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Preface

“The chief merit of language is clearness ...”
— Galen

Welcome to C++ and C++ How to Program, Fifth Edition! C++ is a world-class programming language for developing
industrial-strength, high-performance computer applications. We believe that this book and its support materials have
everything instructors and students need for an informative, interesting, challenging and entertaining C++ educational
experience. In this Preface, we overview the many new features of C++ How to Program, 5/e. The Tour of the Book
section of the Preface gives instructors, students and professionals a sense of C++ How to Program, 5/e’s coverage of
C++ and object-oriented programming. We also overview various conventions used in the book, such as syntax coloring
the code examples, “code washing” and code highlighting. We provide information about free compilers that you can
find on the Web. We also discuss the comprehensive suite of educational materials that help instructors maximize their
students’ learning experience, including the Instructor’s Resource CD, PowerPoint® Slide lecture notes, course manage-
ment systems, SafariX (Pearson Education’s WebBook publications) and more.

Features of C++ How to Program, 5/e

At Deitel & Associates, we write college-level computer science textbooks and professional books. To create C++ How
to Program, 5/e, we put the previous edition of C++ How to Program under the microscope. The new edition has many
compelling features:

® Major Content Revisions. All the chapters have been significantly updated and upgraded. We tuned the writing
for clarity and precision. We also adjusted our use of C++ terminology in accordance with the ANSI/ISO C++
standard document that defines the language.

@ Smaller Chapters. Larger chapters have been divided into smaller, more manageable chapters (e.g., Chapter 1 of
the Fourth Edition has been split into Chapters 1-2; Chapter 2 of the Fourth Edition is now Chapters 4-5).

@ Early Classes and Objects Approach. We changed to an early classes and objects pedagogy. Students are intro-
duced to the basic concepts and terminology of object technology in Chapter 1. In the previous edition, students
began developing customized, reusable classes and objects in Chapter 6, but in this edition, they do so in our
completely new Chapter 3. Chapters 4-7 have been carefully rewritten from an “early classes and objects” perspective.
This new edition is object oriented, where appropriate, from the start and throughout the text. Moving the discus-
sion of objects and classes to earlier chapters gets students “thinking about objects” immediately and mastering
these concepts more completely. Object-ori-ented programming is not trivial by any means, but it’s fun to write
object-oriented programs, and students can see immediate results.

" @ Integrated Case Studies. We have added several case studies spanning multiple sections and chapters that often
build on a class introduced earlier in the book to demonstrate new programming concepts later in the book. These
case studies include the development of the GradeBook class in Chapters 3-7, the Time class in several sections
of Chapters 9-10, the Employee class in Chapters 12-13, and the optional OOD/UML ATM case study in chapters
1-7, 9, 13 and Appendix G.

® Integrated GradeBook Case Study. We added a new GradeBook case study to reinforce our early classes
presentation. It uses classes and objects in Chapters 3-7 to incrementally build a GradeBook class that represents
an instructor’s grade book and performs various calculations based on a set of student grades, such as calculating
the average grade, finding the maximum and minimum and printing a bar chart.

® Unified Modeling Language™ 2.0 (UML 2.0) — Introducing the UML 2.0. The Unified Modeling Language
(UML) has become the preferred graphical modeling language for designers of object-oriented systems. All the

< .



UML diagrams in the book comply with the new UML 2.0 specification. We use UML class diagrams to visually
represent classes and their inheritance relationships, and we use UML activity diagrams to demonstrate the flow of
control in each of C++’s control statements. We make especially heavy use of the UML in the optional OOD/UML
ATM case study

© Optional OOD/UML ATM Case Study. We replaced the optional elevator simulator case study from the previous
edition with a new optional OOD/UML automated teller machine (ATM) case study in the Software Engineering
Case Study sections of Chapters 1-7, 9 and 13. The new case study is simpler, smaller, more “real world” and more
appropriate for first and second programming courses. The nine case study sections present a carefully paced
introduction to objectoriented design using the UML. We introduce a concise, simplified subset of the UML 2.0,
then guide the reader through a first design experience intended for the novice object-oriented designer/programmer.
Our goal in this case study is to help students develop an object-oriented design to complement the object-oriented
programming concepts they begin learning in Chapter 1 and implementing in Chapter 3. The case study was
reviewed by a distinguished team of OOD/UML academic and industry professionals. The case study is not an
exercise; rather, it is a fully developed end-to-end learning experience that concludes with a detailed walkthrough
of the complete 877-line C++ code implementation. We take a detailed tour of the nine sections of this case study
later in the Preface.

® Compilation and Linking Process for Multiple-Source-File Programs. Chapter 3 includes a detailed diagram
and discussion of the compilation and linking process that produces an executable application.

@ Function Call Stack Explanation. In Chapter 6, we provide a detailed discussion (with illustrations) of the func-
tion call stack and activation records to explain how C++ is able to keep track of which function is currently
executing, how automatic variables of functions are maintained in memory and how a function knows where to
return after it completes execution.

® Early Introduction of C++ Standard Library string and vector Objects. The st ring and vector classes are
used to make earlier examples more object-oriented.

@ Class string. We use class string instead of C-like pointer-based char * strings for most string manipula-
tions throughout the book. We continue to include discussions of char * strings in Chapter 8, 10, 11 and 22 to give
students practice with pointer manipulations, to illustrate dynamic memory allocation with new and delete, to
build our own St ring class, and to prepare students for assignments in industry where they will work with char *
strings in C and C++ legacy code.

© Class Template vector. We use class template vector instead of C-like pointerbased array manipulations
throughout the book. However, we begin by discussing C-like pointer-based arrays in Chapter 7 to prepare students
for working with C and C++ legacy code in industry and to use as a basis for building our own customized Array
class in Chapter 11, Operating Overloading.

® Tuned Treatment of Inheritance and Polymorphism. Chapters 12-13 have been carefully tuned, making the
treatment of inheritance and polymorphism clearer and more accessible for students who are new to OOP. An
Employee hierarchy replaces the Point /Circle/Cylinder hierarchy used in prior editions to introduce
inheritance and polymorphism. The new hierarchy is more natural.

@ Discussion and Illustration of How Polymorphism Works “Under the Hood.” Chapter 13 contains a detailed
diagram and explanation of how C++ can implement polymorphism, virtual functions and dynamic binding
internally. This gives students a solid understanding of how these capabilities really work. More importantly, it
helps students appreciate the overhead of polymorphism — in terms of additional memory consumption and pro-
cessor time. This helps students determine when to use polymorphism and when to avoid it.

©® Web Programming. Chapter 19, Web Programming, has everything readers need to begin developing their own
Web-based applications that will run on the Internet! Students will learn how to build so-called n-tier applications,
in which the functionality provided by each tier can be distributed to separate computers across the Internet or
executed on the same computer. Using the popular Apache HTTP server (which is available free for download
from www.apache. org) we present the CGI (common Gateway Interface) protocol and discuss how CGI al-
lows a Web server to communicate with the top tier (e. g., a Web browser running on the user’s computer) and CGI



scripts (i.e., our C++ programs) executing on a remote system. The chapter examples conclude with an e-business
case study of an online bookstore that allows users to add books to an electronic shopping cart.

@ Standard Template Library (STL). This might be one of the most important topic in the book in terms of your
appreciation of software reuse. The STL defines powerful, template-based, reusable components that implement
many common data structures and algorithms used to process those data structures. Chapter 23 introduces the STL
and discusses its three key components — containers, iterators and algorithms. We show that using STL compo-
nents provides tremendous expressive power and can reduce many lines of code to a single statement.

® XHTML. The World Wide Web Consortium (W3C) has declared HyperText Markup Language (HTML) to be a
legacy technology that will undergo no further development. HTML is being replaced by the Extensible HyperText
Markup Language (XHTML) — an XML-based technology that rapidly is becoming the standard for describing
Web content. We use XHTML in Chapter 19, Web Programming; Appendix J and Appendix K introduce XHTML.

@ ANSI/ISO C++ Standard Compliance. We have audited our presentation against the most recent ANSI/ISO C++
standard document for completeness and accuracy. [Note: If you need additional technical details on C++, you
may want to read the C++ standard document. An electronic PDF copy of the C++ standard document, number
INCITS/ISO/IEC 14882-2003, is available for $18 at webstore.ansi.org/ansidocstore/default.asp.]

@® New Debugger Appendices. We include two new Using the Debugger appendices — Appendix L, Using the
Visual Studio .NET Debugger, and Appendix M, Using the GNU C++ Debugger.

@ New Interior Design. Working with the creative services team at Prentice Hall, we redesigned the interior styles
for our How to Program Series. The new fonts are easier on the eyes and the new art package is more appropriate
for the more detailed illustrations. We now place the defining occurrence of each key term both in the text and in
the index in blue, bold style text for easier reference. We emphasize on-screen components in the bold Helvetica
font (e.g., the File menu) and emphasize C++ program text in the Lucida font (e.g., int x = 5).

® Syntax Coloring. We syntax color all the C++ code, which is consistent with most C++ integrated development
environments and code editors. This greatly improves code readability —an especially important goal, given that
this book contains 17,292 lines of code. Our syntax-coloring conventions are as follows':
comments appear in green
keywords appear in dark blue
constants and literal values appear in light blue
errors appear in red
all other code appears in black

® Code Highlighting. Extensive code highlighting makes it easy for readers to locate each program’s new features
and helps students review the material rapidly when preparing for exams or labs.

® “Code washing.” This is our term for using extensive and meaningful comments, using meaningful identifiers,
applying uniform indentation conventions, aligning curly braces vertically, using a // end... comment on every line
with a right curly brace and using vertical spacing to highlight significant program units such as control statements
and functions. This process results in programs that are easy to read and self-documenting. We have extensively
“code washed” all of the source-code programs in both the text and the book’s ancillaries. We have worked hard to
make our code exemplary.

® Code Testing on Multiple Platforms. We tested the code examples on various popular C++ platforms. For the
most part, all of the book’s examples port easily to all popular ANSI/ISO standard-compliant compilers. We will
post any problems at www.deitel.com/books/cpphtp5/index.html.

® Errors and Warnings Shown for Multiple Platforms. For programs that intentionally contain errors to illustrate
a key concept, we show the error messages that result on several popular platforms.

© Large Review Team. The book has been carefully scrutinized by a team of 30 distinguished academic and industry
reviewers (listed later in the Preface).

® Free Web-Based Cyber Classroom. We’ve converted our popular interactive multimedia version of the text (which
we call a Cyber Classroom) from a for-sale, CDbased product to a free online supplement, available with new
books purchased from Prentice Hall for fall 2005 classes.
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@ Free Student Solutions Manual. We’ve converted our Student Solutions Manual, which contains solutions to
approximately half of the exercises, from a for-sale softcover book to a free online supplement, available with new
books purchased from Prentice Hall for fall 2005 classes.

@ Free Lab Manual. We’ve converted our Lab Manual, C++ in the Lab, from a forsale softcover book to a free
online supplement included with the Cyber Classroom, available with new books purchased from Prentice Hall for

fall 2005 classes.

As you read this book, if you have questions, send an e-mail to deitel@deitel . com; we will respond promptly.
Please visit our Web site, www . deitel. com and be sure to sign up for the free D EITEL® Buzz Online e-mail newslet-
terat www.deitel.com/newsletter/subscribe.html for updates to this book and the latest information on
C++. We also use the Web site and the newsletter to keep our readers and industry clients informed of the latest news on
Deitel publications and services. Please check the following Web site regularly for errata, updates regarding the C++
software, free downloads and other resources:

www.deitel.com/books/cpphtp5/index.html
Teaching Approach

C++ How to Program, 5/e contains an abundant collection of examples, exercises and projects drawn from many fields
to provide the student with a chance to solve interesting real-world problems. 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 programming languages courses in industry classrooms worldwide.
Dr. Harvey M. Deitel has 20 years of college teaching experience, including serving as chairman of the Computer
Science Department at Boston College, and 15 years of industry teaching experience. Paul Deitel has 12 years of industry
teaching experience. The Deitels have taught C++ courses at all levels to the government, industry, military and aca-
demic clients of Deitel & Associates.

Learning C++ using the LIVE-CODE Approach

C++ How to Program, 5le, is loaded with C++ programs—each new concept is presented in the context of a complete
working C++ program 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 L IVE-CODE Approach. We use programming languages to teach programming languages. Reading the examples in
the text is much like typing and running them on a computer. We provide all the source code for the book’s examples on the
accompanying CD and at www . deitel . com — making it easy for students to run each example as they study it.

World Wide Web Access
All the source-code examples for C++ How to Program, 5/e (and our other publications) are available on the Internet as
downloads from

www.deitel.com
Registration is quick and easy, and the downloads are free. We suggest downloading all the examples (or copying them from
the CD included in the back of this book), then running each program as you read the corresponding text. 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. This is a confidence builder and a source of
positive reinforcement.

Quotations
The learning objectives are followed by quotations. Some are humorous, some philosophical and some 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.
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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.

17,292 Lines of Syntax-Colored Code in 260 Example Programs with Program Inputs and Outputs)

Our LIVE-CODE programs range in size from just a few lines of code to more substantial examples. Each program is
followed by a window containing the input/output dialogue produced when the program is run, so students can confirm
that the programs run as expected. Relating outputs to the program statements that produce them is an excellent way to
learn and to reinforce concepts. Our programs demonstrate the diverse features of C++. The code is line-numbered and
syntax colored—with C++ keywords, comments and other program text each appearing in different colors. This facili-
tates reading the code — students will especially appreciate the syntax coloring when they read the larger programs.

735 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 data members, constructors and
member functions of classes. We use additional types of UML diagrams throughout our optional OOD/UML ATM
Software Engineering Case Study.

571 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, Performance Tips, Portability Tips,
Software Engineering Observations and Error-Prevention Tips. 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, lemmas and corollaries in math-
ematics books — it provides a basis on which to build good software.

Good Programming Practices

Good Programming Practices are tips for writing clear programs. These techniques help students produce programs
that are more readable, self-documenting and easier to maintain.
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, Common Programming Errors

Students who are new to programming (or a programming language) tend to make certain errors frequently. Focusing
on these Common Programming Errors reduces the likelihood that students will make the same mistakes and shortens
long lines outside instructors’ offices during office hours!

Performance Tips

#| In our experience, teaching students to write clear and understandable programs is by far the most important goal for
a first programming course. But students want to write the programs that run the fastest, use the least memory, require
the smallest number of keystrokes or dazzle in other nifty ways. Students really care about performance. They want to
know what they can do to “turbo charge” their programs. So we highlight opportunities for improving program
performance — making programs run faster or minimizing the amount of memory that they occupy.

Portability Tips

Software development is a complex and expensive activity. Organizations that develop software must often produce
versions customized to a variety of computers and operating systems. So there is a strong emphasis today on portability,
i.e., on producing software that will run on a variety of computer systems with few, if any, changes. Some programmers
assume that if they implement an application in standard C++, the application will be portable. This simply is not the
case. Achieving portability requires careful and cautious design. There are many pitfalls. We include Portability Tips
to help students write portable code and to provide insights on how C++ achieves its high degree of portability.

Software Engineering Observations

¥, 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 high-
light architectural and design issues that affect the construction of software systems, especially large-scale systems.
Much of what the student learns here will be useful in upper-level courses and in industry as the student begins to work
with large, complex real-world systems.




