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Preface

Welcome to ANSI/ISO Standard C, and to C++, too! This book presents leading-edge computing technologies for com-
puter science students, software developers and IT professionals. At Deitel & Associates, we write computer science
textbooks for college students and professional books for software developers. We also teach this material in industry
seminars at organizations worldwide.

This book was a joy to create. To start, we put the previous edition under the microscope:

@ The entire C portion of the previous edition was reviewed by a distinguished review teamincluding the head and
assistant head of the working group responsible for the C standard (ISO/IEC JTC1 SC22 WG14) and other experts
from industry and academia. All of this material was carefully tuned.

@ All of the chapters have been significantly updated and upgraded.

® We updated the history of computing in Chapter 1.

® We added a new chapter on game programming with the Allegro C library.

® We added a new chapter that takes a deeper look at sorting.

® We added a new chapter introducing the C99 standard. This was placed last among the C chapters to make it
convenient to include or omit.

@ We included a completely new section on object-oriented programming in C++ based on C++ How to Program, 5/e.

® We added an appendix on solving and programming the wildly popular game of Sudoku.

All of this has been carefully scrutinized by a substantial team of academics, industry developers and members of the
working group responsible for the C standard.

We believe that this book and its support materials have everything instructors, students and professionals need for an
informative, interesting, challenging and entertaining C educational experience. In this Preface, we overview various
conventions used in the book, such as syntax coloring the code examples and code highlighting. We also discuss the
book’s comprehensive suite of ancillary materials that help instructors maximize their students’ learning experience,
including the Prentice Hall Instructor’s Resource Center (which contains the Instructor’s Manual, Test Item File and
PowerPoint ® Slide lecture notes), companion Web site, SafariX (Pearson Education’s WebBook publications) and more.

C How to Program, 5/e presents hundreds of complete, working C and C++ programs and depicts their inputs and
outputs. This is our signature “live-code” approach — we present concepts in the context of complete working programs.

As you read this book, if you have questions, send an e-mail to deitel@deitel . com; we will respond promptly.
For updates on this book and the status of C and C++ software, and for the latest news on all Deitel publications and
services, visit www . deitel . comregularly and be sure to sign up for the free Deitel® Buzz Online e-mail newsletter at
www.deitel.com/newsletter/subscribe.html. Also be sure to visit our new C Resource Center at www .

deitel.com/c/.
Before You Begin

Installing the Microsoft Visual C++ 2005 Express Edition Software

On November 7, 2005 Microsoft released its Visual Studio 2005 development tools, including the Visual C++ 2005
Express Edition. Per Microsoft’s Web site,Microsoft Express Editions are “lightweight, easy-to-use and easy-to-learn
tools for the hobbyist, novice and student developer.” According to the Microsoft Express Editions FAQ page (msdn .
microsoft.com/vstudio/express/support/faq/), “Effective April 19th, 2006, all Visual Studio 2005 Ex-
press Editions are free permanently. SQL Server 2005 Express Edition has always been and will continue to be a free

download.”



You may use this software to compile and execute the example C and C++ programs in this book. The Visual C++
2005 Express Edition Software is available on the CD-ROM included with this book. You can also download Visual C++
2005 Express Edition at:

msdn.microsoft.com/vstudio/express/visualc/

‘When you install this software, you should install the help documentation and SQL Server 2005 Express. Microsoft
provides a dedicated forum for help using the Express Edition:

forums.microsoft.com/msdn/ShowForum.aspx? ForumID=24

C How to Program, 5/e Code Examples

The book’s source code is available for download at www.deitel.com/books/chtp5. Once you download the
complete examples. zip file, use a ZIP file tool such as WinZip (available from www.winzip.com) to extract the
files to the C:\ folder on your computer. This will create an examples folder that contains subfolders for each chapter
(e.g., ch01, ch02, etc.)

Additional Software Downloads
Chapter 15 uses the Allegro C Library. The Allegro library is available for free at
www.allegro.cc/files
Download the “Source” package for your platform, and an IDE (integrated development environment) that is compatible
with it. Allegro can be used with most C IDEs, but in this text, we use Bloodshed Software’s Dev-C++, which is available
for free at
www.bloodshed.net/devcpp.html
Chapter 17 uses Bloodshed Software’s Dev-C++ 4.9.9.2 IDE, which is available for free at
www.bloodshed.net/dev/devcpp.html

We provide updates on the status of the software used in this book at www.deitel.com and in our free e-mail

newsletter www.deitel.com/newsletter/subscribe.html.

Additional C and C++ Compilers and IDEs

Our C Resource Center (www.deitel.com/C) and our C++ Resource Center (www.deitel.com/cplusplus)
list many free compilers and IDEs and some for-sale products for Windows, Linux and Macintosh platforms. These
Resource Centers also include free tutorials to help you get started with these tools.

Features of C How to Program, Fifth Edition

This new edition contains many new and enhanced features.

Interior Design

Working with the creative services team at Prentice Hall, we redesigned the interior styles for our How to Program Series
books. In response to reader requests, we now place the key terms and the index’s page reference for each defining
occurrence in bold blue text for easier reference. We emphasize on-screen components in the bold Helvetica font (e.g.,
the File menu) and emphasize Visual Basic program text in the Lucida font (for example, int x = 5).

Syntax Shading
We syntax shade all the C# code, similar to the way most C# integrated-development environments and code editors
syntax color code. This greatly improves code readability — an especially important goal, given that this book contains
16,400+ lines of code.Our syntax-shading conventions are as follows ' :

comments appear like this

keywords appear like this
errors and ASP.NET delimiters appear like this

1 HTERERE, ABRBEHERIESRXS.



constants and literal values appear like this

all other code appears in black
Code Highlighting
Extensive code highlighting makes it easy for readers to spot each program’s featured code segments — we place gray
rectangles around the key code.

Game Programming with the Allegro C Game Programming Library

Chapter 15 introduces the Allegro game programming C library. This library — originally developed by Climax game
programmer Shawn Hargreaves—was created to be a powerful tool for programming games in C while still remaining
relatively simple compared to other, more complicated graphics libraries such as DirectX and OpenGL. In Chapter 15,
we use Allegro’s capabilities to create the simple game of Pong. Along the way, we demonstrate how to display graphics,
play sounds, receive input from the keyboard and create timed events—features that students can use to create games of
their own.We believe that Allegro is a valuable addition to C How to Program, 5/e, and we hope that students and
instructors alike will find it interesting and entertaining. We include extensive web resources, one of which offers more
than 1000 open-source Allegro games.

Sorting: A Deeper Look

Sorting places data in ascending or descending order based on one or more sort keys. We begin our presentation of
sorting with the simple bubble sort algorithm in Chapter 6. In Chapter 16, we present a deeper look at sorting. We
consider several algorithms and compare them with regard to their memory consumption and processor consumption.
For this purpose, we introduce Big O notation, which indicates how hard an algorithm may have to work to solve a
problem. Through examples and exercises, Chapter 16 discusses the selection sort, insertion sort, recursive merge sort,
recursive selection sort, bucket sort and recursive Quicksort.

Introduction to C99

C99 is a revised standard for the C programming language that refines and expands the capabilities of C89 (which we
refer to as Standard C in Chapters 1-15). C99 has not been widely adopted, and many C compilers do not fully support
it. We use the Dev-C++ 4.9.9.2 IDE from Bloodshed Software to demonstrate various C99 features.

Some new features of C99 include: // single-line comments; declaring a variable anywhere in a block before the
variable’s use (including the initialization clause of a for statement); designated initializers that allow you to initialize
array elements explicitly by subscript, and union or st ruct elements explicitly by name; the Bool type, which can
hold only the values 0 or 1; requiring functions to have an explicit return type (rather than implicitly assuming int);
support for complex numbers and complex arithmetic; variablelength arrays whose length, or size, is determined at
execution time (but once determined remains fixed); support for longer identifier names (extended identifiers); restricted
pointers for exclusive access to a region in memory; reliable integer division; flexible array members in st ructs; the
long long int type; generic math; inline functions; requiring an expression in a return statement of a
function with a non-void return type; disallowing an expression in a return statement of a function with return type
void; and function sprint £ to prevent buffer overflow when printing to strings in memory. Our treatment introduces
C99 and provides web resources for the reader who wishes to dig deeper.

Updated C++ Treatment

In C++ How to Program, 5/e, we changed to an early classes and objects pedagogy. In C How to Program, 5/e, we’ve
completely replaced our C++ treatment with this new approach. We introduce the basic concepts and terminology of
object technology in Chapter 18. Then, Chapter 19 uses a new GradeBook case study to introduce classes and objects.
We then use those concepts in the subsequent C++ chapters that present object-oriented programming, operator overloading,
C++-style input/output streams and templates. Many of the C++ chapters reinforce object-oriented concepts with the
Unified Modeling Language (UML) — the preferred graphical modeling language for designers of object-oriented systems.
All the UML diagrams in the book comply with the UML 2.0 specification. We use UML class diagrams to visually
represent classes and their inheritance relationships.



Teaching Approach

C How to Program, 5/e contains a rich collection of examples. The book concentrates on the principles of good software
engineering and stresses program clarity. We avoid arcane terminology and syntax specifications in favor of teaching by
example. We are educators who teach leading-edge topics in industry classrooms worldwide. Dr. Harvey M. Deitel has
22 years of college teaching experience and 17 years of industry teaching experience. Paul Deitel has 15 years of industry
teaching experience. The Deitels have taught courses at all levels to government, industry, military and academic clients
of Deitel & Associates.

Live-Code Approach

C How to Program, 5/e is loaded with live-code examples—each new concept is presented in the context of a complete
working C application that is immediately followed by one or more sample executions showing the program’s inputs and
outputs. This style exemplifies the way we teach and write about programming. We call this method of teaching and
writing the “live-code” approach.

World Wide Web Access
All of the source-code examples for C How to Program, 5/e, (and for our other publications) are available for download
from:

www.deitel.com/books/chtp5

www.prenhall.com/deitel
Site registration is quick and easy. Download all the examples, then run each program as you read the corresponding
discussions. Making changes to the examples and immediately seeing the effects of those changes is a great way to

enhance your C learning experience.

Objectives
Each chapter begins with a statement of objectives. This lets students know what to expect and gives them an opportunity,
after reading the chapter, to determine if they have met these objectives.

Quotations
The learning objectives are followed by quotations. Some are humorous, philosophical or offer interesting insights. We
hope that you will enjoy relating the quotations to the chapter material. Many of the quotations are worth a second look

after reading the chapter.

Outline
The chapter outline helps students approach the material in a top-down fashion, so they can anticipate what is to come,
and set a comfortable and effective learning pace.

Sections
Each chapter is organized into small sections that address key C or C++ topics.

Thousands of Lines of Syntax-Highlighted Code in Hundreds of Example Programs (with Outputs)

We present C and C++ features in the context of complete, working programs using our live-code approach. Each
program is followed by screenshots of the outputs produced when the program is run, so you can confirm that the
programs run as expected. Our programs demonstrate the diverse features of C and C++. The code is syntax highlighted,
with keywords, comments and other program text emphasized with variations of bold, blue and italic text. This makes
reading the code easier, especially in the larger programs.

Illustrations/Figures
An abundance of charts, tables, line drawings, programs and program outputs is included. We model the flow of control
in control statements with UML activity diagrams. UML class diagrams model the fields, constructors and methods of

classes.



Programming Tips

We include programming tips to help students focus on important aspects of program development. We highlight these
tips in the form of Good Programming Practices, Common Programming Errors, Error-Prevention Tips, Performance
Tips, Portability Tips and Software Engineering Observations. These tips and practices represent the best we have gleaned
from a combined six decades of programming and teaching experience. One of our students — a mathematics major —
told us that she feels this approach is like the highlighting of axioms, theorems and corollaries in mathematics books; it
provides a basis on which to build good software.

. Good Programming Practice

Good Programming Practices call attention to techniques that will help you produce programs that are clearer, more
understandable and more maintainable.

Common Programming Error

Students learning a language tend to make certain kinds of errors frequently. Pointing out these Common Program-
ming Errors reduces the likelihood that readers will make the same mistakes.

Error-Prevention Tip

When we first designed this tip type, we thought the tips would contain suggestions for exposing bugs and removing
them from programs. In fact, many of the tips describe aspects of C that prevent bugs from getting into programs in the
first place, thus simplifying the testing and debugging processes.

5=y, Performance Tip

Students like to “turbo charge” their programs.We include Performance Tips that highlight opportunities for improv-
ing program performance — making programs run faster or minimizing the amount of memory that they occupy.

M I Portability Tip
i We include Portability Tips to help you write portable code and to explain how C achieves its high degree of portability.

Software Engineering Observation

& The object-oriented programming paradigm necessitates a complete rethinking of the way we build software systems.
" C is an effective language for achieving good software engineering. The Software Engineering Observations highlight
architectural and design issues that affect the construction of software systems, especially large-scale systems.

Summary Bullets
Each chapter ends with additional pedagogical devices. We present a thorough, bullet-liststyle summary of the chapter,
section by section. This helps the students review and reinforce key concepts.

Terminology

We include an alphabetized list of the important terms defined in each chapter—again, for further reinforcement. Each
term also appears in the index, and the defining occurrence of each termis highlighted in the index with a bold, blue page
number so the student can locate the definitions of terms quickly.

Self-Review Exercises and Answers .
Extensive self-review exercises and answers are included for self-study. This gives you a chance to build confidence
with the material and prepare for the regular exercises.We encourage students to do all the self-review exercises and

check their answers.

Exercises

Each chapter concludes with a substantial set of exercises including simple recall of important terminology and concepts;
writing individual program statements; writing small portions of functions and C++ classes; writing complete functions,
C++ classes and programs; and writingmajor termprojects. The large number of exercises enables instructors to tailor
their courses to the unique needs of their students and to vary course assignments each semester. Instructors can use these
exercises to form homework assignments, short quizzes andmajor examinations. [NOTE: Please do not write to us
requesting access to the Prentice Hall Instructor’s Resource Center. Access is limited strictly to college instructors
teaching from the book. Instructors may obtain access only through their Prentice Hall representatives.]



