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About This Manual

Getting Started with LabWindows/CMla hands-on introduction to the LabWindows/CVI

software package. This manual is intended for use by first-time LabWindows/CVI users. To use
this manual effectively, you should be familiar with DOS, Windows, and the C programming
language.

Organization of This Manual

Getting Started with LabWindows/CMlorganized as follows:

» Chapter 1|ntroduction to LabWindows/CVtontains an overview of the LabWindows/CVI
documentation set and the LabWindows/CVI system.

Part I: Tutorial-Getting Acquainted with the LabWindows/CVI Development Environment

» Chapter 2L oading, Running, and Editing Source Cpoheludes learning how to load and
run various projects in the LabWindows/CVI development environment. You will learn
about some of the windows in LabWindows/CVI, how to load and operate projects in
LabWindows/CVI, the different types of files that you can use in a LabWindows/CVI
project, and some of the source code editing techniques available in LabWindows/CVI.

» Chapter 3|nteractive Code Generation Topklcquaints you with some of the tools available
for interactive code generation in LabWindows/CVI.

» Chapter 4Executing and Debugging Topkcquaints you with some of the tools available
for executing and debugging in the LabWindows/CVI interactive program. This session
describes the step modes of execution, breakpoints, the Variable Display, the Array Display,
the String Display, and the Watch window.

Part II: Tutorial-Building an Application in LabWindows/CVI

* Chapter 5Building a Graphical User Interfageontains instructions for building a project
consisting of a Graphical User Interface and a C source file.

» Chapter 6Using Function Panels and the Librarjeontains instructions for using
LabWindows/CVI function panels to generate code. You will then use this code to plot the
graph control array on the user interface that you built in Chapter 5.

» Chapter 7Adding Analysis to Your Progragroontains instructions for adding a simple
analysis capability to your program to compute the maximum and minimum values of the
random array being generated. To do this, you will write your own callback function that
finds the maximum and minimum values of the array and displays them in numeric readouts
on the user interface.

© National Instruments Corporation Xi Getting Started with LabWindows/CVI



About This Manual

Chapter 8Using an Instrument Drivecontains instructions for using a simple instrument

driver from the LabWindows/CVI Instrument Library. An instrument driver is a set of
functions used to program an instrument or a group of related instruments. The high-level
functions in an instrument driver incorporate many low-level operations including GPIB,

VXI, or RS-232 read and write operations, data conversion, and scaling. The sample module
in this session does not communicate with a real instrument, but illustrates how an instrument
driver is used in conjunction with the other LabWindows/CVI libraries to create programs.

Chapter 9Additional Exercisescontains exercises to help you learn more about the concepts
you have been using throughout this tutorial. Each exercise builds on the code that you
developed in the previous exercise. Exercise 1 starts by building on the final sample program
that you completed in the Chapter 8 tutorial session. You are given an outline of the
concepts to learn from completing the exercises and some hints for working the exercises.

Part Ill: Instrument Control, Data Acquisition, and LabWindows for DOS Conversions.

Chapter 10Getting Started with GPIB and VXI Instrument Contiela quick reference to

help you install and configure your IEEE 488.2 Interface board or VXI controller for use with
LabWindows/CVI. The information included in this chapter is presented in more detail in
the documentation that you receive with your hardware.

Chapter 11Getting Started with Data Acquisitipis a quick reference for installing and

configuring National Instruments plug-in data acquisition (DAQ) boards for use with

LabWindows/CVI for DOS. This chapter discusses how to install and configure both
hardware and software, and how to test the board operation.

Chapter 12Converting LabWindows for DOS Applicatioingroduces the conversion tools

in LabWindows/CVI for translating LabWindows for DOS applications into
LabWindows/CVI applications. It also explains why certain LabWindows for DOS features
are not supported in LabWindows/CVI.

The AppendixCustomer Communicatigrontains forms you can use to request help from
National Instruments and to comment on our products and manuals.

TheGlossarycontains an alphabetical list and description of terms used in this manual.

Thelndexcontains an alphabetical list of key terms and topics in this manual, including the
page where you can find each one.

Getting Started with LabWindows/CVI Xii © National Instruments Corporation



About This Manual

Conventions Used in This Manual

The following conventions are used in this manual:

bold

italic

bold italic

monospace

italic monospace

<>

»

paths

Bold text denotes a parameter, menu item, return value, function
panel item, or dialog box button or option.

Italic text denotes emphasis, a cross reference, or an introduction to
a key concept.

Bold italic text denotes a note, caution, or warning.

Text in this font denotes text or characters that you should literally
enter from the keyboard. Sections of code, programming examples,
and syntax examples also appear in this font. This font also is used
for the proper names of disk drives, paths, directories, programs,
subprograms, subroutines, device nhames, variables, flenames, and
extensions, and for statements and comments taken from program
code.

Italic text in this font denotes that you must supply the appropriate
words or values in the place of these items.

Angle brackets enclose the name of a key. A hyphen between two
or more key names enclosed in angle brackets denotes that you
should simultaneously press the named keys—for example,
<Ctrl-Alt-Delete>.

The » symbol leads you through nested menu items and
dialog box options to a final action. The sequence

File»Page Setup»Options»Substitute Fonts

directs you to pull down thile menu, select thBage Setugtem,
selectOptions, and finally select th8ubstitute Fontsoption from
the last dialog box.

Paths in this manual are denoted using backslashes (\) to separate
drive names, directories, and files, as in
drivename\dirlname\dir2name\myfile

Acronyms, abbreviations, metric prefixes, mnemonics, and symbols, and terms are listed in the

Glossary.
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About This Manual

The LabWindows/CVI Documentation Set

For a detailed discussion of the best way to use the LabWindows/CVI documentation set, see the
sectionUsing the LabWindows/CVI Documentation &eChapter 1|ntroduction to
LabWindows/CVbf this manual.

Standard Documentation Set

This manual gives you a hands-on introduction to LabWindows/CVI and shows you how to
develop applications with LabWindows/CVI.

TheLabWindows/CVI Instrument Driver Developers Gui@scribes how to create instrument
drivers for the LabWindows Instrument Library. This manual assumes that you are familiar with
the material presented @etting Started with LabWindows/Cé#&ihd theLabWindows/CVI User
Manual

The LabWindows/CVI Programmer Reference Makoatains information to help you develop
programs in LabWindows/CVI. This manual assumes that you are familiar with DOS, Windows
fundamentals, and with the material presente@etting Started with LabWindows/Cdhd the
LabWindows/CVUser Manual

ThelLabWindows/CVI Standard Libraries Reference Mamigsicribes the LabWindows/CVI
standard libraries—the Analysis Library, the Formatting and I/O Library, the GPIB/GPIB-488.2
Library, the RS-232 Library, and the Utility Library. ThabWindows/CVI Standard Libraries
Reference Manuassumes that you are familiar with the material presentéefiting Started

with LabWindows/CVéand theLabWindows/CVI User Manual

TheLabWindows/CVI User Interface Reference Mardescribes how to create custom user
interfaces with the LabWindows/CVI User Interface Library. This manual assumes that you are
familiar with the material presented @etting Started with LabWindows/Cafthd the
LabWindows/CVI User Manual.

TheLabWindows/CVI User Manué# a reference manual that describes the features and
functionality of LabWindows/CVI.

Optional Manuals

TheLabWindows/CVI Advanced Analysis Library Reference Mahesdribes a library of
advanced analysis functions. This manual is distributed with the optional LabWindows/CVI
Advanced Analysis Library software package.

TheNI-488 Function Reference Manual for DOS/Windewd theNI-488.2M Software
Reference Manualescribes a library of functions you can use to program National Instruments
GPIB interfaces. These manuals are distributed with National Instruments GPIB products.

Getting Started with LabWindows/CVI Xiv © National Instruments Corporation



About This Manual

TheNI-DAQ User Manual for PC Compatibleand theNI-DAQ Function Reference
Manual for PC Compatiblegescribe a library of functions you can use to program
National Instruments DAQ boards. These manuals are distributed with National
Instruments DAQ boards.

TheNI-VXI Software Reference Manual ford€scribes a library of functions you can use
to program National Instruments VXI controllers. This manual is distributed with
National Instruments VXI controllers for LabWindows/CVI VXI Development System
users.

Related Documentation

The following document contains information that you may find helpful as you read this manual:
Harbison, Samuel P. and Guy L. Steele,(JrA Reference ManuaEnglewood Cliffs, NJ:
Prentice-Hall, Inc., 1995.

Customer Communication

National Instruments wants to receive your comments on our products and manuals. We are
interested in the applications you develop with our products, and we want to help you if you have
problems with them. To make it easy for you to contact us, this manual contains comment and
technical support forms for you to complete. These forms are in the AppEndbomer
Communicationat the end of this manual.
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Chapter 1
Introduction to LabWindows/CVI

This chapter contains an overview of the LabWindows/CVI documentation set and the
LabWindows/CVI software development system.

Installing LabWindows/CVI

The setup program installs the LabWindows/CVI development environment and a number of
additional files on your system. The full installation includes sample programs that illustrate
many of the new features in LabWindows/CVI and tutorial programs that you will use
throughout this manual. Follow the installation instructions irL&i®Vindows/CVI Release
Notesthat come with your package to install LabWindows/CVI.

LabWindows/CVI and the associated files are installed in the following subdirectories on your
hard disk.

LabWindows/CVI Subdirectories

Directory Name Contents

c:\cvilbin LabWindows/CVI Library files

c:\cvilextlib Files for using the LabWindows/CV!I libraries with
external compilers

c:\cvi\fonts Font files required for graphics operations

c:\cvilinclude Include files associated with libraries

c:\cvilinstr Instrument modules

c:\cvilsamples Source code to sample programs

c:\cvilsdk SDK library files (LabWindows/CVI Full
Development System only)

c:\cviltoolslib Additional development tools and libraries

c:\cviltutorial Programs you use in the tutorial sessions throughout
this manual.

c:\cvilvxd vxd sample code templates
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If you want to install LabWindows/CVI on a network, contact National Instruments for licensing
information.

Note to Sun Users

The figures used throughout the LabWindows/CVI documentation set are generated from
LabWindows/CVI for Windows. However, LabWindows/CVI is a multiplatform application,

which means the development environment operates the same on both Windows and the Sun. In
some cases, differences exist between Windows and Sun in terms of hot keys or window
operation. In cases where these differences affect the tutorial, you will see a note explaining how
you should proceed on the Sun.

How to Proceed

The best way to familiarize yourself with LabWindows/CVI is to do the following.

1. Thoroughly read the LabWindows/CVI Release Notes anBEARDME.CVIfile distributed
with LabWindows/CVI.

2. Read the remainder of this chapter for an overall idea of the concepts and capabilities of
LabWindows/CVI.

3. Complete the tutorial sessions (Chapters 2-9) as outlined in this manual.

4. Familiarize yourself with the sample programs distributed with LabWindows/CVI.

Learning LabWindows/CVI

LabWindows/CVI is a rich and powerful development environment, featuring libraries to aid in
creating programs for a multitude of data acquisition, test, and measurement applications.
Although the LabWindows/CVI documentation is extensive, it is not necessary to completely
read all of the LabWindows/CVI manuals to become proficient at using the package.

Beginners should complete this tutorial first. TlaWindows/CVI User Manuglenerally

assumes familiarity witksetting Started with LabWindows/G\And the other manuals assume
familiarity with both of those volumes. However, it is still useful to make quick cross references
to other manuals as questions arise, both while learning and while using LabWindows/CVI.
When you begin the tutorial in Chapter 2 of this manual, you will be introduced to the windows,
menus, commands, and dialog boxes used in LabWindows/CVILalwindows/CVI User

Manual contains a chapter devoted to each of the windows in the environment. As the tutorial
progresses to such topics as how to use the Variable display window or how to use function
panels, remember there are related chapters iratb/indows/CVI User ManualScanning

these chapters as each topic comes @eiting Started with LabWindows/CwiIl help you
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find the answers to any questions you may have. In addition, descriptions of these windows and
their menus are in LabWindows/CVI online help.

As you will see, the tutorial begins with a general introduction to the LabWindows/CVI
environment and continues with sections devoted to building a project in LabWindows/CVI.
Because each step of the tutorial builds on previous elements, you should follow the outline as
given and not skip ahead.

As you work through the tutorial, you may find it helpful to refer to each of the individual library
reference manuals as the topics they cover arise. Take time to acquaint yourself with each of the
manuals by reading its table of contents. Study the function tree of each manual you will be
using in your own development work.

The table of contents of each manual lists the location of helpful information in that manual. The
function tree gives you a quick look at how LabWindows/CVI library functions are organized,
together with a capsule description of each function.

For a listing of manuals and the LabWindows/CVI topics covered in each, referAbdabeThis
Manual section of this manual.

LabWindows/CVI System Overview

LabWindows/CVI is a software development system for C programmers. It contains an
interactive environment for developing programs as well as libraries of functions for creating
data acquisition and instrument control applications. LabWindows/CVI contains a
comprehensive set of software tools for data acquisition, analysis, and presentation.

You will use the interactive environment for editing, compiling, linking, and debugging ANSI C

programs. In the environment, you use the functions in the LabWindows/CVI function libraries
to write your program. In addition, each function has an interface cdilgat@on panel

complete with online help that lets you interactively execute the function and generate code for
calling the function.

Programs written within the LabWindows/CVI interactive environment must adhere to the
ANSI C specification. In addition, you are free to use compiled C object modules, Dynamic
Link Libraries (DLLS), C libraries, and instrument drivers in conjunction with ANSI C source
files when developing your programs. SeeltabWindows/CVI Programmer Reference Manual
for information on LabWindows/CVI loadable object modules and DLLs.

The power of LabWindows/CVI lies in its libraries. The libraries have functions for developing
all phases of your data acquisition and instrument control system.

» For data acquisition, there are seven libraries—the Instrument Library, GPIB/GPIB 488.2
Library, Data Acquisition Library, Easy 1/O for DAQ, RS-232 Library, VISA Library and the
VXI Library available in the VXI Development System.
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» For data analysis, there are three libraries—the Formatting and I/O Library, Analysis Library,
and the optional Advanced Analysis Library.

* For data presentation, LabWindows/CVI offers the User Interface Library.

» For networking and interprocess communication applications, there are three libraries—the
Dynamic Data Exchange (DDE) Library (Windows version only), the Transmission Control
Protocol (TCP) Library, and the X Property Library.

In addition, the complete standard ANSI C Library is available within the LabWindows/CVI
development environment.

The Instrument Library is a special LabWindows/CVI library. It contains drivers for GPIB, VXI,

and RS-232 instruments such as oscilloscopes, multimeters, and function generators. Each driver
is distributed in source code so you can modify it if necessary. LabWindows/CVI has all of the
development tools for creating your own instrument drivers. Instrument drivers can be created

for a single instrument, multiple instruments, or a virtual instrument for which no physical
instrument exists. Instrument drivers are created using functions from the other

LabWindows/CVI libraries.

The User Interface Library contains tools for controlling graphical user interfaces (GUIs) from
your application programs. LabWindows/CVI has a User Interface Editor for creating GUIs and
a library of functions for controlling them. With the User Interface Library, you can control
panels with input and output controls, graphs, and strip charts. You can also create pull-down
menus, display graphic images, and prompt users for input with pop-up dialog boxes.

LabWindows/CVI Program Development Overview

While working in LabWindows/CVI, it is important to adhere to the same good programming
practices common to all languages and development environments. It is a good idea to do a
functional design of your program before you begin writing code. Maintaining good
documentation and commenting your code will help you better manage your program
development.

Using C in LabWindows/CVI

LabWindows/CVI enhances the C programming language for instrumentation applications.
Before you begin working with LabWindows/CVI, be sure that you have a fundamental
understanding of C programming. For a description of the ANSI C Standard Library as
implemented in LabWindows/CVI, please review Chaptdiht, ANSI C Libraryin the
LabWindows/CVI Standard Libraries Reference Manual

It is also helpful to examine the sample program listings distributed with LabWindows/CVI.
These examples illustrate both the LabWindows/CVI User Interface features and the manner in
which you can use the LabWindows/CVI library functions.
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LabWindows/CVI Program Structure

Once you have made your preliminary exploration of LabWindows/CVI by completing the
tutorial in this manual, the next step is to begin your own project. Because LabWindows/CVI is
so flexible, you can take almost any approach to building a program. Most programs, however,
have a structure that includes some, if not all, of the following elements:

* User Interface
* Program Control
» Data Acquisition

» Data Analysis

These program elements are interrelated as shown in the following illustration.

User Interface Data Acquisition Data Analysis
* Panels « GPIB « Formatting
* Menus * VXI/MXI + DSP
* Dialog Boxes * RS-232 « Statistics
* Scientific Graphics * Plug-in Data Acquisition « Curve Fitting
* Hardcopy Output » Instrument Drivers « Array Operations

#

Program Control

N « Control Logic
 Data Storage

While this illustration is only a rough outline, it does provide some orientation for the beginning
LabWindows/CVI user.

User Interface

With the LabWindows/CVI User Interface Editor you can build elaborate, interactive panels for
your program with a minimum of effort. Designing this graphical user interface (GUI) often
confronts you with decisions concerning exactly what you want your program to do. Therefore,
the user interface is a natural place to begin your program design.

The user interface provides a mechanism for acquiring input from and displaying output to the
user via menus, panels, controls, and dialog boxes.

The elements of the user interface and the functions that allow you to connect your interface to
the rest of your program are described inllser Interface Reference Manual
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Program Shell Generation with CodeBuilder

Once you have designed your GUI in the User Interface Editor, you can automatically generate a
program shell based on the components in your GUI using CodeBuilder. CodeBuilder will
automatically write code for all of your control callback functions and create a main program to
load and display your GUI windows at program startup. CodeBuilder saves hours of
development time by automating many of the common coding tasks required for writing a
Windows program. The guided tutorial introduces you to CodeBuilder.

Program Control

The program control portion of your program coordinates data acquisition, data analysis, and the
user interface. It contains the control logic for managing the flow of program execution, as well
as user-defined support functions.

Most of the program control element of a LabWindows/CVI program consists of code you write
yourself. Therefore, the code used in the sample programs included in the LabWindows/CVI
package is useful in understanding how to create your own program code. You will find that
using callback functions in LabWindows/CVI greatly simplifies your task in controlling the flow
of your application.

Data Acquisition

Whether you are acquiring data from an instrument or a plug-in data acquisition (DAQ) board,
some control of that acquisition will almost certainly be necessary for your program. This

portion of your program provides the raw data to be analyzed and presented by other components
of your program.

The various LabWindows/CVI libraries provide functions for creating this program element.
There are functions for controlling GPIB, RS-232, and VXI devices, as well as National
Instruments DAQ boards. In addition, the LabWindows/CVI Instrument Library contains a
collection of drivers for many popular GPIB, RS-232, and VXI instruments.

GPIB functions are introduced in thabWindows/CVI Standard Libraries Reference Manual,
with detailed function descriptions available in the NI-488.2 software reference manual that
comes with your GPIB interface. VXI library functions are documented iNEh\EXI Software
Reference Manual for @at comes with your VXI controller.

Data Acquisition library functions are documented inkiDAQ User Manual for PC
Compatiblesand theNI-DAQ Function Reference Manual for PC Compatibtistributed with
National Instruments DAQ boards. This documentation contains a table describing which
functions apply to specific DAQ boards along with LabWindows/CVI-specific information on
using those functions.
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The functions in the Easy I/O for DAQ Library make it easier to write simple DAQ programs
than if you use the Data Acquisition Library. This library implements a subset of the
functionality of the Data Acquisition Library, but it does not use the same functions as the Data
Acquisition Library. For more information, see ChapterBdsy I/O for DAQ Libraryin the
LabWindows/CVI Standard Libraries Reference Manual

Information on using the LabWindows/CVI Instrument Library can be found i/ $iveg
Instrument Driversaand thenstruments Mensections of Chapter $he Project Menin the
LabWindows/CVI User Manual

Additionally, Chapter 10, &iting Started with GPIB and VXI Instrument Contand
Chapter 11Getting Started with Data Acquisitipim this manual go into more detail on these
topics.

Data Analysis

After acquiring data, it is often necessary to analyze it. Analysis may include formatting,
scaling, signal processing, statistics, and curve fitting. The Formatting and I/O Library, the
Analysis Library, and the optional Advanced Analysis Library contain functions that perform
these operations.

The Formatting and I/O Library and the Analysis Library are described irath/indows/CVI
Standard Libraries Reference Manual

The optional Advanced Analysis Library is described inLtheWindows/CVI Advanced
Analysis Library Reference Manudlistributed with the LabWindows/CVI Advanced Analysis
Library package.
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Loading, Running, and Editing Source Code

In this session of the tutorial, you will load and run various projects in the LabWindows/CVI

development environment, and you will learn about the following.

Some of the windows in LabWindows/CVI.
How to load and operate projects in LabWindows/CVI.
The different types of files that can be used in a LabWindows/CVI project.

Some of the source code editing techniques available in LabWindows/CVI.

A Note about LabWindows/CVI Windows

The three main windows you will be using in this tutorial are the Project window, the Source
window, and the User Interface Editor window. Unlike other windows in the LabWindows/CVI
program, these three windows are titled according to the program you are working on. The file
extension will be your clue to which window you are in. For example, if you are working on the
samplel project as you will do next, you will see that the Project window hag a file

extension and is titled:\cvi\tutorial\samplel.pr;j
file in a project, you get what is called the Source window. This will hagefde extension.

The User Interface Editor window hasuar  file extension. The top portions of these three

windows are shown in the following illustrations.
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=] Driansamole |

-file Edit View Build Hun Instrument Library Window Options Help
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#include <an=i_c. h: E

#include <u=serint hr
#include <analy=i=. h:

The Source Window

= 1 3 3 NI1E - e

-filt: Edit Create Yiew Arrange Code Hun Library “Window Options Help

Sample 2 Panel ‘ ’1

The User Interface Editor window

Setting Up

To begin the LabWindows/CVI tutorial, launch LabWindows/CVI by double-clicking on the
LabWindows/CVI icon. After LabWindows/CVI is launched, you see an empty Project window.

Note: All windows in LabWindows/CVI can be manipulated through LabWindows/CVI
menu selections or through the standard means for manipulating windows on the
operating system. For example, you can close, maximize, minimize, and position
LabWindows/CVI windows on the PC through any of the Microsoft Windows standard
windowing methods.

Under UNIX you can use the title bar window operations available from the window
manager installed on your system to manipulate LabWindows/CVI windows.

If other people will be using the Getting Started example files on your computer, be
sure to use the Save As... option to save your files under different file names.
Loading a Project into LabWindows/CVI

To view some of the editing and execution features of the LabWindows/CVI development, you
will load a project into the LabWindows/CVI Project window. Follow these instructions.

1. SelecOpenfrom theFile menu. You will be presented with a list of the different file types
that can be created and edited in LabWindows/CVI.
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2. SelectProject (*.prj)

Loading, Running, and Editing Source Code

to bring up the Open File dialog box shown in the following

illustration. You may have to click on tk&/I directory, then click on thetorial
directory to bring up the project files.

= Open File

Directories:

File Hame:

sample2_prj
sample3_prj
sampled_prj
sampleh_prj
sampleb.prj

Lizt Files of

3. Select thsamplel.pr]

After loading

c-hocvisvtutorial

Type:
Project [* prj)

Open File

C7 solution

Directory

Histo | C:evidDhnutoral

Look jri: I 23 tutorial

solution.

zampled . pri
zample? pri
zample3.pri
zample. pri
zampled. pri

File name: I".pri

Load I

Files of lype: IF'miect [*.pr)

j Cancel |

Open File Dialog Box in Windows 95

project from theutorial

subdirectory.

thesamplel.prj  project, the Project window should appear as shown in the
following illustration.
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Note: If you are not the first person to use this tutorial on your computer, it may be necessary
to reinstall LabWindows/CVI in order to get the unmodified versions of the tutorial

code.
= 1 ] o [QI1E 1 - ||
File Edit ¥iew Build Bun Instrument Library Window Options Help
Mame C1c 5 | Date
samplel.c = 105784, 4:00 Fid +
* H
- - - +

Now let’s look at some of the various windows available in LabWindows/CVI: the Project
window, the Standard Input/Output window, and the Source window.

The Project Window

The Project window in LabWindows/CVI lists all of the files that make up a particular project or
program.

» TheFile menu contains selections for loading, saving, and creating new files in
LabWindows/CVI. You can open any type of file (project, source, header, or user interface)
from theFile menu in the Project window.

» TheEdit menu contains selections for adding or removing files from the project list.
* TheBuild menu contains selections for using the compiler and linker in LabWindows/CVI1.
* TheRun menu contains selections for running a project.

* TheWindow menu lets you go to other windows in LabWindows/CVI quickly, such as the
Source window, User Interface Editor window, and Standard Input/Output window.

* TheOptions menu contains selections for configuring various aspects of the
LabWindows/CVI programming environment. You will be introduced to many of these
windows, utilities, and editors throughout this tutorial. For more information on the Project
window menus, see Chapteride Project Windowgf theLabWindows/CVI User Manual

You will learn about thénstrument andLibrary menus in the subsequent sessions of this
tutorial.

Projects that you build with LabWindows/CVI can consist of multiple files of many different
types. LabWindows/CVI is compatible with C source files, object modules, Dynamic-Link-
Libraries (DLLS), C libraries, user interface files, and instrument drivers. When you develop
more advanced projects with LabWindows/CVI, you simply séléct File to Project from the

Edit menu and select the type of file that you would like to add to your project, as shown in the
following illustration.
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= oriaiysolutionysamplel.p |-

File gl Yiew Build Hun Instrument Library indow Options Help
ram Add e o Proje 0 e

Include [*.h]...

Object [*.obj]...

Library [*.lib]...

DLL [*.dll)...

DLL Path [*.pth]...
User Interface [*.uir]...
Instrument [*.fp]...

All Files [*.%]...

The project you just openesamplel.prj , is a very simple project, consisting only of a
single C source file. The Project window displays status information for the files listed in the
project list. The following illustration shows how this information is displayed in the Project
window.

An “I” in this column

indicates that the file

IS an instrument Date of the last Time of the last
Filename driver program file modification file modification

= Orid 7 ple 1 v |-
-filt: Edit ¥iew Build Bun‘Jnstrument Library VWindow Options Help
Mame 4 C1¢C S| Date F ¥
samplel.c = 100784, 4:00 P +
This symbol indicates whether A “C” in this column An “S” in this column
a Source window is open indicates that the file indicates that the file must
displaying code for the file must be compiled before be saved since it has changed

running the project

Running the Project

To run thesamplel project, selecRun Project from theRun menu. LabWindows/CVI will
automatically compile any source files in the project list (notice thak thdicator disappears
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from the project list), link the project with the libraries used, and execute the compiled code.
When the project begins running, the wéhdnning will appear in the upper left-hand corner of
the Project window.

Thesamplel projectis a very simple program that generates 100 random numbers and outputs
them to the Standard Input/Output window in LabWindows/CVI.

Error Messages

If the compiler finds an error during the compiling or linking process, an error message is
displayed. The error message window contains the number of errors detected in each source file
and a description of the current error. For example, you can get an illegal character or a syntax
error in which case thBuild Errors window will appear at the bottom of your screen. The type

of error you have will be highlighted, and the line number of the error will be to the left of the
highlighted error type. Correct your error and rerun your program.

To remove the error message window from the screen, double-click in the Close box in the upper
left-hand corner of the window. Selduild Errors or Runtime Errors from theWindow
menu to make thError Window reappear.

The Standard Input/Output Window

The Standard Input/Output window is where simple, text-based information is displayed to or
received from the user during program execution. If you want to use the Asi8iloC library
when developing your C programs in LabWindows/CVI, the results gfrthe  andscanf
functions appear in the Standard Input/Output window.

Note: To display the standard 1/0O window whenever text is written to it, set the "Bring
Standard Input/Output to front whenever modified" option in the Project window's
Option » Environment dialog box.

The Source Window

The Source window in LabWindows/CVI is where you develop C source files for your projects.
After running thesamplel project, view some of the features in the Source window in
LabWindows/CVI1.

1. Close the Standard Input/Output window by seledtiig from theFile menu, or by
pressing <Ctrl-W>.

2. Double-click on thsamplel.c filename in the project list to display the source code in a
source window.

3. The source code should appear as shown in the following illustration. As you can see, the
source code for theamplel file contains standard ANSI C compatible code.
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om <13» c-\evivtutonalizamplel.c

File Edit View Build Bun Instrument Library Window Optmns Help
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int i=0, err:
double mean_walue:
double datapoint=[1007;

int main(int argc. char *argwl[])

{
if (InitCVIRTE (0. argw. 0) == 0) % needed if linking executable in extern
return (-1 <% out of memory *®-

for (1 =0 : 1 < 100 ; i++)

datapoint=s[i] = rand()- 32768 .0:
printf (" #d ~t ¥fwn", 1. datapoints[i]):
return 0
h
[+
1-23 | 1|d | |Ins|EE el [+]

TheFile menu in the Source window is very similar to Bie menu in the Project window.
Under theFile menu, you open, save, or create any type of file on which LabWindows/CVI
can operate.

TheEdit menu contains source code editing selections.
TheRun menu contains selections for debugging your source code during run time.
Thelnstrument menu accesses any instrument drivers loaded in the system.

ThelLibrary menu accesses the LabWindows/CVI libraries for performing data acquisition,
analysis, and presentation operations.

The Source window menus are described more fully in ChapldredSource, Interactive
Execution, and Standard Input/Output WindpafgheLabWindows/CVI User Manual

The Source window is compatible with the full ANSI C language specification. You can use any
ANSI C language structures or standard library functions in the source code you develop in this
window. LabWindows/CVI has code generation tools that streamline source code development.
You will learn more about code generation tools in later sessions of this tutorial.

The Source Window, Function Panel Windows, and Variable displays have optional toolbars for
quick access to many of the editing and debugging features in LabWindows/CVI. If you are
unsure of what a particular toolbar icon represents, you can place your mouse cursor over the
icon and the built-in tooltips will be displayed to show which menu item the icon represents.
You can customize the icons in your toolbar from@pions menu by selectingoolbar.
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Editing Tools

The LabWindows/CVI Source window has a number of quick editing features that are helpful
when working with large source files or projects with a large number of source files. The
following exercise illustrates some of these editing features. Most of the features described here
are located in th&dit menu. If you view th&dit menu, you will notice many standard

Windows editing features, such @st, Copy, Paste Find, andReplace In addition, the arrow
positioning keys, Page up, Page down, Home, and End keys, operate in the Source window in a
fashion similar to a word processor.

1.

If you are viewing a large file, you may need to refer to particular line numbers. [Seéct
Numbers from theView menu. A new column will appear to the left of the window with
line numbers displayed.

Many times, the programs you develop in LabWindows/CVI will refer to other files, such as
header files or user interface files. You can view these additional files quickly by placing the
cursor on the filename in your source code and sele©ypem Quoted Textfrom theFile

menu, or by pressing <Ctrl-U>.

Place the cursor on tlasi_c.h  filename on line 1 of theamplel.c file and press
<Ctrl-U>. Theansi_c header file is displayed in a separate source window. Scroll through
theansi_c.h  header file. Notice that it contains all of the standard header files defined for
the standard ANSI C Library. Close thmsi_c.h  header file by selectinGlosefrom the

File menu. Thesamplel.c file should be in the active window.

If you are working on a large source file and must view a portion of your source code while
you are making changes to another area of the source code in the same file, you can split the
window into a top and bottom half called subwindows.

To do this, grab the double-line at the top of the source window with the mouse and drag it to
the middle of the screen. You should see a duplicate copy of the source code in each
subwindow as shown in the following illustration.
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tw <12 c:hevidtutonial\samplel.c
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int 1= D STy
double mean_wvalue:
double datapoint=[1007;

int main(int argc. char =argv[])

if (InitCVIRTE (0. argv., 0) == 0) s# needed if linking executable in exter]
return (—1): <% out of mnenory *

for (1 =0 ; 1 < 100 ; i++)
datapoints[i] = rand({)-32768 . 0:
printf (" X¥d ~t Zi~n", i, datapoint=s[i]):

int 1=0, err: +
double mean_wvalue;
double datapoint=[1007];

int main({int argc. char =®argv[])

1f (InitCVIRTE (0. argv., 0) == 0) s# needed 1f linking executable in exter
return (13 ~% out of memory *

for (1 = 0 ; 1 < 100 ; i++)

datapoint=s[i] = rand{)~327Y68.0; hd

1423 | 14| | |Ins|ES)| (K3 [+]

4. Notice how each half of the window can be scrolled independently to view different areas of
the same file simultaneously. Place the cursor on line 5 and enter some text from the
keyboard. Notice that the text appears in both halves of the window.

5. If you make editing mistakes while entering or editing source code in the Source window,
LabWindows/CVI has akndo feature to quickly reverse any mistakes you may make. The
default configuration of LabWindows/CVI allows up to 10Ado operations.

SelectUndo from theEdit menu. The text you entered in step 4 on line 5 of the source code
should disappear.

6. Drag the dividing line between the two subwindows back to the top of the source window to
make a single window again.

7. There are two different methods in LabWindows/CVI for quickly moving to a particular line
of code in your source file. If you know the line number you want to view, datext.
from theView menu and enter the line number. Setting tags on particular lines is another
method to highlight lines of code to which you can quickly jump.

Place the cursor on line 3. Sel@oggle Tagfrom theView menu. A green square will
appear in the left-hand column of the source window.

8. Move the cursor to line 12 of the Source window and enter another tag. By séleoting
Tag from theView menu, your cursor will automatically jump to the next tagged line in your
source code. You can also jump between tags by pressing the <F2> key.

Closesamplel.c before moving on to the next session.
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Operating Projects with a User Interface

LabWindows/CVI makes text-based screen I/O very simple through the Standard Input/Output
window. Most advanced applications, however, require you to build and operate a custom
graphical user interface (GUI) to control the program flow and display the results. In the
Chapter 5 tutorial session you will learn how to build a GUI. The purpose of this session is to
briefly show you how a GUI looks and works. Take the following steps to load a new sample
program.

1. SelecOpen from theFile menu and chooderoject (*.prj) as the file type. Choose
sample2.prj  from the Open File dialog box. You may be prompted to save changes from
samplel.prj . SelecDiscard to continue. The Project window should appear as shown
in the following illustration.

= oria ample 1 i
-file Edit Yiew Build Bun Instrument Library Window Options Help
Marme C1c 5 | Date
sampleZ. uir = 20095, 12:32 PM +
sample2.h = 210095, 12:32 PM
sampleZ.c = 1007194, 4:00 PM

+*
- - - +1 |

2. Run the project by selectiftun Project from theRun menu, or by entering <Shift+F5>.
The following GUI should appear once the program compiles and runs.

o [ o
= 3 1 5 - o

Wwaveform

Waveform Shape
Sinewave -
Square -
Triangle -

R andom -

Trace Color

3. Click on theAcquire button to display a waveform on the graph control on the GUI. Move
the slide control to select a new shape for the waveform. Now click on the color bar to
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choose a new color for the waveform trace. Finally, click o\ttgiire button once you
have changed these settings. Repeat this step a few times, choosing different shapes and
changing the color, then clicking dwequire to view your changes.

4. To halt program execution, click on tQ&it button.

Throughout the rest of this tutorial, you will learn how to build a project similar to
sample2.prj . You will be introduced to the tools for designing a GUI in LabWindows/CVI
and the code generation tools to develop the C control source code for the project.

This concludes the first session of the tutorial. In the next session, Chapter 3, you will learn how
to use interactive code generation tools.
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Chapter 3
Interactive Code Generation Tools

In the first session of the tutorial, you learned how to load and run projects, and edit source code
in LabWindows/CVI. In this session, you will get acquainted with some of the tools available
for interactive code generation in LabWindows/CVI.

Setting Up

Follow these steps to prepare for this session of the tutorial.

1. Close all windows except the Project window.

2. SelecOpenfrom theFile menu and chooderoject (*.prj) as the file type.

3. Open thesamplel project file in one of these three ways: tgaenplel.prj in the File
Name input and press <Enter> or click onltad button; double-click on the
samplel.prj file listed in the dialog box; or selesamplel.prj  and press <Enter> or
click on theLoad button.

If you have not saved the previous contents of the windows, you will be prompted to do so. If
you want to save the previous contents, click orSisecommand button and enter a filename
into the File Name input box. If you do not want to save the previous contents, click on the
Discard command button.

Now let’s look at the.ibrary menu.

The Library Menu

All of the libraries in LabWindows/CVI are divided into a hierarchical structure under the
Library menu as shown in the following illustration. By breaking down each library into a
hierarchy, you can find your way around the library functions more easily.

Note: Depending on which package you have, the submenus undettheary menu will
include either the Analysis library or the Advanced Analysis Library. The VXI Library
is accessible only by LabWindows/CVI VXI Development System users.
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c\cvitutorial\samplel.prj

Mame o 5 | Date User Interface...

samplel .. = 1047194, Adwvanced Analysis... E
Data Acquisition...
Easy I/0 for DAQ...

VXl...

GPIB{GPIB 488.2...

B5-232...

VISA...

TCP...

DDE...

Formatting and If0...
Utility... ¥
- Y - X Properties .. b

LH ANSIC...

When you select one of the libraries from Lilgrary menu, you will bring up a function tree.
With function trees, you can quickly search through the hierarchy of the library to find the right
function. The User Interface Library function tree is shown in the following illustration.

w1 Select Function Panel

Library: User Interface Library -

Window or Clazs

. - |

Menu Structures...

Controls/Graphz/Stip Charts. . Select |
Pop-up Panelz...
Callback Functions...
Uzer Interface Management...
Frinting...
Mouse and Cursor...

Rectangle: and Points... C | |
Bitmaps... Ance
Clipboard...

Mizcellansous...

L' DOS Compatibility Funchions. . Help... |
Get Errar String

™ Function Mames
" Flatten

Accessing the User Interface Library

You will now use the User Interface Library to display a graph of the random numbers generated
in thesamplel project. Follow these steps. (Close the User Interface Library window if you
opened it in the previous section.)

1. Double-click on thesamplel.c filename in the Project window to view the source code.

2. Verify that the program runs correctly by selecttygh Project from theRun menu.
One-hundred numbers should be output to the Standard Input/Output window (0—-99).
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3. After program execution ends, close the Standard Input/Output window.

4. Position the input cursor before the limettirn O; " in the source file (line 19). This line
is located before the closing right brage X for thefor loop.

5. SelecUser Interface...from theLibrary menu. A dialog box appears.

6. Press <P> once to sel@&udp-up Panelgor use the down arrow key) and then press <Enter>.
Another dialog box appears.

7. Press <Y> to select th&GraphPopup item (or use the arrow key), then press <Enter>.

After selectingY GraphPopup , a new screen appears as shown in the following illustration.

= User Interface Library - Graph Popup bt
File Code VYiew Instrument Library Window Options Help
LA EIIEEL S SRR !
YGraphPopup
Title Y Array Humber of Points
"]
¥ Data Type
: double precizion
Status
YGraphPopup ("". . . VAL DOUELE): D
LI 11
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Function Panel Fundamentals

The display that appears when you se¥éstaphPopup is called a function panel. A function
panel is a graphical view of a library function in LabWindows/CVI. Function panels serve four
important purposes in LabWindows/CVI.

1. Function panels have online help to teach you the purpose of each function in the
LabWindows/CVI libraries and the meaning of each parameter in the function call.

2. With function panels, you can automatically declare variables in memory to be used as
function parameters.

3. With function panels, you can execute each LabWindows/CVI function interactively before
incorporating it into your program. With this feature, you can experiment with the parameter
values until you are satisfied with the operation of the function.

4. Function panels generate code automatically, so that the function call syntax is automatically
inserted into your program source code.

Function Panel Controls

The items on the function panel are called controls that you manipulate to specify parameters.
There are eight types of controls, and these controls are explained as you encounter them in the
examples that follow.

The highlight should be on the Title control. The Tabmtrol is called amput control You
can enter a numeric value or variable name into an input control.

Press the <Tab> key to move the highlight from one control to another. With a mouse, click on
the label of the desired control to move the highlight.
Function Panel Help

There are two types of help information available on a function panel—general information
about the panel and specific information about a control. The methods for accessing this help
information are listed in the following table.
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Panel Help Display Procedures

To Display This
Type of Help ... | Perform This Action ...

Function Help | SelectFunction from the
Help menu

or

Right click anywhere on the
Function panel.

Control Help Highlight the control, then
selectControl from the
Help menu

or

Click the right mouse
button on the desired
control.

SelectFunction from theHelp menu to view information pertaining to thi&raphPopup
function panel. Press <Enter>, or click on r@ne command button, to remove the dialog box.

Select the Y Array control. Press <F1>, or click the secondary mouse button on the Y Array
control, to view the control-specific help information. After reading the help information,
remove the dialog box.

Drawing a Graph

You will now use the function panel to create a line of code that will graph the array of random
numbers generated in the sample program. Move the highlight to the Title control. Then
perform the following steps. (Remember, you can use the <Tab> key to move from one control
to another, or you can click on a control with your mouse to highlight it.)

1. Enter ‘Random Data ” in the Title control. (Be sure to include the quotes.)

2. Press <Tab> to move the highlight control to the Y Array control.

3. Enter the array nantiatapoints  in the Y Array control.

4. Press <Tab> to move the highlight to the Number of Points control.

5. Enter the numbé&0 in the control.

6. Press <Tab> to move the highlight to the Y Data Type control. As you can see by the up and

down arrows, this is a ring control.
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7. Use the up and down arrow keys on your keyboard to move through the choices until you

find double precision . With a mouse, click on the ring control and sedlectble
precision  from the pull-down menu, or click on the arrow key to fiwdible
precision

8. Press <Tab> to move the highlight to the Statugrol. (With a mouse, click on the Status
control.)

9. Enter the variable nanegr in the control.

The function panel appears as shown in the following illustration.

& User Interface Library - Y Graph Popup i o
File Code Yiew Instrument Library “indow Options Help
LB L A= = =
Y GraphPopup
Title ¥ Amay Mumber of Pointz
"Random Dat. datapoint= 50
Y Data Type
: double precision
GStatus
Err =
err = YoraphPopup [ "Random Data". datapoint=s, 50. VAL _DOUEBLE); B
O O
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Inserting Code from a Function Panel

Interactive Code Generation Tools

Notice the small window at the bottom of the function panel. This is the Generated Code box.
The line of code in the Generated Code box is generated when you manipulate the controls on
the function panel. You can copy these lines of code directly to your application program by

going through the following steps.

1. SelectSet Target Filefrom theCode menu to bring up a dialog box. Selsatmplel.c

from the list of windows in the dialog box.

2. Selectnsert Function Call from theCodemenu. When you make this selection,
LabWindows/CVI automatically pastes the code from the Generated Code box of the
Function Panel window to treamplel.c source code at the position of the text cursor.

3. SelectClosefrom theFile menu to remove théGraphPopup Function Panel window.

Thesamplel.c source code should have t&raphPopup function added at the bottom
of the program, as shown in the following illustration. Notice the line of code inserted from

the function panel.

o <13 cohevivtutonalizamplel.c

File Edit ¥iew Build Bun Instrument Llhrary Window Optluns Help

<an51_c.h>
{userint h:
{analvsi=z . h>

int i=0, err:
double mean walues;
double datapoint=[100]:

return 0

126 | 1|qg) |Ins|sm

int main{int argc, char *argw[])

if (InitCWIRTE (0, argwv.
return (-1); <% out of memory *

for (i =0 ; 1 <« 100 ;

datapoint=s[1] = rand()~-32768.0;
printf (" xd ~t Xf~n".

H
err = YGraphPopup ({"Fandom Data".

s# needed if linking executable in exter

i, datapoint=[i]);

datapoints=,

. VAL _DOOELE) ;

L+l
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5. Execute the program by selectiRgn Project from Run menu. Click or¥esif you get a
dialog box asking you to save changes before the project executes. As the program code
executes, the Standard Input/Output window displays the screen output. Then the graph of
the data appears. Press <Enter> or clicko&nto remove the graph and return to the Source
window.

6. Close the Standard Input/Output window.

Analyzing the Data

Now you will use a function from the LabWindows Analysis Library to calculate the mean of the
values in the array. Before continuing, position the input cursor in the Program window on the
line beneath the following statement.

err = YGraphPopup (“random data”, datapoints, 50, VAL_DOUBLE);

Perform the following steps to generate a call toMlean function and insert the code into the
appropriate area of the source code.

1. Selectrind Function Panelfrom theView menu. A dialog box appears as shown in the
following illustration.

w1 Find Function Panel

| E
[T Case Sensitive Cancel |

[ wWhale ‘Ward

[" Begular Expression

2. TypeMeaninto the Function Name input box.

3. Press <Enter>, or click on thkénd command button to search for the Mean function panel.
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When theMean function is found, its function panel appears, as shown in the following
illustration.

| Advanced Analysis Library - Mean bt
File Code VYiew Instrument Library Window Options Help
AR R A=A =
Mean
Input Array Mumber of Elements Mean

Status

Mean (. . ):

Thelnput Array label should be highlighted. If it is not, press <Tab> to move the highlight to
this label. Or with a mouse, click on the label to highlight it. Make the following entries on the
function panel.

1. Enter the array nang@atapoints  in the Input Array control.

2. Press <Tab> to move the highlight to the Number of Elements control.

3. Enter the numbeir00.

Leave the remaining control empty and go on to the next section.

Output Values on a Function Panel

TheMean control on theMean function panel is an output control. An output control displays
data that results from executing a function. You can enter your own variable name in which to
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store the results. You will want to do this if you intend to generate code for your program. For
this example, enter a variable name as follows.

1. Select the Mean control by tabbing or using the mouse.

2. Enter&mean_value in the control. The function appears as shown in the following
illustration.

= Advanced Analysis Library - Mean |~
File Code ¥Yiew Instrument Library YWindow Options Help

EH S8 & B2 S| )i - |[E

Input Array Humber of Elements Mean

datapoints 100 fmeEan_value

Status

Mean (datapoints, 100, é&mean_wvalues):

3. Insert the line of code for calling tiean function into thesamplel.c source code by
selectingnsert Function Call from theCode menu, or by pressing <Ctrl-I1>.

4. SelectClosefrom theFile menu to remove thiglean function panel. You will see the code
where you left your cursor in the Source window.

Recalling a Function Panel

Notice that the call ty GraphPopup graphs only 50 elements of the array datapoints. To
change this line of code to graph all 100 elements of the array, you can either modify the code
directly in the Program window, or you can modify the function panel associated with the
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YGraphPopup function. Perform the following steps to edit this line of code using the Recall
Function Panel feature.

1. Position the input cursor in the Program window on the following line.
err = YGraphPopup (“random data”, datapoints, 50, VAL_DOUBLE);

2. SelecRecall Function Panelfrom theView menu. TheYGraphPopup function panel
appears on the screen. Notice that the controls are automatically adjusted to reflect the state
of the line of code from the Program window.

3. Select the Number of Points control.
4. TypelOO in the control.

5. Copy the new code to your program by seledtirsgrt Function Call from theCode menu.
The Replace/lnsert dialog box appears as shown in the following illustration.

= LabVindows/C¥l Message

"samplel.c" has selected text on line 15.
You may replace the selected text with the generated code,
or you may insert the generated code below the selected text.

Inzert | | Cancel

6. Press <Enter>, or click on tReplacecommand button, to replace the old line of code in the
Program window with the newly generated line of code.

7. SelectClosefrom theFile menu to remove the Function Panel window and return to the
Program window.

Notice that the call to GraphPopup will now graph 100 elements of the array datapoints.

Finishing the Program

Now you have a program that generates a series of random numbers, plots the numbers on a
graph, and calculates the mean value. As a final step, add the following line to the end of the
main function in the Program window.

printf ("Mean =\t %f \n", mean_value);
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The completed program listing is shown in the following illustration.

#include <ansi_c.h>
#include <userint.h>
#include <analysis.h>

inti=0,err;
double mean_value;
double datapoints[100];

int main(int argc, char *argv][])
{
if (INitCVIRTE (0, argv, 0) == 0) /* needed if linking executable in
external compiler; harmless otherwise */
return (-1); /* out of memory */

for(i=0;i<100; i++)

datapoints][i] = rand()/32768.0;
printf ("%d \t %f\n", i, datapoints]i]);
}

YGraphPopup ("random data”, datapoints, 100, VAL_DOUBLE);
err = Mean (datapoints, 100, &mean_value);
printf("Mean =\t %f \n", mean_value);

return O;

}

Execute the program by selectiRgn Project from theRun menu. If a dialog box comes up
asking you to save changes before running your program, cli¥lesor press <Enter>. The
program first prints out the random numbers in the Standard Input/Output window as they are
calculated. Next, it draws a plot of the data. Finally, it calculates the mean of the numbers and
prints it in the Standard Input/Output window after the last output line (line 99).

Close your Source window before going on to the next tutorial session.

Interactively Executing a Function Panel

In this tutorial session, you have learned how to use function panels to interactively build
function calls into your program. You have also learned that function panels can teach you how
functions operate through the online help. Perhaps the most powerful feature of function panels
is that of executing functions interactively without making the function call part of a program. In
Chapters 6 and 7 of this tutorial, you will learn how to use function panels to declare variables
for use in your program and how to run functions interactively.

This concludes the second tutorial session. In the next session you will learn how to use the
executing and debugging tools available in LabWindows/CVI.
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In this session, you will get acquainted with some of the tools available for executing and
debugging in the LabWindows/CVI interactive program. This session describes the step modes
of execution, breakpoints, the Variable Display, the Array Display, the String Display, and the
Watch window.

Setting Up
1. Open the project in theutorial ~ directory titledsample3.prj
2. Close all windows except the Project window displaying the filesaimple3.pr;j

If you have not saved the previous contents of these windows, you will be prompted to do so.
If you want to save the previous window contents, click orSéneecommand button and

enter the desired filename into the Filename input box. If you do not want to save the
previous window contents, click on tBéscard command button.

3. Double-click on thsample3.c filename in the project list to open a source window.

The program sample8 appears in the Source window as shown in the following illustration.

o <1> c-\eviMtutonalvzample3.c
File Edit Yiew Build Bun Instrument Library Window Options Help

[+]

| ¢ansi_c.h>»

¢utility. b
volid get_and print_random {int, double =3
int main {(int argc, char *argwv[])

{
double ny_arraw[100]:

int 1i:

if {(InitCVIETE {0, argw, 0) == 0) <% needed if linking executable in exter
return (—1): <% ot of memory =7

Cl=s ()

for (1 = 0; 1 < 100; i++)

get_and print_random (i, &my_arrav[i]):

return O

i

woid get_and_print_random {(int index. double *random_wval)

#randomn_wval = (double)rand () » 32767 .0; El
1029 | 1|c| | |Ins|ES| [« 1 [+]
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The progransample3.c  performs the same random number function as the program
samplel.c that you ran in the first session of this tutorial (Chapter 2).

The difference between the programs is thaaimple3.c , the steps of assigning a random
number and printing out the values are placed in a function. This arrangement of program
instructions is useful in illustrating the debugging tools available in the LabWindows/CVI
interactive development environment.

Step Mode Execution

Step mode execution is a useful run-time tool for debugging programs. In step mode, you can
execute a program in steps described as follows.

1. SelecBreak at First Statementfrom theRun menu to stop execution at the first line in the
source code. WhdBreak at First Statementmode is activated, a checkmafk) @ppears
next to theBreak at First Statementitem in theRun menu.

2. SelecRun Project from theRun menu, click on th&®un Project toolbar icon, or press
<Shift+F5> to begin execution of the program. After the program is compiledhaime
function line in the program appears highlighted in the Source window, indicating that
program execution is currently suspended.

You can halt execution of the program during step mode by sel@aingnate Execution
from theRun menu, clicking on th&erminate Executiontoolbar icon, or using quick keys:
<Ctrl-Alt-SysRg> under Windows 3.1 and <Ctrl-F12> under Windows 95/NT and UNIX.
Do not halt execution now.

3. To execute the highlighted line, select 8tep Into command from th&un menu or click
on theStep Into toolbar icon. Notice that the shortcut key combination foStleg Into
command is <F8>. This is a very useful shortcut that eliminates having to acdees the
menu to execute each step.

Other stepping operations inclugeep Over, <F10>, andContinue, <F5>. Step Overwill

execute a function call without single-stepping through the function code itself, as opposed to
the Step Into selection that single-steps through the code of the function call being executed.
Continue causes the program to continue operation until it completes or reaches a
breakpoint.

4. Any time that you are working with user defined variables or functions in LabWindows/CVI,
such as thget_and_print_data function insample3.c , you can immediately locate
the definition of the function by using tkBo To Definition toolbar icon. To immediately
find the definition of theget_and_print_data function, highlight the call to the
function on line 17 ofample3.c by double-clicking on it, and clicking on tk&o To
Definition toolbar icon or selectinGo To Definition from theEdit menu . Notice that
LabWindows/CVI immediately finds the definition of the function. This will be true even if
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the function resides in a different source file, as long as the source file is listed in the Project
window. You can also find variable declarations using this command. Try finding the
declaration statements for the variablesample3.c using theGo To Definition toolbar

icon.

5. UseStep Into to begin stepping through the program. Notice that when the function call
get_and_print_random is executed, the highlighting moves to the function and traces
the instructions inside the function. Continue to step through the program until several
random values have been created.

Breakpoints

Breakpoints are another run-time tool for debugging programs in the LabWindows/CVI
environment. A breakpoint is a location in a program at which execution of the program is
suspended. There are four ways to invoke a breakpoint in LabWindows/CVI.

* Programmatic Breakpoint
Inserting a Breakpoint icon in the source code

* Manual Breakpoint
Pressing <Ctrl-Alt-SysRqg> under Windows 3.1 during program execution, or
Pressing <Ctrl-F12> under Windows 95/NT and UNIX

* Breakpoint on Error
Pause when a LabWindows/CVI library function returns an error

» Conditional Breakpoint
Pause when a user-specified condition becomes true

Programmatic Breakpoints and Manual Breakpoints will be discussed in this section. For
additional information on Conditional Breakpoints and Breakpoint on Error, s&thslenu
section of Chapter 4he Source, Interactive Execution, and Standard Input/Output Windows
theLabWindows/CVI User Manual.

Programmatic Breakpoints

To invoke a breakpoint at a specific location in a program, left-click with your mouse in the left-
hand column of the Source window on the line you want to break on. In this example, you will
insert a breakpoint inside tfh@ loop so that the program halts after returning from the function
call. Insert a breakpoint in the sample program as follows.

1. Halt program execution, if you have not already done so, by sel@eingnate Execution
from theRun menu or clicking on th&erminate Executiontoolbar icon.

2. DisableBreak at First Statementfrom theRun menu so that the checkmark next to it
disappears.
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3. Left-click with the mouse in the left-hand column of the Source window to the left of the line
containing the following statement.

get_and_print_random (&i, &my_array[i]);

4. Ared diamond, representing a breakpoint, should appear beside that line as shown in the
following illustration.

o <13 c\evistutonalizample3.c
File Edit ¥iew Build Bun Instrument Library Wi

R EENEE I DR
<an=i_c h>
{utility . he

[+]

vold get_and print random (int, double ®);
int main (int argc, char *argwv[])

double ny_arrawv[100];

int 1i:
if (InitCVIRTE (0, argw., 0) == 0} <# neseded if linking executable in exter
return (-1); <% out of memory *
Cl= ():
for {1 = 0; 1 < 100; 1i++)
{
* get_and_print_random (1. é&my_arraw[i1]):
h
return 0;

¥

volid get_and_print_random (int index, double #random_wal)

1

*random_wval = (doublelrand () ~ 32767 .0:; Z|
17,29 | 1] || |IndES [« 1 [+]

To illustrate how the breakpoint works, begin execution of the program by sel@cting
Project from theRun menu. When the breakpoint is encountered during execution, the
following events occur.

* Program execution is suspended.

* The line with the breakpoint is highlighted with a red box.

Press <F5> to continue execution. Program execution resumes until it encounters a breakpoint or
it completes. You can also single-step through the code at that point by seSéepir@veror
Step Into from theRun menu.

To halt the program at a breakpoint, press <Ctrl-Alt-SysRqg> under Windows 3.1 or <Ctrl-F12>
under Windows 95/NT and UNIX, or seldatrminate Executionfrom theRun menu. Halt the
program now using one of these methods.

To remove the breakpoint from the program, left-click on the red diamond so that it disappears.
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Manual Breakpoints

You can also enter a breakpoint after program execution has begun by pressing <Ctrl-Alt-
SysRqg> under Windows 3.1 or <Ctrl-F12> under Windows 95/NT and UNIX. Selact

Project from theRun menu to begin program execution. When the program begins running,
press <Ctrl-Alt-SysRqg> (or <Ctrl-F12> under Windows 95/NT and UNIX). The program enters
breakpoint mode just as it did when the breakpoint symbol was encountered, but with one
difference—instead of the line with the breakpoint symbol being highlighted, the next executable
statement in the program appears highlighted. All the execution options at this point are the
same as the options available when a call tdotkekpoint  function is encountered in the
program. Press <Ctrl-Alt-SysRqg> (or <Ctrl-F12> under Windows 95/NT and UNIX), or select
Terminate Executionfrom theProgram menu to halt the program.

Displaying and Editing Data

Step mode execution and breakpointing are useful tools for high-level testing. There are many
cases, however, when you need to look deeper than your source code to test your programs. The
LabWindows/CVI interactive environment has special displays for viewing and editing data.

These displays are the Variable Display, the Array Display, and the String Display. In addition,
LabWindows/CVI has a utility called the Watch window that lets you view variable and

expression values during program execution. Each display is described in the following sections.

The Variable Display

The Variable Display shows all variables currently declared in the LabWindows/CVI interactive
program. To view the Variable Display, sel¥etriables from theWindow menu.

When you select Variables, the display appears as shown in the following illustration.

= ariahle - | .
-file Edit ¥iew Format Bun Window Options Help

irfoia s +
i ... Jo. |

ErT 0 int

nean_wvalues o.o00000000000000 double
T datapoints= 0062955 double [100] El

§ RS :|
< FlE DIC ]

The Variable Display lists the name, value, and type of each variable currently declared.
Variables are displayed in categories according to how they are defined, such as global or local,
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and in which file they are defined. The display in the preceding illustration shows that there are
a number of global or local variables currently declared in two different source files.

You can view the Variable Display at any time to inspect variable values. This is especially
useful when you are stepping through a program during breakpointed execution. Perform the
following steps to step through the program and view the Variable Display at different points in
the execution of the program.

1. Select thdreak at First Statementcommand from th&un menu. A checkmarkX)
should appear before tBgeak at First Statementcommand in th&un menu.

2. SelecRun Project from theRun menu, or press <Shift+F5> to begin running the program.
When the program begins execution, t&n function in the program is highlighted.

3. Selectvariables from theWindow menu. The Variable Display appears as shown in the
following illustration.

i Yanables

File Edit ¥iew Format Hun Window Options Help

*
WAL
AT ) InE :l
¥ &I HES SRS &S ohEr
¥ nv_arrayv 0000FCSA double [100]
i 7 int
[« | [+ [«] | [+] [«] | [+]

Notice that there are now two variables—a double-precision amayafray )—and an
integer { ) under a heading calledain The section callethaindisplays all variables that
are declared locally to the main program inBmegram window.

Note: The values may differ from the value shown in the preceding illustration.

4. SelectHide from theFile menu, or double-click in thélosebox in the upper left-hand
corner of the window, to return to the Source window.

5. SelectStep Into from theRun menu or press <F8> continuously until the highlight is on the
line *random_val = (double)rand () / 32767.0; , Which is the first statement
in the functionget_and_print_random.

6. Selectvariables from theWindow menu. The Variable Display now appears as shown in
the following figure.
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tw Yariables
File Edit View Format Bun Window Options Help

+
qEE Ang gront randon
Tmdasr & InE
¥ randon il SERTRETEE (0 ST FEFTEESERE || donhle *
EERSH
e i Ine
¥ Ay Fid & SRR Pl EFANE
¥ ny_array O000OFC94 double [100]
1 1] int
[«] | [+][«] | [+ [«] | [+]

Notice that a new section appears under the heading of the function
get_and_print_random to show the variables that are declared locally to the function.

7. Click on the Source window in the background to make it the active window.

This example illustrates the manner in which variables are displayed in the Variable Display.
The Variable Display groups variables according to their scope (global or local) and the program
module in which they are declared (main program, or subroutine).

Leave the program in breakpoint mode and continue with the next example.

Editing Variables

In addition to displaying variables, you can use the Variable Display to edit variable contents.
The following steps illustrate the use of the Variable Display for this purpose.

The program should still be in breakpoint mode with the highlight positioned on the following
line inside the functioget_and_print_random

*random_val = (double)rand () / 32767.0;
Perform the following steps:

1. SelectStep Into from theRun menu or press <F8> continuously until the for loop executes a
few times and the highlight appears on the following statement.

get_and_print_random (&i, &my_array[i]);

2. Highlight thei variable and sele&tiew Variable Value from theRun menu, click on the
View Variable Value toolbar icon, or press <Shift+F7> to automatically display the
Variable window with the variable highlighted.
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v Yariables
File Edit ¥Yiew Format Bun Window Options Help

Lfahsi=s

FE ] If

e 7 Int :|
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]
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3. Press <Enter> to display the Edit Value dialog box.

& Edit Yalue [Decimal]

Value: 8

| 1] 8 I | Cancel I

4. Enter the valué@O in the dialog box.

5. Press <Enter>. Notice that the valueé a now 10.

6. Click on the Source window in the background to make it the active window.
7. SelectStep Into from theRun menu or press <F8> continuously.

8. Click on theStandard Input/Output window to make it the active window or select
Standard Input/Output from theWindow menu.

Notice that the index is now 10 when the next random number is displayed. The change made
using the Variable Display is immediately reflected in the execution of the program.

Leave the program in breakpoint mode and continue with the next example.

The Array Display
Another useful data display in the LabWindows/CVI interactive program is the Array Display.

The Array Display displays the contents of an array of data. You can also use the Array Display
to edit array elements in the same manner as you edited variables using the Variable Display.
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The program should still be in breakpoint mode. Perform the following steps.

1. Click on the Source window to make it active.

N

SelectStep Into from theRun menu or press <F8> continuously to move the highlight to the
following line.

printf (" %d \t %f \n", *index, *random_val);
3. Click on the Variable Display in the background to make it the active window.

4. Position the highlight on the arrayy_array under the heading main, and press <Enter>.
(With a mouse, double-click on the variable name array .) The display shown in the
following illustration appears on your screen.

= Array Displa Arra bl

File Edit Format Hun Window Options Help
double nv_arravy[1l00] Slice: [R] Index: [0]
1]
51387066 2556R841
1757285775627 92
.oonoooooonooonn
.oonoooooonooonn
.oonoooooonooonn
.oonoooooonooonn
.oonoooooonooonn
LoooooooQooooonn
LoooooooQooooonn
LoooooooQooooonn
LoooooooQooooonn
LoooooooQooooonn

1 Bl

i L o o e O O Y N Y L o e
[ J=]

oo oo oDoo o

e

=

Note: The actual values in the array may differ from the values shown in the preceding
illustration. This example generates numbers between 0 and 1. The numbers shown
above for index 3 through 9 are invalid, uninitialized values.

The display shown in the preceding illustration is the Array Display. The Array Display shows
the values of array elements in tabular format. In this example, thenayrayray is a one-
dimensional array, so the display consists of one column of numbers. The numbers in the
column on the left side of the display indicate the index number, with the first element being
zero (0).

You can scroll through the Array Display by using the arrow keys or the scroll bar on the right
edge of the display. Take a moment to scroll through the display.
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Editing Arrays

You can edit individual elements in the array just as you edited variables in the Variable Display.
For example, to edit the 12th element of the array, follow these steps.

1. Either double-click on the 12th element or highlight the 12th element (index 11) in the array
and press <Enter>. The dialog box shown in the following illustration appears.

= Edit Yalue [Decimal]

my_array[11]

LEITEN. H 345316934 72091

(1] 4 | Cancel |

2. Enter the valu®.5 and press <Enter>. Notice that the twelfth element of the array is now
equal to 0.5.

3. SelectClosefrom theFile menu to remove the Array Display and return to the Variable
Display.

4. Click on the Source window in the background to make it the active window.

5. Press <F8>, or seleBtep Into from theRun menu, to execute th@intf  statement.
Notice that the random value printed in the Standard Input/Output window is the edited
value, 0.5.

6. Press <F5>, or seleCbntinue Executionfrom theRun menu, to complete program
execution.

The String Display

Another useful data display is the String Display. You enter the String Display when you select
a string variable from the Variable Display. The String Display is similar to the Array Display,
except that with the String Display you can view and edit elements of a string. Operations in the
String Display are similar to the operations you just performed in the Array Display. For a more
detailed description of the String Display window, refer to Chaptéh& Array and String

Display Windowsin theLabWindows/CVI User ManualAn example String Display is shown

in the following illustration.
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= q Displs E bl
-filt: Edit Format Run Yindow Options Help
char lins[100] Index: [0]
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The Watch Window

The Watch window is a powerful debugging tool because you can view values of variables
changing dynamically as your program executes. You can also use the Watch window to view
expression values, and set conditional breakpoints whenever variable or expression values
change. The following steps show you how to use the Watch window to view variables during
program execution. (Return to the Source window if you are still in the Standard Input/Output
window.)

1.

With Sample3.prj  still loaded as the current project, seBrak at First Statement
from theRun menu so that a checkmark appears next to it, if it is not already selected
from the previous exercise.

SelecRun Project from theRun menu, or press <Shift+F5>, to start program execution.
Execution will break with thenain function highlighted.

Press <F8> continuously to place the highlight on the following line.
void get_and_print_random (index, random_val);

Selectvariables from theWindow menu to open the Variable Display, or click on the
Variable display if it is already active in the background.

Click on the andom_val variable or press the <Down> arrow key until the
random_val variable is highlighted.

SelectAdd Watch Expressionfrom theOptions menu to indicate that you wish to
assign theandom_val variable to the Watch window. The dialog shown in the
following illustration will appear.
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= Add/Edit ¥Watch Expression

Yanable/Expression: w

(4 Update display continuously

Scope: : Local

File: sampled.c - [] Break when value changes

Function: get_and_print_random b

Cancel

7. Click in the check box next to Update Display Continuously, if it is not already checked.
Click on theAdd button.

8. Click on the Source window in the background to make it the active window. Position
and size the Watch window so that you can see it in addition to the Source window.

9. SeleciContinue Executionfrom theRun menu to complete program execution. As the
program continues running, you can view the value ofahdom_val variable
changing dynamically in the Watetindow.

10. When program execution is complete, close all windows except the Project window.

This session concludes the first part of the tutorial session in which you became acquainted with
the LabWindows/CVI programming environment. In the next part of the tutorial, Chapters 5, 6,
7, and 8, you will build an actual project in LabWindows/CVI.
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Building a Graphical User Interface

This chapter begins the second part of the tutorial sessions in which you will build an actual
project in LabWindows/CVI. These sessions will be included in Chapters 5, 6, 7, and 8. In
Chapter 9 you will find additional exercises to practice and expand on what you have learned.

In the first tutorial session, you executed a sample program that was controlled with a graphical
user interface (GUI) developed in the User Interface Editor. Throughout the remaining sessions
of this tutorial, you will develop a simple project consisting of a GUI controlled by a C source
file. In this session, you will be learn to design a user interface with the User Interface Editor. In
subsequent tutorial sessions, you will create a simple C source file that operates the user
interface.

You can use the User Interface Editor to create a GUI for an application program. A user
interface is comprised of a collection of objects such as menu bars, panels, controls, and pop-up
menus. In the Chapter 6 tutorial session, you will be introduced to the User Interface Library,
which includes a set of functions for controlling the interface programmatically.

Setting Up
Perform the following steps to set up this session.

1. SeleciNew from theFile menu. Seled®roject  (*.prj) to unload the existing
sample3.prj  project. A dialog box will come up on your screen asking if you are sure
you want to unload the current project. Press <Enter> or clidkean

2. The dialog box shown in the following illustration should appear. ClicRKrio maintain
the current configuration of the LabWindows/CVI environment for the new project.
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= Transfer Project Options

You can tranzfer selected optionz from the cument
project to the new project. Checkmark the groups
of optionz you wizh to transfer.

(<] Compiler Dptions
(<] Compiler Defines
] Include Paths

(<] Bun Dptions
(<] Command Line

(<] Project Move Dptions

3. Close all of the windows visible except the Project window.

The User Interface Editor

The User Interface Editor is an interactive drop-and-drag editor for designing custom graphical
user interfaces (GUIs). You can select a number of different controls frdomeate menu and
position them on your panels. Each control can be customized through a series of dialog boxes,
in which you set attributes for the control appearance, settings, hot key connections, and label
appearance.

Source Code Connection

After you have designed your user interface in the User Interface Editor window, you can begin
writing your C source code to control the GUI. You must give a name to each panel, menu, and
control on your user interface that can be used in the C source code to differentiate the controls
on the GUI. You can also assign a function name to controls on your user interface that will be
called automatically whenever you operate that control during program execution. The Constant
Name and Callback Function associated with a particular control are assigned within the edit
dialog box for the control in the User Interface Editor.

Once you have completed a user interface and saved it as a resourge filg (
LabWindows/CVI automatically generates an include file defining all of the constants and
callback functions you have assigned.

Getting Started with LabWindows/CVI 5-2 © National Instruments Corporation



Chapter 5 Building a Graphical User Interface

CodeBuilder

After you have completed yowrir file, LabWindows/CVI can help get you started on your
source file with the CodeBuilder utility. CodeBuilder will automatically create a source file
based on the callback functions specified in yaur file.

The Sample Project

In the next few sessions of this tutorial, you will follow instructions to build a sample program
that acquires and displays a waveform on a GUI. The development process will be as follows.

1. Create a User Interface in the User Interface Editor (Chapter 5).
2. Generate a shell program source file using CodeBuilder (Chapter 5).
3. Add to the C source code to generate and display the waveform (Chapter 6).

4. Develop your own callback function to compute the mean value of the waveform
(Chapter 7).

5. Incorporate the use of an instrument driver in the project to simulate data acquisition
(Chapter 8).

Building a User Interface Resource (.uir) File

The following steps teach you how to build a user interface, an additional command button, and a

graph control to the user interface of the sample project.

Step 1: Opening a .uir File

1. SelecOpen User Interface(*.uir ) from theFile menu. Select the fileemplate.uir
from the file list. The User Interface Editor will appear with the controls as shown in the
following illustration.
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| ceviltutorial\template.uir

File Edit Create Yiew Arrange Code Bun Library Mindow Options Help
Sample 4 Panel Ld

| [+ ]

+] [+

TheEdit menu contains selections to cut, copy, paste, align, and space user interface controls
in the editor.

TheCreate menu contains selections for placing user interface objects, such as numeric
controls, LEDs, command buttons, toggle switches, graphs, and strip charts, onto your user
interface file.

2. Notice that the user interface has been partially completed for you. You must add a button to
trigger an acquisition and a graph control to display the acquired waveform so that it looks
like the.uir in the following illustration. You will add the button and graph control in the
steps that follow.
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Step 2: Adding a Command Button

1. SelectCommand Button from theCreate menu and choose one of the button styles shown
in the pull-right menu. You should see a button lab&lKdon the panel.

2. Use the mouse to position the button on the panel. If you do not have a mouse, press the
<Tab> key until the®OK button is highlighted, and then use the arrow keys to position the

button.

3. To edit the button attributes, double-click on the button or press <Enter>. A dialog box
entitled Edit Command Button should appear as shown in the following illustration.
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w1 Edit Command Button

~Source Code Connection

Conztant Name: COMMANDBUTTON |

Callback Function: | +

~Control Settings

Control Mode: ei Hot |

titial Srate: Son

] Initially Dimmed

- 3
~Shortcut Key
Modifier Key: ei Hone | ~Label Appearance
Label: __0OK
Key: ei No Shortcut Key |

D abed Baleed

~Control Appearance ioihise Yo Tax

VS Label Style.... I
GFF Yot :

Tt Bhvde

b, I oK I | Cancel I

4. First, you must assign a constant name to the button. Your C source code will use this
constant name to communicate with the button. LabWindows/CVI creates a default name for
you. You can customize youwrir. file with your own Constant Names. TyR€QUIREIn
the Constant Name input within the Source Code Connection section of the dialog box. (Be
sure to use all capital letters.)

5. Next, you must assign a function name to be called whenever a user click®\oqutine
button. TypeAcquireData in the Callback Function input. (In the next chapter you will
write the source code for thequireData  function). Make sure the Source Code
Connection section of the dialog box looks exactly as shown in the following illustration to
ensure that your program can properly communicate with the button.

Source Code Connection

Conztant Hame: ACQUIRE

Callback Function: |AcquireData

6. Press the <Tab> key five times, or click with the mouse, to highighin theLabel input
within theLabel Appearancesection of the dialog box.
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7. Change the label on the command button by typoguire in theLabel input.

8. (Optional) Further customize the appearance of the label by clicking balibeStyle
button to bring up another dialog box. Click on @ button when you are finished.

9. Click on theOK button at the bottom of the Edit Command Button dialog box or press
<Enter>. Your user interface should look similar to the one shown in the following
illustration.

Sample 4 Panel

Step 3: Adding a Graph Control to the User Interface

1. Pull-down theCreate menu and select the Graph control from@raph submenu. A graph
control named Untitled Control should appear on your user interface.

2. Position and size the graph (drag one of the corners) with the mouse.

3. Double-click on the graph control to display the Edit Graph dialog box for customizing the
graph attributes.

4. TypeWAVEFORM the Constant Name input within the Source Code Connection section of
the dialog box. Be sure to use all capital letters.
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Note: Since the graph will only be used as an indicator for displaying a waveform in this

5. TypeAcquired Data

6

&n Edit Graph

program, you do not need to assign a callback function to the graph control. Callback
functions are only necessary when the operation of the control initiates an action or
acts as an input. Indicators generally do not require callback functions.

in the Label input within the Label Appearance section of the
dialog box. The dialog box should look exactly as shown in the following illustration.

~5Source Code Connection
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Callback Function:

—Control Settings

Control Mode: ﬂ Indicator
Drata Mode: ﬂﬂetain

¥ Copy Original Plat Data

¥ Smooth Update ™ Enable Zooming

[ Initially Dimmed R-aKis... |

FLeftYoans.,, Right -asis.. |

Curgors... |

— Control Appearance

Grid Color, I
Edage Style: ﬂ Faized

¥ Show Border &rea

Axiz Mames... | Axiz Labels... |

Quick Edit 'Windaow

LAl

Aecquired Data o

100-
80

0

40

20

4]

-

| »

~Label Appearance

Label:
™ Label Raized

V¥ Size To Teut

Label Style... |

Acquired Data

Ok

| Cancel |

box. AssignTime andVoltage

[Optional] Use thé&-axis andLeft Y-axis buttons to display the Edit Axis Settings dialog
labels to the X and Y axes labels respectively.

7. Once you have finished setting the graph attributes, click c@Khbutton at the bottom of

Step 4: Saving the .uir File

the Edit Graph dialog box to close the dialog box.

1. Your completed user interface should look like the one shown in the following illustration.
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Sample 4 Panel
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2. SelectSaveAs from theFile menu to save thaiir file with the new controls added.

3. Typesample4 in the File Name input in the Save File As dialog box. Click orSthes
button to close the File Save dialog box.

4. SelectPreview User Interface Header Filedrom theView menu to view the header file that
LabWindows/CVI has automatically created. It should appear as follows.

&1 <13 untitled?_h

EXEXEXEEEXEXEXXEXNES

3633 33N K

[+]

<% LabWindows<CVI User Interface Resource (UIE) Include File 3.
<% Copyright {(c) Hational Instruments 1996, A4ll Right= Feserved. *. —
~® * .
s% WARNING: Do not add to, delete from,. or otherwize modify the contents %
S of thi= include file. * .
# -~

{uzerint h:

_ cplusplus=s
extern "C" {

~# Panels and Controls: =7

PANEL

PANEL QUIT
PANEL ACOUIRE
PANET,_WAVEFORM

<% callback function: Shutdown
<% callback function: AcguireDs

Lo e

<% Menu Bars, Menus, and Henu Items: =7

% (no menu bars in the resource file) #- EI
1,37 | 1 | | |In=|E®| Read-only [«] | [+]
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5. Close the header file before continuing by seled@ilugefrom theFile menu. You do not
need to save it.

Step 5: Generating the Program Shell with CodeBuilder

Now that you have created a GUI, CodeBuilder can help you get a jump start on development by
automatically generating the start of your source code.

1. First, you must specify which events for which your program will respond. BSelieatlt
Control Events from thePreferencesselection of th&€€ode menu.

= Control Callback Events

Events

4 EVYENT COMMIT
EVENT_YAL_CHAMGED
EVEMT_LEFT_CLICEK
EYEMT_LEFT_DOUBLE_CLICK.
EVENT_RIGHT_CLICK
EVEMT_RIGHT_DOUBLE_CLICEK
EYEMT_KEYPRESS
EVENT_GOT_FOCUS
EYEMT_LOST_FOCUS
EYEMT_DISCARD

Add "default:" switch case

Check All Check Hone

Cancel

2. Later in this tutorial, you will develop code to display help information when a user right-
clicks on a GUI control. To do this, you must sele¢ENT_RIGHT_CLICKfrom the event
list box (so that a checkmark appears next to it). Your program will respond to two events: a
commit event (left-click or <Enter>) that generates data and plots it on the graph, and a right-
click that displays help. Sele®K.

3. SelectGenerate » All Codefrom theCode menu to display the following dialog box.
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iw Generate All Code

Target File: <Mew 'Window
™ Generate Winkain[ | instead of mair] |
— Select panels to load and display at startup
Cansztant Mame ‘W ariable Mame
[PANEL nanelHandie |
J= |
— Programm T ermination
Select QuitUsernterface Callbacks:
Control Callback s [quit when EVEMT_COMMIT received): ;I
AcguireData
Shytdown
Cancel_|

4. You must specify some options from the CodeBuilder dialog. First you must decide which
panels you want to display at program startup. For this program, you only have one panel in
your.uir  file.

Note: Make sure that the Panel Variable Name manelHandle for this exercise.

5. The lower half of the dialog shows a list of callback functions in yaur file. You can
select a function from this list that will cause the program to terminate execution. Select the
Shutdown function in the dialog so that a checkmark appears next to it.

6. Select th@OK button. This will trigger CodeBuilder to build the source code for your
program. A new Source window should appear with the following code.

#include <cvirte.h> /* needed if linking executable in external compiler;
harmless otherwise */

#include <userint.h>

#include "sample4.h"

static int panelHandle;

int main (int argc, char *argv([])
{
if (INitCVIRTE (0, argv, 0) == 0) /* needed if linking executable in
external compiler; harmless otherwise */
return (-1); /* out of memory */
if ((panelHandle = LoadPanel (0, "sample4.uir", PANEL)) < 0)
return -1,
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DisplayPanel (panelHandle);
RunUserlInterface ();
return O;

}

int CVICALLBACK Shutdown (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData?)

{
switch (event) {
case EVENT_COMMIT:
QuitUserlInterface (0);
break;
case EVENT_RIGHT_CLICK:
break;
}
return O;
}

int CVICALLBACK AcquireData (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)

{
switch (event) {
case EVENT_COMMIT:
break;
case EVENT_RIGHT_CLICK:
break;
}
return O;
}

7. SelecSavefrom theFile menu in the Source Window or click on tBavetoolbar icon and
save the source file with the nasemple4.c

This concludes the Chapter 5 tutorial session.

Complete the next session to complete the C source code for displaying a waveform on the
graph.
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In this session, you will use LabWindows/CVI function panels to generate code. You will then
use this code to plot the graph control array on the user interface that you built in the last session
(Chapter 5). If you have not completed Chapter 5, go back and do so now.

Setting Up

If you did not directly proceed from Chapter 5, follow these steps to set up LabWindows/CVI so
that you can complete this tutorial session.

1. Close all windows other than the Project window by sele@logefrom theFile menu.
2. SelecOpenfrom theFile menu and choosgource (*.c) as the file type.

3. Typesampled.c intheFileName input, or click on it with the mouse from the dialog
box.

4. If the Break at First Statement in fRen menu is checked from the previous chapter, turn
off this option by selecting the Break at First Statement option iRtimemenu.

5. SelecOpenfrom theFile menu and chooddser Interface (*.uir) as the file type to open.

6. Typesample4.uir in theFileName input, or click on the name in the dialog box.
Minimize the thesample4.uir ~ window for later use.

Analyzing the Source Code

The source code for tleample4 program is incomplete. In this session, you will add a line of
code to the program to complete it. The program consists of three functions. It is important that
you understand what tasks each function irstaple4.c  code performs, because you will be
writing similar functions in the future for your own LabWindows/CVI programs.

The main Function

Themain function is very simple and represents the first step you will need to take when you
build your own applications. Thwain function is shown in the following illustration.

© National Instruments Corporation 6-1 Getting Started with LabWindows/CVI



Using Function Panels and the Libraries Chapter 6

int main (int argc, char *argv[])
{
if (INitCVIRTE (0, argv, 0) == 0) /* Needed if linking in external
compiler; harmless otherwise */
return -1; /* out of memory */
if ((panelHandle = LoadPanel (0, "sample4.uir", PANEL)) < 0)
return -1,
DisplayPanel (panelHandle);
RunUserInterface ();
return O;

}

Before you can display or operate the user interface that you created in the last session, you must
first load the panels from thair file on your hard disk into memory.

* ThelLoadPanel function performs this operation in th&in function.
» TheDisplayPanel function displays the panel on the screen.

* TheRunUserinterface function activates LabWindows/CVI to begin sending events
from the user interface to the C program you are developing.

The AcquireData Function

TheAcquireData function automatically executes whenever you click orAtguire button
from the user interface. At this time, tAequireData  function simply generates an array of
random data. Now you will add to this function so you can plot the array on the graph control
that you created on the user interface. AbquireData function is shown in the following
code.

int CVICALLBACK AcquireData (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData?2)

{

switch (event) {
case EVENT_COMMIT:
break;
case EVENT_RIGHT_CLICK:
break;

}

return O;

The Shutdown Function

TheShutdown function automatically executes whenever you click orthe button from the
user interface. This function disables the user interface from sending event information to the
callback function, and halts execution of the program. Stingdown function is shown in the
following code.
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int CVICALLBACK Shutdown (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)

switch (event) {
case EVENT_COMMIT:
QuitUserlInterface (0);
break;
case EVENT_RIGHT_CLICK:
break;

}

return O;

Generating a Random Array of Data

Your task is to complete the source codestomple4.c  so that the program generates an array

of random numbers and plots the array on the graph control. Most of the action will take place in
theAcquireData function. When a user clicks on tAequire button, the program will

generate a random array within a for loop.

1. Declare the array variabilatapoints  and index variable at the top of the source
window by entering the following lines of code.

inti;
double datapoints[100];

2. Position the input cursor in the source window on the blank line following the case
EVENT_COMMIin theAcquireData function.

3. LabWindows/CVI has utilities to help you generate code for common C constructs such as
for loops, while loops, and switch statements. Sétsetrt Construct from theEdit menu
and choosé&or Loop.. to display the following dialog.

Initialization: |
Condition:

Update:

Cancel

4. Enter the following values in the For Loop dialog.

Initialization: i=0
Condition: i<100
Update: i++

SelectOK.
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5. Enter the following line of code within the for loop construct to generate the random
numbers.

datapoints[i] = rand()/32767.0;

Finding the PlotY Function

Follow these steps to generate a line of code that will plot the random data array on the graph
control on the user interface.

1. Position the input cursor in the source window on the blank line following the closing bracket
just after thedatapoints[i] = rand()/32767.0 function call within the
AcquireData  function.

2. Pull down thdtibrary menu and seletiser Interface...to display the dialog box shown in
the following illustration.

= Select Function Panel

Library: User Interface Library

Window or Clazs

T + |
Menu Structures. ..
Controls/Graphz/Strip Charts. .
Pop-up Panels...

Callback Funchions._.

Uszer Interface Management...
Printing. ..

Miscellaneous. _.

L'w D05 Compatibility Functions. ..
Get Error String

[] Function Mames [ Alnhabodizn
L] Flatten B Mo Window

3. Use the <Down> arrow key to highlight t8entrols/Graphs/Strip Charts selection and
press <Enter>.

4. Use the <Down> arrow key to sel@raph and Strip Charts from the list and press
<Enter>.
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5. Press <Enter> to seldstaph Plotting and Deleting from the list to display all of the
LabWindows/CVI functions related to displaying or operating data on graphs and strip

charts, as shown in the following illustration.

= Select Function Panel

Librarv: Uszer Interface Library
Class: ControlsfGraphsfStrip Charts
Clasz: Graphs and Strip Charts
Clazs: Graph Plotting and Deleting

Window or Class

Plot ¥

Plot X-¥

Plot ‘W aveform
Plot Point

Plot Text

Plot Line

Plot Rectangle
Plot Polygon

Plot Owval

Plot Arc

Plot Intensity
Plot Bitmap
Delete Graph Plot
Get Plot Attnibute

[] Function Mames .
[ Flatten B Hew Window

6. Use the <Down> arrow key, or click with the mouse, to seled®lthtyy function and press
<Enter>. The function panel f&lotY should appear as shown in the following illustration.
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= User Interface Library - Plot Y |~
File Code VYiew Instrument Library Window Options Help
LRI S = 12
Panel Handle Control ID Y Array Humber of Points
Y Data Type Plat Style Puoint Style
: double precizion : thin line : emply square
Line Style Point Frequency Color Plot Handle
+ solid 1 2 red =
FlotY (. . . . WAL DOUBLE, WAL THIH LIHE, WAL EMPTY SQUARE, WAL SOLI
1, WAL RED):
O O

Building the PlotY Function Call Syntax

In this session, you will use tidotY function panel shown in the previous illustration to learn
about the operation of tHéotY function, automatically generate the source code for the
function call, and insert the function call into your program.

Follow these steps to build the function call usingRlaY function panel:

1. Place your cursor in the Panel Handle control. Ch8esect Variablefrom theCode menu.
A list of variable names used in your program appears. Clickanaldandle in the list.

2. The Control ID control contains the Constant Name assigned to the Graph control. To get a
complete list of all of the Constant Names in thie file you are working on, sele8&elect
Ul Constant from theCodemenu. A list of all constant names in the  file should
appear as follows.
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= Select UIR Constant
User Interface Resource Files:

Cancel

Constant Type: : Controls

PANEL QUIT +
PANEL_ACQUIRE |
PANEL_WAYEFORM

SelectPANEL_WAVEFORNRPress th©K button to continue.

3. Typedatapoints into the Y Array control. This name indicates which array in memory
will be displayed on the graph.

4. TypelOO0 into the Number of Points control. This number indicates how many elements in
the array are to be plotted.

5. You have completed generating the source code usimjdb¥ function panel, which
should look like the following illustration.
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Chapter 6

-file Code ¥iew Instrument Lib

User Interface Library - Plot v bl [
rary YWindow Options Help

R IENOEE R R
Panel Handle Control 1D Y Array Humber of Points
panelHandle PANEL WAVER datapoint= 100
Y Data Type Plot Style Point Style
: double precizion : thin line : emply square
Line Style Point Frequency Color Plot Handle
= |zolid 1 = red =

FPlot¥ (panelHandle. PANEL_ WAVEFOEM., datapoint=. 100, VAL DOUELE.
VAL THIN_ LIHE, VAL EHWPTY SQUARE., WAL SOLID, 1. VAL _RED):

6. SelectSet Target Filefrom theCode menu to indicate the window in which the function call

pled.c (cviltutorial\sample4.c ) from the dialog box
and press <Enter> or click @K .

is to be pasted. Selezam

7. Selecinsert Function Call from theCode menu to paste thelotY function call into your

source code.

8. Close the function panel by selectl@ipsefrom theFile menu.

Your program should match the source code shown in the following illustration.
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i <1> cshevittutorialbsampled.c

File Edit ¥Yiew Build Bun Instrument Library Window Optluns I—elp
sy Py TR G El
[+]
int CWICALLBACK AcquireData (int panel, int control, int event.
wvold #callbackData,. int ewventDatal. int eventDatal)
=witch (ewvent) {
ca=ze EVENT_COMMIT:
for {i=0; 1<100; i++) {
datapoint=[1] = rand{)~32767.0;
1
| PlotY (panelHandle, PANEL WAVEFCREM, datapoints, 100, WAL DOUBLE,
VAT THIN TINE, VAL EMPTY SQUAEE, VAL SOLID, 1, WAL RED):
breal:
casze EVENT RIGHT CLICK:
break:
h
return 0;
h -
d
4252 | 1|c|s| | Ins|EE [+ T [+]

9. SelectSavefrom theFile menu, or selec®ave As...from theFile menu and enter
sampled.c in the dialog box and press <Enter>.

Constructing the Project

In the first tutorial session (Chapter 2), you were introduced to the Project window. The Project
window contains a list of files that make up the program you are developing. In this case, you
have three files that should be listed in your project.

* sampled.uir - the user interface file that you built in the last session.

» sample4.h - the include file that was generated automatically when you savadrthe
file in the last session. The include file declares all of the constant names and callback
functions that you assigned in the User Interface Editor.

 sampled4.c - the source file created in this session.
Follow these steps to construct your project:
1. Close all windows except the Project windawt{tledl.prj ).

2. SelectAdd File to Project from theEdit menu. Choosall Files (*.*) as the file
type. This choice will display a dialog box listing all the files in the tutorial directory that
you are adding to your project list.

3. Selecsampled.c ,sample4.h , andsampled.uir  from the dialog box. (Checkmarks
will appear next to these files, and the filenames will appear in the Selected Files dialog box
shown in the following illustration.)
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= Add Files To Project

File Hame: Directories:

xx chevivtutonal

zamplel.c
samplel _prj
sample?.c
sample2.h ;
sample2_prj £ =olution
sampleZ. uir
sampled.c
sampled.h
sampled.prj
sample3. uir
sampled. c

samgle*l.h

zampleb.c ||
zampleb.h lall

Select All

Lizt Files of Type:
All Files [*.7]

Selected Files:

| Bemove |

: \tutonalisampled.h
c:hevibtutonalisampled_uir

| Hemove All |

(<] Full Path Hames

4. Click onOK.
5. SelectSavefrom theFile menu.

6. Entersample4 in the File Name input. Press <Enter> or clickSawve

Running the Completed Project

You now have a completed project, savedamspled.prj . You can view the status of each
file associated with the project in the Project window, and edit each file by double-clicking the
filename in the project list. Seldeun Project from theRun menu to execute the code.

During the compile process LabWindows/CVI will recognize that your program is missing the
ansi_c.h include statement. Choo%esto add this include file to your program. When
prompted next, save the changes tosiraple4.c file before running. While your program
executes, the following steps take place.
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1. LabWindows/CVI compiles the source code freample4.c  and links with the
appropriate libraries in LabWindows/CVI.

2. The user interface is displayed, ready for keyboard or mouse input.

3. When you click on thAcquire button, LabWindows/CVI passes the event information
generated by the mouse click directly to AwguireData  callback function.

4. TheAcquireData function generates an array of random data and plots it on the graph
control on the user interface.

5. When you click on th@uit button, the event information generated by the mouse is passed
directly to theShutdown function, which halts the program.

This concludes the Chapter 6 session of the tutorial. In the next session you will learn to add
simple analysis capability to your program.
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In the previous session, you generated code to plot the random array on the graph control. The
plotting function that you generated was placed in a callback function triggered Aggihiee

button. In this session, you will add a simple analysis capability to your program to compute the
maximum and minimum values of the random array being generated. To do this, you will write
your own callback function that finds the maximum and minimum values of the array and
displays them in numeric readouts on the user interface.

The objectives of this session are as follows.

* Review how to add controls to a user interface resowge () file in the User Interface
Editor.

* Learn how to write a callback function.
* Learn about the Analysis Library.
* Review how to generate source code using function panels.

+ Learn how to send numeric values to user interface controls.

This session builds on the concepts that you created in the previous session. If you have not
completed Chapter 6, go back and do so now.

Setting Up
1. Close all Windows except the Project window.

2. SelecOpenfrom theFile menu and chooderoject (*.prj) as the file type. Load
sample5.prj

3. SeleciRun Project from theRun menu to verify the operation of the program. The
sample5 file should match the project you completed in the Chapter 6 tutorial session.
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Goals of Session

In this session, you will perform the following tasks.

1.

2.

5.

Add a command button control to the user interface.
Add two numeric readout controls to the user interface.

Set up a callback function in the source code file to be triggered by the added command
button.

Generate source code from the Analysis Library to find the maximum and minimum values
of the random number array.

Generate source code to display these values in the added numeric readout controls.

Since you should have completed previous sessions in this tutorial on the User Interface Editor
(Chapter 5) and code generation (Chapter 6 tutorial), the instructions for performing these tasks
will be less explicit in this session.

Modifying the User Interface

Your first task is to modify the user interface that you built in the Chapter 5 tutorial. Follow these
steps.

1.

Open the source code by double-clicking onstimaple5.c  filename in the Project

window. This code is similar to where you left off with the previous example. Place your
cursor at the end of the file. This may be unnecessary because CodeBuilder’'s default
preference setting is to append generated code to the bottom of the file. This location will be
used by CodeBuilder for the new callback function that will be generated later.

Without closing theample5.c  source code, return to the Project window and double-click
on thesample5.uir  filename in the Project window to open the User Interface Editor.
Your goal is to modify theuir  to match the user interface shown in the following
illustration.
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Sample 5 Panel
Acquired Data
100 -
80
S 40
2
0-, ]
] 20 40 60 80 100
Time
M azximum Minimum

3. SelectCommand Button from theCreate menu and choose a command button from the
control palette.

4. Double-click on th&€€ommand button to bring up the dialog box. Enter the following
information into the dialog box.

Constant Name: MAXMIN
CallbackFunction: FindMaxMin
Label: Max & Min

5. You can use CodeBuilder to add to your program shell for an individual control callback
function. Right-click on théax & Min command button and selggénerate Control

Callback from the popup menu.
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tw <12 c:hevidtutonial\sampleb.c

File Edit ¥iew Build Bun [nstrument Llhrary Wlnduw Options Help

sw1tch (event) 1 z'
casze EVENT COMMIT:
uitUserInterface (0):
break;
ca=ze EVENT_RIGHT_ CLICK:

brealk:

return 0 |

¥

int CVICALLBACEKE FindMaxMin (int panel, int control, int event,
wolid #callbackData. int eventDatal. int ewentDatal)

=witch (event) {
casze EVENT COMMIT:

brealk;
case EVENT _RIGHT CLICE:

breal;

return 0

[+

53,69 | 42|C|5| |Ins|ER| [« ] [+]

The lightning-bolt cursor appears while CodeBuilder generates code irdartie5.c

source file as shown above. When you have completed updating the user intesacepleb ,
you will add to thé=<indMaxMin callback function to compute and display the maximum and
minimum values of the array.

SelectNumeric from theCreate menu and choose the Numeric control from the upper left
corner of the control palette, as shown in the following illustration.

& e:vevivtutorialhsampleb_uir

File Edit IEE ¥iew Arrange Code Run Library Window Options Help
Panel

Menu Bar...

Numeric
String
IEX‘ MBSS&QE -y - - 0,0 - 17

Text Box s.n-g 5.0-‘? s.n-g s.o-g
[ Command Button WoMEs MR s

Toggle Button o
00 100 [ T BT N T —
LED

Binary Switch @3 2@ @ -

ﬂll’lg o o

List Box Numerlc
Decoration . . . |
Graph 40 (1] 80 100
[ Picture Time

Timer
Canvas

Max&Mh}I

v e

rFvywvww

v
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6. Double-click on the Numeric control (labeled Untitled Control) to bring up the Edit Numeric

dialog box. Enter the following information into the dialog box.

Constant Name: MAX
Control Mode: Indicator (Use the ring control.)
Label: Maximum

7. SeleciNumeric from theCreate menu and choose the numeric control from the upper left
corner of the control palette, as you did in step 4.

8. Double-click on the numeric control to bring up the dialog box. Enter the following
information into the dialog box.

Constant Name: MIN
Control Mode: Indicator
Label: Minimum

9. Position the two new controls on the user interface to match those in the illustration of the

Sample 5 Panel shown previously.

10. SelecSavefrom theFile menu to save the modifiedir file.

Writing the Callback Function

Now that you have modified their  file, and generated the shell for the callback function to
theMax & Min command button, your next task is to compileRhm@MaxMin function in the
source file. Follow these steps:

1. You can use CodeBuilder to quickly locate EmedMaxMin callback function in your
source file. Right-click on th®lax & Min button in the User Interface Editor to display the
CodeBuilder popup menu again. SeMew Control Callback. CodeBuilder displays the
sample5.c  source file with thé&sindMaxMin callback function highlighted. The callback
function should appear as follows.
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o 1> cihevidtutonalizampleb.c

Chapter 7

switch (event) {
case EVENT COMMIT:
MuitUserInterface (0):
breal
caze EVENT _RIGHT CLICK:

breal

}

return 0O:
int CVICALLEBACEK [pRalalulEl4ib8e] (int panel, int control. int ewvent,
void #callbackData, int eventDatal, int eventDatal)

switch (event) {
case EVENT COMMIT:

breal;
casze EVENT RIGHT CLICK:

breal

return 0;

53/69 | 42|C|5| | Ins|EE| =l |

[+]

[+]

2. Position the input cursor on the blank line just after the E¥&INT_COMMIEtatement.
The code within the if statement will be executed whenever you click dakeé Min
button. You must enter function calls into this area to find the maximum and minimum
values of the datapoints array and display them on the user interface. You will enter these

function calls in the steps that follow.

3. Display theMax & Min function panel by selectingnalysis>Array Operations>1D

Operations>1D Maximum & Minimum from theLibrary menu.

Notee Remember, depending on which package you have, your Library menu will show either

the Analysis library or the Advanced Analysis library.

4. TheMaxMinl1D function finds the maximum and minimum values of an array. Enter the

following values into the controls on the function panel.

Input Array: datapoints

Number of Elements: 100

Maximum Value: max
Maximum Index: max_index
Minimum Value: min
Minimum Index: min_index

5. Before inserting th¥laxMin1D function into your source code, you must declare the
variablesmax, max_index , min, andmin_index . Click on theMaximum Value control
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to highlight it and seleddeclare Variable from theCode menu. Set the check boxAald
declaration to current block. This will insert a line of code to declare thex variable
within theFindMaxMin callback function. Press tl@K button to continue.

6. Notice that LabWindows/CVI automatically inserts an ampers&hbéfore themax
variable so that it is properly passed by reference to the function.

7. Repeat th®eclare Variable steps for thdvlaximum Index, Minimum Value, and
Minimum Index controls on théMaxMin1D function panel.

8. Insert theMaxMinl1D function call into your source code by selectingert Function Call
from theCode menu. Close thBlaxMin1lD function panel. You should see thiexMin1D
function inside th&VENT_COMMITase statement in the functiBimdMaxMin of your
source code.

9. Display theSetCtrlval  function panel by selectindser Interface>
Controls/Graphs/Strip Charts>General Functions>Set Control Valuefrom theLibrary
menu.

10. TheSetCtrlVal  function sets the value of a control on your user interface. Enter the
following information into the function panel controls to display the maximum value at the
array in the Maximum numeric display.

Panel Handle: panelHandle
Control ID: PANEL_MAX
Value: max

11. Insert thesetCtrlVal ~ function call into your source code by selectingert Function
Call from theCode menu. You will see th8etCtrlVal code entered on the line after the
function call toFindMaxMin in your source code file.

12. Now display th&etCtrlVal ~ function panel again by selectiktger Interface>
Controls/Graphs/Strip Charts>General Functions>Set Control Valuefrom theLibrary
menu.

13. TheSetCtrlVal function sets the value of a control on your user interface. Enter the
following information into the function panel controls to display the minimum value at the
array in the Minimum numeric display: Close #etCtrlVal function panel. The new
code will appear after the previously inserg&stCtrlVal  function call.

Panel Handle: panelHandle
Control ID: PANEL_MIN

Value: min

14. Insert thesetCtrlVal ~ function call into your source code by selectingert Function
Call from theCode menu. Close th8etCtrlvVal  function panel.
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15. Your source code should match the code shown in the following illustration.

tw <1> c:\ewiltutonial\sampleb.c

File Edit Yiew Build Hun Instrument Library Window Options Help

int CVICALLBACK FindMaxMin (int panel. int control, int event.
void #callbackData, int eventDatal., int eventDatal)

switch {event) {

=tatic int min_index;

=tatic double min;

=tatic int max_ index:

=tatic double max;

casze EVENT_COMMIT:
MaxMinlD {datapoint=, 100, é&max, é&max_index, &min, fmin_index)
SetCtrlVal (panelHandle, PAHEL MAX, max):
SetCtrlVal (panslHandle, PANEL MIN. min): _J
breal:

casze EVENT_RIGHT_CLICK:

breal:

return 0

37-77 | 1|c|g|_|Ins|EH| I [*]

Running the Program

You have now successfully written your own callback function. During program execution, the
FindMaxMin function will be called whenever you click on thkax & Min command button.
When you click on th/ax & Min command button, three separate events occur.

1. First the button gets the input focB&&/ENT_GOT_FOCUS
2. Next the down click of the left mouse button is senE&ENT_LEFT_CLICK).

3. Finally, the release of the left mouse button is serS¢BNT_COMMIT The
FindMaxMin function is called for each event. You have written the function to find the
Max & Min values and display them only when the COMMIT event is sensed. For more
practice with user interface events, work additional exercise number 5 in Chapter 9.

Run the project. Remember, you must click onAbguire button first to generate the random
data. Then you can click on tMax & Min button to find their values.

This concludes this session of the tutorial. Close and save your file before moving on to the next
session.

The next tutorial session, Chapter 8, will introduce you to the instrument drivers in
LabWindows/CVI. In Chapter 8, you will use an instrument driver to acquire data, instead of
generating a random array.
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In this session you will learn to use a simple instrument driver from the LabWindows/CVI
Instrument Library. An instrument driver is a set of functions used to program an instrument or a
group of related instruments. The high-level functions in an instrument driver incorporate many
low-level operations, including GPIB, VXI, or RS-232 read and write operations, data
conversion, and scaling. The sample module in this session does not communicate with a real
instrument, but illustrates how an instrument driver is used in conjunction with the other
LabWindows/CVI libraries to create programs.

Setting Up

This session builds on the program that you created in Chapter 7. If you have not completed that
session, please do so now. Before beginning this example, follow these steps to set up the screen
display:

1. SelecOpen from theFile menu. ChoosBroject (*.prj) as the file type.
2. Selecsample6.prj  from the dialog box.

3. Close all windows except for the Project window.

Loading the Instrument Driver

An instrument driver consists of several files that reside on disk. U$gstheament menu to
load these files for use in LabWindows/CVI. Perform the following steps to load the sample
instrument driver:

1. Selectoad from thelnstrument menu in the Project window. The Load Instrument dialog
box appears.

2. Press <Tab> to move the highlighting to the large list box containing directory and file
names. (Click anywhere inside the list box if you are using a mouse.)

3. Select thescope.fp file from thetutorial directory. Press <Enter> to load the scope
instrument driver.

4. Double-click on thesample6.c  source file to display the code in a source window.

© National Instruments Corporation 8-1 Getting Started with LabWindows/CVI



Using an Instrument Driver

Chapter 8

5. Position the input cursor on the tagged line in the middle of the main program, the

DisplayPanel

function, as shown in the following illustration. You can move to this line

quickly in the source code by pressing <F2>, which moves your cursor to the first tag set in
the file.

an ¢1> F-\lvprojitutorialisample6.c

File Edit View Build Run Instrument Library Window

) =3 e ) e N

+
int panelHandle: :|
int 1i;
int main{int argc, char *argw[])

1
1f (InitCVIRTE (0, argw, 0) == 0} % needed 1f linking executable in exter
return {(-1); s# out of memory *
if {{panelHandle = LoadPanel (0, "=samplebt.uir". PAHEL)) < 0}
return -1
Di=zplayPansel (panslHandle):
FunUzerInterface ():
return 0;
1
int CYWICALLBACK AcqguireData (int panel, int control. int event.
woid #callbackData,. int ewventDatal, int eventData?)
1
=yitch {(ewvent) {
case EVENT COMMIT:
Flot¥ (panelHandle, PANEL WAVEFOEM, datapoints. 100, VAL_DOUELE, E]
15,74 | 40|C| | |Ins|ER) [«[ ] [+]

To verify that the Scope instrument driver was loaded, displapsteiment menu. The
Sample Oscilloscopétem should appear on the menu as shown in the following illustration.

—_ 1 E 3 pleb.p il
File Edit View Build Bun Library Window Options Help
mHarme Ej 5 ample U 1 1]1]=
sampled.uir = +
samplef.h = Load...
isarmplef.c Unload...

Edit...
H * H
- |i" - -
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Using the Instrument Driver

When the instrument driver is loaded, you can use it interactively in the same manner as the other
LabWindows/CVI libraries via menus, dialog boxes, and function panels. Sel&artipde
Oscilloscopeitem from thelnstrument menu. The dialog box shown in the following

illustration appears.

= Select Function Panel

Instrument: Sample Ozcilloscope

Window or Class

 Initializge
Configure

Read Waveform
Cloze

[ Function Hames
] Flatten £ Hew Window

This module contains the following functions.
* Initialize

» Configure

* Read Waveform

« Close

You will use these functions to acquire a waveform in the sample program you develop
throughout this tutorial. Leave this dialog box open. You will select a function after you read
more about how to execute function panels before inserting code into your program.
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Interactive Function Panel Execution

In Chapter 3, you learned how to use function panels to generate code and insert it into the
programs you developed. Another important feature of function panels is the ability to execute
the functions from the panel interactively, without writing a complete program. Therefore, you
can experiment with functions by varying the parameter values at the panel, and run them until
you are satisfied with the result. Through trial and error, you can build your function calls at the
function panel before inserting it into your source code. In this session you will learn how to
execute function panels first, before inserting the code into your program.

Initializing the Instrument

Each instrument driver uses a function to initialize the software and the instrument. You must
execute the initialize function before using any other function in the module. Bdiatize
from the dialog box. The function panel shown in the following illustration appears.

& 5 ample Dzcilloscope - Initiahze M=l B3
File Code “iew Instrument Librar window Options  Help

57|58 2ls] B2S| #|dl
- oo .

Address;

-
4| | »

err = scope_init (1)

I i

This function panel has an input control for specifying the GPIB address of the instrument. The
Error control is used to display error codes related to the operation of this module.

To get more information about the panel, seWetdow from theHelp menu. To view

information about specific controls on the panel, select the desired control and press <F1>, or
click the secondary mouse button while on the desired control.
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Follow these steps to initialize the instrument driver.
1. Enter the valué in the Address control.
2. Entererr in the Error control.

3. Declare therr variable by selectinBeclare Variable from theCode menu. Be sure to
click on the following checkbox items: Execute declaration and Add declaration to the top of
target file. Click orOK.

4. SelecRun Function Panelfrom theCode menu. Click ori¥esif you get a dialog box
asking whether you want to save changes before running. This dialog box will come up
every time you make a change.

If no errors are detected during execution, the value in the Error control is 0. If the value is not 0,
refer to the help information for the Error control to determine the cause of the problem.

Perform the following steps to copy the code toRhegram window and remove the function
panel from the screen.

1. Selecinsert Function Call from theCode menu, or press <Citrl-I>, to copy the generated
code to the Source window.

2. You may have to reset the target file for the inserted code. When you try to insert the code,
the dialog box will prompt you for the target file if you have not set it. Sedauple6.c
from the dialog box.

3. SeleciClosefrom theFile menu.

The function call to initialize the instrument driver will appear abovd®thplayPanel
function call in the Source windowefr = scope_init (1); ]

Configuring the Instrument

After the instrument is initialized, you can configure it to read a waveform and transfer the
waveform to an array in your program. In the Sample Oscilloscope module, the vertical and
horizontal parameters of the oscilloscope are set up usir@@pthifeggure  function. Select
Sample Oscilloscopdrom thelnstrument menu. SeledConfigure from the dialog box. The
function panel shown in the following illustration appears on your screen.
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w1 Sample Dscilloscope - Configure
Flle Code Yiew Instrumenl Library Window Options Help
scupe_cunflg
Channel Yoltz/Div Coupling
1- ; AC-
v DC-—
2- GHD
Sec/Div
21ms
Error
BT =
—
err = =scope_config (1. 1.0, 1, 1.0e=3): D
o O

TheConfigure panel sets the volts per division and coupling of either Channel 1 or Channel 2
of the oscilloscope. This function also sets the horizontal time base of the instrument. The
instrument driver is written to create a waveform based on the configuration settings. The help
information for each control explains the purpose of the control and the valid range of inputs.
Configure the panel the way you want it, keeping in mind that the way the settings are configured
will affect the waveform you will read.

Perform the following steps to execute the panel and save the code to your program.

1. Entererr in the Error control.
2. SelecRun Function Panelfrom theCode menu to execute the function panel.

If the Error control does not display a zero (0), an error has occurred. Refer to the help
information to correct the problem and re-execute the function panel until the error is
corrected.

If a real instrument were attached, you would be able to see the configuration of the
instrument take place when you seled®oh Function Panelfrom the panel. Thus, you

could interactively program the instrument and verify the operation of the instrument driver
functions.

3. Selectinsert Function Call from theCode menu to copy the generated code to the source
window. Close the function panel.
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4. Move the input cursor to the blank line beforeRh&Y function in theAcquireData
function. To do this quickly, press <F2>. Leave the cursor in place as you go on to the next
session.

Reading Data with an Instrument Driver

Perhaps the most important function of an instrument driver is to read data from an instrument
and convert the raw data into a format directly usable by your program. For example, a digital
oscilloscope returns a waveform as a string of comma-separated ASCIl numbers or as binary
integers. In either case, the numbers are scaled using constants provided by the instrument to
produce values that represent actual measurement units.

SelectRead Waveformfrom theSample Oscilloscopénstrument driver in thenstrument
menu. The Read Waveform function panel appears as shown in the following illustration.

5 5 ample Oscilloscope - Read Waveform M=l E3
File Code “ew Instument Library window DOptiong  Help

A 8| 2l v B[] i
= wipe ead wavefom=s———— «

LChannel Waveform

1 —

Sample Penod W ZEI

— =—

Errar
— L
< | _>|_I
=cope_read_waveform (1. . . ): 4
4 'n

Set the Channel control to the channel you want to read. Channel 1 is a sinewave and Channel 2
is random data.
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Declaring Arrays from Function Panels

TheRead Waveform function places the waveform data into an array. Before you can
execute the function, you must declare an array for the waveform. You can declare variables,
both scalars and arrays, from a function panel. To declare an array from the function panel,
perform the following steps:

1. Press <Tab> to select the Waveform control, or click on the label of the Waveform control.
2. Enterdatapoints  in the Waveform control.

3. In order to use théatapoints  variable, you must first declare it in memory. Select
Declare Variable from theCode menu. A dialog box appears with tti@apoints
variable automatically entered in the Variable Name input.

4. Press <Tab> to select the Number of Elements text box.
5. Enterl00 into the Number of Elements text box.

6. Press <Tab> twice, so that the Add declaration to the top of targedrfilgle6.c  option is
highlighted.

7. Press <Space> to place a checkmark in the Add Declaration checkbox, if it is not already
present.

8. The dialog box appears as shown in the following illustration.

i1 Declare Yanable

Wariable Type: double []

YWariahle Mame: datapoints |

Mumber of Elements: 100 |

¥ Execute declaration
¥ idd declaration ta top of target file "sampleb.c"

[~ Add declaration to cument block in target file "'sample6. '

Set Target File... | | QK. I Cancel

9. Press <Enter> to declare the datapoints array.

Reading the Waveform
Complete the configuration of the function panel and run it as follows.

1. Press <Tab> to highlight the Sample Period control. (With a mouse, click on the Sample
Period control.)
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2. SelecDeclare Variable from theCode menu.

3. Enter the variable nantelta_t  in the Variable Name input box and press <Enter>.
4. Press <Tab> to highlight the X Zero control.

5. SelecDeclare Variable from theCode menu.

6. Enter the variable nanxe zero in the Variable Name input box and press <Enter>.
7. Entererr inthe Error control.

8. SelecRun Function Panelfrom theCode menu to execute the function panel. Save
changes before running. If the Error control does not show 0, correct the problem and run
the panel again until a O appears. After the function has executed, a row of boxes in the
Waveform control signifies that the data has been placed in the waveform array.

9. (Optional) To quickly view the data points acquired in the waveform_array in the
Variable Display, double-click on the row of boxes in the bottom half of the Waveform
control on the function panel. Close the Variable Display.

10. Selectnsert Function Call from theCode menu to copy the generated code to the
source window.

11. Click on the source window in the background to view the source code that you just
generated before tli&lotY function.

Closing the Instrument

The last instrument-related operation performed is to close the instrument driver. Use this
procedure to close the instrument driver.

1. Inthe Source window, position your mouse input cursor on the line 8htlitedlown
function with the following function call.

QuitUserInterface(0);
To do this quickly, press <F2>.
2. SelectSample Oscilloscopdrom thelnstrument menu.

3. Select Close. There are no parameters foClbge function panel. Th€lose function
removes the instrument from a software configuration table. The instrument must be
reinitialized before using it again.

4. Entererr in the Error control.

5. SelecRun Function Panelfrom theCode menu to close the instrument driver.
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6. Selectnsert Function Call from theCode menu to copy the generated code to the Source
window.

7. Click on the Source window in the background to make it the active window.

Running the Program

Your program source code should match the following text.

static double x_zero;

static double delta _t;

static double datapoints[100];
static int err;

#include <cvirte.h>  /* needed if linking executable in external compiler;
harmless otherwise */

#include <analysis.h>

#include <ansi_c.h>

#include <userint.h>

#include "sample6.h"

#include "scope.h"

int panelHandle;
inti;
int main(int argc, char *argv[])
{
if (INitCVIRTE (0, argv, 0) == 0) /* needed if linking executable in
external compiler; harmless otherwise */
return (-1); /* out of memory */

if ((panelHandle = LoadPanel (0, "sample6.uir’, PANEL)) < 0)
return -1,

err = scope_init (1);

err = scope_config (1, 1.0, 1, 1.0e-3);

DisplayPanel (panelHandle);

RunUserlInterface ();

return O;

}

int CVICALLBACK AcquireData (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData?2)

{

switch (event) {
case EVENT_COMMIT:
err = scope_read_waveform (1, datapoints, &delta_t, &x_zero);

PlotY (panelHandle, PANEL_WAVEFORM, datapoints, 100, VAL_DOUBLE,
VAL_THIN_LINE, VAL_EMPTY_SQUARE, VAL _SOLID, 1, VAL_RED);

break;
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case EVENT_RIGHT_CLICK:

break;

}

return O;

}

int CVICALLBACK FindMaxMin (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)

{

double max, min;
int max_index, min_index;

switch (event) {
case EVENT_COMMIT:
MaxMinlD (datapoints, 100, &max, &max_index, &min, &min_index);
SetCtrlvVal (panelHandle, PANEL_MAX, max);
SetCtrlVal (panelHandle, PANEL_MIN, min);
break;
case EVENT_RIGHT_CLICK:

break;

}

return O;

}

int CVICALLBACK Shutdown (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData?2)

{

switch (event) {
case EVENT_COMMIT:
err = scope_close ();
QuitUserlnterface (0);
break;
case EVENT_RIGHT_CLICK:

break;
}
return O;

}

Note: Your calls toscope_config andscope_read_waveform  may differ from that
shown in the preceding illustration.

The last step required before running the program is to include the scope header file. To call
functions from the scope instrument driver, you must add the following line at the top of the
source file.

#include “scope.h”

You are now ready to run the program. Selamt Project from theRun menu.

© National Instruments Corporation 8-11 Getting Started with LabWindows/CVI



Using an Instrument Driver Chapter 8

Adding the Instrument to Your Project

When you loaded the scope driver throughlttsgrument menu, you manually added the

function panels to the instrument driver to LabWindows/CVI. By adding the scope driver to the
file list in your project, the scope driver function panels will be added tmstrement menu
automatically when you load the project in the future. Follow these steps to add the driver to
your project.

1. Close all windows except the Project window.

2. SelectAdd File to Project from theEdit menu and choosastrument (*.fp) as the
file type.

3. Selectscope.fp from the dialog box.

This concludes this session of the tutorial. In the next chapter you will work some additional
exercises to practice what you have learned in these tutorial sessions and learn more about
LabWindows/CVI1.
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Additional Exercises

This is the last chapter of the tutorial sessions. By working the exercises in this chapter, you will
learn more about the concepts you have been using throughout this tutorial. Each exercise builds
on the code that you developed in the previous exercise. Exercise 1 starts by building on the final
sample program that you completed in the Chapter 8 tutorial session. You are given an outline of
the concepts to learn from completing the exercise and some hints for working the exercise.

The solutions to these additional exercises are available 8BQh& TIONSsubdirectory of the
TUTORIAL directory. If you have trouble completing one of the exercises but would like to
continue to the next topic, use the solution from the previous exercise to continue.

The Base Project

All of the exercises in this chapter build upon shenple6 project that you completed in the
Chapter 8 tutorial session. If you did not complete the previous chapter, go back and do so now.
If you have trouble successfully completing the Chapter 8 tutorial, start wislautingle6

project from theSOLUTIONSdirectory.

Thesample6 project generates a waveform and displays it on a graph control when a user
clicks on theAcquire button. Once you have displayed the data, you can find and display the
maximum and minimum values of the datapoints by clicking oividme & Min button. The

project uses the sample Scope instrument driver to generate the data. The user interface for the
project appears in the following illustration.
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Sample 6 Panel
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Exercise 1: Add a Channel Control

Two of the most common functions you will use in LabWindows/CVISa€CtriVal and

GetCtrlval . These functions are used to set and retrieve the current state of a control on a
LabWindows/CVI.uir file. For example, you would us&etCtrlvVal  to retrieve the current

value of a Numeric Slide Control so that you can find out which selection the user has set the
slide. To set the slide control to a specific position or value, you woul8ei€xrlVal

These functions take the same arguments, a panel handle to determine on which panel the control
exists, the control ID to specify which control is to be operated on, and a variable or value that

the control will be set to or in which the value of the control will be placed.

Assignment:

Because you are using a simulated oscilloscopedaireyour data, you may want to give the

end user of your program the ability to select the channel from which to acquire the data. The
sample oscilloscope driver can read from two channels. To successfully complete this exercise,
you must modify theuir  file of the base project to include a channel selection control, as
shown in the following illustration, and modify the source code to properly acquire the correct
channel.
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Exercize 1 Panel
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Hints:
1. Use a binary switch for the channel select control.

2. Use theGetCtrlval  function in theAcquireData  callback function to find out which
channel the user has selected.

3. Use the value received from the channel selection control Rehd Waveform function
call from the Scope instrument driver.

Solution:EXER1.PRJ

Exercise 2: Setting User Interface Attributes
Programmatically

Each control on thauir  files that you create has a number of control attributes that you can set
to customize the look and feel of the control. When building your user interface, you set the
control attributes in the dialog boxes for editing the controls. For example, you can set the font,
size, and color of the text for the label of a control in the User Interface Editor. These are all user

interface control attributes.

You can usé&etCtrlAttribute andSetCitrlAttribute to get and set attributes of a
control during program execution in a method similar to the one you used to set and get the value
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of a control. Therefore, you can not only build a customized GUI in the User Interface Editor,
you can dynamically change the look and feel of the controls at run time.

Hundreds of attributes are defined in the User Interface Library as constants, such as
ATTR_LABEL_BGCOLOR for setting the background color of the label on a control. You use

these constants in tii@etCtrlAttribute andSetCtrlAttribute functions.
Assignment:
In this exercise, you will use tlgetCtrlAttribute function to change the operation of a

command button on the user interface. Becausklthe& Min command button will not
operate correctly until you have acquired the data, it is appropriate to disalblaxt&Min
button until a user has clicked on #hequire button. Use th&etCtrlAttribute function
to enable thdax & Min button when a user has clicked on Awguire button.

Hints:
1. Start by disabling (dimming) thdax & Min command button in the User Interface Editor.

2. Use thesetCitrlAttribute function from the User Interface Library to enable the
Max & Min button.

3. The attribute that you will be setting is thenmedattribute.

Solution:EXER2.PRJ

Exercise 3: Storing the Waveform to Disk

Many times, users acquire large amounts of data and want to archive it on disk for future analysis
or comparison. LabWindows/CVI has a selection of functions from the ANSI C library for

reading from and writing to data files. If you are already familiar with ANSI C, you know these
functions as thetdio library. In addition to thetdio library, LabWindows has its own set

of file 1/0 functions in the Formatting and I/O Library. (The Formatting and I/O Library was
originally developed for the DOS version of LabWindows, and is included here for compatibility
with existing programs.)

Assignment:
Use the file 1/0O functions in the ANSI C library to save the datapoints array to a text file in the

c:\cviltutorial directory. Write the program so that the file will be overwritten each time
you acquire the data. Do not append data to the file as you acquire it.
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Hints:
1. Remember that you must first open a file before you can write to it.
2. Open the file as a text file, so you can view the contents in any text editor later.

3. Open the file with the Create/Open flag, and not the Append flag, so that the file will be
overwritten each time.

4. Use thdprintf function in a loop to write the data to disk.

Solution:EXER3.PRJ

Exercise 4: Pop-up Panels

The User Interface Library has a set of predefined panels called Pop-up Panels. Pop-up Panels
provide a quick and easy way to display information on the screen without developing a
complete.uir file. In the Chapter 5 tutorial, you used a pop-up panel to display the random
number array on a grapiGraphPopup ). You can also use pop-up panels to prompt the user
for input, confirm a selection, or display a message.

One of the most useful pop-up panels is the File Select Popup. With the File Select Popup, you
can use a File Save or File Load dialog box within the programs you develop in
LabWindows/CVI. Therefore, whenever your program must write to a file or read from a file,
you can use the File Select Popup to prompt the user to select or input a file name.

= DataFile Storage

File Hame: Directories:

=_dat c:\cvittutonializolution

= e\ + Cave

[= ewi
i = tutorial Cancel
= solution

iaad Fden of Toner Drives:

i shat}
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Assignment:

Add aSavebutton to theuir file so that the data in the array is saved only after the user clicks
on theSavebutton. When the user clicks on t8avebutton, a dialog box should appear in

which the user can define the drive, directory, and file name of the data file. When finished, your
.uir  file should look similar to the one shown in the following illustration.

Exercize 4 Panel
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| Channel 2 80

g "

i
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. ......... .................. A .E H a“imum H inimu“-l
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Hints:
1. When you create tHgavebutton, assign a callback function to it.

2. You must move the source code that you developed in Exercise 3 for writing the array to disk
into the callback function.

3. Before you write the data to disk, prompt the user for a file name with the File Select Popup
from the User Interface Library.

Solution:EXER4.PRJ

Exercise 5: User Interface Events

Throughout this tutorial, you have been developing an event driven program. When you place a
control on auir file, you are defining a region of the screen that can generate events during
program execution. Your C source files are written to respond to these events in callback
functions.
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So far, you have only written functions that respond to the COMMIT event from the user
interface. A COMMIT event occurs whenever the end user commits on a control, which usually
happens when that user releases the left mouse button after clicking on a control.

User interface controls can generate many different types of events. For example, an event could
be a left-mouse button click or a right-mouse button click. Or, an event could be a left-mouse
button double-click. In fact, events in LabWindows/CVI can be more than just mouse clicks. An
event could be the press of a key, or a move or size operation performed on a panel. Each time
one of these events occurs, the callback function associated with the user interface called
executes. The table below lists all of the events that LabWindows/CVI can generate.

EVENT_NONE
EVENT_COMMIT
EVENT_VAL_CHANGED
EVENT_IDLE
EVENT_LEFT_CLICK
EVENT_LEFT_DOUBLE_CLICK
EVENT_RIGHT_CLICK
EVENT_RIGHT_DOUBLE_CLICK
EVENT_KEYPRESS
EVENT_PANEL_MOVE
EVENT_PANEL_SIZE
EVENT_GOT_FOCUS
EVENT_LOST_FOCUS
EVENT_CLOSE

When the callback function is called, the event type is passed through the event parameter to the
callback function. Performing one simple operation on the user interface, such as clicking on a
command button, actually calls the callback function for that button three times.

The first time the callback function is called is to proces&WENT _GOT_FOCU&/ent (if the
button did not have the input focus before you clicked on it). The second time the callback
function is called is to process tB% ENT_LEFT_CLICKevent, and the third time is to process
theEVENT_COMMI&vent. For this reason, all of the callback functions you have worked on
check the event type first, and only execute when the eve@@\&MIT Therefore, the

operations in the callback functions only happen once with each event click, rather than three
times.

Assignment:

Many times, the person operating a LabWindows/CVI program is different from the person who
developed the program. Although using a program with a GUI can be intuitive, it may be
advantageous to have online help for the controls oruthe panels to assist the operator. Alter
EXER4.PRJ to pop up a short description for each command button when the user clicks on the
button with the right mouse button.
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Hints:

1. Use theMessagePopup function to display the help information.

2. Remember that the event type is passed to each callback function in the event parameter.
3. The event that you must respond to is EVENT_RIGHT_CLICK.

You have now completed all of the tutorial sessions. The remainder of this manual covers other
information that will help you get started using LabWindows/CVI.

Exercise 6: Timed Events

So far, you have developed an event-driven program that responds to events generated by mouse-
clicks or keypresses from the user. With the LabWindows/CVI Timer Control, you can generate
events at specified time intervals to trigger program actions without requiring an action from the
user.

Timer Controls can be implemented into your program from the User Interface Editor. The
Timer Control is visible only at design time in the User Interface Editor. At run-time, the timer
control is not displayed. You can specify a Constant Name, Callback function, and timer event
interval in the Timer Control edit dialog. LabWindows/CVI will automatically call the timer
callback function specified each time the specified time interval elapses. The interval value is
specified in seconds with a resolution of 1 millisecond between timer events.

Assignment:

Add a thermometer control to the User Interface Editor and use a Timer Control to generate a
random number and display it on the thermometer once every 1 seconds.

Hints:

1. Setthe timer interval to 1.

2. Use CodeBuilder to generate the shell for your Timer Control callback function.
3. UseSetCtrival to display the random number on the thermometer.

Solution:EXER6.PRJ
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Chapter 10
Getting Started with GPIB and VXI
Instrument Control

This chapter is a quick reference to help you install and configure your IEEE 488.2 Interface
board or VXI controller for use with LabWindows/CVI. The information included in this chapter
is presented in more detail in the documentation that you receive with your hardware.

Getting Started with Your GPIB Controller

The following sections include an introduction to GPIB and instructions for installing your GPIB
interface board, configuring your software, and developing your application.

Introduction to GPIB

The General Purpose Interface Bus (GPIB) is a bus protocol for controlling standalone, rack-and-
stack instruments from external computers. Also known as the IEEE 488 standard, GPIB
simplifies the interconnection of programmable instruments by defining the electrical,
mechanical, and functional specifications for instrument controllers and talker/listener devices.
IEEE 488 is now referred to as IEEE 488.1-1987.

In 1987, the IEEE 488.2 specification was created to further standardize the way instruments and
controllers operate. IEEE 488.2 defines control sequences, common data formats, status
reporting, and common commands for GPIB instrument control.

National Instruments GPIB controller hardware and software obey the IEEE 488.1 and
IEEE 488.2 specifications for controllers. The National Instruments IEEE 488.2 compatible
TNT4882C and NAT4882 GPIB controller ASICs continue to improve and advance GPIB
communication.

Installing Your GPIB Interface Board

LabWindows/CVI works with the following National Instruments GPIB interfaces.
LabWindows/CVI for Windows

PCI-GPIB (Plug-in PCI interface)
AT-GPIB/TNT & AT-GPIB (Plug-in 16-bit ISA interface)
GPIB-PCII/IIA (Plug-in 8-bit PC/XT interface)
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MC-GPIB (Plug-in 16-bit Micro Channel interface)
GPIB-485CT-A (External Serial-GPIB Controller)
GPIB-1284CT (External Parallel-GPIB Controller)
GPIB-232CT-A (External Serial-GPIB Controller)
PCMCIA-GPIB (Plug-in card for PCMCIA Type Il slots)
GPIB-ENET (External Ethernet TCP/IP-GPIB Controller)

LabWindows/CVI for Sun

GPIB-485CT-A (External Serial-GPIB Controller)
SB-GPIB/TNT & SB-GPIB (Plug-in SBus interface)
GPIB-SCSI-A (External SCSI-GPIB Controller)
GPIB-ENET (External Ethernet TCP/IP-GPIB Controller)

Each of these hardware kits comes with detailed information on how to configure and install
your GPIB hardware.

Configuring Your GPIB Driver Software

NI-488.2 is more than just a library of routines for controlling GPIB instruments. NI-488.2
includes a number of software utilities for testing and configuring the operation of your
controller. Some of these utilities include the following.

» A configuration utility for setting the interrupts, DMA channels, and general configuration
information for your GPIB interface

* Aninteractive control program for executing functions over GPIB that you enter from the
keyboard

* A bus monitoring utility that displays the bus activity during GPIB communication

These and other utilities are described in the documentation that you received with your GPIB
hardware. For Windows users, refer to e488.2 User Manudlor Windows Sun users can
find this information in théNI1-488.2M Software Reference Manual.

Configuring LabWindows/CVI for GPIB

LabWindows/CVI uses the NI-488.2 DLL for Windows and NI-488.2M device driver for Sun
Solaris that is included with your National Instruments GPIB interface hardware. You must
configure LabWindows/CVI to load the GPIB libraries and associated function panels into the
LabWindows/CVI programming environment. Do this by seledtiigary Options... from the
Options menu in the Project window. Select the GPIB/GPIB 488.2 library option, as shown in
the following illustration.
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Developing Your Application

LabWindows/CVI contains function panels for generating code and executing function calls
from the IEEE 488/488.2 Library. These function panels access the library functions from the
NI-488.2 Library that came with your GPIB controller. Under Windows, this library is a
Dynamic Link Library (DLL). On the Sun, this library is a device driver. While the function
panels in LabWindows/CVI provide online help information for using these functions, detailed
function descriptions for the GPIB 488/488.2 Library functions can be found hi-#&3.2
Function Reference Manudr Windows users and in ti-488.2M Software Reference
Manualfor Sun users.

Getting Started with Your VXI Controller

The following sections include an introduction to VXI, information on the VXI Development
system, and instructions for installing and configuring your VXI hardware, configuring your VXI
software, developing your application, and using instrument drivers.

Introduction to VXI

VME eXtensions for Instrumentation (VXI) is a new, fast-growing platform for instrumentation
systems. First introduced in 1987, VXI has experienced tremendous growth and acceptance
around the world. Today over 50 manufacturers produce more than 650 commercial VXI
products. VXI is used in a wide variety of test and measurement and instrument control and ATE
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applications. It is also experiencing growth as a platform for data acquisition and analysis in
research and industrial control applications.

VXI uses a mainframe chassis with a maximum of 13 slots to hold modular instruments on plug-
in boards. Because VXI is based on the VMEbus standard, you can also use VME modules in
VXI systems. The VXI widely-used backplane combines the 32-bit VME computer bus and
high-performance instrumentation buses for precision timing and synchronization between
instrument components.

You can control VXIbus instruments through three different types of controllers: embedded VXI
computers, external MXI controllers installed in a standard PC or workstation, or IEEE 488.2
controllers from a PC or workstation.

The VXI Development System

The LabWindows/CVI VXI Development System (VXS) contains software for controlling VXI
instruments for any of the methods mentioned above. The VXS contains the following items.

e The LabWindows/CVI full development system
» Libraries for controlling National Instruments VXI controllers from LabWindows/CVI

* The complete LabWindows/CVI VXI Instrument Library for controlling instruments from a
wide variety of vendors

Your VXI controller contains low-level driver software called NI-VXI. NI-VXI includes a
standard library of functions and utility programs for controlling and configuring the VXI bus.
You must install the NI-VXI driver software in addition to the LabWindows/CVI VXS to control
your VXI instruments.

Installing and Configuring Your VXI Hardware
The LabWindows/CVI VXS works with the following VXI controllers.
LabWindows/CVI for Windows

VXIpc Model 500 and 850 Series
VXlpc-486 Model 240

AT-MXI and AT-MXI-2 controllers
PCI-MXI-2 controllers

MC-MXI controllers

GPIB-VXI/C
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LabWindows/CVI for Sun

SB-MXI
GPIB_VXI/C

Each one of these controllers has documentation for installing and configuring the appropriate
VXI hardware and software. For directions on how to install and configure your VXI hardware,
refer to the getting started manuals for your controller.

Configuring Your VXI Driver Software

NI-VXI is more than just a library of routines for controlling your VXIbus instruments. NI-VXI,
like NI-488.2, contains configuration and troubleshooting utility software for your VXlbus
system. Some of these utilities include the following.

* VXIINIT —An initialization program for board interrupts, shared RAM, VXI register
configurations, and bus configurations for MXI controllers.

» VXITEDIT —A text-based editor for setting or changing your VXIbus system configuration.
» RESMAN-The National Instruments multimainframe Resource Manager.

» VIC—An interactive control program that executes VXI functions that you enter from the
keyboard. (Available as DOS executable for Windows users only)

Refer to the Getting Started manual that you received with your VXI controller to use these
utilities for configuring your system. For more detailed information on these programs, refer to
theNI-VXI Text Utilities Reference Manual

Configuring LabWindows/CVI1 for VXI

LabWindows/CVI uses the NI-VXI DLL for Windows and NI-VXI device driver for Sun Solaris
that is included with your National Instruments VXI controller hardware. You must configure
LabWindows/CVI to load the VXI libraries and associated function panels into the
LabWindows/CVI programming environment. Do this by seledtiigary Options ... from

the Options menu in the Project window. Select the VXI library option, as shown in the
following illustration.
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Developing Your Application

The LabWindows/CVI VXS contains function panels for generating code and executing function
calls from the VXI Library. These function panels access the library functions from the NI-VXI
Library that came with your VXI controller. Under Windows, this library is a DLL. On the Sun,
this library is a shared object. While the function panels in LabWindows/CVI provide online help
information for using these functions, detailed function descriptions for the VXI Library
functions can be found in tid-VXI Software Reference Manual for C

Using Instrument Drivers

Instrument control with LabWindows/CVI1 is simplified tremendously with the

LabWindows/CVI Instrument Library. The Instrument Library contains drivers for hundreds of
GPIB, serial, CAMAC, and VXIbus instruments. Instrument drivers are custom libraries written
to control specific instruments at a high level. Instead of learning all of the low-level command
sequences and syntax for your instruments, you can use an instrument driver which builds these
command sequences based on inputs from the driver function panels. Therefore, you can
communicate with your instrument using intuitive, high-level steps, such as Initialize, Configure,
and Measure.
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LabWindows/CVI instrument drivers are available to you in source code, so you can optimize
the driver to work best for your application. If you have an instrument that is not part of the
Instrument Library, you can easily convert an existing LabWindows/CVI instrument driver to
control your instrument. Simply find an instrument driver in the same class (such as an
oscilloscope, multimeter, or function generator) and change the commands in the source code to
match your instrument.

If you plan on using instrument drivers in your application, refer to Chaptisii®y an

Instrument Driverjn this manual. If you plan on developing an instrument driver yourself, refer
to theLabWindows/CVI Instrument Driver Developers Guioléearn how to use the
development tools for creating function trees, function panels, and instrument control source
code for a driver.
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Getting Started with Data Acquisition

This chapter is a quick reference for installing and configuring National Instruments plug-in data
acquisition (DAQ) devices for use with LabWindows/CVI for Windows. The information

included in this chapter is presented in more detail in the documentation that your receive with
your DAQ hardware and NI-DAQ software.

Introduction to Data Acquisition

By using a plug-in DAQ device with LabWindows/CVI, you can acquire analog and digital
signals directly into computer memory. National Instruments DAQ devices are available in many
configurations and options. The most common type of DAQ system is a multifunction device,
which has analog 1/O, digital /0, and counter/timer capabilities. For more specialized
applications, DAQ devices are available with high-precision analog inputs, high-speed analog
inputs, more digital I/O lines, or multiple counter/timers onboard.

Applications for plug-in DAQ devices range from simple temperature measurement to complex
process control systems. You can use a DAQ device to take single-point voltage readings or
high-speed waveform acquisitions. You can also configure your device to multiplex through
many input channels at high speed, or trigger complex acquisition algorithms with the onboard
counter/timers. With LabWindows/CVI and a DAQ device, you can easily configure your system
to match the specific needs of your application.

The driver software for controlling DAQ devices, NI-DAQ), is included with your DAQ device.
LabWindows/CVI will automatically load the library of functions for controlling a National
Instruments DAQ device if you have installed the NI-DAQ for Windows software on your PC.

Installing Your DAQ Device

The following section discusses the configuration issues for plugging in your DAQ device into
your computer.

Configure Your Jumpers and DIP Switches

A DAQ device may have hardware switches or jumpers to configure the device for different

modes of operation. Some devices have jumpers or switches for configuring the following
settings:
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* Thebase I/0O addresdefines the I/O space for software communication with your device.
The software writes to and reads from a number of registers on each device to control the
device. Each of these registers has its own address that is an offset from the device base
address. The device base address, therefore, defines the location of these registers. If two
devices in your computer have the same base 1/0 address for any of their registers, a conflict
will occur when the software tries to communicate with these devices.

* Theinterrupt channeblesignates which interrupt lines on the PC bus the device uses to assert
interrupt signals. You can use interrupts to transfer data between the device and PC memory.

* Thedirect memory access (DMA) chandekignates which DMA channels on the PC bus
the device uses for transferring data. A DMA controller transfers data directly from the
device to system memory without using the host computer CPU. You should therefore enable
DMA jumpers for high-speed or background acquisition operations.

On some devices you can also configure the analog input range, analog input polarity, and input
mode (single-ended or differential).

Refer to your DAQ device documentation for more information on configuring your device.

Software Installation

The NI-DAQ driver software that controls your National Instruments DAQ device contains
functions for performing basic 1/0 with your device, as well as utilities for resource management
and for data and buffer management.

After you have installed LabWindows/CVI, run the setup program on your NI-DAQ installation
disks to install the NI-DAQ software. NI-DAQ accesses some directories that the
LabWindows/CVI setup program creates. By selecting LabWindows/CVI from the NI-DAQ
setup program, all of the files that are required for DAQ operation will be installed.

Configuring LabWindows/CVI for Data Acquisition

Before you can launch LabWindows/CVI and begin programming, you must first configure the
software for operation with your DAQ device. Run the NI-DAQ Configuration Utility that was
installed by NI-DAQ to configure your DAQ device. You must configure LabWindows/CVI to
load the data acquisition libraries and associated function panels into the LabWindows/CVI
programming environment. You do this by selectiffyary Options... from theOptions

menu in the Project window. Select the Easy I/O for DAQ Library option and the Data
Acquisition Library option, as shown in the following illustration.
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Test the Operation of Your Device and Configuration

At this point, you have configured and installed your DAQ device, installed LabWindows/CVI
and the DAQ software, and configured your software with the NI-DAQ Configuration Utility.
Before you start writing programs in LabWindows/CVI, it is a good idea to do some simple
testing to make sure that your device is installed and functioning correctly. There are two levels
of simple testing for your DAQ device.

* NI-DAQ Configuration Utility—When you configured your system, you performed the first
level of testing on your device. Options within the utility allow you to perform basic I/O
operations with your DAQ device.

» LabWindows/CVI function panels—You can quickly test the operation of your DAQ device
from within LabWindows/CVI by interactively executing LabWindows/CVI function panels
from the LabWindows/CVI Easy I/O for DAQ Library. Chapter 3 explains how to use
LabWindows/CVI function panels. You can execute the following LabWindows/CVI Easy
I/0 for DAQ Library functions interactively to test your device. After you load the function
panel, seledRun Function Panelfrom theCode menu.

— Al Sample Channel—Th&lSampleChannel function acquires a single voltage from
a single analog input channel. You can connect a known voltage source to your DAQ
device and verify that the analog input reading changes accordingly.
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— AO Sample Channel—Th&0OSampleChannel function applies a specified voltage to
a single analog output channel.

For more information on how to execute LabWindows/CVI function panels, consult
Chapter 5Using Function Pane|of theLabWindows/CVI User Manual

Develop Your Application

When you know that your DAQ device is properly communicating with your software, you can
begin developing your application. If you are new to LabWindows/CVI programming,

Chapter 1An Introduction to LabWindows/CMbf this manual contains a description of the
event-driven programming that controls LabWindows/CVI graphical user interfaces. In addition,
a set of custom controls with examples comes with LabWindows/CVI, and a set of example
programs for performing common DAQ tasks comes with LabWindows/CVI and your NI-DAQ
software when installed with the LabWindows/CVI option. These tools and examples are a good
starting point for your application.

Easy I/O for DAQ Library Sample Programs

The functions in the Easy I/O for DAQ Library make it easier to write simple DAQ programs
than using the Data Acquisition Library. This library implements a high-level subset of the
functionality of the Data Acquisition Library. For more information on this library and its
functions, see Chapter 1Basy 1/O for DAQ Libraryn theLabWindows/CVI Standard Libraries
Reference Manual

The sample programs for the Easy I/O for DAQ library are located in the
cvilsamples\easyio directory. These sample programs are discussed in the EASYIO
section ofcvi\samples.doc

Note: If you previously used the SCXI Analog Input instrument driver, you can replace those
functions in your program with functions from this library. Then, you will no longer
need to use the SCXI Analog Input instrument driver.

Data Acquisition Library Sample Programs

The following are a few of the example programs installed intethsamples\daq
directory by your NI-DAQ for Windows software.

« DAQ_OPRynchronously acquires data from one analog input channel and displays the data on
a strip chart. Th®AQ_OHunction will not return until all the data requested has been
acquired.

 DAQSTARTBsynchronously acquires data from one analog input channel and displays the
data on a graph.
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» DBLBUFFRasynchronously acquires data in a double-buffered acquisition operation from
one analog input channel and continuously displays the data on a graph. The technique
illustrated in this example is ideal for continuous data acquisition, analysis, and streaming to
disk. Remember that plotting data on a graph can slow the rate at which data streams to disk.

* DIGITAL updates the digital I/O lines from a graphical user interface.

« EVENTCNTounts the pulses that are input to a counter/timer and updates a numeric
indicator on the user interface.

» FREQMEA®easures the frequency of a signal using the device counter/timer inputs.

* PULSWDTImeasures the width of a pulse applied to the input of a counter/timer on the
device.

« WVFMDBQgenerates a continuous analog output signal using a double-buffered operation.

WVFMOUg@enerates a synchronous analog output signal.

DAQ Control Instrument Drivers

The DAQ Control Instrument drivers make it easy to give DAQ functionality to certain user
interface controls. The DAQ Control instrument drivers use the Easy 1/O for DAQ Library.

DAQ Numeric Control Instrument Driver

The DAQ Numeric Control instrument driver implements numeric controls which have their
values tied to analog input or output channels. The DAQ Numeric Control instrument driver is
installed agvi\toolslib\custctr\dagnum.fp when you install LabWindows/CVI.

A sample program for this instrument driver is in
cvilsamples\toolslib\custctr\daq_num\dagndemo.prj

DAQ Chart Control Instrument Driver

The DAQ Chart Control instrument driver implements strip chart controls which can
automatically scan a set of analog input channels at a specified rate and update the strip chart
traces. The chart can be configured to check for alarm conditions and to keep a history buffer of
the acquired data. The DAQ Chart Control instrument driver is installed as
cviltoolslib\custctri\dagchart.fp when you install LabWindows/CVI. A sample
program for this instrument driver is in

cvilsamples\toolslib\custctri\daqchart\chartdemo.prj
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Event Function Parameter Data Types

Some parameters in the Data Acquisition event handling functions that are two bytes under
Windows 3.1 have increased in size to four bytes under Windows 95 and NT. Typedefs have
been added to the include filgataacq.h ) and the function panels so that you can write
source code that works on all three platforms.

The following table shows the typedefs and the intrinsic types under for the different platforms.

Table 5-1. Typedefs and Intrinsic Types for Different Platforms

Typedef Windows 3.1 Windows 95/NT
DAQEventHandle  short int
DAQEventMsg short int

DAQEventWParam | unsigned short ungigned int
DAQEventLParam |unsigned long unsigned long

The following function prototypes have been affected by this change.

typedef void (*DAQEventCallbackPtr ) (DAQEventHandle handle,
DAQEventMsg msg DAQEventWParamwParam,
DAQEventLParam IParam);

short Config_Alarm_Deadband(short devicg short mode, char channelString[],
double triggerLevel, double deadbandWidth, DAQEventHandle handle,
DAQEventMsg alarmOnMessage
DAQEventMsg alarmOffMessage
DAQEventCallbackPtr EventFunction);

short Config_ATrig_Event _Messaggshort device short mode
char channelString[], double triggerLevel, double windowSize
short triggerSlope, long triggerSkipCount,
unsigned long preTriggerScans unsigned long postTriggerScans
DAQEventHandle handle, DAQEventMsg message
DAQEventCallbackPtr  eventFunction);

short Config_ DAQ_Event_Messagéshort board, short mode char channelString[],
short DAQEvent, unsigned long triggerValueO,
unsigned long triggerValuel, long triggerSkipCount,
unsigned long preTriggerScans
unsigned long postTriggerScans DAQEventHandle handle,
DAQEventMsg messageDAQEventCallbackPtr  eventFunction);
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short Get DAQ_Event(unsigned long timeOut, DAQEventHandle *handle,
DAQEventMsg *messageDAQEventWParam*wParam,
DAQEventLParam *|Param);

short Peek DAQ Event(unsigned long timeOut, DAQEventHandle *handle,

DAQEventMsg *messageDAQEventWParam*wParam,
DAQEventLParam *|Param);

Source Code Changes Needed

If you have written source code for Windows 3.1 that uses these functions and you want to use

the source code under Windows 95 or NT, you must modify your source code.

You must change the parameter declarations for all of your event callback functions to match the

new callback function prototype. You must also use the new typedefs in the declarations of
variables that are passed by referend@d¢b DAQ_Event andPeek DAQ_Event.

Related Documentation

The following on-line help or manuals contain information you may find helpful as you read this

chapter.

* NI-DAQ User Manual for PC Compatibles

* NI-DAQ Function Reference Manual for PC Compatibles
 DAQ Hardware Overview Guide

* LabWindows/CVI User Manual

* LabWindows/CVI Release Notes
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Chapter 12
Converting LabWindows for DOS
Applications

This chapter introduces the conversion tools in LabWindows/CVI for translating LabWindows
for DOS applications into LabWindows/CVI applications. It also explains why certain
LabWindows for DOS features are not supported in LabWindows/CVI.

Conversion Tools

You may need to use LabWindows for DOS to get your files into the proper form for conversion.
Once in the proper form, the conversion tools necessary for translating LabWindows for DOS
applications into LabWindows/CVI applications are integral to LabWindows/CVI.

LabWindows/CVI has the following conversion tools.

» The C source code translator converts LabWindows for DOS C source files so they can be
used in LabWindows/CVI. See the secti@onverting Source Cogde this chapter for
details about converting source code.

* The User Interface Resourceif ) file translator converts LabWindows for DQSr
files so they can be used in LabWindows/CVI. See the se@mmverting User Interface
Resource Filesfor details about convertingir  files.

» The function panel{p ) file translator converts LabWindows for DO$ files so they
can be used in LabWindows/CVI. See the sect@mmverting Instrument Driveydor details
about converting LabWindows for DOS instrument drivers.

In addition to the sections listed above, this chapter also contains a section on converting
LabWindows for DOS loadable compiled modules calediverting Loadable Compiled
Modules and External Modules

Unsupported Features

The features of LabWindows for DOS that are not supported by LabWindows/CVI are as
follows.

* The Basic Language-In the LabWindows for DOS environment, you write programs using
a subset of either Basic or C. In the LabWindows/CVI environment, you write programs
using full ANSI C. If you have a program written in the Basic subset of LabWindows for
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DOS, you can use théhange Languageseature of LabWindows for DOS to translate your
Basic source code into C source code.

* The Graphics Library—Since the User Interface Library of LabWindows for DOS Version
2.x made the Graphics Library obsolete, the Graphics Library is not supported in
LabWindows/CVI1.

* The AT-DSP2200 Library-This library is not available in LabWindows/CVI.

» Data Acquisition Library Features-The Data Acquisition Library for Micro Channel PCs
is not available in LabWindows/CVI. The Memory Management functions, such as
NI_DAQ_Mem_Alloc , are also not available.

» User Interface Library Features-The GetColorPaletteValue and
SetColorPaletteValue User Interface Library functions are not supported because
colors are specified via an RGB value rather than through color palette manipulation.
Specifying RGB values makes the support of True Color adapters possible. Plotter hardcopy
output is not supported in LabWindows/CVI. Hardcopy output is restricted to graphics
printers.

» Utility Library Features—The general purpogeutKey function is not supported in
LabWindows/CVI. However, thEakeKeystroke  function is provided for use in the User
Interface Library.

* RS232 Library—In LabWindows for DOS, the RS232 Library errors are positive values. In
LabWindows/CVI the errors are negative.

Functions with New Behaviors

This section includes functions from the User Interface Library and the Utility Library. See the
function descriptions in theabWindows/CVI User Interface Reference Mararad the
LabWindows/CVI Standard Libraries Reference Manual

The User Interface Library

TheLoadMenuBar andLoadPanel functions in LabWindows/CVI User Interface Library
require a panel handle parameter that corresponds to the parent panel containing the newly
loaded menu bar or panel. Since LabWindows for DOS did not have parent panels, the function
DOSCompatWindowcan be used in place of the parent panel parameter for backward
compatibility. TheDOSCompatWindowfunction displays a window that serves the same
function as the background screen of your LabWindows for DOS application.

TheDeletePlots  function is retained for backward compatibility, but the more flexible
DeleteGraphPlot function is available in LabWindows/CVI for deleting individual graph
plots.
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TheDisplayPCXFile  function is retained for backward compatibility, but the more flexible
DisplaylmageFile function is available in LabWindows/CVI for dynamically displaying
pictures as controls.

The Utility Library

TheGetProgramDir  function has been replaced by tBetProjectDir function. The
GetKey andKeyHit functions only work in the Standard Libraries Input/Output window, not
in the User Interface panels. TBetKey function returns different key codes than in
LabWindows for DOS and it always activates the Standard Input/Output windoweVhit
function always activates the Standard Input/Output window.

Converting User Interface Resource (.uir) Files

This section describes the procedure for converting your LabWindows foridOSfiles so
that they can be used in LabWindows/CVI.

To convert auir file, selectOpen from theFile menu from any window. Choos&éser

Interface (*.uir ) as the file type to open. The file will be automatically converted and you will
be given the opportunity to save the converted file and rename the original file.

If the .uir  file uses the LabWindows DOS System font, the dialog box in the following
illustration is displayed.

= Select System Font

Thiz UIR file uses the LabWindows 2 x System font.
Thiz font includes characters not supported by ztandard
Windows fonts. most notably, block graphics and some
mathematical symbols.

Two substitute fonts are available, a native Windows
font [recommended for best appearance and printing]
and a bitmapped font [when the problematic characters
are essential].

(4 Use recommended MiDialog font

[] Use compatibility bitmapped NI5ystem font

oK

The LabWindows DOS System font contains special characters that are not supported by the
default fonts of the host system. It is recommended that you use the NIDialog MetaFont in place
of the System font. If the special characters are essential, you can use the compatibility-
bitmapped NISystem font for the system font. However, strings that are in the compatibility-
bitmapped NISystem font will not copy correctly between windows and applications.
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Other fonts automatically convert to NIEditor or NIApp provided by LabWindows/CVI. You are
free to change any text on ther to use any font supported on the host system, but only the
NI... fonts are guaranteed to be on both the PC and UNIX platforms.

For the most part, their file will appear as it did in LabWindows for DOS. In some cases
you will need to make cosmetic changes manually. Once you are satisfied with the appearance of
the.uir file, save it so that it can be used by your LabWindows/CVI program.

Converting Source Code

This section describes the procedure for converting your LabWindows for DOS source code so it
will run correctly in LabWindows/CVI.

To convert your C source code follow these steps:

1. Open anyuir files that your program uses. (See the secGamyverting User Interface
Resource Filesn this chapter if they have not yet been converted.)

2. Backup any source files you want to continue to use in LabWindows for DOS.

3. Open your source files in LabWindows/CVI by selectiyen from theFile menu. Choose
Source (*.c) as the file type to open.

4. SelecflTranslate DOS LW Program from theOptions menu. This will invoke the dialog
box shown in the following illustration.

= Translate L'\W DOS Program

Thiz utility tranzlates LabWwindows DOS5 programs to run under
LabWindowsz/C¥l. All relevant UIR files for the program should
be loaded before beginning. Mot everything can be translated.
For more information, press the "Fead Me" button.

e
Select text to tranzlate: . Translate all

[<] Prompt on every change

[] Mark only [do not change code]

» Start begins the translation process.
* Read Medisplays a text description of the translation process.

» Cancelaborts the translation process.
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» Select text to translategives you the option of translating the entire file, translating from
the current position of the cursor, or translating only the selected text.

* Prompt on every changeanvokes a dialog box each time a change to your source code is
necessary. You can make, mark, or skip the change, undo the previous action, or stop the
translation in this dialog box.

* Mark only adds comments to your program but does not make any functional changes.

5. Once you have configured the Translate DOS LW Program dialog box,Stigcind

complete the automated translation process.

. The Analysis/Advanced Analysis Library functions do not update the global variable
dsp_err in LabWindows/CVI. Instead, the return value for each function indicates the
status of the function. If your program chedkp_err for errors, you will need to modify
your program so that it checks the return values of the Analysis/Advanced Analysis Library
functions for errors.

. You will need to modify anint arrays that are passed to GPIB, VXI, or DAQ functions. In
LabWindows DOS, integer variables are 16 bit (2 bytes). In LabWindows/CVI, integer
variables are 32 bit (4 bytes).

The contents of integer array elements 0 and 1 in LabWindows for DOS (a 16-bit system) are
packed into integer array element 0 in LabWindows/CVI (a 32-bit system). Any attempt to
access the array on an element-by-element basis will not work. The array should be declared
asshort instead, and any type specifiers that refer to it should hayb2he modifier

when passed as an argument to a Formatting and 1/O Library function.

You will need to modify anint variables that are used in a way that requires them to be
two-byte integers.

For example, if an int argument is passed by address to a function in the Formatting and I/O
Library (aScan source or &can/Fmt target) and matches¥ad[b2] or %i[b2]

specifier, it will not work correctly. You will need to remove {b&] modifier, or declare

the variable as short.

Conversely, if short argument is passed by address and matchiesoa%i specifier
without the[b2] maodifier, it will not work correctly. In this case, you must add[t#d
modifier.

Note: Whereas the default fofadis 2 bytes on a 16-bit compiler, it is 4 bytes on a 32-bit

compiler. Likewise, the default foint is 2 bytes on a 16-bit compiler, and it is 4 bytes
on a 32-bit compiler. Thus, if the specifier for a variable of type is %d you do not
need to make any modifications.
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9. You will need to modify any Formatting and I/O Library functions that usppthemodifier.
The[o] modifier in the Formatting and 1/O Library has a different meaning in
LabWindows/CVI than it does in LabWindows for DOS. If your program usg®the
modifier, you will need to modify it as explained below.

In LabWindows for DOS, thp] modifier is used to alter the ordering of the bytes that
compose the integer. This is necessary if an instrument sends binary multibyte data and it is
not in Intel format.

Since LabWindows/CVI supports both Intel (PC) and Motorola (SPARCstation)
architectures, thp] modifier in LabWindows/CVI is used tbescribethe byte ordering in
the data rather than to alter it. IfFrnt/Scan function, the buffer containing the raw
instrument data should have flo¢ modifier describing the byte ordering. The buffer
without the[o] modifier is guaranteed to be in the mode of the host processor. In other
words, LabWindows/CVI will reverse the byte ordering of the buffer withoufdhe
modifier depending on which architecture the program is running on.

For example, if your GPIB instrument sends two-byte binary data in Intel byte order, your
code should appear as follows.

short int instr_buf[100];

short int prog_buf[100];

status = ibrd (ud, instr_buf, 200);

Scan (instr_buf, "%100d[b2001]>%2100d", prog_buf);

If, instead, your GPIB instrument sends two-byte binary data in Motorola byte order, the
Scan function should appear as follows.

Scan (instr_buf, "%100d[b2010]>%2100d", prog_buf);

In either case, the o modifier is used only on the buffer containing the raw data from the
instrument ipstr_buf ). LabWindows/CVI will ensure that the program buffer

(prog_buf ) is in the proper byte order for the host processor. For a full descriptionf the
modifier, see Chapter Zhe Formatting and I/O Libraryin theLabWindows/CVI Standard
Libraries Reference Manual

Converting Instrument Drivers

You can convert LabWindows for DOS instrument drivers for use in LabWindows/CVI.
However, if National Instruments provided your LabWindows for DOS instrument drivers, it is
recommended that you acquire new LabWindows/CVI instrument drivers from National
Instruments.
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Chapter 12 Converting LabWindows for DOS Applications
This section describes the procedure for converting your LabWindows for DOS instrument driver
files so that they can be used in LabWindows/CVI. The steps are as follows.

1. Copy the existing.c ,*.h , and*.fp files for the instrument into a new directory to be
used in LabWindows/CVI.

2. Run LabWindows/CVI.

3. Create a new project. Add the ,*.h , and*.fp files for the instrument driver you will
be porting to the new project.

Convert the Instrument Driver Function Panels
1. Double-click on thé&.fp file in the project window to invoke the Function Tree Editor.

2. View every function panel in the instrument driver by selecting Edit Function Panel Window
from the Edit menu.

3. Spell out all extended ASCII characters. For exampleb&comes “micro.”

4. Size function panels appropriately on any Function Panel windows that have multiple
function panels.

5. If you want to convert Function Panel help to the new style, selection Options: Help Style:
New from the Function Tree Editor window. Then select Transfer Window Help to Function
Help from the Options menu.

6. Save thé.fp file.

Convert the Instrument Driver Header File
1. Load the.h file by double clicking on it in the Project window.
2. Remove all instances of thee keyword.
3. Look for a global error variable declaration. If it exists:
a. Use theextern keyword in the declaration. For examp&tern int tek_err;

b. Define the error variable in the instrument driver source file.
For exampleint tek_err;

If there is not global error variable declaration in the header file, make sure it is declared as
static in the instrument driver source file. For examgiitjc int tek_err;

4. Save thé.h file.
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Convert the Instrument Driver Source Code
1. Load thet.c file by double clicking on it in the Project window.

2. Continue with step 3 in the secti@pnverting Source Code this chapter.

Converting Loadable Compiled Modules and External
Modules

To convert a LabWindows for DOS loadable compiled module or external module, obtain the
source code and follow the steps in the secttmmverting Source Coden this chapter.

Once the source code runs appropriately in LabWindows/CVI, you may compile it using
LabWindows/CVI or a compatible external compiler. See Chaptdsiag Loadable Compiled
Modules in theLabWindows/CVI Programmers Referef@emore details.

Note: LabWindows for DOS loadable compiled modules or external modules that use DMA
or interrupts are not directly supported by LabWindows/CVI. Under Windows, these
modules will have to be rewritten in DLL form using the Microsoft DDK. Under
Solaris, hardware-specific modules will have to be rewritten using the host system
library.
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Appendix
Customer Communication

For your convenience, this appendix contains forms to help you gather the information necessary
to help us solve technical problems you might have as well as a form you can use to comment on
the product documentation. Filling out a copy of Teehnical Support Forrhefore contacting
National Instruments helps us help you better and faster.

National Instruments provides comprehensive technical assistance around the world. In the U.S.
and Canada, applications engineers are available Monday through Friday from 8:00 a.m. to

6:00 p.m. (central time). In other countries, contact the nearest branch office. You may fax
guestions to us at any time.

Electronic Services

Bulletin Board Support

National Instruments has BBS and FTP sites dedicated for 24-hour support with a collection of
files and documents to answer most common customer questions. From these sites, you can also
download the latest instrument drivers, updates, and example programs. For recorded
instructions on how to use the bulletin board and FTP services and for BBS automated
information, call (512) 795-6990. You can access these services at:

* United States: (512) 794-5422 or (800) 327-3077
Up to 14,400 baud, 8 data bits, 1 stop bit, no parity

e United Kingdom: 01635 551422
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

* France: 14865 1559
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

El FaxBack Support

FaxBack is a 24-hour information retrieval system containing a library of documents on a wide
range of technical information. You can access FaxBack from a touch-tone telephone at the
following number: (512) 418-1111.
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Customer Communication

FTP Support

To access our FTP site, log on to our Internet fipshatinst.com
use your Internet address, suchaesmith@anywhere.com
support files and documents are located inghpport

Appendix A

, as anonymous and
, as your password. The
directories.

E-Mail Support (currently U.S. only)

You can submit technical support questions to the appropriate applications engineering team
through e-mail at the Internet addresses listed below. Remember to include your name, address,
and phone number so we can contact you with solutions and suggestions.

gpib.support@natinst.com

DAQ:. dag.support@natinst.com
VXI: vXi.support@natinst.com
LabVIEW: Iv.support@natinst.com

LabWindows: Iw.support@natinst.com

HiQ: hig.support@natinst.com
Lookout: lookout.support@natinst.com
VISA: visa.support@natinst.com

Fax and Telephone Support

National Instruments has branch offices all over the world. Use the list below to find the
technical support number for your country. If there is no National Instruments office in your
country, contact the source from which you purchased your software to obtain support.

Australia 03 9 879 9422 0398799179
Austria 0662 4579900 0662 45 79 90 19
Belgium 02 757 00 20 02 757 03 11
Canada (Ontario) 519 622 9310

Canada (Quebec) 514 694 8521 514 694 4399
Denmark 45 76 26 00 45 76 26 02
Finland 90 527 2321 90 502 2930
France 148142424 148 14 24 14
Germany 089 741 31 30 089 714 60 35
Hong Kong 2645 3186 2686 8505

Italy 02 413091 02 41309215
Japan 03 5472 2970 03 5472 2977
Korea 02 596 7456 02 596 7455
Mexico 95 800 010 0793 5520 3282
Netherlands 0348 433466 0348 430673
Norway 3284 84 00 32 84 86 00
Singapore 2265886 2265887

Spain 91 640 0085 91 640 0533
Sweden 08 73049 70 08 73043 70
Switzerland 056 200 51 51 056 200 51 55
Taiwan 02 377 1200 02 737 4644
U.K. 01635 523545 01635 523154
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Technical Support Form

Photocopy this form and update it each time you make changes to your software or hardware, and use the completed
copy of this form as a reference for your current configuration. Completing this form accurately before contacting
National Instruments for technical support helps our applications engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products related to this problem, include the
configuration forms from their user manuals. Include additional pages if necessary.

Name

Company

Address

Fax ( ) Phone ( )
Computer brand Model Processor

Operating system: Windows 3.1, Windows for Workgroups 3.11, Windows NT 3.1, Windows NT 3.5,
Windows 95, other (include version number)

Clock Speed MHz RAM MB Display adapter
Mouse ___yes __ no Other adapters installed

Hard disk capacity MB Brand

Instruments used

National Instruments hardware product model Revision
Configuration

National Instruments software product Version
Configuration

The problem is

List any error messages

The following steps will reproduce the problem




Hardware and Software Configuration Form

Record the settings and revisions of your hardware and software on the line to the right of each item. Complete a
new copy of this form each time you revise your software or hardware configuration, and use this form as a
reference for your current configuration. When you complete this form accurately before contacting National
Instruments for technical support, our applications engineers can answer your questions more efficiently.

National Instruments Products

Data Acquisition Hardware Revision

Interrupt Level of Hardware

DMA Channels of Hardware

Base I/0O Address of Hardware

NI-DAQ, LabVIEW, or
LabWindows Version

Other Products

Computer Make and Model

Microprocessor

Clock Frequency

Type of Video Board Installed

Operating System

Operating System Version

Operating System Mode

Programming Language

Programming Language Version

Other Boards in System

Base 1/0 Address of Other Boards

DMA Channels of Other Boards

Interrupt Level of Other Boards




Documentation Comment Form

National Instruments encourages you to comment on the documentation supplied with our products. This
information helps us provide quality products to meet your needs.

Title:  Getting Started with LabWindows®/CVI
Edition Date: July 1996
Part Number: 320680C-01

Please comment on the completeness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.

Name

Title

Company

Address

Fax ( ) Phone ( )

Mail to: Technical Publications Fax to: Technical Publications
National Instruments Corporation National Instruments Corporation
6504 Bridge Point Parkway (512) 794-5678

Austin, TX 78730-5039



Glossary

Prefix Meaning Value

m- milli- 103

M- micro- 106

n- nano- 109
A

active window

Array Display

B

binary control

breakpoint

C

check box

click

CodeBuilder

command button

control

© National Instruments Corporation G-1

The window affected by keyboard input at a given moment; the title of an
active window appears highlighted; only an active window is visible in
full-screen display mode.

A mechanism for viewing and editing numeric arrays.

A function panel control that resembles a physical on/off switch and can
produce one of two values depending upon the position of the switch.

An interruption in the execution of a program. Also, a function in code
that causes an interruption in the execution of a program.

A dialog box item that allows you to toggle between two possible
execution options.

A mouse-specific term; to quickly press and release the mouse button.

The LabWindows/CVI feature that creates code baseduwn &file to
connect your GUI to the rest of your program. This code can be compiled
and run as soon as it is created.

A dialog box item that, when selected, executes a command associated
with the dialog box.

An input or output device that appears on a function panel for specifying
function parameters and displaying function results.
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Glossary

cursor

cursor location
indicator

D

default command

dialog box

double-click

drag

E

The flashing rectangle that shows where you may enter text on the screen.
If you have a mouse installed, there is also a rectangular mouse cursor, or
pointer.

An element of the LabWindows/CVI screen that specifies the row and
column position of the cursor in the window.

The action that takes place when ENTER is pressed and no command is
specifically selected. Default command buttons are indicated in dialog
boxes with an outline.

A prompt mechanism in which you specify additional information needed
to complete a command.

A mouse-specific term; to click the mouse button twice in rapid
succession.

A mouse-specific term; to hold down the mouse button while moving the
mouse across a flat surface, such as a mouse pad.

entry mode indicator An element of the LabWindows/CVI screen that indicates the current text

F

FP file

full-screen mode

function panel

function tree

Getting Started with LabWindows/CVI G-2

entry mode as either insert or overwrite.

A file containing information about the function tree and function panels
of an instrument driver.

A screen display mode in which one window occupies the entire screen.

A screen-oriented user interface to the LabWindows/CVI libraries that
allows interactive execution of library functions and is capable of
generating code for inclusion in a program.

The hierarchical structure in which the functions in an instrument driver
are grouped.
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Glossary

Generated Code box A small window located at the bottom of the screen that displays the code

global control

H

highlight
|
in.

input control

Instrument Library

instrument driver

produced by the manipulation of function panel controls.

A function panel control that displays the value of a global variable within
a function.

To make a LabWindows/CVI screen item ready for input.

inches

A function panel control in which a value or variable name is entered from
the keyboard.

A LabWindows/CVI library that contains instrument control functions.

A group of several subprograms related to a specific instrument that reside
on disk in a special language-independent format. An instrument driver is
used to generate and execute code interactively via menus, dialog boxes,
and function panels.

Interactive execution A LabWindows/CVI work area in which sections of code may be executed

window

L

.LBW file

LWI file

list box

MB

without creating an entire program.

A file containing code stored in LabWindows for DOS binary format, a
format translatable into C or BASIC source code by the LabWindows for
DOS environment.

A file containing instrument include statements in LabWindows for DOS
binary format.

A dialog box item that displays a list of possible choices for completing a
command in the dialog box.

megabytes of memory
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Glossary

menu An area accessible from the menu that displays a subset of the possible
menu items.
mouse cursor A mouse-specific term; the rectangular block on the screen that shows the

current mouse position.

@)

output control A function panel control that displays the results of a function.

P

point A mouse-specific term; to move the mouse until the pointer rests on the
item to which you want to click on.

pointer A mouse-specific term; the rectangular block on the screen that shows the
current mouse position.

press A mouse-specific term; to hold down the mouse button.

Project window A window that keeps track of the components that make up your current
project. The Project window maintains a list of files such as source files,
.uir files, header files, or object modules, and also contains status
information about each file in your project.

R

return value control A function panel control that displays a function result returned as a return
value rather than as a formal parameter.

ring control A control that displays a list of options one option at a time; ring controls
appear on function panels and in dialog boxes.

S

scroll bars Areas along the bottom and right sides of a window that show your
relative position in the file. Scroll bars can be used with a mouse to move
about in the window.

scrollable text box A dialog box item that displays text in a scrollable display.

select To choose the item that the next executed action will affect by moving the
input focus (highlight) to a particular item or area.
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shortcut key
commands

slide control

Source window

Standard Input/
Output window

standard libraries

step mode

String Display

T

text box

timer control

U

User Interface
Library

User Interface
Editor

User Interface
Editor window
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Glossary

A combination of keystrokes that provides a means of executing a
command without accessing a menu in the command bar.

A function panel control that resembles a physical slide switch and inserts
a value in a function call that depends upon the position of the cross-bar
on the switch.

A LabWindows/CVI work area in which complete programs are edited
and executed. This window is designated by the file extension

A LabWindows/CVI work area in which output to and input from the
screen take place.

The LabWindows/CVI Analysis, Formatting and 1/0, GPIB, GPIB-488.2,
RS-232, TCP, DDE libraries and the ANSI C Library.

A program execution mode in which a program is manually executed one
instruction at a time; each instruction in the program is highlighted as it is
executed.

A mechanism for viewing and editing string variables and arrays.

A dialog box item in which text is entered from the keyboard to complete
a command.

A user interface control that schedules the periodic execution of a callback
function. A typical use of this control might be to update a graph every
second.

Includes a set of functions for controlling the interface programmatically,
as well as a resource editor for defining the user interface components.

A graphical drop-and-drag editor for designing user interfaces for your
program.

This window displays the graphical representation you have designed for
your project.
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\Y

Variable Display A display that shows the values of variables currently defined in
LabWindows/CVI.

W

window A working area that supports operations related to a specific task in the
development and execution processes.

work area The area of the LabWindows/CVI screen that contains the text displayed

in a window.
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Index

A

AcquireData sample function
adding to user interface, 6-2
assigning to Command button, 5-6 to 5-7
Add File to Project command, Edit menu
adding instruments, 8-12
constructing projects, 6-9
illustration, 2-5
AlSampleChannel function panel, 11-3
ANSI C Library, 1-4
ANSI C specifications, 2-7
AOSampleChannel function, 11-4
Array Display window
displaying arrays, 4-8 to 4-9
editing arrays, 4-10
arrays
declaring from function panels, 8-8
displaying, 4-8 to 4-9
editing, 4-10
generating random array of data, 6-3
to 6-4
AT-DSP2200 Library (LabWindows for
DOS), 12-2
attributes, setting programmatically, 9-3
to 9-4

B

base I/O address for data acquisition
boards, 11-2
BASIC programs, converting to C, 12-1
to 12-2
Break at First Statement command, Run
menu, 4-2
breakpoints, 4-3 to 4-5
breakpoint on error, 4-3
conditional, 4-3
definition, 4-3
invoking, 4-3
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manual breakpoints, 4-3, 4-5
programmatic breakpoints, 4-3 to 4-4
Build Error window, 2-6
Build Errors command, Window menu, 2-6
Build menu, Project window, 2-4
bulletin board support, A-1

C

callback functions
adding to Save button, 9-6
adding with CodeBuilder, 7-3 to 7-4
connecting source code with Command
button, 5-6
locating with CodeBuilder, 7-5 to 7-6
processing events (example), 9-6 to 9-7
specifying location for CodeBuilder
generation, 7-2
writing, 7-5 to 7-8
channel selection control, adding to project,
9-2 to 9-3
Chart Control Instrument Driver, DAQ, 11-5
Close command, File menu, 2-8
code.Seesource files.
code generation
automatic.SeeCodeBuilder.
interactive Seeinteractive code
generation tools.
Code menu
Function Panel windows
Declare Variable command, 7-7, 8-8
Insert Function Call
command, 3-7, 6-8, 8-5, 8-6, 8-9
Run Function Panel
command, 8-5, 8-6, 8-9
Select Ul Constant command, 6-6
Set Target File command, 3-7, 6-8
User Interface Editor

Generate submenu
All Code command, 5-10
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Index

CodeBuilder
adding control callback function, 7-3
to7-4
generating program shell, 5-10 to 5-12
locating FindMaxMin callback function,
7-51t0 7-6
overview, 1-6
Command button
adding for numeric control, 7-3 to 7-5
adding to user interface, 5-5 to 5-7
connecting with source code, 5-6 to 5-7
commit events, 7-8, 9-7
compiled modulesSeeloadable compiled
modules.
compiler error messages, 2-6
conditional breakpoints, 4-3
configuration
data acquisition boards, 11-2 to 11-3
testing, 11-3to 11-4
GPIB driver software, 10-2
instrument drivers, 8-5 to 8-7
NI-DAQ driver software, 11-2 to 11-3
VXI driver software, 10-5
constants, displaying in .uir file, 6-6 to 6-7
Continue command, Run menu, 4-2
Continue Execution command, Run
menu, 4-12
Control Callback Events dialog box, 5-10
converting LabWindows for DOS
applications
conversion tools, 12-1
functions with new behaviors, 12-2
to 12-3
User Interface Library, 12-2 to 12-3
Utility Library, 12-3
instrument drivers, 12-6 to 12-8
function panels, 12-7
header file, 12-7
source code, 12-8
loadable compiled modules or external
modules, 12-8
source code, 12-4 to 12-6
unsupported features, 12-1 to 12-2
user interface resource (.uir) files, 12-3
to 12-4
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Create menu

Command button, 7-3

Numeric command, 7-4
customer communicatiory, A-1 to A-2
customizing toolbars, 2-7

D

DAQ boardsSeedata acquisition boards.
DAQ Chart Control Instrument Driver, 11-5
DAQ Control Instrument drivers, 11-5
DAQ Numeric Control Instrument
Driver, 11-5
DAQ_Op example program, 11-4
DAQ_START example program, 11-4
data
displaying and editing
arrays, 4-8 to 4-9
strings, 4-10 to 4-11
variables, 4-5 to 4-8
generating random array of data, 6-3
to 6-4
reading with instrument driver, 8-7
data acquisition
DAQ Control Instrument drivers, 11-5
developing applications, 11-4 to 11-5
Data Acquisition Library sample
programs, 11-4 to 11-5
Easy 1/O for DAQ Library sample
programs, 11-4
event function parameter data type
changes, 11-6 to 11-7
overview, 1-6 to 1-7, 11-1
Windows 3.1 source code changes
required, 11-7
data acquisition boards
hardware configuration, 11-1 to 11-2
installation, 11-1 to 11-2
hardware installation, 11-1 to 11-2
software installation, 11-2
overview, 11-1
related documentation, 11-7
software configuration, 11-2 to 11-3
testing operation and configuration, 11-3
to 11-4
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Data Acquisition Library
LabWindows for DOS, 12-2
sample programs, 11-4 to 11-5
data analysis
generating a call to Mean function, 3-8
to 3-9
programming overview, 1-6 to 1-7
data files, functions for reading and
writing, 9-4
DBLBUFFER example program, 11-5
debugging programs
breakpoints, 4-3 to 4-5
invoking, 4-3
manual breakpoints, 4-5
programmatic breakpoints, 4-3 to 4-4
displaying and editing data
Array Display, 4-8 to 4-9
String Display, 4-10 to 4-11
Variable Display, 4-5 to 4-8
Watch window, 4-11 to 4-12
step mode execution, 4-2 to 4-3
Declare Variable command, Code menu
declaring arrays (example), 8-8
declaring variables (example), 7-6 to 7-7
reading waveform (example), 8-9
developing graphical user interfaces (GUI).
Seegraphical user interface (GUI),
building.
DIGITAL example program, 11-5
direct memory access (DMA) channel for
data acquisition boards, 11-2
displaying and editing data
arrays, 4-8 to 4-9
strings, 4-10 to 4-11
variables, 4-5 to 4-8
DisplayPanel sample function, 6-2
DMA channel for data acquisition
boards, 11-2
documentation
conventions used in manuaiii
data acquisition boards, 11-7
manuals for VXI controller boards, 10-5
optional manualsgiv-xv
organization of manuaxi-xii
standard LabWindows/CVI
documentation sexjv
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Index

E

Easy I/0O for DAQ Library sample
programs, 11-4
Edit menu
Project window
Add File to Project command, 2-4
to 2-5, 6-9, 8-12
overview, 2-4
Source, Interactive Execution, and
Standard Input/Output windows
editing tools, 2-8 to 2-9
Undo command, 2-9
editing data
arrays, 4-10
strings, 4-10 to 4-11
variables, 4-7 to 4-8
editing tools in Source window, 2-8 to 2-9
electronic support services, A-1 to A-2
e-mail support, A-2
error messages
during compiling and linking, 2-6
removing from screen, 2-6
Error window.See alsduild Error window.
closing and opening, 2-6
EVENTCNT example program, 11-5
EVENT_COMMIT, 7-8, 9-7
EVENT_GOT_FOCUS, 7-8, 9-7
EVENT_LEFT_CLICK, 7-8, 9-7
EVENT_RIGHT_CLICK, 5-10
events
event function parameter data type
changes, 11-6 to 11-7
Windows 3.1 source code changes
required, 11-7
timed events, 9-8
types of events, 9-7
example programs
instrument driversSeeinstrument driver
programming example.
NI-DAQ for Windows software, 11-4
to 11-5
external modulesSee alsdoadable
compiled modules.
converting from LabWindows for
DOS, 12-8
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F

fax and telephone technical support, A-2
FaxBack support, A-1
file I/O functions, ANSI C library, 9-4
File menu
Project window
Close command, 2-8
Open command, 2-2
overview, 2-4
Source, Interactive Execution, and
Standard Input/Output windows
Hide command, 2-6
Open Quoted Text command, 2-8
User Interface Editor
Open User Interface command, 5-3
File Select Popup, 9-5
Find Function Panel command, View
menu, 3-8
finding functions, 3-8 to 3-9
function definitions, 4-2 to 4-3
using CodeBuilder, 7-5 to 7-6
FindMaxMin function, compiling in source
file, 7-5 to 7-8
For Loop dialog box, 6-3
FREQMEAS example program, 11-5
FTP support, A-2
Function command, Help menu, 3-5
function panel, recallingseeRecall
Function Panel command, View menu.
function panel controls
generating events, 9-6 to 9-7
input, 3-4
output, 3-9 to 3-10
function panels
adding YGraphPopup function to sample
program, 3-4 to 3-8
analyzing data, 3-8 to 3-9
controls, 3-4
converting instrument driver function
panels, 12-7
declaring arrays, 8-8
definition, 3-4
drawing a graph, 3-5to 3-6
executing functions interactively, 8-4
finding functions, 3-8 to 3-9
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function definitions, 4-2 to 4-3
using CodeBuilder, 7-5 to 7-6
Generated Code box, 3-7
help information, 3-4 to 3-5
input control, 3-4
inserting code from function panels, 3-7
to 3-8
locating PlotY function in User Interface
Library, 6-4 to 6-5
output control, 3-9 to 3-10
purpose and use, 3-4
recalling, 3-10 to 3-11
selecting, 6-4 to 6-5
testing operation of DAQ device and
configuration, 11-3to 11-4
function trees, 3-2

G

General Purpose Interface Bus (GPI8ge
GPIB boards.
Generate All Code command, Code menu, 5-10
Generate All Code dialog box, 5-11
Generate Control Callback command, 7-3
Generated Code box, 3-7 to 3-8
generating code automaticallyee
CodeBuilder.

GetCtrlAttribute function, 9-3 to 9-4
GetCtrlval function, 9-2 to 9-3
Go To Definition toolbar icon, 4-2 to 4-3
GPIB boards

compatible LabWindows/CVI

interfaces, 10-1
configuration
GPIB driver software, 10-2
LabWindows/CVI for GPIB, 10-2 to 10-3

developing applications, 10-3

installation, 10-1 to 10-2

overview, 10-1
graph controls

adding to user interface, 5-7 to 5-8

locating PlotY function, 6-4 to 6-5
graphical user interface (GUI)

building. Seegraphical user interface

(GUI), building.
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components (figure), 1-5
definition, 1-5
example of GUI, 2-10 to 2-11
illustration, 2-10
graphical user interface (GUI), building
accessing User Interface Library, 3-2
to 3-3
AcquireData function, 6-2
adding Command Button, 5-5 to 5-7
adding graph control, 5-7 to 5-8
adding Save button, 9-6
building PlotY function call syntax, 6-6
to 6-9
building user interface resource (.uir)
file, 5-3 to 5-12
constructing the project, 6-9 to 6-10
finding PlotY function, 6-4 to 6-5
main function, 6-1 to 6-2
modifying, 7-2 to 7-5
running the program, 6-10 to 6-11, 7-8
saving uir files, 5-8 to 5-9
setting attributes programmatically, 9-3
to 9-4
Shutdown function, 6-2 to 6-3
source code requirements, 5-2
using instrument driver, 8-3 to 8-10
waveform generation project
(illustration), 9-2
writing callback function, 7-5 to 7-8
Graphics Library (LabWindows for
DOS), 12-2
graphs, drawing with function panels, 3-5
to 3-6
GUI. Seegraphical user interface (GUI).

H

header files for instrument drivers,
converting from LabWindows for
DOS, 12-7

help information, adding to command
buttons, 9-7 to 9-8

Help menu, Function Panel windows, 3-5

Hide command, File menu, 2-6
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Index

IEEE-488 standard (GPIB), 10-1
initializing instruments, 8-4 to 8-5
input controls, adding to function panel, 3-4
Insert Function Call command, Code menu
copying instrument driver
code, 8-5, 8-6, 8-9
inserting code from function panel, 3-7
PlotY function panel example, 6-8
installation
data acquisition boards, 11-1 to 11-2
general instructions, 1-1 to 1-2
GPIB boards, 10-1 to 10-2
LabWindows/CVI subdirectories
(table), 1-1
NI-DAQ driver software, 11-2
VXI controllers, 10-4 to 10-5
instrument driver programming example,
8-1to 8-12
adding sample program to project
files, 8-12
appearance of Sample Oscilloscope
program on Instruments menu, 8-2
closing instrument drivers, 8-9 to 8-10
configuring instrument drivers, 8-5
to 8-7
declaring arrays from function
panels, 8-8
functions in Sample Oscilloscope
instrument, 8-3
initializing instrument drivers, 8-4 to 8-5
interactive function panel execution, 8-4
interactive use, 8-3
loading, 8-1 to 8-2
reading data, 8-7
reading waveform, 8-8 to 8-9
running the sample program, 8-10
to 8-11
instrument drivers
available drivers, 10-6 to 10-7
converting from LabWindows for DOS
function panels, 12-7
header files, 12-7
source code, 12-8
DAQ Control Instrument drivers, 11-5
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DAQ Chart Control Instrument
Driver, 11-5
DAQ Numeric Control Instrument
Driver, 11-5
definition, 10-6
Easy I/0O for DAQ instrument
driver, 11-4
replacing SCXI Analog Input instrument
driver (note), 11-4
Instrument Library, 1-4
Instrument menu, 8-2
interactive code generation too&ee also
CodeBuilder.
accessing User Interface Library, 3-2
to 3-3
analyzing data, 3-8 to 3-9
drawing graphs using function
panels, 3-5 to 3-6
executing function panels
interactively, 3-12
finishing the sample program, 3-11
to 3-12
function panel controls, 3-4
function panel help, 3-4 to 3-5
inserting code from function panel, 3-7
to 3-8
Library menu, 3-1 to 3-2
output values on function panels, 3-9
to 3-10
recalling function panels, 3-10 to 3-11
interrupt channel for data acquisition
boards, 11-2

J

jumpers and switches for data acquisition
boards, 11-1to 11-2
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L

label for Command button, changing, 5-7
LabWindows for DOS applications,
converting.Seeconverting LabWindows
for DOS applications.
LabWindows/CVI1.See als®pecific
windows.
definition, 1-3
features, 1-3to 1-4
learning to use, 1-2 to 1-3
setting up the tutorial, 2-2 to 2-7
starting, 2-2
VXI development system (VXS), 10-4
Library menu
function tree (illustration), 3-2, 6-5, 6-6
selecting libraries, 3-2
User Interface command, 6-4
Library Options command, Options menu
loading data acquisition libraries, 11-2
loading GPIB libraries, 10-2
loading VXI libraries, 10-5
Line command, View menu, 2-9
Line Numbers command, View menu, 2-8
linker error messages, 2-6
Load button, 3-1
loadable compiled modules, converting from
LabWindows for DOS, 12-8
loading projects, 2-2 to 2-4
LoadPanel sample function, 6-2

M

manual.Seedocumentation.
manual breakpoints
invoking, 4-3
performing, 4-5
Max & Min command button
adding to user interface, 7-3 to 7-5
finding FindMaxMin callback function
with CodeBuilder, 7-5 to 7-6
modifying with SetCtrlAttribute
function, 9-4
Maximum Index control, 7-7
Maximum Value control, 7-6 to 7-7
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MaxMin1D function, adding to source code,
7-6t0 7-8
Mean function, generating call to, 3-8 to 3-9
MessagePopup function, 9-8
Microsoft Windows 3.1
event function parameter data type
changes, 11-6 to 11-7
source code changes required, 11-7

Minimum Index control, 7-7

N

National Instruments librarieSeespecific
libraries; standard libraries.
Next Tag command, View menu, 2-9
NI-488.2 DLL device driver, 10-2
NI-488.2 Library, 10-3
NI-488.2M DLL device driver, 10-2
NI-DAQ driver software
configuration
for data acquisition, 11-2 to 11-3
NI-DAQ Configuration Utility, 11-3
installation, 11-2
NI-VXI library, 10-5
Numeric command, Create menu, 7-4
numeric controls
adding to user interface, 7-4 to 7-5
DAQ Numeric Control Instrument
Driver, 11-5

O

Open command, File menu, 2-2
Open Quoted Text command, File menu, 2-8
Open User Interface command, File
menu, 5-3
Options menu, Project window
Library Options
command, 10-2, 10-5, 11-2
overview, 2-4
Toolbar command, 2-7
Translate LW DOS Program
command, 12-4
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Oscilloscope, sampl&eeinstrument driver
programming example.

output controls, adding to function
panel, 3-9 to 3-10

P

PlotY function
building call syntax, 6-6
function panel (illustration), 6-6
locating in User Interface Library, 6-4
to 6-5
pop-up panels, 9-5 to 9-6
adding to Command buttons, 9-6
adding YGraphPopup to sample
program, 3-4 to 3-8
File Select Popup, 9-5
purpose and use, 9-5
program control
components (figure), 1-5
overview, 1-6
program development overview, 1-4 to 1-7.
See alssource files.
program structure for LabWindows/CVI,
1-5to 1-7
data acquisition, 1-6 to 1-7
data analysis, 1-7
program control, 1-6
program shell generation with
CodeBuilder, 1-6
relationship between structures
(figure), 1-5
user interface, 1-5
using C in LabWindows/CVI, 1-4
program shell, buildingSeeCodeBuilder.
programmatic breakpoints
invoking, 4-3
performing, 4-3 to 4-4
programming exampleSeeexample
programs.
programming graphical user interfacBge
graphical user interface (GUI), building.
programming tutorialSee alsd’roject
window; source files; Source window.
debugging programs
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breakpoints, 4-3 to 4-5
manual breakpoints, 4-5
programmatic breakpoints, 4-3

to 4-4

displaying and editing data
Array Display, 4-8 to 4-9
String Display, 4-10 to 4-11
Variable Display, 4-5 to 4-8
Watch window, 4-11 to 4-12

step mode execution, 4-2 to 4-3

editing tools, 2-8 to 2-9
function panels

adding YGraphPopup function to
sample program, 3-4 to 3-8

analyzing data, 3-8 to 3-9

controls, 3-4

declaring arrays, 8-8

drawing a graph, 3-5to 3-6

executing functions interactively, 8-4

finding functions, 3-8 to 3-9

Generated Code box, 3-7

help information, 3-4 to 3-5

input control, 3-4

inserting code from function panels,
3-7 to 3-8

locating PlotY function in User
Interface Library, 6-4 to 6-5

output control, 3-9 to 3-10

recalling, 3-10 to 3-11

graphical user interface (GUI)

accessing User Interface Library, 3-2
to 3-3

AcquireData function, 6-2

adding Command Button, 5-5 to 5-7

adding graph control, 5-7 to 5-8

adding Save button, 9-6

analyzing source code, 6-1 to 6-3

building PlotY function call
syntax, 6-6

building user interface resource (uir)
file, 5-3 to 5-12

constructing the project, 6-9 to 6-10

definition, 1-6

example of GUI, 2-10 to 2-11

finding PlotY function, 6-4 to 6-5

generating random array of data, 6-3
to 6-4
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main function, 6-1 to 6-2
modifying, 7-2 to 7-5
running the program, 6-10
to 6-11, 7-8
saving .uir files, 5-8 to 5-9
setting attributes programmatically,
9-3t0 9-4
Shutdown function, 6-2 to 6-3
source code requirements, 5-2
waveform generation project
(illustration), 9-2
writing callback function, 7-5 to 7-8
instrument driver example, 8-1 to 8-12
adding sample program to project
files, 8-12
closing, 8-9 to 8-10
configuring, 8-5 to 8-7
declaring arrays from function
panels, 8-8
functions in Sample Oscilloscope
instrument, 8-3
initializing, 8-4 to 8-5
interactive function panel
execution, 8-4
interactive use, 8-3
loading, 8-1 to 8-2
reading data, 8-7
reading waveform, 8-8 to 8-9
running the sample program, 8-10
to 8-11
Library menu, 3-1 to 3-2
loading projects, 2-2 to 2-4
running projects, 2-5 to 2-6
windows used for programming, 2-1
to 2-2

Project window

adding files to projects, 2-4 to 2-5

Build menu, 2-4

Edit menu, 2-4

File menu, 2-4

illustration, 2-1

information displayed about current
project (figure), 2-5

loading projects, 2-2 to 2-4

Options menu, 2-4

Run menu, 2-4, 2-5

© National Instruments Corporation



title determined by current project, 2-1
Transfer Project Options dialog box
(illustration), 5-2
Window menu, 2-4
projects.See als®ource files.
adding files to projects, 2-4
to 2-5, 6-9, 8-12
adding instruments, 8-12
error messages, 2-6
loading, 2-2 to 2-4
running
instrument driver example, 8-10
to 8-11
Max & Min command button
sample, 7-8
samplel project, 2-5 to 2-6
sample4.prj, 6-10 to 6-11
PULSWDTH example program, 11-5

R

random array of data, generating, 6-3 to 6-4
Read Waveform function example, 8-8
to 8-9
reading data with instrument driver, 8-7
Recall Function Panel command, View
menu, 3-11
RESMAN utility, 10-5
right-clicking on GUI control, 5-10
RS232 Library (LabWindows for DOS), 12-2
Run Function Panel command, Code
menu, 8-5, 8-6, 8-9
Run menu
Interactive Execution window
Continue command, 4-2
Continue Execution command, 4-12
Step Into command, 4-2, 4-3
Step Over command, 4-2
Terminate Execution command, 4-2
Project window
Break at First Statement
command, 4-2
overview, 2-4
Run Project
command, 2-5, 3-12, 4-2, 6-10
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Index

Run Project command, Run menu
running completed project, 3-12, 6-10
samplel project, 2-5
step mode execution, 4-2 to 4-3

running projects
instrument driver example, 8-10 to 8-11
Max & Min command button

sample, 7-8
samplel project, 2-5 to 2-6
sample4.prj, 6-10 to 6-11
Runtime Errors command, Window
menu, 2-6
RunUserInterface sample function, 6-2

S

Sample Oscilloscope progra®ee
instrument driver programming example.
sample program$eeexample programs.
Save button, adding to project, 9-6
scope.fp sample file, 8-1
SCXI Analog Input instrument driver,
replacing (note), 11-4
Select Ul Constant command, Code
menu, 6-6
Set Target File command, Code
menu, 3-7, 6-8
SetCtrlAttribute function, 9-3 to 9-4
SetCtrlval function
adding to source code, 7-7
purpose and use, 9-2
shells, buildingSeeCodeBuilder.
Shutdown sample function, 6-2 to 6-3
SOLUTIONS subdirectory of TUTORIAL
directory, 9-1
source filesSee alsgrogramming tutorial.
analyzing code, 6-1 to 6-3
connecting code with graphical user
interface
assigning function to Command
button, 5-6 to 5-7
requirements, 5-2
converting from LabWindows for DOS,
12-4 to 12-6
instrument drivers, 12-8
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displaying in Source window, 2-6 to 2-7
displaying referenced files, 2-8
error messages, 2-6
information displayed in Project window
(figure), 2-5
inserting code from function panels, 3-7
to 3-8
loading, 2-2 to 2-4
moving to specific lines of code, 2-9
opening subwindows for one source
file, 2-8
recalling function panel for editing, 3-10
to 3-11
Source window
available menus, 2-7
compatibility with ANSI C
specifications, 2-7
displaying generated code, 5-11
displaying source code, 2-6 to 2-7
editing tools, 2-8 to 2-9
illustration, 2-2, 2-7
opening subwindows, 2-8
sample3.c program (illustration), 4-1
title determined by current source file, 2-1
Standard Input/Output window, 2-6
standard libraries, 1-4
starting LabWindows/CVI, 2-2
Step Into command, Run menu, 4-2, 4-3
step mode execution, 4-2 to 4-3
Step Over command, Run menu, 4-2
String Display window
displaying and editing string variables,
4-10to 4-11
illustration, 4-11
subwindows
illustration, 2-9
opening subwindows for one source
file, 2-8
Sun systems, differences in
LabWindows/CVI documentation, 1-2
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T

tagged lines, 2-9
technical support, A-1 to A-2
Terminate Execution command, Run
menu, 4-2
testing board configuration, 11-3 to 11-4
using function panels, 11-3to 11-4
timed events, 9-8
timer controls, 9-8
Toggle Tag command, View menu, 2-9
Toolbar command, Options menu, 2-7
toolbars
customizing, 2-7
displaying names of button or icons, 2-7
Transfer Project Options dialog box
(illustration), 5-2
Translate LW DOS Program command,
Options menu, 12-4
Translate LW DOS Program dialog box,
12-4 to 12-5

U

.uir files. Seeuser interface resource (.uir)
files.
Undo command, Edit menu, 2-9
user interfaceSeegraphical user interface
(GU).
user interface, creatin§eegraphical user
interface (GUI), building.
User Interface command, Library menu, 6-4
User Interface Editor window
illustration, 2-2
purpose and use, 5-2
title determined by current .uir file, 2-1
user interface eventSeeevents.
User Interface Library
accessing, 3-2 to 3-3
contents, 1-4
functions with new behavior, 12-2
to 12-3
illustration, 3-3
locating PlotY function, 6-4 to 6-5
Pop-up Panels, 3-3, 9-5 to 9-6
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support for LabWindows for DOS
features, 12-2
user interface resource (.uir) files
building, 5-3 to 5-12
adding Command Button, 5-5 to 5-7
adding graph control, 5-7 to 5-8
opening uir file, 5-3 to 5-4
converting from LabWindows for DOS,
12-3to 12-4
saving, 5-8 to 5-9
Utility Library
functions with new behavior, 12-3
support for LabWindows for DOS
features, 12-2

Vv

Variable Display window
illustration, 4-5
opening, 4-5
stepping through programs, 4-6 to 4-7
variables
displaying, 4-5 to 4-8
editing, 4-7 to 4-8
finding variable declarations, 4-3
VIC utility, 10-5
View Control Callback command, 7-5
View menu
Find Function Panel command, 3-8
Recall Function Panel command, 3-11
Source, Interactive Execution, and
Standard Input/Output windows
Line command, 2-9
Next Tag command, 2-9
Toggle Tag command, 2-9
VME eXtensions for Instrumentation (VXI).
SeeVXI controllers.
VXI controllers
compatible controllers, 10-4 to 10-5
configuration
configuring LabWindows/CVI for
VXI, 10-5 to 10-6
VXI driver software, 10-5
developing applications, 10-6
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documentation for VXI controller
boards, 10-5
installation, 10-4 to 10-5
LabWindows/CVI VXI development
system (VXS), 10-4
overview, 10-3 to 10-4
VXIINIT utility, 10-5
VXITEDIT utility, 10-5

wW

Watch window
displaying variables during program
execution, 4-11 to 4-12
purpose and use, 4-11
waveform generation proje@ee also
instrument driver programming example.
adding channel selection control, 9-2
to 9-3
Read Waveform sample function, 8-8
to 8-9
storing waveform to disk, 9-4 to 9-5
user interface (illustration), 9-2
Window menu, Project window
Build Errors command, 2-6
overview, 2-4
Runtime Errors command, 2-6
windows
managing windows (note), 2-2
program development windows, 2-1
to 2-2
WVFMDBL example program, 11-5
WVFMOUT example program, 11-5

Y

Y Array control, 3-5
YGraphPopup function, 3-4 to 3-8
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