

1. On Analytica’s ‘Edit’ menu, select ‘OLE Links...’
2. Inthe ‘Edit Analytica Links’ box that appears select the link(s).

3. Click on the radio button labeled ‘manual’ and click the ‘OK’
button.

Terminating links

You may want to terminate a link to a source file for a number of
reason including if you do not have the sourcefile or if you would like
to edit the valuesin a Linked table. To break alink, bring up the Edit
Analytica Links dialog, by choosing OLE Links... from the Edit
menu. Select the link you would like to terminate and click the Break
Link button.

Activating other application

If you have linked data from an external application into Analytica,
after loading Analytica you can make the other application visible
using the Open Sourcebutton on the OLE Links... dialog, accessed
through the Edit menu. If you implement a portion of your model in
Analytica and a portion in an external application, with OLE linksin
both directions, you can make both applications simultaneously
visible on the screen by loading the Analytica model first, then
pressing the Open Sourcebutton to open the external application.
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| mporting and exporting

| mporting a definition
To import a definition from atext file into expression format:

1. Select the definition field of the variablein either the Object
window or Attribute panel definition view.

If the variableisdefined asa List, List of Labels, or edit table,
select the cell(s) in which to import.

2. Select Import... from the File menu. A dialog box promptsyou
for thefile name from which to import.

Open
Laak jn: I {23 User Guide Examples j gl E =

Filez af tppe: IText document [, kxt] j Cancel |

Importing into an edit table

To import data from a tab-delimited text file into an edit table:

1. Open thewindow containing thetable.
2. Select cells and choose Import... from the File menu.

A dialog box prompts you for the file name from which to import.

To import all the elements of a multidimensional table including the
index elements, a special text format isrequired (see “Edit Table data
import/export format” on page 378). This is also the format in which
an Edit Table or Result Table is exported. The indexes of the table
must have been previously created as nodes.
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Exporting

To export a variable’s definition or result table to a text file, first be
certain that the text file is closed.

1. Select thevariableto be exported from and open either the
Object window, definition in the Attribute panel or Result
window.

2. Select the definition field, list cell(s), or table cell(s) for
exporting.

3. Sdect Export from the Filemenu. A dialog box promptsyou for
thefile nameto export to.

Printing to afile

Another way of exporting any Diagram window, Object window, or
Result window to a file is to print to a file:

1. Select Print from the File menu.

2. Select Print to Fileand press Enter or click on OK.

Print
— Printer
Hame: - Propetiss |

Status: Default printer; Ready

Type: HF Lazerlet b4

Where:  LPTT:

Comment: ¥ Print to file

— Print range Copies

Al Mumber of copies: |1 3:
£ Pages  from: I'I b I'I
™ Selection @

aK I Cancel |

3. Enter thenameof thefileand theformat for thefilein thedialog
box that appears.
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Edit Table data import/export for mat

Multidimensional data being imported or copied into an Edit Table
must be in atext file with the special format described in this section.
Thisisalso theformat in which an edit table or result table is exported.

« TextTable is a keyword.

« Attribute is the name of the attribute into which the data is to be
pasted (usually Definition).

« Variable identifier is the identifier of the variable node into which
the data is to be pasted.

* |Index identifier is the identifier of the index for this variable. This
node must already exist in the model.

« Each index value and array value pair must be separated by tab
characters.

One-dimensional array
The format for a one-dimensional array is:

TextTable <Attribute> <Variable identifier>
<line break>

<tab><Index identifier><line break>

<Index value><tab><Array value><line break>
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Example

Keyword Attribute Variableidentifier

TextTable Definition House cost_inputs

House_inputs ———— Index Identifier
PropTax 3400
Tax rate 0.44
Maintenance 4000
Interest 0.105
Appreciation 0.08
Index values Array values

Two-dimensional array

The format for atwo-dimensional array is:

TextTable <Attribute> <Variable identifier>
<line break>

<Index1 identifier>< tab><Index1 val ues separated by tabs><line
break>

<Index2 identifier><line break>

<Index2 valuel><tab><Array values separated by
tabs><line break>

<Index2 value2><tab><Array values separated by
tabs><line break>

<Index2 valueN><tab><Array values separated by
tabs><line break>
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Example

Keyword Attribute  Variable identifier

TextTable Definition Mortgage
Index1 —— Down_payment 20000 45000 60000
Index2 —— Buying_price

200000 180000 155000 140000

400000 380000 355000 340000

600000 580000 555000 540000

Index2 values Array values Index1 values

Three-dimensional array

The format for athree-dimensional array is:

TextTable <Attribute> <Variable identifier> <line break>

<Index1 identifier><tab><Index1 Vauel><line break>

<Index2 identifier><tab><Index2 values separated by tabs><line break>
<Index3 identifier><line break>

<Index3 valuel><tab><Array values separated by tabs><line break>
<Index3 value2><tab><Array values separated by tabs><line break>
<Index3 valueN><tab><Array values separated by tabs><line break>
<Index1 identifier><tab><Index1 Value2><line break>

<Index2 identifier><tab><Index2 values separated by tabs><line break>
<Index3 identifier><line break>

<Index3 valuel><tab><Array values separated by tabs><line break>
<Index3 value2><tab><Array values separated by tabs><line break>

<Index3 valueN><tab><Array values separated by tabs><line break>
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and so on for each value of Index1.

Example:

Keyword Attribute Variable identifier

TextTable Definition Net_diff

Index1 — Buying price 200000 Index1 Valuel
Index2 — Yearsowned 5 10 15 ) Index2 values
Index3 — Down payment

20000 10112 12160 13525
Index3values ——5000 10093 12158 13540
60000 10073 12157 13555
Index] — Buying price 400000 Index1 Value2
Yearsowned 5 10 15
Down payment
20000 10180. 14201. 16867.
45000 10160. 14199. 16882.
65000 10141. 14198. 16897.
Index1 — Buying price 60000 Index1 Value3
Years owned 5 10 15
Down payment
20000 10248 16242 20209
45000 10228 16241 20224
60000 10208 16239 20239

Array values

Number For mat

Numerical data can be imported in any format recognized by
Analytica (see “Number Format dialog box” on page 127).

Numerical data will be exported in the format set for the table, with
these exceptions:

 Suffix format numbers will be exported in scientific exponential
format.

» Fixed decimal point numbers of more than 9 digits will be exported
in scientific exponential format.

« If a date format begins with the day of the week, e.g., “Saturday,
January 1, 2000”, the weekday is suppressed: “January 1, 2000".
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Working with
Large Models




I n this Chapter

This chapter shows you how to:

« Navigate large models

e Combine existing models into an
integrated model




Show module hierarchy preference

Large models, which include many variables organized into multiple
modules at several levels of hierarchy, can be challenging to find your
way around. The first part of this chapter describes how to navigate
larger models, using the hierarchy preference, the Outline window,
and variable input and output attributes. The second part of this
chapter describes how to combine existing models into an integrated
model.

Show module hierarchy preference

Show module

hierarchy opti on\

Often alarge model has many layers of hierarchy. You can see the
hierarchy depth of each module at the top of its Diagram window by
setting a preference. Select Preferences... from the Edit menu to
display the Preferences dialog box.

£ Preferences EH

— Windows of each Kind: Default result view: ——
i E«:::S:ber nﬁ ] Table
I_ Result windows Lall [t

V¥ Check variable class
¥ Check value bounds

I 20 characters

[~ &sk before renaming ' Show undsfined:  £777%
T Show module hisrarchy
_‘?E’W Opens: ¥ Show result wamings

€ Object window
* Diagram attribute pansl

™ Use Return to enter data

[+ Auto recompute outgaing
OLE link=

Cancel | 0k |

If you check the Show module hierarchy box, the top of the active
Diagram window displays one or more module node shapesto indicate
its hierarchy depth.

A Diagram - Cost to Buy

(370 [CosttoBuy__ ¥ ]

Indicates that this modul e has a parent in the model
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The Outline window

Chapter

Working with Large Models

The Outline window displays alisting of the nodes inside a model. It
can also show the module hierarchy as an indented list of modules. It
provides an easy way to orient yourself in alarge model and to

navigate within it.

Check to display onlé—/‘f—
modul

£ Dutline - Model Mi=] E3
GO
Modules Only
{2 Apprecistion rate =]

I> I Cost to Buy
[ Bury aor rent
() Digcount rate
I> ¥ Financial Library
(2 Rate of inflation
[ Buying price
{ Costs of huying and renting
= () Cost to Rent
() Morthly rent
() Present value of cost to rent
() Cash flow of rental costs
() Time harizan

Selected object is
highlighted

List of variables,
modules, and function:

[

Discount rate:

| Description

fay
- |v

Attribute panel Discourt rate for converting a future cash flo

dizcount rate represents the values of the buyer at the present time.

irto a single value (present value). The ;I

[ -
£

Attribute popup menu

Opening the Outline window

To open the Outline window, click on the Outline button in the tool

palette(E).

The Outline window highlights the entry for the selected module or

variable.

Opening details from an outline

To display a module’s Diagram window, double-click on its entry in

the outline.

To display a variable’s Object window, double-click on its entry in the

outline.
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Expanding and contracting the outline

By default, the outlinelistsall nodesin the model. Check the M odules
Only box to list only the modules (exclude variables and functions).

£ Outline - Model H=E
Click hereto see i‘::“::D
modules 0n|y—|\7 Modules Ol
[» CJ Cost to Buy =]
I ¥ Financial Library
= [ Cost to Rent

In the outline, each module entry has atriangleicon (> or <) to let
you display or hide the module’s contents.

D Indicates that the module’s contents moeshownin the Outline
window. Click on this icon to display the module’s contents.

4 Indicates that the module’s contents are shown as an indented list.

Click on this icon to hide the module’s contents.

Viewing and editing attributes

The Attribute panel at the bottom of the Outline window works just

like the Attribute panel available at the bottom of a Diagram window

(see “Displaying the attribute” on page 27).
To view the attributes of a listed node:

1. Select thenodeby clicking on it.

2. Choosetheattributeto examinefrom the Attributepopup menu
(see “The Attribute popup menu” on page 28).

If you edit attributes in this panel, the changes are propagated to any
other Attribute panels and Object windows.
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Viewing values

To see the Outline window with mid values, select Show With Values

from the Object menu. Each variable whose mid value has been
evaluated and is a scalar will display in the window (see “Showing mid
values” on page 29).

£ Outline - Rent vs. Buy Hi=] E3
O | Rent vs. By
™ Modules Only

- O Cost to Buy =]
() Present value of cost to buy = -B7.2K
() Dowen payment (F) = -28K
() Mortgane loan amourt [F1 = 112K
(0 Mortgage interest rate (efyear) =9.5
() Moving costs (F) =-2100
- O opportunity cost
() Discount rate (Mvear) =6
() Foregone interest on down payment (¥ = -12.36K
() Savings interest rate [Safvear) =35
() Present value of foregone interest = -5901 ﬂ
Costs of buying and [Description = |%

This node compares the net present value of the cost of buying to the net present walue ;I
of the cost of renting.

[
£

Finding variables

To locate a variable in its diagram, by identifier or by title, use the
Find dialog box.

Find dialog box
To display the Find dialog box:

1. Sdect Find... (Ctrl-F) from the Object menu.

&4 Find [ %]
Find what Object?

Idown
by  |dentifier

Cancel | - Find I

2. Choosetheattributeto search by: Identifier or Title.
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3. Inthetext field, enter the identifier or title for the Analytica
object for which you want to sear ch. You can enter an
incomplete identifier or title, such as “down” for “Down
payment.”

4. Click on the Find button to initiate the search.

The Diagram window containing the object found is displayed, with
the node of the object selected.

If the name you type does not match completely any existing identifier
or title (depending on which attribute you are searching), the first
identifier or title that is a partial match will be displayed.

To find the next object that is a partial match to the last identifier or
title that you entered, select Find Next (Ctrl-G) from the Object
menu.

To find an object whose identifier matches the selected text in an

attribute field (such as a definition field), select Find Selection
(Ctrl-H) from the Object menu.
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Managing attributes

Every node in an Analytica model is described by a collection of
attributes. For some models, you may want to control the display of
attributes or create new attributes. Some attributes apply to all classes
(variable, module, and function). Others apply to specific classes, as
listed in the following table.

Attribute Function Module Variable
Author *
Check v v
Class * * *
Created *
Definition * *
Description * * *
Domain v
File Info *
Help v v v
Identifier * * *
Inputs v v
Last Saved *
Outputs v v
Parameters *
Probvalue v
Title * * *
Units * *
Value v
User-created (up to 5) v v
Key:
plain = modifiable by user * = always displayed
italic = set by Analytica v = optionally displayed

For descriptions of the attributes, see the Glossary.

Attributes dialog box

Use the Attributes dialog box to control the display of optional
attributesin the Object window and Attribute panel and to define new
attributes.
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To open the Attributes dialog box, select Attributes. . . from the
Object menu.

£ Attributes [ <]

Class:| (D) Variables | Class popup menu

Asterisk indicatesan___{+ pefinition =] | |
attribute that is always displayed > Vel Attribute list
in Object window
Check mark indicates optional v Inputs
atributeis displayed/ v Outputs
v Domain
Check

Help LI

| Create new attribute

Cancel | QK |

Class popup menu

Use this menu to select the attribute list for variables, modules, or
functions.

Attributelist

Thislist shows attributes for the selected class. Attributes with an
asterisk (*) are always displayed in the Object window and
Attribute panel. Attributes with a check mark (v) are optionally
displayed.

Displaying optional attributes

To display an optional attribute in the Object window and Attribute
panel, click onit onceto select it, then click on it again to show acheck
mark.

To hide an optional attribute, click on it once to select it, then click on

it again to remove the check mark.

Creating new attributes
You can create up to five additional attributes. For example, you could

use a Reference attribute to include the bibliographic reference for a
module or variable.
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To create a new attribute in the Attributes dialog box:

1. Select new attribute from the attributelist to show the new
attribute Titlefield and the Create button.

2. Enter thetitlefor the new attributein the Titlefield. Thetitle
can contain a maximum of 14 characters; 10 charactersarethe
maximum recommended for visibility with all screen fonts.

3. Click on the Create button to define the new attribute.

A newly created attribute is displayed for modules, variables, and
functions. To control whether or not it is displayed for modules,
variables, or functions, select the Class popup menu in the Attributes
dialog box, and turn the check mark on or off.

Renaming an attribute

To rename a created attribute:

1. Selectitintheattributelist. The Titlefield and the Rename
button appear.

2. Edit thenameof the attributein the Titlefield.

3. Click on the Rename button.

Referring to thevalue of an attribute

Analyticaincludes the following function for referring to the value of
an attribute in a variable’s definition:

Attrib Of Ident

Returns the value of attribufétrib of the object whose identifier is
| dent.

The result is a text value for all attributes except Value and Probvalue,
which may return a number, text, or array.

Library
Special

Example
Units of Tine - ’Years’
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Invalid Variables

Analytica Note: When the value of an attribute changes, variables

whose definitions include this expression are not recomputed. You must
delete and reenter the definition.

Invalid Variables

To locate all variablesin amodel with syntactically incorrect or
missing definitions, select Show Invalid Variables from the
Definition Menu.

£ Invalid Variables | [O]

Variables with invalid definitions: Check All |
) Cost Cost 2
() Costn_ti.. Costintime

Skl

Double-click on avariableto open its Object window. From the Object
window, you can edit the definition, or click on the Parent Diagram

button ( _#&.)) to see the variable in its diagram.

Using filed modulesand libraries

Modules and libraries can be components of a model. If you are
building several similar models, or if you are building a large model
composed of similar components, you can create modulesand libraries
for reuse. (See Chapter 20 for details about libraries.)

To use amodule or library in more than one model, create a filed
module or filed library.

Creating afiled module or library

To create afiled module or library:

1. Createamodule by dragging the moduleicon from the node
palette onto the diagram, and giveit atitle.

2. Createfunctionsand/or variablesin themodule, or createthem
elsawhere and move them into the module.
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3. Changetheclass of the moduleto Module (@) or Library
(E-) (see “Changing the class of a node” on page 78).

4. The Save As dialog box appears. Give the filed module or library
a name and save it.

5. If you want the original model to load the new filed module or
library the next time it is opened, save the model using the Save
command.

Locking a filed module or library

To prevent afiled module or library from being modified, lock it:

1. Close the filed module or library, or close Analytica.
2. In Windows Explorer, select the filed module or library.

3. Select Properties from the File menu.

Goaradl |

_ﬂj Pard vu. By bhacsl AHA
Check this option to lock

alibrary or module file
Tuem: Airahdcs M oosl Fin

Locsbon:  C4
i 0 T b

HED0S e REHTVE-1.8HA
Linarad
Moxilad
A
Edwinirn Ffesdand T Hgdan
= fachrm r
ox, Cowcel | e

4. Check the Read-only checkbox.

5. Close the Properties window.
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Add Module dialog box

Adding a module or library to a model

To add afiled module or library to the active model, use the Add
Module dialog box (see “Add Module dialog box” on page 395). You

can either embed a module copy or link to the original of the filed
module or library.

Removing a module or library from a model

To remove a filed module or library from a model, first select it. Then,
selectCut or Clear from theEdit menu. An embedded copy will be
deleted; a linked original will still exist as a separate file.

Warning: Any definitions that use a function in a deleted library or
that have an input from a deleted module or library will
have the deleted object removed and will be changed to
Funct i onOF ( remaining variables) .
Saving changes
After you have linked to a filed module or library, th&ve command
saves every filed module and library that has changed, as well as the
model containing them, in their corresponding files.

TheSave AsandSave a Copy In commands save only the active (top
most window’s) model, filed module or filed library.

Add Module dialog box

Use the Add Moduldialog box to add a filed module or library to the
active model.
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To open the Add Module dial og box, select Add M odulefromthe File
menu (Ctrl-L).The standard Open Model dialog box appears. Select
the desired module in that dialog box. The following dialog box then

appears:

Add a Module or Library. _. |

Chooge how rodule or library should be added.

' Embed a copy
= Link to original

[T Merge contents [ovenarite]

Cancel |

Analytica Note: Be sure that the selected model or module was saved
with a class of filed module or filed library. If it was saved with a class
of model, when it islinked to the root model, its preferences and
uncertainty settings will overwrite the preferences and uncertainty
settings of the root model.

An added module or library must be either embedded or linked. You
can optionally overwrite any nodes with the same identifiers.

Embed a copy

Embeds a copy of the selected module or library in the active model,
making it a part of, and saving it with, the model. Any changesto the
copy will not affect the original filed module or library.

Link tooriginal

Creates a link to the selected module or library, which can be

separately opened and saved. If you make changesto alinked module

or library from one model, the changes are saved in the original’s file
and any other models linked to the original will be affected by the
changes.
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A linked module or linked library has a bold arrow pointing into it on
the diagram.

Opportunity ]
"[ cost

Bold arrow indicates that thisisa
linked module

M er ge contents (overwrite)

Select this checkbox to overwrite existing nodes in the active model
with nodes having the same identifiers from the added module or
library. Thisis useful if the file being added contains updates from a
previous version.

If you do not select this checkbox, and a node in the file being added
has an identifier that duplicates one in the active model, awarning
message is display. If you proceed, the identifier in the active model
is modified, and the identifier in the file being added remains
unchanged.

Combining modelsinto an integrated model

Large models introduce a unique set of modeling issues. Modelers
may want to work on different parts of a model simultaneously, or at
remote locations. During construction, alarge model may be more
tractable when broken into modular pieces (modules), but all modules
should use acommon set of indexes and functions. Analytica provides
the functionality required to support large-scale, distributed modeling
efforts.

This section describes how to best use Analyticafor large modeling
projects and contains suggestions for planning a large model where
responsibility for each module is assigned to different people (or
teams).

Define public variables

Thefirst step to creating an integrated model is to define public
variables for use by all modules and agree on module linkages.
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Every integrated model will have variables that are used by two or

more projects (for example, geographical, organizational, or other

indexes, modeling parameters, and universal constants). These public
variables should be defined in a separate modul e, and distributed to all
project teams. Each team uses Add M odule (see “Add Module dialog
box” on page 395) to add the public variables module to its model at
the outset of modeling. Using a common module for public variables
avoids duplication of variables and facilitates the modules’
integration.

Source control over the public variables module must be established
at the outset so that all teams are always working with the same public
variables module. Modelers should not add, delete, or change
variables in the public variables module unless they inform the source
controller, who can then distribute a new version to all modelers.

If multiple teams will be working on separate projects, it is essential
that the teams agree upon inputs and outputs. Modelers must specify
the input variables, units, and dimensions that they are expecting as
well as the output variables, units, and dimensions that they will be
providing. The indexes of these inputs and outputs should be
contained in the public variables module.

Create a modular model

Analytica User Guide

By keeping large pieces of a model in separate, or filed modules,
modelers can work on different parts of a model simultaneously. You
can break an existing model into modules, or combine modules into an
integrated model. In both cases, the result is a top-level model, into
which the modules are added.

To save pieces of a large model as a set of filed modules, see “Using
filed modules and libraries” on page 393.

To combine existing models into a new, integrated model:

1. Createor open themodel that will bethetop level of the
hierarchy. Thisisthe model to which all submodelswill be
added.

2. Using Add Module (see “Add Module dialog box” on page 395),
add in the submodels. Be sure to check the Merge option in the
Add Module dialog box. Add the modules in the following
sequence:

« Any public variable modules



Combining models into an integrated model

 All remaining modules in order of back to front; that is:

- first, the module(s) whose outputs are not used by any other
module, and

- last, the module(s) which take no inputs from any other
module.

3. Savetheentireintegrated model, using the Save command.

The two alternative methods of controlling each module’s input and
output nodes so the modules can be easily integrated, are:

* |dentical identifiers

* Redundant nodes

|dentical identifiers

Assign the input nodes in each module the exact same identifiers as the
output nodes in other modules that will be feeding into them. When
you add the modules beginning with the last modules first (that is,
those at the end of model flow diagram), the input nodes will be
overwritten by the output nodes, thus linking the modules and
avoiding duplication.

With identical identifiers, the individual modules cannot be evaluated
alone because they are missing their input data. They can be evaluated
only as part of the integrated model.

Redundant nodes

Place the output node identifiers in the definition fields of their
respective input nodes. Due to the node redundancy, this method
requires more memory than using identical identifiers, and it is
therefore less desirable when large tables of data are passed between
modules. However, since no nodes are overwritten and lost upon
integration, this method preserves the modules’ structural integrity,
with both input and output nodes visible in each module’s diagram.

With redundant nodes, each module can be opened and evaluated
alone, using stand alone shells.
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Stand alone shdlls

With redundant nodes, you can create a top-level model that contains

one or more modules and the public variables module plus dummy
inputsand outputs. Such atop-level model iscalled astand alone shell
because it allows you to open and evaluate a single module “standing
alone” from the rest of the integrated model. Stand alone shells are
useful when modelers want to examine or refine a particular module
without the overhead of opening and running the entire model.

To create a stand alone shell for moduledl, which is a filed
module:

1. Open theintegrated model and evaluate all nodesthat feed
inputsto Mod1.

2. Usethe Export command (see “Importing and exporting” on
page 376) to save the value of each feeding node in a separate
file. Make a note of:

« the identifier of each node and the indexes by which its results
are dimensioned,

« the identifiers oMod1’s output nodes, if you want to include
their dummies in the stand alone shell.

Closetheintegrated model.
Create a new modd, to be the stand alone shell.

Use Add Moduleto add the public variables module.

o o &~ w

For each input node, create a node containing an Edit Table,
using theidentifier and dimensions of the feeding nodes you
noted from the integrated model.

7. Usethelmport command (see “Importing and exporting” on
page 376) to load the appropriate data into each node's Edit
Table.

8. Use Add Module to addViodl into the stand alone shell.

9. To include output nodes at the top level of the hierarchy, create
nodes there and define them as the identifiers &od1’s outputs.

10. Save the shell.
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The shell now has all the components necessary to open and evaluate
Mod1, without loading the entire model. Aslong as modelers do not
make changes to the dimensions or identifiers of module inputs and
outputs, they can modify a module while using the stand alone shell,
and the resulting module will be usable within the integrated model.

Cautionsin combining models

| dentifiers

Every object in amodel must have auniqueidentifier. Theidentifiers
of filed libraries and filed modules that you add to a model, aswell as
their variables and functions, cannot duplicate identifiersin the root
model. See “Merge contents (overwrite)” on page 397.

Created attributes

When you combine models with created attributes, the maximum
number of defined attributes is five (see “Managing attributes” on
page 390).

Location of linked modules and libraries

If the model will eventually be distributed to other computers, all
modules and libraries should be on the same drive as the root model
prior to being added to the root model. When the model is distributed,
distribute it with all linked modules and libraries.

M anaging windows

An Analytica model can potentially display thousands of Diagram,
Object, and Result windows. To prevent your screen from becoming
cluttered, Analytica limits the number of windows of each type that
can be open at once. The default limits are:

* The top-level Diagram window and not more than one Diagram
window for each lower level in the hierarchy

¢ One Object window
* Two Result windows

The oldest window of the same type is deleted whenever you display
a new window that would otherwise exceed these limits.
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Overriding the limits on the number of windows

To display more windows of the same type, override the default limits
in one of the following ways:

Click hereto allow an unlimited
number of windows on the screen
once

Enter the maximum number of

Result windows
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« Open a second Object window, or open a Diagram window without

closing an existing Diagram window at the same level, by pressing
the Control key (Ctrl) while you click or double-click to open the
new window.

Use the Preferences dialog box (see “Preferences dialog box” on
page 80) to change the limits. SelBceferences... from theEdit
menu.

£ Preferences

— Windows of each kind: Default result view: ———
" Oneonly

i T iz € Table
A
_ITZ Result windows Lall| & Giraph

In the “Windows of each Kind” area, seléohy number instead
of Oneonly.

To display more Result windows and keep the limit on Diagram
and Object windows, enter the maximum number of Result
windows.
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I n this Chapter

This chapter shows you how to:

« Create your own functions

« Create your own function libraries




Creating a function

You can create your own functions to perform calculations you use
frequently. A function has one or more parameters; its definition can
be an arbitrary expression containing these parameters. To control the
evaluation of the parameters, or to check that they are of the
appropriate type (for example, scalar or array, deterministic or
probabilistic), you can specify various qualifiers.

A collection of functionsin alibrary can be used by more than one
model. Libraries of functions are available for some applications.
(They arelocated inthe Librariesfolder inside the Analyticafolder on
your hard disk.) You may want to look at some of these librariesto see
if they provide functions that you can use or that you can refer to asa
starting point for creating your own functions.

Creating a function

To define afunction:

1. MakesuretheEdit tool is selected and you can seethe node
palette (see page 65).

2. Dragthe Function nodeicon from the node palette into the
Diagram area.

3. Titlethenode, and double-click on it to open its Object window.

4. Enter the new function’s attributes (described in the next
section).

Attributes of afunction

|dentifier

A function has attributes in common with other nodes, such as
identifier, title, description, and definition, and a unique attribute,
parameters.

If you are creating alibrary of functions, make a descriptive identifier.
Thisidentifier appearsin the function list for the library under the
Definition menu, and isused to call the function. Analyticamakes all
characters except the first one lower case.
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Title

Units

Parameters

Description

Definition

Analytica User Guide

If you are creating alibrary of functions, limit the title to 22
characters. Thistitle appearsin the Object Finder dialog box to the
right of the function.

If desired, use the units field to document the units of the function’s
result. The units are not used in any calculation.

The parameters to be passed to the function must be enclosed in
parentheses, separated by commas. For exafw)s:, z)

The parameters may have type qualifiers (see the next section).

If you are creating a library of functions, use descriptive abbreviations
for the parameters and give them a logical sequence. The parameters
will appear in the Object Finder dialog box and they will be pasted
when the function is pasted from its library in Definition menu.

If you are creating a library of functions, enter an explanatory
description. This text appears in a scrolling box in the bottom half of
the Object Finder dialog.

The definition of a function is an expression that includes all of its
parameters. When you select the definition field of a function, the
Inputs popup menu lists the parameters.



Parameter qualifiers

Parameter qualifiers

The expressions passed into afunction are evaluated, by default,
according to their context—that is, deterministically or
probabilistically. You can control the evaluation of a function more
precisely by specifying parameter qualifiers.

Function parameter type qualifiers

You can specify one of the following types for each parameter of a
function:

ArrayType

An array of one or more dimensions.

Ascending

A list or one-dimensional array of increasing numeric values.

Context, Expr

Default qualifier; evaluates according to the surrounding context.

DetermType

Forces deterministic evaluation.

IndexType

A variable defined as a list or list of labels, or an array indexed by self.

Numeric

A number or an array of numbers.

Positive

A single positive number.

Prob

Forces probabilistic evaluation.
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Samp

Forces probabilistic evaluation and returns an error message if the
result is not indexed by Run.

Scalar

A single number.

Syntax

(Paraneterl: Qualifierl; Paraneter2: Qualifier?2)

Examples:

The default qualifier typeis Cont ext, or Expr (thetwo are
equivalent). A parameter list, x and y, using the default qualifier looks
like this:

(X,y)

» To apply thePr ob parameter type qualifier to
(x: Prob;y)

» To applyPr ob to bothx andy:
(x,y: Prob)

« To applyPr ob to onlyy:
(x;y: Prob)

« To applyl ndexType tox andPr ob toy:
(x: 1 ndexType; y: Prob)
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Example function

The following function, Capnt( ) , computes the expected return for a
stock under the capital asset pricing model..

£ Object - CAPM expected return =] E3
¥+ Function [apm Units: =l

Title: COPH expected retum
Parameters: [ fm BetaMumernic)

Description: Calculates the erpedsad stock retum under the capital asset prcing model.
= riskfree rate
Em= market retum
Beta= beta of individual stack. Beta is the relative marginal contrbution of the
stock to the market retumn, defined as the ratio of the covanance betueen the
stock retum 2nd market retum to the vadance in the market retum.

Dehnibon: B + Betz®*(fm - M)

Outputs: () Shock_retum  Stock returm

Parameters

The three parameters, Rf, Rm, and Beta, are qualified to be numeric.

Definition

The definition is an expression using Rf, Rm, and Beta.

Sample usage

You use the Capn{() function in adefinition in the same way you

would use Analytica’s built-in functions. For example, if the risk free
rate is 5%, the expected market return is 8% ,%0oekBeta is defined

as the beta value for a given stock, we can find the expected return
according to the capital asset pricing model as:

Sock return: Capm( 5% 8% St ockBet a)

This definition functions equally well whe®iockBeta is an array of
beta values. In this case, the result will be an array of expected returns.
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Libraries

When you place functions and variablesin a library, the library
becomes available asan extension to the system libraries. Itsfunctions
and variables also become available. Up to eight user libraries can be
used in a model.

There are two types of user libraries (see also “Changing the class of
a node” on page 78):

« Alibrary (§¥) is a module within the current model.

« Afiled library (E) is saved in a separate file, and can be shared
among several models.

Creatingalibrary

To create a library of functions and/or variables:

1. Createamodule by dragging the moduleicon from the node
palette onto the diagram, and giveit atitle.

2. Changetheclass of themoduleto library or filed library (see
“Changing the class of a hode” on page 78).

3. Create functions and/or variables in the new library or create
them elsewhere in the model and then move them into the
library.

Functions and variablesin the top level of the library can be accessed
from the Definition menu or Object Finder. Use modules within the
library to hold functions and variables (such as test cases) that will not
be accessible to models using the library.

Adding afiled library to a model

Add afiled library to a model using the Add Module dialog box (see
“Add Module dialog box” on page 395).

Usingalibrary

When defining a variable, you can use a function or variable from a
library in any of the following ways:
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Libraries

e Typeitin.

« SelectPaste I dentifier from theDefinition menu to open the
Object Finder.

» SelectOther from the Expression popup menu to open the Object
Finder.

« Paste from the library under tBefinition menu.

File Edit Object BEEHGIEEN Besult Diagram Window Help

Show Definition Cirl+E

Show Time

Bazte [dentifier,..

Show Jnwalid Y anables

Math 3

Airray 3

Dhigtribution 3

Special 3

Statiztical 3

Dperators 3

System Wariables 3

Advanced Math 3

Financial 4

A user library stended Financial Library Calloption
- [Capm

Costcapme
Coztcapmm
Putoption
Pwgperp
Pwperp
W ace

Analytica User Guide 411



Chapter 20 Building Functions and Libraries

Example

Compare the way the Capni) function is displayed in the Object
window (page 409) to the way it is displayed in the Object Finder:

/' Object Finder

Library: [ Ertended Financial Library % |  Find.. |

i+ Calloption Black-Scholes call value 2
Py [4PM expected retum
i+ lasteapme A Cost of Capital - Miles Ezzel
P+ Lostcapmm Adj Cost of Capital - Modig Miller
P+ Putoption Black Scholes put value
P+ Pugpemp PU of growing perpetuty
— . " . =
M Im Beta
Capn | I |

(aleulzates the expected stock retum under the capital asset prcing model. j
ff= nisktfree rate
fm= market retum
B b of indiidie) cheel |

Cancel | Ok |
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I n this Chapter

This chapter describes those features
available only in the Enterprise version of
Analytica

* Functions to access external databases
using ODBC and SQL.

» Features to protect or hide sensitive
information when distributing your
models to others.

Note: You must use Analytica Enterprise
to create or set these features,
including database access with
ODBC and information hiding.
However, you can run a model
created in Analytica Enterprisewith
Analytica 2.0 or the Analytica
Browser, and the model will be able
to access databases and hide the
information as specified in the
original model.




Analytica Enterprise

Analytica Enterprise

Analytica Enterprise is aversion of Analyticathat extends the
functionality of version 2.0 to include features useful for developing
and using models within a large enterprise or organization. Two key
areas of functionality included with the Enterprise version are:

» Database access. A collection of database functions make it
possible to read and write data between external ODBC databases
and your Analytica models.

» Protecting Intellectual Property. When you distribute your models
to end-users, you can hide selected variable definitions from the
end-user, and/or prevent end-users from editing your model.

Accessing exter nal databases

Analytica Enterprise provides several functions for querying external
databases using ODBC. ODBOgenDataebaseConnectivity) is a

widely used standard for connecting to relational databases, on either
local or remote computers, and issuing queries in S§dan@ard
QueryLanguage).

Analytica Note: You can define and create database accesses only with
Analytica Enterprise. However, you may use Analytica 2.0 or the
Analytica Browser to run a model created with Analytica Enteprise, and
to execute the database access features.

Overview of ODBC in Analytica

The Standard Query Language (SQL) is a widely used language
designed especially for the relational database model. In a relational
database, data is organized in two-dimensional tables, where the
columns of a table serve as fields or labels, and the rows correspond
to records, entries, or instances. Common database terminology uses
the termscolumns androws for these roles. In Analytica, it is more
natural to refer to these kabels andrecords. For instance, an address
book table might have the columns or labels: LastName, FirstName,
Address, City, State, Zip, Phone, Fax, E-mail, and each individual
would occupy one row or record in that table.
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Regardless of the underlying organization of datain a data source, the
result of an SQL query is always atwo-dimensional table, called a
Result Table. Here the rows are the records matching whatever criteria
is specified by the query, and the columns are the fields that are
requested.

Analytica Enterprise provides functions that take as a parameter an
SQL query, formulated with standard SQL syntax asan Analyticatext
string. When evaluated, these functions return the result of the query
as atwo-dimensional table in Analytica. A two-dimensional tablein
Analyticarequires two indexes. the rows are indexed by a record
index, and the columns are indexed by alabel index. So, the basic
structure of an Analyticamodel for retrieving aresult tableis:

(The dotted lines explicitly show what the Result Tableisindexed by).
Each of the three nodes in the above figure could require the
information from the Result Table. For example, the definition of the
Record Index would require knowing how many records (rows) arein
the result table; the Label Index may need to read the names of the
columns (although, often these will be known in advance); and of
course, the Result Table needs to read the table. Thus, special
functionsin the Database library are used to define each of the above
three variables. These functions work in concert to perform the query
only once (when the Record Index is evaluated), and share the result
table between the nodes.

For the address database example above, we can obtain the record
index as Individuals, the label index as Address fields, and the
resulting table as Address_table, as follows:

I ndi vi dual s: =DBQuery(Data_source,’SELECT*FROM
Addresses’)
Address_fields:=DBLabels(Individuals)
Address_table:=DBTable(Individuals,
Address_fields)
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Inthe above example, the Record Index isdefined using DBQuer y () ,
the Label Index is defined using DBLabel s() , and the Result Table
is defined using DBTabl e() . Each function is described below.

To specify a data source query, two basic pieces of information must
always be known: The data source identifier, and the SQL query
string. These two items are the arguments to the DBQuer y ()
function, and are discussed in the following two subsections

I dentifying the data sour ce

A data source is described by atext value, which may contain the
Domain Service Name (DSN) of the data source, login hames and
passwords, etc. Here, we describe the essentials of how to identify and
access a data source. These follow standard ODBC conventions. For
more details, consult one of the many texts on ODBC.

Note: You must have a DSN already configured on your machine. If
not, consult with your Network Administrator. See
section “Configuring a DSN” below.

The general format of a data source identification string is (the single
quotes are Analytica's string delimiters):

attrl=val uel; attr2=value2; attr3=val ue3;’

For example, the following data source identifier specifies the
database called 'Automobile Data’, with a user login 'John’ and a
password of 'Lightning’:

" DSN=Aut ormobi | e Dat a; Ul D=John; PWD=Li ght ni ng’

If adatabase is not password protected, then a data source descriptor
may be as simple as:

" DSN=Aut onpbi | e Dat a’

If adefault data source is configured on your machine (consult your
database administrator), you may specify it as:

" DSN=DEFAULT’

Some systems may require one login and password for the server, and
another login and password for the DBMS. In this case, both can be
specified as:

" DSN=Aut onpbi | e Dat a; Ul D=John;
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PWD=Li ght ni ng; Ul DDBM5=JQR;, PWDDBMS=Thunder’

You can use the DRIVER attribute to specify explicitly which driver
to use, instead of letting it be determined automatically by the data
source type. e.g.,

" DSN=Aut onobi | e Dat a; DRI VER=SQ. Server’

Instead of embedding along data source connection string inside the
DBQuer y() statement, you can define avariablein Analyticawhose
value isthe appropriate text string. The name of thisvariable can then
be provided asthe argument to DBQuer y () . Another alternativeisto
place the connection information in afile data source (a.DSN file).
Such afile would consist of lines such as:

DRI VER = SQL Server

U D = John
PWD = Lightning
DSN = Autonopbil e Dat a

Assuming thisdataisin afile named MyConnect.DSN, the connection
string can be specified as:

" FI LEDSN=MyConnect . DSN

In some applications, you may wish to connect directly to adriver
rather than a registered data source. Some drivers may allow thisas a
way to access a datafile directly, even when it is not registered. Also,
some drivers may provide this as away of interrogating the driver
itself. To perform such a connection, use the driver keyword. For
example, if the Paradox driver acceptsthe directory of the datafilesas
an argument, you may specify:

" DRI VER={ Par adox Dri ver}; DI RECTORY=' D:\ CARS

The specific fields used here (UID, PWD, UIDDBMS, PWDDBMS,
DIRECTORY, etc.) areinterpreted by the ODBC driver, and therefore
depend on the specific driver used. Any fields interpreted by your
driver are allowed.

If you do not wish to embed the full DSN in the connection string, a
series of dialogs will pop up when the DBQuer y() functionis
evaluated. For example, you can leave the UID and PWD (user name
and password) out of your model. When the model is evaluated,
Analyticawill prompt youto enter the required information. Explicitly
placing information in your model eliminatesthe extradialog. A blank
connection string may even be used, in which case you will need to
choose among the data sources available on your machine when the
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model is being evaluated. Although the user can form the DSN viathe
graphical interface at that point, the result is not automatically placed
in the definitions of your Analyticamodel. However, you may be able
to storetheinformationinaDSN file (depending on which driversand
driver manager you are using). You may also be able to register data
sources on your machine from that interface.

Configuring a DSN

To access adatabase using ODBC, you must have a Data Source Name
(DSN) already configured on your machine. In general, configuring a
DSN requires substantial database administration expertise as well as
the appropriate access permissions on your computer and network. To
configure a data source, you should consult with your Network
Administrator and/or your database product documentation. The
general task of configuring aDSN is beyond the scope of this manual.

If you find you must configure a DSN yourself, the process usually
involves the following steps (assuming your database already exists):

1. Select the ODBC icon from the Windows Control Panel.

2. Select the “User DSN”, “System DSN", or “File DSN” tab
depending on your needs. Most likely, you will want “System
DSN". Press the “Add...” button.

3. Select the driver. For example, if your database is a Microsoft
Access database, select “Microsoft Access Driver” and press
“Finish”.

4. You will be led through a series of dialogs specific to the driver
you selected. These will include dialogs that will allow you to
specify the location of your database, as well as the DSN name
that you will use from your Analytica model. An example is
shown here:
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Specifying an SQL query
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You may use any SQL query as atext parameter within an Analytica
database function. SQL queriescan bevery powerful, and may include
multipletables, joins, splits, filters, sorting, and so on. We give only a
few simple examples here. The user interested in more demanding
applications should consult atext on SQL, of which there are many
available.

The SQL expression to select acompletetablein arelational database,
where the table is named * VEHI CLES' , would be:

" SELECT * FROM vehi cl es’

(Note that SQL is case insensitive, unlike Analytica). To select only
two columns (make and model) from this same table and sort them by
make:

" SELECT nmake, nodel FROM vehi cl es ORDER BY nmke’

These examples provide a starting point. When using multiple tables,
one detail to be aware of isthat it is possible in SQL to construct a
result table with two columns containing the same label. For example:

" SELECT * FROM vehi cl es, conpani es’

where both tables for vehicles and companies contain a column
labeled’ld. In this case, you will only be able to access one (the first)
of thetwo columnsusing DBTabl e() . Thus, you should take careto
ensure that duplicate column labels do not result. This can be
accomplished, for example, using the’ AS' keyword, e.g.,
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" SELECT vehicles.ld AS vid, conpanies.ld AS
cid,* FROM vehi cl es, conpani es’

For users that are unaccustomed to writing SQL statements, products
exist that allow SQL statements to be constructed from a simple
graphical user interface. Many databases allow queries to be defined
and stored in the database. For example, from Microsoft Access, one
can define a query by running Access and using the Query Wizard
graphical user interface. The query is given a name and stored in the
database. The name of the query can then be used where the name of
atable would normally appear, e.g.,

' SELECT * FROM nyQuery’

Retrieving an SQL result table

To retrieve aresult table from a data source, you need: (1) The data
source connection string, (2) the SQL query. These are discussed in
the previous two sections. For illustrative purposes, suppose the
connection string is’ DSN=Aut onobi | e Dat a’ , and the SQL
statement is’ SELECT * FROM vehi cl es’ . In Analytica, you
perform the following steps:

1. Createan index node. Name it Recordlndex, and specify its
definition as:

DBQuery( ' DSN=Aut ormobil e Data’,
" SELECT * FROM vehicles’ )
2. Createasecond index node, and nameit L abels. Specify its
definition as:

DBLabel s( Record_i ndex )

3. Createavariable node, nameit Result Table, and specify its
definition as:

DBTabl e( Record_i ndex, Label s)

You can now display Result Table to examine the results.

Thisbasic procedure can be repeated for any result table. The structure
of the model stays the same, and just the connection string and SQL
query string change.
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Instead of retrieving relational data as a single two-dimensional table,
asdescribed above, it is often more convenient for further modeling in
Analyticato break each column out into a separate variable. For this
to be useful, each column variable shares the Record Index as a
common index. An alternative structure is therefore:

With this model structure, the Record Index is again defined using
DBQuer y( ), and each column is defined using DBTabl e() . The
actual SQL query isissued only once when the Record Index is
evaluated.

Suppose you wished to have Make, Model, Year, MPG, etc., as
separate Analytica variables, each a one-dimensional array with a
common index. In this case, the steps are as follows:

1. Createan index node. Nameit Record Index, and specify its
definition as:
DBQuer y( ' DSN=Aut onobil e Data’,
" SELECT * FROM vehicles’ )
2. Createavariable node named Make, and giveit the definition:

DBTabl e( Record_i ndex, ’'nake' )
3. Createavariablenode named Year, and giveit the definition:

DBTabl e( Record_index, ’'year’ )
4. Createavariablecalled CarModel, and giveit the definition:

DBTabl e( Record_i ndex, ’'nodel’ )

Inthiscase, Model isareserved word in Analytica, sothevariable
cannot be named Model. But, the second argument to DBTabl e()
specifies the name of the column as stored in the database. This does
not have to be the same as the name of the variable in Analytica.
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The intelligent array feature can be used in Analyticato construct a
table containing only a subset of the columns in a Result Table. For
example, if vehicleshasalarge number of columns, anode defined by:

DBTabl e( Record_i ndex, [’ make’,’ nodel ', ’ year’])

will have only three columns. This table will be indexed by

Recor d_i ndex and by an implicit index (a.k.a. anull index or a
self-index). Notethat thefirst argument to DBTabl e() must always
be an indexed defined by DBQuer y() -- remember the SQL query is
defined in that node, and thisis how DBTabl e() knowswhich table
is being retrieved.

DBWrite: Writing to a database

You can use SQL to change the contents of the external data source

from within Analytica, or from within an Analytica model. Using the
appropriate SQL statements, records can be added to or deleted from
an existing table (in the data source), columns may be added (if your
data source driver supportsthis), and tables may be created or deleted.

You can not use the DBQuer y() function to alter the data source,
sinceit processesthe SQL statement in read-only mode. To change the
data source, usethe DBW i t e() function. DBW it e() isidentical
to DBQuer y() except that the SQL statement is processed in read-
write mode.

You can issue any alteration that can be expressed as an SQL

statement, and that is supported by the ODBC driver you are using,

from Analyticausing DBW i t e() . However, to get data from your

model into the database, you must convert that data into atext value

— more precisely, into an SQL statement. Doing so can be tricky, but
some tools have been provided to make the process a little easier. In
this section, we will show how one of the more common cases can be
handled — the task of writing the data in a multi-dimensional array to
a table in a database. To do this, we will make use of the
ODBC_Library.ana library, which is collection of user-defined
functions written in Analytica and included in the example models
distributed with Analytica.

The example scenario is this: An Analytica model computes a variable
A, whose result is an array indexedlby, andK. We want this array

to be written to a table in our database naifaddleA. Other
applications can then make use of this data.
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There are basically two complications with this example. The first is
the fact that our array is three-dimensional, while a database table is

always two-dimensional. The second complication isthat, evenif you
have atwo-dimensional table in Analytica, how do you construct the
SQL string to write the table to the database?

Our approach isto first convert the three-dimensional array A into a
two dimensional table, which we will store in an Analyticavariable
named TableA. TableA will need two indexes: ARowlndex and
ALabellndex. These three variables are defined as follows:

ALabel I ndex := concat (I ndexNanmes(A),[ A ])
ARowl ndex : = sequence(l, size(A))
Tabl eA: = MDArrayToTabl e( A, ARow ndex, ALabel | ndex)

MDAr r ayToTabl e() isdescribed on page 249. ALabelIndex
evaluatesto['l’,’J'’K’,’A’], and ARowl ndex sets aside one row for each
element of A. TableA isthen atable with one row for each element of
A, where the value of each index for that element islisted in the
corresponding column, and the value of that element appearsin the
final column.

Next, set up TableA in the database with the same columns. Thisis
most easily done using the front end provided with your database. For
example, if you are using MS Access, start the MS Access program,
and from there, create a new table. Alternatively, you could issue the
statement

DBW i t e( DB, ' CREATE TABLE Tabl eA( TEXT,J TEXT, K
TEXT, A TEXT)")

from an Analytica expression (replacing TEXT with whatever typeis
appropriate for your application). Be sure that the column |abelsin the
database tabl e have the same names asthe label s of ALabellndexinthe
Analyticamodel.

Note: It is possible (and easy) to use column labels in the database
that are different from the index names in the Analytica model.
To do this, define ALabelIndex to be 1-D array. The domain of
the array should be the database |abels, and the values of the
array should be the index names (with the final value being
arbitrary).

With our data now in a2-D table form, as needed for a database table,
we must now construct the SQL string to write the table to the

database. Before doing this, a few choices must be made. Should the
write operation append rows to the existing database table? Or should
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it entirely replacethetable? Or perhaps, it should replace only selected
entries. The various choices made impact how the SQL statement isto
be constructed. Here we will totally replace any existing datawith the
new data, so that after the operation completes, the table in the
database will be exactly the same as TableA in the Analytica model.
The SQL statements for performing the write this looks like:

DELETE * FROM Tabl eA

| NSERT | NTO Tabl eA(l, J, K, A) VALUES
(i1l,’j1, k1, alll’)

| NSERT | NTO Tabl eA(1, J, K, A) VALUES
(i1,j1, k2, all2")

Thefirst statement removes existing data, since we are replacing
whatever isthere. Then, there will be one INSERT INTO statement for
each row of TableA. The data to the right of the VALUES keyword is
replaced by the specific values for indexes |,J,K, and array A (the
example above assumesthe values are all strings). |f your values are
numeric, you should note that MSAccess is happy quoting numeric
values when the column is numeric.

Since writing the table requires a series of SQL statements, we have
two options: Evaluate a seriesof DBW i t e() functions, or lump the
series of SQL statements into one long string and issue one

DBW i t e() statement. In Analytica, the second option is much more
efficient for two reasons. First, the overhead of connecting with the
database occursonly onetime. Second, intermediate result tables do
not haveto beread fromthe ODBC driver, whileif you issued separate
DBW it e() statements, each one would go through the effort of
acquiring the result table, only to be ignored.

Important feature (double semi-colon)

To alow multiple SQL statementsin asingle DBW i t e() function
(orinasingle DBQuer y() function), Analytica provides an
extension to the SQL language. The double semi-colon separates
multiple statements. For example, the expression

" DELETE * FROM Tabl eA ;; SELECT * FROM Tabl eA
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first deletes the data from the table, and then reads the (now empty)
table. When ;; isused, only thelast SQL statement in the series returns
aresult table. Note also that most statements that write to a database
return an empty result table.

We are now ready to write the Analyticaexpression that will construct
the SQL statement to write the table to the database. The function to
dothisalready existsinthe ODBC_Library. First, usethe Add Module
item on the File menu to insert the ODBC_Library into your model;
then usethe W i t eTabl eSql () function, which returns the SQL
statement (as a text value) for writing the table to the database. The
function requires that | and L contain no duplicates (which should be
the case anyway).

To perform the write, set the definition of a node (named Writelt) to:

Witelt :=DBWite(DB, WiteTableSql (A Row ndex,
Label I ndex, ' Tabl eA’))

Any time Writelt is evaluated, Analyticawrites the table to the
database.

Creating a button to initiate the write oper ation

The one problem with this setup is that the data doesn’t get written
until Writelt gets evaluated. Because Analyticais entirely demand
driven, Writelt will not be automatically evaluated when A changes. A
better solution is to make Writelt a button (output node) on the
diagram. Then a user can press the button to initiate the write-to-
database operation. To create the button, select the Writelt node and
select the M ake Output Node command on the Edit menu.

In most cases, it is the side effect, and not the result, of evaluating
DBW i t e() thatisof interest. Therefore, there is no reason to force
auser to view an empty result window when the Writelt button is
pressed. This can be avoided by having Writelt evaluate to a string,
which will then show in place of the button when the most recently
computed result has been written to the database. To accomplish this,
the definition for Writelt can be changed to

Witelt :=
usi ng dunmy: =
DBWite(DB, WiteTabl eSqgl (A, Row ndex,
Label I ndex, ' Tabl eA’))
do
'‘Done’
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Database functions

The Database Library on the Definition menu containsfive functions
for working with ODBC databases.

Note: These functions are available only in Analytica Enterprise.

DBL abels( dblndex )

Returns alist of the column labels for the result table. This statement
may be used to define an index which can then be used as the second
argument to DBTabl e() . Thefirst argument, dblndex, must be
defined by aDBQuer y() statement.

DBQuery( connectionString, sgl )

Used to define an index variable. The definition of the index should
contain only one DBQuer y() statement. ConnectionSring specifies
adata source (e.g., ' DSN=MyDat abase’ ). SQL defines an SQL

query.

When placed as the definition of an index variable, DBQuer y () will
be evaluated as soon as the definition is complete. When it is
evaluated, the actual query is performed. The resulting result tableis
cached inside Analytica, to subsequently be accessed by DBTabl e()
or DBLabel s().

DBQuer y( ) returnsasequence 1..n, where nisthe number of records
(rows) in the result table.

DBQuer y() should appear only once in a definition, and if it is
embedded in an expression, the expression must return alist with n
elements.

DBQuer y() processesthe sgl statement in read-only mode, so that

the data source cannot be altered as a result of executing this
statement. To alter the data source, use DBW i t e() .
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DBT able( dbl ndex, column )
DBT able( dblndex, columnList)
DBT able( dbl ndex, columnindex )

DBTabl e() isusedto get at the data within aresult table. The first
argument, dbl ndex, must be the name of avariable (normally anindex)
inyour Analyticamodel that isdefined withaDBQuer y () statement.
If the second argument, column, isastring, it identifies the name of a
column label in the result table, in which case DBTabl e() returnsa
1-D array (indexed by dblndex) with the data for that column. If the
second argument is alist of strings (the columnList form), then
DBTabl e() returnsa2-D tablewith recordsindexed by dblndex, and
columns implicitly indexed (i.e., self-indexed/null-indexed). If the
second argument is the name of an Analytica variable (usually an
index) whose value evaluatesto alist of strings, those strings become
the column headings for a 2-D table with columns indexed by
columnindex, and rows indexed by dblndex. With this last form,
columnindex may be defined as DBLabel s( dbl ndex) .

DbTableNames( connectionString, cat, sch, tab, typ)

Connectsto an ODBC data source and returns catal og datafor the data
source. Connection3ring specifies a data source (e.g.,

" DSN=MyDat abase’ ). Cat (catalog names), sch (schema names),

tab (table names), and typ (table types) may be patternsif your ODBC
driver manager is ODBC 3 compliant. Use ‘%’ as a wildcard in each
field to match zero or more characters. Underscore, ‘', matches one
character. Most drivers use backslash (‘\') as an escape character, so
that the characters ‘%’, * ', or ‘\" as literals must be entered as \%’,
\_’, or \\V'. Typ may be a comma-delimited list of table types. Your
data source and ODBC driver may or may not support this call to
varying degrees.

Examples

To get all valid catalog names My db:
DBTableNames('DSN=My db’,'%’",”,”,”)
To get all valid schemas in My db:
DBTableNames('DSN=My db’,”,'%’,”,”)
To get all valid table namesin My db:
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DbTableNames(‘DSN=My db’,”,”,'%",”)
To get all valid table types:

DbTableNames(‘DSN=My db’,”,”,”,'%’)

DBWrite( connectionString, sql )

This function isidentical to DBQuery() except that the query is
processed in read-write mode, making it possible to store data in the
data source from within Analytica.

SqglDriverInfo( driverName)

Returns alist of attribute-value pairs for the specified driver. If
driverName="  (an empty string), returns alist of the names of the
drivers. Note: driverName must be a string — it cannot be a list of
strings or an index that is defined as a list of strings. This statement
would not normally be used in a model, but may be helpful in
understanding the SQL drivers that are available.

Protecting intellectual property

Note: These features are available only from Analytica Enterprise.

When you are ready to let others use the models you have created, you
may want to protect your hard work either by preventing the end-user
from changing your model, or by limiting the end-user’s access to
selected definitions. Analytica Enterprise provides features for this
purpose.

Using these features to protect intellectual property involves these
steps:

1. Hideselected definitions.

2. Backup your master model file (and any linked submodules) to
a safe place.

3. Savea protected (obfuscated) copy of your model.

Note: “Obfuscated” refers to the fact that the model file is scrambled
into a non-human-readable form.

4. Distribute the “obfuscated” copy to your end-users.

Analytica User Guide 429



Chapter Al

430

Analytica Enterprise

Thethird step permanently locksyour model so that hidden definitions

can never again be viewed in that copy. It is therefore recommended

that you save a protected copy of your model, and leave your original
model as a master (unprotected) copy. Until the model is stored in an
“obfuscated” form (step #3), an end-user is not prevented from
unhiding your definitions, or from viewing them by other means (e.g.,
by loading the Analytica model file into a text editor).

Warning: An obfuscated model file cannot be un-obfuscated, even by
the original author. If it is locked as Browse-only, it can
never again be edited. If definitions are hidden, they can
never again be viewed or edited. Always place a master
copy of your model (and any submodules) in a safe place
before making an obfuscated copy!

Hiding Definitions

By hiding your definitions, you are essentially hiding the algorithms
and data in your Analytica model from the eyes of your end-user.

When a definition is hidden, the definition attribute displays as:
[Definition is Hidden]
However, the variable can still be evaluated and its result viewed.

Note: Variables associated with input nodes are always visible.

I nheritance of Definition Hiding

Analytica User Guide

Whether a definition is hidden or not is determined through an
inheritance over the module hierarchy. Using this inheritance, you can
easily hide individual definitions or all definitions within a given

model or module (and its submodules). You can also exclude selected
nodes or modules from being hidden. For example, you can specify
that the definitions for all variables in modweor any of its

submodules are to be hidden, except for those in submBdule
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Mol
(hide)

Mo3
(Moz) Cunhi d‘D Val

Va2 Va3 Mo4

Va4
(hide)

Asan example, consider the modul e hierarchy shown above. A flag to
hide definitionsis set for module Mol and variable Va4. A flag to
unhide definitionsis set for module Mo3. With these settings, all
variables under Mo1, except those under Mo3, have hidden
definitions. Thus, the definition of Va3 isvisible, while the definitions
for Val, Va2, and Va4 are all hidden.

Hiding and Unhiding Definitions

To hide all definitions within a model or a module, bring the module
window to the front and click in the diagram background so that no

nodes are selected. To hide a single definition, select the variable’s
node (only a single node should be selected when toggling the hide/
unhide status). Then examine bject menu.

Checkmarks next tblide Definition(s) andUnhide Definition(s)

indicate the cloaking status for the current module or selected node. If
no checkmarks appear, the module or node inherits its cloaking status
from its parent module. If a checkmark appears nekiite

Definition(s), then the definition for this variable, or for all variables
within the selected module, are hidden. If a checkmark appears next to
Unhide Definition(s), then the cloaking status of the current node’s
parent is overridden so that definitions under the current node are to
be visible. To toggle the cloaking status, simple setbdde

Definition(s) or Unhide Definition(s) as appropriate.

Remember that the definitions of variables with associated input nodes
are always visible regardless of cloaking status.
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After you have selected the desired cloaking status, you can browse
your model to verify that your definitions are hidden or visible as
desired. However, until you lock these setting in place by saving your
filein an obfuscated format, your end-user may still be able to view
your definitions, for example, by toggling the cloaking status, or by
viewing your model file in atext editor.

The Hide Definition(s) and Unhide Definition(s) menu options are
disabled in the following circumstances:

« If the current model (or any of its linked submodules) has been
loaded from an obfuscated model file.
In this case, you cannot toggle the cloaking status since obfuscation
has locked it in place.

* |f more than one node is selected.

Saving an Obfuscated Copy of Your Model
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There are two main reasons you might wish to create an obfuscated
model file. The first is to lock the cloaking status of definitions so that
an end-user cannot unhide or otherwise gain access to your proprietary
definitions (see the previous section). The second reason is to
permanently lock your model into a browse-only mode so end-users
cannot edit the model (see the next section).

When you decide to save an obfuscated copy of your model, you
should do so with extreme caution since obfuscation is irreversible.
This point cannot be emphasized enough. Obfuscation protects your
intellectual property from the eyes of others, but if you replace the
master copy of your model with an obfuscated one, you will find
obfuscation to be equally effective in protecting your intellectual
property from your own eye¥le recommend always placing a master

copy of your model and all itslinked submodulesin a safe place before
making an obfuscated copy. In this case, it is better to be safe than
sorry.



Protecting intellectual property

[Bave o copy of Model Hasbhet_lorosastas BB
Swel | driienrie o G| o 5

Fibs s Ik Frascad Cogss I Fra] |
LT L PR Ee— E | ol |

B Lk, s b s e cingnd
TSm0 & Erpvape-ooiy raaied

When you are ready to save an obfuscated copy of your model, select
Save a Copy In... from the File menu. Enter afilenamethat is
different than the filename of your master copy, and mark the L ock
and obfuscate the copy checkbox at the bottom of the dialog and
press the Save button.

To protect you from accidentally obfuscating your master copy, these
checkboxes appear only on the Save a Copy In... dialog.

Saving a Browse-Only Copy

You may wish to distribute a copy of your model to others, without
allowing them to edit your model. This is accomplished by saving a
browse-only copy. The end-userswill be ableto change variableswith
associated input nodes, but will not be able to change other variables
in the model or add or delete variables. The user will not be able to
leave browse mode while the model is loaded.

If your end-user has only the Analytica Browser, which can be freely
distributed, you do not need to create a browse-only copy. However,
if your end-user obtains a registration number (either alicensed copy
of Analyticaor atrial registration number), they will be able to make
changes unless you have given them a browse-only copy.
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If your model uses Enterprise database functionality, and you wish to
share this model with others who have a non-enterprise version of
Analytica, you must save the copy you give them as browse-only.
Otherwise, the database functions cannot be evaluated by these users.
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To save a browse-only copy, select Save a Copy In... from the File
menu, enter afile name that is different from the name of your master
copy, and check the Save as a browse-only model checkbox at the
bottom of the dialog.

Warning: The browse-only flag cannot be reset and browse-only
model s are obfuscated. Take extreme care to ensure that
you have placed a master copy of your model in a safe
place before saving a browse-only copy. In general, you
should take the same precautions emphasized in the section
“ Saving an Obfuscated Copy of Your Modedbove.

Obfuscation and Linked Submodules

Analytica User Guide

If you plan on distributing an obfuscated version of your model, it is
preferable to embed submodules rather than linking submodule files
into your model. In so doing, you minimizethe chances of accidentally
obfuscating a submodule file, or of leaving a submodule file
unobfuscated. This only a recommendation and not a requirement.

If you do have linked submodules, their files are not obfuscated when
you save your main model using Savea Copy In.... To obfuscate these
files, open the object window for each submodule, and with the
window in the foreground, select Save a Copy In.... Notice that the
module name will appear in the title bar of the dialog. From there, the
obfuscation option can be selected. Again, take extreme caution to
avoid replacing your master copy. To ensure that the links between file
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name are maintained in your copy, you will need to use the same file
name as the original linked file name, but you will want to store the
copies in anew directory, keeping the relative paths the same.

When any obfuscated model file is loaded into Analytica, evenifitis
a sub-module, Analyticawill treat the entire model as if it has been
obfuscated. If any modulefileisbrowse-only, the entire-model will be
browse-only. If any submoduleisdirtied and saved at that point, it will
be saved in an obfuscated form.

Warning: Never import an obfuscated submodule into your master

model. Doing so could cause your master model to become
obfuscated next time it is saved.
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I n this Appendix

This appendix describes all the pull-down
menus you can access from the Analytica
menu bar.




File menu

File Edit Object Defintion Besult Diagram Window Help

The File menu contains commands to open, create, and save files, as
well asto import and export them. In addition, the printing and Exit

commands are in this menu.
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New M ode€l

Starts a new model.

Open Mode

Opens an existing, previously saved model.

Add Module
Adds afiled module or filed library to the active model.

Close

Closes the active window.

Analytica User Guide

439



Appendix [lal

Close Modd

Closes the active model.

Save
Savesthe active model to afile, and saves each changed linked module
and linked library to its own file. If the model has never been saved
before, prompts for a file name and folder.

Save As
Saves the active model, filed module, or filed library as a new file.
Prompts for a file name and folder.

Save A Copy In
Saves a copy of the active model, filed module, or filed library into a
new file, leaving the active file name for future saves. Prompts for a
file name and folder.

Import
Imports the contents of a text or datafile into the selected variable
definition. See “Importing and exporting” on page 376.

Export
Exports the contents of the selected field or cells into a file. See
“Importing and exporting” on page 376.

Print Setup

Displays a dialog box for selecting paper size, orientation, and scaling
options for printing.

Print Preview

Displays a view showing where page breaks will occur before the
current window is printed.
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Edit menu

Print

Displays a dialog box for selecting the printer, number of copies you
want to print, and other printing options.

Print Report

Displaysadialog box for printing multiple diagrams, object windows,
and result windows at the same time. See “Printing” on page 31.

Recent files

The four most recently opened Analytica models are listed on the File
menu. Selecting one loads the corresponding model into memory.

Exit
Quits the Analytica application. Confirms if you wish to save changes
to the current model.
TheEdit menu contains commands to manipulate objects, text or
graphics, and display the Preferences dialog.
Object Defirition  Fesul
Undo Set Attribute Cil+2
Cut Chrl+
Copy Chrl+C
Eagte (Bt e
Eagte SpesEll.
Clear
Select All Chrl+4,
Duplicate Hodes  Chil+D
Copy Diagram
|rsert (Sl
[Melete (Bt
Preferences. ..
ML irfes..
Undo

Undoes your last action.
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Cut

Copy

Paste

Cuts the selected text, nodes, graph, or table cells into the clipboard
temporarily for pasting.

Copiesthe selected text, nodes, graph, or table cellsinto the clipboard
temporarily for pasting. See “Copying and pasting” on page 365.

Pastes the contents of the clipboard at the insertion point or replaces
the current selection. See “Copying and pasting” on page 365.

Paste Special...

Clear

Brings up a dialog for selecting the format of data to OLE link into an
edit table.

Deletes the selected text or node(s).

Select All

Selects all text, nodes, or table cells.

Duplicate Nodes

Duplicates the selected nodes. See “Duplicating nodes” on page 68.

Copy Diagram/Table

Analytica User Guide

When a Result table or Edit Table is active, this commaubjsy

Table, which copies the entire multidimensional object as a
tab-delimited list of tables. When a Diagram window is active, this
menu command i€opy Diagram, which copies a picture of the
diagram without copying the objects they represent. See “Copying and
pasting” on page 365.



Insert Rows

Insertsaniteminalist, or arow in atable, by copying the current item,
or row. If acolumnin atableis selected, this command changes to
Insert Columns. See “Editing a table” on page 195.

Delete Rows

Deletes the selected item or items in a list, or rows in a table. If a
column in a table is selected, this command changPsl&ie
Columns. See “Editing a table” on page 195.

Preferences

Displays the Preferences dialog box to examine or change various
options. See “Preferences dialog box” on page 80.

OLE Links...

Object menu

Brings up a dialog that allows properties to be changed for OLE links
from external applications into your model. Used to change links from
Manual to Automatic, to update manual links, or to open an external
application that is serving a link.

The Object menu contains commands that find and create Analytica
objects and display their attributes.
M=l Definition  Hesult  Diagr:

Find... Chrl+F

Find Mext Clrl+G
Find Selection Ctrl+H

Make tliaz Chrl+hd
take Importance

Make Input Mode

Make Output Mode

Show By ldentifier  Clrl+y
Show With Walues

Attibutes.
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Find

Displays adialog box to find an object by itsidentifier or title. See
“Finding variables” on page 388.

Find Next

Finds the next object that partially matches the previously defined text
string. See “Finding variables” on page 388.

Find Selection

Finds an object by its identifier that matches the currently selected
text. See “Finding variables” on page 388.

Make Alias

Creates an alias for the selected object. See “Creating alias nodes” on
page 74.

Make Importance

Creates an Index and General variable for the selected variable to
compute the uncertainty importance (rank correlation) contributions
of its inputs. See “Importance analysis” on page 343.

Make Input Node

Creates an input node as an alias of the selected object. See “Using
input nodes” on page 151.

Make Output Node

Creates an output node as an alias of the selected object. See “Using
output nodes” on page 154.

Show By Identifier

Shows variables by their identifier in the current diagram, Edit Table,
Result window, or Outline view.
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Show With Values

Shows the mid values of the variable and all its inputs. See “Showing
mid values” on page 29 and “The Outline window” on page 386.

Attributes

Opens the Attribute dialog box to set the visibility of attributes and
define new attributes. See “Managing attributes” on page 390.

Hide Definition(s)

(Analytica Enterprise only) Marks the currently selected node or
module as hidden. The definitions for all variables contained within
the selected node will be private.

Unhide Definition(s)

(Analytica Enterprise only) Unhides the currently selected node or
module. This overrides any settings in parent modules to hide
definitions.
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Definition menu

The Definition menu contains commands for editing variable
definitions. It lists Analytica’s built-in function libraries, as well as
any user libraries that are currently open.

STl Besulk Diagram  Windo
Edit [efimition [SirlE
Edit Time

Eastedentitien..
Showlnyvalid anables

Math

Aray

Diztribution
Special
Statistical
Operatars
Spstem Wariables
Advanced Math
Financial

¥ F Y F Y YT FYFYYT

List of libraries you've created in, or added
to, the current model

-

by Functions

Edit Definition

Opens the appropriate view for editing the definition of the selected
variable. If the variable is defined as a distribution or sequence, the
Object Finder opens. If it is defined as a table or probability table, its
Edit Table window opens. Otherwise, an Object window or Attribute
panel opens, depending on the Edit attributes setting in the Preferences
dialog box. See “Preferences dialog box” on page 80.

Edit Time

Opens the Object window for tliéme system variable. See “The
Time index” on page 349.

Paste | dentifier

Show |
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Opens the Object Finder dialog box for examining functions and
variable identifiers, entering function parameters, and pasting them
into definitions. See “Object Finder dialog box” on page 143.

nvalid Variables

Displays a window listing all variables with invalid or missing
definitions. See “Invalid Variables” on page 393.



Math

Array

Displays alist of the mathematical functionsin the Math library. See
“Math functions” on page 213.

Abs()
Arctan()
Ceil ()
Cos()

Degr ees()
Exp()
Factorial ()
Fl oor ()
Ln()

Displays a list of functions for creating and transforming arrays in the

Logt en()
Mod()
Radi ans()
Round()
Si n()
Sar ()
Sqart ()
Tan()

Array library. See Chapter 12, “Function Reference”.

Area()
Array()

Aver age()
Choi ce()
Concat ()
Cunpr oduct ()
Cunul at e()
Det er nt abl e()
I ntegrate()
Joi n()

Max( )

MIAr rayToTabl e()
MiTabl e()

M n()

Nor nal i ze()
Pr oduct ()
Rank()
Sequence()
Size()
Slice()
Sorti ndex()
Split()
Subscri pt ()
Subset ()
Sun()

Tabl e()
Uncunul at e()
Uni que()
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Distribution

Displaysalist of functionsfor creating probability distributionsin the
Distribution library. See Chapter 14, “Using Continuous Probability
Distributions” and Chapter 15, “Using Discrete Probability”.

Bernoul l'i () Lognor mal ()
Bet a() Nor mal ()
Certain() Pr obdi st ()
Chancedi st () Pr obt abl e()
Cundi st () Tri angul ar ()
Fractil es() Truncat e()
Ganma() Uni form()

Special

Displays a list of unusual or less commonly used functions in the
Special library.

Ar gnax() | snunber ()
Attrib of ... I stext ()

Cubi ci nterp() I sundef ()
Decomnpose() Li nearinterp()
Det er m nant () St epi nterp()
Dydx() Stringl engt h()
Dynami c() Stringreplace()
El asticity() Subi ndex()
For...Do Substring()
Ident[1=....] Transpose()
Ident[tinme-...] Truncat e()

| ndexNanes() Usi ng. .. Do

I nvert () What | f ()

I snan() What I f AT ()

Statistical

Displays a list of statistical functions in the Statistical library. See
“Statistical functions” on page 327.

Correl ation() Pr obbands()
Frequency() Rankcorrel ()
Getfract () Sanpl e()
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Kurt osi s() Sdevi ati on()

Mean() Skewness()

M d() Statistics()

Probabi lity() Vari ance()
Operators

Displays alist of arithmetic, comparison, logical, and conditional
operators in the Operators library. See “Operators” on page 166.

-) <>

+ —~
H

Or

And

If Then Else
Ifall Then Else
Ifonly Then Else

A >~ %

N
1

System Variables

Displays a list of system variables that you can use in definitions (see
the next section).

Advanced M ath

Displays a list of advanced and specialized mathematical and
statistical functions. See “Advanced math functions” on page 260.

Arccos() Erflnv()
Arcsin() GammakFn()
Arctan2() Gammal()
BetaFn() Gammallnv()
Betal() Lgamma()
Combinations() Permutations()
Cosh() Regression()
CumNormal() Sinh()
CumNormalinv() Tanh()

Erf()
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Database

Appears only in Analytica Enterprise. Contains alist of functions for
accessing ODBC-compliant databases. See “Database functions” on

page 427.
DbLabel s() DbTabl eNames()
DoQuer y() DbWite()
DbTabl e() Sql DriverInfo()
Financial
Displays a list of financial functions. See “Financial Functions” on
page 253.
Cum pnt Pnt ()
Cunpri nc() Ppmt ()
Fv() Pv()
I'pnt () Rat e()
Irr() Xirr()
Nper () Xnpv()
Npv ()

your libraries

Any libraries that you have defined or added to the model are listed at
the bottom of th@efinition menu, each with a submenu that lists the
functions contained in the library. See Chapter 20, “Building
Functions and Libraries”.

System variables submenu

The system variables submenu lists the Analytica variables and
constants that can be used in variable definitions.

Tirne

Samplesize

Fi

Tiue

Falze
Analyticaplatform
Analyticaversion
Fun
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AnalyticaPlatform

In Analytica for Windows, this is ‘Windows’. From Analytica for
Macintosh, this is ‘Macintosh’, and from the Analytica Decision
Engine this is ‘ADE’.

AnalyticaVersion

False

An integer encoding the current build number of Analytica being run.
In terms of the major version number, minor version number, and sub-
minor version number, it is equal to

10K CMajor + 100 [(Minor + SubMinor

For example, Analytica 2.0 subminor version 1 returns the value
20001.

The logical (Boolean) constant that evaluates numerically to zero.

Pi
The ratio of circumference to the diameter of a circle.
Run
The index for uncertainty sampling, defined as
Sequence( 1, Sanpl esi ze) .
Samplesize
The number of sample iterations for probabilistic simulation. See
“Uncertainty Setup dialog box” on page 284.
Time
The index variable identifying the dimension for dynamic simulation
(theDynami c() function). See “The Time index” on page 349.
True

The logical (Boolean) constant that evaluates numerically to nonzero.
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Result menu

The Result menu contains commands for opening Result windows,
changing the appearance of graphs and tables, and setting uncertainty
options.

JSCEN @ Diagram  window Help
Show Fesult Chl+F

Mid Walue
Mean Walue
Statistics
Check mark indicates the Frobahility B ards
defauilt or current —— v Probahility Density
uncertainty view LCumulative Probability
Sample

Graph Setup. .
Humber Farmat. . Chl+B

Uncertainty Optionz...  Crrl+L

Show Result

Opens a Result window for the selected object. See “The Result
window” on page 37.

Mid Value

Displays the deterministic value, holding most uncertain variables to
their median value. See “Uncertainty view options” on page 44.

Mean Value

Displays the mean of the uncertain value. See “Uncertainty view
options” on page 44.
Statistics

Displays the statistics of the uncertain value in a table as set in the
Uncertainty Setup dialog box. See “Uncertainty view options” on
page 44.

452 Analytica User Guide



Probability Bands

Shows probability bands as set in the Uncertainty Setup dialog box.
See “Uncertainty view options” on page 44.

Probability Density

Displays a probability density graph for an uncertain value. For a
discrete probability distributiorRrobability Mass replaces this
command. See “Uncertainty view options” on page 44.

Cumulative Probability

Displays a cumulative probability graph representing the probability
that a variable's value is less than or equal to each possible (uncertain)
value. See “Uncertainty view options” on page 44.

Sample

Displays a table of the values determined for each uncertainty sample
iteration. See “Uncertainty view options” on page 44.

Graph Setup

Displays a dialog box to specify the graphing tool, graph frame, and
graph style. See “Graph Setup dialog box” on page 121.

Number For mat

Displays a dialog box to set the number format for displays of results.
See “Number Format dialog box” on page 127.

Uncertainty Options

Displays a dialog box to specify the uncertainty sample size and
sampling method and to set options for statistics, probability bands,
probability density, and cumulative probability. See “Uncertainty
Setup dialog box” on page 284.
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Diagram menu

The Diagram menu contains commands for changing the display of
the diagram, including nodes, arrows, and fonts.

Window Help
Set Diagram Style...
Set Node Style...
Shaow Color Palette

Align Selection To Grid  Chil+)
Adjust Size Chil+T
Move Into Parent

v Besize Centered
Sef Diagram Size...
Snap to Gnd

Editlzon

Set Diagram Style

Displays a dialog box to set default arrow displays, node size, and
font. See “Diagram Style dialog box” on page 111.

Set Node Style

Displays a dialog box to set arrow display and font for specific nodes.
See “Node Style dialog box” on page 113.

Show Color Palette

Displays a palette to set the color of the diagram background or of
selected nodes. See “Changing background or node colors” on
page 110.

Align Selection To Grid

Aligns selected node(s) to the diagram grid. See “Aligning to the grid”
on page 68.

Adjust Size

Adjusts the selected node’s size to match the default node size, or to
fit the title label. See “Default node size” on page 113.

454 Analytica User Guide



Move | nto Parent

Moves the selected object from the current diagram to its parent
diagram. See “Examining an influence diagram window” on page 21.

Resize Centered

If checked, when you resize a node, the node’s center stays unmoved.
If unchecked, when you resize a node by dragging a corner handle, the
opposite handle stays unmoved. See “Align nodes horizontally or
vertically” on page 106.

Set Diagram Size

(Obsolete) Displays a dialog box to set the number of diagram pages.
See “Changing the size of the diagram” on page 115.

Snap to Grid
Turns alignment to the diagram grid on or off in edit mode. See
“Aligning to the grid” on page 68.

Edit Icon

Opens a window to edit the icon for the selected node. See “Adding
icons to nodes” on page 158.

Window menu

TheWindow menu contains commands for bringing windows to the
front, and for opening special windows.

Wwihindow Wl
Bring To Front 4

Show Memary Uzage

Show Page Breaks

Cazcade
Tile Horizontally
Tile Yertically
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Bringto Front

Displays alist of the current windows; select one to display on top.

Show Memory Usage

Displays a window showing memory usage. See Appendix C,
“Memory”.

Show Page Breaks

Shows page breaks for the currently active diagram.

Cascade

Rearranges the open Analytica windows. All windows are resized to
be a standard size. The first window is placed at the upper left corner
of the main Analytica window, with each subsequent window offset
slightly below and to the right.

Tile Horizontally

Rearranges the open Analytica windows. Windows are resized and
repositioned to tile the main Analytica window area horizontally.

Tile Vertically

Rearranges the open Analytica windows. Windows are resized and
repositioned to tile the main Analytica window area vertically.

Help menu

TheHelp menu allows you to access to Analytica’s online help
system.

Help Topics

Analytica on the 'Web
Ade On the wWeb

About Analetica...
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Help Topics
Displays Analytica help topics in standard Windows format.

Analytica on the Web

Opens your default web browser to the Analytica product home page
at: http://mww.lumina.convsoftware/aboutanal ytica.html

ADE on the Web

Opens your default web browser to the Analytica Decision Engine
product home page at: http://www.lumina.com/software/ ADEW.html.
The Analytica Decision Engine (ADE) is an ActiveX automation
server that allows you to embed the core computational engine of
Analyticain your custom-built applications or web-server backends.
ADE is a separate product from Analytica, and is sold by Lumina
Decision Systems, Inc.

About Analytica

Displays useful information such as the application’s version number,
your license registration number, and contact information.

Right mouse button menus

Many of common commands found on the Analytica application menu
are also available from a right mouse button pop-up menu.

Undo

Cut

Copy
Paste
Select Al

Cruplicate Modes
Copy Diagram
Preferences...

Edit D efinition

Mid W alue

Mean W alue

Statistics

Frobability B ands
Frobability Density
Set Diagram Style. .. Cumnulative Probability
Set Mode Style... Sample

Show/Hide Color Palette
Set Diagram Size...

Ering To Front
Send To Back
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The above pop-up appears when you depress the right mouse button
with the mouse above anode in adiagram window whilein edit mode.
A dlightly different set of options appear if you arein browse mode, or
if you depress the right mouse button while the mouse is over the
diagram background.

Thereare only two menu itemsthat are appear only on the right mouse
button menu:

Bringto Front

Brings the selected object(s) to the front of the drawing order so that
if the object(s) overlap any other elements, the object will be visible.

Send to Back

Sends the selected object(s) to the back of the drawing order so that
the selected object(s) are drawn behind any overlapping elements.
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Analytica
Specifications




I n this Appendix

This appendix contains the specifications
for Analytica.




Har dwar e and softwar e

Objects

Uncertainty

CPUs supported

System Software
Memory requirements
Application size

Typical model file size

486 and higher (Pentium
recommended)

Windows 95, 98 or NT 4

16MB (24 MB+ recommended)

Approximately 6 MB
20K (small)-200K (large)

Number of system objects

525

Maximum user-defined objects 14830

Probability methods

Maximum sample size

Random sampling methods

Random Latin HyperCube
Median Latin HyperCube
Monte Carlo

32000

SANE

Minimal Standard
L'Ecuyer

Knuth

Numbersand Arrays

Number precision

Maximum elements
in adimension

M aximum dimensions
inan array

15 significant digits for
floating-point numbers
9 digits for integers

32000

15
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I n this Appendix

This appendix shows you how to allocate
and monitor memory usage in Analytica.




Memory usage

The Memory Usage window displaysthe amount of memory available
on your system, as well as the memory currently in use by all
applications, including Windowsitself. The memory available on your
system isthe sum of all physical memory installed on your system and
the swapfile on your hard disk, which is used to complement the
physical memory.

To display the Memory Usage window, select Show Memory Usage
from the Window menu.

Number of user-defined variables and other objects

i Memory Uzage

Memory usage is OK

Current sample size (reduce it if you [ Data: T Memony: ————
are having memory problems); see HEEEE WL et
“Uncertainty Sample" on page 28-5——Sample =ize =100 28.81ME in use

Ll
.\

Shows proportion of ~ High-water mark indicates peak
available memory memory used
currently used

Analytica Note: Thiswindow appears automatically when Analytica
runslow on memory.

If you require additional memory to run your model at a given sample
size, you can take several steps to increase the amount of memory
available to Analytica:

1. Closeother open applications.

All applications require a segment of memory to operate, and this
reduces the memory available to Analytica

2. Increase the size of your computer’s swapfile.

Under Windows 95, the swapfile sizeisdynamically handled by the
system by default, and is limited only by the free space available on
the hard disk where the swapfile resides. You can manually change
swapfile settings in the Memory control panel.
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Under Windows NT, the minimum swapfile size is set through the
Har dwar e control panel. If your hard disk isfull or nearly full, you
will need to free space on your hard disk, or select adifferent hard
disk to hold your swapfile, in order to provide more memory for
Analytica computations.

3. Finally, consider adding more physical memory to your
computer.

Memory message on opening a model

When you save a model, the number of megabytes of peak memory

used during the session is also saved. When you open the model, the
saved peak memory is compared to the amount of memory allocated

to Analytica. If the saved peak memory exceeds 95% of Analytica’s
memory allocation, a message will recommend either reducing the
sample size (see “Uncertainty Setup dialog box” on page 284) or
changing the application memory size (see next section).
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Selecting the
Sample Size




In this Chapter

This appendix shows you how to select an
appropriate sample size.




Each probabilistic value is simulated by computing a random sample
of values from the actual probability distribution.

You can control the sampling method and sample size by using the
Uncertainty Setup dialog box (see “Uncertainty Setup dialog box” on
page 284). This appendix briefly discusses how to select a sample size.

Choosing an appropriate sample size

There is a clear trade-off for using a larger sample size in calculating
an uncertainty variable. When you set the sample size to a large value,
the result is less noisy, but it takes a longer time to compute the
distribution. For an initial probabilistic calculation, a sample size of 20
to 50 is usually adequate.

How should you choose the sample sizalt depends both on the cost

of each model run, and what you want the results for. An advantage of
the Monte Carlo method is that you can apply many standard statistical
techniques to estimate the precision of estimates of the output
distribution. This is because the generated sample of values for each
output variable is a random sample from the true probability
distribution for that variable.

Selecting the sample size: uncertainty about the mean

First, suppose you are primarily interested in the precision of the mean
of your output variablg. Assume you have a random samplenof
output values generated by Monte Carlo simulation:

Yy Y Yz Yy 1)

You can estimate the mean and standard deviatigrusing in the
following eql#;;\tions:

j= v U
m
'= @)
" y-9)?
2 _ i~
> Z (m-1) A3)

This leads to the following confidence interval with confideace
wherec is the deviation for the unit normal enclosing probabiity
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s - S [
—C—=,y+c—= 4)
S’ Jﬁ y mD
Suppose you wish to obtain an estimate of the mean of y with an a
confidence interval smaller than w units wide. What sample size do
you need? You need to make sure that:

w > Zc%n 5)

or, rearranging the inequality,

m> (2o ©)

To usethis, first make a small Monte Carlo run with, say, 10 valuesto

get aninitial estimate of the variance of y—that is,s%. You can then
use Equatior{6) to estimate how many samples will reduce the
confidence interval to the requisite width

For example, suppose you wish to obtain a 95% confidence interval
for the mean that is less than 20 units wide. Suppose your initial
sample of 10 gives = 40. The deviatiog enclosing a probability of
95% for a unit normal is about 2. Substituting these numbers into
Equation(6), you get:

Rx2x40f _ 2 _
m>5—>o—pg =8 =64 @)

So, to get the required precision for the mean, you should set the
sample size to about 64.

Estimating confidence intervalsfor fractiles
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Another criterion for selecting sample size is the precision of the
estimate of the median and other fractiles, or more generally, the
precision of the estimated cumulative distribution. Assume that the
samplemvalues ofy are relabeled so that they are in increasing order,

Y1SYoS Yy

andc is the deviation enclosing probabiliiyof the unit normal. Then
the following pair of sample values constitutes the confidence
interval:

(yi ’yk)



where

i = [ mp—cJ/mp(1-p)] ®
k =[mp+cJ/mp(1-p)| ©)

Suppose you want to achieve sufficient precision such that the a
confidence interval for the pth fractile Yp isgiven by (yi ,yk) , Where

Y isan estimate of Y and Yy isan estimate of Y

p+Ap In
being between the sample

p-Ap
other words, you want o confidence of Yp

values used as estimates of the ( p—Ap )th and (p + Ap)th fractiles.
What sample size do you need? Ignoring the rounding, you have
approximately
i =m(p-Ap), k= m(p+Ap) (10)
Thus,
k—i = 2mAp (11
From Equations (8) and (9) above, you have

k—i = 2c/mp(1-p) (12

Equating the two expressions for k—i , you obtain

2mAp = 2c./mp(1l-p) (13)
nc if (14)

m = p(l_p)mpm

For example, suppose you want to be 95% confident that the estimated
fractile Y o is between the estimated fractiles Y g5 and Y g5. So you

have Ap = 0.05,and c=2 . Substituting the numbersinto Equation
(14), you get:

m = 0.90 x (1—0.90) x (2/ 0.05)2 = 144 (15)
On the other hand, suppose you want the credible interval for the least

precise estimated percentile (the 50th percentile) to have a 95%
confidence interval of plus or minus one estimated percentile. Then,
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m = 0.5x (1-05) x (2/0.0) = 10, 000 (16)

Note that these results are compl etely independent of the shape of the
distribution. If you find this an appropriate way to state your
requirements for the precision of the estimated distribution, you can
determine the sample size before doing any runs to see what sort of
distribution it may be.
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Error Message
Types




I n this Appendix

This appendix describes the types of error
messages you may see when you run
Analytica




Warning

There are several types of error messages in Analytica. Many
messages are designed to inform you that something in the model
needs to be corrected; some messages indicate that Analytica cannot
continue or complete your request. Each error message begins with its
message type, one of: warning, lexical, syntax, evaluation, system,
and fatal errors.

In general, Analytica allows you to continue working on your model
unlessit cannot proceed until a problem has been corrected. When you
are editing a variable definition, you can request an error message by

pressing Alt-Enter or by clicking on the definition Warning icon([7]).

A warning indicates that there is a possible problem. For example:

Warning:

L og of non-positive number.

A warning is reported during result evaluation to inform you that
continuing may yield unexpected results.

You can suppress evaluation warnings for all variables by disabling

the Show result war nings preference (see “Preferences dialog box”
on page 80). Wheshow result war nings is unchecked, any warning
conditions encountered during result evaluation will be ignored.

If an identifier in a module that you are adding to a model has a name
conflict with an identifier in the model, you will see a warning similar
to the following:

Warning:

Can't declare Variable Location because the Identifier
is already in use as Attribute Location.

Declare using the Identifier Location1?
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Lexical error

A lexical error occurs when a component of an expression was
expected and ismissing or isinvalid. For example, if you enter a

number with an invalid number suffix, you may get a message similar
to the following:

Lexical error while checking:
2sdf
N

Invalid exponent code.

Syntax error

A syntax error occurs when an expression contains a syntax mistake.
Analytica often reports the mistake together with the fragment of the
expression that contained the error. For example:

Syntax error while checking:

2++3
A

Expression expected.

The following are two common syntax errors:
expecting “,”

Indicates acommais missing, or there are too few parametersto a
function.

expecting )"

Indicates there are too many parameters to a function.

476 Analytica User Guide



If you attempt to change the identifier for a variable, and the new
identifier is assigned to another node, you will see a message similar
to the following:

Syntax error:

The Identifier “Location” is already in use.

Evaluation error

An evaluation error occurs when there is aproblem while evaluating a
variable, user-defined function, or system function. You are asked if
you want to edit the definition of the variable currently being

eval uated:

Error during evaluation of Ch1l.

Do you want to edit the Definition of Ch1?

If a system function expects a specific kind of argument, an error
message similar to the following is displayed:

Evaluation error:

First argument of Sysfunction Argmax must be
atable.

This message indicates that an argument passed to the function is of a
different type or cannot be handled by that function. You may need to
redefine a variable being used as an argument to the function, or
change an expression being passed as an argument.
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| nvalid number

System error

If acalculation such as division by zero is performed, awarning is
displayed with an option to continue calculating. Three possible error
codes may be returned as aresult of an invalid calculation:

Code M eaning

I NF Infinity.

NAN Invalid argument, such &qgrt (- 1), or
Invalid division, such a8/ 0.

Undefined Displays as a blank cell if the result is a table,
or shows th&Compute button otherwise.

(blank) Results from certain functions, such as

Subl ndex() , when a result is not available.

These can be detected in expressions usixy NF”, | snan( X), or
| sundef ( X)

If you see this message type, please contact Lumina Decision
System’s technical support department (see “For Technical Support”
on page 492) to report the error.

Out of memory error
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Indicates that Analytica has used up all available memory and cannot
complete the current command. If this occurs, first save your model.
Before attempting to evaluate again, close some windows, use a
smaller sample size, or expand the memory available to Analytica (see
Appendix C, “Memory*).
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Reserved Words




I n this Appendix

This appendix lists al the identifiers
reserved for use by Analytica.




You cannot use the following terms as identifiers. If you attempt to assign one as an identifier,
Analytica appends a number to the new identifier to keep it distinct from the existing term.

Reserved Words
Abbreviation Average Corréelation Diagram Fixedcheck
Abs Balloonhelp Cos Diagramcolor Fixeddef
Activate Baroverlap Cosh Diagstate Flip
Activex Bernoulli Cubicinterp Displayinputs Floor
Alias Beta Cumdist Displayoutputs Fontstyle
Aliases Betafn Cumipmt Distresol For
All Betai Cumnormal Distribsize Forlocal
Allshow Bigbrother Cumnormalinv Diststeps Form
Allwarnings Browsemaodeon Cumprinc Do Formnode
Analyticaplatform Button Cumproduct Domain Fractiles
Analyticaversion Bye Cumulate Dotproduct Frame
And Cdf D2 Dydx Frameauto
Any Cdfresol D3 Dynamic Frequency
Append Cdfsteps Date Dynamicvaue Fullscreen
Arccos Celil Dblabels Dyninputs Function
Arcsin Certain Dbquery Dynoutputs Functionof
Arctan Chance Dbtable Each Fv
Arctan2 Chancedist Dbtablenames Edit Gamma
Area Chancevar Dbwrite Editor Gammafn
Argmax Chartlibrary Ddeexecute Edittable Gammai
Array Chartname Ddeinitiate Elasticity Gammaiinv
Arrayt Check Ddeterminate Else Getfract
Arraytype Checking Decision End Getresource
Asc Choice Decompose Endphoto Geturl
Ascending Chr Defaultsize Endrecord Graph
Askattribute Cicn Definition Endupdate Graphsetup
Askpause Class Defnstate Erf Graphtool
Attribget Clipboard Degrees Erfinv Graphvar
Attribute Clock Delete Evaldynamic Graphwindows
Att__barorigin Close Delimiter Evalindex Grid
Att__ cloakdefn Closegraph Depth Evauate Heapsize
Att__customformat  Color Derived Every Help
Att__diagramprintsca Combinations Description Exp Hypertalk
Att__graphprintscali Command Determ Export lacquit
Att__objectprintscal  Comment Determinant Expr Icon
Att__outlineprintsca Concat Determt Factoria | densubscript
Att__tableprintscali  Constant Determtable Fase Identifier
Att__totalsindex Contains Determtype Field I dentpred
Author Context Developeron Fileinfo If
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Ifo

Ifall

Ifonly

Ifpos

Import
Imports

In

Include
Includexzero
Includeyzero
Includezzero
Index
Indexnames
Indext
Indextype
Indexvals
Inf

Inobjs
Inputs
Integrate
Invert

Ipmt

Irr

Isin

Isnan

| snumber

| stext

| sundef

It

Iterate

Join

Keyoff
Keyword
Kurtosis
Laser
Laserheight
Laserp
Laserwidth
Lasterror
Launch
Levels
Lgamma
Library
Linear
Linearinterp
Linestyle
Linkedreform
Linklibrary
Linkmodule

F

List

Ln

Localvar
Location
Lognormal
Logten
Macscribe
Makesticky
Manua

Map

Mapvar

Max
Mdarraytotable
Mdtable
Mean

Mesh

Mid

Min

Mod
Modauthor
Mode

Model
Module
Moniker
Morehelp
Move
Namebyoid
Namesize
Naming

Nan

Need
Neededby
Needs

News

No
Nodecolor
Nodefont
Nodeinfo
Nodelocation
Nodesize
None

Normal
Normalize
Normal_fracs
Not

Nper

Npv
Numberformat
Numberwidth
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Numeric
Obfuscated
Object
Objective

Objectswithtimings
Odbc4anaversion

of
Oidof

Oleautorecompute

Olegraph
Open
Openfile

Or
Origcontains
Criginal
Orphans
Output
Outputs
Pagesetup
Pan
Parameters
Paramnames
Paramtypes
Path
Pausephoto
Pauserecord
Pdf

Pdfvalue
Permutations
Photo

=1

Pict

Picture
Plotheight
Plotwidth
Pluginfunction
Pluginlibrary
Pmt

Positive
Ppmt
Printtable
Prob
Probability
Probbands
Probdist
Probindex
Probtable
Probvalue
Product

Profile
Profileexpr
Project
Publisher
Publishoneval
Put

PV
Q_infromrec
Q_makerect
Q_squareinterp
Radians
Randomseed
Randomtype
Range

Rank
Rankcorrel
Rate

Readfile
Readurl
Record
Rectangular
Reform
Reformdef
Reformval
Regression
Rename
Repeat
Request
Result
Resumephoto
Resumerecord
Role

Rotation
Round

Samp

Sample
Samplesize
Sampletype
Save
Saveauthor
Savedate
Saveformat
Saveoptions
Savevalues
Scalar

Scales
Scatter
Schedul epublish
Scoping

Screenheight
Screenwidth
Scribe

Script
Sdeviation
Section

Self

Send

Sequence
Setpath

Show

Showhier
Showkey
Showundef

Sin

Sinh

Size

Skewness

Slice

Slide

Slidep
Softwareversion
Sortindex

Split
Sqldriverinfo
Sor

Sort

Statistics
Statslabels
Statsselect
Stepinterp
Sticky
Stringlength
Stringlowercase
Stringmixedcase
Stringreplace
Stringuppercase
Subindex
Subscriber
Subscript
Subset
Substring

Sum
Swapenterreturn
Symbolsize
Sysfunction
Sysvar

Table

Tabletype



Tabwidth What

Tan Whatif
Tanh Whatifall
Terminaltype Why

Text Whyall
Textype Windows
Then Windstate
Ticks With

Tilt Xintervals
Time Xirr

Timingwithchildren ~ Xmaximum
Timingwithoutchildre Xminimum
Title Xnpv

To Xyexpr
Transpose Yes

Trash Yintervals
Tree Y maximum
Triangular Y minimum
True Zmaximum
Truncate Zminimum
Tutorial __advmath_
Typechecking _ financia_
Uncumulate __odbcdanalytica
Undef

Undefined

Unevaluated

Uniform

Unique

Units

Update

Updatelink

Usecheck

Usetable

Using

Usinglocal

Value

Valuestate

Valuevar

Variable

Variance

Varlist

Vartype

Vector

Verbosity

Version

View

Warnings

Warnonnonindexedop

Webhel per
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I n this Appendix

This appendix lists books and papers that
are referred to in this manual or that are
useful as background material.




Morgan, M. Granger and Henrion, Max. Uncertainty: A Guide to
Dealing with Uncertainty in Quantitative Risk and Policy Analysis,
Cambridge University Press (1990,1998).

Written by the original authors of Analytica, this text provides
extensive background on how to represent and analyze uncertainty
in quantitative models. It includes chapters on:

« Building good policy models

» Categorizing types and sources of uncertainty

* How people make judgments under uncertainty

» Encoding expert judgment in the form of probability distributions

» Choosing a computational method for propagating uncertainty in
a model

« Analyzing uncertainty in very large models
« Displaying and communicating uncertainty

» How to tell if representing uncertainty could make a significant
difference to your conclusions, or “the value of knowing how
little you know”

We recommend the second edition, published 1998, which contains
a full chapter on Analytica (Chapter 10). If you have the first

edition (1990), we recommend that you ignore Chapter 10, which
describes the precursor of Analytica and is quite out of date!

Clemen, Robert TMaking Hard Decisions: An Introduction to
Decision Analysis. Duxbury Press (1991).

Howard, R., and Matheson, J. Influence Diagram&ebudings on the
Principles and Applications of Decision Analysis, eds. R. Howard and
J. Matheson. pp. 721-762. Menlo Park, Calif.: Strategic Decisions
Group (1981).

Keeney, RValue—Focused Thinking: A Path to Creative Decision
Making, Cambridge, MA: Harvard University Press (1992).

Knuth, D.E. Seminumerical Algorithms, 2nd ed., vol. 2 of The Art of
Computer ProgrammindReading, MA: Addison-Wesley (1981).

L’Ecuyer, P. Communications of the ACN3]1, 742-774 (1988).

Park, S.K., and K.W. Miller. Communications of the ACM,
31, 1192-1201 (1988).
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Pearl, J. Probabilistic Reasoning in Intelligent Systems, San Mateo,
Calif.: Morgan Kaufmann (1988).
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Appendix H

How to Contact
Us




I n this Appendix

This appendix contains information on
how to contact the publisher of Analytica.




If you have any questions or comments about Analytica, or just want
to keep up to date on changes to Analytica, please contact us.

For Salesor Customer Service

By mail

Lumina Decision Systems, Inc.
59 N. Santa Cruz Ave., Suite Q
Los Gatos, CA 95030

USA

By electronic mail

info@lumina.com

By phone
(877) 658-6462 = 1-877-6-LUMINA Toll free, USonly
or
(408) 354-1841
By fax
(408) 354-9562
Web Site

For the latest information about Analytica, please visit our Web Site
located at

http://ww. | uni na. com

Technical Support information —
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For Technical Support

By mail
Lumina Decision Systems, Inc.
59 N. Santa Cruz Ave., Suite Q

Los Gatos, CA 95030
USA

By electronic mail

support@Iumina.com

By phone
(408) 354-1841

By fax
(408) 354-9562
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Glossary




In this Glossary

A compilation of terms specific to
Analytica as well as statistical terms

used in this manual.




ADE
See Analytica Decision Engine.

Alias

A node in adiagram that refers to a variable or other node located
somewhere else, usually in another module. An alias permits you to
display a variable in more than one module. An alias node is
distinguished by having itstitlein italics.

Analytica Browser

A free version of Analyticathat allows a user to evaluate and view
results, and change input fields; however, from Analytica Browser a
user cannot enter edit mode or otherwise change the content of a
model. Copies of Analyticawithout avalid registration number run as
the Analytica Browser.

Analytica Decision Engine

A product sold by Lumina Decision Systems, Inc., separate from
Analytica. With the Analytica Decision Engine (ADE), you embed the
Analytica computation engine in your web-server backend or in your
custom applications built in Visual Basic, C++, Microsoft Office, or
any language supporting ActiveX Automation or COM.

Analytica Enterprise

A version of Analyticafor users who intend to share data or models
with othersin their organization. Analytica Enterprise contains all
features of Analytica Pro as well as functions for accessing ODBC
databases and features for protecting your intellectual property.

Analytica Pro/ Professional version

The standard fully-functional version of Analytica. Analytica Pro
provides all the features and functionality required to create, edit, and
eval uate models.

Analytica Trial

A fully-functional, but expiring, version of Analytica. Analytica Trial

can be downloaded from the Lumina web site (www.lumina.com) for
those wishing to “test drive” the product. Analytica Trial contains the
complete functionality of Analytica Pro. After expiration, Analytica
Trial converts to Analytica Browser.
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Array

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

Array Abstraction
See Intelligent Array Abstraction.

Arrow

An arrow or influence from one variabl e node to another indicates that
the origin node affects (influences) the destination node. If the nodes
depict variables, the origin variable usually appearsin the definition
of the destination variable.

Arrow tool

The Arrow tool, or Influence Arrow tool, isin the shape of a
|eft-to-right pointing arrow cursor. The Arrow tool is used to draw
arrows connecting variables to create relations between them.

Attribute

A property or descriptor of an object, such asitstitle, description,
definition, value, or inputs.

Attribute panel

An auxiliary window pane that you can open below a diagram or
outline window. Use the Attribute panel to rapidly examine one
attribute at a time of any variable in the model, by selecting the
variable and then the attribute from a popup menu.

Author

An attribute recording the names of the person or people who created
the model, or other object.

Behavior analysis

Model behavior analysisis atype of sensitivity analysisin which you
specify a set of alternative values for one or more inputs and examine
the effect on selected model output variables. It is also known as
parametric analysis.
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Browse-only models

Analytica Enterprise users can save a copy of their model in abrowse-
only form. When a browse-only model is |oaded into any version of
Analytica, the user cannot enter edit mode, and therefore can only
make changes to variables with input nodes. Browse-only models are
also obfuscated.

Browse tool

The Browse tool isin the shape of a hand. With the Browse tool, you
can examine the diagram but cannot make any changes, except to
change the values in input nodes.

Chance variable

A Chancevariableisuncertain and cannot be directly controlled by the
decision maker. Usually, it is defined by a probability distribution. A
Chance variable is depicted as an oval node.

Check

The check attribute contains an expression that checks the validity of
the value of avariable. It displays amessage when the variable’'s value
is out of specified bounds.

Class

The type of Analytica object: decision, chance, objective, or index
variable; function; module; library; form; model.

Cloaking
See definition hiding.

Conditional dependency

A Chance variable aiis conditionally dependent on another variable b
if the probability of avalue of a depends on the value of b. If ais
defined by a probahility table, b may be an index of its probability
table.

Constant

A variable whose value is not probabilistic, and does not depend on
other variables, such as the number of minutesin an hour.
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Continuousdistribution

A probability distribution defined for a continuous variable—that is,
for a real-valued variable. Example continuous distributions are beti
normal, and uniform. Compare ¢lscrete distribution.

Continuousvariable

A variable whose value is a real number—that is, one of an infinite
number of possible values. Its range can be bounded (for example,
between 0 and 1) or unbounded. Compardidcrete variable.

Created

The date and time at which the model was first created. This model
attribute is entered automatically, and is not user-modifiable.

Cumulative probability distribution

A representation of a probability distribution that plots the cumulativg
probability that the actual value of the uncertain variabid! be less
than or equal to each possible valux.ofhe cumulative probability
distribution is a display option in the Uncertainty View popup menu,

Cyclic dependency

A cyclic dependency occurs when a variable depends on itself direct
or indirectly so that the arrows form a directed circular path. The onl
cyclic dependencies allowed in Analytica are in variables using the
Dynani c() function that contain a time lag on the cycle.

Decision variable

A variable that the decision maker can control directly. Decision
variables are represented by rectangular nodes.

Definition

A formula that defines how to compute a variable’s value. It can be
simple number, a mathematical expression, a list of values, a table,
a probability distribution. In text format, it is limited in length to
32,000 characters.

Definition Hiding

A feature in Analytica Enterprise for protecting your intellectual
property when distributing models you have created to others.
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Definition hiding controls whether the end-user of your model can
view the definitions of selected nodes.

Description

Text explaining what the node represents in the real system being
modeled. It islimited in length to 32,000 characters.

Deter ministic table

A deterministic function that gives the value of a variable x
conditional on the values of its input variables. The input must all be
discrete variables. Thetableisindexed by each of itsinputs, and gives
the value of x that corresponds to each combination of values of its
inputs.

Deter ministic value

A variable's deterministic value, or mid value, is a calculation of the
variable'svalue assuming all uncertaininputsarefixed at their median
values.

Deterministic (determ) variable

A variable that is a deterministic function of itsinputs. Its definition
does not contain a probability distribution. The value of a
deterministic variable can be probabilistic if one or more of itsinputs
are uncertain. A deterministic variable is displayed as a double oval.
You can also use a general variable (rounded rectangle) to depict a
deterministic variable.

Determtable
See deterministic table.

Diagram
See influence diagram.

Dimension

An array has one or more dimensions. Each dimension isidentified by
an index variable. When an array is shown as a table, the row header
(vertical) and column headers(horizontal) give the two dimensions of
the table.
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Discrete distribution

A probability distribution over afinite number of possible values.
Example discrete distributions are Bernoulli and the Probtable
function. Compare to continuous distribution.

Discrete variable

A variable whose value is one of afinite number of possible values.
Examples are the number of daysin a month (28, 29, 30, or 31), or a
Boolean variable with possible values Tr ue and Fal se. A variable
that is defined as alist or list of labelsis discrete. Compare to
continuous variable.

Domain

The possible outcomes of avariable. The Domain hasatype aswell as
value. The possible types are List of labels, List of numbers, or
Continuous; the default type is Continuous, except for variables
defined withthe Choi ce() , Pr obt abl e() ,and Det er nt abl e()
functions.

Dynamic variable

A variable that depends on the system variable Time and is defined by
theDynani c() function. A dynamic variable can depend on itself at
aprevious time period, directly or indirectly, through other dynamic
variables.

Edit Table

A definition that is atable is also called an Edit Table because it can
be edited.

Edit tool

The Edit tool isin the shape of the normal mouse pointer cursor. The
Edit tool is used to create anew model or to change an existing model.
It allows you to move, resize, and edit nodes, and exposes the Arrow
tool and node palette.

Excel Graph

The graphing engine of Microsoft Excel®. Users who have Excel
installed on their computers can take advantage of Excel Graph to
graph results.
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Expression

A formulathat can contain numbers, variables, functions,
distributions, and operators, suchas0. 5,a- b,or M n( x) , combined
according to the Analytica language syntax. The definition of a
variable must contain an expression.

Expression type

The Expression popup menu, which appears above the definition field,
allows you to change the definition of a variable to one of several
different kinds of expressions. Expression types include expression,
list (of expressions or numbers), list of labels (text values), table,
probability table, and distribution. Any definition, regardless of
expression type, can be viewed as an expression.

FileInfo
The name of the file and folders in which the model was last saved.

Filed library

A library whose contents are saved in a file separate from the model
that containsit. A filed library can be shared among several models
without making a copy for each model.

Filed module

A module whose contents are saved in a file separate from the model
that containsit. A filed module can be shared among several models
without making a copy for each model.

Fractile

The median is the 0.5 fractile. More generally, there is probability p
that the value isless than or equal to the p fractile. Quantileis a
synonym for fractile. (Fractal is something different!) Compare to
percentile.

General variable

A variablethat can be certain or probabilistic. It is often convenient to
define avariable as a general variable without worrying about what
particular kind of variableit is. A general variableis depicted by a
rounded rectangle node.
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ldentifier

A short name for a variable used in mathematical expressionsin
definitions. Anidentifier must start with aletter, have no morethan 20
characters, and contain only letters, numbers, and ‘' (underscore,
used instead of a space). Each identifier in a model must be unique
Compatre tditle.

Importance analysis

Importance analysis lets you determine how much effect the
uncertainty of one or more input variables has on the uncertainty of
output variable. Analytica defines importance as the rank order
correlation between the sample of output values and the sample fo
each uncertain input. It is a robust measure of the uncertain
contribution because it is insensitive to extreme values and skeweg
distributions.

Unlike commonly used deterministic measures of sensitivity, this ran
order correlation averages over the entire joint probability
distribution. Therefore, it works well even for models where the
sensitivity to one input depends strongly on the value of another.

Index

An index of an array identifies a dimension of that array. An index ig
usually a variable defined as a list, list of labels, or sequence. An indg
is often, but not always, a variable with a node class of Index.

Indexes

Plural of index. Indicates a set of index variables that define the
dimensions of a table (in an Edit Table or value).

Index selection area

The top portion of a Result window, containing a description of the
result and other information about the dimensions of the result.

Index variable

A class of variable, defined as a list, list of labels, or sequence, tha
identifies the dimensions of an array—for example, in an Edit Table
An Index variable is depicted as a parallelogram node. Variables of
other classes whose definition or domain consist of list, list of labelg
or sequence can also be used to identify the dimensions of an arra
and are sometimes referred to as index variables.
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Influence arrow
See arrow.

Influence diagram

Anintuitive graphical view of the structure of a model, consisting of
nodes and arrows. Influence diagrams provide a clear visual way to
express uncertain knowledge about the state of the world, decisions,
objectives, and their interrel ationships.

Innermost dimension

The dimension of an array that varies most rapidly in the Tabl e()
function. The innermost dimension is the last index listed in a
Tabl e() or Array() function. Compare to outermost dimension.

Input

A variable that appears in the definition of the selected variable. See
also output.

Input arrowhead

An arrowhead pointing into anode, indicating that the node has one or
more inputs from outside its module. Click on the arrowhead for a
popup menu of the input variables.

Inputs

A list of the variables or functions on which this variable or function
depends. The inputs are determined by the arrows drawn to and the
variables or functions referred to in this variable’s or function’s
definition or check attribute. See algotputs.

Intelligent Array Abstraction™

A powerful key feature of the Analytica Engine that automatically
propagates and manages the dimensionality of multidimensional
arrays within models.

Key

In aresults graph, the key shows the value of the key index variable
that corresponds to each curve, indicated by pattern or color.
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Kurtosis

A measure of the peakedness of adistribution. A distribution with long
thin tails has a positive kurtosis. A distribution with short tails and
high shoulders, such as the uniform distribution, has a negative
kurtosis. A normal distribution has zero kurtosis.

L ast Saved

The date and time at which the model was last saved. This model
attribute is entered automatically, and is not user-modifiable. If the
model is new, this field remains empty until the model isfirst saved.

Library

A model component that typically contains a collection of
user-defined functions and/or variables to be shared.

List
A type of expression available in the Expression popup menu

consisting of an ordered set of numbers or expressions. A list is often
used to define Index and Decision variables.

List of labels

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

Matrix
A two-dimensional array of numbers with indexes of equal length.

M ean

The average of the population, weighted by the probability mass or
density for each value. The meanisalso called the expected value. The
mean is the center of gravity of the probability density function.

Median

The value that divides the range of possible values of a quantity into
two equally probable parts. Thus, there is 0.5 probability that the
uncertain quantity is less than or equal to the median, and 0.5
probability that it is greater than the median.
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Mid value

The result of evaluating a variable deterministically, holding
probability distributions at their median value. Analytica calculates
the mid value of a variable by using the mid value of each input. The
mid value is a measure of central value, computed very quickly
compared to uncertainty values. Compare probvalue.

Mode

The most probable value of the quantity. The mode is at the highest
peak of the probability density function. On the cumulative probability
distribution, the mode is at the steepest slope, at the point of inflection.

M odel

A module, or a hierarchy of linked and/or embedded modules and
libraries, on which you work during an Analytica session; the main, or
root, module at the top of the module hierarchy. Between sessions, a
model is stored in an Analytica document file.

M odule

A collection of related nodes, typically including variables, functions,
and other modules, organized as a separate influence diagram. A
module is depicted in a diagram as a node with a thick outline.

Module hierarchy

A model can contain several modules, each one containing details of
the model. Each module can contain further modules, containing still
more detail. This module hierarchy is organized as a tree with the
model at thetop. You can view the hierarchical structurein the Outline
window.

Multimodal distribution
A probability distribution that has more than one mode.

Node

A shape, such as arectangle, oval, or hexagon, that represents an
object in an influence diagram. Different node shapes are used to
represent different types of variables.

Analytica User Guide 505



Obfuscated

Saved in a non-human-readable (i.e, encrypted) form. Obfuscation
provides a mechanism for protecting intellectual property. Analytica
Enterprise users can distribute obfuscated copies of their models to
their end-users. In Analytica, obfuscation al so hasthe effect of making
settings for definition hiding and/or browse-only mode permanent.

Object
A variable, function, or module in an Analyticamodel. Each object is

depicted asanode in an influence diagram and is described by a set of
attributes. See also class, node, attribute, and influence diagram.

Object Finder

A dialog box used to browse and edit the functions and variables
available in amodel.

Object window

A view of the detailed information about a node. The Object window
shows the visible attributes, such as a node’s type, identifier, and
description.

Objectivevariable

A variable that evaluates the overall desirability of possible outcome
The objective can be measured as cost, value, or utility. A purpose
most decision models is to find the decision or decisions that optimiz
the objective—for example, minimizing cost or maximizing expected
utility. An objective variable is represented by a hexagonal node.

OLE Linking

A standard in the Windows operating system for sharing data betwe¢
applications.

Operator

A symbol, such as a plus sign (+), that represents a computational
process or action such as addition or comparison.

Outer most dimension

The dimension of an array that varies least rapidly inTdd® e()
function. The outermost dimension is the first index listed in a
Tabl e() orArray() function. Compare tonnermost dimension.
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Outline window

A view of a model that lists the objects it contains as a hierarchical
outline.

Output

A variable whose definition refers to the selected variable. See also
input.

Output Arrowhead

An arrowhead pointing out of a node, indicating that the node has one
or more outputs outside its module. Click on the arrowhead for a
popup menu of the output variables.

Outputs

A list of the variables or functions that depend on this variable or
function. The outputs are determined by the arrows drawn from this
variable or function and the variables or functionsin whose definition
or check attribute this variable or function appears. See also inputs.

Parameters
The arguments of a function.

Parametric analysis
See behavior analysis.

Parent diagram
The diagram for the module that contains this object.

Percentile

The median is the fiftieth percentile (also written as 50%ile). More
generally, there is probability p that the value is less than or equal to
the pth percentile. Compare to fractile.

Probabilistic variable

A variable that is uncertain, and is described by a probability
distribution. A probabilistic variableisevaluated using simulation; its
result is an array of sample values indexed by Run.
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Glossary

Probability bands

Probability bands are a way to display the uncertainty in a value by
showing percentiles from its distribution—for example, the 5%, 25%
50%, 75%, and 95% percentiles. On a graph, these often appear a:
bands around the median (50%) line. Probability bands are also
referred to as credible intervals.

Probability density function

A representation of a probability distribution that plots the probabilit
density against the value of the variable. The probability density at
each value oK s the relative probability tha¢ will be at or near that
value. The probability density function can be displayed for
continuous, but not discrete variables. It is a display option in the
Uncertainty View popup menu. CompareRmbability mass

function, which is used with discrete variables.

Probability distribution

A probability distribution describes the relative likelihood of a
variable having different possible values.

Probability mass function

A probability mass function is a representation of a probability
distribution for a discrete variable as a bar graph, showing the
probability that the variable will take each possible value. The
probability mass function can be displayed for discrete, but not
continuous variables. It is a display option in the Uncertainty mode
View menu. Compare tBrobability density function, which is used
with continuous variables.

Probability table

A table for specifying a discrete probability distribution for a Chance
variable. In a probability table, you specify the numerical probabilit
for each value in the domain thie variable. If thevariable depends on
(that is, is conditioned by) other discrete variables, each of these
conditioning variables gives an additional dimension to the table, s¢
you can specify the probability distribution conditional on the value o
each conditioning variable.

Probtable
Seeprobability table.
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Probvalue

The probabilistic value of avariable, represented as a random sample
of values from the probability distribution for the variable. The
probvalue for avariableis based on the probvalue for the inputsto the
variable. See also probabilistic variable and compare to mid value.

Reducing function

A function that operates on an array over one of itsindexes. The result
of areducing function hasthat dimension removed, and hence has one
fewer dimension.

Remote variable

A variable in another module, not shown in the active diagram.
Typically aremote variableis an input or output of anodein the active
diagram.

Result view
A window that shows the value of avariable as a table or graph.

Sample

An array of values selected at random from the underlying probability
distribution for a quantity. Analytica represents uncertainty about a
guantity as a sample, and estimates statistics, probability density
function, and other representations of a probability distribution from
the sample.

Sampling method

A method used to generate a random sample from the probability
distributions in amodel (for example, Monte Carlo and Latin
hypercube).

Scalar
A value that is a single number.

Scatter plot

A graph that plots the samples of two probabilistic variables against
each other.
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Self
A keyword used in two different ways:

« Refers to the index of a table that is indexed by itSelf.f refers
to the alternative values of the variable defined by the table.

» Refers to the variable itself, as a substitute for the variable’s
identifier, in a Check attribute expression dyaanmi ¢
expression.

Sensitivity analysis

A method to identify and compare the effects of various input
variables to a model on a selected output. Example methods for
sensitivity analysis are importance analysis and model behavior
analysis.

Skewness

A measure of the asymmetry of the distribution. A positively skewed
distribution has a thicker upper tail than lower tail, while a negativel
skewed distribution has a thicker lower tail than upper tail. A norma
distribution has a skewness of zero.

Slice

A slice of an array is an element or subarray selected along a specifi
dimension. A slice has one less dimension than the array from whig
it is sliced.

Standard deviation

The square root of the variance. The standard deviation of an
uncertainty distribution reflects the amount of spread or dispersion i
the distribution.

Suffix

Numbers such as 10K, 123M, or 1.23u are in suffix notation. The
suffix letter denotes a power of ten; for example, K, M, and u denot

103, 1P, and 10°, respectively.

Symmetrical distribution

A distribution, such as a normal distribution, that is symmetrical abo
its mean.
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System function

A function available in the Analytica modeling language. See also
User-defined function.

System variable

A variable that is part of the Analytica modeling language, such as
Samplesize or Time.

Table

A two-dimensional view of an array. The array can have more than
two dimensions, but only two can be seen at one time. In the Result
window, click on the Table button to select the table view of an array-
valued result.

Tail

The upper and lower tails of a probability distribution contain the
extreme high and low quantity, respectively. Typically, the lower and
upper tails include the lower and upper ten percent of the probability,
respectively.

Title

The full name of an Analytica object. A variable's or modul€e'stitleis
displayed in its node, in window titles, and in object lists. It islimited
to 255 characters. It can contain any characters, including spaces and
punctuation. Compare to identifier.

Uncertain value
See Probvalue.

Units

The units of measurement for a variable. Units are used to annotate
tables and graphs; they are not used in any calculation.

User-defined function

A function that the user defines to augment the functions provided as
part of the Analytica modeling language.

Value
See mid value.
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Variable
An object that has a value, which may be text, a number, or an array.

Variance

A measure of the uncertainty or dispersion of adistribution. Thewider
the distribution, the greater its variance.
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(scoping) operator 168

Symbols

- (subtraction) operator 166, 199

< (less than) operator 167

I (not equal) operatdr67

* (multiplication) operatorl 66, 199

+ (addition) operatol66, 199

/ (division) operatol 66, 199

<= (less than or equal to) operafi@7
= (equal) operatoi67

> (greater than) operatd67

>= (greater than or equal to) operal&7
A (exponential) operatdr66, 199

A
Abs() function213
Accept buttonl38, 197
ActiveX automation server, See Analytica Decision Engine
Add Module command396, 439
Add Module dialog box395
Adding text to diagram&60
ADE 495
ADE on the Web command457
Adjust Size commandl04, 454
Adjusting node Z-orde68
Advanced Math command449
Advanced Math library49
aliases74, 495

creating71, 74

modifying 77
Align Selection to Grid commande8, 106, 454
Analytica browser95
Analytica Decision Engind57, 495
Analytica Enterpris&l95
Analytica Pro495
Analytica Trial495
AnalyticaPlatform system variabléd51
AnalyticaVersion system variabléd51
Arccos() function260
Arcsin() function261
Arctan() function213
Arctan2() function261
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Area() function 224
Argmax() function 225
arithmetic operations 166, 199
Array abstraction 503
Array command 447
Array library 170, 447
Array() function 218, 219, 221
arrays 175205, 496
arithmetic operations on 199
changing index of 221
conventions for 197
defining 219
functions that create 216
operating on 180185, 198—204, 209212
referencing an element of 235, 236, 237
Arraytype qualifier 407
Arrow tool 69, 496
Arrow tool button 18
arrows 21, 496
and nodes 69
arranging 105
automatically drawn 71, 140
between modules 72
bold 397
changes to model when created 71
creating 70
deleting 70
drawing 69—71
drawing between 2 modules 76
dynamic 112, 359
hiding 106, 112, 114
removing 70
showing 112, 114
small arrow head 70
to and from indexes 179
Ascending qualifier 407
Attrib Of Ident function 392
Attribute panel 27, 496
resizing 28
Attribute popup menu 27
attributes 390—392, 496
creating new 391
displaying 147, 391
editing 77
in adefinition 392
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of functions 28, 390, 405

of modules 28, 390

of variables 28, 390

renaming 392

user-created 390
Attributes command 147, 391, 445
Attributes dialog box 147, 391, 392
Author 390, 496
Auto recompute outgoing OLE links 83, 370
Average() function 225

B

behavior analysis 53, 496
Bernoulli() function 317

Beta() distribution function 295
BetaFn() function 261

Betal () function 261

bevel, displaying 115

Binomial distribution function 323
Boolean number format 128
Boolean operators 167

Boolean values 166

Boolean variables 276

border, displaying 114

Bring to Front 68

Bring to Front command 456, 458
Browse 497

Browse mode 19, 151

Browse tool 19, 497

Browse tool button 19

Browser version 495

C
Cancel button 197
cancel button 138
Cascade command 456
Ceil() function 213
cells 190, 196
adding 196
copying 196
deleting 191, 196
editing 196
inserting 190
pasting 196
Certain() function 318
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Chance variables 23, 497
Chancedist() function 319
Change identifier 81
Check 82, 146, 390, 497
check value bounds 82
check variable class 82
Choice option 153
Choice() function 234
Changein Analytica2.0 7
Class 23, 78, 390, 497
Class popup menu 78
Clear command 442
Close command 439
Close M odel command 16, 440
color
in influence diagrams 109
of input and output node 156
color palette 110
columnindex 39
columns 196
Combinations() function 262
Comments in definitions 137
comparing results 49
comparison operators 167, 200
computation time 469
Concat() function 241
conditional dependencies 316, 497
conditional deterministic table 320
conditional operators 168, 201
conditional probability tables 314
confidence intervals 469, 470
constants 24, 497
Context qualifier 407
continuous distributions 276, 498
continuous variable 498
conventions
for array examples 197
terminological 10
typographic 10
Copy command 68, 197, 365—366, 442
Copy Diagram/Table/Object command 366, 442
Correlation() function 328
Cos() function 213
Cosh() function 262
Created 390, 498
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Cubicinterp() function 239

Cumdist() distribution function 296
Cumipmt() function 254

CumNormal() function 262
CumNormalInv() function 262
Cumprinc() function 254

Cumproduct() function 230

Cumulate() function 230

Cumulative Probability command 47, 453
cumulative probability distributions 498
Cumulative Probability options 291
currency symbols 128

Curve fitting, see Regression function 264
Cut command 68, 442

cyclic dependencies 72, 498

D
Data source 417
Database command 450
Database library 416, 427, 450
Database query 415
Date number format 128
DBLabels() function 416421, 427
DBQuery () function 427
DBQuery() function 416425, 427
DBTable() function 416423, 428
DBTableNames() function 428
DBWrite() function 423—426, 429
Decimal number format 163
decimal points 128
decision 315
Decision variables 23, 88, 104, 498
Decompose function 246
default view 40
Definition 390, 406, 498

editing 135—145

incomplete 393, 446
Definition button 17
Definition hiding 430, 498
Definition menu 145, 446
Degrees() function 214
Delete Columns command 196, 443
Delete Rows command 191, 196, 443
dependencies 18

conditional 316
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cyclic 72
with the Dynamic() function 358
Description 390, 406, 499
Determ variables 24, 499
Determinant() function 247
deterministic conditional tables 320—323, 499
defining 320
deterministic value 499
deterministic variables, see Determ variables
Determtable() function 320, 322
determtables, see deterministic conditional tables
DetermType qualifier 407
diagram
adding graphics 159
changing size 115
see also Diagram window
Diagram menu 454
Diagram Style dialog box 111
Diagram window 17, 21, 26
background color 110
customizing 111
maximum number of 401
printing 31
resizing 28
diagrams, see influence diagrams
dimensions 177—179, 185, 499
adding to a probability table 315
adding to an array 197
innermost 211, 212
outermost 211
removing from an array 194, 197
discrete probability distributions 276, 500
creating 311
with label values 314
discrete variables 500
Distribution command 448
Distribution library 448
distribution, defining avariable as 279
domain 153, 311, 313, 314, 316, 390, 500
Domain Service Name 417
dot product 248
DSN 417
Duplicate Nodes command 68, 442
Dydx() function 337
dynamic arrows 359
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showing or hiding 112
dynamic models 105
dynamic simulation 349—-361
dynamic variables 500
Dynamic() function 350—361

E
Edit Definition command 135, 446
Edit Icon command 158, 455
Edit menu 441
Edit Table 500
Edit Table window 179, 195, 365

opening 195
Edit Time command 349, 446
Edit tool 500
Edit tool button 18
Elasticity() function 338
Enterprise version 413435, 495
Erf() function 263
Erflnv() function 263
error factor 300
€rror messages, See errors
errors 475478
evaluation errors 477
Excel graph 500
Exit command 16, 441
Exp() function 214
Exponent number format 127, 163
Exponentia distribution 298
Exponential () distribution function 305
Export command 377, 440
export data format 378
Exporting data 363—381
Expr keyword 72
Expr qualifier 407
Expression popup menu 141, 192
expression types 141, 501
expressions 161-216, 501

syntax of 169

F

Factorial () function 214

False system variable 166, 451
fatal errors 478

File Info 390, 501
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File menu 439
filed libraries 393, 501
Filed Library class 79
Filed Module class 79
filed modules 393, 501
fill color, displaying 114
Financial functions 253
Find command 388, 444
Find dialog box 388
Find Next command 389, 444
Find Selection command 389, 444
Fixed Point number format 127
Floor() function 214
fonts
in graphs 126
in nodes 113
For...Do... function 267
Form class 79
form modules 156
fractiles 470, 501
Fractiles() distribution function 297
frame 160
Frequency() function 329
FunctionOf() 72, 395
functions 24, 450
attributes of 405
creating 405—410
Fv() function 255

G
Gamma() distribution function 298
GammaFn() function 263
Gammal() function 263
Gammallnv() function 264
general variable 23, 501
Generalized linear regression 264
Geometric distribution function 324
Getfract() function 330
Graph Setup command 121, 453
Graph Setup dialog box 121
Graph View button 42
graphs
background grid 125
displaying 42
exporting 366
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fonts 126
formatting 121
frames around 125
line style 125
origin 124
printing 31
ranges for 44
scatter 341
styles 44
tick marks 125
X-Y 339

grid 68

H-K
hardware specifications 461
Help 390
Hide Definition(s) command 445
Hypergeometric() distribution function 324
Icon window 158
icons 158
Ident(1=U) function 235
Ident(Time-n) function 351
identifiers 138, 390, 405, 502
changing 81
naming 477
If...then...else... operator 168, 202
Changesin Analytica2.0 7
Ifall...then...else... operator 203, 205
Ifonly...then...else operator 203
Import command 376, 440
import dataformat 378
importance analysis 343, 502
Importing data 363—381
Index button 197
index selection area 39, 502
index variables, see indexes
indexes 24, 177-179, 185, 192, 502
adding to a probability table 315
adding to an array 197
changing on arrays 221
column 39
creating 185, 193
interchanging 39
key 39
removing from an array 194, 197
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row 39
selecting for tables 197
showing or hiding arrows 112, 179
x-axis 39
Indexes dialog box 193
IndexNames() function 243
IndexType qualifier 407
INF 164
infinity 164
influence arrows, see arrows
influence diagrams 21, 89, 503
copying 366
editing 64—68
guidelines for 101—-117
innermost dimension 211, 212, 503
input arrowhead 22, 503
input nodes 19, 151—157
inputs 390, 503
displaying arrows 114
examining 26
remote 22
Inputs popup menu 22, 136
Insert Columns command 196, 443
Insert Rows command 191, 196, 443
Integer number format 128, 163
Integrate() function 231
Intelligent Array Abstraction 503
interpolation functions 238
Invert() function 247
Ipmt() function 255
Irr() function 256
Isnan() function 266
Isnumber() function 266
Istext() function 266
Isundef() function 266
iteration 270
Join() function 226, 252
key 124, 503
key icon 27
key index 39
Knuth random number generator 289
kurtosis 504
Kurtosis() function 330
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L
L’Ecuyer random number genera288
labels, displayind 14
Last Saved90, 504
lexical errors476
Lgamma() functior264
libraries504
adding to a mode395
creating410
filed 393
removing from a mode395
using410
Library class79
Library popup menu44
linear regressiog64
Linearinterp() functior239
list of labels189, 504
lists 152, 186191, 504
creating 54, 186
editing 190
Ln() function 214
logical operators 167, 200
logical values 166
logical variables 276
Logistic distribution function 305
Lognormal() distribution function 300
Logten() function 215
Logtriangular distribution function 306
Loguniform() distribution function 306

M

M ake Alias command 74, 444

M ake I mportance command 344, 444
Make Input Node command 152, 444
M ake Output Node command 155, 444
Math command 447

math functions 198, 213

Math library 447

matrices 504

matrix functions 246—248

Matrix multiplication 248

Max() function 226
MDArrayToTable() function 424
MDArrayToTable() function 249
MDTable() function 250
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mean 504
M ean Value command 45, 452
Mean() function 331
median 504
Median Latin Hypercube sampling method 286
memory
Memory Usage window 465
requirements 461
usage 456
menus 437—456
mid value 29, 505
Mid Value command 45, 452
Mid() function 332
Min() function 227
Minimal Standard random number generator 288
Mod() function 215
mode 277, 505
Model class 79
models
building 85
changes when an arrow is created 71
changes when an arrow isremoved 71
closing 16
combining 397
creating 63
defined 15
defining 64
documentation 94
dynamic 72, 105
editing 65—78, 389
expansion 95
integrated 397
modular 398
navigating 386
opening 15
saving 63, 395
switching 16
testing 91
Module class 79
module hierarchy 385, 505
organizing 108
modules 23, 505
attributes of 28
filed 393
showing or hiding arrows 112
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Monte Carlo sampling method 288
Move Into Parent command 455
multidimensional array 177
multimodal distribution 505

N
naming errors 477
NAN 165
natural cubic spline 239
New Model command 439
Node Style dialog box 77, 113
nodes 505
adding icons 158, 159
aligning 68, 106
and arrows 69
arranging 104
changing size 67
color 110
creating 66
customizing 113
default size 113
deleting 67
deselecting 25
displaying arrows to/from 114
duplicating 68
editing title 66
fill colors 114
grouping related 108
infonts 113
labels 102, 114
moving 67
selecting 24, 66
size 103
text node type 160
types 23
undefined 82, 117
visual grouping 111
Z-order 68
Normal() distribution function 301
Normalize() function 232
Nper() function 256
Npv() function 257
Number Format command 127, 453
number formats 127, 163
Numeric qualifier 407
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@)
Obfuscated 506
Object button 17
Object Finder dialog box 143, 506
Object menu 443
Object window 17, 22, 25, 81, 506
maximum number of 401
opening 25
printing 31
Objective variables 23, 88, 104, 506
objects 506
ODBC 415
OLE Linking 506
Activating other application 375
Auto recompute outgoing OLE links 83, 370
Automatic vs. Manual updating 369, 375
Changing file locations 375
Linking data from Analytica 366—371
Linking datainto Analytica 371—375
Motivationsfor 5
Number formatting 370
OLE Links... command 443
Open Sour ce button 375
Paste Special... dialog 373
Terminating links 375
Uses 5
OLE Links... command 443
Open Database Connectivity 415
Open Model command 16, 439
Open Source button on OLE Links... dialog 375
operators 506
Operators command 449
Operators library 449
order of precedence 169
outermost dimension 211, 506
Outline button 17
Outline window 17, 386, 507
printing 31
output arrowhead 507
output nodes 20, 154
outputs 390, 507
displaying arrows 114
examining 26
remote 22
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P
page breaks 456
Page Setup command 440
palette
node 64
tool 17
Parameters 390, 406, 507
parametric analysis 53
parent diagram 22, 26, 507
Parent Diagram button 17, 22
Parenthesis matching 137
Partial name-space scoping 168
Paste command 68, 197, 365, 442
Paste Identifier command 143, 446
Paste Special... command 442
Percent number format 128
percentile 330, 507
Permutations() function 264
Pi system variable 451
picture nodes 159
Pmt() function 257
Poisson() 324
popup menu
creating 153
using 20
Positive qualifier 407
Ppmt() function 258
precedence, order of 169
precision 461
Prefer ences command 80, 402, 443
Preferences dialog box 18, 80, 148, 385, 402
Preview window 31
Print command 377, 441
Print Preview Command 31
Print Preview command 440
Print Report command 33, 441
Print Setup... Command 31
Print... Command 31
Printing 31
Prob qualifier 407
Prob Table button 312
probability bands 508
setting 290
Probability Bands command 46, 453
Probability Density command 46, 453
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probability density function 508
Probability Density option 291
probability distribution functions 295—305
probability distributions 295—306, 508
beta 295
choosing 275279
computing 282
continuous 276
discrete 276, 311
lognormal 300
normal 301
triangular 303
truncating 306
uniform 304
Probability Mass command 46, 453
probability mass function 508
Probability Table command 311
probability tables 311—-316, 508
conditiona 314
Probability() function 332
Probbands() function 332
Probdist() function 302
Probtable() function 314
probtables, see probability tables
Probvalue 390, 509
Product() function 227
Professional version 495
Pv() function 258

Q

quantile 330
Query 416, 420

R
Radians() function 215
Random L atin Hypercube sampling method 287
random number generators

Knuth 289

L’Ecuyer 288

Minimal Standard288
random number metho@88
random see@89
Rank() function233
Rankcorrel() functior833
Rate() functior258
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Recent files 441
Recomputing results 41
reducing functions 223—229, 509
Regression() function 264
remote
inputs 22
outputs 22
variables 22
resampling 361
Resize Centered command 67, 106, 455
Result button 17, 30, 38
Result command 37
Result menu 452
Result Tool palette 38
result view 509
see also Result window 509
Result window 17, 37—40
default view 40, 82
graph view 43
maximum number of 80, 401
opening 37
table view 41
results
comparing 49
printing 31
recomputing 41
viewing 23, 3749
Round() function 215
row index 39
Run system variable 194, 283, 333, 451

S
Samp qualifier 408
sample 509
Sample command 48, 453
sample size
selecting 469
setting 285
Sample() function 333
Samplesize system variable 286, 333, 451
sampling methods 509
Median Latin Hypercube 286
Monte Carlo 288
Random L atin Hypercube 287
selecting 286
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Save a Copy In command 395, 440
Save As command 63, 395, 440

Save command 63, 395, 440

Save obfuscated copy 432

scalar 177, 509

Scalar qualifier 408

Scaling printouts 32

scatter plots 341, 509

scenario analysis 53

Scoping operator 168

screen captures 116

Sdeviation() function 334

Select All command 106, 442

Self 148, 193, 312, 350, 510

Send to Back command 68, 458
sensitivity analysis 336—338, 510
Sequence option 187

Sequence() function 217

Set Diagram Size command 116, 455
Set Diagram Style... command 112, 454
Set Node Style command 113, 454
shells, stand alone 400

Show By ldentifier command 138, 444
Show Color Palette command 110, 454
Show Invalid Variables command 393, 446
Show Memory Usage command 456, 465
Show module hierarchy 83

show module hierarchy 385

Show Page Breaks command 32, 456
Show Result command 452

Show result warnings 83

Show undefined 82

Show With Values command 30, 388, 445
Sin() function 215

Sinh() function 265

size box 29

Size() function 243

skewed distributions 278

skewness 510

Skewness() function 334

slice 510

Slice() function 236

Snap to Grid command 68, 455
software specifications 461

Sortindex() function 243

532 Analytica User Guide




Special command 448

Special library 170, 448
specifications 461

Split() function 252

SQL 415

Sgr() function 215

Srt() function 216

standard deviation 510
Standard Query Language 415
Satistical command 448
Statistical library 448
Statistics command 46, 452
Statistics() function 335
Statistics, setting 290
Stepinterp () function 240
string, see text values
Stringlength() function 252
Stringreplace function 252
Subindex() function 228
Subscript function 237
Subset() function 244
Substring() function 253
Suffix number format 127, 163
suffixes 510

Sum() function 229
symmetrical distributions 278, 510
syntax errors 476

system functions 511

system variables 511

System Variables submenu 449

T
table lookup 240
Table View button 38, 41
Table() function 218, 221
tables 175205, 511
creating 191194, 219
deterministic conditional 320—323
displaying 41
editing 195—197
printing 31
saving 197
selecting cells 195
selecting indexes for 197
tails 511
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Tan() function 216
Tanh() function 266
text values 165
TextTable keyword 378
thousands separators 128
Tile Horizontally command 456
Tile Vertically command 456
Time system variable 194, 349, 351—355, 451
Title 25, 102, 390, 406, 511

editing 66, 77, 79
transforming functions 229—234
Transpose() function 248
Trial version 495
Triangular() distribution function 303
True system variable 166, 451
Truncate() distribution function 306

U

uncertainty factor 300
Uncertainty Options command 284
Uncertainty Sample option 285
Uncertainty Setup command 453
Uncertainty Setup dialog box 284
Uncertainty View popup menu 38, 44
Uncumulate() function 233
Changesin Analytica2.0 7
undefined nodes 82
Undo command 78, 441
Unhide Definition(s) command 445
Uniform() distribution function 304
Unique() function 245
Units 390, 406, 511
Use Return to enter data 83
user libraries 410, 446
user-defined functions 405—412, 511
libraries of 410
parameter qualifiers 407
Using 130
Using...Do... function 270

V

values 390
checking bounds 82, 146—148
deterministic 499
showing 29
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uncertain 511

variables 23
attributes of 28
automatic renaming 81
class checking 82
classes 23
finding 388
influencing each other 21
invalid 393
public 397
remote 22, 509
showing dependencies among 69
types 23

variance 512

Variance() function 335

W
Warning icon 139, 475
warnings, see errors
Weibull() distribution function 306
what-if analysis 53
Whatif() function 338
Window menu 455, 456
windows

managing 401

numbers of 80

see also Diagram window, Object window, Outline window
Windows system software 461
WriteTableSql() function 426

X

x-axisindex 39
Xirr() function 259
Xnpv() function 260
XY button 339, 342
X-Y results 339

Z
Z-order. See Nodes, Z-order
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Analytica Windows and Dialogs

Diagram Window: Inputs and Outputs

Diagram Window: =
Influence Diagram
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Result Window—Table View

Diagram Style Dialog

Node Style Dialog

! Uncertainty Setup Dialog

Graph Setup Dialog
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Attributes Dialog Outline Window

Find Dialog




Analytica Quick Reference

The Tool Bar
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The node palette is displayed when
either the Edit tool or Arrow tool is
selected.
Numerical Formats (Output)
Format Description Example
Suffix the default (see the following table) 12.35K
Exponent scientific exponential 1.235e04
Fixed Point fixed decimal point 12345.68
Integer fixed point with no decimals 12346
Percent percentage 1234568%
Date text date 12 Jan 93
Boolean true or false True
Numerical Prefixes and Suffixes (Input)
Power Suffix Prefix Power Suffix Prefix
of 10 of 10
3 K Kilo -2 % percent
6 M Megaor Million -3 m milli
9 G Giga -6 1] micro (mu)
12 T Tera or Trillion -9 n nano
15 Q Quad -12 p pico
-15 f femto

Analytica Note: If fixed point is selected, numberslarger than 10° display in exponent format.
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	Library
	Example


	Text Functions
	Join(A, I, separator,finalSeparator)
	Split(S, separator)
	Example

	Stringlength(Text)
	Example

	Stringreplace(Text,pattern,s,all)
	Example

	Substring(Text,M,N)
	Example


	Financial Functions
	Parameters:
	Cumipmt( Rate, Nper, Pv, StartPeriod, EndPeriod, Type )
	Example

	Cumprinc( Rate, Nper, Pv, Start_period, End_Period, Type )
	Example

	Fv( Rate, Nper, Pmt, Pv, Type )
	Examples

	Ipmt( Rate, per, Nper, Pv, Fv, Type )
	Example

	Irr( Values, I, Guess )
	Example

	Nper( Rate, Pmt, Pv, Fv, Type )
	Example

	Npv( DiscountRate, Values, I )
	Example

	Pmt( Rate, Nper, Pv, Fv, Type )
	Example

	Ppmt( Rate, Per, NPer, Pv, Fv, Type )
	Example

	Pv( Rate, Nper, Pmt, Fv, Type )
	Example

	Rate( NPer, Pmt, Pv, Fv, Type, Guess )
	Example

	Xirr( Values, Dates, I, Guess )
	Example

	Xnpv( Rate, Values, Dates, I )
	Example


	Advanced math functions
	Arccos(X)
	Arcsin(X)
	Arctan2( Y, X )
	BetaFn( A, B )
	BetaI( X, A, B )
	Combinations( k, n )
	Cosh(X)
	CumNormal( X, mean, stddev )
	CumNormalInv( Y, mean, stddev )
	Erf( X )
	ErfInv( Y )
	GammaFn( X )
	GammaI( X, A, B )
	GammaIInv( Y,A,B )
	Lgamma( X )
	Permutations( k,n )
	Regression( Y,B,I,K )
	Example 1
	Example 2

	Sinh( X )
	Tanh( X )

	Datatype Functions
	Isnan(X)
	Isnumber(X)
	Istext(X)
	Isundef(X)

	Control functions
	For Temp:= I Do Expr
	Library
	Examples

	Using Temp := X Do Expr
	Library
	Examples
	Chapter 12
	Function Reference

	Chapter 13
	Expressing Uncertainty




	Choosing an appropriate distribution
	Is the quantity discrete or continuous?
	Does the quantity have bounds?
	How many modes does it have?
	Is the quantity symmetric or skewed?
	A standard or custom distribution?

	Defining a variable as a distribution
	1. Click on the Expression popup menu above the definition field and select Distribution.
	2. Select the distribution you wish to use.
	3. Enter the values for the parameters. You can use an expression or refer to other variables by ...
	4. Click on OK to accept the distribution.
	Entering a distribution as an expression
	1. Set the cursor in the definition field and type in the distribution name and parameters, e.g.
	2. Press Alt-enter or click on the button.


	Including a distribution in a definition
	1. Set the insertion point where you wish to enter the distribution in the definition field or ed...
	2. Enter the distribution in any of the following ways:
	3. Type in missing parameters, or replace parameters enclosed as <<x>>.

	Overview of built-in probability distributions
	Probabilistic Calculation
	Example
	Example

	Uncertainty Setup dialog box
	Uncertainty Sample
	Sample size
	Sampling method
	Simple Monte Carlo
	Median Latin hypercube (the default method)
	Random Latin hypercube

	Choosing a sampling method
	Random number method
	Minimal Standard (the default method)
	L’Ecuyer
	Knuth

	Random seed
	Reset once
	Statistics option
	Probability Bands option
	Probability Density and Cumulative Probability options
	Samples per plot point
	Equal probability steps
	Equal X axis steps
	Chapter 14
	Using Continuous Probability Distributions



	Continuous distribution functions
	Beta ( X, Y, lower, upper )
	When to use
	Library
	Examples

	Cumdist ( P, R, I )
	Library
	Example

	Fractiles ( L )
	Library
	Example

	Gamma( A,B )
	When to use
	Library
	Examples

	Lognormal ( median, gsdev�)
	When to use
	Library
	Examples

	Normal ( mean, stddev )
	When to use
	Library
	Example

	Probdist ( P, R, I )
	Library
	Example

	Triangular ( min, mode, max )
	When to use
	Library
	Example

	Uniform ( min, max )
	When to use
	Library
	Example


	Continuous Distribution Library
	Exponential( R )
	Logistic( mean, scale)
	Logtriangular( min, mode, max )
	Loguniform( lower, upper )
	Weibull( scale, shape )

	Truncating Distributions
	Truncate ( Dist, X )
	Library:
	Examples:
	Chapter 15
	Using Discrete Probability




	Using a probability table
	Creating a probability table
	1. Determine the variable’s domain—the list of possible outcomes.
	2. Select the variable and open one of the following:
	3. Click on the Expression popup menu above the definition field and select Probability Table.
	4. The Indexes dialog box opens to confirm your choices for the indexes of the table. Only variab...
	5. Click on the OK button. An Edit Table window appears.
	6. Enter the possible outcomes (the domain) in the first column. If the outcomes are numeric, the...
	7. Enter the probability of each possible outcome in the second column. (The probabilities should...
	Example

	Editing the domain
	Changing the domain type
	Expression view of probability table
	Probtable ( I1, I2, … In ) ( p1, p2, p3, … pm )
	Example

	Using labels in a probability table
	Adding dimensions to a probability table
	1. Open the Edit Table window by clicking on the ProbTable button.
	2. Click on the Indexes () button to open the Indexes dialog box.
	3. Click in the All variables checkbox above the left hand list.
	4. Move the desired variables to add them as indexes.
	5. Click on the OK button to accept the changes.

	Creating a conditional dependency
	1. Open the Edit Table window by clicking on the ProbTable button.
	2. Click on the Indexes () button. Other variables that are defined as probability tables appear ...
	3. Move the variables you wish to be conditionally dependent, to add them as indexes.
	4. Click on the OK button to accept the changes.


	Other discrete distribution functions
	1. Select the variable and open the Attribute panel of the Diagram window (see see “The Attribute...
	2. Select the Domain attribute from the popup menu.
	3. The domain type popup menu shows the default of Continuous. Select either List of numbers or L...
	4. Analytica displays a list containing one element. Enter the domain values like any list (see “...
	Bernoulli ( P )
	Library
	Example

	Certain ( U )
	Library
	When to use
	Example

	Chancedist ( P, A, I )
	When to use
	Library
	Example


	Using a deterministic conditional table
	Creating a determtable
	1. Determine the variable’s domain—the list of possible outcomes.
	2. Press the Expression popup menu above the definition field and select Other.
	3. Select Array from the Library popup menu and select Determtable from the function list.
	4. Click on the Indexes button to specify discrete probability variables as inputs. The Indexes d...
	5. Click on OK to accept the indexes and open an Edit Table window.
	6. Enter the outcomes corresponding to each outcome of your discrete inputs.

	Expression view of a determtable
	Determtable( I1, I2, … In ) (�r1, r2, r3, … rm )
	Example


	Discrete Distribution Library
	Binomal(n, p)
	Geometric( p )
	Hypergeometric( n, d, m)
	Poisson( R )
	Chapter 16
	Analyzing Uncertainty and Sensitivity



	Statistical functions
	Correlation ( X, Y )
	Library
	Example
	Example

	Frequency ( X, I )
	Library
	Example (Continuous)
	Example (Discrete)

	Getfract ( X, P )
	Library
	Examples

	Kurtosis ( X )
	Library
	Example

	Mean ( X )
	Library
	Examples

	Mid ( X )
	Library
	Example

	Probability( B )
	Library
	Example

	Probbands ( X )
	Library
	Example

	Rankcorrel ( X, Y )
	Library
	Example

	Sample ( X )
	Library
	When to use
	Example

	Sdeviation ( X )
	Library
	Example

	Skewness ( X )
	Library
	Example

	Statistics ( X )
	Library
	Example

	Variance ( X )
	Library
	Example


	Sensitivity analysis functions
	Examples
	Dydx ( Y, X )
	Library
	Examples

	Elasticity ( Y, X )
	Library
	Examples

	Whatif ( Ident, Tempval, X )
	Library
	Example

	WhatIfAll(Ident, varlist, X)
	Example


	X-Y results
	1. Open a Result window for the y- (vertical axis) variable.
	2. Click on the XY button located in the top right corner of the window to open the Object Finder...
	3. In the Object Finder, select the x- (horizontal axis) variable
	Example

	Scatter plots
	1. Open a Result window for Y.
	2. Click on the XY button located in the top right corner of the window to open the Object Finder...
	3. In the Object Finder, select the X variable.
	4. In the Uncertainty View popup menu (at the top left of the Result window), select the Sample v...
	Example

	Importance analysis
	Importance analysis defined
	Creating an importance variable
	1. Be sure you are in Edit mode. Select an output variable’s node (usually your model’s objective...
	2. Select Make Importance from the Object menu.

	Example
	Editing importance variables
	Chapter 17
	Modeling Changes over Time



	The Time index
	Using the Dynamic function
	Dynamic ( initial1, initial2..., initialn, Expr )
	Library
	When to use
	Example

	Ident [ Time�-�k ]
	Library


	More about the Time index
	Reference to earlier time
	Defining time
	Time as a sequence
	Example

	Time as a list (numeric)
	Example

	Time as a list of labels (text)
	Example


	Using Time in a model
	1. Open the Object window for Time by selecting Edit Time from the Definition menu.
	2. Select Make Alias from the Object menu (see “Using an alias node” on page 76).


	Initial values for Dynamic
	Using arrays in Dynamic
	Example

	Dependencies with Dynamic
	Example
	Dynamic dependency arrows
	1. Select Set Diagram Style... from the Diagram menu to open the Diagram Style dialog box (see “D...
	2. Click in the Dynamic checkbox to show dynamic arrows (or uncheck it to hide the arrows).
	3. Click OK to accept the change.

	Expressions inside dynamic loops

	Uncertainty and Dynamic
	Example
	Resampling
	Chapter 18
	Importing, Exporting, and OLE Linking Data



	Copying and pasting
	Pasting data from a spreadsheet
	1. Select a group of cells in a spreadsheet.
	2. Select Copy from that program's Edit menu, to copy the data to the clipboard.
	3. Bring the Analytica model to the front and open the Edit Table window you want to paste the da...
	4. Select a top-left cell or the same number of cells that you originally copied.
	5. Select Paste from the Edit menu (Ctrl-V).

	Pasting data from another program
	Copying a diagram
	1. Select the group of nodes you wish to copy.
	2. Select Copy from the Edit menu (Ctrl-C). The objects that the nodes represent, as well as a pi...

	Copying an edit table or result table
	1. Open the window containing the table.
	2. Select cells and choose Copy from the Edit menu (Ctrl-C).

	Copying a result graph
	1. Open the Result window containing the graph.
	2. Select Copy from the Edit (Ctrl-C) menu to copy a PICT representation of the graph.


	Linking Analytica results to other applications
	Linking procedure
	1. In the Analytica Result window, select the cells you want to link and choose ‘Copy’ from the ‘...
	2. From Excel, select the cells where you would like the Analytica data linked.
	3. From Excel’s ‘Edit’ menu, choose ‘Paste Special…’
	4. The ‘Paste Special’ dialog box will appear.
	5. In this box, choose the option ‘Paste link’ as ‘Text’ and click the ‘OK’ button.

	Detailed example of linking Analytica results
	Important notes about linking to Analytica results
	Changing file locations
	Automatic vs. manual updating
	1. On Word’s edit menu, select ‘Links…’
	2. In the ‘Links’ box that appears select the link(s) you’re interested in adjusting.
	3. Click on the radio button labeled ‘manual’ and click the ‘OK’ button.

	Number formatting
	Refreshing links when Analytica model is not running
	1. A new instance of Analytica will launched,
	2. The model will be automatically loaded,
	3. The nodes upon which the links are dependent will be evaluated,
	4. The links will become reactivated, and
	5. The linked data will be updated.



	Linking data from other applications into Analytica
	Linking procedure
	1. In Excel, select the cells you want to link to Analytica and choose ‘Copy’ from the ‘Edit’ menu.
	2. In Analytica, make the Edit table where you want the Excel data linked the front most window.
	3. From the ‘Edit’ or the right mouse button pop-up menu, choose ‘Paste Special…’ and the ‘Paste ...
	4. It will already be set for ‘Paste link’ as ‘Text’ (see figure 5), so just click ‘OK’.

	Example of linking a table into Analytica
	Important notes about linking into Analytica edit tables
	Changing file locations
	Automatic vs. manual updating
	1. On Analytica’s ‘Edit’ menu, select ‘OLE Links…’
	2. In the ‘Edit Analytica Links’ box that appears select the link(s).
	3. Click on the radio button labeled ‘manual’ and click the ‘OK’ button.

	Terminating links
	Activating other application


	Importing and exporting
	Importing a definition
	1. Select the definition field of the variable in either the Object window or Attribute panel def...
	2. Select Import... from the File menu. A dialog box prompts you for the file name from which to ...

	Importing into an edit table
	1. Open the window containing the table.
	2. Select cells and choose Import… from the File menu.

	Exporting
	1. Select the variable to be exported from and open either the Object window, definition in the A...
	2. Select the definition field, list cell(s), or table cell(s) for exporting.
	3. Select Export from the File menu. A dialog box prompts you for the file name to export to.


	Printing to a file
	1. Select Print from the File menu.
	2. Select Print to File and press Enter or click on OK.
	3. Enter the name of the file and the format for the file in the dialog box that appears.

	Edit Table data import/export format
	One-dimensional array
	Example

	Two-dimensional array
	Example

	Three-dimensional array
	Example:

	Number Format
	Chapter 19
	Working with Large Models



	Show module hierarchy preference
	The Outline window
	Opening the Outline window
	Opening details from an outline
	Expanding and contracting the outline
	Viewing and editing attributes
	1. Select the node by clicking on it.
	2. Choose the attribute to examine from the Attribute popup menu (see “The Attribute popup menu” ...

	Viewing values

	Finding variables
	Find dialog box
	1. Select Find... (Ctrl-F) from the Object menu.
	2. Choose the attribute to search by: Identifier or Title.
	3. In the text field, enter the identifier or title for the Analytica object for which you want t...
	4. Click on the Find button to initiate the search.


	Managing attributes
	Attributes dialog box
	Class popup menu
	Attribute list

	Displaying optional attributes
	Creating new attributes
	1. Select new attribute from the attribute list to show the new attribute Title field and the Cre...
	2. Enter the title for the new attribute in the Title field. The title can contain a maximum of 1...
	3. Click on the Create button to define the new attribute.

	Renaming an attribute
	1. Select it in the attribute list. The Title field and the Rename button appear.
	2. Edit the name of the attribute in the Title field.
	3. Click on the Rename button.

	Referring to the value of an attribute
	Attrib Of Ident
	Library
	Example



	Invalid Variables
	Using filed modules and libraries
	Creating a filed module or library
	1. Create a module by dragging the module icon from the node palette onto the diagram, and give i...
	2. Create functions and/or variables in the module, or create them elsewhere and move them into t...
	3. Change the class of the module to Module () or Library () (see “Changing the class of a node” ...
	4. The Save As dialog box appears. Give the filed module or library a name and save it.
	5. If you want the original model to load the new filed module or library the next time it is ope...

	Locking a filed module or library
	1. Close the filed module or library, or close Analytica.
	2. In Windows Explorer, select the filed module or library.
	3. Select Properties from the File menu.
	4. Check the Read-only checkbox.
	5. Close the Properties window.

	Adding a module or library to a model
	Removing a module or library from a model
	Saving changes

	Add Module dialog box
	Embed a copy
	Link to original
	Merge contents (overwrite)

	Combining models into an integrated model
	Define public variables
	Create a modular model
	1. Create or open the model that will be the top level of the hierarchy. This is the model to whi...
	2. Using Add Module (see “Add Module dialog box” on page 395), add in the submodels. Be sure to c...
	3. Save the entire integrated model, using the Save command.

	Identical identifiers
	Redundant nodes
	Stand alone shells
	1. Open the integrated model and evaluate all nodes that feed inputs to Mod1.
	2. Use the Export command (see “Importing and exporting” on page 376) to save the value of each f...
	3. Close the integrated model.
	4. Create a new model, to be the stand alone shell.
	5. Use Add Module to add the public variables module.
	6. For each input node, create a node containing an Edit Table, using the identifier and dimensio...
	7. Use the Import command (see “Importing and exporting” on page 376) to load the appropriate dat...
	8. Use Add Module to add Mod1 into the stand alone shell.
	9. To include output nodes at the top level of the hierarchy, create nodes there and define them ...
	10. Save the shell.

	Cautions in combining models
	Identifiers
	Created attributes
	Location of linked modules and libraries


	Managing windows
	Overriding the limits on the number of windows
	Chapter 20
	Building Functions and Libraries



	Creating a function
	1. Make sure the Edit tool is selected and you can see the node palette (see page 65).
	2. Drag the Function node icon from the node palette into the Diagram area.
	3. Title the node, and double-click on it to open its Object window.
	4. Enter the new function’s attributes (described in the next section).

	Attributes of a function
	Identifier
	Title
	Units
	Parameters
	Description
	Definition

	Parameter qualifiers
	Function parameter type qualifiers
	ArrayType
	Ascending
	Context, Expr
	DetermType
	IndexType
	Numeric
	Positive
	Prob
	Samp
	Scalar

	Syntax
	Examples:


	Example function
	Parameters
	Definition
	Sample usage

	Libraries
	Creating a library
	1. Create a module by dragging the module icon from the node palette onto the diagram, and give i...
	2. Change the class of the module to library or filed library (see “Changing the class of a node”...
	3. Create functions and/or variables in the new library or create them elsewhere in the model and...

	Adding a filed library to a model
	Using a library
	Example
	Chapter 21
	Analytica Enterprise



	Analytica Enterprise
	Accessing external databases
	Overview of ODBC in Analytica
	Identifying the data source
	Configuring a DSN
	1. Select the ODBC icon from the Windows Control Panel.
	2. Select the “User DSN”, “System DSN”, or “File DSN” tab depending on your needs. Most likely, y...
	3. Select the driver. For example, if your database is a Microsoft Access database, select “Micro...
	4. You will be led through a series of dialogs specific to the driver you selected. These will in...

	Specifying an SQL query
	Retrieving an SQL result table
	1. Create an index node. Name it RecordIndex, and specify its definition as:
	2. Create a second index node, and name it Labels. Specify its definition as:
	3. Create a variable node, name it Result Table, and specify its definition as:


	Separating columns in a model
	1. Create an index node. Name it Record Index, and specify its definition as:
	2. Create a variable node named Make, and give it the definition:
	3. Create a variable node named Year, and give it the definition:
	4. Create a variable called CarModel, and give it the definition:
	DBWrite: Writing to a database
	Important feature (double semi-colon)
	Creating a button to initiate the write operation



	Database functions
	DBLabels( dbIndex )
	DBQuery( connectionString, sql )
	DBTable( dbIndex, column ) DBTable( dbIndex, columnList ) DBTable( dbIndex, columnIndex )
	DbTableNames( connectionString, cat, sch, tab, typ)
	Examples

	DBWrite( connectionString, sql )
	SqlDriverInfo( driverName )

	Protecting intellectual property
	1. Hide selected definitions.
	2. Backup your master model file (and any linked submodules) to a safe place.
	3. Save a protected (obfuscated) copy of your model. Note: “Obfuscated” refers to the fact that t...
	4. Distribute the “obfuscated” copy to your end-users.
	Hiding Definitions
	Inheritance of Definition Hiding
	Hiding and Unhiding Definitions
	Saving an Obfuscated Copy of Your Model
	Saving a Browse-Only Copy
	Obfuscation and Linked Submodules
	Appendix A
	Menus



	File menu
	New Model
	Open Model
	Add Module
	Close
	Close Model
	Save
	Save As
	Save A Copy In
	Import
	Export
	Print Setup
	Print Preview
	Print
	Print Report
	Recent files
	Exit

	Edit menu
	Undo
	Cut
	Copy
	Paste
	Paste Special...
	Clear
	Select All
	Duplicate Nodes
	Copy Diagram/Table
	Insert Rows
	Delete Rows
	Preferences
	OLE Links...

	Object menu
	Find
	Find Next
	Find Selection
	Make Alias
	Make Importance
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	Make Output Node
	Show By Identifier
	Show With Values
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	Definition menu
	Edit Definition
	Edit Time
	Paste Identifier
	Show Invalid Variables
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	Array
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	Run
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	Time
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	Result menu
	Show Result
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	Graph Setup
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	Diagram menu
	Set Diagram Style
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	Window menu
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	Help menu
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	Right mouse button menus
	Bring to Front
	Send to Back
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	Appendix B
	Analytica Specifications

	Appendix C
	Memory
	1. Close other open applications.
	2. Increase the size of your computer’s swapfile.
	3. Finally, consider adding more physical memory to your computer.
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	Warning
	Warning: ������Log of non-positive number.
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	Lexical error
	Lexical error while checking: ����2sdf ����^ Invalid exponent code.

	Syntax error
	Syntax error while checking: ����2 + + 3 ���������^ Expression expected.
	expecting “,”
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	Syntax error: ����The Identifier “Location” is already in use.


	Evaluation error
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