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Welcome to Starting Out with C++: Early Objects, 9th Edition . This book is intended 
for use in a two -term or three -term C++ programming sequence, or an accelerated 
one-term course. Students new to programming, as well as those with prior course work 
in other languages, will find this text beneficial. The fundamentals of programming 
are covered for the novice, while the details, pitfalls, and nuances of the C++ language 
are explored in-depth for both the beginner and more exper ienced student . The book 
is written with clear, easy-to -understand language and it covers all the necessary 
topics for an introductory programming course. This text is rich in example programs 
that are concise, practica l, and real world oriented, ensuring that the student not only 
learns how to implement the features and constructs of C++, but why and when to 
use them. 

What's New in the Ninth Edition 

The New C++ 11 Standard 

C++ 11 is the latest standard version of the C++ language . In previous years, while the 
standard was being developed, it was known as C++Ox. In August 2011, it was 
approved by the International Standards Organization (ISO), and the name of the 
standard was officially changed to C++l l. Most of the popular C++ compilers now 
support this standard. 

The new C++ 11 standard was the primary motivat ion behind this edition, which 
introduces many of the new language features. However, a C++ 11 compi ler is not 
strictly required to use the book . As you progress through the book, you will see 
C++ll icons in the marg ins, next to the new features that are introduced . Programs 
appearing in sections that are not marked with this icon will still compi le using an 
older compiler. 

The C++ 11 Topics Introduced in This Edition 

• The aut o key word is introduced in Chapter 2 as a way to simplify comp lex 
variable definitions . This key word causes the compiler to infer a variable's data 
type from its initializat ion value. 

xv 
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• Chapter 2 also introduces the new long long i nt and unsigned long long i nt 
data types and the LL literal suffix. 

• Chapter 5 shows how to pass a str i ng object directly to a file stream object's 
open member function, without the need to call the c_s t r () member function. 
A discussion of the c_s t r () function sti ll exists for anyone using a legacy 
compiler. 

• Th e range -based for loop is introduced in Chapter 7 . Thi s new looping 
mechanism automatically iterates over each element of an array, vector, or 
other collect ion, without the need for a counter variable or a subscr ipt. 

• Chapter 7 also introduces strongly typed enums. 

• Chapter 8 introduces new ways to initialize variables and shows how a vec t or 
can now be initialized with an initia lization list. 

• Chapter 10 introduces smart pointers and provides examples of how and why to use 
the new uni que_ptr and shared_ptr pointers for safely allocating and working 
with dynamic memory. 

• Chapter 10 also introduces the move assignment operator, and the null pt r key 
word, which is now the standard way of representing a null pointer. 

• Chapter 11 discusses move constructors, provides more in depth coverage of 
move assignment operators, and introduces lambda expressions . 

• Chapter 12 introduces new functions in the C++ 11 string library and discusses 
the new overloaded to _stri ng functions for convert ing numeric values to stri ng 
objects. 

• Chapter 15 introduces and demonstrates the use of the new override key word 
that helps prevent subtl e over ridin g errors and the new final key word that 
prevents a virtua l member function from being overridden . 

• Chapter 16 introduces the new C++ 11 functions begi n ( c) and end ( c) to specify 
positions within a collection c where an operat ion shou ld begin and end. 

What Else is New 

This book's pedagogy and clear writing style remain the same as in the previous edition. 
However, in addition to upd at ing the book to introduce the new C++l 1 standard, 
many improvements have been made to make it even more student -friendly. 

• Upd ated Material 
Material has been upd ated throughout the book to reflect changes in technology 
and in software development environments, as well as to improve clarity and 
incorporate best practices in teaching introductory programming . As a resu lt, 
new graphics and new or redesigned figures have been added throughout the 
book where appropriate and new or impr oved sample programs have been 
included in a number of chapters . 

• New Material 
New materia l has been added on a number of topics. In add ition to introducing 
and using new C++ 11 features, this new edition includes new sections on literals, 
random numbers, and enumerated data types, as well as improved materia l on 
designing classes. 
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• New Programming Challenges 
New Programming Challenge problems have been added to every chapter. 

• Reorganized Chapters 
Several chapters have been redesigned to improve student learning . Chapter 5 
(Looping) has been reorganized to give students more practice using the whi le 

loop before introducing do-while and for loops. The Chapter 6 (Functions) 
material on defining and calling functions has been reorganized to introduce 
function prototypes earl ier and allow main to always be the first function in 
a client program . 

Organization of the Text 
Thi s text teaches C++ in a step-by-step fashion. Each chapte r covers a major set of 
topics and builds knowledge as the student progresses through the book . Although 
the chapters can be easily taught in their existing sequence, flexibility is provided . 
The following dependency diagram (Figur e P-1) suggests possible sequences of 
instruct ion . 

Chapter 1 covers fundamental hardware, software, and programm ing concepts. The 
instructor may choose to skip this chapter if the class has already mastered those topics. 
Chapters 2 through 6 cover basic C++ syntax, data types, expressions, selection 
str uctures, repetition str uctures, and functions . Each of these chapters builds on the 
previous chapter and should be covered in the order presented. 

Chapter 7 introduces object -oriented programming . It can be covered any time after 
Chapter 6, but before Chapter 11. Instructors who prefer to introduce arrays before 
classes can cover Chapter 8 before Chapter 7 . In this case it is only necessary to 
postpone Section 8.13 (Arrays of Objects) until Chapter 7 has been covered. 

As Figure P-1 illustrates, in the second half of the book Chapters 11, 12, 13, and 14 
can be covered in any order. Chapters 11, 15, and 16, however, shou ld be done in 
sequence. Instructors who wish to introduce data structures at an earlier point in the 
course, without having first covered advanced C++ and OO P features, can cover 
Chapter 17 (Linked Lists), followed by Chapters 18 and 19 (Stacks & Queues and 
Binary Tr ees), any time after Chapter 14 (Recursion). In this case it is necessary to 
simply omit the sections in Chapters 17- 19 that deal with templates and the Standard 
Template Library. 
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Brief Overview of Each Chapter 

Chapter 1: Introduction to Computers and Programming 

This chapter prov ides an introduction to the field of computer science and covers 
the fundamentals of hardware , software, operating systems, programming, problem 
solving, and software engineering . The components of programs, such as key words, 
variables, operators, and punctuation are covered . The tools of the trade , such as 
hierarchy charts and pseudocode, are also presented . The Tying It All Together 
sect ion shows students how to use the cout statement to create a personalized 
output message. Programm ing Challenges at the end of the chapter help students see 
how the same basic input, processing , and output structure can be used to create 
multiple programs . 

Chapter 2: Introduction to C++ 

This chapter gets the student started in C++ by introducing the basic parts of a 
C++ program , data types, the use of variables and literals, assignment statements, 
simple arithmetic operations, program output, and comments . The C++ s t ring 
class is presented and string objects are used from this point on in the book as 
the primary method of handling strings. Programm ing sty le conventions are 
introduced , and good programming style is modeled here, as it is throughout the 
text . The Tying It All Toget her section lets the student play with simple text ­
based graphics. 

Chapter 3: Expressions and Interactivity 

In this chapter the student learns to write programs that input and hand le numer ic, 
character, and string data. The use of arithmet ic operators and the creation of 
mathemat ical expressions are covered, with emphasis on operator precedence . 
Debugging is introduced, with a section on hand tracing a program . Sections are also 
included on using random numbers , on simp le output formatting, on data type 
conversion and type casting, and on using library functions that work with numbers. 
The Tying It All Together section shows students how to create a simple interactive 
word game. 

Chapter 4: Making Decisions 

Here the student learns about relat iona l expressions and how to control the flow of a 
program with if, if I else , and if I else i f statements . Logical operators, the 
cond itional operator, and the swi tch statement are also covered . Applications of these 
constructs, such as menu-driven programs , are illustrated . This chapter also introduces 
the concepts of blocks and scope and continues the theme of debugging with a section 
on validating output results . The Tying It All Together section uses random numbers 
and branching statements to create a fortune telling game. 
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Chapter 5: Looping 

This chapter introduces, C++'s repetitive control mechanisms . The while loop, do-while 
loop, and for loop are presented, along with a variety of methods to control them. These 
include using counters, user input, end sentinels, and end-of-file testing. Applications 
utilizing loops, such as keeping a running total and performing data validation, are also 
covered . The chapte r includes an extensive section on working with files and a section 
on creating good test data, continuing the book's emphasis on testing and debugging. 
The Tying It All Together section introduces students to Windows commands to create 
colorful output and uses a loop to create a multi-colored display . 

Chapter 6: Functions 

In this chapter the student learns how and why to modularize programs, using both 
void and value-returning functions. Parameter passing is covered, with emphasis on 
when arguments shou ld be passed by value versus when they need to be passed by 
reference. Scope of variables is covered and sections are provided on local versus globa l 
variables and on static local variables . Overloaded functions are also introduced and 
demonstrated . The Tying It All Together section includes a modular, menu -driven 
program that emphasizes the versatility of functions, illustrating how their behavior 
can be controlled by the arguments sent to them . 

Chapter 7: Introduction to Classes and Objects 

In this chapter the text begins to focus on the object-oriented paradigm . Students have used 
provided C++ classes since the beginning of the text, but now they learn how to define their 
own classes and to create and use objects of these classes. Careful attention is paid to 
illustrating which functions belong in a class versus which functions belong in a client 
program that uses the class. Good object-oriented practices are discussed and modeled, such 
as protecting member data through carefully constructed accessor and mutator functions 
and hiding class implementation details from client programs. Once students are comfortable 
working with classes and objects, the chapter provides a brief introduction to the topic of 
object-oriented analysis and design. The chapter also includes a section on enumerated data 
types and a section on structures, which are used in the Tying It All Together section, where 
students learn to use screen control techniques to create a yoyo animation . 

Chapter 8: Arrays 

In this chapter the student learns to create and work with single and multidimensional 
arrays. Many examples of array processing are provided, including functions to compute 
the sum, average, highest and lowest values in an array . Students also learn to create tables 
using two -dimensional arrays, and to analyze array data by row or by column. Programming 
techniques using parallel arrays are also demonsrrated, and the student is shown how to 
use a data file as an input source to populate an array . The range-based for loop is 
introduced as an easy way to iterate through all the elements of an array, and STL vectors 
are introduced and compared to arrays. A section on arrays of objects and structures is 
located at the end of the chapter, so it can be covered now or saved for later if the instructor 
wishes to cover this chapter before Chapter 7. The Tying It All Together section uses 
arrays to create a game of Rock, Paper, Scissors between a human player and the computer. 
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Chapter 9: Searching, Sorting, and Algorithm Analysis 

Here the student learns the basics of searching for information stored in arrays and of 
sorting arrays , including arrays of objects. The chapter covers the Linear Search, Binary 
Search, Bubble Sort, and Selection Sort algorithm s and has an optional section on 
sortin g and search ing STL vecto rs. A brief int rod uction to algorithm analysis is 
included, and students are shown how to determine which of two algorithms is more 
efficient . Thi s chapter's Tying It All T ogether section uses both a table lookup and a 
searching algorithm to encode and decode secret messages. 

Chapter 10: Pointers 

Thi s chapter explains how to use pointers . Top ics include pointer arithmetic, 
initialization of pointers , comparison of pointers, pointers and arrays, pointers 
and funct ions, dynamic memory allocation , the new null pt r key word, and 
more . A new section introduces smart pointers and shows how they can be used 
to avoid memory leaks. Th e Tying It All T oget her section demonstrates the use of 
pointers to access library data struct ures and fun ctions that ret urn calendar and 
wall clock time. 

Chapter 11: More About Classes and Object -Oriented Programming 

This chapter contin ues the study of classes and object-oriented programming, covering 
more advanced topics such as inheritance and object aggregat ion and compos ition. 
Other topics include constant member functions , static members, friends, memberwise 
assignment, copy constructors, object type conversion operators, convert constr uctors, 
operator overloading, move constr uctors, and move assignment operators . A new 
section introduces function objects and the C++ll lambda expressions. The Tying It 
All Together section brings together the concepts of inheritance and convert constr uctors 
to build a program that formats the contents of an array to form an HTML tab le for 
display on a Web site. 

Chapter 12: More on (-Strings and the string Class 

Thi s chapter covers standard library functions for working with characters and 
C-strings, as well as materia l on str i ng class functions , functions in the new C++ 11 
string library, and new overloaded to_st ring functions for converting numeric 
values to str i ng objects . Th e Tying It All T ogether section shows students how to 
access string-based program environments to obtain information about the computer 
and the network on which the program is runnin g. 

Chapter 13: Advanced File and 1/ 0 Operations 

Thi s chapte r intr oduces more advanced topics for work ing with sequential access 
text files and introduces random access and binary files . Various modes for open ­
ing files are discussed, as well as the many methods for reading and writing their 
contents. Th e Tying It All T oget her program app lies many of the techniques 
covered in the chapte r to merge two text files into an HTML doc ument for display 
on the Web , with different colors used to illustrate which file each piece of data 
came from . 
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Chapter 14: Recursion 

In this chapter recursion is defined and demonstrated . A visual trace of recursive calls 
is provided, and recursive applications are discussed . Many recursive algorithms are 
presented, including recursive functions for computing factorials, finding a greatest 
common denom inator (GCD), performing a binary search, sorting using QuickSort, 
and solving the famous Towers of Hanoi problem . For students who need more 
challenge, there is a section on exhaustive and enumeration algorithm s. The Tying It 
All Together section uses recursion to evaluate prefix expressions . 

Chapter 15: Polymorphism and Virtual Functions 

The study of classes and object -oriented programming continues in this chapter with 
the introduction of more advanced concepts such as polymorphism and virtual 
functions. Information is also presented on abstract base classes, pure virtual functions, 
type compatibi lity within an inheritance hierarchy, and virtua l inheritance . The Tying 
It All Together section illustrates the use of inheritance and polymorphism to display 
and animate graphica l images. 

Chapter 16: Exceptions, Templates, and the Standard Template 
Library (STL) 

Here the student learns to develop enhanced error trapping techniques using exceptions. 
Discussion then turns to using funct ion and class templates to create gener ic code . 
Finally, the student is introduced to the containers, iterators, and algorithms offered by 
the Standard Template Library (STL). The Tying It All Together section uses various 
conta iners in the Standard Template Librar y to create an educational children's game. 

Chapter 17: Linked Lists 

This chapter introduces concepts and techniques needed to work with lists. A linked list 
ADT is developed, and the student learns how to create and destroy a list, as well as to write 
functions to insert, append, and delete nodes, to traverse the list, and to search for a specific 
node. A linked list class template is also demonstrated. The Tying It All Together section 
brings together many of the most important concepts of OOP by using objeets, inheritance, 
and polymorphism in conjunction with the STL list class to animate a collection of images. 

Chapter 18: Stacks and Queues 

In this chapter the student learns to create and use stat ic and dynamic stacks and queues. 
Th e operations of stacks and queues are defined, and templates for each ADT are 
demonstrated . The stat ic array -based stack uses exception -handling to handle stack 
overflow and underflow, providing a realistic and natural example of defining, throwing, 
and catching except ions . The Tying It All Together section discusses strateg ies for 
evaluating postfix expressions and uses a stack to convert a postfix expression to infix. 

Chapter 19: Binary Trees 

This chapter covers the binary tree ADT and demonstrates many binary tree operat ions. 
The student learns to traverse a tree, insert, delete, and replace elements, search for a 
particular element, and destroy a tree. The Tying It All Together section introduces a 
tree structure versatile enough to create genealogy trees. 
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Appendices in the Book 
Appendix A: The ASCII Character Set A list of the ASCII and extended ASCII 
characters and their codes. 

Appendix B: Operator Precedence and Associativity A list of the C++ operators 
with their precedence and associat ivity. 

Appendix C: Answers to Checkpoints A too l students can use to assess their 
under standing by comparing their answers to the Checkpoint exercises found 
throughout the book. The answers to all Checkpoint exercises are included. 

Appendix D: Answers to Odd-Numbered Review Questions Another too l students 
can use to gauge their understanding and progress. 

Additional Appendices on the Book's Companion Website 
Appendix E: A Brief Introduction to Object -Oriented Programming An 
introduction to the concepts and terminology of object-oriented programming . 

Appendix F: Using UML in Class Design A brief introduction to the Unified Modeling 
Language (UML) class diagrams with examples of their use. 

Appendix C: Multi -Source File Programs A tutor ial on how to create, compile, 
and link programs with multiple source files. Includes the use of function header files, 
class specification files, and class implementat ion files. 

Appendix H: Multiple and Virtual Inheritance A self-contained discussion of the 
C++ concepts of multiple and virtual inheritance for anyone already familiar with 
single inheritance . 

Appendix I : Header File and Library Function Reference A reference for the C++ 
library functions and header files used in the book. 

Appendix / : Namespaces An explanation of namespaces and their purpose , with 
examples provided on how to define a namespace and access its members . 

Appendix K: C++ Casts and Run-Time Type Identification An introduction to 
different ways of doing type casting in C++ and to run -time type identificat ion. 

Appendix L: Passing Command Line Arguments An introduction to writing C++ 
programs that accept command -line arguments. This appendix will be useful to students 
working in a command -line environment, such as UNIX or Linux. 

Appendix M : Binary Numbers and Bitwise Operations A guide to the binary 
number system and the C++ bitwise operators, as well as a tutorial on the internal storage 
of integers. 

Appendix N: Introduction to Flowcharting A tutoria l that introduces flowcharting 
and its symbols . It includes hand ling sequence, selection, case, repetition , and calls 
to other modu les . Sample flowcharts for several of the book's example programs 
are presented. 
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Features of the Text 
Concept Statements Each major section of the text starts with a concept statement. 

This statement summarizes the key idea of the section. 

Example Programs The text has over 350 complete example programs, each 
designed to highlight the topic currently being studied . In 
most cases, these are practical, real-world examples . Source 
code for these programs is provided so that students can run 
the programs themselves. 

Program Output After each example program there is a sample of its screen 
output. This immediately shows the student how the program 
should function. 

Tying It All Together This special section, found at the end of every chapter, shows 
the student how to do something clever and fun with the 
materia l covered in that chapter. a VideoNotes A series of online videos, developed specifically for this book, 
are availab le for viewing at ht tp://www . pearsonhighered. 

com/cs-resources/. VideoNote icons appear throughout the 
text, alerting the student to videos about specific topics . 

VideoNot e 

~ Checkpoints 

0 Notes 

(D Warnings 

Case Studies 

Review Questions 
and Exercises 

Checkpoints are questions placed throughout each chapter as 
a selftest study aid. Answers for all Checkpoint questions are 
provided in Appendix C at the back of the book so students 
can check how well they have learned a new topic . 

Notes appear at appropriate places throughout the text. They 
are short explanat ions of interesting or often misunderstood 
points relevant to the topic at hand . 

Warnings caution the student abo ut certa in C++ features, 
programming techniques, or practices that can lead to 
malfunctioning programs or lost data . 

Case studies that simulate real-world applications appear in 
many chapters throughout the text, with complete code provided 
for each one. Additional case studies are provided on the book's 
companion website. These case studies are designed to highlight 
the major topics of the chapter in which they appear. 

Each chapter presents a thorough and diverse set of review 
questions, such as fill-in-the-blank and short answer, that 
check the student' s mastery of the basic materia l presented in 
the chapter. These are followed by exercises requiring problem 
solving and analysis, such as the Algorithm Workbench, 
Predict the Output, and Find the Errors sections. Each chapter 
ends with a Soft Skills exercise that focuses on communication 
and group process skills. Answers to the odd numbered review 
questions and review exercises are provided in Appendix D at 
the back of the book . 



Programming 
Challenges 

Group Projects 

C++ Quick 
Reference Guide 

Supplements 
Student Resources 
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Each chapter offers a pool of programming exercises designed 
to solidify the student' s know ledge of the topics curr ently 
being stud ied. In most cases the ass ignm ents present 
real-world prob lems to be solved . 

There are several group programming projects throughout 
the text, intended to be constructed by a team of student s. 
One student might build the program's user interface, while 
another student writes the mathematica l code, and another 
designs and implements a class the program uses. Thi s process 
is similar to the way many professiona l programs are written 
and encourages teamwork within the classroom . 

For easy access, a quick reference guide to the C++ language 
is printed on the inside back cover. 

Th e fo llowing items are avai lab le on the Gaddis Series resource page at 
www.pearsonhighered .com/cs-resources: 

• Complete source code for every program included in the book 
• Additional case studies, complete with source code 
• A full set of append ices (including several tutorials) that accompany the book 
• Access to the book's companion VideoNotes 
• Links to down load numerous programming environments and IDEs, including 

Visual Studio Community Edition . 

Instructor Resources 

The following supplements are available to qualified instructors only. 

• Answers to all Review Questions in the text 
• Solutions for all Programming Challenges in the text 
• PowerPoint presentation slides for every chapte r 
• A compute rized test bank 
• A collection of lab materials 
• Source code files 

Visit the Pearson Education Instructor Resource Center (http://www.pearsonhighered.com/irc) 
for information on how to access them. 

Practice and Assessment with MyProgramminglab 

MyProgrammingLab helps student s fully grasp the logic, semantics, and syntax of 
programming . Thr ough practice exercises and immediate, personalized feedback, 
MyProgrammingLab improves the programming competence of beginning student s 
who often struggle with the basic concepts and paradigms of popular high-level 
programming languages. A self-study and homework tool, MyProgrammingLab 
consists of hundreds of small practice exercises organized aro und the structure of this 
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textbook. For students, the system automat ically detects errors in the logic and syntax 
of their code submissions and offers targeted hints that help them figure out what went 
wrong. For instructors, a comprehens ive gradeboo k tracks correct and incorrect 
answers and stores the code input by students for review. 

MyProgrammingLab is offered to users of this book in partnership with Turing's Craft, 
the makers of the CodeLab inter active programming exercise system . For a full 
demonstration, to see feedback from instructors and students, or to get started using 
MyProgrammingLab in your course, visit www.myprogramminglab .com. 

Which Gaddis C++ book is right for you? 

The Starting Out with C++ Series includes three books, one of which is sure to fit your 
course: 

• Starting Out with C++: Early Objects 
• Starting Out with C++: From Control Structures through Objects 
• Starting Out with C++: Brief Version 
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