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About This Manual

Getting Started with LabWindows/CVI is a hands-on introduction to the
LabWindows™/CVI™ software package. This manual is intended for first-time
LabWindows/CVI users. To use this manual effectively, you should be familiar with DOS,
Microsoft Windows, and the C programming language.

Conventions

The following conventions appear in this manual:

» The » symbol leads you through nested menu items and dialog box options
to a final action. The sequence File»Page Setup»Options directs you to
pull down the File menu, select the Page Setup item, and select Options
from the last dialog box.

This symbol also leads you through the LabWindows/CVI Library Tree to
a function panel. For example, User Interface Library»Pop-up Panels»
InstallPopup directs you to expand the User Interface Library in the
Library Tree, expand Pop-up Panels, and 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 must select 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. Italic text also denotes text that is a placeholder for a word
or value that you must supply.

monospace Text in this font denotes text or characters that you should enter from the
keyboard, sections of code, programming examples, and syntax examples.
This font is also used for the proper names of disk drives, paths, directories,
programs, subprograms, subroutines, device names, functions, operations,
variables, filenames, and extensions.
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Related Documentation

The following documents contain information that you may find helpful as you read this
manual:

Harbison, Samuel P. and Guy L. Steele, Jr. C: A Reference Manual. Englewood Cliffs,

NJ: Prentice-Hall, Inc. 1995.

LabWindows/CVI Help

LabWindows/CVI Quick Reference

LabWindows/CVI Instrument Driver Developers Guide
LabWindows/CVI Release Notes

NI-DAQmx Help

DAQ Getting Started Guide

DAQ Assistant Help

Traditional NI-DAQ (Legacy) 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.
It briefly describes the LabWindows/CVI environment, standard libraries, user interface
development, and source code editing tools. Later chapters present a tutorial that provides a
more detailed treatment of these concepts and chance for hands-on learning. This chapter also
includes an introduction to using hardware with LabWindows/CVI and suggestions for
learning more about LabWindows/CVI.

LabWindows/CVI Program Development Overview

LabWindows/CVI is a software development environment for C programmers.
LabWindows/CVI provides powerful function libraries and a comprehensive set of software
tools for data acquisition, analysis, and presentation that you can use to interactively develop
data acquisition and instrument control applications.

You can edit, compile, link, and debug ANSI C programs in the LabWindows/CVI
development environment. Additionally, you can use compiled C object modules, DLLs,

C libraries, and instrument drivers in conjunction with ANSI C source files when you develop
programs.

Typical LabWindows/CVI applications include the following elements:
e User interface

* Data acquisition

* Data analysis

*  Program control

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



Chapter 1

Introduction to LabWindows/CVI

Figure 1-1 illustrates the relationship between these program elements. Program control
elements receive input from the user interface, data acquisition, and data analysis elements.
Each element has several sub-components.

User Interface Data Acquisition Data Analysis
« Control Panels ¢ Plug-In Data Acquisition * Formatting _
* Menus e InstrumentDrivers . Dlglt_aI_SlgnaI Processing
* Dialog Boxes *GPIB . Statlstlc; _
* Scientific Graphics * Vision * Curve meg_
* Hardcopy Output * RS-232 * Array Operations
A
\4
Program Control
* Control Logic
* Data Storage

Figure 1-1. Relationship Between Program Elements in LabWindows/CVI

Create user interfaces that contain graphs, strip charts, and other controls. You also can
display graphics, create pull-down menus, and prompt users for input with pop-up dialog
boxes. You can use the User Interface Editor to create these items interactively, or you can use
the User Interface Library to create them programmatically.

Use the user interface you create to control data acquisition from an instrument or from a
plug-in DAQ device. The user interface also can display the acquired data.

After you acquire data, you must analyze it. For example, you might want to perform
formatting, scaling, signal processing, statistical analysis, and curve fitting. The
LabWindows/CVI Formatting and I/O Library and Analysis Library (Base package) or
Advanced Analysis Library (Full Development System) contain functions that allow you to
perform these operations.

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

Use callback functions to control the flow of applications. Callback functions enable your
program to execute code in response to user actions, timer ticks, and operating system events.
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Chapter 1 Introduction to LabWindows/CVI

Organizing Application Components

Use projects and workspaces to organize files and manage application development in
LabWindows/CVI. A project (.pr3j) file contains the files needed to run your application.
A project must include one or more of the following files:

e source (.c) files
* object (.obj) files
e library (.1ib) files

You also can include the following files in a project:

e header (.h) files

e user interface resource (.uir) files

* instrument driver function panel (. £p) files

* instrument driver program files

You can include one or more projects in a workspace. A workspace (. cws) file contains
settings such as breakpoints, window positions, tag information, and debugging levels. These

settings do not affect the way a project builds. To edit the list of projects the current workspace
contains, select Edit»Workspace.
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Chapter 1 Introduction to LabWindows/CVI

LabWindows/CVI Environment

The LabWindows/CVI environment is structured around the Workspace window, which is
shown in the following figure:

B c:\..\Documents\National Instruments\CVIBS\tutorial\samplet .cws - [sampled .c] M=) %]
File Edt View Buld Run Instrument Lbrary Tools Window Options Help

i EEFITERTY oo[%

Samplel samplelui | samplel.c £

=5 User Interface Files = =
sample vt 72 | int CVICALLBACK AcquireData (int panel. int control. int event.
= £ Sowee Fies E void *callbackData, int eventDatal. int eventDatal)
samplel.c ;é { donbl
ouble amp:
74 |2 switch (svent)
77 {
78 case EVENT_COMMIT
79 srand (tine(NULL));
L 30 anp = rand()-32767.0;
[ (25 Libraies S SinePatbern (100, amp. 180, 2 0. sins):
= " User Interface Library §§ FPlot¥(panelHandle, FANEL _UAVEFORM, sine, 100, WAL DOUBLE, VAL THIN_LINE, VAL EMFTY_SQUARE,
4@ Panels 2q break;
5@ Henu Structures 3| case EVENT_RIGHT_CLICK
%4 Conlrols/Graphs./Stip Charts 86
&4 Popup Fanels a7 break;
28 3
4@ Event Functions a9 return 0:
%@ Calback Funclions 30 | r
=% User Interface Management 91 >l
B8] [Furl serlrterface 87,133 94 Ins/EH Suspended [ >

Quitselntetface

elllserEvent Waish | X Variables | X |
elinpultade Name Vakie Tyr=) Name Stack Trace
rocessDramEvents = sine fsample. c, c:\Docur| B-0D404TFE double [100] Globals (sample1. cxe) [ Fincashtin
1ocessSystemE vents sinef] {sample.c. | 0.000000000000000 | double 5 samplel.c Statics (samplel.exe) main
uevellserEvent sinel1] (sample . cAl-0.009313834764522 | double % sine 004041F8
etldeEventiate sine[2] {sample ¢, e\ 0,01 8480784790992 double paneHandle 1
ahefieystioks sinel3] (sample ., o\l 0.027356201601422 | double . ,
etSleepPolicy sine{4] {sampls.c. &:\l| 0.035800353905393 double =FindMaxMin (sample1.exe) 2
B setSleepPolicy sinef5 (samplet . cAll0.043679833043372 | double & panel 1
& 4@ Fiining . T T . S ool 5 E
@ Mouse and Cursar E=
@ Rectangles and Points 1 rurvlime enor. 1ot 1 Debug Dutput | R Time Evors | X
¥ : g:""hamd FATEL ALN-TIVE ERFIOR. “samplel.c ine 125, col 47, iead id ChOO00T T34 el argument e found . evpecied double.
=4 Clpboar
%@ Time Related Funclions

4@ Miscelaneous
1@ LW DOS Compaliby Functions 4

@ gzﬂwﬁnmsmng \dentifer/Filename: sanglelo | X |
&4 Advanced Analyss Library [] samplet.c
=i Tomating and D Leray Matches found: Views = Functons:
o A;‘lgj e sample . <fie>. Functions, AcquireD ata [72)
= DD L Included headers Findh astin (113]
P g ot Macras main (43)
@ Fieferencing pansiCE (64)
% ) GRIB/GRIE 4302 Livary g Referenced fiom QuiCalback (35)
1 L] Tunes, = —-—
1 Project Tree 3 Window Confinement Region 5 Output Region

2 Library Tree 4 Debugging Region 6 Source Code Browser

Figure 1-2. Workspace Window

The Workspace window contains the following areas:

*  Project Tree—Contains the list of files in each project in the workspace. Right-click the
different elements of the Project Tree to see the 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 flat list instead of a hierarchical class structure.
Right-click the Library Tree and select Find to search for a specific function within the
tree.

¢ Window Confinement Region—Contains Source, User Interface Editor, Function Tree
Editor, and function panel windows.
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Chapter 1 Introduction to LabWindows/CVI

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

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

¢ Source Code Browser—Contains browser overview information for selected files,
functions, variables, data types, and macros in a program.

Select Window»Release Window to move a window that is contained within the Window
Confinement Region, Debugging Region, Output Region, or Source Code Browser outside of
the Workspace window.

@ Note You cannot release the Project Tree or Library Tree from the Workspace window.
However, you can select Options»Environment and then enable the Auto hide Project
and Library Trees option to remove the Project and Library Trees from the Workspace
window when they are not in focus.

The menus and toolbar buttons available within the LabWindows/CVI Workspace window
differ depending on which window is active. To learn about what each menu item does,
right-click the menu and select Menu Help. LabWindows/CVI launches the
LabWindows/CVI Help topic that describes the items in the selected menu.

Standard Libraries

LabWindows/CVI provides a large set of built-in run-time libraries you can use to develop
applications. You can browse the Library Tree or press <Ctrl-Shift-P> in a Source window to
find a specific library function.

LabWindows/CVI includes the following standard libraries:
*  User Interface Library—Functions for creating and controlling a graphical user

interface.

*  Analysis Library (Base Package)/Advanced Analysis Library (Full Development
System)—Functions that operate on arrays to simulate and analyze large sets of
numerical data quickly and efficiently.

*  Formatting and I/O Library—Functions for inputting and outputting data to files and
manipulating the format of data in a program.

»  Utility Library—Functions that perform various operations, including using the system
timer, managing disk files, launching another executable, and using multiple threads in a
program.

* ANSI C Library—The ANSI C standard library functions.
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VXI Library—Functions for communicating with and controlling VXI devices.

GPIB/GPIB 488.2 Library—Functions for communicating with and controlling
devices on the GPIB.

RS-232 Library—Functions for controlling multiple RS-232 ports using
interrupt-driven I/O.

VISA Library—Functions for controlling VXI, GPIB, serial, and other types of
instruments.

TCP Support Library—Functions that provide a platform-independent interface to the
reliable, connection-oriented, byte-stream, network communication protocol.

UDP Support Library—Functions that provide a platform-independent interface to the
unicast, broadcast, and multicast capabilities of the User Datagram Protocol (UDP).

Internet Library—Functions that communicate with and receive files and commands
from remote servers.

Network Variable Library—Functions for reading and writing data to network
variables. This library supersedes the DataSocket Library and provides better
performance and scalability.

DDE Support Library—Functions that you can use to create an interface with other
Windows applications using the Dynamic Data Exchange (DDE) standard.

ActiveX Library—Functions that create and control ActiveX servers.

DIAdem Connectivity Library—Functions that you can use to log test data in National
Instruments DIAdem file format (. tdm).

TDM Streaming Library—Functions that store and retrieve test and measurement data
using the .tdms file format. This file format is optimized for high performance data
streaming.

NET Library—Functions that facilitate calling .NET assemblies.

Real-Time Utility Library—Functions for replicating a real-time (RT) system,
configuring timing, creating and configuring trace sessions, and configuring RT targets.

Note You must install the LabWindows/CVI Real-Time Module to gain access to the
Real-Time Utility Library.

User Interface Development

Use LabWindows/CVI to develop GUISs that consist of panels, command buttons, pull-down
menus, graphs, strip charts, knobs, gauges, and many other controls and indicators. You can
use the User Interface Editor to build a GUI in LabWindows/CVT interactively. The User
Interface Editor is a drag-and-drop editor that includes tools for designing, arranging, and
customizing user interface objects.

Getting Started with LabWindows/CVI 1-6 ni.com



Chapter 1 Introduction to LabWindows/CVI

You also can use the User Interface Library to create GUIs programmatically in
LabWindows/CVI. The User Interface Library provides functions that you can use to add to,
change, or build the entire GUI as the application runs.

To learn more about the available user interface elements and the functions that you can use
to connect your interface to the rest of your program, refer to the Using LabWindows/CVI»
Developing a Graphical User Interface and the Library Reference»User Interface Library
sections of the LabWindows/CVI Help.

Generating a Program Shell with CodeBuilder

After you design a GUI in the User Interface Editor, you can use CodeBuilder to
automatically generate a program shell based on the components in the GUI. CodeBuilder
writes code for all control callback functions and 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 program. You use
CodeBuilder later in this tutorial.

Developing and Editing Source Code

Use the Source window in LabWindows/CVI to develop C source files for projects.
LabWindows/CVI is compatible with the full ANSI C language specification. You can use
any ANSI C language structures or standard library functions in the source code you develop
in this window. LabWindows/CVI provides code generation tools that streamline source code
development.

You can use the menu items in the Source window to edit files, debug code, compile files, and
so on. You use Source window features in activities later in this tutorial. For more information
about the Source window, refer to Using LabWindows/CVI»Writing Source Code in the
LabWindows/CVI Help.

Instrument Control and Data Acquisition

You can use LabWindows/CVI to develop instrument control and data acquisition
applications. LabWindows/CVI libraries provide functions for controlling GPIB, RS-232,
serial, Ethernet, and National Instruments DAQ devices and modular instruments.
LabWindows/CVI also provides interactive assistants you can use to generate code to
communicate with different devices and to create and edit NI-DAQmx tasks.

Using the Instrument Control and Data Acquisition Libraries

LabWindows/CVI installs the GPIB/GPIB 488.2, VISA, and VXI libraries. However,
LabWindows/CVI does not install the GPIB, NI-VISA, or NI-VXI drivers. Therefore, the
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GPIB/GPIB 488.2, VISA, and VXl libraries are listed in the Library Tree, but you must install
the drivers to use the functions in an application. You can install these drivers from the

NI Device Drivers CD. LabWindows/CVI does not install the NI-DAQmzx, Traditional
NI-DAQ, or IVI libraries or drivers, nor are the related libraries listed in the Library Tree. You
also can install these libraries and drivers from the NI Device Drivers CD.

If you want to use instrument control and data acquisition libraries in LabWindows/CVI, you
must ensure LabWindows/CVI is configured to load these libraries on startup. To do so, select
Library»Customize and check the libraries you want to use. All of the libraries are checked
by default.

For a list of hardware library documentation resources, refer to the Related Documentation
section of the About This Manual chapter.

Using the Instrument 1/0 Assistant

5

Use the NI Instrument I/O Assistant to generate code to communicate with devices such as
serial, Ethernet, and GPIB instruments without using an instrument driver. To launch the
Instrument I/O Assistant from LabWindows/CVI, select Tools»Create Instrument I/O
Task. For more information about using the Instrument I/O Assistant, refer to the Using
LabWindows/CVI»Wizards and Tools»Creating an Instrument I/O Task section of the
LabWindows/CVI Help.

Note You must install the NI Instrument I/O Assistant feature from the NI Device Drivers
CD to use the Instrument I/O Assistant.

Using the DAQ Assistant

5

Use the NI DAQ Assistant to configure measurement tasks, channels, and scales. You also can
use the DAQ Assistant to generate NI-DAQmzx code from a task. To launch the DAQ Assistant
from within the LabWindows/CVI environment, select Tools»Create/Edit DAQmx Tasks.
For more information about using the DAQ Assistant, refer to the Using
LabWindows/CVI»Data Acquisition»Taking an NI-DAQmx Measurement in
LabWindows/CVI section of the LabWindows/CVI Help.

Note You must install NI-DAQmx from the NI Device Drivers CD to use the DAQ
Assistant.

Developing Instrument Drivers

If you plan to develop your own instrument driver, refer to the LabWindows/CVI Instrument
Driver Developers Guide. This document provides information about developing and adding
instrument drivers to LabWindows/CVL. It is intended for programmers who develop
instrument drivers to control programmable instruments such as GPIB, PXI, and RS-232
instruments. Also refer to the Using LabWindows/CVI»Instrument Drivers section of the
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LabWindows/CVI Help for fundamental instrument driver information you must consider if
you create or modify a driver.

Learning about LabWindows/CVI

Complete the exercises in the remaining chapters of this tutorial to learn how to build, debug,
and deploy applications in LabWindows/CVI. The following solution folder includes
completed tutorial exercises you can use for reference.

For Windows XP/2000, refer to the following folder for the solutions:
\Documents and Settings\All Users\Documents\National Instruments\
CVIxx\tutoriall\solution.

For Windows Vista, refer to the following folder for the solutions:
\Users\Public\Documents\National Instruments\CVIxx\tutorial\
solution.

The development process for the tutorial application includes the following steps:

1. Create a user interface in the User Interface Editor (Chapter 2, Building a Graphical User
Interface).

2. Generate skeleton code for control callbacks using CodeBuilder (Chapter 2, Building a
Graphical User Interface).

3. Add source code to generate and display a waveform (Chapter 3, Using Function Panels
and Libraries).

4. Edit and debug the application (Chapter 4, Editing and Debugging Tools).

5. Develop a callback function to compute the maximum and minimum values of the
waveform (Chapter 5, Adding Analysis to Your Program).

6. Create a distribution to deploy your application on another computer (Chapter 6,
Distributing Your Application).

As you work through this tutorial, refer to the LabWindows/CVI documentation set for more
information about the concepts presented in this manual. Use the Guide to LabWindows/CVI
Documentation topic in the LabWindows/CVI Help to learn more about and access the
documents in the LabWindows/CVI documentation set. To launch the LabWindows/CVI
Help, select Help»Contents.

After you complete this tutorial, review the example programs for additional information
about LabWindows/CVI features. To view the example programs, double-click the cvI
samples shortcut in the \ samp1les folder of the LabWindows/CVl1 installation. You also can
use NI Example Finder to search for example programs included in the LabWindows/CVI
installation and on ni . com. To launch NI Example Finder, select Help»Find Examples.
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Building a Graphical User
Interface

In the remaining chapters of this tutorial, you develop a project that consists of a GUI
controlled by a C source file. This sample program acquires and displays a waveform on the
GUL. In this chapter, you learn to design a user interface with the User Interface Editor.

Project Templates

Using project and file templates can help reduce the time and effort required to configure a
new project or file. The template includes the basic settings for the new project or file and any
preliminary text to include by default, such as standard comments or headings. For more
information about project templates, refer to the Using LabWindows/CVI»Managing
Projects»Creating Projects and Files from Templates»New Project and File Templates in
LabWindows/CVI Help.

User Interface Editor

The User Interface Editor is an interactive drag-and-drop editor for designing custom GUIs.
You can select a number of different controls from the Create menu and position them on the
panels you create. You can customize each control through a series of dialog boxes in which
you set attributes for the control appearance, source code connections, and label appearance.

Source Code Connection

After you design a user interface in the User Interface Editor, you can write C source code to
control the GUI. To connect elements on the user interface to the source code, you must assign
a constant name to each panel, menu, and control on your user interface. Then, you can use
those names in the C source code to differentiate the controls on the GUI. You also can assign
a callback function to a control that is called automatically when you operate that control
during program execution. Use the Edit dialog box for a control to associate a constant name
and a callback function with that control in the User Interface Editor.

After you save a user interface as a .uir file, LabWindows/CVI automatically generates an
include (. h) file that defines all the constants and callback functions you have assigned.
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CodeBuilder

After you complete the . uir file, you can use CodeBuilder to expand on code in the project
template source file by generating the skeleton code for the remaining callback functions for
the controls on your panel. For more information about CodeBuilder, refer to the Using
LabWindows/CVI»Developing a Graphical User Interface»Generating Code from the GUI
section of the LabWindows/CVI Help.

Selecting a Project Template

Complete the following steps to select and set up a project template for the sample project.

1.

Launch LabWindows/CVI by selecting Start»All Programs»National Instruments»
LabWindows CVI x.x»NI LabWindows CVI x.x.

When you open LabWindows/CVI for the first time, you see the Welcome Page. It
displays helpful resources, new features, and recently opened files. Select Project from
Template to open the New Project from Template dialog box.

Note If you disable the Welcome Page, you see an empty workspace when you start
LabWindows/CVI. Select File»xNew»Project from Template to open the New Project
from Template dialog box.

Select User Interface Application. Change Project Name to samplel.
Change the Project Folder to the tutorial folder.

For Windows XP/2000, browse to
\Documents and Settings\All Users\Documents\National Instruments\
CVIxx\tutorial\.

For Windows Vista, enter \Users\Public\Documents\National Instruments\
CVIxx\tutorial\.

Verify that Add this project to the current workspace is not selected.
Click OK.
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Building a User Interface Resource (.uir) File

Complete the following steps to design the user interface for the sample project, as shown in
Figure 2-1.

c:\.. \Documents\Mational Instruments\CVI\tutorial\sample 1. uwir * E]@
File Edt Create View Arrange Code Run Lbrary Tools Window Options  Help

Al

Sample 1
.t’-‘;cquir;ad Déta .
80~ -
& F0-
m
2 an-

20+

|:|_
0000 0025 0050 0115 01:40

Time
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Figure 2-1. sample1.uir

Editing a .uir File
1. In the Project Tree, double-click samplel.uir to open the file.

2. Double-click the panel to open the Edit Panel dialog box. Notice that the Constant Name
is set to PANEL and the Callback Function is set to PanelCB. These are the settings from
the project template. Enter Sample 1 for the Panel Title.

3. Click OK to close the dialog box.

Adding Command Buttons

1. Select Create»Command Button»Square Command Button. LabWindows/CVI
places a button labeled OK on the panel.

2. To edit the button attributes, double-click the button or press <Enter>.
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Assign a constant name to the button. In the C source code you use this constant name to
identify the button. Change the default Constant Name to ACQUIRE.

Assign a function name that the program calls when a user clicks the Acquire button.
Enter AcquireData as the Callback Function. In Chapter 3, Using Function Panels
and Libraries, you write the source code for the AcquireData function.

To change the label on the command button, enter Acquire in place of __OK in Label.

Note If you type a double underscore before any letter in Label, the letter is underlined
on the user interface. The user can select the control by pressing <Alt> and the underlined
letter, provided that no accessible menu bars contain a menu with the same underlined
letter.

(Optional) Click the ... button next to the Label control to customize the font for your
button. Click OK in the Edit Label Attributes dialog box when you finish.

Click OK in the Edit Command Button dialog box.

To add the QUIT button, select Create»Custom Controls»Quit Button. Custom
controls are frequently used control configurations. The QUIT button already has a
callback function, QuitcCallback, assigned. It is not necessary to modify the default
settings for the QUIT button.

Adding a Graph Control

1.

5.

You also can add controls to a panel by right-clicking the panel and selecting the
appropriate control. Right-click the Sample 1 panel and select Graph»Graph.
LabWindows/CVI places a graph control labeled Untitled Control on the panel.

To size the panel, click and drag one of its corners. Use the commands in the Edit menu
and the Arrange menu to cut, copy, paste, align, and space user interface controls in the
editor so they appear as shown in Figure 2-1. You also can use the grid lines on the panel
to align the controls.

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

Enter WAVEFORM as the Constant Name.

Note Because the graph serves only as an indicator to display a waveform, the graph does
not require a callback function. Callback functions are necessary only when the operation
of the control initiates an action. Indicators generally do not require callback functions.

Enter Acquired Data as the Label.
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6. Click Bottom X-axis to open the Edit Axis Settings dialog box.

Enter Time for Axis Name.

b. To display time relative to the start of the application, set Display Format to
Relative Time. The Absolute Time setting displays time relative to January 1,

1900.

c. Click ... to open the Edit Relative Date/Time Format String dialog box. To display
time in minutes and seconds, delete $H: from the Format String field.

d. Click OK until you return to the Edit Graph dialog box.
7. Click Left Y-axis. Set Axis Name to voltage. Click OK.
Confirm that the Edit Graph dialog box looks as shown in Figure 2-2. Click OK.
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Figure 2-2. Edit Graph Dialog Box

9.  Verify that the completed user interface looks like the one shown in Figure 2-1.
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Completing the Program Shell with CodeBuilder

Now that you have built a GUI in the User Interface Editor, use CodeBuilder to complete the
remainder of the program shell for your GUI. Generate the skeleton code for the control
callbacks.

1.

5

To select default control events for your application, select Code»Preferences»Default
Control Events. In the Control Callback Events dialog box, select EVENT_COMMIT and
EVENT_RIGHT CLICK. Verify that no other events are selected.

In the main tutorial, you work only with the EVENT_coMMIT. In Chapter 7, Additional
Exercises, you develop code to display help when a user right-clicks a GUI control. For
a complete list of events, refer to Library Reference»User Interface Library»Events of
the LabWindows/CVI Help.

Select Code»Generate»All Callbacks. By default, CodeBuilder generates
EVENT_COMMIT events for every panel or control that you define a callback function for.

The Generate Code dialog box appears with the pane1CB callback function highlighted.
The project template provides the panelCB callback function, so you do not need
CodeBuilder to generate it. Click Skip. CodeBuilder proceeds and generates the callback
functions for all of the controls.

Insert a line after case EVENT_COMMIT: in the QuitCallback function with the
following code.

QuitUserInterface(0);

Note The project template provides only one option for closing the panel, clicking the
X button in the upper right corner. By inserting a call to QuitUserInterface in
QuitCallback, you add a second option for closing the panel, clicking the QUIT button.

Analyzing the Source Code

The source code that you generated for the Sample 1 program is skeleton code. You must add
code to this skeleton that determines how the program responds when it generates events. The
program you generated consists of three functions. The functions in the samplel . c code are
good examples of the functions you may write in the future for your own LabWindows/CVI
programs.
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main Function

Completing the main function is the first step you must take when you build your own
applications. The main function is shown in the following code:

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

int error = 0;

/* initialize and load resources */
nullChk (InitCVIRTE (0, argv, 0));
errChk (panelHandle = LoadPanel (0, "samplel.uir", PANEL)) ;

/* display the panel and run the user interface */
errChk (DisplayPanel (panelHandle)) ;
errChk (RunUserInterface ());

Error:
/* clean up */
DiscardPanel (panelHandle) ;
return 0;

To allow users to operate the user interface that you created, your program must perform the
following steps:

* LoadPanel loads the panel from the .uir file into memory.
* DisplayPanel displays the panel on the screen.

* RunUserInterface allows LabWindows/CVI to begin sending events from the user
interface to the C program you are developing. This function does not return until the
program calls QuitUserInterface.

When you no longer need the user interface, call DiscardPanel to remove the panel from
memory and from the screen.

AcquireData Function

The AcquireData function automatically executes whenever you click Acquire on the user
interface. You add to this function later in this tutorial so you can plot the array on the graph
control that you created on the user interface. The AcquireData function is shown in the
following code:

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

switch (event) {
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case EVENT_COMMIT:

break;
case EVENT_ RIGHT_CLICK:

break;
}

return O;

QuitCallback Function

The QuitcCallback function automatically executes whenever you click QUIT on the user
interface. This function disables the user interface from sending event information to the
callback function and causes the RunUserInterface call in the main 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 eventData2l)

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

break;

}

return O;

Running the Generated Code

The code you generated using CodeBuilder is syntactically and programmatically correct
code that compiles and runs before you add to it. Select Run»Debug samplel_dbg.exe to run

the generated code. The program displays the user interface panel and exits when you press
the QUIT button.
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In this chapter of the tutorial, you use LabWindows/CVI function panels to generate code.
You complete the source code for samplel. c to plot an array with a sine pattern on the graph
control on the user interface that you built in Chapter 2, Building a Graphical User Interface.

Function Panel Fundamentals

A function panel is a graphical view of a library function in LabWindows/CVI. Function
panels serve several important purposes in LabWindows/CVI.

*  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 provide help that explains the purpose of each function in the
LabWindows/CVI libraries and of each parameter in the function call.

*  Function panels generate code automatically so that you can insert the function call
syntax into your program source code.

Accessing Function Panels

The Library Tree includes function panels for all of the libraries in LabWindows/CVI. You
can scan quickly through the hierarchy of the library to find a given function. Alternatively,
you can right-click the Library Tree, select Find, and enter the name of the function.

Function Panel Controls

The controls on the function panel represent parameters. Enter values in the controls to
specify parameter values. Some controls have ... buttons next to them that provide additional
dialog boxes to select input for parameters.
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Function Panel Help

You can access help for functions and parameters from function panels. Table 3-1 lists
methods for accessing the help.

Table 3-1. Displaying Function Panel Help

Type of Help How to View Help

Function Help Select Help»Function.

or
Right-click anywhere on the background of the function
panel.

Parameter Help Place the cursor in the control, then select Help»Control.

or
Right-click the control.

or

Press <F1> from the control.

Combined Help Select Help»Online Function Help.

or
Press <Ctrl-Shift-F1>.

5

Note A function must be documented in the LabWindows/CVI Help to have combined
help available through its function panel.

Generating an Array of Data

If you did not proceed directly from Chapter 2, Building a Graphical User Interface, go back
and do so now.

When a user clicks Acquire, the program generates a random number using the ANSI C
srand and rand functions and then uses that number as the amplitude for the sine pattern.

1.
2.

Open samplel.c, if it is not already open.

In the AcquireData function, on the line following case EVENT_ COMMIT:, enter the
following lines of code to generate the random numbers.

srand (time (NULL)) ;
amp = rand ()/32767.0;
Position the cursor on a blank line immediately following amp = rand ()/32767.0.

Right-click the Library Tree, select Find, enter SinePattern for Find What, and click
Find Next to locate the Sine Pattern function panel. Double-click the function panel to
open it.
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@ Note If LabWindows/CVI cannot find a match, right-click the Library Tree and select
Show Function Names. Then repeat step 4.

Select Code»Set Target File. Select samplel.c and click OK.
Enter 100 in the Number of Elements control.

Enter amp in the Amplitude control. Select Code»Declare Variable and enable the
Add declaration to current block in target file “samplel.c” option. Click OK.

Enter 180. 0 in the Phase (Degrees) control.
9. Enter 2.0 in the Number of Cycles control.
10. Enter sine in the Sine Pattern control. Select Code»Declare Variable.

11. Inthe Declare Variable dialog box, enter 100 as the Number of Elements and enable the
Add declaration to top of target file “samplel.c” option. Click OK.

12. Select Code»Insert Function Call. LabWindows/CVI pastes the SinePattern
function from the function panel into the samplel . c source code at the position of the
text cursor.

@ Tip In the Source window, you can place your cursor anywhere in a LabWindows/CVI
library function call and then select View»Recall Function Panel to open the function
panel for the selected function. When you recall a function panel, the controls
automatically reflect the state of the function call in the Source window.

Building the PlotY Function Call Syntax

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

1. Position the cursor in the Source window on a blank line immediately following the
SinePattern function call within the AcquireData function.

2. Type PlotY and then press <Ctrl-P> to open the Plot Y function panel.

In the Panel Handle control, select Code»Select Variable. Enable the Show Project
Variables option. The dialog box contains a list of variable names used in your program.
Choose panelHandle from the list and click OK.

@ Note If you have never built the project, click Build The Project. During the compile
process, LabWindows/CVI recognizes that the program is missing the ansi_c.h and
analysis.h include statements. When prompted, click Yes to add these include files in
your program.
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4. For the Control ID control, you must specify the constant name assigned to the graph
control. While the cursor is in Control ID, press <Enter> to open a dialog box with a
complete list of the constant names in the .uir files in the workspace. In the User
Interface Resource Files section, select \samplel.uir. Select PANEL_WAVEFORM
from the list of constants and click OK.

5. Type sine in the Y Array control. This name indicates which array in memory the
program displays on the graph.

6. Type 100 in the Number of Points control. This number indicates the number of
elements in the array to plot.

7. For Y Data Type, click the control to display a drop-down menu of possible data types.
Select double precision. When the Plot Y function panel matches the one in Figure 3-1,
proceed to the next step.

User Interface Library - Plot Y [Z]@
File Code Wew Instrument LUbrary Tools Window Options Help
m A n ET el R BT 5
Blgoasieas|lof O g BB
Contral 1D ¥ Buaray Mumber of Paints
panelHandle PAMNEL_WAVEF sine 100
v Diata Type Plot Style Point Style
ﬂ double precizion ﬂ thin line ﬂ emply square
Line Style Faint Frequency Color Flot Handle
ﬂ zolid 1 ﬂ red =
Plot¥ (panelHandle, PANEL_WAVEFORM, =ine, 100, WVAL_DOUELE, 4
VAL_THIN LINE, VAL_EMPTY SQUARE, VAL SOLID, 1, VAL_RED);
P o

Figure 3-1. Completed Plot Y Function Panel

8. Select Code»Insert Function Call to paste the P1otY function call into the source code.
LabWindows/CVI displays a message that states text is selected on the current line. Click
Replace to replace the PlotY you typed with the complete function call.
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9. Confirm that the AcquireData function matches the following source code:

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

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 0;

}

10. Save the source file.

Running the Completed Project

You now have a completed project, saved as samplel.prj. Select Run»Debug
samplel_dbg.exe to execute the code. If prompted, click Yes to add ansi_c.h and
analysis.h to the top of the file. When you run your program, the following actions take
place:

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

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

3. When you click Acquire, LabWindows/CVI passes the event to the AcquireData
callback function.

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

5. When you click QUIT, LabWindows/CVI passes the event to the QuitCallback
function, which halts the program.
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In this chapter, you become acquainted with the following tools available for editing and
debugging in the interactive LabWindows/CVI environment.

*  Source window

*  Step modes of execution
*  Breakpoints

*  Variables window

*  Array Display window

*  Memory Display window
e String Display window

e Watch window

*  Graphical Array View

Editing Tools

This chapter uses the project you developed in Chapter 3, Using Function Panels and
Libraries. If you did not proceed directly from Chapter 3, go back and do so now.

The LabWindows/CVI Source window has a number of quick editing features that are helpful
when you work with source files. Complete the following steps to view some of the editing
features available in LabWindows/CVI.

1. Open samplel.c if it is not already open. Select View»Line Numbers to display a
column to the left of the window that shows line numbers.

2. The programs you develop in LabWindows/CVI often refer to other files, such as header
files or user interface files. To view these additional files quickly, place the cursor on the
filename in the source code and select File»Open Quoted Text, press <Ctrl-U>, or
right-click the filename and select Open Quoted Text.

Place the cursor on the userint .h filename in samplel.c and press <Ctrl-U>.
LabWindows/CVI opens the userint . h header file in a separate Source window. Scroll
through and then close the 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 file, you can split the window into top and bottom
halves called subwindows, as shown in Figure 4-1.
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Figure 4-1. Split Source Window

To split the window, click and drag the double line at the top of the Source window to the

middle of the screen. Notice how each half of the window scrolls independently to
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display different areas of the same file simultaneously. Type text on line 46. Notice that
the text you typed appears in both halves of the window.

4. If you make editing mistakes while entering or editing source code in the Source window,
LabWindows/CVI has an Undo feature you can use to reverse any mistakes. The default
configuration of LabWindows/CVTI allows up to 100 undo operations, and you can undo
up to 1,000 operations. Press <Ctrl-Z>. The text you entered on line 46 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. If you want a cleaner view of your code, you can collapse certain regions. Click the minus
button to the left of the main function in samplel . c. The function collapses into a single
line of code with a dotted line beneath it. The minus button is now a plus button, signaling
there is hidden collapsed code. Click the plus button to reveal the code.

Place your mouse over the collapsible region to highlight the region in the column that
corresponds to the code block. The highlight persists until you move your mouse to
another part of the collapsible region. If you move your mouse away from the collapsible
region and into the source code, the highlight persists in a lighter shade.

LabWindows/CVI defines collapsible regions for multiline code blocks delimited by
curly braces or multiline comments. For more information about collapsible regions,
refer to collapsible regions in the LabWindows/CVI Help index.

7. 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, select View»Line and enter
the line number.

8. You also can set tags on particular lines to highlight lines of code to which you can jump
quickly. Place the cursor on line 48. Select View»Toggle Tag. A green square appears in
the left-hand column of the Source window.

Place the cursor on line 65 of the Source window and add another tag. Press <F2> to
move between tags. Select View»Clear Tags, make sure all of the tags are checked, and
then click OK to remove the tags from the source file.

9. You also can navigate through the Source window by finding specific text in the code.
Select Edit»Find to open the Find dialog box, in which you enter the text you want to
locate and specify various searching preferences. Enter panelHandle in the Find What
control and leave the remaining controls set to their default values. Deselect the Multiple
Files option if it is active. Then click Find Next. LabWindows/CVTI highlights the first
match in the text and displays a list of all matches in the Find Results window. Click an
entry in the Find Results window to locate the corresponding text in the Source window.

Select Edit»Quick Search and type disc. When you use the Quick Search command,
LabWindows/CVI performs an incremental search. Notice that LabWindows/CVI finds
matches of the letters you type. The selection changes as you type more letters.
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Step Mode Execution

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

1. Select Run»Break on»First Statement to stop execution at the first statement in the
source code.

2. Select Run»Debug samplel_dbg.exe to begin program execution. After the program
compiles, the main function line in the program is highlighted in the Source window,
indicating that program execution is currently suspended.

3. To execute the highlighted line, select Run»Step Into.

@ Tip Use the icons in the toolbar and the shortcut key combinations listed in Table 4-1 to
execute these commands.

Table 4-1. Quick Keys for Step Mode Execution

Shortcut Key Toolbar

Command Combination Icon Description
Continue <F5> @ Causes the program to continue operation until it
A d completes or reaches a breakpoint

Go to <F7> Continues program execution until the program

Cursor Uk reaches the location of the cursor

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

Statement 1)

Step Into <F8> Tl Single-steps through the code of the function call
'} being executed

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

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

Function function and breakpoints on the next statement

Terminate <Ctrl-F12>
Execution

Halts execution of the program during step mode

EIE

4. To find the definition of the SinePattern function, place the cursor on the function
in samplel.c and select Edit>Go to Definition. Alternatively, you can right-click the
function and select Go to Definition.

The Go to Definition command immediately finds the definition of the function, even
when the function resides in a different source or header file. However, the target source
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file must have been compiled in the project. You also can use this command to find
variable declarations.

In this case, LabWindows/CVI opens analysis.h and highlights the SinePattern
function declaration. To return to your previous source code location, select Edit»
Go Back.

Tip Many of the commands in this exercise also are available in the Source window
context menu. Right-click within the Source window to view the available commands.

Use Step Into to begin stepping through the program. Notice that when the main
function is executed, the highlighting moves to the function and traces the instructions
inside the function. Continue to step through the program until the following statement
is highlighted:

errChk (DisplayPanel (panelHandle));.

You can select the next statement to execute with the Run»Set Next Statement
command. Place the cursor on the line with the call to DiscardPanel
(panelHandle) ;. Select Run»Set Next Statement. The highlighting moves to that
line. Press <F5> to continue program execution. Notice that the program exits without
having run the user interface because the program execution skipped over the
RunUserInterface function call.

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/CVT in the
following ways:

Fixed Breakpoint—Insert a breakpoint at a particular location in the Source window.
You can turn breakpoints on or off even while your program is executing.

Instant Breakpoint—When an application is running, press <Ctrl-F12> while a window
is active in the LabWindows/CVI environment.

Breakpoint on Library Errors—Select Run»Break on»Library Errors to cause
LabWindows/CVI to pause at a particular location when a library function returns an
error.

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

Programmatic Breakpoint—In your code, call the Breakpoint function.

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

To insert a breakpoint at a specific location in your source code, click in the left column of
the Source window on the line on which you want to suspend execution. Complete the
following steps to insert a breakpoint inside the AcquireData function.

1. Stop program execution by selecting Run»Terminate Execution, if necessary.

2. Disable Run»Break on»First Statement.

3. In the Source window, click to the left of the line that contains the following statement:
SinePattern (100, amp, 180.0, 2.0, sine);

A red diamond, which represents a breakpoint, appears beside that line as shown in
Figure 4-2.

=1= c:\...\Mational Instruments\CVI85\tutorial\sample1.c g@
File Edit Wiew Build Run Instrument Lbrary Tools Window ©Options Help
B EIEREE e El
70 T -~
71 B |
72 |52 int CVICALLBACE AcqguireData (int panel, int control, int event,
73 wold #*callbackData., int eventDatal. int eventDataZ)
74 i
75 double amp;
7R |= switch (event)
77
78 case EVENT COMMIT:
79 srand (time(HULL)):
an anp = rand()-32767 .0;
aile SinePattern (100, amp, 180, 2.0, =ine);
a2 Plot¥{panelHandle, FANEL WAVEFORM, =ine, 100, VAL_DOUELE,
a3 YAL THINW_LINE, VAL _EMPTY SQUARE, WAL_SOLID, 1. VAL RED).
a4 breal:
85| casze EVENT RIGHT _CLICK:
a6
a7 breal:
a8 ¥
a9 return 0
an| ¥ v |
83133 61|C In=|EE £ 2]

5

Figure 4-2. Breakpoint Beside a Line of Code

Note You do not need to suspend or terminate execution to insert a breakpoint. If you
insert a breakpoint while the program is running, LabWindows/CVI suspends the program
when it reaches that line of code.

4. Begin execution of the program by selecting Run»Debug samplel_dbg.exe. Click

Acquire to generate a commit event for AcquireData. When LabWindows/CVI
encounters the breakpoint during execution, it suspends program execution and
highlights the line where you inserted the breakpoint.
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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 selecting Run»
Step Over or Run»Step Into.

Stop the program at a breakpoint by pressing <Ctrl-F12> or by selecting Run»
Terminate Execution.

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

Conditional Breakpoints

Use conditional breakpoints to halt program execution only when the specified condition is
true. Complete the following steps to use conditional breakpoints in your program.

1.
2.

10.

Select Run»Breakpoints to open the Breakpoints dialog box.

In the Breakpoints dialog box, click Add/Edit Item to open the Edit Breakpoint
dialog box.

In the Edit Breakpoint dialog box, enter 82 for Line, and enter amp > 0 as the
Condition. Notice the default values for the remaining controls, but do not change them.
Click Add.

Click OK to exit the Breakpoints dialog box. LabWindows/CVI displays a yellow square
to the left of line 82 to indicate the conditional breakpoint.

Select Run»Debug samplel_dbg.exe to begin program execution. Click Acquire to run
the code in the commit event case for AcquireData. LabWindows/CVI halts execution
at line 82 because the breakpoint condition was met. Hover the mouse cursor over amp

to verify its value is greater than 0.

Select Run»Terminate Execution to stop the program.

Right-click the conditional breakpoint icon to the left of line 82 and select Breakpoints
to open the Breakpoints dialog box.

Click Add/Edit Item to open the Edit Breakpoint dialog box. Replace the Condition text
with amp < 0 and click Replace. Then click OK to exit the Breakpoints dialog box.

Repeat step 5. Notice that LabWindows/CVI does not halt execution at line 82 because
the breakpoint condition is no longer true.

Press <Ctrl-F12> twice to stop the program. To remove the breakpoint, select
Run»Breakpoints, ensure the breakpoint is highlighted, and click Delete Item. Then
click OK to exit the dialog box.

For more information about breakpoints, refer to breakpoints in the LabWindows/CVI Help
index.
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Displaying and Editing Data

Step mode execution and breakpoints are useful tools for high-level testing. However, you
often need to look beyond your source code to test your programs. LabWindows/CVI
provides displays for viewing and editing the data for your program. In the following
exercises, you use a variety of these displays to view data generated by your application.

Variables Window

The Variables window shows all variables currently declared in the LabWindows/CVI
interactive program. To view the Variables window, select Window» Variables.

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

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

1. Select Run»Break on»First Statement.

2. Select Run»Debug samplel_dbg.exe, or press <Shift-F5>, to run the program. When
the program begins execution, LabWindows/CVI highlights the main function in the
Source window.

3. Select Window»Variables to view the Variables window, shown in Figure 4-3.

Yariables X
Mame: _'_ W e 2 ] Stack Trace _:Ll
Globals [sample1_dbg.exe] [ \main
-I- zamplel.c Statics [samplel_dbg.exe]
+] zine 0x004058.208
panelHandle 1
4
-I-main [samplel1_dbg.exe] 2l
argc 1
+]- argy 0x0014BESD

< | o o

Figure 4-3. Variables Window During Execution of Main
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@ Note The values you see for your project might differ from the values shown in
Figure 4-3.

4. Insert a breakpoint on the line with the following code:
SinePattern (100, amp, 180.0, 2.0, sine);

5. Press <F5> to continue program execution. Click Acquire. LabWindows/CVT halts
program execution on the statement with the breakpoint. In the Variables window,
LabWindows/CVI now lists AcquireData in the Stack Trace section. The Variables
window shows the variables that are declared locally to that function.

6. Leave the program suspended and continue to the next section, Editing Variables.

Editing Variables

In addition to displaying variables, you can use the Variables window to edit the contents of
a variable. Complete the following steps to use the Variables window for this purpose.

1. Make sure the samplel.c program is still suspended on the following line:
SinePattern (100, amp, 180.0, 2.0, sine);

2. Highlight the amp variable in the Source window and select Run»View Variable Value.
LabWindows/CVTI highlights the amp variable in the Variables window.

3. From the Variables window, press <Enter> to edit the value of amp. Enter 0. 2 in the value
column and press <Enter>.

4. In the Source window, select Run»Continue. Notice that the sine pattern amplitude is
now 0. 2. The change you made using the Variables window took effect immediately
in the execution of the program.

Array Display Window

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

1. Click Acquire to put the program in breakpoint mode again.
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2. Right-click sine in the Variables window and select View»Array Display to view the

array values as shown in Figure 4-4.

< Array Display: sine g@

File Edit Wiew Format Run Window Options Help

double =ine[100] Slice: [R] Index: [0]
I

-0.025066646712861
—0.049737977432971
-0.073624910536936
-0.096350734320343
-0.117557050458435
-0.136909421185738
—-0.154102648555158
—-0.168865585100403
—-0.180965410493204
—-0.190211303259031
—-0.196457450145738

| et N R [ A W TR LN )

e

Figure 4-4. Array Display Window
Note The actual values in your array might differ from the values shown in Figure 4-4.

The Array Display window shows the values of array elements in tabular format. In
Figure 4-4, the sine array is a one-dimensional array, so the display consists of one
column of numbers. The numbers in the column on the left side of the display indicate
the index number. The first element is zero.

Take a moment to view the display. You can edit individual elements in the array just as
you edited variables in the Variables window.

Close the Array Display window.

Memory Display Window

You can use the Memory Display window to view and edit the memory of the program you
are debugging. Use the Memory Display window as follows:

1.

With your program still suspended, select Window»Memory to display the Memory
Display window.

Click the Variables tab to return to the Variables window.

Click the sine variable in the Variables window and drag it to the Memory tab.
LabWindows/CVI displays the sine array memory in the Memory Display window.

To edit the program memory, right-click in the Memory Display window and select Edit
Mode. When the Memory Display window is in edit mode, double-click a value to edit it.

When you are finished, click <Ctrl-F12> to terminate program execution.
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String Display Window

The String Display window is similar to the Array Display window except that you use the
String Display window to view and edit elements of a string. Operations in the String Display
window are similar to the operations you performed in the Array Display window. You can
select a string variable from the Variables window to launch the String Display window. For
more information about the String Display window, refer to Using LabWindows/CVI»
Debugging Tools»Using the Array and String Display Windows in the LabWindows/CVI
Help.

Watch Window

The Watch window is a powerful debugging tool. In addition to viewing values 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.
Complete the following steps to use the Watch window to view variables during program
execution.

1. With samplel.prj still loaded as the current project, ensure that Run»Break on»
First Statement is enabled. Click the breakpoint on the SinePattern line of code to
remove it.

2. Select Run»Debug samplel_dbg.exe, or press <Shift-F5>, to start program execution.
Execution breaks with the main function highlighted.

3. In the Variables window, right-click the sine variable and select Add Watch
Expression to add the sine variable to the Watch window. LabWindows/CVI displays
the Add/Edit Watch Expression dialog box.
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Enable the Break when value changes option so that the dialog box matches the one
shown in Figure 4-5. Then click Add to close the dialog box. LabWindows/CVI displays
the sine variable within the Watch window. Expand the sine variable within the Watch
window to view the individual elements within the array.

& Add/Edit Watch Expression
Wanable/Expression. | sine E]
Scope: : Global ta file Update dizplay continuouzly

Executable/DLL: | c\Documents and Settingshall | E] Break when value changes;

File: zamplel.c
Function: b
Feplace [ Add ] [ Cancel ] [ Help

Figure 4-5. Add/Edit Watch Expression Dialog Box

Select Run»Continue to continue program execution. Click Acquire on the user
interface. Program execution breaks after the call to SinePattern because the sine
variable values have changed. Expand the sine variable again to view the updated
element values. After viewing the new variable values, select Run»Continue to continue
program execution and then click QUIT on the user interface to exit the program.
Remove the watch expression by clicking the sine variable in the Watch window and
pressing <Delete>.

You also can use the following method to edit variables:

1.

Disable the Break on»First Statement option and set a breakpoint on the line of code
that includes the SinePattern function call. Then, select Run»Debug
samplel_dbg.exe.

Click Acquire on the user interface. Program execution breaks on the SinePattern
statement.

Position the mouse cursor on the amp variable in the SinePattern statement.
The variable value appears in a tooltip. Highlight the current value and enter 3. 0.

Select Run»Continue to complete program execution. Notice the amplitude of the
graphed sine pattern is the value you specified in the tooltip, not the amplitude calculated
in the program. Click QUIT on the user interface to exit the program.
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Graphical Array View

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

1. Clear the existing breakpoint. Then, set a breakpoint on the line of code that includes the
call to PlotY.

2. Select Run»Debug samplel_dbg.exe and click Acquire on the user interface.

In the Variables window, highlight the sine variable and select View»Graphical
Array View to view the sine values in a graph. You also can right-click the variable
name in the Source window and select Graphical Array View. The Graphical Array
View displays the value of the array on a graph.

4. Select Run»Continue to complete program execution. Then click QUIT on the user
interface to exit the program.
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Adding Analysis to Your
Program

In Chapter 3, Using Function Panels and Libraries, you generate code to plot the sine pattern
array on the graph control. You place the plotting function in a callback function that triggers
by clicking the Acquire button. In this chapter, you add analysis code that computes the
maximum and minimum values of the random array you generate. To do this, you write a
callback function that finds the maximum and minimum values of the array and displays them
in numeric indicators on the user interface.

Setting Up

This chapter builds on the concepts that you learned in Chapter 3, Using Function Panels and
Libraries. If you did not complete the exercise in Chapter 3, go back and do so now.

1. Remove all breakpoints and close all windows except the Workspace window.

2. Run samplel.prj to verify the operation of the program. Click QUIT to terminate the
execution.

Modifying the User Interface

Com