Deitel® Dive-Into™
Series: Dive Into
Visua C++ NET

Objectives

* To understand the relationship between C++ and
Visua C++.

 To be able to use Visual C++ to create, compile and
execute C++ console applications.

* To understand and be able to use the Microsoft’s
Visual Studio .NET integrated devel opment
environment.

* To be able to search Microsoft’s on-line
documentation effectively.

» Tobeableto use the debugger to locate program logic
errors.
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1.1 Introduction

Welcome to the Visual C++® .NET integrated development environment (part of the Mi-
crosoft Visual Studio® .NET suite of development tools). In this chapter you will learn how
to create, compile, execute and debug C++ programs using the powerful C++ devel opment
environment from Microsoft—Visual C++ .NET. When you complete this chapter, you
will be ableto use Visual C++ to begin building applications.

This guide does not teach C++; rather, it is intended as a companion to our textbook
C++ How To Program, Fourth Edition or any other ANSI/ISO C++ textbook. C++ How
To Program, Fourth Edition does not teach GUI programming simply because ANSI/ISO
C++ does not provide libraries to create GUIs. Compiler vendors such as Microsoft, Bor-
land and Symantec normally provide their own libraries that support creation of applica
tionswith GUIs.

Before proceeding with this tutorial, you should be familiar with the topics in Chapter
1, “Introduction to Computers and C++ Programming,” and Chapter 2, “Control Struc-
tures,” of C++ How to Program, Fourth Edition. A few of the examples in this chapter
make reference to functions. For these examples, you should be familiar with the material
through Section 3.5 of Chapter 3, “Functions,” in C++ How to Program, Fourth Edition.
For the programs in Section 1.6 of this guide, you should be familiar with the materia in
Chaper 6, “Classes and Data Abstraction,” in C++ How to Program, Fourth Edition.

We hope you enjoy learning about the Visual C++ .NET integrated devel opment envi-
ronment.

1.2 Installation of Visual Studio .NET

This section will guide the user through the installation processfor the Visua Studio .NET
programming environment.

1. Insert the Visua Studio .NET disk 1 in the CD-Rom drive. A dialog will pop up
and display several options (Fig. 1.1). Thefirst option, Windows Component
Update, updatesthe computer as needed to complete the installation. The setup
program automatically determines if this step should be performed. If Windows
Component Update is disabled, proceed to step 8.
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Visual Studio .NET Setup

Windows Component Update

Setup has detected that some of the Windows commponents
that are installed on your computer do not match the
versions required for Visual Studio MET. vou must install a
different version of these Windows components,

m
=

Yiew BeadMe Bemote Components Setup

Fig. 1.1 Visual Studio .NET setup screen.

2. Clicking the 1 will display the Web Projects Requirement window (Fig. 1.2).
Thisisinstalled if the programmer plans to host Web projects. For this example,
click Continue to skip that part of the installation.

Web Project Requirements ﬂ

= If you want to host Web projects on this machine, you
\]‘) must first install additional components.,

Use this machine to host Web projects:

Click Install Components for instructions on installing the
appropriate Web project components,

Web project components to install and configure:
Internet Information Services
FrontPage Server Extensions

Do not use this machine to host Web projects:

Click Continue if you do not intend to host Web projects on this
machine,

rou will be able to create Web projects on remote machines that

have these components installed and configured. For instructions,
see More Information.

Install Components I Continue Exit Setup

Fig. 1.2 Setup for hosting Web projects.
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3. Theinstallation prompts the user for the Windows Component Update disk
(Fig. 1.3). Insert the disk into the CD drive and press enter. If multiple drives are
used, be sureto appropriately specify the letter of the drive.

msertoisk x|

Fleaze ingert ‘Windows Component pdate disk for Visual Studio MET now.

Browse... |
()8 I Cancel |

Fig. 1.3  Windows Component update CD prompt.

4. Setup will then prepare the computer for installation. Once setup prepares for in-
stalation, aLicense Agreement isdisplayed (Fig. 1.4). Read the agreement to
understand the termsand conditions for using Windows Components. | f you agree
tothelicense, select | accept the agreement and click Continue.

isual Studio .NET Windows Component Update Setup

Microsoft’ Visual Studio” .NET

Windows' Component Update

End User License Agreement ﬂ

Be sure to carefully read and understand all of the rights and restrictions
described in the EULA, vou will be asked to review and either accept or not
accept the terms of the EULA, This product will not set up on your

computer unless or until you accept the terms of the EULA. For your future
reference, you may print the text of the EULA from the eula.txt file of this
product, You may also receive a copy of this EULA by contacting the
Microsoft subsidiary serving your country, or by writing to : Microsoft Sales

L e 7 Y ¥ Fpy, H W e M ndrmand WA NONCR 2200

Print License Agreement

@ [ accept the agreement]

O 1 do not accept the agreement

Continue Cancel

Fig. 1.4 License agreement for the Windows Component updates.

5. A new window isdisplayed that lists the componentsto beinstalled (Fig. 1.5). In-
formation about each component is accessible on the Internet viathe More Infor-
mation button.
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isual Studio .NET Windows Component Update Setup

Microsoft’ Visual Studio” .NET

Windows Component Update

Windows Component Update will install the following cormponents required for
Wisual Studio \NET

(i) Windows 2000 Service Pack 2
Microsoft Windows Installer 2.0
Microsoft FrontPage 2000 Web Extensions Client
Setup Runtime Files

@ Microsoft Internet Explorer 6
Microsoft Data Access Components 2.7
Microsoft .NET Framework

(i) Reboot required

Fig. 1.5 List of components to be installed.

6. Installation asks for the user name and password information required to log into
the machine. This speeds the process of installation because the machine is re-
quired to reboot. The personal information isnot saved. To usethisfeature, check
the Automatically log on check box and enter the user name and password in
the appropriate fields (Fig. 1.6).

ual Studio .NET Windows Component Update Setup

Microsoft” Visual Studio” .NET

Windows Component Update

Optional Automatic Log On
= Setup might require you to restart your machine one or more times,

= Automatic log on does not accept blank passwards, If you use a blank
password, click Install Mow to proceed.

O Automatically log an
User|D : CRICKET \test

Password : I

Confirm password : I

More Information Back Cancel

Fig. 1.6  Automatically logging back in as a specific user.
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7. Click Install Now! to begin theinstallation (Fig. 1.7).

'iiE;Visual Studio .NET Windows Component Update Setup

Microsoft” Visual Studio® .NET

Windows Component Update

Installing Components:

= Windows 2000 Service Pack 2
Microsoft Windows Installer 2.0
Microsoft FrontPage 2000 Web Extensions Client
Setup Runtime Files
Microsoft Internet Explorer 6
Microsoft Data Access Components 2.7
Microsoft .NET Framework

Install Progress

[

Fig. 1.7 Installing the needed Windows Components.

8. After the computer reboots, it is ready to perform part 2 (Fig. 1.8), which isthe ac-
tua installation of Visual Studio .NET. Clicking the 2 will prompt the user to re-
insert the 1t installation CD. Do so, and click OK to begin the installation process.

fii ¥isual Studio NET Setup

Microsoft®

Visual Studio .NET Setup

Wisual Studio .NET
Install Wisual Studio .MET on a compatible operating system.

m
=

View ReadMe Bemote Components 5 etup

Fig. 1.8  Installing Visual Studio .NET Setup screen.

© Copyright 1992-2002 by Deitel & Associates, Inc. All Rights Reserved.



Chapter 1

Deitel® Dive-Into™ Series: Dive Into Visual C++ .NET

7

9. Setup again prepares the computer for installation. When complete, the Visual

Studio .NET license agreement is presented and the user is asked for the
Product Key and aname. After reading the agreement, select | Agree to accept
the terms in the document. Enter the Product Key and click Continue. The

Product Key islocated on the first installation CD. If the key is entered incor-
rectly, setup instructs the user to validate the key and click Continue once more.

Note that Continue is not enabled until the user agrees to the license agreement

and aProduct Key isprovided (Fig. 1.9).

rosoft Visual Studio .NET Enterprise Architect Setup - Start Page

Microsoft™
Visual Studio .NET

Start Options Install

To install Microsoft Visual Studio .NET

1. Onthis page:

a) Read the end-user license
agreement (EULAY,

b} Acceptthe conditions of the EULA.

c)  Enter the 25-character product
key.

d)  Enter your name,

e} Click Continue.

2. Onthe Options page:
a) Choose the features you would like
to install,
by when you're ready, click Install
Now!

Microsaft:

&0 Visual Studio .net

End User License Agreement ﬁl
Be sure to carefully read and understand all of the rights and
restrictions described in the EULA. vou will be asked to review
and either accept or not accept the terms of the EULA, This
product will not set up on your computer unless and until you
accept the terms of the EULA. Far your future reference, you
may print the text of the EULA from the eula.txt file of this
product. You may also receive a copy of this EULA by contacting
the Micrasoft subsidiary serving wour country, or by writing to
Microsoft Sales Information Center/One Microsoft
Way/Redmond, WA 98052-6399,

END-USER LICENSE AGREEMENT FOR MICROSOFT SOFTWARE LI

Print License Agreement

O I accept the agreement
QO I do not accept the agreement

Product Key:

Your Name:
Deitel & Azsociates, Inc.

Continue Cancel

Fig. 1.9

10. Anoptionswindow is presented next. This allows the user to see how much space
is available and how much Visual Studio .NET occupies. It aso allows the user

Visual Studio .NET license agreement and CD key validation.

to specify adirectory for installation—the default isC: \ Pr ogr amFi | es\ M -

crosoft Visual Studio.NET\. Thereisalist of components that will be
installed at the center of the screen. On the left is a detailed list of items that can

beinstalled if the user so desires (Fig. 1.10).
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'j% Microsoft Yisual Studio .NET Enterprise Architect Setup - Options Page

Microsoft:

icrosoft® | el
Vel Studic NET 258 (90 ¥is el Skl

Start Options Install

Feature properties
Mame Wisual Studio \MET Enterprise Architect
Select items to install: Local Path 7| C:\Program Files\Microsalt Visual Studio NETS
= Q ¥isual Studio .NET Enterprise Architect Space Required 149,20 ME
@ Language Tools
@ Entetprise Development Tools @ Feature description
@iy NET Framework SDK visual Studio .NET Enterprise Architect =
@Erystal Reports for Yisual Studio NET The Enterprise architect edition provides everything
@Tnnls for Redistributing Applications necessary to address your development needs.
The suite of products includes:
@ Server Components
V&) SOL Server Desktop Engine
H g 0 N P Eng & Visual Studio .MET Enterprise Features, which provide
iy Documentation wisual Studio Analyzer and Visual Studio Analyzer LI
space allocation Show/Hide Drives w
Drive C:
W Used Space (7.5 GE)
[ Free Space (11,2 GE)
Restore Defaults Back Install Now! Cancel

Fig. 1.10 Visual Studio .NET options screen.

11. Click Install Now! to begin the installation process. Insert CDs 2, 3 and 4 when

prompted to do so. While the installation commences (Fig. 1.11), links are dis-
played that bring up additional information about certain topics. These topicsin-
clude the .NET Framework, XML Web Services, Language Enhancements,

Integrated Development Environment and MSDN Subscriptions. Click Done
when installation completes.
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'j!?,_ Microsoft Yisual Studio .NET Enterprise Architect Setup - Install Page

Microsoft”
Visual Studio .NET

Start Options Install

Visual Studio .NET at a Glance

.NET Framework

The NET Framewark is the infrastructure for the overall \MET Platform, It includes
base class libraries, like ADO.NET and ASP.NET, as well as a comman language
runtirne.

XML Web Services

An KML Web Service is a unit of application logic providing data and services to
other applications, applications access ®ML Web Services via ubiquitous vweb
protocols and data formats such as HTTP, XML, and SOAP.

Language Enhancements

Yisual Studio .MET includes many new enhancements to Visual Basic and Visual
C++, as well a5 a new programming language, Yisual C#. Learn more about the
new features of these languages.

Executing action: BeginHelpT ransaction

E stimated time remaining... 1 minute

| Cancel

Fig. 1.11 Installing Visual Studio .NET.

The last step, Service Releases, obtains updates that might have been released for
the Visua Studio environment. This step is not covered in the tutorial, but is as simple as
the previous steps. Visual Studio .NET isnow installed and ready for use.

1.3 Integrated Development Environment Overview: Visual
C++

Figure 1.12 shows the initial screen image of the Microsoft Visual C++ integrated devel-
opment environment (IDE). This environment contains everything you need to create C++
programs—an editor (for typing and correcting your C++ programs), a compiler (for trans-
lating your C++ programs into machine language code), a debugger (for finding logic er-
rors in your C++ programs after they are compiled) and much more. The environment
contains many buttons, menus and other graphical user interface (GUI) elements you will
use while editing, compiling and debugging your C++ applications.

1.4 On-line Visual C++ Documentation

Visua C++ .NET uses the Microsoft Developer Network (MSDN™) documentation
(Fig. 1.13), whichisaccessible by selecting Microsoft Visual Studio .NET Documen-
tation from the Start > Programs > Microsoft Visual Studio .NET menu. The doc-
umentation is also accessible from within Visual Studio .NET. To access this embedded
version, select Contents from the Help menu. Microsoft has combined the documenta-
tionfor al their development toolsinto M SDN just asthey have combined the devel opment
tools (e.g., Visual Basic®, Visual C++, Visua J++®, etc.) into one product suite called Vi-
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sual Sudio®. The on-line documentation for a C++ term is also displayed by clicking the
word in an editor window and pressing the F1 key.

The Visual C++ documentation is also accessible via the World Wide Web at the
Microsoft Developer Network Web site

http://nmsdn. mcrosoft.comlibrary

3% Microsoft Development Environment [design] - Start Page - |EI|1|
File Edit Wiew Tools ‘Window Help

= o | ws: fdefault. htm et 3| A,

B cWdd sbeo-a-8-B|, - | 9 header @
F&|| start Page| 4 b X |Soluti0n Explorer ) ><|
' 1E5

s =

) :
4

=]

i

Verify that the following settings are personalized for you:

Profile:

Visual Studio Developer

keyboard Scheme: |[Default Settings]

68 solutio... | 2 cClass vi... |
Help Filter: | (no filter) Drynamic Hel a
'.".'tftl HI:IStirII; @ _?] &J
My Profile —
'Ill Help —
My Profile, Start Page

Window Layout: |\.-'isua| Studio Default

[ 3 O

Show Help: @ Internal Help “ External Help

At Startup: | show Start Page = @}Samples
Yisual Studio Samples

'Ill Getting Started
Custormizing Cynamic Help
Yisual Studio \MET

|| Introducing Yisual Studio M

Customizing the Developme ™

_ILI Wisual Studio Walkthroughs +
| B 4| | »

Done | | | 4

Fig. 1.12  Visual Studio start page.
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? Visual Studio .NET Combined Collection - The ¥isual Studio .NET Combined Hel 10l =|

File Edit Wiew Tools ‘Window Help

-=0 ol | ms-help:{M3.YSCClvsccCommanfhimifvsce » | 7] | 4 & S [ =

[ Cantents 2 %|| The visual Stud... Help Collection | 4 b x
Filtered by: - - -
[ i | The Visual Studio .NET Combined Help - |
o filker A .
Collection
" 5 isual S_tUdiD MET The Visual Studio Combined Help Collection (VSCC) is currently
1458 MSDM Library the active Help collection. It may contain the standard Wisual
- Smart Device Extensions St_udio documentation, as we!l as docurnentation for any installed
(-4 Mabile Internet Toolkit third-party packages or add-ins.

If no topics other than this one appear in your Help system, you
have not installed any documentation, To install docurnentation,
open Add/Remove Programs in Control Panel and run the setup
for the appropriate product,

1 @ Contents | [2] Index |@ Search | (3] Favorites LI
[ pone | | | 4

Fig. 1.13  On-line documentation.

If you have not aready registered for the Microsoft Devel oper Network, you will be
asked to register. Thereis no charge for registration at the Web site. The documentation is
arranged hierarchically. The Visual C++ documentation is found under

. NET Devel opnent
Visual Studio .NET
Product Docunent ati on
Vi sual C++

Information about al aspects of Visual C++ is available. Topics range from the Stan-
dard C++ Library to the Microsoft Foundation Classes (MFC). Topics are displayed in
tree-view format (see the leftmost portion of Fig. 1.13). Clicking the left mouse button on
the plus (+) sign next to a topic expands its subtopics. [Note: For the rest of this chapter,
we refer to “ clicking the left mouse button” simply as clicking.]

The Visual Studio .NET Combined Collection toolbar (the row of icons near the
top of the window in Fig. 1.13) is used to navigate through the on-line documentation in a
manner similar to viewing pages in a Web browser. In fact, a modified version of
Microsoft’sInternet Explorer Web browser is used to view the documentation. Clicking
the left and right arrows on this toolbar move back and forward, respectively, through any
previously viewed pages. The Stop button causes the program to stop loading the current
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topic. The Refresh button reloads the current topic from the document’s source. The
toolbar also provides a Home button that displays the MSDN Library Visual Studio
.NET Help Collection page.

In the left panel, the user can control the display in the right panel by selecting the
Filter to use and selecting atab for viewing the Contents, Index, Search or Favorites.
The Contents tab displays the tables of contents. The Index tab displays a list of key
terms from which to select atopic. The Search tab alows a programmer to search the
entire on-line documentation contents for aword or phrase. The Favorites tab allowsthe
user to save links to interesting topics for future reference.

On-line information is divided into categories. Each category is preceded by a book
icon. Visual C++, under Visual Studio .NET, isthe starting point for navigating the on-
line documentation for C++.

The Getting Started section (Fig. 1.14) contains links to various topics in the docu-
mentation, including Porting and Upgrading, Visual C++ Walkthroughs and Get-
ting Assistance. These topics cover a broad range of subjects such that a programmer
new to Visual C++, regardless of programming background, can find something of interest.

Getting Started includes multiple topics, such as What’s New in Visual Studio
.NET, Visual C++ Standard Edition and Walkthroughs. The What's New in
Visual Studio .NET topic explains the newest features introduced in Visual C++ .NET.
The Visual C++ Standard Edition includesthe Visual C++ Standard Edition Fea-
tures topic, which outlines and describesthe latest features that relateto libraries, environ-
ments, wizards and more.

? Visual Studio .NET Combined Collection - Getting Started =10l x|

File Edit Wiew Tools ‘Window Help

== @000 a ris-help MS.YSCCMS MSDvsfveed ity + | | @ L | 45 % 2.

| Contents x| Getting Started | 4k %
Filtered by: X i
Visual C++: Gelting Started
| Fiteer) ||| Getting started
=W visual Studio .MET This section of the docurnentation helps you get started with 1=

% Introducing Visual Studio .MET using Wisual C++ .MET.
Getting Assistance

Samples and Walkthroughs
Diewvelaping with Yisual Studio .MET
Visual Basic and Yisual C#

In This Section

What's Mew
Helps yvou by outlining the new features in Wisual C++ and
discussing version upgrade and application design decisions,

Visual C++ MET Standard Edition
Describes what is included in the Wisual C++ MET Standard

% Porting and Upgrading Edition.
% Cn.aating and Managing Yisual C++ Projec Wisual C++ Walkthroughs
% Building Yfour Program Provides links to walkthroughs discussing the steps involved |
Adding Functionality in the developrment of specific applications types or major
% Managed Extensions for C++ Prograrmmin application features,
% Wisual C++ Reference If vou Want to Comment on the Docurmentation
(-4 Wisual C++ Samples Provides feedback links to comment on the Visual C++
[]__% Seript docurnentation,

- MET Framewirk,
= % Related Sections

[ MSDM Library ) .

-4 Smart Device Extensions Porting and Uparading L

]__% Mobile Tnternet Toolkit Pro\_ﬂdes links to topics describing how to create your
projects for portability to other languages and platforms and

how ta upgrade your projects to conform to the current

release of Wisual C++.

«| | » Creating and Managing YWisual C++ Projects
= = - Provides links to topics describing how to use application and

@ Contents @ Index |@535f5h |Fa"'°”t55 | code wizards to create your own projects and how to employ LI
| Ready I | |~

Fig. 1.14 Expanding the Visual C++ topics.
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The Visual C++ Reference category contains multiple subcategories—two of
which are Visual C++ Libraries and C/C++ Languages. The Visual C++ Libraries
category containsinformation about the Active Template Library (ATL)—aset of C++ class
templates used to develop distributed applications (i.e., programs that communicate with
each other over anetwork to perform atask). The category also includes information about
the Run-time library and Sandard C++ library—sets of header files that automate pro-
gramming tasks and provide necessary functionality, such asinput and output. The C/C++
Languages category contains information about Microsoft’s implementation of C++. It
provides areference for keywords and operators that are a part of the C++ language. The
text in atopic is hyperlinked to related text via the Hypertext Markup Language (HTML)
technique of highlighting aterm with color and underlining it to indicate which words can
be clicked to display a definition or other details about aterm.

The Visual C++ Samples category provides subcategories with example programs
for some of the most important featuresin Visual C++.

1.5 Creating and Executing a C++ Application

You are now ready to begin using the Visua C++ IDE to create a simple Win32 console
application. When executed, Win32 console applications get input from a console window
(atext-only display that predates Windows) and display data to a console window. This
type of application isused for the example and exercise programsin C++ Howto Program,
Fourth Edition.

Program filesin Visual C++ are grouped into projects. A project isatext file that con-
tains the names and locations of al its program files. Project file names end with the . dsp
(describe project) extension. Before writing any C++ code, you should create a project.
Click File, New and select the Project... menu itemto display the New Project dialog
of Fig. 1.15. The New Project dialog lists the available Visua C++ project types. Note
that your New Project dialog may display different project types depending on which
Microsoft development tools are installed on your system. When you create a project, you
can create anew workspace (afolder and control filethat act asa container for project files)
or combine multiple projects in one workspace. A workspace is represented by a .dsw
(describe workspace) file. The examplesin this guide have one project per workspace.

Starting with the New Project window, a series of dialog windows guides the user
through the process of creating a project and adding filesto the project. The IDE createsthe
folders and control files necessary to represent the project.

From thelist of project types, click Visual C++ Projects and select Win32 Project
from the list of templates. The Name field is where you specify the name of the project.
Click in the Name field and type Welcome for the project name.

The Location field is where you specify the location on disk where you want your
project to be saved. If you do not modify the directory path, Visua C++ adds the project
nameto thevalueintheLocation field and storesyour projectsin thisdirectory. Although
this is not shown, we selected our D: drive (we edited the Location field to display
D:\Welcome). You may, of course, choose a different location. You can do this by
pressing the Browse button (Fig. 1.15) and navigating to the desired location. Pressing
OK closesthe New Project dialog and displaysthe Win32 Application Wizard dialog
(Fig. 1.16).
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x|
Bo e
Project Types: Templates: BE ok
; D Wisual Basic Projects = sl -
{7 Wisual C# Projects i @I" m
R | visual C++ Projects ATL Project  ATL Server  ATL Server
{11 Setup and Deplayment Prajects Project e Service
-[C1 Other Projects
{1 wisual Studio Saluti z Nt
{3 wisual Studin Salutions Gt @ @
Custom Extended Makefile
‘Wizard Stored Pro... Project J
-
A project that uses the Active Template Library,
Mame: I
Location: I [} j Erowse, ., |

Help |

o

Cancel |

FMore |

Fig. 1.15 New Project dialog displaying lists of Project Types and Templates.

Win32 Application Wizard - Welcome x|

Welcome to the Win32 Application Wizard

This wizard generates a Win32 application project. The project can be a console application, a
‘Windows application, a DLL, or a static library,

- These are the current project settings:
Overview
= ‘Windows application

Applic: Click Finish From any window to accept the current settings.

After yvou create the project, see the project’s readme. txt file For information
about the project features and files that are generated,

Cancel Help

Finish I

Fig. 1.16 Win32 Application Wizard Welcome dialog.

TheWin32 Application Wizard diaog displaysthe current project settings. On the
left section of the dialog, select Application Settings for additional project configura
tion options, shownin Fig. 1.17. Under Application type, select Console application
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and under Additional options, check Empty project. A console application simply
runs in a console window, rather than in a Windows GUI component, which is the default
setting. The Empty project option prevents Visual C++ from automatically generating
and adding files to the project. The programmer must add source code files to the project.
The Add support for list allows the programmer to utilize the Microsoft Foundation
Classes or the Sandard Template Library. These options are intended for more compli-
cated programs than this example.

Figure 1.18 shows the Visual C++ IDE after creating an empty Win32 Project. The
IDE displays the project name (i.e., Welcome) in the title bar, and shows the Solution
Explorer pane and the Properties pane. Other panes are available that might not always be
open. To open apane, select it from the View menu. For instance, if the Output paneis not
visible, select Output fromtheView > Other Windows menu. The Output pane displays
various information, such as the status of your compilation and compiler error messages
when they occur.

Win32 Application Wizard - Welcome

Application Settings

Specify the bype of application you will build with this project and the options or libraries you
want supported,

Application type: Add support for:
" Console application I~ &t
Application Settings * Wwindows application I~ MFc
DL

" Static library
Additional options:

v Emphy project

I | Export symibiols

¥ | Precompiled header

Finish Cancel Help

Fig. 1.17 Win32 Application Wizard’s Application Settings.
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% Welcome - Microsoft Yisual C++ [design] - Start Page ;|g|5|
File Edit Wiew Project Build Debug Tools  Window  Help

-=0 & | wsifdefault.htm e+ 34,
H-tm-FE L BER oo BB | ) pebu v | header
Start Page| Rl Solution E:

af| 2
mOE

Q Solution “Welcome' (1 proje
=

Jauo|dg saalag “‘EI".I

(2 Header Files
(2 Resource Files

[ [ Source Files

_}@ Verify that the following settings are personalized for you:
Profile:
Visual Studio Developer =
keyboard Scheme: |[Default Settings] ;I <| I ;I
window Layout: | wisual Studio Default = 4 solutio... | 2F Class i |
. n i X
) Help Filter: |(n0 filter) ;I |Pr0pertles & |
iy IWEIcome Project Propertiuj
My Profile EE %4‘ ||
Show Help: ' Internal Help © External Help B Misc -
At Startup: |Sh0w Start Page ;I {hame) Welcome
Project Depe
Project File | C:\Document .
E Policy =
{Name)
|| Mame of the project,
i =
| L4 Propett...| @ Dynari... |
Ready I I | 4

Fig. 1.18 Visual C++ IDE displaying an empty project.

The Solution Explorer pane displays the names of the files that make up the project.
Clicking the plus sign, +, to the left of Welcome displays three empty folders: Source
Files, Header Files and Resource Files. Source Files displays C++ sourcefiles(i.e.,
. cpp files), Header Files displays header files (i.e., . h files) and Resource Files dis-
playsresourcefiles (i.e., . r ¢ filesthat define window layouts). For this example we only
use the Source Files folder. Select the Class View tab at the bottom of the Solution
Explorer pane to view the classes, class members (discussed in Chapter 6 of C++ How To
Program, Fourth Edition), and functions (discussed in Chapter 3 of C++ How To Pro-
gram, Fourth Edition) in your project.

The next step is to add a C++ file to the project. Right-click on Source Files in the
Solution Explorer and select Add, then Add New Item... to display the Add New
Item... diaog (Fig. 1.20). The Add New Item... dialog displaysalist of Categories and
Templates. The options might vary based on the Microsoft development tools installed
on your system.

Select C++ File for aC++ file. The Name field iswhere you specify the name of the
C++file. Enter welcome inthe Name field. Y ou do not have to enter the file name suffix
“. cpp” becauseit isimplied when you select the file type. Do not modify the Location
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text box. Click Open to close the dialog. The C++ fileis now saved to disk and added to
the project. In our example, thefilewel cone. cpp issavedtothelocation D: \ Wl come
(the combination of the Location field and the project name). Figure 1.21, showsthe IDE
after adding wel cone. cpp to the project. In Fig. 1.21 we clicked the + character next to
Source Files to see that the C++ source file is indeed part of the project. The plus +
becomes aminus -, and vice versa, when clicked.

Common Programming Error 1.1

@ Forgetting to add a C++ sourcefilethat ispart of a programto the project for that program
prevents the program from compiling correctly.

We are now ready to write a C++ program. Type the following sample program into
the source code window (Fig. 1.19). [Note: The code examplesfor this guide are available
a the Deitel & Associates, Inc. Web site (www. dei t el . con). Click the “downloads’
link to go to our downloads page.]

1

2 #include <iostreanpr
3

4 using std::cout;

5 using std::endl;

6

7 int main()

8

9 cout << << endl;
10

11 return 0;

12

13 }

Fig. 1.19 Code forwel come. cpp.

The source code window is maximized (also called docked) in Fig. 1.21. Click the
Restore button to restore the source code window to its default size.

Clickinfront of a brace (i.e., [ or {) or a parenthesis (i.e., () and press Ctrl + ] to find the
matching brace or parenthesis.
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Add New Item - Welcome x|

Categories: Templates: I BB £ |

-4 Wisual C++ B -
C:
C++ File [rynamic HTML Page
{.cpp) Discovery ... {.htm)
Skatic Header File  Midl File {.idl)
Discovery ... [#))]

H =2 <&

Resource File  SRF File {,srf) DEF File {.def)

bre =
Creates a C++ source file,
Mame: I welcome
Location: I c:iwelcome) Browse. .. |
Qpen - Cancel | Help |

Fig. 1.20 The Add New Item dialog displaying a list of templates.

20 Welcome - Microsoft Yisual C++ [design] - welcome.cpp = IEllil
File Edt ‘iew Project Build Debug Tools ‘Window Help
E R 5522 %% %,
B SH@ P BR - FB| ok | header B
Start Page  welcome.cpp | 4 b ¥ || Soldkion Explorer - We.., § x|
g | El g
i =1 Solution "welcome' (1 proje
Z I E
g =l =- Welcome
o 9 Source Files
% welcome, cpp
_ | (£ Header Files
3B - [ Resource Files
1 | ¥
[ [ saltio... Q Class Yi... |
‘ Froperties I x |
| [
=] 4 =]
(8
K | 3 propert... | @ Dynami... |
Ready I [[tn1 ol 1 chi [ Jms]

Fig. 1.21 IDE after adding a C++ source file.
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The Visual C++ IDE has a highlighting scheme called syntax coloring for the key-
words and comments in a C++ source file—you may have noticed this while you were
typing the program. Syntax color highlighting is applied as you type your code and is
applied to all sourcefilesopened inVisua C++. By default, keywords appear in blue, com-
ments in green and other text in black, but you can set your own color preferences.

¢ Visual C++’s syntax highlighting helps the programmer avoid using keywords accidentally
as variable names. If a name appears blue (or whatever color you have selected for key-
words), it is a keyword and you should not use it as a variable name or other identifier.

Another useful editor featureis Intelli Sense®. When typing certain language el ements,
IntelliSense displays help automatically to let the programmer select a symbol from alist
of names that can appear in the current context in the program; this saves typing time as
well as the time it might otherwise take the programmer to look up options.

Figure 1.22 shows an example of IntelliSense. When the ¢ in cout istyped, Visua
C++ automatically displaysalist of available functions and operators.

% IntelliSense helps the programmer type a correct program.

#include <iostream:>

int maini()
{
std: jcout

<T> cos ;I

L2 .T: cosh
i <T» count
<T count_if
@ |Fi|e: globals.cpp, Mamespace: stdl
<T chype
Og ckype<char=
Og cbype<wchar_tx
3 ctype_base
<T ctype_byname LI

Fig. 1.22 IntelliSense.

After you have typed the program, click Save (in the File menu) or click the Save
button (the one that resembles a floppy disk) on the tool bar to save the file.

Before executing a program, you must eliminate all syntax errors (also called compi-
lation errors) and create an executable file. A syntax error indicates that code in the pro-
gram violates the syntax (i.e., the grammatical rules) of C++.

To compile the C++ file into an executable, click the Build menu’s Build Welcome
command. Compiler messages and errors appear in the output pane (Fig. 1.23). If thereare no
errors when compilation is complete, Welcome: 0 error(s), 0 warning(s) should appear
in the output pane, as shown in Fig. 1.23 (thisis sometimes called the “happy window”).

If an error message appears in the output pane, double-clicking anywhere on the error
message displays the source file and places a black arrow marker in the margin indicator
bar (i.e., the gray strip to the left of the source code), indicating the offending line as shown
in Fig. 1.24. The error in this particular case isamissing < character after cout .
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Error messages are often longer than the output pane’ s width. The complete error mes-
sage can be viewed either by using the horizontal scrollbar above the tabs at the bottom of
the screen or by reading the status pane, located at the bottom of the IDE. The status pane
displays only the selected error message.

If you do not understand the error message, highlight the error message number by
dragging the mouse over the number, then press the F1 key. This displays a help file that
provides information about the error and some helpful hints as to the cause of the error.
Please keep in mind that C++ compilers may mark aline as having an error when, in fact,
the error occurs on a previous line of code.

Cukpuk 3
Build |
Build log was sawed at "file:/fc:'Documents and Settingsinicki\My DocumentsiWelcome’lDebughBuildLog. ht &
Welcome - O error(s), 0 warning(s)
Done
I Build: 1 succeeded. 0 failed. 0 skivved I hd
4 3

Fig. 1.23 Output pane showing a successful build.

3¢ Welcome - Microsoft Yisual C++ [design] - welcome.cpp o =] |

File Edit Yiew Project Buld Debug Tools ‘Window Help

Bl By b A A% %%,

G- FHE@ | BB oo BB ) Do 7| o header | 2
Za|| start Page welcome.cpp| 4 X |Sulutiur| Explorer - We.,, I ><|
5 I(Globals) j I-:-;‘maln j
=
S P .

2 #include <iostresm> —1 Q Solution “Welcome' (1 proje
& 0| = Welcome
o . 4] source Files
@ using std::cout: h -
= A A tendls welcome. cpp
| using std::endl: [ Header Files
'5? - (L] Resnurre Files
s int maini)

i
- cout < "Welcome to Visual C++!" << endl;
return 0
4 * I
' Q Solutio. .. Q Class Wi, |
|Pr0pert|es b ><|
| H
—[B=| 4i =]
4 | |
|Output a ><|
Build |
c:\Documents and Settings\nick\My DocumentsiWelco elcome. cpp (8) [ +]
c:yDocuments and SettingsinickiMy DocumentsiWelcome'welcoma.cpp(®) : errer
oW Program Files\Microsoft Wisual Studio NETWWe?lincludehostresm(é
oW Program Files\Microsoft Wisual Studio NETWVeoT7ilincludehostream(é
with
4| | »
Task List  E] Output Propert... | @ Dynami... |
T mismatch in Formal parameter list || Ln g Col 1 Chi H HINSl i

Fig. 1.24 Black marker indicating that a line contains an error.
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After fixing the error(s), recompile the program. C++ compilers often list more errors
than actually occur in the program. For example, a C++ compiler may locate a syntax error
in your program (e.g., amissing semicolon). That error may cause other errors in the pro-
gram when, in fact, there may not be any other errors.

¢ When a syntax error on a particular lineis reported by the compiler, check that line for the
syntax error. If the error is not on that line, check the preceding few lines of code for the
cause of the syntax error.

) After fixing oneerror, recompile your program. You may observe that the number of overall
errors perceived by the compiler is significantly reduced.

Once the program compiles without errors, you can execute the program by clicking
Start Without Debugging inthe Debug menu. The program is executed in a console
window as shown in Fig. 1.25. Pressing any key closes the console window.

s\welcome' debug', Welcome.exe"

elcome to Uisual C++t
Press any key to continue

Fig. 1.25 C++ program executing in a console window.

To create another application, follow the same steps outlined in this section using adif-
ferent project name and directory. Before starting a new project, close the current project
by selecting the File menu’s Close Solution menu item. If adialog appears asking if al
document windows should be closed or if afile should be saved, click Yes. You are now
ready to create anew project for your next application or open an existing project. To open
an existing project, in the File menu you can select the Recent Projects option to select
arecent workspace or select Open then Project... to see adialog and select a workspace
(.dsw file) to open.

1.6 Compiling Programs with Multiple Source Files

More complex programs often consist of multiple C++ sourcefiles. We introduce this con-
cept, called multiple source files, in Chapter 6 of C++ How To Program, Fourth Edition.
This section explains how to compile a program with multiple source files using the Micr-
soft Visual Studio .NET IDE.

Compiling aprogram that has two or more source files will be demonstrated using the
Ti me class (Fig. 6.5-Fig. 6.7 from Chapter 6 of C++ How To Program, Fourth Edition),
shown in Figure 1.26-Figure 1.28.
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1
2
3
4
5
6 #ifndef TIME1_H
7 #define TIMEL H
8
9
10 class Tinme {
11
12  public:
13 Tinme();
14 void setTinme( int, int, int );
15 voi d printUniversal ();
16 voi d printStandard();
17
18 nprivate:
19 int hour;
20 int mnute;
21 int second;
22
23}
24
25 #endif
Fig. 1.26 Ti me class definition.
1
2
3 #include <iostreanr
4
5 using std::cout;
6
7 #include <iomani p>
8
9 using std::setfill;
10 using std::setw
11
12
13  #i ncl ude
14
15
16
17  Tine::Tine()
18
19 hour = minute = second = 0;
20
21 }
22
23
24

Fig. 1.27 Ti me class member-function definitions.
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23

25 void Tinme::setTime( int h, Tnt m int s)
26 {

27 hour = ( h >=0 & h < ) ?

( m>= m < )

s < )

&&
(s>=0 &

m: O;
5 -

28 m nute
29 second

Inmn—-

SRR R

34 void Tine::printUniversal ()

35 {

36 cout << setfill( ) << setw( ) << hour <<
37 << setw( ) << mnute <<

38 << setw ) << second;

43 void Tine::printStandard()

4 {

45 cout << ( ( hour == 0 || hour == ) ? : hour % )
46 << << setfill( ) << setw( ) << minute

47 << << setw( ) << second

48 << ( hour < ? : );

50 }

Fig. 1.27 Ti me class member-function definitions.

#i ncl ude <i ostrean>
using std::cout;
using std::endl;

10 #incl ude

12 int main()

13

14 Tine t;

15

16

17 cout << :
18 t.printUniversal ();

19 cout << ;
20 t.printStandard();

21

22 t.setTi me( , , );

23

24

Fig. 1.28 Program to test class Ti me.
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25 cout << ;

26 t.printUniversal ();

27 cout << :

28 t.printStandard();

29

30 t.setTime( , , );

31

32

33 cout <<

34 <<

35 t.printUniversal ();

36 cout << :

37 t.printStandard();

38 cout << endl;

39

40 return 0;

41

42 )

Fig. 1.28 Program to test class Ti me.
1. Thefirst step to compiling multiple source files isto create a project. Follow the
stepsin Section 1.5 of this guide to create a project.

2. Next createthe. cpp sourcefilesusing the same method described in Section 1.5.
3. If your program contains . h header files, follow the stepsfor adding a. cpp file,

only right click on the Header Files folder instead of the Source Files folder
inthe Solution Explorer. Figure 1.29 shows an example project containing the
Ti me class example.

2% Time - Microsoft ¥isual C++ [design] - Timel.h -|EI ﬂ

Ele Edit Wiew Project Build Debug Tools Window  Help

ElRbse £ 22 4% % %.

H-ta-S2 0§ 2R -5 Db - | gt header -l 2
@ Start Page Timel.h‘ 4 I x || Solution Explorer - Time 8 %
g I“lngme j I--:‘Tlme j
= P——— -

S b/ Fig. 6.5: vimel.n = :Q“t'?” Time: (1 profect)
= /¢ Declaration of class Time. = & & Time
=) B 23 Source Files
) // HMember functions are defined in timel.cpp )

z | Timel.cpp
= ; . . ieo [#] Figde_0S.cpp
.}? /¢ prevent maltiple inclusions of header file B 23 Header Files
- #ifndef TINEL H ) TmeLh

#define TTHE1 H - [0 Resource Files
/¢ Time abstract data type definition o
class Time { QQS “o. .|
public: | [Time vcCodeclass 'I
Time (] : // monstrustor =
= 7l
void setTime( int, int, int }:; // set hour, minute, =| 2v ‘ {/ D'I G |
wvoid printUniversali); /¢ print universal-t:
void princStandard() /7 print standard-cit
private: (Name}  Time =
int hour: A4 0 - 23 (Z4-hour clock format) {Name)
int minute; Ff 0 - B9 Setsfreturns the name of the
int second; ff 0 - 59 object.
4| | v Pmper..“ODynam‘..‘
| Ready Il tn1 Coll chl [ Jns|

Fig. 1.29 Visual Studio project containing mulfiple source files.
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4. Next, use the method described in Section 1.5 to compile and run the program.
Figure 1.30 shows the output for the Ti ne class example.

my documents'time'deb
nitial universal time iz BH:BH:88
nitial standard time is 12:88:88 AM

Universal time after setTime is 13:27:86
Standard time after setTime is 1:27:86 PM

After attempting invalid settings:
Universal time: B8:86:88

Standard time: 12:80:88 AM

Press any key to continue

Fig. 1.30 Output for Ti me class example.

1.7 Debugger

The Visual C++ IDE provides a debugger tool to help the programmer find run-time logic
errorsin programs that compile and link successfully but do not produce expected results.
The debugger lets the programmer view the executing program and its data as the program
runs either one step at atime or at full speed. The program stops on a selected line of code
or upon afatal run-time error. When the programmer does not understand how incorrect
results are produced by a program, running the program one statement at a time and mon-
itoring the intermediate results can help the programmer isolate the cause of the error. The
programmer can then correct the code.

To use the debugger, set one or more breakpoints. A breakpoint is a marker set at a
specified line of code that causes the debugger to suspend execution of the program upon
reaching that line of code. Breakpoints help the programmer verify that a program is exe-
cuting correctly. A breakpoint is set by clicking the line in the program where the break-
point is to be placed and clicking the New Breakpoint... button in the Debug toolbar
(Fig. 1.31). TheNew Breakpoint... button isdisabled unlessthe C++ code window isthe
active window (clicking in awindow makesit active). When a breakpoint is set, a solid red
circle appearsin the margin indicator bar to the left of theline. Breakpoints are removed by
clicking the line with the breakpoint and clicking the Remove Breakpoint button or
pressing the F9 key. To toggle a breakpoint on or off, right-click on the appropriate line of
code.

Fig. 1.31 Debug toolbar

Breakpoints are persistent, meaning when a project is closed and reopened, any break-
points set during a previous debugging session remain set. You can gather information
about breakpoints by selecting the Breakpoints tab from the bottom-right sub-window of
the IDE. When selected, the Breakpoints tab can be used to display the New Break-
point... dialog (Fig. 1.32), by clicking the New Breakpoint button.
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New Breakpoint x|

Function |File I Address I Data I

Break execution when the program reaches this location in a function,

Function: I |

Line: I 1 Language:  |C++ b
Character: I 1

ml (na condition)
Hit Count... break always

OF I Cancel Help

Fig. 1.32 New Breakpoint dialog.

The New Breakpoint dialog displays all the breakpoints currently set for the pro-
gram. A checkbox appears next to each breakpoint. If the breakpoint is active, the checkbox
contains a check. If the breakpoint is disabled, the checkbox is empty. A disabled break-
point will not cause the debugger to stop but may be re-enabled at alater time. Clicking the
checkbox allows the user to toggle the breakpoint on (checked) or off (unchecked). Addi-
tional breakpoints can be added by entering the desired line number into the Linefield after
clicking on the New button. Breakpoints can be set in several ways. Using the Function
tab allows the programmer to set a breakpoint at a certain location within the scope of a
function. The File tab allows the programer to set a breakpoint at a desired line of code
within aspecifiedfile. A breakpoint can be set at amemory location by usingthe Address
tab. Lastly, a breakpoint can be set to halt the program when a certain variable’'s value
changes by using the Data tab.

Visual C++ also allows breakpointsto be enabled when certain conditions aretrue. The
programmer specifies the line number in the Line field, in the File tab, and presses the
Condition... button to display the Breakpoint Condition dialog (Fig. 1.33). A condi-
tion is specified in the Condition field. Figure 1.34 shows the Breakpoints dialog with
the new breakpoint.
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Breakpoint Condition x|

‘When the breakpoint location is reached, the expression is evaluated and the
breakpoint: is hit only if the expression is either true or has changed.

v Condition

I number < 0

& is true

" has changed

OF I Cancel | Help

Fig. 1.33 Sefting a condition for a breakpoint.

New Breakpoint

Function  File |Address|Data I

Break execution when the program reaches this location in a file,

File: I Ci\Documents and SettingsitestiDeskiopt CppiDebug.cpp

Line: I 16
Character: I 1

Condition | when 'number < 0'is true
Hit Counik. .. | break always

OF I Cancel | Help |

Fig. 1.34 New Breakpoint window after a condition has been set.

Figure 1.35 shows the debugging environment with a disabled breakpoint. Notice that
the disabled breakpoint is still visible but it appears as an empty circle. To make the break-
point active, click the empty checkbox next to the breakpoint in the Breakpoints dialog.
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Dehug.cpp| 4 b X
I(Globals) j I-:-;‘main j
-
int main() {
. int nuwber = getlhaber();
if | nuwber == 0 )
. cout << "Non-Fositive Number Entered” << endl;
else
) for | int i = 1; i <= number; i++ |
cout << 1 << endl; —
return 0;
i
ll."1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“1“************************v
< | _'l_I

Fig. 1.35 Debugger with disabled breakpoint.

Loops that iterate many times can be executed in full (without stopping every time through
the loop) by placing a breakpoint after the loop and selecting Go fromthe Debug menu.

Disabled breakpoints allow the programmer to maintain breakpointsin key locationsin the
program so they can be used again when needed. Disabled breakpoints are always visible.

The bottom portion of the IDE is divided into two windows—the Autos window (i.e.,
the left window) and the Call Stack window (i.e., the right window). The Autos window
contains a list of the program’s initialized variables. Note that different variables can be
viewed at different times, by clicking either the Autos, Locals or Watch 1 tabs. The
Autos tab displays the name and value of the variables or objects (discussed in Chapter 6
of C++ How To Program, Fourth Edition). The Locals tab displaysthe name and current
valuefor all thelocal variables or objectsin the current function’ s scope. The Watch 1 tab
displays data about any objects or variables being watched.

Thevariable valueslisted in any of the tabs can be modified by the user for testing pur-
poses. To modify avariable svalue, click the Value field and enter anew value. Any mod-
ified value is colored red to indicate that it was changed during the debugging session by
the programmer.

Often, certain variables are monitored by the programmer during the debugging pro-
cess—a process known as setting a watch. The Watch 1 tab allows the user to watch vari-
ables as their values change. Changes are displayed in the Watch 1 tab.

Variables can be typed directly into the Watch 1 tab or dragged with the mouse from
either the other tabs or the source code window and dropped into the Watch 1 tab. A vari-
able can be deleted from the Watch 1 tab by selecting the variable name and pressing the
Delete key.
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Likethe Autos tab, variable values can be modified in the Watch 1 tab by editing the
Value field. Changed values are colored red. Note al so that the current value of avariable
during debugging can also be viewed by resting the mouse cursor over the name of that
variable in the source code window (Fig. 1.36).

Debug.cpp | Disassembly | 4 b X

I {Globals) j I':':‘ main j

cin »» number;

return number;
i

int maini) {

. int nuwber = getlhaber();
s if | nuwber == 0 ) b
. cout << "Non-Fositive Number Entered” << endl;
else
] for { int i = 1; i <= nuwber; i++ )

cout << 1 << endl; -
« | _>l_I

Fig. 1.36 Displaying a variables value using the mouse pointer.

The Debug toolbar(Fig. 1.31) contains buttons that control the debugging process.
These buttons perform the same actions as the Debug menu items. The Debug toolbar
can be displayed by positioning the mouse pointer over an empty region of the main menu
or any toolbar, right-clicking the mouse and selecting the Debug option in the popup
menu.

The Restart button restarts the application, stopping at the beginning of the program
to allow the programmer to set breakpoints before starting to execute the code. The Stop
Debugging button ends the debugging session to let the programmer edit and rebuild the
program before running another test.

Code can be altered when the program is suspended in debug mode. Once the debugger
resumes, the IDE asks if the programmer would like to continue using the changes made.
This might require Visual Studio .NET to re-build the program. [Refer to the on-line doc-
umentation for limitations on this feature.] Show Next Statement places the cursor on
the same line as the yellow arrow that indicates the next statement to execute. Show Next
Statement is useful to reposition the cursor to the same line as the yellow arrow when
viewing the source code during debugging.

The Step Into button executes program statements, one per click, including code in
functions that are called, allowing the programmer to confirm the proper execution of the
function, line-by-line. Functions that can be stepped into include programmer-defined
functions and C++ library functions. If you want to step into aC++ library function, Visual
C++ may ask you to specify the location of that library.

¢ The debugger allowsyou to * stepinto” a C++ library function to see how it uses your func-
tion call arguments to produce the value returned to your program.
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The Step Over button executes the next executable line of code and advances the
yellow arrow to the following executable line in the program. If the line of code contains a
function call, the function is executed in its entirety asasingle step. This allowsthe user to
execute the program one line at a time and examine the execution of the program without
seeing the detail s of every function that iscalled. Thisisespecialy useful at ci n and cout
statements.

The Step Out button allowsthe user to step out of the current function and return con-
trol back to the line that called the function. If you Step Into afunction that you do not
need to examine, click Step Out to return to the caller.

) Loops that iterate many times can be executed in full by placing the cursor after the loop in
the source code window, right clicking and selecting the Run to Cursor item.

% If you accidently step into a C++ library function, click Step Out to return to your code.

The QuickWatch button displays the QuickWatch dialog (Fig. 1.37), which is
useful for monitoring expression values and variable values. The QuickWatch dialog pro-
vides a “snapshot” of one or more variable values at a point in time during the program’s
execution. Towatch avariable, enter the variable name or expression into the Expression
field and press Enter. As with the Autos window and Watch 1 window, values can be
edited in the Value field, but changed values are not color coded red. Clicking Recalcu-
late isthe same as pressing Enter.

To maintain a longer watch, click the Add Watch button to add the variable to the
Watch 1 tab. When the QuickWatch dialog isdismissed by clicking Close, variablesin
the dialog are not preserved. The next time the QuickWatch dialog is displayed, the
Name and Value fidlds are empty. The QuickWatch window can also be used to eval-
uate expressions such as arithmetic calculations (e.g., a + b - 9, etc.) and variable assign-
ments (e.g., number = 20, etc.) by typing the expression into the Expression field.

The Call Stack window contains the program’s function call stack. A function call
stack is alist of the functions that were called up to the current line in the program. This
helps the programmer see the flow of control that led to the current function being called.

The right sub-window also contains tabs for switching to the Command window and
the Output window. The Command window allows the programmer to enter input from
within IDE. The Output window allows the programmer to see the program output from
within the IDE as well.
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* o QuickWatch (=] 4|
Expression: Recalculate I
romber 2 addwech |
Close |
Current value: Help |

Mame Yalueg Type j

[

4

Fig. 1.37 QuickWatch dialog.

When using the debugger to run a program at full speed, certain problems such as infinite
loops can usually be interrupted by selecting Break All fromthe Debug menu.

1.7.1 Debugging an Application

This section guides the programmer through the debugging process for a simple C++ ap-
plication, Debug. cpp (Fig. 1.38). This applications obtains a number from the user and
counts from 1 to that number.

1

2

3  #include <iostreanr
4

5 using std::cin;

6 using std::cout;
7 using std::endl;
8

9

10 int getNunber ()
11 {

12 int nunber;

13

14

15 cout <<

16 ci n >> nunber;
17

18 return numnber;
19

20 }

Fig. 1.38 Code for Debug. cpp
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22 int main()

25 int nunber = getNunber();

28 if ( nunber <= 0)
29 return 0;

32 el se

33 for (int i =1; i <= nunber; i++)
34 cout << i << endl;

36 return

38 )

Fig. 1.38 Code for Debug. cpp

1. Inorder to debug the code, Debug. cpp needsto be compiled into an executable
file. Createaproject for Debug. cpp asdescribed in Section 1.5. Next, compile
the program into an executable file.

2. Inthewindow that contains the source code, a breakpoint isadded by clicking the
line in the program where the breakpoint is to be placed and clicking the New
Beakpoint... button in the Debug toolbar. A breakpoint can also be added by
clicking inthe gray box to the left of the line of code where the breakpoint isto be
placed. Click in the gray box to the left of line 25. The red circle that appearsin-
dicates that a breakpoint has been set at that line.

3. Repeat step 2, only thistime set breakpointsat lines 29, 33 and 36. When complete
the window should appear as shown (Fig. 1.39).

Start Page Dehug.cpp| 4 b X
I (Globals) j I-:-;‘ main j

// get integer from user —
. int number = getMNumber():;

/¢f end program if user does not enter positive nuwber
if | nuwber <= 0 )
. return 0;

/¢ display integers from one to user input humber
else

] for { int i = 1; i <= nuwber; i++ )

cout << i << endl;

. return 0;
+ /4 end wmain -
1 | 3

Fig. 1.39 Breakpoints setf in a program.
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4. Click Start from the Debug menu to start the debugger. Because we have chosen

to debug a console application, the console window (i.e., command prompt) ap-
pears (Fig. 1.40). All program interaction (input and output) occurs within this
window. Program execution suspends for input and at breakpoints. You might
need to manually switch between the IDE and the console window to performin-
put. To switch between windows, use Alt + Tab or click the program’s panel on
the Windows taskbar at the bottom of the screen.

Figure 1.41 shows program execution suspended at a breakpoint. The yellow ar-
row to the left of the statement

int nunber = get Nunber ();
indicates that execution is suspended at this line. This statement will be the next

statement executed. Notein the IDE that the title bar displays [break] to indicate
that the IDE isin debug mode.

yDocuments and Settings'test'My Documents' ¥isual Studio Pro

Enter an integer: _

Fig. 1.40 C++ program executing in a command window during debug mode.

Dehug.cpp| 4 b X
I(Globals) j I-:-;‘main j
int maini() -
{
// get integer from user
o int nuwber = getlhaber();
/¢f end program if user does not enter positive nuwber
if | nuwber <= 0 )
. return 0;
/¢ display integers from one to user input humber
else
] for { int i = 1; i <= nuwber; i++ )
cout << i << endl;
. return 0;
4/ end main =
| | |
Fig. 1.41 Execution halted at a breakpoint.

5. To add awatch, type the text number into the name field of the Watch1 tab lo-

cated at the bottom of the IDE. Notice that the value for number isits memory
address because it has not been given avalue.
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Click Continue. At this point, the program is executing and the Input dialog is
displayed. Enter 10 into the text field and hit Enter. The program briefly resumes
execution and then suspends. Add another watch for variablei . This watch can
only be added when within the scope of i , meaning inside the f or loop. If the
program is not within the scope of i , an error will be displayed for the value of i
inthe Watch 1 pane. The Watch 1 pane now displaysinformation about the in-
teger nunber andthevariablei . Thetextischanged to ared font to indicate that
changes have been madeto that variable. nunber isused to store the number en-
tered by the user, therefore it always maintains its original value. Figure 1.42
shows watches set for nunber andi .

Wakch 1 3 x|
Mame | Walue Type -
number 10 ink

i 1 int

Aukos | Locals @ Watch 1

Fig. 1.42 Watches set for nunber andi .

7. Click Step Over to execute the individual steps of the loop each timetheloop is

il
2
3
4
5
6
?
8
7
il

executed. Or click Step Out to perform the whole loop in one step. Clicking
Continue will go to the next break point.

The main window indicates that the debugger has completed and the count from
1to 10 is displayed in the output window (Fig. 1.43). Even though a breakpoint
was set on line 29, the program never suspended on that line because the code on
line 29 never executed. The code on lines 29 and 34 either end the program or dis-
play the numbers to the outut window, depending on the number entered by the
user. Start the debugger again, by clicking Restart inthe Debug menu, but enter
a non-positive number for the value of number into the program input dialog and
observe how the debugger operates.

.Cygwin',Cpp'\Debug.exe
¥ an integer: 18

Fig. 1.43 Oufput of Debug.cpp.

9. When you have finished your debugging session, click the Stop Debugging

button on the Debug toolbar. The environment returns to the pre-debugging lay-
out. Refer to the on-line documentation for additional debugger features.
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