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Introduction

Welcome to Beginning Visual C++ 2005. With this book you can become an effective C++ programmer.
The latest development system from Microsoft, Visual Studio 2005, supports two distinct but closely
related flavors of the C++ language; it fully supports the original ISO/ANSI standard C++, and you also
get support for a new version of C++ called C++/CLI that was developed by Microsoft but is now an
ECMA standard. These two versions of C++ are complementary and fulfill different roles. ISO/ ANSI
C++ is there for the development of high-performance applications that run natively on your computer
whereas C++/CLI has been developed specifically for the NET Framework. This book will teach you
the essentials of programming applications in both versions of C++.

You get quite a lot of assistance from automatically generated code when writing ISO/ANSI C++ pro-
grams, but you still need to write a lot of C++ yourself. You need a solid understanding of object-oriented
programming techniques, as well as a good appreciation of what’s involved in programming for Windows.
Although C++/CLI targets the NET Framework, it also is the vehicle for the development of Windows
Forms applications that you can develop with little or in some cases no, explicit code writing. Of course,
when you do have to add code to a Windows Forms application, even though it may be a very small
proportion of the total, you still need an in-depth knowledge of the C++/CLI language.

ISO/ANSI C++ remains the language of choice for many professionals, but the speed of development
that C++/CLI and Windows Forms applications bring to the table make that essential, too. For this rea-
son I decided to cover the essentials of both flavors of C++ in this book.

Who This Book Is For

This book is aimed at teaching you how to write C++ applications for the Microsoft Windows operating
system using Visual C++ 2005 or any edition of Visual Studio 2005. I make no assumptions about prior
knowledge of any particular programming language. This tutorial is for you if:

Q  You have a little experience of programming in some other language, such as BASIC or Pascal,
for example, and you are keen to learn C++ and develop practical Microsoft Windows program-
ming skills.

O  You have some experience in C or C++, but not in a Microsoft Windows context and want
to extend your skills to program for the Windows environment using the latest tools and
technologies.

Q  You are a newcomer to programming and sufficiently keen to jump in and the deep end with
C++. To be successful you need to have at least a rough idea of how your computer works,
including the way in which the memory is organized and how data and instructions are stored.
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What This Book Covers

My objective with this book is to teach you the essentials of C++ programming using both of the tech-
nologies supported by Visual C++ 2005. The book provides a detailed tutorial on both flavors of the C++
language, on native ISO/ANSI C++ Windows application development using the Microsoft Foundation
Classes (MFC) and on the development of C++/CLI Windows applications using Windows Forms.
Because of the importance and pervasiveness of database technology today, the book also includes intro-
ductions to the techniques you can use for accessing data sources in both MFC and Windows Forms
applications. MFC applications are relatively coding-intensive compared to Windows Forms applica-
tions. This is because you create the latter using a highly developed design capability in Visual C++ 2005
that enables you to assemble the entire graphical user interface (GUI) for an application graphically and
have all the code generated automatically. For this reason, there are more pages in the book devoted to
MEFC programming than to Windows Forms programming.

How This Book Is Structured

The contents of the book are structured as follows:

0  Chapter 1 introduces you to the basic concepts you need to understand for programming in
C++ for native applications and for .NET Framework applications, together with the main ideas
embodied in the Visual C++ 2005 development environment. It describes how you use the capa-
bilities of Visual C++ 2005 for creating the various kinds of C++ applications you learn about in
the rest of the book.

Q  Chapters 2 to 10 are dedicated to teaching you both versions of the C++ language, plus the basic
ideas and techniques involved in debugging. The content of each of the Chapters 2 to 10 is
structured in a similar way; the first half of each chapter deals with ISO/ANSI C++ topics, and
the second half deals with C++/CLL

Q  Chapter 11 discusses how Microsoft Windows applications are structured and describes and
demonstrates the essential elements that are present in every Windows application. The chapter
explains elementary examples of Windows applications using ISO/ANSI C++ and the Windows
API and the MFC, as well as an example of a basic Windows Forms application in C++/CLIL

Q  Chapters 12 to 17 describe in detail the capabilities provided by the MFC for building a GUI.
You learn how you create and use common controls to build the graphical user interface for
your application and how you handle the events that result from user interactions with your
program. In the process, you create a substantial working application. In addition to the tech-
niques you learn for building a GUI, the application that you develop also shows you how you
use MFC to print documents and to save them on disk.

Q  Chapter 18 teaches you the essentials you need to know for creating your own libraries using
MEC. You learn about the different kinds of libraries you can create, and you develop working
examples of these that work with the application that you have evolved over the preceding six
chapters.

Q  InChapters 19 and 20, you learn about accessing data sources in an MFC application. You gain
experience in accessing a database in read-only mode; then you learn the fundamental program-
ming techniques for updating a database using MFC. The examples use the Northwind
database that can be downloaded from the Web, but you can also apply the techniques
described to your own data source.
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Q  In Chapter 21 you work with Windows Forms and C++/CLI to build an example that teaches
you how to create, customize, and use Windows Forms controls in an application. You gain
practical experience by building an application incrementally throughout the chapter.

Q  Chapter 22 builds on the knowledge you gain in Chapter 21 and shows how the controls avail-
able for accessing data sources work, and how you customize them. You also learn how you can
create an application for accessing a database with virtually no coding at all on your part.

All chapters include numerous working examples that demonstrate the programming techniques that
are discussed. Every chapter concludes with a summary of the key points that were covered, and most
chapters include a set of exercises at the end that you can attempt to apply what you have learned.
Solutions to the exercises together with all the code from the book are available for download from the
publisher’s Web site (see the “Source Code” section later in this Introduction for more details).

The tutorial on the C++ language uses examples that are console programs with simple command-line
input and output. This approach enables you to learn the various capabilities of C++ without getting
bogged down in the complexities of Windows GUI programming. Programming for Windows is really
only practicable after you have a thorough understanding of the programming language.

If you want to keep things as simple as possible, you can just learn ISO/ ANSI C++ programming in the
first instance. Each of the chapters that cover the C++ language (Chapters 2 to 10) first discusses particu-
lar aspects of the capabilities of ISO/ANSI C++ followed by the new features introduced by C++/CLI in
the same context. The reason for organizing things this way is that C++/CLI is defined as an extension
to the ISO/ANSI standard language, so an understanding of C++/CLI is predicated on knowledge of
ISO/ANSI C++. Thus, you can just read the ISO/ANSI topics in each of Chapters 2 to 20 and ignore the
C++/CLI sections that follow. You then can to progress to Windows application development with
ISO/ANSI C++ without having to keep the two versions of the language in mind. You can return to
C++/CLI when you are comfortable with ISO/ANSI C++. Of course, you can also work straight through
and add to your knowledge of both versions of the C++ language incrementally.

What You Need to Use This Book

To use this book you need any of Visual Studio 2005 Standard Edition, Visual Studio 2005 Professional
Edition, or Visual Studio 2005 Team System. Note that Visual C++ Express 2005 is not sufficient because
the MFC is not included. Visual Studio 2005 requires Windows XP Service Pack 2 or Windows 2000
Service Pack 4.To install any of the three Visual Studio 2005 editions identified you need to have a 1 GHz
processor with at least 256MB of memory and at least 1GB of space available on your system drive and
2GB available on the installation drive. To install the full MSDN documentation that comes with the
product you'll need an additional 1.8GB available on the installation drive.

The database examples in the book use the Northwind Traders database. You can find the download for
this database by searching for “Northwind Traders” on http://msdn.microsoft.com. Of course,
you can also adapt the examples to work with a database of your choice.

Most importantly, to get the most out of this book you need a willingness to learn, and a determination
to master the most powerful programming tool for Windows applications presently available. You need
the dedication to type in and work through all the examples and try out the exercises in the book. This
sounds more difficult than it is, and I think you'll be surprised how much you can achieve in a relatively
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short period of time. Keep in mind that everybody who learns programming gets bogged down from time
to time, but if you keep at it, things become clearer and you’ll get there eventually. This book helps you
to start experimenting on your own and, from there, to become a successful C++ programmer.

Conventions

To help you get the most from the text and keep track of what’s happening, a number of conventions are
used throughout the book.

Try It Out

The Try It Out is an exercise you should work through, following the text in the book.

How It Works

After many Try It Outs, a How It Works section explains the code you've typed in detail.

Boxes like this one hold important, not-to-be forgotten information that is directly
relevant to the surrounding text.

Tips, hints, tricks, and asides to the current discussion are offset and placed in italics like this.
As for styles in the text:

Q  New terms and important words appear bold when first introduced.

Q  Keyboard strokes are shown like this: Ctrl+A.

Q  Filenames, URLs, and code within the text appear like so: persistence.properties.
a

Code is presented in two different ways:
In code examples I highlight new and important code with a gray background.

The gray highlighting is used for code that’s less important in the present context, or
has been shown before.

Source Code

As you work through the examples in this book, you may choose either to type in all the code manually
or to use the source code files that accompany the book. All of the source code used in this book is avail-
able for download at http: //www.wrox.com. At the site, simply locate the book’s title (either by using
the Search box or by using one of the title lists) and click the Download Code link on the book’s detail
page to obtain all the source code for the book.
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Because many books have similar titles, you may find it easiest to search by ISBN; this book’s ISBN is
0-7645-7197-4 (changing to 978-0-7645-7197-8 as the new industry-wide 13-digit ISBN numbering
system is phased in by January 2007).

After you download the code, just decompress it with your favorite compression tool. Alternatively,
you can go to the main Wrox code download page at http: //www.wrox.com/dynamic/books/
download. aspx to see the code available for this book and all other Wrox books.

Errata

We make every effort to ensure that there are no errors in the text or in the code. However, no one is per-
fect, and mistakes do occur. If you find an error in one of our books, like a spelling mistake or faulty
piece of code, we would be very grateful for your feedback. By sending in errata you may save another
reader hours of frustration and at the same time you will be helping us provide even higher quality
information.

To find the errata page for this book, go to http: //www.wrox.com and locate the title using the Search
box or one of the title lists. Then, on the book details page, click the Book Errata link. On this page you
can view all errata that has been submitted for this book and posted by Wrox editors. A complete book
list including links to each book’s errata is also available at www.wrox.com/misc-pages/booklist
.shtml.

If you don’t spot “your” error on the Book Errata page, go to www.wrox.com/contact/techsupport
.shtml and complete the form there to send us the error you have found. We'll check the information
and, if appropriate, post a message to the book’s errata page and fix the problem in subsequent editions
of the book.

p2p.wrox.com

For author and peer discussion, join the P2P forums at p2p . wrox . com. The forums are a Web-based
system for you to post messages relating to Wrox books and related technologies and interact with other
readers and technology users. The forums offer a subscription feature to e-mail you topics of interest of
your choosing when new posts are made to the forums. Wrox authors, editors, other industry experts,
and your fellow readers are present on these forums.

Athttp://p2p.wrox.com you will find a number of different forums that will help you not only as
you read this book, but also as you develop your own applications. To join the forums, just follow these
steps:

1. Go to p2p.wrox. com and click the Register link.

2. Read the terms of use and click Agree.

3.  Complete the required information to join as well as any optional information you wish to pro-
vide and click Submit.

4. You will receive an e-mail with information describing how to verify your account and com-
plete the joining process.
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Programming with
Visual C++ 2005

Windows programming isn’t difficult. In fact, Microsoft Visual C++ 2005 makes it remarkably
easy, as you'll see throughout the course of this book. There’s just one obstacle in your path: Before
you get to the specifics of Windows programming, you have to be thoroughly familiar with the
capabilities of the C++ programming language, particularly the object-oriented aspects of the lan-
guage. Object-oriented techniques are central to the effectiveness of all the tools that are provided
by Visual C++ 2005 for Windows programming, so it’s essential that you gain a good understand-
ing of them. That’s exactly what this book provides.

This chapter gives you an overview of the essential concepts involved in programming applica-
tions in C++. You'll take a rapid tour of the Integrated Development Environment (IDE) that
comes with Visual C++ 2005. The IDE is straightforward and generally intuitive in its operation,
so you'll be able to pick up most of it as you go along. The best approach to getting familiar with
it is to work through the process of creating, compiling, and executing a simple program. By the
end of this chapter, you will have learned:

What the principal components of Visual C++ 2005 are

What the NET Framework consists of and the advantages it offers

What solutions and projects are and how you create them

About console programs

How to create and edit a program

How to compile, link, and execute C++ console programs

U 00U o0 U

How to create and execute basic Windows programs

So power up your PC, start Windows, load the mighty Visual C++ 2005, and begin your journey.
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You can read messages in the forums without joining P2P but in order to post your own messages, you
must join.

After you join, you can post new messages and respond to messages other users post. You can read mes-
sages at any time on the Web. If you would like to have new messages from a particular forum e-mailed
to you, click the Subscribe to this Forum icon by the forum name in the forum listing.

For more information about how to use the Wrox P2P, be sure to read the P2P FAQs for answers to ques-
tions about how the forum software works as well as many common questions specific to P2P and Wrox
books. To read the FAQs, click the FAQ link on any P2P page.
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The .NET Framework

The .NET Framework is a central concept in Visual C++ 2005 as well as in all the other .NET develop-
ment products from Microsoft. The .NET Framework consists of two elements: the Common Language
Runtime (CLR) in which your application executes, and a set of libraries called the .NET Framework
class libraries. The NET Framework class libraries provide the functional support your code will need
when executing with the CLR, regardless of the programming language used, so .NET programs written
in C++, C#, or any of the other languages that support the NET Framework all use the same .NET
libraries.

There are two fundamentally different kinds of C++ applications you can develop with Visual C++ 2005.
You can write applications that natively execute on your computer. These applications will be referred
to as native C++ programs. You write native C++ programs in the version of C++ that is defined by the
ISO/ANSI language standard. You can also write applications to run under the control of the CLR in an
extended version of C++ called C++/CLI These programs will be referred to as CLR programs, or
C++/CLI programs.

The .NET Framework is not strictly part of Visual C++ 2005 but rather a component of the Windows
operating system that makes it easier to build software applications and Web services. The NET
Framework offers substantial advantages in code reliability and security, as well as the ability to inte-
grate your C++ code with code written in over 20 other programming languages that target the NET
Framework. A slight disadvantage of targeting the .NET Framework is that there is a small performance
penalty, but you won't notice this in the majority of circumstances.

The Common Language Runtime (CLR)

The CLR is a standardized environment for the execution of programs written in a wide range of high-
level languages including Visual Basic, C#, and of course C++. The specification of the CLR is now
embodied in the European Computer Manufacturers (ECMA) standard for the Common Language
Infrastructure (CLI), ECMA-335, and also in the equivalent ISO standard, ISO/IEC 23271, so the CLR is
an implementation of this standard. You can see why C++ for the CLR is referred to as C++/CLI—it’s
C++ for the Common Language Infrastructure, so you are likely to see C++/CLI compilers on other
operating systems that implement the CLI.

Note that information on all ECMA standards is available from http: / /www.ecma-international.
org and ECMA-335 is currently available as a free download.

The CLI is essentially a specification for a virtual machine environment that enables applications writ-
ten in diverse high-level programming languages to be executed in different system environments
without changing or recompiling the original source code. The CLI specifies a standard intermediate
language for the virtual machine to which the high-level language source code is compiled. With the
NET Framework, this intermediate language is referred to as Microsoft Intermediate Language (MSIL).
Code in the intermediate language is ultimately mapped to machine code by a just-in-time (JIT) compiler
when you execute a program. Of course, code in the CLI intermediate language can be executed within
any other environment that has a CLI implementation.
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The CLI also defines a common set of data types called the Common Type System (CTS) that should be
used for programs written in any programming language targeting a CLI implementation. The CTS
specifies how data types are used within the CLR and includes a set of predefined types. You may also
define your own data types, and these must be defined in a particular way to be consistent with the
CLR, as you'll see. Having a standardized type system for representing data allows components written
in different programming languages to handle data in a uniform way and makes it possible to integrate
components written in different languages to be integrated into a single application.

Data security and program reliability is greatly enhanced by the CLR, in part because dynamic memory
allocation and release for data is fully automatic but also because the MSIL code for a program is com-
prehensively checked and validated before the program executes. The CLR is just one implementation of
the CLI specification that executes under Microsoft Windows on a PC; there will undoubtedly be other
implementations of the CLI for other operating system environments and hardware platforms. You'll
sometimes find that the terms CLI and CLR used interchangeably, although it should be evident that
they are not the same things. The CLI is a standard specification; the CLR is Microsoft’s implementation
of the CLI.

Writing C++ Applications

You have tremendous flexibility in the types of applications and program components that you can
develop with Visual C++ 2005. As noted earlier in this chapter, you have two basic options for Windows
applications: you can write code that executes with the CLR, and you can also write code that compiles
directly to machine code and thus executes natively. For window-based applications targeting the CLR,
you use Windows Forms as the base for the GUI provided by the NET Framework libraries. Using
Windows Forms enables rapid GUI development because you assemble the GUI graphically from stan-
dard components and have the code generated completely automatically. You then just need to cus-
tomize the code that has been generated to provide the functionality you require.

For natively executing code, you have several ways to go. One possibility is to use the Microsoft
Foundation Classes (MFC) for programming the graphical user interface for your Windows application.
The MFC encapsulates the Windows operating system Application Programming Interface (API) for
GUI creation and control and greatly eases the process of program development. The Windows API orig-
inated long before the C++ language arrived on the scene so it has none of the object-oriented character-
istics that would be expected if it were written today; however, you are not obliged to use the MFC. If
you want the ultimate in performance, you can write your C++ code to access the Windows API directly.

C++ code that executes with the CLR is described as managed C++ because data and code is managed
by the CLR. In CLR programs, the release of memory that you have allocated dynamically for storing
data is taken care of automatically, thus eliminating a common source of error in native C++ applica-
tions. C++ code that executes outside of the CLR is sometimes described by Microsoft as unmanaged
C++ because the CLR is not involved in its execution. With unmanaged C++ you must take care of all
aspects allocating and releasing memory during execution of your program yourself, and you also
forego the enhanced security provided by the CLR. You'll also see unmanaged C++ referred to as native
C++ because it compiles directly to native machine code.

Figure 1-1 shows the basic options you have for developing C++ applications.
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Figure 1-1 is not the whole story. An application can consist partly of managed C++ and partly of native
C++, so you are not obliged to stick to one environment or the other. Of course, you do lose out somewhat
by mixing the code, so you would choose to follow this approach only when necessary, such as when you
want to convert an existing native C++ application to run with the CLR. You obviously won’t get the ben-
efits inherent in managed C++ in the native C++ code, and there can also be appreciable overhead
involved in communications between the managed and unmanaged code components. The ability to mix
managed and unmanaged code can be invaluable, however, when you need to develop or extend existing
unmanaged code but also want to obtain the advantages of using the CLR. Of course, for new applica-
tions you should decide whether you want to create it as a managed C++ application at the outset.

Learning Windows Programming

There are always two basic aspects to interactive applications executing under Windows: you need code
to create the Graphical User Interface (the GUI) with which the user interacts, and you need code to pro-
cess these interactions to provide the functionality of the application. Visual C++ 2005 provides you with
a great deal of assistance in both aspects of Windows application development. As you'll see later in this
chapter, you can create a working Windows program with a GUI without writing any code yourself at
all. All the basic code to create the GUI can be generated automatically by Visual C++ 2005; however, it’s
essential to understand how this automatically generated code works because you need to extend and
modify it to make it do what you want, and to do that you need a comprehensive understanding of C++.
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For this reason, you'll first learn C++—both the native C++ and C++/CLI versions of the language —
without getting involved in Windows programming considerations. After you're comfortable with C++,
you'll learn how you develop fully-fledged Windows applications using native C++ and C++/CLI. This
means that while you are learning C++, you'll be working with programs that just involved command
line input and output. By sticking to this rather limited input and output capability, you'll be able to con-
centrate of the specifics of how the C++ language works and avoid the inevitable complications involved
in GUI building and control. After you become comfortable with C++, you’ll find that it’s an easy and
natural progression to applying C++ to the development of Windows application programs.

Learning C++
Visual C++ 2005 fully supports two versions of C++ defined by two separate standards:

Q  The ISO/ANSI C++ standard is for implementing native applications —unmanaged C++. This
version of C++ is supported on the majority of computer platforms.

Q  The C++/CLI standard is designed specifically for writing programs that target the CLR and is
an extension to the ISO/ANSI C++.

Chapters 2 through 10 of this book teach you the C++ language. Because C++/CLI is an extension of
ISO/ANSI C++, the first part of each chapter introduces elements of the ISO/ ANSI C++ language; the
second part explains the additional features that C++/CLI introduces.

Writing programs in C++/CLI allows you to take full advantage of the capabilities of the .NET
Framework, something that is not possible with programs written in ISO/ ANSI C++. Although
C++/CLlLis an extension of ANSI/ISO C++, to be able to execute your program fully with the CLR
means that it must conform to the requirements of the CLR. This implies that there are some features of
ANSI/ISO C++ that you cannot use in your CLR programs. One example of this that you might deduce
from what I have said up to now is that the dynamic memory allocation and release facilities offered by
ISO/ANSI C++ are not compatible with the CLR; you must use the CLR mechanism for memory man-
agement and this implies that you must use C++/CLI classes, not native C++ classes.

The C++ Standards

The ISO/ANSI standard is defined by the document ISO/IEC 14882 that is published by the American
National Standards Institute (ANSI). ISO/ANSI standard C++ is the well-established version of C++
that has been around since 1998 and is supported by compilers on the majority of computer hardware
platforms and operating systems. Programs that you write in ISO/ANSI C++ can be ported from one
system environment to another reasonably easily, although the library functions that a program uses —
particularly those related to building a graphical user interface — are a major determinant of how easy
or difficult it will be. ISO/ ANSI standard C++ has been the first choice of many professional program
developers because it is so widely supported, and because is one of the most powerful programming
languages available today.

The ISO/ANSI standard for C++ can be purchased from http: //www.iso.org.

C++/CLI is a version of C++ that extends the ISO/ANSI standard for C++ to better support the
Common Language Infrastructure (CLI) that is defined by the standard ECMA-355. The first draft of this
standard appeared in 2003 and was developed from an initial technical specification that was produced
by Microsoft to support the execution of C++ programs with the NET Framework. Thus both the CLI
and C++/CLI were originated by Microsoft in support of the NET Framework. Of course, standardizing
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the CLI and C++/CLI greatly increases the likelihood of implementations in environments other than
Windows. It’s important to appreciate that although C++/CLI is an extension of ISO/ANSI C++, there
are features of ISO/ANSI C++ that you must not use when you want your program to execute fully
under the control of the CLR. You'll learn what these are as you progress through the book.

The CLR offers substantial advantages over the native environment. By targeting your C++ programs at
the CLR, your programs will be more secure and not prone to the potential errors you can make when
using the full power of ISO/ANSI C++. The CLR also removes the incompatibilities introduced by vari-
ous high-level languages by standardizing the target environment to which they are compiled and thus
permit modules written in C++ to be combined with modules written in other languages such as C# or
Visual Basic.

Console Applications

As well as developing Windows applications, Visual C++ 2005 also allows you to write, compile, and
test C++ programs that have none of the baggage required for Windows programs — that is, applications
that are essentially character-based, command-line programs. These programs are called console appli-
cations in Visual C++ 2005 because you communicate with them through the keyboard and the screen in
character mode.

Writing console applications might seem as though you are being sidetracked from the main objective of
Windows programming, but when it comes to learning C++ (which you do need to do before embarking
on Windows-specific programming), it’s the best way to proceed. There’s a lot of code in even a simple
Windows program, and it’s very important not to be distracted by the complexities of Windows when
learning the ins and outs of C++. Therefore, in the early chapters of the book where you are concerned
with how C++ works, you'll spend time walking with a few lightweight console applications before you
get to run with the heavyweight sacks of code in the world of Windows.

While you're learning C++, you'll be able to concentrate on the language features without worrying
about the environment in which you're operating. With the console applications that you'll write, you
have only a text interface, but this will be quite sufficient for understanding all of C++ because there’s no
graphical capability within the definition of the language. Naturally, I will provide extensive coverage of
graphical user interface programming when you come to write programs specifically for Windows using
Microsoft Foundation Classes (MFC) in native C++ applications and Windows Forms with the CLR.

There are two distinct kinds of console applications and you'll be using both. Win32 console applica-
tions compile to native code, and you’'ll be using these to try out the capabilities of ISO/ANSI C++. CLR
console applications target the CLR so you'll be using these when you are working with the features of
C++/CLL

Windows Programming Concepts

Our approach to Windows programming is to use all the tools that Visual C++ 2005 provides. The pro-
ject creation facilities that are provided with Visual C++ 2005 can generate skeleton code for a wide vari-
ety of application programs automatically, including basic Windows programs. Creating a project is the
starting point for all applications and components that you develop with Visual C++ 2005, and to get a
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flavor of how this works, you'll look at the mechanics of creating some examples, including an outline
Windows program, later in this chapter.

A Windows program has a different structure from that of the typical console program you execute from
the command line, and it’s more complicated. In a console program, you can get input from the keyboard
and write output back to the command line directly, whereas a Windows program can access the input and
output facilities of the computer only by way of functions supplied by the Windows operating system; no
direct access to the hardware resources is permitted. Because several programs can be active at one time
under Windows, Windows has to determine which application a given raw input such as a mouse click or
the pressing of a key on the keyboard is destined for and signal the program concerned accordingly. Thus
the Windows operating system has primary control of all communications with the user.

Also, the nature of the interface between a user and a Windows application is such that a wide range

of different inputs is usually possible at any given time. A user may select any of a number of menu
options, click a toolbar button, or click the mouse somewhere in the application window. A well-
designed Windows application has to be prepared to deal with any of the possible types of input at any
time because there is no way of knowing in advance which type of input is going to occur. These user
actions are received by the operating system in the first instance and are all regarded by Windows as
events. An event that originates with the user interface for your application will typically result in a par-
ticular piece of your program code being executed. How program execution proceeds is therefore deter-
mined by the sequence of user actions. Programs that operate in this way are referred to as event-driven
programs and are different from traditional procedural programs that have a single order of execution.
Input to a procedural program is controlled by the program code and can occur only when the program
permits it; therefore, a Windows program consists primarily of pieces of code that respond to events
caused by the action of the user, or by Windows itself. This sort of program structure is illustrated in
Figure 1-2.

Each square block in Figure 1-2 represents a piece of code written specifically to deal with a particular
event. The program may appear to be somewhat fragmented because of the number of disjointed blocks
of code, but the primary factor welding the program into a whole is the Windows operating system
itself. You can think of your program as customizing Windows to provide a particular set of capabilities.

Of course, the modules servicing various external events, such as selecting a menu or clicking the
mouse, all typically have access to a common set of application-specific data in a particular program.
This application data contains information that relates to what the program is about — for example,
blocks of text in an editor or player scoring records in a program aimed at tracking how your baseball
team is doing — as well as information about some of the events that have occurred during execution of
the program. This shared collection of data allows various parts of the program that look independent to
communicate and operate in a coordinated and integrated fashion. I will go into this in much more
detail later in the book.

Even an elementary Windows program involves several lines of code, and with Windows programs that
are generated by the application wizards that come with Visual C++ 2005, “several” turns out to be
“many.” To simplify process of understanding how C++ works, you need a context that is as uncompli-
cated as possible. Fortunately, Visual C++ 2005 comes with an environment that is ready-made for the
purpose.
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What Is the Integrated Development

Environment?

The Integrated Development Environment (IDE) that comes with Visual C++ 2005 is a completely self-
contained environment for creating, compiling, linking, and testing your C++ programs. It also happens
to be a great environment in which to learn C++ (particularly when combined with a great book).

Visual C++ 2005 incorporates a range of fully integrated tools designed to make the whole process

of writing C++ programs easy. You will see something of these in this chapter, but rather than grind
through a boring litany of features and options in the abstract, first take a look at the basics to get a view
of how the IDE works and then pick up the rest in context as you go along.
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Components of the System

The fundamental parts of Visual C++ 2005, provided as part of the IDE, are the editor, the compiler, the
linker, and the libraries. These are the basic tools that are essential to writing and executing a C++ pro-
gram. Their functions are as follows.

The Editor

The editor provides an interactive environment for you to create and edit C++ source code. As well as
the usual facilities, such as cut and paste, which you are certainly already familiar with, the editor also
provides color cues to differentiate between various language elements. The editor automatically recog-
nizes fundamental words in the C++ language and assigns a color to them according to what they are.
This not only helps to make your code more readable but also provides a clear indicator of when you
make errors in keying such words.

The Compiler

The compiler converts your source code into object code, and detects and reports errors in the compila-
tion process. The compiler can detect a wide range of errors that are due to invalid or unrecognized pro-
gram code, as well as structural errors, where, for example, part of a program can never be executed.
The object code output from the compiler is stored in files called object files. There are two types of
object code that the compiler produces. These object codes usually have names with the extension . obj.

The Linker

The linker combines the various modules generated by the compiler from source code files, adds
required code modules from program libraries supplied as part of C++, and welds everything into an
executable whole. The linker can also detect and report errors — for example, if part of your program is
missing or a non-existent library component is referenced.

The Libraries

Alibrary is simply a collection of pre-written routines that supports and extends the C++ language by
providing standard professionally produced code units that you can incorporate into your programs to
carry out common operations. The operations that are implemented by routines in the various libraries
provided by Visual C++ 2005 greatly enhance productivity by saving you the effort of writing and test-
ing the code for such operations yourself. I have already mentioned the NET Framework library, and
there are a number of others — too many to enumerate here —but I'll mention the most important ones.

The Standard C++ Library defines a basic set of routines common to all ISO/ANSI C++ compilers. It
contains a wide range of routines including numerical functions such as calculating square roots and
evaluating trigonometrical functions, character and string processing routines such as classifying charac-
ters and comparing character strings, and many others. You'll get to know quite a number of these as
you develop your knowledge of ISO/ANSI C++. There are also libraries that support the C++/CLI
extensions to ISO/ANSI C++.

Native window-based applications are supported by a library called the Microsoft Foundation Classes
(MFC). The MFC greatly reduces the effort needed to build the graphical user interface for an applica-
tion. You'll see a lot more of the MFC when you finish exploring the nuances of the C++ language.
Another library contains a set of facilities called Windows Forms that are roughly the equivalent of the
MFC for window-based applications that executed with the NET Framework. You'll be seeing how you
make use of Windows Forms to develop applications, too.
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Using the IDE

All program development and execution in this book is performed from within the IDE. When you start
Visual C++ 2005, notice an application window similar to that shown in Figure 1-3.
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Figure 1-3

The window to the left in Figure 1-3 is the Solution Explorer window, the top-right window presently
showing the Start page is the Editor window, and the window at the bottom is the Output window. The
Solution Explorer window enables you to navigate through your program files and display their contents
in the Editor window and to add new files to your program. The Solution Explorer window has up to
three additional tabs (only two are shown in Figure 1-3) that display Class View, Resource View, and
Property Manager for your application, and you can select which tabs are to be displayed from the View
menu. The Editor window is where you enter and modify source code and other components of your
application. The Output window displays messages that result from compiling and linking your program.

Toolbar Options

You can choose which toolbars are displayed in your Visual C++ window by right-clicking in the toolbar
area. A pop-up menu with a list of toolbars (Figure 1-4) appears, and the toolbars that are currently dis-
played have check marks alongside.

10



Programming with Visual C++ 2005

Build
Class Designer

Data Design

Database Diagram
Debug

Debug Location

Device

Dialog Editor

Formatting

Help

HTML Source Editing

Image Editor

Layout

Query Designer

Report Borders

Report Formatting

Source Control
Standard

Style Sheet

Table Designer

Text Editor

hd

Figure 1-4

This is where you decide which toolbars are visible at any one time. You can make your set of toolbars
the same as those shown in Figure 1-3 by making sure the Build, Class Designer, Debug, Standard,
and View Designer menu items are checked. Clicking in the gray area to the left of a toolbar checks it if
it unchecked and results in it being displayed; clicking a check mark hides the corresponding toolbar.

You don’t need to clutter up the application window with all the toolbars you think you might need at
some time. Some toolbars appear automatically when required, so you’ll probably find that the default
toolbar selections are perfectly adequate most of the time. As you develop your applications, from time
to time you might think it would be more convenient to have access to toolbars that aren’t displayed.
You can change the set of toolbars that are visible whenever it suits you by right-clicking in the toolbar
area and choosing from the context menu.

11
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Similar to many other Windows applications, the toolbars that make up Visual C++ 2005 come com-
plete with tooltips. Just let the mouse pointer linger over a toolbar button for a second or two and a
white label displays the function of that button.

Dockable Toolbars

A dockable toolbar is one that you can drag around with the mouse to position at a convenient place in
the window. When it is placed in any of the four borders of the application, it is said to be docked and
looks similar to the toolbars you see at the top of the application window. The toolbar on the upper line
of toolbar buttons that contains the disk icons and the text box to the right of a pair of binoculars is the
Standard toolbar. You can drag this away from the toolbar by placing the cursor on it and dragging it
with the mouse while you hold down the left mouse button. It then appears as a separate window you
can position anywhere.

If you drag any dockable toolbar away from its docked position, it looks like the Standard toolbar you
see in Figure 1-5, enclosed in a little window — with a different caption. In this state, it is called a floating
toolbar. All the toolbars that you see in Figure 1-3 are dockable and can be floating, so you can experi-
ment with dragging any of them around. You can position them in docked positions where they revert to
their normal toolbar appearance. You can dock a dockable toolbar at any side of the main window.

Bl o e | 2 Ve = | -l =[5 5 = ok B -
Figure 1-5

You'll become familiar with many of the toolbar icons that Visual C++ 2005 uses from other Windows
applications, but you may not appreciate exactly what these icons do in the context of Visual C++, so I'll
describe them as we use them.

Because you'll use a new project for every program you develop, looking at what exactly a project is and
understanding how the mechanism for defining a project works is a good place to start finding out
about Visual C++ 2005.

Documentation

12

There will be plenty of occasions when you’ll want to find out more information about Visual C++ 2005.
The Microsoft Development Network (MSDN) Library provides comprehensive reference material on
all the capabilities on Visual C++ 2005 and more besides. When you install Visual C++ 2005 onto your
machine, there is an option to install part or all of the MSDN documentation. If you have the disk space
available I strongly recommend that you install the MSDN Library.
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Press the F1 function to browse the MSDN Library. The Help menu also provides various routes into the
documentation. As well as offering reference documentation, the MSDN Library is a useful tool when
dealing with errors in your code, as you'll see later in this chapter.

Projects and Solutions

A project is a container for all the things that make up a program of some kind —it might be a console
program, a window-based program, or some other kind of program, and it usually consists of one or
more source files containing your code plus possibly other files containing auxiliary data. All the files for
a project are stored in the project folder and detailed information about the project is stored in an XML
file with the extension .vcproj that is also in the project folder. The project folder also contains other
folders that are used to store the output from compiling and linking your project.

The idea of a solution is expressed by its name, in that it is a mechanism for bringing together all the
programs and other resources that represent a solution to a particular data processing problem. For
example, a distributed order entry system for a business operation might be composed of several differ-
ent programs that could each be developed as a project within a single solution; therefore, a solution is a
folder in which all the information relating to one or more projects is stored, so one or more project fold-
ers are subfolders of the solution folder. Information about the projects in a solution is stored in two files
with the extensions . s1n and .suo. When you create a project, a new solution is created automatically
unless you elect to add the project to an existing solution.

When you create a project along with a solution, you can add further projects to the same solution. You
can add any kind of project to an existing solution, but you would usually add only a project that was
related in some way to the existing project or projects in the solution. Generally, unless you have a good
reason to do otherwise, each of your projects should have its own solution. Each example you create
with this book will be a single project within its own solution.

Defining a Project

The first step in writing a Visual C++ 2005 program is to create a project for it using the File > New >
Project menu option from the main menu or you can press Ctrl+Shift+N. As well as containing files
that define all the code and any other data that goes to make up your program, the project XML file in
the project folder also records the Visual C++ 2005 options you're using. Although you don’t need to
concern yourself with the project file —it is entirely maintained by the IDE —you can browse it if you
want to see what the contents are, but take care not to modify it accidentally.

That’s enough introductory stuff for the moment. It’s time to get your hands dirty.
Try It Out Creating a Project for a Win32 Console Application

You'll now take a look at creating a project for a console application. First select File > New >
Project to bring up the New Project dialog box, shown in Figure 1-6.

13
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Figure 1-6

The left pane in the New Project dialog box displays the types of projects you can create; in this case,
click win32. This also identifies an application wizard that creates the initial contents for the project. The
right pane displays a list of templates available for the project type you have selected in the left pane.
The template you select is used by the application wizard when creating the files that make up the pro-
ject. In the next dialog box, you have an opportunity to customize the files that are created when you
click the Ok button in this dialog box. For most of the type/template options, a basic set of program
source modules are created automatically.

You can now enter a suitable name for your project by typing into the Name: edit box — for example,
you could call this one Ex1_01, or you can choose your own project name. Visual C++ 2005 supports
long file names, so you have a lot of flexibility. The name of the solution folder appears in the bottom
edit box and, by default, the solution folder has the came name as the project. You can change this if you
want. The dialog box also allows you to modify the location for the solution that contains your project—
this appears in the Location: edit box. If you simply enter a name for your project, the solution folder
is automatically set to a folder with that name, with the path shown in the Location: edit box. By default
the solution folder is created for you if it doesn’t already exist. If you want to specify a different path for
the solution folder, just enter it in the Location: edit box. Alternatively, you can use the Browse button to
select another path for your solution. Clicking the Ok button displays the Win32 Application Wizard dia-
log box shown in Figure 1-7.

This dialog box explains the settings currently in effect. If you click the Finish button, the wizard cre-
ates all the project files based on this. In this case you can click Applications Settings on the left to
display the Application Settings page of the wizard shown in Figure 1-8.
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The Application Settings page allows you to choose options that you want to apply to the project.
For most of the projects you'll be creating when you are learning the C++ language, you select the Empty
project checkbox, but here you can leave things as they are and click the Finish button. The applica-
tion wizard then creates the project with all the default files.

15
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The project folder will have the name that you supplied as the project name and will hold all the files
making up the project definition. If you didn’t change it, the solution folder has the same name as the
project folder and contains the project folder plus the files defining the contents of the solution. If you
use Windows Explorer to inspect the contents of the solution folder, you'll see that it contains three files:

Q  Afile with the extension . s1n that records information about the projects in the solution.
Q  Afile with the extension . suo in which user options that apply to the solution will be recorded.

O  Afile with the extension .ncb that records data about Intellisense for the solution. Intellisense
is the facility that provides auto-completion and prompting for code in the Editor window as
you enter it.

If you use Windows Explorer to look in the project folder, notice there are six files initially, including a
file with the name ReadMe. txt that contains a summary of the contents of the files that have been cre-
ated for the project. The one file that ReadMe . txt may not mention is a file with a compound name of
the form Ex1_01.vcproj.ComputerName. UserName . user used to store options you set for the project.

The project you have created will automatically open in Visual C++ 2005 with the left pane as in Figure
1-9. I have increased the width of this pane so that you can see the complete names on the tabs.

Solution Explorer - Ex1_01 * 1 X

[54 Solution 'Ex1_01' (1 project)
- EEx1_o01
= ¥ Header Files
] stdafx.h
|1 Resource Files
= ¥ Source Files
¢+ Bxd_01.cpp
¢ stdafx.cpp
[Z] ReadMe.bet

&3 Solution Explorer [ Class View |[; Property Manager |[BResource View

Figure 1-9

The Solution Explorer tab presents a view of all the projects in the current solution and the files they
contains — here there is just one project of course. You can display the contents of any file as an addi-
tional tab in the Editor pane just by double-clicking in name in the Solution Explorer tab. In the edit
pane you can switch instantly between any of the files that have been displayed just by clicking on the
appropriate tab.

16
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The Class View tab displays the classes defined in your project and also shows the contents of each
class. You don’t have any classes in this application, so the view is empty. When we discuss classes, you
will see that you can use the Class View tab to move around the code relating to the definition and
implementation of all your application classes quickly and easily.

The Property Manager tab shows the properties that have been set for the Debug and Release versions
of your project. I'll explain these versions a little later in this chapter. You can change any of the proper-
ties shown by right-clicking a property and selecting Properties from the context menu; this displays a
dialog box where you can set the project property. You can also press Alt+F7 to display the properties
dialog box at any time; I'll also discuss this in more detail when we go into the Debug and Release ver-
sions of a program.

The Resource View shows the dialog boxes, icons, menus toolbars, and other resources that are used

by the program. Because this is a console program, no resources are used; however, when you start writ-
ing Windows applications, you'll see a lot of things here. Through this tab you can edit or add to the
resources available to the project.

Like most elements of the Visual C++ 2005 IDE, the Solution Explorer and other tabs provide context-
sensitive pop-up menus when you right-click items displayed in the tab and in some cases in the empty
space in the tab, too. If you find that the Solution Explorer pane gets in your way when writing code,
you can hide it by clicking the Autohide icon. To redisplay it, click the name tab on the left of the IDE
window.

Modifying the Source Code

The Application wizard generates a complete Win32 console program that you can compile and execute.
Unfortunately, the program doesn’t do anything as it stands, so to make it a little more interesting you
need to change it. If it is not already visible in the Editor pane, double-click Ex1_01. cpp in the Solution
Explorer pane. This file is the main source file for the program that the Application wizard generated
and it looks like that shown in Figure 1-10.

Ex1_D1.cpp| Start Page v X
(Global Scope) 54 wwmain(int arge, _TCHAR *[] argv) w
c —
- -~
7@fint _tmein(int arge, _TCHAR* argv(])
H
return 0;
1
v
<] »
Figure 1-10
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If the line numbers are not displayed on your system, select Tools > Options from the main menu to dis-
play the Options dialog box. If you extend the C/C++ option in the right pane and select General from
the extended tree, you can select Line Numbers in the right pane of the dialog box. Ill first give you a
rough guide to what this code in Figure 1-10 does, and you'll see more on all of these later.

The first two lines are just comments. Anything following “//”in a line is ignored by the compiler.
When you want to add descriptive comments in a line, precede your text by “//”.

Line 4 is an #include directive that adds the contents of the file stdafx.h to this file in place of this
#include directive. This is the standard way of adding the contents of .h source files to a . cpp source
file a in a C++ program.

Line 7 is the first line of the executable code in this file and the beginning of the function _tmain (). A
function is simply a named unit of executable code in a C++ program; every C++ program consists of at
least one —and usually many more — functions.

Lines 8 and 10 contain left and right braces, respectively, that enclose all the executable code in the
function _tmain (). The executable code is, therefore, just the single line 10 and all this does is end the
program.

Now you can add the following two lines of code in the Editor window:

// Ex1_0l.cpp : Defines the entry point for the console application.
//

#include "stdafx.h"
#include <iostream>

int _tmain(int argc, _TCHAR* argv[])
{
std: :cout << "Hello world!\n";
return 0;

}

The unshaded lines are the ones generated for you. The new lines you should add are shown shaded. To
introduce each new line, place the cursor at the end on the text on the preceding line and press Enter to
create an empty line in which you can type the new code. Make sure it is exactly as shown in the preced-
ing example; otherwise, the program may not compile.

The first new line is an #include directive that adds the contents of one of the standard libraries for
ISO/ANSI C++ to the source file. The <iostream> library defines facilities for basic I/O operations, and
the one you are using in the second line that you added writes output to the command line. std: : cout
is the name of the standard output stream and you write the string "Hello world!\n" to std::cout
in the second addition statement. Whatever appears between the pair of double quote characters is writ-
ten to the command line.

Building the Solution

18

To build the solution, press F7 or select the Build > Build Solution menu item. Alternatively, you
can click the toolbar button corresponding to this menu item. The toolbar buttons for the Build menu
may not display, but you can easily fix this by right-clicking in the toolbar area and selecting the Build
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toolbar from those in the list. The program should then compile successfully. If there are errors, ensure
you didn’t make an error while entering the new code, so check the two new lines very carefully.

Files Created by Building a Console Application

After the example has been built without error, take a look in the project folder by using Windows
Explorer to see a new subfolder called Debug. This folder contains the output of the build you just per-
formed on the project. Notice that this folder contains several files.

Other than the . exe file, which is your program in executable form, you don’t need to know much
about what’s in these files. In case you're curious, however, let’s do a quick run-through of what the
more interesting ones are for.

File Extension Description

.exe This is the executable file for the program. You get this file only if both the
compile and link steps are successful.

.obj The compiler produces these object files containing machine code from your
program source files. These are used by the linker, along with files from the
libraries, to produce your . exe file.

JAlk This file is used by the linker when you rebuild your project. It enables the
linker to incrementally link the object files produced from the modified source
code into the existing . exe file. This avoids the need to re-link everything
each time you change your program.

.pch This is a pre-compiled header file. With pre-compiled headers, large tracts of
code that are not subject to modification (particularly code supplied by C++
libraries) can be processed once and stored in the . pch file. Using the .pch
file substantially reduces the time needed to rebuild your program.

.pdb This file contains debugging information that is used when you execute the
program in debug mode. In this mode, you can dynamically inspect informa-
tion that is generated during program execution.

idb Contains information used when you rebuild the solution.

Debug and Release Versions of Your Program

You can set a range of options for a project through the Broject > Ex1_01 Properties menu item.
These options determine how your source code is processed during the compile and link stages. The set
of options that produces a particular executable version of your program is called a configuration.
When you create a new project workspace, Visual C++ 2005 automatically creates configurations for pro-
ducing two versions of your application. One version, called the Debug version, includes information
that helps you debug the program. With the Debug version of your program you can step through the
code when things go wrong, checking on the data values in the program. The other, called the Release
version, has no debug information included and has the code optimization options for the compiler
turned on to provide you with the most efficient executable module. These two configurations are suffi-
cient for your needs throughout this book, but when you need to add other configurations for an appli-
cation, you can do so through the Build > Configuration Manager menu. Note that this menu item
won’t appear if you haven’t got a project loaded. This is obviously not a problem, but might be confus-
ing if you're just browsing through the menus to see what'’s there.
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You can choose which configuration of your program to work with by selecting the configuration from

the Active solution configuration drop-down listin the Configuration Manager dialog box, as
shown in Figure 1-11.

Configuration Manager 23

Active solution configuration: Active solution platform:

Debug | |Win32

Release r deplay):
<New..> Flatform Build
<Edit...>

- v Winiz i

Close

Figure 1-11

Select the configuration you want to work with from the list and then click the close button. While
you're developing an application, you'll work with the debug configuration. After your application has
been tested using the debug configuration and appears to be working correctly, you typically rebuild the

program as a release version; this produces optimized code without the debug and trace capability, so
the program runs faster and occupies less memory.

Executing the Program

After you have successfully compiled the solution, you can execute your program by pressing Ctrl+F5.
You should see the window shown in Figure 1-12.

& C:\WINNT\system32\cmd.exe ﬂ ﬂ

Hello world?
Press any key to continue . . .

Figure 1-12
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As you see, you get the text that was between the double quotes written to the command line. The "\n"
that appeared at the end of the text string is a special sequence called an escape sequence that denotes a
newline character. Escape sequences are used to represent characters in a text string that you cannot
enter directly from the keyboard.

Try It Out Creating an Empty Console Project

The previous project contained a certain amount of excess baggage that you don’t need when working
with simple C++ language examples. The precompiled headers option chosen by default resulted in the
stdafx.h file being created in the project. This is a mechanism for making the compilation process more
efficient when there are a lot of files in a program but this won’t be necessary for many of our examples.
In these instances you start with an empty project to which you can add your own source files. You can
see how this works by creating a new project in a new solution for a win32 console program with the
name Ex1_02. After you have entered the project name and clicked the Ok button, click on Applications
Settings on the right side of the dialog box that follows. You can then select Empty project from the
additional options, as Figure 1-13 shows.

Win32 Application Wizard - Ex1_02
= Application Settings
Gin_
Owerview Application type: Add common header files for:
Aoplication Setings () Windows application
() Console application
Oou
() static library
Additi i
Finish ] [ Cancel
Figure 1-13

When you click the Finish button, the project is created as before, but this time without any source files.
Next you add a new source file to the project. Right-click the Solution Explorer pane and then select

Add > New Item from the context menu. A dialog box displays; click Code in the right pane, and c++
File(.cpp) in the left pane. Enter the file name as Ex1_02, as shown in Figure 1-14.
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Add New Item - Ex1_02
Categories: Templates: =
= Visual C++ Visual Studio installed templates

u1

Code ] C++ File (.cpp) n] Header File {.h)

Data -] Midl File (.idl) %] Module-Definition File {.def)

RESOUrCe ] Component Class ] Installer Class

Web

Utilty My Templates

Property Sheets . Search Online Templates...

Creates a file containing C++ source code

Name: Ex1_02

Location: d:\Beginning Visual C++ 2005\Examples\Ex1_02\Ex1_02
Add Cancel

Figure 1-14

When you click the Add button, the new file is added to the project and is displayed in the Editor win-
dow. Of course, the file is empty so nothing will be displayed; enter the following code in the Editor
window:

// Ex1_02.cpp A simple console program
#include <iostream> // Basic input and output library

int main/()

{
std::cout << "This is a simple program that outputs some text." << std::endl;
std::cout << "You can output more lines of text" << std::endl;
std::cout << "just by repeating the output statement like this." << std::endl;
return 0; // Return to the operating system

Note the automatic indenting that occurs as you type the code. C++ uses indenting to make programs
more readable, and the editor automatically indents each line of code that you enter, based on what was
in the previous line. You can also see the syntax color highlighting in action as you type. Some elements
of the program are shown in different colors as the editor automatically assigns colors to language ele-
ments depending on what they are.

The preceding code is the complete program. You probably noticed a couple of differences compared to
the code generated by the Application wizard in the previous example. There’s no #include directive
for the stdafx.h file. You don’t have this file as part of the project here because you are not using the
precompiled headers facility. The name of the function here is main; before it was _tmain. In fact all
ISO/ANSI C++ programs start execution in a function called main () . Microsoft also provides for this
function to be called wmain when Unicode characters are used and the name _tmain is defined to be
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either main or wmain, depending on whether or not the program is going to use Unicode characters. For
the previous example, the name _tmain is defined behind the scenes to be main. You use the name main
in all the ISO/ANSI C++ examples.

The output statements are a little different. The first statement in main () is:
std::cout << "This is a simple program that outputs some text." << std::endl;

You have two occurrences of the << operator, and each one sends whatever follows to std: : cout,
which is the standard output stream. First the string between double quotes is sent to the stream and
then std: :endl where std: : endl is defined in the standard library as a newline character. Earlier you
used the escape sequence \n for a newline character within a string between double quotes. You could
have written the preceding statement as:

std::cout << "This is a simple program that outputs some text.\n";

I should explain why the line is shaded, where the previous line of code is not. Where I repeat a line of
code for explanation purposes I show it unshaded. The preceding line of code is new and does not
appear earlier so I have shown it shaded.

You can now build this project in the same way as the previous example. Note that any open source files
in the Editor pane are saved automatically if you have not already saved them. When you have com-
piled the program successfully, press Ctr1+F5 to execute it. The window shown in Figure 1-15 displays.

Thiz iz a simple program that outputs some text.
You can output more lines of text
ijust by repeating the output statement like this.
Press any key to continue . . . _

& C:\WINNT\system32\cmd.exe ﬂE| ﬂ
4]
|

Figure 1-15

Dealing with Errors

Of course, if you didn’t type the program correctly, you get errors reported. To show how this works,
you could deliberately introduce an error into the program. If you already have errors of your own, you
can use those to perform this exercise. Go back to the Editor pane and delete the semicolon at the end of
the second-to-last line between the braces (line 8); then rebuild the source file. The Output pane at the
bottom of the application window includes the error message:

C2143: syntax error : missing ';' before 'return'

Every error message during compilation has an error number that you can look up in the documenta-
tion. Here, the problem is obvious, ; however, in more obscure cases, the documentation may help you
figure out what is causing the error. To get the documentation on an error, click the line in the output
pane that contains the error number and then press F1. A new window displays containing further infor-
mation about the error. You can try it with this simple error, if you like.
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When you have corrected the error, you can then rebuild the project. The build operation works efficiently
because the project definition keeps track of the status of the files making up the project. During a normal
build, Visual C++ 2005 recompiles only the files that have changed since the program was last compiled
or built. This means that if your project has several source files and you've edited only one of the files
since the project was last built, only that file is recompiled before linking to create a new . exe file.

You'll also use CLR console programs, so the next section shows you what a CLR console project looks.

y It Out Creating a CLR Console Project

Press ctrl+Shift+N to display the New Project dialog box; then select the project type as CLR and the
template as CLR Console Application, as shown in Figure 1-16.

New Project
Project types: Templates: =
= Visual C++ Visual Studio installed templates
ATL
CLR B ASP.NET Web Service A class Library
General A cLr Console Application T CLR Empty Project
MFC ,'ﬂ SQL Server Project :'EWindnws Forms Application
Smart Device Fwindows Forms Control Library Hwindows Service
Test
Wina2 My Templates
# Other Languages . Search Online Templates...

Distributed System Solutions
+- Other Project Types
#- Test Projects

A project for creating a console application

Name: Ex1_03|
Location: [ D:\Beginning Visual C++ 2005\Examples vi
Solution: Create new Solution g | Create directory for solution
Solution Name: Ex1_03
0K Cancel
Figure 1-16

Enter the name as Ex1_03. When you click the Ok button, the files for the project are created. There are
no options for a CLR console project, so you always start with the same set of files in a project with this
template. If you want an empty project—something you won’t need with this book — there’s a separate
template for this.

If you look at the Solution Explorer pane shown in Figure 1-17, you see there are some extra files
compare to a Win32 console project.

There are a couple of files in the virtual Resource Files folder. The . ico file stores an icon for the
application that is displayed when the program is minimized; the . rc file records the resources
for the application —just the icon in this case.
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Solution Explorer - Ex1_03
[ Solution 'Ex1_03' (1 project)
= @

= | Header Files
] resource.h
] stdaf.h

=~ | Resource Files
i app.ico
i app.rc

= ¥ Source Files
¢+ AssemblyInfo.cpp
G+ Ex1_03.cpp
¢+ stdafx.cpp

£] ReadMe.bd

>~ 1 X

Sy Soluti... [FFClass ... = Prope... [[BReso...

Figure 1-17

There is also a file with the name AssemblyInfo.cpp. Every CLR program consists of one or more
assemblies where an assembly is a collection of code and resources that form a functional unit. An
assembly also contains extensive data for the CLR; there are specifications of the data types that are
being used, versioning information about the code, and information that determines if the contents of
the assembly can be accessed from another assembly. In short, an assembly is a fundamental building
block in all CLR programs.

If the source code in the Ex1_03 . cpp file is not displayed in the Editor window, double-click the file
name in the Solution Explorer pane. It should look like Figure 1-18.

Ex1_03.cpp| Start Page x
(Global Scope) hd hd
1=/ Ex1_03.cpp : main project file. 7-‘
3 finclude "stdafx.h"
5i| uging namespace System;
7iE int main{array<System::5tring "> "args)
{
Con=sole: :Writeline (L"Hello World"):
1 return 0;
11:| }
—
[« ]
Figure 1-18
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It has the same #include directive as the default native C++ console program because CLR programs
use precompiled headers for efficiency. The next line is new:

using namespace System;

The .NET library facilities are all defined within a namespace, and all the standard sort of stuff you are
likely to use is in a namespace with the name System. This statement indicates the program code that
follows uses the System namespace, but what exactly is a namespace?

A namespace is a very simple concept. Within your program code and within the code that forms the
.NET libraries, names have to be given to lots of things —data types, variables, and blocks of code called
functions all have to have names. The problem is that if you happen to invent a name that is already
used in the library, there’s potential for confusion. A namespace provides a way of getting around this
problem. All the names in the library code that is defined within the System namespace are implicitly
prefixed with the namespace name. So, a name such as String in the library is really System: : String.
This means that if you have inadvertently used the name String for something in your code, you can
use System: : String to refer String from the .NET library.

The two colons[md]: : —are an operator called the scope resolution operator. Here the scope resolution
operator separates the namespace name System from the type name String. You have seen this in the
native C++ examples earlier in this chapter with std: : cout and std: :endl. This is the same story —
std is the namespace name for native C++ libraries, and cout and endl are the names that have been
defined within the std namespace to represent the standard output stream and the newline character,
respectively.

In fact, the using namespace statement in the example allows you to use any name from the System
namespace without having to use the namespace name as a prefix. If you did end up with a name con-
flict between a name you have defined and a name in the library, you could resolve the problem by
removing the using namespace statement and explicitly qualify the name from the library with the
namespace name. You'll learn more about namespaces in Chapter 2.

You can compile and execute the program by pressing ctr1+F5. The output is as shown in Figure 1-19.

Hello World
Prese any key to continue . . .

& C:\WINNT\system32\cmd.exe ﬂ5| ﬂ
B
1

Figure 1-19

The output is the same as from the first example. This output is produced by the line:

Console: :WriteLine(L"Hello World");
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This uses a .NET library function to write the information between the double quotes to the command
line, so this is the CLR equivalent of the native C++ statement that you added to Ex1_01:

std::cout << "Hello world!\n";

It is more immediately apparent what the CLR statement does than the native C++ statement.

Setting Options in Visual C++ 2005

There are two sets of options you can set. You can set options that apply to the tools provided by Visual
C++ 2005, which apply in every project context. Also, you can set options that are specific to a project
and determine how the project code is to be processed when it is compiled and linked. Options are set
through the Options dialog box that’s displayed when you select Tools > Options from the main
menu. The Options dialog box is shown in Figure 1-20.

Options

=
+

R R I O

i

&

Environment
Performance Tools
Frojects and Solutions

Run
VB Defaults
VC++ Directories
VC++ Project Settings
Source Control
Text Editor
Database Tools
Debugging
Davice Tools
HTML Designer
Microsoft Office Keyboard Settings
Test Tools

Visual Studio projects location:
D:\Beginning Visual C++ 2005\Examples

Visual Studio user project templates location:
C:\Documents and Settings|\vor Horton\My Documents\Visual Studio 2| | ...

m

Visual Studio user item templates location:
C:\Documents and Settings\ivor Horton\My Documents\Visual Studio 2

[ Always show Error List if build finishes with errors
[ITrack Active tem in Solution Explorer

[+] Show advanced buijld configurations

[¥] Always show solution

Save ney projects when created

[“Iwarn user when the project location Is not trusted

[¥] Show Qutput window when build starts
[CIprompt for symbalic renaming when renaming files

+ Windows Forms Designer

Figure 1-20

Clicking the plus sign (+) for any of the items in the left pane displays a list of subtopics. Figure 1-20
shows the options for the General subtopic under Projects and Solutions. The right pane displays
the options you can set for the topic you have select in the left pane. You should concern yourself with
only a few of these at this time, but you'll find it useful to spend a little time browsing the range of
options available to you. Clicking the Help button (with the ?) at the top right of the dialog box displays
an explanation of the current options.

You probably want to choose a path to use as a default when you create a new project, and you can do
this through the first option shown in Figure 1-20. Just set the path to the location where you want your
projects and solutions stored.

You can set options that apply to every C++ project by selecting the Projects and Solutions >
VC++ Project Settings topic in the left pane. You can also set options specific to the current project
through the Project > Properties menu item in the main menu. This menu item label is tailored to
reflect the name of the current project.
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Creating and Executing Windows Applications

Just to show how easy it’s going to be, now create two working Windows applications. You'll create a
native C++ application using MFC and then you'll create a Windows Forms application that runs with
the CLR. I'll defer discussion of the programs that you generate until I've covered the necessary ground
for you to understand it in detail. You will see, though, that the processes are straightforward.

Creating an MFC Application

28

To start with, if an existing project is active —as indicated by the project name appearing in the title bar
of the Visual C++ 2005 main window — you can select Close Solution from the File menu.
Alternatively, you can create a new project and have the current solution closed automatically.

To create the Windows program select New > Project from the File menu or press Ctrl+Shift+N; then
choose the project type as MFC and select MFC Application as the project template. You can then enter
the project name as Ex1_04 as shown in Figure 1-21.

New Project
Project types: Templates: =
= Visual C++ Visual Studio installed templates
ATL
ClR Bl MFC ActiveX Control #lia MFC Application
General HEMFC DLL
MFC
Smart Device My Templates
Test

_|:| Search Online Templates...
Win32

+- Other Languages
Distributed System Solutions

+- Other Project Types

#- Test Projects

A project for creating an application that uses the Microsoft Foundation Class Library

Name: Ex‘J_D‘q
Location: D:\Beginning Visual C++ 2005\Examples v |
Solution: Create new Solution g | Create directory for solution
Solution Name: Exl_04
OK Cancel
Figure 1-21

When you click the Ok button, the MFC Application Wizard dialogbox is displayed. The dialog box
has a range of options that let you choose which features you’d like to have included in your applica-
tion. These are identified by the items in the list on the right of the dialog box, as Figure 1-22 shows.
You'll get to use many of these in examples later on.

You can ignore all these options in this instance and just accept the default settings, so click the Finish
button to create the project with the default settings. The Solution Explorer pane in the IDE window
looks like Figure 1-23.
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MFC Application Wizard - Ex1_04

Compound Document Support
Document Template Strings
Database Support
User Interface Features
Advanced Features

Generated Classes

M Welcome to the MFC Application Wizard
F
Owerview These are the current project settings:
Application Type » Multiple document interface

* No database support
# No compound document support

Click Finish from any window to accept the current settings.

After you create the project, see the project's readme. txt file for information
about the project features and files that are generated.

Finish ] [ Cancel

Figure 1-22

Solution Explorer - Ex1_04 » O x

2|
[ Solution 'Ex1_04' (1 project)

&3 Solution Explorer [#2 Class View (@ Resource View

& Header Files
] ChildFrm.h
] Ex1_04.h
n] Exd_04Doc.h
] Bxd_04View.h
] MainFrm.h
] Resource.h
] stdafx.h

|5 Resource Files
] Bx1_04.ico
G Exl_04.rc
il EX1_04.rc2
] Ex1_n4Doc.ico
|zl Toolbar.bmp

% Source Files
&+ ChildFrm.cpp
¢+ Ex1_04.cpp
¢+ Ex1_04Doc.cpp
G Ex1_04View.cpp
¢4 MainFrm.cpp
& stdafx.cpp

2] rReadMe.txt

Figure 1-23
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Note that I have hidden the Property Manager tab by right-clicking it and selecting Hide, so it doesn’t
appear in Figure 1-23. The list shows a large number of files that have been created. You need plenty of
space on your hard drive when writing Windows programs! The files with the extension . cpp contain
executable C++ source code, and the .h files contain C++ code consisting of definitions that are used
by the executable code. The . ico files contain icons. The files are grouped into the subfolders you can
see for ease of access. These aren’t real folders, though, and they won’t appear in the project folder on
your disk.

If you now take a look at the Ex1_04 solution folder using Windows Explorer or whatever else you may
have handy for looking at the files on your hard disk, notice that you have generated a total of 24 files.
Three of these are in the solution folder, a further 17 are in the project folder and four more are in a sub-
folder, res, to the project folder. The files in the res subfolder contain the resources used by the pro-
gram — such as the menus and icons used in the program. You get all this as a result of just entering the
name you want to assign to the project. You can see why, with so many files and file names being created
automatically, a separate directory for each project becomes more than just a good idea.

One of the files in the Ex1_04 project directory is ReadMe. txt, and this provides an explanation of the
purpose of each of the files that the MFC Application wizard has generated. You can take a look at it if
you want, using Notepad, WordPad, or even the Visual C++ 2005 editor. To view it in the Editor win-
dow, double-click it in the Solution Explorer pane.

Building and Executing the MFC Application

Before you can execute the program, you have to build the project—meaning, compile the source code
and link the program modules. You do this in exactly the same way that you did with the console
application example. To save time, press Ctr1+F5 to get the project built and then executed in a single
operation.

After the project has been built, the Output window indicates that there are no errors and the executable
starts running. The window for the program you’ve generated is shown in Figure 1-24.

# Ex1_04 - Ex1_041 Q@ﬁl

File Edit View Window Help

laﬁ*n X1

Ex1_041 -Jo&s

Figure 1-24
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As you see, the window is complete with menus and a toolbar. Although there is no specific functional-
ity in the program — that’s what you need to add to make it your program —all the menus work. You
can try them out. You can even create further windows by selecting New from the File menu.

I think you'll agree that creating a Windows program with the MFC Application wizard hasn’t stressed
too many brain cells. You'll need to get a few more ticking away when you come to developing the basic
program you have here into a program that does something more interesting, but it won’t be that hard.
Certainly, for many people, writing a serious Windows program the old-fashioned way, without the aid
of Visual C++ 2005, required at least a couple of months on a fish diet before making the attempt. That’s
why so many programmers used to eat sushi. That’s all gone now with Visual C++ 2005. You never
know, however, what’s around the corner in programming technology. If you like sushi, it’s best to con-
tinue with it to be on the safe side.

Creating a Windows Forms Application

This is a job for another application wizard. So create yet another new project, but this time select the
type as CLR in the left pane of the New Project dialog box and the template as Windows Forms
Application. You can then enter the project name as Ex1_05 as shown in Figure 1-25.

New Project

Project types: Templates: =
= Visual C++ Visual Studio installed templates
ATL
CLR B ASP.NET Web Service A class Library
General A cLr Console Application T CLR Empty Project
MFC :ﬂ SQL Server Project :'EWindows Forms Application
Smart Device Fwindows Forms Control Library Hwindows Service
Test
Wina2 My Templates
# Other Languages . Search Online Templates...

Distributed System Solutions
+- Other Project Types
#- Test Projects

A project for creating an application with a Windows user interface

Name: Ex1_03
Location: D:\Beginning Visual C++ 2005\Examples v |
Solution: Create new Solution g | Create directory for solution
Solution Name: Ex1_05
0K Cancel
Figure 1-25

There are no options to choose from in this case, so click the OK button to create the project.

The Solution Explorer pane in Figure 1-26 shows the files that have been generated for this project.
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There are considerably fewer files in this project — if you look in the directories, you'll see there are a
total of 15 including the solution files. One reason for this is the initial GUI is much simpler than the
native C++ application using MFC. The Windows Forms application has no menus or toolbars, and there
is only one window. Of course, you can add all these things quite easily, but the wizard for a Windows

Solution Explorer - Ex1_05 + 1 X

[ Soluti

= L& Header Files
= 2] Forml.h
4 Formi.resxX
n] resource.h
] stdafi.h
=1~ |.& Resource Files
& app.ico
= app.re
= L Source Files
&+ AssemblyInfo.cpp
¢+ Bx1_05.cpp
¢ stdafx.cpp
] ReadMe.bdt

'Ex1_05' (1 project)

=3 Solution Explorer [Z2 Class View [[BlResource View

Figure 1-26

Forms application does not assume you want them from the start.

The Editor window looks rather different as Figure 1-27 shows.

32




Programming with Visual C++ 2005

Forml.h [Design] Start Page - X

= Form1 Q@

Figure 1-27

The Editor window shows an image of the application window rather than code. The reason for this is
that developing the GUI for a Windows Forms is oriented towards a graphical design approach rather
than a coding approach. You add GUI components to the application window by dragging or placing
them there graphically, and Visual C++ 2005 automatically generates the code to display them. If you
press Ctrl+Alt+X or select View > Toolbox, you'll see an additional window displayed showing a
list of GUI components as in Figure 1-28.
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The Toolbox window presents a list of standard components that you can add to a Windows Forms
application. You can try adding some buttons to the window for Ex1_05. Click Button in the Toolbox
window list and then click in the client area of the Ex1_05 application window that is displayed in the
Editor window where you want the button to be placed. You can adjust the size of the button by drag-
ging its borders, and you can reposition the button by dragging it around. You can also change the cap-
tion just by typing —try entering Start on the keyboard and then press Enter. The caption changes
and along the way another window displays, showing the properties for the button. I won’t go into
these now, but essentially these are the specifications that affect the appearance of the button, and you
can change these to suit your application. Try adding another button with the caption Stop, for example.

Toolbox

+ All Windows Forms

= Common Controls
& Painter

Button
CheckBox

&. CheckedListBox
% ComboBox

T DateTimePicker
A Label

A LinkLabel

=.l ListBox

227 ListView

-| MaskedTextBox
% MonthCalendar
== NotifyIcon

- NumericUpDown
| PictureBox

0 ProgressBar
(%) RadioButton
23 RichTextBox

abll TextBox

% ToolTip

%2 TreeView

| [

7 WebBrowser
= Containers
K Pointer

-

GroupBox

{71 Panel
[T] splitContainer
TahContrnl

- = X

-~

Figure 1-28

The Editor window will look like Figure 1-29.
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Forml.h [Design]®| Start Page - X
* Formf M[=X|
Start ] [ Stop
u
Figure 1-29

You can graphically edit any of the GUI components at any time, and the code adjusts automatically. Try
adding a few other components in the same way and then compile and execute the example by pressing
ctrl+F5. The application window displays in all its glory. Couldn’t be easier, could it?

Summary

In this chapter, you have run through the basic mechanics of using Visual C++ 2005 to create applica-
tions of various kinds. You created and executed native and CLR console programs, and with the help of
the application wizards, you created an MFC-based Windows program and a Windows Forms program
that executes with the CLR.

The points from this chapter that you should keep in mind are:

Q  The Common Language Runtime (CLR) is the Microsoft implementation of the Common
Language Infrastructure (CLI) standard.

Q  The NET Framework comprises the CLR plus the .NET libraries that support applications tar-
geting the CLR.

0  Native C++ applications are written the ISO/ANSI C++ language.

Q  Programs written in the C++/CLI language execute with the CLR.
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O  Asolution is a container for one or more projects that form a solution to an information-processing
problem of some kind.

Q  Aprojectis a container for the code and resource elements that make up a functional unit in a
program.

QO  Anassembly is a fundamental unit in a CLR program. All CLR programs are made up of one or
more assemblies.

Starting with the next chapter, you’ll use console applications extensively throughout the first half of the
book. All the examples illustrating how C++ language elements are used are executed using either
Win32 or CLR console applications. You will return to the Application Wizard for MFC-based programs
as soon as you have finished delving into the secrets of C++.



Data, Variables, and
Calculations

In this chapter, you'll get down to the essentials of programming in C++. By the end of the chapter,
you'll be able to write a simple C++ program of the traditional form: input-process-output. As I
said in the previous chapter, I'll first discuss the ANSI/ISO C++ language features and then cover
any additional or different aspects of the C++/CLI language.

As you explore aspects of the language using working examples, you'll have an opportunity to get
some additional practice with the Visual C++ Development Environment. You should create a pro-
ject for each of the examples before you build and execute them. Remember that when you are
defining projects in this chapter and the following chapters through to Chapter 10, they are all
console applications.

In this chapter you will learn about:

QO  C++ program structure

Namespaces

Variables in C++

Defining variables and constants

Basic input from the keyboard and output to the screen
Performing arithmetic calculations

Casting operands

O 00U U o0 U

Variable scope
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The Structure of a C++ Program
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Programs that run as console applications under Visual C++ 2005 read data from the command line and
output the results to the command line. To avoid having to dig into the complexities of creating and
managing application windows before you have enough knowledge to understand how they work, all
the examples that you'll write to understand how the C++ language works will be console programs,
either Win32 console programs or .NET console programs. This enables you to focus entirely on the C++
language in the first instance; after you have mastered that, you'll be ready to deal with creating and
managing application windows. You'll first look at how console programs are structured.

A program in C++ consists of one or more functions. In Chapter 1, you saw an example that was a
Win32 console program consisting simply of the function main (), where main is the name of the func-
tion. Every ANSI/ISO standard C++ program contains the function main () , and all C++ programs of
any size consist of several functions —the main () function where execution of the program starts, plus a
number of other functions. A function is simply a self-contained block of code with a unique name that
you invoke for execution by using the name of the function. As you saw in Chapter 1, a Win32 console
program that is generated by the Application wizard has a main function with the name _tmain. This is
a programming device to allow the name to be main or wmain, depending on whether or not the pro-
gram is using Unicode characters. The names wmain and _tmain are Microsoft-specific. The name for
the main function conforming to the ISO/ANSI standard for C++ is main. I'll use the name main for all
our ISO/ANSI C++ examples.

A typical command line program might be structured as shown in Figure 2-1

Figure 2-1 illustrates that execution of the program shown starts at the beginning of the function
main (). From main (), execution transfers to a function input_names () , which returns execution
to the position immediately following the point where it was called in main (). The sort_names ()
function is then called from main () , and, after control returns to main (), the final function
output_names () is called. Eventually, after output has been completed, execution returns again
tomain () and the program ends.

Of course, different programs may have radically different functional structures, but they all start execu-
tion at the beginning of main (). The principal advantage of having a program broken up into functions
is that you can write and test each piece separately. There is a further advantage in that functions written
to perform a particular task can be re-used in other programs. The libraries that come with C++ provide
a lot of standard functions that you can use in your programs. They can save you a great deal of work.

You'll see more about creating and using functions in Chapter 5.
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When a function is called,
it starts at the beginning

Execution starts
with main()

int main()

{

input_names();

sort_names(); _—l

void input_names()
{
//

return ;

}

output_names();

return 0; —

}

A

void sort_names()
{
// ..

return ;

}

The return from

void output_names()

main() goes back { // ...
to the operating
system return ;
The return from a function
goes back to a point following }
where it was called
Figure 2-1

Try It Out A Simple Program

A simple example can help you to understand the elements of a program a little better. Start by creating
a new project—you can use the Ctrl+Shift+N key combination as a shortcut for this. When the New

Project dialog box shown in Figure 2-2 appears, select win32 as the project type and win32 Console

Application as the template. Name the project Ex2_01.
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If you now click Application Settings on the left of this dialog box, you'll see further options for a
Win32 application displayed, as shown in Figure 2-4.

Win32 Application Wizard - Ex2_01

_— Application Settings
Overview Application type: Add common header files for:
Application Settings () Windows application

(%) Console application

O

() static library

Additi i

Figure 2-4

The default setting is a Console application that includes a file containing a default version of main (),
but you'll start from the most basic project structure, so choose Empty project from the set of additional
options and click the Finish button. Now you have a project created, but it contains no files. You can see
what the project contains from the Solution Explorer pane on the left of the Visual C++ 2005 main
window, as shown in Figure 2-5.

You'll start by adding a new source file to the project, so right-click Source Files in the Solution Explorer
pane and select the Add > New Itemmenu option. The Add New Item dialogbox, similar to that
shown in Figure 2-6, displays.
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Solution Explorer - Ex2_01

_

- 3 Header Files
- [d Resource Files
... [ Source Files

@ Solution Explorer‘@ Class \-’iew| Resource View

Figure 2-5

Add New Item - Ex2_01

Categories: Templates:
= V_J'sual C++ Visual Studio installed templates

U1
" Code 4] C++ File (.cpp)
" Data =] Mid File (.idI)
" Resource £ Companent Class
- Web "
- Utility MyT tes
- Property Sheets \1Search Online Templates...

1] Header File (.h)
%] Module-Definition File {.def)

4] Installer Class

Creates a file containing C++ source code

lame: | Bx2_o1
Location: | d:\Beginning Visual C++ 2005\Examples\Ex2_01\Ex2_01 | | Browse...
aid | concel |
Figure 2-6
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Make sure the c++ File (.cpp) template is highlighted by clicking it and enter the file name, as
shown in Figure 2-6. The file will automatically be given the extension . cpp, so you don’t have to enter
the extension. There is no problem having the name of the file the same as the name of the project. The
project file will have the extension . veproj so that will differentiate it from the source file.

Click on the Add button to create the file. You can then type the following code in the editor pane of the
IDE window:

// Ex2_01.cpp
// A Simple Example of a Program
#include <iostream>

using std::cout;
using std::endl;

int main()
{
int apples, oranges; // Declare two integer variables
int fruit; // ...then another one
apples = 5; oranges = 6; // Set initial values
fruit = apples + oranges; // Get the total fruit
cout << endl; // Start output on a new line
cout << "Oranges are not the only fruit... " << endl
<< "- and we have " << fruit << " fruits in all.";
cout << endl; // Output a new line character
return 0; // Exit the program

}

The preceding example is intended to illustrate some of the ways in which you can write C++ state-
ments and is not a model of good programming style.

Since the file is identified by its extension as a file containing C++ code, the keywords in the code that
the editor recognizes will be colored to identify them. You will be able to see if you have entered Int
where you should have entered int, because Int will not have the color used to highlight keywords in
your source code.

If you look at the Solution Explorer pane for your new project, you'll see the newly created source file.
Solution Explorer will always show all the files in a project. If you click on the Class View tab at the
bottom of the Solution Explorer pane the Class View will be displayed. This consists of two panes, the
upper pane showing global functions and macros within the project (and classes when you get to create
a project involving classes) and the lower pane presently empty. The main () function will appear in the
lower pane if you select Global Functions and Variables in the upper Class View pane; this is shown in
Figure 2-7. I'll consider what this means in more detail later, but essentially globals are functions and/or
variables accessible from anywhere in the program.

43



Chapter 2

Class View - 0 X
Cie= o |-

<Search> -
=-Zd Ex2_01

'+ {Global Functions and Variables:
Macros and Constants

1

% main(void)

'—‘j Solution Explorer | Class view | /@ Resource View

Figure 2-7

You have three ways to compile and link the program; you can select the Build Ex2_01 menu item
from the Build menu, you can press the F7 function key, or you can select the appropriate toolbar but-
ton— you can identify what a toolbar button does by hovering the mouse cursor over it. Assuming the
build operation was successful you can execute the program by pressing the Ctrl+F5 keys or by selecting
Start Without Debugging from the Debug menu. You should get the following output in a command
line window:

Oranges are not the only fruit...
- and we have 11 fruits in all.
Press any key to continue .

The first two lines were produced by the program, and the last line indicates how you can end the exe-
cution and close the command line window.

Program Comments
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The first two lines in the program are comments. Comments are an important part of any program, but
they’re not executable code —they are there simply to help the human reader. All comments are ignored
by the compiler. On any line of code, two successive slashes // not contained within a text string (you'll
see what text strings are later) indicate that the rest of the line is a comment.
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You can see that several lines of the program contain comments as well as program statements. You can
also use an alternative form of comment bounded by /* and */. For example, the first line of the pro-
gram could have been written:

/e Ex2_01.cpp */

The comment using // covers only the portion of the line following the two successive slashes, whereas
the /*...*/ form defines whatever is enclosed between the /* and the */ as a comment and can span
several lines. For example, you could write:

/*

Ex2_01.cpp

A Simple Program Example
*/

All four lines are comments. If you want to highlight some particular comment lines, you can always
embellish them with a frame of some description:

/~k***~k***‘k****************‘k***

* Ex2-01.cpp &

* A Simple Program Example *
~k***~k************************/

As a rule, you should always comment your programs comprehensively. The comments should be suffi-
cient for another programmer or you at a later date to understand the purpose of any particular piece of
code and how it works.

The #include Directive — Header Files

Following the comments, you have an #include directive:
#include <iostream>

This is called a directive because it directs the compiler to do something — in this case to insert the con-
tents of the file <iostream> into the program before compilation. The <iostream> file is called a
header file because it’s usually brought in at the beginning of a program file. Actually <iostream> is
more properly referred to as a header because in ANSI standard C++ a header need not necessarily be
contained in a file. However, I'll use the term header file in this book because with Visual C++ 2005 all
headers are stored in files. The <iostream> header file contains definitions that are necessary for you to
be able to use C++ input and output statements. If you didn’t include the contents of <iostream> into
the program, it wouldn’t compile because you use output statements in the program that depend on
some of the definitions in this file. There are many different header files provided by Visual C++ that
cover a wide range of capabilities. You'll be seeing more of them as you progress through the language
facilities.

An #include statement is one of several preprocessor directives. The Visual C++ editor recognizes
these and highlights them in blue in your edit window. Preprocessor directives are commands executed
by the preprocessor phase of the compiler that executes before your code is compiled into object code,
and preprocessor directives generally act on your source code in some way before it is compiled. They
all start with the # character. I'll be introducing other preprocessor directives as you need them.
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Namespaces and the Using Declaration

As you saw in Chapter 1, the standard library is an extensive set of routines that have been written to
carry many common tasks: for example, dealing with input and output, performing basic mathematical
calculations. Since there are a very large number of these routines as well as other kinds of things that
have names, it is quite possible that you might accidentally use the same name as one of names defined
in the standard library for your own purposes. A namespace is a mechanism in C++ for avoiding prob-
lems that can arise when duplicate names are used in a program for different things, and it does this by
associating a given set of names such as those from the standard library with a sort of family name,
which is the namespace name.

Every name that is defined in code that appears within a namespace also has the namespace name asso-
ciated with it. All the standard library facilities for ISO/ANSI C++ are defined within a namespace with
the name std, so every item from this standard library that you can access in your program has its own
name, plus the namespace name, std, as a qualifier. The names cout and end1 are defined within the
standard library so their full names are std: :cout and std: :endl, and you saw these in action in
Chapter 1. The two semicolons that separate the namespace name from the name of an entity form an
operator called the scope resolution operator, and I'll be discussing other uses for this operator later on
in the book. Using the full names in the program will tend to make the code look a bit cluttered, so it
would be nice to be able to use their simple names, unqualified by the namespace name, std. The two
lines in our program that follow the #include directive for <iostream> make this possible:

using std::cout;
using std::endl;

These are using declarations that tell the compiler that you intend to use the names cout and endl from
the namespace std without specifying the namespace name. The compiler will now assume that wher-
ever you use the name cout in the source file subsequent to the first using declaration, you mean the
cout that is defined in the standard library. The name cout represents the standard output stream that
by default corresponds to the command line and the name endl represents the newline character.

You'll learn more about namespaces, including how you define your own namespaces, a little later this
chapter.

The main() Function
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The function main () in the example consists of the function header defining it asmain () plus every-
thing from the first opening curly brace ({) to the corresponding closing curly brace (}). The braces
enclose the executable statements in the function, which are referred to collectively as the body of the
function.

As you'll see, all functions consist of a header that defines (amongst other things) the function name, fol-
lowed by the function body that consists of a number of program statements enclosed between a pair of
braces. The body of a function may contain no statements at all, in which case it doesn’t do anything.

A function that doesn’t do anything may seem somewhat superfluous, but when you’re writing a large
program, you may map out the complete program structure in functions initially but omit the code for
many of the functions leaving them with empty or minimal bodies. Doing this means that you can com-
pile and execute the whole program with all its functions at any time and add detailed coding for the
functions incrementally.
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Program Statements

The program statements making up the function body of main () are each terminated with a semicolon.
It’s the semicolon that marks the end of a statement, not the end of the line. Consequently a statement
can be spread over several lines when this makes the code easier to follow and several statements can
appear in a single line. The program statement is the basic unit in defining what a program does. This is
a bit like a sentence in a paragraph of text, where each sentence stands by itself in expressing an action
or an idea, but relates to and combines with the other sentences in the paragraph in expressing a more
general idea. A statement is a self-contained definition of an action that the computer is to carry out, but
that can be combined with other statements to define a more complex action or calculation.

The action of a function is always expressed by a number of statements, each ending with a semicolon.
Take a quick look at each of the statements in the example just written, just to get a general feel for how
it works. I will discuss each type of statement more fully later in this chapter.

The first statement in the body of the main () function is:

int apples, oranges; // Declare two integer variables
This statement declares two variables, apples and oranges. A variable is just a named bit of computer
memory that you can use to store data, and a statement that introduces the names of one or more vari-
ables is called a variable declaration. The keyword int in the preceding statement indicates that the
variables with the names apples and oranges are to store values that are whole numbers, or integers.
Whenever you introduce the name of a variable into a program, you always specify what kind of data it
will store, and this is called the type of the variable.
The next statement declares another integer variable, fruit:

int fruit; // ...then another one

While you can declare several variables in the same statement, as you did in the preceding statement for
apples and oranges, it is generally a good idea to declare each variable in a separate statement on its
own line as this enables you to comment them individually to explain how you intend to use them.
The next line in the example is:

apples = 5; oranges = 6; // Set initial values
This line contains two statements, each terminated by a semicolon. I put this here just to demonstrate
that you can put more than one statement in a line. While it isn’t obligatory, it’s generally good program-
ming practice to write only one statement on a line as it makes the code easier to understand. Good pro-
gramming practice is about adopting approaches to coding that make your code easy to follow, and
minimize the likelihood of errors.
The two statements in the preceding line store the values 5 and 6 in the variables apples and oranges,
respectively. These statements are called assignment statements because they assign a new value to a
variable and the = is the assignment operator.

The next statement is:

fruit = apples + oranges; // Get the total fruit

47



Chapter 2

48

This is also an assignment statement but is a little different because you have an arithmetic expression
to the right of the assignment operator. This statement adds together the values stored in the variables
apples and oranges and stores the result in the variable fruit.

The next three statements are:

cout << endl; // Start output on a new line
cout << "Oranges are not the only fruit... " << endl

<< "- and we have " << fruit << " fruits in all.";
cout << endl; // Start output on a new line

These are all output statements. The first statement is the first line here, and it sends a newline character,
denoted by the word endl, to the command line on the screen. In C++, a source of input or a destination
for output is referred to as a stream. The name cout specifies the “standard” output stream, and the oper-
ator << indicates that what appears to the right of the operator is to be sent to the output stream, cout.
The << operator “points” in the direction that the data flows — from the variable or string that appears on
the right of the operator to the output destination on the left. Thus in the first statement the value repre-
sented by the name endl —which represents a newline character —is sent to the stream identified by the
name cout —and data transferred to cout is written to the command the command line.

The meaning of the name cout and the operator << are defined in the standard library header file
<iostream>, which you added to the program code by means of the #include directive at the begin-
ning of the program. cout is a name in the standard library and therefore is within the namespace std.
Without the using directive it would not be recognized unless you used its fully qualified name, which
is std: : cout, as  mentioned earlier. Because cout has been defined to represent the standard output
stream, you shouldn’t use the name cout for other purposes so you can’t use it as the name of a variable
in your program for example. Obviously, using the same name for different things is likely to cause con-
fusion.

The second output statement of the three is spread over two lines:

cout << "Oranges are not the only fruit... " << endl
<< "- and we have " << fruit << " fruits in all.";

As I said earlier, you can spread each statement in a program over as many lines as you wish if it helps
to make the code clearer. The end of a statement is always signaled by a semicolon, not the end of a line.
Successive lines are read and combined into a single statement by the compiler until it finds the semi-
colon that defines the end of the statement. Of course, this means that if you forget to put a semicolon at
the end of a statement, the compiler will assume the next line is part of the same statement and join
them together. This usually results in something the compiler cannot understand, so you'll get an error
message.

The statement sends the text string "Oranges are not the only fruit... " tothe command line,
followed by another newline character (endl), then another text string, "~ and we have ", followed
by the value stored in the variable fruit, then finally another text string, " fruits in all.".Thereis
no problem stringing together a sequence of things that you want to output in this way. The statement
executes from left to right, with each item being sent to cout in turn. Note that each item to be sent to
cout is preceded by its own << operator.
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The third and last output statement just sends another newline character to the screen, and the three
statements produce the output from the program that you see.

The last statement in the program is:
return 0; // Exit the program

This terminates execution of the main () function which stops execution of the program. Control returns
to the operating system. I'll be discussing all of these statements in more detail later on.

The statements in a program are executed in the sequence in which they are written, unless a statement
specifically causes the natural sequence to be altered. In Chapter 3, you'll look at statements that alter
the sequence of execution.

Whitespace

Whitespace is the term used in C++ to describe blanks, tabs, newline characters, form feed characters,
and comments. Whitespace serves to separate one part of a statement from another and enables the com-
piler to identify where one element in a statement, such as int, ends and the next element begins.
Otherwise, whitespace is ignored and has no effect.

Look at this statement for example:
int fruit; // ...then another one

There must be at least one whitespace character (usually a space) between int and fruit for the com-
piler to be able to distinguish them but if you add more whitespace characters they will be ignore. The
content of the line following the semicolon is all whitespace and is therefore ignored.

On the other hand, look at this statement:
fruit = apples + oranges; // Get the total fruit

No whitespace characters are necessary between fruit and =, or between = and apples, although you
are free to include some if you wish. This is because the = is not alphabetic or numeric, so the compiler
can separate it from its surroundings. Similarly, no whitespace characters are necessary on either side of
the + sign but you can include some if you want to aid the readability of your code.

As I said, apart from its use as a separator between elements in a statement that might otherwise be con-
fused, whitespace is ignored by the compiler (except, of course, in a string of characters between quotes).
You can therefore include as much whitespace as you like to make your program more readable, as you
did when you spread an output statement in the last example over several lines. Remember that in C++
the end of a statement is wherever the semicolon occurs.

Statement Blocks

You can enclose several statements between a pair of braces, in which case they become a block, or a
compound statement. The body of a function is an example of a block. Such a compound statement can
be thought of as a single statement (as you'll see when you look at the decision-making possibilities in
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C++ in Chapter 3). In fact, wherever you can put a single statement in C++, you could equally well put a
block of statements between braces. As a consequence, blocks can be placed inside other blocks. In fact,
blocks can be nested, one within another, to any depth.

A statement block also has important effects on variables, but I will defer discussion
of this until later in this chapter when I discuss something called variable scope.

Automatically Generated Console Programs
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In the last example, you opted to produce the project as an empty project with no source files, and then
you added the source file subsequently. If you just allow the Application Wizard to generate the project
as you did in Chapter 1, the project will contain several files, and you should explore their contents in

a little more depth. Create a new Win32 console project with the name Ex2_014a and this time just
allow the Application Wizard to finish without choosing to set any of the options in the Application
Settings dialog. The project will have three files containing code: the Ex2_01A. cpp and stdafx. cpp
source files, and the stdafx.h header file. This is to provide for basic capability that you might need in
a console program and represents a working program at it stands, which does nothing. If you have a
project open, you can close it by selecting the File > Close Solution item on the main menu. You can cre-
ate a new project with an existing project open, in which case the old project will be closed automatically
unless you elect to add it to the same solution.

First of all, the contents of Ex2_01A. cpp will be:

#include "stdafx.h"

int _tmain(int argc, _TCHAR* argvl[])
{
return 0;

}

This is decidedly different from the previous example. There is an #include directive for the stdafx.h
header file that was not in the previous version, and the function where execution starts is called
_tmain(),notmain().

The Application Wizard has generated the stdafx.h header file as part of the project, and if you take a
look at the code in there, you'll see there are two further #include directives for standard library header
files stdio.h and tchar.h. stdio.his the old-style header for standard I/O that were used before the
current ISO/ANSI standard for C++; this covers essentially the same functionality as the <iostream>
header. tchar . his a Microsoft-specific header file defining text functions. The idea is that stdafx.h
should define a set of standard system include files for your project you would add #include directives
for any other system headers that you need in this file. While you are learning ISO/ANSI C++, you
won’t be using either of the headers that appear in stdafx.h, which is one reason for not using the
default file generation capability provided by the Application Wizard.

As I already explained, Visual C++ 2005 supports wmain () as an alternative tomain () when you are
writing a program that’s using Unicode characters —wmain () being a Microsoft-specific that is not
part of ISO/ANSI C++. In support of that, the tchar.h header defines the name _tmain so that it will
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normally replaced by main but will be replaced by wmain if the symbol _UNICODE is defined. Thus to
identify a program as using UNICODE you would add the following statement to the beginning of the
stdafx.h header file:

#define _UNICODE

Now that we’ve explained all that, we'll stick to plain old main () for our ISO/ANSI C++ examples.

Defining Variables

A fundamental objective in all computer programs is to manipulate some data and get some answers.
An essential element in this process is having a piece of memory that you can call your own, that you
can refer to using a meaningful name, and where you can store an item of data. Each piece of memory so
specified is called a variable.

As you already know, each variable will store a particular kind of data, and the type of data that can be
stored is fixed when you define the variable in your program. One variable might store whole numbers
(that is, integers), in which case you couldn’t use it to store numbers with fractional values. The value
that each variable contains at any point is determined by the statements in your program, and of course,
its value will usually change many times as the program calculation progresses.

The next section looks first at the rules for naming a variable when you introduce it into a program.

Naming Variables

The name you give to a variable is called an identifier, or more conveniently a variable name. Variable
names can include the letters A-z (uppercase or lowercase), the digits 0-9 and the underscore character.
No other characters are allowed, and if you happen to use some other character, you will typically get an
error message when you try to compile the program. Variable names must also begin with either a letter
or an underscore. Names are usually chosen to indicate the kind of information to be stored.

Because variable names in Visual C++ 2005 can be up to 2048 characters long, you have a reasonable
amount of flexibility in what you call your variables. In fact, as well as variables, there are quite a few
other things that have names in C++ and they too can have names of up to 2048 characters, with the
same definition rules as a variable name. Using names of the maximum length allowed can make your
programs a little difficult to read, and unless you have amazing keyboard skills, they are the very devil
to type in. A more serious consideration is that not all compilers support such long names. If you antici-
pate compiling your code in other environments, it’s a good idea to limit names to a maximum of 31
characters; this will usually be adequate for devising meaningful names and will avoid problems of
compiler name length constraints in most instances.

Although you can use variable names that begin with an underscore, for example _this and _that, this

is best avoided because of potential clashes with standard system variables that have the same form. You
should also avoid using names starting with a double underscore for the same reason.
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Examples of good variable names are:

price
discount
pShape

value_

O 0 U0 oo

COUNT

8_Ball, 7Up, and 6_pack are not legal. Neither is Hash! or Mary-Ann. This last example is a common
mistake, although Mary_aAnn with an underscore in place of the hyphen would be quite acceptable. Of
course, Mary Ann would not be, because blanks are not allowed in variable names. Note that the variable
names republican and Republican are quite different, as names are case-sensitive so upper- and low-
ercase letters are differentiated. Of course, whitespace characters in general cannot appear within a
name, and if you inadvertently include whitespace characters, you will have two or more names instead
of one, which will usually cause the compiler to complain.

A convention that is often adopted in C++ is to reserve names beginning with a capital letter for naming
classes and use names beginning with a lowercase letter for variables. I'll discuss classes in Chapter 8.

Keywords in C++

There are reserved words in C++, also called keywords, that have special significance within the lan-
guage. They will be highlighted with a particular color by the Visual C++ 2005 editor as you enter your
program — in my system the default color is blue. If a keyword you type does not appear highlighted,
then you have entered the keyword incorrectly.

Remember that keywords, like the rest of the C++ language, are case-sensitive. For example, the pro-
gram that you entered earlier in the chapter contained the keywords int and return; if you write Int
or Return, these are not keywords and therefore will not be recognized as such. You will see many
more as you progress through the book. You must ensure that the names you choose for entities in your
program, such as variables, are not the same as any of the keywords in C++. A complete list of the key-
words used in Visual C++ 2005 appears in Appendix A.

Declaring Variables
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As you saw earlier, a variable declaration is a program statement that specifies the name of a variable of
a given type. For example:

int value;
This declares a variable with the name value that can store integers. The type of data that can be stored
in the variable value is specified by the keyword int, so you can only use value to store data of type

int. Because int is a keyword, you can’t use int as a name for one of your variables.

Note that a variable declaration always ends with a semicolon.
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A single declaration can specify the names of several variables but, as I have said, it is generally better to
declare variables in individual statements, one per line. I'll deviate from this from time to time in this
book, but only in the interest of not spreading code over too many pages.

In order to store data (for example, the value of an integer), you not only need to have defined the name
of the variable; you also need to have associated a piece of the computer’s memory with the variable
name. This process is called variable definition. In C++, a variable declaration is also a definition (except
in a few special cases, which we shall come across during the book). In the course of a single statement,
we introduce the variable name, and also tie it to an appropriately sized piece of memory.

So, the statement
int value;

is both a declaration and a definition. You use the variable name value that you have declared, to access
the piece of the computer’s memory that you have defined and that can store a single value of type int.

You use the term declaration when you introduce a name into your program, with information on
what the name will be used for. The term definition refers to the allotment of computer memory to the
name. In the case of variables, you can declare and define in a single statement, as in the preceding line.
The reason for this apparently pedantic differentiation between a declaration and a definition is that you
will meet statements that are declarations but not definitions.

You must declare a variable at some point between the beginning of your program and when the variable
is used for the first time. In C++, it is good practice to declare variables close to their first point of use.

Initial Values for Variables

When you declare a variable, you can also assign an initial value to it. A variable declaration that assigns
an initial value to a variable is called an initialization. To initialize a variable when you declare it, you
just need to write an equals sign followed by the initializing value after the variable name. You can write
the following statements to give each of the variables an initial value:

int value 0;
int count 10;
int number = 5;

In this case, value will have the value 0, count will have the value 10, and number will have the
value 5.

There is another way of writing the initial value for a variable in C++ called functional notation. Instead
of an equals sign and the value, you can simply write the value in parentheses following the variable
name. So you could rewrite the previous declarations as:

int value(0);
int count (10);
int number (5)

7
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If you don’t supply an initial value for a variable, it will usually contain whatever garbage was left in the
memory location it occupies by the previous program you ran (there is an exception to this that you will
meet later in this chapter). Wherever possible, you should initialize your variables when you declare
them. If your variables start out with known values, it makes it easier to work out what is happening
when things go wrong. And one thing you can be sure of — things will go wrong.

Fundamental Data Types

In
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The sort of information that a variable can hold is determined by its data type. All data and variables

in your program must be of some defined type. ISO/ANSI standard C++ provides you with a range

of fundamental data types, specified by particular keywords. Fundamental data types are so called
because they store values of types that represent fundamental data in your computer, essentially numer-
ical values, which also includes characters because a character is represented by a numerical character
code. You have already seen the keyword int for defining integer variables. C++/CLI also defines fun-
damental data types that are not part of ISO/ANSI C++, and I'll go into those a little later in this chapter.

As part of the object-oriented aspects of the language, you can also create your own data types, as you'll
see later, and of course the various libraries that you have at your disposal with Visual C++ 2005 also
define further data types. For the moment, explore the elementary numerical data types that ISO/ANSI
C++ provides. The fundamental types fall into three categories, types that store integers, types that store
non-integral values —which are called floating-point types, and the void type that specifies an empty
set of values or no type.

teger Variables

As T have said, integer variables are variables that can have only values that are whole numbers. The
number of players in a football team is an integer, at least at the beginning of the game. You already
know that you can declare integer variables using the keyword int. Variables of type int occupy 4
bytes in memory and can store both positive and negative integer values. The upper and lower limits
for the values of a variable of type int correspond to the maximum and minimum signed binary num-
bers, which can be represented by 32 bits. The upper limit for a variable of type int is 23'-1 which is
2,147,483,647, and the lower limit is —(2%!), which is —2,147,483,648. Here’s an example of defining a vari-
able of type int:

int toeCount = 10;

In Visual C++ 2005, the keyword short also defines an integer variable, this time occupying two bytes.
The keyword short is equivalent to short int, and you could define two variables of type short with
the following statements:

short feetPerPerson

= 2;
short int feetPerYard =

3p

Both variables are of the same type here because short means exactly the same as short int.Iused
both forms of the type name to show them in use, but it would be best to stick to one representation of
the type in your programs and short is used most often.
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C++ also provides another integer type, 1ong, which can also be written as 1ong int. Here’s how you
declare variables of type long:

long bigNumber = 1000000L;
long largeValue = 0L;

These statements declare the variables bigNumber and largevalue with initial values 1000000 and 0,
respectively. The letter L appended to the end of the literals specifies that they are integers of type long.
You can also use the small letter 1 for the same purpose, but it has the disadvantage that it is easily con-
fused with the numeral 1. Integer literals without an L. appended are of type int.

You must not include commas when writing large numeric values in a program. In text you might
write the number 12,345, but in your program code you must write this as 12345.

Integer variables declared as 1ong in Visual C++ 2005 occupy 4 bytes and can have values from -
2,147,483,648 to 2,147,483,647. This is the same range as for variables declared as int.

With other C++ compilers, variables of type long (which is the same as type long int) may not be the
same as type int, so if you expect your programs to be compiled in other environments, don’t assume
that 1ong and int are equivalent. For truly portable code, you should not even assume that an int is
4 bytes (for example, under older 16-bit versions of Visual C++ a variable of type int was 2 bytes).

Character Data Types

The char data type serves a dual purpose. It specifies a one-byte variable that you can use to store inte-
gers within a given range or to store the code for a single ASCII character, which is the American
Standard Code for Information Interchange. The codes in the ASCII character set appear in Appendix B.
You can declare a char variable with this statement:

char letter = 'A';

This declares the variable with the name letter and initializes it with the constant 'a'. Note that you
specify a value that is a single character between single quotes, rather than the double quotes used pre-
viously for defining a string of characters to be displayed. A string of characters is a series of values of
type char that are grouped together into a single entity called an array. I'll discuss arrays and how
strings are handled in C++ in Chapter 4.

Because the character 'a' is represented in ASCII by the decimal value 65, you could have written the
statement as:

char letter = 65; // Equivalent to A

This produces the same result as the previous statement. The range of integers that can be stored in a
variable of type char with Visual C++ is from -128 to 127.

Note that the ISO/ANSI C++ standard does not require that type char should represent signed 1-byte
integers. It is the compiler implementer’s choice as to whether type char represents signed integers in

the range -128 to +127 or unsigned integers in the range 0 to 255. You need to keep this in mind if you
are porting your C++ code to a different environment.
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The type wchar_t is so called because it is a wide character type, and variables of this type store 2-byte
character codes with values in the range from 0 to 65,535. Here’s an example of defining a variable of
type wchar_t:

wchar_t letter = L'Z'; // A variable storing a 16-bit character code

This defines a variable, letter, that is initialized with the 16-bit code for the letter Z. The L preceding
the character constant, 'z, tells the compiler that this is a 16-bit character code value.

You can also use hexadecimal constants to initialize char variables (and other integer types), and it is
obviously going to be easier to use this notation when character codes are available as hexadecimal val-
ues. A hexadecimal number is written using the standard representation for hexadecimal digits: 0 to 9,
and A to F (or a to f) for digits with values from 10 to 15. It’s also preceded by 0x (or 0X) to distinguish it
from a decimal value. Thus, to get exactly the same result again, you could rewrite the last statement as
follows:

char letter = 0x41; // Equivalent to A

Don’t write decimal integer values with a leading zero. The compiler will interpret such values as octal
(base 8), so a value written as 065 will be equivalent to 53 in normal decimal notation.

Also take note that Windows XP provides a Character Map utility that enables you to locate characters
from any of the fonts available to Windows. It will show the character code in hexadecimal and tell you
the keystroke to use for entering the character. You'll find the Character Map utility if you click the Start
button and look in the System Tools folder that is within the Accessories folder.

Integer Type Modifiers
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Variables of the integral types char, int, short, or long store signed integer values by default, so you
can use these types to store either positive or negative values. This is because these types are assumed to
have the default type modifier signed. So, wherever you wrote int or long you could have written
signed int or signed long, respectively.

You can also use the signed keyword by itself to specify the type of a variable, in which case it means
signed int. For example:

signed value = -5; // Equivalent to signed int

This usage is not particularly common, and I prefer to use int, which makes it more obvious what is
meant.

The range of values that can be stored in a variable of type char is from —128 to +127, which is the same
as the range of values you can store in a variable of type signed char. In spite of this, type char and
type signed char are different types, so you should not make the mistake of assuming they are the
same.

If you are sure that you don’t need to store negative values in a variable (for example, if you were
recording the number of miles you drive in a week), you can specify a variable as unsigned:

unsigned long mileage = 0UL;



Data, Variables, and Calculations

Here, the minimum value that can be stored in the variable mileage is zero, and the maximum value is
4,294,967,295 (that's 232-1). Compare this to the range of —2,147,483,648 to 2,147,483,647 for a signed
long. The bit that is used in a signed variable to determine the sign of the value is used in an unsigned
variable as part of the numeric value instead. Consequently, an unsigned variable has a larger range of
positive values, but it can’t represent a negative value. Note how a U (or u) is appended to unsigned
constants. In the preceding example, I also have L appended to indicate that the constant is 1ong. You
can use either upper- or lowercase for U and L, and the sequence is unimportant. However, it’s a good
idea to adopt a consistent way of specifying such values.

You can also use unsigned by itself as the type specification for a variable, in which case you are speci-
fying the variable to be of type unsigned int.

Remember, both signed and unsigned are keywords, so you can’t use them as variable names.

The Boolean Type

Boolean variables are variables can have only two values: true and false. The type for a logical vari-
able is bool, named after George Boole, who developed Boolean algebra, and type bool is regarded as
an integer type. Boolean variables are also referred to as logical variables. Variables of type bool are
used to store the results of tests that can be either true or false, such as whether one value is equal to
another.

You could declare the name of a variable of type bool with the statement:
bool testResult;

Of course, you can also initialize variables of type bool when you declare them:
bool colorIsRed = true;

You will find that the values TRUE and FALSE are used quite extensively with variables of numeric
type, and particularly of type int. This is a hangover from the time before variables of type bool were
implemented in C++ when variables of type int were typically used to represent logical values. In this
case a zero value is treated as false and a non-zero value as true. The symbols TRUE and FALSE are still
used within the MFC where they represent a non-zero integer value and 0, respectively. Note that TRUE
and FALSE — written with capital letters — are not keywords in C++; they are just symbols defined
within the MFC. Note also that TRUE and FALSE are not legal bool values, so don’t confuse true
with TRUE.

Floating-Point Types

Values that aren’t integral are stored as floating-point numbers. A floating-point number can be
expressed as a decimal value such as 112.5, or with an exponent such as 1.125E2 where the decimal part
is multiplied by the power of 10 specified after the E (for Exponent). Our example is, therefore,
1.125x10%, which is 112.5.

A floating-point constant must contain a decimal point, or an exponent, or both. If
you write a numerical value with neither, you have an integer.
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You can specify a floating-point variable using the keyword double, as in this statement:
double in_to_mm = 25.4;

A variable of type double occupies 8 bytes of memory and stores values accurate to approximately 15
decimal digits. The range of values stored is much wider than that indicated by the 15 digits accuracy,
being from 1.7x103% to 1.7x10%8, positive and negative.

If you don’t need 15 digits precision, and you don’t need the massive range of values provided by
double variables, you can opt to use the keyword float to declare floating-point variables occupying
4 bytes. For example:

float pi = 3.14159f;

This statement defines a variable pi with the initial value 3.14159. The £ at the end of the constant speci-
fies that it is of type float. Without the £, the constant would have been of type double. Variables that
you declare as float have approximately 7 decimal digits of precision and can have values from
3.4x10%8 to 3.4x10%, positive and negative.

The ISO/ANSI standard for C++ also defines the 1ong double floating-point type, which in Visual C++
2005 is implemented with the same range and precision as type double. With some compilers long
double corresponds to a 16-byte floating-point value with a much greater range and precision com-
pared than type double.

ndamental Types in ISO/ANSI C++

The following table contains a summary of all the fundamental types in ISO/ ANSI C++ and the range of
values supported for these in Visual C++ 2005:

Type Size in Bytes Range of Values
bool 1 true or false
char 1 By default the same as type signed char: -128 to

+1270ptionally you can make char the same range as
type unsigned char.

signed char 1 —128 to +127

unsigned char 1 0 to 255

wchar_t 2 0 to 65,535

short 2 —32,768 to +32,767

unsigned short 2 0 to 65,535

int 4 —2,147,483,648 to 2,147,483,647
unsigned int 4 0 to 4,294,967,295

long 4 —2,147,483,648 to 2,147,483,647
unsigned long 4 0 to 4,294,967,295
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Type Size in Bytes Range of Values

float 4 +3.4x10*% with approximately 7 digits accuracy

double 8 +1.7x10*3% with approximately 15 digits accuracy

long double 8 +1.7x10*3% with approximately 15 digits accuracy
Literals

I'have already used lots of explicit values to initialize variables and in C++, fixed values of any kind are
referred to as literals. A literal is a value of a specific type so values such as 23,3.14159, 9.5f, and
true are examples of literals of type int, type double, type float, and type bool, respectively. The
literal "Samuel Beckett" is an example of a literal that is a string, but I'll defer discussion of exactly
what type this is until Chapter 4. Here’s a summary of how you write literals of various types:

Type Examples of Literals
char, signed char, or unsigned char ‘A7, '8,
wchar_t LA, L'Z, U8, L%
int -77, 65, 12345, 0x9FE
unsigned int 10U, 64000U

long -77L, 65L, 12345L
unsigned long 5UL, 999999999UL
float 3.14f, 34.506f
double 1.414,2.71828

long double 1.414L, 2.71828L
bool true, false

You can’t specify a literal to be of type short or unsigned short, but the compiler will accept initial
values that are literals of type int for variables of these types provided the value of the literal is within
the range of the variable type.

You will often need to use literals in calculations within a program, for example, conversion values

such as 12 for feet into inches or 25.4 for inches to millimeters, or a string to specify an error message.
However, you should avoid using numeric literals within programs explicitly where their significance is
not obvious. It is not necessarily apparent to everyone that when you use the value 2.54, it is the number
of centimeters in an inch. It is better to declare a variable with a fixed value corresponding to your literal
instead — you might name the variable inchesToCentimeters, for example. Then wherever you use
inchesToCentimeters in your code, it will be quite obvious what it is. You will see how to fix the
value of a variable a little later on in this chapter.
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Defining Synonyms for Data Types

The typedef keyword enables you to define your own type name for an existing type. Using typedef,
you could define the type name BigOnes as equivalent to the standard long int type with the declaration:

typedef long int BigOnes; // Defining BigOnes as a type name

This defines BigOnes as an alternative type specifier for long int, so you could declare a variable
mynum as long int with the declaration:

BigOnes mynum = 0L; // Define a long int variable

There’s no difference between this declaration and the one using the built-in type name. You could
equally well use:

long int mynum = 0L; // Define a long int variable

for exactly the same result. In fact, if you define your own type name such as BigOnes, you can use both
type specifiers within the same program for declaring different variables that will end up as having the
same type.

Since typedef only defines a synonym for an existing type, it may appear to be a bit superficial, but it is
not at all. You'll see later that it fulfills a very useful role in enabling you to simplify more complex dec-
larations by defining a single name that represents a somewhat convoluted type specification, and this
can make your code much more readable.

Variables with Specific Sets of Values

60

You will sometimes be faced with the need for variables that have a limited set of possible values that
can be usefully referred to by labels —the days of the week, for example, or months of the year. There is
a specific facility in C++ to handle this situation, called an enumeration. Take one of the examples I have
just mentioned — a variable that can assume values corresponding to days of the week. You can define
this as follows:

enum Week{Mon, Tues, Wed, Thurs, Fri, Sat, Sun} thisWeek;

This declares an enumeration type with the name wWeek and the variable thisWeek, which is an instance
of the enumeration type week that can assume only the constant values specified between the braces.

If you try to assign to thisWeek anything other than one of the set of values specified, it will cause an
error. The symbolic names listed between the braces are known as enumerators. In fact, each of the
names of the days will be automatically defined as representing a fixed integer value. The first name in
the list, Mon, will have the value 0, Tues will be 1, and so on.

You could assign one of the enumeration constants as the value of the variable thisWeek like this:

thisWeek = Thurs;
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Note that you do not need to qualify the enumeration constant with the name of the enumeration. The
value of thisweek will be 3 because the symbolic constants that an enumeration defines are assigned
values of type int by default in sequence starting with 0.

By default, each successive enumerator is one larger than the value of the previous one, but if you would
prefer the implicit numbering to start at a different value, you can just write:

enum Week {Mon = 1, Tues, Wed, Thurs, Fri, Sat, Sun} thisWeek;
Now the enumeration constants will be equivalent to 1 through 7. The enumerators don’t even need to
have unique values. You could define Mon and Tues as both having the value 1, for example, with the
statement:

enum Week {Mon = 1, Tues = 1, Wed, Thurs, Fri, Sat, Sun} thisWeek;

As the type of the variable thisweek is type int, it will occupy four bytes, as will all variables that are
of an enumeration type.

Having defined the form of an enumeration, you can define another variable thus:

enum Week nextWeek;
This defines a variable nextWeek as an enumeration that can assume the values previously specified.
You can also omit the enum keyword in declaring a variable, so, instead of the previous statement, you
could write:

Week next_week;

If you wish, you can assign specific values to all the enumerators. For example, you could define this
enumeration:

enum Punctuation {Comma = ',', Exclamation = '!', Question = '?'} things;

Here you have defined the possible values for the variable things as the numerical equivalents of the
appropriate symbols. If you look in the ASCII table in Appendix B, you will see that the symbols are 44,
33 and 63, respectively, in decimal. As you can see, the values assigned don’t have to be in ascending
order. If you don’t specify all the values explicitly, each enumerator will be assigned a value increment-
ing by 1 from the last specified value, as in our second Wweek example.

You can omit the enumeration type if you don’t need to define other variables of this type later. For
example:

enum {Mon, Tues, Wed, Thurs, Fri, Sat, Sun} thisWeek, nextWeek, lastWeek;
Here you have three variables declared that can assume values from Mon to Sun. Because the enumera-
tion type is not specified, you cannot refer to it. Note that you cannot define other variables for this enu-

meration at all, because you would not be permitted to repeat the definition. Doing so would imply that
you were redefining values for Mon to Sun, and this isn’t allowed.
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Specifying the Type for Enumeration Constants

Enumeration constants are type int by default, but you can also choose to specify the type explicitly by
adding a colon and the type name for the constants following the enumeration type name in the declara-
tion. You can specify the type for the enumeration constants as any of the signed or unsigned integer
types: short, int, long, and char, or as type bool.

Thus, you could define the enumeration representing days of the week as:

enum Week: char{ Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday};

Here the enumeration constants will be of type char with the first constant as 0. However, with the con-
stants as type char you might prefer to initialize them explicitly, like this:

enum Week : char{ Monday='M', Tuesday='T', Wednesday='W"',
Thursday='T', Friday='F', Saturday='S', Sunday='S'};

Now the values for the constants reflect a little more what they represent, although they do not distin-
guish between Thursday and Tuesday or between Saturday and Sunday. There is no problem with
having duplicate values for the constants, but of course, all the names must be unique.

Here’s an example of an enumeration with bool constants:

enum State : bool { On = true, Off};

Because On has the initial value true, Of £ will be false. If there were subsequent enumerations con-
stants specified, they would alternate in value by default.

Basic Input/Output Operations

Here, you will only look at enough of native C++ input and output to get you through learning about
C++. It’s not that it’s difficult— quite the opposite in fact—but for Windows programming you won't
need it at all. C++ input/output revolves around the notion of a data stream, where you can insert data
into an output stream or extract data from an input stream. You have already seen that the ISO/ANSI
C++ standard output stream to the command line on the screen is referred to as cout. The complemen-
tary input stream from the keyboard is referred to as cin.

Input from the Keyboard
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You obtain input from the keyboard through the stream cin, using the extractor operator for a stream
>>. To read two integer values from the keyboard into integer variables numl and num2, you can write
this statement:

cin >> numl >> num?2;
The extraction operator, >>, “points” in the direction that data flows —in this case, from cin to each of

the two variables in turn. Any leading whitespace is skipped, and the first integer value you key in is
read into num1. This is because the input statement executes from left to right. Any whitespace following



Data, Variables, and Calculations

numl is ignored and the second integer value that you enter is read into num2. There has to be some
whitespace between successive values though, so that they can be differentiated. The stream input oper-
ation ends when you press the Enter key, and execution then continues with the next statement. Of
course, errors can arise if you key in the wrong data, but I will assume that you always get it right!

Floating-point values are read from the keyboard in exactly the same way as integers and, of course, you
can mix the two. The stream input and operations automatically deal with variables and data of any of
the fundamental types. For example, in the statements

int numl = 0, num2 = 0;
double factor = 0.0;
cin >> numl >> factor >> num2;

the last line will read an integer into num1, then a floating-point value into factor and, finally, an inte-
ger into num2.

Output to the Command Line

You have already seen output to the command line, but I want to revisit it anyway. Writing information
to the display operates in a complementary fashion to input. As you have seen, the stream is called
cout, and you use the insertion operator, << to transfer data to the output stream. This operator also
“points” in the direction of data movement. You have already used this operator to output a text string
between quotes. I can demonstrate the process of outputting the value of a variable with a simple pro-
gram.

Try It Out Output to the Command Line

I'll assume that you've got the hang of creating a new empty project adding a new source file to the pro-
ject and building it into an executable. Here’s the code that you need to put in the source file once you
have created the Ex2_02 project:

// Ex2_02.cpp
// Exercising output
#include <iostream>

using std::cout;
using std::endl;

int main()
{
int numl = 1234, num2 = 5678;

cout << endl; // Start on a new line
cout << numl << num2; // Output two values
cout << endl; // End on a new line
return 0; // Exit program

How It Works

The first statement in the body of main () declares and initializes two integer variables, numl and num2.
This is followed by two output statements, the first of which moves the screen cursor position to a new
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line. Because output statements execute from left to right, the second output statement displays the
value of num1 followed by the value of num2.

When you compile and execute this, you will get the output:
12345678

The output is correct, but it’s not exactly helpful. You really need the two output values to be separated
by at least one space. The default for stream output is to just output the digits in the output value, which
doesn’t provide for spacing successive output values out nicely so they can be differentiated. As it is,
you have no way to tell where the first number ends and the second number begins.

Formatting the Output

You can fix the problem of there being no spaces between items of data quite easily, though, just by out-
putting a space between the two values. You can do this by replacing the following line in your original
program:

cout << numl << num2; // Output two values

Just substitute the statement:

cout << numl << ' ' << num?2; // Output two values

Of course, if you had several rows of output that you wanted to align in columns, you would need some
extra capability because you do not know how many digits there will be in each value. You can take care
of this situation by using what is called a manipulator. A manipulator modifies the way in which data
output to (or input from) a stream is handled.

Manipulators are defined in the header file <iomanip>, so you need to add an #include directive for it.
The manipulator that you'll use is setw (n) , which will output the value that follows right-justified in a
field n spaces wide, so setw (6) causes the next output value to be presented in a field with a width of
six spaces. Let’s see it working.

Try It Out Using Manipulators

To get something more like the output you want, you can change the program to the following;:

// Ex2_03.cpp

// Exercising output
#include <iostream>
#include <iomanip>

using std::cout;
using std::endl;
using std::setw;

int main()

{
int numl = 1234, num2 = 5678;
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cout << endl; // Start on a new line
cout << setw(6) << numl << setw(6) << num2; // Output two values
cout << endl; // Start on a new line
return 0; // Exit program

How It Works

The changes from the last example are the addition of the #include directive for the <iomanip> header
file, the addition of a using declaration for the setw name from the std namespace, and the insertion of
the setw () manipulator in the output stream preceding each value so that the output values are pre-
sented in a field six characters wide. Now you get nice neat output where you can actually separate the
two values:

1234 5678

Note that the setw () manipulator works only for the single output value immediately following its
insertion into the stream. You have to insert the manipulator into the stream immediately preceding each
value that you want to output within a given field width. If you put only one setw (), it would apply to
the first value to be output after it was inserted. Any following value would be output in the default
manner. You could try this out by deleting the second setw (6) and its insertion operator in the example.

Escape Sequences

When you write a character string between double quotes, you can include special characters called
escape sequences in the string They are called escape sequences because they allow characters to be
included in a string that otherwise could not be represented by escaping from the default interpretation
of the characters. An escape sequence starts with a backslash character, \, and the backslash character
cues the compiler to interpret the character that follows in a special way. For example, a tab character is
written as \ t, so the t is understood by the compiler to represent a tab in the string, not the letter t. Look
at these two output statements

cout << endl << "This is output.";
cout << endl << "\tThis is output after a tab.";

They will produce these lines:
This is output.
This is output after a tab.
The \t in the second output statement causes the output text to be indented to the first tab position.

In fact, instead of using end1 you could use the escape sequence for the newline character, \n, in each
string, so you could rewrite the preceding statements as follows:

cout << "\nThis is output.";
cout << "\n\tThis is output after a tab.";
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Here are some escape sequences that may be particularly useful:

Escape Sequence What It Does
\a sounds a beep
\n newline

! single quote
\\ backslash

\b backspace

\t tab

\" double quote
\2 question mark

Obviously, if you want to be able to include a backslash or a double quote as a character to appear in a
string, you must use the appropriate escape sequences to represent them. Otherwise, the backslash
would be interpreted as the start of another escape sequence, and the double quote would indicate the
end of the character string.

You can also use characters specified by escape sequences in the initialization of variables of type char.
For example:

char Tab = '\t'; // Initialize with tab character

Because a character literal is delimited by single quote characters, you must use an escape sequence to
specify a character literal that is a single quote, thus '\ ' '.

Try It Out Using Escape Sequences

Here’s a program that uses some of the escape sequences in the table in the previous section:

// Ex2_04.cpp

// Using escape sequences
#include <iostream>
#include <iomanip>

using std::cout;

int main()

{
char newline = '\n'; // Newline escape sequence
cout << newline; // Start on a new line

cout << "\"We\'ll make our escapes in sequence\", he said.";

cout << "\n\tThe program\'s over, it\'s time take make a beep beep.\a\a";
cout << newline; // Start on a new line
return 0; // Exit program
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If you compile and execute this example, it produces the following output:

"We'll make our escapes in sequence", he said.
The program's over, it's time take make a beep beep.

How It Works

The first line in main () defines the variable newline and initializes it with a character defined by the
escape sequence for a new line. You can then use newline instead of endl from the standard library.

After writing newline to cout, you output a string that uses the escape sequences for a double quote
(\") and a single quote (\ '). You don’t have to use the escape sequence for a single quote here because
the string is delimited by double quotes and the compile would recognize a single quote character as just
that, and not a delimiter. You must use the escape sequences for the double quotes in the string, though.
The string starts with a newline escape sequence followed by a tab escape sequence, so the output line is
indented by the tab distance. The string also ends with two instances of the escape sequence for a beep,
so you should hear a double beep from your PC’s speaker.

Calculating in C++

This is where you actually start doing something with the data that you enter. You know how to carry
out simple input and output; now you are beginning the bit in the middle, the “processing” part of a
C++ program. Almost all of the computational aspects of C++ are fairly intuitive, so you should slice
through this like a hot knife through butter.

The Assignment Statement

You have already seen examples of the assignment statement. A typical assignment statement looks
like this:

whole = partl + part2 + part3;
The assignment statement enables you to calculate the value of an expression which appears on the right
hand side of the equals sign, in this case the sum of part1, part2, and part3, and store the result in
the variable specified on the left hand side, in this case the variable with the name whole. In this state-
ment, the whole is exactly the sum of its parts and no more.

Note how the statement, as always, ends with a semicolon.

You can also write repeated assignments such as,

This is equivalent to assigning the value 2 to b and then assigning the value of bto a, so both vari-
ables will end up storing the value 2.
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Understanding Lvalues and Rvalues

An lvalue is something that refers to an address in memory and is so called because any expression that
results in an lvalue can appear on the left of the equals sign in an assignment statement. Most variables
are lvalues, because they specify a place in memory. However, as you'll see, there are variables that
aren’t Ivalues and can’t appear on the left of an assignment because their values have been defined as
constant.

The variables a and b that appear in the preceding paragraph are Ivalues, whereas the result of evaluat-
ing the expression a+b would not be, because its result doesn’t determine an address in memory where a
value might be stored. The result of an expression that is not an lvalue is referred to as an rvalue.

Loalues will pop up at various times throughout the book, sometimes where you least expect them, so
keep the idea in mind.

Arithmetic Operations
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The basic arithmetic operators you have at your disposal are addition, subtraction, multiplication, and
division, represented by the symbols +, -, * and /, respectively. These operate generally as you would
expect, with the exception of division which has a slight aberration when working with integer variables
or constants, as you'll see. You can write statements such as the following:

netPay = hours * rate - deductions;

Here, the product of hours and rate will be calculated and then deductions subtracted from the value
produced. The multiply and divide operators are executed before addition and subtraction, as you
would expect. I will discuss the order of execution of the various operators in expressions more fully
later in this chapter. The overall result of evaluating the expression hours * rate - deductions will
be stored in the variable netPay.

The minus sign used in the last statement has two operands — it subtracts the value of its right operand
from the value of its left operand. This is called a binary operation because two values are involved. The
minus sign can also be used with one operand to change the sign of the value to which it is applied, in
which case it is called a unary minus. You could write this:

int a = 0;
imiE 19 = =5
a = -b; // Changes the sign of the operand

Here, a will be assigned the value +5 because the unary minus changes the sign of the value of the
operand b.

Note that an assignment is not the equivalent of the equations you saw in high school algebra. It speci-
fies an action to be carried out rather than a statement of fact. The expression to the right of the assign-
ment operator is evaluated and the result is stored in the Ivalue — typically a variable — that appears on
the left.

Look at this statement:

number = number + 1;
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This means “add 1 to the current value stored in number and then store the result back in number.” As a

normal algebraic statement it wouldn’t make sense.

Try It Out Exercising Basic Arithmetic

You can exercise basic arithmetic in C++ by calculating how many standard rolls of wallpaper are

needed to paper a room. The following example does this:

// Ex2_05.cpp

// Calculating how many rolls of wallpaper are required for a room

#include <iostream>

using std::cout;
using std::cin;
using std::endl;

int main()
{
double height = 0.0, width = 0.0, length = 0.0;
double perimeter = 0.0;
const double rollwidth = 21.0;
const double rolllength = 12.0*33.0;

int strips_per_roll = 0;
int strips_reqd = 0;

int nrolls = 0;

cout << endl
<< "Enter the height of the room in inches:
cin >> height;

cout << endl

// Room dimensions
// Room perimeter

// Standard roll width
// Standard roll length(33ft.)

// Number of strips in a roll
// Number of strips needed
// Total number of rolls

// Start a new line

",
7

// Start a new line

<< "Now enter the length and width in inches: ";

cin >> length >> width;
strips_per_roll = rolllength / height;
perimeter = 2.0* (length + width) ;
strips_reqd = perimeter / rollwidth;
nrolls strips_reqd / strips_per_roll;

cout << endl
<< "For your room you need " << nrolls <<
<< endl;

return 0;

// Get number of strips per roll
// Calculate room perimeter

// Get total strips required

// Calculate number of rolls

" rolls of wallpaper."

Unless you are more adept than I am at typing, chances are there will be a few errors when you compile
this for the first time. Once you have fixed the typos, it will compile and run just fine. You'll get a couple
of warning messages from the compiler. Don’t worry about them — the compiler is just making sure you
understand what’s going on. I'll explain the reason for the error messages in a moment.
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How It Works

One thing needs to be clear at the outset—1I assume no responsibility for your running out of wallpaper
as a result of using this program! As you'll see, all errors in the estimate of the number of rolls required
are due to the way C++ works and to the wastage that inevitably occurs when you hang your own wall-
paper —usually 50 percent +!

I'll work through the statements in this example in sequence, picking out the interesting, novel, or even
exciting features. The statements down to the start of the body of main () are familiar territory by now,
so I will take those for granted.

A couple of general points about the layout of the program are worth noting. First, the statements in the
body of main () are indented to make the extent of the body easier to see, and second, various groups of
statements are separated by a blank line to indicate that they are functional groups. Indenting statements
is a fundamental technique in laying out program code in C++. You will see that this is applied univer-
sally to provide visual cues to help you identify the various logical blocks in a program.

The const Modifier

You have a block of declarations for the variables used in the program right at the beginning of the body
of main (). These statements are also fairly familiar, but there are two that contain some new features:

const double rollwidth = 21.0; // Standard roll width
const double rolllength = 12.0%33.0; // Standard roll length(33ft.)

They both start out with a new keyword: const. This is a type modifier that indicates that the variables
are not just of type double but are also constants. Because you effectively tell the compiler that these are
constants, the compiler will check for any statements that attempt to change the values of these vari-
ables, and if it finds any, it will generate an error message. A variable declared as const is not an Ivalue
and, therefore, can’t legally be placed on the left of an assignment operation.

You could check this out by adding, anywhere after the declaration of rol1lwidth, a statement such as:
rollwidth = 0;

You will find the program no longer compiles, returning 'error C2166: l-value specifies const
object"'.

It can be very useful to define constants that you use in a program by means of const variable types,
particularly when you use the same constant several times in a program. For one thing, it is much better
than sprinkling literals throughout your program that may not have blindingly obvious meanings; with
the value 42 in a program you could be referring to the meaning of life, the universe, and everything, but
if you use a const variable with the name myAge that has a value of 42, it becomes obvious that you are
not. For another thing, if you need to change the value of a const variable that you are using, you will
need to change its definition only in a source file to ensure that the change automatically appears
throughout. You'll see this technique used quite often.

Constant Expressions

The const variable rol1llength is also initialized with an arithmetic expression (12.0*33.0). Being
able to use constant expressions to initialize variables saves having to work out the value yourself. It can
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also be more meaningful, as it is in this case because 33 feet times 12 inches is a much clearer expression
of what the value represents than simply writing 396. The compiler will generally evaluate constant
expressions accurately, whereas if you do it yourself, depending on the complexity of the expression and
your ability to number-crunch, there is a finite probability that it may be wrong.

You can use any expression that can be calculated as a constant at compile time, including const objects
that you have already defined. So, for instance, if it was useful in the program to do so, you could
declare the area of a standard roll of wallpaper as:

const double rollarea = rollwidth*rolllength;

This statement would need to be placed after the declarations for the two const variables used in the
initialization of rollarea because all the variables that appear in a constant expression must be known
to the compiler at the point in the source file where the constant expression appears.

Program Input

After declaring some integer variables, the next four statements in the program handle input from the
keyboard:

cout << endl // Start a new line

<< "Enter the height of the room in inches: ";
cin >> height;

cout << endl // Start a new line
<< "Now enter the length and width in inches: ";
cin >> length >> width;

Here you have written text to cout to prompt for the input required and then read the input from the
keyboard using cin, which is the standard input stream. You first obtain the value for the room height
and then read the length and width successively. In a practical program, you would need to check for
errors and possibly make sure that the values that are read are sensible, but you don’t have enough
knowledge to do that yet!

Calculating the Result

You have four statements involved in calculating the number of standard rolls of wallpaper required for
the size of room given:

strips_per_roll = rolllength / height; // Get number of strips in a roll
perimeter = 2.0* (length + width) ; // Calculate room perimeter
strips_reqgd = perimeter / rollwidth; // Get total strips required
nrolls = strips_reqd / strips_per_roll; // Calculate number of rolls

The first statement calculates the number of strips of paper with a length corresponding to the height of
the room that you can get from a standard roll, by dividing one into the other. So, if the room is 8 feet
high, you divide 96 into 396, which would produce the floating-point result 4.125. There is a subtlety
here, however. The variable where you store the result, strips_per_roll, was declared as int, so it
can store only integer values. Consequently, any floating-point value to be stored as an integer is
rounded down to the nearest integer, 4 in this case, and this value is stored. This is actually the result
that you want here because, although they may fit under a window or over a door, fractions of a strip
are best ignored when estimating.
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The conversion of a value from one type to another is called casting. This particular example is called an
implicit cast, because the code doesn’t explicitly state that a cast is needed, and the compiler has to work
it out for itself. The two warnings you got during compilation were issued because the implicit casts that
were inserted implied information could be lost due to the conversion from one type to another.

You should beware when using implicit casts. Compilers do not always supply a warning that an
implicit cast is being made, and if you are assigning a value of one type to a variable of a type with a
lesser range of values, then there is always a danger that you will lose information. If there are implicit
casts in your program that you have included accidentally, they may represent bugs that may be difficult
to locate.

Where such an assignment is unavoidable, you can specify the conversion explicitly to demonstrate that
it is no accident and that you really meant to do it. You do this by making an explicit cast of the value on
the right of the assignment to int, so the statement would become:

strips_per roll = static_cast<int>(rolllength / height); // Get number of strips
// in a roll

The addition of static_cast<int> with the parentheses around the expression on the right tells the
compiler explicitly that you want to convert the value of the expression to int. Although this means that
you still lose the fractional part of the value, the compiler assumes that you know what you are doing
and will not issue a warning. You'll see more about static_cast<> () and other types of explicit cast-
ing, later in this chapter.

Note how you calculate the perimeter of the room in the next statement. To multiply the sum of the
length and the width by two, you enclose the expression summing the two variables between paren-
theses. This ensures that the addition is performed first and the result is multiplied by 2.0 to produce the
correct value for the perimeter. You can use parentheses to make sure that a calculation is carried out in
the order you require because expressions in parentheses are always evaluated first. Where there are
nested parentheses, the expressions within the parentheses are evaluated in sequence, from the inner-
most to the outermost.

The third statement, calculating how many strips of paper are required to cover the room, uses the same
effect that you observed in the first statement: The result is rounded down to the nearest integer because
it is to be stored in the integer variable, strips_reqgd. This is not what you need in practice. It would be
best to round up for estimating, but you don’t have enough knowledge of C++ to do this yet. Once you
have read the next chapter, you can come back and fix it!

The last arithmetic statement calculates the number of rolls required by dividing the number of strips
required (an integer) by the number of strips in a roll (also an integer). Because you are dividing one
integer by another, the result has to be an integer, and any remainder is ignored. This would still be the
case if the variable nrol1ls were floating point. The integer value resulting from the expression would
be converted to floating-point form before it was stored in nrol1ls. The result that you obtain is essen-
tially the same as if you had produced a floating-point result and rounded down to the nearest integer.
Again, this is not what you want, so if you want to use this, you will need to fix it.
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Displaying the Result
The result of the calculation is displayed by the following statement:
cout << endl

<< "For your room you need " << nrolls << " rolls of wallpaper."
<< endl;

This is a single output statement spread over three lines. It first outputs a newline character and then the
text string "For your room you need ". This is followed by the value of the variable nrolls and finally
the text string " rolls of wallpaper. ". As you can see, output statements are very easy in C++.

Finally, the program ends when this statement is executed:

return 0;

The value zero here is a return value that, in this case, will be returned to the operating system. You will
see more about return values in Chapter 5.

Calculating a Remainder

You saw in the last example that dividing one integer value by another produces an integer result that
ignores any remainder, so that 11 divided by 4 gives the result 2. Because the remainder after division
can be of great interest, particularly when you are dividing cookies amongst children, for example, C++
provides a special operator, %, for this. So you can write the following statements to handle the cookie-
sharing problem:

int residue = 0, cookies = 19, children = 5;

Q

residue = cookies % children;

The variable residue will end up with the value 4, the number left after dividing 19 by 5. To calculate
how many cookies each child receives, you just need to use division, as in the statement:

each = cookies / children;

Modifying a Variable

It’s often necessary to modify the existing value of a variable, such as by incrementing it or doubling it.
You could increment a variable called count using the statement:

count = count + 5;

This simply adds 5 to the current value stored in count and stores the result back in count, so if count
started out at 10, it would end up as 15.

You also have an alternative, shorthand way of writing the same thing in C++:

count += 5;
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This says, “Take the value in count, add 5 to it, and store the result back in count.” We can also use
other operators with this notation. For example,

count *= 5;

has the effect of multiplying the current value of count by 5 and storing the result back in count. In
general, you can write statements of the form,

lhs op= rhs;

where op is any of the following operators:

<< >> & ~ >

You have already met the first five of these operators, and you'll see the others, which are the shift and
logical operators, later in this chapter. lhis stands for any legal expression for the left-hand side of the
statement and is usually (but not necessarily) a variable name. ris stands for any legal expression on the
right-hand side of the statement.

The general form of the statement is equivalent to this:

lhs = 1lhs op (rhs);

The parentheses around rhs imply that this expression is evaluated first, and the result becomes the
right operand for op.

This means that you can write statements such as
a /=Db + c;

This will be identical in effect to this statement:
a=a/(b + c);

Thus, the value of a will be divided by the sum of b and ¢, and the result will be stored back in a.

The Increment and Decrement Operators

74

I will now introduce some unusual arithmetic operators called the increment and decrement operators,
as you will find them to be quite an asset once you get further into applying C++ in earnest. These are
unary operators that you use to increment or decrement the value stored in a variable that holds an inte-
gral value. For example, assuming the variable count is of type int, the following three statements all
have exactly the same effect:

count = count + 1; count += 1; ++count;
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They each increment the variable count by 1. The last form, using the increment operator, is clearly the
most concise.

The increment operator not only changes the value of the variable to which you apply it but also results
in a value. Thus, using the increment operator to increase the value of a variable by 1 can also appear as
part of a more complex expression. If incrementing a variable using the ++ operator, as in ++count, is
contained within another expression, then the action of the operator is to first increment the value of the
variable and then use the incremented value in the expression. For example, suppose count has the
value 5, and you have defined a variable total of type int. Suppose you write the following statement:

total = ++count + 6;

This results in count being incremented to 6, and this result is added to 6, so total is assigned the
value 12.

So far, you have written the increment operator, ++, in front of the variable to which it applies. This is
called the prefix form of the increment operator. The increment operator also has a postfix form, where
the operator is written after the variable to which it applies; the effect of this is slightly different. The
variable to which the operator applies is incremented only after its value has been used in context. For
example, reset count to the value 5 and rewrite the previous statement as:

total = count++ + 6;

Then total is assigned the value 11, because the initial value of count is used to evaluate the expres-
sion before the increment by 1 is applied. The preceding statement is equivalent to the two statements:

total = count + 6;
++count;

The clustering of ‘+” signs, in the example of the preceding postfix form, is likely to lead to confusion.
Generally, it isn't a good idea to write the increment operator in the way that I have written it here. It
would be clearer to write:

total = 6 + count++;
Where you have an expression such as a++ + b, or even a+++b, it becomes less obvious what is meant or
what the compiler will do. They are actually the same, but in the second case you might really have

meant a + ++b, which is different. It evaluates to one more than the other two expressions.

Exactly the same rules that I have discussed in relation to the increment operator apply to the decrement
operator, --. For example, if count has the initial value 5, then the statement

total = --count + 6;
results in total having the value 10 assigned, whereas

total = 6 + count--;
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sets the value of total to 11. Both operators are usually applied to integers, particularly in the context of

loops, as we shall see in Chapter 3. You will see in later chapters that they can also be applied to other
data types in C++, notably variables that store addresses.

Try It Out The Comma Operator

The comma operator allows you to specify several expressions where normally only one might occur.
This is best understood by looking at an example that demonstrates how it works:

// Ex2_06.cpp
// Exercising the comma operator
#include <iostream>

using std::cout;
using std::endl;

int main()
{

long numl = 0, num2 = 0, num3 = 0, numd4d = 0;
num4 = (numl = 10, num2 = 20, num3 = 30);
cout << endl
<< "The value of a series of expressions "
<< "is the value of the rightmost: "
<< num4;
cout << endl;

return 0;

How It Works

If you compile and run this program, you will get this output:

The value of a series of expressions is the value of the rightmost: 30
This is fairly self-explanatory. The variable num4 receives the value of the last of the series of three
assignments, the value of an assignment being the value assigned to the left-hand side. The parentheses
in the assignment for num4 are essential. You could try executing this without them to see the effect.
Without the parentheses, the first expression separated by commas in the series will become:

num4 = numl = 10

So, num4 will have the value 10.

Of course, the expressions separated by the comma operator don’t have to be assignments. You could
equally well write the following statements:

long numl = 1, num2 = 10, num3 = 100, num4 = 0;
num4 = (++numl, ++num2, ++num3);
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The effect of the assignment statement will be to increment the variables numl, num2, and num3 by 1,
and to set num4 to the value of the last expression which will be 101. This example is aimed at illustrat-
ing the effect of the comma operator and is not an example of how to write good code.

The Sequence of Calculation

So far,  haven’t talked about how you arrive at the sequence of calculations involved in evaluating an
expression. It generally corresponds to what you will have learned at school when dealing with basic
arithmetic operators, but there are many other operators in C++. To understand what happens with
these you need to look at the mechanism used in C++ to determine this sequence. It’s referred to as
operator precedence.

Operator Precedence

Operator precedence orders the operators in a priority sequence. In any expression, operators with the
highest precedence are always executed first, followed by operators with the next highest precedence,
and so on, down to those with the lowest precedence of all. The precedence of the operators in C++ is
shown in the following table:

Operators Associativity
Left

0) [] == ; Left

! ~ +(unary) -(unary) ++ -- &(unary) *(unary) Right

(typecast) static_cast const_cast dynamic_cast

reinterpret_cast sizeof new delete...typeid

.*(unary)  ->* Left

* / % Left

+ - Left

<< >> Left

< <= > >= Left

== = Left

& Left
Left

> Left

&& Left

> Left

2 : (conditional operator) Right

= *= /= %= += -= §= "= >= <<= >>= Right

, Left
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There are a lot of operators here that you haven’t seen yet, but you will know them all by the end of the
book. Rather than spreading them around, I have put all the C++ operators in the precedence table so
that you can always refer to it if you are uncertain about the precedence of one operator relative to
another.

Operators with the highest precedence appear at the top of the table. All the operators that appear in the
same cell in the table have equal precedence. If there are no parentheses in an expression, operators with
equal precedence are executed in a sequence determined by their associativity. Thus, if the associativity
is “left,” the left-most operator in an expression is executed first, progressing through the expression to
the right-most. This means that an expressionsuchasa + b + ¢ + disexecuted as though it was writ-
ten (((a + b) + c) + d) because binary + is left-associative.

Note that where an operator has a unary (working with one operand) and a binary (working with two
operands) form, the unary form is always of a higher precedence and is, therefore, executed first.

You can always override the precedence of operators by using parentheses. Because
there are so many operators in C++, it’s sometimes hard to be sure what takes prece-
dence over what. It is a good idea to insert parentheses to make sure. A further plus
is that parentheses often make the code much easier to read.

Variable Types and Casting

Calculations in C++ can be carried out only between values of the same type. When you write an expres-
sion involving variables or constants of different types, for each operation to be performed the compiler
has to convert the type of one of the operands to match that of the other. This conversion process is
called casting. For example, if you want to add a double value to a value of an integer type, the integer
value is first converted to double, after which the addition is carried out. Of course, the variable that
contains the value to be cast is itself not changed. The compiler will store the converted value in a tem-
porary memory location that will be discarded when the calculation is finished.

There are rules that govern the selection of the operand to be converted in any operation. Any expres-
sion to be calculated breaks down into a series of operations between two operands. For example, the
expression 2*3-4+5 amounts to the series 2*3 resulting in 6, 6-4 resulting in 2, and finally 2+5 resulting
in 7. Thus, the rules for casting operands where necessary need to be defined only in terms of decisions
about pairs of operands. So, for any pair of operands of different types, the following rules are checked
in the order that they are written. When one applies, that rule is used.

Rules for Casting Operands
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1. TIfeither operand is of type 1long double, the other is converted to 1long double.
2 If either operand is of type double, the other is converted to double.

3. Ifeither operand is of type float, the other is converted to float.
4

Any operand of type char, signed char, unsigned char, short, or unsigned short is con-
verted to type int.
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5. Anenumeration type is converted to the first of int, unsigned int, long, or unsigned long
that accommodates the range of the enumerators.

6. If either operand is of type unsigned long, the other is converted to unsigned long.

7. If one operand is of type 1ong and the other is of type unsigned int, then both operands are
converted to type unsigned long.

8. Ifeither operand is of type long, the other is converted to type long.
This looks and reads as though it is incredibly complicated, but the basic principle is to always convert
the value that has the type that is of a more limited range to the type of the other value. This maximizes

the likelihood of being able to accommodate the result. You could try these rules on a hypothetical
expression to see how they work. Suppose that you have a sequence of variable declarations as follows:

double value = 31.0;
int count = 16;

float many = 2.0f;
char num = 4;

Also suppose that you have the following rather arbitrary arithmetic statement:
value = (value - count) * (count - num)/many + num/many;
You can now work out what casts the compiler will apply in the execution of the statement.

The first operation is to calculate (value - count). Rule 1 doesn’t apply but Rule 2 does, so the value of
count is converted to double and the double result 15.0 is calculated.

Next (count - num) must be evaluated, and here the first rule in sequence that applies is Rule 4, so num
is converted from char to int and the result 12 is produced as a value of type int.

The next calculation is the product of the first two results, a double 15.0 and an int 12. Rule 2 applies
here, and the 12 is converted to 12.0 as double, and the double result 180.0 is produced.

This result now has to be divided by many, so Rule 2 applies again, and the value of many is converted to
double before generating the double result 90.0.

The expression num/many is calculated next, and here Rule 3 applies to produce the f1loat value 2.0f
after converting the type of num from char to float.

Lastly, the double value 90.0 is added to the £1loat value 2.0f for which Rule 2 applies, so after convert-
ing the 2.0f to 2.0 as double, the final result of 92.0 is stored in value.

In spite of the preceding sequence reading a bit like The Auctioneer’s Song, you should get the general
idea.

Casts in Assignment Statements

As you saw in example Ex2_05 . cpp earlier in this chapter, you can cause an implicit cast by writing
an expression on the right-hand side of an assignment that is of a different type to the variable on the
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left-hand side. This can cause values to be changed and information to be lost. For instance, if you assign
a float or double value to a variable of type int or a long, the fractional part of the f1oat or double
will be lost and just the integer part will be stored. (You may lose even more information if your floating-
point variable exceeds the range of values available for the integer type concerned.)

For example, after executing the following code fragment,

int number = 0;
float decimal = 2.5f;
number = decimal;

the value of number will be 2. Note the £ at the end of the constant 2.5f. This indicates to the compiler
that this constant is single precision floating point. Without the £, the default would have been type
double. Any constant containing a decimal point is floating point. If you don’t want it to be double pre-
cision, you need to append the £. A capital letter F would do the job just as well.

Explicit Casts
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With mixed expressions involving the basic types, your compiler automatically arranges casting where
necessary, but you can also force a conversion from one type to another by using an explicit cast. To cast
the value of an expression to a given type, you write the cast in the form:

static_cast<the_type_to_convert_to> (expression)

The keyword static_cast reflects the fact that the cast is checked statically — that is, when your pro-
gram is compiled. No further checks are made when you execute the program to see if this cast is safe to
apply. Later, when you get to deal with classes, you will meet dynamic_cast, where the conversion is
checked dynamically — that is, when the program is executing. There are also two other kinds of cast,
const_cast for removing the const-ness of an expression and reinterpret_cast, which is an uncon-
ditional cast, but I'll say no more about these here.

The effect of the static_cast operation is to convert the value that results from evaluating expression to
the type that you specify between the angled brackets. The expression can be anything from a single vari-
able to a complex expression involving lots of nested parentheses.

Here’s a specific example of the use of static_cast<>():

double valuel = 10.5;
double value2 = 15.5;
int whole_number = static_cast<int>(valuel) + static_cast<int>(value2);

The initializing value for the variable whole_number is the sum of the integral parts of valuel and
value2, so they are each explicitly cast to type int. The variable whole_number will therefore have the
initial value 25. The casts do not affect the values stored in valuel and value2, which will remain as
10.5 and 15.5, respectively. The values 10 and 15 produced by the casts are just stored temporarily for use
in the calculation and then discarded. Although both casts cause a loss of information in the calculation,
the compiler will always assume that you know what you are doing when you specify a cast explicitly.
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Also, as I described in Ex2_05 . cpp relating to assignments involving different types, you can always
make it clear that you know the cast is necessary by making it explicit:

strips_per_roll = static_cast<int>(rolllength / height); //Get number of strips
// in a roll

You can write an explicit cast for a numerical value to any numeric type, but you should be conscious

of the possibility of losing information. If you cast a value of type float or double to type long, for
example, you will lose the fractional part of the value when it is converted, so if the value started out as
less than 1.0, the result will be 0. If you cast a value of type double to type f£loat, you will lose accuracy
because a float variable has only 7 digits precision, whereas double variables maintain 15. Even cast-
ing between integer types provides the potential for losing data, depending on the values involved. For
example, the value of an integer of type 1ong can exceed the maximum that you can store in a variable
of type short, so casting from a 1long value to a short may lose information.

In general, you should avoid casting as far as possible. If you find that you need a lot of casts in your
program, the overall design of your program may well be at fault. You need to look at the structure of
the program and the ways in which you have chosen data types to see whether you can eliminate, or at
least reduce, the number of casts in your program.

Old-Style Casts

Prior to the introduction of static_cast<> () (and the other casts: const_cast<> (), dynamic_cast<>(),
and reinterpret_cast<> (), which we’ll discuss later in the book) into C++, an explicit cast of the result
of an expression to another type was written as:

(the_type_to_convert_to)expression

The result of expression is cast to the type between the parentheses. For example, the statement to calcu-
late strips_per_roll in the previous example could be written:

strips_per_roll = (int) (rolllength / height) ; //Get number of strips in a roll

Essentially, there are four different kinds of casts, and the old-style casting syntax covers them all.
Because of this, code using the old-style casts is more error prone —it is not always clear what you
intended, and you may not get the result you expected. Although you will still see the old style of cast-
ing used extensively (it’s still part of the language and you will see it in MFC code for historical reasons),
I strongly recommend that you stick to using only the new casts in your code.

The Bitwise Operators

The bitwise operators treat their operands as a series of individual bits rather than a numerical value.
They work only with integer variables or integer constants as operands, so only data types short, int,
long, signed char, and char, as well as the unsigned variants of these, can be used. The bitwise oper-
ators are useful in programming hardware devices, where the status of a device is often represented as

a series of individual flags (that is, each bit of a byte may signify the status of a different aspect of the
device), or for any situation where you might want to pack a set of on-off flags into a single variable. You
will see them in action when you look at input/output in detail, where single bits are used to control
various options in the way data is handled.
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There are six bitwise operators:

& bitwise AND > bitwise OR ~ bitwise exclusive OR
~ bitwise NOT >> shift right << shift left

The next sections take a look at how each of them works.

e Bitwise AND

The bitwise AND, &, is a binary operator that combines corresponding bits in its operands in a particular
way. If both corresponding bits are 1, the result is a 1 bit, and if either or both bits are 0, the result is a 0
bit.

The effect of a particular binary operator is often shown using what is called a truth table. This shows,
for various possible combinations of operands, what the result is. The truth table for & is as follows:

Bitwise AND 0 1
0 0 0
1 0 1

For each row and column combination, the result of & combining the two is the entry at the intersection
of the row and column. You can see how this works in an example:

char letterl = 'A', letter2 = 'Z', result = 0;
result = letterl & letter2;

You need to look at the bit patterns to see what happens. The letters 'A' and 'z ' correspond to hexadec-
imal values 0x41 and 0x5A, respectively (see Appendix B for ASCII codes). The way in which the bitwise
AND operates on these two values is shown in Figure 2-8.

letterl: Ox41

letter2: Ox5A

O« || —>O<«—R—>0O
RPe—I|| —>P<—R—>1
O« || —>O0O<«—R—>0O
O<«— Il — P <«<—R—>O
O<«— Il —> P <«<—R—>O
O<«— || —>O<«—R—>O
O<«— || —> P <«<—R—>0O

O« || —>O<«—R——>1

result: 0x40

Figure 2-8
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You can confirm this by looking at how corresponding bits combine with & in the truth table. After the
assignment, result will have the value 0x40, which corresponds to the character ‘@’.

Because the & produces zero if either bit is zero, you can use this operator to make sure that unwanted
bits are set to 0 in a variable. You achieve this by creating what is called a “mask” and combining with
the original variable using &. You create the mask by specifying a value that has 1 where you want to
keep a bit, and 0 where you want to set a bit to zero. The result of ANDing the mask with another inte-
ger will be 0 bits where the mask bit is 0, and the same value as the original bit in the variable where the
mask bit is 1. Suppose you have a variable letter of type char where, for the purposes of illustration,
you want to eliminate the high order 4 bits, but keep the low order 4 bits. This is easily done by setting
up a mask as 0xOF and combining it with the value of letter using & like this:

letter = letter & O0xO0F;
or, more concisely:
letter &= 0xO0F;

If 1letter started out as 0x41, it would end up as 0x01 as a result of either of these statements. This oper-
ation is shown in Figure 2-9.

TN T
T
T T
ST

Figure 2-9
The 0 bits in the mask cause corresponding bits in 1etter to be set to 0, and the 1 bits in the mask cause
corresponding bits in letter to be kept as they are.

Similarly, you can use a mask of O0xFO to keep the 4 high order bits, and zero the 4 low order bits.
Therefore, this statement,

letter &= 0xFO0;

will result in the value of 1etter being changed from 0x41 to 0x40.
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The Bitwise OR

The bitwise OR, >, sometimes called the inclusive OR, combines corresponding bits such that the result
is a 1 if either operand bit is a 1, and 0 if both operand bits are 0. The truth table for the bitwise OR is:

Bitwise OR 0 1
0 0 1
1 1 1

You can exercise this with an example of how you could set individual flags packed into a variable of
type int. Suppose that you have a variable called style of type short that contains 16 individual 1-bit
flags. Suppose further that you are interested in setting individual flags in the variable style. One way
of doing this is by defining values that you can combine with the OR operator to set particular bits on.
To use in setting the rightmost bit, you can define:

short vredraw = 0x01;
For use in setting the second-to-rightmost bit, you could define the variable hredraw as:

short hredraw = 0x02;
So you could set the rightmost two bits in the variable style to 1 with the statement:

style = hredraw > vredraw;

The effect of this statement is illustrated in Figure 2-10.

hredraw: 0x02

vredraw: 0x01

O«—Ill—>0«——Q——0
O<«—ll—>0«—f——>0
O«—ll—>0«—f——>0
Oo«—ll—>0«—f——>o0
oI —>o<—%—>o
oI —>o<—%—>o
oI —>o<—%—>o
o«—Ill—>o0«—8——o0
O<«—Ill—>0«—8Q——o0
O<«—Ill—>0«—8——o0
O<«—Ill—>0«—8Q——o0
O<«—Ill—>0«—8——>0
o<l —»o«—%—»o
oI —>o<—%—>o
Pe<—ll—>0«—8——r
Pe<—Il—r<«—8——0

style: 0x03

Figure 2-10
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Because the OR operation results in 1 if either of two bits is a 1, ORing the two variables together pro-
duces a result with both bits set on.

A very common requirement is to be able to set flags in a variable without altering any of the others
which may have been set elsewhere. You can do this quite easily with a statement such as:

style >= hredraw > vredraw;

This statement will set the two rightmost bits of the variable style to 1, leaving the others at whatever
they were before the execution of this statement.

The Bitwise Exclusive OR

The exclusive OR, *, is so called because it operates similarly to the inclusive OR but produces 0 when
both operand bits are 1. Therefore, its truth table is as follows:

Bitwise EOR (1] 1
0 0 1
1 1 0

Using the same variable values that we used with the AND, you can look at the result of the following
statement:

result = letterl »~ letter2;
This operation can be represented as:
letterl 0100 0001
letter2 0101 1010
EORed together produce:
result 0001 1011
The variable result is set to 0x1B, or 27 in decimal notation.
The ~ operator has a rather surprising property. Suppose that you have two char variables, first with

the value 'a', and last with the value 'z ', corresponding to binary values 0100 0001 and 0101 1010. If
you write the statements

first "= last; // Result first is 0001 1011
last "= first; // Result last is 0100 0001
first "= last; // Result first is 0101 1010

the result of these is that first and last have exchanged values without using any intermediate mem-
ory location. This works with any integer values.
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The Bitwise NOT

The bitwise NOT, ~, takes a single operand for which it inverts the bits: 1 becomes 0, and 0 becomes 1.
Thus, if you execute the statement

result = ~letterl;

if letterl is 0100 0001, the variable result will have the value 1011 1110, which is 0xBE, or 190 as a
decimal value.

The Bitwise Shift Operators

These operators shift the value of an integer variable a specified number of bits to the left or right. The
operator >> is for shifts to the right, while << is the operator for shifts to the left. Bits that “fall off” either

end of the variable are lost. Figure 2-11 shows the effect of shifting the 2-byte variable left and right, with
the initial value shown.

Decimal 16,387 in binary is: lo|1]o[o]o|oo]o|o]o]o[o]o]o]1]1]

Zeros are shifted

lo|1]o[o]o]o]o]o]o|o]o]o]o]o]1]4]in from tne rignt

shiftleft2. — ////
e TolololololololololololoTa[slolo
shifted out
and lost =12

Zeros are shifted

in from the left |0|1|O|O|O|O|0|O|0|0|O|O|O|O|1|1|

Shiftright2:  \\\\
[ololofz[o[ofofo]ofolo[ofojofojo]  fiess e
- 40% e
Figure 2-11

You declare and initialize a variable called number with the statement:

unsigned int number = 16387U;

As you saw earlier in this chapter, you write unsigned integer literals with a letter U or u appended to
the number. You can shift the contents of this variable to the left with the statement:

number <<= 2; // Shift left two bit positions

86



Data, Variables, and Calculations

The left operand of the shift operator is the value to be shifted, and the number of bit positions that the
value is to be shifted is specified by the right operand. The illustration shows the effect of the operation.
As you can see, shifting the value 16,387 two positions to the left produces the value 12. The rather dras-
tic change in the value is the result of losing the high order bit when it is shifted out.

You can also shift the value to the right. Let’s reset the value of number to its initial value of 16,387. Then
you can write:

number >>= 2; // Shift right two bit positions

This shifts the value 16,387 two positions to the right, storing the value 4,096. Shifting right two bits is
effectively dividing the value by 4 (without remainder). This is also shown in the illustration.

As long as bits are not lost, shifting  bits to the left is equivalent to multiplying the value by 2, n times.
In other words, it is equivalent to multiplying by 2". Similarly, shifting right n bits is equivalent to divid-
ing by 2". But beware: as you saw with the left shift of the variable number, if significant bits are lost, the
result is nothing like what you would expect. However, this is no different from the multiply operation.
If you multiplied the 2-byte number by 4 you would get the same result, so shifting left and multiply are
still equivalent. The problem of accuracy arises because the value of the result of the multiplication is
outside the range of a 2-byte integer.

You might imagine that confusion could arise between the operators that you have been using for input
and output and the shift operators. As far as the compiler is concerned, the meaning will always be clear
from the context. If it isn’t, the compiler will generate a message, but you need to be careful. For exam-
ple, if you want to output the result of shifting a variable number left by 2 bits, you could write the fol-
lowing statement:

cout << (number << 2);
Here, the parentheses are essential. Without them, the shift operator will be interpreted by the compiler
as a stream operator, so you won't get the result that you intended; the output will be the value of num-

ber followed by the value 2.

In the main, the right shift operation is similar to the left shift. For example, suppose the variable number
has the value 24, and you execute the following statement:

number >>= 2;
This will result in number having the value 6, effectively dividing the original value by 4. However, the
right shift operates in a special way with signed integer types that are negative (that is, the sign bit,
which is the leftmost bit, is 1). In this case, the sign bit is propagated to the right. For example, declare
and initialize a variable number of type char with the value -104 in decimal:

char number = -104; // Binary representation is 1001 1000
Now you can shift it right 2 bits with the operation:

number >>= 2; // Result 1110 0110

The decimal value of the result is -26, as the sign bit is repeated. With operations on unsigned integer
types, of course, the sign bit is not repeated and zeros appear.
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U

nderstanding Storage Duration and Scope

All variables have a finite lifetime when your program executes. They come into existence from the
point at which you declare them and then, at some point, they disappear —at the latest, when your pro-
gram terminates. How long a particular variable lasts is determined by a property called its storage
duration. There are three different kinds of storage duration that a variable can have:

0  Automatic storage duration
Q  Static storage duration

QO  Dynamic storage duration

Which of these a variable will have depends on how you create it. I will defer discussion of variables
with dynamic storage duration until Chapter 4, but you will be exploring the characteristics of the other
two in this chapter.

Another property that variables have is scope. The scope of a variable is simply that part of your program
over which the variable name is valid. Within a variable’s scope, you can legally refer to it, to set its value
or use it in an expression. Outside of the scope of a variable, you cannot refer to its name —any attempt to
do so will cause a compiler error. Note that a variable may still exist outside of its scope, even though you
cannot refer to it by name. You will see examples of this situation a little later in this discussion.

All of the variables that you have declared up to now have had automatic storage duration, and are
therefore called automatic variables. Let’s take a closer look at these first.

Automatic Variables
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The variables that you have declared so far have been declared within a block — that is, within the
extent of a pair of braces. These are called automatic variables and are said to have local scope or block
scope. An automatic variable is “in scope” from the point at which it is declared until the end of the
block containing its declaration. The space that an automatic variable occupies is allocated automatically
in a memory area called the stack that is set aside specifically for this purpose. The default size for the
stack is IMB, which is adequate for most purposes, but if it should turn out to be insufficient, you can
increase the size of the stack by setting the /STACK option for the project to a value of your choosing.

An automatic variable is “born” when it is defined and space for it is allocated on the stack, and it auto-
matically ceases to exist at the end of the block containing the definition of the variable. This will be at
the closing brace matching the first opening brace that precedes the declaration of the variable. Every
time the block of statements containing a declaration for an automatic variable is executed, the variable
is created anew, and if you specified an initial value for the automatic variable, it will be reinitialized
each time it is created. When an automatic variable dies, its memory on the stack will be freed for use by
other automatic variables

There is a keyword, auto, which you can use to specify automatic variables, but it is rarely used since it
is implied by default. What follows is an example of what I've discussed so far about scope.
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Try It Out Automatic Variables

I can demonstrate the effect of scope on automatic variables with the following example:

// Ex2_07.cpp
// Demonstrating variable scope
#include <iostream>

using std::cout;
using std::endl;

int main()

{
int countl = 10;
int count3 = 50;

cout << endl
<< "Value of outer countl

<< endl;
{
int countl = 20;
int count2 = 30;
cout << "Value of inner countl
<< endl;
countl += 3;
count3 += count2;
}
cout << "Value of outer countl =
<< endl
<< "Value of outer count3 =
<< endl;
// cout << count2 << endl;
return 0;

The output from this example will be:

Value of outer countl = 10
Value of inner countl = 20
Value of outer countl = 10
Value of outer count3 = 80

How It Works

// Function scope starts here

" << countl

//
//

New scope starts here...
This hides the outer countl

= " << countl
// This affects the inner countl
// ...and ends here

" << countl

" << count3

// uncomment to get an error

// Function scope ends here

The first two statements declare and define two integer variables, count1 and count3, with initial val-
ues of 10 and 50, respectively. Both these variables exist from this point to the closing brace at the end of
the program. The scope of these variables also extends to the closing brace at the end of main ().
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Remember that the lifetime and scope of a variable are two different things. It’s important not to get
these two ideas confused. The lifetime is the period during execution from when the variable is first cre-
ated to when it is destroyed and the memory it occupies is freed for other uses. The scope of a variable is
the region of program code over which the variable may be accessed.

Following the variable definitions, the value of count1 is output to produce the first of the lines shown
above. There is then a second brace, which starts a new block. Two variables, count1 and count2, are
defined within this block, with values 20 and 30 respectively. The count1 declared here is different from
the first count1. The first count1 still exists, but its name is masked by the second count1. Any use of
the name count1 following the declaration within the inner block refers to the count1 declared within
that block.

I used a duplicate of the variable name count1 here only to illustrate what happens. Although this code
is legal, it isn’t a good approach to programming in general. In a real-world programming it would be
confusing, and if you use duplicate names makes, it very easy to hide variables defined in an outer scope
accidentally.

The value shown in the second output line shows that within the inner block, you are using the count1
in the inner scope —that is, inside the innermost braces:

cout << "Value of inner countl = " << countl
<< endl;

Had you still been using the outer count1, this would display the value 10. The variable count1 is then
incremented by the statement:

countl += 3; // This affects the inner countl
The increment applies to the variable in the inner scope, since the outer one is still hidden. However,
count3, which was defined in the outer scope, is incremented in the next statement without any
problem:

count3 += count2;
This shows that the variables declared at the beginning of the outer scope are accessible from within the
inner scope. (Note that if count3 had been declared after the second of the inner pair of braces, then it
would still be within the outer scope, but in that case count3 would not exist when the above statement
is executed.)
After the brace ending the inner scope, count2 and the inner count1 cease to exist. The variables
countl and count3 are still there in the outer scope and the values displayed show that count3 was
indeed incremented in the inner scope.

If you uncomment the line:

// cout << count2 << endl; // uncomment to get an error
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the program will no longer compile correctly, because it attempts to output a non-existent variable. You
will get an error message something like

c:\microsoft visual studio\myprojects\Ex2_07\Ex2_07.cpp(29) : error C2065: 'count2'
: undeclared identifier

This is because count?2 is out of scope at this point.

Positioning Variable Declarations

You have great flexibility in where you place the declarations for your variables. The most important
aspect to consider is what scope the variables need to have. Beyond that, you should generally place a
declaration close to where the variable is to be first used in a program. You should write your programs
with a view to making them as easy as possible for another programmer to understand, and declaring a
variable at its first point of use can be helpful in achieving that.

It is possible to place declarations for variables outside of all of the functions that make up a program.
The next section looks at the effect that has on the variables concerned.

Global Variables

Variables that are declared outside of all blocks and classes (I will discuss classes later in the book) are
called globals and have global scope (which is also called global namespace scope or file scope). This
means that they are accessible throughout all the functions in the file, following the point at which they
are declared. If you declare them at the very top of your program, they will be accessible from anywhere
in the file.

Globals also have static storage duration by default. Global variables with static storage duration will
exist from the start of execution of the program, until execution of the program ends. If you do not spec-
ify an initial value for a global variable, it will be initialized with 0 by default. Initialization of global
variables takes place before the execution of main () begins, so they are always ready to be used within
any code that is within the variable’s scope.

Figure 2-12 shows the contents of a source file, Example . cpp, and the arrows indicate the scope of each
of the variables.

The variable valuel, which appears at the beginning of the file, is declared at global scope, as is
value4, which appears after the function main (). The scope of each global variable extends from the
point at which it is defined to the end of the file. Even though value4 exists when execution starts, it
cannot be referred to inmain () because main () is not within the variable’s scope. For main () to use
value4, you would need to move its declaration to the beginning of the file. Both valuel and value4
will be initialized with 0 by default, which is not the case for the automatic variables. Note that the local
variable called valuel in function () hides the global variable of the same name.
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int main()
{ // Function scope starts here
int countl = 10; <
int count3 = 50;
cout << end|
<< “Value of outer countl = ” << countZl; I
{ // New scope starts here...
int countl = 20; // This hides the outer countl «— countl
int count2 = 30;
cout << endl S
<< “Value of outer countl = " << countl; count2
countl += 3; // This affects the inner countl
count3 += count 2;
} // ...and ends here. < <
cout << endl
<< “Value of outer countl = ” << countl
<< end|
<< “Value of outer count3 = ” count3;
// cout << endl << count2; // uncomment to get an error
cout << endl;
return O;
} //Function scope ends herg&—— <«—
Figure 2-12

Since global variables continue to exist for as long as the program is running, this might raise the ques-
tion, “Why not make all variables global and avoid this messing about with local variables that disap-
pear?” This sounds very attractive at first, but as with the Sirens of mythology, there are serious side
effects that completely outweigh any advantages you may gain.

Real programs are generally composed of a large number of statements, a significant number of func-
tions, and a great many variables. Declaring all variables at the global scope greatly magnifies the possi-
bility of accidental erroneous modification of a variable, as well as making the job of naming them
sensibly quite intractable. They will also occupy memory for the duration of program execution. By
keeping variables local to a function or a block, you can be sure they have almost complete protection
from external effects, they will only exist and occupy memory from the point at which they are defined
to the end of the enclosing block, and the whole development process becomes much easier to manage.

If you take a look at the Class View pane on the right of the IDE window for any of the examples that
you have created so far and extend the class tree for the project by clicking on the +, you will see an
entry called Global Functions and Variables. If you click on this, you will see a list of everything in your
program that has global scope. This will include all the global functions, as well as any global variables
that you have declared.
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Try It Out The Scope Resolution Operator

As you have seen, a global variable can be hidden by a local variable with the same name. However, it's
still possible to get at the global variable by using the scope resolution operator (: :), which you saw in
Chapter 1 when I was discussing namespaces. I can demonstrate how this works with a revised version
of the last example:

// Ex2_08.cpp
// Demonstrating variable scope
#include <iostream>

using std::
using std::

int countl

int main()

{

cout;
endl;

= 100;

int countl = 10;
int count3 = 50;

cout <<
<<
<<
cout <<
<<

endl
"Value of outer countl =
endl;

// Global version of countl

// Function scope starts here

" << countl

"Value of global countl = " << ::countl // From outer block

endl;

int countl = 20;
int count2 = 30;

cout

cout

// New scope starts here...
//This hides the outer countl

<< "Value of inner countl = " << countl

<< endl;

<< "Value of global countl = " << ::countl // From inner block
<< endl;

countl += 3;
count3 += count2;

cout <<
<<
<<
<<

"Value of outer countl
endl

"Value of outer count3 =
endl;

//cout << count2 << endl;

return 0;

// This affects the inner countl
// ...and ends here.
" << countl

" << count3

// uncomment to get an error

// Function scope ends here

If you compile and run this example, you'll get the following output:

Value of outer countl = 10
Value of global countl = 100
Value of inner countl = 20
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Value of global countl = 100
Value of outer countl = 10
Value of outer count3 = 80

How It Works

The shaded lines of code indicate the changes I have made to the previous example; I just need to dis-
cuss the effects of those. The declaration of count1 prior to the definition of the function main () is
global, so in principle it is available anywhere through the function main (). This global variable is ini-
tialized with the value of 100:

int countl = 100; // Global version of countl

However, you have two other variables called count1, which are defined within main (), so throughout
the program the global count1 is hidden by the local count1 variables. The first new output statement is:

cout << "Value of global countl = " << ::countl // From outer block
<< endl;

This uses the scope resolution operator (: :) to make it clear to the compiler that you want to reference
the global variable count1, not the local one. You can see that this works from the value displayed in the
output.

In the inner block, the global count1 is hidden behind two variables called count1: the inner count1
and the outer count1. We can see the global scope resolution operator doing its stuff within the inner
block, as you can see from the output generated by the statement we have added there:

cout << "Value of global countl = " << ::countl // From inner block
<< endl;

This outputs the value 100, as before — the long arm of the scope resolution operator used in this fashion
always reaches a global variable.

You have seen earlier that you can refer to a name in the std namespace by qualifying the name with
the namespace name, such as with std: : cout or std: : endl. The compiler searches the namespace
that has the name specified by the left operand of the scope resolution operator for the name that you
specify as the right operand. In the preceding example, you are using the scope resolution operator to
search the global namespace for the variable count1. By not specifying a namespace name in front of
the operator, you are telling the compiler to search the global namespace for the name that follows it.

You'll be seeing a lot more of this operator when you get to explore object-oriented programming in
Chapter 9, where it is used extensively.

Static Variables
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It’s conceivable that you might want to have a variable that’s defined and accessible locally, but which
also continues to exist after exiting the block in which it is declared. In other words, you need to declare
a variable within a block scope, but to give it static storage duration. The static specifier provides you
with the means of doing this, and the need for this will become more apparent when we come to deal
with functions in Chapter 5.
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In fact, a static variable will continue to exist for the life of a program even though it is declared within a
block and available only from within that block (or its sub-blocks). It still has block scope, but it has
static storage duration. To declare a static integer variable called count you would write:

static int count;

If you don’t provide an initial value for a static variable when you declare it, it will be initialized for you.
The variable count declared here will be initialized with 0. The default initial value for a static variable
is always 0, converted to the type applicable to the variable. Remember that this is not the case with
automatic variables.

If you don’t initialize your automatic variables, they will contain junk values left over from the program
that last used the memory they occupy.

Namespaces

I'have mentioned namespaces several times, so it’s time you got a better idea of what they are about.
They are not used in the libraries supporting MFC, but the libraries that support the CLR and Windows
forms use namespaces extensively, and of course the ANSI C++ standard library does, too.

You know already that all the names used in the ISO/ ANSI C++ standard library are defined in a
namespace with the name std. This means that all the names used in the standard library have an addi-
tional qualifying name, std, so cout for example is really std: : cout. You can see fully qualified names
in use this with a trivial example:

// Ex2_09.cpp
// Demonstrating namespace names
#include <iostream>

int value = 0;

int main()
{
std::cout << "enter an integer: ";
std::cin >> value;
std::cout << "\nYou entered " << value
<< std:: endl;
return 0;

The declaration for the variable value is outside of the definition of main (). This declaration is said to
be at global namespace scope, because the variable declaration does not appear within a namespace.
The variable is accessible from anywhere within main () as well as from within any other function defi-
nitions that you might have in the same source file. I have put the declaration for value outside of

main () justso I can demonstrate in the next section how it could be in a namespace.

Note the absence of using declarations for cout and endl. It isn’t necessary in this case, because you

are fully qualifying the names you are using from the namespace std. It would be silly to do so, but you
could use cout as the name of the integer variable here, and there would be no confusion because cout
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by itself is different from std: : cout. Thus namespaces provide a way to separate the names used in
one part of a program from those used in another. This is invaluable with large project involving several
teams of programmers working on different parts of the program. Each team can have its own name-
space name, and worries about two teams accidentally using the same name for different functions
disappear.

Look at this line of code:
using namespace std;
This statement is a using directive.

The effect of this is to import all the names from the std namespace into the source file so you can refer
to anything that is defined in this namespace without qualifying the name in you program. Thus you
can write the name cout instead of std: : cout and endl instead of std: : endl. The downside of this
blanket using directive is that it effectively negates the primary reason for using a namespace — that is,
preventing accidental name clashes. The safest way to access names from a namespace is either to qual-
ify each name explicitly with the namespace name; unfortunately, this tends to make the code very ver-
bose and reduce its readability. The other possibility is to introduce just the names that you use in your
code with using declarations, for example:

using std::cout; // Allows cout usage without qualification
using std::endl; // Allows endl usage without qualification

These statements are called using declarations. Each statement introduces a single name from the speci-
fied namespace and allows it to be used unqualified within the program code that follows. This provides
a much better way of importing names from a namespace as you only import the names that you actu-
ally use in your program. Because Microsoft has set the precedent of importing all names from the
System namespace with C+/CLI code, I will continue with that in the C++/CLI examples. In general I
recommend that you use using declarations in your own code rather than using directives when you
are writing programs of any significant size.

Of course, you can define your own namespace that has a name that you choose. The next section shows
how that’s done.

Declaring a Namespace

You use the keyword namespace to declare a namespace —like this:

namespace myStuff

{
// Code that I want to have in the namespace myStuff...

}

This defines a namespace with the name mystuff. All name declarations in the code between the braces
will be defined within the myStuff namespace, so to access any such name from a point outside this
namespace, the name must be qualified by the namespace name, myStuff, or have a using declaration
that identifies that the name is from the myStuff namespace.
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You can’t declare a namespace inside a function. It's intended to be used the other way round; you use a
namespace to contain functions, global variables, and other named entities such as classes in your pro-
gram. You must not put the definition of main () in a namespace, though. The function main () where
execution starts must always be at global namespace scope, otherwise the compiler won’t recognize it.

You could put the variable value in the previous example in a namespace:

// Ex2_10.cpp
// Declaring a namespace
#include <iostream>

namespace myStuff

{
int value = 0;

}

int main()
{
std::cout << "enter an integer: ";
std::cin >> myStuff::value;
std::cout << "\nYou entered " << myStuff::value
<< std:: endl;
return 0;

The mystuf f namespace defines a scope, and everything within the namespace scope is qualified with
the namespace name. To refer to a name declared within a namespace from outside, you must qualify it
with the namespace name. Inside the namespace scope any of the names declared within it can be
referred to without qualification — they are all part of the same family. Now you must qualify the name
value with mystuf £, the name of our namespace. If not, the program will not compile. The function
main () now refers to names in two different namespaces, and in general you can have as many name-
spaces in your program as you need. You could remove the need to qualify value by adding a using
directive:

// Ex2_11.cpp
// Using a using directive
#include <iostream>

namespace myStuff

{

int value = 0;

using namespace myStuff; // Make all the names in myStuff available

int main()
{
std::cout << "enter an integer: ";
std::cin >> value;
std::cout << "\nYou entered " << value
<< std:: endl;
return 0;
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You could also have a using directive for std as well, so you wouldn’t need to qualify standard library
names either, but this is defeating the whole point of namespaces. Generally, if you use namespaces in
your program, you should not add using directives all over your program; otherwise, you might as well
not bother with namespaces in the first place. Having said that, we will add a using directive for std in
all our examples to keep the code less cluttered and easier for you to read. When you are starting out
with a new programming language, you can do without clutter, no matter how useful it is in practice.

Multiple Namespaces

A real-world program is likely to involve multiple namespaces. You can have multiple declarations of a
namespace with a given name and the contents of all namespace blocks with a given name are within
the same namespace. For example, you might have a program file with two namespaces:

namespace sortStuff
{

// Everything in here is within sortStuff namespace

}

namespace calculateStuff

{

// Everything in here is within calculateStuff namespace
// To refer to names from sortStuff they must be qualified
}

namespace sortStuff

{

// This is a continuation of the namespace sortStuff
// so from here you can refer to names in the first sortStuff namespace
// without qualifying the names

}

A second declaration of a namespace with a given name is just a continuation of the first, so you can ref-
erence names in the first namespace block from the second without having to qualify them. They are all
in the same namespace. Of course, you would not usually organize a source file in this way deliberately,
but in can arise quite naturally with header files that you include into a program. For example, you
might have something like this:

#include <iostream> // Contents are in namespace std
#include "myheader.h" // Contents are in namespace myStuff
#include <string> // Contents are in namespace std

// and so on...

Here, <iostream> and string are ISO/ANSI C++ standard library headers, and myheader . h repre-
sents a header file that contains our program code. You have a situation with the namespaces that is an
exact parallel of the previous illustration.

This has given you a basic idea of how namespaces work. There is a lot more to namespaces than I have
discussed here, but if you grasp this bit you should be able to find out more about it without difficulty, if
the need arises.
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Note that the two forms of #include directive in the previous code fragment cause the compiler to
search for the file in different ways. When you specify the file to be included between angled brackets,
you are indicating to the compiler that it should search for the file along the path specified by the /T
compiler option, and failing that along the path specified by the INCLUDE environment variable. These
paths locate the C+ library files, which is why this form is reserved for library headers. The INCLUDE
environment variable points to the folder holding the library header and the /I option allows an addi-
tional directory containing library headers to be specified. When the file name is between double quotes,
the compiler will search the folder that contains the file in which the #include directive appears. If the
file is not found, it will search in any directories that #include the current file. If that fails to find the
file, it will search the library directories.

C++/CLI Programming

C++/CLI provides a number of extensions and additional capabilities to what I have discussed in this
chapter up to now. I'll first summarize these additional capabilities before going into details. The addi-
tional C++/CLI capabilities are:

Q  All of the ISO/ANSI fundamental data types can be used as I have described in a C++/CLI pro-
gram, but they have some extra properties in certain contexts that I'll come to.

Q  C++/CLI provides its own mechanism for keyboard input and output to the command line in a
console program.

Q  C++/CLlintroduces the safe_cast operator that ensures that a cast operation results in verifi-
able code being generated.

Q  C++/CLI provides an alternative enumeration capability that is class-based and offers more
flexibility than the ISO/ANSI C++ enum declaration you have seen.

You'll learn more about CLR reference class types beginning in Chapter 4, but because I have introduced
global variables for native C++, I'll mention now that variables of CLR reference class types cannot be
global variables.

I want to begin by looking at fundamental data types in C++/CLIL

C++/CLI Specific: Fundamental Data Types

You can and should use the ISO/ANSI C++ fundamental data type names in your C++/CLI programs,
and with arithmetic operations they work exactly as you have seen in native C++. In addition C++/CLI
defines two additional integer types:

Type Bytes Range of Values
long long 8 From 9,223,372,036,854,775,808 to 9,223,372,036,854,775,807
unsigned long long 8 From 0 to 18,446,744,073,709,551,615
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To specify literals of type long long you append LL or lowercase 11 to the integer value. For example:
long long big = 123456789LL;

Aliteral of type unsigned long long you append ULL or ull to the integer value:
unsigned long long huge = 999999999999999ULL;

Although all the operations with fundamental types you have seen work in the same way in C++/CLI,
the fundamental type names in a C++/CLI program have a different meaning and introduces additional
capabilities in certain situations. A fundamental type in a C++/CLI program is a value class type and
can behave as an ordinary value or as an object if the circumstances require it.

Within the C++/CLI language, each ISO/ANSI fundamental type name maps to a value class type that
is defined in the System namespace. Thus, in a C++/CLI program, the ISO/ANSI fundamental type
names are shorthand for the associated value class type. This enables value of a fundamental type to be
treated simply as a value or automatically converted to an object of its associated value class type when
necessary. The fundamental types, the memory they occupy, and the corresponding value class types are
shown in the following table:

Fundamental Type Size(bytes) CLI Value Class
ool 1 System: : Boolean
char 1 System: : SByte
signed char 1 System: : SByte
unsigned char 1 System: :Byte
short 2 System: :Intl6
unsigned short 2 System: :UIntl6
int 4 System: : Int32
unsigned int 4 System: :UInt32
long 4 System: : Int32
unsigned long 4 System: :UInt32
long long 8 System: :Int64
unsigned long long 8 System: :UInt64
float 4 System: : Single
double 8 System: :Double
long double 8 System: :Double
wchar_t 2 System: :Char
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By default, type char is equivalent to signed char so the associated value class type is System: : SByte.
Note that you can change the default for char to unsigned char by setting the compiler option /J, in
which case the associated value class type will be System: : Byte. System is the root namespace name in
which the C++/CLI value class types are defined. There are many other types defined within the System
namespace, such as the type string for representing strings that you'll meet in Chapter 4. C++/CLI also
defines the System: : Decimal value class type within the System namespace and variables of type
Decimal store exact decimal values with 28 decimal digits precision.

As I said, the value class type associated with each fundamental type name adds important additional
capabilities for such variables in C++/CLI. When necessary, the compiler will arrange for automatic con-
versions from the original value to the associated class type and vice versa; these processes are referred
to as boxing and unboxing, respectively. This allows a variable of any of these types to behave as a sim-
ple value or as an object, depending on the circumstances. You'll learn more about how and when this
happens in Chapter 6.

Because the ISO/ANSI C++ fundamental type names are aliases for the value class type names in a
C++/CLI program, in principle you can use either in your C++/CLI code. For example, you already
know you can write statements creating integer and floating-point variables like this:

int count = 10;
double value = 2.5;

You could use the value class names that correspond with the fundamental type names and have the
program compile without any problem, like this:

System: :Int32 count = 10;
System: :Double value = 2.5;

While this is perfectly legal, you should use the fundamental type names such as int and double in
your code, rather than the value class names System: : Int32 and System: : Double. The reason is that
the mapping between fundamental type names and value class types I have described applies to the
Visual C++ 2005 compiler; other compilers are not obliged to implement the same mapping. The funda-
mental type names are fixed by the C++/CLI language standard, but the mapping to value class types is
implementation-dependent for most types. Type 1long in Visual C++ 2005 maps to type Int32, butitis
quite possible that it could map to type Int64 on some other implementation.

Having data of the fundamental types represented by objects of a value class type is an important fea-
ture of C++/CLI. In ISO/ANSI C++ fundamental types and class types are quite different, whereas in
C++/CLR all data is stored as objects of a class type, either as a value class type or as a reference class
type. You'll learn about reference class types in Chapter 7.

Next, you'll try a CLR console program.

Try It Out A Fruity CLR Console Program

Create a new project and select the project type as CLR and the template as CLR Console Application.
You can then enter the project name as Ex2_12, as shown in Figure 2-13.
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New Project

Project types: Templates: =
= Visual C++ Visual Studio installed templates
ATL
CLR B ASP.NET Web Service A class Library
General A cLr Console Application T CLR Empty Project
MFC .'ﬂ SQL Server Project :ﬁwmdnws Forms Application
Smart Device Fwindows Forms Control Library Fwindows Service
Test
Wina2 My Templates
# Other Languages . Search Online Templates...

Distributed System Solutions
+- Other Project Types
#- Test Projects

A project for creating a console application

Name: Ex2_12
Location: [ D:\Beginning Visual C++ 2005\Examples .v-l
Solution: .Create new Solution g | Create directory for solution
Solution Name: Ex2_12
0K Cancel
Figure 2-13

When you click on the OK button, the Application Wizard will generate the project containing the
following code:

// Ex2_12.cpp : main project file.
#include "stdafx.h"
using namespace System;

int main(array<System::String > “args)
{
Console: :WriteLine(L"Hello World") ;
return 0;

I'm sure you’ve noticed the extra stuff between the parentheses following main. This is concerned with
passing values to the function main () when you initiate execution of the program from the command
line, and you’'ll learn more about this when you explore functions in detail. If you compile and execute
the default project, it will write "Hello World" to the command line. Now, you'll convert this program
to a CLR version of Ex2_02 so you can see how similar it is. To do this, you can modify the code in
Ex2_12.cpp as follows:

// Ex2_12.cpp : main project file.
#include "stdafx.h"
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using namespace System;

int main(array<System::String "> “args)

{

int apples, oranges; // Declare two integer variables
int fruit; // ...then another one

apples = 5; oranges = 6; // Set initial values

fruit = apples + oranges; // Get the total fruit

Console: :WriteLine (L"\nOranges are not the only fruit...");
Console: :Write(L"- and we have ");

Console: :Write(fruit);

Console: :Write(L" fruits in all.\n");

return 0;

The new lines are shown shaded, and those in the lower block replace the two lines in the automatically
generated version of main (). You can now compile and execute the project. The program should pro-
duce the following output:

Oranges are not the only fruit...
- and we have 11 fruits in all.

How It Works

The only significant difference is in how the output is produced. The definitions for the variables and the
computation are the same. Although you are using the same type names as in the ISO/ ANSI C++ ver-
sion of the example, the effect is not the same. The variables apples, oranges, and fruit will be of the
C++/CLI type, System: : Int32, that is specified by type int, and they have some additional capabili-
ties compared to the ISO/ANSI type. The variables here can act as objects in some circumstances or as
simple values as they do here. If you want to confirm that Int32 is the same as int in this case, you
could replace the int type name with Int32 and recompile the example. It should work in exactly the
same way.

Evidently, the following line of code produces the first line of output:
Console: :WriteLine (L"\nOranges are not the only fruit...");

The writeLine () function is a C++/CLI function that is defined in the Console class in the System
namespace. You'll learn about classes in detail in Chapter 6, but for now the Console class represents the
standard input and output streams that correspond to the keyboard and the command line in a command
line window. Thus the WriteLine () function writes whatever is between the parentheses following the
function name to the command line and then writes a newline character to move the cursor to the next
line ready for the next output operation. Thus the preceding statement writes the text "\nOranges are
not the only fruit..." between the double quotes to the command line. The L that precedes the
string indicates that it is a wide-character string where each character occupies two bytes.

The write () function in the Console class is essentially the same as the WiriteLine () function, the
only difference being that it does not automatically write a newline character following the output that
you specify. You can therefore use the write () function when you want to write two or more items of
data to the same line in individual output statements.
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Values that you place between the parentheses that follow the name of a function are called arguments.
Depending on how a function was written, it will accept zero, one, or more arguments when it is called.
When you need to supply more than one argument they must be separated by commas. There’s more to
the output functions in the Console class, so I want to explore Write () and WriteLine () in a little
more depth.

C++/CLI Output to the Command Line

You saw in the previous example how you can use the Console: :Write () and Console: :WriteLine ()
methods to write a string or other items of data to the command line. You can put a variable of any of the
types you have seen between the parentheses following the function name and the value will be written to
the command line. For example, you could write the following statements to output information about a
number of packages:

int packageCount = 25; // Number of packages

Console: :Write(L"There are "); // Write string - no newline
Console: :Write (packageCount) ; // Write value -no newline

Console: :WriteLine(L" packages."); // Write string followed by newline

Executing these statements will produce the output:
There are 25 packages.

The output is all on the same line because the first two output statements use the Wirite () function, which
does not output a newline character after writing the data. The last statement uses the WriteLine () func-
tion, which does write a newline after the output so any subsequent output will be on the next line.

It looks a bit of a laborious process having to use three statements to write one line of output, and it will
be no surprise that there is a better way. That capability is bound up with formatting the output to the
command line in a .NET Framework program, so you'll explore that next.

C++/CLI Specific — Formatting the Output

Both the Console: :Write() and Console: :WriteLine () functions have a facility for you to control
the format of the output, and the mechanism works in exactly the same way with both. The easiest way
to understand it is through some examples. First, look at how you can get the output that was produced
by the three output statements in the previous section with a single statement:

int packageCount = 25;
Console: :WriteLine (L"There are {0} packages.", packageCount) ;

The second statement here will output the same output as you saw in the previous section. The first
argument to the Console: :WriteLine () function here is the string L"There are {0} packages.",
and the bit that determines that the value of the second should be placed in the string is " {0} ". The
braces enclose a format string that applies to the second argument to the function although in this
instance the format string is about as simple as it could get, being just a zero. The arguments that follow
the first argument to the Console: :WriteLine () function are numbered in sequence starting with
zero, like this:
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referenced by: 0 1 2 etc.
Console: :WriteLine("Format string", arg2, arg3, argd,... );

Thus the zero between the braces in the previous code fragment indicates that the value of the
packageCount argument should replace the {0} in the string that is to be written to the command line.

If you want to output the weight as well as the number of packages, you could write this:

int packageCount = 25;

double packageWeight = 7.5;

Console: :WriteLine (L"There are {0} packages weighing {1} pounds.",
packageCount,

packageWeight) ;

The output statement now has three arguments, and the second and third arguments are referenced by 0
and 1, respectively, between the braces. So, this will produce the output:

There are 25 packages weighing 7.5 pounds.
You could also write the statement with the last two arguments in reverse sequence, like this:

Console: :WriteLine (L"There are {1} packages weighing {0} pounds.",
packageWeight,
packageCount) ;

The packageWeight variable is now referenced by 0 and packageCount by 1 in the format string, and
the output will be the same as previously.

You also have the possibility to specify how the data is to be presented on the command line. Suppose
that you wanted the floating-point value packagelieight to be output with two places of decimals. You
could do that with the following statement:

Console: :WriteLine (L"There are {0} packages weighing {1:F2} pounds.",
packageCount, packageWeight) ;

In the substring {1:F2}, the colon separates the index value, 1, that identifies the argument to be
selected from the format specification that follows, F2. The F in the format specification indicates that the
output should be in the form “+ddd.dd...” (where d represents a digit) and the 2 indicates that you want
to have two decimal places after the point. The output produced by the statement will be:

There are 25 packages weighing 7.50 pounds.

In general, you can write the format specification in the form {n,w : Axx} where the n is an index
value selecting the argument following the format string, w is an optional field width specification, the A
is a single letter specifying how the value should be formatted, and the xx is an optional one or two dig-
its specifying the precision for the value. The field width specification is a signed integer. The value will
be right-justified in the field if w is positive and left-justified when it is negative. If the value occupies
less than the number of positions specified by w the output is padded with spaces; if the value requires
more positions than that specified by w the width specification is ignored. Here’s another example:

Console: :WriteLine (L"Packages:{0,3} Weight: {1,5:F2} pounds.",
packageCount, packageWeight) ;
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The package count is output with a field width of 3 and the weight in a field width of 5, so the output
will be:

Packages: 25 Weight: 7.50 pounds.

There are other format specifiers that enable you to present various types of data in different ways. Here
are some of the most useful format specifications:

Format Specifier Description

corc Outputs the value as a currency amount.

Dord Outputs an integer as a decimal value. If you specify the precision to be
more than the number of digits the number will be padded with zeroes
to the left.

Eore Outputs a floating-point value in scientific notation, that is, with an

exponent. The precision value will indicate the number of digits to be
output following the decimal point.

For £ Outputs a floating-point value as a fixed-point number of the form
+dddd.dd. . ..
Gorg Outputs the value in the most compact form depending on the type of

the value and whether you have specified the precision. If you don’t
specify the precision, a default precision value will be used.

N or n Outputs the value as a fixed-point decimal value using comma separa-
tors between each group of three digits when necessary.

X or x Output an integer as a hexadecimal value. Upper of lowercase hexadeci-
mal digits will be output depending on whether you specify X or x.

That gives you enough of a toehold in output to continue with more C++/CLI examples. Now you’ll
take a quick look at some of this in action.

Try It Out Formatted Output

Here’s an example that calculates the price of a carpet to demonstrate output in a CLR console program:

// Ex2_13.cpp : main project file.
// Calculating the price of a carpet
#include "stdafx.h"

using namespace System;

int main(array<System::String "> “args)

{
double carpetPriceSqgYd = 27.95;
double roomWidth = 13.5; // In feet
double roomLength = 24.75; // In feet
const int feetPerYard = 3;
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double roomWidthYds = roomWidth/feetPerYard;
double roomLengthYds = roomLength/feetPerYard;
double carpetPrice = roomWidthYds*roomLengthYds*carpetPriceSqYd;

Console: :WriteLine(L"Room size is {0:F2} vyards by {1:F2} yards",
roomLengthYds, roomWidthYds) ;
Console: :WriteLine(L"Room area is {0:F2} square yards",
roomLengthYds*roomWidthyds) ;
Console: :WriteLine (L"Carpet price is ${0:F2}", carpetPrice);
return 0;

}
The output should be:

Room size is 8.25 yards by 4.50 yards
Room area is 37.13 square yards
Carpet price is $1037.64

Press any key to continue .

How It Works

The dimensions of the room are specified in feet whereas the carpet is priced per square yard so you
have defined a constant, feetPerYard, to use in the conversion from feet to yards. In the expression to
convert each dimension you are dividing a value of type double by a value of type int. The compiler will
insert code to convert the value of type int to type double before carrying out the multiplication. After
converting the room dimensions to yards you calculate the price of the carpet by multiplying the dimen-
sions in yards to obtain the area in square yards and multiplying that by the price per square yard.

The output statements use the F2 format specification to limit the output values to two decimal places.
Without this there would be more decimal places in the output that would be inappropriate, especially
for the price. You could try removing the format specification to see the difference.

Note that the statement to output the area has an arithmetic expression as the second argument to the
WriteLine () function. The compiler will arrange to first evaluate the expression, and then the result
will be passed as the actual argument to the function. In general, you can always use an expression as an
argument to a function as long as the result of evaluating the expression is of a type that is consistent
with the function parameter type.

C++/CLI Input from the Keyboard

The keyboard input capabilities that you have with a NET Framework console program are somewhat
limited. You can read a complete line of input as a string using the Console: :ReadLine () function, or
you can read a single character using the Console: :Read () function. You can also read which key was
pressed using the Console: :ReadKey () function.

You would use the Console: :ReadLine () function like this:

String” line = Console::ReadLine() ;
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This reads a complete line of input text that is terminated when you press the Enter key. The

variable 1ine is of type string” and stores a reference to the string that results from executing the
Console: :ReadLine () function; the little hat character, *, following the type name, String, indicates
that this is a handle that references an object of type String. You'll learn more about type String and
handles for String objects in Chapter 4.

A statement that reads a single character from the keyboard looks like this:
char ch = Console::Read() ;

With the Read () function you could read input data character by character and then analyze the charac-
ters read and convert the input to a corresponding numeric value.

The Console: :ReadKey () function returns the key that was pressed as an object of type
ConsoleKeyInfo, which is a value class type defined in the System namespace. Here’s a statement to
read a key press:

ConsoleKeyInfo keyPress = Console ReadKey(true);

The argument true to the ReadKey () function results in the key press not being displayed on the com-
mand line. An argument value of false (or omitting the argument) will cause the character corresponding
the key pressed being displayed. The result of executing the function will be stored in keyPress. To iden-
tify the character corresponding to the key (or keys) pressed, you use the expression keyPress.KeyChar.
Thus you could output a message relating to a key press with the following statement:

Console: :WriteLine (L"The key press corresponds to the character: {0}",
keyPress.KeyChar) ;

The key that was pressed is identified by the expression keyPress . Key. This expression refers to a
value of a C++/CLI enumeration (which you'll learn about very soon) that identifies the key that was
pressed. There’s more to the ConsoleKeyInfo objects that I have described. You'll meet it again later in
the book.

While not having formatted input in a C++/CLI console program is a slight inconvenience while you are
learning, in practice this is a minor limitation. Virtually all the real-world programs you are likely to
write will receive input through components of a window, so you won’t typically have the need to read
data from the command line.

Using safe_cast

The safe_cast operation is for explicit casts in the CLR environment. In most instances you can use
static_cast to cast from one type to another in a C++/CLI program without problems, but because
there are exceptions that will result in an error message, it is better to use safe_cast. You use
safe_cast in exactly the same way as static_cast. For example:

double valuel = 10.5;

double value2 = 15.5;
int whole_number = safe cast<int>(valuel) + safe cast<int>(value2) ;
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The last statement casts each on the values of type double to type int before adding them together and
storing the result in whole_number.

C++/CLI Enumerations

Enumerations in a C++/CLI program are significantly different from those in an ISO/ANSI C++ pro-
gram. For a start you define an enumeration in C++/CLI them slightly differently:

enum class Suit{Clubs, Diamonds, Hearts, Spades};

This defines an enumeration type, Suit, and variables of type Suit can be assigned only one of the val-
ues defined by the enumeration —Hearts, Clubs, Diamonds, or Spades. When you access the con-
stants in a C++/CLI enumeration you must always qualify the constant you are using with the
enumeration type name. For example:

Suit suit = Suit::Clubs;

This statement assigns the value Clubs from the Suit enumeration to the variable with the name suit.
The : : that separates the type name, Suit, from the name of the enumeration constant, Clubs, is the
scope resolution operation and indicates that Clubs exists within the scope of the enumeration suit.

Note the use of the keyword class in the definition of the enumeration, following the enum keyword.
This does not appear in the definition of an ISO/ANSI C++ enumeration as you saw earlier, and it iden-
tifies the enumeration as C++/CLI. It also gives a clue to another difference from an ISO/ ANSI C++
enumeration; the constants here that are defined within the enumeration —Hearts, Clubs, and so on—
are objects, not simply values of a fundamental type as in the ISO/ANSI C++ version. In fact by default
they are objects of type Int32, so they each encapsulate a value of type int; however, you must cast the
constant to type int before attempting to use it as such.

Because a C++/CLI enumeration is a class type, you cannot define it locally, within a function for exam-
ple, so if you want to define such an enumeration for use inmain () , for example, you would define it at
global scope.

This is easy to see with an example.

Try It Out Defining a C++/CLI Enumeration

Here’s a very simple example using an enumeration:

// Ex2_14.cpp : main project file.
// Defining and using a C++/CLI enumeration.

#include "stdafx.h"
using namespace System;

// Define the enumeration at global scope
enum class Suit{Clubs, Diamonds, Hearts, Spades};

int main(array<System::String "> “args)
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Suit suit = Suit::Clubs;

int value = safe_cast<int>(suit);

Console: :WriteLine(L"Suit is {0} and the value is {1} ", suit, value);
suit = Suit::Diamonds;

value = safe_cast<int>(suit);

Console: :WriteLine(L"Suit is {0} and the value is {1} ", suit, value);
sulit = Suit::Hearts;

value = safe_cast<int>(suit);

Console: :WriteLine(L"Suit is {0} and the value is {1} ", suit, value);
suit = Suit::Spades;

value = safe_cast<int>(suit);

Console: :WriteLine(L"Suit is {0} and the value is {1} ", suit, value);
return 0;

This example will produce the following output:

Suit is Clubs and the value is 0
Suit is Diamonds and the value is 1
Suit is Hearts and the value is 2
Suit is Spades and the value is 3
Press any key to continue

How It Works

Because it is a class type, the Suit enumeration cannot be defined within the functionmain (), so its
definition appears before the definition of main () and is therefore defined at global scope. The example
defines a variable, suit, of type Suit and allocates the value Suit: :Clubs to it initially with the
statement:

Suit suit = Suit::Clubs;

The qualification of the constant name Clubs with the type name Suit is essential; without it Clubs
would not be recognized by the compiler.

If you look at the output, the value of suit is displayed as the name of the corresponding constant —
"Clubs" in the first instance. To obtain the constant value that corresponds to the object, you must
explicitly cast the value to type int as in the statement:

value = safe_cast<int>(suit);
You can see from the output that the enumeration constants have been assigned values starting from 0.

In fact, you can change the type used for the enumeration constants. The next section looks at how
that’s done.
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Specifying a Type for Enumeration Constants

The constants in a C++/CLI enumeration can be any of the following types:

short int long long long signed char char
unsigned unsigned unsigned unsigned unsigned bool
short int long long long char

To specify the type for the constants in an enumeration you write the type after the enumeration type
name, but separated from it by a colon, just as with the native C++ enum. For example, to specify the
enumeration constant type as char, you could write:

enum class Face : char {Ace, Two, Three, Four, Five, Six, Seven,
Eight, Nine, Ten, Jack, Queen, King};

The constants in this enumeration will be of type Char and the underlying fundamental type will be
type char. The first constant will correspond to code value 0 by default, and the subsequent values will
be assigned in sequence. To get at the underlying value, you must explicitly cast the value to the type.

Specifying Values for Enumeration Constants
You don’t have to accept the default for the underlying values. You can explicitly assign values to any or

all of the constants defined by an enumeration. For example:

enum class Face : char {Ace = 1, Two, Three, Four, Five, Six, Seven,
Eight, Nine, Ten, Jack, Queen, King};

This will result in Ace having the value 1, Two having the value 2, an so on with King having the value
13. If you wanted the values to reflect the relative face card values with Ace high, you could write the
enumeration as:

enum class Face : char {Ace = 14, Two = 2, Three, Four, Five, Six, Seven,
Eight, Nine, Ten, Jack, Queen, King};

In this case, Two will have the value 2, and successive constants will have values in sequence so King
will still be 13. Ace will be 14, the value you have explicitly assigned.

The values you assign to enumeration constants do not have to be unique. This provides the possibility
of using the values of the constants to convey some additional property. For example:

enum class WeekDays : bool { Mon =true, Tues = true, Wed = true,
Thurs = true, Fri = true, Sat = false, Sun = false };

This defines the enumeration WeekDays where the enumeration constants are of type bool. The under-
lying values have been assigned to identify which represent work days as opposed to rest days.
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Summary

In this chapter, I have covered the basics of computation in C++. You have learned about all of the ele-
mentary types of data provided for in the language, and all the operators that manipulate these types
directly. The essentials of what I have discussed up to now are as follows:
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A program in C++ consists of at least one function called main ().
The executable part of a function is made up of statements contained between braces.
A statement in C++ is terminated by a semicolon.

Named objects in C++, such as variables or functions, can have names that consist of a sequence
of letters and digits, the first of which is a letter, and where an underscore is considered to be a
letter. Upper- and lowercase letters are distinguished.

All the objects, such as variables, that you name in your program must not have a name that
coincides with any of the reserved words in C++. The full set of reserved words in C++ appears
in Appendix A.

All constants and variables in C++ are of a given type. The fundamental types in ISO/ANSI
C++ are char, int, long, float, and double. C++/CLI also defines the types Int16, Int32,
and Int64.

The name and type of a variable is defined in a declaration statement ending with a semicolon.
Variables may also be given initial values in a declaration.

You can protect the value of a variable of a basic type by using the modifier const. This will
prevent direct modification of the variable within the program and give you compiler errors
everywhere that a constant’s value is altered.

By default, a variable is automatic, which means that it exists only from the point at which it is
declared to the end of the scope in which it is defined, indicated by the corresponding closing
brace after its declaration.

A variable may be declared as static, in which case it continues to exist for the life of the pro-
gram. It can be accessed only within the scope in which it was defined.

Variables can be declared outside of all blocks within a program, in which case they have global
namespace scope. Variables with global namespace scope are accessible throughout a program,
except where a local variable exists with the same name as the global variable. Even then, they
can still be reached by using the scope resolution operator.

A namespace defines a scope where each of the names declared within it are qualified by
the namespace name. Referring to names from outside a namespace requires the names to be
qualified.

The ISO/ANSI C++ Standard Library contains functions and operators that you can use in your
program. They are contained in the namespace std. The root namespace for C++/CLI libraries
has the name System. Individual objects in a namespace can be accessed by using namespace
name to qualify the object name by using the scope resolution operator, or you can supply a
using declaration for a name from the namespace.

An lvalue is an object that can appear on the left-hand side of an assignment. Non-const vari-
ables are examples of lvalues.
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You can mix different types of variables and constants in an expression, but they will be auto-
matically converted to a common type where necessary. Conversion of the type of the right-
hand side of an assignment to that of the left-hand side will also be made where necessary. This
can cause loss of information when the left-hand side type can’t contain the same information as
the right-hand side: double converted to int, or long converted to short, for example.

You can explicitly cast the value of an expression to another type. You should always make an
explicit cast to convert a value when the conversion may lose information. There are also situa-
tions where you need to specify an explicit cast in order to produce the result that you want.

The keyword typedef allows you to define synonyms for other types.

Although I have discussed all the fundamental types, don’t be misled into thinking that’s all there is.
There are more complex types based on the basic set as you'll see, and eventually you will be creating
original types of your own.

From this chapter you can see there are three coding strategies you can adopt when writing a C++/CLI
program:

a

You should use the fundamental type names for variables but keep in mind that they are really
synonyms for the value class type names in a C++/CLI program. The significance of this will be
more apparent when you learn more about classes.

You should use safe_cast and not static_cast in your C++/CLI code. The difference will be
much more important in the context of casting class objects, but if you get into the habit of using
safe_cast, generally you can be sure you will avoid problems.

You should use enum class to declare enumeration types in C++/CLIL

Exercises

You can download the source code for the examples in the book and the solutions to the following exer-
cises from http: //www.wrox.com.

1.

2.

3.

Write an ISO/ANSI C++ program that asks the user to enter a number and then prints it out,
using an integer as a local variable.

Write a program that reads an integer value from the keyboard into a variable of type int, and
uses one of the bitwise operators (i.e. not the % operator!) to determine the positive remainder
when divided by 8. For example, 29 = (3x8)+5 and -14 = (-2x8)+2 have positive remainder 5 and
2, respectively.

Fully parenthesize the following expressions, in order to show the precedence and associativity:

1 +2+ 3 + 4

16 * 4 / 2 * 3

a>Db? a: ¢ >d? e: £

a & b && c & d
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4,

Create a program that will calculate the aspect ratio of your computer screen, given the width
and height in pixels, using the following statements:

int width = 1280;
int height = 1024;
double aspect = width / height;

When you output the result, what answer will you get? Is it satisfactory —and if not, how could
you modify the code, without adding any more variables?

(Advanced) Without running it, can you work out what value the following code is going to
output, and why?

unsigned s = 555;

int 1 = (s >> 4) & ~(~0 << 3);
cout << i;

Write a C++/CLI console program that uses an enumeration to identify months in the year with
the values associated with the months running from 1 to 12. The program should output each
enumeration constants and its underlying value.

Write a C++/CLI program that will calculate the areas of three rooms to the nearest number of
whole square feet that have the following dimensions in feet:

Room1: 10.5by 17.6 Room2: 12.7 by 18.9 Room3: 16.3 by 15.4

The program should also calculate and output the average area of the three rooms, and the total
area, in each case the result should be to the nearest whole number of square feet.
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In this chapter, you will look at how to add decision-making capabilities to your C++ programs.
You'll also learn how to make your programs repeat a set of actions until a specific condition is
met. This will enable you to handle variable amounts of input, as well as make validity checks
on the data that you read in. You will also be able to write programs that can adapt their actions
depending on the input data and to deal with problems where logic is fundamental to the solu-
tion. By the end of this chapter, you will have learned:

QO  How to compare data values
0  How to alter the sequence of program execution based on the result
Q  How to apply logical operators and expressions
Q  How to deal with multiple choice situations
Q  How to write and use loops in your programs
I'll start with one of the most powerful and fundamental tools in programming: the ability to com-

pare variables and expressions with other variables and expressions and, based on the outcome,
execute one set of statements or another.

Comparing Values

Unless you want to make decisions on a whim, you need a mechanism for comparing things. This
involves some new operators called relational operators. Because all information in your com-
puter is ultimately represented by numerical values (in the last chapter you saw how character
information is represented by numeric codes), comparing numerical values is the essence of practi-
cally all decision making. You have six fundamental operators for comparing two values available:

less than <= less than or equal to

\

greater than >= greater than or equal to

equal to != notequal to
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The “equal to” comparison operator has two successive ‘=’ signs. This is not the same as the assignment
operator, which consists only of a single ‘=" sign. It’s a common mistake to use the assignment operator
instead of the comparison operator, so watch out for this potential cause of confusion.

Each of these operators compares the values of two operands and returns one of the two possible values
of type bool: true if the comparison is true, or false if it is not. You can see how this works by having
a look at a few simple examples of comparisons. Suppose you have created integer variables i and j
with the values 10 and -5, respectively. The expressions,

i>7 i 1=3 j>-8 i<=9 + 15
all return the value true.
Further assume that you have defined the following variables:
char first = 'A', last = 'Z';
Here are some examples of comparisons using these character variables:
first == 65 first <last 'E' <= first first !=last

All four expressions involve comparing ASCII code values. The first expression returns true because
first was initialized with ' A", which is the equivalent of decimal 65. The second expression checks
whether the value of first, whichis 'A, is less than the value of 1ast, which is 'z . If you check the
ASCII codes for these characters in Appendix B, notice that the capital letters are represented by an
ascending sequence of numerical values from 65 to 90, 65 representing 'A' and 90 representing 'z ', so
this comparison also returns the value true. The third expression returns the value false because 'E'
is greater than the value of first. The last expression returns true because 'A' is definitely not equal
to'z'.

Consider some slightly more complicated numerical comparisons. With variables defined by the
statements

int i = -10, 3
double x = 1.5, y = -0.25E-10;

take a look at the following:
-l<y J< (10 - 1) 2.0*x>= (3 + vy)

As you can see, you can use expressions that result in a numerical value as operands in comparisons. If
you check with the precedence table for operators that you saw in Chapter 2, you see that none of the
parentheses are strictly necessary, but they do help to make the expressions clearer. The first comparison is
true and so returns the bool value true. The variable y has a very small negative value, -0.000000000025,
and so is greater than -1. The second comparison returns the value false. The expression 10 - i has the
value 20 which is the same as 3. The third expression returns true because the expression 3 + yis
slightly less than 3.

You can use relational operators to compare values of any of the fundamental types, so all you need now
is a practical way of using the results of a comparison to modify the behavior of a program.
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The if Statement

The basic if statement allows your program to execute a single statement, or a block of statements
enclosed within braces, if a given condition expression evaluates to the value true, or skip the statement
or block of statements if the condition evaluates to false. This is illustrated in Figure 3-1.

if( condition )

condition
evaluates to true

condition
evaluates to false // Statements

|

> // More statements

Figure 3-1

A simple example of an if statement is:

if (letter == 'A")
cout << "The first capital, alphabetically speaking.";

The condition to be tested appears in parentheses immediately following the keyword, if, and this is
followed by the statement to be executed when the condition is true. Note the position of the semicolon
here. It goes after the statement following the if and the condition between parentheses; there shouldn’t
be a semicolon after the condition in parentheses because the two lines essentially make up a single
statement. You also can see how the statement following the if is indented, to indicate that it is only
executed when the if condition returns the value true. The indentation is not necessary for the pro-
gram to execute, but it helps you to recognize the relationship between the if condition and the state-
ment that depends on it. The output statement in the code fragment is executed only if the variable
letter has the value 'A".

You could extend this example to change the value of letter if it contains the value 'A':

if (letter == 'A'")

{
cout << "The first capital, alphabetically speaking.";
letter = 'a';

The block of statements that is controlled by the if statement is delimited by the curly braces. Here you
execute the statements in the block only if the condition (letter == 'A") evaluates to true. Without the
braces, only the first statement would be the subject of the if, and the statement assigning the value 'a' to
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letter would always be executed. Note that there is a semicolon after each of the statements in the block,
not after the closing brace at the end of the block. There can be as many statements as you like within the
block. Now, as a result of letter having the value 'A', you change its value to 'a' after outputting the
same message as before. If the condition returns false, neither of these statements is executed.

Nested if Statements

The statement to be executed when the condition in an if statement is true can also be an if. This
arrangement is called a nested i f. The condition for the inner if is only tested if the condition for the
outer if is true. An if that is nested inside another can also contain a nested if. You can generally con-
tinue nesting i fs one inside the other like this for as long as you know what you are doing.

Try It Out Using Nested Ifs

The following is the nested if with a working example.

// Ex3_01.cpp
// A nested if demonstration
#include <iostream>

using std::cin;
using std::cout;
using std::endl;

int main()
{

char letter = 0; // Store input in here

cout << endl

<< "Enter a letter: "; // Prompt for the input

cin >> letter; // then read a character
if (letter >= 'A'") // Test for 'A' or larger
if (letter <= 'Z") // Test for 'Z' or smaller

{
cout << endl
<< "You entered a capital letter."
<< endl;
return 0;

}

if (letter >= 'a') // Test for 'a' or larger
if (letter <= 'z") // Test for 'z' or smaller
{
cout << endl
<< "You entered a small letter."
<< endl;
return 0;

}

cout << endl << "You did not enter a letter." << endl;
return 0;
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How It Works

This program starts with the usual comment lines; then the #include statement for the header file sup-
porting input/output and the using declarations for cin, cout, and endl that are the std namespace.
The first action in the body of main () is to prompt for a letter to be entered. This is stored in the char
variable with the name letter.

The if statement that follows the input checks whether the character entered is 'A" or larger. Because
the ASCII codes for lowercase letters (97 to 122) are greater than those for uppercase letters (65 to 90),
entering a lowercase letter causes the program to execute the first 1 £ block, as (letter >= 'A') returns
true for all letters. In this case, the nested i £, which checks for an input of 'z or less, is executed. If it
is 'z or less, you know that you have a capital letter, the message is displayed, and you are done, so
you execute a return statement to end the program. Both statements are enclosed between braces, so
they are both executed when the nested if condition returns true.

The next i f checks whether the character entered is lowercase, using essentially the same mechanism as
the first 1 £, displays a message and returns.

If the character entered is not a letter, the output statement following the last i f block is executed. This
displays a message to the effect that the character entered was not a letter. The return is then executed.

You can see that the relationship between the nested ifs and the output statement is much easier to fol-
low because of the indentation applied to each.

A typical output from this example is:

Enter a letter: T
You entered a capital letter.

You could easily arrange to change uppercase to lowercase by adding just one extra statement to the if,
checking for uppercase:

if(letter >= 'A") // Test for 'A' or larger
if(letter <= '7") // Test for 'Z' or smaller
{
cout << endl
<< "You entered a capital letter.";

<< endl;
letter += 'a' - 'A’'; // Convert to lowercase
return 0;

This involves adding one additional statement. This statement for converting from uppercase to lower-
case increments the letter variable by the value 'a' - 'A'. It works because the ASCII codes for 'aA' to
'z' and 'a' to 'z are two groups of consecutive numerical codes, so the expression 'a' - 'A" repre-
sents the value to be added to an uppercase letter to get the equivalent lowercase letter.
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You could equally well use the equivalent ASCII values for the letters here, but by using the letters
you’ve ensured that this code would work on computers where the characters were not ASCII, as long as
both the upper- and lowercase sets are represented by a contiguous sequence of numeric values.

There is an ISO/ANSI C++ library function to convert letters to uppercase, so you don’t normally need
to program for this yourself. It has the name toupper () and appears in the standard library file
<ctype>. You will see more about standard library facilities when you get to look specifically at how
functions are written.

The Extended if Statement

The if statement that you have been using so far executes a statement if the condition specified returns
true. Program execution then continues with the next statement in sequence. You also have a version of
the if that allows one statement to be executed if the condition returns true, and a different statement
to be executed if the condition returns false. Execution then continues with the next statement in
sequence. As you saw in Chapter 2, a block of statements can always replace a single statement, so this
also applies to these ifs.

Try It Out Extending the If

Here’s an extended if example.

// Ex3_02.cpp
// Using the extended if
#include <iostream>

using std::cin;
using std::cout;
using std::endl;

int main/()
{
long number = 0; // Store input here
cout << endl
<< "Enter an integer number less than 2 billion: ";
cin >> number;

if (number % 2L) // Test remainder after division by 2
cout << endl // Here i1f remainder 1
<< "Your number is odd." << endl;
else
cout << endl // Here i1f remainder 0
<< "Your number is even." << endl;
return 0;
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Typical output from this program is:

Enter an integer less than 2 billion: 123456
Your number is even,

How It Works

After reading the input value into number, the value is tested by taking the remainder after division by
two (using the remainder operator % that you saw in the last chapter) and using that as the condition for
the i£. In this case, the condition of the if statement returns an integer, not a Boolean. The if statement
interprets a non-zero value returned by the condition as true, and interprets zero as false. In other
words, the condition expression for the if statement:

(number % 2L)
is equivalent to
(number % 2L != 0)

If the remainder is 1, the condition is true, and the statement immediately following the if is executed.
If the remainder is 0, the condition is false, and the statement following the else keyword is executed.

In an i £ statement, the condition can be an expression that results in a value of any of the fundamental
data types that you saw in Chapter 2. When the condition expression evaluates to a numerical value
rather than the bool value required by the i £ statement, the compiler inserts an automatic cast of the
result of the expression to type bool. A non-zero value that is cast to type bool results in true, and
a zero value results in false.

Because the remainder from the division of an integer by two can only be one or zero, I have commented
the code to indicate this fact. After either outcome, the return statement is executed to end the program.

The else keyword is written without a semicolon, similar to the 1 £ part of the statement. Again,
indentation is used as a visible indicator of the relationship between various statements. You can clearly
see which statement is executed for a true or non-zero result, and which for a false or zero result.
You should always indent the statements in your programs to show their logical structure.

The if-else combination provides a choice between two options. The general logic of the 1 f-else is
shown in Figure 3-2.
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if( condition )

condition
evaluates to true
{
condition
evaluates to false // Statements
}
else
{
// More statements
}
// Even more
statements
Figure 3-2

The arrows in the diagram indicate the sequence in which statements are executed, depending on
whether the if condition returns true or false.

Nested if-else Statements

As you have seen, you can nest if statements within if statements. You can also nest i f-else state-
ments within ifs, i fs within i f-else statements, and if-else statements within i f-else statements.
This provides considerable room for confusion, so take a look at a few examples. The following is an
example of an if-else nested within an if.

if (coffee == 'y')
if (donuts == 'y')
cout << "We have coffee and donuts.";
else
cout << "We have coffee, but not donuts";

The test for donuts is executed only if the result of the test for coffee returns true, so the messages

reflect the correct situation in each case; however, it is easy to get this confused. If you write much the
same thing with incorrect indentation, you can be trapped into the wrong conclusion:
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if (coffee == 'y')
if (donuts == 'y')
cout << "We have coffee and donuts.";
else // This else is indented incorrectly
cout << "We have no coffee..."; // Wrong!

The mistake is easy to see here, but with more complicated if structures you need to keep in mind the
rule about which if owns which else.

An else always belongs to the nearest preceding i f that is not already spoken for
by another else.

Whenever things look a bit complicated, you can apply this rule to sort things out. When you are writing
your own programs you can always use braces to make the situation clearer. It isn’t really necessary in
such a simple case, but you could write the last example as follows:

if (coffee == 'y')
{
if (donuts == 'y')
cout << "We have coffee and donuts.";
else
cout << "We have coffee, but not donuts";

and it should be absolutely clear. Now that you know the rules, understanding the case of an if nested
within an if-else becomes easy.

if(coffee == 'y'")
{
if (donuts == 'y')
cout << "We have coffee and donuts.";
}
else
if(tea == 'y')
cout << "We have tea, but not coffee";

Here the braces are essential. If you leave them out, the else would belong to the i1 £, which is looking
out for donuts. In this kind of situation, it is easy to forget to include them and create an error that may
be hard to find. A program with this kind of error compiles fine and even produces the right results
some of the time.

If you removed the braces in this example, you get the correct results only as long as cof fee and
donuts are both equal to 'y ' so that the 1f (tea == 'y ') check wouldn’t be executed.

Here you'll look at i f-else statements nested in if-else statements. This can get very messy, even
with just one level of nesting.

if (coffee == 'y')

if (donuts == 'y')
cout << "We have coffee and donuts.";
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else
cout << "We have coffee, but not donuts";
else
if(tea == 'y")
cout << "We have no coffee, but we have tea, and maybe donuts...";
else

cout << "No tea or coffee, but maybe donuts...";

The logic here doesn’t look quite so obvious, even with the correct indentation. No braces are necessary,
as the rule you saw earlier verifies that this is correct, but it would look a bit clearer if you included
them.

if (coffee == 'y')
{
if (donuts == 'y')
cout << "We have coffee and donuts.";
else
cout << "We have coffee, but not donuts";
}
else
{
if(tea == 'y'")
cout << "We have no coffee, but we have tea, and maybe donuts...";
else
cout << "No tea or coffee, but maybe donuts...";
}

There are much better ways of dealing with this kind of logic in a program. If you put enough nested
ifs together, you can almost guarantee a mistake somewhere. The following section will help to sim-
plify things.

Logical Operators and Expressions

As you have just seen, using i fs where you have two or more related conditions can be a bit cumber-
some. We have tried our iffy talents on looking for coffee and donuts, but in practice you may want to
check much more complex conditions. You could be searching a personnel file for someone who is over
21, but under 35, female, with a college degree, unmarried, and speaks Hindi or Urdu. Defining a test for
this could involve the mother of all i fs.

Logical operators provide a neat and simple solution. Using logical operators, you can combine a series
of comparisons into a single logical expression, so you end up needing just one if, virtually regardless
of the complexity of the set of conditions, as long as the decision ultimately boils down to a choice
between two possibilities (true or false.

You have just three logical operators:

&& Logical AND
| Logical OR
! Logical negation (NOT)
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Logical AND

You would use the AND operator, &&, where you have two conditions that must both be true for a true
result. You want to be rich and healthy. For example, you could use the && operator when you are testing
a character to determine whether it’s an uppercase letter; the value being tested must be both greater
than or equal to 'A' AND less than or equal to ' z'. Both conditions must return true for the value to
be a capital letter.

As before, the conditions you combine using logical operators may return numerical values. Remember
that in this case a non-zero value casts to the value true; zero casts to false.

Taking the example of a value stored in a char variable letter, you could replace the test using two
ifs for one that uses only a single if and the && operator:

if ((letter >= 'A') && (letter <= 'Z'))
cout << "This is a capital letter.";

The parentheses inside the expression that is the 1 £ condition ensure that there is no doubt that the com-
parison operations are executed first, which makes the statement clearer. Here, the output statement is
executed only if both of the conditions that combined by the && operator are true.

Just as with binary operators in the last chapter, you can represent the effect of a particular logical opera-
tor using a truth table. The truth table for && is as follows:

&& false true
false false false
true false true

The row headings of the left and the column headings at the top represent the value of the logical expres-
sions to be combined by the operator &&. Thus, to determine the result of combining a true condition
with a false condition, select the row with true at the left and the column with false at the top and look
at the intersection of the row and column for the result (false). Actually, you don’t really need a truth table
because it’s very simple; the && operation results in the value true only if both operands are true.

Logical OR

The OR operator, | |, applies when you have two conditions and you want a true result if either or both
of them are true. For example, you might be considered creditworthy for a loan from the bank if your
income was at least $100,000 a year, or you had $1,000,000 in cash. This could be tested using the follow-
ing if.

if ((income >= 100000.00) || (capital >= 1000000.00))
cout << "How much would you like to borrow, Sir (grovel, grovel)?";

The ingratiating response emerges when either or both of the conditions are true. (A better response
might be, “Why do you want to borrow?” It’s strange how banks lend you money only if you don’t
need it.)
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You can also construct a truth table for the | | operator:

|| false true
false false true
true true true

The result here can also be stated very simply: you only get a false result with the | | operator when
both operands are false.

Logical NOT

The third logical operator, !, takes one operand of type bool and inverts its value. So if the value of a
variable test is true, ! test is false; and if test is false, !test is true. To take the example of a
simple expression, if x has the value 10, the expression:

'(x > 5)
is false, because x > 5is true.
You could also apply the ! operator in an expression that was a favorite of Charles Dickens:

! (income > expenditure)
If this expression is true, the result is misery, at least as soon as the bank starts bouncing your checks.
Finally, you can apply the ! operator to other basic data types. Suppose you have a variable, rate, that
is of type float and has the value 3.2. For some reason you might want to test to verify that the value of
rate is non-zero, in which case you could use the expression:

! (rate)

The value 3.2 is non-zero and thus converts to the bool value true so the result of this expression is
false.

Try It Out Combining Logical Operators

You can combine conditional expressions and logical operators to any degree that you feel comfortable
with. For example, you could construct a test for whether a variable contained a letter just using a single
if. Let’s write it as a working example:

// Ex3_03.cpp
// Testing for a letter using logical operators

#include <iostream>

using std::cin;
using std::cout;
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using std::endl;

int main()
{

char letter = 0; // Store input in here

cout << endl
<< "Enter a character: ";
cin >> letter;

if (((letter >= 'A') && (letter <= 'Z')) ||
((letter >= 'a') && (letter <= 'z'))) // Test for alphabetic
cout << endl
<< "You entered a letter." << endl;
else
cout << endl
<< "You didn't enter a letter." << endl;
return 0;

How It Works

This example starts out in the same way as Ex3_01. cpp by reading a character after a prompt for input.
The interesting part of the program is in the i f statement condition. This consists of two logical expres-
sions combined with the | | (OR) operator, so that if either is true, the condition returns true and the
message:

You entered a letter.

is displayed. If both logical expressions are false, the else statement is executed which displays the
message:

You didn’t enter a letter.

Each of the logical expressions combines a pair of comparisons with the operator && (AND), so both
comparisons must return true if the logical expression is to be true. The first logical expression returns
true if the input is an uppercase letter, and the second returns true if the input is a lowercase letter.

The Conditional Operator

The conditional operator is sometimes called the ternary operator because it involves three
operands. It is best understood by looking at an example. Suppose you have two variables, a and b, and
you want to assign the maximum of a and b to a third variable c. You can do this with the following
statement:

c=a>b?a: b; // Set ¢ to the maximum of a and b
The first operand for the conditional operator must be an expression that results in a boo1l value, true or

false, and in this case itis a > b. If this expression returns true, the second operand —in this case a —
is selected as the value resulting from the operation. If the first argument returns false, the third
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operand —in this case b—is selected as the value that results from the operation. Thus, the result of the
conditional expressiona > b ? a : bis a if a is greater than b, and b otherwise. This value is stored in ¢
as a result of the assignment operation. The use of the conditional operator in this assignment statement
is equivalent to the if statement:

if(a > b)
c = a;
else
¢ = b;

The conditional operator can be written generally as:
condition ? expressionl : expression2

If the condition evaluates as true, the result is the value of expression1, and if it evaluates to false, the
result is the value of expression2.

Try It Out Using the Conditional Operator with Output

A common use of the conditional operator is to control output, depending on the result of an expression
or the value of a variable. You can vary a message by selecting one text string or another, depending on
the condition specified.

// Ex3_04.cpp
// The conditional operator selecting output
#include <iostream>

using std::cout;
using std::endl;

int main()

{

int nCakes = 1; // Count of number of cakes

cout << endl
<< "We have " << nCakes << " cake" << ((nCakes > 1) ? "s." : ".")
<< endl;

++nCakes;

cout << endl
<< "We have " << nCakes << " cake" << ((nCakes > 1) ? "s." : ".")

<< endl;
return 0;

The output from this program is:

We have 1 cake.
We have 2 cakes.
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How It Works

You first initialize the nCakes variable with the value 1; then you have an output statement that shows
the number of cakes. The part that uses the conditional operator simply tests the variable to determine
whether you have a singular cake or several cakes:

((nCakes>1) ? "s." : ".")

This expression evaluates to "s. " if nCakes is greater than 1, or " . " otherwise. This enables you to use
the same output statement for any number of cakes and get grammatically correct output. You show this
in the example by incrementing the nCakes variable and repeating the output statement.

There are many other situations where you can apply this sort of mechanism; selecting between "is"
and "are", for example.

The switch Statement

The switch statement enables you to select from multiple choices based on a set of fixed values for a
given expression. It operates like a physical rotary switch in that you can select one of a fixed number of
choices; some makes of washing machine provide a means of choosing an operation for processing your
laundry in this way. There are a given number of possible positions for the switch, such as cotton, wool,
synthetic fiber, and so on, and you can select any one of them by turning the knob to point to the option
you want.

In the switch statement, the selection is determined by the value of an expression that you specify. You
define the possible switch positions by one or more case values, a particular one being selected if the
value of the switch expression is the same as the particular case value. There is one case value for each
possible choice in the switch and all the case values must be distinct.

If the value of the switch expression does not match any of the case values, the switch automatically
selects the default case. You can, if you want, specify the code for the default case, as you will do
below; otherwise, the default is to do nothing.

Try It Out The Switch Statement

You can examine how the switch statement works with the following example.

// Ex3_05.cpp
// Using the switch statement
#include <iostream>

using std::cin;
using std::cout;
using std::endl;
int main()

{

int choice = 0; // Store selection value here

cout << endl
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<< "Your electronic recipe book is at your service." << endl
<< "You can choose from the following delicious dishes: "
<< endl
<< endl << "1 Boiled eggs"
<< endl << "2 Fried eggs"
<< endl << "3 Scrambled eggs"
<< endl << "4 Coddled eggs"
<< endl << endl << "Enter your selection number: ";
cin >> choice;

switch (choice)

{
case 1: cout << endl << "Boil some eggs." << endl;

break;
case 2: cout << endl << "Fry some eggs." << endl;
break;
case 3: cout << endl << "Scramble some eggs." << endl;
break;
case 4: cout << endl << "Coddle some eggs." << endl;
break;
default: cout << endl <<"You entered a wrong number, try raw eggs."
<< endl;

}

return 0;

How It Works

After defining your options in the stream output statement and reading a selection number into the vari-
able choice, the switch statement is executed with the condition specified as simply choice in paren-
theses, immediately following the keyword switch. The possible options in the switch are enclosed
between braces and are each identified by a case label. A case label is the keyword case, followed by the
value of choice that corresponds to this option, and terminated by a colon.

As you can see, the statements to be executed for a particular case are written following the colon at the
end of the case label, and are terminated by a break statement. The break transfers execution to the
statement after the switch. The break isn’t mandatory, but if you don’t include it, execution continues
with the statements for the case that follows, which isn’t usually what you want. You can demonstrate
this by removing the break statements from this example and seeing what happens.

If the value of choice doesn’t correspond with any of the case values specified, the statements preceded
by the default label are executed. A default case isn’t essential. In its absence, if the value of the test
expression doesn’t correspond to any of the cases, the switch is exited and the program continues with
the next statement after the switch.

Try It Out Sharing a Case

Each of the expressions that you specify to identify the cases must be constant so that the value can be
determined at compile time, and must evaluate to a unique integer value. The reason that no two case
constants can be the same is that the compiler would have no way of knowing which case statement
should be executed for that particular value; however, different cases don’t need to have a unique action.
Several cases can share the same action, as shown here.
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// Ex3_06.cpp
// Multiple case actions
#include <iostream>

using std::cin;
using std::cout;
using std::endl;

int main()
{
char letter = 0;
cout << endl
<< "Enter a small letter: ";
cin >> letter;

switch(letter* (letter >= 'a' && letter <= 'z'))
{

case 'a':
case 'e':
case 'i':
case 'o':
case 'u': cout << endl << "You entered a vowel.";

break;

case 0: cout << endl << "That is not a small letter.";
break;

default: cout << endl << "You entered a consonant.";

}
cout << endl;
return 0;

How It Works

In this example, you have a more complex expression in the switch. If the character entered isn’t a low-
ercase letter, the expression:

(letter >= 'a' && letter <= 'z')

results in the value false; otherwise it evaluates to true. Because letter is multiplied by this expres-

sion, the value of the logical expression is cast to an integer (0 if the logical expression is false and 1 if it

is true. Thus the switch expression evaluates to 0 if a lowercase letter was not entered and to the value

of letter if it was. The statements following the case label case 0 are executed whenever the character
code stored in letter does not represent a lowercase case letter.

If a lowercase letter was entered, the switch expression evaluates to the same value as letter so for all
values corresponding to vowels, the output statement following the sequence of case labels that have
case values that are vowels. The same statement executes for any vowel because when any of these case
labels is chosen successive statements are executed until the break statement is reached. You can see
that a single action can be taken for a number of different cases by writing each of the case labels one
after the other before the statements to be executed. If a lowercase letter that is a consonant is entered as
program input, the default case label statement is executed.
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Unconditional Branching

The if statement provides you with the flexibility to choose to execute one set of statements or another,
depending on a specified condition, so the statement execution sequence is varied depending on the val-
ues of the data in the program. The goto statement, in contrast, is a blunt instrument. It enables you to
branch to a specified program statement unconditionally. The statement to be branched to must be iden-
tified by a statement label which is an identifier defined according to the same rules as a variable name.
This is followed by a colon and placed before the statement requiring labeling. Here is an example of a
labeled statement.

myLabel: cout << "myLabel branch has been activated" << endl;

This statement has the label myLabel, and an unconditional branch to this statement would be written
as follows:

goto myLabel;

Whenever possible, you should avoid using gotos in your program. They tend to encourage convoluted
code that can be extremely difficult to follow.

Because the goto is theoretically unnecessary in a program— there’s always an alternative approach to
using goto— a significant cadre of programmers say you should never use it. I don’t subscribe to such
an extreme view. It is a legal statement after all, and there are occasions when it can be convenient. I do,
however, recommend that you only use it where you can see an obvious advantage over other options
that are available; otherwise, you may end up with convoluted error-prone code that is hard to under-
stand and even harder to maintain.

Repeating a Block of Statements

The capability to repeat a group of statements is fundamental to most applications. Without this capabil-
ity, an organization would need to modify the payroll program every time an extra employee was hired,
and you would need to reload Halo 2 every time you wanted to play another game. So let’s first under-
stand how a loop works.

What Is a Loop?

Aloop executes a sequence of statements until a particular condition is true (or false). You can actu-
ally write a loop with the C++ statements that you have met so far. You just need an if and the dreaded
goto. Look at the following example.

// Ex3_07.cpp

// Creating a loop with an if and a goto
#include <iostream>

using std::cin;

using std::cout;

using std::endl;

int main()
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int 1 = 0, sum = 0;
const int max = 10

i=1;
loop:
sum += 1; // Add current value of i to sum
1f (++1 <= max)
goto loop; // Go back to loop until i = 11

cout << endl

<< "sum = " << sum
<< endl
<< "1 = " << i
<< endl;
return 0;

This example accumulates the sum of integers from 1 to 10. The first time through the sequence of state-
ments, i is 1 and is added to sum which starts out as zero. In the if, i is incremented to 2 and, as long as
it is less than or equal to max, the unconditional branch to 1oop occurs and the value of i, now 2, is
added to sum. This continues with i being incremented and added to sum each time, until finally, when
i is incremented to 11 in the if, the branch back is not executed. If you run this example, you get the fol-
lowing output.

sum = 55
i=11

This shows quite clearly how the loop works; however, it uses a goto and introduces a label into the
program, both of which you should avoid if possible. You can achieve the same thing, and more, with
the next statement, which is specifically for writing a loop.

Try It Out Using the for Loop

You can rewrite the last example using what is known as a for loop.

// Ex3_08.cpp
// Summing integers with a for loop
#include <iostream>

using std::cin;
using std::cout;
using std::endl;

int main()

{
int 1 = 0, sum = 0;
const int max = 10;

for(i = 1; 1 <= max; i++) // Loop specification
sum += 1i; // Loop statement

cout << endl
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<< "sum = " << sum
<< endl
<< "i= " << 1
<< endl;
return 0;

How It Works

If you compile and run this, you get exactly the same output as the previous example, but the code is
much simpler here. The conditions determining the operation of the loop appear in parentheses after the
keyword for. There are three expressions that appear within the parentheses separated by semicolons:

O The first expression executes once at the outset and sets the initial conditions for the loop. In this
case, it sets i to 1

Q  The second expression is a logical expression that determines whether the loop statement (or
block of statements) should continue to be executed. If the second expression is true, the loop
continues to execute; when it is false, the loop ends and execution continues with the statement
that follows the loop. In this case the loop statement on the following line is executed as long as
i is less than or equal to max

Q  The third expression is evaluated after the loop statement (or block of statements) executes, and
in this case increments i each iteration. After this expression has been evaluated the second
expression is evaluated once more to see whether the loop should continue.

Actually, this loop is not exactly the same as the version in Ex3_07. cpp. You can demonstrate this if you
set the value of max to 0 in both programs and run them again;p then, you will find that the value of sum
is1in Ex3_07.cpp and 0 in Ex3_08. cpp, and the value of i differs too. The reason for this is that the i f
version of the program always executes the loop at least once because you don’t check the condition
until the end. The for loop doesn’t do this, because the condition is actually checked at the beginning.

The general form of the for loop is:

for (initializing expression ; test_expression ; Increment_expression)
loop_statement;

Of course, loop_statement can be a single statement or a block of statements between braces. The
sequence of events in executing the for loop is shown in Figure 3-3.

As I have said, the loop statement shown in Figure 3-3 can also be a block of statements. The expressions
controlling the for loop are very flexible. You can even write two or more expressions separated by the
comma operator for each control expression. This gives you a lot of scope in what you can do with a for
loop.
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A

Figure 3-3

Variations on the for Loop

Most of the time, the expressions in a for loop are used in a fairly standard way: the first for initializing
one or more loop counters, the second to test if the loop should continue, and the third to increment or
decrement one or more loop counters. You are not obliged to use these expressions in this way, however,
and quite a few variations are possible.

The initialization expression in a for loop can also include a declaration for a loop variable. In the previ-
ous example you could have written the loop to include the declaration for the loop counter I in the first

control expression.

for(int i = 1; 1 <= max; i++) // Loop specification
sum += 1; // Loop statement
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Naturally, the original declaration for i would need to be omitted in the program. If you make this
change to the last example, you will find that it now does not compile because the loop variable, i,
ceases to exist after the loop so you cannot refer to it in the output statement. A loop has a scope which
extends from the for expression to the end of the body of the loop, which of course can be a block of
code between braces, as well as just a single statement. The counter i is now declared within the loop
scope, so you cannot refer to it in the output statement because this is outside the scope of the loop. By
default the C++ compiler enforces the ISO/ANSI C++ standard by insisting that a variable defined
within a loop condition cannot be reference outside the loop. If you need to use the value in the counter
after the loop has executed, you must declare the counter variable outside the scope of the loop.

You can omit the initialization expression altogether from the loop. If you initialize i appropriately in
the declaration statement for it, you can write the loop as:

int 1 = 1;
for(; i <= max; i++) // Loop specification
sum += 1i; // Loop statement

You still need the semicolon that separates the initialization expression from the test condition for the
loop. In fact, both semicolons must always be present regardless of whether any or all of the control
expressions are omitted. If you omit the first semicolon, the compiler is unable to decide which expres-
sion has been omitted or even which semicolon is missing.

The loop statement can be empty. For example, you could place the loop statement in for loop from the
previous example inside the increment expression; in this case the loop becomes

for(i = 1; i <= max; sum += 1i++); // The whole loop

You still need the semicolon after the closing parentheses, to indicate that the loop statement is now
empty. If you omit this, the statement immediately following this line is interpreted as the loop state-
ment. Sometime you'll see the empty loop statement written on a separate line like the following.

for(i = 1; i <= max; sum += i++) // The whole loop

7

Try It Out Using Multiple Counters

You can use the comma operator to include multiple counters in a £or loop. You can see this in opera-
tion in the following program.

// Ex3_09.cpp

// Using multiple counters to show powers of 2
#include <iostream>

#include <iomanip>

using std::cin;
using std::cout;
using std::endl;
using std::setw;

int main()

{
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long i = 0, power = 0;
const int max = 10;

for(i = 0, power = 1; i <= max; i++, power += power)
cout << endl
<< setw(10) << i << setw(1l0) << power; // Loop statement

cout << endl;
return 0;

How It Works

You initialize two variables in the initialization section of the for loop, separated by the comma opera-
tor, and increment each of them in the increment section. Clearly, you can put as many expressions as
you like in each position.

You can even specify multiple conditions, separated by commas, in second expression that represents the
test part of the £or loop that determines whether it should continue; but only the right-most condition
affect when the loop ends.

Note that the assignments defining the initial values for i and power are expressions, not statements. A
statement always ends with a semicolon.

For each increment of i, the value of the variable power is doubled by adding it to itself. This produces
the powers of two that we are looking for and so the program produces the following output.

SN

0

1

2

3 8
4 16
5 32
6 64
7 128
8 256
9 512
10 1024

The setw () manipulator that you saw in the previous chapter is used to align the output nicely. You
have included <iomanip> header file and added a using declaration for the name in the std namespace
so we can use setw () without qualifying the name

Try It Out The Infinite for Loop

If you omit the second control expression that specifies the test condition for a for loop, the value is
assumed to be true, so the loop continues indefinitely unless you provide some other means of exiting
from it. In fact, if you like, you can omit all the expressions in the parentheses after for. This may not
seem to be useful; in fact, however, quite the reverse is true. You will often come across situations where
you want to execute a loop a number of times, but you do not know in advance how many iterations
you will need. Have a look at the following.
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// Ex3_10.cpp
// Using an infinite for loop to compute an average
#include <iostream>

using std::cin;
using std::cout;
using std::endl;

int main()
{
double value = 0.0; // Value entered stored here
double sum = 0.0; // Total of values accumulated here
int 1 = 0; // Count of number of values
char indicator = 'n'; // Continue or not?
for (;;) // Infinite loop

{
cout << endl
<< "Enter a value: ";

cin >> value; // Read a value
++1; // Increment count
sum += value; // Add current input to total

cout << endl
<< "Do you want to enter another value (enter n to end)? ";

cin >> indicator; // Read indicator
if ((indicator == 'n') || (indicator == 'N'))
break; // Exit from loop

cout << endl
<< "The average of the " << 1
<< " values you entered is " << sum/i << "."
<< endl;

return 0;

How It Works

This program computes the average of an arbitrary number of values. After each value is entered, you
need to indicate whether you want to enter another value, by entering a single character y or n. Typical
output from executing this example is:

Enter a value: 10
Do you want to enter another value (enter n to end)? y
Enter a value: 20
Do you want to enter another value (enter n to end)? y

Enter a value: 30
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Do you want to enter another value (enter n to end)? n

The average of the 3 values you entered is 20.

After declaring and initializing the variables that you're going to use, you start a for loop with no
expressions specified, so there is no provision for ending it here. The block immediately following is the
subject of the loop that is to be repeated.

The loop block performs three basic actions:

Q Itreadsa value
Q It adds the value read from cin to sum

Q It checks whether you want to continue to enter values

The first action within the block is to prompt you for input and then read a value into the variable
value. The value that you enter is added to sum and the count of the number of values, i, is incre-
mented. After accumulating the value in sum, you are asked if you want to enter another value and
prompted to enter 'n' if you have finished. The character that you enter is stored in the variable
indicator for testing against 'n' or 'N' in the if statement. If neither is found, the loop continues;
otherwise, a break is executed. The effect of break in a loop is similar to its effect in the context of the
switch statement. In this instance, it exits the loop immediately by transferring control to the statement
following the closing brace of the loop block.

Finally, you output the count of the number of values entered and their average, which is calculated by
dividing sum by i. Of course, i is promoted to type double before the calculation, as you remember
from the casting discussion in Chapter 2.

Using the continue Statement

There is another statement, besides break, used to affect the operation of a loop: the continue state-
ment. This is written simply as:

continue;

Executing continue within a loop starts the next loop iteration immediately, skipping over any state-
ments remaining in the current iteration. I can demonstrate how this works with the following code.

#include <iostream>

using std::cin;
using std::cout;
using std::endl;

int main()

{
int i = 0, value = 0, product = 1;
for(i = 1; 1 <= 10; 1i++)
{

cout << "Enter an integer: ";
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cin >> value;

if (value == 0) // If value is zero
continue; // skip to next iteration

product *= value;

}

cout << "Product (ignoring zeros): " << product
<< endl;
return 0; // Exit from loop

This loop reads 10 values with the intention of producing the product of the values entered. The if
checks each value entered, and if it is zero, the continue statement skips to the next iteration. This is so
that you don’t end up with a zero product if one of the values is zero. Obviously, if a zero value occurred
on the last iteration, the loop would end. There are clearly other ways of achieving the same result, but
continue provides a very useful capability, particularly with complex loops where you may need to
skip to the end of the current iteration from various points in the loop.

The effect of the break and continue statements on the logic of a for loop is illustrated in Figure 3-4.

Obviously, in a real situation, you would use the break and continue statements with some condition-
testing logic to determine when the loop should be exited, or when an iteration of the loop should be
skipped. You can also use the break and continue statements with the other kinds of loop, which I'll
discuss later on in this chapter, where they work in exactly the same way.

Try It Out Using Other Types in Loops

So far, you have only used integers to count loop iterations. You are in no way restricted as to what type
of variable you use to count iterations. Look at the following example.

// Ex3_11.cpp

// Display ASCII codes for alphabetic characters
#include <iostream>

#include <iomanip>

using std::cout;
using std::endl;
using std::hex;
using std::dec;
using std::setw;

int main()
{
for (char capital = 'A', small = 'a'; capital <= 'Z'; capital++, small++)
cout << endl
<< "\t" << capital // Output capital as a character
<< hex << setw(10) << static_cast<int>(capital) // and as hexadecimal
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<< dec << setw(10) << static_cast<int>(capital) // and as decimal
<< " " << small // Output small as a character
<< hex << setw(10) << static_cast<int>(small) // and as hexadecimal
<< dec << setw(1l0) << static_cast<int>(small); // and as decimal
cout << endl;
return 0;
Execute
initializing_expression
test_expression
evaluates to true? No
Yes
continue;
break;
Succeeding statements
in the loop are omitted
Execute
increment_expression |~
The loop is
exited directly
Continue
“| with next statement [
Figure 3-4
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How It Works

You have using declarations for the names of some new manipulators that are used in the program to
affect how the output is presented.

The loop in this example is controlled by the char variable capital, which you declare along with the
variable small in the initializing expression. You also increment both variables in the third control
expression for the loop so that the value of capital varies from 'A' to 'z, and the value of small cor-
respondingly varies from 'a' to 'z'.
The loop contains just one output statement spread over seven lines. The first line is:

cout << endl

This starts a new line on the screen.

The next three lines are:

<< "\t" << capital // Output capital as a character
<< hex << setw(10) << static_cast<int>(capital) // and as hexadecimal
<< dec << setw(1l0) << static_cast<int>(capital) // and as decimal

On each iteration, after outputting a tab character, the value of capital is displayed three times: as a
character, as a hexadecimal value, and as a decimal value.

When you insert the manipulator hex into the cout stream, this causes subsequent data values to be dis-
played as hexadecimal values rather than the default decimal representation for integer values so the
second output of capital is as a hexadecimal representation of the character code.

You then insert the dec manipulator into the stream to cause succeeding values to be output as decimal
once more. By default a variable of type char is interpreted by the stream as a character, not a numerical
value. You get the char variable capital to output as a numerical value by casting its value to type
int, using the static_cast<> () operator that you saw in the previous chapter.

The value of small is output in a similar way by the next three lines of the output statement:

<< " " << small // Output small as a character
<< hex << setw(1l0) << static_cast<int>(small) // and as hexadecimal
<< dec << setw(1l0) << static_cast<int>(small); // and as decimal

As a result, the program generates the following output:

A 41 65 a 61 97
B 42 66 b 62 98
c 43 67 c 63 99
D 44 68 d 64 100
E 45 69 e 65 101
F 46 70 il 66 102
G 47 71 g 67 103
H 48 72 h 68 104
I 49 73 i 69 105
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J 4a 74 J 6a 106
K 4b 75 k 6b 107
L 4c 76 1 6c 108
M 44 77 m 6d 109
N de 78 n 6e 110
0 4f 79 o 6f 111
P 50 80 p 70 112
0 51 81 q 71 113
R 52 82 r 72 114
S 53 83 s 73 115
T 54 84 t 74 116
U 55 85 u 75 117
v 56 86 v 76 118
W 57 87 w 77 119
X 58 88 X 78 120
Y 59 89 v 79 121
Z 5a 90 z Ta 122

Floating-Point Loop Counters

You can also use a floating-point value as a loop counter. Here’s an example of a for loop with this kind
of counter:

double a = 0.3, b = 2.5;
for (double x = 0.0; x <= 2.0; x += 0.25)
cout << "\n\tx = " << x
<< "\ta*x + b = " << a*x + b;

This code fragment calculates the value of a*x+b for values of x from 0.0 to 2.0 in steps of 0.25; however,
you need to take care when using a floating-point counter in a loop. Many decimal values cannot be rep-
resented exactly in binary floating-point form, so discrepancies can build up with accumulative values.
This means that you should not code a for loop such that ending the loop depends on a floating-point
loop counter reaching a precise value. For example, the following poorly designed loop never ends.

for(double x = 0.0 ; x != 1.0 ; x += 0.2)
cout << x;

The intention with this loop is to output the value of x as it varies from 0.0 to 1.0; however, 0.2 has no
exact representation as a binary floating-point value so the value of x is never exactly 1. Thus the second
loop control expression is always false and so the loop continues indefinitely.

The while Loop

A second kind of loop in C++ is the while loop. Where the for loop is primarily used to repeat a state-
ment or a block for a prescribed number of iterations, the while loop is used to execute a statement or
block of statements as long as a specified condition is true. The general form of the while loop is:

while (condition)
loop_statement;
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Here loop_statement is executed repeatedly as long as the condition expression has the value true. After
the condition becomes false, the program continues with the statement following the loop. As always,
a block of statements between braces could replace the single loop_statement.

The logic of the while loop can be represented as shown in Figure 3-5.

while loop logic l

loop condition
evaluates to true? No

Yes

loop_statement;

Continue
with next statement

Figure 3-5

Try It Out Using the while Loop

You could rewrite the earlier example that computes averages (Ex3_10 . cpp) to use the while loop.

// Ex3_12.cpp
// Using a while loop to compute an average
#include <iostream>

using std::cin;
using std::cout;
using std::endl;

int main()

{
double value = 0.0; // Value entered stored here
double sum = 0.0; // Total of values accumulated here
int 1 = 0; // Count of number of values
char indicator = 'y'; // Continue or not?
while(indicator == 'y') // Loop as long as y is entered
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cout << endl
<< "Enter a value: ";

cin >> value; // Read a value
++1; // Increment count
sum += value; // Add current input to total

cout << endl
<< "Do you want to enter another value (enter n to end)? ";
cin >> indicator; // Read indicator

cout << endl
<< "The average of the " << i
<< " values you entered is " << sum/i << "."
<< endl;

return 0;

How It Works

For the same input, this version of the program produces the same output as before. One statement has
been updated, and another has been added — they are highlighted in the previous code. The for loop
statement has been replaced by the while statement, and the test for indicator in the if has been
deleted, as this function is performed by the while condition. You have to initialize indicator with

'y in place of the 'n' which appeared previously — otherwise the while loop terminates immediately.
As long as the condition in the while returns true, the loop continues.

You can put any expression resulting in true or false as a while loop condition. The example would
be a better program if the loop condition were extended to allow 'Y to be entered to continue the loop
as well as 'y'. You could modify the while to the following to do the trick.

while((indicator == 'y') || (indicator == 'Y'))

You can also create a while loop that potentially executes indefinitely by using a condition that is
always true. This can be written as follows.

while (true)

{

You could also write the loop control expression as the integer value 1, which would be converted to the
bool value true. Naturally, the same requirement applies here as in the case of the infinite for loop:
namely, that you must provide some way of exiting the loop within the loop block. You'll see other ways
to use the while loop in Chapter 4.
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The do-while Loop

The do-while loop is similar to the while loop in that the loop continues as long as the specified loop
condition remains true. The main difference is that the condition is checked at the end of the loop —
which contrasts with the while loop and the for loop where the condition is checked at the beginning
of the loop. Consequently, the do-while loop statement is always executed at least once. The general
form of the do-while loop is:

do
{

loop_statements;
}while (condition) ;

The logic of this form of loop is shown in Figure 3-6.

l

> loop_statement;

loop condition
evaluates to true?

Continue
with next statement

Figure 3-6

You could replace the while loop in the last version of the program to calculate an average with a
do-while loop:

do
{
cout << endl
<< "Enter a value: ";

cin >> value; // Read a value
++1; // Increment count
sum += value; // Add current input to total

cout << "Do you want to enter another value (enter n to end)?";
cin >> indicator; // Read indicator
} while((indicator == 'y') || (indicator == 'Y'));
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There’s little to choose between the two versions of the loop, except that this version doesn’t depend on
the initial value set in indicator for correct operation. As long as you want to enter at least one value,
which is not unreasonable for the calculation in question, this version of the loop is preferable.

Nested Loops

You can nest one loop inside another. In Chapter 4, the usual application of this will become more
apparent —it’s typically applied to repeating actions at different levels of classification. An example
might be calculating the total marks for each student in a class and then repeating the process for each
class in a school.

Try It Out Nested Loops

You can see the effects of nesting one loop inside another by calculating the values of a simple formula.
A factorial of an integer is the product of all the integers from 1 to the integer in question; so the factorial
of 3, for example, is 1 times 2 times 3, which is 6. The following program computes the factorial of inte-
gers that you enter (until you've had enough):

// Ex3_13.cpp
// Demonstrating nested loops to compute factorials
#include <iostream>

using std::cin;
using std::cout;
using std::endl;

int main()

{

char indicator = 'n';
long value = 0,
factorial = 0;

do

cout << endl

<< "Enter an integer value: ";

cin >> value;

factorial =

iy
for(int 1 = 2; 1 <= value; 1i++)

factorial *= 1i;

cout << "Factorial " << value << " is

cout << endl

<< "Do you want to enter another

cin >> indicator;
} while((indicator ==

return 0;

|y|)

(indicator

" << factorial;

value (y or n)? ";
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If you compile and execute this example, the typical output produced is:

Enter an integer value: 5
Factorial 5 is 120
Do you want to enter another value (y or n)? y

Enter an integer value: 10
Factorial 10 is 3628800
Do you want to enter another value (y or n)? y

Enter an integer value: 13
Factorial 13 is 1932053504
Do you want to enter another value (y or n)? y

Enter an integer value: 22
Factorial 22 is -522715136
Do you want to enter another value (y or n)? n

How It Works

Factorial values grow very fast. In fact, 12 is the largest input value for which this example produces a
correct result. The factorial of 13 is actually 6,227,020,800, not 1,932,053,504 as the program tells you.
If you run it with even larger input values, leading digits are lost in the result stored in the variable
factorial, and you may well get negative values for the factorial as you do when you ask for the
factorial of 22.

This situation doesn’t cause any error messages, so it is of paramount importance that you are sure that
the values you're dealing with in a program can be contained in the permitted range of the type of vari-
able you're using. You also need to consider the effects of incorrect input values. Errors of this kind,
which occur silently, can be very hard to find.

The outer of the two nested loops is the do-while loop, which controls when the program ends. As long
as you keep entering y or Y at the prompt, the program continues to calculate factorial values. The facto-
rial for the integer entered is calculated in the inner for loop. This is executed value times to multiply
the variable factorial (with an initial value of 1) with successive integers from 2 to value.

Try It Out Another Nested Loop

Nested loops can be a little confusing, so let’s try another example. This program generates a multiplica-
tion table of a given size.

// Ex3_14.cpp

// Using nested loops to generate a multiplication table
#include <iostream>

#include <iomanip>

using std::cout;
using std::endl;
using std::setw;

int main()

{
const int size = 12; // Size of table
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int 1 =0, j = 0; // Loop counters

cout << endl // Output table title
<< size << " by " << size
<< " Multiplication Table" << endl << endl;

cout << endl << " | ™5
for(i = 1; 1 <= size; i++) // Loop to output column headings
cout << setw(3) << 1 << " ";

cout << endl; // Newline for underlines
for(i = 0; 1 <= size; 1i++)

cout << " " // Underline each heading
for(i = 1; 1 <= size; i++) // Outer loop for rows

cout << endl

<< setw(3) << i << " |"; // Output row label
for(j = 1; j <= size; j++) // Inner loop for the rest of the row
cout << setw(3) << i*j << " "; // End of inner loop
} // End of outer loop
cout << endl;
return 0;

The output from this example is:

12 by 12 Multiplication Table

| 1 2 3 4 5 6 7 8 9 10 11 12

1] 1 2 3 4 5 6 7 8 9 10 11 12
2| 2 4 6 8 10 12 14 16 18 20 22 24
3| 3 6 9 12 15 18 21 24 27 30 33 36
4] 4 8 12 16 20 24 28 32 36 40 44 48
5] 5 10 15 20 25 30 35 40 45 50 55 60
6] 6 12 18 24 30 36 42 48 54 60 66 72
7 7 14 21 28 35 42 49 56 63 70 717 84
8 | 8 16 24 32 40 48 56 64 72 80 88 96
9| 9 18 27 36 45 54 63 72 81 90 99 108
10 | 10 20 30 40 50 60 70 80 90 100 110 120
11 | 11 22 33 44 55 66 77 88 99 110 121 132
12 | 12 24 36 48 60 72 84 96 108 120 132 144

How It Works

The table title is produced by the first output statement in the program. The next output statement, com-
bined with the loop following it, generates the column headings. Each column is five characters wide, so
the heading value is displayed in a field width of three specified by the setw (3) manipulator, followed
by two blanks. The output statement preceding the loop outputs four spaces and a vertical bar above the
first column which contains the row headings. A series of underline characters is then displayed beneath
the column headings.
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The nested loop generates the main table contents. The outer loop repeats once for each row, so i is the
row number. The output statement

cout << endl
<< setw(3) << i << " |"; // Output row label

goes to a new line for the start of a row and then outputs the row heading given by the value of i in a
field width of three, followed by a space and a vertical bar.

A row of values is generated by the inner loop:

for(j = 1; j <= size; j++) // Inner loop for the rest of the row
cout << setw(3) << i*j << " "; // End of inner loop

This loop outputs values i*j corresponding to the product of the current row value i, and each of the
column values in turn by varying j from 1 to size. So for each iteration of the outer loop, the inner loop
executes size iterations. The values are positioned in the same way as the column headings.

When the outer loop is completed, the return is executed to end the program.

C++/CLI Programming

Everything I have discussed in this chapter applies equally well in a C++/CLI program. Just to illustrate
the point we can look at some examples of CLR console programs that demonstrate some of what you
have learned so far in this chapter. The following is a CLR program that’s a slight variation on Ex3_01.

Try It Out A CLR Program Using Nested if Statements

Create a CLR console program with the default code and modify the main () function like this:
// Ex3_15.cpp : main project file.
#include "stdafx.h"
using namespace System;

int main(array<System::String "> “args)
{
wchar_t letter; // Corresponds to the C++/CLI Char type
Console: :Write(L"Enter a letter: ");
letter = Console::Read();
if (letter >= 'A") // Test for 'A' or larger
if (letter <= 'Z") // Test for 'Z' or smaller
{

Console: :WriteLine(L"You entered a capital letter.");

return 0;
}
if (letter >= 'a') // Test for 'a' or larger
if(letter <= 'z") // Test for 'z' or smaller
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{
Console: :WritelLine(L"You entered a small letter.");
return 0;

}

Console: :WriteLine(L"You did not enter a letter.");
return 0;

As always, the shaded lines are the new code you should add.

How It Works

The logic is exactly the same as in the Ex3_01 example (in fact all the statements are the same except for
those producing the output and the declaration of letter. I changed the type to wchar_t because type
Char has some extra facilities that I'll mention. The Console: :Read () function reads a single character
from the keyboard. Because you use the Console: :Write () function to output the initial prompt there
is no newline character issued so you can enter the letter on the same line as the prompt.

The .NET Framework provides its own functions for converting character codes to upper- or lowercase
within the Char class. These are the functions Char: : ToUpper () and Char: : ToLower () and you put
the character to be converted between the parentheses as the argument to the function. For example:

wchar_t uppcaseLetter = Char::ToUpper (letter);

Of course, you could store the result of the conversion back in the original variable, similar to the
following.

letter = Char::ToUpper (letter);

The char class also provides IsUpper () and IsLower () functions that test whether a letter is upper- or
lowercase. You pass the letter to be tested as the argument to the function and the function returns a
bool value as a result. You could use these to code the main () function quite differently.

wchar_t letter; // Corresponds to the C++/CLI Char type
Console: :Write(L"Enter a letter: ");

letter = Console::Read();

wchar_t upper = Char::ToUpper (letter) ;

if (upper >= 'A' && upper <= 'Z') // Test for between 'A' and 'Z'
Console: :WriteLine(L"You entered a {0} letter.",
Char: :IsUpper (letter) ? "capital" : "small");
else
Console: :WriteLine(L"You did not enter a letter.");
return 0;

This simplifies the code considerably. After converting a letter to uppercase, you test the uppercase value
to check whether it’s 'a' to 'z'. If it is, you output a message that depends on the result of the condi-
tional operator expression that forms the second argument to the WwriteLine () function. The condi-
tional operator expression evaluates to "capital" if letter is uppercase and "small" if it is not, and
this result is inserted in the output as determined by the position of the format string {0}.
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Try another CLR example that uses the Console: :ReadKey () function in a loop and explores the
ConsoleKeyInfo class a little more.

Try It Out Reading Key Presses

Create a CLR console program and add the following code to main ().

// Ex3_16.cpp : main project file.
// Testing key presses in a loop.

#include "stdafx.h"
using namespace System;

int main(array<System::String "> “args)
{

Console: :WriteLine (L"Press a key combination - press Escape to quit.");

ConsoleKeyInfo keyPress;
do
{
keyPress = Console::ReadKey (true) ;
Console: :Write(L"You pressed");
if (safe_cast<int> (keyPress.Modifiers)>0)
Console: :Write(L" {0},", keyPress.Modifiers);
Console: :WriteLine(L" {0} which is the {1} character",
keyPress.Key, keyPress.KeyChar) ;

}while (keyPress.Key != ConsoleKey: :Escape) ;
return 0;

The following is some sample output from this program.

Press a key combination - press Escape to quit.

You pressed Shift, B which is the B character

You pressed Shift, Control, N which is the _ character
You pressed Shift, Control, Oeml which is the character
You pressed Oeml which is the ; character

You pressed Oem3 which is the ' character

You pressed Shift, Oem3 which is the @ character

You pressed Shift, Oem7 which is the ~ character

You pressed Shift, Oem6 which is the } character

You pressed D3 which is the 3 character

You pressed Shift, D3 which is the ? character

You pressed Shift, D5 which is the % character

You pressed Oem8 which is the ' character

You pressed Escape which is the _ character

Of course, there are key combinations that do not represent a displayable character so in these cases

there is no character in the output. The program also ends if you press Ctr1+C because the operating
system recognizes this as the command to end the program.
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How It Works

Key presses are tested in the do-while loop and this loop continues until the Escape key is pressed.
Within the loop the Console: :ReadKey () function is called and the result is stored in the variable
keyPress, which is of type ConsoleKeyInfo. The ConsoleKeyInfo class has three properties that

you can access to help identify the key or keys that were pressed — the Key property identifies the

key that was pressed, the KeyChar property represents the Unicode character code for the key, and

the Modifiers property is a bitwise combination of ConsoleModifiers constants that represent the
Shift, Alt, and Cctrl keys. ConsoleModifiers is an enumeration that is defined in the System library
and the constants defined in the enumeration have the names A1t, shift, and Control.

As you can see from the arguments to the WriteLine () function in the last output statement, to access
a property for an object you place the property name following the object name, separated by a period;
the period is referred to as the member access operator. To access the KeyChar property for the object
keyPress, you write keyPress.KeyChar.

The operation of the program is very simple. Within the loop you call the ReadKey () function to read a
key press and the result is stored in the variable keyPress. Next you write the initial part of the output
to the command line using the write () function; because no newline is written in this case, the next
output statement writes to the same line. You then test whether the Modifiers property is greater that
zero. If it is, modifier keys were pressed and you output them; otherwise, you skip the output for modi-
fier keys. You will probably remember that a C++/CLI enumeration constants is an object that you must
explicitly cast to an integer type before you can use it as a numerical value-hence the cast to type int in
the i f expression.

The output of the Modifiers value is interesting. As you can see from the output, when more that one
modifier key was pressed, you get all the modifier keys from the single output statement. This is because
the Modifiers enumeration is defined with a FlagsAttribute attribute that indicates that this enumera-
tion type is a set of single bit flags. This allows a variable of the enumeration type to consist of several
flags ANDed together, and the individual flags recognize and output by the Write () or WriteLine ()
functions.

The loop continues as long as the condition keyPress.Key != ConsoleKey::Escape is true.Itis
false when the keyPress.Key property is equal to ConsoleKey: : Escape, which is when the Escape
key is pressed.

The for each Loop

All the loop statements I have discussed apply equally well to C++/CLI programs and the C++/CLI lan-
guage provides you with the luxury of an additional kind of loop called the for each loop. This loop is
specifically for iterating through all the objects in a particular kind of set of objects and because you
haven’t learned about these yet, I'll just introduce the for each loop briefly here, and elaborate on it
some more a bit later in the book.

One thing that you do know a little about is a String object, which represents a set of characters so you
can use a for each loop to iterate through all the characters in a string. Let’s try an example of that.
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Try It Out Using a for each Loop to Access the Characters in a String

Create a new CLR console program project with the name Ex3_17 and modify the code to the following;:

// Ex3_17.cpp : main project file.
// Analyzing a string using a for each loop

#include "stdafx.h"

using namespace System;

int main(array<System::String "> “args)
{
int vowels = 0;
int consonants = 0;
String”® proverb = L"A nod is as good as a wink to a blind horse.";
for each(wchar_t ch in proverb)
{
if (Char::IsLetter(ch))

{
ch = Char: :ToLower (ch) ; // Convert to lowercase
switch (ch)
{

case 'a': case 'e': case 'i':
case 'o': case 'u':
++vowels;
break;
default:
++consonants;
break;
}
}
}
Console: :WriteLine (proverb) ;
Console: :WriteLine (L"The proverb contains {0} vowels and {1} consonants.",
vowels, consonants);

return 0;

This example produces the following output.

A nod is as good as a wink to a blind horse.
The proverb contains 14 vowels and 18 consonants.

How It Works

The program counts the number of vowels and consonants in the string referenced by the proverb vari-
able. The program does this by iterating over each character in the string using a for each loop. You
first define two variables used to accumulate the total number of vowels and the total number of
consonants.

int vowels = 0;
int consonants = 0;
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Under the covers both are of the C++/CLI Int32 type, which stores a 32-bit integer.

Next you define the string that to analyze.

String” proverb = L"A nod is as good as a wink to a blind horse.";

The proverb variable is of type string” that is described as type “handle to String”; a handle is used
to store the location of an object on the garbage-collected heap that is managed by the CLR. You'll learn
more about handles and type String” when we get into C++/CLI class types; for now, just take it that

this is the type you use for C++/CLI variables that store strings.

The for each loop that iterates over the characters in the string referenced by proverb is of this form.

for each(wchar_t ch in proverb)
{

// Process the current character stored in ch...

}

The characters in the proverb string are Unicode characters so you use a variable of type wchar_t
(equivalent to type Char) to store them. The loop successively stores characters from the proverb string
in the loop variable ch, which is of the C++/CLI type Char. This variable is local to the loop(in other
words, it exists only within the loop block. On the first iteration ch contains the first character from the
string, on the second iteration it contains the second character, on the third iteration the third character,
and so on until all the characters have been processed and the loop ends.

Within the loop you determine whether the character is a letter in the i £ expression:
if (Char::IsLetter(ch))

The Char: :IsLetter () function returns the value true if the argument(ch in this case(is a letter, and
false otherwise. Thus the block following the if only executes if ch contains a letter. This is necessary
because you don’t want punctuation characters to be processed as though they were letters.

Having established that ch is indeed a letter you convert it to lowercase with the following statement.
ch = Char: :ToLower (ch) ; // Convert to lowercase

This uses the Char: : ToLower () function from the .NET Framework library which returns the lower-
case equivalent of the argument (ch in this case. If the argument is already lowercase, the function just
returns the same character code. By converting the character to lowercase, you avoid having to test sub-
sequently for both upper- and lowercase vowels.

You determine whether ch contains a vowel or a consonant within the switch statement.

switch(ch)
{
case 'a': case 'e': case 'i':
case 'o': case 'u':
++vowels;
break;
default:
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++consonants;
break;
}

For any of the five cases where ch is a vowel, you increment the value stored in vowels; otherwise, you
increment the value stored in consonants. This switch is executed for each character in proverb so
when the loop finishes, vowels contain the number of vowels in the string and consonants contain the
number of consonants. You then output the result with the following statements.

Console: :WriteLine (proverb) ;
Console: :WriteLine (L"The proverb contains {0} vowels and {1} consonants.",
vowels, consonants);

In the last statement, the value of vowels replaces the “{0}” in the string and the value of consonants
replaces the “{1}”. This is because the arguments that follow the first format string argument are refer-
enced by index values starting from 0.

Summary

In this chapter, you learned all of the essential mechanisms for making decisions in C++ programs. You
have also gone through all the facilities for repeating a group of statements. The essentials of what I've
discussed are as follows:

Q  The basic decision-making capability is based on the set of relational operators, which allow
expressions to be tested and compared, and yield a bool value as the result (true or false.

U You can also make decisions based on conditions that return non-bool values. Any non-zero
value are cast to true when a condition is tested; zero casts to false.

Q  The primary decision-making capability in C++ is provided by the i f statement. Further flexi-
bility is provided by the switch statement, and by the conditional operator.

Q  There are three basic methods provided in ISO/ANSI C++ for repeating a block of statements:
the for loop, the while loop and the do-while loop. The for loop allows the loop to repeat a
given number of times. The while loop allows a loop to continue as long as a specified condi-
tion returns true. Finally, do-while executes the loop at least once and allows continuation of
the loop as long as a specified condition returns true.

Q  C++/CLIhas the for each loop statement in addition to the three loop statements defined in
ISO/ANSI C++.

Q  Any kind of loop may be nested within any other kind of loop.

Q  The keyword continue allows you to skip the remainder of the current iteration in a loop and
go straight to the next iteration.

Q  The keyword break provides an immediate exit from a loop. It also provides an exit from a
switch at the end of the statements for a case.
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Exercises

You can download the source code for the examples in the book and the solutions to the following exer-
cises from http: //www.wrox.com.

1.

2.

Write a program that reads numbers from cin and then sums them, stopping when 0 has been
entered. Construct three versions of this program, using the while, do-while and for loops.

Write an ISO/ANSI C++ program to read characters from the keyboard and count the vowels.
Stop counting when a Q (or a q) is encountered. Use a combination of an indefinite loop to get
the characters, and a swi tch statement to count them.

Write a program to print out the multiplication tables from 2 to 12 in columns.

Imagine that in a program you want to set a ‘file open mode’ variable based on two attributes:
the file type which can be text or binary, and the way in which you want to open the file to read
or write it or append data to it. Using the bitwise operators (& and |) and a set of flags, devise
a method to allow a single integer variable to be set to any combination of the two attributes.
Write a program which sets such a variable and then decodes it, printing out its setting, for all
possible combinations of the attributes.

Repeat Ex3_2 as a C++/CLI program (you can use Console: :ReadKey () to read characters
from the keyboard.

Write a CLR console program that defines a string (as type String”) and then analyzes the
characters in the string to discover the number of uppercase letters, the number of lowercase let-
ters, the number of non-alphabetic characters and the total number of characters in the string.
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So far, you have covered all the fundamental data types of consequence and you have a basic
knowledge of how to perform calculations and make decisions in a program. This chapter is about
broadening the application of the basic programming techniques that you have learned so far,
from using single items of data to working with whole collections of data items. In this chapter,
you will learn about:

I T e 0 N R N

U

Arrays and how you use them

How to declare and initialize arrays of different types

How to declare and use multidimensional arrays

Pointers is and how you use them

How to declare and initialize pointers of different types

The relationship between arrays and pointers

References, how they are declared, and some initial ideas on their uses

How to allocate memory for variables dynamically in a native C++ program
How dynamic memory allocation works in a CLR program

Tracking handles and tracking references and why you need them in a CLR program
How to work with strings and arrays in C++/CLI programs

What interior pointers are and how you can create and use them

In this chapter you'll be using objects more extensively although you have not yet explored the
details of how they are created so don’t worry if everything is not completely clear. You'll learn
about classes and objects in detail starting in Chapter 7.




Chapter 4

Handling Multiple Data Values of the
Same Type

You already know how to declare and initialize variables of various types that each holds a single item
of information; I'll refer to single items of data as data elements. You know how to create a single char-
acter in a variable of type char, a single integer in a variable of type short, type int, type long, or a
single floating point number in a variable of type float or of type double. The most obvious extension
to these ideas is to be able to reference several data elements of a particular type with a single variable
name. This would enable you to handle applications of a much broader scope.

Here’s an example of where you might need this. Suppose that you needed to write a payroll program.
Using a separately named variable for each individual’s pay, their tax liability, and so on, would be an
uphill task to say the least. A much more convenient way to handle such a problem would be to refer-
ence an employee by some kind of generic name — employeeName to take an imaginative example —
and to have other generic names for the kinds of data related to each employee, such as pay, tax, and so
on. Of course, you would also need some means of picking out a particular employee from the whole
bunch, together with the data from the generic variables associated with them. This kind of requirement
arises with any collection of like entities that you want to handle in your program, whether they're base-
ball players or battleships. Naturally, C++ provides you with a way to deal with this.

Arrays

The basis for the solution to all of these problems is provided by the array in ISO/ANSI C++. An array
is simply a number of memory locations called array elements or simply elements, each of which can
store an item of data of the same given data type and which are all referenced through the same variable
name. The employee names in a payroll program could be stored in one array, the pay for each employee
in another, and the tax due for each employee could be stored in a third array.

Individual items in an array are specified by an index value which is simply an integer representing the
sequence number of the elements in the array, the first having the sequence number 0, the second 1, and
so on. You can also envisage the index value of an array element as being an offset from the first element
in an array. The first element has an offset of 0 and therefore an index of 0, and an index value of 3

will refer to the fourth element of an array. For the payroll, you could arrange the arrays so that if an
employee’s name was stored in the employeeName array at a given index value, then the arrays pay and
tax would store the associated data on pay and tax for the same employee in the array positions refer-
enced by the same index value.

The basic structure of an array is illustrated in Figure 4-1.

Figure 4-1 shows an array. The name height has six elements, each storing a different value. These
might be the heights of the members of a family, for instance, recorded to the nearest inch. Because there
are six elements, the index values run from 0 through 5. To refer to a particular element, you write the
array name, followed by the index value of the particular element between square brackets. The third
element is referred to as height [2], for example. If you think of the index as being the offset from the
first element, it’s easy to see that the index value for the fourth element will be 3, for example.

The amount of memory required to store each element is determined by its type, and all the elements of
an array are stored in a contiguous block of memory.
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Index value ——— Index value
for the 2nd element for the 5th element
Array name Array name

height{0]  height[1]  height[2]  height[3]  height[4]  height[5]
73 62 51 42 41 34

The height array has 6 elements.
Figure 4-1

Declaring Arrays

You declare an array in essentially the same way as you declared the variables that you have seen up to
now, the only difference being that the number of elements in the array is specified between square
brackets immediately following the array name. For example, you could declare the integer array
height, shown in the previous figure, with the following declaration statement:

long height[6];

Because each 1ong value occupies 4 bytes in memory, the whole array requires 24 bytes. Arrays can be of
any size, subject to the constraints imposed by the amount of memory in the computer on which your
program is running.

You can declare arrays to be of any type. For example, to declare arrays intended to store the capacity
and power output of a series of engines, you could write the following;:

double cubic_inches[10]; // Engine size
double horsepower[10]; // Engine power output

If auto mechanics are your thing, this would enable you to store the cubic capacity and power output of
up to 10 engines, referenced by index values from 0 to 9. As you have seen before with other variables,
you can declare multiple arrays of a given type in a single statement, but in practice it is almost always
better to declare variables in separate statements.

Try It Out Using Arrays

As a basis for an exercise in using arrays, imagine that you have kept a record of both the amount of
gasoline you have bought for the car and the odometer reading on each occasion. You can write a pro-
gram to analyze this data to see how the gas consumption looks on each occasion that you bought gas:

// Ex4_01.cpp

// Calculating gas mileage
#include <iostream>

161



Chapter 4

#include <iomanip>

using std::cin;
using std::cout;
using std::endl;
using std::setw;

int main()

{
const int MAX = 20; // Maximum number of values
double gas[ MAX ]; // Gas quantity in gallons
long miles[ MAX 1]; // Odometer readings
int count = 0; // Loop counter
char indicator = 'y'; // Input indicator
while( (indicator == 'y' || indicator == 'Y') && count < MAX )

{
cout << endl
<< "Enter gas quantity: ";

cin >> gas[count]; // Read gas quantity
cout << "Enter odometer reading: ";

cin >> miles[count]; // Read odometer value
++count;

cout << "Do you want to enter another(y or n)? ";
cin >> indicator;

}
if (count <= 1) // count = 1 after 1 entry completed
{ // ... we need at least 2
cout << endl
<< "Sorry - at least two readings are necessary.";
return 0;
}
// Output results from 2nd entry to last entry
for(int 1 = 1; 1 < count; 1i++)
cout << endl
<< setw(2) << 1 << ", // Output sequence number
<< "Gas purchased = " << gas[i] << " gallons" // Output gas
<< " resulted in " // Output miles per gallon
<< (miles[i] - miles[i - 1])/gas[i] << " miles per gallon.";

cout << endl;
return 0;

The program assumes that you fill the tank each time so the gas bought was the amount consumed by
driving the distance recorded. Here’s an example of the output produced by this example:

Enter gas quantity: 12.8
Enter odometer reading: 25832

Do you want to enter another(y or n)? vy

Enter gas quantity: 14.9
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Enter odometer reading: 26337
Do you want to enter another(y or n)? y

Enter gas quantity: 11.8
Enter odometer reading: 26598
Do you want to enter another(y or n)? n

1.Gas purchased = 14.9 gallons resulted in 33.8926 miles per gallon.
2.Gas purchased = 11.8 gallons resulted in 22.1186 miles per gallon.

How It Works

Because you need to take the difference between two odometer readings to calculate the miles covered
for the gas used, you use the odometer reading only from the first pair of input values — you ignore the
gas bought in the first instance as that would have been consumed during miles driven earlier.

During the second period shown in the output, the traffic must have been really bad — or maybe the
parking brake was always on.

The dimensions of the two arrays gas and miles used to store the input data are determined by the
value of the constant with the name MAX. By changing the value of MAX, you can change the program to
accommodate a different maximum number of input values. This technique is commonly used to make a
program flexible in the amount of information that it can handle. Of course, all the program code must
be written to take account of the array dimensions, or of any other parameters being specified by const
variables. This presents little difficulty in practice, however, so there’s no reason why you should not
adopt this approach. You'll also see later how to allocate memory for storing data as the program exe-
cutes, so that you don’t need to fix the amount of memory allocated for data storage in advance.

Entering the Data

The data values are read in the while loop. Because the loop variable count can run from 0 to MAX - 1,
we haven't allowed the user of our program to enter more values than the array can handle. You initial-
ize the variables count and indicator to 0 and 'y respectively, so that the while loop is entered at
least once. There’s a prompt for each input value required and the value is read into the appropriate
array element. The element used to store a particular value is determined by the variable count, which
is 0 for the first input. The array element is specified in the cin statement by using count as an index,
and count is then incremented ready for the next value.

After you enter each value, the program prompts for confirmation that another value is to be entered.
The character entered is read into the variable indicator and then tested in the loop condition. The
loop will terminate unless 'y' or 'Y' is entered and the variable count is less than the specified maxi-
mum value, MAX.

After the input loop ends (by whatever means), the value of count contains one more than the index
value of the last element entered in each array. (Remember, you increment it after you enter each new
element.) This is checked in order to verify that at least two pairs of values were entered. If this wasn’t
the case, the program ends with a suitable message because two odometer values are necessary to calcu-
late a mileage value.
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Producing the Results

The output is generated in the for loop. The control variable i runs from 1 to count-1, allowing
mileage to be calculated as the difference between the current element, miles[i] and the previous ele-
ment, miles[i - 1].Note thatan index value can be any expression evaluating to an integer that
represents a legal index for the array in question, which is an index value from 0 to one less than the
number of elements in the array.

If the value of an index expression lies outside of the range corresponding to legitimate array elements,
you will reference a spurious data location that may contain other data, garbage, or even program code.
If the reference to such an element appears in an expression, you will use some arbitrary data value in
the calculation, which certainly produces a result that you did not intend. If you are storing a result in an
array element using an illegal index value, you will overwrite whatever happens to be in that location.
When this is part of your program code, the results are catastrophic. If you use illegal index values, there
are no warnings produced either by the compiler or at run-time. The only way to guard against this is to
code your program to prevent it happening.

The output is generated by a single cout statement for all values entered, except for the first. A line
number is also generated for each line of output using the loop control variable i. The miles per gallon
are calculated directly in the output statement. You can use array elements in exactly the same way as
any other variables in an expression.

Initializing Arrays

To initialize an array in its declaration, you put the initializing values separated by commas between
braces, and you place the set of initial values following an equals sign after the array name. Here’s an
example of how you can declare and initialize an array:

int cubic_inches[5] = { 200, 250, 300, 350, 400 };

The array has the name cubic_inches and has five elements that each store a value of type int. The val-
ues in the initializing list between the braces correspond to successive index values of the array, so in
this case cubic_inches[0] has the value 200, cubic_inches[1] the value 250, cubic_inches[2] the
value 300, and so on.

You must not specify more initializing values than there are elements in the array, but you can include
fewer. If there are fewer, the values are assigned to successive elements, starting with the first element —
which is the one corresponding to the index value 0. The array elements for which you didn’t provide an
initial value is initialized with zero. This isn’t the same as supplying no initializing list. Without an ini-
tializing list, the array elements contain junk values. Also, if you include an initializing list, there must
be at least one initializing value in it; otherwise the compiler generates an error message. I can illustrate
this with the following rather limited example.

Try It Out Initializing an Array

// Ex4_02.cpp

// Demonstrating array initialization
#include <iostream>

#include <iomanip>

using std::cout;
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using std::endl;
using std::setw;

int main()

{
int value[5] = { 1, 2, 3 };
int junk [5];

cout << endl;
for(int 1 = 0; 1 < 5; 1++)
cout << setw(1l2) << value[i];

cout << endl;
for(int 1 = 0; 1 < 5; 1++)
cout << setw(12) << junk[i];

cout << endl;
return 0;

}

In this example, you declare two arrays, the first of which, value, you initialize in part, and the second,
junk, you don't initialize at all. The program generates two lines of output, which on my computer look
like this:

1 2 3 0 0
-858993460 -858993460 -858993460 -858993460 -858993460

The second line (corresponding to values of junk [0] to junk[4]) may well be different on your
computer.

How It Works

The first three values of the array value are the initializing values and the last two have the default
value of 0. In the case of junk, all the values are spurious because you didn’t provide any initial values
at all. The array elements contain whatever values were left there by the program that last used these
memory locations.

A convenient way to initialize a whole array to zero is simply to specify a single initializing value as 0.
For example:

long data[100] = {0}; // Initialize all elements to zero
This statement declares the array data, with all one hundred elements initialized with 0. The first ele-
ment is initialized by the value you have between the braces and the remaining elements are initialized
to zero because you omitted values for these.
You can also omit the dimension of an array of numeric type, providing you supply initializing values.
The number of elements in the array is determined by the number of initializing values you specify. For
example, the array declaration

int value[] = { 2, 3, 4 };

defines an array with three elements that have the initial values 2, 3, and 4.
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Character Arrays and String Handling

An array of type char is called a character array and is generally used to store a character string. A
character string is a sequence of characters with a special character appended to indicate the end of the
string. The string terminating character indicates the end of the string and this character is defined by
the escape sequence ' \0', and is sometimes referred to as a null character, being a byte with all bits as
zero. A string of this form is often referred to as a C-style string because defining a string in this way was
introduced in the C language from which C++ was developed by Bjarne Stroustrup. This is not the only
representation of a string that you can use — you’ll meet others later in the book. In particular, C++/CLI
programs use a different representation of a string and the MFC defines a CString class to represent
strings.

The representation of a C-style string in memory is shown in Figure 4-2.

name[4] —— String termination
character
A A
Each character in a string occupies |A|||b|e|r|t| |E|i|n|s|t|e|i|n|\0|

one byte
char name[] = “Albert Einstein”;
Figure 4-2

Figure 4-2 illustrates how a string looks in memory and shows a form of declaration for a string that I'll
get to in a moment.

Each character in the string occupies one byte, so together with the terminating null character, a string
requires a number of bytes that is one greater than the number of characters contained in the string.

You can declare a character array and initialize it with a string literal. For example:

char movie_star[15] = "Marilyn Monroe";
Note that the terminating ' \ 0 'is supplied automatically by the compiler. If you include one explicitly in
the string literal, you end up with two of them. You must, however, allow for the terminating null in the

number of elements that you allot to the array.

You can let the compiler work out the length of an initialized array for you, as you saw in Figure 4-1.
Here’s another example:

char president[] = "Ulysses Grant";

Because the dimension is unspecified, the compiler allocates space for enough elements to hold the ini-
tializing string, plus the terminating null character. In this case it allocates 14 elements for the array
president. Of course, if you want to use this array later for storing a different string, its length (includ-
ing the terminating null character) must not exceed 14 bytes. In general, it is your responsibility to
ensure that the array is large enough for any string you might subsequently want to store.

166



Arrays, Strings, and Pointers

String Input

The <iostream> header file contains definitions of a number of functions for reading characters from
the keyboard. The one that you'll look at here is the function getline (), which reads a sequence of
characters entered through the keyboard and stores it in a character array as a string terminated by \0.
You typically use the getline () function statements like this:

const int MAX = 80; // Maximum string length including \0
char name[MAX]; // Array to store a string
cin.getline (name, MAX, '\n'); // Read input line as a string

These statements first declare a char array name with MAX elements and then read characters from cin
using the function getline (). The source of the data, cin, is written as shown, with a period separating
it from the function name. The significance of the arguments to the getline () function is shown in
Figure 4-3.

The maximum number of characters _— The character that is to stop the
to be read. When the specified input process. You can specify
maximum has been read, input stops. any character here, and the first

occurance of that character will

top the i t .
The name of the array of type Stop the Input process

char[] in which the characters
read from cin are to be stored.

A
cin.getline( name , MAX, \n’ );
Figure 4-3

Because the last argument to the getline () functionis ' \n'(newline or end line character) and the sec-
ond argument is MAX, characters are read from cin until the '\n' character is read, or when MAX - 1
characters have been read, whichever occurs first. The maximum number of characters read is MAX - 1
rather than MAX to allow for the '\ 0" character to be appended to the sequence of characters stored in
the array. The ' \n' character is generated when you press the Return key on your keyboard and is there-
fore usually the most convenient character to end input. You can, however, specify something else by
changing the last argument. The ' \n' isn’t stored in the input array name, but as I said, a '\0"' is added
at the end of the input string in the array.

You will learn more about this form of syntax when we discuss classes later on. Meanwhile, we’ll just
take it for granted and use it in an example.

Try It Out Programming With Strings

You now have enough knowledge to write a simple program to read a string and then count how many
characters it contains.

// Ex4_03.cpp

// Counting string characters
#include <iostream>

using std::cin;
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using std::cout;
using std::endl;

int main()

{
const int MAX = 80; // Maximum array dimension
char buffer [MAX]; // Input buffer
int count = 0; // Character count

cout << "Enter a string of less than 80 characters:\n";

cin.getline(buffer, MAX, '\n'); // Read a string until \n
while (buffer[count] != '"\0"') // Increment count as long as
count++; // the current character is not null

cout << endl
<< "The string \"" << buffer
<< "\" has " << count << " characters.";

cout << endl;
return 0;

Typical output from this program is as follows:

Enter a string of less than 80 characters:
Radiation fades your genes

The string "Radiation fades your genes" has 26 characters.

How It Works

This program declares a character array buffer and reads a character string into the array from the key-
board after displaying a prompt for the input. Reading from the keyboard ends when the user presses
Return, or when MAX-1 characters have been read.

A while loop is used to count the number of characters read. The loop continues as long as the current
character referenced with buf fer [count] isnot ' \0'. This sort of checking on the current character
while stepping through an array is a common technique in native C++. The only action in the loop is to
increment count for each non-null character.

There is also a library function, strlen(), that can save you the trouble of coding it yourself. If you use
it, you need to include the<cstring> header file in your program with an #include directive like this:

#include <cstring>
The ‘¢’ in the header file name indicates that this file contains definitions that belong to the C language
library that forms part of the C++ standard library. This header also contains the wesnlen () function

that will return the length of a wide character string.

By using the strlen () function you could replace the while loop with the following statement:

count = std::strlen(buffer);
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The argument is the name of the array containing the string and the strlen() function returns the
length of the string as an unsigned integer of type size_t. Many standard library functions return a
value of type size_t and the size_t type is defined within the standard library using a typedef state-
ment to be equivalent to one of the fundamental types, usually unsigned int. The reason for using
size_t rather than a fundamental type directly is that it allows flexibility in what the actual type is in
different C++ implementations. The C++ standard permits the range of values accommodated by a fun-
damental type to vary to make the best of a given hardware architecture and size_t can be defined to
be the equivalent the most suitable fundamental type in the current machine environment.

Finally in the example, the string and the character count is displayed with a single output statement.
Note the use of the escape character '\ "' to output a double quote.

Multidimensional Arrays

The arrays that you have defined so far with one index are referred to as one-dimensional arrays. An
array can also have more than one index value, in which case it is called a multidimensional array.
Suppose you have a field in which you are growing bean plants in rows of 10, and the field contains 12
such rows (so there are 120 plants in all). You could declare an array to record the weight of beans pro-
duced by each plant using the following statement:

double beans[12][10];

This declares the two-dimensional array beans, the first index being the row number, and the second
index the number within the row. To refer to any particular element requires two indices. For example,
you could set the value of the element reflecting the fifth plant in the third row with the following
statement:

beans[2][4] = 10.7;

Remember that the index values start from zero, so the row index value is 2 and the index for the fifth
plant within the row is 4.

Being a successful bean farmer, you might have several identical fields planted with beans in the same
pattern. Assuming that you have eight fields, you could use a three-dimensional array to record data
about these, declared thus:

double beans[8][12]1[10];

This records production for all of the plants in each of the fields, the leftmost index referencing a particu-
lar field. If you ever get to bean farming on an international scale, you are able to use a four-dimensional
array, with the extra dimension designating the country. Assuming that you're as good a salesman as
you are a farmer, growing this quantity of beans to keep up with the demand may well start to affect the
ozone layer.

Arrays are stored in memory such that the rightmost index value varies most rapidly. Thus the array
data[3][4] is three one-dimensional arrays of four elements each. The arrangement of this array is
illustrated in Figure 4-4.

The elements of the array are stored in a contiguous block of memory, as indicated by the arrows in
Figure 4-4. The first index selects a particular row within the array and the second index selects an ele-
ment within the row.
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data[0][O] data[0][1] data[0][2] data[0][3]

data[1][0] data[1][1] data[1][2] data[1][3]

,\" data[2][0] data[2][1] data[2][2] data[2][3]

The array elements are stored in contiguous locations in memory.
Figure 4-4

Note that a two-dimensional array in native C++ is really a one-dimensional array of one-dimensional
arrays. A native C++ array with three dimensions is actually a one-dimensional array of elements where
each element is a one-dimensional array of on-dimensional arrays. This is not something you need to
worry about most of the time, but as you will see later, C++/CLI arrays are not the same as this. It also
implies that for the array in Figure 4-4 the expressions data[0], data[1], and data[2], represent one-
dimensional arrays.

Initializing Multidimensional Arrays

To initialize a multidimensional array, you use an extension of the method used for a one-dimensional
array. For example, you can initialize a two-dimensional array, data, with the following declaration:

long datal2][4] = {

Thus, the initializing values for each row of the array are contained within their own pair of braces.
Because there are four elements in each row, there are four initializing values in each group, and because
there are two rows, there are two groups between braces, each group of initializing values being sepa-
rated from the next by a comma.

You can omit initializing values in any row, in which case the remaining array elements in the row are
zero. For example:

long datal2][4] = {
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I'have spaced out the initializing values to show where values have been omitted. The elements
datal0][3],datal[1][2],and data[1][3] have no initializing values and are therefore zero.

If you wanted to initialize the whole array with zeros you could simply write:
long datal[2][4] = {0};

If you are initializing arrays with even more dimensions, remember that you need as many nested
braces for groups of initializing values as there are dimensions in the array.

Try It Out Storing Multiple Strings

You can use a single two-dimensional array to store several C-style strings. You can see how this works
with an example:

// Ex4_04.cpp

// Storing strings in an array.
#include <iostream>

using std::cout;

using std::cin;

using std::endl;

int main()
{
char stars[6][80] = { "Robert Redford",
"Hopalong Cassidy",
"Lassie",

"Slim Pickens",
"Boris Karloff",
"Oliver Hardy"

int dice = 0;

cout << endl

<< " Pick a lucky star!"

<< " Enter a number between 1 and 6: ";
cin >> dice;

if(dice >= 1 && dice <= 6) // Check input validity
cout << endl // Output star name
<< "Your lucky star is " << stars[dice - 1];
else
cout << endl // Invalid input

<< "Sorry, you haven't got a lucky star.";

cout << endl;
return 0;

How It Works

Apart from its incredible inherent entertainment value, the main point of interest in this example is the
declaration of the array stars. It is a two-dimensional array of elements of type char that can hold up
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to six strings, each of which can be up to 80 characters long (including the terminating null character
that is automatically added by the compiler). The initializing strings for the array are enclosed between
braces and separated by commas.

One disadvantage of using arrays in this way is the memory that is almost invariably left unused. All of
the strings are fewer than 80 characters and the surplus elements in each row of the array are wasted.

You can also let the compiler work out how many strings you have by omitting the first array dimension
and declaring it as follows:

char stars[][80] = { "Robert Redford",
"Hopalong Cassidy",
"Lassie",
"Slim Pickens",
"Boris Karloff",
"Oliver Hardy"
b3

This causes the compiler to define the first dimension to accommodate the number of initializing strings
that you have specified. Because you have six, the result is exactly the same, but it avoids the possibility
of an error. Here you can’t omit both array dimensions. With an array of two or more dimensions the
rightmost dimension must always be defined.

Note the semicolon at the end of the declaration. It’s easy to forget it when there are initializing values
for an array.

Where you need to reference a string for output in the following statement, you need only specify the
first index value:

cout << endl // Output star name
<< "Your lucky star is " << stars[dice - 11;

A single index value selects a particular 80-element sub-array, and the output operation displays the
contents up to the terminating null character. The index is specified as dice - 1 as the dice values are
from 1 to 6, whereas the index values clearly need to be from 0 to 5.

Indirect Data Access

The variables that you have dealt with so far provide you with the ability to name a memory location in
which you can store data of a particular type. The contents of a variable are either entered from an exter-
nal source, such as the keyboard, or calculated from other values that are entered. There is another kind
of variable in C++ that does not store data that you normally enter or calculate, but greatly extends the
power and flexibility of your programs. This kind of variable is called a pointer.

What Is a Pointer?

Each memory location that you use to store a data value has an address. The address provides the means
for your PC hardware to reference a particular data item. A pointer is a variable that stores an address of
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another variable of a particular type. A pointer has a variable name just like any other variable and also
has a type that designates what kind of variables its contents refer to. Note that the type of a pointer
variable includes the fact that it’s a pointer. A variable that is a pointer that can contain addresses of loca-
tions in memory containing values of type int, is of type ‘pointer to int'.

Declaring Pointers

The declaration for a pointer is similar to that of an ordinary variable, except that the pointer name has
an asterisk in front of it to indicate that it’s a variable that is a pointer. For example, to declare a pointer
pnumber of type long, you could use the following statement:

long* pnumber;

This declaration has been written with the asterisk close to the type name. If you want, you can also
write it as:

long *pnumber;

The compiler won’t mind at all; however, the type of the variable pnumber is “pointer to 1ong’, which is
often indicated by placing the asterisk close to the type name. Whichever way you choose to write a
pointer type, be consistent.

You can mix declarations of ordinary variables and pointers in the same statement. For example:
long* pnumber, number = 99;

This declares the pointer pnumber of type ‘pointer to 1ong’ as before, and also declares the variable
number, of type 1long. On balance, it’s probably better to declare pointers separately from other vari-
ables; otherwise, the statement can appear misleading as to the type of the variables declared, particu-
larly if you prefer to place the * adjacent to the type name. The following statements certainly look
clearer and putting declarations on separate lines enables you to add comments for them individually,
making for a program that is easier to read.

long number = 99; // Declaration and initialization of long variable
long* pnumber; // Declaration of variable of type pointer to long

It’s a common convention in C++ to use variable names beginning with p to denote pointers. This makes it
easier to see which variables in a program are pointers, which in turn can make a program easier to follow.

Let’s take an example to see how this works, without worrying about what it’s for. I will get to how you
use pointers very shortly. Suppose you have the long integer variable number because you declared it
above containing the value 99. You also have the pointer, pnumber, of type pointer to 1ong, which you
could use to store the address of the variable number. But how do you obtain the address of a variable?

The Address-Of Operator

What you need is the address-of operator, &. This is a unary operator that obtains the address of a vari-
able. It’s also called the reference operator, for reasons I will discuss later in this chapter. To set up the
pointer that I have just discussed, you could write this assignment statement:

pnumber = &number; // Store address of number in pnumber
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The result of this operation is illustrated in Figure 4-5.

&number «<—

Address: 1008

7
pnumber number

pnumber = &number;

Figure 4-5

You can use the operator & to obtain the address of any variable, but you need a pointer of the appropri-
ate type to store it. If you want to store the address of a double variable for example, the pointer must
have been declared as type double*, which is type ‘pointer to double’.

Using Pointers

Taking the address of a variable and storing it in a pointer is all very well, but the really interesting
aspect is how you can use it. Fundamental to using a pointer is accessing the data value in the variable
to which a pointer points. This is done using the indirection operator, *.

The Indirection Operator

You use the indirection operator, *, with a pointer to access the contents of the variable that it points to.
The name ‘indirection operator’ stems from the fact that the data is accessed indirectly. It is also called
the de-reference operator, and the process of accessing the data in the variable pointed to by a pointer is
termed de-referencing the pointer.

One aspect of this operator that can seem confusing is the fact that you now have several different uses
for the same symbol, *. It is the multiply operator, it also serves as the indirection operator, and it is used
in the declaration of a pointer. Each time you use *, the compiler is able to distinguish its meaning by the
context. When you multiply two variables, A*B for instance, there’s no meaningful interpretation of this
expression for anything other than a multiply operation.

Why Use Pointers?

A question that usually springs to mind at this point is, “Why use pointers at all?” After all, taking the
address of a variable you already know and sticking it in a pointer so that you can de-reference it seems
like an overhead you can do without. There are several reasons why pointers are important.

As you will see shortly, you can use pointer notation to operate on data stored in an array, which often

executes faster than if you use array notation. Also, when you get to define your own functions later in
the book, you will see that pointers are used extensively for enabling access within a function to large
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blocks of data, such as arrays, that are defined outside the function. Most importantly, however, you will
also see later that you can allocate space for variables dynamically, that is, during program execution.
This sort of capability allows your program to adjust its use of memory depending on the input to the
program. Because you don’t know in advance how many variables you are going to create dynamically,
a primary way you have for doing this is by using pointers —so make sure you get the hang of this bit.

Try It Out Using Pointers

You can try out various aspects of pointer operations with an example:

//Ex4_05.cpp

// Exercising pointers
#include <iostream>
using std::cout;

using std::endl;

using std::hex;

using std::dec;

int main()

{

long* pnumber = NULL; // Pointer declaration & initialization
long numberl = 55, number2 = 99;

pnumber = &numberl; // Store address in pointer
*pnumber += 11; // Increment numberl by 11
cout << endl
<< "numberl = " << numberl
<< " &numberl = " << hex << pnumber;
pnumber = &number2; // Change pointer to address of number2
numberl = *pnumber*10; // 10 times number2

cout << endl

<< "numberl = " << dec << numberl
<< " pnumber = " << hex << pnumber
<< " *pnumber = " << dec << *pnumber;

cout << endl;
return 0;
On my computer, this example generates the following output:

66 &numberl = 0012FEC8
990 pnumber = 0012FEBC *pnumber = 99

numberl
numberl

How It Works

There is no input to this example. All operations are carried out with the initializing values for the vari-
ables. After storing the address of number1l in the pointer pnumber, the value of number1 is incremented
indirectly through the pointer in this statement:

*pnumber += 11; // Increment numberl by 11
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Note that when you first declared the pointer pnumber, you initialized it to NULL. I'll discuss pointer
initialization in the next section.

The indirection operator determines that you are adding 11 to the contents of the variable pointed to by
pnumber, which is number1. If you forgot the * in this statement, you would be attempting to add 11 to
the address stored in the pointer.

The values of number1, and the address of number1 that is stored in pnumber, are displayed. You use
the hex manipulator to generate the address output in hexadecimal notation.

You can obtain the value of ordinary integer variables as hexadecimal output by using the manipulator
hex. You send it to the output stream in the same way that you have applied end1, with the result that
all following output is in hexadecimal notation. If you want the following output to be decimal, you
need to use the manipulator dec in the next output statement to switch the output back to decimal
mode again.

After the first line of output, the contents of pnumber are set to the address of number2. The variable
numberl is then changed to the value of 10 times number2:

numberl = *pnumber*10; // 10 times number?2

This is calculated by accessing the contents of number2 indirectly through the pointer. The second line of
output shows the results of these calculations

The address values you see in your output may well be different from those shown in the output here
since they reflect where the program is loaded in memory, which depends on how your operating sys-
tem is configured. The 0x prefixing the address values indicates that they are hexadecimal numbers.
Note that the addresses &number1 and pnumber (when it contains &number2) differ by four bytes. This
shows that number1 and number2 occupy adjacent memory locations, as each variable of type long
occupies four bytes. The output demonstrates that everything is working as you would expect.

Initializing Pointers

Using pointers that aren’t initialized is extremely hazardous. You can easily overwrite random areas of
memory through an uninitialized pointer. The resulting damage just depends on how unlucky you are,
so it’s more than just a good idea to initialize your pointers. It's very easy to initialize a pointer to the
address of a variable that has already been defined. Here you can see that I have initialized the pointer
pnumber with the address of the variable number just by using the operator & with the variable name:

int number = 0; // Initialized integer variable
int* pnumber = &number; // Initialized pointer

When initializing a pointer with the address of another variable, remember that the variable must
already have been declared prior to the pointer declaration.

Of course, you may not want to initialize a pointer with the address of a specific variable when you
declare it. In this case, you can initialize it with the pointer equivalent of zero. For this, Visual C++ pro-
vides the symbol NULL that is already defined as 0, so you can declare and initialize a pointer using the
following statement, rather like you did in the last example:

int* pnumber = NULL; // Pointer not pointing to anything
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This ensures that the pointer doesn’t contain an address that will be accepted as valid and provides the
pointer with a value that you can check in an if statement, such as:

if (pnumber == NULL)
cout << endl << "pnumber is null.";

Of course, you can also initialize a pointer explicitly with 0, which also ensures that it is assigned a value
that doesn’t point to anything. No object can be allocated the address 0, so in effect 0 used as an address
indicates that the pointer has no target. In spite of it being arguably somewhat less legible, if you expect
to run your code with other compilers, it is preferable to use 0 as an initializing value for a pointer that
you want to be null.

This is also more consistent with the current ‘good practice’ in ISO/ANSI C++, the argument being

that if you have an object with a name in C++, it should have a type; however, NULL does not have a

type — it’s an alias for 0. As you’ll see later in this chapter, things are a little different in C++/CLI
To use 0 as the initializing value for a pointer you simply write:

int* pnumber = 0; // Pointer not pointing to anything

To check whether a pointer contains a valid address, you could use the statement:

if (pnumber == 0)
cout << endl << "pnumber is null.";

Equally well, you could use the statement:

if (!pnumber)
cout << endl << "pnumber is null.";

This statement does exactly the same as the previous example.
Of course, you can also use the form:

if (pnumber != 0)
// Pointer is valid, so do something useful

The address pointed to by the NULL pointer contains a junk value. You should never attempt to de-ref-
erence a null pointer, because it will cause your program to end immediately.

Pointers to char
A pointer of type char* has the interesting property that it can be initialized with a string literal. For
example, we can declare and initialize such a pointer with the statement:

char* proverb = "A miss is as good as a mile.";

This looks similar to initializing a char array, but it’s slightly different. This creates a string literal (actu-
ally an array of type const char) with the character string appearing between the quotes and termi-
nated with /0, and store the address of the literal in the pointer proverb. The address of the literal will
be the address of its first character. This is shown in Figure 4-6.
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1. The pointer proverb is created.

3. The address of the string is stored in the pointer. proverb

> 1000

Address: 1000

A

(Al [m[i]s|s| [i]s] [a]s| |glofofd] [a]s| |a| [m[i]i]e].]\]

2. The constant string is created, terminated with \0.
Figure 4-6

Try It Out Lucky Stars With Pointers

You could rewrite the lucky stars example using pointers instead of an array to see how that
would work:

// Ex4_06.cpp

// Initializing pointers with strings
#include <iostream>

using std::cin;

using std::cout;

using std::endl;

int main/()

{
char* pstrl = "Robert Redford";
char* pstr2 = "Hopalong Cassidy";

char* pstr3 = "Lassie";

char* pstr4d = "Slim Pickens";

char* pstr5 = "Boris Karloff";

char* pstr6 = "Oliver Hardy";

char* pstr = "Your lucky star is ";

int dice = 0;

cout << endl

<< " Pick a lucky star!"

<< " Enter a number between 1 and 6: ";
cin >> dice;

cout << endl;
switch(dice)
{
case 1: cout << pstr << pstrl;
break;

case 2: cout << pstr << pstr2;
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break;

case 3: cout << pstr << pstr3;
break;

case 4: cout << pstr << pstr4;
break;

case 5: cout << pstr << pstr5;
break;

case 6: cout << pstr << pstré6;
break;

default: cout << "Sorry, you haven't got a lucky star.";

}

cout << endl;
return 0;

How It Works

The array in Ex4_04 . cpp has been replaced by the six pointers, pstrl to pstré6, each initialized with a
name. You also have declared an additional pointer, pstr, initialized with the phrase that you want to
use at the start of a normal output line. Because you have discrete pointers, it is easier to use a switch
statement to select the appropriate output message than to use an if as you did in the original version.
Any incorrect values entered are all taken care of by the default option of the switch.

Outputting the string pointed to by a pointer couldn’t be easier. As you can see, you simply write the
pointer name. It may cross your mind at this point that in Ex4_05 . cpp you wrote a pointer name in the
output statement and the address that it contained was displayed. Why is it different here? The answer
lays in the way the output operation views a pointer of type ‘pointer to char’. It treats a pointer of this
type in a special way in that it regards it as a string (which is an array of char), and so outputs the string
itself, rather than its address.

Using pointers in the example has eliminated the waste of memory that occurred with the array version
of this program, but the program seems a little long-winded now — there must be a better way. Indeed
there is —using an array of pointers.

Try It Out Arrays of Pointers

With an array of pointers of type char, each element can point to an independent string, and the lengths
of each of the strings can be different. You can declare an array of pointers in the same way that you
declare a normal array. Let’s go straight to rewriting the previous example using a pointer array:

// Ex4_07.cpp

// Initializing pointers with strings
#include <iostream>

using std::cin;

using std::cout;

using std::endl;

int main()
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char* pstr[] = { "Robert Redford", // Initializing a pointer array
"Hopalong Cassidy",
"Lassie",
"Slim Pickens",
"Boris Karloff",
"Oliver Hardy"
Ti

char* pstart = "Your lucky star is ";
int dice = 0;
cout << endl
<< " Pick a lucky star!"
<< " Enter a number between 1 and 6: ";

cin >> dice;

cout << endl;

if (dice >= 1 && dice <= 6) // Check input validity
cout << pstart << pstr[dice - 1]; // Output star name
else
cout << "Sorry, you haven't got a lucky star."; // Invalid input

cout << endl;
return 0;

How It Works

In this case, you are nearly getting the best of all possible worlds. You have a one-dimensional array of
pointers to type char declared such that the compiler works out what the dimension should be from the
number of initializing strings. The memory usage that results from this is illustrated in Figure 4-7.

Compared to using a ‘normal’ array, the pointer array carries less overhead in terms of space. With an
array, you would need to make each row the length of the longest string, and six rows of seventeen bytes
each is 102 bytes, so by using a pointer array we have saved a whole -1 bytes! What’s gone wrong? The
simple truth is that for this small number of relatively short strings, the size of the extra array of pointers
is significant. You would make savings if you were dealing with more strings that were longer and had
more variable lengths.

Space saving isn’t the only advantage that you get by using pointers. In a lot of circumstances you save
time too. Think of what happens if you want to move “Oliver Hardy” to the first position and “Robert
Redford” to the end. With the pointer array as above you just need to swap the pointers — the strings
themselves stay where they are. If you had stored these simply as strings, as you did in Ex4_04.cpp, a
great deal of copying would be necessary — you need to copy the whole string “Robert Redford” to a
temporary location while you copied “Oliver Hardy” in its place, and then you need to copy “Robert
Redford” to the end position. This requires significantly more computer time to execute.
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15 bytes
———R[o[ble|r[t] [Rle[d[f|o]r[d]\0]
17 bytes
——{H[o[p[a]t]o[n]g[ [cla[s]s]i[d]y[\]
pstr[O] 7 bytes

pstr{1] ,_’|'-|a|5|3|i|e|\0|

pstr[2] —

pstr[3] — 13 bytes

s LS ] TPTi el el s o)

pstr[5]
Pointer array 24 bytes 14 bytes
——BJofr]ifs] [kla[r[t]o]f][f]\]
13 bytes
———0[1[ifv]e[r] [H[a]r]d]y]v]
Total Memory is 103 bytes
Figure 4-7

Because you are using pstr as the name of the array, the variable holding the start of the output mes-
sage needs to be different; it is called pstart. You select the string that you want to output by means of
a very simple if statement, similar to that of the original version of the example. You either display a
star selection or a suitable message if the user enters an invalid value.

One weakness of the way the program is written is that the code assumes there are six options, even
though the compiler is allocating the space for the pointer array from the number of initializing strings
that you supply. So if you add a string to the list, you have to alter other parts of the program to take
account of this. It would be nice to be able to add strings and have the program automatically adapt to
however many strings there are.

The sizeof Operator

A new operator can help us here. The sizeof operator produces an integer value of type size_t that
gives the number of bytes occupied by its operand. You'll recall from the earlier discussion that size_t
is a type defined by the standard library and is usually the same as unsigned int.

Look at this statement that refers to the variable dice from the previous example:

cout << sizeof dice;

The value of the expression sizeof dice is 4 because dice was declared as type int and therefore
occupies 4 bytes. Thus this statement outputs the value 4.
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The sizeof operator can be applied to an element in an array or to the whole array. When the operator
is applied to an array name by itself, it produces the number of bytes occupied by the whole array,
whereas when it is applied to a single element with the appropriate index value or values, it results in
the number of bytes occupied by that element. Thus, in the last example, we could output the number of
elements in the pstr array with the expression:

cout << (sizeof pstr)/(sizeof pstr[0]);

The expression (sizeof pstr)/(sizeof pstr[0]) divides the number of bytes occupied by the
whole pointer array by the number of bytes occupied by the first element of the array. Because each ele-
ment in the array occupies the same amount of memory, the result is the number of elements in the
array.

Remember that pstr is an array of pointers — using the sizeof operator on the array or on individ-
ual elements will not tell us anything about the memory occupied by the text strings.

You can also apply the sizeof operator to a type name rather than a variable, in which case the result is
the number of bytes occupied by a variable of that type. In this case the type name should be enclosed
between parentheses. For example, after executing the statement,

size_t_size = sizeof (long);

the variable long_size will have the value 4. The variable size is declared to be of type size_t to
match the type of the value produced by the sizeof operator. Using a different integer type for size
may result in a warning message from the compiler.

Try It Out Using the sizeof Operator

You can amend the last example to use the sizeof operator so that the code automatically adapts to an
arbitrary number of string values from which to select:

// Ex4_08.cpp

// Flexible array management using sizeof
#include <iostream>

using std::cin;

using std::cout;

using std::endl;

int main()
{
char* pstr[] = { "Robert Redford", // Initializing a pointer array
"Hopalong Cassidy",
"Lassie",

"Slim Pickens",

"Boris Karloff",

"Oliver Hardy"
}i

char* pstart = "Your lucky star is ";
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int count = (sizeof pstr)/(sizeof pstr[0]); // Number of array elements
int dice = 0;
cout << endl

<< " Pick a lucky star!"

<< " Enter a number between 1 and " << count << ": ";

cin >> dice;

cout << endl;

if (dice >= 1 && dice <= count) // Check input validity
cout << pstart << pstr[dice - 1]; // Output star name
else
cout << "Sorry, you haven't got a lucky star."; // Invalid input

cout << endl;
return 0;

How It Works

As you can see, the changes required in the example are very simple. We just calculate the number of
elements in the pointer array pstr and store the result in count. Then, wherever the total number of ele-
ments in the array was referenced as 6, we just use the variable count. You could now just add a few
more names to the list of lucky stars and everything affected in the program is adjusted automatically.

Constant Pointers and Pointers to Constants

The array pstr in the last example is clearly not intended to be modified in the program, and nor are the
strings being pointed to, nor the variable count. It would be a good idea to ensure that these didn’t get
modified by mistake in the program. You could very easily protect the variable count from accidental
modification by writing this:

const int count = (sizeof pstr)/(sizeof pstr[0]);
However, the array of pointers deserves closer examination. You declared the array like this:

char* pstr[] = { "Robert Redford", // Initializing a pointer array
"Hopalong Cassidy",
"Lassie",
"Slim Pickens",
"Boris Karloff",
"Oliver Hardy"
b2

Each pointer in the array is initialized with the address of a string literal, “Robert Redford,” “Hopalong
Cassidy,” and so on. The type of a string literal is “array of const char’ so you are storing the address

of a const array in a non-const pointer. The reason the compiler allows us to use a string literal to ini-
tialize an element of an array of char* is for reasons of backwards compatibility with existing code.
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If you try to alter the character array with a statement like this:
*pstr[0] = "Stan Laurel";

the program does not compile.

If you were to reset one of the elements of the array to point to a character using a statement like this:
*pstr[0] = 'X';

the program compiles but crashes when this statement was executed.

You don’t really want to have unexpected behavior like the program crashing at run time, and you can
prevent it. A far better way of writing the declaration is as follows:

const char* pstr[] = { "Robert Redford", // Array of pointers
"Hopalong Cassidy", // to constants
"TLassie",

"Slim Pickens",

"Boris Karloff",

"Oliver Hardy"
b5

In this case, there is no ambiguity about the const-ness of the strings pointed to by the elements of the
pointer array. If you now attempt to change these strings, the compiler flags this as an error at compile
time.

However, you could still legally write this statement:
pstr[0] = pstrll];

Those lucky individuals due to be awarded Mr. Redford would get Mr. Cassidy instead because both
pointers now point to the same name. Note that this isn’t changing the values of the objects pointed to
by the pointer array element — it is changing the value of the pointer stored in pstr [0]. You should
therefore inhibit this kind of change as well because some people may reckon that good old Hoppy may
not have the same sex appeal as Robert. You can do this with the following statement:

// Array of constant pointers to constants
const char* const pstr[] = { "Robert Redford",
"Hopalong Cassidy",
"Lassie",
"Slim Pickens",
"Boris Karloff",
"Oliver Hardy"
}i

To summarize, you can distinguish three situations relating to const, pointers and the objects to which
they point:

Q A pointer to a constant object
0 A constant pointer to an object

0 A constant pointer to a constant object
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In the first situation, the object pointed to cannot be modified, but we can set the pointer to point to
something else:

const char* pstring = "Some text";
In the second, the address stored in the pointer can’t be changed, but the object pointed to can be:
char* const pstring = "Some text";

Finally, in the third situation, both the pointer and the object pointed to have been defined as constant
and, therefore, neither can be changed:

const char* const pstring = "Some text";

Of course, all this applies to pointers to any type. A pointer to type char is used here purely for illus-
trative purposes.

Pointers and Arrays

Array names can behave like pointers under some circumstances. In most situations, if you use the name
of a one-dimensional array by itself, it is automatically converted to a pointer to the first element of the
array. Note that this is not the case when the array name is used as the operand of the sizeof operator.

If we have these declarations,

double* pdata;
double datal[5];

you can write this assignment:

pdata = data; // Initialize pointer with the array address
This is assigning the address of the first element of the array data to the pointer pdata. Using the array
name by itself refers to the address of the array. If you use the array name data with an index value, it

refers to the contents of the element corresponding to that index value. So, if you want to store the
address of that element in the pointer, you have to use the address-of operator:

pdata = &datall];
Here, the pointer pdata contains the address of the second element of the array.

Pointer Arithmetic

You can perform arithmetic operations with pointers. You are limited to addition and subtraction in
terms of arithmetic, but you can also perform comparisons of pointer values to produce a logical result.
Arithmetic with a pointer implicitly assumes that the pointer points to an array, and that the arithmetic
operation is on the address contained in the pointer. For the pointer pdata for example, we could assign
the address of the third element of the array data to a pointer with this statement:

pdata = &datal[2];
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In this case, the expression pdata+1 would refer to the address of data[3], the fourth element of the
data array, so you could make the pointer point to this element by writing this statement:

pdata += 1; // Increment pdata to the next element
This statement increments the address contained in pdata by the number of bytes occupied by one ele-
ment of the array data. In general, the expression pdata+n, where n can be any expression resulting in

an integer, adds n*sizeof (double) to the address contained in the pointer pdata because it was
declared to be of type pointer to double. This is illustrated in Figure 4-8.

double data[5];

data[O] data[1] data[2] data[3] data[4]
|IIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIII
-
Each element
occupies 8 bytes Address
pdata+1 pdata+2

pdata = &data[2];
Figure 4-8

In other words, incrementing or decrementing a pointer works in terms of the type of the object pointed
to. Increasing a pointer to Long by one changes its contents to the next 1ong address and so increments
the address by four. Similarly, incrementing a pointer to short by one increments the address by two.
The more common notation for incrementing a pointer is using the increment operator. For example:

pdata++; // Increment pdata to the next element
This is equivalent to (and more common than) the += form. However, I used the preceding += form to
make it clear that although the increment value is actually specified as one, the effect is usually an incre-
ment greater than one, except in the case of a pointer to type char.

The address resulting from an arithmetic operation on a pointer can be a value ranging from the address

of the first element of the array to the address that is one beyond the last element. Outside of these lim-

its, the behavior of the pointer is undefined.

You can, of course, de-reference a pointer on which you have performed arithmetic (there wouldn’t be
much point to it otherwise). For example, assuming that pdata is still pointing to data[2], this statement,

*(pdata + 1) = *(pdata + 2);
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is equivalent to this:

datal[3] = datal4];

When you want to de-reference a pointer after incrementing the address it contains, the parentheses are
necessary because the precedence of the indirection operator is higher than that of the arithmetic opera-
tors, + or -. If you write the expression *pdata + 1,instead of * (pdata + 1), this adds one to the
value stored at the address contained in pdata, which is equivalent to executing data[2] + 1.Because
this isn’t an lvalue, its use in the previous assignment statement causes the compiler to generate an error
message.

You can use an array name as though it were a pointer for addressing elements of an array. If you have
the same one-dimensional array as before, declared as

long datal5];

using pointer notation, you can refer to the element data[3] for example as * (data + 3). This kind of
notation can be applied generally so that, corresponding to the elements data[0], data[1], data[2],
you can write *data, * (data + 1), * (data+2), and so on.

Try It Out Array Names as Pointers

You could exercise this aspect of array addressing with a program to calculate prime numbers (a prime
number is divisible only by itself and one).

// Ex4_09.cpp

// Calculating primes
#include <iostream>
#include <iomanip>
using std::cout;
using std::endl;
using std::setw;

int main()
{
const int MAX = 100; // Number of primes required
long primes[MAX] = { 2,3,5 }; // First three primes defined
long trial = 5; // Candidate prime
int count = 3; // Count of primes found
int found = 0; // Indicates when a prime is found
do
{
trial += 2; // Next value for checking
found = 0; // Set found indicator
for(int i = 0; 1 < count; 1++) // Try division by existing primes
{
found = (trial % *(primes + 1)) == 0;// True for exact division
if (found) // If division is exact
break; // it's not a prime
if (found == 0) // We got one...
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*(primes + count++) = trial; // ...so save it in primes array
}while (count < MAX) ;

// Output primes 5 to a line
for(int 1 = 0; 1 < MAX; 1++)
{
if(i % 5 == 0) // New line on lst, and every 5th line
cout << endl;
cout << setw(1l0) << *(primes + 1);
}
cout << endl;
return 0;

If you compile and execute this example, you should get the following output:

2 3 5 7 11
13 17 19 23 29
31 37 41 43 47
53 59 61 67 71
73 79 83 89 97

101 103 107 109 113
127 131 137 139 149
151 157 163 167 173
179 181 191 193 197
199 211 223 227 229
233 239 241 251 257
263 269 271 277 281
283 293 307 311 313
317 331 337 347 349
353 359 367 373 379
383 389 397 401 409
419 421 431 433 439
443 449 457 461 463
467 479 487 491 499
503 509 521 523 541

How It Works

You have the usual #include statements for the <iostream> header file for input and output and for
<iomanip>because you will use a stream manipulator to set the field width for output.

You use the constant MAX to define the number of primes that you want the program to produce. The
primes array, which stores the results, has the first three primes already defined to start the process off.
All the work is done in two loops: the outer do-while loop, which picks the next value to be checked
and adds the value to the primes array if it is prime, and the inner for loop that actually checks the
value to see whether it’s prime or not.

The algorithm in the for loop is very simple and is based on the fact that if a number is not a prime, it

must be divisible by one of the primes found so far —all of which are less than the number in question
because all numbers are either prime or a product of primes. In fact, only division by primes less than or
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equal to the square root of the number in question need to be checked, so this example isn’t as efficient
as it might be.

Q

found = (trial % *(primes + 1)) == 0; // True for exact division

This statement sets the variable found to be 1 if there’s no remainder from dividing the value in trial
by the current prime * (primes + i) (remember that this is equivalent to primes[i]), and 0 otherwise.
The 1if statement causes the for loop to be terminated if found has the value 1 because the candidate in
trial can’t be a prime in that case.

After the for loop ends (for whatever reason), it’s necessary to decide whether or not the value in trial
was prime. This is indicated by the value in the indicator variable found.

* (primes + count++) = trial; // ...so save it in primes array

If trial does contain a prime, this statement stores the value in primes [count] and then increments
count through the postfix increment operator.

After MAX number of primes have been found, they are output with a field width of 10 characters, 5 to a
line, as a result of this statement:

if(i $ 5 == 0) // New line on lst, and every 5th line
cout << endl;

This starts a new line when i has the values 0, 5, 10, and so on.

Try It Out Counting Characters Revisited

To see how handling strings works in pointer notation, you could produce a version of the program you
looked at earlier for counting the characters in a string:

// Ex4_10.cpp

// Counting string characters using a pointer
#include <iostream>

using std::cin;

using std::cout;

using std::endl;

int main()

{
const int MAX = 80; // Maximum array dimension
char buffer [MAX]; // Input buffer
char* pbuffer = buffer; // Pointer to array buffer
cout << endl // Prompt for input

<< "Enter a string of less than "
<< MAX << " characters:"
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<< endl;
cin.getline (buffer, MAX, '\n'); // Read a string until \n
while (*pbuffer) // Continue until \0
pbuffer++;

cout << endl

<< "The string \"" << buffer

<< "\" has " << pbuffer - buffer << " characters.";
cout << endl;
return 0;

Here’s an example of typical output from this example:

Enter a string of less than 80 characters:

The tigers of wrath are wiser than the horses of instruction.

The string "The tigers of wrath are wiser than the horses of instruction." has 61
characters.

How It Works

Here the program operates using the pointer pbuf fer rather than the array name buf fer. You don’t
need the count variable because the pointer is incremented in the while loop until ‘\0" is found. When
the “\0"' character is found, pbuf fer will contain the address of that position in the string. The count

of the number of characters in the string entered is therefore the difference between the address stored
in the pointer pbuf fer and the address of the beginning of the array denoted by buffer.

You could also have incremented the pointer in the loop by writing the loop like this:
while (*pbuffer++) ; // Continue until \0

Now the loop contains no statements, only the test condition. This would work adequately, except for
the fact that the pointer would be incremented after \ 0 was encountered, so the address would be one
more than the last position in the string. You would therefore need to express the count of the number of
characters in the string as pbuffer - buffer - 1.

Note that here you can’t use the array name in the same way that you have used the pointer. The expres-
sion buf fer++ is strictly illegal because you can’t modify the address value that an array name repre-
sents. Even though you can use an array name in an expression as though it is a pointer, it isn’t a pointer,
because the address value that it represents is fixed.

Using Pointers with Multidimensional Arrays

Using a pointer to store the address of a one-dimensional array is relatively straightforward, but with
multidimensional arrays, things can get a little complicated. If you don’t intend to do this, you can skip
this section as it’s a little obscure; however, if you have previous experience with C, this section is worth
a glance.
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If you have to use a pointer with multidimensional arrays, you need to keep clear in your mind what is
happening. By way of illustration, you can use an array beans, declared as follows:

double beans[3][4];
You can declare and assign a value to the pointer pbeans as follows:

double* pbeans;
pbeans = &beans[0] [0];

Here you are setting the pointer to the address of the first element of the array, which is of type double.
You could also set the pointer to the address of the first row in the array with the statement:

pbeans = beans[0];

This is equivalent to using the name of a one-dimensional array which is replaced by its address. We
used this in the earlier discussion; however, because beans is a two-dimensional array, you cannot set an
address in the pointer with the following statement:

pbeans = beans; // Will cause an error!!

The problem is one of type. The type of the pointer you have defined is double*, but the array is of type
double[3] [4]. A pointer to store the address of this array must be of type double* [4]. C++ associates
the dimensions of the array with its type and the statement above is only legal if the pointer has been
declared with the dimension required. This is done with a slightly more complicated notation than you
have seen so far:

double (*pbeans) [4];
The parentheses here are essential; otherwise, you would be declaring an array of pointers. Now the pre-

vious statement is legal, but this pointer can only be used to store addresses of an array with the dimen-
sions shown.

Pointer Notation with Multidimensional Arrays

You can use pointer notation with an array name to reference elements of the array. You can reference
each element of the array beans that you declared earlier, which had three rows of four elements, in
two ways:

Q  Using the array name with two index values.

Q  Using the array name in pointer notation
Therefore, the following two statements are equivalent:

beans[i] [J]
*(*(beans + 1) + 3J)

Let’s look at how these work. The first line uses normal array indexing to refer to the element with offset
j in row 1i of the array.
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You can determine the meaning of the second line by working from the inside, outwards. beans refers to
the address of the first row of the array, so beans + i refers to row i of the array. The expression

* (beans + i) isthe address of the first element of row i, so * (beans + i) + j isthe address of the
element in row i with offset j. The whole expression therefore refers to the value of that element.

If you really want to be obscure —and it isn’t recommended that you should be — the following two
statements, where you have mixed array and pointer notation, are also legal references to the same ele-
ment of the array:

* (beans[i] + J)
(* (beans + 1)) [J]

There is yet another aspect to the use of pointers that is really the most important of all: the ability to
allocate memory for variables dynamically. You'll look into that next.

Dynamic Memory Allocation

Working with a fixed set of variables in a program can be very restrictive. The need often arises within
an application to decide the amount of space to be allocated for storing different types of variables at
execution time, depending on the input data for the program. With one set of data it may be appropriate
to use a large integer array in a program, whereas with a different set of input data, a large floating-point
array may be required. Obviously, because any dynamically allocated variables can’t have been defined
at compile time, they can’t be named in your source program. When they are created, they are identified
by their address in memory, which is contained within a pointer. With the power of pointers and the
dynamic memory management tools in Visual C++ 2005, writing your programs to have this kind of
flexibility is quick and easy.

The Free Store, Alias the Heap

In most instances, when your program is executed, there is unused memory in your computer. This
unused memory is called the heap in C++, or sometimes the free store. You can allocate space within the
free store for a new variable of a given type using a special operator in C++ that returns the address of
the space allocated. This operator is new, and it’s complemented by the operator delete, which de-allocates
memory previously allocated by new.

You can allocate space in the free store for some variables in one part of a program, and then release the
allocated space and return it to the free store after you have finished with the variables concerned. This
makes the memory available for reuse by other dynamically allocated variables, later in the same program.

You would want to use memory from the free store whenever you need to allocate memory for items
that can only be determined at run-time. One example of this might be allocating memory to hold a
string entered by the user of your application. There is no way you can know in advance how large this
string needs to be, so you would allocate the memory for the string at run time, using the new operator.
Later, you'll look at an example of using the free store to dynamically allocate memory for an array,
where the dimensions of the array are determined by the user at run time.

192



Arrays, Strings, and Pointers

This can be a very powerful technique; it enables you to use memory very efficiently, and in many cases,
it results in programs that can handle much larger problems, involving considerably more data than
otherwise might be possible.

The new and delete Operators

Suppose that you need space for a double variable. You can define a pointer to type double and then
request that the memory be allocated at execution time. You can do this using the operator new with the
following statements:

double* pvalue = NULL; // Pointer initialized with null
pvalue = new double; // Request memory for a double variable

This is a good moment to recall that all pointers should be initialized. Using memory dynamically typically
involves a number of pointers floating around, so it’s important that they should not contain spurious
values. You should try to arrange that if a pointer doesn’t contain a legal address value, it is set to 0.

The new operator in the second line of code above should return the address of the memory in the free
store allocated to a double variable, and this address is stored in the pointer pvalue. You can then use
this pointer to reference the variable using the indirection operator as you have seen. For example:

*pvalue = 9999.0;

Of course, the memory may not have been allocated because the free store had been used up, or because
the free store is fragmented by previous usage, meaning that there isn’t a sufficient number of contigu-
ous bytes to accommodate the variable for which you want to obtain space. You don’t have to worry too
much about this, however. With ANSI standard C++, the new operator will throw an exception if the mem-
ory cannot be allocated for any reason, which terminates your program. Exceptions are a mechanism for
signaling errors in C++ and you’ll learn about these in Chapter 6.

You can also initialize a variable created by new. Taking the example of the double variable that was
allocated by new and the address stored in pvalue, you could have set the value to 999.0 as it was cre-
ated with this statement:

pvalue = new double(999.0); // Allocate a double and initialize it

When you no longer need a variable that has been dynamically allocated, you can free up the memory
that it occupies in the free store with the delete operator:

delete pvalue; // Release memory pointed to by pvalue
This ensures that the memory can be used subsequently by another variable. If you don’t use delete,
and subsequently store a different address value in the pointer pvalue, it will be impossible to free up

the memory or to use the variable that it contains because access to the address is lost. In this situation,
you have what is referred to as a memory leak, especially when this situation recurs in your program.
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Allocating Memory Dynamically for Arrays

Allocating memory for an array dynamically is very straightforward. If you wanted to allocate an array
of type char, assuming pstr is a pointer to char, you could write the following statement:

pstr = new char[20]; // Allocate a string of twenty characters
This allocates space for a char array of 20 characters and stores its address in pstr.

To remove the array that you have just created in the free store, you must use the delete operator. The
statement would look like this:

delete [] pstr; // Delete array pointed to by pstr

Note the use of square brackets to indicate that what you are deleting is an array. When removing arrays
from the free store, you should always include the square brackets or the results are unpredictable. Note
also that you do not specify any dimensions here, simply [].

Of course, the pstr pointer now contains the address of memory that may already have been allocated
for some other purpose so it certainly should not be used. When you use the delete operator to discard
some memory that you previously allocated, you should always reset the pointer to 0, like this:

pstr = 0; // Set pointer to null

Try It Out Using Free Store

You can see how dynamic memory allocation works in practice by rewriting the program that calculates
an arbitrary number of primes, this time using memory in the free store to store them.

// Ex4_11.cpp

// Calculating primes using dynamic memory allocation
#include <iostream>

#include <iomanip>

using std::cin;

using std::cout;

using std::endl;

using std::setw;

int main()
{
long* pprime = 0; // Pointer to prime array
long trial = 5; // Candidate prime
int count = 3; // Count of primes found
int found = 0; // Indicates when a prime is found
int max = 0; // Number of primes required

cout << endl
<< "Enter the number of primes you would like (at least 4): ";
cin >> max; // Number of primes required

if (max < 4) // Test the user input, if less than 4
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max = 4; // ensure it is at least 4

pprime = new long[max];

*pprime = 2; // Insert three
* (pprime + 1) = 3; // seed primes
*(pprime + 2) = 5;
do
{
trial += 2; // Next value for checking
found = 0; // Set found indicator
for(int 1 = 0; 1 < count; 1++) // Division by existing primes
{
found =(trial % *(pprime + 1)) == 0;// True for exact division
1f (found) // If division is exact
break; // it's not a prime
}
if (found == 0) // We got one...
* (pprime + count++) = trial; // ...so save it in primes array

} while(count < max) ;

// Output primes 5 to a line
for(int i = 0; 1 < max; 1++)
{
1f(1 % 5 == 0) // New line on lst, and every 5th line
cout << endl;
cout << setw(10) << *(pprime + i);

}

delete [] pprime; // Free up memory
pprime = 0; // and reset the pointer
cout << endl;

return 0;

Here’s an example of the output from this program:

Enter the number of primes you would like (at least 4): 20

2 3 5 7 11
13 17 19 23 29
31 37 41 43 47
53 59 61 67 71

How It Works

In fact, the program is similar to the previous version. After receiving the number of primes required in
the int variable max, you allocate an array of that size in the free store using the operator new. Note that
you have made sure that max can be no less than 4. This is because the program requires space to be allo-
cated in the free store for at least the three seed primes, plus one new one. You specify the size of the
array that is required by putting the variable max between the square brackets following the array type
specification:

pprime = new long[max];
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You store the address of the memory area that is allocated by new in the pointer pprime. The program
would terminate at this point if the memory could not be allocated.

After the memory that stores the prime values has been successfully allocated, the first three array ele-
ments are set to the values of the first three primes:

*pprime = 2; // Insert three
* (pprime + 1) = 3; // seed primes
* (pprime + 2) = 5;

You are using the dereference operator to access the first three elements of the array. As you saw earlier,
the parentheses in the second and third statements because the precedence of the * operators is higher
than that of the + operator.

You can’t specify initial values for elements of an array that you allocate dynamically. You have to use
explicit assignment statements if you want to set initial values for elements of the array.

The calculation of the prime numbers is exactly as before; the only change is that the name of the pointer
you have here, pprime, is substituted for the array name, primes, that you used in the previous version.
Equally, the output process is the same. Acquiring space dynamically is really not a problem at all. After

it has been allocated, it in no way affects how the computation is written.

After you finish with the array, you remove it from the free store using the delete operator, remember-
ing to include the square brackets to indicate that it is an array you are deleting.

delete [] pprime; // Free up memory
Although it’s not essential here, you also set the pointer to 0:
pprime = 0; // and reset the pointer

All memory allocated in the free store is released when your program ends, but it is good to get into the
habit of resetting pointers to 0 when they no longer point to valid memory areas.

Dynamic Allocation of Multidimensional Arrays

Allocating memory in the free store for a multidimensional array involves using the new operator in a
slightly more complicated form than that for a one-dimensional array. Assuming that you have already
declared the pointer pbeans appropriately, to obtain the space for the array beans[3] [4] that you used
earlier in this chapter, you could write this:

pbeans = new double [3][4]; // Allocate memory for a 3x4 array

You just specify both array dimensions between square brackets after the type name for the array
elements.

Allocating space for a three-dimensional array simply requires that you specify the extra dimension with
new, as in this example:

pBigArray = new double [5][10]([10]; // Allocate memory for a 5x10x10 array
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However many dimensions there are in the array that has been created, to destroy it and release the
memory back to the free store you write the following:

delete [] pBigArray; // Release memory for array

You always use just one pair of square brackets following the delete operator, regardless of the dimen-
sionality of the array with which you are working.

You have already seen that you can use a variable as the specification of the dimension of a one-dimen-

sional array to be allocated by new. This extends to two or more dimensions but with the restriction that
only the leftmost dimension may be specified by a variable. All the other dimensions must be constants
or constant expressions. So you could write this:

pBigArray = new double[max][10][10];

where max is a variable; however, specifying a variable for any dimension other than the left most causes
an error message to be generated by the compiler.

Using References

A reference appears to be similar to a pointer in many respects, which is why I'm introducing it here,
but it really isn’t the same thing at all. The real importance of references becomes apparent only when
you get to explore their use with functions, particularly in the context of object-oriented programming.
Don’t be misled by its simplicity and what might seem to be a trivial concept. As you will see later, refer-
ences provide some extraordinarily powerful facilities and in some contexts enable you to achieve
results that would be impossible without using them.

What Is a Reference?

A reference is an alias for another variable. It has a name that can be used in place of the original vari-
able name. Because it is an alias and not a pointer, the variable for which it is an alias has to be specified
when the reference is declared, and unlike a pointer, a reference can’t be altered to represent another
variable.

Declaring and Initializing References

Suppose that you have declared a variable as follows:
long number = 0;

You can declare a reference for this variable using the following declaration statement:
long& rnumber = number; // Declare a reference to variable number

The ampersand following the type name long and preceding the variable name rnumber, indicates that
a reference is being declared and the variable name it represents, number, is specified as the initializing
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value following the equals sign; therefore, the variable rnumber is of type ‘reference to 1ong’. You can
now use the reference in place of the original variable name. For example, this statement,

rnumber += 10;

has the effect of incrementing the variable number by 10.

Let’s contrast the reference rnumber with the pointer pnumber, declared in this statement:
long* pnumber = &number; // Initialize a pointer with an address

This declares the pointer pnumber, and initializes it with the address of the variable number. This then
allows the variable number to be incremented with a statement such as:

*pnumber += 10; // Increment number through a pointer

There is a significant distinction between using a pointer and using a reference. The pointer needs to be
de-referenced and whatever address it contains is used to access the variable to participate in the expres-
sion. With a reference, there is no need for de-referencing. In some ways, a reference is like a pointer that
has already been de-referenced, although it can’t be changed to reference another variable. The reference
is the complete equivalent of the variable for which it is a reference. A reference may seem like just an
alternative notation for a given variable, and here it certainly appears to behave like that. However,
you'll see when I discuss functions in C++ that this is not quite true and that it can provide some very
impressive extra capabilities.

C++/CLI Programming

Dynamic memory allocation works differently with the CLR, and the CLR maintains its own memory
heap that is independent of the native C++ heap. The CLR automatically deletes memory that you allo-
cate on the CLR heap when it is no longer required, so you do not need to use the delete operator in a
program written for the CLR. The CLR may also compact heap memory to avoid fragmentation from
time to time. Thus at a stroke, the CLR eliminates the possibility of memory leaks and memory fragmen-
tation. The management and clean-up of the heap that the CLR provides is described as garbage collec-
tion(the garbage being your discarded variables and objects and the heap that is managed by the CLR is
called the garbage-collected heap. You use the gcnew operator instead of new to allocate memory in a
C++/CLI, program and the ‘gc’” prefix is a cue to the fact that you are allocating memory on the garbage-
collected heap and not the native C++ heap where all the housekeeping is down to you.

The CLR garbage collector is able to delete objects and release the memory that they occupy when they
are no longer required. An obvious question arises: how does the garbage collector know when an object
on the heap is no longer required? The answer is quite simple; the CLR keeps track of every variable that
references each object in the heap and when there are no variables containing the address of a given
object, the object can no longer be referred to in a program and therefore can be deleted.

Because the garbage collection process can involving compacting of the heap memory area to remove
fragmented unused blocks of memory, the addresses of data item that you have stored in the heap can
change. Consequently you cannot use ordinary native C++ pointers with the garbage-collected heap
because if the location of the data pointed to changes, the pointer will no longer be valid. You need a
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way to access objects on the heap that enables the address to be updated when the garbage collector
relocates the data item in the heap. This capability is provided in two ways: by a tracking handle (also
referred to simply as a handle) that is analogous to a pointer in native C++ and by a tracking reference
that provides the equivalent of a native C++ reference in a CLR program.

Tracking Handles

A tracking handle has similarities to a native C++ pointer but there are significant differences, too. A
tracking handle does store an address, and the address it contains is automatically updated by the
garbage collector if the object it references is moved during compaction of the heap. However, you can-
not perform address arithmetic with a tracking pointer as you can with a native pointer and casting of a
tracking handle is not permitted

All objects created in the CLR heap must be referenced by a tracking handle. All objects that are refer-
ence class types are stored in the heap and therefore the variables you create to refer to such objects must
be tracking handles. For instance, the String class type is a reference class type so variables that refer-
ence String objects must be tracking handles. The memory for value class types is allocated on the
stack by default, but you can choose to store values in the heap by using the gcnew operator. This is also
a good time to remind you of a point I mentioned in Chapter 2(that variables allocated on the CLR heap,
which includes all CLR reference types, cannot be declared at global scope.

Declaring Tracking Handles

You specify a handle for a type by placing the ~ symbol (commonly referred to as a ‘hat’) following the
type name. For example, here’s how you could declare a tracking handle with the name proverb that
can store the address of a String object:

String” proverb;
This defines the variable proverb to be a tracking handle of type String”. When you declare a handle
it is automatically initialized with null, so it will not refer to anything. To explicitly set a handle to null
you use the keyword nullptr like this:

proverb = nullptr; // Set handle to null
Note that you cannot use 0 to represent null here, as you can with native pointers. If you initialize a han-
dle with 0, the value 0 is converted to the type of object that the handles references and the address of

this new object is stored in the handle.

Of course, you can initialize a handle explicitly when you declare it. Here’s another statement that
defines a handle to a String object

String” saying = L"I used to think I was indecisive but now I'm not so sure";
This statement creates a String object on the heap that contains the string on the right of the assign-
ment; the address of the new object is stored in saying. Note that the type of the string literal is const

wchar_t*, not type String. The way the String class has been defined makes it possible for such a lit-
eral to be used to create an object of type String.
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Here’s how you could create a handle for a value type:
int”® value = 99;

This statement creates the handle value of type int~ and the value it points to on the heap is initialized
to 99. Remember that you have created a kind of pointer so value cannot participate in arithmetic oper-
ations without dereferencing it. To dereference a tracking handle you use the * operator in the same way
as for native pointers. For example, here is a statement that uses the value pointed to by a tracking han-
dle in an arithmetic operation:

int result = 2*(*value)+15;

the expression *value between the parentheses accesses the integer stored at the address held in the
tracking handle so the variable result is set to 213.

Note that when you use a handle of the right of an assignment, there’s no need to explicitly dereference
it to store a result; the compiler takes care of it for you. For example:

int”® result = 0;
result = 2*(*value)+15;

Here you first create the handle result that points to a value 0 on the heap. Note that this results in a
warning from the compiler because it deduces that you might intend to initialize the handle to null and
this is not the way to do that. Because result appears on the left of an assignment in the next statement
and the right hand side produces a value, the compiler is able to determine that result must be derefer-
enced to store the value. Of course, you could write it explicitly like this:

*result = 2*(*value)+15;

Note that this works only if result has actually been defined. If result has only been declared, when
you execute the code you get a runtime error. For example:

int”® result; // Declaration but no definition
*result = 2*(*value)+15; // Error message - unhandled exception

Because you are derefencing result in the second statement, you are implying that the object pointed to
already exists. Because this is not the case you get a run-time error. The first statement is a declaration of
the handle, result, and this is set to null by default and you cannot dereference a null handle. If you don't
explicitly dereference result in the second statement, everything works as it should because the result
of the expression on the right of the assignment is a value class type and its address is stored in result.

CLR Arrays

CLR arrays are different from the native C++ arrays. Memory for a CLR array is allocated on the
garbage-collected heap, but there’s more to it than that. CLR arrays have built-in functionality that you
don’t get with native C++ arrays, as you'll see shortly. You specify an array variable type using the
keyword array. You must also specify the type for the array elements between angled brackets follow-
ing the array keyword, so the general form for a variable to reference a one-dimensional array is
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array<element_type>". Because a CLR array is created on the heap, an array variable is always a
tracking handle. Here’s an example of a declaration for an array variable:

array<int>" data;
The array variable, data, can store a reference to any one-dimensional array of elements of type int.
You can create a CLR array using the gcnew operator at the same time you declare the array variable:
array<int>”" data = gcnew array<int>(100); // Create an array to store 100 integers
This statement creates a one-dimensional array with the name data(note that an array variable is a
tracking handle, so you must not forget the hat following the element type specification between the
angled brackets. The number of elements appears between parentheses following the array type specifi-

cation so this array contains 100 elements each of which can store a value of type int.

Similar to native C++ arrays, CLR array elements are indexed from zero so you could set values for the
elements in the data array like this:

for(int 1 = 0 ; 1<100 ; 1++)
datali] 25 (A5

This loop sets the values of the elements to 2, 4, 6, and so on up to 200. Elements in a CLR array are
objects so here you are storing objects of type Int32 in the array. Of course, these behave like ordinary
integers in arithmetic expressions so the fact that they are objects is transparent in such situations.

In the previous loop, the number of elements appears in the loop as a literal value. It would be better to
use the Length property of the array that records the number of elements, like this:

for(int 1 = 0 ; 1 < data->Length ; i++)
datali] 2% (1+1) ;

To access the Length property, you use the -> operator because data is a tracking handle and works
like a pointer. The Length property records the number of values as a 32-bit integer value. If you need it,
you can get the array length as a 64-bit value through the LongLength property.

You can also iterate over all the elements in an array using the for each loop:

array<int>" values = { 3, 5, 6, 8, 6};
for each(int item in values)
{
item = 2*item + 1;
Console: :Write("{0,5}",item) ;
}

Within the loop, item references each of the elements in the values array in turn. The first statement in
the body of the loop replaces the current element’s value by twice the value plus 1. The second state-
ment in the loop outputs the new value right-justified in a field width of five characters so the output
produced by this code fragment is:

7 11 13 17 13
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An array variable can store the address of any array of the same rank (the rank being the number of
dimensions which in the case of the data array is 1) and element type. For example:

data = gcnew array<int>(45);

This statement creates a new one-dimensional array of 45 elements of type int and stores its address in
data. The original array is discarded.

You can also create an array from a set of initial values for the elements:
array<double>” samples = { 3.4, 2.3, 6.8, 1.2, 5.5, 4.9. 7.4, 1.6};

The size of the array is determined by the number of initial values between the braces, in this case 8, and
the values are assigned to the elements in sequence.

Of course, the elements in an array can be of any type, so you can easily create an array of strings:
array<String”>" names = { "Jack", "Jane", "Joe", "Jessica", "Jim", "Joanna"};

The elements of this array are initialized with the strings that appear between the braces, and the num-
ber of strings determines the number of elements in the array. String objects are created on the CLR
heap so the element type is a tracking handle type, String”.

If you declare the array variable without initializing it, you must explicitly create the array if you want
to use a list of initial values. For example:

array<String”>" names; // Declare the array variable
names = gcnew array<String”>{ "Jack", "Jane", "Joe", "Jessica", "Jim", "Joanna"};

The second statement creates the array and initializes it with the strings between the braces. Without the
explicit gcnew definition the statement will not compile.

You can use the static Clear () function that is defined in the Array class to set any sequence of numeric
elements in an array to zero. You call a static function using the class name and you’ll learn more about
such functions when we explore classes in detail. Here’s an example of how you could use the Clear ()
function:

Array: :Clear (samples, 0, samples->Length) ; // Set all elements to zero
The first argument to Clear () is the array that is to be cleared, the second argument is the index for the
first element to be cleared, and the third argument is the number of elements to be cleared. Thus this
example sets all the elements of the samples array to 0.0. If you apply the Clear () function to an array
of tracking handles such as string”, the elements are set to null, and if you apply it to an array of bool

elements they are set to false.

It’s time to let a CLR array loose in an example.
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Try It Out Using a CLR Array

In this example, you generate an array containing random values and then find the maximum value.
Here’s the code:

// Ex4_12.cpp : main project file.
// Using a CLR array
#include "stdafx.h"

using namespace System;

int main(array<System::String "> “args)
{

array<double>" samples = gcnew array<double>(50);

// Generate random element values

Random” generator = gcnew Random;

for(int 1 = 0 ; i< samples->Length ; i++)
samples([i] = 100.0*generator->NextDouble () ;

// Output the samples
Console: :WriteLine (L"The array contains the following values:");
for(int 1 = 0 ; i< samples->Length ; i++)
{

Console: :Write(L"{0,10:F2}", samples[i]);

if ((1+1)%5 == 0)

Console: :WriteLine() ;

}

// Find the maximum value
double max = 0;
for each(double sample in samples)
if (max < sample)
max = sample;

Console: :WriteLine (L"The maximum value in the array is {0:F2}", max);
return 0;
Typical output from this example looks like this:

The array contains the following values:

30.38 73.93 29.82 93.00 78.14
89.53 75.87 5.98 45.29 89.83

5.25 53.86 11.40 3.34 83.39
69.94 82.43 43.05 32.87 59.50
58.89 96.69 34.67 18.81 72.99
89.60 25.53 34.00 97.35 55.26
52.64 90.85 10.35 46.14 82.03
55.46 93.26 92.96 85.11 10.55
50.50 8.10 29.32 82.98 76.48
83.94 56.95 15.04 21.94 24.81

The maximum value in the array is 97.35
Press any key to continue
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How It Works

You first create an array that stores 50 values of type double:
array<double>”" samples = gcnew array<double>(50);

the array variable, samples must be a tracking handle because CLR arrays are created on the garbage-
collected heap.

You populate the array with pseudo-random values of type double with the following statements:

Random” generator = gcnew Random;
for(int 1 = 0 ; i< samples->Length ; i++)
samples[i] = 100.0*generator->NextDouble() ;

The first statement creates an object of type Random on the CLR heap. A Random object has functions that
will generate pseudo-random values. Here you use the NextDouble () function in the loop, which
returns a random value of type double that lies between 0.0 and 1.0. By multiplying this by 100.0 you get
a value between 0.0 and 100.0. The for loop stores a random value in each element of the samples array.

A Random object also has a Next () function that returns a random non-negative value of type int. If
you supply an integer arqument when you call the Next () function, it will return a random non-negative
integer less than the arqument value. You can also supply two integer arguments that represent the
minimum and maximum values for the random integer to be returned.

The next loop outputs the contents of the array five elements to a line:

Console: :WriteLine(L"The array contains the following values:");
for(int 1 = 0 ; i< samples->Length ; i++)
{
Console: :Write(L"{0,10:F2}", samples[i]);
if((i+1)%5 == 0)
Console: :WriteLine() ;

Within the loop you write the value each element with a field width of 10 and 2 decimal places.
Specifying the field width ensures the values align in columns. You also write a newline character to the
output whenever the expression (i+1) %5 is zero, which is after every fifth element value so you get five
to a line in the output.

Finally you figure out what the maximum element value is:

double max = 0;
for each(double sample in samples)
if (max < sample)
max = sample;

This uses a for each loop just to show that you can. The loop compares max with each element value in

turn and whenever the element is greater than the current value in max, max is set to that value so you
end up with the maximum element value in max.
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You could use a for loop here if you also wanted to record the index position of the maximum element
as well as its value(for example:

double max = 0;
int index = 0;
for (int i = 0 ; i < sample->Length ; i++)
if (max < samples[i])
{
max = samples[i];
index = i;

Sorting One-Dimensional Arrays

The Array class in the System namespace defines a Sort () function that sorts the elements of a one-
dimensional array so that they are in ascending order. To sort an array you just pass the array handle to
the sort () function. Here’s an example:

array<int>" samples = { 27, 3, 54, 11, 18, 2, 16};
Array::Sort (samples) ; // Sort the array elements

for each(int value in samples) // Output the array elements
Console: :Write(L"{0, 8}", value);
Console: :WriteLine() ;

The call to the Sort () function rearranges the values of the elements in the samples array so they are in
ascending sequence. The result of executing this code fragment is:

2 3 11 16 18 27 54

You can also sort a range of elements in an array by supplying two more arguments to the sort () func-
tion specifying the index for the first element of those to be sorted and the number of elements to be
sorted. For example:

array<int>" samples = { 27, 3, 54, 11, 18, 2, 16};
Array::Sort (samples, 2, 3); // Sort elements 2 to 4

This statement sorts the three elements in the samples array that begin at index position 2. After execut-
ing these statements, the elements in the array will have the values:

27 3 11 18 54 2 16

The are several other versions of the Sort () function that you can find if you consult the documentation
but I'll introduce one other that is particularly useful. This version presumes you have two arrays that
are associated so that the elements in the first array represent keys to the corresponding elements in the
second array. For example, you might store names of people in one array and the weights of the individ-
uals in a second array. The Sort () function sorts the array of names in ascending sequence and also
rearrange the elements of the weights array so the weights still match the appropriate person. Let’s try
it in an example.
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Try It Out Sorting Two Associated Arrays

This example creates an array of names and stores the weights of each person in the corresponding ele-
ment of a second array. It then sorts both arrays in a single operation. Here’s the code:

// Ex4_13.cpp : main project file.
// Sorting an array of keys(the names) and an array of objects(the weights)

#include "stdafx.h"
using namespace System;

int main(array<System::String "> “args)

{
array<String”>”" names = { "Jill", "Ted", "Mary", "Eve", "Bill", "Al"};
array<int>" weights = { 103, 168, 128, 115, 180, 176};

Array::Sort ( names,weights) ; // Sort the arrays

for each(String” name in names) // Output the names
Console: :Write(L"{0, 10}", name);

Console: :WriteLine() ;

for each(int weight in weights) // Output the weights
Console: :Write(L"{0, 10}", weight);

Console: :WriteLine() ;
return 0;

The output from this program is:

Al Bill Eve Jill Mary Ted
176 180 115 103 128 168
Press any key to continue .

How It Works

The values in the weights array correspond to the weight of the person at the same index position in the
names array. The Sort () function you call here sorts both arrays using the first array argument(names in
this instance(to determine the order of both arrays. You can see from that output that after sorting every-
one still has his or her correct weight recorded in the corresponding element of the weights array.

Searching One-Dimensional Arrays

The Array class also provides functions that search the elements of a one-dimensional array. Versions of
the BinarySearch () function uses a binary search algorithm to find the index position of a given ele-
ment in the entire array, or from a given range of elements. The binary search algorithm requires that the
elements are ordered if it is to work, so you need to sort the elements before searching an array.
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Here’s how you could search an entire array:

array<int>" values = { 23, 45, 68, 94, 123, 127, 150, 203, 299};
int toBeFound = 127;

int position = Array::BinarySearch(values, toBeFound) ;

if (position<0)

Console: :WriteLine(L"{0} was not found.", toBeFound) ;
else
Console: :WriteLine(L"{0} was found at index position {1}.", toBeFound, position) ;

The value to be found is stored in the toBeFound variable. The first argument to the BinarySearch ()
function is the handle of the array to be searched and the second argument specifies what you are look-
ing for. The result of the search is returned by the BinarySearch () function as a value of type int. If
the second argument to the function is found in the array specified by the first argument, its index posi-
tion is returned; otherwise a negative integer is returned. Thus you must test the value returned to deter-
mine whether or not the search target was found. Because the values in the values array are already in
ascending sequence there is no need to sort the array before searching it. This code fragment would pro-
duce the output:

127 was found at index position 5.

To search a given range of elements in an array you use a version of the BinarySearch () function that
accepts four arguments. The first argument is the handle of the array to be searched, the second argu-
ment is the index position of the element where the search should start, the third argument is the num-
ber of elements to be searched, and the fourth argument is what you are looking for. Here’s how you
might use that:

array<int>" values = { 23, 45, 68, 94, 123, 127, 150, 203, 299};

int toBeFound = 127;
int position = Array::BinarySearch(values, 3, 6, toBeFound);

This searches the values array from the fourth array element through to the last. As with the previous
version of BinarySearch (), the function returns the index position found or a negative integer if the
search fails.

Let’s try a searching example.

Try It Out Searching Arrays

This is a variation on the previous example with a search operation added:

// Ex4_14.cpp : main project file.
// Searching an array

#include "stdafx.h"
using namespace System;

int main(array<System::String "> “args)

{
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array<String”>”" names = { "Jill", "Ted", "Mary", "Eve", "Bill",
"Al " , lINedll , " Zoe" , "Dal’l" , "Jeal’l" } ;
array<int>" weights = { 103, 168, 128, 115, 180,
176, 209, 98, 190, 130 };

array<String”>" toBeFound = {"Bill", "Eve", "Al", "Fred"};
Array::Sort( names, weights); // Sort the arrays
int result = 0; // Stores search result
for each(String” name in toBeFound) // Search to find weights
{
result = Array::BinarySearch (names, name) ; // Search names array
if (result<0) // Check the result
Console: :WriteLine(L"{0} was not found.", name);
else
Console: :WriteLine(L"{0} weighs {1} 1lbs.", name, weights[result]);
}
return 0;

This program produces the output:

Bill weighs 180 lbs.

Eve weighs 115 1lbs.

Al weighs 176 1lbs.

Fred was not found.

Press any key to continue

How It Works

You create two associated arrays(an array of names and an array of corresponding weights in pounds.
You also create the toBeFound array that contains the names of the people for whom you’d like to know
their weights.

You sort the names and weights arrays using the names array to determine the order. You then search
the names array for each name in the toBeFound array in a for each loop. The loop variable, name, is
assigned each of the names in the toBeFound array in turn. Within the loop, you search for the current
name with the statement:

result = Array::BinarySearch(names, name); // Search names array

This returns the index of the element from names that contain name or a negative integer if the name is
not found. You then test the result and produce the output in the if statement:

if (result<0) // Check the result
Console: :WriteLine(L"{0} was not found.", name);

else
Console: :WriteLine(L"{0} weighs {1} 1lbs.", name, weights[result]);

Because the ordering of the weights array was determined by the ordering of the names array, you are
able to index the weights array with result, the index position in the names array where name was
found. You can see from the output that "Fred" was not found in the names array.
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When the binary search operation fails, the value returned is not just any old negative value. It is in fact
the bitwise complement of the index position of the first element that is greater than the object you are
searching for, or the bitwise complement of the Length property of the array if no element is greater
than the object sought. Knowing this you can use the BinarySearch () function to work out where you
should insert a new object in an array and still maintain the order of the elements. Suppose you wanted
to insert "Fred" in the names array. You can find the index position where it should be inserted with
these statements:

array<String”>”" names = { "Jill", "Ted", "Mary", "Eve", "Bill",
llAl " , llNedll , " ZOe" , HDanH , ||Jean|l } ;
Array: :Sort (names) ; // Sort the array

String”® name = L"Fred";

int position = Array::BinarySearch (names, name) ;

if (position<0) // If it is negative

position = ~position; // flip the bits to get the insert index

If the result of the search is negative, flipping all the bits gives you the index position of where the new

name should be inserted. If the result is positive, the new name is identical to the name at this position,
so you can use the result as the new position directly.

You can now copy the names array into a new array that has one more element and use the position
value to insert name at the appropriate place:

array<String”>" newNames = gcnew array<String”>(names->Length+1) ;

// Copy elements from names to newNames

for(int 1 = 0 ; i<position ; i++)
newNames[1] = names[i];
newNames [position] = name; // Copy the new element
if (position<names->Length) // I1If any elements remain in names
for(int i = position ; i<names->Length ; i++)
newNames [i+1] = names[i]; // copy them to newNames

This creates a new array with a length one greater than the old array. You then copy all the elements
from the old to the new up to index position position-1. You then copy the new name followed by the
remaining elements from the old array. To discard the old array, you would just write:

names = nullptr;

Multidimensional Arrays

You can create arrays that have two or more dimensions; the maximum number of dimensions an array
can have is 32, which should accommodate m