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Preface

Welcome to Starting Out with C++: Early Objects, 8th 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 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 experienced student. The book 1s written with clear, easy-to-understand
language and it covers all the necessary topics for an introductory programming course. This
text 1s rich in example programs that are concise, practical, 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 Eighth Edition

This book’s pedagogy and clear writing style remain the same as in the previous edition.
However, many improvements have been made to make it even more student-friendly
and to keep it state of the art for introductory programming using the C++ programming
language.

e Updated Material
Material has been updated throughout the book to reflect changes in technology,

operating systems, and software development environments, as well as to improve
clarity and incorporate best practices in object-oriented programming.

e New Material

New material has been added on a number of topics including expanded coverage on
using files. Chapter 5 now brings together, adds to, and better organizes the material
on files formerly found in Chapters 3, 4, and 5.

e Reorganized Chapters
Several chapters have been reorganized to improve student learning. Chapter 2,
Introduction to C++, now covers integer and floating-point data types before introducing
characters and strings. Chapter 5, Looping, now discusses how looping structures are
used before introducing the mechanics of creating them. Chapter 7, Introduction to
Classes and Objects, now revisits a class students already know and have been using, the
string class, before introducing how to create and use their own classes and objects.

X111
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e Greater Focus on Object-Oriented Programming
Many examples throughout the text have been rewritten to incorporate appropriate
use of classes and objects.

e Improved Sample Programs
Sample programs have been revised where appropriate to incorporate current best
programming practices. For example, throughout the book functions receiving
objects or arrays whose values should not be changed now use the const keyword to
protect them.

* Improved Diagrams
Many diagrams have been improved and new diagrams added to better illustrate
important concepts.

e New Programming Challenges
New Programming Challenges have been added in many chapters, including a
number of Challenges that ask students to develop object-oriented solutions and to
create solutions that reuse, modify, and build on previously written code.

e Answers in the Book
Answers to all the Checkpoint questions throughout the book and to the odd-
numbered review questions at the end of every chapter are now conveniently located

at the back of the book in Appendices C and D.

Organization of the Text

This text teaches C++ 1n a step-by-step fashion. Each chapter 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 (Figure P-1) suggests possible sequences of instruction.

Chapter 1 covers fundamental hardware, software, and programming 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 structures,
repetition structures, and functions. Each of these chapters builds on the previous chapter
and should be covered 1n 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 1t 1s only necessary to postpone Section .12
(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, should 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 OOP features, can cover
Chapter 17 (Linked Lists), followed by Chapters 18 and 19 (Stacks & Queues and
Binary Trees), 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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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 function and class templates to create generic code. Finally,
the student 1s introduced to the containers, iterators, and algorithms offered by the
Standard Template Library (STL). The Tying It All Together section uses various
containers in the Standard Template Library 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 1s 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 1s also demonstrated. The Tying It All Together
section brings together many of the most important concepts of OOP by using objects,
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 static and dynamic stacks and queues.
The operations of stacks and queues are defined, and templates for each ADT are
demonstrated. The static array-based stack uses exception-handling to handle stack
overtflow and underflow, providing a realistic and natural example of defining, throwing,
and catching exceptions. The Tying It All Together section discusses strategies 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 operations. 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.

X1X
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Brief Overview of Each Chapter

Chapter 1: Introduction to Computers and Programming

This chapter provides 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 section shows students
how to use the cout statement to create a personalized output message. Programming
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++ string class 1s presented and string
objects are used from this point on in the book as the primary method of handling strings.
Programming style conventions are introduced, and good programming style 1s modeled here,
as it 1s throughout the text. An optional section explains the difference between ANSI
standard and prestandard C++ programs. The Tying It All Together 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 handle numeric,
character, and string data. The use of arithmetic operators and the creation of
mathematical 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 simple output formatting, on data type conversion and type
casting, and on using library functions that work with numbers. For those who wish to
cover them, there is also a section on C-strings. 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 relational expressions and how to control the flow of a
program with if, if/else, and if/else if statements. Logical operators, the conditional
operator, and the switch statement are also covered. Applications of these constructs,
such as menu-driven programs, are illustrated. This chapter also 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.

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 pertforming data validation, are also
covered. An extensive new section on working with files has been added, and the emphasis
on testing and debugging continues, with a section on creating good test data. The
chapter’s Tying It All Together section introduces students to Windows commands to
create colorful output and uses a loop to create a multi-colored display.
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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
should be passed by value versus when they need to be passed by reference. Scope of variables
1s covered and sections are provided on local versus global 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 1s 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 introduces structures and uses them
in the Tying It All Together section, where students learn to use screen control techniques to
create an animation that simulates the motion of a yoyo.

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 the array data by row or by column.
Programming techniques using parallel arrays are also demonstrated, and the student is
shown how to use a data file as an input source to populate an array. 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.

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 algorithms and has an optional section on sorting and
searching STL vectors. A brief introduction to algorithm analysis 1s included, and students
are shown how to determine which of two algorithms is more etficient. This chapter’s
Tying It All Together section uses both a table lookup and a searching algorithm to encode
and decode secret messages.

Chapter 10: Pointers

This chapter explains how to use pointers. Topics include pointer arithmetic, mitialization of
pointers, comparison of pointers, pointers and arrays, pointers and functions, dynamic memory
allocation, and more. The Tying It All Together section demonstrates the use of pointers to
access library data structures and functions that return calendar and wall clock time.



XV

i 0

i 0

i 0

Preface

Chapter 11: More About Classes and Object-Oriented Programming

This chapter continues the study of classes and object-oriented programming. It covers
object aggregation and composition, as well as inheritance, and illustrates the ditference
between 1s-a and has-a relations. Constant member functions, static members, friends,
memberwise assignment, copy constructors, object type conversion operators, convert
constructors, and operator overloading are also included. The Tying It All Together
section brings together the concepts of inheritance and convert constructors to build a

program that formats the contents of an array to form an HTML table for display on a
Web site.

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

This chapter covers standard library functions for working with characters and C-strings,
covering topics such as passing C-strings to functions and using the C++ sstream classes to
convert between numeric and string forms of numbers. Additional material about the C++
string class and its member functions and operators i1s presented, with a program
illustrating how to write your own string class. The Tying It All Together section shows
students how to access string-based program environments to obtain information about the
computer and the network on which the program is running.

Chapter 13: Advanced File and 1/0 Operations

This chapter introduces more advanced topics for working with sequential access text
files and introduces random access and binary files. Various modes for opening files are
discussed, as well as the many methods for reading and writing their contents. The Tying It
All Together program applies many of the techniques covered in the chapter to merge two
text files into an HTML document for display on the Web, with different colors used to
illustrate which file each piece of data came from.

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 denominator (GCD), performing a binary search, sorting using QuickSort, and
solving the famous Towers of Hanoi problem. For students who need more challenge, there
1s a section on exhaustive and enumeration algorithms. 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 1s also presented on abstract base classes, pure virtual functions, type
compatibility within an inheritance hierarchy, and virtual inheritance. The Tying It All
Together section illustrates the use of inheritance and polymorphism to display and
animate graphical images.
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Appendices in the Book

Appendix A: The ASCIl 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 associativity.

Appendix C: Answers to Checkpoints A tool students can use to assess their understanding
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 tool 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 G: Multi-Source File Programs A tutorial on how to create, compile, and
link programs with multiple source files. Includes the use of function header files, class
specification files, and class implementation files.

Appendix H: Multiple and Virtual Inheritance A sclf-contained discussion of the C++
concepts of multiple and virtual inheritance for anyone already tamiliar 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 J: 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 ditferent
ways of doing type casting in C++ and to run-time type identification.

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 tutorial that introduces flowcharting and
its symbols. It includes handling sequence, selection, case, repetition, and calls to other
modules. Sample flowcharts for several of the book’s example programs are presented.
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Features of the Text

Concept Statements

Example Programs

Program Output

Tying It All Together

' VideoNotes

VideoNote

Checkpoints

Case Studies

Review Questions
and Exercises

Programming Challenges

Each major section of the text starts with a concept statement. This
statement summarizes the key idea of the section.

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.

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

This special section, found at the end of every chapter, shows the
student how to do something clever and fun with the material
covered in that chapter.

A series of online videos, developed specifically for this book, are
available for viewing at http://www.pearsonhighered.com/
gaddis/. VideoNote icons appear throughout the text, alerting the
student to videos about specific topics.

Checkpoints are questions placed throughout each chapter as a self-
test 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 explanations of interesting or often misunderstood points
relevant to the topic at hand.

Warnings caution the student about certain 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 material 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.

Each chapter offers a pool of programming exercises designed to
solidify the student’s knowledge of the topics currently being
studied. In most cases the assignments present real-world problems
to be solved.

xXX1
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Group Projects There are several group programming projects throughout the text,
intended to be constructed by a team of students. One student
might build the program’s user interface, while another student
writes the mathematical code, and another designs and implements
a class the program uses. This process is similar to the way many
professional programs are written and encourages teamwork within
the classroom.

C++ Quick For easy access, a quick reference guide to the C++ language 1s printed
Reference Guide on the inside back cover.
Supplements

Student Resources

The tollowing items are available on the Gaddis Series resource page at
www.pearsonhighered.com/gaddis:

e Complete source code for every program included in the book

e Additional case studies, complete with source code

e Serendipity Booksellers ongoing software development project

e A tull set of appendices (including several tutorials) that accompany the book

e Access to the book’s companion VideoNotes

e Links to download numerous programming environments and IDEs, including

MinGW C++ Compiler and wxDev-C++ IDE

Instructor Resources

The tollowing supplements are available to qualified instructors only.

e Answers to all Review Questions in the text

e Solutions for all Programming Challenges in the text
e PowerPoint presentation slides for every chapter

e A computerized test bank

e A collection of lab materials

e 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 MyProgramminglLab

MyProgramminglLab helps students fully grasp the logic, semantics, and syntax of
programming. Through practice exercises and 1mmediate, personalized feedback,
MyProgramminglLab improves the programming competence of beginning students who
often struggle with the basic concepts and paradigms of popular high-level programming
languages. A self-study and homework tool, a MyProgrammingLab course consists of
hundreds of small practice exercises organized around the structure of this textbook. For
students, the system automatically detects errors in the logic and syntax of their code
submissions and offers targeted hints that enable them to figure out what went wrong. For
instructors, a comprehensive gradebook tracks correct and incorrect answers and stores
the code input by students for review.
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MyProgramminglLab is offered to users of this book in partnership with Turing’s Craft, the
makers of the CodeLab interactive programming exercise system. For a full demonstration,
to see feedback from instructors and students, or to get started using MyProgrammingLab in
your course, visit MyProgramminglLab.com.

Integrated Development Environment (IDE) Resource Kits

Instructors who adopt this text for their students can also order an accompanying kit that
contains the following popular C++ development environments:

e Microsoft® Visual Studio 2010 Express Edition
¢ Dev C++

¢ NetBeans

e Eclipse

e (CodeLite

The kit also provides access to a website containing written and video tutorials for getting
started in each IDE. For ordering information, please contact your Pearson Education
Representative or visit www.pearsonhighered.com/cs.
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1.1 ' Why Program?

1 CONCEPT: Computers can do many different jobs because they are programmable.

Think about some of the different ways that people use computers. In school, students use
computers for tasks such as writing papers, searching tor articles, sending e-mail, and
participating in online classes. At work, people use computers to analyze data, make
presentations, conduct business transactions, communicate with customers and coworkers,
control machines in manufacturing tacilities, and do many other things. At home, people use
computers for tasks such as paying bills, shopping online, social networking, and playing
games. And don’t forget that smart phones, iPods®, car navigation systems, and many other
devices are computers as well. The uses ot computers are almost limitless in our everyday
lives.

Computers can do such a wide variety of things because they can be programmed. This means
that computers are not designed to do just one job, but to do any job that their programs tell
them to do. A program: is a set of instructions that a computer follows to perform a task. For
example, Figure 1-1 shows screens using Microsoft Word and PowerPoint, two commonly
used programs.
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Figure 1-1 A Word Processing Program and a Presentation Program
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 Chick to add notes

Programs are commonly referred to as software. Software is essential to a computer
because without software, a computer can do nothing. All of the software that we use to
make our computers useful is created by individuals known as programmers or software
developers. A programmer, or software developer, is a person with the training and skills
necessary to design, create, and test computer programs. Computer programming is an
exciting and rewarding career. Today you will iind programmers working in business,
medicine, government, law enforcement, agriculture, academics, entertainment, and
almost every other field.

Computer programming is both an art and a science. It is an art because every aspect of a
program should be designed with care and judgment. Listed below are a few of the things
that must be designed for any real-world computer program:

e The logical tlow of the instructions

e The mathematical procedures

e The appearance of the screens

e The way information is presented to the user

e The program’s “user-friendliness”

e Manuals and other forms of written documentation

There 1s also a scientific, or engineering side to programming. Because programs rarely
work right the first time they are written, a lot of experimentation, correction, and
redesigning is required. This demands patience and persistence of the programmer. Writing
software demands discipline as well. Programmers must learn special languages like C++
because computers do not understand English or other human languages. Languages such
as C++ have strict rules that must be carefully tollowed.

Both the artistic and scientific nature of programming makes writing computer software
like designing a car. Both cars and programs should be functional, etficient, powerful, easy
to use, and pleasing to look at.
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"=
1.2 Computer Systems: Hardware and Software

1 CONCEPT: All computer systems consist of similar hardware devices and software

components. This section provides an overview of standard computer
hardware and software organization.

Hardware

Hardware refers to the physical components that a computer 1s made of. A computer, as
we generally think of it, is not an individual device, but a system of devices. Like the
instruments in a symphony orchestra, each device plays its own part. A typical computer
system consists of the following major components:

1. The central processing unit (CPU)

2. Main memory (random-access memory, or RAM)
3. Secondary storage devices

4. Input devices

5. Output devices

The organization of a computer system is depicted in Figure 1-2.

Figure 1-2
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The CPU

When a computer is performing the tasks that a program tells it to do, we say that the
computer 1s running or executing the program. The central processing unit, or CPU, 1s
the part of a computer that actually runs programs. The CPU is the most important
component in a computer because without it, the computer could not run software.

In the earliest computers, CPUs were huge devices that weighed tons. They were made of
electrical and mechanical components such as vacuum tubes and switches. Today, CPUs
are small chips known as microprocessors that can be held in the palm of your hand. In
addition to being much smaller than the old electromechanical CPUs in early computers,
today’s microprocessors are also much more powertul.

The CPU’s job i1s to fetch instructions, follow the instructions, and produce some result.
Internally, the central processing unit consists of two parts: the control unit and the arithmetic
and logic unit (ALU). The control unit coordinates all of the computer’s operations. It is
responsible for determining where to get the next instruction and regulating the other major
components of the computer with control signals. The arithmetic and logic unit, as its name
suggests, 1s designed to perform mathematical operations. The organization of the CPU is
shown 1n Figure 1-3.

Figure 1-3
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Control unit

A program 1s a sequence of instructions stored in the computer’s memory. When a
computer 1s running a program, the CPU is engaged in a process known ftormally as the
fetch/decode/execute cycle. The steps in the fetch/decode/execute cycle are as follows:

Fetch The CPU’s control unit fetches, from main memory, the next instruction in the
sequence of program instructions.

Decode The instruction is encoded in the form of a number. The control unit decodes
the instruction and generates an electronic signal.

Execute  The signal 1s routed to the appropriate component of the computer (such as
the ALU, a disk drive, or some other device). The signal causes the component
to perform an operation.

These steps are repeated as long as there are instructions to perform.
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Main Memory

You can think of main memory as the computer’s work area. This 1s where the computer
stores a program while the program is running, as well as the data that the program is
working with. For example, suppose you are using a word processing program to write an
essay for one of your classes. While you do this, both the word processing program and the
essay are stored in main memory.

Main memory is commonly known as random-access memory or RAM. It 1s called this
because the CPU i1s able to quickly access data stored at any random location in this
memory. RAM is usually a volatile type of memory that is used only for temporary storage
while a program is running. When the computer is turned off, the contents of RAM are
erased. Inside your computer, RAM is stored in small chips.

A computer’s memory 1s divided into tiny storage cells known as bytes. One byte 1s enough
memory to store just a single letter of the alphabet or a small number. In order to do
anything meaningful, a computer has to have lots of bytes. Most computers today have
millions, or even billions, of bytes of memory.

Each byte i1s divided into eight smaller storage locations known as bits. The term bit stands
tor binary digit. Computer scientists usually think of bits as tiny switches that can be either
on or off. Bits aren't actual “switches,” however, at least not in the conventional sense. In
most computer systems, bits are tiny electrical components that can hold either a positive
or a negative charge. Computer scientists think of a positive charge as a switch in the on
position and a negative charge as a switch in the off position.

Each byte 1s assigned a unique number known as an address. The addresses are ordered tfrom
lowest to highest. A byte is identified by its address, in much the same way a post otfice box
is 1dentified by an address, so that the data stored there can be located. Figure 1-4 shows a
group of memory cells with their addresses. The number 149 is stored in the cell with the
address 16, and the number 72 is stored at address 23.

Figure 1-4
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Secondary Storage

Secondary storage is a type of memory that can hold data for long periods of time—even when
there 1s no power to the computer. Frequently used programs are stored in secondary memory
and loaded into main memory as needed. Important information, such as word processing
documents, payroll data, and inventory figures, is saved to secondary storage as well.

The most common type of secondary storage device 1s the disk drive. A disk drive stores
data by magnetically encoding it onto a circular disk. Most computers have a disk drive
mounted inside their case. External disk drives, which connect to one of the computer’s
communication ports, are also available. External disk drives can be used to create backup
copies of important data or to move data to another computer.
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In addition to external disk drives, many types of devices have been created for copying
data and for moving it to other computers. For many years floppy disk drives were
popular. A floppy disk drive records data onto a small, tlexible (“floppy”) disk, which can
be removed from the drive. The use of floppy disk drives has declined dramatically in
recent years, in favor of superior devices such as USB flash drives. USB flash drives are
small devices that plug into the computer’s USB (universal serial bus) port and appear to
the system as a disk drive. These drives, which use flash memory to store data, are
inexpensive, reliable, and small enough to be carried in your pocket.

Optical devices such as the CD (compact disc) and the DVD (digital versatile disc) are also
popular for data storage. Data i1s not recorded magnetically on an optical disc, but rather is
encoded as a series of pits on the disc surface. CD and DVD drives use a laser to detect the
pits and thus read the encoded data. Optical discs hold large amounts of data, and because
recordable CD and DVD drives are now commonplace, they are good media for creating
backup copies of data.

Input Devices

Input i1s any information the computer collects from the outside world. The device that
collects the information and sends it to the computer is called an input device. Common
input devices are the keyboard, mouse, scanner, digital camera, and microphone. Disk drives,
CD/DVD drives, and USB flash drives can also be considered input devices because programs
and information are retrieved from them and loaded into the computer’s memory.

Output Devices

Output 1s any information the computer sends to the outside world. It might be a sales report,
a list of names, or a graphic image. The information is sent to an output device, which formats
and presents i1t. Common output devices are computer screens, printers, and speakers. Output
sent to a computer screen is sometimes called soft copy, while output sent to a printer is called
hard copy. Disk drives, USB flash drives, and CD/DVD recorders can also be considered output
devices because the CPU sends information to them so 1t can be saved.

Software

If a computer is to function, software is needed. Everything that a computer does, from the time
you turn the power switch on until you shut the system down, is under the control of software.
There are two general categories of software: system software and application software. Most
computer programs clearly fit into one of these two categories. Let’s take a closer look at each.

System Software

The programs that control and manage the basic operations of a computer are generally referred
to as system software. System software typically includes the following types of programs:

o Operating Systems
An operating system 1s the most fundamental set of programs on a computer. The
operating system controls the internal operations of the computer’s hardware, manages
all the devices connected to the computer, allows data to be saved to and retrieved from
storage devices, and allows other programs to run on the computer.

o Utility Programs
A utility program pertorms a specialized task that enhances the computer’s operation
or safeguards data. Examples of utility programs are virus scanners, file-compression
programs, and data-backup programs.
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o Software Development Tools
The software tools that programmers use to create, modity, and test software are
referred to as software development tools. Compilers and integrated development
environments, which we discuss later in this chapter, are examples of programs that
fall into this category.

Application Software

Programs that make a computer useful for everyday tasks are known as application software,
or application programs. These are the programs that people normally spend most of their
time running on their computers. Figure 1-1, at the beginning of this chapter, shows screens
from two commonly used applications Microsoft Word, a word processing program, and
Microsoft PowerPoint, a presentation program. Some other examples of application software
are spreadsheet programs, e-mail programs, Web browsers, and game programs.

Checkpoint
1.1  Why is the computer used by so many different people, in so many different professions?
1.2 List the five major hardware components of a computer system.
1.3  Internally, the CPU consists of what two units?
1.4  Describe the steps in the fetch/decode/execute cycle.
1.5  What 1s a memory address? What i1s its purpose?
1.6  Explain why computers have both main memory and secondary storage.
1.7  What are the two general categories of software?

1.8  What fundamental set of programs controls the internal operations of the computer’s
hardware?

1.9  What do you call a program that performs a specialized task, such as a virus scanner, a
file-compression program, or a data-backup program?

1.10 Word processing programs, spreadsheet programs, e-mail programs, Web browsers, and
game programs belong to what category of software?

"

1.3 Programs and Programming Languages

i CONCEPT: A program is a set of instructions a computer follows in order to perform a
task. A programming language 1s a special language used to write computer
programs.

What Is a Program?

Computers are designed to follow instructions. A computer program is a set of instructions
that tells the computer how to solve a problem or perform a task. For example, suppose we

want the computer to calculate someone’s gross pay. Here is a list of things the computer
might do:

1. Display a message on the screen asking “How many hours did you work?”

2. Wait for the user to enter the number of hours worked. Once the user enters a
number, store it in memory.

3. Display a message on the screen asking “How much do you get paid per hour?”
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4. Wait for the user to enter an hourly pay rate. Once the user enters a number, store it
IN Mmemory.

5. Multiply the number of hours by the amount paid per hour, and store the result in memory.

6. Display a message on the screen that tells the amount of money earned. The message
must include the result of the calculation performed in step 5.

Collectively, these instructions are called an algorithm. An algorithm 1s a set of well-defined
steps for performing a task or solving a problem. Notice these steps are ordered sequentially.
Step 1 should be pertormed before step 2, and so forth. It is important that these instructions
be pertformed in their proper sequence.

Although a person might easily understand the instructions in the pay-calculating algorithm,
it 1s not ready to be executed on a computer. A computer’s CPU can only process instructions
that are written in machine language. A machine language program consists of a sequence of
binary numbers (numbers consisting of only 1s and 0s), which the CPU interprets as
commands. Here 1s an example of what a machine language instruction might look like:

1011010000000101

As you can imagine, the process of encoding an algorithm in machine language is very
tedious and ditficult. In addition, each different type of CPU has its own machine language.
[t you wrote a machine language program for computer A and then wanted to run it on a
computer B that has a ditferent type of CPU, you would have to rewrite the program in
computer B’s machine language.

Programming languages, which use words instead of numbers, were invented to ease the task
of programming. A program can be written in a programming language such as C++, which
1s much easier to understand than machine language. Programmers save their programs in
text files, and then use special software to convert their programs to machine language.

Program 1-1 shows how the pay-calculating algorithm might be written in C++.

0 NOTE: The line numbers shown in Program 1-1 are not part of the program. This
book shows line numbers in all program listings to help point out specific parts of the

program.

Program 1-1

// This program calculates the user's pay.
#include <iostream>
using namespace std;

int main()

{

double hours, rate, pay;
// Get the number of hours worked.
cout << "How many hours did you work? ";

cin >> hours;

(program continues)
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Program 1-1 (continued)

// Get the hourly pay rate.
cout << "How much do you get paid per hour? ";
cin >> rate;

// Calculate the pay.
pay = hours * rate;

// Display the pay.
cout << "You have earned $" << pay << endl;
return O;

Program Output with Example Input Shown in Bold

How many hours did you work? 10 [Enter]
How much do you get paid per hour? 15 [Enter]
You have earned $150

The “Program Output with Example Input Shown in Bold” shows what the program will
display on the screen when it 1s running. In the example, the user enters 10 for the number of
hours worked and 15 for the hourly pay. The program displays the earnings, which are $150.

Programming Languages

In a broad sense, there are two categories of programming languages: low-level and high-
level. A low-level language 1s close to the level ot the computer, which means it resembles
the numeric machine language of the computer more than the natural language ot humans.
The easiest languages for people to learn are high-level languages. They are called “high-
level” because they are closer to the level of human-readability than computer-readability.
Figure 1-5 illustrates the concept ot language levels.

Figure 1-5

High level (Easily read by humans)

|

Low level (machine language)
10100010 11101011




10 Chapter T Introduction to Computers and Programming

Many high-level languages have been created. Table 1-1 lists a few of the well-known ones.

Table 1-1 Well-Known High-Level Programming Languages

Language Description

BASIC Beginners All-purpose Symbolic Instruction Code. A general programming
language originally designed to be simple enough for beginners to learn.

C A structured, general-purpose language developed at Bell Laboratories. C ofters
both high-level and low-level features.

C++ Based on the C language, C++ offers object-oriented features not found in C. Also
invented at Bell Laboratories.

C# Pronounced “C sharp.” A language invented by Microsoft for developing
applications based on the Microsoft .NET plattorm.

COBOL Common Business-Oriented Language. A language designed for business
applications.

FORTRAN Formula Translator. A language designed for programming complex
mathematical algorithms.

Java An object-oriented language invented at Sun Microsystems. Java may be used to
develop programs that run over the Internet in a Web browser.

JavaScript A language used to write small programs that run in Web pages. Despite its name,
JavaScript 1s not related to Java.

Pascal A structured, general-purpose language designed primarily for teaching
programming.

Python A general purpose language created in the early 1990s. It has become popular for
both business and academic applications.

Ruby A general purpose language created in the 1990s. It 1s becoming increasingly

Visual Basic

popular for programs that run on Web servers.

A Microsoft programming language and software development environment that
allows programmers to quickly create Windows-based applications.

C++ 1s a widely used language because, in addition to the high-level features necessary for
writing applications such as payroll systems and inventory programs, it also has many
low-level features. C++ is based on the C language, which was invented for purposes such
as writing operating systems and compilers. Because C++ evolved from C, it carries all of
C’s low-level capabilities with 1it.

C++ is also popular because of its portability. This means that a C++ program can be written
on one type of computer and then run on many other types of systems. This usually requires
that the program i1s recompiled on each type of system, but the program itself may need little or
no change.
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NOTE: Programs written for specific graphical environments often require
significant changes when moved to a different type of system. Examples of such
ographical environments are Windows, the X-Window System, and the Mac OS
operating system.

Source Code, Object Code, and Executable Code

When a C++ program is written, it must be typed into the computer and saved to a file.
A text editor, which is similar to a word processing program, is used for this task. The
statements written by the programmer are called source code, and the file they are saved in
is called the source file.

After the source code is saved to a fle, the process of translating it to machine language
can begin. During the first phase of this process, a program called the preprocessor reads
the source code. The preprocessor searches for special lines that begin with the # symbol.
These lines contain commands, or directives, that cause the preprocessor to amend
or process the source code in some way. During the next phase the compiler steps through
the preprocessed source code, translating each source code instruction into the appropriate
machine language instruction. This process will uncover any syntax errors that may be in
the program. Syntax errors are illegal uses of key words, operators, punctuation, and other
language elements. If the program is free of syntax errors, the compiler stores the
translated machine language instructions, which are called object code, in an object file.

Although an object hle contains machine language instructions, it is not a complete
program. Here is why. C++ 1s conveniently equipped with a library of prewritten code
for performing common operations or sometimes-difthcult tasks. For example, the library
contains hardware-specific code for displaying messages on the screen and reading input
from the keyboard. It also provides routines for mathematical functions, such as
calculating the square root of a number. This collection of code, called the run-time
library, 1s extensive. Programs almost always use some part of it. When the compiler
generates an object file, however, 1t does not include machine code for any run-time
library routines the programmer might have used. During the last phase of the
translation process, another program called the linker combines the object file with the
necessary library routines. Once the linker has finished with this step, an executable file
is created. The executable file contains machine language instructions, or executable
code, and is ready to run on the computer.

Figure 1-6 illustrates the process of translating a C++ source file into an executable file.
The entire process of invoking the preprocessor, compiler, and linker can be initiated with a
single action. For example, on a Linux system, the following command causes the C++
program named hello.cpp to be preprocessed, compiled, and linked. The executable code
1s stored in a file named hello.

g++ -o hello hello.cpp

11
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Figure 1-6
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Many development systems, particularly those on personal computers, have integrated
development environments (IDEs). These environments consist of a text editor, compiler,
debugger, and other utilities integrated into a package with a single set of menus.
Preprocessing, compiling, linking, and even executing a program i1s done with a single click

of a button, or by selecting a single item from a menu. Figure 1-7 shows a screen from the
Microsoft Visual Studio IDE.
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Figure 1-7
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double hour<, rate, pay;

// et the nusber of hours worked.
cout << “"How many hours did you work? ~;
cin >> hours;

// Get the hourly pay rate.
cout << “How much do you get paid per hour? ~;
Cin > rate;

// Calrulate the pay.
paoy - hours * rate;

// Display the pay.
cout << "You have carncd §" << pay << cndl;
rcturn 0;

Shaw aitput trom: l_

Checkpoint

1.11  What s an algorithm?

1.12  Why were computer programming languages invented?

1.13  What is the ditference between a high-level language and a low-level language?
1.14 What does portability mean?

1.15 Explain the operations carried out by the preprocessor, compiler, and linker.
1.16 Explain what is stored in a source file, an object file, and an executable file.

1.17 What is an integrated development environment?

-

14 What Is a Program Made of?

1 CONCEPT: There are certain elements that are common to all programming languages.

Language Elements

All programming languages have a few things in common. Table 1-2 lists the common elements
found in almost every language.
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Table 1-2 Programming Language Elements

[Language Element

Description

Key Words

Programmer-Dehined
Identifiers
Operators

Punctuation

Syntax

Words that have a special meaning. Key words may only be used tor their
intended purpose. Key words are also known as reserved words.

Words or names defined by the programmer. They are symbolic names
that refer to variables or programming routines.

Operators perform operations on one or more operands. An operand is
usually a piece of data, like a number.

Punctuation characters that mark the beginning or ending of a statement,
or separate items in a list.

Rules that must be followed when constructing a program. Syntax dictates
how key words and operators may be used, and where punctuation
symbols must appear.

Let’s look at some specific parts of Program 1-1 (the pay-calculating program) to see examples
ot each element listed in the table above. For convenience, Program 1-1 is listed again.

Program 1-1

// This program calculates the user's pay.
#include <iostream>
using namespace std;

int main()

{

double hours, rate, pay;

// Get the number of hours worked.
cout << "How many hours did you work? ";
cin >> hours;

// Get the hourly pay rate.
cout << "How much do you get paid per hour? ";
cin >> rate;

// Calculate the pay.
pay = hours * rate;

// Display the pay.
cout << "You have earned $" << pay << endl;

return 0O;

Key Words (reserved words)

Three of C++’s key words appear on lines 3 and 5: using, namespace, and int. The word
double, which appears on line 7, 1s also a C++ key word. These words, which are always
written in lowercase, each have a special meaning in C++ and can only be used tor their
intended purposes. As you will see, the programmer is allowed to make up his or her own
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names for certain things in a program. Key words, however, are reserved and cannot be
used for anything other than their designated purposes. Part of learning a programming
language is learning what the key words are, what they mean, and how to use them.

NOTE: The #include <iostream> statement in line 2 is a preprocessor directive.

NOTE: In C++, key words are written 1n all lowercase.

Programmer-Defined Identifiers

The words hours, rate, and pay that appear in the program on lines 7, 11, 15, 18, and 21
are programmer-defined identifiers. They are not part of the C++ language but rather are
names made up by the programmer. In this particular program, these are the names of
variables. As you will learn later in this chapter, variables are the names of memory
locations that may hold data.

Operators

On line 18 the following statement appears:
pay = hours * rate;

The = and * symbols are both operators. They perform operations on pieces of data,
known as operands. The * operator multiplies its two operands, which in this example are
the variables hours and rate. The = symbol is called the assignment operator. It takes the
value of the expression on the right and stores it in the variable whose name appears on the
left. In this example, the = operator stores in the pay variable the result of the hours
variable multiplied by the rate variable. In other words, the statement says, “Make the
pay variable equal to hours times rate” or “pay is assigned the value of hours times
rate.”

Punctuation

Notice that many lines end with a semicolon. A semicolon in C++ is similar to a period in
English. It marks the end of a complete sentence (or statement, as it is called in
programming). Semicolons do not appear at the end of every line in a C++ program,
however. There are rules that govern where semicolons are required and where they are not.
Part of learning C++ is learning where to place semicolons and other punctuation symbols.

Lines and Statements

Often, the contents of a program are thought of in terms of lines and statements. A [ine is
just that—a single line as it appears in the body of a program. Program 1-1 is shown with
each of its lines numbered. Most of the lines contain something meaningful; however, some
of the lines are empty. The blank lines are only there to make the program more readable.

A statement 1s a complete instruction that causes the computer to perform some action.
Here 1s the statement that appears in line 10 of Program 1-1:

cout << "How many hours did you work? ";

18
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[t causes the computer to display the message “How many hours did you work?” on the
screen. Statements can be a combination of key words, operators, and programmer-defined
symbols. Statements usually occupy only one line in a program, but sometimes they are
spread out over more than one line.

Variables

A wvariable is a named storage location in the computer’s memory tor holding a piece of data.
The data stored in variables may change while the program is running (hence the name
“variable”). Notice that in Program 1-1 the words hours, rate, and pay appear in several
places. All three of these are the names of variables. The hours variable i1s used to store the
number of hours the user worked. The rate variable stores the user’s hourly pay rate. The
pay varlable holds the result of hours multiplied by rate, which is the user’s gross pay.

NOTE: Notice the variables in Program 1-1 have names that reflect their purpose. In
fact, it would be easy to guess what the variables were used for just by reading their
names. This is discussed further in Chapter 2.

Variables are symbolic names that represent locations in the computer’s random-access
memory (RAM). When information is stored in a variable, it is actually stored in RAM.
Assume a program has a variable named length. Figure 1-8 illustrates the way the variable
name represents a memory location.

Figure 1-8

length

In Figure 1-8 the variable 1ength is holding the value 72. The number 72 is actually stored
in RAM at address 23, but the name length symbolically represents this storage location.
You can think of a variable as a box that holds information. In Figure 1-8, the number 72 is
stored in the box named length. Only one item may be stored in the box at any given time.
[t the program stores another value in this box, 1t will take the place of the number 72.

Variable Definitions

In programming, there are two general types of data: numbers, such as 3, and characters,
such as the letter ‘A’. Numbers are used to perform mathematical operations, and characters
are used to print information on the screen or on paper.
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Numeric data can be categorized even further. For instance, the following are all whole
numbers, or integers:

5

7
-129
32154

The tollowing are real, or floating-point, numbers:

3.14159
6.7
1.0002

When creating a variable in a C++ program, you must know what type of data the program
will be storing 1n it. Look at line 7 of Program 1-1:

double hours, rate, pay;

The word double in the statement indicates that the variables hours, rate, and pay will be used
to hold double precision tloating-point numbers. This statement 1s called a variable definition. In
C++, all vaniables must be defined before they can be used because the variable definition 1s what
causes the variables to be created in memory. If you review the listing of Program 1-1, you will
see that the variable definitions come before any other statements using those variables.

Input, Processing, and Output

CONCEPT: The three primary activities of a program are input, processing, and output.

Computer programs typically perform a three-step process of gathering input, performing
some process on the information gathered, and then producing output. Input is information
a program collects from the outside world. It can be sent to the program by the user, who 1s
entering data at the keyboard or using the mouse. It can also be read from disk files or
hardware devices connected to the computer. Program 1-1 allows the user to enter two 1items
of information: the number of hours worked and the hourly pay rate. Lines 11 and 15 use
the cin (pronounced “see in”) object to perform these input operations:

cin >> hours;
cin >> rate;

Once information is gathered from the outside world, a program usually processes it in
some manner. In Program 1-1, the hours worked and hourly pay rate are multiplied in
line 18 to produce the value assigned to the variable pay:

pay = hours * rate;

Output 1s information that a program sends to the outside world. It can be words or
eraphics displayed on a screen, a report sent to the printer, data stored in a file, or
information sent to any device connected to the computer.
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Lines 10, 14, and 21 in Program 1-1 all use the cout (pronounced “see out”) object to display
messages on the computer’s screen.

cout << "How many hours did you work? ";
cout << "How much do you get paid per hour? ";
cout << "You have earned $" << pay << endl;

You will learn more about objects later in the book and about the cin and cout objects in
Chapters 2 and 3.

> Checkpoint
" 1.18 Describe the difference between a key word and a programmer-defined symbol.
1.19 Describe the difference between operators and punctuation symbols.
1.20 Describe the difference between a program line and a statement.
1.21  Why are vanables called “variable”?
1.22 What happens to a variable’s current contents when a new value is stored there?
1.23  What must take place in a program before a variable is used?

1.24  What are the three primary activities of a program?

"

1.6 The Programming Process

4._ CONCEPT: The programming process consists of several steps, which include design,
creation, testing, and debugging activities.

Designing and Creating a Program

Now that you have been introduced to what a program is, it’s time to consider the process
of creating a program. Quite often, when inexperienced students are given programming,
assignments, they have trouble getting started because they don’t know what to do first. If
you find yourself in this dilemma, the steps listed in Figure 1-9 may help. These are the
steps recommended for the process of writing a program.

Figure 1-9

. Define what the program is to do.

. Visualize the program running on the computer.

. Use design tools to create a model of the program.
. Check the model for logical errors.

. Write the program source code.

. Gompile the source code.

. Correct any errors found during compilation.

. Link the program to create an executable file.

. Run the program using test data for input.

. Correct any errors found while running the program.
Repeat steps 4 through 10 as many times as necessary.

. Validate the results of the program.
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The steps listed in Figure 1-9 emphasize the importance of planning. Just as there are good
ways and bad ways to paint a house, there are good ways and bad ways to create a program.
A good program always begins with planning.

With the pay-calculating program as our example, let’s look at each step in more detail.

1. Define what the program is to do.

This step requires that you clearly identity the purpose of the program, the information
that is to be input, the processing that is to take place, and the desired output. Here are the
requirements for the example program:

Purpose To calculate the user’s gross pay.
Input Number of hours worked, hourly pay rate.

Processing  Multiply number of hours worked by hourly pay rate. The result is the
user’s gross pay.

Output Display a message indicating the user’s gross pay.

2. Visualize the program running on the computer.

Before you create a program on the computer, you should first create it in your mind.
Step 2 is the visualization of the program. Try to imagine what the computer screen looks
like while the program is running. If it helps, draw pictures ot the screen, with sample
input and output, at various points in the program. For instance, here is the screen
produced by the pay-calculating program:

How many hours did you work? 10
How much do you get paid per hour? 15

You earned S 150

In this step, you must put yourselt in the shoes of the user. What messages should the
program display? What questions should it ask? By addressing these issues, you will have
already determined most of the program’s output.

3. Use design tools to create a model of the program.

While planning a program, the programmer uses one or more design tools to create a
model of the program. Three common design tools are hierarchy charts, flowcharts, and
pseudocode. A hierarchy chart 1s a diagram that graphically depicts the structure of a
program. It has boxes that represent each step in the program. The boxes are connected in
a way that illustrates their relationship to one another. Figure 1-10 shows a hierarchy chart
for the pay-calculating program.

A hierarchy chart begins with the overall task and then refines it into smaller subtasks.
Each of the subtasks 1s then refined into even smaller sets of subtasks, until each 1s small
enough to be easily performed. For instance, in Figure 1-10, the overall task “Calculate
Gross Pay” is listed in the top-level box. That task is broken into three subtasks. The first
subtask, “Get Payroll Data from User,” is broken further into two subtasks. This process
of “divide and conquer” i1s known as top-down design.

19
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Figure 1-10
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A flowchart is a diagram that shows the logical flow of a program. It is a useful tool for
planning each operation a program must perform and the order in which the
operations are to occur. For more information see Appendix N, Introduction to
Flowcharting.

Pseudocode is a cross between human language and a programming language.
Although the computer can’t understand pseudocode, programmers often fnd it
helpful to write an algorithm using it. This 1s because pseudocode 1s similar to natural
language, yet close enough to programming language that it can be easily converted
later into program source code. By writing the algorithm in pseudocode frst, the
programmer can focus on just the logical steps the program must perform, without
having to worry yet about syntax or about details such as how output will be
displayed.

Pseudocode can be written at a high level or at a detailed level. Many programmers use
both forms. High level pseudocode simply lists the steps a program must perform. Here 1s
high level pseudocode for the pay-calculating program.

Get payroll data
Calculate gross pay
Display gross pay

High level pseudocode can be expanded to produce detailed pseudocode. Here is the
detailed pseudocode for the same program. Notice that it even names variables and tells
what mathematical operations to perform.

Ask the user to input the number of hours worked
Input hours

Ask the user to input the hourly pay rate

Input rate

Set pay equal to hours times rate

Display pay
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4, Check the model for logical errors.

Logical errors, also called logic errors, are mistakes that cause a program to produce erroneous
results. Examples of logical errors would be using the wrong variable’s value in a computation
or performing order-dependent actions in the wrong order. Once a model of the program has
been created, it should be checked for logical errors. The programmer should trace through the
charts or pseudocode, checking the logic of each step. If an error i1s found, the model can be
corrected before the actual program source code is written. In general, the earlier an error is
detected in the programming process, the easier it is to correct.

5. Write the program source code.

Once a model of the program (hierarchy chart, flowchart, or pseudocode) has been
created, checked, and corrected, the programmer is ready to write the source code, using
an actual computer programming language, such as C++. Many programmers write the
code directly on the computer, typing it into a text editor. Some programmers, however,
prefer to write the program on paper first, then enter it into the computer. Once the
program has been entered, the source code is saved to a file.

6. Compile the source code.

Next the saved source code is ready to be compiled. The compiler will translate the source
code to machine language.

7. Correct any errors found during compilation.

[t the compiler reports any errors, they must be corrected and the code recompiled. This
step 1s repeated until the program is free of compile-time errors.

8. Link the program to create an executable file.

Once the source code compiles with no errors, it can be linked with the libraries specified
by the program #include statements to create an executable file. If an error occurs during
the linking process, it is likely that the program has tailed to include a needed library file.
The needed file must be included and the program relinked.

9. Run the program using test data for input.

Once an executable file 1s generated, the program is ready to be tested for run-time and logic
errors. A run-time error occurs when the running program asks the computer to do
something that is impossible, such as divide by zero. Normally a run-time error causes the
program to abort. If the program runs, but fails to produce correct results, it likely contains
one or more logic errors. To help identify such errors, it is important that the program be
executed with carefully selected sample data that allows the correct output to be predicted.

10. Correct any errors found while running the program.

When run-time or logic errors occur in a program, they must be corrected. You must identify
the step where the error occurred and determine the cause.

Desk-checking is a process that can help locate these types of errors. The term desk-checking
means the programmer starts reading the program, or a portion of the program, and steps
through each statement. A sheet of paper is often used in this process to jot down the current
contents of all variables and sketch what the screen looks like after each output operation.
When a variable’s contents change, or information is displayed on the screen, this is noted. By
stepping through each statement in this manner, many errors can be located and corrected.
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[f the error is a result of incorrect logic (such as an improperly stated math formula), you
must correct the statement or statements involved in the logic. If the error is due to an
incomplete understanding of the program requirements, then you must restate the
program’s purpose and modity all affected charts, pseudocode, and source code. The
program must then be saved, recompiled, relinked, and retested. This means steps 4
though 10 must be repeated until the program reliably produces satisfactory results.

11. Validate the results of the program.

When you believe you have corrected all errors, enter test data to verify that the program
solves the original problem.

What Is Software Engineering?

The field of software engineering encompasses the complete process of crafting computer
software. It includes designing, writing, testing, debugging, documenting, modifying, and
maintaining complex software development projects. Like traditional engineers, software
engineers use a number of tools in their craft. Here are a few examples:

e Program specifications

e Charts and diagrams of screen output

e Hierarchy charts

 Pseudocode

e Examples of expected input and desired output
e Special software designed for testing programs

Most commercial software applications are very large. In many instances one or more
teams of programmers, not a single individual, develop them. It is important that the
program requirements be thoroughly analyzed and divided into subtasks that are handled
by individual teams or individuals within a team.

In step 3 of the programming process, you were introduced to the hierarchy chart as a tool
for top-down design. When the subtasks identified in a top-down design are long or
complex, they can be developed as modules, or separate components, of a program. If
the program is very large or complex, a team of software engineers can be assigned to
work on the individual modules. As the project develops, the modules are coordinated to
become a single software application.

) Checkpoint

1.25 What four items should you identity when defining what a program is to do?

1.26  What does it mean to “visualize a program running”? What is the value of doing this?
1.27 What is a hierarchy chart?

1.28 What is pseudocode?
1.29 What is the difference between high level pseudocode and detailed pseudocode?

1.30  Describe what a compiler does with a program’s source code.
1.31 What is a logic error?
1.32 What is a run-time error?

1.33  Describe the process of desk-checking.



Review Questions and Exercises

Tying It All Together: Hi! It's Me

Most programs, as you have learned, have three primary activities: input, processing, and
output. But it is possible to write a program that has only output. Program 1-2, shown
below, displays the message:

Hi! It's me.
I'm learning to program!

Program 1-2 can be found in the Chapter 1 folder on the book’s companion website. Open
the program in whatever C++ development environment your class is using. Then compile
it and run it. Your instructor will show you how to do this.

Program 1-2

//This program prints a message with your name in it.
#include <iostream>
using namespace std;

int main()

{

cout << "Hi! It\'s me.\n":
cout << "I\'m learning to program!\n";
return 0O;

Once you have run it, change the word me on line 7 to your name to personalize the
message. Then recompile and rerun the program.

In the next chapter you will learn what the \' and \n do.

Review Questions and Exercises
Fill-in-the-Blank and Short Answer

1. Computers can do many different jobs because they can be

2. The job of the is to fetch instructions, carry out the operations commanded
by the instructions, and produce some outcome or resultant information.

Internally, the CPU consists of the and the

A(n) is an example of a secondary storage device.

The two general categories of software are and

A program is a set of

NS W

Since computers can’t be programmed in natural human language, algorithms must be
written in a(n) language.

is the only language computers really process.

9. languages are close to the level of humans in terms of readability.
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15.
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19.
20.
21.
22.
23.

24.
23.

languages are close to the level of the computer.

A program’s ability to run on several different types of computer systems is called

Words that have special meaning in a programming language are called
words.

Words or names defined by the programmer are called

are characters or symbols that perform operations on one or more operands.

characters or symbols mark the beginning or ending of programming
statements, or separate items in a list.

The rules that must be followed when constructing a program are called
A(n)

A variable must be

1s a named storage location.

before it can be used in a program.

The three primary activities of a program are : , and

1s information a program gathers from the outside world.

is information a program sends to the outside world.

A(n)

Both main memory and secondary storage are types of memory. Describe the difference
between the two.

1s a diagram that graphically illustrates the structure of a program.

What 1s the difference between system software and application software?

What 1s the difference between a syntax error and a logical error?

Algorithm Workbench

26.

27.

Available Credit

Design a hierarchy chart for a program that calculates a customer’s available credit.
The program should carry out the following steps:

Display the message “Enter the customer’s maximum credit.”

Wait for the user to enter the customer’s maximum credit.

Display the message “Enter the amount of credit used by the customer.”
Wait for the user to enter the customer’s credit used.

Subtract the used credit from the maximum credit to get the customer’s available credit.

N

Display a message that shows the customer’s available credit.
Account Balance

Write high-level and detailed pseudocode for a program that calculates the current
balance in a bank account. The program must ask the user for

 The starting balance
 The total dollar amount of deposits made
e The total dollar amount of withdrawals made

Once the program calculates the current balance, it should be displayed on the screen.
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Predicting the

Output of
Problem 30

28.

Sales Tax

Review Questions and Exercises

Write high-level and detailed pseudocode for a program that calculates the total of a

retail sale. The program should ask the user for

e The retail price of the item being purchased

¢ The sales tax rate

Once these items have been entered, the program should calculate and display

e The sales tax for the purchase
e The total of the sale

Predict the Output

Questions 29-32 are programs expressed as English statements. What would each display

on the screen if they were actual programs?

29.

30.

31.

32.

The variable sum starts with the value O.

Add 10 to sum.
Add 15 to sum.
Add 20 to sum.

Display the value of sum on the screen.

The variable x starts with the value 0.
The variable y starts with the value 5.

Add 1 to x.

Add 1tovy.
Add x and y, and store the result in y.

Display the value in y on the screen.

The variable 5 starts with the value 10.

The variable k starts with the value 2.
The variable 1 starts with the value 4.
Store the value of § times k 1n j.
Store the value of k times 1 in 1.

Add j and 1, and store the result in k.
Display the value in k on the screen.

The variable a starts with the value 1.

The variable b starts with the value 10.
The variable ¢ starts with the value 100.

The variable x starts with the value O.
Store the value of ¢ times 3 in x.

Add the value of b times 6 to the value already in x.
Add the value of a times S to the value already in x.

Display the value in x on the screen.
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Find the Error

33. The following pseudocode algorithm has an error. It 1s supposed to use values input for a
rectangular room’s length and width to calculate and display its area. Find the error.

area = width X length.

Display "What 1s the room's width?".
Input width.

Display "What 1s the room's length?".
Input length.

Display area.

Soft Skills

Before a programmer can design a program he or she must have some basic knowledge
about the domain, or area, the program will deal with and must understand exactly what it
is that the client wants the program to do. Otherwise the final program may not work
correctly or may not meet the client’s needs.

34. Suppose one of your friends, who paints the insides of houses, has asked you to develop a
program that determines and displays how much paint is needed to paint a room if the
length and width of the room is input. What information are you lacking that you need to
write this program? Write at least three questions that you would need to ask your friend
before starting the project.

Programming Challenges

1. Candy Bar Sales

Using Program 1-1 as an example, write a program that calculates how much a student
organization earns during its fund raising candy sale. The program should prompt the user
to enter the number of candy bars sold and the amount the organization earns for each bar
sold. It should then calculate and display the total amount earned.

2. Baseball Costs

Using Program 1-1 as an example, write a program that calculates how much a little league
baseball team spent last year to purchase new baseballs. The program should prompt the
user to enter the number of baseballs purchased and the cost of each baseball. It should
then calculate and display the total amount spent to purchase the baseballs.
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21 The Parts of a C++ Program

1 CONCEPT: C++ programs have parts and components that serve specific purposes.

Every C++ program has an anatomy. Unlike human anatomy, the parts of C++ programs
are not always in the same place. Nevertheless, the parts are there and your first step in
learning C++ is to learn what they are. We will begin by looking at Program 2-1.

Program 2-1

1 // A simple C++ program
#include <iostream>
using namespace std;

int main()

{

cout << "Programming 1s great fun!";
return 0;

O G ~J O Un & W N

h
Program Output

Programming 1S great fun!

27



28

Chapter 2

Introduction to C++

Let’s examine the program line by line. Here’s the first line:
// A simple C++ program

The // marks the beginning of a comment. The compiler ignores everything from the
double-slash to the end of the line. That means you can type anything you want on that
line, and the compiler will never complain! Although comments are not required, they are
very important to programmers. Most programs are much more complicated than the
example in Program 2-1, and comments help explain what’s going on.

Line 2 looks like this:

#include <iostream>

When a line begins with a # it indicates it 1s a preprocessor directive. The preprocessor
reads your program before it 1s compiled and only executes those lines beginning with a
# symbol. Think of the preprocessor as a program that “sets up” your source code for
the compiler.

The #include directive causes the preprocessor to include the contents of another file
in the program. The word inside the brackets, iostream, i1s the name of the file that 1s
to be included. The iostream file contains code that allows a C++ program to display
output on the screen and read input from the keyboard. Because the cout statement
(on line 7) prints output to the computer screen, we need to include this file. Its
contents will be placed in the program at the point the #include statement appears.
The iostream file is called a header file, so it should be included at the head, or top, of
the program.

Line 3 reads
using namespace std;

Programs usually contain various types of items with unique names. In this chapter you
will learn to create variables. In Chapter 6 you will learn to create functions. In Chapter 7
you will learn to create objects. Variables, functions, and objects are examples of
program entities that must have names. C++ uses namespaces to organize the names ot
program entities. The statement using namespace std; declares that the program will be
accessing entities whose names are part of the namespace called std. (Yes, even
namespaces have names.) The program needs access to the std namespace because every
name created by the iostream file i1s part of that namespace. In order for a program to
use the entities in iostream, it must have access to the std namespace. More information

on namespaces can be found in Appendix J, which is available on the book's companion
Web site.
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Line 5 reads
int main()

This marks the beginning of a function. A function can be thought of as a group of one or
more programming statements that has a name. The name of this function i1s main, and the
set of parentheses that follows the name indicates that it is a function. The word int stands
for “integer.” It indicates that the function sends an integer value back to the operating
system when it is finished executing.

Although most C++ programs have more than one function, every C++ program must
have a function called main. It 1s the starting point of the program. If you’re ever
reading someone else’s program and want to find where it starts, just look for the
function called main.

NOTE: C++ 1s a case-sensitive language. That means it regards uppercase letters as
being entirely ditferent characters than their lowercase counterparts. In C++, the name
of the function main must be written in all lowercase letters. C++ doesn’t see “main” the

same as “Main” or “MAIN.”

Line 6 contains a single, solitary character:

{

This 1s called a left-brace, or an opening brace, and it is associated with the beginning of
the function main. All the statements that make up a function are enclosed in a set of
braces. If you look at the third line down from the opening brace you’ll see the closing
brace. Everything between the two braces 1s the contents of the function main.

WARNING! Make sure you have a closing brace for every opening brace in your
program.

After the opening brace you see the following statement in line 7:
cout << "Programming 1S great fun!";

This line displays a message on the screen. You will read more about cout and the <<
operator later in this chapter. The message “Programming is great fun!” is printed without
the quotation marks. In programming terms, the group of characters inside the quotation
marks 1s called a string literal, a string constant, or simply a string.

NOTE: This is the only line in the program that causes anything to be printed on the
screen. The other lines, like #include <iostream> and int main(), are necessary for
the framework of your program, but they do not cause any screen output. Remember, a
program is a set of instructions for the computer. If something is to be displayed on the
screen, you must use a programming statement for that purpose.
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Notice that line 7 ends with a semicolon. Just as a period marks the end of a sentence, a
semicolon 1s required to mark the end of a complete statement in C++. But many C++ lines,
such as comments, preprocessor directives, and the beginning of functions, are not complete
statements. These do not end with semicolons. Here are some examples of when to use, and
not use, semicolons.

// Semicolon examples // This is a comment

# include <iostream> // This is a preprocessor directive
int main|() // This begins a function

cout << "Hello"; // This is a complete statement

As you spend more time working with C++ you will get a feel for where you should
and should not use semicolons. For now don’t worry about it. Just concentrate on
learning the parts of a program.

[Line 8 reads
return 0;

This sends the integer value 0 back to the operating system when the program finishes
running. The value 0 usually indicates that a program executed successtully.

The last line of the program, line 9, contains the closing brace:

}

This brace marks the end of the main function. Because main is the only function in this
program, it also marks the end of the program.

In the sample program you encountered several sets of special characters. Table 2-1 provides
a short summary of how they were used.

Table 2-1 Special Characters

Character  Name Description

// Double slash Marks the beginning of a comment.

# Pound sign Marks the beginning of a preprocessor directive.

< > Opening and closing Encloses a filename when used with the #include
brackets directive.

() Opening and closing Used in naming a function, as in int main().
parentheses

{ } Opening and closing Encloses a group of statements, such as the contents of a
braces function.

"o Opening and closing Encloses a string of characters, such as a message that is to
quotation marks be printed on the screen.

we

Semicolon Marks the end of a complete programming statement.
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Checkpoint

2.1  The following C++ program will not compile because the lines have been mixed up.

int main()

}

// A crazy mixed up program

#include <iostream>

return O0;

cout << "In 1492 Columbus sailed the ocean blue.";

{

using namespace std;

When the lines are properly arranged the program should display the following
on the screen:

In 1492 Columbus sailed the ocean blue.
Rearrange the lines in the correct order. Test the program by entering it on the
computer, compiling it, and running it.

2.2  On paper, write a program that will display your name on the screen. Use

Program 2-1 as your guide. Place a comment with today’s date at the top of the
program. Test your program by entering, compiling, and running it.

i

22 The cout Object

CONCEPT: cout is used to display information on the computer’s screen.

In this section you will learn to write programs that produce output on the screen. The
simplest type of screen output that a program can display is console output, which is
merely plain text. The word console is an old computer term. It comes tfrom the days when
a computer operator interacted with the system by typing on a terminal. The terminal,
which consisted of a simple screen and keyboard, was known as the console.

On modern computers, running graphical operating systems such as Windows or Mac OS,
console output is usually displayed in a window such as the one shown in Figure 2-1. C++
provides an object named cout that is used to produce console output. (You can think of
the word cout as meaning console output.)

Figure 2-1 A Console Window

-7 C:\WINDOWS\system32\cmd.exe - O] x|

This program calculates the area of a circle. -
What 1s the radius of the circle? 19

The area 1s 314.159
Press anvy kevy to continue
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j cout 1s classified as a stream object, which means it works with streams of data. To print a
- message on the screen, you send a stream of characters to cout. Let’s look at line 7 from
VideoNote Progam 2-1-

Using cout to . .

Display Output cout << "Programming 1s great fun!";

The << operator is used to send the string “Programming is great fun!” to cout. When the <<
symbol i1s used this way, it 1s called the stream-insertion operator. The item immediately to

the right of the operator is inserted into the output stream that is sent to cout to be displayed
on the screen.

@ NOTE: The stream insertion operator is always written as two less-than signs with no
space between them. Because you are using it to send a stream of data to the cout object,

you can think of the stream insertion operator as an arrow that must point toward cout,
as shown here.

cout << "Hello";
cout ¢ "Hello";

Program 2-2 shows another way to write the same program.

Program 2-2

// A simple C++ program
#include <jiostream>
using namespace std;

int main()

{

cout << "Programming 1s " << "great fun!";
return 0;

Program Output

Programming 1s great fun!

As you can see, the stream-insertion operator can be used to send more than one item to

cout. The output of this program is identical to Program 2-1. Program 2-3 shows yet
another way to accomplish the same thing.

Program 2-3

// A simple C++ program
#include <iostream>
using namespace std;

int main()

{
cout << "Programming 1s ";
cout << "great fun!";
return 0O;

}

Program Output

Programming 1s great fun!
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An important concept to understand about Program 2-3 is that although the output is broken
Into two programming statements, this program will still display the message on a single line.
Unless you specify otherwise, the information you send to cout is displayed in a continuous
stream. Sometimes this can produce less-than-desirable results. Program 2-4 illustrates this.

Program 2-4

// An unruly printing program
#include <iostream>
using namespace std;

int main()

{

cout << "The followling i1tems were top sellers";
cout << "during the month of June:";

cout << "Computer games";

cout << "Coffee";

cout << "Aspirin";

return O;

Program Output

The followling i1tems were top sellersduring the month of June:Computer
gamesCoffeeAspirin

The layout of the actual output looks nothing like the arrangement of the strings in
the source code. First, notice there 1s no space displayed between the words “sellers” and
“during,” or between “June:” and “Computer.” cout displays messages exactly as they are
sent. If spaces are to be displayed, they must appear in the strings.

Second, even though the output 1s broken into five lines in the source code, it comes out as
one long line of output. Because the output is too long to fit on one line of the screen, it
wraps around to a second line when displayed. The reason the output comes out as one
long line is that cout does not start a new line unless told to do so. There are two ways to
instruct cout to start a new line. The first is to send cout a stream manipulator called
endl (pronounced “end-line” or “end-L”). Program 2-5 does this.

Program 2-5

// A well-adjusted printing program
#include <iostream>
using namespace std;

int main()

{

cout << "The following i1tems were top sellers" << endl;
cout << "during the month of June:" << endl;

cout << "Computer games" << endl;

cout << "Coffee" << endl;

cout << "Aspirin" << endl;

return 0;

(program continues)
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Program 2-5 (continued)

Program Output

The following items were top sellers
during the month of June:

Computer games

Coffee

Aspilirin

0 NOTE: The last character in end1l 1s the lowercase letter L, #ot the number one.

Every time cout encounters an endl stream manipulator it advances the output to the
beginning of the next line for subsequent printing. The manipulator can be inserted
anywhere in the stream of characters sent to cout, as long as it is outside the double
quotes. Notice that an end1l is also used at the end of the last line of output.

Another way to cause subsequent output to begin on a new line is to insert a \n inside a
string that 1s being output. Program 2-6 does this.

Program 2-6
// Another well-adjusted printing program
#include <iostream>

using namespace std;

int main()

{
cout << "The following items were top sellers\n";
cout << "during the month of June:\n";
cout << "Computer games\nCoffee";
cout << "\nAspirin\n";
return O;
}

Program Output

The following items were top sellers
during the month of June:

Computer games

Coffee

Aspilrin

\n 1s an example of an escape sequence. Escape sequences are written as a backslash character
(\) tfollowed by a control character and are used to control the way output 1s displayed. There
are many escape sequences in C++. The newline escape sequence (\n) is just one of them.

When cout encounters \n in a string, it doesn’t print it on the screen. Instead it interprets
it as a special command to advance the output cursor to the next line. You have probably
noticed that inserting the escape sequence requires less typing than inserting endl. That’s
why some programmers prefer it.
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Escape sequences give you the ability to exercise greater control over the way information
is output by your program. Table 2-2 lists a few of them.

Table 2-2 Common Escape Sequences

Escape

Sequence  Name Description

\n Newline Causes the cursor to go to the next line for subsequent printing.

\t Horizontal tab  Causes the cursor to skip over to the next tab stop.

\a Alarm Causes the computer to beep.

\b Backspace Causes the cursor to back up, or move left one position.

\r Return Causes the cursor to go to the beginning of the current line, not the
next line.

\ \ Backslash Causes a backslash to be printed.

\ Single quote Causes a single quotation mark to be printed.

\ " Double quote Causes a double quotation mark to be printed.

A common mistake made by beginning C++ students is to use a forward slash (/) instead of
a back slash (\) when trying to write an escape sequence. This will not work. For example,
look at the following line of code.

cout << "Four score/nAnd seven/nYears ago./n"; // Error!

Because the programmer accidentally wrote /n instead of \n, cout will simply display the
/n characters on the screen, rather than starting a new line of output. This code will create
the following output:

Four score/nAnd seven/nYears ago./n

Another common mistake 1s to forget to put the \n inside quotation marks. For example,
the tollowing code will not compile.

cout << "Good" << \n:; // Error!
cout << "Morning" << \n; // This code will not compile.

We can correct the code by placing the \n sequences inside the string literals, as shown here:

cout << "Good\n"; // This will work.
cout << "Morning\n";

It 1s important not to confuse the backslash (\) with the forward slash (/). An escape
sequence must start with a backslash, be placed inside quotation marks, and have no
spaces between the backslash and the control character.

When you type an escape sequence in a string, you type two characters (a backslash followed
by another character). However, an escape sequence is stored in memory as a single character.
For example, consider the following string literal:

"One\nTwo\nThree\n"
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The diagram in Figure 2-2 breaks this string into its individual characters. Notice how each
\n escape sequence is considered just one character.

Figure 2-2

=

2.3

e

The #include Directive

CONCEPT: The #include directive causes the contents of another file to be inserted
into the program.

Now is a good time to expand our discussion of the #include directive. The following line
has appeared near the top of every example program.

#include <iostream>

As previously mentioned, the iostream header file must be included in any program that
uses the cout object. This is because cout is not part of the “core” of the C++ language.
Specifically, it is part of the input-output stream library. The iostream header file contains
information describing iostream objects. Without it, the compiler will not know how to
properly compile a program that uses cout.

Preprocessor directives are not C++ statements. They are commands to the preprocessor,
which runs prior to the compiler (hence the name “preprocessor”). The preprocessor’s job
IS to set programs up in a way that makes life easier for the programmer.

For example, any program that uses the cout object must contain the extensive setup
information found in the iostream file. The programmer could type all this information
into the program, but it would be very time consuming. An alternative would be to use an
editor to “cut and paste” it into the program, but that would still be inetficient. The
solution is to let the preprocessor insert the contents of iostream automatically.

WARNING! Do not use semicolons at the end of preprocessor directives. Because
preprocessor directives are not C++ statements, they do not require them. In fact, in
many cases an error will result if a preprocessor directive is terminated with a
semicolon.

An #include directive must contain the name of the file you wish to include in the
program. The preprocessor inserts the entire contents of this file into the program at the
point it encounters the #include directive. The compiler doesn’t actually see the #include
directive. Instead it sees the code that was inserted by the preprocessor, just as if the
programmer had typed it there.

The code contained in header files is C++ code. Typically it describes complex objects like
cout. Later you will learn to create your own header files.
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) Checkpoint

2.3  The following cout statement contains errors.
cout << "red /n" << "blue \ n" << "yellow" \n << "green";

Correct it so that it will display a list of colors, with one item per line.

2.4 What output will the following lines of code display on the screen?

cout << "The works of Wolfgang\ninclude the following";
cout << "\nThe Turkish March" << endl:

cout << "and Symphony No. 40 ";

cout << "in G minor." << endl;

2.5  On paper, write a program that will display your name on the first line, your street
address on the second line, your city, state, and ZIP code on the third line, and your
telephone number on the fourth line. Test your program by entering, compiling,
and running it.

=
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1 CONCEPT: C++ programs written before the language became standardized may appear
slightly different from programs written today.

C++ 1s now a standardized programming language, but it hasn’t always been. The language
has evolved over the years, and as a result, there 1s a “newer style” and an “older style” of
writing C++ code. The newer style is the way programs are written with standard C++,
while the older style 1s the way programs were typically written using prestandard C++.
Although the ditterences between the older and newer styles are subtle, it 1s important that
you recognize them. When you go to work as a computer science professional, it is likely
that you will see programs written in the older style. Here are some of the most noticeable
differences between prestandard and standard C++.

Older Style Header Files

In older style C++, all header files end with the “.h” extension. For example, in a prestandard
C++ program the statement that includes the iostream header file is written as

#include <iostream.h>

Absence of using namespace std;

Another difference between the newer and older styles 1s that older style programs typically do
not use the using namespace std; statement. In fact, some older compilers do not support
namespaces at all and will produce an error message if a program has that statement.

NO return O;

Still another difference is that older style C++ programs do not end the main function with
a return 0; statement. Therefore the line that begins the main function says void main()
or void main(void) instead of int main() to indicate that the function does not return
anything back to the operating system when the program finishes executing.



38 Chapter 2 Introduction to C++

An Older Style Program

To illustrate these differences, look at the following program. It is a modification of
Program 2-1, written in the older style.

// A simple C++ program
#include <iostream.h>

vold main(void)

{

cout << "Programming 1s great fun!";

}

Some standard C++ compilers do not support programs written in the older style, and
prestandard compilers normally do not support programs written in the newer style.

-
25 Variables, Literals, and the Assignment Statement

=

CONCEPT: Variables represent storage locations in the computer’s memory. Literals are
constant values that can be assigned to variables.

The concept of a variable in computer programming is somewhat different from the concept
of a variable in mathematics. In programming, as you learned in Chapter 1, a variable is a
named storage location for holding data. Variables allow you to store and work with data in
the computer’s memory. They provide an “interface” to RAM. Part of the job of
programming is to determine how many variables a program will need and what type of
information each will hold. Program 2-7 is an example of a C++ program with a variable.

Program 2-7

// This program has a variable.
#include <iostream>
using namespace std;

int main()

{
int number;
number = 5;
cout << "The value of number 1s " << "number" << endl;
cout << "The value of number 1s " << number << endl;
number = 7;
cout << "Now the value of number 1s " << number << endl;
return 0;

}

Program Output

The value of number 1s number
The value of number 1i1s 5
Now the value of number 1s 7



Variables, Literals, and the Assignment Statement

Let’s look more closely at this program. Start by looking at line 7.

int number;

This is called a variable definition. It tells the compiler the variable’s name and the type of data
it will hold. Notice that the definition gives the data type first, then the name of the variable,
and ends with a semicolon. This variable’s name is number. The word int stands for integer, so
number may only be used to hold integer numbers.

NOTE: You must have a definition for every variable you use in a program. In C++, a
variable definition can appear at any point in the program as long as it occurs before
the variable 1s ever used. Later in this chapter, and throughout the book, you will
learn the best places to define variables.

Now look at line 9.

number = 5;

This 1s called an assignment statement and the = sign is called the assignment operator.
This operator copies the value on its right (5) into the variable named on its left (number).
This line does not print anything on the computer’s screen. It runs silently behind the
scenes, storing a value in RAM. After this line executes, number will be set to 5.

NOTE: The item on the left-hand side of an assignment statement must be a variable.
It would be incorrect to say 5 = number;

Now look at lines 10 and 11. Notice that in line 10 the word number has double quotation
marks around it and in line 11, it does not.

cout << "The value of number 1s " << "number" << endl;
cout << "The value of number 1s " << number << endl;

Now compare these two lines with the output they produce. When double quotation
marks are placed around the word number it becomes a string literal and i1s no longer a
variable name. So in the first cout statement the word "number" is inserted into the output
stream, producing the following output.

The value of number 1s number

In the second cout statement there are no quotation marks around the word number, so it 1s
the variable name number that is inserted into the output stream. When you send a variable
name to cout it prints the variable’s contents, so the following line is displayed.

The value of number 1s 5

Recall from Chapter 1 that variables are called variables because their values can change.
The assignment statement on line 13 replaces the previous value stored in number with a 7.

number = 7:
Therefore the final cout statement on line 14
cout << "Now the wvalue of number 1s " << number << endl;

causes the following output to print.

Now the wvalue of number 1is 7

39



40

Chapter 2

Introduction to C++

Sometimes a Number Isn't a Number

As shown in Program 2-7, placing quotation marks around a variable name makes it a string
literal. When string literals are sent to cout, they are printed exactly as they appear inside the
quotation marks. You’ve probably noticed by now that the endl stream manipulator is
written with no quotation marks around it. If we put the following line in a program, it
would print out the word end1, rather than cause subsequent output to begin on a new line.

cout << "endl"; // Wrong!

In fact, placing double quotation marks around anything that is not intended to be a string
will create an error of some type. For example, in Program 2-7 the number § was assigned
to the variable number. It would have been incorrect to write the assignment this way:

number = "5"; // Wrong!

In this line, 5 1s no longer an integer. It 1s a string. Because number was defined to be an
integer variable, you can only store integers in it. The integer 5 and the string “5” are not
the same thing.

The fact that numbers can be represented as strings frequently confuses people who are
new to programming. Just remember that strings are intended for humans to read. They
are to be printed on computer screens or paper. Numbers, however, are intended primarily
for mathematical operations. You cannot perform math on strings, and you cannot display
numbers on the screen without first converting them to strings. Fortunately, cout handles
this conversion automatically when you send a number to it.

Literals

A variable is called a “variable” because its value may be changed. A literal, on the other
hand, is a value that cannot change during the program’s execution. For this reason, literals
are also called constants. Many programmers refer to them as literals when they hold strings
or characters and as constants when they hold numbers, such as integers. Program 2-8
contains integer constants, string literals, and a variable.

4

Program 2-8

//

This program uses integer constants, string literals, and a variable.

#include <iostream>
using namespace std;

int main()

{

int apples;

apples = 20;
cout << "On Sunday we sold " << apples << " bushels of apples. \n";

apples = 15
cout << "On Monday we sold " << apples << " bushels of apples. \n";
return 0;

N
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Program 2-8 (continued)

Program Output

On Sunday we sold 20 bushels of apples.
On Monday we sold 15 bushels of apples.

Of course, the variable is apples. Table 2-3 lists the literals found in the program.

Table 2-3 Program 2-8 Literals

Integer Constants String Literals

20 "On Sunday we sold"”

15 "On Monday we sold"

0 "bushels of apples. \n"

What are literals used for? As you can see from Program 2-8, they are commonly used to
store known values in variables and to display messages on the screen.

Checkpoint

2.6 Which of the tollowing are legal C++ assignment statements?

a. a = 7;
b. 7 = a;
c. [ = TT;

2.7  List all the variables and literals that appear below.

int main()

{
int little;

int big;

little = 2;

big = 2000;

cout << "The 1little number 1s " << little << endl;
cout << "The big number 1s " << big << endl;

return O;

}

2.8  When the above main tunction runs, what will display on the screen?

2.9  When the following main function runs, what will display on the screen?

int main()

{

int number:;

number = 712;
cout << "The value 1s " << "number" << endl;

return O;
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Identifiers

CONCEPT: A varniable name should indicate what the variable 1s used for.

An identifier 1s a programmer-defined name that represents some element of a program.
Variable names are examples of identifiers. You may choose your own variable names in
C++, as long as you do not use any of the C++ key words. The key words make up the
“core” of the language and have specific purposes. Table 2-4 shows a complete list of the
C++ key words. Note that they are all lowercase.

Table 2-4 C++ Key Words

and continue goto public try

and eq default 1f register typedef
asm delete inline reinterpret cast typeid
auto do int return typename
bitand double long short union
bitor dynamic cast mutable signed unsigned
bool else namespace sizeof using
break enum new static virtual
case explicit not static cast void
catch export not eq struct volatile
char extern operator switch wchar t
class false or template while
compl float or eq this XOr
const for private throw Xor eq
const cast friend protected true

You should always choose names for your variables that indicate what the variables are
used for. You may be tempted to give variables names like this:

int x:

However, the rather nondescript name, x, gives no clue as to the variable’s purpose. Here is
a better example.

1nt itemsOrdered;

The name itemsOrdered gives anyone reading the program an idea of the variable’s use.
This way of coding helps produce self-documenting programs, which means you can get an
understanding of what the program is doing just by reading its code. Because real-world
programs usually have thousands of lines, it is important that they be as self-documenting
as possible.

You probably have noticed the mixture of uppercase and lowercase letters in the variable
name itemsOrdered. Although all of C++’s key words must be written in lowercase, you
may use uppercase letters in variable names.

The reason the 0 in itemsOrdered is capitalized is to improve readability. Normally
“items ordered” 1s two words. However, you cannot have spaces in a variable name, so the
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two words must be combined into one. When “items” and “ordered” are stuck together
you get a variable definition like this:

int itemsordered;

Capitalization of the first letter of the second word and any succeeding words makes
variable names like itemsOrdered easier to read and i1s the convention we use for
naming variables in this book. However, this style of coding is not required. You are free
to use all lowercase letters, all uppercase letters, or any combination of both. In fact,
some programmers use the underscore character to separate words in a variable name, as
in the following.

int items ordered;

Legal Identifiers

Regardless of which style you adopt, be consistent and make your variable names as
sensible as possible. Here are some specific rules that must be followed with all C++
identifiers.

e The first character must be one of the letters a through z, A through Z, or an
underscore character ().

e After the first character you may use the letters a through z or A through Z, the digits
0 through 9, or underscores.

e Uppercase and lowercase characters are distinct. This means ItemsOrdered is not
the same as itemsordered.

Table 2-5 lists variable names and indicates whether each is legal or illegal in C++.

Table 2-5 Some C++ Variable Names

a3

Variable Name Legal or Illegal

dayOfWeek Legal.

3dGraph [llegal. Variable names cannot begin with a digit.

~employee num Legal.

Junel997 Legal.

Mixture#3 [llegal. Variable names may only use letters, digits, and underscores.

"
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4._ CONCEPT: There are many different types of data. Variables are classified according to

their data type, which determines the kind of information that may be
stored in them. Integer variables can only hold whole numbers.

Computer programs collect pieces of data from the real world and manipulate them in
various ways. There are many different types of data. In the realm of numeric information,
for example, there are whole numbers and fractional numbers. There are negative numbers
and positive numbers. Then there is textual information. Names and addresses, for instance,
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are stored as groups of characters. When you write a program you must determine what
types of information it will be likely to encounter.

If you are writing a program to calculate the number of miles to a distant star, you’ll
need variables that can hold very large numbers. If you are designing software to record
microscopic dimensions, you’ll need to store very small and precise numbers.
Additionally, if you are writing a program that must perform thousands of intensive
calculations, you’ll want data stored in variables that can be processed quickly. The data
type of a variable determines all of these factors.

Although C++ offers many data types, in the very broadest sense there are only two:
numeric and character. Numeric data types are broken into two additional categories:
integer and floating-point, as shown in Figure 2-3.

Figure 2-3 Basic C++ Data Types

C++ Data Types

TN

numeric character
integer floating-point

Integers are whole numbers like =2, 19, and 24. Floating-point numbers have a decimal
point like —2.35, 19.0, and 0.024. Additionally, the integer and tloating-point data types
are broken into even more classifications.

Your primary considerations for selecting the best data type for a numeric variable are
the following:

e whether the variable needs to hold integers or tloating-point values,

e the largest and smallest numbers that the variable needs to be able to store,

e whether the variable needs to hold signed (both positive and negative) or only
unsigned (just zero and positive) numbers, and

e the number of decimal places of precision needed for values stored in the variable.

Let’s begin by looking at integer data types. C++ has six different data types for storing
integers. On most computers each of these has either two or four bytes of memory. The
number of bytes a data type can hold is called its size. Typically, the larger the size a
data type is, the greater the range of values it can hold.

Recall from Chapter 1 that a byte 1s made up of 8 bits. So a data type that stores data
in two bytes of memory can hold 16 bits of information. This means it can store 2'°
bit patterns, which 1s 65,536 different combinations of zeros and ones. A data type
that uses 4 bytes of memory has 32 bits, so it can hold 2°? different bit patterns,
which 1s 4,294,967,296 different combinations. What these different combinations
are used for depends on the data type. For example, the unsigned short data type,
which is for storing non-negative integers such as ages or weights, uses its 16 bits to
represent the values O through +65,535. The short data type, on the other hand,
stores both positive and negative numbers, so it uses its 16 bits to represent the values
from —32,768 to +32,767. Figure 2-4 shows how numbers are stored in an unsigned
short variable.




Integer Data Types 4S8

Figure 2-4 Unsigned Short Data Type Storage

Example value = binary 25

Smallest value that can be stored = binary 0

c,0{0|0f0}j0|0(0O|J]0O(O0O|O|0O|O0O]|0O(0O]O0

Largest value that can be stored = binary 65,535

(111 )1(1}1)111(1(1|1]1(1]1]1

Table 2-6 shows all six C++ integer data types with their typical sizes and ranges.
Depending on your operating system, the sizes and ranges may be different.

Table 2-6 Integer Data Types, Sizes, and Ranges

Data Type Size Range

short 2 bytes -32,768 to +32,767

unsigned short 2 bytes 0 to +65,535

int 4 bytes -2,147,483,648 to +2,147,483,647
unsigned int 4 bytes 0 to 4,294,967,295

long 4 bytes -2,147,483,648 to +2,147,483,647
unsigned long 4 bytes 0 to 4,294,967,295

Here are some examples of integer variable definitions. Notice that an unsigned int variable
can also be defined using only the word unsigned, as shown below.

short count;

unsigned short age;

int speed;

unsigned int days; // These two definitions
unsigned days; // are equivalent.

long deficit;

unsigned long insects;

Notice also that in Table 2-6 the int and long data types have the same sizes and ranges,
and the unsigned int data type has the same size and range as the unsigned long data
type. This is not always true because the size of integers is dependent on the type of system
you are using. Here are the only guarantees:

* [ntegers are at least as big as short integers.

e [ong integers are at least as big as integers.

e Unsigned short integers are the same size as short integers.
e Unsigned integers are the same size as integers.

e Unsigned long integers are the same size as long integers.

Later in this chapter you will learn to use the sizeof operator to determine how large all
the data types are on your computer.
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Program 2-9 uses integer, unsigned integer, and long integer variables.

Program 2-9

// This program has variables of several of the integer types.
#include <jiostream>
using namespace std;

int main()

{

int checking;
unsigned int miles;
long days;

checking = -20;
miles = 4276;
days = 190000;

cout << "We have made a long journey of " << miles << " miles.";
cout << "\nOur checking account balance is " << checking;

cout << "\nAbout " << days << " days ago Columbus ";

cout << "stood on this spot.\n";

return 0;

Program Output

We have made a long journey of 4276 miles.
Our checking account balance 1i1is -20
About 190000 days ago Columbus stood on this spot.

Notice in Program 2-9 that the variable days is assigned 190000 rather than 190,000.
There are no commas in the number. This is because C++ does not allow commas inside
numeric constants.

In most programs you will need many variables. It a program uses more than one variable
of the same data type, for example the two integers 1length and width, they can be defined
separately, like this

int length;
int width;

or, alternatively, both variable definitions can be placed in a single statement, like this
int length, width;
Many instructors, however, prefer that each variable be placed on its own line:

int length,
width;

Whether you place multiple variables on the same line or each variable on its own line,
when you define several variables of the same type in a single statement, simply separate
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their names with commas. A semicolon is used at the end of the entire definition.
Program 2-10 illustrates this. This program also shows how it is possible to give an 1nitial
value to a variable at the time it is defined.

Program 2-10

// This program defines three variables in the same statement.
// They are given initial values at the time they are defined.
#include <iostream>
using namespace std;

int main()

{
int floors = 15,
rooms = 300,
suites = 30;
cout << "The Grande Hotel has " << floors << " floors\n";
cout << "with " << rooms << " rooms and " << suites;
cout << " suites.\n":
return O0;
}

Program Output

The Grande Hotel has 15 floors
with 300 rooms and 30 suites.

Integer and Long Integer Constants

Look at the following statement from Program 2-10:

int floors = 15,
rooms = 300,
sultes = 30;

This statement contains three integer literals, or constants. In C++, integer constants are
normally stored in memory just as an int.

One of the pleasing characteristics of the C++ language is that it allows you to control
almost every aspect of your program. If you need to change the way something is
stored in memory, the tools are provided to do that. For example, what if you are in a
situation where you have an integer constant, but you need it to be stored in memory
as a long integer? (Rest assured, this is a situation that does arise.) C++ allows you to
force an integer constant to be stored as a long integer by placing the letter L at the end
of the number. Here 1s an example:

32L

On a computer that uses 2-byte integers and 4-byte long integers, this constant will use
4 bytes. This is called a long integer literal, or long integer constant.
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NOTE: Although C++ allows you to use either an uppercase or lowercase L, the
lowercase | looks too much like the number 1, so you should always use the
uppercase L.

Hexadecimal and Octal Constants (enrichment)

Programmers commonly express values in numbering systems other than decimal (or base 10).
Hexadecimal (base 16) and octal (base 8) are popular because they make certain programming
tasks more convenient than decimal numbers do.

By default, C++ assumes that all integer constants are expressed in decimal. You express
hexadecimal numbers by placing 0x in front of them. (This is zero-x, not oh-x.) Here is
how the hexadecimal number F4 would be expressed in C++:

O0xF4

Octal numbers must be preceded by a O (zero, not oh). For example, the octal 31 would
be written

031

NOTE: You will not be writing programs for some time that require this type of
manipulation. However, good programmers develop the skills for reading other people’s
source code. You may find yourself reading programs that use items like long integer,

hexadecimal, or octal constants.

2.10  Which of the following are illegal C++ variable names, and why?

X
99bottles

July97
theSalesFiqureForFiscalYear98
r&d

grade report

2.11 Is the variable name sales the same as sales? Why or why not?

2.12 Refer to the data types listed in Table 2-6 for these questions.
A) If a variable needs to hold numbers in the range 32 to 6,000, what data type would

be best?
B) If a variable needs to hold numbers in the range —40,000 to +40,000, what data

type would be best?
C) Which of the following integer constants use more memory, 20 or 20L?

2.13 Which integer data types can only hold non-negative values?

2.14 How would you combine the following variable definition and assignment statement
Into a single statement?

int apples;
apples = 20;
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2.15 How would you combine the following variable definitions into a single statement?

int xCoord = 2;
int yCoord = -4;
int zCoord 6;

Floating-Point Data Types

CONCEPT: Floating-point data types are used to define variables that can hold real
numbers.

Whole numbers are not adequate for many jobs. If you are writing a program that works
with dollar amounts or precise measurements, you need a data type that allows fractional
values. In programming terms, these are called floating-point numbers.

Internally, floating-point numbers are stored in a manner similar to scientific notation.
Take the number 47,281.97. In scientific notation this number is 4.728197 x 10*. (10* is

equal to 10,000, and 4.728197 x 10,000 i1s 47,281.97.) The frst part of the number,
4.728197, 1s called the mantissa. The mantissa is multiplied by a power of 10.

Computers typically use E notation to represent floating-point values. In E notation, the
number 47,281.97 would be 4.728197E4. The part of the number before the E is the

mantissa, and the part after the E is the power of 10. When a floating-point number 1s stored
in memory, it is stored as the mantissa and the power of 10.

Table 2-7 shows other numbers represented in scientific and E notation.

Table 2-7 Floating-Point Representations

Decimal Notation Scientific Notation E Notation
247.91 2.4791 x 102 2.4791E2
0.00072 7.2 %107 7.2F—4
2,900,000 2.9 x 10° 2.9F6

In C++ there are three data types that can represent floating-point numbers. They are

float
double

long double

The float data type is considered single precision. The double data type is usually twice
as big as float, so it 1s considered double precision. As you’ve probably guessed, the 1ong
double 1s intended to be larger than the double. The exact sizes of these data types 1is
dependent on the computer you are using. The only guarantees are

* A double is at least as big as a float.
e A long double is at least as big as a double.

Table 2-8 shows the sizes and ranges of floating-point data types usually found on PCs.

19
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Table 2-8 Floating-Point Data Types on PCs

Significant
Data Type Key Word Size Range Digits
Single precision float 4 bytes  Numbers between +3.4E-38 and 7
+3.4E38
Double precision double 8 bytes  Numbers between +1.7E-308 and 16
+1.7E308
Long double precision long double 8 bytes* Numbers between +1.7E-308 and 16
+1.7E308

*Some compilers use more than 8 bytes tfor 1long doubles. These allow greater ranges.

You will notice there are no unsigned floating-point data types. On all machines, variables
of the float, double, and long double data type can store both positive and negative
numbers. Program 2-11 uses tloating-point data types.

Program 2-11

// This program uses two floating-point data types, float and double.
#include <iostream>
using namespace std;

int main()

{
float distance = 1.496ES8: // in kilometers
double mass = 1.989E30; // in kilograms
cout << "The Sun 1s " << distance << " kilometers away.\n";
cout << "The Sun\'s mass is " << mass << " kilograms.\n";
return 0;

h

Program Output

The Sun 1s 1.496e+008 kilometers away.
The Sun's mass 1s 1.989e+030 kilograms.

Floating-Point Constants

Floating-point literals, commonly referred to as tloating-point constants, may be
expressed 1n a variety of ways. As shown in Program 2-11, E notation 1s one method.
When you are writing numbers that are extremely large or extremely small, this will
probably be the easiest way. E notation numbers may be expressed with an uppercase E or a
lowercase e. Notice 1n the source code the constants were written as 1.496E8 and 1.989E30,
but the program printed them as 1.496e+008 and 1.989e+030. The uppercase E and
lowercase e are equivalent. The plus sign in front of the exponent is also optional.

You can also express floating-point constants in decimal notation. The constant 1.496ES8
could have been written as

149600000.0
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Obviously the E notation is more convenient for lengthy numbers; but for numbers like
47.39, decimal notation is preferable to 4.739E1.

All of the following floating-point constants are equivalent:

.496E8
.496e8
.496E+8
.496e+8
149600000.0

1
1
1
1

Floating-point constants are normally stored in memory as doubles. Just in case you need
to force a constant to be stored as a float, you can append the letter F or £ to the end of
it. For example, the following constants would be stored as f1oat numbers:

185723
45.907¢

NOTE: Because floating-point constants are normally stored in memory as doubles,
some compilers issue a warning message when you assign a floating-point constant to a
float variable. For example, if num is a float, the following statement might cause the
compiler to generate a warning message:

num = 14.725;

You can suppress the error message by appending the £ suffix to the floating-point
constant, as shown here:

num = 14.725f;

[f you want to force a value to be stored as a long double, append an L to it, as
shown here:

1034.56L

The compiler won’t confuse this with a long integer because of the decimal point. A
lowercase letter 1 can also be used to define a floating-point constant to be a 1ong double,
but an uppercase L is preferable, as the lowercase letter 1 is easily confused with the digit 1.

Assigning Floating-Point Values to Integer Variables

When a tloating-point value is assigned to an integer variable, the fractional part of the
value (the part after the decimal point) i1s discarded. This occurs because an integer
variable cannot hold any value containing decimals. For example, look at the
following code.

int number;
number = 7.8; // Assigns 7 to number

This code attempts to assign the tloating-point value 7.8 to the integer variable number.
Because this 1s not possible, the value 7 1s assigned to number, and the fractional part is
discarded. When part of a value is discarded in this manner, the value is said to be
truncated.
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Assigning a floating-point variable to an integer variable has the same effect. For example,
look at the following code.

int i1ntVar;:
double doubleVar = 7.8;
intVar = doubleVar:; // Assigns 7 to intVar

// doubleVar remains 7.8

WARNING! Floating-point variables can hold a much larger range of values than
integer variables can. If a floating-point value is stored in an integer variable, and the
whole part of the value (the part betore the decimal point) is too large for the integer
variable, an invalid value will be stored in the integer variable.

" 4 Checkpoint

2.16 How would the following number in scientific notation be represented in E notation?
6.31 x 10%/

2.17 What will the following code display?

int number;
number = 3.625:
cout << number:

2.18 Write a program that defines an integer variable named age and a double variable
named weight. Store your age and weight as constants (i.e., literals) in the variables.
The program should display these values on the screen in a manner similar to the
following:

Program Output
My age is 26 and my weight is 168.5 pounds.

(Feel free to lie to the computer about your age and weight. It will never know!)

The char Data Type

CONCEPT: A variable of the char data type holds only a single character.

You learned earlier in this chapter that there are two basic kinds of data types, numeric
and character. The previous two sections examined numeric data types. Now let’s take a
look at character data types.

The simplest character data type is the char data type. It can hold only a single character
and, on most systems, uses just one byte of memory. Here is an example. Notice that the
character literal holding the value being assigned to the variable is enclosed in single
quotes.

char letter = ‘A’:

Program 2-12 uses a char variable and several character literals.
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Program 2-12

// This program uses a char variable and several character literals.
#include <iostream>
using namespace std;

int main()

{

char letter;

letter = 'A’';
cout << letter << endl;

letter = 'B';
cout << letter << endl;
return 0O;

Program Output

A
B

Interestingly, characters are closely related to integers because internally they are stored as
integers. Each printable character, as well as many nonprintable characters, 1s assigned a
unique number. The most commonly used method for encoding characters 1s ASCII, which
stands for the American Standard Code for Information Interchange. When a character is
stored in memory, it 1s actually 1ts numeric code that is stored. When the computer is
instructed to print the value on the screen, it displays the character that corresponds to the
numeric code. Appendix A shows the entire ASCII character set so you can see which
integer value is used to represent each character. Notice that the number 65 is the code for
capital A, 66 i1s the code for capital B, and so on.

Program 2-13 illustrates this relationship between characters and how they are stored.

Program 2-13

// This program demonstrates that characters are actually
// stored internally by their ASCII integer value.
#include <iostream>

using namespace std;

int main()

{

char letter;

letter = 65; // 65 is the ASCII code for the character A
cout << letter << endl;

letter = 66; // 66 is the ASCII code for the character B
cout << letter << endl;
return O0;

(program continues)
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Program 2-13 (continued)

Program Output

A
B
Figure 2-5 further illustrates that when you think of characters, such as A, B, and C, being
stored in memory, it is really the numbers 65, 66, and 67 that are stored.
Figure 2-5

lAl { IB!

. |
¢ 1s stored in memory as L

A

Character and String Literals

Character literals and char variables can only hold a single character. If you want to store
more than one character in a literal or variable, you need to use a more complex character
data type, a string. String literals and variables can hold a whole series of characters. In the
next section we will examine string variables in more detail. For now, let’s look at string
literals and compare them to character literals.

b

In the following example, ‘H’ 1s a character literal and “Hello” is a string literal. Notice
that while a character literal i1s enclosed in single quotation marks, a string literal is
enclosed in double quotation marks.

cout << 'H' << endl; // This displays a character literal.
cout << "Hello" << endl; // This displays a string literal.

Because a string literal can be virtually any length, there must be some way for the
program to know how long it is. In C++ this i1s done by appending an extra byte to its end
and storing the number 0 1n it. This is called the null terminator or null character and
marks the end of the string.

Don’t confuse the null terminator with the character '0'. If you look at Appendix A you
will see that the character '0' has ASCII code 48, whereas the null terminator has ASCII
code 0. If you want to print the character 0 on the screen, you use ASCII code 48. If you
want to mark the end of a string, you use ASCII code O.

Let’s look at an example of how a string literal is stored in memory. Figure 2-6 depicts the
way the string "Sebastian" would be stored.
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Figure 2-6

S e b a S t i a n \0
[0] [1] [2] [3] [4] [5] [6] [7] 8] [9]

First, notice that the characters in the string are stored in consecutive memory locations.
Second, notice that the quotation marks are not stored with the string. They simply mark the
beginning and end of the string in your source code. Finally, notice the very last byte of the
string. It contains the null terminator, which 1s represented by the \O character. The addition
of this last byte means that although the string "sebastian" i1s 9 characters long, it occupies
10 bytes of memory.

The null terminator is another example of something that sits quietly in the background. It
doesn’t print on the screen when you display a string, but nevertheless, it 1s there silently
doing its job.

0 NOTE: C++ automatically places the null terminator at the end of string literals.

Now let’s compare the way character and string literals are stored. Suppose you have the
literals 'A' and "A" in a program. Figure 2-7 depicts their internal storage.

Figure 2-7

'A' is stored as A

"A" is stored as A \O

As you can see, 'A' is a 1-byte element and "A" i1s a 2-byte element. Since characters are
really stored as ASCII codes, Figure 2-8 shows what 1s actually being stored in memory.

Figure 2-8

'A' is stored as 65

"A" is stored as 65 0

Because a char variable can only hold a single character, it can be assigned the character 'a',
but not the string "a".

char letterOne = 'A': // This will work.
char letterTwo = "A":; // This will NOT work!

You have learned that some strings look like a single character but really aren’t. It 1s also
possible to have a character that looks like a string. An example 1s the newline character, \n.
Although it 1s represented by two characters, a slash and an n, it is internally represented as
one character. In fact, all escape sequences, internally, are just 1 byte.

S5
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Program 2-14 shows the use of \n as a character literal, enclosed in single quotation
marks. If you refer to the ASCII chart in Appendix A, you will see that ASCII code 10 1s
the linefeed character. This i1s the code C++ uses for the newline character.

Program 2-14

// This program uses character literals.
#include <iostream>
usling namespace std;

int main()

{

char letter;

letter = 'A’';
cout << letter << '\n‘';

letter = 'B’';
cout << letter << '\n':
return O:

Program Output

A
B

Let’s review some important points regarding characters and strings:

e Printable characters are internally represented by numeric codes. Most computers use
ASCII codes tor this purpose.

e Characters normally occupy a single byte of memory.

e Strings are consecutive sequences of characters that occupy consecutive bytes of memory.

e String literals have a null terminator at the end. This marks the end of the string.

e Character literals are enclosed in single quotation marks.

o String literals are enclosed in double quotation marks.

 Escape sequences such as '\n' are stored internally as a single character.

ll‘

210 The C++ string Class

i CONCEPT: Standard C++ provides a special data type for storing and working with strings.

Because a char variable can store only one character in its memory location, another data
type 1s needed for a variable able to hold an entire string. While C++ does not have a built-
in data type able to do this, Standard C++ provides something called the string class that
allows the programmer to create a string type variable.

Using the string Class

The first step in using the string class i1s to #include the string header file. This is
accomplished with the following preprocessor directive:

#include <string>
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The next step is to define a string type variable, called a string object. Defining a
string object is similar to defining a variable of a primitive type. For example, the
following statement defines a string object named movieTitle.

string movieTitle;

You can assign a string literal to movieTitle with the assignment operator, like this.
movieTitle = "Wheels of Fury";

And you can use cout to display the value of the movieTitle object, as shown here.
cout << "My favorite movie 1s " << movieTitle << endl;

Program 2-15 is a complete program that demonstrates the preceding statements.

Program 2-15

// This program demonstrates the string class.
#include <iostream>
#include <string> // Required for the string class.

using namespace std;

int main()

{
string movieTitle;
movieTitle = "Wheels of Fury";
cout << "My favorite movie 1s " << movieTitle << endl;
return O;
}

Program Output
My favorite movie 1s Wheels of Fury

As you can see, working with string objects is similar to working with variables of
other types. Throughout this text we will continue to discuss string class features and

capabilities.

Checkpoint

2.19 What are the ASCII codes for the following characters? (Refer to Appendix A)
C
F
W

2.20 Which of the following is a character literal?

|Bl
"Bll
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2.21 Assuming the char data type uses 1 byte of memory, how many bytes do each of
the following literals use?

IQI
I!Q"
"Sales"

' \n '
2.22  What 1s wrong with the following program statement?
char letter = "2";

2.23 What header file must you include in order to use string objects?

2.24  Write a program that stores your name, address, and phone number in three separate
string objects. Then display their contents on the screen.

II.

2.11
==

L CONCEPT: Boolean variables are set to either true or false.

The bool Data Type

Expressions that have a true or false value are called Boolean expressions, named in
honor of English mathematician George Boole (1815-1864).

The bool data type allows you to create variables that hold true or false values.
Program 2-16 demonstrates the definition and use of a bool variable. Although it appears
that it 1s storing the words true and false, it 1s actually an integer variable that stores 0 for
false and 1 for true, as you can see from the program output.

Program 2-16

// This program uses Boolean variables.
#include <iostream>
using namespace std;

int main()

{
bool boolValue;

boolValue = true;
cout << boolValue << endl;

boolValue = false;
cout << boolValue << endl;
return 0;

Program Output

1
0
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II'

212 Determining the Size of a Data Type

i CONCEPT: The sizeof operator may be used to determine the size of a data type on
any system.

Chapter 1 discussed the portability of the C++ language. As you have seen in this chapter,
one of the problems of portability is the lack of common sizes of data types on all machines.
If you are not sure what the sizes of data types are on your computer, C++ provides a way to
find out.

A special operator called sizeof will report the number of bytes of memory used by any data
type or variable. Program 2-17 illustrates its use. The first line that uses the operator is line 9.

cout << "The size of an i1nteger 1s " << sizeof(int);

The name of the data type or variable i1s placed inside the parentheses that follow the
operator. The operator “returns” the number of bytes used by that item. This operator can
be used anywhere you can use an unsigned integer, including in mathematical operations.

Program 2-17
// This program displays the size of various data types.
#include <iostream>

using namespace std;

int main()

{
long double apple;
cout << "The size of an i1nteger 1s " << sizeof(int);
cout << " bytes.\n":
cout << "The size of a long integer 1s " << sizeof(long);
cout << " bytes.\n";
cout << "An apple can be eaten 1n " << sizeof(apple);
cout << " bytes!\n";
return O0O:
}

Program Output

The size of an i1integer 1s 4 bytes.
The size of a long integer 1is 4 bytes.
An apple can be eaten i1n 8 bytes!

"

213 More on Variable Assignments and Initialization

i CONCEPT: An assignment operation assigns, or copies, a value into a variable. When a
value 1s assigned to a variable as part of the variable’s definition, it i1s called

an 1nitialization.

39
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As you have already seen in several examples, a value is stored in a variable with an assignment

- statement. For example, the following statement copies the value 12 into the variable unitssold.
VideoNote

Assighment unitsSold = 12;

>tatements  The = symbol, as you recall, is called the assignment operator. Operators perform operations

on data. The data that operators work with are called operands. The assignment operator
has two operands. In the previous statement, the operands are unitsSold and 12.

It is important to remember that in an assignment statement, C++ requires the name of the

variable receiving the assignment to appear on the left side of the operator. The tollowing
statement 1S Incorrect.

12 = unitsSold; // Incorrect!

In C++ terminology, the operand on the left side of the = symbol must be an lvalue. An lvalue
is something that identifies a place in memory whose contents may be changed, so a new
value can be stored there. Most of the time the lvalue will be a variable name. It 1s called an
Ivalue because it is a value that may appear on the lett-hand side of an assignment operator.

The operand on the right side of the = symbol must be an rvalue. An rvalue is any expression
that has a value. This could be a single number, like 12, or the result ot a calculation, such as
4 + 8. The assignment statement evaluates the expression on the right-hand side to get the
value of the rvalue and then puts it in the memory location identified by the lvalue. Both of
the following statements assign the value 12 to the unitsSold variable.

unitsSold = 12;
unitsSold = 4 + 8;

You have also seen that it is possible to assign values to variables when they are defined. This is
called initialization. When multiple variables are defined in the same statement, it is possible to
initialize some of them without having to initialize all of them. Program 2-18 illustrates this.

Program 2-18

// This program shows variable initialization.
#include <iostream>

#include <string>

usling namespace std;

1nt main()

{
string month = "February"; // month is initialized to "February"
int year, // year is not initialized
days = 28; // days 1s initialized to 28
year = 2007; // Now year is assigned a value
cout << "In " << year << " " << month
<< w had " << days << " daYSo\n";
return 0;
}

Program Output
In 2007 February had 28 days.
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Arithmetic Operators

Scope

CONCEPT: A variable’s scope is the part of the program that has access to the variable.

Every variable has a scope. The scope of a variable is the part of the program where it may
be used. The rules that define a variable’s scope are complex, and we will just introduce the
concept here. Later in the book we will cover this topic in more depth.

The first rule of scope is that a variable cannot be used in any part of the program betore it
is defined. Program 2-19 illustrates this.

Program 2-19

// This program can't find its variable.
#include <iostream>
using namespace std;

int main()

{

"=

2.15
-

VideoNote

Arithmetic
Operators

cout << value; // ERROR! value has not been defined yet!

int value 100;

return 0;

The program will not work because line 7 attempts to send the contents of the variable
value to cout before the variable is defined. The compiler reads a program trom top to
bottom. If it encounters a statement that uses a variable betore the variable is defined, an
error will result. To correct the program, the variable definition must be put before any
statement that uses it.

Arithmetic Operators

CONCEPT: There are many operators for manipulating numeric values and performing
arithmetic operations.

C++ provides many operators for manipulating data. Generally, there are three types of
operators: unary, binary, and ternary. These terms reflect the number of operands an operator
requires.

Unary operators only require a single operand. For example, consider the following
expression: —J

Of course, we understand this represents the value negative five. The constant 5 1s preceded
by the minus sign. The minus sign, when used this way, 1s called the negation operator.
Since it only requires one operand, it is a unary operator.

Binary operators work with two operands. Ternary operators, as you may have guessed, require
three operands. C++ only has one ternary operator, which will be discussed in Chapter 4.
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Arithmetic operations occur frequently in programming. Table 2-9 shows the common
arithmetic operators in C++. All are binary operators.

Table 2-9 Fundamental Arithmetic Operators

Operator Meaning Example

+ Addition total = cost + tax:

— Subtraction cost = total - tax:

* Multiplication tax = cost * rate;

/ Division salePrice = original / 2;
% Modulus remainder = value % 3;

Here 1s an example of how each of these operators works.
The addition operator returns the sum of its two operands.
total = 4 + 8; // total is assigned the wvalue 12

The subtraction operator returns the value of its right operand subtracted from its left
operand.

candyBars 8 - 3; // candyBars is assigned the value 5

The multiplication operator returns the product of its two operands.
points = 3 * 7; // points is assigned the wvalue 21

The division operator returns the quotient of its left operand divided by its right
operand.

double points = 5.0 / 2;: // points is assigned the value 2.5

However, the division operator works differently depending on whether its operands are
integer or floating-point numbers. When either operand i1s a floating-point number, it
performs the “normal” type of division you are familiar with, as shown above. On the other
hand, when both operands are integers, the result of the division will also be an integer. If
the result has a fractional part, it will be thrown away. This type of division 1s known as
integer division.

Here 1s an example of integer division.
double fullBoxes = 26 / 8; // fullBoxes is assigned 3.0, not 3.25

The result of the integer divide is 3 because 8 goes into 26 three whole times with a
remainder of 2. The remainder is discarded. When the 3 1s assigned to the floating-point
variable fullBoxes, it 1s changed into the floating-point value 3.0. The fractional part of
the division is discarded even though the result is being assigned to a floating-point variable
because the division takes place before the assignment.

If you want the division operator to perform regular division, you must make sure at least
one of the operands is a floating-point number.

The modulus operator computes the remainder of doing an integer divide.

leftOver = 26 % 8; // leftOver is assigned the value 2
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Figure 2-9 illustrates the use of the integer divide and modulus operations.

Figure 2-9 Integer Divide and Modulus Operations
3 R 2\
8 ‘ 26 H‘Lx“ﬂahxhh269b8
26 / 8

In Chapter 3 you will learn how to use these operators in more complex mathematical
formulas. For now we will concentrate on their basic usage. Here is a program that does
that. It uses two arithmetic operators, the addition operator and the multiplication

operator.

Suppose we need to write a program that calculates and displays an employee’s total wages
for the week. The regular hours for the work week are 40, and any hours worked over 40
are considered overtime. The employee earns $18.25 per hour for regular hours and
$27.38 per hour for overtime hours. The employee has worked 50 hours this week. The
following pseudocode algorithm shows the program’s logic.

Regular wages = base pay rate X reqular hours
Overtime wages = overtime pay rate X overtime hours
Total wages = regular wages + overtime wages
Display the total wages

Program 2-20 shows the C++ code for the program.

Program 2-20

// This program calculates hourly wages, including overtime.
// It uses two arithmetic operators, the addition operator
// and the multiplication operator.

#include <iostream>

using namespace std;

int main|()
{
double basePayRate = 18.25, // Base pay rate

overtimePayRate = 27.38, // Overtime pay rate
regularHours = 40.0, // Regular hours worked}
overtimeHours = 10, // Overtime hours worked
regularWages, // Computed regular wages
overtimeWages, // Computed overtime wages
totalWages; // Computed total wages

// Calculate regular wages
regularWages = basePayRate * regularHours;

// Calculate overtime wages
overtimeWages = overtimePayRate * overtimeHours;

(program continues)
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Program 2-20 (continued)

// Calculate total wages
totalWages = regularWages + overtimeWages;

// Display total wages

cout << "Wages for this week are $" << totalWages << endl;
return O;

Program Output
Wages for this week are $1003.8

Notice that the output displays the wages as $1003.8, with just one digit after the

decimal point. In Chapter 3 you will learn to format output so you can control how it
displays.

Here 1s a program that illustrates two additional arithmetic operators. It uses integer
division and the modulus operator to convert seconds into minutes and seconds.

Program 2-21

// This program converts seconds to minutes and seconds.

// It uses integer division and the modulus operator.
#include <jiostream>

using namespace std;

int main()

{
int totalSeconds = 125, // Number of seconds to be converted
minutes, // Number of minutes in totalSeconds
seconds; // Number of seconds remaining
// Calculate the number of minutes
minutes = totalSeconds / 60;
// Calculate the remaining seconds
seconds = totalSeconds % 60;
// Display the results
cout << totalSeconds << " seconds 1s equivalent to ";
cout << minutes << " minutes and " << seconds << " seconds. \n";
return O;
}

Program Output

125 seconds 1s equivalent to 2 minutes and 5 seconds.
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Checkpoint

2.25 Is the following assignment statement valid or invalid? If 1t 1s invalid, why?
72 = amount;
2.26 What is wrong with the following program? How would you correct it?

#include <iostream>
using namespace std;
int main()

{
critter = 62.7;
double critter;
cout << critter << endl;
return O;
}

2.27 What will be assigned to x in each of the following statements?

+
w W W W
]
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O 0 0

o *

4

2.28 Is the following an example of integer division or floating-point division? What
value will be displayed?

cout << 16 / 3:

-
216 Comments

t CONCEPT: Comments are notes of explanation that document lines or sections of a
program.

[t may surprise you that one of the most important parts of a program has absolutely no
impact on the way it runs. We are speaking, of course, of the comments. Comments are
part of the program, but the compiler ignores them. They are intended for people who may
be reading the source code.

Some programmers resist putting more than just a few comments in their source code.
After all, it may seem like enough work to type the parts of the program that actually do
something. It is crucial, however, that you develop the habit of thoroughly annotating your
code with descriptive comments. It might take extra time now, but it will almost certainly
save time 1n the future.

Imagine writing a program of medium complexity with about 8,000 to 10,000 lines of C++
code. Once you have written the code and satistactorily debugged it, you happily put it away
and move on to the next project. Ten months later you are asked to make a modification to
the program (or worse, track down and fix an elusive bug). You pull out the massive pile of
paper that contains your source code and stare at thousands of statements only to discover
they now make no sense at all. You find variables with names like z2, and you can’t
remember what they are for. If only you had left some notes to yourself explaining all the
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program’s nuances and oddities. But it’s too late now. All that’s left to do 1s decide what will
take less time: figuring out the old program or completely rewriting it!

This scenario might sound extreme, but it’s one you don’t want to happen to you. Real-world
programs are big and complex. Thoroughly documented programs will make your life easier,
not to mention the work of other programmers who may have to read your code in the
future. In addition to telling what the program does and describing the purpose of variables,
comments can also be used to explain complex procedures in your code and to provide
information such as who wrote the program and when it was written or last modified.

Single Line Comments

You have already seen one way to place comments in a C++ program. As illustrated in
programs throughout this chapter, you simply place two forward slashes (//) where you want
the comment to begin. The compiler ignores everything from that point to the end of the line.
This 1s called a single line comment.

Multi-Line Comments

The second type of comment in C++ 1s the multi-line comment. Multi-line comments start
with /* (a forward slash followed by an asterisk) and end with */ (an asterisk followed by a
forward slash). Everything between these markers 1s 1ignored. Program 2-22 illustrates the
use of both a multi-line comment and single line comments. The multi-line comment starts
on line 1 with the /* symbol, and ends on line 6 with the */ symbol.

Program 2-22

/ *

*/

PROGRAM: Payroll.cpp
Written by Herbert Dorfmann

This program calculates company payroll
Last modified: 8/20/2012

#include <iostream>
using namespace std;

int main()

{

int employeelD; // Employee ID number
double payRate; // Employees hourly pay rate
double hours; // Hours employee worked this week

(The remainder of this program 1is left out.)

&

Notice that unlike a comment started with //, a multi-ine comment can span several lines.
This makes 1t more convenient to write large blocks of comments because you do not have to
mark every line. On the other hand, the multi-line comment is inconvenient for writing single
line comments because you must type both a beginning and ending comment symbol.

NOTE: Many programmers use a combination of single line comments and multi-line
comments, as illustrated in the previous sample program. Convenience usually dictates
which style to use.
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When using multi-line comments:

e Be careful not to reverse the beginning symbol with the ending symbol.
* Be sure not to forget the ending symbol.

Both of these mistakes can be difficult to track down and will prevent the program from
compiling correctly.

"

217 Programming Style

i CONCEPT: Programming style refers to the way a programmer uses identifiers, spaces,
tabs, blank lines, and punctuation characters to visually arrange a program’s
source code. These are some, but not all, of the elements of programming
style.

In Chapter 1 you learned that syntax rules govern the way a language may be used. The
syntax rules of C++ dictate how and where to place key words, semicolons, commas,
braces, and other components of the language. The compiler’s job is to check for syntax
errors and, if there are none, to generate object code.

When the compiler reads a program it processes it as one long stream of characters. The
compiler is not influenced by whether each statement is on a separate line, or whether
spaces separate operators from operands. Humans, on the other hand, find it difficult to
read programs that aren’t written in a visually pleasing manner. Consider Program 2-23
for example.

Program 2-23

#include <iostream>

using namespace std;int main() {double shares=220.0;double
avgPrice=14.67;cout

<<"There were "<<shares<<" shares sold at $"<<avgPrice<<
" per share.\n";return 0;}

Program Output

There were 220 shares sold at $14.67 per share.

Although the program is syntactically correct (it doesn’t violate any rules of C++), it i1s
difficult to read. The same program is shown in Program 2-24, written in a clearer style.

Program 2-24

// This program is visually arranged to make it readable.
#include <iostream>
using namespace std;

(program continues)
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Program 2-24 (continued)

int main()

{

double shares = 220.0;
double avgPrice = 14.67;

cout << "There were " << shares << " shares sold at $";
cout << avgPrice << " per share.\n";
return O0O;

Program Output

There

were 220 shares sold at $14.67 per share.

Programming style refers to the way source code is visually arranged. Ideally, it i1s a
consistent method of putting spaces and indentions in a program so visual cues are created.
These cues quickly tell a programmer important information about a program.

For example, notice in Program 2-24 that the opening and closing braces of the main
function align and inside the braces each line is indented. It is a common C++ style to indent
all the lines inside a set of braces. You will also notice the blank line between the variable
definitions and the cout statements. This is intended to visually separate the definitions from
the executable statements.

NOTE: Although you are free to develop your own style, you should adhere to
common programming practices. By doing so, you will write programs that
visually make sense to other programmers and that minimize the likelithood of
errors.

Another aspect of programming style 1s how to handle statements that are too long to
fit on one line. Because C++ 1s a free-flowing language, it is usually possible to spread
a statement over several lines. For example, here is a cout statement that uses four
lines:

cout << "The Fahrenheit temperature 1is "
<< fahrenheit
<< " and the Celsius temperature 1is "
<< celsius << endl;

This statement works just as if it were typed on one line. You have already seen variable
definitions treated similarly:

int fahrenheit,
celsius,
kelvin;

Other issues related to programming style will be presented throughout the book.
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218 Tying It All Together: Smile!
me

With just the little bit of C++ covered so far, you can print pictures using cout statements.
Here is the code to make a simple smiley face. Try it!

Program 2-25

// This program prints a simple smiley face.
#include <iostream>

using namespace std;

int main()

{
cout << "\n\n";
cout << " 8 ~  \n";
cout << " * \n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>