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About This Manual

Organization

This manual acquaints you with the MATRIXx Product Family software.
The manual provides an overview to each piece of software and provides
tutorials to assist you in learning the product.

This manual is for anyone who wants to learn how to use the MATRIXx
Product Family software.

Conventions

This manual is organized as follows:

»  Chapter 1, Introduction to the MATRIXx Product Family, introduces
each piece of software in the MATRIXx Product Family.

*  Chapter 2, Available Publications, lists the MATRIXx Product Family
publications available.

e Chapter 3, Xmath, provides an overview of Xmath and the Xmath
modules, and gives a tutorial.

e Chapter 4, SystemBuild, provides an overview to SystemBuild and the
SystemBuild modules, and gives a tutorial. It also provides an
overview to Interactive Animation and gives a tutorial.

e Chapter 5, AutoCode, provides an overview to the AutoCode code
generator.

e Chapter 6, Documentlt, provides an overview to the Documentlt
document generator.

Font Conventions

Courier

bold Courier

This section describes the conventions used in this manual.

Fonts other than the standard text default font are used as follows:

Courier is used for command and function names, filenames, directory
paths, environment variables, messages and other system output, code and
program examples, system calls, and syntax examples.

User input (anything you are expected to type in) is set in bold Courier.

© National Instruments Corporation ix MATRIXx Getting Started (UNIX)



About This Manual

bold Helvetica narrow

italic

Buttons, fields, and icons in a graphical user interface are set in hold
Helvetica narrow type. Keyboard keys are also set in this type.

Italic is used in conjunction with the default font for emphasis, first
instances of terms defined in the glossary, and publication titles.

Mouse Conventions

click

double-click

drag

This document assumes you have a standard, right-handed three-button
mouse. From left to right, the buttons are referred to as MB1, MB2, and
MB3. All instructions assume MB1 unless otherwise noted.

Press and quickly release a mouse button. MBI is assumed if click is used
without a button designation. For example, “click on the root window”.

Click MBI1 twice in quick succession.

Place the cursor over an object, then hold down MB1 while moving the
mouse. Release the button when the desired result is obtained.

Note, Caution, and Warning Conventions

Within the text of this manual, you may find notes, cautions, and warnings.
These statements are used for the purposes described below.

@ Note Notes provide special considerations or details which are important to the
procedures or explanations presented.

A Caution Cautions indicate actions that may result in possible loss of work performed and
associated data. An example might be a system crash that results in the loss of data for that

given session.

A Warning Warnings indicate actions or circumstances that may result in file corruption,
irrecoverable data loss, data security risk, or damage to hardware.

Related Publications

MATRIXx Getting Started (UNIX)

NI provides a library of publications to support its products. Of special
interest to the users of this publication are the installation guides:

*  MATRIXx Product Family System Administrator’s Guide (UNIX)
*  MATRIXx Product Family CD-ROM and booklet for each platform

For additional documentation, see the MATRIXx online Help.

X ni.com



Introduction to the MATRIXx
Product Family

The MATRIXx Product Family includes the following products:

Xmath—The system analysis environment of the MATRIXx product
family. See Chapter 3, Xmath.

SystemBuild—A graphical programming environment that uses a block
diagramming paradigm with hierarchical structuring for modeling and
simulation of linear and nonlinear dynamic systems. See Chapter 4,
SystemBuild.

AutoCode—Template technology used to process SystemBuild model
files to produce C or Ada code. Advanced template programming language
(TPL) template technology provides a powerfulprogramming capability to
tailor the generated code to specialized needs. See Chapter 5, AutoCode.

DocumentIt—TPL template technology (similar to AutoCode) used to
capture information from SystemBuild model files and then format it to
create documentation. See Chapter 6, Documentlt.

Figure 1-1 shows an overview of the MATRIXx Product Family.

The MATRIXx Product Family core software must be installed according
to the System Administrator’s Guide (UNIX). All users must have Xmath,
as reflected in the product dependencies chart in Table 1-1. AutoCode and
Documentlt users must also have SystemBuild.

© National Instruments Corporation 1-1 MATRIXx Getting Started (UNIX)
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Figure 1-1. MATRIXx Product Family Overview

Table 1-1. Product Dependencies

Products Needed
Xmath SystemBuild AutoCode Documentlt
SystemBuild o o
Product
to Add AutoCode @ o o
Documentlt o o o

Xmath

Xmath software provides a system analysis and visualization software
environment. Xmath has over 700 predefined functions and commands,
interactive color graphics, and a programmable graphical user interface
(PGUI). The MathScript scripting language simplifies command and
function programming. Object-oriented design provides convenient data
management and speeds program execution. The structure and capabilities

MATRIXx Getting Started (UNIX)
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Chapter 1 Introduction to the MATRIXx Product Family

of Xmath are discussed in Xmath Basics, while the Xmath online Help
provides easy access to Xmath commands and functions.

*  Xmath commands support basic operations such as creating, plotting,
saving, and loading data, and accessing online Help. The Introduction
to Xmath section of Chapter 3, Xmath, describes the capabilities of
Xmath and the Xmath modules.

*  Xmath commands provide access to SystemBuild and its related
products. Xmath handles data for SystemBuild and all other products
in the MATRIXx Product Family.

SystemBuild

SystemBuild visual modeling and simulation software lets you model
many kinds of systems, from control loops to complex vehicle applications.
You can use SystemBuild to prepare models that can be simulated with the
SystemBuild simulator. Built-in simulation tools let you interactively
verify, test, and modify system models.

To to create a model, you can use all of the SystemBuild standard and
optional features. The optional Interactive Animation (IA) module or the
Altia Design module adds the ability to control your model interactively
during simulation. With IA, the icons are put in one or more picture files
(.pic) while Altia images are stored in design files (.dsn).

For additional information about SystemBuild, see Chapter 4, SystemBuild.

AutoCode

AutoCode is an automatic code generator for SystemBuild models. The
AutoCode software processes SystemBuild model files you create and
outputs compilable ANSI C or Ada code.

The output code can be compiled to produce a stand-alone real-time
executable program suitable for running in a test-bed environment or for
use in an embedded real-time system. Using the Template Programming
Language (TPL), you can tailor nearly any part of the generated code for
special needs. For additional information about AutoCode, see Chapter 5,
AutoCode.

© National Instruments Corporation 1-3 MATRIXx Getting Started (UNIX)



Chapter 1 Introduction to the MATRIXx Product Family

Documentlt

Documentlt is an automated documentation generator for SystemBuild
models. This module integrates documentation with SystemBuild design
activity for easier and more accurate manuals and reports. Templates are
included for FrameMaker, Microsoft Word (PC only), and WordPerfect
markup formats. Using TPL, you can capture and tailor any part of the
generated document for special documentation standards or other needs.

For additional information about Documentlt, see Chapter 6, Documentlt.

MATRIXx Getting Started (UNIX) 1-4 ni.com



Available Publications

Your MATRIXx Product Family software is shipped with online Help and
online manuals. This chapter provides an overview of the manuals.

For additional documentation, see the MATRIXx online Help.

Installation Manuals

The following manual provides instructions for installing the MATRIXx
Product Family software:

System Administrator’s Guide (UNIX)—Describes proper setup of a
UNIX workstation for the installation of the MATRIXx core software
products.

Xmath Manuals

The Xmath manuals consist of Xmath Basics and a number of other
manuals for Xmath modules.

Xmath Basics—Describes Xmath structure and concepts. It provides

a tutorial, covers basic features for general Xmath use, and describes
advanced Xmath features such as creating a GUI, creating your own
MathScript commands, functions, or objects, and linking external programs.

Xmath Control Design Module—Explains the use of the Control Design
Module including Linear system representation, building system
connections, system analysis, classical feedback analysis, and state-space
design. It describes each function in the Control Design Module.

Xmath Interactive Control Design Module—Describes how to use the
Interactive Control Design Module (ICDM), which is a tool for interactive
design of continuous-time, single-input, linear time-invariant controllers.
ICDM uses the Xmath programmable graphical user interface (PGUI

or GUI).
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Xmath Interactive System Identification Module, Part 1—Describes
the Interactive System Identification Module (ISID), which includes
system identification, model reduction, and signal analysis tools for
identification of linear, discrete time, and multivariable systems.

Xmath Interactive System Identification Module, Part 2—Focuses on
a special interactive graphical interface for ISID commands that further
simplifies system identification. Various graphical comparison tools allow
you to try different identification and validation methods. This interface
also supplies plots useful for system identification with the touch of a
button.

Xmath Model Reduction Module—Describes the model reduction
module (MRM), a collection of tools for reducing the order of systems.

Xmath Optimization Module—Describes nonlinear, quadratic, and linear
optimization functions.

Xmath Robust Control Module—Describes the robust control module
(RCM), a collection of analysis and synthesis tools that assist in the design
of robust control systems.

Xmath Xp Manual—Describes the Xmath functions used for modeling,
analysis, and synthesis of linear robust control systems.

SystemBuild Manuals

MATRIXx Getting Started (UNIX)

The SystemBuild manuals consist of the SystemBuild User’s Guide and a
number of other manuals for SystemBuild modules.

SystemBuild User’s Guide—Describes how to use SystemBuild, the
graphical modeling and simulation environment, to construct a model for
a dynamic system. SystemBuild lets you create custom building blocks,
hierarchically organize model subsystems into SuperBlocks, and run
system simulations based on the models.

Aerospace Libraries—Describes a library of SystemBuild models that
were written for the aerospace industry.

HyperBuild User’s Guide—Describes how to decrease the computer
simulation time of medium and large SystemBuild models. The bigger
and more complex the SystemBuild model, the more significant the
increase in simulation speed. HyperBuild achieves this improvement by
converting a SystemBuild block diagram into highly optimized C code
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Chapter 2 Available Publications

(called HyperCode) that executes much faster in the simulation engine,
which normally interprets the model data. HyperBuild can be used to
generate code for continuous SuperBlocks only.

SystemBuild Fuzzy Logic Block User’s Guide—Describes how the
SystemBuild Fuzzy Logic Block provides a method for employing a fuzzy
logic control methodology within SystemBuild for simulation and/or code
generation. The Fuzzy Logic Block allows users to implement fuzzy logic
decision structures of arbitrary complexity within a standardized
block-diagram control-logic structure.

SystemBuild Neural Network Module User’s Guide—Describes how
the Neural Network Module (NNM) provides users the capability to
define, parameterize, and include neural networks as SuperBlocks in a
SystemBuild block diagram. Adding neural network technology to the fully
integrated block diagram language of SystemBuild includes the capability
to simulate your neural network models and to generate embedded code for
them via AutoCode.

SystemBuild State Transition Diagram Block User’s Guide—Describes
the State Transition Diagram (STD) block. This separately licensed block
can be obtained from the SystemBuild Palette Browser SuperBlocks menu.
The STD block is an interface between a finite state machine and a
SuperBlock diagram. In SystemBuild, each state in a finite state machine is
graphically rendered as a bubble rather than a block; the STD editor is used
to create bubble diagrams.

AutoCode and Documentlt Manuals

AutoCode User’s Guide—Describes how to use AutoCode to generate
code from a SystemBuild block diagram.

AutoCode Reference—Supplements the AutoCode User’s Guide and
provides additional reference information.

DocumentIt User’s Guide—Describes how to use Documentlt to generate
design documentation from a SystemBuild block diagram.
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Xmath

Xmath provides tools for performing numerical analysis. You can create,
store, plot, and analyze data in Xmath. You can program your own
functions, commands, and objects, and also call in externally compiled
C or Fortran code. Xmath is also the entry point to SystemBuild and its
related products. This chapter gives an overview of Xmath.

Introduction to Xmath

Data Handling

The following subsections introduce the Xmath tools and capabilities.

MathScript, the language of Xmath, allows you to define and manipulate
data in the form of numbers, objects, graphs, and text. Xmath provides a
graphical user interface to facilitate data management. You can save, load,
import, and export data.

Numerical Analysis

Architecture

Xmath provides an extensive library of commands and basic functions
(more than 700), including mathematical functions, filter design functions,
and more. Xmath also provides a plotting facility that allows you to modify
plot appearance interactively. These are documented in the Xmath online
Help.

Each Xmath module includes online Help describing related functions and
commands, as well as online and printed versions of a usage manual.
Discussions of theory and examples are provided in usage manuals. See the
Xmath Manuals section of Chapter 2, Available Publications, for a list of
available manuals.

Xmath’s programming language, MathScript, allows users to alter or
extend Xmath’s functionality. An interactive debugger and a full
complement of checking utilities simplify developing scripts to define
functions, commands, and objects.
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Xmath has an object-oriented structure that makes it unique among
numerical analysis tools. This enables efficient numerical handling,
including the overloading of operators, and more. Xmath’s hierarchical
objects greatly reduce the amount of user programming devoted to
checking data characteristics.

Xmath includes a fully programmable graphical user interface (PGUI

or GUI). This programmable GUI allows you to create and manipulate
windows, dialogs, and other user interface tools. Any user can develop
convenient user interfaces. You can find instructions for using and building
GUI applications in the online Xmath Help under MathScript
Programming, Programmable GUI.

MathScript supports calling external routines from within Xmath, or you
can call Xmath from your own C programs. The Linked External (LNX)
facility uses an interprocess communication (IPC) mechanism for
communication between your external routine, which runs as a separate
process, and Xmath. You can modify and recompile your routine without
exiting Xmath, so that you can use and debug external programs in the same
session. The User-Callable Interface (UCI) allows a C program to invoke
Xmath as a computational engine. You can invoke Xmath from your

C program and pass it values or expressions to evaluate and retrieve results,
perform calculations, or plot values. For information on how to create
LNXSs and UCISs, see the Xmath Basics manual.

Getting Started in Xmath

This section assumes that Xmath has been properly installed and
configured according to the System Administrator’s Guide for your
platform.

Directories Defined by Environment Variables

MATRIXx Getting Started (UNIX)

The MATRIXx product line is installed in a directory that becomes known
as ISTHOME. At that time, the installation process modifies the startup
scripts and provides the location of ISIHOME as an environment variable
($ISTHOME) that is known only within the MATRIXx environment. Three
additional environment variables, also known only within the MATRIXx
environment, define three subdirectories of ISTHOME: $XMATH,
$CASE, and $SYSBLD. These variables are recognized only in the Xmath
command line as environment variables. If you need to use them in the
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operating system itself, you must specify the full pathname; we indicate
such cases with italics: ISHOME, XMATH, SYSBLD, and CASE. If you do
not know this pathname, you can determine it by typing the following
command within the Xmath command area:

oscmd ("echo $variable");
where $variable is SISTHOME, $XMATH, $CASE, or $SYSBLD.

These variables are defined whether or not you purchase the entire product
line.

@ Note The environment variables discussed within this section are reserved for the
exclusive use of National Instruments, and they are subject to change. Therefore, we
recommend that you not use them in your scripts.

Starting Xmath

To start and run Xmath as a background process, type the following
command at the system prompt:

% xmath &

The ampersand (&) directs the process to run in the background. Invoking
Xmath from the UNIX command line is convenient for calling Xmath with
special startup options, such as the User-Callable Interface (UCI). (For
details on UClIs, see Xmath Basics.)

Starting Xmath brings up the Xmath Commands window (see the Getting
Acquainted with the Xmath Commands Window section).

Getting Acquainted with the Xmath Commands Window

The Xmath Commands window, shown in Figure 3-1, comes on view when
you invoke Xmath.

You type inputs in the command area at the bottom of the split window.
Function outputs and environment status are echoed to the log area above;
error messages appear in the message area, the lowest window.
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Menu Choices

The menu choices available in the Xmath Commands window are as
follows:

e  The Edit menu displays commands for editing the Xmath command
area: Command Recall, Clear Log Area, Clear Command Area, Clear
Message Area, Send Command, and Insert New Line.

T i Commane: w1 TR
File Edit ¥ise Dptions  Windows Halp
B
Log Area p Command and function output appears here.

I .
Command Area —j-—l Enter commands here (for example. build).

L

|4 —————————— - |

Message Area » Messages and warnings appear here.

o T R o P e O e R T O R O T O O v R R PP R T

Figure 3-1. Xmath Commands Window

The Edit—Command Recall item lets you recall a command; you can also
use the Ctrl-T (previous command) or Ctrl-| (next command) key
sequences. Type @ to display your last 10 commands.

e The View menu is reserved for expansion.

e The Options menu has a Format menu item for selecting the format of
numeric values displayed in the Xmath log window.

e The Window menu lets you bring up the Graphics or Palette window
or invoke SystemBuild.
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Command Modes

Within the Commands window, there are two modes of operation:
single-line command mode and multiline command mode.

The default mode is single-line command mode. You follow a command by
pressing the Return key, which sends the command to Xmath.

The key sequence Shift-Return turns multiline mode on and also toggles the
mode off. In multiline mode, the Return key adds a new line rather than
sending the command to Xmath. For example:

for i=1:10 Press Shift-Return to turn multiline mode on and create a

new line.
i? Press Shift-Return to add a new line.
endfor Press Shift-Return to turn multiline mode off and then

Return to send the multiline for loop to Xmath.

@ Note The above example is not valid for cutting and pasting from online format into
Xmath.

Running Demos

For a tutorial of Xmath’s basic features, see Chapter 2, Xmath JumpStart:
A Tutorial, in the Xmath Basics manual. For an online demo, click in the
command area, and then type:

demo

This command gives you a choice of several scripts. As a script executes,
explanatory text is displayed in the log and messages areas; a Pause dialog
pauses the script to give you time to read the text or view a plot. You can
move the Xmath Pause dialog so that it does not obscure the Commands
window.
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Accessing Online Help
Xmath has a comprehensive online Help system.

@ Note Online Help requires Netscape v3.0.1 or later. For instructions on installing
Netscape, see the Using MATRIXx Version 6.X Online Documentation.

To access online Help, select Help—Topics from the Xmath Commands
window, and the Help screen in Figure 3-2 appears.

] B
Topics Hierarchy :I :I ﬂl
¥ Eottom ABCDEFGHIJKLMNOPQRSTUV WX Z Symbols
]
Release Info Command Window ﬁ
Tech Support
Licensing
Using Help Description:
Xmath ) P ’
g_atai Handling The Xmath command window is the primary interface betweeh you and
15p ay Xmath. The command window has the following elements:
Environment
MathScript
Numetic Classes ® Menu Bar
Plotting
Variables ® Logarea
MathScript Program s Command area
Programmable GUI
MathScript Debugger » Message area
External Program Int
LNX Functions The menu bar features a number of pull-down menus. These are activated
ucl with the left mouse button.
Dynamic Systems
Control Design The log area keeps a record of your interactions with Xmath. Commands

Figure 3-2. MATRIXx Help Screen Showing Topics Hierarchy

To access a topic, click the title in the Topics Hierarchy window, and the
topic appears in the text window. Use the scroll bar and various buttons and
links to navigate from one topic to another.

To access the index of topics starting with a particular letter, click the
appropriate letter at the top of the right pane. The topic appears in the same
window.
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Stopping Xmath

*  To exit from Xmath, type quit in the Xmath Commands window
command area, or select File—Quit from the Commands window
menu bar. Xmath prompts you to save the workspace.

* Ifyou want to stop a function from continuing, type Ctrl-C, the standard
interrupt. Note that Ctrl-C cannot interrupt a command in
communication with the operating system (1oad, save); this includes
creating and displaying windows.

e To abort Xmath if the program stops responding (for example, after a
system error), type Ctrl-\ (Control backslash). Xmath attempts to save
the workspace to a file called abort .xmd in the current directory.

Performing Sample Xmath Tasks

This section contains a brief introduction that mixes both basic and
advanced features, with emphasis on features unique to Xmath and
MathScript. If you have never used a numerical analysis package, you
should become familiar with the demos described in the Running Demos
section before continuing.

In the sections below, inputs are shown in bold Courier. You can find a
description of the action, if applicable, and pertinent Help topics to the right
of each input, preceded by the Xmath comment symbol (#). You can also

see the Xmath Basics for a complete description of each feature used here.

We encourage you to try the examples provided below. You do not need to
type comments. Note that most commands and functions can be shortened
to as few as four characters.

See the Starting Xmath section for information on how to start Xmath.

Creating Data

Creating data is simple. Click in the command area to focus the pointer, and
then enter the following MathScript statements to save the variables
(comments are for your information):

# See "punctuation."
a=[1,2,242,343] # Define a variable. See "vector" and

"operators."
b=1:.1:5 # See "regular vector."
c=sin(b) # Call a function. See "functions."

© National Instruments Corporation 3-7 MATRIXx Getting Started (UNIX)



Chapter 3 Xmath

Xmath provides the ability to save a graph to a variable as follows:

graphl=plot(c, {title="Creating the Graph Object
graphl."})

We will look at the variable later. To find out more, see the online Help topic
“Graph Object” under Xmath (general)—Plotting.

Getting to Know Objects

MATRIXx Getting Started (UNIX)

You have just created two types of numeric objects. Let’s identify each
object.

whatis b # See "commands" for command calling
syntax
whatis c # See "objects"

If you look at the “vector” topic in the online Help, you see that vectors fall
in the numeric class. Nonnumeric, or complex, objects are strings or
mixtures of strings and numeric objects. Polynomials fall into this category:
d=makepoly(a,"d") # See "makepoly"
e=polynomial(1:3,"d") # See "polynomial"

Xmath’s object structure allows you to build mathematical constructs in a
natural way. Create a system as follows:

sys=system(d,e) # See "system" and "transfer function"

Some functions accept only certain objects and return others. For example,
char accepts an integer and returns a string:

str=char (65)

The freq function accepts a system and returns a parameter-dependent
matrix (PDM). A PDM is a special object that stores matrices in relation to
an independent parameter or domain. (If you have SystemBuild, note that
the simulation output is stored in this format.) The independent parameter
is typically time or frequency.

Let’s see how PDMs look.
f=freq(sys,b)?

g=freq(sys, {fmin=1, fmax=length(f) ,npts=length(£)})?

To create £, we specified a vector of frequencies; this became the domain.
To create g, we let £req calculate the frequencies for the domain. Let’s
compare the two:

graphl=plot (£, {rows=2})7?
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graph2=plot (g, {row=2})?

For more on PDMs, see “pdm” and “PDM object” in online Help. For more
on the plot function, see “plot” in online Help and Xmath Basics.

Saving, Loading, and Printing Data

To list the variables you have created so far, type

who
Note the sizes (see “who” in online Help for an explanation).

To save everything you have created, type

save

Xmath saves all data to a file with the default name save.xmd in the
current working directory. (You may want to specify a filename because
save .xmd will be overwritten by the next save command.) The first of
the following two commands saves your variables to a file, and the second
uses a wildcard to save a subset of variables to a different file.

save "try.xmd"
save "try 2.xmd" g* sys

See “save” and “wildcards” in the Xmath online Help.

Type the following command to display your working directory:

show directory

You can use the Xmath operating system command oscmd to list the files
you saved:

oscmd("ls try*")

The operating system should find both try.xmd and try_2.xmd. If it
does, you can delete what you have created in Xmath:

delete *

Retrieve the second file you saved and use the function who to list the
variables that you have:

load "try_ 2"
who
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Graphics
Let’s use the variable sys again:

nyquist (sys)?

The function nyguist creates a plot; however, the returned value of
nyquist is not the graphics object. We can save the contents of the
Graphics window in one of two ways: select File—Bind to Variable, and
specify the variable name graph3, or, from the Commands window
command line, type:

graph3=plot ()

You now have three graph objects. You can display them in the same
manner as you would any variable:

graphl
graph2
graph3

Printing Graphs
You can print the graph currently displayed in the Graphics window in one
of two ways:

e In the Graphics window, select File—Print and fill in the resulting
dialog.

e Type
hardcopy {color=0}

in the Commands window command area. The setting color=0
ensures that you receive a black and white rather than a color plot,
which is the default.

@ Note To use the hardcopy command to print directly, the environment variable
$XMATH_PRINT must be defined. If you need further help, see the Xmath Basics manual.

MATRIXx Getting Started (UNIX)

Alternatively, you can save your graphics to a . ps file and then submit the
file to the printer with a standard UNIX command. For example:

hardcopy graph3, file="graph3.ps", {color=0}

From a terminal window, type:

lpr -P printer_name graph3.ps
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Using MathScript

MathScript, the language of Xmath, defines statements, constructs,
punctuation, functions (MSFs), commands (MSCs), and operators (MSOs).
You can use MathScript to create your own functions and commands. Open
a text editor, and create a file named cdown.msf (.msf corresponds to
MathScript function), with the contents shown in Example 3-1. Note that
the filename must be all lowercase.

Example 3-1: cdown.msf

#{

Counts down from the integer supplied to 1.
T#
function [out]=cdown (c)

if is(c, {integer}) then

for i=[c:-1:1]

display "*** " + string(i) + " ***»

endfor

display "Ignition!"
else

error ("positive integers only; try again","C")
endif

endfunction

Save your file in the current directory for Xmath, and return to Xmath. Try
calling cdown with good and bad inputs:

cdown(5)
cdown(2.2)
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Using the Xmath Debugger

You can control the Xmath debugger interactively from the Debugger
window (see Figure 3-3) or from the command area in the Commands
window. This section describes these two interfaces.

Dahug Mada
. “-H-\-.\-h-“ .
= smath Dibugar {Dobugging) (=]
Menu Bar. » File @dit Wase  Lpbiaes Bindows Hilp
Filename ——jp || /= debug.ms £
Line # — LR 40
Erywoed:
haclwards  Tf specified. the elerents of the nabrix are sorted so
1 decreasing oreder, with the largest elewent at (1,15
Eewarks: If data is cowplex, it will be sorted by the real part of
each elememb.
L
Function ordered = ns_debug{data {backwards}} 431
DEFMILT hackuards = 0 233
If |CHECK(data, {natrix, |report}) then 134
stat = ervor( Dot wmst be a wateiz®,"F*) 135
EETIEN 436
. andTf 437
Location of ardered = revos{data) 438
S L [data rovs,data oo fize(data) 240
Error data _size - date_robaiHte cols 141
data_wect = datal:) 142
sorted data = sorb{data veck) 443
if haclomrds then 245
back,_wect{l:data sizel = sorted dataidata size - [1:daka size]+1) 16
sorted_data = hock_wect #47
endif 448
for row ptr = l:data wows 150
orderedi row_pte, | J-gorted datal {zrow_ptr-1d*data colsel:oow pte+data cols) 451
endfor 262 !
Error KT B2
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Kl ]
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Figure 3-3. Xmath Debugger Window in Debug Mode
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Starting the Debugger
Debug mode starts under three circumstances:

e Acall is made to a program that is set up for debugging—that is, you
execute the debug command:

debug program name

The debugger opens automatically on the first executable line in the
script whenever you call the entity.

* A program contains a syntax error (for example, an error in
punctuation, such as a missing brace:
plot(a, {xlab="A missing brace").

* A program contains a run-time error. A run-time error occurs when an
instruction is impossible to process. The following statement would
cause a run-time error because the objects are incompatible:
x=5 + "hello".

Normally, when an error is detected in a MathScript entity, Xmath
automatically displays the error in the debugger window and sets the
interpreter to debugging mode. When you execute the command, set
debugonerror off, Xmath still displays the debugger window, but
the interpreter does not go into debugging mode.

Using the Debugger

You can provide instructions to the Xmath debugger to debug MathScripts
you write (MSFs, MSCs, and MSOs) interactively from the Debugger
window or from the Xmath command line in the Commands window. You
can use the buttons, such as Set Break and Set Watch, shown in Figure 3-3,
or type the equivalent commands in the commands area to perform
debugging tasks.

In the command window, let’s start the debugger by typing:

debug cdown

The debugger sets a break at the first line of executable code—in this case,
line 6. Now that a break point is set, let’s try the debugger:

cdown (2)

Look at the difference in the command area prompt. You are now in debug
mode; you can step through the code and examine local or global variables.
Type next to continue until you reach the first line of the for loop. Click
Set Watch on the variable 1, or type:

set watch i
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Click Next or type next. Note that you travel through the for loop two
times, and you are notified when i is incremented.

You can examine variables local to the function. In the command area, type:

who
i?

When you fall out of the loop, type next, or go to run the function through
to the end.

For additional information, see the MathScript Programming—MathScript
Debugger online Help topic.

Exiting the Debugger

When you reach the end of the MathScript, you automatically exit debug
mode. Type abort in the Commands window to exit debug mode before
completing the script.

Correcting Errors during Debugging

When you are in the process of developing, you can open your file in an
ASCII text editor and fix problems that the debugger locates. After you
save your file, you can restart the script, and start debugging again. The
debugger identifies the locations of errors by means of program line
numbers; one limitation of some editors is that they do not support line
numbers. Instead, you can use the £ind feature to locate the error by
copying the information in error from the debugger to the search field. To
escape the limitation entirely and run with program line numbers as the
debugger provides them, you can use an ASCII editing program that
supports line numbering.

Exploring Additional Topics

MATRIXx Getting Started (UNIX)

Beyond the brief introduction in this chapter, there are many more topics to
explore. For example, your test MSF contains a simple for loop. You may
want to explore this and other common scripting tasks, such as indexing in
the online Help. You might make changes to a sample file and use the
Xmath debugger to correct them. For additional information, see online
Help or Xmath Basics.
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SystemBuild is a graphical programming environment that uses a block
diagram paradigm with hierarchical structuring for modeling and
simulation of linear and nonlinear dynamic systems. You can use
SystemBuild to build models, and then test the models by using the
SystemBuild Simulator and analysis tools. This chapter presents an
overview of SystemBuild.

While you are working through this chapter, remember that there are
additional sources of information available to you. The SystemBuild User’s
Guide covers the SystemBuild Editor and Simulator in detail, including
several chapters on special SystemBuild topics. The extensive SystemBuild
block library and other technical subjects are covered in the SystemBuild
online Help.

Introduction to SystemBuild

Key Terms

This section introduces you to some of the SystemBuild tools and
functions. For additional information about specific features, see the
SystemBuild User’s Guide or the SystemBuild online Help.

Table 4-1 provides key terms and their definitions. These terms are used
throughout this guide and in other SystemBuild documentation.

Table 4-1. Definition of Common Terms

Term Definition

SuperBlock The basic hierarchical object in SystemBuild,
which serves as a container blocks and defines
the environment in which they operate.

Block The basic functional element of SystemBuild.
A set of blocks are used to model a control or
real-time system.
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Table 4-1. Definition of Common Terms (Continued)

Term Definition
Internal Signals and data are passed between blocks using
Connection connections that appear as lines in the diagram

within the Editor window. Internal connections
pass data between blocks within the same

SuperBlock.
External Connections between the SuperBlocks of a model
Connection and between the SuperBlocks and the outside
world.

For a guide to other terms, concepts, and keyboard and mouse actions see
the SystemBuild User’s Guide.

SystemBuild Catalog Browser

MATRIXx Getting Started (UNIX)

The SystemBuild Catalog Browser is a tool that manages your
SystemBuild model. You use the Catalog Browser to save and load models,
view currently loaded SuperBlocks, create new SuperBlocks, and select
SuperBlocks for editing, as well as other functions. The Catalog Browser,
shown in Figure 4-1, contains a menu bar and toolbar (with buttons that are
shortcuts to menu operations). The main portion of the Catalog Browser is
divided into two panes. The left pane represents a hierarchical structure of
different types of catalog objects (for example, SuperBlocks). The
hierarchical structure provides compartmentalization of models and allows
you to build and visualize extremely large models; it also provides for reuse
of elements of a diagram. The right pane contains the contents of the
catalog object selected from the left pane.
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Figure 4-1. Catalog Browser

SystemBuild Editor

The SystemBuild Editor (also known as the Editor window or Editor)
offers a user-friendly graphical model design/programming environment,
which allows you to construct continuous-time, discrete-time, and hybrid
systems of arbitrary complexity. You use the Editor window (see

Figure 4-2) to edit the contents of your model.

SystemBuild supports the use of up to 20 Editor windows at once. Each
Editor window can display one SuperBlock or state transition diagram at a
time. You can switch frequently between the Catalog Browser to select a
SuperBlock to edit and an Editor window to do the actual editing; one
mechanism for accomplishing the window switching is using the Window
menu available on both the Catalog Browser and the Editor window.
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Figure 4-2. SystemBuild Editor

SystemBuild Palette Browser

The SystemBuild Palette Browser (see Figure 4-3) provides a choice of
over 80 block types, including dynamic systems, algebraic and logical
functions, signal generators, piecewise linear functions, trigonometric and
exponential functions, and user-programmable blocks. The palette is fully
customizable. The SystemBuild User’s Guide provides several methods for
adding custom blocks and custom palettes.
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Figure 4-3. Palette Browser

SystemBuild Simulator

The SystemBuild Simulator provides a means of simulating your block
diagram model under user-defined conditions. The Simulator provides
flexibility in algorithms for integration, data input methods, model timing,
and other areas. Both interactive and noninteractive simulation interfaces
are provided for maximum utility.

Simulation in an interactive mode lets you interact with the model and
monitor outputs of your blocks during simulation. You can debug your
models with interactive capabilities such as block stepping or time
stepping.

You can also change the values of block parameters during simulation by
using the Run-Time Variable Editor (RVE).
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Additional Functions

SystemBuild has a large number of additional functions that are not
covered in this brief introduction. For example, the 1in function performs
linearization of single-rate and multi-rate models, the and trim function
finds the trimmed input, state, and output values for equilibrium points of
a system.

SystemBuild and its modules (see the SystemBuild Optional Module
Overview section) are documented in several publications. The
SystemBuild Manuals section of Chapter 2, Introduction to the MATRIXx
Product Family, lists the SystemBuild publications that are available.

Specifying an ASCII Text Editor

You need a text editor for several tabs on both the SuperBlock Properties
dialog and the block properties dialog. You choose the editor directly on
the Comments tabs. To customize the editor selections available on the
Comments tabs, enter or change one or more entries for TextEditorItem
= CommentEditor in the SYSBLD/etc/user.ini file (see the
SystemBuild User’s Guide for details).

The text editor for other tabs is controlled by the environment variable
$EDIT_COMMENT, if you want to change the default editor, change the
environment variable:

setenv EDIT COMMENT Editor name
You must restart Xmath before the new editor becomes available.

If no text editor is specified by the SEDIT_COMMENT environment variable,
the default is vi.

SystemBuild Optional Module Overview

This section describes optional modules offered with SystemBuild.

State Transition Diagram Block

State transition diagrams (STD) offer the capability to design and
implement finite state machines. A mathematically rigorous
implementation of finite state machines is supported by simulation,
AutoCode code generation, and Documentlt.
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Fuzzy Logic Block

The Fuzzy Logic Block module lets you design and implement fuzzy logic
real-time applications that are fully supported by SystemBuild, AutoCode,
and Documentlt.

Neural Network Module

The Neural Network Module lets you define, parameterize, and include
neural networks as SuperBlocks in a SystemBuild block diagram. Adding
neural network technology to the fully integrated block diagram language
of SystemBuild includes the capability to simulate your neural network
models and to generate embedded code for them via AutoCode. The
module supports both training (offline) and learning (real-time) modes

of operation.

Starting and Exiting SystemBuild

There are several methods of both starting and exiting SystemBuild; we are
showing you one method for starting and one method for exiting below.

Starting SystemBuild
To start SystemBuild:

1. If you have not already started Xmath, type the following from the
UNIX command prompt:

ISIHOME/bin/xmath

where ISIHOME is the MATRIXX installation folder (see the
Directories Defined by Environment Variables section of Chapter 3,
Xmath).

2. When Xmath comes up, type the following in the command area of the
Xmath Commands window:

build

After a short time, SystemBuild is loaded; the Catalog Browser comes
on view and the Editor window is iconized.

Exiting SystemBuild
To exit SystemBuild:
Select File—Exit from the Catalog Browser.

SystemBuild asks if you want to save your work before exiting; if you
answer yes, the Save dialog appears.
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Sample SystemBuild Tasks

This section describes a few routine operations.

Creating a New SuperBlock

You must use the Catalog Browser to create a new SuperBlock. If this
window is not on top of all other windows, click on the Catalog Browser’s
window frame to raise the window to the top of all other windows or select
Window—Catalog Browser from the Editor.

To create a new SuperBlock and define its properties:

1. Select File—New—SuperBlock or click the New SuperBlock toolbar
button in the Catalog Browser to create a new SuperBlock (see
Figure 4-4).

=] SyztemBuild - Catalog Bre

File Edit View Tools GOptions Window

New
SuperBlock
Toolbar
Button

/Dl ﬁ' EII xﬁ' %“l :"‘*l

*| &l

Catalog: Main Contents of

] Main
----- 2y SuperBlocks

...... {3 State Diagrams

.. DataStores

L..fT) Compomerikg a New SuperBlock

MNarme

ilifl Libraries

MATRIXx Getting Started (UNIX)

Figure 4-4. Creating a New SuperBlock

The SuperBlock Properties dialog appears. Use this dialog to define
the attributes of the SuperBlock, such as its name, type (for example,
continuous or discrete), and number of inputs and outputs.
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2. Within the SuperBlock Properties dialog, shown in Figure 4-5,
perform the following steps:
a. Click within Name edit field, and type the name of the new
SuperBlock within the Name edit field:
Sample SuperBlock
b. In the Outputs field, set the number of outputs to 1.
c. Click OK to complete the creation of the SuperBlock.
Name Outputs
Field Field
=
Name L!/ Inputs Output
I Sample SuperBlo | Iv[l ::: Ivl g j

Attributes ] Code ] Inputs ] Outputs ] Document ] Corments ]

Type Iv[:urnt:muuu.s

— Trigger Options
hi

Tiwing Hoguiresont Ivz}

Input Naming I_E_Inherit Higher-Level j

oy T I B == -
) : - ura | Triguer Fignal I_%}&x‘am%; ﬂ

Dubped Posiing Infrer Timing Re ﬂ

Discrete Options

Fapple Poviod Ivik

Giass

Farple Skew Ivik

Inberyeph I H

Enable Sigeal I_;%?&x‘am%; ﬂ

= |

Cancel | Help

© National Instruments Corporation

Figure 4-5. SuperBlock Properties Dialog for Greating a New SuperBlock

The SystemBuild Editor (or Editor window) (see Figure 4-2) now
appears; it contains the Info Bar, which displays the SuperBlock

name (Sample SuperBlock), type (continuous), and other relevant
information (0 inputs and 1 output) about the current SuperBlock.

Click OK to complete the creation of the SuperBlock.

The SystemBuild Editor (or Editor window) (see Figure 4-3) now
appears; it contains the Info Bar, which displays the SuperBlock name
(Sample SuperBlock), type (continuous), and other relevant
information (0 inputs and 1 output) about the current SuperBlock.
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Creating a New Block in a SuperBlock

5

Create a new SuperBlock if you haven’t already using the steps
outlined in the Creating a New SuperBlock section.

Select Window—Palette Browser to open the Palette Browser.

Click the Algebraic palette in the Palette Browser.

Note You may want to move your windows around so that both are visible.

You create a new block using both the Palette Browser and the Editor
window. You drag a block from the Palette Browser into the Editor window
to create a new block. Follow these steps (depicted in Figure 4-6):

Move the mouse cursor over the gain block. Press and hold down

MB2. (@)

While holding down MB2, drag the mouse cursor into the Editor

window. (@)

With the mouse cursor within the Editor window, release MB2 to
complete the drag-drop operation. ()

ai Palette Browser |

0

File ¥iew

Help

| 8] 8

- 8) SuperBlocks

.58 Algebraic

- Gr) Plece—wise Linear

.. G2 Iymamic

.Gy Implicit

.. G2} Trigonometric

- Cr) Power Exponential L.
.. G2) Goordinate Transfon
- Gr) Signal Generator

. G2 Logical

- 7} User Programmed

- G5 Artificial Intellig

-..¢%) Software Constructs
11 -

4@ Main A

Y1gebraicExpressiar

- 07 Interpolation ]

GAIN

ALGEE
EXFR

@

Summer

1 VAR |

=

| | Ready

MATRIXx Getting Started (UNIX)

= EE
File Edit ¥iew Comnect Tools Options Window  Help
=] S|z & o] A ¥ BlE =
2l2slf Al 4] |
J\Conti.nuous SuperBlock Inputs  Ctputs A
Samplpy, SuperBlock 0 1
1
=~ 1
| Ready I
Figure 4-6. Creating a New Block Using the Palette Browser
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Loading a Model File

5

5

Loading a model file opens a previously saved SystemBuild diagram. Once
loaded, you can then edit or simulate that model.

Note You can only load a model file from Xmath or the Catalog Browser.

Loading a File from the Xmath Command Area

To load a file from the Xmath command area in the Commands window:

Enter the following command:

load "$SYSBLD/demo/predprey demo/pred_prey.cat";

where $SYSBLD is your SystemBuild directory defined as an environment
variable automatically when you start Xmath. After the load completes, the
Catalog Browser lists the contents of the model (see Figure 4-7).

~| SystemBuild — Catalog Browser | g |J
File Edit ¥iew Tools Options Window Help
Contents of Main.SuperBlocks:
Name |GatType |Inpl
{1} Predator_ Prey { Contimwus)
-{73 State Diagrams
-3 DataStores
------ {3 Components
iiff Libraries
N -

Figure 4-7. Predator-Prey Model Loaded into Catalog Browser

Note The Xmath command line is the only place that can recognize the environment
variable itself. For the other methods that follow, you must know that full pathname of the

SystemBuild directory.
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MATRIXx Getting Started (UNIX)

Loading a File from the Xmath Commands Window

To load a file from the Xmath Commands window:

1.
2.

Select File—Load.
From the Load dialog, load the following file:
SYSBLD/demo/predprey_demo/pred_prey.cat

where SYSBLD is the SystemBuild distribution directory located under
ISIHOME for the particular version of MATRIXx software (see the
Directories Defined by Environment Variables section of Chapter 3,
Xmath).

You can navigate the directories and files using the directory list or
type the filename directory into the Selection field (see Figure 4-8).

Filter
I <1112/ syshld/ demo/predprey_demo/ sysbld

Directories Files

demo/manual_demo EN N 1 |2
demo/mathscript demo
demo/pendulun_demo
demoy/pendulun_iwp_demo
demo/pover_plant_demo

J

demo/rtp_demo
dewmo/sba_demo / 7

1 H 1 =] i

Selection

mes{mtx{solaris_ﬁlmx1112fsyshldfdemoé

0K | Filterl Bamcell Help |

Figure 4-8. Xmath’s Load Dialog

Click OK to load the file.

After the load completes, the Catalog Browser lists the contents of the
model (see Figure 4-7).
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Loading a File from the Catalog Browser
To load a file from the Catalog Browser:
1. Select File—Load.

A standard Motif-application Load dialog appears (see Figure 4-9) in
which you can select a file in several ways.

2. Enter the following filename in the Selection field:
SYSBLD/demo/predprey demo/pred_prey.cat
where SYSBLD is the SystemBuild distribution directory located under
ISIHOME for the particular version of MATRIXx software (see the

Directories Defined by Environment Variables section of Chapter 3,
Xmath).

Filter

aris_61lmx1112/syshldydemo/predprey_demo syshld

Directories Files

1112/ sysbld/deno/manual_demo [ | [ 1 |2
1112/ syshld/demo/mathscript_de
1112/ sysbld/ demo/pendulun_demo
1112/ sysbld/ demo/pendulom_iwp_
1112/ sysbld/demo/powver_plant di J
1112/ sysbld/demo/predprey_demo

£ £
=) - M i

1112/ sysbld/demo/rtp_demo

Selection

Ifhomesfmtxfsolaris_ﬁlmxlllZfsyshldfdemoé

¥math Data User Type———
{:“ A1 ., None {:\ A1 ., None

Advanced |

0K | Filterl Bamcell Help |

Figure 4-9. Catalog Browser’s Load Dialog

3. Click OK to load the file.
@ Note The default settings in this Load dialog include no Xmath data.

After the load completes, the Catalog Browser lists the contents of the
model (see Figure 4-7).
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Opening a SuperBlock in the Editor

After loading a model, you need to open a SuperBlock in the editor so you
can edit or view the SuperBlock.

1. Load the predator-prey model as described in the Loading a Model File
section.

2. Inthe Catalog Browser, click in the left pane on top of the Ma in folder
to see all of the SuperBlocks currently in the browser.
All of the SuperBlocks should appear in the right pane.

3. In the right pane, double-click the Predator_Prey SuperBlock.

This opens an Editor window and displays the contents of the
SuperBlock (see Figure 4-10).

— | -]
File Edit Wiew Cormect Tools Options Window Help
| B8l o] 2l n 5> mEl =]l o 2l o
sy
2.2 af | A il A ] A 1
Confinuous SuperBlock Inputs  Outputs A
Predator Prey 1 2
Koy ta Ologram
St Proa = - . wrad 4k 4 . %pre . ey
Xdot Prey = © . Nprey . b . Npred . Npray
A= 0.0 = Fredator sxzece death rate, an Imput
b > 0.0 = Faray or Grazing foolor, daefoult =2
£ > 0= Excags hirth rota of pray papulatisn, dafault = 1
0 = k<=1 = Efficiency foclor, poromter, defouli = 0.5
Mot Pred = 0 = Pradater Fepulatlon. detault =1
XdotPray = 0 = Prey Population, default = 1
4> Q= 1nltral Fredator Fepulation Paraneter, default =1,
e N
, — i Prey
b . Iprld_l'muu_‘lgru}' I/ =
t "; b_limee_Xoray b dpred v Npra:
EF{i:iuncy_f?ftur
L+ )
E_ T
. 4
o
F)
- T
1| Ready I
Figure 4-10. Predator_Prey SuperBlock Opened within Editor Window
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Simulating the Model from the Xmath Commands Window

After the model is loaded, you can simulate it. There are many ways to
simulate a model; this section illustrates a simulation directly from the
Xmath command area and from the SystemBuild Editor. For this example,
load the predator-prey model and follow one of the methods below.

To simulate the model from the Xmath commands area:

1.

Activate the Xmath window by clicking on the Xmath window’s
frame.

Click within the Xmath command area.

Create a time vector and assign the input vector to a variable:
t=[0:.01: 50]';

u=ones(t);

Input the value of the efficiency factor k:

k=.333;

In the Xmath command area, type:

y=sim("Predator_ Prey",t,u, {graph});

Watch the log area of the Xmath window as the model is analyzed and
simulated. The plot, which appears in a separate window, looks like
Figure 4-11.

K_Prey

X_Pred

Time

© National Instruments Corporation

Figure 4-11. Plot of the Predator-Prey Example
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To simulate the model from the SystemBuild Editor:

@ Note If you performed the simulation from the Xmath command line above and haven’t
deleted the variables, you can start at step 5.

Activate the Xmath window by clicking on the Xmath window’s
frame.

Click within the Xmath command area.

Create a time vector and assign the input vector to a variable:
t=[0:.01: 50]"';

u=ones(t);

Input the value of the efficiency factor k:

k=.333;

Bring up the SystemBuild Editor with the Predator_Prey SuperBlock
on view (see the Opening a SuperBlock in the Editor section as
necessary).

In the SystemBuild Editor, select Tools—Simulate from the pull-down
menu.

The Simulation dialog appears (see Figure 4-12).

SystemBuild Simulation Parameters

Top Level SuperBlock Inputs Outputs
Predator Prey 1 2

Parameters ] Numerics ] Outputs ] Initialization ]

Time Vector/Variable

Imput Data/Variable Ili MinMax Variable Iv
Output Variable I}! Scheduling I_E_[lefault j

Elock Parameters I}math sVars j [~ Plot Outputs

Integration Algorithm I_E_Variahle Eutta-Merson j | Baukarosmed

t Sim Type I_E_rloat j

| Interactive

_| Typecheck

0K | Cancel | Reset | Help |

MATRIXx Getting Started (UNIX)

Figure 4-12. SystemBuild Simulation Parameters Dialog
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7. Asindicated in the SystemBuild Simulation Parameters dialog above,
enter t in the TimeVector/Variable field, u in the Input Data Variable field,
and y in the Output Variable field; click the Plot Outputs box, and
click OK.

Once again, you can watch the log area of the Xmath window as the
model is analyzed and simulated. The plot appears in a separate
window (see Figure 4-11).

Deleting a SuperBlock

Deleting a SuperBlock is an easy process. From the Catalog Browser
(either pane, provided the SuperBlock names appear), select a SuperBlock.
Then select Edit—Delete.

Once you delete a SuperBlock, it is no longer visible to the Catalog
Browser. Any SuperBlock that references the deleted SuperBlock contains
the “Undefined” SuperBlock indicator.

A Caution Deletion of SuperBlocks cannot be undone.

Navigating a SuperBlock Hierarchy

The use of hierarchy in your SystemBuild models is crucial to the
successful implementation of a system. As mentioned before, you use
SuperBlocks to create a model hierarchy. This section presents some of
the methods for navigating up and down a SuperBlock hierarchy.

Before we get started, we need to start fresh. So, delete all of the
SuperBlocks you may have created, or just exit the Catalog Browser
(File—EXxit), and then restart SystemBuild.

Next, load a model with some hierarchy in it. Following the instructions in
the Loading a Model File section, load the following file:

SYSBLD/demo/fl14_demo/fl4dnew.cat

where SYSBLD is the SystemBuild distribution directory located under
ISIHOME for the particular version of MATRIXx software (see the
Directories Defined by Environment Variables section of Chapter 3,
Xmath).

@ Note This section does not simulate this model. If you are interested in this model, from
the Xmath command line, type demo, and then follow the subsequent dialogs to select the
SystemBuild demos.
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Navigating from the Catalog Browser

To navigate from the Catalog Browser, you use the left pane of the browser
to expand and collapse SuperBlocks within the tree.

After the f14 model is loaded, the Catalog Browser displays only the types
of catalog objects (SuperBlocks, State Diagrams, and so forth) in the left

pane (see Figure 4-13). Notice that the folder icon next to SuperBlocks is
open, indicating that the SuperBlocks are listed in the right pane.

Notice the expand/collapse indicator for the SuperBlocks folder in the left
pane. The indicator displays a plus (+), indicating that the folder is
collapsed.

= SystemBuild — Catal og Browser
File Edit ¥iew Tools Options Wikdos l_hl.pl

Dle Wl & | AR 6 =] &= o] B

Comtants of Hade. Supee Lecks :
Mz |EatTypa g
2+ ontrol S Dok o
O Dieydlen Wind et Mode SE (Gt e )
T £14 SE { Gontinmines )
{% Bheracchical Badel 5B {Eontisemes)
Expand/Collapse ||itabraszes i+ Dangitudinal #marics SB (Cantionous)
Indicator + meemeeor Fillker iy S {Contivmmys)
1 =

o=

Figure 4-13. Catalog Browser After Loading the f14 Model

To navigate from the Catalog Browser:

1. Expand the hierarchy of the SuperBlocks folder in the left pane by
double-clicking the folder or by single-clicking the expand indicator,
the plus (+) sign.
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2. Continue expanding each level of the model (see Figure 4-14).
~| SystemBuild — Catalog Browser | g |J
File Edit ¥iew Tools Options Window Help

D=8 8| =] &% 8 x| &

|| 2

Catalog: Main Contents of Main.Hierarchical Model:

] Main Name |Block type
&~ SuperBlocks [} Surmer
E|'|:|’ f14 = Vaveform
= (3 Actuator Model NuwiDen

(5 alpha Sensor Error Mo NurDen

{} control SuperBlock
{} Dryden Wind Gust Mode SuperBlock
{} longitudinal dynamics SuperBlock
{} sensor filtering SuperBlock

{} Dryden Wind Gust Model

- longitudinal dynamics
i {} sensor filtering

..... {73 State Diagrams

----- 3 DataStores

iiff Libraries

|

'IReadv

Figure 4-14. Expanded Hierarchy for f14 Model

Open the SuperBlock named sensor filtering by
double-clicking the SuperBlock in the right pane.

An Editor Window appears with the selected SuperBlock on view. You
can edit the contents of the SuperBlock.

To navigate to another SuperBlock, go to the Catalog Browser; find the
SuperBlock you want to edit, and then open it.

Navigating from the Editor Window

You can navigate up and down a hierarchy from within the Editor window
using menu items.

To navigate from the Editor window:

1.

© National Instruments Corporation

From the Catalog Browser, open the sensor filtering
SuperBlock (see steps 1-3 above).

Within the Editor window, select View—Parent to view this
SuperBlock’s parent.

Notice now that the Editor is displaying a different SuperBlock named
Hierarchical Model.
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3. To move down the hierarchy in the Editor window, select the desired
SuperBlock; then select Edit—Open.

The Editor now displays the selected SuperBlock.

Printing from the Editor Window

To print the contents of an Editor window, select File—Print. You can
change the print command in the dialog. Printing uses the settings you
made last in the Page Setup dialog, also available from the File menu. The
default printer is specified by the $PRINTER environment variable.

You can change the print command and its option(s) that appear in the Print
dialog to any print command that is available on your system; you can also
specify the list of printers available in the SYSBLD/etc/user.ini file
(see the SystemBuild User’s Guide for details).

SystemBuild Tutorial

Now that you have a basic understanding of Xmath and SystemBuild, you
are ready to build and simulate a model. This section presents a basic
tutorial to take you through the basic process from model conception to
model simulation.

Building a Block Diagram

MATRIXx Getting Started (UNIX)

A block diagram is the graphical representation of the model using blocks
and connections. At a high level, building a block diagram is basically a
three-step process:

1. Create a new SuperBlock.
2. Create blocks within the diagram with appropriate block parameters.

3. Connect the blocks together.

In this tutorial, you build a simple spring-mass damper model and then
simulate it. This model has the following equations:

(4-1)
F(t) = mX +cx + kx
X =X,
X =X,
X| =Xy

1
X, = IE[F(t) —cx, — kx,]
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The block diagram for this model appears in Figure 4-15.

Continuous SuperBlock Inputs  Outputs
simple 1 3
stiffness
]
spring force 2k |
damping
1
damping force . |~,.
accivel wvellpos
1 _l-11 2] [L3] [14]
i 1 % 1 %
1 input force = net force v = U/l xdotdot - dot (2 - EAgN
[=_1 [=_01

Figure 4-15. Spring-Mass Damper Block Diagram

Creating a New SuperBlock

To create a new SuperBlock called simple:

1. Start Xmath as described in the Starting Xmath section of
Chapter 3, Xmath.

2. Toinvoke SystemBuild, at the Xmath command line (bottom window),
enter the following command:

build

The SystemBuild Catalog Browser loads. If necessary, click on the bar
at the top of the window to move it to the front of the display.

3. In the Catalog Browser, create a new SuperBlock by clicking the New
SuperBlock toolbar button or selecting File—New—SuperBlock.
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The SuperBlock Properties dialog appears (see Figure 4-16). Initially,
the Attributes tab is active in the dialog, and all of the properties of a
SuperBlock are set to their default values.

~| SuperBlock Properties
Name Inputs Dutputs
[fsinpre =k =

Attributes ] Code ] Inputs ] Outputs ] Document ] Corments ]

— Trigger Options

Type Iv[:urnt:muuu.s j -
Tiwing Hoguiresont Iz}

Input Naming I_E_Inherit Higher-Level j

Dubped Posiing Infrer Timing Re ﬂ
Froep I Ir ::II Triguer Fignal I_;%?&x‘am%; ﬂ
Discrete Options —Procedure
Fapple Poviod Ivik Giass
Farple Skew Ivik Enbereeph Iv
Enable Sigeal I_;%?&x‘am%; ﬂ

0K | Cancel | Help

Figure 4-16. SuperBlock Properties for Sample SuperBlock

4. As shown in the dialog in Figure 4-16, perform the following steps:
a. Name the new SuperBlock simple.
b.  Verify that the Type of the SuperBlock is Continuous.
c. Set the number of Inputs to 1.

&

Set the number of Qutputs to 3.
e. Click OK to complete the process.

The SystemBuild Editor window appears; it is empty except for
the information bar at the top, which contains the information that
you provided above.
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Creating and Placing Blocks

The SystemBuild Editor is on view with the SuperBlock properties of
simple defined. In this section, you create and place all blocks in this
model.

Creating the First Block in Your SuperBlock

To create a block into your new SuperBlock simple:

1.

© National Instruments Corporation

Open the Palette Browser by using one of the following methods:
*  Click the Palette Browser toolbar button

*  Select Window—Palette Browser

*  Double-click in the open space of the Editor

You might want to move your windows so that the Palette Browser is
alongside the Editor window.

In the Palette Browser, select the Algebraic palette as shown in
Figure 4-3.

Using MB2, drag and drop a gain block from the Palette Browser into
the editor (see Figure 4-6).

It is now time to edit the properties of the gain block.

In the Editor, select the gain block by moving the mouse cursor over
the block and then clicking MB1.

The block is now highlighted with a border around the block. Notice
that more buttons in the toolbar are enabled.

Bring up the Block Properties dialog by one of the following methods:
e Select the Block Properties toolbar button (fourth button from left)
e Select Edit—Block Properties

*  Click the block, and press the Return key.
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The Block Properties dialog (see Figure 4-17) comes on view.

Name Inputs Dutputs jni]

B 3 B =Tl P -1 E -1
I.i_dﬂﬂmlrlu |.5.1 = |.5.1 = I 42 =
Parameters ] Inputs ] futputs ] Document: ] Comments ] Icon ] Display ]

Parameter Value % wariable |
Gaini(s}) 1.0 c

Define Radix [No |
Bain Radix 0 |
—Gain(s)

Rows: 1 Colwms: 1 Value: 1.0
1
1 1.0

0K | Cancel | Help

Figure 4-17. Block Properties Dialog (Gain Block)

6. Fill in the Block Properties dialog as follows:
Click in the Name field, and enter the name damping.

b. From the Parameter’s tab, enter the name ¢ in the % variable
column of the Gain(s) row.

A % variable is a method for entering parameter values into
your model via variables in the Xmath workspace. This method
allows you to change values in the model between or during
simulations without editing the model.

c. Click the Outputs tab.

This changes the dialog to contain a table relevant to the block’s
outputs.

d. Click within the cell corresponding to output #1, Qutput Label, and
enter damping force (see Figure 4-18).

MATRIXx Getting Started (UNIX) 4-24 ni.com



Chapter 4 SystemBuild

Name: Inputs Dutputs 1D
[ damping [ e = B |
Parameters ] Inputs ] P ] ] ] Icon | Display ]

# Output Label |I]utput Name Output Scope Output Address

1 dariping forcd Local

Output Data Type Babbx Output User Type

= = Swe flaw
_E_Float j ] = Provection I_V_ j
0K | Cancel Help

Figure 4-18. Gain Block (Outputs Tab)

e. Click the Display tab (see Figure 4-19), and enable the Show

Output Labels check box.
=
Hawne: Tnputs Dutputs m
= R s

Parameters ] Inputs ] Outputs ] Document ] Comments ] Icon ] Display ]
Icon Type I_u_‘.ipecial j Color Iu j
Input Pins I_“_s::alar j Output Pins I_“_Scalar j
LineStyle I_“snlid j Arrovstyle I_“_Uutward j

_| Show Input Signals ||_ Show Dutput Labels |

l_ Show ID _| show Border

0K | Cancel Help

Figure 4-19. Gain Block (Display Tab)

f.  Click OK to complete creating the block.
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5

SystemBuild

diagrams.

Note

5

Note The gain block is directed left to right. For a better layout of the diagram, we can
change its direction to be right to left. This is often needed on feedback paths in block

7. (Optional) To flip this block on the diagram, perform one of the
following:

Move the mouse cursor over the block and press f.

Select the block and then select Edit—Flip Horizontal.

Creating the Remaining Blocks in the SuperBlock:

You now need to create all of the remaining blocks for this model. You
repeat most of the steps listed in the Creating the First Block in Your
SuperBlock section except that the block types, parameters, and labels are
different. Table 4-2 is a summary of the information related to each of the
blocks, including the one you’ve already created. For some blocks, you
have to switch between tabs in the Block Properties dialog to enter data in
the appropriate fields.

Flip the damping and stiffness blocks.

Table 4-2. Block Definitions for Spring-Mass Block Diagram

Palette Name | Block Type Parameter Tab | Outputs Tab | Display Tab | Code Tab

Algebraic Gain (flip) Name: damping | Output Show —
Gain %Var: c label: Output
damping Labels
force enabled

Algebraic Gain (flip) Name: stiffness | Output Show —
Gain %Var: k label: Output
spring force Labels
enabled

Algebraic Gain Gain Value: 1 Output Show —
label: Output
input force Labels
enabled
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Table 4-2. Block Definitions for Spring-Mass Block Diagram (Continued)

SystemBuild

Palette Name | Block Type Parameter Tab | Outputs Tab | Display Tab | Code Tab
Algebraic Summer Inputs: 3 Output Show —
Outputs: 1 label: Output
Number of net force Labels
branches: 3 enabled
fllg]ns: 1,1, IconType:
Special
Algebraic Algebraic ParamValue Output Show Y=U/P;
Expression row: label: Output See note
Value: 1 xdotdot Labels below
9% Var: m enabled ’
Press Control-P.
Dynamic Integrator Name: acc2vel Output Show —
label: xdot Output
Labels
enabled
Dynamic Integrator Name: vel2pos Output Show —
label: x Output
Labels
enabled

5

Note For the code in the algebraic expression, Y=output, U= input, P= parameter

value that you input under the Parameters tab, SystemBuild substitutes the value of the
parameter into your equation in the block. You use Control-P to transfer the value of the
parameter into the Xmath variable m. You might also want to check the online Help for

“AlgebraicExpression.”
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After creating all of those blocks, arrange your diagram so that it looks like
Figure 4-20. Note that the block IDs might be different, and that is
expected.

Continuous SuperBlock  Inputs Outputs
sirnple 1 3

stiffness

4
spring force

damping

2
damping force
acclvel velZpos

L2] [13] [14]

_11
1 —
‘I>input force net force | ¥ = usl |>dotdot | | 2edot
+

i
—
"

[t
o

Figure 4-20. Sample Diagram without Connections

Connecting Blocks

Connecting the blocks completes the process of building a SystemBuild
model. This section assumes you have successfully created the blocks in
the diagram and that your diagram looks like Figure 4-20.

Making Internal Connections on the Diagram
To make internal connections on the diagram:
1. Click the source block with the middle mouse button.
Start with the gain block that has the input force output label.
2. Click the destination block with the middle mouse button.
The summer block is the target for the first block.
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The Connection Editor, shown in Figure 4-21, appears.

[~ Connection kditor |

FROM. 3 T0.2

()} ()}
Dr
"input force" F@ @F
®r

From,To :

Figure 4-21. Connection Editor

In the Connection Editor, the FROM or source block (the ID of the first
block you clicked on) appears on the left side of the window while the
TO or destination block (the ID of the second block you clicked on)
appears on the right side.

e All of the source block’s outputs as well as all the destination
block’s inputs are listed; the number in each box represents the
channel number of the signal for that block

e  Output labels and input names, if any, are displayed.

*  The datatype of each signal is abbreviated; in this case F, indicates
Float, the default datatype.

3. Click the appropriate channel of the source block and the appropriate
channel of the destination block, and then click Done.

SystemBuild makes the connection using the Add button selection,
which is the default.

4. Continue to connect the blocks as shown in Figure 4-15.

@ Note When connecting a block with one output to another with one input, SystemBuild
makes the connection automatically without displaying the Connection Editor.
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Making External Connections on the Diagram

External connections represent the interface between a SuperBlock and its
outside world. External connections are represented on block diagrams
with a special symbol or flag. The number within a flag is the channel
number of the signal it represents.

The spring-mass damper model (see Figure 4-15) has one external input
and three external outputs in the tutorial. Figure 4-22 shows some of the
external I/O flags from this model. Notice that there is only one way to
represent an external input connection, while there are two possible ways
to represent an external output connection. The flag shown for external
output 2 indicates that the same block output is connected to an external
output and to another block.

(D= H2>= 3>

External External External
Input Output Output

Figure 4-22. External I/0 Flags from Spring-Mass Damper Model

@ Note You can connect a single external input to as many block inputs as needed, but only
one signal can be connected to a single external output in each SuperBlock.

MATRIXx Getting Started (UNIX)

The process of making an external connection is similar to making an
internal connection. Just as you selected a source and destination block for
internal connections, you select a source and destination for external inputs
and outputs. The external source (input) or destination (output) is any open
area or blank space in the SuperBlock. So, instead of middle-clicking on a
block for your source (external input) or destination (external output), you
middle-click on the open space.

To make external input connections:

1. Move the mouse cursor to the open space so that it is not over a block,
and click the middle mouse button.

2. Move the mouse cursor over the destination block and click the middle
mouse button.

For this model, the external input connection connects to the gain
block with the output label input force.
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@ Note When there is only one external input, SystemBuild makes the connection
automatically without the use of the Connection Editor.

3. Connect the external input to the appropriate channel for the
destination block.

4. Continue to make any other external input connections using the same
methodology.

This example has only one external input connection.

To make external output connections:

1. Move the mouse cursor over the source block, and click the middle
mouse button.

For this model, the first external output is the gain block with the
output label input force.

2.  Move the mouse cursor over an open space in the diagram, and then
middle-click.

The Connection Editor comes on view.

@ Note When there is only one external output, SystemBuild makes the connection
automatically without the use of the Connection Editor.

3. Connect the source block’s appropriate channel to the appropriate
external output channel and click Done.

4. Repeat the previous steps for the remaining external output
connections.

The sample has two additional external connections from the
integrator blocks.

When complete, your diagram should be similar to Figure 4-15.

Saving the Tutorial Model

After you have completed the diagram, we recommend that you save your
work. As with many things in SystemBuild, there are many ways to save
the model. You can save the model using Xmath or from the Catalog
Browser. We’ll use the Catalog Browser method. (See the SystemBuild
User’s Guide for other methods.)
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To save the model using the Catalog Browser:

1. Update the current SuperBlock in the Editor Window into the Catalog
Browser by selecting File—Update.
2. Switch to the Catalog Browser and refresh its contents:
View—Update.
These two steps update the contents of the catalog and show those
changes in the Catalog Browser’s panes.
3. Select File—Save As in the Catalog Browser to open the Save dialog.
4.  Select a directory.
A Warning You must select a directory where you have write permission to save the file.
5. Enter the name simple.cat.
@ Note The filename extension of a SystemBuild save file is not predefined, meaning that

you can use any extension you want. Some common extensions include . cat, . sbd, .md1,

and .dat.

Simulating the Model

MATRIXx Getting Started (UNIX)

6.

Click OK.

With the model completed, you can now simulate it. We describe the
method for executing the simulation from the Xmath command area.

To simulate the model from the Xmath command area:

1.

Define a time vector as an Xmath variable. In the Xmath command
area, type:

t = [0:0.01:4]";
Notice that the time variable must be a column vector.

You can use any variable name, but we use our convention of using
t for time, u for inputs, and y for outputs.

Next, define the input vector of magnitude one:
u = ones(t);

The input variable must also be a column vector with a one-to-one
correspondence with the time vector.
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Enter the %variable values in Xmath:

k = 1000;
c = 2;
m = 1;

Finally, execute the simulation (see the Simulating the Model from the
Xmath Commands Window section):

y = sim("simple", t, u, {graph});

After the simulation completes, you should see the results plotted (see
Figure 4-23).
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Figure 4-23. Simulation Results
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The AutoCode software lets you generate ANSI C or Ada code
automatically from SystemBuild models.

You can generate code from the Catalog Browser in SystemBuild or use the
autocode Xmath command. The generated code represents a complete
implementation of the model. The generated code can be targeted for and
run on other computers or an actual controller. The default target is a
stand-alone simulation that you can execute on your computer; you can
then load the results of the simulation back into Xmath for analysis.

Generating Non-Customized Code

To generate code for the sample Discrete Cruise System model, follow the
steps below. We assume that you have Xmath running on your terminal.

1. Make sure you are in a directory where you have write permission for
saving your code. If not, enter the command below from the Xmath
command window, substituting your directory name:

set directory ="your working directory™

2. From the Xmath command line, type the following command to load
the model:

load "$SYSBLD/demo/cruise_demo/cruise_d.cat";

@ Note The Xmath command line is the only place that can recognize environment
variables. For loading with other methods, you must know that full pathname of the
SystemBuild directory.

3. From the SystemBuild Catalog Browser, select the Discrete Cruise
System SuperBlock.

@ Note You must generate code from a top level SuperBlock.
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4. From the Catalog Browser, select Tools—AutoCode to bring up the
Generate Real-Time Code dialog (see Figure 5-1).

Generate Real-Time Code |

Filter

I /home s/ grendel/ehenley/ testy 4

Directories

/homes/grendel fehenley/test/ . A [ 1 |2
Jhomes/ grendel fehenley/test/ . .

I~ 1 =] i

Selection

‘Discrete_Cruise_ System

Code Generation Options

Code Style IvSubsystems j Block Parameters I_?%Vars from X j
Language [ ¥| T tspecheck

Advanced | Reset |

114 | Filter | Cancel | Help |

Figure 5-1. Generate Real-Time Code Dialog

5. Enter a name in the Selection field or accept the default,

Discrete_Cruise_System.

6. Click OK to start the code generation process.

Raise the Xmath Commands window to monitor the progress of the
code generation.

Once the code generation is complete, look for a statement similar to
the following in the Xmath log area:

Output generated in Discrete_Cruise_System.c.
Code generation complete.

9. (Optional) Display the output file in the Xmath Output window by

entering a command similar to the following in the Xmath Command
window:

oscmd ("more Discrete_Cruise_System.c")

52
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Customizing Generated Code

To customize your AutoCode output, click Advanced on the Generate
Real-Time Code dialog; this brings up the Advanced dialog (see

Figure 5-2).
= HMUVATICE Y
Formatting ] Miscellaneous ] Multi-Processor
Templates ] Optimization ] IALG Options ] RT0S Options
—General —————Vectorization VAR Blocks
_| No Restart Capability
_| Merge INIT Sections |_§_Nm'|e j ) Dl s

_| constant Propagation

- P Global VARs
_| owit Tomsed Block Output Loop Threshold | j -
_| Reuse Temporary Vars

_| Use VAR Block Callouts

saubatiode Naee ﬂ Array Threshold|:# T

—Procedure SuperBlocks
_| No Y Structures _| No INFO Structure _| No Error Check

0K Cancel Help

Figure 5-2. Advanced Dialog

You can use the Advanced dialog from the AutoCode Code Generation
dialog or use keywords with the autocode Xmath command to customize
the generated code as follows:

© National Instruments Corporation

Specifying a template file on the Templates tab allows you to control
the formatting of the output of AutoCode to meet a variety of software
needs; you can modify the overall architecture of generated code,
customize the scheduler, modify data structures and external I/O calls,
add user code, and so forth. Using the Template Programming
Language (TPL), you can tailor any part of the code except the
hierarchy logic and the elementary blocks.

Formatting options (Formatting tab) let you set maximums, such as the
number of significant digits, the length of variable names, and columns
per row. From here, you can also specify indentation between levels,
as well as set a number of other parameters.

The TALG (Integration Algorithms) Options tab lets you select an
algorithm such as Euler or Runge Kutta.
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e The Multi-Processor tab lets you specify a processor, startup,
background, interrupt, skew, priority, or map file.

*  The Optimization tab lets you make general, vectorization, and VAR
block settings that affect code size and efficiency (see the Autocode
Reference for details).

e The Miscellaneous tab lets you select an options file, the type of
scheduler, output scope control, and various other settings.

e The RTOS (real-time operating system) Options tab lets you specify
a configuration file and set additional options.

Once you have customized your settings, you click 0K in the Advanced
dialog; then you generate code by clicking 0K in the Generate Real-Time
Code dialog.

For information about compiling, executing, and using the generated code,
see the AutoCode User s Guide. For information about autocode
keywords, see the Xmath online Help.
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The Documentlt software generates block-level documentation for
SystemBuild models. The Documentlt software extracts the parameters of
the SuperBlocks and elementary blocks in your model and any comments
you have entered for each block; it then formats the documentation
according to guidelines you define. You can generate documentation from
the Xmath command area or from the SystemBuild Catalog Browser. You
can invoke controls as arguments from the command area or make choices
in a user dialog.

This chapter provides an introduction to using DocumentIt. For a complete
description, see the Documentlt User’s Guide.

Generating Non-Customized Documentation

5

To generate documentation for the sample Discrete Cruise System model,
follow the steps below. We assume that you have Xmath running on your
terminal.

1. Make sure you are in a directory where you have write permission for
saving your code. If not, enter the command below from the Xmath
command window, substituting your directory name:

set directory ="your working directory™

2. From the Xmath command line, type the following command to load
the model:

load "$SYSBLD/demo/cruise_demo/cruise_d.cat";

The Xmath command lineis the only place that can recognize environment variables.
For loading with other methods, you must know that full pathname of the SystemBuild
directory. See the Directories Defined by Environment Variables section of Chapter 3,
Xmath, for additional information.

3. From the SystemBuild Catalog Browser, select the Discrete Cruise
System SuperBlock.

Note You must generate documentation from a top level SuperBlock.
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4. Select Tools—Documentlt to bring up the Generate Documentation

dialog (see Figure 6-1).

Filter

| #hones/mtx/bing 4

Directories Files

s/mtx/bin/ . || ERNESTEEY =
rsimtxsbing . . altia demo

altia overview
altia tutoriall
altia tutorial?
altia_ tutorial3
altia_tutoriald
altia_tutorialb
autostar
antostar.bak

- |cmsery

FI—— 15 I

Selection

Tiscrete Cruise System

i tIt Dptions
Block Parameters |%Vars from Xmath ﬂ W Typecheck

J M5 Word

Tewplate File | Brouse
Config File | Browse

0K Filter Cancel Help

Figure 6-1. Generate Documentation Dialog

5. Choose a directory, and enter a name in the Selection field or accept the

default, Discrete_Cruise_System.
@ Note You do not need to supply the extension. Documentlt supplies the default, .doc,
for you.

6. Click OK to start the document generation process.
Raise the Xmath Commands window to monitor the progress of the
documentation generation.

8. Once the document generation is complete, look for a statement

MATRIXx Getting Started (UNIX)

similar to the following in the Xmath Log window:

Documentation generation complete.
Document generated and saved in file:
Discrete_Cruise_System.doc.
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@ Note The .doc file is in ASCII format. The current defaults also produce an RTF file,
which contains Microsoft Word markup commands.

9. (Optional) Display the output file in the Xmath Output window by
entering a command similar to the following in the Xmath Commands
Window:

oscmd ("more Discrete_Cruise System.doc")

Example 6-1 provides an example of Documentlt output; this example
is the first two pages of output from the Discrete_Cruise_System
document.

Generating Customized Documentation

You can customize documentation generated with Documentlt by using
templates. Template files are ASCII files containing text, interspersed with
template command parameters that specify Documentlt output. The TPL
programming language lets you modify the templates to control the output
of Documentlt to meet a variety of needs. Various templates are available.

In addition to template command parameters, you can also place publishing
software markup commands (for example, FrameMaker or WordPerfect
markup commands) in template files, which Documentlt writes directly to
the ASCII output file. The markup commands automatically format the
document when it is imported into the corresponding publishing software.
See the Template Programming Language User’s Guide.

Unlike AutoCode, Documentlt does not have a dialog box for advanced
features.

Example 6-1. Example of Documentlt Output

R I I I S I S S I R I I b I I I I I S R R S I I I I R I I I I I S S S S S I S IR R b I S I I S I S S

| DocumentIt (TM) Document Generator latest
| INTEGRATED SYSTEMS INC., SUNNYVALE, CALIFORNIA

R I b I b S I S S R I S S I I S I S I R R b I I R I I I I I I S S R S S R SR IR b I b I S I I S S 2 S S S

rtf filename : Discrete_Cruise_System.rtf
Filename : Discrete_Cruise_System.doc
Dac filename : /homes/mtx/solaris_latest/xmath/../case/DIT/

templates/ascii/documentit.dac

Generated on : Fri Jun 19 10:54:59 1998
Dac file created on : Wed May 6 02:49:00 1998
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ER R I R R I R I I I R R R I I I I I S

Number of DataStores in this model = 1

Description

No. of Registers = 1
No. of Inputs =1
No. of Outputs =1

Name DataType UoM Limit/Range Accuracy
set speed DOUBLE 0.0-0.0 0.0

ER R I R I S I I I I I R S I I R I R I I I I I I I R I S R I SR I S I I S I S

Number of SuperBlocks inputs this model = 6
SUPERBLOCK[0] = Discrete Cruise System

SUPERBLOCK[1] = Cruise Control System
SUPERBLOCK[2] = Set Speed
SUPERBLOCK[3] = Controller Logic
SUPERBLOCK[4] = mux3

SUPERBLOCK[5] = continuous automobile

Number of Unique SuperBlocks inputs this model = 6

SUPERBLOCK [4
SUPERBLOCK [5

SUPERBLOCK[0] = 0
SUPERBLOCK[1] =1
SUPERBLOCK [2] = 2
3
4
5

]

]
SUPERBLOCK [3] =

]

]

LEVEL = 0
NUM_SB_IN_I = 6
NUM_SB_OUT_TI
SB_FREQ_R
SB_SAMPLE_
SB_SKEW_R
SB_ACTV_SIG_S
SB_OUT_POST_S
SB_ATTR_S = Discrete
SB_HAS_IN_B = 1
SB_HAS_IN_DATA B = 1
SB_IS_DSCR_B =1
SB_IS_TRIG_B = 0
External Data Elements

.02

=

5
0.

Parent
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D Desc DType UoM Limit/Range Accuracy
set DOUBLE 0.0-0.0 0.0
resume DOUBLE 0.0-0.0 0.0
disengage DOUBLE 0.0-0.0 0.0
brake DOUBLE 0.0-0.0 0.0
manual throttle DOUBLE 0.0-0.0 0.0
incline DOUBLE 0.0-0.0 0.0

Discrete Cruise System External Outputs

1D Desc DType UoM Limit/Range Accuracy
set DOUBLE 0.0-0.0 0.0
resume DOUBLE 0.0-0.0 0.0
disengage DOUBLE 0.0-0.0 0.0
brake DOUBLE 0.0-0.0 0.0
auto speed DOUBLE 0.0-0.0 0.0
acceleration DOUBLE 0.0-0.0 0.0
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Technical Support and
Professional Services

Visit the following sections of the National Instruments Web site at
ni . com for technical support and professional services:

*  Support—Online technical support resources include the following:

—  Self-Help Resources—For immediate answers and solutions,
visit our extensive library of technical support resources available
in English, Japanese, and Spanish at ni . com/support. These
resources are available for most products at no cost to registered
users and include software drivers and updates, a KnowledgeBase,
product manuals, step-by-step troubleshooting wizards,
conformity documentation, example code, tutorials and
application notes, instrument drivers, discussion forums,

a measurement glossary, and so on.

—  Assisted Support Options—Contact NI engineers and other
measurement and automation professionals by visiting
ni.com/support. Our online system helps you define your
question and connects you to the experts by phone, discussion
forum, or email.

*  Training—Visit ni.com/training for self-paced tutorials, videos,
and interactive CDs. You also can register for instructor-led, hands-on
courses at locations around the world.

*  System Integration—If you have time constraints, limited in-house
technical resources, or other project challenges, NI Alliance Program
members can help. To learn more, call your local NI office or visit
ni.com/alliance.

If you searched ni . com and could not find the answers you need, contact
your local office or NI corporate headquarters. Phone numbers for our
worldwide offices are listed at the front of this manual. You also can visit
the Worldwide Offices section of ni.com/niglobal to access the branch
office Web sites, which provide up-to-date contact information, support
phone numbers, email addresses, and current events.
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