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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
first-time LabWindows/CVI users. Tase this manual effectively, you
should be familiar with DOS, Microsoft Windows, and the C programming
language.

Conventions

The following conventionappear in this manual:

» The» symbol leads you through nested menu items or dialog box options
to a final action and also througfine Table of Contents in the
LabWindows/CVI Helpo a help topic. The sequenkEge»Page Setup»
Options directs you to pull down thEile menu, select theage Setup
item, and seledDptions from the last dialog box.

This symbol also leads you through the LabWindows/CVI Library Tree to
a function panel. For exampldser Interface Library»Pop-up Panels»
InstallPopup directs you to expand the &fsinterface Library in the

Library Tree, expand Pop-up Péseand select InstallPopup.

@ This icon denotes a tip, which alerts you to advisory information.
@ This icon denotes a note, which alerts you to important information.
bold Bold text denotes items that you mastect or click in the software, such
as menu items and dialog box options. Bold text also denotes parameter
names.
italic Italic text denotes variables, emphasis, a cross reference, or an introduction

to a key concept. This font also derstext that is a placeholder for a word
or value that you must supply.

monospace Text in this font denotes text oratacters that you should enter from the
keyboard, sections of code, programmexamples, and syntax examples.
This font is also used for the proper names of disk drives, paths, directories,
programs, subprograms,tsoutines, device names, functions, operations,
variables, filenames, and extensions.
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About This Manual

Related Documentation

The

following documents contain information that you might find helpful

as you read this manual:

Getting Started witbtabWindows/CVI

Harbison, Samuel P. and Guy L. SteeleCJA Reference Manual
Englewood Cliffs, NJ: Prentice-Hall, Inc. 1995.

LabWindows/CVI Help

LabWindows/CVI Quick Reference
LabWindows/CVI Instrument Driver Developers Guide
LabWindows/CVI Bookshelf
LabWindows/CVI Release Notes

NI-DAQmx Help

DAQ Quick Start Guide

DAQ Assistant Help

Traditional NI-DAQ Function Reference Help
NI-VISA Help

NI-488.2 Help
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Introduction to LabWindows/CVI

This chapter contains an overview of the LabWindows/CVI software development
system, a program development overviewg an overview of the LabWindows/CVI
documentation set.

Installing LabWindows/CVI

To install LabWindows/CVI, follow the installation instructions in trebWindows/CVI
Release Notethat come with your packagéable 1-1 lists the LabWindows/CVI
components and their location.

Table 1-1. LabWindows/CVI Components

Location Components
\bin LabWindows/CVI library files and help files
\extlib Files for using the LabWindows/CV1 libraries with external compilers
\fonts Font files required fographics operations
\include Include files associated with libraries
\instr Sample instrument modules
\redist Files required to redistribute your programs
\samples Source code to example programs
\sdk Software Development Kit (SDK) library files
\toolslib Additional development tools and libraries
\tutorial Programs used in the tutorial exercises throughout this manual
\vxd VxD sample code templates
\wizard Files used in LabWindows/CVI wizards

If you want to install LabWindows/CVI on a network, contact National Instruments for
licensing information.

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

Learning About LabWindows/CVI

The following method is only one way to learn about LabWindows/CVI.

1.

Read the remainder of this chapteletarn about the concepts and capabilities
of LabWindows/CVI.

Complete the tutorial exercises in Chapgtlkrough 9. Each section of the tutorial
builds on previous sections.

Review the example programs and the tutorial programs included in the
LabWindows/CVI installation. These programs illustrate many of the new features in
LabWindows/CVI and the concepts discusietthis manual. Use the example programs
as a starting point for your programs. You can search for example programs using
NI Example Finder, accessible throulgklp»Find Examples

As you work through the tutorial, refer to the LabWindows/CVI documentation set for more
information about the concegtsesented in this manual.

LabWindows/CVI Quick Referene€ontains an overview of the steps involved in
creating a LabWindows/CVI program and shows the LabWindows/CVI libraries and
classes

LabWindows/CVI BooksheHlProvides a comprehensive list of documentation,
including links to application notes and white papers

LabWindows/CVI Instrument Driver Developers Guideescribes developing and
adding instrument drivers to the LabWindows/CVI Instrument Library

LabWindows/CVI Hekp-Contains the following sections:

— Using LabWindows/CWHInformation about windows, menus, commands, dialog
boxes, and options for customizing configuration defaults

— Library Reference-Reference information for ldlabWindows/CVI library
functions

— Programmer Refereneelnformation about developing programs in
LabWindows/CVI

— Tools Library—Descriptions of the additional instrument drivers included with
LabWindows/CVI

If you are new to LabWindows/CVI, complete the tutorial exercises in this manual first.
Then you are ready to reétsing LabWindows/CMh theLabWindows/CVI HelpThese
two pieces of documentation contain the funéatal information that you need to get
started. For a listing of documentation and the location of specific LabWindows/CVI
information, refer t&Start»Programs»National Instruments»LabWindows CVI»
LabWindows CVI Bookshelf.

Getting Started with LabWindows/CVI 1-2 ni.com



Chapter 1 Introduction to LabWindows/CVI

LabWindows/CVI System Overview

LabWindows/CVI is a software developmemivironment for C programmers. You can use
LabWindows/CVI for the following tasks:

» Interactively develop programs

» Access powerful function libraries for creating data acquisition and instrument control
applications

» Take advantage of a comprehensive set fifvaoe tools for data acquisition, analysis,
and presentation

You can edit, compile, link, and debug ANSI C programs in the LabWindows/CVI
development environment. Use the functions in the LabWindows/CVI function libraries to
write programs. In addition, eaélnction has an interface calledumction panein which

you can execute the fummen and generate coder calling the function. While you work in
function panels, you can right-click the paneharontrol to access help for the function,
control, function class, and function library.

The power of LabWindows/CV!I lies in its libraries. The libraries contain functions for
developing all phases of your data acquisition and instrument control system.

» Data Acquisition—IVI Library, GPIB/GPIB 488.2 Library, NI-DAQmx Library,
Traditional NI-DAQ Library, RS-232 Lilary, VISA Library, VXI Library, NI-CAN
Library

» Data Analysis—Formatting and 1/O Library, Analysis Library, optional Advanced
Analysis Library

« Data Presentation—User Interface Library

» Networking and Interprocess Communication Applications—Dynamic Data
Exchange (DDE) Library, Transmissiom@rol Protocol (TCP) Support Library,
ActiveX Library, Internet Library, DIAdenConnectivity Library, DataSocket Library

In addition, you can access a complete standard ANSI C Library within the LabWindows/CVI
development environment.

LabWindows/CVI Program Development Overview

While you work with LabWindows/CVI, adhere to the same good programming practices
common to all languages and development environments. For example, it is a good idea to
create a functional design of your program before you begin writing code. Also, maintain
good documentation and comments in your code to help you better manage program
development.

© National Instruments Corporation 1-3 Getting Started with LabWindows/CVI
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Using C in LabWindows/CVI

Programs written in the LabWindows/CVI interactive environment must adhere to the
ANSI C specification. In addition, you canausompiled C objeanodules, dynamic link
libraries (DLLs), C libraries, and instrument drivers in conjunction with ANSI C source files
when you develop programs. Refer to Bregrammer Referencgection of the
LabWindows/CVI Helfor information about loadable object modules and DLLs.

LabWindows/CVI enhances the C programming language for instrumentation applications.
For a description of the ANSI C Standard Library as implemented in LabWindows/CVI, refer
to Library Reference»ANSI C Libraig theLabWindows/CVI Help

LabWindows/CVI Program Structure

Because LabWindows/CVI is flexible, you ctake almost any approach to building a
program. Most of the projects you builcbpably include the following elements:

* User interface

e Program control

« Data acquisition

« Data analysis

Figure 1-1 shows a rough outline of prograenetnts. Program control elements receive

input from the user interface, daacquisition, and data andlyglements. Each element has
several sub-components.

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

A
\4

Program Control

« Control Logic
« Data Storage

Figure 1-1. Relationship of Programetents in LabWindows/CVI

Getting Started with LabWindows/CVI 1-4 ni.com



Chapter 1 Introduction to LabWindows/CVI

User Interface

With the LabWindows/CVI User Interface Editgiou can build complex, interactive panels

for programs with minimum &frt. During the process of graphical user interface (GUI)

design, developers often decide how they want their programs to acquire and display data and
how they want menus, panels, controls, and dialog boxes to behave. Therefore, the user
interface is a natural place to begin the design of a program.

The User Interface Library contains functidaontrol GUIs fromapplication programs.
LabWindows/CVI provides a User InterfaEditor where you create GUIs. You can create

GUI panels that contain graplssiip charts, and other contro¥u also can create pull-down
menus, display graphic images, and prompt users for input with pop-up dialog boxes. You can
use the User Interface Editor to create thesesi®r you can use the User Interface Library

to create these items programmatically.

To learn more about the elemenfghe user interface and thenctions that you can use to
connect your interface to the rest of your program, refer ttJ¢irey LabWindows/CVI»
Developing a Graphical User Interfaead thelibrary Reference»User Interface Library
sections of théabWindows/CVI Help

Program Shell Generain with CodeBuilder

After you design a GUI in the User Intace Editor, you canse CodeBuilder to
automatically generate a program shell base the components in the GUI. CodeBuilder
writes code for all control callback functioasd creates a program skeleton that loads and
displays GUI windows at program startup. CodeBuilder saves development time by
automating many of the common coding tasks required for writing a Windows program.
Activities later in this tutorial introduce you to CodeBuilder.

Program Control

The program control portion of the prograoocdinates data acquisition, data analysis,
and the user interface. Program control contttiescontrol logic for managing the flow of
program execution and user-defined support functions.

You must write most of the code that controls your LabWindows/CVI program. You can study
the code in the LabWindows/CVI example programs to better understand how to write code
for controlling your program. Pay attention to the use of callback functions in the example
programs. Callback functions can hgtu control the flow of applications.

Data Acquisition

Normally programs must control the acquisition of data from an instrument or from a plug-in
data acquisition (DAQ) device. The other portions of the program can analyze and display
that data.

© National Instruments Corporation 1-5 Getting Started with LabWindows/CVI
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Introduction to LabWindows/CVI

The various LabWindows/CVI libraries provide functions for creating the data acquisition
program element. Use the library functiongtmtrol GPIB, RS-232, and VXI devices and
National Instruments DAQ devices.

GPIB functions are introduced lnibrary Reference»GPIB/GPIB 488.2 Libraoy the
LabWindows/CVI Helpwith detailed function descriptions available in Mie488.2 Help
that comes with youGPIB interface. VXI Library factions are documented in tNé-VXI
API Reference Helthat comes with your VXI controller.

National Instruments provides two DA@ication programming interfaces (APIS).

Traditional NI-DAQ is an upgrade of version &8f NI-DAQ. Traditional NI-DAQ has the
same functions and APl and works in the same way as NI-DA B8.Traditional NI-DAQ

is updated so you can use Traditional NI-DAQ and NI-DAQmx on the same computer.
NI-DAQmMX is the next-generation version of the NI-DAQ driver with new functions and
development tools for controlling your measurement devices. To determine which version of
NI-DAQ you should install, refer to tH2AQ Quick Start Guiddocated irStart»Programs»
National Instruments»NI-DAQ.

If you have installed NI-DAQmYX, you can referltibrary Reference»NI-DAQmXx Libraig

the LabWindows/CVI Helfor a description of NI-DAQmXx Library functions. If you need
documentation about which Traditional NI-DAQ functions apply to specific DAQ devices
along with specific information about using those functions in LabWindows/CVI, refer to the
Traditional NI-DAQ Function Reference Helpcated inStart»Programs»National
Instruments»NI-DAQ.

With LabWindows/CVI, you can choose from a variety of drivers for GPIB, RS-232, and VXI
instruments. Refer tdsing LabWindows/CVI»Instrument DrivaérstheLabWindows/CVI
Help. Refer to Chapter 1@Getting Started with GPIB and VXI Instrument Contenid

Chapter 11Getting Started with Data Acquisitipof this manual for more information about
these topics.

Data Analysis

After you acquire data, you must analyze the data. For example, you might want to perform
formatting, scaling, signal processing, statetianalysis, and cunfiting. The following
libraries contain functions &t perform these operations:

e Formatting and /O Library
e Analysis Library (available in Base package)
« Advanced Analysis Library (availabie Full Development System package)

You can access function desciipts, function trees, and geakinformation about these
libraries in theLabWindows/CVI Help
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Part |

Getting Acquainted
with the LabWindows/CVI
Development Environment

* Chapter 2] 0oading, Running, and Editing Source Cpdescribes how to load and run
projects in the LabWindows/CVI development environment. You will learn about some
of the windows in LabWindows/CVI, the déffent types of files that you can use in a
LabWindows/CVI project, some of the soarcode editing techniques available in
LabWindows/CVI, and how to use projects in LabWindows/CVI.

» Chapter 3)nteractive Code Generation Topldescribes tools available for interactive
code generation in LabWindows/CVI.

» Chapter 4Executing and Deugging Toolsdescribes tools available for executing and
debugging in the LabWindows/CVI interactive program. This chapter describes the
step modes of execution, breakpoints, the Variables window, the Array Display,
the String Display, and the Watch window.
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Loading, Running, and Editing
Source Code

In this chapter, you will load and run projects in the LabWindows/CVI development
environment and learn about the following topics:

*  Principal windows in the LabWindows/CVI development environment
e Types of files that you can include in a LabWindows/CVI project
» Useful source code editing techniques

Setting Up

Launch LabWindows/CVI by selectirtart»Programs»National Instruments»
LabWindows CVI x.x»NI LabWindows CVI. When you open LabWindows/CVI, you see
an empty Workspace window.

@ Note Instead of using LabWindows/CVI commands to manipulate windows—close,
maximize, minimize, or position—you can use any of the windowing methods that are
standard in the Windows operating system.

If more than one person will work on the GettBigirted tutorial, be sure to save original,
unchanged copies of the example files for each person.

E Note The exercises in this tutorial refergbortcut keys. You can customize shortcut
keys by selectin@ptions»Change Shortcut KeysThis tutorial refers to the default
shortcut keys.

Loading a Workspacato LabWindows/CVI

To view some of the editing and executieatures of the LabWindows/CVI development
environment, load a workspace inte LabWindows/CVI Workspace window.

1. SelecFile»Open TheOpensubmenu shows the differdfité types thatyou can create
and edit in LabWindows/CVI.

2. SelecWorkspace (*.cws)and loadutorial.cws from the\tutorial subdirectory.

After you loadtutorial.cws , the Workspace window appsas shown in Figure 2-1.

© National Instruments Corporation 2-1 Getting Started with LabWindows/CVI



Chapter 2 Loading, Running, and Editing Source Code

Figure 2-1. tutorial.cws in the Workspace Window

@ Note This manual introduces you to many LabWindows/CVI windows, utilities, and
tools. For more information about each menu item, dialog box, and window, reffigntp
LabWindows/CVIn theLabWindows/CVI Help

The following sections introduce the Workspace window, the Standard Input/Output window,
and the Source window.

Workspace Window

The Workspace window consists of five areas—the Project Tree, the Library Tree, the
Window Confinement Region, the Debugging Region, and the Output Region.

« Project Tree—Contains the list of files in each project in the workspace. Right-click the
different elements of the Project Tree é& she list of options available for files and
folders.

e Library Tree —Contains a tree view of the functions in LabWindows/CVI libraries and

instruments. You can arrange the library functions in alphabetical order, by function
name or function panel title, or in a flagtlinstead of a hierehical class structure.

« Window Confinement Region—Contains open Source windowsser Interface Editor,
Function Tree Editor, and function panelsydiu want to work with these windows
outside of the Window Confinement Region, seWwatdow»Release Window
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Chapter 2 Loading, Running, and Editing Source Code

» Debugging Regior—Contains the Variables, Watch, and Memory windows. Use these
windows to view variable values and program memory during debugging.

*  Output Region—Contains the Build Errors, Run+fie Errors, Source Code Control
Errors, Debug Output, and Find Results windows. These windows contain lists of errors,
output, and search matches.

The workspace you use throughout this tutorial contains fejeqts. To work on a project,
right-click the project you want to work on and selget Active Projectfrom the context
menu. The active project name is bold. You e&w status information for the files in the
projects. To view status information, sel®@w»Columnsand select the information you
want to view. Figure 2-2 shows how tliiormation appearm the Project Tree.

Figure 2-2. Status Columns in the Project Tree

To add existing files to projects—C sourded, header files, object modules, DLLs,
C libraries, user interface files, instrument drivers—sedtelit»Add Files to Project
You also can drag and drop the file onto the Project Tree.

The Workspace and Source windows, Usé&erfiace Editor, Function Tree Editor, and
function panels have optional fbars for quick access to many of the editing and debugging
features in LabWindows/CVI. fou are unsure of what a particular toolbar icon represents,
place your cursor over the icon to view theltin tooltip help. To cgtomize the icons in

your toolbar, seledDptions»Toolbar.

Running the Project

To run the Sample 1 project, right-cli8ampleland selecSet Active Project Select
Run»Debug samplel_dbg.exd.abWindows/CVI responds to tl&un command by
completing the following tasks:

» Compiling any source files in the project
» Linking the project ith the libraries used

© National Instruments Corporation 2-3 Getting Started with LabWindows/CVI



Chapter 2 Loading, Running, and Editing Source Code

»  Executing the compiled code
e Turning off the “C” indicator in th&tatus column after the source compiles

< Displaying the wordRunningin the upper left-hand coer of the Workspace window
while the project runs

The Sample 1 project is a 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, the Build Errors or
Run-Time Errors window appears in the Outpegion. The error windows list the number
of errors LabWindows/CVI detts in each source file and asdeption of tle errors. For
example, if you get an illejaharacter error or a syntaxror, LabWindow/CVI opens the
Build Errors window. The line number of the@rappears to the left of the error type. You
can double-click the error to highlight the line in the file in which the error occurs. Correct
the error and rerun your program.

To close the error window, click thebox located in the uppeight-hand corer of the
window. Selecwindow»Build Errors to open the window.

Standard Input/Output Window

The Standard Input/Output window is where simple, text-based information is displayed to
or received from the user during prograrecution. When you use the ANS$@io library

to develop your C programs in LabWindows/CVI, the results optihhé  andscanf

functions appear in the Standard Input/Output window.

Source Window

Use the Source window in LabWindows/CVI to develop C source files for projects. After
running the Sample 1 project, close the Standard Input/Output window by pressing <Enter>.
Double-clicksamplel.c inthe Project Tree to open theurce code in a Source window. As

you can see, the source cddeSample 1 contains standaANSI C-compatible code.

You can use the menu items in the Source winttoedit files, debug code, compile files,
make an installer application for programs, and so on. For more information about the
Source window, refer ttising LabWindows/CVI»Writing Source Cddehe
LabWindows/CVI Help

The Source window is compatiblgth 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 chapters of this tutorial.
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Chapter 2 Loading, Running, and Editing Source Code

Editing Tools

In addition to standard Windows editing features—cut, copy, paste, and so on—the
LabWindows/CVI Source window has a number of quick editing features that are helpful
when you work with large source files or projects with a large number of source files. The
arrow positioning keys, <Page Up>, <Page Down>, <Home>, and <End>, operate the same
way as positioning keys in a word processor. Complete the following steps to view some of
the editing features available in LabWindows/CVI.

1. SelecView»Line Numbersto refer to particular line numbers. A new column to the left
of the window shows line numbers.

2. Many times, the programs you develop in LabWindows/CVI refer to other files, such as
header files or user interface files. To vigwese additional files quickly, place the cursor
on the filename in the source code and séldebOpen Quoted Texf press <Ctrl-U>,
or right-click the filename and selgdpen Quoted Text

Place the cursor on thesi_c.h filename insamplel.c and press <Ctrl-U>.
LabWindows/CVI opens thansi_c.h  header file in a separate Source window. Scroll
through the header file. Notice that it contains all of the standard header files defined for
the standard ANSI C Library. Close thesi_c.h header file.

3. If you want to view a portion of your source code while you make changes to another
area of the source code in the same fite) gan split the window into top and bottom
halves calledubwindows

To split the window, click andrag the double line at the topthe Source window to the
middle of the screen. Each subwindow cama duplicate copy of the source code,
as shown in Figure 2-3.
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Chapter 2 Loading, Running, and Editing Source Code

Figure 2-3. Split Source Window

Notice how each half of the window scrollslependently to display different areas of
the same file simultaneously. Place the cuosdine 5 and type texThe text appears in
both halves of the window.

4. If you make editing mistakes while entermgediting source code in the Source window,
LabWindows/CVI has abindo feature to reverse any mistakes. The default
configuration of LabWindows/CVI allows up to 100 undo operations, and you can undo
up to 1,000 operations. Seldadit»Undo. The text you entered on line 5 of the source
code disappears.

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

6. You can use two different methods to quickly move to a particular line of code in your
source file. If you know the line number you want to view, sélégaiv»Line and enter
the line number.

You also can set tags on particular lines to highlight lines of code to which you can jump
quickly. Place the cursor on line 3. Selg@w»Toggle Tag A green square appears in
the left-hand column of the Source window.

Move the cursor to line 12 of the Source window and add another tag.\BelgstNext
Tag, and the cursor jumps to the next tagged line in your source code. You also can jump
between tags by pressing the <F2> key.
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Chapter 2 Loading, Running, and Editing Source Code

7. LabWindows/CVI also displays the function prototype as you type. Move the cursor to a
blank line in the code and typéeSelectPopup ( . If you do not see the prototype
after you type the parentheses, sefedit»Show Prototype

In the function prototype, you can launch additional selection dialog boxes for
parameters that provide them. In fileSelectPopup prototype, click the.. button
next to theDefaultDirectory parameter to view the Open file dialog box.

You also can access function and parameterfh@m the functiorprototype. Place your
cursor on the element you want to view help for and click the question mark or
press <F1>.

8. You can use thEdit»Show Completionsoption to view a list of potential matches
for functions or variables you are typing. On another blank line,Addeand press
<Ctrl-Space> to view the drop-down list of matches.

9. Use <Ctrl-Q> to execute an incremental seaMove the cursor to the top of the file.
Press <Ctrl-Q> and tymata . Press <Ctrl-Q> two more times, and LabWindows/CVI
highlights each instance déta .

Closesamplel.c before moving on to the next section. You might be prompted to save
changes fronsamplel.prj . Click Discard to continue.

Operating Projects with a User Interface

LabWindows/CVI makes text-based screen 1/O very simple through the Standard
Input/Output window. Most advanced applications, however, require you to build and operate
a custom GUI to control the program fl@amd display the results. In ChapteBhilding a
Graphical User Interfacgyou learn how to build a GUI. This section introduces you to the
way a GUI looks and works. Complete the following steps to run Sample 2.

1. Right-clickSample2in the Project Tree and sel&t Active Project

2. Run the project by selectifun»Debug sample2_dbg.exer by pressing <Shift-F5>.
LabWindows/CVI launches the GUI showrHigure 2-4 after the program compiles and
runs.
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Figure 2-4. sample2.uir Panel when Running

3. Click Acquire to display a waveform on the graph control on the GUI. Experiment
with the user interface controls, choosing different shapes and changing the color,
then clickingAcquire to view your changes.

4. Click Quit to stop program execution.

In the remaining chapters of this tutorial, you will learn how to build a project similar
to sample2.prj . You will learn about the tools for designing a GUI in LabWindows/CVI
and about the code generation tools to develop the C source code for the project.
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Interactive Code
Generation Tools

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

Setting Up

Complete the following steps to prepare for this part of the tutorial.
1. Close all windows except the Workspace window.

@ Note If you have not saved the contents of the windows, LabWindows/CVI prompts you
to do so. If you want to save the contents, cBelweand enter a filename. If you do not
want to save the contents, clibiscard.

2. MakeSamplelthe active project.

Library Tree

All of the libraries in LabWindows/CVI ggear under the Library Tree, as shown in
Figure 3-1.

@ Note If you have the Full Development Systetine Library Tree includes the Internet

Library and the Advanced Analysis Library. If you have the Base package, the Library Tree
includes the Analysis Library.
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Chapter 3 Interactive Code Generation Tools

Figure 3-1. Library Tree

When you expand a library frothe Library Tree, you can seesthierarchical structure of
that library. Figure 3-2 shows théser Interface Library function tree.

Figure 3-2. User Interface Library Function Tree

You can search quickly through the hierarchy of the library to find the right function. To find
a particular function, right-clickn the Library Tree, sele&tind, and enter the name of the
function.
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Chapter 3 Interactive Code Generation Tools

Accessing the User Interface Library

In this section of the tutorial, you will useetbser Interface Library to display a graph of the
random numbers generated in Sample 1. Complete the following steps:

1. Double-clicksamplel.c in the Project Tree to open the source code.

2. \Verify that the program ns correctly by selectingun»Debug samplel_dbg.exe
The project generates 100 numbers and displays them in the Standard Input/Output
window.

3. Press <Enter> to close the Standard Input/Output window.

4. Insamplel.c , place the cursor in the line above phietf  ("Press the <Enter>
key to terminate....."); statement.

5. Inthe Library Tree, exparidser Interface Library»Pop-up Panels»Graph Popups
YGraphPopup to open the window shown in Figure 3-3.

Figure 3-3.Y Graph Popup Function Panel
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Chapter 3 Interactive Code Generation Tools

Function Panel Fundamentals

The window that LabWindows/CVI opens when you seYégtaphPopup is called a
function panel. A function panel is aaghical view of a library function in
LabWindows/CVI. Function panels serve faonportant purposes in LabWindows/CVI.

» Function panels provide help that discusses the purpose ofuzetion in the
LabWindows/CVI libraries and of eaglarameter in the function call.

e You automatically can declareniables in memory to be used as function parameters
from a function panel.

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

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

Function Panel Controls

The controls on the function panel represenapeeters. Enter values in the controls to

specify parameter values. There are eight tghesntrols, and these controls are explained

as you encounter them in the exampheg follow. Some controls contain.abutton next to

them. These controls provide additional dialog boxes to help you select input for parameters.

The text cursor is atently located in th&itle control. TheTitle control is called amput
control. You can enter a humeric value orighle name into an input control.

Function Panel Help

You can access help for functions and pararadtem function paris. Table 3-1 lists
methods for accessing the help information.
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Table 3-1. Function Panel Help Display Procedures

Type of Help How to View Help

Function Help SelectHelp»Function or Help»Online Function Help.
or
Right-click anywhere on the background of the function panel.

Parameter Help Place the cursor in theontrol, then selediielp»Control.
or

Right-click the control.

or

Press <F1> from the control.

Combined Help SelectHelp»Online Function Help.
or
Press <Ctrl-Shift-F1> to access ttebWindows/CVI Help

Drawing a Graph

Use the Y Graph Popup function panel to createeadf code that graphs the array of random
numbers that the sample program generates. Complete the following steps to generate
the code.

1. EnterRandomData in theTitle control. The title must remain within the quotation
marks.

Enter the array nantatapoints  in theY Array control.
Enters0 in theNumber of Points control.

The up and down arrows in thiddata Type control indicate that it ia ring control. Press

the up and down arrow keys on your keyboard to move through the ring of choices until
you finddouble precision Alternatively, you can clickhe ring control and seledobuble
precision.

5. Enter the variable nameer in theStatus control.
Confirm that your function panel matches the one shown in Figure 3-4.
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Figure 3-4. Completed Y Graph Popup Function Panel

Inserting Code froma Function Panel

The small window at the bottom of the function panel is the Generated Code pane.
LabWindows/CVI updates the line of codetle Generated Code pane as you enter values
into the controls on the fiction panel. To place these lines of code directly into your source
code, complete the following steps:

1. SeleciCode»Set Target Fileand selecsamplel.cin the dialog box.

2. SelectCode»Insert Function Call LabWindows/CVI pastes the code from the
Generated Code pane of the function panel tedhmlel.c source code at the position
of the text cursor in the source file, as shown in Figure 3-5. Confirm that the new function
appears immediately after the For loop.
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Figure 3-5. Source Window with Codesénted from Function Panel

3. Save the file.

To execute the program, sel@tn»Debug samplel dbg.exe\s the program code
executes, the Standard Input/Output windbsplays the screen output, then your
program displays the graph of the data.

5. Press <Enter> or clidRK to close the graph window and return to the Standard
Input/Output window. Then press <Enter> to close the Standard Input/Output window
and return to the Source window.

Analyzing Data

Now use a function from the LabWindows/CVI yahced Analysis (or Analysis) Library to
calculate the mean of the values in the aBa&fore continuing, position the cursor in the
Source window on the line beath the folloving statement:

err = YGraphPopup ("Random Data", datapoints, 50, VAL_DOUBLE);

Complete the following steps to generate a call tovidssn function and insert it into the
source code.

1. Right-click the Library Tree and seldand.
2. Inthe Find dialog box, ent&tean and clickFind Next.
3. Meanis highlighted. Double-cliciean to open the function panel.
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4. Enter the array namiatapoints  in thelnput Array control.
5. Enter100 in theNumber of Elementscontrol.

6. Leave the remaining controls empty and go to the next section.

Output Values on a Function Panel

TheMean control on the Mean 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 store the results. Enter a variable name if you intend to generate code for your program.
For this example, enter a variable name as follows:

1. Enter&mean_value intheMean control. Confirm that the function panel matches the
one in Figure 3-6.

Figure 3-6. Completed Function Panel for Mean

2. SelecCodexInsert Function Call or press <Ctrl-I>, to insert the line of code for calling
theMean function intosamplel.c

3. LabWindows/CVI inserts the code on theeliwhere you left the cursor in the Source
window.
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Recalling a Function Panel

Notice that the function call téGraphPopup graphs only 50 elements of thiatapoints

array. To change this line of code to grapti@ elements of the arrayou can either modify
the code directly in the Source window, or y@am modify the functiopanel associated with
theYGraphPopup function. Complete the following steps to edit this line of code using the
Recall Function Panel feature.

1. Place the cursor in the&ce window anywhere in the following function call:
err = YGraphPopup ("Random Data", datapoints, 50, VAL_DOUBLE);

2. SelecWiew»Recall Function Panel The Y Graph Popup function panel appears. Notice
that the controls automatically reflect thatstof the function calh the Source window.
3. ChangéNumber of Pointsto 100.

Insert the new code into your source code by seleCaig»Insert Function Call In
the dialog box, you can eithegplace the curreffiinction call or insg a new line with
the new function panel values below the existing call.

5. Click Replaceand return to the Sote window. Notice that isamplel.c the call to
YGraphPopup is now set to graph 100 elements ofdhtpoints  array.

Finishing the Program
Now you have a program that generates 100 random numbers, plots the numbers on a graph,
and calculates the mean value.

1. As afinal step, type the following line above phietf ~ ("Press the <Enter> key
to terminate....."); statement in the Source window.

printf ("Mean =\t %f \n", mean_value);
2. Confirm that your completed source code matches the following code:

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

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

int main(int argc, char *argv[])
{
if (INitCVIRTE (0, argv, 0) == 0)
return -1; /* out of memory */

for(i=0;i<100;i++)
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datapoints][i] = rand()/32768.0;
printf (" %d \t %f\n", i, datapoints][i]);
}
err=YGraphPopup ("Random Data", datapoints, 100, VAL_DOUBLE);
Mean (datapoints, 100, &mean_value);
printf ("Mean =\t %f \n", mean_value);
printf ("Press the <Enter> key to terminate.....");
while ('KeyHit() ) ;

return O;

}
3. Save the source file dithe project, if needed.

4. SelecRun»Debug samplel_dbg.exw execute the program. 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. After you pr&is in the Random Data panel, the
program calculates the mean of the numbers and prints it in the Standard Input/Output
window after the last output line.

5. Close the Source window before going on to the next part of the tutorial.

Interactively Executing a Function Panel

In this chapter, you learned how to use fumetpanels to interactively build function calls

into programs. You also learned that functp@mels can teach you how functions operate
through the help. Functn panels are powerful because tpeymit you to execute functions
interactively, before you insert the function call into your source code. In Chajtsing,
Function Panels and Librarieand Chapter 7Adding Analysis to Your Prograngou will

learn how to use function panels to declare variables for use in your program and how to run
functions interactively.
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Executing and Debugging Tools

In this chapter, you will become acquainted with the following tools available for executing
and debugging in the interactive LabWindows/CVI environment.

Step modes of execution
Breakpoints

Variables window

Array Display

String Display

Watch window

Graphical Array View

Setting Up

1.
2.

MakeSample3the active project.
Opensample3.c .

Thesample3.c program uses the same random number function aaripdel.c program
that you ran in Chapter 2pading, Running, and Editing Source Code

Step Mode Execution

Step mode execution is a useful run-time tool for debugging programs. To step through
sample3.c , complete the following steps:

1.

SeleciRun»Break on»First Statementto stop execution at the first statement in the
source code.

SelectRun»Debug sample3_dbg.ext® begin execution of the program. After the
program compiles, th@ain function line in the program is highlighted in the Source
window, indicating that program execution is currently suspended.

To execute the highlighted line, selBetn»Step Into.
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Chapter 4 Executing and Debugging Tools

@ Tip To avoid accessing thiRun menu each time you perform step mode execution, use
E the shortcut key combinations listed in Table 4-1. You also can click the icons in the toolbar
to execute these commands.

Table 4-1. Quick Keys for Stddode Execution

Shortcut Key Toolbar
Command Combination Icon Description

Continue <F5> Causes the program to continue operation untjl it

completes or reaches a breakpoint

Goto <F7> Continues program execution until the program
Cursor reaches the location of the cursor

Set Next <Ctrl-Shift-F7> Changes the next statement to execute
Statement

Step Into <F8> Single-steps through the code of the function qall

being executed

Step Over <F10> Executes a function call without single-stepping
through the function code itself

Finish <Ctrl-F10> Resumes execution throutfte end of the current

Function function and breakpointsn the next statement

Terminate <Ctrl-F12> Halts execution of the program during step made

Execution

4. To find the definition of thget_and_print_random function, click the call to the
function on line 17 ofample3.c and selecEdit»Go to Definition. Alternatively, you
can right-click the call function and selé&b to Definition.

The Go to Definition command immediately finds the definition of the function, even
when the function resides irdiferent source file. Howevethe target source file must
have been compiled in the project. You atsm use this commad to find variable
declarations.

5. UseStep Into to begin stepping through tipeogram. Notice that when the
get_and_print_random function is executed, the highlighting moves to the function
and traces the instructions inside the funct@@mntinue to step tbugh the pogram until
you have created several random values.

6. You can select the next statement to execute witRtineSet Next Statement
command. Step through the program until you are imthie function. Place the cursor
on the line with the call tprintf ("Press any key to terminate .....")

SelectRun»Set Next StatementThe highlighting moves to that line. Press <F8>
Notice that the Standard 1/0 wiod contains the output of tipeintf  statement.
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Breakpoints

Breakpoints are another run-time tool that you can use to debug programs in
LabWindows/CVI. A breakpoint is a location in a program at which LabWindows/CVI
suspends execution of your program. You can invoke a breakpoint in LabWindows/CVI in the
following six ways:

Predetermined Breakpoint—Insert a Breakpoint icon in the Source window.

Instant Breakpoint—Press <Ctrl-F12> while a window is active in the
LabWindows/CVI environment.

Breakpoint on Library Errors —Cause LabWindows/CVI to pause when a library
function returns an error.

Conditional Breakpoint—Cause LabWindows/CVI to pause when a user-specified
condition becomes true.

Programmatic Breakpoint—In your code, call th&reakpoint  function.

Watch Expression Breakpoint—Cause LabWindows/CVI to pause when the value of
a watch expression changes.

The following sections explaijpredetermined breakpoints aindtant breakpoints. For more
information about conditional breakpoints and Break on»Library Errors feature, refer
to Break on Library Errorsn thelndex of theLabWindows/CVI Help

Predetermined Breakpoints

To insert a breakpoint at a specific locatiory@ur source code, click in the left column of
the Source window on the line you want to break on. Complete the following steps to insert
a breakpoint inside the For loop so the program halts after it returns from the function call.

1.
2.

Stop program execution by selectRgn»Terminate Execution

DisableRun»Break on»First Statement The checkmark next to thérst Statement
menu item disappears.

In the Source window, click to the left oftline that contains the following statement:
get_and_print_random (i, &my_array[i]);

A red diamond, which represents a breakpoint, appears beside that line as shown in
Figure 4-1.

Note You do not need to suspend or terminate execution to insert a breakpoint. If you
insert a breakpoint while the program isming, LabWindows/CVI suspends the program
when it reaches that line of code.
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Figure 4-1. Breakpoint beside a Line of Code

4. Begin execution of the program by selectitgh»Debug sample3_dbg.exé&Vhen
LabWindows/CVI encounters the breakpaduiring execution, it suspends program
execution and highlights the line efe you inserted the breakpoint.

5. Press <F5> to continue execution. Program execution continues until the next breakpoint
or until completion. You can single-step through the code at that point by selating
Step Overor Run»Step Into.

6. Stop the program at a breakpoint by pressing <Ctrl-F12> or by selBcting
Terminate Execution

7. To remove the breakpoint from the program, click the red diamond.

Instant Breakpoints

Complete the following steps to enter a bpahkt using <Ctrl-F12> after program execution
has begun.
1. Click any LabWindows/CVI environment window to make it active.

2. SelecRun»Debug sample3_dbg.ext® begin program execution.
3. When the program begins running, press <Ctrl-F12>.
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The program enters breakpoint mode just as it did with the breakpoint symbol. However,
in this case, the next executable statenretite program appearghlighted,not as a

line with a breakpoint symbol. At this point, you can use all LabWindows/CVI options
for continuing execution or stepping through execution.

4. Press <Ctrl-F12> again or sel@in»Terminate Executionto stop the program.

Displaying and Editing Data

Step mode execution and breakpoints are usedls for high-level testing. However, many
times you need to look beyond your source dodest your programs. The LabWindows/CVI
interactive environment provides the following displays for viewing and editing the data for
your program.

* Variables window

e Array Display window
»  String Display window
*  Watch window

e Tooltips

*  Graphical Array View

Variables Window

The Variables window shows all variablesremtly declared ithe LabWindows/CVI
interactive program. To view the Variables window, selgttdow»Variables.

The Variables window lists the name, valaed type of currently active variables.
LabWindows/CVI displays variables in categsraeccording to how they are defined, such as
global or local. The Stack Trace section shtvescurrent call stack of functions. To view
variables that are active elsewhere in tHestack, double-click the corresponding function
in the Stack Trace.

You can view the Variables window at any titoeinspect variable values. This feature is
especially useful when you step through a program during execution that has stopped at a
breakpoint. Complete the following steps to step through the program and view the Variables
window at different points in the execution of the program.

1. SelecRun»Break on»First Statement

2. SelecRun»Debug sample3_dbg.exer press <Shift-F5>, to run the program. When
the program begins execution, LabWindows/CVI highlightsrihia function in the
Source window.

3. SelecWindow»Variables to view the Variables window, shown in Figure 4-2.
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Figure 4-2. Variables Window during Execution of main

Notice that local variables appear undein a double-precision arrayng_array )
and an integeri (). The Stack Trace section lists thereat call stack of functions. To
change the set of local variables, selediff@rent function inthe Stack Trace section.

@ Note The values you see for your project might differ from the values shown in
Figure 4-2.
4. SelecRun»Step Into until LabWindows/CVI highlights the line
*random_val = (double)rand () / 32767.0; , which is the first statement in the
get_and_print_random function.
5. In the Variables window, LabWindows/CVI now liggst_and_print_random in the

Stack Trace section. The Variables window shitive variables that are declared locally
to that function.

6. Leave the program in breakmt mode anccontinue withthe rext sedion, Editing
Variables.

Editing Variables

In addition to displaying variables, you can tise Variables window tedit the contents of
a variable. The following steps describe howse the Variables window for this purpose.

1. Make sure theample3.c program is still in breakpoint mode on the following line
inside theget_and_print_random function.

*random_val = (double)rand () / 32767.0;

2. SelecRun»Step Intountil the For loop executes a few times and the highlighting
appears on the following statement:

get_and_print_random (i, &my_array[i]);
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Highlight thei variable and sele®unx»View Variable Value. LabWindows/CVI
highlights the variable in the Variables window.

From the Variables window, press <Enter> to edit the value Bfter10 in the value
column and press <Enter>.
In the Source window, seleRtn»Step Into.

Position the Standard Input/Output window so you can see it and the Workspace window.
Step through the source code until the martdlom number appears in the Standard
Input/Output Window.

Notice that the index is now 10. The change you made using the Variables window took
effect immediately in thexecution of the program.

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

Display. The Array Display shows the conteotsn array of data. You can use the Array
Display to edit array elements in the same way that you edited variables using the Variables

window.

1. Confirm that the program is still in breakpoint mode.

2. SelecRun»Step Intoor press <F8> until the higlglting reaches #hfollowing line:
printf (" %d \t %f \n", index, *random_val);

3. Double-clickmain in the Stack Trace to view the variables defineaain . In the

Variables window, double-clicky_array to viewmy_array in the Array Display,
as shown in Figure 4-3.

Figure 4-3. Array Display
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@ Note The actual values in your array might differ from the values shown in Figure 4-3.
This example generates numbers between 0 and 1. The numbers shown in Figure 4-3 for
index 3 through 9 are invalid, uninitialized values.

The Array Display shows the values of aredgments in tabular format. In Figure 4-3,

the arraymy_array , is a one-dimensional array, so the display consists of one column of
numbers. The numbers in the coluomthe left side of the display indicate the index number.
The first element is zero.

Take a moment to scroll through the display.

Editing Arrays

You can edit individua¢lements in the array just as yedited variables in the Variables
window. For example, to edit element 12ttoé array, complete the following steps:

1. Double-click or highlight element 12 (indé&4) in the array angress <Enter> to open
the Edit Value dialog box.

2. Enter the value.5 and press <Enter>. Notice tredement 12 is now set to 0.5.

3. Inthe Source windowpress <F8>, or seleRun»Step Into, to execute thprintf
statement. Notice that the random value printed in the Standard Input/Output window is
the value that you entered, 0.5.

4. Press <F5>, or seleRun»Continue to complete program execution.

String Display

Another useful data display is the String Displaglect a string varidd from the Variables
window to launch the String Display. The String Display is similar to the Array Display
except that you use the String Display to view adit elements of a string. Operations in the
String Display are similar to the operationsiygerformed in the Array Display. For more
information about the String Display, referldsing LabWindows/CVI»Debugging Tools»
Using the Array and String Display WindowmstheLabWindows/CVI Help

Watch Window

The Watch window is a powerful debugging tbekcause you can vievalues of variables
changing dynamically as your program executes. You also can use the Watch window to view
expression values and set conditional breakpoints when variable or expression values change.
The following steps show you how to use the Watch window to view variables during program
execution.

1. Withsample3.prj still loaded as the curreproject, make sure th&un»Break on»
First Statementis still enabled.

2. SelecRun»Debug sample3_dbg.ex@r press <Shift-F5>, tetart program execution.
Execution breaks with th@ain function highlighted.
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3.

6.
7.

Tooltips

Chapter 4 Executing and Debugging Tools

Press <F8> until the highlighg reaches the following line:
*random_val = (double)rand() / 32767.0;
In the Variables window, highlight thendom_val variable.

SelecOptions»Add Watch Expressionto indicate that you want to assign the
random_val variable to the Watch window. The dialog box shown in Figure 4-4
appears.

Figure 4-4. Add/Edit Watch Expression Dialog Box

Make sure that thepdate display continuouslyoption is enabled and cligkdd.

SeleciRun»Continue to complete program execution. As the program continues
running, you can watch as the value oftirelom_val variable changes dynamically
in the Watch window.

You also can use the following method to edit variables:

1.

Noo o A

Make sure thBreak on»First Statementoption is still enabled and seléttin»Debug
sample3_dbg.exe

Step through the code untibu reach the following linegget_and_print_random
(i, &my_arrayl[i]);

Position the mouse cursor on the firstariable in theget_and_print_random
statement.

The variable value appears in a tooltip. Highlight the 0 and enter 3.
Step through the code to generate another random number.

In the Standard Input/Output window, the index is 3.
SelecRun»Continue to complete program execution.
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Graphical Array View

The Graphical Array View shows the values of gsris a graph view. This display is available
for 1D and 2D arrays during debugging.dfmen the Graphical Array View, complete the
following steps:

1. Make sure thBreak on»First Statementoption is still enabled and seld&tn»Debug
sample3_dbg.exe

2. Step through the code untibu reach the following line:
void get_and_print_random (int index, double *random_val)

3. Inthe Variables window, highlight thendom_val variable and sele&tiew»
Graphical Array View to view therandom_val values in a graph. You also can
right-click the variable name ithe Source window and selégtaphical Array View.

4. SeleciRun»Continue to complete program execution.
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Part ||

Building an Application
iIn LabWindows/CVI

» Chapter 5Building a Graphical User Interfacesontains instructions for building
a project consisting of a GUI and a C source file.

» Chapter 6Jsing Function Panels and Librariesontains instructions for using
LabWindows/CVI function panels to generatale. You then will use this code to plot
the graph control array on the user ifdee that you built in Chapter Bpilding a
Graphical User Interface

e Chapter 7Adding Analysis to Your Progrgmontains instruction®r adding analysis
capabilities to your program to compute the maximum and minimum values of the
random array you generate. To do this, you will write a callback function that finds the
maximum and minimum values of the arrag atisplays them in numeric readouts on
the user interface.

» Chapter 8Using an Instrument Driveicontains instructionfor using an instrument
driver. An instrument driver ia set of functions used toggram an instrument or a group
of related instruments. The high-level functiaman 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 chapter does not communicate with
a real instrument but illustrates how an instent driver is used in conjunction with the
other LabWindows/CVI libraries to create programs.

» Chapter 9Additional Exercisescontains exercises to helpu learn more about the
concepts you used throughout this tutorial. Each exercise builds on the code that you
developed in the previous exercise.
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Building a Graphical
User Interface

In the first part of this tutorial, you executed a sample program that was controlled with a GUI
developed in the User Interface Editor. In thema@ing chapters of ih tutorial, you will

develop a project that consists of a GUI controbigé C source file. In this chapter, you will
learn to design a user interface with the User Interface Editor.

You can use the User Interface Editor to crea@®Ul for an application. A user interface
contains objects such as menu bars, controls, and pop-up menus, all of which reside on a
panel. In Chapter 6Jsing Function Panels and Librariegou will learn about the User
Interface Library, which includes set of functions to contrthe interface programmatically.

User Interface Editor

The User Interface Editor is an interactivaghand-drop edit for designing custom GUIs.
You can select a number different controls from th€reate menu and position them on the
panels you create. You can ausize each control tbugh a series of dialog boxes in which
you set attributes for the control appeamrsettings, hot key connections, and label
appearance.

Source Code Connection

After you design a useénterface in the User Interface Editgou can write C source code to
control the GUI. Toonnect elements on theér to the source code, you must assign a name
to each panel, menu, and control on your ugerface. Then, you can@ighose names in the

C source code to differentiatiee controls on the GUI. You also can assign a function name
to a control that is calleautomatically when you opegathat control during program
execution. Associate a constant name acalldack function with a control in the User
Interface Editor withirthe Edit dialog box for the control.

After you complete a usémterface and save it as a user interface resouiice | file,
LabWindows/CVI automatically generates an include file that defines all the constants and
callback functions you have assigned.
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CodeBuilder

After you complete thauir  file, you can use the CodeBuilder utility in LabWindows/CVI
to create a complete source file. CodeBuildeomuatically includes ithe source file the
callback functions specified in yowir file.

Sample Project

In the next few chapters of this tutorial, you will build a sample program that acquires and
displays a waveform on a GUI. The development process includes the following steps:

1. Create a user interface in the Usgerface Editor (this chapter).
2. Generate a shell program source file using CodeBuilder (this chapter).

3. Add to the C source code to generate and display the waveform (Chapderds,
Function Panels and Librarigs

4. Develop a callback function to compute thean value of the waveform (Chapter 7,
Adding Analysis to Your Progrgm

5. Use an instrument drivar the project to simulate data acquisition (Chaptéisng an
Instrument Drive).

Setting Up
Close all windows except the Workspace window. In this chapter, you will create a new
project and add it to thexisting tutorial workspace.

Building a User Interfaz Resource (.uir) File

Complete the following steps to create the uiserface of the sample project, as shown in
Figure 5-1.

@ Tip Use the commands in th&lit menu and thArrange menu to cut, copy, paste, align,

- and space user interface controls in the editee the grid lines on the panel to align
controls.

Getting Started with LabWindows/CVI 5-2 ni.com



Chapter 5 Building a &ahical User Interface

Figure 5-1. sample4.uir

Creating a .uir File

1. SelecFile»New»User Interface (*.uir)to create a new user interface resource file with
a blank panel.

2. Double-click the panel to open the Edit Panel dialog box. In the Edit Panel dialog box,
enterSample 4 as thePanel Title.

3. Click OK to close the dialog box.

Adding Command Buttons

1. SeleciCreate»Command Button»Square Command ButtonLabWindows/CVI
places a button labelgdK on the panel.

To edit the button attributes, double-click the button or press <Enter>.

Assign a constant name to the button. The C source code uses this constant name to
communicate with the button. LabWindow$/Creates a default name for you, but you
can assign your own constant names to yaiur file. Type ACQUIREas theConstant
Name

4. Assign a function name that the praxg will call when a user clicks tiequire button.
TypeAcquireData in Callback Function. In Chapter 6Using Function Panels
and Libraries you will write thesource code for th&cquireData  function.
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To change the label on the command button, Agpeire in place of the existing
characters, OK in Label. If you type a double underscore before any letteaivel,

the letter is underlined in the label. The usam select the control by pressing <Alt> and
the underlined letter, providddat no accessible menu bars contain a menu with the same
underlined letter.

(Optional) ClickLabel Styleto customize the font for your button. CIi€K in the
Label Style dialog box when you finish.

Click OK in the Edit Command Button dialog box.

To add th&QUIT button, selec€reate»Custom Controls»Quit Button Custom
controls are frequently usemntrol configurations. ThQUIT Button already has a
callback functionQuitCallback , assigned.

Adding a Graph Control to the User Interface

1.

5.
6.

SelecCreate»Graph»Graph. LabWindows/CVI places a graph control named Untitled
Controlon the panel.

To size the graph, click drdrag one of the corners.

Double-click the graph control to open the Edit Graph dialog box in which you customize
the graph attributes.

TypeWAVEFORM theConstant Namecontrol.

Note Because the graph serves only as an ingli¢atdisplay a waveform, the graph does
not require a callback function. Callback ftinos are necessary only when the operation
of the control initiates an action or acts as an input control. Indicators generally do not
require callback functions.

TypeAcquired Data  in theLabel control.

Use theBottom X-axis andLeft Y-axis buttons to assighime andVoltage labels to
the x- and y-axes, respectively. Confirm tthegt dialog box looks as shown in Figure 5-2.
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Figure 5-2. Edit Graph Dialog Box

7. After you set the graph attributes, cloK in the Edit Graph @log box to close the
dialog box.

Verify that the completed user intacke looks like the one shown in Figure 5-1.

Saving the .uir File
1. Save theuir file with the new controls asample4.uir

2. SelecWView»Preview User Interface Header Fildo inspect the header file that
LabWindows/CVI has automatically created.

3. Close the header file. Yalo not need to save it.
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Building a Graphical User Interface

Generating the Prograr@hell with CodeBuilder

Now that you have built a GUh the User Interface Editothe CodeBuilder feature can
automatically generate a program shell for your GUI.

1.

Before you use CodeBuilder, you must specify the events to which your program must
respond. Selec@ode»Preferences»Default Control Eventdn the Control Callback
Events dialog box, shown in Figure35there is a checkmark beside BFMENT_COMMIT
callback event and a checkmark besideB¥ENT _TIMER_TICK callback event.

Figure 5-3. Control Callback Events Dialog Box

Later in this tutorial, you will develop code to display help when a user right-clicks a GUI

control. To establish thiunctionality, you now must place a checkmark beside

EVENT_RIGHT_CLICKIin the list. ClickOK to save your settings.

Now, your program can respond to the following two events:

e« EVENT_COMMH-A commit event (click or <Enter>) that generates data and plots
it on the graph

e EVENT_RIGHT_CLICK—A right-click event that displays help

SeleciCode»Generate»All Coddo open the Generate All Code dialog box. You need

to specify several options in this dialog box.
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Figure 5-4. Generate All Code Dialog Box

4. Inthe Target Files section, sel€eate New Projectand selecExecutableas the
Target Type.

5. You must decide which panels to display at program startup. In this case, only one user
interface panel exists. Select this item st this panel displays at program startup.

@ Note For this exercise, the panel variable name mugtbelHandle . Type the correct
name inPanel Variable Name if necessary.

6. The Program Termination sectilists the callback functions in their file. Select a
function from this list that causes the progranterminate execution. In this case, select
the QuitCallback function in the dialog box so that a checkmark appears next to it.
Verify that the Generate All Code dialog box matches the one shown in Figure 5-4.

. ClickOK.
8. Click Yeswhen prompted to unéa the current project.
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9. Inthe New Project Optiordialog box,enable th&reate Project in Current
Workspace option and clickOK.

10. CodeBuilder builds the source codedample4.prj . LabWindows/CVI adds the
project to your workspace and createsa Beurce window with the following code:

#include <cvirte.h>
#include <userint.h>
#include "sample4.h"

static int panelHandle;

int main (int argc, char *argv[])
{
if (INitCVIRTE (0, argv, 0) == 0)
return (-1);/* out of memory */
if ((panelHandle = LoadPanel (0, "sample4.uir", PANEL)) < 0)
return -1;
DisplayPanel (panelHandle);
RunUserlinterface ();
DiscardPanel (panelHandle);
return O;
}
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;
}

int CVICALLBACK QuitCallback (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData?2)
{
switch (event) {
case EVENT_COMMIT:
QuitUserlnterface (0);
break;
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case EVENT_RIGHT_CLICK:
break;

}

return O;
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and Libraries

In this chapter of the tutorial, you will usabWindows/CVI function panels to generate
code. You will then use this code to plotamay on the graph contron the user interface
that you built in Chapter Building a Graphical User Interface

Setting Up

If you did not proceed directly from ChapteBajilding a Graphical User Interfaggo back
and do so now. Disable tfn»Break on»First Statementoption.

Analyzing the Source Code

The source code that you generated for the Samptegram is incomplete. In this chapter,
you will add code to the program to complete it. The program consists of three functions.

It is important that you understamchat tasks each function in ts@mple4.c code performs
because you will write simitfunctions in the futuréor your own LabWindows/CVI
programs.

main Function

Themain function is simple and represents the first step you need to take when you build your

own applications. Thmain function is shown in the following code:
int main (int argc, char *argv[])

{

if (INitCVIRTE (0, argv, 0) == 0)
return —1; /* out of memory */

if ((panelHandle = LoadPanel (0, "sample4.uir", PANEL)) < 0)
return -1,

DisplayPanel (panelHandle);

RunUserlinterface ();

DiscardPanel (panelHandle);

return O;
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Before you can display or operdtes user interface that youeated, you must first load the
panel from theuir file on your hard disk into memory.

e ThelLoadPanel function performs this operation in thein function.
e TheDisplayPanel function displays the panel on the screen.

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

e TheDiscardPanel function removes the panel from memory and from the screen.

AcquireData Function

TheAcquireData  function automatically eecutes whenever you cliécquire on the user
interface. You will add to this function latertinis chapter so you caiot the aray on the
graph control that you created the user interface. T@equireData  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;
}

QuitCallback Function

TheQuitCallback  function automatically eecutes whenever you cli€QUIT on the user
interface. This function disables the useeiface from sending event information to the

callback function and causes BénUserInterface call in themain function to return. The
QuitCallback  function is shown in the following code:

int CVICALLBACK QuitCallback (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData2)
{
switch (event) {
case EVENT_COMMIT:
QuitUserlnterface (0);
break;
case EVENT_RIGHT_CLICK:
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break;

}

return O;

}

Generating a Random Array of Data

Complete the source code fample4.c so the program generates an array of random
numbers and plots the array on the graph control. Masiecdiction takes place in the
AcquireData  function. When a user click¥scquire, the program generates a random
number using the ANSI €rand andrand functions.

1. On the line followingase EVENT_COMMIT in theAcquireData  function, enter the
following lines of code to generate the random numbers.

srand (time(NULL));
amp = rand ()/32767.0;

2. Position the cursor on the line followiagp = rand ()/32767.0

Expand the Library Tree #advanced Analysis Library (or Analysis Library )»Signal
Generation»SinePattern

Enter100 in theNumber of Elementscontrol.

5. Enterampin theAmplitude control. Selec€Code»Declare Variableand make sure
you enable thédd declaration to current block in target file “sample4.c” option.
Click OK.

6. Enter180.0 inthePhase (Degreesjontrol.

7. Enter2.0 in theNumber of Cyclescontrol.

8. Entersine in theSine Patterncontrol. SelecCode»Declare Variable

9. Inthe Declare Variable dialog box, enteéd as theNumber of Elementsand make sure

you enable thé&dd declaration to current block in target file “sample4.c” option.
Click OK.

10. SelectCodexInsert Function Call LabWindows/CVI inserts th8inePattern
function afteramp = rand ()/32767.0;

Building the PlotY Faction Call Syntax

Complete the following steps to generate a line of code that plots the random data array on
the graph control othe user interface.

1. Position the cursor in the Source window on the line followingitePattern
function call within theAcquireData ~ function.

2. ExpandUser Interface Library»Controls/Graphs/Strip Charts»Graphs and Strip
Charts»Graph Plotting and Deleting»PlotY
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3. InthePanel Handlecontrol, selec€Code»Select Variable The dialog box contains a
list of variable names used in your program. Cheesez|Handlefrom the list and click
OK. (If panelHandleis not listed, clickBuild The Project.)

4. For theControl ID control, you must specify the constant name assigned to the graph
control. While the cursor is i@ontrol 1D, press <Enter> to open a dialog box with a
complete list of all the constant names in.thie files in the workspace. In the User
Interface Resource Files section, selsample4.uir SelecPANEL_WAVEFORM
from the Select UIR Constant dialog box and cli.

5. Typesine intheY Array control. This name indicates which array in memory displays
on the graph.

6. Typel00 in theNumber of Pointscontrol. This numbeindicates the number of
elements in the array to plot. When your Plot Y function panel matches the one in
Figure 6-1, you are ready to go to the next step.

Figure 6-1. Completed Plot Y Function Panel

7. SelecCode»Insert Function Callto paste theloty function call into the source code.
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8. Confirm that theAcquireData  function matches the following source code:

int CVICALLBACK AcquireData (int panel, int control, int event,
void *callbackData, int eventDatal, int eventData?2)
{
double sine[100];
double amp;
switch (event) {
case EVENT_COMMIT:
srand (time(NULL));
amp = rand ()/32767.0;
SinePattern (100, amp, 180.0, 2.0, sine);
PlotY (panelHandle, PANEL_WAVEFORM, sine, 100, VAL_DOUBLE,
VAL_THIN_LINE, VAL_EMPTY_SQUARE, VAL_SOLID, 1,VAL_RED);
break;
case EVENT_RIGHT_CLICK;

break;

}

return O;

}
9. Save the source file asmple4.c

Running the Completed Project

You now have a completed project, savedamsple4.prji . SelectRun»Debug
sample4_dbg.ex¢o execute the code.

During the compile process, LabWindows/G¥tognizes that the ggram is missing the
ansi_c.h andanalysis.n include statements. Clickesto add these include files in your
program. If prompted, save the changes taén®le4.c file before running. When you run
your program, the following steps take place:

1. LabWindows/CVI compiles the source code freample4.c and links with the
appropriate libraries in LabWindows/CVI.

2. When the program starts, LabWindows/dalinches the user interface, ready for
keyboard or mouse input.

3. When you clickAcquire, LabWindows/CVI passes the event information generated by
the mouse click directly to thecquireData  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 cliclQUIT, the event information generated by the mouse passes directly to
theQuitCallback  function, which halts the program.

© National Instruments Corporation 6-5 Getting Started with LabWindows/CVI



Adding Analysis
to Your Program

In Chapter 6JJsing Function Panels and Librariegou generated code to plot the random
array on the graph control. &lplotting function that you generated was placed in a callback
function triggered by clicking thacquire button. In this chapter, you will add analysis code
that computes the maximum and minimum values of the random array you generate. To do
this, you will write your own callback function that finds the maximum and minimum values
of the array and displays themrinmeric readouts on the user interface.

This chapter builds on the concepts that you learned in the previous chapter. If you did not
complete Chapter &Jsing Function Panels and Librariego back and do so now.

Setting Up

Close all windows except the Workspace window.
MakeSample5the active project.

Runsample5.prj  to verify the operation of the program. Sample 5 matches the project
you completed in Chapter 8sing Function Panels and Librarie€lick QUIT to
terminate the execution.

Modifying the User Interface
Complete the following steps to modify the existing user interface:

1. Opersample5.c . This code is similar to the resulting code from the previous example.
Place the cursor at the end of the file. CodeRuildses that location for the new callback
function that it generates later in this chapter.

2. Without closing theample5.c  source code, opesample5.uir . Your goal is to
modify the.uir  to match the user interface shown in Figure 7-1.
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Figure 7-1. Sample User Interface

Add a command button to the panel.

Double-click the new command button to open the Edit Command Button dialog box.
Enter the following information in the dialog box and cl@K .

Constant Name MAXMIN
Callback Function: FindMaxMin
Label: Max & Min

You can use CodeBuilder to add code to your program shell for an individual control
callback function. Right-click thMax & Min command button and selégéenerate
Control Callback.

The lightning bolt cursor appears while CodeBuilder generates code istorthies.c
source file. When you finish upting the user interface for Salm, you will add to the
FindMaxMin callback function code to corate and display the maximum and
minimum values of the array.

In the User Interface Editor, seléxteate»Numeric»Numeric
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7. Double-click theNumeric control to open the Edit Numeric dialog box. Enter the
following information in the dialog box and cli€K.

Constant Name MAX
Control Mode: Indicator
Label: Maximum

Add a second numeric control to the panel.

9. Double-click theNumeric control to open the Edit Numeric dialog box. Enter the
following information in the dialog box and cli€BK.

Constant Name MIN
Control Mode: Indicator
Label: Minimum

10. Position the new controls on the useeiiface to match those shown in Figure 7-1.
@ Tip You can use thArrange»Alignment command to position controls on the panel.

11. Save the modifiedir file.

Writing the Callback Function

Now that you have modified thair  file and generated the shell for the callback function to
theMax & Min command button, you need to completeRrineéMaxMin function in the
source file. Follow these steps.

1. To quickly locate th€indMaxMin callback function in your source file, right-click the
Max & Min button in the User Interface Editor and seldetwv Control Callback.
LabWindows/CVI displays theample5.c  source file with th&indMaxMin callback
function highlighted.

2. Position the cursor on the blank line just aftercie® EVENT_COMMIBtatement. The
code within the case statement executes whbenprogram is running and you click the
Max & Min button. You must enter function calls to find the maximum and minimum
values of thelatapoints  array and display them onetluser interface. Enter these
function calls in the steps that follow.

3. Open the 1D Maximum & Minimum function panel by expanding the Library Tree to
AdvancedAnalysis Library»Array Operations»1D Operations»MaxMinlD.

@ Note Remember, depending on which package you have, the Library Tree shows either
the Analysis Library or thédvanced Analysis Library.
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TheMaxMin1D function finds the maximum and minimum values of an array. Enter the
following values into the controls on the function panel.

Input Array : sine
Number of Elements 100
Maximum Value: max
Maximum Index: max_index
Minimum Value: min
Minimum Index : min_index

Before you insert thdaxMin1D function into the souroeode, you must declare thex,
max_index , min, andmin_index variables. Click thdvlaximum Value control and
selectCode»Declare Variable Enable the\dd declaration to current block in target
file “sample5.c” option. Declaring the vaable inserts a line of code to declare rifex
variable within the=sindMaxMin callback function. CliclOK to continue.

Note Notice that LabWindows/CVI automatically inserts an ampersgrmkfore thenax
variable so that it is properly passed by reference to the function.

Repeat step 5 for tiaximum Index, Minimum Value , andMinimum Index controls
on the 1D Maximum & Minimum function panel.

Insert theviaxMin1D function call into the source code. In the source code,
LabWindows/CVI inserts thelaxMin1D function inside thease EVENT_COMMIT
statement within th€indMaxMin callback function.

Expand the Library Tree tdser Interface Library»Controls/Graphs/Strip Charts»
General Functions»SetCtrlVal

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 of
the array in thélaximum numeric control.

Panel Handle panelHandle
Control ID : PANEL_MAX
Value: max

Insert th&etCtrival  function call into the source code. You then se&tetrlval
code entered on the line after the function calléaMin1D in the source code file.

Open the Set Control Value function panel again by pressing <Cwhik>the cursor
is on theSetCtrival ~ function.

Enter the following information into the function panel controls to display the minimum
value of the array in thiglinimum numeric display.

Panel Handle panelHandle

Control ID : PANEL_MIN

Value: min
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13. Insert thesetCtrlval ~ function call into the soge code. When LabWindows/CVI
prompts you with a dialog box, seldotert to add the code.

14. Confirm that the source code matches the code shown in Figure 7-2.

Figure 7-2. Completed Source Code for sample5.c

Running the Program

You have now successfully written the caltl function. During grgram execution, the
FindMaxMin function is called when the ggram is running and you cliddax & Min .
When you clickMax & Min , three separate events occur.

e First, clicking the left mouse button generate€9BNT_LEFT_CLICKevent.

* Next, releasing the left mouse button generates/&NT_COMMIEvent. You wrote the
function such that it finds the minimum and maximum values and displays them only
when your progam receives thEVENT_COMMIBvent.

« Finally, the button gets the input focus, andEIENT_GOT_FOCUSvent is generated.
For more practice with user interface events, compréecise 5: Adding User Interface
Eventsof Chapter 9Additional Exercises

Save the file.
Run the project.
Close the file before moving on to ChaptetU8ing an Instrument Driver
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This chapter describes how to use an instrurdewnér. An instrument driver is a set of
functions used to program an instrument gr@up of related instruments. The high-level
functions in an instrument driver incorpaahany low-level operations, including GPIB,

VXI, or RS-232 read and writgperations, data conversion, and scaling. The sample module
in this chapter does not communicate witkeal instrument but illustrates how you can use
an instrument driver in your programs.

Setting Up

This section builds on the prognahat you created in ChapterAdding Analysis
to Your Program If you have not completed the activities in that chapter, do so now.

Before beginning this example, closewihdows except for th&/orkspace window and set
sample6.prj  as the active project.

Loading the Instrument Driver

An instrument driver consists of several fithat reside on disk. Use the Instruments folder
in the Library Tree to load these files for use in LabWindows/CVI. Complete the following
steps to load the sample instrument driver.

1. Right-click the Instruments fold@r the Library Tree and selelcbad Instrument.

2. Inthe Load Instrument dialog box, selectsbepe.fp file from thetutorial
directory, and clickoad.

3. Opensample6.c

Position the cursor on the tagged line in the middle ofh#ie function, on the
DisplayPanel  function, as shown in Figure 8-1. You can move to this line quickly in
the source code by pressing <F2>.
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Figure 8-1. sample6.c Source File with Tags

To verify that the Scope instrument driver was loaded, expand the Instruments folder.
The Sample Oscilloscopétem should appear in theee, as shown in Figure 8-2.

Figure 8-2. Sample Oscilloscope in Instruments Folder

Using the Instrument Driver

When you load the instrument driver, you can use it interactively through menus, dialog
boxes, and function panels. Expgdample Oscilloscopén the Instruments folder.

This module contains theit , config , read_waveform , andclose functions. You will
use these functions to acquaevaveform in the sample program you are developing.
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Interactive Function Panel Execution

In Chapter 3)nteractive Code Generation Tophlgou learned how to use function panels to
generate code and insert that code into the programs you developed. You also can use function
panels to execute the functions from the panel interactively, without writing a complete
program. Therefore, you can experiment withdtions by varying the parameter values in

the panel and running the panels until you are sadisfith the result. Through trial and error,

you can build your function calls in the function panel before inserting them into source code.
In this section, you will learn how to exectitgction panels before inserting the code into

the program.

Initializing the Instrument

Typically, instrument drivers esa function to initialize theoftware and the instrument.
You must execute the initialize function before using any other function in the module. Select
the Initialize function panel from the Instruments folder.

This function panel has an input control for specifying the GPIB address of the instrument.
TheError control displays error codes related to the operation of this module.

You can access function help and control help imittstrument driver in the same way that
you access help for LabWindows/CVI function panels.

Complete the following steps to initialize the instrument driver.
1. Enterl in theAddresscontrol.
2. Entererr intheError control.

3. Declare therr variable by selectinGode»Declare Variable Be sure to enable the
Execute declaration ininteractive Window andAdd declaration to top of target file
options. ClickOK.

4. SelectCode»Run Function PanelIf LabWindows/CVI does not detect any errors
during execution, the value in tk®ror control is O.

5. SelectCode»Insert Function Call or press <Ctrl-1>, to copy the generated code to the
Source window. If you are proneat for a target file, selesample6.c

LabWindows/CVI inserts the function call to initialize the instrument driver above the

DisplayPanel  function call in the Source window as follows:

err = scope_init (1);
Configuring the Instrument

After you initialize the instrument, you can cignfre it to read a wa¥erm and transfer the
waveform to an array in your program. In the Sample Oscilloscope module, the vertical and
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horizontal parameters of the oscilloscope are set up usingrti¢ function. Place the
cursor on thd®isplayPanel  function. Select the Configure function panel.

Theconfig function sets the volts per divisiamd 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 writtencreate a waveform based on the configuration
settings. The help for each control explains the purpose of the control and the valid range of
inputs.

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

1. Configure the panel the way you want it, keeping in mind that the way you configure the
settings affects theraveform you read.

2. Entererr in theError control.

SeleciCode»Run Function Paneto execute the function panel. If tReror control
does not display a 0, atror has occurred.

If a real instrument were attached, you vebé able to see the configuration of the
instrument take place when you selediale»Run Function Panel Thus, you could
interactively program the instment and verify the operaticof the instrument driver
functions.

4. Insert the function into the code. LabWim@3CVI inserts the code after the call to
scope_init

5. Move the cursor to the blank line before @Y function in theAcquireData
function. Leave th cursor in place as you ga to the next section.

Reading Data with an Instrument Driver

Perhaps the most important function of an instrurdewér is to read da from an instrument
and convert the raw data intdamat your program can userelitly. For example, a digital
oscilloscope returns a waveform as a stringashma-separated ASCIl numbers or as binary
integers. In either case, the noens are scaled using constamsvided by the instrument to
produce values that represa@ctual measurement units.

1. Select the Read Waveform function panel.

2. Set theChannel control to the channel you wantread. Channel 1 is a sinewave, and
Channel 2 is random data.

3. Enterdatapoints  in theWaveform control.

4. SelectCode»Declare Variable In the Declare Variable dialog box, entép as the
Number of Elements Enable theAdd declaration to top oftarget file “sample6.c”
option. Confirm that your Declare Variable dialog box matches the one shown in
Figure 8-3.
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Figure 8-3. Declare Variable Dialog Box

Press <Enter> or clioRK to declare théatapoints  array.

6. Enterdelta_t intheSample Periodcontrol and selec€ode»Declare Variableto
declare thelelta_t variable.

Enterx_zero in theX Zero control and declare the zero variable.
Entererr in theError control.

SelectCode»Run Function Paneto execute the function panel. After the function has
executed, a row of boxes in thiéaveform control signifies that the data has been placed
in the waveform array.

10. (Optional) To quickly view the data points acquired in the waveform array in the Array
Display, double-click the row of boxes in the bottom half ofWesveform control on
the function panel. Close the Array Display and the Variables windows.

11. Insert the function into the source code. LabWindows/CVI inserts the code before the
Ploty function.

Closing the Instrument

The last instrument-related operation is closing the instrument driver. Complete the following
steps to close the instrument driver.

1. Inthe Source window, position the cursor on the line followingtineserinterface
function. To do this quickly, press <F2>.

2. Select the Close function pan€here are no parameters for these function. The
close function removes the instrument from a software configuration table. The
instrument must be reinitialized before using it again.

3. Entererr intheError control.
SelectCode»Run Function Panelo execute the function panel.
5. SeleciCode»Insert Function Callto copy the generated code to the Source window.
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Running the Program

The last step required before running thegpam is to include the scope header file.

1. To call functions from the Scope instrument driver, you must add the following line at
the top of the source file.

#include "scope.h”

2. Confirm that your program source code matches the following code:

#include <cvirte.h>
#include <analysis.h>
#include <ansi_c.h>
#include <userint.h>
#include "sample6.h"
#include "scope.h"

static double x_zero;

static double delta_t;

static double datapoints[100];
static int err;

static int panelHandle;

int main(int argc, char *argv[])

{
if (INitCVIRTE (0, argv, 0) == 0)
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 ();
err = scope_close ();
DiscardPanel (panelHandle);
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,
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VAL_SOLID, 1, VAL_RED);
break;
case EVENT_RIGHT_CLICK:

break;

}

return O;

}

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

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

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

{
int min_index;
double min;
int max_index;
double max;
switch (event) {
case EVENT_COMMIT:
MaxMin1D (datapoints, 100, &max, &max_index, &min,
&min_index);
SetCtrlval (panelHandle, PANEL_MAX, max);
SetCtrlval (panelHandle, PANEL_MIN, min);
break;
case EVENT_RIGHT_CLICK:
break;
}
return O;
}
@ Note Your calls toscope_config  andscope_read_waveform  might differ from those

shown in the preceding code.
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3. Savesampleb.c .
4. Run the program.

Adding the Instrument to Your Project

When you loaded the scope driver through the Instruments folder, you manually added the
function panels of the instrument driver td\Msindows/CVI. If you add the Scope instrument
driver to the project, LabWindegs/CVI adds the instrument driver function panels to the
Instruments folder automatically when you load the project in the future. Complete the
following steps to add the driver to the project.

1. Close all windows except the Workspace window.
2. SelectEdit»Add Files to Project»Instrument (*.fp).
3. Addscope.fp
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This is the last chapter of the tutorial exercises. This chapter discusses more about the
concepts you have used throughout this tutorial. Each exercise builds on the code that you
develop in the preceding exercise.

You can access the solutions to all the exercises in this chajtteorial\

solution . 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.

Base Project

All of the exercises in this chapter build ttre Sample 6 project that you completed in
Chapter 8Using an Instrument Driveif you did not complete the previous chapter, go back
and do so now. If you have trouble successttdiypleting the Chapter 8 exercises, start with
the Sample 6 project from tlselution  directory.

The Sample 6 project generates a waveform and displays it on a graph control when you click
the Acquire button. After you display the data, you can find and display the maximum and
minimum values of the data points by clicking Max & Min button. The project uses the
sample Scope instrument dritergenerate the data. The user interface for the project is
shown in Figure 9-1.
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Figure 9-1. Sample User Interface

Exercise 1: Adding a Channel Control

Two of the most common functions you use in LabWindows/CVBat€trlval  and
GetCtrlval . Use these functions to set and reiéhe current value of a control on a
LabWindows/CVL.uir file. For example, usetCtrlval  to retrieve the current value of

a numeric slide control so thabu can find out which selection the user has set the slide to.
To set the slide control tospecific position or value, usetCtrival . These functions take
the following arguments:

e The panel handle for the panel where the control exists
« The control ID for the control to operate on
« Avalue or variable that the control is sebtan which the value of the control is placed

Assignment

Because you are using a simulated oscilloscopedaire your data,op might want to give

the end user of your program the ability to select the channel from which to acquire the data.
The sample oscilloscope drivean read from two channel® successfully complete this
exercise, you must modify their file of the base project, Bject 6, to include a channel
selection control, as shown in Figure 9-2, andlifyathe source code to properly acquire the
correct channel.
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Figure 9-2. User Interface with @hnel Selection Control

Hints

» Use a binary switch for ¢hchannel selection control.
* Use theGetCtrival  function in theAcquireData  callback function to find out which
channel the user selects.

» Use the value from the channel selection control indhé waveform function call
from the Scope instrument driver.

Solution:exerl.prj

Exercise 2: Setting User Interface Attributes
Programmatically

Each control on thaiir  files that you create has a number of control attributes that you can
set to customize the look and feel of the contfdthen you build a user interface, you set the
control attributes in the dialdgoxes for editing the controls. For example, you can set the
font, size, and color of the text for a label ia thser Interface Editor. Text font, size, and color

are user interface control attributes.

© National Instruments Corporation 9-3 Getting Started with LabWindows/CVI



Chapter 9

Additional Exercises

UseGetCtrlAttribute andSetCtrlAttribute to get and set attributes of a control

during program execution in a method similar to the one you used to get and set the value of
a control. Therefore, you can build a cusioed GUI in the User Interface Editor and
dynamically change the look aneld of the controls at run time.

Hundreds of attributes are pre-defined inltleer Interface Library as constants, such as
ATTR_LABEL_BGCOLO#fr setting the background color of the label on a control. You can

use these constants in tRetCtrlAttribute andSetCtrlAttribute functions.
Assignment
In this exercise, use tisetCtrlAttribute function to change thaperation of a command

button on the user interface. BecauseMlax & Min command button does not operate
correctly until you acquire thdata, you can disable thkax & Min button until a user clicks
theAcquire button. Use th&etCtrlAttribute function to enable thglax & Min button
when a user clicks thi&cquire button.

Hints

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

¢ Use theSetCtrlAttribute function from the User berface Library to enable the
Max & Min button.

e The attribute that you need to set is diramedattribute.

Solution:exer2.prj

Exercise 3: Storing the Waveform on Disk

Assig

Many times, users acquire large amounts of data and want to save it on disk for future analysis
or comparison. LabWindows/CVI provides destion of functions from the ANSI C Library

for reading from and writing to data filesylbu are already familiar with ANSI C, you know
these functions as thedio  library. In addition to thetdio library, LabWindows/CVI has

its own set of file 1/O functions in the Formatting and 1/O Library.

nment

Use the file 1/O functions in the ANSI C Library to save dh&points  array to a text file
in the\tutorial directory. Write the program so thae file is overwritten each time you
acquire the data. Do not append data to the file as you acquire it.
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Hints
 Remember that you must first opefila before you can write to it.
» Open the file as a text file so you can view the contents in any text editor later.

» Open the file with the Create/Open flaglarot the Append flag so that the file is
overwritten each time.

e Use thefprintf  function in a loop to write the data to disk.

Solution:exer3.prj

Exercise 4: Using 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
completeuir file. In Chapter 5Building a Graphical User Interfageyou used a pop-up

panel to display the random number array on a gré@haphPopup ). You also can use

pop-up panels to prompt the user for inmanfirm a selection, or display a message.

One of the most useful pop-up panels is the 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 pragrenust write to a file or read from a file,

you can use the File Select Popup, shown in Figure 9-3, to prompt the user to select or input
a filename.

Figure 9-3. File Select Popup
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Assignment

Add aSavebutton to theuir file so that the data in the array is saved only after the user
clicks theSavebutton. When the user clicks tBavebutton, your program should launch a
dialog box in which the user can define the drive, directory, and filename of the data file.
When finished, theauir  file should look similar to the one shown in Figure 9-4.

Figure 9-4. Completed User Interface

Hints

« When you create th®avebutton, assign a callback function to it.

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

« Before you write the data to disk, prptithe user for a filename with the
FileSelectPopup function from the User Interface Library.

Solution:exer4.prj
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Exercise 5: Adding User Interface Events

Throughout this tutorial, you ke been developing an evadriven 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 writto respond to these events in callback
functions.

So far, you have written functions that respond only taCtheiMITevent from the user
interface. ACOMMITevent occurs whenever the end usEnmits on a control, which usually
happens when that user releases tfierloeuse button after clicking a control.

User interface controls can generate many diffetypes of events. For example, an event can
be a left-click or a right-click. Or, an event dam a left double-click. In fact, events in
LabWindows/CVI can be more than just moatieks. An event can be the press of a key

or a move or size operation performed on a pdfech time one of these events occurs,

the callback function associated with theusiterface called executes. LabWindows/CVI
can generate the following events:

EVENT_CLOSE EVENT_LEFT_CLICK
EVENT_COLLAPSE EVENT_LEFT_DOUBLE_CLICK
EVENT_COMMIT EVENT_LOST_FOCUS
EVENT_DISCARD EVENT_MARK_STATE_CHANGE
EVENT_DRAG EVENT_PANEL_MOVE
EVENT_DROP EVENT_PANEL_SIZE
EVENT_DROPPED EVENT_RIGHT_CLICK
EVENT_END_TASK EVENT_RIGHT_DOUBLE_CLICK
EVENT_EXPAND EVENT_SELECTION_CHANGE
EVENT_GOT_FOCUS EVENT_SORT
EVENT_HSCROLL EVENT_TIMER_TICK

EVENT _IDLE EVENT_VAL_CHANGED
EVENT_KEYPRESS EVENT_VSCROLL

When the callback function is ¢adl, the event type is passed through the event parameter to
the callback function. Performing one simple i@@n on the user intiace, such as clicking
a command button, actually calls the catlk function for that button three times.

The first time, the callback function is called to procesEtHeNT_LEFT_CLICKevent.

The second time, it is called to processERENT_COMMI®vent. The third time, the callback
function is called to process tR¥ENT_GOT_FOCUsSent if the button did not have the input
focus before you clicked it. For this reasalhof the callback functions you have worked
on check the event type first aegecute only when the event iS@MMIT Therefore, the
operations in the callback futiens happen only once with eaebent click, rather than
three times.
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Assignment

Many times, the person operating a LabWindiCVI program is not the person who

developed the program. The GUI might be very easy to use, but usually it is preferable to add
help for the controls omir  panels to assist the operator. ModiRer4.prj  to display a

short description for eacdommand button when thearsright-clicks the button.

Hints

* Use theMessagePopup function to display the help.
« Remember that the event type is passezhtih callback function in the event parameter.
e The event that you must respond t&VENT _RIGHT_CLICK

@ Tip If you want to add pop-up documentation to controls, use
SetCtriToolTipAttribute . You can find this function by expanding the Library Tree
to Programmer’s Toolbox»User InterfaceUtilities»SetCtrIToolTipAttribute .

Solution:exers.prj

Exercise 6: Timed Events

You have developed an event-driven prograat thsponds to events generated by mouse
clicks or keypresses from the user. With the\WWendows/CVI timer control, you can generate
events at specified time intervals to triggengram actions without requiring an action from
the user.

You can include timer controls in your programdogating them in gaUser Interface Editor.
The timer control is visible onlgt design time in the Usertbrface Editor. At run time, the
timer control does natppear. You can specify a constaaine, callback function, and timer
event interval in the Edit Timer dialog box. LabWindows/CVI automatically calls the
specified timer callback functin with an event of typEVENT_TIMEReach time the specified
time interval elapses. The interval valusjecified in seconds with a resolution of

1 millisecond betweetimer events.

Assignment

Add a thermometer control todluser interface and use a timaentrol to generate a random
number and display it on thkeermometer once each second.
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Hints

*  Set the timer interval to.
» Use CodeBuilder to generate the shell for the timer control callback function.

» UseSetCtrlval  to display the random number on the thermometer.

Solution:exer6.prj
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Part |l

Instrument Control and Data Acquisition

e 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) devices for use
with LabWindows/CVI. This chapter discusses how to install and configure both
hardware and software and how to test ther@peration. The farmation included
in this chapter is presentednmore detail in the documetitan that you receive with
your DAQ hardware and NI-DAQmx and Traditional NI-DAQ software.
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Getting Started with GPIB
and VXI Instrument Control

This chapter is a quick reference to help jyrmiall and configurgour IEEE 488.2 Interface
board or VXI controller for use with LabWindows/CVI. For more information about the
contents included in this chapter, refetite documentation that you receive with your
hardware.

Getting Started with the GPIB Controller

The following sections include an introduction to GPIB and instructions for installing a GPIB
interface board, configuring the softieaand developing your applications.

Introduction to GPIB

The General Purpose Interface Bus (GPIB)lsisiprotocol for comblling stand-alone,
rack-and-stack instruments from external computers. Alswhras the IEEE88 standard,
GPIB simplifies the interconnection of programmable instruments by defining the electrical,
mechanical, and functional spgcations for instrument controllers and talker/listener
devices. |IEEE 488 is now referred to as IEEE 488.1-1987.

In 1992, the IEEE 488.2 specification was created to furthedatdize 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 hardwand software follow the IEEE 488.1,

IEEE 488.2, and HS488 specifications for controllers. The National Instruments TNT4882C
and NAT4882 GPIB controller ASICs continue to improve and advance GPIB
communication. Both the TNT4882C and NAT4882 GPIB controllers are IEEE 488.2
compatible.

National Instruments has designed a high-speed data transfer protocol for IEEE 488 called
HS488 This protocol increasgserformance for GPIB reads and writes up to 8 Mbytes/s,
depending on your system.
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Installing the GPIBnterface Board

LabWindows/CVI works with various National Instruments GPIB interfaces. First, verify the
GPIB driver version you have. Open NEeskurement & Automation Explorer (MAX) and
expandVly System»Software»NI-488.2After you verify your driver version, refer to
ni.com/support/gpib/versions.htm to view a list of GPIB interfaces.

Each hardware kit comes with detailed information about configuring and installing GPIB
hardware.

Configuring the 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 the
controller, including the following utilities:

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

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

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

The documentation that you receive withuy&PIB software describes these and other
utilities.

Configuring LabWidows/CVI for GPIB

LabWindows/CVI uses the NI-488.2 DLL for Windows that is included with your National
Instruments GPIB interface hardware. You mugsifigure LabWindows/CVI to load the
GPIB libraries and associated function panels into the LabWindows/CVI programming
environment. To load hGPIB libraries, selettibrary»Customize and select the
GPIB/GPIB 488.2option.

Developing Applications

LabWindows/CVI contains function panels fyenerating code and executing function calls
from the IEEE 488/488.Library. These furton panels access ther#ry functions from

the NI-488.2 Library that come with your GPtBntroller. This library is a DLL. While the
function panels in LabWindows/CVI providerfction panel help for using these functions,
you can find detailed function descriptions floe GPIB/GPIB 488.2 Library functions in the
online documentation thgbu receive with your GPIB software.
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Getting Started with the VXI Controller

The following sections include an introduction to VXI; information about the
VXI development system; and instructions for installing and configuring VXI hardware,
configuring VXI software, developing apphtions, and using instrument drivers.

Introduction to VXI

VME eXtensions for Instrumentation (VXI) is a platform for instrumentation systems.
VXl is used in a wide variety of test, measuma) instrument control, and automated test
equipment (ATE) applications. VXI also é&periencing 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
or plug-in devices. Because VXl is basedtloe VMEbus standard/ou also can use

VME modules in VXI systems. The VXI baplane combines the 32-bit VME computer bus
and high-performance instrumentation bueesprecision 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.

VXI Development System
The LabWindows/CVI development systeontains software for controlling VXI
instruments for any of the methods desaibedin the setion Introduction to VX.

The VXI controller contains low-level driveoftware 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
VXI Library to control VXI instruments.

Installing and Configring VXI Hardware
LabWindows/CVI works with the following VXI controllers:
e VXlpc Model Series
*  VXI-PCI MXIbus Series
* MXI-2 Based VXI/VME Controllers for PXI/PCI
* MXI-3 Based VXI Controllers for PXI/PCI
» FireWire-based VXI Controllers
« GPIB-VXI/IC
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Each one of these controllers has documemtdir installing and configuring the appropriate
VXI hardware and software. For more information about installing and configuring VXI
hardware, refer to the getting started manuals for the controller.

Configuring VXI Driver Software

NI-VXI is more than just a library of routas for controlling VXIbus instruments. NI-VXI,
like NI-488.2, contains configuration and troehooting utility software for your VXIbus
system, including the following utilities:

* Measurement & Automation Explorer (MAX) —A program you can use to configure
hardware; add new channels, interfaced,\drtual instruments; execute system
diagnostics; and view the devices amstruments connected to your system.

* NI-Spy—A utility you can use to #ck the calls youapplication makes to NI test and
measurement drivers.

¢ The National Instruments multimainframe Resource Manager.

e VISAIC —An interactive control program thekecutes NI-VISA functions that you
enter with a convenient graphical interfalsiational Instruments recommends that you
use NI-VISA as the programming interface to control VXI systems.

Configuring LabWidows/CVI for VXI

LabWindows/CVI uses the NI-VXI DLL for Windows that is included with your National
Instruments VXI controller hardware. You must configure LabWindows/CVI to load the
VXl libraries and associated function panilo the LabWindows/CVI programming
environment. To includthe VXI libraries, selectibrary»Customize and select the'XI
option.

Developing Applications

LabWindows/CVI contains function panels fgenerating code and executing function calls
from the VXI Library. These function panescess the library futions from the NI-VXI
Library that come with your VVXtontroller. This library is a DLL. The function panels in
LabWindows/CVI provide help about using these functions, but you also can refer to the
NI-VXI API Reference Helfpr more information about VXI Library functions.

Using Instrument Drivers

Instrument control with LabWindows/CVI is simplified tremendously with
LabWindows/CVI. You can use instrument drivers to control GPIB, serial, Ethernet, and
VXlbus instruments. Instrumedtivers are custom libragewritten to control specific
instruments at a high level. Instead @diining all the low-level command sequences and
syntax for your instruments, you can use an instrument driver that builds these command
sequences based on inputs from the driumection panels. Therefore, you can communicate
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with your instrument using intuitive, high-level steps, such as Initialize, Configure, and
Measure.

LabWindows/CVI instrument drivers are availalib you in source code so you can optimize
the driver to work bedbr your application.

If you plan to use instrument driversyour application, refer to Chapter@8sing an
Instrument Driver If you plan to develop an instrument driver yourself, refer to the
LabWindows/CVI Instrument Driver Developers Guioléearn how to use the development
tools such as the VI wizard 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. This chapter discusses how
to install and configure both hardware andwsafte and how to test the operation of a device.
For more information about the contents includethis chapter, refer to the documentation
that you receive with your DAQ hardware and NI-DAQmXx 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. Natdinstruments DAQ devices are available in
many configurations and options. The most common type of DAQ system is a multifunction
device, which has analog /O, digital I/Oydacounter/timer capabilitieBor more specialized
applications, DAQ devices are available whilgh-precision analog inputs, high-speed

analog inputs, more digital 1/0O lines, or multiple counter/timers.

Applications for plug-in DAQ devices rang/®m simple temperate measurement to

complex process control systenYou can use a DAQ device to take single-point voltage
readings or high-speed waveform acquisitions. You can 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 configure your
system easily to match the sgdecheeds of your application.

The driver software for controlling DAQ devices, NI-DAQmx and Traditional NI-DAQ,

is included in the National Instruments Driver CD that comes with the LabWindows/CVI
installation. LabWindows/CVI automatically losuthe library of functions for controlling a
National Instruments DAQ device if you install NI LabWindows/CVI Support for either
NI-DAQ API on your PC.

Installing Software

The NI-DAQmMx driver softwar¢hat controls a National $truments DAQ device contains
functions for performing I/O with the device and utilities for resource management and for
data and buffer management.
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When you install LabWindes/CVI, select the Device Drivers feature on the
LabWindows/CVI installation disk. To install the NI-DAQ software, select the APl you want
to use undebata Acquisition on the Driver CD. If you sele®l LabWindows/CVI

Support from the NI-DAQ setup program, all théefs that are required for DAQ operations
are installed.

Configuring Your Device for Data Acquisition

Before you can launch LabWindows/CVI alpelgin programming, you must first configure
the DAQ device using MAX.

Testing the Operation of the Device and Configuration

At this point, you have configured and installed the DAQ device, installed LabWindows/CVI
and the DAQ software, and configured the software with MAX. Before you start writing
programs in LabWindows/CVI, try some simple testing to make sure that the device is
installed and functioning correctly. You can perform two levels of simple testing for the
DAQ device.

<  MAX —When you configure your system, you perform the first level of testing on the
device. From MAX, expanBevices and Interfacesn the Configuration window. Find
your device undeNI-DAQmx Devices Right-click the device and selebest Panels

« DAQ Assistant—In LabWindows/CVI, selectools»Create/Edit DAQmx Tasksto
create a new task using the DAQ Assistdie DAQ Assistant walks you through the
process of creating a task. Onaai have created a task, cli€kst

Developing Applications

When you know that the DAQ device is properbmmunicating with the software, you can
begin developing applications. You can find a set of example programs for performing
common DAQ tasks when you install the NI-DAQmXx software. Refer tedinples folder
and the NI Example Finder, which is accessible thrddelp»Find Examples These tools
and examples are a good stagtpoint for applications.

DAQ Assistant

The DAQ Assistant provides a graphical inéed to help you configure tasks and channels.
You can use the DAQ Assistant to generate NI-DAQmx code to run tasks. The DAQ Assistant
contains help for each stepyasu create or edit a DAQmX task.
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Data Acquisition Library Sample Programs

The NI-DAQ for Windows software installs example programs intastraples\
DAQmxdirectory.

Related Documentation

The following help or manuals contain additional information about data acquisition.
* NI-DAQmx Help

* DAQ Quick Start Guide

 DAQ Assistant Help

e Traditional NI-DAQ Function Reference Help
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Technical Support and
Professional Services

Visit the following sections of thdational Instruments Web site at
ni.com for technical support ahprofessional services:

*  Support—Online technical support resourcesiatom/support
include the following:

— Self-Help Resources-For immediate ansars and solutions,
visit the award-winning National Instruments Web site for
software drivers and updates, a searchable KnowledgeBase,
product manuals, step-by-stepubleshooting wizards, thousands
of example programs, tutorials, application notes, instrument
drivers, and so on.

— Free Technical Support—All registered users receive free Basic
Service, which includes access to hundreds of Application
Engineers worldwide in the NI Developer Exchange at
ni.com/exchange . National Instruments Application Engineers
make sure every question receives an answer.

» Training and Certification —Visit ni.com/training for
self-paced training, eLearning virtual classrooms, interactive CDs,
and Certification program informatio You also can register for
instructor-led, hands-on courses at locations around the world.

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

If you searchedi.com and could not find thenswers you need, contact
your local office or NI corporatedadquarters. Phone numbers for our
worldwide offices are listed at the frooft this manual. You also can visit
the Worldwide Offices section af.com/niglobal to access the branch
office Web sites, which provide up-to-date contact information, support
phone numbers, email addses, and current events.
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Glossary

A

active window

API
Array Display

ATE

B

binary control

breakpoint

C

checkbox

click

CodeBuilder

command button

control

© National Instruments Corporation G-1

The window affected by keyboamgut at a given moment. The title of an
active window appears highlighted.

Application programming interface.
A window for viewing and editing numeric arrays.

Automated test equipment.

A function panel control that resembles a physical on/off switch and can
produce one of two values depending on the position of the switch.

An interruption in the execution of a program. Also, a function in code that
causes an interruption inglexecution of a program.

A dialog box item that allows you to toggle between two possible execution
options.

A mouse-specific term; to quigkpress and release the mouse button.

The LabWindows/CVI faak that creates code based ounira file to
connect a GUI to the rest of a prograrou can compile and run this code
as soon as it is generated.

A dialog box item that, whelested, executes a command associated with
the dialog box.

Function panel: An input or output device that appears on a function panel
for specifying function parameters and displaying function results.

User interface: An object, on a partbit displays information or accepts
input from a user.
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cursor The flashing rectangle that shows where you can enter text on the screen.
There is also a rectangular mouse ogrsr pointer, that shows the position
of the mouse.

D

Debugging Region An area of the Workspace windlost contains the Variables, Watch, and
Memory windows.

default command The action that takes placem&Enter> is pressed and no command is
specifically selected. Default commalngittons in dialog boxes have an
outline around them.

dialog box A prompt mechanism in which you specify additional information needed
to complete a command.

DLL Dynamic link library.

double-click A mouse-specific term; to dlithe mouse button twice in rapid succession.

drag A mouse-specific term; to hold down the mouse button while moving the
mouse across a flat surfaseich as a mouse pad.

F

fp file A file that contains information about the function tree and function panels
of an instrument driver.

function panel A screen-oriented user interface to the LabWindows/CVI libraries that
allows interactive execution of liary functions and is capable of
generating code for inclusion in a program.

function tree The hierarchicalrgtture in which the functions in instrument drivers and
LabWindows/CVI libraries are grouped.

G

Generated Code pane A small window located ebiiittom of the screen that displays the code
produced when you add values to function panel controls.

global control A function panel control that displays the value of a global variable within
a function.
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GPIB

Graphical Array
Display

GUI

H
highlight

HS488

input control

instrument driver

Interactive Execution
window

L

Library Tree

list box

Glossary

General Purpose Interface Bus.

A window in which you can view the values of arrays in a graph.

Graphical user interface.

To make a LabWindows/CVI screen item ready for input.

A high-speed version of the IEEE 488 bus that provides speeds of up to
8 Mbytes/s. HS488 uses a noninterlocked handshake protocol to transfer
data among two or more devices. By using the HS488 protocol, devices can
transfer data at rates that are highan the rates that are possible by using
the IEEE 488.2 protocol.

A function panel control in which a value or variable name is entered from
the keyboard.

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 through menus, dialog
boxes, and function panels.

A LabWindows/CVI work area in whitsections of code can be executed
without creating an entire program.

An area in the Workspacendow that contains a tree view of the
LabWindows/CVI libraries and instruments.

A dialog box item that displays a list of possible choices for completing a
command.
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M

menu

mouse cursor

O

output control

Output Region

P

point

pointer

press

project

Project Tree

R

return value control

ring control

An area accessible from the menu batrdisplays a subset of the possible
menu items.

A mouse-agific term; the rectangular block the screen that shows the
current mouse position.

A function panel control that displays the results of a function.

An area of the Workspace windo which errors, output, and search
match windows appear.

A mouse-specific term; to move the mouse until the pointer rests on the
item you want to click on.

A mouse-specific ternthe rectangular block onétscreen that shows the
current mouse position.

A mouse-specific term; to hold down the mouse button.

A list of files, usually including a source file, user interface resource file,
and header file, thatour application uses.

An area of the Workspace window that containsstiseofi projects and
files in the current workspace.

A function panel control thlplays a function result returned as a return
value rather than as a formal parameter.

A control that displays a list of options one option at a time. Ring controls
appear on function panels and in dialog boxes.
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S

scroll bars

scrollable text box

select

shortcut key commands

slide control

Source window

Standard Input/Output
window

standard libraries

step mode

String Display

subwindow

T

text box

Glossary

Areas along the bottom and right sides of a window that show your relative
position in the file. You can use the scroll bars to move about in the window
if you have a mouse installed.

A dialog box item that displays text in a scrollable display.

To choose the item that the next executed action will affect by moving the
input focus (highlight) to a particular item or area.

A combination of kegk#s that automatically executes a command.

A function panel control that resembles a physical slide switch and inserts
a value in a function call that depends on the position of the cross-bar on
the switch.

A LabWindows/CVI work area in which you edit and execute complete
programs. The file extension designates a file that appears in this
window.

A LabWindows/CVI work area in which output to and input from the
screen take place.

The LabWindows/CVI ActieAdvanced Analysis (or Analysis), DDE
Support, DIAdem Connectivity, Formatting and 1/0, GPIB/GPIB-488.2,
RS-232, TCP Support, User Interfacad aJtility 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 Source window, split into two scrollable editing areas for the same file.

A dialog box item in which the user enters text from the keyboard to
complete a command.
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Glossary

timer control

tooltip

U

User Interface Editor

User Interface Editor
window

User Interface Library

Vv

Variables window

VXI

wW

window
Window Confinement
Region

workspace

Workspace window

A user interface control thahedules the periodic egution of a callback
function. A typical use of this control might be to update a graph every
second.

A small, yellow box that displays the value of variables and expressions in
a Source window.

A graphicdrag-and-drop editor for digning user interfaces for
programs.

A window that displays the graphical representation you have designed for
your project.

Includes a set of funnsdor controlling the iterface programmatically
and a resource editor for definitiye user interface components.

A display that shows thdues of variables currently defined in
LabWindows/CVI.

VME eXtensions for Instrumentation (bus)

A working area that supports operations related to a specific task in the
development and execution processes.

An area of the Workspace windowattcontains open Source, User
Interface Editor, and Fution Tree Editor windowsand function panels.

A file that contains settings tatnot affect the way a project builds, such
as breakpoints, window position, tag information, and debugging levels.
Aworkspace can contain methan one project.

The main work area in Labdows/CVI; containghe Project Tree,
Library Tree, Window Confinement Region, Debugging Region, and
Output Region.
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Index

A

accessing function panels, 2-2, 3-2
Add Files to Project command, Edit Menu
adding instruments, 8-8
constructing projects, 6-5
Add Watch Expression command, Options
menu, 4-9
ANSI C
ANSI C Library, 1-3
ANSI C specifications, 2-4
Array Display window
displaying arrays, 4-7
editing arrays, 4-8
arrays
declaring from function panels, 6-3
displaying, 4-7
displaying in graph, 4-10
editing, 4-8
generating random array of data, 6-3
attributes, setting programmatically, 9-3

B

binary switch controls,
adding to user interface, 9-3
Break on First Statement command,
Run menu, 4-1, 4-5, 4-8
breakpoints
breakpoint on error, 4-3
conditional, 4-3
definition, 4-3
instant breakpoints, 4-3
manual breakpoints, 4-4
predetermined breakpoints, 4-3
programmatic breakpoints, 4-3
watch expression breakpoints, 4-3

© National Instruments Corporation

Build Errors command, Window menu, 2-4
Build Errors window, 2-4

C

C language, using in LabWindows/CVI, 1-4
callback functions
adding with CodeBuilder, 7-2
locating with CodeBuilder, 7-3
processing events (example), 9-7
writing, 7-3
code generation
automaticSeeCodeBuilder
interactive.Seenteractive code generation
tools
Code menu
Function Panel windows
Declare Variable command, 7-4, 8-4
Insert Function Call command, 3-6,
6-4, 8-3, 8-4, 8-5
Run Function Panel command, 8-3, 8-5
Set Target File command, 3-6
code.Seesource files
CodeBuilder
adding control callback function, 7-2
generating program shell, 1-5, 5-6
commit events, 7-5, 9-7
compile error messages, 2-4
conditional breakpoints, 4-3
configuration
data acquisition boards
LabWindows/CVI, 11-2
testing, 11-2
GPIB driver software, 10-2
instrument drivers, 8-3
VXI driver software, 10-4
VXI hardware, 10-3
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Index

constants, displaying in .uir file, 6-4
Continue command, Run menu (table), 4-2
Control Callback Events dialog box, 5-6
controls

binary switch controls, 9-3

command button control, 5-3, 7-2

graph control, 5-4

numeric control, 7-3

numeric slide control, 9-2

ring control, 3-5

timer control, 9-8
conventions used in manui,
Customize Library cmmand, Library menu

loading GPIB libraries, 10-2

loading the VXI libraries, 10-4
customizing toolbars, 2-3

D

DAQ Assistant, 11-2
data
displaying
Graphical Array View, 4-10
displaying and editing
arrays, 4-7
strings, 4-8
variables, 4-5
generating random array of data, 6-3
reading with instrument driver, 8-4
data acquisition
developing applications
example programs
NI-DAQ Library sample
programs, 11-3
overview, 1-5, 11-1
software configuration, 11-2
testing operation and configuration, 11-2
data acquisition boards
installation, software, 11-1
overview, 11-1
data acquisition libraries, 1-3
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data analysis libraries, 1-3
data analysis, programming overview, 1-6
data files, functions for reading and
writing, 9-4
data presentation, libraries, 1-3
Debug command, Run menu
running the completed project, 6-5
step mode execution, 4-2
debugging programs
breakpoints
instant breakpoints, 4-3
predetermined breakpoints, 4-3
programmatic breakpoints, 4-3
watch expression breakpoints, 4-3
displaying and editing data
Array Display, 4-7
String Display, 4-8
Variables window, 4-5
Watch window, 4-8
displaying data, Graphical Array
View, 4-10
step mode execution, 4-1
Debugging Region, 2-3
Declare Variable command, Code menu
declaring arrays (example), 8-5
declaring variables (example), 7-4
developing graphical user interfaces (GUI).
Seegraphical user intéace (GUI), building
diagnostic tools (NI resources), A-1
displaying and editing data
strings, 4-8
variables, 4-5
documentation
conventions used in manug,
manuals for VXI controller boards, 10-4
NI resources, A-1
related documentationr,
related NI-DAQ documentation, 11-3
documentation set, 1-1
drivers (NI resources), A-1
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E

Edit menu
Source and Interactive Execution
windows
editing tools, 2-5
Go To Definition command, 4-2
Undo command, 2-6
Workspace window
Add Files to Pract command, 8-8
editing data
arrays, 4-8
strings, 4-8
tooltips, 4-9
variables, 4-6
editing tools in Source window, 2-5
error messages, during compiling and
linking, 2-4
Error window.SeeBuild Error window
EVENT_COMMIT, 7-5
EVENT_GOT_FOCUS, 7-5, 9-7
EVENT_LEFT_CLICK, 7-5, 9-7
EVENT_RIGHT_CLICK, 5-6, 9-7
events
list of events, 9-7
timed events, 9-8
user interface events, 9-7
example programs, NI-DAQ sample
programs, 11-2, 11-3
examples (NI resources), A-1

F

file I/O functions, ANSI C library, 9-4
File menu
Source and Interactive Execution
windows, Open Quoted Text
command, 2-5

User Interface Editor, 5-3
finding functions, 3-7

finding definitions, 4-2

using CodeBuilder, 7-3
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Finish Function command, Run menu, 4-2
function panels
accessing, 2-2, 3-2
analyzing data, 3-7
controls, 3-4
declaring arrays, 6-3
definition, 3-4
executing functions interactively, 8-3
finding functions, 3-7
function definitions, 4-2
using CodeBuilder, 7-3
Generated Code pane, 3-6
help, 3-4
input control, 3-4
inserting code fronfunction panels, 3-6
output control, 3-8
purpose and use, 3-4
recalling, 3-9
selecting, 6-3
testing operation of DAQ device and
configuration, 11-2
function trees (figure), 3-2

G

General Purpose Interface Bus (GPI8ge
GPIB boards

Generate All Code command, Code menu, 5-6

Generate All Code dialog box, 5-6

Generate Control Callback command, 7-2

Generated Code pane, 3-6

generating code automaticallyee
CodeBuilder

Go to Cursor command, Run menu, 4-2
Go To Definition command, Edit menu, 4-2
GPIB boards
compatible LabWindows/CVI
interfaces, 10-2
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configuration
GPIB driver software, 10-2
LabWindows/CVI for GPIB, 10-2
developing applications, 10-2
installation, 10-2
overview, 10-1
graph controls, adding to user interface, 5-4
Graphical Array View, displaying arrays, 4-10
graphical user interface
building. Seegraphical user interface
(GUI), building
example of GUI, 2-8
overview, 1-5
relationship of program elements
(figure), 1-4
graphical user intéace (GUI), building
accessing the User Interface Library, 3-3
adding binary switch controls, 9-3
adding command button controls, 5-3
adding graph controls, 5-4
adding timer controls, 9-8
building a user interface resource (.uir)
file, 5-2
constructing the project, 6-5
main function, 6-1
modifying, 7-1
running the program, 6-5, 7-5
saving .uir files, 5-5
setting up attributes
programmatically, 9-3
using instrument driver, 8-2
writing callback function, 7-3, 7-5
graphs, drawing with function panels, 3-5
GUI. Seegraphical user interface (GUI)

H

header files, for user interface, viewing, 5-5
help information, adding to controls, 9-8
Help menu, Function Panel windows, 3-4
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IEEE 488 standard (GPIB), 10-1
initializing instruments, 8-3
input controls, adding to function panel, 3-4
Insert Function Call command, Code menu
copying instrument driver code, 8-3,
8-4, 8-5
inserting code fronfunction panel, 3-6
installation
GPIB boards, 10-2
LabWindows/CVI components
(table), 1-1
NI-DAQmx driver software, 11-1
VXI controllers, 10-3
instant breakpoints, performing, 4-4
instrument driver programming example, 8-1
adding sample program to project
files, 8-8
closing the instrument drivers, 8-5
configuring instrument drivers, 8-3
functions in Sample Oscilloscope
instrument, 8-2
initializing instrument drivers, 8-3
interactive function panel execution, 8-3
loading, 8-1
reading data, 8-4
reading waveform, 8-4
running the sample program, 8-6
Sample Oscilloscope program in
Instruments folder, 8-2
instrument drivers
available drivers, 10-4
definition, 10-4
instrument drivers (NI resources), A-1
Instruments folder
loading instrument drivers, 8-1
interactive code generation tools
See als@CodeBuilder
analyzing data, 3-7
drawing graphs using function panels, 3-5
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executing a function panel
interactively, 3-10

finishing the sample program, 3-9

function panel controls, 3-4

function panel help, 3-4

inserting code from function panels, 3-6

recalling function panels, 3-9
interprocess commucetion application

libraries, 1-3

K
KnowledgeBase, A-1

L

LabWindows/CVI
See als@pecific windows
data acquisition, 11-1
GPIB, 10-1
learning about, 1-2
libraries, 1-3
location of components, 1-1
overview, 1-1
program development overview, 1-3
starting, 2-1
VXI Development System, 10-3
Library menu, Workspace window
Customize Library command, 10-2, 10-4
Library Tree, 2-2, 3-1
figure, 3-2
Line command, View menu, 2-6
Line Numbers command, View menu, 2-5
link error messages, 2-4
loading projects, 2-1
loading workspaces, 2-1

M

MAX, 10-4
Measurement & Automation Explorer, 10-4
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N

National Instruments multimainframe
Resource Manager, 10-4
National Instruments support and
services, A-1
networking, libraries for, 1-3
Next Tag command, View menu, 2-6
NI support and services, A-1
NI-488.2 DLL, 10-2
NI-488.2 Library, 10-2
NI-DAQ driver software
DAQ Assistant, 11-2
MAX, 11-2
NI-DAQ Library sample programs, 11-3
NI-DAQ Library, sanple programs, 11-3
NI-Spy utility, 10-4
NI-VXI Library, 10-4
numeric controls
adding to user interface, 7-3

O

Open command, File menu, 2-1
Open Quoted Text command, File menu, 2-5
Options menu, Workspace window
Add Watch Expression command, 4-9
Toolbar command, 2-3
Oscilloscope sampl&eeinstrument driver
programming example
output controls, adding to function panel, 3-8
Output Region, 2-3, 2-4

P
pop-up panels, 9-5
Preview User Interface Header File command,
View menu, 5-5
program control
components (figure), 1-4
overview, 1-4
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program development overview
See als®ource files
program structure for LabWindows/CVI
data acquisition, 1-5, 1-6
data analysis, 1-6
program control, 1-5
program shell generation with
CodeBuilder, 1-5
relationship between elements
(figure), 1-4
user interface, 1-5
using C in LabWindows/CVI, 1-4
program shell, buildingSeeCodeBuilder
programming examples (NI resources), A-1
programming graphical user interfac8ee
graphical user intéace (GUI), building
programming tutorial
additional exercises, 9-1
adding channel control, 9-2
setting user interface attributes
programmatically, 9-3
storing data on disk, 9-4
timed events, 9-8
user interface events, 9-7
using pop-up panels, 9-5
debugging programs
breakpoints
manual breakpoints, 4-4
programmatic breakpoints, 4-3
displaying and editing data
Array Display, 4-7
String Display, 4-8
Variables window, 4-5
Watch window, 4-8
displaying data, Graphical Array
View, 4-10
step mode execution, 4-1
editing tools, 2-5

Getting Started with b#/indows/CVI 1-6

function panels
accessing, 2-2, 3-2
analyzing data, 3-7
controls, 3-4
declaring arrays, 6-3
drawing a graph, 3-5
executing functions interactively, 8-3
finding functions, 3-7
Generated Code pane, 3-6
help information, 3-4
input control, 3-4
inserting code from function
panels, 3-6
output control, 3-8
recalling, 3-9
graphical user interface
accessing User Interface Library, 3-3
adding binary switch controls, 9-3
adding command button controls, 5-3
adding graph controls, 5-4
adding timer controls, 9-8
analyzing source code, 6-1
building a user interface resource
(.uir) file, 5-2
constructing projects, 6-5
example of GUI, 2-8
generating random array of data, 6-3
main function, 6-1
modifying, 7-1
running the program, 6-5, 7-5
saving .uir files, 5-5
setting attributes
programmatically, 9-3
source code connection, 5-1
writing callback function, 7-3
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instrument driver example Run menu
adding sample program to project Source and Interactive Execution
files, 8-8 windows
closing, 8-5 Continue command, 4-2, 4-9
configuring, 8-3 Debug command, 4-1, 6-5
initializing, 8-3 Step Into command, 4-2, 4-4, 4-6
interactive function panel Step Over command, 4-2, 4-4
execution, 8-3 Terminate Execution command, 4-2,
interactive use, 8-2 4-4
loading, 8-1 View Variable Value command, 4-7
reading data, 8-4 Workspace window
running the sample program, 8-6 Break on First Statement command,
interactive code generation tools 4-1, 4-5, 4-8
accessing User Intexte Library, 3-3 Debug command, 6-5
executing function panels
interactively, 3-10
finishing the sample program, 3-9 S
function panel fundamentals, 3-4 Sample Oscilloscope prograBeeinstrument
Library Tree, 3-1 driver programming example
loading projects, 2-1 sample program$Seeexample programs
running projects, 2-3 Set Next Statement command, Run menu, 4-2
Project Tree, 2-2 Set Target File command, Code menu, 3-6
projects shells, buildingSeeCodeBuilder
See alssource files software (NI resources), A-1
accessing and viewing files within, 2-2 solutions to tutorial, 9-1
adding files to projects, 8-8 source files
adding instruments, 8-8 analyzing code, 6-1
error messages, 2-4 displaying in Source window, 2-4
loading, 2-1 displaying referenced files, 2-5
error messages, 2-4
inserting code fronfunction panels, 3-7
R loading, 2-1
random array of data, generating, 6-3 moving to specific lines of code, 2-6
reading data with instrument driver, 8-4 opening subwindows for one source
reading waveform (example), 8-4 file, 2-5
Recall Function Panel command, recalling function panel, 3-9
View menu, 3-9 source code connection, 5-1

related documentation, 11-3
Run Function Panel command,
Code menu, 8-3, 8-4, 8-5
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Source window
compatibility with ANSI C
specifications, 2-4
displaying generated code, 5-6
displaying source code, 2-4
editing tools, 2-5
opening subwindows, 2-5
Standard Input/Output Window, 2-4
starting LabWindows/CVI, 2-1
Step Into command, Run menu, 4-1, 4-2,
4-4, 4-6
step mode execution, 4-1
Step Over command, Run menu, 4-2, 4-4
String Display window, displaying and editing
string variables, 4-8
subwindows
illustration, 2-6
opening subwindows for one source
file, 2-5
support, technical, A-1

T
tagged lines, 2-6
technical support, A-1
Terminate Execution command,
Run menu, 4-2, 4-4

testing board configuration, 11-2
timed events, 9-8
timer controls, addin¢p user interface, 9-8
Toggle Tag command, View menu, 2-6
Toolbar command, Options menu, 2-3
toolbars

customizing, 2-3

displaying names of buttons or icons, 2-3
tooltips, 4-9

editing variables, 4-9
training and certification (NI resources), A-1
troubleshooting (NI resources), A-1
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U

uir files. Seeuser interface resource (.uir) files
Undo command, Edit menu, 2-6
User Interface Editor window, purpose and
use, 5-1
user interface eventSeeevents
User Interface Library
accessing, 3-3
contents, 1-5
user interface resource (.uir) files,
building, 5-2
adding a graph control, 5-4
adding command button controls, 5-3
user interface, creatin§eegraphical user
interface (GUI), building

user interfaceSeegraphical user interface
(GUI)

Vv

variables

displaying, 4-5

editing, 4-6

editing using tooltips, 4-9
Variables window

opening, 4-5

stepping through programs, 4-5
View Control Callback command, 7-3
View menu

Line command, 2-6

Line Numbers command, 2-5

Next Tag command, 2-6

Preview User Interface Header File, 5-5

Toggle Tag command, 2-6
View Variable Value command,

Run menu, 4-7

VISAIC, 10-4
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VXI controllers
compatible controllers, 10-3
configuration
configuring LabWindows/CVI for
VXI, 10-4
VXI driver software, 10-4
VXI hardware, 10-3
developing applications, 10-4
documentation for VXI controller
boards, 10-4
installation, 10-3
overview, 10-3

W

watch expressions, 4-3
Watch window
Add/Edit Watch Expression dialog
box, 4-9
displaying variables during program
execution, 4-8
purpose and use, 4-8
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waveform generation project
See alsanstrument driver programming
example; user interface (figure)
adding a channel control, 9-2
reading waveform, 8-5
storing waveform on disk, 9-4
Web resources, A-1
Window Confinement Region, 2-2
Window menu, Project window, Build Errors
command, 2-4
windows, managing windows (note), 2-1
Workspace window, 2-2
workspaces, loading, 2-1
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